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HOME COMPUTER AND GAME APPARATUS

This application is a continuation-in-part of co-pend-
ing application Ser. No. 8l2,662, filed July 5, 1977,
which is a streamline continuation of co—pending appli—
cation Ser. No. 635,406 filed Nov. 26, I975, 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. 1 is 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. 5 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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2

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. IlA—llF 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. ISA—Z and 13AA—EE illustrate an example of
a circuit implementing the block diagram of FIGS.
llA—F;

FIG. 14 is a composite diagram illustrating the rela-
tionship of FIGS. l3A—EE viewed as whole;

FIGS. 15—39 are diagrams showing blocks of FIGS.
ISA—BE 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.

«ISA—J in greater detail;

FIGS. 7lA—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 10 having four player-operated control handles
lZa—d connected by coiled line cords l4a—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/O) chip so 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 [/0 chip and
provide signals in response to manipulation by the play-
ers or operators to the I/O chip 50. The digital com-
puter 44 receives the input signals from the I/O 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 [/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 58 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 to 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 [/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
SB. 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 214 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 102X40=4080
bytes. More of the RAM 42 can be used for scratch pad
by blanking the screen before the lOan 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 comer 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 l of 23 intensity levels and l 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 l. The
left/right bit is set to 0 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 ll 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-]
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 40, 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 ofa 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 (AM-=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-0R 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 I/O 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 l-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 1 on
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
l-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 Z-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 P0, P1, P2
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and P3. P0 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. FIG. 6 illustrates the effect ofthe
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 ofthe flop function is a mirror image ofits
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 lZa—lZd (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 I/O 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 lC-lF 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,
MXDO-MXD7, connected to the address chip 56, the

data chip 5‘1. and the [/0 chip 50. One advantage of the
microcycler is that the number of connector pins of the



4,301,503
9

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- 5
trol signals MCO and MCI 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 ZSO-CPU Technical
Manual and is hereby incorporated by reference as if
fully disclosed herein. The microcycle modes are 15
shown below:

10

TABLE 1 
 

MC] MCO Microcycle Data Bus Contents
AO—A7 from the CPU
A0—A7 from the CPU
AO—A7 from the CPU
All—A? from the CPU
A0—A7 from the CPU
A8—A15 from the CPU
D0—D7 from the CPU
D0—D7 to the CPU

20

RFSH
0
0
0
O
l
l

1 25l
~‘O—-O'—O—-O

U
D
l
l
0
O
l
1 

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 30
through regardless of the state of MCO or MCI in order

to refresh the RAM. However, when RFSH is a logical
1 (inactive), MCO and MCI determine the contents of
the microcycle data bus MXDO-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 MXDO-MXDS, respectively, and each hav-
ing 4A and 43 input lines, an enable input E and a select
input S.

The address lines All-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 Alt-A7 and A12-
A15 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 MXDfl—MXD7 when enabled. The multi-

plexers have common industry designation number74L8257.

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
MXDO-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 whenenabled.

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 MCI 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

MXDO-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 RFSH, MCI 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 MCI
and MCI) outputs to the inputs of NAND gates 81 and
82, respectively. When the control signal RFSH is high,
Le, a refresh is not being done, the outputs of the
NAND gates 81 and 82 are determined by the microcy—
cler control signals MCI and MCO, respectively, from
the data chip 54. Thus, when the control signal MCl 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 when 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 MCI (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 DO-D7 from the

CPU 56 will be gated onto the microcycler data bus
MXDO-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 DlR
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 MCI) 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 43G, generated by the data chip 54 from the 7M
and 7M clock signals,15 outputted to a buffer 100 having
output lines for clock signals (1) and d). The clock signals
<1>1 and (1)2 are connected to the <1) and 6 inputs of the
address, data and I/O chips.

The CPU address bus 73 and data bus 75 are con—

nected to the system ROM 48 having inputs A0-A12
and D0—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 C—S

connected to the output of the chip select logic indi—
cated at 79:: and b with the cassette ROM chip select

input CCS also connected to the output of the chip
select logic 79a and b. The outputs of the logic 790 and
b are functions of the CPU control signals MEMORY

REQUEST (MREQ) and READ (E), 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 operativ_ely 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 +5 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 l 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 MDO-MD7, con-
nected by a memory data bus 102 to the display RAM
42. The data chip input/output MDO is operatively
connected to the data input, D1, and data output D0,

ports of the RAM chip 104a, with other memory data
input/outputs, MDl-MD7 of the data chip similarly
connected to seven RAM chips 104b-h. The data chip
also has analog video outputs R-Y, B-Y, VIDEO 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 MCl connected to the
microcycler (as noted before) and an outpu_tDATEN
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. llA—llF. The microcycle generator
106 of FIG. 11A generates the microcycle control sig-
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nals MCI) and MC] from the CPU control signals
IORQ, MREQ, E, and M1. Also generated are micro-
cycle decoder control signals LOAD LOW (LDLl)
and LOAD HIGH (LDHl) 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 shownin FIG. 14. The___m_icrocycle 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 IF) 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 (D2. (D2 is the com-
plement of the clock signal CD and a clock signal (D1 is <I>
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
(1)1.

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 7M 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 MCO.

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 (1)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 (D1 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 is also connected by a delay transistor 176 to a NOR
gate 178. The gate of the transistor 176 is connected to
the TM 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 transistors 194 and
196 at the line 78 carries the microcycle control signal
MC].

The state of the control signal MCI 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 MC] control signal line 78 to also go
low. The state of the MCI] 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 m 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 W CPU control signal is active when low (logi-
cal O) 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, m will normally be high with the
same effect upon the above-mentioned NOR gates with
an exception. IORQ and Hi 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 MCO 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 I, it is seen that where MCI) and MC] are both a

logical l, 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 IORQ, is also
active when low and indicates that the lower half of the
address bus holds a valid I/O address for a [/0 read or

write operation. The read control signal, RT), is active
when low and indicates that the CPU wishes to read

data from the memory or an I/O device. When high,
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W) indicates the CPU wishes to write data to memory
or an I/O device.

The generation of the microcycler control signals
MCO and MCI as a function of the CPU control signals,
MREQ IORQ, and R13 together with clock signals (DI
and 7M, are illustrated for a plurality of read and write
operations in FIGS. lZA—G. An example of MCI) and
MC! as functions of MREQ RT), and the clock signals
4)] and 7M, is shown for a memory write operation in
FIG. 12A.

A clock state, I, is defined by one complete period of
the clock signal (I). At the beginning of the initial clock
state T1, the CPU control signals Mil—SQ RT) are at the
same state as the previous clock state which is a high
state with the microcycler control signals MCO and
MC] also at the same state as the previous clock state
which is a low state. During T1, after the clock signal (1)
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 signalsmand 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 NT] 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 MCI 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 W delay
transistors 176 and 180 delay any change in MCI result-
ing from a change in the output of the inverter 172 of
line 174).

Thus since MCI 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 R_D 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 (1)2
goes high and is inverted by the NOR gate 132. The
transistor 134 conducts this output when the clock sig-
nal 4)] 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 (Le, going from a low state to a high
state) of the clock signal (1) (FIG. 12A).

The high state at the output of the inverter 136 is
conducted by the transistor 140 when the clock signal
m 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 0 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 MCO 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 (I) occurring after the CPU con—
trol signal IvTRFl—(j 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-A15.
Thus the 16 address bits from the CPU are transmitted

to the video processor and I/O 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 ofthe
inverter 172 at the line 174 on the positive edge 204

(FIG. 12A) of the clock signal (I) 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 7M
(FIG. 12A) causing the control signal MCI to rise to a
logical l. 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 (1) (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 MCl 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 IORQ 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 (D1 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
MCI 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 MC] to the CPU control signals and
system clock signals (1) and 7M 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 (bl. A NOR gate 203
also has inputs connected to the output of the inverter
182, to the output ofthe inverter 146 by an inverter 205,
and to the clock signal input (I). An output line 226 of
the NOR gate 201 carries the microcycle decoder con-
trol signal LDLl which is a logical 1 when the outputs
of the inverters 146 and 182 are a logical 0 (correspond-

ing to both MCO and MCI 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, MC] a logical 0 and (1)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 FIG. 11B to the microcycle
decoder 212 which assembles 11 address bits A0-A10
from the low address bits, A0—A7, and high address bits,
A8-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. llA—F

for clarity).
The microcycle generator 106 (FIG. 11A) generates

control signals LDL1 and LDHl 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 LDLl is high and subsequently the high
address bits A8—A10 on the three bit input line when the
control signal LDHl 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 I 1 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__cgrtggr§nce of a data chip
generated control signal, OUTPUT, in order to be acti-
vated. The eight color register select lines 216 further
require a CPU generated control signal IORQ The
register select line 222 requires the concurrence of an-
other data chip generated control signal WUT, to be
activated. The INPUT and OUTPUT signals are func-
tions of Z-80 CPU control signals including MREQ,
IORQ, E and W 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 mulv
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 A0—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 ll-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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6642. Each of the A0—A7 bits of the latch also have an

input connected to the LDLl 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 660 and each has an input connected to the
LDHl 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 Lomplement
A0 with the A] bit having outputs A1, 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 LDLl control signal
line 226. The 1 input is also connected to the D0 line of
the data bus 660 which carries (among others) address
bits A0 and A8. Transistor 230 is connected to an in-

verter 232 whose output is the m 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 ofinverter 227 (FIG 13) which
carries LDL]. The output of the transistor 23615 con—
nected to the input of the inverter 232.

The bit on the D0 line of the data bus 66a is presented
to the input of the transistor 230 which is gated by the
LDLl 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 m. The output of the
inverter 232 is inverted by inverter 234 whose output is
the address bit A0. 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 All—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 All) to the output line 238
is shown'1n greater detail1n 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 l 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 logical0

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 AO—AIO and m

The output lines 217-221 are coupled to the OUT-60
PUT control signal line 262 by pull-down transistors

10

15

20

25

30

35

45

50

55

18

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, A1 and A0
(A7 being the most significant) have the values 0, 0, 0, l,
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 is a 1
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 811, 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 IORQ 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 EH 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 1/0 chips are set forth in
Table II below:

 

 TAB LE I I

OUTPUT INPUT
PORTS PORTS
PORT PORT

ADDRESS FUNCTION ADDRESS FUNCTION——-—-—-————-—__________—
(DH Color Register <11 8H Intercept Fecdback
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ADDRESS FUNCTION 

Multiplexer

Vertical Feedback
Register
Horizontal Feedback
Register

(left)

19

TABLE lI-continued

OUTPUT INPUT

m w
PORT PORT

ADDRESS FUNCTION

1H Color Register 1
EH

2H Color Register 2
3H Color Register 3 FH

4H Color Register 4
l¢H

5H Color Register 5 11H

6H Color Register 6
7H Color Register 7 12H
8H Low/High Resolution 13H

Register
14H

9H Horizontal Color
Boundary Register
Background Color 15H
Register 16H

AH Vertical Blank
Register 17H

EH Color Block Transfer
CH Function Generator

Register
DH Interrupt Feedback

Register
EH Interrupt Enable and

Mode Register
FH Interrupt Line Register

I¢H Master Oscillator Register
IIH Tone A Frequency Register
l2H Tone B Frequency Register
l3H Tone C Frequency Register
l4H Vibrato Register
ISH Tone C Volume, Noise Modulation

and MUX registers
IGH Tone A Volume and Tone B

Volume Registers
17H Noise Volume Register
IBH Sound Block Transfer
19H Expand Register

Player I Handle

Player 2 Handle

Player 3 Handle
Player 4 Handle

Keypad Column CD
(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 660
by a 7-bit input line 276. The data chip data bus 660 is
operatively connected to the microcycler data bus 66
by the tri-state buffer 273 shown in FIG. 13 to comprise
8 units 273a—h. (Buffer unit 2730, typical of the units
2730—h, is shown in greater detail in FIG. 17). The
output 1 of each unit is connected to the data bus 660 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-0R
Flop

 
Bit

om-puN—o
 

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 (DO—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 66a 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
OU l PUT 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 660. 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 Calso 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 6 is connected to a D input of the flip-flop
280 so that the flip-fiop toggles with each clock signal
which occurs with each write to the display RAM. The
output 6 is also connected by a line 296 to the gates of
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four transistor switches 2980-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 3020—0. (The
flip-flop 280 is shown in greater detail in FIG. 19).

The inputs of the transistor switches 2980—d are con-
nected to the four most significant hits (the upper half)
of the data bus 660 with the transistor switches 3020—07

connected to the four least significant bits (the lower
half) of the data bus 660. If the state of the expand flip-
flop 280 is a logical 1, the transistor switches 3020-0'
will conduct the lower half of the data bus 660 to the

expander. Otherwise, a logical 0 will cause the transis-
tor switches 2980—2980’ of the multiplexer 282 to con—
duct the upper half of the data bus 660.

The output of the transistor switches 302d and 298d
are connected by an inverter 304 to the gates of a pair of
transistor switches 3060 and 306b 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 3100 and 31%.

A line 3120 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
3120 is connected to the voltage source VDD by the
transistor 3060 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 312b connected to the transistor switch 306b is

the complement of the value of bit 1 of the expand
register 286.

Also the logic state of a pair of lines 3180 and 318b are
the complements of the bits 2 and 3, respectively, of
expand register 286. The lines 3180 and 318b are con-
nected to the transistor switches 3100 and 310b, respec-
tively.

If the input of the inverter 304 (either bit 0 or bit 4 of
data bus 660, depending upon flip-flop 280) is a logical
0, the transistors 306a and 306b ae turned on, which
selects the lines 3120 and 312b 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 l,
the transistors 3100 and b are turned on which selects

the lines 3180 and 318b containing the complemented
values of the bits 2 and 3. The transistors 3060 and 3100

are connected to a common output line referred to as
expand data bit 0 or EDBO. Similarly, the transistors
306b and 31% are connected to output line EDBl; thus
a bit from the multiplexer 280 at inverter 304 is ex-
panded into the logic states of lines EDO and EDl, or
simply bits EDO an EDI. A 0 is expanded into bits EDO
and ED] which are defined by the complement of bits
0 and 1 of the expand register and a 1 is expanded into
bits EDO and EDI 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 660. (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 EDZ 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, l, l 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 PDBO and PDBl, the
second pixel by PDBZ and PDBl, 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 3200 and b. rotator circuits
3220 and b, and flopper circuits 3240 and b, for the low
pixel data bits (PDB6, PDB4, PDBZ and PDBO) and the
high bits (PDB7, PDBS, PDB3 and PDBl), 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 3260 for the low pixel data bits
connected to inputs of a Z-to-l multiplexer 3280 and a
four-bit output line 3261) for the high pixel data bits
connected to inputs of a 2—to-l multiplexer 3280. The
other four inputs of the multiplexer 3280 are connected
to the low bits (D6, D4, D2 and D0) of the data bus 660
by a 4-bit input line 3300 with the other 4 inputs of the
multiplexer 3280 connected to the high bits D7, D5, D3
and D1 by a line 3300.

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 m connected to
the address bus 75 of the CPU. When address bit m 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 3280
and 3280 by a line 336, Thus, bit 3 of the function gener-
ator register controls the multiplexers 3280 and 328b.

If bit 3 is a 0, for example, the multiplexer 3280 will
conduct the low bits of pixel data from the expand
decoder 290 but if bit 3 is a l, the multiplexer 3280 will
conduct the low bits of pixel data from the data bus 660.
The multiplexer 3281; 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 3280 is connected to
the inputs of the shifter 3200 and to the inputs of the
rotator 3220 with the output of the multiplexer 328!)
connected to the inputs of the shifter 3200 and rotator
3221). 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 3200 and b. The
outputs of latch 334 corresponding to the bits 0 and 1
are connected to the shifter 3200 and 32% 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 3220 and 3220 by
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a line 340. The output of the shifter 3200 and the rotator
3220 are connected to the inputs of the flopper 3240
with the output of rotator 322b and shifter 3201) con—
nected to the input of flopper 324b. The output of the
latch 334 corresponding to bit 6 of the expand register
274 is connected to the floppers 3240 and 0’ 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 ofthe data bus 660. (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

gab having an input connected to the address bit line
A14 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 328b, rotator 322b, shifter 3200 and
flopper 3241) for the high pixel data bits are constructed
and operate in a manner similar to the multiplexer 328a.
rotator 3220, shifter 3200 and flopper 3240, for the low
pixel data bits. Therefore, only those modifiers for the
low pixel data bits (PDB6, PDB4, PDBZ and PDBO )
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 32800, 32802,
32804 and 32806 of the multiplexer 3280. The line 336 is
also connected to the select input B of each multiplexer
unit by an inverter 348.

One such multiplexer unit, 32800, is shown in greater
detail in FIG. 20. The multiplexer unit 32800 has an
input 1A, connected to the unexpanded MDO bit of the
data bus 660 and an input, 113, connected to the bit EDD
of the expand data bus 3260. 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
m is a logical 0), the EDD bit from the expander is
conducted to the D flip-flop. The output of this D flip-
flop defines pixel data bit PDBO. The output ofthe eight
flip-flops of the multiplexer 3280 and b for the low and
high pixel data bits, respectively, together define
PDB7—PDBO. Thus if the line 336 is logical l, the pixel
data bits PDB7—PDBO will be determined by expand
bits ED7—EDO. But if the line 336 is a 0, the unexpanded
bit from the data bus 660 is conducted to the D flip-flop
and PDBO is defined by MDO, 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 3280 has an output
line 3520—d, respectively, and carries the low pixel data
bits PDBO, PDBZ, PDB4 and PDBG, respectively.

The output line of each multiplexer unit is connected
to the shifter for the low pixel data bits, indicated gener-
ally at 3200 and the rotator for the low bits, indicated
generally at 3220 in FIG. 13. The shifter 3200 comprises
a programmed logic array (PLA) 321 having a plurality
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of input lines selectively coupled to a plurality ofoutput
lines 3680—}; by a plurality of pull-down transistors 350.
The output lines 3520—d of the multiplexer 3280 are four
of the PLA input lines.

The shifter 3200 further comprises a register 354a
having 4 bits 35400, 35402, 35404 and 35406 which are

connected to the inputs 3560—0 of the PLA 321, respec-
tively, (with bit 35400 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 3540 is also clocked by the signalSHIFT.

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 3440 (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 3200. Each of the
output lines 3680—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 3200 is the complement of the bits contained
within bits 0 and l of the function generator register
since the NOR gates 344a 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 0 pixel positions.

A shift of 1 position shown in FIG. 6 will be ex-
plained to illustrate the operation of the shifter 3200. 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 350, 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 368e, 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 386:: does have a pull-down transistor
350a coupled to the input line 352!) which carries pixel
data bit PDB2 from the multiplexer 3280. Thus the
logic state of the output line 368C is the complement of
the logic state of the input line 352b (or PDBZ) from the
output of the multiplexer unit 32802. The pixel data bit
PDBO output of the shifter corresponds to output lines
3680-0 and the particular value of PDBO depends upon
which of the lines 3680—d are selected by the input lines
358 and 362. Here, output line 368a 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 3682—}: of the shifter correspond to
PDB2 with output lines 368i—I and 368m—p correspond-
ing to PDB4 and PDB6 respectively. The output line
368g is coupled by a pull-down transistor 35017 to the
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line 352C 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 368k (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 350d to the
output bit 35400 of the register 3540. Register 3540
stores the low pixel data bits of the previous pixel data
byte from the CPU to be written to memory. Bit 35400
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 PDBO of the multiplexer 3280 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 35400 is the low bit of the 2 bits representing
pixel vale P0 of the prior byte of the sequence, it is seen
that the low pixel data bits PDB6, PDB4, PDBZ and
PDBO of byte 1 (together with the high pixel data bits
PDB7, PDBS, PDB3 and PDBl) represent pixel data
values P0, 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 3540 has a reset input connected by a
line 372 to the function generator register select line 218
such that the register 3540 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 3443 has an input connected to the
m address bit and an input connected to bit 6 of the
function generator register 274 which determines
whether the flop function is performed when A74 is
low. The output of the NOR gate 344g is connected by
a line 374 to the gates of four transistor switches 3760—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 3800—0' of the flopper 3240. The
output lines 3680—p of the shifter 3200 are the input lines
of the flapper 3240. The flopper 3240 also comprises a
programmed logic array having output lines 3820—}:
coupled to the input lines 368011) by a plurality of pull-
down transistors 384.

