









































































































































PROGRAM 2.7

10 REM RANDOM LINE DRAWING

20 POKE 53272,PEEK(53272) OR 8

30 POKE 53265,PEEK (53265) OR 32

40 FOR L=8192 TO 16192

50 POKE L,0:NEXT L

60 FOR L=1024 TO 2023

70 POKE L,22:NEXT L

80 X1=INT(RND(1)*320):X2=INT(RND (1)*¥320)
90 Y1=INT(RND(1)*200):Y2=INT(RND(1)*200)
100 XX=ABS(X2-X1):YY=ABS(Y2-Y1)

110 SX=SGN(XX):SY=SGN(YY):X=X1:Y=Y1
120 F XX>YY THEN LL=XX:DD=YY

130 IF XX<YY THEN LL=YY:DD=XX

140 IF XX=YY THEN LL=YY:DD=XX

150 RT=INT(LL/2)

160 FOR L=1 TO LL

170 RT=RT+DD

180 IF RT<LL THEN X=X+SX:GOSUB 1000
190 IF RT>LL THEN RT=RT-LL:Y=Y+SY
:X=X+SX:GOSUB 1000

200 POKE P,PV:NEXT L

210 GET A$:IF A$<O>" " THEN 80

220 GET A$:IF A$=" " THEN 220

230 GET A$:IF A$<>" " THEN 230

240 POKE 53265,PEEK(53265) AND 223
250 POKE 53272,PEEK (53272) AND 247
260 PRINT"<CLS>":END

1000 REM CALCULATE THE BIT
1010 P=8192+320*(Y/8 }+8*INT(X/8)+(Y AND 7)

1020 PV=PEEK(P) OR (2¢(7-(X AND 17)))
1030 RETURN

To draw a circle we need to use our old friends from school SIN
and COS.

Figure 2.2 shows a pair of axes with an arm one unit long fixed to
the origin and at an angle 'A' from the 'X' axis.
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Y axis

Orlgln | X axis

Figure 2.2

If this arm were to be rotated about the origin, the tip would
trace out a circle:

In order to use these ideas to draw a circle on the bit map screen
we will need to now the X and Y coordinates of the end point of
the arm. This is where SIN and COS are used.



For a particular angle 'A' the 'X' and 'Y' coardinates are:

Y=R*kSIN(A)

X=R*COS(A)

Figure 2.3
The Commodore 64 works in radians, there being 2*Pi radians in 360
(a ecircle). Pi is the ratio of the radius of a circle to its
circumference. The circumference of a cirele is 2*Pi*radius. The
actual value of Pi is 3.14159. The C-64 has a Pi key, T is the
symbol. This symbol will be used from here on in to denote Pi.
If 'A' is equal to all angles in a circle (0to 2W) then SIN(A)

and COS(A) give all the X and Y coordinates of the points around
the circle.

More accurately, the X and Y coordinates are:
X=R*COS(A):Y=R*SIN(A)

The loop needed to draw a circle would be from 0 to 27.

2-15



PROGRAM 2.8

10 REM CIRCLE DRAWING

20 POKE 53272,PEEK(53272) OR 8

30 POKE 53265,PEEK(53265) OR 32

40 FOR L=8192 TO 16192

50 POKE L, 0:NEXT L

60 FOR L=1024 TO 2023

70 POKE L, 22:NEXT L

80 R=100:REM R=RADIUS

90 FOR A=0 TO 2*7

100 Y=R*SIN(A)100:X=R*COS(A)+100
110 GOSUB 1000:POKE P,PV

120 NEXT A

130 GET A$:IF A$="" THEN 130-

140 POKE 53265,PEEK(53265) AND 223
150 POKE 53272,PEEK(53272) AND 247
160 PRINT"<CLR>":END

1000 REM CALCULATE THE BIT

1010 P=8192+320*INT(Y/8)+8*INT(X/8)
+(Y AND 7)

1020 PV=PEEK(P) OR (2¢(7-(X AND 7)))
1030 RETURN

When program 2.8 is run all that is displayed on the sereen is a
few dots. The default step value of 1 is too much to get a
complete circle we need a much smaller step size. Change line 90
to the following:

90 FOR A=0 TO 2+K'STEP 0.01

This step size is perfect and if you run the program again you
will see a perfect circle.
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PROGRAM 2.9

10 REM RANDOM CIRCLES

20 POKE 53272,PEEK(53272) OR 8

30 POKR 53265,PEEK(53265) OR 32

40 FOR L=8192 TO 16192

50 POKE L,0:NEXT L

60 FOR L=1024 TO 2023

70 POKE L,22:NEXT L

80 R=INT(RND(1)*50)

90 C=INT(RND(1)*320):C2=INT(RND(1)*200)
100 FOR A=0 TO 2*7TSTEP 0.01

110 X=C+R*COS(A):Y=C2+R*SIN(A)

120 GOSUB 1000:POKE P,PV

130 NEXT A

140 GET A$:IF A$=""THEN 80

150 GET A$:IF A$<O"™THEN 150

160 GET A$:IF A$<>" "THEN 160

170 POKE 53265,PEEK(53265) AND 223
180 POKE 53272,PEEK(53272) AND 247
190 PRINT "<CLR>":END

1000 REM CALCULATE THE BIT

1010 P=8192+320%(Y/8)+8*INT(X/8)+(Y AND 7)
1020 PV=PEEK(P) OR (2¢(7-(X AND 7)))

1030 RETURN

To stop the program press the space bar. To return to the text
screen press the space bar again.

Multicolour Bit Map

So far everything drawn on the bit map screen has been in the same
colour. It is possible to have four different colours on the bit
map screen. This option 1is selected by changing bit five of
location 53270.

POKE 53270,PEEK(53270) OR 16
When this is executed, in relation to bit map mode, a slight
change takes place with the points on the screen. Now whenever a
bit is set the one next to it and to the right is set as well.
As well as switching to multicolour mode it is necessary to
calculate the colour of your bit. This is quite simply done in two
steps.

First you must choose your colour. The choice is:
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black
white
red
cyn

W = O

To choose white then you simply designate 1 to a variable i.e.
C=1
a random colour is chosen in the following way
C=INT(RND(1)*4)

The next step is to modify your colour (C) by (2(6-(X AND 7)))
expression

PV=PEEK(P) OR (C*(21(6-(X AND 7))))

The (7-(X AND 7)))) part is changed to read (6-(X AND 7))) because
each bit when set, sets its neighbour, thus restricting the bit
map screen to 160 individual bits. It is important to note that
the Y coordinate is not effected.

To demonstrate multicolour mode and the 160 individual bit sereen
enter program 2.10.

PROGRAM 2.10

10 REM MULTICOLOUR BIT MAP MODE
20 POKE 53272,PEEK(53272) OR 8

30 POKE 53265,PEEK(53265) OR 32

40 FOR L=8192 TO 16192

50 POKE L,0:NEXT L

60 FOR L=1024 TO 2023

70 POKE L,22:NEXT L

80 POKE 53270,PEEK(53270) OR 16

90 FOR X=0 TO 319 STEP 2

100 Y=100:C=INT(RND(1)*4)

110 GOSUB 1000:POKE P,PV

115 NEXT X

120 GET A$:IF A$<O" "THEN 90

130 POKE 53270,PEEK(53270) AND 239
140 POKE 53265,PEEK(53265) AND 223
150 POKE 53272,PEEK(53272) AND 247
160 PRINT"<CLR>":END

1000 REM CALCULATE BIT

1010 P=8192 +320*INT(Y/8)+8*INT(X/8)+(Y AND 7)
1020 PV=PEEK(P) OR (C*(2}(6-(X AND 7))))
1030 RETURN
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You should now be able to use the Commodore sixty four bit mapped
sereen to its full potential. Good Luck!

Multicolour Modes

Multicolour Characters

It was just shown that there exists a multicolour bit map mode
which is set by poking 53270. When this was done whilst in bit map
mode it created a multicoloured bit map mode.

However, if:
POKE 53270,PEEK(53270) OR 16

Is entered outside of bit map mode then multicolour symbol mode is
switched on. Whilst in this mode it is possible to have four
colours for each character.

Of the four available colours two are the present character colour
and the background colour (controlled by memory location 53281).
The other colours are controlled by memory location 53282 and
53283.

To demonstrate multicolour character mode type in the following
program.

PROGRAM 3.1

10 REM MULTICOLOUR CHARACTER MODE

20 PRINT"<CLR>":POKE 53281,15

30 FOR X=0 TO 39

40 POKE 1664+X,83:POKE 55936+X,8

50 NEXT X

60 POKE 53270,PEEK(53270) OR 16

70 FOR C1=0 TO T7:PRINT TAB(5*C1)"<BLK>";C1
80 FOR C2=0 TO T:PRINT TAB(5*C1)"<WHT>";C2
90 POKE 53282,C1:POKE 53283,C2

100 FOR D=1 TO 500:NEXT D

110 NEXT C2:PRINT"<HOME>":NEXT C1

120 POKE 53270,PEEK(53270) AND 239

The program ends by returning the computer to normal symbol mode.
This is done by ANDing the contents of 53270 with 239.

POKE 53270,PEEK(53270) AND 239
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As we have seen the VIC chip controls the bit map screen, but it
also has other values.

By changing bit six of the VIC chip to a "' (it is normally zero)
the C-64 extended background colour mode .is switched on. The
extended background colour mode allows the user to have up to four
different background colours on the screen.

Bit six of the VIC .chip is set by poking 53265 with the PEEK value
of 53265, ORed with 64.

e.g.
POKE 53265,PEEK(53265) OR 64

If you type in this direct entry command not much will appear to
happen. Now hold down SHIFT and press any of the letter keys and
you will get a reverse key character, not the SHIFT symbol.

When extended colour mode is in operation the user is restricted
to only sixty four characters, 0 to 63. These are screen character
codes NOT ASCHl. Extended colour mode uses the two most
significant bits of each chracter byte. This can be shown in the
following way

128 64 32 16
0 1 0 1

-t b

”

Extended colour bits character code bits

This diagram shows the byte value for an extended colour 'S'. The
six character code bits add up to 19 which is the sereen code for
'S'. The two most significant bits add up to 64 which is the
colour code for white. Test this out for yourself by typing the
following

PRINT"<CLR>S"=and then press RETURN
PRINT PEEK(1024)=and then press RETURN

The CLR home character when pressed will appear as a reverse S,
don't worry about that just yet. The screen display should now be:

S

READY

PRINT PEEK (1024)
19

READY
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The PEEK value of an S is 19.

Now cursor to the home position and, holding down SHIFT, press S.
Now a reverse S will appear on the screen. If you now PEEK the
contents of memory location 1024 you will see that it contains 83.
This is the '64' colour value added to the '19' character value.

Although the SHIFT characters appear to be reverse they are in

fact normal characters with an individual background colour of
white.

Extended colour mode is switched off by ANDing the contents of
53265 with 191.

e.g.
POKE 53265,PEEK (53265) AND 191

As well as selecting extended colour mode the user can choose
which background colour each character can have. The choice is a
somewhat limited one, there only four available colours, these
being:

00, 0s0 Memory address 53281
01, L0 Memory address 53282
10, 250 Memory address 53283
11, 310 Memory address 53284

The bits when set do not designate colour but which characters
will be changed.

00, Changes all characters of the value 0-63 and is controlled
by register 53281
012 Changes all characters of the value 64-127 and is

controlled by register 53282

10, Changes all characters of the value 128-191 and is
controlled by register 53283

11, Changes all characters of the value 192-255

Because multicolour character mode and extended background colour
mode both use locations 53281,53282 and 53283, you must make sure
that only one of the modes is selected.

To demonstrate extended background mode run the following program.
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PROGRAM 3.2

10 POKE 53265,PEEK(53265) OR 64

20 FOR X=0 TO 63

30 POKE 1024+X,X:POKE 55296+X,0
40 NEXT X

50 FOR X=64 TO 127

60 POKE 1124+X,X:POKE 55396+X,0
70 NEXT X

80 POKE 53282,1

90 FOR X=128 TO 191

100 POKE 1224+X,X:POKE 55496+X,0
110 NEXT X

120 POKE 53283,5

130 FOR X=192 TO 255

140 POKE 1324+X,X:POKE 55596+X,2
150 NEXT X

160 POKE 53284,7

170 POKE 53281,15

This program POKES four separate sets of characters. The first set
are screen characters 0 to 63 and the last 192-255. The four
separate sets all contain the same characters because extended
background mode restricts the user to only these characters.

One by one, each set of charaeters is poked onto the screen and
its background colour is set. The background colour location 53281
is not poked wuntil the end, to show that the other, preset,
background locations will not be set but every other screen
location will be. All empty screen locations have a secreen code
value of 32, a space. POKEing 53281 changes every empty screen
location.

Every set of characters contains the following:

abedefghijklmnopqrstuvwxyz{#] !
"4 $%&()*+,-./0123456789: ;<=>?

These are the only characters you can use. By now you should have
got the message.
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PART ONE

User-Defined Graphics

By using the Commodore 64's user-defined graphics it is possible
to define a character of your own design and then call it up in
programs as and when it is required. Once defined, this character
can be treated the same as any other and it answers to the name
that you give it, a name that can be any one of the characters on
the keyboard or anywhere in the character set. The character you
define is made up from an 8x8 matrix, of little squares known as
pixels. These are set to either full or empty by reference to the
patterns stored in the character data which is stored in the ROM.
The computer could actually store the data as a series of 64
separate memory locations each of which is set to 'on' or ‘'off',
thus defining the matrix as shown in Figure 3.1.

mlolelel=]|eole]le
mim|=m]lo|=]lole]e

=i I=mlolxm|ol@]|©

olo|=m|o|=|C|m|m=
S|l | m et
QIO | vt |t |t |t |k |
CloO|=|O|m|O]m]|m=
=lo|C|olm|eo|o]e

FIGURE 3.1

Defining a character by using individual bytes for each pixel
would use up 64 memory locations for each character and, by the
time a few characters have been stored, they start to gobble up a
lot of the computer's memory. However, help is at hand in the way
the computer stores data generally!
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The microprocessor chip on which the CBM 64 is based - the 6510 -
is referred to as an 8-bit chip, which means that each character
is stored in memory as eight 'bits' of data. This block of eight
bits is known as one ‘'byte'. As the «chip is a 'digital'
microprocessor, each of the bits of data can be set only to ‘on'
or 'off, i.e. a '1' or a '0. Thus, only one byte is needed to
store each of the rows for each character shapes, so a total of 8
bytes are needed to hold the entire shape of each of the 64's
characters.

The method of cramming up to eight bits of character information
into the byte simply takes account of binary notation. When using
this technique it is necessary to add up the elements of the
character bit by bit, to end up with the number to be POKEd into
memory. Thus, to store the top line of the dancing man shown in
Figure 3.1, the addition sum shown in Figure 3.2 is performed.

(0x128)+(0x64 )+(1x32 )+(1x16 )+ (1x8 )+ (1x4)+(0x2)+(0x1) =60 .
0 0 1 1 1 1 0 0 =001111002

FIGURE 3.2

From Figure 3.2 the elements of the row add up to: 32+16+8+4=60.
Thus the number '60' must be POKEd into memory. To obtain POKE
values for the whole figure, each row must be considered
separately, as shown in Figure 3.3.

BINARY CALCULATION DECIMAL
128164 132116 | 8|1 4| 2|1
0 0| 1{ 1} 1]1}]0}0 32+16+8+4 = 60
0oy 1{ 1|1f[1]0¢}0 32+16+8+4 = 60
0j0j 0f 1{1f{0]0]| 0O 16+8 = 24
111} 1} 111111 11}1 128+64+32+16+8+4+2+1 = 255
00 0f 11110101} 0 16+8 = 24
o1 1] 1)1} 1]1}0 64+32+16+8+4+2 = 126
0] 1} 0 OfO0j O} 1|0 64+2 = 66
Ll 1100001 1]1 128+64+2+1 = 195
FIGURE 3.3
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Having calculated the values needed to define a character, these
values must be stored in the area of memory where the VIC I chip
looks for its characters. As this is a fairly complicated
process, it's easiest to use a utility program to help. Part Two
of this chapter develops such a utility and during its
development, the whole process of defining characters will be
explored.

