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Attorney, Agent, or Firm—Fitch, Even, Tabin, Flannery puter system before the pixel data is stored in a random
& Welsh access memory to effectively increase the speed or data
[57) ABSTRACT handling power of the system.

A home computer system provides a video processor
for use with a television receiver. The video processor
can selectively perform a variety of modifications to
pixel data under the direction of the CPU of the com- 36 Claims, 167 Drawing Figures
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1
HOME COMPUTER AND GAME APPARATUS

This application is a continuation-in-part of co-pend-
ing application Ser. No. 812,662, filed July 5, 1977,
which is a streamline continuation of co-pending appli-
cation Ser. No. 635,406 filed Nov. 26, 1975, abandoned.

The present invention relates to computers and more
particularly to home computers and game apparatus
adapted for use with cathode ray tube display appara-
tus, such as television receivers or monitors.

Video games typically employ a television receiver
or monitor (hereinafter often referred to as merely “tel-
evision”) to display the game symbols and figures. Each
player usually has a control which may be manipulated
to cause the game symbols on the screen to interact in
accordance with the rules of the particular game being
played, often under the direction of a small computer,
or microcomputer, Similarly, the television may be used
as a display for a computer used as a calculator.

Each frame of the picture displayed on the television
screen is comprised of a plurality of picture elements
(pixels) which are rapidly and sequentially displayed in
a raster scan of the television screen. One type of video
game employs a random-access-memory (RAM) to
store digital data representative of each picture element
to be displayed on the screen. The digital data stored in
the RAM is read synchronously with the raster scan-
ning of the picture elements of the television screen.
The digital data is converted to signals suitable for the
television receiver or monitor and supplied to the televi-
sion to define the particular pixels being displayed. A
programmed microprocessor (a type of computer) may
be used to update or modify the data stored in the RAM
and hence modify the picture displayed on the televi-
sion screen in response to signals transmitted from the
player controls, in accordance with the microprocessor
program.

It is an object of the present invention to provide an
improved computer particularly adapted for home use
and having the capability of performing various game
functions as well as normal computer and calculating
functions. It is a further object to provide such a com-
puter that is economical to manufacture. It is a still
further object to provide such a computer adapted for
use with interchangeable program storage devices.

These and other objects of the invention are more
particularly set forth in the following detailed descrip-
tion and in the accompanying drawings of which:

FIG. 1is a perspective view of a specific embodiment
of the present invention;

FIG. 2 is a block diagram of a computer system of the
embodiment of FIG. 1;

FIGS. 3A and 3B are charts illustrating the memory
address allocations for low and high resolution alterna-
tive modes of operation;

FIGS. 4A and 4B are diagrams illustrating the corre-
spondence between the memory address locations in the
display memory with the pixels of the display screen for
the low and high resolution modes, respectively;

FIG. § is a diagram illustrating the correspondence of
color registers 0-7 with particular display screen areas;

FIG. 6 is a diagram illustrating examples of modifica-
tions performed on pixel data;

FIGS. 7A and 7B illustrate further examples of modi-
fications performed on pixel data;

FIG. 8 is a diagram illustrating the particular data
that can be read at a plurality of input ports;
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FIG. 9 is a block diagram of a microcycler interface
employed in the system;

FIGS. 10A, 10B and 10C are a schematic diagram of
the interconnections of the integrated circuit chips of
the system;

FIGS. 11A-11F are a block diagram of the data chip
of the video processor of the system:

FIGS. 12A-12G are timing diagrams of various con-
trol signals of the system for various read and write
operations;

FIGS. 13A-Z and 13AA-EE illustrate an example of
a circuit implementing the block diagram of FIGS.
11A-F;

FIG. 14 is a composite diagram illustrating the rela-
tionship of FIGS. 13A-EE viewed as whole;

FIGS. 15-39 are diagrams showing blocks of FIGS.
13A-EE in greater detail.

FIG. 40 illustrates the pixel data contained in regis-
ters of a rotator circuit of the video processor;

FIGS. 41-43 illustrate the relationship among con-
trol, clock and synchronization signals of the system;

FIG. 44 is a block diagram of the address chip of the
video processor;

FIGS. 45A-J show a more detailed circuit of the
address chip;

FIG. 46 illustrates a composite view of FIGS. 45A-J;

FIGS. 47-70 are diagrams showing blocks of FIGS.
45A-] in greater detail;

FIGS. 71A~C are block diagrams of the input/output
chip;

FIG. 72 illustrates a circuit for the generation of an
input signal;

FIGS. 73A-M show a more detailed circuit of the
input/output chip;

FIG. 74 is a composite view of the FIGS. 73A-M;
and

FIGS. 75-97 are diagrams showing blocks of FIGS.
73A-M in greater detail.

The preferred embodiments of the present invention
are hereinafter described. In general, the system com-
prises a display for providing discrete picture elements
for presentation of movable symbols and a display mem-
ory for storage of digital signals representative of pic-
ture elements of the display. The system further com-
prises a computer having a program memory for receiv-
ing digital input signals and supplying digital output
data signals and other digital output signals representa-
tive of picture elements in response to the input signals
and program memory. A video processor means is oper-
atively connected to the computer and display memory
for selectively performing a plurality of modifications
to the picture element output signals from the computer
in response to the output data signals and also for trans-
ferring the modified picture element signals to the dis-
play memory. The video processor means is also opera-
tively connected to the display for supplying signals
thereto in response to the digital picture element signals
stored in the display memory whereby the picture ele-
ments represented therein are displayed.

The system shown in FIG. 1 comprises a computer
console 18 having four player-operated control handles
12a-d connected by coiled line cords 14a-d, respec-
tively, to the computer console 10. Thus, the console 10
can accommodate up to four players at a time. Each
control handle has a trigger switch 16 and a top
mounted joy-stick 17 for actuating four directional
switches. The joy-stick 17 has a rotatable knob mounted
thereon which controls a potentiometer. The console 10
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further has a keypad 18 which has a plurality of keys or
push-buttons such as indicated at 20, and a slot 22 for
receiving a removable cartridge or cassette 24 contain-
ing stored programs. The console 10 further has a cas-
sette eject button 26 for ejecting the cassette whereby
the cassette 24 may be easily replaced with a different
cassette containing different programs.

A display for presenting movable symbols is shown as
a standard color television receiver 28 which is con-
nected to the computer console 10 by a line 30. The
television (TV) has a cathode ray tube screen 32 on
which a plurality of movable symbols such as the cow-
boys 36 and 38 are presented for a “Gunfight” game.
The picture presented on the screen 32 is made up of the
cowboy symbols 36, 38, and a cactus symbol 40 super-
imposed on a background each in one or more of a
variety of color and intensities and comprises a plurality
of discrete picture elements or pixels.

A symbol’s action is controlled in part by a control
handle. For example, the cowboy 36 may be moved up,
down, left, right, up and to the left, up and to the right,
etc., by proper movement of the joy-stick 17. The direc-
tion of the cowboy’s shooting arm may be controlled by
rotating the potentiometer control knob of the joy-stick
17 and the gun may be fired by pulling the trigger 16.
Should the bullet 41 strike the cowboy 38, the cowboy
38 will be caused to fall by a computer system contained
within the console 10. In addition, suitable music such
as the “Funeral March” will be played by the computer
through the television 28.

A schematic block diagram of the computer system
of FIG. 1 is shown in FIG. 2 to comprise a display
memory for storage of digital signals representative of
picture elements of the display (or pixel data) which is
shown as a display random-access-memory (RAM) 42.
The system further comprises a digital computer 44
which is shown to include a central processing unit
(CPU) 46 which may be a microprocessor, for example.
The computer 44 has a program memory which in-
cludes a system read-only-memory (ROM) 48 and a
cassette ROM 24 connected to the CPU 46. The pro-
gram memory contains instructions to direct the CPU
46 and the symbols and figures stored in digital form for
the particular computer functions and games.

The cassette ROM 24 may be easily removed by
pressing the ejector button 26 (FIG. 1) and replaced by
another cassette in order to change a portion of the
program memory. This greatly enhances the flexibility
of the system in that a potentially endless variety of
games and functions may be performed by the computer
console 10 and TV display 28.

The computer 44 is operatively connected to an in-
put/output (I/0) chip 50 and a video processor 52 com-
prising an address chip 56 and a data chip 54 through a
microcycler interface 60. The control handles 12a-d
and the keypad 18 are connected to the I/0 chip and
provide signals in response to manipulation by the play-
ers or operators to the 170 chip 50. The digital com-
puter 44 receives the input signals from the 1/0 chip 50
in digital form and supplies digital output data signals
and digital pixel data signals in response to the input
signals and the program memory. The 1/0 chip 50 has
a music processor which provides audio signals in re-
sponse to output data signals from the computer to play
melodies or generate noise through the TV 28.

The data chip 54 of the video processor 52 selectively
performs a plurality of modifications to the pixel data
signals from the computer in response to the output data
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signals from the CPU. The video processor is opera-
tively connected to the display RAM 42 and transfers
the modified or unmodified pixel data to the display
memory 42 at address locations corresponding to ad-
dress signals transmitted by the. address chip 56. The
computer 44 transmits the addresses to the address chip
56 which relays the addresses to the display RAM 42.

The video processor 52 is also operatively connected
to the TV display 28 to supply signals to the display
modulated by a radio frequency (RF) modulator §8 in
response to the pixel data stored in the display RAM 42.
The address chip 56 internally generates addresses for
sequentially reading the pixel data stored in the display
RAM 42 whereby the pixels represented in the display
memory are displayed.

The microcycler 60 interfaces the computer 44 toc a
peripheral device such as the video processor 52 and the
input/output chip 50. The computer provides a plural-
ity of address signals on a plurality of address lines, a
plurality of data signals on a plurality of data lines, and
a plurality of control signals on a plurality of control
lines to the microcycler 60. The purpose of the micro-
cycler 60 is to combine the address lines and the data
lines from the CPU 46 into one data bus 66 to the video
processor 52 and the 1/0 chip 50.

The computer system is shown having an additional
input device light pen 62, which provides an additional
input signal to the computer 44. The light pen 62 is
sensitive to light and may be used as a pointer by a
player or operator to identify points on the TV screen
32 as will be more fully explained later.

The illustrated apparatus is a full-color video game
and home computer system based on a mass-RAM-
buffer technique in which two bits of the display RAM
42 are used to define the color and intensity of the pixel
on the screen 32. The display RAM 42 has eight bits or
a byte at each memory address or location at which data
may be read or rewritten. In this manner, the picture on
the screen is defined by the contents of the display
RAM which can be easily changed by modifying the
contents of the display RAM. Data which defines pixels
will be referred to as “pixel data”.

The specific system of the illustrated embodiment
uses a Zilog Z-80 microprocessor as the CPU 46 of the
computer 44. The system ROM 48 contains software or
programming for a plurality of games. The cassette
ROM 24 is a solid state cassette which provides addi-
tional memory whereby additional games may be
played. These ROM’s also contain pixel data which
represents various game figures and symbols.

The system may be operated in a high resolution or
low resolution mode. The high resolution mode gener-
ates a greater number of pixels per unit screen area
resulting in a higher resolution. In both the low and
high resolution modes, the operating system ROM 48 is
allocated the first 8K of memory space; that is, approxi-
mately the first eight thousand memory addresses corre-
spond to the system ROM 48 as shown in FIGS. 3A and
3B. Thus, addresses 0000-1FFF (hexadecimal) are ad-
dresses for the memory locations of the system ROM.
The cassette ROM 24 has the next 8K of memory space,
or memory addresses 2000-3FFF (hexadecimal, herein-
after “H") in both modes. The display RAM memory
space begins at 16K or memory address location 4000H.
In the low resolution mode, the display screen RAM
has 4K bytes; in the high resolution, 16K bytes.

The CPU can transfer the pixel data of a pattern or
figure stored in either the system or cassette ROM to
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the display RAM via the video processor. As noted
before, the video processor may perform a variety of
modifications to the pixel data before it is written into
the display RAM. The modifications are performed by
what will be called a “function generator” which is
located on the data chip 54 of the video processor 52.
The modifications are performed by the function gener-
ator when the address bit A14 of the address of the data
is a 0. Thus, the address of data to be modified by func-
tion generator and written into the display RAM will be
less than 24 or 3FFF H. Consequently, the address of
the data to be modified will be between 0000 H and
3FFF H for the high resolution embodiment and be-
tween 0000 H and OFFF H for the low. However, when
the data is written the system actually writes the modi-
fied data in the display RAM at locations corresponding
to addresses 4000- and 4FFF H for the low resolution
model and 4000 H-7FFF H for the high resolution
model. The system distinguishes a memory read from
ROM addresses 000-1FFF H from a memory write to
modified data display RAM addresses 0000-1FFF by
circuitry external to the ROM and RAM chips shown in
FIGS. 10A and B.

All memory space above 32K (memory location 8000
H) is available for expansion. In the low resolution
mode, memory addresses 5000-8000 H are also avail-
able for expansion.

In the illustrated computer system, two bits of display
RAM 42 are used to define a pixel on the screen. Thus,
an 8-bit byte of the display RAM defines 4 pixels on the
screen. In the low resolution mode, 40 bytes are used to
define a line of data as shown in FIG. 4A. This gives a
horizontal resolution of 160 pixels. The vertical resolu-
tion is a 102 lines. The areas 610 of the screen defined by
the display RAM 42 therefore requires 102 X 40=4080
bytes. More of the RAM 42 can be used for scratch pad
by blanking the screen before the 102nd line is displayed
as will be described more fully later.

In the high resolution mode, there are 80 bytes or 320
pixels per line as shown in FIG. 4B, The vertical resolu-
tion is 204 lines thus requiring 16,320 bytes of display
RAM. This leaves 64 bytes of RAM for scratch pad
memory.

In both the high and low resolution modes, the first
byte of the display RAM 42 (address 4000 H) corre-
sponds to the upper lefthand corner of the area 610 of
the display screen 32 defined by the display RAM. The
last byte of the first line in the low resolution mode has
address 4027 H with the last byte of the first line in the
high resolution mode having address 404F H. In the
low resolution mode, the highest display address (4FFF
H) corresponds to a byte which corresponds to the
lower righthand corner of the screen. Thus, as the
RAM addresses increase, the position on the screen
associated with the addressed bytes moves in the same
directions as the TV scan: from left to right and from
top to bottom.

The address chip 56 of the video processor 52 sequen-
tially generates the addresses 4000 H to 4FFF H (7FFF
H for the high resolution mode) as the screen is being
scanned so that each byte defining 4 pixels is read in
order to supply information necessary to display the
corresponding 4 pixels of the picture. The 4 pixels asso-
ciated with each byte are displayed with Pixel 3 defined
by bits 6 and 7 shown on the left displayed first. Thus
bits 6 and 7 of byte 4000 H define the pixel in the ex-
treme upper lefthand corner of the screen area corre-
sponding to the display RAM.
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As noted earlier, two bits are used to represent each
pixel on the screen. These two bits, along with a left/-
right bit (which will be more fully explained later) map
the associated pixel to one of eight different “color”
registers 0-7. Thus, two bits from the display memory
together with the left/right bit identify or select one of
the eight different color registers. If the two bits from
the display memory have the binary value 00, the color
register selected will be color register 0 or 4 depending
upon the left/right bit. Similarly, bits having the binary
value 01 select register 1 or 5 depending on the left/-
right bit, etc.

Each color register is an 8-bit register for storage of
output data from the computer. The binary bits in a
selected color register define the color and intensity
characteristics of the associated pixel to be displayed on
the screen. The intensity of the pixel is defined by the
three least significant bits of a color register, with 000
for darkest and 111 for lightest. The colors are defined
by the 5 most significant bits. Thus each color register
can define 1 of 23 intensity levels and 1 of 25 different
colors. The CPU can change the data stored in the color
registers which will cause the colors and intensities of
subsequent pixels displayed to also change.

A horizontal color boundary register defines the hori-
zontal position of an imaginary vertical line 64 on the
screen 32, referring now to FIG. 5. The boundary line
64 can be positioned between any two adjacent bytes in
the low resolution mode. The line is immediately to the
left of the byte whose address is sent to the horizontal
color boundary register. For example, if the horizontal
color boundary is set at 0 by the computer, the line will
be just to the left of the byte 0 if it is set to 20, the line
will be between bytes 19 and 20 which corresponds to
the center of the screen.

The left/right bit is an additional register identifying
signal supplied by the video processor in response to the
data stored in the horizontal color boundary register. If
a byte is to the left of the boundary, the left/right bit of
the four pixels associated with that byte is set to 1. The
left/right bit is set to O for pixels associated with a byte
to the right of the boundary line 64. Color registers 0-3
are selected by a left/right bit=1, i.e., for the pixels to
the right of the boundary line, and registers 4-7 are
selected for the pixels to the left of the boundary. Thus,
if a byte read from the display RAM 42 has the values
00 11 10 00, and was to the right of the boundary line,
for example, the four pixels will be defined by color
registers 0, 3, 2, and 0, respectively. However, if the
byte was located to the left of the horizontal color
boundary line, the four pixels will be defined by color
registers 4, 7, 6, and 4 respectively.

In the high resolution mode, if a value X is sent to the
horizontal color boundary register, the boundary line
will be between bytes having addresses 2X and 2X-1
which corresponds to the same position on the screen as
the low resolution mode but between different bytes.
Thus, for example, if the value 20 is sent, the boundary
will be between 39 and 48, corresponding to the center
of the screen. To put the entire screen, including the
rightside background, to the left of the boundary line
64, the horizontal color boundary line register should be
set to 44.

If just four color registers are used, all the informa-
tion necessary to generate the color and intensity of a
particular picture may be stored utilizing only two bits
of storage together with the color registers. However,
the left/right bit and eight registers give added flexibil-
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ity. The color and intensity pattern of a picture stored in
memory may be quickly modified in one step by selec-
tive placement of the horizontal color boundary. For
example, if the entire screen is to the right of the hori-
zontal color boundary, the colors and intensities of the
pixels will be selected from color registers 0-3. One the
other hand, placing the entire screen to the left results in
the colors and intensities of color registers 4-7 being
utilized. In this manner, the colors and intensities of the
entire picture may be altered by merely changing the
address of the horizontal color boundary.

On most television screens, the area 610 defined by
the display RAM will be somewhat smaller than the
total screen area. Thus there will generally be extra
space on all four sides of the display screen not defined
by the display RAM. The color and intensity of this
area is defined by a two-bit “*background” color regis-
ter. These two bits along with the left/right bit combine
to identify one of the 8 color registers which determines
the color and intensity of the particular background
area. For example, if the two bits contained in the back-
ground color register have the value 00 the color and
intensity of the background area to the right of the
boundary line 54 will be defined by the color register 0,
with the area to the left defined by the color register 4,
as shown in FIG. 5.

As described earlier, the function generator is en-
abled to modify pixel data when the data is to be written
to a memory address “X" less than 4000 H (A14=0)
and that a modified form of the data is actually written
to memory location X +4000 H in the display RAM. A
register hereinafter called the function generator regis-
ter determines how the data is modified.

The functions performed on the pixel data are: “ex-
pand”, “rotate”, “shift”, “flop”, “logical-OR” and “ex-
clusive OR”. As many as four of these functions can be
used at any one time and any function can be bypassed.
However rotate and shift as well as logical-OR and
exclusive OR are not done at the same time. The modi-
fied pixel data is stored in the display RAM whereby
the pixels associated with the pixel data appear similarly
modified when displayed.

Referring back briefly to FIG. 2, the microcycler has
an 8-bit data bus 66 connecting the microcycler to the
video processor 52 and 1/0 chip 50. The expand func-
tion expands the 8 bits contained on the microcycler
data bus into 16 bits where each bit of the 8 bits repre-
sents one pixel. In other words, it expands 1-bit pixel
data into 2-bit pixel data. For example, a 0 on the data
bus is expanded into one 2-bit pixel data value and a 1on
the data bus into another 2-bit pixel data value. Accord-
ingly, the pixel data before being expanded is encoded
at a first level which can be decoded into pixel data
encoded at a second level. Thus, the pixel data on the
8-bit microcycler data bus is encoded at the first level as
1-bit pixel data and when expanded, it is encoded into
pixel data at the second level, i.e., 2-bit pixel data. In this
manner, two-color patterns can be stored in a ROM in
half the space.

The generator functions shift, flop and rotate can be
thought of as operating on the pixel data as a whole
rather than the individual bits of each pixel. Each byte
of the display RAM 42 can be though of as four 2-bit
locations, each location corresponding to a pixel and
storing one of four pixel data values (0-3) although the
pixels are, of course, actually elements of the picture
displayed on the screen. The four pixel data values of
the first byte, byte 0, will be referred to as PO, P1, P2
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and P3. PO is composed of the first two bits (or least
significant bits) of the byte.

The shift function shifts the pixel data 0, 1, 2 or 3 pixel
locations to the right. FI1G. 6 illustrates the effect of the
above mentioned shifts upon the 3 bytes. The pixel data
values are shifted relative to each other wherein the
pixels that are shifted out of one byte are shifted into the
next byte with the corresponding pixels on the screen
appearing shifted a similar amount when displayed.
Zeros are shifted into the first byte of a sequence.

The output of the flop function is a mirror image of its
input, the original data. The pixel locations interchange
pixel data values relative to each other, i.e., the first and
fourth pixel location of each flopped byte exchange
pixel data values as to the second and third as shown in
FIG. 6. The four pixels associated with the flopped byte
will similarly appear flopped relative to each other
when displayed on the screen.

The rotate function rotates a four pixel by four pixel
block of data 90° in clockwise direction such that the
pixel data values are rotated relative to each other.
FIGS. 7A and 7B illustrate an example of rotation. The
sixteen pixel data locations correspond to sixteen con-
tiguous pixels displayed on the screen.

The logical OR and exclusive OR functions operate
on a byte as 8 bits rather than four 2-bit pixel data.
When the OR function is used in writing pixel data to
the display RAM, the input pixel data is logical OR-ed
with the contents of the display RAM location being
accessed. The result of the logical OR is sent to the
display RAM at the above location. The exclusive-OR
function operates in the same way except that the data
is exclusive OR-ed instead of logical OR-ed.

The illustrated system can accommodate up to four
player control handles 12a-12d (FIG. 1) at once. Each
handle has five switches (i.e., the trigger switch, and
four joy-stick directional switches) and a potentiometer.
The switches are ready by the CPU 46 via input ports
through the 1/0 chip 50 (FIG. 2). These input ports are
diagrammatically shown in FIG. 8 as input ports 10-1F
H where the port number indicates its hexadecimal
address. Thus the port at which the player control han-
dle switches for player 1 are read has a hexadecimal
address of 10H.

The trigger switch for each player control handle is
read at bit 4 and the four directional switches of the
joy-sticks are read at bits 0-3. The signals from the
potentiometers are converted to digital information by
an 8-bit analog to digital converter (FIG. 71A). The
four potentiometers are read at input ports 1C-1F H
(FIG. 8). All zeros are fed back when the potentiometer
is turned fully counterclockwise and all 1's are fed back
when turned fully clockwise.

The 24-button keypad 18 is read at bits 0-5 of ports
14-17H. The input data is normally zero and if more
than one button is depressed, the data should be ig-
nored.

The microcycler functions as an interface between
the CPU and the peripheral devices. The CPU 46 of
FIG. 2 has a 16-bit address bus and an 8-bit data bus
connecting the CPU to the microcycler 60. Referring
now to FIG. 9, the microcycler 60 combines the 16-bit
address bus, A0-A15, and the 8-bit data bus, D0-D7,
from the CPU 46 into one 8-bit microcycle data bus 66,
MXD0-MXD7, connected to the address chip 56, the
data chip 54, and the 1/0 chip 50. One advantage of the
microcycler is that the number of connector pins of the
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integrated circuit chips may be reduced since there are
fewer connecting lines.

The microcycle data bus can have any of four modes
which are defined by the contents or data carried by the
microcycle data bus 66. Its mode is controlled by con-
trol signals MCO and MC1 which are generated by the
data chip from a plurality of CPU control signals which
will be more fully explained later. The microcycle data
bus mode is also controlled by a CPU control signal
RFSH which indicates that the lower 7 bits of the ad-
dress bus contains a “refresh” address for refreshing the
RAM dynamic memories. The CPU control signals are
discussed more fully in the Zilog Z80-CPU Technical
Manual and is hereby incorporated by reference as if
fully disclosed herein. The microcycle modes are
shown below:

TABLE 1

fal
m
7]
T

MCl1 MC0O Microcycle Data Bus Contents

0 AO0-A7 from the CPU

AO-A7 from the CPU

A0-A7 from the CPU

A0-A7 from the CPU

A0-A7 from the CPU

A8-A1S from the CPU
DO0-D7 from the CPU

D0-D7 to the CPU

—_————_-O OO0 O

—_—_ O O =0
—_— O~ O~ O -

As can be seen above, when the RFSH signal is a
logical zero or low state, the microcycler will allow the
address bits A0-A7 from the CPU to be conducted
through regardless of the state of MCO or MC1 in order
to refresh the RAM. However, when RFSH is a logical
1 (inactive), MCO and MC1 determine the contents of
the microcycle data bus MXD0-MXD7.

The microcycler as well as the interconnection of the
various integrated circuit chips of the low resolution
mode system are shown in greater detail in FIGS. 10A-
C. The microcycler 60 comprises two 8-line to 4-line
multiplexers 70 and 72, having four output lines MXD4-
MXD7 and MXDO0-MXD3, respectively, and each hav-
ing 4A and 4B input lines, an enable input E and a select
input S.

The address lines A0-A3 and A8-A11, from a CPU
address bus 73 from the CPU 56 are connected to the A
and B input lines of the address multiplexer 72, respec-
tively. Similarly, the address bus lines A4-A7 and A12-
A1S5 are connected to the 8 input lines of the address
multiplexer 70. The address multiplexers 70 and 72 can
selectively conduct either the “low address” bits A0-
A7, or the “high address” bits A8-A15, to the microcy-
cle data bus MXD0-MXD?7 when enabled. The multi-
plexers have common industry designation number
741.8257.

The microcycler further comprises an 8 line bidirec-
tional data gate 74 having 8 input/output lines con-
nected to a CPU data bus 75 from the CPU 56, 8 input-
/output lines connected to the microcycle data bus
MXD0-MXD7, a direction input DIR and an enable
input CD. The data gate 74 can conduct data either
from the CPU data bus 75 to the microcycle data bus 66
or from the microcycle data bus 66 to the CPU data bus
75 as determined by the state of the DIR input when
enabled.

These three logic elements 70, 72, and 74, function as
a 24-line to 8-line multiplexer to sequentially conduct
groups of address signals and groups of data signals to
the microcycle data bus, in response to the control
signals MCO and MC1 and the CPU control signal
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RFSH. Alternatively, the gate 74, of the microcycler
further functions as a gate for conducting data signals
from the microcycle data bus to the CPU data bus.

The microcycle data bus 66 is connected to the
MXD0-MXD7 inputs of the address chip 56, data chip
54 and 1/0 chip 50. The microcycler 60 had input lines
76, 78, and 80 for the control signals RESH, MC1 and
MCO respectively. The input line 76 operably connects
the CPU 56 RFSH output to the inputs of a pair of
NAND gates 81 and 82. The output of the NAND gate
81 is inverted by an inverter 84 whose output is con-
nected by a line 85 to the enable input ‘E’ of the multi-
plexers 70 and 72 and is also connected to the input of a
NAND gate 86 whose output is connected to the enable
input CD of the gate 74. Thus, when the CPU 56 pre-
pares to refresh the RAM, the refresh control signal,
RFSH, will go to the low state causing the output of the
NAND gate 81 to go high which is inverted by the
inverter 84. A low state at the enable input E of the
multiplexers 70 and 72 causes these logic elements to be
enabled whereby address signals can be conducted to
the microcycle data bus 66. A low state on the line 85
also causes the output of the NAND gate 86 to go high
which is presented to the enable input CD of the gate
logic element 74 causing the gate 74 to be disabled
whereby the outputs of the logic gate 74 are forced to
an off state.

The output of the NAND gate 82 is connected to an
inverter 88 having an output line 90 connected to the
select inputs S of the multiplexers 70 and 72. Thus,
when the refresh multiplexer control signal RFSH is
low, the output of the NAND gate 82 is high. Conse-
quently, the output of the inverter 88 is low. A low state
presented at the selector input S causes address bits
presented at the A inputs to be conducted to the multi-
plexer data bus. Thus when RFSH is low, the low ad-
dress, A0-A7, is conducted to the microcycle data bus
for use in the refresh cycle.

The input lines 78 and 80 connect data chip 54 MC1
and MCBO outputs to the inputs of NAND gates 81 and
82, respectively. When the control signal RFSH is high,
ie, a refresh is not being done, the outputs of the
NAND gates 81 and 82 are determined by the microcy-
cler control signals MC1 and MCO, respectively, from
the data chip 54. Thus, when the control signal MC1 is
in a low state, the output line 85 is also in a low state
which enables the multiplexer logic elements 70 and 72
and disables the gate logic element 74 as wnen the
RFSH signal is low. Thus, either the low address or the
high address will be conducted onto the microcycler
data bus as determined by the control signal MCO.
When the control signal ‘MCO’ is in a low state, the
output line 90 is also low which causes the low address
to be conducted onto the microcycler data bus. If MCO
is at a high state, the high address is conducted to the
microcycler data bus.

Control signal MC1 (and RFSH) at a high state re-
sults in a high state at control line 85 which disables the
multiplexers 70 and 72 and enables the gate 74. Thus,
the data on the data bus 75 for bits D0-D7 from the
CPU 56 will be gated onto the microcycler data bus
MXDO0-MXD7, or the data on the microcycler data bus
will be gated onto the data bus of the CPU, depending
upon the direction input DIR. The direction input DIR
is connected by a line 92 to the output of the NAND
gate 82. Thus, the state of the control signal MCO (with
RFSH high) determines the direction that the gate 74
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will gate the data. For example, if MCO is in a low state,
the output of the NAND gate 82 will be high resulting
in the contents of the data bus D0-D7 being gated onto
the microcycler data bus; if MCO is high, the contents of
the microcycler data bus will be gated onto the data bus
D0-D7 to the CPU 56.

A power supply indicated generally at 93 supplies
+15 v, +10 v, +5 and —5 v to the system. A clock
circuit 94 comprising a 14.31818 MHz oscillator 96 and
divider stages 98, provides a 7 MHz clock signal 7M,
and an inverted 7 MHz clock signal 7M, to the 7M and
7M inputs, respectively, of the data chip 54. A clock
signal ®G, generated by the data chip 54 from the ™
and 7M clock signals, is outputted to a buffer 100 having
output lines for clock signals ® and ®. The clock signals
®1 and P2 are connected to the ® and P inputs of the
address, data and 1/0 chips.

The CPU address bus 73 and data bus 75 are con-
nected to the system ROM 48 having inputs AG-A12
and DO0-D7 for the address and data bits, respectively.
The address bus 73 and data bus 75 are also connected
to the cassette ROM 24 (not shown) and the extension
plug 77 (for expanding the system).

The system ROM chip 48 has a chip select input CS
connected to the output of the chip select logic indi-
cated at 79z and b with the cassette ROM chip select
input CCS also connected to the output of the chip
select logic 79a and . The outputs of the logic 79a and
b are functions of the CPU control signals MEMORY
REQUEST (MREQ) and READ (RD), the address bits
A13-A15 and the memory disable signals SYSEN,
CASEN, AND BUZOFF from the extender plug 77.

DATA CHIP

The CPU control signal lines MEMORY RE-
QUEST, INPUT/OUTPUT REQUEST, READ, and
MACHINE CYCLE 1 are operatively connected to the
data chip inputs MREQ, IORQ, RD, and M1, respec-
tively, from the CPU 56. Two more control lines carry-
ing control signals generated by the address chip 56 are
connected to the data chip inputs LTCHDO, and
WRCTL, respectively. The data chip had a VDD input
connected to a +35 volts source, a VGG input con-
nected to a + 10 volt source, and a DVSS input con-
nected to ground. Two more inputs SERIAL 0 and
SERIAL 1 are grounded since they are used in the high
resolution mode.

The data chip 54 has a plurality of outputs including
the memory data inputs and outputs MDO0-MD?7, con-
nected by a memory data bus 102 to the display RAM
42. The data chip input/output MDJO is operatively
connected to the data input, D1, and data output DO,
ports of the RAM chip 1044, with other memory data
input/outputs, MD1-MD?7 of the data chip similarly
connected to seven RAM chips 1045-h. The data chip
also has analog video outputs R-Y, B-Y, VIDEOQO and
+2.5 volts reference operatively connected to the RF
modulator 58 (not shown). The data chip has clock
signal outputs, VERTICAL DRIVE (VERT. DR)
and HORIZONTAL DRIVE (HORZ. DR)), con-
nected to the address chip 56. Finally, the data chip has
control signal outputs MCO and MC1 connected to the
microcycler (as noted before} and an output | DATEN
used to generate the write enable signal, WE, for the
RAM chips.

A schematic block diagram of the data chip 54 is
shown in FIGS. 11A-11F. The microcycle generator
106 of FIG. 11A generates the microcycle control sig-
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12 .
nals MCO and MC1 from the CPU control signals
IORQ, MREQ, RD, and M1. Also generated are micro-
cycle decoder control signals LOAD LOW (LDL1)
and LOAD HIGH (LDH1) for loading the low and
high address bits respectively.

A more detailed schematic diagram of the data chip is
shown in FIGS. 13A-EE with a composite diagram of
these figures shown in FIG. 14. The microcycle genera-
tor has an input line 108 for the MREQ control signal
and an input line 110 for the IORQ control signal, both
of which are connected to the inputs of a NAND gate
112 whose output is connected by an inverter 114 to the
inputs of a pair of NOR gates 116 and 118. The micro-
cycle generator has an input line 120 for the CPU con-
trol signal RD which is connected to the other input of
the NOR gate 116. The output of the NOR gate 116 is
connected by an inverter 122 to the input of an AND
gate 124,

The output of the NOR gate 118 is connected to the
input of a NOR gate 126 whose output is connected to
the input of a NOR gate 128 with the output of the
AND gate 124 connected to the other input of the NOR
gate 128. The output of the NOR gate 128 is connected
by a gating transistor 130 which acts as a delay to the
input of a NOR gate 132. The gate of the transistor 130
is connected to the clock signal line ®2. ®2 is the com-
plement of the clock signal ® and a clock signal 1 is ¢
uncomplemented.

The output of the NOR gate 132 is connected by a
gating transistor 134 (which also acts as a delay) to an
inverter 136 having an output line 138. The gate of the
“delay” transistor 134 is connected to the clock signal
P11

The output line 138 is connected to the inputs of the
AND gate 124 and the NOR gate 126 and is also con-
nected by a delay transistor 140 to the input of a NOR
gate 142. The gate of the transistor 140 is connected to
the clock signal 7M. The output of the NOR gate 142 is
connected by a delay transistor 144 to an inverter 147
having an output line 148. The gate of the transistor 144
is connected to the TM clock signal.

The output line 148 of the inverter 146 is connected
to an input of a NOR gate 150 whose output is con-
nected to an inverter 152. A transistor 154 is connected
to the voltage source VDD and to ground by a transis-
tor 156. The gate of the transistor 154 is connected to
the output of the inverter 152 and the gate of the transis-
tor 156 is connected to the output of the NOR gate 150.
The junction of the transistors 154 and 156 at the line 80
carries the microcycle control signal MCQO.

The MREQ and IORQ input lines, 108 and 110, are
connected to the input AND gate 160 whose output is
connected to a NOR gate 162. The output line 138 of
the inverter 136 is also connected to the input of a NOR
gate 164 whose output is connected to the input of the
NOR gate 162. The output of the NOR gate 162 is
connected by a delay transistor 166 to a NOR gate 168.
The gate of the transistor 166 is connected to the 2
clock signal. The output of the NOR gate 168 is con-
nected by a delay transistor 170 to an inverter 172 hav-
ing an output line 174. The gate of the transistor 170 is
connected to the ®1 clock signal.

The output line 174 is connected to an input of the
AND gate 160 and inputs of the NOR gates 118 and 164
and 1s also connected by a delay transistor 176 to a NOR
gate 178. The gate of the transistor 176 is connected to
the M clock signal. The output of the NOR gate 178 is
connected by a delay transistor 180 to an inverter 82
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having an output line 188. The gate of the transistor 180
is connected to the clock signal 7M.

The output line 188 of the inverter 182 is connected
to a NOR gate 190 whose output is connected to an
inverter 192. A gating transistor 194 is connected to the
voltage source VDD and to a transistor 196 which is
connected to ground. The output of the inverter 192 is
connected to the gate of the transistor 194 and the out-
put of the NOR gate 190 is connected to the gate of the
transistor 196. The junction of the transisiors 194 and
196 at the line 78 carries the microcycle control signal
MC1.

The state of the control signal MC1 is the same as the
output of inverter 192 since a high state (logical 1) out-
put of the inverter 192 will turn on the transistor 194
causing the MCI line 78 to also go high. Similarly, a
high output from the NOR gate 190 (when inverter 192
is at a low state) causes the transistor 196 to turn on
which causes the MC1 control signal line 78 to also go
low. The state of the MCO control line 80 is similarly the
same as the state of the inverter 152.

The microcycle generator has another input 200 for
the CPU control signal M1 which is connected to the
input of a NOR gate 202 having another input con-
nected to the input line 110 for the CPU control signal
IORQ. The output of the NOR gate 202 is connected to
the inputs of the NOR gates 168, 132, 178, 142, 190 and
150.

The M1 CPU control signal is active when low (logi-
cal 0) and indicates that the current machine cycle is an
operation code fetch cycle of an instruction execution.
Thus, the M1 control signal is normally high (logical 1)
whenever the CPU is accessing a peripheral device
such as a video processor. Hence, the NOR gate 202
having a logical 1 presented at the input will output a
logical 0. This logical 0 is presented at the inputs of the
NOR gates 132, 168, 142, 178, 150 and 190 resulting in
these NOR gates operating as inverters whenever the
M1 control signal is high.

Similarly, whenever M1 goes low indicating that the
current machine cycle is the fetch cycle of an instruc-
tion execution, [ORQ will normally be high with the
same effect upon the above-mentioned NOR gates with
an exception. IORQ and M1 will both go low during an
“interrupt acknowledge” cycle. With these two control
signals both at a low state, the NOR gate 202 will output
a high state causing the NOR gate 150 to produce a low
state forcing the control signal MCD to a high state or 1.
In a similar fashion, the output of the NOR gate 190 is
forced to a low state which also forces the control sig-
nal MC1 to a high state.

Referring back to the microcycle modes set out in
Table 1, it is seen that where MCD and MC1 are both a
logical 1, the microcycler will gate data from the micro-
cycler data bus to the CPU data bus. This data was
placed on the microcycler data bus by the peripheral
device initiating the interrupt and will be used by the
CPU in its response to the interrupt signal.

The “MEMORY REQUEST” control signal,
MREQ, is active when low and indicates that the ad-
dress bus of the CPU holds a valid address for a mem-
ory read or a memory write operation. The “INPUT-
/OUTPUT REQUEST” control signal TORQ, is also
active when low and indicates that the lower half of the
address bus holds a vatid I/0 address for a I/0 read or
write operation. The read control signal, RD, is active
when low and indicates that the CPU wishes to read
data from the memory or an 1/0 device. When high,

20

25

30

35

40

45

50

55

60

65

14
RD indicates the CPU wishes to write data to memory
or an 1/0 device.

The generation of the microcycler control signals
MCO0 and MC1 as a function of the CPU control signals,
MREQ, IORQ, and RD together with clock signals &1
and 7M, are illustrated for a plurality of read and write
operations in FIGS. 12A-G. An example of MC0 and
MC1 as functions of MREQ RD, and the clock signals
®1 and 7M, is shown for a memory write operation in
FIG. 12A.

A clock state, T, is defined by one complete period of
the clock signal ®. At the beginning of the initial clock
state T1, the CPU control signals MREQ RD are at the
same state as the previous clock state which is a high
state with the microcycler control signals MCO and
MC1 also at the same state as the previous clock state
which is a low state. During T1, after the clock signal ¢
goes low, MREQ goes low which indicates that the
CPU address bus holds a valid address for the memory
write operation.

Referring to FIG. 13, the NAND gate 112 has the
control signals MREQ and IORQ presented at its inputs
which are both inactive or a logical 1 at the beginning of
T1. When MREQ goes low, the output of the NAND
gate 112 goes high which is inverted by the inverter 114
presenting a low state to one input of the NOR gate 118
and to one input of the NOR gate 116. The other input
of the NOR gate 118 is connected by the line 174 to the
output of the inverter 172.

Since M1 is at a high state, the NOR gates 142, 178,
150 and 190 function as inverters. Thus the output of the
inverter 172 at line 174 is at the same state as the previ-
ous MC state since there are an even number of “in-
verters” between the line 174 and the gate of the output
transistor 194 (except insofar as the 7M and 7M delay
transistors 176 and 180 delay any change in MC1 result-
ing from a change in the output of the inverter 172 of
line 174).

Thus since MC1 is at a low state, the line 174 con-
nected to the input of the NOR gate 118 is at a low state
with the other input of the NOR gate 118 at a low state,
as noted before. This produces a high state at the output
of NOR gate 118 which results in a low state at the
output of the NOR gate 126.

The control signal RD is at a high state indicating a
write operation which causes the NOR gate 116 to
output a low state which is inverted by the inverter 122
to produce a high state. The line 138 is at the same state
(except for a delay) as the previous MCO state (in a
manner similar to that for the line 174) which causes the
output of the AND gate 124 to be low. The NOR gate
128 thus has a low state presented at both of its inputs
which results in a high state produced at its output.

This output is conducted when the clock signal $2
goes high and is inverted by the NOR gate 132. The
transistor 134 conducts this output when the clock sig-
nal $1 goes high resulting in the output of the inverter
136 going high. Thus the output of the inverter 136
assumes the same state as the NOR gate 128 on the
positive edge 200 (i.e., going from a low state to a high
state) of the clock signal ® (FIG. 12A).

The high state at the output of the inverter 136 is
conducted by the transistor 140 when the clock signal
T goes high which is inverted by the NOR gate 142
and conducted by the transistor 144 when the clock
signal 7M goes high. The logical O is then inverted by
the inverter 146, NOR gate 150, and inverter 152 to
produce a high state at the output of the inverter 152
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which turns on the transistor 154 to produce the high
state at the line 86 which is the MCO control signal line.
Referring back to FIG. 12A, it is seen that the control
signal MCB goes to a high state on the positive edge 202
of the clock signal 7M which follows the positive edge
200 of the clock signal ® occurring after the CPU con-
trol signal MREQ goes low.

When MCO changes from a low state to a high state,
the contents of the microcycle data bus changes from
the low address, A0-A7, to the high address, A8-A1S.
Thus the 16 address bits from the CPU are transmitted
to the video processor and I/0O chip in 2 eight-bit
groups or slices.

The output of the inverter 136 rising to a high state
causes the NOR gate 164 having an input connected to
the output line 138 of the inverter 136 to fall to a low
state. The output of the AND gate 160 is also low since
MREQ is low causing the output of the NOR gate 162
to go high. This high output appears at the output of the
inverter 172 at the line 174 on the positive edge 204
(FI1G. 12A) of the clock signal ¢ marking the start of
the clock state Tw.

The high state then appears at the gate of the transis-
tor 194 on the positive edge 206 of the clock signal TM
(FIG. 12A) causing the control signal MC1 to rise to a
logical 1. The RD signal is at a high state (indicating a
write operation) which causes the NOR gate 116 to
output a “zero” which is inverted by the inverter 122.
The output of the inverter 136, which is at a high state,
is returned to the AND gate 124 causing the AND gate
to output a “‘one” which causes the NOR gate 128 to
output a “zero”. This low state appears at the output of
the inverter 136 on the positive edge 204 of the clock
signal ® (FIG. 12A). The low state then appears at the
MCO control signal line 80 on the positive edge 206 of
the 7M clock signal (FIG. 12A).

With MCO at a low state and MC1 at a high state, the
contents of the CPU data bus are gated onto the micro-
cycle data bus. Thus data placed on the CPU data bus is
transmitted to the peripheral devices on the microcycle
data bus.

During clock state T3, MREQ returns to a high state.
Since MREQ as well as the output of the inverter 172 at
line 174 and TORQ are at a high state, the output of the
AND gate 160 is high which causes the output of the
NOR gate 162 to go low. This low output appears at the
line 172 on the positive edge 208 of the ®1 clock signal
at clock state T1. The low state at line 172 appears at the
gate of the output transistor 194 (with a high state at the
gate of the transistor 196) at the positive edge 210 of the
clock signal 7M causing the microcycle control signal
MC1 to go low. The microcycler is now ready to trans-
mit the low address of the next address presented at its
inputs. The relationship of the microcycler control
signals MCO and MC1 to the CPU control signals and
system clock signals ® and M is shown for a variety of
other read and write operations in FIGS. 12B-G.

The microcycler further comprises a NOR gate 201
having inputs connected to outputs of the inverters 146
and 182 and to the clock signal 1. A NOR gate 203
also has inputs connected to the output of the inverter
182, to the output of the inverter 146 by an inverter 205,
and to the clock signal input ®. An output line 226 of
the NOR gate 201 carries the microcycle decoder con-
trol signal LDL1 which is a logical 1 when the outputs
of the inverters 146 and 182 are a logical 0 (correspond-
ing to both MCO and MC1 a logical 0), together with
@1 a logical 0. An output line 228 of the NOR gate 203
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carries the signal LDL1 which is a logical 1 when MCO
is a logical 1, MC1 a logical 0 and ®1 a logical 0.

Each of the address, data, and I/O chips has a plural-
ity of registers. Each of these registers is individually
addressable by the CPU for inputting or outputting data
contained in the register.

The data chip is shown in FI1G. 11B to the microcycle
decoder 212 which assembles 11 address bits A0-A10
from the low address bits, A0-A7, and high address bits,
AS8-A15, transmitted from the microcycle data bus. The
microcycle decoder 212 has an eight bit input line con-
nected to all the bits of an eight-bit data chip data bus
66a and a three-bit input line connected to the lower 3
bits of the data bus 66a. The microcycle data bus 66 is
connected to the data bus 66a by a tristate buffer 273
(FIG. 11C). (Other buffers shown in the more detailed
schematic FIG. 13 are omitted from the FIGS. 11A-F
for clarity).

The microcycle generator 106 (FIG. 11A) generates
control signals LDL1 and LDH1 to signal that the
microcycle data bus contains the low address bits or the
high address bits, respectively. The microcycle decoder
212 is operatively connected to the microcycle genera-
tor to input these control signals such that the decoder
latches up the low address bits from the eight bit input
lines when LDL1 is high and subsequently the high
address bits A8-A10 on the three bit input line when the
control signal LDH1 is a high. The 11 bits latched in the
microcycle decoder are utilized to address the registers
on the data chip. The microcycle decoder has an 11 bit
output bus A0-A10 which is connected to an address
decoder 214 which decodes the address bits to activate
one of a plurality of register select lines 216-222. Regis-
ter select line 216 actually represents eight register se-
lect lines for eight different “color” registers 224.

In addition to the proper address, the register select
lines 216-221 require the concurrence of a data chip
generated control signal, OUTPUT, in order to be acti-
vated. The eight color register select lines 216 further
require 2 CPU generated control signal IORQ. The
register select line 222 requires the concurrence of an-
other data chip generated control signal INPUT, to be
activated. The INPUT and OUTPUT signals are func-
tions of Z-80 CPU control signals including MREQ,
TIORQ, RD and M1 and are generated to compensate
for any delay caused by the microcycler.

The register select lines 216-221 are operatively con-
nected to eight color registers 0-7 , an “expand” regis-
ter, “function generator” register, “vertical blank” reg-
ister, “horizontal color boundary” and ‘“background
color” register and “low/high resolution mode” regis-
ter, respectively. The line 222 is operatively connected
to a multiplexer, which when activated causes the mul-
tiplexer to select the output of an “intercept” register.
In this manner, the CPU may select any particular regis-
ter of the data chip by transmitting an address corre-
sponding to the register which is transmitted in two
groups, the low and high addresses, by the microcycler
to the microcycle decoder which reassembles the ad-
dress bits into address bits AD-A10. These bits are then
decoded and the corresponding register select line is
activated which enables the addressed register to input
or output data to the CPU via the microcycle data bus.

The microcycle decoder 212 and address decoder 214
are shown in greater detail in FIG. 13. The microcycle
decoder 212 comprises an 11-bit latch with the eight
least significant bits A0-A7 each having an input con-
nected to the D0-D7 lines, respectively, of the data bus
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66a. Each of the A0-A7 bits of the latch also have an
input connected to the LDL1 control signal line 226
and an input connected the line 226 through an inverter
227. The most significant bits A8-A10 each have an
input connected to the D0-D2 lines, respectively, of the
data bus 66a and each has an input connected to the
LDH1 control signal input line 228 directly, and an
input connected to the line 228 through an inverter 229.

The A0 bit has output lines A0 and its complement
A0 with the Al bit having outputs Al, A1, etc. all
connected to the address decoder 214.

An example of a bit circuit of the latch of the micro-
cycle decoder is shown in FIG. 13. The input of the A0
bit circuit of the latch is connected to a gating transistor
230 whose gate is connected to the LDL1 control signal
line 226. The 1 input is also connected to the DO line of
the data bus 66¢ which carries (among others) address
bits A0 and A8. Transistor 230 is connected to an in-
verter 232 whose output is the AD output line of the A0
latch which is also connected to an inverter 234 whose
output is the A0 output line. The output of the inverter
234 is connected to a gating transistor 236 whose gate is
connected to the output of inverter 227 (FIG. 13) which
carries LDL1. The output of the transistor 236 is con-
nected to the input of the inverter 232.

The bit on the DO line of the data bus 66a is presented
to the input of the transistor 230 which is gated by the
LDL1 control signal when the D0 line carries the ad-
dress bit A0. The inverter 232 inverts the address bit A0
and outputs the bit as address bit A0. The output of the
inverter 232 is inverted by inverter 234 whose output is
the address bit AQ. The bit A0 is stored in the A0 bit of
the latch in this manner.

The address decoder is shown in FIG. 13 to comprise
a programmed logic array (PLA) having a plurality of
input lines A0-A10 and A0-A10 connected to the cor-
responding output lines of the microcycle decoder 212.
A plurality of output lines 217-222 and 238-253 are
selectively coupled to the PLA input lines by a plurality
of pull-down transistors, each of which is represented
by a small circle 254,

An example of these pull-down transistors, the tran-
sistor coupling the input line A10 to the output line 238
is shown in greater detail in FIG. 16. If the address bit
A10 equals 1, i.e., a high state, the A10 address line will
cause the pull-down transistor 254 to turn on which
“pulls down” the output line 238 to ground.

Each output line 217-222 and 238-253 is connected to
the voltage source VDD by a pull-up transistor 260
referring back to FIG. 13. A logical 1 on any address bit
input line coupled to an output line will cause that out-
put line to be grounded which is a low state or logical
0.

The input lines of the PLA are selectively coupled to
the output lines by the pull-down transistors 254 such
that a particular output line will produce a logical 1
only when a predetermined address consisting of a pre-
determined combination of 1’s and 0’s are presented on
the address input lines A0-A10 and AD-ATD.

__The output lines 217-221 are coupled to the OUT-
PUT control signal line 262 by pull-down transistors
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264 so that in addition to the proper address, the OUT-
PUT control signal must be low in order for one of
these control lines to output a logical 1. For example, if
the address bits A7, A6, A5, A4, A3, A2, Al and A0
(A7 being the most significant) have the values 0, 0, 0, 1,
1, 0, 0 and 1, respectively, the control line 217 will be a
logical 1, if the OUTPUT control signal is also low.
Since the PLA output line 217 is the “expand” register
select line, the expand register will be selected if the
address bits A7-A0 have the value 00011001 or 19H.
Thus 19H is the hexadecimal address of the expand
register. If any of the address bits A7-A0 are different
from the values just listed, the expand register will not
be selected. For example, if the address bit A7 isa |
instead of a 0, the pull-down transistor 254 associated
with the A7 input line and the PLA output line 217 will
be turned on which pulls the output line 217 to a logical
0.

The output line 222 has an associated address 8H and,
as seen in FIG. 11B, is the “intercept” register select
line. The intercept register select line 222 is coupled to
an INPUT control signal line 266 by a pull-down tran-
sistor 268 so that in addition to the address 8H, the
INPUT control signal must be low in order for the
register select line 222 to be at a logical 1 state which
will select the intercept register.

The output lines 238 and 239 are connected to the
input of a NOR gate 270 whose output is connected to
a NOR gate 272. The other inputs of the NOR gate 272
are the control signal line 262 and a IORQ control sig-
nal line 270. Thus, either of two hexadecimal addresses,
BH or OH, will cause the output of the NOR gate 270
to go low which will cause the output of the inverter
272 to go high if the control signal OUTPUT and the
control signal IORQ are both low.

The output lines 240 and 241, 242 and 243, etc. are
also connected to a plurality of NOR gates 271 which
are connected to a plurality of NOR gates 272 which
also have inputs connected to the OUTPUT control
signal line 262 an TORQ control signal line 270. The
output lines 216 of the NOR gates 272 are the register
select lines for the color registers 224, as seen in FIG.
11B.

Thus, either the hexadecimal address 8H or BH will
select color register 0. There is an extra address for each
color register to accommodate a color block transfer
operation which will be described in more detail later.

Thus, the CPU may address or select a particular
register in order to input or output data from or to that
register by transmitting the register’s associated address
together with the proper CPU control signals. The
microcycler transmits this address in two groups, the
low and high addresses, which are then reassembled by
the microcycler decoder 212. The address latched in the
microcycler decoder is decoded by the address decoder
214 which activates a register select line. The register
select line enables the associated register to input from
or output data to the microcycle data bus. The hexadec-
imal addresses for the input and output ports or registers
for the Address, Data and 1/O chips are set forth in
Table II below:

TABLE 11
OUTPUT INPUT
PORTS PORTS
PORT PORT
ADDRESS FUNCTION ADDRESS FUNCTION
¢H Color Register ¢ 8H Intercept Fecdback
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ADDRESS FUNCTION

Multiplexer

Vertical Feedback
Register
Horizontal Feedback

Register

(left)

19
TABLE 1I-continued
OUTPUT INPUT
_PORTS _ PORTS
PORT PORT
ADDRESS FUNCTION
1H Color Register 1
EH
2H Color Register 2
3H Color Register 3 FH
4H Color Register 4
1¢H
SH Color Register §
11H
6H Color Register 6
TH Color Register 7 12H
8H Low/High Resolution 13H
Register
14H
9H Horizontal Color
Boundary Register
Background Color 1SH
Register
16H
AH Vertical Blank
Register 17TH
BH Color Block Transfer
CH Function Generator
Register
DH Interrupt Feedback
Register
EH Interrupt Enable and
Mode Register
FH Interrupt Line Register
1®H Master Oscillator Register
1TH Tone A Frequency Register
12H Tone B Frequency Register
13H Tone C Frequency Register
14H Vibrato Register
ISH Tone C Volume, Noise Modulation
and MUX registers
16H Tone A Volume and Tone B
Volume Registers
17H Noise Volume Register
18H Sound Block Transfer
15H Expand Register

Player 1 Handle
Player 2 Handle

Player 3 Handle
Player 4 Handle

Keypad Column ¢
(right)

Keypad Column 1
Keypad Column 2

Keypad Column 3

The functional generator of the video processor can
perform a variety of functions or modifications to the
pixel data as the data is written to the display RAM by
the CPU from the system or cassette ROM. The func-
tion generator is enabled when the address of the data is
less then 4,000H (address bit A14 equal to 0). The func-
tion generator is contained on the data chip 54 and is
shown in FIG. 11C to comprise a 7-bit function genera-
tor register 274 which is connected to the data bus 66a
by a 7-bit input line 276. The data chip data bus 66a is
operatively connected to the microcycler data bus 66
by the tri-state buffer 273 shown in FIG. 13 to comprise
8 units 273z-A. (Buffer unit 273a, typical of the units
273a-h, is shown in greater detail in FIG. 17). The
output 1 of each unit is connected to the data bus 66z by
a buffer 611 (logically similar to that shown in FIG. 18).

The data contents of the register 274 determine how
the pixel data is to be modified. The CPU 46 (FIG. 2)
may output data to the register 274 by transmitting the
address CH to the microcycle decoder 212 and address
decoder 214 of FIG. 11B which activates the function
generator register select line 218. When the register
select line 218 is activated, the function generator regis-
ter 274 is enabled to input (or latch up) the 7 bits of data
transmitted by the CPU. The bits of the data contained
within the function generator register 274 relate to dif-
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ferent modifications of the pixel data as shown below in
Table III:

TABLE III

Least Significant Bit of Shift Amount
Most Significant Bit of Shift Amount
Rotate

Expand

OR

Exclusive-OR

Flop

Bit

L RV N N )

The order in which the functions are performed is as
follows: expansion is done first; rotating or shifting;
flopping; and logical-OR or exclusive-OR. The video
processor performs the modifications in response to the
data stored in the function generator register. A logical
0 or 1 in the bits 2-6 determine whether or not the
corresponding function is performed. Bits 0 or 1 of the
function generator register determine the amount, if
any, of the shift. As many as four of these functions can
be used at any one time and any function can be omit-
ted. However, rotate and shift as well as logical-OR and
exclusive-OR cannot be done at the same time.

The expand function expands the 8 bits contained on
the microcycle data bus 66 four bits at a time into 16
bits. It expands a 0 on the microcycle data bus into one
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2-bit pixel and a 1 into another 2-bit pixel. Thus, two-
color patterns can be stored in the system or cassette
ROM in half the memory space.

The expand function is performed by an expander
indicated generally at 278. During each write operation
to the display memory using the expander 278, either
the upper half (D4-D7) or the lower half (D0-D3) of
the data bus 66a is expanded but the expand function
may be bypassed, as will be more fully explained below.
The half that is expanded is determined by an expand
flip-flop 282 having a reset input connected to the func-
tion generator register select line 218 and an output
connected to a multiplexer 282. The flip-flop 280 is reset
by an output to the function generator register 274 and
is toggled after each write operation to the display
RAM in which the function generator is utilized. The
multiplexer 282 is responsive to the flip-flop to select
either the upper half, or lower half, of the bits contained
on the data bus 66a and output the selected bits on a
4-bit multiplexer data bus 284 for expansion. The upper
half of the data bus 664 is expanded when the flip-flop
280 is at a low or zero state, and the lower half is ex-
panded when the flip-flop toggles to the high state.

A 4-bit “expand” register 286 having a 4-bit output
line 288 determines the pixel values into which the data
contained on the multiplexer data bus 284 can be ex-
panded. A 0 on the multiplexer data bus will be ex-
panded by an expand decoder 290 connected to the
expand register output bus 288 and multiplexer output
bus 284 into the pixel value determined by bits 0 to 1 of
the expand register 286. A 1 on the multiplexer data bus
will be expanded into the pixel value determined by bits
2 and 3 of the expand register 286. Thus, the pixel data
on the multiplexer data bus is encoded at the first level
to identify either the 0 and 1 or 2 and 3 bits of the ex-
pand register. In this manner, the data from the com-
puter is decoded into pixel data encoded at the second
level, i.e., the pixel data stored in the expand register,
which is transmitted when the particular bits of the
expand register are selected and identified. The second
level pixel data is stored in the display RAM after other
modifications, if any, are performed. The pixel data
stored in the RAM, when read, is utilized together with
the left/right bit to select a color register to generate
the pixels of the display as explained hereinbefore.

The expand register 286 has an address 19H at which
the CPU may access the expand register in order to
change the contents. The address 19H (together with an
(0] UT signal) transmitted to the address decoder
214 (FIG. 11B) causes the expand register select line
217 to be activated which enables the expand register
286 to receive data on the data bus 66a. In this manner,
the pixel data values into which data is expanded may
be changed.

The expander 278 is shown in greater detail in FIG.
13. The expand flip-flop 280 has a reset input R con-
nected to the function generator register select line 218
so that the flip-flop is reset with each output of data to
the function generator register 274. The flip-flop has a
clock input C connected to a clock input line 292 and a
clock input C also connected to the clock signal input
line 292 through an inverter 294. (The line 292 carries a
clock signal, SHIFT, which will be more fully ex-
plained hereinafter.)

An output Q is connected to a D input of the flip-flop
280 so that the flip-flop toggles with each clock signal
which occurs with each write to the display RAM. The
output Q is also connected by a line 296 to the gates of
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four transistor switches 298a-d of the multiplexer 282.
An output Q of the flip-flop is connected by a line 300
to the gates of four transistor switches 302¢-d. (The
flip-flop 280 is shown in greater detail in FIG. 19).

The inputs of the transistor switches 298a-d are con-
nected to the four most significant bits (the upper half)
of the data bus 66a with the transistor switches 302a-d
connected to the four least significant bits (the lower
half) of the data bus 66a. If the state of the expand flip-
flop 280 is a logical 1, the transistor switches 302a-d
will conduct the lower half of the data bus 66a to the
expander. Otherwise, a logical 0 will cause the transis-
tor switches 2984-2984d of the multiplexer 282 to con-
duct the upper half of the data bus 66a.

The output of the transistor switches 3024 and 2984
are connected by an inverter 304 to the gates of a pair of
transistor switches 3062 and 3065 of the expander de-
coder indicated generally at 290. The output of the
inverter 304 is also connected by an inverter 308 to the
gates of a pair of transistor switches 310a and 310é.

A line 3124 is connected to grond by a transistor 314
whose gate is connected to the output of bit 0 of the
expand register 286. (The logic design of each bit of the
expand register is similar to that of the bit of the latch of
the microcycle decoder 212 shown in FIG. 15). The line
312q is connected to the voltage source VDD by the
transistor 306¢ and a pull-up transistor 316.

If the state of bit 0 of the expand register 286 is a
logical 1, the transistor 314 is turned on which pulls the
line 312 to ground or logical 0, otherwise it is a logical
1. Thus the contents of bit 0 of the expand register
controls the logic state of the line 312 wherein the logic
state of the line 312 is the complement of bit 0 of the
expand register 286. In a similar manner, the logic state
of a line 3125 connected to the transistor switch 3065 is
the complement of the value of bit 1 of the expand
register 286.

Also the logic state of a pair of lines 3184 and 3185 are
the complements of the bits 2 and 3, respectively, of
expand register 286. The lines 3184 and 318 are con-
nected to the transistor switches 310a and 3104, respec-
tively.

If the input of the inverier 304 (either bit 0 or bit 4 of
data bus 66, depending upon flip-flop 280) is a logical
0, the transistors 3062 and 306b ae turned on, which
selects the lines 3122 and 3126 which contain the com-
plemented values of bits 0 and 1 of the expand register.
On the other hand, if the input of the inverter 304 is a 1,
the transistors 310a and & are turned on which selects
the lines 318z and 3185 containing the complemented
values of the bits 2 and 3. The transistors 3062 and 310a
are connected to a common output line referred to as
expand data bit 0 or EDBO. Similarly, the transistors
3065 and 3105 are connected to output line EDBI; thus
a bit from the multiplexer 280 at inverter 304 is ex-
panded into the logic states of lines EDO and ED1, or
simply bits ED0 an ED1. A 0 is expanded into bits ED(Q
and ED1 which are defined by the complement of bits
0 and 1 of the expand register and a 1 is expanded into
bits ED0 and ED1 defined by the complement of bits 2
and 3 of the expand register 386.

In a similar manner, the remaining bits of the lower
half of the data bus 664, (or remaining bits of the upper
half if the upper half of the microcycler data bus is
selected by the multiplexer 282) are expanded into the
expand data bits ED2 and ED3, ED4 and EDS, and
ED6 and ED7 which are also defined by the comple-
ment of either bits 0 and 1 or 2 and 3 of the expand
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register. For example, if the expand register bits 0 and 1
contain the values 1 and 0, respectively, the expand
register bits 2 and 3 contain the values 0 and 0, respec-
tively, and the half of the microcycler data bus being
expanded has the values 0, 1, 1 and 0. These values will
be expanded into the pixel values 01, 00, 00 and 01,
respectively.

A pixel is generally represented by 2 bits so that a
byte of pixel data having 8 pixel data bits or
PDB7-PDBO, represents four pixels with the first pixel
represented by pixel data bits PDB0 and PDBI1, the
second pixel by PDB2 and PDB], etc. The pixel data bit
PDB6 will be referred to as the low bit of the first pixel
with PDB7 as the high bit. Similarly, the second pixel
has low and high bits PDB4 and PDBS, etc.

-The functions shift, rotate, and flop can be thought of
as operating on pixels as a whole rather than as individ-
ual bits. Accordingly, there is provided a shifter, rota-
tor, and flopper for both of the two bits of data repre-
senting pixels. Thus, referring to FIG. 11C, there are
provided shifter circuits 320a and b, rotator circuits
322a and b, and flopper circuits 324a and b, for the low
pixel data bits (PDB6, PDB4, PDB2 and PDB0) and the
high bits (PDB7, PDBS, PDB3 and PDB1), respec-
tively, of a byte of pixel data.

The expand function, as with all the other functions,
may be bypassed. Accordingly, the expand decoder 290
has a 4-bit output line 326a for the low pixel data bits
connected to inputs of a 2-to-1 multiplexer 328¢ and a
four-bit output line 3264 for the high pixel data bits
connected to inputs of a 2-to-1 multiplexer 3285, The
other four inputs of the multiplexer 328a are connected
to the low bits (D6, D4, D2 and D0) of the data bus 66a
by a 4-bit input line 330z with the other 4 inputs of the
multiplexer 32846 connected to the high bits D7, DS, D3
and D1 by a line 3306.

The output of the function generator register 274 is
connected by a 7 bit output line 332 to a latch 334 hav-
ing a control input line for address bit A14 connected to
the address bus 75 of the CPU. When address bit A14 is
low, the contents of the function generator register are
gated through the latch 334. The output of the latch 334
corresponding to bit 3 of the function generator register
is connected to the select inputs of the multiplexers 328a
and 3285 by a line 336. Thus, bit 3 of the function gener-
ator register controls the multiplexers 328a and 328b.

If bit 3 is a 0, for example, the multiplexer 328a will
conduct the low bits of pixel data from the expand
decoder 290 but if bit 3 is a 1, the multiplexer 328z will
conduct the low bits of pixel data from the data bus 66a.
The multiplexer 328b operates in a similar manner for
the high bits of pixel data. In this manner, the expand
function may be bypassed by placing a 1 in bit 3 of the
function generator register.

The output of the multiplexer 328a is connected to
the inputs of the shifter 320« and to the inputs of the
rotator 322z with the output of the multiplexer 3285
connected to the inputs of the shifter 3206 and rotator
322b. As noted before, the shift and rotate functions are
not performed at the same time. Bits 0 and 1 of the
function generator register 274 control the amount of
shift, if any, performed by the shifters 3202 and 6. The
outputs of latch 334 corresponding to the bits 0 and 1
are connected to the shifter 3202 and 3205 by a 2 bit line
338.

Bit 2 of the function generator register controls
whether a rotate is performed and its corresponding
latch output is connected to rotators 322a and 3226 by
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a line 340. The output of the shifter 320q and the rotator
3224 are connected to the inputs of the flopper 324a
with the output of rotator 3226 and shifter 3206 con-
nected to the input of flopper 324b6. The output of the
latch 334 corresponding to bit 6 of the expand register
274 is connected to the floppers 324a and d by a line 342
and controls whether a flop function is performed.

