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1. Background

Back in early 1998 | made some experimenting
using a PIC16F84 microcontroller (3MIPS of
processor power) to generate composite B&W video
signals on the fly in software, with two resistors as
the only video hardware. | made the two classical
games Pong and Tetris with this technique and
published them including source on my homepage. ) )
Since then it has been built by several hundreds of
people. During the Christmas 1998-1999 | got some  PIC16F84-based Pong
equipment from Scenix (nowadays known as
Ubicom) and made some experiments to generate
color video signals using an SX chip, but before | got
any results my programmer broke down, at least
that was what | believed, and | stopped developing
it. In the early summer of 2001 | was told by people
at Parallax that it was the early versions of the SX-
chips that had a bug in them so my programmer was
just fine, so they gave me some new chips and | P|C16F84-based Tetris
continued my work. After some new experiments,

calculating and many late hours and a bit of luck | got my TV to lock onto the
color signal and by the end of summer | got a Tetris game up and running.
During the fall | developed the Pong game, which was finished during the
Christmas holidays 2001-2002. | didn’t release the games as there were some
details left to take care of. | didn’t want to publish them until they were as perfect
as possible due to my bad experience with my PIC-based games that were
spread in early bad versions. Now in spring 2003 | decided that | shouldn’t do
any more improvements of the games as | don’t have time to work on them and |
got to stop sometime. The biggest remaining issue is that it only works good for
NTSC, it is much harder to get a correct PAL signal in software, but that is a
problem for someone else to solve. Another issue about the games was this text
about generating color video signals that | wanted to finish before | released the
games, to not get that many questions about video generation that | don’t have
time to answer. After reading this document you will hopefully understand how to
generate color
composite video
signals in software. To
fully understand this

you need
mathematical
knowledge at
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2. The composite video signal.

To understand anything about generating video signals in real-time, one must
know how video-signals work in detail, so before we look at any code we'll have
to talk about video signals.

2.1 How a standard TV-set works

Electrm{lnon Iilectron beam
- 3TV
N e

| D

Vacuum tube

The electron beam drawing the screen The two part images becomes one
whole image.

A standard TV-set is built with a vacuum tube, which has a phosphor screen that
an electron canon shoots at. When the electrons from the cannon hits the
screen, light is emitted from the phosphor when the canon shoots electrons at it,
and it also has a short afterglow making each pixel lit until the electron beam hits
it again. The electron beam from the electron-cannon can be bent using magnets
so it shoots at different parts of the screen. If this is controlled so it draws
horizontal lines all over the screen repeatedly, while the intensity of the beam is
modulated, an image can be drawn on the screen. The screen is redrawn 25
times per second (on a PAL system), but to reduce flickering the image is
interlaced, showing first all odd lines then all even lines, so the image is partially
updated 50 times per second. To get color each dot on the screen is divided into
three colors: red, green and blue.



2.2 Different TV standards

A rough map over the different TV standards used on earth.

There are three major analog TV-standards: NTSC, SECAM and PAL as seen on
the map above. The NTSC (Short for "National Television System Committee",
but back in the early days of TV there was problems with getting the same color
over the whole picture so a more evil interpretation of the letters is that it stands
for "Never The Same Color" ) is the American TV-standard, it has only 525 scan-
lines, but it has a update frequency of 30Hz. SECAM (Short for "Sequential Color
And Memory", but as the French usually want to get their own solution to
problems, a more evil interpretation is that it stands for "System Essentially
Contrary to the American Method") is the French TV-standard, it has improved
color stability and higher intensity resolution but with less color resolution, | don't
know much about that standard. The European standard is PAL (Phase
Alternating Lines, or as a PAL enthusiast would interpret the letters: "Perfect At
Last"), it has 625 lines per frame, 25 frames per second. It is based on NTSC,
but the color-coding has been improved by using a phase shift on every other
line to remove the color errors that occurred with NTSC.

2.3 The information in the video signal

The image seen on the screen has different intensities. As the electron beam
sweeps over the screen, the intensity that should be at the position of the beam,
is sent as a voltage level in the video signal.. There is no information in this
intensity information about where the electron beam is on the screen. To solve
this, a synchronization pulse is sent in the beginning of each line to tell the TV
that the current line is finished and move down the electron beam to the next line.
(Like the <Enter> key on the keyboard, when writing a text with a computer) The
TV must also know when a new image is coming, this is done by making a
special synchronization pattern. (Like the "new document” function when writing



a text with a computer) An image that is updated 25 times per second would be
quite flickering, so therefore all even lines are drawn first and then all odd, this
method shows 50 half images per second, making the picture have less
flickering. The information whether the image contains even or odd lines are sent
in the vertical synchronization pattern, as different patterns for odd and even
images. The video signal has a voltage range 0 to 1V, where 0.3V represents
black, and 1.0V is white (gray intensities have voltages between these values).
Levels close to zero represent synchronization pulses.

2.4 The scan-line
The image is divided into scan-lines, it is the most important part of the image
since it contains the image data. The scan-lines

are all 64us long. First a 4us long sync pulse is

sent, by setting the signal level to 0V, to tell the UW\L
TV that a new line is coming. The old TV's was

kind of slow, so they needed 8us after the sync- e SYATE

pulse to get the electron beam in position. During Hus Image data

this time the signal is kept at black level. The 8us ~ H2¥"*

delay is followed by the image data for 52us,
drawn on the screen from the left to the right with
the intensities obtained from the video signal.
Black is represented by 0.3V and as the voltage increases the intensity
increases, with the maximum intensity at 1.0v (white). See the image right to see
the scan-line. The color information is added as two amplitude modulated sinus
waves, we’ll get back to that later.

"Oscilloscope"-picture of one scan-
line

2.5 Putting the scan-lines together to an image

An image is built from 625scanlines, but a TV doesn't show 625 lines. Some of
the lines are used for synchronization pulses, and some lines are invisible (I don't
know exactly how many) because old TVs needed some time to move the
electron beam from the bottom of the screen. (Those invisible lines are
nowadays used for other purposes, Text-TV for example).

T A e

"Oscilloscope”-picture of several scan-lines in a video signal.



2.6 Vertical synchronization pulses.

To tell the TV that a new image is coming, a special pattern of synchronization
pulses is sent. Since the picture is built from two half pictures, the pattern is
different for the odd and even images. The vertical synchronization pulses looks
like this:

Field | Pre-equalizing pulses Vertical synchronizm Post-equalizing pulses

(1 N T T [

| 21 | e22z | 623 | eza | 825 | 1 | 2 | 3 | a | s | & | 7 |

Field 1l

Pre-equalizing pulses Vertical symchronizm Post-equalizing pulses

B N T

| ses | =m0 | 31 | a2 | 33 | 34 | a5 | a6 | a7 | 318 | 34s |

This picture shows the different vertical synchronization pulses for the two half
images. The levels are Ov and 0.3v. (Numbers below signals shows scan-line
number)

2.7 Color coding.

When color was introduced, it was the same problem as with any change in
technology, there is always a demand for backwards compatibility that limited the
new technology. For video signals this meant that a color video signal should
look very much like a B&W signal so old TVs would still work. The problem was
solved by overlaying the color signal with an amplitude modulated carrier on top
of the video signal. In average the video signal would still be the same for B&W
and it would not be noticed if the carrier had high enough frequency and the
modulation also was kept to a low bandwidth.

The intensity of the TV signal is the sum of the Red, Green and Blue parts
(weighted with the eyes sensitivity coefficients for those colors) in the video
signal, and since that information is already given in the B&W signal then the
additional color information only needs to contain two components with color
difference. With the intensity sum and the two components G-R and G-B, it is
possible to derive the R,B and G values. Humans have higher resolution for light
intensity than for color, so using higher bandwisth for intensety than for colr
variation is very appropriate. Limiting the color information to two components is
especially great as it is possible to transfer two signals using quadrature
modulation, making it possible to transfer color using only one carrier overlaid on
the B&W video signal!
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2.8 Quadrature modulation

Quadrature modulation
is a general method for
modulation of a carrier.
The idea is to change
both  amplitude and
phase of the carrier to Cartier
be able to send two
signals with one carrier
frequency. Each signal
has its own carrier, one

is sin (2mfct) and one is The basic principle of quadrature coding
cos (2rt.t), which makes

it possible to reach all

phases and amplitudes by modulating the voltages of the two signals. This
method is not only used for TV color modulation, it is widely used, for example
this is how stereo information is sent over radio also. It is a clever way to use the
bandwidth to the maximum, with standard amplitude modulation only one
channel is used, the other is just wasted. In order for this method to work, there
must be a “pilot”, a reference signal that makes synchronizes the oscillator in the
receiver with the one on the transmitter.

Sq11)

Emitl= 54 tcos(2rfe)+ 5ot sin(2nfc)

How the quadrature modulation is used differs slightly between PAL and NTSC.
One variation is the white level as PAL where developed after NTSC and has
hence more accurate coefficients to the newer more luminant phosphors used
inmodern CRTs. The colors are weighted according to the eye’s sensitivity, so
the green color is weighted the most, blue the least and red in the middle. Using
RGB-color levels detected by the “video camera”, the luminance is calculared
according to:

PAL: Y =0.222R + 0.707G + 0.071B
NTSC:Y =0.299R + 0.587G + 0.114B

The Y,U,V component transformation can be described as a matrix, for PAL the
matrix looks like the following.

Y 0299 0587 0114 R
U, |=|-0147 -0289 0436 |*|G
\"A 0.615 -0515 -0.100| (B

In NTSC the U and V components are rotated 33 degrees to minimize bandwidth
for Q, the rotated components are called | and Q, calculated according this:

11



I, =V, cos(33°) —U, sin(33°)
Q =V, cos(33°) +U, sin(33°)

For NTSC the Y,I, Q components can be described using the following
conversion matrix.

Y 0299 0587 0114 R
[, |=10596 -0.274 -0322|*|G
Q 0211 -0.523 0.311 B

2.9 Putting it all together

The output is created with quadrature modulating as described before by
modulating a cosine and a sine with the U and V (I and Q for NTSC) components
and sum the result together with the lumination component Y. For PAL there is
also a change in sign of the sinus component to compensate for phase error that
will take out each other. (That is why it is called Phase Alternating Line). The
video signal is calculated according the following.

PAL: S(t) =Y +U, cos(27f.t) £V, sin(27f -t)
NTSC: S(t) =Y + 1, cos(27f .t +33°) + Q,sin(27f .t +33°)

So the color coding is just as simple as that, but there is one detail left, there
must be a pilot signal in order for the quadrature modulating. In most systems
using quadrature modulation, the pilot signal is sent constantly as a tone in the
signal, for TVs however that would disturb the image too much. If there is an
oscillator in the TV that is very stable, it would be enough to send a couple of
cycles of the pilot periodically for the oscillator to tune in to, just often enough for
the oscillator to keep its phase. In the B&W signal there is a gap of about 7us
between the sync pulse and where the image information starts, so it was an
obvious place to put the reference carrier. This is 10-12 cycles of the color carrier
(amplitude of 20IRE = 0.15V) and referred to as the “color burst”. The color burst
is also shifted +-45 degrees on every scan-line for PAL.

_‘H.SynE:‘ 9 Burst v 9 Image Data

¥ ™ L Ll L ™
Frart Porch Pre Burst Fost Burst

This picture shows the scan-line including color burst.
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3. Creating it in software

Generating a B&W signal is not very complicated; it is just hard work as it is a
qguestion of counting clock cycles to make the program flow take exactly the
same amount of clock cycles all the time. When doing a color signal, this is even
more important, if the line is one cycle too long or short (An error of 0.03% in
scan line length) the TV can’t lock to the color carrier at all, for a B&W video
signal the timing is not this critical, most TVs can compensate for quite large
errors in a B&W video signal, so you could make the scan line’s length several
tenths of cycles wrong without noticing as the TV compensates for it, but as our
goal is to make a color video signal we are not allowed to do any errors at all. To
make the job of timing easier I've created a general delay macro that delays for a
given time using a minimal amount of program memory. I've also tried to use a
lot of “EQU-constants” to make the code more readable and make the code
possible to run for both NTSC and PAL by only changing the constants so the
code is the same for both systems.

The first thing the software needs to do is output the vertical sync pulses, to tell
the TV that a new frame has started. Then for the following 304 lines (254 for
NTSC) it should keep each line 64us long and start each line with a horizontal
sync pulse. Later on when doing a color signal a color burst must also follow after
the horizontal sync pulse. During the 52us of image time the software needs to
vary the voltage of the video signal between 0.3v (black) and 1v (white) as the
electron beam sweeps over the screen and try to do draw something as the
electron beam sweeps over the screen. This is quite easy with an SX performing
50MIPS, I've done B&W games this way using a PIC16F84 performing 3MIPS,
so one could do B&W games with quite high resolution using an SX. However,
generating color is much more cool, so let’s talk about color generation now.

3.1 The basics for color generation

As you would know after reading the chapter about video signals, the software
needs to create modulated sinus and cosines waveforms for color information
and sum them together with the intensity waveform. To get a good result the
sample rate needs to be much higher than the color carrier frequency, and the
software must also be able to do the needed calculations for the waveform which
in total would need a very powerful processor if there is no hardware to help. An
SX processor performing 50MIPS would not be good enough using this method.

3.2 Mathematical tricks

However, there is fortunately a better way to do it. The color carrier part of the
signal is the sum of a sinus and a cosines with the same frequency but different
amplitude, this is very fortunate as the cosines could be rewritten as a sinus with
it phase shifted 90 degrees compared to a cosines. Ok so what good is that, well,
the sum of two sinuses with same frequency and fixed phase difference but with

13



varying amplitude could be rewritten as one sinus with alternating phase and
amplitude according to:

f (X) = asin(x) + bcos(x) =

:m(

sin(x) +

a b
—_—_— ———cos(X
va?+b? va +bp? S()]

The coefficients preceded cos and sin describes a point on the
unit circle and could be replaced with cos and sin with the
angle a according to:

NPT
a
b .
o =gn(a)
a

This equals a rotation by an angle a according to:

f (X) = va* +b*(cos(a)sin(x) +sin(a) cos(X)) =
=ya’+b*sin(x+a)

Making it possible to express the sum of an aplitude
Modulated sin and cos with one sin that is both aplitude
And phase modulated.

3.3 Know your hardware

Ok we got rid of one of the components but still have one sinus that needs to be
generated requiring a lot of CPU power. At the input of a TV there is a low-pass
filter to limit the signal within a video signals allowed bandwidth of about 5MHz,
which is very good because that means that a square wave at the color carrier
frequency would look like a sinus to the TV as the high frequency components of
the square wave have been filtered away. Now we are down to a square wave
with changing phase, amplitude and offset, which is possible to generate in
software with an SX@50MHz if the number of phases is limited and the clock
frequency is a multiple of the color carrier frequency. In my projects | clock the
SX with 12 times the carrier frequency for both PAL and NTSC, which gives
53.156550MHz for PAL and 42.954540 for NTSC, the over clocking of a 50MHz
SX chip to 53MHz in the PAL case seems not to be a problem at all.

14



3.4 Our new parameters

The simplified signal with the square wave works like this: The average voltage
of the signal control the lumination, the amplitude of the signal controls the
whiteness and phase controls the color. When using 12 times the color carrier it
is possible us get 12different colors with different variation in intensity and
whiteness. The first test | made with color generation was to examine the 12
base colors available, this test | shown in the picture to the left below. The source
for this test can be found in Appendix A. (This is the only one of my current
programs actually performing phase alternation in PAL, sp the phase errors for
PAL are not visible in this example) All possible variations for the 12 base phases
can be seen here to the right below where all possible values for first and second
amplitude are shown for all 12 phases and five bits. (There are25*25*12/2-
25*5=3625 combinations) The source for the later is available in Appendix B.

The 12 phases, generates The available colors for 5bit
these 12 base colors.. DA and 12 phases.

3.5 Phase Alternating Line

is what PAL stands for, and that is a problem, when generating a PAL signal one
should switch the phase of the signal 180degrees on every line (color burst
switched 90 degrees), this is not possible with the method | generate color
signals. It is possible to produce more simple graphics such as one colored
horizontal lines and phase alternate, but when doing more complicated stuff (like
text or graphical objects) t becomes a problem as not only is the phase
alternated, so is the positions of the graphics as the graphics must be aligned
with the color carrier cycles. | chose to solve this by ignoring the phase
alternation, with the downside that it makes phase errors visible as they did
originally with NTSC where there is no phase alternation. With NTSC this is no
longer a problem as the modern TVs have become better and lock to the color
carrier much better, which the PAL TVs didn’t have to as their color method
compensated for this problem, giving me a problem when | “cheat” when
generating my video signals. | have no good solution for the problem with PAL to
be software generated; it is up to someone else to figure that one out. (All
pictures in this document are from the NTSC versions as they are the only
pictures that are good enough to digitize with the TV-card in my computer)

15



3.6 Video output hardware

To be able to generate the signal we need a DA-converter. To make this simple a
resistor based DA is the way to do it. There are two kinds of resistor DAs, 2"-nets
and R2R-ladders. The 2N net is the simplest solution, it looks like this:

D4 — R }— * Vot
D3

D2

D1 —{ER] L

D0 _[ier '

2N DA converter schematic

The downside with the 2N-net is that it is very inaccurate; the R2R-ladder
requires twice as many resistors but has much higher accuracy, it looks like this:

D4 —{2R ]

03
b2
0y
0o

* Yo

[
A

R2R DA con\}erter schematic

First | chose 6 bits for the DA as that is the largest number of bits that would be
useful using 1% accuracy resistors, later | found that five bits is enough, the extra
bit is better off in the DA, so the finished system go five bits for both sound and
video. The video bits is bit 1 to 5 in my system as | already had done a
optimizations in the code for using the lower 6 bits of portb making it the easiest
solution, but when designing | new 5 bit system it is of course better to use bits O
to 4.instead. Output voltage should be in the range 0 to 1.25V, which sets the
values of the resistors to 220Q and 440Q, but as there are no such resistors, it is
better to keep the 1:2 ratio and use 221Q and 442Q.

3.7 Limitations with colors

The color bandwidth is very low so it is not possible to change colors fast. In my
games | keep the color phase constant within a graphic object and only change
lumination level once every color cycle. This gives a maximum resolution of

16



2766/12=230 pixels per scan line for PAL and 2233/12=186 pixels per scan line
for NTSC. In reality not all pixels can be used as color (phase) changes cost time
and thereby color cycles, and then the graphics also has to be calculated to there
are not all of these pixels that actually can be used.

3.8 Use of Palette

To save memory a palette is often used in computer
graphics cards. A palette is basically a color lookup table.
In most cases the palette contains 2" colors, usually 16 or
256 colors to be able to get each color into a nibble or a
byte. If a picture only uses 16 different colors, then it needs
6 times less memory compared to if each byte would have Monochrome
been stored as three 8bit values with the RGB-components ball from Pong

if a 16 color palette is used. In my games a palette is used to need less data for
some of the graphics, a 16 color palette is used, however the lookup table
doesn’t store the RGB values, instead it stores high and low period values for the
square wave. In other words, my palette only contains info on brightness and
whiteness, the color is set by the phase of the square wave which is not stored in
the palette. Only one palette is used for both my games and it stars at black
level, moves to color with maximum intensity, and then moves to maximum
white. (See diagram below.) This palette makes it possible to generate objects
with a 3D-feeling as it is possible to make dark shadows and more illuminated
parts within the same object, but the object must be “monochrome”. It is possible
to generate palettes with a 180 degree phase shift and get the complimentary
color, but as the bandwidth is limited it is not possible to mix colors from the two
phases in any order, it takes almost one color cycle for the phase change. (If the
graphics is carefully planned to get few phase shifts, this could probably be used
to do some really cool two colored objects)

DA-value Black-Color-White Palette

F 3
1.25% Max /—.—O—H—O—H

1.0 White
-=- D&-output first phase

/- -+ D&-output second phase

0.3v Black

O Sync - Palette index

p 1234567839 M0MN12I1E51415

The BCW-palette used for monochrome objects in my
games
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3.9 Outputting monochrome objects using palette

When showing graphics with high resolution (one intensity change per color
cycle) it is not possible to calculate the graphics in real-time, so the graphics
needs to be pre-calculated and stored in a buffer and then outputted from the
buffer. | have created a routine that gets 4-bit graphics from the upper nibble in
program ROM, translates it using a palette and store it in a buffer, consuming 31
clocks per pixel. A matching output routine, called memtovideo, which outputs
data from the buffer at a speed of one pixel per color cycle (12 clock cycles).
During the calculation of the next object it is not possible to show any graphics
except for black or different gray colors, so therefore the layout of the graphics is
very critical. In my Pong game | use three different graphic buffers, one for each
paddle and one for the ball, and the graphics calculation is dynamically changed
depending of where the ball is on the screen because the ball position controls
where on the screen there are black surfaces that can be used for graphics
calculations. In Tetris the graphics for the screws beside the graphics is
calculated to the right of the playfield on the line above the one where the
graphics is shown, and as both screws are identical only one graphics calculation
is needed but it is outputted twice (one time on each side).

3.10 Colored text lines

The texts that appear in my games are generated on the fly; only two ROM-
accesses are needed per character. First the character is read from the string
stored in program ROM (low 8 bits), then this is used together with the line
number to find the graphics from the font that also is stored in program ROM.
Each character is 7 pixels wide, and separated by two pixels, originally the
separation was three pixels but after unrolling the loop | got it down to two pixels
(At the cost of program memory usage). The separation could probably be
decreased to one by more unrolling at the cost of more program memory. A font
IS quite expensive in memory usage, so to save memory | only store the
characters | use. The color generation in the text output is done by having a high
and a low level for each pixel, the high level is an input parameter and the low
level is always black to optimize the routine.

3.11 Emulators

Developing this kind of software is always much easier, but there are
unfortunately no emulators available for color composite video signal generation
with SX chips. However, there are some interesting open source stuff that might
could be used as a good base for developing an SX color video game emulator.
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4. Game system
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Schematic over the game system

4.1 Schematic overview

The power supply is standard, a 7805 regulates the voltage to 5v, there is a
rectifier at the input to be able to run the system on both AC or DC, the voltage
can be 9..15v something. Then there is a bunch of caps on the board to get rid of
noice etc.

The video generation is quite simple; it is just a five bit R-2R resistor ladder. It
might seem a little bit strange that | connected it to bit 1...5 instead on 0..4, but
that is because when | first made the prototype it hade six bits for video and four
for audio. | chose six bits first as it is the largest number of bits you should use
with an R-2R ladder when using 1% tolerance resistors. Later | understood that it
was not needed that many bits for video, that last bit would be better off in the
audio generation. At the end of the R-2R ladder | have put one 1pF capto getaa
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little bit of filtering if the TV's input has to high bandwidth as my color generation
technique generates square wave that needs to be filtered so only the "sinus
part" remains. The resistor ladder has an open output as it is supposed to be
connected to the TV that has an 750hm input that ends the ladder.

The audio part is very similar to the video part, also a five bit DA using an R-2R
ladder. The difference is at the end of the ladder, the audio has a 100 Ohm pot to
regulate the volume. The 100kl pot also ends the ladder as the audio impedance
varies a lot between different audio inputs. (1k...20kOmh)

4.2 Joysticks

The joystick inputs are extremely simple, just five  schematic for building a CB4 compatible joystick
pins on the chip connected directly to the joystick "™ efen buttens and« S fmale DSUE
inputs. The joystick pins on the SX-chip have their
internal pull-up resistors enabled so there is no
need for external resistors. There are two joystick
inputs, and as with my PIC-based games | used old
C64/Amiga/Atari joysticks. If you don't have one you
could build one quite easy using the schematic here
to the right using five off(on) switches and a 9pin
female dsub.

Joystick schematic

4.3 The Oscillator

One of the more tricky parts is the Oscillator. This should
run at 12 times the color carrier of the TV-system. The
built in generator in the SX-key programmer is not
accurate enough for video generation, so an external
oscillator is needed. During the development of the HF Signal generator
games | used an almost 30 years old frequency

generator (as new ones cost a fortune) seen at the picture here to the right,
which made the development a lot easier. There chip-oscillators available that
can be programmed once just like you can program a microcontroller. See the
table below for what frequencies to use.

ClockFreq = 12 x Carrier

‘TV System |Carrier Frequency Frequency
IPAL 14.4297125 MHz ~ 53.156550 MHz
INTSC 3579545 MHz ~ |42.954540 MHz

IPAL-N* 3575611 MHz 42.907332 MHz
IPAL-M*  |3.582056 MHz ~42.984672 MHz

*Note: None of the games have been tested and calibrated for PAL-M or PAL-N.
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4.4 TV connection

The system is connected to the TV's SCART input  seremsc onnowis comest auss and s R oot
with a cable with RCA inputs and a SCART contact j Audio
at the end. These cables are available in most TV Game systom

stores. The best thing to do is buying a finished  ‘fiiee -
cable, building one is more expensive and doesn't W

give a good result, however if you still want to build T Scart )
one you should follow the schematic here to the SCART-cable schematic

right.

4.5 PCB

I've made a PCB design for the game system, available in Appendix E. This is
quite simple as the game system is very simple, just a one layer. The PCB is
stored in scale 1:1 so if you print it directly from this document you will get the
size correct. The component placement is also available in Appendix E. Note that
for my games you don’t need the expansion memory, | might do games later on
that will use it but nothing planned yet. To avoid cracking the programmer | used
a 90 degree bent connector for the programmer so it lies flat on the PCB when
connected. There is a jumper close to the oscillator and the programmer that
selects between programmer and oscillator as both can not be connected at the
same time. As mentioned before, the resistors should be 220Q and 440Q, but as
there are no such resistors, it is better to keep the 1:2 ratio and use 221Q and
442Q.
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5. Tetris

The first game | made in color using SX-chips
was Tetris. Tetris is an old Russian computer
game where you should try to fit in block into a
play-field, quite simple but really fun. All blocks
are built from four bricks (the name Tetris is
derived from the ancient greek word for four:
"tetra"), there are seven combinations of the four
bricks as seen here to the left. This version is
using my PIC Game System as platform,
generating a video signal in software. The video Tetris in action

generating hardware is a 5-bit DA converter built

with a few resistors. Usually the video signal is generated in video games is
created with a dedicated video chips, reading the image data from a graphics
memory. In this project the video signal is calculated in real-time by the
microprocessor as the electron beam sweeps over the screen.
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5.1 How to play the game.

When the power is turned on the game starts! (was no memory left for a fancy
intro screen or similar). The score is shown left of the gamefield, and the next
block to come is shown in the upper left corner of the screen. As the blocks fall
down, they can be moved sideways by using the joystick (left gameport on
hardware), the fall speed can temporary be increased by moving joystick down.
The fire-button is used to rotate the blocks.
When one horizontal line is full, then it is
removed. You get points for full lines and
placed blocks. As you get more points the
difficult level is increased by increased block
falling speed. The musics speed is increased as
the game speed increases. You get game over
when the playfield level has reached to the top
and there is not room for more blocks (See
picture here to the right).
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Game over screen

5.2 The software

One of the problems for Tetris is the memory required. The size of the playfield is
16x8 bricks, to be able to keep track of thee 7 different block kinds (different color
for each kind) and also be able to represent empty area, 3 bits are required for
each brick. As one byte is 8 bits | chose to represent each brick as one nibble (4
bits), making the playfield 64 bytes. | chose to organize the memory making to
the top 4 banks of the memory and letting each memory bank represent two
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columns. The main game variables are placed in the first bank, some less used
data such as score and a buffer of the next block and some other misc. stuff are
placed in the second bank. The two remaining banks (except for the top four
bytes of the fourth bank) are used as graphics buffers when outputting data to
the DA. The sound frequency and sample position are stored in the top four
bytes of the fourth bank.

The tune Karboschka is stored in program memory as 52 notes and 52 note
lengths, where the note refers to a frequency table with frequencies according to
the temperated note scale (half notes differs one twelfth root of two in frequency).
There is a 32-sample 4-bit sinus wave in program memory that is outputted to the
audio DA at the pace of the current note translated through the frequency table.
The code outputting the frequency is performed during the horizontal sync pulse,
and the tune is updated at the bottom of the screen before the vertical sync. As
the number of bits used for music is not very high, it sounds a little bit distorted
and not very good, but better than nothing =)

Most of the game data of the game is stored as one big chunk to be able to use
the program ROM more efficient. This is done by using all the 12 bits and the
iread instruction, which makes it possible to store 50% more data than by using
retlw, but at the cost of speed. It is hard to use 12bit data efficiently, but to make
it easier | chose to separate the gamedata into one fastmem- and one slowmem-
part, where the 8 lower bits of each 12-bit word is the fastmem and the upper 4
bits are the slowmem. Getting one byte from the slowmem requires two iread but
the fastmem only requires one. Graphics objects are stored as 4-bit palette
values, so is the music, but the font and text strings are all 8-bit values, so it is
quite natural to store the 4-bit data in the upper part and the 8-bit data in the
lower part.

