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This book is a machine-specific introduction to
microcomputers based on the VIC-20, designed to
supplement the booklet provided with the machine.
It offers a wealth of interesting programs which
can be supplied separately on tape or disk, or
entered by the reader.

After a comprehensive study of BASIC and
VIC-20 structure, the reader is introduced to
machine code programming using the VICMON
assembler. A unique feature is the quality and
quantity of programs contained in the book, which
are used to illustrate classic problems arising in
programming, and show how solutions can emerge
quite naturally. Several of the longer programs are
commercial in their own right. These include
MINISYN, setting up the VIC as a two-octave
keyboard instrument with sustain and colour
display; PONTOON, an excellent card game used
to illustrate shuffle routines, card displays and
program logic; and STARSHIP, a classic Star Trek
game, which will be particularly popular and
appealing. There are also innumerable tables and
diagrams.

Hi-resolution graphics in BASIC and Machine Code
are explained in detail. Routines for saving a
Hi-resolution screen to disk or tape are given,
together with a BASIC program which will output
a Hi-resolution screen to the VIC-1515 printer.
Other features include: detailed discussion on
various VIC peripherals, e.g. cassette, disk drive,
and printer, together with sample programs on
Sequential Flles for cassette and disk drive.

Readership: VIC computer owners and prospective
owners, computer scientists, electronic experts, mathe-
matuclans, teachers planning introductory courses in
microcomputing, and their pupils. Also suitable for sixth
formers, and undergraduate (Freshman level in USA.)
students in the above subject areas.
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Disk directory for main programs

2 “BIT PATTERNS” PRG 1 “M/C COUNTER” PRG
10 “MINISYN” PRG | “M/C TESTSTOP” PRG
2 “SHUFFLES” PRG 2 “TESTSTOP LOADER” PRG
6 “TEST CARD DISP” PRG I “M/C TINCOPY” PRG
13 “PONTOON” PRG 1 “M/C COPY” PRG
3 “PLAY UFO TUNE” PRG 2 “M/C PLOTSUB” PRG
3 “DECIMAL TO HEX” PRG 1 “PLOTSUB TEST” PRG
2 “RENUMBER” PRG 22 “(3K)STARSHIP” PRG
4 “GRAPHICS DEMO”’ PRG 8 “(BK)HI-DRAW” PRG
3 “SINE CURVE” PRG | “M/C HI-DRAW” PRG
6 “3K HI-RES” PRG S “HI-DRAW LOADER” PRG
4 “CASS DATA FILES” PRG 12 “HI-DUMP+M/C” PRG
6 “SEQ FILES” PRG 14 “HSCO” PRG
3 “LO-DUMP” PRG 14 “HSC1” PRG
1 “PRINTER DOT ADD” PRG 14 “HSC2” PRG
3 “PICTURES” PRG 14 “HSC3” PRG
1 “LIGHT PEN DEMO” PRG 479 BLOCKS FREE.

Cassette tapes or floppy diskettes containing these programs are available from:

USA — John Wiley & Sons Inc., 605 Third Avenue, New York, NY10158, USA.
UK/Europe — Ellis Horwood Limited, Cooper Street, Chichester, West Sussex, PO19 1EB, England for
further details.
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VIC BASIC

1.1 Introduction

To work through this chapter you should have a VIC-20 available and have studied the booklet Personal
Computing on the VIC-20 which is supplied with the microcomputer. We assume that you have en-
countered most of the BASIC commands, statements and functions listed in Appendix C of the booklet
and that they have entered and RUN programs. Thus the reader is presumed to already possess a modest
knowledge of BASIC programming. _

The aim of Chapter 1 is to review some aspects of particular commands such as PRINT, PEEK O,
POKE, and GOTO, and to amplify some useful techniques in string handling, arrays, and logical opera-
tors. We also want to set you thinking about how to structure programs sensibly and what things look
like from the machine’s point of view. This last we regard as important, for to become really adept in the
use of a microcomputer your knowledge of how the machine actually gets things done must progress
hand in hand with your programming skill. Given persistence and knowledge virtually anything is possible.

By the end of this chapter you will be able to view any part of VIC-20 memory and to change any
individual bit, if it can be changed.

1.2 Variables and strings

Granted that a microcomputer is a device for manipulating data, one can reasonably ask what kind of
data can a microcomputer manipulate? Although all data is evenutally expressed in terms of zeros and
ones, at BASIC programming level there are three types of data which can be distinguished.

Integer variables. Whole numbers such as 0, £1, £2, ... etc. in the range —32768 to +32767.

Real number or floating point variables such as

3.14159265E — 20.

In this particular example the number represented is 3.14159265 multiplied by 10 to the power —20
(shift the decimal point left 20 places), and —20 is called the exponent of 10. Thus every real number
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variable may be represented as a decimal part multiplied by 10 to some exponent. The range of usable
exponents is —-38 to +38, a VIC counts 10t —39 as 0 and gives an overflow error for 10 1 39.

An integer variable is defined by a statement like X% = 10 and a real number of floating point
variable by X = 10. Strictly speaking X = 10 means LET X =10 but LET takes up precious space and is
semantically redundant if one realizes that = is not symmetric in BASIC, that is X = 10 is not the same
as 10 = X. To illustrate this, the program

100 X=10: PRINT X
will run and print the number 10, but the program
100 10=X: PRINT X

will give a SYNTAX ERROR. :

When using single variables there is no space-saving advantage in using an integer variable as opposed
to a real number variable, in fact each occupies 7 bytes of memory (see 1.5). However, when using
variables as array elements, discounting the space used by the array header, there is a saving of 3 bytes
per element using integer rather than real number variables; for large arrays this gain is significant.

Up to two characters can be used to identify variables, you can use more but only the first two will
be recognized. Labels which contain BASIC keywords as a subword should be avoided. Variable names
to avoid are ST, TI, and TI$ as these are assigned by the operating system: ST is the status variable
which reports the status of the last 1/O operation, TI is the time in Jiffys (1/60 secs) since the machine
was turned on and TI$ is TI expressed in hours, minutes, seconds. The variable TI$ may be reset by the
user whereas TI may not

String or character variables such as

“ABCDO0123”
which is a string of length 8. A string is set by a statement like X$=*“AB” and consists of a sequence of
characters of any length up to 255. The characters of a string may include color control or cursor
control characters.
Whereas manipulating integer or real number variables is a straightforward matter of specifying the
arithmetic operations you want VIC to perform, string manipulation is somewhat more subtle and has its
own set of specialized functions such as:

ASC(X$) which gives the ASCII code of the first character of X3, e.g.
ASC(“AB”) equals 65.

CHRS$(N) whichgives the string character whose ASClII codeisN,e.g.
CHR$(65) equals “A”.
LEFT$(X$,N) which gives the N left-most characters of X$, e.g.
‘ LEFT$(““ABC”,2) equals “AB” .
MID$(X$,M,N) which gives a string of N characters starting from the Mth character in X$,e.g.
MID$(“ABCDE”,3,2) equals “CD".

STR$(X) which gives a string which corresponds to the printed version of the number X, e.g.
STR$(32.2) equals “ 32.2”. -
Note the string comes complete with the initial space which always precedes a positive number. For a
negative number this space is used for the minus sign.
VAL(X$) which converts the string X$ into a number, e.g.
VAL(*32.2”") equals 32.2.
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This is a useful function to use with INPUT. If INPUT is expecting a number and receives any other kind
of character a REDO FROM START message occurs, this can spoil a carefully set up screen format and
is avoided if a string is INPUT and then converted to a number using VAL, e.g. VAL(“AB”) equals 0
because ‘A’ is not a numeric character.

LEN(X$) which gives the length of the string X$, e.g.
LEN(“AB”) equals 2.

Example

Suppose we wish to PRINT a tidy column of integer numbers three spaces from the left of the screen.
The numbers may be positive or negative and of any length. If we simply display the Ith number X%(I)
by

PRINT SPC(3) X%(I)t
a very untidy column will result, as the numbers are of varying length. To right justify we can instead use
PRINT SPC(3)RIGHT$(* ”+ STR$(X%(1)),6) [4 spaces]

The explanation is as follows. Strings can be concatenated with + e.g. “A” + “B” equals “AB”. Thus if
X%(1) = —2 we have

(3 k4 + STR$(_2) = (3 _2”

whereas if X%(I) = — 65535 we have

“ ” + STR$(—65535) =* —65535”
If RIGHT$(  ,6) is used on both of these with the first printed above the second, the result is
-2
—65536

as required.

In answer to the possible next question: no, you cannot subtract strings, try it and see. However,
strings do have a defined order. It is true that “A” < “B”, because ASC(“A”)=65 < ASC(“B”)=66.
Longer strings are compared by successive comparison of character ASC codes, thus “AAA” < “AAB”.
This is useful on two accounts. Firstly it enables us to compare two strings and see if they are equal
or not equal. Secondly, since the ASC codes for alphabetic characters run sequentially up from 65 it
means that alphabetic strings are ordered just as they would be in a dictionary (the word is “lexico-
graphically’), this can be useful in various text-handling procedures.

Another lesson to be drawn from the previous example is that getting PRINT to do exactly what
you want can be frustrating process. For example, using a semicolon after the character or number to be
printed will leave the cursor in the next screen position and suppress a carriage return, unless the last
position printed to was at the end of a row, in which case a carriage return will occur come what may.
This carriage return can be effectively undone by using a cursor-left at the end of the string printed,
followed by a semicolon of course, unless the last position printed to was the final screen position
(bottom right). In this you cannot pretend the carriage return did not happen because the whole screen
scrolls up! Moral: do not PRINT to the final screen position if you do not want the screen to scroll.

+SPC(3) does not actually PRINT 3 spaces, it merely skips forward 3 spaces.
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1.3 Arrays and FOR loops

One of the most powerful BASIC commands is the FOR...TO...STEP...NEXT.. .loop. It can be used
for repetitive computation or condition checking, and used in conjunction with arrays FOR loops can
move whole blocks of data from one place to another. The syntax of FOR is FOR I=ATO B STEP C
and the loop counter I is incremented by the command NEXT, from A, in steps of C, until I is greater
than B. If STEP C is omitted it is assumed C =1, in computer jargon C defaults to 1. Once the loop has
been set up changes in A, B or C have no effect unless the loop is re-entered later in the program; thus,
for example, you cannot change the STEP value C midway in the loop and expect the change to be acted
upon for the next value of I. You can, however, change the value of I, although this should be done with

care.

Example
Suppose a previously dimensioned array A%(I), 0<I<100 has been filled by computation and we wish

to check that no element of the array is equal to zero.

100 FOR 1=0 TO 100
110 IF A%(I) = 0 THEN PRINT “ZERO FOR I="T:1=100
120 NEXT

If the conditions A%(I)=0 is found to be true then execution of line 110 continues, otherwise execu-
tion proceeds directly to line 120.
IMPORTANT NOTE. If an IF statement fails to be true then execution proceeds directly to the
next program line.

If A%(I)=0 is found to be true for some I then the PRINT command is executed, I is set to 100 and
when NEXT is next encountered the FOR loop decides it is finished. Incidentally avoid jumping out of a
FOR loop without going through NEXT. BASIC will let you do this but nevertheless don’t. It is poor
technique and can create all kinds of weird problems in a long program.

Frequently when manipulating an array the following problem arises. An element, say the Ath
element, has been selected from the array. We now wish to ‘close the gap’ either by moving every ele-
ment of the array below A one place to the right, or by moving every element of the array above A one
place to the left. An example of this situation is the card shuffle given in Chapter 2. There is an impor-
tant rule of thumb to cover this situation.

IMPORTANT NOTE. When moving array elements to the right do it from the zop down. When
moving array elements to the left do it from the bottom up.

Example
Moving array elements to the right. Suppose we want to select the Ath element of an array, close up the
array to leave a gap at the bottom, and insert the selected element as the new first element.

10 DIM A%(100)
20 FOR I=1TO 100 : A%(I)=I: NEXT
30 REM ARRAY NOW SET UP
40 REM SELECT A(TH) ELEMENT
50 A=INT(100*RND(1))+ 1 : REM RANGE 1 TO 100
60 A%(0)=A%(A) : REM STORE IN SPARE ELEMENT
70 REM MOVE-RIGHT UP TO A
80 FOR J=A TO 1 STEP —1
90 A%(J)=A%J —1)
100 NEXT.
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If line 80 were replaced by FOR J=1 TO A the move would be wrong. Can you see why? For J=1
we would replace A%(1) by A%(0) which is correct, but for J=2 line 90 then replaces A%(2) by the
new A7%(1) which is wrong. Moreover it is wrong all the way up. Notice that by using A%(0) as a tem-
porary store we avoid having to worry about what happens if A=1. If A=1 we do not actually want to
move anything at all, but rather than use an IF statement to make A=1 a special case we let the J loop
make one move anyway. In this program there is no particular gain in doing this, but if the J loop
were within another loop, say an Iloop, as is the case for the card shuffle in section 2.1, we should then
have to check the IF statement for every value of I, which would slow the procedure noticeably.

FOR loops are also useful for comparing the time taken to do some operation in one or more
different ways. For example to find v/2 we could use SQR(2) or 2 1.5; which is faster? In human terms
they are both so fast that we cannot tell the difference with one operation. However, the following
program easily shows up the difference.

10 T=TI : REM TAKE THE TIME
20 FOR I1=0 TO 1000
30 X=SQR(2)
40 NEXT
50 PRINT (TI—T)/60
60 T=TI: REM TAKE THE TIME AGAIN
70 FOR I=0 TO 1000
80 X=21-5
90 NEXT
100 PRINT (TI—T)/60

We find that the first FOR loop takes about 43.37 secs and the second 45.6 secs, hence 21.5 takes about
5% longer than SQR(2).
There is an important underlying idea behind the last program.

IMPORTANT NOTE. If you want to know what is going on, ask the microcomputer.

Naturally you have to ask the right questions but this comes with practice. For example, if a program is
not behaving as planned, put a STOP just before the place where you think things are going wrong. When
you RUN the program and BREAK IN LINE so-and-so occurs, use direct commands to PRINT to the
screen or printer all the values of the important variables. In this way you will greatly speed the de-
bugging process. The important point is that the answer to virtually every question which arises about
what is going on is there in the machine, you only have to ask.

The great trade-off in nearly all complex computer programs is time versus space. One reason whc
the VIC-20 is an excellent machine to learn on is that (without a RAM pack) space, that is usable memory,
is limited. Yes, we know that sounds silly, but it is true. If you are tight on space then you will be forced
to do only exactly what is needed and to do it as concisely as possible. Think what driving standards
would be if everyone learnt to drive in a Lamborghini. ...

RULE OF THUMB. Long is wrong.

Nowhere is the great trade-off more apparent than in the use of arrays. Arrays eat space, the only
thing which compares with the appetite of arrays for space is lots of text. On the other hand, given the
index I, accessing the value A%(]) is fast.
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Example
This problem arises in connection with MINISYN the program discussed in section 1.6. Given that one
of 25 particular keys has been pressed, and ignoring all other keys, we want to set the three tone oscil-
lators to the frequency which corresponds to the key pressed. If you glance forward to MINISYN the
ASCII codes of the relevant keys are the DATA statements of lines 340 to 380. These are read into the
array K9%(I) in line 390. Similarly the corresponding frequencies are in the DATA statements of lines
400 to 470 and are read into the array M%(I) in line 490.

The desired sequence of events is this. A key is pressed, picked up by GETAS$ and the corresponding
ASCII code found by taking ASC(AS$). Next we want to find if ASC(A$) is one of the numbers in K%(I)
and if so which one. This one could do with a routine like

1000 FOR 1=0 TO 24
1010 IF ASC(A$) = K%(I) THEN X =1
1020 NEXT

We could then turn the oscillator on with, say POKE 36874 M%(X). Now there is one major drawback
to this idea, it is that the response time is unacceptable. When you hit a key on a keyboard instrument
you do not expect to wait an appreciable time whilst it makes up its mind what note you want! The
required frequency must go straight into 36874 virtually immediately.

Since the function of MINISYN is relatively simple, space is not a major factor, whereas speed is.
(The instruction page set up in lines 250 to 335 is just icing on the cake and could be omitted if neces-
sary.) Can we trade-off space for speed and take out the keycheck routine?

Now the highest ASC code likely to be encountered is 140, this can be determined by a study of the
CHRS table on p. 168. Suppose we set up an array F%(I) of length 140 and use the value of ASC(AS$) as
an offset to access the correct frequency. In all but 25 of the elements of F%(I) we put the number 0. If
0 is put in 36874 it will merely turn the oscillator off which is what we want. On the other hand suppose
ASC(A$) =95 and we arrange that F%(95) = 225, then POKE 36874,F%(ASC(A$)) will have exactly the
desired effect. Thus lines 1000 to 1020 and POKE 36874 M%(X) can be replaced by the single command

POKE 36874,F7%(ASC(A$))

The array F%(I) can be set up before keyboard play commences, at a time when fractions of a
second do not count, and then used subsequently to provide the appropriate value for 36874 virtually
immediately. The problem is solved at the cost of introducing an array of length 140.

Where relatively slow computations have to be executed frequently it is often advantageous to use an
array as a look-up table. For example, every time the PLOTSUB of the last program in Chapter 4 is used
the function 211 is needed for some I in the range O to 7. If at the beginning of the program we set up
an array C%(I) with

10 FORI=0TO 7: C%(I)=211: NEXT
then every time 2 11 is needed we can substitute C%(I), which is far faster.

1.4 Structuring programs’
You may be interested to know that something like 90% of professional programming time is spent

updating or modifying existing programs. This strikes us as an absurd state of affairs, just think of all the
new programs that never get written.

+In this brief account of structured programming we follow the treatment given in L. A. Leventhal, 6502 Assembly
Language Programming, Osborne/McGraw-Hill, 1979.
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The reasons are not hard to see. Updating an earlier program, generally written by someone who is
no longer available, need not be time-consuming but often is because of (a) poor documentation, (b)
lack of ordered program structure. Lack of structure usually involves one major flaw in programming
technique: over-use of GOTO.

The GOTO statement is simultaneously the most powerful and most dangerous of all BASIC com-
mands. If GOTO is not strictly necessary, avoid it. If your program reeks of GOTOs it is wrong. To put it
another way, if the program is sensibly structured GOTO will rarely be needed. With GOTO hiding in
every other line, debugging or modifying a program can become like wrestling with an octopus; every
time you think you have things under control there is this nasty wet feeling around your throat!

Any program can be assembled out of three basic modules.

1. A linear sequence of steps executed consecutively: S1, S2, S3, etc., where S1, S2, S3 may be
single instructions or an entire program.

2. A conditional structure of the type if C then S1 otherwise S2. Here S1 is executed if C is true
and S2 if C s false.

3. A loop structure of the type do S until C, where S is an instruction or sequence of instructions
and C is a looping condition which is tested before continuing the loop. Note that this has the effect of
guaranteeing that the loop is always executed at least once.

ENTRY
( ENTRY )

Yes No S
(NB. One of
S1o0rS2
y may be empty.)
S1 S2
No
-
EXIT EXIT
Figure 1.1 — Flow chart of the Figure 1.2 — Flow chart of the

‘If-then-otherwise’ structure. ‘Repeat-until’ structure.
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A glance at figures 1.1 and 1.2 will show immediately that both conditional and loop structures
have a single entry and a single exit.
We can characterize the principal features of structured programming as being:

L. Only the three basic structures, and possibly a small number of auxiliary structures, are necessary.

II. Structures may be nested to any level of complexity so that any structure can, in turn, contain
any of the structures.

III. Each structure has a single entry and a single exit.

The advantages of structured programming are that: the sequence of operations is easy to trace which
allows easy testing and debugging, the structures can easily be made into modules, the structured version
of a program is partly self-documenting and generally easy to read, and consequently structured pro-
grams are easy to document.

The disadvantages are that: structured programs are sometimes slower and can use more memory
than unstructured programs, the three basic structures are not always efficient or convenient for a given
implementation, structured programs consider only the sequence of program operations, not the real-
time flow of data, and therefore structures may handle data awkwardly.

Still, the fact remains that memory space is getting cheaper and if even a moderate proportion of
existing programs were properly structured an enormous saving would result.

The occasional GOTO may be perfectly placed and acceptable, but we should like to register the
plea that Frankenstein be given a monopoly in creating monsters!

1.5 Bytes, PEEK (), POKE and binary

The memory of a fully extended VIC-20 consists of 65536 ‘cells’. So that each cell can be identified it is
given a number which is called its address, valid addresses lie in the range O to 65535.

The command PEEK(Address) enables us to look at the contents of any cell given its address. For
example the command

PRINT PEEK(65535)

will return the value 255. Thus PEEK( ) gives us a window through which we can view any part of VIC
memory. '

Each address can contain a number between 0 and 255. Why 255, you may ask? The answer to this
question lies in the way that computers count. Human beings count in multiples of 10, thus 64035 really
means

6*(1014) + 4%(1013) + 0%(1012) + 3*(1011) + 5

(by convention 1010 is 1). In this way we can represent any number using only the digits
0,1,2,3,4,5,6,7,8,9. Notice 9 is one less than the magic number 10. We say that human beings do arith-
metic to base 10. Now in reality there is nothing magic about 10, any other whole number greater than 1
could serve just as well as the base for an arithmetic. In fact computers do arithmetic to base 2. Thus the
number 129, which in human terms means

1*(1012)+ 2*(1011)+ 9,
is remembered by the computer as
1*(217)+0*(216)+0*(215)+0*(214)+0*(213)+0*(212)+0*(2 1 1)+1,
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or more briefly as 10000001. Notice we are still talking about the same number, namely 129, but the
representation of that number is different; think of 10000001 as a synonym for 129.

Since computers do arithmetic to base 2 they need only use the digits 0,1. A switch is either on (1)
or off (0), a pulse is either present (1) or absent (0). It is easy to see why base 2 makes sense for com-
puters. Arithmetic to base 2 is, for obvious reasons, called binary arithmetic, and the digits 0,1 are called
bits.

Let us return to the question, why does each address contain a number in the range 0 to 255? The
answer is quite simple: each memory cell contains exactly 8 bits. Therefore the biggest binary number
which can live at any addressis 11111111, that is

1*217)+1*(216)+ 1%(215)+ 1¥(214)+ 1#(213)+1*(212)+ 1*(2 1 1)+1

or in human terms 128 + 64 + 32+ 16 + 8 + 4 + 2+ 1 = 255.

The following program will display the decimal contents and equivalent binary bit pattern of any
valid address. If the contents change then the displayed information will also change, but not necessarily
as quickly. You can use the program to wander around in VIC memory and see what is going on. Inter-
esting areas to look at are the stack, addresses 256 to 511, the VIC chip registers, addresses 36864 to
36879, and the 1/O registers, addresses 37136 to 37167. You can speed the rate at which the contents
are scanned by reducing the delay loop in 130. Hit RETURN to end the program and the space-bar to
enter a new address.

BIT PATTERNS

18 PRINT"D)" : Dé="sDDI00IDN"

20 INPUT"RNDRESS"™;R$:R=VAL(RS)

30 IFRCBORADESSISTHENIA

4@ PRINT"MFMMCONTENTS BTT PATTERN®
5@ PRINTSPC(13)"7R34321@"

6@ IFPEEKC(RYCSPTHENPRINTDS+" i

76 P=PEEK(R)

80 FORT=7TOASTEP-1{

9@ BI=(PRAND(Z24130/7241)

190 PRINT"9"+0$SPCC2G~TIRIGHTS(STREC(ETY, 1)
118 NEXT

120 PRINTD$+RIGHTS(" "$STRE(PY 4
138 FORI=ATN20@% : NEXT

146 GETRS

150 IFB$=" "THEN1@

166 IFB$=CHR$(12)THENEND

178 GOTOEE

Eight bits equals one byte, the contents of any address. On power up the (unexpanded) VIC-20 dis-
plays the message 3583 BYTES FREE which tells the user that there are this number of bytes available
for his use.

For some memory on the VIC-20 the contents cannot be changed, and remain intact even when the
machine is turned off. This kind of memory is called Read Only Memory or ROM. The remaining
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memory can have variable content but this information is lost when the machine is turned off. This
second kind of memory is called Random Access Memory or RAM. A descnptlon of which blocks of
memory are ROM and which are RAM is given in Chapter 3.

Assuming that the address we are looking at corresponds to RAM the contents can be set to be
whatever we want, some number in the range 0 to 255 of course, by means of POKE. For example try

POKE 7680,1 : POKE 38400,2

A red ‘A’ should appear in the top left hand corner of the screen. Here we put the number 1, the screen
code for A, in address 7680 and the number 2, the color code for red, in address 38400. It happens that
7680 is the first location of the block of memory devoted to the screen display, and 38400 the first
location of the corresponding block of memory devoted to the color display. Notice PEEK( ) takes
brackets but POKE does not.

Plainly PEEK( ) and POKE are fairly fundamental commands. The first gives us the ability to read
any part of VIC memory and the second gives us the power to alter the contents of any address, pro-
vided that this is possible.

1.6 The program MINISYN

This program uses the three tone oscillators of the VIC chip and sets up the VIC-20 as a two octave
keyboard with sustain; that is, a note sounds as long as the key remains pressed. To add educational and
visual interest a color bar display appears simultaneously as each note of the scale selected is played. The
colors progress in the same sequence whichever scale is selected, even though the notes which com--
promise the scale change. If a note is played which is not part of the scale selected the screen goes black.

In order to fit a reasonable facsimile of a two-octave keyboard into the VIC-20 keyboard it proves
necessary to turn the VIC-20 around. Thus if the VIC-20 is facing away from you the nearest row of
keys correspond to the white keys of a piano and the second row to the black keys, with gaps where
appropriate; see Figures 1.3 and 1 4.

| DISPLAY INSTRUCTIONS I

SET b
SCALE o | s

0SC 1 76 aAsIc
— s
osc 3

Figure 1.3 — MINISYN keyboard layout.
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/
Entry/Initial
Block

Get scale

Y

Construct
a$
] A
Set color/key
correspondence
etc.

Get key
pressed

PRINT
color bar

S
key still Yes
pressed?

Oscillators
off

I

Figure 1.4 — Flow chart of MINISYN.

The three oscillators can be turned on and off with the F1, F3, F5 keys, and F7 is used to select a
new scale. The program is terminated by hitting the return key. Since the function keys are used the
program cannot be run with the Super Expander cartridge or the Programmers Aid.
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REM¥MINIS'YN¥

28 G0T0218

34
49
Se
64
7@

REMKCOLOUR GOSUB%
CC=Cx<08) : IFCC=255THENRETURN
OMCC+1G0TO6A, 7R, 83,94, 148, 116,124, 130
POKE36373., 15 RETURN
PRINTLEFT£(D$, 13" 4"+G$,; :RETURN

8@ PRIMTLEFTS(DS$, 15)"M"+5¢; :RETURN
90 PRINTLEFT#(D$, 12)"N"+5$; 'RETURN

108
118
120
130
148
158
160
178
180
190
200
210
220
220
240
250
260
270

280
299

C
20
3@
320
338
335
340
250
360
378
230
390
400
416
428
430
440
430
460
478
489
494
5ea

PRINTLEFTS$(D$,3)"#"+3¢, :RETURN
PRINTLEFT$(D'$,6)"H"+5%, :RETURN
PRINTLEFT#(D$,4)"B"+5$,; :RETURN
PRINTLEFT#$(D$, 1) "M"+5$; :RETURN

REM#*OQSC GOSURSH
IFX¥=OTHENS=36874 : X=1 :RETURN
IFX=1THENS=1416: =0 :RETURN
IFY=ATHENT=36375:Y=1 :RETURN
IFY=1THENT=1017:¥=0:RETURN
IFZ=8THENU=36876 " Z=1 :RETURN
IFZ=1THENU=1018:2=0'RETURN

REMKPROGRAM¥
DIMMZ(24),K%C(24), 2%¢13) . Fri14@),Ch¢148)
Pg=" " ng =" XN DO e : T$="
S8=" @' +PE+PE+PE+PE  Y=36873 : POKE3EE73, 17
PRINT"X2B0E AINSTRUCTIONS"

[Ch. 1

GHA PA#B

PRINT"COLOURS RRE DISPLRYED IN SEQUENCE IF THE"
PRINT” CORRECT NOTES ARE  PLAYED.RLL OTHER NOTESDISPLAY A MMBLACKEE SCREEN
PRINT AL SUTAAD
PRINTCHR$(13>" SCALES ARE 2% C4 D D% E F F# 6
=
PRINT" J@F INF3F 3038 SELECT YOICES"

PRINT" qmF708 SELECTS A NEW SCALE"
PRINT” JRETURNRE ENDS PROGRAM "
PRINT" SMSPACESE SHOWS THIS PAGE "
PRINT" &4  PRESS ANY KEY ="
DRTA23,45.81,50.87
DATAS1.69.32.53.94
DRTAS4,89.35.56.73
DATR3?7,73,48,80,43
DATR4S,42,32,94,19
FORI=24TOASTEP-1 :READKX(I) : NEXT
DATA225,223, 221

DATR219,217,215

DRTAR212, 209, 207

DATRZ03.201, 199

DATR195, 121,187

DATAR183.179,175

DRTR167, 163,139

DATR131. 147,143

DATA133
FORI=24TOBSTEP~1:READMA( L) : NEXT
FORI=ATO24 1 FACKACT) )=MZ (1) :NEXT :REM NOTES/KEYS

Listing continues next page
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10
S2e
330
540
b1
Se@
579
1)
530
609
€10
€20
)

€40

£50
660
678
658
699
7600
710
720
739
740
750
760
778
730
790
800
810
320
830
840
545
850
860
878
840
890
900
910
520
930
940

facilitate speed of response. Thus the program really begms in line 210.

1.6]

REM#SCALE®

DATRA, 2.4.5,7,3,11

DATR1Z2, 14,16,17,19

DATR21,23

FORI=@T013:RERDZXLI) ‘NEXT

FORI=0T0148: CX(1>=233: NEXT :REM NO CULOUR
GETAS: [FA$=""THENS70

PRINT"X"LEFT£(D$, 10)
INPUT"SCALE" j K$: Q=233

IFK$="C"THENR=0

IFK$="C#"THENQ=1

IFK$="D"THENG=2

IFK$="D#"THENG=3

IFKg="E"THENR=4

IFK$="F "THENG=S

IFK$="F#"THENQ=¢&

IFK$="G"THENR=7

IFK$="G#"THENG=8

IFK$="A"THENG=9

IFK$="A#"THENG=14

IFK$="R"THENG=11

IFR=2535THENSS0

IFLENCK$)=1{ THENK$=K$+"

Qf=" 7" +PE+TE$+KE+TE+PE+PS

REMAKSET COL/KE'wk%

FORI=0T024 : CA(KX( 1) =@ NEXT :REMKSET TO BLACK*
FORL=@TO13

W=Q4+Z%(L)-24% INT((Q+ZV (L)Y I /24)

CACKA W) )=L=-TRINT(L/7)+1

NEXTL

CACKHC(24) )=CA(KA(A))

PRINT"T) :POKF36879,233 : POKEY, 15

GETR$: IFR$=""THENS3@

05=R5C(AS) :P=PEEK{137)

IF0S=22THENRUN

TF0S=13THENS4a

IF0S=133THENGOSUR1 38
IF0S=134THENGOSUBL 78
1IF0S=133THENGOSUR1SA

IFNS=136THENISR

POKES. F%¢0S) :POKET,F%<0S) : POKEU, FZ08) : GOSUB30
IFPEEK (157 )=PTHENS18

POKES, @:FOKET, @ : POKEU, @: PRINT )" : POKE36873., 239
(0T0R30
POKEVY,@:POKEES@, @ PRINT"X8" : POKE3E373. 27 :END

The program MINISYN 23

The color bar and oscillator select GOSUBs have been placed at the beginning of the program to

The initial block, consisting of lines 220 to 570 performs the following functions

Dimension all arrays.
Initialize strings and variable V, volume.
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Set screen/border color for instruction page.

Print instruction page.

Read ASCII codes of keys needed, K%(I).

Read frequencies of notes needed, M%(I).

Read scale intervals (tone, tone, semitone, etc.), Z%(I).
Initialize key/color array C%(I) for no color.

Wait, while instruction page is read, until key pressed.

Lines 590 to 720 input a valid scale and set the scale parameter Q. This could be done more compactly
using a string array, but has been left in the above form to make the program easier to understand.

We thought it would be helpful if the colour bar of the base note of the scale selected, always a white
bar at the bottom of the screen, also contained the symbol for the scale, that is C, C#etc. To this end
lines 730 and 740 construct Q$, a block of reverse field spaces with K$ in the centre.

Line 760 sets the color associated with every key in K%(I) to black. Lines 770 to 800 then associate
with each note in the scale selected one of seven colors. Conceptually these lines are a bit tricky. Al-
though a scale is called an octave it really only consists of seven notes, the eighth note is the same note
as the first but doubled in frequency. Thus progressing up through scales really means working up in
multiples of seven, even though they are called octaves, amazing isn’t it? Similarly although our music
keyboard has 25 keys the 25tk key, in actual fact the note C, corresponds to the Otz key which is also a
C. Therefore we need to wrap colors in multiples of seven around a keyboard in multiples of 24. The
25th key, K7%(24), corresponding to the top C, we take care of separately in the line 810. Understanding
exactly what is going on here will be much easier after reading the section on division with remainder in
Chapter 2.

The rest is pretty straightforward except for the way sustain is arranged. This is done by exploiting
the fact that address 197 always contains the code of the current key pressed. Therefore as soon as we
collect the key pressed in line 840 we make a note of the contents of 197. After the appropriate oscil-
lators have been set to the correct frequency and the associated color bar displayed, in line 900, we look
to see if the contents of 197 have changed. If the contents of 197 are unchanged we look again, and
keep looking until it does change. When the contents of 197 change the oscillators are turned off in line
920 and we return to line 830 to determine the next key pressed. Note that line 900 is always executed,
to make it conditional would slow things up, and if an oscillator is not selected the POKE is to a harm-
less address in the cassette buffer e.g. S =1016.

1.7 Logical operators

Apart from arithmetic and string manipulation the VIC-20 can also perform logical operations. Like
everything else the VIC-20 does, logical operations are expressed in terms of zeros and ones.

The logical operators are AND, OR and NOT. Although we have never found much reason to use
NOT, the operators AND and OR are extremely useful; they enable the microcomputer to take quite
complex decisions on the basis of several numeric or string parameters. For example

IFX<100RY >9 AND A$ <> “B” THEN 100

In this case program execution will jump to line 100 if the condition is met; that is, if the compound
logical statement is true, otherwise execution will continue on the next line.



Sec. 1.7] Logical operators 25

Try the following program

10X =10
20 PRINT (X < 10).

When RUN it should print 0. This is because X <10 is false. If you change line 10 to X =9 the program
will print —1 because then X < 10 is true.

NOTE : 0 = FALSE, —1 = TRUE.,

Now try ANDing and ORing various combinations of —1 and 0. The results can be summarized in two
little tables

AND | 0 -1 OR|( 0 -1
0 0 0 0 0 -1
-1 0 -1 —-1[—1 -1

Note both operators are symmetric, e.g. 0 AND —1 = —1 AND 0. We can interpret these fruth tables, as
they are called, along the following lines. If you take a statement which is false (0) AND a statement
which is true (—1) the result is a statement which is false 0, that is 0 AND —1 =0.

In the line

IF X<10O0R Y >9 AND A$ <> “B” THEN 100

each relational operator X<10, Y>9, A$ <> “B” returns the value 0 or —1 according to whether it is
true or false. Thus if X=9,Y =10 and A$ =“A” we get the values —1, —1, —1 for these operations. To
decide the truth or falsity of the compound logical statement the operating system merely works out

(—1 OR —1) AND—1 (=-1)

using the truth tables given above.

However, this is only half the story on logical operators. It is pretty neat being able to base decisions
on the outcome of a compound logical statement, but AND and OR have another equally important yet
quite different application. Try the following program

10 X =32767: Y = 1024
20 PRINT (XANDY), (XORY)

When RUN it should print

1024 32767

Here X and Y can be integer values in the range —32768 to +32767, other values will give a SYNTAX
ERROR. Integers in this range can be represented by a 16-bit binary number as in Table 1.1. ‘
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Table 1.1 — How positive and negative integers are stored.

Integer Bit pattern as stored in two addresses

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0O

-3 1 11 1 1 1 11 1 1 1 1 11 01
-2 1 1111 1 11 1 1 1 1 1 1 10
-1 1 11 11 1 11 1 1 1 1 1 1 1 1
0 0 00 0O 0O0OOO O O O O O O0 OO

1 0O 00 OOO OO O OO 0 0 O0 O 1

2 0O 0 0 0OOOO O OOO O 0 O0 1 O

3 0 0 0 0O 0O0O 0 OO 0 0 O 0 O 1 1

(NOT X = —(X+1))

[Ch.1

What AND and OR are actually doing in this program is matching the bit patterns of X and Y in two

different ways. Let us look first at the bit patterns.

15 14 13 12 11 10 9 8 7 6 5 4 3 2

1

0

32767 O 1 1 1 1 1 1 1 1 1 1 1

1

1

1

1

1024 |0 0 0 O 0 1

0 0 000 OO O 00

For AND if both of corresponding bits are 1 we get a 1, otherwise we get a 0. Similarly for OR if

either of corresponding bitsis a 1 we get a 1, otherwise we get a 0.

Examples
63 AND 16 =16 111111AND010000=010000
17AND 7= 1 010001ANDOO0O111 =000001
63 OR 16=63 111111 OR 000111 =111111
17 OR 7=23 010001 OR 000111 =010111
—1AND 8 =38 1111111111111111AND1000 = 1000

—32768 OR 8 = —32760
1000000000001000

X AND 7 = The remainder when X is divided by 8.
X AND 15 = The remainder when X is divided by 16.

1000000000000000 OR 1000
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If you managed to get this far relax, the nasty part is over and we now come to the useful part. In
section 1.5 we concluded that PEEK( ) and POKE were fairly fundamental commands, and in the BIT
PATTERN program we were able to view the bit pattern in any byte of VIC memory. Notice how the Izh
bit of P is obtained in line 90 of the program.

If P AND(21I) =211 then bitIis1

IfP AND(21I)=0  thenbitIis0
Either way the Ith bit of P is given by

BI = (PAND(21t1))/(21])

This tells us how to look at any particular bit of any byte in the entire VIC memory. But it does even
more than that, it changes POKE from a hammer which knocks bytes in, to a scalpel which can insert or
excise any bit of any byte in memory provided the byte is not in ROM.

Examples
(a) To set the Itk bit of address A to 1, without changing any other bit.
POKEA, PEEK(A) OR (211)

(b) To set the Itk bit of address A to 0, without changing any other bit
POKEA, PEEK(A) AND (255 —(211))

(c) To change the Ith bit of address A whatever its value, without changing any other bit

B = 1 — (PEEK(A)AND(2 1 I))/(211)
POKEA PEEK(A)AND(255—(2 1 I))OR(B*(2 11))



Longer programs

2.1 More about arrays and speed

The Program MINISYN illustrates that arrays are a powerful tool for organizing data and speeding up
program execution. In essence the concept of an array is quite simple. We can view the array A(D),
1 <I< N as a sequence of boxes into which we can place data.

I Ol

A1) A(2) AQ3) AQN)

If A(I) is a real number array then each box is actually 5 bytes of memory in the user BASIC program
area, if it were an integer array then each box would be 2 bytes of memory.

The data to be inserted into an array frequently consists of integers in the range 0 to 255, for
example, screen codes or ASCII codes. In this situation using an integer array is very wasteful since each
byte that we store will use 2 bytes of memory. Remember, an integer array is designed to store integers
in the range —32768 to +32767. Where speed is not the over-riding consideration but we do not want to
pass up the organizational advantages of an array, there is a better solution. The symbol A could just as
well stand for ‘Address’ and the ‘boxes’ could be consecutive locations in memory. Integers in the
range 0 to 255 can be made elements of such an ‘array’ using POKE and read back using PEEK. The only
question to be answered before implementing this idea is, which block of memory should be used?

When a program is running the whole of the user BASIC program area above the program is poten-
tially usable, by the operating system, as memory space in which to store the values of the various
variables, arrays and strings needed during program execution. Whether the whole area is in fact used
depends on how many variables, arrays and strings the program actually needs. However, a further
complication is that this allocation of storage is a dynamic process. For example, arrays are stored above
single variables and when a new variable is encountered during program execution the operating system
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shifts the entire array storage area up 7 bytes in memory to create space for the new variable. Plainly,
POKEing our ‘array’ into the user BASIC program area is a bad idea.

There are two reasonable solutions to this problem. The first is to reduce the user BASIC program
area by lowering the top of memory, as explained in Chapter 3. The ‘array’ can then be POKEd into the
space created, with no possibility of being overwritten by the operating system or interfering with its
memory-juggling activities. The second solution is even simpler and this is to use the one substantial
block of memory which is normally free during program execution, namely the cassette buffer, addresses
828 to 1020. Naturally, if the cassette is used during program execution the data in our ‘array”’ will be
lost, but provided this is not the case there will be no problems. Using this approach we can now create
an ‘array’ of integers in the range 0 to 255 with length up to 193 at no cost whatsoever to the user
BASIC program area. :

Example

In this program a card shuffle is done firstly by using an array D%(I), 1 <I<52 and secondly by using a
POKE/PEEK ‘array’ in the cassette buffer. The shuffles are timed so that the times for each routine can
be compared. A card is represented as an integer in the range 1 to 52 and these numbers are first stored
consecutively in the array. The shuffle proceeds along the lines sketched in section 1.3. To begin with a
random integer, A, in the range 1 to 52 is selected and the Atk element of the array is placed in a tem-
porary store Z%. Every element up to the (A—1)th is then moved one position to the right and Z%
inserted as the first element. Next time around a random integer, A, in the range 2 to 52 is selected and
the Ath element of the array is stored in Z%. Every element from the second to the (A—1)th is then
moved one to the right and Z% inserted as the second element. The process continues until all 52 ele-
ments are exhausted. You should confirm that the routine correctly handles the case A=1I and the
extreme case A=I=1.

SHUFFLES

3 PRINT"J" :PRINT"USTNG ARRAYS 1T TAKES..."

19 DIMODX(52)>:T=TI

20 FORT=1T052:D%(1)=1 :NEXT

30 FORI=1T052:A=1+TNT{(S3-T ¥RND( 1)) Z¥=DK(R)

48 FORJ=ATOISTER-1:TXC.TI=D%(I=1 7 (NFXT.T

58 DX(I)=Z% NEXTI

6@ PRINT(TI-T)/6@"SECS"

78 PRINT:PRINT"LSING PFEK AND POKE IT TRKES... "
88 T=TI

98 FORI=1T052:POKER28+1, 1:NEXT

160 FORI=1TOS2:A=1+TNT((S53-T)¥RNDC 1)) : Z¥=PEEK(R26+A)
118 FORJ=ATOISTEP-1:POKES28+.T, PEEK(82R+.1~1) : NEXT.T
120 POKES28+1.2% NEXTI

1368 PRINT(TI-T)/6@"SECS"

148 END

When the program is RUN we find that the first shuffle takes around 8 seconds and the second
around 12 seconds. Therefore using POKE/PEEK is around 50% slower than using a standard array. If
the program is RUN several times another interesting point emerges, namely, in both shuffles the time
taken varies from RUN to RUN: we leave you to work out why this is so.
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2.2 Division with remainder

In BASIC there are three types of one-dimensional arrays: real number arrays like A(I), integer arrays
like A%(I), and string arrays like A$(I). BASIC also allows the possibility of higher dimensional arrays,
for example in a two-dimensional array the (I,J)th element could be specified as A(LJ).

For the time being we shall take the word array, in a general sense, to mean any block of data which
is organized so that an individual piece of data can be accessed by a single integer parameter, I, say. In
this sense both methods of storing the numbers 1 to 52 in SHUFFLES could be said to use arrays.

Another example of an array in this more general sense is the area of memory devoted to the screen
display. Normally this area of memory begins at address SC =7680 and extends to address SC+ 505, a
total of 506 possible screen locations. Each of these 506 addressescontainsabyte which is the screen code
of the corresponding character displayed on the screen. Addresses SC to SC + 21 contain the first row of
the screen display, SC+ 22 to SC+ 43 the second row, and so on for all 23 rows. Thus, if we index the
screen row by U, 0 < U < 22 and the column by V, 0 <V < 21 the address of the character cell in row
U, column V in screen memory is SC + SL where

SL=22*U+V (O0<V<2),

and SL lies in the range 0 < SL < 505.

