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INPUT TO THE COMPUTER

There are times when you may wish to access
information from the keyboard without using
the INPUT command. For example when you
want to make use of the Function Keys or
to ensure that only one key corresponding
to a number is pressed.

There are two main ways of obtaining

information from the keyboard. The first
is the GET command which will take characters
cne at a time. Secondly you can PEEK the

location 197.
GET STATEMENT

The GET statement in Basic will remove
one character at a time from the keyboard
buffer and if no character is present ie
no key pressed it will return an empty
string.

In the following example it will wait for
r

TR

Line 10000 ensures there 1is no character
in the keyboard buffer.

Line 10005 waits wuntil a key 1is pressed,

Line 10010 clears the keyboard buffer and
returns to the main programme.



In this case no information is passed back to
the programme and any key will cause the
programme to return.

In the next example the computer will only accept
a Y or an N key as in '"Do you want another
go Y/N?".

Line 10000 clears the keyboard buffer.
Line 10005 waits until a key is pressed.

Line 10010 checks if it is a Y - if it is it sets
a 'flag' and jumps to 10025.

Line 10015 checks if it is not an N - if it is
not it starts the process of waiting for a key
again.

Line 10020 sets the flag to 0 (N key pressed).
Line 10025 clears the keyboard buffer.

Line 10030 returns to the main programme.

There are two things that make this programme
an advance over the previous one. The computer
will only accept a Y or N and the variable
'flag' 1is set to 1indicate to the main programme



which key was pressed.

This can be adapted to select any two keys
simply by substituting them for Y and N in
lines 10010 and 10015.

If you wish to wait for a key in a particular
range to be pressed this is best achieved by
comparing the ASCII code of the character
against the wvalue of the range required.

Line 10000 clears the keyboard buffer.
Line 10005 waits for a key to be pressed.
Line 10010 checks to see if it is a letter of

the alphabet. If it is not it then waits for
another key to be pressed.

Line 10015 <clears the keyboard ©buffer and
returns to the main programme.




This 1is essentially the same as before except
that it will wait until a number between 0 and
9 1is pressed. This is wuseful if you wish to
cause the programme to branch to for example
one of five parts of a programme depending
on which key is pressed. This 1is wuseful in
choosing an option from a 'menu'.

L@ REM gk CHOOSE LTHE #

1” FRIMTYERHTER HUMRER {1 TO 5
A STV A

AR THT O SR
[FTHT’”'I’“IH IHII

VTR

‘r: | H } H I 1| ITI [ Ol v 1 A O T B

Line 10000 clears the keyboard buffer.
Line 10005 waits for a key to be pressed.

Line 10010 checks if it is in the range 1 to
5.

Line 10015 converts it into a numeric variable.
Line 10020 clears the keyboard buffer.

Line 10025 branches to lines 100 to 500 on the
value of the key pressed.

The numbers can of course be selected to suit
the individual needs of the programmer.

All these examples have used the GET statement.
Another way to obtain data from the keyboard



is to look at the NUMBER of the actual key
pressed. This will be found at location 197
ie PEEK(197). This will give the value of the
key pressed.

e

Line 10000 waits until a key is pressed.

Line 10005 <clears the keyboard ©buffer and
returns to the programme.

It should be noted that if no key 1is pressed
PEEK(197) will be 64.

This 1is an advance on the previous programme
as it will wait until the space bar is pressed.

Line 10000 waits until PEEK(197) = 60 ie when
the space bar is pressed.

Line 10005 clears the keyboard buffer.

Line 10010 returns to the programme.



FEE TR e
"EL TLIRRY

=k Eﬂ:i.: U}Z‘ i ]
25 FRIMTYOR.,  THARE YL
i1 Ff.f-lI!

1nn1n RETLRM

ATl THER SR

This will wait until the RETURN key is pressed.

LG REM ek ARy FUMCTION KEY
15 FRIMTFI S OEUMETION K

. THAMEY I

1 EEAE

:I it ,r: r":'T' e l'
Line 10000 sets variable N to

Line 10005 checks to see if it is
Function Keys.

Line 10010 clears the keyboard buffer.

Line 10015 returns to the programme.

PEEK(197).

one of the

This will wait wuntil any of the Function keys

are pressed.

g

TFFEERC LH7 33 THEM 15
|

A WFETTE R

frem 4, a2 o



TEALE REM dedo IOWATTS FOR F-5 dedded
] ;3 B WAITTS FOR Feef 0 i

SOWFTTE TR e 3 s e e

Line IOOOO waits until a specific Function Key
is pressed from the wvalue shown in 10002 to
10027.

Line 10030 clears the keyboard buffer.
Line 10035 returns to the main programme.

The following programme will enable you to use
the Function Keys to make decisions.

TE REPT el DRHODSE FREOM Rl Y g
5 FRIMTVF fOFLMETION KEY"
OO EE

PR TRT l H {1 TIL)I 4OREEY ] T EMD
HRTT "f*UHL. <, .k.' @ PR =T R'”l

THEM M = '-uhrn;nr ;
OTHER R = SUEOTO SRS
S THEM M o=

_‘f‘

TEGE, R e 0

Line 10000 sets variable N to PEEK(197).

Line 10000 sets variable N to PEEK(197).
Line 10005 checks it is a Function Key.

Lines 10010 to 10025 set N according to which
key is pressed.

Line 10030 clears the keyboard buffer.



Line 10035 will cause the programme to branch
to one of four lines according to the key pressed.

The line numbers can be changed to fit in with
your programme and the range of keys that
will be accepted is also variable.

This section has dealt with a number of means
to enable you to have more control over the
way 1in which information input to the computer
is handled. By wusing a range of techniques
it is possible to compel the computer to accept
only what you want it to.

=SEOTHPUT " TILORD LERGTH 5L
FEGE e S RRTMT T

1885 FORM=1TOL.

1TEIE FRINTYSEEMNTER WOED U, WE
TELE PORELSE, B

R

I
AL L
L ET

SORETHTUMORD EMTERED I " LE

Line 50 inputs the length of the word required.

1

1%

Line 1000 sets W$ to null.

Line 1005 sets FOR-NEXT loop to length required.
Line 1010 prints the word.

Line 1015 clears the keyboard buffer.

Line 1020 waits for the key to Dbe pressed.
Line 1025 adds the character to W$.

Line 1030 repeats the process until the word
is the correct length.

Line 1035 prints the final word.



This will enable you to input a word one letter
at a time wuntil the word 1is of the required
length. By simply adding a few lines it is
possible to force the computer to accept only
alphabet characters or numbers or even both.

18 REM ## LLIMIT TO ALFHABET
SE ITRFLT " TORD LEMGTH .
TEEE Lg="" FRTMT

1@@s FORM=1TOL

TELE PRIMT"SEMTER WORD " LEF
1@15 PULEl”“-m

] GETFE D [FFg=""THEM 1826
'ili- CESOREFASCORE D RETHERN 1@175

F’l"r TH TUSADRED EMTERED IS "ilWE

This is essentially the same but line 1025 will
check that each character is a letter of the
alphabet.

The following programme will accept only number
keys and converts the word into a variable
that may be manipulated as a number.

1A REM des LTMIT TO HUMBERS
s Trﬁ“'T”"WﬂW?FFF LERGTH S
1 fldp PR MT Y
iR TOL
A FPREIMT"SEMTER MUMBER "0 LWE
A5E PORE] S, &
18 GETHAE: TFAg=""THEM 1026
O TFASCCAE D CAB0RASCCAE I SETTHERM 1815
LEEE WE=lErRE
TEES MEST
LEGE P EL CLE
1Eam PRIHT"SUMEER EMTERET T2 " LE
1@5E FREIMTUSALLE OF MUMBER IE" M

Line 1025 checks for a number Kkey.



Line 1040 converts that word into a numeric
variable. )

If you wish to input a word of variable length
the RETURN key may be wused to terminate the
entry as happens normally when using the INPUT
statement. This will also allow you to ensure
that only those characters required will be
accepted.

10 REM #% JSE RTH TO TERMIMATE ##

LEEE =" RRIHTT

1865 PRIMT SEMTER WORD " ilE

1ELE FORE LSS, @

GETHE: IFFF=""THEM 1015
g ST

TFFISE B o E SRS R o e SE THER 18 18

e oz o o e L

FRIMT"SEMTER WORD "l

GOTO L EES

FRIMTSTHE WORD IS "MW

L.ne 1020 is the key line. It checks to see
if the RETURN key has been pressed.

Line 1025 checks that the character 1is within
the required range.

Of course this may be modified to accept numbers
or any other characters as has been seen in
the last few programmes.

It 1is possible to combine this small routine to
perform a very powerful set of functions. It
gives scope for a wide range of applications
from games to business programmes.

10



USER DEFINED CHARACTERS

Of the many graphics facilities available on
the Commodore 64 perhaps the most useful 1is
the capacity to define your own graphics
characters.

Characters on the Commodore 64 are defined
on an 8 by 8 matrix or grid:-

Eg

Each character is made up of a block of 8 bytes.
For every dot in a row the corresponding bit
is set to a 1 and a O where it is blank. The
top row of the F (row 1) is a byte (01111100).

Row 1 (01111100)
Row 2 (10000100)
Row 3 (10000000)
Row 4 (11111000)
Row 5 (10001000)
Row 6 (10000000)
Row 7 (10000000)
Row 8 (11000000)

The character is stored in memory as a sequence
of 8 bytes top to bottom.

The character ROM in the Commodore 64 contains

the information to form all the characters
available. Since this 1is in the Read Only

11



Memory you may ask how it is possible to
define your own characters. This 1is achieved
by telling the VIC chip that controls the screen
display to look for the information in a different
place. Because you want to store your own
data this must be in RAM. As the only RAM
readily available is also used by Basic it is
also necessary to tell the computer that the
start of your character information 1is the top
address available. Although this restricts the
availability of RAM most programmes requiring
this form of graphics will still have enough
room.

L FEM i b e e :
T s
VT e

A s o o e e o

P T e 3

When you run this programme the screen will

fill with garbage. This 1is because there is
no data to form the characters in this section
of memory. You can now define your own

character and see what it looks like.

To define your own characters simply draw out
the shape on an 8 by 8 grid. As you now know
each row 1is effectively an 8 bit binary number
and all that now has to be done is to convert
that number into decimal.

This is done by adding up the relevant number
of each filled square (see example below).

12



128 64 32 16 8 4 2 1 Decimal

124
132
128
248
136
128
128
192
Row 1 = 64 + 32 + 16 + 8 + 4 = 124
Row 2 = 128 + 4 = 132
Row 3 = 128
Row 4 = 128 + 64 + 32 + 16 + 8 = 248
Row 5 = 128 + 8 = 136
Row 6 = 128
Row 7 = 128
Row 8 = 128 + 64 = 192

The data now has to be stored.

TR R el
i .

O ES ] . S

AR =TT

1 BRI

A OFOE L RSEEM A

BT

A PR DT TR

TRTALZS V32, T8 248, 130, 128, 12, 122

This programme alters the area from which
the character data is read, lowers the top of
memory to protect the data from being over-
written and stores the data for the new character
in the space normally used to hold the @ sign.
As many characters as wished may be defined
and used in this way. As the data starts at
12288 and is held in 8 ©bytes subsequent

13



characters will be stored in 8 byte increments.
Eg

@ 12288 to 12295
A 12296 to 12303
B 12304 to 12311

As you are no doubt aware the disadvantage
of wuser defined characters is that they replace
the normal set. One way around this is to
copy the original data from the character ROM
into the RAM wused for your characters and only
redefine those necessary.

TOPOKESZ . AT PORESS

ll' F'Lr' 'l”i* 1|H S| T W] U
5 I "', M[:',IHIF{“ FEMORY  FROM FFES T

R N o e T

2 .“f! O

FIMT 2

TISRELES WEYESAN & EMAELE SHAR ROM

TESORECM CHARS THTO REM

TORES CHAR ROM

This programme will copy the character ROM
into RAM starting at 12288. However because
the Commodore 64 has a 64K RAM the character
ROM space is normally used for different purposes
and is not immediately available. This
programme disables the key scan and enables
the character ROM, PEEKs the data byte by byte

14



and POKEs it into the RAM, restores the normal

key scan functions and character ROM. Once
this has been done typing POKE 53272,28
apparently has no effect. This is because the

character information is now loaded.

To calculate which characters you wish to
redefine look up the POKE number for the
character.

Eg

@ =0
A =1
Z = 26 etc

multiply this number by 8 and then add this
to 12288 to find the starting location of the
symbol to be replaced.

REVERSAL OF CHARACTERS

In order to create a reversed character the
simplest thing to do is for every 1 put a O
and for every O put a 1. Going back to the
example of the F this programme uses the same
data but reverses the bit pattern of each row
to form a reversed character.

128 64 32 16 8 4 2 1 Decimal

131

123
127
7
119
127
127
63

15



Row 1 = 128 + 2 + 1 = 131

Row 2 = 64 + 32 + 16 + 8 + 2 + 1 = 123
Row 3 =64 + 32 + 16 + 8 + 4 + 2 + 1 = 127
Row 4 = 4 + 2 +1 =17

Row 5 = 64 + 32 + 16 + 4 + 2 + 1 = 119
Row 6 = 64 + 32 + 16 + 8 + 4 + 2 + 1 = 127
Row 7 = 64 + 32 + 16 + 8 + 4 + 2 + 1 = 127
Row 8 = 32 + 16 + 8 + 4 + 2 + 1 = 63

There is however no need to repeat these
calculations to achieve a reversed character
merely deduct the original calculation for each
row from 255 and enter the data.

The following programme demonstrates a
character reversal.

10 REM ## REVERSED “F7 #
186 FOEESRETE. 28

118 FORESSD., 255 FORKEDS ., 47
1R POKESL, 255 POREDE. 47
1368 FORM=@aT07

148 READA

156 FORKE1ZZESHH, 255~

LEE MEST

17E FPRIMT" Ielnimens

1EE DATALESS, 132, 128, 248, 1268, 128, 128, 122

Row 1 = 255 - 124 = 131

Row 2 = 255 - 132 = 123

Row 3 = 255 - 128 = 127

Row 4 = 255 - 248 = 7

Row 5 = 255 - 136 = 119

Row 6 = 255 - 128 = 127

Row 7 = 255 - 128 = 127

Row 8 = 255 - 192 = 63

The following programme will replace the

Commodore 64's normal character set with ''space
age'" style font.

