


































































































































































































































































































































































































































































































































































































SGN ( ) 

Another useful function is 'SGN'. This function tells you whether 
a numeric value is negative or positive: 

SGN(-4)=-1 
SGN(4)=+1 

and SGN (0 )=0 

LOG( ) AND EXP( ) 

The C-64 LOG( ) function finds the natural logarithm of a number -
i.e. the log to base e, where e = 2.71828183 ••• 

EXP( ) is the opposite function to LOG( ). Given the LOG( ) of a 
number, EXP( ) finds out what the number was. In other words, EXP( 
)is the antilog function. What EXP(X) actually does is find eX, 
that is, etx, so you can check out the value of e for yourself by 
typing: 

PRINT EXP( 1) 

To find the LOG to base 10 of a number, you divide the LOG to base 
e of the number by LOG(lO). Similarly, to get a base 10 antilog of 
a number, you can multiply by LOG(lO) before taking the EXP( ) of 
the number: 

Y= LOG(X) gives LOG to base e of X 
X= EXP(Y) gives ANTILOG to base e of Y i.e. eY or etY 
and 
Z= LOG(X)/LOG(lO) gives LOG to base 10 of X 
X= EXP(Z*LOG(lO» gives antiLOG to base 10 of Z i.e. 10Z or 10tZ 

An analogous method can be used for LOG'S and EXP'$ in any base. 

LOG( ) works for numbers greater than (not equal to) zero, and the 
function EXP( ) works for numbers up to slightly over 88. 

However, possibly the most useful functions of all will be those 
which you invent yourself, as explained below. 
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OEF FN 

Often, when programing you will find that you have to perform the 
same complicated calculation in more than one place in the program. 
It is, however, rather wasteful to type the calculation in each 
time. Also, if the calculation is to appear as part of some other 
statement, each time, e.g. in the middle of a bigger calculation, 
a GOSUB can be inconvenient as you have to go through the rigmarole 
of assigning the result of the GOSUB to a variable before you do 
the calculation. Also, in a complicated program, GOSUBls and 
GOTOls can becomQ rather hard to follow. Therefore, we have 
FuNctions. Commands like ASC( >, CHR$( ), EXP( ) etc. are 
functions built into the machine, but you can DEFine your own using 
DEF FN. 

For example, supposing you want to solve some quadratic equations -
e.g. : 

Where A, B, and C are known constants (numbers). The general 
formula for solving a quadratic equation is: 

X=-BJ (B2 - 4AC) 
2A 

We can put this into a program to find the real roots of a 
quadratic quite easily: 

PROGRAM 10.3 

10 DEF FNQR(V)=(-B+V*SQR(B12-4*A*C»/(2*A) 
20 INPUT IA,8,C";A,B,C 
30 IF 4*A*C>Bf2 THEN PRINT "NO REAL ROOTS": END 
40 V=l 
50 PRINT liTHE FIRST ROOT IS";FNQR(V) 
60 V=-l 
70 PRINT liTHE SECOND ROOT IS";FNQR(V) 

Line 10 is the function definition. Function definitions are 
positioned at the beginning of a program (or, at least, are defined 
prior to the first function call), and are of the form: 

DEF FN<variable name>«variable name»=expression. 
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In the function definition on line 10, notice that the variable 
name V in brackets in the statement OEF FNQR(V) also appears in the 
formula on the right-hand side of the equals sign. When the 
functi6n is called, the value of V at that time will be substituted 
into the 'V' where it appears on the right - i.e. that value will 
be used by the right-hand side V's. 

A function is called just by using it as though it was a variable. 
Thus we could add lines 80 and 90 to the above program: 

80 Z=FNQR(A)*16.31*EXP(7) 
90 PRINT Z 

Notice that in 1 ine 80 we have FNQR(A) rather than the FNQR(V) 
which we had on 1 ines 50 and 70. What will the program do with 
this 'A' when it evaluates the function on line 10? Well, it will 
treat the V's in the function definition as though they were 'A's. 
That is, it will substitute the value of 'A' for V on the 
right-hand side of the equals sign. It can do this because the V 
in "OEF FNQR(V)" is a "dummy variable" - it doesn't really exist! 
The 'V' and 'A' in lines 50,70 and 80, however, are real,and are 
known as "parameters". They are slotted into the OEF FNQR(V) 
statement whenever it is called, and are substituted for the dummy 
vari able whenever it appears in the expression on the right-hand 
side of the definition. 

Another feature of a function is that the dummy variable doesn't 
actually have to appear on the right-hand side of the equals sign 
at all! That's another reason for calling it a dummy! 

Here is a function definition which you may find useful sometime: 
it normally distributed random numbers with a mean of MU 
and a standard deviation of SO (this function is very useful in the 
field of statistics): 

10 DEF FNRN(X)=SQR(-2*LOG(RNO(I»*COS(2*f*RNO(1»*SO+MU 
20 INPUT "MEAN,STD.OEVIATION";MU,SO 
30 INPUT "HOW MANY RANDOM NUMBERS DO YOU WANT"; N 
40 FOR C=1 TO N 
50 PRINT FNRN(X); 
60 NEXT C 

Two functions which can be useful are the C-64's functions: 
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Next, a SID poke section needs to be set up to actually turn on the 
sound: 

PROGRAM 10.5 

6100 H1=INT(FI/256) 
6110 L1=FI-256*H1 
6120 POKE R,L1 
6130 POKE R+1,H1 
6140 POKE R+4,WF+G 
6150 POKE R+24.(G*15) 
6160 RETURN 

As on composatune, it will only be neccessary to enter this routine 
with the variables set appropriately in order to get SID to speak. 
However, on Hangman two variables will need setting, the note 
frequency (F1) and the gate value (G). 

First: Successful Inputs 

With successful inputs a 'reward' note will be given, the frequency 
being set to 8583(8910). 

PROGRAM 10.6 

2400 G=1:FI=8583:GOSUB6100:FOR 0=1 TO 100: 
NEXT: G=O: GOSUB6100 

)Then: Unsuccessful Inputs 

Here the routine is very similar to that for successful ones but a 
somewhat lower note is used: 

PROGRAM 10.7 

4205 G=1:FI=2145:GOSUB 6100 
4215 G=O:GOSUB 6100 
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A similar process is carried out when a letter is tried for a 
second time: 

Next: Successful game 

When the word has been guessed, a chord is played and, as this 
requires all three voices to be set a new SID POKE routine is 
provided i.e.: 

PROGRAM 10.8 

4334 G=1:FI=8583"GOSUB 6l00:FOR Z=l TO 
200:NEXT:G=0:GOSUB 6100 
4335 G=1:FI=108l4:GOSUB 6100:FOR Z=l TO 
200:NEXT:G=0:GOSUB 6100 
4336 G=1:FI=12860:GOSUB 6l00:FOR Z=l TO 
100:NEXT:G=0:GOSUB 6100 
4337 G=1:F(l)=8583:F(2)=10814:F(3)=12860 
:GOSUB 6200 
4338 FOR Z=l TO 600:NEXT:G=0:GOSUB 6200 

. 
6200 FOR V=l TO 3 
6210 H(V)=INT(F(V)/256) 
6220 L(V)=F(V)-256*H(V) 
6230 POKE S+«V-l)*7),L(V) 
6240 POKE S+1+«V-l)*7),H(V) 
6250 NEXT V 
6260 FOR V=l TO 3 
6270 POKE 5+4+«V-1)*7),WF+G 
6280 NEXT V 
6290 POKE S+24,G*15 
6300 RETURN 

Finally: Unsuccessful game 

When a word is guessed wrongly, a chord is played to commiserate: 

PROGRAM 10.9 
4920 G=1:F=6430:GOSUB 6l00:FOR Z=l TO 
200:NEXT:G=0:GOSUB 6100 
4930 G=1:F=5407:GOSUB 6100:FOR Z=l TO 
200:NEXT:G=0:GOSUB 6100 
4940 G=1:F=4291:GOSUB 6l00:POR Z=l TO 
100:NEXT:G=0:GOSUB 6100 
4950 G=1:F(l)=4291:F(2)=3608:F(3)=2864 
:GOSUB 6200 
4960 FOR Z=l TO 1000:NEXT:G=0:GOSUB 62 
00 
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PART THREE : 6510 Machine Language 

As you are probably aware, microprocessors speak only in numbers 
and, for mere mortals that's none too easy. However, because only 
numbers are used, the 6510 finds machine-language or machine-code 
programs much eas i er to execute and so it can run them much more 
quickly. To get over the problem of handling all the numbers, a 
further language has been devised called 'Assembly language'. 

With this, the actual numbers are replaced by groups of letters 
which suggest the action that any particular command does. These 
groups of letters are known as MNEMONICS, pronounced 'Nemoniks'. 
One mnemonic, for instance is STA which stands for STore the 
contents of the Accumulator (one part of the 6510 chip itself). 
Thus, STA 1024 means store the contents of the accumul ator in 
memory location 1024 (i.e. on the screen). In machine-code 'STA' 
becomes 141 in decimal notation or 80 in hexadecimal. If you are 
unsure about these mathematical notations (and want to know!) have 
a read of Appendix One. 

We have seen the command 'STA' which is used to store (or copy) the 
contents of the accumulator somewhere else but what about getting 
it there in the first place? This is done by means of the command 
LDAIM or LoaD the Accumulator Immediately. Thus: LOAIM 90 means 
load the accumulator with a '90'. 

With just one more command or 'instruction' we could actually write 
a machine-code program. The instruction that tells the 6510 that 
the program's finished is RTS or ReTurn from Subroutine. Putting 
these into a short assembly language program that will print a 
Commodore zero (i. e. an "@" sign onto the screen) yi e 1 ds: 

PROGRAM 10.10 

In assembly language 

LDAIM 0 LoaD Accumulator IMmediately (i.e. in Immediate 
mode) with a zero. 

STA 1024 STore the contents of the Accumulator in 1024 (i.e. 
on the screen). 

STA 55296 STore the contents of the Accumulator in 55296 
(i.e. set the color RAM). 

RTS ReTurn from Subroutine (i.e. tell the chip that the 
program is finished). 
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Changing this into both hexadecimal (Hex) and decimal gives: 

Mnemonic Data Mnemonic Data 
hex/decimal hex/decimal 

LDAIM 0 A9/169 00/0 
STA 1024 80/141 00 04/0 4 
STA 55296 80/141 00 08/0 216 
RTS none 

(Notice that data items larger than 255, e.g. 1024, are stored as 
two separate numbers in the computer. Thus 1024 decimal is 400 in 
hexidecimal, which the computer stores as two numbers, 00 and 04, 
in that order, i.e. least significant number or byte first). 

Writing this out gives: 

Assembly language 
LDAIM 0 
STA 1024 
STA 55296 
RTS 

Hexadecimal 
A9 00 
80 00 04 
80 00 08 
60 

Decimal 
169 0 
141 0 4 
141 0 216 

96 

The next task is to store the program in memory and, as each number 
in the hexadecimal or decimal listing requires one byte, the 
overall program will require 9 bytes for storage. One convenient 
area for stori ng short (up to 200 byte long) programs is the 
cassette buffer, from memory location 828 onwards. Therefore, POKE 
the program into memory from 828 to 836, using the decimal form. 

PROGRAM 10.11 

10 FOR X=O TO 9 
20 READ A 
30 POKE 828+X,A 
40 NEXT A 
50 DATA 169,0,141,0,4,141,0,216,96 
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~~----~--~---~---~~---~---~--------------------------

When this is run, the machine-code program will have been stored in 
the cassette buffer. To get it to actually run from BASIC, the 
command used is: 

SYS 

This tells a program to jump to the memory location specified and 
execute the machine-code program stored there. Try it out in 
direct mode with: 

SYS 828 

This will execute the machine-code program and print an I@I sign in 
the top left-hand corner of the screen. Be careful that the 'RUN ' 
command is not at the bottom of the screen when you press RETURN, 
otherwise the screen may scroll and you will lose the result of 
your labors. 

A program such as this may appear trivial but it illustrates three 
of the 6510 chip's 'instructions' or commands and gives a taste of 
how machine-code works. When programing in 6510 language, one can 
ignore the OIS and lis to some extent and make use of an 
'assembler ' . This is a program, written in BASIC or machine code 
(or a mixture) which allows the user to enter a program in assembly 
language and then changes it into machine-code and stores that in 
memory. 