The function generator register 274 is shown in FIG.
13 to comprise a 7-bit register having 7 inputs con-
nected to the D6-D0 bits of the data bus 66a. (The logic
design of each bit of the register 274 is also similar to the
bit of the latch of the microcycle decoder 212 shown in
FIG. 15). The latch 334 comprises NOR gates 3340-g
each having an input connected to the address bit line
Al4 and an input connected to an output of bits 6-0 ,
respectively, of the function generator 274. The func-
tion generator register select line 218 is connected by a
buffer 385, and by an inverter 346, to the function gen-
erator register 274.

The multiplexer 3286, rotator 3226, shifter 3206 and
flopper 324b for the high pixel data bits are constructed
and operate in a manner similar to the multiplexer 3284,
rotator 322q, shifter 3202 and flopper 324q, for the low
pixel data bits. Therefore, only those modifiers for the
low pixel data bits (PDB6, PDB4, PDB2 and PDB0 )
will be described in detail. The high and low pixel! data
bits are modified at the same time and reassembled be-
fore being written to the display RAM.

The output of the NOR gate 334d (corresponding to
bit 3 of the function generator register) is connected by
line 336 to the select input A of the 4 units 328a0, 32842,
32804 and 32846 of the multiplexer 3282 The line 336 is
also connected to the select input B of each multiplexer
unit by -an inverter 348.

One such multiplexer unit, 32840, is shown in greater
detail in FIG. 20. The multiplexer unit 32840 has an
input 1A, connected to the unexpanded MDO bit of the
data bus 664 and an input, 1B, connected to the bit EDO
of the expand data bus 326a. The EDO input is con-
nected to a D type flip-flop shown generally at 349
having outputs 4 and 5, by a transistor switch 350 hav-
ing a gate connected to the line 336 (not shown). The
MDO input is connected to the D flip-flop 348 by a
transistor switch 351 whose gate is connected to the line
336 through the inverter 348 (also not shown). Thus if
the line 336 is logical 1 (which is controlled by bit 3 of
the function generator register when the address bit
AT4 is a logical 0), the EDO bit from the expander is
conducted to the D flip-flop. The output of this D flip-
flop defines pixel data bit PDB0. The output of the eight
flip-flops of the multiplexer 3284 and & for the low and
high pixel data bits, respectively, together define
PDB7-PDBO. Thus if the line 336 is logical 1, the pixel
data bits PDB7-PDBO0 will be determined by expand
bits ED7-EDAQ. But if the line 336 is a 0, the unexpanded
bit from the data bus 66« is conducted to the D flip-flop
and PD B0 is defined by MD@. In such a manner, bit 3 of
the function generator register determines whether the
expand function is utilized or whether the pixel data
from the microcycle data bus is transferred directly.
Each multiplexer unit of multiplexer 3284 has an output
line 352a-d, respectively, and carries the low pixel data
bits PDB0, PDB2, PDB4 and PDB6, respectively.

The output line of each multiplexer unit is connected
to the shifter for the low pixel data bits, indicated gener-
ally at 320z and the rotator for the low bits, indicated
generally at 3224 in FIG. 13. The shifter 3202 comprises
a programmed logic array (PLA) 321 having a plurality
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of input lines selectively coupled to a plurality of output
lines 368a—p by a plurality of pull-down transistors 350.
The output lines 352a-d of the multiplexer 328z are four
of the PLA input lines.

The shifter 320z further comprises a register 354a
having 4 bits 35420, 35442, 35404 and 35426 which are
connected to the inputs 356a-d of the PLA 321, respec-
tively, (with bit 35420 shown in greater detail in FIG.
21.) The register 354a stores the 4 low bits of the last
pixel data byte from the CPU to be written to the dis-
play RAM which may be the previous byte of the se-
quence of bytes (such as those shown in FIG. 6) to be
shifted. The register 354q is also clocked by the signal
SHIFT.

The NOR gate 344a (corresponding to bit 0 of the
function generator register) of the latch 334 is con-
nected by a line 358 to another input of the PLA 321
The line 358 is also connected to an input 359 by an
inverter 360. NOR gate 3445 (corresponding to bit 1 of
the function generator register) of latch 334 is con-
nected by a line 362 to an input of the PLA, with the
line 362 also connected to an input 364 by an inverter
366. Bits 0 and 1 of the function generator register de-
fine the least and most significant bits of the shift
amount performed by the shifter 320a. Each of the
output lines 368a—p is connected to the voltage source
VDD by one of a plurality of pull-up transistors 370.

The actual amount of the shift performed by the
shifter 320a is the complement of the bits contained
within bits 0 and 1 of the function generator register
since the NOR gates 344 and b invert the outputs of
bits 0 and 1 when the address bit A14 is low. Thus, if bits
0 and 1 have the value *11”, this is complemented to the
values “00” resulting in a shift of O pixel positions.

A shift of 1 position shown in FIG. 6 will be ex-
plained to illustrate the operation of the shifter 320a. If
the bits 1 and 0 of the function generator register have
the value “10”, the complement of this is “01” indicat-
ing a shift of 1 pixel position. Thus, the line 358 will
have the logic value of 1 with the line 362 at a logic
value 0. The lines 359 and 364 will, of course, be a
logical 0 and 1, respectively. As seen by the placement
of the pull-down transistors 356, a logical 1 on the line
358 and the line 364 results in all the output lines being
pulled down to logical 0 except output lines 368¢, 368g,
368k and 3680 since these lines do not have a pull-down
transistor coupled to either the input line 358 or 364.
The output line 386c does have a pull-down transistor
350a coupled to the input line 35256 which carries pixel
data bit PDB2 from the multiplexer 3284. Thus the
logic state of the output line 368¢ is the complement of
the logic state of the input line 3526 (or PDB2) from the
output of the multiplexer unit 32842. The pixel data bit
PDBO output of the shifter corresponds to output lines
368a-d and the particular value of PDBO depends upon
which of the lines 368a-d are selected by the input lines
358 and 362. Here, output line 368¢ was selected, there-
fore the pixel data bit PDBO output of the shifter is
defined by the PDB2 output of the multiplexer (but
complemented). Since PDBO is the low bit of the two
bits representing the first pixel of a byte of pixel data
and PDB2 is the low bit of the two bits representing the
second pixel, it is seen that the pixel data values output-
ted by the multiplexer have shifted one pixel position.

Output lines 368e-A of the shifter correspond to
PDB2 with output lines 368~/ and 368m-p correspond-
ing to PDB4 and PDB6 respectively. The output line
368g is coupled by a pull-down transistor 3505 to the
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line 352¢ which carries the bit PDB4 from the multi-
plexer. Thus output line 368g (PDB2 of the shifter) has
the complement of the logic state of PDB4 from the
multiplexer. Output line 3684 (PDB4) has the comple-
ment of the bit PDB6 from the multiplexer.

The output line 3680 of the shifter corresponding to
PDB6 is coupled by a pull-down transistor 3504 to the
output bit 354a0 of the register 354a. Register 354a
stores the low pixel data bits of the previous pixel data
byte from the CPU to be written to memory. Bit 35440
contains the pixel data bit PDBO of the previous byte.
Thus the logic state of the output line 3680 (PDB6) is
the complement of the bit PDBO of the previous byte to
be written.

Thus, for example, if the output bits PDB6, PDB4,
PDB2 and PDB# of the multiplexer 328z are the low
bits of the 8 bits representing the pixel values P7, P6, P5
and P4, respectively, of byte 1 of the sequence of bytes
to be shifted shown in FIG. 6, and the output of the
register 35440 is the low bit of the 2 bits representing
pixel vale PO of the prior byte of the sequence, it is seen
that the low pixel data bits PDB6, PDB4, PDB2 and
PDBO of byte 1 (together with the high pixel data bits
PDB7, PDBS5, PDB3 and PDBI1) represent pixel data
values PO, P7, P6 and P5, respectively, after a shift
operation of 1 pixel position.

It is assumed that the first byte of pixel data of a
sequence of bytes to be shifted is the first byte to be
written to the display RAM after an output by the CPU
to the function generator register. Accordingly, each
bit of the register 354a has a reset input connected by a
line 372 to the function generator register select line 218
such that the register 354z is reset to 0 with each output
to the function generator register. Thus zeros are
shifted into the first byte of a sequence as shown in FIG.
6. Each sequence is initialized by an output to the func-
tion generator register and therefore data should not be
sent to the function generator register in the middle of
the sequence.

The output pixel data of the shifter are in comple-
mented from (whether shifted or not) and will be re-
complemented by the flopper indicated generally at
324a. The NOR gate 344g has an input connected to the
A14 address bit and an input connected to bit 6 of the
function generator register 274 which determines
whether the flop function is performed when Al14 is
low. The output of the NOR gate 344g is connected by
a line 374 to the gates of four transistor switches 376a-d.
The logic state of the input line 374 is inverted by an
inverter 378 whose output is connected to the gates of
transistor switches 380a-d of the flopper 324a. The
output lines 368a-p of the shifter 320a are the input lines
of the flopper 324a. The flopper 324a also comprises a
programmed logic array having output lines 382a-#
coupled to the input lines 368a-p by a plurality of pull-
down transistors 384.

The output lines 382¢ and & are connected by the
switches 376a and 380q, respectively, to a buffer 385
having an output line which is the flopper PDBO ouiput
line 377a. (A typical buffer 385 logic circuit is shown in
FIG. 22).Lines 382c and d are connected by switches
3764 and 3804, respectively, to a buffer 385 having the
flopper PDB2 output line 3775, with the lines 382¢ and
JS connected by switches 376¢ and 380c, respectively, to
a buffer 385 having the flopper PDB4 output line 377¢,
and the output lines 302g and # connected by switches
3764 and 380d, respectively, to a buffer 385 having the
flopper PDB6 output line 377d. The input line 368c¢
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(containing the complemented output pixel data bit
PDBO of the shifter when set for a shift of 1 pixel posi-
tion) is coupled to the output line 3824 by a pull-down
transistor 3844 and to the output line 382g by a pull-
down transistor 3845 wherein the logic state of the
complemented shifter output bit PDBO is recomple-
mented and carried uncomplemented on the flopper
output lines 3825 and 382g. A logical 1 state on the input
line 374 turns on the transistor switch 376d whereby the
shifter output bit PDBO0 is conducted to the flopper
PDB6 output line 3774. Thus, the PDBO output of the
shifter 320z is flopped to the flopper 324a output bit
PDB6 when the input line 374 is a logical 1. On the
other hand, if the logic state of line 374 is 0, the output
of the inverter 378 is a logical 1 which turns on the
transistor switch 380z which conducts the shifter PDB0
bit to the flopper PDBO line 3774 and is not flopped.
Thus when the logic state of the input line 374 is 0, the
output of the shifter is not flopped. The other inputs of
the flopper 324¢ for the bits PDB2, PDB4 and PDB6
are handled in a similar manner.

As an example, if the byte of pixel data being written
to the display RAM represents pixel values P7, P6, P5
and P4 as for the byte of original data of FIG. 6 and the
shifter is set for zero shifts so that the shifter does not
shift the data, then the PDB6, PDB4, PDB2 and PDBO0
output bits of the shifter 320z are the low bits of the bits
representing pixel values P7, P6, P5 and P4, respec-
tively, (but complemented). When bit 6 of the function
generator register is a logical 0, the logic states of the
pixel data bits will be recomplemented and flopped so
that the PDB6, PDB4, PDB2 and PDBO output bits of
the flopper 324a (together with the PDB7, PDBS,
PDB3 and PDB1 output bits of the flopper 3245) repre-
sent the pixel data values P4, P5, P6 and P7 after the
flop operation as shown in FIG. 6.

The rotation function is performed on the low pixel
data bits by a rotator indicated generally at 322¢ and
comprises a programmed logic array 386 having 4 input
lines connected to the register 354 PDB0, PDB2, PDB4
and PDB6 output lines 356a-d and 12 input lines con-
nected to the 12 outputs of four 3-bit shift registers
388-391. The input of the first bit 388a of the shift regis-
ter 388 is connected to the PDBO input line 356a with
the inputs of the first bits 389a-391a of register 389-391
connected to the PDB2, PDB4 and PDB6 lines 3566-d,
respectively. (A typical bit circuit 388¢ of the bits of the
shift registers 388-391 is shown in greater detail in FIG.
23).

The rotator is used to rotate a four by four pixel
image 90° in a clockwise direction. The four-by-four
pixel image represented in FIG. 7A is shown with the
individual pixel data bits PDBO-PDB7 of each of the
four data bytes labeled. The rotator is initialized by an
output to the function generator register and will reini-
tialize itself after every 8 writes to the display RAM. To
perform a rotation, the following procedure is per-
formed. The top byte or byte 0 of the unrotated image
is written to a location in the display RAM. The next
byte, byte 1 is written to the first location plus 40, byte
2 to the first location plus 80, and the last byte, byte 3 to
the first location plus 120. These four locations corre-
spond to 16 contiguous pixels since 40 bytes represent
one line of pixels on the display screen. The process is
then repeated with byte 0 rewritten to the first location,
byte 1 to the first location plus 40, byte 2 to the first
location plus 80 and byte 3 to the first location plus 120.
After these 8 writes, the data will appear in the display
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RAM and (subsequently) the image on the screen ro-
tated 90° from the original as shown in FIG. 7B.

The low 4-bit rotator 322a¢ further comprises a 3-bit
counter 394 for counting the 8 writes completed in a
rotate sequence. (The logic circuitry of the bits 0-3 is
shown in greater detail in FIG. 24 with bit 3 excluding
that portion shown in phantom.) The counter 394 has a
“clear” input, 2, connected to the function generator
register select line 218 so that the counter is initialized
to 0 with each output to the function generator register
274. A NOR gate 400 having a “DATEN" control
signal input and an address bit A14 input is connected
by series connected inverters 396 and 398 to the toggle
input of the counter 394. The DATEN control signal is
generated by a memory control circuit (FIG. 11F) of
the data chip and is activated during memory write
cycles. The NOR gate 400 has the input connected to
the address bit A14 so that the counter is toggled only
during memory write cycles in which the data written is
to be modified by the function generator.

The output of the third bit (bit 2) of the counter 394
is connected to the input of a NOR gate 402 which also
has an input connected to the output of the inverter 396.
The output signal of the NOR gate 402, SHIFT is con-
nected to the shift inputs of the shift registers 388-391
and clock inputs of register 354 (as well as flip-flop 280
of the expander). During the first four memory writes of
a rotate sequence, the third bit of the counter 394 is O
(since the counter counts from 000 to 011) therefore, the
NOR gate 402 performs as an inverter wherein the
DATEN signal from the inverter 396 generates a shift
signal at the output of the NOR gate 402 with each of
the first four writes to the display RAM of a rotate
sequence. With the next or fifth write, however, the
third bit of the counter 394 goes to a logical 1 which
drives the output of the inverter 402 low for the last
four memory writes of a rotate sequence. The SHIFT
clock signal is activated with each write to the display
RAM (except for the last four writes of a rotate opera-
tion) whether or not the rotate function is utilized in a
write of data to the display RAM. Thus the SHIFT
signal is also used to clock the Expand flip-flop 280 so
that the flip-flop 280 toggles with each write opertion to
the display RAM.

Each low bit of the first three bytes of a rotate se-
quence are shifted into the shift registers 388-391 of the
low bit rotator 322a. Shift register 388 stores the pixel
data bit PDBO of pixels PO, P4 and P8 of the first three
bytes, respectively, of the rotate sequence of FIG. 7A.
Similarly, shift register 389 contains the low pixel data
bit PDB2 of pixels P1, P5 and P9 after the first four
memory writes of the rotate operation. The particular
pixel data bits for each of the registers 388-391 are
shown in FIG. 40.

The programmed logic array 386 of the rotator 3224
further has inputs 404a-404¢ connected to the outputs
of bits 3884-388¢, respectively, of the shift register 388.
The output of bits 389a-c of the shift register 389 are
connected to the input lines 406a-¢ with the output of
bits 390a-c and 391a—c of the shift registers 390 and 391
connected to the input lines 408a-c and 410a-c, respec-
tively. The input lines 3562-d from the register 354 are
coupled to output lines 412a-d, respectively, by four
pull-down transistors 414. The output lines 412¢-d are
connected by four transistor switches 416e-d to the
voltage source VDD by a pull-up transistor 418 and
also to a common output line 420 which carries the pixel
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data bit PDB6 output of the rotator in complemented
form.

The input lines 404a, 406a, 40842 and 410a (from the
LSB of the shift registers 388-391) are coupled to out-
put lines 422a-d, respectively, by four pull-down tran-
sistors 424. The output lines 422a-d are connected by
four transistors switches 426a-d, respectively, to a com-
mon output line 428 and to voltage source VDD by a
pull-up transistor 430. The output line 428 carries the
pixel data bit PDB4 output of the rotator in comple-
mented form. The input lines 4045, 4065, 4085 and 4105
and input lines 404c, 406¢, 408¢ and 410c are coupled to
output lines 432a-d and output lines 434a-d, respec-
tively, by pull-down transistors 436 and 438 respec-
tively.

The output lines 432a-d are connected by four tran-
sistor switches 4402-d to a common output line 422 (for
pixel data output bit PDB2) and to the voltage VDD by
a pull-up transistor 444. The output lines 434e-d are
connected by four transistor switches 446a-d to a com-
mon output line 448 (for pixel data output bit PDB0)
and to voltage source VDD by a pull-up transistor 450.

The rotator 322¢ has a second programmed logic
array 452 having four output lines 454-457 which con-
trols the transistor switches 416, 426, 440 and 446. The
output line 457 is connected-to the gates of the transistor
switches 4164, 4264, 440a and 446a with the output line
456 connected to the gates of the transistor switches
4165, 4265, 440b and 4465, etc.

The program logic array 452 has an input line 460
connected to the output Q of the third bit of the counter
394. The input line 460 is coupled to each of the output
lines 454-457 by four pull-down transistors 462. Thus,
when the third bit of the counter 394 is a logical 0 (i.e.,
during the first four writes to the display RAM of the
rotate sequence) the output Q of the third bit is a logical
1 which pulls down the four output lines 454-457 of the
PLA 452 which turns off the transistor switches 416a—d,
422a-4, etc. These switches are turned off since during
the first four writes, the four shift registers 388-391 are
being loaded with the proper pixel data bits of the first
four writes. The PLA 452 has an input line 463 con-
nected by an inverter 464 to the output of the NOR gate
344c of the latch 344. The input line 463 is coupled to
the output lines 454-457 by four pull-down transistors
466, respectively. If bit 3 of the function generator reg-
ister 274 is a logical 1, the logic state at the input line 463
will also be a logical 1 which pulls down the output
lines 454-457 to a logical 0 turning off the transistor
switches 416a-d, 426a-d, etc. of the programmed logic
array 386. The rotate function may be bypassed in this
manner.

The PLA 452 has inputs 468 and 470 connected to the
Q outputs first and second bits, respectively, of the
three-bit counter 394. The input line 468 is connected to
a second input line 469 by an inverter 472. The input
line 470 is connected to still another input line 471 by an
inverter 474. The input lines 468-471 are coupled to the
output lines 454-457 by a plurality of pull-down transis-
tors 476 such that as the counter 394 counts from 4 (100
Binary or B) to 7 (111 B) the output lines 454457 are
successively activated. Thus, when bits 1 and 2 of
counter 394 are both O, the output line 454 is enabled
and with bits 1 and 0 equal to 01, respectively, output
line 455 is enabled, etc.

As noted before, during the first writes of the rotate
sequence, the shift registers 388-391 are loaded with
their respective bits of the first three bytes of the rotate
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sequence of data with the last byte being stored in regis-
ter 384. This corresponds to counts 0-3 of the counter
394. For counts 4-7 data is no longer shifted into the
registers while the CPU re-transmits the four pixel data
bytes of the sequence to be rotated. At count (100 B) in
which byte 0 is transmitted, the output line 454 is en-
abled which turns on the transistor switches 416d, 4264,
4404 and 4464,

Since output line 4124 is coupled to input line 4564
from register 384, pixel data bit PDB6 of the previous
(and last) data byte of the sequence (i.e., byte 3), appears
on the output line 420 (PDB6) of the rotator in comple-
mented form. The pixel data bit PDB6 of byte 3 of the
sequence is the lower bit of the pixel value represented
by P15. The lower pixel data bit representing the pixel
data value P11 stored in the 391a bit of the shift register
391 connected by the input line 410z is complemented
by a pull-down transistor 424 and conducted by the
transistor switch 4264 to the PDB4 output line 428 of
the rotator 322a. In a similar manner, the low pixel data
bits representing pixel data values P7 and P3 stored in
the shift register 391 appear on the rotator 322a pixel
data outputs PDB2 and PDBO, respectively, since the
transistor switches 4404 and 446d, respectively, are
turned on. Thus, although the CPU transmits byte 0 at
count 100 B, the byte representing pixel data values
P15, P11, P7 and P3 is actually written to the display
RAM at the first location as shown in FIG. 7B.

On the next write to the display RAM, the count of
the counter 394 changes to 101 B wherein the PLA 452
in turn causes the transistor switches 4165, 4265, 440b
and 4464 to turn on. The low pixel data bit representing
pixel data value P14 carried by input line 356c from the
register 354 appears in complemented form on the rota-
tor 322q output PDB6 line 420. Also, the low pixel data
bits representing pixel data values P10, P6 and P2 stored
in the register 390 appear in complemented form on the
rotator 3222 PDB4, PDB2 and PDBO output lines 428,
442 and 448, respectively, and are stored in the first
memory location plus 40, as indicated in FIG. 7B. After
the last two writes, the low pixel data bits (as well as the
high pixel data bits from the rotator 322d) representing
the pixel data values will appear in the display RAM as
shown in FIG. 7B. The flopper 324a recomplements the
pixel data bits from the rotator 3224 so that the pixel
data bits are stored in uncomplemented form in the
display RAM.

Thus, the pixel data that will be written to the display
RAM is transmitted by the CPU in the first four
“writes” to the display RAM of the four bytes of the
rotate sequence and is latched up in the registers
388-391 and 354. The rotate sequence is then re-trans-
mitted (but any data could actually be sent) to the same
four addresses of the display RAM with the pixel data
latched up in the registers 354 and 388-391 actually
being written to those four display RAM addresses
represented in FIG. 7B. The rotator, shifter and flopper
circuits for the high pixel data bits (PDB7, PDBS,
PDB3 and PDB1) are indicated generally at 3225, 3200
and 324), respectively, in FIG. 13. The modifications to
the high pixel data bits PDB7, PDBS, PDB3 and PDB1
are performed by the rotator 3225, the shifter 3205 and
the flopper 324 simultaneously with the modifications
performed on the low pixel data bits. Each pixel data
value, represented by a high and a low pixel data bit,
can be shifted, flopped, or rotated as shown in FIGS. 6
and 7a and b.



4,301,503

31

The OR and exclusive-OR functions are performed
by an OR/exclusive-OR circuit 480 shown in FIG. 11C
to have a four bit input line 482a connected to the out-
put of the low pixel data bit flopper 3242 and a four bit
input line 4826 connected to the output of the high pixel
data bit flopper 3245. The OR/exclusive-OR circuit 480
has two further inputs connected by a two-bit input line
484 to the latch 334 which latches the complement of
bits 4 and 5 of the function generator register 274 when
the address bit A14 is low. These bits determine
whether or not the OR or exclusive-OR functions, re-
spectively, are performed.

These functions can be thought of as operating on a
byte of pixel data as 8 bits rather than as 4 pixels. When
the OR function is used in writing data to the display
RAM, the input to the OR/exclusive-OR circuit is
ORed with the contents of the display RAM location
being accessed by the addressed chip. Accordingly, the
OR/exclusive-OR circuit 480 has 8 inputs connected by
an 8-bit input line 486 to a tri-state buffer 488 which is
connected to an 8-bit memory data bus 490 from the
display RAM which carries the memory data bits MDO-
MD7.

Pixel data that was stored in the display RAM which
is to be used in an OR or exclusive-OR operation, is
latched up in the OR/exclusive-OR circuit 480. The
OR/exclusive-OR circuit 480 has an 8-bit output line
492 connected to the tri-state buffer 488 on which the
resultant pixel data is carried to be stored at the display
RAM location from which the pixel data was accessed.

The OR/exclusive-OR circuit 480 is shown in greater
detail in FIG. 13 and comprises 8 units 480¢-4. Each
OR /exclusive-OR unit can perform an OR or exclusive-
OR (as determined by bits 4 and 5 of the function gener-
ator register 274) on a pixel data bit from the flopper
and from the display RAM and can store the resultant
pixel data bit in the display RAM.

A typical unit 480q is shown in greater detail in FIG.
25. The unit 480a has an input connected to the output
line 377a (which is one of the input lines 482a in FIG.
11C) which carries the pixel data bit PDB0 output of
the flopper 324¢ and an input 486z which carries the
pixel data bit PDB0 from the display RAM. The unit
has an input 484a connected to the output of the NOR
gate 3&de of the latch 334 associated with bit 4 of the
function generator register 274. Bit 4 determines
whether or not the OR function is performed. The input
line 484 is also connected to an inverter (not shown)
having an output connected to an input 494. The unit
has an input 4845 connected to the output of the NOR
gate 344/ associated with bit 5 of the expand register
which controls whether or not the exclusive-OR func-
tion is performed. The input line 3845 is also connected
to an input line 496 by an inverter 498.

The input line 377a (the PDBO0 bit from the flopper) is
connected by an inverter 500 which is connected to a
line 502. The input line 486a (for the PDBO bit from the
display RAM) is connected to a latch indicated gener-
ally at 504 which latches up the pixel data bit from the
display RAM until the pixel data bit from the flopper
arrives for the OR or exclusive-OR function. The latch
504 has an output line 506 which is connected to a line
508 by an inverter 510.

The unit 480a further comprises a programmed logic
array indicated generally at 512 which performs either
the OR function or exclusive-OR function (or neither)
as determined by bits 4 and § of the function generator
register. The PLA 512 has output lines 514g-e selec-
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tively coupled by a plurality of pull-down transistors
516 to the lines 500, 502, 508, 377q, 4944, 494, 484b, and
496. The lines 514a-e are connected to a NOR gate 516
having an output connected to an inverter 518 which
has an output 492z (of lines 492 FIG. 11C).

To illustrate the operation of the unit 480q, it will be
assumed that bits 4 and S of the function generator
register have the values 0 and 1, respectively, which
indicates an OR function is to be performed. When bit 4
is a logical 0, line 4844 is a logical 1 which pulls-down
the lines 514q, 514b and 5144 to a logical 0. The PDBO
bit from the flopper carried on the line 377z is inverted
by the inverter 500 and recomplemented by the pull-
down transistor 516a so that line 514¢ carries the PDBO
bit from the flopper in the uncomplemented form. The
PDBO bit from the display RAM is complemented by
the inverter 510 and recomplemented by the pull-down
transistor 5164 so that the line 514¢ carries the PDB0 bit
from the display RAM in the uncomplemented form.
Thus, if either the line 514¢ or line 514¢ is a logical 1, the
output of the NOR gate 516 will be a logical 0 which is
inverted by the inverter 518 to a logical 1 on line 492a.
However, if both the lines 514¢ and e are logical 0, the
output of the NOR gate 516 is a logical 1 and the output
of the inverter 518 is a logical 0. Thus, the logical OR
function is performed on the PDBO bits from the display
RAM and from the CPU transmitted through the flop-
per.

To perform an exclusive-OR function, bits 4 and § of
the function generator register are set to 1 and 0, respec-
tively. The input line 494 then is a logical 1 which pulls
the lines 514¢ and 514¢ to a logical 0. Also, the line 4845
is a logical 1 which pulls the line 5144 in addition to a
logical 0. The line 377¢ which carries the PDBO bit
from the CPU (transmitted through the flopper 3244) is
coupled to the line 5145 by a pull-down transistor 516c¢.
The line 508 which carries the complemented PDBO bit
from the display RAM is coupled to the line 5145 by 2
pull-down transistor 516d. Thus, if the PDBO bit from
the CPU is a logical 0 and the complemented PDB bit
from the display RAM is a logical 0 (i.e., the PDB0 bit
from the display RAM is a logical 1) the logic state of
the line 5144 will be a logical 1 resulting in the output of
the NOR gate 516 being a logical 0 and the output line
492q of the OR/exclusive-OR unit 480z being a logical
1. Otherwise, the logic state of the 5144 line is a logical
0 and the logic state of the output line 492a depends
upon the logic state of the line 514a.

The line 502 which carries the complemented PDB0
bit from the CPU is coupled to the line 514 by a pull-
down transistor 516e. The line 506 which carries the
PDBO bit from the display RAM is coupled to the line
514a by a pull-down transistor 516 Thus, if the com-
plemented PDBO bit from the CPU is a logical 0 (i.e.,
the PDBO bit from the CPU is a logical 1) and the PDB0
bit from the display RAM is a logical 0, the logic state
of the line 514a will be a logical 1 causing the output of
the NOR gate 516 to be a logical 0 and the output of the
OR/exclusive-OR unit 480z at the output line 492a to
be a logical 1.

If both the PDBO bit from the display RAM and from
the CPU are both 0 or alternatively are both 1, the logic
state of both lines 514¢ and b will be a logical 0 causing
the output of the NOR gate 516 to be a logical 1 and the
output line 492a of the OR/exclusive-OR unit 480z to
be a logical 0. Thus, the exclusive-OR function may be
performed on the PDBO bits from the display RAM and
the CPU.
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In a similar manner, a logical OR or exclusive-OR
function can be performed on the PDB1-PDB7 bits
from the CPU and the display RAM by the units 4806-4
shown in FIG. 13. The output line 492 of each OR /ex-
clusive-OR unit 48024 is connected to the tri-state
buffer indicated generally at 488 which is in turn con-
nected to the memory data bus 490. The tri-state buffer
488 has 8 units 488a-A.

A typical tri-state buffer unit 4884 is shown in greater
detail in FIG. 26. The unit 4884 has an input/output line
522 connected to the MDQ bit of the memory data bus
490. The tri-state buffer unit 488 also has an output line
524, and an input line 526 connected to the DATEN
control signal. When the DATEN control signal is low,
the logic state of the output line 522 is the same as the
data bit carried on the input line 4924 from the OR /ex-
clusive-OR unit 4802. In this manner, the pixel data
outputted from the OR/exclusive-OR unit may be
transmitted to the display RAM at an address supplied
through the address chip.

The CPU may read an intercept register 528 (FIG.
11C) having address 8H to determine if an intercept
occurred during a write to the display RAM in which
the OR or exclusive-OR function is utilized. An “inter-
cept” is defined as the writing of a non-zero pixel data
value at a location in the display RAM that previously
contained a non-zero pixel data value. The intercept
register 528 has an input connected to the 4-bit output
line 4825 of the flopper 3244 and an input connected to
the 4 bit output line 482a of the flopper 324a by which
the pixel data bits from the CPU may be inputted. The
intercept register 528 also has an 8-bit input line 530
connected to the OR/exclusive-OR circuit 480 by an
8-bit line 530. The output of the intercept register 528 is
connected by an 8-bit output line 532 to the input of a
2-to-1 multiplexer 534.

The intercept register 528, shown in greater detail in
FIG. 13, comprises 8 units 528a-4. A 1 in a particular
intercept register unit means that an intercept has oc-
curred. Since a pixel is represented by 2 bits of data, a
byte of pixel data represents 4 pixels and thus has 4 pixel
positions. Intercept register units 528a-d indicate
whether an intercept has occurred in any of the 4 pixel
positions in the last write to the display RAM in which
the OR or exclusive-OR functions were utilized. The
unit 5284 indicates whether an intercept has occurred in
the first pixel position with the unit 5286 indicating
whether an intercept has occurred in a second pixel
position, etc.

The unit 5284, typical of the units 5282-d, is shown in
greater detail in FIG. 27. The unit 528a comprises a
NOR gate 536 having an input 538 (connected to one of
the lines 4824, FIG. 11C) for the PDBO pixel data bit
and an input 540 (connected to one of the lines 4825,
FIG. 11C) for the PDB1 pixel data bit from the CPU.
PDBO0 and PDB1 represent a pixel that is being ORed or
exclusive-ORed with pixel data contained in the display
RAM. The unit 5284 further comprises a NOR gate 542
having an input 530z for the PDB0 bit from the display
RAM latched up in the unit 480a of the OR/exclusive-
OR circuit 480 and an input 5306 for the PDB1 pixel
data bit from the display RAM latched in the unit 4805
of the OR/exclusive-OR circuit.

The output of the NOR gate 536 and the NOR gate
542 are connected to NOR gate 548 having an output
line 550. Line 550 is connected by a transistor switch
5§52 to an inverter 554 having an output line 556.
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If the pixel transmitted from the CPU via the flopper
§24q and b and represented by pixel data bits PDB0 and
PDBI is a non-zero pixel, that is, the logic state of the
lines 538 or 540 is a logical 1, then the output of the
NOR gate 536 is a logical 0. Similarly, if the pixel from
the display memory latched up in the OR/exclusive-OR
unit is a non-zero pixel, the output of the NOR gate 542
is a logical 0. If the output of both NOR gates 536 and
542 is a logical 0 (i.e., an intercept has occurred in the
OR or exclusive-OR operation) the output of the NOR
gate 538 is a logical 1 at the line 550. The other intercept
register units 5285-d operate in a similar manner to
indicate whether an intercept has occurred in the other
3 pixel positions.

The intercept register units 528¢-4 give the intercept
information for all OR and exclusive-OR writes since
the last read or input from the intercept register 528 by
the CPU. An input from the intercept register resets the
outputs of these units. Thus, each of the 4 intercept
register units 528e-% is set to 1 if an intercept occurs in
the corresponding pixel position and will not be reset
until the next intercept register input.

The unit 528¢, typical of the units 528e-4, is shown in
FIG. 28 to have an input 558 which is connected to the
output 550 of the unit 5284. The input 558 is connected
to the input of an AND gate 560 which has another
input 562 for a clock signal. The output of the AND
gate 560 is connected to the input “S” of an SR flip-flop
indicated generally at 564 and having an output line 566
(which is one of the lines 532 of FIG. 11C). The SR
flip-flop 564 has a reset input “R” line 568 connected to
input 2.

If an intercept occurs in the first pixel position, the
input line 558 will assume a logical 1 state since it is
connected to the output of the intercept register unit
5284. When the clock signal on line 562 is a logical 1 the
flip-flop 564 will be set. The flip-flop will remain set
even though subsequent OR or exclusive-OR opera-
tions do not result in an intercept in the first pixel posi-
tion. The unit 528¢ wili remain set until the flip-flop is
reset when the data is input from the intercept register
528. The intercept register select line 222 is connected
to a delay indicated at 569 (FIG. 13) whose output is
connected to the reset input ‘2’ of each unit 528¢-A.

Referring back to FIG. 11C, the output of the inter-
cept register 528 is connected by the 8-bit output line
532 to the multiplexer 534. The §-bit line 532 comprises
the output lines 556 from the intercept register units
528a-d and the output lines 566 from the intercept regis-
ter units 528e-4 (FIG. 13). The multiplexer 534 has a
select input connected to the select line 222 from the
address decoder 214 (FIG. 11B) so that when the line
222 is enabled (corresponding to address 8H) the input
lines from the intercept register 528 are selected. The
multiplexer further has inputs connected to outputs of
the OR/exclusive-OR circuit 480 by an 8 bit line 570.
The OR/exclusive-OR circuit latches up data as it is
read from the display RAM which may be data other
than pixel data for OR or exclusive-OR operations such
as instructions to be executed from the display RAM
which are to be transmitted to the CPU.

The output of the multiplexer 534 is connected to the
tri-state buffer 273. [As seen in FIG. 25, the line 570a of
the input line 570 (FIG. 11C) is connected to the line
506 of each umit of the OR/exclusive-OR unit by the
inverter 510].

The multiplexer 534 is shown to comprise 8 units
534a-+ in FIG. 13. Each unit selects either a bit of data
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from the intercept register 528 or a bit of data from the
display RAM latched up in the OR/exclusive-OR cir-
cuit 480 depending upon the logic state of input select
signals.

A typical multiplexer unit 5344 is shown in FIG. 29 to
comprise an AND gate 572 having an input 532z (one of
the 8 bit input lines indicated as 532 in FIG. 11C) con-
nected to the complemented output of the intercept
register unit 528« at line 556 (FIG. 27) and a select input
576 connected to the intercept registers select line 222.
An AND gate 578 has an input 570¢ (which is one of the
input lines indicated as 570 in FIG. 11C) connecting the
complemented latch output of exclusive-OR unit 480%
and a select input 582. The outputs of the AND gate 572
and 578 are connected to a NOR gate 584 having an
output line 588z which is the output line of the unit 534
(and is one of the 8 lines indicated at 588 in FIG. 11C
connecting the multiplexer 534 to the tri-state buffer
273).

If the select signal line 582 is a logical 0, then the
output of the AND gate 578 is a logical 0. And, if the
intercept register select line 222 is a logical 1, then the
input line 576 is also a logical 1 and the output of the
AND gate 572 will be the same as the logic state of the
input line 5322 carrying the complemented data bit
from the intercept register. The NOR gate 584 will then
recomplement the data. Since the data from the inter-
cept register is in complemented form, the data appear-
ing on the output line 588 will be uncomplemented.
Conversely, if the intercept register select line 221 is a
logical 0 and the select input 582 is a logical 1, then the
complemented data from the display RAM latched up
in the OR/exclusive-OR circuit 480 will appear in un-
complemented form on the output line 588. The data on
the output line 588 will be transmitted to the CPU via
the microcycle data bus 66.

The select line 582 is shown in FIG. 13 to be con-
nected to a line 583 which carries the select signal
MENBI1 which generated by the logic elements indi-
cated generally at 585. The inputs to the elements 585
include the CPU control signal M1.

The Z-80 CPU requires instruction data to arrive in
an M1 cycle (instruction fetch) at a different time than
data during non-M1 cycles. The data latched up in the
OR/exclusive-OR circuit may be instructions that were
stored in a scratchpad portion of the display RAM. The
elements 585 which generate MENB1 which loads the
instruction onto the microcycle data bus 66 (via the
output lines 588 and tri-state buffer 273), insert a delay
so that the instructions arrive at the CPU at the proper
time.

It should be noted that non-M1 cycle data from the
RAM may be transferred directly from the memory
data bus 490 to the microcycle data bus 66 via tri-state
buffer 273 on the clock signal ZIP. ZIP is a function (as
is MENBI) of the CPU control signals MREQ, RD and
some address bits (so that it can be determined that
RAM is being accessed) and is generated by the logic
elements indicated generally at 589 and 591 which in-
clude a latch 593 (FIG. 13 with each bit of the latch
logically similar to that shown in FIG. 15) for the ad-
dress bits.

Briefly summarizing the operation of the function
generator of the data chip, the CPU can update the pixel
data stored in the display RAM by transferring pixel
data from the ROMs to the display RAM at addresses
sent to the display RAM via the address chip. However,
numerous modifications to this pixel data can be per-
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formed by the function generator before the pixel data
is stored in the display RAM. Thus, depending upon the
data sent to the function generator registor 274, the
pixel data may be expanded, shifted or rotated, flopped,
and exclusive-ORed or ORed with the data already
stored in the memory location being addressed.

Referring back briefly to FIG. 2, the display RAM 42
has stored therewithin, pixel data representative of the
pixels of a picture displayed on the screen of the TV 28.
Each pixel is represented by two bits of data which
select a color register which defines the color and inten-
sity of the associated pixel. An additinal function of the
video processor 52 is to sequentially read the pixel data
stored in the display RAM 42, decode the pixel data
into color and intensity data signals, convert these sig-
nals to analog signals, and supply the signals to the RF
modulator 58 which converts the signals to a form suit-
able for the TV set 28. The address chip 56 sequentially
reads the pixel data from the display RAM 42 synchro-
nously with the raster scan of the TV 28 which will be
more fully described later.

Each byte of pixel data read is conducted on the
memory data bus 490 (FIG. 11C) to the tri-state buffer
488. The 8-bit output line 486 of the buffer 488 is con-
nected to an 8-bit line 590 which divides into two 4-bit
lines 592a and 592b. The line 592z is connected to a 4-bit
shift register 594 with the line 5924 connected to a 4-bit
shift register 595. The shift register 594 stores the low
pixel data bits PDB0, PDB2, PDB4 and PDB6 and shift
register 595 stores the high pixel data bits PDB1, PDB3,
PDBS and PDB?7, of the 4 pixels represented by a byte
of pixel data read from the display RAM. The output of
the shift registers 594 and 595 are connected by lines
596a and 5965, respectively, to the inputs of a multi-
plexer 598.

The multiplexer 598 has inputs “SERIAL 17 and
“SERIAL 0” and two inputs from a background color
register 600. The muitiplexer 598 has 2 select inputs 602
and 604 to output 2 pixel data bits from either the shift
registers 594 and 595 or the SERIAL 0 and SERIAL 1
inputs, or the background color register 600. The multi-
plexer 598 will operate to select pixel data bits from the
background color register 600 when the pixels to be
displayed on the display screen are located in the back-
ground area indicated at 608 (FIG. 5) of the display
screen. The multiplexer 598 will select the pixel data
bits from the shift register 594 and 595 (low resolution
mode) when the pixels being displayed are located in
the area indicated at 610 of the display screen (FIG. 5).
Pixel data bits SERIAL 1 and SERIAL 0 will be se-
lected for the area 610 when the video processor is
operated in the high resolution mode.

The inter-connection of the shift registers 594 and 595
within the data chip is shown in FIG. 13. Each bit of the
shift registers 594a-d and 595a¢-d has an input P con-
nected to the tri-state buffer 488 by a buffer indicated at
611. (The buffers 611 are logically similar to that shown
in FIG. 18). Also each bit has clock inputs C and C, a
load input L, and an input D from the previous register
bit (except bits 5942 and 5952 which have their D input
grounded) and an output Q to the succeeding register
bit. The shift register 594 latches up the low pixel data
bits of the 4 pixels represented by a byte of pixel data
read from the display RAM and the shift register 5944
latches up the high pixel data bits. Thus, register bits
594a-d latch up pixel data bits PDB0, PDB2, PDB4 and
PDB6.
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The output of the register bit 5944 is connected by
the line 5964 to the multiplexer 598. The data stored in
the shirt register 594 is shifted one bit position upon the
activation of the clock signals such that pixel data bit
PDBO is shifted to the register bit 5945, pixel data bit
PDB2 is shifted to the register bit 594¢, pixel data bit
PDB4 is shifted to the register bit 5944 and PDB6 is
shifted to the multiplexer 598. The high pixel data bits
are loaded and shifted in the shift register 595 at the
same time as the low pixel data bits in a similar manner.
(A typical shift register bit is shown in greater detail in
FIG. 30).

The clock signals for the clock inputs C and C of the
shift registers are PXCLK and PXCLK which are the
outputs of the buffer shown at 621 in FIG. 13. The input
signal of the buffer 621 is a clock signal PX which is
generated by the clock generator in FIG. 11D. PX
occurs synchronously with the display of the pixels on
the display screen. The generation of the clock signal
PX will be described more fully later.

The load signal for loading pixel data into the shift
registers §94 and 595 occurs once every four PX pulses
since a byte of data from the display RAM represents
four pixels. The generation of the load signal will also
be more fully described later.

The multiplexer 598 is shown in FIG. 13 to have the
input lines 596a and b from the shift registers 594 and
§95, the input lines 608 and 610 for the SERIAL 0 and
SERIAL 1 pixel data bits and the input lines 612 and
614 from the background color register 600 selectively
coupled by pull-down transistors 616 to transistor
switches 618. The output of the transistor switches 618
are selectively coupled to the output lines 620 and 622
by the two buffers 385. (A typical buffer 385 is shown in
FIG. 22.) The output lines 620 and 622 carry the pixel
data bits “Z” and “Y”, respectively, which (together
with the left/right bit) select a color register. The gates
of the transistor switches 618 are selectively coupled to
the outputs of a plurality of logic gates 623. The inputs
of the logic elements 623 are selectively coupled to the
input line 604 so that when the logic state of the line 604
is a logical 0, the pixel data bits from the background
color register are conducted to the output lines 620 and
622. The logic elements 623 are also selectively coupled
to the input line 602 from the low/high resolution mode
flip-flop 606 (FIG. 13) such that when the logic state of
the line 602 is a logical 0 (and the logic state of the input
line 604 is a logical 1) the pixel data bits on the input
lines 5964 and & from the shift registers are conducted to
the output lines 620 and 622. Otherwise, the pixel data
bits SERIAL 0 and SERIAL 1 are conducted to the
output lines 620 and 622 when the logic state of the
input line 602 is a logical 1.

Referring back to FIG. 11C, the background color
register 600 is a 2 bit register having inputs connected to
the data bus 66a by a 2-bit line 624. The 2 bits stored
therewithin (together with the left/right bit) identify
one of the 8 color registers which determines the color
and intensity of the background area indicated as area
608 in FIG. 5. The background color register 600 has
the address 9H which activates the register select line
220 by which these 2 bits may be changed. (The cir-
cuitry of the storage unit for each bit of the background
color registers is logically similar to that shown for the
latch in FIG. 15).

In order to determine when the multiplexer 604
should select the pixel data bits from the background
color registers 600, the data chip further comprises a
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vertical position counter 626 and a horizontal position
counter 628 shown in FIG. 11B. The vertical position
counter 626 counts the number of lines of pixels as they
are displayed in a raster scan. A *“HORIZONTAL
DRIVE” signal occurs with each line of pixels dis-
played. A “VERTICAL DRIVE” signal occurs once
every field. Both the HORIZONTAL DRIVE and
VERTICAL DRIVE signals are generated in another
portion of the data chip circuitry to be discussed later.
The vertical position counter 626 has inputs for the
HORIZONTAL DRIVE and VERTICAL DRIVE
signals and counts each HORIZONTAL DRIVE sig-
nal (corresponding to a line of pixels displayed) and
resets with each VERTICAL DRIVE signal. There is
further provided a vertical “blank” register 630 having
an 8-bit input line 632 connected to the data bus 66a.
The vertical blank register 630 has address AH and
contains the line number at which the background color
(indicated by the background color register 600) will be
displayed to the bottom of the screen. Through input-
ting this vertical line number to the vertical blank regis-
ter 630, the bottom border line 634 (FIG. 5) may be set.

The vertical position counter 626 continues counting
even after the raster scan has reset to the top of the
screen. Hence the pixels at the top of the screen will
continue to be defined by the background register.
When the counter 626 reaches 162, it will reset which
causes the next line of pixels to be defined by the display
RAM and defines the top border of the background
area.

The vertical blank register 630 further allows display
RAM that would normally be utilized to store pixel
data for the area 610 to be used for scratch pad memory.
Thus, if the vertical blank register is set to 0, the entire
display RAM can be used for scratch pad. In the low
resolution embodiment, the register should be set to 101
or less in bits 1-7; in the high resolution system it should
be set to 203 or less in bits 0-7.

The line number contained within the vertical blank
register 630 is compared to the current line number
indicated by the vertical position counter 626 by a “les-
s-than-compare” 634 having inputs connected by lines
636 to the output and complemented output of each bit
of the vertical blank register 630 and also has inputs
connected to the output and complement of the output
of each bit of the vertical position counter 626 by the
lines 638. The output of the less-than-compare 634 goes
to a logical 0 when the vertical position counter 626
reaches the number contained within the vertical blank
register 630. The output of the less-than-compare is
connected by a line 640 to a decoder 642. The decoder
642 further has inputs selectively coupled by a line 644
to the output and complemented output of the bits of
the horizontal position counter 628.

The horizontal position counter 628 counts the pixel
positions of a line as the pixels are being displayed. The
horizontal position counter 628 has an input for the
clock signal ® which changes synchronously with the
scanning of the pixel positions of the raster scan. The
horizontal position counter 628 has an additional input
for the HORIZONTAL DRIVE signal and resets uti-
lizing the HORIZONTAL DRIVE signal. The de-
coder 642 has set and reset lines 646 connected to the
inputs of a flip-flop 648. The flip-flop 648 has an output
line 604 which is connected to a select input of the
multiplexer §98 (FIG. 11C).

The decoder 642 decodes the output from the hori-
zontal position counter 628 such that the flip-flop 648 is
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set when the horizontal position counter reaches a first
number which defines the left margin of the back-
ground area. The output of the flip-flop 648 when set,
causes the multiplexer 598 to switch from background
color register 600 to either the shift register 594 and 595
or the SERIAL 0 to SERIAL 1 inputs. When the hori-
zontal position counter 628 reaches a preset second
number (corresponding to a second position in each line
of pixels on the display screen and defining the right
margin) the decoder 642 resets the flip-flop 648 causing
the multiplexer 598 to switch back to the background
color register 600 such that the pixels being displayed
on the screen are then defined by the background color
register 600.

In this manner, the pixel data defining the pixels of
each horizontal line may be drawn from first the back-
ground color register then from the shift registers
which shift data from the display RAM and then back
to the background color register as shown in FIG. 5.
When the vertical position counter 626 reaches the line
number stored in the vertical blank register 636, the
less-than-compare 634 inhibits the decoder 642 from
setting the flip-flop 648 for the remaining lines of the
frame. Since the flip-flop 648 is not reset, the multi-
plexer 598 (FIG. 11C) will not switch from the back-
ground color register so that the remaining pixels to be
displayed will be defined by the pixel data bits stored
within the background color register 600. Since the
vertical position counter does not reset until after the
top background area has been scanned, these pixels will
also be defined by the background register.

FIG. 13 details the interconnection of the vertical
position counter 626 within the data chip and shows the
counter 626 to comprise a 9 bit counter. (The logic
circuitry of the least significant bit 6262 is shown in
FIG. 24). Logic circuitry typical of the bits 626b-4 is
similar to that shown in FIG. 24 with the addition of the
elements shown in phantom. Logic circuitry typical of
the 626 is similar to that for bits 6265-k excluding the
NOR gate 650.

The vertical blank register 630 is shown in FIG. 13 to
comprise an 8-bit register (with the logic circuitry of
each bit similar to that shown in FIG. 15.) The logic
circuitry of the less-than-compare 634 is indicated gen-
erally at 634 and comprises a plurality of NOR gates 652
and a PLA comprising pull-down transistors 654 and
pull-up transistors 656 selectively coupled to the verti-
cal blank register 630, vertical position counter 626, and
output line 640 connected to the decoder indicated
generally as 642.

The horizontal position counter indicated generally
at 628 comprises an 8-bit latch 6582-4 and a plurality of
pull-down transistors 660 and a plurality of pull-up
transistors 662. (The logic circuitry of the least signifi-
cant bit 658z of the binary counter 628 is shown in
greater detail in FIG. 31 with the logic circuitry of bit
6585, typical of bits 65856-4, shown in greater detail in
FIG. 32.) The horizontal position counter 628 is con-
nected by 10 output lines indicated generally at 644 to
the decoder 642 which comprises a plurality of pull-
down transistors 664 and pull-up transistors 666. The
decoder 642 has additional inputs “PX” and ®2 clock
signals. The set and reset output lines 646 are connected
to the inputs of the flip-flop indicated generally at 648.
Flip-flop 648 has an output line 604 which is connected
to a select input of the multiplexer 598 (FIG. 11C).

The Q output of the least significant bit 658a of the
horizontal position counter 628 is connected to the
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output of a NOR gate 667 whose output is the load
signal for the shift registers 594 and 595. The other input
of the NOR gate 667 is connected to the clock signal
®2. Since the counter 28 is clocked by the clock signals
&1 and P2 which have half the frequency of PX, the
output of bit 6584 has one fourth the frequency of PX.
Therefore, a load signal will occur for every four PX
pulses, or for every four pixels displayed.

The output of 6 bits of the horizontal position counter
628 is shown in FIG. 11B to be connected by line 668 to
the inputs of a “compare” circuit 670. The other inputs
of the compare 670 are connected to the output of a 6 bit
horizontal color boundary register 672 by the line 674.
The horizontal color boundary register 672 has inputs
connected to the data bus 66a by the line 676. The out-
put of the compare 670 is connected to a flip-flop 678 by
a line 680 with the flip-flop 678 having an output 682
which carries the “left/right” bit.

The horizontal color boundary register 672 defines
the horizontal position of the imaginery vertical line 64
on the screen 32 of FIG. §. As noted before, for pixel
positions associated with a byte of pixel data to the left
of the boundary, the left/right bit of the four pixels
associated with that byte is set to one. The left/right bit
is set to zero for pixels to the right of the boundary line
64. Color registers 0-3 are selected by a left/right bit
equal to O and registers 4-7 are selected for the pixels to
the left of the boundary.

The address sent to the horizontal color boundary
register 672 is compared with the current address of the
byte of pixel data being displayed as indicated by the
horizontal position counter 628. If the state of the
counter 628 is less than the address contained within the
register 672, the pixel locations to be displayed are to
the left of the horizontal boundary line and the flip-flop
678 is set such that the left/right bit is a logical 1, other-
wise the pixel locations are to the right and the left/-
right bit is reset to 0.

The inter-connection of the horizontal color bound-
ary register 672 is shown in FIG. 13 wherein the regis-
ter comprises a 6-bit register having the address 9H (the
same as the background color register). (A bit of the
horizontal color boundary register is logically similar to
that shown for the latch in FIG. 15.)

The “compare” circuit connected to the horizontal
color boundary register 672 and horizontal position
counters 628 is indicated generally at 670 and comprises
6 exclusive-OR units 684a-f (with the logic circuitry of
a typical exclusive-OR unit 684a shown in greater detail
in FIG. 33.) The output of each exclusive-OR unit is
coupled to an output line 686 by a plurality of pull-
down transistors indicated generally at 688. The line
686 is coupled to the voltage source VDD by a pull-up
transistor 690 and to the left/right output line 682 by an
inverter 692.

As previously discussed, two pixel bits are used to
represent each pixel on the screen. These bits, referred
to as Y and Z, may be read from the display RAM or
from the background color register. These two bits,
along with the left/right bit which is set by crossing the
horizontal color boundary, map each pixel to one of the
8 different color registers. The value in the color regis-
ter then defines the color and intensity of the pixel on
the screen associated with the pixel data bits. The inten-
sity of the pixels is defined by the 3 least significant bits
of each color register, 000 for darkest and 111 for light-
est. The colors are defined by the 5 most significant bits.
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The color registers have addresses 0-7H; register 0 hav-
ing address OH, register 1 having address 1H, etc.

Referring back to FIG. 11B, a serial data decoder 694
decodes the bits Y and Z, and the left/right bit to deter-
mine to which of the color registers 224 the bits point.
The serial data decoder 694 comprises a gate indicated
generally at 696 in FIG. 13 and has the Z input line 620,
the Y input line 622 and the left/right input 682 with the
clock signal inputs 7M and 7M. The serial data decoder
694 further comprises a PLA 698 having pull-down
transistors 700 and pull-up transistors 702. The PLA 698
and 8 output lines indicated generally at 704 with one
each connected to one of the color registers 224. A
particular logic state of the pixel data bits Y, Z, and
left/right activates a particular output line 704 which
enables the corresponding color register to output its
contents. In this manner, these pixel data bits point to a
unique color register.

When a color register is selected or identified, the
contents of the color register is outputted to a latch 706
shown in FIG. 11B which has five output lines 708
connected to a color decoder 710 for the five color bits
and 3 outputs connected to serially connected latches
712 and 714 by the line 716, for the 3 intensity bits. The
output of the latch 714 is connected to an intensity
decoder 718.

The intensity decoder 718 has further inputs for the
“SYNC” and “BLANK” NTSC standard signals.
These signals, together with the 3 intensity bits from the
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the signal “VIDEOQO” at output line 720 together with a
reference voltage of 2.5 volts at line 722.

The color decoder 710 further has inputs for the
NTSC standard signals “BURST” and “BLANK”
which, together with the 5 color bits from the selected
color register, determine the analog values of the “R-Y”
signal on line 724 and the “B-Y” signal on line 726.

The 8 color registers, shown in greater detail and
indicated at 224q-h, each comprise an 8 bit register
having register select lines 2162-4, respectively, and
output enable lines 704a-A, respectively. Each color
register is connected to the 8-bit data bus 66¢ so that any
particular register may be addressed when its corre-
sponding register select line is enabled in order to load
the register with the color and intensity data. (A regis-
ter bit 24060, typical of the other register bits of the
color registers 224 is shown in greater detail in FIG.
34)

The Q output of each bit of the color registers is
connected to the 8 bit latch indicated generally at 706.
The latch 706 has five outputs connected by a buffer 728
to the color decoder indicated generally at 710. (The
unit 728z typical of the five units of the buffer 728 is
shown in greater detail in FIG. 35.)

The color decoder 710 converts the 5 digital bits from
a color register into the analog color video signals R-Y
and B-Y. The color decoder 710 comprises a PLA 730
(for the R-Y signal) and a PLA 740 (for the B-Y video
signal) the outputs of which are coupled to the gates of
a plurality of transistor switches 742 and 744, respec-
tively. The inputs of the switches 742 and 744 are selec-
tively coupled to a plurality of series-connected resis-
tors 746. The output of the switches 742 are connected
to the output line 724 for the R-Y color video signal and
the switches 744 are connected to the output line 726 for
the B-Y color video signal.

The 3 outputs of the latch 706 for the 3 intensity bits
from the color registers 224 are connected to the latch
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indicated at 712 whose outputs are connected to the
latch 714. The output of the latch 714 is connected to
the intensity decoder indicated generally at 718. The
additional latches 712 and 714 provide a timing delay.
The intensity decoder 718 decodes the 3 intensity bits
from a color register and converts them into the analog
intensity signal “VIDEQO”. The intensity decoder 718
comprises a PLA indicated generally at 748 whose
output is coupled to the gates of the plurality of transis-
tor switches 750. The input of the transistor switches
750 are selectively coupled to the series-connected re-
sistors 752 with the output of these switches 750 con-
nected to the VIDEO signal line 720. The intensity
decoder 718 further supplies a 2.5 reference voltage on
the line 722 from the series-connected resistors 752.

A clock generator 754 shown in FIG. 11D uses the
TM and M clock signals (7.159090 MHz square waves)
to generate G and PX. These are the clock signals for
the system. The frequency of PX is half that of 7M and
the frequency of ®G is half that of PX.

The clock generator 754, shown in greater detail in
FIG. 13, comprises a divide-by-2 counter indicated
generally at 756 having inputs 7M and 7M. The divide-
by-2 counter 756 has an output line 758 which carries
the clock signal PX. The clock generator 754 further
comprises a second divide-by-2 counter indicated gen-
erally at 760 which has inputs 7M and 7M and the input
PX from the divide-by-2 counter 756. The output of the
divide-by-2 counter 760, line 762, is connected to a
buffer indicated generally at 764 which has the output
line 766 which carries the clock signal ¢G. The output
line 762 is also connected to an inverter and buffer
indicated generally at 768 which has the output line 770
for the clock signal ®1 which is the same as ®G and the
output 772 for the clock signal ®2 which is the inverse
of clock signal ¢G.

The clock generator 754 has an input 774 connected
to the output of a third signal generator indicated gener-
ally at 776 which has inputs 7M, 7M and the HORI-
ZONTAL DRIVE signal on the input line 778. The
generator 776 generates a clear signal as a function of
the HORIZONTAL DRIVE, 7M and 7M clock signals
which clears the clock generator 764.

The relationship between 7M, HORIZONTAL
DRIVE, ®G and PX is illustrated in FIG. 41. The
frequency of PX is half that of 7M and the ®G clock
signal is } of 7M. There are 455 cycles of 7M per hori-
zontal line of pixels displayed and 113 and § of G
cycles per horizontal line. Because of the extra § cycle,
®G must be resynchronized at the beginning of each
line. This is done by the clear signal generator 776
which “stalls” ®G for 3 cycles of 7M and is initiated by
clock signal HORIZONTAL DRIVE. PX is also
stalled for the same amount of time.

FIG. 11E shows a television sync generator 780
which also uses the clock signal 7M and M to generate
NTSC, SYNC, BURST and BLANK signals to be sent
to the intensity decoder 718 and color decoder 710
(FIG. 11B). Also generated are the HORIZONTAL
and VERTICAL DRIVE signals. The TV sync gener-
ator comprises a PA and ®B generator 782 having the
7™ and TM clock inputs. The generator 782 has output
lines 784 and 786 for the ®A and ®B clock signals,
respectively, connected to a horizontal counter 788.
The counter 788 has output lines 790 connected to input
of a vertical counter 792 and outputs 794 connected to
the inputs of a decoder 796. The horizontal counter 788
counts the ®A and ®B clock pulses and the decoder 794
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decodes the output of the counter 788 to provide a
HORIZONTAL BLANK signal on a line 800, a
BURST signal on a line 802 and a HORIZONTAL
DRIVE signal on a line 804. A decoder 806 is con-
nected to the output of the vertical counter 792 and
provides a VERTICAL BLANK signal on a line 808,
two signals related to a VERTICAL SYNC signal on
lines 810 and 811 connected to inputs of the decoder 796
and a VERTICAL DRIVE signal on a line 812.

An OR gate 818 has inputs connected to the HORI-
ZONTAL BLANK signal line 800 and to the VERTI-
CAL BLANK signal line 808 and has an output line 820
for the BLANK signal. The decoder 786 decodes the
input lines 810 and 811 as well as the count of the
counter 788 to produce the SYNC signal on line 798.

The SYNC, BLANK and BURST signals are NTSC
standard timing signals and are utilized to generate the
R-Y, B-Y and VIDEO signals,. The HORIZONTAL
DRIVE and VERTICAL DRIVE signals are used to
synchronize the data chip with the address chip as well
as to provide clock signals for the vertical position
counter 626 and horizontal position counter 628 (FIG.
11B). The HORIZONTAL DRIVE signal occurs once
every horizontal raster scan line (63.5 microseconds),
and VERTICAL DRIVE occurs once every field (16.6
milliseconds).

The ®A and ®B generator 782 is shown in FIG. 13 to
comprise a counter 822 which is connected to an output
buffer (indicated generally at 824) having output line
826 for the ®A clock signal and output line 828 for the
®B output signal, which are 2.045 MHz. (The counter
822 is shown in FIG. 36 to comprise a “divide by 34"
counter having the input clock signal 7M and 7M.)

The counter 788 has 8 bits, 788a-# and a pro-
grammed logic array, or PLA indicated generally at
830. (The logic circuitry of the counter bits 788a-g are
logically similar to those shown in FIGS. 31 and 32 for
the horizontal position counter 628 with the logic cir-
cuitry of the bit 7884 shown in greater detail in FIG.
37.) The horizontal counter 788 is a divide-by-130
counter and has a frequency of 63.5 microseconds. The
Q and Q outputs of the bits 628z-4 of the counter 788
are connected to the decoder indicated generally at 786
which comprises a programmed logic array 832. The
output of the PLA 832 is selectively coupled to 3 flip-
flops 834-836 either directly or by logic elements 838.
(The flip-flop 834 is typical of the flip-flop 834-836 and
is shown in greater detail in FI1G. 38.)

The flip-flop 836 has an output line 800 which carries
the HORIZONTAL BLANK signal and is connected
to the OR gate 818 which comprises a NOR gate 840
and an inverter 842. An output line 802 of the flip-flop
835 (via a buffer 385) carries the BURST signal with the
output line 798 of the flip-flop 834 (via a buffer 385
carrying the SYNC signal.) An output line 804 of the
delay elements 839 from the decoder PLA 786 carries
the HORIZONTAL DRIVE signal.

The Q output of the bit 7885 of the counter 788 is
connected to the input 2 of a flip-flop 850 (shown in
greater detail in FIG. 39.) The outputs C and C of the
flip-flop 850 have a frequency of half that of the hori-
zontal counter 788 and are connected to the clock in-
puts of the counter 792 having bits 792a-j. The counter
792 is a divide-by-512 counter and has a period of 1/30
of a second. (The counter bits 7925/ are logically simi-
lar to those shown in FIG. 24 with the bit 792a also
logically similar but excluding those elements shown in
phantom.) The Q and Q outputs of the bits of the
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counter 792 are selectively coupled to a programmed
logic array indicated generally at 852 of the decoder
806. An output line 853 of the PLA 852 is connected to
a flip-flop 856 (shown in greater detail in FIG. 38) hav-
ing an output line 857. The output line 857 carries the
VERTICAL BLANK signal and is connected to an
input of the NOR gate 840. An output line 854 is con-
nected 1o a shift register bit 858 (shown in greater detail
in FIG. 23). The output of the shift register 858 is con-
nected to a plurality of logic elements 859 having addi-
tional clock signal inputs ©1 and $2 and an output line
860 which carries the VERTICAL DRIVE signal. The
line 860 is connected by a buffer 862 to the VERTICAL
DRIVE pad 864.

FIG. 42 illustrates the relationship between SYNC,
VERTICAL BLANK and VERTICAL DRIVE sig-
nals. Each division represents 1 horizontal scan of the
raster scan.

FIG. 43 illustrates the relationship between the sig-
nals HORIZONTAL DRIVE, HORIZONTAL
BLANK, SYNC and color BURST with each horizon-
tal division equal to 34 cycles of the clock 7M. The
pattern repeats every 455 cycles of TM. The shaded area
voltages are determined by the pixel data bits from the
display RAM. The color BURST signal time occurs
when B-Y is at 1.7 v and the SYNC signal time occurs
when VIDEO is at 0 v. The relationship between the
HORIZONTAL DRIVE and VERTICAL DRIVE
signals is illustrated in FIG. 41.

In memory write cycles, in which data is written to
the display RAM, a control signal WRCTL (generated
by the address chip) is activated and a memory control
circuit 882 (FIG. 11F) of the data chip generates the
DATEN control signal. The function generator (FIG.
11C) takes the data from the CPU from the microcycle
data bus 66 and transfers it to the memory data bus in
conjunction with the DATEN control signal. Of
course, if the data is to be modified, the function genera-
tor will modify the data as required as it places the data
on the memory data bus. The memory control circuit
882 has an additional input for another address chip
generated control signal LTCHDO and an output line
884 at which the memory control circuit 882 outputs a
second control signal which is a function of the
LTCHDO control signal. The relationship between the
data chip control signal DATEN and the address chip
control signal WRCTL is shown for two memory write
operations in FIGS. 12A and D.

The memory control circuit is shown in greater detail
in FIG. 13 and is indicated generally at 882. The mem-
ory control circuit has an input line 886 for the
WRCTL control signal which is connected by a plural-
ity of logic elements 888 to a flip-flop 890 having an
output line 892 which carries the DATEN control sig-
nal. The logic elements 888 include the transistor switch
889 which has a clock signal line 891 connected to the
gate of the switch 889. The clock signal on the line 891
is a function of the clock signals @1, PX and PX. The
output line 892 (which carries the DATEN control
signal is connected to a DATEN pad 896 by a buffer
385 and a buffer 894. The buffer 385 also has an output
line 898 which also carries the DATEN control signal.

The memory control signal 882 further has an input
line 900 for the LTCHDO control signal from the ad-
dress chip. Line 900 is connected by a resistor and an
inverter 902 to a NOR gate 904 having an additional
input connected to the control signal line 891 and an
input connected to the control signal ®2. The output of
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the NOR gate 904 is connected by a buffer 385 to an
output line 884. The LTCHDO control signal from the
address chip indicates to the data chip when valid data
from the display RAM is present on the memory data
bus. The OR/exclusive-OR circuit 480 (FIG. 13) uti-
lizes the control signal on the output 884 which is a
function of the control signal LTCHDO to latch-up
data from the memory data bus which is utilized in the
OR and exclusive-OR operations.

Referring now to FIG. 13, the data chip generates
two further control signals, INPUT on a line 908 and
OUTPUT on a line 910. These control signals are gen-
erated by the logic elements indicated generally at 912
which have an input line 914 for the IORQ CPU control
signal, an input line 916 which carries the CPU control
signal M1, and an input line 918 which carries the CPU
control signal RD. The signals INPUT and OUTPUT
indicate when an input or output operation is requested
by the CPU and have a duration which is longer than
that of the CPU control signals to compensate for delay
due to the microcycler.