16



18 REM ##% MEW CHARACTER SET

1@E FOR M=@ T0 73

185 READ A

FOKE 12288+354+M, H

HE=T

REM

125 REM READ MUMERAL DATA & STORE IM RAM
1 REM

FEM

Fip =T 0mEw

READ M FPORKEL2288-84M, F

HEST

= REM READ ALFHARET IATA & STORE IR RAM

FEM

FEM

FORESZZY 2. 28

: 5 REM

4h FET

J#T FEM SWITCH TO HEW CHARACTER ZET

LREE TATALEE, PRV, 82,102, 78, 125, B REM &
TEE] DATAE. 8,8, 24, 24, 24, 24,8 REM 1
Al TATHLESE, 2020 126, 26, 26, 126,80 REM 2
= ﬂHTMJ;n EaEsEmE S, TEE REM =

SEa LEEL T2 12 12 e REM

£
<=

: S Ed TS SV S IR B REM S
DHTHﬁﬂ'hd frd, LAE L BE, BEITE VA REM &

; THRT ] S ff i B FEM 7
JHM THRTEL &, @i s 126, 28, 28, 128, 8 BEM &
:'::l

TEES DRTALSE, PELTFEL 1268, 2,02, 2 8 EEM
SEEE DFATHRLZE G5, S5, 126, 58, 95, 258,68 REM A
| OTIFTHLISSG S8 SR 126,28, 58, 126,80 EEM E
SOTFTRALISE S8 B8 B6E, S5, 28, 1265 REM O
A TIFTEL S S Gf, 58, 2E, 94. | EELE REM T
TIATAL2E ad o md, 124, 96, Lae. 8 REM E
TATAL e A A, 124, Jf. L REMOF
TRTHAL 26 G sd, TRz, Q“.Eﬁ-j fema i REEMOG
DIFT R e i 126 B8, 28, 28, B FEM M
SEES TFATALS 16 1E 29, 24, 249, 24 8 REM T
I = = e e i v BP  TO  I Fepid T

Y D RN R S I R S o B B i FEM b
1 ﬂHTH54JG4;E439ﬁJﬁE,9mJ1£ﬁ3@5 FEM 1.
OTIATALES, T, P LEE 1@a s 18 L3, B REMPM

17



SRl DATASE ﬂg.fm,,m 58, 5 56, 0 REM H
SEl4 DRTALEE. 66,

REM 01

2E1E DATALEE. EEM P
S@lE TRTALEE. REM 0
SE1 T TRTRLE REM
18 DATALEE, REM &

FTM T

IH'"ITHEZLT, Fal g Eaf . R REM
OV L e i fl, B LE, B, LR B REM 2

MULTI COLOUR CHARACTERS

In the ©preceding examples the wuser defined
characters have been in only two colours - the
background «colour O and the character colour.
This is because each bit controls one dot on
the screen (pixel) as each bit can contain
O or 1 there are only two possible combinations
and hence only two colours. However the
Commodore 64 will allow a different form of bit
mapping where each pair of bits 1is treated
together. This enables up to four colours as
a pair of bits may have one of four values.

O[O0 1|10 1]1

BKGRND 1 BKGRND 2 BKGRND 3 CHAR COLOUR

53281 53282 53283 COLOUR RAM
The colour RAM starts at 52296. Colours 0 to

7 are normal and 8 to 15 are in multi colour
mode, which can be set by the PRINT commancd.

18




POKE 53270,PEEK(53270) or 16 will enable multi
colour.

POKE 53270,PEEK(53270)AND239 will disable multi
colour.

As each dot on the screen is now controlled
by two Dbits this effectively means that the
maximum horizontal resolution is cut by a factor
of 2.

The first colour caused when two adjacent bits
are set to 0 is the screen colour set in location

53281. The second colour is produced when
the bit pattern is 0l and is held in location
53282. The third colour is produced by a 10
pattern and 1is stored at location 53283. The

fourth colour 1is the character colour and is
stored in the screen RAM corresponding to the

position of the character. If this 1is between
0 and 7 the character 1is displayed in the
normal manner (ie high resolution). If it is

between 8 and 15 the character is printed multi
colour the fourth colour being dependent upon

the actual wvalue. This enables both high
resolution and multi colour graphics to be used
on the same screen. However only colours O

to 7 (black to yellow) may be utilised for high
resolution characters.

It is 1important to remember when designing
multi colour characters that although each bit
is treated individually for calculation purposes
it is the combination of two adjacent bits that
determines the colour and that the pixel size
is effectively doubled. Thus the character
matrix is now four columns by eight rows when
the multi colour mode is used.

The diagram below shows the correspondance
between the bit pattern and colour displayed.

19



128 64 32 16 8 4 2 1 Decimal 128 64 32 16 8 4 2 1
oloflojJojo]ifo]1 5 I
0JOjOJOJO]1}0]1 5 _Screen Bkgnd
0]j]0JOJjOJO|1]O]|1 5 icolour 1
olofjolofof1jol1 5
1jof1|of1{1|1]1 175
110101 (1 }1][1 175 Bkgnd Char
1{0Of1jOof1[{11][1 175 2 colour
1lof1]jof1 (1411 175

18 RER ## LSER DEF ML |I TI!'"'i"'ILul IF e

186 FRIMT I CFOKE: T

PAE PORERE 25 PO T

116 . i

115

FHI H

%% REFDA
148 FOKELSSEE+H, A
L4 HENRT

158 F'I"IF'H I"ITI"M SECPRIMTE T HEZ"’T

LEEE DATAS. S, 5,5, 175, 175, 175, 175
In this example the colours are set at

Screen light grey (15)
background 1 green (5)
background 2 magenta (4)

The first half of the screen RAM 1is loaded with
15 which enables multicolour in that square
and sets the fourth colour to yellow (15-8)=7

The second half is set to 7, which will only
permit high-resolution characters. They appear
in this half of the screen in the same form
as normal user-defined characters. Thus it will
be apparent why only colours 0-7 may be employed
for normal wuser-defined characters in multi-colour
mode.

20



SPRITES

Sprites are a very special form of user defined
character and possess many unique and
interesting characteristics. There are up to
eight sprites normally available and each sprite
may be controlled independently from all the
other graphics features on the Commodore 64.

Each sprite is able to:-

Move  smoothly across the screen in either
direction.

Move wunder or over any other screen display.
Expand x 2 in either or Dboth directions.
Move under or over another sprite.

Be defined in normal or multi colours.

Facilities also exist to detect sprite to sprite
collisions and sprite to background collisions.

The steps necessary to define and use sprites
may be summarised:-

Draw and define a sprite.

Locate the data in a suitable area of RAM.
Tell the computer where to find the data.
Select the attribute of the sprite.

colour

normal or multi colour

background priority

. horizontal or vertical expansion

Enable the sprite

Position the sprite

Since each sprite is controlled independently
from all other graphics including other sprites
it is possible to have many sprites each with
differing characteristics.

oA oo ~MWON
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In order to explain in a clear manner the steps
involved in sprite graphics we shall define a
sprite and position it on the screen. As we
move through the steps involved the techniques
will be explained in detail.

STEP 1: DRAWING A SPRITE

Sprites are formed in a way analagous to user
defined characters except the grid used consists
of 24 horizontal and 21 wvertical columns. The
appearance of a sprite drawn on the grid is
shown below.

1 1 1 H
68421 68421 68421 Decimal
1 T T T T T T
oaas sguiey sypusssssses ] R
Ll L. . G ] 12
AT RN R RS R s 0
Al . ] . P o
5 Sl iy 3 240 o
o i T 3 218 0
7] 4 R 63 22 Q.
s RSReen 127 s o
s RERREE 255 255 o
. TTI s s 128
" { T 255 255 128
2 T 255 255  —
13 i | 255 255 224
14 [ 255 223 240
15 i BR 255 ) 143 248
16 o R 255 o 3 248 -
17 aase - ‘ 254 - v 22
18 i R ‘ | 252 0 192
1 SEEES w 248 g - -
20 RN B B 240 2 —
P 3 + T 224 0 o
1 2 3
1 2 3

As can be seen the horizontal rows are divided
into three sets of eight squares each eight square
section being treated in the normal manner for
a row of wuser defined characters. The sprite
data will therefore comprise 1 byte for each
horizontal block of 8 squares and 21 bytes for
each column. This makes a total of 3 x 21
or 63 bytes for each block of sprite data.

The data should be arranged Row 1 Col 1 Row
1 Col 2 Row 1 Col 3 ; Row 2 Col 1 Row 2 Col
2 Row 2 Col 3 etc reading across the sprite.

22



COL 1 COL 2 Col 3

Row 1 1 2 3
Row 2 4 5 6
Row 3 7 8 9
Row 4 10 11 12
Row 5 13 14 15
Row 20 58 59 60
Row 21 61 62 63

TABLE: SEQUENCE TO FOLLOW WHEN DEFINING
A SPRITE

The rules for determining the wvalue foe each
8 bit row are identical to those wused for wuser
defined characters and if you are in any doubt
as to how to do this read the section on user
defined characters before proceeding any further
with sprites.

STEP 2: STORING SPRITE DATA

Once the sprite has been drawn and the
conversion of each row 1into a decimal number
is complete the next stage is to store the
information in RAM.

Before looking at how to store the data you
must decide where to put it.

Each sprite will require an effective total of
64 bytes of memory. This must be within the
first 16K of Ram as the VIC II chip that controls
sprites can only ‘'see' up to location 16383.
This area regrettably 1is also wused by Basic
and will 1limit the space for programmes to
about 10K.

If you do not wish to define more than three
different sprites there is a solution.

23



The answer 1is to store the data in the cassette
buffer. This is a section of memory from
location 828 to 1019 that is normally used to
temporarily store data being transfered to and
from the cassette unit. Although if the tape
unit is used the sprite data will be lost it does
enable you to define up to three different sets
of sprite data with no ‘'loss' of RAM. Most
people will not use the tape when running a
programme anyway so there 1is little conflict
between the two uses.

The programme below will illustrate the simplest
way to store the data. The data 1is for the
horse's head example shown above.

LAE FORM=ETOES
185 REFDA

116 POKESEE+H. A
115 MEXT

24



The data is held in DATA statements and read
into variable A in the FOR-NEXT loop and stored
in RAM starting at location 832.

The reason for locating the data there will
become apparent when we examine how to tell
the computer where to look for the sprite data.

If you were to use more that 3 sets of data
the next most logical place would be starting
at 12288. This would involve lowering the Basic
pointers and would restrict the size of RAM
available to Basic. Details on how to protect
the data are to be found in the section on
user defined characters.

STEP 3: SET SPRITE DATA POINTERS

The next step is to inform the computer where
you have located the data for each sprite.

There are 8 memory locations that control the
position of the sprite data one for each sprite.

2040 SPRITE O DATA POINTER
2041 SPRITE 1 DATA POINTER
2042 SPRITE 2 DATA POINTER
2043 SPRITE 3 DATA POINTER
2044 SPRITE 4 DATA POINTER
2045 SPRITE 5 DATA POINTER
2046 SPRITE 6 DATA POINTER
2047 SPRITE 7 DATA POINTER

The contents of each pointer register contain
the actual location of the data divided by 64.

For example: data held at 832 for sprite O
= 832 + 64 = 13

The information would be set in the following
manner:-—

POKEZ2040,13
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If you had the data loaded at

12288 + 64 =

would be:-

POKE2040,192
sets the sprite O data to

The same set of data
number of sprites; all

set the data pointer of

12288 the POKE

192 thus

start at 12288.

may be utilised by any
that 1is necessary 1is to
the sprite to the starting

location desired.

For example:- ji@& Filkl
1% P

E

PRI SN A

will set the first 4 sprites to the data held
at 832.
You can now see why the data was loaded at

832 and not at the start of the cassette buffer.
The start of the buffer is at 828 and this cannot
be divided by 64 without a remainder.

STEP 4: SELECT SPRITE ATTRIBUTES
a. COLOUR
The colour of each sprite is determined by the

contents of the SPRITE COLOUR REGISTER.

These are located as follows:—

53287 SPRITE 0 COLOUR
53288 SPRITE 1 COLOUR
53289 SPRITE 2 COLOUR
53290 SPRITE 3 COLOUR
53291 SPRITE 4 COLOUR
53292 SPRITE 5 COLOUR
53293 SPRITE 6 COLOUR
53294 SPRITE 7 COLOUR
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Any of the 16 colours normally available may
be utilised. The code for the colour required
is POKEd into the relevant colour register.

Eg
POKE53287,0

and all the bits set to 1 in sprite O will appear
in black. The bits set to O will be 'transparent'
and will shown the colour of whatever the sprite
is positioned over normally the screen colour
(held in 53281).

b. NORMAL OR MULTI COLOUR

The sprite will normally be in standard mode
but may also be formed in multi colour mode.
The subject of multi colour sprites 1is fairly
complex and the topic will be dealt with in
depth later on.

c. BACKGROUND PRIORITY

The priority of each sprite with respect to other
images on the screen may be altered by the
SPRITE BACKGROUND PRIORITY REGISTER.

This is located at 53275. Each bit of  this
register controls one sprite and may be set to
a 1l or a O. If the bit is set to a 1 then the
sprite will have a lower priority and will appear
BEHIND any character on the screen. Setting
the bit to a 0 will cause the sprite to be
displayed IN FRONT of the other display.
The priority of each sprite may be set in the
following manner:-

POKES53275, (PEEK(53275)0OR2AN)

This will cause the sprite to be displayed behind
other characters where N 1is the number (0 -
7) of the sprite.
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To set the sprite to a higher priority
POKES53275, (PEEK(53275) AND (255-24N)
Again N is the number of the sprite.

All sprites have fixed priority over other sprites;
the Jlower the sprite number the higher the
priority. Thus sprite 0 will appear in front
of ALL other sprites; sprite 5 will appear in
front of sprites 6 and 7 but behind sprites 0
to 4 and sprite 7 will appear behind all other
sprites.

SPRITE NUMBER PRIORITY
0 Highest
1

2

3

4

5

6

7 Lowest

d. HORIZONTAL OR VERTICAL EXPANSION

Each sprite may be expanded in either the vertical
or horizontal directions or even both.