PART TWO

A Graphics Utility : Specification

This utility will provide a facility for the creation of a user-
defined graphies character. The character will be designed on a
'sereen' or matrix which represents a single character about eight
times full size, see Figure 3.4, and the actual form of the
character will be displayed during the design process. By moving a
block, , which represents a single pixel, around the character
matrix and storing it where desired, a character will be built up,
its POKE values calculated and stored in RAM. Provision will be
made for storing these POKE values in DATA statements for
incorporation into the user's program. To facilitate its use along
with the user's own program, the graphies utility program will be
numbered from line 60000 onwards.

FIGURE 3.4
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Relocating the character set

The CBM 64 comes with its own ready-drawn character set - these
are the characters that you see on the screen when you press the
keys. These, however, are stored in ROM, or Read only Memory, and
it isn't possible to change them. Thus, if you want to define a
new character set, it is first of all necessary to move the
existing character set into RAM where you can operate on it. As
each character occupies 8 bytes and there are 256 different
characters in the upper case graphics character set to be moved, 8
X 256 or 2048 bytes need to be re-located. In the ROWM, the
standard characters are located from memory location 53248 ($D000)
onwards and one recommended place to move these to is memory
location 12288 ($3000). A fairly straight-forward PEEK/POKE
routine would appear to perform this operation i.e.

FOR I=0 TO 2047:POKE(12288+I),PEEK(53248+I): NEXT

However, because of the way the various chips inter-relate, a few
other things need to be done before this removal process can be
carried out.

Protecting the top of memory

Once this is done, a copy of the character set exists at the top
of the RAM. Of course, this is quite likely to be overwritten by
any program that tries to use the same piece of RAM. This problem
can be overcome by persuading the C64 that RAM ends lower down
than it really does. At switch-on the computer checks through the
RAM and calculates just how much memory is available. Once the
calculation is done, the location of the top of memory is recorded
in memory locations 55 and 56. If these values are fixed and set
to a lower figure the C64's BASIC thinks that memory ends earlier
and doesn't overwrite your character set. Before moving down the
top of memory, just do a little check on what memory is available
by entering:

PRINT FRE(0)-(FRE(0)<0)*64*1024
The machine should then respond with 38908
Next move down the memory by means of:
POKE 55,0: POKE 56,48
Once this is done, check memory availability again with another

'PRINT FRE(0)-(FRE(0)<0)*64*1024' and you should find the new
value is 10237 which is some 24405 (28672) less.



Now, let's investigate the workings of the keyboard a little, in
particular the:

Keyboard Buffer

When any data is entered into the computer via the keyboard, the
64 automatically puts it into the keyboard buffer, which is ten
bytes of memory located from 631 to 640. In order to keep track of
what's in this buffer, one other byte located at 198 is used. Just
to investigate the operation of this buffer, type in Program 3.1.

PROGRAM 3.1

2 PRINT "<CLR>";

5 T$=CHR$(34)+CHR$(20)+" <RVSON >T<RVSOF >"
+CHR$(34)+CHR$(20)

6 M$=CHR$(34)+CHR$(20)+"<RVSON>M<RVSOF>"
+CHR$(34)+CHR$(20)

10 PRINT:PRINT"<HOME>";CHR$(34);:FOR X=0

TO 9

20 IF PEEK(X+631)=20 AND X<10 THEN PRINT
T$;: NEXT:GOTO 10

30 IF PEEK(X+631)=13 AND X<10 THEN PRINT
M$;:NEXT:GOTO 10

40 PRINT CHR$(PEEK (X+631));: NEXT:PRINT C

HR$(34):PRINT PEEK(198);:GOTO 10

When you RUN this program, it will print in the top left-hand
corner of the screen the current contents of the keyboard buffer.
Underneath this it will print what value is stored in 198, i.e.
the number of characters that the C64 thinks are in the buffer.
Why is this a 2zero? Well, at turn on and various other times,
the buffer gets filled up with garbage that just shouldn't be
there. What location 198 tells you is the official story. The C64
will only read the number of characters that location 198 tells it
are there, the rest it ignores.

To watech the buffer in action run Program 3.1 and type in
FREDFREDFRED and while it is running you will see that the buffer
now contains:

"FREDFREDFR"
and the line below tells you that 198 now contains the value 10.
Next, type in SID and see what happens. Anything happened? No,
nothing happens because the buffer is full. It is a First In,

First Out device which means that the first item put in i.e. the
'F' of the first 'FRED' is maintained ready for retrieval.
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To investigate the buffer further, press RUN/STOP and then modify
Program 3.1 to do the following.

® accept the first 10 keyboard entries

® perform a 'GET'

@® store the result in A$

@ display the first character to come out of the buffer.

PROGRAM 3.1(a)

45 IF PEEK(198)=10 THEN GETAS$:PRINT"<4DC
RSR>"A$

50 GOTO 10

(remove the GOTO 10 on line 40)

When you RUN this, repeat the above procedure by attempting to
type in three 'FRED's, As you enter the 'E' of the third 'FRED',
the buffer will fil i.e. 198 contains a '10'. However,
immediately afterwards, the 'GET' will be performed and a
character taken from the buffer to be stored in A$ and PRINTED on
the screen. Thus, the letter 'F' will be taken from the buffer and
the remaining 9 characters moved along one to the first 9
positions. When the next letter 'E' is entered, it will be placed
initially in location 10 of the buffer, only to be shuffled
forward as an 'R' is extracted by the GET. You may now stop the
program by pressing RUN/STOP, but do not erase the program yet.

Addressing the keyboard

Before we can re-locate the character set, one other formality is
needed, a necessity because of the important role that the
keyboard plays. As it forms the main communications channel
between the user and the operating system, the keyboard is scanned
continuously. This scanning must be turned off or disabled before
copying the character set. Scanning is turned off by setting bit
zero of 56334 to zero and re-enabled or turned on by setting this
bit to one. One problem with this process is that it is only bit
zero of 56334 that needs to be changed with the remainder staying
as it was. To do this without a lot of PEEKing and POKEing we may
make use of :



LOGICAL OPERATIONS (a digression )

AND - perform a logical AND

It may be clearer if we first examine an electronic AND gate- your
64 is just full of them! What an AND gate does is to accept two
electrical signals, compare them and produce an output based on
this comparison. Figure 3.5 shows such a device with inputs 1 and
2 and output OP.

P1—
or
P2 —

AN ELECTRONIC AND
FIGURE 3.5

In operation, this gate looks at IP1 and IP2 and, if they are both
set at 5 volt, then OP is set at 5 volt. However, if either or
both IP1 and IP2 are set at zero volts, the OP is set at =zero
volts. In computer terms, the 1 state is referred to as 'TRUE' and
the zero as FALSE so the AND gate rules read: the output of a gate
is TRUE if input 1 AND input 2 are TRUE. For all other cases, the
output is FALSE or zero.

It is convenient to express these states in a TRUTH TABLE, see
Fig. 3.6.

IP1 P2 opP

-0 O
-0 O
- oo

TRUTH TABLE FOR
ELECTRONIC AND

FIGURE 3.6
To use this, read along the line that has the requisite states of
IP1 and IP2 and column 'OP' will then give the logical state of
the output, 'OP.

For instance, taking a value of IP1=0 and IP2=1, line 2 gives the
state of OP as '0' (FALSE).
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OR Perform a logical OR

As with 'AND', this operator performs a logical bit-by-bit
comparison between the two pieces of data. What this means is that
each bit of the data is tested and if either one OR the other is
equal to 1, then a TRUE position is obtained and the resultant bit
is'set to 1.

This is represented on the truth table, Figure 3.7. On this the
two possible inputs are labelled IP1 and IP2 while the output is
labelled OP.

IP1 IP2 op
0 0 0
1 0 1
0 1 1

TRUTH TABLE FOR
LOGICAL OR

FIGURE 3.7

Logical operators and eight bits

So far, all the operators have been shown operating upon single
bits of data. However, when logical operations are carried out on
an eight bit number, each bit of that number is treated
individually. Take for example the situation where 100, (01100100, )
ORed with 50, (00110010, ). The process is simply one of ORing bit
by bit or, as it is otherwise known, bitwise operation. Figures
3.8 and 3.9 show the stage-by-stage process where first of all the
first zero of 100 is ORed with the first zero of 50 to yield a
zero. Next the second character of the 100 (a zero) is ORed with
the second character of the 50 (a one) to yield a 1. Figure 3.9
shows the various stages of the process along with the results.

Thus, when 100 is ORed with 50 the result is:

0o 1. 1 0 0 1 0 o

100,
0 0 1 1 0 0 1 0 = 505
= 0 1 1 1 0 1 1 0 =118,

FIGURE 3.8



Decoding this by means of the truth table, Figure 3.7, starting
with bit 0 gives:

bit 0: 0 ORed with 0 gives 0
1: 0 ORed with 1 gives 1
2: 1 ORed with 0 gives 1
3: 0 ORed with 0 gives 0
4: 0 ORed with 1 gives 1
5: 1 ORed with 1 gives 1
6: 1 ORed with 0 gives 1
7: 0 ORed with 0 gives 0
i.ec 01110110

FIGURE 3.9

Back to the project ...

As we were saying! The keyboard is the main means of communication
between the user and the computer and it is necessary at times to
break the link.

One memory location - 56334($DCOE where $ denotes a hexadecimal
number) - contains one bit of data - bit 0 - that turns the
keyboard ON when it's set to 1 and OFF when it's set to zero. To
set it, two of the logical functions, AND and OR are used.

Firstly, to set just one bit of a byte to zero we AND it with a
byte that contains all 1's except at the location to be set.
Thus, when that bit is ANDed with the zero present it is
automatically switched to a zero. Hence to set bit zero to =zero,
we AND the byte with a 254,, (11111110,) i.e.:

this 1 0 1 1 0 o0 1 1 1
ANDed with 1 1 1 1 1 1 1 1 0
gives 1 0 1 1 0 0 1 1 0

FIGURE 3.10
If youre unsure of the process, substitute any number you wish
for the top number and youll find that it will remain unchanged
except for bit zero which will be switched to a zero.
Putting this into practice to turn off the keyboard is:
PROGRAM 3.2

X = PEEK(56334)

Y = X AND 254
POKE 56334,Y
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or, putting it into one line:
POKE 56334,PEEK(56334)AND 254

<Do not> type this in yet. If you do then you will not be able to
type in the commands to switeh the keyboard back on.

To turn the keyboard on again or to 're-enable' it, bit zero needs
to be re-set to a 'l'. In this case, the byte is ORed with a 1
i.e. seven zeros and a 1 in bit zero. This process will leave all
the bits ORed with the zeros as they were but set bit zero to a
'1". Figure 3.11 shows this process in action:

this 1 0 1 1 0 0 1 1 0
ORed with 6o o0 0 0 O O O0 0 1
gives 1 0 1 1 0 0 1 1 1

FIGURE 3.11

Thus, the two lines to turn the keyboard off and then on again
are:

POKE 56334,PEEK(56334)AND 254 Turn off keyboard
POKE 56334,PEEK(56334)OR 1 Turn on keyboard

Our short demo programs (3.1 and 3.1(a) can help to illustrate
that process too if we set it to turn off the keyboard when, say 3
characters have been inputted. A slight problem might arise here
though, as, once the keyboard is turned off there is no easy way
remaining to talk to the computer. Therefore, the turning-back-on
procedure must be programmed BEFORE the keyboard is disabled.
Lines 60 and 70 perform this ON/OFF function, with a suitable
delay between.

PROGRAM 3.2(a)

47 IF PEEK(198)=3 THEN 60

60 POKE 56334,PEEK(56334)AND 254:PRINT"<
6DCRSR> KEYBOARD OFF":FOR X=1 TO 1000
70 NEXT:POKE 56334,PEEK(56334)OR 1:PRINT
"<UCRSR><4RCRSR> KEYBOARD ON":FOR X=1
TO 1000:NEXT

Run this program and watch what occurs as you type in keyboard

characters. If you want to, save this program. When you are ready
to continue, type in NEW to clear all program lines from memory.
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The VIC II CHIP and the 6510

The next task to be tackled is the relocation of the character set
and to do this, the role of the VIC II chip needs to be examined.
The VIC chips operation has already been covered in chapter two,
or rather part of its operation using locations 53265, 53270 and
53272. The CBM 64 contains many chips including the two that are
very much concerned with day-to-day operations, the 6510 and the
VIC N chip. The 6510 is the main microprocessor in the CBM 64
while the VIC II chip handles all of the video outputs to the
screen, leaving the 6510 free to get on with its own tasks. Many
functions call for the interaction of one of these with the other
and this is particularly true during the translation of a command
into an actual screen display. To understand how this works, it's
necessary to look into the operation of the ROM. This is the
program that is built into your machine and, in effect, makes the
machine work. It has to run this program pretty quickly and so
it's not written in BASIC but in the language that the chip itself
uses, machine code.

Let's take a sample statement and see how the 6510 handles it.
Take the statement:

PRINT "A"

This will cause the 64 to print an 'A' at the next cursor
position.

The first thing that the 6510 must do is to work out what 'PRINT'
means. As this is a command word, it is not stored in memory as
five separate letters but as a 'token', a one byte number that is
the code for 'PRINT. Thus, the 6510 sees 'PRINT', works out what
its token is and then looks through the ROM to find that token.
When it finds it, in a table, it finds an address there too, the
address being the start address of the machine-code program which
brings about a 'PRINT.

It then jumps to this address and starts to run the machine-code
program stored there. The first task assigned by this program is
to find out where to print, i.e. to look up in memory what the
current cursor position is. Next it looks at what comes after the
PRINT and, on finding a quote sign ("), takes the 'A' and uses a
special algorithm to convert it to screen code which turns out to
be "' in this case. The 6510 now puts this 'l' into the
appropriate scereen memory location. It must then look at what the
current character colour is and insert the appropriate code for it
into the colour RAM area.
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Having carried out all these tasks, the cursor position must be
updated, i.e. moved one position to the right, and the 6510 is
then free to look for the next job to do and simply carries on.

However, nothing has got printed onto the screen yet, all the 6510
has done is to update the screen's RAM area. This is where the VIC
I chip comes in!

The VIC II chip carries out many screen control functions and is
constantly updating the screen's contents. In faet, it s
constantly scanning through the screen RAM '‘memory and looks, in
turn, at the contents of each individual screen memory location.
When, in our example for instance, it looks into location 1064, it
finds a '1'. This it must translate into an appropriate screen
image with shape and colour.

Before it can find the appropriate shape data, the VIC II chip
must find out the address of the character shape data. To do this
it needs to refer to two memory locations: the first of these is
at 56576 (actually a register of one of the CIA chips) and the
second at 53272 which is one of the VIC II chip's own registers.
Once this address is found, it can look through the data stored
there and pick out the appropriate pixel pattern. Next it must
find the colour data for that character and this it simply looks
up in the colour RAM, which is always stored in the same place.

Having acquired all the necessary data, the VIC Il chip can go

ahead and display the 'A' on the screen. Figure 3.12 illustrates
this entire process.
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6510/VIC II INTERACTION DURING
EXECUTION OF A PRINT "A"

%é}’ﬂ?@ﬁ WMGH

What 6510 does: What VIC II does:
® find token ® look in 1064
@® find subroutine ® find pixel

data for '1'
® find cursor ® find colour

data for 1064
® find quotes

® calculate screen ® produce
code for 'A' pixel pattern
® store 'A's' @ display on
code scereen
FIGURE 3.12

Normally, when the 6510 looks at the memory in 53248 to 57343
($D000 to $DFFF) it sees the Colour RAM (at $D800) and the so
called Input/Output devices i.e. the VIC I chip (at $D000), the
SID (Sound Interface Device) (at $D400) and the two CIA (Complex
Interface Adaptors) chips, (at $DC00 and $DD00). However, the
Character ROM is there also and we need to arrange for the 6510 to
'see' the Character ROM instead of the Colour RAM and I/O devices.
This is quite easily achieved by changing bit 2 of memory
location 1. This is normally set to 1 which allows the 6510 to see
the Colour RAM and 1/O devices. If bit 2 is changed to a =zero,
however, the 6510 sees the Character ROM in this space.
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Before we rush into doing this, we. need to consider what would
happen to the CBM 64 if the 6510 can no longer see the Colour RAM
and the I/O chips. The only real problem lies with the two Complex
Interface Adaptors (CIA's). These chips handle all the
Input/Output, from and to the keyboard, the tape cassette reader
(if any), the disk unit (if any) and the RS232 (if any). If the
CIA's cannot be seen by the 6510 then no input or output to these
devices can be handled.