ADDRESS CHIP

The address chip 56 of the video processor 52 is
shown in FIG. 10 to have inputs MXD0-MXD?7 from
the microcycle data bus 66 with memory address out-
puts MAO-MA7 connected to a latch 950 whose output
is connected to the display RAM address bus 952. The
address chip relays addresses transmitted by the CPU
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the display RAM, sequentially generates addresses for
reading the display RAM synchronously with the dis-
play of pixels on the screen represented in the display
RAM and handling and generating interrupts.

The address chip further has clock inputs ¢ and ¢
from the buffer 100, CPU control signal inputs M1, RD,
IORQ, MREQ and RFSH and CPU control signal
outputs INT and WAIT from and to, respectively, the
CPU. Outputs carrying the address chip generated sig-
nals LTCHDO and WRCTL are connected to the cor-
responding inputs of the data chip 54 with inputs con-
nected to the data chip outputs VERT. DR. and HOR.
DR. The address chip address bit has inputs A12-A14
connected to the CPU address bus 73, input LIGHT
PEN from the light pen 62 (FIG. 2). Finally, inputs
TEST, VDD, VGG and VSS are connected to +5 v,
+35 v, +10 v, and ground with the row address strobe
signal RASO connected to an input of the logic ele-
ments indicated generally at 954 which generate the
write enable (WE), column address strobe (CAS), chip
select (CS) and row address strobe (RAS) signals.

The address chip 56 of the video processor 52 is
shown in a block diagram in FIG. 44. The address chip
56 has a microcycle decoder 1000 which selects 12 bits
of address from the data from 8-bit data bus 665 con-
nected to the microcycle data bus 66 by a buffer 1001.
The microcycle decoder 1000 is similar to the microcy-
cle decoder 212 of the data chip and need not be dis-
cussed in detail.

A detailed circuit implementing the block diagram of
the address chip is shown in FIGS. 45A-J with a com-
posite diagram of FIGS. 45A-J shown in FIG. 46. The
interconnection of the microcycle decoder 1000 within
the address chip is shown in FIG. 45 (with an address
bit unit A0 typical of the units AO-A7, shown in greater
detail in FIG. 47 and address bit unit A8, typical of
address units A8-A12 shown in greater detail in FIG.
48). The address bit units A0-A7 of the microcycle
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decoder 1000 have an input line 1002 which carries the
control signal LDL1 by which the low address bits
AO0-A7 are loaded. Similarly, the address bit units
A8-A13 of the microcycle decoder 1000 have an input
line 1004 which carries the control signal LDH1 by
which the high address bits A8-A13 are loaded. The
address bits are carried on the address chip data bus 665
which is connected to the microcycle data bus 66 by the
tri-state buffer 1001 comprising units 1001a-4 (with
buffer unit 10014, typical of the buffer units, shown in
greater detail in FIG. 49). The control signals LDL1
and LDHI1 are generated by the logic element indicated
generally at 1006 in a manner similar to that for the
LDL1 and LDH1 control signals generated by the
microcycle generator 106 of the data chip shown in
FIG. 11A.

Referring back to FIG. 44, the outputs of the addess
bit units A0-A7 of the microcycle decoder 1000 are
connected to an address decoder 1008 also logically
similar to the address decoder 214, (FIG. 11B) of the
data chip. Thus the address decoder 1008 decodes the
addresses transmitted by the CPU to activate an associ-
ated select line 1010-1018. As indicated in Table II, the
address decoder 1008 will decode the address FH
(when the INPUT control signal is present) which is
operably connected to the horizontal feedback input
register. As another example, address decoder 1008 will
activate the line 1013 which is operably connected to
the interrupt enable and mode registers when the ad-
dress EH and the control signal OUTPUT are present.

The address decoder 1008 is shown in FIG. 45 to
comprise a programmed logic array having input lines
connected to the complemented and uncomplemented
outputs of the address bit units A0-A7 of the microcy-
cle decoder 1000, and input line 1020 for the OUTPUT
control signal and an input line 1022 for the control
signal INPUT. The select lines 1010-1017 of the address
decoder 1008 for the horizontal feedback register, a
vertical feedback register, an interrupt line register, the
interrupt enable and mode register, an interrupt feed-
back register, a function generator register, a vertical
blank register, a low/high resolution mode register, and
an output line 1018 to the memory cycle generator,
respectively, are also indicated.

The address bits A0-A7 from the microcycle decoder
1000, together with the address bits A8-A13 are con-
ducted to a multiplexer 1024 which has 12 outputs as
shown in FIG. 44. A scan address generator 1026 gener-
ates a 12-bit address which is used to read pixel data
from the display RAM. The scan address is generated
synchronously with the raster scan of the display and
incrementally increases from OH to FFFH once every
field (1/60 seconds).

The multiplexer 1024 sends either the scan address or
the address from the CPU (via microcycle decoder
1000) to its 12 outputs. The outputs of the multiplexer
1024 are connected to a second multiplexer 1026 which
multiplexes its 12 inputs to 6 address bits, MAO-MAS, in
two “time slices” required for the 4K X1 16 pin RAMs
which comprise the display RAM.

When the multiplexer 1024 sends the address bits
from the CPU to its 12 outputs, the 12 address bits
A0-A11 of the 14 input address bits A0-A13 from the
microcycle decoder 1000 are selected in the low-resolu-
tion mode. In the high resolution mode, the 12 address
bits A2-A13 are selected. The mode of operation,
whether low or high resolution, is set by the logic state-
ment of a low/high resolution mode flip-flop or register
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1030 shown in FIG. 45. The flip-flop 1030 has the same
address as the low/high flip-flop 606 of the data chip.
(The logic circuitry of the flip-flop 1030 is shown in
greater detail in FIG. §0.) The flip-flop 1030 has an
output line 1032 shown in FIG. 44 to be connected to a
select input of the multiplexer 1024 so that the proper
address bits from the CPU (via the microcycle decoder
1000) are selected when the address from the CPU is to
be transmitted to the outputs of the multiplexer 1024.

The scan address generator 1026 which generates the
12-bit address used to read pixel data from the display
RAM resets with every other 40 address counts in the
low resolution mode (as there are 40 bytes per horizon-
tal display line) so that the scan address generator 1026
counts from 0 to 39 twice and then counts from 40 to 79
twice, etc. This results in each pixel of a field being
scanned twice. In other words, each two-bit pixel data
is utilized twice in two consecutive horizontal scans.
Since a frame consists of two interleaved fields, any
particular pixel extends four horizontal scan lines in the
vertical direction.

The scan address generator 1026 has inputs for the
HORIZONTAL DRIVE and VERTICAL DRIVE
signals generated by the data chip to synchronize the
scan address generator with the data chip and the TV
raster scan.

The scan address generator is indicated generally at
1026 in FIG. 45 and comprises a counter 1034 having
12-bits 1034q-7 and flip-flops 1036-1038. (The counter
bits 1034z and 1034H are shown in greater detail in
FIGS. 51 and 52 respectively.) Bit 1034c¢, typical of bits
1034¢-/ is also shown in greater detail in FIG. 53. As
seen in FIG. 53, each of the bits 1034c-/ comprise a
latch 1039 which is activated synchronously with the
HORIZONTAL DRIVE pulse so that the count is
latched up with each HORIZONTAL DRIVE puise
which occurs after each 40 counts.

A line 1040 (FIG. 45) carrying the VERTICAL
DRIVE signal from the data chip is connected by the
logic elements indicated generally at 1042 to an input of
the flip-flop 1038. The output of the flip-flop 1038 is
connected to the reset input R of the counter units
1034a-. Thus, the VERTICAL DRIVE signal oper-
ates to reset the counter 1034 to 0 after each field has
been scanned.

A line 1044 carrying the HORIZONTAL DRIVE
signal from the data chip is connected by the logic
elements indicated generally at 1046 to the input of the
flip-flop 1037 whose output is connected to the D input
of the flip-flop 1036 (which is shown in greater detail in
FIG. 54.) The Q and Q outputs of the flip-flop 1036 are
connected to the 10 and 9 inputs, respectively, of the
counter bits 10344-/.

The other output of the flip-flop 1037 is connected to
the input of a NOR gate 1048 having another input
connected to the output line 1032 of the low/high reso-
lution flip-flop 1030 and still another input connected to
the output of the least significant bit of a line counter to
be described later. The output of the NOR gate 1048 is
connected to the 1 input of the counter bits 1034¢-7 and
to the 2 input by an inverter 1050.

The output of the NOR gate 1048 will go low with
every other scan line (as determined by the output of
the LSB 1138¢ of the line counter 1138) upon a HORZ
DR (HORIZONTAL DRIVE) pulse when in the low
resolution mode. This causes the counter to be reset to
the count that was latched up in the latches 1039. Since
the count latched up is 40 less than the current count,
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the counter will count from 0-39 twice, 40-79 twice,
80-119 twice, etc. Thus a line of pixel data is utilized to
define 2 consecutive scan lines in each field in the low
resolution mode.

The scan address generator 1026 has an input line
1052 which carries a clock signal which is connected by
a transistor switch 1054 and an inverter 1056 to the 4
input of the bits 1034a-/ and to the 3 inputs by an in-
verter 1058, of the counter 1034. The generation of the
clock signal carried by the line 1052 will be described
later also.

The multiplexer 1024 and 1028 comprise the NOR
gates indicated at 1058, each having an input connected
to the address bit outputs A0-A6 of the microcycle
decoder 1000, 6 NOR gates 1060, each having an input
connected to the address bit outputs A2-A7, respec-
tively, 6 NOR gates indicated at 1062, each having an
input connected to the address bit outputs A6-All,
respectively, and 6 NOR gates 1064, each having an
input connected to the address bits A8-A13, respec-
tively, of the microcycle decoder 1000.

The output line 1032 of the low/high resolution flip-
flop 1030 is connected to the input of a NOR gate 1066
which is connected to the inputs of the NOR gates 1058
by the serially connected transistor switch 1068 and
inverter 1070, with the output line 1032 also connected
to the input of a NOR gate 1072 whose output is con-
nected to the input of the NOR gate 1062 by the serially
connected transistor switch 1074 and an inverter 1076.
The output line 1032 is also connected to an inverter
1078 whose output is connected to the input of a NOR
gate 1080. The output of the NOR gate 1080 is con-
nected to the inputs of the NOR gates 1060 by a serially
connected transistor switch 1082 and inverter 1084,
with the output line 1032 also connected to an inverter
1086 whose output is connected to the input of a NOR
gate 1088. The output of the NOR gate 1088 is con-
nected to the inputs of the NOR gates 1064 by a serially
connected transistor switch 1090 and an inverter 1092.

When the output of the low/high resolution mode
flip-flop is a logical 0, (corresponding to the low resolu-
tion mode), the output of the inverter 1078 is a logical 1,
the output of the NOR gate 1080 is a logical 0, and the
output of the inverter 1084 is a logical 1 driving the
outputs of the NOR gate 1060 (corresponding to ad-
dress bits A2-A7) to a logical O with the outputs of the
NOR gate 1064 (corresponding to the address bits
A8-A13) also being driven to a logical 0. In this man-
ner, the NOR gates 1058 corresponding to the address
bits A0-AS and the NOR gates 1062 corresponding to
the address bits A6-A11 are selected in the low resolu-
tion mode. On the other hand, when the output of the
flip-flop 1030 is a logical 1, corresponding to the high
resolution mode, the NOR gates 1060 and 1064 are
selected which corresponds to the address bits A2-A13.

The multiplexers 1024 and 1028 further comprise 6
NOR gates 1094, each having an input connected to the
address bit outputs A0-A6 of the counter bits 1034a-f,
respectively, and the 6 NOR gates 1096, each having an
input connected to the address bit outputs A6-A11 of
the counter bits 1034g-/, respectively.

The multiplexers 1024 and 1026 have a VIDNXT2
clock signal input line 1098 which is connected to an
input of the NOR gates 1066 and 1080 and to the NOR
gate 1072 by a transistor switch 1100 and to the NOR
gate 1088 by a transistor switch 1102. The gates of the
transistor switches 1100 and 1102 are connected to the
clock signal @1. The VIDNXT?2 clock signal input line
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1098 is also connected to the inputs of the NOR gates
1094 by the series-connected transistor switch 1104 and
inverter 1106. The VIDNXT2 input line 1098 is also
connected by the series-connected inverter 1108, tran-
sistor switch 1110, inverter 1112, transistor switch 1114,
and inverter 1116 to the inputs of the NOR gate 1096.

The logic state of the clock signal VIDNXT?2 deter-
mines whether the address bits from the CPU (via the
microcycle decoder 1000) or the address bits generated
by the scan address generator 1052 are conducted to the
memory address bus indicated at 1118 which carries the
address bits MAO-MAS. VIDNXT2 occurs 40 times a
scan line and indicates that the next RAM access cycle
is a “video” cycle. In a video cycle, the system reads
pixel data from the display RAM to be displayed on the
screen. The generation of VIDNXT2 will be described
later.

The outputs of the NOR gates 1058, 1060, 1062, 1064,
1094 and 1096 are selectively coupled to the output lines
1120-1125 by a plurality of transistor switches 1128.
The output lines 1120, 1121 and 1122 are each con-
nected by a series-connected NOR gate 1130 and buffer
1132 (shown in greater detail in FIG. 55), to the MAD,
MA1 and MA2 bits of the memory address bus 1118.
The output lines 1123, 1124 and 1125 are each con-
nected by a series-connected NOR gate 1130 and buffer
1134 (shown in greater detail in FIG. 56) to the MA3,
MA4 and MAS bits of the memory address bus 1118.

If the logic state of VIDNXT2 on line 1098 is a logi-
cal 0, the output of the inverters 1106 and 1116 are a
logical 1 which drives the outputs of the NOR gates
1096 and 1094 (corresponding to scan address generator
bits AO-A11) to a logical 0. Thus, the address bits from
the scan address generator are not conducted to the
memory address bus 1118 when VIDNXT?2 is a logical
0. On the other hand, when the state of VIDNXT2 on
line 1098 is a logical 1 indicating the next cycle is a
video cycle, the output of the inverters 1070, 1084, 1072
and 1092 are a logical 1 which drives the outputs of the
NOR gates 1058, 1060, 1062 and 1064 (corresponding to
the address bits from the CPU) to a logical 0.

The NOR gates 1094 have an additional clock signal
input ®1 with the NOR gates 1096 also having an addi-
tional clock signal ®2 which is the inverse of the clock
signal ®1. Thus, when the address bits from the scan
address generator are to be transmitted to the memory
address bus 1118, the clock signal ®1 goes low first
which allows the address bits A0-A5 to be conducted
first, followed by the address bits A6-A11 from the
NOR gates 1096 when the clock signal 01 goes high and
the clock signal 01 goes low.

Similarly, the NOR gates 1058 (corresponding to the
address bits A0-AS5 during the low resolution mode)
and the NOR gates 1060 (corresponding to the address
bits A2-A7 during the high resolution mode) have an
additional clock signal input ®1 and the NOR gates
1062 (for bits A6-A11) and 1064 (for bits A8-A11) have
the additional clock signal ®2. When the address bits
from the CPU are to be conducted to the memory ad-
dress bus 1118, the bits are also transmitted in two 6-bit
slices, A0-AS first, then A6-A11 (low resolution mode)
or A2-AT7 first, then A8~A13 (high resolution mode).

SCREEN AND LIGHT PEN INTERRUPTS

An additional function of the address chip concerns
interrupts, namely a “screen” interrupt and “light pen”
interrupt. The purpose of the screen interrupt is to syn-
chronize the system “software” with the video system.
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The CPU under the direction of the software or pro-
gramming stored in the ROM’s, can send a line number
to an interrupt line register 1136 (which has address
FH) shown in FIG. 44.

In the low resolution mode, bit 0 of interrupt line
register 1136 is set to 0 and the line number is set to bits
1-7. In the high resolution mode, the line number is sent
to bits 0-7. If the screen interrupt is enabled, the CPU
will be interrupted when the display completes scan-
ning the line which is contained in the interrupt register.
A line counter 1138 counts the lines of pixels as they are
displayed on the screen and the output of which is com-
pared with the line number stored in the interrupt line
register 1136 by a comparator 1140.

The output of the comparator 1148 sets a flip-flop
1142 which utilizes the HORIZONTAL DRIVE signal
as a clock signal. The output of the flip-flop 1142 is
connected to interrupt circuitry 1144 which generates
an interrupt signal INT on an output line 1146 when the
screen interrupt is enabled. The interrupt signal INT is
transmitted to the CPU.

This interrupt can be used for timing since each line is
scanned 60 times a second. It can also be used in con-
Jjunction with the color registers to make as many as 256
color-intensity combinations appear on a screen at the
same time. Thus, after a screen interrupt, the data
within the 8 color registers which can define 8 different
color-intensity combinations may be changed to 8 addi-
tional color-intensity combinations with the interrupt
line register contents also being changed to a subse-
quent line number. When this line is reached the process
may be repeated until the full 256 possible combinations
represented by the 5 color bits and 3 intensity bits in
each color register have been displayed.

The light pen interrupt occurs when the light pen
trigger is pressed and the video scan of the display
crosses the point on the screen were the light pen is
located which generates a signal LIGHT PEN on an
input line 1148 to the interrupt circuitry 1144. When the
light pen interrupt is enabled, the interrupt circuitry
1148 generates the interrupt signal INT and transmits it
to the CPU.

The CPU interrupt routine resulting from the INT
signal can read two registers to determine the position
of the light pen. The line number which indicates the
vertical position of the light pen is read from a vertical
feedback register 1150 which has address EH. In the
high resolution system, the line number is in bits 0-7. In
the low resolution system, the line number is in bits 1-7,
and bit 0 should be ignored.

The horizontal position of the light pen can be deter-
mined by reading a horizontal feedback register 1152
having address FH and subtracting 8. In the low resolu-
tion system, the resultant value is the pixel position 0 to
159. In the high resolution system, the resultant must be
multiplied by 2 to give the pixel position, 0 to 358,

A horizontal position counter 1154 counts the pixel
positions as the corresponding pixels are scanned. The
counter 1154 is reset by the HORIZ DR signal and is
clocked by the clock signal. The output of the horizon-
tal position counter 1154 is connected to the horizontal
feedback register 1152. The output of the line counter
or vertical position counter 1138 is connected to the
vertical feedback register 1150. When the light pen
interrupt is enabled, the interrupt circuitry 1144, upon
the occurrence of a LIGHT PEN signal, causes the
horizontal feedback register 1152 to latch up the current
horizontal position as indicated by the horizontal posi-
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tion counter 1154. Similarly, the vertical feedback regis-
ter 1150 is caused to latch up the current vertical posi-
tion or line as indicated by the line counter 1138.

When the CPU acknowledges an interrupt, it reads 8
bits of data from the data bus. It then uses the data as an
instruction or an address. This data is determined by the
contents of an interrupt feedback register 1156 which
has address DH. The contents of the interrupt feedback
register 1156 is originally set by the placement of data in
it by the CPU. In responding to a screen interrupt, the
contents of interrupt feedback register are placed di-
rectly onto the data bus 66a. In responding to a light pen
interrupt, the lower 4 bits of the data bus are set to 0 and
the upper 4 bits are the same as the corresponding bits of
the interrupt feedback register 1156. Thus, if the lower
4 bits are 0, the CPU can determine that the light pen
initiated the interrupt. Otherwise, the interrupt is a
screen interrupt.

In order for the Zilog Z-80 to be interrupted, the
internal interrupt enable flip-flop must be set by an EI
instruction and one or two of the external interrupt
enable bits of an interrupt enable and mode registers
1158 which have address EH must be set. If bit 1 is set,
light pen interrupts can occur. If bit 3 is set, screen
interrupts can occur. If both bits are set, both interrupts
can occur and the screen interrupt has high priority.

The interrupt mode bits of the interrupt enable and
mode register 1158 can determine what happens if an
interrupt occurs when the Zilog Z-80 CPU interrupt
enable flip-flop is not set. Each of the two interrupts
may have a different mode. In “mode 0” the Z-80 will
continue to be interrupted until it finally enables inter-
rupts and acknowledges the interrupt. In mode 1, the
interrupt will be discarded if it is not acknowledged by
the next instruction after it occurred. If mode 1 is used,
the software should be designed such that the system
will not be executing certain Zilog Z-80 instructions
when the interrupt occurs. The OP codes of these in-
structions being with CDH, DDH, EDH and FDH.

The line counter 1138 is shown in greater detail in
FIG. 45 and comprises 8 bits 1138a-A. (The bit 1138a is
shown in greater detail in FIG. 57 with the bit 11385,
typical of bits 11385-4 shown in greater detail in FIG.
58.) The counter 1138 has an input line 1160 which is
connected to the output of the logic elements 1046
which have the HORIZONTAL DRIVE signal input.
The HORIZONTAL DRIVE signal occurs once for
each line of pixels displayed on the screen. The line
counter 1138 synchronously counts the lines as they are
displayed and indicates the current line number being
displayed. The line counter 1138 has a reset input line
1162 which is connected to the output of the logic ele-
ments 1042 which have the VERTICAL DRIVE input
signal. The line counter 1138 resets on each vertical
drive pulse which occurs at the end of each field.

The output of each of the counter bits 1158a-4 are
connected to the inputs of the vertical feedback register
indicated generally at 1150 and comprising bits 1150a-%
(with typical bit 1150a shown in greater detail in FIG.
59). The vertical feedback register 1150 has a latch
enable line 1164 connected to the output of the interrupt
circuitry indicated generally at 1144. When this line is
enabled, in response to a LIGHT PEN signal from the
light pen, the vertical feedback register 1150 latches up
the current count contained in the line counter 1138.
The output of each bit 1150a-# is connected to the data
bus 66b. The vertical feedback register 1150 has an
output enable input connected by an inverter 1166 to
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the register select line 1011 from the address decoder
1008. The CPU may read the contents of the vertical
feedback register 1150 by transmitting its address to the
address decoder wherein the line number contained
within the vertical feedback register 1150 is conducted
onto the data bus 664 to the CPU. The CPU will read
the contents of the vertical feedback register 1150 in
response to an interrupt signal INT after determining
that the interrupt is a light pen interrupt by reading the
interrupt feedback register. In this manner, the CPU
can determine the vertical position of the light pen.

The horizontal position counter is indicated generally
at 1154 and comprises bits 1154a-# (with bit 1154a
shown in greater detail in FIG. 60 and bit 11545, typical
of bits 1154b-4, shown in greater detail in FIG. 61.) The
counter 1154 further comprises a programmed logic
array indicated generally at 1168. The horizontal posi-
tion counter 1154 has clock inputs 1 and $2 and syn-
chronously counts the pixels of the line of pixels being
displayed. Thus, the count contained within the counter
1154 corresponds to the horizontal position of the last
pixel displayed. The counter 1154 has a reset input line
1170 which is connected to the output of the logic ele-
ments 1046 which have the HORIZONTAL DRIVE
signal input. The HORIZONTAL DRIVE signal
which occurs at the end of each line of the raster scan
causes the horizontal position counter 1154 to reset.

The outputs of the bits 1154e-g of the horizontal
position counter 1154 are connected to the inputs of the
bits 1152a-g, respectively, of the horizontal feedback
register indicated generally at 1152. (Logic circuitry of
the bits 11524-g is similar to that shown for bit 11584 of
the vertical feedback register shown in FIG. 59.) The
output of the bits 1152a-g are connected to the data bus
665b.

The horizontal feedback register 1152 has a latch
enable line connected to the line 1164 from the interrupt
circuitry, such that the register 1152 can latch-up the
current position count contained within the horizontal
position counter 1154 upon a signal from the interrupt
circuitry 1144 in response to the signal LIGHT PEN
from the light pen. The horizontal feedback register
1152 has an inpui connected to the register select line
1010 from address decoder 1008 whereby the CPU may
read the contents of the horizontal feedback register
1152 by transmitting the address of the horizontal feed-
back register 1152 to the address decoder. The CPU
will read the horizontal feedback register to determine
the horizontal position of the light pen in response to a
light pen interrupt.

The output of the bits 1154a~4 of the horizontal posi-
tion counter 1158 are also connected to a decoder indi-
cated generally at 1171 which includes a PLA 1275, a
J-K flip-flop 1276 (shown in greater detail in FIG. 62)
and pull-ups 1173 whose outputs are selectively coupled
to a NOR gate 1175. The output of the NOR gate 1175
is connected to a plurality of delays and inverters at
1177 which have an output line 1098 which carries the
clock signal VIDNXT?2.

VIDNXT2 is activated when the horizontal counter
1154 indicates a negative 1 or if bit 0 is a 1 and bit 8 is
a 0, which occurs 40 times a scan line. Since the MUX
1024 utilizes VIDNXT?2 as a select signal, the addresses
generated by the scan address generator 1026 are se-
lected 40 times a line. Furthermore, the scan address
generator clock signal input line 1052 is connected to an
output of the elements 1177 so that the scan address
generator is clocked 40 times a scan line to output 40
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sequential addresses synchronously with the MUX
1024. VIDNXT?2 is also utilized to generate the RAS
(row address strobe) signals at 1179 for the video cy-
cles.

The output of the line counter 1138 is also connected
to the inputs of the comparator 1140 shown to comprise
8 exclusive-OR units 1140g-A (with unit 1140q, typical
of the units 1140¢-A, shown in greater detail in FIG. 63)
and a PLA 1172 connected to the outputs of the units
1140a-4. The comparator 1140 further comprises the
flip-flop 1142 connected to the output of the PLA 1172
by a NOR gate 1174. The comparator 1140 has further
inputs connected to the outputs of the interrupt line
register 1136 which comprises bits 1136a-4 (with the
bits 1130a-4 logically similar to that shown in FIG. 50).
The interrupt line register 1136 which stores the screen
interrupt line number from the CPU, has further input
connected to the register select line 1012 from the ad-
dress decoder 1008 by which the CPU may address the
interrupt line register 1136 in order to input the inter-
rupt line number.

The comparator 1140 compares the number of the
current line being displayed by the display unit as indi-
cated by the line counter 1138 with the line number
stored in the interrupt line register 1136. When the line
counter reaches the number in the line register 1136, the
flip-flop 1142 (shown in greater detail in FIG. 64) is set.
The flip-flop 1142 has an output line 1176 connected to
the interrupt circuitry shown at 1144 which carries the
screen interrupt signal to the interrupt circuitry.

The interrupt circuitry 1144 has an input line 1178
which carries the LIGHT PEN signal which indicates
that the raster scan has crossed the point where the light
pen 62 (FIG. 2) is located. The line 1178 is connected by
resistor 1180 and NOR gate 1182 to the clock input of a
flip-flop 1184. The output of the flip-flop 1184 is con-
nected to the input of a flip-flop 1186 (with flip-flop
1184 logically similar to that shown in FIG. 64 and
flip-flop 1186 logically similar to that shown in FIG.
54).

The interrupt mode and enable registers 1158 com-
prise 5 bits 1158g-e (with bit 11585 shown in greater
detail in FIG. 65 and bits 1158z and 1158c-¢ logically
similar to that shown in FIG. 50). The output of bit
11585 or bit 1 (which is the light pen enable bit) is con-
nected to the input of an AND gate 1188 which is con-
nected to the input of a NOR gate 1190. The other input
to NOR gate 1190 is connected to the output of bit 4 or
bit 1158¢ of the register 1158. The other input of the
AND gate 1188 is connected to the output of a flip-flop
1192 (shown in greater detail in FIG. 66) whose input is
connected to the output of a decoder indicated gener-
ally at 1194 which decodes the output of the horizontal
counter 1154. The output of the NOR gate 1190 is con-
nected by a NOR gate 1196 to the D input of the flip-
flop 1184.

The output line 1176 from the flip-flop 1142 (which
carries the screen interrupt signal) is connected to the
clock input of a flip-flop 1198 (logically similar to that
of flip-flop 1184). The output of the flip-flop 1198 is
connected to the D input of a flip-flop 1200 (which is
logically similar to that shown in FIG. 54 for the flip-
flop 1186).

The output of bit 3 or bit 11584 (which is the screen
interrupt enable bit) of the interrupt enable and mode
registers 1158 is connected to the D input of the flip-
flop 1198. The output of the flip-flop 1184 is also con-
nected by a line 1202 to the input of a plurality of logic
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elements 1204 whose output is connected to a plurality
of logic elements 1206 having the output line 1164
which is connected to the latch enable inputs of the
vertical feedback register 1150 and horizontal feedback
register 1152. The output of the flip-flop 1184 is also
connected to the input of a NOR gate 1208 whose out-
put is connected to a plurality of logic elements 1210
having an output line 1212. The output line 1212 is
connected by a line 1214 to an output buffer 1216 whose
output line 1218 carries the control signal INT which is
the interrupt control signal to the CPU. The output line
1212 is also connected by a plurality of logic elements
indicated generally at 1220 (which includes a flip-flop
1221) to the input of a flip-flop 1222. (The flip-flop 1221
and 1222 are logically similar to the flip-flop shown in
FIG. 67.) The Q output of the flip-flop 1222 is con-
nected to the input of NOR gates 1223 and 1224 which
have other inputs connected to a line 1225 which carries
the CPU control signal M1 from the output of an in-
verter 1226 whose input is connected by a resistor 1228
to the CPU control signal M1 input 1230.

The output of the NOR gate 1223 is connected to the
input of a NOR gate 1232 which has an input connected
to the output of the NOR gate 1234. The NOR gate
1234 has an input connected to the Q output of the
flip-flop 1186 into the Q output of the flip-flop 1200 and
an input connected to a line 1236 which is connected to
the output of an inverter 1238.

The output of the inverter 1226 is connected to the
input of a NOR gate 1240 whose output is connected to
a NOR gate 1242. The NOR gate 1242 has another
input connected to the CPU control signal IORQ input
pad 1244. The output of the NOR gate 1242 is con-
nected by a buffer 1246 to the input of the inverter 1238.

The output of the NOR gate 1232 is connected by an
inverter 1248 to the reset input of the flip-flop 1184. The
output of the NOR gate 1224 is connected to the input
of a flip-flop 1250 which has an input connected to the
output of a NOR gate 1252. The NOR gate 1252 has an
input connected to the Q output of the flip-flop 1200
and an input connected to the line 1236.

The output of the bit 11584 of the interrupt mode and
enable register 1158 (which is the mode bit for the light
pen interrupt) is connected to the input of the NOR gate
1223. The Q output of the flip-flop 1158¢ (which is the
mode bit for the screen interrupt) is connected to an
input of the NOR gate 1224.

The output of the AND gate 1188 is a logical 1 when
the light pen interrupt enable bit 11585 and the output of
the flip-flop 1192 from the decoder 1194 are logical 1.
The flip-flop 1192 is set to 1 when the pixels being dis-
played are defined by the display RAM, i.e., they are
not background pixels. A logical 1 output of the AND
gate 1188 causes the NOR gate 1190 to output a logical
0 causing the NOR gate 1196 to output a logical 1
which is presented to the D input of the flip-flop 1184.

The LIGHT PEN signal on line 1178 goes low when
the raster scan crosses the point where the light pen is
located causing the output of the NOR gate 1182 to go
high which clocks the flip-flop 1184 to a logical I when
the D input is a 1 which is a function of the light pen
enable bit 11585. The flip-flop 1186 will also be clocked
to a logical 1. Since the output of the flip-flop 1184 is a
logical 1, the output of the NOR gate 1208 is a logical 0
causing the output line 1212 and line 1214 to subse-
quently become a logical 1. This in turn causes the
output line 1218 to become a logical 0 which is the CPU
interrupt control signal INT for interrupts.
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The logical 1 state on the line 1214 subsequently
causes the flip-flop 1222 to assume a logical 1 state and
the Q output to assume a logical 0. With the light pen
mode bit 11584 at a logical 0 (mode 0) the Q output of
the bit 11584 is a logical 1 which causes the output of
the NOR gate 1223 to be a logical 0 and thus the output
of the NOR gate 1232 depends upon the output of the
NOR gate 1234. The flip-flop 1193 is set when the line
number contained in the interrupt line register equals
the current line number as indicated by the line counter
(which initiates a screen interrupt). For purposes of
illustration, it will be assumed that this condition is not
true and that the output of the flip-flop 1198 which is
connected to an input of the NOR gate 1234 is a logical
0. The state of the input line 1236 to the NOR gate 1234
is a logical 0 when the CPU acknowledges an interrupt.
Thus, if the interrupt is acknowledged, all of the inputs
of the NOR gate 1224 are a logical 0 and the output is
a logical 1 causing the output of the NOR gate 1232 to
be a logical 0. This output is inverted by the inverter
1243 which causes the flip-flop 1184 to be reset which
causes the interrupt signal INT on output line 1218 to
return to a logical 1 state.

If the interrupt has not been acknowledged, the state
of the input line 1236 is a logical 1 causing the output of
the NOR gate 1234 to be a logical 0, the output of the
NOR gate 1232 to be a logical 1, and the output of the
inverter 1248 to be a logical 0 and the flip-flop 1184 will
not be reset. Thus, the interrupt signal INT will remain
a logical 0 and the CPU will continue to be interrupted
until it acknowledges the interrupt since the light pen
interrupt is in mode 0.

If the light pen mode bit 1158z contained a logical 1
(mode 1) the Q output of bit 11584 is a logical 0. Since
the Q output of the flip-flop 1222 is a logical 0, when the
M1 signal also goes low (after the next instruction has
been fetched) the output of the NOR gate 1223 will
become a logical 1 causing the output of the NOR gate
1232 to be a logical 0 and the output of the inverter 1248
to be a logical 1 which resets the flip-flop 1184. When
this flip-flop is reset, the interrupt signal INT returns to
a logical 1. Thus, the CPU must acknowledge the inter-
rupt upon the next instruction if at all, in Mode 1.

The output of the screen interrupt enable bit 11584 is
the D input of the flip-flop 1198 which is clocked by the
output of the flip-flop 1142. As noted before, the flip-
flop 1142 is set when the line number being displayed as
indicated by the line counter 1138 reaches the line num-
ber stored in the interrupt line register 1136 which initi-
ates a screen interrupt when enabled. If the enable bit
11584 contains a 1, the flip-flop 1198 will be clocked to
1 when the flip-flop 1142 is set. Otherwise, it will re-
main 0 since its D input is 0.

Since the output of the flip-flop 1198 is also con-
nected to an input of the NOR gate 1208, when the
flip-flop 1198 is set, the interrupt control signal INT
subsequently goes low indicating an interrupt just as for
the light pen interrupt. Modes 0 and 1 for the screen
interrupt are indicated by the bit 1158¢ also operate in a
manner similar to that for the light pen interrupt.

Thus, the flip-flop 1222 subsequently assumes a logi-
cal 1 state when the INT signal is activated due to a
screen interrupt as well. With the screen interrupt mode
bit 1158¢ at a logical 0 (mode 0), the Q output of the bit
1158c¢ is a logical 1 which causes the output of the NOR
gate 1224 to be a logical 0 and thus the output of the
NOR gate 1250 depends upon the output of the NOR
gate 1252.
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The Q output of the flip-flop 1200 is set to 1 (after
being clocked by M1) when the flip-flop 1198 is set and
thus the Q output of the flip-flop 1200 goes to 0. When
the CPU acknowledges the interrupt (i.e., the state of
the line 1236 becomes a 0) the output of the NOR gate
1252 becomes a logical 1. This causes the output of the
NOR gate 1250 to become a logical 0, the output of the
inverter 1251 to become a logical 1 and the flip-flop
1198 to reset. This in turn deactivates the interrupt
signal INT.

Had the screen interrupt mode bit 1158¢ been set to 1
(i.e., mode 1), the output of the NOR gate 1224 would
go to 1 when the CPU signal M1 goes to 0 (i.e., after the
next instruction). This causes the output of the NOR
gate 1250 to become a logical 0, the output of the in-
verter 1251 to become a logical 1 and the flip-flop 1198
to be reset. Thus, the interrupt will be discarded if not
acknowledged by the next instruction in mode 1.

The input feedback register is indicated at 1156 and
comprises 8 bits 1156a-A (with bit 1156a typical of bits
1156a-d shown in greater detail in FIG. 68 and bit 1156e
typical of bits 1156e-# shown in greater detail in FIG.
69). The D input and Q output of each bit of the inter-
rupt feedback register 1156 is connected to the data bus
665. The interrupt feedback register 1156 has an input
connected to the register select line 1024 from the ad-
dress decoder 1008 by which the CPU may address the
interrupt feedback register and store interrupt data in
the register. Each bit also has a latch enable input con-
nected to the line 1236 which goes low when the CPU
acknowledges the interrupt. Thus, when the CPU ac-
knowledges an interrupt, the data contained within the
interrupt feedback register 1156 is conducted to the data
bus 666 and transmitted to the CPU. The bits 1156a2-d
have a reset input connected by a line 1260 through the
Q output of the flip-flop 1200.

When the flip-flop 1200 contains a logical 1 indicating
a screen interrupt, the Q output is a logical 0 and the
data stored in the bits 1156a-4 by the CPU is conducted
back to the CPU on the data bus 66 unmodified when
the CPU acknowledges the interrupt. Since the data is
unmodified, it indicates to the CPU that the interrupt
was a screen interrupt. However, if the flip-flop 1200
contains a logical 0, the Q output is a logical 1 which
causes the bits 1156a-d to all conduct 0's onto the data
bus 66 in response to an interrupt acknowledge signal
indicating a light pen interrupt. The bits 1156e-4 are
conducted unmodified. Since the flip-flop 1200 is set by
the occurrence of a screen interrupt, screen interrupts
have priority over light pen interrupts.

The output of the line counter 1138 is shown in FIG.
44 to be also connected to a comparator 1262 which
also has inputs from a vertical blank register 1264. The
vertical blank register 1264 contains the line number at
which pixel data from the display RAM is no longer
used to define the pixels displayed on the screen and has
the same address as the vertical blank register of the
data chip but is utilized for a different purpose. When
the line counter 1138 reaches the line number contained
within the vertical blank register 1264, the comparator
1262 outputs a signal which is used by a memory cycle
generator 1266 to activate a memory refresh cycle.

The memory cycle generator controls memory cy-
cles generated by either CPU initiated reads or scan
address generator read operations. The generator inputs
include the CPU control signals MREQ, RD, IORQ,
M1 and RFSH, and address bits A12-A15 which are
transmitted directly from the CPU. The RAS0-RAS3
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outputs are generated by the memory cycle generator
1266 and are used to activate memory cycles. In the low
resolution mode, only RASO is used to one bank of
RAM (4K by 8). In the high resolution mode, all four
RAS signals are used to control four banks of RAM
(16k X 8). Two other signals generated are WRCTL and
LTCHDO which are control signals to the data chip.
Also, a WAIT signal is generated to initiate a wait state
in the CPU.

The vertical blank register is indicated at 1264 in
FIG. 45 and comprises 8 bits 1264a-# (with each bit
logically similar to that shown in FIG. 50). The vertical
blank register 1264 has a register select line 1016 at
which the CPU may address the vertical blank register
and input data from the data bus 664 which is the line
number at which “blanking” occurs. The Q and Q out-
put of each bit of the vertical blank register 1264 is
connected to the comparator indicated generally at
1262 which comprises a programmed logic array 1268
which includes a plurality of pull-down transistors 1269
and pull-up transistors 1270 and a plurality of NOR
gates 1271. The comparator 1262 also has inputs con-
nected to the output of the line counter 1138 as previ-
ously mentioned.

The output of the comparator 1262 is connected to
the D input of a flip-flop 1272 (shown in greater detail
in FIG. 64) which has a reset input connected to the
output of a flip-flop 1300 (shown in greater detail in
FIG. §8) which has an input connected to the most
significant bit 11384 circuit of the line counter 1138.
The Q output of the flip-flop 1272 is connected by a line
1274 to an input of the memory cycle generator indi-
cated generally at 1266.

The memory cycle generator comprises a PLA 1275,
which includes pull-down transistors 1276 and pull-up
transistors 1278, and a J-K flip-flop 1280 (shown in
greater detail in FIG. 70). The generator 1266 further
comprises J-K flip-flops 1282a-g (each of which is logi-
cally similar to that shown in greater detail in FIG. 66)
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and bits 4 and § of a function generator register (each of 40

which is logically similar to that shown in FIG. 50)
having the same address as the function generator regis-
ter of the data chip.

A RAS signal is generated for display RAM accesses
and thus is the function of MREQ, and VIDNXT2 and
the address bits Al12, A13 and A15 (to determine
whether the memory access concerns the display
RAM). A WAIT signal is generated to initiate a wait
state in the CPU for all input and output operations
(IORQ) to compensate for any delay due to the micro-
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cycler since the CPU address bus and data bus “time ‘

share” the microcycle data bus. Wait states are similarly
initiated for CPU read and write operations (for data
and instructions). Two wait states from and to the dis-
play RAM are generated if the CPU is executing in-
structions in the display RAM.

An additional wait state is initiated if the CPU and the
video processor attempt to access the display RAM at
the same time. A WATT signal is transmitted to the
CPU when VIDNXT?2 is active (indicating the next
memory access cycle is to be a video cycle) and the
CPU also requests the display RAM (MREQ).
LTCHDO becomes active when data being read from
the display RAM is on the display RAM data bus.
LTCHDO enables the OR/exclusive-OR circuit of the
data chip to latch up the data on the memory data bus.
WRCTL indicates that the present memory cycle is a
write operation rather than a read.
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The relationship between the input signals MREQ),
RD from the CPU and the clock signal ® to the mem-
ory cycle generator outputs WAIT, RAS, WRCTL and
LTCHDO are shown for CPU read and write opera-
tions to the display RAM with FIGS. 12A and D illus-
trating write operations and FIGS. 12B and C, read
operations. FIGS. 12C and D illustrate the extra wait
state generated when a CPU read or write conflicts
with a video cycle by the video processor. The shaded
areas of the MAO-MAS lines are determined by the
address bits MAO-MAS.

The relationship between the inputs of CPU control
signals TORQ, RD and the clock signal ® and the mem-
ory cycle output WAIT is shown for input/output read
operations in FIGS. 12E and G and input/output write
operations in FIG. 12F. FIG. 12E illustrates an 1/0O
read from the switch matrix ports 10H-17H and FIG.
12G illustrates 1/0 reads from the other ports.

The RASO output of the address chip is shown in
FIG. 10C to be connected to the D input of a flip-flop
956 of the logic elements 954, whose Q output carries
the CS/RAS (chip select and row address strobe) signal
for the display RAM 42 and is connected to the RAM
control signal bus 958. The clear input of the flip-flop
956 is connected to the output of a NAND gate 960
having inputs connected to the Q output of the flip-flop
956, the clock signal @ from the buffer 100 and the Q
output of a flip-flop 962.

The D input of the flip-flop 962 is connected to the
clock signal @ and the Q output is connected to the
clock input of the flip-flop 956. The flip-flop 962 is
clocked by the clock signal PX. The flip-flop 956 oper-
ates to invert the signal RASO0 and to delay it to produce
the CS/RAS signal at its Q output, the delay being a
function of the clock signal ® and PX inputs to the logic
elements 954.

The DATEN output of the data chip 54 is connected
to the input of a NOR gate 964 having a grounded input
and an output connected to the enable input of the tri-
state drivers 966a-/ connected to the DO output of the
RAM chips 104a-4, respectively. The output of the
drivers are connected to the memory data bus 102,

The output of the NOR gate 964 is connected to the
input of a NAND gate 968 whose output is connected
to the control signal bus 958 and carries the write enable
signal, WE. The other input of the NAND gate 968 is
connected to the Q output of a flip-flop 970 whose D
input is connected to the Q output of the flip-flop 962.
The Q output of the flip-flop 970 is connected to the
control signal bus 958 and carries the column address
strobe (CAS) signal. The flip-flop 970 is clocked by the
output of a flip-flop 972 which is enabled by the PX and
PX clock signals.

When DATEN goes low, the output of the NOR
gate 964 goes high which turns off the drivers 9662-A.
Subsequently, when the clock signal from the Q output
of the flip-flop 970 goes high, the output of the NAND
gate 968 goes low which enables the RAM’s 104u-4 to
have data written in them.

170 CHIP

As noted before, the control handles 12a-d and the
keypad 18 (FIG. 2) are connected to the I/0O chip 50
and provide signals in response to manipulation by the
players or operators to the I/0 chip. The CPU 46 of the
digital computer 44 receives the keypad and control
handle input signals from the 1/0 chip 50 in the digital
form. The 1/0 chip has a music processor which pro-
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vides audio signals to RF modulator 58 in response to
output data signals from the computer to play melodies
or generate noise through the TV 28.

The interconnection of the 1/O chip 50 within the
system is shown in FIG. 10C. The I/O chip has inputs
MXD0-MXD?7 connected to the microcycle data bus
66 and inputs RD and IORQ for the CPU control sig-
nals READ and INPUT/OUTPUT REQUEST, re-
spectively and inputs for the clock signals ¢ and .

Outputs POT0-POT1 are each operatively con-
nected to one of the potentiometers of the player con-
trol handles 122-d. A signal transmitted to one of the
potentiometers results in a signal returned to input
MONOS which will be more fully explained later. Out-
puts SO0-SO7 are selectively coupled to the keys and
switches of the keypad 18 and player control handles
12a-d of the switch matrix shown in FIG. 8. Activation
of one of the outputs SO0-SO7 results in signals being
received at the switch inputs SI0-SI7 also to be more
fully explained later. The I/O chip has power supply
inputs VDD, VGG and VSS connected to +5 v, +10
v and ground, respectively, a TEST input connected to
the +5 v supply and a RESET input connected to the
extension plug 77.

The CPU communicates with the 170 chip shown in
block diagram in FIGS. 71A-C, through input and
output instructions. Each input or output instruction
has an address at which data is to be inputted from or
outputted to. This address is transmitted to the input-
/output chip 50 (FIG. 71A) via the microcycle data bus
66, tri-state buffer 1400, and 1/0 data bus 66¢ to a mi-
crocycle decoder 1402 which assembles the address in a
manner similar to that described for the microcycle
decoder of the data chip. The microcycle decoder 1402
assembles the 11 bit address, A0-A10, which is decoded
by an address decoder 1404. The address decoder 1404
has an input for the INPUT control signal and input for
the OUTPUT control signal which are activated in
conjunction with an input or an output instruction,
respectively. The address decoder 1404 decodes the
address from the microcycle decoder 1402 and activates
one of the select lines 1406-1415 with select lines 1406
comprising eight select lines SO0-SO7. The particular
select line activated depends upon the address transmit-
ted to the address decoder 1404 and the state of the
INPUT and QOUTPUT control signals.

The select lines SO0-SO7 have addresses 10-17H and
are activated with an input instruction. When one of
these lines is activated, the switch matrix (shown in
FIG. 8) will feedback the associated 8 bits of data on an
input bus, SI0-SI7 indicated at 1418 to a multiplexer
1420 which will gate the data to a data bus 664 which is
connected to the microcycle data bus 66 by the tri-state
buffer 1400. Thus for example, if an input instruction
transmits the address 12H to the address decoder 1404,
the select line SO4 will be activated which will cause
the keypad data indicated at 1422 (FIG. 8) of the switch
matrix to be conducted to the microcycle data bus on
the input data bus 1418.

The select lines 1407-1414 are output register select
lines. These lines are activated with the concurrence of
the OUTPUT control signal (which is activated by an
output instruction) and the associated address (Table II)
of a master oscillator, tone A frequency, tone B fre-
quency, tone C frequency, vibrato and noise volume
registers. In addition are the tone C volume, noise mod-
ulation, and MUX output registers and tone A and tone
B volume output registers. These output registers are
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part of the music processor in which the CPU loads
data with output instructions. This data determines the
characteristics of the audio signal that is generated.

The CPU can read the positions of the four potenti-
ometers 17 of the four player control handles 12a-d
(FIG. 1) through an analog-digital converter circuit
indicated generally at 1422, The potentiometers are
continuously scanned by the analog-digital (A-D) con-
verter circuit and the digital results of the conversion
are stored in the pot 0-3 registers 1424. The CPU reads
these registers with input instructions.

The CPU can address the registers 1424 by transmit-
ting the address of one of the registers to the address
decoder 1404 which activates the select line 1415. A
potentiometer (or pot) register address decoder 1426
has an input for the select line 1415 as well as the ad-
dress bits A0 and Al. The pot register address decoder
1426 decodes these inputs to select one of the four regis-
ters, pot 0-pot 3. A selected register feeds back all 0’s
when the corresponding potentiometer is turned fully
counterclockwise and all I’s when turned fully clock-
wise.

The output of a 2-bit “scan” counter 1428 is con-
nected to the inputs of a scan decoder 1430 which has a
4-bit output line 1432 indicated as POT 0-3 and 4 regis-
ter select lines connected to the pot 0-3 registers 1424.
Each line of the POT 0-3 lines 1432 is operatively con-
nected to an associated potentiometer. Thus, for exam-
ple, the POT 0 line of the line 1432 is shown connected
to the associated potentiometer 17 of the player control
handle 12z in FIG. 72. The potentiometer is connected
to a capacitor 1436 having an output line 1438 which
carries the analog signal MONOS.

Referring back to FIG. 71A, a comparator 1440 has
an input for the analog signal MONOS which is com-
pared to a reference signal REF. The output of the
comparator 1440 is connected to a counter 1442 which
counts until the voltage signal MONOS across the ca-
pacitor 1436 reaches the reference REF.

The scan decoder 1430 decodes the output of the scan
counter 1428 to sequentially activate the POT 6, POT 1,
POT 2 and POT 3 lines of the lines 1432. Thus, when
the POT 0 line is activated, the capacitor 1436 shown in
FIG. 72 will begin to charge and the MONOS analog
signal will begin rising. As the MONOS signal rises, the
counter 1442 continues counting until the MONOS
signal reaches the RAF signal. At that point, the
counter 1442 stops. The rate at which the capacitor
charges is related to the setting of the associated poten-
tiometer. Thus the count that the counter 1442 reaches
is determined by the potentiometer setting.

Synchronously with the sequential activation of the
output lines 1432, the register select lines 1434 are acti-
vated such that the pot 0 register is selected to input the
output of the counter 1442 after the POT 0 line is acti-
vated and the output of the counter 1442 is determined
by the setting of the potentiometer of the control handle
12a. Next, the pot 1 register is selected to input the
digital data representing the setting of the potentiome-
ter of the control handle 12b, etc.

The CPU may then input this data by sending the
corresponding addresses of the potentiometer registers
1424 (Table II) to the address decoder 1404 and pot
register address decoder 1426. Each of the pot 0-3 reg-
isters 1424 are connected to the multiplexer 1420 by an
8 bit output line 1444. The multiplexer 1420 has an input
for the line 1415 such that when an address correspond-
ing to one of the pot 0-3 registers 1424 is sent by the



4,301,503

61
CPU to input the data contained by the registers 1424,
the muitiplexer 1420 selects the 8 bits of data on the line
1444 from the registers 1424 and conducts them to the
data bus 66d.

The 170 chip is shown in greater detail in FIGS.
73A-M with a composite diagram of FIGS. 73A-M
shown in greater detail in FIG. 74. The microcycle
decoder is indicated generally at 1402 in FIG. 73 and
comprises 11 bit circuits 1402a-k for the address bits
A0-A10, respectively, (with the decoder bit circuit
14024 typical of the bits 1402a-% shown in greater detail
in FIG. 75). The low address bits A0~A7 are loaded by
the bit circuits 1402a-4 of the microcycle decoder 1402
on the control signal LDL1, with the high address bits
A8-A10 loaded on the control signal LDH1 in a man-
ner similar to that for the microcycle decoders of the
address and data chips.

The address decoder is indicated generally at 1404 in
FIG. 73 and comprises a PLA just as for the address and
data chips. The address decoder 1404 decodes the ad-
dress bits from the microcycle decoder 1402 and acti-
vates one of the switch matrix input port select lines
SO0-S07 indicated at 1406, (each of which is the out-
put of a driver 1704, shown in greater detail in FIG. 76)
if the corresponding address is present as well as the
control signal INF&T on line 1446. Similarly, the ad-
dress bits can be decoded to activate the associated
music processor output port select lines 1407-1414 if the
output control signal OUTPUT on line 1448 is active.
All the music processor registers can be loaded with
one Z-80 OTIR instruction. The contents of register C
should be sent to output port address 18H, register B to
8H and HL should point to the 8 bytes of data. The
output lines 1451 are sequentially activated such that
the register select lines 1414-1407 are sequentially acti-
vated with the data pointed to by HL going to output
port 17H (noise volume register) and the next 7 bytes
going to output ports 16H-10H.

The pot register input select line 1415 of the address
decoder 1404 is also indicated. The switch input lines
S10-S17 are indicated generally at 1418 and are opera-
tively connected to the multiplexer indicated generally
at 1420. The gates of the transistor switches which
comprise the multiplexer 1420 are connected to the
output of an inverter 1450 whose input is connected to
the line 1415. When the logic state of the line 1415 is a
logical 1, the pot 0-3 registers 1424 are selected causing
output of the inverter 1450 to be a logical 0 which turns
off the transistor switches of the multiplexer 1420
thereby turning off the SI0~SI7 inputs.

The pot 0-3 registers are indicated generally at 1424
(with the least significant bit 14244 of the pot 0 register
typical of the bits of the registers 1424, shown in greater
detail in FIG. 77.) The output of each of the potentiom-
eter registers 1424 is connected by the 8-bit output line
1444 to the output of the associated transistor switches
of the multiplexer 1420. The output of the switches of
the multiplexer 1420 are also connected to the 2 input of
the tri-state buffer indicated generally at 1400 (with unit
1400a, typical of the 8 units of the tri-state buffer 1400
shown in greater detail in FIG. 78) by the I/O chip data
bus 66d. The input/output terminal 3 of each unit of the
tri-state buffer 1400 is connected to the microcycle data
bus 66.

The 1 input of each buffer unit is connected to the
output of an inverting gate 1553 (shown in greater detail
in FIG. 79) which has an input line 1555 and an input
line 1557, both from the address decoder 1404. The line
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1555 is activated by addresses 10H-17H (the switch
matrix input ports) and the line 1557 is activated by
addresses 1CH-1FH (the potentiometer input registers).
The activation of either line allows the tri-state buffer
1400 to transmit the data from the switch matrix or the
potentiometer registers to the microcycle data bus 66.

The scan counter is indicated generally at 1428 in
FI1G. 73 and comprises a 2-bit counter (with the least
significant bit 1428q shown in greater detail in FIG. 80).
The inputs of the counter 1428 are connected to the
output of a flip-flop 1452, the output of which is con-
nected to an input line 1454 which carries the clock
signal. The output of the scan counter 1428 is connected
to the scan decoder indicated generally at 1430 which
comprises a PLA having four output lines 1432 and four
output lines 1434,

The output lines 1432 are connected to the POT 0,
POT 1, POT 2 and POT 3 output pins of the [/O chip,
respectively, by a buffer 1456 (shown in greater detail in
FIG. 81). Each of the output lines 1434 of the PLA of
the decoder 1430 are connected to a register select input
4 of each bit of a register of the pot 0-3 registers 1424.

As the counter 1428 cycles through its 4 output states
(as it is a 2-bit counter) the POT 0-3 lines of the output
lines 1432 are sequentially activated. As each output
line is activated, a capacitor operatively connected to
the potentiometer associated with that particular output
line charges at a rate as determined by the setting of the
potentiometer. The output of each capacitor is opera-
tively connected to the MONOS input 1658 of the I/0
chip which is connected by a resistor 1660 to the input
of the comparator 1440. The comparator 1440 has an-
other input connected to the junction of a voltage di-
vider 1662 which generates the voltage reference signal
REF.

The output of the comparator 1440 is connected to
the input of a plurality of logic elements indicated at
1664 which includes gates 1666-1669, with gate 1666,
typical of gates 1666-1669 (shown in greater detail in
FIG. 82). Also included are gates 16701672 (with gates
1670 and 1672 shown in greater detail in FIG. 83.) (The
gate 1671 is also logically similar to that shown in FIG.
83, but VDD and VSS are interchanged.)

The output 4 of the gate 1666 is connected to a stop
input 6 of each bit of the counter indicated generally at
1442 (with bit 14424 typical of the bits of the counter
1442 shown in greater detail in FIG. 84). The counter
1442 is clocked by a 2-bit counter 1678 (with bit 0 or
16784, and bit 1, or 16785, shown in greater detail in
FIGS. 85 and 86, respectively, and buffer 1679 shown in
greater detail in FIG. 87). The counter 1678 has an
input for the clock signal @ from a buffer 1681 (also
shown in greater detail in FIG. 87.) The output of the
counter 1678 at the buffer 1568 is the clock signal ¢
divided by four. The counter 1442 counts until the
MONOS signal reaches that of the REF reference sig-
nal such that the count contained within the counter
1442 is proportional to the potentiometer setting of the
potentiometer associated with the particular output line
of the output lines 1432.

Synchronously with the activation of the output lines
1432, the pot register select lines 1434 are sequentially
enabled such that pot 0 of the registers 1424 is selected
and enabled to latch up the data output of the counter
1442 when the counter 1442 indicates the positional
setting of the potentiometer (“pot 0”) associated with
control handle 124, etc. Accordingly, the output of
each bit of the counter 1442 is connected by the logic
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gates indicated generally at 1468 to the | input of a bit
of each register of the potentiometer registers 1424.

When a particular pot line of the POT0-POTS3 lines
1432 is activated, the associated capacitor begins charg-
ing until the MONOS signal on the line 1658 reaches the
REF voltage as determined by the comparator 1440.
One delay later (gate 1666), the counter 1442 is stopped.
If IORQ is not active, one delay later (gate 1667) the
output lines 1434 of the scan decoder are enabled so that
one of the pot registers 1424, corresponding to the
count of the scan counter 1430, can latch up the count
output of the counter 1442. One delay later (gate 1671),
the output lines 1432 are turned off. Also one delay after
gate 1667 (gate 1668), the scan counter is incremented
and the counter 1442 is reset.

One delay later (gate 1670), a DISCHARGE signal
on a line 1674 (which is the output of a buffer 1676
shown in greater detail in FIG. 88) discharges the ca-
pacitor. When the counter 1442 reaches 64, one delay
later (gate 1670) the DISCHARGE signal is turned off.
Two delays (gates 1669 and 1671) after the counter 1442
reaches 64, the POT0-POTS3 lines 1432 are enabled so
that the particular pot line of the lines 1432 correspond-
ing to the incremented count of the scan counter 1428 is
activated to start the cycle all over.

The pot register address decoder is indicated gener-
ally at 1426 in FIG. 73 and comprises a PLA having an
input line 1415 from the address decoder 1404 and input
lines 1469 and 1471 for the address bits A0 and Al,
respectively. The CPU can read the contents of any
particular potentiometer register 1424 by transmitting
the appropriate address to the address decoder which
activates the line 1415. The address bits A0 and Al
come directly from the microcycle decoder 1402 and
determine which of the 4 registers, pot 0-3, is selected.

The INPUT and OUTPUT control signals are gener-
ated on the output lines 1446 and 1448, respectively, of
a generator indicated generally at 1680 and includes
gates 1682-1686 (and are logically similar to that shown
in FI1G. 89). Also included is counter bit 1688 (shown in
greater detail in FIG. 86).

MUSIC PROCESSOR

A block diagram of the music processor of the 1/0
chip is shown in FIG. 71B and C. The music processor
can be divided into two sections. The first section
(shown in FIG. 71B) generates a master oscillator fre-
quency and the second section (shown in FIG. 71C)
uses the master oscillator frequency to generate tone
frequencies and the analog AUDIO output.

The frequency of the master oscillator is determined
by the contents of several output registers. The contents
of all registers in the music processor are set by output
instructions from the CPU.

The master oscillator frequency is a square wave
whose frequency is determined by 8 binary inputs to a
master oscillator 1470 and a clock signal. This 8 bit
input word is the sum of the contents of a master oscilla-
tor register 1472 (having address 10H which activates
the register select line 1407) and the output of a multi-
plexer 1474. The multiplexer 1474 is controlled by the
output of a one bit multiplexer register 1476 (having
address 15H which activates the register select line
1412). The addition of the contents of the master oscilla-
tor register 1472 and the output of the multiplexer 1474
is performed by an 8 bit adder 1478 which has an 8 bit
output connected to the master oscillator 1470.
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If the multiplexer register 1476 contains a logical 0,
then the data from a “vibrato” system, indicated gener-
ally at 1480, will be conducted through the multiplexer
1474. The 2 bits from a 2-bit vibrato frequency register
1482 (having address 14H) determine the frequency of
the square wave output of a low frequency oscillator
1484. The output of the low frequency oscillator 1484 is
operatively connected to the input of a set of logic gates
1486 represented by an AND gate. The vibrato system
1480 further comprises a 6-bit vibrato register 1488 (also
having address 14H) which is operatively connected by
a 6 bit output line to the “AND"” gate 1486. The 6-bit
word at the output of the AND gate oscillates between
0 and the contents of the vibrato register 1488 since the
contents of the vibrato register 1488 are being
“ANDed” with the output of the low frequency oscilla-
tor 1484, with the frequency of oscillation determined
by the contents of the vibrato frequency register 1482.
The 6-bit output word of the AND gate 1486, along
with 2 logical O bits (when the MUX register 1476 con-
tains a logical 0) are conducted through the multiplexer
1474 to the 8 bit adder 1478 to be added to the contents
of the master oscillator register. This causes the master
oscillator frequency to be modulated between two val-
ues since the frequency is a function of alternatively the
contents of the master oscillator register and the sum of
the contents of the master oscillator register and the
output of AND gates 1486 thus giving a vibrato effect.

If the multiplexer register 1476 contains a logical 1,
the data from a “noise” system, indicated generally at
1490, will be conducted through the multiplexer 1474 to
the 8-bit adder 1478. An 8-bit “noise volume” register
1492 is operatively connected to the input of a set of
gates 1494 also represented by an AND gate. An 8-bit
noise generator 1496 is also operatively connected to
the inputs of the “AND" gate 1494. The output of the
noise generator is an 8-bit word that constantly varies.
The gate 1494 functions as 8 AND gates so that each
output bit of the noise volume register 1492 is ANDed
with an output bit of the noise generator 1496. Thus the
8 bit output word from the noise volume register deter-
mines which bits from the noise generator will be pres-
ent at the output of the gates 1494. Accordingly, if a bit
in the noise volume register 1492 is 0, the corresponding
bit at the output of the gates 1494 will also be 0. If a bit
in the noise volume register is 1, the corresponding bit
at the output of the AND gate will be a noise bit from
the noise generator. This 8 bit word from the gates 1494
is conducted through the multiplexer 1474 (when the
multiplexer register 1476 contains a 1) to the 8-bit adder
1478. Thus, the master oscillator frequency can be mod-
ulated by noise. Modulation can be completely disabled
by setting the noise volume register 1492 to O if noise
modulation is being used, or by setting the vibrato regis-
ter 1488 to 0 when vibrato is used.

In the second part of the music processor shown in
FIG. 71C, the square wave from the master oscillator
on the output line 1498 of the master oscillator 1470
(FIG. 71B) is conducted to the clock input of 3 tone
generator circuits, tone generators A, B, and C indi-
cated at 1500, 1502 and 1504, respectively, which pro-
duce square waves at their outputs. The frequency of
the outputs of each tone generator is determined by the
contents of an associated tone generator register and the
master oscillator frequency. Accordingly, a tone gener-
ator “A” register 1506 is connected to the input of the
tone generator A, a tone generator “B” register 1508 is
connected to the input of the tone generator B and a
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tone generator “C” register 1510 is connected to the
inputs of the tone generator C.

The output of the tone generator A which carries the
square wave output is operatively connected to the
inputs of a set of gates indicated at 1512 which function
as 4 AND gates, with the other 4 inputs of the “AND”
gates 1512 operatively connected to the outputs of a
tone volume “A” register 1514. The 4-bit output word
of the AND gate 1512 oscillates between 0 and the
contents of the tone volume “A” register 1514 at the
frequency of the output of the tone generator A.

Similarly, the output of the tone generator B is opera-
tively connected to the inputs of 4 “AND” gates indi-
cated at 1516 with the other 4 inputs operatively con-
nected to the outputs of a 4-bit tone volume “B” register
1518 and the output of the tone generator C operatively
connected to the inputs of 4 “AND” gates 1520 with the
other 4 inputs of the AND gates 1520 operatively con-
nected to the outputs of a 4 bit tone volume “C” register
1522. The four-bit output of each set of AND gates
oscillates between 0 and the contents of the associated
tone volume register.

The output of the AND gates 1512 is operatively
connected to a digital-analog converter 1524 whose
output oscillates between ground and a positive analog
voltage determined by the contents of the tone volume
“A” register 1514 at a frequency determined by the tone
generator A. Similarly, the output of the AND gates
1516 are operatively connected to a digital-analog con-
verter 1526 and the outputs of the AND gates 1520 are
operatively connected to a digital-analog converter
1528.

A 4th tone generator comprises a set of gates indi-
cated at 1530 which function as 4 AND gates which
each have an input operatively connected to a line 1532
which carries a bit from the noise generator 1496 (FIG.
71B). The output of this bit of the noise generator 1496
is a square wave having a constantly varying frequency.
The input 1532 is ANDed with 4 volume bits on lines
1534 from the noise volume register 1492 (FIG. 71B).
The set of AND gates 1530 operate the same way as the
AND gates for the tones A-C, except that a noise mod-
ulation register 1536 (having address 15H which acti-
vates register select line 1412) must contain a logical 1
for the outputs of the AND gate 1530 to oscillate.

The outputs of the AND gates 1530 are operatively
connected to a digital-analog converter 1538. The ana-
log outputs of the 4 D-A converters 1524, 1526, 1528
and 1538 are summed to produce a single audio output,
AUDIO. This output is transmitted to the RF modula-
tor 58 (FIG. 2).

The master oscillator is indicated generally at 1470 in
FIG. 73 and comprises a programmable counter which
can count up to FFH from the number presented at its
program input. The programmable counter includes 8
units 1542a-h (with unit 15424, typical of units 1542a-g,
shown in greater detail in FIG. 90 and unit 15424 shown
in greater detail in FIG. 91) and a PLA indicated gener-
ally at 1544. The units 1542a-4 have inputs 4 and 5 for
the clock signal P from the buffer 1681. The frequency,
Fm, of the master oscillator 1470 is a function of the
contents of the master oscillator register and the clock
signal and is given by the following formula (in the
absence of any modulation by the vibrato system 1480
or noise system 1490):
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1789

~ (contents of Master Osc. Reg. 1472) + 1 Khz

Fm

The master oscillator register is indicated generally at
1472 and comprises 8 bits (with each bit circuit logically
similar to that shown in FIG. 75), each having an input
for the register select line 1407. The output of the mas-
ter oscillator register 1472 is connected to the inputs of
the 8-bit adder indicated at 1478 which comprises 8 bits
1478a-h. (Bit 1478b, typical of bits 1478a~g is shown in
greater detail in FIG. 92 with bit 14782 shown in
greater detail in FIG. 93.) The outputs of the adder are
connected to the program inputs 1 of the master oscilla-
tor 1470.

The other inputs of the 8-bit adder 1478 are con-
nected to the outputs of the multiplexer indicated gener-
ally at 1474. The output of the 8 bit adder 1478 is the
sum of the contents of the master oscillator register
1472 and the output of the multiplexer 1474, which
determines the frequency of which the master oscillator
1470 oscillates.