The output lines 3820 and b are connected by the
switches 3760 and 3800. respectively, to a buffer 385
having an output line which is the flopper PDBO output
line 3770. (A typical buffer 385 logic circuit is shown in
FIG. 22).Lines 382C and d are connected by switches
376b and 380b, respectively, to a buffer 385 having the
flopper PDB2 output line 377b, with the lines 3829 and
fconnected by switches 376C and 380C, respectively, to

65 a buffer 385 having the flopper PDB4 output line 377C,
and the output lines 302g and I: connected by switches
3760’ and 3800'. 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
PDBD of the shifter when set for a shift of 1 pixel posi—
tion) is coupled to the output line 382b by a pull-down
transistor 384a and to the output line 382g by a pull-
down transistor 38% wherein the logic state of the
complemented shifter output bit PDBD is recomple-
mented and carried uncomplemented on the flopper
output lines 3821) and 382g. A logical 1 state on the input
line 374 turns on the transistor switch 376d whereby the
shifter output bit PDBD is conducted to the flopper
PDB6 output line 377d. Thus, the PDBO output of the
shifter 320a is flopped to the fiopper 324a output bit
PDBé 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 3800 which conducts the shifter PDBO

bit to the flopper PDBO line 3770 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 324a 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, PDBZ and PDBO

output bits of the shifter 320a 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, PDBZ and PDBO output bits of
the flopper 3240 (together with the PDB7, PDBS,
PDB3 and PDBI output bits of the flopper 324b) 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 322a and
comprises a programmed logic array 386 having 4 input
lines connected to the register 354 PDBO, 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 3560 with
the inputs of the first bits 389a—391a of register 389—391
connected to the PDB2, PDB4 and PDB6 lines 356b—d,

respectively. (A typical bit circuit 388a 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 3220 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 m 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 0
(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 P0, 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 PDBZ 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 3220
further has inputs 404a—404c connected to the outputs
of bits 388a—388c, respectively, of the shift register 388.
The output of bits 389a-c of the shift register 389 are
connected to the input lines 406a—c with the output of
bits 390a—c and 39la—c of the shift registers 390 and 391
connected to the input lines 408a—c and 410a—c, respec-
tively. The input lines 356a—d from the register 354 are
coupled to output lines 4120—d, respectively, by four
pull-down transistors 414. The output lines 412a—d are
connected by four transistor switches 416a—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 4040, 406a, 408a and 4100 (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 404b, 406b, 40% and 410!)
and input lines 4040, 406c, 408c and 410C are coupled to
output lines 4320—d and output lines 434a—d, respec-
tively, by pull-down transistors 436 and 438 respec-
tively.

The output lines 4320—d are connected by four tran-
sistor switches 440041 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 434a~d are
connected by four transistor switches 4460-d to a com-
mon output line 448 (for pixel data output bit PDBO)
and to voltage source VDD by a pull-up transistor 450.

The rotator 322a 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 connectedto the gates of the transistor
switches 416a, 426a, 4400 and 4460 with the output line
456 connected to the gates of the transistor switches
416b, 426b, 440b and 446b, etc.

The program logic array 452 has an input line 460
connected to the output 6 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 outputGof 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—d, 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, 4260—d, etc. of the programmed logic
array 386. The rotate function may be bypassed in thismanner.

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 454—457 are
successively activated. Thus, when bits 1 and 2 of
counter 394 are both 0, 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, 426d,
440d and 446d.

Since output line 412d is coupled to input line 456d
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 3910 bit of the shift register
391 connected by the input line 410a is complemented
by a pull—down transistor 424 and conducted by the
transistor switch 426d 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 PDBZ and PDBO, respectively, since the
transistor switches 440d and 446d, respectively, are
turned on. Thus, although the CPU transmits byte 0 at
count 100 B, the byte representing pixel data values
P15, P1], P7 and P3 is actually written to the display
RAM at the first location as shown in FIG. 78.

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 416b, 426b, 44%

and 446b 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 3220 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 322a PDB4, PDBZ and PDBD 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 Hopper 324a recomplements the
pixel data bits from the rotator 322a 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 PDBl) are indicated generally at 322b, 320b
and 324b, respectively, in FIG. 13. The modifications to
the high pixel data bits PDB7, PDBS, PDB3 and PDBl
are performed by the rotator 322b, the shifter 320b and
the fiopper 324b 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.
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The OR and exclusive-0R functions are performed
by an OR/exclusive-OR circuit 480 shown in FIG. 11C
to have a four bit input line 4820 connected to the out-
put of the low pixel data bit Hopper 3240 and a four bit
input line 48% connected to the output of the high pixel
data bit Hopper 324b. 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 m 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 exclusiye~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 4800—}1. 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 Hopper
and from the display RAM and can store the resultant
pixel data bit in the display RAM.

A typical unit 4800 is shown in greater detail in FIG.
25. The unit 4800 has an input connected to the output

10

15

20

30

35

line 3770 (which is one of the input lines 4820 in FIG. 40
11C) which carries the pixel data bit PDBO output of
the Hopper 3240 and an input 4860 which carries the
pixel data bit PDBO from the display RAM. The unit
has an input 4840 connected to the output of the NOR
gate 3449 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 4840 is also connected to an inverter (not shown)
having an output connected to an input 494. The unit
has an input 484b connected to the output of the NOR
gate 344f associated with bit 5 of the expand register
which controls whether or not the exclusive—OR func-

tion is performed. The input line 384b is also connected
to an input line 496 by an inverter 498.

The input line 3770 (the PDBO bit from the Hopper) is
connected by an inverter 500 which is connected to a
line 502. The input line 4860 (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 Hopper
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 4800 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 5 of the function generator
register. The FLA 512 has output lines 5140—e selec—
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tively coupled by a plurality of pull-down transistors
516 to the lines 500, 502, 508, 3770, 4940, 494, 48412, and
496. The lines 5140-6 are connected to a NOR gate 516
having an output connected to an inverter 518 which
has an output 4920 (of lines 492 FIG. 11C).

To illustrate the operation of the unit 4800, it will be
assumed that bits 4 and 5 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 4840 is a logical 1 which pulls-down
the lines 5140, 514b and 514d to a logical 0. The PDBO
bit from the Hopper carried on the line 3770 is inverted
by the inverter 500 and recomplemented by the pull-
down transistor 5160 so that line 5146‘ carries the PDBO

bit from the Hopper in the uncomplemented form. The
PDBO bit from the display RAM is complemented by
the inverter 510 and recomplemented by the pull-down
transistor 516b so that the line 514e carries the PDBO bit

from the display RAM in the uncomplemented form.
Thus, if either the line 5146 or line 514e 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 4920.
However, if both the lines 514C 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 0R
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 5 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 5146' and 514e to a logical 0. Also, the line 484b
is a logical 1 which pulls the line 514d in addition to a
logical 0. The line 3770 which carries the PDBO bit
from the CPU (transmitted through the flopper 3240) is
coupled to the line 514b by a pull-down transistor 516C.
The line 508 which carries the complemented PDBO bit
from the display RAM is coupled to the line 514b by a
pull-down transistor 516d. Thus, if the PDBO bit from
the CPU is a logical 0 and the complemented PDBO bit
from the display RAM is a logical 0 (i.e., the PDBO bit
from the display RAM is a logical 1) the logic state of
the line 514b will be a logical 1 resulting in the output of
the NOR gate 516 being a logical 0 and the output line
4920 of the OR/exclusive—OR unit 4800 being a logical
1. Otherwise, the logic state of the 5140 line is a logical
0 and the logic state of the output line 4920 depends
upon the logic state of the line 5140.

The line 502 which carries the complemented PDBO
bit from the CPU is coupled to the line 5140 by a pull-
down transistor 5163. The line 506 which carries the

PDBO bit from the display RAM is coupled to the line
5140 by a pull-down transistor 516f. 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 PDBO
bit from the display RAM is a logical 0, the logic state
of the line 5140 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 4800 at the output line 4920 to
be a logical 1.

Ifboth 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 5140 and b will be a logical 0 causing
the output of the NOR gate 516 to be a logical 1 and the
output line 4920 of the OR/exclusive-OR unit 4800 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 PDBl—PDB7 bits
from the CPU and the display RAM by the units 480b—h
shown in FIG. 13. The output line 492 of each OR/ex-
elusive-OR unit 4800—}: 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 4880—11.

A typical tri-state buffer unit 4880 is shown in greater
detail in FIG. 26. The unit 4880 has an input/output line
522 connected to the MDO bit of the memory data bus
490. The tri-state buffer unit 4880 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 4920 from the OR/ex-
elusive-OR unit 4800. 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 482b of the flopper 32417 and an input connected to
the 4 bit output line 4820 of the flapper 3240 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 5280—h. 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 528041 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 528a indicates whether an intercept has occurred in
the first pixel position with the unit 528.5 indicating
whether an intercept has occurred in a second pixel
position. etc.

The unit 5280, typical of the units 5280—d, is shown in

greater detail in FIG. 27. The unit 5280 comprises a
NOR gate 536 having an input 538 (connected to one of
the lines 4820, FIG. 11C) for the PDBO pixel data bit
and an input 540 (connected to one of the lines 482b,
FIG. 11C) for the PDBl pixel data bit from the CPU.
PDBO and PDBl represent a pixel that is being ORed or
exclusive-ORed with pixel data contained in the display
RAM. The unit 5280 further comprises a NOR gate 542
having an input 5300 for the PDBO bit from the display
RAM latched up in the unit 4800 of the OR/exclusive—

OR circuit 480 and an input 53% for the PDBl pixel
data bit from the display RAM latched in the unit 48th
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
552 to an inverter 554 having an output line 556.
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If the pixel transmitted from the CPU via the flopper
524a and b and represented by pixel data bits PDBO and
PDBl 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 528b—d operate in a similar manner to
indicate whether an intercept has occurred in the other
3 pixel positions.

The intercept register units 5286—}: 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—h 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 528e, typical of the units 528e-h, is shown in
FIG. 28 to have an input 558 which is connected to the
output 550 of the unit 5280. 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
5280. 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 528e will 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 5289—}1.

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 8—bit line 532 comprises
the output lines 556 from the intercept register units
5280-11 and the output lines 566 from the intercept regis-
ter units 528e—h (FIG. 13). The multiplexer 534 has a
select input connected to the select line 222 from the
address decoder 214 (FIG. 1113) 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 5700 of
the input line 570 (FIG. 11C) is connected to the line
506 of each unit of the OR/exclusive—OR unit by the
inverter 510].

The multiplexer 534 is shown to comprise 8 units
534a—h 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 5340 is shown in FIG. 29 to
comprise an AND gate 572 having an input 532a (one of
the 8 bit input lines indicated as 532 in FIG. 11C) con-
nected to the complemented output of the intercept
register unit 5280 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 5700 (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 5880 which is the output line of the unit 5340
(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 5320 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
MENBl which generated by the logic elements indi-
cated generally at 585. The inputs to the elements 585
include the CPU control signal W.

The Z—80 CPU requires instruction data to arrive in
an M1 cycle (instruction fetch) at a different time than
data during non-W 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 MENBI 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 21—15. m is a function (as
is MENBl) of the CPU control signals MREQ, W) 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 5920 and 592b. The line 592a is connected to a 4—bit

shift register 594 with the line 592b connected to a 4—bit
shift register 595. The shift register 594 stores the low
pixel data bits PDBO, PDB2, PDB4 and PDB6 and shift
register 595 stores the high pixel data bits PDBl, PDB3,
PDB5 and PDB7, 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
5960 and 596b, respectively, to the inputs of a multi-
plexer 598.

The multiplexer 598 has inputs “SERIAL l" and
"SERIAL 0” and two inputs from a background color
register 600. The multiplexer 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 59Sa~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 594a and 595a 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 594b
latches up the high pixel data bits. Thus, register bits
594a—d latch up pixel data bits PDBD, PDBZ, PDB4 and
PDBS.
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The output of the register bit 594d is connected by
the line 596a 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 594b, pixel data bit
PDB2 is shifted to the register bit 594C, pixel data bit
PDB4 is shifted to the register bit 594d 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 Cof 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 594 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 5960 and b from the shift registers 594 and
595, 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 596a and b 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. 110, the background color
register 600 is a 2 bit register having inputs connected to
the data bus 660 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. 113. 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 backgroundarea.

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 ‘1) 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 598 (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 6260 is shown in
FIG. 24). Logic circuitry typical of the bits 626b—h is
similar to that shown in FIG. 24 with the addition of the

elements shown in phantom. Logic circuitry typical of
the 626i is similar to that for bits 626b—h 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 6580—}: 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 6580 of the binary counter 628 is shown in
greater detail in FIG. 31 with the logic circuitry of bit
658b, typical of bits 658b—h, 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 (D2 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 6 output of the least significant bit 658:: 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
(b2. Since the counter 28 is clocked by the clock signals
<l>1 and <l>2 which have half the frequency of PX, the
output of bit 6580 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. 118 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 660 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. 5. 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 6840 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 0H, register 1 having address 1H, etc.

Referring back to FIG. 118, 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 FLA 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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selected color register, determine the analog values of 30
the signal “VIDEO” 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 224a—h, each comprise an 8 bit register
having register select lines 216a—h, respectively, and
output enable lines 7040—11, respectively. Each color
register is connected to the 8-bit data bus 660 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 240450, 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 7280 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 “VIDEO”. 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
7M and 7M clock signals (7.159090 MHz square waves)
to generate (DC: and If)? These are the clock signals for
the system. The frequency of IT}? is llaif that of 7M and
the frequency of (PG is half that of PX.

The clock generator 754, shown in greater detail in
FIG. 13, comprises a divide-by-Z 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—Z counter 756. The output of the
divide-by-Z 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 (D1 which is the same as ¢G and the
output 772 for the clock signal (D2 which is the inverse
of clock signal <DG.

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 TM clock signals
which clears the clock generator 764.

The relationship between 7M, HORIZONTAL
DRIVE, (PG and FX is illustrated in FIG. 41. The
frequency of W is half that of 7M and the <DG clock
signal is i of 7M. There are 455 cycles of 7M per hori-
zontal line of pixels displayed and “3 and 2 of (PG
cycles per horizontal line. Because of the extra 3 cycle,
(PG must be resynchronized at the beginning of each
line. This is done by the clear signal generator 776
which “stalls” (PG for 3 cycles of 7M and is initiated by
clock signal HORIZONTAL DRIVE. W is also
stalled for the same amount of time.

FIG. 11E shows a television sync Enerator 780
which also uses the clock signal 7M and 7M 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 (DA and (DB generator 782 having the
7M and 7M clock inputs. The generator 782 has output
lines 784 and 786 for the (DA and (DB 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 <l>A and (DB 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.
118). 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 (DA and $8 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 (DA clock signal and output line 828 for the
(DB output signal, which are 2.045 MHz. (The counter
822 is shown in FIG. 36 to comprise a “divide by 3%"
counter having the input clock signal 7M and mi)

The counter 788 has 8 bits, 788a—h, and a pro-

grammed logic array, or PLA indicated generally at
830. (The logic circuitry of the counter bits 7880—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 788}: 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 628a—h 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 FIG. 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 788b 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
flipflop 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-S 12 counter and has a period of 1/30
of a second. (The counter bits 792b-j 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 to 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 (191 and (DZ 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 3% cycles of the clock 7M. The
pattern repeats every 455 cycles of 7M. 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
mt 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 thefle 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 (b2. 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 MXDO-MXD7 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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whereby the CPU may selectively read the contents of 30
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 (b and 5
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 andmare 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 fIG'HT
PEN from the light pen 62 (FIG. 2). Finally, inputs
TEST, VDD, VGG and VSS are connected to +5 v,
+5 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 (CTS), 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 66b 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
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bit unit A0 typical of the units A0—A7, shown in greater 65
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

46

decoder 1000 have an input line 1002 which carries the
control signal LDLl by which the low address bits
A0—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 LDH] by
which the high address bits A8—A13 are loaded. The
address bits are carried on the address chip data bus 66b
which is connected to the microcycle data bus 66 by the
tri—state buffer 1001 comprising units 1001a—h (with
buffer unit 1001a, typical of the buffer units, shown in
greater detail in FIG. 49). The control signals LDLl
and LDHl are generated by the logic element indicated
generally at 1006 in a manner similar to that for the
LDLl and LDHI 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 4le 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
All—A11 of the 14 input address bits A0—Al3 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. 50.) 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
lZ-bits 1034a—l and flip-flops 1036—1038. (The counter
bits 1034a and 103417 are shown in greater detail in
FIGS. 51 and 52 respectively.) Bit 1034c, typical of bits
1034c—l is also shown in greater detail in FIG. 53. As
seen in FIG. 53, each of the bits 1034c—1 comprise a
latch 1039 which is activated synchronously with the
HORIZONTAL DRIVE pulse so that the count is
latched up with each HORIZONTAL DRIVE pulse
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
10340—1. 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 C outputs of the flip-flop 1036 are
connected to the 10 and 9 inputs, respectively, of the
counter bits 1034d—1.

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 10340—1 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 1138a 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 10340—1 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—A11,
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 l,
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—Al3) also being driven to a logical 0. In this man-
ner, the NOR gates 1058 corresponding to the address
bits AD—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—j5
respectively, and the 6 NOR gates 1096, each having an
input connected to the address bit outputs AIS—A11 of
the counter bits 1034g—l. respectively.

The multiplexers 1024 and 1026 have a VIDNXTZ
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 VIDNXT2 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 VIDNXT2 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,
MA] and MAZ 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—All) to a logical 0. Thus, the address bits from
the scan address generator are not conducted to the
memory address bus 1118 when VIDNXT2 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 (bl with the NOR gates 1096 also having an addi-
tional clock signal (D2 which is the inverse of the clock
signal <1>1. Thus, when the address bits from the scan

address generator are to be transmitted to the memory
address bus 1118, the clock signal 11>] 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—A5 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 (DI and the NOR gates
1062 (for bits A6—A11) and 1064 (for bits A8—A11) have
the additional clock signal (1J2. 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, AO—AS first, then A6—A11 (low resolution mode)
or A2—A7 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 O 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 1140 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-

junction 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 W and transmits it
to the CPU.

The CPU interrupt routine resulting from the W
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 S. 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 interruptAcircuitry 1144, upon

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 660. 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 2-80 to be interrupted, the
internal interrupt enable flip-flop must be set by an El
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 2-80 CPU interrupt
enable flip-flop is not set. Each of the two interrupts
may have a different mode. In “mode 0” the 2-80 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 11380—11. (The bit 11380 is
shown in greater detail in FIG. 57 with the bit 1138b,
typical of bits 1138b-h 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 1158041 are
connected to the inputs of the vertical feedback register
indicated generally at 1150 and comprising bits llSOa—h
(with typical bit 11500 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—EN 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 llSOa—h 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 66b to the CPU. The CPU will read
the contents of the vertical feedback register 1150 in

response to an interrupt signal IN_T 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—h (with bit 1154a
shown in greater detail in FIG. 60 and bit 1154b, typical
of bits 1154b-h, 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)1 and (b2 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 1154a—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 11520—g is similar to that shown for bit 1158a of
the vertical feedback register shown in FIG. 59.) The
output of the bits llSZa—g are connected to the data bus
66b.

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 input 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 11540-11 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 VIDNXT2.

VIDNXT2 is activated when the horizontal counter

1154 indicates a negative l or if bit 0 is a l and bit 8 is
a O, which occurs 40 times a scan line. Since the MUX
1024 utilizes VIDNXT2 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. VIDNXT2 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-0R units 1140a-h (with unit 11400, typical
of the units 1140a—h, shown in greater detail in FIG. 63)
and a PLA 1172 connected to the outputs of the units
11400—11. 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—h (with the
bits 1130a—h 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 11580—e (with bit 1158b shown in greater
detail in FIG. 65 and bits 1158a and 1158c—e logically
similar to that shown in FIG. 50). The output of bit
1158b or bit 1 (which is the light pen enable bit) is con-
nected to the input of an AND gate 118 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 1158e 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 1158d (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

IO

15

20

25

30

35

45

50

55

65

54

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 W 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 6 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 M—l 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 6 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 6 output of the flip—flop 1200
and an input connected to the line 1236.