If you wish to explore the world of machine code more deeply, then 
see Commodore 64 Assembly Language Programming, published by 
Hayden Book Company. This comes complete with a "two-pass" 
assembler on tape or disk and takes you through the whole 6510 
instruction set. In fact, the program we have examined above, is 
Program 1.1 from that book and is examined in much more detail in 
Chapter 1 of the book. 
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PART FOUR: A Screen Border: a machine-code utility. 

In Composatune and several other programs on tape, a border was 
printed around the screen using a machine-code routine. This is 
provided on the disk, numbered from 60000 onwards. Two actions are 
needed to operate this: 

(i) Load the machine-code program into memory. 
(ii) Call the program with a SYS command. 

The subroutine is loaded into memory by a simple GOSUB 60000. This 
causes the DATA to be READ and then POKEd into memory. This program 
firstly reads the top of memory by PEEKing 55 and 56 and then 
resets these pointers 120 bytes lower (line 60010). It then POKEs 
the machine-code routine into this newly-created space and RETURNS. 
As line 60010 sets the variable 'H' to the start of the 
machine-code routine, it can be called readily by the statement SYS 
H. (or SYSH). 

As the routine moves the top-of-memory pointers down, it's a good 
idea, on leaving the program to reset these to where they were. 
Line 60199 does this and is activated by a GOSUB 60199. Once this 
is done, the pointer is reset to where it was originally. 

PROGRMJI 10.12 

60000 REM BORDER ROUTINE 
60010 H=4096*6:I=7*17 
60015 READA$:IFA$<>"ZXC"THEN60015 
60020 FORZ=HTOH+I:READA:POKEZ,A:NEXT:SYSH:RETURN 
60030 DATAZXC,162,38,169,192,157,0,4,157,192,7,169,6,157, 
0,216,157,192 ,219 
60040 DATA202,208,237,162,240,169,221,157,0,4,157,240,4, 
157,224,5,157,168 
60050 DATA6,157,39,4,157,207,6,157,223 
60060 DATA5,157,239,4,169,6,157,0,216,157,240,216,157,224, 
217,157,168,218 
60070 DATA157,39,216,157,207,218,157,223 
60080 DATA217,157,239,216,138,56,233,40,240,4,170,24,144, 
194,169,240,141 
60090 DATAO,4,169,253,141,231,7,169,237,141,192,7,169,238, 
141,39,4,169 

60100 DATA6,141,0,216,141,231,219,141,192,219,141,39,216,96 
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CHAPTER 

n 
SOLUTIONS TO EXERCISES 

CHAPTER ONE 

EXERC I SE 1.1 

Move the cursor to the W of 'WHAT· 
Type in 'PLEASE' 
Space over the '$' with the space bar 
Insert seven spaces 
Type in 'TYPE IN' 
Move cursor on to the N in 'NAME' 
Insert five spaces 
Type in 'FULL' 
Press 'RETURN' 
You have now finished. Line 10 should look like this: 

10 INPUT "PLEASE TYPE IN YOUR FULL NAME"; 
A$ 

EXERCISE 1.2 

Move the cursor to the A of 'A$' 
Insert 16 spaces 
Type in "YOUR NAME IS "; 
Press "RETURN" 
And now line 30 looks like this: 

30 PRINT "YOUR NAME IS ";A$ 
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EXERCISE 1. 3 

10 INPUT "WHAT IS YOUR FULL NAME AND AGE"; A$, A 
30 PRINT "YOUR NAME IS ";A$ 
40 PRINT "YOUR AGE IS";A 

EXERCISE 2.1 

10 C=l 
30 RV=INT(RND(O)*100)+1 
35 PRINT RV 
60 C=C+1 
70 IF C<101 THEN 30 
90 STOP 

EXERCISE 2.2 

10 FOR X=O TO 100 STEP 3 

EXERCISE 2.3 

1 FOR X=10 TO 0 STEP-1 
2 PRINT X 
3 NEXT X 
4 P R r NT "F IRE! ! ! " 
5 STOP 

EXERCISE 2.4 

2 C=O 
4 C=C+1 
6 PRINT C 
8 IF C>19 THEN 10 
9 GOTO 4 
10 PRINT" FINISHED" 
12 END 

CHAPTER TWO 

11-2 



EXERCISE 2.5 

2 C=l 
4 PRINT C 
6 C=C+1 
8 IF C>=31 THEN 10 
9 GOTO 4 
10 PRINT" FINISHED" 
12 END 

EXERCISE 2.6 

First we need to change line 60 so that it goes to line 105 instead 
of 1 ine 1l0. 60 IF G=RV THEN PRINT "WELL DONE - GUESS CORRECT." 
: GOTO 105 
105 PRINT "YOU TOOK";C; "GOES". 

CHAPTER 3 

EXERCISE 3.1 

1 PRINT "<CLR><2DCRSR><14RCRSR> 
ETCHA SKETCHA" 
2 PR INT "<2DCRSR><2RCRSR> INSTRUCTIONS" 
3 PRINT "<lDCRSR><4RCRSR>PRESS 141 TO MOVE LEFT" 
4 PRINT "<4RCRSR>PRESS 151 TO MOVE DOWN" 
5 PRINT u<4RCRSR>PRESS 16 1 TO MOVE UP" 
6 PRINT u<4RCRSR>PRESS 17 1 TO MOVE RIGHT" 
7 PRINT u<2DCRSR><10RCRSR>PRESS ANY KEY TO BEGIN" 
8 GET A$: IF A$="" THEN 8 

EXERCISE 4.1 

10 FOR X=l TO 4 
20 READ A,A$ 
30 PRINT A,A$ 
40 NEXT 
50 DATA 1,ONE,2,TWO 
60 DATA 3,THREE,4,FOUR 

CHAPTER 4 
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HER:ISE 4.2 
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10 REM WORD GUESSER 
20 PRINT "<CLR><2DCRSR><4RCSR> 
THESE ARE THE RULES" 
30 PRINT "<DCRSR><4RCRSR>THERE ARE 10 WORDS TO GUESS" 
40 PRINT "<4RCRSR>AND I WILL GUESS ONE OF THEM" 
60 PRINT "<4RCRSR>YOU MUST GUESS WHICH ONE I HAVE GUESSED" 
70 PRINT "<4RCRSR>THE WORDS TO GUESS ARE:" 
80 RESTORE 
90 FOR X=1 TO 10 
100 READ A$:PRINT A$, 
110 NEXT X 
120 R=I+INT(RND(1)*10) 
130 RESTORE 
140 FOR X=1 TO R 
150 READ A$ 
160 NEXT X 
170 PRINT "I HAVE CHOSEN MY WORD" 
180 PRINT "NOW YOU MUST GUESS IT" 
190 C=O 
200 INPUT "GUESS="; Z$ 
210 IF Z$=A$ THEN PRINT "CORRECT": GOTO 250 
220 C=C+l: PRINT "WRONG" 
230 GOTO 200 
250 PRINT "THAT TOOK YOU";C;"GOES" 
260 INPUT "DO YOU WANT ANOTHER GO" ;A$ 
270 IF A$= "Y" THEN 10 
280 PRINT "BYE!" 
290 END 
300 DATA "COMMODORE", 'IFRED", "MUSIC", "COMPUTER" 
310 DATA "FLOWER", "BASIC", "LOVE", "TRAIN" 
320 DATA "MAGIC", "DREAM" 

CHAPTER FIVE 

EXERCISE 5.1 

The extra lines needed to give a continuous display of time are 
listed here: 

250 FOR P=l TO 575:NEXT P 
260 GOTO 200 

The pause on line 250 is added so the display changes approximately 
once per second instead of the display flashing continually. 
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CHAPTER SEVEN 

EXERCISE 7.1: The logical operation used to find the most 
significant BYTE is AND, i.e. AND with 240. 

EXERCISE 7.2 

10 FOR X=O TO 39 
20 FOR Y=O TO 15 
30 POKE 1024+X+Y*40,83 
40 POKE 55296+X+Y*40,Y 
50 NEXT Y 
60 NEXT X 

EXERCISE 7.3 

10 PRINT "<CLR>" 
20 FOR Y=O TO 4 
30 FOR X=O TO 39 
40 POKE 1024+X+Y*40,160 
50 POKE 55296+X+Y*40,Y+3 
60 NEXT X, Y 

EXERCISE 7.4 

10 PRINT "<CLR>" 
20 FOR X=O TO 39 
30 POKE 1984+X,81 
40 POKE 56256+X,2· 
45 POKE 1984+X-l,32 
50 NEXT X 

EXERCISE 7.5 

10 PRINT "<CLR>" 
20 FOR X=20 TO 0 STEP-l 
30 POKE 1024+X+X*40,81 
40 POKE 55296+X+X*40,2 
50 POKE 1024+X+l+(X+l)*40,32 
60 NEXT X 

EXERCISE 7.6 

In order to give the ball a random start position we need only to 
change the values of 'X' and 'Y' in line 30 

30 X=INT(RND(1)*38)+I:Y=INT(RND(I)*23)+1 
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EXERCISE 7.7 

21 FOR Y=O TO 23 
22 POKE 1033+Y*40,160: POKE 55305+Y*40,O 
23 NEXT Y 
116 IF A=O THEN XI=XI*-l:GOTO 100 

EXERCISE 7.8 

10 GET A$: IF A$="" THEN 10 
20 GET B$: IF B$='"' THEN 20 
30 IF A$="O" AND B$="K" THEN PRINT 
"CORRECT": STOP 
40 PRINT "INCORRECT":STOP 

EXERCISE 7.9 

To add an extra character to the bat size we need to add another 
two POKE commands and change lines 40 and 50. 

40 IF A$="9" AND BC<37 THEN BC=BC+3:GOTO 70 
50 IF A$="l" AND BC>O THEN BC=BC-3:GOTO 70 
85 POKE 1984+BC+2,160:POKE 56256+BC+2,O 
75 POKE 1984+CB+2,32 

EXERCISE 7.10 

10 REM DRAW THE WALL 
20 FOR X=O TO 39 
30 FOR Y=2 TO 7 
40 POKE 1024+X+Y*40,160 
50 POKE 55296+X+Y*40,Y 
60 NEXT Y,X 
70 REM DESTROY THE WALL 
80 FOR X=O TO 39 
90 FOR Y=2 TO 7 
100 POKE 1024+X+Y*40,32 
110 NEXT Y,X 

EXERCISE 7.11 

To get the ball to start in a random position we can set 'X' and 
'Y' to random values. 