This will cause the sprite to be displayed twice
its normal size. The registers are again
'bitwise' where each bit controls one sprite.
If the bit is set to a 1 then that sprite will
expand in the direction controlled by that
register.

28



EXPANSION REGISTER

BIT SPRITE SET(ie 1)
0 0 expanded
1 1 expanded
2 2 expanded
7 7 expanded

The vertical register is at 53271.
The horizontal register is at 53277.

To expand a sprite vertically:-
POKE53271, (PEEK(53271)OR(24N)

To return to normal:-
POKE53271, (PEEK (53271 )AND255(24N)
where N is the number of the sprite.

To expand horizontally the formula 1is the same
except you would POKES53277.

e. ENABLING SPRITES
Now that the characteristics of the sprites have
been established you are ready to enable the

sprite.

Each sprite may be enabled or turned on or

disabled at will. This 1is controlled by the
SPRITE ENABLE REGISTER which 1is located at
53269. In common with many registers wused

in the Commodore 64 each bit in the register
controls one sprite.
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—
—3

SPRITE CONDITION AND SPRITE STATUS

0 0 1 on 0 off
1 1 1 on 0 off
2 2 1 on 0 off
3 3 1 on 0 off
4 4 1 on 0 off
5 5 1 on 0 off
6 6 1 on 0 off
7 7 1 on 0 off

Because it is important to only affect the bit
associated with the sprite you wish to use a
formula is necessary to ensure that just one
bit is modified:-

To enable a sprite
POKE53269,PEEK (53269)OR(24N)

To disable a sprite
POKE53269, PEEK (53269) AND (255-24N)

where N is the number (0 - 7) of the sprite
in question.

You are now able to continue with the example
horse in the first part of the chapter.

The complete programme up to this point will
be:-

ROa BORDER TOLTN

£

i

TR TR TRET BUFFER #
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T DETH POIHMTER 7O f

SRREITE @ DOLGIRE T WHTTE

e i

B

The line by line explanation is:-—
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50 set screen colour to grey

55 set border colour to dark grey

100 start counting loop

105 read sprite data from data statements

110 load data into RAM starting at 832

115 increment loop count

130 set data pointer to 832 (832 + 64 = 13)

for sprite 0O

145 set sprite O colour to white

160 ensure sprite O priority is low

175 ensure sprite will appear normal size

190 ensure sprite will appear normal size

205 enable sprite 0

10000 to 10100 contain the sprite data arranged
in columns and rows (compare with the diagram
of the horse's head sprite).

With all this done if the programme is RUN all
that will happen 1is that the screen and the
border will change colour. This 1is because
the sprite has not yet been positioned on the
screen.

STEP 5: POSITIONING SPRITES ON THE SCREEN

For the purposes of sprite positioning the screen
may be viewed as consisting of 255 wvertical
and 344 horizontal positions each sprite being
located by specifying the X (horizontal) and
Y (vertical) coordinates.

For the purposes of coordinate calculation the
sprite is taken as starting from the top left
hand corner. This is regardless of whether
the sprite has been expanded or not.

With a sprite at its normal size, positions
0-29 and 250-255 place the sprite outside the
viewing area, and are thus the extremes to

which a sprite may be moved, and still remain
visible.

32



In the horizontal direction the 1limit is set at
344 when the sprite just disappears off the right
hand side of the screen.

To position the sprite so that all of it is just
visible the coordinates are 50 - 229 vertically
and 24 - 320 horizontally.

The wvalue corresponding to the position of the
sprite is held in the sprite position registers:-

LOCATION SPRITE AND DIRECTION

53248 0 Horizontal X
53249 0 Vertical Y
53250 1 Horizontal X
53251 1 Vertical Y
53252 2 Horizontal X
53253 2 Vertical Y
53254 3 Horizontal X
53255 3 Vertical Y
53256 4 Horizontal X
53257 4 Vertical Y
53258 5 Horizontal X
53259 5 Vertical Y
53260 6 Horizontal X
53261 6 Vertical Y
53262 7 Horizontal X
53263 7 Vertical Y

In addition there is the X direction MSB register
located at 53264. This will be looked at shortly.

To position a sprite you need to POKE the wvalue
corresponding to the desired position into the
position registers for that sprite. In the
previous example sprite O was defined and that
sprite will now be positioned on the screen.
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POKES53248,100: POKE53249,100

will cause the horse's head to appear on the
screen.

It is now easy to cause the sprite to move from
the top to the Dbottom of the screen thus
demonstrating the ability to animate displays.
Add the lines below to the programme and RUN
it to observe the effect.

e

g PO

MURSE FEOP T

220 sets the horizontal position

225 starts the counting loop

230 POKEs the vertical position into the Y register
235 slows down the movement

240 increments the loop

To move the sprite back to the top of the screen
simply alter line 225

225 FORN=229TO50STEP-1

The horse will now move from the bottom to the
top of the screen.

By altering the programme so that the vertical
position is fixed and changing the horizontal
position in a FOR-NEXT loop it is possible to
move the sprite across the screen.
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M
5OFORESZZED, PEER CRREER D ORE T

5 REM |

o TURM O SR oA

s L

4 T

2T

HEST
= REM # MOVE HORSE FROM LEFT TO RIGHT #
DEE REN

You will now see the horse move from left to
right. However the motion stops about three-
quarters of the way across. You will recall
that the screen 1is 24 to 320 'steps' across.
Because the position register is one byte and
one byte on the Commodore 64 is 8 bits wide
the maximum decimal value that it can contain
is 255. If you try to POKE a number greater
than 255 into the register you will be rewarded
with an error message:-

?ILLEGAL QUANTITY ERROR IN 230

Fortunately the designers knew of this limitation
and provided a way around it.

X MSB REGISTER

The X direction MSB or Most Significant Bit
register is located at 53264 and contains the
most significant bit of a nine bit byte. In
effect when you POKE a number into any of the
X direction registers you are setting the 8 lowest
bits of a nine bit byte:

256,128 64 32 16 8 4 2 1 DECIMAL
gl7]e[s5[4[3][2][1]o]BIT
MSB' X DIRECTION REGISTER
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Since the maximum number that can be held
in a 9 bit number is

256 + 128 + 64 + 32 + 16 + 8 + 4 + 2 + 1 = 511
you can position your sprites wherever you wish.
Each bit in the MSB register is effectively the

highest or 8th bit for each of the 8 sprite
X direction registers and may be viewed thus:-

X MSB SPRITE X

BIT

8 7 6 54 3 2 1 0 SPRITE
10|+ 0

2|1 |+ 1

4 2| + 2
83|+ 3

6|4 |+ 4
32| 5| + 5
641 6| + 6
128| 7| + 7

256 128 64 32 16 8 4 2 1

Whenever it is desired to position a sprite beyond
255 you must set the MSB bit corresponding to
that sprite and clear the normal X register to
0 and load in the new value.

The existing register contents must be cleared
because when the MSB is set to 1, 256 is added
to the contents of the normal register which
would place the sprite off the screen.
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For example:-

MSB NORMAL REGISTER COMBINED VALUE

0 254 254

0 255 255

1 255 511 * not a good idea
1 0 256

1 1 257

1 64 320 *maximum value

The relationship between the total wvalue and
the condition of the MSB can be clearly seen
in the table above.

HOW TO SET THE MSB

Clearly you must ensure that only the MSB for
the sprite in question is altered or all the other
sprites will move as well. The formula below

will enable you to do this.

To set MSB to 1 and clear X register
POKE53264,PEEK (53264)OR2 N:POKE|X REG|,0

where X REG is the appropriate X position
register and N is the number of the sprite.

To clear the MSB and set the normal register:-
POKE53264,PEEK (53264)AND(2 N):POKE|X REG|,255

Again X REG is the normal X register location
and N is the number of the sprite.

You can now modify the programme to move the
horse all the way across the screen.
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FORESZZ2E4, r: bR ORI T

SEREM ## SET MEE I“ur.. SERITE @ s
i RERM

FORESZZAE, B

FODLERR SFREITE B W REGIETER e

Hr AT
REM i MOWE FROM ZEES TO 328 LR

255 set MSB for sprite O

270 clear normal X register
280 start loop

285 load register with position
290 slow down movement

295 increment loop

By combining the directions of movement the
sprite can be made to move in any direction
including diagonally or even in circles.

e D ETE R,

220 clears the screen and starts counting loop
225 defines X coordinate of circle

230 defines Y coordinate of circle

235 POKEs X coordinate into register

240 POKEs Y coordinate into register

245 increments loop

ADDITIONAL FEATURES

If you wish to expand the sprite all that is
required is a modification to line 175:-

175 POKES53271,PEEK(53271)OR240
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and the sprite will be double height.
Changing line 190 will double the width:-

190 POKE53277,PEEK(53277)0R240

& BOEDER S COLCIIR g

[

DT TR TRPE BELFFER b6

ST

DETE FONTER TO 25z bk

FRITE & COLOUR TO LT

T
MR OREM TR e

i T
ST ET Wl Gt
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If the above modifications are added to the
horse's head programme in addition to the
expansion of the sprite in both directions you
will see the sprite 'disappear' behind a barrier
halfway down the screen.

If line 160 is changed to:-

160 POKE53271,PEEK(53271)OR(255-2 N)
the sprite will move over the barrier.
SIMPLE ANIMATION

The most straightforward way to animate a sprite
is to store two or more sets of data for each
position of the sprite and change its shape by
altering the pointer to select different data.
This is illustrated 1in the programme below:-

o o s o oS oo s e o o e o
R T AT T




10000 - 10020 hold the data for the 1lst shape
10100 - 10120 hold the data for the 2nd shape

100
105
110
115
120

reads and stores the data for the 1lst shape
reads and stores the data for the 2nd shape
turns on sprite O

positions the sprite on the screen

sets the data pointer to the 1lst shape
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125 delays the animation

130 sets the data pointer to the 2nd shape
135 delays the animation

140 returns to continue the effect

In the examples above the data statements have
all been limited to 3 sets per line. This is
to show more <clearly the relationship between
the columns and rows on the drawn sprite and
their location in memory.

It is strongly recommended that until you are
quite familiar with the relationship this method
is used.

Once the programme has been written and the
sprite data is known to be correct the data
statements should be 'run together' to conserve
memory space.

MULTI COLOUR SPRITES

All the sprites dealt with so far have been in

the standard or high resolution mode. The
Commodore 64 also permits sprites to be defined
in multi colour mode. This will allow up to
four colours to be wused in each sprite. The

sacrifice as usual is that as two Dbits are
required to select the <colour the horizontal
resolution is halved.

1
1 .

3838542188388 42 68421 Decimal
Wit T rrrrfrrf’ 1 I
2f | I : [ —
3 T . _ -
4 7 :
5 i
6 il
7 |
8 ———
9 ———
10 —
n - #
12 T
13 T
14
15
18 R
17! - - - 7—
18 - - -
™ -
20 1 Ll _
21| 3 ] ] | i - —

i 2 3 1 2 3
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As will be seen in the above diagram the sprite
now consists of 12 horizontal and 21 wvertical

sections. The bit pattern 1in each section
controls the colour of that area. The relation-
ship is:-

BIT PATTERN COLOUR DISPLAYED

00 Transparent (screen)
01 Sprite multi colour 1 (53285)
10 Sprite normal colour
11 Sprite multi colour 2 (53286)

It will be apparent that three of the colours
are common to each sprite and one colour may
be selected independently.

The SPRITE MULTI COLOUR ENABLE REGISTER
controls each sprite and any all or no sprites
may be displayed in multi colour mode.

The register 1is located at 53276 and once again
each bit controls one sprite, bit 0 controlling
sprite 0 and bit 1 controlling sprite 1 etc.

To set a sprite to multi colour the corresponding
bit in the register must be set to a 1 or to
display a sprite in normal mode set to a O.

Because it 1is essential to only affect the bit
responsible for the sprite in question the familiar
formula must be employed:-

POKES53276,PEEK(53276)OR24N

where N is the number of the sprite to turn
a sprite into multi colour mode.

POKES53276,PEEK(53276) AND255-(24N)
will restore a multi colour sprite to normal mode.

The colours are selected by the contents of four
registers.
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Bits 10 will be set in the normal sprite colour
register thus permitting each sprite to have
a different colour with this bit combination.
The register used will depend on the number
of the sprite and is the same as that wused in
normal mode.

Bits 11 will be set to SPRITE MULTI COLOUR
2 held in 53286. The codes are the same for
all sprites and may contain any colour code
from 0 to 15.

The programme below will demonstrate what a
multi colour sprite may look like.

O FREE e o o o e
PE O ORER e MULT TOOL IR 2

':1'5Eli'fE'!IE':"'?fll'f:'lllff*':ffliE'Iff'lﬁf"i";f;i‘ﬁf:l;if'ii. e i fi':‘i et s




COLLISION DETECTION

The facilities exist for the computer to detect
whenever a sprite collides with another sprite
or any other display on the screen.

The collision status for each sprite is held as
a bit in two registers the SPRITE COLLISION
REGISTERS.

One register holds sprite to sprite collision
status the other sprite to background status.

They are located at:-

53278 SPRITE-SPRITE REGISTER
53279 SPRITE-BACKGROUND REGISTER

The bit corresponding to the similarly numbered
sprite is set to a 1 if that sprite is involved
in a collision.

To use the registers the formula below is used:-

IFPEEK(53278)AND (24N)=(24N)THEN XXXXXX

This checks if sprite N has had a collision: if
it has then do XXXXXX where XXXXXX 1is what-
ever action is required.
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By changing 53278 to 53279 it 1is possible to
check sprite background impacts.

NOTES ON COLLISIONS

The collision status will be set even if the sprite
is off the screen at the time of impact.

The register 1is set when the collision occurs
and remains set wuntil it 1is PEEKed. Once it
has been PEEKed IT IS CLEARED.

When a collision occurs between 2 sprites the
bits for each sprite are set.

In multi colour mode the bit pattern 01 (multi
colour 1) although wvisible is considered to be
transparent as far as collisions are concerned
so you must ensure that the programme will
not attempt to detect a collision with this
pattern.
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THE SCREEN

The screen layout of the Commodore 64 is
normally arranged into 40 columns of 25 rows.
The starting location of the screen is 1024 and
it continues to 2023.