At first sight, this doesn't appear to be a problem. Surely, if we
make sure that the Char.Gen program is not inputting or outputting
to the Kkeyboard, tape, disk or RS232 while we are copying the
character ROM to RAM, then there isn't a problem, is there? Well,
yes, the keyboard is the trouble. The 6510 checks the keyboard
every one sixtieth of a second to see if any key has been
depressed. In order to check the keyboard, the 6510 needs to be
able to see the two CIA's which it ecan't do if we've set bit 2 of
memory location 1 to a zero. It would see the character ROM, and
treat the character it found as an instruction from the keyboard -
disaster! Keyboard checking normally goes on all the time, the
program which the CBM 64 is currently running being interrupted in
order to do this. We need to stop this interruption temporarily,
therefore, while we wuse the 6510 to copy the Character ROM.
Fortunately, this is quite simple. What we do is stop the system
clock which measures the sixtieths of a second and this stops the
keyboard scanning routine from interrupting. To stop the clock we
must change bit zero of memory location 56334 ($DCOE) to a zero.
To restart the clock, following the move we change the same bit to
a one. Since this memory location is a register on one of the two
CIA's, 'we can only change the value while the 6510 can see the
ClAs.

So the plan of action works out to be:

(1) Stop the system clock controlling the keyboard sean by
changing bit zero of 56334 to zero.

(2) Let the 6510 see the Character ROM instead of the
CIA's by changing bit 2 of memory location 1 to a
zero.

(3) Copy the Character ROM to RAM, using the 6510.

(4) Let the 6510 see the I/O chips again by changing bit 2
of location 1 back to a one.

(5) Restart the system clock by changing bit zero of 56334
back to a one.
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Putting that into the program:
PROGRAM 3.2(b)

Stop system clock 60030 POKE 56334,PEEK(56334)AND 254

Let 6510 see ROM & 60040 POKE 1,PEEK(1) AND 251: FOR I=0 TO
copy character 2047:POKE 1+12288,PEEK(I+53248):NEXT

ROM to RAM ;

60050 POKE 1,PEEK(1) OR 4
Restart system clock 60060 POKE 56334,PEEK(56334) OR 1

Finally the VIC 1 chip needs to be told just where you are
putting your new character set. To find where it is stored, it
looks in location 53272, so to redirect the VIC I chip to the new
location, type in:

60070 POKE 53272,(PEEK(53272)AND 240)+12

We shall be using two special characters in the character
generator program and these are redefined during  the
initialisation. The characters that we will redefine are those
which represent 254 and 255 and are thus stored in:

12288+(254*8)=14320
12288+(255*8)=14328

The character representing 255 will be a totally filled-in square.

i.e. The pixels on each line coincidentally add up to 255 also -
see Figure 3.13.

= 255
= 255
= 255
= 255
= 255

FIGURE 3.13

3-15



Memory locations 14328 to 14335 are, thus, filled with 255's i.e.
FOR X=0 TO 7:POKE(12288+255%8)+X,255

Figure 3.14 shows the other character, 254. This one has some
empty pixels represented by a zero (0).

= 255

= 129

= 129

= 129

= 129

= 129

= 129

= 255

FIGURE 3.14

Two different numbers need to be POKEd in to define this
character, 255's into the zero'th and seventh locations and 129
into the middle six locations, i.e.

FOR X=1 TO 6:POKE(12288+254%*8)+X,129
POKE(12288+254*8)+0, 255
POKE(12288+254*8)+7,255

NEXT X

In use, the character generator program will be suitable for
- redesigning any character in the character set i.e. from 0 to 253
(254 and 255 being used in the Char.Gen program). Lines 60110 and
60120 of Program 3.3 ask for the value of the character which is
to be defined and store this in the variable CH.
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When running this program, you may be struck by the interminable
time taken to move the character set. However, once this has been
done, it doesn't need to be done again. Indeed, it is important
that it isn't done again. For if a character has been redefined
then moving the character set again will destroy the redefinition.
One way to handle this would be to ask whether or not the
character set has been moved, using an INPUT or GET. However, a
more subtle way of checking this exists as, during the
initialisation procedure, byte 53272 was set by loading in a "2,
i.e. setting bits 3 and 2 to 1's. Thus, a check of this byte will
tell whether or not the character set has been moved. What is
needed therefore is a way of looking at the byte but ignoring all
the bits other than 3 and 2. This can be achieved by ANDing the
contents of 53272 with '12' and then checking whether the
resultant value is 12. If you're not sure, check it below.

0 0 0 01 1 0 0
ANDed with 00 0 01 100
12 equals 000 01 1 00 =12
and, 1 01 11100
ANDed with 0 0 0 0110 0
12 equals 00001 100 =12,

FIGURE 3.15

Whatever the number is that is ANDed with 12, any 1's other than
those in the 3rd and 2nd bit are stripped off by the 12's zeros.
This is frequently known as stripping bits off by means of an AND
function.

Thus, a BASIC line is required which says: If the result of ANDing
the number with 12 equals 12, then jump over the character moving
sub-routine i.e.

60000 POKE 53281,1

Adding all the wvarious parts of the initialisation procedure,
gives the routine as in Program 3.3.
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PROGRAM 3.3

60000 POKE 53281,1
60010 IF (PEEK(S53272)AND12)=12THEN60GOSG

60020 PRINT"<CLR><BLU>{11DCRSR><2RCRSR>
PLEASE WAIT WHILE CHAR SET MOVED"
t POKESS,0: POKES6,48

60030 POKE 56334 ,PEEK(56334) AND 254

60040 POKE 1,PEEK(1) AND 251:FOR I=0 TO
2047:POKE I+12288,PEEK(I+3324d8):
NEXT

60050 POKE 1,PEEK(1) OR 4

60060 POKE 56334,PEEK(56334) OR 1

60070 POKE 53272, (PEEK(S53272) AND 240)+
12

60080 FORX=0TO7:POKE 14328+X,255:NEXT

60090 FORX=1TO&:POKE 14320+X,129:NEXT

60100 POKE 14320,255:POKE 14327,255

60110 PRINT"<CLR><35DCRSR><BLU><4RCRSR>W
HICH CHARACTER WOULD YOU LIKE"

60120 INPUT"<4RCRSR>TO DEFINE(® TO 253)
n ','CH

One of the features of the character generator will be its ease of
use and this is defined principally by the graphies. The main
feature of the graphics is the design matrix. In this, a blown-up
version of the character matrix is set up using PRINT statements.
These create an eight by eight (8x8) matrix within which the new
character is designed. Lines 60150 to 60170 of Program 3.4(a)
contain this section. In addition to displaying the character as
designed in its enlarged format, the program will actually POKE
the character to the screen without any enlargement, all that is
necessary being a POKE,CH:

PROGRAM 3.4(a)

601490 PRINT"<CLR><{4DCRSR><PUR>HERE IS Y
OUR CHARACTER SO FAR:<GRN> "j;:POK
E 1214,CH

60150 PRINT"<HOME>"TAB(7)"<7DCRSR><RED>
<RVSON>???2?22?2?22??2":FOR X=1 TO 8

6016@ PRINTTAB(7)"<RED><RVSON>?<GRN>>>}
2I2I2P2<RED>?"

60170 NEXT:PRINTTAB(7)"<RED><RVSON>?2??
rarardrdrdrdl

......
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When the program is being used to design a character, the filled-
in square is moved about the matrix by means of four keys, the
chosen ones being:

LEFT == p S =i RIGHT

DOWN

FIGURE 3.16

So that this is clear to the wuser, the keys and their functions
are displayed on the secreen, arranged in the same pattern as on
the keyboard. To control the actual operation of the generator,
the funetion keys are used and, once again, they are displayed on
the screen by means of simple PRINT statements. Lines 60180 to
60240 in Program 3.4(b) complete the display:

PROGRAM 3.4(b)

60180 PRINT"<3DCRSR>{GRN> W-up*"
60190 PRINT" A-LEFT S-RIGHT"
60200 PRINT" Z—-DOWN" 2 PRINT"<RETURN>

—~END C.GEN"j

60210 PRINT"<3UCRSR>"TAB(22)"<BLU>]<GRN
>F1-GET PIXEL"

60220 PRINTTAB(22)"<BLU>]1<GRN>F3-CLEAR
PIXEL"

6023@ PRINTTAB(22)"<BLU>]<GRN>FS-DISPLA
Y DATA"

60240 PRINTTAB(22)"<BLU>]<GRN>F7—-CLEAR
BOARD<BLU>" ;
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The Function Key

The 64 has eight function keys, 1,3,5 and 7 being available by
simply pressing the function keys alone. By means of the SHIFT and
these keys, function keys 2,4,6 and 8 are activated. As with all
the other keys on the keyboard, each has a characteristic ASCI
code assigned. Thus, the pressing of fl (function key 1) can be
detected by looking for a CHR$(133), CHR$ (133) being the
character code for function key one. The relevant codes for the
function keys are:

f1 CHR$(133) f2 CHR$(137)
f3 CHR$(134) f4 CHR$(138)
f5 CHR$(135) f6 CHR$(139)
f7 CHR$(136) f8 CHR$(140)

FIGURE 3.17

Designing the character

To define each individual character, 64 pixels need to be defined
i.e. eight bytes of eight bits each. During processing, this data
could be stored as a single stream of 64 characters but 64 BASIC
provides a much easier way of doing this by means of

Two dimensional arrays

Two dimensional arrays utilise the same names as single
dimensional arrays, and can in the same way be used to store both
numeric and string data.

i.e. ‘ A(X,Y)
AB(X,Y)
A9(X,Y)...ete.

In effect, a two-dimensional array is a rectangular matrix of

cells that can be visualised as a series of pigeon holes with X
rows in one direction and Y columns in the other. See Figure 3.18.
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A 4 x 7 array A 6 x 11 array
eg A(4,7) eg W$(6,11)

FIGURE 3.18

In an array, each cell can be addressed individually by defining
its co-ordinates in each direction i.e.:

CELL (1,3)
1234526178

i CELL (4,5)

CELL (7,6)

2]
tm
=
=
P
(23}
N
~

chiﬂhwun—

An 8 x 8 Array
FIGURE 3.19
Such an array as in Figure 3.19 can be used to store the character
as it's being defined with each row i.e. A(1,1) to A(1,8) being
stored in one byte. As with single-dimensional arrays, the two-
dimensional variety needs to be DIMensioned prior to use.

60000 POKE 53281,1:DIM A(8,8)
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Auto-repeat on all keys

To move the cursor around the screen, the cursor control keys
which are, very -conveniently, fitted with an auto-repeat feature,
are used. However, Char.Gen utilizes the W,A,S and Z Kkeys for
cursor control and these do not normally feature auto-repeat.
However, this feature is very readily turned on generally by means
of:

POKE 650,128

Prior to the design of the character, an initialisation procedure
is required to set X and Y (the co-ordinates of the design cursor)
to 1 (line 60250). In addition, the character to be re-designed
needs to be cleared as, prior to this process, it contains one of
the 64's standard characters.

60250 X=1:Y=1:POKE 55296+328,0

A GET A$ is used to accept an input from the keyboard and one
precaution that is well worth taking when using GET A$ is to
ensure that the keyboard buffer does not get full up with garbage.
It is quite easy for the user to press two keys down or hold one
down too long, especially as the repeat on all keys has been
turned on. As discussed before, one location in memory, 198,
records the number of bytes stored in the keyboard buffer. By
setting this to zero, the CBM 64 is persuaded that the keyboard is
empty. Thus, to empty the keyboard buffer, enter:

60280 POKE 198,0

The character that represents the current design cursor position
is changed to black and this is moved around the design square by
incrementing and decrementing its X and Y co-ordinates. Lines
60300 to 60330 in Program 6.4(d), simply check for the control
keys being pressed and move the cursor accordingly.

PROGRAM 3.4(d)

60300 IFA$="A"ANDX>1THENX=X-1
60310 IFA$="S"ANDX<S8THENX=X+1
60320 IFA$="W"ANDY>1THENY=Y-1
60330 IFA$="Z"ANDY<S8THENY=Y+1
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Function Key Functions

f1:Set Pixel

If F1 is depressed it means to store current cursor position as a
character element. This is detected when A$=CHR$(133)and the array
location corresponding to the current cursor position is set to 1,
i.e:

60350 IF A$=CHR$(133) THEN A(X,Y)=1

Then the current square on the character grid is set to a solid
colour and the colour RAM is set. The position on the character
matrix is found relative to the top left-hand corner in terms of X
and Y i.e. X+Y*40 and this is added to the co-ordinate of that
point - 1024+287. This is required to change the data which is in
a matrix format (X,Y) into the format that the screen understands
i.e. running along in rows of 40 characters. A similar calculation
is carried out for the colour RAM. Once this is done, the
subroutine moves to line 60570 to update the current -character
stored in memory i.e.

60350 IF A$="<F1>" THEN A(X,Y)=1:
POKE 1024+287+X+Y*40, 255:
POKE 55296+287+X+Y*40,6:GOTO 60570

£f3: Clear Pixel

When a pixel that has previously been set needs to be cleared,
this function does the job. It simply reverses the procedure of f1
by setting the relevant array position to zero, poking a space
onto the screen and finally setting the colour RAM to background.
Being so similar to the Set Pixel function the code is virtually
identical i.e.

60360 IF A$="<F3>"THEN A(X,Y)=0:POKE

1024+287+X+Y*40,254: POKE 55296+287+X+Y*
40,5:GOTO 60570
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£5: Display DATA/store in program

When this function is called, the program will ask the user where
the DATA statement for that particular character should be stored.
If a line number of 2zero is indicated, then the DATA for that
character will be displayed but not stored. When a line number is
entered, a line will be inserted into the program which contains
the requisite @DATA for that character. This is a rather
complicated process and will be discussed later.

60370 IF A$="<F5>"THEN 50400

f7: Clear: Board

Essentially, this function scraps the design work done to date and
wipes the slate clean. In other words, it clears the design
matrix and prepares it for a new start. The command CLR does this
by setting all the variables and arrays back to zero, and, once
this is done, the program is re-routed to the beginning of the
input routine, i.e.

60380 IF A$="<F7>" THEN CLR:DIM A(8,8):GOTO 60110

£5: Display DATA/store in program - the details

This is activated by pressing function key 5 and as it is required
to do two different jobs. It starts with a prompt which tells us
what these jobs are and asks for a line number INPUT, i.e. LN. In
an attempt to avoid overwriting either the program to which user-
defined graphies will be added or the Char.Gen program itself;
line numbers between 10000 and 50000 are suggested. To strengthen
this ‘'suggestion', an error-check is made in lines 60400-60420
which re-routes the program back for another INPUT when lines lie
outside this range.