The output of the bit 1158a 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 6 output of the flip-flop 1158c (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 1158b 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 1 when
the D input is a I which is a function of the light pen
enable bit 1158b. 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 TNT 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 11580 at a logical 0 (mode 0) the Q output of
the bit 11580 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 l 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 I—NT 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 l, 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 W1" 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 1158:: contained a logical 1
(mode 1) the Q output of bit 1158a is a logical 0. Since
the Q output ofthe 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 WT 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 1158d 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
1158d 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 WT
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 1158c 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 UNI—T signal is activated due to a
screen interrupt as well. With the screen interrupt mode
bit 1158c 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 W.

Had the screen interrupt mode bit 1158c 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 1156041 (with bit 1156a typical of bits
1156a—d shown in greater detail in FIG. 68 and bit 1156e
typical of bits 1156e—h 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
66b. 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 661: and transmitted to the CPU. The bits 1156a—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 11560—11 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~h 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, R15, TOW,
M1 and RFSH, and address bits A12—A15 which are
transmitted directly from the CPU. The RASO—RA53
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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—h (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 6617 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. 58) which has an input connected to the most
significant bit 1138}: 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)
and bits 4 and 5 of a function generator register (each of
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 VIDNXTZ and
the address bits A12, 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 WKIT signal is transmitted to the
CPU when VIDNXT2 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,

E from the CPU and the clock signal d>vto_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. 128 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 MAOVMAS lines are determined by the
address bits MAO—MAS.

The relationship between the inputs of CPU control
signals IORQ, RD and the clock signal (I) and the mem-
ory cycle output WAIT is shown for input/output read
operations in FIGS. 12B and G and input/output write
operations in FIG. 12F. FIG. 12E illustrates an 1/0
read from the switch matrix ports 1011—1711 and FIG.
12G illustrates I/O reads from the other ports.

The RASfl 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 CTS/RTS (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 (I) 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 <1) 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 P7. The flip-flop 956 oper-
ates to invert the signal RASO and to delay it to produce
the film signal at its Q output. the delay being a
function of the clock signal ‘1) and P)? 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 9660—}1 connected to the D0 output of the
RAM chips 104a—h, 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 (as) signal. The flip-flop 970 is clocked by the
output of a flip-flop 972 which is enabled by the W and
PX clock signals.

Whe'n DAIEN goes low, the output of the NOR
gate 964 goes high which turns off the driversA966a—h.
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 104a—h to
have data written in them.

I/O CHIP

As noted before, the control handles 12a—d and the

keypad 18 (FIG. 2) are connected to the I/O chip 50
and provide signals in response to manipulation by the
players or operators to the I/O chip. The CPU 46 of the
digital computer 44 receives the keypad and control
handle input signals from the 1/0 chip so in the digital
form. The I/O 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 I/O chip 50 within the

system is shown in FIG. 10C. The 1/0 chip has inputs
MXDO—MXD7 connected to the microcycle data bus

66 and inputs RT and IORQ for the CPU control sig-
nals READ and INPUT/OUTPUT REQUEST, re-

spectively and inputs for the clock signals 4’ and 5.
Outputs POTO-POTI are each operatively con—

nected to one of the potentiometers of the player con-
trol handles 12a—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 500-507 are selectively coupled to the keys and
switches of the keypad 18 and player control handles
IZa—d of the switch matrix shown in FIG. 8. Activation

of one of the outputs SOD—807 results in signals being
received at the switch inputs SIO—SI7 also to be more
fully explained later. The [/0 chip has power supply
inputs VDD, VGG and VSS connected to +5 v, +10
v and ground, respectively, 3 TEST input connected to
the +5 v supply and a RESET input connected to the
extension plug 77.

The CPU communicates with the I/O 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 66c 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 m 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 SOD—S07. The particular
select line activated depends upon the address transmit-
ted to the address decoder 1404 and the state of the
INPUT and OUTPUT control signals.

The select lines SOD—807 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, SIO—SI7 indicated at 1418 to a multiplexer
1420 which will gate the data to a data bus 66d 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 504 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 120—0’
(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 A1. 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 1’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 120 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 0, 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
120. 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
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CPU to input the data contained by the registers 1424,
the multiplexer 1420 selects the 8 bits of data on the line
1444 from the registers 1424 and conducts them to the
data bus 66d.

The I/O 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

1402a typical of the bits 1402a—k shown in greater detail
in FIG. 75). The low address bits A0—A7 are loaded by
the bit circuits 1402a-h of the microcycle decoder 1402
on the control signal LDLl, with the high address bits
A8—A10 loaded on the control signal LDHl 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
$00—$07 indicated at 1406, (each of which is the out—

put of a driver 1704, shown in greater detail in FIG. 76)
if the correspondin address is present as well as the
control signal INPIgT 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 W 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
SIO—SI7 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 810-517 inputs.

The pot 0—3 registers are indicated generally at 1424
(with the least significant bit 14240 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
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14000, typical of the 8 units of the tri-state buffer 1400 60

shown in greater detail in FIG. 78) by the I/O chip data
bus 664'. The input/output terminal 3 of each unit of the
tri-state buffer 1400 is connected to the microcycle databus 66.

The 1 input of each buffer unit is connected to the 65

output ofan 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

62

1555 is activated by addresses l0H—17H (the switch
matrix input ports) and the line 1557 is activated by
addresses ICH-IFH (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

FIG. 73 and comprises a 2-bit counter (with the least
significant bit 1428a 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 [/0 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 PCT 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/O
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 signalREF.

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 1670—1672 (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 14420 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
1678a, and bit 1, or 1678b, 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 (P 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 4)
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 12a, 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 1 input of a bit
of each register of the potentiometer registers 1424.

When a particular pot line of the POT0—POT3 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—POT3 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 A1,

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 A1

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 FIG. 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 I/O
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 0 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 l,
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 D, 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 0 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 l
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 15420, typical of units 1542a—g,
shown in greater detail in FIG. 90 and unit 1542}; shown
in greater detail in FIG. 91) and a PLA indicated gener-
ally at 1544. The units 15420—h have inputs 4 and 5 for
the clock signal 4’ 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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2 (contents of Master Osc. Reg. 1472) + ] Khl
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
14780—11. (Bit 1478b, typical of bits 1478a—g is shown in
greater detail in FIG. 92 with bit 1478b 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 14880—fof 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 15560-1, 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 l, 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 gates 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
15590 is shown in greater detail in FIG. 85 with bit
1559b, typical of the bits 1559b—d, shown in greater
detail in FIG. 86.)

If any particular bit of the noise volume register 1492
is a logical l, 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
S—unit circuit, which include a programmable counter,
indicated at 1570 (with a unit 15700, typical of the units
of the circuit 1570, with the exception of the unit 1570b,
shown in greater detail in FIG. 95 and the unit 1570b
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:

Fa = _____——_Fm2(contents of tone gen. A reg 1506)

The output line of the unit 15700 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 1590 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 0 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 LDLl and LDHl signals for the microcycle
decoder 1402 are generated by a generator indicated
generally at 1690. The generator has inputs for the
clock signals <I> and 5 and the CPU control signal
IORQ and outputs 1692 and 1694 for the signals LDL]
and LDHI, 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 LDLI with the
address bits A8—A10 latched on the signal LDHl, 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 2
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 rasterscan.

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 ZOOOH = 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 IanCassette menu
ELSE

Menu Inx<—On board menu
0 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-H
Menu inx «— menu inx-H
IF title (menu inx) ark zero

Go to display line
ENDIF
Call system get number routine
IF number = O or number 2 line number

Display ‘7‘ at screen (character 1, line 1])
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 killedGo to LOOP

DOIT:

 

STRND:

LOOP:
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TABLE Vl-continued_______—_.__———-————-—
If time up for round

Exit
Go to STRND

Else
[f Death Flag SET

Exit
00 to STRND

Else
if Player 1 or Player 2 For moved

Update new arm angle
Else
if Player 1 or Player 2 Joystick moved

Update new velocity
Else
If key depressed

Coffee break
Else

if Player 1 or Player 2 trigger pulledFire Bullet
Else
If 1 second has elapsed

Update new time
ENDIF

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___________—_—-—-————-—-—
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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
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.

Various features of the invention are set forth in the
following claims.
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- :5??? .- INHII: HIJIIMIIIM

ri'xk’ ; I'llIIHII' III»,
emu Ilumm 4 I‘IIII‘II [HII I’IH-IHII ; m ((III'JIH‘RIIIH

ml. . HUI-"v" IIHIH Hfa-IIIIIII

:n'w'x ; IIII'II‘I : III M .H Isa HIIW

PM? . III .- HM-UIUH' SIJRIIH HHJRH-IS

WII' (If/1’ 2W8 l'iI'INl'IH: HIT HRHIIIW i H IIP IAIHIII- HHHIHI?

871% mm; W39 JR NZIIMH-s 5 MIN II. so

87:41 (Hf-I 1'249 BIT ”(MM-I 2 emu: WWI-D?
877'? 14411 3'24) JR NLHHX-I- 5 m II- 50

, 224." ; 00 MW? HRIII:

(4724 H {Wis XIIR H
3725 (35 1’?“ MT: PUSH Ht



972(- [Va

072'! 47

0728 HM!
07?.“ 12’
[172$ M

3721': PB

8711) Et2’8
8714; E19

@736 PB

8731 [11

B731! 19“
8734 [.9

6735 EB

8736 [ii

(173? l-S
8?}; 6.1
(I739 1H
(1738 13

8733 T?

21731? 23

8738 77
WEE 2'3

WZF 1958
674.1. m

W42 :2?
874.? 70]

[4744 Li

B'Mfi (€28
H74? 89

B748 [:1
874.9 iEfH
E1748 (29

874C (:85?
874E 12(116

071111 HF
(17% {b
8751' [IS

(4751’. 4?
8754 mm
87?»?- 15+

6175'! 1'?-

875:"- FHMW
em: 12

am: U1
[1}“4‘ H:
8TH MFR

(CM! [19

Git-1 PH

W6? (11
876.11 5m:

8765 (El

0766 H"

076? [h
(176%: Hi

8%“! 41

8768 if!

4,301,503

‘.

mm a nu.
‘.
‘.

; Hm 10 NEXT I‘m}

2 hXPHNDFD Hill‘HEl) NRITE WINTED?
i JUMP 1F YEP

i H W21“

3 SEW HS MW“ NW (IN

+Wl'h H (H?!) NW1 N;

147

9745 HISH DE

3‘46 [D M!
I'M? [DIR

31'48 Ll) (MLH
3249 HP I»:

{5&1 E): Dle

2251 L0 Li.lMl-H.
2:352 ml) HIJK:

$753 5:: DBHL
22M POP E1;

M6 DJN‘! Han-s
2756 RH

2157 5 HRNI': [With

27.68 mm: H DEM
9259 M1: PUSH BC

3.966 1'le HL
2261 Ll) [LC
22,? WW: LD Milk)
£2.63 INC DE

2",?“ LD (I-l).H

2?65 IN: HI-

2266 LE) (H.).H
2267 INC HL

2268 DJHZ Hum-s
($69 LD (HLMI
2273 mt: HL

{771 Lb (HLLB

22?? POP HL

2:??? LD (3mm
2727‘. F00 Hum:

74’" POP H:
2.5% DJHZ iNXj-$
22-]? HF]

22% .- PtlIHHF ’Iu HRNDLI‘: HUPPED ($131»
'27? 911mm: BIT HHXPNDJ
56% JR Hz’m-w-s

2.781 xtlk H
mm Hlx‘r‘li: PUSH BC
3%} PUSH he

:54“. H) HH
M6 M12: H)!
:986 DH: H

7/87 Lift M;

:4383 JP PMIHH, :1

Riff-r! LI) (mm

£4641 HP H:

”.91 H MM
'99? ID LH‘vrlH-W
.Wix HM» MM

HM. H4 I~+,H1
2:545 M) H'
7:446 NH? HkHJ-Q
29.97 RH
W98 ; mm

229‘! NW: bx DbHL

mm W1: PUSH Ht:

239:. PUSH Ht

93W 11) M:
2383 I'm-'2: Lb HAM)

Zfidl kFIilSIER B

FLUSH Hf SHIHFR

Lffl’ IF m (H0155

148



8761: 13 RIM
«76C T? was

B'ZGI) :‘B 2306

8761: 7/ 22W
£176 214 2238

8778 1918 2309

5722 '12! 23111
87a :1: 231.1

WM 79 931?

8775 H 1'31}

87% 81-28 2314

am 89 231.5

87!?! [:1 2316
(WI-I 1m: 231?
8776 CS! 2318

2315

2328

2: 4’.

91'}
2324

2325

2326
23??

8771) umm [<28

8781. [E 3:03
872:! [Ml-$1.36 $9338
8786 DIE-6.81»: 5!?(‘51

8789 DIM-Iii! 1'33?
mn- [lIKI-djdfifi. 1/333

B7911 21-543 53334
879?. 7B 231‘-

8793 HM 2336
9795 RC ?I<1<?

87% 4F xI<L<8

879? 66” 2339

0799 HS 234-9
173.1

879“ 2341'

0791: CHM 7M}
87241? MW {544

23411
3,146

2‘34?
21-18

P5019
M541

E1791 3H8 36-1
{WI}! :4" ..\‘.-.i'

am 4F 2353
8782' '18 2354
07112 ~13 7555

(1784 T! 9156

8785 I'3 2357
(17116 5m: 2358

. 15 2260
97m 261'! 361

am: (3 2362

149 g

iNFNF'

4,301,503

“I: DE

1.!) 0| ); H
DEC H,

[D (H ). fl
DEC H

DJNZ W24
LD (H.518
DEC ll.

lD (I'DJ‘
Pt? H.

[D [3,MEH

FIJI) Hbl'll
PUP BC
DJNZ “Mi-1-

RH ‘
ELM Hdfl VECHR

5 PIN-116E: Ell-INK NHH INFO LIIHD Fm VEEI‘IIR
1 INPUT: HI! =' SilITUk
i

-.u”s.s.~.
mm:

E=XSWE
D-‘VSXZE

NUIES: H115 RUUHHE I'LHNKS TU FIG

lHlS REUTHE lHTtRRIIiH'IES THE M HNK BIT

f“) RFFRHINE. FRO" {11%}!le 1F N01 SET
IF 1'! 141% SET; H 15 Wk" I'd-15H

HIT M1W;(IX+M'IH1) 3 IS Eli-INK 811' SB?

MET ? 5 [JUN If NU}

RES WK, (lXWtESIFIT) 3 KILL BUNK HIT
H) H, (]X+W{!HH) 5 mm BUNK "mid-.55;
[D L. (IXWHIHL)

BIT HRHDF', (lXWWiR) ; IS FLIP SET!

JR Z.|‘WBLH§*$ 5 JUMP 1F NIH
LD RE 5 X 5121; W H

”FIG 5 INS (1‘1“.me HHD HI!) 1
1M2 8

[D (L: H

[D Ebl‘IIFFH

EDD H.186 3 USE W WK LP SLREEN ”WES

i lM’lHfill; 'I'HF HHNK HHMS$
WM H1:

5 Nil}:

SH 6.11

1D HA1 5 HSSII’II: BMW '10 I/H-ZU
BUNK ER”!

5 HlkPlii'wl-t 5-H T "Iii N X H kHélUfl 'Hl [INS-NIH]
; lNPlH

i

MN MI 11'. :

993111111:

NINE:

: H - HflNK HIM-(£55
|-. r X 51?]:

I) - 9 5m
H - IDHIH HI H” mm

ID I'LH‘MH. i Illa-MN!- HI} IN'LIH’H NT
HUB l-

l.D [3H
LI) M: s H = DHTR 101-111. HITH
[1) Mi

lD (HM!
M: I!

DJN? ram-s

FIX) mu:
DH: D
JR WARM-1s

RH

150



" 2:363

8790 IR

87%. 4E

am 1"}
07m 46

9781 93
am (If?

0734 HI”

6785 C5
am; [)5
£173? 4?

3783 mm

078?: [:8

GM: E5

am: EH8

am: 89

am Ht

87m [:3
am. 1&2
8763 L3

8705 '(I:
cm H?
am (.8

B'r'fz? meta?

37m H—M

am: 3&6
87E? LIME?

e701 25¢
870:4 58W

5er F61?

8706 4?
87!)? 23

me EB

8709 (Iflfla

am: mm

[1711} 18E}

l.—

2365

2366

2367

2368

2369
2378

2371

2372
2373
?374
2375
2376

23??

23?8

2379

2383

ZKEd
2382

2383
F)1...,

22%
238?
2388

Z’TQ‘E!

23%
2391

2’39?
2293
2394
2395

2397

2398
2399
2438

2431

2482

2483
2484
2485
3486

2487
2488

2489
2419

?411

9612
2413

2414
2415

9416

245?

2418

2419
2499
2425

242’?

‘15
3W:
; INPUT:
I

5 Nil“- :

MST :

HR'ESH:

i

i
i

5
5

i
i
i

i
5
J

i
i
i

3

1

[X

L!)

"It

LD

1K2

SET
XIIR

4,301,503

RESTORE ”(I-H

It - SIIM‘EN HDDRESS m RESTORE 10
DE 5 SH?!- Hdifi turbid-SS
SIZES HR! Lat-DH) FEM 'II-l‘; SM. “(ER

DEN,

L301.)
H.

B, (H)

II

6.0 5 MG: SIRE Ht PM: HRHIGIL'
H

PUSH HC.’
PIE-H
l D
LDIR

EX

PEP

[.0

MI

EX

PEIP

DJNZ
RH

DF
B. Fl

DE, Ii

II

(I. MPH.

Ii . BI:

III-I. HI.

BC
M26114

’¥******#**fi**#*tt**#*t*#t****

1‘ (II-IIIIx'ff'Ihk DISH“? RIIUIINI:8 t
t#**#*m*#****13**##¥####t##*

M1"

mm} :
INPUI

[III PU] :
SI FIX USE

IJISHM SWING
HESFmE MSW-fl

Lb r X. 9 [:IIIld‘JIanI-S
I1 = STRING wafifi

1x = Hm IIFSIRIHIIR
[le FIJI-RH.) HS IN DISHHV mmnhk
4 WTFS (kxuwmfi 09+ w SVSPCH)

kXPI.FIINflIIth HS HIT,“ ("WWIIFR IS MUM" III, II

IS IlrS'I'H) FUR HHNG H I, [ST 'Iltk'I'IINHIW ( [MIR = H)
IF IT ISN’T, DISH PH (ZW‘IHFKIIER 18 m IE1) HM) THE

TESI IS IéHH'I'I-l) HI? I”: NEXI [HIRHI’ZIER INNS
fl HILL SIRINU IS III-NH!!! PHflI"l~.I:I I".

Ell-(NI II: II)

51PM :

SI RD? :

§¢‘.m..s.

F“)
RE I
JP

[?

JR
CHI 1.

INC
JR

H“)

l I)
III:

PX
(Ill.

CHI.