Conversely we may pose the question: given a screen location SL, 0 < SL < 505, how do we find
the correponding row and column, that is the corresponding values of U and V? Notice that there are
many solutions of the equation SL=22*U+ V in integers U,V, for example if SL =208 we have

208=22%11—34=22*10—12=22*9+10=22*8+ 32, etc.

Nevertheless only one of these representations, namely 208 =22*9 + 10, corresponds to a value of V in
the range 0<V<21. For any integer SL there is a unique representation SL=22*U+V, in multiples of
22 plus a remainder in the range 0 <V < 21, and we can find U and V with the following BASIC code

U =INT(SL/22) : V=SL—22*U

There is a very useful general principle at work here. If we want to express any integer N in multiples of
a positive integer M, plus a remainder V in the range 0 <V<M—1, that is

N=M*U+V O<V<M-1),
then this can be done in only one way, and the BASIC code
U=INT(N/M): V=N—M*U

will do it. The idea goes back to Euclid who used it to devise a method of finding the highest common
factor of N and M. (Note that if an integer divides N and M it must also divide V, which is smaller than
M.)

Example

An integer N in the range 0 to 65535 can be expressed as a 16-bit binary number which we can consider
as being made up of two bytes, a Hi-byte and a Lo-byte. Remember, a byte is 8 bits. A single byte
represents an integer in the range 0 to 255 and 256 * 256 = 65536. Therefore to find the Hi-byte and
the Lo-byte we should work in multiples of 256. Applying division with remainder we have

Hi-byte = INT(N/256), Lo-byte =N—256*(Hi-byte),

result which we shall use many times when finding an address, for example see the last program in this
chapter.
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The technique of division with remainder finds many applications in computing since it enables us
to label the data in an array in more than one way. For example, in the case of the screen memory, given
SL we can find the corresponding row and column, or conversely given the row and column we can
readily compute SL.

Other examples arise in dealing with the character matrix (see Chapter 4) where we need to work in
multiples of 8 or possibly 16.

2.3 Displaying cards
In section 2.1 two routines for shuffling cards were discussed. We now turn our attention to displaying
all 52 cards of a standard deck. In the program a card is represented by a number CD in the range 1 to

52. To display a card we first need to know its suit and value. Each suit contains 13 cards so we can
assign the values of CD as

1to13, Spades ,CH%0) =65, S% =0,
14t026, Hearts ,CH%(1) =83, S% =1,
27to 39, Clubs ,CH%(2) = 88, S% = 2

40 to 52, Diamonds, CH%(3) = 90, S% = 3,

where the array CH%( ) contains the screen code for the spade symbol, heart symbol, etc., and S%
denotes the suit.

Given a value CD we would like to know the suit and value of the card. It seems sensible to assign
the values 1,2,34,...,13 to the cards Ace, Two, ..., King respectively. We can compute the suit S% and
the value V using division with remainder, but there is a slight snag since remainders which are 0 should
really be 13 to give a King. Taking this into account we have

S%=INT(CD/13) : V=CD—13*S%: IFV=0THEN V=13 : $%=8%—1

where the conditional statement is a ‘fix’ to take care of the fact that for multiples of 13 both the value
and the suit would otherwise be incorrect.

Having found the suit and value we next consider the steps which are needed to display the card.
The first decision to be taken is, how many cards might we want to display simultaneously?

Given the size of the VIC-20 screen and requirement that each card displayed should be of a reason-
able size, the number 6 was chosen for the maximum number of cards to be displayed at any one time.
The position of a card on the screen is therefore specified by a position indicator PI which takes values
in the range 1 to 6. The numbers CD and PI must be specified before the CARD GOSUB is called.

From PI we can compute the offset DD% of the top left corner of the card from the base SC of
screen memory, see Figure 2.1. ’

b

CM%=0 CM%=1 CM%=2
RW% =0 PI=1 PI=2 PI=3
RW%=1 PI=4 PI=5 PI=6

Figure 2.1 — Card positions.
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To find DD% we give each card position a ‘row’ RW% and a ‘column’ CM%; since we are working in
multiples of 3 these are computed by division with remainder as

RW% = INT((PI—1)/3) : CM% = PI—1—3*RW%

The top left corner of the first card position corresponds to the screen location 45 and the difference
between successive top left corners in the same row is 6. Finally, the offset between corresponding
screen locations having RW% =0 and RW% =1 is 198. This gives

DD% =45 + 6 * CM% + 198 * RW%

As a safeguard against the possibility that the CARD GOSUB might be called with a value of PI greater
than 6 we AND the number RW% with 1, which effectively wraps the hypothetical card position 7 back
to overprint position 1. Defensive programming requires that one should never POKE to a location
outside the area of memory intended, and the CARD GOSUB will involve a lot of POKEs! So our final
formula for DD% is

DD% =45 + 6 * CM% + 198 * (RW%AND1)

If the base of screen memory is SC and that of color memory is CO then top left corner of the card
position PI corresponds to screen address B and color address C, where

B=SC+ DD% : C =CO + DD%

Having decided where in memory the top left hand cormner of the card to be displayed is actually
located we can now proceed to display the card frame. A program which tests the whole CARD GOSUB
is listed below.

160 DIMCHZ(3) :CHX(@)=63: CHr(1)=83 : CHX(2)=88 : CH/(3)=90

20 R=PEEK736866)AND128: SC=4#A+64%(PEEK(36869)AND112) : COn37888+4%A

3@ FORCD=1TQ32:PI=1

46 PRINT"()":G0SUB1040

I8 GETR$:IFA$=""THENSO

68 NEXT

70 END

1040 REMIKCARD GOSUBMKN

1850 S#=INT(CD/13) :¥=CD-{3kSY: IFV=ATHENY=13:5%=5%~1:REM SUIT&VAL
%Ggg?RNZBINT((PI-l)/S)=CMZ=PI-1—3#RNZ1DD2=45+G#CMZ+198#(RNZHND1)‘REM FRAME QFFSE
1870 B=SC+DD%:C=CO+DDA

1132 REM¥CARD FRAMEX

1148 POKEB, 33:POKEB+1,64 :POKEB+2.64 : POKEB+3, 64 : POKEB+4,73

1145 POKEC,S:POKEC+1,5:POKEC+2.,5: POKEC+3, 5: POKEC+4, 5

1156 POKER+22,93:POKER+44,93: POKEB+66, 93 POKEB+88, 93:POKEB+118, 33

1153 POKEC+22,5:POKEC+44,5: POKEC+66, 5: POKEC+88, 5: POKEC+110,5

1168 POKER+26,33:POKEB+48, 33 : POKEB+7@, 93 : POKEB+92, 93 :POKER+114,93

1165 POKEC+26,5:POKEC+48,5: POKEC+70, 5: POKEC+32, 3:POKEC+114,5

1176 POKER+132,74:POKEB+133,64:POKEB+134,64 :POKEB+135, 64 : FOKEB+136, 75

1175 POKEC+132,5:POKEC+133,5:POKEC+134,5: POKEC+135,3: POKEC+136,5

1138 IFZ%=DF-2ANDPI=2THEN148@:REM DOWN CARD

1193 REM#PARTTERN#

1209 A=CH%(5%) :CC=2K(SZAND1) :REM CHAR&COL

1219 ONVGOTO1220, 1230, 1240, 1250, 1260, 1270, 1280, 1298, 1309, 1319, 1320, 1330, 1340
122@ GOSLBS000: POKEB+23, 1 :POKEC+23, 2:G0T01420 Listing continues next page
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1238 GOSURS010::0TO1400

1246 GOSUBS@10: GOSUBSG0@ :GOTO) 400

1252 GOSURSO30:G0TO1400

1260 GOSUBS@38: GOSUBSA0e :GOTO1400

1278 GOSUR3030:GOSUBS6S50: GOTO1400

128@ GOSUBSA3Q: GOSURSOSE: GOSUBS006 : 60701400

1298 GOSUBS@30: GOSURSeEd: GOTO1400

1380 GOSUBS@30: GOSUBS060 : GOSUBTSEE8 : GOTO1400

1318 GOSUBTA30:GOSUBSE6e  GOSURS010: 0TN1408

1320 GOSUBSR0E:POKEB+23, 10:POKEC+23, 8:(0T01400

1330 GOSLBIQO0:POKEB+23, 17:POKEC+23, 8: G0T01400

1340 GOSUBSQ00:POKEB+23, 11 : POKEC+23, @:GOT01400

1460 IFY>10THENY=10

1418 RETLRN

5000 POKEB+68,R:POKEC+63,CC:RETURN

5810 FPOKEB+46,A:POKER+90, A POKEC+46, CC : POKEC+9@, CC:RETURN
3938 POKER+23,A:POKEB+25,A:POKEB+111.A:POKEB+113.R

J048 POKEC+23,CC: POKEC+25, CC: POKEC+111,CC:POKEC+113, CC:RETURM
9038 POKEB+A7,R:POKER+69, A POKEC+67, CC: POKEC+69, CC:RETURN
J6EH POKER+45,A:POKEB+47 . A: POKEB+39, A POKER+91.A

5070 POKEC+45.CC:POKEC+47,CC: POKEC+29, CC:POKEC+31, CC RETURN

In displaying the frame we have the option of using FOR loops for the two horizontal lines and for
the two vertical lines or, alternatively simply POKEing every screen and color location individually. In
fact the second alternative is adopted, because although using FOR loops saves approximately 200 bytes
of program space the resulting routine is rather slow. The factors affecting the speed of GOTOs, GOSUBs
and FOR loops are worthy of a brief digression.

When BASIC executes a GOTO or a GOSUB the operating system has to search for the line number
referred to by the instruction. If this is greater than the current line number the search starts from the
current line, if it is less then the search starts at the beginning of the program. For this reason, in a large
program the commonly used GOSUBs are often placed at the beginning of the program to reduce the
search time.

When a FOR loop is encountered the operating system first locates the address in which the value of
the loop counter is stored. It does this by searching a list of variables, previously set up as the variables
were encountered. This list is located in memory after the end of the BASIC program. (If the loop
counter is a new variable then array storage is moved up and space created.) It therefore pays to initialize
FOR loop variables, before other variables, near the beginning of a long program: this is especially true
where speed is critical. The operating system next checks that no current FOR loop has the same vari-
able name. If it finds one, this and all inner loops are aborted and replaced by the new one, havoc then .
ensues.

IMPORTANT NOTE. Nested FOR loops should always use distinct variable names
for their loop counters.

Assuming no such current loop is found the FOR statement then stores the following information which
will be used by NEXT: the TO and STEP values, the address of the FOR variable and the address of the
start of the loop. Thus execution of NEXT does not involve a search of the variable list nor a search for

tSee the article ‘Be a better BASIC buff’ in VIC Computing, 1, 5, June 1982.
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the line number of the start of the loop. If, however, the loop variable is specified in order to make the
program easier to read, as for example in NEXT I, then the loop will run considerably more slowly. The
programmer can take one further precaution to speed the execution of FOR loops:

IMPORTANT NOTE. Wherever possible put long loops inside short loops rather than the other way
round.

Returning now to the CARD DISPLAY routine, after setting up the card frame in lines 1140 to
1175 we next have to insert the pattern. For this we need the suit symbol from CH%(S%) and the color
(black =0, red = 2), which can be computed from S%; both are set in line 1200. The subsequent pattern
is now determined by the value of V. In line 1210 V is used to select one of 13 pattern display sub-
routines. Thus line 1220 displays an Ace, line 1230 displays a Two, and so on until line 1340 which
displays a King. Rather than using 13 blocks of POKE statements, one block for each pattern, these
routines call upon just 5 such blocks from which all number cards can be assembled. The court cards,
including the Ace, are essentially a modified One (line 5000) and a Five, for example, is an overlay of a
One (line 5000) and Four (line 5030).

Having assembled the CARD DISPLAY routine the next, and with any luck final, step is to test it
before incorporating it as a single GOSUB in a longer card game program. The program TEST CARD
DISPLAY first sets up the array CH%( ) needed for the suit symbols, and then in line 20, checks the
VIC control registers to determine the start of screen memory SC, and of color memory CO. A full
explanation of line 20, which enables the program to run whatever RAM packs are used, is given in
Chapter 3. Any VIC-20 program which uses POKEs to the screen or color shotld always use this routine.
The program displays each card in the first position, moving to the next card when any key is pressed.
The value of PI should also be varied during the testing procedure to ensure that all six positions can
correctly display a card.

2.4 Pontoon

Now that card-shuffle and card-display routines are available it becomes possible to construct a program
to play a card game. The game selected is Pontoon (Blackjack), being reasonably simple and quite well
known. The program listed at the end of this section will run on an unexpanded VIC-20 provided it is
entered as listed; there is not much space to spare, around 4 bytes actually, so avoid superfluous spaces.

A schematic for Pontoon is given in Figure 2.2, this relates to lines 40 to 500 of the program. The
key variable is DP, the deck pointer, which normally points to the next card in the deck D%(I),
1<I<52. Before any cards have been dealt DP is set equal to 1 in line 90. In lines 100 to 160 four cards
are dealt, alternately to the player and computer, and displayed on the screen, the second computer card
being displayed ‘face down’ (decided by line 1190). The player’s cards are stored in an array P%( ) and
the computer’s cards in an array C%( ). The variable P is used to juggle the card positions so that the
player’s cards are displayed in positions 4 and 5, whilst the computer’s cards are displayed in positions 1
and 2. Since DP has been selected as the FOR loop counter in this routine, when line 170 is reached DP
has been incremented from its initial value by 4, which is correct since 4 cards have been dealt. For the
remainder of the current game DP will always be incremented by 1 whenever a card is dealt, conse-
quently DP will always point to the next available card.

Note that in line 1400 after a court card has been displayed its value V is set to 10 so that V can be
used for scoring. The player can always decide the value of an Ace, after it has been displayed (lines 200
and 270).
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From line 180 the program is largely self-documenting. The remaining significant variables are

V1
V2
PW
cw

player’s score,
computer’s score,
player’s wins so far,
computer’s wins so far.

-

Shuffle

Y

Deal two cards each from the deck. Store
Hands.Display cards with computer’s second
card face down (frame but no pattern).

Y

IF

PONTOON/] Redisplay player’s hand. Check Ace value
with player. Display player’s score.

Y

IF BUSTED

Player’s Hits

Y STICK

IF

[ ] Display computer's score

Redisplay computer’s hand [PONTOON

Y

Computer’s Hits

IF BUSTED

y STICK

Who won

(if not already known)

Y

Summary of games so far

A

Y

No

END = Another game ?
No

Enough cards ?

Yes

Figure 2.2 — Schematic for Pontoon.
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PONTOON

18 DIMDVCS2),PYL2) LR02), CHROA) ( CHI (@) =65 CHX(1)=83: CHX(2)=88 : CHX (3)=50
20 H—PEEV(?6865)HND128 SC= 4*H+64#(PEEVf3586Q)Han12) (CO=37383+4%A
20 DE="H LI

49 REN*°HUFFLE*

S@ PRINT"TM0MDM WRIT OME MOMENT WHILE I SHUFFLE THE CARDS"

66 FORI=1TOS2:DZCI2=1:NEXT

76 FORI=1TOS2:A=T+INT((S3~TI#RND 1)) 1 ZH=DKIR)

80 FORJ=ATOISTER~1:D%(J)=D%(J~1) 'NEKTJ

SB DR¢1)=2% :NEXTI : DP=1

16@ REM¥TWO CARDS ERCH#

11@ P=1:2%=DP:PRINT"J"

126 PRINTLEFT$(D$,15)8PC(13) "PLAYER" : PRINTLEFT$(D$, €7 SPCO13)"COMPUTER"
130 FORDP=Z%TOZ%+2 STEP2

140 PZ(PI=DX(DP) :CD=PX(P) 1 PI1=P+3:G0SUB184G :REM PLAYER

150 CZ(PI=TN(IP+1):CD=CY4(P) :FPI=P GOSUB164@:REM COMP

160 P=P+{ :NEXTIP

178 PRINTD$:PRINT" PRESS AMY KEY":GETB$: IFB$=""THEN179

180 REMPLAYER’S HAND#*

19¢ PRINT"D":vi=@:FORPI=1T02: CI=F%(P1) :GOSUB194@ REM CARD

200 IFy=1THENGOSUR1629:REMI/P ACE

218 Y1=¥1+V NEXTPI:30SUB1200

220 IFY1=21 THENGISURS0SO : PRINT"IWOU GOT PONTOON!" :PU=PW+1:G0TO426

230 REMMPLAYER’S HITS*

243 PRINTDS:PRINT"HIT..(Y/H)>?" :GETES: IFB${>"Y" " ANDBE<> "N" THENZ4E

256 PRINTDS:PRINTWS: IFR$="N"THEN32@ :REM STICK

260 CD=DY(DP):DP=DF+1:GOSUR104G:FI=PI+1:REM CARD

27@ IFvY=1THENGOSUB1628:REMI P ACE

280 Y1=v1+V GOSUR1006

298 IFVY1>21THENGOSUBBG®@a : PRINT"IWOU“RE BUSTED" : CH=Cl+1 : GOTO450

%00 IFY1=21 THENGOSUBSE@A: G0TO326 :REM 21

310 GOTO0230

320 REM#COMP/S HANDH

330 PRINT"D :V2=8:FORPI=1T02:CD=CX(FI1):G0SUE104G:REM CARD

3408 IFV=1ANDY2<1iTHRENY=1{1

350 w2=V2+V HEXTPI:GOSUB101@

260 IFY2=21THENGOSUBSOGEO: PRINT"ICOMPUTER GOT.,PONTOON!" : Chi=Cli+1 : GOTO480
370 REMMCOMPS HITSH

330 IFVZ2>V10R(Y2=V1ANDYZ2>16) THENGOSUBBGOS : G0T0440:REM STICK

350 CD=IV(DP) :DP=DP+1:G0SUB1040:PI=PI+1:REM CARD

490 IFY=1ANDY2{11THENY=11:REM ACE

410 V2=Y2+Y:G0SUB1@1B

420 1FY2>21 THENGOSURS0RE: PRINT"ICOMPUTER BUST..YOU WON":PW=PW+1:GOTO436
436 GOT0370

440 REM¥WHO WON*

450 IFV1>V2THENPRINT"TMELL DONE..YOU WON":PW=Pli+1

460 IFY1=Y2THENPRINT"Z] STAND OFF"

479 IFY1<V2THENPRINT"IITQUGH. . COMPUTER WON" : Cl=Cl+1

480 REM¥SUMMARY#

430 PRINT" XM COMPUTER’S WINS..";CW:PRINT" YOUR WINS,.":PW

500 PRINTDS :PRINT" CONT.(Y/N)>?":GETBS: IFE$CO"Y"ANDBEL> "N" THENS0O

5160 IFBe="N"THENPRINT"D":END Listing continues next page
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320 IFDPC40THEN10@:REM DEAL

530 GOTo40

1800 PRINTD$+"YOUR SCORE I15";v1:RETURN

1810 PRINTD$+"COMP SCORE I5";V2:RETURN

1020 PRINTDS: INPUT"ACESIBBMINRI" ; BS : V=VAL (BS) : IFVCO 1ANDVS) 1 1 THEN1 020
1030 PRINTDS$:PRINTWS:RETURN

1048 REMWMKCARD GOSURMK

1038 Sz=INT(CD/13) :y=CD-13%S% : IFY=QTHENY=13: §//aS%-1:REM SUIT&VAL
1068 RWZ=INT(CP1-1),/3) : CM%=P1-1-34RWY, : DD%=45+GHCH+198% CRUZAND1 ) : REMFRAME OFFSET
197@ B=5C+DD%:C=CO+DDY

113@ REMMCARD FRAMEX

1140 POKEB, 85:POKEB+1,64 :POKEB+2, 64 : POKEB+3, 64 : POKEB+4, 73

1143 POKEC,5:POKEC+1,5:POKEC+2, 5: POKEC+3, 5 : POKEC+4, S

1138 POKER+22, 33 :POKEB+44, 93 :POKEB+66, 93 : POKEB+88, 93 'POKEB+118, 93
1133 POKEC+22,5:POKEC+44,5: POKEC+66, 5 : POKEC+88, 5 : POKEC+110, 5

1160 POKER+26,93:POKEB+48, 93 : POKER+70, 93 POKEB+92, 93 POKER+1 14, 93
1165 POKEC+26, 5:POKEC+48, 5 : POKEC+70, 5: POKEC+92, 5 : POKEC+114, 5

117@ POKER+132,74:POKEB+133, 64 POKEB+134, 64 : POKEB+135, 64 : POKEB+136, 75
1175 POKEC+132,3:POKEC+133, 5: POKEC+134,5: POKEC+135, 5 : POKEC+136, 5
1198 IFZX=IP-2ANDPI=2THEN140@:REM DOWN CARD

1195 REMMPATTERN#

1208 R=CH2(S%) :CC=2#(SZANDL) :REM CHRAR&COL

1210 ONVGOTO1220, 1236, 1240, 1250, 1260, 1270. 1260, 1290, 1360, 1310, 1320, 1330, 1340
1226 GOSUBSA00:POKEB+23. 1 :POKEC+23, @ GOTO1400

1230 GOSUBYQ10:G0TO1400

1240 GOSUBS@1@:GOSUBS0Ed: GOTO1400

1259 COSUBS@30:60T01400

126@ GOSUBS@36: GOSURS0ES: COTO1400

1279 GO3UB3030:G0SUBS0S0 : GOTO1 400

i2aa COSURI030: O0SUBIAY0 : GOSUBS000 : GOTO1400

1236 GOSURS020: COSUBSE60: GOT01400

1300 GOSUBS@3@ : GOSURIOENR : GOSUBTSR00 : GOT01400

1310 GOSUBSA30:GOSURSOE0: COSUBSQ18: G0TO1400

1320 GOSURSG00:POKER+23, 10:POKEC+23, 6: G0T01400

1338 GOSUB300@:POKER+22, 17 POKEC+23,0: 60701400

1340 GOSUBSQ00:POKEB+23,11:POKEC+23,0: 60701406

1400 IFV>10THENY=10

1410 RETURN

S@e0 POKER+6S,A:POKEC+6S, CC:RETURN

3016 POKEB+46,A:POKER+90. A: POKEC+46, CC: POKEC+98, CC : RETURN

9038 POKER+23.A:POKEB+25,A:POKEB+111,A:POKEB+113,A

5849 FOKEC+23,CC:POKEC+23, CC: POKEC+111, CC:POKEC+113, L0 :RETURN
J838 POKEB+67,R:POKER+69. A : POKEC+67, CC : POKEC+62, CC: RETURN

060 POKER+45.A:POKEB+47,A:POKER+893, A :POKEB+31,A

3872 POKEC+43,CC:POKEC+47, CC: POKEC+S9, CC: POKEC+31, CC: RETURN

200¢ FORI=0TO206@:NEXT :RETURN

2.5 Some special effects

In this section some special effects are given which may be incorporated in other programs. The first uses
DATA statements and RESTORE, which resets the pointer for DATA to the first DATA statement in
the program. Hence in this case if DATA statements were used in the calling program a certain amount
of rearrangement would be necessary.
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All three of these routines rely on manipulating the VIC control registers which are discussed in
detail in the next chapter.

16 REMWPLAY UFD TUNE®
20 FORJ=ATO3

30 Li=15/(24]) :0=2:4=36876
40 GOSLR1000

58 NEXT

60 GOSUR1060

78 U=35:GOSUB1000

8@ END

1660 REMMKUFO SOUNDHK

1010 REMK TEMPO U

1020 REMMO=1 (R 0=2 ¥

1038 REME  VOICES *

1040 REMMY=36375/61F%

1850 REMK  0=2 %

1068 REMARERREEIAARIK

1070 DATAZ19, 223,213

1038 DATA17S,201

1858 FORN=1T0S

1108 READACN) :NEXT

1118 DATAL,1,1,1,3.8

1120 FORI=1T0S

1130 READICI ) :NEXT

1140 DATA.5..5,1,1.6.1
1150 FORI=1T0S

1168 RERDS(I) :NEXT

1176 RESTORE

1188 POKE36578, 15

1150 FORI=1T0S

1200 POKEY,ACT): T=T1

1218 1FO=2THENFOKEY=2,RCD)
1220 IFTI-TCDC1Y#UTHEN1 228
1230 POKEV.8:T=T]

1240 IFO=2THENPOKEY-2,0
1256 IFTI-T<SCI)RUTHEN] 250
1266 NEXT:RETURN

ASDIC
10 POKE 36876,227
20 FORI=15TO 0 STEP — .25
30 POKE 36878,] : NEXT : T =TI
- 40 IF TI—T <20 THEN 40
50 POKE 36876,240 : POKE 36877,241
60 FORI=12TO O STEP —3
70 POKE 36878,1 : NEXT
80 POKE 36876,0 : POKE 36877,0
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CONTROL ROOM HIT

10 FOR L=15TO 0 STEP —2
20 POKE 36878,L : POKE 36877,200+L*RND(1)
30 POKE 36874,129 : POKE 36875,190+L
40 POKE 36865,38+4*(4*RND(1) —2)
50 POKE 36864,12+2*(2*RND(1) —2)
60 IF L=15 THEN POKE 36879,112 : FORM =0 TO 100 : NEXT
70 POKE 36879,27
80 NEXT
90 POKE 36865,38 : POKE 36864,12 : POKE 36878,0
100 POKE 36874,0 :POKE 36875,0 :POKE 36877,0 .

2.6 Hexadecimal representation

In Chapter 1 the idea of the binary representation (base 2) of an integer, as opposed to the decimal
representation (base 10), was introduced. With a little practice one is soon able to convert integers in the
range 0 to 255 from decimal to binary or vice versa. However, when the number of zeros and ones in the
binary representation exceeds 8, rapid conversion is less easy. For this and other good reasons the notion
of a hexadecimal representation (base 16) is useful in dealing with computers or microcomputers, indeed
when working in Assembler or Machine code the hexadecimal representation is indispensable. To begin
with let us see how to count to 15 in hexadecimal.

Decimal =~ Hexadecimal Binary (4 bits)
0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

V0O UNDAWN~O

TEHUOEP VO UNLE WD~

When 9 is reached we have run out of conventional single digits with which to represent the number.
Therefore, for base 16 we need to invent 6 more single-digit symbols, and the first 6 letters of the
alphabet are normally used. A number greater than 15 can be expressed in hexadecimal using only the
symbols0,1,2,...,9,A,B,...,F.
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Example
Decimal 249 = 2%(1012)+4*(1011)+9 (powers of 10)
Decimal 249 = 1*(217) +1%(216) +1*(215)+1*(214)+ )
1*(213) +0*(212) +0*(2t1)+1 (powers of 2)
Decimal 249 = 15%(1611)+9=F*(1611)+9 (powers of 16)
Hence
249 in binary is 1111 1001
249 in hexadecimalis F 9
Similarly
250 in hexadecimal is FA
251 in hexadecimal is FB
252 in hexadecimal is FC
253 in hexadecimal is FD
254 in hexadecimal is FE
255 in hexadecimal is FF

Notice how easy it is to convert from hexadecimal to binary. Each block of 4 binary bits corres-
ponds to one hexadecimal symbol, this is still true for numbers greater than 255. Thus

Binary 1111 1110
is the same as Hexadecimal F E

Binary 1010 1001 1011 0111
is the same as Hexadecimal A 9 B 7

Viewed in this way hexadecimal representation is no more than a shorthand method of writing
binary.

Example
To convert hexadecimal A9B7 to decimal we write

A9B7 = A*(1613)+9*(1612)+ B*(1611)+ 7
10*(1613) + 9*(1612) + 11*(1611) + 7
43447 (decimal).

Now it can happen that a hexadecimal representation looks just like a decimal representation, for
example, is 1234 the decimal number 1234 or the hexadecimal number 1234 (= decimal 4660)? To
avoid this kind of confusion it is customary to prefix any hexadecimal representation with a § sign, for
example hexadecimal A9B7 is written as $A9B7 and hexadecimal 1234 is written as $1234.

Converting from decimal to hexadecimal is not quite as strightforward as the other way round,
although it is not difficult. However, computers are supposed to take the pain out of computation, so
here is a little program to do it for you. It will be useful when studying later chapters.
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10 REMXDECIMAL TO HEX#
20 Dé="3xm
3@ FRINT"I"

48 FORI=STO13

2@ PRINT"4": INPUT"DECIMAL NO.";R$:Y=VAL(RS)

68 PRINT"H" :PRINTSS

78 IFV=@THENEND

80 IFY<{BORY>65525THENSS

98 H=INT(VY/256) : L=V-256%H

108 PRINT:PRINT" DEC HI LO HEX"

110 PRINTLEFT$C(DS, ID+RISHTSC"  "+STR$CY),5)+" *;
120 PRINTRIGHTS$(" "+STR$(H) . 3)SPCCRIRIGHTSC"  "+5TR$CL),3);
138 2=H:GOSUR222 :HE=CS

14@ Z=L:G0OSURR2a L ¢=C¢

138 PRINTSPCI3) "R +He+L ¢

168 NEXTI

178 PRINTDS:PRINT"CONTINUEZCY N "

i@ GETA$: IFR$=""THEN1SG

198 IFR$=""Y"THEN3O

2@8 END

210 REMEKEYTE TO HEXMK

220 X=INT(Z/167) :Y=2~16%%

230 IFXC1OTHENKS=RIGHT$(STRE(X), 1) :GOTO260

248 ONX-9GOSUR310, 320, 320,348, 358, 360

250 X$=T$

260 TFY<1OTHENY$=RIGHT$(STRECY), 1) :60TO2%0

278 ONY-9G0SUB316, 320,330,340, 350, 360

280 Y$=T¢

290 CE=x$+v$ RETURN

308 REMHGOSUBS FOR GOSUBSH

316 T4$="A":RETURN

3208 T4="R":RETURN

330 T$="C":RETURN

340 T¢="D":RETURM

359 T4¢="E":RETURN

358 T¢="F":RETURN




VIC structure

3.1 Introduction

Up to this point we have concentrated on developing BASIC programming without bothering too much
about what was actually happening within the VIC. A more detailed knowledge of where in memory
different data is stored and how the VIC stores and executes a BASIC program will enable us to do many
new things, e.g. to store more than one BASIC program in memory simultaneously.

When a program line is first typed in it is transferred by the operating system from the keyboard to
the screen menory. After the RETURN key is depressed the operating system compresses the text of the
program line coding it as a sequence of VIC-20 BASIC keyword codes. A table of these codes can be
found in Appendix 3, Table AS. The compressed text is then stored in that area of memory allotted as
user BASIC program space, building up from the bottom. Before examining this in detail in section 3.4
we should first know in broad terms how the memory of the VIC is divided into blocks each allotted
to a specific purpose, that is where in memory different kinds of data are stored.

We recall that a ‘bit’ is a binary 1 or 0. The 6502 microprocessor has a 16-bit address bus (see
Chapter 7) which enables it to access any one of 26 memory locations, numbered from 0 to 216 —1,ie.
65535. Thus the address of each location is a 16-bit binary number whose decimal value will lie in the
range O to 65535. The contents of each location consists of an 8-bit binary number, a byte, whose
decimal value will lie in the range 0 to 28—1, i.e. 255.

A memory location may be: RAM, random access memory, the contents of which can be changed
for example by use of POKE; or ROM, read only memory, the contents of which cannot be changed.
Examples of locations on the VIC which are ROM are 32768 to 36863, this 4K block contains the infor-
mation necessary to print standard upper case, lower case or graphics characters in normal or reversed
field and is called the character matrix; locations 49152 to 57343 contain the BASIC interpreter which
takes the compressed text from the user BASIC program area a line at a time, converts it into a sequence
of machine code instructions which the 6502 microprocessor then executes, and then does the same
with the next line until the program is ended; and finally locations 57344 to 65535 contain the VIC
operating system Kernal routines (see Chapter 7).
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Many aspects of the operating system require the use of memory locations whose contents can be
varied, that is RAM rather than ROM, and to this end all locations between 0 and 1023 are used by the
operating system. A detailed knowledge of what the contents of these locations mean and their effect on
the operating system can be of considerable use to the programmer. A list containing a brief explanation
of the contents of each of these locations is given in Appendix 3, Table A1.

To interpret this list it is helpful to introduce the concept of a page. Quite simply a page consists of
a block of 256 consecutive memory locations which contain a total of 256 bytes. Page zero starts at
location 0 and ends at location 255. This page is used exclusively by the operating system because it can
be accessed more rapidly in 6502 machine code than any other part of memory. Page one starts at 256
and ends at 511, the 6502 microprocessor requires a block of RAM at these addresses as the processor
stack area (see Chapter 7). Since there are 2'® locations in total this means that altogether there are 256
pages in VIC memory.

Because any address consists of 16 bits it requires the contents of two memory locations in order to
specify a given address. On the VIC 6502 these are stored in Lo-byte, Hi-byte order.

Example

Suppose the address is 8193 then
Hi-byte = INT (8193/256) = 32 (page)
Lo-byte = 8193 — (Hi-byte) * 256 =1 (position)

Check : 8193 =32 * 256 + 1

We may think of the Lo-byte as representing the position of the address in question on its page; and
the Hi-byte as the page number. Both Hi and Lo bytes can take decimal values in the range 0 to 255.

To see how this works in practice and how useful the memory map of the first 1K block, given in
Table A1, can be, we take a specific example in the following section.

3.2 Raising the bottom and lowering the top of memory

According to the Table on p. 164 the pointer to the ‘start of user BASIC’ is contained in locations 43
and 44. As we have said these will be stored in Lo-byte, Hi-byte order. If you turn on the VIC, without
additional RAM, and examine the contents of 43 and 44 using PEEK you will find PEEK(43) = 1,
Lo-byte, and PEEK(44) = 16, Hi-byte. This specifies position 1 on page 16 as the start address of user
BASIC, that is PEEK(44)*256 + PEEK(43)=4097. In fact, user BASIC really starts at 4096 but, since
the first byte is required always to be 0, it is said to start at 4097.

Because 43 and 44 are RAM locations it is possible for the programmer to change their contents and
thereby raise the start address of user BASIC, commonly called the bottom of memory; this protects the
area between 4096 and the new bottom of memory from being overwritten by the operating system.

To raise the bottom of memory by two pages to 4608 we should RETURN as one line the com-
mand

POKE 44, 18 : POKE 4608, 0 : NEW

The first POKE resets the pointer in 44 used by the operating system, the second POKE guarantees that
the operating system will find a O at the new start location, and NEW is required to initialize the system
for the new bottom of memory. ? FRE(0) will now return 3069 instead of 3583, so we have indeed re- -
duced the user BASIC program area by two pages. Any program which was previously completely
contained, as compressed text, in pages 16 and 17 is now protected, except from a direct POKE to an
address in this area, and cannot be listed or run, since as far as the operating system is concerned this
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block of memory no longer exists. We can now enter new programs, which may even have the same line
numbers as the protected program, edit them, and run them in the normal way. Having done this we can
delete these other programs by returning NEW and recover our original program by POKE 44,16, to lower
the bottom of memory, and LIST.

Similarly from Table Al the pointer to the last address of user BASIC, the fop of memory is con-
tained in locations 55 and 56, again in Lo-byte, Hi-byte order. On a VIC with no additional RAM we
find PEEK(55) + 256 * PEEK(56) = 7680, this means the last location available to user BASIC is 7679.
In fact the area of memory storing the current screen display, called the video matrix or screen RAM,
starts at 7680 and uses two pages ending at 8191. :

To lower the top of memory by one page to 6426 we simply RETURN the command

POKE 56 , 29 : POKE 52,29 : CLR

Note 51 and 52 are the pointers to the start of active space for string storage (which builds down from
the top of memory) and CLR is required to set all variables to null.

3.3 Large-scale memory maps

The exact configuration adopted by the VIC when it is turned on varies according to the presence or
absence of additional RAM or ROM. On power up the 6502 microprocessor begins execution of a
program whose start address is stored in 65532 and 65533, in fact PEEK(65532) + 256 *PEEK(65533)
= 64802 which is the address in question. You can check this by returning SYS(64802), which will
initialize the VIC as if from a cold start. The first function of this program is to check if ROM is present
in the 8K block beginning at 40960, it does this by searching for a specific string of five numbers (65,
48, 195, 194, 205) in locations 40964 to 40968. If this test is successful then the program control jumps
to whatever address is stored in 40960 and 40961. This is the technique used by commercial ROM-based
games. If the test is unsuccessful the normal initialization routine proceeds. With no additional RAM or
ROM present this routine will allocate locations 4096 to 7679 as the user BASIC program area, locations
7680 to 8191 for the video matrix, and locations 38400 to 38911 for that area of memory which stores
the color of each character in the video matrix, known as the color matrix.

Apart from the Super Expander Cartridge, which is dealt with in Chapter 6, standard RAM packs
for the VIC are 3K, 8K or 16K. The 3K pack is set to locate between 1024 and 4095. Both the 8K and
16K RAM packs are set to locate from 8192 upwards. Without an Expansion board it is only possible to
use one or other of these at a time. If it is desired to use all three RAM packs simultaneously, thereby
extending the VIC to its maximum capacity, then it is necessary to alter the links on the 8K RAM pack
so that it locates from 24576 upwards (details in Chapter 6). If at most one RAM pack can be used
then there are four possible cold start configurations which can result, these are shown in Figure 3.1.
These large-scale memory maps will be very useful when we start moving large blocks of memory about.

If it is necessary to protect an area of memory from being overwritten by BASIC, for example one
may wish to protect a machine code program, this is usually done by raising the bottom or lowering the
top of memory as illustrated in section 3.2. However, one can frequently locate a short machine code
program in the cassette buffer (828 to 1020) provided the cassette is not required for SAVE or LOAD.
One may be tempted to use the spare block of color RAM, 37888 to 38379 in normal configuration, for
the same purpose but there is a snag. Unlike all other RAM, which stores 8 bits (one byte) the color RAM
stores only 4 bits (one nybble). One can vary the bottom 4 bits but the top 4 bits are fixed and random.
Thus numbers in the range O to 15 can be stored in the unused portion of color RAM and recovered by
PEEK(37888) AND15 for example, but numbers greater than 15 cannot be reliably stored.
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1K
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4K
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8K

LOCATION
DEC HEX
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vic VIC + 3K VIC + 8K VIC + 16K
) 0000 | MICROSOFT MICROSOFT MICROSOFT MICROSOFT
BASIC BASIC BASIC BASIC
1023 03FF | RAM RAM RAM RAM
5 i 3
4095 01FF USER BASIC _ - -
4096 1000 PROGRAM AREA SCREEN RAM SCREEN RAM
USER BASIC 4807 07
PROGRAM AREA 4608 4608
7679 1DFF
7680 1€E00 SCREEN RAM SCREEN RAM USER BASIC USER BASIC
8191 {(VIDEO MATRIX) (VIDEO MATRIX) P“ggg:"" "“ggg:"‘

32768 8000

CHAR ROM CHAR ROM CHAR ROM CHAR ROM

(CHARACTER MATRIX) (CHARACTER MATRIX)
36863 8FFF
36864 9000
36879 900F VIC(6561)CHIP VIC(6561)CHIP VIC(6561)CHIP VIC(6561)CHIP
g??gg 3%2 (VIC CHIP?) ? ? ?
37136 9110 VIA(6522ICHIPS VIA(6522)CHIPS VIA(6522ICHIPS VIA(6522)CHIPS
37151 911F 1/0 110 110 /0
37152 9120
1/0 1o 1o 1o

37167 912F
37888 9400
38399 9GFE Free Nybbles Free Nybbles COLOR RAM COLOR RAM
38400 9600 COLOR RAM COLOR RAM Free Nybbles Free Nybbles
38911 97FF
38912 9800
40595 OFFF
40960 ACOO
49151 BFFF
49152 €000
57343 DFFF BASIC ROM BASIC ROM BASIC ROM BASIC ROM
57344 E000
ees3e  FrRp KERNAL ROM KERNAL ROM KERNAL ROM KERNAL ROM

Fig. 3.1 — Large scale memory maps.
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3.4 Compressed text storage in the user BASIC program area
If we enter a simple program such as
ICPRINT “AJJ”
20 END
on a VIC with no additional RAM this will be stored as a sequence of VIC-20 BASIC keyword codes

building up from the bottom of memory, normally location 4096. A table of codes is given on p. 173.
We can examine this sequence directly by returning the one line command

FORI=0TO 19 : PRINT PEEK (4096 +1I); : NEXT
(which is not itself a program line). When RETURN is pressed the VIC will respond with
0 12 16 10 0 153
14 65 74 74 34
0 18 16 20 0 128

0 0 0
These numbers are interpreted as follows:

Address Contents Interpretation

4096 0 Basic begins with a 0

4097 12 Link address, Lo-byte } Points to start location of
4098 16 Link address Hi-byte next program line (4108)
4099 10 Program line number, Lo-byte

4100 0 Program line number, Hi-byte

4101 153 PRINT

4102 34 «

4103 65 A

4104 74 J

4105 74 J

4106 34 ”

4107 0 End of line

4108 18 Link address, Lo-byte } Points to start location of
4109 16 Link address, Hi-byte ) next program line (4114)
4110 20 Program line number, Lo-byte

4111 0 Program line number, Hi-byte

4112 128 END

4113 0 End of line

4114 0 } Return to

4115 0 direct mode

Whilst a program is running the line number currently being executed is stored in locations 57 and
58. If the contents of these two locations is zero then a direct mode of operation is indicated. Thus the
link address of the last line of the program stored in 4108 and 4109 points not to another link address,
as in a normal program line, but to two zero bytes in 4114 and 4115, which indicate a return to direct
mode. These zero end bytes mark the end of the program and not the occurrence of the END instruction
which may occur anywhere within the program.
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Example
A program which rewrites itself the first time it is run.
10PRINT “AJJ”>
20 POKE 4103,86 : POKE 4104,73 : POKE 4105,67
30 END
If you RUN this program and then LIST it, you will obtain
10 PRINT “VIC”
20 POKE 4103,86 : POKE4104,73 : POKE4105,67
30 END
Of course 86, 73 and 67 are the keyword codes for V, I and C respectively (for characters these are just
the CBM ASII codes).

Within a program line any zero is stored in compressed form as a 48, the number zero being reserved
as an end of line or program marker.

Example
A program which counts the number of times it has been run.

10 REM 0

20 N =PEEK (4103)

30 PRINTN—47: N=N+1
40 N =N AND 255

50 IF N =0 TNEN N =48
60 POKE 4103, N

The address for the zero after the REM is (provided the space is present) 4103, the zero being stored as
48. Lines 40 and 50 simply ensure that when N = 256 its value is wrapped back to 48 so that an illegal
quantity error does not occur in 60. Thus this program will count the number of times it has been RUN
up to 208, after which it will start counting again from zero. It is a simple exercise to extend the count.

Although the zero end bytes mark the end of a program as far as LIST is concerned they do not
directly control the end of file markers used by SAVE or LOAD.

Example
A program which when loaded from tape or disk will not LIST or RUN until it has been ‘unlocked’.

We begin by entering

10 REM ANY COMMENT
20 FORI=0TO 10

20 PRINT “VIC”

30 NEXT

40 END

Before saving the program we determine the correct link address in 4097 and 4098

PRINT PEEK(4097), PEEK(4098)
which gives
19 16.
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Next
POKE 4097,0: POKE 4098,0 .

The program will now neither LIST nor RUN. Finally SAVE the program to tape or disk.
Upon loading the program will again neither LIST nor RUN, because the zero end bytes have been
preserved, but can be ‘unlocked’ by the command

POKE 4097,19 : POKE 4098,16

When a VIC program is loaded from tape or disk the link addresses are rebuilt.T This is obviously
necessary, since otherwise a program written and saved with one bottom of memory could not be loaded
and RUN with a different bottom of memory, e.g. when a RAM pack is used. Interesting effects can be
achieved by changing link addresses to values other than zero end bytes (e.g. try referring a line to itself,
then check LIST and RUN) but these will not be preserved after loading because, apart from zeros, the
link addresses are rebuilt.