The multiplexer 1474 is shown in FIG. 73 to comprise
a plurality of transistor switches 1546 and 1547. The
gates of switches 1547 are connected by an inverter
1548 to an input line 1550 with the gates of the switches
1546 connected to the output of the inverter 1548 by an
inverter 1549. The input line 1550 is connected to the
output of the multiplexer register 1476 which is bit 4 of
the output register having address 15H shown in FIG.
73 (with bit 4 shown in greater detail in FIG. 75).

The “AND” gates 1486 are shown to comprise a
plurality of NOR gates indicated at 1486 whose inputs
are connected to the 6 outputs of the bits 14884/ of the
vibrato register 1488 (each bit being logically similar to
that shown in FIG. 75). The vibrato register 1488 is the
first 6 bits of the output register having the address 14H
and the register select line 1411. The last 2 bits 1482a
and b (also shown in greater detail in FIG. 75) comprise
the vibrato frequency register 1482. The output of the 2
bits 1482a and b are connected to the inputs of the low
frequency oscillator indicated generally at 1484.

The low frequency oscillator 1484 comprises a 4-to-1
multiplexer in which the outputs from the vibrato fre-
quency register 1482 are connected by a plurality of
logic gates 1552 to the gates of four transistor switches
1554 of the multiplexer. The inputs of the transistor
switches 1554 are connected to the 4 most significant
bits 1556a-d of a counter comprising 13 bits 1556a-m.
(The bit 1556a, typical of the bits 15562/, is shown in
greater detail in FIG. 83 with the bit 1556m shown in
greater detail in FIG. 85.)

The output of the transistor switches 1554 are con-
nected to one another and to the other inputs of the
NOR gates 1486. The logic state of the bits of the vi-
brato frequency register 1482 determine which of the
outputs of the bits 1556a-d are selected which deter-
mines the frequency of oscillation of the output of the
low frequency oscillator 1484. The value 00 of the bits
of the vibrato frequency register correspond to the
lowest frequency and the value 11 corresponds to the
highest. When the output of the low frequency oscilla-
tor 1484 is a logical 1, the NOR gates 1486 are each a
logical 0, otherwise the contents of the vibrato fre-
quency register 1482 are inverted and conducted to the
multiplexer 1474. In this manner, the contents of the
vibrato register 1488 are “ANDed” (negative logic) by
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the NOR pgates 1486 with the output of the low fre-
quency oscillator 1484.

The set of “AND” gates 1494 are shown to comprise
a plurality of NOR gates indicated at 1494 in FIG. 73.
The noise generator comprises a number generator and
is indicated generally at 1496. The number generator
comprises a 15-bit shift register 1558 (with each bit
logically similar to that shown in FIG. 94) and an exclu-
sive-OR gate indicated at 1560. The inputs of the NOR
gates 1494 are connected to the outputs of the 8 most
significant bits of the shift register 1558. The output of
the two most significant bits are connected to the inputs
of the exclusive-OR gate 1560 whose output is con-
nected to the input of the least significant bit of the shift
register 1558. The output of the 8 most significant bits of
the shift register 1558 is a binary number that constantly
changes with each clock signal to the shift register 1558.
The other inputs of the NOR gates 1494 are connected
to the outputs of noise volume register indicated at 1492
(each bit being logically similar to that shown in FIG.
75) and having an input connected to the register select
line 1414. The shift register 1558 is clocked by a 4 bit
counter 1559, having bits 1559a-d and an input con-
nected to the output of the buffer 1679 of the counter
1678, which also provides the clock signal for counter
1556 of the low frequency oscillator 1484. (The bit
15592 is shown in greater detail in FIG. 85 with bit
15596, typical of the bits 15595-d, shown in greater
detail in FIG. 86.)

If any particular bit of the noise volume register 1492
is a logical 1, the output of the corresponding NOR gate
of the NOR gates 1494 is a logical 0. Otherwise, the
output of the corresponding NOR gate 1494 is the in-
verse of the associated bit from the noise generator
1496. In this manner, the output of the noise generator
1496 is “ANDed” (negative logic) with the output of
the 8 bits of the noise volume register 1492. The con-
tents of the multiplexer register 1476 on line 1550 deter-
mines whether the multiplexer 1474 conducts the out-
put of the NOR gates 1486 from the vibrato system or
the output of the NOR gates 1494 from the noise sys-
tem, to be summed with the contents of the master
oscillator register 1472 by the 8 bit adder 1478.

The master oscillator 1470 further comprises a plural-
ity of logic elements indicated at 1562 (which include
gates 1564 and 1566 which are logically similar to the
gates shown in FIG. 82 and a buffer 1568 shown in
greater detail in FIG. 87) having an input connected to
the output of the PLA 1544 of the master oscillator
1470. The outputs of the buffer 1568 are connected to
the clock inputs of the tone generators A, B and C, by
the lines 1498. The tone generator “A” register 1506
and the tone generator A are shown to comprise an
8-unit circuit, which include a programmable counter,
indicated at 1570 (with a unit 15704, typical of the units
of the circuit 1570, with the exception of the unit 15705,
shown in greater detail in FIG. 95 and the unit 15705
shown in greater detail in FIG. 96). The frequency of
tone A is a function of the master oscillator frequency
and the contents of the tone generator A register and is
given by the following formula:

F

Fa = m
a= 2(contents of tane gen. A reg 1506)

The output line of the unit 1570a of the tone A circuit
1570 is connected to the input of a toggle flip-flop 1572
(shown in greater detail in FIG. 92) which has an output
line 1574 which carries the output of the tone generator
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A. The tone generator B register 1508 and tone genera-
tor B as well as the tone generator C register 1510 and
tone generator C are logically similar to the tone A
circuit 1570 and toggle flip-flop 1572. The tone genera-
tor B register and tone generator B are indicated gener-
ally at the circuit 1576 and toggle flip-flop 1578 with the
tone generator C register and tone generator C indi-
cated generally at circuit 1580 and toggle flip-flop 1582.

The output 1574 of the toggle flip-flop 1572 of the
tone generator A is connected to an input of a PLA
1584 which also has inputs connected to the outputs of
the tone volume “A” register 1514 (which are the four
lower bits of the output register having address 16H and
register select line 1414 with a bit shown in greater
detail in FIG. 75). The PLA 1584 has a plurality of
output lines which are connected to a resistor network
1586, the outputs of which are connected to a single
output line 1588 which carries the analog signal AU-
DIO.

The PLA 1584 includes a plurality of pull-down tran-
sistors 15390 which couple each of the output lines of the
PLA 1584 to the line 1574 which carries the output of
the tone generator A. Thus, the output lines of the PLA
1584 all go to a logical O when the line 1574 goes to a
logical 1 whereby the output of the PLA 1584 oscillates
at the same frequency as the output of the tone genera-
tor A. The remaining portion of the PLA 1592 decodes
the output of the tone A volume register 1514 to selec-
tively activate one of the output lines of the PLA 1584
(when the line 1574 from the tone generator A register
is low). The resistor network 1586 produces an analog
voltage in dependence upon the particular output line of
the PLA 1584 activated.

Since the output of the PLA 1584 goes low each time
the line 1574 goes low, the output of the tone A volume
register 1514 is in a sense, ANDed with the output of
the tone A generator. Thus the “AND” gates 1512
comprise the pull-down transistors 1590. The D-A con-
verter 1524 (FIG. 71C) comprises the PLA 1584 and
resistor network 1586.

The output of the tone generators B and C are con-
nected in a similar manner to PLAs 1594 and 1596,
respectively. The outputs of each bit of the tone volume
B register 1518 (with each bit shown in greater detail in
FIG. 75) are connected to the inputs of the PLA 1594,
The outputs of the tone volume C register 1522 (with
each bit also shown in greater detail in FIG. 75) are
connected to the inputs of the PLA 1596. The outputs
of the PLA 1596 and the PLA 1586 are connected to
the inputs of the resistor network 1586.

The output of the most significant bit of the shift
register 1558 of the noise generator 1496 is connected to
the input of a NOR gate 1598 whose output is con-
nected by an inverter 1600 to a PLA 1602. The other
input of the NOR gate 1598 is connected to the noise
modulation register 1536 which is the most significant
bit (shown in greater detail in (FIG. 75} of the output
register having address 15H and register select line
1412. The PLA 1602 has inputs connected to the output
of the 4 most significant bits of the noise volume register
1492 and the output of the PLA 1602 is also connected
to the resistor network 1586. The set of “AND” gates
1530 comprise the plurality of pull-down transistors
1604 of the PLA 1602 with the digital-analog converter
1538 comprising the remainder of the PLA 1602 and
resistor network 1586 in a manner similar to the tone
generators. The resistor network 1586 has a common
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summing point 1540 which is connected to the output
line 1588 which carries the analog signal AUDIO. In
this manner, the AUDIO signal is the sum of the tones
A, B and C, generated by the tone generators A, B and
C (at their respective volumes), and the noise generator
(at its respective volume).

The LDL1 and LDH1 signals for the microcycle
decoder 1402 are generated by a generator indicated
generally at 1690. The generator has inputs for the
clock signals ® and ® and the CPU control signal
IORQ and outputs 1692 and 1694 for the signals LDL1
and LDH], respectively. The generator comprises
gates 1696 and 1698 (each of which is logically similar
to the gate shown in FIG. 82) and NOR gate 1700 and
1702. The address bits A0-A7 are latched up in the
microcycle decoder 1402 on the signal LDL1 with the
address bits A8-A10 latched on the signal LDH1, just
as for the address and data chips.

The video processor allows the easy manipulation of
pixel data to be written to the display RAM. With one
memory write instruction, pixel data can be taken from
the CPU, modified by the video processor and sent to
the display RAM. The modifications include expand-
ing, shifting or rotating, flopping, and ORing or exclu-
sive-ORing the pixel data. This allows a greater amount
of data to be handled in a given time which in turn
allows greater complexity in the games and computer
functions to be performed.

Furthermore, although only 2 bits of memory space
in the display RAM are used to define a pixel on the
display screen, the present system allows the associated
pixel to be presented in one of 32 colors and one of eight
different intensities. Color registers of a greater capac-
ity than 8 bits would provide an even larger selection of
colors and intensities.

The colors and intensities of the entire or portions of
the screen may be changed with one instruction without
changing the contents of the display RAM by changing
the horizontal color boundary. The colors and intensi-
ties may also be changed by changing the data in the
color registers. The screen interrupt is programmable to
allow these registers to be changed after any particular
scan line so that 256 color/intensity combinations may
be on the screen at one time in any one field of the raster
scan.

The music processor is fully digital and adapted to
produce a variety of sounds including melodies and
noises by loading a plurality of registers. The tones
produced can be modulated to produce a vibrato effect
or can be modulated by noise.

Since the cassette ROM is removable and replace-
able, the programming of the system is easily modified
to allow the particular game or function performed to
also be changed.

The system has a basic program the listing for which
is set out in Appendix A. Each game or function has a
separate program (with the program listing for repre-
sentative games, “Gunfight” set out in Appendix B).
Each game or function can utilize the basic program
routines which include routines for creating screen
images including initialization, character display, co-
ordinate conversion and object vectoring. Other rou-
tines decrement timers, play music and produce sounds.
There are routines to read the keypad and control han-
dles and input game selections and options. There are
also math routines for manipulating floating binary
coded decimal (BCD) numbers.
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A “flow chart” for the power up sequence is given
below in Table IV:

TABLE IV

POWER UP SEQUENCE

Disable interrupts

Set CONSUMER/COMMERCIAL port to CONSUMER

IF Address 2000H =C3H
Jump to address 2000H

ENDIF

Clear all system RAM

Clear shifter

Set timeout count to max

Clear music ports

Set vertical blank

Set interrupt mode

Set horizontal color boundary

Set color ports

Activate system interrupt routine

IF Address 2000H = 55H
Menu Inx«Cassette menu
ELSE
Menu Inx«On board menu
ENDIF

Call system menu routine

A flow chart describing the sequence performed to
allow the user to select a game from the “menu” is set
out in Table V below:

TABLE V
SYSTEM MENU ROUTINE

Clear Screen

Paint Banner

Display 'SELECT GAME' on banner

Line number « 1

Display line number at screen {character 1,

line number)

Display *-' at screen (character 2,

line number)

Display title (menu inx) at screen (character 3,

line number)

Line number « line number + 1

Menu inx «— menu inx+1

IF title (menu inx) 3% zero
Go to display line

ENDIF

Call system get number routine

IF number = 0 or number = line number
Display ‘" at screen (character 1, line 11)
Go to wait

ENDIF

Go to game (number)

Display line:

Wait:

Finally, a flow chart outlining the program for the
“Gunfight” game is set out in Table VI:

TABLE VI

Get Max. Score
Clear Ram
Set vertical blank, horz. color boundary,
interrupt mode
Set colors
Play Streets of Laredo
Start round
Init Bullets and timers
Set up screen
Display scores
Display “Get Ready”
Put up proper number of Cacti, Trees & Wagon
Set up vectors so cowboys walk out
Start interrupts
Pause until cowboys walk out
Erase “Get Ready”
Call sentry (check for a change of input)
Call DOIT
If bullet hit anything
kill object and set death flag if cowboy killed
Go to LOOP
DOIT:

STRND:

LOOP:
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If time up for round
Exit
Go to STRND
Else
If Death Flag SET
Exit
Go to STRND
Else
If Player 1 or Player 2 Pot moved
Update new arm angle
Else
If Player | or Player 2 Joystick moved
Update new velocity
Else
If key depressed
Coffee break
Else
If Player | or Player 2 trigger pulled
Fire Bullet
Else
If 1 second has elapsed
Update new time
ENDIF

5
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It should be noted that the computer Or processor
may form a part of the video processor and/or a part of
the music processor so that the video processor and/or
music processor may stand alone, with only minimal
instructions from a central processor. This likewise may
be employed for input/output processors. Thus, the
term “computer” as used herein, together with its asso-
ciated hardware, may be in the video, music and/or
input/output processors. The so-called intelligence of
the system may thus be split or divided between the
individual processors and the central processor.

It will, of course, be understood that modifications of
the present invention, in its various aspects, will be
apparent to those skilled in the art, some being apparent
only after study, and others being matters of routine
electronic and logic design. As such, the scope of the

Exit

Interrupt Routine:
Bump all time bases

Erase all active bullets

Vector bullets
Write bullets to new location
Set each bullets hit flag if it

hit something

Erase next object in write QUEUE

Vector that object

Write that object to new location

Put object back in QUEUE

SCHED next interrupt

EXIT

invention should not be limited by the particular em-
bodiment and specific construction herein described,
but should be defined only by the appended claims, and
equivalents thereof.

25  Various features of the invention are set forth in the
following claims.
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PS4
IR EE]
[FTAT 4
nb RN
PHS
DISTIM
INCSCK

Fint
g
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tAt
[SEX
b
piHl
[ELL
Hal
Fi&)
3Ll
HA

Vi
FfinHbg
KETH- 47
CENTRYS?
Jhti ]+
I'EH'I}H-;’
SR
S EATI

(st 1P
OF 11+
PAE 4
b1STIN

i MHTH ROUTINES

BHIH
THOEXN
STOREN
TNOE XU
TN R
MOVt
SHIFTU
RE1HDD
Bk
RCDHLY
WhHniY
HCDCHS
Bt
DHOD
DEMG
DFRS,
NG
KfHGHD
n
SEIK
SETR
MSKTD

HM!
3Ly
H
F
e
Pl
U
Hl
Rt
4Ty
A
HE)
Hal
teu
Hal
3L
)
B
Eau
EEU
EQU
H

TRCSCK+?
MiH
JHDEXN+
SHREN+Y
INDE XK+
THDE YR+
L 0%
SHIFIL4
BODHDD4
RCHSUE+?
RUMU +7
[ZREDLIN
RODCHS+2
FODRE G
IHD+2
DoMii+2
DHRSH?
HEGT+2
KHHGE D4
W +2
CETRe?
SETHe?

i
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-
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Kby ((DF 10 HSCYT

SEHLE TRORETION

HIHHEH 10 TRENS)TTON HOHA ER
U<k B O INSTHRE OF H

1HEF H REHE

PICH K H KRR

Lb 1 G PHRREE TR E RO USER
th1 PR R E RO LR

PHUSE,

DISHLRY 11

INC SCUE

TN X RIRHLE

THDEX HOKD

INGEX BYTH

HLOCK TRANGHEK

SHIFT P H DIGT

BL H#D

KD SUBTRACT

KD WETIAY

KD DIVIDE

E(D (HHNGE SIGH

K NFGHTE

DECIMHL ADD

(INVERY 10 QTGN HAGHNY 1
DECIMAL. FRSIUE YHLLE
NEGRTE

RAHGED RARAN HEUMEER
T (HSSETTE EXECUNION
1 EYIE

SET WORD

MHSK 10 DELTHS
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81 82
i kel
i % MHROS
i Rk
i PHCRUS 16 DEFINE PHTTORNS
DEF?  MHOK %R 8AL
Ix+B #4H
DEFR 8
P X
DEFC My B, 2ees, R0
WFR 8RH
DEFR S
DEFR g
FHDM
DEFS R BH MR #H #D
by FLH
DEFR #(n
DEFR 00
DFER MDD
MM
DEFS MERE S8, #D, #D, 206, Mt
UEEK #hs
Dl g
DRI R8Ny
14TH YA,
LR
£l
DEF6 MR SRR, #EL, 820, 2ED, Sk, OFF
(33
"FFR H ¥
DEFE LEC
xR #EF
DEFR #1
FNDM
DEFB  MACK BGH, %0k, 200, 36D, 8GF, #GF, #6384
DEFR #G
DEFR #GH
DEFR
DEFR ¢
DEFK #Gi
DEFK $#0#
DEFR #66
IHFR SGH
FHM
i BRCPUS 10 COMPLTE COMSTRNT SCREEN FDDRESSHS
XYREFE  MHUK K, 88y SRFLHTIVE L0k
P S MRS (A CH g4 (8D
RO
i MACRQ HO GHREWHIE SYSTEM ()
SYSIEM MH R #itiey
ISV
{HFR BN
I fHRH bl IR
INIPE DL 9
FHDIE
B
3 MACRU T0 GENFRHIE SYSTEM CHEE NTTH SUCK OPYVION ON
SYSSEUK  MRCR #UMKAH
KSH %%



FRERERE FRRE

R

BEE!

g8

418
441

4,301,503
83 .
DEFR #1REH4S.
IF  #U0MRA FlL INTHC
INTP#  DEFL 4
ENDIF
ENDN
i MACKDS 10 GENERATE MACKD INSTRUCTION CALLS
i FILL SUREEM WITH CONSTENY DHIA
FILL?  MACK ESTART, SNBYIES, $DHIE
DEFE FILLH
DEFW #51HK)
DEFN #NPYTES
DEFR #DHIH
ENDM
i EXIT TNTEMMRETER HITH CONTEXT RESTORE
EX1T MACK
DEFR XINIC
INTF®  DEFL 6
3]
; INTERPREY RYTH 1HLINE SCK
DO MACR #CID
DEFE #(1D+1
ENOM
5 INTERPRET RITHOUT INLINE KK
DONT  MACR #CID
DEFR #CID
ENDM
SMACKD CALL FR DOIT TRRLE
END B GO
MC MACK #A. ¥R, 8t
DEFE #$H+80H
DEFW #R
IF 4t
DEFR GBE
ENDIF
ENDH
JREA. CHL FROW DOIT THRLE
KC WK $A £R, 8
DEFE #A+d0H
DEFW $E
IF 6
DtFR @it
ENDIF
FHM
SKEH JUME FR(M H0O)Y THEE
JP MHCR 861 #E,
DEFE ¢H
DEFK B
IF Ut
R ¥
ENDV
RV
iDISHLHY HOSIRING
] M P #H ER B 0D
UFE STRDIS#
DEFE EH
DEFR &C
DEFR D
bEFH #H
ENDM

84



4,301,503
85
412 ; SRR
414 i BEIC MACKIS
45 i NOTE DURH 10N, FREQ(S)
436 NOIES  MACR #DiK BN

47 DEFB $DURATHH
418 DEFK 2N

415 ENDHM

426 NOVE2 WCR 2DUR, B, 8
4 DEFB #DURK7FH
422 DEFE .

422 DEFR &N

424 ENDM

425 NOTEZ  MACR 2DUR 2, BN, X
426 DEFR #DUR

427 DEFH 8

428 DEFE #N2

429 DEFE #N¢

4308 ENDM

431 NOTE4  MARCR EDUR, #H, B, #1 B4
432 DEFR #DUR

432 DEFR 2.

44 DEFE 2

435 DEFE #N<

436 DEFH &M

437 ENDM

48 NOTES  FACK RDUR, $N, 2R, 310 8N4, BN
439 DEFH DK

448 DEFE #NS

441 DEFR 8N

442 DEFE #NK

443 DEFE N4

444 DEFE 8N

45 ENDM

446 MASTER  MACK #OFFSEY

447 DtHb tH

448 DEFR #OFESET

449 ENDM

458  ; SIEF OUTAUT POKIE, DHIH O
451 OUTH SHDRR, DHIHTG, DAY, .., DALY
452 OUNMIL BACR #POK), Bhis, D1, 802, R0 204, #0, ¥D6, DY

45% 1IF RO (BPORYRED

4 DEFR SRR EFHD

455 DEFR ¥4

45 FHDIF

457 1t BPR)-RH

454 DebR tH

459 DEES B, RUX., BDY, 814, B0 BDY, B, D0
464 ENDYF

461 FNDM

462 i SET YOI NIk

461 ; THE FORMRT OF 1H. YOLCE RYTE 1S

464 ;] )abe](aatix

465 ; WHEKE N = LOAD HOISE NITH DRIA AT MC AND INC PO
466 i ¥ o= LMD VIERRTO HHD INC PO

67 ;i 1=INF

468 i RRC = L0HD T8 A K C NITH DAVK AT BT
469 VYOICES MHCR #MASK

470 DEFE SH
4 DEFE #MHSK
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bLUY

o1d
O E
g
R
4
515
S
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e
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524
325
3%
S5
528
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518

4,301,503
87
ENDM
5 FUSH NUMBEKR (N10 STAHCK
"DEFR 6 CCENUIR-1 ). HND. 6FH)
ENDH
i SET vOLUMES
YOLUME  MACK #6R, $4C
DEFR (i
DEFB #pH
DEFR #MC
ENUM
i CALL KELHYTIVE @15 BEYORD SELF+
CREL  MACK #HY
DEFR GDEHCERY. AND. GFHD
ENDH
; DEC STHCX 10F RND INZ
DRINZ  MRCR 460D

DEFE GCHH
DEFW #HDD
FNDM
i FLIF LEGHIO STACHTO
LEGSIH  MACR
bEFR GEBH
ENDH
KEST  MACR #1014
DEFER HEAH
DEFR ETINE
ENDH
AUIET  MACK
DERE 6FtH
ENDM
5 ERREoRRk Rk
i % MSIC FUKTES *
i ROk
5 HOTE VH S
(# ERU 25
(iS4 R 2
o B 2
H5H [1E U T
ko P A
(6] XU B
54 ti vy
by LA T
151 bl 1%y
K FRU I
F1 B 149
FSs (2" VI K8
63 k326
G54 b 149
. b 112
1. Pl a0
Bl E 100
2 11 U
€S2 ({C U]
oy B 84
s Y 79
24 E 4
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k& 66
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, BT S g 90

093 54 @ ke 7

Y03 5% G52 EQ 59

0037 S} K E 55

8034 SM RS2 EQU 52

Y0031 56 B EQU 49

oot 53 (3 EQU 4¢

000 537 (8% B 44

>89 58 DX El 49

HO? 539 [SX EW @

0075 544 EX X7

087 54 FX El 4

e 542 FSX B @

Y0R1F MY 63 3¢ ]

Y810 S (X EW 29

SRk 45 H2 Bl 77

HR1R 56 A5 FM 26

0818 547 R FQU 74

0817 548 (4 ERU 23

0015 549 €4 FE M

o914 S8 D4 Bl o

K 55 D4 B 19

017 552 E4 B 48

0041 553 F4 Fal 17

10 584 FS4 P 16

Y00 555 (4 ERU 15

YoM 5% G EWl 14

o) 57 H4 Fl 1%

Y000 58 (5 Eeu 19

Y0000 559 (S5 FW 1

HArg 58 0S5 FW 9

e 563 F5 FRU 8

07 52 G4 FA 7

Yewx, %Y b 6

et 54 Ch Fl S

Yo 55 D56 EW 4

o« Né (6 b X

Yook S67 (7 b 2

ot S8 (i B 1

Yo N9 (i b @
N5 HASTER USCHHYIR (RFSHS

Yok} 57 (B b

SO Sy R 4

X, S7C M P 44

Y00 574 01 U 19

Yo 575 K1 FU 4

0068 56 0 FQ 166

Y088 57¢ OR1 FUl 94

>4/ 78 0 BU 7

a7« 579 OHC W <5

004 4 568 0 FW 47

004 58 O  FRU &
S84 ;& SYSIEM WALE GORY MEMOKY CELLS ¢
o * '

YOHHF 586 URING FU WEHFH

YFFF 567 NASIER BGU UKINAL i L0 HHRPS CLEAN HND RHOLESOHE TG #e
588 H
569 i VHF F(LL(WING ORG SHOULD FE SE1 10 THF VRLLE OF
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91 92
o B THE THG “SYRAiY, THIS HELL CRUSE SYSTEM KHA
590 5 0 KESIDE HT THE HIGHES) POSSIELE HDDRESS

A
593 (WG 4F(BH
4FCS 594 DEFS 6 ; GOV SOME LEFT STUHL
MFCE 595 PEGRAM PO &
596 5 USED BY MUSIC MROCESSOR
4FCE 597 MUMC: DERS 2 i MUSIC PROGRHM COUNTER
4FD8 598 MUISF: DERS 2 ; MSIC STHCK POLNIEK
4F07 599 PYOLHH: DEFS 3 ; PRESET YOAUHE FOR TONES A AND B
4FD3 688 PYULKG: DEFS A ; PRESEY YOLU HUR MEGTER (SC FND TORE C
44 6 VOICES: DHES 4 ; MUSIC VOICES
6ee ; COUNTER TIMERS (LRED BY DECTIS ACTING CTIRER)
4F05 683 (16 DEFS 4 ; COUNTER VIBER @
4FD6 4 Cii: DEFS 1 i |
4FD7 s C12: DEFS 4. i 2
4FD8 606 CiX: DEFS 4. HK Y
4FD8 €87 (14 DEFS 4. i 4
4FDR 643 O DEFS 4 )
4FDH €9 Cit: DEFS 1 i b
4D 618 (17 DEFS 4 Y
631 i USED BY SENIKRY 10 TRRCK ((HIKILS
4FDb 612 COMWY:  DEFS 4 s COUNTER UPDRTERHUMBER TRHCKIRG
4FDE 643 SEMIAS: DERS 4 ; FLAG EI1TS
4FDF 614 OPUTH: DEFS 1 ; PO @ IRACKING
4FE6 615 OPOTA: DEFS L ; POV 4 TRACKING
4FEe 616 OPOTZ: DEFS 4 ; PN 2 TRACKING
4FE2 €37 (POTX: DEFS 4 ; POT ¢ TRACKING
4FEX €18 KEYSEX: DEFS S ; KFYROARD THACKING BYIE
4FE4 19 0SHM:  DEFS A i UITCH @ YRRCKIKG
4FES 620 (M. DEFS S i SHITCH 4 TRACKTRG
4FE6 624 (SNT:  DEES 3 i SHITCH 2 TRECKIRG
4FE7 62 (GN¢:  DEFS ) ; SHITCH X IRACKIRG
4FE8 62X COLLSY: DEFS @ ; COLOR LISY BDDRLSS FOR P B RND TIMEDUT
64 ; UStb BY STIMER
4FER 65 DIRAT: DEFS 4 i NOTE DURHUITION
AFHE £ MR DEES ) 3 SIXIIHS OF SEC
4R C 67 TIMOUY: LS 9 3 BT 1)HER
4FED 628 GISHCS: DERS S ; GAME TIME SECOMDS
AFEL 69 GIMING: DERES ; GEBE TIME MINURES
68 5 USkb RY MENU
4FEH 621 KEHSHL: DEES 4 ; KANUUHE NOWERR SHIFT REGISIER
4FF¢ 63 NUELY: DEFS S i NRREKR OF LIRS
AFF4 €33 FNYNUR: DEES < i SCURE 10 KoY 107
4FF¢ G Nkl K DERS 4 5 MAGIC KEGYSTHE TUCK (il FLHG
4FHe €8 bk DEES A i GHAE STHIE B EE
AREY (R PRION IHES , RUSTU PRODECT FLAG
4FFH (60 SENREG DS S , SEHIRY Cutlibel SEYZUKE HERG
4ktE fCR O ARBINGL: VS 2
4FFD 639 USHKIR: DERS 7
M AR SYSKAM  HQU (YiH-(S-REGRIMEL))
(24 L1581 8
M3 ; ERRERRER

’
044 i & HYGEYS *
645 ;i sk
; ek BODIFIED 10 CORKECY CAUCILATOR HUG HND ASTERISK

647 ;{3 INCSIR AND CLRNM PGS
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CALCST E 1600
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NOP
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4,301,503

N me ws ws

H

POT FIDGE FHCTIR

GUH FIGHY STHRY #DDRESS
CHECKMATE SHIKY HDDEESS
CALCULATIR STHRY HODRESS
SCRIBHLING STARY HDDRESS

RALY FOR THINGS T0 SETTLE Dis

ek SET CORGMER WOE. wex

i TRANGFER fINTk[l. TO RESTRRT HAHDLER

P 26avH

MUMEFS: DEFR ACH
DEFR dH
DEFE 3(H
DEFE 2fH

0kG 16
P e
MENUCL: DERR U6l
DEFR GFEH
DEFR 47H
DHER SR

(kG 24
R S 8

i NAE: PRUSE

VECTOR (Y

5 KFSIFKY 2
i MENU CILORS

i KESTHKY

D MO HALT B (6 ONTERRUMTS
i INUT: K= # 06 INTERPIS

WHEE: E]
HHLT
bINZ -1
KE1

K @
¥ 20

5 NAME: SEY ROKD

i (H=DE

METW: 1D (H)E
I B
b (H)b
L3

KRG 40
A K|

CONCZ: 1D H.8
Y

OKG 48
JP 2646H

CKEAMd : DEFR @
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H

RESTAKY 4

KESTERT 5
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XS
936

a8 ER
#9319 F5
#9R (5
fus: D5
88t DS
a3t FDES
0946 +D21 Gl
md4 FD
b 7E
w7 2
048 157682
804k 1F
4C 836
084t F5
w4F D5
“oa 210kuG
easz U7
od Sk
0855 1664
w57 37
0958 Bx
0050 PFEDAF
oD 59
sk 23
Ao 56
661 DS
0e62 FDAMR
065 FIEEGA
0968 FDMH
epal FDSFGED

95 ) 96
713 1TRB:  DEFH MACTIN i INTERKUFT IRHNSHER
714 DEFR 4 7 wk SYSTEI KEYISION LEVEL
76 ORG 56
717 i NAE: USER PRUGRAM TRERFACE
748 ; PURP(EE: TRERGHFR OF CONTRGD FROM USER 10 SY=TEM }
9 1IN ROUTINE # FOLLOMS INCIHE FFTER RSY IMSTR
e IF LG BIT SET, LOAD MeGUKENTS TNLINE FOLLOWING CRLL
7 onnmMn: NN
72 SIAK USE: 48 BYIES YNAL, 56 BYIES OH EXIT
723 SIDE FFFFCIS: MEGISIERS B, BC DE HL, IX, AND (LD 1Y SHVED
724  ; EXVLHINAJOM:
785 5 REGISIERS HFLRC DE H, IR, AHD PREVIOUS Y Hit PUSHED
726 THE NMERR FOLIORING THE KST 56 THSTRUCTION 1S USED 10
72¢ 5 INDER H MEP VECIOR GIVING THE STHRTING HDDRESS OF 1HE
28 SYSTER KIUTIME Y0 CAIL. TR (P1I0MED, THOJNE FIRGEMENYS
29 5 HRE COPTED JHYO tHE CONTEXT HEFH o FOR HRGLRENT ORDERING
7 SEE YHIFMPRETER DOCIMENIHTION HHD HERROE.  JHEES
Y3 H DUMMY BREIURH IS BEERIED WHICH, WHEN KESUKNED 100 BY 1HE
¢ 5 SYSHER RO RE, WIL RESTOME THE REGISTER COHTENLS AND
VX REIURN 10 THE USER PROGRAM
4
7S e THE LT HAS BEEN EXTENDED 10 SOPPOKT LSER SV TED
36 i KUTINES. TR THE CHLE INDEX PROVIDED 1S NEGHTIVE
737 5 THEN THE UCERS DISPRICH YHIE POINTER (USERTR) 1S USED.
738 NOWF OYHRT THE SIGN BIT ISNYT ZAPPED BEFOKRE BEING
739 5 USED HS FN INDEX, THIS MEHNS THAT THE UERS DISPAICH
746 i THAE PONIER SHIED POINT 128 RYIES REFURE THE FIRST EMIKY.
44, EX (SFLHL i KETURN HODRESS 10 HL
742 MUSH AF i CREMIE CONIEXT
742 PUSH £
744 PUSH b
745 FUSH 1X
746 HUSH 1Y
47 b Iv.@ ; POINT 1Y AT _CONTEXT
748 b 1Yy, ¢
749 LD ACHD) ; LOFD OPCODF
750 INN H
754, LD DE,KEIN i DE = KETURN POINT
75 RRH 3 SUCK WED?
753 JR - C,MINTE-¢  ; JUMP IF VES
7™M INTPE:  PUSH H. i SHVE PC
75 MUSH OF i SHYE DUMMY RETURN
e LD  HL,SYSDFT
57 RLCA
75k b ER
799 b D8
760 KA ; USER THRLE HRNTEL?
761 JR  NC, PUSH1-$
162 L HL, (USEKTRY ; YFS - LOAD IT
76 PUSHE: ADD ML DE
64 b E M)
764 IN H
766 LD b (M)
767 MISH DE
768 LD H (Qy+CRHD)
64 LD L CIY+(RL)
e KELD: b b QOY+(BIKH -
e} b B (JY+CRIXL)

4,301,503
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97 98
806E DS e FUSH bt
806k DOEL 7R PP 1X
w71 FOrAs 774 LD A COY+CBR)
0074 FDSEAS 775 DELOAD: LD b, (1Y+CHD)
8077 FSEBd 776 LD B, C1v+CRE)
#7A (9 7wt KEY » CHLL YIA RETURN
779 ; N MACKO INTERPRETHR
788 ; PUMPISE: INTERFREVING SFOAARNCES OF SYSTEM CHILS
781 ;1NN RDDRESS (F STRING TO INVERFREY PRESED ON STAOK
78 STHCK USE: NG TNCRERSE TH DEFIH
78X EXPLHINHIION: TF OFVIONED C(BIT @ OF CRLL INDEX SET) 1M
784 ARGMENY THEE (MRRGT) IS THDEXED GIVING f MAEK WHICH
785 ; SPECIFIFS HOM 10 TRANSFER TNLINE ARGUMENTS INTO THE CONIFYD
786 5 KOCK  THIS MK 1S FORMAIED AS FOLLOMS:
e
8
m
[ R R RS AR RSN EEEN.E
9 :
V9 i s HeL*xHeIXeBrxD x| =
"
794 i ARGUMENIS MUST FOLLOW THE CHLL INDEX IN THE FOLLOMING (RDEK
795 5 (OMITING UNUSED RRGUMENTS, OF COUKSE)
796 ; (INDEX), 1%, IXH, £, D, C B M LLH
9
98 THE STHULATED FC 1S SAYED AND £ DUMMY RETURN IS
799 i INSFRIED (N THE STACK  THE UFT DISPRTCHING KOUNDDMNE 1S
806 ; THEN ENTEKED AT “INTPEY, WHICH EFFECTS A CIBTRIL TRANSFER
801 ; TO THE CHLLED KOUTINE.  WHEN THE (HLLED ROUVIHE RETURNS
862 ; IT NILL (8% FHOX HERE TU INTERPKED THE NEXY MACKO INSIRUCTION
882 ; NOTE THH1 THIS ROUTINE IS REENTRAND, IHEKERORE THR CRLLED
864 ; ROUTINE MAY RECUR BACK THRAL HERE, TF 1T FRELS LIKE N
BES ; +x THE UBT HAS BEEN EXTENDED TO SUFFORT USER PROVIEED
806 ; SYSIEM ROUTINES. IF A NEGATIVE CHLL TNDEX 1S ENCOUMIEKED
887 ; BY THE INTERPRETER, AND “SICK JHTHEZ 1S OPYIONED, THE
868 ; USER MACKO ROUTIRE ARGIMENT 1HBLEF 1S TNDEXED FOR A
809 ; PHRHMETER MASK  THE HDDKESS OF THIS TRELE 1S HSSUBED
816 ; TO M IN (WMARGT), CUMARGT+A).  THIS POINIER SHOULD
831 5 POINY 64 BYTES BEFORE THE FIRST REAL EHTRY.
812 ; LE LD HL, USERIT-64 i WHFRE USERMT POLINIS AT FIRSY ENTKY
#z Lp (KRG, L.
8978 4 814 MINTHC: PP DE 5 DISCARD DIMMY KETURN FROM UP]
007C 815 RENIEK:
aa7C H 816 FOF H. i PP (OFF PC
818 ; NAME: WML
819 ; HWHEE: CALL. INTERFRETER SURKUUT THE
L Y 1 H. = RIRITIHE bk SS
&0 NNES: KOUTING Wit B CALLED FROM MHCHLE | RNGURGE OKR
& ANCITHER INTHRPFEIED SEOLUE HCH
g3 STHCK DEFIH INCREHSED BY 4 BY LHIL
w7 824 FMCHLL: LD R CHD i GET (RrOie
mn 2 8% NG H
oarr (R 8% M A
Batt 11704 e L Db RENIFR i LOHD JNTERPRETER DU KEVURN
as ph S8 ORINIG: PHEH I i SHYE PUNY b ELIRN

wish A Y I LK i TNDEX 0
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4,301,503
99 100
M NONING-$ 5 WP DB N LOsb HINTED
EX D H
b kO
1D HLMRAKGY 5 LOAD SYSTEM HKG 1RELE
KT &H i USE USER 1H4E?
JK O OLMINTS-¢ ;I 1F NO
LD K, (LMRKG)
MINVS: ADD WL BRC i INDEX THHLE
b B HD)
CHLL. MSUCKY i CHLL SUICX kO IME
MINIZ: POP 1% ; DUMMY RETURN 10 Db, H = PC
b RC ; GET CALL INDEX HHCK
LD B (IV4BR) RESTORF (LUBRERED REGISIERS
LD G Qv+E0)
J& o INIPE-$ i JOIN NORHAL UP1 DISPHTCH SEQUERCE:
i NAME: SUCK INLINE ARGEMENTS
3 PURMIGE: TREBSSFER OF THINE (RGS IHIO CONMEXT BLUCK
i INPUY: B = ARG LURD MASK (SEF INTERPREIER COMMENTSS
i OMN: HL. = UPDHTED PC
5 EXPLAINAYTON: THIS ROUTINE YMPLEMENTS A MACKD LOFD THSTRUCTIIN
5 17 1S USED BY THE INTERMRETER HS WELL. A ONE BIT IN 11
; INLINE LOHD MASK MEHNS TRANSFER THE NEXT JNLINE BYIE INIO THE (B
3 A ZEKD BIT HEANS “HOVAICT CONTEX) BLOCK FOLNIER'
TR0 ENTRY FOTHTS HRE DEFJHED, (NF FOR THE SUCK MACRO INSTRUCTION
3 THE OTHER (R THE INTERPREYER 10 USE
5 SUCK MACKD ENTKY:
MSUCK: PP HL i KETURN RDDRESS 10 HL
Poe DE ; POP OFF FC
; sk BYTE SEYING TRICK %% REPLACE NITH LD H, KEENIRY 1F THINGS CHIRUGE
ING H 3 HDYANCE 10 KEENIRY (HINTED
PUSH H
i FHLL INTO ...
MAKKS: BIT 4R i IR LUHD WANYED?
IR ZHSUEK2-$¢ 5 MSUCK? TF N0
(VR PRUE D
ING Dk
1D C(IV+(RIXL).H
a0
ING DE
LD C(IY+(RIXH).H
HELICK?: PUSH 1Y i LETH = 1Y
POP HL
IN H i + 4
ING H
ING H
NG H
KRS 4k i KILL IX RIT
i OTHE HAMOLS SUCK TN LOOP
MUCKX: M B
JK NG MSUKS=$ 5 HSUCKS JF N AHIS 11
Lb  H k) i GE1OINLIE EYTE
NG bE
b HH » SIURE JNTO (R
MAKKS: QHE H i BUMP CROFOTHIER
5ok THIS b HOSIMES THI STHIUS OF “SH17 TS MRESERVED
I N HMIK ¢-$ 0 5 JP BRCK BE MOME 10 B
EX  DEH i H- K
KT i THEN 1l



BH(H 7Hin
8oy oy
8aCt o,
8. 78
80D« 7
@oDy (460
w07 MoB
Dk 7EM
gabh BauS
At FCHS
WoES CFAx
BOES EEMH
BRE7 R26
B0ES FEGE
WOER eeay
OPED 4547
BHEY 1907
00F1. 1Cay
8BF% 7047
BOFS %6/
7 Boax
WOF9 ADU?
GOFE 62
MOFD E167
0BFF (407
161 FRok
8183 F&of:
8105 FROA
8167 S
#1089 3Ja%
el (9
#i60 Hee
816 oCu:
8144 oeor
@143 ke
8147 FRAC
149 318D
MAF SR
i (e
ik 156
121 7eak
B17¢ YR
8105 HiGk
Bivr MR
0129 4kiN
et HHD
#iD
4 W B TEK
M bhe
QL Be(
8155 6487
@1/ 4362
019 6EMX

891
8%5
#9R

th
9%

91X
94
2K
e
sy
8
919
98
9
92
92X
94
925
96
A0
98
99
930
93
9@
931
934
935
946
9x¢
938
939
946
944
a4y
94%
044
944
Y46
Wy
g

101

4,301,503

i ¥ ad

i ® LP] RIUTINE FDDRESS THALE »

SYSDPY: DEFN MINTHC
DEFW MXINIC
DEFN MkCRUL
DEFNH MMCHLL.
DEFH MEY
DEFH HIME
DEFR HSUCK
DEFN MACTIN
DEFW TIMRY
DEFN MUZSEY
DEFW MUZSTP
DEHW MSEALK
DEFN MCOLOK
DEFW MFILL
DEFW MPHINT
DEFW MVWRIT
DEFW MARITK
DEFN MHKITP
DEFW M1
DEFN MRKITH
DEFN WYELAN
DEFR MiLANK
DEFI MSEVE
DEFN MREST
DEFW MSCROE
DEFH DISHH
DEFR STRAEN
DEFN ECDISE
DEFR MKELFR
DEFM MiELAL
DEFM MVECTC
DEFW MYECT
DEFN MKCTRA
DEFW MENIRY
DEFW MO
DEFW MDOTTR
DEFN MP1ZRK
DEFN MHENU
DEFH HGETH
DEFW MGETH
DEFW MPTLISE
DEFH MIST]
DEFW MINCSC
DEFY 1HBNTR
DEFR HUIHIR
DEFW MINDH
DEFH MINDE:
DEFR MVE
DEFW HSHEIU
DEFN BLDAD
PEER RiDSE
DLER ROEA
PHEW HCDY
DEFR RCDCS
DEFR EUDNG
bEFR SDEOD

KELHRS

SENTRY
DOTY

P1aBRK

i FRUSE

iDISHLHY TiKE
i INC SCORE

H
H
i
i

i

TNDE XN
SHOREN
TNDEXW
1HOEXR
MvE

102



4,301,503

B LA 103 . - 104
K s 949 DEFN SDSHMG :
813D H68% 9o DEFW SDFES
B13F 4 ¥4 DEFW ShEGT
8141 7FRX 95 DEFW MRANGE.

@147 446C LAY DEFH MO T
@145 el 954 DFFN MSEIB
0147 234 955 DEFH MSEIH
0149 400 Y06 DEFN HH1D
958 ; MACRN ROUTINES ARGUMENY MHSK TRELE
959 ; FURMAY:
98 ; ¥
9L i *7Rx6RHE4xL 2 x] xEx
%2
%3 ;i xHe|l xR X xCxDxl »
%4 ' :
965 ARGIMENTS KUST FOLLOH THE CHLL INDEX IN THE FOLLONING ORDER
966 5 (OMITING UHKED HRGUMENTS, OF (TURSE)
%7 i CINDERY, YL, 18H, F. D, G B AL LU H
“idk o0 968 MRFERGY: DEFR @ ; INTFC
814C o0 %9 DEHR @ i RINIC
614D (B 974 DEFR 110t i AL
™4l (8 9 DEFR 110G000E0H  WHLL
Bi4F t@ 972 DEFB © i MRED
815 (¢ wx DEFE 14 ceeaton H AL
o b 974 DEFR Gotafoird st 5 SUCK
ei5? wa 975 DEYK & i RCIINT
#15< B4 976 DEFR tti6es (iep i DECCTS
814 Fa ur? DEFE 441160t 5 HRSIC
1135 ba azg DEFR © + EMUSIC
o 979 DEFR s i eR ; SE1(N
e/ (v 9u8 DEFR {10t ; CILSED
"MSs ¥ 94 DEFE Ui Eis15R 5 FILL
8158 F e, 2744 DEFR Biis4ddR i KECTAN
8156 Dée @3z DEFE 19016mmR ; WRIIR
Sk X 924 DEFR 13466 AR ; WRITK
#iSC E3 Y40 EFR §3106i14R ; WRITP
60D FF 986 DEFB §11@44448 i HKI
B0 FF 987 DEFR 431014448 ; WRITA
@ISk 33 Y DEFB (e fatd AR i YHLARKK
Mea (R 949 IFFR 11669 @idR i HLANK
el6d (F 9401 DHFR 15069444k i SHYE
e C2 991, DEFR 3 dted 1R i KESTURE
e (F gay DEFR 416R1344R ; SCR(LE
ied vy 491 L33 R GIORET i NEN DISCHR
#i6d (7 934 LVEFR J3ubiidiRk i NEW DICSTR
el (F 995 PEFR 44t 4141 3 DISNHM
ey A 9% PEFE (88 Giis o404 i KELRES
Hier 4 gy DEFR (et igisndib i KELHEY
#4169 D4 ey DEEE f4uimad 5 YEUIC
ei6h DB 999 DEFR 11615 40K ; VY
16k 0 ja DEFR @ 3 KCTHSC
@16C @3 16ed DEFR (e IR i SENTRY
816D (0 bl i ) 32 B BILLCLEE ] H 0}
e (a b[< £X DEFR 11 (et ; DOITR
@L6F 1604 DbFH @ i PIZBRK
@7 (3 16645 . DEHFR J100(d SR i MENU
e EC 1666 DEFR 11501408 i GE1 PHRHFTER
ei72 (F 1667 DEFB 46034148 i GET NMHER



BI7c ok
0174 a7
o e
M7 (2
nw e
9i7e (@
“i79 (2
o7 F
M7k (8
817C (h
817 (8
ik CB
817F CH
#16a (R
0189 o8
/a2 (R
P18Y &8
4184 o8
@185 &
@186 v
0167 %
fi58 ta
8189 (3
BieR (7 °

L 2 K
B1EC o
aied (5
e 05
RIG £S5
/90 DM
LA ]
a9 HMY
01%. (R
BLYs P
619 G4
EA: Db
1% (DA
BiHt Ok
BIH< (D/HG
HI H
0187 D1
8168 1
R FL
MR FR
Ak C9

HAC HFRaE
R FEAR

8181 CHiYZY
@1R4 JFFCAF

100
14009
1616
164
16497
194 %
1044
19145
1046
1447
1048
1819
1624
1674
160
18
14
165
1006
1607
16k
1609
18
104

X
{o4
186
jaz6
1oxeg
b 1K+
309
10646
10643
1042
1643
{144
1048
146
164y
{048
1444
1160
1(t+4

1852

13
16
1655
156

1858
1659
1668
16864
1662
1663
10664
1665
1066
1667

105
DEFE moctsior  ; PALCE
DEFR bisoB4sR DISTIN
DEFR J160000i  TNCSCR
DEFR $1000idede INDEXN
DEFR S96maam ; STORFN
DFFE fftcamiske ; INDEXN
DEFR $100tees 5 INDEXR
DEFR Siteisse  ; MOVE
DFFR jitiii  ; SKIFTU
DFFB fi6mibisk  ; BCOADD
PR 31tk BODSUE
DEFB $i0HeiiB  ; BCDML
DEFE ii6edidie  ; BODDIV
DEFH Ji6midel  ; BODCHS
DEFR @ISk HOINEG
DEFR 11014k ; DADD
DEFB (ORrieisE ; DMG
DEFB (oimidik  ; [FES
DEFB 1iGiieo:  ; NEGT
DEFE teibfise®  ; RANGED
DEFB GGGbmeet ; Qull
DEFB 13100m0k  ; SEY1 RYIE
DEFE $106094R 5 SET NOKD
DEFE $1660d4448  ; MASK 10 DELIRS
i INTERLEY ROUVINE PR FYERYRODY
i RHO DOESN/T HENT 10 BHRIIE THEIR (N
i DUES 4 6d1H SE(C CTUNTERS IN (16-%
BRCTIN: 1) 5 MAKE DRMN SLRE KE IS OFF
PUSH i
MEH KL
MIEH DE
FUSH HL
m e
LD A 11HE GHR. &
b LA
b H oo
T C(INLIID, H
Lb K JTHR&E HH
(N (IR, H
CHUE N IMEs
Hy  CH i USE CHe=%
(HI Ny PN, M 1 (4
e H
POP 1E
Me iC
POP
£]
KF1
i KONINE: SENTRY

i

i

4,301,503

106

+ UPDHTE YIHOUT, MESIC AND SECTRDS

PURFUSE: T0 HAIT FOR (CHENGE OF PROGRAM STATUS

IN EVIHER THE FIROS Ok THE TIHER-COUNTERS.

i TN FODYTION 11 CHECKS TIHUD (R LONG PERIODS OF IN-
HCTIYNY.

i ow IS VECTOR (UT HLAG SET77

HENIRY: LD

A (SENFLG)
r o

WP L

b A QIMum

i YES - JiMP an

i CHECK 1IF TIME YO BLAK(AD



4,301,503

e ¥ 108
81k7 H7 jaet R A
@ike WK 1869 R NLATEST-$
BiBA HF 1678 WPIZEK: XR H i TIME T0 SHIV DOKR
biiR F2 1671 D1
BRC D45 147y (LUBIL DN i TURN OFF SOUNDS
R 36 147 WT  (YILAR),
f1CH EWEpEs 1674 LD BC, COLBX+BH/06
B1Cx kD79 165 wr (O H i PRINT 1T BLACK
B 166C 1676 DINZ -2
M7 119462 Alry PP LD DEAAKEYS
BiCR (DFAGC 1678 CHLL FINDLX i CALL STORE DE THT0 CONDEXT ROUTIHE
eih CDESEd  fvd CALL TEST 3 WAIT FOR SOMETHING 10 HAPPEN
@ibg 3C pALE) INC H
L 3 16 IR N7, WPIZKK-4
B1DX FDeaom f8t LD (Iy+(B. 0
@1b7 FR 188X El
®D8 FHEEAF 1004 LD HL(COLLSY) 5 GFT SHVED COLUKRS
eiDh: 7ERAF  fiES MOOLOR: LD (COLLST),HL 5 SHYE COLORS ROk FLTURE
eiDE @lebeR 1806 LD HC, BHOR+COLBX
BIF1 EDRX 1687 0IR i KESET THE COLORS
ek < HF 18 L
#E4 (9 pluoy Rt
@ES (DECH? 1698 TVEST  CRLL TROHK
B1EE FD/7BS 403 b (1Y+(BH)XH
#ER FD70OR? 1092 LD (I¥+CBE),B
BIFE FE1X 1e9 (6 SIS
2iku b8 1694 KE1 C
83F4 FEIC 1695 F FT6
Bk bl 1696 K1 K
#Ik4 <EFF Loy D U
HF6 CRCAF bR (SR OL LUDH,
#iF9 (9 1699 KED
81HR C4e0 1161 CHLLL: DERR SCHL
B1FC DD 1w DEFW FNCHLC
0IFE mb 114 DEFM CHLST i STHKT (F CHLOWHIUR
1465 SYSTEM ROUTINES JUMP YECTOR
1166 (kG eH
626 (A4 $9007 ¥ T2 i DO TIMER & MSIC
B (3P4 440 JP - 11MEX i DECTMR
@06 1136 SYSFN): DEFB M
wHr e 1114 DEFR 8
868 o8 1132 DEFE 8
626s M 1312 DEFR 1
M @7 1114 DEFE 7
826k B4 1115 DEFW LRGCHR
0D f8 1117 SHLENT: DEFR (HH
Bt 64 1148 DEFR 4
R e 1115 DEFE €
@218 1178 DEFE 1
a4l 6 U2 DEFE
8212 EFel Eh b DEFH SM CHR
1124 5 HLKEYS HREK
#214 ¥ 1126 AGEYS  DERR 3HH
8215 3 1% DEFR FH



ONE HF 1107
817 * 1128

1170
ae B 43
G240 CAED 1332
#AC DE47  143%
BHF 4DASEIH 1974
27 e 115
BOPH ZCAMAEAR 1136
W4 o 11
S 20ME46 1178
T 11739

1144

1142

1143

1144

1445
H4R CDSEHZ 1146
U4 BR 1447
8244 (k74 1144
W46 267 1149
8248 78 11454
@249 Feux 1154
@241 e 1152
24D ¥ 1453
824k 47 1154
W24F COSGEZ  415%
@252 ER 115
(5% CHBoR 1457

1159
8% (BUR  14GB
858 WA 1161
SR 1162
OSH F 1163
85C 6F 1164
w®D 7C 1165
825 F 1166
0¥ 67 1167
8260 23 1168
W6 CheS 1469
@26 C9 1170
w64 R
H66 18 172
W67 [3RM8 447X

17

1176

1477

1178

1179
B26A FF 1166
w6k (5 1184
w0se 15 156
e 47 1183

4,301,503
109 110
o J DEFR HH
DEFH <HH

3 HFHD OF OHROARD MENU
GUNENK: DEFW (WL

DEFR PHGH
DEFH (FSTR
DEFM ‘MAX SCUKE’
DEFb
DEFK ‘¥ UF MLHYERS’ ’
DEFE @
DEFM ‘B (F (¥IEY
DEFR 6
i NHE: CONVERY MHOK 10 DELTRS
i JNAIT: B = MWSTICK MASK
H C = FLOP STHIUS (MR FLOE BIT SEY JF FLOP HENTED)
i Db = X POSITIVE DELIH
i H = ¥ POSITIVE DELTH
WID:  CALL CONCHL i HANDLE ¥
EX DEH.
RIT MRFLOP,C i FLOP SET?
JR O Z.mbe-¢ 5 VS - DO
b RE i NO - GET MAK
D X
Rz, mbi-4
(4 i INVERD IF NOT ZeR0
My 1D KA
MATLZ:  CHLL (ONCHL 5 PROCESS X
EX DEH
JF STHDE i STORE HL,DE £ND QUIT
i SUPROUTIHE 70 CONDITIONALLY COMPLEMENY (R ZERG B

COMCPL: KRC B
JE NG, CONCI-¢  ; JUMP IF NOT (P
b RL
AL
p LA
b AH
cPL
b HH
ING W
RRC B
KET
CONCA: KRC B ; DOWN SEY?
BT C ; BT IF SO
JP o CINC2 i JUMP TO ZEkO (WY
; NAME: SCROLL MEMORY BLONK
i INPUY: R = NUMEER OF LINES 10 SCROEL
; C = MUMEER (F $Y1ES ON L JHE 1O SCROEL
; DE = LINE INCREHENT
i H. = FIRST LINE TO SCROLL
MSCKROL: XK R
MSCRLS . HUSH B i SHVE COUNTERS
PUSH DE
b RH



U26E B
@HF 49
LGN
w71 HDPM
“/<F
ard
wrs
H276 16 ¢
wee (9

8279 K

827H F4
@2+ FOEd
@27 DDE4
QF
eth (4
e+
R B3
2R (9

H2R4 (D12
a7 B
@28e (5
6289 660
a2sh 79
Wt (K39
e 4F
w29 R
82541 EDRA
89 4
6294
@ R
@29%. BX
@297 (S
2% pa
@29 b9
“H (4
o9 o
8240 ER
o 3B
wH% IR
oo HE
A

B
H2HN P
UM,
aHe 27
HoHG kR
o H
WOH(: SRR
e (4

1164
1165
1186
1187
1184
1989
1340
114
1392

1194
11%
139
1197
119¢
1199
1260
124
I
1262
1704
1265
1246

]
1269
148
114
1242
124x
114
$245
1216
1247
b Mol
149
b g
122

120
127%
1204
1205
17
§70¢
1708
§279
12@
124
12
b XA
h G
125
$7¢h
1237
17
17249
17404
47044

A1

i NAME:

i PURMSE -
XN

i NHE

5 PURPUCE

KEIN:

; NAE:

BCODY:

DIVs:

BLAS

kX DEH
D HL M
FUSH H

I ik

HF H

Pr DF

PiF K
[ONY NACK 4-4
¥

HF H

PE H
OIS U
PP 1%
P bE
PP EC
PF HF

EX (S H
RET

B PIVIDE

CH L GNACC
EX  (SPLH
FUGH K

b &8
b AC
w C
ADD HLBC
[§) I Y
EX DEH.
LDIR

PP B
¥ DE
DEC HL

EX (SP),H
FUSH bC

ID B
A ML, BC
KOk EBC
e C

EX  DEH
DEC DE
DEC DE
X H
SYSTEM MEiY
SYSTENM A
Jp £,hIves
JHC H

DRH

W NeblYe-s
P W

tD (HL), O H
bOP R

i

i

i

H

-

~.

-

-

4,301,503
112

HDD INCKEMENT TO LINE

P!

MACKD INITERFRETER EXT) HITH CONTEXT KESTIRE
GUTT JNIERPRETING AND (0 HOME

THRUN OUT DURMMY KETURN

KETURN FROM SYSTEM CALI
REVURNING 10 USER AND KESTORITION (F KEGISTERS
KETURN HDDRESS 10 He

STK-RETLIN, HL=(UD KL

GENFRHTE FCCLMRH (R
H = #lL, 10 = RG2

H. = kG, DE = ACC
H = RRGY FLHGH

o FIX e ‘

H = HRG2 TP = ARG FLAG
H. = RCC+SIZE /2

o FIX s DECRFMENY SIZE

W = Ak, F = ACG TOF = HRGIHLHG
*% F1X

HPGZ — -HRGE (505 LT
SURTRECT UNTIL BORKON

(R UNDIL 1 Gy > 42



WoHE A4RH
HoKd

(T 18

(172 w3 K
wE M
a2%¢ 77
(7 c i X4
849
HHH o
RC B
4D 1
W 1855

6208 DDEY
x> i
820 4F
L]

@16 B
807
642 B
82(R 67
#2Ce 6F
e 74
@eo kS
WF SeFD
208 47
e 29
e (5
e ES
84 S
WS FDéEHH
8208 FDERGR
w20k 48
8DC DDES

82kt 7E
w2 R
(17 X X
kA HY
oS 2auY
ax7 FH
% 33
8FR HY?
FE 30

[ % S g
wr) 9
04} FK
wFe 23
B B2
5D
B2k 2R
“FS H
U2H(. b4

1040
LK
fo4n

1045
1246
1247
1248
1249
1
124

1252
1252
124

1235
12556
157
1258
1259
1268
1264

1262
1263
1264

1265
1266
167
1268
1269
1278
1204

12¢2

123
12v4

1775
1276
127
1278
1278
1260
1081
1060
h XS
1284
1265
1766
1247
joeR
1269
1294

1741
1%

L4

192
1294

. )
113

bive

5 SURRGUTIME Y0 GENERATE HCUUMU HTOK (N THE STRCK

GNHCC:

MATS

RO
L LR

ML

W14

W M6
SYSIHR NG
SYS TN THD
X (PYH
DEC M

1D (H).H
EX (SFLH.
DEC

JK N2 DIVI-¢
¥ H

PO K

R DIv4-¢

FE 21X

XR H

1 GH
SYSIEM DRBS
EX DEH.
SYLTEM DRBS
EX  DEH
b HH

b LA

b Ak
PUSH HL
DINZ U153
Lb kA

AOD H, S
PUSH BC
PUSH H.

PUSH H.

Lb  H QY+
Lb L (YR
b GE
PR

;DECTHAL. MILTIMLY

DEDAKGS, HLAHRGE BS12EZ2
; (SIZE/2-1 HOSIMED EVEN)

s RETURNED : FRGL-HNSNER, (D8 ON (WEKFLOW

3 GIYEN:

CHLL GNACC

b R (HD

ING M

EX (SP).H
D A

R ZMLT4-4
EX DEH
SYSTEM PAOD
M f

bEC H

DHA

Jk N2 ML T4
FX  DEH

INC H

X (SP)H

1L JHERH

Je N7 MULY-$
L

Pk H

4,301,503

i ML= HRGS

5 SHVE HNCRER TN HRGY

P HRGAHES YALUE

i HRGE-HES VHLLE

iFLHGY IF NEG HNS, ELSE POS

;GENERAHTE HCC ON STHCK

FRESIONE SIZE

i SHE SIGN

i SHYE STHCK POINTEK
i SAVE RCC POINTER
;KESTORE HiG2 POINIER

3 GENERATE HCCLIM
SHMET L00P COUNT

SHODEC HOC

i IF A0, SKIP MULY LOOP

5 ELSE MATIMY
5 CLEFR THE (HOY KT
SDECIMA DECREHEN)

;s INCREMENT DECIMAL HOC

KL ORKRG?

sKESTUME STHOR POINIER

114



#orY (4
‘g2t IS
gty (S
B2FR 4%
UHR P64
oD (K9
gFF o9
w300 (&1
a3u HDRY
04 (1
o3 5
3% (B8
3u W
#3609 ke
X2 I
o0 16FC
a3 HY
e30F e
210 ®FF
0342 42

L Ea kg6
0314 H1
B34S (844
X3 e
0349
Wk B
@40 16FD
Bk (v

azdF
"L¥% ]
3¢ IR
324
#326 ER
ey

By AR
w3H 2D
AN PeHA
w0 19
oy
ot FESA
@ bR
HiC PR
a0
1 “+
9k Y

Y
i@
14182
b KL
L Kiin)
1%
4747
17498
149
140
1344
142
19
1344
145
146
1357
1348
149
10
ixH
137
b e
14
134
1%
137
13X
19
1330
1™
13
3R
1334
3G
1336
1@
1R
1339
1340
141
1342
1342
1344
1345
41346
4347
1148
17149
10
bl
1862
1381
184
h K]
1 ée
1y
LRt

19

.11

|, LAKK

HLTY:

Diva:

MULTE:

R{TYAR:
BCDAD

4,301,503

S
m‘q' 5 RESTURE SHOH

PUSH Lt

PUSH H

Ip CR

th R

W C

AD HL K

A C

I DIK

PP BC

FUSH BC ;CHECK FOR (WERFLOW
SH. B

Xk #

w G

N H

DINZ MLTo-$

HND H ; SE1 HLAGS

JR ZMAT7-%
1D A GFFH
LD (DE).A
PE K
POF HL

; CHECK SIGN HND

RIT fb.C iNEGHTE ARGA IF NECESSHRY

W ZMLT6-¢
SYSTEM RCDCHS

PP H RESTORE ORIGIHAL STRCK PUINTEE

DIHZ WA 16-%
RET
; BUD SURTRACY & HOD

)

SGIVEN:  DEDHRGSE, HLOARG
H B=S1Zk /041

; RETUIRHED . FRGE-HNSIER
SYSTHN BCDCHS

SYSTEN HCDREG

EX  DEHL

SYSTEW HLDREG

EX  DE,HL

SYSTEM biDD

3 AND FALL N0

DML

QM

’

;DECIMAL SIGNED HEGNITUE

JGIVEN: DEDHRG (107 COMPLERENT)
H YV 2 5]
SRETURNED: 6RG (SIGHED MAGNIIUDE)

ih LB s HUORRGIR=9 (S10N BYIE)
bEC L

\p HO

HOD  HLL DR

I HH ; 1F PUS (S)GH NIBKEECS)
(¢ S
WY

X 1% HE
N HA JPLSE 4678 (Ol FRENT
SR H (HD)

DHH

H 33k

116



o3xr 77
e 21
I | g3
XK
K€y 3
8% Fpsl
o3¢ 77
o346 (9

8341 68
a4z o
o4 200G
345 19
346 (K7E
8348 (8
8249 600
834k ER
634C A
“24h o
e34F ¥
8356 27
8351 77
352 2
axh¢ 1#8
o355 (9

9356 6%
W57 2660
5o b
8350 39
o (KA
ax5h (H
(Xsa SIS0
B1hB FDAinh
¢ (9

064 48
B3N mhA

1360
1469

p (¥
b KX
164
1465
1466
1367
136K
1269
1318
137

1372
132
1374
1375
1376
1377
1378
179
1ca¢
178,
1
1483
1344
1365
I
{3y
8
1389
139
1
b K-
§39%
1794
139
139%
19?7
198
1299
1464
146
1467
1403
1404
14ty
14046
146y
44014
1469
14404
1414

1442
$44¢
1414
1445
1416
1447
1418

117 -

RCDNG:

SHER

RCONGY.:

SHARS,

KOs

Ib (HH
ING W

DINZ ShMs -4
BHe W

b kM)
R

b (HLH
RET

i B NEGATE

H
i GIVEN:

4,301,503
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B2 Doroma igsp 1 (1X#0, D » \==SP)HH
SNBSS LI MKS DEC X
BSLY DM 1894 Lb  (IX#H1,F i (=S)=P1
B5CH ARCE fadh IR L=t
oL FEED 1636 Mo r  “uH
0t @R htoTd Jr N, Mie-$
Boby Eelt 189 Hr  GFH
8 etk 1699 b ha@
b4 4F 19046 b GA
Hbh ™ 1964, L D.H
wlx. D 196 Lh Bl
w7 €9 1961 D HLEC
w08 186 19044 JR MM4-$ i (AL
HDR H0H 1965 MK RN, MR- '
@OC it wék 490 LD H (PRIK) LEGSIH
D PR 3¢ X(w &OH
(R I e S KL L (PRIOK), H
w4 4R 194 K et .
0 Frbl 190 WK P GRUH © KEST YOICE (OR SUSTHIND
HAE el 1419 Je 2 HrSib-
asin 1992 D HHD
OoHR CRHAF 193¢ D CQURETLE o SET DURHTION OF @) BT
et ¢ 1914 INC H
udth A 1315 X% H
S JA XS T 1916 (T L HED, K
B Db 1997 LUBINS (XY,

1918 5 BN O FUZIC PROCESSOR
USH4 PUCRAE 3919 MUZS99: LD GRUZMOL ML 5 SHW I PO
@ ¢ DTDiE 49 ID (MU IX 5 Seve THE STHCY POINTER
a5t (Y 194 kET

1902 NAHME WUZSHE

197 5 FURFOCE D STok BUZCKL T HORAS 100 6

o (0 AF 194 MIEASTP: ¥k H

Wikl SCRHRE L1y (bURHEH

EEA T STt SRR S (A < S TR M

MR i fviy Uy T RO SOl

(LA o (P 19,74 (M Aoy

(L SIHRIE 199 DN

UriH 1 @ 19< Kk
9.0 Netik: DO DD
19¢¢ ; HIKKSE TRANSEER CONTIREL 10 USER STHTL TRANGS) TION HEMDLER
1944 5 NI A KETURN CODE FROM SENERY KO D0
196 H o= U OIRHE RODRESS
196 ; WnKnn
1957 5 DESMRIFUION-  THIS IR IE 1S USED WIIM THE SENTRY NOUT IME
iy 1V 0S USED Fle DISPRVCHING Y0 H -THIF IRHISTTION HHNDLER
1939 WOLTINE THE WLk CODE FROM SENTRY 1S USED 100 1 DNEHR
19y . SEHRCH THE B0 (FHEF. 1R H MHICH 1S FOUND, (UNTROL DS
1941 TWRARSEERFD. )F WY HATCH 1S FOUND, THE ROUTIHE RETURMS 10 CALLER
1922 THE DU TR E 1S mEDE UE (F YTHREE KYIE ENIRYS:
194¢ KYTE 46 BIT 7: 1F SET = DOOR MWOY] (g THIS HANDL FR

jod . BYIE @ RIT 6 TR SEY = 10 HOVCHIL 100 THES HANDL ER
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137 138
1945 HYTE @ BITS S-4 RETUMNCIDY THIS ROUCINE IS 10 MRICESS
1946 BYIE 1 A 2 THE HDDRFSS 100 (RHNSEER 101
1947 THE LIST 1S 1ERMINHTED BY H BYIE BHICH 1S | GE oGtk
weak 78 198 HOONR LD HR
aeuC 3949 MDOIY - PUSH 1F
oD 57 195 b A
Geat. 7 1990 MOTIG: LD A (HD) o GEY RETUMH CODE FOR THIS ENIRY
aoif 4F 1952 b GH i €= CURKENY ENTRY
0648 FE(H 195« (P @uH i LIST TFRHIRAVIR?
2 SV 194 JRCHMOITE-€ 5 NO - Jue
#514 11 1 MP B i VES - RETURN i
#eih (Y 1956 M1
Bei6 X 197 MDOITL: INC H
Bei7 E6 focs D GH
#6319 BH 1909 r D i NOKIHL MHITCH?
ST 1960 Je o ZMiNe-s ; JUP IR SO
eRiC 2% 195 HDMHMA: INC H i N0 MHICH - SKIP (MR
@61y 2% 196 ING H 5 GO0 ADIAGESS
#e4F SEFE 196 o et
68 A 194 M2 Pe D
(2 19D MUt 1D B (M) i DE = GOTO HDDR
WARNE 1%6 NG H
w6 S6 1967 b bH)
864 EH 1968 X DEH
BETS (HYY 1964 BI1 7.( . MCHLLY
@6y Conttt 14976 W Nz MO i JUP IF SO
BeUF (H7S 14714, BIT &C 5 ROHL?Y
6. s 197 Jk N7, Mik(H L L-$
g6t 971 Py Dt i M) BE JUMF
w6t ¥4 1974 H¥ H ’
f6<l ES 1975 HUSH H
X 1976 X Db HL
1977 5 KCHD ROITINE
L XA 1978 MeCHLE P ()
1979 wokkbkdoh Lok ks olokd Forkok
1960 5 % VECTDRDAG ROMTIHES
985 bR Ry R okl
196 5 NHi#: VECIOK X HRD Y COLRDINMIES
198 MUbUSE UFEHIE X, Y CODKRDIEHTES HND L IMIT CHECK
1964 5 NN Y - WROTUR PHCERY
193 Ho= M) as R}
19, (RN U= i Brek USED
1947 - NONAHRGO CTHIUS SEE S ORIBCY MIVED
1968 ;5 NOTFS:
1969 5 THIS MONITING IS WITH H O VECTOR PHOKETY, WHICH L UOKS LIKE THIS:
1990 evkeony * ¢
1999 sM¥TEx 0 (INTENIS s NHE o
1992
1995 % MR HAHGIC KRGISITHFK « VRIR »
1994 ; Rt
1995 x i & VEQUOK STAIUS & VKGTH)
199 ; » ’ ok
1997 ;o= w2 ¢ 11 PRSE * VKI)HE =
1998 i Mok ok g
1999 * (i« ELTA X * VDXL <
B ;x4 x * YROXH »
;m ; PR & ol
M2 ;o (h o X CUORDINATE s YR #
o X NS « ViH  »
Pl o I "
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139 140

DS x B7 F A CHEUKS MASK » VEXIHK *

i S

P @8 * DRELIH Y * YRl =

AR % B9 % * YHYH »

K LS

o kUH £ Y THRDINHE * WhA x

My . xUR % * VRYH = .
a2

M3 ok 00 £ ¥ CHOKS MIGK * VRYCHK »
P s CRNNE &4 ok

pati b

2uie PTIONS BY1E:

2817 5 BIT HEANING

e =

Faos o) ¢ VRO 1S HCTIVE

a7 B

P (CHECKS YR

P 2 KIT  MERNIRG

e o= e

oapd ;o POETANL (CHEOKS

A5 1 REVERSE CODRDINATES OH 1 IHIT ATIRINAER)
a6 ©OHKRGEEY HITATHED (TR

-~

~.

a7 5 OF THE VECTOK 1S HCTIVE, HND THE TTME BASE 1S "XNZERU
SR 5 THEN THE UPDETE COERDINHTE ROUTINE 1S CHULED FOR THE X
P9 5 HND Y POKTLONS OF 1HE FOCKET.