JR

H, (H) 3 [£1 LWMHZIER

H i K. II R TERHIMI'IIR?
2 i QUIT IF SO

HISTRM .' DISPLH‘I‘ II- HLI FINI
64H 5 91K 1" SWINE“?
IKhSIRDJf-S ; .IUI’P IF W5

DISH}! i SHIN III-Hi

ll 5 HIM“? 'IO EXT [MIR
STRNFH4 5 HI) [.0th

161118 5 m. SUI‘K III-6K
BIH

I'l

DEJHL
I‘ISLKXI

REID

SIR‘NHH 2 (,0 ma: hm mam
#*$****#****#****1**********fi

t [lHflItHiiIkk DIS-PIE? ROUTINIt #
tumuflnnnmtMunch“

INPUT: H ~’ [ZHIIRHCIFR

(I = [H IONS

152



4,301,503
153 154

ME? . D r v ummm'w
24:44 5 E = 5: (11552551555555:

24:5 ,- 1X - mm mmmm
me 5 (my 15 m'e'ekm'm: HINT new)

2427 5 mm: 155 1mm 50 mum at Hl-X‘I me PM
we: ; Hons: m: («451m rm 15 Hmnw 5:5 mums:
24:3 5 ms tumms

24354 . —-— —-—--—-—

24.71 . («-1 (H um um 550155158

243: 5 2—3 m mm; H15»: mmum
2432 .- 4 (R “mm

2434 ,- 5 5;an (mm

2435 . 6-? H51 «ma-55m 5mm (H+1)X
ma 5

2457 ; rmmuwa 5515555545 Hm 55H. ma: mm” 81H RN“ am
94714 5 m IN‘IWFFHH’ H's 551le558115th IHW MN; ‘IHI-
Mm ; luv-Inc 5155‘5‘5 MH‘ W l' mm 5 III N t-PmI-I» [Mk N

1’4".“ 5 (HHMJFH VHF-”MINE, ”NH-d— N r (NIKON). (PH

2-445 ; murmurs RPM-HM M4 Hm: 7H! HR} [FM-N HS Humms ‘50

2’44? : 'IH} WHEN .9] 515555558") 25 X Y (THM'HtI'Il-Jt HINT. (“0:11:1ka

944:4 5 BF'I‘HFFN (H.195 HM) (HR [(+sz HI “I lflk MPH ll-‘D fUl-RMflF
M44 5 (Hfifli'H-R HM. WIS Hm IS MHRDH) W H HM
2445 5 “SH-(IVER 'IHHU- ll" M: FEMININE HM“:
2446 5 utmuutnumtuunn

2447 5 t (1 * HHS!- (‘HHRHC'IPR Will. 5.
2448 ; MamMMtuuuua-tnnmn

2449 5 t 1 * X Fkfll’f .9171! II

2458 ; t$ttt$tt*#*t#fl##flflhtmflt

2451 5 t 2'. t Y Fm SIZE 1‘
2452 ; utmunuuntuunuum

2453 5 t I.< * X PflTIItRN 51!!- (BWFS) *
MM 3 *mnmnnnuunum

2435 5 II 4 It 9 WHEN am. it
2456 ; ntmmnnwrunntnm

245? 5 t 5 at ‘PHTI‘ERN IHBIE t

2458 5 t 6 # FILM-SS t
2459 5 mmmnutm

07H [5 2468 DlSHEH: HISH BE:

87%;? E5 2461 PUSH l-l
97E? I’M-.5 2462 REM 1X

87E?! H? 2463 HI) H

B7E6 FHEIIW 2464 JP I‘LDlSU-fi 5 m 1F YES
ms [)[121 [168? 9465 [D IX. SVSl-‘NT

87E!) H28 2666 DIS-[141: CP 1’31 5 15 (Mt ( if“?
8711'- 38K) 2%? JR I‘ll) [1156194 5 MW IF NOT

87H, F5 24.68 DISC”: PUSH HP 5 10]" TD SHE. (MR
07H? (MPH: 26.69 [TAIL NXTFRH

87% HHKZ 2% L141. HWLX 5 SIM )T ”(K
07H: H 2471 PIP H'

8717924) 24?? DH: f1

8?”! 2W”:- 2473 JR NZ, DIS-[1.1154

37H: 1833 2474 JR [31511154 5 M1? HI EXIT

87H: [3096-68 MKS) DISUB: SUB (1x45555155) 5 SlB‘IRHIIII Eff-P (HM:
6801 5F MFG [D E53

9387‘. 16m 1’47? L0 0.6

8884 1:1 {ii-m 2478 L0 H.514

88“? {MW} I'd-79 LI) (25(IX+HW1F) 5 liUlf-‘LV (JHHRHCIW
M15MMf114 248(1 DISICIHZ’: LD B5(]X+FWSIZ) 5 W Pfi'I'IE-J'dl 513.31:
989019 33481 DISCHK: HM) H.5DF



88119. 111-1)

98114 141)
11811. 2141-?

@813 [1056116
3911(- [1115-1-35
191.9 19

@9111 111-11149

118.11) It.

11811 111116111
11815 [:5
118?? Eh

Bag-ix {116.1114
11131.1. H

11%.?!» 11-4111:
113.11 11”

(49:1: (:1
08:1: Elm-(FIE)

81W 81

(£314 l-D'fmh

8833 1111-0
6831) 111

882% [:DHK,‘

0839 1111-1
8831: E1

8831: (:1

1831) (3

811312 FD7E116
8841 a?
1912'. El?

1:343 1:683
118-1531

11846 4?
884? ff

15848 3?

(1849 SF
88411 1611
11841: 42/

8840 CS

8841. 111311-19

81151 43

14852 11156115
8855 11371-144
11851: 0111:5111

63511 1111-11

11851) 1191114

11861 111
986:! 41

(4863 11113611?

9432
P483

2484
9485

2486
9487

?488
9489

919m

2491

949?

9493
v494
9495
reun

349/
.‘41'41-1

9499
?598

9561

25a2
2562
3584

2%15

?586
P58?
?588

2569

251a
2511

254?

2513
2514
2515

9516

1’51 7
2518

2559
2528

2521

952?
2523
2524

2525

2526

252?

2538
Pb?9
P538

2531

2532
253}
2534

9535

95mg
:éizv

2538

2539

:tna

4,301,503
155 156

NM? 11151184

DH: 1':
JR 1121111511124

1D I). (lX+1-'1PTH) ; H11) 10 "IBHLE 511-1111
Ll) E,(1X+HP1L)
1111) 11.111-

; [1mm- P16111111 HHHn'E HEXI (“Mint-R 1101111) (111
3 H111) 81-M-

(lHll 111111-1611 5 SH-P [:11111)1N§I1‘h$ 111 lit-X1 I-Rfll’t
PUSH lit 5 $1M-

LD H,(1X+F'1%IZ)
111512114: PUSH Ht

PUSH 111
(1111.1 HRH JN
1111' HI

11> [ANN-111911) .' 8111’ 11111011 11111 11F I‘HTII-RN
HM) 111,111:

HP BIS

l.D HAM-1.1.111) ; 11W}: Y 111101111111.-
l-IJD 11.6

1.1) (I'MHDM

11.1112 111811144
HP 111- ; R511“: Mr" P16111111

11111 HNDU 3 STU-F 11E MIX 11111.1 111111-111
11131115: 1911' 1X

PIP 111

P19 111;
111-1

; SUM-21011111- 10 [1111115121 rum-(mm 1111:1011 111 11115-111111 1111111
1 1111-1111: 11111. WT!- H-dIH [111111-111 SHVF FRI-F1
1 (1111-111: [M1 r ITEHHIIEIN (.1110

11111218: 1D H.(W+(li¢1:) 5 [£1 11101- EMF.
H.111
RICH

FM) 83 5 15111111; ENLFRGH'ENT ”£111!
11!: R

1.1) 8.1-1
X112 11
5114

11111511: 11111; 11.11
0111? MACH-5
LD 3.11

RET

; 5181111an 10 Wl’lfl'l'l'r 1101011111165 10 P111111 FIT M-XT 01111111131}!
5 FM:

3 111-111: (IIMHNH‘IES 11111-11 Him (mm 111 [11111-111 1:11sz
5 [11111-11112 LHX-flED (21111131111115 1:151'1RNF1) IN 1) 11111) 1-

; 11.8 r (101-111-1151), [FEM 1111191: H1121CIR KIWI-R111.)
11211-1111: 131111 11616111 .- 1111 1119161111111 (11.111

LD BB 1 51M-

LD [MW-11110) 5 (£1 ‘r' (2101(1)
LD FLOWE‘BE) 5 61-21 X [1111(1)

111111-16: 1‘01: H.(1X+1'11-SX) 5 F111) )1 H<H11E sm-

DJNZ 111111-1114 5 {Hull-.Nlflklii- 1111195

1‘? 1611 5 P1151 12116111 [-1111 (I1- 5111111?
JR 1:. NXTFRZs-S
ID 1111)

1.1) 1.0

NH'IFRI’: H110 H.(]X+HFSV) 1 “fl-P - “MIMI. “HUN“.



E1566 NH!

886$ 5?
E1869 HF

(186$- (19

88:1; M94144?
2186+ 06m

Hal-’1 1)th
08?? I v! "I 'JJJ‘I‘tI'm
E13}? MW

(ti-=1": W 5

“RI": l“

(18% Lx‘Hn
BM- 0119

W 3%

0882 0311;

$8M HWHIE»
8%“! £6411
88m 21m

$83!: (1?
(185.1; £17

8881) EB

88% Fl?
88%? um,
8895 EM?

8E6} F9
8394 [m

8896 F5

889? 41

8898 1H

0899 13

38%| 77
089E: 2'3

EIBSC ??

881-0 2.?
889E 1&8
m [101
88m. H

88H} $511116

88% '59

88H? 54

8888 SD

em: 3!)

2m: 2m

38“: (1)3608
88““ (074m
88%? HEW-['16
0385 D319

5183? 66311

8339 F668
838?: (NEW

88”" [>5

88w C5

88(11. [)5

2’541

2’542

2’5". 3
:544

2’5". 5
254 6

1‘5". 7

1‘54 8
95". 9

I’tt-Pl

I555
5'55: '
(.551
P554
,l“ ILILI

has

1‘55?
I553

{€559
P568

2561

2’56?

{’56}
25M

{€565
2566
2%?

2569

2573

257?

2573

2574

2575
2576

2577
3578
2579

2 g
m

258?

{€583

25E“!

{€585
P586

8587

2588
1‘53?!
1’599
3593

7’59?

95.93

2594
2595

2596

25.9?

33598
{€599

157
mu? NX'IFR?-$

w M
xm H

mm: w m
RH

4,301,503

5 sun-«mm.- 10 HR)": (M LHE H- H PflHERN HHH MIR“
; m» l’XPMD

z I-NTRV: HL -- sum.

MUN: LI)
Ll) m
HIGH IX

ID 123%
HM) IXAP

WSH 1X

H? H
H) H. (-12»

(III (mum
ID H.115“

(III (mum:
LD MONK)

H!) (1114

JR MIRHLM
mm

mm

ex DEN-l
HM) H
SK: mac
SK: MAI;

LD 5PM
RES Ml

PUSH fl»
LD But:

lb [MUD

1M: DE.

LD (1M4
1M: I-l

LD (KM!
IN: It
DJH? Haw-s

SLR 0
PW ff’

lD I-Ml

FUD HAP

[D [Ml
LD bl
DH: Fl

JR NZIIRTH-é

; NON I)“ I-IRJ'II- 1t! Sufi-N
HRH, “It. was

ill. DELIIKI
Lb PLUMBC)
(III (W)).H

HM) 5339
OR 8
EFL! mm

EX Dbl-l.

HER m

VUSH HE
WSH [If

W111 ;

“-211 2’ :

NR“ 4 '

c
I

1

1X = HNT Hill-

(I; (1X+F1FHTF)

M’Tlld- 9&1de HIJNTI'R

SHVF (iH‘HlHH) Elf-[CK

l)" -' l'HP'ilMD SIHLK

5H PM!!! W (1.1: 11

51'] PM) BIT

(fl (mm. WI!-
lfllflll‘ FM HM, MINT
Jll‘l" 1F 71:“!

um (16?? RH
(IMlTF S'IKK Hflfi SIZE

SHE 5&le SPffl'

WWII“! ‘IH’: RINSE

[£1 Sflldi BYTE

Em 1T

Fllfil'l’lfl

WTM STflX HP FflllN

SH DEE-H.
HR IEX'I DEST (1WD

GE] ITERHTIUN [11141er

158



88$? (:5
[186* 45

881$". 11%

881:!» 13

[13(16 2'?

8815/ 93
(13% ”(7

881:9 23

{NH MB

6311. Hum-1
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.qa I .r1 .TI JP INIT

nan j hm:%«§h§%%*%§*fl§fi§*i*
A}! , w HUN TIGHT LOUATES %
g4? ; nkw»&k*fi*%fi#fi§fi§fi§***
rI' , hHNLlOHT HACLOROUND JOE
IHH . LUHHIBIINO OF INITIALIZATION. PRE—ROUND DISPLAY.
LHJ ; HHNIrflfilNG OF CONTROLS AND VECTOR DELTA CHANGING
OS; , DEATH, POST ROUND STUFF AND END GAME

   
 

 

 

iEDUATES
wanna LNX EOU 3 ; LEFT NUMBER X
TODD” DEV EOU 2 i BANNER STRINGS Y
*" RNX Emu 136 i RIGHT NUMBER X

LHLX em 32 :LETDMLHBX
" EOU 104 i RIGHT " "

EOU 76 i SUB TIMER X
EOU 44 5 GET READY x

ORV EQU 1 a " Y
DRX EOU 64 ; DRAW X
TCAOY EOU 20 5 TOP OACTUS Y
TTREEY EOU TCACY‘S
HCACY EOU 42 i MID CACTUS Y
nnnuv EOU 70 ; BOTTOM CACTUS Y
BTREEV EQU BCACY—S
LEAEX EOU b4 5 LEFT CACTUS X
R AEX EOU 88 5 RIOHT CAOTUS X
i ACX EOU 76 s CENTER CACTUS X
LHOX EOU 72 5 NAOON X a
Cwa EOU ROAOX+3 ; OTHER CONDOYS HINDOH X

IOOOO { . TLINE EQU 10 1 TOP LINE OF GUNSPACE
FWOHD 7m ALINE EOU TLINE-l
FOOEE h/V DLINE EDD 92 5 BOTTOM LINE OF "

Li- 7 E: i
3001? A EULVSZ EOU 18 i BULLET VECTOR SIZE
3““‘7 / OFVSIZ EQU 23
3““1? . NAOVSZ EOU 18 s WAGON VECTOR SIZE

:0n" HJNHND EOU 50 5 TOP—BOTTOM wINDOw BOUNDARY 
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187 1881
fnhLfl TuleN EQU 53%2 5 TOP MINDDH LINE
‘WMWM: BUTLIN EQU 00 ; BOTTOM HINDUH LINE
*mmrn LFRLIN EQU 100%2 ; LON PRIORITY FUREGRUUND LINE

'FFFF NEXT EQU —1 5 NEXT LINK FOR QUEUES
i000! .51 VBARH Emu VEOAH+1 ; ARM STATE
'nfilh n10 quARH EUU VEARN+1 ; LAST ARM PATTERN WRITTEN
'nhll mWI VE EDT emu VBQARM+1 i LEG TIMER
‘uhl: a»? . emu VELEGT+1 ; LEG LINK
-.mw11 EQU VBLEG+1 i TIMER FOR COMPUTER CONTROL  

elm/Iv . F‘ ”pf ”0' X B  

Cc} BHLL y Wm F PrCTUrU we. 96R!”
1‘7 77 . \

‘ 4 .1 u’ l I ‘ 1 “ . VI :' .LJ(\I - [If-NJ 0 Unl—fiUN E1 1 T
‘u«.: .“n vb an IHU 3 . (HnNhE ETATHR BIT
.uu.| In UL HHH [NH 4 1 N01 HDVINU STATUS

'IMuT- “In VLLINI LUU U ; INTERCEPTEDIDEAU STATUS

[no , fifi%**%*fl§fl**§*fi
701 2 é BUBHDUTINES *
/mi , *%**u%**§u%***#

 

 
  

70; -_nv ELDER AND UPDATE CT4
17E1 F3 704 . DI
17E? 705 SVSSUE DECCTS
17E4 $0 705 DEFE 100000003
17Efi fihfiloflDZ 707 LD IXJFNTSML
17Fq finncaF 703 LB A.(CT7)
17FC p7 709 DR A
i7FD yuhfl 710 JR Z,DCQUT—$
17FF 111 . ; UEUK DISNUM
17F1 Jr /11 DEFE ” MRX
17F? fig 713 DEFB BSY
11F? an x14 DEFB TIME
17F4 a? 7 3 DEFE 42H
17F5 "VIP ' , DEFH CT7
17F? n! DEDUT XOR A
IVFR D:flfi
17FA % FFOF
VTFD IV
17FF 1“

GUT (MAGIC).A
LU (URINAL).A
EI
RET

& FIRE BULLETS
. LEFT CUNEDY
FIRED SYaEUK SUCK

DEFB 110111003
UEFH LCUHB
DEFH LEULS
DEFw BULV1+1
JR ZURE-5

FIREI S“3Uk SUCK
DEFB 110111008
DEFN RCQWB
DEFH REULS
DEFN EULV3+1

 

ZDRE: LU A.(IY+CBB)
OR A
RET 2
LD A,(BE) 5 GET BULIT COUNT
0R A
RET Z
LU A.(HL) 5 CHECK IF BULLET IS AVAILABLE
OR A
JR Z.ZUK~$
LU DE.BULVSZ 5 DELTA TU NEXT BULLET
ADD HL.DE
LU A.(HL)
OR A

 
JH 2.70K-5

e|> Ifll
a; . itHU IN LHllll
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189 190
. “I . [A A I IIHLIL'IY
rul . gun I rhnH HULLET LOUNT
73$ ink LU A.(EC)
"in; DE .-_; A '
35 L0 (EC).A
HA , EET aUE TIMFR IF nuT 0F BULLETS

/37 JR NZ.BERnaE-s
7W3 LU A.(CT7) -
15? OR A
760 L0 A.IDH
761 JR 2.3TSEC-3
762 LD A.2
7&3 LD (CT7).A
7&4 PUSH HL
705 PUSH IX

LU A.(BC)
LU L.A
LB HI 0
man HL.HL
Finn HI“, HL 5 *4
LB UE.BSY*256+REULX
BIT MRFLDP.(IX+VBMR)
LB 9.40H s FLUPED HR
JR ZIRITB~$
XDR A ; NORMAL HR

i NON POSITION AND ERASE
RITE ADD HL.UE

EX DE.HL
EYSTEH RELABI
EX DE.HL
L0 3.5
LD DE.40 i INC TD NEXT LINE

HELP LD (HL).OFFH iERASE A LINE
ADD HL.DE i 00 DUNN A LINE
DJNZ EELP~$

[.100 LEI [h 0
DHfiFOF LU E.(IX+VEARM) ; GET CURRENT ARM P03

“ LD H.D
LU L.E
QED HL.HL 2*2
ADD HL.DE 2 *3

1“Eln LD DE.BULTRB
1 ADD HL.DE ; —> BULTAB(ARM)

104 EX DE.HL
W‘ POP BC i BC<==IX

PUP HL 5 BUL [STAT]
PUSH HL 5 SAVE FOR ACTIVATE
INC HL 5 BUL [DEL TIME]

.61 LB (HL).1 5 MAKE EULIT JUMP OUT
INC HL 3 BUL [DEL XLUHJ

. «- INC BC a COM [STAT]
1974 0* INC BC 3 CON [DEL TIME]
1975 01 INC 80 a COM IDX L0]

1 7fl rnn319 7 CALL PUTVEC
1../‘ ,. n ’: WINE: BC; ; cow EXCHKJ
IPWIH: IN [E i UMEDVLOJ
ISYH " INL HL 5 BUL EXCHK]
'97fi Ln (HL).1 5 LIMIT CHECK
137E INC HL ; BUL [DY LO]

CALL PUTVEO
POP HL 5 BUL [STAT]
LD (HL).80H 5 ACTIVE
SYSSUK EMUSIC
DEFu MSTACK
DEFB 000000013 3 JUST NOISE
DEFN GUNSHOT

x RET
iiTAKE A PISS BREAK
PISS: DUNT PIZBRK 5 SEE IF I CARE

00 NRET
i CONVERT JOYSTICKS

: hurtéldF JOYO LD IX.LCOHBh : R337 JR PJUY-t

tn » DDTI7R4* JUYI LD IX:RCOWB
5 CONVERT JOYSTICKS 
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‘ , ‘ . r 192
HP;ROO LU C,(IX+VBMR)
1|fi000 LB DE.128
' ‘. ‘II’ICIO LEI HL: 128 T

SYSTEM MSKTD i CUMPUTE DELTAS
np'TOQ LU (IX+VBDYHJ.H  
[“1“] LD (IX+VEDYL):L 

 

  

Dh7704 LU (IX+VBDXH).D
hh”?u3 LU (IX+VBDXL).E
F’ RET
['|T1.’17S4F F'F'ITITI‘. LEI IX; RCUHB

Q ' LB 9,3 5 POT MUST BE FLOPPED CUZ
If CPL 5 ARM IS FLUPPED
 
 

 

 Tzffi. JR FPUT—$
fih.l&14F FPDTO: LU IX.LCUNB
7R LD A.B

; CONVERT PDT AND STORE
pnrn PPDT AND OEOH
(T‘ RRCA

. Cd" RRCA
a UF‘ RRCA
-IW' RRCA

FFHE CF OEH A
rpm: JR‘ NZ.KART—$

:;m‘n: Lu A.OCH ; IF KNOE=7 THEN SET To 6
nn'IDF KART LU (IX+VEARM),A i SET ARM POSITION
F5 RET

i LHECK IF BULLET HIT ANYTHING
HITCHK: LD A.(IX+VBSTATJ

AND OGOH -

CP 20H 3 CHECK ONLY IF BLANKED

IRFF hL’FDl
jfint Fénn

 
 

 
 

 

 Ifinfi FFTu -
PRUF ~A JR Z.HIT—$

_ nu 7 RET NC 5 RETURN IF NOT BLANKED YET
% DHFBD7SE E BIT vBCLAT.(IX+VBXCHKJ

: CS 9 RET 2
DH ADIOO 3 Ln (IX+VBSTAT),0 ; BULLET HIT HALL

a LD (IX+VBXCHK).1 i SET LIMIT CHECK nnfino7ol
9 fil' IE

. h hh'inL Hll‘ LU A»(IX+VHXH) AEHEUK NHfiT FART 0F SCR ITS IN
“:4 [' T 1| ;-‘, U“ NHLI'X

JR NU.HIT1-$
LU (IX+VETIMB).2 iHAKE IT JUMP OUT
LD (IX+VE3TAT);SOH iRE ACTIVATE
LU HL.EULLMT
EYETEN VECT
RET

HIT1: LD (17+VBSTRT).0 3 BULIT DIES FROM WAGON 0N
UP RCAUX
JR NCaHIT2—$
LU A:(HAGUN)

 ‘IT‘I'

 

  
4 3A904F

1§06 B7 DR A 5 IS IT A CACTII?
1707 in RET NZ 5 NUPE ITS A WAGON
Tong TEQF LU E.CCACX 5 L090 X

; ERASE UBLECT BULLET HITS
ERASE LB U:(IX+VBYH) i LUAD Y1900 W Fifi-(IF:

 

 
 

IQDH 27 DEC n
19DF SVQSUK RELABI
1910 WU DEFB 0
19T1 FT: EX DE,HL

' I1N7FF Ln DE.—41
“H“? LB B.D

ELOP LU A:(HL)
LD (HL).B ;ZERO THE SCREEN BYTE
INC HL
0R (HL)
LU (HL).B
ADD HLpflE
JR NZ.ELDP—$

["7 RET

FFflO HITZ: CF RCACX+S 5 GUNFTR SAPCE
fiflfifi JR NE.DIE-$
TFJG

. nntnfl076
f'T—H’IF
1 FT: '.
1 FIIJI 1

LD ElLCACX
BIT MRFLUP.(IX+VBMR)
JR NZ.ERASE—$
LD E.RCACX
JR ERAEE—$

 



1930 TIME [10076
1‘ 4 PF ’

  

 

  
 

at]‘0ufi«Q~,.'.-.1u'-..-
fl'fl
’1'}

 

 

. 97
1930 an 97
1fifi1 (HER1? Q7
Ififid TIU4 “7
'33 hm 77

1 717:7 u : [-77

' F 'El 0‘

 'fi‘2

U1«5’5."M'-
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193 194
DIE: BIT MRFLUF.(IX+VBMR) 5 ”HO DIED?