110 X=INT(RND(1)*39)+1:Y=INT(RND(1)*10)+12 

By adding twelve to 'Y- we ensure the ball will start below the 
wall 
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CHAPTER 8 

EXERCISE 8.1 

0,24,0 
0,102,0 
1,129,128 
6,24,96 

APPENDIX ONE 

EXERCISE A1.1 

i) 0000 00112 = 0+0+0+0+0+0+2+1 
= 310 

ii) 0000 01002 = 0+0+0+0+0+4+0+0 
= 410 

ii 1) 1000 00002 = 128+0+0+0+0+0+0+0 
12810 

iv) 1000 00112 = 128+0+0+0+0+0+2+1 
13110 

v) 1011 01112 = 128+0+32+16+0+4+2+1 
18310 

vi) 0111 0011 2 = 0+64+32+16+0+0+2+1 
11510 

EXERCISE A1.2 

i) 000916 = Ox409+0x256+0x16+9x1 
= 0+0+0+9 
= 910 

ii) 001316 = Ox4096+0x256+1x16+3x1 
= 0+0+16+3 
= 1910 

ii i) 00A516 = 0+0+10x16+5x1 
= 160+5 
= 16510 

iv) OAAE 16 = 0+10x256+10x16+14x1 
= 2560+ 160+ 14 
= 273410 

11-8 



v) 000E16 = 0+0+0+14 
= 1410 

vi) 011A16 = 0+256+16+10 
= 28210 

vi i) 00EA16 = 0+0+14x16+1O 
= 224+10 
= 23410 

vi i i ) FOA316 = 15x4096+0+10x16+3 
= 61440+160+3 
= 6160310 

EXERCISE A1.3 

i) 410 = 01002(BCD) 

ii) 1010 = 1x10+0 

iii) 7710 = 7x10+7 
= 0111 0111 2(BCD) 

iv) 9710 = 9x10+7 
= 1001 0111 2(BCD) 

v) 5310 = 5x10+3 
= 0101 0011 2(BCD) 

vi ) 10210 = 1x100+0x10+2x1 
= 0001 0000 00102(BCD) 

vi i) 95310 = 9x100+5x10+3x1 
= 1001 0101 0011 2(BCD) 

vi i i ) 257910 = 2x1000+5x100+7x10+9x1 
= 0010 0101 0111 10012(BCD) 

EXERCISE A1.4 

i) 0000 0001 2(BCD) = Ox10+1x1 
= 110 

ii) 0000 10012(BCD) = Ox10+9x1 
= 910 

iii) 0001 0101 2(BCD) = 1x10+5x1 
= 1510 
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iv) 

v) 

vi) 

0010 00002(BCO) = 2xlO+0x1 
2010 

0100 10012(BCO) = 4x10+9xl 
= 4910 

1010 00112(BCO) 

*** This is not a valid BCO number as the 
first nybble, 10102 = 1010' i.e. is greater 
than allowed in BCO. 

vii) 1001 0111 2(BCO) = Ox10+7x1 
9710 

viii) 1000 10002(BCO) = 8x10+8xl 
8810 

11-10 



APPENDIX 

1 
BINARY, BINARY-COOED DECIMAL AND HEXADECIMAL NOTATION 

Counting systems in general use throughout the world use the 
decimal system and this has been developed to count up to and 
beyond 10 and also below the value 1. In this standard the digits 
to the 1 eft of a number are of greater val ue than those to the 
right. For instance, in the number 66, the first 6 has a value 10 
times the second, i.e. 

This is extended in larger numbers where digits to the left are 
successively greater by a multiple of ten, i.e. 

6 x 100 6 x 10 

6XlOOO~ ~6Xl 
6666 

A system where the position or place of a digit in a number affects 
its value is known as a PLACE-VALUE numbering system. In the 
decimal system, the values of digits increase in multiples of 10 
and this is known as the BASE for that system. Other systems use 
different bases but follow the same pattern as the decimal system, 
i.e. the place to the left is greater by being multipl ied by the 
base. 
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The computer, being basically electronic in operation, works better 
if it is told to only recognize two states, on or off or '0' and 
'1', and thus uses the Binary system - base 2. Thus, any number in 
binary consists simply of O's and l's, or electronically, zero 
volts (off) and some volts (on). To count past one, the binary 
system must resort to place-value notation and, as with other 
cases, the multiplying factor is the base, i.e. 2. Thus, the 
number 101 in base 2 or binary represents: 

i.e. 4+0+1=5. Clearly the plethora of bases presents a problem 
when representing numbers as in base 10, '101' represents one 
hundred and one while in binary (base 2) '101' represents 5. To 
overcome this ambiguity, a convention exists when representing 
numbers in that the base is written to the ri ght of the number, 
just below the line. Thus, the two numbers discussed above become: 

101 10 = One hundred and one in base ten. 

1012 = Fi~e in base two. 

The present-day generation of personal computers (l983-style) use 
eight bit registers or memories and can thus represent numbers up 
to 111111112' i.e. in base 10: 

128 +64 +32 +16 +8 +4 +2 +1 

1 1 1 1 1 1 1 1 

128 64 32 16 8 4 2 1 

Fig. A1.1 
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By way of example, let's take one more conversion - say, 101001112• 

1 x 128 0 x 64 1 x 4 1 x 2 1 x 1 

~1\10~1~ 
1 x 3~~ l~O x 8 

Thus 10100111 = 1x128 +Ox64 +lx32 +Ox16 +Ox8 +lx4 +lx2 +lx1 
= 128+32+4+2+1 
= 16710 

Just to check your understanding, have a go at the following: 

EXERCISE A1.1 

Calculate the value of the following in base 
10:-

i) 00000011 2 
i i) 000001002 

iii) 100000002 
iv) 10000011 2 
v) 10110111 2 

vi) 01110011 2 Answers on page 11-8. 

If you remain unclear on this, or simply want to see it 
demonstrated, load and run the Binary/Hex tutor program which is 
included on disk. At the menu select 'H' for "Decimal, Binary and 
Hexadecimal". Then, when asked "At what number do you wish to 
start?", press "1" <return>. The screen will then display three 
rows of boxes, of which the top two are currently of interest. 
These represent a decimal number (marked "DEC") and a binary number 
(marked "BIN"). At this stage, they should contain the numbers 110 
and 12• The decimal number has three digits and thus has a 
capacity of 99910' and the binary, with its eight binary digits 
(bits) will hold up to 255 10 . 
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From this point, the program will simply count, every time that you 
press the space bar, both the decimal and the binary boxes will 
index one. Try pressing the space bar once and the boxes should 
contain a 210 and a 102, If you carryon indexing then you will 
see how binary counts. When you get to the stage where the decimal 
shows 1510 the binary should read 11112, Now index one further and 
the binary will change to 100002, One way of looking at this is to 
layout the addition:-

1111 A 
+ 1 B 

On adding the 1 (A) to the 1 (B) this gives '2' i.e. 0, carry 1. 
This carry then produces another '0 1 plus another carry, and so on. 

If you continued to press the space bar long enough, then 
eventually the binary register would become full. However, this 
would take an awful lot of pressing, so we will take a short cut to 
this state of affairs. Instead of pushing the space bar, press the 
RETURN key instead. This will return you to the menu where you can 
select the IHI option again. This time, when asked "at what number 
do you want to start?" type a fairly hi gh val ue which is 1 ess than 
255, say 240. Off you go again until the binary register is full 
i.e. 111111112, The addition of a further one, now, will clock all 
the binary register back to zeros and 256 will be lost. However, 
with the 6510, all is not lost as the 6510 has a carry fl ag that 
stores the fact-rhat a carry has occurred. Clocking past 25510 
with the Binary/Hex tutor will show this happening. This is a 
handy feature of the 6510 but it must not be relied on as more than 
a temporary store of the carry. The carry flag is just as easily 
reset as it is set to I! 

In order to make sure that you really understand the binary 
notation, you may wish to try some of the exercises which are 
provided by the BIN/HEX exercises. Select 'E' at the main menu. 
This will provide you with a menu of exercises and you can select 
'21 to try the exercises converting decimal numbers into binary or 
'5' to try converting them back again. When you are runni ng the 
exercises, by the way, typing a space (instead of a digit) will 
delete the last entry that you made, thus providing you with a 
correction facil ity. When you are satisfied that you have done 
enough, pressing the <return> key will take you back to the main 
menu. 
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While the 0'5 and 1'5 are convenient for the computer, they are 
much less so for the mere human so a compromise is sought. Decimal 
notation is of little use as, apart from 12 and 110 there is no 
other correspondence. A further idea wou 1 d bE) to take the who 1 e 
eight binary bits as a digit (i.e. up to 25510 and use a base of 
256! What would you see as the objection to this? That's apart 
from the idea itself being a bit mind-bending! Time to think ••• 
The answer comes from an examination of the base 10 case in which 
ten digits (0 to 9) are needed to represent the ten steps up to 10. 
In the base 2 system, two digits are needed so base 256 would need 
256 digits! 

A compromise system adopted splits the eight bits up into two parts 
and represents these separate ly. Thus, the 1 argest number to be 
represented is 11112 or 1510 and this requires, along with the 0, 
sixteen different symbols. The ones adopted for this job are: 

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Decimal number 

o 1 2 3 4 5 6 7 8 9 A B C D E F Symbol 

Fig. AI. 2 

Using this notation, any eight bit number can be represented by two 
symbo 1 s, one for the most s i gni fi cant four bits and one for the 
least significant four bits. To avoid the rather long description 
of these two halves of a byte, they are given the term NYBBLES. 
Thus a byte consists of two nybbles, a most significant nybble 
(MSN) and a least significant nybble (LSN) - see Fig. A1.3. 

Fig. A1.3 

The system described, which uses sixteen symbols is, of course, 
given the name HEXADE~IMAL - usually abbreviated to HEX. Its major 
advantage, as far as computers are concerned, is that it is 
compatible with binary. Any eight bit binary number can be 
represented by two hexadecimal characters. 
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You are now in a position to look at the Binary/Hex tutor program 
again. The third row of boxes, which we ignored last time round, 
contains the Hex numbers. While the counting is going on in the 
binary boxes, so it is in the Hex boxes also. The comparability 
between binary and HEX shows wherever a major carry occurs - take 
for instance 1111 2, 1510 or F16 . One index past this clocks the 
binary ones to zeros ana adds a one to the left, i.e. to 100002 or 
1016 ' These major points of correspondence occur at 

12 

0001 00002 

0000 0001 0000 00002 

0001 0000 0000 00002 

= 116 

= 1°16 

= 10°16 

=100016 

= 110 

= 1610 

= 25610 

=409610 

Up to 9, the hex ch ar acters co inc ide with the dec i ma 1 ones and 
between 10 and 15 the single letters correspond to the decimal 
numbers. After 15, Hex to decimal conversion becomes a little more 
tricky, as the use of two numbers together, e.g. FF16 =255, once 
again calls for place-value notation. This time, as tne base is 16 
the ratio between any place and its neighbor is 16. 

The values, in base 10 of the places in hexadecimal are: 

x 4096 ~x 25\ /1:V-----X 1 

1r=-1-'-1--=-2-'-1-3=;-1 -4""":;1 Pl ace Number 

Fig. A1.4 

Using Fig. Al.4 the way that E92F16 makes up 5969510 is explained 
below in Figure Al.5. 

~/9J 
F 

~ 
E(14)x4096 + 9x256 + 2x16 + F(15)xl = 59695 

Fig. A1.5 
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Now that hex is totally mastered(!) try the fo'llowing; the first 
two are explained fully on page II-B. 

EXERCISE A!. 2 

Calculate the value in decimal of the 
following:-

i) 0009 
i i) 001316 

iii) 00A5i~ 
iv) OAAE16 

Answers on page II-B. 

BINARY CODED DECIMAL 

v) 000E16 
vi) 011A16 

vii) 00EA16 
viii) FOA316 

As well as decimal, binary and hexadecimal notations, one other 
system is used in computing - binary-coded decimal. As its name 
suggests it is a hybrid form with elements from binary and decimal. 
It is commonly used where an output is required in digital format, 
e.g. a digital clock, or when great precision is required and no 
bits can be dropped. 

In BCD the normal decimal base is retained, i.e. one pl ace is a 
factor of 10 times its neighbor but each individual digit is 
represented in binary. Thus the number B710 would be represented 
as: 

8 7 base 10 

~~ 
1000 0111 

i.e. BCD = 1000 0111 (or in eight bits 
10000111) 

Fig. AI.6 

As the largest digit required in decimal notation is 9, only four 
bits of binary are needed to represent this, i.e. 910 =1001 2, thus 
a BCD digit can be represented by a nybble and two digits by a 
byte. Figure A1.6 shows this, where 8710 is represented in BCD as 
10000111 2, This can give rise to ambiguity in that 100001112 in 
binary is 13510' To overcome this, BCD representations wilT be 
given the notatlon 100001112(BCD). 
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Using four bits of binary, it is possible to count up to 1510 (i.e. 
1111 2=15 10) but in BCD the largest digit used is 9, so inevitably 
BCD 1S less economical in its use of space. Its largest digit, 9, 
is 1001 2 and when one is added to this it clocks over to 00002 and 
carries the 1 to the next nybble. i.e. 

810 = 0000 1000 (base 2 BCD) 

1610 = 0000 1001 II II II 

= 0001 0000 II II II 

1110 = 0001 0001 II " II 

10 

Fig. Al.l 

It would probably be helpful at this point if you load and run the 
Binary/Hex tutor program again. This time, select IBI at the main 
menu. and when asked IIAt what number ••• 11 enter a 1 <return>. 

The display will then show three rows of boxes again but this time 
they will contain decimal, binary and BCD. If you press the space 
bar as before, to index from Ill, you will notice that up to 910' 
binary and BCD are identical .. However, as you index from 910 to 
1010 keep an eye on the BCD box and you will see the 1 carried over 
to the most significant nybble. From 1010 upwards BCD becomes a 
true hybrid representing the decimal number in a binary form. 