The software is written to run for both PAL and NTSC with almost the same
code, done by making all timing with constants. The constant system selects
what TV system to use. In the code | have also prepared timing for PAL-M and
PAL-N but they are not tested. It is not possible to generate SECAM color video
signals in software with this design, so there is nothing in the code to support it.
Note that the frequency which the chip should be clocked depends on your TV-
system.
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6. Pong

After making the tetris game, it was very easy to
make a Pong game. The game Pong was the
world's first video game in the early 70’s; this is a
modern version of it, made with a little bit less
hardware than the original version. In my version,
the video signal is generated in software. The
video generating hardware is a 5-bit DA
converter built with a few resistors. Usually the
video signal is generated in video games is Pong in action

created with a dedicated video chips, reading the

image data from a graphics memory. In this project the video signal is calculated
in real-time by the microprocessor as the electron beam sweeps over the screen.

6.1 How to play the game

The first screen is where you select how you want
to play by moving the joystick: UP and DOWN to
select Human vs. Human, Human vs. Computer
or Computer vs. Computer. Start with FIRE. The
computer vs. computer game to plays forever or
until someone reset the game using the reset
switch. You start serving by pressing fire, it is also
possible to change direction and speed of the ball
using fire. The Game menu

player who has the

serve will get points. If the player with the serve
miss the ball, then the serve goes over to the other
player. The paddles are moved up and down with
the joysticks. It is possible to smash (increase
speed) by pressing FIRE, and when doing so it is
also possible to steer the ball by moving joystick up
or down. When someone wins a game over picture
Game over screen will show and tell who won.

6.2 The software

The game logic is taken care of in the invisible lines at the top of the screen. The
ball and the paddles are first generated with the setgrapics routine that loads the
bitmap data and converts it using a palette and then writes it to the output buffer.
The data in the buffer is outputted to the screen with the memtovideo routine.
there is a delay before and after the ball is shown that varies depending on the
ball position, the variation is divided into 12cycle steps to keep the phase of the
signal correct. The code for the game control is mostly things to keep the ball and
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players within the screen, however it is not as easy as one could think as the
program must always take exactly the same number of clock cycles or the TV
looses its lock to the color carrier. Keeping track of all flow paths and keeping the
timing is the largest problem when generating color signals in software.

The sound generation is very simple; there are two sound channels for outputting
sound. The sound is called at the beginning of each scan line and outputs a
sinus waveform from ROM for each channel to the audio DA, the position is
updated according to the speed variable. The speed is changed according the
speed change variable and thereby can be pitched up or down. A kind of bounce
sound is created by pitching a ton down quickly when the ball bounces. There is
also a timer variable to keep track of how many frames the sound should be
active.

Most of the game data of the game is stored as one big chunk to be able to use
the program ROM more efficient. This is done by using all the 12 bits and the
iread instruction, which makes it possible to store 50% more data than by using
retlw, but at the cost of speed. It is hard to use 12bit data efficiently, but to make
it easier | chose to separate the game data into one fastmem- and one slowmem-
part, where the 8 lower bits of each 12-bit word is the fastmem and the upper 4
bits are the slowmem. Getting one byte from the slowmem requires two iread but
the fastmem only requires one. Graphics objects are stored as 4-bit palette
values, so is the music, but the font and text strings are all 8-bit values, so it is
quite natural to store the 4-bit data in the upper part and the 8-bit data in the
lower part.

The software is written to run for both PAL and NTSC with almost the same
code, done by making all timing with constants. The constant system selects
what TV system to use. In the code | have also prepared timing for PAL-M and
PAL-N but they are not tested. It is not possible to generate SECAM color video
signals in software with this design, so there is nothing in the code to support it.
Note that the frequency which the chip should be clocked depends on your TV-
system.
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7. Conclusions

It is possible to generate composite color video signals in software, but it is a lot
of work and it is only possible in some special cases. NTSC is much more easy
to do than PAL when doing the signal in software as phaseshifting is better done
in hardware. The main reason for doing video in software is doing it for fun and
that it is possible =), this form of video generation has very little commercial value
as it takes huge amount of time to generate something with very poor result.
Doing software based monochrome signal colored with hardware would give
better result, but the best result is of course done with memory mapped graphics
outputted with dedicated hardware.
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Appendix A: Color testl source code

kK k ok kR kK k kK kK ok k kK kK ok k kK k ok k ok k ok k ko k ok k ok k ok k ok kkkk ok kkkkkkkkkkkkkk Kk k Kk k %k

;* SX COLOR TEST1 (C) Rickard Gunée, 2001 *
e
;* This is a test that shows the 12 phases as 12 colored |ines. *
;* The video signal is not 100%correct, it will not work on all TV:s, so if *
* your TV can't lock on the color signal or you get strange colors on the *
* screen then your TV probably can't run this gane. *
* This is an open source project and you nay use this design and software *
* anyway you like as long as it is non conercial and you refer to the *
;* original author with name and link to homepage. *
;* Use this at your own risk, don't blame ne if you blow up your tv or kill *
* yourself or anyone else with it. *
* *
* *
* *

For nore info about project go to: http://ww.rickard. gunee. conl projects
*xk *

Kok ok ok ok okk ok ok ok ok ok kkokkokk ok ok ok ok ok ok ok ok ok kK kk ok kk ok ok ok ok kK

Kok kkkkkkkkkkkkkkkkkkkkkkokkkkkk

DEVI CE SX28, TURBO, STACKX_OPTI ONX
RESET start ;goto 'start' on reset
NOEXPAND

SYSTEM PAL= 1

SYSTEM PAL_N =2
SYSTEM PAL_M =3
SYSTEM_NTSC =4

SYSTEM = SYSTEM PAL ; This |line selects TV-systemtimng to use

| F (SYSTEM = SYSTEM PAL)

FREQ 53156550

TI VE_2Us4 EQU 128
TI ME_4US5 EQU 239
TI ME_27US5EQU 1463

TI ME_29US6EQU 1574

TI ME_64US EQU 3405
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 89
TI ME_SYNC EQU 250
TI ME_PREBURST EQU 48
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 115
TOT_LI NES EQU 304
PRE_LI NES EQU 35
POST_LI NESEQU 13

PHASESHI FT_NMASK EQU 2

ENDI F
I F (SYSTEM = SYSTEM PAL_M

FREQ 42907332

TI VE_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181

TI ME_29US6EQU 1271

TI ME_64US EQU 2749
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 5
TOT_LI NES EQU 254
PRE_LI NES EQU 35
POST_LI NESEQU 13

PHASESHI FT_NMASK EQU 2

ENDI F

I F (SYSTEM = SYSTEM PAL_N)

FREQ 42984672
TI ME_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181

TI ME_29US6EQU 1271

TI ME_64US EQU 2749
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 5
TOT_LI NES EQU 304
PRE_LI NES EQU 35
POST_LI NESEQU 13

PHASESHI FT_NMASK EQU 2



ENDI F

I F (SYSTEM = SYSTEM NTSC)

FREQ 42954540
TI ME_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181
TI ME_29US6EQU 1271
TI ME_64US EQU 2748
TI ME_TOTALEQU TI ME_64US
TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144
TI ME_POSTBURST EQU 5
TOT_LI NES EQU 254
PRE_LI NES EQU 30
POST_LI NESEQU 13
PHASESHI FT_MASK EQU 0

ENDI F

del aytinerl equ 08h

del aytiner2 equ 09h

temp0 equ 08h

tenmpl equ 09h

tenmp2 equ 0Ah

tenmp3 equ 0Bh

t enp4 equ 0Ch

tenp5 equ 0Dh

tenp6 equ OEh

tenmp? equ OFh

stuff equ 10h

bl ack equ 14

neutral equ 14

frame equ 0

phaseshi ftequ 1

vi deo equ RB

audi o equ RC

TI ME_HSYNC= (TI ME_PRESYNC + TI ME_SYNC + TI ME_PREBURST + TI ME_BURST + Tl ME_POSTBURST)

TI ME_I NAGE= (TIME_TOTAL - TI ME_HSYNQ)

VI SI LI NES = (TOT_LINES - PRE_LINES - POST_LI NES)

Ckkkkkkkkkkkkkkkkkkkhkkkk s
N vout nacro

;* This macro outputs a constant to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ko hkkkk ko kkkkkhk ok k ok k&

vout MACRO 1
nov w, #(\ 1)
nov vi deo, w
ENDM

ok kkkkkkkkkkkkkkkk ok ok ok ok ok R
N voutr macro

;* This macro outputs data froma register to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkkkkkkhk ok k ok k%

voutr MACRO 1
nov w,\1
nov vi deo, w
ENDM

Ckkkkkkkkkkkkkkkkkkkhkkkk R T Y
tnop nmacro

5* This macro creates a delay of 3 clock cycles only using *
;* one word of program nenory. *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkhk ok kkk ko kkkkk ko hkkkk ko kkkk ok hk ok k ok k&

tnop MACRO .
) jmp :tnopj
: t nopj
ENDM

JERFHAAKAXKFKKKAXRRKKAAX SOt PRASE ITACT O *** ¥ ¥ ¥ **kkk kA xhxkkkkxhx %

;* This is a macro for creating delay that depends of the

;* contents of w, it adds wto the low part of pc, and adds *

;* nops after the jnp instruction, the nunber of nops is *

;* specified as a paraneter to the function *
*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkhkkkkhkhkk ok k

set phase MACRO 1
] np
REPT
nop

ENDR
ENDM

pc+w
\1

JERFHAEAXR R KRR R R KA A AR (ol QY MACIQ FHFHHEAXE KA KA XK R KA A A

;* This is a macro for creating delays by calling the delay
;* functions, it mininizes the nunber of programwords to nax
;* 4 words. For delaytinmes |ess than 1017 and | onger than 9
;* it uses the short delay functions at the cost of 2-3 words
;* for shorter delays it uses the fixed delays at a cost of 1
;* to 3 words, longer delays are done by a call to the short
;* delay functions followed by a long delay call with a total
;* cost of 4-6 words of program nenory. The macro can handl e

R
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;* delays fromO to 260k cycles

;* all delays as it quite conplex and I'mtoo lazy to test it

Sk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhhhkkhkkhkhk ok ok k

*
! *
;* WARNING, no guarantee that this really works correctly for *

*
! *

del ay MACRO 1

: del base
F (:del base & $E00) = (delay9 & $EO0)
IF ((\1)<6)
IF ((\1)//3)=1
no

ENDI F
IF ((\1)//3)=2
nop
nop
ENDI F
IF ((\1)/3) >0
REPT ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>5) AND ((\1)<10)
call ~delay6 - ((\1)-6)
ENDI F

IF ((\1) >9) AND ((\1)<1027)
mov w, #((\1)-6)>
call delay_: short_O - (((\1)-6)&3)
ENDI F

F (\1) > 1026
IE (((\1)-12)//1017) <10
mov w, #(((((\1)-12)7/1017) +1017) >>2)
cal | delay short 0 - (((((\1) 12)7/1017) +1017) &3)
mov w, #(((V1)-12)/1017)-
ELSE

mov w, #((((\1)-12)//1017)>>2)
call delay short 0 - ((((\1)-12)//1017)&3)
mov w, #(((V1)-12)/1017)

NDI

call delay_l ong

IF ((\1)/3) >0
REPT ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>6) AND ((\1)<11)
page del ay6
call delay6 - ((\1)-7)
NDI F

IF ((\1) > 10) AND ((\1)<1028)

mov w, #((\1)-

page del ay_. short O

cal | delay_short_0 - (((\1)-7)&3)
NDI F

F Q1 >
IF(((\1)-
mov w, #( ((
page del ay_short_0
call delay _short 0 - (((((\1) 14)//1017)+1017) &3)
mov w, #(((\1)-14)/1017) -
ELSE
mov w, #( (((\1)-14)//1017) >>2)
page del ay_short_0O
call delay short_0 - ((((\1)-14)//1017)&3)
mov w, #(((V1)-14)/1017)
ENDI F
page del ay_| ong
call delay_| ong
ENDI F
ENDI F

1027
)-14)//1017) <10

((((\1)-14)7/1017) +1017) >>2)
el a

ENDM

JEEEEEE xR R KRR R R4 % ol @y fUNCE] ONS ***¥****xkkkkahxkkkkxnxk

;* Different delay functions to be able to create |ong delays *

;* using as few bytes of program nenory as possible

;* These functions are required by the delay macro *

;* delays with exact clock count uses no registers *

;* short delays use tenpO *

;* long del ays use tenpO and tenpl *
*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkhkkkkhkh ok kk k

del ay9 nop i1
del ay8 nop 01
del ay7 nop i1
del ay6 retp ;3
del ay_short_3 nop i1
del ay_short _2 nop i1

entrypo
entrypo
entrypo
entrypo

entrypo
entrypo

nt
nt
nt
nt

nt
nt

of
of
of
of

of
of

del ay9 that
del ay8 t hat
del ay7 that
del ay6 that

del ay_short
del ay_short

del ays
del ays
del ays
del ays

3 that

3 that

9 cl ocks
8 cl ocks
7 cl ocks
6 cl ocks

del ays 4*w + 8
del ays 4*w + 7
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del ay_short _1 nop i1 entrypoint of delay_short_3 that delays 4*w + 6

del ay_short _0 nov tenp0, w i1 entrypoint of delay_short_3 that delays 4*w + 5
del ay_short_m decsz t emp0 1 1(2) decrease counter, nminloop of delay short
jnp del ay_short_m ;3 keep | ooping until counnter is zero
retp ;3 return back to caller
del ay_| ongnmov tenpl, w i1 set long time counter fromw
delay_l ong_| nov , #251 i1 set time to delay in short delay
cal l del ay_short_3 ;1012 time to delay is 251*4+8=1012
decsz tenmpl 1 1(2) decrease long time counter
jnp delay_l ong_| ;3 keep | ooping until counnter is zero
retp i1 return back to caller

JERFHAEAXR SR AKX KR RAAAX S]] @CO| OFf @ FFEEEAXFH A KA AR KK KA A A ARk

5* outputs w color cycles at (al nbst) nmaxi num anplitude *
;* Clocks: w12 + 11 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkh ok k ok kkk ko kkkkk ko kkkkk ko kkkk ok hk ok k ok k&

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkhkkkkkk ko kkkkk ko kkkkk hk ok k ok k&

sinpl ecolorfa nov tenmp2, w i1

nov t enp0, #63 12

nov tenpl, #bl ack 12

skip 12
SRR XK XX R XA X A G D] @COI OF FF X R KA KA A KA KK AR Ak
;* outputs w color cycles *
;* Clocks: w12 + 6 *

si npl ecol or nov tenmp2, w i1 set colorcycle counter

si npl ecol or _| vout r t emp0 12 set first level
del ay 4 14 delay to get 12cycle | oop
vout r tenmpl 12 set second | evel
decsz tenmp2 1 1(2) decrease col orcycle counter
jnp si npl ecol or _| ;3 do all cycles
retp ;3 get outa here

SAKKKKAKKAKARKAK KA KKK KAKAA G grp KAAAKRKAFA AR AR KA KR AR AR KA KRR KKK

;* Start sequence, sets up system *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkhkkkkkk ko h ok kkk ko kkkkkhk ok k ok k &

start clr fsr

clr_| seth fsr.4
clr ind
incsz fsr
jnp clr_|
mode $F
nov I RB, #94.1000001
nov I RC, #94.1100000
mode $E
nov I RA, #960000
nmv I RB, #9900111110
nmov I RC, #900011111
jnp nai n

SAKKKKAKKAKAKKAK KK ARKAKAE QU KF AR KA KR KA KR A AR AR A R KA KR H ARk

5* Perfornmas a vertical sync pattern on the video output *
;* Uses tenpO..te *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkkkkkkhkhkkhk ko hkkkk hk ok k ok k &

vsync
IF (TOT_LINES // 2 = 0) H make sure start phase is shifted between franes
nov w, #PHASESHI FT_MASK ;1 get mask that shift phase
xor stuff,w i1 shift phase
ENDI F
nov w, #4 i1 odd, make 5 pul ses instead
cal | short _sync; 5 locks until sync, make those pul ses,
nov tenp2, w i1 count er 0=5
I ong_sync_| clr vi deo i1 set video |level to sync
del ay (TIME_27US5 - 1) H 30uS | ong sync pul se
vout bl ack ;2 set video |evel to black
del ay (TIME_4US5 - 6) H 2us long black pul se
decsz tenmp2 2 1(2)
jnp I ong_sync_| ;3
nov w, #5 i1 odd, make 4 pul ses instead of 5
short _syncnov tenmp2, w i1
short _sync_| clr vi deo i1 set video |level to sync
del ay (TIME_2US4 - 1) ;2us long sync pul se
vout bl ack ;2 set video |evel to black
del ay (TI ME_29US6 - 6) H 30us | ong black pul se
decsz tenmp2 2 1(2)
jnp short _sync_| ;3
retw 5 ;3

R R R L L R
;* performas a horizontal sync pul se and col or burst *
;* uses tenpO *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkh ok kkk ko hkkkkhkh ok k ok khk ok k ok k &

hsync nov w, #PHASESHI FT_MASK ;1 get mask that shift phase
xor stuff,w i1 shift phase
del ay TI ME_PRESYNG- 3- 1- 2
clr vi deo 01
del ay TI ME_SYNC- 2
vout neutral ;2
| F PHASESH FT_MASK = 0
del ay Tl ME_PREBURST- 2 ;44
ELSE
del ay TI NE_PREBURST- 2- 4
snb stuff. phaseshift i1
jnp nophaseshift1l ;3
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del ay
nophaseshift1l

ENDI F

mv

hsyncl vout
del ay
vout
decsz

] np
del ay
vout

| F PHASESHI FT_MASK = 0

del ay
ELSE

sb

] np

del ay
nophaseshift 2

del ay
ENDI F

retp

tenp0, #12
21

4
6
temp0
hsyncl
2

NNWENBRNN
—
N
=

neutra

time_postburst - 2-3;114

stuff. phaseshift ;1
nophaseshift2 ;3
5 ;5

time_postburst - 2-3-7
;3

JERFHAAAXK SRR KK AAAAK QDL Y| [ N@S KEFFHEAAA AR KRR R KA A AR ARk

;* Di splays w enpty lines, 17c
;* and 12 clocks until next hs

I ocks until hsync when cal |l ed

ync when returned

*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ko kkkkk ko hkkkk ko kkkkkhk ok ok ok k&

enptyl i nesmov tenmp3, w
enptylines_| del ay
call
del ay
decsz
] np
ret

13 ;13

hsync

(Ti ME_I MAGE- 4-13)

tenp3 1 1(2)

enptylines_| ;3
;3

JERFHAAARR SRR KKK AAAE R | QO KAXFFHEAAAK KKK AA AR AR KA A AR AR

;* This is the gane main | oop

*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkk ok kkk ko k ok kkk ko kkkk ok hk ok k ok k&

mai n call
del ay
mv
call

del ay
mv
mv
mv

mai nl 0 nov

mai nl 1 call
mv
snb
mv
set phase 1
mv
call
del ay
mv
snb
mv
set phase 1
decsz
] np
inc
dec
call
del ay
decsz
jnp

del ay

call hsync
del ay

mv

call

jnp

vsync H vertical sync, frame starts here

17-1

w, #PRE_LI NES ;1

enptylines; do enpty lines at top outside of screen

12-8

t enp6, #0 12 set phase upwards counter to zero

tenp7, #11 12 set phase downwards counter to 11 (nmaxi num phase)
tenp4, #12 12 set field counter to do 12 fields

tenmp5, #( (VI SI LI NES-12)/12) 12 set linecounter to number of lines in field
hsync H do horizontal sync pul se

w, t enp6 i1 get phase

stuf f. phaseshift 1 1(2) check if phase should be shifted

w, tenp7 i1 if so get inverted phase from downwards counter
1 H set phase fromw

w, #( (TI ME_I MAGE-39) / 12)
sinpl ecolorfa

((TIME_I MAGE-39) // 12)
w, tenp7

stuff. phaseshift

w, t enp6

1

t enp5

mai nl 1

tenp6

tenp7

hsync

TIME_IMAGE - 4 - 2
tenp4d

nmai nl 0

4
TI ME_I MAGE -

;1

17 - 1
w, #POST_LINES - 1 + ((VISILINES-12)//12)

enptylines
mai n
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Appendix B: Color test2 source code

ok kkkkkkkkkkkk ok k ok kkk ko k ok kkk ko k ok kkk ko k ok kkk ko ko k ok khk ko k ok khk ko kkk ko ko kkkhkk ok k ok kk ko

;* SX COLOR TEST2 (C) Rickard Gunée, 2001 *
e
;* This is a test that shows all available colors on ny SX-based ganesystem *
;* The video signal is not 100%correct, it will not work on all TV:s, so if *
* your TV can't lock on the color signal or you get strange colors on the *
* screen then your TV probably can't run this gane. *
* This is an open source project and you may use this design and software *
* anyway you like as long as it is non conercial and you refer to the *
;* original author with nane and |ink to honepage. *
;* Use this at your own risk, don't blame ne if you blow up your tv or kill *
* yoursel f or anyone else with it. *
* *
* *
* *

For nore info about project go to: http://ww.rickard. gunee. coniprojects

Kk kkkkkkkkkkhkkkkhkhkkkkhkhkk ko hkhkkkkhk ko kkk ko ko ko khkhkkkkhkhkkkkhkhk ok k ko k ok ok

DEVI CE SX28, TURBO, STACKX_GPTI ONX
RESET start ;goto ‘start' on reset
NOEXPAND

SYSTEM PAL= 1

SYSTEM PAL_N =2
SYSTEM PAL_M =3
SYSTEM_NTSC =4

SYSTEM = SYSTEM NTSC; This |ine selects TV-systemtinming to use

I F (SYSTEM = SYSTEM PAL)

FREQ 53156550

TI ME_2US4 EQU 128
TI ME_4US5 EQU 239
TI ME_27US5EQU 1463

TI ME_29US6EQU 1574

TI ME_64US EQU 3405
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 89
TI ME_SYNC EQU 250
TI ME_PREBURST EQU 48
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 114
TOT_LI NES EQU 304
PRE_LI NES EQU 35
POST_LI NESEQU 13

ENDI F
I F (SYSTEM = SYSTEM PAL_M

FREQ 42907332

TI ME_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181

TI ME_29US6EQU 1271

TI ME_64US EQU 2749
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 5
TOT_LI NES EQU 254
PRE_LI NES EQU 35
POST_LI NESEQU 13

ENDI F

I F (SYSTEM = SYSTEM PAL_N)

FREQ 42984672

TI ME_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181

TI ME_29US6EQU 1271

TI ME_64US EQU 2749
TI ME_TOTALEQU TI'VE_64US

TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 5
TOT_LI NES EQU 304
PRE_LI NES EQU 35
POST_LI NESEQU 13

ENDI F

I F (SYSTEM = SYSTEM NTSC)
FREQ 42954540

TI ME_2US4 EQU 103
TI ME_4US5 EQU 193



TI ME_27US5EQU 1181

TI ME_29US6EQU 1271
TI ME_64US EQU 2748
TI ME_TOTALEQU TI ME_64US
TI ME_PRESYNC EQU 47
TI ME_SYNC eQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144
TI ME_POSTBURST EQU 5
TOT_LI NES EQU 254
PRE_LI NES EQU 30
POST_LI NESEQU 13

ENDI F

del aytinerl equ 08h

del aytiner2 equ 09h

temp0 equ 08h

tenpl equ 09h

tenmp2 equ 0Ah

tenmp3 equ 0Bh

t emp4 equ 0Ch

tenp5 equ 0bh

tenp6 equ OEh

temp? equ OFh

bl ack equ 14

neutral equ 14

frame equ 0

vi deo equ RB

audi o equ RC

Tl NE_HSYNC= ME_PRESYNC + TI ME_SYNC + TI ME_PREBURST + TI ME_BURST + TI ME_POSTBURST)

(T
TI ME_| MAGE= (TIME_TOTAL - TI ME_HSYNC)
VI SI LI NES = (TOT_LINES - PRE_LINES - PCST_LI NES)

Ckkkkkkkkkkkkkkkkkkkkkkkk R
N vout nacro

;* This macro outputs a constant to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ko kkkkk ko hkkkk hk ok k ok k&

vout MACRO 1
nov w, #(\ 1)
nov vi deo, w
ENDM

ok kkkkkkkkkkkkkkokk ok ok ok ok ok T T Y
N voutr macro

;* This macro outputs data froma register to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkhkkkk hk ok k ok k&

voutr MACRO 1
nov w,\1
nov vi deo, w
ENDM

Ckkkkkkkkkkkkkkkkkkkkkkkk R
tnop nmacro

5* This macro creates a delay of 3 clock cycles only using *
;* one word of program nenory. *

Ckkkkkkkkkkkkkkkkk Rk kkkkkkkkhk ok kkkkkkkkkk ko kkkkk ko kk ok ok k hk ok k ok k&

t nop MACRO )
) jmp :tnopj
: t nopj
ENDM

JERFHAAAXKFKKKAXRRKKAAA SOt DRASE ITACT O ** ¥ ¥ ¥ ¥ **kkkkkxkxkkkkxhx %

;* This is a macro for creating delay that depends of the

;* contents of w, it adds wto the low part of pc, and adds *

;* nops after the jnp instruction, the nunber of nops is *

;* specified as a paraneter to the function *
*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkhkhkkkkhkh ok kk k

set phase MACRO 1
jnp pc+w
REPT \1

nop

ENDR

ENDM

JERFHAEAXR R KRR R R KA A A XN (ol QY MACIQ FHFHEAAXX KK KA XK R KA A A

;* This is a macro for creating delays by calling the delay
;* functions, it mininmizes the nunber of programwords to nax
;* 4 words. For delaytinmes |less than 1017 and | onger than 9
;* it uses the short delay functions at the cost of 2-3 words
;* for shorter delays it uses the fixed delays at a cost of 1
;* to 3 words, longer delays are done by a call to the short
;* delay functions followed by a long delay call with a total
;* cost of 4-6 words of program nenory. The macro can handl e
;* delays fromO0 to 260k cycles.