JR Z,DLEFT—$
SYSEUH SUCK
DEFE 110111018
DEFw LEONE
DEFE 8
BEFw TAPS
DEFw RECURE
JR UIE1~$

DLEFT SY IH SUCK
DEFB 110111013
DEFH RCDNB
DEFB 100
DEFw FUNERL
DEFN LSCORE

DIEI: LD (IX+VBLEGT).A ; SET FIRST CELL TIME
LU (IX+VBLEG).KIL1.AND.DFFH 1??

LU (IX+UBSTAT).068H ; KILL THE SOB
LD A.<IX+VBYH) i WHERE TD wRITE GUT NE
on“ 3
LP ILINE+9
JR NC.DIE4—$
ADD AIBZ
LD D.A a LOAD Y
SYSTEM INCSCR
DEC HL
LB A.(HL) z FIELD
CF 5 ; INC IF LESS THAN 5
ADC A.0
LD (HL).A

; PLAY DEATH SONG
LD H.B
LU L.C
LD IX,M8TACK
LB A.110000003
S STEM BMUSIC
LU CpLARGZ
LB HLJGUTME
DI

SYSTEM STRDIS
SYaSUK PAHS   
DEFB
LB
LD

250
A;1
(SEMI4S).A 5 SET FLAGO

r
i
L

RET
FIELD PUTS UP THE CACTII APPROP TO SCORE
A=SCURE UF OPP PLAYER UPTO 6
BC —} ARRAY OF Y POSITIONS

 

FIELD: LD HLICACTUS 5 —} CACTUS PATTERN
PUSH AF
LD A.IOOOB
OUT (XPAND).A
POP AF
CF 1
RET C
CP 4
JR NC.TCAC—$
CALL CACN

TEAC INC BC
GP 2
RET C -
CP 5
JR NC.MCAC-$
CALL EACH

MEAD UP 3
RET C
INC BC
EX AF:AF’
LU A131H a ACTIVATE WAGON
LD (NAGON):A
EX AF.AF’
CALL CACN
CP 4
RET C
INC EC
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195 196
In HL,TRFE
HII—‘H (IF .
LII 0.110OB
UUI <XPAND).A
PUP AF
CMLCWW
CP 5
RET C

’ BC
gnaw. AF

DE
A.(EC)
D.A

LU A.8 ; EXPANDUMATIC
SYSTEM HRITP
PUP DE
PUP AF
RET

; PUT DEL XIY INTD BULLET VECTORS
PUTVEC LD A,(DEJ ; TABLE [0 L0]

L0 (HLJ.A i BUL [D L0]
INC DE i TAB [D HI]
INC BC : CON [D HI]
INC HL 5 EUL ED HI]
LD A,(DE)
LU (HLJ.A
INC HL ; BUL [L0]
INC DE 2 TAB [HI]
INC BC 5 COM [LO]
LU (HL).D
INC BC 5 COM [HI]
INC HL 3 BUL [HI]
LU A.(BC)
EX DE.HL
ADD A.(HL)
EX DE,HL
Ln (HL),A ; BUL [HI]=CON [HI]+TAB [HI]
INC DE 6 TAB [D HI]
HET

. MHNTIGHT bTHHT UP ROUTINE (ONCE PER CAME)
lNII CY MHL HLTPAR

Uhlu MXCCR
1'-'IF‘I“ ':l LILFE: :34”
IWHIMF DHNEWHR
IQEF itfiAdF LD SP,STACK
19F? SYSTEM INTPC
IQFA _ DU FILL
10F“ ULJF DEFN STACK
19F7 nnno DEFN CT7—STACK
l'rT/T-"ZI lH'I DEFE: 0
IQFA DU SETS
IQFB 02 DEFB 2**GSBSCR
1?FC FR4F DEFN GAMSTB
I9FE DC SETUUT i SET UP GAME PORTS -
19FF ER DEFE BLINE§2 i BOTTOM LINE - VERT ELK
IADO UL DEFE RCACX/4+OCDH i HORZ BCUNUS
1nn1 0? DEFB a ; INMOD
~' 00 CULSET

n DEFH CFCULS
DU EMUSIC 2 PLAY STREETS 0F LCR

1F DEFN MSTACK
- DEFE 110000003 i ON VOICE A
:lF UEFH HOME

EXIT
; *****
5 CNCE A RUUND START UP ROUTINE
j #****

1Mflr“ 3mm: m
1pnn SYSTEM INTFC

5 INIT HANDLESIBULLETS.TIMERS
IAHF DD MCVE
1A1n NXIF DEFN CTS
101:" (”'1‘ "1C! DEFW 1'2
1A14 FFIH DEFw SINIT

,- [,ITJLILIR BANNER
1916 FILL? NDRMEM.EYTEPL*ALINE.0FFH
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197 198

; ERASE SCREEN

FILL'? NORMEM+E=YTEF'L*ALINE. E:YTEF‘L*(BLINE-ALINE), 0
i RESET VECTORS

FILL? 3TRRAM.ENORAM~STRRAM.0
; SHOH SCORES

OO SUCK
OEFB 000100003 3 IX
OEFH FNTSML
OO OIENUM
DEFB LNX
OEFB BSY
DEFB TIME
OEFE OC4H
OEFN LSCORE
DO OISNUH

iZERU SUPRSaSMALL UEFB RNX
DEFB BSY
DEFE TIME
DEFB OC4H
UFFN RSEDRE

1 0 1111.1. 1 UN IleJ [JANE
1min DO REALL
1.111: :: :1 1‘: [JU- H ENILICIRN
IA?“ TEXT GETRDY.GRX1GRY.LARGE
1A4? EXIT
IADJ AF XUR A 5 SET UP WAGON

LB (WAGDNJoA 1 STOP WAGON
1 PUT UP PLAY FIELD:

1943 32?O4F

 

  
 

 A.(RFIELD) NUMBER OF CACTIIJ finn14F LO ;
1FHH LO E.RCACX i RIGHT CAC COLUMN
01: n LD BC.RFTAB 5 POSITIONS TABLE FOR CACTII

1 CO: ? CALL FIELD i PUT THE CACTII UP
- 3AA54F LO A.(LFIELD)

_. 1E40 LD E.LCACX
1A53 01Rn1n LD BC.LFTAB
1A5p rnaa19 CALL FIELD

, INITIALIZE D POINTERS
IASF HFflF INITO LO A.LCONB.SHR.B

‘ 7114F LO (NRITQ+2).A
1:174F LD (VEOQ+2).A 

Iova ; SET up VECTORS so causovs wALK our
LD 1x.LcowB ; LEFT COMEDY VECTOR
LD <1x+VBMR).10H
LO HL.v5ca

CALL couINT

IAEL OOE1014F
1 AH: [TITLE/~00 1 D
lAéF ?11S4F ..I
1A71 EOOAIO 10?7

 
1A74 UHFI7S4F 1098 L0 IX1RCDNB i RIGHT COMEDY VECTOR
1A78 n 0050 '.1 LD (IX+UEMR);50H

‘ CALL COHINT
LD A.(HAGUN) 1 IF WAGON IS ON
OR A
JR Z.MIDC—$
LO IX.wAOVEC 5 THEN ACTIVATE WAGON
LO (IX+VEMR),10H
LD (IX+VBYCHK).3

... . LD (IX+VBDYL).4OH
1A9fi DO? 0449 1108 LD (IX+VEXH1,72

  
1A?9 DOOAOBOA 1109 LE (IX+VEYH).TLINE
1A9D POE ID 1110 CALL ADDTG

1005 1111 JR EURO-3
~0:3 1112 MIOC: LO A.8

0319 1113 OUT (XPAND).A
1114 SYSSUK NRITP i ELSE PUT UP A CACTUS
1115 DEFB CCACX
1116 DEFB MCACY

.: 1117 DEFE 8 ; EXPAND
FOIE 1113 DEFH CACTUS

 
1119 . INITIALIZE BULLET VECTORS

1AAD 111900 1120 BORE: LO DE.BULVSZ

  

IAEO Oh21134F 1121 L0 IX.BULV1
lfififl 0|3004 1122 L0 BC.4i256+20H
10H? ¥F02 1123 L0 A12

1124 BULL? CF B
IAFA ,112 1125 JR NZ.TIYU-$
IAPP OFLD 11?6 L0 C160H
1APF nn7xnn 1127 TIYU LB (IX+VBMR).C
IAFI DH300701 1123 L0 (IX+VBXCHK).1
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200

,LD (IX+VBYCHK).3
(“HI IX.DF
UJNI EHLLP $

. IIHL HP INIEHHUPTS
Ln A.INTTBL,SHR.S
LD I.A

; IN 2 iUUNE IN MENU
LD A.LFRVECIAND.0FFH

lnr'-LHI‘IJMWT5
lAIW Uhlv
h'llll EI‘II

‘ln1rl1 E-i IFI
VIAUF End?

 
1nn1 n m

1H“? NEON DUT (INFEK).A
; *k*
i LET CUNBUYS WALK OUT
, %**

Ifififi WALK: SYSSUK PAWS
1RD? 64 DEFE 100
lnnn F? DI

LB IXIFNTSML
SYSTEM INTPC

. ERASE GET READY

InnQ DU IODD?

IKTW DU BLANK
1arn I. DEFE 18
Inrl KW DEFB 8
lflF? ll UEFE OFFH
IQFY fi‘waOOD XYDEFH (BRX/4J+4000H,GRY
IHF" TEXT DHAN.DRX.GRY.LARGE
Iflrn DU CHRDIS
1flIF I! DEFB LBULX
ILFF fl. DEFE BSY
Inrfl WI DEFB BULT
1nr1 Til DEFB OEBH i BULLET
Iflri DU MCALL 5 5 MORE
ILL? fi“|1: DEFH BULRIT
1n§n no SUQK
1rfi.vl DEFE DODOOOOIB
1nr7 . UEFB REULX 5 DO THE RIGHT ONES
lar“ DGNT CHRDIS 5 DISPLAY FIRST ONE
um “ no MCALL s DISP THE OTHER S
15TH K It‘ DEFN EULRIT
1nFr DO FANS
min I DEFE 60

IAFF U0 BLANK
IAFF “a DEFE 8
“1130 0:" [IEFE 3
Iffd r! DEFE QFFH
In“? ‘ ‘. . .. .('u:)l'll:) XYUEFW (URX/4)+4DOOH:GRY

EXIT
fiufihé

. thN In”? UHHINU RUHNU

. hllu HnHHIIn. ERIE VECTURS AND CHECKS BULLETS
IDHF. thIhH INTFC

DU EENTRY
1102 BEFN ALKEYS

DU DUIT
3918 DEFN DTAB EXIT

; CHECK FOR DEATHS
DEATH LB IX.BULV1

LU DE.BULVSZ
LD B.4

LPPPZ PUSH BC
PUSH DE
CALL HITCHK
PUP DE
PUP BC
QED IX.DE
Ln A.(SEMI45) 5 CHECK 1F DEATH MODE
DEE A
JR Z.LO0P—$
DJNZ LFPPZ—s
JR LOOP—S

IBIO DD31134F
1E14 111?00
1E17 OAQ4
1R1? C9

'. D“
J FHIFIQ

I‘ll
I" l
Tll ‘ I ‘7'
“flhfflF
'_‘:Y'|
EMF
TWIF
I‘DR

  
EHDRND EXIT

1H?“ r -IIA JP STRND
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201 202

  

 

 
 

  

  

: 11F ENIJGAM: LEI A. (GAHSTB)
"l EIT GSBEND.A

RET Z
SYSTEM QUIT

I r:":: ‘= 1‘2"“LI DTAEH JNF‘ 1::CJT7. ENDRND
1r: 1|: 11111,? -_IMF' O. ENCIRND
Inir 1911 RC L'O.PPOTO
1P1! 1212 RE 1.PPOT1
1n44 1713 RC O.JOY0
lf'vl.’ 214 RC; , ' LJOYl
HVMW 131: MO t YD.PISS
than lilé RC ETO.FIREO
HEW" 1H7 RI: 3T1; FIRE!
1rnw 1219 RC SSEC.DCLOCK,+END

1P”? DULRIT DONT CHRDIS
lffla: DUN! CHRDIS
i I 1‘ ." DON! Ill-[RBI '3-
tnfin DONT CHRDIS
1n5n DONT CHRDIS
IESE DONT MRET

, #*§*****«u***u**************u*******
; * OUNFIOHT NRITE INTERRUPT ROUTINE *
; *****&***#**************************

IEED 03 OFHRIT: EX AF.AF’
IRS-F fr?! EXX
IEqu TIFIF'S PUSH I X

Ink! EFTR EEOINT: LD A.LFRVEC.AND.0FFH 5 ESTABLISH TICKS INT
IPAT D vh OUT (INFBK),A

 
  

 

 
 

 

ynnr urrzr LD A.LFRLIN
lfiflfl H:hr OUT (INLIN).A
IRAw alliaF LD HL.wRITO i GET FIRST HRITE Q ENTRY
jnar Innnjn CALL FIRST

lRAi thfilfl CALL DELQ 5 DROP FROM wRITE a
14?: hr - XOR A

..‘ “TFFOF ; 1 LD (URINAL).A
1E7h Dhrro1aa 1?42 BIT VBSNAG.(IX+VBSTAT) ; NAGON?
IE7L *n 0 1:43 JR NZ.OFHRT1—$ ; JUMP IF YEP

1144 ; GUNFIGHTER — BLANKETH HIM

1lwfila 1245 LD DE.14OSH ; LOAD BLANKINO FARMS
1* a SYSTEM VBLANK ; CALL BLANKER

'ulF I LD H.LEGO‘SHR.8 5 HRITE LEG PATTERN
i hhan? 1' LD L.(IX+VBLEG)

4' 1' INC L i SKIP OVER LINK AND TIME1” INC L

SYSTEM VHRITR i AND wRITE LEG
3 Is OUNFIOHTER DEAD?

LPIB016E BIT VBSINT.(IX+VBSTAT)
wan] JR NZ.GFwRT5—$ i JUMP IF SO
.IHHID LD HL.ARMTBL 3 LOOKUP ARM PATTERN

-'- L-N~ LD D.0
' IIWVITw LD E.<IX+VBARM)

P‘ ADD HL.DE
‘4 LD E,(HL)
‘1 INC HL

‘ LD D,(HL)
fl 1. EX DE.HL

l . SYSTEM VHRITR .- “RITE ARM PATTERN
'Iw1F 1244 L0 HL.GFBODY i LOAD BODY PATTERN

12A: JR GFwRTz-s ; JOIN WAGON WRITE
1204 i BLANK THE NAOON

inna I! 11/ 12A} OFHRTI: LD DE.1¢04H 5 LOAD WAGON SIZE
Inn? 17/. SYSTEM VBLANK
IPA” :IJUIF 12b? LD HL.NAOPAT



lfiflf
IPAT
TRLI
1Fd44

I‘ll... ‘Ir:
[nll/ .1'1“
'|1“4F

H1"IIN.HIT
Ill-u lllul |
ILIJ 1-1,
{nth h”
INIT' FT:
1PRF If
1PFO TIOEIF
THC? 1UP?

)Prfi
lF:I"/;. ...
IRF7 DE

. . Ffi
TIM"?