As the number increases, the uneconomical nature of BCD will become 
apparent as 9910 changes to 10010 , When 9910 indexes to 10010 you 
will see the BCD generate a carry from its most significant nybble 
to the carry flag. 

This carry is only a short term expedient and must be picked up at 
the earliest possible moment if it is not to be lost. This carry 
is generated on the BCD boxes at 9910 while the binary boxes will 
store up to 25510 ' BCD is therefore fairly uneconomical in memory 
usage, but it has its uses in particular situations. In the past. 
microcomputers have always been dogged by their lack of memory and 
consequently BCD has been little used. However, the new generation 
of microcomputers have much larger memories and it is quite likely 
that BCD will be used much more frequently than it was in the past. 
Perhaps it is a sign of the times. that. although all COMMODORE 
computers have had BCD capability, your C-64 is the first to make 
use of BCD, albeit in a very small way. The 24 hour time of day 
clocks which are built into the C-641 s two input/output chips 
(6526 Is) do make use ,of BCD. 
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As you know all about BCD now(!) try the following:-

EXERCISE A1.3 

Convert the foll owing decimal numbers into 
BCD: 

i) 4 
i i) 10 

iii) 77 
iv) 97 

Answers on page 11-9. 

EXERCISE A1.4 

v) 53 
vi) 102 

vii) 953 
viii) 2579 

Convert the following BCD numbers into 
decima1:-

i) 0000 0001 
ii) 0000 1001 

iii) 0001 0101 
iv) 0010 0000 
v) 0100 1001 

vi) 1010 0011 
vi i) 1001 0111 

viii) 1000 1000 

Answers on page 11-9. 

In the explanations given of the value of places in place-value 
notation a simplification was adopted in order to make these 
explanations clearer for our less mathematically inclined brethren. 
However, if you wish to see a sl ight1y more mathematical 
explanation, please read on. Otherwise - END OF APPENDIX ONE. 
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With binary numbers it was said that the places increase their 
value in multiples of 2, but the least significant bit of the 
binary number was equival ent to the same symbol base 10 (or for 
that matter base 3, or whatever). In actual fact the multiplying 
factor is the base raised to the power of its place starting with 
zero at the 1 eft. i.e. in bi nary: 

7 6 5 4 3 2 1 0 Place 
Previously stated 

128 64 32 16 8 4 2 1 multiplication factor 

27 26 25 24 23 22 21 2° Mathematically more 
precise factor. 

Thus the least significant bit is multiplied by 2° or 1. (If you 
are not sure of this 1ry the direct program PRINT 2 0.) The next 
bit is multiplied by 2 • and so on. 

This rule holds for ANY base; let's apply it for hex, t .e. base 16: 

Least significant bit factor = 16° = 1 

2nd most significant bit factor = 161 = 16 

3rd most significant bit factor = 162 = 256 

Most significant bit factor = 163 = 4096 
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APPENDIX 

2 
This appendix is a guide to the Honey.Aid utility package which 1s 
supplied with this book. 

LIST OF HONEY.AID COMMANDS 

Toolkit Commands 

The Toolkit commands are intended to assist with the creation of a 
working BASIC program and subsequent amendment etc •• 

Toolkit commands can be used only as 'direct' commands i.e. they 
may not be included as commands within a BASIC program. An attempt 
to use one of the Toolkit commands within a program will result in 
a SYNTAX ERROR message and the abandonment of the program in which 
they were included. As will be realized, this is not really a 
serious restriction as the only use ever likely to be required of 
the Toolkit commands will be as 'direct' commands. 

APPEND 
AUTO 
BRK 
CBM 

CHANGE 
DELETE 
EXTEND 
FIND 

HMEM 
KILL 
LMEM 
NUMBER 

OLD 
REPEAT 
RESET 

All other Honey.Aid commands, may be used either as 'direct' 
commands or as BASIC program commands. 
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Graphics Commands 

COLOUR (or COLOR) LINE PLOT 
HIRES NRM 

Synthesizer Commands 

ENVELOPE SOUND WAVE 
PLAY TEMPO 
PULSE VOL 

DESCRIPTION OF HONEY.AID COMMANDS 

1. Toolkit Commands 

APPEND (abbreviation A <SHIFT> P) 

Used in conjunction with the HMEM command (see below). Appends the 
BASIC program placed in high memory (using the HMEM command) to 
the program preserved in low memory. APPEND effectively issues an 
LMEM command (see below) on completion of the APPEND. 

APPEND simply attaches the high memory program to the low memory 
program. The renumbering command, NUMBER, may/should be used prior 
to the APPEND to adj us t the 1 i ne numbers of the two programs so 
that the combined program's line numbers are in sequence. In many 
cases, renumbering after the APPEND will not produce problems. 

AUTO «SHIFT> A or A <SHIFT> U) 

Creates line numbers automatically, using the specified increment. 

and 
while 

AUTO 100 
AUTO 20 
AUTO 

creates increments of one hundred 
creates increments of twenty 
(no increment) is equivalent to AUTO 10. 

Once an AUTO command has been issued, Honey.Aid will respond to the 
entry of any numbered BASIC line by issuing the next 1 ine number 
and waiting for the remainder of the line to be typed in; Honey.Aid 
will then issue the next line number and so on. The line numbers 
which is issued by Honey.Aid may be changed if required and the 
next line number issued by Honey.Aid will reflect the changed line 
number. AUTO is switched off by typing an empty line i.e. a line 
number followed by a <RETURN>. 
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BRK «SHIFT> B or B <SHIFT> R) 

Performs a machine code BRK instruction. Unless a program has been 
loaded which responds to a machine code BRK, then the result of the 
BRK command will be a BASIC warm start. (BASIC pointers will be 
reset and the READY message will be given - in other words 'not a 
lot'). However, if a Machine Language Monitor (MLM) has been 
loaded, then the BRK command will cause the MLM to be entered. 

CBM «SHIFT> C or C <SHIFT> B) 

Prevents Honey.Aid from creating a non-CBM BASIC program. If 
either the special Honey.Aid Graphics or Synthesizer commands are 
incl uded in a BASIC program, then the program will not be runnable 
by a C-64 which is not equipped with Honey.Aid. However, it is 
obviously very handy to be able to use the Honey.Aid Toolkit 
commands when writing BASIC programs which do not include Honey.Aid 
Graphics/Synthesizer commands. Use of the CBM command before 
creat i ng the BASIC program wi 11 prevent Honey.A i d commands from 
being encoded and any accidental use of a Honey.Aid command in the 
program may be detected when the program is tested (a SYNTAX ERROR 
message will appear). Note that the CBM command does not prevent a 
previously saved Honey.Aid program from being run (provided it was 
not created with CBM in force, of course). 

The CBM command will also cause a 'bleep' to be issued and the 
color of the border to be changed to remind the user that CBM is in 
force. CBM is cancelled by the EXTEND command (see below). 

CHANGE (C <SHIFT> H) 

CHANGE is similar, in many ways, to the FIND command (see below). 
It will search the program for all the occurrences of one 
particular string of characters and then replace these by a second 
string of characters. Optionally, the search and change may be 
confined to one section of the program only. The string of 
characters being sought is defined by using almost any character 
which is not itself a part of the sought string (or the replacement 
string) as a delimiter. The delimiter must immediately precede and 
follow the strings, unless you intend the space to be considered 
part of the string. Full stop and comma are convenient characters 
to use as delimiters because of their position on the keyboard, but 
the slash sign (/) is not so good (see below). 
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Examples: 

CHANGE.PRINT.PRINT#3. will replace all occurences of PRINT by 
PRINT#3 (but see "Using Quotes as a 
delimiter"). The character "." has been 
used here as a delimiter. 

CHANGEQA$QAI$Q,100-860 will replace the variable name A$ by the 
name AI$ within the range of lines 100 to 
860 inclusive. The letter Q has been used 
as a delimiter here. 

The second example illustrates using a letter as a delimiter. 
However, most users find it less confusing when non-alphanumeric 
delimiters are used. The quote sign, when used as a delimiter, has 
some special effects; see beloW. 

Using quotes as a delimiter: 

If you do search for PRINT, say, using ordinary (non-quote) 
de 1 imiters, then some occurences of PR I NT may not be found. The 
'missed' PRINTs will be those which appear within quotes in the 
program (e.g. the PRINT in 100 INPUT "PRINTER OR SCREEN";A$ would 
not be found). Strings within quotes which contain a Commodore 
BASIC keyword (e.g. PRINT, GOTO, TO .•• ) will only be found by 
CHANGE when the delimiters used are quotes. Similarly, strings 
which contain Commodore BASIC keywords which are not within quotes 
will not be found if the delimiters used are quotes. Hence, CHANGE 
"PRINTER"SCREEN" will find all occurrences of PRINTER which occur 
within quotes (and will change these to SCREEN), but it would not 
find for instance, the string in 220 PRINTER;S$ (i .e. 220 PRINT 
ER;S$). Lastly, you cannot use CHANGE to replace a string which is 
only a part of a BASIC keyword, unless the string is within quotes. 
FIND.RINT. will fail to find the RINT's in the PRINT and PRINT# 
commands. 

Although +, -, * and I may be used as delimiters without problems 
most of the time, they do not work if you are looking for strings 
which contain the BASIC REM or DATA keywords. 
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DELETE «SHIFT> D or D <SHIFT> E) 

DELETE enables the deletion of a number of adjacent 1 ines from a 
BASIC program. 

Examples: 

DELETE 100 

DELETE 100-

DEL ETE 100 -250 

DELETE -250 

deletes line number 100, not very useful: a 100 
by itself would have the same effect. 

deletes all lines from line 100 (inclusive) to 
the last line of the program. 

deletes all lines from 100 to 250 (inclusive). 

deletes all 1 ines from the start of the program 
up to and including line 250. 

Warn~: DELETE - (the hyphen is present but the start and 
finishing line numbers are missing) will delete 
the whole pr~am. If this is done, in error, 
then the situation cannot be recovered by use 
of the OLD command (see below). 

EXTEND «SHIFT> E or E <SHIFT> X) 

Will restore Honey.Aid following a CBM command so that Honey.Aid 
Graphic and Synthesizer commands used during the creation of a 
BASIC program will be accepted. Honey.Aid will sound a 'bleep' and 
res tore the border to the ori gi na 1 color as an i ndi ca tor that 
Honey.Aid commands may again be included in BASIC programs. 

FIND «SHIFT> F or F <SHIFT> I) 

FIND provides a method of finding all the lines in the program 
containing a particular string of characters. Optionally, the 
search may be confined to a particular range of lines. The string 
of characters which is being sought is defined by using almost any 
character which is not itself part of the string as a delimiter. 
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Examples: 

FIND.PRINT A$. finds and lists all lines in the program which 
contain the characters PRINT A$. The 
character "." has been used here as a 
delimiter. 

FIND$NEXT$,100-580 finds all occurrences of NEXT in the line 
range 100 to 580 inclusive. 

FINDQLETQ,560- finds all occurrences of LET from line 560 to 
the end of the program. This example uses the 
letter Q as a delimiter. 

The use of quotes as a del imiter in the FIND command mirrors the 
way in which they are used by the CHANGE command. Similarly the 
use of +, -, / or * as a delimiter is not recommended as it will 
fail to find a string containing a REM or a DATA. 

HMEM (H <SHIFT> M) 

Seals off and preserves the eXisting program in memory and permits 
the memory which follows the existing program to be used for other 
programs. Possible uses are: 

i) To examine a program held on disk or cassette without the 
need to save the existing program, or 

ii) as a preparation to appending a program held on disk or 
cassette with the existing program. Loading the program 
which is to be APPENDed into high memory provides the 
opportunity to edit the program prior to the APPEND, or 

iii) examining the Directory of a disk. 

When the HMEM command is issued, Honey.Aid will respond with a 
'bleep' and will change the color of the border as a reminder to 
the user that HMEM is in force. 