Once the INPUT has been accepted, the prompt is deleted by
printing spaces over it, lines 60430 and 60440 in Program 3.4(d).
In addition to the code for f5, this listing provides the whole
program for the character design routine.
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PROGRAM 3.4(e)

60250 X=1:Y=1:POKE S55296+328,0

60260 FORB=0TO7:POKE 12288+B+CH*8,@:NEX
T:POKE 650,255

60270 GETAS$:IFA$=""THEN 60270

60280 POKE 198,0

60290 POKE S55296+287+X+Y#40,5+A(X,Y)

60300 IF A$="A" AND X>1 THEN X=X-1

60310 IF A$="S" AND X<8 THEN X=X+1

60320 IF A$="W" AND Y>1 THEN Y=Y-1

60330 IF A$="Z" AND Y<8 THEN Y=Y+1

60340 POKE S55296+287+X+Y#40,0:IF A$=CHR
$(13) THEN 61000

60350 IFA$="<F1>"THENA(X,Y)=1:POKE102d+
287+X+Y#40 , 2551 POKESS296+287+X+Y*
49 ,6:G0TO6OS70

60360 IFA$="<F3>"THENA(X,Y)=0:POKE102d+
287+X+Y#40 , 254 : POKESS296+287+X+Y*
40 ,5:G0T060570

60370 IF A$="<F5>" THEN 60400

60380 IF A$="<F7>" THEN CLR:DIM A(S8,8):
:GOTO 60110

60390 GOTO 60270

60400 PRINT"<HOME>ENTER LINE NO. FOR DA
TA STATEMENT":PRINT" (10000-50000)
o

60410 PRINT"OR ZERO FOR DISPLAY ONLY":1
NPUT LN

60420 IF (LN<10000 OR LN>49999 OR LN<>I
NTCLN))AND LN<>@ THEN 60400

60430 PRINT"<HOME>";:FOR C=1 TO 3:FOR D
=1 TO 38

6@44@ PRINT" “;:NEXT:PRINT:NEXT:PRINT"<
HOME >< 18DCRSR>"

Prior to PRINTing the actual DATA onto the screen, the POKE values
need to be found and this can be done by PEEKing the actual
locations where these are stored. Once the values have been found
they could be stored on the screen or in an array. In this
program, neither of these courses are chosen, the DATA being
stored in one variable C$, made up from the relevant PEEKs. To do
this, the string is built up with alternate PEEK values and
commas. One problem is created by this procedure, the presence of
a final comma on the line. This is removed by adding a delete
character (CHR$(20)) to the end of the string and deleting the
last comma. If you're not too sure about this, type in Program
3.5(a).
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PROGRAM 3.5(a)

10 C$="":FOR X=1 TO 10
20 C$=C$+"A"+","

30 NEXT X

50 PRINT C$

60 STOP

When this is run, C$ should be PRINTed as a string of ten A's
separated by commas with a comma at the end. Now modify this by
adding line 40 of Program 3.5(b)

PROGRAM 3.5(b)
40 C$=C$+CHR$(20)

Once the new line is added, the string C$ will then consist of the
ten A's separated from each other by commas but the final comma
will have been deleted. So it does work! Once you are satisfied
that the program works delete lines 10 to 60 by typing in the line
numbers and pressing Return.

Back to CharGen. . .

So far the data line has been created and if a line number is
PRINTed onto the screen prior to this, all the elements of a DATA
statement will have been created. So far this has not been entered
into the program and this now needs to be done.

Self modifying programs

In order to enter a line into a program the computer needs to “be
in edit mode i.e. with a 'READY' sign displayed and the cursor
flashing. Of course, the computer is not in this state does not
occur when a program is running, the machine would need to
encounter an 'END' to turn on the 'READY' sign.

When doing an edit manually the process would be to type in the
line and then press the RETURN key to add the line. So far we've
worked out how to print the line and if we then follow this with
an 'END' the computer will return to EDIT mode. Test this out with
the following line. In this we'll attempt to modify a program that
prints 'FRED' to one that prints 'FRED IS OK' The task then is to
change the program.

10 PRINT "FRED" into 10 PRINT "FRED"
20 PRINT "IS OK"
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What is needed, therefore, is a line to create line 20 and one
problem that arises immediately is that of printing quotes ie "
onto the screen. Actually, this is no problem since, as ASCIl code
34 is the quote sign.

PRINT CHR$(34)

should print a quote sign onto the screen. Try it and see. The
next stage is to print the whole line and this time let's do it
from within a program:

10 PRINT "FRED"

20 PRINT"20 PRINT";CHR$(34);"IS OK";C
HR$(34)

999 END

Now when this is 'RUN', the program will yield:

FRED
20 PRINT"IS OK"

EADY
@ <CURSOR>

FIGURE 3.20

From this stage, the cursor would need to be moved up four lines
so that it is over line 20. This can be done in the program by
adding a line to move the cursor up four lines.

30 PRINT "<4UCRSR>"

When this is added and run, the display will be similiar to that
in Figure 3.20 but with the cursor flashing over line 20. At this
stage, if you press RETURN, you will enter line 20 into the
program. Press RETURN now, then type in LIST 1-999. You will then
see the program:

10 PRINT"FRED"

20 PRINT"IS OK"

30 PRINT"<4UCRSR>";
999 END

You had to physically press the RETURN key to enter line 20 into
memory. We actually want the computer to do this itself. We ecan
force the computer to read a RETURN key press without actually
pressing RETURN by placing a value of 1 into the keyboard read
location (198), meaning a key has been pressed, and placing the
value of a RETURN key (13) into 631 (the keyboard buffer). Modify
lines 20 and 30 to now read:
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20 PRINT"20 PRINT";CHR$(34);"IS OK";CHR$(34)
30 PRINT"<4UCRSR>";POKE 631,13:POKE 198,1

Now run the program and it will yield the following display:

READY
20 PRINT"IS OK"
B <CURSOR>

FIGURE 3.21
Now type LIST 1-999 and the new program will be:

10 PRINT"FRED"

20 PRINT"IS OK"

30 PRINT"<4UCRSR>";POKE 631,13:POKE 198,1
999 END

So far so good. The program modifies itself, but what would happen
were it to be incorporated into a longer program? To find out,
modify the program by adding the following lines (the program is
simply going to go through a PRINT loop):

20 PRINT"20 PRINT";CHR$(34);"IS OK";CHR$(34)
40 FOR X=1 TO 10

50 PRINT X

60 NEXT X

Now run the program. The display will be overlayed with the
numbers 1 to 10. Type in LIST 1-999 and you will see that line 20
was not changed as it was before. The reason for this is that the
computer will not check the keyboard buffer until the program
calculations are complete (the FOR..NEXT loop is finished). It is
necessary to have the computer percieve an END or an INPUT in
order to force it to check the keyboard buffer. Modify line 30 to
now read:

30 PRINT"<4UCRSR>";POKE 631,13:POKE 198,1:END

RUN the program, then LIST 1-999 and you will see that line 20,
again, has been changed. however, we must now realise that the
FOR...NEXT loop has not been executed. We can force the computer
to execute the loop by means of typing in GOTO 40. Type this in
now and you will have the numbers 1 through 10 printed on the
screen. Of course, we want the computer to do this itself, without
our having to type in GOTO 40. What is necessary is a repetition
of the procedure used to enter line 20, i.e:
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PRINT the new line onto the screen

move the cursor onto this line

force a RETURN into the keyboard buffer

tell the computer that this RETURN is in there

force the computer to look into the buffer to see what
to do next by means of an END

In order to integrate this into the program, the 'GOTO' is added
to the program before the earlier 'keyboard buffer' line and this
is modified to contain an additional CHR$(13) i.e. Program 3.6(a).

PROGRAM 3.6(a)

20 PRINT"20 PRINT";CHR$(34);"IS OK";CHR$(34)
25 PRINT"GOTO 40"

30 PRINT"<5UCRSR>";POKE 631,13:POKE 632,
13:POKE198,2: END

Now, at long last, when this is RUN, the program will insert the
new line 20 followed by the 'GOTO', cursor up over this and then
RETURN over the two lines, one a line edit and the other a direct
GOTO command. One other little refinement could be added to this
line and that is to print the 'GOTO' in background colour so that
the user is not aware of its presence. This is, in fact, done on
line 60490 of Program 6.6. One warning though, if something of a
different colour occupies that space on the secreen, the GOTO wil
be seen! You can now delete lines 1-999 by typing in the line
numbers and pressing RETURN.

When integrated into the Char.Gen program, this process will enter
the DATA line and then restart the program. The routine is shown,
in Program 3.6(b).
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PROGRAM 3.6(b)

60450 IF LN>0 THEN PRINT LN;
60460 PRINT"DATA";:IF LN>0 THEN PRINT CH

o1,
s 9

60470 C$="":FOR C=0 TO T7:C$=C$+STR$(PEEK
(12288+

CH*8+C))+" "

60480 NEXT:C$=C$+CHR$(20):PRINT C$:IF LN
=0 THEN

LN=1:GOTO 60500

60490 PRINT"<WHT>GOTO 60500<5UCRSR>":POK
E 631

,13:POKE 632,13:POKE 198,2:END

60500 PRINT"<HOME><2DCRSR><YEL><RVSON>PR
ESS

ANY KEY TO CONTINUE<RVSOFF><BLU>"

60510 POKE 198,0

60520 GET A$:IF A$="" THEN 60520

60530 PRINT"<HOME><2DCRSR><30 SPACES>"
60540 IF LN=0 THEN DIM A(8,8):GOTO 61000
60550 PRINT"<HOME><18DCRSR>";:FOR C=

1 TO 70:PRINT" ";:NEXT

60560 GOTO 60140

This subroutine requires one final section to yield an overall
workable Char.Gen program. This is the routine that loads the
array A(X,Y), converts the information into a POKE value and
POKE's that into memory. It is called each time a new pixel is
incorporated into a character and the POKE value for the character
is thus updated. As each cell of the array, in the X direction,
represents a value equivalent to a two raised to its positional
value, a loop is used to calculate the total value of A, i.e. for
the pixel pattern:

Positional value 7 6 5 4 3 2 1 0
0 1 1 0 0 1 1 0
bit value 0+ 2% 2540 +0 +2%2+ 240
in decimal = 0+64+32 +0 +0 +4 +2 +0=102
FIGURE 3.22

The summation is performed by the loop:

FOR B = 1 TO 8:A=A(B,Y)*2¢(8-B):NEXT
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A slight warning: the array place numbers are stored from right. to
left, whilst the bit numbers are, by convention, from left to
right.

i.e.
X value 12345678 array(X,Y)

bit value 76543210
Testing for bit 3 : A = A(B,Y) *24(8-5)

i.e. A= 1 *24(3)

and A= 1*8 = 8

Once the byte value is calculated, it is POKEd into the
appropriate location and the program RETURNed for the next INPUT
(line 60590 of Program 3.6(c)). Actually, as you will see, we have
used an AND instead of the FOR....NEXT loop:

PROGRAM 3.6(c)

60570 A=PEEK(12287+Y+CH#8):IF A(X,Y)=0
THEN A=A AND(255-(21(8-X)))

60580 IF A(X,Y)=1 THEN A=A OR(2}(8-X))

60590 POKE 12287+Y+CH*8,A:G0TO 60270

Read DATA/create character subroutine

When a program utilises custom-designed characters, one necessary
function is their creation from the DATA statements where all the
necessary information is stored. In Char.Gen, the characters are
created during the running of the program but, as this function is
integrated with the rest of the program, it is not suitable for
incorporation into the wuser's own program. To overcome this
problem, a small routine is created which will read in the DATA
and POKE it into the appropriate memory locations.

Program 3.6(d) has the facility for creating a specified number of
characters (N). The value of N will be set by the user when they
have finished the program, more about that later. The section of
Program offered by Program 3.6(d) is numbered seperatly from the
main body of the Chargen program because it is only needed when
the user has designed their characters. Line 10 makes sure that
the program goes straight to the Chargen program beginning on line
60000.
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PROGRAM 3.6(d)
10 GOTO 60000

50000 FOR Y=1 TO N:READ A
50010 FOR X=0 TO 7:READ B
50020 POKE 12288+A*8+X,8
50030 NEXT:NEXT

50040 RETURN

Deleting your program

When you have finished using your CHAR.GEN program it would be
helpful if the program deleted itself, not all of the program of
course. The lines containing your character data and the routine
to poke these values into memory need to be kept. Sadly the
Commodore sixty four does not have a delete command so some very
special POKEing is needed.

Machine Code

This section is a diversion from the CHARGEN program so it is
advised that you save whatever is currently in memory at the
moment.

As we have seen in the earlier chapters the functions of the
Commodore 64 are controlled by memory locations. There are some
memory locations that control the Basiec program in memory. These
are the locations 2049 onwards. The exact end of the area of the
64 reserved for program data is unimportant to us, all we need is
the start address, this being 2049.

Make sure there is no program in memory by typing in NEW and
pressing RETURN. Now type in these direct entry commands.

FOR X=2049 to 2060:PRINT X;PEEK(X):NEXT X
What this is doing is printing the numeric contents of the memory
locations 2049 to 2060. If you have just switched your machine on,

or if there is no program in memory then the display will be
something like this:
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2049 O

2050 O
2051 88
2052 0
2053 140
2054 O
2055 112
2056 O
2057 O
2058 255
2059 255
2060 255

Figure 3.23

That, to the average reader of this book is just a list of numbers
and has no meaning. To give you an idea of the information these
memory locations contain type in line 1 and then the direct entry
commands again.

1 PRINT A
FOR X=2049 TO 2060:PRINT ;PEEK(X):NEXT X

The display will now change to this:

New old
2049 9 0
2050 8 0
2051 1 88
2052 0 0

2053 153 140
2054 32 0
2055 65 112

2056 0 0
2057 0 0
2058 0 255
2059 88 255
2060 0 255

To allow easy comparison the old values of the memory locations is
given along side the new.

Here is what they mean.
Locations 2049 and 2050 contain the memory location for the next
program line. The values are hexadecimal. The value in location

2050 is the most significant bit and the value location 2049 is
the least. So the next program line will begin at memory location:
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0809,,= 205754

Memory location 2057 is zero at the moment because we have typed
in only one program line. Before we typed in line 1 the value of
locations 2049 and 2050 was zero. This tells the computer (and us)
that the next line doesn't go anywhere because we have no first
line.

To prove this point, type in the following:
POKE 2049,0:POKE 2050,0

Now type in LIST, and upon pressing RETURN you will see no line 1.
Putting a zero into these two locations tells the computer that
there is no program. To demonstrate this further type in:

POKE 2049,9:POKE 2050,8

now if you type in LIST you will see that line 1 has returned. The
program had not been deleted, the computer had simply 'forgotten'
where it begun.

When the computer looks through the locations 2049 onwards it
checks for two succesive locations both containing zero. this
tells the computer where the program ends. Now we know how to
delete the whole program, but as said before we want to delete
only selected bits. To do this we need to learn more about the way
basic lines are stored. Read on.

The next location to look at are 2051 and 2052. These contain the
value of the line number. Location 2052 is the most significant
and location 2051 contains the least significant bit.

If there is no program in memory the locations that contain the
basic program data become full of garbage, so the values of
peeking the locations 2049 to 2060 without a program in (as done
earlier) can be ignored.

The values of locations 2051 and 2052 with line 1 in memory are

0001

2052 2051

(MSB) (LSB)
This quite clearly shows that the line number is 1. To
demonstrate this point further type in:

POKE 2051,4

LIST
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By POKEing a 4 into memory location 2051 we have changed the line
number from a one to a four.

The next values are a numeric representation of what is on our
program line. In our example the numbers are:

2053 153 - Numeric code for PRINT
2054 32 - ASCIH code for SPACE
2055 65 - ASCII code for A

Every ‘basic command has a corresponding number that it is stored
under by the computer. The code number for PRINT is 165. Some code
numbers and their Basic commands are listed below.

Number Command Number Command

155 LIST 205 FOR
162 NEW 207 DATA
167 THEN 209 INPUT
175 AND 213 GOTO
194 PEEK 214 RUN
200 LEFT$ 217 GOSUB

By POKEing any of these, or the other values into location 2053 we
can change line 1 from PRINT A to....

POKE 2053,175 = 1 AND A
POKE 2053,205 = 1 FOR A
or POKE 2053,213 = 1 GOTO A

Locations 2054 and 2055 contain the data for the rest of the line.
These can be changed just as easily as all the other locations.

POKE 2054,65 changes the space to an A
and POKE 2055,32 changes the A to a space

So the rule for every program line stored in memory is as follows

XX XX XX XX XXX ete until 0
— N — — .,

4
Hexadecimal line number The pro!:;ram lines
of the next contents

program line
This information can be used to delete part of a program.

Type in this demonstration program.
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- 10 REM THESE
20 REM LINES
30 REM ARE
40 REM STAYING
50 REM :@
60 REM ALL THESE
70 REM LINES ARE
80 REM GOING
90 REM GOODBYE

In this short program the lines 60 onwards will be deleted. A
short routine will search -through memory, starting at 2049 looking
for two consequtive locations, the first containing ':' (ASCII 58)
and the second containing '@Q' (ASCH 64). Upon finding these,
zero's will be poked into the appropriate pointer locations.

Poin}er locations Line number REM : Q
XX XX XX XX XX XX XX

The pointer location is five memory locations behind the ':'

100 X=2049

110 IF PEEK(X)=58 AND PEEK(X+1)=64 THEN 130
120 X=X+1:GOTO 110

130 POKE X-5,0

140 POKE X-4,0

The short routine (lines 100 - 140) performs the required
operation.

Make sure you have typed the program correctly before you RUN it!
When it is RUN, lines 50 onwards will be deleted leaving only the
following:

10 REM THESE
20 REM LINES
30 REM ARE

40 REM STAYING

The unwanted lines and the program that deleted them have gone.