When you POKE a number to the screen you tell
the operating system what character to put on
the screen at that position. The actual shape
of the character is stored in the character ROM
or if you are wusing wuser defined characters
the appropriate place in RAM. The chapter
on user defined characters gives more information
on how to form your own characters and where
they should be placed in memory.

The figure below illustrates the correspondence
between the ©position on the screen and the
memory location POKEJ.

By adding the column and row values obtained
from the following chart and adding them to
the starting address of the RAM concerned ie
1024 for characters or 55296 for colour it is
easy to position your character and colour any-
where on the screen. Eg to put a letter 'A'
in red at the position marked:-

Row = 280

Column = 8 = 288
+ Screen 1024 + 288
+ Colour 55296 +288

POKE 1024 + 288,1 (A)
POKE 55296 + 288,2 (red)
The colour information 1is also stored in RAM
and starts at 55296. In this area the number
of the colour to be displayed is held. By

POKEing the corresponding location in the colour
RAM you can change the colour of whatever
character is displayed.
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560

600

640

680

720

760

800

840

880

920

960
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Because two pieces of information are required
for every character displayed on the screen
(character and colour) whenever you wish to
modify the screen display by POKEing you should
always make sure that both the colour and the
character shape are as you wish them to be.
This might sound obvious but a firm under-
standing of the way in which the screen is
handled will allow you to get to grips with
the more complicated aspects of the changes
that are possible to the way in which the screen
is used.

Consider for a moment that you have formed
a complicated display either by POKEing the
screen RAMs or by PRINTing the information.
The chances are that you will want to use this
display in wvarious ©parts of your programme.
Instead of having to repeat the original process
because the screen information is stored in RAM
regardless of how the display was formed it
is possible to 'move' the information to another
part of the computer's memory and to bring
the display back whenever you wish to use it
again. It is also possible to store the screen
on disk or cassette.

The programmes below will move the entire
contents of both the screen and colour RAMs
to a 'dead' area of the Commodore 64's memory.
This area is not used by the computer and will
not affect the spare RAM for Basic.

i F"FT'I 'd“l*' ! :'ZF'FH T'l l"r FROGRF Ifl i
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The 4K block starts at 49152 and continues to
53247. This will actually hold two complete
screens as each screen requires 1000 bytes for
characters and 1000 bytes for colour information.

This programme will restore the 'saved' screen.

FRCIGREFM e
STREER

1E REM e '*'”FFFH FE s Tl IF‘P
S EOSLIR !
] FFIHT”ECFEF‘H FE xTI'FrEJ'J”
JE EMI

1““-1 FCIf k= HTH"M

BoE RETURM

The screen information is copied into the 1000
bytes starting at 49152 and the  colour
information to the 1000 bytes starting at 50176.
If you wish to store a second screen the locations
would be 51200 for the characters and 52224
for the colour data.

The main drawback of these routines 1is that
they are slow to transfer the data. This is
fine if you like watching the screen build up
byte by byte but is of little use in fast games
for example.

The way around this is to work in machine code.

Although explaining machine code is outside
the scope of this book the examples shown here
will perform the same functions as the above
programmes only a lot faster.

Quite simply the FOR-NEXT loop reads from the
DATA statements the machine code programme

and POKEs it into memory. When you wish to
save the screen simply GOSUB10000 and to restore
it GOSUB11000. The POKEs in these lines

determine whether you are saving or restoring
the screen.
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In both cases the information 1is transfered to
49152 and 50176. If you wish to store two
screens the additions to the machine code routine
shown below will enable you to do so. Although
it still takes time to POKE the machine code
in this can be done once and then forgotten
about.

The first line will ensure that Basic will not

overwrite the code with variables. The amount
of memory lost is about 80 bytes a, very small
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price to pay for the increase 1in speed. One
final point on this machine code routine it will
work with the screen data moved by the previous
Basic routine as well because it locates the
information in the same place.

FORE4BE5E 206 PORE4@E9E8 , <

r'm CEGERAG 209 FOKE4RTEE, 215
S S FEEEE  RETILRM

il FTE:I 1

FER ded SRVES SCUREEM TR #k

FEM

EOIRE G BESE , 4 RO EASSEE 2

FOlE g 21 POk E:'JUE"U'“’ 2

SYS4RE8E  EETLRER

FREM

BEM g RESTORESD SCREEM TRHC s

i
i
1
1
12
1
1
i
1
1

j

SCREEN SCROLLING

The Commodore 64 will also support 'scrolling'.
This enables the text or graphics on the display
to be moved smoothly horizontally or vertically.

Unfortunately the hardware that permits scrolling
is only capable of moving the display by 8
pixels which 1is one character. This means that
the bulk of the movement must be done with
a machine code programme.

The VIC 11 <chip which is responsible for the
generation of the display will permit the screen
to be in any one of eight horizontal or wvertical
positions. It is this feature that allows
scrolling. In order to provide an area for
the characters to come from the first step is
to select a 38 column by 24 row display. The
two control registers in the VIC Il chip which
control the display format are located at 53270
(columns) and 53265 (rows). In common with
many registers in the Commodore 64 the registers
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are also used for other purposes and each bit
controls a different aspect of the display control.
The bit concerned is bit 3 and it must be ensured
that only this bit is affected.

12864 3216 8 4 2 1 12864 3216 8 4 2 1
716|5(4|13|2(1|]0|BIT|7|6([5]4|3|2|1]|0
53265 53270
VICII control registers
53265 53270
Bit 0) Bit 0)
1) Y scroll pos 1) X scroll pos
2) 2)
3 24 or 25 row 3 38 or 40 columns
display 1 = 25 1 = 40 cols
4L Blank screen to 4 Multi colour mode
border 1 = on 1 = on
5 Bit map flag 5 Must be set to O
1 = on VIC reset
6 Extended colour 6 Unused
flag 1 = on
7 Bit 8 of raster 7 Unused
compare

To go into 38 column mode use:-
POKE53270, (PEEK(53270)AND247)
To restore to 40 columns use:-
POKE53270, (PEEK(53270)OR8)

To select 24 rows use:-—
POKES3265, (PEEK (53265)AND247)
To return to 25 rows use:-—

POKES53265, (PEEK (53265)0R8)
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The screen does not really become smaller the
border expands to cover part of the screen.
The characters not visible are merely hidden
behind the mask.

The position of the screen and hence the illusion
of scrolling are controlled by the first 3 bits
in  the control registers 53270 and  53265.

In order to move the display you need to POKE
into the registers a number between O and 7.
This corresponds to 0 (far left or top) 7 (far
right or bottom).

REM ## M SCROLL EXAMFLE ##
FOKESZZ7E@, FEEK (S327@ 0 AMDZ4Y
FORM=ETOV

FORESZZVEA, (FEEK CSI27TAIAMINES S 0+
FORT=1TOSEA  MEXT

HET

YRR I e W]

T B =

S

Line 20 sets 38 column mode.

Line 30 starts the FOR-NEXT loop that controls
the scroll position.

Line 40 POKEs the control register with the
position data.

Line 50 is simply a time delay loop so that
you can see the motion more clearly.

Line 60 causes the next loop to occur.

You will see when the programme 1is run that
the screen shrinks and all the characters on
the screen move slowly from left to right.
Because the hardware only allows a smooth
scroll of 8, pixels to move the display any further
to the right requires a little programming.
However as this must appear to be instantaneous
machine code is the only suitable method.
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18 REM ##% MACHIME CODE SCROLL

100 FORM=ETOZS

185 REFDA

118 FOKE43158+H, A

115 HEX

126 REM ##% MACHIME CODE LOFDED AT 43158 ##

25 FRIMT ! e 6 SCROLL ERAMPLE =
36 FPOKESEETE. FEEK (S327E)AMIZ4T

135 FORM=ETOSS

14 FLORR=ETO?F

145 POKESZETE, (PEEK(SEE7EAMIZ4E ) +4

158 FORT=1TOEE  HEXT

155 HEWT: SY545152

166 HENT

1988 DATAS. 173,35, 4, 153, 245, 162, 38, 189

1PES TFTAB, 4,157, 1,4, 202, 204, 255, 208, 245

1818 DATALES, 245, 141, 2,4, 48, 56

This programme loads the small machine code
routine by READing the data from the DATA
statements and POKEing it into the relevant
area of RAM.

The machine code shifts all the characters on
the top line of the screen one position to the
right after the Basic has moved the display
as far as it can. The slight flicker when this
occurs is due to Basic not being fast enough
to reset the position to O. If this whole
programme was in machine code the motion would
be very smooth.

So far you have seen the horizontal scroll from
left to right. It is very easy to scroll in other
directions but in order to move all the way
across the screen some machine code 1is inevit-
able.

Scrolling can thus be summarised:-

1. Set the screen format (38 or 40 cols 24 or
25 rows).
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2. Load the control register(s) with the starting
position.

3. Place the first characters to be moved in
the masked portion of the screen.

4. Alter the position by suitable incrementing
or decrementing the register until it 1is in the
final position.

5. SYS away to the machine code routine to
move the screen accordingly.

6. If further scrolling is required go back
to step 2 and continue the process.

EXTENDED COLOUR MODE

Another of the modes that the screen can operate
under is the EXTENDED COLOUR mode. Under
normal circumstances the character is displayed
in the character colour POKEd or PRINTed against
the background colour of the screen. In extended
colour mode however you may select the colour
that the character is displayed on.

For example you may wish to have a vyellow
character displayed against a white background
on a green screen.

The mode 1is controlled yet again by one bit
in the VIC 1II's control register at location
53265. Needless to say only the bit required
must be affected. This 1is done as follows:—

To enable extended mode:-
POKES53265, (PEEK (53265)0R64)
To disable extended colour mode:-

POKE53265, (PEEK (53265)AND191)
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The background colour is selected by a
combination of the character code and the
contents of four colour registers. This means
that you are limited to displaying only the
first 64 characters because bits 7 and 6 of the
character code actually select the colour of the
background.

CHARACTER CODE BIT 7 BIT 6 COLOUR REGISTER

0 to 63 0 0 0 53281
64 to 127 0 1 1 53282
128 to 191 1 0 2 53283
192 to 255 1 1 3 53284

The wvalues held in the colour registers control
the background colour of the character and are
the same as the values used when POKEing colour
to the screen.

The following example will display all the
characters and illustrate the way in which
extended colour graphics are implemented.

18 REM ## ESTEMDED COLOUR MODE $#®

L@@ PRIMT"I  FORESZ22E, 1 FOKESZ221, 1

1815 FORM=@TOZES

116 FOEEL@Zd-+M. M

115 FPORESSEZ2a+H. @

L2 HEST

25 REM ## CLEAR SCREEM SET SCREEM TO WHITE
i3 REM ## DISFLAY ALL CHARACTERZ IM EBELACK
i4E FRIMT" slelelelaTealalemrss TAMNDARD MODE"

158 FORT=1TOSEEER  HEST ' REM ## AIT A WHILE
155 PRIFT " sfulelelelelalo e oo sf < TEHDED COLOURE MOTE"
188 FORKESZE <

1ES PORESS
178 FORE: 4.7

175 REM ##% SET BACEGROUMD COLOLIE
1E8 PORESZZES ., CRPEER CO22E5 2 ORED
1

S5 REM ## EMTER EWTEMDED COLOLIE MOTIE
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When you run the programme the computer will
display all the available upper case characters
in black on a white screen. After about five
seconds the display will change to extended
colour mode.

The first 64 characters will remain unchanged
as the register 0 (see table above) is also the

screen colour register. The next 64 characters
will however be displayed against background
colour 1 held in 53282. It should be noted

that the character codes stored in the screen
memory have not changed, the VIC chip is merely
interpreting the information in a different
manner. The next 64 characters are displayed
against background colour 2 as held in location
53283 and the last 64 characters will be
displayed against background colour 3 in location
53284.

If you change the contents of any of these
registers all the characters wusing the register
will change their background colour at once.
If you display the characters in the same colour
as the background colour they will appear to
be invisible, however change the background
colour and they will all immediately jump back
into view.

HIGH RESOLUTION BIT MAPPING

By now vyou will be aware that the screen of
the Commodore 64 consists of 40 rows of 8 pixels
horizontally and 25 rows of 8 pixels vertically.
This means that the maximum resolution possible
is 8 x 40 or 320 dots across the screen and

25 x 8 or 200 dots down.

In many applications it is far easier to be able
to specify single dot locations on the screen
by means of two coordinates called X (horizontal)
and Y (vertical). This 1is possible on the
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Commodore 64 by entering the BIT MAP mode
and a little programming.

Bit mapping 1is so called because there 1is a
section of memory where each bit is directly
mapped onto the screen. This is different from
the normal mode whereby the screen RAM only
holds a pointer to the shape of the character
to be displayed in that position.

The main disadvantage of bit mapping 1is that
in order to map the entire screen 8K of RAM
is required to store the information. This is
because there are 40 rows of 8 pixels which
means each row will require 320/8 or 40 bytes
and as there are 25 x 8 or 200 rows of pixels
down resulting in 200 x 40 or 8000 bytes to
map the complete screen.

Before getting involved in the details of how
to map the screen the decision must be made
on where in memory to locate the bit map of
the screen. As you will want fo keep as much
RAM free for Basic as possible and the map
will require 8000 bytes the most satisfactory
position is to start the screen at 8192. This
will leave about 6K for the Basic programme.

Although this may not sound very much most
of the techniques wused are simple, repetitive
routines that do not occupy much space and
in any event machine code will have to be wused
if graphics are to be displayed at any speed.
Machine code programmes may be stored almost
anyw.lere in RAM and would normally be placed
in the space above the section wused for the
map.

To position the map at 8192 the VIC chip must
be told where to obtain the data. This is done
with a POKE.

POKE53272, (PEEK(53272)0OR8)
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To prevent the map being overwritten by Basic
it is necessary to alter the memory pointers.

EG
POKES51,255: POKES5, 255: POKE5S2, 31 : POKES6, 32

This will force Basic to end at 8191 and thus
it  will not 1interfere with the screen area.

Now that you have an area of RAM for the high

resolution screen the next step is to enter the
bit map mode with:-

POKE53265, (PEEK (53265)0R32)

If you enter the programme below and RUN it
you will see the screen fill with absolute

rubbish. This is because the bit map area
is full of random information. To <clear the
screen ready to work on you will need to
eliminate the garbage. The line Dbelow will
do this.