If the C-64 is already in the HMEM state when the HMEM command is 
used, a SYNTAX ERROR message will be printed to the screen. 
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KILL «SHIFT> K or K <SHIFT> I) 

The KILL command is provided to enable Honey.Aid to be switched 
off. One reason for wishing to switch Honey.Aid off might be to 
remove the small overhead in the running speed of a program which 
is not making use of the Honey.Aid Graphics or Synthesizer 
commands. This overhead is considerably less than is normal with 
several other BASIC 'Toolkit' systems, owing to the method used to 
link Honey.Aid to Commodore 64 BASIC. Even so, the facility to 
switch off is provided should you need it. 

Note that Honey.Aid is not removed from the C-64' s memory by the 
KILL command and may be reactivated at a later time, if required. 
The procedure for reactivating Honey.Aid is explained in the 
introductory message put on to the screen when Honey.Aid is 
initialized, and a further reminder is given when the KILL command 
is used. In the current version of Honey.Aid, this procedure is to 
type SYS 750 followed by <RETURN>. 

LMEM «SHIFT> L or L <SHIFT> M) 

Releases the high memory space made available by HMEM and reverts 
to normal BASIC space complete with its original contents. Any 
program which is currently held in high memory will not be 
preserved, although an immediate HMEM following a LMEM should 
reinstate the high memory program. LMEM is unnecessary if APPEND 
is used, as automatic reversion to normal memory follows its 
execution. 

If the C-64 is in the LMEM state when the LMEM command is issued, 
then a SYNTAX ERROR message will result. 

NUMBER «SHIFT> N or N <SHIFT> U) 

NUMBER enab~es the whole of a program to be renumbered. The 1 ine 
number which is to be given to the first line of the renumbered 
program may be specified, if omitted the value 100 will be assumed. 
The increment value to be added to each line number to create the 
next may also be specified, if omitted the value 10 will be 
assumed. All commands which refer to other 1 ine numbers such as 
GOTO, GOSUB, THEN, RUN and LIST wi 11 automatically have the 1 ine 
numbers adjusted. 
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Examples: 

NUMBER 200,25 wi 11 renumber the program so that the new 1 ine 
numbers will be: 

200 
225 
250 ••• 

etc 

NUMBER is equivalent to NUMBER 100,10 
NUMBER 200 is equivalent to NUMBER 200,10 
NUMBER ,20 is equivalent to NUMBER 100,20 

Whenever Honey.Aid adjusts the line numbers referred to by a GOTO, 
GOSUB, THEN, RUN or LIST statement, the new line number is printed 
to the screen, e.g. if the line 220 GOTO 150 has been adjusted to 
250 GOTO 190 then Honey.Aid will print 190 on the screen. These 
numbers should always be examined to check that there have been no 
problems during the renumbering process. The problem most likely 
to occur is when Honey.Aid discovers a GOTO, GOSUB, RUN, THEN 
statement which refers to a non-existent line number (the sort of 
problem which causes BASIC to complain of an UNDEF'D STATEMENT). 
Honey.Aid will replace the silly line number with a line number 
which is even sillier: 65535. It is these 65535 numbers that 
should be looked for in the list of changes that Honey.Aid 
produces. Clearly, only the programer will be able to sort out 
what is his/her own error, but at least the FIND command is 
available to assist in clearing up the problem. 

Warning: It is possible to obtain peculiar results if the start 
line number or increment value are such as will cause 
the 1 ine numbers at the end of the program to exceed 
63999 (C-64 BASIC does not recognize program line 
numbers greater than thi s). Line numbers greater than 
65535 cannot be created anyway. If this happens, it is 
usually possible, but not always, to sort the problems 
out by reNUMBERing with less extravagant values. 

OLD (<SHIFT> 0 or 0 <SHIFT> l) 

The purpose of the OLD command is to undo a careless NEW command. 
OLD will reinstate a program to the state that it was in 
immediately prior to the NEW command. Note that OLD can not undo a 
careless DELETE command. 
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REPEAT «SHIFT> R or R <SHIFT> E) 

When the C-64 is initialized, only the SPACE bar, the cursor keys 
and the INST/DEL keys will repeat if held down for longer than 0.5 
seconds. The REPEAT command can be used to change the range of 
keys that will repeat in this manner. 

Examples: 

REPEAT 0 
REPEAT 1 
REPEAT 

no keys to repeat 
all keys to repeat 
revert to standard repeat pattern, 
cursors and INSTI DEL. 

RESET (R E <SHIFT> S) 

i.e. SPACE, 

This is a very drastic command. The RESET command causes the C-64 
to be reset (the so-called ' co1d restart ' ). Exactly the same 
resu 1t is ach i eved as if the C-64 had been switched off and then 
switched on again: everything within sight is intia1ized including 
the RAM memory. 

The occasions when this might be required are when 
itself in a complete mess and you wish to restart, 
might want to clear out every program from 
Honey.Aid!!). 

the 64 has got 
or perhaps you 
memory (even 

Since this is such a drastic command. Honey.Aid will ask for 
confirmation before doing the RESET. Honey.Aid will warn "System 
Reset- Are you sure y/n?", and any response other than y will 
cause the RESET to be abandoned. 

2. Graphics Commands 

One of the great advantages of the Honey.Aid Graphics system over 
other systems on offer is that the Graphics commands can be used in 
'direct' mode. Thus the user can experiment with different 
commands and see the result immediately, before building them into 
a BASIC program. A second advantage, not always provided by 
competing systems, is that Honey.Aid will only clear the high 
resolution screen when it is told to do so; it does not clear the 
screen automatically at the beginning of the execution of a program 
as many systems do. Therefore a graphics picture may be built up 
in stages by several runs of the same, or different programs. 
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The high resolution graphics screen is maintained in the RAM which 
lies under the C-64's Operating System ROM. The other part of the 
high reso1 ution screen system, the color screen, uses the bottom 
2000 bytes of the C block. The consequence of this is that the use 
of high resolution graphics subtracts not one single byte from the 
normal BASIC memory space and this means that very large high 
resolution graphics BASIC programs may be written. This is made 
possible, of course, by the unique characteristics of the C-64's 
6510 processor, and Honey.Aid sets out to extract the full benefit 
from this chip for the user. 

The system of defining the X, Y axes for plotting which is used by 
Honey.A i d conforms to the convent i ona 1 cartes ian system as taught 
in all schools i.e. the origin of the axes is in the bottom left 
hand corner of the screen and Y displacements are measured upwards. 
The majority of Graphic systems designed for microcomputers defy 
this convention - the origin is in the top left hand corner and Y 
displacements are measured downwards (graphic systems for mini and 
main-frame computers stick to the conventional Cartesian system 
however) • 

Finally, it should be noted that Honey.Aid allows high resolution 
graphics to be used alongside the synthesizer with no ill effects 
on either. With skill and patience, the all singing AND all 
dancing picture show is yours for the programing. 

COLOUR or COLOR (abbreviation C <SHIFT> 0) 

Thi s command changes both the color of the normal text screens 
background (paper) and of the border. The first parameter 
specifies the screen background color and the second (optional) 
parameter controls the border color, e.g. 

COLOR 0,1 

would change the screen background to black (0) and the border to 
white (1). 

COLOR 15 

would change the screen background to grey 3 and leave the border 
color unchanged. 
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HIRES (H <SHIFT> I) 

Any graphics work that we wish to do using Honey.Aid's advanced 
commands, must be done in the high resolution screen area. This is 
an area '320' points across and '200' points up. The HIRES command 
switches the d i sp 1 ay from the normal text screen to the 
high-resolution screen, optionally setting/changing the drawing 
(ink) color, setting/changing the background (paper) and clearing 
screen or not. 

Where i 
P 

and c 

so: 

HIRES i,p,c 

is the ink color, the color we will draw in, 
is the background or paper color 
indicates whether or not we clear the HIRES screen. A 
value of '1' will clear the HIRES screen and a zero will 
retain the previous picture. 

HIRES 2,8,1 

wi 11 allow us to draw in red on an orange background, with the 
screen cleared of any previous drawings. 

All arguments are optional so: 

HIRES 

HIRES 6 

switches on the high-resolution screen using the same 
colors as before, retaining previous picture. 

\ 
would change the 'ink' color to blue, leaving the 
'paper' color unchanged and retaining previous picture. 

One of the oddities of the C-64 is that the colors of the high 
resolution screen can only be changed in chunks which correspond to 
the character spaces of the normal text. Thus the pixels belonging 
to the 8 by 8 square of pixels which make up a single character 
space have their own paper and ink colors. If HIRES is called with 
the 'c' value set to 1 then all of the chunks will be initialized 
to the same 'paper' and 'ink' colors. If HIRES is then called with 
a different set of colors and 'c' value set to zero, or omitted, 
then no immedi ate changes wi 11 be observed. However, any future 
plotting which is carried out will change the two colors of the 
character space in which the plotting takes place· all 64 pixels. 
even if only a single pixel is plotted. This can produce rather 
unexpected results but used with care can produce the effect of a 
full sixteen color high resolution graphical display. 
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lINE (lI <SHIFT> N) 

The LINE command allows one to draw a line from two sets of 
co-ordinates, the first co-ordinates being the start point and the 
second set being the end position. 

lINE xl,yl,x2,y2,n 

'n' controls the type of lINE that we will draw. There are three 
possible values of 'n', and these are: 

o This tells the computer to draw the line in the background 
(paper) color, (or erase the line). 

1 Tells the computer to draw the line in the ink color. 

2 Tells the computer to draw the line in inverse. The line 
will be drawn in the ink color except where it crosses a 
line or a point which is already drawn in the ink color. 
At this point it will Iswitch off', revert to background 
color. At the point of intersection, and all other points 
will be drawn in the ink color. 

So: lINE 10,20,5,100,1 

will draw a line from the eleventh point across (the points are 
numbered from zero) and twenty one points up to the sixth point 
across and the one-hundreth and first point up, in the ink color. 

The value of the co-ordinates must be in the range of '0 ' to '319 1 

for 'x' and '0' to '199' for 'Y', any other value will result in an 
ILLEGAL QUANTITY ERROR message. 

NRM (N <SHIFT> R) 

The NRM command returns the computer to normal text use after using 
the HIRES graphics area. There are no parameters in this command. 

In practice, this command is little used. If a program simply goes 
into HIRES mode and draws a pretty picture, without needing to 
revert to the text screen during the run, then the NRM command is 
unnecessary. Following the successful completion of a graphics run 
the program will stop with the graphics picture on display for all 
to admire. Pressing any key will automatically switch the screen 
to text mode (i.e. will do a NRM). With Honey.Aid, therefore~ 
there is no need for delay loops at the end of a graphics run to 
allow the final picture to be displayed - it is automatic. 
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If a graphics program coll apses during a run with an error, the 
screen will automatically revert to the text screen to show the 
error message (note that the high resolution picture, as it was at 
the time of the error, is still present, and may be examined by 
issuing a HIRES command). 

The only time that a NRM command is necessary is when the program 
is halted with a STOP command. This is deliberate as this is 
possibly the effect that is required. If the text screen is 
required at STOPs then a NRM command should be placed before the 
STOP. If, in error, a STOP command wi thout a NRM command is 
encountered, then NRM can be typed in as a Idirectl command. 

PLOT (P <SHIFT> L) 

The PLOT command allows one to Isetl, Iclearl or linvertl each 
individual point on the HIRES screen. The PLOT command (like LINE) 
can Iplotl in three forms and these are: 

o This PLOTs the point in the background (paper) color, or 
if you like, erases the point. 

1 This PLOTs the point in the linkl color. 

2 PLOTs that point in the inverse. Thus if there was a 
point already there, it would then become the same as the 
background color. If there wasnlt, then the point would 
appear in the I inkl color. 

$0: PLOT 53,78,0 

sets a point on the fifty-fourth point across (remember the points 
are numbered from zero) and the seventy-ninth point up, in the same 
color as the background color. 

and PLOT 319*RND(1),199*RND(1),1 

will plot a random point in the ink color, somewhere on the screen. 

The value of co-ordinates must be in the range of 10 1 to 13191 for 
IXI and 10 1 to 1199 1 for lyl; any other value will result in an 
ILLEGAL QUANTITY ERROR message. 

A2-13 



3. Synthesizer Commands 

The Honey.Aid Synthesizer system has been designed with compactness 
and ease of use as prime objectives. For example, suppose that a 
middle C crotchet is played with voice 1. Honey.Aid will 
I remember I that it has played a middle C crotchet. Now if a 
request is made to pl ay the same note with voice 2, it is not 
necessary to re-specify either the note, the octave or the duration 
as Honey.Aid will automatically use the I remembered I values if new 
values are not supplied. In other words the values are 'sticky'. 