The CHARgen program has been structured so that all the routines
to be deleted are at the 'bottom' end of the program, they will
also be separated from the piece of program that we want to keep
by a delete test character. As in the above example this will be
Q.
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Line 60081 contains the Delete marker ':@' and seperates the piece
of program we wish to keep from that we are going to delete.
Program 3.6(e) asks the user how many characters they designed (N)
and if they are sure that they want to delete the program. If
they are sure then line 62000 to 62040 create new lines that the
program will need to function once the delete routine has been
run.

Program 3.6(e)
60081 REM :=@

61000 PRINT"<CLR><{2DCRSR><{SRCRSR>HAVE Y
OU FINISHED USING"

619016 INPUT"<DCRSR><{4RCRSR>CHAR.GEN (Y/
N)";A%:IF A$="N" THEN 60110

61020 IF A$<>"Y" THEN 61000

61039 PRINT"<2ZDCRSR><4RCRSR>WARNING THI
S ROUTINE DELETES THE"

61040 PRINT"<DCRSR><{4RCRSR>CHARACTER GE
NERATOR."

61059 PRINT"<2DCRSR><{4dRCRSR>ARE YOU REA
LLY SURE THAT YOU'VE"

61060 INPUT"<DCRSR><{4RCRSR>FINISHED (Y/
N)"3;A%:IF A$="N" THEN 60110

61070 IF A$<>"Y" THEN 61060

61080 PRINT"<2DCRSR><4RCRSR>HOW MANY CH
ARACTERS HAVE YOU":INPUT"<DCRSR><
dRCRSR>REDESIGNED" ;N

61090 IF N<@ THEN 61080

62000 PRINT"<{CLR><2DCRSR>"

62010 PRINT"10 PRINT";CHR$(34);"<CLR><B
LU>" ;CHR$(34)

62020 PRINT"15 N=";N

62030 PRINT"20 GOSUB 60000:GOSUB S0000"
tPRINT"60080 RETURN":PRINT"GOTO 6
2050

62040 PRINT"<HOME>": FOR X=631 TO 637:P
OKE X,13:NEXT:POKE 198,6:END

62050 X=2049

62060 IF PEEK(X)=58 AND PEEK(X+1)=6d TH
EN 62080

62070 X=X+1:PRINT"<HOME><{13DCRSR><4RCRS
R>";X:GOTO 62060

62080 POKE X-5,0@

62090 POKE X-4,0

62100 END
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PART 3

Using Char.Gen

To see Char.Gen in aection, let's define a character and
incorporate this into a short program. First of all RUN Char.Gen
and the machine will ask:

WHICH CHARACTER WOULD YOU LIKE TO DEFINE?

Enter: 253"

This character is to be replaced by that shown in Figure 3.24

FIGURE 3.24

To create this character, the relevant blocks need to be filled
in. The first one that needs filling on the top row happens to be
the first block in the row. As the cursor is already at this block
when the program runs it is only necessary to press fl1 to set the
pixel. At this stage, next to the message 'HERE IS YOUR CHARACTER
SO FAR' will appear the first dot of the character. The rest of
the character can then be built up using the keys:

Move cursor up
Move cursor left
Move cursor right
Move cursor down

N®P

and to set the actual characters:
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f1 sets the current cursor pixel
as part of the character

f3 clears the current cursor pixel
and deletes it from part of the
character

5 calculates the POKE values for
the re-designed characters

£7 clears the character designed to
date ready to start again.

Going through the first two lines of the character the operations
are, press:

f1, S, f1, S

z, f1, S, f1, S

z, f1, S, f1, S

z, f1, s, f1

zZ, f1, A, f1, A

zZ, f1, A, f1, A

A, f1, A

zZ, f1, A, f1

W, W, S, S, f1

W, f1, A, f1, A, f1
W, f1, S, f1, S, f1
w, f1, A, f1

0000000000O0CFO
N
-
[ary
-

Whoops! That's one too many. To correct this press f3, to clear
the last pixel. Remember, if you press f1 in the wrong place, {3
will correct it. If you find that there are too many changes
needed, simply press f7 to clear the whole board.

Now that you've designed the whole character and you're sure that
no changes are needed, press f5. The computer will ask:

ENTER LINE NO. FOR DATA STATEMENT
(10000-50000):0R ZERO FOR DISPLAY ONLY

Just to test out the program enter a zero and the sereen will then
display the relevant DATA statement below the design matrix. In
addition a message will be given to:

PRESS ANY KEY TO CONTINUE

Once a key is pressed, the program returns to its entry mode.
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Now to transfer the DATA statement into your own program, once
again press f5. The 'AT WHICH LINE....' message will re-appear and
this time you should enter the relevant line number, say, 10000.
When you press RETURN, the DATA statement will reappear, this time
along with a line number. After a second or so, the "PRESS ANY
KEY..." message will reappear and, on doing this you will return
once again to the 'Which character' message. '

f you wish to design another character you would first clear the
design matrix by pressing f7 and then begin again. You can go on
to define all the characters that you need and you may find some
changes appearing on the screen if you redefine those characters
used by Char.Gen itself! However, for now just stick to the one
character.

Program 3.7 illustrates a simple technique for utilising the
reminantes of the character generation program. Your designed
character is displayed by POKEing it into the screen.

PROGRAM 3.7

100 A=32

110 FOR X=1 TO 1000:POKE 1023+X,A:
A=PEEK 1024+X:POKE 1024+X,253:
POKE 55296+X, 6: NEXT

120 END

Can you see from line 110 what it does? All it's doing is storing
the character ahead of the space ship nd then placing it back
behind it as this moves on.

One last thing about redefining characters, don't forget that
you're using them as you change them.
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PART ONE

Sprightly Sprites

Further advanced feature of the CBM 64 is its ability to use
sprites or, in the Commodore jargon, Moveable Object Blocks
(MOBs). Eight different sprites, numbered from zero to 7, can be
used at any one time. These are really rather well described by
the dry name 'Moveable Object Block', as they are just that: a
large block approximately 7 characters in size, which is very
readily moved about the screen. In addition, facilities are
available for checking when sprites collide either with other
sprites or with objects in the background. In its simplest form, a
sprite is a character object (3x2 ) of a single colour. They can,
however, be enhanced by being designed in three colours or
expanded to twice the size in either the horizontal or vertical
directions or both. Thus, the available features of sprites are:

® Normal size - 3 characters by 2  characters.

@ Expanded horizontal size - 6 characters by 2 characters.

©® Expanded vertical size - 3 characters by 5 characters.

@® Expanded both axes - 6 characters by 5 characters.

@ Three colours, any of above sizes (multicplour mode).
In fact, the sprite's size is more accurately defined in terms of
pixels. As Figure 1 shows, each normal-sized sprite occupies a

rectangle 24 pixels wide in the horizontal direction and 21 pixels
in the vertical.



24 PIXELS |
[ q

e F
21 PIXELS
L 2
FIGURE 4.1

As a single-colour sprite is made up of pixels that are either on
or off, each pixel requires one bit of information to define its
state. To store all the information necessary to define a sprite,
therefore, 24x21=504 bits of memory are needed. This is arranged
in bytes as shown in Figure 4.1, with the eight top left-hand
pixels stored in the first byte, the top middle eight bits being
stored in byte 2 ete. Calculations to work out the byte value for
each group of eight pixels are done in exactly the same way as for
the graphies characters discussed in Chapter 3. Thus, the sprite
shown in Figure 4.2 is defined by the POKE values:

TH—— 0,128,65
T~ 7,118,173
N 28,30,8
56,12,0

FIGURE 4.2

For the control of sprites, an area of memory is reserved,
starting at 53248. Thus, the addresses of the various sprite
functions are located in the 46 bytes following this base address.
As it's far easier to remember numbers of two digits than the
five-digit memory locations, all sprite function addresses are
given as R+N where R=sprite base register address of 53248 and
N=sprite number.



Sprite Variety

The discussion so far has considered only the simplest of sprites
but other varieties exist, as described above. The nature of each
sprite other than the normal sized, single-coloured variety is
deseribed below, i.e:

¢ Expanded horizontal sprites

One byte, 53277 (R+29) stores information about the horizontal
size of sprites, each bit defining the scale of one particular
sprite. For instance, to expand sprite number 0 horizontally, bit
0 of 53277 (R+29) is set to a 1. When expanded horizontally, each
horizontal pixel of the sprite is doubled and thus the resolution
remains at 2 even though the sprite occupies 48 pixels on the
screen.

® Expanded vertical sprites

One byte, 53271 (R+23) stores information about the vertical size
of sprites. As with the horizontal size, each bit defines the
scale of one particular sprite. When expanded vertically, each
vertical pixel of the sprite is repeated and thus the  resolution
remains at 21.

o Expanded both axes

When both the relevant bits are set to 1 then both axes are
expanded. Thus, if both bit 2's of R+23 and R+29 are set to 1 then
sprite 2 appears as a double sized sprite.

o Review of sprite size definition

Figure 4.3 shows the two size bytes set and reviews the effect
this has on the relevant sprites.
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Address 7 6 5 4 3 2 10 Register

53271 1j0j0f1j0j1|1/{0 R + 23 (vertical)
53277 1(]0]1j1]1j0]0}|1 R + 29 (horizontal)
Sprite Horizontal Vertical
number scale scale
0 double single
1 single double
2 single double
3 double single
4 double double
5 double single
6 single single
7 double double
FIGURE 4.3

® Multicolour sprites

All eight sprites can be defined as multicoloured by setting the
relevant bit of R+28 (53276) to a 1 i.e.

7T 6 5 43 210

53276 Oj1{1f{1(0(0j0¢}1 R+28

means that sprites 1,2,3, and 7 are single colour and sprites
0,4,5 and 6 are multicoloured.

Multi-coloured sprites can have up to three different colours
defined in the usual CBM 64 way, but two of these must be common
to all sprites. Thus some sample allowable combinations are:

Sprite 0 red yellow blue
Sprite 1 red yellow white
Sprite 3 red yellow purple

It is the method of storing the colour data that gives rise to
this limitation as the least-significant nybbles (LSN - remember,
a nybble is half a byte - i.e. four bits) of two bytes are made
available for storing the two common sprite colours and one LSN
for each of the individually defined colours i.e.
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Register Effect

number
37 set overall colour 1
38 set overall colour 2
39 set sprite 0 to sprite colour
40 set sprite 1 to sprite colour
41 set sprite 2 to sprite colour
42 set sprite 3 to sprite colour
43 set sprite 4 to sprite colour
44 set sprite 5 to sprite colour
45 set sprite 6 to sprite colour
46 set sprite 7 to sprite colour

FIGURE 4.4

As multi-colour sprites are more complex than the single coloured
variety, more information is needed to define them fully. In
multicolour mode, each pixel can be off, colour 1, colour 2 or
sprite colour. Two bits of information are needed to store the
four possible states. These are allocated as below:

bit 1 bit 2 resultant
state state colour
0 0 background
(transparent)
0 1 colour 1
(general)
1 1 colour 2
(general)
1 0 sprite colour
(individual)
FIGURE 4.5

Thus, multicoloured sprites have only half the resolution of
single coloured ones in the horizontal direction (12 pixels) as
the bits are paired, each bit pair containing the information
necessary to define one two-pixel element.

Putting this into practice, Figure 4.6 shows the top left-hand

corner of a sprite, both as it is stored and as it appears on the
sereen.
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Bit-pairs.......

cilca2lcelcelco/

ofofofaafa]ala]a]a]1]o/ B
ofojoj1f{1f1f1f111j1 B|lCi|Cc2]|C2]|C2)—
ojojojojojij1j1]1 B|B |C1]|C2]|C2f
0[0 [ 0[0 | OJT | 1[1 B|B |Cl1|C2) 7
oJo[ol1]|1]o] 1[0/ gcncocq
ojo] ojo]o]1]1]0) B|B |[C1]|CO
Sprite ... Sprite ...
as stored on sereen
B = background
C1 = colour 1
C2 = colour 2
CO = sprite colour
FIGURE 4.6

The Sprite Generator: SPRITE.GEN

As with user-defined graphics, sprites will be examined during the
development of a sprite generator, a utility that facilitates the
design of a sprite and its incorporation into a sprite-using
program. In structure, this is identical to the Char.Gen program
developed in Chapter 3. As Char.Gen was described in detail in
Chapter 3, only the differences between Sprite.Gen and Char.Gen
are covered in detail in this chapter.

During operation of the program, the sprite will be built up pixel
by pixel and continuously displayed on the screen. The sprite
chosen for this honour will be sprite zero but at the end of the
process, the design can be transferred to any other sprite.

Initialisation

Once designed, sprite data can be stored anywhere within the 16K
block of memory that is currently visible to the VIC II chip. In
our case this means the first 16K of memory. There is just one
restriction however - the first byte of the 63 making up the
sprite must be stored at the start of a 64 byte block 0, 64, 128
ete.. One such block lies within the cassette buffer located from
828 to 1023. Its start address is 13x64 or 832, and the pixels of
an empty sprite can be loaded in with a:

FOR X=0 TO 62:POKE 832+X,0:NEXT X



Once a sprite is defined, it needs to be assigned a number and the
C-64 needs to be told that sprite N is located at block X. This is
done using a block of memory from 2040 to 2047 as:

POKE 2040+N,13

start of start

sprite sprite address
location number of data block
pointers i.e.13*64

Thus, the address of sprite zero is POKEd in location 2040, that
for sprite one into 2041 ete.

Thus, the first few lines of Sprite.Gen read:
PROGRAM 4.1
Clear screen 60000 PRINT "<CLR>"

Set sereen colour 60010 POKE 53280,3:POKE 53281,1:
Report sprite zero

at block 13 POKE 2040,13
Set sprite zero
to empty 60020 FOR X=0 TO 62:POKE 832+X, 0: NEXT

Once defined, the sprite needs to be switched on or, in the
jargon, ‘'enabled'. This is done by setting individual bits of byte
R+21 to one. Bit zero controls sprite zero,  bit one sprite 1 etc.
i.e.

bit number 7 6 5 4 3 2 1 0

R+21 ojofjojojof1j0;0

(;urns sprite 2 on i.e.:
POKE R+21,4

Finally, the sprite needs to be given a location on the screen,
there being 200 addressable positions in the vertical (Y)
direction and 320 in the horizontal (X).

To define a vertical (Y) position on the screen, one byte is used
for each sprite, the actual bytes being: R+1 for sprite 0, R+3 for
sprite 1, R+5 for sprite 2 ete. So, to set a Y position of 100 for
sprite 0, the requisite command is:

POKE R+1,100



In the case of the X direction, life's a bit more complicated as
any one of the 320 horizontal points needs to be addressed. As
some of the numbers 0-319 are greater than the maximum value that
can be stored in a single byte, extra capacity needs to be found.
Eight-bit  arithmetic is clearly insufficient and sixteen bit
arithmetic is used. Actually, that's not quite true - indeed, two
bytes are used but only 9 bits of these are actually needed. The
extra one bit required per X address can be provided for all eight
available sprites in one byte, R+16 being used for this. As with
other bit-wise storage, bit zero is used for the Most Significant
Bit of sprite =zero's X address, bit 1 for sprite 1 ete. Let's
investigate this by setting an address of 300, for sprite 3, and
calculating the POKEs required.

The least significant byte cannot exceed 255, so bit zero for the
most significant byte needs to be set to 1. As this has a place
value of 256, the content of the least significant byte needs to
be 44 (300-256) i.e.:

MSB LSB

[oJoJoJoJoJoJofa]  f[ofofafofaf1]o]o]

0+ 0+ 0+ 0+ 0+ 0+ 0+256 + 0+ 0+32+ 0+ 8+ 4+ 0+ 0 = 300

Using this knowledge, the next line of Sprite.Gen can be written:

PROGRAM 4.2

Switch on sprite zero 60030 POKE 53269,1:
Set Y co-ord for display sprite POKE 53249,74:
Set X co-ord for display sprite POKE 53264,1:POKE 53248,35

Once the basic sprite is set up, the other parameters, size and
color need to be defined, this routine simply setting the
variables for:

@® horizontally enlarged sprite : EX=1

® vertically enlarged sprite : EY=1

® multicolor sprite : MC=1
color 1 : C1
color 2 : C2
sprite color : CO

Lines 60040 to 60130 of Program 4.3 carry out this function and
set up the sprite by means of the relevant POKEs.