FD
I :—

 
lfiffi

1Prr:“41‘QF
‘l'll‘r- ! l I It‘ll)
IFTIT .1 ~1
)PTF;:"1 1h
1khfi
1":TI,7
“WNW
1rhr

IPDF
1nro
IVT?
IVE“

TFT”
IFFD
UTI—
IETF ‘
1EF”1 1J1 ~VF
1F1F13: I" - 1
IRFA ’.-~
1PTP hiiTGIBb

‘l‘l'ul [I fluid/E
]~".1 I:
1rnh LZHHUB
1:‘1-" I1".| 1'11'3.
‘g‘ I‘q’ [111 OD
ll-(T
IFII 1' NF
1( 1.1, T1] J’Il’]
1V1? PM 'wF
1r1n .1‘n10
TF1“ |

,artr
1v1r H
NWT Fl
‘1' ,"(I ’L. 1 u
1F73 T!
11 ' 1- I
I! ', lll|l..11|.|
h 'ldulndll
lrgn pnvu01rh

1r11 IIIFDO
IFTQ DUI”
IFTL lhh1

IFT“ y1174F
[I'r lnuhlfi
1r:r PH]?
1r4n ?F7fl
1P4? nfinn
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203' 204

270 DFMRTZ. SYSTEM VHRITR ; now HRITE
”71 DFNRT4V LD (IX+VBDAH).D
-72 LD (IX+VBDAL).E
73 GFNRTS: LD HL.VECO ; ADD VECTOR T0 VECTOR G

./4 LAIL ADDTQ
:IH PUP Ix
s/&. ‘ EX n+3 AF'
.,/'/ EXX
'73 EIRE E1

"? RET
'1 GENRTS: LD HL.NULPAT

JR GFNRTZ-$
} Ii-#*fl-***§*THHT-******é#§§§*§i§#*§§§§**
. * GUNFIGHT Low FDREGRDUND ROUTINE *
,' {-*§#**§#****fiéi-fivfifil-flflii-iifi'iii-fiiflil'i

PUSH AF
PUSH BC
PUSH DE
PUSH HL
PUSH IX

i BUMP TIME BASES 0F ACTIVE UR INTERCEPTED VECTORS

GFLFR:

LU HL.EULV1+VBSTAT
LD DE.BULVSZ-l
LD 8.4
CALL TRUMP
INC HL 5 SKIP LINK FIELD
LD DE.GFVSIZ-1
LD 5.3
CALL TBUMP

LOOP TD UNNRITE. THEN WRITE ALL 4 BULLETS
BUT FIRST. A NURU TO OUR SHIFTER

XDR A
LD (URINAL).A
LD 8.4
LD IX.BULVI

. UNHRITE THIS GUY?
HRDULI: BIT VEBLNK.(IX+VBSTAT)

JR Z.WREUL2-$ i JUMP IF NOT
LD H.(IX+VBDAH)

I LD L.(IX+VEDAL)
1310 LD A.(IX+VBARM) i GET LAST MR
1311 OUT (MAGIC).A
1312 LD (HL).OCOH i UNNRITE BULLET
1313 RES VEBLNH.(IX+VBSTAT) i CLEAR BLANK BIT
19l4 i SHALL HE WRITE THIS GUY?
1115 WREULZ: BIT VESACT.(IX+VBSTAT)
lilb JR Z.HREUL4-$
1?17 LU' D.(IX+VBYH)
1?13 LE E.(IX+VEXH)
1219 LD A.(IX+VEMR)

% J SYSTEM RELABS

 
 
 

 

 

 

1 LD (IX+VBUAH).D
1 LB (Ix+VEUAL).E
1 LD (IX+VBARMJ.A
1 LD HL.NDRMEM-SCREEN
Ls. ADD HL.DE
133L DIFER Emu URINAL—SCREEN+NORMEM
1: 7 LD A.(HL)
13 3 Ex DE.HL
1: LD (HL).OCOH
1} . OR A
19:] JR Z.wRBUL3—$ 5 JUNE IF NOT
l.:x HLE VB ACT.(IX*VBSTAT) 5 KIlL ACTIVE BIT
12:3 bLT VP lNl.(IX+VLUTATJ ; SET INTERCEPT BIT
I ” thH13 591 VHBLNL.(IX+VBSTAT) . SET BLANK BIT
1 . ETEP TU NEXT BULLET VECTOR, LOOP BACK IF NOT DUNE
l WREUL4' LD DE.BULVSZ
1 ADD IX.DE
1 DJNZ wRBUL1—5
1 1 GET NEXT PATTERN TO WRITE. AND SCHEDULE HIM
1 LD HL.NRITQ
1 CALL FIRST
1 JR Z.NRBL5A—$ ; JUMP IF EMPTY Q
1 LB A.NRTVEC.AND.OFFH ; SET FEEDBACK REG
1 DUT (INFBK).A



4,301,503
205, 206
f LO A;(IX+VBYH) WHICH NINDOH TO USE?1F44 nn7roa 5

1rd? FFTZ CR HINEND i COMPARE TO NINDON BOUNDARY s
1C4“ :FUH LD A.BOTLIN i ASSUME BOTTOM LINE
“WH‘ v"' JR NC.HRBUL5—$ s JUMP IF GOOD GUESS
1r4h TI LD A.TOPLIN i WRONG — USE TOP
1FJ! h mi WRBULS: OUT (INLIN).A 5 SET LINE REGISTER

EI
I LOOP THRU VECTORINO THOSE DAMN BULLETS
NRBLSA LD IX,EULV1

LD G.4
LD HL,BULLMT 5 HL = BULLET LIMITS TABLE
LD DEJBULVSZ

HRBULE: BIT VBSACT;(IX+VBSTAT) i ACTIVE BULLET?

H”-i'W

\r', idr.1IH4F
1.":' ‘wz‘.4
IFHV T' Tim
lrni liIJHD
1|"71' Mu I'v‘ul'lf:
IFM‘ “ml JR Z:NRBUL7—5
Il'/ T SYSTEM VECT
1|- «’ , li‘ ' Tiff/"IF BIT VBCLAT: (IX+VE=XCHK) 5 DID Y HIT EDGE?
“WHU 'T‘T JR ZJHRBUL7*5 3 NOPE

RES VBSACT.(IX+VBSTAT) 5 DEACTIVATE BULLET
NRBULYI ADD IX.DE

DJNZ NRBULb—5 3 LOOP BACK

1FX. [JTIJWIRF
IF’U Thu!
1r 1' T i ,',

.- NOH F'LIT SOMETHING ON THE WRITE Q
IFYJ ~1~x LB 3.2 b MAX 2 TIMES THRU
)r7a itwflF LD HL.VECQ
if?” .h DID GVECT: CALL FIRST i GET VECTOR Q ENTRY
)rr1 'Hl'ifi JP 2.6VECT4 5 JUMP IF 9 EMPTY
1V7' 'h.'lD CALL DELQ 5 DROP FROM VECTOR Q
If“ I! EI

. NAGON'?
1(9‘ “L-lhl4h BIT VESNAB.(IX+VESTAT)
1V?“ Y'nrtn JP N2,GVECT5 i JUMP ON WAGON

; DEAD?
EXT VEEINT.(IX+VESTAT)
JR NZ.GVECT1—$ ; JUMP IF DEAD

ZERO VELOCITY?
LU A.(Ix+VBDXLJ
0R (IX+VBDXH)
DR (IX+VEDYL)
UR (IX+VBDYH)
JR N2.GVECT1—s ; GVECTI IF NONZERO
Ln (IX+VETIMB).A I ZERO TIME BASE
BIT VESNUM.(IX+VBSTAT) i ALREADY STATIONARY?
JR NZ.GVEC3A-$

2 SET STATIONARY LEES a
LU (IX+VBLEG).LEGO.AND.OFFH
aer VBSCH6.(IX+VHSTATI 1 SET CHANGED

“‘5‘“. III 1 [TURF. h 4

Il""‘ '5-'iul';
lrfi 'hL.u4
1|"I.‘ “hind-:1;
11"" ' Didi-3n“?
IFWI :nI7
If“! hhjfhfi
lffll I‘Itl IJLIl/gb
Irn'u “\I If.

 
 

IFA’ hp MIPJF
1‘ I‘ll. lxlrl I‘llillf‘

 lvnl thLUlLfl SET VD: ON.(IX+VESTATJ iAND STATIONARY
Hl:: h.g: JR BVECSA-S i JUMP TO ARN CHECK

i MOVING OUNFIGHTER
5 VECTOR
OVECTI 'LD HL.OUNLMT i LOAD OF LIMITS

SYSTEM VECT
JR Z:OVECT2-$ i JUMP IF HE DIDN’T MOVE
SET VBSCHG.(IX+VESTAT) 5 SET CHANGED BIT
RES VESNOM.(IX+VBSTATJ 3 CLEAR NOT MOVING STATUS

i NEED WE GO TO NEXT CELL IN ANIMATION SEQUENCE?
lrfd Dh?fill 1400 GVECTZ: LD A.(IX+VBLEGT) i A = ANIMATION TIMER

ll'_ RF; ,3 12171;]
IFRH
lfnn (LHH
lrhf nu.nnnnF
ll‘l'n Mu [AHA/:-

 
ICFV 91 1401 SUB C i SUBTRACT TIME BASE
lite FDHAIC 1402 JP P.6VECT3 ; JUMP IF NOT COUNTED DUNN

1403 i GET NEXT CELL
IEFF DHHFIZ 1404 L0 E:(IX+VELEG) 5 GET LINK
lrrr Iv'i 1105 LE D.LEGO.SHR.8 5 SET H.0. PART
xrhu 1, 1404 LE A.(DE) 5 A = NEXT
Irnl hb"|? 1407 L0 (IX+VBLEG).A
If“) I 14n$ INC DE A ; STEP TO TIMER
hlfl. L. [Tnfl LD A.(DE) 3 GET NEH TIMER
lfhu PUILU|HF 1410 SET VBSCHG.(IX+VBSTAT) i SET CHANGED BIT
Ifhm u~ 11 [Ill ovecTa; LD (IX+VBLEGT).A ; STORE BACK TIMER

1412 ; nIn ARM CHANGE?
1" MI ‘ ' ;’r.r 11H ! [SVFCIEZAI LU A. (IX+VBARH)
lfln LVITIO 1114 OF (IX+VEOARM) i COMPARE TO OLD ARM
H T‘ : ' T ' 1 11’} .JR 2. OVEE23El-3 3 JUMP IF NO CHANGE
IFFW Fl VHIDE 1414 SET VBSCHG,(IX+VBSTAT) 5 SET CHANGED BIT
II T ' I 'In': 1 H7 LE! (IX+VE=OARM): A

1413 i ADD ITEM TO WRITE Q?
1|TF D' I‘I'I‘TE 14|4 OVFCHB‘ BIT VESOHG;(IX+VE3TAT)



] rt“. 1
1 [I'm
1 TI"- '
1 [FL '
”"4
1 I'!' -I 0
1 IT}?
2 WW
I [ll-.I'u

{Fl/.7 '
Inh‘
1nn4
1 ['h' '
1 rm.
1 I'll '

IDN
[NW
[fl/n.

II‘ llrl

t! In
hl‘LulfiE
All‘lr
fLHlIn

fl

1 [\H

lflFb
t"?

I.
Uh/EFF
77
G7

lxlll'.
h:

':T: :.”-,FF1'H::

20;
I420
JALI
1472
14‘3
1424
1425
1 4 3:1.
1

 
 

L\ _._.k!v—
5

4a
m
4
4a
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JR NZ,OVECTb-$ ; YES GVECTb
. NO CHANGE — LINK TO VECTOR 0

LD HL.VECO
CALL ADDTO
DEC B
DP NZ.GVECT i SUB FOR DJNZ

6UEET4; E1
CALL STIMER
FOP Ix
POP HL
POP DE
PDF- BC
FOP AF
RET

. VELTDR AND D NADON
GUEC 5; LD HLIWAGLMT

SYSTEM VECT
LD HL.VECQ .

CALL DELQ s REMOVE FROM VECTOR a
GUECTb: RES VBSCHG.(IX+VBSTAT)

LD HL.wRITa
CALL ADDTQ
JR GVECT4—5 i JUMP BACK TO QUIT

; ROUTINE TD BUMP TIME BASES DF VECTORS
TRUMP: LD A.(HL) 1 GET STATUSINC HL

AND OAOH 2 ACTIVE DR INTERCEPTED?
UR Z.lBUMP1-$ a N0 — TDUMPI
INC (HL) ; BUMP THE TIME BASE

TBUMPi: ADD HL.DE
DJNZ TDUMP—s

SET
i SUDROUTINE TU DELETE ENTRY AT FRONT OF 0
i ENTRY: HL = HEAD-TAIL. IX = OBJECT. A = CLOBBERE
DELD: DI

LD A.(IX+NEXT) 5 HEAD = NEXTIOBJECT)
LD (HLJ.A
AND A 3 IS HEAD NON NIL?
RET NZ i QUIT IF NOT
INC HL 5 YES — SET TAIL = NIL TOO
LD (HL) . A
DEC HL
RET

EDHINT' LD (IX+VDDXL).50 ; SLON WALK OUT
LD (IX+VBSTAT).SOH i ACTIVATE
LD (IX+VSXCHK).1
LD (IX+VBYCHK).1
LD (IX+VBXH),4
LD (IX+VDYH).40
LD (IX+UBARM).& ; SET ARM STRAIGHT
LD (IX+VDLEO),LEGO.AND.OFFH

; JP ADDTD
; SUDRDUTINE TD APPEND ENTRY TO END OF G
s ENTRY: HL = HEAD-TAIL BYTES, Ix = OBJECT, A.DE C
ADDTO: PUSH IX 5 DE = ENTRY

POP DE
DI
LD (IX+NEXT).O s NEXT(OBJ)=NIL
INC HL
LD A.(HL) ; A = OLD TAIL
LD (HL).E ; SET TAIL = .OBJ
AND A s WAS OLD TAIL NIL?
DR Z.ADDT@1—$ s JUMP IF SO

. NDNNIL OLD TAIL. SET NEXTIDLDTAIL)=.OBJ
LD E.A ; DE = ‘NEXT(DLDTAIL)
LD A.(HL) 5 A = ,OBJ (FROM New TAIL)

‘ DEE HL
DEC DE
LD (DE).A
RET

I NIL OLD TAIL CASE
ADDTOIA DEC HL 5 BACKUP TO HEAD

LD (HL).E i HEAD = ,ODJ
RET

. SUBRDUTINE TU POINT IX AT FIRST ENTRY ON A Q



4,301,503

 

209 210
149% ; ENTRY: HL = @ HEAD—TAIL

‘p149é i EXIT; IX.UE = OBJECT. A = L.0‘ BYTE 0F OBJECT
1497 ; NUNZERU STATUS SET 1F 9 NOT EMPTY

ihfil " 149E FIRET: DI
1““ “I 14‘?) La E. (HL)
int“ 5‘ EDD INC HL
1W" N am we HL
uuT: a 1nn7 LD D.(HL) ; n = H.0. ADDR. BYTE
Ilnw- 1 Pan: DEE HL
[Inn 1 PAH: 0L0 HL
1H7 kl 1H0“ Ln A.E 5 E = HEAD OF E
1n7a 07 150a AND A
1n7a n9 1507 PUSH DE
1n7fi HDF] 15 a P0? Ix
1W7 m RET

1511 i ****#***§*%-i*fi**fl~§flfl*k
1m: sfiGWFMM’flWWNWSfi
1513 ,' *fi*%***#§****%****§%**
1514 ORG ($+1).AND.OFFFEH

INT: 1515 INTTEL:
Invfi T"w 1515 LFRVEC; UEFH GFLFR
IH"n Hurt '31? HRTVEC: DEFw EFNRIT

)filu ; HOGUN LIMITS TABLE
NAGLNT, DEFE TLINE

DEFE ELINE-24
EETRDY: UEFN “GET READY’

EUNFIGHTER LIMITS
GUNLMT: DEFE 0

BEFE LCACX—l?
EEFE TLINE
DEFE ELINE—ZO

DEAN: EEFN ’URAW’
; EULLET LIMITS
EULLMT DEFB 0

DEFE 159
DEFE ALINE
EEFB ELINE—l
MACH #UX.#ARMX,#DY.%ARMY
DEFH #DX
EEFE #ARMX
DEFH #DY
EEFE #ARNY
ENDM

  

  

 
 
 

 
100? EULTAE EN 763.15.768.15
Inmfi EN 1024.15.512.12
IHWF EN 1024.15.256.11
Innfi EN 1024.15.0.8
Irww: EN 1024.15.—256.6
IIWH EN 1024.15.-512;4
Inn? EN 763.15.—763.3
1hr“ LFTAB: DEFS 72.22.44167114
1hr? RFTAE: DEFS 13.68.40.13163
IUF! ‘h EFEDLS: DEFE 90H
Trwr: ' DEFE 76H
1rw*ll- DEFE OFCH
lnrn " DEFE 87H
IDFE X- EEFE 90H
1r:r “ DEFE 76H
1nrn IA DEFE éCH

TWH’TV” nHT:Ew4
HM! HINIT. UEFH fi.b.0.0.n.30H.30H.0
I m. I III! 1-4 (in EUH. OF’H. OFH
non? LEE NHHE: EMU uUOOOlIIE ; COLOR MASK

ponmn 1539 Emu OOOQIOIIE
30008 ' 1540 EQU 000010118
30003 1361 EQU 000010118
3000C 1552  EQU 000011008

1364 , n**%***#*#*§*#*****fi*fi
IEAE , * GUN FIGHT PATTERNS *
lfibé . §*****§***************
15é7 .
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. PATTERN TABLES:

GRMTEL: DEF“ ARMO
DEFN ARMI
UEFM GRMZ

IHDR V'1fi
1nnn W11F
”'1le l ‘ 11'

1DF1 111V DEFw ARMS
1 r": j- . 1 [IE F“ QRH4
1rw". t: 0&Fu ARMS
1hr? 1 ‘1' UEFH ARMG

VHTTERN DEFINITIDN MACRUS
UFFOZ MACR #A.#B

DEFE 0#AH
DEFB D#EH
ENDM

UEFOB MACR #A.#E.#C
DEFB D#AH
DEFE OflBH
DEFE O#CH
ENEIM

DEFO4 MHCR #A.#B.#C.#D
DEFB DRAH
DEFE 0%EH
DEFB D#CH
DEFE DRDH
ENDM

19V” TREE DEFZ 1.17
1nrrz.~ DEFE 000010003
1141 1‘ DEFH 000111000
1VT1' * DEFE 001111100
Inrr '1 DEFE 011010118
xnrr " HEFB 000010003
‘hrh ‘ DEFB 000010000
IUT' DEFB 001111003
H'IFI‘ DEF-E: 0111111013
1W"? - DEFE: 1010100113
10rd DEFB 000010008
11'1""- ~ DEFE: 001111003
”I“ new: 011111103
1017 11 DEFE 111010118
1W" DEFE: 1000100113
‘r.rr, DEFE: (1131:11310003
1n1n " DEFB 000111000
”'1'“ -'-i EIEFIE: 1010111013
1m 1 111.110. 1.113'1—‘011 011. 0A. 2. E-
u 1... [IL‘Ft‘ht I10. 00.
H11: “LED: 01.00.
1F04 DEFOx 04.rmn
1E06 DEFOE 01.00.
IFOS DEFOE 00.40.
1Fon 0RM1: DEF04 0A.0A.2.3
1an UEFDZ 50.00.
1r1n DEFOZ 14.00.
IFI? DEFOZ 01.40.
lFlfl ARMZ. DEF04 OA.DA.Z.2
XFIQ DEFOZ 54.00.
lFlfi DEFOZ 55.40.
JEIC ARMS: DEF04 DA.7.2.4
IEEG DEFDZ 10.00.'r DEFOZ 05.40.

DEFDZ 34.00.
[IEF02 50. 00.

AF<1~14 [IEF04 OA. 6.. 2. 5
DEFOZ 00.40.
DEFOZ 45.00.
DEFOZ 10.00.
DEFDZ 50.00.
DEFOE 40.00.

ARMS: DEF04 09.5.2.6
DEFOZ 00.40.
DEFOZ 1:31: 00'
DEFOZ 05.00.
DEFOZ 14.00.
DEFOE 54.00.

. DEFOZ 50.00.
1641 ARMb. UEF04 09.5.1.5

,.. 1042 DEFB 01H
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1F1F I] 1043 DEFE 44H
tFnr 'u 1444 DEFB 10H
1F4D In 1045 UEFB 40H
1F4F 10 [£46 DEFB 40H

1L4? ; §*** NQTE *§§§
111.4152 .‘ THE FULLEIWINIS PATTERNS ARE CCINSTRAINEEI T0 EXIST UN THE
1:94”! . PAGE. THE FCILLIIININC-i ’CIRG’ HILL [IO IT FIZIR' EXPERIMENTAL

.451". . PATTERNS ARE: LEGO. LEGI. LEGZ. KILI. KIL2

  
 
 

1551 ; 0R0 ($+255).AN0.0FFO0H ; *** TEMP ***
1F4f ; lnfli LEGO, DEFB LEGI.AND.OFFH
1F50 ww " DEFB 4
xrn1 0EF04 0.0F.3.5
1F50 DEFDR 01.55.00.
TF'J DEF( 05.45.40.
H “I DEF ‘ lEHC’lr4OI
lrfi UEF03 50.01.40.
IFAI DEFOS 15.00.54.
IFha 74 than LE01: UEFB LEGZ.AN0.0FFH

DEFB 4
0EF04 2.0F.2.5
DEFOZ 15.50.
DEFOZ 54.50.
DEFOZ 50.50.
DEFOZ 50.50.
DEsz 55.15.
ULIH LFDU.ANU.0FFH
DE?“ 4
DEFCHI 3.EWG 2.5
DEFOE 55.00.
UEFDZ 15.00.
DEF02 15.00.
UEF‘OZ 141 00:
DEFOE 05.40.

KILI: DEFB HIL2.AND.0FFH
DEFB 20
DEF04 0.1.4.13

\ DEF04 01.10.00.00.
0EF04 45.54.40.00.
EIEF04 55. 55. 40. 00.
DEF04 on. 3.00.00.
[IEF04 on. A2. 00. 01.
0EF04 0A.AA.00.14.
0EF04 02.AA.00.50.
DEF04 00.n8.05.40.
0EF04 05.05.54.00.
0EF04 15.55.50.00.
0EF04 54.55.50.00.
0EF04 50.05.54.00.
0EF04 50.01.55.00.
DEF04 10.01.55.40.
DEF04 10.00.05.50.
0EF04 00.00.01.50.
DEF04 00. 00. 00. 40.
0EF04 00.00.01.40.
DEF04 00.00.00.54.