Honey.Aid has been tuned to international Iconcert pitch ' (A4 = 440 
Hz). There are two versions of the C-64 available intended for use 
with either NTSC TV standards (USA and others) or wi th PAL TV 
(Europe and others). The two versions of the C-64 have slightly 
different clock rates to cope with the different TV standards and 
consequently these clock rates have an effect on the pitch of the 
sound commands. 

Honey.Aid automatically provides the appropriate compensation for 
this problem and will maintain concert pitch on either of the two 
versions of the C-64. 

ENVELOPE (E N <SHIFT> V) 

Sets the envelope characteristics of a specific voice. 

The general form of the command is: 

ENVELOPE v,a,d,s,r 

where v specifies which of the three voices is to have its envelope 
modified: 1, 2,or 3, 

a specifies the attack rate 
d specifies the decay rate 
s specifies the sustain level 

and r specifies the release rate 

o to 15 
o to 15 
o to 15 
o to 15. 

If any of the a, d, s, or r values is not being changed then it is 
not necessary to include a value in the list. 
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Examples: 

ENVELOPE 1,0,1,8,2 sets the envelope characteristics of 
voice 1 to attack 0, decay 2, sustain 8, 
release 2. 

ENVELOPE 1",,4 changes only the release rate of voice 1 
to a value of 4. 

ENVELOPE 1,,5 changes the decay rate of voice 1 to a 
val ue of 5. 

PLAY (P L <SHIFT> A) 

This is a very powerful command which is used to playa sequence of 
musical notes. A single PLAY command could, in the ultimate, pl ay 
a piece of music of 6630 notes! 

In its simplest form PLAY takes a single string parameter. 
PLAY A$ or PLAY "CDEFG". The string specifies the actual 
which are to be PLAYed. If desired, additional strings of 
may be specified. 

e.g PLAY A$,B$,C$ or PLAY "CDEFG",X$. 

e.g. 
notes 
notes 

The largest number of strings that could be specified with one PLAY 
command on one double line is 26, and as each of these strings 
could specify up to 255 notes, the maximum number of notes is 26 x 
255 or 6630. A maximum of four symbols is required to represent a 
single note, but in certain circumstances it may be possible to 
reduce this to a single symbol. 

One symbol is used to specify the voice which is to play the note: 
<BLK> (or <CTRL>!) specifying voice 1, <WHT> (or <CTRL>2) 
specifying voice 2 and <RED> (or <CTRL>3) specifying voice 3. 

A second symbol is used to specify the note to be played: C 0 E F G 
A B specify the natural and shifted C 0 F G A are used to specify 
the sharps. An R or a hyphen is used to represent a rest. It is 
easier to see what is being specified if the C-64 is set to lower 
case mode, of course, and the examples below assume the mode. 

A third symbol is used to represent the octave, and the 
international convention of numbering is used i.e. 0 to 7. 
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Lastly, the fourth symbol is used to represent the duration of the 
note. The function keys are used for this purpose: <fl> specifies 
a breve, <f3> a semi-breve, <f5> a minim, <f7> a crotchet. The 
'shifted' function keys are used to represent the shorter notes: 
<f2> a quaver, <f4> a semi-quaver, <f6> a demi-semi-quaver and <f8> 
a hemi-demi-semi-quaver is! 

Example: 

PLAY "<BLK>C4<f7>" voice 1 to playa middle C crotchet 

Any of the four symbols may be omitted (but not all, of course). 
If the voice symbol is omitted then the same voice as was last 
specified will be used. Similarly omitting the note, octave or 
duration symbol will result in the last specified note, octave or 
duration being used. To make this 'sticky' value process work, it 
is essential to remember that the order of specifications must be 
in the sequence: voice followed by note followed by octave followed 
by duration. If Honey.Aid finds a specifier out of sequence it 
will assume that this is the start of a new note. Playing chords 
is extremely easy. If Honey.Aid is told to playa note with a 
particular voice it will do so immediately if the voice is 
currently inactive or if it is in its release phase. If the voice 
is active in the attack, decay or sustain phase then Honey.Aid will 
wait. Thus 

PLAY "<BLK >C4<F7><WHT><REO>3" 

will playa chord - voice 1 will start to playa middle C crotchet 
and then Honey.Aid will find the voice 2 note, and since voice 2 is 
inactive it will be started immediately playing a middle C 
crotchet. The delay between the two starts is, to all intents and 
purposes imperceptible. Similarly, voice 3 will start playing a C 
below middle C crotchet without noticeable delay. 

PLAY "<BLK>C4<F5><WHT>E<F7><REO>G<WHT><REO>" 

Would playa middle C semi-breve in synchronism with two chords 
consisting of voice 2 playing E and voice 3 playing G crotchets. 
They should all finish together. 
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Off-beat effects with multiple voices are also simple to achieve by 
using 'rests' to delay the start of a voice, thus: 

PLAY II <BLK >C4<F3><WHT>-<F2><RED>- <F7><WHT>E <F 3><RED>" 

Produces a sort of rippled chord. 

Note that PLAY may be interrupted by the STOP key between notes. 

PULSE (P <SHIFT> U) 

This sets the pulse width of a specific voice to a given value. 
The effect of this will, of course, only be observed if the voice 
is using the pulse wave form. 

The form of the command is: 

PULSE v,w 

Where 'v' specifies the voice (1,2 or 3) and 'Wi specifies the 
pulse width (valid values are 0 to 4095) 

SOUND (S <SHIFT> 0) 

May be used to playa single note 

The form of the command is: 

SOUND v,o,n,d 

where v speclfies the voice 1 to 3 
0 specifi es the octave 0 to 7 
n specifi es the note 0 to 12 

and d specifi es the duration 1 to 8 . 
The voice and the octave specifications are the same as for the 
PLAY command. A zero value for the note creates a 'rest'. The 
other values 1 to 12 correspond to C, C#, D, D#, E, F, F#, G, G#, 
A, A# and B respectively. 

The duration values 8 to 1 correspond to breve, semi-breve, minim, 
crotchet, quaver, etc. 
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As with the ENVELOPE command, it is only necessary to incl ude 
values for those parts which need to be changed, in fact no values 
at all is perfectly acceptable, thus: 

SOUND 1,4,1,6 
SOUND 

would cause VOICE 1 to play two middle C crotchets. 

The only advantage that SOUND has over PLAY is that parameters may 
be variables or expressions (the characters within the PLAY string 
are simply literals, of course). Thus SOUND could be used to issue 
a note whose pitch varied with the proximity of a missile from itls 
target, for instance, the octave and the note being computed from 
the distance. 

TEMPO (T E <SHIFT> M) 

Sets the tempo of all voices to the specified number of crotchets 
per minute. 

The general form of the command is: 

TEMPO t 

Where It I may be any positive val ue greater than or equal to 1. 
TEMPO with no It I value specified will default to the standard 
March tempo of 120 crotchets per minute. Be warned, however. a 
tempo value of 1 means one crotchet per minute which means a very 
long crotchet indeed. Although Honey.Aid allows you to interrupt 
the music with the STOP key, the interruption takes place between 
notes. With a tempo setting of 1, you could have to wait four 
minutes for a breve to finish before Honey.Aid allowed your 
interruption. 

VOL (V <SHIFT> 0) 

Sets the volume for all voices to the specified value (0 to 15) 

The general form of this command is: 

VOL v 

where v may be any value between 0 (silent) and 15 (maximum). VOL 
with no IVI specified defaults to 15. 
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WAVE (W A <SHIFT> V) 

Sets the specified voice to a wave form. 

The general form of the command is: 

WAVE v,W 

'v' specifies the voice and 'w' the waveform. 'w' lies in the 
ranae of 0 to 8. A value of 0 disconnects the voice from all 
oscillators. Values of 1, 2, 4 or 8 sets the voice to the 
triangular, sawtooth, pulse or random (white noise) wave form 
respectively. It is possible (but not always very profitable) to 
connect the voices to two or even three wave forms, thus a value of 
3(1+2) connects to the triangular and sawtooth wave forms (witt, 
little result). Note that since the wave value may not exceed 8, 
the random wave form cannot be mixed with any of the others. This 
is deliberate, as such combinations are likely to cause the SID 
chip to lock up solid. 

There are no reasons why all these voices cannot be set to the same 
waveform, with or without the same envelope. 

Initial Defaults 

When Honey.Aid is first loaded or following a STOP/RESTORE panic, 
the standard defaults shown below are set up. This enables simple 
sounds to be generated without the need for setting up VOL, TEMPO, 
WAVE, ENVELOPE etc. If any changes are made to these values they 
remain at the new value until changed again. 

standard values 

VOL initially set to 15 
TEMPO initially set to 120 (120 crotchets per minute) 

VOICEI initially set to wave form 1 (triangular) 
VOICE2 initially set to wave form 4 (pulse) with 

a pulse width of 255 (6.225%) 
VOICE3 initially s~t to wave form 8 (random noise) 

OCTAVE initially set to 4 
NOTE initially set to C natural, hence middle C is 

the default octave/note combination. 

DURATION initially set to 4 (semi-quaver) 
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TABLE 1 64 Character Set 

poke setl set2 poke setl set2 poke set1 set2 poke set1 set2 

0 @ 33 I 65 [IJ A 97 IJ 
1 A 8 34 .. 

66 [l] B 98 .. 
2 B b 35 # 67 E3 C 99 0 
3 C c 36 $ 68 EJ 0 100 D 
4 0 d 37 % 59' Ej E 101 0 
5 E e 38 & 70 bl F 102 II 
6 F f 39 · 71 [J G 103 0 
7 G g 40 ( 72 []) H 104 IiiiiiI 
8 H h 41 ) 73 5] t 105 ~ ~ 
9 I I 42 · 74 [9 J 106 [) 
10 J j 43 + 75 eJ K 107 [8 
11 K k 44 76 0 L 108 C. · 12 L , 45 - n lSI M 109 [9 
13 M m 46 78 IZl N 110 Ell 
14 N n 47 I 79 D 0 111 ~ 
15 0 0 48 0 80 0 P 112 [j3 
16 P P 49 1 81 • Q 113 E9 
17 Q q 50 2 82 bJ R 114 Ei3 
18 R 

51 3 83 [!) S 115 BJ r 

19 S 52 4 84 [] T 116 IJ s 
20 T t 

53 5 85 U3 U 117 IJ 
21 U 54 6 86 ~ V 118 [J 

u 

22 V 55 7 87 C W 119 Ll v 
1±1 23 W 56 8 88 X 120 ~ w 

24 X 
57 9 89 [] Y 121 ~ x 

fIl 25 Y 58 : 90 Z 122 0 0 y 
EB 26 Z 59 91 123 .:J z · 

27 [ 60 < 92 IJ 124 ~ 
28 £ 61 = 93 CD 125 EJ 
29 ] 62 > 94 tm 81 126 ~ 
30 t 63 ? 95 r!I ~ 127 ~ 
31 +- 64 E3 96 <space> 

32 <space> 

Codes from 128 to 255 are reversed images of codes 0-127. 
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TABLE 2 

Hexadecimal to Decimal 
Conversion Chart 

HEX 0 1 2 3 4 5 6 7 8 9 ABC D E F 

o 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
2 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 
3 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 
4 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 
5 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 
6 96 97 98 99 100 101 102 103 104 105 106 107 108 109 110 111 
7 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 
8 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 
9 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 
A 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 
B 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 
C 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 
D 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 
E 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 
F 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 

TABLE 3 

ASCII CHARACTER SET 

HEX MSB 0 1 2 3 4 5 6 7 
LSB BIN 000 001 010 011 100 101 110 111 

a 0000 NUL OLE SPACE a @ p , 
p 

1 0001 SOH DC1 ! 1 A Q a q 
2 0010 STX DC2 .. 2 B R b r 
3 0011 ETX DC3 # 3 C S c s 
4 0100 EOT DC4 $ 4 D T d t 
5 0101 ENQ NAK % 5 E U e u 
6 0110 ACK SYN & 6 F V f v 
7 0111 BEL ETB I 7 G W 9 w 
8 1000 BS CAN ( 8 H X h x 
9 1001 HT EM ) 9 I Y i Y 
A 1010 LF SUB * : J Z j z 
B 1011 VT ESC + . K [ k { , 
C 1100 FF FS , < L \ 1 I 
D 1101 CR GS - = M ] m } 
E 1110 SO RS > N ... 