*

'*
'*
Lk

WARNI NG no guarantee that this really works correctly for
all delays as it quite conplex and I'mtoo lazy to test it

Kkkkkkkhk kkkhkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkkhk hkkkkhk ok k ok ok k %

ok kR kK R ok K K ok F X ok

del ay MACRO 1
: del base
I F (:del base & $E00) = (del ay9 & $E00)
IF ((\1)<6)
IF ((\1)//3)=1
no

ENDI F
IF ((\1)//3)=2
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ENDM

nop
nop
ENDI F
IF ((\1)/3) >0
REPT ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>5) AND ((\1)<10)
call delay6 - ((\1)-6)
ENDI F

IF ((\1) >9) AND ((\1)<1027)
mov w, #((\1)-6)>
call delay_: short_O - (((\1)-6)&3)
NDI F

IF (\1) > 1026
IE (((\1)-12)//1017) <10
mov w, #(((((\1)-12)7/1017) +1017) >>2)
cal | delay short 0 - (((((\1) 12)7/1017) +1017) &3)
mov w, #(((V1)-12)/1017)-
ELSE
mov w, #((((\1)-12)//1017)>>2)
call delay short 0 - ((((\1)-12)//1017)&3)
mov w, #(((V1)-12)/1017)
NDI

call delay_| ong

DI F
IF ((\1)//3)=2
nop
nop
ENDI F
I'F ((\1)/3) >0
T ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>6) AND ((\1)<11)
page del ay6
call delay6 - ((\1)-7)
NDI F

IF ((\1) > 10) AND ((\1)<1028)
mov w, #((\1)-7)>
page del ay_short O
cal | delay_short_0 - (((\1)-7)&3)
NDI F

1) > 1027
(((\1)-14)//1017) <10
,#(((((\1) 14)//1017) +1017) >>2)
page del ay_short_0
call delay _short 0 - (((((\1) 14)//1017)+1017) &3)
mov w, #(((\1)-14)/1017) -
ELSE
mov w, #( (((\1)-14)//1017) >>2)
page del ay_short_0
call delay short_0 - ((((\1)-14)//1017)&3)
mov w, #(((V1)-14)/1017)
ENDI F
page del ay_| ong
call delay_|l ong
ENDI F
ENDI F

FQ
I|F
nmv

SRR AR R AKX AR AR RE o @y fUNCET ONS ¥ % %K% % 4Kk XAk % %k XAk %k
;* Different delay functions to be able to create |ong del ays
;* using as few bytes of program nenory as possible

;* These functions are required by the delay macro

;* short delays use tenpO
;* long del ays use tenp0O and tenpl

! *
! *
! *
;* delays with exact clock count uses no registers *

*
! *
! *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkhkhkkkkhkhkkkkhkh ok kk k

del ay9 nop i1 entrypoi nt of delay9 that delays 9 clocks
del ay8 nop i1 entrypoi nt of delay8 that delays 8 cl ocks
del ay7 nop i1 entrypoint of delay7 that delays 7 clocks
del ay6 retp ;3 entrypoint of delay6 that delays 6 clocks
del ay_short_3 nop i1 entrypoi nt of delay_short_3 that delays 4*w
del ay_short_2 nop i1 entrypoint of delay_short_3 that delays 4*w
del ay_short _1 nop i1 entrypoint of delay_short_3 that delays 4*w
del ay_short _0 nov tenp0, w i1 entrypoint of delay_short_3 that delays 4*w
del ay_short_m decsz t emp0 1 1(2) decrease counter, nminloop of delay short

jnp del ay_short_m ;3 keep | ooping until counnter is zero

retp ;3 return back to caller
del ay_| ongnov tenpl, w i1 set long tine counter fromw
del ay_l ong_| nov w, #251 set time to delay in short delay

cal | del ay_short_3 1012 time to delay is 251*4+8=1012

decsz tenmpl 2 1(2) decrease long tinme counter

jnp del ay_l ong_| ;3 keep | ooping until counnter is zero

retp i1 return back to caller

SAKKKKAKKAKKRKAK KK KRKARAA G grp AFAKKAK KA KKK KRR AR AR KA IR R Rk
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;* Start sequence,

sets up system

*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkhhk ok kkkhkkkkkk ko hkkkk ko k ok ok k ok hk ok k ok k&

start
clr_

clr
seth
clr
incsz
jnp
node
mv
mv
node
mv
mv
mv

jmp

fsr
fsr.4
ind
fsr
clr_|

$F

' RB, #94.1000001
I'RC, #94.1100000
$E

I RA, #%0©000
I'RB, #%00111110
I'RC, #%00011111

mai n

SAKEKKAK KKK KKK KKK ARKAKAE QU FF AR KA KA KA KR A KRR A R KA KA H A KKk

;* Performas a vertical

sync pattern on the video output *
*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkhkk ok kkk ko k ok kkk ko hkkkkhk ok k ok k&

;* Uses tenpO..tenmp2

mov
call
mv
clr
del ay
vout
del ay
decsz

I ong_sync_|

short _syncnov
short _sync_|

w, #4
short _sync; 5
tenp2, w
vi deo
(TIME_27US5 - 1)
bl ack
(TIME_4US5 - 6)
tenmp2
I ong_sync_|
w, #5

;1
vi deo
(TIME_2US4 - 1)
bl ack
(TIME_29US6 - 6)
tenmp2
short _sync_|
5

ses instead

nake those pul ses,

to sync

pul se

to bl ack

pul se

ses instead of 5
to sync

to bl ack

1 odd, make 5 pu

I ocks until sync,

1 count er 0=5

1 set video |eve
30uS | ong sync

2 set video |eve
2us long bl ack

1(2)

3

1 odd, make 4 pu

1 set video |eve

2us long sync pul se

2 set video |eve
30us | ong black pul se

1(2)

3

3

Ckkkkkkkkkkkkkkkkkkok ok ok ok ok kK

perfornas a horizontal

RISV NG %% % % % % ko ok ok ok ok ko ko ok ko X kK Kk K kK

sync pul se and col or burst *
uses tenp0 *

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkh ok k ok kkkkkkkkkkhkh ok kkk ko kkkkk hk ok ok kK k &

hsync del ay TI ME_PRESYNC- 3- 1 ;85
clr vi deo 01
del ay TI ME_SYNC- 2 ;248
vout neutral 02
del ay Tl ME_PREBURST- 2 ;44
nov t enp0, #12 12

hsyncl vout 5 H
del ay 4 14
vout 24 12
decsz temp0 1 1(2)
jnp hsyncl ;3
del ay 2 12
vout neutral ;2
del ay time_postburst - 2-3 ;114
retp ;3

JERFHAAAXK SR AAAX KRR AAAAE QDL Y| [ NES KHHFHAAAA AR AR A AR R KRR ARk

5* Di spl ays w enpty lines, 17clocks until hsync when called *
;* and 12 clocks until next hsync when returned *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkk ko kkkkkhk ok k ok k&

enptyl i nesmov tenp3, w

enptylines_| del ay 13 ;13
cal l hsync H
del ay (TI ME_I MAGE- 4- 13) ;
decsz tenp3 1 1(2)
jnp enptylines_| ;3
ret ;3

This is the main | oop

JERFHAAAXKSKKAAXRRKKAAAE R | QO KAXHHHHAAAK KKK A AR KR KA A AR AR

*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkhkhkkkkhkhkkkk ko k ok ok ok k kk ok k ok k &

mai n call
del ay
mv
call

del ay
mv
mv
mv
call
mov
del ay

nmai nl p

mai nl 0 call
del ay
mov
add
add
mov
mv
mov

38

vsync

17-1
w, #PRE_LI NES + 10
enptylines;

12-6

tenp3, #0
tenp4, #11

t enp5, #6

hsync

tenp2, #28
TIME_| MAGE - 2

hsync

120

w, #7

w, t enp2
w, t enp2
tenpl, w

t enpO0, #56
w, t enp3

vertical sync,

01

frame starts here

do enpty lines at top outside of screen

N NN

set field count

PNRRRRE

set phase upwards counter to zero
set phase downwards counter to 11 (maxi num phase)

er to do 6 fields



mai nl 11

mai nl 12

set phase 11

nmov w, tenpl ;1
nov vi deo, w 01
del ay 3 ;3
nmov w, #7 ;1
add w, t enp0 i1
nov vi deo, w 01
decsz temp0 1 1(2)
jnp mai nl 11 ;3
vout bl ack

nov w, t enp4 ;1
set phase 11

del ay

nov t enpO0, #56 12
nmov w, t enp4 ;1
set phase 11

nmov w, tenpl ;1
nov vi deo, w 01
del ay 3 ;3
nmov w, #7 ;1
add w, t enp0 i1
nov vi deo, w 01
decsz temp0 1 1(2)
jnp mai nl 12 ;3
vout bl ack

nov w, t enp3

set phase 11

del ay TIME_I MAGE - (((12*56)-2+8+11+2+2)*2) - (3+120+4+4)
decsz tenmp2

jnp nmai nl 0

inc tenmp3

dec t enp4

cal l hsync

delay TIME_I MAGE - 4

decsz tenmp5

jnp nai nl p

delay 2

cal l hsync

del ay TIME_INMAGE - 17 - 1
mov w, #POST_LINES - 1 + (VISILINES - 10 - (30*6))
cal l enptylines

jnp nai n
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Appendix C: Tetris source code

Ckkkkkkkkkkkkk ok k ok kkk ko k ok kkk ko k ok k ok k ko k ok k ok k ko ko k ok khk ko k ok khk ko k ok k ko k ok kkkhkk ok k ko k ko

;* SX-TETRIS (C) Rickard Gunée, 2001 *
e
;* This is the classical conputer gane tetris, outputing a color video signal *
;* in software using a couple of resistors. *
* The video signal is not 100% correct, it will not work on all TV:s, so if *
* your TV can't lock on the color signal or you get strange colors on the *
* screen then your TV probably can't run this gane. *
* This is an open source project and you may use this design and software *
* anyway you like as long as it is non conercial and you refer to the *
;* original author with nane and |ink to honepage. *
;* Use this at your own risk, don't blame ne if you blow up your tv or kill *
* yoursel f or anyone else with it. *
* *
* *
* *

For nore info about project go to: http://ww.rickard. gunee. coniprojects

Kk kkkkkkkkkkhkkkkhkhkkkkhkhkkkkhkhkkkkhk ko kkkkkhkkkkhkhkkkkhkhkkkkhkhk ok k ko k ok k

DEVI CE SX28, TURBO, STACKX_OPTI ONX

RESET junpstart ;goto 'start' on reset
NOEXPAND

SYSTEM PAL= 1

SYSTEM PAL_N =2

SYSTEM PAL_M =3

SYSTEM_NTSC =4

SYSTEM = SYSTEM PAL ; This line selects TV-systemtinming to use

I F (SYSTEM = SYSTEM PAL)

FREQ 53156550
TI ME_2US4 EQU 128
TI ME_4US5 EQU 239
TI ME_27US5EQU 1463
TI ME_29US6EQU 1574
TI ME_64US EQU 3405
TI ME_TOTALEQU TI'VE_64US
TI ME_PRESYNC EQU 89
TI ME_SYNC EQU 250
TI ME_PREBURST EQU 48
TI ME_BURSTEQU 144
TI ME_POSTBURST EQU 114
TI ME_LEFTGFX EQU 80%12
TI ME_RI GHTGFX EQU 40%12
LEFTGFX_BASE EQU 12*10
TOT_LI NES EQU 304
PRE_LI NES EQU 35
POST_LI NESEQU 13
BRI CK_W DTH EQU 7
BLI NE_PHASE EQU 5
CAP_BASE EQU 70%12
CAP_PHASE EQU 6
CAP_PHASEDI FF EQU -1
LEFTSCREW PHASE EQU 7
RI GHTSCREW PHASE ~ EQU 0
GAVEFI ELD_PHASE EQU 6
SCORE_BASEEQU 12*6
SCORE_PHASE EQU 9
TEXTNEXT_BASE EQU 12*6
TEXTNEXT_PHASE EQU 7
TEXTSCORE_BASE EQU 12*2
TEXTSCORE_PHASE EQU 1
NBLOCK_BASE EQU 12*6
NBLOCK_PHASE EQU 6
GAMEOVER_PHASE EQU 6
GAMEOVER_BASE EQU 17+12
STRO_BASE EQU 38%12
STRO_PHASEEQU 11
STRI_BASE EQU 30%12
STR1_PHASEEQU 7

ENDI F

I F (SYSTEM = SYSTEM PAL_M
FREQ 42907332
TI ME_2US4 EQU 103
TI ME_4US5 EQU 193
TI ME_27US5EQU 1181
TI ME_29US6EQU 1271
TI ME_64US EQU 2749
TI ME_TOTALEQU TI'VE_64US
TI ME_PRESYNC EQU 47
TI ME_SYNC EQU 202
TI ME_PREBURST EQU 39
TI ME_BURSTEQU 144

TI ME_POSTBURST EQU 5
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ENDI F

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

TI ME_LEFTGFX
TI ME_RI GHTGFX
LEFTGFX_BASE

BRI CK_W DTH

BLI NE_PHASE
CAP_BASE
CAP_PHASE
CAP_PHASEDI FF
LEFTSCREW PHASE
Rl GHTSCREW PHASE
GAVEFI ELD_PHASE

SCORE_BASEEQU
SCORE_PHASE
TEXTNEXT_BASE

NBLOCK_PHASE

GAMEOVER_PHASE
GAMEOVER_BASE

STRO_BASE
STRO_PHASEEQU
STR1_BASE
STR1_PHASEEQU

I F (SYSTEM = SYSTEM PAL_N)

ENDI F

FREQ 42984672

TI ME_2US4
TI ME_4US5

TI ME_27US5EQU
TI ME_29US6EQU
TI ME_64US

TI ME_TOTALEQU
TI ME_PRESYNC
TI ME_SYNC

TI ME_PREBURST
TI ME_BURSTEQU
TI ME_POSTBURST

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

TI ME_LEFTGFX
TI ME_RI GHTGFX
LEFTGFX_BASE

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

TI ME_LEFTGFX
TI ME_RI GHTGFX
LEFTGFX_BASE

BRI CK_W DTH

BLI NE_PHASE
CAP_BASE
CAP_PHASE
CAP_PHASEDI FF
LEFTSCREW PHASE
Rl GHTSCREW PHASE
GAVEFI ELD_PHASE

TEXTSCORE_BASE
TEXTSCORE_PHASE
NBLOCK_BASE
NBLOCK_PHASE

GAMEOVER_PHASE
GAMEOVER_BASE

STRO_BASE
STRO_PHASEEQU
STR1_BASE
STR1_PHASEEQU

I F (SYSTEM = SYSTEM NTSC)

FREQ 42954545

TI ME_2US4
TI ME_4US5

TI ME_27US5EQU
TI ME_29US6EQU

EQU

1181
1271

254
35

80*12
40*12
12*10

3
70*12

wWwouo ks

12*6
6
12*2
0
12*6
4

7

10*12
20*12
13*12

103
193

2749

8
12*6
6
12*2
0
12*6

7

10*12
20*12
13*12

103
193



TI NE_64US

TI NE_TOTALEQU
TI ME_PRESYNC
TI NE_SYNC

TI ME_PREBURST
TI ME_BURSTEQU
TI ME_POSTBURST

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

TI ME_LEFTGFX
TI ME_RI GHTGFX
LEFTGFX_BASE

BRI CK_W DTH

BLI NE_PHASE
CAP_BASE
CAP_PHASE
CAP_PHASEDI FF
LEFTSCREW PHASE

RI GHTSCREW PHASE

GAMEFI ELD_PHASE

TEXTSCORE_BASE
TEXTSCORE_PHASE
NBLOCK_BASE
NBLOCK_PHASE

GAMEOVER_PHASE
GAMEOVER_BASE

STRO_BASE
STRO_PHASEEQU
STR1_BASE
STR1_PHASEEQU
ENDI F
del aytinerl equ
del aytiner2 equ
temp0 equ
tenpl equ
tenmp2 equ
tenmp3 equ
tenp4 equ
tenp5 equ
tenp6 equ
tenp7 equ
joylup equ
] oyldown equ
joylleft equ
joylright equ
joylbuttonequ RB. 6
X equ
y equ
ki nd equ
angl e equ
next ki nd equ
falltiner equ
ol dj oy equ
joytimer equ
bl ockbuf f equ
m xedbits equ
rnd equ
gf xent equ
I'i necnt equ
nusi cti merequ $14
songpos equ
st enp0 equ
pos equ
pos_| equ
pos_h equ
sfreq equ
sfreq_l equ
sfreq_h equ
joylbutton_old equ
bl ack equ
neutral equ
JTI ME equ
frame equ
ganeover bi t equ
vi deo equ
audi o equ
CAP_SEP EQU

EQU 2748
EQU

EQU 202
EQU 39

EQU 254
EQU 25

EQU 80*12
EQU 40*12
EQU 12*10

3
EQU 70%12
4

m
2
wouo

EQU 12*6
6

EQU 122
0

EQU 12*6

7
EQU 10%12

EQU 20%12
EQU 13*12

(((BRICK_WDTH + 2)*8*12) + (13*12))
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TI ME_HSYNCEQU
TI ME_| MAGEEQU
VI SI'TI NES

TOP_LI NES
STRTOCAP_LI NES
BRI CK_LI NES
PLAYFTELD_LI NES

VI DEO_BUFFER

SCORE
NEXTGFX

SI NTABLE
FREQTBL
MJSI'C

org 2

(TI ME_PRESYNC + TI ME_SYNC + TI ME_PREBURST + TI ME_BURST + TI NE_PCSTBURST)

(TIME_TOTAL - TI ME_HSYNC)
EQU (TOT_LINES - PRE_LINES - POST_LI NES)

EQU (VI SI LI NES/ 30)

EQU (VI SI LI NES/ 20)

EQU (VI SI LI NES/ 25)

EQU ( (BRI CK_LI NES+2) * 16)
EQU $50

EQU $3C

EQU $39

EQU $0 ;fastmem
EQU $100 ;fastmem
EQU 20 ;fastmem
EQU $115 ;fastmem
EQU 22 ;fastmem
EQU $12¢ ;fastmem
EQU 6 ;fastmem
EQU $133 ;fastmem
EQU 6 ;fastmem
EQU $13a ;fastmem
EQU 5 ;fastmem
EQU $140 ;fastmem
EQU 5 ;fastmem
EQU $146 ;fast nem
EQU $0 ; sl ownem
EQU $40 ; sl ownem
EQU $b9 ; sl ownem
EQU $d9 ; sl ownem
EQU $169 ; sl ownem

SAEEKKAKKAKARKA KRR ARKAF 16 MACIO *XFHXFAK KA XA XK KKK XK KX KA KKk

* This is a macro to add two 16bit nunbers, inputs two

;* argunents, each pointing at the |Isb register followed by *
;* the nsb register at poistion arg+1. *
;* Reults is stored in registers referred to by first arg *
;* argl = argl + arg2 *
;* clocks: *
R L E L RSy
add16 MACRO 2

add (\1),(\2) ;2

snc 1 1(2)

inc (\1) +1 01

add (\1) +1, (\2) +1 ;2

ENDM
SRR AR XA R AR XA KRR XA o] | TROE O R R R KA KA K A KKK KAk
;* This macro does the same as lcall but in 2 words *

Sk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ko kkkkkkkhkkkk ko k ok ok ok ok hk ok ok ok k&

pj mp CRO

page (\1)

1 mp (\1

ENDM
SRR AR AKX KRR XA o] | TROE O R R R KA KA XA KKK KAk
;* This macro does the same as lcall but in 2 words *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkhkkkkk ok hk ok ok ok k &

pcal | MACRO 1
page (\1)
call (\1)
ENDM

Ckkkkkkkkkkkkkkkkkkkhkkkk S
N vout nacro

;* This macro outputs a constant to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkk ko hkkkk ko hkkkk hk ok ok ok k&

vout MACRO 1
nov w, #(\ 1)
nov vi deo, w
ENDM

Ckkkkkkkkkkkkkkkkkkk ok ok ok ok s
N voutr macro

;* This macro outputs data froma register to the video DA *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkkkkkk ok ok k ok k&

voutr MACRO 1
nov w,\1
nov vi deo, w
ENDM

Ckkkkkkkkkkkkkkkkkkkkkkk s
itext nmacro

;* macro for showing a line of chars fromrom *
;* paraneters: strpointer,|ength, base, phase *
B e

| TEXT MACRO 4
nov tenp7, #8 12
mov tenp4, #((gamedata + FONT) & $ff) ;2

:bots_| pcal | hsync ; 1+TI ME_HSYNC
del ay (\3) - (\4)
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nov tenpl, #(((\1) + ganedata) >> 8) ;2

nov tenp3, #(((\1) + ganedata) & $FF) ,2

nov tenp5, #(\ 2) 12

pcal | strout ,STR LEN*8 * 12 * (w1) + 42 + 1
inc enp4 i1

del ay TII\/E I MAGE- ((((\2)-1)*8*12) + 44 + 1) - (\3) + (\4) - (2+2+2+1+4+1)
decsz tenp 1 1(2)

jnp :bots_| H

del ay 2

pcal | hsync

ENDM

ek kkkkkkkkkkkkkkkkkhk ok kk R
tnop nmacro

5* This macro creates a delay of 3 clock cycles only using *
;* one word of program nenory *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkhk ok kkk ko kkkkk ko hkkkk ko k ok kk ok hk ok k ok k&

tnop MACRO
:tnopf
I'F (:tnopf & %411000000000) = ((:tnopf+1l) & %411000000000)
jnp :tnopf + 1
ELSE
nop
nop
nop
ENDI F
ENDM

JERFHAAKAXKF KKK KR KKAAX SOt PRASE ITACK O ** ¥ ¥ ¥ ¥ **kkkkkxh Xk k kA xhx %

;* This is a macro for creating delay that depends of the

;* contents of w, it adds wto the low part of pc, and adds *

;* nops after the jnp instruction, the nunber of nops is *

;* specified as a paraneter to the function *
*

Sk kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhkhkkkkhkhkk ok k

set phase MACRO 1
jnp pc+w
REPT 1

nop

ENDR

ENDM

JEEFHAAAXR KKK AA RN R KA A AR (ol QY MACIQ FHFHEEAXE KK KA AR KR KA A A

;* This is a macro for creating delays by calling the delay

;* functions, it mininizes the nunber of programwords to nax
* 4 words. For delaytinmes |ess than 1017 and | onger than 9

* it uses the short delay functions at the cost of 2-3 words
* for shorter delays it uses the fixed delays at a cost of 1
* to 3 words, |longer delays are done by a call to the short

* delay functions followed by a long delay call with a total
;* cost of 4-6 words of program nenory. The macro can handl e
;* delays fromO0 to 260k cycles.

*

*

*

*

WARNI NG no guarantee that this really works correctly for
all delays as it quite conplex and I'mtoo lazy to test it

Hkkkkkkkk kkkhkkkkhkhkkkkkkhkkkkkkhkkkkhk ko kkkhk hkkkkhk ok k ok ok k&

ok ok ok kK R ok kK ok F K ok

del ay MACRO 1

: del base
F (:del base & $E00) = (del ay9 & $EO0)
IF ((\1)<6)
IF ((\1)//3)=1
no

ENDI F
IF ((\1)//3)=2
nop
nop
ENDI F
IF ((\1)/

REPT ((

3) >0
1)/ 3)

ENDR
ENDI F
ENDI F

IF ((\1)>5) AND ((\1)<10)
call delay6 - ((\1)-6)
ENDI F

IF ((\1) >9) AND ((\1)<1027)
mov w, #((\1)-6)>
cal | del ay_short_O - (((\1)-6)&3)
ENDI F

F (\1) > 1026
IE (((\1)-12)//1017) <10
mov w, #(((((\1)-12)7/1017) +1017) >>2)
cal | delay short 0 - (((((\1) 12)1/1017) +1017) &3)
mov w, #(((V1)-12)/1017)-
ELSE

mov w, #( (((\1)-12)//1017) >>2)
call delay_short_0 - ({(((\1)-12)//1017)&3)
mov w, #( ((V1)-12)/1017)

NDI

call delay_| ong



TNOP
ENDR
ENDI F
ENDI F

IF ((\1)>6) AND ((\1)<11)

page del ay6
call delay6 - ((\1)-7)
DI F

IF ((\1) > 10) AND ((\1)<1028)
mov w, #((\1)-7)>
page del ay_short O

cal | delay_short_0 - (((\1)-7)&3)
DI F

IF (\1) > 1027

IF (((\1)-14)//1017) <10

mov w, #(((((\1)-14)//1017)+1017) >>2)
page del ay_short_0
call delay _short 0 - (((((\1) 14)//1017) +1017) &3)
mov w, #(((\1)-14)/1017) -

ELSE

mov w, #( (((\1)-14)//1017) >>2)
page del ay_short_0O
call delay short_0 - ((((\1)-14)//1017)&3)
mov w, #(((V1)-14)/1017)

ENDI F
page del ay_| ong
call delay_long
ENDI F
ENDI F

ENDM

JEEEEEE xR R Rk AR R R4 % ol @y fUNCE]I ONS ***¥****kkkkkxhxkkkknnxk

;* Different delay functions to be able to create |ong delays *
;* using as few bytes of program nenory as possible

;* These functions are required by the delay macro *
;* delays with exact clock count uses no registers *
;* short delays use tenpO *
;* long delays use tenpO and tenpl *
* *

Kkkkkkkkkkkkhkkkkkkhkkkkkkhkkkkhkhkkkk ko ko kkk ko k ok k ok khk ok k ok k %

del ay9 nop i1 entrypoint of delay9 that delays 9 clocks
del ay8 nop i1 entrypoint of delay8 that delays 8 cl ocks
del ay7 nop i1 entrypoint of delay7 that delays 7 clocks
del ay6 retp ;3 entrypoint of delay6 that delays 6 clocks
del ay_short_3 nop ;1 entrypoint of delay_short_3 that delays 4*w
del ay_short_2 nop ;1 entrypoint of delay_short_3 that delays 4*w
del ay_short _1 nop i1 entrypoint of delay_short_3 that delays 4*w
del ay_short _0 nov tenp0, w i1 entrypoint of delay_short_3 that delays 4*w
del ay_short_m decsz temp0 1 1(2) decrease counter, nminloop of delay short

jnp del ay_short_m ;3 keep | ooping until counnter is zero

retp ;3 return back to caller
del ay_| ongnmov tenpl, w i1 set long time counter fromw
del ay_l ong_| nov , #251 i1 set time to delay in short delay

cal l del ay_short_3 ;1012 time to delay is 251*4+8=1012

decsz tenpl 2 1(2) decrease long time counter

jnp del ay_l ong_I ;3 keep | ooping until counnter is zero

retp H return back to caller
;17

readsong nov

n\#((NUSIC + ganedata) >> 8)

w, #(MUSI C + ganedata) & $FF 01

add W, songpos i1
snc 2 1(2)
nov m #((MJSI C + ganedata) >> 8) + 1 01
iread V4
nov w, m ;1
inc songpos i1
ret ;3

;16

readf reqt bl nov m #( (FREQTBL + ganedata) >> 8);1
mov w, #( FREQTBL + ganedata) & $FF i1
add w, t enp0 i1
snc 1 1(2)
nov m #( (FREQTBL + ganedata) >> 8)+1 i1
iread 14
nov w, m 1
ret ;3

JERFHAAAXR SR KA KRR AAA RN [ @] QYL KAEHFEEAAAE R AR AAR AR R A AR AR

;* Reads joyl bits from RC and RB and conbining themto w *

;* clocks: 12

+ 1

0 used

*

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkkkkkkkkkkhkkkkhkhkkhk ko h ok k ok khk ok ok ok k &

5* tenp register

readj oyl nov w, RC i1

and w, #%4.1100000 i1

nov tenp0, w ;1

nmov w, <>RB ;1

and w, #990001100 i1

or w, t enp0 i1

retp ;3
SRR AR AR AR XK AR AR AR KA [TRITE OV (@O KRR KA KA KA KA KA KA KX KAk
;* outputs data fromnenory to video output *
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;¥ nunber
;% tenp reg

of cl ocks:

w12 + 7
ister 0 used

+ 1

*

*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkk ko kkkkk ko h ok kkk ko k ok ok ok ok hk ok k ok k&

nent ovi deonov tenp0, w 01 set pixel counter
ntvl0 nov w, i nd i1 get lower |evel byte frommem
nov vi deo, w i1 send to video output
setb fsr.5 i1 sel ect upper bank
nov w, i nd i1 get upper level byte frommem
inc fsr i1 point at next pixel
clrb fsr.5 01 sel ect | ower bank
nop i1
nov vi deo, w i1 send to video output
decsz temp0 2 1(2) decrease pixel counter
jnp ntvl 0 ;3 keep looping until all pixels are done
vout BLACK 02 set bl ack col or
retp ;3 get outa here