MILE: DEFE KIL2.AND.0FFH
DEFE 00
0EF04 0.0.4.7
[IEFO4 011 ID: 00: 001
DEF04 45.54.40.00.
DEF04 55. 55. 40. 00.
DEch 0A. As. 00. 00.
DEF04 09.33.15.0L
0EF04 16.05.55.41.
DEFD‘; IE" 55. 55: 55:

CACTUS DEF: 1.12
DEFB 001000008
DEFB 001100003
DEFB 001110008
DEFB 001100003
DEFB 101100108
DEFE 111100108
DEFE 11110110B
DEFB 001111003
DEFB 001111000
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1th“ - \715 DEFB 00130000B
1| 'IA ~ 1/ 1 '5/ DEFB 001100003
1rhfi w 1720 DEFB 001100003
1r0fl 4‘.rfiazo 1/31 GDTNE UEFM ”GOT ME’

 
 
 
 
 
 

   
 
 
 

 
 

 
1'" .r "“ NLILF'AT. [IEFB O
H" (up I u u DEFB 0
NWT l‘Il [IEFB X
um ..| NH: 1
II It" (-1 I’Wll‘.‘ 1H,! (M I), U. Fz. F
IF'14 l’lbhl»: 00. «’84. 00.
|F17 DEF—Dd 11. E35. 10.
IFIA DEF 05:: 5. 553-. 50.
lFln DEEDS 02.nfi.00.
JFZO EIEFI')‘ 02. A2. 00.

' OFFL). 02. AA. :30.
DEF 00.AA.00.
DEFOA 00.AS.00.
DEFU’ 15. SS. 00.
DEF

. - cr:
:5. .4-” 50.

DEF“, 51 p 55) 50;
DEF 41. 55. 00:
DEF 41.55.00.
DEFUG 45.55.00.
DEFE 01H
DEFE 55H

HAGPAT DEF04 0.0.4.16
DEFuq 00.05.50.00.
DEF04 00.55.55.00.
DEF04 01.55.55.40.
DEF04 05.55.55.50.
DEFDJ 15.54.15.54.
DEFDH 5.50.05.54.
DEF04 13.40.01.54.
DEF04 5.40.01.54.
DEF04 15.50.05.54.
DEF04 05.54.15.50.
UEF04 01.55.55.40. “
DEF04 00.55.55.00.
DEFCM 00. 15. 54. 00.
LIEHIM (222. FM. AA. 30.
DEF04 00,9A.AA.00.
DEF04 12.AA.AA.84.
DEF-'04 10. AS. 2A. 04.
DEF04 10.20.08.04.
DEF04 52.AA.AA.85.
DEFD4 10.20.08.04.
DEF04 10.00.00.04.
DEF04 10.00.00.04.

 

1F"’l' . .. - 1 7.7. f F— LIEIISIL DEF-B O
1 11.14 ,-

1r“-rv 17ml ME‘ET MASTER IIIA4
1!’ “T 1 HO VOLUME O‘E’H. OH
urn? V771 RET

1773 ; HOME ON DA RANGE
urnfi IM‘HlF 772 HUME CfiLL MSET
”TV l NIT NIIIIEI ‘36-. C11
xr'r l/Zr‘t- NDTEI 12. F1
1rhn Y'lh NDrEl 13.E1
”WW 1777 NIZITEl 6. [)1
IFN? 177:3: NDTEI 336-. E1
”Ti“ {77? CALI I ET

17am» . TAPS
Ir'l:v l/r':1 TAH-
Ill'l III"IIH" .';;,I Lml, MHET
|| 1:4 l7»: NLIILI J”. (:1

 
1FF:/—. ,1 fit 'NlilTEl é

 
IVY-2:3: 1' NIZITEI . F1
1an 1 NUTEI 15.61
1Ffir 1 NOTEI 6.F1
1FHF 1 NUTEI 3A.A1
1FI‘ 0 1 ’ EU I ET

1 .' FUNERAL
1rr‘ 1 FUNERL
1rn1 (nwan 1 BALL MEET
IFC4 1 NOTE! 24.90 
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1FCB NOTE1 18.A0
1FPQ NGTEI 6.A0
1FrA NOTEl 24.A0
IFFF NOTEi 18aC1
ttrr NOTEI 6:30
Hruu NOTEI 18.B0
HYIT NOTEI 6.AO
13h! NOTEi 18.A0
Hluz NOTEl @1630
”In: NCITEI 18:90
\Fhm QUIET
15 W? BLINSHIJT OUTPUT 18H. OFOH. OFSH. OFBH. OFFH. 0. BFH. OFFH. OEFH
1ft) LEGBTA
IFIH VOLUME OFFH,03FH
Trrfi REST 5
llrn NOTEI 5.8FH
IVVF NOTEI 5.4CH
xFrF OUIET

:1rrr LASTB EQU $

1314 ; *§***********
1315 ; * RAM CELLS *
‘l :;_1 ; fidfi-é-fifiéflfifi-iéfl-fl’fi
n? ORG NORMEM+OE70H

arvfi 1” BEFS 150 5 ALLON BIG STACK
>4!“ 1 STACK EOU 3 5 START STACK HERE

4I‘I 1 DEFS 12
“4"7 1” MSTACK EQU' $
74Ti. 1m STRRAM EOU $
4r:7 I HRITO: OEFS 3 ; WRITE Q HEADER
all" In VECO: BEFS 3 ; VECTOR Q HEADER

34'}? I“ VECSTR EOU s
n'in 1 BULVI: OEFS BULVSZ ; BULLET VECTOR 1
4‘ H l BuLVZ: OEFB BULVSZ ; BULLET VECTOR 2
“l ' 1 BUlVB: OEFS BULVSZ 5 BULLET VECTOR 3
4F4F 1 BULVA: OEFS BULVSZ ; BULLET VECTOR 4
4Ffl” 1 OEFS 1 5 LEFT COHBOY LINK
“FLI l LCOHB: OEFS GFVSIZ-l i LEFT OUNFIOHTER
4‘77 l DEFS 1 1 RIGHT COWBOY LINK
MW: 1 803%; 7 .DEES,,..EEiSI_ Z—vl, . . . ; RIGHT UUNFIGHER
alrw I 1 5 WAGON LINK
Him! In HODVLK “FLU HAUVSZ 5 WAGON VECTOR
'H'H- I wthN LUU HAUVEC+VBSTAT

#4Fnl 1 ENHHAN EOU k
>4an 1 LBULS EOU CTS
§4FDB l RBULS . EQU CTb

4Fn1 '1 40 RFIELD DEFS 1
4FA? 1641 LSEORE OEFS 3
4Fnfi 1942 LFIELD BEFS 1
4FAA 13 ‘ RECORE OEFS 3

‘ 1344 LIST 3
EIFFF 134$ LENO EOU LASTB

4FA? 1346 END

:TfiTAl flfiiFMBLER ERRORS = 2

$HEnF 3
$RFH ?
TFNH On
$$
$MOSTEH,HVGSYS.AEL.HVGLIB,UEG..MT1
$A$9 SI A9
‘I Nl'vF'
1FXF flrh..NOLO
FOG HthYfl
EXIT
$MOVE 91,5
$NOP
$EXE EEO-,NDLO
A93 8! USO
P03 HVGIIB



43301,503
219 220

EX!
snnvE $1.7
$AVF“ CI. 4
SASS ‘2 MTI 13 ELIZA 4 SEE: é- LEI RAD N0
$EXE M03TEE.LMG

"NHFEHNP Z-SD Cfiflmfi fiSiENBLERfi HOME VIDEO GAME SYSTEM
ADHR I'lrt-IEIIZT TELTMT LABEL CIF‘CII CIF'ERANEI COMMENT

l-n‘l .4 L. 113T E-
{.4 -: , n «nu tantrum-«4%
L44 . 1. HVlEiiiY‘EZ u
{3.4!}. ; **&*******
Ulri- , 4H? NUDIFIED TC! CIIIRRECZT CALCULATOR BUG AND ASTERISK
647 I 45* AND INCECR AND CLRNUM BUGS ‘

PUT FUDGE FACTDR
GUN FIGHT START ADDRESS
CHECKMATE START ADDRESS
CALCULATOR START ADDRESS
SCRIEBLING START ADDRESS

L49 PFUG .EQU 08H
' EQU 17DEH

Emu 1323
EQU 1020H
EQU 0E19H

.u..w»....  
; ******************§&
3 t: F'CIwER UF' RESTART it
; *%*********§**#****&

ORG 0

(u'W'd'I I‘ - NUF' i WRIT FUR THINGS TO SETTLE [ION
I'M—IF” l' ‘ DI
[‘u'u'. ‘7 ,' .! XOR FT
(1‘31"- .~_ [‘x u ‘2: OUT (CUNCIM) I R 5 *** SET CONSUMER MODE *** 
(‘yl'm'fi ! , V 1 (HI. -JF‘ F'HRUF’

DRE 8

J TRANSFER CONTROL TO RESTART HANDLER
JP ZOO7H s VECTOR OUT rn‘u'vf: I‘ ’--'.""Cr

nhfin l' n59 NUMEAS: DEFB 16H
fififiF ' E70 DEFB SCH
DOV-1‘1 | - 1.27 1 _ DEFB 1CH
fififiF o?2 DEFE 20H

€74 DRE 16

0010 I‘ '--.'.’:'\") .575 ._|F' ZOGAH i REST-ART 2
nfit? w 67$ NENUCL: DEFE 06H 5 MENU COLORS
hula Tn 677 DEFE OFAH
1101"- t‘-" [375 [IEFB 07H
ontk i 679 BEFB 62H

URG 24

JP ZOODH ; RESTART 3
, ruwn' range

“an . PHHrHflk: MALT a or INIthuPre

l'u - \ :1 : --l'fiil')  

 
. lNrUr: U : # 0F INTERHUPTS

Oh} F: FT; l'l|"l\'ul§i-f:.. E1
001D 7/; HALT
(301)"! XQF'D EhJNZ — 1
DOIF C? . RET. -‘ '3' DH“ 3’12

m. n I :tuxn .."‘: ..|t" QI'HOH i REE‘TNKT 4

; NN'IE. E-ET WEIRD

 
.‘ (HL ) =[lE

DOT“: '.-’ '1 l 11%|; | w: L [I (HL) . E
(mm 7 1: _ INIL‘. HL
01‘1“". 1' .‘ L [l (HL ) I [I
002/. b RET



0023 (21320

(“3311: ,' i-‘q'wju‘i
I'Nfbf'F V"

(In-1:2;

If-t‘i'Tt/l ‘|
130:6. ‘1‘

 ()0... .:
(H330. [IDES
003E FDES
004D FOZIOOOO
0044 FD???
004A 7F
0047 7?
0041?. H7ACQ
004B 1F
004E ER‘

ryaF FfiDOdF 5‘
nfifio
00S?
F3054
OAS?
(1)0517
t'_\(“:$‘“'.
r)(s‘fi(\
Ofifin
OITISF
nflfiF
0040
00:71.]
00/5?  [‘ h/,. .011:
oul’ fhnrhn
00/ : r W Elf: _‘-_:
ADAP THVFO?

 
 

 
 

 

221
702
703

7051‘.
‘1 Cu}.

' .‘ylj

III

4,301,503
222

ORG 40
JP BMBH 3 REJNU 5

EUNEE: LU HLIO s ZERO OUT HL

CH

RET

ORG 48
JP ZOIGH i REETART 6

iUHl: DEFB O 3 CHECKSUM

ITAB: DEFN MACTIN i INTERRUPT TRANSFER
DEFB I ; *% SYSTEM REVISION LEVEL

ORB 56
NAME: USER PROGRAM INTERFACE
PURPOSE: TRANSFER OF CONTROL FROM USER TO SYSTEM
INPUT: ROUTINE # FOLLOWS INLINE AFTER RST INSTR

IF L,O. BIT SET. LOAD AROUMENTS INLINE F
OUTPUT: NONE
STACK USE: 13 BYTEB TOTAL: 16 BYTES ON EXIT
SIDE EFFECTS: REGISTERS AFIBCIDEIHLIIXJ AND OLD IY SAV
EXPLAINATION:

REOIETERS AF.BC.DE.HL;IX. AND PREVIOUS IY ARE PUSHED
THE NUMBER FOLLOWING THE RBT 56 INSTRUCTION IS USED TO
INDEX A JUMP VECTOR OIVING THE STARTING ADDRESS OF THE
OYSTEM ROUTINE TO CALL4 IF OPTIONED. INLINE AROUNENTS
ARE COPIED INTO THE CONTEXT AREA. FOR ARGUMENT ORDERIN
BEE INTERPRETER DOCUMENTATION AND APPROP‘ TABLES
A DUMMY RETURN I5 INEERTED WHICH. NHEN RETURNED TO BY
EYSTEM ROUTINE; NILL RESTORE THE REGISTER CONTENTS AND
RETURN TO THE USER PROGRAM

fiflfi THL UPI MAO BEEN EXTENDED TO SUPPORT USER SUPPLI
ROUTINEE. IF THE CALL INDEX PROVIDED IS NEGATIVE
THEN THE USERS DISPATCH TABLE POINTER (USERTB) IE U8
NOTE THAT THE SIGN BIT ISN’T ZAPPED BEFORE BEING
USED AS AN INDEX. THIS MEANS THAT THE USERS DISPATCH
TABLE POINTER SHOULD POINT 123 BYTEE BEFORE THE FIRS

EX (5P):HL i RETURN ADDR 33 TO HL
RUSH AF I CREATE CONTEXT
PUSH BC
PUSH DE
PUSH IX
PUSH IY
LD IY.O 5 POINT IY AT CONTEXT
ADD IY.SP
LD A;{HL) 3 LOAD OPCODE
INC HL
LD DEIRETN i DE = RETURN POINT
RRA i SUCK WANTED?
JR O.MINTO-$ i JUMP IF YES

INTPE: PUSH HL 5 SAVE PC
PUSH DE i SAVE DUNMY RETURN
LD HLJSYEDPT
RLCA
LO E: A
LD 0.0
RLA i USER TABLE WANTED?
JR NO.PUSHI-$
LD HL.(U5ERTB) YES - LOAD IT

PUSHI. ADD HL:DE
LD E.(HL)
INC HL
LD DJIHL)
PUSH DE
LD H.(IY+CBH)
LD LITIY+CBL)

RELD: LD D.(IY+OBIXH)
LD En(IY+CBIXL)



OHAF MW
CWT/3F I'II'II‘ j
007} IU'IDQ
flfl74 IHHLHT
0077 rhhrna
("37.1 I ‘

push L’
I'M“ fl:
(If, 'I‘ f I

nu”n u
ou'x
(u n -'I' I I i
OUPI \|
flfl"d '” N
omen 4:
Uu‘h >4L
hh’:||
IV'I ’ It -\I
Tu‘u‘l: .IH‘I'II
IIII,‘I Il‘J/
OUR” ;‘n:

YAIDJF
0";

anfi
00??
Onflb 4O
(3(r01 Ifrkafuw
OEWIA F! 1
ODOR 7?
nfiflf rhnh07
00'?!" T'TIITI' OI:-
OOAE ICAA
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223 224
772 PUSH DE
773 POP IX
27 /4 LD A. (IY+C:BA)
/7O DELOAD. LD D.<IY+CBD)
77A LD‘ E,(IY+CBE)
I17 RET ; CALL VIA RETURN
II? . HAMF: MADRD INTERPRETER
zwn . LHHLHOE: INTERFRETINO SLDHFNCES OF OYSTEM CALLS
rut . INFUT‘ ADDRE OF ETRINO TO INTERPRET PASSED ON
7 1 . BTACH USE: NO IN_1EA3E IN DEPTH
/ , EXFLAINATION; IF OPTIONED (BIT 0 OF CALL INDEX SET) TH
7.4 . ARGUMENT TABLE (MRAROTJ IS INDEXED OIVINO A MASK HHICH
735 I SPECIFIES HON TD TRANEFER INLINE AROUMENTS INTO THE CD
736 ; ELOOKI THIS MASK IS FDRMATED A3 FOLLOHS:
7 7 i
7 8 ,

7b? , §fiéfi**fifi%*§*#**&**§#**&*fi*§*#i**fi
790 ;%7*/;.§5*4*13*2§1*0*
791— ; A%fi**%*§*&§R**********#*********#
79; ; N H R L * A * IX* B # C * D * E *
7'91}: , flvfi‘fl-fifl-fi***§fi***%***§§*************
704 J ARGUMENTB MUST FOLLOW THE CALL INDEX IN THE FOLLOWING
73D ; (OMITINO UNUEED AROUMENTS. OF COURSE)

  
III!!-
fin}

 
A

(INDEX).IXL.IXH;E.DIC:B.A.L;H

IS SAVED AND A DUMMY RETURN IS
THE UPI DISPATCHINO ROUTINE IS

wHICH EFFECTS A CONTROL TRANS
WHEN THE CALLED ROUTINE RETURN

TO INTERFRET THE NEXT MACRO INS

NOTE THAT THIS ROUTINE IS REENTRANT; THEREFORE THE CAL
ROUTINE MAY RECUR BACK THRU HERE. IF IT FEELS LIKE IT
** THE UPI HAS BEEN EXTENDED TO SUPPORT USER PROVIDED
EYETEM RUUTINES. IF A NEOATIVE CALL INDEX IS ENCOUNTER
BY THE INTERPRETER; AND ”SUCK INLINE“ IS OPTIONED- THE
USER MACRO ROUTINE ARGUMENT TABLE 18 INDEXED FOR A
PARAMETER MASK, THE ADDRESS OF THIS TABLE IS ASSUMED
TO BE IN (UMAROT).(UMARGT+1J. THIS POINTER SHOULD
POINT 64 BYTES BEFORE THE FIRST REAL ENTRY

THE SIMULATED PC
INEERTED ON THE STACK
THEN ENTERED AT ’INTFE’.
TO THE CALLED ROUTINE
IT WILL COME BACK HERE

. I‘E. LD HL,U5ERMT—64 ; WHERE USERMT POINTS AT
, LD (UMAROT).HL

MINTPO: POP DE 5 DISCARD DUMMY RETURN FROM UPI
RENTER:

POP HL ; POP OFF PC

. NAME: MCALL
; PURPOSE: OALL INTERF'RETER SUEROLITINE
. INPUT; HL = ROUTINE ADDRESS
; NOTES: ROUTINE MAY BE CALLED FROM MACHINE LANGUA
. ANOTHER INTERPRETED SEQUENCE
; STACK DEPTH INCREASED BY 4 BY CALL’
MNCALL; LD A.(HL) ; GET OPCODE

INC HL
SRL A

LD DE.RENTER : LOAD INTERPRETER DUMMY RETURN
MINTO: PUSH DE ; SAVE DUMMY RETURN

LD C.A 5 INDEX TO 0
JR NO.MINT2—$ 5 JUMP IF NO LOAD NANTED
EX DE.HL
LD 3.0
LD HL.MRARUT . LOAD SYSTEM ARG TABLE
BII 6.A . USE USFH TABLE?
JR l.MINTI—$ 5 JUMP IF NO

,LD HL,(UMAHOT)
MINTI: ADD HL.DO . INDEX TABLE

LD D.(HL)
[Au.mumu ;CMLSwmiMMHNE

MINTZ: POP DE 5 DUMMY RETURN TO DE. HL = PC
LD A.O ; GET CALL INDEX BACK
LD B.(IY+OBD) ; RESTORE CLOEDERED REGISTERS
LD O.(IY+CBC)
JR INTPE—$ ; JOIN NORMAL UPI DISPATCH SEOU

3 NAME' SUCK INLINE AROUMENTS
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226

T PURPOSE: TRANSFER OF INLINE AROS INTO CONTEXT BLU
INPUT: B = ARG LOAD MASK (SEE INTERPRETER COMME

i OUTPUT: HL = UPDATED PC

i EXPLAINATION: THIS ROUTINE IMPLEMENTS A MACRO LOAD INS
. IT IE‘UEED BY THE INTERPRETER AS WELL. A ONE BIT IN T
. INLINE LOAD MASK MEANS TRANSFER THE NEXT INLINE BYTE I
. A ZERO BIT MEANS ”ADVANCE CONTEXT BLOCK POINTER’
. TWO ENTRY POINTS ARE DEFINED, ONE FOR THE SUCK MACRO I
T THE OTHER FOR THE INTERPRETER TO USE
i EUFH MACRO ENTRY:

 
 