WEXK FDURMGER B MVECY:  SET PEMZRD, QY+CRFLHG) 5 SET Zkk0 HLHG

BEXY [NX Bt A, KIT  VRSHC), CIX#YRSIHT) 5 1S YeCI(R HETIVEY

wed: DML e 1D G Q¥4VIIHRY 5 HIMe BRSE 10 C

B6.t DgUAE UK 1D QOX4YRIIHP), @ 5 ZERO TIMF BHSL

geA FLvild, 4 I QY+CROLC 5 PRSS BACK T1HE BHOE

AeAN (R K] K 7

AL 79 Mk b HC

Al HY ey M A i 1S 11ME RHSE ARG

AL (R 3R BT ¢ i AT IF S0

049 SAHK0U DU 1D DEVRDX i HOVANCE 10 IS

WEAL (MY an b IXbE

WAl CItaath (184 (H HYRCID i UPDHTE FIRST COORDINATE

S I 6 1 L L LA LU LD Db, VEDYE =YREDAL 5 10 Y

e i TR Hiy X DE
JedA 5 BND BRI JHIG
M5 NHt: VECTOR COORDINATE
6 5 PURPOSE: UEDIE (F SINGLE COUKDINATE
By NN 1% = POINIER 100 L. 0. DELIA BYIE OF VECT(R PHCKET
Pt T C = 114k Bk
2449 B - LIS PHCKEY (JF USELD) .
X0 OUTHN: NONZERO STHIUS SET IR MO0 ION OCCURED
b S (SHOLD HE SET (N CALL, SINCE IV 1S NOT SEY BY KOWATHE)
HMee 5 NOTES:
de ;0 THIS RIUNDIME (PERHIES (N A SURSET (F THE VECI0R PRCKEY
o4 (BETNEEN L O DELTH RYIE HND CHECKS EE).
JES5 5 THE DELTH IS HDDED 0 THE COORDIMIDE TIHE-HHSE 1S
2956 ; IF OPTIOHED, LIMIT CHFCKING 1S DONE.  )F VHE (HECK FRILS
257 THE CODRDINFNE 1S SEY 10 THE LMY
2858 ; BHEN THIS HAPPENS, THE LIMIT A1THINED BT IS SHY

BESE BN fARY PVLCIC: PUSH HL

57 DSEML k0 LD b, QUXeYEDCH) 5 LOARD DELIA

PESH DOSFOR 206S LD E, (1X4YED()

BESh DAL PERy LD H (JXYRCH) 5 LOHD (OORDINATE

Be6A DIXEU: ViR 1D L QOXe¥R(L)
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141 142
B6h< 7C Japd ib AH i SRVE OLD CUCRDINATE FOR MINTON TEST
8664 41 2065 b &C
#eeh 19 766 WVECIL: ADD HLDE 5 HDD DELYA 10 COURD
be6e 16FD 67 DINZ MACTS-% i VIME-BRSE TIMES

2068 HAS MOTION OCCURED?

8658 K B9 P H
8669 R a7a R ZMNCTIA-S 5 JUP TN SKIP IESTS TR SU
Brek FDCHIRG PU7d RES  PSNZRDL (1Y+CRFLAG) 5 SE1 MOWED STHILS

"2 1S LIMIY CHECK WEdTED?
BAEF DUCHOGAG 787X MVCTIA: BIT  VRIIHT, (JX+VRICHK)

967« 2844 74 IR ZMECIE-%  ; WYECTE )F NOT
w75 PERORM LIMIT CHRCK
wern 7 76 b MK
w76 EX e EX (5 H
0677 46 g b H{H) ; LIBIT 10 R
#67s 13 2479 ING H
opee ; BRDLE SLIGHILY 1ESS THAN ZERG (HAE
067¢ FE(F ol y 7 i MIDPOINY BETREER 460 HND @
O67E 107 R JE NG MYECIZ-¢ 5 JUMP 10 FRIL OF 07
867D k& MO ¢ B 5 DO COMPHKE
867t <& a4 JR G MVECTe-s 5 JUKMP N FHI
B6Y 46 KT o) b B (HD : WPPER | IM)T CHECK
et kR ARG F &
Be W ey K CHVECI s 5 JUMP (N PRES
“egs 72 Jage MY INC ML
ey, KB LIMIT WAS EXCEEDED - SEY COCKDINALE H1 LIMID
wagS D7 eeh 1D (QE+VECH). R
BaKE DDRO LD (JXevkil), 0
8630 hO(EbADE P9 SET VECLAY, (JESVECCHK) 5 SET LIMIT HTITHLED
2896 5 1S MEVERSE BELIH (8100 SRT7
@RSt H4 a4 bd A i (LEMN UP STHCK
B2 DLiBBAE 2uh BIT VRLREY. [TX4VBCCHKD
By (R iy K7 ; 8 IF N
MGy PEVERSE THE RIMED
Hee. H e Ib Hb
e/ + ey (H
(L8 HieYd 210 b bR
S PRl b Ht
WE9R 262 CA.
w6 S 243 b kA
w4 1% MM ING D
W69 D7 M AU LD QX#YHXL )b 5 STORE AKX
O6HA DD M6 LD CIX#VEOCH), D
#oH« (9 Ha] M4 RET
e 22 MEE MCTC ING HL ; STEP PRSY LIMIT
[ 3N XA e EX (SP)H 5 WL = (TORDINFTE HGHIN
BEHE DD7SE? 190 WACTE: Lh  QXsve(1), L 5 STOKE KHCX (DOKDINHIFS
PERY Dhvdex 44 1D (IX+VECH), H
B6R: Hi P b V44 HME H 5 RESTOME LIMITS POINTER
B6HD DB 1% KES  VECLAT, (IX+VRCCHO 5 (LEAR RITRINED RIT
@er1 (9 44 R
2416 ; =
2437 i o« PHIND MECTHNGLE RO INE #
Fa b1 h ¥
2159 ; W% FHINY RECTRGLE
2926 ; INMN: f - COLOK HACK 10 RRNE
o Ve B B =Y Sz
Vs /B C-X8&
25 D = Y COURDINATE
o Vi B b = X CODRDIRATE
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a6 A2 MHINT: Xk He
B6bc (D4FHE: 476 CHL KELIAY
Bohe, bR bl X DEHL
BeH? (HF4 et ST 6H i UNHHGIC THE Gk Dok HDDR
86k9 D o Vo) 0N (MHGIC). A

Mt b L R

P Ks I Lb (URINAL), H ; PRIME THE S
86k FOME(Y M@ 1D E C(Y+(HR)
teHE 79 33 b R
bebt o x4 k(A
ey o Pa K KKCH
0601 k&Y P K1 HND XHH
@60 X a R4 INC H
L TN P K] b DA
Bely 35 A8 Wi DEC D
#eCe 287 2146 R OKWIZ-$
Hely <EHF 244 LD f tFEH
BECR (DECME 2142 (1 SIkIPE
e 186 4 R H-$
el 79 Hé4 WI2: b RC
[LILNE 2345 HND  UH
al 2446 INC R
@D 4 247 L CH
#elM [ 4R XUk H
#eh @ 2449 W1 DEC G
BEDE IRl 245 IRz MHA-4
#ehd oF 215 KR(CH
aehy o AN KkCH
HeDE (609 Po X HDD  H, $106iaet
Ml 16y Py R M-8
BEDE (DECUE M5S MP14: CHLE SIRIME
beks i 2456 XK H

2A5¢ RO FRL IO

JA58 5 SIRIPE PRINIER

09 5 HL - HDDRESS (F STRIPE H = DHTH E ~MHSK B = JTERHTIONG
HeH (T HoH 1 B o= (L ORRERED

Bk B 465 SIRiFE: PUSH H

ek (S el vy MUIH K

Gebd JoHHE ies L Qi O, H
GEFy SHEESE e 1D R (URIHA +4ktadl)
enk ik eh b GH
ek H PRk SiRPEC D A

GERC HE ALY Xtk (HD
f-bh K MeH iU

kb HE Sy K (HD)
bk 77 HArd b (H.H
poku o Tp! b HA

6HS (6 M HN  H EYTEH
o6k« 6F A I 1,H
Hek4 7C A b HH
BekY (Fun 47 HX fo
BhEY 67 76 b HH
feHE SeR Y e DINZ STipPS-4
#ekH (4 o ¥g M W

BeER H “79 PP H

ok 23 s NG H

@6FD Co ok K1

HMEC; oroorkrrckRkokokR
ME4L ;e HRIDF KUTINES *
2180 = ohkk
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g 145 146
2586 5 NNES: THE GENERAL CHLLING SEQUENGE FOR THE RRITE POUNINES 1S:
2487 ;5 INMD: H = PHITERN #DDIESS
2188 D = Y (DURDINEIE
89 E = X COORDINAE
2% B=YSizt
e L T C=XSIZF
A9 A = MHGIC KFGISTEK
A9 GITPUT: DE = SCKEEN HDDRESS USED
HH THESE ROUTINES ARE NESTED, FOR LXHAFLE WKIIK FALLS INTO
o b~ I HRITP, WHICH FRLLS IMT0 HRIT, KHICH PALLS TMTO WRITH
M9 ENkY: RRITE FROM VECTOR
29 i 1IN HL = PRITERN HDUMESS
298 1X = VECIOR ARDDKLSS
2499 (UYPUT: bE: A
2740 5 SIDE ERFFROIS: RLANK RIT SEY IN VECTOR STHTUS BELE
OCFE DD7ERR s MYRKDT: LD R CEXeVBRRY 5 LOAD MR
87¢. DOmaul: o b DXV 5 LIHD Y
a7 DDRRYE, Tl LD B (QX+VEXH) 5 LA X
g7u? DDCROUIFE 2pd SET  YERINK (IX#VESIHT) 5 SE1 BLRNK KD
285 5 ENIRY: WKI1E HFLHTIVE
U6 PURPUSE: HRITING RELHTIVE FRTIERNS
287 5 1M HL, DE,H
208 AT DE
79 NOTES: PATIERE 1S PRECERDED RY RFLATIVE DYSH AUEREMYS
i | (X FIRST, THEM YD HHD PHITERN S1ZE
aroR kS 213 MRITR: PUSH HF i SHVE MK
w7k e ¥ L ACHD) i GLY KEL X
e 23 KA K ING H.
e 83 °M4 M AE i RDD 1O SUPERIOR X
o7eF SF s ) b E.H
@716 & M6 b RARMH) 5 SAME STORY HOR Y
w744 2% Y [
a7ie g2 L] b A D
76 K4 M9 b DA
@714 & PP A
27 ENTRY: KRITE HITH PHITERN SIZF S(CHIE AP
e PRPOSE HRITIHG VHRIAELE SIZED PAIITFRNS
:’:’:’3 H INHI] H’ D6 H
o4 ; (NPU) bE
veen ) NG FIKST THO BYTES POINTED RT BY W HRkE THKEN
i S 10 K PHINERN S)ZES (X SIZE FIRST)
874n 4 SRR GHD i GV X Sk
979¢. ¢ ol N H
U747 46 Pz b K.CHD) i MDY
HriR &% ARG INC H
vesd S PNIRY: WKITE W)IH COURDINAYE (CONVERSION
AL R [T T HL, DF B H
FAXS O N T 1
BeIv b oA IR (HED MMHIHE 5o DO CORVERSN
RASAT AT HKUIE B0t E
LS 1 VAT Hi, HCOH B HEAYE
KA (A Dt = HRSULULE SCREEN HDDRESS
S T & 9 S MBI BIT MeRL OB 5 HAOP HRITE HANED?
071k 2UA; KAXs] JR NLRIRIFL-$ ; WRTFL 1P SO
078 (K 248 RIT  MEXPHD, fi i EXPAND R EDY
T B “743 JR N/, MNX-¢ i UM JF SO
. A2 5 DO NORMAL 7 HKTE
w704 £ ALK %K K

a7 5 44 BKT: MISH BC



67t D
et 47
orut: kbt
vt 42
47k b
#ret BB
67 @8
orer @9
7@ LR
74 (4
87 1S
8744 (9

875 kR
6736 (5
@77 S
a7t 44
739 1H
L TEGIRKS
o7k 77
areC 2R
ord 77
T RS
W 198
#rd1 u
u74: 2X
@vdx 74
frd4 B4
8745 K24
0747 @9
874t (4
#74% 16HR
a74n (9

B74C (RS
#74E 26
7ol fF
aryd (5
TN
“7a 47

[ raU AU EY
Bref. 4R
arny Sk
7hG PRYAUY
sk 12
arsl b
b bR
ar bR
et (4
@ed bR
a/ee {3
@ré SHQ
o76h (9

aves tR
8767 (%
6768 t5
8769 41
BreH IH

KL
KALTY
ALY
2008
LR
W]
ey}
e
MR Y
T
255
7756
KrnTd
7708
708
2o
Ko !
s 4
KA XS
&

KA S
2266
67
coe8
K 5
2
s
200
220R
AL
Kl
S
2
2278
el (]
2783
e 4
L
IRA
K]
JRE
k14
s
P
24
|
oy
AT
s
e}
b

Ko 1l
TR
249
R
244
A
HE XS

4,301,503

147

; HRIE

M3

M

MISH DE

LD HH i /FKD KEGISIEK B
LDIR i WRITE A LIHE
b DE)A i FLUSH THE SHIFIER
HE DE

EX DEH i HOVANCE 10 0EXT | 106
LD CBIEM

b MK

EX DEH

PR EC

DINZ M1-$ i LOOP IF MORE GOODIES
RET

EXPHDED

EX  DEH

PUSH EC

PUSH WL

I BC

L A (D)

NG DE

LD (HMH

NG H.

LD (HLLH

N W

DINZ 1A~

LD (HLK

NG H

LD (B

PO H.

b CBYTEM

HD HL K

PP KL

DINZ MHXd -$

KED

i ROUVTHE 10 HANDLE HLOPPED (ASE

MKTEL

RRFLY:

[ A

i RRITE
WX -
M

[, D

RIT HRXEND, H i EXPHNDED FLUMHED NRITE WHNTED?

JR NZLME-¢ 5 Jwe IF YEP
Xk A

FUSH KC

FUSH 1

1D HRH

LDl

DEC bE

e b

P PEHRELY

L k) H 5 PLUSHETH
PiE It

EX DEH 5 SHE RS NORM N (D
b LRYTRR

M HEL R

P DEH

(LI &8

DINZ b 5-4

RH

FXPENDED L OVPED 0L T

EX DEHL

MUK BC

MK H

b ®C

b H(DED

148
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- 149 % 150
grek 1% KK I bE
w76 77 1@ b (HMH
676D B 216 DEC H
grer 77 2wy LD (HMLHA
“76r 2K g DEC H
grvts 168 2369 DINZ MWXF2~¢
a7/e 7a 24 b (HMLE
YISO 2443 DEC ML
u7ed 78 29? LD (HE
675 B 2ux PP H
@776 ord 2354 LD CBTEA
o7ve B9 2445 D HLEC
o779 (1 246 e EC
@77 Sk 247 DINZ HIEi-%
877C C9 2348 REY ‘
2X49  ; NAWE: HLANK FROM YECTOR
230 PURMOSE: HLANK WITH IWFO LOHD FROM VECTOR
4 INAUT 1X = YECTOR
xR E = X SIZt
X <X S D= ¥SIZk
a4 NUIES: THIS KIUTIRE BLANKS 10 60
Ko I 1HIS ROUTINE JHTEREAGHIES THE BAUHNK BIT
26 AND REFRALNG FROM ELHNKING IF ROT SET
et IF 1T NAS SET, 1V 1S THEN RESED
8770 DOCRATYe PR MVBLHN: BIT  YRELNK (IX#YBSIHY) 5 1S BLANK RIT SET?
a7t (% X KT 7 i RUIT IF NN
@7t DhCHEIRE e KES  YHHLNK, (JX+VESIAT) 5 KILL BLANK RIT
0766 et Py LD H (IXVRIRHD 5 LOAD BLANK HDDRESS
Brey DhebED e 1D L, (OX+VROHL)
A8 DDORME?E e BIT MRFLOP, QQXeVBHKY 5 1S PLOP SET?
8790 #Hig 234 K ZMYELHS-$  ; JUMP JF NV
8792 7H KAL) p fE ; XSIZF 10 R
879 EDa4 b NEG i TS COHFLEMENT HND HDD 4
a7y « 2347 ING A
W7 4F KXES b (A
8797 BeFF 4 LD B GFFH
7Yy By 2340 HDD L, KC i USE 10 BRCK P SCREEN HDORESS
2443 INMHGIC THY BLHNK HDDRESS
a7 YAD ML HL
079 Ch4 KRLES ST 6eH
A790 @ei HEGTS b R i HSSIMAE B HNY Y00 ZERG
244N NH: RLRNK HKEH
Te i HIMPUSE: SEITING N X HORPGIOH 10 CORSTAND
ey INAD: H = BLHNK FDDRESS
P LT k= XSz
M C I b=y Szt
N B - DHIH L0 FHL NNH
@09 tow g ML 1D K RYIEML i COMPUE | HE NCHMENT
BrHi Y RS SUH
97rs 4F 2103 b A
7R 78 Mo ] b HKE i B = DHTR 10 F1IL NITH
O7RY¢ 4% 2Oh WEENL LD W
w7H4 77 2356 MAMNZ: 1D (H)MR
#7HS 3 557 IN H
67HE SPOFC K DINZ MELRNC-$
971 @9 269 ADD  HLBC
o7y 15 k() DEC B
7R et/ 2464 I NZ, M - ¢

o7H: (9 2462 KEY



R

oD R
arrE. 4k
o7HF 2
7RG 46
7Ry 2%
7R (HF2
O7RA
B7ES €O
B7KE D5
ke 4v
“7R3 FDia
97Hf ER
oTH: E4
o7eC Bk
U7EE 09
B7HF ER
ety (3
6703 16F2
B7Ccx (9

874
8705 H?
o706 (8
07(7 FH(ta?
B7CA FEeA
@700 s
a7(F (DEiur
o X
87Dy J6rG
w4 Fed7
8706 47
a7h7? 2%
70t FR
B7DY (Df
B7DC Chtswm
U7k 18kX

2364
2465
2366
247
2468
24689
2
2471
242
MEYLS
x4
2375
PAT(S
257
248
25y
21u0
248

a8
248X
24H4
28
247
230y
o
Ky
29
2395
2R
2394
KLy
2297
2454
&9
24¢0
2469,
2462
FLIX
2404
2405
2406
2407
24M8
2409
2446
2433

2412
2453
2454
2445
2446
2457
2418
2419
2470
244

2442
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i NeE: MSTORE HREH
i INAUT: H = SCKFEN HDDKESS TO KESTORE T0
i DE = SAYE HREA HDURESS
i NOTE: SIZES ARE LOADED FROM THE SAVE HEA
WeEST: EX DEHL
b C (R
IN H
LD B (H.)
ING H
ST b i MAKE SURE N FRE NOIHGIC
Ak R ‘
MRES14: PUSH KC
PUSH DE
Ltb B
LDIR
EX DE-H
FF H
b G RYTERL
Db H L BC
X DEH.
PP BC
DINZ MRESTi-%
K
i % CHORACTER DISHLHY ROIUTTHES *
5 NAE: DISHLAY STKING
5 MRME: MESSHGE DISHLRY
i INL: ED = X ¥ COODINAES
i H = STRING RDDHESS
; IX = F(NT DESCRIPI(R
HECUHIUN D,E HOERED S IN DISHHY CHRRACTER
i STHCK USE: 4 BYTES (EXCLUDING USE bY SYSHCH)
i EXPLATNATION: HS ERCH CHARHCIER 1S KROBIGHT N, 17
i V5 TESTED FOR BEING A L IST IERMINATIR ( CHAR = @)
i IF 1T DSNYT, DISHEAY CHRRACIER 1S CHILED BHD THE
5 TEST 1S KEPEATED HOR THE REX) CHARACTER.  THUS
3 A ML STRING 1S HANDLED PROPEML Y.
SIkHEW: LD R (HD i GE1 CHHRACIEK
MND A i B 1T A TERMINA(RY
REY 2 i WY OF S0
JP M STRA ; DISHLAY 1F MY FON
(¥ 64H i SWK IN STRING?
JKONGSIKDZ-§ 5 JUWP OF WS
STRDY ;. CRLL DISHLH i SHOW CHER
INN H i HNANCE 10 NEXT CHAR
JR - STRNER-¢ ; BN LUOP
SikDZ: D jeidsB i MHKE SUCK HASK
D RH
ING H
X DEHL
CHLL MAUCKS
CALL RELD

IR SIRNEW-# i GO HIER NEX) CHARHCIER

* (HARARCTER DISPLHY ROUTINE *

THAUT:

| A = (HHRACTEK
€= (PINS

152



o7ty (S
A7E2 S
A7E< DOES
o7EY A7
67t6 FHEDAY
W7E9 DD (pss
G7ED PG
ortF D
A7k FS
a7F2 (DArEs
O7FS (DFAMC
a7Fe ¥4
ury O
U7FH S
B7FC 18R
@7tk DhYeon
608 5F
@Buy 1640
L I L]
&7 DDAE
808 DbAsd
s 19

e
2424
2429
M6
2407
QA
2409
230
244
4
24
2444
2434
Pk
A
A
]
“Aai
2449
2AAD
2441
A4
445
2446
2447
2444
2449
2450
2451

2452
245%
24
2455
245
2457
2458
2459
24
2469

2462
2463
404
2465
2466

HARY

2468

2469

24

A

2472
2473
A4
2415
2476
2477
“Are
oAy
246t
2483

4,301,503
153 154

D = ¥ COORDINATE

; E = X COORDINATE

i 1X = FONT DESCRIFIIR

; (ONLY IF HLUTERMNE FONT USED)

; OnAn: DE UPDATED 1O FOIHT AT ReX) CRARACITER FRAE
i NOTES: THE (FTION BYTE 1S FORMAFD HS FOLLONS:
; RIS (WTHNS

; -1, (HF (OLOR FOR EXPHNSLON

; @~4 OH COLOR FOR EXPINGDON

; 4 (R (F110H

i 9 UK (PTI0N

i v FHL ARG MENY BRCTOR (H#3OX

3 CHOMFALIRRS BRYMEEN 3 HHD SRH. GHD BETRERN QIH AND 9H

5 HEE OTHIRRPRFETRD H- EHR CHIRHUIERS  (1HEY (HUSE TH-
poPTE e PERMECHHITED KY D OEND B 10 BE SPHOED (VRN

;O CHGRAEE FOSIT)0NS, HEERE N - CHrk HND. (FH

i CHIHCIFRS BETWREN 2BH HND VRH ERE THKEN BS KEPERENCES 10
i OTHE GYSTEM CEtGkD 0 X 7 (CHIWHCTER FONT,  CHARHCTEKS

i RETHFEN @Rt AND GRRH REEER 10 THE WSER SUPHL IED ALTERNHTE
3 CHERACIER FONT.  THIS FONY 35 DESCRIBED KY H FONT

3 DESURIFIOR 1AFLE OF THE FOLLOMING FORMA)

i ® B % RASE (CHURACTER YHILE =

i * 1 % X FRAME S17% *

; * 2 * Y FRHE S1ZE *

; ¥ 4 % ¥ FANERN Sit *

i
i
i
3 % 0k X PHITERH S1F (BYTES) *
i
i
b

; ® 9% CPHITERN THHE *
P k6 * HDDRESS *
1SHCH: FUSH RO
PUSH HL
PUSH IX
b A
JP WKDIS(H i WP IF YES
LD IX SYSENT
DISCHS: CF  28H 5 1S Ok € o?
JK NG DISCIR-¢ 5 JUMP DR NOY
DISCAA: FUSH HF 5 LOOK 0 SPHCE (WK
CALL NXTFIM
CHL FINMX 5 SIRE 1T RAK
¢ H :
DEC A
JK N2, DISCif-$
JK DISCHS-# i JUMP TOOEXIT
DISCIR: SUB  (IXHFIRASE) 5 SUBIRRCT RRSE (HAK
b ER
b D6
b H.4

Lh G (INHFTRYIF) 5 MKVTIRLY CHHRRCTER
DISCHZ: LD B (OXHF1YSIZ) 5 BY PRITERN 817
DISCHY: HDD  HL, DF



ottt 16D
16

o A
(S KL IR
BA6 DO 6S
@19 19

#R1H (DARRS
@D b
HELF [hAalid
w3 (5
O )
B Tl dns
2. k4
U bbb
HiH e
et (4
A O 074 3o
s &
683U FD70h
B8 JMC
680 M
8K, (DHApC
B89 bit3
B kL
(L |
“sD (9

8ed Fhveoe
4. a7
WBA? o7
R4 B6aY
@845
uB46 47
8847 H
#0485 37
6849 &
B84 166D
“R4C 47
“’4D C9

8B4 (DE6Y
a5 48
[ I
BEah FDhvFGA
B85: DhEHRM
ek 10FR
@85D FFHA
6864 7H
Bh? 44
X

7K
PAY
2484
Ag
2486
g
oAt
PhE
gy
2491
2agr
P49
PAYA
s
s,
g

SR
1%
Kl
250

e
X
M

NS
2506
ot
"y
2509
2510
#43

42
243
7514
245
2516
287
2558
549
&5
A
e
a2
224
2589
2506
527
g
&9
A
X

e
FaXe
e
XS
Ak
A
A
X
el

4,301,503
155 156
DINZ DISCH3-#
DEC
Jk N2 DISCH-$
LD Dy CIX+F1FTHY 5 HOD Y0 1ARLE STHRY
LD E QX+IP1L)
HD HL D
i COMPUIE POSITIOH MHERE NEXT CHUNTCIFR WORRLD GO
5 HHD CHVE
CHLL NXTREM i STHP COCRDINATES 10 NEXT FRAME
PUSH 1 i SHVE
L B (X IYSIZ)
DISCHA: PUSH BC
FUSH R
UH1 KkILIN
b H
1D GOXHIRYIE) 5 SR 10 MEX) LI OF PHTIERN
WD WL HC
PV RO
LD K QY+H)) ; HOVHNCE ¥ COORDINHTE
HWh HC
LD QY+(HI),H
DIN/ DIN(HE-$
POF e 3 RESTORE NEW POSITION
CHL FINDLX ; STURF DE BRCX JN10 CONIEXT
DISCHS: PO 1X
e M
P K
T
i SURKDUTINE 10 CONVERY ENLARGEMENT FRCIOR VO ITERFY JION COUNT
i I MIDE EYTE FROM CONTEXT SHYF ARER
i OHn K H = ITERHI TGN COUNT
DCLCIB: LD H QYHEY  ; GET MIDF BYIE
WM.(H
RLCA
AND B i ISILATE ENLARGEMENT FHCI(®
I R
Lb KA
XR A
S(F
DACHS: A AR
DINZ DCLCT-%
b B.H
RET
» SUBKOUTINE 10 UPDRIE COORDINATES 10 POINT AY NEXT CHERCIER
i FRAME:
; INPUY: COORDINAIES THIGEH FRM (RD, CRE IN CONTFX) BLOKK
i OUTHMIT: UDHTED COTRDIHFIES FETURNED IN D D &
; B = (1OBRERFD, C-EN HRGE FRCTOR COMVERIED
X1 CHLL DCICIR i GET TTERATION (UMY
b CE i SHYE
b D AY+HD)  ; G1 Y COORD
LD A QY+(HE) 5 GEY X CIORD
NXTFRS: HDD R CIX+FIESY) 5 HDD X FRAME ST
i OOENLHRGE VIHES
i PHSY RIGH DG OF SCREEN?

DINZ NxTHRL-$

P 160

K CNATHR £

b R

p BC
NXIERZ . HDD H, (IXHEIFSY) 5 YRP - ADVRINGCE VERY ICHL



#Re6 SErR
Bt H7
o86s
#3eK F
ehl (9

@ PhAREY
Bk enli
HRY1 bls
@RV Ay
s b
(LTS RET I
Wl": l‘i
B SR
A DYy
2 I T
6882 D
weas Fhrrie
8et? kel
B&tY 2e0
s @7
oget @7
o&ah BR
s A7
2
B89 B4
BEIX FY
6594 (B4
6696 F5S
@897 44
B&98 1A
g9y 13
a8%h 7v
88 X
@89 77
689 2%
68% 148
BEHE (M.
w82 Fi
BBHY 3
g6 <9
BaH7 o4
@8fe
esrY N
BA

63 (Dol
63 (D74t
B&te FL7HGR
XS
aeRY et
BRED FOEE
BeHE: (Distuk
“SHE Y
a8 €5
#RCA. DS

2944

A
W3
2014
ok
56
He o2
Ko otot
Y
Py ]
]
T
ety
St
Kelun!
PAR )
&
Sahe
Koy
PN
K'Y

by
2962
2564
P
2566
267
Kl O
2973

KT
P T4
e
2506
a7
KaTtd
279
Pl
']

a6
JORY
B4
23K
2586
87
2984
Pe
o4
259

Yz
2993
2094
i a)
2%
o097
Fedh ]
2599

157
DINZ NXIFRZ-4
b DA
Xk A
NXTFK®: LD E.H
KEY

4,301,503
158

i SUBKIUTINE 10 WRITE ONE LINE OF R PRVTERN MITH ENLERGE

i H EXPRD

i FHTRY: HL = SOUKCE  1X = PONT THELE

WRILIN: LD
b B#
FUSH 1%

b 1X6
Hb 1% &P
MIH 1%

(g JENL ]

10 HUH
(CHI® i DA
ID WG
T (GICH. R
LD K QYR
HD B

JK 7 WK%
KA

RLCH

EX DE:H
AND H
SKC HL,BC

SHC ML EC

b SPH
S &H

HSH A

b BC

b HCDEX
ING DE

b CHLH
IN H

b H)A
INC HL

DINZ WKL 2-%
SH C

FE

b H,@

AD K,SK

(b DH

b B

DEC @

J& N2, WKTLE-¢
5 NOW DI WRYTE 100 SCRERH
Wi AL DACTR
AL PELOHD

1D R (QY+(BD
ouT  (XFRND). R
HND B3O

k &8

CHLL KELTA

EX DEH
FISR i

HUSH BC

HISH DE

WL,

HRILZ:

K14

 CLE4FIBYTE)

.
’

?

i

CHPVLRE SYRCK POINTER

SHVE CHPIURED STRCK
Db = CHPIIRMED STHK
SV OEXPHRD 10 06, 11

SE1 B BLT

i GB1 CONTRIL BYIE

JSOLHE FN HRGE FMOONT
Juw 1F ZEKO

CLEAKR CHEKY RIT
COMAITE STHCK FREME S1ZE

SEIZE STACK SPiCE
PAGICIFY THE ADDRESS
GE1 SOURCE BYTE

EXFAND 1T
FLUSHETH

CHPTURE STHUX T10F HGAHIN

SET DE-HL
H& NEXT DEST (040

GO ITERATION COUNIER



(> E5
(&' 49
ei4 1A
ey 1%
we v7
BR7 2%
a0y v7
gy 2}
B%iH R
R L Fhybud
gt b
B oo
B <Vl
Bald 9
oY R
e)r 89
by 1
#8hy (4
B804 F4
wehk: b
BELD 1¢k¢
8enF DY
BeEs DR
B8t (9

684
6E4
B8tR
3
B89
s Le)
gy

25 ]
0HC
B9
69h
694
g9t
09
#9¢
834D

Wi
.

Jelf
26l

6
e
6
SRS
26l6
2ely
R
oo
ol
S

SR
g K
2634
2615
2646
647
2618
2619
260
264
262
261

2625
2627
268
2629
2636
2631
2637
263X
2634

2636
2647
%18
X9
ponly
2641
2642
2645
2A4
2645
2646
2p4Y
2pAR
2049
2650
2604,
K57
265X
26
2650
2656

159,

MRS

RN 6

5 MACRO TO GENRRATE CHORHCTER PHTIEKN THELE ENTRY

HUSH HL

th B C

(AU (D]
INC D

P (LA
WG H

I (LA
ING W

DINZ BRI S-$
D H YRR
HHD ¢

A A IS
b (HLE
Bt H

LD G BYIEM.
HOD HL, B
A1) 3

Pk K

e &

OUT  (MHGIC), H
DINZ WK1 4-$
o %
PP IX

3

+

’

:

i

4,301,503

1S FLUSHEAT NEFDE DY
JUEE 1 NN

STEP 10 REXT TN

KESTORF. STHCK

DEFCHR  MA(CR £, PR, 8C, £, 8¢, BF, 46

DEFR $H
DEFk 2B
DEFR #C
DEFR #D
DEFR #E
DEHR #F
DEFR $G
ENDM

i LARGE CHAERCIER SET (8 X &)

L KGCHK

DEFCHR (H, bouh, GOl ueiH, (o, GiM, GonH ;
DEFCHR G00H, B26H, GeiH, i, B2, aai, o
DEFCHR GS0H, G5AH, GR6H, GoiH, 0L, 06, GEaH
DEFCHIZ B4EH, BARH, GF TH, HatH, BFCH, GSEH, B4EH ;
DEVCHR 626H, 078, G2iH. 076k, @5, BFOH, HH
DEFCHE BOR, BCRH, 6 M, A20H, 0, useh, BigH ;
DEFCHR (450H, 6304H, i, B46H, BHEH, 90, 4e8H ;
DEFCHR GAOH, BAUH, GAIH, GiiH, e, duit, BapH ;
DEFCHR 63 @b, 620K, B6H, G20H, 20H, 026, 1 ;
DEFCHR 640K, B0, BeaH, G26H, B2, UaH, G4aH
DEFCHR GHftH, BREH, 670H, e, My, GRSH, wiad
DEFCHE G008, (0H, GPHHL (FEH, B, 20H, HioH ;
DEFUHR (i, B, dirH, Goit, BE6H, G20, M ;
DEFCHR B6tltH, i, tiiaH, GF tH, i, OAiH, Bid
DEFCHR G0, G, (il o, HotH, anit, 4hiM |,
DEFCHE (i, (OCH, 63 (M, (00H, diH, 620H, B
DEFCHR B70H, GEH, G30H, 0REH, (5EH, BRRH, M70H
DEFCHR 60K, (RUH, 420H, BZH, 62, 6G20H, H76H
DEFCHR @70H, Ga8H, (ieH, B70H, 42U, G20H, BFEH

SPHCE

NN e £ o—

+ % e~

1]

- x

Iy

- 160



XY
@9/
w977
g9t
[5dn}
89l
a9
(]
a5l
(L1

9% C
BhuX
e
" {1k}
g
BRiF
o
oD
B4
Pk
R4z
049

(. 174

oRfC
B/«
WH/H
oAk,
PREE
e

WD

11 2%

o9 (i
bRBH 20
oARt: b
i F&
GARD b
GARE 20

ot

4,301,503

16{' 162
o7 FOHR W70H, (6, YUeH, B, 0asH, U53H, u7ud 5 <
Py On DEFCHE @3 0H, (G, G50, H90H, BFEH, 01 0H, ki ;4
2609 DEFCHR GFEH, GEfH, GFOH, aeH, (00H, GRRH, 070H 5 5
pa f27 DEFCHR (COH, G, URIH, UF U, 38, UREH U70H ;5 €
2661 DEFCHE OFEH, GIEH, (0H, G20, D40, BAIH, bdH ; 7
S6be DFFCHE 670H, GRIH, GRGH, B70H, B3GH, B38H 670H 5 8
266X DEFCHR @70H, G34H, 6%0H, B7CH, votld, 610K beud ; 9
7664 DEECHR UA0H, AL BRiH, (b, BaEH, GR0H, e
PRES DFRCHE GRAH, Grobl, BO0H, GRMH, BROH, 00TM, 40 5
RIS DEECHE 6300, 68, B0 BR0H, AUk, 000, biH ;5 €
: PEFCHR G0, Hoi, UFSH, bett], BFEH, O00H, bl ; =
2668 DEF(HR GA6H, UMM, U3 (H, OHEH, B0, G20, B46H ; >
2669 DEF(HR @701, (ReH, Ui, (.M, 420, b, 620 5 7
670 DEFCHR (G70H, BGEEN, HRtH, bRHet BEBH, BR0H, 76H ; @
2601 DEFCHR G70H, HERH, GB8H, BF 4, 4atH, UGEH, GBEH & A
2602 DEFCHR UF(H, URKH, GRSH, BFOH, UREH, US3H, 6F6H ; B
2673 DEFCHR @70, (REH, Em, (eil, GBiH, OREH, B70H 5 (
2674 DEFCHR GF@H, RGN, 18tH, (HEH, BREK, BREH, BFEH ; D
2600 DEFCHK GUFSH, bie, R, BEGH, 6ROH, 080H, BHEH & E
2676 DEFCHR (FEH, (20H, BR6H, HEGH, BRI, BR0H, 68 ;5 F
Y4 DEFCHR G70H, (H0H, B4, Ui, 6S9tH, BREH, 678H 5 G
2678 DFF(HR HBCH, RN, BEUH, BFEN, BEEH, BREH, BB0H 5 H
2679 DEFCHR G70H, ¢t (0o, G, 6ooH, KoH, 676H 5 1
2640 DEFCHR HeSH, BOSH, GAEH, G6tH, Aestl BEEH, 670 ; )
681, DEFCHR GRBH, (G90H, BA0H, GUUH, BHEH, BA0H, BRtH 5 K
268 DEFCHR GR0H, BRUH, GReH, GRUH, 6REH, ba0H, BFBH ; 1
2683 D('FCHR ["IB‘KH, (‘l[lGH; m: lﬂﬂi% MJ H%H; H‘QHH H H
26804 DEFCHR GSHEL BORH, GREH, B96H, ekt BREH, 19RH 5 N
2685 DEF(HK GF&H, MEEH, (50, GHEH, BeBH, 68EH, GFEH 5 O
2686 DEF(HR oFiH, BSEH, HEH, o, UREH, 48, s P
268¢ DEF(Hie 6761, GRGH, BRUH, HetH, arit, 696H, BetH ; R
2668 DFFCHR GF O, BREH, GEEH. BF6H, bRiH, 90, 68t 5 R
2689 DEFCHR G76H, BeEH, G, B70H, BabH, G8EH, 6764 ; S
2659 DEFCHR GFEH, (oak, 620, w2iH, 0ok, B20H, Bk 5
269 DEFCHR BREH, (EGH, GEEH, BREH, (REH, 4B, UrEH ; U
2692 DEFCHR @SEH, BEAH, BREH, G50H, 050H, Uz, b ; Y
2693 DEF(CHR GREH, BHEH, BEOH. BHEH, GREH, BDEH, bW & N
2644 DEFCHR GRSH, (HRH, 1SAH, BU6H, B50H, BRKH, 6884 & X
6% DEFCHR GROH, GREH, B5AH, Wi, oz, 620H, B2 5 Y
26% DEFCHR GFEH, (e, B (H, 20H, BN, GRUH, BEEH 5 7
269¢ DEFCHR 70H, G4tH. Bdt, Gl BatH, B40H, 670H 5 1
269 DEFCHR GOGH, BR0H, G46H, G20, et tatt, aH 5 N
2699 DEFCHR (70H, (LEH, 610, @10H, thit, Bi6H, 670H 5 )
2768 DEFCHIC G20H, (170H, GREH, G20, W2AH, B2/0H, v 5~
2764 DEFCHK (6H, B20H, G40H, OFEH, Bt t2id), Gl 5
e DEFCHE 676H, B20H, G2aH, G20, BHEH, G7iH, 626H 5 DORN HRROK
oy’ X DEFCHR (eH, G20H, B16H, oF8H, 61, G20, (aH 5 RIGHT HRR(M
M DEFCHR G0, (5EH, BSIH, 420H, 65U, BRGH, Geod 5 MOLTIRLY
KT ) DEFB @

2706 DEFE 4

wra? bEFE @

2768 DEFR 6FeH

2709 DEFR 6

2714 DEFR o

2011 o+ LAY BYIE (F DIVIDE 1S ZFR0, WHICH HAPPENS 10 BE FIKS]
20112 kit OF ...
203 SHHL CHARHOIEKRS (4 X 6)

2744 SMLCHK
2045

DEFS G, GOUH, BO0H, B, bid 5 SPTCE



WRCA DDEA
(Rle X
@R/ DI

oy

M 48
BH(H et
ORLC IR
oMl @
o 7t
OHY. FDY70Y
a4 9

h

ey 2B
D 43
g T
oFD8 N
WY 2
DR b
Ok 52
wAC 3k
oD &
WOE 37
R R
e 39
oAty oA
Ot 34
-} X
WE4 <6
#RES 2
BREE
ety @
8EE X
BAES R
R o6
WALk 3
o
oRtDh b

et FR
133 s
s U R
UH L EH B
(HE S Ly

7657
R L]
AR
273
rrsd
a7y
2004

o
4
EFen

e
2021
28
209
i
o7y
e
273X

28
2146
27
2R
a4
2740
2144
214z
2743
2744
2745
2746
2747
2748
2784
o8
o
2
KR
2o
25
i’
Ky
2198
o789
2764

262
X
“réd
STES
PIRA
i
SRR
2769
S
Keet
a3
274
270
2716
20t

163
Mo 0P IX
B ()
FooaK

4,301,503

‘M,

SNHUE . CONVERT KRY COOE 10 HSCD)
SPURFOSE: SHME
PINAUT HKEY (OO
;IRTHN ;. HRSCY)
SHOW: TR E LOOKLE

FRUIYVALEN)

MKCTHS: ._
b GR
0 k0
1D HLKCIHIR
Db HLKC
L H (HD
ROG: LD C)y+(br). B
RET
KCIAIB:
DEFR 7 7 i SHHCE
DEFB ‘C7 i BULLET
DEFR HEH P HRKRUM
DEFB SCH  DOWN FRRUW
DEFR 27 i
DEFR ‘R’ iRFCH L
DEFB 57 5 STORE
DEFB 73 7 i LUS-MINS
DEFE ‘27 i DIVIY
DEFB 77/
DEFR ‘87
DEFR 797
DEFR 7% ; TIES
DEFR ‘47
DEFB 7S
DEFB 767
DEFR -7 H 01 L
FFR “4°
DFFR 727
DEFR ‘%7
DEFR 747 AS
DEFR 7&7 ik
DEFR ‘0’
DEFR 7.7 i PUINY
DEFB ‘=7 JEOURLS
i NFtt FILL HRHH
i PURPUSE CET MEGION (F SCREEN 100 CORESTRNT VAL LE
i INHIL: H o= DHIA TOFIED HITH
3 KC = NUMEEK OF BYIES 10 FILL
; DE - SYHETING HEDEESS OF KEGION V0 FILL
WL X DEH
WL 1D (H LA i STUFE BYTEH
(¥ ;WP W, G RC
AT O SRR
k1
NAMF KELATIVE 10 HESUAUTE
PURPOSE COCDINHTE CONVERSION
THAN E = X (TORDINATF

- we Wi Wl s

D = ¥ COORDINAIE
f = MHGIC KEGISIER VALUE 10 USH

164

S



o6 (Diroh
HRFS S8

Ot (DAFER
OFFL (12
BEGG FD7<4
0Bax FOvea
“Bn6 1809

B6a3 (DAREB
8ok Dl
et (9
BEUE G0
aeor

8814

oL

eBiE.

. A
et
oRD
R
oBsx?
o8
eB43.
a4

8RAE: EDRG
odD €Y

BBAE EN
084l EFFC
okh 6F
[
BN Eeie
8BSy K5
BRY FS
RS E6dn
kY 7R
BBN1 2R
. I M
oD (HHA
S 6
w29
ohb ¢ 4
w9
BReD M
wees S
wBe? 4
wHs 9
ore9 59

2018
279
2780
2res
k2
278%
2
2eh
Jree
2ra?
2068
2789
27
20
ayse
2793
Jr94
2095
27%
2
2rae
2799
2800
et
et L
2863
P
byl

2807
2608
i

2844
vl
JHIX
834
o
L
P Vg
Heat
819
el
s %)
R
Pl %L
a4
b ]
SH6
X6
P
7
2638
x5
o83
833

4,301,503

. 2165 166

5ﬁTPU'|: DF = ARSOLANE. HDDIESS

H A = MAGIC REGISTER 10 USE

i MAGIC ENTRY FOONT

MRELGER: CHEL RELIH
Jk  HeELHZ-$

5 NONMAGIC ENTEY PQIN

MRELAL: CH) RELTHL
T &b 3 NONMHGIC THE ADDRESS

WELRZ: LD (Ivs(HE),E  ; UWPDRNE (B DE
LD (1vHED,D

MFROG: IR CFROG-#

i MAGIC ENTRY POIND

KELYA: CALL KA
T  (MHGIC) A
REY

(KSIM2: DEFR 6 5 s CHECKSLM s
DEFS GEOH, BHEH, GHOH, OFFH, R
DEFS GAGH, G4H, BAUH, B40H, B4EH
DEFS GEUH, UUH, BEGH, B, GEMH
DEFS BEOH, B0, 6, (Z0H, 6EMH ;
DEFS GHEH, BHEH, OEGH, 420H, b2 ;
DEFS VEGH, GRIH, HEGH, B20H, EEH ;
DEFS OF(H, BRUH, UR.6H, BreH, BEH
DEFS GEGH, BOUH, GIUH, 66, BN
DEFS GEH, BRI, GERH, BRGH, bEBH ;
DEFS 6 (H, BAGH, BEGH, 626H, BEBH
DEFS (0, G4UH, (iGN, BAOH, GotH ; -
DEFS G40, 6EGH, GEBH, GEa, GEGH 5 RARLET

N TN B W RO e

i MOVE KOUTIRE
HiHvE:  LDIR
REY

3 SYSIEM ENTRY POINY FOR NONMAGIC ADDRESSES

KEL1AL: MUSH K
HND - GHCH i TOSS (N SHIFT HWOUNI
i LA i SHVE
b Rk i L1 X
D @ i ISOLATE SHIFT AMOUNY
R 1 5 CIMRINE NITH MR
FELTR?: MUSH t
HND  G40H i 1S FLOMPED RIT SH1?
Lh Ak
K ZKFLTAR-$ 5 JUMe OF NG
(M1 3 WEP - IWFLUE THE COORDINATE.
oD #1668
MLIRC 1D LD i H=Y
tb Hb
b H.H P ETH =Yt
b RLH
D H.H
b DH
bkl
b HLH P FTH =Y » 2
D H,H

b H, D 3 SETHL =Y = 48



ekA (B¢
8660 (Rt
B85t 360U
#874. 19

R B

R7< Fi
w874 EL
@ (9

eRve. (hrien
BKvY jtR

gt BS
(4 ST N )
R oRiy
kvt (b
ot m9
“rge
(&< (8
vEsd (Rt
R 2RI
s o
wes @
Rt oF
BRt:: oF
B Ee-
ot
w9

9% ES
w9l (S
BRY2 Bedi
wM (R

R3A
X )
“B36
e X0
SHCH
289
2BAN
AL

2643
2844
2845
2846
BAY
Prtsls
2844

2854
e
SR

i
2606
PcinTg
iy
HEA
e S
b
JREX
A

SRES
A
ey
s
RRY
SR
IR

e
287
2874
2875
876
e ld4
R78

2664

E
[ 3

m:
2883
2894
ftin)
HRR
487
a3

4,301,503
167 168

WA i H= X 4

N A

b F.A

b ne

D HLDE i H =Y*®48 + X 4
IF NHDWR-1 ‘

ENDYF

FX DEH

i NHE: KETURN FROM HACRO SURTUTINE sty
3 PURPIEE KETLASE COtTRe TO CHLLER ‘
5 THIS CODE MRS /STOLENY PROM RRELHES SINCE
i 1T DOES TH: STRCK CLEANUR THH HRET DOES
MEEY: PO HF

FE H

ke T

i ENTRY FOKR USER
JHXHIK: CRLE NNDR

JK o HRRUG-$
i NAE INDEX NIFHLE
5 PURMCEE LOAD OF SPECIFIED NIRELE PREYAVIVE 10 BRGE HDDR
; NN { = NIEHE HUMRER
; H. = BASE HUbRESS
;o wann: NIBRLE FEIURHED RIGHY JUSTIFIED IN R
;o DESCRIFTION:  BYIE = HIRRLER ST

;o THE FOW ORDER NIERLE OF H GIVEN RYIE 1S HDDKE SSED
i RY HHOEVEH NiBRLE NOHREK
¥HIR:  PUH R

FUSH K

b Ko

M

RO M, BC

b H(HD

PO K

K11 @€

JK 2 XHIBi-#

Kkki H

KR(H

WRCH

KKCH
XHIRS . HND  GFM

P H.

WET

NAIME.. STRE NIRtd b
PURMICE NIRKLE STORING (1)
TN : A = NIBHE 10 STRE
(= NIBHLE NUbBER (HS TN XHIED
; H. = BHSE HDDRESS
FUTKIE: PUSH M
PUSH B
b ha
S C

. e me we s



8EY6 @Y
o9y 3
089% (R41
“B9 ka9

Bl o7
wBaD @
o o7
o a7
B HE
Rl BEFO
eRAT 160
MRS
PEHC RO
ORAE fAE
w77
BRI EL
B (9

oRiLC S
“eHD 1600
#BHE (R
WERY (RIY
BER< 19
k4 Gb
wREY 2
(BB R
oY R
QbR (DFAGC
[{ SR Eie

BRED M
e 1600
wCH 49
&Y 7
w2 HD7res
WS DAY
L8 FDroA
BbCR (39

e
269
2&9‘?
2693
R94
2696
897
B4R
H99
2940
e o}
P O
7563
2504
T
S906

2%
&9
ol
2914
Plocs ¥4

2914
Pacrh)
96
oo Ve
s U
2919
a9
Yokl
s
po P44
e
2926
2927
2908
2929

e

7938
K Xed
o X
7944
298
7946
sa37
298

2946
2941
2942
294z
2944
2945

i

4,301,503

169 170
Db KL, BC
FOF EC
B 6C
J& 2, ATNRI-¢

H O CHSE - SHIFT 11

Kol
KCR
K.(H
K.CA
XK (WD ; NEAT COMHINE TRICK (SFE DD) MWF 76
) o i L9
JB PANED-¢

)

HMIRRL: 2R (HD Lo cHs

fH oFH

PUINEZ: XOK  (HD)

i
)
i
i

i

MINDH: LD EH

1D (H)H
MR H
KET

NAME © INDEX WOKD THILE (ROKD THEX)
PURPOSE : TO INDEX HH HidHY (8 DEFWS

THHAS: A IHDEX HUMRER (8-205)

H => THELE ENTKY @

(LUTOLS DE = ENTRY LOOKED P

H = FOINIER 10 EHIRY IH TRLLE

b DB

SH P

KD i DEs2
HDb  HL DE

1D B (HD

INC H.

Lo I (HD

Me R

STHEIE . CHEE BIHDLX

i

i
i
i
i
|

b HIOEL-¢ i JOIN ST(EE IN TNDEX BYIE
Nk JNDEX B THILF
PARPOGE THRE LOOKLP
INPUTS: A = INDEX NUMEER
(UTHUT A= YALLE OF BYTE
H = POINTER TO THAE ENTRY

INR: LD F.H

Ip ba

HO  HL DE

D A H)

LD (Iv+(H). A

MINDBL: LD (IY+(RH), H

i
i
i
i
i
i
i

LD (IV+RL),L
RET

NeME:  DISHLAY Tie
FURFISE . DISHEAY TIMF ON SCREEN
JNUTS: B = X CODND
D =Y COORD
C = SHF HS DISCHK (PTIONS EXCERY BIT 7 = 4
TO DISHAY COLIN AND SECONDS
OUTHITS: NCKE



“ece

6801 Dbt b
Bl Bedy
BRD2 HSEFAE
oS G5

BEDG FDUReakE
webx ChELoh
b ¢4

Bt CR79
o (8

bBts. FRH
oBE< [DEIM7
8BS oA
Bt AEDMF

R 78
8BL( Fe
o D
oHt} HH
oHt (s 4F
H (D7HR
o4 2007
OEf 6 (K78
oBH & 28U
eFH ke
el siid
OBFD (HRY
PEFF Conh
BBt Bt
a8z (624
oces (B
87 wRi
B9 Fesi
otk (DEsGY
o 79
e 1800
- K
813 140

47
o944
&949
Py
o

g
AN

Pn XS
2995
2456
o nT4
2958
o)
Plac 8
964

2963
%A
965
a3
2967
oo B3]
2969
2970
2974
e
ol &
294
e R
2976
97
2908
2979
e o0
s9eh
oL
Poc X
744
Pociin}
Par 2
P 14

o 0
e
g
2993
2994
PN

4,301,503
171 172

MDISTI

LD 1% SHFNI

b K4H

b H.GTHING

MEH BC

RS 7 (IYHHD)

(AL BCDISP

ME K ,

URAS

RET 2

LD H SEHEH

(HLL DISMCH

b &AM

1D HL,GISELS
i HO FRLL ONTO

i HAt DISHLAY KCD HUMBER
3 1N K = NUSEER DISHRY (F110NS
; = CHAHCTER DISHLHY OPTIONG
i DE = ¥, ¥ COUMDIHIIES
; H = MIMEEK HODRESS (MOTHS A LO BYIE)
; 1X = HOFRBTE FOMT (OF USED)
;OITHU DE. UFDHTED
i DESFRTETION:  THIS ROED M CONYRRTS BHCH RIBRLE TNIO
5 HSCTY RND DISHEAYS T THE MORMALLY TLIFGAL ECD
5 OVHUES HRE [ISH HPRD BS CORRS 2A THIAD 9F RESPECTIVELY.
S OTHE MINE R BISPLHY UPTIORS BYak S PORMAIED S HOLLGGE.:
;RN CRY IR TEHDIIG ZERO SURAHSSION HHHDED
P Bl 6 SET JE LSE (6 HOTFRRAER FOHT HEAED
i RIS 5 NUMEER (F DIGITS 10 DISMLAY (NOT NUMEER OF BVIES!!D)
DI LD AR i GEY ORVIONS
HID HH ; ISOLATE NOMEER (F DIGITS
RDDO: DHC H
KV M ; GUIT JF ML OR NO MOKE
b GH i SHYE
CHl ¥HIK ; T NEXT bIGIY
R NZBCUDI-§ JUMWP IF NONZERO
RIT 7.K ; 1S ZERD SUKPRESS ON?
R OZEDDI-¢ JMP IF N0
w C i LKST DIGN?
R N HCDD4-$ 5 WP IF ROY
BCODA: KES TR ; CLEMK LEADING 7HRO PLAG
D A6
HND B
b Ao
BOD2: BIT 6K i FLTERNRTE FONT?
K LEDDI-$ ;P IF NO
Ok HH ; YER - SFT TH: KIT
RCDDY:  CALL DISPLH ; DISHLAY THE CHAWR
W AL ; GET LOOP CUANIEKR 1IN A
IR RODDG-$ i RND GO FOR NEXT
DDA LD MY ; LEADING ZERD - HRLTE H SPRCE
& RCDDE-% '

3 NAME: INCREMENT SOORE

; PURFESL: INCKEMENT SCOME HRD CUMPHRE 10 EHD SCORE
iOINS: W -3 PLAYER SCORE LOW HDDR OF X EYIES

; (UTHIS: GSREHD (F GRMEE SEY LR MAX SCORE REACHED



BCIS eaeR
aCir S
«ie 7E
“Ci9 (60
oCiRk 27
aCiC v7
eCiD X
wCiF 22
aCo ike
AN 3]
Bt 2%
4 7%
0Crs G 8l
a8 (RiF
A (B
BC7H 1IF6AF
(2 0 L T UK
HC A

[ ol
Bl 2e?
¢ b
o0 MbRAE
Bl (hEF
[
(LGN
W R
oD 144
oCE 1t¢4

- %3]

L ICX K1)

44 Ik

o045 4C

8046 Sral
K

8C4H

0C4C 462
OCAE FE14
8058 26t
v Friz
WA 4
o

057 47454144
5k @

BCSC 4RSS
€Ceo o

Kio on)
oo
<Be7
KoLl
X669
Kl
Wi
wie
0K
KL L]
Win
iwe
w7
e
w9
R0
K]
Ry
e
R
WS
R4
R
W
W
gt
K LS)
K Ko

w34
KX
636
Wt
KK
s
w4
Ay
w3
044
ki h
w6
w41
wab
w49
1w
30
i
KL
>

t

8388

K]
6
W
64

S 173

MINCSE:

INCY O

M

(M P

SETHND:

KktHEHT

i N

LD

b3

PUSH H

b
b
DER
Lp

INC

DINZ INCLOP-4

i g
1K
1NC
Lb
BIT
RET
LD
Lb
b
b g
JK
K1
b
SE1
wF1
ILEH
£

DINZ CHL (P-4
Jk  SFIFND-¢

i FURMGE:
i SHY (I (MEX

Hom -

HOULTS:

M2
GMOVK

i % MM ROUTLDHES #

SYSAUK STRDIS

fl (W)
A1

(H . R
JK N2 (HPIT-¢

H

H
H
H

A (GHETR)
SR H

Z

DE, FHDSURE

B X
H (bE)
(H)

Z) REPERT-$

NG

L3
H

an

H , GH- 1B
GEREND, (HL)

4,301,503

174

JENDSCR = SCONE
P BHSSER D SCORE
SENDSCR € SUURE

HOLD PIESENT G SCORE UNTIL KEY HIT (R RESED

DEFR 48
DEFR 24

DEFB 6 e 66

DEFR (MIVR

SYSIEH HCTINY
SYSSLK SEHTRY

DEFM HEEYS

cK
JR
(kg
IR
LY

S\e

Z, W12

Kb

NZ, K1 Ye-$

6

DEFH “GHHE”
DEFH &
DEFM “(VEKR’
DEFB @
3 PR

i ook

NOLINE
N
M
WERL
HRSEH
MG
G

Eest
1LY
E@
25U
EQU
Ll
EQR!

9«
a

o -

L B SN

)

H

- W e W

-

i HCTIVHIE JNERRUPTS

WAIT FU& SUMETHING O HAPPEN

TRIGER (HANGE?
KkY HIT?

NO - KEEP GOING
S - RESEY

NIEER (F DISFLAVED LINES
NX1 FIELD

STRING ADDRESS

G0 TO ADDRESS



4,301,503
175 176

66 SYSIEN FIMER UP ROUTINE
B8 WHUGB  XBE7 PNRUF: LD R CFIRSIO) 5 GET FIRST CASSEYTE LOCK 10N

64 PHEX K (¥ @H i 1S 0T H UM
B66 (B iy ¥ A FIRSIC i JUMP DY IF SO
49 (EAF  3tr0 LD SPb, BEGHIM
AC6C w7 SYSSUK FILL. i (LEAR SYSTEM RfM
wek (Fak e DEFW BEGRAY
IR (] wre DEFH S
wre m ar4 UkFH 6
OC7C RO TS b (URINAE ). R 5 CLEHR SHIFYER
a6 D SU7e G H
aCr? CHCAF vy b VIO, R 5 CLERR YIMEOUY RATCHDOG
al/H R SYSTEM INTR(
(L F R4 DO FHSIC
ec it DO SEI0UT
an ¥ Ri 51 DEFR CHOLTNE #20-4
Ny wnz DHER 43
WCHy @& ELX DEFR 8
[ 851 AR DO COLSET
8Ct: Jath EiCin! DEFN MENLCL
oo a6 DO HCVINT
acesS w7 EXH
8t 13F ) ke b DE,GMSIR 5 “SELECT G HS VITLE
8(E9 Mie s LD HLFIRSIC 5 ASSUME MENY SIARTS TN CHSSENE
oceC W b H(H) i GE) FIRST CHSSETTE BVE
D 7« 9t I H
Bt FENS sy F S9H i 1S SENTItRL THERE?
ac%a ¢ w9 JX ZPHMPi-§  ; YEP - JMP
w092 AHsan  dua LD HLGUNLHK 5 RRONG = USE OHEORRD (h8LY
a9s WIS PHRUPT  SYSTEM HFNU i DISPLAY THE MENU
WmY7 ;N DISHLAY HENU AND BIHNCH OH CHONCE
@Be ;NN HL = MENU L1ST
w93 DE = MFNU 11ILE
364 ; OUTHMN DE = YITLE OF SELECY (! MADE
e DESCKRIFTION:
e THE MENU EISY 1S A LINKED LIST OF THF FOLLOWING FORMAT
43
364 » @ % NEX] ENTRY ¥
M ;o x5 ox *
ee
467 ; ox 2 & STKING HIDRESS  »
M8 ; o« X« »
K [ I
X416 5 * 4 x EUANCH 10 HDDRESS *
M1 xS % *
Ko L ok
3333 5 THIS EISY IS TERMINATED BY B WEXT ENIRY FIELD OF ZEROS
14 5 MAXIMUM OF EIGHT EHIRYS HRY BE DISHLHYED.
w7 £5 WiS MMENL PUSH ML
a9 S a6 PUSH H
w99 (s Giy CHLL MN(LK 5 (LEAR SCKEEN HHD THIROWOP 1 1TLE
oo 48 XYRELL. DE, 36,92
BCYF mawy 449 L BC 09 i INITIRLIZE ENTRY & RND COLOR
o2 DS et N PO DX i FIKST ENTRY 10 1X
o 7R Ks e b HE i SELFCTION NUMRER Y0 #
oCHe (6@ S D A, ‘@’ i HMAKF 11 f501)

BChY K P SYSTEM CHRDIS i HND SKOM 1



4,301,503

177 178

oCHY & KLY b R~ 3 DISHLRY DHCH
ik KL H SYSTEM CHRDIS
WOHD DDOGUE 4 LD H QX491 5 HL = STRING HDDRESS
OO GG o 1D L (IX#HSHL) ‘
et K] SYSTEM STRDIS 5 DISHLRY SELECTION
ks FeR g b e
WK, &2 K oD H D 3 TO NEXY | IHE
arks by RS i e
CES R0 K8 ¥ I k16
(Ol 64 GORLs K i HI FNTRY #
OHC Dfed e ID H QXMEHD & M = NEXT ENIRY HOLR
¥ DIXEMI g th 1, (X+L)
L7 ES a6 PUSH HL .
&Cx 7C KXY W RH
BC4 S FoN: K L
o0 MK g & NLMENS-§ 5 ND - JUMP EHX

46 5 AT THIS FOINI HL ~ 6, () = @
L7 9 44 HOD H, S i HL = SIHK PODNVER
aces 5 42 MENIC MIGH KC
Ho(Y wiet 43 b K e
et 3144 XKLL DE, 16,77 5 PEEDERCK ADDRESS
ac KU SYSTEM (£1MM 5 GET NMEH
acve. C1 46 P B
&2 7 1“4y D R i HOM IXES SHE 1LOOK?
D e 48 D A i ZEKD FNVERED?
B4 X 49 JK ZMENS-§  ; JMF IF WO
o6 RY u5a P K 5 1N RHIGE?
D7 o6 UM JK G HENK-£ ;I F SO
oy ¥4 G52 MEMS LD R Y ; DU ENTRY - SHON 7
R Wh SYSTEM CHRDIS
oD 189 54 R MEND-$ ;GO BACK FOR NEX TRY
DF £ HSH MENG: HE HL i THROW ON ENIRY HO-R
e M 56 HE Dk 5 RESTURE HEAD OF MENU LIS)
Oty 47 Y7 10 B.A ; MUMHER ENTERFD 10 B
6t2 B 56 MENZ: EX  DEHL i B = FNTRY FIK
eFY ¥ U59 W EM) ; DE = NEXT
ot 3 6w ING H
6CES %6 ed b D)
#CEE 10FH 462 DINZ MAENUZ-¢ 5 COUNT DORN 10 ENTRY
BEg 2% 3162 NG H
859 S 464 D F.(H) i STRING 10 DE
BER 2% K ING M.
BCFk 56 ek 1D DoCH)
#EC 2% ue? I R
@cED 4k 68 R B 5 G0 10 HDDRESS TO BC
8tk 22 69 IN H
aCEF 46 7 b K )
“CFe B3 7 PE H i HL = RETURN 10 MUACE
8CF4 + ure HE 5 VHRON OUT LD PG
“Fe (a KSYE: FUSH EC 5 PUT NEW PG (H SIHCK
aCF < ES KXy FUSH HL. 5 RND PUT BHCK DUMMY REYURN
BOF4 FO7404 X475 FINDLXG LD (IY#(HE)E 5 PHSS BA(K T1ILE HDDKESS
WF7 FD72BS  <dvé LD C(IYs(BD) D
aFK (Y arr KET 5 D GO KX

A79  NAE: GET PRI TIR

uew ; MMPUSE: INPUT (F PROGRAM OFT ] ONG

a1 “H = NUMRER (F DIGITS

uE BC = PROVPT SIRING HDDRESS

uex DE = FRA% VITLE HODRESS

e H = PHEHMEIER HDDRESS



4,301,503
179 180
5 DESCRIFTION:
; THIS KOUTTHE FKS THE USER 10 PERIER B NUMBER
87 5 FIRGT H MEH BRAME BS CREAEED, USING THE STRING
i PUTHYED BY BY D HS HOYDTE IHE SIKING “ENIFR?
5 1S DISHLAYED. FOLE D RY THE PROMPT STRING.
W9 GETNOM IS THEN CALLED YO TNPUT THE NUMKER.  FEEDRHCK
W9 5 18 PRIVIGED TH DOORLE SIZED CHERACTERS.
92 ; NOTE: % THIS KOUIHE USES THO SYSTEH LEVELS HND TH: HLIERNETE SEY

ATk S Y3 MRIP: PUSH 4 i SHYE NUMEER (F DIGITS

oFC kS KGR PUSH H

ad (S KGR PH BC

oCtt (%D 3596 (M1 MR

el 9y SYSSUK STRDIS ; DISPLAY /ENTFR’

b o KSR DEFB &

o4 20 Kol DEFR <2

o oy K DEFE 161B

oboe Brih K4 DEFW ENYSTG

o0us £ e POP H

0a9 K¥ X SYSTFH STRDIS ; DISPLAY WHRT 10 ENIER

ok S K PP H

e Fi K] PP AF

o 47 206 b RAH

06 CHF4 ke 0 ¥e ST 6 C i SET LARGE CHARS

aie ke XYRELL DE, 48,48 5 LORD FEEDBACK HDDRESS

1, X a9 SYSTFM GETMM i GET NUMKER

s @4 SYSAUK PRMS i LET USER KEFD 1T

i o K¥a) DEFE 4%

#wie 09 K V4 KET
XM3 ; SUEKOUMTRE 10 CLEAR SCREEN HGR MENU AND THROWUE T1TLE

@9 A M4 MNCLR: PUSH LE

#D1f Ko ] SYSSUK FILL

01C Bada e DEFR NORMEH

Wik Kkt ot DEFM {4xBYTERL

a0 48 DEFR 6

s Kes )l SYSSUK FILL

L DU 5 o] DEFW NOKIME M+ (53 #BYIEM)

w2 464D Kot/ DEFW (NUL THE-93 )%YiEM

oY e DEFR SHH

a8 B3 KLY FOP H.