JERFHAEKAXRF KRR R KRAAX GOt gr ARl CF KAFFHEAAXE R KKK XX KX KA A XN AR

;* outputs data fromnenory to video output
;* nunber of clocks: w31 + 5 +1 *
;* tenpO = bitmap rompointer bit 0..7 *
;* tenpl = bitmap rompointer bit 8..11 *
;* tenp2 = palette rompointer bit 0..7 *
;* fsr = pointr to menory where to store graphics *
;* Note: bits 8..11 of palette pointer is in the constant *
;* called PALETTE_PAGE, all palettes should be placed within *
;* this page. fsr,tenp0 and tenpl are nodyfied *
R R 2 L e
set graphi cs nov tenp3,w i1 set pixel counter
sgl 0 nmov mtenpl 12 set page
nov w, t enp0 i1 get I mage pointer
iread 14 read pixeldata fromrom
nmv w, m i1 get sl ownem ni bbl e
add w, tenp2 01 select palettte, assuming all palettes within the same page
nov m #PALETTE_PACGE i1 sel ect page
iread 14 read palette
nov ind, w 01 remenmber first |evel
setb fsr.5 01 sel ect second | evel bank
and w, #$C0 01 mask out two upper bits
nov ind,w i1 store second | evel two upper bits
rrind i1 nove upper bits into correct position (1/2)
rrind i1 nove upper bits into correct position (2/2)
nmv w, m i1 get second | evel |ower nibble
or ind,w 01 stor second |evel |ower nibble
clrb fsr.5 i1 get back to first |evel bank
inc fsr i1 point at next pixel menory position
inc tenpO i1 point at next nibble
snz 1 1(2)
inc tenpl H if page overflow, go to next page
decsz tenp3 1 1(2) decrease pixel counter
jnp sglo ;3 keep looping until all pixels are done
retp ;3 get outa here
SRR AR AR AR AR AR AR AR A ] OCKS KR AR AR A KA KA KA KA KA KA KA KA A
;* get conpressed brick data *
;* clock cycles: 20 *
AR AR R KRR AR AR AR AR AR AR AR AR AR KA KA KA KA KA KA
bl ocks and w, #94111
add pc, w ;3
retw 50 ;3
retw 44 ;3
retw DO ;3
retw 0C ;3
retw DO ;3
retw 0C ;3
retw DO ;3
retw 3C ;3
retw DO ;3
retw CC ;3
retw F4 ;3
retw Q0 ;3
retw 5C ;3
retw Q0 ;3
retw 00 ;3
retw 6C ;3
R AR AKX R AR X A | CKPOSCRECK % %% %K% XA XA KAk X AR Ak
Check if out of bounds, calculate address to brick and
mask to unwanted ni bbl e *
;* clock cycles: 20 *
;* uses tenpO..tenp3 *
tenmp0 = x-position *
tenmpl = y-position *
returns out of bounds as a nonzero value in tenp3 *
;* returns bitmask in w *
R E T R TR
;20 cl ocks
bri ckposcheck nov w, #$F8 01 get illegal x-positions
and w, t enp0 i1 mask out illegal x-bits for x-position
nov tenp3, w i1 store illegal bits for later
nov w, #$F0 01 get illegal y-positions
and w, tenpl i1 mask out illegal y-bits for y-position
or tenp3, w i1 conbine iillegal x- and y- bits and store in tenp3
nov w, <>t enp0 i1 get Xx-position and swap nibbles
and w, #$60 i1 only keep forner bit 1 and 2
add w, tenpl i1 add y-position
or w, #$90 01 set bit 4 and 7 to get correct address
nov fsr,w i1 set file select register to cal culated pointer
mov w, #$F0 i1 get bitmask for left brick
snb tenp0. 0 1 1(2) check if x-pos is odd
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nov w, #$0F i1 yes, get bitmask for right brick instead
ret ;3 get outa here

SAKEKKAKKAKARKA KKK ARKAKAY GOt ] CK FHAFHXF AR KA KA XK AR KA KA KA KKK

Sets a brick on the position tenp0O, tenpl with color tenp3 *
;* clock cycles: 34 *
;* uses tenpO..tenp3

tenp2 = color

Kkkkkhkkkkkkhkkkkhkhkkkkkkhkkkk ko ko kkk ko ko kkk ko hkkkkhk ok k k&

*
* *
* tenpO = x-position *

;* tenpl = y-position *
* *
* *

setbrick call bri ckposcheck ;20 cal c address, check out of bounds and get bitnmask
test tenmp3 01 out of bounds ? (1/2)
sz 2 1(2) out of bounds ? (2/2)
jnp del ay9 ;3 yes, out of bounds, do delayed return
and ind,w 01 clear wanted nibble
nov w, t enp2 01 get col or
snb tenp0. 0 i1 check if x is odd
nov w, <>t enp2 ;1 yes, get color with swapped nibbles instead
or ind,w 01 set color
ret ;3 get outa here

SAKEKKAKKKKARKA KKK AR KAFR CHECKDI | CK FAF A F AR KA IR K AR KA KA KA KKK

;* Checks if there is a brick on the position tenpO, tenpl

;* returns nonxzero value of there is a brick and zero if the
;* position is clear

;* clock cycles: 33

temp0 = x-position
tenmpl = y-position

Kkkkkkkkkkhkhkkkkhkhkkkkhkhkkkkhkhkkkk ko ko kkk ko h ok k ok khk ok k ok k&

* *
* *
* *

;* uses tenpO..tenp3 *

Dk *
* *
* *

checkbri ckcal | bri ckposcheck ;20
test tenmp3 i1 out of bounds ? (1/2)
sz 1 1(2) out of bounds ? (2/2)
jnp del ay8 ;3 yes, out of bounds, do delayed return
not w 01 invert bits to get wanted nibble
and w, i nd i1 get wanted nibble fromplayfield
ret ;3 get outa here

SAEKKKAKKAXKARKAK KA KRR K XK ChockSet D] OCK FHAFEKEA XA KA KK KKK KKK KA K

;* If bit O0in tenp6 is set then the the block in blockbuff *
is drawn in the playfiled on position x,y with color tenp2 *
using 221 cl ocks *
If bit Ointenp6 is clear then the the block in bl ockbuff *
is checked for collitions on position x,y in the playfield *
returning result in tenp7 using 217 cl ocks *

;* tenpregs 0..7 are used

;* The reason of conbining these two operations is that they
;* are very simlar, conbining themw ||l save program nem

;* checkbl ock calls checksetblock with tenp6.0 cleared (221+1)
;* setblock calls checksetblock with tenp6.0 set (223+1)

Hkkkkkkkhkkkkhkhkkkkhkhhkkkhkhkkkkhkhkkkkhkhkkkk Rk hkkk kkkhkk ok k

checkbl ockcl rb tenp6. 0 i1 set checking (clear setting)
skip 12 don't set setting
setbl ock setb tenp6. 0 i1 set setting
checkset bl ock clr tenmp?7 01 clear result
nov t enp4, #bl ockbuf f 12 point tenp4 at block buffer
nov tenp5, #4 12 each bl ock has 4 bricks
set bl ock_| mov fsr,tenpd 12 set file select register to block buffer pointer
nov W, X i1 get bl ock base x-position
add w, i nd i1 add relative brick position
nov tenp0, w i1 store brick x-position
inc fsr i1 point at next buffer x-position
nov W,y i1 get bl ock base y-position
add w, i nd 01 add relative brick y-position
nov tenpl, w i1 store brick y-position
sh tenp6. 0 1 1(2)
call checkbri ck; 33
snb tenp6. 0 2 1(2)
call set brick ;34
or tenp7, w i1 store result from check
add t enp4, #2 12 update buffer pointer to next brick
decsz t enp5 2 1(2) decrease brick counter
jnp setblock_|;3 keep loopin until all 4 bris are out
bank $00
retp ;3 get outa here
junpstart pjnp start
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5* outputs w color cycles at (al nbst) nmaxi num anplitude *
;* Clocks: w12 + 11 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkk ko hkk ok khk ok k ok Kk k %

sinpl ecolorfa nov tenp2, w i1
nov t enpO0, #63 12
nov tenpl, #bl ack 12
skip 12

JEEFHEAAXKR KRR KR RAAAK G [ID| @CO| OF FHFHHAAAK KK KA AR KR KA A XN R K

* outputs w color cycles *
* Clocks: w12 + 5 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkhkhkkkkhkhkkkkhkh ok k ok k hk ok ok ok k&

si npl ecol or nov tenp2, w i1 set colorcycle counter
si npl ecol or _| vout r t enp0 12 set first |evel
del ay 4 14 delay to get 12cycle | oop
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vout r tenmpl 12 set second | evel

decsz tenmp2 1 1(2) decrease col orcycle counter
jnp si npl ecol or _| ;3 do all cycles

retp ;3 get outa here
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;* Get conpressed coordinates fromromand genereate rotated *
;* unconpressed coordinates in block buffer in ram *
;* Cocks: 204+1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkk ko h ok kkk ko h ok kkk ko k ok ok k ok hk ok k ok k ok

nbexpand and w, #3 i1 mask out current bl ock
add pc, w ;3 get to correct value
retw 0 ;3 return val ue
retw 1 ;3 return val ue
retw 2 ;3 return val ue
retw -1 ;3 return val ue
makebl ock bank $00 01 set bank 0
nov w, <<ki nd i1 relative address = kind*2
cal l bl ocks ;9 get block x-data fromtable
nov tenp0, w 01 store inn x-data tenporary register (tenpO)
nov w, <<ki nd ;1
or w, #1 01 relative address = kind*2 + 1
cal l bl ocks ;9 get block y-data fromtable
nov tenmpl, w i1 store inn y-data tenporary register (tenpl)
nov fsr, #bl ockbuf f 12 point at block buffer
nov w, angl e i1 get angle
and w, #3 i1 limt angle to 0..3
nov tenp4, w i1 store in local angle
nov w, ki nd 01 what kind of block do we have ?
and w, #%90000111 01 check |ower bits of kindword
snz 1 1(2) zero ? (non rotatable square)
clr t enp4 i1 yes, do not rotate, set angle to zero
nov w, >>t enp4 i1 get bit2 of angle
xor w, t enp4 i1 xor it with bit2
nov tenmp2, w i1 and store result in tenp2 (tenp2.0 is set for angle 1&2)
sh tenp4. 0 2 1(2) if (angle = 0) or (angle = 2)
jnp nbnoswap ;3 then don't swap x and y
nov w, tenpl i1 el se do swap x and y by xoring
xor w, t enp0 i1 .
xor tenpl, w ;1
xor tenp0, w i1 .
nbnoswapc nov tenp3, #4 12 4 bricks in each block, set counter to 4
clr temp4 i1 a register vcontaining zero is needed for |ater
nmakebl ock_| nov w, t enp0 i1 get x-data
cal l nbexpand ;10
snb tenp2. 1 i1 if (angle = 2) or (angle = 3)
nov w, tenpd - w i1 then mrror angle
nov ind,w 01 store in buffer
inc fsr i1 point at next position in buffer
nov w, tenpl i1 get y-data
cal l nbexpand ;10
snb tenp2.0 i1 if (angle = 1) or (angle = 2)
nov w, tenpd - w i1 then mrror angle
nov ind,w 01 store in buffer
inc fsr i1 point at next position in buffer
rr t emp0 i1 tenp0 = tenp0 >> 2
rr t emp0 i1 .
rr tenpl i1 tenpl = tenpl >> 2
rr tenpl i1 .
decsz tenp3 2 1(2) decrease brick counter
jnp nmakebl ock_| ;3 keep looping until all bricks are done
bank $00 i1 set bank 0
retp ;3 get outa here
nbnoswap j np nbnoswapc ;3 time portal to get 6 clocks if x and y are not swapped
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;* Start sequence, sets up system *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkhkhkkkkhkhkkkk ko hkkkkhk ok k ok k&

start
clr fsr

clr_| seth fsr.4
clr ind
incsz fsr
jnp clr_
bank $20
nov nusi ctimer, #1
bank $00
nov joytimer, #JTI ME 12
nov X, #4
nov y, #2
mov ki nd, #$12
nov falltimer, #50
mode $F
nov I RB, #94.1000001
nov I RC, #94.1100000
mode $E
nov I RA, #%60000
nmv I RB, #9900111110
nmov I RC, #900011111
bank NEXTGFX
nmov NEXTGEX, #$9F
nmov NEXTGFX+1, #$F9
bank $20

pj mp nei n
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;* Music player, called once per frame, playing "karboshka" *
;* fromrom each position of the tune is stored as a note *
;* followed by a length. The length is nultyplied with the *
;* ganmespeed making it play faster with the speed of the game *
;* Each note is translated to a "frequency" froma table in *
;* ROM notes are separated with a short (2 franes) pause *
;* clocks: 130 + 1 *

Kkkkkhkkkkkkhkkkkhkhkkkkkkhkkkkhkhkkkk ko ko kkk ko h ok k ok khk ok k ok k &

updat enusi ¢ bank $20 01
decsz nusi ctiner; 1 decrease note/pause |length tiner
jnp nusi cnochnot e ;3 if not zero, don't update note info
snb mi xedbi ts. gameover bi t i1 no nusic if gameover
jnp nusi cpausep
bank $60 01
nov w,sfreq_| ;1
or w,sfreq_h ;1 is frequency zero ?
sz i1 yes, don't neke a pause
jnp nusi cpause; 3 no, make a pause (i.e. set freq to zero for two frames)
bank $20 01
cal l readsong ;17 get next nibble of the song fromrom the note (i.e position

in frequency table)

bank $60 01
nov tenp0, w i1 temp0 = 1*freqtabl epos
add tenp0, w ;1 temp0 = 2*freqtabl epos
add tenp0, w i1 temp0 = 3*freqtabl epos
cal l readf reqt bl ;16 get bit 0..3 fromrom
nov sfreq_l,w i1 store in high byte of frequency
inc temp0 i1 point at next position in rom
cal l readf reqt bl ;16 get bit 4..7 fromrom
swap sfreq_l i1 swap nibbles to be ready for next nibble
or sfreq_l,w i1 or the two nibbles together
swap sfreq_l 01 swap ni bbles to get back correct order of nibbles
inc temp0 i1 point at next position in rom
cal l readf reqt bl ;16 get bit 8..11 fromrom
nov sfreq_h,w i1 store in high byte of frequency
bank $20 i1
nov tenpl, #11 ;2 templ = 11
sub tenpl, ( SCORE+1) 12 tenpl = 11-speed = note basel ength
cal l readsong ;17 get next nibble of the song fromrom the notel ength
nov tenp0, w i1 put notelength in tenp0 to be able to do tests
nov w, >>t enpl i1 w = (11-speed)/2
test temp0 i1 update flags according to notel ength
cle i1 clear carry to prevent a set carrybiit pollution of the
speed mul typlier
sz i1 check if notelenth is larger than zero
rl tenmpl i1 templ = (11-speed)*2
snb tenp0. 1 1 2(4) check if notelength is 1
add tenpl, w i1 tenpl = speed*2 + speed/2 = speed * 2.5
nov w, tenpl i1 w = tenpl = lengthmultiplier (1, 2 or 2.5)
nov nusi cti mer, w i1 set notelength to (11-speed)*lengthnultiplier
nov W, songpos i1 get song position
xor w, #104 i1 xor with songlength
snz i1 if result is zero then we have reached the end of the song
clr songpos i1 and should restart the song
pj np nai n 14 get back to main
nusi cnochnot e del ay 130-12 H delay to keep timng when no change of frequency
pj np nai n 14 get back to main
nusi cpausep bank $60
del ay 3
nusi cpausecl r sfreq_l 01 clear |low byte of rfrequency
clr sfreq_h i1 clear high byte of frequency
clr pos_| ;1
clr pos_h i1
bank $20 i1
nov nusi cti ner, #2 12 pause is for two cycles
del ay 130- 25 H delay to keep timing when setting pause
pj np nmai n 14 get back to main

B - KAk Ak Ak Rk KA KA kAR Rk Kk KA
vr eal sound

;* vrealsound is called fromvsync and calls real sound every *
;* second vsync cycle as vsync is called at twi ce the speed *
;* as sync, so vreal sound is dependent of real sound *

;* clocks: 39 + 1 *
e
vr eal soundsb tenp2.0 2 1(2)

jnp real sound ; 35

del ay 35-1-3

retp ;3
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5* real sound is called fromhsync to output sound data to the *
;* sound DA, the sound is based on a 16bit sin signal in rom *

;* clocks: 35 + 1 *
e
real sound nov w, fsr 01
bank $60 i1
nov stenpO, w i1
nov m #( ( S| NTABLE+ganedata) >> 8) i1 point at corrent page for sintable
add16 pos, sfreq ;6 update sintable position according to
speed
and pos_h, #31 12 keep sanple position in range 0..31
nov t enpO0, pos_h 12 get high part i wave position

50



to sintable and

add t enpO, #( (S| NTABLE+ganedat a ) & $FF) 02 add | ow part of pointer
position
nov w, t enp0 i1 the sum the |ow pointer should be in w
iread 14 read fromrom
nov w, m i1 get high nibble, i.e w=sin(pos)
nov tenp0, w ;1 temp0 = 7 + sin(pos)
add t enpO, #7 12
nov w, <<t enp0 01 w = (7 + sin(pos))*2
nov audi o, w i1 output value to audio DA
nov fsr,stenmp0 12
retp ;3
PALETTE_BCW EQU $0 ;wor d- mem

gamedat a2 dw $808, $80f, $816, $81d, $824, $82b, $832, $839, $f 3f, $67f, $d7f, $3bf, $abf, $1ff, $8f f, $f f f

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkk ok k ok kkkkkkkkkk ko k ok k ok k ko k ok ok ok k hk ok k ok k&

PALETTE_PAGE EQU (( ganedata2 + PALETTE_BCW >>8)

ORG $200

SRR AR A KRR A K QUG KRR AR AR AR AR AR AR AR AR A
;* Performas a vertical sync pattern on the video output *
;* Uses tenpO..tenp2 *

vsync nov w, #4 i1 odd, make 5 pul ses instead
cal l short _sync ;5 clocks until sync, neke those pul ses,
nov tenmp2, w 01 count er 0=5

I ong_sync_| clr vi deo i1 set video |level to sync
del ay (TIME_27US5 - 1) H 30uS | ong sync pul se
vout bl ack ;2 set video |level to black
call vsound ;43
del ay (TIME_4US5 - 6 - 43); 2us long black pul se
decsz tenmp2 1 1(2)
jnp I ong_sync_| H
nov w, #5 01 odd, make 4 pul ses instead of

short _syncnov tenp2, w i1

short _sync_| clr vi deo i1 set video |level to sync
call vsound ;43
del ay (TIME_2US4 - 43 - 1) ;2us long sync pul se
vout bl ack 02 set video |evel to black
del ay (TIME_29US6 - 6) H 30us | ong black pul se
decsz tenmp2 2 1(2)
jnp short _sync_| ;3
retw 5 ;3

vsound pj np vreal sound ;40 ;3

SRR AR AR AR AR KRR A AR GUNC KRR AR AR AR AR AR AR AR AR A A

;* performas a horizontal sync pul se and col or burst *

;* uses tenpO *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkh ok kkk ko hkkkk ko h ok kkkhk ok ok ok k&

hsync del ay TI ME_PRESYNC- 3- 1 ;85
clr vi deo 01
call sound ;39
del ay TI ME_SYNC- 2- 39
vout neutral ;2
del ay Tl ME_PREBURST- 2 ;44
nov t enp0, #12 12

hsyncl vout 6 12
del ay 4 14
vout 21 12
decsz temp0 1 1(2)
jnmp hsyncl ;3
del ay 2 12
vout neutral ;2
del ay time_postburst - 2-3;114
retp ;3

sound pj np real sound ;36

JERFHAAAXR I KRR KRR XK QDL Y| | NES KEHFHEAA AR AR A AR AR AA AR Rk

5* Di splays w enpty lines, 17clocks until hsync when called *
;* and 12 clocks until next hsync when returned *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ko kkkkkhkhkkkk ko kkkk ok hk ok k ok k&

enptyl i nesmov tenp3, w

enptylines_| del ay 13 ;13
cal | hsync H
del ay (TI ME_I MAGE- 4- 13) ;
decsz tenmp3 2 1(2)
jnp enptylines_| ;3
ret ;3
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;* function to get phase and anplitude of block w *

Ckkkkkkkkkkkkkkkokkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkk ko kkkkkhk ok ok ok k &

brickcol ortabl e add pc, w ;3
retw (bl ack) <<2; 3 bl ack
retw $D0 ;3 purpl e-pink
retw $A6 ;3 green-cyan
retw $A6 ;3 green-cyan
retw $C1 ;3 red
retw $F2 ;3 orange
retw $F3 ;3 yel low
retw $F4 ;3 green
retw $E7 ;3 blue

JERFHAAAXKKKKAAAR KR KAAAE R | QO KAXHFHEAAAK KK KA A AR KRR A AR AR

5* This is the gane main | oop *

5
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renove bl ock from

delay to get

mai n bank $20

clr l'i necnt

clr gf xent

cal l vsync H vertical sync, frame starts here

snb mi xedbi ts. gameover bi t

pj np ganeover

cal l hsync ;643 first line starts here
R Renove bl ock fromplayfield ------------- 430 cl ocks

pcal | nmakebl ock ;205 create current block in buffer

clr tenmp2 1 set color 0

pcal | set bl ock ;224 set black block at current position, to
playfield
R Handl e block falling ---------------- 987 cl ocks

decsz falltiner 1 1(2) decrease falltiner

jnp nof al | ;3 if falltimer hasn't reached zero, then don't fall

bank $20 01 set bank 1

inc rnd

nov tenpO, #10 ; 2

sub t enp0, SCORE+1 12

nov w, <<tenpO ;1

bank $00 01 set bank 0

nov fallt mer w i1 set falltinmer to ganespeed

rl fallt 01

inc y move bl ock one step down

pcal | checkbl ock; 222 check if there was anything in the way

test temp? was fall possible ? (1/2)

snz 1(2) was fall possible ? (2/2)

jnp fall ok ,3 yes, continue

bank $00 01 set bank 0

nov w, ki nd 01 set color of current block

and w, #200000111 i1

nov tenmp2, w ;1

inc tenmp2 ;1

dec y i1

pcal | set bl ock ;224 pl ace the bl ock on playfield

nov t enpO0, next ki nd 12 store next kind in a tenpreg to be able to transer to store
in kind later

bank $20 i1 set bankl

xor w, rnd i1 conpare nextkind with rnd

snz i1 equal ?

inc rnd i1 yes, boring, increase rnd to avoid sanme block tw ce

nov w, rnd i1 get a new next bl ock

and w, #7 01

bank $00 i1 set bankO

nov next ki nd, w; 1

nov w, t enp0 ; 1 get ol d nextkind

and w, #941111000 01 clear lower bits just |leaving the scrollposition

or next ki nd, w; 1 combine it with the new nextkind

nmov w, #94.1111000 i1

and ki nd, w 01

nov w, t enp0 i1

and w, #200000111 i1

or ki nd, w 01

clr angl e i1 set angle to zero

nov y, #2 12 set y-position to 2

nov X, #4 12 set Xx-position to 4

pcal | nmakebl ock ;205 deconpress the new bl ock

pcal | checkbl ock; 222

bank $20

test tenp7 i1

sz (2)

setb nm xedbi t s. ganeover bi t

pcal | incpoints ; 60

bank $00 i1

jnp donefal | ;3 and we are done with handle of fall
nof al | del ay 242-4 235 there was no fall, delay to get timng correct
fall ok del ay 987-242 732 fall was ok so we don't need to restore fall,
timng correct
donef al |
T Handl e joystick notion ---------------- 23 cl ocks

pcal | readjoyl ;13

not w

snz 1(2)

j mp noj oy ;3

xor w,oldjoy ;1

snz 1(2)

j mp j oyok ;3

decsz joytimer ;1(2)

jnp noj oyt i neout ;3
j oyok nov joytimer, #JTI ME 12
e T T Joystick down ? ------------oooooo- 3 cl ocks

nov w, #1 ;1 prepare end of fall

sh joyldown ;1(2) joy down ?

nov falltimer,w 01 set falltimer to end of fall
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nol ef t
donel ef t

nori ght
doneri ght

noj oy

noj oyt i neout
norotate delay
donerot ate

N place block in playfield

Ckkkkkkkkkkkkkkkkkkkkk ok ok

fline0

flinel

nunber

nl i ne0

the code)

nlinel

Joystick left ?

snb

] np
dec
pcal |
test
sz
inc
jnp
del ay

Joystick ri

snb

] np
inc
pcal |
test
sz
dec
jnp
del ay

Joystick button ?

snb

] np
inc
pcal |
pcal |
test
sz
dec
jnp
del ay

del ay
436-4

pcal |
del ay
Li ne

call

Find full Ii

mv
mv
clr
mv
mv

mov
and
sz
dec
mv
and
sz
dec
add
decsz
jnp
mv
test
snz
mv
add
decsz
jnp

mov
mv
add
not
add

test
snz

Renove ful
jmp
mv

nmv
nmov

mv
inc
mov
add

joylleft
nol ef t

X
checkbl ock; 222
tenp7

X

donel ef t

231-4

Joylrlght
nor|g

1 1(2)

checkblock;222
tenp7

X
doneright ;3

231-4

joylbutton; 1(2)
norotate
angl e

nmakebl ock ;205
checkbl ock; 222

tenp7

angl e
donerotate; 3

5
433+231+231+3+23- 18- (433-4)

nmakebl ock ; 205

check if there was anything

1(2)
‘1

;3
;226

231 cl ocks

check if joystick noved |eft

if not, do noth
el se try to nove

was notion possi
was nmotion possi
no, retract nove
we are done here

no left notion,

231 cl ocks

check if joystick noved right
3

if not, do nothi

el se try to nove bl ock one step right

ng
bl o
n
b

|
i
e
bl e

ck one step left
th

? (1/2)
’)(]_

wait to get timng correct

ng

check if there was anything in the way

1(2)
‘1

was notion p055|
was notion possi
no, retract nove

we are done here

check if there was anything i

;226

01

‘1
-1(2)
‘1

no right notion,

436 cl ocks

if not, do nothi

ble ?
ble ?

wait to get timng correct

ng

check if joystick buttton pressed
;3

el se try to rotate bl ock

was rotation pos
was rotation pos
no, retract rota

we are done here

TI ME_I MAGE- 430- 987- 23- 3- 231- 231- 436- 205

D KEEKKAKAA KA KKK KKK KKK A KKK A K

hsync

tenpl, #4
t enpO, #8

w, i nd
w, #$F0

temp0
w, i nd
w, #$0F

t emp0
fsr, #$20
tenpl
flinel

w, t enp2
temp0

tenp4, w
fsr, # $81
tenp2
fline0

tenpl, t enp4
w, - -tenp4
fsr,w
tenp4

t enp4, #15+1

tenpl

line ------vnv---
nom i ne

w, #4

tenmp3, w

tenp5, w

w, i nd
fsr

ind,w
fsr, #$1F

NRERRN WRNRRPRR WRNRPRRERRERERE NNRNN

;643

1032 cl ocks

&

&

&

&

;1
1 1(2)

731 cl ocks

N R R

exanmine 15 lines (al

sib
sib
tio

except for the nobst upper one)

start at bottomleft corner of playfield
clear enptyline menory

set byte counter to 4 bytes (per
set brick counter to 8 bricks (per

get byte fromplayfield

mask out one nib

bl e

if nibble is not zero
then decrease brick counter
get byte fromplayfield

mask out the oth

er n

i bbl e

if nibble is not zero
then decrease brick counter

poi nt one byte r

i ght

decrease byte counter

do all (four) by

get |ine nunber

how many ni bbl es was not zero ? (1/2)
ni bbl es non zero then line is ful
then renember this as a ful

was al |

tes

point one line up and 4 bytes left
decrease |ine counter

do all (15) line

line nunber of enpty line is nunber of

ne nunber
at that |i

get i
poi nt
tenp4

tempd4 = lines |

S

l'ine)
l'ine)

line (store line nunber)

lines to nove

of the line above the one to renove

ne

= ~l i nenunbers

eft

=15 + (1 + ~line nunber) =

check if there are lines to nove
if nolines to nove

then don't nove any lines

4 bytes per |ine

4 bytes on this line to be noved

4 bytes on upper

get one byte of
get to next |ine
store byte at ne

line to nove (this wll

line

xt |

ine

point one byte left and one line up

15

be used | ater

line

onin
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decsz tenmp3 1 1(2) decrease inne | oop counter
jnp ninel ;3 do all four bytes
add fsr, # $81 ;2 point one line up
decsz tenmpl 1 1(2) decrease outer |oop counter
jnp n i ne0 ;3 do all lines
nov w, #$20 01 $20 steps between bytes to clear
clrul clr i nd i1 clear byte
add fsr,w i1 next byte
decsz tenp5 1 1(2) decrease byte counter
jnp clrul ;3 do all 4 bytes
pcal | tenpoints ;56
jnp nlinec ;3 skip del ay
noni i ne del ay 731- 653 ; 731- (43*15+3+1+2+2)
nl i nec test t emp4 i1 are there lines to renmove ?
snz 1 1(2)
jnp nodl i ne ;3
dl i ne0 del ay 43-4 ;38
| oop
decsz t emp4 1 1(2) decrease delay counter
jnp dl i ne0 ;3 do all delay Iines
del ay 2 H 2 clocks to fast, conpensate
nodl i ne
e R T create next block graphics ------------
pcal | nmakenext ;184
T remai ning delay to fill line ----------- 244 cl ocks
bank $00 01
nov w, ki nd 01 set color
and w, #200000111 ;1
nov tenmp2, w ;1
inc tenmp2 i1
pcal | readj oyl ;13
nov ol dj oy, w i1
pcal | set bl ock ;224 put block at current position on playfield
bank $00 01
del ay TIME_I MAGE - 731 -1032 - 184 - 244 - 17 - 1
SRR KRR ARk x [ @S B, B4 FERERERKAK AKX KA KA KA KA NK
bf govr mov w, #PRE_LINES -2 + TOP_LINES ;1
cal | enptylines H do enpty lines at top outside of screen
del ay 12-5
| TEXT STRO, STRO_LEN, STRO_BASE, STRO_PHASE
del ay TIME_I MAGE - 17-1
nmov w, #STRTOCAP_LI NES
cal l enmptylines
del ay 12-6
nov tenp5, #11 12
mov tenp3, #((gamedata + CAP) & $FF) ;2
nov tenp4, #((ganedata + CAP) >> 8);2
cap_| cal l hsync 643
del ay (CAP_BASE) - (CAP_PHASE) - 9 - 347 - 7
nov tenpO, t enp3 12
nov tenpl, tenp4 12
mov tenp2, #( (PALETTE_BCW + ganedat a2) & $FF);2
nmov f sr, #VI DEO_BUFFER 12
nmov w, #11 ;1
pcal | set graphi cs 3 11*31+5+1 = 347
nov tenp3, tenp0 12
nov tenp4, tenpl 12
v f sr, #VI DEO_BUFFER 12
nov w, #11 ;1
pcal | nent ovi deo ; 140
del ay CAP_SEP - 140 - 2 -1 + (CAP_PHASEDI FF)
v fsr, #VI DEO_BUFFER 12
nov w, #11 ;1
pcal | nent ovi deo ; 140
del ay (TIME_I MAGE) - (CAP_BASE) + (CAP_PHASE) - (CAP_SEP) - 140 - 4 -
decsz tenp5 2 1(2)
jnp cap_| ;3
nov tenp7, #16 12
field_l cal | hsync
pcal | leftgfx
;163
nov t enpO, #$A0 02 set tenpO to bottomleft corner of playfield
sub tenpO, tenp? 12 subtract
nov tenpl, #VI DEO_BUFFER+8 12 set tenpl to playfield buffer
nov tenp3, #4 12 set field read counter to 4
fieldread_| nov fsr,tenp0 12 set fsr to playfield pointer
nov tenp2,ind 12 read two bl ocks of playfield
nov fsr,tenpl 12 set fsr to video buffer
nov w, t enp2 i1 get playfield data
and w, #$F ;1 mask out |eft block col or
cal | brickcol ortabl e ;9 get phase and anplitude of color
nov ind, w i1 store phase and col or
inc fsr i1 update | ocal pointer
video buffer
nov w, <>t enp2 i1 get bl ocks in swapped order
and w, #$F 01 mask out right block col or
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delay 5 to get 9 clocks in loop to get same length as nlinel