18 FE’T‘ EHP EMTER EIT MAF #%

15 FORES: BT LR

s CFEER

. L e CEEE SRS PO EES, w ] POKESS, 3 1
i FE [L:mf:rm-mn F'EIL!.".’iv DR
mE RS L EE T O] SRS AEE s FOREM 8 MERT

The screen has now cleared to black but there
are still blocks of colour that look 1like medal
ribbons. This 1is because the area that was
used to hold the character information 1024 to

2023 is used to hold the colour data in bit map
mode.

The relationship Dbetween the colours displayed

and the contents of the memory location are
shown below.

60



The first four bits numbered 0 to 3 hold the
colour of bits set to 0 in the map area and
the last four bits numbered 4 to 7 hold the
colour of the bits set to 1.

PIXEL SCREEN

0]0JOJOJO|1[1|1] 4904:7
0=BLACK |7=YELLOW
1063
1024 5 3 T4
—
NN 1
S R S
YT
- EESnnERRERES
‘ BEEEE RSN
BaE EREEERe SRnma
T EE pes
RS RRRanadtn
[ 1
| I ‘ L
1984 1 1 [T T T
2023

For example to set a yellow screen with black
'writing'

Yellow is code 7 (binary 00000111)
Black is code O (binary 00000000)

The last bits will be 0000 (black) wvalue = 16
x 0 =0

The first bits will be 0111 (yellow) value =
7

Put together it looks like this: 00000111 which
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is 1 + 2 + 4 which is 7 decimal. This diagram
will help you to set the colour to the required
values.

PIXEL(SET TO 1) COLOUR (SCREEN SET TO 0)

0 x 16 = 0 BLACK 0
1 x 16 = 16 WHITE 1
2 x 16 = 32 RED 2
3 x 16 = 48 CYAN 3
L x 16 = 64 PURPLE 4
5x 16 = 80 GREEN 5
6 x 16 = 96 BLUE 6
7 x 16 = 112 YELLOW 7

Add  together the values for the required
combination and POKE it into the relevant
location in character RAM.

Alternatively select the colour code for the bits
set and multiply by 16 and add the code for
the screen colour.

The above example would then be:-

Screen yellow = 16
Pixels black = 0
Value to be POKEd is 16 x 0 + 7 = 7

If you add Iline 35 below to your programme
you will «clear the screen to yellow and any
points plotted will be in black.

The complete initialisation for bit mapping would
now look like this:-

15 FORESZEPE, (PEEKCSHETE R
sE POKES] . 255 FOKESS, 255 S
oE POEESIIES, PEEK( SHIE5 )

@ FORM=E LS8 TOS ] 50+ S8 KEM,
SR FORRE1ES4TOZEES  FOKEH, 7@ HEXT
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This process takes about 35 seconds to complete.
A small machine code routine to accomplish this
is shown below. In order to set the colour
combinations you require POKE the value
calculated as before into 247 and call the routine
with  SYS49152. It performs exactly the same
functions as the Basic programme but in less
than a second.

Once the machine code has been loaded whenever
you wish tfo clear the graphics screen POKE
the colour combination you require into 247 and
call the routine with SYS49152. You do not have

to load the rcutine once it 1is in memory.

You are now ready to create bit mapped graphics.
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8192 8200
8193 8201
8194 8202
8195 8203
8196 8204
8197 8205
8198 8206
8189 8207

8192

v
16911
BIT PATTERN
o|lo|1|Oo|1]1]0]|1
SCREEMA

B B

[Decimal 45|
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The way in which the data held in the map
memory 1is displayed on the screen does not allow
you to directly specify X-Y coordinates. If
you examine the manner in which the process
takes place you will see why and develop a
routine to allow X-Y information to be handled.

The start of the bit map is located at 8192.
This corresponds to the start of the first row

of pixels in the top left of the screen. Each
bit of this Jlocation is mapped onto the screen
as a pixel. Setting a bit to 1 will cause the

pixel controlled by that bit to be displayed
in the pixel colour which 1in the example is
black.

The second byte 8193 controls the pixel row
below the first and so on until the 9th byte
which controls the next row of pixels to the
right.

Az will be appreciated the manner in which
the mapping occurs does not lend itself to a
direct method of coordinate specification. In
order to select whether a particular bit (or
pixel as it appears on the screen) will be on
or off you need to calculate not only the position
on the screen but the location it 1is controlled
by and finally which bit of that byte to alter.

Rather than leave you to struggle with this
a small subroutine has been written that will
enable vyou to enter the X-Y coordinates of a
particular pixel and switch it on.
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If this routine 1is incorporated in one of the
previous initialisation programmes it becomes
very simple to have full high resolution graphics
facilities. All that 1is necessary is to add the
appropriate lines to automatically calculate the
coordinates and plot them on the screen by using
GOSUB 1000.

X-Y Co-ordinates

X, 319
Y [TTT [
JEEEE |
I [ !
I T
S TS S S S Ay
= I
bt
| . A
I P
b
A‘l L. e .
BN SN !
mall R R e |
T f! H
i T
*—-— ——
| —
T
._.’,_»
-t -
199

The next programme will draw a square on the
screen using FOR-NEXT loops to define the square.

e o 2
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BT

checks to see if the machine code routine
has been loaded. If it has then the programme
passes to the next line. If the routine is not
loaded it will GOSUB 50000 and load it.

Line 55 sets the colours used and clears the
screen ready for the actual plotting.

Lines 100 to 115 create a series of coordinates
that when plotted on the screen by the subroutine
at line 1000 will create a square.

By using different routines at line 100 it is
possible to generate an almost infinite variety
of shapes including circles, elipses, spirals, curves
etc.

Before moving on to more complex shapes,

experiment further with the square to see what
this small routine is capable of.
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The following examples will just show the lines
that control the plotting routine. These should
be placed in the programme above at line 100
onwards.

T RIS b 0 e e
15 OREM e ] T CT R i
S FEEETL e b heE o  h e
25 REM
G R
e ]

DR s 5 R et R e IR et I R P

B e

"1, "i""l” oo 1 Rhe ';""':l‘n

GOTOLRE

XC and YC set the position of the circle. R
is the radius and XO and YO are offset
variables to determine the aspect ratio of the
circle. For example by altering XO or YO an
elipse can be drawn.

s A A
s HIRES ELIFSE i
S A

o XTII:“::. v,lﬂ.“' Il_t v"'xl‘l .- lr

NI SN A SR

By altering the value of the offset some very
attractive patterns can be created.
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IH REM m$¢¢¢¢$¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢¢mmm¢¢*
4- 4* FI—ITT!-;MI ’ir 4*

::: L e L

-'”" I.HT M b e B

: .T HL:.:TD&E:
) 5 m'l”r.ij ]

This example wuses a FOR-NEXT 1loop to modify
the offsets and thus produces a series of elipses.
At this point it is worth noting that to obtain
a true circle the offset should be 1.00. However
due to the shape of the pixels displayed by
the Commodore 64 a value of 0.8 gives a better
result.

The final routine in this section will demonstrate
that it is not necessary to use circles to generate
striking effects.

o ol o
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The  biggest drawback with high resolution
graphics routines written in Basic is that they
are very slow to execute. Machine code will
obviously overcome this problem but a detailed
explanation of the necessary techniques 1is not
possible in this book.

MULTI COLOUR BIT MAPPED GRAPHICS

Multi  colour bit mapped graphics are also
available on the Commodore 64. In the standard
high resolution mode the maximum definition
is 320 x 200 pixels. Since each pixel may be
on or off this allows only two colours to be
represented. Although it is possible to select
the background colour and pixel colour for each
8 x 8 block it will not allow colour changes
within that area.

In multi colour graphics each pixel is represented
by two bits of memory. This allows the wuse
of up to four independent colours for each pixel.
The trade off 1is that because each pixel on
the screen 1is mapped from two bits the pixel
appears twice as wide thus restricting the
horizontal resolution to 160 pixels. The wvertical
resolution of 200 pixels remains unchanged.

In order to select multi colour mode it is
necessary to set the multi colour enable bit
in the VIC 1II control register. This is located
at 53270 and the enable bit is bit 4.

POKES53270, (PEEK (53270)OR16)

This assumes that you have already entered
bit map mode.

To disable the bit concerned

POKES53270, (PEEK (53270)AND239)
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The correspondence between the bit pairs and
the pixel colour are shown below:-

BiTS COLOUR

00 SCREEN COLOUR 53281

01 UPPER SCREEN NYBBLE 1024-2023

10 LOWER SCREEN NYBBLE 1024-2023

11 COLOUR RAM 55296-56319

A nybble is 4 Dbits. Therefore there are 2
nybbles to a byte. The wupper nybble 1is the

4 most significant bits and the lower nybble
the 4 least significant.

MSB LSB

7654|3210

UPPER NYBBLE LOWER NYBBLE

To reiterate the colour of each pixel which is
now mapped by two bits and appears twice as
wide is determined as follows:-

00 colour as screen colour ie transparent

01 upper screen nybble selected by multiplying
the normal colour code by 16

10 lower screen nybble the normal colour code
for that colour added to the 01 colour value
and POKEd to the screen area RAM

11  colour RAM colour <code POKEd into the
colour RAM

So to set the screen colour to white POKES53281,1
to set 01 to correspond to green and 10 to black
01 (upper nybble) = 5 x 16 + 0 (black) = 80
to set 11 to yellow the value is 7.
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This routine will set the screen to white: ALL
01 pixels to green: ALL 10 pixels to black, and
ALL 11 pixels to yellow. Since the information
for each 8 x 8 block 1is held independently
in the appropriate RAM area it is possible to
determine the colour combination for each of
the 8 x 8 squares.

In the above example the first row on the screen
is filled with 11 bit pairs causing the display
to be in yellow.
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The second row 1is 1in 01 pairs hence green.
The third row 1is in 10 pairs hence black.

The last row «consists of 00 pairs and is
'transparent’'y, the colour being the same as the
screen colour, white.

The garbage at the bottom of the screen is caused
by the contents of the bit map RAM area. This
may be <cleared in the same manner as that
used for the bit map mode in the previous
section.

In order to plot points and draw graphics on
the multi colour screen in addition to the X-
Y coordinates you have to specify which colour
the point is to be plotted in.

The coordinates are now X 0 to 159 and Y O
to 199.

The colour of each pixel is determined by the
value of the variable CO.

T Rl ol el ol s i ol
L8 OREM W RUILTT O

o s e e i ot o o
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The method employed to generate multi colour
graphics is similar to that previously described.
The main differences are that in multi colour
mode you have to specify the colour the pixel
will be displayed in and the X resolution is
halved.

Finally remember to ensure that the colours
chosen will be visible when they are displayed.
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MOVING THE SCREEN AND VIC II CHIP

All the graphics facilities on the Commodore
64 are controlled by the VIC II chip. Whilst
this is an extremely powerful microcircuit it
does have one serious drawback. When using
user defined characters and sprites the data
has to be stored in the Basic area of memory
thus limiting the space available for your
programmes. This 1is because the VIC 1I chip
can only 'see' or access memory in 16K blocks.
The Commodore 64 has 64K of RAM which may
be viewed as consisting of 4 sections of 16K.
The block normally visible to the VIC chip is
the first or block 0. This is also used by Basic.
Normally the video controller does not need any
RAM in this block with the exception of the
1000 bytes for the screen character memory.
It is only when using bit mapping user defined
characters or more than three sprites that you'lose'
the precious Basic space.

However as the video controller can be made
to 'look' at any 16K block within the Commodore
64 it is possible with a few POKEs to completely
alter the situation.

The register that controls the position of the
16K block 1is located at 56576. The first two
bits control the location of the 16K block which
may have one of four positions.

Bank O is the normal position
Bank 1 starts at 16384
Bank 2 starts at 32768
Bank 3 starts at 49152

The character ROM 1image 1is only available in
banks 0 and 2.

The positions of the screen character RAM and
the ©position of wuser defined bit mapped and
sprite graphics can also be modified.
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Most of the time such modifications to the memory
map cause a problem in another area of use.

For example if you move the VIC to bank 3
there are no ROM based characters available
and half the space 1is wused by the Basic
interpreter.

Bearing in mind the needs of the graphics
programmer who requires the maximum RAM for
Basic and a reasonable space for wuser defined
and other graphics information we would suggest
that you make wuse of the re-location routine
below.

F‘::Er"l s EZ‘ oodioadaodieed oot oodeadendoodesdeedeodeadoodsodoeodoodeedontectoedostoeteadoetoodesdeetsedestsoe
=5 OREPM MO, T

FRB bl o e s o o s 2 o o e 4

G OREM #

=REM

e L EE- LI LOWER BRI ﬁ
REM JIH llﬁ FCE NMIC T Bkl I

45 REM @ | SCREEM TO 35
o OREM HAR DATR

POREM W 1 - B TE k.
SEREM #0153 CORTE 1ET 138 CHRARE
£5 REM # '
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The new locations will be:-

Screen memory from 1024-2023 to  35840-36839
Character data to 32768-34815 (RAM)

Sprite data area 34816-35839 (or character data)
Sprite  pointers from 2040-2047 to  36856-36863

The colour RAM remains at 55296-56295

The programme will also download the first 128
ROM characters to give normal upper case and
some graphics. The RAM area 32768 to 34815
will hold the 128 downloaded characters and
up to 128 wuser defined characters. If you are
using sprites the area from 24816 to 35839 will
hold up to 16 sets of sprite data. If you are
not wusing sprites this area may be wused for
further user defined character storage.

Once the changes are made the computer will
not be able to run programmes that were written
for the standard configuration if they make
use of POKEs to the screen RAM or store user
defined character data in the normal locations.

Basic finishes at 32767 which will give the user
a total of 30K of RAM for programmes. This
together will the storage for graphic data will
enable the programmer to write far more complex
programmes than would be possible with the
standard configuration.
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JOYSTICKS

The Commodore 64 allows the use of two joysticks.
Each joystick is connected to an 8 bit PORT.
The port can be viewed as being a location
in memory.

To read a joystick wvalue 1ie to determine its
position you simply PEEK the relevant port
location.

Because each port is wired in a slightly different
manner the routine to convert the value obtained
into a usable form is also different.

At this point it would be worthwhile to explain
how a joystick works.