n -. 
F 1111 SI US / ? 0 - 0 DEL 
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TABLE 4 

PRINTS CHR$ PRINTS CHR$ PRINT$ CHR$ PRINTS CHR$ 

0 • 46 , 92 f4 138 
1 I 47 ] 93 f6 139 
2 0 48 t 94 f8 140 
3 1 49 4- 95 SHIFT<RET'N)141 

.4 2 50 8 96 <UCASE> 142 
<WHT> 5 3 51 00 97 143 

6 4 52 [IJ 98 <BLK> 144 
7 5 53 B 99 <UCRSR> 145 

<NOCBM> 8 6 54 B 100 <RVSOFF> 146 
<OKCBM) 9 7 55 EI 101 <CLR> 147 

10 8 56 bJ 102 <INST> 148 
11 9 57 [] 103 <BRWN> 149 
12 · 58 CD 104 <LTRED> 150 · <RET'N> 13 · 59 @ 105 <GRYl> 151 , 

<LCASE> 14 < 60 (9 106 <GRY2> 152 
15 z 61 El 107 <LTGRN> 153 
16 > 62 0 108 <LTBLU> 154 

<OCRSR> 17 ? 63 CSl 109 <GRY3> 155 
<RVSON> 18 @ 64 IZJ 110 <PUR> 156 
<HOtlf> 19 A 65 0 111 <LCRSR> 157 
<DEL> 20 B 66 0 112 <YEL> 158 

21 C 67 III 113 <CYN> 159 
22 0 68 Q 114 <SPACE> 160 
23 E 69 [!J 115 IJ 161 
24 F 70 DJ 116 ~ 162 
25 G 71 [tJ 117 0 163 
26 H 72 ~ 118 0 164 
27 I 73 C 119 0 165 

<RED> 28 J 74 I±l 120 II 166 
<RCRSR> 29 K 75 rn 121 0 167 
<GRN> 30 L 76 III 122 ~ 168 
<BLU> 31 M 77 83 123 ~ 169 
<SPACE> 32 N 78 11 124 [] 170 

! 33 0 79 rn 125 [8 171 
.1 34 P 80 Iffi 126 [Il 172 , 35 Q 81 ~ 127 lS 173 
$ 36 R 82 128 @ 174 
% 37 S 83 <ORNG> 129 Q 175 
& 38 T 84 130 G3 176 • 39 U 85 131 E9 177 
( 40 V 86 132 Ei3 178 
) 41 W 87 fl 133 HJ 179 
* 42 X 88 f3 134 IJ 180 
+ 43 Y 89 f5 135 IJ 181 
t 44 Z 90 f7 136 [] 182 - 45 [ 91 f2 137 0 183 
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PRINTS 

~ 
~ 

CODES 
CODES 
CODES 

CHR$ 

184 
185 

PRINTS 

0 
.:1 

192-223 
224-254 
255 

CHR$ 

186 
187 

PRINTS 

~ 
e::J 

SAME AS 
SAME AS 
SAME AS 
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CHR$ 

188 
189 

PRINTS 

~ 
~ 

96-127 
160-190 
126 

CHR$ 

190 
191 



MEANING 

Cursor up 
Cursor down 

TAB l E 5 

CHARACTER SET CONVENTION 

(OBTAINED BY) 

«SHIFT><CRSR ft » 
«CRSR .u. » 

Cursor right «CRSR ::::}» 
Cursor left «SHIFT><CRSR <= » 
Clear screen «SHIFT><CLR/HOME» 
Home «CLR/HOME» 
Reverse off «CTRL>O) 
Reverse on ( <CTRL>9) 
Upper case «SHIFT><CBM» 
Lower case «CiRL>N)or<SHIFT> 

<CBM» 
CBM disable «CTRL>H) 
CBM enable «CmL>I) 

Black «CTRl><l» 
White «CTRl><2» 
Red «CTRL><3> ) 
Cyan «CTRL><4» 
Purple «CTRL><S» 
Green «CTRL><6» 
Blue «CTRL><7» 
Yellow «CTRL><8> ) 
Orange «CBM><l> ) 
Brown «CBM><2» 
Light red ( <CBM><3» 
Grey 1 «CBM><4» 
Grey 2 «CBM><5> ) 
Light green «CBM><6» 
Light blue «CBM><7> ) 
Grey 3 «CBM><8> ) 
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CONVENTION 

<UCRSR> 
<DCRSR> 
<RCRSR> 
<LCRSR> 
<CLR> 
<HOME> 
<RVS OFF> 
<RVS ON> 
<UCASE> 
<LCASE> 

<NOCBM> 
<OCCBM> 

<BLK> 
<WHT> 
<RED> 
<CYN> 
<PUR> 
<GRN> 
<BLU> 
<YEL> 
<ORNG> 
<BRWN> 
<LTRED> 
<GRY1> 
<GRY2> 
<LTGRN> 
<LTBLU> 
<GRY3> 



VIC II (Video Interface Controller) Registers 

Address 
No Hex Decimal Bits Description 

--
0 0000 53248 Sprite 0 X position 
1 0001 53249 Sprite 0 Y position 
2 0002 53250 Sprite 1 X position 
3 0003 53251 Sprite 1 Y positi on 
4 0004 53252 Sprite 2 X position 
5 0005 53253 Sprite 2 Y position 
6 0006 53254 Sprite 3 X position 
7 0007 53255 Sprite 3 Y position 
8 0008 53256 Sprite 4 X position 
9 0009 53257 Sprite 4 Y position 

10 DODA 53258 Sprite 5 X position 
11 DOOB 53259 Sprite 5 Y position 
12 DOOC 53260 Sprite 6 X position 
13 0000 53261 Sprite 6 Y position 
14 DOOE 53262 Sprite 7 X position 
15 DOOF 53263 Sprite 7 Y position 
16 0010 53264 Sprites 0-7 X position (ms bit of 

X coordinate) 
17 0011 53265 VIC Control Register: 

7 Raster compare (ms bit) 
6 Extended colour text mode, o :: disabled, 

1 :: enabled 
5 Bit -map mode, 0 :: disabled, 1 :: enabled 
4 Blank screen to border colour, 

o :: blanked, 1 :: norma 1 
3 Display 24/25 row text, 0 :: 24 rows, 

1 :: 25 rows 
2-0 Smooth scroll to Y dot position 

18 0012 53266 Read/write raster value 
19 0013 53267 Light pen X position 
20 0014 53268 Light pen Y position 
21 0015 53269 Sprite display enable/disable 

7-0 o :: disable, 1 :: enable 
22 0016 53270 VIC Control Register 

7-6 Unused 
5 Reset bit, 0 :: normal status, 

1 :: stopped 
4 Multi-colour mode, 0 :: disabled, 

1 :: enabled 
3 Display 38/40 column text, 

o :: 38 columns, 1 :: 40 columns 
2-0 Smooth scroll to X dot position 
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Address 
k) Hex Decimal Bits Description 

23 0017 53271 Sprite vertical expansion 
7-0 o = normal, 1 : expanded 

24 0018 53272 VIC Memory Control Register 
7-4 Video matrix base address 
3-0 Character dot data base address 

25 0019 53273 VIC Interrupt Flag Register 
7 VIC interrupt flag, 0 : no interrupt, 

1 '"' interrupt 
6-4 Unused 

3 Light-pen interrupt, 0 '"' none, 
1 = interrupt detected 

2 Sprite to sprite collision, a : none, 
1 : collision detected 

1 Sprite to background collision, 
o : none, 1 : collision detected 

0 Raster compare, 0 '"' not matched, 
1 : matched 

26 D01A 53274 VIC Interrupt Enable Register 
7 1 = set interrupt enable for •• 

6-4 Unused 
3 light-pen, a '"' disable, 1 & enable 
2 sprite to sprite collision, 0 & disable, 

1 = enable 
1 sprite to background collision, 

o = disable, 1 = enable 
0 raster match with 0012, 0 : disable, 

1 = enable 
27 001B 53275 Sprite to background priority 

7-0 o = background, 1 : sprite ,3 DOlC 53276 Sprite multi-colour mode 
7-0 o = standard mode, 1 '"' M.C.M. 

29 0010 53277 Sprite Y expansion 
7-0 o = normal, 1 = expanded 

~'" DOlE 53278 Sprite to sprite collision detect jJ 

7-0 o = do not detect, 1 = detect 
~. DOlF 53279 Sprite to background collision " ~'-

detect 
7-0 o = do not detect, 1 = detect 

32 0020 53280 Border colour 
23 0021 53281 Background colour (text) 
~ , 0022 53282 Background colour 1 ,J"; 

35 0023 53283 Background colour 2 
::5 0024 53284 Background colour 3 
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--- -----------------------------

Address 
No Hex Decimal Bits Description 

37 0025 53285 Sprite multi-colour register 0 
38 0026 53286 Sprite multi-colour register 1 
39 0027 53287 Sprite 0 colour 
40 0028 53288 Sprite 1 colour 
41 0029 53289 Sprite 2 colour 
42 002A 53290 Sprite 3 colour 
43 002B 53291 Sprite 4 colour 
44 002C 53292 Sprite 5 colour 
45 0020 53293 Sprite 6 colour 
46 002E 53294 Sprite 7 colour 
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SID (Sound Interface Device) Registers 

Voice 1 Registers 

Address 
No Hex Deci ma 1 Bits Description 

0 D~OO 54272 Frequency control - low byte 
1 0401 54273 Frequency control - high byte 
2 0402 54274 Pulse waveform width - low byte 
3 0403 54275 Pulse waveform width - high byte 

7-4 Unused 
3-0 Bits 11-8 of waveform width 

4 0404 54276 Voice Control Register 
7 Random noise waveform, 0 = not selected, 

1 = selected 
6 Pulse noise waveform, 0 = not selected, 

1 = selected 
5 Sawtooth noise waveform, 

o = not selected, 1 = selected 
4 Triangle noise waveform 

o = not selected, 1 = selected 
3 Test bit for oscillator, 0 = normal, 

1 = disable 
2 Ring modulate with oscillator 3 

o = don't modulate, 1 = do 
1 Synchronise with oscillator 3 

o = don't synchronise, 1 = do 
0 Gate bit, 0 = start release, 

1 = start attack 
5 0405 54277 Envelope Attack/Decay control 

7-4 Attack duration 
3-0 Decay duration 

6 0406 54278 Envelope Sustain/Release control 
7-4 Sustain level 
3-0 Release duration 

Voice 2 Registers 

7 0407 54279 Frequency control - low byte 
8 0408 54280 Frequency control - high byte 
9 0409 54281 Pulse waveform width - low byte 

10 040A 54282 Pulse waveform width - high byte 
7-4 U nu sed 
3-0 Bits 11-8 of waveform width 
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Address 
No Hex Deci rna 1 Bits Description 

11 D40B 54283 Voice Control Register 
7 Random noise waveform, 0 z not selected, 

1 z selecte d 
6 Pulse noise waveform, 0 a not selected, 

1 z selected 
5 Sawtooth noise waveform, 

o = not selected, 1 z selected 
4 Triangle noise waveform 

o z not selected, 1 z selected 
3 Test bit for oscillator, 0 z normal, 

1 = disable 
2 Ring modulate with oscillator 1 

o = don't modulate, 1 z do 
1 Synchronise with oscillator 1 

o = don't synchronise, 1 z do 
0 Gate bit, 0 z start release 

1 = start attack 
12 D40C 54284 Envelope Attack/Decay control 

7-4 Attack duration 
3-0 Decay duration 

13 0400 54285 Envelope Sustain/Release control 
7-4 Sustain level 
3-0 Release duration 

Voice 3 Registers 

14 040E 54286 Frequency control - low byte 
15 040F 54287 Frequency control - high byte 
16 0410 54288 Pulse waveform width - low byte 
17 0411 54289 Pulse waveform width - high byte 

7-4 Unused 
3-0 Bits 11-8 of waveform width 
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Address 
No Hex Decimal Bits Description 