A more useful application is given in the following program which can be used to renumber a
program without the Programmer’s Aid. It will not renumber GOTOS or GOSUBS although this could
be accomplished by a more elaborate routine.

Example

18 REM¥#RENUMEER#¥

208 REM¥S=START OF BASICH

30 REM¥RAISE MEM BEYOND FROGRAM T BE RENUMBERED#

40 REM% BY POKE44,7:POKE256%7,@:NEW #

5@ REM#LORD AND RUN THIS PROGRAM# '

£@ REM¥_OWER MEM TO RECOVER ORIGINAL PROGRAME
70 REM¥WILL MOT RENUMBER GOTOS GOSURS ETC.#

8@ S=4895 :PRINT"D"

98 INPUT"FROM, INTERVAL",X$,¥$

186 X=VYAL(X$) Y=YAL(YS)

110 K=g+1

128 NU=PEEK(K)+256¥FPREKK+1)

138 IFNL=BTHENEND

148 LH=INT(K/256) (LL=K-256%LH

136 POKEK+2, L POKEK+3,LH

160 x=K+¥Y:K=NL:GOTO12@

Here
NL
LH
LL
S

Next link address,

Link address Hi-byte,

Link address Lo-byte,

Start of BASIC for program to be renumbered.

When a program is running the operating system has to identify any new variables, arrays or strings
which it encounters during execution, and allocate memory locations in which their values may be
stored. It does this by building variable or array storage locations up from the end of the program, and

{Not true of PETS.
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by building string storage locations down from the top of memory. The pointer to the end of arrays is
contained in locations 49 and 50 (Lo-byte, Hi-byte) and that the bottom of strings in 51 and 52. Storage
is therefore allocated dynamically as needed by BASIC and the operating system, an OUT OF MEMORY
error occurs if execution of the current command would cause these two pointers to cross. Note that the
values of variables, array components, and strings are all stored in the user BASIC program area. Thus a
true measure of the amount of space required by a program is not obtained by returning ? FRE(0) after
the program has been entered in memory, but only by returning ? FRE(0) immediately after it has been
run!

Note that you will not get an OUT OF MEMORY error if you try to type in a program which is too
long; at the stage at which available memory is exhausted the VIC will simply crash.

3.5 An alternate screen

One of the exciting features of the VIC is that by careful use of the 6561 control registers, which is fairly
straightforward once one understands their function, and by manipulating system pointers, a somewhat
trickier process, the initial VIC configuration can, within limits, be varied. For example the video matrix
can be relocated, to provide an alternate screen. This facility could be used during program execution to
provide an ‘instantaneous’ switch to a previously prepared graphics display.

Normally the video matrix starts on page 30 at 7680. To flip the screen to start at location 7168 on
page 28 simply RETURN the command

POKE 36866,22 : POKE 648,28

You can now clear the new screen and start typing. The first POKE is to one of the 6561 control
registers and does two things: it moves the start address of the video matrix to 7168 and also shifts the
start address of the color matrix from 38400 to 37888, which means we can have a separate set of colors
for the characters on the new screen. A detailed explanation of the 6561 control register at address 36866
is given in the next section.

The POKE to 648 (see Table A1) tells the operating system that the screen, which we are seeing,
now starts on page 28 rather than page 30. This puts the cursor on the right screen and enables one to
use keys like CLR/HOME, which obviously require the operating system to know where the relevant
screen is located in memory. To return to the original screen we simply enter

POKE 36866,150 : POKE 648,30

and press RETURN.

It looks simple enough and for many applications during program execution it is quite simple but
there are some snags in direct mode. These become apparent if having returned to the original screen we
position the cursor on the ‘line’ POKE36866,22 : POKE649,28, and hit RETURN. We find that things
do not work as they did the first time around, the new screen appears as expected but we do not get a
cursor. The reason is that although our original screen looked the same as it was when we first left it, in
fact the operating system did not see it as being the same. Although POKE36866,22: POKE648,28
appears to us as two instructions on one line, when we first jumped to the new screen the link between
these two instructions was lost. Consequently the second time around only POKE36866,22 was executed.
The result was that the operating system was still under the impression that the screen was located at a
start address on page 30 whereas we were actually looking at a display which began on page 28.

Indeed several essential links were broken during the transition from the old screen to the new, but
the more important of these can be repaired using the following routines due to Jim Butterfield (see
‘Alternate screens’, VIC Computing, December 1981).
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Type the following as a single block without pressing RETURN.

POKE 36866,22 : POKE 648,22 : FOR J=217
TO 228 : POKE J, 156 : NEXT : FOR J=229
TO 240 : POKE J, 157 : NEXT

Proofread carefully, then hit RETURN and flip to the alternate screen. To get back again type, again as a
single block,

POKE 36866,150 : POKE 648,28 : FOR J=217
TO 228 : POKE J, 158 : NEXT : FOR J=229
TO 240 : POKE J, 159 : NEXT

Hitting the RETURN key will now recall the original screen. The difference being that this time if the
cursor is placed on the original block of instructions and the RETURN key pressed the alternate screen
plus cursor will appear; the links in each block of instructions are restored as the corresponding screen
appears.

Naturally, if you use an alternate screen in a program, the top of user BASIC should be lowered to

protect the additional screen memory.

3.6 The 6561 control registers’

It is the task of the 6561 microprocessor to access the data stored in the video matrix, color matrix and
character memory and display this information in the correct format on the CRT screen. There are
sixteen eight-bit control registers within the 6561 which can be accessed from BASIC, using PEEK or
POKE, at addresses 36864 to 36879.

. In the previous section we saw an example in which, by manipulating the contents of control
register 3 (address 36866), the start address of the video matrix could be relocated. One of the useful
features which 6561 control registers gives the programmer is the ability to relocate, within limits, the
start addresses of the video matrix and the character matrix.

We next dicuss the function of each control register in some detail.

Control register number 1 (address 36864 : normal contents 12)
In theory bit 7 is supposed to control the interlace mode (O/OFF, 1/ON) which we can activate by
POKE 36864, PEEK(36864)OR128. However, with the 6561 chip it would seem that this facility
cannot be implemented.

Bits O to 6 control the horizontal position of the soreen origin (top left-hand corner) on the CRT
screen. The effect of varying the contents of this control register can be observed with the following
program:

+In the United States the corresponding chip is the 6560.
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10 FORI=0TO 255

20 POKE 36864, I

30 FORL=0TO 500 : NEXT L : REM DELAY
40 NEXTI

50 POKE 36864,12 : END

Values of greater than 23 produce garbage on the screen’ and values greater than 62 move the VIC screen
so far to the right it moves off the CRT. Values of I greater than 127 reproduce the response for the
range 0 < I<C 127 but with bit 7 set to 1.

Control register number 2 (Address 36865: Normal contents 38)
The contents of this register control the vertical position of the screen origin on the CRT screen. The
effect of varying the contents can be observed with the following program:

10 FORI=0TO 255

20 POKE 36865,1

30 FORL =0 TO 500 : NEXT L : REM DELAY
40 NEXT1I

50 POKE 36865,38 : END

Values of I greater than 150 move the VIC screen so far down it moves off the CRT.

Control register number 3 (Address 36866: Normal contents 150)

Bits 0 to 6 control the number of columns on the VIC screen and are normally set to 22, values other
than 22 tend to confuse the screen editor. The effect of varying these bits, whilst keeping bit 7 at 1, can
be observed with the following program:

10 POKE 36864,7 : REM MOVE SCREEN LEFT
20 FORI =128 TO 255

30 POKE 36866,1

40 FORL =0 TO 500 : NEXT L : REM DELAY
50 NEXTI

60 POKE 36866,150 : POKE 36864,12 : END

Values of greater than 150 (more than 22 columns) produce garbage on the screen, values greater than
165 have no observable effect beyond that produced by 165.

Bit 7 is important. It is bit 9 of the binary number which specifies the start address (base location)
of the video matrix. Changing this bit moves the screen 2 pages in memory (219 = 512) as in the alter-
nate screen routine of 3.5. This is best discussed in conjunction with control register number 6 (36869).

Bit 7 of address 36866 also controls which block of color RAM is used.

Bit 7 = 1 — color matrix starts at 38400
Bit 7 = 0 — color matrix starts at 37888

Hence we find the start of the color matrix with the formula
CO = 37888 + 4 * (PEEK(36866) AND 128))

}Because more screen memory is needed.
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Control register number 4 (Address 36867: Normal contents variable 46/174)
Bit O is used to select the pixel dot format of a character cell, either 8 X 8 (bit 0=0) or 16 X 8 (bit
0=1). If full screen Hi-Res graphics are required it is necessary to set bit 0 to 1, this is explained fully in
Chapter 4.

Bits 1 to 6 control the number of rows on the VIC screen. The total value of these bits can be read
by PEEK(36867) AND 126 and is normally 46, viz. twice the number of rows. The effect of varying
these bits whilst leaving bit 0 =0 and bit 7 uninfluenced can be observed with the following program

10 POKE 36865,20 : REM MOVE SCREEN UP

20 FORI=0TO 63

30 POKE 36867, (PEEK(36867) AND 128) OR (2 *1I)
40 FOR L= 0TO 100 : NEXT : REM DELAY

50 NEXTI

60 POKE 36867,46 : POKE 36865,38 : END

Values of I greater than 23 (more than 23 rows) produce garbage on the screen.
Bit 7 is the least significant bit of current raster line number, that is the number of the line currently
being scanned by the CRT raster beam.

Control register number 5 (Address 36868: Normal contents variable)
This register contains bits 1 to 8 of the current raster line number.

Control register number 6 (Address 36869: Normal contents 240)

This is the single most important 6561 control register and usually the one which causes most confusion.

The full uses of this register are explained in Chapter 4, but the details of what it actually does are given
_ here. Briefly

Bits 0 to 3 control the start address of the character matrix.

Bits 4 to 6 in conjunction with bit 7 of 36866 control the start address of the video matrix. -
Bit 7 must be 1.

Now for the details. Let us begin with the screen start address and let
B - |
Then the decimal of the start of the screen in memory is

(2112)* Bi2+ (2111)*Bi! + (2110)*BI® + (219)*B}

BY to B are not within our control and are set to 0. Between registers 36866 and 36869 the distribution
of those B}, which are within our control is

36866 Bit 7=Bj
36869 Bit 6 =B!? Bit 5 =B, Bit 4=B°

This leads to the following possible screen start addresses:

the rth bit of the base location of
the video matrix.
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Bl? i Bi® BY Screen start
1 0 0 0 4096
1 0 0 1 4608
1 0 1 0 5120
1 0 1 1 5632
1 1 0 0 6144
1 1 0 1 6656
1 1 1 0 7168
1 1 1 1 7680

Assuming the character matrix start address (which depends on bits 0 to 3 of the contents of 36869)
remains fixed at 32768, these screen start addresses can be accomplished by POKEing the following
numbers into 36866, 36869 and 648 (if you want the operating system to know where the screen is)
respectively:

| 36869 — —
7 6 5 4 3 2 1 0| Bit

screen start | 36866 36869 648 B> B! B |« CMbits -
4096 22 192 16 || 1 1 0 0 0 0 0O
4608 150 192 18 1 1 0 0 0 00O
5120 22 208 20| 1 1 0 1 0 00O
5632 150 208 22| 1 1 0 1 0 00O
6144 22 224 24 || 1 1 1 0 0 00O
6656 150 224 26 || 1 1 1 0 0 00O
7168 22 240 28 1 1 1 1 0 00O
7680 150 240 30 || 1 1 1 1 0 00O

———|
CM at 32768

Example

A 30 X 30 low resolution screen for the VIC. This example uses several of the control registers discussed
above to create a larger screen than usual. Because the operating system is written for a 23 X 22 screen
the large screen cannot be PRINTed to, but it can be written to using POKE. It is essential to move the
pointer to color RAM to point to 37888 since 900 color nybbles are needed for the large screen. The
following commands used in a program will set up a 30 X 30 screen with base location SC = 6144 (don’t
forget to lower the top of memory).

POKE 36867, (PEEK(36867) AND 128) OR (2 * 30) : REM 30 ROWS
POKE 36866, 30 : REM 30 COLS AND SC (COL TO 37888)

POKE 36869, 224 : REM SET SC TO 6144

POKE 36864, 7 : POKE 36865, 20 : REM ORIGIN TO TOP LEFT
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To restore the usual screen set-up at the end of the program just POKE the normal values back into all
these registers.

We next examine the character matrix. In order to display a character on the screen the following
sequence of events takes place.

Firstly the screen code of the required character is obtained from the corresponding part of the
video matrix. If 8 X 8 pixel dot characters are being used this value is then multiplied by 8 (since each
character will require 8 bytes of memory) and the number so obtained is used as an offset from the base
location of the character matrix, i.e.

Let the screen code be X (0 < X < 255) then number computed is 8 * X + (Base location of CM).

This number represents the address of the first of 8 bytes in the character matrix which describe the
character with screen code X. In this way the correct 8 bytes required to describe the given character are
located by the operating system and transferred to the screen.

Normally the base location of the character matrix is 32768. From this address upwards the subse-
quent 4K of ROM is divided into blocks of 8 bytes, each block specifying a standard character. If,
however, we wish to define non-standard characters then the base location of the character matrix must be
moved into RAM, which is accomplished by changing bits 0 to 3 of 36869.

Let
the rzh bit of the base location of
the character matrix.

Bits 0 to 3 of 36869 have the following function
: { 0, if character matrix is in ROM

Bf =

36869 bit 3

1, if character matrix is in RAM
bit 2 = Bl? bit 1 = BL!, bit 0=B°
Thus if bit 3 =1 the decimal value of the start of the character matrix in RAM is
(2112)*B2 + (2t 11)*BL + (2110)*BL°

In fact the following are possible character matrix start addresses

36869 Bit 3 2 1 0
ROM/RAM B!? B! B C M start

t 0 0 0 0 32768
Available ROM 0 0 0 1 33792
locations 0 0 1 0 34816
¥ 0 0 1 1 36864

T
Available RAM 1 1 0 0 4096
locations 1 1 0 1 5120
1 1 1 0 6144
¥ 1 1 1 1 7168
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Assuming the screen start address (which depends on bits 4 to 6 of the contents of 36869) remains
fixed at 7680, the different CM start addresses in RAM can be accomplished by POKEing the following
numbers into 36869

7 6 5 4 3 2 1 0 Bit
CM start | 36869 || FIXED | B}> B! B! | ROM/ | B B! BY
RAM
4096 252 1 1 1 1 1 1 0 0
5120 253 1 1 1 1 1 1 0 1
6144 254 1 1 1 1 1 1 1 0
7168 255 1 1 1 1 1 1 1 1
Screen at 7680

«——

—>

We now know how to vary the screen start or character matrix start address, leaving the other fixed.
To vary both simultaneously is just a matter of assembling the right combination of bits for 36869 and
possibly 36866 as well.

Example '
To locate the screen at 4608 and the character matrix at 5120 we need the following bit pattern in
36869

Bit 7 6 5 4 3 2 0 1
FIXED B{® B! B® RAM B BY' B
1 1 0 o0 1 1 0 1 |=Decimal205

We also need BY = 1 (Bit 7 of 36866). Hence the corresponding instructions are
POKE 36866,150 : POKE 36869,205

Remarks

With no additional RAM this leaves just 512 bytes for the program (!) with a 3K RAM pack it gives 3.5K
for user BASIC. The character matrix in this example can go from 5120 up to 8192 i.e. about 3K (not
quite sufficient for full screen high resolution graphics). If we were to use this configuration in practice we
should also protect the screen and character matrix by lowering the top memory to 4608 i.e.

POKE 56,18 : POKE 52,18 : CLR

For examples of programs which employ user-defined graphics the reader is referred to Chapter 4.
Finally in this connection we observe the start of the screen memory SC and of the character matrix
CM can be determined by the formulae

SC = 4* (PEEK(36866)AND128) + 64*(PEEK(36869)AND112)
CM = 32768*(1 — (PEEK(36869)ANDS)/8) + (2 * 10)*(PEEK(36869)AND?7)
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[However, it would not be possible to read the value of CM, if the character matrix is in RAM, without
first copying some standard characters from ROM with a routine such as

FORI=0TO 512 : POKE CM + I, PEEK (32768 + I) : NEXT
!

Control registers 7 and 8 (Addresses 36870 and 36871: Normal contents 0)

These registers contain respectively the latched horizontal and vertical position of a light pen, when in
use. An example of a program which uses these registers to plot a character to the screen under the
direction of a light pen is given in Chapter 6.

Control registers 9 and 10 (Addresses 36872 and 36873: Normal contents 255)

These registers contain respectively the digitized value of input for the horizontal and vertical axis of a
potentiometer joystick, when in use. Top left is (255,255), bottom right is (0,0). As the coordinates can
be read directly from these two registers a potentiometer joystick is somewhat easier to program for
than the switch joystick discussed in Chapter 6. A potentiometer joystick also gives greater precision of
control since each coordinate can take values in the range 0 to 255.

Control registers 11, 12, 13 and 14 (Normal contents 0)
These control the audio oscillators

11. Address 36874 — Low voice
12. Address 36875 — Mid voice
13. Address 36876 — High voice
14. Address 36877 — White noise

In each case bits 0 to 6 set the frequency of oscillator and bit 7 turns it on (bit 7 = 0). A program
illustrating the use of the audio oscillators is given in Chapter 1.

Control registers 15 (Address 36878: Normal contents 0)
This register has two functions:

Bits 0 to 3 set the volume (0 = off, 15 = max) of the composite signal generated by any audio
oscillators that are on.
Bits 4 to 7 define the auxiliary color used in Multicolor mode (see Chapter 4).

Control register 16 (Address 36879: Normal contents 27)
This is a color control register.

Bits 0 to 2 select one of 8 colors for the exterior border area of the screen, i.e. the area on the CRT
outside the VIC screen. In Multicolor mode this color is one of the four possible 1 X 2 pixel dot colors
which can occur within a character cell.

Bits 4 to 7 select one of 16 colors for the background common to all characters on the screen.

Bit 3 determines whether the video matrix is displayed as different colored characters in a common
background (bit 3 =1), or inverted (bit 3 = 0) so that all characters are the same color (i.. the back-
ground color determined by bits 4 to 7) whilst each character cell background will be a color determined
by the associated color nybble. Note that bit 3 has no effect if the associated color nybble indicates
Multicolor mode for the character cell in question.
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4.1 The construction of characters

To create user-defined graphics characters or to plot an individual pixel dot to a specified point on the
screen, it is first necessary to understand how the standard characters are displayed on the screen.

As we know there are two distinct ways to put a character on the screen, we can use PRINT or,
simply POKE the appropriate screen code into the required address in the video matrix (screen
memory). In either case the sequence of events which then takes place is the same, it was sketched
briefly in Chapter 3. The screen code is read from the video matrix, multiplied by 8 (or 16 if bit 0 of
36867 is set to 1) and the resulting number is used as an offset, from the base location of the character
matrix, to find the start address of the 8 (or 16) bytes which describe the character in question.

Normally the base location of the character matrix is at 32768 in ROM. If we PEEK the first 16
locations we can see how the first two characters are constructed, as in Table 4.1.

Screen codes take values in the range 0 to 255, therefore the total number of bytes for a single
block of immediately accessible character matrix is 256*8, i.e. 2K. Unfortunately 256 characters are not
enough to give all combinations of upper case, lower case, graphics and reversed characters. To overcome
this limitation and use the remaining 2K of character ROM we must move the base location of the
character matrix to 34816, but then of course every character on the screen will change. This is what
happens when you use the SHIFT+CBM combination of keys or alternatively POKE 36869, 242. The
layout of the character matrix in ROM is given in Table 4.2.

If you study the bit patterns in Table 4.1 you will see exactly how an individual character is con-
structed. Each bit represents one of 64 pixel dots, if the bit is zero that pixel dot is not lit on the screen,
if the bit is set to 1 then the pixel dot will be lit provided the color nybble associated with the character
cell indicates a color distinct from the screen background color.
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Table 4.1
Screen Decimal Decimal Bit pattern Character
code  address contents 7 6 543 210 ow
0 32768 28 1 11 0
32769 34 1 1 1
CHAR 32770 74 1 1 1 2
@ 32771 86 1 1 11 3
32772 76 1 11 4
32773 32 1 5
32774 30 1 111 6
32775 0 7
1 32776 24 1 1 0
32777 36 1 1 1
CHAR 32778 66 1 1 2
A 32779 126 1 11111 3
32780 66 1 1 4
32781 66 1 1 5
32782 66 1 1 6
32783 0 7
Table 4.2 — ROM character matrix layout.
Decimal
start Contents Screen | Keyboard
address of CM codes entry
‘Normal’ mode 1 32768| Upper case + Misc. 0—63 | No SHIFT
2K block Graphics/Graphics 64—127 |SHIFT/CBM
PCKE 36869,240
33792 | Upper case + Misc. } Reverse | 128—191 | No SHIFT
! Graphics/Graphics | field 192-255 |SHIFT/CBM
3
‘Text’ mode 1 34816 | Lower case + Misc. 0-63 | No SHIFT
2K block Upper case/Graphics 64—127 |SHIFT/CBM
POKE 36869,242

35840 | Lower case + Misc. :Reverse 128—191 | No SHIFT
Upper case/Graphics | field 192—-255 |SHIFT/CBM




Sec. 4.3] User-defined graphics characters in 8 X 8 mode 59

In 16 X 8 mode (bit O of 36867 set to 1) each character cell is composed of 128 pixel dots and each
such double-sized character cell is accessed by a single screen code. This can be illustrated by entering
the command

POKE 36867, PEEK (36867) OR 1 : PRINT CHR$(147)“@”

When RETURN is pressed the effects are quite dramatic. The first thing we notice is that the bottom of
the VIC screen has moved below the bottom of the CRT. This is because our first command, which sets
bit 0 of 36867 to 1, has doubled the vertical height of each character cell. The number of rows is still 23
but each row takes twice the room it did previously. The next command is to print CLR/HOME
(CHR$(147)) and then @. In the top left of the screen you should see

@
A

In 16 X 8 mode the instruction which says essentially ‘print the character with screen code 0’ causes the
first 16 bytes of the character matrix to be taken as the 16 rows of the character to be displayed. The
same effect could have been achieved by

POKE 36867, PEEK(36867) OR1 : PRINT CHR$(147) : POKE 7680,0 : POKE 38400,6

In general, in 16 X 8 mode, if the screen code is X then the 16 bytes of the character matrix which start
at

16*X + (Base location of CM)

will be taken to represent the 16 rows of the character to be displayed.

It is apparent that in 16 X 8 mode, 256 screen codes gives the total number of bytes for a single
block of immediately accessible character matrix as 256 X 16, i.e. 4K. In the final analysis this factor
determines the maximum possible size of a hi-resolution screen. However, if only a 3K RAM pack is
available then useful RAM ends at 8191. In this case you cannot actually have a character matrix quite
as large as 4K because the 6561 chip requires both the video matrix (about %K) and the character
matrix to start between 4096 and 8191. If you fill the 4K with character matrix then there would be
nowhere left for the video matrix! If an 8K or 16K RAM pack is used then the bottom of memory
should be raised above the top of the character matrix before loading any BASIC program. Under
these circumstances a 4K character matrix can be used.

4.2 User-defined graphics characters in 8 X 8 mode

Suppose that on a VIC with no additional RAM we want the letters of the alphabet and the numbers 0
to 9, preferably called with the usual PRINT or POKE, plus a reasonable selection of our own graphics
characters and room for a sensible BASIC program. The screen codes for the alphabet, miscellaneous
symbols, and the numbers 0 to 9 run from O to 57 and therefore these characters will occupy
58 * 8 = 464 bytes of our character matrix.

If we put the character matrix base location at 7168 there will be just 7680 — 7168 = 512 bytes of
RAM for the character matrix, remember the screen starts at 7680. We have already used 464 bytes so
there are just 512 — 464 = 48 bytes left for our own graphics characters. This gives just 6 characters for us
to design, enough for many purposes, which we can assign to screen codes 58 to 63. We have to promise
ourselves not to POKE any number greater than 63 to a screen memory address, or to issue a PRINT
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command for a character whose screen code is greater than 63, for otherwise we should send the opera-
ting system to the screen memory, or no memory (> 8191), to collect character matrix data! We can
lower the top of memory to 7168 to protect our baby character matrix, with POKE 56,28 : POKE
52,28 : CLR, and have the area between 4096 and 7168, i.e. 3K, for the BASIC program.

Alternatively we can put the base of the character matrix at 6144 giving 7680—6144 = 1536 bytes
for the character matrix. Using 464 bytes for standard characters this gives 1536—464 = 1072 bytes,
enough for 134 of our own characters which we can assign screen codes 58 to 191; we avoid screen
codes greater than 191 in our program. However, the top of memory must now be lowered to 6144, i.e.
page 24, with POKE 56,24 : POKE 52,24 : CLR, giving just 6144 —4096 = 2048 bytes, i.e. 2K, for the
BASIC program — which is not much. However, not many programs are likely to need 134 idiosyncratic
graphics characters.

A useful number between 6 and 134 would be 22, since we could then plot the graph of many
single-valued functions across the entire VIC screen in single pixel dots (moving the 22 character cells
vertically up and down as required by the function). We could do this provided the slope of the func-

tion plotted had absolute value between —1 and +1 at all points. However, because we have only limited
control over the start address of the character matrix, any compromise between 6 and 134 user-defined

characters is not possible.

Example

In this example we adopt the first of the two possibilities mentioned above and put the start of the
character matrix at 7168. We define our 6 user graphics characters to be upside-down copies of 0, 1 ...,
5 corresponding to screen codes 58 to 63.

19 REM 6 8%8 LSER DEFINED CHARS ANT 3K FOR PROGRAM
20 POKE36869,255:REM CM TO 7168

3@ POKESE, 28:POKES2,28: CLR:REM LOWER MEMTOP

49 PRINT'D" |

S@ REM NOW COPY FIRST 56 CHARS FROM ROM TO RAM

68 FORI=OTOS7¥8+7

70 POKE7168+1,PEEK(A2768+1)

80 NEXT

9@ REM NEXT COPY FIRST 6 NUMBER. CHARS UPSTDE -DOWN
100 2=58%6: L=48%3

11@ FORJ=GTOS

120 FOR1=@TO7

130 POKE7168+Z+8%J+] , PEEK(32768+Li+2%]+7=1)

140 NEXT :NEXT

15@ REM NOW DISPLAY ALL 64 CHARS ON SCREEN WITH POKE
160 FORI=0T063

178 POKE768@+1, 1:POKE38400+1, 2

180 NEXT

198 REM NOW DISPLAY OMN CHARS WITH PRINT

200 PRINT"X0K"

21@ PRINT"M: ; (=>78"

220 GETA$: [FAS=" " THEN22@

23@ POKE36869,24@:PRINT"J :END
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For more interesting characters than upside-down numerals the procedure is first to design them, i.e.
specify the decimal number for each row, as in Table 4.1. Having designed the characters, the decimal
numbers can be listed in DATA statements and then POKEJ into the correct locations in the character
matrix.

The use of user-defined characters becomes more exciting if they are displayed in Multicolor mode.

4.3 Multicolor mode

In Multicolor mode it becomes possible to have four colors within a single character cell as opposed to
two. There is a price to be paid, in that horizontal resolution is now in pairs of pixel dots rather than
single pixel dots.

Let us first design a character:

Decimal Bit
Row  value 7 6 5 4 3 2 1 0
0 0 0 0 0 0 0 0 0 0
1 60 0 0 1 1 1 1 0 0
2 125 0 1 1 1 1 1 0 1
3 60 | 0 0 1 1 1 1 0 0
4 60 0 0 1 1 1 1 0 0
5 130 1 0 0 0 0 0 1 0
6 40 0 0 1 0 1 0 0 0
7 0 0 0 0 0 0 0 0 0

Each pair of pixel dots now becomes a single long dot whose color is defined as follows:

Bit pattern Color Value Determined by
00 Background BC Bits 4—7 of 36879
01 Exterior border EC Bits 0—2 of 36879
1 0 Foreground FC Associated color nybble
11 Auxiliary AC Bits 4—7 of 36878

To display a character in Multicolor mode add 8 to the associated color nybble. When displaying
characters with a POKE to the screen this is no problem since we can just OR the associated foreground
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color code with 8 when we POKE the color nybble into the color matrix. There is a neat way to set

PRINT to Multicolor mode. This is to use the address 646 which contains the active color nybble. Thus
POKE 646,60R8 : PRINT “A” : POKE 646,6

will result in a blue A being printed in Multicolor mode.
Note that one can only change the foreground color of a Multicolor character without changing the
color of all Multicolor characters on the screen. '
The values BC, EC, FC and AC are selected from Table 4.3.

Table 4.3 — Color codes.

Background (BC) Exterior border (EC)
Value Auxiliary (AC) | Foreground (FC)
0 Black Black
1 White White
2 Red Red
3 Cyan Cyan
4 Magenta Magenta
5 Green Green
6 Blue Blue
7 Yellow Yellow
8 Orange
9 Light orange
10 Pink Not applicable
11 Light cyan
12 Light magenta
13 Light green
14 Light blue
15 Light yellow

To set background and exterior border colors and leave bit 3 of 36879 unchanged:
POKE 36879, (16 * BC)OR EC OR(PEEK(36879)AND 8)

To set the auxiliary color, whilst leaving the volume of any sound unchanged:

POKE 36878, (16 * AC)OR(PEEK(36878)AND15)

Example
Taking the character we designed earlier let us choose the following colors

0 O Background = Pink :BC = 10
0 1 Exterior =Blue :EC = 6
1 O Foreground = Red :FC = 2
1 1 Auxiliary = Orange: AC = 8
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18 REM#RGRAPHICS DEMO

28 REM & 8%3 USER DEFINED CHARS AND 3K FOR PROGRAM
3@ POKE3A8€3,255:REM Ch TO 7168

48 POKESA, 28:POKET2, 28:CLR 'REM LOWER MEMTOP

30 PRINT"D"

68 REM NOW COPY FIRST 5& CHARS FROM ROM TO RAM

78 FORI=ATOS7%3+7

88 FOKET1638+1,PEEK(32768+1)

50 NEXT

18 REM NEAT COPY CHAR FROM DATA GIVE SCREEN CODE 58
11@ IATAG.608.125,6M.60,138,40,0

126 FORI=1TO7

138 READX

146 POKE7 168+30%8+1, ¥

138 NEXT

16@ REM NOW DISPLAY ALL 5% CHARS ON SCREEN WITH POKE
178 FORT=@T052

188 POKE7430+1, 1:POKE38400+1, 2

138 NEXT

A8 REM NEXT SET COLS

218 POKE3I6873, (16%16)0RA0R:PEEK(36879)ANDS) :REM BC AND EC
22 POKER6S73, ( 16#3)0R(PEEK(36878)AND1S) :REM AC
23@ REM NOW DISFLAY CHAR 58 IN MULTICOL USING POKE
249 POKETE2G+68, 55 PUKER8400+60, 20RS :REM FC

234 REM MOW DISPLAY CHAR S8 IM MULTICOL USING PRINT
268 PRINT " Malea”

<7@ POKEE4E,20RS: PRINT" : " : POKEG4S, 6

236 GETR$: IFR$=""THEN25D

238 FOKR36269,24@: POKERESTS, 27 : POKE36S78. 0

30@ REM RESTORE

318 END

4.4 Hi-resolution graphics in 8 X 8 mode

In Hi-resolution graphics the object is to have a fixed area on the screen within which every pixel dot
may be addressed independently. This area is usually chosen to be as large as possible.

With user-defined graphics the characters are initially written into the character matrix and subse-
quently moved about the screen as if they were normal characters. After the character matrix is genera-
ted it is normally left severely alone [although of course if you had a machine code routine to make a
‘little man’ character appear to be running ...].

With Hi-resolution graphics exactly the reverse procedure is employed. The position of each charac-
ter on the screen is left fixed; this is known as bit-mapping the screen. Pixel dots are then moved about
the screen by directly addressing the corresponding bit in the character matrix. Hence in Hi-resolution
graphics it is the contents of the character matrix memory which varies.

To bit-map the screen we POKE the character with screen code N into the Nti character cell with

the routine
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1000 REM BIT — MAP SCREEN

1010 PRINT CHR$(147)

1020 FOR I =0 TO 255

1030 POKE 7680 + 1,1

1040 POKE 38400 + 1,6 : REM PIXEL DOT COLOR BLUE
1050 NEXT

Table 4.4 shows at a glance that, with 256 available screen codes, just over half the VIC screen can
be bit-mapped. In fact we can bit-map the first 11 rows and have 14 characters to spare. With 8 X 8
character cells this will require 8 *256 = 2048 bytes, i.e. 2K, will fill half the screen, and will leave just
1176 bytes for user BASIC because the character matrix must start at 5120. There is nothing to be done
about the wasted RAM from 7168 to 7680 because user BASIC demands an unbroken block of memory.

Having bit-mapped the screen the next problem is: given the screen coordinates of a pixel dot how
can we set the corresponding bit in the character matrix to 1 and thereby plot the dot on the screen?

- X > «—————— C————>|«(7-C) >

Screen origin Bit
Address| 7 6 5 4 3 2 1 0 |Contents

T F v
R M+1
i M+2
v v

M+3 [0]o0 |00 0
M+4

M+5
| M+6
M+7

Character cell in
Screen row U, column V

0| 2t(7-0

X,Y — pixel dot coordinates U,V character cell row, column
0<X<22*8—1=175, R,C pixel dot row, column
0<Y<11*8—1=87 within character cell.

U = INT(Y/8): V=INT (X/8)
CM = character matrix start address
M = CM+ (22*U+ V)*8 : ADDRESS OF FIRST BYTE OF CHAR IN

CHAR MATRIX
R = Y AND 7 : REM REMAINDER AFTER DIVISION BY 8
C = Y AND 7 : REM REMAINDER AFTER DIVISION BY 8
Address of byteisM + R

To set the correct bit of this byte without disturbing any other bit
POKE M + R, (21(7—C)) OR PEEK(M +R)
Figure 4.1 — Which bit is the pixel dot?

The solution to this problem is summarized in Figure 4.1; 21(7—C) has been used for clarity, in practice
one would create an array of the first 8 powers of 2 and use it as a look up table to-speed the PLOTSUB.
Both bit-mapping and individual pixel-dot addressing are used in the next example which can be run on a
VIC with no additional RAM.
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Example
Plot a sine curve using 8 X 8 Hi-resolution graphics.
This example could be used as the basis of a simple graph-plotting program.

18 REM¥KSINE CLRVES##

20 POKE26B865.253:REM CM TO 5120
3@ POKESG,2@:POKESZ, 20:CLRREM LOWER MEMTOP
46 GOSUR1000:REM BITMAP

5@ GOSUB20@0:REM CLR CM

62 REM NOW PLOT SINE CURVE

78 FORX=@T0173

RA Y=43-INT(42¥SIN(B¥N¥X/176))

9@ GOSUB300A:REM ERROR CHECK

1@ GOSIJB4200:REM PLOTSUB

11@ NEXT

120 GETR$: IFA$=""THEN12@

130 POKE34369,240:POKESE ., 30 ' POKES2, 33 CLR:PRINT"J" :END
1000 REM¥RIT-MAP SCREEN

1019 PRINTCHR$(147)

1820 FORI=OTN241:REM 11 ROWS

1038 POKE768a+1.1

1046 POKE3R40@+1,6:REM PIXEL DOT COLOUR BLUE
1050 NEXT:RETURN

2000 REM&CLR CiMk

2018 FORI=@TOZ41%3+7

2028 POKES120+1.0

2030 NEXT:RETURN

3000 REMKCHECK X.Y TN RANGEX
3019 IFX<@ORK>17ITHENZ@40

3920 IFY<AO0RY>B7THEN3240

3930 RETURN

3040 POKF36362.244 PRINT"D)

3058 PRINT"ERROR"X,Y:END

4000 REM¥PLOTSUB*

40810 U=INT(Y/8) :M=INT(X/8)

4020 M=5120+(22¥U+V)#*3

4030 R=YAND7:C=XAND?

4040 POKEM+R, (21(7-C))ORPEEK(M+R)
4058 RETURN

4.5 Hi-resolution graphics in 16 X 8 mode

In the following example exactly the same principles used in the previous program are applied to obtain
a full screen Hi-resolution curve plot. The first 10 rows are bit-mapped, but bit 0 of 36867 is set to 1 so
that 16 X 8 character cell format is used. Control register 36867 is also adjusted so that the number of
(double height) rows displayed is 10. The character matrix is relocated to 4096 and contains 16 * 220 =
3520 bytes, because each of the 220 character cells now uses 16 bytes. Plainly, a 3K RAM pack will be
needed.
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The important part of the character matrix ends at 7616 and we have used 220 screen codes in the
bit-mapping. Between 7616 and 7680 (the screen) there are just 64 bytes, enough for four characters in
16 X 8 mode, these could be assigned screen codes 220 to 224.

Note the changes in the PLOTSUB. The characters are 16 pixel dot rows high so R=Y AND 7 is
replaced by R=Y AND 15 (the remainder after Y is divided by 16), also an array C%( ) has been
created to avoid executing 21(7—C) every time PLOTSUB is called. The function X 1Y is rather slow
and the gain in speed is quite noticeable.

Parametric plotting is illustrated by the final graph, that of an equiangular spiral, a curve which has
several remarkable properties and was first examined by Descartes in 1638.

Example
Plot curves using 16 X 8 Hi-resolution graphics.

10 REM 16%2HI-RES CiRVE PLOT

26 REM 22 COLUMNS 18 ROWS

30 PRINT#TTHIS FPROGRAM NEEDS R 3N RRM PRCKYPRIWT
48 PRIMT" HIT SRETIRME TO EMD &

S8 FORL=ATOSO0: NEXT:REM DELAY

6@ PRINT I

78 POKE36RES,252:REM CM TO4496

86 POKESE, 1£:POKESE, 16 :CLR:REM LOWER MEMTCP
9@ POKE3GSET.149:REM 16%8 AND 1GROWS

108 POKE3E879, 126 :REM COI_OLIR

116 GOSURS4Q:REM CLEAR M

128 FORI=ATO?

138 CACI)=2 M 7~T)

140 NERT

150 REM#%RIT-MRFP SCRESN

168 FORS=ATO219:REM 18 ROWS

178 POKEFERA+S, 5

180 POKE3R4G@+S, A:REM PIXEL 10T COLOLR R_ACK
196 MEXTS

200 REM#AXE S

218 ¥9=87: Y@=2@:G0sLirRS8n

220 REM#¥DRAN 2 SINE CURVES#%

230 FORK=@TOZ

248 TN=1735%K /20

230 FORX=ATOI7S

260 Y=80-TNT (755 TN a1 75-T1)

278 GOSUBR4E

250 MEXTH

298 NEXTK

300 GETRS: IFA$=CHR$(13)THENS1A

318 GOSUBRS4E

326 POKE3ERTS, 238 REM COLQUR

330 REMESAXESHS ‘
348 XO=0:Yo=86:GOSLBRSRA Listing continues next page
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as@
368
370
380
290
4@
4im
420
430
44@
45a
468
47a
48a
498
T
S1@
520
536
=41
550
56@
570
560
59@
£
1@
628
630
640
€54
664
£78
£S0R
594
768
718
728

REM##DRAW DRMPET STNE CURVER#
FORX=ATOL75

WmRf-THT ( GREEXP (=% /40 ) #S Th{ REq¥x/ 17307
(BOSLBE4A  MEXTH

GETA$: IFAS=CHRSCIIVTHENSIG
GOSLRS4R

POKE36879, 233

REM#ERARE Sk

®@=R7 : ¥A=R@: GOSLIBSRA

REM#*DRAL SPTRAL %%
FORR=ATO Gk STEFN/6E

K=Q7+INT (BBREXF(~R/1@YRCOSCA+n 210
Y=QE-THT (SO¥FXP(~R/1QYESTHIR+a 200
GOSURAAE - NEXT

GETAS: TFAS=""THEN4SH
IFR$=CHRE( 13 THENSIG

PRIMT*T : POKESF, 38 POKESZ, 20 LR
POKE3ERET ., 174  POKEIBRET, 240 POKERER7S, 27 EMD
REM#RCLERR ChMk

FORI=@TO2523: POKE4BSE+T . @ MEXT
RETURM ‘

REMEKDRAL AXESHE

REM#ORIGIN X@.'70%
FORX=ATOL7S:¥=Y@

BOSLIREAE  MEXT

FORY=@TO159: X=K@

GOSURE4R  MEXT

RETLIRM

REMAKPLOTSLIE#*
L=INTOYA1E W=THNT O 20

S=22%ii+Y

IFS>219THENTOE

Y=WRNTN S C=YAMTY

M=4@96+1 6#S

POKEM+R, CEZCCHORPEEK (M+R)

RETLIRHM

REM X=@T0175

REM w=158T0@

[Ch.4

Having plotted a picture or curve into the character matrix the next step is to save the entire charac-
ter matrix to tape or disk. Machine code programs for this procedure are given in later chapters. Having
saved the character matrix, the final step is to run another program which loads the character matrix
back into its original location and then outputs it in Hi-resolution graphics to the VIC printer. A listing
of this final program is given in Appendix 2; it requires a machine code subroutine for LOAD (again
given later) and takes about 15 minutes to output a Hi-resolution screen. The results for the three
graphs plotted in the last example are given in Figure 4.2.
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Figure 4.2 — Hi-resolution output to printer.



Peripheral devices

5.1 Device numbers

In this chapter we look at the way the VIC-20 operating system organizes the flow of information to and
from external input/output devices, usually termed peripheral devices, such as cassette, disk drive and
printer.

There are three different types of peripheral device’ those that input data to the operating system
(‘talk’), those that receive data (‘listen’) and those that do both.

All input/output communication is controlled by the operating system by means of the two VIA
6522 chips (see Chapters 6 and 7). Each device, including the screen and keyboard, is assigned a unique
device number (a primary or first address), which serves to identify it. Device numbers take values in the
range 0 to 255. The present allocation of device numbers is given in Table 5.1. The operating system
stores the device number of the device currently being accessed in address 186.

Table 5.1 — Device numbers.

Device Device number Functions
Keyboard 0 Talk
Cassette unit 1 Talk and Listen
RS232 device 2 -
Screen 3 Listen
Printer (Serial IEEE) { 4 Listen
or 5 Listen
Other Serial IEEE { 6 -
devices 7 -
Disk drive (Serial IEEE) 8 Talk and Listen
Other Serial IEEE 9 -
devices ‘ to 255 -
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5.2 The keyboard

From the first appearance of the flashing cursor after the VIC-20 is switched on, the operating system
scans the matrix of keyboard switches every 1/60 second. This is part of the periodic service routine
triggered by an 1RQ interrupt generated by one of the VIA 6522s. When a key is pressed, a number
derived from the key’s position in the keyboard matrix is stored in address 197. The contents of 197 are
used as a pointer to the address in a keyboard character table where the ASCII code corresponding to
the key pressed is stored. The final ASCII code is then transferred to a 10-byte keyboard buffer at
addresses 631 to 640. For a key pressed in conjunction with SHIFT, CBM, SHIFT + CBM or CTRL,
alternate tables are consulted for the ASCII codes.

Distinct from all other keys are RUN/STOP and RESTORE. If RUN/STORP is pressed the number
254 (SFE) is placed in address 145($91). When RESTORE is pressed in conjunction with RUN/STOP a
system reset or warm start is initiated.

When a new character code is stored in the keyboard buffer the buffer counter, contained in address
198, is incremented by 1. This directs the next keyboard input to the next available buffer location.

Character codes are extracted from the keyboard buffer one at a time, in the order in which they
are stored, by the screen handling routines. As each character is removed, the keyboard buffer counter is
decremented by 1 and the buffer closed up. In practice character codes are removed from the keyboard
buffer as they are stored, unless a program is running. If a program is running, character codes are
queued in the keyboard buffer until the program performs a GET or INPUT from the keyboard. If no
GET statements are executed any characters input during program execution will be displayed on the
screen upon a return to direct mode. If the keyboard buffer is full, further keypresses are lost. The
contents of address 649, normally 10, are used to determine the maximum number of characters per-
mitted in the keyboard buffer. If this number is changed to a value greater than 10 the keyboard and
screen handling routines tend to get confused, but it is sometimes useful to use a smaller value.