( CAP_PHASEDI FF)

linecounter to get top left

poi nter

in video buffer
to point at next

position in



cal l brickcol ortabl e ;9 get phase and anplitude of color
nov ind, w i1 store phase and color in video buffer
inc tenmpl 01 update real video buffer pointer
inc tenmpl i1 update real video buffer pointer (again)
add t enpO, #$20 02 nove playfield pointer one step right
decsz tenp3 2 1(2) decrease field read counter
jnp fieldread_| ;3 loop until entire line is read
clr fsr i1 as the fsr was manipulated, reset it back first
page
del ay (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11)-163
pcal | rightgfx
del ay TIME_I MAGE - TIME_RI GHTGFX - TIME_LEFTGFX - (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11) - 2
nov t enp6, #BRI CK_LI NES
i nel cal l hsync ;643 11
pcal | leftgfx
del ay 11- GAVEFI ELD_PHASE
bank $20 01
nov w, t enp7 i1 get bl ockline
and w, #94110 01 dont care about even or odd
xor w, #94.000 01 check if lineis 6 or 7
sz 2 1(2)
jnp noganeover ;3 if not don't show ganmeover
page showganeover ;1 prepare page for jnp
snb m xedbi ts. ganeover bi t 1 1(2) check if game is over
jnp showganeover ;3 if so, show game over
skip 1 (2)
noganeoverj np noganeover 2 ;3
noganeover 2
nov fsr, #VI DEO_BUFFER+8 ; 2
nov tenpO, #BRI CK_W DTH ; 2
nov tenpl, #bl ack 12
mv w, #8 i1
pcal | out put col ; ((BRICK_WDTH + 2)*8*12) +5+1
showganeoverr et
del ay GAVEFI ELD_PHASE
pcal | rightgfx
del ay TIME_I MAGE - TIME_RI GHTGFX - TIME_LEFTGFX - (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11) - 4
decsz tenp6 2 1(2)
jnp i nel ;3
del ay 2
cal | hsync
pcal | leftgfx
del ay (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11)
pcal | rightgfx
del ay TIME_IMAGE - TIME_RI GHTGFX - TIME_LEFTGFX - (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11)
cal | hsync
pcal | leftgfx
del ay (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11)
pcal | ri ghtgfx
del ay TIME_MAGE - TIME_RI GHTGFX - TIME_LEFTGFX - (((BRICK_WDTH + 2)*8*12) +5+1+ 7+11+11) - 4 -
1
page field_l
decsz tenmp?
jnp field_|
del ay
cal | hsync
pj mp next mai n

JEEEEEXEXXXXXXXXXXXXXLRRRE QU pUE cOI

shows w nunmber of colorfields
(this is the thing that shows the colors in the playfield)

Kkkkkhkkkkkkhkhkkkkhkk ok ok ok k%

nunber of clocks: ((tenp0 + 2) * w* 12) + 5
used tenpregs: 0..5
i nput

w = nunmber of fields

tenmp0 = fieldlength
templ = neutral |evel
fsr = pointer to field data (contens is destroyed)

nust be odd (phase | ost when even)

out put:
none
| ocal use of tenpregs
tenp2 is used as color |oop counter
tenp3 is used as field | oop counter
tenp4 is used as tenp storage for intensity calculations
tenp5 is used as tenp storage for phase
comment s:

This routine is optimzed to get as short gaps between
fields as possible, these optinizations assumes sonme
limtations of the input data to be able to get the gap
down to only 2 color cycles (24 clocks)

Field color is stored as bytes, where each byte has

bit 0..2 as phase bit and bit 2..5 is intensity, note
that this neans that there is and overlap of phase and
intensity

Renai ni ng phase = 7-phase = 7+(-phase) = 7+(/phase+l) =
-1+/ phase+l = /phase = phase xor 7 (assuming 3 bit calc)
this calculation (xor by 7) is done in the inner |oop as
it was the only place where there was free clock cycles

ok kR Rk R ok E K ok Rk ok ok F % ok Rk k ok F k ok F Ok ok ok % o ok

*

each BLOCKW DTH cycl es wide *

*
*
*
*
*
*
*
*
*
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*
*
*
*
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*
*
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*
*
*
*
*
*
*
*
*
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. so to get a correct result the inner |oop needs to be *
. executed an odd number of tines, which nakes the field- *
. length required to be an odd nunber or el se phase wll *
. be lost. *
. The x in the Phase coment field is the phase value read *
. it can be values 0..6 *
Tk *
P
; O ocks Phase Comment
out put col nov tenmp3, w i1 9 set field counter
ocol x1 nov w, i nd i1 10 get phase and intensity
and w, #7 i1 11 mask out phase
set phase 7 ;3+7-X 0 set phase
nov tenp5, w i1 10-x renenber phase for |ater
nov tenp2, tenp0 12 11-x set color |oop counter
ocol x0 vout bl ack 02 1-x set first half to black |evel
xor t enp5, #7 12 3-x invert all bits in phase
nov w, >>i nd i1 5-x get color and phase shifted right one step
nov tenp4, w i1 6- X store shifted value in a tenpreg
nov w, >>t enp4 i1 7-x shift val ue one nore step right
nov vi deo, w i1 8- x and set video output to the intensity
decsz tenp2 1 1(2) 9- x decrease col or cycle counter
jnp ocol x0 ;3 10-x and loop until all color cycles are done
vout r tenmpl 12 11-x set neutral |evel
nov w, t enp5 i1 1-x get remai ning phase = 7-phase = phase xor 7
set phase 7 ;3+x 2-x set remai ning phase to return to original phase
inc fsr i1 5+x- X point at next field byte
decsz tenmp3 1 1(2) 6 decrease field cycle counter
jnp ocol x1 ;3 7 and loop until all fields are done
retp ;3 8 return back home
LR RE KA RA KA RA KRR A AAE | G gf g K EEFE A KA A KA A A AR AR ARk
;* handl e graphics at left side of playfield *
B R R e e P
leftgfx del ay LEFTGFX_BASE
bank $20 01 sel ect bank $20 to be able to read linecnt
nov w, <>| i necnt i1 get line number with swapped nibbles
and w, i1 mask out nost significant nibble of |inecount to get section
nunber
np pc+w ;3 junp to correct section of 16 lines
np textnext _line ;3 text "NEXT
np next bl ock_l i ne ;3 bricks preview
np next bl ock_l i ne ;3 bricks preview
np next bl ock_l i ne ;3 bricks preview
np bl ack_line;3 bl ack |ines between preview and points text
np textscore_line ;3 text "PO NTS*
np showpoi nts_|ine ;3 di spl ay points
np bl ack_line;3 bl ack |ines the bottom
np bl ack_line; 3 bl ack |ines at the bott om
np bl ack_line;3 bl ack lines at the bottom
np bl ack_line;3 bl ack lines at the bottom
np bl ack_line;3 bl ack lines at the bottom
np bl ack_line;3 bl ack lines at the bottom
bl ack_l i nedel ay TIME_LEFTGFX - LEFTSCREW PHASE - LEFTGFX BASE - 9 - 4 - 3 - 3 - 104
showscrew nov fsr, #VI DEO_BUFFER 12
nmov w, #8 i1
pcal | nent ovi deo; 104 output left screw graphics
del ay LEFTSCREW PHASE
retp

JEEFHAAAXR KR RAAX KRR AA AR R [ G GF X KRR IR AR AR AR AR AR AR

handl e graphics at right side of playfield *

Sk kkkkkkkkkkkkkkkkkkkk ok kkkkkkkkkkkkkkkkkkkhkkkk ko hkk ok khk ok k ok k&

rightgfx delay 11- Rl GHTSCREW PHASE
nmov fsr, #VI DEO_BUFFER 12
nmov w, #8 i1
pcal | nent ovi deo; 104 output right screw graphics
bank $20 i1
inc i necnt i1 updat e |inecounter
nov tenpl, #((ganedata + SCREW >> 8) 12 set page of graphics
nov w, <>| i necnt H get linenunber with swapped nibbles (multiplied by 16)
and w, #$70 ,1 reboove unwanted bits to get (line%)*16
nov tenp0, w i1 store in tenmp0
cle ;1 clear carry
rr temp0 rotaterlght to get (Ilne"/B) 8
add tenpO, #( (ganedata + SCREV\) & $FF) H add graphics base
snc (2) check for page overfl ow
inc tenpl poi nt at next page
nov tenmp2, #( (PALETTE_| BQN+ ganedata2) & $FF) ;2 point at correct palette
nov fsr, #V1 DEO BUFFER ;2 point at video buffer position where to store graphics
nov w, H graphics is 8 pixels wde
pcal | set graphi cs ;254 transl ate graphics into
del ay TIME_RI GHTGFX + RI GHTSCREW PHASE -11 - 104 - 21 - 254 - 4 - 3
retp ;3

SRR R KKK AR R KKK R KKK R KK QL QUE KERRRR R KRR R KRR KKK ARk K

output characters fromstring in romusing a font in rom

*
;* tenpO used as character tenp storage
;* tenp2 used as character counter
;* tenpl:tenp3 = pointer to string
;* tenp4 = line (0..7) + FONT_BASE
;* tenp5 = length
;* clocks: 8 * 12 * w+ 44 + 1
*

Kkkkkkkkkkkkhkhkkkkhkhkkhkhkhkkhk ko kkkhkhkkkkhkhkkk ko k ko k

strout _cl

56

* Ok ok kX

*

dok ok ok k



Kkkkkhkkkkkkhkhkkkkhkhkkhkhkh ok k ok k ko hkk ok khkhkk ok k ko k ok k ko k hk ok k ke k %

strout _| vout bl ack 12 pi xel
del ay 2 12
rr temp0 i1
snc 1 1(2)
nmov w, #53 i1
nov vi deo, w
decsz tenmp2 1 1(2)
jnp strout _| ;3
st rout nov mtenmpl 12
vout bl ack 12 pi xel
nov w, t enp3 i1
iread 14
add w, t enp4 ;1
nov m #((ganedata + FONT) >> 8) H
iread 14
nov tenp0, w i1
nov w, #bl ack 01
rr temp0 i1
snc 2 1(2)
nmov w, #53 i1
inc tenmp3 i1
nov vi deo, w 01
snz 1 1(2)
inc tenmpl i1
del ay 2
vout bl ack 12 pi xel
nov tenmp2, #5 12
rr temp0 i1
snc 1 1(2)
nmov w, #53 i1
nov vi deo, w 01
decsz tenp5 2 1(2)
jnp strout _cl ;3
vout bl ack
retp ;3
LR R KA KA KA KA XK AKAE | PO LG *HFH 5K XA X E KA XA ARk %5k
;* add one point to score *
;* clocks: 59+1 *

incpoi nts nov fsr, #SCORE+3 12
nov tenpO, #4 12
incpoints_| inc ind i1
nmov w, #4010 i1
xor w, i nd 01
sz 1 1(2)
jnp nocarry_| ;3
clr ind
dec fsr 01
decsz temp0 1 1(2)
jnp incpoints_| ;3
del ay 7 07
retp ;3
nocarry_| del ay 7
decsz temp0 1 1(2)
jnp nocarry_| H
retp

JERFHAAAXR SR AAAA KKK RAAARS F QOPO] NES A HFHHAAAE AR AR AR KA A AR Rk

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkhkkhk ko kkkkk hk ok k ok k &

5* add ten points to score *
;* note: this routine requires incpoints *
;* clocks: 56 *

tenpoi nts nov fsr, #SCORE+2 12
nov t enpO, #3 12

jnp incpoints_| ;3

SRR R KKK AR KR KKK AR R KKK RR | oy | | NES KARRE A AR KRR KRR KA AR K
;* routine to output line with text in leftgraphics field *
*

clocks: 537

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkk ok kkk ko ko kkk ko kkkkkhk ok ok ok k &

textlines nov w, | i necnt 01
and w, #94.100 11(2)
sz H
xor w, #94.100 01
snz 1 1(2)
jnp not ext ;3
mov tenp4, #((gamedata + FONT) & $ff) - 4

line starting at 4)
nov w, | i necnt 01
and w, #$F i1
add tenp4, w i1
nov t enp5, #6 12
jnp st rout ;525

not ext del ay 526 ;523
ret ;

SAKKKKAKKAKARKAK KA KKK KKK ploEnexXt FREEFHAF AR KA AKX KKK K KKK KA KKK

;* create graphics for next block to be used in |eftgraphics *

updat e acc
;1

three to seven

set character page
one starts here
get pointer to characters

read one character
ording to line and fontbase

set font-page

read character pixels fromf
store character

point at next character

three starts here

get |ine nunber
check bit 2,3
if bits are zero,

if bits are %90 or

then lines should be enpty

12 set tenp4 to fontbase -

get |inecounter

ont

pi xel s in tenpO

don't do next test
toggle bit 2,3 to check if values are %1

%1

4 (conpensating

get last significant nibble (sectionline)
updat e pointer according to |ine nunber

al ways output 6 characters

out put text

delay to keep timng correct

if no text

get back to left graphics and show screw
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;* clocks: 183 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkkkkkkkkk ko h ok kkk ko k ok ok ok khk ok k ok k&

returnval ue

delay to set phase of text

set lower pointer to "Next" text

set upper pointer to "Next" text

output 6 charcters to left field

9 - 4 - 3 - 3 - 104 - 3 - 544 -

get back to left graphics and show screw

delay to set phase of text

set |ower pointer to "Score" text
set upper pointer to "Score" text
output 6 charcters to left field
9 - 4 - 3 - 3 - 104 - 3 - 544 -

get back to left graphics and show screw

get |ine nunber
get | ast signi ficant ni bbl e

store sectionline in text line register

set character counter
score
add pointer to font to |inenunber

get digit x 16
point at next digit
point at correct line in font (according

detect page overflow

if overflow set next font-page
read character pixels fromfont
store character pixels in tenpO
each character is 7 pixels wde
del ay to keep phase

set video output to black |evel
delay to neke col orcycle 12 cl ocks
rotate font data

xsel and w, #3 ;1 renpve unwanted bits
jnp pc+w ;3 select correct
retw 2 ;3 bit
retw 4 ;3 bit 2
retw 8 ;3 bit 3
retw 1 ;3 bit 0
ysel and w, #3
j pc+w
retw (NEXTGFX & $7F) | $80
retw (NEXTGFX+1 & $7F)
retw (NEXTGFX+1 & $7F) | $80
retw (NEXTGFX & $7F)
nmakenext bank NEXTGFX 01
clr NEXTGFX 01
clr NEXTGFX+1 01
bank $00 01
clc 01
nmov w, <<next ki nd ;1
pcal | bl ocks ;10
nov tenp0, w i1
nmov w, <<next ki nd ;1
or w, #1 ;1
call bl ocks ;9
page nmakenext _| i1
nov tenpl, w ;1
nov tenp3, #4 12
nmakenext _| nov w, t enp0 i1
call xsel ;10
nov tenmp2, w i1
nov w, tenpl ;1
cal l ysel ;10
nov fsr,w 01
snb fsr.7 1 1(2)
swap tenmp2 01
clrb fsr.7 01
or ind, tenp2 12
rr temp0 ;1
rr temp0 01
rr tenpl i1
rr tenpl i1
decsz tenmp3 1 1(2)
jnp nmakenext _| ;3
retp ;3
SEA KRR AR XK AR AR AR @yt Xt | | N KRR AR AR AR AR ARk ARk xRk
;* handles field with text "next" in |eftgraphics *
B R R L P
textnext_line del ay TEXTNEXT_BASE- TEXTNEXT_PHASE H
nov tenp3, #((STR2 + ganedata) & $FF) ;2
nov tenpl, #((STR2 + ganedata) >> 8) 02
call textlines ; 537
del ay TIME_LEFTGFX - LEFTSCREW PHASE - LEFTGFX_BASE
TEXTNEXT_BASE + TEXTNEXT_PHASE
j np showscrew ;3
SRR AR AR KA KRR AR KA R AR @)t SCOF @ | | M@ KA KA A AR AR AR ARk xRk
;* handles field with text "score" in |eftgraphics *
B R R T e P
textscore_line del ay TEXTSCORE_BASE- TEXTSCORE_PHASE;
mov tenp3, #((STR3 + ganedata) & $FF) ;2
nov tenpl, #((STR3 + ganedata) >> 8) 02
call textlines ; 537
del ay TIME_LEFTGFX - LEFTSCREW PHASE - LEFTGFX_BASE
TEXTSCORE_BASE + TEXTSCORE_PHASE
j np showscrew ;3
JEREKAE KR KA RA KA AR SHOWPOT ML S_| | M@ * %% 54K % k% £k kx4 k k% k¢
;* handles field with score in |eftgraphics *
B R R L e P
showpoi nts_|ine del ay SCORE_BASE- SCORE_PHASE
nov w, | i necnt 01
and w, #$0F i1
(sectionline)
nov tenp4, w ;1
(tenp4)
nov tenpl, #4 12
nov fsr, #SCORE point att
add tenp4 #((ganmedat a + NUVBERS) & $FF) 12
st rout p_cl mov m#((gamedata + NUMBERS) >> 8);1 set font-page
w, <>i nd ;1
i nc fsr 01
add w, t enp4 i1
to current sectionline)
snc 2 1(2)
nov m #(((ganmedata + NUVMBERS) >> 8) +1) i1
iread 14
nov tenp0, w i1
nov tenp2, #8 12
del ay 7 07
stroutp_| vout bl ack 12
del ay 2 12
rr t emp0 i1
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snc 1(2) check if bit set, if not keeep black
leevel inw

nov w, #53 i1 else if bit set set gigit intensity

nov vi deo, w i1 output selected |level to video output

decsz tenmp2 1 1(2) decrease pixel counter

j stroutp_| ;3 loop until all pixels are done

vout bl ack 02 set video level to black

decsz tenmpl 2 1(2) decreasee digit counter

jnp strout p_cl ;3 loop until all digs are done

del ay TI ME_LEFTGFX - LEFTSCREWPHASE - LEFTGFX BASE - 9 - 4 - 3 - 3 - 104 - 3 - 487 -
SCORE_BASE+SCORE_PHASE

j np showscrew ;3 get back to left graphics and show screw
SRR XA R AR XA R AR RE Pyt Dl OCK_| | M@ * R R KR AKXk
;* handles fields show ng next block *
next bl ock_l i ne del ay NBLOCK_BASE- NBLOCK_PHASE

nov w, gf xent i1 get gf xccounter

and w, #$0C 01 check if line is 0..2 of the 12-line
brick

snz 2 1(2) if not, get on with the brick draw ng

jnp nonextg ;3 if one of the first lines, then it
shoul d be bl ack

nov t enpO, gf xcnt 12

bank NEXTGFX 01

nov w, NEXTGFX i1 get graphics for next block

snb tenp0. 5 1 1(2) check if brickline second half

nov w, NEXTGFX+1 i1 yes, it was, get next next graphics

nov tenpl, w i1 store in tenpl

snb tenp0. 4 1 1(2) check if blickline is odd

swap tenpl H yes, swap nibbles

bank $00 01 set bank for next kind

nov w, ++next ki nd i1 get next kind of block

and w, #%00001111 ;1

pcal | brickcol ortabl e ;10 translate kind to phase and anplitude

page nextl 0 i1 brickcol ortabe destroy page register, restore it

nov tenmp2, w i1 store phase and anplitude in tenmp2

nov enp3, #4 12 we have 4 brick positions to convert

nov fsr, #VI DEO_BUFFER + $28 12 poi nt at beginning of buffer
next!l 0 nov w, t enp2 ;1 get phase and anplitude of next block

rr tenmpl i1 rotate block data to get next bit

sc 2 1(2) check if bit was set

nov w, #( bl ack) <<2 i1 if not set black intensity

nov ind, w 01 store phase and color in buffer

inc fsr i1 point at next buffer position

decsz tenmp3 1 1(2) decrease brick counter

jnp next!l 0 ;3 keep looping until all bricks are done

nov fsr, #VI DEO_BUFFER + $28 ;2 poi nt at beginning of buffer

nov t enpO, #7 12 each brick is 7 cycles

nov tenpl, #bl ack 12 set black |evel (between bricks)

nov w, #4 i1 we have 4 brick positions

pcal | out put col ;438 output colors to video output

] np donenextg ;3
nonextg del ay 512 ; 508 enpty line, delay to keep tining
donenext g bank $20 01

inc gf xent i1 increase counter

nov w, gf xent i1 get counter val ue

and w, #3 01 check bit 0 and bit 1

sz 1 1(2) if not zero upper part was not increased

seth gf xent. 0 i1 if zero, junp to one by setting bit 0

del ay TI ME_LEFTGFX - LEFTSCREW PHASE - LEFTGFX BASE - 9 - 4 - 3 - 3 - 104 - 3 - 524 -
NBLOCK_BASE+NBLOCK_PHASE del ay to make points section 551 cycles

jnp showscr ew ;3 get back to left graphics and
show screw
SRR AKX KX AKX KK GROWGAIBOVET  * % %% %K% %KX KXk X AR Ak
;* show "GAME OVER' text in playfield *
showganeover del ay GAMEOVER _BASE- GAMEOVER_PHASE H

nov tenp3, #((STR5 + ganedata) & $FF) ;2 set |ower pointer to "Game" text

nov tenpl, #((STR4 + ganedata) >> 8) 12 set upper pointer to "Over" text

nov w, #( (STR4 + ganmedata) & $FF) 01 get |ower address to "Over"

snb tenp7.0 2 1(2) check if section is odd

nov tenp3, w i1 odd line, set lower pointer to "Over"
text

nov tenp4, #((gamedata + FONT -1 +8) & $ff) ;2 set tenp4 to fontbase - 4 (conpensating
line starting at 4)

nov w, t enp6 i1 get |inecounter

and w, #7 i1 get | ast signi ficant ni bbl e
(sectionline)

snb tenp6. 3 2 1(2) check if linenr larger than 7

jnp enpt ygover | ;3 if found, skip it

sub tenp4, w i1 updat e poi nter according to |ine nunber

nov t enp5, #5 ;1 al ways output 4 characters

cal | st rout 429 out put text

del ay ((BRICK_W DTH + 2)*8*12) +35- 444- 26+G°\NEO\/ER PHASE- GAVEOVER BASE

pj np showganeoverr et H get back to mainl oop
enpt ygover | del ay ((BRICK_WDTH + 2)*8*12) +35- 15- 26+GAMEOVER_PHASE- GAMEOVER_BASE

pj np showganeover r et 14 get back to mainl oop
ganeover pcall hsync

bank $00
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snb joylbutton 1 1(2) check if joystick buttton pressed

jnp nogovh ;3 if not, do nothing

page start i1

sh joylbutton_old 1 1(2)

jnp start ;3
nogovh

pcal | readj oyl ;13

nov ol dj oy, w i1

del ay TI NE_I MAGE- 1- 20

pcal | hsync

del ay TI ME_I MAGE- 1- 4

pj np bf govr
nextmain del ay 12- BLI NE_PHASE

mov w, #( TI ME_I MAGE- 1- 12-1-12-1-4) / 12

pcal | sinpl ecolorfa

del ay ((TIME_I MAGE- 1-12-1-12-1-4) // 12) + BLI NE_PHASE

pcal | hsync

del ay (TIME_I MAGE - 5)

| TEXT STR1, STR1_LEN, STR1_BASE, STR1_PHASE

del ay (TI VE_I MAGE- 1)

pcal | hsync

del ay 4+12- BLI NE_PHASE

mov w, #( TI ME_| MAGE- 1- 12- 4-1-18-1) / 12

pcal | sinpl ecolorfa

del ay ((TIME_I MAGE- 1-12-4-1-18-1) // 12) + BLI NE_PHASE

nmov w, #POST_LI NES + VI SI LI NES - STRTOCAP_LINES - PLAYFIELD LINES - 11 - 1 - 9 -1 - 10

pcal | enmptylines

bank $20

inc rnd

pj np updat enusi ¢ ;131
AR XX R XK X AKX qaROAt @ KRR KRR KKK R X
;* Gane data: graphics, nmusic, wavetables etc... *
ORG $600
ganedat a
dw $000, $000, $200, $300, $300, $400, $300, $000, $000, $000, $200, $47e, $400, $500, $400, $100 ;. $000. . $00f
dw $000, $200, $400, $700, $800, $a18, $418, $200, $21c, $436, $963, $c7f, $963, $863, $463, $200 ; $010. . $01f
dw $27f, $446, $c16, $91e, $616, $646, $47f, $200, $23c, $466, $903, $603, $673, $466, $25c, $100 . $020. . $02f
dw $263, $477, $67f, $67f , $46b, $263, $163, $000, $063, $267, $46f, $47b, $373, $363, $163, $000 ; $030. . $03f
dw $03e, $063, $063, $063, $063, $263, $03e, $000, $03f , $066, $066, $03e, $036, $066, $067, $200 ; $040. . $04f
dw $43c, $266, $00c, $018, $030, $066, $03c, $000, $07e, $27e, $45a, $al8, $318, $218, $03c, $000 . $050. . $05f
dw $063, $063, $063, $263, $463, $a36, $blc, $a00, $363, $263, $036, $01c, $036, $263, $463, $a00 ; $060. . $06f
dw $c00, $a00, $61e, $430, $33e, $233, $06e, $000, $200, $400, $c3e, $ab63, $603, $663, $43e, $300 . $070. . $07f
dw $238, $030, $23e, $433, $a33, $c33, $abe, $600, $600, $500, $43e, $263, $17f, $203, $43e, $900 ; $080. . $08f
dw $a00, $600, $66e, $533, $533, $43e, $230, $11f, $218, $400, $51c, $518, $518, $518, $53c, $400 ; $090. . $09f
dw $407, $206, $166, $036, $21e, $536, $567, $400, $400, $400, $437, $27f, $16b, $06b, $06b, $000 ; $0a0. . $0af
dw $200, $200, $23b, $266, $266, $166, $166, $000, $000, $000, $13e, $363, $463, $563, $63e, $600 ;. $0b0. . $0bf
dw $700, $700, $73b, $66e, $606, $506, $40f , $300, $100, $000, $f 7e, $d03, $c3e, $b60, $a3f, $a00 ; $0c0. . $0cf
dw $90c, $90c, $93f, $alc, $alc, $b6c, $c38, $d00, $f 00, $100, $833, $033, $133, $933, $06e, $a00 ;. $0d0. . $0df
dw $900, $000, $d63, $a6b, $06b, $27f, $c36, $000, $a00, $d00, $063, $736, $elc, $036, $363, $000 . $0e0. . $0ef
dw $130, $018, $03e, $063, $07f , $003, $03e, $000, $03e, $041, $059, $045, $045, $059, $041, $03e ; $0f0.. $0f f
dw $050, $068, $008, $058, $088, $0d0, $0c0, $098, $0c8, $000, $0f 8, $000, $048, $010, $028, $0d8 ; $100. . $10f
dw $0b0, $0f 0, $088, $000, $0e0, $0e0, $0e0, $0e0, $010, $0c0, $098, $078, $0a0, $070, $0c0, $080 ;o $110. . $11f
dw $010, $090, $0d8, $0b0, $088, $088, $010, $078, $0b8, $0a8, $000, $038, $138, $088, $0e8, $0d0 . $120. . $12f
dw $000, $000, $050, $050, $078, $0b8, $0c0, $088, $000, $028, $028, $318, $030, $020, $400, $040 . $130. . $13f
dw $040, $060, $020, $048, $600, $000, $03c, $07e, $be7, $0e7, $0e7, $de7, $0e7, $0e7, $0e7, $0e7 . $140. . $14f
dw $0e7, $0e7, $0e7, $ee7, $07e, $13c, $160, $078, $07e, $37e, $070, $070, $570, $070, $070, $070 . $150. . $15f
dw $a70, $170, $b70, $d70, $170, $070, $038, $07c, $0e6, $4e6, $1e6, $1e6, $0f 0, $270, $070, $378 . $160. . $16f
dw $138, $23c, $01c, $10e, $0f e, $0f e, $23e, $27f, $0e7, $4e7, $1e7, $3e0, $07c, $2f c, $0e0, $1e7 ; $170.. $17f
dw $2e7, $2e7, $0e7, $3e7, $17f, $43e, $1f 8, $2f 8, $1f 8, $0f c, $1f c, $0ec, $1ee, $5ee, $2e6, $6e7 ; $180. . $18f
dw $0f f, $7f f, $1f f, $6e0, $0e0, $5e0, $0f f, $4f f , $207, $207, $077, $4f f, $1e7, $3e7, $0e0, $2e0 5 $190. . $19f
dw $0e7, $1e7, $2e7, $2e7, $07e, $33c, $13c, $47e, $1e7, $2e7, $107, $07f, $1f f, $0e7, $1e7, $5e7 ; $1a0. . $laf
dw $2e7, $6e7, $0e7, $7e7, $17e, $63c, $0f e, $5f e, $0e0, $4e0, $2e0, $260, $070, $470, $170, $330 ; $1b0. . $1bf
dw $038, $238, $038, $138, $21c, $21c, $03c, $37e, $1e7, $4e7, $1e7, $2e7, $1e7, $07e, $1f f, $0e7 7 $1c0. . $lcf
dw $le7, $0e7, $0e7, $0e7, $07e, $03c, $03c, $07e, $0e7, $0e7, $0e7, $0e7, $0e7, $0e7, $0e7, $Of f ; $1dO. . $1df
dw $0f e, $0e0, $0e7, $0e7, $07e, $03c ; $1e0..$1le5
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Appendix D: Pong source code

Sk kkkkkkkkkkkk ok k ok kkk ko k ok k ok k ko k ok kkk ko k ok kkk ko ko k ok k ko ko k ok k ko ko k ok k ko ko kkkhkk ok k ko k ko

;* SX-PONG (C) Rickard Gunée, 2001 *
e S e
;* This is the classical videogane pong, outputing a color video signal in *
;* software using a couple of resistors

* The video signal is not 100%correct, it will not work on all TV:s, so if
* your TV can't lock on the color signal or you get strange colors on the

* screen then your TV probably can't run this gane.