“ws 224 YYRELL DE, 24,6 5 1ITLE

@0 e K] b bk

WX R SYSTEW STRDIS

W (9 KAl KET
@9 Nt GET NUMEER
2@ INPUT: B = DISNUM OPTIONS
@ G = (HRDIS (FTIONS FOR FERLBHCK
KX Db = (OURDINATES (F FEEDEROK HIEH
w3 H. = HODRESS (F HHFKE 10 STASH NUMBER
4 DESCRIPYION:  THIS B(ARIRE CHN IHPUD B NURKER HRUA
s EITHER THE EEYROERD R THE HIND CONIRU.  KEYRUGRD
R FHIKY PROCERDS CONVEHITONHLY.  GETHEM EXNS
©wa o MEEH THE BOUAS KRY DS PRESSED OR THE REGUIRED NUMEER
TR o OF DIGITS 1S BNTHRED

PLHPER (8 HAHD CONTROL MAY RLS0BE USED 10
; ENTER A ONUHEHI. 10 USE THIS (PTTON, ML THE TRIGER
H THER ROTHTE THE PUT ORI THE NERR YO WESH 0
KA MO FNVER TS SHIMN JHOOME BREDESCK HRIH P THE TKIGGER
; HOAINE 10 RFLSSTER THE BRIRY. 1R DERING THIS PROCESS
; IHE KEYROED |S UGED = BEYRUERD 1A WEEL OVERKIDL.



4,301,503

181 182
24N THIS 1S DO 10 PREVERT SOk BERED BROIE COREUSTNG
Lhe LHRKY LESKE.
wa. Iy @AY MGOIN:D EXX
WQ by Q4% CHY (AR i (TEMR THE. WMBEK
w0 4 KA b A i SFY 7bK0 DIGITS IN - M ERERLED
806 FOZEUY M WEINS: LD K QY+(ER) 5 ENTRY CIMMLEYE?
X Ko | Xk C
D3H F6sF e M GH
i 8 was KT 7 ; QUIT IF SO
W 2 XM 1D HLHGITY
€048 £5 KA PUSH HL.
€041 ¥ ) SYSIEH BAILED i KOONZE PHILE W R
- KA K4ad SYSSUK SENUY
@15 erdb K] DEFH HRIBHS
w47 w9 SYSSLE bUl
€044 ALh e DEFI! GHUMDO
eD4k: (9 Xl ke Y ; NOTHIM - LOE* (N SENTRY
ehic 26 GNUMDO: P SKVD, WGEETHS
oy 63 JuP - ST6, HEEINY
ehue XA b S, MGFIHK

65 5 ek NEXY INSTRUCTION MAKES GOOD LIST WWIMINALOR, SO He USED 17 <
X266 ;i TRIGUER ROUYTHE

EDSS (s X607 MGEINZ: BIT 4K i 61 TKRNG?
gy (& Kl 3] R 7 5 NO- TGHEE
enhs 72 68 0 RC
€y W Kz ne A ; FRE R BLETHDY IN POT MODE?
€ 28H Keils | JK LMGETHZ-¢  ; VEP - JUKP 10 EX)
€W (R79 kT g1l v.C ;PO LEGHLY
6. o @k RE1 NZ L U (2GS
GOt GEMF Kedd] L CGER i SET PN FLAG
&YS o POT KNI
GO 79 e WEMG b A C i GUIT OF MOT TN POT WL
a2 3C e I A
edex (B Koidt KT W7
379 HOW HECY DIGITS?
6 A DY e EXX 5 YO HORMRE. SEY
85 78 Kehl 0 Ak i SHHICH PIGLTS
eins Dy e EXX
8.7 FEGL U3 (KL i I R BLLY
g0y el wR4 1p &6
ED6R Zup K¥on JROZUGETHA-: ;WP )F GO (UESS
(b biedA Kego) 1D RiGh i WG
ey sic CH? O MRETHA: N R (POTE) i GEY CURKERT POT YHLLE
s Sr Kot 2dd b D.H ; R 1N
wre H- wHY Xk #
ab/e o 290 Ih EH
hrd 67 o Ih  HH
ohvo 19 ar WIS BDD O HL Db
(D7¢ (Hm Kk M R 5 HDD BVERY CRRRY 10 KO
s 2 e b
Oy 14 H Kt DINZ HELTHS-¢
(7 DY 8 EXX i BACK 10 RO, SEY
e v ot i (LA
(O 1694 (Al J I et
Y9 kbbb MsIEINE
CON IS KLU i TR TS {F R | ;PO Mt Y

Cotdr (g i AT 1728 S B FYREE SRR 11y o | o ]
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w3
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w97 19
809 (Y

99 (S
o D9
0% ES
st 8
009D 3
W E6E
Wi 1F
DRL DY
o0 4
0 AF
o4 47
80AS I
oD
s 4
W 9

OfA kS
wH: 78
D I
oDfD k6
Wi 47
#0bu
i1 BIéE
< ) TRGH
wh4 Jitk
bl (v

bl 4haphsah

oD (i

Xy HHY
80l Do
BhLe ri
o4 tin
o6 FEHD
o0t 194
BD{H 47054E 46

KL
KK (XS
sd
“in
o6
KL T3
KL L4
K&
KES 1]
X344

oy
8

4,301,503 )
183 - 184
CHL CLEWUM ' '
ING C SE1 ONE. DIGIT SO FAR
MGEING: SET 7.C i SEV POT LOCKOUY
SYSIEM KCIRSL
[ A ; FOUMLS TYPED?
JR O ZMETN-S  ; QLT JF FGAALS
AND  BFH
EXX
SYSIEM SHIFIU ; SHIFT DIGIT WP
WGETNE: PLSH Dt
SYSIEH DISHRM
; ENTER HRE FOR FOUAL OR IRIGGER EXTT T0 THRON OUT KETURN
MGETHY: PO DE
EXX i BHOK O NORMAL
K1

~-

i SUBKOUTINE 10 (LEAR NUMEER
CLARM: PUSH RC
EXX 3 10 NORMARL SET
PUSH H.
10 AB
ING H
D EH
KRR i LIEU HARP MEMORIFL PHTCRE?
EXX 3 BHCX 10 ALTERNATE. SET
b CA
xR #
b BA
L
SYSTEM FILL.
POP BC
KET

5 NAME: SHIMT WP
i TN ft = DATA Y0 SHIFT WP
; B = S)1ZF IN DIG)1S
; H. = #RER T0 SHIFT ADDIESS
MSHETU: PUSH HF

b AR

INC H

AND  EH

b BH

PE W
SHEH: KD

ING H

DINZ <M TUS -4

K1

ENISIG: DERN EMIER 7
DEFE 6
(M.:  DERH CAL
DEFN PEH
btER CHETH) i CHECKMATE. START
SCRL: DEFM B
DEFR FHS(H
DEFW SCHST
FHG: DERM “GUNFIGHT”
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185 186
vy €559 DLFk @
BODY 4RAG4SAT 6 PHCM:  DEFM “CHECKMATE
oo <364 DHFB ©
PO 4454047 62 PHNCALE: DEFM /CH CULATOR'
wE7 o X360 DEH: @
BFE 54249 (b4 FNOCK:  DEFM /SCRIKK ING
oF: W 65 DEFR 8
HOFC HAASACAS b GHMSTR: DEFM /SELECY GiHME’
Wik 6 67 DEFR 67H
et @8 168 DEFR & _
#Eua 58 469 DEFK &3
o, 80 376 DEFR S36iR
OEAC TRACYE X374 DEFM “(C) KHLLY HFG §9777
14 o Ky DEFR @
#15 QR END

TOTAL ASSEMELER ERKIRS = @

FITCH, EVEN, TABIN & LUEDEKA
135 S, La Salle St., Chicago, Hil. 60603

File 36897
St i 7 e UL DLOEFHRLER® HOME VIDEG GAME SYSTEM FAGE 1
St T St bkl VIO OFEROANL CUOMPMENT
e (I SN
| e 1719 H
TR AR B ) bl A INTY

Pe% I o e v dese SRR SEE R F R KR

VS e LN F DGR IDEUATES #
o H iR R e e R R R A R
b ;o LINE LGHT 2ACEGRUUNDG JOB

BRI SCLHE ST ING OF INITIALIZATION, FRE-ROUND DISPLAY.
ol ;o Mgl TDRING OF CONTROLS AND VECTOR DELTA CHANGING
L ; LEATH, FOST ROUND STUFF AND END GAME

i ECIUATES
LLNX EQU 3
Y EQu 2
RMX EQU 136
LEULX EQu 32
RELILX EQ 104

LEFT NUMBER X
BANNER STRINGS Y
RIGHT NUMEER X
LEFT BULLETS X
RIGHT " "

. e me owe m M e e e w

SO STMRX EQl 76 SUE TIMER X
OO SR X Efll 44 GET READY X
=000 1 GRY EQUY 1 "y
O nRX Exl 44 ORAW X
01 4 TCACY EqU zZ0 TGP CACTUS Y
OO0 TTREEY ERU  TCACY-S

MZAZY EQL 42 i MID CACTUS Y

OO
Lo0az REALY  E@U 70 i BOTTOM CACTUS Y
ETREEY E@U  ECACY-S

LCACX Eay 44 LEFT CACTUS X

RCACX Ecis 28 i RIGHT CACTUS X
ALK Eoty 76 ; CENTER CACTUS X'
ATETEY ¢ EQiy 72 i WAGON X .
COWX EQU  RCACX+S ; OTHER COWRBOYS WINDOW X
TL.INE EQt 10 i TOF LINE OF GUNSPACE
AL INE E@U  TLINE-1
L INE EQt 9z i BOTTOM LINE OF
>O017 BULLVEZ EQU 18 i BULLET VECTOR SIZE
0N GFVYSIZ EQU 23
RTINS I WaGYEZ  ERd 1R i WAGON VECTOR SIZE
On=x WINEND EfL S0 ;i TOF-EBQTTOM WINDOW EOUNDARY
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187 188.
TOFEL N EGU GGE#Z o TOF WINDOW LLINE
EOTLIN  EQd 00 i BOTTOM WINDOW LINE
LFRLLIN  E&d 100#Z i LOW PRIOGRITY FOREGROUND L INE
NEXT By -1 NEXT LINK FOR GUIEUVES

ARM STATE

LAST ARM PATTERN WRITTEN
LEG TIMER

LEG LINK

TIMER FOR COMFUTER CONTROL

VAR ECdt  VEOAH+1
VEOGRM Bl VEARM+1
VELEGT  EOU VEOARM+1
WL L EDU VELEGT+1
VECOPE  EOU VELEG+1
;o BITS

L S S

v RAPPENDIX B

: \

Viciwe el 0 i WAGON EILT

Ve Fewg s THONGE STATLER RIT
Vel b 4 s NOT MOVING STATHS
VELINT O pag i INTERCEFTED/DEAD =TATWLS

o 35 e 36 0 303 3 3 4 36 38 3 4 3
# SLUEROUTINES #
e 3 be 3t 40 46 34 3636 4 6 3 3 3 H
DzFLAY CLOCKE AND UFDATE CT4
L DI
SYSSUE DECCTS
LDEFE 100000008
Lo IX, FNTSML
LD A, (CT7)
OR A
R Z, DCouT-¢
- SYZEUE DTSNUM
DEFE STMRX
DEFE ESY
OEFE TIME
DEFE 42zH
ODEFW CT7
DzauT XOR A
OUT (MAGIC) . A
Lo (URINAL). A
EI
RET
i FIRE BULLETS
i LEFT COWEROY
FIRED SYSEUK SUCK
OEFE 11011100R
DEFW LCOWR
DEFW LEULS
DEFW BULVI+1
AR IORE~-%
FIREL SYSIUK SUCK
DEFE 11011100B
DEFW RCOWE
LEFW REULS
ODEFW EULVI+1

=R
]
-~
T
-
=
o~
~

ZORE: Lo A, (IY+CEBR)
OR A
RET 2
Lo A, (B i GET BULIT COUNT
R A
RET Z
Lo A, (HL) i CHECK IF BULLET IS AVAILAGLE
OR A
JR Z,20K~-%
Lo DE, BULVSZ i DELTA TO NEXT BULLET
ADDY  HL, DE
Lo A, (HL)
R A

N 7 70K -%
N
v TR (R e
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190
La - ooy
boefaatl BULCLET COUNT
LD A CEC)
DEC A
Ly (B2, A

LUE TIMFR IF OUT OF BULLETS

IR NZ, GERMASE-$

LI A, (CT7) .
R A

Ln A, 1OH

JR Z, STSEC-%

Lo A Z

LD (CT7). A

FLSH HL

FUZH IX

Lo A, (EC)

1.0 L. A

[N ] H, O

ADD HL, HU

ADD HL, HUL P #4

Lo [, BEY#2ZS6+REULX

EIT MRFLOF, (IX+VEMR)

LD A, 40H i FLOPED MR
IR Z,RITE~%

XOR A i NORMAL MR

i MOW FOSITION AND ERASE

RITER ALy HL, DE
EX DE, HL
SYSTEM RELABL
EX DE, HL
Lh B S
Lo [E. 40 i INC TD NEXT LINE
LFELF LD (HL), OFFH i ERASE A LINE
AL HL, DE i GO DOWN A LINE
LOFE [LINZ BELP-$%
S 100 LD 0o.o
YR OF (1] E, (IX+VEARM) i GET CURRENT ARM FOS
s LD H. D
Lo L E
ADD HL, HL P #2
ADDr  HL, DE i #3
LD DE, BULTAB
AL HL, DE i =» BULTAB(ARM)
EX DE, HL
FOF BC i BCS==IX
FOF  HL i BUL [STATI
FLIEH HL i SAVE FOR ACTIVATE
INC HL i BUL [DEL TIME]
Lo (HL), 1 i MAKE BULIT JUMP CUT
INC  HLU i BUL CDEL XLOWD
INC BC iy COW CSTATI]
(L INC EC i COW CDEL TIME]
W O INC BC i COW (DX LO)
- CIIELY . CALL FUTVEC
rAR TTING BC i COW [XCHK]
ING  EC i COW (DY LO)
ING  HL iy BUL. CXCHK])
Lo {HL), 1 i LIMIT CHECK
INC HL 5 BUL CDY LO)
CALL PUTVEC
FOF  HL ; BUL ESTATI]
LD (HL ), SOH i ACTIVE
SYSSUK BMUSIC
DEFW MSTACK
DEFE 00000001B i JUST NOISE
DEFW GUNSHOT
\ RET
i ITAKE A PISS BREARK
FISS: DONT PIZBRK ; SEE IF I CARE
oo MRET
i CONVERT JOYSTICKS
13 M 1414F Jayo LD IX:LCOWB
1: 156009 JR PJOY-%
LR DDTI7H4* JdOY R LD IX, RCOWB
i CONVERT  JQYSTICKS
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191 - .192
TRGY . LD G, CIX+VEMR)

{0 DE, 128

LT HL, 128 ‘

ZYSTEM MEKTD ; COMFUTE DELTAS
STHN LD (IX+VEOYH), H

LD (IX+VEDYL). L

LD  (IX+VEDXH), D

LD (IX+VBDXL),E

[ 00
115500
TO00

7

RET
FFROTL. LI IX, RCOWB
LD AEB ; POT MUST EE FLOFFED CUZ
CPL ; ARM 1S FLOPFED
F70E, JR FFOT-$
T 14514F FRPOTO: LD 1X, LCOWB
75 Lo A B
; CONVERT FOT AND STORE
FEOT ANDI  OQECH
RRCA
RRCA
RRCA
RRCA
CP OEH -
JR° NZ, KART-$
Lo A, OCH ; IF KNOE=7 THEN SET TO &
0N rOF EART LD (IX+VEARM), A ; SET ARM FPUSITION
[ RET
; LHECK IF BULLET HIT ANYTHING
[ it01 HITCHE: LD A, (IX+VESTAT)
Fted ANDO  0&O0H ’
I S O i CP 2Z0H ; CHECK ONLY IF ELANKED
FROF o JR Z.HIT-$
s 7 RET NC ; RETURN IF NOT ELANKED YET
& Do RO7SE 2 BIT VECLAT, (IX+VEXCHK)
I 4 RET Z
O 0100 ] Lo (IX+VESTAT), O i BULLET HIT WALL
nr=s0701 & LD (IX+VEXCHK), 1 i SET LIMIT CHECK
v R
O T TR T 1 L o, CIX+VEXHY 5 CHECK WHAT FART OF SCR ITS IN
! CH WAGX

JR N, HITL-$
Lo (IX+VETIME), 2 5 MAKE IT JUMP OUT
LI (IX+VESTAT), S0H ; RE ACTIVATE
(| HL, BULLMT
SYSTEM VECT
RET
HITL: Lo (IY+VESTAT), 0 5 BULIT DIES FROM WAGON ON
P RCACX
JR NC, HITZ-%
Lo A, (WAGUN)

OR A ; 15 IT A CACTII?
RET NZ ; NOPE ITS A WAGON
Lo E, CCALX ;o LoAD X

; ERASE QEJECT BEULLET HITS
ERASE Lo oL (IX+VEYH) & LOAD Y

1200 NNEAOR

1200 15 neEC 0
120F SYSEUKE RELARL
1710 &0 DEFE O
FT: EX DE, HL
TITI7EE LD DE, —41
SO0 LIt E. 0
ELOF LI A, (HL)
LD (HL)Y., B ; ZERO THE SCREEN BYTE
INC HU
OR (HL)
Lo (HL}, B
ADD HL, BE
JR NZ, ELOP-%
RET
HITZ: CF RCACX+S ; GUNFTR SAPCE

JR NC, DIE-%

(. E, LCACX

BIT MRFLOF, (IX+VEMR)
JR NZ, ERASE-$

Lo E, RCACX

R ERAZE-%

. T RO07 4
TOngE
1ESan
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193 194
TNCROO74 201 DIE: EIT MRFLOF, (IX+VEMR) ; WHO DIED?
FEor O 2, DLEFT-%
SN I SUCK
ru w04 11011101B
L1 AF POE LCOWE
R DO g
TOF 207 TAFS
NEAF O RESCORE
17260 O DIE1-%
4 @10 DLEFT Ik SUCK
on 711 11011101B
75aF 3 4 LDEFKW RCOWB
~4 K DEFE 100
2 OrF 14 DEFW FUNERL
AR 10 DEFW LSCORE
Connnai1os w1s DIEL: LD (IX+VELEGT), & ; SET FIRST CELL TIME
nnxs1z24 217 Lo (IX+VELEG), KIL1 AND. OFFH ; ??
NNZA0162 218 LD (IX+VESTAT), 068H ; KILL THE soB
NEroR e Ln A CIXHVBRYH)Y WHERE TO WRITE GOT ME
H R R 1 Y gy 8

ti ESa N TLINE+>
ik IR NC, DIE4~-$
Eac] ADD A, 32
224 DIE4 Lo oA i LOAD Y

R SYETEM INCSCR

By OEC  HL

w LD A, (HL) i FIELD

¥ CF G ; INC IF LESS THAN S
A ADC A, 0

P30 t.D (HL), A

*21  ; FLAY LDEATH SONG

FIZ LD H, B

jcic) Lo L.C

LD I1X, MSTACK
Lo A, 110000008
SYZTEM EBMUSTC
LI C, LARGZ

Lo HL, GOTME

DI .

SYZTEM STRDIS
SYSEUK FPAWS

LEFE 250

Lo Al
LoD {SEMI4S), A i SET FLAGO
RET

»44 ; FIELD PUTS UF THE CACTII AFPROP TO SCORE
%47 ; A=SCORE OF OFF PLAYER UPTO 6

@47, BC - ARRAY QF ¥ PUSITIONS

1RE FIF21E #4%  FIELD: LD HL, CACTUS i =>» CACTUS PATTERN
B4 FUSH AF

Lo A, 1000B

auT  (XFPAND). A

FOF  AF
CF 1
RET C
cP 4
JR NC, TCAC—$
CALL CACW
¥  TZAC INC EC
Y40 CfF Z
199 T 241 RET C -
199F ; PLHZ CF S
1221 ET JR NC, MCAC-$
12A% T} CALL CACW
1 Rt S MUAT CF 3
12AS i RET C
1902 7 4T INC BC
1200 © B EX AF, AF 7
17AR Wl LD A, 31H i ACTIVATE WAGON
1200 P70 Lo {WAGON) . A
19RO O ¥71 EX AF, AF
RN 272 CALL CACW
104 R ac] CP 4
N T 74 RET C
(O 275 INC EC




4,301,503

196
Lo HL., TREE
FUsH GF -
L1 N, 1100
Gy (XFANID . A
FLUF AF
CALL CACW
[ )
RET C
. BC
AW AF
DE
A, (BEC)
. a
Lo A: 8 i EXPANDOMATIC
12CE ZYSTEM WRITP
1900 0Ot FOF  DE
1201 Fi FOF  AF
1207 9 RET
+ PUT DEL X, Y INTO BULLET VECTORS
1ons 10 FUTVEC LD A. (DE) i TAEBLE fD LOZ
1204 77 LD (HLY, A i BUL [D LO1
1205 1 INC  DE i TAE [0 HI)
15T INC EC i COW [D HIZ
1207 INC  HU i BUL [D HI]
19T 1000 Lo A, (DE)
LI (HL), A
INC  HL o BUL [LO3]
DO INC  [DE i TAR [HI]
1004 INC  BC i COW [CLOJ]
1005 Lo (HL), 0
1 0E INC LEC i COW THI2
1007 INC  HL ¢ BLUL CHID
100E Lo A, (BC)
EX DE, HL
ALD A, (HL)
1011 EX DE, HL
1012 LD (HL)Y, A ;o BUL [HII=COW [HIJ+TAB [HI]
1O1z INC  DE i TAB (D HI)]
1014 RET
o DLINEWVSHT ZTART LR ROUTINE (ONCE FER GAME)
[N forl /7 1IN LY GLTRAR
[ T F A [RYAEE SE W MXLUR
171 o Lol LEFE =49H
128N FAGF LEFW ENDECR
12EF 21044F Lo SF, 3TACK
t2F 2 SYSTEM INTFC
19F4 . ] FILL
19FS 0O0F LDEFW STACK
159F7 .00 DEFW CT7-STACK
LE O LEFE O
1%FA jx] SETR
19FE OF DEFE Z##GSESCR
19FC FoAF DEFW GAMSTE
19FE oo SETOUT i SET UF GAME PORTS
139FF L& DEFE BLINE#2 i BOTTOM LINE - VERT BLK
1AOO N DEFE RCACX/74+0C0OH ; HORZ BOUNDS
1AN1 On DEFE = i INMOD
1607 ] COLSET
1AOZ 70 DEFW GFCOLS
1765 uln} EMUSIC i FLAY STREETS OF LOR
1A0A (rF DEFW MSTACK
L RALE= T DEFE 11000000B i ON VOICE A
LEAIRZENTINEE S 10as DEFW HOME
1AGE 1640 EXIT
POg1 I 2232
1043 5 ONCE A ROUND START UF ROUTINE
1033 j REEER
Ao 7 1004 ZTRND: oI
10T 104 SYEZTEM INTFC
Todd 5 INIT HANDLES, BULLETES, TIMERS
1A0F px MOVE
1810 T F OEFW CTS
1817 000G DEFW 1Z
1A14 "IN 1050 OEFW SINIT
1ol i CLOR EANNER
1R14 JOT FILLY NORMEM, EYTEFL#ALINE, OFFH
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197 198

i ERASE SCREEN

FILL? NORMEM+EYTEFL*ALINE, BYTEFPL*(ELINE-ALINE), O
i RESET VECTORS

FILL? STRRAM, ENDRAM-STRRAM, O
i BHOW SCORES

0o SUCK

LEFE 00010000B i IX

DEFW FNTSML

15

T

IDAI oo DISNUM
(¥R NIaaed DEFE LNX
O DEFE BSY
[OE DEFE TIME
(] DEFE OC4H i ZERQ SUFRS, SMALL
QOO DEFW LSCORE
] OISNUM
DEFE RNX
O LEFE ESY
1A=A OF 1n/u DEFE TIME
1N=7 74 1071 DEFE OC4H
1A NAF o7z WFFW RECORE
Pod ot HECE UK ENDY GAME
Ny Tota/a g} ALl
1A o 10745 L F W ENDGAM
1A=n L0774 TEXT GETRDOY, GRX, GRY, LARGE
tAaz 1077 EXIT
1AL AF 1073 XOR A i SET UF WAGON
1AA% ZZ2904F ln7¢ Lo (WAGIN) , A i STOF WAGON

i FLUT UF FLAY FIELD:
Lo A, (RFIELD)
Lo E, RCACX
Lo EC, RFTAR
CALL FIELD
Lo A, (LFIELD)
Lo £, LCACX
LD EBC, LFTAB
CALL FIELD
+ INITIALIZE @2 POINTERS
INITR LD A, LCOWE. SHR. 8
Lo (WRIT@+2), A
Lo (VECGQ+Z), A
i SBET WP VECTORS S0 CUNEOYS WALK OUT
LD IX: LCOWE LEFT COMEOY VECTOR
LI (IX+VBMR);IOH

NUMEER OF CACTIX

RIGHT CAC COLUMN
FOSITIONS TAELE FOR CACTI!
FUT THE CACTII UP

1A4S 001 4F

- .

1NA&E MMTE1ALAF
1ALNG Dh,Auulu

1ALE 2 1154F Lo HL, VECG

1A71 lﬁ ¢1D 1097 CALL COWINT

1A74 hﬂ'17H4F 1093 LD IX. RCOWB i RIGHT COWEQY VECTOR

7 1Oy LD ( IX+VEMR), SOH
1100 CALL COWINT
1101 LD A, (WAGON) i IF WAGON IS ON
1102 R A
1103 JR Z,MIDC-$
1104 LD IX, WAGVEC i THEN ACTIVATE WAGON
110% LD (IX+VEMR), 10H
1106 LI {IX+VEYCHK), 3
1107 LD (IX+VEDYL), 40H
1102 Lo (IX+VEXH), 72
110% LI (IX+VEBYH), TLINE
1110 CALL. ADDTQ
1111 JR BORG-$
1112 MIDC: LD A8
1113 OUT (XFAND). A
1114 SYSSUK WRITP i ELSE PUT UFP A CACTUS
1115 OEFE CCACX
% 1114 DEFE MCACY
s n- 1117 DEFE & i EXFAND
1AATT FTE 111 DEFW CACTUS

111% . INITIALI1ZE EBULLET VECTORS
1AAD 111700 11306 BORG: LD OE. EULVSZ

1AEBD DD LIS4F 1121 LD IX, BULV]
1AR4 G17004 1122 LD EC, 4%Z256+20H
1ART =FOZ 1123 Lo A2
£ 1144 EBULLF P B
SO0Z 1125 JR NZ, TIYU-$
1ART G0 1124 1.0 C, 60H

1ARC NO7 100 1127 TIvd Lo (IX+VEMR).,C
LACT TN=60701 1128 LD (IX+VEXCHK), 1
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i FIKE

; ¥EE
» LET C©
;o R
WALE:

i ERASE

;OB HER®
v PN
P I
RN A

i CHECK
LEATH

LFFF2

ERLRNL

4,301,503 %
200
Rut CIXHVEYCHKY, 3

Al IX, DE

LadblZ BLRGLE %
LI INVERKUFTS

Lo A, INTTEL. SHR. &

LD I.A

z ;i DONE 1IN MENU

LD A, LFRVEC. AND. OFFH
LT (INFEK), A

OWEDYS WALK OUT

SYSSUK FPAWS

DEFE 100

DI

LL I1X, FNTEML

SYSTEM INTPC

SET READY

na ELANK

LDEFE 18

DEFE =2

OEFE OFFH

XYDEFW {GRX/4)+4000H, GRY
TEXT DRAW. DRX, GRY, LARGE

x[n} CHRODIS

DEFE LEULX

DEFE ESY

DEFE BULT

DEFE OBEEH i BULLET
oo MCALL ;i 5 MORE
DEFW EBULRIT

€]} SIMCK

DEFE 0OO00001R

DEFE REULX ; DO THE RIGHT ONES
OONT CHRDIS ; DISPLAY FIRST ONE
oo MCALL DISF THE OTHER S
DEFW BULRIT

oo FAWS

DEFE 40

oo ELANK

DEFE 3

LEFE 2

[DEFE OFFH

XYOEFW (DRX/4)+4000H, GRY
EXIT

-

Lok DRITMG ROGIND

POMEE 1, SETE OVECTORS AND CHECHS BULLETS

aYrd kbl INTHC
Lo SENTRY
BEFW ALEEYS
[ DaIT
DEFW DTAR
EXIT

FOR DEATHS

Lk IX, BULVIL
(R LE, BULVSZ
LD B4

FUSH BC

FUSH DE

CALL HITCHK
FOF  DE

FOF  EC

AL IX, DE

Lo A, (SEMIAS) ; CHECK IF DEATH MODE

DEC A

JR Z, LOoP-%
[LINZ LFPFPZ-$
JR LOGF-%

EXIT
JF STRND
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201 202
[Iey EMNIMGAM: LI A, {GAMSTE)
10 EIT GSEENIL A
170 RET 2
1207 SYSTEM QUIT
1209 OTAR: JMFE SCT7, ENORND
1210 JMF SFO. ENDRND
111 RC ZFO, FROTO
121 % RLC SR, FROTH
1713 RC S0, JOYO
1214 R Sd1, Jovl
1715 MC SKYD, FISS
1714 RC STO, FIREO
1717 R ST1,FIREL
1215 RC SSEC, DCLOCK, +END
1000 BULRIT DONT CHRDIS
| IMING CHRIIIS
1. DONT CHRDI S
1 DONT CHRDIS
1: DONT CHRDIIS
1. DONT MRET

AR A2 L2 22 2 T T R N R
5 % GUNFIGHT WRITE INTERRUFT ROUTINE %
AR R 303 A S N

GFWRIT: EX AF. AF -
EXX
PUSH IX
EEGINT: LD A, LFRVEC. AND. OFFH ; ESTABLISH TICKS INT
OUT  (INFEK), A
LD A LFRLIN
OUT  (INLIN). A
LD HL, WRIT®& i GET FIRST WRITE @ ENTRY
CALL FIRST
CALL DELG i DROP FROM WRITE @
XOR A
LD (URINAL). A
EIT VBSWAG, (IX+VBSTAT) ; WAGON?
IR NZ, GFWRT1-% ; JUMP IF YEP
5 BUNFIGHTER — BLANKETH HIM
LD DE, 1405H i LOAD BLANKING PARMS
SYSTEM VBLANK i CALL BLANKER
LD H,LEGO. SHR. 8 ; WRITE LEG PATTERN
LD L. (IX+VELEG)
INC L i SKIP OVER LINK AND TIME
INC L
SYSTEM VWRITR i AND WRITE LEG
1250 i I's GUNFIGHTER DEAD?
1253 BIT VBSINT'(IX+VBSTAT)
1254 JR NZ, GFWRTS-%  JUMF IF sO
1255 LD HL, ARMTBL i LOOKUP ARM PATTERN
1256 Lo D, o
1257 LD E, (IX+VBARM)
1258 ADD  HL, DE
1% LD E, (HL)
1240 INC  HL
lue LD D, (HL)
Lits EX DE, HL
Lod SYSTEM VWRITR i WRITE ARM PATTERN
Lidkq LD HL. GFEODY i LOAD BODY PATTERN
Lamn JR GFWRTZ-$ i JUIN WAGON WRITE
L6t BELANE THE WAGON
1267 GFWRTL: LD LE, 1£04H i LOAD WAGON SIZE
1oAE SYSTEM VELANK
Laes LD HL, WAGPAT
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203 204
IS eiat 1070 OFWRTZ: SYSTEM VWRITR i NOW WRITE
10N b oan 1:71 GFWRT4:. LD CIX+VEOAHY, O
[ o S K A Lo (IX+VEOAL), E
1REEA 119AF GFWRTS: LD HL, VECQ ; AOD VECTOR TO VECTOR @
(I AN PN R R ] CALL ADDTR
T b | o ITX
TR "EX b, AR
e e EXX
10 Fu EIRE £l
1REEF 1 RET
1rrn ZTonlF GFWRTS: LD HL., NULFAT
IR O B B 4 JR GFWRTZ-%
H {i-#*#*iHHil-*l»*******Q##***#&%%*}*%***
;¥ GUNFIGHT LOW FOREGROUND ROLTINE +#
H ~l(~**il-%*&%*******%**************Q#***
JLre FT GFLFR: FUSH AF
SR A FUSH BC
no FUSH DE
= FUSH HL
ara FUSH IX

. BEUMF TIME EASES OF ACTIVE OR INTERCEPTED VECTORS

LR A N B 1 Lo HL, EULV1+VBSTAT

{TrE G0 (9] DE, BULVSZ-1

1TOL Ol LD E., 4

[t E AR €] CALL TEUMP

{rn INCG  HL i SKIFP LINK FIELD
1007 G0 LI LE, GFVSIZ-1

10T O LI E,3

IR N TR R CALL TBLUMP

LOOF TO UNWRITE,
FUT FIRST, A WORD TO CUR
XOR A
(] (URINAL) . A
Lo B. 4
Lo IX, BULVL
i UNWRITE THIS GUY?

THEN WRITE ALL 4 EULLETS
SHIFTER

WREL1: BIT  VEELNE, (IX+VESTAT)
R Z, WRELILZ-% i JUMF IF NOT
LI H, (IX+VEOAH)
LD L, ( IX+VEDQAL)
(W A, (IX+VEARM) i GET LAST MR
auT  (MAGIC), A
Lo (HL), OCOH i UNWRITE BULLET
REZ VEELNE, (IX+VESTAT) i CLEAR BLANK BIT
; SHALL WE WRITE THIS GUY?
WRELZ: EBIT VESACT, (IX+VBSTAT)
JR 7, UWREIL4A-$
LD - 0, (IX+VBYH)
LD E, { IX+VEXH)
LD A, (IX+VEMR)
SYSTEM RELAES
LD (IX+VEOAH) . D
Lo (IX+VEOAL) . E
LD (IX+VEARM), A
LD HL, NORMEM~-SCREEN
ADD  HL, DE
DIFER ECL  URINAL-SCREEN+NORMEM
Lo A, (HL) .
EX DE, HL
(R (HL), OCOH
: R A
1" : [ JR 7, WREIH 3-% i JUME IF NOT
Te L il tasild It LOACT, CIXHVYRESTAT) 5 KILL ACTIVE RIT
i DI EYR NS il SLINT, (IX+VEZTAT)Y 5 SET INTERCEFT BIT
100 [y Ot & WIS 58T VERLNE, (IX4+VESTAT)Y & SET BLANK EIT

; STEF FO ONEXT BULLET VECTOR, LOOP EACK IF NOT DONE

111700 WRELL4: LD LE, BLLVSZ

O RS ALDL  IX, DE

10001 DJNZ WREBULLI-%

1 ; GET NEXT FATTERN TO WRITE, AND SCHEDULE HIM

[ W B 1 1240 LD HL, WRIT&
fe s heldiLn 13241 CALL FIRST
| K AR Y 13472 JR Z, WRELS5A-% i JUMF IF EMFTY @
1ran 2E70 1 (] A, WRTVEC. AND. OFFH i SET FEEDBACK REG
1547 [non 1 oUT  CINFER) . A
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205, 206
1744 NNTFOE 1245 Lh A, CIX+VEBYH) i WHICH WINDOW TO USE?
{maT FF T CF WINEND i COMPARE TO WINDOW EOUNDARY
1CA7™ an Lo A, ROTLIN i ASSUME RBOTTOM LINE
trae ol JR NC, WREBULS-¢  ; JUMF IF GOOD GUESS
{ran Lo A, TOFLIN i WRONG - USE TOP
10 g WRELLS: QUT  (INLIN), A i SET LINE REGISTER
1 EI

5 LOOF THRU VECTORING THOSE DAMN BULLETS

WRELSA LD IX, BULVL
Lo E. 4
LD HL, BULLMT i HL = BULLET LIMITS TAELE
Lo DE, BULVSZ

WRELL & EBIT VBSACT, (IX+VBSTAT) ; ACTIVE BULLET?

tre P, 1A F

155
{rea LI SRRt A]
108 ldn Gl 7/E

10, S JR Z, WREBUL7-%

1074 SYSTEM VECT

107 L G7RE EIT VECLAT, (IX+VEXCHK) ; DID Y HIT EDGE?
1 i AR Z, WREUL.7-% i NOPE

REZ VESACT, (IX+VESTAT) ; DEACTIVATE BULLET
WREULYZ: ADD IX,DE
[LINZ WREBULS-$ i LOOP BACK

170 Ly Lol RE
L AR I R

irs LI B

i NOW FUT SOMETHING ON THE WRITE G
W7y - Lo B, 2 i MAX Z TIMES THRU
WL Aar LD HL, VECQ
LN AR S GVECT: CALL FIRST i GET VECTOR @ ENTRY
| R AT IR JF Z,GVECTA i JUMF IF @ EMPTY
LB KPS N X CALL DELG i DROF FROM VECTOR Q
VRET I | El

5 WAIGON?
LERERSRR NI RO IR I PO EIT VESWAG, (IX+VESTAT)

W o Ten AP NZ, GVECTS i JUMF ON WAGON
i DEAD?
EIT VEZINT, (IX+VESTAT)
JR NZ,GVECT1-$ . JUMF IF DEAD
ZERD VELOCITY?
Lo A, CIX+VEDXL)
R {IX+VEDXH)
0OR (IX+VEDYL)
OR (IX+VEDYH)
IR NZ,GVECT1-% . GVECT1 IF NONZERO
LD (IX+VETIME), A i ZERO TIME BASE
EIT VESNOM {IX+VBSTAT) i ALREADY STATIONARY?
JR NZ, GVEC3A-$
i SET STATIONARY LEGS 3
LD {IX+VELEG), LEGQ. AND, OFFH
SET  VBGCHG, (IX+VRESTAT) 3 SET CHANGED
SET  VESNOM, (IX+VESTAT) i AND STATIONARY
JR GVECZA-$ i JUMP TO ARM CHECK
i MOVING GUNFIGHTER
i VECTOR
GVECTY: LD HL» GUNLMT i LOAD GF LIMITS
SYSTEM VECT
JR Z, GVECTZ-% i JUMP IF HE DION‘T MOVE
SET VESCHG, (IX+VESTAT) i SET CHANGED BIT
RES VESNOM, (IX+VERTAT) ; CLEAR NOT MOVING STATUS
i NEED WE GO TO NEXT CELL IN ANIMATION SEQRUENCE?
GVECTZ: LD A, (IX+VELEGT) i A = ANIMATION TIMER
sSuUB C i SUBTRACT TIME EASE
JF P, GVECT3 i JUMP IF NOT COUNTED DOWN
i GET NEXT CELL
LD E, (IX+VELEG) ; GET LINK

[ R T R NS N =
LI | ot

) W ERRUIFEE B PR B
107 v aag
I Ly
 LIRESI ] % BRI
107 o7

100 POz
100500 T sy sg
JUOO ¢ v s

LR IFR I FTUTRIN S 1 5
LIt PR R AR R 1
Teab ddn ol é
N A F

LCRS Fam74p
1OFEs

10Ty ot
1010 Ofe BOLIF
IFea Bt i As

1Irea ety
1007
1703 Frintc

NN SR £ IR 2 Bt

o S P I LD 0, LEGO. SHR. 8 ; SET H. 0. PART

1 ha 1. Lo A, (DE) i A = NEXT

L ER T B R (e Lo (IX+VBLEG). A

1oy ot INC DE . i STEP TO TIMER

LI EL LD A, {DE) 3 GET NEW TIMER

1016, [te LG TIF SET VBSCHG, (IX+VBSTAT) ; SET CHANGED BIT
J IR TS EHE | GVECTZ: LD (IX+VEBLEGT). A ; STORE BACK TIMER

; N0 ARM CHANGE?

LR KT CRE R o GVECZA: LD A, ( IX+VEARM)

| KT PARTIN Iy (e (IX+VEOGARM) ; COMPARE TO OLD ARM
1ree JR 2, GVEC3E-% i JUMP IF NO CHANGE
10ES T vt [E SET  VESCHG, (IX+VBETAT) ; SET CHANGED BIT
[ X AR R I It Ln (IX+VEDOARM)., A

i ADD ITEM TO WRITE Q7
GVWECEE: RBRIT  VERICHG, ( IX+VESTAT)

PN N VIR S Rae
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207, - 208
R R BT 14 34 JR NZ, GVECT4~%  + YES GVECTS
JAZ1 5 NGO CHANGE - LINK TO VECTOR @
1t SRR 1 3 1402 LD HL., VEC&
TS et n 14 % CALL ADDTQ
LU I 1474 LEC B
10l I 1425 AR NZ., GVECT i SUB FOR DJNZ
TR 147+ GVECT4:. EI
TOETE : CALL STIMER
| I EURTI KL FOF  IX
1o [ - ; FOFP  HL
froc: 14320 FOF  DE
proel o 1431 FOF EC
EERI 147z FOF AF
1. 14703 RET
1139, VELTOR AND & WAGON
e 1 11 1A GVECTS: LD HL, WAGLMT
LI 1420 SYSTEM VECT
| O nAar 14.:7 LD HL, VECG .
1l 1! 10 1473 CALL DELQ@ ; REMOVE FROM VECTOR @
. B Lol PE 145% GVECTA: RES VESCHG, (IX+VBSTAT)
1. 1w 1440 Lo HL, WRITQ
o7 vrtaan 1441 CALL ADOTQ
R0 L B 1447 JR GVECT4-% i JUMP BACK TO QUIT
144% ; ROUTINE Ta EUMF TIME BASES OF VECTORS
thir 7t 1444  TELUMF: LD A, (HL) i GET STATUS
thens : [ E ) INC HL
P ot e tebas, ANLL ONAOH i ACTIVE OR INTERCEFTED?
tle, - ol [ JR L, TEUMPL-% i ND ~ TRUMEL
i ey 1493 ING (HL) i BUMF THE TIME BASE
[ I 144% TERUMF1: ADD  HL, DE
1074 10OFA 1450 DJUNZ TEUMP-3%
10 €9 1451 RET
1452 , SUBROUTINE TO DELETE ENTRY AT FRONT OF @
14952 5 ENTRY: HL = HEAD-TAIL., IX = OBJECT, A = CLOREERE
8 AR B 1474 DELR; DI
1hn LIWV/EFF 1475 Lo A, CIX+NEXT) ; HEAD = NEXT(QBJECT)
then 77 1454 LD (HL), A
10ZF N7 1457 AND A ; IS HEAD NOW NIL?
in7F 1o 1458 RET NZ i QUIT IF NOT
1NN 7 1459 INC HL ;' YES - SET TAIL = NIL TOO
1oz ~7 1440 Lo (HL), A
- 1 1441 DEC HL
1o~ v RET
10707 e COWINT - LD (IX+VEDXL), S0 ; SLOW WALK OUT
T s Lo (IX+VESTAT), S0H ; ACTIVATE
ITEr i d Lo (IX+VEXCHK), 1
AT Dol W Lo (IX+VEYCHK) . 1
tNAY L0l LD (IX+VEXH). 4
R AT R KRty Lo (I1X+VEYH), 40
thar oy LD (IX+VEARM), & ;i SET ARM STRAIGHT
1 KNSR R R e Lo (IX+VELEG), LEGO, AND. OFFH
; JP ADDTH
5 SUBROUTINE TO AFFEND ENTRY TO END OF Q
% i ENTRY: HL = HEAD-TAIL EBYTES, IX = OBJECT, A,0E C
1N L, 1474  ADDTO:  PUSH IX i DE = ENTRY
105 1 FOFP  [DE
1057 DI
1§ ST PIER o T Lo (IX+NEXT), 0 ; NEXT(OEJ)=NIL
1000 : INC  HL
1y i LD A, (HL) i A = 0LD TAIL
L T LO (HL), E ; SET TAIL = . 0BJ
H C0 ANDI A i WAS OLD TAIL NIL?
1000 Do JR Z, ADDTR1-% i JUMP IF SO
, NONNIL OLD TAIL, SET NEXT(OLDTAIL)= OBJ
tne. 14 LD E.A ; OE =  NEXT(OLDTAIL)
1ol 1 LD A, (HL) i A = 0BJ (FROM NEW TAIL)
1 1 " DEC HL
L Ik oEC DE
1he o l LoD (DE), A
1n I RET
I .+ NIL OLD TAIL CASE
10 ! Ll ADDTEY. DEC HL i BACKUP TO HEAD
L L 3=z LD (HL), E i HEAD = . QBJ
IS I 13 RET
1194 , SUBROUTINE TO FOINT IX AT FIRST ENTRY ON A Q
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209 210
145  ; ENTRY: HL = @ HEAD-TAIL
MLAE 5 EXIT IX,DE = OEBJECT, A = L. 0. EBYTE OF OBJECT
La=7 NONZERC STATUS SET IF @ NOT EMPTY

1ol 1 14%2 FIRZT: DI
tnse 1 1497 Lo E, (HL)
tnere o SO0 INC HL
tee o S0 INC HL
LI EPRE SN 1907 (] L (HL) i D= H 0O ADDR. RYTE
110 1 [T LDEC  HL
[RYEE 1 10w’y OeC ML
th Il 1405 L A E i E = HEAD OF @
1075 nr 1504 AND A
1n7a ns FUSH LDE
10775 NhF FOF IX
1n77 oo RET

i 33 336 4 46 3 3 35 3030 B S04 46 SR B0 E 3

i ¥ GUNFIGHT CONSTANTS #

R 2.2 21 222 233 2 8.2 803 32 22

URG ($+1). ANL. OFFFEH

tnrs INTTEL:
trere oo LFRVEC: DEFW GFLFR
[ R KR TR R WRTVEC: DEFW GFWRIT

i WAGON LIMITES TABLE
10 WAGLMT . DEFE TLINE
1t e DEFE BLINE-24

LR NS B S Bl GETROY: DEFM “GET READY”
GUNFIGHTER LIMITS
GUNLMT: DEFER ©
DEFE LCACX-17
DEFE TLINE
DEFE BLINE-Z0
LRAW: DEFM "DRAW”
+ BULLET LIMITS

AR FULLMT DEFB ©
. LEFE 159
e o 1 OEFE ALINE
1o ! 1 DEFE ELINE-1
| MACR #DX, #ARMX, #DY, #ARMY
1 OEFW #DX
1 DEFE #ARMX
1 DEFW #DY
1 DEFE #ARMY
1t ENDM
1re> 1 ELILTAE EN 768,195,768, 15
] 1940 EN 1024, 158,512, 12
11 175401 EN 1024, 15, 256, 11
1N 15} 2 EN 1024,15,0, 8
1A 1= EN 1024, 15, =256, 6
11 1491 EN 1024, 15, -512, 4
fra:? [T M EN 762, 1S5, -74683, 3
1ran i LFTAE: DEFS 72,22,44,47, 14
1w 117 RFTAE:  DEFS 13, 68,40, 13, 63
w7 - n 1570 GFCOLS: DEFRE 90H
PR 10 DEFE 76H
10F 7 4 ) OEFE OFCH
I R (RS ] DEFE &7H
e [t OEFE %0H
trar o Biatc] DEFE 76H
1Orn 7. DEFE &CH
AT DEF[: S7H
g Peade UM LEFS &, 6,0, 0, 0, 30H, 20H, O
1] 7 [ V2 O, 50H, OFH, OFH
007 Lad NLIME: EWl) OO00011LER i COLUR MASK
OO0 14599 BULT EcU OO00O1011E
=OD0RE : 1540 TIME EGli OQ0O1011R
=O00R 1541 LARGE: EQU  O00O01011E

20000 1542  LARGZ E&U  O000L100R

AR S 28 222 Ty e Y

15485 i % GUN FIGHT FATTERNS #
PRSI A A A R S
i



InOR
tnnn
1NN
tTFE 1
tOF =
1OF "
1R

IRE1 3
iner
1NFY
10FD
1NeE
tnFfe

fFoin
i, F
[IRERS
[EEERS

if

‘e
M

[

1LF

10F 1
10F .

1™

1NFAa
1nee
1.
IRC I
1
{0
1NN
1neEt
1

1F 1
ihis-
LF0a
1EO
1802
1EFON
1FOF
tFio
1FL>
1r1a
1F1%
1F1A

e
ait

§E70
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1mry

i
174
190770
T

!
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[
{
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; FATTERN TAGLES:

ARMTEL:

P TTERN DEFINITION MACROS

LEFOZ

DEFOZ

DEFO4&

TREE

AFMO:

ARMYL:

ARMIZ.

ARME:

ARM4:

ARMTE:

ARME.

LEFW ARMO
DEFW ARMI1
OEFW ARMZ
DEFW ARMS
DEFW ARM4
DEFW ARMS
DEFW (RM&

MALCR #A, #&
OEFE O#AH

OEFE O#HEH

ENDOM

MALR #A, #E, #C
DEFE O#AH

DEFE O#EH

DEFE O#CH

ENDOM

MAOCR #A, #E, #C, $D
LEFE O#HAH

DEFE O#EH

LEFE OHCH

DEFE O#DH

ENDM

DEFZ 1,17

DEFE 0OOO1000E
DEFL 000111008
DEFE 00111110E
OEFE O1101011E
NEFE GROO1000E
DEFE OOOO1000E
DEFE 00111100E
DEFE 011111108
DEFE 10101001E
DEFE O0GO1000E
OEFE 00111100B
DEFE 01111110k
DEFE 11101011E
DEFE 10G01001E
QEFE QOGD1000E
DEFE QOO11100E
DEFEE 10101110E
EFO4 0N, 0A, 2, 5
DCFOS 40, 00,
[0 L1, 00,
DEFOY 04, 00,
OEFOZ Q1, 00,
DEFOZ 00, 40,
LEFO4 0A, OA Z, 3
DEFQZ 50, Q0.
DEFQOZ 14, 00,
DEFOZ 01, 44,
DEFO4 OA, OA, 2, 2
DEFQZ 54, 00,
LEFOZ 55, 40,
DEFO4 OA, 7,2, 4
DEFOZ 10, 00,
DEF0Z 0%, 40,
DEFOZ 54, 00,
DEFGZ S0, 00,
DEFO4 OAs 6,2, 5
DEFOZ2 OO, 40,
DEFOZ 45, 00,
LDEFOZ 10, 00,
LEFOZ S50, 00,
DEFOZ 40, 00,
LDEF04 0OA, 5, 2,6
DEFOZ 00, 40,
LDEFOZ 01, 00,
DEFOZ 0%, 00,
DEFOZ 14, 00,
DEFOZ 54, 00,
DEFOQZ S0, 00,
LDEFO4 QA 5,15
OEFE OI1H

212



4,301,503

413 214
LA ) R 1443 DEFE 44H
tEAT g 1444 DEFE 10H
IEATT 10 1445 DEFE 40H
L S S 14494 DEFE 40H

1647 ; w%%# NOTE ##44#
1443 5 THE FUOLLOWING FATTERNS ARE CONSTRAINED TO EXIST ON THE
15495, PAGE. THE FOLLOWING “ORG” WILL DO IT FOR EXFERIMENTAL
A5G 5 PATTERNS ARE: LEGO, LEGL, LEGZ, KILL, KIL2

1an ORG ($+255). AND. OFFOOH i #ex TEMP
i 1403 LEGO.  DEFE LEGL. ANL. OFFH
“ LEFE 4

DEFO4 0, 0F, 2,5
LDEFOZ 01, 55, 00,
DEFOZ 05, 45, 40,
DEFOZ 15, 01, 40,
DEFOZ S0, 01, 40,

A DEFOZ 15, 00, 54,
AR taso LEGYT: LEFE LEGZ ANL. OFFH
CDEFE 4
LDEFO4 Z,0F, 2,5
LDEFOZ 15, SO,

) LDEFOZ 54, 50,
1465 DEFOZ S0, S0,
1454 DEFOZ S0, S50,
{407 DEFOZ 5%, 15,

H LIRSt N 3 e LEHE LEGO, AND. OFFH
’ LErl: 4

LEF D4 3, OF, 2,8
E'EFDZ Elﬁu ODI
DEFOZ 135, 00,
DEFOZ 15, 00,
DEFOZ 14, 00,
LEFOZ 0%, 40,

It LDEFE KILZ AND. OFFH
OEFE 20
OEF0O4 0,1, 4,13

' DEFO4 01, 10, 00, 00,

DEFO0O4 45, 54, 40, 00,
DEFO4 S5, 55, 40, 00,
DEFO4 OA. AZ, 00, 00,
CEFO4 OA, AZ, 00, 01,
DEFQ4 OA, AA, 80, 14,
OEFO4 OZ, AR, 00, 50,
DEF04 00, A3, 05, 40,
REFD4 09, 55, 54, 00,
DEF0O4 15, 55, 50, 00,
LDEF0O4 54, 55, 50, 00,
LEF0O4 S0, 05, S4, 00,
DEF0O4 54, 01, 55, 00,
DEFG4 10, 01, S5, 40,
DEFG4 10, 00, 05, S0,
DEFO4 00, 00, 01, S0,
DEFO04 0O, 00, 00, 40,
DEFO4 00, 00, 01, 40,
DEF0D4 00, 00, 00, 54,

EILZ: DEFE KILZ AND. OFFH
DEFE &0
DEF0O4 0,D, 4,7
ODEFO4 01, 10, 00, QO0,
OEFO4 45, 54, 40, 00,
LEFO4 55, T5, 40, 00,
DEFC4 0A, AZ, 0O, 00,

Tis
14

T

1705 DEFG4 0A, 23, 15, 01,
1708 DEF0O4 14, AS, 55,41,
1707 DEFO4 15, 55, 99, 95,
1708 CALTUS DEFZ 1,12
170w DEFLE 001000008
T 1710 DEFE 00110000B
' 1711 DEFE 00111000B
R 171z DEFE 001100008
121 DEFLE 10110010B
1FFFE 1 1714 DEFE 11110010B
1raa 171 DEFE 11110110B
1rea . L/71c DEFE 00111100B

1Meer - 1717 DEFE 00111100R



17 7

11 a4
17 e
1ras. 3 mar0
1ea
17 A v
LCor o
[ R B
(1o
1F14
IF17
tF1A
1F1n
1FZO
{FZx
1FTA

100 ' 1767
1760

17=n {7

17t 1/70

1raT 1771
1770

A IR EEN KR 2 | QAP

1F 0 {770

1 L7770

111N | IR

QT 1777

1Ak 1772

1FT0 {779
1750

VET: V7

e e nte VAR

I 1:9 ’

1R

1Mk

1FRA

1FRC

AFRF

1FCO

1

1FY CRenitF

1FCA

www.FreePatentsOnline.com

GOTME

NLILFAT:

G- 1oy

WAGHEAT

FLIDGA

MIZET

i HOME ON DA RANGE

HIOME

4,301,

503

LEFE 00110000B
LEFE 001100008
OEFE 00110000B
DEFM “"GOT ME”’

LEFE ©
LOEFE ©
NncreE
KT A |
BFod 0,0, 5,
EFQL 00, 44,
LEFOS 11, §5,
S, GO
2, Af,
02, AZ,
AA,
AA,
As,

(==
PRV}

55,
35,
s 4%, S5,
DEFE OlH
NEFE SSH
DEFO4 G, O, 4,
DEF L4 OO, 05,
OEF Q4 OO, 95,
DEFO4 01, &5,
CEFO4 0%, 55,
LEFO4a 15, S4,
DEFD4 15, S0,
DEFO4 15, 40,
LEFO4 15, 40,
DEFQ4 15, 50,
DEFG4 05, 54,
DEFG4 01, 55,
DEFG4 OO0, 55,
DEFO4 00, 15,
LEFO4 G2, AA,
DEF0O4 00, AA,
LEFO4 12, AA,
DEFO4 10, AS,
DEFD4 10, 20,
DEFQ4 52, AA,
DEFO4 10, 20,
BEFO4 10, 00,
DEFO4 10, 00,

LDEFB O

MASTER DA4

F

Q0,
1 0‘
S0,
0Q,
00,
e0,
00,
Q,
00,
S0,
S0,
00,
00,
00,

146

50, 00,
55, 00,
55, 40,
53, 50,
15, 54,
05, 54,
01, 54,
01, 54,
05, 54,
15, S0,
55, 40,
55, 00,
54, 00,
AR, 80,
AAI 00'
AA, 84,
ZAI 04!
g, 04,
AR, 85,
0%, 04,
00, 04,
00, 04,

VOLUME O%H, OH

RET

CALL M3ET
NOTEL 26,61
MOTEL 12, F1
NOTEL 13, E1L
MITEL 4, D1
MOTEL =24, E1
QUIET

i TAFS

Ta s

'NOTEL &

CALL MYET
NUTE. L J@, O

NOTEL &
NOTEL 15, C1
NOTEL &, F1
NOTEL E4, Al
DISIET

i FLNERAL

FLINERL

CALL MESET
NOTEL 24, AO

216
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R 218
1FC A NOTE1 18, A0
1R NOTEL &, A0
1FCA NOTEL 24, A0
tFre NOTEL 18&,C1
Wi NZTEL &, BO
DG NITEL 12, BO
10 NOTEL &, AO
1N NOTEL 1&, AC
18 e NOTE1l &, GSO
10T NOTE1 1S, A0
171wy QUIET
LRI | GUNSHOT OUTFUT 1SH, OFOH, OFSH, OFIH, OFFH, O, ZFH, OFFH, OEFH
1HE 1 LEGETA
17" 1 VOLUME OFFH, O3FH
e 1 REST S
1N 1 NOTEL S, 8FH
1F e 1 NOTE1 5, 4CH
1FIF 1 QUIET
=rrr 1 EQJ ¢
R T T2 T Y TR
i # RAM CELLS +#
R 22 2 % 2 % 2% 2 2.1 2
ORG  NORMEM+OE70OH
AR 20 DEFS 1S5S0 i ALLOW EBIG STACK
A STACK EQL 3 i START STACK HERE
LERE DEFS 1Z
I L g MZTACKE E®UJ  $
A g STRRAM EaU %
LI WRITO: DEFS 3 i WRITE Q@ HEADER
at1*. VECR: DEFS 3 ; VECTOR @ HEADER
A VECETR EQU %
A EULVE: DEFS EULVSZ i EULLET VECTOR 1
4F N BULVZE: DEFZ EBULVSZ ; BULLET VECTOR 2
A EULVE: DEFS EULVSZ ; BULLET VECTOR 3
Arar ELVA: LDEFS BULVSZ i BULLET VECTOR 4
Al 70 DEFS 1 i LEFT COWEOY LINK
A LCOWE:  DEFS GFVSIZ-1 i LEFT GUNFIGHTER
A 77 DEFS 1 i RIGHT COWEOY LINK
ay 7 RCOWE: DEFS GFVSIZ-1 = i RIGHT GUNFIGHER
ai 1 i WAGON LINK
ar WAV LD S TR WAGYSZ i WAGON VECTOR
AF 0 W Lol WALVECHVESTAT
=AFNL ENDEGAM EQ 3
FAFTIN LELRLE EQu CTS
DAFTIR REULS . EQU CTé
4FMm RFIELD DEFS 1
4FNT LECORE DEFS 3
AF A" LFIELDL LEFS 1
AF N RESCORE  DEFS 3
: LIST 3
S1FFEF LEND EQL LASTEB
AFAR END

sTOTAL A SFMBLER ERRORS = 2

SLENF =

$REW 7

TENMD N

%

$MOSTEE, HYGSYS, ASL, HVGLITE, USG, , MT1
$NES ST A%

4 N

ACXFE S0, N0
FOs HVO Y
EXIT

$MOVE ST, 5
SNOP

$EXE SED., NDOLOD
ASS ST LISG
FOS HYGL IR
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219 220

X1

$MNVE SI.7

$AVR CI.4

$ASS 7 MT1 3 SCA 4 SCE & L0 RAD NO
$EXE MOZTEE, LLMG

KMOTICOME 2—20 TR ASZEMBLER® HOME VIDED GAME SYSTEM
ADNR NRJECT STMT  LAEREL OFCD OFERAND CUOMMENT

[ LIST =

PRy I H Ju § 48 WO B 333
/-4 ;o HYLEYS
PR 3} ;e eI EIEIE
L ; w# MODIFIED TO CORRECT CALCULATOR BUG AND ASTERISK
447 ; ## AND INCSCR AND CLRNUM BUGS :
SODOE ma FPREUG CEou OSH ; POT FUDGE FACTOR
17NE : gL EQU  17DEH ; GUN FIGHT START ADDRESS
e s EQU 1328H ; CHECKMATE START ADDRESS
EGu) 10Z0H ; CALCULATOR START ADDRESS
EQU OE19H ; SCRIBELING START ADDRESS
G A B 336 3 H AR S B IS0
; % FOWER UF RESTART #
i **%%***ﬁ*%&ﬁ**#****i
ORG O
G O NOF ; WAIT FOR THINGS TO SETTLE DOW
Ooot T DI
O XOoR A
QG [ QT (CONCM), A ; #w## SET CONSUMER MODE ##d
GOcey L HO AP FWRLUF
ORG 8
; TRANSFER CONTROL TO RESTART HANDLER
OO O I G JP Z0O07H ; VECTOR OUT
T S N Ae¥ NUMEAS: DEFB 1CH
0 : &H70 OEFE 3CH
OOy 1 7Y DEFE 1CH
ConaE =72 DEFE 2ZOH
&7 ORG 16
OO10 0 0D LTS JF ZOO0AH i RESTART 2
Oy #7545 MENUCL: DEFE O&H ; MENU CULORS
O 1a b &77 OEFE OFAH
[RTRN R L7E LEFE O7H
[ lE N LT DEFE 6ZH
ORG24
oo A JFE Z00DH ; RESTART 3
. NI FALISE
P BRIV eRE: HALT # OF INTERRUFTS
;o heuT: o= B OF INTERKUFTS
DOLRE FR Pt EX
oDin 74 HALT
o010 10FD ODJuNZ -1
O0O1F O RET
R ORG w2
Gl 1 0 R NIy F01OH i RESTART 4

5 NAME. SET WORD

i (HL)Y=DE
DOFE 7 [RESERRTN LT (HL), E
ONA CINC HL

[0 BT

OO LT

[RE (HL), D
RET




00z

DOZR
OOTF

(STt

OOTE

e

[T

CRLEZ0

T D00

[

[aleled
oozC
OO2E
040
0044
0044
aoAa7
[alg¥: B
DOAE
0041
OOAF
DOAF
OGS0
0OS2
HO54
NOSS
0O57
[RIyH

OOSH
OOSn
DOSF
OOSF
OOLOD
O0&1
QD&

Cf5

) A0

DDES
FLES
FRz10000
Fhme

7F
117002
1¥
F

i
FLOEOO
[

er
37010
17
OGS

Lo narE

1 w2
LTS
ne
Freo ok
rrvron

HE B ARV I

ODLT

FACO e

221
702z
703

TO0

FART

R

T

4,301,503
222
ORG 40
JF Z0132H i RESTART S

COINIZZ Lo HL, O i ZERO OUT HL

RET

ORG 48
AF ZO0146H i REZTART 6

UMl DEFR O i CHECKSUM

TR

ITAE: OEFW MACTIN i INTERRUFT TRANSFER

e e m v e

DEFE 1 i ##% SYSTEM REVISION LEVEL

ORG  S&
NAME: USER FROGRAM INTERFACE
FLRFOSE: TRANSFER OF CONTRCOL FROM UZER TO SYSTEM
INFUT: ROUTINE # FOLLOWS INLINE AFTER R3T INSTR

IF L0 EIT SET, LOAD ARGUMENTE INLINE F

CUTRUT: NCONE
STACK USE: 12 RYTES TOTAL, 14 BYTES ON EXIT
SIDE EFFECTS: REGISTERS AF, BC, DE, HL, IX, AND OLD 1Y <AV
EXFLAINATION:

REGISTERS AF, BC, DE, HL, IX, AND FREVICUS 1Y ARE FUSHED
THE KNUMEER FOLLOWING THE R3T S6 INSTRUCTION IS USED TO
INDEX A JUMF VECTOR GIVING THE STARTING ADDRESS OF THE
SYETEM ROUTINE To CALL. IF CFTIONEL. INLINE ARGUMENTS
ARE COFIED INTO THE CONTEXT AREA. FOR ARGUMENT ORDERIN
ZEE INTERFRETER DOCUMENTATION AND AFFROF. TAELES
A DUMMY RETURN IS INSERTED WHICH, WHEN RETURNED TG BY
ZYSTEM ROUTINE, WILL RESTORE THE REGISTER CONTENTS AND
RETURN Ta THE USZER PROGRAM

i THL UPD HAS BEEN EXTENDED TQ SUPFORT USER SLFPLI
FOLIT TNES. IF THE CALL INDEX FROVIDED IS MEGATIVE
THEN THE USERS DISFATCH TAELE FOINTER (UZERTE) I3 US
NOTE THAT THE SIGN RBIT ISN“T ZAFFED EEFORE BEING
USED AS AN INDEX, THIS MEANS THAT THE USERS DISFATCH
TAGLE FOINTER SHOULD POINT 122 EYTES EEFORE THE FIRS

EX (SF), HL i RETURN ADDREZS TO HL

FUSH AF 1 CREATE CONTEXT

PUZH EC

FUSH DE

FUsSH IX
FUSH 1Y
Lo ¥, 0 i POINT 1Y AT CONTEXT
AL IY.SP
Lo A, (HL) » LOAD OFCODE
INC HL
Lo LDE, RETN i DE = RETURN FOINT
RRA i SUCK WANTED?
JR C, MINTO-3% i JUMF IF YES
INTFE: FUSH HL i SAVE PC
FUsH DE i SAVE DUMMY RETURN
Lo HL. SYSDPT
RLCA
Lo E. A
LD D, 0
RLA i USER TAELE WANTED?