Address 650 holds the keyboard repeat flag which is normally O for cursor control repeats only. The
following two commands are sometimes useful

POKE 650,64 Disables all repeats.
POKE 650,128  Enables all keys to repeat.

The following program prints the keyboard matrix number and the ASCII code of the last key
pressed.

18 PRINT"Z

20 GETA$: IFA$=""THENZ20

3@ PRINT"MATRIX NO="PEEK(197)
48 PRIMT"SHIFT FLAG="PEEK(E33)
@ PRIMT"RSCIT CODE="REC(R$)
6@ PRINT'CHRAR="R$

7@ PRINT:GOTO2@

In normal use it is unnecessary to specify a device number for the keyboard and the screen as the
contents of addresses 153 (current input device) and 154 (current output device) are automatically set
to 0 (keyboard) and 3 (screen) respectively. Normally the operating system will change the contents of
these addresses as required. However, it is possible, if you are ve:s: cunning, to manipulate the choice of
input and output device directly. In this context see the article ‘Magic Merge’, VIC Computing, by Jim
Butterfield (patron saint of PET and VIC users). Here he gives a sequence of commands, one of which
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changes the contents of 153 from O to 1, which loads as a program a previously saved ASCII data file
listing of the program! The procedure whereby such a strange data file is created is explained in connec-
tion with CMD in section 5.6.

5.3 Logical files and secondary addresses

The command OPEN prepares a VIA 6522 input/output channel (logical file). The full syntax of OPEN
is

OPEN Logical file no, Device no, secondary address, “FILENAME”

The concept of a logical file is rather subtle, it is a quite separate thing from the actual physical
record referred to as “FILENAME”. A logical file is best viewed as a channel through which information
or instructions’ can be sent and information received by the operating system. Every such channel
should be OPENed to a specific device and many channels may be open simultaneously. To distinguish
between them each is given a unique number, chosen by the programmer, in the range 1 to 255. The
number is known as a logical file number. Up to 10 logical files may be open at any one time with at
most 5 of these open to Serial IEEE devices. The logical file number in current use is stored by the
operating system at location 184.

A secondary address determines the manner in which the selected device will behave. Table 5.2 lists the
most frequently used secondary adresses. The secondary address in current use is stored by the operating

system at location 185.

Table 5.2 — Secondary addresses.

Peripheral Secondary address Function

0 Read file to tape
Cassette unit { 1 Write file to tape

2 Write file to tape with ‘end of tape’ marker
Printer 07 Set character set to UPPER CASE/GRAPHICS

7 Set character set to UPPER CASE/LOWER CASE
Disk drive 15 Access the command channel

We shall see how to use the command OPEN in conjunction with the cassette unit, disk drive and
printer in the following sections. The way that input/output operations are controlled by the user may
at first seem complicated. We can picture the organization more easily if we imagine the VIA chips as
banks of railway points controlled by a skilled signalman, the operating system, under the command of
the railway manager, you!

5.4 The VIC C2N cassette unit

The VIC-20 operating system communicates with the cassette unit via four lines connected to the VIA
6522s: Read, Write, Sense and Motor. A separate power supply of +5 volts and Ground are also used.

}See section 5.7.
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PINS Function Direction
1 2 3 4 5 6 A/l Ground
B/2 +5 volts From VIC
E:_—:j E::j C/3 Motor (Power) | From VIC
A B c D E F D/4 Read To VIC
E/5 Write From VIC
F/6 Sense To VIC

Figure 5.1 — Cassette unit connections.

Figure 5.1 gives the VIC-20 PCB edge connections for the cassette unit. The separate power lines
through pins A and B are not used by the cassette motor, but are instead used to supply signal amplifi-
cation and pulse shaping circuitry within the cassette. The Motor line supplies +9 volts at 500 mA to the
cassette motor. The Sense line is used to detect that PLAY has been pressed, often in response to the screen
prompt PRESS PLAY ON TAPE or PRESS RECORD AND PLAY ON TAPE. It is worth remarking that
the pressing of FAST FORWARD or REWIND are also sensed as a depression of PLAY. Similarly,
if when attempting to SAVE to cassette PLAY is pressed but not RECORD, the operating system cannot
sense that RECORD has not been pressed and will continue a fruitless effort to write to tape until
RUN/STOP is pressed.

The cassette unit is allocated a 192-byte buffer at addresses 828 to 1019, through which all data to
be written to or read from tape normally passes. The contents of 178 and 179 point to the start address
of the cassette buffer. When writing to tape the operating system waits until the buffer is full before
turning on the cassette motor, thus tape files are saved in 192 byte blocks.

5.5 File handling to cassette

It is possible to write two kinds of file to the cassette: program files (PRG) and data files (SEQ). This
terminology can be confusing since data may be stored as a program (PRG) file, and programs can be
stored as a data (SEQ) file, although they very rarely are.

Program files (PRG) are normally SAVEd as a RAM dump from the bottom of user BASIC to the
end of the BASIC program in RAM. A program file (PRG) is therefore normally a copy of the bytes
which describe the compressed text of a user BASIC program. However, if the PRG file were created
by a machine code routine which saved a specified block of RAM to tape, as in HI-DRAW of Appendix
1, then the PRG file could represent any data, not necessarily a BASIC program. Data files (SEQ), often
called ASCII files, are sequential files created by the programmer using a combination of BASIC com-

mands such as OPEN, PRINT# etc.
We first discuss the creation of program files. The command

SAVE “FILENAME”

saves the current BASIC program to tape. The SAVE command places a pointer to the start address of
the RAM to be SAVEd in locations 172 and 173. For an unexpanded VIC-20 the numbers 1 and 4
would be placed in 172 and 173 respectively, since these are the Lo and Hi bytes of the start address of
user BASIC (see Chapter 3). Similarly SAVE places the Lo and Hi bytes of the address at which the
program ends in 174 and 175 respectively.
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The file is saved to tape with a 192-byte PRG header consisting of a file name of up to 16 characters
(bytes) plus 4 bytes specifying the Lo-byte, Hi-byte RAM pointers stored in 172 to 174.

Upon pressing RECORD and then PLAY the operating system first takes 10 seconds to run the
motor up to speed and write a synchronizing leader, it then writes the header block followed by the
RAM save.

The command

LOAD “FILENAME”

searches the cassette tape for a file header containing the specified filename, and upon locating it loads
the file into RAM from the bottom of memory upwards.
The command

VERIFY “FILENAME”

operates in a similar manner to LOAD except that when the file is found its contents are compared with
the BASIC program currently stored (as compressed text) in RAM. This provides a positive check on the
accuracy of the SAVE. '

A PRG file can be loaded back into the RAM from which it was originally saved by the command

LOAD “FILENAME”,1,1

Here the first 1 is the device number (cassette) whereas the ‘secondary address’, consisting of the second
1, tells the operating system to pay attention to the 4 bytes of RAM pointers in the file header block.
This is particularly useful when loading a previously saved machine code program from BASIC.

In order to create a data file (SEQ) on tape, the command

OPEN 1, 1, 1, “FILENAME”

can be used. This opens logical file 1 to device 1 (cassette) with secondary address 1 (write) as discussed
in sections 5.1 and 5.4.

The file handing commands INPUT#, GET#, PRINT# or CMD, which take a logical file number as a
parameter, are used to get information from or pass information to a previously OPENed logical file.
Thus the usual format to write a data file (SEQ) to cassette is

OPEN 1, 1, 1, or 2, “FILENAME”
PRINT# 1, N or A$
CLOSE 1

where N or A$ is the variable or string to be entered on the file. The data file is written to tape with a
192-byte SEQ header block similar to the PRG header created by SAVE. For a data file the Lo-byte,
Hi-byte RAM pointers refer to the beginning and end of the cassette buffer, rather than to a block of
RAM saved.

Items are separated on a data file by two delimiters, a comma or a carriage return. The command

PRINT# 1,N

where N is a numeric variable, will automatically write a carriage return following the variable N.
The effect of using commas or semicolons is just as if PRINTing to the screen. If commas are used as in
PRINT#1, A$, B$, C$ then extra spaces will appear, a semicolon will leave no space. The command

PRINT#1, A$; CHR$(13); N; CHR$(13); B$

+Wherever that happens to be.
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will result in each data item being written to tape separated by a carriage return.
The usual format to read a data file from tape is

OPEN 1,1,0, “FILENAME”
GET# 1,Nor A$

or INPUT# 1,Nor A$
CLOSE 1

The command GET# reads one character at a time from the file; it is similar to GET which obtains
one character at a time from the keyboard. GET# reads characters, file delimiters, such as commas or

carriage returns, and anything else on the tape. This can be particularly useful to access data on a byte
by byte basis. Thus

10 GET# 1, A$ : IF A$ = “ ” THEN 10
20 X = ASC(A$)

will read one byte from tape, screening out null characters, and give the numerical value as X
The INPUT# statement will read numeric or string variables. Thus

INPUT#1,NM

will attempt to read the next two data items as numbers. As with INPUT, problems will arise if the data
is a string and not a number. When reading strings each INPUT# will read all string variables up to the
next carriage return delimiter. Therefore, you can only use commas to separate string variables that will
always be read back as a group, as in

INPUT#1, A$, BS, C$

When the write operations are concluded the file must be CLOSEd. This will ensure that the
contents of the cassette buffer, whether or not the buffer is full, will be written to tape followed by an

end-of-file marker (64), or an end of tape marker (—128) if the file was OPENed with a secondary
address of 2.

Example

The following program illustrates the procedures for creating, reading and, if required, outputting a data
file to the VIC 1515 printer. If the printer is not required lines 250,260, 370,380 and 400 to 530 can
be omitted.

10 REM#*¥DATA FILES%*

20 REM¥ON TRPE %%

368 PRINT"D® ‘

48 PRIMTTRECS) "#kkkMENUNHNER" : FRINT :FRINT

5@ PRINTYCRERTE DARTA FILE e

€8 PRINT"READ EXISTING FTLE g&"

78 PRINT"TG QUIT PROGRRM b AR

80 GETR%: [FAS=""THENZA

9@ IFA$="C"THENI2@

199 IFA$="R"THENZEG Listing continues next page
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110
120
13@
i4@
158
16@
17@
180
150
200
210
220
230
240
258
260
2re
288
298
300
310
32@
33@
340
350
360
379
3808
390
400
410
420
430
440
450
460
470
480
490
See
Si@
520
530

IFA$="0Q" THENENT

REM¥KCRERTE FIL E¥ek
PRINT"CINDG, . .WRITING FILE":PRTNT
PRINT"INPUT #3B TO END":PRINT
INPUT"FILE NAME":B$

RE Mkl T TE ek

OPEN1.1.1,B$

PRINT"ZDMINPLIT LINES OF TEXT..."
INPUTR$

IFA$="@"THENZ38

PRINT#1.Rs

GO0T0199

PRINT"Thesksokk ILE  CLOSEsseloies”
PRINT#1, "END" :CLOSEY
INPUT*PRINTER(Y/N)" :C$
IFC$="Y"THEN4Q@

(G0T03@

REM¥¥READ EXISTING FILE¥¥
PRINT" ISMMBF ILE RERD..."
INPUT"FILE NAME";R$
PRINT"MMRERDING *+B$
OPEN1,1.8,RB$

INPUT#1 , RS

PRINTTRBR(3)R$

IFST=BTHENI3@

CLOSE1

INPUT"PRINTERC(Y/N}" i C$
IFC$="%¥"THEN420

GOTO38

REM#%OUTPUT TO PRINTER#*
PRINT"TBPLEASE REWIND TAPE -FuMETHEN HTT ANY KEWY."
GETZZ%: IFZZ$=""THEN420D
OPEN1.1.A.R$

OPEN4 . 4

PRINT#4,CHR$(14)
PRINT#4,CHR$(16)CHR$ (51 )CHRE(58)Rs
PRINT#4,CHR$(13)

INPLT#1.R$

2Z=5T
PRINT#4.CHR$(16)CHR$(48)CHRS$(53)AS
IFZZ=0THEN48®R

CLOSE1:CLOSF4

(60T03@

Note the use of the error status byte ST in lines 350 and 490. This serves either to detect the
end-of-file marker or to ensure automatic closure of the file if a read error is detected.
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The command
CMD Logical file no.

used in conjunction with the OPEN statement, changes the current output device from the screen to the
specified device. Thus

OPEN 3,4 : CMD 3
will direct output to the printer, and
OPEN 3,4 : CMD 3 : LIST

will output an untokenized ASCII listing of a BASIC program in RAM to the printer. To reset the
output device back to the screen the format

PRINT# 3 : CLOSE 3

can be used.
Similarly
OPEN 1,1,1, “PROGNAME”
CMD 1 : LIST

writes an ASCII data file (SEQ), consisting of an untokenized BASIC program, to tape under the file name
PROGNAME. Note that the READY, normally printed on the screen after execution of LIST, will also
be written to tape. The output device can be reset to the screen by

PRINT#1 : CLOSE 1

Of course it is not possible to simply load such a data file, as if it were a program file, using LOAD.
All this could succeed in doing would be to dump an ASCII listing in completely untokenized form into
the area reserved for a tokenized BASIC PROGRAM. The Interpreter (see Chapter 7) would not like that
at all!

5.6 Error checking and ST

Regardless of which type of file is to be stored the method of storing an individual byte is the same.
Each character is stored on tape using 10 bits: 8 bits for the data-byte, a parity bit used in error checking,
and a special ‘word marker’ pulse to separate one data-byte from the next. The parity bit is computed
prior to writing the data-byte and indicates whether the number of ‘1’s is odd or even. A ‘1’ is encoded
as a long pulse followed by a short pulse and a‘0’ as a short pulse followed by a long pulse.

A program (PRG) file is saved in one continuous block and then saved again. This results in an
effective data rate transfer of around 300 bits per second.

When the tape file is read back the parity bit of each byte is recomputed. If the byte is bad an
error count is incremented and the location where the error occurred is stored. The operating system
then picks the best data from each pass. In the event of there being more errors than the system can
handle an unrecoverable read error is indicated by an ST value of 16 and a LOAD ERROR message is
generated.

Data (SEQ) files differ from program (PRG) files in that the user can terminate the write to tape
at any time. Hence the entire file cannot be saved twice as is a PRG file. Instead each block of 191
bytes is recorded twice, together with a checksum for each block. If on reading the file back the recom-
puted checksum differs from the recorded checksum a checksum error is indicated by an ST value of 32.
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A value of ST is returned after every input/output operation and stored in address 144. Table 5.3
gives the meaning of the various CBM ST codes.

Table 5.3 — ST values for I/O devices.

Cassette Cassetts Serial IEEE devices
Bit position | ST value read LOAD/VERIFY Read/Write

0 1 - - Time out write

1 2 - - Time out read

2 4 Short block Short block -

3 8 Long block Long block -

4 16 Unrec. read error | Any mismatch -

5 32 Checksum error Checksum error -

6 64 End of file - EOI

7 —128 End of tape End of tape Device not present

Because of the elaborate error checking procedures used for tape encoding the VIC C2N cassette
unit is very reliable, but to ensure consistently accurate read/write operation the read/write and erase
heads should be periodically cleaned using a cotton tipped stick slightly moistened with a proprietary
brand of head-cleaning fluid. Particles of tape can adhere to the heads and dramatically affect the
efficiency of the unit. The unit itself, and cassette tapes, should be kept away from strong magnetic
fields. Read/write errors appear to be more frequent if the cassette unit is less than 2 feet from the
television.

5.7 The VIC 1540 floppy disk drive

The addition of the VIC 1540 5%-inch floppy disk drive dramatically increases the power and flexibility
of the VIC-20 system. Program and data files can be accessed directly and files can be written to or read
from disk far faster than with the cassette unit. Both the VIC 1515 printer and the disk drive communi-
cate with the microprocessor via the serial IEEE-488 interface (see Chapter 7). Up to five serial IEEE
devices may be ‘daisychained’ in this way.

A disk drive can also be used to create Random Access files, in which a specified part of a file can be
processed without having to needlessly access the preceding data. Such files are not possible on cassette
since tape data access is sequential. Random Access files use advanced disk handling commands not
covered in this section but an example of random access file handling is given on the TEST/DEMO disk
supplied with the floppy disk drive.

Unlike many microcomputer disk drives the VIC 1540 is an intelligent peripheral controlled by its
own 6502 microprocessor, two 6522 chips, 2K of RAM and 8K of ROM. The ROM contains the Disk
Operating System (DOS) which performs all disk management routines. This enables many powerful new
commands and error messages to be accessed directly from BASIC without using large amounts of
precious VIC-20 RAM. In what follows it is assumed that the reader is familiar with the file handling
procedures outlined in sections 5.3 and 5.5 in connection with the cassette unit.

Storage of data on a diskette is in blocks of 254 bytes, an additional 2 bytes are used to point to the
next linked block (if any). A data (SEQ) or program (PRG) file therefore consists of a sequence of
linked blocks.
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Physically the blocks are distributed within #racks and sectors. There are 35 tracks each consisting
of an area of diskette between two concentric circles (an annulus). A sector is an arc of a track which, in
addition to one data block with its two-byte pointer, also contains information relating to timing,
self-identification and checksums.

To determine which block is where, in terms of track and sector, is the job of the DOS. To perform
this task the DOS creates a Block Availability Map (BAM) and a disk Directory. The BAM consists of
144 bytes, contained in track 18, sector 0, recording which blocks are in use and which are free to
accept data. The Directory, which begins on track 18, sector 1, is a list of data or program files which
have already been stored on the disk. Both the BAM and the directory are continually updated as disk
write operations are performed. When a data or program file is named for loading into the VIC-20,
the DOS looks up the track and sector of the first block and begins loading linked blocks.

A useful feature of Commodore DOS is that the disk directory may be loaded into the micro-
computer as a BASIC program. Of course as a program the directory is meaningless and will not RUN,
but as a list of all files on the disk the directory is invaluable. The directory is loaded by entering the
command

LOAD “g ”,8

When LOADed the directory can be LISTed in the same manner as a BASIC program.
A BASIC program file listed in the directory can be loaded by first RETURNing NEW, to delete the
directory as a program in RAM, and then entering the command

LOAD “ FILENAME ”, 8

A PRG file, essentially a RAM save, can be loaded back into the memory locations from which it was
originally SAVEd by

LOAD “ FILENAME ”, 8,1

This is especially useful when loading machine code programs from BASIC.

The first step in preparing a new disk, which can be any good quality soft-sectored, 5% inch diskette,
is to format it. Until it is formatted a disk has no BAM, no directory and no timing workers. Formatting
is accomplished by the commands

OPEN 15,8,15
PRINT# 15, “N : DISKTITLE, DI”
CLOSE 15

IMPORTANT NOTE. If a previously used disk is reformatted all data contained on the disk is lost.

Here ‘N’ (New) is the disk maintenance command and DI is a two-character disk identifier assigned by
the user. It is good practice to arrange that no two of your disks have the same identifier; otherwise a
change of disk may go unnoticed by DOS, which will probably cause a mess, including loss of data.
Formatting takes about 85 seconds.

On the front panel of the VIC 1540 disk drive there are two LEDs. The green LED merely indicates
whether the unit is on or off. The red LED is more useful:

Red on : reading or writing to disk
Red off : awaiting command
Red flashing : DOS has detected an error
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If the red LED is flashing at the end of formatting it is possible that the disk is faulty. Occasionally more
than one attempt to format is necessary but a suspect disk can be tested using the CHECK DISK pro-
gram on the TEST/DEMO disk. However, be warned that CHECK DISK takes about 3 hours to run!

The DOS error channel may be read with the following BASIC program.

10 REM ERROR CHECK

20 OPEN 158,15

30 INPUT# 15, EN, EMS$, ET, ES
40 PRINT CHR$(147)

50 PRINT “ERROR NO” EN

60 PRINT EM$

70 PRINT “TRACK” ET

80 PRINT “SECTOR” ES

90 CLOSE 15: END

A list of Error codes and their meanings is contained in the VIC 1540 User’s Manual. Upon execution of
this program the red LED should go out as the error status is returned to normal automatically following
a read of the error channel.

In this program, and in the previously given command sequence, the secondary address of ‘15’ in
OPEN 15,8,15 has special significance for the disk drive. Here ‘15’ refers to the command channel on
which information supplied by the DOS may be read after every I/O operation, and through which the
user transmits disk maintenance commands such as ‘N’.

It is good programming practice to include the error checking routine after every BASIC read or
write to disk. There is one slight problem in that CLOSEing the command channel will also close all
other logical files OPENed to the disk drive! Hence

IMPORTANT NOTE: The command channel should be OPENed early in a disk handling program
and CLOSEd after the last disk read or write.

The maximum length of a disk maintenance command string is 40 characters. The syntax of the disk
maintenance commands is

New OPEN 15,8,15, “N: DISKTITLE, DI”
or
OPEN 15,8,15
PRINT#15, “N: DISKTITLE,DI”

Initialize OPEN 158,15, “I”
or
OPEN 15,8,15
PRINT#15, “I”

Validate OPEN 158,15, “V”
or
OPEN 15,8,15
PRINT#15, “V”

Rename OPEN 158,15, “R: NEWNAME 1, FILENAME 2, ...”
or
OPEN 15,8,15
PRINT#15, “R: NEWNAME = OLDNAME”
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Scratch  OPEN 158,15, “S: FILENAME 1, FILENAME 2, ...”
or
OPEN 15.8.15
PRINT#15, “S: FILENAMEI1, FILENAME?, .. .”

Copy (i) To make multiple copies of the same file on the same disk

OPEN 158,15
PRINT#15, “C : DUPFILENAME = ORIGFILENAME”

(ii) To concatenate SEQ files on the same disk into a single SEQ file,
also on the same disk

OPEN 15,8,15
PRINT#15, “C : CONFILENAME = FIRSTNAME,
SECONDNAME, . ..”

Ideally every disk should be Initialized when inserted into the disk drive, this is certainly the case if
it is intended to write to disk. Initialization ensures that the BAM held in the disk drive RAM corres-
ponds to the BAM recorded on the disk. Failure to initialize can result in a DISK ID MISMATCH
ERROR and/or loss data. However, it is not necessary for the user to initialize disks if every disk used
has a distinct two-character disk identifier.

Validate is a powerful disk maintenance command which in common with Scratch should be used
with extreme care. Execution of Validate causes the DOS to trace through each block contained in all
files on the disk. If this trace is successful a new BAM is written on the disk. Any blocks which have
been allocated by more advanced commands (such as BLOCK-ALLOCATE) and which are not associ-
ated with an explicit directory entry will be freed for use. In addition to constructing a new BAM,
Validate also deletes files on the directory which were not properly closed after they were written. If the
block trace is unsuccessful a Validate error will be generated and the disk left in its original state.

Rename changes the directory listing of the specified file and Scratch removes the specified files
from the disk.

The final disk maintenance command Copy, when used on the VIC 1540 single disk drive, can make
multiple copies of the same file or concatenate SEQ data files.

In addition to the disk maintenance commands the familiar BASIC commands LOAD, SAVE and
VERIFY are used with device number 8 to handle BASIC programs on disk, as in

VERIFY “FILENAME”, 8

The logical file handling commands OPEN, CLOSE, PRINT#, INPUT#, and GET# are used, as with
the cassette unit, to read and write data for a SEQ data file.

Example
The use of INPUT# s illustrated on the following program which can be used to create and read an SEQ
file on disk. If required the program will also output the file to the VIC 1515 printer.

It should be noted that the maximum length of a character string which can be read by INPUT# is
88, moreover the string should not contain a *,” since this acts as a delimiter. The program determines the
end of the file by use of the status bit ST and includes the DOS error checking routine in lines 670 to
720.
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1@ REMERSEQ FTi_ES%
20 PRINT"T}
30 PRINTTABCS) " sclkkMENUSksk" : PRINT : PRINT
40 PRINT"CRERTE SEQ@ FILE qE
5@ PRINT'READ EXISTING FILE @RE"
60 PRINT*TD QUIT PRNOGRAM o=
7@ GETRS: IFR$=""THENTA
80 IFR$="C"THEN]1@
96 IFR$="R"THENZ1G
10@ IFA$="0"THENEND
110 REMMKCRERTE FILF#*%
120 GOSUBEI@
130 PRINT"IDDM. .. WRITING FILE" :PRINT
148 GOSURA7O
150 PRINT"INPUT 928 TO END":PRIM
160 TNPLT"FTILE NAME":B$ '
170 REMsikbR T TER%
18@ OPENZ2.8.2: BE+*, &, WY
19@ GOSLB67@
200 PRINT"TWATNPLIT LTNES OF TEXT..."
21@ INPLTR$
220 TFA$="@"THENZEH
230 PRINT#2.R$
246 GOSUBE7@
250 GOTOZi@
260 PRIMT" BieksokkF ILE CLOSED#seksk"
27@ PRINT#2,"FND":CLOSFZ
288 INPUTHPRINTERCY/NI":CS
290 IFC$="+Y"THEN4BA
39@ CLOSE1S:GOT0268
310 REMKHREAD FXISTING FILF#**
3208 GOSURRiA@
- 330 PRINT"RUMMRFILE READ..."
240 THPUT"FTLE NRAME":R$
35@ PRINT"HEREADTMG "+RS$
360 OPEMZ,8.2,R8+7,8,R"
370 GOSLR6E7A
380 INPUT#2.R$
39@ Z2Z=ST
408 GOSUBE7@
418 PRINTTRB(3)R$
420 TFZZ2=64THENS4RA
430 GOTOZoMA
440 CLOSEZ
450 INPUT"PRIMTER(Y/N)";C$
460 TFC$="%"THEN4RE
47@ CLOSELS:GOTOZ@ Listing continues next page
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480 REME#0LTPUT TO PRINTER®®
499 OPEMZ. 8,2, RE+",8.R"

308 OPEN3. 4

510 PRIMT#3,CHR$(14)

528 PRINTHZ, CHRE(IS)ICHRE(S1 ICHRE (5@ RS
330 PRINTH#2,CHR$CIS)

S54@ IMPLIT#2,R%

558 ZZ=8T

568 GOSUBATE

970 PRIMNT#3,CHR$(16)CHR$(48)CHRE(S5IRS
388 IFZZ{O>R4THENS4R

390 CLOSE2:CLOSER:CLOSELS

666 GOTO2A

610 REM#¥CMD CHAMMEL/IMIT#%

620 PRINT"TIHEEINSERT FORMRTTED TiSk-":PRINT
638 PRIMTTAR(9)"PRESS"

A48 PRINT"ERERETURNE T COMT TMUF®

€30 GETCE: TFC=""THENASH

€EQ OPENIS, 8,15, "I" :RETURN

670 REMERREAD FRROR CHRMMEL %%

686 IMPUTH#1S,FN,FM$.ET.ES

£9@ TFEN=GTHENRETLIRN

708 PRIMTHTM

718 PRINT"MERROR#"EM:PRINTEMS : PRINT " TRACK "ET :PRINT"SECTOR"ES: PRINT 2"
728 CLOSRZ:Ci0SR1S  ENT

Finally we should mention the advanced disk handling commands BLOCK-READ/WRITE/EXE-
CUTE, BLOCK-ALLOCATE, BLOCK-FREE, BUFFER POINTER, MEM-READ/WRITE/EXECUTE and
USER used in Random Access file handling and machine code routines. A detailed explanation of these
commands is unfortunately beyond the scope of this book.

The TEST/DEMO disk supplied with the VIC 1540 disk drive contains several useful programs.
VIEW BAM provides a display of the BAM showing which tracks and sectors currently contain data, that
is have been allocated by DOS. DISPLAY T&S, which as written requires additional RAM to run success-
fully, shows the contents of any specified track and sector.

Floppy disks should always be handled with great care: the disk surface should never be touched
and the disk should always be replaced in its sleeve after removal from the disk drive. The read/write
head moves over the disk in contact with the surface, therefore any small particle on the disk surface
creates the possibility of a read/write error. The disk drive should not be switched on or off with a disk
already in place.

Compared to the other components of the VIC-20 system the disk drive is delicate and should
be treated accordingly. It represents an example of precision engineering comparable to a traditional
Swiss watch and will not take kindly to rough treatment. On the other hand, if treated well, it will
function perfectly for hundreds of hours. The proprietary disk manufacturers supply specially impreg-
nated cleaning diskettes which can be used to clean the read/write head after approximately 10 hours’
use, although this practice is not approved by the manufacturer.
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5.8 The VIC 1515 printer

The VIC 1515 printer is based on the Seikosha GP 80 printer with the addition of a modified printed
circuit board containing an INTEL 8041 microprocessor. Contained within the 8041 is 1K ROM and 64
bytes of RAM as a printer buffer. Input to the printer is controlled via the serial IEEE-488 bus described
in Chapter 7.

Printing is achieved by the movement of the print head across the paper in exact time with the
action of a highly accurate ‘hammer’ hitting the ink ribbon against the paper. This is carried out under
the control of the 8041 microprocessor in accordance with the instructions and data sent to the printer.
An electric motor pulls the print head past the paper by means of a wire under tension. On completion
of one line a carriage return is achieved by the action of a solenoid turning the platen and allowing the
the print head return spring to pull the print head back to the far left start position.

The ribbon cartridge contains a continuous loop of ribbon that is inked, via the action of a roller
within the cartridge, as the ribbon is pulled around. The ribbon is moved with the print head by the
ribbon cam trapping it against the ribbon feed board during a line print (Figure 5.2).

Ribbon cam

Ribbon cam
Spring <—___

TN
Y e

Ribbon
feed board

Figure 5.2 — Ribbon feed mechanism.

During a carriage return the operation of the ribbon cam causes the ribbon to slip between the cam
and the ribbon feed board, allowing the ribbon to remain in place. The angle of the ribbon feed board in
relation to the cam is critical for correct ribbon movement.

When the printer is switched on the print head is moved partway along an empty print line and then
returned to the start position as part of the printer initialization procedure.

In normal operation characters are printed by the print hammer as a 7 X 5 matrix of dots, corres-
ponding to the appropriate CBM ASCII code, as illustrated in Figure 5.2.

A sixth column is addressed by the printer in normal mode but is always empty to provide a space
between characters. To enable high resolution printing in ‘graphic’ mode each column of 7 dots is bit
addressable in a maximum 480-column print line. The printer also has the capability to print double-
width characters giving a bold 7 X 10 dot matrix character.

Data is input to the printer and stored in the 64-byte printer buffer until the buffer is full. In
normal operation characters are transferred by the 8041 microprocessor to the print head sequentially,
one character at a time, in the order stored. In graphic mode the contents of the buffer are printed as a
block followed by the return of the print head to the start position to await the next buffer block.
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| 7-dot
column

l

5-dot | l__ Empty column
row

Figure 5.3 — Character construction.

The VIC 1515 printer is fitted with a switch at the rear of its case that enables the user to change
the printer device number from a factory set 4 to 5. This allows the use of two VIC 1515 printers on the
same serial bus. The switch also has a test position ‘T’ which, if selected prior to initialization, will print
the full printer character set.

As a serial IEEE-488 device the printer is subject to the same general output commands as discussed in
relation to the floppy disk drive. In addition, the printer can be commanded by the use of special control
CBM ASCII codes as in Table 5.4.

Table 5.4 — CBM ASCII printer control codes.

Control Code Function

CHR$ (8) | SET GRAPHIC MODE
CHRS (10) | LINE FEED (do not use)

CHR$ (13) | CARRIAGE RETURN

CHR$ (14) | SET DOUBLE-WIDTH CHARACTERS

CHR$ (15) | SET STANDARD-WIDTH CHARACTERS

CHRS (16) | SET PRINT START POSITION

CHR$ (26) | SET GRAPHIC DATA REPEAT

CHR$ (27) | SET DOT ADDRESS START POSITION IN GRAPHIC MODE
CHR$(145) | CURSOR UP MODE (UPPER CASE/GRAPHIC)

CHRS$ (17) | CURSOR DOWN MODE (LOWER CASE/UPPER CASE)
CHRS (18) | SET REVERSE FIELD ON

CHR$(146) | SET REVERSE FIELD OFF

(Note. A full list of CBM ASCII codes is given in Appendix 3, Table A2.)
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To address the printer it is necessary to OPEN a logical file as follows
OPEN logical file no, device no, secondary address
In normal use the format would be
OPEN 4,4,00r7

where secondary address 0 or 7 set CURSOR UP or CURSOR DOWN modes, respectively. If the secon-
dary address is omitted the command defaults to 0.

CURSOR UP mode selects the character set containing upper case characters and CBM graphics
characters. CURSOR DOWN mode selects lower case characters and upper case characters. It is usually
unnecessary to specify a secondary address as control codes CHR$(145) and CHR$(17) perform the
same function within a program or command sequence.

All instructions to the printer must be preceded by the command

PRINT # logical file number, variable
apart from the command channel initialization instruction
CMD logical file number

which sets the stated logical file as the current normal output channel instead of the screen, as illustrated
by the following program. When the program is RUN this exact printout is obtained.

PROGRAM PRINTOUT

18 OPEN4, 4

20 PRINT#4,"PROGRAM PRINTOUT®
38 CMD4:L1ST

4@ PRINT#4:CLOSE4

READY.

In this example PRINT#4 is used in the same manner as PRINT when displaying characters on the
screen. CMD 4 sets the logical file 4 as the current normal output channel and the BASIC command LIST
prints the program listing on the printer as opposed to the screen. If CMD 4 is omitted, the printer
outputs PROGRAM PRINTOUT’ alone and the program is LISTed on the screen.

Note. On completion of LIST, control is automatically returned to direct mode, therefore line 40 is
never reached. The statement contained in line 40 should be RETURNed in direct mode to restore
the command channel and CLOSE logical file 4.

The use of CBM ASCII control codes, in conjunction with PRINT#, enables us to set the parameters
for printing. Before we write a BASIC program to print specified characters to the printer we must first
define the characters in four ways:

(i) Cursor up (Set 1, UPPER CASE/GRAPHICS) or Cursor down (Set 2, LOWER
CASE/UPPER CASE) character set.
(ii) Reverse field on or Reverse field off.
(iii) Normal- or double-width character.
(iv) CBM ASCII code for character.
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For example, to print the normal width, lower case character ‘a’ in reverse field we must select the lower
case/upper case character set (cursor down), reverse field on and the CBM ASCII code for ‘a’. Referring
to Table 5.4 and Appendix 3, Table A2 the program would be

10 OPEN 4,4
20 PRINT#4, CHR$(17)CHRS$(18)CHR$(65)
30 PRINT#4 : CLOSE4

which prints the required reverse field character.
On initialization, the printer is set to output normal-width characters. If we change the above
program to

10 OPEN4,4

20 PRINT#4, CHR$(17)CHR$(18)CHRS$(14)CHR$(65)
30 PRINT#4, CHR$(15)

40 PRINT#4 : CLOSE4

the double-width reverse field character ‘a’ is printed. Notice the addition of CHR$(15). This returns the
printer to normal-width character output. The CLOSE command has no effect on control code printer
modes.

The following program ‘LO-DUMP’ uses control codes to print an exact copy of the current screen
display. It is numbered from 5000 up to enable its use as a GOSUB. The use of the graphics mode
control code CHR$(8) in line 5190 is explained in the paragraph describing direct dot addressing.

Example

S06Q REMERLO~TILIMP Sk

SO1@ REMADLIMPS EXACTH

5020 REMECORY SCREEN#

5030 REMETO PRINTER #

SB4Q REMbskeskkkbikdien ¥

3050 SC=d%(FEEK(RA8AA)ANDIT 28)+64%(FFEK (ICRESIANTIL12) :REM FTHD SCREEN
=@6@ TFCPEEK(IRBE9IANTILSI=aTHENP=145 REM SETY

J@7a TF(PEEK(3ERESIANDISI=2THENP=17 REM SFT2

9888 ACE)=2:FORT=1TO3:A(T)=T~1:NEXT

S@98 OPEN4,4:CMD4

5106 FORR=GTO2Z

5119 FORC=@T0Z2

3120 Sk=PEEK(SC+20%R+C) :REM SCREFN CODF

5130 T=(SKANDSE) /32

5146 CC=ACTI¥IZ+(SKANDI27):REM CHR$ COTDE

S515@ RF=146:TF(SKAND128)=12RTHENRF=1A:REM REVERSE FIELD OFF/0N
S168 CE=CHRE(IS)+CHRE(PI+CHRE(RFI+CHRS (OO

3178 PRINTH4,C$;

5180 NEXTC

5196 PRINTH#4.CHRE(AICHRE(1R); (REM NO YFRT SPRCE BETWEFN ROWS
T20@ MEXTR

5210 PRIMT#4,CHR$(1S)CHR$(145)

5220 PRIWNT#4:CLOSE4:END
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Figure 5.4, a picture of a dragon, was printed from a public domain program by PET BENELUX using
LO-DUMP.

If character cells are numbered across a line from 0 to 79 the Nk character cell can be selected by
use of the control code CHR$(16). Thus

10 OPEN 4, 4
20 PRINT#4, CHR$(16)CHR$(51)CHR$(48) “VIC”
30 PRINT#4 : CLOSE4

will result in ‘VIC’ being printed beginning in character cell 30, since 51 is the ASCII code for 3 and 48
the ASCII code for 0. Thus the use of CHR$(16) on the printer is analogous to the ordinary BASIC
command SPC( ).

To address an individual pixel dot on a printer line, the printer is first set to graphic mode with
CHR$(8). The control code CHR$(27) is then used in conjunction with CHR$(16). Following
CHR$(8)CHR$(27)CHR$(16) the printer expects to receive two numbers, which together describe the
column (0 to 479) in which the dot is to be printed. We may call these numbers HP (Hi-printer byte) and
LP (Lo-printer byte). Thus if the dot is to be printed in column 258 we have HP =1, LP = 2. Plainly HP is
either 0 (columns O to 255) or 1 (columns 256 to 479).

Having selected the correct column, the required dot or dots are printed by assembling a vertical single
column ‘character’. This process is illustrated in Figure 5.5.

Bit
0]
1
2 -cs = CHR$(128 + 212 + 215)
3
4
- 1
6

Figure 5.4 — Dragon. Figure 5.5 — A vertical byte for the printer.

Example

In this program individual dot addressing on the printer is illustrated by drawing a saw tooth wave, one
character cell high, across the whole of one line. The required column is specified by the variable X and
the vertical dot coordinate by Y (0 < Y < 6) measured downwards. As Y is computed the program
displays the current value on the screen.
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18 REMAskIKPR INTERKAKNN

20 REM¥DOT ADDRESSINGH

3@ OPEN4,4:CMD4

48 FORX=AT0479

38 HP=INT(X/256) : LP=X-256¥HP

58 A=INT(X/13):R=X-13#%R:¥=INT(B/2) 'PRINTY
78 C#=CHR$(128+21Y) ,

2@ IFB=12THENC$=CHR£(253)

5@ PRINT#4,CHRE(B)CHRE (27 )CHRS{ 16)CHRE(HP)CHRE(LP)ICS,
198 NEXT

118 PRINT#4,CHR$(15)

128 PRINT#4:CLOSE4

Finally it should be mentioned that the printer will occasionally hang during a LIST. This can occur
if either the disk drive or the printer is turned on before the VIC-20, or if a disk error has occurred
before the LIST command is RETURNed. We have found no way to overcome this problem short of
turning off the entire system and reloading the program. If the program has not yet been SAVEd the
printer should be turned off and the disk re-initialized with OPEN15,8,15, “I””. Any DEVICE NOT
PRESENT ERROR will then be cleared and the program can be SAVEd to disk before powering down
and reloading prior to a LIST.



Accessories

6.1 Introduction

In the previous chapter we described the principal peripheral devices which can transform the VIC-20
microcomputer into a fully integrated information processing system. In this chapter we shall take a
brief look at some of the bewildering array of other accessories which can be added to a VIC-20, where
they plug in and what they can do.

One of the striking aspects of the VIC-20 is its many and varied input/output ports. In addition to
the cassette port and serial IEEE-488 port discussed in Chapter 5, the VIC-20 is fitted with a Games
Port, a Memory Expansion Port and a User Port.

6.2 The games port

The games port is usually used to input data from a switch-based joystick to provide a means of control
during graphics-based game programs. The input from a switch joystick is derived from the operation of
five switches contained within the joystick. Four switches indicate a direction of movement and a fifth
switch can be used for any additional purpose required by the program, usually as a FIRE button. Figure
6.1 shows the switch configurations with their outputs. All five switches are normally open circuit. SO to
S3 are closed when the stick control is pushed in their respective directions. In-between, 45° angles are
represented by adjacent switch closures giving a combinational north-east, north-west, south-east or
south-west output. Switch closures connect 0 volts to their respective I/O lines, the level of which can be
read by PEEKing 37137, for SN SW, SS and F and 37152 for SE.

Before reading the contents of 37137 and 37152 it is first necessary to reset one Data Direction
Register (DDR) in each of the two VIA 6522 chips to configure the VIC-20 to accept data from the
games port. This can be accomplished by

POKE 37139, 0: POKE37154,127 : REM JOY PORT TO READ
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The joystick is now an input device, not the keyboard, so these commands should only be used in a
program which, having read the joystick, then restores the original configurations with

POKE 37154,255 : POKE37139,128 : REM RESTORE KEYBOARD/DISKt

A more detailed explanation of what is going on here is best left until section 6 which deals with the user
port.

Fire North West East South
ov (F) (SN) (SwW) (SE) (SS)

N
N E
w E S3
SwW s SE

(s )
N

Fig. 6.1 — Switch joystick operation.

Having read the joystick input by PEEKing 37137 and 37152 the data is interpreted as follows

SN closed bit2 =0
SS closed bit 3 =0
SW closed bit4 =0

F closed bit 5=0
SE closed bit 7=0 Address 37152

Address 37137

We can isolate each bit for examination using AND (see Chapter 1, section 1). For example to
determine whether SW is O (switch closed) or 1 (switch open)

S = PEEK (37137)
SW = (S AND 16)/16

Example

The fo]lowing program uses a switch joystick to plot character cells of any selected color, across the
screen. Use the RETURN key to terminate the program and select the color required using the color
keys (but not CNTRL). The Fire button clears the screen. :

tIf the printer is turned on, any attempt to access the disk drive will now cause the system to hang; we frankly admit
that this puzzles us. Turn the printer off to correct the situation.
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1@ REMickkP ICTURE Skl
20 REMEJOYSTICK TEMO%
2@ REMMISE NUMBERS TO%
40 REMKSELECT COLOURK
50 REM#RETURN TO END #

190
116
120
12@
140
150
168
178
150
150
200
218
220
230
240

239

260
278
268
290
300
310
328
330

PRINT"”

POKE37139,0:POKE37154, 127 :REM SET JOY PORT TO RERD
5=PEEK {37137

SN={SAND4) /4

£5=(5ANDS) /8

Sk=(SAND1A)/16

F=(SAND32)/32

S=PEEK(37132

SE=(SAND128)/128

POKE37 154,255 POKE37139, 128 :REM RESTORE KEYBOARD/DISK
GETR$: IFCHR$(13)=R$THENIZO

IFA$CS" "THENC=VAL (A$) -1

IFC>9THENC=9

IFC{OTHENC=8

W=Z

IFSW=ATHENX=X~1 IFXCATHENX=0
IFSE=@THENX=X+1 : IFX¥>21 THENK=21
IFSH=RTHENY="~1 : IF/{GTHENY=0

IFS5=0THENY=Y+1: IFY>22THENY=22

2=22%+X

POKE7680+W, 160 : POKE384@0+U, £ : POKE?630+2, 42: POKE38400+Z, 8
IFF=@THENPRINT"J"

GOTO110

PRINT"J" :END

[Ch.6

The other popular accessories used in conjunction with the games port are a potentiometer joystick
and pairs of game paddles. A potentiometer joystick is read in a quite different way from a switch
joystick. As a consequence, programs written for one type of joystick will not work with the other type
without some modification.

A potentiometer joystick is essentially two paddles, each consisting of a variable resistance with
analogue to digital conversion. Each paddle returns a number in the range O to 255 to an address in the
VIC chip registers. These values can be read directly without reconfiguring the DDR’s of the VIA 6522

chips, thus

Unfortunately, to read the Fire button on each paddle it is necessary to reconfigure the DDRs:

Digitized value of PADDLE X lies in address 36872
Digitized value of PADDLEY lies in address 36873.