There are five switches in the joystick corres-—
ponding to UP DOWN LEFT RIGHT and FIRE.
Each switch controls one bit of the port. The
connections are shown below:-—

76543210 PORT 1 connections
0000O0O0O0O0 location 56321
XXXfrldu X = unused (set to 1)

f = fire u = up r = right
d = down 1 = left

Each bit is wusually set to logical 1 so the value
with the stick in the centre is 128 + 64 + 32
+ 16 + 8 + 4 + 2 + 1 = 255. Each time a switch
is closed 1ie when the joystick is moved the
corresponding bit is set to logical O.

As it is easier to start with the centre position
at 0 it is necessary to convert the PEEK value

to a form that is readily understandable. This
is done by subtracting the PEEK from 255.

For example to read a joystick 1in port 1.
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18 REM s JOYETICK FOSITION o

GiE PRIMTAY

AE T =PEER CDEEZL D

A T1=255~T1

FEORPREIMT"&IOYSTICN FOSTITION VALLDE IS "Il

e GOTOER
If you run the programme and change the position
of the joystick you will be able to see how the
value changes.

In the above example the variable ] has been
used to hold the combined position of the
joystick. However it is far more useful to be
able to isolate each position. This 1is done
by wusing a logical AND (if you are unfamiliar
with AND don't worry it will work anyway).

1@ REM ## JOYSTICK READ %%

l@@e Jo=255-PEEK CSE321 ' EEM READ FORT 1
1@@Es IF J5 AMD 1 THER A= VLI

1@@Es REM OIF RBRIT 6 SET JOYSTICK IS LF
1E1@ TF TS FMD 2 THEM MdE= T

111 REM IF RBRIT 1 SET JOYSTICK I= Di0WdH
1@1s IF J% AMD 4 THEM Af= "LEFT"

igle REM OIF BIT 2 SET JOYSTICK IS LEFT
1@ze IF J5 AMD & THEM Af= "RIGHT"

1@21 REM IF RBIT 2 SET JOYSTICK IS RIGHT
1EE5 IF I% FAMD 1A THER Af= "FIRE"

1EsE REM OIF RIT 4 SET JOWSTICK IS FIRIMG
1RzZe TF J5% = @ THEM FAf="CERNTRE"

1k FEM TF MOME SET JOYSTICE I35 CEMTEED
TEEE PRIMHT"ATOYSTICN POSTION =" MAf

L@@ GOTOL @R

The above programme has one big flaw. It

will not respond to combined positions ie UP
and FIRE.

The next routine overcomes this.
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18 REM ## JOWSTICKE COMBEIMEL s
188 Fe=2E55~FEER CSEZZ1 0

118 IFAAMDL THEMAZ="1IF "

128 TFAAMDETHEMAS=AE-+"DOWH "
1zé IFAAMNDATHEMA$=AE+".EFT "
T4 IFAAMDSTHEMAS=AE+"RTGHT
156 IFAARMDLETHEMAS=AE+"FIRE "
168 IFAE=""THEMAE="CEMTRE"

17@ PRIMTUIAIOY 1 "0AF: AF=""
186 GOTOLGE

Enter the above programme to check that the
screen displays the expected position.

In order to make wuse of the information on the
joystick position it 1is easier to assign a vari
—able to each position and test them individually
in the main programme. The following is an
example of a subroutine to read the joystick
position and return the wvariable accordingly
set. The reader may wish to use a different
method for a particular application but this
will provide enough detail to enable you to
write your own versions.

168 REM s LSER JOY QME e

1aE GOSUB1QEE6

LES PRIMT"AIF=" LR

118 FRIMTY D=0 1M

115 FRIMTLF="LF

12A FRIMT"RT=",RT

2E PRIMNT"FR="FR

133 GOTOLRE

D e T O o T O e T Sl e e
1818 A=2S55-~-FEERCSSZEL

1@2e IFA AMD 1 THER LFP=1

1838 IFA AMD 2 THEH D=1

iade IFA AMD THEM LF=1

1R TFA AMD THEM RT=]

1RGEE IFA AMD 18 THEM FR=1
1E7E RETLEM

3

[23 BN

—a

In this example five variables are set according
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to the position of the joystick at port 1.

UP is set to
DN is set to
LF is set to
RT 1is set to
FR is set to

if joystick is up

if joystick is down

if joystick is left

if joystick is right

if the fire button is pressed

= e e e

As mentioned earlier, the routine for joystick
2 at port 2,is slightly different.

The location of the port is 56320. The difference
is that instead of all bits being set to 1 if
no switch is closed bit 7 is set to 0. To over-
come this simply subtract the PEEK from 127.

The modified form of the above programme is
shown below.

18 REM ##% LISER JOY TLO g8

LA GE0ELE ] @

LRSS PRIMTYRIF=" P

118 PRIMT"IR=="TiH

115 FPRIMNT"LF="LF

128 PRIMTY"RT="RET

125 PRIMT"FR=";FF

LEE GOTOLEE

1@@E FP=@ D= P =0 R T=@: FR=A
1E10 M= 27--FEEK CHEREE

1@EEE TFA OAMD 1 THEM URF=1

@@ TFA AMD 2 THER D=1

@@ TFA ARD 4 THEM LF=]

LESE TFA AMD & THER RET=1

1REE TFA AT 18 THER FR=
1LEFTE RETURN

Both programmes may be combined to read both
joysticks as shown below.
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16 REM ## USER BOTH JOYS #%
s@ PRIMT "

jEE E0SURLSaE

165 PRIMT"SI0Y 1 UF=";UP11D
11@ FRIMT"JOY 1 Dh="iTHCLD
115 PRIMTJOY 1 LF=";LF(1)
126 FRIMT'JOY 1 RT=";RT(13

25 FRINT'JOW 1 FR="iFR(1D
208 PRINT™IQY 2 UR=",LP(2)
2B FRIMT'JOY 2 DM=";IH2
Sie PRINT'IOY 2 LF="iLF(2)
215 PRINT'JOY 2 RT="iRT{Z)
ZEE FRIMT'JOW 2 FR=",FR(ZD
GoTLAE

frd P2 P2 P2

=

LEEE PG =R DML =0 LFC1 =0 RTC10=0:FR(1 =0

1ele ”'WW*PEEPfﬁﬁﬂ:1h

l1@ze IFA AMD 1 THEM LFC] =]

1828 ITFR AMD 2 THER D01 =]

14 IFA AMD 4 THERM LFC13=1

1@g5E IFA AMD & THEM RTO1)=1

1@sd TFA AMD 18 THEM FROLI=]

ZE@E P2 =@ DM =00 L FC2i =0 RTOZ2y=A FRCZD
2018 A=127V-FEEK ISA2200

DEZE IFA AMD 1 THEM LIFCZi=1

2A26 IFA ARD 2 THEM DMCZh=1

2E4@ IFA AMD 4 THEM LFC2i=]

2E5E TFA AMD 8 THEM RT(Zi=1

2EAEE IFA AMD 18 THEM FROZ=]
SETE RETLRM

One very powerful combination is the ability
to wuse joysticks in graphic design. Although
programmes that exploit the possibilities to the
greatest extent are complex and lengthy it is
quite feasible to demonstrate the capabilities
using a fairly simple programme.
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FEM ol b e b oo ol o o e e e sl sl o e o

REM # JOYSTICK BEIT MAFFED GRAFHICS #

FROEE T ol o e o o e o o o e o o

FREM

REM

FORED], 255 POEESZ., 31 PORESS, 255 PORKESS. 21
IFFEEK (42152 0 C2E8THEMGOSUEIRA0E
FOKEZ47 . 2@ Sy S48 152

W= AR Y=1800 GOSUER L&

F=235~FEEK COEZEL D b= Y Ol
IFAAMIL THEMY D=~
IFAAMIZTHEMY Gt
IFAAMHTE THEM A=~
TFAAMDETHERSC=+ 1
IFARMDLETHERF B=]

RO e L AR L

IFECL THEM = GOTO 28

IF I THER =215 G0T0 1L 3
IFYCITHEMY =1 GOTOQLAE
IFY>192THEMY =132 GOTO 1
GOSURL Q@6

IFFR=1THEMNFB=E GOTOZEE
GOTOLEE

R e R I A o A S

A= THT YRS B T RS-
CmIMHTOSEAR Y P o CalN 80 -0 e
Fivms ) CFEEREE DAL CHE DB HEL B

SEn POEERY.. FEEE CEY AMIC 255~ 2

225 GOTOL@0

LEGE FmTMT O A0 BB O 8 ~FD

TREAS CamTRT 000 FaE ] Dm0 P e
TRLE B O FEREE D A T B

115 FORERY. PEEE CBEY 2 0OR2 T

1826 RETUREH

1EREE DATAS, 1E2, 255, 122,51, 122,55, 1a5, 2]
1TEBES DATALZZ. 52, 135, 55, 173, 24, 288, 5,8, 141
TEALE DATAZG, 208, 172, 17, 208, 5, 32, 141,17, 288
1EELS DATAHLESE, 22, 1233, 181 1aD 0 @, 13, T8, La
TATA@ . L5, 186, 2808, 158 0, 208, Beam, 2008
DATALEL. LES, 181, 201, 64, 208, 235, 165, 8
DATALEZ, 186, 133,176, 1E5, 4, 132,181, 1a8
DATAG, 165, 247, 145, 188, 288, 126, 178, 28

m U m i

[ax]

DD D

(I ]

il

o

SR A R DR = N 0D
i

R I ]

i

T
i

| 3

=

i
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1B DTS, 230, 181, 1685, 181, 2081, 7. 248, 4
1EE4S DATAZEL 8. 208, 233, 40, 258, 189, 252, 133
LERSE DATHLTE, P& S, 192

. SEAAE FORM=ETOSE

L S@EReS READA

5 FOKER 445152, [

A15 HEST

P RETLIRR

DL R
IRy IR RN]

Ty ST

=t

—

=

Ry

In this example a joystick connected to port
1 controls the movement of a single high

resolution pixel across the screen. Movement
of the joystick will cause the dot to trace a
line in the direction of the joystick. If you

depress the fire ©button the dot will flash.
If the fire button is pressed and the stick moved
the dot will move without tracing a line and
if the dot crosses a line already drawn it will
erase it.

The programme is straight-forward and should
hold no mysteries if the chapter on bit mapping
has been read thoroughly.

The only addition to the techniques discussed
so far 1is the 'unplotting" routine at lines 200
to  255. The coordinates calculated by the
joystick reading routine at lines 100 to 130 are
translated into the pixel position and the pixel
removed by ANDing the value with the contents
of the memory location immediately before in
the direction of the last movement.

The colour of the screen and pixel plot may
be modified in a similar manner to that already
described in the section on bit mapping by
changing the number POKEd into location 247
in line 50.
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SOUND AND MUSIC

The enormous potential for generating sound
on the Commodore 64 is due to the Sound
Interface Device (SID) chip, one of the most
complex parts of the computer.

By means of a series of registers within the
SID chip it is possible to create a wide variety
of sound from zapps and explosions to very
pleasing music.

This chapter will deal with ways to generate
special sound effects and play music.

In order to fully understand how to create a
specific sound it 1is necessary to understand
the general principles of waveform volume attack-
decay sustain-release and pitch.

The registers in the SID chip are responsible
for controlling all these features and a few
more besides.

The steps 1involved in making sound may be
summarized:-

1. Overall volume (loudness)

2. Envelope shape (attack-decay sustain-release)
3. Pitch

4. Waveform

There are three separate oscillators available
each capable of separate control. This enables
sounds from each to be 'mixed' to obtain chord-
like sounds or even to wuse one oscillator to
control another and thus widen the range of
effects available.

Before  tackling advanced features we shall
examine the principles behind sound generation.
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1. VOLUME

The volume or loudness is controlled by a
register in the SID chip. This 1is Tlocated at
54296 and will set the overall volume for all
of the oscillators available. The volume may
be set by POKEing a number between 0 (off)
and 15 (highest) into the register.

POKE54296,15

will thus set the volume for ALL sound output
to the maximum level and

POKE54296,0

will turn it off.

In all the examples 1in this book the volume
is set to 15 and you will be able to control
the actual volume level by means of the control
on your TV monitor.

2. ATTACK-DECAY SUSTAIN-RELEASE

Attack  decay sustain release (ADSR) control

the ENVELOPE the sound 1is formed in. When
a note 1is produced its volume builds up to the
maximum level and dies away. The manner

in which the note changes 1is known as the
ENVELOPE and the four parameters of the envelope
attack-decay and sustain-release are all
programmable characteristics. The  diagram
below will illustrate the envelope  concept.
!
Attack Decay

Sustain Release

- ———— = =y = —

:

[

1

1
' 1
! ]

1
! i
t .
| [
1 1
| |
| 1
] |
| |
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ATTACK is the build wup from silence to what
is normally the loudest part of the note. DECAY
is the transition from the peak to the steady

state volume of sustain. SUSTAIN 1is the period
where the note remains virtually constant up
to the time RELEASE occurs. The total shape

of the ADSR curve 1is the ENVELOPE and has
a considerable influence on what the note
actually sounds like.

For example a piano note has a relatively short
attack-decay phase, a short sustain and a long
slow release. By contrast an organ produces
a note that 1is relatively slow to build up with
a small decay to a long sustain and a long
release.

The SID <chip will allow you to modify the
overall envelope with registers that control all
phases of the note.

Each oscillator has two locations that control
attack-decay and sustain-release.

They are located at:-

OSCILLATOR ATTACK/DECAY SUSTAIN/RELEASE

1 54277 54278
2 54284 54285
3 54291 54292

Each register is divided into two parts . The

first part consists of bits 7-4 and the second
from 3-0.

In the attack-decay byte the attack is controlled

by the first part bits 7-4 and the release by
the second bits 3-0.

Since each half is made up from 4 bits the wvalue
of each half may be between 0 and 15.
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The sustain-release byte 1is split in a similar
fashion with the first 4 bits controlling the
sustain and the second 4 the release.

The approximate duration for each value is
shown below:-

VALUE ATTACK PERIOD DECAY AND RELEASE

0 2 mS 6 mS*

1 8 24

2 16 48

3 24 72

A 38 114

5 56 168

6 68 204

7 80 240

8 100 300

9 250 750

10 500 1500 (1.5 S)
11 800 2400 (2.4 S)
12 1000 (1 9) 3000 (3 S)
13 3000 (3 S) 9000 (9 S)
14 5000 (5 S) 15000 (15 S)
15 8000 (8 9) 24000 (24 S)

* = milliseconds 1 millisecond = 1000th
second _

The sustain value sets the level of the VOLUME
for the duration of the note. Thus a value
of 15 would cause the output from that oscillator
to be at its highest and a level of 0 would
set it to the lowest level.