JR NC, FUSH1-%$
LI HL, (USERTB) i YES - LOAD IT

FLESH1.  ADD HL, DE

LD E, (HL)
INC HL
LD 0, (HL)
FilZH DE

Lo H, (IY+CEH)
Lo L, (IY+CBL)

RELD: LD b, (IY+CRIXH)

LD E, (IY+CBIXL)



OOLF T

OOEF UE ]
37
nO7 4
OO77 TLaraa
NOTN

[ N R
[T

el N

[RAN L "
REIRES]
NI (I s
v o
0l L
O
QUi B
OO COEeE00
OO%N Ml
oo 77
OO AT
OCTE T Ay QA
OOA LDAND

223
TTE FUsH
g FOF
774 LD
773 DELODAD: LD
7T Lo
;7 RET
] . MOME:
FARIS! [ R A
st TINE-LIT

X STNACE USE:

SamNFaR

g

S

BRI I R

L

fON NN N NN N N N N Y e
SN DOUECE

EXFLAINATION:
HRGLMENT TAELE

SHECIFIES

THIS MASK 1S FORMATED AS

4,301,503
224

DE
IX
A, (IY+CBA)
o, ¢ 1Y+CBOY)
E, (IY+CEBE)
; CALL VIA RETURN

MACRD INTERFRETER
INTERERETING SEONENCES OF “YSTEM CALLS
ANDRESS OF B3TRING 1O INTERFRET PASSED ON
NO INCREAZE IMN DEFTH
IF CETIONED (EBIT O OF CALL INDEX SET) TH

(MRARGT) 15 INDEXED GIVING A MASK WHICH
HOW TO TRANSFER INLINE ARGUMENTS INTO THE CO
FOLLOWS:

*vﬁ—*********ﬁ#**&**##**&***%******

5

i

i

5 BLOCK.
i

;

;

;% 7 o Lo®
j

= % 4 # 3 % Z ¥ 1 # [

%%‘cﬁ**%***{i%%******%***#*********#

 H o# L %

i ARGUMENTZ

(COMITING LNUSED ARGUMENTS,

A% IXe B # C % D # € #

S 44 36 3 3 3 3R 34 6 3 ST A S FEY T2 Ll 228

MUST FOLLOW THE CALL INDEX IN THE FOLLOWING
CF COURSE)

{INDEX ), IXL, IXH, E, v G By A LH

THE

NOTE THAT

FARAMETER

| INSERTED ON THE STACK.
THEN ENTERED AT
TO THE CALLED ROUTINE.

;1T WILL COME BACK HERE

ROUTINE MAY RECUR BACK
w# THE UFI HAS BEEN EXTENDED TO SUFFORT USER FROVIDED
SYSTEM ROUTINES
EY THE INTERFRETER.
DEER MACRD ROUTINE ARGUMENT TABLE 1S INDEXED FOR A

o gE IN (UMARGT), (LUMARGT+1).

1S SAVED AND A DUMMY RETURN 1s

THE UFI DISPATCHING ROUTINE 1S
WHICH EFFECTS A CONTROL TRANS
WHEN THE CALLED ROUTINE RETURN
TO INTERFRET THE NEXT MACRQ INS
15 REENTRANT, THEREFORE THE CAL
THRU HERE, IF IT FEELS LIKE 1T

SIMULATED PO

“INTFE",

THIS ROUTINE

IF A NESATIVE CALL INDEX 1S ENCOUNTER
AND “SUCK INLINE” IS OPTIONED, THE

THE ADDRESS OF THIS TABLE IS ASSUMED
THIS FQINTER SHOULD

MASE.

. FOINT 44 BYTES BEFORE THE FIRST REAL ENTRY

, 1.E LD HL, USERMT—-44 ; WHERE USERMT FOINTS AT
i Lo (UMARGT) » HL
MIWNTFC: FOP DE ; DISCARD DUIMMY RETURN FROM UPI
RENTER:
FOF  HL ; POP OFF FC
NAME: MCALL

i FLIRFOSE:
i INFUT:
;o NOTES:

LD
INC
ZRL
LD
FUSH
LD
EX
LD
Lo
ER 9
NI
kb
AL
Lo

MMOALL

MINTO:

MINTL:

FOF
LI
Lo
e
AR

MINTZ:

i NAME:

CALL

. T, (1Y+CRC)

cALL INTERFRETER SUEROUTINE

HL = ROUTINE ADDRESS

ROUTINE MAY EE CALLED FROM MACHINE LANGUA
ANDTHER INTERFRETED SEGIUENCE

STACK DEFTH INCREASED BY 4 BY CALL’

A, (HL) ; GET OPCODE

HL

A

DE, RENTER ; LOAD INTERFRETER DUMMY RETURN
DE ; SAVE DUMMY RETURN

C,A ; INDEX TO C

NC, MINTZ-% ; JUMP IF NO LOAD WANTED

e, HL

B, 0O

HL. MRARGT , LOAD SYSTEM ARG TARLE

(‘-- A ’ -

2, MINT1-% i JUMF IF NO

ML, {UMARGT)

HL, B , INDEX TABLE

E, (HL)

MEICEL ; CALL SUck ROUTINE

DE ; OUMMY RETURN TO DE, HL = PC
A C ; GET CALL INDEX EACK

B, (IY+CEE) RESTORE CLOEEBERED REGISTERS

INTFE-% i JOIN NORMAL UFI DISPATCH SEQU

ZCK INLINE ARGUMENTS
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OOEN 7™
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OORN Oo05
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OOF= Nirin g
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Oifn=
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¥ PURFDO

OUTFU
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N LCE

SE:

INFUT:

T:

i EXFLAINATION:
i IT Is USED BY THE INTERFRETER AS WELL.
» INLINE LOAD MASK
i A ZEROD EIT MEANS
i TWO ENTRY FOINTS ARE DEFINED,

THE OTHER FOR THE INTERFRETER TO USE

4,301,503

226

TRANSFER OF INLINE ARGS INTQ CONTEXT BELO

E = ARG LOAD MASK

(SEE INTERFRETER COMME

HL = UFDATED PC

MACRO ENTRY:

SYLOFT.

i

i

THIS ROUTINE IMFLEMENTS A MACRO LOAD INS

A ONE BIT IN T

MEANS TRANSFER THE NEXT INLINE BYTE I
“ADVANCE CONTEXT ELOCK FOINTER”

ONE FOR THE SUCK MACRO I

RETURN ADDRESS TO HL
FOF OFF PC

### REFLACE WITH LD HL, REENTRY

i

i

i

i

FOF  HL
FOF  DE
i #RE BYTE SAVING TRICK
INC HL
FUSH HL
FALL INTO ...
MLUCEL: BIT 4,.R
JR Z, MSUCKZ-$
LI A, (DE)
INC DE
Lo (IY+CEIXL), A
LD A, (DE)
INC [E
LD (IY+CEBIXH), A
MELCKZ: PUSH TY
FOF  HL
INC HL
INC  HU
INC HL
INC  HL
REZ 4, B
i THE FAMOUS SUCK IN LDOP
MEZIICKS: SRL B
JR NC, MSUCKS-$
LD A, (DE)
INC DE
LD (HL). A
MZLUCES: INC  HL

ADVANCE TO REENTRY (MINTO)

IX LOAD WANTED?
MSUCKZ IF NOT

LET HL = 1Y
+ 4
KILL IX BIT

MSUCKS IF NOT THIS TIME
GET INLINE BYTE

STUFF INTO CB
EUMF CB POINTER

i #% THIZ CODE ASSUMES THAT STATUS OF “SRL‘ IS PRESERVE

JR
EX
RET

NZ, MSUCK3-%
DE., HL

i
i

JUMF BACK IF MORE TO DO
HL = PC
THEN QUIT

R i L e ey
TAGLE #
i R R U R 6O 300 A 3

oo L] ROLIT INE

DEFW
DEFW
DEFW
DEFW
© LEFW
DEFW
LEFW
DEFW
DEFW
DEFW
DEFUW
DEFW
DEFW
LEFW
DEFW
DEFW
DEFW
LEFW
DEFW
DEFW
LEFW
DEFW
DEFW
LDEFW
LEFW
DEFW
DEFW
DEFW
. DEFW
DEFW

MINTFC
MXINTC
MRCALL
MMCALL
MMRET

MMIUMP
MSUCK

MACTIN
TIMEY

MUZSET
MUZSTP
MSETUP
MCOLOR
MFILL

MFAINT
MVWRIT
MWRITR
MWRITP
MWRIT

MWRITA
MVELAN
MELANK
MSAVE

MREST

MSCROL
DISPCH
STRNEW
BCDISP
MRELAE
MRELAL

AORESS

RELAB1
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Gron
O1en
[RE RN
Gl
L I I
(R A
o1t
TR
o1
T
0117
(Rl
[
[ I
O
ot
A

) A

()
Ot 1

Ot 70 el

(% B
(e} B4
O .5
O =)

QU

O1ZF
0141
0147=
0135
0147
0147

GLAR S

N1A¢
G1Aan
014F

01aF

015
0151
o155
[ I
0154
01575
Nyss

(1} RvHH
D157
D150
015
O15C
ai1an
aotsf
[ RSt
Gyl
G1aA0
e} Sy
0O1eT
Ot ~Aa
a1+

.

[
i
[T
o

ISR

JCC
7EOZE
410¢C
AN
00
4007

i

'

MRARGT :

LEFW
DEFW
DEFW
LEFW
DEFW
DEFU
DEFW
DEFW
DEFW
DEFW
LEFW
LEFW
DEFW
LEFW
LDEFW
LEFUW
ODEFW
LEFW
DEFW
LDEFW
LEFW
DEFW
LDEFW
NEFW
DEFW
LW

DEFW ¢

DEFW
OEFW
DEFW
DEFW
DEFW
NEFV
LEFW

4,301,503

MVECTC
MVECT
MECTAS
MENTRY
MDOIT
MOITB
MFPIZEK
MMENU
MGETP
MGETN
MFAUSE
MDISTI
MINCSC
INXNIR
FIJTNIDB
MINDW
MINDE
MMOVE
SHFTU
ECDAD
BCODSB
ECOML
ECDDV
ECOCS
FCTING
A
VIMG
NGRS
ZNEGT
MRANGE
MQUIT
MZETE
MIETW
MMTD

i

i

SENTRY
DoIT

FIZERK

i FAUSE

+ DISFLAY TIME

il

4

.- e ww.

NG SCORE
INOEXN
STOREN
INDEXW
INDEXB
MOVE

MACRO ROUTINES ARGUMENT MASK TAGLE

FORMAT:

3646 3 3635 36 35 50 40 3 4 36 36 36 3 36 35 35 30 36 30 38 6 3445 36 3 396 36 3 4
# 7 % Lo # S % 4 8 3210w
B 36 4 36 3 $6 40 3635 $ 36 36 36 236 4 36 30 6 35 030 904 H 36 3 9 56 3 %
¥ H # L # A # IX# B « C # 0D % E #
135 30 3 4 36 4 36 35 3636 46 3 3530 36 45 36 30 36 3 96 340 3 4640 38 3 6 3 4 3t

ARGUMENTS MUST FOLLOW THE CALL INDEX IN THE FOLLOWING
COMITING UNUSED ARGUMENTS.

{INDEX), IXL, IXH,E, D, G B, A/ L H

LEFE
DEFE
DEFE
DEFE
LEFE
DEFE
LEFE
DEFE
DEFE
LDEFE
LEFE
CDEFE
OEFE:
DEFE
DEFE
LEFE
LEFE
OEFE
DEFE
LEFE
DEFE
LEFE
DEFE
LEFE
DEFE
LEFE
DEFE

¢}

o)

11 0000O00E
11 000000R
[s}
11000000B
O0Q01000E
[}

00OCG00100B
11110000E
[¢]

GOI01010E
110000008
0O101111LE
00101111E
11010000R
11100011E
11100011E
11101111B
11101111E
OO010011E
11001011E
1100111186
110000118
110011 1E
0O100111R
11000111B

i

i
i
i
i
i
i
i
i
i
i
i
i
’
i
i
i
i
i
i
i
i
i
*
i
i
;

INTPC
XINTC
RCALL
MCALL
MRET
MJIUMP
SUCK
ACTINT
OECCTS
EMUSIC
EMUSIC
SETOUT
COL3ET
FILL
RECTAN °
VWRITR
WRITR
WRITP
WRIT
WRITA
VELANK
BLANK
SAVE
RESTORE
SCROLL
NEW DIZCHR
NEW DISSTR

228

OF COURSE)



4,301,503

229 230
0L s DEFE 11001111E i DISNUM
V8T T $or, DEFE OG100000E  ; RELABS
(R F AR Eatlg ) LEFE 00100000 i RELAB!L
157 N PR DEFE 110101008 i VECTC
[N T DEFE 11010000R i VECT
IR T (R TWEkL: O i KCTASC
IR o] LLEFL OOOO00LER i SENTRY
0120 v Lo LLFE 1 1000000E i DAIT
O1AF © o 1003 DEFLE 11000000R i DOITB
D1AF On 1004 DEFE O i FPIZERK
0170 10 1005 DEFE 11000011ILE i MENU
0171 €1 1G04 DEFE 11101100B i GET PARAMETER
0177 410 LG0T DEFE 11003111R i GET NUMEER
017 de 1 GO DEFE 000010008 i FAUSE
0174 7 1O DEFE O0OO0111B ; DISTIM
0179 70 1010 LEFE 11000000R i INCSCR
01746 170 1011 DEFE 11000000R i INDEXN
0177 6 1042 ODEFE 11000000R ; STOREN
0173 0 1013 DEFE 110000008 i INDEXMW
[} Ir A 1014 DEFE 11000000B i INDEXB
170 ! 101% OEFE 110011118 i MOVE
(a8 fxd ORI IS NEFE 11001000R i SHIFTU
(8 R 1017 DEFE 110010118 ; BCDADD
[% el O i DEFE 11001011BE i BCDSUB
[ 2 [EFE 11001011B i BCDMUL
53 Ied DEFE 110010118 i BCODIV

DEFE 11001000R i BCDCHS
o LEFE 000010118 i BCDNEG
pe [EFE 11001011{E i DADD
' DEFE 0O0O1011B i DSMG
) DEFE 0OQO1011R ; DABRS
‘ DEFE 1100100013 i NEGT
DEFE 00100000E i RANGED
LDEFE Q0Q00000E i QUIT
i [EFE 11100000B i SET BYTE
[ DEFE 11000011B i SET WORD
[ DEFG 110001118 ; MASK TO DELTAS

5 INTERUPT ROUTINE FOR EVERYBODY
i WHO DIOESN'T WANT TO WRITE THEIR OWN
i DOES 4 &OTH SEC COUNTERS IN CTO-3

oER T MACTIN: DI i MAKE DAMN SURE WE IS OFF

(B3 B SO FUSH AF

Ot=n v FLISH BC

O12F e FPUSH DE

G13F 1 FUSH HL

o190 ey Livdt IM Z

(A3 R AT 10 g LD A, ITAB. SHR. 8

D124 §h 10453 LD 1,A

O12Ls e T 140414 LD A, 200

O1wE [l 101% OuUT  (INLIN), A

O1A 1T 1 OAL LD A, ITAELOFFH

012 Teen 1047 OuT  (INFEK), A

GLPE 10004 1043 CALL TIMEZ i UPDATE TIMOUT, MUSIC AND SECON

NniAl GEFoOF 10437 LD C, OFH i USE CTO-3

O1AZ FDYFO4 10750 CALL TIMEY ; DEC CTO-3
SMAs L 1051 - POP  HL

[RE R AR AR | R FOF T

[RE FA I | 1ot e™ FaP BC

oty 11 104 FUF  AF

OtNN FR $O0A £l

O1AR % 1054 RET

ROUTINE. SENTRY

i FURFOZE: TO WAIT FOR CHANGE OF PROGRAM STATUS
1040 5 IN EITHER THE FORTS OR THE TIMER-COUNTERS
1041 i IN ADDITION IT CHECKS TIMOUT FOR LONG PERIQDS OF IN-
1062 5 ACTIVITY.

1063 ¥# IS VECTOR QUT FLAG SET??
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1044
108D

1O8E
1087

FLLF:

TTEST

[T

1105 ;
1104
Lo
1105

1110
1111

e A — e —

www.FreePatentsOnline.com

MENTRY:

ME T 2Rk

MO OR

SYEFNT:

SMLFNT

G0 ALLEEYS
cs ARENY

G HEND DF
S GLMLNE

Lo
CF

XR
RET
CALL
Lo
Lo
CF o
RET
CF
RET
LD
LD
RET
DEt W
TN
IR

SYETEM ROUTINES

ORG
l_l F'
JF

DEFE
LEFE
LDEFE
LEFE
DEFE
DEFW

LEFE
LEFE
LEFE
DEFE
DEFE
DEFW

4,301,503

A, (SENFLG)
OAAH
Z,201%H

A, (TIMOUT)
A

NZ, TTEST-%
A

(VOLC), A
(VOLAER) . A

EC, COLEX+2#254

(C). A
-z

DE, AKEYS
FINDL3
TTEST

A

NZ, MFI1ZEK-%
(IY+CEA), O

HL, (COLLST)
(COLLST), HL

B

i

i

i

B, S0OH+COLBX

A

TRCHK
(IY+CEBA), A
(IY+CEE), B
SEYD

[

FOTO

NC

A, OFFH
(TIMOUT), A

L
[N U
UALCET

JUMF
ZO0H

TIMEZ

TIMEX

Z0H

3

1

7
LRGCHR

OAOH

4

&

1

)
ZMLCHR

MAZK
DEFE =

DEFE =

OEFE
DEFE

LEFW
LDEFW
LEFW
DEFM

DEFE

DEFM

DONEOARD

SFH

MENL
CHML

FNGF

GFETRT

“MAX SCORES
3]

# OF FLAYERSS

i

i

i

i

232

YES - JUMP OUT
CHECK IF TIME TO ELAKOUT

TIME TO SHUT DOWN

TURN OFF SO0OUNDS
PAINT IT BELACK

STORE DE INTCO CONTEXT RO
FOR SOMETHING TO HAFFEN

caLL
WAIT

GET
SAVE

SAVED COLORS
COLORS FOR FUTURE

RESET THE COLORS

START OF CALCULATOR

VECTOR

Do TIMER & MUSIC
DECTMR



4,301,503

233 234
G 11 LEFE ©
com s DEFM “# OF GAMES”
oo [ DEFE ©
LA NAME, CONVERT MASK TO DELTAS
111, » INFUIT: s JOYSTICK MARK
Jae o= FLOF STATUS (MR FLOP BIT SET IF FLOP
1t44 DE = X FUSITIVE DELTA
114% HL = Y FOSITIVE DELTA
0240 COSEQZ 1144 MMTLD: CALL CONCFL i HANDOLE Y
074= FR 1147 EX TE, HL
0244 TR714 1145 EIT MRFLOF.C i FLOP SET?
0244 2007 114% . R Z, MMTOZ-%$ i YES - DOIT
0743 75 N §aly) Lo AR i NO - GET MASK
02AT FrOz 1151 ANDT 3
OZ4R Z=01 11352 JdR Z, MMTD1-%
QZADC 2F 1153 CFL i INVERT IF NQT ZERO
0ZAaF 47 115 MMTDL: LI B, A
OZAF CNGSLD2Z 1155 MMTDZ: CALL CONCFL i PROCESS X
0IS7 FR 1156 EX DE. HL
OIS 7 NRnOR 1157 JF STHLOE i STORE HL,DE AND QUIT

i SUEROUTINE TO CONDITIONALLY COMFLEMENT OR ZERO HL
CONCFL: RRC B
JR NiZ, CONC1-% i WJUMFP IF NOT UP

(] AL
CPL X
Lo L, A
Lo A H
CFL
LD H: A
OTEO T INC H
a7 £t RRC B
026> Y170 RET
0244 1171 CONCL: RRC B ;i DOWN SET?
Q4L 1172 RET C i QUIT IF S0
[adedowd 117z JIF CONCZ i JUMF TO ZEROQ OUT
1175, NAME: SCROLL MEMORY BLOCK
11740 5 INFUT: E = NUMEBER OF LLINES TO SCROLL
1i77 C = NUMEER OF BYTES ON LINE TO SCROLL
1i7& DE = LINE INCREMENT
117% HL = FIRST LINE TO SCROLL
0240 N7 {120
OZLT: TF 1151 i SAVE COUNTERS
Q0 DS 1)&z
oz 17 1o
0O2+F FT: 11
O7LE VT LA A ADO  HL, DE i ADD INCREMENT TO LINE
0270 1" 1184 FUSH HL
0771 FORO 11587 LDIR i LZZZIAP!
(LSS B 1= FPOP HL
O771 1129 FOP DE
Q279 1| 1130 FOF BC
Q2700 1l 171 DJNZ MSCRL1-%
D75 0 LLiw . ___RET B e S
11744 i MOME; MACHKO INTERFRETER EXIT WITH CONTEXT REST
119 i FURFOSE: QUIT INTERFRETING AND GO HOME
079 Kl 11%& MXINTC: FOP HL i THROW QUT DUMMY RETURN
1197 i NAME: RETURN FROM SYSTEM CALL
1198 i PURFOSE: "RETURNING TO USER AND RESTORATION OF REG
1199 RETN: FOF HL i RETURN ADDRESS TO HL
1200 PUE 1Y
1201 FoP IX
1202 FOF DE
1203 "FOF BC
1204 FOFP AF
1205 EX {(SP), HL i 8TK=RETURN, HL=0LD HL
1206 RET
i NAME: BCD DIVIDE
OZRA TYaang 2 &l iV CALL GNACC i GENERATE ACCUMULATOR

0r27 EX

EX (EP), HL i HL = ACC, TOF = QRG?
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235 236
Ozze CS 1212 FlUSH B
0ZS9 OLO0 1213 Ln B, O
uzZae 7% 1214 (Wl AT
st CE3Y 1215 “RL C
022 0¥ 1214 ADD HL, BC
028F 4F 1217 [ oA
0270 EE 1z12 EX LE, HL ; HL = ARG1, DE = ACC
0271 ELDRO 1212 LOIR , HL = ARG1 FLAG+1
0293 C1 12720 FOF BC
0z74 1221 FOF DE
0299 . 1222 OEC HL ’ i E# FIX *#
1727 EX (ZF). HL ; HL = ARGZ, TOF = ARG1 FLAG
Az:4 FUSH EBC
b LD B, O
g ADD HL, BC ; HL = ACC+SI1ZE/S2
PP BC
DEC C ; ## FIX ®*# DECREMENT SIZE
EX DE. HL ; HL = ARGZ, DE = ACC, TOP = AR
ODEC DE i w FIX %+
DIVl LDEC DE
XOR A

SYSTEM NEGT ; ARGZ = -ARGZ (10% COMP)

DIva: SYSTEM DADD i SUBTRACT UNTIL BORROW
JR <, DIV3-%
INC A ; OR UNTIL LOOP COUNY > 99
DAA
JR NZ, DIVZ-$
PP HL
Lo (HL), OFFH
FOF EC
JR MULTL—$
LIve: SYSTEM NEGT
SYSTEM DADD
EX (SP), HL ;. HL = ARG1
LDEC HL
Lo (HL) A i SAVE ANIWER IN ARGL
EX (ZF), HL
pECc C
JR NZ, IVi-%
1: FOF HL
1 FOF EC
1 JR Div4-%
1 ; SUBROUTINE TO GENERATE ACCUMULATOR ON THE STACK
1: GNACC: | FOR IX
.1 XOR A
125 LD C,A
Q24 1252 SYSTEM LDABS ; ARGL=ABES VALUE
0ZC4&H ER 1259 EX DE, HL
N 126 SYSTEM DABS ; ARGZ=AES VALUE
126 EX LE, HL JFLAG=1 IF NEG ANS, ELSE POS
125 LI H, A
17 Lo LA
i . LD A B
O 1 MUILTL FUSH HL ; GENERATE ACC ON STACK
OO0 tadh OJUNZ MULT1-%
[ e KW L0 B A ; RESTORE SIZE
()t 45 BRI ADD HL, SP
QT O FUSH BC ; SAVE SIGN
(34 KA B FUSH HL ; SAVE STACK POINTER
33t KR T FUSH HL ; GAVE ACC FPOINTER
OF0S i Deeuls Lo H, (I1Y+CEH) ; RESTORE ARGZ POINTER
Lo L, (IY+CEL)

SOEOR

e -

[BR LD c, B
REU JdF (IX)
; DECIMAL MULTIPLY
i GIVEN: DE»ARGL, HL»ARG2, B=SIZE/Z
H (SI1ZE/Z-1 ASSUMED EVEN)
; RETURNED: ARGL=ANSWER, C>0 ON QVERFLOW
LILETIRTR I RCIML:  CALL GNACC ; GENERATE ACCUM
“F MULTZ LD A, (HL) ; A=MULT LOOF COUNT
S INC HL
i3 EX (SP), HL i HLDEC ACC

OZEA A; ANDL A ; IF A=0, SKIP MULT LOOP
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JR 2, MULT4~-¢
EX DE. HL
SYSTEM [LALDD i ELSE MULTIPLY
ANDI A i CLEAR THE CARRY BIT
*FR DEC A i DECIMAL DECREMENT
TE DAA
VIET JR NZ, MULT3~%
*FF EX DE, HL
OXFC MULTA: INC HL i INCREMENT DECIMAL ACC
’ EX (SF), HL i HLXARG2
ODEC C
JR NZ, MULTZ-%$
POF  HL
FOF HL + RESTORE STACK POINTER
FOF  BC i RESTORE SIGN
PUSH gE
FUSH BC
Lo C, B
[y L QO
[ skl ©
O ALLL  HL, BC
DOLELL . SLA C
SR LDIR
1 FOP EC
[ 13114 FUSH EC i CHECK. FOR OVERFLOW
[ ST 1312 SRL B
Cl 1212 XO0R A
i:/. 1214 MULTS: OR (HL)
1215 INC HL
1314 DUNZ MULTS-$
1217 ANDI A i SET FLAGS
i PRED B JR Z,MULT7-%
Py 1 LD A, OFFH
‘ 1] LD {DE), A
i t HMULTZ: POP EBC i CHECK SIGN AND
: i FOF  HL
i | Liva: BIT o,C i NEGATE ARG) IF NECESSARY
: 3 JR Z, MULT6-
I SYSTEM BCDCHS
1z MULTA:  FOF HL i RESTORE ORIGINAL STACK FOINTER
1 £ OUNZ MULTG~$ '
L RET

; BED SUBTRACT & ADD
i GIVEN: DE>ARGL, HL>ARGZ
; E=SIZE/2+1

i RETURNED: ARG1=ANSWER

b -

ECOSE: SYSTEM ECDCHS
BCDAD: SYSTEM BCDNEG

ot EX DE, HL
SYSTEM BCINEG

I EX TE, HL

: SYSTEM DADD
i AND FALL INTO

i

+ DECIMAL SIGNED MAGNITUDE

1

1

i

1

12

1=

13

1.2

132 H

13 i GIVEN: DE>ARG (10°S COMPLEMENT)

1 i B=SIZEf2Z+1

1 i RETURNED: ARG (SIGNED MAGNITUDE)

1z H

1 E0ESMG: LD LB s HLOARG+B—-1 (SIGN EYTE)
1 OEC L

1. Lo H, O

L: ADD  HL, DE

i LD A, (HL) i IF POS (SIGN NIEBELECS)
| CF SOH

i RET C JEXIT

1. EX DE, HL L
1z SDEMGY: LD A O i ELSE 1075 COMPLEMENT

SEC A, (HL)
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RET

3

i DECIMAL ABSOLUTE

i GIVEN: DEZARG (3IGNED MAGNITUDE)}
; E=5I1E/2+1

i RETURNELD: C=C+1 IF SIGN BIT CLEARED

© 240
Lo (HL)Y A
INC HL
LLANZ  wDEMG1—%
eEC  HL i ANDO SET SIGN BRIT
(] A, (HL)
oR SOH
Lo (HL)Y, A
RET
1 i
1. i
17 ; BCOD NEGATE
1% H
13 + GIVEN: DE>BRG (SIGNED MAGNITUDE)
1z H B=3I1ZE/Z+1
1z i RETURNEDRD: ARG (10°5 COMFLEMENT)
1 H
1z OO Lo L. B i HL>ARG+E—-1 (SIGN BYTE)
1 ODEC L .
i LI H, O
1 AL HL, DE
[ EBIT 7, (HL) ;EXIT IF FPOS
1. RET 2Z
1. LD (HL) ., 0 i CLEAR SIGN BYTE
1. EX DE, HL
1 SNEGT XOR A i CLEAR CARRY
1 LoONGL: LD A0 ; ELEE 1078 COMFLEMENT
1 SREC A, (HUL) :
1 DAA
1 Lo (HL)Y, A
1 INC HL
1 [UNZ BCONG1-$
1
1
1
1
1
1
1
1
1

Rl i
1400  SDAES: Lo L, B
1401 LD H, 0O
1403 DEC L
1400 AOD  HL, DE
1404 EIT 7, (HL)
14005 RET 2
1404 Lo (HL), O
1407 INC  (IY+CBEC)
140 RET
14es H
1410 i
1411 i BCD CHANGE SIGN
141072, +
1413 i GIVEN: HL>ARG B=SI1ZE/2+1
1414 i (SIGNED MAGNITUDE)
1415 i RETURNED: ARG SIGN BIT COMFLEMENTED
1414 . H
A0 1417 BLOCS: LI B
100 ladas L1 &, 0
(X 14l LEC C©
G 14,40 AL HL, BC
7E 1321 Ln A, (HL)
E[R0 1422 XGR SOH
14:% 5 NAME: - =ZET EYTE
1424 MSETE: LD (HL)Y, A
[ 1325 RET
1426 i
1427 ;
132% i DECIMAL ALD
142 ; .
1430 . i GIVEN: DEZ>ARGL HL>ARG2 (107S COMPLEMENT)
1431 i B=S1ZE/2+1
1432 i RETURNED: ARGI1=ANSWER (1075 COMPLIMENT)

1435 i
ORAF GF 1424 sDADD: XOrR A
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SDALDL: LD A, (DE)

ADC A, (HL)

DAA

(R (DE), A

INC LDE

INC HL

LLINZ SDADDL-%

CF - 9%H i %% FIX ##

RLA i w FIX %

CFPL i %% FIX ##

LD (IY+CBFLAG), A i SEND BACK STATUS FROM DADD

[ RET

i NAME: RANGED RANDOM NUMEBER
i INFUT: A = RANGE
i OUTPUT: A = RANDOM NUMBER (O TO RANGE-1)

MRANGE: PUSH AF
Lo HL, (RANSHT)
CALL SHIFTR

Lo BC, 23
ADD  HL, BC
‘ALC A.D

Lo {RANSHT), HL
LD HL, (RANSHT+2)
5 Lo E.A

C LA TOR L4480 CALL SHIFTR

(I ADD HL, DE

. ool 1AF Lo (RANSHT+2), HL

LD E. D
R ¥z EX LE, HL
1445 FOF AF
1444 AND A
14467 LD C/A
1468 LD A, D
13602 IR Z, R3~%
1470 XOR A
w0 1471 Ri,  ADD HL,DE .
0Ny 1472 N NC, Rz-$
E a7 INC A
e O A R e C
2OF 1475 JdR NZ,R1-%
CIDI0OA 1474 R3: JP GFROG
. 44 1477 SHIFTR: LD B:H
an 1473, L "C,L
afF 1477 XOR A
1407 1430 LD D.7
z 1451 SHL: ADD  HL, HL
22 17 1452 . RLA
2 15 1432 OEC D
4. ZOFE 1424 JR NZ, SH1-$
02L& OF 1485 ADD HL, BC
032R7 A - 1426 ADC A, D
O2BS 09 1437 RET
i NAME: SAVE AREA
i INFUT: HL = SCREEN ADDRESS
; DE = SAVE AREA ADDRESS
5 BC = Y, X SIZE OF AREA TO SAVE
i NOTES: THE SIZES OF THE OBJECT ARE SAVED IN THE
i THE FIRST TWO BYTES OF THE SAVE AREA
MSAVE EX DE, HL
LD (HL), C i SET X SIZE
INC HL
= Lo (HL), B i SET Y SIZE
1 4% INC HL
1500 XOR A
1501 EX DE, HL
150z SET &:H i SET NONMAGIC ADDRESS
1303 MZAVEL: FUSH BC
1504 FUSH HL
1505 LD B. A
15046 LDIR

13207 FOFP  HL




4,301,503

244
Lo C, BYTEFL
Ann HL, BC
FOF EC
[.INZ MSAVEL-%
RET
NAME: FREGAME QUTPUT FORT SETUP
FURFOSE: TO SET CONCOM, VEREL ETC
INFUTS E=HORCE, D=VEREBL, A=INMOD
MSETUF: LI C, HORCE ; GET EASE FUORT NLMBER
Ut (C), B i HORBD
INC C i
outT  (C).D i VERBL

OUT  (INMOHD . A

NAME . TR Puik Thansd FIGNS
PG T IO T Lok, | uie CHANGES IN THE FORTS %TC.
Bk PRI A= 0 N UHANGE

cod COUNTER TIMERSN HIT O

L= FOTC CHANGED
o= S . UP
£= FEYROARD CHANGED (B=0-24)
F—14 1 TRIGO!'MOYO ~ T3!1J3
KRETURNS NEW VALUE IN B
L 1.0 E, (HL)
LD BC, S01H

CCTLF LI A C i GET MASK
RRLCA
Ln C, A
AND E ; CHECK IF €7 BIT =1

JR NZ, CCT1-%
OJINZ CCTLR-%

RET
[ O XOR  E ; MASE OuUT BIT IN GUESTION
Lo (HL), A ; FUT BACK THE CTFLAGS OR SEMIS
Lo A B
ADD A D
FOF HU ; OLD RET ADDR
RET
TRCHE . JR 7, TZEX-% ; SEIP COUNTER-TIMERS AND POTS?
Lo HL, CUNT ; GET COUNTER TIMERS ﬁTATUS
Lo o, o
Akl CTULF ; COUNTER TIMERS
LI o,
INC HL
CALL CTLP ; SEMIAS
Lo B, 400H+FOTO
TFLIF INC  HL i —> MFOTO
IN A, (C)
Lb E, (HL) i GET QFOT
SUE E
JR , FHOT-% ; NEW ONE LESS THAN OLD
SUER  PFUG ; FUDGE. BOUNCE FACTOR
JR C. EFLOFP-% ; NEW MORE THAN GLD+4
INC A
FHOT ALl AE
Lo (HL) . A
Lo LA
(1] A, C
RET

EFLOF INZ C

LLIMZ TRLOP-%
NOW TEST SECONDS

TaEX: LD HL, KEYSEX i HL = KEYSEX
LD A, (HL)
EIT 7.A
JR Z, TRKEYS-$
REZ 7,A
LD (HL). A
LD A, STEC i SECS
RET N

MW TEL T FEYROARD

Frd .y Frkobl HL

N5 PN T (5§

CcAlLL. DeLuAll
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EX DE, HL
Lo B, 400H+KEY3
LD 0E, OFRFQOH i SET BIT COUNTER+COLUMNN

246

SRR
. 011704
LIOOFF

CEN7E MIK 1 IN A, ()
e AND (HL) i CHECK AGAINST MAZK
A JR NZ . MSENK2-%
ol DEC C i NEXT FORT
INC E i AND COLUMN
INC HL i AND MASK
DUNZ MSK1-%
LD A B i NOTHING DOWN
LD E. SKYU
JR MSENKE-%
MEZENEZ O INC D i BIT COUNTER
RRCA
JdR NC, MZENKZ-$
2 Lo A D
O30 | RLCA i KEY=BIT#4
Aq1 RLCA
g7 AR A E i + COLUMN
[ % Ixs INC A i PLUS
BN D RN Lo E, SKYD
I M=ENKE  POP HL
- XOR  (HL) i KEY=OKEY?
iOF ANLD  7FH
R JR Z, HANDLE-$%
I XOaRrR  (HL)
AT LD {HL)Y, A
O4AF L F AND  O7FH
OAS00 1 LD B A
0T LD A E ;i KEYECQARD RETURN CODE
Ve RET
i NOW TEST HANDLES
0D HANDLE: LD BEC, 400H+SWO
BWLOF INC  HL i —=> 0SWo
T IN A, (C)
y XOR  (HL) i COMFARE THE 2
et JR NZ, SWHIT-%
J INC C
voios [LINZ SWLOFP-$ i NO CHANGE
(W] AR i RETURN O
RET
e SWHIT: EIT 4,A i TEST TRIGGER
! JR Z, JOYS-$ i NO TRIG MUST BE JOYSTICK
oot AND  10H i FILTER OUT TRIGGER
XOR  (HL) ; UFDATE VALUE
LD (HL), A
Y AND  10H
! LD B, A
’ LD A, C i GET PORT NUMBER
o RLCA i #*2
i SYB  OCH
OATO 0 RET
(2% I ISt AN XOR  (HL) .
aaqr oty it (HL), A i NG CHANGE IN TRIG 20 STORE 3T
LER I Pt AN} OFH i TAKE OFF TRIGGER
070 A7 b E.A
CA7E T LN A C
0477 07 RLCA i #®2
0477 NAOR SUBR  ORH
D47A T2 RET
i TIMEX
i INPUTS HL~> TIME BASE IN RAM
i B=TIME BASE MQDULUS
i C=MASK A% IN BRECCTS
i PURPOSE: TO DECR TIMEEBASE AND IF O RESET IF AND DECR
i CQUNTER TIMERS
O47E 5 TIMEX: ODEC  (HL) i DEC TIMEBASE
OATE RET NZ
[XR AN LD {HL), B i RESET TIMERASE

1200 5 NAME: DECREMENT CUUNTER TIMERS
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NI
Iy
-4
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aF
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a4 ol Ar
AN T
QA0S 170
aand. CRCE
N4AZ ER
04A7 Z1EAAF
DAAL
[el:¥atn
O4AE
OALRD 35
O4EY I
042 ES
044 DDOES
GARF FI:
O4RF O
T S i T A ¥
(ST TRl T
P TN S
Oar R
G Caey
CGHOE Tt
[ TS R )
Oam”
[T 18 §
QACE 1L rGn
0401 JE o
aans
AT U
TS i oW
(2% s RIS |
D4ALRN H I
04ant: k
O4nc o
Qqann ol
ANF '

, INFLTES:
i WUSED BY
s MALE
; CT# , IF E
i NUTE: ALL
TIMEY: LD
Lo
L0
SRL
JR
LD
R
JR
DEC
DAA
JR
SCF
Lo
INC
RR

[ INZ
Lo
ok
LD
RET

TIMLF:

+T1.F:

i NAME:

, PLURFOSE:
i INFUTS
I
TIk.

Fll=H

(]
EBIT
RET
ZET
EX
; #SIXTYI
Lo
LD
OR
LR
LEC
JR
FUSH
FUSH
CALL
FOF
FOF
JR
STAKG: EX
BIT
EX
DEC
DEC
JR
i A=0
our
ouT
INC
LEC
JF
Lo
INZ
EX
LD

SIXY:

SET
EX
LD
OR
AR
DEC

= #745432Z10% ,

COUNTERS ARE RN
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C=MASK
ACTINT AND DECCTS TO DECREMENTS CTS UNDER MASK

IF BIT=1 THEN DEC CORESFONDING
IT=0 LEAVE CT# ALONE
IN BCD FOR EASY DISFLAY

E S8 i NO OF BITS

HL, CTO ; —>» TO COUNTER TIMERS
0,0 i RESULTS

” ; CHANGE THIS TIMER?

[
NC, ETLP~%

A, (HL) ; GET THE TIMER

A ; IS 1T ZERD ALREADY

7, ETLP-$%

A

NZ, +3

(HL). A ; STORE NEW VALUE

HL

D ; ROTATES IN CARRY FLAG
TIMLP-% ‘

A, (CUNT) ; COUNTER LFDATEXNUMEER TRACKER
o] ‘

(CUNT). A

TIMER ROUTINE .

10 UPDATE GAME TIME. TIMOUT AND MUSIC
CUTFUTS: NONE
YOUR REGISTERS (AF, EC, DE, HL)
; ASSUMES YOU PLISH DA REGS

til., FRIOR i FRIORITY=TICKS

1, (HL) ; CHECK, IF TICES OVERKLUN
NZ ;. RETURN

1. (HL)

DE, HL

TH OF A SECOND INTERUPT#

HL, DURAT ; NOTE TIMER
A, (HL) i =0 SKIP

A

2, 3IXY-%

(HL)

NZ, STAKO-%

HL

X

MUZCPU i
IX

HL

SIXY-%

DE, HL

7., (HL)

LE, HL

NZ, SIXY-%

A

A i
NZ, SIXY-%

=0 [0 NEXT NOTE

=1 QUIET NOTE

(VOLAE), A
(VaLS), A

HL
(HL)} i 1IF (-—TMR&0O<C0O)
P, GOUT ; ELZ ONWARD
(HL), 59 ; THEN TMRAD=5%
HL ;= TIMOUT
DE, HL
HL, KEYSEX i SET ESECONDS UP
7, (HL)
DE, HUL
A, (HL) ; CHECK ‘IF ZEROQ
A
Z, GTIMER-%
(HL) ;. DEC TIMOUT

; #GAME TIMER ONCE A SECOND ROUT INE#
t= O & MIN '=0)

o IF (ZEC
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175%
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1744
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1772 .

1773
1774
1775
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1777
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1728

1759
17%0
1721
1792
1773
1794
17%%
17%¢6
17%7
179&
175w
1200
1201

502
1303
1304

1205
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f IF (SEC == 0}
i SEC=5%; ~—MIN
i ELZE ~~ZEC
+ ELZE GAMETIMEUP=1
GTIMER: INC  HL i =>GTSECS
Lo A, (HL) i IF (SEC'=0
INC  HL i ~>GTMINS
OR (HL) i & MIN!'=0)
JR Z,GT02~%
DEC HL i —>GTEECS AGAIN
LG A, (HL) i IF (SEC ==0)
OR A
JR NZ, GTO1-%
LD {HL), S%H i THEN SEC=SYBCD
INC ML i =>GTMINS AGAIN
(W1 A, (HL) i —=—MIN
DEC A
LAA
LD {HL), A
JR GOUT-$
GTO1: DEC A i ELSE ~-~SEC
OAA |
Lo (HL), A
JR GOUT-%
GTOZ. LD HL, GAMSTE i ELSE GAMETIMEUP=1
EIT GSBTIM, {HL)
JR Z, GOUT-%
SET GSBEND, (HL)
GauT LD HL, FRIOR
RES 1, (HL)

T NAME

i INPUT:
i A=VOICES

REY . .
ZTART MUZCFU

i RETURN TO BACKGND OR LO LEVEL
FO START MUSIC FLAYING (ALSO NOISES)

HL ~> SCORE

NOTE: YOU. SHOULD LOAD MUZSP IF YOU DO CALLS

LD
Lo

MUZSET

(VQICES), A
(MUZSP), IX

CALL MUZSTP

IR
NAME :
FURFOZE:

MUZCP1-$

MUZICFU

FLAYING MUSIC AND NOISES

i NOTE: DURAT=0 WHEN CALLED
s+ QUTPUT: NONE
#MUSIC FROCESSOR®

i FETCH OFCODE
i IF (OPCORE < SOH)
i SET NOTE DURATION ETC
i ELSE
i SWITCH (OFCODE & OFOH)
i CASE SOH:
i IF (MASK=g) STUFF SNDEX; PC=PC+9
i ELSE CUTPUT(MASK)=DATA
i CASE 9OH:
f VOICES=DATA
i CASE AOH:
i (-—5P)=DATA IN NIBEBLE OF OP +1
i LCASE BOH: |
i ZET VOLUMES = DATA, DATA
i LASE COH:
H SWITCH (MASK)
i CASE 9. MPCL=(MSP++); MPCH=(MSF++); BREAK
i CASE D: (--MSP)=MPCH: (--MSP)=MPCL
H CASE 0O: IF -—-(SPF)==0 THEN SP++
P CASE 2: MPC=DATA1é
i CAZE DOH: CALL RELATIVE
i CASE EO: DURAT=DATA
i CASE FO: VOICES=0, PORTS=0
MUZCFU LD HL, (MUZFC) i LOOK LIKE NORMAL LOOP RETURN
MUZCFL LD IX, (MUZSP) i FETCH STACK FOINTER
OFLOOF LD A, (HL) ; OPCODE FETCH
INC HL i =>0PERAND, DATA
OR A i TEST FOR 80H OR MORE
JF M, MOO
i NORMAL NOTE OFERATOR
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Lo (DJRATI, A

LD A, (VOICES)

th L, SOOH+SNDEX
ZRL A i
AR N, +4

UTI

(W] B, 5 i
SRL A

JR NC, +4

OuTI H
LD G, 4 i
SRL A i
JR NC, M3Z-%

auTI

=L A i
JR G, M&3-4

DEC HL i
JR M&3—-%

0EC B

INC HL

JR MS15-%

OR A

JR NZ, M&1-%

i FLAY NOTE

L A, (FVOLAB)

auT  (VOLAE), A

Lo A, (PVOLMC)

ouT  (VOLS), A

JF MUZY99

cP YOH

JR NC, MO1-$
STUFF FPORT OR SOUND BLOCK

BIT 2A i

JR Z. MQO1-%

Lo A B H

LK EC, 8#256-+SNDBX

OTIR H

JR CQFLOOP-%

AND 7 i

OR 10H i

LD C: A ;

auTl

JR OFLOOP-$

JR NZ, MOZ-$

Lo A, (HL) i

INC HL

Lo (VOICES), A

JR OFLOCP-%

[ OROH

JR NC, MO3—%

AND  OFH

Lo E.A

INC E

JR MO4AS-%

(= QCOH i

JR NIz, MO4-$

i LOAD FVOLS

Lo OE, FVOLAB

LDI i
LDI

JR oOPLOOP-%

JR NZ, MO40-%

DEC {(IX+0) i
JR NZ, MO41-$

INC IX

INC HL

INC - HL

JR OFLF2-%

CP ODOH H
JR NC, MOS—-$

AND OFH i
CP b f
JR NZ, MO43-%

[ L, (IX+Q)

INC  IX

252

SET NOISE

-> VIBRATO

SET VIBRATO
~» NOTEC
CHECK C.EB. A

CHECK IF INC PC WAZ ON

RESTORE PC

IF (STUFF SNDBLK)

SAVE B (VSN)
; B=8, C=SNDBX

HL->NEXT OFCORE WHEN DONE

1SOLATE PORT NUMBER
FORTS 10H-17H
SET PORT REGISTER

GET NEW VOICES

SET vOL ETC

DONT CARE AEBOUT BC

DEC STACK TOP

PC SP STUFF

ISOLATE MASK
RETURN
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NI £00 ¥ LD H, (I1X+0)
nnzz INC IX ’
JdR GFLPZ-$
MO LD E, (HL) i PCL=
4 INC HL
LD 0, (HL) i PCH=
INC HL
EX DE, HL i SET THE PC
CF 4 i IS IT A JMP?
JR C, OFLPZ-% i IT IS
M014 DEC IX i ITS A CALL
LD (IX+0),D i (-—SF)=PCH
MOa5 DEC IX
Lo (IX+0), E i {——=SP)=FCL
JR OFLP2Z—%
M, CF OEOH
JR NG, MO6—%
AND QFH
Lo B. O
Lo C. A
LD O, H
LD E. L
ADD HL, BC
JdR MO44-% i CALL
MObH JR NZ, MO&1-%
(W] A, {PRIOR) i LEGSTA
XOR  SOH
LD (PRIDOR), A
JR OPLPZ~¢
MO61 CF OFOH i REST VOICE (OR SUSTAIN)
JR Z, MUISTF~%
Lo A. (HL)
LD (DURAT), A i SET DURATION OF GUIET
INC HL
XOR A
ouT  (VIOLAB), A
OUT  (VOLC), A
i ENDV OF MUZIC FROCESSOR
PN §NE MUZ¥9%:. LD (MUZPC), HL i SAVE THE PC
“”Vi I g LD {MUZSP), IX i SAVE THE STACK POINTER
(M) 1 RET
i NAME MUZSTP
i PURFOZE: STOR MUZCPLUL SET PORTS TO O
LU MUZZTP: XOR A
L LS 1 3 Lo (DURAT) (A
Qo0 dF Lo (FRIOR), A
| LD BC, SOOH+3NDBX
autT (C), A
DINZ "2
RET
NAME; DO 1T
FURFOSE: TRANSFER CONTROL TO USER STATE TRANSITION
INFUT: A = RETURN CODE FROM SENTRY ROUTINE
HL = DO IT TAELE ADURESS
QUTPUT:

{
+ DESCRIFTION: THIS ROUTINE IS USED WITH THE SENTRY ROUT
i IT 1% USED FOR DISPATCHING TO A STATE TRANSITION
; ROUTINE. THE RETURN CORE FROM SENTRY IS USED TO
H SEARCH THE DOIT TABLE. IF A MATCH 1S FOUND, CONT
i TRANSFERED. IF NO MATCH IS FOUND, THE ROUTINE RE
i THE DOIT TAELE IS MADE UP OF THREE BYTE ENTRYS:
i EYTE © BIT 7: IF SET - [0 A MCALL TO THIS HANDLER
5 BEYTE O BIT &: IF SET -~ DO A RCALL TO THIS HANDLER
i BYTE O BITS 5-0: RETURNCODE THIS ROUTINE IS TO PR
; BYTE 1 AND Z: THE ADDRESS TO TRANSFER TO

THE LIST IS TERMINATED BY A BYTE WHICH IS .GE. OC

MOOITE LD A B

OLOR 75
QLT TIT, MOGIT:  FUSH DE
OLOT T Lo D.A
B MODITO: LD A, {(HL) i GET RETURN CODE FOR THIS ENTR
LD C.A i C = CURRENT ENTRY

A CFP OCOH i LIST TERMINATOR?
081 R JR C.MDOITI-$ i NO - JUMP
0411 e FOF DE i YES - RETURN

RET

OFA1" 1
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S7  MDOITL: INC HL

AND  ZFH

cP NORMAL MATCH?

JuMP IF SO
NO MATCH - SKIP OVER
GO TO ADDRESS

] .
. JR Z,MOQITZ-%
MIO1A: INC  HL

INZ  HL

JR MOOITO-%
MOOITZ. FOF DE

.- o e

MOOITE: LD E, (HL) ; DE = GOTO ADDR
INC  HU
Lo 0, (HL)
EX DE, HL
EIT 7.C ; MCALL?
JF NZ, MMCALL i JuMP IF SO
BIT &, C ;i RCALL?
JR NZ, MRCALL-%
FOF DE i MUST BE JUMP
FOF  AF
PUSH HU
EX DE, HL

; RCALL ROUTINE
MRCALL: JF (HL)

J R AR B
% VECTORING ROUTINES #
848 86 3 4696 3440 30 404 B IS SRR B

NAME: VECTOR X AND Y CGGRDINQTES
FLURPOSE: UFDATE X, Y COORDINATES AND LIMIT CHECK
INFUT: IX VECTOR PACKET

na

HL = LIMITS TABELE
OUTFUT: C = TIME EASE USED
- NONZERO STATUS SET IF ORJECT MOVED
LA SR .

(115 RULTINE WORKS WITH A “VECTOR PACKET/, WHICH LOO
S 45 36 4 4 36 HE 40 9 3 0 30 B 6 30 3 36 46 30 S0 5640 4 363 03 4043
¥EYTE®  CONTENTS % NAME  #
36464 36 36 3 36 F 40 T6 36 T 0363 6 30 303036 0645 38 3 3390 S e HE 3
# OO # MAGIC REGISTER % VEMR  #
*********%*********************ﬁ
# 01 % VECTOR STATUS # VESTAT #
135 46 35 46 9 4 36 36 36 36 45 36 4 36 30 563 304 H 6 3403 0 R BN

# 02 % TIME BASE # VETIMB *
3643 K3 B A B 3 33 34 3 I 33 38 30 30 3 B SR
#+ 03 # DELTA X % VBDXL %
®# 04 * ® VBDXH %

*****%**%*********%*************
# 0S5 # X COCRDINATE * VBXL *
# 06 ¥ # VBXH *
%#**%************%**************
# 07 % X CHECKS MASK # VEXCHK #
ﬁ***#*%******&**********#*******
# 02 * DELTA Y # VBDYL- *
* 0% # # VBDYH #
***%%%**%***********************
% 0Q # Y COORDINATE #* VBYL *
® OF # % VEYH #
***%**%*%**&**********%*********
¥ OC % Y CHECKS MASK # VBYCHK #
*******%***#********%***%ﬁ******

2002

SO GO T T R T S T S S T SR SO SR S S

OFTIONS BYTE:
EIT MEANING

7 VECTOR IS ACTIVE

CHECKS BYTE:
EIT MEANING
DO LIMIT CHECKS
REVERSE COORDINATES ON LIMIT ATTAINMENT
TARGET ATTAINED (OUTPUT)
IF THE VECTOR 1S ACTIVE, AND THE TIME EBASE IS NONZER
THEN THE UFDATE COORDINATE ROUTINE IS CALLED FOR THE X
; AND Y FORTIONS OF THE PACKET.
ECT:  SET  PSWZRDL (IY+CEFLAG)  SET ZERO FLAG
GIT VESACT, CIX+VESTAT) 5 IS VECTOR ACTIVE?

[ =]
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KT Lo C, (IX+VBTIME) ; TIME BASE TO C
LD (IX+VETIMB), O ; ZERC TIME BASE

[ES BN AN AIN)

e AT LD (IY+CRC), C ;i PASS BACK TIME BASE
(RN RET Z
LR Lb A.C
et AND A i 1S TIME EASE ZERO?
o b : : RET 2 i QUIT IF sO
Cod s o PR LD  DE, VEDXL i ADVANCE TO FIRST
(AR T sS40 ADD  IX, DE
AP O L g F0a " CALL MVECTC i UFDATE FIRST COORDINATE
AT B KT RZRY: 3] LD  DE, VEDYL-VBDXL ; TO Y
Ut Litatey RINY: b ALD  IX, DE
S04 5 AND FALL INTO .
045 i NAME; VECTOR COORDINATE
SO i FUKFUSE: UFDATE OF SINGLE COORDINATE
RIST. ¥4 i INFUT: IX = FOINTER TO L. 0. DELTA BYTE OF VECTOR
2045 P C = TIME BASE
049 HL = LIMITS FACKET (IF USED)
2050  ; OUTPUT: NONZERD STATUS SET IF MOTION GCCURED
Z051 i (SHOULD BE SET ON CALL, SINCE IT IS NOT S
2057 i NOTES: ‘
2053 THIZ ROUTINE OFERATES ON A SUBSET OF THE VECTOR PACK
2054 5 (BETHWEEN L, 0. DELTA BYTE AND CHECKS RYTE).
20855 THE DELTA I3 ADDED TO THE COORDINATE TIME-EASE TIMES
20564 i IF OFTIONED, LIMIT CHECKING IS DONE. IF THE CHECK FAI
2057 i THE COORDINATE IS SET TO THE LIMIT
2052 i WHEN THIS HAFFENS, THE LIMIT ATTAINED BIT IS SET
0LSL ES 20S%  MVECTC: PUSH HL
0657 LNSAO1 2060 LD D, (IX+VBOCH) ; LOAD DELTA
D55 2061 LD  E. (IX+VEDCL)
OLSD Z06Z LD H, {IX+UBCH) ; LOAD COORDINATE
Okb 20&3 Lo L, (IX+VBCL)
Ol F06 Lk AH i SAVE OLD COORDINATE FOR MOTIO
OLLY A1 L B,C
OLAT |7 MVECT1: &DD HL, DE ; ADD DELTA TO COORD
OALe LOFD OLNZ MVECT1-$ ;i TIME-BASE TIMES
' i HAS MOTION OCCURED?
i FOLT CF H
TG4 2OT0 JR Z,MVCTiA-~%  ; JUMP TO SKIP TESTS IF SO

NN REQERELS 2071 RES PSWIZIRO, (1Y+CEFLAG) ; SET MOVED STATUS
2072 i I3 LIMIT CHECK WANTED? .
OLAF DNCTOA4L 2073 MVCTIA: EIT  VECLMT, ( IX+VBCCHK)

047 ) 2074 JR  Z,MVECT6-% ; MVECT6 IF NOT
2075 ; FERFORM LIMIT CHECK
0877 i 2076 LD  AH
067 T 2077 EX  (SP), HL
0677 .. 2073 LD B, (HL) i LIMIT TO B
0LTE | 2079 INC HL
2020 ; HANDLE SLIGHTLY LESS THAN ZERO CASE
OL7S FFCE 2021 CF 207 i MIDFOINT EETWEEN 160 AND O
OL7TF 07 2087 JR  NC,MVECT2-% ; JUMP TO FAIL IF >207
OL7M 2083 cP B i DO COMPARE
> 7084 JR C,MVECTZ-$ ; JUMP ON FAIL
i UFPER LIMIT CHECK

z2035 LD B, (HL)
2086 CP B
7 JR C, MVECT3-% i JUMP ON PASS
S MVECTZ:' INC HL
¥ 5 A LIMIT WAS EXCEEDED - SET COORDINATE AT LIMIT
LD {(IX+VBCH), B
Lo (IX+VECL), O
SET VECLAT, (IX+VBCCHK) ; SET LIMIT ATTAINED

; I% REVERSE DELTA OFTION SET?