POKE 37139,0 : POKE 37154,127 : REM JOY PORT TO READ
POKE 37154,255 : POKE 37139,128 : REM RESTORE KEYBOARD/DISK
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Fire button operation is determined by

PADDLE X Fire closed bit 4 = 0 Address 37137
PADDLE Y Fire closed bit 7 =0 Address 37152

These bits can be selected using the AND function as before. Thus

S
T

PEEK(37137) : FX = (S AND 16)/16
PEEK(37152) : FY = (T AND 128)/128

Another accessory which can be plugged into the game port is a light pen. A light pen consists of a
light-sensitive photodiode which when the light pen is pressed against the CRT can detect a raster scan as
it passes the point on the screen where the light pen is placed. Light pen data is input to the VIC 6561
chip via the VIAs. The 6561 chip keeps track of the scan position in two registers at

Address 36870 X coordinate
Address 36871 Y coordinate

When the light pen trigger input is brought low the VIC freezes the two registers. After the two registers
are read by

PEEK(36870) : PEEK(36871)

the trigger line is cleared so that a new scan input can again be placed in the registers.

Example

The following program uses a light pen to plot a reversed field red space in the character cell pointed to
by the light pen. The X and Y coordinates returned by PEEKing 36870 and 36871 are not actually
character cell coordinates, so a certain amount of normalizing is necessary to compute the cell coordi-
nates. This is done in lines 30 and 40 of the program which also serves to illustrate the use of user-
defined functions. Use of FNA(X), FNB(Y) is optional in this program not obligatory; the coordinates
could just as easily be computed more conventionally. The precise numbers 47, 3.95, 38, 3.78 required
to normalize the X,Y coordinates will vary from one CRT to another and must be determined by ex-
periment. The program also PRINTs the computed X,Y character cell coordinates and the current
contents of 36870 and 36871 in the top left corner of the screen.

1@ REMRLIGHT PEN DEMO#*

28 PRINT""

3@ DEFFNACX)=INT((PEEK(36870)~47)/3.95)
48 DEFFNB(Y)=INT((PEEK(36871)-38)/3.73)
5@ K=FNACX) W=FHR(Y)

68 PRINT"1"K,"Y,PEEK(3637@),PEEK{36871)

78 POKE7630+220Y+X, 160 POKEIS400+22%Y+X, 2
8@ GOTOSA

Our experiments with a light pen were not altogether satisfactory. Accurate discrimination of the
correct character cell was difficult owing to noticeable instability at the edge of the VIC-20 screen. Any
light pen should be tested using the above program before purchase, to confirm that the degree of
precision it offers is adequate for the intended application. If the light pen is to be used to select options
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for a menu-driven program there should be no difficulty, but other more demanding applications should be
approached with caution. Since it is difficult to locate a character cell accurately, it is quite impracti-
cal to attempt to use a light pen to draw on a high resolution screen.

6.3 The memory expansion port

When the VIC-20 is first turned on the operating system checks for the presence of additional ROM or
RAM as explained in Chapter 3, section 3.3. Additional memory is connected to the VIC-20 through the
memory expansion port. Memory maps for the VIC-20 plus any one of the standard 3K, 8K or 16K
expansion RAM packs are given in Chapter 3, Figure 3.1. If more than one expansion cartridge is re-
quired it is necessary to use a memory expansion board which provides several sockets. Each cartridge is
preset to locate in a given part of memory, therefore when using an expansion board it is irrelevant
which cartridge is plugged in where. '

If 8K, 16K or 8K + 16K cartridges are used, the bottom of the user BASIC program area will be
located at 4608. Addressing a further 3K (addresses 1024 to 4095) will not alter the 8K + configuration
and in these circumstances the 3K block of RAM can only be used for machine code or POKE/PEEK
arrays of data, since it lies below the bottom of user BASIC. It is no help to lower the bottom of mem-
ory as the video matrix cannot be located below 4096 and must be placed below 8191, see Chapter 3.
The various configurations which can arise are given in Table 6.1.

Table 6.1 — Start addresses for different additional RAM configurations.

Additional RAM MEMBOT | SCREEN START COLOR START
NONE 4096 7680 38400
3K 1024 7860 38400
8K/16K/(8K + 16K) 4608 4096 37888
3K + 8K/16K/(8K + 16K) 4608 4096 37888

It should be noted that 8K and 16K RAM packs are both normally supplied to locate from 8192
upwards. Therefore if 8K+ 16K is required, one of the RAM packs must be adjusted to locate differ-
ently. The usual practice is to resolder the links on the 8K RAM pack so that it locates from 24576
upwards (i.e. ‘sits above’ the 16K). This is a very simple adjustment and can be effected by following the
manufacturer’s instructions. After this modification the 8K RAM cannot be used as a stand alone
extension of the user BASIC program area since BASIC demands an unbroken block of memory and
there would be a gap in memory from 8192 to 24575. However, an 8K RAM pack modified in this way
can always be used for machine code or POKE/PEEK arrays when no other RAM is present.

The memory expansion port can also be used to add facilities like the Super Expander Cartridge,
Programmer’s Aid and VICMON. '

6.4 The Super Expander

The Super Expander Cartridge consists of ROM, which locates in the 8K block starting at 40960 and 3K
of RAM which locates from 1024 to 4096. Therefore the Super Expander cannot be used in conjunction
with a 3K RAM pack but can be used with a combination of 8K or 16K packs

The Super Expander is used to introduce high resolution graphics, color, and music commands into
BASIC. Thus
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10 GRAPHIC 2
20 COLOR 1,6,0,10
30 POINT 2,900,900

will format the screen to the high resolution mode used in the last program of Chapter 4 (160 X 176
pixel dot format), assign various colors as explained in Chapter 4, section 4.3, and plot a black pixel dot
in the bottom right-hand corner of the screen.

When switched on with the Super Expander Cartridge in place the bottom of memory will be 1024 and
the top of memory is lowered from 7679 to 7544 (so that PEEK(55) = 120, PEEK(56) = 29) giving 135
fewer bytes than a 3K RAM pack. This is because the machine code program in ROM needs some RAM
to cope with the extra BASIC commands. Trying to raise the top of memory and claw back the last 135
bytes just throws the VIC-20 into a state of utter confusion, so don’t bother.

The commands GRAPHIC 2 or GRAPHIC 3 leave the screen at 7680 and move the character matrix
base location to 4096. To protect the character matrix from BASIC the top of memory is lowered by
inserting the value 16 into addresses 52 and 56. Thus any program using the Super Expander high
resolution modes and no other additional RAM cannot use more space than a unaugmented VIC-20.

Note that when re-entering normal graphic mode with GRAPHIC 0, the pointers at 52 and 56
remain set to 16 so that data in the character matrix continues to be protected.

Despite the fact that pixel dot coordinates are specified in the command POINT as numbers in the
range 0 to 1023, the pixel dot format is the usual 160 rows by 176 columns; this can be a little con-
fusing and seems rather unnecessary.

One might expect the character matrix to be used as a continuous block of memory as in the
examples of Chapter 4. However, upon setting GRAPHIC 2 and POKEing 255 into all locations from
4096 to 7616 some rather curious gaps appear. Possibly this extra memory is needed to allow for normal
characters to appear on a high resolution screen. Plainly, straightforward bit-mapping is not used since
the program

10 GRAPHIC 2 : SCNCLR
20 FORI=0TO 1023

30 FORJ=0TO 1023

40 POINT 2,IJ

50 NEXT : NEXT

produces long delays before each new vertical line is drawn.

Although POINT will plot a pixel dot on the screen there is no ‘UNPOINT’ command to unplot it.
It should also be noted that it is impossible to PAINT both sides of a diagonal line without disturbing
the line.

Other quibbles with the Super Expander are that SOUND has no sustain, and the notation for
storing tunes is rather strange.

To summarize: if you are not bothered about understanding high resolution graphics then use the
Super Expander to write some fun programs and as an extra 3K of RAM. If, on the other hand, you have
the time and inclination to work through Chapters 4, 7 and 8 then you will be in a position to write
your own machine code routines and end up doing it all much better.

6.5 The Programmer’s Aid

The Progfammer’s Aid is just what it says, a great help if you are developing long programs. It consists of
ROM which locates in the block 24576 upwards and so should not be used with more than 3K+ 16K of
additional RAM. To turn the Programmer’s Aid on RETURN the command
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SYS 28681

The functions RENUMER, FIND, CHANGE etc. then become part of BASIC. The most useful of all the
new commands is MERGE which enables programs to be combined from tape or disk.

Once turned on the Programmer’s Aid lowers the top of memory by one page, which you can verify
with ? PEEK(56), but it does not similarly lower the pointer for strings (? PEEK(52)), which is a little
untidy. When turned off with KILL it does not restore these pointers to their original values. This is very
untidy.

In the page it reserves at the top of memory the Programmer’s Aid places machine code routines for
the function keys such as LIST, RUN etc. It does not clear these on KILL but POKEing the entire page
with zeros eliminates these routines and clears the function keys for other use.

The command CHANGE which replaces ‘old BASIC code’ by ‘new BASIC code’ throughout a
program needs great care in its use. Suppose you wish to replace the variable SC throughout an entire
program by the variable SK. Begin with FINDSC. This will cause every line containing SC to be listed on
the screen. The symbols SC will be ‘found’ wherever they appear including REM statements. If you now
execute CHANGESC,SK all occurrences of SC discovered by FIND will have SC replaced by SK. The
advantage in using FIND before CHANGE is that you can see what will be CHANGEG. It is also wise to
use FINDSK before CHANGEing SC to SK, just in case you have used SK and forgotten about it. It is
not possible to CHANGE code which contains a comma, since this will be taken as the delimiter used by
the CHANGE instruction; nor is it possible to CHANGE code which contains inverted commas, since
these are used by CHANGE in string substitution as in CHANGE “AJJ”, “VIC”. The command
CHANGE will only make one substitution at a time. If SC occurs on the same line twice CHANGE
will make two runs through the line and list the results of both passes on the screen. Problems can arise
if the ‘new code’ contains the ‘old code’ as a subset and such a CHANGE is best avoided.

The screen scrolling routine in the Programmer’s Aid is suspect and can produce garbled code. If the
program looks odd it is best to LIST it.

Regardless of these various minor snags the fact remains that if you are developing long BASIC
programs then you need the Programmer’s Aid or similar ‘toolkit’.

6.6 The machine code monitor VICMON

If you want to understand the VIC-20 beyond BASIC programming level then VICMON or an equivalent
monitor is the single most important accessory you can buy. Like the Programmer’s Aid, VICMON
locates itself in the 8K block which begins at 24576 ($6000); therefore in theory the two are mutually

incompatible.
The function of a machine code monitor is to enable the programmer to assemble, disassemble, save

and load machine code programs to tape or disk. In fact VICMON comes equipped with many other
helpful functions; for example the ability to single step through a machine code program.
You enter the world of VICMON by RETURNing the command

SYS 6 * 4096 .
Officially you can exit the monitor and return to BASIC by RETURNing
.X

However, VICMON uses lots of zero page locations and although the VIC-20 may initially appear healthy,
upon your return the chances are that it is in a thoroughly confused state. To avoid problems of this
kind the command .E can be used to enable a virtual zero page in some other part of memory, for
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example .E 1000 will reserve 256 bytes beginning at $1000. If the VIC is confused after exiting to
BASIC SYS 64802 will normalize the situation without losing any machine code program in RAM,
although any BASIC program will be lost. '

VICMON can also be used to dump memory or disassembled code to the printer. All the machine
code program listings in this book were produced by the following method.

(2) Before entering the monitor RETURN the command
OPEN 44 : CMD 4

(b) Enter the monitor with
SYS 6 *4096

(c) To list a memory dump in hexadecimal, say from $1500 to $15FF, RETURN
.M 1500 15FF

(d) To list disassembled code in the same range RETURN
.D 1500 15FF

Like all other machine code monitors VICMON is fussy about spaces; it prints a ‘?” when you make
a syntax error.

The main problem in learning machine code is getting started as there are very few good books for
beginners. However, in Chapters 7 and 8 and Appendix 2 we give several simple routines which can be
entered and saved using VICMON. These should whet your appetite. Remember that 6502 machine code
once learnt, can be used to program any 6502-based microcomputer.

6.7 The user port ,
1 2 3 4 5 6 7 8 9 10 1 12
A B C D E F H J K L M N

*CB1 & 2 = Control B, VIAT.

Pin Signal Function Pin| Signal Function
1 ov } Power supply, maximum | A | 0OV
2 +5V current 100 mA B | CB1¥| Setsl/O configuration
3 RESET Causes cold start when C | PBO|)
pulled low '
4 JOY 0 D | PB1
5 JOY 1 Connected to
6 JOY 2 games port F PB3 8 bit data bus to
7 |Light pen/JOY 4 6522 VIA 6522 VIA 1, PortB
Port A H | PBS
8| Cass. switch Sense line J PB5
9| Serial ATN in K | PB6
10 +9Vv . L | PB7|)
1 ov Power supply, maximum | v | cB2*| Setsl/O configuration
12 ov current 100 in A N oV

Figure 6.2 — The user port.
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The user port consists of a 24 pin PCB edge connector whose 1/O capabilities are controlled by the 6522
chips. Figure 6.2 gives the user port pin configurations together with a table of their functions. Pins 1
and 12 provide connections that enable the I/O facilities of the VIC-20 to be used with a variety of
devices. A 24-contact female PCB connector is required for use with the user port and these are available
from most specialist electronic suppliers. It should be noted that some of the lines of the user port are
used by the games port and this places certain restraints on the simultaneous use of the games port and
the user port.

Pins A to N provide an 8-bit data bus and associated control lines suitable for conversion, by the use
of appropriate interfacing, to CBM parallel IEEE-488 or serial RS232C standard signals which would be
a good trick if someone could make it work! A parallel IEEE-488 interface would enable the VIC-20 to
control PET peripherals using similar commands to those given in Chapter S relating to the serial IEEE488
bus. The parallel IEEE-488 bus is described in detail in PET and the IEEE-488 Bus, Eugene Fisher
and C. W. Jensen, Osborne/McGraw-Hill.

The user port can also be used to connect the VIC-20 to an RS-232 device such as a modem or most
standard printers (RS-232 is a serial interface communications standard). However, since timing is
critical it is not possible to use the disk, printer or cassette when accessing an RS-232 device. Control of
the user port lines is achieved by instructions to the two 6522 VIA chips.

Each VIA has two registers and two DDRs (Data Direction Registers). Their addresses are:

Address  DDR Address

VIANo.1 | PORT A 37136 37138
PORT B 37137 37139
VIANo.2 | PORT A 37152 37155
PORT B 37135 37154

Each bit of a single VIA register (or PORT) can be configured for input or output by setting the corres-
ponding bit in its associated DDR (input = 0, output = 1). :

Essential timing functions are also performed by the VIA 6522s; for example in generating the IRQ
which causes a keyboard scan every 1/60 second.

A detailed analysis of the two VIA 6522 chips can be found in the VIC Revealed (Nick Hampshire,
Computabits Ltd., 1981) and the MOS Technology MCS 6522 data sheet. For the user port in relation
to an RS-232 device the reader is referred to the article ‘VIC communication: the RS-232 interface’ by
Jim Butterfield and Jim Law in Compute!, 4, 8, August 1982.
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7.1 Introduction

The short history of computers is one of immense and rapid advances in technology. The first com-
puters, built in the late 1940s and early 1950s to perform lengthy scientific computations, were large,
slow, expensive and unreliable. It is a sobering thought that nowadays an equivalent machine can be
bought on a watch!

Following the invention of the transistor the first integrated circuits appeared in the early 1960s. By
the middle 1960s new production processes had substantially increased the amount of circuitry which
could be put on a single chip, enabling the first generation of chip based, hand-held calculators to be
made available by the end of that decade. :

Calculator chips were able to take data from a small keyboard, perform specific arithmetic opera-
tions and exhibit the result on an illuminated display. These chips need neither high speed, because
human response was involved before each operation, nor large memory, since few numbers needed to be
stored. They were also inexpensive when made by the million. However, calculator chips were neither
flexible nor extendable, making it difficult for manufacturers to add new functions.

The first true microprocessor to appear was the INTEL 4004, designed as a flexible calculator chip.
The INTEL 4004 worked on blocks of 4 bits, using data and a stored program to produce the required
results. It was also able to handle different forms of input and output (I/0), enabling a manufacturer to
use the same component for many distinct applications. This flexibility is the basis for the now wide-
spread use of microprocessors, although more specialized chips are being continually developed.

The 6502 microprocessor, used as a the basic component of the VIC-20, was introduced in 1976 by
MOS Technology Inc.

7.2 VIC-20 architecture

Figure 7.1 is a block diagram of the VIC-20 system showing the operational organization of the principal
components, which are:
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(i) The 6502 microprocessor (CPU)

(ii) The 6561/6560 Video Interface Chip (VIC)
(iii) Two 6522 Versatile Interface Adapters (VI1As)
(iv) Associated RAM and ROM (Memory)

0s BASIC CHARACTER CP%
ROM ROM GENERATOR

P. BUS
2364 2364 J_.> EX 2332 AWK

(\ _/o\ [ram carD
' ROM CARD
gsP(l)JZA >><_ 2.0 MHz HIGH-SPEED SHARED ADDRESS BUS '
y (:1 ' 1.02 MHz
%0
~<—>LUSER PORT]| T \/ COLORRAY

S

CPU DATA BUS

VIC DATA BUS

1.0 MHz ADDRESS BU

VIA 4.436 MHz
KEYBOARD[**| 525 x 2 CLK
X 8 bit P/S 1/0 VIC 6561/60
[SERIAL IEEE BUSH CONTROL PORT ‘
_I l ILIGHT PEN SOUND
FLOPPY PADDLE VIDEO
PRINTER ;—- JOYSTICK
PERIPHERALS JOYSTICK EXP.

Fig. 7.1 — VIC-20 architecture.

The 6502 is an 8-bit microprocessor, meaning that during each instruction or operation cycle 8 bits
of data are operated upon or transferred simultaneously. One complete cycle consists of the following
steps: first the instruction is fetched from memory, then the instruction is decoded by the control logic,
and finally it is executed. By the time an instruction reaches the 6502 it is already in binary machine
code so that ‘decoding’ in this context is a switching process within the integrated circuit.

The 6561 VIC chip and the two VIA chips provide the VIC-20s means of communicating with the
user and peripheral devices. The 6561 controls the video display and sound generation, and in addition
can input data from a light pen and a potentiometer joystick. A detailed description of the 6561 control
registers is given in Chapter 3. All remaining 1/0 operations are handled by the two 6522 VIAs and
include the keyboard, user port, cassette deck, restore key, and switch joystick. In addition, the 6522
VIAs control the two principal channels for communication with other peripheral devices. These may
loosely be described as a serial channel, that is information is transmitted serially bit by bit, and a
parallel channel in which information is transmitted in ‘parallel’ form, 8 bits simultaneously. The serial
communications port is known as an RS232 port, a designation which refers to an industrial standard.
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The RS232 port can be used, for example, to connect the VIC-20 to a modem. The relevant industrial
standard for a parallel communications channel is known as an IEEE-488 port, through which data
can be transmitted on 8 lines simultaneously.

There is a possible source of confusion in discussing IEEE implementation on the VIC-20. Unlike
PET computers, in which the IEEE standard is implemented, in the VIC-20 a stripped down version of
the IEEE is used in which data is, in actuality, transmitted serially along a single line. Thus a simplified
version of IEEE data transfer is emulated rather than actually performed. From the user’s viewpoint this
distinction is not apparent, except insofar as data transfer occurs at a slower rate. The VIC-20 uses its
serial IEEE port to communicate with the VIC 1540 disk drive and the VIC 1515 printer. If full IEEE
implementation is required then an IEEE Expansion Module is rumoured to be available which, for
example, would enable the VIC-20 to use PET peripherals.

The other principal component of the VIC-20 is the RAM and ROM which constitutes the system
memory.

The term random access memory was originally used to describe memory in which the access time is
address independent, that is the time taken to read the contents of a randomly selected address is known
and constant. Nowadays we tend to take this property of high-speed memory for granted and the phrase
has come to mean memory which can be both read from and written to.

The 5K bytes of RAM used in an unexpanded VIC-20 consists of 10 MOS 2114 chips each organ-
ized as 1024 4-bit blocks. The access time for these chips is of the order of 300 nanoseconds. As we
know 1K byte of this RAM is used by the operating system for working storage (addresses 0 to 1023),
3%K byte for user BASIC (addresses 4096 to 7679), and %K byte for the video matrix (addresses 7680
to 8191). In addition one further 1024 X 4 bit chip is used to provide 1K nybble of RAM at addresses
37888 to 38911 as storage for the two possible locations of the color matrix. The color RAM can
be accessed directly by the VIC 6561 (in a continuous block if required).

Read only memory, as the name implies, is memory which can only be read from. ROMs come in differ-
ent forms; the first, which is used to hold the BASIC Interpreter, Kernal routines, and the Character
matrix have their contents determined during the manufacture process according to a pattern which the
manufacturer creates. This implies that each ROM containing different information is, in effect, a different
chip. The second form of ROM, used for example in games cartridges, comes as a blank chip upon which
information can be ‘burnt in’ by a special machine. This type of ROM is called Programmable Read
Only Memory (PROM). Whilst the contents of a PROM are normally stable some PROMs are erased by
exposure to intense ultraviolet light to give a completely clean chip which can then be reprogrammed,
such a PROM is called an EPROM (Erasable PROM). None of these types of ROM lose their contents
when power is removed; they are said to be non-volatile.

In order to communicate with other components of the VIC-20 system, the 6502 microprocessor
must be able to accomplish the following:

(a) Select the required component.

(b) Select the correct part of that component.
(c) Control the direction of the data flow.
(d) Read or Write the data itself.

To keep the number of interconnecting electrical paths within reasonable bounds, all system com-
ponents are connected to one another by means of three buses. These are made up of sets of parallel
wires along which information can pass represented as voltages. Since the system is digital only two
voltage levels are used: ‘1’ and ‘O’ are represented by +5 volts and 0 volts respectively. The address bus
consists of 16 lines enabling any one of 2'6 = 65536 possible addresses to be accessed. Since the con-
tents of any address consists of 8 bits the data bus consists of 8 bi-directional data lines.
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The third bus is the control bus which consists of signal lines to control the direction and timing of
data transfer between the processors and memory or peripheral devices. The important lines on this bus
are as follows.

Read|Write (R/W) _

This line controls the direction of data transfer. When the R/W line is high (+5V), all data transfers
will take place from memory to the processor, a read operation. If the R/W line is low (OV), then the
processor will write data out of memory. It is conventional to indicate that an operation is implemented
when the corresponding control line is low by putting a bar over its symbol; thus R/W indicates that a

write occurs when the R/W line is low.

Reset (RST)
When this control line goes low the 6502 and all system components are reset to their initial configura-

tion, that is a restart.

Non-maskable interrupt (NMI)

This line is used to interrupt the normal execution of a program and jump to another pre-arranged
program. As the name implies there is no machine code instruction which can be used to prevent this
automatic response to a non-maskable interrupt. The reset line takes priority over a nonmaskable inter-
rupt.

Interrupt request (IRQ)

This is much the same as the non-maskable interrupt, except that the machine code instruction SEI (Set
interrupt disable) can be used to prevent any response to the IRQ line going low, that is an IRQ can be
masked. Normal response to an TRQ is resumed upon execution of the instruction CLI (Clear interrupt
disable). The non-maskable interrupt line takes priority over the interrupt request line.

7.3 Interrupts and their applications

To examine the uses of interrupts we should at least be aware that the 6502 microprocessor has 6
registers, whose functions will be briefly described in Chapter 8, they are:

. An 8-bit accumulator A)
. An 8-bit X index register. (X)
. An 8-bit Y index register. (Y)
. A 16-bit program counter. (PC)
. An 8-bit stack pointer. (SP)
. An 8-bit status register. ®)

AV bh W -~

The most fundamental of these registers is the program counter since it contains the address where the
next instruction to be executed can be found.

The 6502 checks the current status of the interrupt system at the end of each instruction cycle.
Interrupts allow the microprocessor to respond to unpredictable events, such as power failure or peri-
pherals being ready to send or accept data, very much more rapidly than would be the case if every
possible source were periodically checked. Interrupts are also used to force execution of periodic service
routines, such as checking the keyboard every 1/60 second.
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When an interrupt occurs and, in the case of an IRQ interrupt, is not disabled the response of the
6502 is as follows. Firstly, the Program Counter and the Status Register are saved on the stack. Next the
6502 sets the interrupt disable flag (bit 2 of the Status Register), thereby masking further IRQ interrupts
for the time being. Finally, the microprocessor fetches an address from a specified pair of memory
locations, puts that address on the Program Counter and proceeds to execute the program indicated.

Apart from the two kinds of interrupt already mentioned there is a third, a software interrupt,
which is performed upon execution of the machine code instruction BRK (Force break).

The locations at which the 6502 finds the address to be placed on the Program Counter are given
below:

Interrupt  Address found at  Address (ROM)

NMI  $FFFA $FFFB $FEA9
IRQ  SFFFE SFFFF $FF72
BRK  SFFFE $FFFF $FF72

What happens next is both important and useful to the programmer. We look first at the program
which begins at $FEA9 and is executed if an NMI interrupt occurs. It is very simple and says: SEI (Set
Interrupt disable), then proceed to execute the program whose address is stored in $0318 and $0319.
The point to grasp is that $0318 and $0319 are RAM locations and therefore their contents can be
changed by the user. Locations $0318 and $0319 are called NMI RAM vector locations because their
contents, the actual vectors, point to the address which contains the next instruction to be executed.

Interrupt ~ Vector location (address)  Normal vector

NMI $0318 $0319 $FEAD
IRQ $0314 $0315 SEABF
BRK $0316 $0317 $FED2

If an TRQ or BRK interrupt occurs then program execution first jumps to $FF72. The program
which begins at $FF72 is a little longer than the equivalent program for an NMI interrupt. In the case of
an IRQ or BRK we want to be able to resume execution of the program which was running before the
interrupt occurred, regardless of any change which the user may make in the interrupt routine. Hence
the program at $FF72 first saves the Accumulator, X Index Register and Y Index Register on the stack,
since these were not saved by the 6502 when the interrupt occurred. Next the program determines
whether the interrupt was caused by an IRQ or a BRK. It does this by examining the Status Register
which the 6502 saved to the stack when the interrupt first occurred. If the interrupt is an IRQ then
program execution jumps to the address stored in $0314 and $0315. If the interrupt is a BRK, execution
jumps to the address stored in $0316 and $0317.

Why all the jumping about? Why not, for example, proceed straight to $SFEAD in the event of an
NMI? The answer lies in the RAM vector. If the entire interrupt routine were in ROM the user would
have no control over the program initiated by an interrupt. As it is, the provision of vectors in RAM
allows the user to substitute his own interrupt routines. This is an extremely powerful programming
technique but, inevitably, one which requires great care in its implementation.

A system wedge is a machine code program inserted into the normal system firmware which either
modifies or monitors the system operation. There are two types of system wedge which can be readily
implemented on the VIC-20: an interrupt wedge and a CHARGET wedge. An interrupt wedge operates
by changing the corresponding RAM vector, to point to a routine defined by the user. The routine
CHARGET (or GETCHAR or CHRGET) is the operating system routine which during normal program
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(or direct mode) execution reads the next keyword taken from the BASIC input buffer prior to trans-
lation into machine code. On power up this routine is written into RAM, at addresses $0073 to $008A.
By altering CHARGET it is possible to create a system wedge which, for example, can introduce a new
command into BASIC. An example of a CHARGET wedge is given in the VIC Revealed (Nick Hamp-
shire, Computabits Ltd., 1981) and we shall not pursue the topic here (although there is a brief dis-
cussion of CHARGET in Chapter 8).

Three routines are required to create any system wedge.

1. The wedge must be initialized. For an interrupt wedge this means altering the corresponding RAM
vector, for a CHARGET wedge it means inserting a jump address into the CHARGET routine which
points to the user-provided machine code.

2. The wedge code itself. This code performs the function which amends or replaces the system
function into which it is inserted. Normally if an interrupt wedge is used the wedge code will be termi-
nated with a jump to the service routine which would have been executed had the RAM vector not been
changed. Thus for an TRQ interrupt the wedge code would normally end with JMP $EABF.

3. When the wedge code is no longer required it must be disabled by returning the RAM vectors to
normal or restoring the original CHARGET routine.

Before giving an example of an interrupt wedge we must first explain that the 6502 microprocessor
has four special instructions designed to manipulate its interrupt system, these are: :

SEI (Set interrupt disable). This sets bit 2 of the Status Register and thus disables the maskable interrupt.
CLI (Clear interrupt disable). This clears bit 2 of the Status Register and thus enables the maskable
interrupt.

BRK (Force break) sets the Break command flag, bit 4 of the Status Register, saves the Program Counter
and the Status Register on the stack, disables the maskable interrupt, and places the contents of ad-
dresses SFFFE and $FFFF in the Program Counter.

RTI (Return from interrupt). The original values are returned to the Program Counter and the Status
Register (including the interrupt bit). Note RTI differs from RTS (Return from subroutine) in that RTI
restores the Status Register whereas RTS does not, moreover RTI does not add 1 to the return address as
does RTS.

Example

The following program is a simple example of an IRQ wedge. It displays a single character (0 to 9)
10-second counter in the top left corner of the screen. The program uses locations $1CF0 and $1CF1 to
store a cycle counter, so if run in conjunction with a BASIC program the top of memory should be
lowered below $1CFO. After the wedge has been initialized by SYS7424 the 10-second counter will run
continuously, in conjunction with whatever else the VIC-20 happens to be doing.t until the wedge is
disbled by SYS7488. The program is given in Assembler which can be entered and saved using VIC-
MON.

+Of course if ‘whatever else the VIC-20 happens to be doing’ resets the IRQ RAM vector the wedge will require re-
inijtialization.
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10-SECOND COUNTER
., 1788 SET SET INTERRUPT DISABLE
.+ 1081 LDA #$17 } Reset IRQ RAM vector Lo-byte
., 1063 STA $6314
«» 1086 LDA #$1D } Reset IRQ RAM vector Hi-byte
.+ 1188 STR £@315 INSERT
.0 1088 LDA #$00 } Store 0 in cycle counter WEDGE
.0 1080 STR £1iCFB
.2 1018 LDR #3309 } Store initial screen character
.0 1012 STR £1CF1
.o 1D15 CLT CLEAR INTERRUPT DISABLE
.. 1016 RTS Return to stack (back to BASIC)
A
.2 1D17 INC $irFo Increment cycle counter
«+ 1D1RA LDA $iCFa
-2 AD1D CHP #$3C } Is cycle counter equal to #$3C (dec 60)
No ., I1DMF BNE $1D3T' ) (1 second)?
.0 1021 LDA #$00 } Reset cycle counter to 0
.2 1023 STR $iCFa
«s 1026 INC $1CF1 Increment screen character UPDATE
os 1129 LDR £iCF§ Is screen character greater than AND
.+ 102C CMP #4$3AR } character ‘9’? PRINT
No. ., 1D2E BNE $1032 . COUNTER
.+ 1038 DA #3830 Load accumulator with character ‘0’
L., 11132 STA £ICFi Store correct screen character
.0 1035 STR $1E00 Display character on screen
.+ 1038 LDA #$60 Set color (black)
. 103R STA $9636
L., 113D .JMP $EABF ———— CONTINUE WITH NORMAL IRQ ROUT*INE
.+ 1048 SET SET INTERRUPT DISABLE
.+ 1041 LTA #$BF } Reset IRQ RAM vector Lo-byte
.2 1043 STA #0314
«» 1D46 LDA #SER } Reset IRQ RAM vector Hi-byte DISABLE
. 1D48 STR #8315 WEDGE
.» 1D4B CLLT CLEAR INTERRUPT DISABLE
.+ 1040 RTS Return to stack (back to BASIC) 1
.+ 1140 BRK
. 104E BRK
«» 1D4F SRC $ESTC  Garbage
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Whilst on the subject of RAM vectors we should mention that, in addition to the interrupt service
routines, many other important Kernal routines have their own RAM vectors. Before using these it is
often helpful to first disassemble the routine in question, to discover how it works, and then construct
your own modifying code. The RAM vector addresses are 788(30314) to 815 (8032F), see Appendix 3,
Table Al.

Example
The following program disables RUN/STOP and RUN/STOP + RESTORE. When RUN/STOP is pressed
$FE is placed in $91 by the normal keyscan routine. The Kernal subroutine which tests the STOP
flag is subsequently called from one of several possible places within the operating system, for example
it is the first check made by the controlling loop $C7AE to $C7EA which runs BASIC. The Kernal
TESTSTOP subroutine has its own RAM vector at $0328 and $0329. We therefore change this RAM
vector to point to a routine which tests if $91 contains $FE, and if so changes the contents to $FF
(which is a harmless value) before allowing TESTSTOP to continue.

Note that many input/output service routines use the RAM vectors and then reset them. Thus, for
example, using the disk drive will reset the TESTSTOP vector and render this program ineffective until
the wedge is reinstated.

TESTSTOP WEDGE
The wedge is inserted with SYS 7424 and disabled with SYS 7450

.. 108G SET SET INTERRUPT DISABLE ]
., 1D@1 LDA #$8D } Reset TESTSTOP RAM vector Lo-byte

.s 1D@3 STR $@320 INSERT
.» 1D@6 LDA #£1D Reset TESTSTOP RAM vector Hi-byte ~ WEDGE
.2 1088 STA $832%

., 108k CLI CLEAR INTERRUPT DISABLE
., 1Dac RTS Return to stack (back to BASIC) !
.s 1D@D LIR $351 Load flag

. 1DGF CMP #SFE } Has STOP key been pressed (flag on)? WEDGE
. D11 BNE $1017

.o 1013 LDR #$FF Store $FF in $91 (flag off!)

., 1D15 STR £99

., 1D17 JMP $F77& —> CONTINUE WITH NORMAL TESTSTOP

<
<

., 1DiR SET SET INTERRUPT DISABLE

.2 1DiB LTA #£70 } Reset TESTSTOP RAM vector Lo-byte

.+ iDID STA $8328

. 1026 LDA #%F7 } Reset TESTSTOP RAM vector Hi-byte DISABLE

.+ 1022 STR $@325 WEDGE
. 10258 CLT CLEAR INTERRUPT DISABLE
. 1026 RTS Return to stack (back to BASIC)

.+ 1027 RRK
.» 1728 RRK
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A BASIC loader for this program is given below. When RUN this loader will insert all of the above
machine code into the correct memory locations.

18 POKESS.@:POKESE, 29

2@ POKES!.0:POKES2,29:CLR

30 TATA120,169,13.141,40,3,169,29,141.41

4@ DATA3.88,96,165.145,201,254,202,4,169

S8 DATAR25S,133,145.76,112,247,120.169,112. 141,
€@ DATR4@,3,165.247.141,41.2,88.96,0.0.0

78 CC=0:FORI=7424TN74A35

80 READT:POKET.J:CC=CC+J:NEXT

9@ IFCC=4337THENPRINT"OK"

189 JFCCC>4S3PTHENPRINTYDATA STATEMENT ERROR"
112 END

7.4 The Interpreter

The programming language BASIC with which we are familiar is not, as you know, the ‘native’ language
of the 6502 microprocessor, which can only understand 6502 machine code. Therefore, at some stage
between entering a BASIC program and RUNing it, the program must be translated into 6502 machine
code. Up to this point, when referring to the background processing which goes on continuously in the
VIC-20, we have talked vaguely about the ‘operating system’. The time has come to reveal that the
principal software component of the ‘operating system’ is in fact a huge machine code program called
the BASIC Interpreter. To help it in its work the Interpreter has available a large library of other machine
code routines, which it can call upon as the need arises. This library is called the Kernal and we shall take
alook at it in the next section.

In its way the BASIC Interpreter is one of the great achievements of our generation, certainly
without the Interpreter, or something conceptually equivalent, microcomputers as we know them could
not exist. Imagine having a railway system with 26 stations, that runs itself so that the trains never
collide! Representing, as it does, thousands of manhours of work, we can do little more than briefly
describe the main functions of the Interpreter. However, if you become conversant with Assembler (a
convenient symbolic representation for machine code), with the aid of VICMON you can study the
Interpreter yourself. The interpreter lives in ROM between addresses 49152 ($C000) and 57344 ($DFFF).

When computing was in its infancy all programs had to be written as a sequence of Os and 1s. Plainly
this is a very tedious, time-consuming and error-prone process. Even writing programs in Assembly
language is open to the same objections. To meet this problem various high level languages were develo-
ped. A high level language, such as FORTRAN, PASCAL or BASIC, is a programming language which is
more closely related to English than to Assembler or machine code.

When, for example, a FORTRAN program has been written for a mainframe computer the entire
program must then be translated into machine code, a process known as compilation. Compilation is
carried out by a huge machine code program called a compiler which has to be developed in conjunction
with the high level language. Most compilers run a syntax check before beginning any serious translating
and it is at this stage that the error messages usually start to appear. From the user’s point of view this
arrangement is less than satisfactory, mainly because if you make a syntax error in your program you
don’t get to know about it until the program is compiled: there is a lack of interactive editing at the time
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of entering the program. From the computer’s viewpoint too there are problems, mainly relating to how
much RAM is needed. Not only has the computer to store and run the compiler, it also has to hold the
high level program whilst creating the machine code equivalent. Typically a mainframe compiler can use
several hundiec kilobytes of RAM.

The program language BASIC (Beginner’s All-purpose Symbolic Instruction Code) was developed at
Dartimouth College, New York, in tie 1960s as an easy-to-learn and easy-to-use (high level) language.
BASIC was designed to be as close to English as could sensibly be expected, at the same time providing
the user with a reasonable degree of interactive editing.

The essential difference between an interpreter and a compiler is that an interpreter does not try to
translate the entire program in one fell swoop. Instead, when RUN time comes, the interpreter translates
the first program statement, executes the correponding machine code and then goes back to fetch the
next program statement and so on. The advantage of this technique is that two copies of the
program, one in the high level language and one in machine code, need never have to coexist in RAM
simultaneously. A disadvantage is that translating each program line before it can be executed is time
consuming and often inefficient, since the same line may be translated many times during a complete
RUN of the program. Thus RUNing a program with a interpreter might be 100 times slower than RUNing
the compiled equivalent. Still, the fact remains that it was the concept of an interpreter which made
microcomputers like the VIC-20 possible and, as we know, the idea works very well.

The other principal function of the interpreter is to provide interactive editing of BASIC programs
on a line by line basis. When a program is being entered from the keyboard the Editor, an associate of
the Interpreter, takes control, allowing you to edit any line until the RETURN key is pressed. When this
is done the line is translated, not into machine code, but into compressed text, changing all BASIC
keywords and logical operators into one-byte tokens as explained in Chapter 3. Next the Interpreter
searches' memory, in the user BASIC program area, for a program line with the same line number. If
such a line is found it is replaced by the new line; if not, the line is inserted in the appropriate place in
memory in relation to the other existing lines. The process of text compression is reversed by execution
of the command LIST which translates all keyword tokens back into the ASCII codes of the original
text and transmits this information to an output device, usually the screen. The reasons for this inter-
mediate phase of storing the program in compressed text, are that it takes up less RAM in this form and
secondly, at RUN time, it makes the process of translation into machine code faster.

7.5 The Kernal

The Kernal is located in ROM at the very top of VIC-20 memory, addresses 57344 ($E000) to 65535
($FFFF). It is made up of a series of machine code routines, which perform a variety of different
functions. Many of these routines are in fact subroutines, terminated by RTS and designed so that they
can be called upon from a user-written machine code program. The existence of this large library of
machine code programs is therefore of enormous value to the programmer. From the viewpoint of the
programmer the Kernal is a Jump Table which can be used to call upon the input, output and memory
management subroutines normally employed by the operating system. Moreover a program written using
Kernal subroutines, whilst being more compact, does not thereby lose portability between Commodore
machines, since the jump addresses for Kernal subroutines called by such a program remain the same.

To use a Kernal subroutine you must first make all preliminary steps demanded by that particular
subroutine. This may involve passing various parameters to the 6502 registers or first calling other Kernal
subroutines.
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Example

As a simple illustration we consider the Kernal subroutine PLOT which can read or set the position of
the cursor on the screen, If PLOT is called with the carry bit clear (i.e. bit 0 of the 6502 Status Register
equal to 0) then the cursor will be moved to the (U,V) position (0 < U< 21,0< V< 22), where U and
V are the contents of the Y Index Register and X Index Register respectively. Thus to set the cursor in
row 10 column 11 we could use the following program

CLC ; Clear carry flag

LDX #$09 ; SetV coordinate equal to 9
LDY #$0A ; Set U coordinate equal to 10
JSR  $FFF0; Call PLOT

Other examples of the use of Kernal subroutines can be found in Appendix 2. Kernal subroutines
which involve input or output operations return error codes if problems are encountered. A return from
a Kernal subroutine with the carry bit set in the 6502 Status Register indicates that an error was en-
countered in processing. The Accumulator will contain the error number (value of ST). Good pro-
gramming practice requires that your program check the error status, before continuing, after an I/O
operation.

The specific requirements of any Kernal subroutine must be fully known before any attempt can be
made to implement it. These requirements are common to all Commodore computers and very well
documented, see for example the Vic Revealed (Nick Hampshire, Computabits Ltd. (1981) or the
VIC-20 Programmer’s Reference Guide (A. Finkel et al.,, Commodore Business Machines Inc. and

Howard W. Sams & Co. Inc., 1982), so we shall not repeat them here. The following is a list of user-
callable Kernal routines.

., FFBA .JMP $FD52 RESTOR Restore default I/O RAM vector

., FF8D JMP $FDS7 VECTOR Read/set I/O RAM vectors

., FF9Q JMP $FERA SETMSG Control Kernal message

., FF93 JMP $EECA@ SECOND  Set secondary address after LISTEN
. FF9& IMP $EECE TKSA Send secondary address after TALK
. FF9S IMP $FE73 MEMTOP Read/set the top of memory

.» FFOC IMP $FES2 MEMBOT Read/set the bottom of memory

s FFOF JMF $EBIFE SCNKEY  Scan keyboard

.s FFRZ JMP $FEGF SETTMO Set time out on serial bus

.2 FFAT JWP $EF19 ACPTR  Input byte from serial port

.+ FFRZ JMP $EEF4 CIOUT  Output byte from serial port

.: FFAB .JMP $EEFE UNTLK Command serial bus to untalk

.» FFRE JMP $EFG4 UNLSN  Command serial bus to unlisten

.+ FFBiL JMP $EEL7 LISTEN Command devices on the serial bus to listen
., FFB4 JMP $EE14 TALK Command serial bus device to talk
.: FFB? JMP $FEST READST Read I/O status word

.» FFBR JMP $FESG SETLFS  Set logical first and second address
.+ FFBD JMP $FE49 SETNAM Set file name

.+ FFCA JMP ($031R) OPEN Open a specified logical file

.» FFC3 JMP ($B31C) CLOSE Close a specified logical file

., FFC6 JMP ¢$@21E) CHKIN  Open channel for input

., FFCS JMP ($@328> CHKOUT Open channel for output

.+ FFCC JMP (£8322) CLRCHN Close input and output channels.
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FFCF JMP
FFD2 JMP
FFDS JwmP
FFD8 JMPF
FFDB JMP
FFDE JMP
FFEL JMP
FFE4 JMP
FFE7? JMP
FFER JMP
FFED JMP
FFF@ JMP
FFF3 Jwp

($0324)
($a326)
$F542
$FE75
$F767
$F76@
($0328)
($@32R)

($2332C)

$F734
$E505
$ESOR
$£500

CHRIN
CHROUT
LOAD
SAVE
SETTIM
RDTIM
STOP
GETIN
CLALL
UDTIM
SCREEN
PLOT
IOBASE

[Ch. 7]

Input character from channel
Output character to channel

Load specified RAM from device
Save specified RAM to device

Set real time clock

Read real time clock

Scan stop key

Get character from keyboard buffer
Close all channels and files
Increment real time clock

Return X,Y organization of screen
Read/set X,Y cursor position®
Returns base address of devices

1 N.B. Takes account of any linked lines, which can cause complications when using the screen editor.



Introduction to
machine code programming

8.1 Introduction

This chapter is a brief introduction to 6502 machine code programming on the VIC-20. A machine code
program consists of a sequence of bytes sone of which represent instructions and others being data. In
this form a machine code program is rather difficult to follow, obviously it would be helpful to distin-
guish the bytes which represent instructions (op-codes) from those which represent data (operands). The
letters which we substitute for the op-codes are called instruction mnemonics, for example the instruc-
tion which clears the carry bit on the 6502 has op-code $18 and mnemonic CLC. Rather than perfor-
ming these substitutions by hand it makes sense to get the computer to do it for us. A program which
substitutes op-codes for mnemonics is called an assembler because it assembles machine code. Using an
assembler it is possible to enter a machine code program in mnemonic form. Conversely a program which
works through a block of RAM containing machine code and displays mnemonics for op-codes is called
a disassembler. A machine code program written in mnemonic form is called an Assembly language
program and is often loosely described as being written in Assembler. For all but the simplest of machine
code programs it is quite impractical to work without the use of an assembler and disassembler, and
therefore VICMON, or an equivalent monitor, must be regarded as an essential prerequisite.