To set the envelope characteristics to those
desired you first need to calculate the combined
value to be POKEd into the appropriate registers.

Since the first half of each register is composed
of the most significant 4 bits the value calculated
for for the attack and sustain values must be
multiplied by 16 and added to the decay-release
figures.
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For example to set the parameters as follows:-

OSCILLATOR 1

ATTACK : 80 mS 7
DECAY: 72 mS 3
SUSTAIN: Max volume 15
RELEASE : 204 mS 6
Values: ATTACK 7
DECAY 3
SUSTAIN 15
RELEASE 6

Combined attack/decay = 7 x 16 + 3 = 115
Combined sustain/release = 15 x 16 + 6 = 246

POKE54277,115
POKES54278,246

The sustain value only controls the maximum
volume not the duration of the note. The wusual
method of controlling the length of time a note
is played is to turn the oscillator on by POKEing
the waveform value in and silencing the note
by turning it off after the required length of
time. One method is shown below:-

POKE54276,17 turn on voice 1 triangle

For T = 1 TO 500:NEXT duration of note
approximately 3 second.

POKE54276,16 turn off voice 1 triangle

The RELEASE time will be added to the duration
as set by the ADSR parameters.

The Tlifetime of a single note can now be viewed
thus:-

The note starts when the waveform is POKEd
into the appropriate register.
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ATTACK VALUE sets the time over which the note
builds to its peak.

DECAY VALUE determines the delay before the
note falls to the volume set by the SUSTAIN.

The actual length of the note 1is determined
by the time delay between turning the waveform
on and turning it off.

Once the note has been turned off the RELEASE
value determines the time the note will take
to reach zero volume.

3. PITCH

The pitch or note of the oscillator is controlled
by 2 registers for each voice.

This allows an effective range of 0 to 65535
different notes thus enabling a very accurate
control of the pitch produced.

The locations are:-—

OSCILLATOR HIGH BYTE LOW BYTE
1 54273 54272
2 54280 54279
3. 54287 54286

The value to be POKEd into each register may
be calculated thus:-

HIGH BYTE = INT(VALUE=:256)
LOW BYTE = VALUE-(INT(VALUE=+256))x256

where VALUE 1is the value of the note required.

The following table gives the values for two
octaves starting at Middle C.
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NOTE VALUE HIGH LOW

C-4 4291 16 195
C# 4547 17 195
D-4 4817 18 209
D# 5103 19 239
E-4 5407 21 31
F-4 5728 22 96
F# 6069 23 181
G-4 6430 25 30
G# 6812 26 156
A-4 7217 28 49
A# 7647 29 223
B-4 8101 31 165
C-5 8583 33 135
C# 9094 35 134
D-5 9634 37 162
D# 10207 39 223
E-5 10814 42 62
F-5 11457 L4 103
F# 12139 47 107
G-5 12860 50 60
G# 13626 53 57
A-5 14435 56 99
A# 15294 59 190
B-5 16203 63 75

L. WAVEFORM

Each oscillator is capable of producing four
different waveforms, one at any given moment.

They are:-
1. Triangle
2. Sawtooth
3. Pulse

4. Random (noise)
Each waveform will affect the quality of the

sound generated and may be modified to suit
the particular type of tonal quality desired.
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The waveform generated 1is controlled by 3
registers, one for each oscillator. They are
located at:-

OSCILLATOR 1 54276

OSCILLATOR 2 54283

OSCILLATOR 3 54290

The waveform is changed by a POKE

POKE 54276,17 sets osc. 1 to TRIANGLE

POKE 54276,33 sets osc. 1 to SAWTOOTH

POKE 54276,65 sets osc. 1 to PULSE

POKES4276,129 sets osc. 1 to NOISE

Selecting the waveform is the last operation
required to make a sound audible. When the
volume ADSR and pitch of the note have been
selected the oscillator 1is turned on by setting
the waveform to the desired shape and the
note will play until the waveform 1is cleared
by one of the following POKEs

OSCILLATOR 1

POKE54276,16 turn off TRIANGLE

POKES54276,3 2 turn off SAWTOOTH

POKES54276,64 turn off PULSE

POKE54276,128 turn off NOISE

As soon as the waveform 1is furned off the
RELEASE will come into operation io complete

the envelope shape.

TRIANGLE WAVEFORM
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%

The pulse shape is effectivley a square wave.

.

The pulse width 1is variable and must be set
by the wuser before using this waveform. The
details are given later in this chapter.

SAWTOOTH WAVEFORM

The last waveform 1is noise and as suggested
by the name <creates a random waveform that
sounds like escaping steam.

This is normally used to create sound effects.

The registers that control the pulse width
are:—

OSCI1LLATOR LOW BYTE HIGH NYBBLE
1 54274 54275
2 54281 54282
3 54288 54289
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The value 1is thus composed of a 12 bit number
allowing a range of 0 to 4095.

The pulse width may be calculated with this
formula:-

WIDTH = (VALUE/4095) x 100

where the width 1is expressed as a percentage
of one cycle.

A VALUE of 2048 will therefore give a 50%
duty cycle or a true square wave.

A VALUE of 1024 will give a 25% duty cycle
where the pulse ON time is 25% of the cycle
duration.

A VALUE of 3072 will give a 75% duty cycle
and so forth.

The formula for calculating the numbers to
be POKEd is given below:-

HIGH = INT(VALUE/256)
LOW = VALUE - (INT(VALUE =+ 256)) x 256

The SID chip will also allow the sound produced
to be modified in other ways. Before moving
on to the more complex aspects of sound
modification we shall examine a few of the
concepts already  described in more detail.

Any programme using sound must follow certain
principles in order for it to work. These
are summarized below:-

1. Set the overall volume by POKEing 54272
with a number between 0 (off) and 15 (loudest).

2. Set the envelope for each wvoice 1in wuse

by POKEing the appropriate values into the
attack-decay and sustain-release registers.
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3. Set the pitch of each note to be played.
4. Select the waveform for each oscillator.

When  programming sound effects the actual
pitch of the note need not and in some cases
cannot be set to any normal musical note.
Because of this  programming sounds rather
than music as such 1is a little easier. We
will now examine some of the techniques involved
in generating some useful sound effects.

SOUND EFFECTS PROGRAMMING

Virtually all games programmes  use  sound
to enhance their appeal. The sound effects
most employed are probably the explosion 'zapp'
and an 'approaching' noise similar to footsteps.
Since any or all of these effects may be required
by different parts of the programme it would
be sensible to structure the programmes as
subroutines that may be called by various
sections of the main programme.

The  example given below will produce an
'explosion' when called by GOSUB5000. The
first lines set wup the volume and clear the
SID chip registers and should be placed near
the start of the main programme to ensure
they are only executed once.

BTS20 FOREER G MEST
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5000 sets the attack-decay

5005 sets the waveform to NOISE

5010 sets the sustain-release

5015 sets the High byte for the frequency
5020 sets the Low byte for the frequency
5025 turns the waveform off

5030 returns to the main programme

An interesting feature of this routine 1is that
the duration of the sound is controlled by
the RELEASE setting. This is so that the
effect may continue without interrupting any
other action, eg graphics that may be occuring.

Although the sound produced is not really
much like an explosion with suitable graphics
the result is very effective.

'ﬂﬂdf:: FOR R 8

S FﬁPH T

CREEM #es STT AR S DEDRY
CREM g =1 3 FERSE
S REM IHH %I1;H
SSREM e MOTTEE O

SEEP #ds HIGH FITOH

v VREN dee MOTEE OFF

EAE ”FT“FJ

5000 sets the attack-decay

5005 sets the sustain-release

5010 sets the low byte for the frequency

?025 turns on the noise waveform for osc.
5020 starts a loop to modify the frequency
of osc. 1

5025 changes the frequency of the noise

5030 increments the loop

5035 turns the sound off

5040 returns to the main programme

97



The main difference 1in this routine is in the
use of a FOR-NEXT loop to modify the sound
whilst it 1is still audible. This 1is responsible
for the overall sound produced.

5@ FORM=54272TO342586  POKEM. @0 MEST

B FORET4ZP6., 15

loE FORM=1TOLE: GOSURIEE0E

185 FORT=1TO7EE: HEST

116 MEXT:EHI

SEEE POk f:'.'_r» 7T ET CREM #d ATTACK S TECHY
SEE% POKEIHIZ7TE. 244 REM g SLIET WELE.NE

int

18 PORES427Z. 122 REM ## LOW FITCH
19 PORES42Z7E3, 200 CREM s HIGH FITCH
S5 FORESGZTEL LZEREN g MOTSE OH
A FORET =] TOGE  HEST

FORES427E, 128 BEM ##% ROISE OFF
RETLIFEM

This will make the sort of sound that may
be used to indicate the approach of an ‘'alien'
or other object.

MUSIC

The sound generators in the Commodore 64
may also be employed to play music. The
fundamental principles of sound formation have
already been examined and this section will
explore the ways of turning the noises produced
into music.

The two most fundamental aspects of music
are the pitch of the note and the time for
which it is played.

In musical notation the pitch of the note is

represented by its position on the stave and
the duration by the shape of the notes.
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An example is shown below:-

N
D
= s
® Cs ®— ¢
77~ SHARP -
| :
E
(®,
The various length notes are named thus:-
APPEARANCE NAME DURATION VALUE
; demi-semi-quaver 1/32 0.5
o semi-quaver 1/16 1
N quaver 1/8 2
@ crotchet 1/4 4
d minim 1/2 8
(o) semibreve 1 16

In addition a note may be written with a
dot beside it. This indicates that it should
be played for 13 times the usual time.

Thus a dotted quaverJ: would be played
for 3/16.

There are times when no note 1is played.
These are called rests and again there are
symbols to represent the length of the pause:-

Fhe 7% 2 =1, 1

In order to translate music to be played by
the computer you need to convert the notes
and lengths into data.
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Using the example shown before:-

9634 crotchet 1/4
8583 crotchet 1/4

NOTE VALUE NAME TIME DURATION/
VALUE
B-4 8101 minim 1/2 8
B-4 8101 crotchet 1/4 4
C-5 8583 crotchet 1/4 4
C-5 8583 minim 1/2 8
B-4 8101 crotchet 1/4 4
C-5 8583 crotchet 1/4 4
B-4 8101 crotchet 1/4 A
A-4 7217 crotchet 1/4 4
G-4 6430 crotchet 1/4 A
F#4 6069 minim dot 3/4 12
D-5 9634 crotch.dot 3/8 6
C-5 8583 crotch.dot 3/8 6
B-4 8101 quaver 1/8 2
G-4 6430 quaver 1/8 2
C-5 8583 quaver 1/8 2
A-4 7217 quaver 1/8 2
D-5 4
C-5 4
B-4 8101 minim 1/2 8
A-4 7217 minim 1/2 8
G-4 6430 minim 1/2 8

The DURATION wvalue 1is wused to determine how
long the note will be played for.

When a rest occurs the VALUE ie pitch of note
is set to O and the DURATION value set according
to the table above.

Once the music has been translated into number
form it can be incorporated into DATA statements.

100



RN

i

—~—

[ I

FEM
FE

=

L L I PR N I (8 Il o
(xS

FREE ] o e o s o o ol 2 s sl e s o o o s
FEM ## PLISTO ESAMPLE SAMTOOTH b
FRrE el o o o o oo e s o o e o s

FORM=S4272TOT425E  FOKER, B HEXT
AP FOKES4S5E. 15 CREM o meHHE
195 FOKES42Z77. 115 CREM ## ATTAC

S TECHY

118 PORES4E7E. 246 REM ## SUST. mLLEHLL
115 RERADF,D:FRIMTF. D
128 IFD=ETHEHEMT

25 HF=INTOF/256!

o
S EEE D

L FOKES427E . HF

LTOT#ES | HERT

1EE GOTOL1LS
sEE TFRTASL S 3,218 .04,
=EE DFRTRESRZ, 2, 28181 ., Ll K
S HH:HPI DAL TELT
S5 L.';-*t:-# £
= , PRCAR o B X P
=EE TFTAT ..,JT 2 ﬁrﬁ*"q 1 S )
SaAE DATESLEL B, F217.8, 6dZE, 2
=i TIATHEE . @

50 clears the SID chip registers

100 sets the volume to maximum

105 sets the attack-decay

110 sets the sustain-release

CREM s LAVEF RN

mE PORES42TE B2 CREM g WAVEFCRM

115 reads the values for the note and duration
into variables F (frequency) and D (duration)
120 checks to see if the tune has been played
125 calculates the high byte for the note

130 calculates the low byte

135 POKEs the high and low byte into

1 frequency registers

140 turns the sound on

145 uses the delay value to
duration of the note

150 turns the note off

155 loops back to play the next note

101

determine

voice

the



500-530 contain the data for the note and duration,
540 holds 2 zero's to 1indicate that all the
music has been played

By using different settings for the generation
of the sound a wide variety of pleasing tones
may be produced.

For example the changes below will cause
the sound to imitate a guitar.

5@ FORM=Z34272TOS4Z226  POREM . @ HERT

106 FOREZ4226. 15 CREM ## WOLUME

185 FORKES4277. 18 CREM ## ATTACKSDECAY
118 POEES427E., 8 CREM #H SUSTSREELEASE
115 READF.IG:FREIMTF, I

126 IFD=8THEMEMI

HF =THT CF <2500
LF=F—f THT OF D a2 S
FORKEDS27V2 LF  PORES427 3. HF
POREZGZ7FE, 32 CREM #$8 WRVEFDRM
FORT=1] TOD%ESS  HEST

FORED427E, 22 TREM #3% WAVEF RN
GATOL1E

[ R T T T Sy W
DL QO SO CRE P S PY IR (N

LN R RS

One method of modifying the sound produced
is by filtering.

The filters available on the Commodore 64
allow you to select the frequency at which
the filter will operate and the type of filter
to be used.