PROGRAM 4.3

60050 PRINT"<GRY1><CLR><{4DCRSR>"TAB(12)
§ S INPUT"ENLARGED X <3LCRSR>" ;AS$
:IFA$="Y"THENEX=1:G0T060060

60055 IFA%$<>"N"THEN60OSO

60060 PRINTTAB(12);:INPUT"<3DCRSR>ENLAR
GED Y <3LCRSR>";A$:IFA%="Y"THEN
EY=1:G0T060070

60065 IFA$<>"N"THENPRINT"<SUCRSR>":GOTO
60060

60070 MC=0:PRINTTAB(11);: INPUT"<3DCRSR>
<RED>M<BLU>U<CPUR>L<ORNG>T<BRWN>I
GRY1>C<{GRN>0<LTRED>L{GRY2>0<LTBLU
UCRED>R<GRY1> - <3LCRSR>";A$:IFA
$="N"THEN60O120

60075 IFAS<>"Y"THENPRINT"<SUCRSR>":GOTO
60070

60080 MC=1

60090 INPUT"<RED><2DCRSR><3RCRSR>MULTIC

OLOUR #1 (.<RVSON> <RVSOF>)<GRY1>
<SLCRB8R>";C1

60095 IF C1<QORC1>15THENPRINT"<4UCRSR>"
:GOTO60090

60100 INPUT"<BRWN><DCRSR><3RCRSR>MULTIC
OLOUR #2 (<RVBON> <RVBOF>)<GRY1>

<SLCRSR>"3C2
60105 IF CZ{QDRCZ)15THENPRINT"<3UCRSR>"

1G0TO6010
60110 PDKESSZBS C11POKES3286,C2

60120 IFHCHOTHENPRINTTAB(d)%
60122 PRINT"<BLU><{2DCRSR><4RCRSR>SPRITE

COLOUR "j3:IFMC=1THENPRINT" (<RVSO
N> <RV8B8OF>.)"y

60124 INPUT"<GRY1> <5LCRSR>" ;CO%$:CO
=VAL (CO$) : IFCO=0ANDCO$< >"@" THENCO
=99

60126 IF CO<@QORCO>1STHENPRINT"<4UCRSR>"
1GOT060120

60130 POKES3287,C0:POKES3277 ,EX : POKES32
71 ,EY:POKES3276,MC

Screen Display

With the larger screen display required by sprites, no room
remains for the clear cursor display that was provided on the
Char.Gen program. Also, the initial grid must be simplified to a
grid of dots. A much simpler program results as lines 60140 to
60170 testify.



PROGRAM 4.4

60140 PRINT"<CLR><3DCRSR>";TAB(27)3;"<BL
U>YOUR" :PRINTTAB(27); "SPRITE"

60150 PRINT"<HOME ><DCRSR><RED>{RVSON>

":FORX=1T

021

6016@ PRINT"<RED><{RVSON> <RVSOF ><{GRN>..
csescsssssssscssssssss{RED>RVSON
> <RVSOF>"

60170 NEXT:PRINT"<RED><RVSON>

<BLU>"

Set sprite and display

As with Char.Gen, the array for data storage is DIMed, although
this time it is somewhat larger at 24x21. The initial cursor
position is then set to 1 (X=1,Y=1). Once this is done, the sprite
is cleared to zero in memory and auto-repeat on all keys is turned
on.

Once an input has been made, the current cursor position color is
reset and then the input is decoded at lines 60300 to 60340 of
Program 4.5. The cursor color is set back to zero (black) and a
check made for a RETURN (CHR$(13)) input. The current sprite form
is then displayed to the right of the screen, lines 60400 to
60450.

PROGRAM 4.5

60250 X=1:Y=1:POKES5296+81,0t IFZX=0THEN
ZX=1:DIMA(24,21)

60260 FORB=0T062:POKES32+B,0:NEXT : POKE6
50,1281 POKES3269, 1

60270 GETAS:IFA$=""THEN6Q270

60280 POKE198,0

60290 POKESS5296+40+X+Y#40,5+A(X,Y)

60300 IFA$="A"ANDX>1THENX=X-1

60310 IFA$="S"ANDX<2d THENX=X+1

60320 IFA$="W"ANDY>1THENY=Y-1

60330 IFA$="Z"ANDY<21 THENY=Y+1

60340 POKESS296+40+X+Y#40,0: IFA$=CHR$ (1
3) THENG1000

Tests are then made for the pressing of the function keys, again
as was done with Char.Gen.
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f1: set current pixel in sprite

This function is virtually identical to the corresponding funetion
in Char.Gen: it first sets the relevant cell in the array A(X,Y)
to 1, turns the screen location ON and sets the screen colour. It
then sends the program to the routine at 60570, where the pixel is
set in memory i.e.

PROGRAM 4.6

set array 60350 IF A$="<f1>"THEN A(X,Y)=1:
set screen pixel POKE 1024+40+X+Y*40,160:

set screen colour POKE 55296+40+X+Y*40,6:

GOTO update sprite GOTO 60570

The first task is to calculate the byte number (C) for a given
array position X. This is defined by C=INT((X-1)/8).

Next, the POKE values for the individual bytes need to be
calculated by means of a loop which adds up the individual bit
values, i.e.:

PROGRAM 4.7

Calculate byte position | 6057@ C=INT({(X-1)/8)
60575 A=PEEK(829+Y#3+C):IIFA(X,Y)=0T

Add up bit values HENA=AAND(255—-(21(8-(X-(C*8))
N
60580 IFA(X,Y)=1THENA=AOR(2t(8—(X-(
Store value in memory C%8))))

60590 POKES829+Y#3+C,A:G0T060270

£3: turn current pixel off in sprite

This funetion is very similar to f1 but in reverse. Little
explanation seems necessary.

PROGRAM 4.8

unset array 60360 IF A$="<f3>"THEN
A(X,Y)=0:

clear screen pixel POKE 1024+40+X+Y*40,46:

set screen colour to POKE 55296+40+X+Y*40,5:
background

GOTO update sprite GOTO 60570

4-11



£5: Print DATA on Screen

As sprites are so much larger than individual characters, it is
not possible to display both the sprite DATA and the design matrix
on the screen at the same time. It is necessary, therefore, to
split the two processes such that f5 simply covers the 'display on
screen' routine.

To prepare the screen, the message "YOUR" and "SPRITE" are blanked
off and the sprite is turned -off (POKE 53296,0). Next, the first
three bytes are recovered (FOR D=0 TO 2) by a PEEK into the
storage location and these are prepared for printing onto the
screen. Line 60410 does this by stripping off the extra space
inserted by the 64's BASIC and then prints this and the following
comma. Once the 0 TO 2 loop has been executed, the 0 TO 20 loop
increments to read the next three bytes of the sprite.

Once the user has finished with the DATA and presses any key, the
sereen is again set up as before.

PROGRAM 4.9
60370 IFA$="<FS>"THEN60400

£6: Write DATA into program
As this is the same as for Char.Gen, no explanation is heeded.
PROGRAM 4.10

60375 IFA$="<F6>"THEN6O46O

f7: Clear design matrix

To carry out the clearing of the matrix, it is only necessary to
clear the various variables and the screen. The command CLR does
the first job and a GOTO 60000 the second: line 60390 completes
the input loop by jumping back to the GET.

PROGRAM 4.11

60380 IF A$="<Ef7>"THEN CLR:GOTO 60000
60390 GOTO 60270
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Store sprite in DATA statements

First the work sprite is turned off (POKE 53269,0) and then comes
the interrogation to find out where the sprite is to be stored, at
what line interval and, finally, an error check in an attempt to
prevent over-writing (line 60475).

PROGRAM 4.12

60460 POKES3269,0

60465 PRINT"<RED><CLR><{3DCRSR>AT WHICH
LINE DO YOU WISH TO STORE YOUR"

60470 INPUT" SPRITE DOATA(10000-60000)
“sLN

60475 IFLN<100000RLN>S9999THENG6O46S

62480 INPUT"<{3DCRSR>LINE NUMBER INCREME
NTS OF"3SP

Next the sprite number and its storage block are inputted.

PROGRAM 4.13

60485 INPUT"<3DCRSR>WHICH SPRITE WILL T
HIS BE(0-7) <4LCRSR>" ;SN

60487 IFSN<QOORSN>7THENPRINT"<{SUCRSR>":G
0T060485

60490 PRINT"<3DCRSR>AT WHICH BLOCK DO Y
OU WANT THE OATA TO"

60492 INPUT"BE STORED (0-255) <SLCR
SR>" ;BN

60494 IF BN<QOORBN>25STHENPRINT"<6UCRSR>
*:1GOTO060490

Once the sprite's general data is collected, it has to be stored
prior to being loaded into DATA statements. As the rest of the
data for these is POKEd into memory, it would seem logical to
store the sprite's general data in the same way. The process is
further assisted by the presence below the cassette buffer of

enough empty bytes to store the sprite general data. Lines 60495
and 60500 store these eight bytes.

PROGRAM 4.14

60495 POKES824 ,SN:POKES825,BN:POKES826,C0O:
POKE8B27,EX

60500 POKES28,EY:POKES29,MC:POKES30,C1:
POKES31,C2
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Once these bytes are in place, a single re-load routine will store
both the general and specific data in DATA statements. One of the
important features of such a procedure is that the data is
organised in a systematic way. When this is done, the DATA can be
used to reconstruct sprites on demand. Recovery of the data and
its insertion into the program follows much the same pattern as
that used for the DATA only module.

PROGRAM 4.15

60505 PRINT"<BLU><CLR>" :FORX=0TO6:PRINT
IPRINTLN+X*8P; "DATA" § 1 FORY=0TO9

60510 AS=STR$(PEEK(82d4+X#10+Y)) :PRINTRI
GHTS(AS$,LEN(AS$)-1)3:PRINT",";

603515 NEXT:PRINTCHR$(20);:NEXT:A$=STR$(
PEEK(824+X#10+Y))

60520 PRINT","RIGHT$(A$,LEN(A$)+1):PRIN
T"<WHT>GOTO6053IO<HOME >" 5

60525 FORX=OTO7:POKE631+X,13:NEXT:POKE1
98,82END

60330 PRINTTAB(6)"<RED><2DCRSR><{RVSON>
PRESS ANY KEY..TO CONTINUE <RVSOF
>"s

60535 GETA$:IFA%=""THEN60OS3IS5

60540 GOT061000

Once Sprite.Gen has been used to create a sprite and store it in
‘memory, the program that will be using this will need to be able
to decode it satisfactorily: the implication of this is that the
order and location of storage must be defined in such a way that
the reading-back routine performs its task in the right order. It
is this routine which remains once the termination procedure has
been called, the stages it goes through being:

® reset all sprites to unexpanded single colour.

® READ in sprite general data to define bloek,
number, size, colour etc.

® READ pixel data and POKE into appropriate
location: assign sprite general data.

Only the penultimate stage gives rise to a slight complication, as
single bytes are wused to store data for all eight sprites. Taking
line 50060 as an example, this stores the X expansion data. Say,
then, that sprite 3 is to be expanded in the X direction and that
sprites 5 and 7 have already been set to expanded. In this case,
EX is set to 1. Thus working through line 50060:
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Sprites 5 and 7 are already set to expanded, i.e. location 53277
appears as:

7T 6 5 4 3 2 1 0

11]0f({1]0j0]0j0]0O

128+ 0 +32 + 0+ 0+ 0+ 0 + 0 = 160
i.e. a PEEK (53277) would yield 160.

EX=1
Sprite number (SN)=3 ‘

50060 POKE 53277,PEEK(53277)OR((2¢SN)*EX)

PEEK (53277)=160 1
the lines simplifies to:
50060 POKE 53277,(160 OR 2#3*1)
i.e. 50060 POKE 53277,(160 OR 8*1)
i.e. 50060 POKE 53277,(160 OR 8)

i.e.

128 +0 +32 +0 +8 +0 +0 = 168
line 50060 then becomes:
50060 POKE 53277,168

A similar process is used to set the Y expansion and multicolour
modes in lines 50070 and 50080.

4-15



PROGRAM 4.16

50000 POKES3277,0:POKES3271,0:POKES3276
'@ ~

50010 FORY=1TON:READSN,BN,CO,EX,EY,MC,C
1,C2:FORX=0T062

50020 READC:POKE (BN*6d)+X,C

50030 NEXT

50040 POKE2040+SN,BN

50050 POKES3287+SN,CO

50060 POKES3277,PEEK(S3277)0R((2Z2{SN)*EX
) .

50070 POKES3271,PEEK(S53271)0R((2{8N)*EY
> ,

50080 POKES3276,PEEK(53276)0R((2{BN)*MC
)

50090 IFMC=1THENPOKES3285,C1:POKES3286,
C2

50100 NEXT:RETURN

59999 REM :@

The last part of the Sprite Gen program is that which deletes the
gnwapted part of the program. This delete routine is almost
identical to the Chargen delete routine, the only difference is

that the Sprite delete routine removes all the lines from 60000
onwards.
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Program 4.17
61000
61010

61020
61030

61040

61045

61050

61060

61070
61080
62000
62010

62020
62030

62040

62050
62060

62070
62080

62090
62100

PRINT"<BLU><CLR><2DCRSR ><4RCRSR>H
AVE YOU FINISHED USING"
INPUT"<DCRSR><4RCRSR>SPRITE .GEN (
Y/N)" ;A% IFA$="N"THENG6QOS0
IFA$<>"Y"THEN61000
PRINTTAB(4)"<2DCRSR>00 YOU WISH T
0 CREATE THE SPRITE"
PRINTTAB(4)"<DCRSR>SUBROUTINE FOR
YOUR PROGRAM?"
PRINTTAB(d4)"<RED><DCRSR><RVSON>WA
RNING<RVSOF >t<BLU> IF YOUR REPLY
IS "Y'
PRINTTAB(4)"THEN SPRITE.GEN WILL
BE DELETED"
INPUT"<DCRSR><4RCRSR>CREATE SUBRO
UTINE (Y/N) <3LCRSR>";A$:IFA$="
N*THENEND
IFA$<>"Y"THENPRINT"<2UCRSR>" : GOTO
61060
PRINTTAB(4)"<2DCRSR><BRWN>HOW MAN
Y SPRITES HAVE YOU":INPUT"<DCRSR>
<&RCRSR>DESIGNED <4LCRSR>" ;N
PRINT"<CLR><2DCRSR>"
PRINT"10 PRINT";CHR$(3d);"<CLR><B
LU>" CHR$(34)
PRINT"15 N=";N
PRINT"20 GOSUB S50000":PRINT"GOTO
62050"
PRINT“<HOME>": FOR X=631 TO 637:P
OKE X,13INEXT:POKE 198,63END
X=2049
IF PEEK(X)=58 AND PEEK(X+1)=64 TH
EN 62080
X=X+1 t PRINT “<HOME >< 13DCRESR ><4RCRS
R>";X1GOTO 62060
POKE X-5,0
POKE X-4,0
END
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Using Sprite.Gen

In this chapter we will develop a game called Target that uses

Sprite.Gen to generate a sprite and then explore its various
features.

Target: The Game

The aim of 'Target' is to hit a target in the centre of the screen
with a circular missile, which can be controlled in three axes by
the pressing of certain keys. Two keys control its X and Y
direction (Z and X respectively) while the two unshifted cursor

keys control the Z direction, the cursor key moving the missile
into the screen while the -cursor key moves it towards the
player.

As the target is suspended in space, the missile can pass either
below or above the target and, in order to score a hit, the
missile must be at the correct height. While attempting to hit the
target, the player must avoid obstacles on the screen and a
collision with one of these terminates the game as does the
hitting of the target. On termination the player's progress is
reported, along with the running time of the game.

How it works.....

An imaginary Z co-ordinate for the target is generated by means of
a random number function. As the Z-axis of the missile is adjusted
it may yield a location coincident with the target or one either
in front of it or behind it. When the X, Y and Z co-ordinates of
the missile and target coincide then a hit is scored and that
round of the game is concluded with a congratulatory message. When
the Z co-ordinate of the missile is in front of the target, the
missile must pass in front of it and when its co-ordinate is
behind the target, the target must obscure the missile as they
pass.
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Sprite precedence

The three dimensional effect is most readily achieved by utilising
the sprite precedence feature which defines the order in which
sprites appear to pass in front of each other. In the Commodore
pecking order, sprite 0 always passes in front of all other
sprites and 7 always hides away at the back. What is actually
required in this game is one sprite - the missile - which passes,
sometimes in front of and sometimes behind a second sprite. Not
too easy to achieve that, so three sprites are used, 0 and 2 for
the target and 1 for the missile. The two targets can then be
switched on and off to allow the ball to pass in front of or
behind these as appropriate.