Machine code instructions are rather simple, in the sense that an individual instruction cannot
achieve a great deal. Any particular instruction can only change the contents of a memory location or
alter one of the internal registers of the 6502 microprocessor. There are two main advantages of pro-
gramming in machine code rather than BASIC. Firstly machine code programs run very fast indeed when
compared to BASIC, this is because there is no need for a machine code program to be interpreted.
Secondly, the machine code programmer has total control over the machine and its operations. This last
weapon is double-edged; in being able to exercise total control the helping hand of the operating system
disappears and it becomes necessary to spell out every step in precise detail. In order to do this the pro-
grammer must possess considerable knowledge of how the VIC-20 system works.

The only way to learn machine code programming is to actually do it yourself. It can be both
extremely satisfying and very infuriating; the essential requirement is patience.



112 Introduction to machine code programming [Ch.8

8.2 Programming model of the 6502

The 6502 microprocessor contains six registers which are available to the programmer. They are shown
diagrammatically in Figure 8.1.

Bit 765 43 210
A Accumulator: 8 bits
X X Index Register: 8 bits
Y Y Index Register: 8 bits

151413 121110 9 8

PC Program Counter: 16 bits

sp Stack Pointer: 8 bits

P Status Register: 8 bits

Fig. 8.1 — Programming model of the 6502.
We shall now examine each of these registers in detail.

The Accumulator

This is arguably the most important register in the 6502 microprocessor. It is the only internal register in
which data may be placed and then subjected to arithmetic or logical operations. Apart from this its
main use is as temporary storage whilst moving data from one location to another. This second function
is duplicated by the X and Y Index Registers.

Examples
In this and all following examples Assembly language mnemonics are used. A complete list of the 6502
instruction set can be found at the end of this chapter.

LDA #30A Load accumulator with decimal 10
STA $1800 Store accumulator in $1800

Similarly

LDX #$0A or LDY #$0A
STX $1800 STY $1800
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The X and Y Index Registers
Like the accumulator these registers can hold data but their principal function is to hold short offsets,
which can be used as pointers to specific memory locations, or counters. Each Index Register has in-
structions which can be used to increment (add 1) or decrement (subtract 1) its contents:

INX Increment X Index Register (Similarly INY),

DEX Decrement X Index Register (Similarly DEY).

The Index Registers are not identical in their functions but a discussion of the ways in which they differ
is best postponed to the section on addressing modes.

The Program Counter

The Program Counter is a 16-bit register which holds the address of the next instruction to be executed.
It works much the same way as memory locations 57 and 58 in BASIC, except that the Program Counter
points to the next 6502 instruction rather than a current BASIC line number.

The cycle time of the 6502 microprocessor is determined by an external quartz oscillator, similar to
the ones which drive electronic watches. The 8.86 MHz signal is divided to provide the 1.1 MHz signal
which drives the 6502. The 6502 uses the externally applied signal to derive its own internal timings,
required to coordinate the progression of activities within the microprocessor. The first step of an
instruction cycle is to out the R/W line high, to indicate a read operation, and place the contents of the
program counter on the address bus. The microprocessor then reads the contents of the address into its
own internal Instruction register. This is an 8-bit register, not available to the programmer, which is used
to hold the instruction whilst it is decoded by the internal control logic. At this point the Program
Counter is incremented by one so that it points to the next relevant byte, which may be data or the next
op-code.

During the second step the instruction itself is executed. This could involve moving more data from
memory, as in a load accumulator instruction, or the instruction could be complete in itself. As different
operations require differing amounts of data no instructions are actually completed within one cycle
of the 6502 clock. As each byte is ‘consumed’ the Program Counter is incremented, so that by the
time a complete instruction has been executed the Program Counter once again points to the next
op-code.

Obviously if the externally applied frequency is altered, the internal cycle time of the 6502 will
alter accordingly but, for reasons which are beyond the scope of the present discussion, there is an upper
limit on the speed at which the 6502 can be driven.

The existence of the Program Counter enables the microprocessor to step sequentially through a
program from start to finish. However, by itself this is not enough; an essential feature of any computer
program is the ability to test conditions and vary the subsequent computation according to the outcome
of the test. We also need some way of breaking the normal program sequence, performing another
program sequence (a subroutine) and returning to the point immediately following the original point of
departure. The Stack Pointer and the stack provide the means of jumping to a subroutine and subse-
quently returning. The Status Register provides the means whereby decisions can be made.

The Stack Pointer

The Stack Pointer is used mainly to handle interrupts and subroutines. Its contents point to an address on
page 1, in the stack. The stack is a 255 byte buffer, organized on a ast in, first out’ principle, which
begins at location $511 and is filled downwards from that address. Each time data is placed onto the
stack the Stack Pointer is decremented by one. Similarly, as data is removed, the Stack Pointer is incre-
mented. If an interrupt occurs or a subroutine is called, the contents of the Program Counter are placed
in two successive bytes onto the stack and the Stack Pointer decremented appropriately.
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A subroutine is called by the instruction JSR which pushes the contents of the Program Counter
onto the stack to await retrieval. The address which follows the JSR is then placed in the Program
Counter which causes execution to jump to the specified subroutine. The return from subroutine in-
struction RTS uses the Stack Pointer to retrieve the original address from the stack, thereby incremen-
ting the Stack Pointer appropriately, and places this address in the Program Counter. RTS also increments
the Program Counter by one to point to the next instruction following the original JSR.

The stack can also be used by the programmer for temporary storage, possibly for data used by a
subroutine. To facilitate operations of this type the 6502 has several stack specific instructions such as

PHA Push Accumulator onto stack.
PLA Pull Accumulator from stack.
PHP Push Status Register onto stack.
PLP Pull Status Register from stack.

Each of these instructions ends by adjusting the stack pointer appropriately.
In some situations the programmer may need to change the contents of the Stack Pointer, which
can be accomplished via the instructions

TSX Transfer Stack Pointer to X Index Register.
and TXS Transfer X Index Register to Stack Pointer.

Normally the Stack Pointer is adjusted automatically and these last two instructions should be used with
some care, since a fairly spectacular crash can result from their cavalier use!

The Status Register
As has been indicated the 8-bit Status Register provides the means whereby decisions can be made. Each
bit of this register has its own special significance as indicated in Figure 8.2.

765 43210

Bit|N|V BiD|!l]Z]|C Status register

CARRY

ZERO RESULT
L__ INTERRUPT DISABLE
DECIMAL MODE
BREAK COMMAND
NOT USED
OVERFLOW
NEGATIVE RESULT

Fig. 8.2 — Status Register.

Carry
The Carry bit is used to indicate that the result of an arithmetic operation has generated a carry; the bit
is set to 1 if a carry has been generated and cleared to O otherwise. It should be noted that the 6502
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carry flag’s meaning is inverted in subtraction operation. After SBC (Subtract memory from accumulator
with Borrow) the Carry bit is cleared if a borrow was required and set if not. The Carry bit can be set or
cleared by the programmer using the instructions

SEC Set Carry
CLC Clear Carry
and, in addition to the compare and load instructions, is also included in the instructions

ROL Rotate Accumulator or memory Left through Carry
ROR Rotate Accumulator or memory Right through Carry
LSR Logical Shift Right of Accumulator or memory.

ASL Arithmetic Shift Left of Accumulator or memory.

Examples
Accumulator C ROL Accumulator C

01111010 1 E— 11110101 0
| L 4

Accumulator C LSR Accumulator C
|
| 1 oy
01111010 1 ——— 001111010  &POP3
Zero result

This flag is automatically set by the microprocessor during any data movement or calculation operation
when the 8 bits which are the result of the operation are all 0. The Z flag cannot be set or cleared by an
instruction but can be affected by any of the instructions ADC, AND, ASL, BIT, CMP, CPY, CPX, DEC,
DEX, DEY, EOR, INC, INX, INY, LDA, LDX, LDY, LSR, ORA, PLA, PLP, ROL, RTI, SBC, TAX,
TXA, TYA (a list which may be useful).

Interrupt disable

The functions of this bit of the Status Register and the associated instructions SEI and CLI have already
been illustrated in Chapter 7. If the interrupt bit is set, by SEI, then IRQ nterrupts will be ignored. If the
interrupt bit is cleared, by CLI, then an IRQ interrupt will be effective. The interrupt bit is automatically
set when an IRQ interrupt occurs.

Decimal mode

The decimal mode flag is used to control whether Addition (ADC) and Subtraction (SBC) are performed
using binary orf decimal arithmetic. When set by the SED instruction all subsequent arithmetic opera-
tions are performed in decimal arithmetic using blocks of 4 bits to specify a decimal digit.

Example
Decimal mode addition:

00000101 (5)
+ 00001000 (8)

00010111 (13)

The decimal flag can be cleared by the CID instruction which returns all operations to binary. The only
instructions which affect the decimal mode flag are CLD, PLP, RTI and SED.
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Break command

The break command flag is set only by the 6502 and is used to determine during an interrupt sequence
whether or not the interrupt was caused by a BRK instruction or by a real interrupt, see section 7.3.
This bit is set by the BRK command and then saved with the Status Register, it is cleared to 0 otherwise.

Overflow
The overflow flag is used in signed binary arithmetic to monitor the validity of the sign bit (bit 7)
following the ADC and SBC instructions. In signed binary arithmetic, numbers in the range —128 to
4127 are represented using bits O to 6; if the number is positive, bit 7 = 0; if the number is negative, bit
7 = 1. The microprocessor recognizes, by knowledge of bit 7 for each of the two numbers, what the
resultant bit 7 must be. If bit 7 is incorrect the overflow bit is set.

A useful feature of the 6502 is that the overflow flag can be used to reflect the condition of bit 6 in
a selected address. After the instructions BIT $1000, which ANDs the contents of $1000 with the
accumulator, the contents of $1000 and the accumulator are unchanged but the Z flag is set according
to the result of the logical AND operation, and the N and V flags according to bits 7 and 6 of the con-
tents of $1000. When used in this way the overflow flag has nothing to do with signed arithmetic but is
just another flag which the programmer can exploit. The overflow bit is cleared by the instruction CLV.

Negative

This bit is used to show the sign of the result of an operation. It will acquire the value of bit 7 of the
result of any arithmetic or logical operation. This means, for example, that after a signed addition we
can determine the sign of the result by sampling the N flag directly rather than finding a way to isolate -
bit 7. The N flag is 1 if the result is negative and 0 otherwise. The N flag cannot be directly controlled by
the programmer since it represents the status of the last data movement. Instructions which affect the
N flag are ADC, AND, ASL, BIT, CMP, CPY, CPX, DEC, DEX, DEY, EOR, INC, INX, INY, LDA, LDX,
LDY, LSR, ORA, PLA, PLP, ROL, SBC, TAX, TAY, TSX, TXA and TYA.

To summarize: the 6502 microprocessor treats the flags discussed above as a single 8-bit register. One of
these flags is controllable by the programmer only, some by both the programmer and the micropro-
cessor, and others by the microprocessor only. The contents of the Status Register provide the basis for all
decisions concerning whether to branch to another part of the program or not. The eight branch in-
structions are

BPL Branch on result Positive.  Testing the N flag.

BMI Branch on result Negative.  Testing the N flag.

BCC Branch on Carry Clear. Testing the C flag.
BCS Branch on Carry Set. Testing the C flag.
BEQ Branch on result zero. Testing the Z flag.

BNE Brancy on result Not Zero. Testing the Z flag.
BVS Branch on overflow Set Testing the V flag.
BVC Branch on overflow Clear.  Testing the V flag.

8.3 Addressing modes

Each 6502 instruction consists of a one-byte op-code followed by a 0, 1 or 2 byte operand. Clearly a
one-byte op-code permits 256 possible instructions, of which 151 are used leaving 105 unassigned.

Basically there are 56 different instructions, but most can be used in several of 13 distinct addres-
sing modes. Addressing mode is the term used to describe how the 6502 decides which part of memory
the particular instruction and operand must be applied to.
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Immediate mode (2 bytes): Instruction, operand
In immediate addressing the instruction operates directly on the second byte. Thus

LDA #$FF (A9 FF)

loads $FF ‘immediately’ into the Accumulator. The # sign is used to signify the immediate addressing
mode.

Absolute mode (3 bytes): instruction, address
In absolute addressing the second and third bytes contain the least significant and most significant bytes,
respectively, of an address. The instruction then operates on the contents of this address. Thus

AND $1F7E (2D 7E IF)

will AND the contents of the Accumulator with the contents of $1F7E and place the result in the
Accumulator.

Zero page (2 bytes): instruction, Lo-byte of address

Zero page addressing is a shortened form of absolute addressing that can be used when the relevant
memory location is on the lowest page (addresses $00 to $FF). The missing Hi-byte of the address is
assumed to be $00. Because this byte does not need to be generated or decoded, zero page addressing is
slightly faster than absolute addressing. Thus

STA $27 85 27

will store the contents of the Accumulator in address $0027.

Implied mode (1 byte): instruction
In this addressing mode the register on which the instruction operates is implied by the instruction itself.
Thus CLC, SEC, CLI, SEI etc. require no operand.

Relative addressing (2 bytes): instruction, offset

Branch-on condition instructions use the relative addressing mode; a single byte offset is treated as a
signed binary number which is added to the Program Counter (after the Program Counter has been
incremented). This allows displacements in the range —126 to +129. Thus in theory BCC $05 requests
the Assembler to generate a BCC instruction that will load the Program Counter with its current value
plus 5 if the Carry bit is 0. Because working out the required offset soon becomes a tiresome chore in
practice VICMON does this for you. Thus

BCC $18A6 (90 offset)

will cause program execution to jump to $18A6 if the Carry bit is clear provided the offset, from the
current address, required to reach $18A6 lies within the permitted range (if it doesn’t VICMON will
respond with ‘?°).

Indirect addressing (3 bytes): instruction, address ,

This addressing mode, sometimes called absolute indirect, applies only to the JMP instruction. It is used
where the need arises to jump program execution to a truly computed address. In Assembly language
indirect addressing is indicated by brackets. Thus

IMP ($31FE) (6C FE 31)
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will load the Program Counter with an address whose Lo byte is the contents of $31FE and whose
Hi-byte is the contents of $31FF. Never let an indirect address cross a page boundary, as in JMP
($31FF), here the 6502 will fetch the Hi-byte of the address not from $3200 but from $3100.

We next consider those addressing modes which can be used in conjunction with the index registers.
These are the most powerful addressing modes available, allowing the programmer to access, sequentially
elements of a block or table, as with the FOR...TO... STEP loop in BASIC. It is in this context that
instructions, such as INX, which increment or decrement the index registers really become useful.

Absolute indexed (3 bytes): instruction, address
When an instruction is used in this mode the contents of a specified index register are added to the given
address to get the effective address. Thus if the X Index Register contains the value $1B the instruction

LDA $1000, X (BD 00 10)

will load the Accumulator with the contents of $101B. Instructions which allow absolute indexing by X
are ADC, AND, ASL, CMP, DEC, EOR, INC, LDA, LDY, LSR, ORA, ROL, SBC and STA. Instructions
which allow absolute indexing by Y are ADC, AND, CMP, EOR, LDA, LDX, ORA, SBC and STA.

Zero page indexed (2 bytes): instruction, Lo-byte of address

Zero page indexed addressing is a shortened form of absolute indexed addressing that can be used when
the relevant memory location is on page zero. The missing Hi-byte of the given address is assumed to be
$00. Thus if the X Index Register contains the value $13 the instruction

LDA $20,X (B5 20)

will load the Accumulator with the contents of $0033. If the base address plus X exceeds $FF (the
greatest zero page address) no carry is generated and a zero page wrap around will occur. Except in the
case of LDX and STX which can be indexed by Y, zero page indexed addressing is only available in
conjunction with the X Index Register.

Example
This program illustrates the use of the absolute indexed addressing mode. The object of the exercise is to
move 256 or fewer bytes from one memory block to another. In the particular case given 17 bytes are
copied from the block $1600 — $1610 to the block $1700 — $1710.

Enter and save the following program using VICMON making sure you have remembered to put $10
in $1800. The program can be tested by placing known values in $1600 — $1610, checking the contents
of $1700 to $1710, and then running the program by RETURNing

. G 1819

If all is well the initial VICMON display should return, since the program ends with BRK (RTS will take
you back to BASIC — not recommended!). Next examine the contents of $1700 to $1710 to check that
the copy operation has been executed correctly.

MEMORY DUMP
.:1800 10 00 00 8D OB $1800 contains COUNT ($10)
.- 1505 00 00 90 90 20
. 130R 00 00 0B 90 @@ COUNT One less than number of bytes to be
. 180F 00 29 00 A0 @O copied (0 < COUNT < 255)
.:1814 02 60 90 00 00
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1819 LDX
181C LDA
181F S7R
1822 DEX
1823 BNE
1825 LDA
1828 STR
1828 BRK
182C NOP

£180@
$166@, %
$1760, %

$iRIC
$1660
$i76A
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TINYCOPY
Load COUNT into X Index Register

} Copy

Decrement X
IsX=0?

} Copy last byte
(Return to VICMON)

LOAD X
WITH
COUNT

|
LOAD
ACCUMULATOR
WITH BYTE

|

STORE BYTE
AT NEW
LOCATION

DECREMENT X

No

Yes

LOAD
ACCUMULATOR
WITH LAST BYTE

1

ISTORE LASTBYTE
IN NEW
LOCATION

EXIT

Fig. 8.3 — Moving 256 or fewer bytes.
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A flowchart for TINYCOPY is given in Figure 8.3. Note that the initial X Index Register value is
COUNT, which is one less than the number of bytes moved. Whatever the value of COUNT the program
will always copy the contents of $1600 into $1700, indeed if COUNT =0 this is done twice!

The essential features of the program TINYCOPY can be summarized without reference to specific
memory locations. We can replace absolute addresses by labels or tokens. In this form the program
listing looks as follows.

LDX COUNT ; INITIALIZE COUNTER
NEXT LDA FROM,X ; MOVE BYTE TO ACCUMULATOR
STA DEST,X ; STORE BYTE IN NEW LOCATION
DEX ; DECREMENT COUNTER
BNE NEXT ; COUNTER = 0?7 IF NO GOTO NEXT
LDA FROM ; MOVE LAST BYTE TO ACCUMULATOR
STA DEST ; STORE BYTE IN NEW LOCATION
BRK ; FINISHED

A program listed in this way is said to be expressed in symbolic form. Professional microprocessor
development systems even permit a program to be entered in symbolic form, complete with comments.
Of course VICMON can’t cope with symbolic form at all, but nevertheless it is a good way to prepare the
early drafts of a program on paper.

Whilst TINYCOPY is a useful illustration of absolute indexed addressing it has two significant
limitations. Firstly the start address FROM and target address DEST must actually be specified in the
program, which means it cannot easily be used as a subroutine in which these addresses are supplied as
variables. Secondly, at most 256 bytes can be copied. In our next example we shall dispose of both these
objections and create an all-purpose COPY routine.

The final and most powerful of all addressing modes are Indexed Indirect and Indirect Indexed.
Before examining these two modes we should take a closer look at the concept of indirect addressing
which was briefly mentioned in connection with JMP.

Contents

Address
INSTRUCTION > $193A

OP-CODE
LO-BYTE OF ADDRESS($FE)
HI-BYTE OF ADDRESS($31)

™ $3A $31FE
Lef $19 $31FF

\ AVOID
PAGE

BOUNDARY

Fig. 8.4 — Indirect addressing.
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The underlying idea behind indirect addressing is illustrated in Figure 8.4. Following the instruction
op-code an address is specified, in this illustration $31FE. The effective address is then constructed from
the contents of the specified address and the contents of the address immediately following it. The final
two addressing modes combine indexing with indirect addressing and can be used by instructions other
than JMP.

Indexed Indirect (2 bytes): instruction, Lo-byte of address

Indexed Indirect addressing can only be used in conjunction with the X Indirect Register. It uses a form
of indirect zero page addressing combined with indexing. Thus if the X Index Register contains the value
$2A then the instruction.

LDA (301, X) (A1 01)

will load the Accumulator with the contents of an address whos Lo-byte is contained in $002B and
whose Hi-byte is contained in $002C.

F— x=s2A—|

Address $00 301 $02 ... $2B $2C
Contents ... $0A $80
< Zero page >

Figure 8.5 — Indexed indirect addressing.

Figure 8.5 further illustrates the example given. The contents of the X Index Register are used as an
offset from the zero page locations specified, in this case location $01. The effective address is deter-

mined by the contents of $2B and $2C. Thus if address $2B contains the value $OA and the address $2C
contains $80 then the instruction

LDA (301,X)
has the same effect as
LDA $800A .

The principal use of indexed indirect addressing is in accessing tables of data or lists of addresses for
the Program Counter. If the indexed address is greater than $FF it is wrapped back to the start of zero
page. Instructions which allow the use of indexed indirect addressing are ADC, AND, CMP, EOR, LDA,
ORA, SBC, and STA.

Indirect indexed (2 bytes): instruction, Lo-byte of address

This is the last and arguably the most powerful of the addressing modes. Using indirect indexed addres-
sing it is possible to create a pointer to any part of memory. This addressing mode can only be used in
conjunction with the Y Index Register. Suppose the Y Index Register contains $10. Then the instruction

STA ($01), Y (1 01)

will store the Accumulator in an effective address $10 bytes beyond the address pointed to by the
contents of $01 and $02. Figure 8.6 should serve to clarify matters.
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Index
F—yY=s10—>|
Address $00 $01 $02 ... $1A04 ... $l1Al4
Contents $04 S$1A
Pointer Effective address

Figure 8.6 — Indirect indexed addressing.

Example
In this example indirect indexed addressing is used to copy any specified block of RAM to a block
beginning at a specified address. Unlike TINYCOPY which copied from the top down this program
copies from the bottom up; considerations of this kind become important when the two RAM blocks
overlap. The RAM to be copied is specified by a START address and an END address with START <
END. The beginning of the RAM which is to contain the copy is address DESST (destination start).

The program is set up as a subroutine which can be called from BASIC by SYS 6250. The 6 bytes
which describe START, END and DESST are stored as:

Address
Dec Hex Comment

6153 $1809 | Copy — from START Lo-byte
6154 $180A | Copy — from START Hi-byte

6155 $180B | Copy — from END  Lo-byte
6156 $180C | Copy —from END  Hi-byte
6165 $1815 | Copy —to DESST Lo-byte
6166 $1816 | Copy —to DESST Hi-byte

If called from BASIC then values should first be set up by POKEing the required bytes into addres-
ses 6153 etc. A flowchart for COPY is given in Figure 8.7.
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cory

.» 1868 NOP
.+ 18A9 NOP -
6250 ., 186A LA $18@9 } Store START Lo-byte ’
.+ 186D STA $06 in $00
«» 1B6F LDA $18@R | Store START Hi-byte
.2 1872 8TA $8] in $01
«» 1874 LDA $18@B ) Store END Lo-byte
.» 1877 STA s4E in $4E INITIALIZE COPY
«» 1879 LDA $18@C | Store END Hi-byte
.+ 187C STR $4F ; in $4F
.» 187E LDIA %1815 } Store DESST Lo-byte
.» 1881 STR $FB in $FB
., 1883 LDR #£181F | Store DESST Hi-byte
., 1886 STA $FC : in $SFC |
.+ 1888 NOP Y
.., 1889 LD¥ #8M@  KEEP OFFSET AT ZERO ALWAYS 1
+——>.: 1888 LUA $4F (END Lo-byte)
.. 1880 CMP $88 (START Lo-byte) Are we beyond
, 188F LDA $4F (END Hi-byte) final address?
, 1891 SBC $@1 (START (hi-byte)
+ 1893 BCC $i9A6 Yes, dore.
< 1895 DR ($08).Y ’ COPY
.2 1897 STA ($FB),¥ COPY

1899 INC £00 INCREMENT ROUTINE
1898 INC $FB Lo-byte

1890 BNE £138B 256 bytes done ? Yes
189F INC $01 ; INCREMENT] _ |
Hi-byte

18R1 INC $FC

L .., 18A3 JMP $1898
. 18RE RT§ «———— RETURN TO STACK (Back to BASIC)

-+ 18R7 NOP
-1+ 18R2 NOP
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ENTRY

INITIALIZE

Y

SET OFFSET
TO ZERO

INCREMENT A
Y LO-BYTE

EXIT

Fig. 8.7 — Flow chart of COPY.

8.4 CHARGET and wedges

We have referred on a number of occasions to the machine code routine CHARGET. When a BASIC
program is RUNing the compressed text of each program line is copied from user BASIC RAM into the
BASIC input buffer. The function of CHARGET is quite simple, it merely scans through the compressed
text contained in the BASIC input buffer, ignoring spaces, until a byte of text is encountered. The byte
of text, which may represent a character or a keyword code, is placed in the Accumulator and program
execution then returns to the Interpreter, where the text is interpreted. Thus CHARGET is the vital link
between the BASIC program and the Interpreter. The routine lives in RAM from $0073 to $008A. By
modifying CHARGET it is possible to add new functions and commands to BASIC.
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Although quite short CHARGET has several interesting features. It is a self-modifying routine which in
normal operation changes an absolute mode address that points to the next byte in the BASIC input
buffer. The self-modifying nature of the routine requires that it is located in RAM, which in turn means
that a copy must be kept in ROM and written into RAM when the VIC-20 is first turned on. A listing of
CHARGET is given below.

CHARGET

... @AP3 TNC $7A Increment POINTER Lo-Byte
No _.. B@73 BNE $6@79 IsLo-byte =0?
.2 BA77 INC $7R Increment POINTER Hi-byte
L »>., B@79 LDA $0207 NOTE Lo-byte ($07) in $7A. Hi-byte ($02) in $7B
.+ BOB7C CMP #$3A } Is ASCII code greater than $39?
«s+ BA7E BCS $0G3R— Yes/) (see (a) below)
.s 0080 CMP #$20
Yes ., @082 BEQ $0@73 Is character a space?
., 0984 SEC

.2 BO85 SBC #4730 ]

.2 BOB? SEC Adjust Carry bit as in (b) and (c).
.» B8B83 SRC #$10

. BB8A RTS «— Done

It should be noted that upon emerging from CHARGET the Carry bit is clear or set according to the
following conditions

(a) If the character originally encountered has a CBM ASCII code greater than 57 ($39), i.e. above
the character ‘9, the Carry bit will be set.

(b) If the CBM ASCII code of the character is in the range 48 to 57 ($30 to $39), i.e. corresponds to
a numerical character, the Carry bit will be clear.

(c) If the CBM ASCII code of the character is less than 57 ($39), i.e. below the character ‘0’, the
Carry bit will be set.

A very simple modification of CHARGET is to remove the code in $80 to $83 which checks for a
space. This will make BASIC programs RUN very slightly faster but produce a SYNTAX ERROR if a
space is encountered. To effect this modification the contents of $80 to $83 are replaced by NOP (No
Operation) instructions, the op-code being $EA. We can do this with

POKE 129,234 : POKE 128,234 : POKE131,234 : POKE130,234

(no spaces!). A listing of the new version is given below. Note that since CHARGET is used whenever a
BASIC command is executed, any modification of CHARGET from BASIC requires extreme care as the
routine must make sense at every stage.
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CHARGET WITH NO SPACE CHECK

., 8073 INC $7A
., B@75 BNE $8079
., 0@77 INC $7B
.+ 8079 LDA $0207
.+ B@7C CMP #$3A
. BBTE BCS $00SA
. 008@ NOP

.2 B@81 NOP

s 8082 NOP

. B0@33 NOP

., 0884 SEC

., 0B85 SBC #$3@
., 80887 SEC

., @083 SBC #sDa
., B@8BA RTS

In order to add a new command to BASIC via CHARGET the usual approach is to intercept
CHARGET at its start with a JMP to an appropriate wedge routine, which identifies the new command
and performs the appropriate machine code. The new command can be identified by defining a new
keyword, in which case it will be necessary to check for the corresponding character string, or by using a
single character such as ‘I’ which is not normally used by BASIC. If a single character is used the wedge
code need only check for this ‘keyword’ symbol. If the new command is not found the flow of the
program must continue as normal through CHARGET. (See R. West, Programming the PET/CBM, for
further details).

8.5 Machine code Hi-resolution PLOTSUB

The following Assembly language listing duplicates in machine code the BASIC high resolution
PLOTSUB given in the last program of Chapter 4. It can be used from BASIC as illustrated by the final
BASIC program PLOTSUB TEST. Alternatively by applying the technique outlined in section 8.4 it
could be used to create three high resolution keywords (INIT, PLOT, RESTORE) as new BASIC
commands. Only a slight modification is required to create a fourth command UNPLOT which removes
a specified pixel dot.
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NOP
NOP
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Machine code PLOTSUB

INITIALIZE HI-RES SCREEN

3584 .. BE@Z
«» BEB3

.t

L

aE@4
QEOQT

TR
PHA
VA
PHA

!

SAVE REGISTERS

J

“J

"

b

A

)

b

aEas
BEG?
@EB9
@EAB
@EBE
BEQF

BE1B

fE12

WOP
LDX
LDA
STR
LSk
INX
CPx
BNE

#3500
#£580
$OFF2. X

#208
$0EQB

SET UP POWERS
OF 2 TABLE

"

Kl
3
s
)
S

3

@E14
@E13
@E1?
BE1R
@eiC
BE1F
@E21

NOP
DA
STR
DA
STR
LDA
8TA

#3FC
$£95085
#$93
$9603
#S7E
$50aF

SET
POINTERS

a & 3 3 8 3 3 8 = 3 & s ® &8

-

BE24

s BE23

eEZ7
BE29
BEZB
BEZ2D
BEZF
ar1
BE33
@E3S
BE36
@E38
BE3R
BE3B
BE3D
@E3F
BE41
@E43

NOP
LDA
8TA
LDA
8TA
LOx
LY

LDA

&TA
ey
BNE
INC
DEX
RMI
RNE
Lo
BHE
STR

#$0@
$01
#£10
$02
#5070
#5300
#£00
(£01).%

$0E21
£02

$0E43
$0E31
#30C3

$0E31
£1008

FILL CHARACTER
MATRIX WITH 0s

s a3 |8 @
e e e e e e % W m e e % e w ‘e ‘e ‘e ‘e W ‘e W

a =

BE4A
QE47
BE49
QE4F
BE4D
BE4E

NOP
LI
TXA
STR
NEX
BNE

#5TR
$1F80. X
$0E49

BIT-MAP
SCREEN

Listing continues next page
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s BES1 LDX #4018 FILL COLOR
. BES3 LDA #$00 MATRIX WITH
. BESS STA $9600, % 0s (BLACK)
. BESZ DEX
., BESS BNE $BFSS
s BESRE NOP
.» BESC PLA
.+ BESD TAY RESTORE REGISTERS
., BESE PLA AND RETURN
. BESF TAX
. BESB RTS
«? QEGI NDP |
s BERZ NOP RESTORE NORMAL SCREEN
3683.: BEE3 LDA #$AE
. BEES STA £9003
.+ BEGB LDR #3F0
., BEEA STA $9005 POh
.2 BEAD LDR #2138
.2 BERF STR £960F
.+ BE7?2 RTS
3706 .« OE7Y3 NOP
. BE74 NOP |
s BE?S NOP PLOTSUB
.2 BE76 TXA T
.2 BE?? PHR :
., BE?8 TvA v SAVE REGISTERS
.1 BE79 PHRA
., BE7A CLC
sy BE7FR LDA $GFFA
. OETE ADNC #$60 CHECK Y AND X
. BESA BCS $GESC IN RANGE. IF
.» DES2 LIA $OFF7 NOT EXIT PLOTSUB

.» BERS ADC #$50
.+ BEB? BCS $BESC ,
. BEBS NOP [

., BESA LDAR $68FFE

.+ BEBD LSR

.+ BEBE LSR COMPUTE U = INT(Y/16)
., BESF LSR

.: BE9D LSR

.: BES1 STA $OFFS

Listing continues next page
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BES4
AESS
BE93
BESS
@ESR
@ESR

NOP
LIA
LS8R
LSk
ISR
STR

$GFF7

$QFF4

COMPUTE V = INT(X/8)

L

BESE
GESF
@ER1
BER4
AERS
@ERB
BEAR

- BERR

NOP
LD¥
LDA
cLc
ATC
RCS
DEX
BNE

#5815
SAFFS

$OFFS
$aF@2

$6FA4

4

COMPUTE 22*U

04

BERT
BERE
BEB1
@ERZ

NOP
ADC
NOP
STA

$OFF4

$6FFQ

COMPUTE § = 22*U+V

A |js & a 3 |s

@ERS
BER]
AEBA

DA
AND
§TA

$OFF6
#30F
$AFF2

COMPUTE R =Y AND 15
v

BERD
BEBE
@EC]
BEC3

MOF
TR
ANTI
STR

$GFF7
#s07
$AFF1

COMPUTE C = X AND 7

AECE,
BEC?
@ECS

BECB

@ECT
BECE
GECF
BEDB
@ED]
BED3
BED4
BED?
BEDS
@EDA
BEDR
8EDC
BEDD

HOP
cic
LDA
AND
LSR
ISR
LSR
LSR
STA
cLc
LDA
AND
RSL
RSL
RSL
ASL
8TR

$aFF@
#$FQA

a2

$6FFQ
#S$0F

$01

A

COMPUTE 16 * S
LO-BYTE IN $01
HI-BYTE IN $02

Listing continues next page
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., BEDF NOP
.1 @EEG CLC
.. BEE1 LDA #$10 COMPUTE 4096 + 16 * S =M
.. BEE3 ADC $@2 LO-BYTE IN $01
. BEES STA $682 HI-BYTE IN $02
.» BEE7 LDA $AFF2
.+ BEEA CL.C
» BEER RDC $ai COMPUTE M + R
.s BEED BCC $0EF1 LO-BYTE IN $01
.+ BEEF IMC $02 HI-BYTE IN $02
.s BEF1 STA $61
A
: gggi‘ Eg; $OFF1 GET CORRECT BIT FROM LOOKUP TABLE
., BEF7 LDA $OFFE, X (C%(C) IN ACCUMULATOR)
.s BEFR DY #4004 Pure indirect (offset = 0) T
.+ BEFC NOP
., BEFD ORA ($@15,Y  C%C)ORPEEKM + R) PLOT PIXEL DOT
., BEFF STA ¢$@1),¥y  POKEM+R,... 4
.2 BFB1 NOP
, @FA2 PLR I
.s BFA3 TRY
! aFB4 PLA RESTORE REGISTERS
., BFES TAX l
, BF@& NOP A
., BFB7 RTS RETURN
., BFB8 NOP
, BF@9 NOP
.» BFAR NOP
Variable List
$OFFO S Zero page requirements
$OFF1 C $01 and $02
$OFF2 R
$OFF3 Unused
$OFF4 V
$OFF5 U
$OFF6 Y
$OFF7 X
$OFF8 217 )
$OFF9 216
$OFFA 215

SOFFB 214 | C%(C)
$OFFC 213 | TABLE
$OFFD 212
SOFFE 211
SOFFF 210 |
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18 REM PLOTSUB TEST
28 PRINT"O

38 S¥YS3584

48 FORX=@T0175

6502 instruction set

58 Y=80-INT(IOEXP (~X/40) K TN kX 175 )

60 POKE4@S7.X:POKE4R8E, Y

78 5YS3706

88 NEXT

90 GETR$: IFA$=""THENS@
180 S¥S3683

118 PRINT ¥

120 END

8.6 6502 instruction set

Table 8.1 — Alphabetic sequence.

ADC Add Memory to Accumulator
with Carry

AND ““AND" Memory with Accumulator

ASL  shift Left One Bit (Memory or
Accumulator)

BCC  Branch on Carry Clear

BCS  Branch on Carry Set

BEQ  Branch on Result Zero

BIT  Test Bits in Memory with

Accumulator

BMI  Branch on Result Minus

BNE  Branch on Result not Zero

BPL  Branch on Result Plus
"BRK  Force Break

BVC  Branch on Overflow Clear

BVS  Branch on Overflow Set

CLC  Clear Carry Flag

CLD  Clear Decimal Mode

CLI  Clear Interrupt Disable Bit
CLV  Clear Overflow Flag

CMP  Compare Memory and Accumulator

CPX  Compare Memory and Index X
CPY  Compare Memory and Index Y

DEC  Decrement Memory by One
DEX Decrement Index X by One
DEY Decrement Index Y by One

EOR  “Exclusive-Or"’ Memory with
Accumulator

INC  Increment Memory by One
INX  Increment Index X by One
INY  Increment Index Y by One

JMP  Jump to New Location

JSR

LDA
LDX
LDY
LSR

NOP
ORA

PHA
PHP
PLA
PLP

ROL
ROR

RTI
RTS

SBC

SEC
SED
SEI

STA
STX
STY

TAX
TAY
TSX
TXA
XS
TYA

Jump to New Location Saving Return
Address

Load Accumulator with Memory
Load Index X with Memory
Load Index Y with Memory
Shift Right One Bit (Memory or
Accumulator)

No Operation
“OR" Memory with Accumulator

Push Accumulator on Stack
Push Processor Status on Stack
Pull Accumulator from Stack
Pull Processor Status from Stack

Rotate One Bit Left (Memory or
Accumulator)

Rotate One Bit Right (Memory or
Accumulator)

Return from Interrupt

Return from Subroutine

Subtract Memory from Accumulator
with Borrow

Set Carry Flag

Set Decimal Mode

Set Interrupt Disable Status

Store Accumulator in Memory
Store Index X in Memory

Store Index Y in Memory

Transfer Accumulator to Index X
Transfer Accumulator to Index Y
Transfer Stack Pointer to Index X
Transfer Index X to Accumulator
Transfer Index X to Stack Pointer
Transfer Index Y to Accumulator

131
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The following notation applies to this summary:

Accumulator
Y Index Registers
Memory
Processor Status Register
Stack Pointer
Change
No Change
Add
Logical AND
Subtract
Logical Exclusive Or
Transfer from Stack
Transfer to Stack
Transfer to
Transfer to
Logical OR
PC Program Counter
PCH Program Counter High
PCL Program Counter Low
OPER Operand
# Immediate addressing mode

tak'd

-

<t e | >+ ST

Note. At the top of each table is located in parentheses a reference number (Ref: XX) which directs the
user to that section in the MCS6500 Microcomputer Family Programming Manual in which the instruc-
tion is defined and discussed.
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ADC Add Memory to Accumulator with Carry ADC BCS BCS Branch on Carry Set BCS
Operation: A+ M+ C~+ A, C NZ2CIDV
- Operation: Branch on C = 1 NZ2CIDV
(Ref: 2.2.1) o S OemebomBamchenced o TEEIRY
(Ref: 4.1.1.4)
Addressing - Assembly Language opP No. No.
Mode Form CODE | Bytes | Cycles Addressing Assembly Language opP No. No.
Mode Form CODE | Bytes | Cycles
Immediate ADC  # Oper 69 2 2
Zero Page ADC Oper 65 2 3 Relative BCS Oper BG 2 2%
Zero Page, X ADC Oper, X 75 2 4
Absolute ADC Oper 6D 3 4 * Add 1 if branch occurs to same page.
Absolute, X ADC oOper, X i) 3 4% * Add 2 if branch occurs to next page.
Absolute, Y ADC Oper, Y 79 3 4x
(lndirect, X) ADC (oper, X) 61 2 6
(Indirect), Y ADC (Oper), Y 7 2 5% BEQ BEQ Branch on Result Zero BEQ
* Add 1 if page boundary 1is crossed. Operation: Branch on 2 = 1 N3dCIDV
(Ref: 4.1.1.5)  _ _ ____
Addressing Assembly Language oP No. No.
AND “AND" Memory with Accumulator AND Hode Forn CODE | Bytes [ Cycles
Logical AND to the accumulator
BE! 2 2%
Operation: AA M~ A NECIDV Relative Q. Oper b
(Ref: 2.2.3.0) /o -——=
* Add 1 if branch occurs to same page.
Addressing Assembly Language oP No. No. * Add 2 if branch occurs to next page.
Mode Form CODE | Bytes | Cycles
Immediate AND ¢ 2 2 P .
Oper 2 BIT BIT Test Bits in Memory with Accumulator BIT
Zero Page AND Oper 25 2 3
Zero Page, X AND Oper, X 35 2 4 Operation: A A M, H7 * N, H6 -V
Absolute AND Oper 2D 3 4 Bit 6 and 7 are transferred to the status register. N ZC 1DV
Absolute, X AND Oper, X 3D 3 4% If the result of AAM is zero then Z = 1, otherwise H7v’ -—- “6
* =
Absolute, Y AND Oper, Y 39 3 4 zZ=9 (Ref: 4.2.1.1)
(Indirect, X) AND (Oper, X) 21 2 6
(Indirect), Y AND (Oper), Y 31 2 5 Addressing Assembly Language op No. No.
Mode Form CODE | Bytes Cycles
* Add 1 if page boundary is crossed.
Zero Page BIT Oper 24 2 3
Absolute BIT Oper 2C 3 4
ASL ASL Shift Left One Bit (Memory or Accumulator)  ASL
operation: €« [7[6][s]4[3[2]1]e] o N8CIDV
S - BMI BMI Branch on Result Minus BMI
H 0.
(Ref: 10.2) Operation: Branch on N = 1 NECIDV
Addressing Assembly Language oP No. No. |
Mode Form CODE | Bytes | Cycles (Ref: 4.1.1.1)
Addressing Assembly Language oP No. No.
Accumulator ASL A 2A 1 2 Mode Form CODE | Bytes | Cycles
Zero Page ASL Oper @6 2 5
Zero Page, X ASL Oper, X 16 2 6 Relative BMI Oper 38 2 2%
Absolute ASL Oper .14 3 6
Absolute, X ASL Oper, X 1€ 3 7 * Add 1 if branch occurs to same page.
* Add 2 if branch occurs to differen: page.
h /
BCC BCC Branch on Carry Clear BCC BNE BNE Branch on Result not Zero BNE
0 H h = NZCIDV
peration Branch on C = ¢ Operation: Branch on Z = 0 NZCIDV
(Ref: 4.1.1.3) (Ref: 4.1.1.6)
Addressing Assembly Language oP No. No. Addressing Assembly Language OoP No. No.
Mode Form CODE | Bytes | Cycles Mode Form CODE | Bytes | Cycles
Relative BCC Oper 90 2 2% Relative BNE Oper ] 2 2%

* Add 1 if branch occurs to same page.

* Add 2 if branch occurs to different page.

* Add 1 if branch occurs to same page.