* This is an open source project and you may use this design and software

* anyway you like as long as it is non conercial and you refer to the

;* original author with nane and |ink to honepage

;* Use this at your own risk, don't blame ne if you blow up your tv or kill
* yoursel f or anyone else with it

*

*
*

R

For nore info about project go to: http://ww.rickard. gunee. coniprojects

! khkhkkkhkhkhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhkhkhhhhkhhkhkhhkkkkhhkkkkhkkkkkk ok x
DEVI CE SX28, TURBO, STACKX_OPTI ONX

RESET junpstart ;goto start on reset
NOEXPAND

SYSTEM PAL= 1

SYSTEM PAL_N =2
SYSTEM PAL_M =3
SYSTEM_NTSC =4

SYSTEM = SYSTEM PAL ;*** This line selects TV-systemtining to use ***

del aytinerl equ 08h
del aytiner2 equ 09h
temp0 equ 08h
tenpl equ 09h
tenmp2 equ 0Ah
tenp3 equ 0Bh
t enp4 equ 0Ch
tenp5 equ 0Dh
tenp6 equ OEh
temp? equ OFh
j oy equ RC
joylup equ RB. 7
joyldown equ RC. 5

joylleft equ RC. 6
joylright equ RC. 7

j oylbuttonequ RB. 6

joy2up equ RA. 2
joy2down equ RA. 3

joy2left equ RA. 0
joy2right equ RA. 1

J oy2butt onequ RC. 7

yl equ $10
y2 equ $11
m xedbits equ $12

bal | x equ $13
bal | x_| equ $13
bal | x_h equ $14
ganekind equ $13

bal 'y equ $15
bal l'y_I equ $15
bal ly_h equ $16
bal | x_speed equ $17
bal | x_speed_| equ $17
bal | x_speed_h equ $18
bal | y_speed equ $19
bal | y_speed_| equ $19
bal | y_speed_h equ $1A
pl equ $1B
p2 equ $1C
state equ $1D
ol dj1 equ $1E
ol dj 2 equ $1F
soundt enpOequ $10

soundt enplequ $11

wavelpos equ $12
wavelpos_| equ $12
wavelpos_hequ $13
wavelspeedequ $14
wavelspeed_| equ $14
wavelspeed_h equ $15

wavelspeeddi f equ $16
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wavelspeeddif _| equ
wavelspeeddif_h equ
wavelt i nerequ $18
wave2pos equ $19
wave2pos_| equ $19
wave2pos_hequ $1A
wave2speedequ $1B
wave2speed_| equ
wave2speed_h equ
wave2speeddi f equ
wave2speeddi f _| equ
wave2speeddi f _h equ
wave2t | nerequ $1F
bl ack equ
neutral equ
VI DEO_BUFFER equ
JTI ME equ
frame equ
l'ine equ
ganeover bi t equ
vi deo equ
audi o equ
joylup_ol dequ oldj2.7
Jj oyldown_ol d equ
joylleft_old equ
joylright_old equ
joylbutton_old equ
joy2up_ol dequ oldj1.2
J oy2down_ol d equ
joy2left_old equ
joy2right_old equ
joy2button_old equ

I F (SYSTEM = SYSTEM PAL)

ENDI F

FREQ 53156550

TI ME_2US4
TI ME_4US5

TI ME_27US5EQU
TI ME_29US6EQU
TI ME_64US

TI ME_TOTALEQU
TI ME_PRESYNC
TI ME_SYNC

TI ME_PREBURST
TI ME_BURSTEQU
TI ME_POSTBURST

LEFT_SPACEEQU
RI GHT_SPACE
TOT_LTNES
PRE_LI NES
POST_LI NESEQU

LEFTPAD_PHASE

RI GHTPAD_PHASE
BALL_PHASEEQU
LEFTSCORE_BASE
LEFTSCORE_PHASE

TTEXT_BASE
TTEXT_PHASE
BTEXT_BASEEQU
BTEXT_PHASE
TEXTLTNE_PHASE
PADM D_PHASE
PADEND_PHASE

W NTEXT_BASE

W NTEXT_PHASE

I NI TTEXT1_BASE
NI TTEXT1_PHASE
| TTEXT2_BASE
| TTEXT2_PHASE
| TTEXT3_BASE
| TTEXT3_PHASE
| TTEXT4_BASE
| TTEXT4_PHASE
| TTEXT5_BASE

|
|
|
|
|
|
|
|
I NI TTEXT5_PHASE

zZ2zZzZzzzzz2

I F (SYSTEM = SYSTEM PAL_M

FREQ 42907332

TI ME_2US4
TI ME_4US5
TI ME_27US5EQU
TI ME_29US6EQU
TI ME_64US

TI ME_TOTALEQU
TI ME_PRESYNC
TI ME_SYNC

TI ME_PREBURST

$16
$17

o~NO g

N, OWw

EQ
E
1181

1271
EQU

TI ME_64US
EQU
EQU
EQU

128
239

3405

250
48

112
144

304
35

1

10
(12*20)
9
(12*18)
4

12*87)

(
8
8
6
1

~

(12*65)
7
(12*92)
11
(12*56)
11
(12*57)
5
(12*57)
5
(12*28)
8

103
193

2749

202
39



ENDI F

TI ME_BURSTEQU
TI ME_POSTBURST

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

LEFT_SPACEEQU
RI GHT_SPACE

LEFTPAD_PHASE

RI GHTPAD_PHASE
BALL_PHASEEQU
LEFTSCORE_BASE
LEFTSCORE_PHASE

TTEXT_BASEEQU
TTEXT_PHASE
BTEXT_BASEEQU
BTEXT_PHASE
TEXTLTNE_PHASE
PADM D_PHASE
PADEND_PHASE

W NTEXT_BASE

W NTEXT_PHASE

I NI TTEXT1_BASE
NI TTEXT1_PHASE
| TTEXT2_BASE

| TTEXT2_PHASE
| TTEXT3_BASE

| TTEXT3_PHASE
| TTEXT4_BASE

| TTEXT4_PHASE
| TTEXT5_BASE

|
|
|
|
|
|
|
|
I NI TTEXT5_PHASE

zZ2Z2zZzzzzzz2

I F (SYSTEM = SYSTEM PAL_N)

ENDI F

FREQ 42984672

TI ME_2US4
TI ME_4US5
TI ME_27US5EQU
TI ME_29US6EQU
TI ME_64US

TI ME_TOTALEQU
TI ME_PRESYNC
TI ME_SYNC

TI ME_PREBURST
TI ME_BURSTEQU
TI ME_POSTBURST

TOT_LI NES
PRE_LI NES
POST_LI NESEQU

LEFT_SPACEEQU
RI GHT_SPACE

LEFTPAD_PHASE

RI GHTPAD_PHASE
BALL_PHASEEQU
LEFTSCORE_BASE
LEFTSCORE_PHASE

TTEXT_BASEEQU
TTEXT_PHASE
BTEXT_BASEEQU
BTEXT_PHASE
TEXTLTNE_PHASE
PADM D_PHASE
PADEND_PHASE

W NTEXT_BASE

W NTEXT_PHASE

I NI TTEXT1_BASE
NI TTEXT1_PHASE
| TTEXT2_BASE
| TTEXT2_PHASE
| TTEXT3_BASE
| TTEXT3_PHASE
| TTEXT4_BASE
| TTEXT4_PHASE
| TTEXT5_BASE

|
|
|
|
|
|
|
|
I NI TTEXT5_PHASE

z2zZzZzzzzzz2

I F (SYSTEM = SYSTEM NTSC)

FREQ 42954540

TI ME_2US4
TI ME_4US5
TI ME_27US5EQU
TI ME_29US6EQU
TI ME_64US

144
EQU 5
EQU 254
EQU 35
19
(12%12)
EQU (12*7)
EQU 1
EQU 10
4
EQU (12*20)
EQU 9
EQU (12*15)
EQU 4
(12*65)

8
(12*13)
E 8
EQU 6
EQU 1
EQU 7
EQU (12*48)
EQU 7
EQU (12*75)
EQU 11
EQU (12*40)
EQU 11
EQU (12*40)
EQU 5
EQU (12*40)
EQU 5
EQU (12*13)
EQU 8
EQU 103
EQU 193
1181
1271
EQU 2749
TI ME_64US
EQU 47
EQU 202
EQU 39
144
EQU 5
EQU 304
EQU 35
19
(12*12)
EQU (12*7)
EQU 1
EQU 10
4
EQU (12*20)
EQU 9
EQU (12*15)
EQU 4
(12*65)
E 8
(12*13)
EQU 8
EQU 6
EQU 1
EQU 7
EQU (12*48)
EQU 7
EQU (12*75)
EQU 11
EQU (12*40)
EQU 11
EQU (12*40)
EQU 5
EQU (12*40)
EQU 5
EQU (12*13)
EQU 8
EQU 103
EQU 193
1181
1271
EQU 2748
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TI ME_TOTALEQU TI NE_64US

TI ME_PRESYNC EQU 47
TI NE_SYNC EQU 202
TI NE_PREBURST EQU 39
TI ME_BURSTEQU 144
TI ME_POSTBURST EQU 5
TOT_LI NES EQU 254
PRE_LI NES EQU 30
POST_LI NESEQU 16
LEFT_SPACEEQU (12*12)
RI GHT_SPACE EQU (12*7)
LEFTPAD_PHASE EQU 1
RI GHTPAD_PHASE EQU 10
BALL_PHASEEQU 4
LEFTSCORE_BASE EQU (12*20)
LEFTSCORE_PHASE EQU 9
RI GHTSCORE_BASE EQU (12*15)
RI GHTSCORE_PHASE ~ EQU 4
TTEXT_BASEEQU (12*65)
TTEXT_PHASE E 8
BTEXT_BASEEQU (12*13)
BTEXT_PHASE EQU 8
TEXTLTNE_PHASE EQU 6
PADM D_PHASE EQU 1
PADEND_PHASE EQU 7
W NTEXT_BASE EQU (12*48)
W NTEXT_PHASE EQU 7
I NI TTEXT1_BASE EQU (12*75)
| NIl TTEXT1_PHASE EQU 11
| NI TTEXT2_BASE EQU (12*40)
| NI TTEXT2_PHASE EQU 11
| NI TTEXT3_BASE EQU (12*40)
| NI TTEXT3_PHASE EQU 5
| NI TTEXT4_BASE EQU (12*40)
| NI TTEXT4_PHASE EQU 5
I NI TTEXT5_BASE EQU (12*13)
| NI TTEXT5_PHASE EQU 8
ENDI F
TI ME_HSYNCEQU (TIME_PRESYNC + TI ME_SYNC + TI ME_PREBURST + TIME_BURST + TI ME_POSTBURST)
TI ME_I MAGEEQU (TIME_TOTAL - TI ME_HSYNC)
BALLAREA_W DTH EQU ((TIME_I MAGE - (119+119+167 + RI GHT_SPACE + LEFT_SPACE + 12 + 2 + 4 +
9 +1))/12)
M D_LI NES EQU (TOT_LINES - PRE_LINES - PCST_LINES)
PLAYFI ELD_LI NES EQU (M D_LI NES- 22)
PAD_ENDSI ZE EQU 5
PAD_M DS| ZE EQU (PLAYFIELD LI NES / 5)
PAD_SI ZE EQU (PAD_M DSI ZE + ( PAD_ENDSI ZE*2))
BALL_LI NESEQU 16
BALL_BUFFER EQU $D0
RPAD_BUFFER EQU $90
LPAD_BUFFER EQU $50
VAVEPAD FREQ EQU 256
WAVEPAD DI F EQU 12
WAVEPAD_LEN EQU 20
VAVEVALL_FREQ EQU 196
WAVEVWALL DI F EQU 8
VWAVEWALL_LEN EQU 24
VAVEM SS_FREQ EQU 256
WAVEM SS_DI F EQU 0
WAVEM SS_LEN EQU 150
VAVESERV_FREQ EQU 512
WAVESERV DI F EQU 16
WAVESERV_LEN EQU 20
STATE_PL1_SERVE EQU 0
STATE_PL2_SERVE EQU 1
STATE_PL1_GAME EQU 2
STATE_PL2_GAME EQU 3
STATE_PL1_WON EQU 4
STATE_PL2_WON EQU 5

;game data | ocations, locations are given relative to the base of ganedata
;fastmemrefers to the bit 0..7 of each program nenory position
;slowmemrefers to the bit 8..11 of each program nenory position

FONT EQU $0 ; fastmem
STRO EQU $100 ;fastmem
STRO_LEN EQU 8 ;fastmem
STRL EQU $109 ;fastmem
STR1_LEN EQU 16 ;fastmem
STR2 EQU $1la ;fastmem
STR2_LEN EQU 22 ;fastmem
STR3 EQU $131 ;fastmem
STR3_LEN EQU 14 ;fastmem
STR4 EQU $140 ;fastmem
STRA_LEN EQU 14 ;fastmem
STR5 EQU $14f ;fastmem
STR5_LEN EQU 7 ;fastmem
STR6 EQU $157 ;fastmem
STR6_LEN EQU 7 ;fastmem
STR7 EQU $15f ;fastmem
STR7_LEN EQU 9 ;fastmem
STR8 EQU $169 ;fastmem
STR8_LEN EQU 9 ;fastmem



NUMBERS EQU $173 ;fastnmem
BALL EQU $0 ; sl ownem
PADDLE EQU $c0 ; sl ownem
SINTABLE EQU $118 ; sl owrem

EMPTYGFX EQU $138

SAKKKKAKKKKARKA KKK AR KAF |16 MACIO *XFHXFAK KA XA XK kKK XK KX KKKk

;* This is a macro to add two 16bit nunbers, inputs two
;* argunents, each pointing at the |Isb register followed by *
;* the nsb register at poistion arg+1. *
;* Reults is stored in registers referred to by first arg *
;* argl = argl + arg2 *
;* clocks: *
R T E T R SR
add16 MACRO 2
add (\1),(\2) ;2
snc 1 1(2)
inc (\1) +1 01
add (\1) +1, (\2) +1 ;2
ENDM

SAKKKKAKKAKARKKK KA KARKAF GUNTE MMACI O *XFH XA A Kk A Ak Ak kk kA KK XKk KKk

;* This is a macro to sub two 16bit nunbers, inputs two
;* argunents, each pointing at the |Isb register followed by *
;* the nsb register at poistion arg+1. *
;* Reults is stored in registers referred to by first arg *
;* argl = argl - arg2 *
;* clocks: *
R T E T R
sub16 MACRO 2
sub (\1),(\2) ;2
sc
dec (\1) +1 i1
sub (\1) +1, (\2) +1 12
ENDM

JERFHAAAXK S KKK KRR RAAAS @] MACIQ *HHH KA XX AN KKk A XN Xk kA A XN Xk

This is a macro to negate one 16bit nunber, inputs one
argunent, pointing at the |sb register followed by the nsb *
regi ster at poistion arg+1l. *
;* argl = -argl *
*
*

;* clocks: 5

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkkkkkkkkkkhkkkkhkhkkkkhkhkkkkhkh ok kk ok

negl6 MACRO 1
not (\
not (\
inc (\
snz
inc (

ENDM

SAEKKKAKKKKARKAK KA K ARKAF 168 TRCI O FHHXF AR KA KKk Kk Kk kKK kKA Kk

*
This is a macro to add one 16bit register with one 8 bit *
constant, inputs two argunent: register, constant *
register argunment pointing at the |sb register followed by *
the nsb register at poistion arg+1. *
*
*
*
*

* kK ok

Reults is stored in registers referred to by first arg
argl = argl + arg2
cl ocks:

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkhkhkkkkhkhkk ok k

add16l 8 MACRO 2
add (\1),#(\2) ;2
snc
inc (\1) +1 01
ENDM

SAKKKKAKKKKAKKAK KA KRR KKK GUNTEE TRCI O FHAXF AR KA KKK AR KA KK KA KKk

This is a macro to sub one 8bit constant from one 16bit

;* register, inputs two argunent: register, constant *
;* register argunent pointing at the Isb register followed by *
;* the nsb register at poistion arg+1. *
;* Reults is stored in registers referred to by first arg *
;* argl = argl - arg2 *
;* clocks: 4 *
SRR KRR AR AR AR AR AR AR AR AR AR AR
sub16l 8 MACRO

sub (\1),#(\2) 12

sc

dec (\1) +1 01

ENDM

SAKKKKAKKAXKKRKAK KX KARKAF DU G] TRCIQ FHREXFAKKA KKK AR KA KK KA KKK

;* This is a macro to set one 16bit register to one 16bit *
;* constant, inputs two paraneters: register,constant where *
;* register argunent pointing at the Isb register followed by *
;* the nsb register at poistion arg+1 *
;* argl = arg2 *
;* clocks: 4 *
*

Hkkkkkkhkkkhhkhkkkkkkhkkkkhkhkkkkhkhkkkkhkhkkkkhk ko kkkhkh ok kk k

mov16l MACRO 2
mov (\1), #(\ 2) &$FF
mov (V1) +1, #(12) >>8
ENDM

SAKKKKAKKAKARKA KKK AR KARAX JOGOUNQL FHFEFFAF AR KKK KA KKK KA KKK KA

;* This is a macro initializes a sound in sound channel one *
;* taking three constant paraneters: speed, speeddifference *

1 1(2)

1 1(2)

1 1(2)
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;* and length *
;* clocks: 10 *

Sk kkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkk ko k ok kkk ko hkkkk ko kkkk ok hk ok k ok k&

dosoundl MACRO 3
nov 16l wavelspeed, (\1)
nov 16l wavelspeeddif, (\2) 14
nov wavelti mer, #(\ 3) 12
ENDM

SAKKKKAKKAKARKAK KKK RKAKAY JOGOUNCD FHAFHXF AR KA KK XK KKK A KKK KKK

;* This is a macro initializes a sound in sound channel two *

;* taking three constant paraneters: speed, speeddifference *
;* and length *
;* clocks: 10 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkkhkkkkkkhkhkk ok k ko h ok kkkhk ok k ok k&

dosound2 MACRO 3
nov 16| wave2speed, (\1)
nov 16l wave2speeddi f, (\2) 14
nov wave2t i mer, #(\ 3) 12
ENDM
SRR AR AKX R XA X A o] | ROE O R R R KA KA K AKX R Kk
;* This macro does the same as lcall but in 2 words *
;* clocks: 4 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkh ok k ok kkkhkk ok kkk ko hkkk ko hkkkk hk ok k ok k&

pj np MACRO

page (\1)

] \1)

ENDM
SRR R KKK KRR KKK AR R KRR E o] | RO O FERE KKK KKK AR R KKK AR KK
;* This macro does the same as lcall but in 2 words *
;* clocks: 4 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkk ko kkkkk ko hkkkk ko kk ok ok ok hk ok k ok k&

pcal | CRO

page (\1)

call (\1)
ENDM

ek kkkkkkkkkkkkkkkkkhkkkk R T Y
vout nacro

;* This macro outputs a constant to the video DA *
clocks: 2 *

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkk ok k ok kkkkkh ok kkk ko h ok kkk ko kkkk ok hk ok k ok k&

vout MACRO 1
nov w, #(\ 1)
nov vi deo, w
ENDM

Ckkkkkkkkkkkkkkkkkk ok ok ok ok ok ]
N voutr macro

;* This macro outputs data froma register to the video DA *
;* clocks: 2 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkkkkk ok kkk ko hkkkk ko h ok ok ok khk ok k ok k&

voutr MACRO 1
nov w,\1
nov vi deo, w
ENDM

SAKKKKAKKAKARKAK KK ARKAKA { Q) [TACI O *XFHX KA KK XK KA KKK KKK KX KA KKk

This macro creates a delay of 3 clock cycles only using
one word of program nenory.
clocks: 3

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkhkhkkkk ko hkk ok k hk ok k ok k&

* ok K

t nop MACRO .
) jmp :tnopj
: t nopj
ENDM

JERFHAKAXK R KKK XN XKAAA SOt DRASE IMACI O **H ¥ ¥4 *hkkkkkxhxhkkkx

;* This is a macro for creating delay that depends of the
contents of w, it adds wto the |low part of pc, and adds
nops after the jnp instruction, the nunber of nops is
specified as a paraneter to the function

clocks: w3

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkhkkkkhkhkkkkhkhkkkkhkhk k ok k

*
*
*

Ok Kk kX ok

set phase MACRO 1
jnp pc+w
REPT \1
nop
ENDR
ENDM

JERFHAEKAXR KRR R R KRR A XN (ol QY MACIQ FHFHEEAXE KA KA XK R KA A A

;* This is a macro for creating delays by calling the delay
functions, it mnimzes the nunber of programwords to max
6 words. For delaytinmes |ess than 1017 and | onger than 9
it uses the short delay functions at the cost of 2-3 words
for shorter delays it uses the fixed delays at a cost of 1
to 3 words, |onger delays are done by a call to the short
delay functions followed by a long delay call with a total
cost of 4-6 words of program nenory. The macro can handl e
;* delays fromO0 to 260k cycles.