Sprite collisions

First though: what is a collision?
A sprite consists of a block with its 24x21 pixel matrix and
collision only ocecurs when this block comes in contact with a
similar block of another sprite or the substance of a screen
object. Figure 5.1 illustrates this.

Sprite to background

sprite

matrix

no collision no collision no collision

Sprite to sprite

————p f—

no collision no collision no collision
FIGURE 5.1

Note: a collision occurs ONLY when the body or substance of a
sprite is in contact with that of another sprite.
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(i) Collision with other sprites

One byte in the sprite register, 53278 (R+30), is used to detect
sprite/sprite  collisions. Thus, when sprite zero collides with
another sprite, bit zero of R+30 is set to 1. Also, of course, the
relevant bit of the other sprite is also set. A PEEK at R+30,
therefore, will tell if any sprite collisions have occurred, but
beware! PEEKing into this location resets the byte back to zero-so
you must get it right first time.

When only two sprites are being used, this collision checking is
easy as the PEEK of 53278 will read something other than zero when
a collision has occurred. If a specific collision is checked for,
then the contents of the register must be checked more thoroughly.
For instance, following a sprite 5 to sprite 1 collision, bits 1
and 5 will be set to 1. Thus, the register will contain a 2#1 plus
a 2#5 i.e.

7T 6 5 4 3 2 1 0

ojJjoj1{o0joO}JO]1]0O

0+0+32+0+0+0+2+0 = 34

The PEEK of 53278 (R+30) will be 34. A more sophisticated way of
checking this would be to OR the contents of the PEEK with the
relevant amount - in this case 34. On doing-this the 1's in the
1st and 5th bit would remain behind along with any 1's in the
original byte. Thus if the result of the byte ORed with 34 is 34,
then that's what the original byte contained i.e.

o 0 1 0 0 o0 1 O
ORed with 06 0 1 o0 0 0 1 O
gives o 0 1 0 0 O0 1 O
= 0+0+32+0+0+0+2+0 =34
but....
0o 1 0 0 1 1 1 o0
ORed with o 0 1 0 0 0 1 O
gives o 1 1 0 1 1 1 O
= 0 +64 +32 + 0+ 8+ 4+ 2+ 0 =110

If more than one collision is to be detected then the PEEK of the
register must be stored prior to, or at the time of the first
testing otherwise the register's contents will be destroyed.



(ii) Collisions with other objects

When a collision occurs between a sprite and anything in a colour
other than the background colour, register R+31 (53279) is set
appropriately. This function is virtually identical to that for
sprite to sprite collisions and is tested for in the same way.
Thus, to test for a sprite 4 collision, R+31, (532799) would be
PEEKed to see if bit 4 is set, i.e.

IF PEEK (53279 AND 24)=24 THEN (a collision)

Note that this will only test for sprite 4 collisions and destroy
the evidence of any other collisions having occurred.

Developing the program

As the program is all about sprites, the first task to be
undertaken will be to design the missile and the target using
Sprite.Gen. Figure 5.2 gives the designs used in the target game
but as you will probably find these not to your taste, you're free
to design your own. That's one of the great advantages of sprites;
once the algorithm for manipulating them is developed, it's
operation is entirely independent of their form.

-

T 1 EEEEL

I
C0=15 C1=10 C2a7

Missile Target
FIGURE 5.2

To create these, first of all LOAD and RUN Sprite.Gen (if it is
not already there).



First. the missile.....

The 64 asks

ENLARGED X? Reply N
ENLARGED Y? Reply N
MULTICOLOUR? Reply N

Next the computer will display the sprite design grid and await
your pleasure. At this stage, the design cursor is located in the
top left-hand corner of the grid and it is moved by the keys:

w

Z

The function keys operate in the same way as those on Char.Gen
with the addition of f6.

f1 turn current pixel in sprite ON.
f3 turn current pixel in sprite OFF.
f5 print DATA on screen.

f6 add DATA to program.

f7 clear design matrix.

Entering of the actual design data is done exactly as with
Char.Gen, so no further description is necessary.

Once the design is ready, press function key 6, obtained by
holding down shift and pressing the function key marked f5 and f6.
You will then be asked:

AT WHICH LINE DO YOU WANT TO STORE
YOUR SPRITE DATA (10000-50000) ? Reply 10000

Next question....

IN STEPS OF ? Reply 10
Next....
WHICH SPRITE WILL THIS BE (0-7) ? Reply 1
And....

AT WHICH BLOCK DO YOU WANT THE DATA
TO BE STORED ? Reply 14



Then the program will display the added lines on the screen and
enter them into the program giving a:

PRESS ANY KEY TO CONTINUE
On pressing a key the SPRITE.GEN program will ask you

HAVE YOU FINISHED USING
SPRITE.GEN (Y/N)?

Reply with an N and the SPRITE.GEN program will resume, allowing
the target to be designed next.

Repeat the above process for the target but for:

ENLARGED X ? Reply N
ENLARGED Y ? Reply N
MULTICOLOUR ? Reply Y
MULTI-COLOUR#1 Reply 10
SPRITE COLOUR Reply 15
MULTICOLOUR#2 Reply 7

Then design the sprite; press function 6 and answer the questions
as follows:

STORE AT LINE? Reply 10070
IN STEPS OF? Reply 10
WHICH SPRITE? Reply 0
BLOCK STORED? Reply 13

And then.....

As the two targets are the same, the design for the first can be
used for the second and so it is only necessary to tell the
computer to look at the same memory for each sprite. This is done
at the beginning of the program with a direct POKE. Of course, if
you wish to go through the proceedings exactly you can repeat the
above procedure.

POKE 2042, 1f3
i.e. set sprite 2 to block 13

At this stage, if you're happy with your sprites, you can select
RETURN while in edit mode and, should you manage to persuade the
computer that you're. serious, it will delete Sprite.Gen, leaving
the DATA and sprite creation procedure.



At last: the game....
Basically the program breaks down into five sections:

Initialisation

Game algorithm

Reporting on progress

Printing obstacles on the screen
DATA and sprite creation

U WO N =

Module 1: Initialisation

You may now want to load the TARGET program and follow the game

design. As the segments are discussed, you can LIST the segments

This section commences with the usual sprite initialisation
routines, Program 5.1 lists these along with notes on their
functions.

PROGRAM 5.1

Switeh off all sprites 100 POKE 53269,0:

Clear screen PRINT"<CLR><NOCBM><UCASE>";:
Read data and create GOSUB 50000:

Sprites: MODULE 5

Set sprite 2 to same POKE 2042,13

as sprite 0 :

Set screen colour 110 POKE 53280,3:POKE 53281,1

Set sprite 2's 130 POKE 53289,15:

individual colour ‘

Set multicolour mode POKE 53276,5

for sprite 0 and 2

Set X co-ordinates 140 POKE 53248,170:POKE 53252,170
for sprites 0 and 2

Set Y co-ordinates 150 POKE 53249,100:POKE 53253,100
for sprites 0 and 2

print obstacles 160 GOSUB 820



Once the sprite initialisation is done, the start co-ordinates for
the missile can be set up. Line 240 does this with the simple
assignment X=24:Y=60. It's necessary in this game to be able to
reverse the direction of the missile when controlled by a key, or
when it hits the electro-magnetic shield around the field of play.
This is done by means of a pair of increments XD and YD which are
set up to take either positive or negative values. During
initialisation, these are both set to 5 which gives the number of
pixels of increment for each cycle. Changing this value will
change the speed of the missile across the screen - a value of 1

giving slower progress and a 10 giving faster.

In addition to X and Y co-ordinates, both the missile and target
need to be given a Z value or depth. This is worked out by means
of two random number functions which ecalculate L, Z co-ordinate of
the missile and RL, Z co-ordinate of the target. A simple check on
line 250, Program 5.19 sends the program back to try again when
both Z co-ordinates are the same i.e.

PROGRAM 5.2

240 X=24:Y=60:XD=5:YD=5:X1=0: X 2=0: L=INT(
RND(0)*10):RL=INT(RND(1)*5)+3
250 IF L=RL THEN 240

Finally, the two collision registers are cleared by PEEKing them,

the clock (TI$) is set to zero and auto-repeat is switeched off
i.e.

PROGRAM 5.3

260 CS=PEEK(53278):CD=PEEK(53279):
TI$="000000":POKE 650,64

Module 2: The Game Algorithm

At the beginning of the game the X and Y co-ordinates are both
incremented by 5 (XD and YD), producing movement across the screen
at 45 degrees. Before these are actually POKEd in to re-locate the
missile sprite, it is turned off with a POKE. Once this is done,
the new sprite co-ordinates can be POKEd into memory prior to the
sprite being turned on once more. The X co-ordinate is slightly
awkward as the possibility of it being over 255 must be catered
for. Thus, the actual co-ordinate must be split into its least and
most significant parts. Firstly, to find its least significant
byte, AND it with 255. Try it out with, say 500:



0j0j0J0J]0]0]0]1 1j1]1]1]J0fj1}j0]1]= 500

ANDed '
with  [ofofofoJofofofo] fafafafa]afa]a1]1]= 255
gives |0]0jo0fo]jojo]o]o tf1|1]1fof1]of1]|= 244

i.e. the POKE becomes:
POKE 53250, X AND 255

To obtain the most significant byte, the X co-ordinate is ANDed
with 256 to test for a co-ordinate over 255. As this has bit eight
set to 1 and the remainder of its bits set to =zero, this strips
off any bits that are set in bit 0 to 7 and allows any 1's through
that are set in bit 8. Test this out with 500.

0(j0j0jof0]j0joO]1 1(1{1j1]j0|1]j0}1

500

ANDed
with ojojojojojojo|1 0jo0jof{0j0]jO0]O]|0O]|= 256

gives 0j0j0f0j0f0f0]1 0j0j0j0j0}j0}0f0]= 256

When a 1, i.e. a 256, is present, it must be converted into a 1 in
the appropriate bit for that particular sprite, as location 53264
contains MSB information for all seven sprites. For sprite 0, the
appropriate POKE value would be 1 or 2 1, while for sprite 4 it
would be 16 or 2 4. Thus the 256 needs to be divided by 256 to
obtain the sprite zero POKE or 2 to obtain the sprite 7 value;
i.e. in general terms, the dividend is 2 (8-sprite number). In the
particular case of sprite 1, therefore, the 256 needs to be
divided by 128 to yield a 2. Doing this yields a line:

POKE 53264,(X AND 256)/128

PROGRAM 5.4

Increment X and Y 270 X=X+XD:Y=Y+YD

Set new X and 280 POKE 53250,X AND 255:POKE
53251,

Y co-ordinates" Y:POKE 53264,(X AND 256)/128
turn missile sprite POKE 53269,N+2

on again

As the missile traverses the screen, checks must be made to see if
it has yet reached the limits of its travel. Fairly standard sorts
of things these, as when the edges of the screen are reached, the
missile is deflected back to the centre of the screen. (We'd call
it a 'bounce' in another game!) As with the ball-game, it's simply
done by reversing the sign of the increment, on lines 290 and 300.
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PROGRAM 5.5

290 IF X>324 OR X<24 THEN XD=-XD
300 IF Y>230 OR Y<60 THEN YD=-YD
310 IF L<5 THEN POKE 53269,6:N=4

320 IF L>=5 THEN POKE 53269, 3:N=1

Following the GET A$ whiéh checks the keyboard buffer, the buffer
is cleared with a POKE 198,0 and the two sprite collision bytes
are saved as CS(sprite collision) and CD (background collision).

One of the problems with a game that uses three axes, is that of
how to display the third axis. Movement in the Z axis, being in
effect into and out of the screen, is not really visible to the
player. To overcome this, two different features are built into
the game to indicate that:

a) movement along the Z-axis has taken place
b) the limit of movement along this axis has been
reached.

The mode of indication chosen is a flash of the background ecolour
for movement and three flashes to show that the limit of movement
has been reached. Two of these lines have the basic syntax:

"If the GET A$ was a cursor down (<DCRSR>) and the Z co-ordinate
is greater than zero (Z>0) and no sprite-to-sprite collision has
ocecurred (CS=0) then decrement the Z co-ordinate (L=L-1) and flash
the border (POKE 53281;0:POKE 53281,1)" i.e.:

PROGRAM 5.6

330 GETAS

34@ POKE198,0:CS=PEEK(53278) :CD=PEEK(53
279) :

350 IFA$="<{DCRSR>"ANDL >0ANDCS=0THENL=L-
1 :POKES3281 ,0: POKES3281,1

Similarly, for cursor acrosses:

PROGRAM 5.6(a)

360 IFA$="<RCRSR>"ANDL<10ANDCS=@THENL=L
+1:POKES3281 ,0: POKES3281,1

3790 IF(A$="<DCRSR>"ANDL=0)O0OR(A$="<(RCRSR
>"ANDL=10) THENGOSUBS810
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Next comes a check for a collision, at which point the Z eco-
ordinates of the target and missile will coincide (Z=RL) and the
sprite collision register will have been set (CS>0). When this
condition is detected, the program is routed to a sub-routine at
580.

PROGRAM 5.6(b)
380 IF L=RL AND CS>0 THEN A$=TI$:GOTO 580

While the sprite is moving about the screen, its direction can be
changed by means of the 'Z' and 'X' keys which, in effect create
an invisible wall from which the missile bounces. The syntax of
the line is fairly straight-forward; the only precaution necessary
being a check that the missile has not already reached one of the
edges of the field. When this has happened in the current ecycle
the direction of movement has already been reversed and another
reversal would be slightly disastrous!

PROGRAM 5.7

390 IF A$="Z"AND X<324 AND X>24 THEN XD=-XD
400 IF A$="X"AND Y<230 AND Y>60 THEN YD=-YD

At last the game algorithm gets as far as checking for a sprite to
background collision. Although a check for a non-zero value would
be sufficient, an AND is used to demonstrate how to check for a
specific sprite's data. When a sprite to background collision is
detected, the program is sent to the sub-routine at 450 that
reports back.

PROGRAM 5.8
420 IF (CD AND 2)=2 THEN 450

It's worth noting again that when more than one sprite is
involved, the storage of the PEEK in a variable is absolutely
necessary. PEEKing the sprite's collision registers destroys the
data. This, of course, is NOT so for any other memory location,
except the last few SID registers.

Finally, at the conclusion of an impactless cycle, the time TI$ is
reported and the program loops back for another go.

PROGRAM 5.9

430 PRINT"<HOME><RVSON>";TI$
440 GOTO 270
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Module 3: Reporting on progress

Report miss/blow missile

When a collision has occurred, the first task is to store the
time, TI$, to see how long the game lasted; i.e. A$=TI$.

Once the missile has hit an object, it needs to be blown up. Such
an effect can be simulated by defining a series of disintegrating
missiles or, more easily, by just drawing a series of randomly
fragmented objects in the sprite's block of screen. As the VIC
chip knows where a sprite's data is by means of the block numbers
stored in locations 2040 to 2047, the particular location for the
disintegrating sprite could be varied rapidly, sending the VIC
chip looking all over the place for the data; i.e.

FOR X=16 TO 0 STEP -1:POKE 2041,X:NEXT

This tells the VIC chip that sprite 1's data is in block 16, then
block 15 ete. down to zero. If the routine is nested within
another loop, say a four times one, then the effect will last for
a reasonable time. One danger associated with this technique is
that it leaves sprite 1 in block zero - that's zero page. However,
as the program is re-started with a 'RUN' (line 730), the sprite
is re-located by the program.

Prior to displaying the end of game message, the missile is
switched off; (POKE 53269,N) and finally the target is turned off
and the screen cleared; i.e. Program 5.10.