[ B IR o et
Tebs Gz 5

[l [H4NE

OA5G T FOP  AF ;s CLEAN UP STACK
OATE Lila [:044F BIT VBCREV, ( IX+VECCHK)
Of RET 2 i QUIT IF NOT
; REVERSE THE BIMBO
LD A D
CPL
LD 0, A
Lb. &E.
CFL
Lo E.A
e INC DE

Ol 90?2 a6
OONCC TN 700

Lo CIX+VEDCL), E 7 STOURE BACK
Lo C(IX+VBLCH), D
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OLAT LY *1G7 RET
ORAd 2T 7105 MVELTS: INC HL ; STEF FAST LIMIT ’
OLAT F 2 2107 ex (SP), HL ;i HL = CUOORDINATE AGAIN
Ot i 2008 7110 MVECTE: LD (IX+VECL). L STORE EBACK COORDINATES
PSR T T T AR Lo {IX+VECH), H
oo 112 FOF  HL ; RESTORE LIMITS FOINTER
OLED T BOAZE g W B RES VBCLAT.(IX+VECCHK) ; CLEAR ATTAINED BIT
(72X 3 S z114 RET

B X i M*ﬁﬁ-#&d‘&#*&&*&&#*H**I’*G****

R ;4 POINT RECTANGLE ROUTINE #

o PR % N'ﬂ‘i—ﬂ-%ﬁ»*{f{k%*{kﬂ-*l%*i*&l*l

Z11v 5 NAadk: FAINT RECTANGLE

2120 INFUT: A = COLOR MASK TO WRITE

2121 E = Y SIZE

T122- ' ¢ = X SIZE

2123 O = Y COORDINATE

21z i E = X COORDINATE
Ok E w125 MFAINT: XOR A
O THAROR CALL RELTAL
YA ST O ] EX DE, HL
Q&R7 CEF4 ZET 6&.H ; UNMAGIC THE G## Dx#3x ADDR
AR O30S ouT  (MAGIC), A

XOR A
LD (URINAL ). A ; PRIME THE SOB

OLEDR FITEOY LD E. (1Y+CBA)
[N 5 A Lo A C
TANERY RRCA
[ I ] RRCA
P T R AND  3FH
0L g INC A
O T LD D, A
oL a7 MFTL: DEC D
08 Y AR Z,MFTZ-%
ol W (R ] A, OFFH

I Y2URRSNEI RT AL R T2
[n 7200 EI P i
QL T

CALL STRIFE
JR MFTi-$
MPTZ: LD A C

P Y3 R AND  O32H

osns ING A

YA CEER L o CA

DLFE XOR A

AT i MPT3: DEC C

Qb1 e JR Z, MPT4-$
a6re RRCA

RALEER RRCA

QNN 0
Fa Yok KLU
OANE 1 T 06

ADD A, 110000008
JR MPT3-%
MFT4: CcALL STRIPE

naF L i XOR A
; AND FALL INTD ..
; STRIFE FAINTER
; HL = ADDREZS QF STRIFE A = DATA E =MASK B = ITERATIONS
;. OuT HL=HL+1 A = CLOBEERED
Y2 SR I STRIFE: FUSH HL
ITE S FUSH BC
o0l - Y OF Lo (URINAL), A
Y2 MO i o 1 Lo A, (URINAL+4000H)
oL N (W] C:A "
ner Tt ZTRFL: LD A E
(A XOR (HL)
OLE il AND C
OLE i XOR  (HL)
AR © LD (HL)Y, A
Oo/Fo T Lo AL
O R aDDh A, BYTEFL
oot L LA
o b LIt AH
ors rEon A W anc A0
QLT &7 178 (R H, A
oLFE 10F1 2177 . BJNZ STRP1-%
oora ot S WS FOF  EC
[LTE 5 I 2 2173 FOF HL
FRY N MA 2150 - INC HL

eETo 7151 RET
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[ Y b HOH R b R B B G
iKW RUOUTINES #
’ LR B SRR R N R
i NOTES: THE GENERAL CALLING SEQUENCE FOR THE WRI
¢ INFUT: HL = PATTERN ADDRESS
i ’ D = Y COOROINATE
B E = X COORDINATE
i B = Y SIZE
; C = X SIZE
i A = MAGIC REGISTER
i QUTFUT: DE = SCREEN ADDRESS USED
; THESE ROUTINES ARE NESTED, FOR EXAMPLE
H WRITF, WHICH FALLS INTO WRIY., WHICH FALL
i ENTRY: WRITE FROM VECTOR
i INPUT: HL = FATTERN ADDRESS
i IX = VECTOR ADDRESS
+ QUTFRUT: DE, A
i SIDE EFFECTS: BLANK BIT SET IN VECTOR STATUS BYTE
QLAFE Gl 500 MVWRIT: LIO A, {IX+VEMR) ; LOAD MR
OFO1 -0k LD 0, (IX+VEYH)  LOAD Y
QTG LA O LD E, CIX+VEXH) ; LOAD X
Q707 1w BOLFE SET VEBLNK, (IX+VBSTAT) ; SET BLANK BIT
i ENTRY: WRITE RELATIVE
» FURFQSE: WRITING RELATIVE PATTERN
+ INFUT: HL. DE, A
i OUTPUT: DE
i NOTES: FATTERN IS PRECEEDED BY RELATIVE DISPLAC
; (X FIRST, THEN Y) AND PATTERN SIZE
G705 MWRITR: FUSH AF i SAVE MR
Q700 F Lo A, (HL) i GET REL X
Q700 INC HL
0700 30 ADD A E i ADD TO SUPERIOR X
O7ck W LD  E.A ‘
0710 °f Lo A, (HL) i SAME STORY FOR Y
o711 I INC  HL '
717 o AGDD A,D
0715 v Lo DA
0714 F I FOP AF
i ENTRY: WRITE WITH FATTERN SIZE SCARE-UP
i PURFOSE: WRITING VARIABLE SIZED FATTERNS
i INPUT: HL. DE, A
i QUTPUT: DE
i NOTES: FIRST TWO BYTES FOINTED AT BY HL ARE TAK
i TG BE PATTERN SIZES (X SIZE FIRST)
0717w MWRITP: LD C, (HL) i GET X SIZE
0717 1= INC HL
071 LD B. (HL) i AND Y
O07§: % INC HL
i ENTRY: WRITE WITH COORDINATE CONVERSION
5 INFUT: HL.,DE, BC, A
i OUTPUT: - DE
G715 1 6 L.00 MURIT: CALL MRELAB i DO CONVERSION
i BENTRY: WRITE ABSOLUTE
i INFUT: HL, BEC. A AS AROVE
i DE = AESOLUTE SCREEN ADORESS
0711 1 1:77 .MWRITA: BIT MRFLOP,A __ i FLOF_WRITE WANTED?
OTE rncy JR NZ. MWRTFL-% ; MWRTFL IF SO
O 0 gty BIT MRXFND. A i+ EXPAND WANTED?
G200 s} JR NZ, MWX~$ i JUMP IF SQ
i DO NORMAL? WRITE
0724 aF ‘ XOR A
0725 (o 2244 MWRT: PUSH BC
0726 nS 2245 FUSH DE
0727 47 2246 LD B:A i ZERO REGISTER B
0727 FIul:0 2247 LDIR i WRITE A LINE
070 . 224% LD (DE), A i FLUSH THE SHIFTER
072 Dy 2249 FOP DE
0720C FI: 2230 EX DE, HL i ADVANCE TO NEXT LINE
0720 OF 23 2251 LD C, BYTEPL
O75F 0% 2252 ADD HL,BC
0730 FI: 2253 EX DE, HL
073 i 2254 POP BC
OT=R 40 2259 DJUNZ MWRT-$ i LOOP IF MORE GOODIES
LOREP 2254 RET

2157 5 WRITE EXPANDED
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MKX EX  DE.HL
MIWX 1 PUSH BC
PUSH HL
L B/ C . >
MAXZ: LD A, (DE) o
INC DE
LD (HL). A
INC HL
LD (HL), A .
INC HL i
DJUNZ MWXZ-% . :
LD (HL).B
INGC HL
LD  (HL).B
POF  HL
LD C, BYTEFL
ADD  HL, BC
POP  BC
DUNZ MWX1-%
RET
, ROUTINE TCO HANDLE FLOPPED CASE
MWRTFL: BIT MRXPND, A ; EXPANDED FLOPPED WRITE WANTED
UK NZ, MWXF-$ i JUMP IF YEP
XOR A
WRFLL: PUSH BC
PUSH DE
LD  E.A
WRFLZ: LDI -
DEC DE
DEC DE
JF  FE, WRFLZ
LD  (DE), A ;' FLUSHETH
POF  DE
EX  [E, HL ; SAME AS NORMAL NOW ON
LD C,BYTEFL
ADD  HL, BC
EX [DE.HL
POF BC
DJNZ WRFL1-%
RET
; WKITE EXFANLED FLOFFED ROUTINE
MWXF:  EX  DE, HL
MWXF1: FUSH EC
PUSH HL
v LD BI C
MWXF2: LD A, (DE)
INC DE
LD (HL). A
DEC HL
LD (HL), A
DEC HL
DUNZ MWXF2-%
LD (HL),B
DEC HL
LD (HL).B
POP  HL
LD  C,BYTEPL
ADD  HL, BC
FOF EC
[.NZ MWXF1-%
RET
;. NAME: BLANK FROM VECTOR
; PURPOISE: ELANK WITH INFO LOAD FROM VECTOR
; INFUT: IX = VECTOR
; E = X SIZE
; D = Y SIZE :
; NOTES: THIS ROUTINE BLANKS TO 00
; THIE ROUTINE INTERROGATES THE BLANK BIT
; AND REFRAINS FROM BLANKING IF NOT SET
; IF IT WAS SET, IT 1S THEN RESET
MUELAN: EIT VEELNK, (IX+VBSTAT) ; IS BLANK BIT SET?
RET Z ; QUIT IF NOT
RES VEBLNK, (IX+VBSTAT) ; KILL BLANK BIT
LD H, (IX+VEOAH) ; LOAD GLANK ADDRESS

L, ( IX+VBOAL)
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OF77 L BOOTE S EIT MRFLOP, (IX+VBMR) ; 1S FLOP SET?
070 A JR Z, MVBLAL1~% i JUMP IF NOT
G777 LD AE i X SIZE TO A
07770 A NEG i TWOS COMPLEMENT AND ADD 1
0770 INC A
070 LD c.A
OF7 b r LD B, OFFH
a7 ADD  HL.BC i USE TO BACK UP SCREEN ADDRESS
i UNMAGIC THE BLANK ADDRESS
07y MVELAL:
0T 1 SET &,H
0770 a LD B, O i ASSUME ELANK TO ZERO
i NAME: EBLANK AREA
i FURPOSE: SETTING N X M REGION TO CONSTANT
i INPUT: HL = BLANK ADDRESS
i E = X SIZE
J D = Y SIZE
H E = DATA TO FILL WITH
Q750 TF L MELANK: LD A, BYTEPL i COMPUTE LINE INCEMENT
OFA0 s suB. € _
O7NL 4 LD C:A
oI g LD A B I A = DATA TO FILL WITH
O o MELANL: LD B, E
07nNg 77 MELANZ: LD (HL). A
0705 == INC HL
07A& 10OFC DJNZ MBLANZ-%
07483 0% ADD  HL, BC
07a% 15 DEC D
O78MN Z00°7 JR NZ, MBLAN1-%
O7AC o RET
RESTCRE AREA
. HLL = SCREEN ADDRESS TO RESTORE TO
DE = SAVE AREA ADDRESS
SIZES ARE LOADED FROM THE SAVE AREA
OG7AD ER EX DE, HL
O7AF 4F L.D C. (HL)
O7aF o INC HL
[Brd =T3S IR LD B. (HL)
[ 25 INC HL
OB 71 SET 6,0 i MAKE SURE WE ARE NONMAGIC
[ 57 ST XOR A
(L2 S MREST1: PUSH BC
orrs PUSH DE
o7 A LD  B.A
OTRE TH LDIR
[ sTe RN A = EX DE, HL
o by e POF HL
(o100 FURPH 0O Lo C, BYTEPL
O7FRF O iy ADD HL, BC
O 2302 EX DE, HL
OO0 71 2383 POFP BC
I B R 2354 DJUNZ MREST1-$
O7TeR pgetis RET
2387 T 2 L 2 2 Y ey oy
. i * CHARACTER DISFLAY ROUTINES =
K T LT
2390 i NAME: DISPLAY STRING
2391 i PURFOSE: . MESSAGE DISPLAY
2392 i INFUT: E.D = X, Y COORDINATES
2393 H - HL = STRING ADDRESS
2394 H IX = FONT DESCRIPTOR
2395 i OUTPUT: D,E ALTERED AS IN DISPLAY CHARACTER
2396 i STACK USE: 4 BYTES (EXCLUDING USE BY SYSPCH) .
2897 i EXPLAINATION: AS EACH CHARACTER IS BROUGHT IN, 1IT
2292 i 15 TESTED FOR BEING A LIST TERMINATOR ( CHAR = 0)
2399 i IF IT ISN-T, DISPLAY CHARACTER IS CALLED AND THE
2400 i TEST IS REPEATED FOR THE NEXT CHARACTER. THUS
2401 i A NULL STRING 1S HANDLED PROFPERLY.
07C4 7E 2402 STRNEW: LD A, (HL) i GET CHARACTER
O7CS A7 2403 AND A ; BE IT A TERMINATOR?
0704 T 2404 RET 2 i QUIT IF S0
O7CT7 FodEO7 2405 JF M. STRD! ) i DISPLAY IF ALT FONT
O7¢8 7104 24046 cP &4H i SUCK IN STRING?
O700 oas 2407 JR NC. STROD2~-% i JUMP IF YES
O7CF FTE a7 2408 STRD1: CALL DISPCH i SHOW CHAR
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4 1B B 2a0% INC HL ; ADVANCE TO NEXT CHAR
O7FNT TN a0 JR STRNEW-% ; AND LOOP
azpa T X411 STRDZ: AND 10111B ; MAKE SUCK MASK
O70E Z41z LD B A
[F )4 A A1 INC HL
O7N5 ¢ b 3114 EX DE, HL
Orne Z417% CALL M3UCK1
a7 A& CALL RELD
OTOE “Aa17 JR STRNEW-% ;i GO AFTER NEXT*' CHARACTER
H &*%*%****#************#*****i
; % CHARACTER DISFLAY ROUTINE *
H %********%******%*****i*****l
CHARACTER
OFTIONS
Y COORDINATE
X COORDINATE

INFUT: A
C
D
E
IX = FONT DESCRIPTOR
(ONLY IF ALTERNATE FONT USED)

CQUTPUT: DE UFDATED TO FOINT AT NEXT CHARACTER FRA

NOTES: THE OFTION BYTE 1S FORMATTED AS FOLLOWS:

BITS CONTENTS

wwanhn

o-1 OFF COLOR FOR EXFANSION
2-G ON COLOR FOR EXPANSION
4 OR OFTION
S XOR OPTION
-7 ENLARGEMENT FACTOR (N+1)X

| CHARACTERS EETWEEN 1 AND 1FH, AND BETWEEN S1H AND 9FH
| ARE INTERFRETED AS TAB CHARACTERS. THEY CAUSE THE
. CURSOR REFREZENTED BY [ AND E TO BE SPACED OVER N
. CHARACTER POSITIONS, WHERE N = CHAR. AND. 7FH
| CHARACTERS EETWEEN ZOH AND 7FH ARE TAKEN AS REFERENCES
| THE SYSTEM STANDARD 5 X 7 CHARACTER FONT. =CHARACTERS
' LETWEEN OROH AND OFFH REFER TO THE USER SUPPLIED ALTERN
MOk TER FONT,  THIS FONT 1S DESCRIEED BY A FONT
L DESCKIPTOR TAGLE OF THE FOLLOWING FORMAT:
H **i******#*4***#*%*%**********
. % 0 % EASE CHARACTER VALUE  #
i **********i*******l%**********
; % 1 % X FRAME SIZE *
H ***********%*****i*****i******
; % 2 % Y FRAME SIZE *
j ***************i**************
; # 2 %= X PATTERN SIZE (BYTES) *
H %**%***********#*********&****
; % 4 % Y PATTERN SIZE *
H %%****************************
; %= 5 % FPATTERN TABLE *
Pow 6 ADDRESS *
H %*%*&***§*§*§*§******{********
DISFCH: FUSH BC
FUSH HL
PUSH IX
AND A
JP M, DISCH1 i JUMF IF YES
LD  IX,SYSFNT
DISCH1: CF 20H i 1S CHAR < 20H?
JR NG, DISC1B-$ i JUMP IF NOT
DISC1A: PUSH AF ; LOOP TO SPACE OVER
CALL NXTFRM
CALL FINDL3
FOF AF

[ ANSRNE R TR
IR SR RY T 4 )
IO I v
EAT 1 oo di

GOl L ke
GTEEL L

STORE 1T BACK

.~

A

JR NZ, DISCiA~-%

JR DISCHS-$ i JUMP TO EXIT
pISCIE: SUB  (IX+FTBASE) i SUBTRACT EASE CHAR

LD E. A

LD 0, 0

LD HL. O

LD C, (IX+FTBYTE) ; MULTIPLY CHARALCTER
DIsCHZ: LD E, (IX+FTYS1Z) i BY PATTERN SI1ZE
DISCH2: ADD  HL, DE

DJUNZ DISCH3-$%

DeEC C




ADD

i COMFUTE POS
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NZ, DISCH2-%

B CIX+FTPTH)Y
E, (IX+FTFTL)
HL, DE

ITION WHERE NEXT CHARACTER WOULD GO

270

ADD TO TAELE START

AND SAVE
! i CALL NXTFRM i STEP COORDINATES TO NEXT FRAM
' ! FPUSH DE i SAVE
: [IEEETE: | LD E. (I1X+FTYS1Z)
‘ ' OISCHS: FPUSH EC
¢ e PUSH HL
CERFI O a0 CALL WRTLIN
(R A FOP HL
« Ta O™ Lo C., (IX+FTBYTE) ; STEF TO NEXT LINE OF PATTERN
[ [ ADDT  HL. BC
C ERNEN FOFP BC o
OSFC (BT EOS LD A, (IY+CED) i ADVANCE Y COORDINATE
(LN il ALD A, C
LS N R T av Lu {IY+CBD). A
¥ POLOED DUNZ DISCH4-$
5T 2T FQF,  DOE i RESTORE NEW POSITION
5 CNF40C 2505 CALL FINDL3 i STUFF DE BACK INTO CONTEXT
DOE 23086 DISCHS: POP  IX -
t EA1 POP HL
A FOF BC
(s RET
i SUERQUTINE TO CONVERT ENLARGEMENT FACTOR TO ITERATION C
i INPUT: MODE EYTE FROM CONTEXT SAVE AREA
[ i OUTFUT: BsA = ITERATION COUNT
2 FO7EOQ6 DCLCTE: WD A, (IY+CBC) i GET MODE BYTE
07 RLCA
07 RLCA
2 FAOR AND 03 ; ISOLATE ENLARGEMENT FACTOR
" INC A
LD B, A
XOR - A
SCF
PCLLTY: ADC A4
DUNZ DCLCTi-$
LD B, A
RET
i SUERUUTINE TO UFDATE COORDINATES TO POINT AT NEXT CHARA
i FRAME:
i INFUT: COORDINATESR TAKEN FROM CBD, CBE IN CONTEXT
i OUTFUT: UPDATED COORDINATES RETURNED IN D AND €
; A, B = CLOBEERED, C=ENLARGE FACTOR CONVERT
FTIEOS NXTFRM: CALL DCLCYE i GET ITERATION COUNT
K] LD c.B i SAVE
TORLOS LD D, (IY+CBI) i GET Y COORD
Al LD A: C(IY+CBE) i GET X COORD
NXTFR1: ADD A, (IX+FTFSX) ; ADD X FRAME SIZE
DUNZ NXTFR1-% i 2##ENLARGE TIMES
CP 160 i PAST RIGHT EDGE OF SCREEN?
JR C. NXTFR3-%
Lo A, D
Lo B:C
NXTFRZ: ADD A, CIX+FTFSY) ; YEP - ADVANCE VERTICAL,
DJNZ NXTFRZ-$
(W] D.A
XOR A
NXTFRZ: LD E:A
RET
¢ SUERQUTINE TO WRITE ONE LINE OF A PATTERN WITH ENLARGE
i ANDG EXFAND
s ENTRY: HL = SOURCE 1IX = FONT TABLE
BERRT RN F Wi WRTLIN: LD C, (IX+FTBYTE)
v LD B0
FUSH IX i CAPTURE STACK POINTER
LD IX. 0
ADD IX,SP
FUSH IX i SAVE CAPTURED STACK
POFP DE i DE = CAPTURED STACK
LD A, OCH i SET EXPAND TO 00, 11



CoTry
[
ot

SIYLE

G

WRLZ:

e P NOW
WRTLZ:

WRTI.4:

Soaes WRTLD:

WRTLL:

nE =
gt

DEFCHR -

AND
SBEC
SEC
LD
REZ
FLezH
LD
Lo
INC
Lo
INC
Lo
INC
DUNZ
SLA
FoF
Lo
ADD
LD
LD
DEC
JR

ALl
CALL
LD
ouT
AND
OR
CALL
EX
FPUZH
FUSH
FLSH
FLISH
Lo
LD
INC
Lo
INC
LD
INC
[LINZ
(W]
AND
JR
Lo
_FOF
LI
ALl
[
o
FQOF
ouT
[3INZ
LD
FaF
RET

i MACRO TO

MACK
DEFE
DEFE
DEFB
LEFE

4,301,503

(XFAND), A
N, O5H
(MAGIC) ., A
A, CIY+CRD)
OUOH

2, WRTL3~-%

LE, HL
A

HL, EC
HL, BC
P, HL
& H
AF
E, C

A, (DE)
DE
(HL), A

WRTLZ-$

C

AF

HL, O

HL., SF

0 H

E.L

A

NZ, WRTL1-$

OO WRITE TO SCREEN

DZLCTB
DEL.OAD

A, (IV+CBC)
(XFAND) . A
QZ0H

&

RELTA

DE, HL

AF

‘BC

OE
HL
E.C
A, (DE)

WRTLS-%

A, (1Y+CBE)
03

Z, URTLL-$
(HL), B

He
C. BYTEFL

HL., BC

1

L

AF
(MAGIC), A
WRTLA-%
=R, IX

1X

272
SET EXFAND EBIT
GET CONTROL EBYTE

ISOLATE ENLARGE AMOUNT
JumMFP IF ZERO

CLEAR CARRY BIT
COMFUTE STACK FRAME SIZE

SEIZE STACK SPACE
MAGICIFY THE ADDRESS
GET SOURCE BYTE
EXFAND IT

FLUSHETH

CAPTURE STACK TOP AGAIN

SET DE=HL
FOR NEXT DEST COMBO

GET ITERATION COUNTER

1S FLUSHOUT NEEDED?
JUMP IF NOT

STEP TO NEXT LINE

RESTORE STACK

GENERATE CHARACTER PATTERN TABLE ENTRY
#A, #&, 4C, #0, 4E, #F, #6

#a
#B
#C
#D
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DEFER $#E
DEFE &F
DEFE #G

ENDM

LLARGE CHARACTER SET (& X 8)

L RIGCHR

.

DEFCHR
LEFCHR
LEFIHR
LEFCHR
DEFCHR
DEFCHR
LEFCHR
LDEFCHR
LDEFCHR
DEFCHR
LDEFCHR
LDEFCHR
LEFCHR
OEFCHR
DEFCHR
DEFCHR
LEFCHR
DEFCHR
DEFCHR
DEFCHR
LEFCHR
DEFCHR
LDEFCHR
DEFCHR
LEFCHR
DEFCHR
DEFCHR
LEFCHR
DEFCHR

DEFCHR

DEFUHR
[ FOHE
Lt CHR
LDEFCHR
LDEFCHR
DEFCHR
DEFCHR
DEFCHR
LEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
LEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFUHR
DEFCHR

OOOH, OOOH, O0OH, ODOH, GOOH, GOOH, OOOH
OZOH, 020H, GZOH, OZOH, 0Z0H, OOOH, O20H
0S0H, OSOH, 0SOH, 000H, OOOH, OOOH, COOH
042H, 045H, OFCH, 04%H, OFCH, 04&H, 048H
GZOH, 078H, 050H, 070H, Q0EH, OFOH, 0ZOH
OCOH, OCSH, 010H, 020H, 040H, 09EH, 018H
O&OH, DFOH, OAOH, O40H, DAZH, 0F0H, O4LEH
0&0H, D60H, 060H, GOOH, BODH, OOOH, OOOH
010H, 0ZOH, 0ZOH, 0ZOH, 0Z0H, 020H, O10H
040H, QZOH, 0Z0H, 020H, OZOH, O20H, 040H
OOOH, GAZH, 070H, ODEH, 070H, OASH, 0OOH
QocH, 02Z0H, 0Z0H, OF2H, 0ZO0H, 020H, 000H
OOUH, OOOH, 000H, 060H, 0&0H, 0Z0H, 040H
OCIOH, OOOH, 000H, OFEH, 00OH, 000H, GOOH
GOOH, GOOH, OO0H, DOOH, GOOH, 060H, O60H
0OGH, QOSH, 010H, 0ZO0H, 040H, O20H, OOOH
070H, 082H, OSEH, OGEH, OSEH, 088H, 070H
0Z0H, 0&OH, OZOH, 0Z0H, 0ZOH, 0Z0H, 070H
070H, 03EH, 00EH, 070H, OZ0H, O20H, OFSH
070MH, OEEH, 00EH, OZ0H, 0OEH, OSEH, 070H
010H, 0Z0H, 0S0H, 090H, OFEH, 010H, 010H
OF3H, 0Z0H, OFOH, 00SH, 00EH, OEEH, O70H
0Z0H, 040H, 0EOH, OFOH, 0&EH, 0S5H, 070H
OFEH, 00SH, 010H, 0Z0H, 040H, 040H, 040H
070H, OZEH, OS8H, 070H, 0EEH, OSEH, O7OH
070H, 02EH, 028H, 073H, 00ZH, 010H, 040H
OOOH, O&OH, 060H, OOOH, 0£0H, 060H, OOOH
0AOH, O&OH, O00H, 040H, 040H, G20H, 040H
010H, 0ZOH, 040H, OSOH, 040H, 0ZOH, 010H

QOOH, 0DOH, OF3H, 0O0H, OF 2H, 000H, GODH’

O40H, 02aH, 010H, DQEH, O10H, 020H, 040H
O70H, QEEH, 0O8H, 010H, 020H, 000H, 020H
O70H, O58H, OESH, OAH, OR3H, 0S0H, 078H
Q70H, 053H, 083H, OFSH, 08&H, 088H, 088H
OF OH, OGEH, 028H, OFOH, 038H, 083H, OFOH
070H, 038H, OS0H, 020H, 0Z0H, 0&EH, 070H
OF OH, 088H, OBEH, 058H, O8EH, 085H, OFOH
OF3H, O20H, 0&0H, OEOH, 0Z20H, 020H, OFgH
OF&H, 020H, DE0H, VEOH, 080H, 050H, 080H
O70H, OSZH, 080H, OB0H, 098H, 02&H, O78H
0ZgH, OEGH, 082K, OF &H, 028H, 02&H, 088H
070H, OZOH, 020H, O20H, 020H, 020H, 070H
QO&8H, O0EH, 00GH, O08H, 00EH, 05&H, 070H
0&5H, 0Y0H, OACOH, OCOH, OACH, 0%0H, 088H
030H, 0&0H, OS0H, 0Z0H, 030H, 0&0H, OF&H

23H, OIH, OAZH, OAZH, 0B&H, 028H, 088H
0288&H, 0C&H, OASH, 0%EH, 08&H, 088H, 038H
OF2H, 02&H, 082H, 08&H, 088H, 088H, OF8H
OFOH, 0E&H, 02&8H, OFOH, 080H, 020H, 080H
O70H, 028H, 088H, 082H, OASH, 090H, 068H
‘OFOH, 0&&H, 05&H, OFOH, CAOH, 070H, 0S8H
O70H, Q28H, 0S0H, 070H, 008H, 088H, 070H
OF&H, 0Z0H, 020H, 020H, 020H. 0Z0H, 0Z0H
08&H, 053H, 022H, 028H, 088H, 088H, 070H
03&H, 088H, 08SH, OS0H, OSOH, 020H, 020H
08%H, 022H, 088H, 0OASH, 0OASH, OD2H, 088H
Q&&H, 028H, 050H, 0Z0H, 0S0H, 088H, 088H
g, 022H, OS0H, 0Z0H, 0Z0H, 020H, 020H
OF&H, 002H, O10H, 02Z0H, 040H, 080H, OFSH
070H, 040H, 040H, 040H, 040H, 040H, 070H
‘000H, 020H, 040H, 020H, 010H, GO8H, O00H
070H, 0O10H, 010H, 010H, 010H, 010H, O70H
QZO0H, O70H, 0AZH, 0Z0H, 0Z0H, 020H, O20H
0O0H, 0Z0H, 040H, OF2H, 040H, 0Z0H, OOOH
0ZOH, 0Z0H, 02Z0H, 0Z0H, OASH, 070H, O20H
OO00H, 0ZOH, 010H, OF2H, 010H, 020H, OOQCH
OOOH, 0&22H, 050K, 02Z0H, 0SOH, 08&H, OO0OH
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DEFS QOOH, O00H, 000H, OO0H, O00OH

4,301,503

DE 1€ ZERO,

EFE O

EFE Z0H

DEFE O

NEFE OFSH

LEFE O

DEFE ZOH
. oww LAST EBYTE OF DIVI
; EYTE OF ..

. EMALL CHOARACTERS (4 X 6)

=MLLHR
MHILMF . FOF IX

EX (SFP), HL

JF (IX)y
» NMeallE CUNVERT ELY CODE

PR Lk
s TNFUY

S TR UT

i HOW: " TAGLE
MECTAS:

Lo
ADL:
Lo
Lo
RET

GIFROG:

FLCTATE:
LDEFE
DEFE
DEFE
LEFE
LDEFE
DEFE
LEFE
DEFE
LOEFR
DEFE
DEFE
LEFE
LEFE
DEFE
DEFE
LEFE
DEFE
LEFE
LEFE
LEFE
DEFE
DEFE
DEFL
DEFER
DEFE

i MAME:
FURFOSE:
» INFUT:

MEILL:  EX
MFILLL. LD
CFI
I
RET
i N ’
i PLURFO=E:
i INFUT:
H
i
i QUTFLUT:

Lk
Y Colk

CII EQUI

LOOKUF

CE

E O

HL, KCTATE
HL, EC

A, (HL)

o AsCII

VALENT

(IY+CEA), A

FILL

i SPACE

i BULLET

5 UP ARROW

5 DOWN ARROYW

i RECALL
i STORE

i FLUS-MINUS
;i DIVIDE

i TIMES
s MINUS

s FLUS
i CE

i FOINT
i EGUALS

AREA

276

WHICH HAFFENS TO EBE FIR

SPACE

SET REGION OF SCREEN TO CONZTANT VALUE

Q =

EC

LE
DE, HL
(HL). A

FE, MFILL1

DATA TO FILL WITH

NUMEER OF BYTES TO FILL

STARTING ADDRESS

i STUFF BYTE
i BUMP HL.,

OF REGION TO FILL

DEC EC

RELATIVE TO ARSOLUTE

COORDINATE CONVERSION

E = X COORDINATE

D = Y COORDINATE

A = MAGIC REGISTER VALUE TO USE
DE = AESOLUTE ADDRESS

A = MAGIC REGISTER TO USE



ONF & TN OR
QONF2 3100

ONFT: TTAEOR
ONFF C1r°2

Orcd 100204
OFw romzon

Y BT VA B

(A1 2 § E B
ORI

1/

[ R
[£] S7AAE NN Red
OFRLN CIRTF
OPRLC CRTF
ORAF Nr
OFRLAFE 10300
opT o

O
STy
O

MFROG: JR

4,301,503

GFROG-%

i MAGIC ENTRY POINT

RELTA:  CALL
auT
RET

ChElMz: DEFR
DEFS
EFS
DEFS
DEFS
LEFS
DEFS
DEFS
OEFS
DEFS
DEFS
DEFS
LEFS

RELTAL
(MAGIC), A

278

i MAGIC ENTRY POINT
VRELAE: CALL RELTA

JR  MRELAZ-%
i NONMAGIC ENTRY FOINT
MRELAL1: CALL RELTAL

SET 6D i NONMAGIC THE ADDRESS
MRELAZ: LD  (IY+CBE).E i UFDATE CB DE

LD (IYv<+CED). D

0 i w## CHECKSUM m#w

QEOH, OAOH, OAOH, OAOH, OEOH
Q40H, 040H, 040H, 040H, 040H
GEOQH, 0ZOH, OEOH, 0S0H, OEOH
QEOH, OZOH, 040H, OZOH, GECH
CAOH, OACH, OEOH, 0Z20H, 020H
OEOH; 0R0H: OEOH, QZOH, OEOH
OEOH, 0S0H, OEOH, 0AOH, OEOH
QOEDH, 0ZO0H, 0ZO0OH, 0Z0H, 020H
OEOH, OAVH, DEOH, OACH, OEOH
GEOH, OADH, OEOH, 02Z0H, OEOH
0QOH, 040H, OGOH, 040H, OOOH
040H, QEOH, OEOH, OEOH, OEOH

MOVE ROUTINE

MMDVE: LDIR

RET

i

L S o

VMONCGPUN_WN=O

BULLET

SYSTEM ENTRY FOINT FOR NONMAGIC ADDRESSES

RELTAL: FUSH HL
ANl OFCH i TOSS OUT SHIFT AMOUNT
LD L.A i SAVE
LD AE i GET X
AND  OSH ; ISOLATE SHIFT AMOUNT
UR L ; COMBINE WITH MR

RELTAZ: PUSH AF
ANI  040H ; 18 FLOFPEDP RIT SET?

L AE

JR  Z,RELTA3Z-$  JUMP IF NOT
CFL i YEP -~ UNFLOP THE COORDINATE
AOD A, 160

L LD P HL = ¥

L HO

AN HL, HL i SET HL =Y # 8
ADD  HL, HL

ACD + HL, HL

L D.H

Lh  E.L

ADD  HL, HL i SET HL = Y % 32
ADD  HL, HL

ADD  HL, DE i SET HL = ¥ % 40
ERL A i A=X 4

SRL A

Lh  E.A

LD Do

ADD HL, DE i HL = ¥ # 40 + X 4
IF  NWHDWR-1

ENDIF

EX  DE,HL

i NAME:
i FURPOSE:

MMRET: PR
FOF
RET

RETURN FROM MACRO SUEROUTINE

RETURN CONTROL TO CALLER

i THIS CODE WAS “STOLEN" FROM RELABS SINCE
1T DDEE THE STACK CLEANUP THAT MRET DOES

AF
HL



» 4,301,503 ,
.Filg 1280
e , ENTRY FOR USER '

orT LR S INXNIE: CALL XNIB
') B e AR MFRCIG-‘
NAME: INDEX NIBELE
FURFOSE . LOAD OF SPECIFIED NIBELE RELATIVE TO BASE
INPLT: " C = NIEELE NUMBER
HL = RBASE ALODRESS
DOLITRUT NIEGBLE RETURNED RIGHT JUSTIFIED IN A
OESCRIFTION:  BYTE = NIEBRLE# Z+BASE

i THE LOW ORDER NIRBELE OF A GIVEN EYTE IS ADDRESSED
;o BY AN EVEN NIEBELE NUMEER

CXNNIE: FLSA HL
FLIEH EBC
LD E O
SRL C
ADD  HL, EC
Lo A, (HL)
FOF  EC
EIT O.C
JR Z, XNIEL-%
RRCA
FISE
RISLIA
RETA
XNIEL: AND OFH
FOF HL
RET
i NAME: STORE NIRELE
i PURFOSE: + NIEELE ZTORING (!)
i INFUT: A = NIBELE TO STORE
i C = NIEBELE NUMBER (AS IN XNIB)
i Hl. = EBASE ADDRESS
OR=0 FS FUTNIE: FUSH HL
7 FUSH EC
I.D &, O
SRL C
ADD HL, BC
FOF  EC
EIT O,C ‘

JR Z, FUTNEL1~%
p HoDo CASE - SHIFT IT

RLCA
RLCA
RLCA
RLCA
XOR  (HL) i NEAT COMBINE TRICK (SEE DDJ J
AND OFOH i PG, 9)
R FUTNBZ-%
PLTNELD: XOR - (HL) i L. 0. CASE
AND  OFH

FUTNEZ: XOR  (HL)
(Y (HL), A
FOF  HL
RET

NAME : INDEX WORD TABLE (WORD INDEX)

;o FURFOZE: TO INDEX AN ARRAY OF DEFW’S
; INPUTZ: A=INDEX NUMBER (0-259)
i HL -3 TABLE ENTRY O
i CTRUTS: DE = ENTRY LOOKED UP
-k FC I : HL = POINTER TO ENTRY IN TAEBLE
() BT | PRl MINDW., LI E.A
arsnor . T LI D, O
Il St IS : SLA E
e R PR REETIE RL D i DE%2
Ort SN ADD HL, OE
GIty o A LD E, (HL)
R KA INC  HL
OVt R LD D, (HL)
) IR SR A DEC  HL



4,301,503

- 281 282
(R L B ERT T STHLDE. CALL FINDL3
orye o e JR MINDB1-$ + JOIN STORE IN INDEX BYTE
o NOME: INDEX BYTE TALLE
i FPLIRPOEE: TALLE LOOKUF
i INFUTE: A = INDEX NUMEER
;i OUTFUT: A = VALUE OF BYTE
i . HL = POINTER TGO TAELE ENTRY
OLEN SF MINDE: LD E, A
OrrE 1200 Ln D, O
O 0 1 ALl - HL, DE
ornr 7 Lo A, {HL)
OFC 2 FI/7000 LD (IY+CBA)Y, A
OFRCS FI7A0R MINDEL: LD {IY+CEH), H
RICTIRCEN 8 EMANTRTAN LD (IY+CEBL), L
ORCT ¢ RET
T30, NAME: DIZFLAY TIME
Ay » PURFOSE: DISFLAY TIME ON SCREEN
R o ITNFLITS. E = X COORD
A 0 =Y COORD
R ; C = SAME AS DISCHR OPTIONS EXCEPT BIT 7 = 1
; TO DISFLAY COLON AND SECONDS
GUTFUTS: NONE
Oty MOTSTI:
arcy LD IX, SMLFNT
OFTo 0 LK B, 4ZH
appe IS Lo HL, GTMINS
orpe b FUSH BEC
OFTe G o g RES 7, (IY+CBC)
L2} 21 KT B & CALL BCDISF
(] 29 ELCIA FOaF BC
O EBIT 7,C
L0 &) IERE RET 2
OFF Ly Ln A, SOH+3AH
orr o 7 CALL DISFCH
o Lo B, 4ZH
ORI T e Lo HL, GTSECS
5 AND FALL INTO ...
i NAME: DISPLAY EBCD NUMBER
i INFUT: B = NUMEER DISPLAY OPTIONS
H C = CHARACTER DISPLAY OPTIONS
i OE = Y, X COORDINATES
H HL = NUMEER ADDRESS (POINTS AT LO BYTE)
i IX = ALTERNATE FONT (IF USED)
i OUTPUT: DE UFDATED
» DNESCRIPTION: THIS ROUTINE CONVERTS EACH NIEBELE INTO
s ASCLI AND DISFLAYS IT. THE NORMALLY ILLEGAL BCD
i VALLES ARE DISFLAYED AS CODES 2A THRU ZF RESFECTIVELY
» THE NUMEER DISFLAY OFTIONS BYTE IS FORMATED AS FOLLOWS:
i BIT 7 SET IF LEADING ZERQ SURFRESSIUN WANTED
i BIT & SET_IF USE OF ALTERNATE FONT WANTED
s BITS 5-0 NUMEER OF DIGITS TO DISPLAY (NQT NUMECR ©
INENE BCRUER:. LD A B i GET OFPTIONS
[ B B T (AP AND  ZFH i ISOLATE NUMEER OF DIGITS
() o O R BECIO: DEC A
ORFF e RET M i QUIT IF NULL OR NQ MORE
OFF LD C,A i SAVE
OBF 0« o buls CALL XNIB i GET NEXT DIGIT
GREA a7 JR NZ, BECDD1-% i JUMF IF NONZERQ
0 1 : BIT 7.B i I8 ZERO SURFRESS ON?
OrgTo s JR Z, BCDD1-% i JUMF IF NOT
CGREn 1t o OR. C i LAST DIGIT?
OFE 04 e JR NZ, BCDDS-¢ i JUMP IF NOT
OFRFN T 2 BCDIN RES 7.B i CLEAR LEADING ZERO FLAG
OFFF ¢ 206 = ADD A, &
OO b/ OF z ANLDN OFH
O Ol e ADD A, ZAH
oS 0 o b2 FECDDZ: BIT &B i ALTERNATE FONT?
07 k& JR Z, BCDD2-$ i JUMP IF NO
UL A " DR S80H i YEA - SET THE BIT
RS [ epres: CALL DISPCH i DISFLAY THE CHAR
(AN | LD A C i GET LOGP COUNTER IN A
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Chednac,
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GO AT

NAME .

INFUT

i WA
i PURFDZE:
;DAY GANE
MY

LEFT:
DEFW

T

LDEFW
CF
JR
CF
JR
Pl iz, RET

[ COYR DEFM
[NIS! DEFE
SN DEFM
[ DEFE

ML INE ERU
NIRIRS gal
P (e}
MNEGL B
PN AH Eet
PRGL Bl
IMH el

INCREMENT .
INCREMENT SCORE AND COMPARE

MRUITL: SYSzlK

4,301,503
284

BCDDO-% ; AND GO FOR NEXT
A7 ; LEADING ZERGO - WRITE A SPACE
ECRD2-%

END SCORE

TO
T . HL - FLAYER SCORE LOW ADDR OF 2 EYTES
wald LLTRUTS: GSREEND OF GAMETE SET IF MAX SCORE REACHED
oty FLNCEIL LD B3
LRIRD FUSH HL
ST TRCLDE: LD A, (HL)
TRE ADn Al
Ty [DAA
ey (W] (HL), A
el JR NZ, CMPIT-$
LR INC  HL
3 OJNZ INCLOF-%
wibd CHMFIT FOF  HL
ul“ INC  HL ‘2
Wyt INC HLUL
47 Lo A, (GAMSTE)
R EIT GSESCR,A
[ RET 2
[FIEH) Lo DE, END'ECR+2
ot LD B, 3
Wi lo MELGP: LD A, (DE)
IS CF (HL)
(R AR 7, REFEAT-% ; ENDECR = SCORE
T RET NC ; ENDSCR > SCORE
Iy SETEND: LD HL, GAMSTE ; ENDSCR < SCORE
07 SET  GSEEND, (HL)
az RET
REFEAT: DEC DE
DEC  HL
OUN7 CMILOF-%
n JR Sl TENL-4$

GuUIT
HOLD PRESENT GAME SCORE UNTIL KEY HIT OK

WER

i STROIS

G10O01100R

GMOVR
=M ACTINT ; ACTIVATE INTERRUFTS
SENTRY i WAIT FOR SOMETHING TO HAFFEM

AEEYS

STO

Z,MaITZ-$ i TRIGGER CHANGE?

SHYD i KEY HIT?

NZ, MOSITI-% i NI — KEEF GOING

(¥} ; YET — REZET

“GAME 7

[

“OVER” '
0

J o OEREEREEEREEEEREES
¥ MENL ROUTINES #
, HREEESRESEERERERS

L ; NUMEER OF DISFLAYED LINES

NEXT FIELD

<

; STRING ADDRESS

GO TO ADDRESS

[ B AN NI
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GET FIRST CASSETTE LOCATION
IS IT A JUMF??
Jurie TOIT IF S0

CLEAR SYSTEM RAM

CLEAR ZHIFTER

CLEAR TIMEOUT WATCHDOG

“SELECT GAME” AS TITLE
ASEIIME MENU STARTS IN CASSETT
GET FIRST CASSETTE BYTE

IS SENTINEL THERE?

YEF - JUMP

WRONG - USE ONBOARD QNLY
DISFLAY THE MENU

DISFLAY MENU AND BRANCH ON CHOQICE

ST
TLE

TITLE OF SELECTION MADE

THE MENU LIST IS A LINKED LIST OF THE FOLLOWING F

FWRLIF: LD A, (FIRZTO) i
CF OC3H i
JF 0 2, FIRSTC i
LD ZF. GEGRAM
SYISUR FILL i
PEFW EEGRAM
DEFW SO
OEFE O
Lo (URINAL). A i
ODEC A
Lo (TIMGUIT), A i
SYSTEM INTFC
oo EMUSIC
Y] SETOUT
IHFL (CNUL INE®Z) -1
e 4y
REFE &
Do COLSET
DEFW MENUCL
Lo ACTINT
EXIT
Lo LE, GAMSTR H
LD HL. FIRSTC H
LD A, (HL) i
INC HL
CF SSH i
JR Z, FWRUF1-% i
Lo HL , GUNLNK i
FURIAFL: SYSTEM MENU i
; NAME:
i INFUT: HL = MENU LI
' DE = MENU TI1
, QUTPUT: DE =
» DESCRIRTION:
s HERESEEFEREFHEFEEREICE RSN
i # 0 & NEXT ENTRY *
# 1 = *

B3 4E B3 3 38 3 3 6 30 96 330 36 30 35 3635 35 36 36 6 4 3

THIS LIST IS TERMINATED BY A NEXT ENTRY FIELD OF ZEROS

i ¥ 2 # STRING ADDRESS *
Po# 3% *
R S SRR s e s 22 222222 2L )
i ¥ 4 # BRANCH TQ ADDRESS #
FEE R ) #
bR R R 3 3 363 6 3 RS S I I M
i A MAXIMUM OF EIGHT ENTRYS
MMENLE: FUSH HL

PLSH HL

CALL MNCLR i

XYRELL DE, 16,12

(W 1] &C, 109H i
MHMENLIL: FOF IX i

Lo A B i

ADOD A, 707 i

SYSTEM CHRDIS i

LoD A, -7 i

’

SYSTEM CHRDIS

Lo H: (IX+MNSAH)

Lo L. (IX+MNSAL)

SYSTEM STRDIS i

LD A, 8

ADLF A D i

Lx oA

LD E, 16

INC E i

LD H, CIX+MNNH)

Ln L, (IX+MNNL)

FLSH HL

Ll ALK

UR L

JR NZ., MMENU1-$
AT THIS FOINT HL = 0, (SP)

MAY BE DISPLAYED.

CLEAR SCREEN AND THROWUF TITL

INITIALIZE ENTRY # AND COLOR
FIRST ENTRY TO IX

SELECTION NUMBER TO A

MAKE IT ASCII

AND SHOW IT

DISFLAY DASH

HL = STRING ADDRESS
DISFLAY SELECTION
TO NEXT LINE

ELUMF ENTRY #
HL = NEXT ENTRY ADDR

NG - IMP RBACK

=0

.
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(I e A 2141 ADD  HL, &P i HL = STACK POINTER
OCCR 05 147 MMENLIS: FUSH EC
oS a1 Gl 2143 LD EC, OM01H
O =144 XYRELL DE, 1&,77 i FEEDBACK ADDRESS
CGrer 2145 SYSTEM GETNUM i GET NUMBA
ocrng ot 2144 FUOF BC
O Dz 7C 2147 Lo A, (HL) i HOW DOES SHE LOOK?
OC 143 ANDIF A ; ZERO ENTERED?
Orpa 2149 JR Z, MMENUS-$ ;o JUMP O IF SO
P 150 cP B : i IN RANGE?
ornT JR C, MMENU&~$ i JUMP IF S0
(a0 OO MHENLS: Ln A 7?7 i DUD ENTRY - SHOW ?
O SYZTEM CHRDIS
0 il AR MMENUZ-$ i GO BACK FOR NEXT TRY
R L MHMENIA: FOF HL i THROW OQUT ENTRY AREA
(e FOF DE i RESTORE HEAD OF MENU LIST
AT 2 LD E, A i NUMEER ENTERED TO B
OrEEonn MMENLI7: EX DE. HL "; HL = ENTRY PTR
OrFE T LD E, (HL) i DE = NEXT
T kB INC HL '
OGP " LI 0, (HL)
T ey [LINZ MMENU7-% 3 COUNT DOWN TO ENTRY
CwE : INC HL
(ST AR LD E, (HL) i STRING TO DE
TR INC HL
orrr LD 0, (HL)
CWFT : INC  HL
OFFTE 1 Lo C, (HL) ; GO0 TO ADDRESS TO BC
CWFE T INC HL
CCEF 1. Lo B, (HL)
CCFC T FOF  HL ; HL = RETURN TO PLACE
OCF1 FOF  AF ; THROW OUT OLD PC
[T RO FLUSH EBC ;i PUT NEW PC ON STACK
LRI R FLSH HL ;i ANLQ PUT RACK DUMMY RETURN
OCFA T 0LTE04 FINDLZ: LD (IY+CEE). E i PASS BACK TITLE ADDRESS
OCFYT [ D705 (W (IY+CRD), D
SeEN RET ; AND GO BACK
NAME GET PARAMETER
FURFOSE: INFUT OF FROGRAM OPTIONS
INFUT: A = NUMBER OF DIGITS
BEC = PROMPT STRING ADDRESS
DE = FRAME TITLE ADDRESS
HL = FARAMETER ADDRESS
DESCRIFTION:
THIS ROUTINE ASKS THE USER TO ENTER A NUMBER
FIRST A MENU FRAME IS CREATED, USING THE STRING
: FOINTED AT BY DE A% A TITLE. THE STRING “ENTER”
& Is DISFLAYED, FOLLOWED BY _THE PROMPT STRING
. . GETNUM 1% THEN CALLED TO INPUT THE NUMBER. FEEDPACK
Ly FROVIDED IN NUUELE SIZED CHARACTERS
MUTE:  #3 THIS ROUTING USES TWO SYSTEM LEVELS AND THE AL
(A1 2 SO B W3E TR PU'H Al ; SAVE NUMBER OF DIGITS
OCFIT (5 HL
OCFD C% FU “H BC
OCFE 101200 CALL MNCLR
[elala) SYSSUK STROIS ; DISPLAY “ENTER”
OnO: DEFE &
anoa o DEFE 32,
Onos O ODEFE 1001B
OnNOs B70D0 DEFW ENTSTG
opos F1 FOF  HL
onos SYSTEM STRDIS i DISPLAY WHAT TO ENTER
onoE EF1 FOF  HL
onoc Fi FOF  AF
Onon 47 LD B A
ONOFE rrd SET &4.C i SET LARGE CHARS
A eERY) XYRELL DE, 48, 48 ; LOAD FEEDBARCK ADDRESS
Ght = SYSTEM GETNUM i GET NUMBER
o SYSSUK PAWS i LET USER READ IT
Cni7oar DEFE 1S
(10 I RET
SUBRCGUTINE TO CLEAR SCREEN FOR MENU AND THROHUP TITLE
WA R A MRCLR: FUSH DE
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SYSEUK FILL
DEFW NUORMEM
DEFW 11#BYTEFL
DEFE O

SYEIUK FILL

BEFE S5H

FOF  HL

Lh C, 0100B
SYSTEM STRDIS

HL
DESCRIFTION:

WHEN THE EQUALS KEY

ENTER A NUMEER

LARRY LESKE,

TN EXX
CALL CILRNUM ;
LD C,A 3
MGETNL: LD A, (IY+CEB) i
© XOR C
AND 3FH
RET 2 i
LD ° HL, MGETN1
FUSH HL
SYSTEM RANGED i

SYSSUK SENTRY
DEFW NUMBAS
SYSSUK DOIT
DEFW GNUMDO
RET i
GNLUMOG:  JMP SKYD, MGETNG
AMF STO, MGETNZ
JMF . SPO, MGETN3
i ## NEXT INSTRUCTION MAKES
i TRIGGER ROUTINE
MGETNZ: RIT 4.B i
RET 2 i
LD A, C
INC A
JR Z;, MGETN9-%
BIT 7.C
RET N2z
LD C, OFFH
i POT ROUTINE

- e e o

MGETNZ: LD A.C H
INC A
RET NZ
i HOW MANY DIGITS?
EXX H
Lb A B H
EXX
CP 1 i
Lo E, 10
JR Z, MGETN4-% i
Lo B, 100 H
MGETN4G: IN H

A, (FOTO)
LD D.A

EITHER THE KEYEQOARD OR THE HAND CONTROL
ENTRY PROCEEDS CONVENTIONALY

- 290

DEFY NORMEM+(11#BYTEPL)
DEFW (NOLINE-11)#EYTEPL

TITLE

OPTIONS FOR FEEDBACK
COORDINATES OF FEEDEACK AREA
ADDRESS OF WHERE TO STASH NUMBER
THIS ROUTINE 'CAN INPUT A NUMEER FROM

- RET &
MAME : GET NUMBER
INFUT: E = DOISNUM DPTIONS
C = CHRDIS
DE

KEYBOAR
GETNUM EXITS
1€ PRESSED OR THE REQUIRED NU

OF DIGITS IS ENTERED

FLAYER ONE HAND CONTROL MAY ALSO BE USED
TO USE THIS OPTION, FULL THE TRI
THEN ROTATE THE FOT UNTIL THE NUMEER YOU WISH TO
ENTER IS SHOWN IN THE FEEDRACK AREA.
AGAIN TO REGISTER THE ENTRY.
THE KEYEBOARD_IS USED ~ KEYROARD INFUT WILL OVERRI

PULL THE TR
IF DURING THIS PROC

THIS I3 [DONE TO PREVENT SOME BIMBO FROM CONFUSING

CLEAR THE NUMBER

*SET ZERO DIGITS IN -~ FOT ENAB

ENTRY COMFLETE?

GQUIT IF S0

RANDOMIZE WHILE WE WAIT

NOTHIN - LOOP ON SENTRY

GOOD LIST TERMINATOR, SO WE U

0-1 TRANS?
NO - IGNORE

ARE WE ALREADY IN FOT MODE?
YEF - JUMP TO EXIT

FOT LEGAL?

NO - IGNORE

SET POT FLAG

QUIT IF NOT IN POT MODE

TO NORMAL SET
SNATCH DIGITS

1 PRAY TELL?

JUMP IF GOOD GUESS

- WRONG!

GET CURRENT PQT VALUE

- RANGE IT
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(4] (A XOR A
oy LD E.A
LT I R LD H. A
onen. MGETNS. ADD HL, DE
O e ADC A0 i ADD EVERY CARRY TO AC
o . DAA
Onc I OUNZ MGETNS-$
OnT e EXX i BACK TO NORMAL SET

a7 s
[ LA C R I |

(W] (HL), A
JR MGETNS-$
i KEYBUARLD ROUTINE

ON7T MGETNG: INC C i POT MODE?
JR NZ, MGETN7-% ; JUMP IF NOT
CALL CLRNUM
INC i SET ONE DIGIT S0 FAR
FIN7 D 21517 7.6 i SET ©OT LOCKOUT
SYSTEM KCTASC
CF = i EQUALS TYFED?
JR Z, MGETN9—-8% i QUIT IF EQUALS
AND  OFH
anen ne EXX
O § SYETEM SHIFTU i SHIFT DIGIT UP
(] LA MGETNS: PUSH DE
SYSTEM DISNUM

Ofee s
: i ENTER HERE FOR EQUAL OR TRIGGER EXIT TO THROW OUT RETUR
MGETNY: POF LDE
EXX i BACK TO NORMAL
RET

ODA 111
on?7 n
ones oo

'

i BUEROUTINE TO CLEAR NUMEER
CLRMUM: PUSH BC

EXX i TO NORMAL SET
FUEH HL
LD A B
INC A
i ANDI  3EH
RRA i "LIEU HARFP MEMORIAL PATCH#2
EXX i BACK TO ALTERNATE SET
Lo C,A
CGOAT XOR A
Oy LD B A
(LTI FOF DE
(R ITEN SYSTEM FILL
ol FPOF  EC
CNa RET
i NAME: SHIFT UP .
i INFUT: A = DATA TO SHIFT UP
; B = SIZE IN DIGITS
; HL = AREA TGO SHIFT ADDRESS
Ol T MEHFTU: FUSH AF
[ T Lo A B
AR INC A
Gl f i ANDY  ZEH
Ofng LD B.A
LA FOF  AF
LR ELES S SHFTUL. RLD
CFic T , ING HL
COrY g e HEL OLINZ SHFTUL-$
O T RET

ORUT Y NENAAS 0 ENTETG: DEFM “ENTER 7

(21411 FErRe DEFE O

LU I B RPTRY | LML DFFW CALCL

Ul e 1yt Dt W FNCM

(RN I LDEFW CMETRT i CHECKMATE START

O 0000
ODC s 17200
Grats g
ONrN 4775446

ZCRL: LDEFW O
DEFW PNZCB
DEFW =CESTY
FNGF : DEFM “GUNFIGHT”
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1 (NI DEFE O

(1 €1 RS BEF PV ot O FNCM: DEFM “CHECKMATE”

' (T . DEFE O

ONOLe 4 144 FNCALC: DEFM “CALCULATOR”

O 7 6O DEFB O

ONF& "4 7524'9 FNSCB: DEFM “SCRIBBLINGY

ONFE™ a0 DEFE O

ONF= " ARacas | GAMSTR: DEFM “SELECT GAMEY

OnFy o0 DEFB 47H

OnFr .- OEFE B8

OFcoe v, DEFE 88

Of s DEFE 1101B

Of I EaNY] DEFM “(C) BALLY MFG 1978~
OF 4 DEFR O

(R END
ToeT, i MR ER FRRORS = e]
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What is claimed is: ory without processing the transformed group of

1. A system for providing a display signal to a raster-

scan display for displaying thereon a matrix of discrete

picture elements, each picture élement being defined as

a line segment of a horizontal line on the display, the

system comprising:

a random access display memory having a unique stor-
age location for each discrete picture element of the
display for storage of digital memory data signals
representative of the picture elements of the display;

a processor comprising means for receiving a plurality
of groups of picture element signals, each picture
element signal comprising a memory address signal
and a memory data signal which together correspond
to one particular picture element of the display, each
group of picture element signals corresponding to a
plurality of picture elements representing a symbol
located at a predetermined location on the display,
said processor generating control signals;

first addressing means for sequentially and repetitively
addressing the storage locations of the display mem-
ory, reading the memory data signals stored therein,
and supplying the display signal to the display for
displaying thereon the picture elements representa-
tive of the memory data signals stored in the display
memory;

video processing means operatively coupled to the pro-
cessor for receiving therefrom both said picture ele-
ment signals and said control signals, said control
signals activating the video processing means for
transforming a group of picture element signals to
produce a transformed group of picture element sig-
nals so that a symbol as displayed on the display
corresponding to the transformed group of picture
element signals is different than a symbol as displayed
on the display corresponding to the original group of
picture element signals; and

transfer means for transferring picture element signals
from the video processing means to the display mem-
ory whereby memory data signals corresponding to
said picture element signals are stored in memory
locations of the display memory as determined by the
memory address signals corresponding to said picture
element si said transfer means for transferring
the transformed group of picture element signals
from the video processing means to the display mem-
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picture element signals with the processor.

2. The system of claim 1 further comprising third
addressing means for addressing the display memory
under the direction of the processor reading memory
data signals stored therein in selective storage locations
and transferring said memory data signals to the video
processing means.

3. The system of claim 2 wherein the video process-
ing means includes means for performing a logical OR
function with picture element signals from the proces-
sor and picture element signals corresponding to mem-
ory data signals stored in the display memory.

4. The system of claim 3 wherein the video process-
ing means includes means for performing an exclusive-
OR function with the picture element signals from the
processor and the picture element signals correspond-
ing to memory data signals stored in the display mem-
ory.

5. The system of claim 4 wherein the OR means and
the exclusive-OR means comprise a programmed logic
array having a plurality of input lines operatively con-
nected to the processor for receiving control signals
therefrom, a plurality of input lines operatively con-
nected to the processor for receiving picture element
signals therefrom, a plurality of input lines operatively
connected to the display memory for receiving picture
element signals therefrom and, a plurality of output
lines, a plurality of pull-down transistors selectively
coupling the input lines of the programmed logic array
to the output lines of the programmed logic array, and
a plurality of OR gates having inputs selectively con-
nected to the output lines of the programmed logic
array and outputs operatively connected to the display
memory so that picture element signals from the proces-
sor can be ORed or exclusive-ORed with picture ele-
ment signals from the display memory in response to
control signals from the processor.

6. The system of claim 5 wherein the video process-
ing means further comprises a register for storing con-
trol signals representative of whether the OR or exclu-
sive-OR function are to be performed, the register hav-
ing outputs operatively connected to the input lines of
the programmed logic array for receiving control sig-
nals.
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7. The system of claim 2 wherein the video process-
ing means includes means for performing a logical ex-
clusive-OR function with the picture element signals
from the processor and picture element signals corre-
sponding to memory data signals stored in the display
memory.

8. The system of claim 1 wherein the video process-
ing means includes means for rotating the picture ele-
ment signals of a group of picture element signals rela-
tive to each other to produce rotated picture element
signals, whereby the picture elements represented by
the rotated picture element signals are displayed rotated
relative to each other.

9. The system of claim 8 wherein the group of picture
element signals is represented by a sequence of picture
element signals transmitted by the processor, the rotat-
ing means comprising a shift register for storing the
sequence of picture element signals, a programmed
logic array having a plurality of input lines connected to
outputs of the shift register and a plurality of output
lines, a plurality of pull-down transistors selectively
coupling the input lines of the programmed logic array
. to the output lines of the programmed logic array, a

plurality of transistor switches having gates and having
inputs selectively connected to the output lines of the
programmed logic argay, and outputs operatively con-
nected to'the display memory, the rotating means fur-
ther comprising means operatively connected to the
gates of the transistor switches for selectively activating
the transistor switches to produce a sequence of rotated
picture element signals at the outputs of the transistor
switches such. that the picture elements signals repre-
sented thereby appear rotated relative to the picture
elements represented. by the sequence of picture ele-
ment signals transmitted by the processor.

10. The system of claim 9 wherein the processor has
means. for .addressing the display memory to store a
sequence of memory data signals which correspond to
rotated picture element signals, the means for selec-
tively activating the transistor switches comprising a
second programmed logic array having a second plural-
ity of output lines selectively connected to the gates of

. the transistor switches, an input line operatively con-
nected to the processor for receiving control signals
"therefrom, a second plurality of input lines, and a plural-
ity of pull-down transistors selectively coupling the
second input lines of the second programmed logic
array to the second output lines of the second pro-
grammed logic array, the activating means further com-
prising a counter for counting an address by the proces-
sor of the display memory, an output of the counter
being selectively connected to the second plurality of
input lines of the second programmed logic array so
_ that with an address of the display memory by the pro-
cessor a selected group of picture element signals stored
in the shift register is conducted through the transistor
switches whereby memory data signals corresponding
thereto are stored in the display memory.
~ 11. The system of claim 10 wherein the video pro-
cessing means comprises a register operatively con-
nected to the processor for storing control signals
which represents whether a group of picture element
signals of the processor are to be rotated, the register
“having an output operatively connected to the input line
of the second programmed logic array for transmitting
control signals thereto.

12. The system of claim 1 wherein the picture ele-

ments are displayed in horizontal lines, the video pro-

20

25

30

35

45

50

55

65

296

cessing means further having a line register operatively
connected to the processor for storage of control signals
representing a particular element line, a line counter
operatively connected to the first addressing means for
generating line counter signals corresponding to the
horizontal line of picture elements being read by the
first addressing means, means for comparing the control
signals from the line register and the line counter signals
and for supplying a first comparing signal when the
signals have a predetermined relationship, and interrupt
means for providing an interrupt signal to the processor
in response to the first comparing signal.

13. The system of claim 12 wherein the video pro-
cessing means further has a position register operatively
connected to the processor for storage of control signals
representing a picture element position, a position
counter operatively connected to the first addressing
means for generating position counter signals corre-
sponding to the vertical position of the picture element
corresponding to the storage location of the display
being read by the first addressing means, means for
comparing the control signals from the position register
and the position counter signals, and for supplying a
second comparing means signal when the signals have a
predetermined relationship, the interrupt .means also
being responsive to the second comparing means signal
to supply an interrupt signal to the processor, the inter-
rupt means further having means for supplying condi-
tion indicating signals indicative of alternative condi-
tions including the occurrence of a light pen signal and
the occurrence of the first or second comparing means
signals, the processor being responsive to an interrupt
signal to input the condition indicating signals and also
being responsive to condition indicating signals indica-
tive of a light pen signal to input the line counter and
position counter signals.

14. The system of claim 13 wherein the control sig-
nals from the processor include interrupt means enable
signals, the interrupt means of the video processing
means further having a second register for storage of
interrupt means- enable signals, the initerrupt ‘means
being responsive to the interrupt means enable signals
so that the interrupt means is responsive to the light pen
signal and the first and second comparmg means signals
only when enabled.

15. The system of claim 13 wherein the- gcmtrol sig-
nals include interrupt means mode signals indicating
alternative modes of operation including a first mode
and a second mode, the processor having means for
supplying an interrupt acknowledge ‘signal in response
to an interrupt signal and means for executmg a se-
quence of instructions, the interrupt meéans further hav-
ing a second register for storage of the interrupt means
mode 51gnals and means for controlling the duration of
the interrupt signal in response to the interrupt means
mode signal and an mterrupt acknowledge signal so that
the interrupt signal is stopped if the mterrupt signal is
not acknowledged by the next instruction in the first
mode and the interrupt signal continues in tHe second
mode.

16. The system of claim 1 wheréin the video process-
ing means includes means for shifting the picture ele-
ment signals of a group of picture element signals rela-
tive to each other to produce shifted picture_element
signals, whereby the picture elements reprcsented by
the shifted. picture element stgnals are displayed shifted
relative to each other.



4,301,503

297

17. The system of claim 16 wherein the shifting means
comprises a programmed logic array having a plurality
of input lines operatively connected to the processor for
receiving the picture element signals therefrom, a plu-
rality of output lines operatively connected to the dis-
play memory for supplying picture element signals
thereto, a plurality of pull-down transistors for selec-
tively coupling the input lines to the output lines, a
second plurality of input lines operatively connected to
the processor for receiving control signals therefrom,
and a plurality of pull-down transistors selectively cou-
pling the second plurality of input lines to the output
lines so that the picture element signals on the output
lines can be shifted in relation to the picture element
signals on the input lines in response to the control
signals from the processor.

18. The system of claim 17 wherein the video pro-
cessing means comprises a register operatively con-
nected to the processor for storing the control signals
which represent the amount of shifting to be performed,
the register having outputs connected to the input lines
of the programmed logic array for.applying the control
signals thereto.

19. The system of claim 1 wherein the video process-
ing means includes means for interchanging the picture
element signals of a group of picture element signals
relative to each other to produce interchanged picture
element signals, whereby the picture elements repre-
sented by the interchanged picture element signals are
displayed interchanged relative to each other.

20. The system of claim 19 wherein the interchanging
means comprises a programmed logic array having a
plurality of input lines operatively connected to the
processor for receiving the picture element signals
therefrom, a plurality of output lines for picture element
signals, a plurality of pull-down transistors for selec-
tively coupling the input lines to the output lines, a
plurality of transistor switches having gates and having
inputs selectively connected to the output lines of the
programmed logic array and outputs operatively con-
nected to the display memory, said programmed logic
array also having an input line operatively coupled to
the processor for receiving the control signals there-
from and selectively coupled to the gates of the transis-
tor switches so that picture element signals can be inter-
changed relative to the picture element signals on the
input lines in response to the control signals from the
Processor.

21. The system of claim 20 wherein the video pro-
cessing means comprises a register operatively con-
nected to the processor for storing the control signals
which represents whether the picture element signals
are to be interchanged, the register having an output
connected to the input lines of the programmed logic
array for the control signals.

22. The system of claim 1 further comprising player
operated means including input elements adapted to be
operated by a player, and signal means actuated by the
input elements for enabling interaction of the player
with the symbols on the screen, the player operated
means operatively connected to the processor to trans-
fer input signals thereto.

23. The system of claim 22 wherein the processor
comprises means for performing calculations based on
the input signals, said processor containing means for
generating groups of picture element signals indicative
of the input signals and said calculations, whereby said
groups of picture element signals are transferred to
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update the display memory so that symbols indicative of
said picture element signals are provided on said dis-
play.

24. The system of claim 1 wherein said display has a
screen on which the picture elements are presented and
each picture element displayed has a horizontal and
vertical position, the system further comprising a light
pen for positioning adjacent to the screen and for sup-
plying a signal when a select picture element in physical
proximity to the light pen is presented, the video pro-
cessing means further having horizontal and vertical
picture element position counters for generating signals
corresponding to the horizontal and vertical positions
of the select picture element, and interrupt means re-
sponsive to the light pen signal to supply an interrupt
signal to the processor, the processor being responsive
to the interrupt signal to input the horizontal and verti-
cal position signals whereby the horizontal and vertical
position of the picture element in physical proximity to
the light pen may be input to the processor.

25. The system of claim 24 wherein the interrupt
means of the video processor further has a horizontal
feedback register for latching up the horizontal position
signals of the horizontal position counter in response to
a signal, a vertical feedback register for latching up the
vertical position signals of the vertical position counter
in response to a signal, and means for providing a signal
to the vertical and horizontal feedback registers in re-
sponse to the light pen signal so that signals correspond-
ing to the horizontal and vertical position of the select
picture element in physical proximity to the light pen
may be latched up in the horizontal and vertical feed-
back registers and the processor may input the horizon-
tal and vertical position signals latched up in the hori-
zontal and vertical feedback registers in response to the
interrupt signal.

26. The system of claim 1 wherein a plurality of digi-
tal picture element signals represent each picture ele-
ment, the video processing means further comprising
means for selectively performing a plurality of transfor-
mations to the picture element signals in response to the
control signals for each digital picture element signal of
the plurality of picture element signals to produce trans-
formed picture element signals representative of trans-
formed picture elements.

27. The system of claim 1 wherein a picture element
is represented by a first and second memory data signal
each comprising a bit of digital data, the processor hav-
ing means for supplying a plurality of memory data
signals at a time representing a plurality of picture ele-
ments, and the video processing means comprising
means for performing a plurality of transformations to
the first of each picture element represented by the
plurality of digital data bits and a second means for
performing a plurality of transformations to the second
bit of each picture element.

28. The system of claim 1 wherein the video process-
ing means comprises a register operatively connected to
the processor for storage of the control signals identify-
ing a particular transformation to be performed.

29. The system of claim 1 wherein the video process-
ing means includes a programmed logic array having a
plurality of inputs operatively connected to the proces-
sor and a plurality of outputs operatively connected to
the display memory for modifying the group of picture
element signals in response to the control signals.

30. The system of claim 1 wherein the memory data
signals stored in the display memory are encoded at a
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first level identifying bits of a register within the system,
the video processing means including means for decod-
ing the picture element signals corresponding to said
memory data signals to signals representative of picture
elements at a second level, the decoding means compris-
ing a register having a plurality of bits for providing
digital signals from the register bits representative of
picture elements at the second level in response to the
picture element signals identifying particular register
bits.

31. The system of claim 1 further comprising second
addressing means for addressing the display memory,
under the direction of the processor, reading memory
data signals stored therein in selective storage locations,
and transmitting said memory data signals from the
display memory to the processor.

32. A system for providing a display signal to a raster
scan display for displaying thereon a matrix of discrete
picture elements, the system comprising:

a random access display memory having a unique stor-

age location for each discrete picture element of the-

display for storage of digital memory data signals
representative of the picture elements of the display;

a processor containing means for receiving a plurality
of groups of picture element signals, each picture
element signal comprising a memory address signal
and a memory data signal which together correspond
to one particular picture element of the display, each
group of picture element signals corresponding to a
plurality of picture elements representing a symbol
located at a predetermined location on the display,
said processor generating control signals, said control
signals including background data signals representa-
tive of background picture elements;

first addressing means for sequentially and repetitively
addressing the storage locations of the display mem-
ory, reading the memory data signals stored therein,
and supplying the display signal to the display for
displaying thereon the picture elements representa-
tive of the memory data signals stored in the display
memory;

transfer means for transferring picture element signals
from the processor to the display memory whereby
memory data signals corresponding to said picture
element signals are stored in memory locations of the
display memory as determined by the memory ad-
dress signals corresponding to said picture element
signals; and ‘

background signal means having a register operatively
coupled to the processor for receiving therefrom
background data signals for storage therein, and op-
eratively connected to the first addressing means for
supplying the background data signal thereto, the
background signal means including selector means
operatively coupled to the first addressing means and
the register for substituting the background data sig-
nals stored in the register for memory data signals
when the first addressing means addresses select stor-
age locations of the display memory whereby the first
addressing means supplies the display signal to the
display representative of the background data signal
when the first addressing means addresses the select
memory locations of the display memory.
33. The system of claim 32 wherein the picture ele-

ments are presented in lines of picture elements by said
display, the background signal means having a line
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counter operatively connected to the first addressing
means for storage of a line counter signal indicating the
number of the picture element line being presented, a
line register for storing a line register signal indicative
of a line number and comparing means operatively
connected to the line counter and the line register for
comparing the line register signal stored in the line
register with the line counter signal indicated by the line
counter, the selector means being responsive to the
comparing means to select between the background
data signals stored in the background register and the
background data signals in the display memory in ac-
cordance with the comparison.

34. The system of claim 32 wherein the picture ele-
ments are presented in horizontal lines wherein each
picture element has a horizontal position, the video
processing means having a counter for indicating the
horizontal position of the picture element being dis-
played, and the selector means being responsive to said
horizontal position counter to select between the mem-
ory data signals stored in the background register and
the memory data signals stored in the display memory
in accordance with the horizontal position of the pic-
ture elements being displayed.

35. The system of claim 32 further comprising second
addressing means for addressing the display memory
under the direction of the processor, reading selective
memory data stored therein, and transmitting said selec-
tive memory data signals from the display memory to
the processor.

36. A variable interrupt system for providing a dis-
play signal to a raster scan display for displaying
thereon a matrix of discrete picture elements, the system
comprising:

a random access display memory having a unique stor-
age location for each discrete picture element of the
display for storage of digital memory data signals
representative of the picture elements of the display;

a processor comprising means for receiving a plurality
of groups of picture element signals, each picture
element signal comprising a memory address signal
and a memory data signal which together correspond
to one particular picture element of the display, each
group of picture element signals corresponding to a
plurality of picture elements representing a symbol
located at a predetermined location on the display,
said processor generating control signals;

first addressing means for sequentially and repetitively
addressing the storage locations of the display mem-
ory, reading the memory data signals stored therein,
and supplying the display signal to the display for
displaying thereon the picture elements representa-
tive of the memory data signals stored in the display
memory;

transfer means for transferring picture element signals
from the processor to the display memory whereby
memory data signals corresponding to said picture
element signals are stored in memory locations of the
display memory as determined by the memory ad-
dress signals corresponding to said picture element
signals; and

variable interrupt means operatively connected to the
processor for receiving therefrom a control signal
representative of a particular row of picture elements
on the display, the variable interrupt means generat-
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ing an interrupt signal for transmission to the proges- which correspond to the particular row of picture
sor when the first addressing means addresses prede- elements,

termined memory locations of the display memory R
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