* Ok K kX

*

WARNI NG no guarantee that this really works correctly for
all delays as it quite conplex and I'mtoo lazy to test it

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkhkkkkhkhkkkkhk ok ok kK k&

ok K Rk Kk ok K K kX
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del ay CRO 1
IF (\1) <0
ERROR ' Negative del ay'
ENDI F
: del base
F (:del base & $E00) = (delay9 & $EO0)
IF ((\1)<6)
IF ((\1)//3)=1
no

ENDI F
IF ((\1)//3)=2
nop
nop
ENDI F
IF ((\1)/3) >0
REPT ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>5) AND ((\1)<10)
call delay6 - ((\1)-6)
ENDI F

IF ((\1) >9) AND ((\1)<1027)
mov w, #((\1)-6)>
call delay_: short_O - (((\1)-6)&3)
ENDI F

1 6
(% 2)//1017) <10

(V1)-12)7/1017) +1017) >>2)

y_short 0 - (((((\1) 12)7/1017) +1017) &3)
(V1)-12)71017)-

FQ

| F -

nov (
cal |
mov (

ELSE

mov w, #((((\1)-12)//1017) >>2)
call delay_short_0 - ((((\1)-12)//1017)&3)
mov w, #(((V1)-12)/1017)

NDI

> 102
(\1)-1
w, #((((
| dela

w, #(

call delay_|long

I'F ((\1)/3) >0
T ((\1)/3)
tnop
ENDR
ENDI F
ENDI F

IF ((\1)>6) AND ((\1)<11)
page del ay6
call delay6 - ((\1)-7)
NDI F

IF ((\1) > 10) AND ((\1)<1028)

mov w, #((\1)-

page del ay_. short O

cal | delay_short_0 - (((\1)-7)&3)
NDI F

1) > 1027
(((\1)-14)//1017) <10
,#(((((\1) 14)//1017) +1017) >>2)
page del ay_short_0
call delay _short 0 - (((((\1) 14)//1017)+1017) &3)
mov w, #(((\1)-14)/1017) -
ELSE
mov w, #( (((\1)-14)//1017) >>2)
page del ay_short_0
call delay_short_0 - ((((\1)-14)//1017)&3)
mov w, #(((V1)-14)/1017)
ENDI F
page del ay_| ong
call delay_|ong
ENDI F
ENDI F

FQ
|F
nmv

ENDM

JEEEEEE AR F KA AR R R4 % ol @y fUNCE] ONS ***¥****xkkkkxhxkkkkxnxk

;* Different delay functions to be able to create |ong delays *

;* using as few bytes of program nenory as possible

;* These functions are required by the delay macro *

;* delays with exact clock count uses no registers *

;* short delays use tenpO *

;* long del ays use tenpO and tenpl *
*

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkhkhkkkkhk ko kkkhkh ok kk k

del ay9 nop i1 entrypo
del ay8 nop i1 entrypo
del ay7 nop i1 entrypo
del ay6 retp ;3 entrypo
del ay_short_3 nop i1 entrypo
del ay_short_2 nop i1 entrypo
del ay_short _1 nop i1 entrypo
del ay_short _0 nov tenp0, w i1 entrypo

nt
nt
nt
nt

nt
nt
nt
nt

of
of

of

of
of
of
of

del ay9 that
del ay8 t hat
del ay7 that
del ay6 that

del ay_short
del ay_short
del ay_short
del ay_short

del ays
del ays
del ays
del ays

3 that
3 that
3 that
3 that

9 cl ocks
8 cl ocks
7 cl ocks
6 cl ocks

del ays 4*w
del ays 4*w
del ays 4*w
del ays 4*w

+ 8
+ 7
+ 6
+5
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del ay_short_m decsz t emp0 1 1(2) decrease counter, nminloop of delay short

jnp del ay_short_m ;3 keep | ooping until counnter is zero
retp ;3 return back to caller

del ay_| ongnmov tenpl, w i1 set long time counter fromw

del ay_l ong_| nov w, #251 H set time to delay in short delay
call del ay_short_3 ;1012 time to delay is 251*4+8=1012
decsz tenmpl 1 1(2) decrease long tinme counter
jnp delay_l ong_| ;3 keep | ooping until counnter is zero
retp i1 return back to caller

ok k kK Ak Rk kA kK kK Ak Kok k ko k ok kK kR kK kR kK
junpstart

5* Junps to real start routine, required as chip nust start *
;* on page 0 *

Dk kR R KRRk Rk kK kKRR kR kK R KRk kK kKR KRk kK R Kk kK kK Rk Rk kK K
junpstart pjnp start

SAKEKKAKKAKARKK KKK ARKAF At QU] (OO FEAFHXF AR KA KA XK AR KA KK KA KKK

Ckkkkkkkkkkkkkkkkkkkkkkkkkkk ok k ok kkkhkhkkkk ko hkkkk ko kkkkk hk ok k ok k&

5* outputs data fromnenory to video output *
;* tenp register 0 used *
;* clocks: w12 + 7 + 1 *

nent ovi deonov tenp0, w i1 set pixel counter
ntvl0 nov w, i nd i1 get lower |evel byte frommem
nov vi deo, w i1 send to video output
seth fsr.5 i1 sel ect upper bank
nov w, i nd i1 get upper level byte frommem
inc fsr i1 point at next pixel
clrb fsr.5 01 sel ect | ower bank
nop i1
nov vi deo, w i1 send to video output
decsz temp0 2 1(2) decrease pixel counter
jnp ntvl 0 ;3 keep looping until all pixels are done
vout BLACK 02 set bl ack col or
retp ;3 get outa here

JERFHAAAXR S KKK RN RAAAX GOt gr ARl CF KAFFHEAAXE KK KA XX KX KA A XN AR

;* outputs data fromnenory to video output

;* tenpO = bitmap rompointer bit 0..7 *
;* tenpl = bitmap rompointer bit 8..11 *
;* tenp2 = palette rompointer bit 0..7 *
;* fsr = pointr to menory where to store graphics *
;* Note: bits 8..11 of palette pointer is in the constant *
;* called PALETTE_PAGE, all palettes should be placed within *
;* this page. fsr,tenp0 and tenpl are nodyfied *
;* clocks: w3l + 5 +1 *
* *

Kkkkkkkkkkhkhhkkkhkhkhkkhkhkkkkhk ko kkk ko ko kkk ko h ok k ok khk ok k ok k&

set graphi cs nov tenp3,w i1 set pixel counter
sgl 0 nmov mtenpl 12 set page
nov w, t enp0 i1 get | mage pointer
iread 14 read pixeldata fromrom
nmv w, m i1 get sl ownem ni bbl e
add w, tenp2 i1 select palettte, assuming all palettes within the
same page
nmov m #PALETTE_PACGE i1 sel ect page
iread 14 read palette
nov ind, w 01 remenmber first |evel
setb fsr.5 01 sel ect second | evel bank
and w, #$C0 01 mask out two upper bits
nov ind,w i1 store second | evel two upper bits
rrind 01 nove upper bits into correct position (1/2)
rrind i1 nove upper bits into correct position (2/2)
nmv w, m i1 get second | evel |ower nibble
or ind,w 01 stor second |evel |ower nibble
clrb fsr.5 01 get back to first |evel bank
inc fsr i1 point at next pixel menory position
inc tenpO i1 point at next nibble
snz 2 1(2)
inc tenpl i1 if page overflow, go to next page
decsz tenp3 2 1(2) decrease pixel counter
jnp sglo ;3 keep looping until all pixels are done
retp ;3 get outa here

JEEFHEEAXR SR RAA RN RRAAA S]] @CO| O f @ FHEEEAAEH AKX AR KA A XA AR

5* outputs w color cycles at maxi mnum anplitude *
;* Cocks: w12 + 11 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok kkkkkhkkkkhkhkkkk ko hkkkkhk ok ok ok k &

sinpl ecolorfa nov tenp2, w i1
nov t enpO0, #63 12
nov tenpl, #bl ack 12
skip 12

JERFHEAAXK KK KKAXRRRKAAAR G [ID| @CO| OF FHFHHAAXX KK KA AR KR KA A XN AR

5* outputs w color cycles *
;* Clocks: w12 + 5 + 1 *

Ckkkkkkkkkkkkkkkkkkkkkk ok kkkkkk ok kkkkkhkkkk ko ko kkk ko hk ok ok khk ok k ok k &

si npl ecol or nov tenp2, w i1 set colorcycle counter

si npl ecol or _| vout r t enp0 12 set first |evel
del ay 4 14 delay to get 12cycle | oop
vout r tenpl 12 set second | evel
decsz tenp2 2 1(2) decrease col orcycle counter
j si npl ecol or _| ;3 do all cycles
retp ;3 get outa here

SAKKKKAKKAKARKA KKK KRR ARRA G OUE FHRFAFH AR AR KA AR AR AR R AR R R Rk

;* output characters fromstring in romusing a font in rom *
;* tenpO used as character tenp storage *
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* tenp2 used as character counter
* tenpl:tenp3 = pointer to string
* tenp4 = line (0..7) + FONT_BASE
* tenp5 = length

* clocks: 8 * 12 * w+ 44 + 1

*

* ok ok k

*

Kkkkkkkkkkkkhkhkkkkkkkkkkkhkhhkkkhkhkkkkkk ko kkkhkhkkkkkkh ok kk ok

strout _cl
strout _| vout bl ack 12 pi xel three to seven
del ay 2 12
rr temp0 i1
snc 1 1(2)
nmov w, #53 i1
nov vi deo, w
decsz tenmp2 1 1(2)
jnp strout _| ;3
st rout nov mtenpl 12 set character page
vout bl ack 12 pi xel one starts here
nov w, t enp3 i1 get pointer to characters
iread V4 read one character
add w, t enp4 ;1 update according to line and fontbase
nov m #((ganedata + FONT) >> 8) ;1 set font-page
iread 14 read character pixels from font
nov tenp0, w i1 store character pixels in tenpO
nov w, #bl ack 01
rr temp0 i1
snc 1 1(2)
nmov w, #53 i1
inc tenmp3 ;1 point at next character
nov vi deo, w 01
snz 1 1(2)
inc tenmpl i1
del ay 2
vout bl ack 12 pi xel three starts here
nov tenmp2, #5 12
rr temp0 i1
snc 1 1(2)
nmov w, #53 i1
nov vi deo, w 01
decsz tenp5 2 1(2)
jnp strout _cl ;3
vout bl ack
retp ;3

SAKKKKAKKKKAKKAK KA KKK KKK CHQr QUL FHRF AR A XA AR K AR A XK AR KA KKK KKK

;* output character fromfont in rom
;* tenpO used as character tenp storage
;* tenpl = intensity

;* tenp3:tenp2 = pointer to char

;* clocks: 112 + 1

*

Hkkkkkkkkkkkhkhkkhkhkkkkhkhkkkkhk ko kkkhkhkkkk ko h ok k ok khk ok k ok k &

*
*
*
*
*

char out nov mtenp3 12 set high part of pointer (i.e. page)
nov w, tenp2 i1 set |ow part of pointer
iread V4 read character data fromrom
nov tenpO, w i1 store character data in tenp0
nov tenp2, #8 12 character is 8 pixels w de
charout _| vout bl ack 12 start with black |evel
del ay 2 12 delay to keep phase
rr temp0 i1 rotate character data
snc 2 1(2) if Isb was zero, keep black
nov w, tenpl 12 get anplitude of character
nov vi deo, w i1 output to video DA
decsz tenp2 1 1(2) decrease pixel counter
jnp charout _| ;3 go all pixels
vout bl ack ;2 set black |evel
retp ;3 get outa here
SRR AR AR AR AR AR AR A (| 1D KA KA KRR A A
;* multiply contents of wwth constant 12, result in w *
;* destroys tenp2 *
;* clocks: 13 *
R T E T T R SR
ml _12 nov tenmp2, w i1 temp2 = w
add tenp2, w i1 tenp2 = w2
add tenmp2, w i1 tenp2 = w3
cle i1 carry must be cleared before rotation
rl tenmp2 i1 tenmp2 = w*3*2
rl tenmp2 01 tenmp2 = w*3*4 = w12
nov w, t enp2 01 result in w (one could optinize one word and cl ock here,
I"mto lazy to recalculate the timng of the main program
ret ;3 return back

JEEEREE AR R Rk AR ARk Ak % ppkepadd] @ KEEFFEEEAXE IR KA XK R KA AR AR K

Creates paddl e graphics one a line, based on y position.

This is used for both left and right paddle.
fsr = pointer to graphics buffer
tenp0 = tenporary storage, contents destroyed

tenp2
tenp7

cl ocks:

'*
-
'*
'*
;¥ tenpl contents destroyed
-
'*
-
'*

Kkkkkkkkkkkkhkkkkhkhkhkkhkhkkkkhk ko ko khk ko kkk ko h ok k ok khk ok k ko k%

tenporary storage,
y-pos of paddle

i ne number

314 + 1 cl ocks

*
*
*
*
*
*
*
*
*

nmakepadd! ecl r tenpl i1 clear output register
nov tenpO, t enp2 H temp0 =y
sub tenpO, tenp? 12 tenmp0 =y - checkline
sc 2 1(2) check if result is negative, y < checkline

but
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seth tenpl. 0 i1 no, y > checkline, set first bit
nov tenpO, t enp2 12 temp0 =y
add tenp0, #PAD_ENDSI ZE ; 2 tenp0 = y + endsize
sub tenpO, tenp? 12 temp0 = y + endsize - checkline
sc 1 1(2) check if result is negative, y+endsize < checkline
seth tenpl. 1 i1 no, y+endsize > checkline, set second bit
nov tenpO, t enp2 12
add t enp0, #PAD_ENDSI ZE + PAD_M DSI ZE 12
sub tenpO, tenp?
sc ;1(2)
clrb tenpl. 0 H
nov tenpO, t enp2 12
add t enp0, #PAD_ENDSI ZE*2 +PAD_M DSI ZE 12
sub tenpo, tenp7 H
sc 1 1(2)
clrb tenmpl. 1 i1
nov w, tenpl ;1
add pc, w ;3 sel ect what to do according to result
jnp paddl e_bl ack ;3 0 - no paddle
] np paddl e_bottom ;3 3 - top part of paddle
] np paddl e_top; 3 1 - bottom part of paddl e
H - mddle part of paddle
paddl e_mi ddl e del ay 19
nov tenpO, #( (gamedata + PADDLE + 40) & $FF) ;2 set | ow rom pointer to paddl e graphics
nov tenpl, #((ganedata + PADDLE + 40) >> 8) ;2 set high rom pointer to paddle graphics
nov tenpz #( (PALETTE_BCW + ganedat a2) & $FF); 2 set palette
nov w, #i pad is 8 pixels wide
jnp setgraphl cs 253
paddl e_bottom nov t enp3, #PAD_ENDSI ZE 12 set bottom reference
nov tenpO, #( (gamedata + PADDLE + 48) & $FF) ;2 set | ow rom pointer to paddl e graphics
nov tenpl, #((ganedata + PADDLE + 48) >> 8) ;2 set high rom pointer to paddle graphics
jnp paddl e_bottom j H
paddl e_t opnov tenp3, #PAD_ENDS| ZE*2 + PAD_M DSI ZE 12 set top reference
nov tenpO, #( (ganmedata + PADDLE) & $FF) 02 set | ow rom pointer to paddl e graphics
nov tenpl, #( (ganedata + PADDLE) >> 8) 12 set high rom pointer to paddle graphics
jnp paddl e_bottom j H
paddl e_bottom j add tenp2, tenp3 02 tenp2 =y + size
sub tenp2, tenp? 12 tenmp2 =y + size - |inenunber
clc 01
rl tenmp2 01
rl tenmp2 01
nov w, <<t enp2 01 w = (y + size - linenunber)*8
add tenp0, w H select line in graphics
snc ;1(2) check for overflow
inc tenmpl i1 if overflow change to next page
nov tenpz #( (PALETTE_ BOW + ganedat a2) & $FF); 2 set palette
nov w, #i i1 pad |58p|xelswde
jnp set graph| cs ;253
paddl e_bl ack del ay 16
nov tenpO, #( (ganmedata + EMPTYGFX) & $FF) ;2 set | ow rom pointer to paddl e graphics
nov tenpl, #((ganedata + EMPTYGFX) >> 8) 12 set high rom pointer to paddle graphics
nov tenp2, #( (PALETTE_BCW + ganedat a2) & $FF); 2 set palette
nov w, #8 i1 pad is 8 pixels wide
jnp set graphi cs ;253
SRR R KKK AR R KKK AR R KKK AR R ploahal | KEEREE KRR KKK AR KR KA AR K

* Creates ball graphics on a line

;* Requires nekepad as it reuses routines for enpty line to *

;* save romnenory (as both paddle and ball are 12 pexel s) *

;* fsr = pointer to graphics buffer *

;* tenpO = tenporary storage, contents destroyed *

;* tenpl = tenporary storage, contents destroyed *

;* tenp2 = tenporary storage, contents destroyed *

;* tenp7 = line nunber *

;* clocks: 421+1 cl ocks *

makebal | bank $00
mov tenpO, #((gamedata + BALL) & $FF) ;2
nov tenpl, #((ganedata + BALL) >> 8) 02
nov tenp2,bally_h 12
sub tenp2, tenp6 12
snc 1 1(2)
jnp nobal | _j1 ;3
nov tenmp2,bally_h 12
add tenp2 , #BALL_LI NES 12
sub tenp2, tenpe 12
sc 2 1(2)
jnp nobal | _j 2 ;3
nov w, t enp2 ; 1
cal | mul _12 ;13
add tenp0, w ; 1
snc 2 1(2)
inc tenmpl i1
mov tenp2, #( ( PALETTE_BCW + ganedata2) & $FF),
nmov fsr, #BALL_BUFFER H
nmov W, #12 ; 1
jnp set graphi cs ;377

nobal | _j 1 del ay 8

nobal | _j 2 del ay 11
nmov fsr, #BALL_BUFFER 12
mov tenpO, #((gamedata + EMPTYGFX) & $FF) ;2
nov tenpl, #((ganedata + EMPTYGFX) >> 8) ;2
mov tenp2, #( ( PALETTE_BCW + ganedata2) & $FF) 2
nov w, #12 ;
jnp set graphi cs H 377
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set |ow rom pointer to ball graphics
set high rom pointer to ball graphics

select line in graphics

check for overflow

if overflow, change to next page
set palette

point at ball buffer

pad is 12 pixels wide

point at ball buffer

set | ow rom pointer to paddl e graphics
set high rom pointer to paddle graphics
set palette

pad is 8 pixels wide
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;* macro for showing a line of chars fromrom *
;* paraneters: strpointer,|ength, base, phase *
| TEXT MACRO 4
nov tenp7, #8 12
nov tenp4, #((gamedata + FONT) & $ff) 02
:bots_| pcal | hsync ; 1+TI ME_HSYNC
del ay (\3) - (\9)
nov tenpl, #(((\1) + ganedata) >> 8) ;2
nov tenp3, #(((\1) + ganedata) & $FF) ;2
nov tenp5, #(\ 2) 12
pcal | st rout STR LEN*8 * 12 * (w1) + 42 + 1
inc t enp4
del ay TIME_I MAGE- ((((\2)-1)*8*12) + 44 + 1) - (\3) + (\4) - (2+2+2+1+4+1)
decsz tenmp? 1 1(2)
jnp :bots_| H
del ay 2
pcal | hsync
ENDM
SRR AR AR AR AR A Rl EDAl | R AR AR AR AR AR AR AR AR AR AR AR A
;* shows initscreen where user can sel ect ganetype *
I NI TLI NES EQU 9+9+9+44+9+14+9+49+9
i ni tscreenbank $00 ;
nov 1
and w #%’11100000 i1
nov ol dj . W i1
nov W, ;1
and #0/00001111 ;1
or oI dil,w i1
nov ol dj 2 rb 12
pcal | vsync
; del ay TIME_IMAGE - 17 - 2
mov w, #PRE_LI NES + ((M D_LINES - I NI TLI NES)/2)
pcal | enptylines
del ay 12-5
itext STRO, STRO_LEN, I NI TTEXT1_BASE, | Nl TTEXT1_PHASE
del ay TIME_IMAGE - 17 - 2
nov w, #9
pcal | enptylines
del ay 12-5
itext STR1, STRL_LEN, | NI TTEXT2_BASE, | Nl TTEXT2_PHASE
del ay TIME_INMAGE - 17 - 2
nov w, #44
pcal | enmptylines
del ay 12-5
nov tenp7, #8 12
mov tenp4, #((gamedata + FONT) & $ff) ;2
iscrl_| pcal | hsync
del ay I NI TTEXT3_BASE - | NI TTEXT3_PHASE
nov tenpl, #((STR6 + ganedata) >> 8) ;2
mov tenp3, #((STR6 + ganedata) & $FF) ;2
nov t enp5, #STR6_LEN ; 2
call strout ; STR_LEN*8*12+44
del ay (12*4) - 7 + 6
bank $00 i1
mov w, #( (STR7 + ganedata) & $FF) 01
snb ganekind. 1
mov w, #((STRS + ganedata) & $FF) i1
nov tenp3, w i1
nov tenpl, #((STR7 + ganedata) >> 8) 12 ;2
mov t enp5, #STR7_LEN 02
call strout ; STR_LEN*8*12+44
inc t enp4
del ay TI VE_| MAGE- (( STR6_LEN- 1) *8* 12+44) INI TTEXT3_BASE + | NI TTEXT3_PHASE -
7+6+7+2+1) - ((STR7_LEN-1)*8*12+44)
decsz tenmp? 2 1(2)
jnp iscrl_| ;3
del ay 2
pcal | hsync
del ay TIME_IMAGE - 17 - 2
nov w, #14
pcal | enmptylines
del ay 12-5
nov tenp7, #8 12
mov tenp4, #((gamedata + FONT) & $ff) ;2
iscrr_| pcal | hsync
del ay I NI TTEXT4_BASE - | NI TTEXT4_PHASE
nov tenpl, #((STR5 + ganedata) >> 8) 02
mov tenp3, #((STR5 + ganedata) & $FF) ;2
mov t enp5, #STR5_LEN i1
call strout ; STR_LEN*8*12+44
del ay (12*4) -
mov w, #( (STR7 + ganEdat a) & $FF) 01
bank $00 i1
test ganeki nd
sz 1 1(2)
mov w, #( (STR8 + ganedata) & $FF) i1
nov tenp3, w i1
nov tenpl, #((STR7 + ganedata) >> 8) 02
nov t enp5, #STR7_LEN 12

(2+2+2+1+4+(12*4) -
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call
inc

del ay
7+6+7+2+1) - ((STR7_LEN-1)*8*1
decsz

] np

del ay
pcal |
del ay

mv
pcal |

del ay
i text
del ay

mv
pcal |

del ay
pcal |

bank
sb
] np
sb
dec
mov
xor
mv
snz
mv
i ni t noupwar pr
sb
] np
sb
inc
mv
xor
snz
clr
i ni t nodownwar pr
del ay

sb
skip
snb
] np
clrb
pj np
i ni t noupwar p jnp
i ni t nodownwar p ] np

org $200

B R T PPV
;* Performas a vertica
;* Uses tenpO..tenp2

Ckkkkkkkkkkkkkkkkkkkkkkkkk ok ok kK

vsync mov

I ong_sync_| clr

short _syncnov
short _sync_| clr

vsound

SAKKKKAKKAKARKAK KA KKK ARAA g

;* performas a horizontal
;* uses tenpO

Ckkkkkkkkkkkkkkkkkkkkkkkkk ok ok kK

del ay
clr

call
del ay
vout

del ay
mv
vout
del ay
vout
decsz

hsyncl

] np
del ay
vout
del ay
retp
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sync pul se and col or

strout

tenp4 1
TINE_| MAGE- (( STRE_LEN-1)*8*12+44) - | N TTEXT4_BASE + | N TTEXT4_PHASE - (2+2+2+1+4+(12*4)-

2+44)

tenp7
iscrr_

2

hsync

TIME_I MAGE - 17 - 2
w, #49

enptylines

12-5

; STR_LEN*8*12+44

1 1(2)
.3

STR2, STR2_LEN, | NI TTEXT5_BASE, | NI TTEXT5_PHASE
2

TIME I MAGE - 17 -

w, #POST_LI NES + ((M D_LI NES -
enmptylines

12-1
hsync
$00 01
joylup_old 1 1(2)
i ni t noupwar p i1
j oylup 1 1(2)
ganeki nd i1
w, ganeki nd 01
w, #$FF 01
w, #3 01

1 1(2)
gameki nd, w i1
j oyldown_ol d 1 1(2)
i ni t nodownwar p 01
j oyldown 7 1(2)
ganeki nd 01
w, ganeki nd 01
w, #4 ;1

1 1(2)
ganeki nd i1
TIMEIMMGE - 10 - 8- 6- 9 - 4
joylbutton_ol d 1 1(2)
joylbutton 1 1(2)
initscreen ;3
joylbutton_ol d 1

premain

i ni t noupwar pr
i ni t nodownwar pr

NG H*F A KRk K kK Kk A KKK KA KK KKk Kk

sync pattern on the video output *

*
Kkkkkhkkhkkkhkhhkkkkhkhhkkkkhkhkk ok k

w, #4 ;1

short _sync ;5

tenp2, w i1

vi deo 01

(TIME_27US5 - 1)

bl ack ;2

vsound ;65

(TIME_4US5 - 6 - 65); u

tenmp2 c1(2

I ong_sync_|

w, #5 ;1
;1

vi deo 01

vsound

(TIME_2US4 - 65 - 1)

bl ack 02

(TIME_29US6 - 6)

tenmp2 2 1(2)

short _sync_| ;3

5 ;3

vr eal sound ;62

R R TS
*

bur st
*
-

TI ME_PRESYNC- 3- 1 ;85
vi deo 01
sound ;61
TI ME_SYNG- 2- 61 ;248
neutral 02
TI ME_PREBURST- 2 ;44
t enp0, #12

6 H

4 ;4
21 12

t emp0 2 1(2)
hsyncl ;3

2 12
neutral 02

time_postburst - 2-3;114

;3

clocks unti

;65
;2us |ong

INITLINES)/2) + ((M D_LINES -

odd, make 5 pul ses instead
nmake those pul ses

sync,
count er 0=5
set video |eve

30uS | ong sync pul se

set video |eve

2us long black pul se
)

odd, make 4 pul ses instead of 5

set video |eve

sync pul se
set video |eve

30us |ong black pul se



sound

pj np real sound ;58

JERFHAAAXRSKAAAX KRR AAAAE QDL Y| [ N@S KAFFHEAA IR KA A AR R KA A AR Rk

;* Displays w enpty

lines, 17 + 1 clocks until hsync when *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk kkkk ko kkkkkhkkkkkkhk ok k ok k&

;* called and 12 clocks until next hsync when returned *

enptyl i nesmov tenmp3, w i1
enptylines_| del ay 13 ;13
call hsync ;643
del ay (Ti ME_I MAGE- 4- 13) ;
decsz tenmp3 2 1(2)
jnp enptylines_| ;3
retp ;3
checkpad nov tenpl, w i1
nov tenmpO, bal ly_h 12
add tenp0, #BALL_LI NES 12
cjb tenp0, t enpl, cpwar p . 4(6)
add tenpl, #PAD_ENDSI| ZE*2 + PAD_M DSI ZE 12
nov w, bally_h i1
nmov w, tenpl-w 1
ret ;3
cpwar p del ay 1
clc 01
retp ;3
R XK XX K XA XA S (O ZONE@R KRR KA KA KA KA KA KXk
;* In some places, nostly in the game logic, junp and del ay *
;* needs to be done, these delays are placed here *
rightwarp del ay 68 - 6 - 3
jnp ri ghtwar pr
leftwarp del ay 68 - 6 - 3
jnp | ef t war pr
t opwar p del ay 23 -6 -3
jnp t opwar pr
bot t omwar pdel ay 23 - 6 -3
jnp bot t omwar pr
noservewar pl1 del ay 2
noservewar p21 del ay 24-3-3
jnp server
noservewar p12 del ay 2
noservewar p22 del ay 21-3-3
jnp server
nouplwarp j np nouplwar pr
nodownlwar p jnp nodownlwar pr
noup2war p J np noup2war pr
nodown2war p jnp nodown2war pr
noscrewuplwar p jnp noscrewuplwar pr
noscr ewdownlwar p annoscremdomnlmarpr
noscr ewup2war p jnp noscr ewup2war pr
noscrewdown2war p j npnoscr ewdown2war pr
nonegxswar p jnp nonegxswar pr
nonegyswar p jnp nonegyswar pr
nosmash2war p del ay 13
jnp nosmash2war pr
nosmashlwar p del ay 13
jnp nosmashlwar pr
war pgover sb joylbutton_ol d
jnp war pgover _j
sh joylbutton
jnp war pt ost art
war pgover _j del ay (68+68+23+23+14+14) - (4+4+3)
jnp war pgover r
war pt ost art pj mp start
war pnove snb state.0 1 1(2)
jnp serve2 ;3
servel nov bally_h,y1l ;2 set ball y to paddle 1y
nov bal | x_h, #1 ;2 set ball x to nost right
add bal | y_h, #(( PAD_ENDS| ZE*2 + PAD M DSI ZE)/2) - (BALL_LINES / 2) ;2
in center of paddle
snb m xedbits. 6 1 1(2) coputer player ?
jnp doservel H yes, do serve automatically
joylbutton_old 1 1(2) check for previous firebutton
jnp noservewar pl1 H was recently pressed, don't serve
snb joylbutton 1 1(2) check for fire button
jnp noser vewar p21 ;3 no fire button, don't serve
doservel clr bal | x_speed_h i1 clear high byte of x-speed
mov bal | y_speed_| , #$80 ;2 set y-speed
mov bal | x_speed_| , #$80 ;2 set x-speed
nov bal | y_speed_h, #$FF 02 set negative y-direction
seth state. 1 01
bank $20 ;1
dosoundl WAVESERV_FREQ WAVESERV_DI F, WAVESERV_LEN ; 10
bank $00 i1
jnp server ;3 get on with it
serve2 nop i1 delay nop to get both vcases equal
nov bal ly_h,y2 ;2 set ball y to paddle 1y
nov bal | x_h, #BALLAREA W DTH- 1 12 set ball x to nost right
add bal | y_h, #( (PAD_ENDSI ZE*2 + PAD M DSI ZE)/2) - (BALL_LINES / 2) ;2
in center of paddle
snb m xedbits. 7 2 1(2) coputer player ?
jnp doserve2 H yes, do serve automatically
joy2button_old 1 1(2) check for previous firebutton
jnp noservewar p12 ;3 was recently pressed, don't serve

bal |

bal |
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doserve2 clr

server

snb joy2button 1 1(2) check for

jnp noservemarpzz ;3

baIIy speed_h ;1
bal | y_speed_| , #$80 02

an bal | x_speed_| , #$80 02

nov bal | x_speed_h, #$FF 02

bank 20 ;1

dosoundl WAVESERV_FREQ WAVESERV_DI F, WAVESERV_LEN

bank $00 01

seth state. 1 01

del ay 3- 3+12+14+68+68+23+23- 3- 37

jnp war pnover

JERFHAAAXK SRR KK RAAAE R | QO KAXHFHEAAAK R KA AA AR R KA A AR AR

;* This is the gane main | oop *

Ckkkkkkkkkkkkkkkkkkkkkkkkkkhkkkkkkhkkkkkk ko kkkkk ko kkkkkhk ok k ok k&

premain

mai n

nouplwarprjb
nodownlwar pr
noup2war prj b

nodown2war pr

nonegxswar pr

nonegyswar pr

del ay
noscrewuplwar pr

del ay
noscr ewdownlwar pr
nosmashlwar pr

m ss2

screen

nom ss2
| ef twarpr cj be

74

test ganeki nd

sz

seth m xedbits. 7

snb ganekind. 1

seth m xedbits. 6

cal l vsync

cal | hsync ;line 1
bank $00 01
jb j oylup, nouplwar p 2(4)
csa y1 #PLAYFI ELD_LI NES- PAD_SI ZE- 1 1 3(4)
inc yl ,1
nop i1

j oyldown, nodownlwar p; 2( 4) joyl down pressed ?
csh y1, #1 1 3(4)
dec yl i1
nop

jb j oy2up, noup2war p

csa y2, #PLAYFI ELD_LI NES- PAD_SI ZE- 1; 3( 4)
inc y2

nop

j oy2down, nodown2war p 1 2(4) joy2 down
csh y2, #1

dec y2

nop

mov w, state

and w, #$FE

snz

jnp war pnove

b state. 2, war pgover

add16 bal | x, bal | x_speed

jnb bal | x_speed_h. 7, nonegxswar p

nov w, bal I x_h

and w, #$EO0

xor w, #$EO0

snz

clr bal I x_h

add16 bal |y, bal | y_speed

jnb bal | y_speed_h. 7, nonegyswar p

nov w, bally_h

and w, #$EO0

xor w, #$EO0

snz

clr bally_h

cj ae bal | x_h, #1, | ef t war p

mv w, y

cal | checkpad

jnc m ss2

negl6 bal | x_speed

nov bal | x_h, #1 12

bank $20
dosoundl WAVEPAD_FREQ, WAVEPAD DI F, WAVEPAD_LEN
bank $00

jb joylbutton, nosmashlwar p
add16l 8  bal | x_speed, $80

jb j oylup, noscrewuplwarp
add16l 8 bal |l y_speed, $60

nop

jb j oyldown, noscr ewdownlwar p
subl6l 8 bally_speed, $60

nop

jnp nomi ss2

snb state. 0

inc p

nov st at e, #STATE_PL2_SERVE
csne p2, #9

seth state. 2

bank $20

dosound2 WAVEM SS_FREQ WAVEM SS_DI F, WAVEM SS_LEN
bank 00

del ay 44-24

bal | x_h, #BALLAREA_ W DTH- 1, ri ght war p
mv w, y

cal | checkpad

jnc ms

negl6 bal | x_speed

fire button

no fire button, don't serve
clear high byte of y-speed
set y-speed

set Xx-speed

set negative x-direction

;10

;premain sets the game kind when arriving frominitscreen

vertical sync, frame starts here

joyl up pressed ?

yes, can paddle 1 nove up ?
yes, increase y-pos of paddle 1
del ay to keep phase

yes, can paddle 1 nove down ?
yes decrease y-pos of paddle 1

del ay to keep phase
(4) joy2 up pressed ?

yes can paddle 2 nove up ?