* Add 2 if branch occurs to different page.
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BPL BPL Branch on Result Plus BPL
Operation: Branch on N = @ NZ2CIDV
(Ref: 4.0 T
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
Relative BPL Uper 10 2 2%
* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.
BRK BRK Force Break BRK
Operation: Forced Interrupt PC + 2 + P ¢ N3CIDV
_——— -
(Ref: 9.11)
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
Implied BRK (1) 1 7
1. A BRK command cannot be masked by setting I.
BVC BVC Branch on Overflow Clear BVC
Operation: Branch on V=20 NECIDV
(Ref: 4.1.1.8) T~ TTT77
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Relative BVC Oper 50 2 2%
* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.
BVS BVS Branch on Overflow Set BVS
Operation: Branch on V = 1 N2CIDV
(Ref: 4.1.1.7)
Addressing Assembly Language or No. No.
Mode Form CODE | Bytes | Cycles
Relative BVS Oper 70 2 2%
* Add 1 if branch occurs to same page.
* Add 2 if branch occurs to different page.
CcLC CLC Clear Carry Flag CLC
Operation: @ - C NZCIDV
(Ref: 3.0.2) ——e---
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles

Implied CLC 18 1 2

[Ch. 8

CLD CLD Clear Decimal Mode CLD
Operation: @ + D NZCIDV
(Ref: 3.3.2) cmooe-
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied CLD D8 1 2
CcLI CLI Clear Interrupt Disable Bit CLi
Operation: @ =+ I N2CIDV
(Ref: 3.2.2) —--e--
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
Implied CLI 58 1 2
CLvV CLV Clear Overflow Flag cLv
Operation: ¢ + V NZCIDV
(Ref: 3.6.1) ¢
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
Implied CLv B8 1 2
cmP CMP Compare Memory and Accumulator cme
Operation: A - M NZCIDV
(Ref: 4.2.1) A
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
lmmediate CMP #0Oper c9 2 2
Zero Page CMP Oper c5 2 3
Zero Page, X CMP Oper, X DS 2 4
Absolute CMP Oper cD 3 4
Absolute, X CMP Oper, X DD 3 4*
Absolute, Y CMP Oper, Y D9 3 4%
(Indirect, X) CMP (Oper, X) c1 2 6
(Indirect), Y P (Oper), Y D1 2 5%
* Add 1 if page boundary is crossed.
cPX CPX Compare Memory and Index X cPX
Operation: X - M NZ2CI1IDV
YA ==
(Ref: 7.8)
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Immediate CPX #Oper EQ 2 2
Zero Page CPX Oper E4 2 3
Absolute CPX Oper EC 3 4
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CPY CPY Compare Memory and Index Y CPY INC INC Increment Memory by One INC
Operation: Y - M NZ2CI1DV Opuration: M+ 1 + M NBCIDV
VYA - == R
(Ref: 7.9) (Ref: 10.6)
Addressing Assembly Language op No. No. Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles Mode Form CODE | Bytes | Cycles
Immediate CPY #Oper ce 2 2 Zero Page INC Oper E6 2 5
Zero Page CPY Oper C4 2 3 Zero Page, X INC Oper, X Fé6 2 6
Absolute CPY Oper cc 3 4 Absolute INC Oper EE 3 6
Absolute, X INC Oper, X FE 3 7
DEC DEC Decrement Memory by One DEC
Operation: M - 1 + M NZ2CIDV
S INX INX Increment Index X by One INX
(Ref: 10.7) Operation: X + 1 + X N3CIDV
Addressing Assembly Language op No. No. (Ref: 7.4) et
Mode Form CODE | Bytes | Cycles -
dd g Assembly Language op No. No.
Zero Page DEC Oper c6 2 5 Mode Form CODE | Bytes | Cycles
Zero Page, X DEC Oper, X D6 2 6
Absolute DEC Oper cE 3 6 Inplied Inx E8 t 2
Absolute, X DEC Oper, X DE 3 7
INY INY Increment Index Y by One INY
DEX DEX Decrement Index X by One DEX Operation: Y + 1 » Y NBCIDV
Operation: X - 1 + X NZcCcIDV (Ref: 7.5) VA ———
. VS ————
(Ref: 7.6) Addressing Assembly Language opP No. No.
Mode Form * CODE | Bytes | Cycles
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied INY c8 1 2
Implied DEX CA 1 2
JMP JMP Jump to New Location JMP
DEY DEY Decrement Index Y by One DEY Operacion: (PC + 1) » PCL (Ref: 4.0.2) Nacipv
Operation: Y - 1 + Y NacIDV (BC+2) ~ PCH  pof: 9.81)  —-—---
X VA - ==
(Ref: 7.7) Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Absolute JMP Oper 4C 3 3
Implied DEY 88 1 2 Indirect J¥P  (Oper) 6c 3 5
EOR  EOR “Exclusive--Or" Memory with A l EOR JSR  ISRJump to New Location Saving Return Address ~ JSR
Operation: A ¥ M + A NZCIDV Operation: PC + 2 +, (PC + 1) - PCL NZCIDV
. - (PC +2) »PCH . __
(Ref: 2.2.3.2) Ref: 8.1)
Addressing Assembly Language OP No. No. Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles Mode Form CODE | Bytes | Cycles
Immediate EOR #0per 49 2 2 Absolute JSR  Oper 20 3 6
Zero Page EOR Oper 45 2 3
Zero Page, X EOR Oper, X 55 2 4
Absolute EOR Oper 4D 3 4
Absolute, X EOR Oper, X 5D 3 4%
Absolute, Y EOR Oper, Y, 59 3 4x
(Indirect, X) EOR (Oper, X) 41 2 6
(Indirect),Y EOR (Oper), Y 51 2 S*

* Add 1 if page boundary is crossed.
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LDA LDA Load Accumulator with Memory LDA NOP NOP No Operation NOP
Operation: M + A NBCIDV Operation: No Operation (2 cycles) N3CIDV
(Ref: 2.1.1) e
Addressing Assembly Language op No. No.
Addressing Assembly Language oP No. No. Mode Form CODE | Bytes | Cycles
Mode Form CODE | Bytes | Cycles
Implied NOP EA 1 2
Immediate LDA # Oper A9 2 2
Zero Page LDA Oper A5 2 3
Zero Page, X LDA Oper, X BS 2 4
Absolute LDA Oper AD 3 4 “nDp . ORA
Absolute, X LDA Oper, X . N o ORA ORA “OR " Memory with Accumulator
Absolute, Y LDA Oper, Y B9 3 4% Operation: A VM~ A NECIDV
(Indirect, X) LDA (Oper, X) Al 2 6 (Ref: 2.2.3.1) Yoo
(Indirect), Y LDA (Oper), Y Bl 2 5%
dd ing Assembly Language op No. No.
B: 1
* Add 1 if page boundary is crossed. Mode Form CODE yees Cyeles
Immediate ORA #Oper 29 2 2
Zero Page ORA Oper @5 2 3
LDX LDX Load Index X with Memory LDX Zero Page, X ORA Oper, X 1s 2 4
Operation: M = X NBdcIDV Absolute ORA Oper (1] 3 4
(Ref: 7.0) [ ety Absolute, X ORA Oper, X 1D 3 4*
Absolute, Y ORA Oper, Y 19 3 4*
Addressing Assembly Language oP No. No.
Mode Form cobE | Bytes | cycles (Indirect, X) ORA (Oper, X) a1 2 6
(Indirect), Y ORA (Oper), Y 1t 2 5
Immediate LDX { Oper A2 2 2
Zero Page LDX Oper A6 2 3 * Add 1 on page crossing
Zero Page, Y LDX Oper, Y B6 2 4
Absolute LDX Oper AE 3 4
Absolute, Y LDX Oper, Y BE 3 4x
PHA PHA Push Accumulator on Stack PHA
* Add 1 when page boundary is crossed. Operation: A + NZCIDV
(Ref: 8.5) T TTT7
LDY LDY Load Index Y with Memo’y LDY Addressing Assembly Language Op No. No.
F CODE B: 5
Operation: M + Y NBCIDV Hode orm ytes | Cycles
VS ===
(Ref: 7.1) Implied PHA 48 1 3
Addressing Asgembly Language opP No. No.
Mode Form CODE | Bytes | Cycles
Immediate LDY #Oper AP 2 2
Zero Page LDY Oper A4 2 3
Zero Page, X LDY Oper, X B4 2 4 PHP PHP Push Processor Status on Stack PHP
Absgolute LDY Oper AC 3 4 Operation: P+ NBCIDV
Absolute, X LDY Oper, X BC 3 4% (Ref: 8.11) = —————=—
# Add 1 when page boundary is crossed. Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
LSR  LSR Shift Right One Bit (Memory or Accummulator) LSRR Implied PHP L] 1 3
operation: 8 — [7[6]5]4]3[2]1]0] — ¢ NBCIDV
8//-—=
(Ref: 10.1)
Addressing Assembly Language OoP No. No. PLA PLA Pull Accumulator from Stack PLA
Mode Form CODE | Bytes | Cycles
Operation: A ¢ N2CIDV
/-
Ac:umulator LSR A 4A 1 2 (Ref: 8.6)
Zero Page LSR Oper 46 2 5 Add . mbly La
ressing Assembly Language op No. No.
Zero Page, X LSR Oper, X 56 2 6 Mode Form CODE | Bytes | Cycles
Absolute LSR Oper 4E 3 6
Absolute, X LSR Oper, X SE 3 7 Implied PLA 68 1 4
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PLP PLP Pull Processor Status from Stack PLP
Operation: P ¢ N3CIDV
Frem Stack
(Ref: 8.12)
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied PLP 28 1 4
ROL ROL Rotate One Bit Left (Memory or A lator) ROL
or A
Operation: [7]6]s]4]3]2[1]e] + & ~ N2CIDV
/A —-==
(Ref: 10.3)
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Accumulator ROL A 2A 1 2
Zero Page ROL Oper v 26 2 5
Zero Page, X ROL Oper, X 36 2 6
Absolute ROL Oper 2E 3 6
Absolute, X ROL Oper, X 3E 3 7

ROR ROR Rotate One Bit Right (Memory or Accumulator) ROR

Operation: nnnnnnn NZCIDV

/ - -
(Ref: 10.4) o
Addressing Assembly Language op No. No.
Mode Form CODE Bytes Cycles
Accumuylator ROR A 6A 1 2
Zero Page ROR Oper 66 2 5
Zero Page,X ROR Oper,X 76 2 6
Absolute ROR Oper 6E 3 6
Absolute,X ROR Oper,X 7E 3 7

ROR instruction will be available on MCS650X micro-
processors after June, 1976.

Note:

RTI RTI Return from Interrupt RTI
Operation: P+ PCt NZ2CLlDV
(Ref: 9.6) From Stack
Addressing Assembly Language opP No. No.
Mode Form CODE Bytes Cycles
Implied RTL 46 1 6
RTS RTS Return from Subroutine RTS
Operation: PCt, PC + 1— PC NBCIDV
(Ref: 8.2) T TTTT7
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied RTS 69 1 6

6502 instruction set
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SBC SBC Subtract Memory from A with Borrow SBC
Operation: A - M - C » A NZaCIDV
Note: C = Borrow (Ref: 2.2.2) VA A==
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Immediate SBC #Oper E9 2 2
Zero Page SBC Cper ES 2 3
Zero Page, X SBC Oper, X F5 2 4
Absolute SBC Oper ED 3 4
Absolute, X SBC Oper, X FD 3 4%
Absolute, Y SBC Oper, Y F9 3 4%
(Indirect, X) SBC (Oper, X) El 2 6
(Indirect), Y SBC (Oper), Y F1 2 5%
* Add 1 when page boundary is crossed.
SEC SEC Set Carry Flag SEC
Operation: 1 = C NZdCIDV
(Ref: 3.0.1) —_——] - -
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied SEC 38 1 2
SED SED Set Decimal Mode SED
Operation: 1 » D N3CIDV
_———— -
(Ref: 3.3.1)
Addressing Assembly Language OoP No. No.
Mode Form CODE | Bytes | Cycles
Implied SED F8 1 2
SEI SEI Set Interrupt Disable Status SEt
Operation: 1 + I NEZCIDV
—_———1=--
(Ref: 3.2.1)
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes | Cycles
Implied SEI 78 1 2
STA STA Store Accumulator in Memory STA
Operation: A + M NBCIDV
(Ref: 2.1.2) 777
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes Cycles
Zero Page STA Oper 85 2 3
Zero Page, X STA Oper, X 95 2 4
Absolute STA Oper 8D 3 4
Absolute, X STA Oper, X 9D 3 5
Absolute, Y STA Oper, Y 99 3 5
(Indirect, X) STA (Oper, X) 81 2 6
(Indirect), Y STA (Oper), Y 91 2 6
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STX STX Store Index X in Memory STX TXA TXA Transfer Index X to Accumulator TXA
Operation: X + M NZCIDV Operation: X + A NaCIDV
______ . Y=
(Ref: 7.2) (Ref: 7.12)
Addressing Assembly Language op No. No. Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles Mode Form CODE | Bytes | Cycles
Zero Page STX Oper 86 2 3 Implied TXA 8A 1 2
Zero Page, Y STX Oper, Y 96 2 4
Absolute STX Oper 8E 3 4
TXS TXS Transfer Index X to Stack Pointer TXS
. i X~»S NZCIDV
STY STY Store Index Y in Memory STY Operation
Operation: Y + M NBCIDV (Ref: 8.8)
@ef: 7.3 7 Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes Cycles
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles .
Implied TXS 9A 1 2
Zero Page STY Oper 84 2 3
Zero Page, X STY Oper, X 94 2 4
Absolute STY Oper 8C 3 4
TYA TYA Transfer Index Y to Accumulator TYA
Operation: Y - A NZCIDV
Y-
TAX TAX Transfer Accumulator to Index X TAX (Ref: 7.14)
fon: A+ X
Operation * vaciov Addressing Assembly Language oP No. No.
(Ref: 7.11) Y- Mode Form CODE | Bytes | Cycles
Addressing Assembly Language opP No. No. Implied TYA 98 1 2
Mode Form CODE | Bytes | Cycles
Implied TAX AA 1 2
TAY TAY Transfer Accumulator to Index Y TAY
Operation: A -+ Y NZ2CIDV
/-
(Ref: 7.13)
Addressing Assembly Language oP No. No.
Mode Form CODE | Bytes Cycles
Implied TAY A8 1 2
TSX TSX Transfer Stack Pointer to Index X TSX
Operation: S + X NZCIDV
(Ref: 8.9) A S
Addressing Assembly Language op No. No.
Mode Form CODE | Bytes | Cycles
Implied TSX BA 1 2




APPENDIX 1

Starship

1 Introduction

Although, as we have tried to show, a microcomputer is far more than a game-playing device, nearly
everyone enjoys a good ‘Startrek’ game. Starship was one of the first programs that we wrote for our
VIC-20 and originally it needed about 12K of RAM to run. It was no easy task to reduce the program to
run on a VIC plus the Super Expander Cartridge, which gives fewer bytes than a VIC plus 3K, but we
guessed that this was what most of our readers would want. The program listed below will run on a VIC
plus any RAM pack.

Unlike all the other programs in this book, which we have tried to make easy to follow, Starship is
packed as tightly as possible, has no REMs and is practically unreadable. It just barely runs with the Super
Expander and should be entered exactly as listed. Using low line numbers saves about 50 bytes in the
program text; it is that tight.

However, if you have more RAM and a Programmer’s Aid you can easily RENUMBER in tens and
insert REMs with the aid of the following explanation. The way is then clear for you to add your own
routines and expand the program.

2 General explanation

Figure Al(a) shows the ‘reports’ board (it is more fun in color). The data display in the top left of the
screen is more or less self-explanatory.

The ship generates energy by controlled fusion of interstellar hydrogen ions collected by a ‘scoop’
magnetic field. Its drive is a Bussard ramjet which ejects highly energized particles produced by the
fusion generators, this enables speeds close to that of light to be approached. The less said about ‘warp-
ing’, which kicks the ship across vast interstellar distances from one sector of space to another, the
better. Of course the ship’s LOG date differs from GMT because of relativistic time dilation and random
effects of warping.
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Figure Al

The top right of the reports board indicates damage to one or more vital systems. If the color bar on
the right is green, the system is functioning; amber indicates the system is damaged but will be repaired,
given time, by the ship’s damage control devices; red indicates a total failure which can only be repaired
by a starbase. Damage is progressive, moving through amber to red.

Shield damage means you can no longer transfer energy back and forth between the energy banks
and the shield; therefore, if you are under attack, the shield energy can only decrease. If you are fired
upon and the shield energy is insufficient to absorb the attack, the ship will be destroyed. The shield
cannot, incidentally, protect you from being rammed.

Ramjet damage turns the drive off, fusion amber means energy is generated at half the usual rate,
fusion red means no energy is being generated (get to a starbase quickly!). Phaser damage means you
cannot shoot back and warp damage means you cannot warp. This last is important since warping is the
only thing you can do which the enemy cannot. The enemy incidentally are mindless automata,
remnants of some long-forgotten galactic war, which attack on sight. They occur as groups of between
two and seven in roughly a third of the sectors of space.

The middle four lines of the reports board are free to display any suitable message, lots of room for
expansion in this direction.

In the lower part of the reports board sensor-scan information is displayed, three numbers for each
of the 70 sectors of normal space. The first of these three is the number of planets, the second is the
number of stars (starbases count as stars) and the third, yes you guessed it, is the number of enemy. The
sector you are currently in is displayed in reverse field, and whilst every other sector is printed in blue,
those which contain a starbase are printed in green. Sectors adjacent to the one currently occupied are
automatically sensor-scanned whenever the reports board is called, the information is cumulatively

updated as the ship moves about the galaxy. The only way to move from one sector to another is by
warping.
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The reports board is ‘time-out’ and you can return to the fray by hitting the space bar.
The main controls are:

: Shield. Will ask you to INPUT a shield level between 0 and 9999, subject to available reserves.

Setting the shield for less than its current value transfers the balance to the energy banks.

: Course. Will first ask you to INPUT an angle and then a ‘factor’ (speed) between 1 and 9. Energy

consumption depends on the factor. At higher factors the ship can outrun enemy provided the
ramjet is not hit.

: Drive off.

: Phaser. Will ask you to INPUT an angle.

: Warp. Will ask for X sector coordinate and Y sector coordinate. Each warp consumes 5000 units.
: Reports. Exit with space bar.

Course and phaser angles are set in degrees according to conventional mathematical usage.

90°
135° 45°

+180°
—-180°

-135° —48°

The normal display is the scanner, Figure A1(b). Here the center of the screen represents the ship;

planets, stars, starbases and enemy move about as they might on a radar screen. The status, shield level
and report indicators (bottom right) are color-coded bars as in the reports board damage section. These
indicators are set according to the following rules.

Status Red if enemy present in sector.
Red if red damage on any vital system.
Amber if amber damage on any vital system.
Amber if energy banks less than 5000 units.
Green otherwise.

Shield level ~ Red if shield energy less than 1500 units.
Amber if shield energy less than 3000 units.
The probability of hit damage is increased at shield levels below 3000.

Report Red if red damage exists.
Amber if status amber.
Green otherwise.
The report indicator, once set, is cleared to green only after the reports board
has been called. On longer versions the report indicator can be used to signal
that an incoming message has arrived.

To dock at a starbase you simply set course straight for it at low factor and leave the rest to the

ship’s computer.
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Before you sally forth to be annihilated, one final word: beware the malevolent Zeds of the un-
charted sectors, in which the normal laws of the galaxy do not apply.

3 Overall program plan

The galaxy lives in the cassette buffer at addresses 828 to 897, one byte for each of the 70 sectors. The
sector with coordinates XS, YS (0 < XS < 6,0 < YS < 9) has address 828 + 10 * XS + YS. Each sector-
data byte contains the following information.

BitsOto 1 Number of planets (0 to 3).
Bits2to3  Number of stars (1 to 3).
Bits 4 to 6 Number of enemy (0 to 7)
Bit 7 Is 1 if the sector has been visited or sensor-scanned and 0 otherwise.

Given a seed number SS% (1 < SS% < 438), fixed once-and-for-all at the beginning of the game,
GOSUB WARP determines from XS, YS the following information.

1. Lines 51 to 53 generate the coordinates X%(I), Y%(I) of all 13 characters which may appear in
the sector. WARP generates an apparently random set of positions for the characters on the screen,
differing from sector to sector but the same each time a given sector is entered; WARP also avoids the
scanner display center location (208), so that the ship cannot warp in on top of any enemy, planet or
star.

2. For each of the 13 possible characters which may occur within a sector we need a screen code
and a color code. Line 50 of WARP extracts from the relevant sector-data byte the number of planets,
stars and enemy (C(0), C(1), C(2)) in the sector. Lines 54 to 56 then insert the correct 13 screen codes
(81 = planet, 46 = star, 90 = enemy) into 13 consecutive cassette buffer locations, 898 to 910, and
similarly the 13 correct color codes (5 = planet, 7 = star, 2 = enemy) in locations 911 to 923. If a
planet, star or enemy is absent a black space is substituted. Thus addresses 898 to 923 contain all screen
codes and colors for the 13 characters of the current sector, except if a starbase is present. In line 57 if the
sector contains a starbase (i.e. if S = SB%(I) for some I between 1 and 3) the screen code 102 and color
3 are substituted for the first star; there is always at least one star in every sector.

The information set up by WARP is then used in lines 92 to 98 (MOVE/PRINT SCANNER) to generate the
initial sector display. The routines MOVE/PRINT SCANNER and MOVE/ REPRINT ENEMY (lines 100
to 106) subsequently update the position coordinates X%(I), Y%(1) as the ship and enemy move. Thus
the origin for all coordinates X%(I), Y%(1) is always the top left of the screen immediately after warping in
to the given sector.

Those readers with a mathematical background may be intrigued to know why WARP avoids the
centre location 208. Since the first 20 screen rows are used for the scanner display there are 440 (0 to
439) possible screen locations, and we wish to avoid one of them, thus leaving 439 available. It so
happens that 439 is prime and 15 is a primitive root modulo 439, that is consecutive powers of 15
generate all possible residue classes modulo 439 except O (hence the occurrence of 15 in line 52). We
decide to ignore the last screen location, 439, using only locations O to 438, and therefore compute
screen locations modulo 439. Since Q2 # 0 (mod 439) it follows that Q3 = Q2 + 208 # 0 (mod 439), in
particular Q3 # 208.
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4 Detailed program comments

The principal variables, strings and arrays used in Starship are given below followed by brief descriptive
notes on each major subroutine.

TO
G0%
R$

0$
G$
P$
S$
D$

SC
Co
VO
S3
S4
cv
RE$
SL$
ST$
DC%
\S
Us
Z

Qo
Q1,Q2,Q3

YD
XD

XS
YS
S

WI

IM
DD%
EN%
X

Time at which the program began execution; measured in jiffys (1/60

second) since the machine was turned on.

Hypothetical date of game start, LOG and GMT are equal to begin with.

Top bit of 36866, used to find the screen and color matrices and special effects in WARP.
(Red on, Reverse field on, Two spaces, Reverse off, White on) Red string for use in scanner
and reports.

Orange or amber string for use in scanner and reports.

Green string for use in scanner and reports.

(Home, followed by 20 cursor downs) A position string for twentieth row.

(Thirteen spaces) To wipe any message on the row reached by P$.

(P$ + S$ + P$) To wipe row reached by P$ and reposition the cursor at the beginning of
this row.

Screen start address in memory.

Color start address in memory.

Volume.

(36876) Sound oscillator 3.

(36877) Sound oscillator 4.

(36879) VIC color control register.

Report indicator color string on scanner. Takes values RS, 08, or G$.

Shield level indicator color string on scanner. Takes values RS, 0%, or G§.

Status indicator color string on scanner. Takes values RS, 08, or GS.

DC% = 0, not docked. DC% = 1, docked.

Used to count through sector Y coordinates.

Used to count through sector X coordinates.

Used to count through the sector-data byte addresses in the cassette buffer (Z=828+10
* US + VS).

General-purpose variable, used once to construct the galaxy.

General purpose variables used once to construct the galaxy and again in WARP (no
connection).

Destination sector Y coordinate in WARP, phaser screen Y coordinate in OWN PHASERS
(no connection).

Destination sector X coordinate in WARP, phaser screen X coordinate in OWN PHASERS
(no connection).

Current sector X coordinate.

Current sector Y coordinate.

Current sector-data byte address in cassette buffer (S = 828 + 10 * XS + YS).
WI = 1, ship has just warped in to new sector, WI = 0 otherwise. Used to give one extra
move when ship has just warped in.

IM = 1, ramjet (impulse) on. IM = 0 ramjet. off.

Cumulative date difference between LOG and GMT.

Number of surviving enemy in the current sector.

Current translation in the X direction. When the ramjet is on the entire scanner display is
repeatedly moved by this amount in the X direction.



144  Starship [App. ]

TY Current translation in the Y direction.

SL General-purpose offset from SC for a current screen location.
AS General-purpose control or variable string.

AL Alive indicator. AL > 0 means the ship has been destroyed.

In addition to the main variables/strings listed above the following arrays are used.

MRS, 0 < I < 5 Message report strings defined in lines 67 to 69 and used in REPORTS line 31.
SR$(I), 0 <I< 5 System title (report) strings defined in lines 67 to 69 and used in REPORTS line 31.

V() 0<1<5 Vital ship parameters.

V(0) Energy bank level.

V(1) Shield energy level.

V(2) Total number of enemy destroyed.

V(3) Total number of enemy remaining.

V(4) Date LOG.

V(5) Date GMT.
DM$(I), 0 < I < 5. Damage indicator strings used in REPORTS line 31, and to refuse access to a
damaged system. Trese strings take values RS, 0$ or G§.

MR$(I), 0 < 1< 5 Message report strings defined in lines 67 to 69 and used in REPORTS line 31

C(K), 0 <K < 2. Sector-data picked up from cassette buffer in REPORTS line 35 or WARP in line 50.
C(0) Number of planets in sector.
C(1) Number of stars in sector.
C(2) Number of enemy in sector.

X%(1), Y%(1), 0 < I < 12. These arrays contain the current coordinates of all thirteen characters in the
sector, whether on or off the screen.

SB%(I), 1 <1< 3. Contains the cassette buffer address of the three sectors which have a starbase.

All GOSUBs have been placed at the beginning of the program to facilitate speedy access. The program
therefore really begins on line 63.

63—66 INITIALIZE strings and variables.

67—69 INITIALIZE string arrays GOSUB DOCKED to initialize ship, GOSUB REPORTS to put an
initial display on the screen.

70—73 CONSTRUCT GALAXY

Q1 Number of planets in sector, 0 to 3 with probability 7/10, 0 with probability 3/10.
Q2 Number of stars in sector, 1 to 3.

Q3 Number of enemy in sector, 2 to 7 with probability 3/ 10, 0 with probablhty 7/10.
QO Composite data-byte for sector.

Z Address of sector.

POKE Z, Q0 AND 127. Insert data-byte in current address, set top bit to zero since not
yet scanned or visited.

Distribute 3 starbases throughout galaxy.

Select initial sector randomly.

GOTO WARP with Ml set to 1. Return to line 92.
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74 Main program loop starts here.
74—75 REPAIR DAMAGE to ship
76—82 UPDATE SCANNER color indicators.
83-85 UPDATE REPORTS data
86—-91 GET CONTROL and respond
92-98 MOVE/PRINT’ SCANNER display.
99—-105 MOVE/‘PRINT’ ENEMY
106—108 ENEMY PHASERS.
109 No longer just warped in. If still alive return to 74.
110 Dead.

The routines MOVE/PRINT SCANNER display and MOVE/PRINT ENEMY perhaps demand

further comment. The principal problem in displaying independently moving objects (enemy) on the
screen is that of position conflict avoidance, i.e. two distinct characters occupying the same space on the
screen. Ideally, when moving a character, one should check that the target character cell is empty. If it is
not empty one should then search systematically through adjacent character cells until a satisfactory
substitute is located. If no satisfactory substitute is found the character is not moved. This procedure
is both lengthy and time-consuming in BASIC. The decision was therefore made to omit the conflict
avoidance check. This is not to say the problem can be totally ignored. An enemy passing over a planet,
or two enemy cohabiting the same character cell is not a serious problem until, that is, an enemy is
destroyed. When an enemy is destroyed a space is substituted for its character code, and black for its
color, in the appropriate two current sector display bytes (898 to 923 in the cassette buffer). Unless one
is very careful it can then happen that a dead enemy, i.e. a space, is printed over an existing enemy, with
the result that an enemy which is never visible when one can shoot it, can still destroy the ship by
ramming. Other, less disastrous, problems can also occur. Thus in lines 94, 96 and 101, 104, apart from
checking that the subsequent POKE is to screen memory, one must also avoid printing superfluous
spaces. ,
An additional consideration is that whereas a given pair X%(I), Y%(I) define a unique SL =
22* Y%(I) + X%(1) (which may or may not give a location on the screen) the converse is not true. For
example 208 = 22*9 + 10 = 22 * 10 — 12, but the character with coordinates —12 and 10 should not
be on the screen. In lines 94 and 101, concerned with printing a space over a character prior to moving
it, this problem is ignored since no disastrous consequences would follow. However, in lines 96 and 104,
concerned with printing a moved character, the problem cannot be ignored and so X%(I), Y%(I) have to
be separately checked.

Having discussed the main body of the program we next turn to the GOSUBS.

2 Flash ‘DAMAGE’ on the screen to indicate the control requested is unavailable.
3 to 6 SET COURSE and factor if drive not damaged.

7 to 11 OWN PHASERS. If phasers not damaged ‘get angle of fire’ print blips on screen, check for hit. If
enemy hit GOSUB ENEMY DESTROYED. Decrement energy.

12 to 15 ENEMY DESTROYED. Reverse field enemy. Count through enemy coordinates X%(L), Y%(L)
to find which one (or more than one!) has been hit. Convert relevant sector display byte to space, black.
Decrement number of enemy in sector. Adjust sector-data byte, enemy estimated, and enemy destroyed,
accordingly.

16 to 20 SHIELD. Set shield level adjust energy balance suitably.
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21 to 24 SCANNER LEGENDS.

25 to 29 SHIP HIT. Pick random energy loss 0 to 600. Decrement shield energy. Check if dead. Flash
screen. If shield high and energy loss low avoid damage, otherwise pick system, damage it with damage
being progressive through amber to red.

30 to 41 REPORTS. Print reports and sensor-scan board.
42 to 43 DOCKED. Reset energy levels. Repair all damage. Set scanner indicators to green. Set message.

44 to 62 WARP. 1f WARP not damaged check energy banks. If sufficient energy input destination sector
coordinates XD, YD. If destination in range reset current sector coordinates XS, YS, compute sector-
data byte address S. Decrement energy 5000 units, set WI, IM and random time dilation. Pull out C(0),
C(1), C(2) from sector-data byte, reset top bit to indicate now visited. Compute screen coordinates of all
13 characters, reset current sector display bytes in 898 to 923. Set EN% to new value. Check if sector
contains a starbase, if so substitute it for the first star in current sector display bytes 901 and 914.
Special effects with due acknowledgement to Chris Palmer’s Hypnotic (lines 59, 60)!
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APPENDIX 2

Hi-resolution routines

1. Introduction

We give below two Hi-resolution programs. The first enables a Hi-resolution picture to be drawn with an
ordinary switch joystick. The picture can then be saved to disk (or tape) and retrieved by the program
whenever needed. Creating a Hi-resolution picture with a joystick is not the optimal solution; ideally a
graphics pad should be used, but on the other hand most of us already have a joystick.

Having created and saved a Hi-resolution picture with the first program, the second enables the
picture to be reloaded and output to a VIC printer.

Both programs use a short machine code routine which lives on page 15 (3840 up). Details of the
machine code, which should be entered using a machine code monitor, are given in the last section of
this appendix. Both programs also assume the same screen and character matrix configuration used in
the last example of Chapter 4; that is 10 rows of 16X 8 character cells with the character matrix located
from 4096 to 7616.

2. Creating a picture
To run this program successfully you will need

1. A 3K RAM pack or Super Expander Cartridge.

2. A switch joystick.

3. A disk drive or cassette.

4. A machine code monitor or at least a copy of the machine code program, entered and saved
using a monitor.

In case you have not got access to an expansion board and a machine code monitor the last program in
this appendix is a BASIC loader for the machine code routine.

If you plan to use cassette, which is slow because each Hi-resolution picture occupies more than
3%K of space, then make the following changes.
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Omit line 170 and the GOSUB in lines 780—850.
Change line 200 to POKE 3853,1
Omit the calls for GOSUB 780 in lines 630 and 700 (you might instead check the ST value).

Let us assume you have entered and saved the BASIC program under the name HI-DRAW and the
machine code routine under the name M/C HI-DRAW. The procedure for getting a combination of the
two up and running is firstly load the machine code with

LOAD “M/C HI-DRAW”, 8,1 (Disk),
or LOAD “M/C HI-DRAW”, 1, 1 (Tape).

The secondary address of 1 tells the VIC to load the program back in the memory locations from
which it was originally saved (3840 up). At this point the end of program pointers are set high because
the machine code ends somewhere on page 15, as you can see by peeking these locations and returning
2FRE(0). One could lower the pointers by returning NEW, which will not affect the machine code, but
this is not really necessary because our next step is to load the BASIC program, which automatically
resets all the pointers, with

LOAD “HI-DRAW”, 8 (Disk),
or LOAD “HI-DRAW” (Tape).

Now return RUN and provided there are no errors (unlikely!) you will be away drawing, saving and
loading back Hi-resolution pictures.

10 REM#¥HI-RES DRAL%H

20 REM#& ERASE/DRAN *

W REMELTTH JOWSTICK#

48 REM¥CILRACR “FIRE“"#

50 REM#SAVEALOAD PICH

6@ REMETO DTSK/TRAPE #

70 REMERETLRM TO EMD#

80 REMHLSE 2KRAMPACK

9B REMisklckkiriiniii

109 POKESS, 255:POKESA, 14 POKEST, 255 POKESZ, 14 :REM LOWER MEMTOP
118 FORTI=ATO7 :CHCI =2 7=10 ' NEXKT

120 POKE3ERRS, 252 RFM CM TO4A96

130 POKERE867.149:REM 16%8 RND 1BROLS

148 POKERFR?S,27:REM COLOUR

15@ SYSI993:REM CLR CM

160 GOSURYRA

170 OPEN1S.8,15, 71" :GORUB73A

180 REM&*DEVICE NB##*#

198 REM TRAPE=1/D7SK=8

206 POKE3IRSI, R

218 REM@kdkkkkinfirkn

220 REMEEBES TN#S

250 POKER7139,@:POKER?1S4, 127 REM I/0 TO RERAD
24@ P=PEEK(37137) Listing continues next page
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256 Jr={PAND4) /4

268 JS=(PRMDAR) /R

278 Jh=C(PRMDLA)/1A
288 JF=(PAND32)/32
230 P=PEEK(37152)
308 JE=(PAND128)/128
318 POKE37154,255:POKE37139, 128 :REM RESTORE I/0(FOR DISK/KEYRRD)
320 TFJF=BTHENSYS3933

338 GETR$: JFRE=CHRE(13)THEN44@

340 IFA$="F"THENE=1:REM ERASE

350 TFA$="T"THENE=8:REM DRAW

368 IFA$="5"THENGOSIIB590

370 IFR$="_"THENGOSIIBASO

380 IFJN=@THENY="Y-1:IF7{ATHENY=Q

390 IF.JS=BTHENY=Y+1: TFY>159THENY =152

400 IFJE=ATHENX=x+1: IFX*173THENK=175

410 IFJL=ATHENK=KX~1: TFX{OTHENX=0

428 (GOSLB459E

438 GOT0Z22@

440 PRINT"D)":POKESGRE7, 174 :POKERESA9, 248 : CLOSELS

458 POKESS. 126:POKESE, 29:POKESL, 120 POKES2, 29:END

468 REM¥MEMTOP RESET %

470 REM#FOR SPR ExXPNI%

480 REMaeskekokdb ok hxk

490 REMPLOTSLIRN

S0@ REM X=@TD173

518 REM Y=159T0@

928 Y=INT(x/8):U=INT(Y/16)

530 S=22%ii+V : PM=M:PC=C

548 R=YAND13:C=XAND?

S50 M=4896+1 ARS+R

o568 TFE=ATHENPOKEM.PEEK(MYORCK(C) :

370 IFE=1THENPOKREM, PEEK(MYORCR(C) : POKEPM . PEEK(PMYAND( 255-CK(PL) )
588 RETURN

598 REMMRSAVE SCREEN#%

351 PDKEQGSE?;i?4=PDKE368€9;?4B=PRTNT”3"
€10 INPUT"HSCH#(@TO255)" ;N

620 POKE3B48, (N+4RIAMD2SS

£3@ SYS3872:G0OSUR7&R

648 POKEIRRET, 145 POKEIASAS, 252 GOSILIBTRE
R5@ RETURM

666 REM¥¥LORD SCREEM*%

€70 POKEIRBET7, 174:POKEIFBES. 240 PRINTI G
630 IMPUT"HSCH#(@TOZSS)Y N

690 POKE3R4S, (HN+48YANTIZSS

700 SYSR955:GOSUBTR0

718 POKERGRET, 149 POKERIERAS, 252 GOSUR730

Listing continues next page
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728 RETURN

730 REM#KBIT MAP SCwk
740 FORS=0T0219

750 POKE76R0+5.S

760 POKE3R488+5, @

77@ NEXT:RETURN

7680 REMMERROR CHANNEL %
79@ INPUT#15,EN,EM$,ET,ES
80A TFEN=BTHENRETLURN

81@ PRINT:PRINT"MERRORSEN :PRINTEMS : PRINT " TRACKYET :PRINT*SECTOR"FS : PRINT "

820 PRINT"PRESS WOPACE® TO CONT®
830 GETBS:IFR$=""THENR3A

848 TFR$C>" "THENRRA

/5@ RETLRN

Of course you do not have to draw pictures with a joystick. The BASIC program could be rewritten
as a graph plotter, as in the last Example of Chapter 4, and the graphs could then be saved to tape or
disk. Nor does machine code have to be used, it is just an awful lot faster and economical.

3. Hi-resolution output to the printer

To output a Hi-resolution picture to the VIC 1515 printer poses two main difficulties. Firstly the bits
which represent the picture as stored in the character matrix are arranged in blocks of 16 bytes per
character cell, each byte being one hiorizontal block of 8 bits; whereas the printer character cell format
is 7 bits by X bits.T Secondly the printer uses vertical bytes to specify its character cell. If we add to
these difficulties the constraints imposed by the physical limitations of the printer, namely once a
carriage return has been printed that line cannot be modified, it becomes plain that a simple solution
is unlikely to be available.

The program listed below starts constructing 7 X 7 (vertical) byte character cells in the top left
corner of the screen, more precisely using the top 7 bits of the first 7 bytes of the character matrix.
As each vertical byte is assembled it is stored in an array A%(I), 1 <1< 7. When the array A%(I) is full,
the composite high resolution character is constructed as C$ and output to the printer. The whole
process is moved right 7 bits and repeated until the end of the first row (22 screen character cells equal
to 26 printer character cells). At this point a carriage return is printed, the memory pointer to the
character matrix S%(L) is adjusted accordingly, and the whole process is repeated. Figure A2 sums up
the book-keeping problems.

As the 7X 7 cell moves through the character matrix memory, at any given point it may overlap
up to 4 of the 16 X 8 character matrix cells. It is therefore necessary to distinguish left vertical bytes and
right vertical bytes, which in turn may be assembled from top horizontal bytes and bottom horizontal
bytes. The offset in character matrix memory from the last top horizontal byte (working down) to the
first bottom horizontal byte is 21 * 16. .

The critical part of the printer routine is line 170 and lines 370 to 810, the remainder of the pro-
gram is concerned with selecting the device for LOAD, loading a picture saved previously, and error
checking for the disk if appropriate.

tRetrospective comment: it would have been much simpler to use the graphic mode to construct a 7 X 8 character cell
rather than the 7X 7 cell actually employed!
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BL , BR

BL = no. of left (vertical) bytes
BR = no. of right (vertical) bytes
BL+BR=7

[

Address AL —=

=— Address AR

Fig. A2 — Character ‘cells’ in memory.

One final aspect of this program should be noted, this is the GOSUB in lines 5000—5060. This
GOSUB is a useful technique for avoiding the necessity of loading the machine code routine separately
with a

LOAD “M/C HI-DRAW”, 8,1 (Disk)
or LOAD “M/C HI-DRAW”, 1,1 (Tape),

before loading the BASIC program. If the following sequence is performed it will create a composite
program, BASIC plus machine code, which can be loaded as any normal BASIC program.

1. First enter the BASIC program, inserting REM at the beginning of lines 90 and 220. This will
enable the program to be debugged without risk of crashing the VIC. It is wise to SAVE the result.

2. Next remove the REMs on lines 90 and 220 and RETURN a CLR. Now LIST the program and
PEEK the BASIC pointers in 45 to 50. Insert the corresponding values in lines 5010 to 5030. Note that
if you have varied the program in the smallest detail, for example the insertion of an odd space, the
values obtained will be different from those in the listing. You must have the 3K RAM pack in at this
stage. Finally, for the purpose of illustration, we have done the same thing in line 5040 for the pointers
in 174, 175 which relate to SAVE.T As a last step, recheck the values obtained by PEEKing 45 to 50;
these values must equal those that occur in your program listing. Now SAVE the resulting BASIC
program.

3. For the remaining stages you will need simultaneously a machine code monitor and a 3K RAM
pack, which means using a memory expansion board. First LOAD the previously saved machine code
program with

LOAD “M/C HI-DRAW, 8,1  (Disk)
or  LOAD “M/C HIDRAW”, 1,1 (Tape).

Now load the program saved in step 2.
4. Finally enter VICMON with

SYS 6 * 4096

tActually this is pointless since SAVE resets these locations!
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and SAVE the composite program with
.S “HI-DUMP+M/C”, 08,0401, OFCC

Note 08 is the device number (Disk), which must be replaced by 01 if the SAVE is to tape, 0401 (hex)
is the start of BASIC (der 1025) and OFCC (hex) is just beyond the end of the machine code.