PROGRAM 5.10

remember time 450 A$=Ti$:

draw random sprites FOR Y=1 TO 4:FOR X=16 TO 0 STEP -1:
4x16 times POKE 2041,X:NEXT:NEXT

delay 460 FOR X=1 TO 1000:NEXT:

switeh off missile POKE 53269,N

delay 470 FOR X=1 TO 1000:NEXT:

switch off target POKE 53269,0: PRINT"<KCLR>";

Next the program reports back on how long the player survived by
means of the subroutine at 510. Also it tells the player that
(s)he failed to hit the target. After this it jumps to the "Do you
want another go?" subroutine; i.e.
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PROGRAM 5.11

480 PRINT "<CLR><7DCRSR><9RCRSR> <2RCRS
R>ORNG>YOU SURVIVED FOR :":GOSUB 510
490 PRINT "<2DCRSR><5RCRSR>XGRN>AND YOU
DID NOT HIT THE TARGET!"

500 GOTO 690

Report time

Time in this game is recorded in TI$ which was initialised at the
beginning of the game cycle (line 260) and was stored in A$ when a
game is terminated. Prior to reporting a time, the string TI$ must
be dissected to yield the hours, minutes and seconds; i.e.

left-most two digits - hours LEFT$(A$,2)
middle two digits - minutes MID$(A$,3,2)
right-most two digits - seconds RIGHT$(A$,2)

The decoding of the string can be done straight-forwardly in the
print statement as in Program 5.12, lines 510 to 530.

PROGRAM 5.12

510 PRINT "<DCRSR><17RCRSR><BLU>;LEFT$(A
$,2);" HOURS<KDCRSR><8LRCRSR>";

520 PRINT MID$(A$,3,2)" MINUTES -
<DCRSR><14LRCRSR> AND ";

530 PRINT RIGHT$(A$,2);" SECONDS"

Once the reporting back is done, the game title is printed onto
the screen and the subroutine returned.

PROGRAM 5.13

540 PRINT "<HOME><2DCRSR> "
TAB(16);"<RSVON><RED> "
550 PRINT TAB(16);"<RVSON> TARGET
<RVSOFF>"

560 PRINT TAB(16);"<RVSON>
<RVSOFF>"

570 PRINT "<10DCRSR>";:RETURN
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Report a hit

The remainder of this module is concerned with printing messages
onto the screen after TI$ has been stored in A$. A call at the
subroutine at 510 reports the time. A special message is then
chosen from the selection stored in " lines 630 to 660, the
particular choice being based on the actual time taken to hit the
target. To do this, the program reads down through the IF...THEN
checks and, when the test succeeds, prints out the appropriate
message and is then directed to the "Do you want -another go?"
subroutine, i.e.

PROGRAWM 5.14

580 FORX=1TO0S5@:POKES3269,3:POKES3269,1:
NEXT

590 FORX=1T01000:NEXT:POKES3269,0

600 PRINT"<CLR><7DCRSR><LTBLU>"TAB(16);
“WELL DONE!":PRINTTAB(10);" YOU HIT
THE TARGET."

6190 PRINT"<DCRSR><14RCRSR><{BLK>YOUR TIM
E WAS:":GOSUBS10

620 PRINT"<DCRSR><SRCRSR><BRWN>WHICH WA
S ll;

630 IFA$<{"000010"THENPRINT"BRILLIANT!'! F
ANTASTIC! AMAZING'!":GOTO0690

640 IFA$<"000030" THENPRINT"BRILLIANT":G
0TO0690

650 IFA$<"000100" THENPRINT"VERY GOOD":G
0T0690

660 IFA$<"001000" THENPRINT"NOT AT ALL G
00D" : GOTO690

670 PRINT"NOT VERY GOOD BUT AT LEAST YO
U HIT IT. JUST KEEP ON"

680 PRINT"YOU'LL GET A BETTER SCORE SO0

. N-ll

Do you want another go?

This ia a fairly standard routine. It prompts for a 'Y or 'N!
response and on receipt of the 'Y'es, re-RUNs the program by means
of the RUN command in line 730. One of the advantages of this over
a GOTO 100 (for this program) is that when the operating system
sees the command RUN, it immediately re-sets all the variables
ensuring that the game starts once more with a clean sheet.
Program 5.15 shows the whole subroutine:
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PROGRAM 5.15

690 PRINT "<4DCRSR><8RCRSR><ORNG>
DO YOU WNAT ANOTHER GO?"

700 PRINT "<DCRSR><15RCRSR><ORNG>Y
<LTRED>ES OR <ORNG><LTRED>("

710 GETCS$:I[FC$=""THEN 760

720 IF C$="N" THEN 750

730 IF C$="Y" THEN RUN

740 GOTO 710

Sign off

When the player indicates that they have finished the game, the
Target' screen is displayed and a friendly message given. This
is held on screen for a while with provision being made for the
player to terminate the proceedings if so desired.

PROGRAM 5.16

760 PRINT"<CLR>":GOSUBS4@:PRINTTAB(12)"
<2DCRSR><PUR>GOODBYE FOR NOW.*"

77@ FORX=1TO01000:GETA$:IFA$=""THENNEXT

780 IFX<1000THENX=1010:NEXT

799 PRINT"<CLR>";

800 POKE650,0:PRINT"<OKCBM>" :END

Colour cycle

This is the sub-routine that produces a cycle through colours 0 to
10 when an attempt is made to move the Z cursor beyond its limit.

PROGRAM 5.17

810 FOR Z=0 TO 10:POKE 53281,Z:
NEXT:POKE 53281,1:RETURN

Module 4: present obstacles

No attempt will be made to explain this module, as it simply
prints characters onto the screen. It is clearly a major advantage
of sprites that collisions are so readily detected and this
enables one to print out a pattern of obstacles that suit one's
personal taste.
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PROGRAM 5.18

820 PRINT"<CLR>{16DCRSR><29RCRSR><YEL>V
<LTRED>*4<YEL>V";

830 PRINT"<DCRSR><4LCRSR><LTRED>/<{CYN>VU
I<LTRED>/" ; :PRINT"<DCRSR>{4LCRSR><L
TRED>7<CYN>JKLLTRED>7"3

840 PRINT"<DCRSR><{4LCRSR><{YEL>V<LTRED>*
4<YEL>V"3;

850 PRINT"<4DCRSR><LCRSR><{GRY2>V<UCRSR>
V<UCRSR>V<UCRSR>V<UCRSR>V<UCRSR>V/<U
CRSR>V<{UCRSR>" 3

860 PRINT“(BLU><HOME><RVSON>

<RVSOF
>ll;

870 PRINT"<HOME><16DCRSR>{7RCRSR>{YEL >V
<LTRED>#*Z<YEL>V";

880 PRINT"<DCRSR><4LCRSR><LTRED>/<CYN>YU
I<LTRED>/" ; :PRINT"<DCRSR><4LCRSR><L
TRED>7<{CYN>JK<LTRED>7";

890 PRINT"<DCRSR><4LCRSR><YEL>V<LTRED>#%
G<YEL>V"3;

900 PRINT"<2UCRSR><10LCRSR><GRY2>V<DCRS
R>V<DCRSR>V<DCRSR>V<DCRSR>V<DCRSR >V
<DCRSR>V<DCRSR><BLU>";

910 RETURN

If you find this a boring old set of obstacles, simply change the
print statements to suit yourself. The sprite collision detection
feature will handle the problem of collisions automatically.

This facility gives you a free reign to design your own screen.
You could design this as a maze or what you will. It's up to you!

Module 5: sprite DATA and sprite creation

Sprite.Gen, as its last act before it was ruthlessly destroyed,
printed out the sprites' DATA statements. All that is left after
you pushed the button is enough to set up the sprites and this was
explained with Sprite.Gen. Again, therefore, no explanation.

5-16



PROGRAM 5.19
10000
10010
10020
10030
10040
10050
10060
10070
10080
10090
10100
10110
10120
10130
S0000
50010
Seez20
50030
50040
S0050
50060
50070
Sees8o
50090
S0100

Sei1e

DATA1,14,6,0,0,0,0,0,0,0
DATA0,0,0,0,0,0,0,1,240,0
DATA7,28,0,12,126,0,8,254,0,25
DATA255,0,19,255,90,19,255,0,19,25
5
DATA®,25,255,0,12,254,0,14,126,0
DATA7,252,0,1,240,0,0,0,0,0
DATA0,0,0,0,0,0,0,0,0,0, O
DATA®,13,15,0,0,1,10,7,0,170
DATA®,2,170,128,10,170,160,10,0,1
60
DATA40,60,40,40,255,40,35,0,200, 1
63
DATA®,202,163,20,202,163,20,202, 1
63,20
DATA202,163,0,202,35,0,200,40,255
,40
DATA40,60,40,10,0,160,10,170,160,
2

DATA170,128,0,170,0,0,0,0,0,0, ©
CN= 2
POKES3277 ,0: POKES3271,0: POKES3276

FORY=1TOCN:READSN,BN,CO,EX,EY,MC,
READC: POKE (BN#64)+X,C

NEXT

POKE2040+SN , BN

POKES3287+SN,CO
POKES3277,PEEK(S3277)0R((2{SN)*EX
POKES3271,PEEK(53271)0R((2{SN)Y*EY
POKES3276,PEEK(53276)0R((21SN)*MC
IFMC=1THENPOKES3285,C1 : POKES3286,

NEXT:RETURN
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Now the game is finished, just a recap of the rules:

Z and X move the missile, effectively bouncing it
back in X and Y directions.

The cursor keys move the missile in and out of the screen i.e. in
the Z direction.

@ moves the missile out of the screen.
c:b moves the missile into the secreen.

Right then, it's all yours. Bit of a frustrating game, isn't it?
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DR WATSON CHARACTER SET CONVENTION

MEANING (OBTAINED BY) CONVENTION
Cursor up (SSHIFT><CRSR ] >) |<UCRSR>
Cursor down (<CRSR |} ») <DCRSR>
Cursor right (<CRSR =>) <RCRSR>
Cursor left (SSHIFT>XCRSR <>) |<LCRSR>
Clear screen (<SHIFT><CLR/HOME>) | <CLR>
Home (<CLR/HOME>) <HOME>
Reverse off (<CTRL>0) <RVS OFF>
Reverse on (X<CTRL>9) <RVS ON>
Upper case (<SHIFT><CBM>) <UCASE>
Lower case (KCTRL>N)or<SHIFT> |<LCASE>
<CBMW>)
CBM disable (<CTRL>H) <NOCBM>
CBM enable (<CTRL>I) (OKCBM>
Black (KCTRL><1>) <BLK>
White (<CTRL><2>) <WHT>
Red (KCTRL><3>) <RED>
Cyan (<CTRL><4>) <CYN>
Purple (KCTRL><5>) <PUR>
Green (KCTRL><6>) <GRN>
Blue (KCTRL><7>) <BLU>
Yellow (KCTRL><8>) <YEL>
Orange (KCBM><1>) <ORNG>
Brown (KCBM><2>) <BRWN>
Light red (<KCBM><3>) <LTRED>
Grey 1 (<KCBM><4>) <GRY1>
Grey 2 (<CBM><55) <GRY2>
Light green (<CBM><6>) <LTGRN>
Light blue (KCBM><7>) <LTBLU>
Grey 3 (<CBM><8>) <GRY3>
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TABLE 1

CBM 64 Character Set

poke setl set2

poke setl set2

poke setl set2

poke setl set2

DO o b s e e e e
WO U W H OW®Oo-1I0 U b O O

[35
e
N<x§<::e-rm'-sho"oo:sg'—'w‘-"“‘:rm""maoc‘m

DD DN DN DN DN DN
WO =IO U v W
} TN XS <aH PO UOZECO R ZQHEHOQE >

W W
-

32<space>

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

1

+ k=~ " QoA I

-

WCoONOON WO

DV Ul A

64
65
66
67
68
69
70
71
72
3
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95

MEEHESCEOEDXAMOCRDOO0NONADNDO 000N B D

NHXS<cHSPIOUozErRY"ZQHEEHODQ®»

72

96<space>
97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127

SECEOODO0LEDEDRENOOHdUEUNDOROOODS

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

PRINTS CHR$ |PRINTS CHR$ | PRINTS CHR$ | PRINTS CHR$
0 . 46 # 92 f4 138

1 / 47 ] 93 f6 139

2 0 48 § 94 f8 140

3 1 49 - 95 SHIFT<RET'N> 141

4 2 50 =) 96 <UCASE> 142

<WHT> 5 3 51 )] 97 143
6 4 52 m 98 <BLK> 144

7 5 53 = 99 <UCRSR> 145

<NOCBM> 8 6 54 = 100 <RVSOFF> 146
<OKCBM> 9 7 55 = 101 <CLR> 147
10 8 56 O 102 <INST> 148

11 9 57 i 103 <BRWN> 149

12 : 58 O 104 <LTRED> 150

<RET'N> 13 ; 59 | 105 <GRY1> 151
<LCASE> 14 < 60 S 106 <GRY2> 152
15 = 61 = 107 <LTGRN> 153

16 > 62 O 108 <LTBLU> 154

<DCRSR> 17 ? 63 N 109 <GRY3> 155
<RVSON> 18 Q 64 110 <PUR> 156
<HOME> 19 A 65 0 111 <LCRSR> 157
<DEL> 20 B 66 O 112 <YEL> 158
21 C 67 113 <CYN> 159

22 D 68 = 114 <SPACE> 160

23 E 69 @] 115 I 161

24 F 70 0O 116 =] 162

25 G 71 P 117 0 163

26 H 72 ’2¢ 118 | 164

27 I 73 119 O 165

<RED> 28 J 74 @ 120 166
<RCRSR> 29 K 75 W] 121 O 167
<GRN> 30 L 76 ™ 122 168
<BLU> 31 M i B 123 169
<SPACE> 32 N 78 O 124 a 170
! 33 o 79 M 125 B 171

" 34 P 80 126 = 172

# 35 Q 81 ~N 127 0 173

$ 36 R 82 128 & 174

% 37 S 83 <ORNG> 129 =} 175

& 38 T 84 130 = 176

! 39 U 85 131 a ) 177

( 40 v 86 132 =] 178

) 41 w 87 f1 133 =1} 179

* 42 X 88 £3 134 O 180

+ 43 Y 89 £5 135 D 181

, 44 Z 90 7 136 a 182

- 45 [ 91 £2 137 | 183
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PRINTS CHR$ | PRINTS CHR$ | PRINTS CHR$ | PRINTS CHR$
() 184 | 186 ™ 188 ] 190
= 185 =y 187 =] 189 "] 191

CODES 192-223 SAME AS 96-127

CODES 224-254 SAME AS 160-190

CODES 255 SAME AS 126
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~ AND  3-7

Autorepeat  3-22
Background colour 1-2

Bit mapped lines  2-7

Bit mapped mode  2-1 et seq
Bit mapped screen 2-1
Cells 1-4

Character colour 1-2
Char.Gen 3-1 et seq
Circles 2-13

COoS 2-15

Expanded Sprites 4-3
Extended Background colour mode 2-21
Extended colour mode  2-20
Foreground colour 1-1
Function keys 3-20
Keyboard buffer 3-5
Machine code  3-32
Moving bat  1-17
Multicolour bit map  2-17
Multicolour characters  2-19
Multicolour sprites 4-4

OR 3-8
PEEK 1-3
POKE 1-1

Program deletion  3-33, 4-17
Random circles  2-17

Random lines  2-13

Randomly moving ball 1-14
RUN/STOP RESTORE  2-3

SIN  2-15 :

Sprite collision 5-2 et seq
Sprite.Gen 4-6 et seq
Sprite precedence  5-2
Sprites  4-1 et seq

Target 5-1 et seq

Time  5-13

Truth tables  3-7

Two Dimensional arrays 3-20
User defined graphiecs 3-1 et seq
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Commodore 64

Exploring Graphics

This book teaches the reader how to use the Commodore 64's
graphics features. It assumes that the reader is already fairly compe-
tent in BASIC programming,.

Each new principle is introduced step by step, beginning with PEEK
and POKE (Chapter One) and ending with sprite collision routines
(Chapter Five). On the way, the reader explores bit-map mode,
multicolour bitmap mode, extended colour mode, character design
and sprite design. At every stage the points are illustrated with clear,
easy-to-follow examples.

Four major programs are developed in the book: two games and two
utilities. The first game is called ‘Breakout', a batand ball game used to
illustrate the use of the Commodore’s screen and colour memory
locations. The second game is called ‘Target and uses sprites to
provide a challenging and tricky game. The two utilities, ‘Char.Gen’
and ‘Sprite.Gen’ are used for designing characters and sprites
respectively. Commodore 64 programmers will need only a little
imagination to realise the vast potential that these tools offer.
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