There are three basis types of filter and their
operation may be combined to form others

102



4 VOLUME A

FREQUENCY
1 HIGH PASS - 3 LOW PASS

v

v

=
>

2 BAND PASS 1¢3 NOTCH [REJECT)

Each filter 1is controlled by a bit in the same
register that controls the overall volume 54296.

128 64 32 16 8 4 2 1
7/6|(5|4(3|2|1|0]| 54296

0SC H1 BANDLO VOLUME
30FF FILTER

Assuming that you want to keep the volume
set to maximum you can select the filter mode
in the following way:-

LOW PASS: POKE54296, 31
BAND PASS: POKE54296, 47
HIGH PASS: POKE54296,79
NOTCH: POKES54296,95

The cut-off frequency of the selected filter
must also be set. This is held as an 11 bit
number at locations 54293 and 54294.
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FILTER CUT-OFF

As can be seen 54293 holds the lowest 3 bits
in positions 0-2 and 54294 holds the 8 most
significant bits.

The cut-off frequency may be modified over
a range of approximately 1KHz to 12KHz by
selecting the appropriate values to be POKEd
into the above registers.

Location 54295 contains the bits that control
which oscillator's output will be fed through
the filter together with 4 Dbits that control
the resonance. Resonance is a feature that
emphasizes the  frequency component at  the
frequency selected for cut-off when the filter
is employed and has a value between 0 (no
resonance) and 15 (maximum).

All  three wvoices may be routed through the
filter if desired.

To route an oscillator through the filter all
that 1is necessary 1is to set the relevant bit
in the register.

POKES54295,1 for osc
POKES54295,241 for osc
POKES54295, 2 for osc
POKES54295,242 for osc
POKES54295, 4 for osc
POKES4295,244 for osc

and no resonance
and maximum resonance
and no resonance
and maximum resonance
and no resonance
and maximum resonance

WWNN -

104



To send more than 1 voice through the filter
add together the values for each oscillator
to be routed:-

POKE54295,3 will route oscillators 1 and 2
through  the  filter with no resonance etc.

Ring modulation 1is also possible where the
output from one oscillator is wused to control
another. The POKEs required are shown below
together with the POKEs to synchronise one
oscillator with another.

RING MODULATE osc 1 with 3

Add 4 to the WAVEFORM VALUE and POKE it
into 54276

0SC 2 with 1

Add 4 to the WAVEFORM VALUE and POKE it
into 54283

0SC 3 with 0OSC 2

Add 4 to the WAVEFORM VALUE and POKE it
into 54290

SYNC OSC 1 with 3 add 2 to the waveform
and ring modulation figure and POKE into

54276

SYNC OSC 2 with 0OSC 1 add 2 to the waveform
and ring modulation figure and POKE it into

54283

SYNC OSC 3 with OSC 2 add 2 to the waveform
and ring modulation figure and POKE it into
54290
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It 1is 1impossible to give more than a guide
to the sound capabilities of the Commodore
64 and the Dbest way to learn and wuse the
enormous range of facilities 1is by experiment.
It is hoped that this brief introduction to
the SID chip will provide enough raw material
to allow the user to experiment further for
example by altering the pitch of an oscillator
whilst it is on and dynamically changing the
filtering.
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DISK DRIVES

Probably the most wuseful peripheral that may
be connected to the Commodore 64 1is the disk
drive. Each VIC 1541 single floppy disk is
able to hold a maximum of 169,000 bytes of
information and accesses the data in a fraction
of the time taken by a cassette deck.

The Commodore 64 will also permit the connection
of two three or more disk drives to increase
the storage capacity even further.

The disk drive 1is normally accessed as device
8 eg

LOAD'"MARTIAN HOP",8

would look for and load (if it was on the
disk) a programme called "MARTIAN HOP" from
device 8 the disk drive.

When wusing more than one disk it is necessary
to alter the device number of each additional
disk drive. For example if two disk drives
were in use it would make sense to call the
first with device 8 and the second with device
9 etc.

There are two ways in which to modify the
device number the first involves removing
the disk drive from its case and cutting jumpers.
This 1is NOT recommended unless you are aware
of the risks involved and should not be attempted
by anyone other than a qualified electronic
engineer.

The second method uses software to achieve
the same end. The only disadvantage of the

"soft'" change is that the routine must be repeated
every time the drive is switched on.
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The short programme here will allow you to
change the device number as wished.

16 REM defded DIEK DEVICE MO. CHAMGE sk
15 REM

E RER

i@ IMFEUT"CURERENT DEWICE MUMBER=" i CH

TEE THFUTYREQUIRED DEWTCE HUMBER==" R

A S & B 1 8 R R 2 E i PR o

115 OFEMLIE, CH. 1S

12@ FREIHTHLE "MW CHREECL LS 0 CHREE G2 CHEE 2
SCHRE R CHREE RS

1LEE CLOSELS

When the programme is wused only the disk
drive to be changed should be switched on
unless each drive already has a different
device number.

Once the device number has been changed
and the second disk switched on whenever
it is required to access that disk the new
device number is used in the command:

SAVE"DEVICE CHANGE",9

would save the programme called "DEVICE CHANGE"
to the disk in drive 9.

LOAD"ACCOUNTS",8  would load the  programme
"ACCOUNTS" from device 8 and so forth.

One of the big advantages 1in using several
drives is the capability to wuse one disk for
programmes and the second for data storage.
You may for example have a long ‘'card index'
programme  that  repeatedly loads data  from

sequential files. The space used by sequential
files  will obviously take away disk space
for the  programme. The conventional way

around this is to wuse separate floppy disks
for the programme and the data and insert
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the relevant disk into the drive. By using
two drives the data disk may be located in
one drive and the programme disk in the other.

DISK ERRORS

Whenever the disk controller detects an error
condition, for example by trying to LOAD a
file that does not exist on the disk in use,
it will report the type of error to the operator.
When making use of disks inside a programme
it is desirable to keep track of any error
by means of checking the error status as held
in the command channel.

10 REM Sy
15 REM #% DISK E LUBROLTTHE
S REN mmmmmm#*w¢¢¢#**$#¢¢**$#¢¢#m
25 REM
T ’l"l

CEM. 1, DT, D3
THEHRETLIRN

FRIMT 78" TREC 12
WEIHT”WWW""

: PER 115

R THT D LS TRACKE” | IT

& FRINT MAMDISK SECTORG" , D5
¢ FRINT BNMEOHTIHUE? 7

CECDTFRETRET I  RET RN

The error channel is OPENed in line 100; this
should be placed at the front of the programme
and executed only once. The error channel
should always be OPENed first and closed
last to prevent any loss of data.
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50000 INPUTs the error messages from the error
channel and if the error number is less than
20 (no error present) it will return control
to the main programme.

Lines 5005 to 50040 display the exact nature
of the error on the screen and lines 50045
to 50065 allow you to end the programme or
continue.

It 1is strongly recommended that you wuse this
routine by GOSUB50000 whenever you wuse the
disk drive from 1inside a programme. The
device number 1is set to 8 but may be changed
to suit multiple drive configurations if desired.

SCREEN STORAGE

The disk may be used to store graphic displays
For example you may have a screen display
that you wish to use in various parts of the
programme or wish to set up several different
screens in various places in a programme.
The  technique employed is similar to that
used when storing a screen in RAM except
that instead of the data being located in memory
it is stored as a sequential file on disk.

The examples which follow are all designed
to be used as subroutines and should be called
with  the  GOSUBXXXXX command where XXXXX
is the starting line number of the routine.

LR MAF="TESTY

SRREAE REM 4% SAVE SUREEM TO DISK s
SEEEE OFERE 2, TE TR HAES S W
Jﬂﬂiw FWFHMﬂTUQU4

L0 LEEA Y FRETHTHE.,

S A =S o b R R FP]HTHJ-H

D FfET Llfr.H
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To '"save'" a screen first set the screen up
to the desired format assign NA$ to the name
you wish to call it and GOSUB50000.

To restore a previously ‘'saved" screen set
NA$ to the name of the screen to be loaded
and GOSUB50000.

188 MHAF="TEZT"

SE@@l REM ## LOAD SCREEM FROM DISK s
TEEEE OFEMHZ. 2.2 "8 T HEAEL S R

S@E1e FORM=ATOZR2

SEELE IMFUTHZ. A PORKELBZ4+H. A

SREZa IMPUTHZ, A FOKESS22E+M . A

SEEZE MEST

S@E@zE CLOSE:

SEAIE RETURM
DISK MAINTENANCE

Normally  whenever it is necessary to carry
out disk maintenance commands such as VALIDATE
INITIALISE or COPY the commands are entered
as a direct command string.

In order to assist in the management of disks
a programme has been included that will enable
the operation required to be chosen by a 'menu'
and executed by the programme. The facilities
offered include  SCRATCH  RENAME COPY  NEW
VALIDATE INITIALISE etc and  will greatly
assist in the management of disk maintenance.
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USING A PRINTER

In addition to the obvious wuse of a printer
to obtain listings of programmes a printer
may also be used to generate graphics diagrams
address labels and hard copy of the screen.

The programme that follows will print name
and address on self-adhesive labels 13 by
37 inches 1in size on perforated backing paper
with 4 inches between the holes.
DB RIS o e
15 REM #$# MAME AMND ADDREESS LARELS e
D FREEPT o o o o
25 REM
@ REM
LEE PORESZEZSRL, 15 PRIMTIT
1EE THPLUT" SREAMES" 5 -
118 FORM=1TO4
115 IRFUT" EEFDDREESSE" 5 FAE O
LEE HEST
25 THFUT"ERFOST CODES" . FOE
LA PREIMTY"ERFLEASE CHECK LABEL FOSTTION"
1EE FREIMT"AIFEESS POTO FREIMT O S TO STHRET AGHIM"
1ebE POKELDZS, 8
145 GETAF: IFA$=""THEML 45
1568 IFFF="FYTHEM L&
L85 TFHEF="E" THEMRELUN
GOTOL4E

-
-

I
1l

15 OFERS .

iFE R TRTHG

i7E FiifEH ”JTHI PQIHT#4,H$5H}:HEHT
128 FRINT#S . FOE

185 FORM=1TOZ PRI HEST

Lo FPRIMTHS CLOSRES

PEE S0OTOLES

The programme will allow one line for the
name and up to four lines for the address
the first of which may be the company name.
If RETURN 1is pressed without any text being
entered that line will be left blank. The
final line is for a post code.
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Once the data has been entered you will have
the opportunity to correctly position the label
prior to printing taking place.

After the printing has finished you may print
another copy of the label or enter new
information. An example of a label is printed
below.

MICROROORS

A MILLERDOE ROAD
ELUITHAMPT R

HFETF S T R

T T

CONTROL CHARACTERS

When wusing a printer with the Commodore 64
especially the Seikosha GP100 VC the wvarious
modes are controlled by control characters
as CHR$( ) strings. This is often confusing
and difficulty may be experienced in remembering
the required code.

The way to overcome this problem is to assign
a variable whose name is similar to the function
desired and wuse the variable 1in the PRINT#
command.

FEM # [LIME FEED

FER % RETILIRR

aUREM & GREAPMIC MODE

A rREM % DOURLE WIDTH

G REM e MOREMAL M

P ol
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When it is necessary to send a control character
simply replace the CHR$( ) with the appropriate
variable.

SCREEN DUMP

It is often desirable to be able to produce
'hard copy' of the screen display.

The following programme will print the entire
contents of the screen and checks for upper/
lower case or upper case/graphics to ensure
that the copy is accurate.

The routine will NOT copy a bit mapped screen
or any user defined characters that may be
used. Sprites are 'transparent' to the routine
and will not be displayed either.

JHU““ FREM sk DUMF SCEEEM TO FRIMNTER S

SEEEE W E=CHREC ]S E D
ﬁEﬂlH IFPEL}rm;:?ST T WE PGS L E S PR © 50T

FURF EETH”WQT

C=REERCR Y CF="

TF R f4” THT G PSR S @ THERFR T
TﬂlJLHwﬁil }+IHPI' =

SEiEdE TR 2 T el I W I T R R
SE@SE I 1T HE M= GOTOEEERSE
SEEES TR =1y '-THFHF~F|1;”
o A CHREE DD

,HﬂpJ TFLERCCE D 2] TiHE M = b - SR

SERTE FRTMHTHS, CF HE'T
PEFREIMT#H#  CLOSES  RETLUREM

SE=CHREECLT

CFERe e 7 FRE TR TG S

RETLIFM
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If you have any comments on this publication, or are considering writing a
book yourself, please contact us at the address below:-

MICROBOOKS

443 Millbrook Road
Southampton
Hampshire

SO1 OHX

Books on the following computers are in the course of production:

BBC Machine Code
Dragon Machine Code
CBM 64 Machine Code
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The programmes in this book are available from PHOTRONICS together with
pads to aid graphic programming.

Please supply, post free

cassette(s) at £5.95 each
—_disk(s) at £7.95 each

— _CBM 64 Screen pad(s) at £3.95 each
—__Sprite pad(s) at £3.95 each
User—defined character pads at £3.95
Free details on the above products.

NAME
ADDRESS

I enclose cheque/PO for £

DATE

Send to:-

PHOTRONICS
Dept. MB

59 Kennedy Road
Maybush
Southampton

SO1 6DR
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THE SENSIBLE 64

This book provides the reader, whether experienced
programmer or initiate to the world of computing, with
a simple, concise explanation of the first sensible
computer for business or leisure use.

Starting with the more fundamental aspects of this
remarkable machine and progressing logically to
complex aspects such as using a disk drive, graphic
printer, multicolour and Sprite graphics, it covers
those topics that are so often only found in manuals or
immersed in technicalities.

Special attention has been given to ensure that the
examples will run without errors and that upon finish-
ing the book the reader will be able to tackle even
seemingly complex tasks with ease and confidence.

TOPICS COVERED INCLUDE:

THE KEYBOARD AND FUNCTION KEYS
USER-DEFINED AND MULTICOLOUR
GRAPHICS

SCREEN DISPLAYS AND BIT MAPPING
CREATING AND USING SPRITES
SOUND EFFECTS AND MUSIC
PROGRAMMING WITH A DISK DRIVE
USING A GRAPHIC PRINTER

. THE SENSIBLE 64 is a must for every Commo-
dore 64 owner that wishes to use the machine to its
maximum potential.

443 Millbrook Road L _J icro £5.95 UK ONLY
Southampton so1ovx b OOk S 1SBN0946705003