When HI-DUMP + M/C is loaded the BASIC and SAVE pointers are high, but as soon as the program is
RUN the pointers are set to the correct values for the end of the BASIC part of the program (by GOSUB
5000). Line 80 protects the machine code and character matrix from being overwritten by
BASIC.

a0 POKESS. 255 POKFS6, 14:POKEST , 255:POKFS2, 14: CLRRFM L OWFR MEMTOP
9@ GOSLRSead

1096 PRINT " PRINT

11@ PRINT® D0 YOI WISH TO LOAD FRAMY (PRINT

120 PRINT" TAPE #TE 0OR DISK =@ :PRINT

130 INPUTUDEVICE"; D¢

140 IFD$="T"THENPOKE3RS3, 1:GNTO7A

158 TFD$="D"THENPOKE3RS3.8: OPEN1S.8, 15, " 1" :GOSUR180a: GOTO178

16@ GOTO{3@

170 DIMRZ(7),P%(RY,QK(27),R%UI74) 5% (24

180 PRINT"I":PRINT : :

198 FRINT'SPECTFY WHTICH FILE NUMRER ¥0Ii WTSH TO LORD" :PRINT

208 INPUT"HSCHCATO235)" : A$ N=VAL(AS)

210 POKE3848 ., (N+48)YAND2SS  PRINT "

22@ SYS3955:REM LOAD

230 IFD$="D"THENGOSUR10@A: IFENIIATHENIRA

240 POKE36869,252:REM CM TO 4896

250 POKE368EL7,149:REM 16#8 AND 1@ ROWS

260 REM¥BITMAP SCREZN*

278 FORL=0T0219:POKE7AS@+L ., POKER84%0+_, @:NEXT

280 FORL=ATN2006 : NEXT

298 REM¥FLIPRACKX

300 POKE3GRAT7. 174 POKERABES, 240 PRINT I

318 PRINT"DO ¥OU WISH TO OUTPUT THIS 70 8 PRINTER(Y/NIOR GIIITCR)?"
328 GFETAS: TFRs=""THFNRZO

330 IFA$="Q" THENSERA

340 TFA$="N"THEN1SA

356 IFR$="Y"THENR7Q

360 GOTO326

370 REM#SET DUMP#*

380 FORJ=ATN7 :PX{J =21 T NEXT

3%@ FORL=1TD23

408 RZCLy=(7%(_-1)1ANT1S

410 SE(L)=4R96+22%  ERTNT (7R (_~1)/16)+RE(L) :REM CM START FOR LINE L
420 NEXT

430 FORN=1TO26 Listing continues next page
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449
450
460
470
429
490
520
519
529
530
542
S50
560
570
589
590
600
618
620
630
649
650
660
670
630
690
700
710
720
738
748
750
760
778
760
798
800
a1@
azn
830
840
850
860
870
880
890
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BalNI=16¥7HINT((N-12/8Y RFM CM OFFSET FOR CHAR N (ON ANY¥ LINE)

MNEXT

REM¥KSTART DUMPk%

OPEM4.4:T=TT

FORL=1TO23

PRINT"ZRIORKTHG OM I_INE"L :PRINT

PRINTTIME TO COMPLFTION RPPROX" INT(16~(TI~T)/3600) "MINS

Z=6: IFL=2R3THENZ=S
FORM=1T126

RL=(k=1 YAND7: BR=7-RL

IFRL=ATHENE4E

REM¥ASSEMRLE i_LEFT (VERT) RYTESH
FORI=1TOBL : XK= : AL=CSX (L Y+ 1A% RI_~1 1 +0%CHN)
FORJI=@TOZ :
H=CCPERK AL+ TORNDPY (RL~T ) ) /PR BL=T ) YRP% ( JY+X
IFRZCL)+I=1STHENAL =AL +21 %14

NEXTJ

RACIN=N,

NE¥TI

IFBR=0THEN720

REM#ASSEMRLE RIGHT (VERT) BYTESH
FORI=1TOBR : X=@: AR=S% (L )+ 16K ( 7=RRI+GH (N
FORI=0TOZ

K=( (PEEKCAR+IIANDPHCR=T) ) /PU(Q=T ) YHPHC TI+¥%
IFRECLY+J=15THENAR=AR+21 %16

NEXTI

A%X(BL+I =K

NEXTI

IFN=26THENFORI=2T07 : A¥%(1)=0:NEXT
REMECONSTRUCT MCTHY CHAR CELL*

Cs._. i
FORI=1TO7:C$=C$+CHRS (AU T D+128) 1 NEXT
PRIMT#4,CHR$(OCS;

NEXTH

PRIMT#4,CHR$(13);

MEXTL

PRINT#4.CHRE{1SOCHR$C13)

PRINT#4:CLOSES

pRTNT i :'Ju

PRINT"DO ¥0OU WISH TO CONT"
INPUT" (%W NY" A%

IFRS="7"THEN]1£3

POKESS, 120: POKESA, 29 POKESL, 120 POKESZ ., 29: CLLOSELS : END

REMEMEMTOP RESET #
REM&FOR SPR EXPhT¥
R e s e o e o

1068 REMERROR CHAMNEL¥

Listing continues next page
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1818 INPUT#15,.EN.EM$,FT,ESPRINT
1820 IFEN=BTHENRETURM

183@ PRINT"MERRORS"FN: PRINTEMS : PRINT " TRACK"ET: FRINT"SECTOR ES: PRINT"E"
1040 PRINT"@PRESS RETURN TO CONT®
1050 GETR$: IFA${OCHR$(13) THEN1ASA
1868 RETURN

5080 REM¥RESET BRSICK

5010 POKF4S,133:POKE4S, 12

5020 POKE47,133:POKE4R. 12

503@ POKF49,132:POKESA, 12

5P40 POKE174.133:POKEL7S.12

5060 RETURN

4. The machine code routine
The machine code program below has three separate functions:
(i) to SAVE the entire block of RAM from 4096 to 7616 to disk (or tape) as a PRG file with file
name HSCO, where the last character can be varied with a POKE to 3848;
(i) to LOAD a previously saved PRG file with name HSCO back into locations 4096 to 7616;
(iii) To fill the entire block of RAM from 4096 to 7616 with zeros, i.e. a routine to CLEAR a
Hi-resolution screen quickly.
In fact the program will SAVE or LOAD any specified block of RAM to disk or tape, since the device
number and the block of RAM saved or loaded can be changed with POKES. Since Kernal control and
error messages are requested, when the program is used to SAVE or LOAD a Hi-resolution screen the
character matrix should be relocated in ROM and the video matrix cleared before calls to these routines.
SAVE  iscalled by SYS 3872
LOAD s called by SYS 3955
CLEAR is called by SYS 3993

Commented data dump for M{C HI-DRAW

Address Contents Comment

Dec Hex Hex Dec

3840 OF00 00 0 | CM start Lo-byte
3840 .:@F0Q 80 12 C@ 1D 04 3841 QF01 10 16 | CM start Hi-byte
3845 .:@FQJ 48 33 43 30 00 3842 0F02 Co 192 | CM end Lo-byte
3850 . 'OFBR 00 6B 99 03 89 3843 OF03 1D 29 | CM end Hi-byte
3855 .'OFOF @8 A0 80 9 09 3844 OF04 04 4 | Length of file name
3860 .:OF14 G0 00 20 GO @O 3845 OFO05 48 72 | H

3846 OF06 53 83 |[S

3847 OF07 43 67 | C
3848 OF08 30 48 |0

Comment. A memory dump such :ggg (())g (())i 00 0 | Unused

as above can be output to 00 0 | Unused

the printer as follows 3851 QOFOB | 00 0 | Unused

OPEN 4,4 : CMD 4 [RETURN] 3852 OFOC | 00 0 | Unused '
SYS6%4096  [RETURN] 3853 OFOD | 08 8 | Device number (disk)

.MOF00,0F14  [RETURN] 3854 3871 — — Unused
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OFiE
OFiF
oF26
arFz2
OF25
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BF2R
arec
arFzF
aF32
aF34
BF 36
@ar39
@aF3C
arF3n
OF3E
@aF3F
@F4i
BF44
aF46
@F439
arF4c
aF4E
aF5a
BF 33
@F36
@F38
@FSR
@F3D
aFsF
ars2
aFR3
aFes
BFe&s
@F&R
arsC

@FeF

ar7a
@aF?71
BF72
@rF?3
@ar7s

BRK
RREK.
RRK
LR
JSR
LOA
L0

L'Dl?{

JSR
LA
LK
LDI'S
JSR
JSR
NOP
NOP
MOP
LIA
I
LY
JER
LA
LK
LDl’!
JSR
LoA
STR
LR
STR
LnA
Lux
Loy
JSR

MOP.

NOP
LA
ISR
RTS
RREK
RREK
RRK
LDA
JSR

The machine code routine

Commented program listing for M/C.

#340 control messages (bit 6)
#3880 Xernal messages (bit 7)
_J_ #8CO0all messages (bits 7 and 8)
#$C0O

$FFoQ SET MESSAGES

159

#£01 Logical file number

$@F@0  Device number

#E0F Secondary address

EFFER SET LOGICAL FIRST AND SECOND ADDRESS

$AFQA4 File name length OPEN
#EQT Start of file name, Lo-byte “HSCO,PRG”

#$0F Start of file name, Hi-byte
$FFRT SET FILE NAME
SFFCH OPEN LOGICAL FILE

1,8,15,

#£01 Logical file number

£0Fan Device number

#EGF Secondary address

$FFFRA SET LOGICAL FIRST AND SECOND ADDRESS
£0FA4 File name length

#£05 Start of file name, Lo-byte

#E0F Start of file name. Hi-byte

$FFRT SET FILE NAME

$OFAR } Store Lo-byte of CM start

3 0] in $0G0
SAFAT Store Hi-byte of CM start
$61 in $01

#5000 Zero page offset (#800 since first two locations used)
$AFG2 CM end, Lo-byte

£$0FA3 CM end, Hi-byte

$FFDR SAVE

SAVE

#4011 Logical file number
$FFC3  CLOSE LOGICAL FILE
Return to stack (back to BASIC)

#3500 All messages
$FF9@ SET MESSAGES

Listing continues next page
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.+ @F78 LIA #3501 Logical file number N
.1 BF7A LD $@F@T  Device number
.+ BF7D LT #30F Secondary address
., BF?F JSR #FFRA SET LOGICAL FIRST AND SECOND ADDRESS
.+ BF82 LNA $0FG4  File name length
., BFES LDX #£05 Start of file name, Lo-byte LOAD
.2 @FE7 LIY #30F Start of file name, Hi-byte
., @F89 JSR $FFBD  SET FILE NAME
.2 BFRC LDR #£00 load = #8300, verify = #$01
.» OFRE LDX $@8FA@  CM start, Lo-byte
. @F9) LDY $6BFB1  CM start, Hi-byte
., BF94 JSR $FFIS LOAD v
.s BF97 RTS Return to stack (back to BASIC)
.» @F98 RRK
.» BF99 DR $0FG@ } Store CM start Lo-byte in $00 T
.+ BF9C STR $00@
.. @FSE ILDR $@FAQ1 } Stor CM start Hi-byte in $01 INITIALIZE
.: BFR1 STA sai CLEAR
., @GFA3 ILDR $0FA2 | Store CM end Lo-byte in $4E
.s OFRA STA $4E }
.s @FAR i_DA $6BF@3 | Store CM end Hi-byte in $4F
.+ BFRR 2TA $4F }
.+ QFAD NOP
., GFRE LY #4607 Keep index offset always at zero 0
, OFR@ LDA $4E CM end, Lo-byte
., @FRZ2 CMP $00@ Compare with contents $00
.2 @GFR4 LDR $4F CM end, Hi-byte
., BFBA SRC 201 Compare with contents $01
., BFBR RCC $aFC7 Done? If yes then
.+ OFPA LTR #5060 Store #$00 in address with Lo-byte equal
., BFRC STA ($67),%) to contents of $00, Hi-byte equal to contents $01 CLEAR
., OFBE INC £00 Increment Lo-byte
., OFCO RNF $GFBG 256 bytes done?
.+ BFC2 THC 201 Increment Hi-byte
., BFC4 JMP $GFBR  Jump
.» BFC?7 RTS Return to stack (back to BASIC) «———— ,L
.+ BFCR BRK
.+ @FCYO RRK
.+ BFCA RRK
.s BFCR 777 Garbage
.s BFCC 777 Garbage
., @FCD 777
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For those who do not have access to an expansion board or machine code monitor the following BASIC
program will load M/C HI-DRAW into 3840 to 4044. The program should be loaded and run (with a 3K
RAM pack in place!) before loading either HI-DRAW or HI-DUMP.

10 REM#M/C LOADER FOR¥
26 REM# MAC HI-DRAlW #*
3@ REM¥LUSE 3K RRAMPRCK®
4@ REMsedk:scsboe i dedei R
5@ DRTARE@,16,192.29.4
6@ DRTATZ.83,47.48.4
7a DRTRA.8.6,2.0.0,

88 DATARB.0,H,0.08,6,0
90 DATARE.H,08.0,7.0.8
i9@ DATAA@, 169,192.32
118 DRTAi4d, 255,149,
126 DATRI74,13,15.16R. 15,32
138 DATAI8E, 255,173, 4
14@ DATAR1S.162,5, 160
158 DATR1S.32,189,255
16@ DRTR32.192,255,234
170 DRTAZ34,234,169,1
188 DATARI7?4. 13,15, 164
198 DATARIS, 22,196,255
208 NATARI73,4,15,162.5
218 DRTAR1AA, 15,37, 1R9
220 TRTAZ3S,173,6,15
2530 DATARIRG,;@,173.1,15
248 DATR133,1,169.08
258 DATRI?4,2.15.172,%
260 DATR13, 32,216,255
2708 DATA234,234,169,1
28@ TATA32, 195,255,964
299 DRTRG,@.0,169,192
@A NATRRZ, 144,255, 1KR9
318 DATRL,§74,13.15
326 DATAR1AA, 15,32, 186
33@ DATARZ25S,173.4,15
348 DATR1E2.5. 160,15
358 TIRTR32,189.235, 149
360 DRTAA.174.8,15,172
3ra DRTR1,15,32,213
380 DATR255.96.8.173.0
398 DATR1S,13R3,08.173,1
408 DRTRIS.133,1.173,2
4i@ DRTARIS.133.78.17%
420 TATAZ, 15, 133, 7 Listing continues next page
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438 DATAZ234, 168,09, 165

448 DATA7S,197,0, 165

450 DATA79,229,1,144

468 DRTALR, 169,@, 145, 0

470 DATA23@, 0, 208, 238

438 TATA23@. 1,76, 176

498 DATA1S,96.8.0,0

Sem DATAE, 32

1880 POKES!,255:POKES2, 14: POKESS, 255 POKESS, 14
1018 CC=0:FORI=3R48TN4n44

1820 READX:POKET, ¥

1030 CO=COH

1048 NEXT

1050 IFCC=17958THENPRINT "0K"

1868 IFCCCO1795ETHENPRINTIATA STATEMENT ERROR"
1878 END
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Tables

Table A1 — VIC-20 Memory Map First 1K Block

HEX DECIMAL DESCRIPTION

0000 0 Jump for USR

0001-0002 1-2 USR vector

0003-0004 34 Float—Fixed vector

0005—0006 5-6 Fixed—Float vector

0007 7 Search character, “:” or endline

0008 8 Scan between quotes flag

0009 9 TAB, column save position of cursor on line
000A 10 0=LOAD, 1=VERIFY

000B 11 Input, buffer pointer/#subscript

000C 12 Default DIM flag

000D 13 Type: FF =string, 00 = numeric

000E 14 Type: 80 =integer, 00 = floating point
000F 15 DATA scan/LIST quote/memory flag
0010 16 Subscript/FNx flag

0011 17 0 =INPUT; $40 =GET; $98 =READ
0012 18 ATN sign/Comparison eval flag

0013 19 Current [/O prompt flag

0014—-0015 20-21 Basic integer address for SYS,GOTO etc.
0016 22 Pointer: temporary string stack
0017-0018 23-24 Last temp string vector

0019-0021 25-33 Stack for temporary strings
0022-0025 34-37 Utility pointer area

+Compiled by Jim Butterfield.
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Table Al continued

HEX DECIMAL  DESCRIPTION

0026—002A 3842 Product area for multiplication

002B-002C 43.-44 Pointer: Start of user BASIC (bottom of memory)

002D—-002E 4546 Pointer: Start of Variables

002F—-0030 4748 Pointer: Start of Arrays

0031-0032 49-50 Pointer: End of Arrays

0033-0034 51-52 Pointer: String storage (moving down)

0035-0036 53-54 Pointer: Top of active strings

0037-0038 55-56 Pointer: End of user BASIC (top of memory)

0039—-003A 57-58 Current Basic line number

003B—-003C 59-60 Previous Basic line number

003D—003E 61-62 Pointer: Basic statement for CONT

003F—-0040 63—64 Current DATA line number

0041-0042 65—66 Current DATA item address

0043—-0044 67—68 Injut vector

0045-0046 69-70 Current variable name

0047-0048 71-72 Current variable address

0049—-004A 73-74 Variable pointer for FOR/NEXT

004B—004C 75-76 Y-save; op-save; Basic pointer save

004D 77 Comparison symbol accumulator

004E 78—-83 Misc. work area, Pointers, etc.

0054—-0056 8486 Jump vector for functions

0057—-0060 87-96 Misc. numeric work area

0061 97 Accum#1: Exponent

0062—0065 98-101 Accum#1: Mantissa

0066 102 Accum#l: Sign

0067 103 Series evaluation constant pointer

0068 104 Accum#]1 hi-order (overflow)

0069—006E 105-110 Accum#2: Exponent, Mantissa, etc

006F 111 Sign comparison, Acc#1 vs. Acc#2

0070 112 Accum#l lo-order (rounding)

0071-0072 113-114 Cassette buffer length/Series pointer

0073—008A 115-138 CHARGET subroutine (Get Basic char)

007A—-007B 122-123 Basic CHARGET vector (within subroutine)

008B—008F 139-143 RND seed value;

0090 144 Status word ST

00091 145 Keyswitch PIA: STOP (= $FE) and RVS flags

0092 146 Timing constant for tape

0093 147 Load =0, Verify =1

0094 148 Serial output: deferred char. flag (IEEE)

0095 149 Serial deferred character (IEEE)

0096 150 Tape EOT received

0097 151 Register save (IEEE)

0098 152 How many open files?

0099 153 Input device (normally 0)
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Table Al continued

HEX DECIMAL  DESCRIPTION

009A 154 Output (CMD) device (normally 3)

009B 155 Tape character parity

009C 156 Byte-received flag/cassette dipole switch

009D 157 OS message flag: Direct = $80/RUN =0

009E 158 Tape Pass 1 error log/char. buffer

009F 159 Tape Pass 2 error log corrected

00A0—-00A2 160—162 Jiffy Clock (HML)

00A3 163 Serial bit count/EOI flag

00A4 164 Cycle count for serial I/O

00AS 165 Countdown, tape write/bit count

00A6 166 Pointer: tape buffer

00A7 167 Tape write 1dr count/Read pass/inhibit (RS232)

00A8 168 Tape Write new byte/Read error/inhibit cnt (RS232)

00A9 169 Write start bit/Read bit err/stbit (RS232)

00AA 170 Tape Scan;Ld;End/byte assy (RS232)

00AB 171 Write lead length/Rd checksum/parity (RS232)

00AC—00AD 172-173 Pointer: tape buffer, scrolling

00AE—OQ0AF 174-175 Tape end addresses/End of program for SAVE

00B0--00B1 176-177 Tape timing constants

00B2-00B3 178-179 Pointer: start of tape buffer

00B4 180 Tape timer (1 =enable); bit cnt (RS232)

00B5 181 Tape EOT/next bit to send (RS232)

00B6 182 Read character error/outbyte buffer (RS232)

00B7 183 # characters in file name

00BS8 184 Current logical file

00B9 185 Current secondary address or R/W

00BA 186 Current device

00BB—00BC 187188 Pointer: to file name

00BD 189 Write shift word/Read input char (RS232)

00BE 190 # blocks remaining to Write/Read

00BF 191 Serial word buffer

00CO 192 Tape motor interlock

00C1-00C2 193-194 I/O start addresses

00C3-00C4 195-196 Kernal setup poiter

00Cs 197 Current key pressed

00Cé6 198 # chars in keyboard buffer

00C7 199 Screen reverse flag (0 =off, 18 =on)

00C8 200 Pointer: End-of-line for input

00C9—00CA 201-202 Input cursor log (row, column)

00CB 203 Which key: 64 if no key

0ocC 204 Cursor enable (0 = flash cursor on, 1 = off)

00CD 205 Cursor blink delay

00CE 206 Character under cursor

00CF 207 Cursor in blink phase flag (1 = off, 0 =visible)
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Table Al continued

HEX DECIMAL DESCRIPTION

00D0 208 Input from screen/from keyboard

00D1-00D2 209-210 Pointer to screen line address

00D3 211 Position of cursor on above line

00D4 212 0 =direct cursor, else programmed

00D5 213 Current screen line length (22,44,66,88)

00D6 214 Row where cursor lives

00D7 215 Last inkey/checksum/buffer

00D8 216 # of INSERTS outstanding

00D9—00F0 217-240 Screen line link table

00F1 241 Dummy screen link

00F2 242 Screen row marker

00F3—00F4 243-244 Screen color printer

00F5—00F6 245-246 Keyboard pointer

00F7—00F8 247-248 Pointer RS-232 receive buffer base location

00F9—-00FA 249-250 Pointer RS-232 transmit buffer base location

00FB—-00FE 251-254 Operating system free zero page space

OOFF 255 Basic storage

0100—010A 256—266 Floating to ASCII work area

0100-103E 256318 Tape error log

0100—01FF 256511 Processor stack area

0200—0258 512—600 BASIC input buffer

0259-0262 601-610 Logical file table

0263—-026C 611-620 Device # table

026D—-0276 621-630 Secondary address or R/W CMD table

0277-0280 631—-640 Keyboard buffer

0281-0282 641—642 Start of memory for op system

02830284 643-644 Top of memory for op system

0285 645 Serial bus timeout flag (IEEE)

0286 646 Current color code

0287 647 Color under cursor

0288 648 Hi-byte base location of screen

0289 649 Max. size of keyboard buffer

028A 650 Key repeat 128 =repeat all keys, 64=repeat no keys, 0=cursor controls

028B 651 Delay before first repeat occurs

028C 652 Delay between repeats

028D 653 Keyboard Shift/Control flag

028E 654 Last keyboard shift pattern

028F—0290 655—656 Pointer: keyboard decode table

0291 657 Shift mode switch (0=enabled, 128=locked)

0292 658 ~ Auto scroll down flag (0'= on, 1 = off)

0293 659 Pseudo RS232 control register

0294 660 Pseudo RS232 command register

0295-0296 661—662 Non-standard bit time (2—130)



3] Tables 167
Table Al continued

HEX DECIMAL  DESCRIPTION

0297 663 RS-232 status register

0298 664 Number of bits sent/received

0299-029A 665—666 Baud rate (full) bit time

029B 667 RS232 end of input buffer pointer

029C 668 RS232 start of input buffer pointer

029D 669 RS232 start of transmit buffer pointer

029E 670 RS232 end of transmit buffer pointer

029F—02A0 671—-672 Holds IRQ during tape operations

02A1-02FF 673767 Program indirects

0300-0301 768-769 Error message link

0302-0303 770-771 Basic warm start link

0304—0305 772-773 Crunch Basic tokens link

0306-0307 774-7175 Print tokens link

0308-0309 7761777 Start new Basic code link

030A—030B 778-779 Get arithmetic element link

030C 780 Storage for 6502 . A register during SYS

030D 781 Storage for 6502 .X register during SYS

030E 782 Storage for 6502 .Y register during SYS

030F 783 Storage for 6502 .P register during SYS

0310-0313 784787 7

0314-0315 788-789 IRQ interrupt vector (EABF)

0316-0317 790-791 BRK interrupt vector (FED2)

0318—0319 792—793 NMI interrupt vector (FEAD)

031A-031B 794—795 OPEN vector (F40A)

031C-031D 796—797 CLOSE vector (F34A)

031E-031F 798-799 Set-input vector (F2c7)

0320-0321 800—801 Set-output vector (F309)

0322-0323 802-803 Restore I/O vector  (F3F3)

0324-0325 804—-805 INPUT vector (F20E)

0326—0327 806—807 Output vector (F27A)

0328-0329 808—809 Test-STOP vector (F770)

032A-032B 810-811 GET vector (F1F5)

032C-032D 812-813 Abort I/O vector (F3EF)

032F-032F 814-815 User vector (FED2)

0330—-0331 816—817 Link to load RAM  (F549)

0332-0333 818-819 Link to save RAM  (F685)

0334—033B 820-827 7?

033C—03FB 828-1019  Cassette buffer
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Table A2 — Characters against screen codes and CBM ASCIL.
Screen Screen Printer
(POKE) (PRINT) (PRINT#)
Set 1 POKE 36869, PEEK(36869) AND 240 CHR$(142) CHR$(145)
Set 2 POKE 36869, PEEK(36869) AND 242 CHRS$(14) CHRS$(17)
Set 1 Upper case + Miscellaneous/Graphics.
Set 2 Lower case + Miscellaneous/Upper case + some graphics.
Screen Printer
(PRINT) (PRINT#)
Reverse field off CHR$(146) CHR$(146)
Reverse field on CHRS$(18) CHRS$(18)

ASCII (American Standard Code for Information Interchange) is a widely used code for represen-
ting character data. Normally, it is a 7-bit code allowing 128 characters to be represented. CBM com-
puters store characters in an extended 8-bit version of ASCII format, thus allowing 256 characters-to be
represented. Within compressed BASIC text bit 7 = 1 signifies a keyword (see Table AS) elsewhere in
memory the 8-bit character codes are interpreted as in the following table.

z 2 z R Z A
-~ o Bm |- o Bam S |- o gg 3
5 B s & |8 B g3 & |8 & g8 B
@ 1 2 64 n} q 17 31 " " 34 34
A a i 63 R r 18 82 # # 35 35
B b 2 66 S £ 12 283 $ $ 36 36
C c 3 67 T t 20 a4 % “ 37 ar
I d 4 A8 U u 21 85 & & 38 38
E e 5 69 W Y 22 86 s ’ 39 39
F f 6 78 W W 23 87 4 4 40 46
G Q rs 71 * X 24 88 p) p) 41 41
H h a8 72 W y 25 89 # * 42 42
1 i 9 73 Z z 26 56 + + 43 43
J Jd 18 74 L L 27 31 ’ ’ 44 44
K k 14 Fgs) £ £ 28 52 - - 45 45
L 1 12 76 ] ] 29 23 . . 46 46
M m 3 i + + 30 L) /7 / 47 47
N N 14 78 « & i3 95 g e] 48 48
Q 0 15 79 32 32 i 1 49 49
P P 16 g8 | ! 33 33 2 2 59 5a
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z A ) 3
— N E‘ ral ; — o)} % 8 2 — N % m ‘2
5 %5 %S B |§ § §8 B |5 § &8 &
3 3 51 31 H H 92 124 o - | 133 69
4 4 32 52 ] | 93 123 a | 134 70
3 1 33 33 n " 94 126 X A 139 71
é é 54 54 ) R 99 127 il | 136 72
7 7 35 35 96 168 " " 137 73
8 8 56 36 i | 97 161 L] n 138 74
3 9 57 57 = - 98 162 a | 139 73
: : 38 38 - - a9 163 L n 148 76
: ; 39 39 - - 100 164 il m 141 77
{ 4 60 60 I I 181 165 il n 142 78
= = €1 61 B # 162 166 ¥ . 143 79
> > 62 62 I I 183 167 g | 144 8o
? ? €3 63 # = 104 168 L. a 143 81
- ~ 64 96 4 % 185 168 -] 7 146 82
# A 65 97 | | 106 178 & 8 14?7 83
] B 66 98 4 k 167 171 i ] 148 84
- c &7 a9 . ) 183 172 (] n 143 33
- i} A8 100 L L 169 173 W 5 150 86
- E 69 1@ - " 119 174 ] " 151 87
- F 70 162 - - 111- 175 @ | 152 88
] G 71 103 o r 112 176 [ ] a 153 89
I H 72 104 < + 113 177 ] | 154 90
4 1 73 103 T - 114 178 [ ] (] 155 o1
. J 74 196 4 4 115 179 o | 136 92
s K 75 167 i i 116 186 ] ] 157 93
L L 76 108 i i 117 181 1] ] 158 ~94
N M 77 109 i I 118 182 -] = 159 35
/ N 78 110 - - 119 182 n [ | 160 32
r 0 79 111 - - 120 184 | u 161 33
= P 20 112 - - 121 185 | u 162 24
® Q 81 113 B v 122 186 i M 163 3%
- R - 82 114 ] ' 122 187 q ] 164 36
v g a3 113 s * 124 188 L H 165 37
i T 84 116 4 J 125 189 n a 166 38
¢ U 85 117 ' * 126 15a [} | 167 39
w Y 86 118 " " 127 191 o o 168 40
0 W 87 119 o} i 128 64 5] [} 169 41
L ¥ £8 120 ] 3] 129 65 i+ S | 170 42
I ¥ 89 121 14 | 136 66 a | 171 42
¢ z 30 122 | | 131 €7 n [ | 172 44
+ + a1 123 | MW B 132 68 -] | 173 43
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Q &) &)
— N % Lé-l 2 — N % tal % — ~ % 2} 3
5 5 %8 B |B 5 §8 B |E B §& B
L B | 174 46 K M 202 106 % & 230 166
' & 173 47 8 @ 2@ 107 (| | 231 167
w N 176 48 8§ 204 1488 g 2 232 163
n n 177 49 & @ 203 189 4 # 233 169
¥ ¥ 178 50 | 8 206 110 ] ] 234 170
¥ 6 179 51 T W 207 111 ] K 233 174
4 # 189 52 ] i 208 112 r r 23h 172
4 W 181 33 O m 209 113 ([ LY 237 173
| M 182 54 s -] 210 114 | a 238 174
N N 183 995 n s 21 115 = a 239 173
"= 184 56 w o 212 116 ] ] 240 176
(] d 185 57 R & 213 117 E & 24 177
E B 186 58 8 W 214 118 B R 242 178
" A 187 59 W 215 118 ] i 243 179
¥ M 138 60 W & 216 120 ] i 244 138
|8 B8 189 61 n w 217 121 ] 1 245 181
] | 150 62 no w218 122 | | 246 182
H #A 131 63 uon o 213 128 " n 247 183
s = 192 96 4 4 220 124 (] (] 248 184
A M 193 a7 H o n 221 125 - = 249 185
i B 194 a8 m ? 222 126 | % 250 186
5 o 195 99 A 4 223 127 1 L 251 187
] ] 196 108 E | 224 160 b ] 232 188
| B | 197 101 i 1 223 161 u d 253 189
2 o 198 102 = = 226 162 d d 254 158
m n 199 103 - N 227 163 ’ ’ 253 191
n 5 200 104 | B 228 164
a0 201 103 L) B 229 163
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Table A3 — CBM ASCII codes 192 to 255.

These codes are not normally used on the VIC-20 and are included only for interest’s sake. It is a curious
fact that whichever character set is selected and regardless of whether reverse field is on or off PRINTing
these codes to screen or printer will give the characters listed below.

Q
8 8 8

- 192 X 214 ' 236
» 193 0 215 L 237
I 194 » 216 | = 238
- 195 | 217 | - 239
- 196 . 218 r 249
= 197 + 219 | + 241
- 198 § 226 | = 242
i 199 I 221 | 4 243
I 200 a 222 | | 244
N 201 | 223 | 1 245
. 202 224 i 246
’ 203 i 225 | ~ 247
L 204 - 226 | < 248
N 205 - 227 | = 249
/ 206 - 228 | 230
r 207 { 229 | » 251
. 208 8 230 . 252
. 209 i 231 - 233
- 210 & 232 | * 234
. 211 r 233 | * 255
I 212 I 234

‘ 213 b 235
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Table A4 — CBM ASCII screen control codes.

CBM ASCII O to 31 and 128 to 159 are reserved for special use, mostly as screen or printer control
characters, e.g. PRINTCHR$(147) is equivalent to SHIFT + CLR/HOME. See Chapter 5 for a complete
table of printer codes; the control codes listed below refer to the screen.

CBM ASCII CBM ASCII

CODE CONTROL CODE CONTROL
a- 128 -

1- 129 -

2 - 138 -

3 - 131 -

4 - 132 -

3 PRINT WHITE - 133 FUMCTION KEY F1

- 134 FUMCTION KEY F3

7o~ 135 FUNCTION KEY F3

2 - 136 FUMCTION KFY F7

9 - 137 FUNCTION KEY F2

1a - 138 FUMCTION KEY F4

11 - 13% FUNCTION KEY Fé

iz - 140 FUNCTION KEY F2

13 RETURN 141 SHIFT & RETURN

14 SWITCH TO LOWER CASE 142 SWITCH TO UPPER CRSE
15 - 143 -

16 - 144 PRINT RLACK "
17 CURSOR DOWN i 143 CURSOR UP ngr
18 REVERSE FIELD ON  "@" 148 REVERSE FIELD OFF "®v
12 HOME ngn 147 CLEAR avi
28 DELETE 143 IMZERT "I¥
21 - 143 -

22 - 13@ -

23 - 151 -

24 - 152 -

25 - 133 -

26 - 154 -

27 - 155 -

78 PRIMT RED o 156 PRIMT FURFLE g
29 CURSOR RIGHT "Ry 157 CURSOR LEFT "
3@ PRIMT GREEN i 152 PRINT YELLOMW "

31 PRINT BLLE v & 153 PRINT CYAN "n"
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Table A5 — CBM VIC-20 Basic keyword codes.

Code  Character/| Code  Character/ Code Character/ Code Character/
(decimal) Keyword |(decimal Keyword |(decimal) Keyword (decimal)  Keyword
0 End of line 66 B 133 INPUT 169 STEP

1-31 Unused 67 C 134 DIM 170 +
32  space 68 D 135 READ 171 —
33 ! 69 E 136 LET 172 .
34 ” 70 F 137 GOTO 173 /
35 # 71 G 138 RUN 174 |
36 $ 72 H 139 IF 175 AND
37 % 73 I 140 RESTORE 176 OR
38 & 74 J 141 GOSUB 177 >
39 ’ 75 K 142 RETURN 178 =
40 ( 76 L 143 REM 179 <
41 ) 71 M 144 STOP 180 SGN
42 * 78 N 145 ON 181 INT
43 + 79 0 146 WAIT 182 ABS
44 , 80 P 147 LOAD 183 USR
45 - 81 Q 148 SAVE 184 FRE
46 . 82 R 149 VERIFY 185 POS
47 / 83 S 150 DEF 186 SQR
48 0 84 T 151 POKE 187 RND
49 1 85 U 152 PRINT# 188 LOG
50 2 86 \% 153 PRINT 189 EXP
51 3 87 w 154 CONT 190 CoSs
52 4 88 X 155 LIST 191 SIN
53 5 89 Y 156 CLR 192 TAN
54 6 90 V4 157 CMD 193 ATN
55 7 91 [ 158 SYS 194 PEEK
56 8 92 \ 159 OPEN 195 LEN
57 9 93 ] 160 CLOSE 196 STRS
58 : 94 t 161 GET 197 VAL
59 ; 95 - 162 NEW 198 ASC
60 < 96—127 Unused 163 TAB( 199 CHRS
61 = 128 END 164 TO 200 LEFT$
62 > 129 FOR 165 FN 201 RIGHTS$
63 ? 130  NEXT 166 SPC( 202 MID$
64 @ 131  DATA 167 THEN 203-254 Unused
65 A 132 INPUT# 168 NOT 255 m
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A
address, 18-20, 27-30, 33,42, 101
bus, 101
primary or first, 70
secondary 72, 74, 80, 152
alternate screen, 49, 50
AND, 24-26, 91
arrays
dimensioning, 14
elements, 11
ﬂoati;\g point or real number, 29,
0

initializing, 14, 29

integer, 29, 30

one dimensional, 30
ASC(), 12
ASCII, 13,71, 86, 168—172
‘ASDIC’ PRG, 38
Assembler, 39, 104, 111
assembly language, 111,112,117

B

BASIC, 11, 101, 107
controlhng loo 106
Interpreter, 42 46 101,107,108
}ceyword c‘:&defb‘;2 46, 173
anguage,

binary, 19, 39, 42 100

b:t-mappmg, 63, 64

‘BIT-MAP SCREEN’ PRG, 64

‘BIT PATTERNS’ PRG, 19 27

bits, 19, 6247 6%0 39, 42 44 54-56,

BREAK IN LINE, 15
bytesi1198, 19, 30, 42-44, 73, 86,

C
card display, 31-34
cassette (C2N), 72,73
buffer, 29, 44, 75
care of, 78
file handling, 7377
characters -
cells, 56,61, 64, 154
codes, 58,71, 168-173
construction, 57, 59-61, 63, 64
matrix, 31, 50, 53-60, 63, 64,

101
CHARGET, 103, 124126
checksum, 77
CHR$(), 12,59
CLOSE, 74 75 71, 81,87
CLR, 44
CMD, 72,174,171, 86
color, 20, 56,62, 94, 95
codes, 20, 62
matrix, 44, 50, 62
command channel, 80, 86
compilers, 107
compressed text, 42, 46,47,73, 74
control bus, 102
break(BRK), 102107
interrupt request(FRQ), 102-107
non-maskable interrupt (NMI),
102-107_
read/write (R/W), 102—-107
reset (RST), 102—-107
‘CONTROL ROOM HIT’ PRG, 39
CRT, 50, 51, 56,93

DATA, 16, 37

data, 11
bus, 101
ﬁles, 73-75,78-83
‘DAT;}5 FILES ON TAPE’ PRG, 75,
7

decimal, 39-41
‘DECIMAL TO HEX’ PRG, 41
DEF, 93
delimiters, 74
Descartes, 67
device numbers, 70, 72, 74, 86
DIM, 29
disk drive (see VIC 1540 floppy disk
drive)
advanced commands, 83
blocks, 78
blocksiavailability map(BAM), 79,

care of, 83
‘CHECK DISK’ PRG, 80
commands, 79—-81
directory, 79
‘DISPLAY T&S’ PRG, 83
error checking, 79, 80
formatting, 79
identifier, 79
maintenance command, 79, 80
operating system (DOS), 78—-80
random access files, 78, 83
sectors, 79
TEST/DEMO disk, 80, 83
tracks, 79
‘VIEW BAM’ PRG, 83
diskettes, 79, 83
disassembly, 111
division with remainder, 24, 30
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Editor, 108

error checking, 77, 80
Euclid, 30

expanded screen, 53
EXP, 68

exponent, 11,12

F
file handlmg, 73-83
FOR .. .TO. . .STEP..
33 118
FORTRAN, 107
FRE(), 43, 152
function keys, 21

.NEXT, 14,

G
games port, 90—94
GET, 16, 71
GET 7 4, 81
GOSUB 23 33,34
GOTO, 17 18 33
graphlcs, 57-69
high-resolution, 55, 63, 66—69,
94,95, 126— 131 151-162
low-resolution, 20-39, 53
user defined, 57, 58
‘GRAPHICS DEMO’ PRG, 63
graph plotting, 66,67, 154

H
hexadecimal, 39—41, 97
hi-by'iez,230, 43, 73, 74, 117, 118,

‘HI-DRAW’ PRG, 152-154

‘HI-DRAW(M/C)’ PRG, 158-160

‘HI-DRAW LOADER’ PRG 161, 162

‘HI-DUMP’ PRG, 156158

‘HI-RES CURVE PLOT’ (3K HI-
RES) PRG, 67,68

I
IEEE488, 78, 101
serial, 78, 84, 85, 101
parallel, 98, 101
IF. THEN 14 17,24
INPUT 13, 71
INPUT#, 74 81
mput/output(l/O), 19, 90, 98, 100,
(see V 22)
INT(), 30
integer storage, 26
integrated circuits(IC’s), 99
Interpreter, 42, 46, 101, 107, 108
interrupts, 102.
BRK 102,116
9,98 102 103
NMI, 102
wedges, 103

J
jiffy clock, 12, 15, 165
joystick,
potentiometer, 56, 92, 93, 100
switch, 90, 151, 152

K
Kernal, 42, 101, 106, 110
keyboard, 20, 41, 71, 91
buffer, 71
matrix, 71
repeat flag, 71

LEFT$(), 12
LET, 12
light pen, 56, 93, 100

‘LIGHT PEN DEMO’ PRG, 93

link addresses, 47, 48

LIST, 44, 47

LOAD, 44, 47, 74, 79, 155
lo-bytez,230, 43, 73, 74, 117, 118,

1
‘LO-DUMP’ PRG, 87
logical files, 72, 77
logical operators, 11, 24
look-up tables, 10

machine code, 39, 44 73,174,179, 96,
97, 102-137
‘M/C lO-SECOND COUNTER’ PRG,

105
‘M/C COPY’ PRG, 123, 124
memory, 18-20, 27 42 43
additional (see RAM packs), 44
configurations, 44, 45, 94
expansion port, 90 94
maps, 44 45,163-167
pages,
screen 31 42, 59,94
top and bottom of, 43, 57, 60,

74, 94
microprocessor (6502), 78, 99, 100,
111-138

accumulator, 102, 103, 109, 112,
117,121

address bus, 42, 101

addressing modes, 116—120

Break command, 116

carry bit 114, 115

control bus, 102

data bus, 102

decimal mode, 115

index registers, 102, 103, 109,
112,113,121

initialization, 44

interrupt diasable, 115

interrupts, 102

negative flag, 116

overflow, 116

program counter, 102, 103, 112,
113,117,118,121

stack, 19, 43, 113

stack pomter, 102, 103, 112-

114
status register, 102, 103, 109,
112,114
zero flag, 115

MID$(), 12

‘MINISYN’ PRG, 16, 20-23
mnemonics, 111, 118 121
multicolor mode, 56,61, 62

N
nested FOR loops, 33, 34
NEW, 44

NOT, 24, 26
nybbles, 44, 53, 56,61, 62, 101

OR, 24-26

op-codes, 111,116

OPEN, 72, 74,71, 19, 81, 86
operands, 111, 117

operal%nlg system, 29, 60, 70-72,

Kernal, 42, 101, 106, 110
oscil.lgtsors, sound, 16, 20, 21, 56, 94,

sustain, 24, 95
OUT OF MEMORY, 49

paddles, 92, 93

pages, memory, 43

PASCA

PEEK( ), 11 18-20, 27-29, 43, 46,
417, 50, 57 94

penpheral deV1ces, 70

PET, 98, 101

‘PICTURES’PRG 92

pixel dots, 56, 57 59-61, 64—67,
88, 95

‘PLAY UFO TUNE’ PRG, 38
‘PLOTSUB(M/C)’ PRG, 16, 127-130
‘PLOTSUB TEST’ PRG 131
POKE 11, 18-20, 27, 43, 46,47, 50,

9
‘PON3T;)ON’ (Blackjack) PRG, 34—

PRINT, 11, 57
PRINT#, 74, 81
printer (see VIC 1515 printer)
buffer, 84
character construction, 154, 155
character selection, 86—88
control codes, 85
dot addressing, 89, 154, 155
modes, 86, 88
print method, 84
ribbon, 84
test/device number switch, 85
‘PRINTER DOT ADDRESSING’
PRG, 89
Programmer’s Aid, 21, 48, 95, 96

program
files, 73, 78
storage, 42
structure, 17

RAM packs, 19, 34 44, 48, 55, 66,
94,95, 151, 155 161

Random Access Memory (RAM), 20,
42-44,173,100

vectors, 103, 104-106

raster scan, 93

READ, 23

read errors, 77



Read Only Memory (ROM), 19,
42-44,100, 101, 107
Erasa})(l)e Programmable (EPROM)

Programmable (PROM), 101
real numbers, 11
REDO FROM START, 13
‘RENUMBER’ PRG, 48
RESTORE, 37
RIGHT$( ), 13
RND(), 29
RSZ32C 98, 100, 101
RUN, 11, 3

S
SAVE, 44, 47, 73, 155
screen
bit-mapping, 63—-66
codesl,7353, 57, 60, 168-170,

display, 53, 140

locations, 53

memory, 31,42, 59, 94
seconiisa.;y addresses, 72, 74, 80,

‘SEQ FILES’ PRG, 82, 83
‘SHUFFLES’ PRG 29 33
‘SINE CURVE’ PRG 60
SPC(), 19,113

spiral, equlangular, 67

FIGURES

1.1 Flow chart of the ‘If-then-
otherwise’ structure, 17

1.2 Flow chart of the ‘Repeat-
until’ structure, 17

1.3 MINISYN keyboard layout, 20

1.4 Flow chart of MINISYN, 21

2.1

2.2
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Schematic for Pontoon, 35
3.1
4.1

Large scale memory maps, 45
4.2

Which bit is the pixel dot?, 64
Hi-resolution output to printer,
69

1 Cassette unit connections, 73

2 Ribbon feed mechanism, 84

.3 Character construction, 85

4 Dragon, 88

5 A vertical byte for the printer,
88

L

Switch joystick operation, 91

SQR(), 15
ST, 12, 77, 78, 109, 152
stack 19 43 113

pointer, 102 103,113,114
‘STARSHIP’PRG 139-150
STOP, 15
STRS( ), 12
string handling, 11
string or character variables, 12
Super Expander, 21, 44, 94, 95, 151
symbolic form, 120°
SYNTAX ERROR 12,25
SYS, 44,94-97, 104 155

TAB(), 13
‘TES'g4CARD DISPLAY’ PRG, 32—

‘TESTSTOP WEDGE’ PRG, 106
"I‘ESTg’;’OP WEDGE LOADER* PRG
11,12, 15

TI$, 12

‘TINY COPY’ PRG, 119, 120

U
user port, 90, 98
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VAL(), 12,13
variables, 11
floating point or real number, 11,
initializing, 33
integer, 11, 12
string or cha:actet, 12,75
VERIFY, 74, 81
VIA 6522 71 72, 78, 93, 98, 100
(see mput/output)
data direction reglsters (DDR?s),
19, 90, 92,
VIC 1515 prmtet, 75 81, 84-89,
151 (see printer)
VIC 1540 floppy disk drive, 78—
83, 151 (see disk drive)
VIC chlp (6560/6561), 59, 93 100
registers, 19, 38, 49, 5
VICMON, 96, 97 104 lll 117-
120 155
video matrix, 44, 50, 55-57, 59, 101

w
- wedges, 124—126

z
Zeds or Zees, malevolent, 142

Index to figures and tables

The user port, 97

VIC-20 architecture, 100
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Bit-mapping the VIC screen, 65

Device numbers, 70
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ST values for I/O devices, 78

CBM ASCII printer control
codes, 85

Start addresses for different ad-
ditional RAM configura-
tions, 94

Alphabetic sequence,

VIC-20 memory map first 1K
block, 163
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