01 yes, increase y-pos of paddle 2

i1 delay to keep phase

pressed ?

1 3(4) yes, can paddle 2 nove down ?

i1 yes, decrease y-pos of paddle 2

01 delay to keep phase

i1 get state

;1 renove player bit

1 1(2) check if zero

;3 yes, serve, dont nove bal

1 2(4) i f ganeover don't nove ball and stuff
;6 nove ball in x-direction

1 2(4) check if x-direction is negative

;1

;1

1

1 1(2)

i1 if upper 1/4, then clear

;6 nove ball in y-direction

1 2(4) check if x-direction is negative

1

1 1(2)

i1 if upper 1/8, then clear

1 4(6) check if x |ess than one

i1 get left pad y -position

;19 check if ball hits paddle

1 2(4) if player missed ball, handle score etc
H yes, change x-direction of bal
stop bal | from beeing out of bounds

b1

10

2(4) joyl right pressed ?

14 add nore speed in y-direktion

;2(4) joyl up pressed ?

14 add nore speed in y-direktion

i1 one cycle delay to get in sync with warp
1 2(4) joyl down pressed ?

14 subtract nore speed in y-direktion

i1 one cycle delay to get in sync with warp
;3 the ball bounced, get on with the gane
1(2) was it the left player that served

i1 yes, increase player one's points

12 player 1 is going to serve

1 3(4) i1f player 1 got 10point, show w nner
;1

;1

;10

;1

4(6) check if x larger than playfield width
i1 get left pad y -position

;19 check if ball hits paddle

1 2(4) if player missed ball, handle score etc
,5 yes, change x-direction of bal



del ay
noscr ewup2war pr

del ay
noscr ewdown2war pr
nosmash2war pr

m ssil

screen

nom ssl

ri ghtwarprcj ae

bot t omwar pr

pl ayfield hei ght

t opwar pr
war pnover
war pgover r

tops_|

Rl GHTSCORE_PHASE + 128)

nov gal I x_h, #BALLAREA_W DTH 1 12 stop ball from beeing out of bounds
bank 20 H

dosoundl WAVEPAD_FREQ WAVEPAD DI F, WAVEPAD_LEN ;10

bank $00 01

jb j oy2button, nosmash2war p 1 2(4) joyl right pressed ?

sub16l 8 bal | x_speed, $80 V4 add nore speed in y-direktion

jb j oy2up, noscr ewup2war p 1 2(4) joyl up pressed ?

add16l 8 bal | y_speed, $60 V4 add nore speed in y-direktion

nop i1 one cycle delay to get in sync with warp
jb j oy2down, noscr ewdown2war p 1 2(4) joyl down pressed ?

sub16l 8 bal | y_speed, $60 V4 subtract nore speed in y-direktion
nop i1 one cycle delay to get in sync with warp
jnp nomi ssl ;3 the ball bounced, get on with the gane
sh state.0 1 1(2) was it the right player that served
inc pl i1 yes, increase player two's points
nov stat e, #STATE_PL1_SERVE 12 player 2 is going to serve

csne pl, #9 1 3(4) 1f player 2 got 10point, show w nner
seth state. 2

bank $20 01

dosound2 WAVEM SS_FREQ WAVEM SS_DI F, WAVEM SS_LEN ; 10

bank 00 01

del ay 44-24

bal | y_h, #1, bot t onwar p 1 4(6) check if y less than one

negl6 bal | y_speed H yes, change y-direction of ball

nov bal l'y_h, #1 12 stop ball from beeing out of bounds

bank $20 H

dosound2 WAVEWALL_FREQ WAVEWALL DI F, WAVEWALL_LEN ;10

bank 00 H

cj be bal I y_h, #PLAYFI ELD_LI NES- 1- BALL_LI NES, t opwar p 1 4(6) check if y | ar ger than
negl6 bal | y_speed ;5 yes, change y-direction of ball

nov gal ly_h, #PLAYFI ELD_LI NES- 1- BALL_LINES ;2 stop ball from beeing out of bounds
bank 20 01

dosound2 WAVEWALL_FREQ WAVEWALL DI F, WAVEWALL_LEN ;10

bank $00 01

bank $00 01

nov W, rc ;1

and w, #94.1100000 ;1

nov oldj1l,w 01

nov w, ra ;1

and w, #200001111 ;1

or oldj1l,w i1

nov oldj2,rb 12

del ay TIME_IMAGE - 17 - 1 - 28 - 6 - 12 - 68 - 68 - 23 - 23 - 9

nmov w, #PRE_LI NES - 1

cal l emptylines

del ay 11

pcal | hsync

del ay 12" - TEXTLI NE_PHASE

mov w, #( (TI ME_I MAGE-14) / 12)-1

pcal | si npl ecol orfa

del ay TEXTLI NE_PHASE + ((TIME_I NAGE-14) // 12)

pcal | hsync

del ay TI ME_I MAGE- 5

mov tenp7, #7

mov tenp4, #((gamedata + FONT) & $ff)

pcal | hsync

del ay LEFTSCORE_BASE - LEFTSCORE PHASE

nov tenp3, #((ganedata + NUMBERS) >> 8) 12 let tenp3 point at correct page
nov w, #63 i1 high intensity

snb state.0 1 1(2) left players serve ?

nov w, #40 i1 no, lower intensity

nov tenpl, w i1 set intensity

clc 01

nov w, <<pl i1 get points*2

nov tenmp2, w i1 tenp2 = points*2

rl tenp2 i1 tenp2 = points*4

rl tenmp2 i1 tenp2 = points*8

add tenp2, #((gamedata + NUVMBERS) & $FF) + 7 ;2 add | ow part of point to nunbers
sub tenp2, tenp? 12 select line in font

pcal | char out ;113 out put nunber

del ay TTEXT_BASE- TTEXT_PHASE- (LEFTSCORE_BASE - LEFTSCORE_PHASE + 128)

nov tenpl, #((ganedata + STRO) >> 8) ;2

mov tenp3, #((STRO + ganedata) & $FF) ;2

nov t enp5, #STRO_LEN 12

pcal | st rout

inc t enp4 ;1

del ay TI ME_| MAGE- (( STRO_LEN- 1) *8* 12+45+1) - TTEXT_BASE+TTEXT_PHASE- 10- ( Rl GHTSCORE_BASE +
nov tenp3, #((ganedata + NUMBERS) >> 8) 12 let tenp3 point at correct page
nov w, #63 i1 high intensity

sh state.0 1 1(2) right players serve ?

nov w, #40 i1 no, lower intensity

nov tenpl, w i1 set intensity

clc 01

nov w, <<p2 i1 get points*2

nov tenmp2, w i1 tenp2 = points*2

rl tenp2 12 tenp2 = points*4

rl tenp2 12 tenp2 = points*8
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add tenp2, #((gamedata + NUVMBERS) & $FF) + 7 ;2 add | ow part of point to numbers

sub tenp2, tenp? H select line in font
pcal | char out ;113 out put nunber
del ay RI GHTSCORE_BASE + RI GHTSCORE_PHASE - 1 - 1
page tops_|
decsz temp? 1 1(2)
jnp tops_| ;3
del ay 2
pcal | hsync
del ay TIME_I MAGE - 1
pcal | hsync
del ay 12" - TEXTLI NE_PHASE
mv w, #((TI ME_I MAGE-22) / 12)-1
pcal | si npl ecol orfa
del ay TEXTLI NE_PHASE + ((TIME_I MAGE-22) // 12)
nmov tenp7, #PLAYFI ELD LI NES 12
nov tenp6, w i1
snb state. 2 1 1(2)
jnp ganeover ;3
] np playfield_| ;3
ganeover nop
pcal | hsync
del ay TIME_I MAGE - 17 -
nov w, #( PLAYFI ELD_LINES - 10) / 2;epty lines at the top
pcal | enptylines
del ay 12 - 5
nov tenp7, #8 12
nov tenp4, #((gamedata + FONT) & $ff) 02
gov_| pcal | hsync
del ay W NTEXT_BASE- W NTEXT_PHASE
nov w, #( (STR3 + ganmedata) & $FF) 01
sh state.0 1 1(2)
nov w, #( (STR4 + ganmedata) & $FF) 01
nov tenp3, w i1
nov tenpl, #((ganedata + STR3) >> 8) ;2
nov t enp5, #STR3_LEN 12
pcal | st rout
inc t enp4 ;1
del ay TI ME_| MAGE- (( STR3_LEN- 1) *8* 12+45+1) - W NTEXT_BASE+W NTEXT_PHASE- 12- 1
decsz temp?
j.mp gov_l|
del ay 2
pcal | hsync
del ay TIME_INMAGE - 17 - 2
mov w, #( (PLAYFI ELD_LINES - 9) / 2) + ((PLAYFIELD LINES - 9) // 2)
pcal | emptylines
del ay 12 - 3 -1
jnp playfield_e
playfield_| pcal | hsync
del ay LEFT_SPACE+12- LEFTPAD_PHASE
nmov fsr, #LPAD_BUFFER 12
nmov w, #8 i1
pcal | nent ovi deo ;104
del ay LEFTPAD_PHASE
bank $00 i1 sel ect correct bank
nov tenp5, bal I x_h 12
nov tenpO, bal | x_h 12 temp0 = bal | _xh
sub tenpO, #(36+1) 12 tenp0 = bal | _xh-(36+1)
sc 1 1(2) if x<(36+1)
jnp dobal | ;3 don't make graphics
sub t enp5, #36 12 renove used pixels
pcal | makebal | ;422 create graphics
del ay (36*12) - (1+2+422 +1+2+2+1) H nmake section 40 pixels w de
bank $00 01 sel ect correct bank
nov tenpO, bal | x_h 12 temp0 = bal | _xh
sub t enpO0, #(36+28+1) 12 tenp0 = bal | _xh-(36+28+1)
sc 1 1(2) if x<(36+28+1)
jnp dobal | ;3 don't make graphics
sub t enp5, #28 12 renove used pixels
nov tenmp2,y2 12 use player 2 y-position
nov fsr, #RPAD_BUFFER 12 point at left video buffer
pcal | nmakepadd! e ;318 create graphics
del ay (28*12) - (1+2+2+2+318 +1+2+2+1)
bank $00 o1 sel ect correct bank
nov tenpO, bal | x_h 12 temp0 = bal | _xh
sub t enpO0, #(36+28+28+1) 12 tenp0 = bal | _xh-(36+28+28+1)
sc 1 1(2) if x<(36+28+28+1)
jnp dobal | ;3 don't make graphics
sub t enp5, #28 H renove used pixels
nov tenmp2,yl H use player 1 y-position
nov fsr, #LPAD_BUFFER 12 point at left video buffer
pcal | nakepaddl e ;318 create graphics
del ay (28*12) - (1+2+2+2+318) + 3
dobal | dec tenp6 i1
nov tenpO, t enp5 12
bal | _left_| del ay 8
decsz tenp0
jnp bal |l _left_|
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bal | _right_

endbal |

playfield_e

bots_|

nosoundchlr

nosoundch2r

del ay
mv
mov
pcal |

del ay
mv
sub
del ay
decsz
jnp

bank
mv
sub
snc
jnp
mov
mv
pcal |
del ay

bank
mv
sub
snc
] np
mv
mv
pcal |
del ay

bank
mov
sub
snc

] np
pcal |
del ay

del ay
mv
mv
pcal |

decsz
jnp

del ay
pcal |
del ay
mv

pcal |
del ay
pcal |
del ay

mov
mv
pcal |
del ay
mv
mv
mv
pcal |
inc
del ay
decsz
jnp
del ay
pcal |
del ay
pcal |
del ay
mv
pcal |
del ay

mv
pcal |

del ay
pcal |

bank
test
sz

] np
dec
sub16

test
sz
jnp
dec
sub16

bank
mv

12- BALL_PHASE

fsr, #BALL_BUFFER

w, #12

nent ovi deo ;152

BALL_PHASE

t enp0, #BALLAREA W DTH - (36+28+28)
tenp0, t enp5

8

temp0
bal |l _right_

$00
tenpO, bal I x_h
t enp0, #93

endbal |

tenmp2,yl

fsr, #LPAD_BUFFER

nmakepadd! e ;318
(28*12) - (1+2+2+318 +1+2+2+1)

$00
tenpO, bal | x_h
t enpO0, #65

endbal |

tenmp2,y2

fsr, #RPAD_BUFFER

nmakepadd! e

(28*12) - (1+2+2+318 +1+2+2+1)

$00
tenpO, bal | x_h
t enpO0, #37

318

endbal |
nekebal
(36%12) - (1+422) + 3

12- Rl GHTPAD_PHASE

fsr, #RPAD_BUFFER

w, #8

nent ovi deo ;104

TNNWENN R
—
N
=

sel ect correct bank
temp0 = bal | _xh
tenp0 = ball _xh-76
if x<76
don't make graphics
use player 1 y-position
point at left video buffer

eate graphics

sel ect correct bank
temp0 = bal | _xh
tenp0 = ball _xh-64
if x<38
don't make graphics
use player 2 y-position
point at left video buffer

eate graphics

sel ect correct bank
tenmp0 = bal | _xh
tenp0 = bal |l _xh-37
if x<38
don't make graphics
create graphics
nmake section 40 pixels w de

del ay RI GHT_SPACE + (TIME_I MAGE - (119+119+167 + RIGHT_SPACE + LEFT_SPACE + (BALLAREA W DTH *
12) + 4 + 2 + 9 + 12 + 1)) + R GHTPAD_PHASE

tenp7
playfield_|

2

hsync

12 - TEXTLI NE_PHASE

w, #((TI ME_I MAGE-14) / 12) - 1
si npl ecol orfa

TEXTLI NE_PHASE + ((TINE_I MAGE-14) // 12)

hsync
TI ME_I MAGE- 5

tenp7, #8

tenp4, #((gamedata + FONT) & $ff)
hsync

BTEXT_BASE- BTEXT_PHASE

tenpl, #((ganedata + STR2) >> 8)
tenmp3, #((STR2 + ganedata) & $FF)
t enp5, #STR2_LEN

strout

t enp4

Ll NN

np.
TI'VE_I MAGE- ( ( STR2_LEN- 1) *8* 12+45+1) - BTEXT_BASE+BTEXT_PHASE- 10- 1

tenp7
bots_|

2

hsync

TI VE_I MAGE- 1

hsync

12 - TEXTLI NE_PHASE

w, #( (TI VE_I MAGE-32) / 12)-1
si npl ecol orfa

TEXTLI NE_PHASE + ((TINE_I MAGE-32) // 12)

w, #POST_LI NES- 1

enptylines

12-1

hsync

$20

wavelti nmer 01
nosoundchl ;3
wavelti ner )

wavelspeed, wavelspeeddi f

wave2t i ner 01
nosoundch2 ;3
wave2ti ner ;5

wave2speed, wave2speeddi f

$00
tenpO, bally_h

01

1(2)
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coputer player ?
no, don't play automatically

joyl up simulated ?

can paddle 1 nove up ?

yes, increase y-pos of paddle 1
Joyl down sinulated ?

yes, can paddle 1 nove down ?
yes, decrease y-pos of paddle 1

coputer player ?
no, don't play automatically
joy2 up simulated ?

can paddle 1 nove up ?

yes, increase y-pos of paddle 2
Joy2 down sinulated ?

yes, can paddle 1 nove down ?
yes, decrease y-pos of paddle 2

set soundspeed to zero to make channel silent

delay to keep timng
get back

set soundspeed to zero to make channel silent

sub tenpO, #(PAD_SIZE / 2) - (BALL_LINES / 2) ;2
sc 1 1(2)
clr temp0 i1
sb m xedbits. 6 01
jnp noconput er | war p H
cjb tenpO, y1, nocupl 4(6)
csa y1, #PLAYFI ELD_LI NES- PAD_SI ZE- 1; 3( 4) yes
inc yl

nocupl cja tenpO0, y1, nocdownlwar p ; 4(6)
csh y1, #1 1 3(4)
dec yl i1
nop i1

nocdownlwar pr

noconput er | war pr
sb m xedbits. 7 01
jnp noconput er rwar p ;3
cjb tenp0, y2, nocup2 1 4(6)
csa y2, #PLAYFI ELD_LI NES- PAD_SI ZE- 1; 3( 4) yes,
inc y2 N

nocup2 cja t enp0, y2, nocdown2war p . 4(6)
csh y2, #1 1 3(4)
dec y2 N
nop

nocdown2war pr

noconput er rwar pr
del ay TIME_| MAGE - 74
pj mp mai n

noconput er | war p del ay 3
jnp noconput er | war pr

noconput errwar p del ay 3
jnp noconput er rwar pr

nocdownlwar p jnp nocdownlwar pr

nocdown2war p ] np nocdown2war pr

nosoundchlnov16l wavelspeed, O 14
del ay 3 H
jnp nosoundchlr ;3

nosoundch2nov 16l wave2speed, 0 14
del ay H
jnp nosoundch2r ;3

SRR AR AR KRR AR AR AR GE AP KRR AR AR AR AR AR A KA KA KA KA KA A

;* Start sequence, sets up system *

start clr fsr

clr_| seth fsr.4
clr ind
incsz fsr
jnp clr_|
mv fsr, #$70

clr_I2 setb fsr.4
nov i nd, #bl ack
incsz fsr
jnp clr_I2
mode $F
nov I RB, #94.1000001
nov I RC, #94.1100000
mode $E
nov I RA, #%60000
nmov I RB, #9900111110
nmov I RC, #900011111
bank $00
mov w, #( PLAYFI ELD LINES / 2) - (PAD SIZE / 2)
nov yl,w
nmov y2,w
pj mp initscreen

SRR KR XX KRR XA KX qaROAt @2 FF R R KA R AKX AKX AR Ak

;* Only one palette in this gamedata section *

ganedat a2

Ilevel =0

REPT 8

pal _secphase = BLACK

pal _firstphase = (BLACK + (((63-BLACK)*Ilevel)/7))

dw pal _firstphase | ((pal _secphase << 8) & %411100000000) ((pal
Ilevel = Ilevel + 1

ENDR

Ilevel =0

REPT 8

pal _secphase = (BLACK + (((63-BLACK)*Ilevel)/7))

pal _firstphase = 63

dw pal _firstphase | ((pal _secphase << 8) & %411100000000) ((pal
Ilevel = Ilevel + 1

ENDR

PALETTE_BCW EQU $0

PALETTE_PAGE EQU (( ganedata2 + PALETTE_BCW >>8)

Rk kK KKk kK kK R KRk kK K KAk Ak ARk kR KA kAR R K Kk KA
H ganedat a

;* Ganme data: graphics, nusic, wavetables etc. *

B e e
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delay to keep timng
get back

_secphase << 2) & %41000000)

_secphase << 2) & %41000000)



org $600

ganedat a
dw $000, $000, $000, $000, $100, $300, $300, $100, $000, $000, $000, $07e, $000, $000, $000, $300 ;. $000. . $00f
dw $500, $600, $700, $700, $500, $118, $018, $000, $000, $018, $218, $500, $600, $718, $818, $800 ; $010. . $01f
dw $83c, $666, $203, $003, $073, $166, $35¢c, $500, $60f , $706, $806, $806, $846, $866, $57f , $000 7 $020. . $02f
dw $063, $267, $36f , $57b, $673, $763, $863, $800, $93e, $963, $763, $263, $163, $263, $33e, $500 ; $030. . $03f
dw $63f, $766, $866, $a3e, $b06, $906, $80f , $400, $23f , $366, $366, $53e, $636, $766, $867, $b00 7 $040. . $04f
dw $d3c, $a66, $90c, $618, $230, $366, $33c, $400, $663, $763, $863, $abb, $c6b, $a7f, , $700 ; $050. . $05f
dw $263, $363, $336, $41c, $536, $663, $763, $800, $900, $800, $81e, $730, $23e, $333, $36e, $300 . $060. . $06f
dw $500, $600, $73e, $763, $803, $863, $83e, $600, $238, $230, 33e, 333, $433, $533, 76e, 700 . $070. . $07f
dw $700, $800, $83e, $563, $17f, $203, $33e, $300, 43c, 566, $606, $71f , $706, $706, $70f , $300 ; $080. . $08f
dw $000, $200, $26e, $333, $333, $43e, $530, $61f, $707, $706, $536, $16e, $066, $166, $267, $300 ; $090. . $09f
dw $318, $300, $41c, $518, $618, $518, $33c, $000, $007, $006, $166, $236, $31e, $336, $367, $400 . $0a0. . $0af
dw $400, $200, $037, $07f , $06b, $06b, $06b, $100, $200, $200, $23b, $266, $166, $066, $066, $000 ; $0b0. . $0bf
dw $000, $000, $13e, $363, $463, $263, $03e, $000, $000, $100, $43b, $666, $766, $73e, $306, $00f ; $0c0. . $0cf
dw $000, $200, $53b, $76e, $806, $806, $70f , $200, $10c, $30c, $53f, $70c, $80c, $abc, $938, $500 ;. $0d0. . $0df
dw $200, $300, $533, $633, $933, $c33, $96e, $700, $200, $300, $563, $66b, $86b, $a7f, $936, $700 . $0e0. . $0ef
dw $230, $318, $43e, $663, $77f, $803, $83e, $700, $23e, $241, $359, $545, $645, $759, $741, $53e ; $0f0.. $0f f
dw $150, $260, $308, $440, $638, $630, $620, $300, $0f 8, $1f 8, $300, $348, $4a0, $570, $3a8, $068 ; $100. . $10f
dw $0d0, $078, $200, $220, $2e0, $2b8, $0f 0, $080, $000, $1e8, $3e8, $4e8, $5e8, $610, $6d0, $7a0 . $110. . $11f
dw $770, $7a8, $668, $6d0, $578, $410, $390, $1e0, $0b8, $f 80, $d80, $c10, $b70, $ac0, $ab0, $900 o $120. . $12f
dw $958, $958, $aa0, $ab8, $bb8, $c80, $dd0, $f 18, $000, $048, $0a0, $090, $098, $0d8, $000, $058 . $130. . $13f
dw $058, $0a0, $0b8, $0b8, $080, $0d0, $018, $000, $028, $080, $088, $0d8, $000, $000, $048, $048 . $140. . $14f
dw $0a0, $090, $098, $0d8, $018, $000, $028, $028, $080, $088, $0d8, $018, $000, $000, $098, $098 . $150. . $15f
dw $0e0, $0b0, $068, $0b8, $000, $000, $000, $000, $070, $070, $0c0, $0b0, $0c8, $0e0, $0d8, $080 . $160. . $16f
dw $0d0, $000, $000, $01c, $036, $063, $06b, $063, $036, $01c, $000, $018, $01c, $018, $018, $018 . $170. . $17f
dw $018, $07e, $000, $03e, $063, $060, $038, $00c, $066, $07f, $000, $03e, $063, $060, $03c, $060 . $180. . $18f
dw $063, $03e, $000, $038, $03c, $036, $033, $07f, $030, $078, $000, $07f, $003, $003, $03f , $060 5 $190. . $19f
dw $063, $03e, $000, $01c, $006, $003, $03f , $063, $063, $03e, $000, $07f, $063, $030, $018, $00c . $1a0. . $1af
dw $00c, $00c, $000, $03e, $063, $063, $03e, $063, $063, $03e, $000, $03e, $063, $063, $07e, $060 ; $1b0. . $1bf
dw $030, $01e, $000 . $1c0. . $1c2
SRR AR AR AR AR AR AR A Y @al SOUNG KRR R AR AR AR A KA A KA A
;* vrealsound is called fromvsync and calls real sound every *
;* second vsync cycle as vsync is called at tw ce the speed *
;* as sync, so vreal sound is dependent of real sound *
;* clocks: 58 *
vr eal soundsb tenp2.0 1 1(2)
jnmp real sound ;3 + 54
del ay 56 ;53
retp ;3
SRR AR AR AR KA KRR AR ARA [ o] SOUND KR EE AR A KA KA KA KA KA KA A A
;* realsound is called fromhsync to output sound data to the *
;* sound DA, the sound outputted is two cahnnels of sound *
;* mxed together, the sound is based on a 16bit sinus signal *
;¥ in rom *
;* clocks: 54 *
real sound bank $20 i1
nov m #( ( SI NTABLE+ganedata) >> 8) i1 point at corrent page for sintable
add16 wavelpos, wavelspeed ;6 update sintable position according to
speed
and wavelpos_h, #31 12 keep sanple position in range 0..31
nov soundt enp0, wavelpos_h 12 get high part i wave position
add soundt enpO, #( ( SI NTABLE+ganedata )& $FF) ;2 add | ow part of pointer to sintable and
position
nov w, soundt enp0 i1 the sum the | ow pointer should be in w
iread 14 read fromrom
nov w, m ;1 get high nibble
nov soundt enp0, w i1 store in tenporary register
mov w, #$F0 i1 set sign extend mask
snb soundt enp0. 3 2 1(2) check for sign bit
or soundt enp0, w i1 sign-bit was set, do sign extend
add soundt enp0, #15 12
nov m #( (S| NTABLE+ganedata) >> 8) i1 point at corrent page for sintable
add16 wavez2pos, wave2speed ;6 update sintable position according to
speed
and wave2pos_h, #31 12 keep sanple position in range 0..31
nov soundt enpl, wave2pos_h 12 get high part i wave position
add soundt enpl, #(( SI NTABLE+ganedata) & $FF) ;2 add | ow part of pointer to sintable and
position
nov w, soundt enpl i1 the sum the | ow pointer should be in w
iread 14 read fromrom
nov w, m i1 get high nibble
nov soundt enpl, w i1 store in tenporary register
snb soundt enpl. 3 2 1(2) check for sign bit
or w, #$F0 01 sign-bit was set, do sign extend
add w, soundt enp0 i1 add the two channels
nov audi o, w i1 output to audio DA converter
bank $00 i1
retp ;3
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Appendix E: Game System PCB layout

The mirrored PCB-layout in scale 1:1, aso including the component layout:
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