18 0412 54290 Voice Control Register 
7 Random noise waveform, o = not selected, 

1 = selected 
6 Pulse noise waveform, 0 = not selected, 

1 = selected 
5 Sawtooth noise waveform, 

o = not selected, 1 = selected 
4 Triangle noise waveform, 

o = not selected, 1 = selected 
3 Test bit for oscillator, 0 = normal, 

1 = disable 
2 Ring modulate with oscillator 2 

o = don't modulate, 1 = do 
1 Synchronise with oscillator 2 

o = don't synchronise, 1 = do 
0 Gate bit, 0 = start release 

1 = start attack 
19 0413 54291 Envelope Attack/Decay control 

7-4 Attack duration 
3-0 Decay duration 

20 0414 54292 Envelope Sustain/Release control 
7-4 Sustain level 
3-0 Release duration 

SID General Registers 

21 D415 54293 Filter cutoff frequency low byte 
7-3 Unused 
2-0 Used 

22 0416 54294 Filter cutoff frequency high byte 
23 0417 54295 Filter resonance control 

7-4 Resonance level 
3 External input, o = don't filter, 

1 = fi lter 
2 Voice 3 output, o = don't filter, 

1 = filter 
1 Voice 2 output, o = don't filter, 

1 = fi lter 
0 Voice 1 output, o = don't filter, 

1 = filter 
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Address 
No Hex Decimal Bits Description 

23 0418 54296 Filter mode/Volume 
7 Cut-off voice 3, 0 = normal, 1 = cut-off 
6 Select high-pass mode, o = don't select, 

1 = select 
5 Select band-pass mode, 0 = don't select, 

1 = select 
4 Select low-pass mode, 0 = don't select, 

1 = select 
3-0 Output volume 

25 0419 54297 Analogue to digital coversion 1 
(game paddle 1) 

26 D41A 54298 Analogue to digital coversion 2 
(game paddle 2) 

27 D41B 54299 Oscillator 3 Random Number Generator 
Output 

28 D41C 54300 Envelope Generator 3 Output 

Note: Registers 0 to 24 (54272 to 54296, hex 0400 to 0418) are 
write-only, 25 to 28 (54297 to 54300, hex 0419 to 041C) are 
read-only. 
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INDEX 
(H)=Honey.Aid 

A 
ABS function 10-6 
Accumulator 10-13 
Addition 1-5 
ADSR 3-12, 9-4, 9-39 et.seq., 9-47 
AND operator 2-26, 6-7 
APPEND(H) A2-2 
Argument 2-2 
Arithmetic expressions 1-8 
Arrays 5-11, 6-21 
ASC function 5-18 
ASCII character codes A3 
Assembly Language 10-13 
ATN(Arc-TaNgent) function 10-5 
Attack 3-12 
AUTO(H) 3-16, A2-2 
Auto-repeat on keys 6-22 

B 
Balltrap game 7-20 et.seq. 
BASIC 1-5 

numeric functions 10-1 et.seq 
variables 5-11, 6-21 

Binary arithmetic Al 
Binary Coded Decimal Al 
Bit 6-2 
Bitwise operation 6-9 
Blockade game 7-27 et.seq. 
Breakout game 7-1 et.seq. 
BRK(H) A2-2 
Bug 2-18 
Buildasound 9-8, 9-32 
Byte 1-8, 6-2 

C 
Cassette Buffer 10-14 
CBM(H) A2-3 
CHANGE(H) 3-20, A2-2 
CHR$ codes 6-21, A3 
CHR$ function 5-17 
CIRCLES 10-1 
CLR statement 1-7 
CLR/HOME key 1-4 
Clock 5-1, 6-15 
Colon (:) 2-16 
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Color 
adjustment 1-4 

CHR$ codes A3 
(H) A2-10 
keys 1-4, 3-14 
PEEK and POKE 7-2, 7-10 
RAM 6-14,7-2 
screen and border 5-6 et.seq., 7-1 et.seq. 

Columns on screen(40) 4-9 
Commodore key 1-3 
Comparisons «,>,>=,<=,<» 2-13,2-14,2-25 
Composatune 9-1 et.seq 
Control variable 2-9 
Concatenation of strings 5-3 
Conditional statements 2-4 
CONT command 7-8 
CTRL key 1-4,1-10 
COSine function 10-2 
CRSR (CuRSoR) keys 1-4,2-27 
Correcting errors 1-13 
Cursor 1-2,1-4,2-27 

D 
Data pointer 4-3 
DATA statement 4-1 
Decay 3-12 
Defaults(H) A2-19 
DEFine statement 10-7 
Delay loop 4-17, 5-9 
DELETE(H) 6-26, 6-33, A2-5 
DELete key 1-2, 1-15 
Delimiters(H) 3-19, A2-4 
DIMension statement 5-12 
Direct entry commands 1-9 
Disk 2-23 
Dummy variables 10-8 

E 
Editing programs 1-2, 1-13, 2-9 
END statement 4-20. 6-27, 6-29, 6-30 
Envelope 9-39 et.seq., 9-49 
ENVELOPE(H) 3-12, A2-14 
Error messages 1-2 
Etcha-sketcha game 3-5 
Expanded Sprites 8-3 
EXPonent function 10-6 
Exponentiation 10-3, 10-6 
Expression, arithmetic 1-8 
EXTEND(H) A2-5 



F 
False 6-8 
Filters 9-58 
FIND(H) 3-18, A2-5 
Flags 4-9 
Flow charts 2-5 
FN Statement 10-7 
FOR statement 2-8 
FRE function 6-5 
Frequencies of notes 
Function key codes 
Functions 10-1, 

9-5, 9-36 
6-21 

10-7 

G 
Gate bit 9-41 
GET statement 3-6 
GOSUB stack 4-10 
GOSUB statement 4-10 
GOTO (GO TO) statement 2-3 
Graphics 6-1 et.seq 
Graphic symbols A3 
Greater than (» 2-8, 2-13 

H 
Hangman 4-1, 10-10 
Hexadecimal A-I 
HIRES(H) 3-2, A2-11 
HMEM A2-6 
Honey.Aid 3-1 et.seq., A2 

I 
IF •.. THEN statements 2-4,2-13 
Immediate mode commands 1-9 
Initialising SID 9-3 
INPUT statement 1-9,1-13 
INST(INSerT) key 1-15 
INTeger function 2-2 
Interactive 7-1 

J 
Jiffy clock (TI) 5-1, 5-5, 5-10 

K 
Keyboard 1-1 
Keyboard buffer 5-10,6-5,6-28 
Keyboard on/off 6-10 
KILL(H) 3-1, A2-7 
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L 
LEFT$ function 4-5 
LEN function 4-7 
Less than «) 2-8,2-13 
LET statement 1-6 
LINE(H) 3-3, A2-12 
LIST command 1-10 
LMEM(H) A2-7 
LOGarithm function 10-6 
Logical operation 6-7 
Loops 2-3,2-8 
Loop variable 2-9 
Lower case characters 1-3 

M 
Machine code 6-12,10-13 
Machine language 10-13 
Mathematical expressions 1-8 
Memory locations 

SID 9-1, 9-2 
sprites 8-3 

Memory mapped screen 7-1 
MID$ function 4-5 
MOBs 8-1 
Module Testing 9-25,9-28 
Moveable Object Blocks (MOBs) 8-1 
Multi-statement lines 2-16 
Music 9-1 et.seq. 

N 
Names 

program 2-23 
variable 1-7 

Nested subroutines 7-25 
NEXT statement 2-8 
Note 

duration 9-4 
frequencies 9-5, 9-36 
PEEK values 9-26 

Not equal to «» 2-25 
NRM(H) 3-5, A2-12 
NUMBER(H) 3-17, A2-7 
Numeric variables 1-6, 1-7 
Nybble 9-44 
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o 
OLD(H) 3-18, 
ON s ta tement 
Operators 

arithmetic 
logical 
relational 

OR 2-25 

p 

1-5 
2-25, 2-26 

2-13, 2-14. 2-25 

Parameters 10-8 
PEEK function 5-7, 7-10 
PEEK value of notes 9-26 
Pi 10-3 
Pitch 9-2, 9-5, 9-36 
Pixel 6-1 
PLAY(H) 3-14, A2-15 
Play-back of tune 9-30 
PLOT(H) 3-2, "A2-13 
Pointer 

Data 4-3 
Top of Memory 10-16 

POKE codes A3 
POKE statement 5-6, 7-2 
PRINT statement 1-2, 1-5, 1-6, 1-10 
Program 

edit i ng 1-13 
line numbering 1-9 
loading/saving (disk) 2-23 
names xi, 2-23 

Prompts 1-13 
PULSE(H) A2-17 

Q 
Quadratic equations 10-7 
Quotation marks 

as delimiters(H) 3-19, A2-4 
printing onto screen 6-27 
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R 

2-1 
2-1, 10-

Radi ans 10-3 
RaNDom function 
Ran dom num bers 
Reaction Tester 
READ statement 

5-1 et.seq. 
4-1 

Release 3-12 
Relocating character set 
REMark statement 2-22 
REPEAT(H) A2-9 
Repeat on keys 6-22 
RESET(H) A2-9 
RESTORE statement 4-3 
Resonance 9-62 
Return key 1-2, 1-5 
RETURN statement 4-10 
RIGHT$ function 4-5 
ROM 4-1 
Rows on screen (25) 
RND (RaNDom) function 
RUN command 1-9 
RUN/STOP key 2-3 
RVS OFF key 1-4 
RVS ON key 1-4 

S 
SAVE command 2-23 

4-9 
2-1 

6-4 

Saving programs (disk) 2-23 
Screen border utility 10-16 
Screen columns (40) 4-9 
Screen POKEing 7-1 et.seq. 
Scrollinq screen 1-10 
Self modlfying programs 6-27 
Separators 1-11,1-12,1-13 
SGN function 10-6 
Shift key 1-2 
SINe function 10-2 
Sixteen bit arithmetic 9-2 
Sound 9-1 et.seq., 
SOUND(H) 3-10, A2-17 
Sound effects 10-10 
SID 9-1 
Sound Interface Device 9-1 
Space symbol 1-11, 4-17 
Sprite 

graphics 8-1 et.seq. 
memory 8-3 
multicolor 8-4 
precedence 8-19 
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SQR(SQuare Root function) 10-2 
Stack, GOSUB 4-10 
Stave 9-19 
STEP 2-9 
STOP command 2-4 
STOP key 2-3 
Storing programs on disk 2-23 
String concatenation 4-13, 5-3 
Strings 1-8 
String variables 1-8 
STR$ function 10-9 
Subroutines 4-10 
Subroutine testing 9-25, 9-28 
Subscripted variables(Arrays) 5-11, 5-12 
Sustain 3-12 
Syntax error 1-2 
SYS statement 10-15, A2-7 

T 
TAB function 4-9 
TANqent function 10-4 
Tempo 9-22 
TEMPO(H) 3-16, A2-18 
Testing routines 9-25, 9-28 
THEN 2-4,2-6 
TI variable 5-1, 5-5, 5-10 
Tl$ variable 5-1 
Time clock 5-1 et.seq. 
Tone color of note 9-4. 9-50 
Top of memory pointer 10-16 
TO statement 2-9 
True 6-8 

u 
1-3 
10-7 

Upper/Lower Case mode 
User defined functions 
User defined graphics 6-1 et.seq 

1-7 



V 
VALue function 10-9 
Va ria b 1 es 1-7 

array 5-11 
control 2-9 
dimensions 5-12 
dummy 10-8 
integer 2-2 
loop 2-9 
names of 1-7 
numeric 1-7, 1-8 
string 1-8 

VERIFY command 2-24 
VIC II chip 6-12 
Voices 3-10, 9-1, 9-5 
VOL( H) A2-18 
Volume 9-3, 9-39 

W 
WAVE(H) A2-19 
Waveforms 9-50 
Write only registers 9-14, 9-46 

SYMBOLS 

(Colon) 2-16 
(Exponentiation) 10-3, 10-6 

> (Greater than) 2-8, 2-13 
< (Less than) 2-8, 2-13 
>= (Greater than or equal to) 2-14 
<= (Less than or equal to) 2-14 
<> (Not equal to) 2-25 

(P i) 10-3 
(space) 1-11, 4-17 
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