ODAT r1 MSUCH. FDF HL ; RETURN ADDRESS T0 HL
0007 HI FDP DE 5 FOP DFF PC

. #§* BYTE SAVING TRICK *** REPLACE WITH LD HL.REENTRY
DUAL INC HL 5 ADVANCE T0 REENTRY (MINTO)
00A? FD PUSH HL

FALL INTO H,

NEUOhl: BIT 4TB IX LOAD WANTED?
(‘IDAR F T- ’ Ci

 

 

 

Dona JR Z.MSUCK2—s ; MSUCKZ IF NOT
OOAF LD AIIDE)
0000 INC DE
ODAF LD (IY+CBIXL).A
OODI LD A.(DE)
003w T INC DE

FDTVDE 70 LB (IY+CBIXH).A
H7 MSUCKZ: PUSH IY 5 LET HL = IY
d7' PDF HL

U7? INC HL 3 + 4
7 INC HL
7. INC HL

INC HL

RES 4.8 ; KILL IX BIT
. THE FAHUUS SUCK IN LOOP

(TDFIF I I ” ‘ MELICIK‘E}: SRL B

OOFI 700‘ JR NC.M3UCK5—$ ; "SUCKS IF NOT THIS TIME
00?: In LD A.(DE) ; GET INLINE BYTE
DOEG I' INC DE

morn 77 LD <HL).A ; STUFF INTO CB
ODE/ 7 MEUCHSA INC HL ; BUMP CB POINTER

; «* THIS cums assumes THAT STATUS OF ’SRL’ Is PRESERVE
UR NZ.MSUCK3—$ ; JUMP BACK IF MORE TO no
ex DE.HL a HL = PC

, RET “__M__n_m__n_5_IhEN_QUIT,' {HI‘IHHHI«~15-**fl**#***iflfi**§*§*fl**
, N UPI ROUTINE ADDRESS TADLE *
,‘ 1. 1:4: IJHHT ii IMHHT-l-fififiiflfl-flitfifl-fififl‘flfifl

SYEDPT. DEFN HINTPC
DEFH nxxmrc
nerw MRCALL
DEFN MMDALL

» DEFw NMRET
DEFN MMJUMP
DEFW "SUCK
nepu MACTIN

nurn
(‘H’n‘jI‘a
DOCF . _;
Ufin] 7nnh
DONE 7EDH
('H'III'. I 1111/)
MINI (VINE
ODD“ MLul

 
 

nnnn 7Tn4 ao1 DEFw TIMEY
0001’! 05:07? 1-7012 DEF“ MUZSET
onnF FEOS 903 OEFM MUZSTP
OT'IFI liFI’rT: i904 DEF“ "SETUP
fifiFfi DH“: DEFN MCOLOR
onpfi rrun g : DEFH MFILL
WIT-’7 1': w I 'T'I'i7 DEFN MF‘AINT
nur“ :1 ¢"w DEF“ MVHRIT

 

 

 

(‘u'uf [: T d 4‘ ' '3' 3‘ DEF” HWRITR
ourn T' ' film DEFN MHRITP
hhfl i‘ . 'T DEFN MNRIT
4M4 1 n DEFN MNRITA
I‘n'n!‘ ': “I I‘ ~ ‘ [IEFH MVBLAN
nnrfi va- " - DEFw MBLANK
nnrv P‘v‘ 9th DEFH MSAVE
("K-T -" (.T u 'f/ [.31. DEF” MREST
(‘J-I'VI [5: X .' "H”? EIEFW MSCROL
anrn F:-' 913 DEFH DISPCH
(war T br' - DEFN STRNEH
D1fi1 I uh DEFw BCDISP
hi0? I -n . ‘DEFw MRELABI  I‘Hw'i

OEFH MRELAI i RELABI
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Ij’ulI-A’ ' DEFN NVECTC
n1nn DEFH MVECT
01"" ' -- DEFN HHCTAS
Dion a-.z DEFN NENTRY 5 SENTRY
“tar r1 DEFw MDUIT i 301T
(.111 . DEFH MUOIT3
«‘I1‘1.. l DEFH MPIZBK - i PIZGRK
“I |'- 'I [IEF'N MMENU
”II? I' 1 DEFM MEET?
«“11? “ DEFN MGETN
01!? II n DEFH MPAUSE sPAUSE
1411111 : DEFN MDISTI ;DIBPLAY TIME
(HIV 1 . DEFw MINCSC ;INC SCORE
’ ‘ [IEFH INXNIB ; INEIEXN

DEFH PUTNIB . STUREN
DEFN MINDw . INDEX“
DEFN MIN33 ; INDEXB
DEFH MMDVE ; MOVE
DEFH SHFTU  M
DEFW ‘
[IEFH
IIIEJ; H
DEFH
[IE-'FH ...-
[Iii-'1 H liltilINI'j
[I(:‘|~N 1.011111]
DEFH LISMG
DEFW L.-
DEFN ENEGT
DEFH HHANGE

nEFw MQUIT
[IEFM NESETB
DEFH HSETH
DEFW HMTD

  
MACRO RouTINES ARGuMENT MASK TABLE
FORMAT:
{Ht-11614?{~11**#***********§**l*******i
* 7 * 3 fi 5 * 4 fl 3 * 2 i 1 § 0 *
fi-th—fl-ifr{Ht-«1H!-**%**********§i*****i***
1 H * L * A 4 IX* 3 * C i D i E *

.' §&-%*#{-1H“?*fifi§***§*§*§***********i
. ARnuMENTE MUST FOLLUM THE CALL INDEX IN THE FULLONING
. (0MITING UNUSED ARGUMENTS. OF COURSE)

. (INDEX),IXL.IXH.E,D.C.B.A.L.H
014175 "'1" MERRIST: DEFB 0 i INTP‘C
014" "'l' [IEFB 0 X INTC
01‘1“ F f. DEFE 1 100000013 RCALL
01 4F: 1'“- DEFE: 1 100000013 PIC-ALL
0] ’II” . 1" [IEFB 0 MRETl
0150 " DEFE 110000003

DEFB 000010003
DEFE 0

”JUMP
SUCK
ACTINT 

I
1
I

1') 1 5:7: 1'3 '!
F.

DEFB 000001003 DECCTS

0154 - DEFB 111100003 EMUSIC
0150 ~‘ DEFE 0 EMUSIC

 
 

 
 

013A :r. DEFB 001010103 SETDUT
0157 ff- DEF3 110000003 COLSET
015:? f

0130 r DEFB 001011113 RECTAN‘
nlfin le DEFE 110100003 VHRITR
015D r' DEFB 111000113 HRITR
01<F F" DEFB 111000113 leTP
(HW1H 3%311m1u13 NMT
nlqr I4 DEFB 111011113 NRITA
0 3F 1 3EF3 000100113 V3LANK
CHIN-1“' ' v DEFE 110010113 BLANK
01h! 11 ‘Hu; DEFE 110011113 SAVE
01-h." I '. "“1 [IEFB 1100001113 RESTORE
010? FF *1; 0EF3 110011113 SCROLL
n 1 Int! 3' 2’ "-“z/ 3: EIEFE: 001001 1 113 NEW [IIELCHR

;
i
i

5

a

3

DEFB 001011113 ; FILL

5

a

i

(Hff11’ 3'4 DEFB 110001113 NEH DISSTR



£30L503
229 230

01Ah I! 495 DEFB 110011118 ; DISNUM
01k? 70 -Va DEFB 001000008 ; RELABS
01k0 5 ?V7 DEFB 001000008 5 RELABl
0108 “4 993 0EF8 110101008 2 VECTC
rfllailu' 'Vr’ DEFB 110100008 ; VECT
II|.'} C’ll [HI “I “FF“ 0 i KCTASC
I'IN - .. - 1M :1 OUT: 001:1421130118 a S-ENTRY
01tn :0 100: UEFB 110000008 2 001T
0169 re 1003 DEFB 110000008 ; DOITB
ntap on 1004 DEFE 0 a PIZERK
1‘11 70 I I: 1005 DEFE: 1 100001 IE: 1 MENU
0171 FR 1004 DEF8 111011008 5 GET PARAMETER
0177 rt [00? DEFE 110011118 1 GET NUMBER
017? hm 100$ DEFB 000010008 5 PAUSE
0174 my 100? DEFE 000001118 1 DISTIM
0170 r0 1010 HEFB 110000008 ; INCSCR
0170 F0 1011 DEFB 110000008 5 INDEXN
0177 rn 1012 DEFE 110000008 ; STUREN
0173 rm 1013 DEFB 110000008 5 INDEXH
0170 fn 1014 DEF8 110000008 ; INDEXB
0170 v! 1010 DEFB 110011118 i MOVE
0170 ' 1016 0EF8 110010008 i SHIFTU
WIVF «1 101? DEFB 110010118 i BCDADD
:47W»«' 1110 DEFB 110010118 5 BCDSUB
01?r « L-ry DEFB 110010118 5 BCDMUL
nTVr .. UEFB 110010118 ; BEDDIV
0180 ‘ DEF8 110010008 1 BCDCHS

J DEFB 000010118 ; BCDNEG
‘ 0EF8 110010118 ; DADD
' DEFE 000010118 ; DSMG

J DEFB 000010118 ; BAGS
‘ DEFB 110010008 5 NEGT

DEFB 001000008 ; RANGED
DEFB 000000008 ; QUIT
DEFB 111000008 ; SET BYTE
DEFE 110000118 5 SET NORD
DEFB 110001118 1 MASK T0 DELTAS

 

0188 l “ a MROTIN: D1 5 MAKE DAMN SURE HE 18 OFF
0190 f“ i PUSH AF
('11 11:1"! 1' ' 1 ' .2 PUSH BC
njgr nt :3, PUSH DE
fiIRF I' . , PUSH HL
019“ TI“J' 1041 IN 2
010? 2:u0 [Odd LO A.ITA8.SHR.B
0104 thyl 1043 L0 1,9
010A "-0 1044 L8 A.200
0199 “IMF I045 OUT (INLIN).A
0190 "74 1040 LO A.ITAE&OFFH
l‘)‘ Qf‘ ['1 ' ‘I'TI 11-1117 OUT ( INFBK ) I A
019E {“0004 1048 CALL TIMEZ ; UPDATE TIHOUT1HUSIC AND SECON
0101 DTHF 1049 L8 C.0FH ; USE CTO—3

01A? (h7F04 1050 CALL TIMEY i DEC CTO—3
QLQfiULJE., 1051 _ POP HL
1’) 1 A? It I l I If}? F'UF‘ NE
“in? II INN? PUP EC
l3113‘ ’ I I ll" .4 PUP “F
0100 FR jonfi E1
0108 C? 1058 "ET

 

 
i INTERUPT ROUTINE FOR EVERYBODY
5 WHO DOESN’T HANT TO WRITE THEIR OWN
i OOES 4 60TH SEC COUNTERS IN OTC—3

. ROUTINE; SENTRY

. FURPOEE: T0 WAIT FOR CHANGE OF PROGRAM STATUS
; IN EITHER THE PORTS OR THE TIMER*COUNTERS

3 IN ADDITION IT CHECKS TINOUT FOR LONG PERIODS OF IN— 
ACTIVITY
** IS VECTOR OUT FLAG SET??
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231 ” 232
"xi NENTRY: LU A.(SENFLG)

' up 0AAH
DIAC j:{TFA’TF
01m: T‘F'o’W‘n

 
 

 

01E1 FA|WPO JP 2,2019H 5 YES — JUMP OUT
“Ina :DITAF LO A,(TIMOUT) 5 CHECK IF TIME TO ELAKOUT
I": i F:7 r ' [IR A
fl1fifi '(th JR NZ.TTEST-$
01Rfl Ll i070 MPIZBK: XOR A ; TIME TO SHUT DOWN
I") 1 Hr: ‘ ‘ ' ['1
018? OUT (VOLC).A 3 TURN OFF EOUNDS
H1RF' OUT (VOLAH),A
n1rr- LO EC.COLEX+3*256
01f“: . . , OUT (CJ,A 3 PAINT IT BLACK
0 I 1‘ "-. i HI r l (.1711. [LJNZ —-;Z
(“31"? I | T TO." “-717 FELF': LO [IE1 AKEYEB
01Pfl THFJUC "” CALL FINOL3 5 CALL STORE OE INTO CONTEXT R0
OTCD frW“Jd CALL TTEST ; WAIT FOR SOMETHING TO HAPPEN
01““ v INC A
(‘1 I'M .‘TT'T'
(-1 [‘2‘: T h .. KOCH}
(3107 1 7
(\1 r115
()1 rIF:

JR NZ.MPIZBK—5
LO (IY+CEA).0
EI
LO HL.(COLLST) ; GET SAVED COLORS

HEOLOR‘ LO (COLLST),HL i SAVE COLORS FOR FUTURE

 (:1.le LEI [3:13, SOC)H+I:;CILBX
01E) OTIR 5 RESET THE COLORS
DTP? XOR A
OIF4 F"' RET
1'31 Ff". o TIT ‘I‘ (1:1:
|‘\1Ft‘—: f I'; f NP
I‘T1FFC I I-' I'A'I'}
I'M FF I I"i ':

ITEST CALL TRCHK
LU (IY+CBA).A
LU (IY+CBE).B
CP‘ SKYU

l31F“ H” RET L
fl1F1 rrlf CF PUTO
I": | F.‘: [on RET NC
fl1F4 Tr!
lfitFl- 7'11 4?

LD A.OFFH
LU (TIMOUT):A

  
01F? I" ' R'ET
”It I". | I'll! t I"ul I I [It 6 w LI. [:1
.qln Iflhdl “lbw FNLHIB
O1FF Pfilh “LIN EALC2T ; START OF CALCULATOR

1105 . BYETEM ROUTINES JUMP VECTOR
1 H36 DRE“ ZOOH

nfinn r:nnna 1107 UP TIMEZ 5 DO TIMER & MUSIC
07D? (EVHOA 1103 JP TIMEX i DECTMR

020A 70 1110 SYEFNT: OEFE 20H
0'71”)? I'-:?: 11 1 1 DEFE,‘ E:
1') .‘r-‘rF: 11.2" 1 1 1 I DEFB 3
070-7! Hi 'I | I? [IEFB 1
fl‘fln v‘ tlla~ DEFB 7
n‘nn [‘72 11in DEFH LROCHR

n?an u? ITI' QMLFNT. OEFB OADH
“FOP M‘ iltm DEFB 4
O‘BF w‘ lit? DEFB 6
0710 “V llLu OEFB 1
07l1 h“ {I}! DEFB 5
0*17 Ti-uu il‘* DEFH SMLCHR

 
‘| 4 - ALLHEYS MASK

0713 ‘r llfi‘ QLEYS DEFE
F)" I". I l ,, UEFB
n; g "I 1 1 DEFE:
«’1* I: DEFB

<T<w . HEAD OF UNBOARD MENU
['1‘ ‘2'" I I . 7' 1 T rti IBTJIVMNTV DEFH (ML
1‘» '~ 1.'\ x T w: l 1 3;} [IEFW F'NOF
W'\F lfi ' 1&1? DEFN OFSTRT
H7IF JhTtfiflih 1|:4 OEFH ”MAX SCORE”
(:77? l I L‘IEFE: O
0779 uwraa 1: , OEFH ‘# OF PLAYERS’



nw=a ,u
(3“

0240 £05602
V FB

PP71
» 7307
0? 4:1: 7 :'-‘:

02".“ ll“.
DEAF: I' ';
Ofikf DR
OQLB 17
DEAF FF
O7AF I“
027“ F'
0771 FOB”
077“ L1
”771 h\
027“ II
0'27. . In]
0173 I”

0279 :1

F1
03/8 FHEI
I HOEI
U77F Bl

 
E3

: [:37 

FIJ‘thfi
F? 

'31r44'

233
111/ DEFB
if ~ DEFM
ii DEFB
|l4| . NONE,
1l43 . INPHT‘
114: 5
1144 5
1145 i
114B MNTB: CALL
1147 EX
1143 BIT
114? JR
1150 LU

.' AND
L.R
CPL

MMTOl: LB
NMTDZ: BALL

EX
\JFl

 
".5!

-wco~w>E'Eluv\Iw'w
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D
I# 0F GAMES’
0

CUNVFRT MASK TO DELTAS
H =1: JIIIYEJ'IETK MARK
C ? FLOP STATUS (MR FLOP BIT SET IF FLOP
DE = X POSITIVE DELTA
HL = Y POSITIVE DELTA

CONCPL i HANDLE Y
DEIHL
MRFLOP.C s FLOP SET?
Z.NMTDZ'$ 5 YES - DUIT
9.3 5 NO - GET MASK
3
Z.MMTDI—$

i INVERT IF NOT ZERO
BuA
CONCPL i PROCESS X
DE.HL

STHLUE 5 STORE HLIDE AND QUIT

TU CUNUITIONALLY COMPLEMENT OR ZERO HL

 

EONEPL. RRC B
JR NC.CONCl—$ 3 JUMP IF NOT UP
LU A: L
CPL ‘
LB LIA
LB A.H
CPL
LD H.A
INC H
RRC B
RET

rhNCl RRC B 5 DOWN SET?
RET C ; QUIT IF 80
JP CONCZ 5 JUMP TO ZERO OUT

; NAME: SCROLL MEMORY BLOCK

; INPUT: B = NUMBER OF LINES TO SCROLL
i C = NUMBER OF BYTES ON LINE TO SCROLL
5 BE = LINE INCREMENT
; HL = FIRST LINE T0 SCROLL

L'- XOR A
M3:RL1 PUB BC i SAVE COUNTERS

PUSH OE
LD B.A
EX BE.HL
ADO HL.DE i ABB INCREMENT TO LINE
PUSH HL
LDIR a ZZZZAP!
POP HL
POP DE
POP BC
DJNZ MECRLI-s

.A,- “"351 ‘_.H _ - _‘ _w"_ I N A,LLLw;5 NAME: NAERO INTERPRETER EXIT wITH CONTEXT REST
i PURPOSE: OUIT INTERPRETING AND GO HOME

MXINTC: POP HL ; THROH OUT DUMMY RETURN
i NAME: RETURN FROM SYSTEM CALL
2 PURPOSE: 'RETURNINB TD USER AND RESTORATION 0F REG

RETN: POP HL 5 RETURN ADDRESS TO HL

FOR IYPOP IX

‘FOP DE
‘FOP BC
POP AF
EX (SP).HL 5 STK=RETURN. HL=OLD HL
RET

; NAME; BCD DIVIDE

BOOBV: CALL GNACC i GENERATE ACCUMULATOR
EX (5P).HL 5 HL = ABC. TOP = ARGZ
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PUSH EC
Ln E.O
Ln A.C
SRL C
ADO HL.EC
LO C.A

EX DE,HL 1 HL = AROI. DE = ACC
LDIR ; HL = AROI FLAG+1
POP BC
POP OE
DEC HL ’ 5 ** FIX **
EX (SP).HL ; HL = QROZI TOP = ARGl FLAG
POSH BC
LU 6.0
ADD HL.EC i HL = ACC+SIZEI2
POP BC

DEC C 3 ** FIX ** DECREMENT SIZE
EX DE.HL 5 HL = AROZ. DE = ACC. TOP = AR
DEC DE 5 ** FIX **

DIVl; DEC DE
XOR A
  
 
‘STEM NEOT AROZ = ~AROZ (103 COMP)

..

uxvz: é

 

STEM DAOO 5 SUBTRACT UNTIL BORRON
OR C.OIV3—$
INC A i OR UNTIL LOOP COUNT > 99
ORA
JR NZ.DIV2—$
POP HL
Ln (HL).0FFH
POP EC
JR MULT6—$

DIVS: EYTTEM NEOT
avaTEM UADD

Ex (SP).HL 5 HL = ARGl
DEC HL

LD (HL).A 5 SAVE ANEHER IN ARGl
EX (3P).HL
DEC C
JR NZ.DIV1-s
POP HL
POP BC
JR nIv4-s

3 EUBROUTINE TO GENERATE ACCUMULATOR ON THE STACK
GNACC:~ POP IX

 
XOR A
LD 019
SYSTEM DABS iARGI=AB$ VALUE
EX OE;HL
SYSTEM BABE 59R82=ABS VALUE
EX DE.HL iFLAG=1 IF NEG ANS. ELSE POS
LO H;A
LD LIA

~ LO A;B

MULTI PUSH HL iGENERATE ACC ON STACK
DJNZ MULT1—$
LO B;A iRESTOfiE SIZE
ADO HLISP
PUSH BC 5 SAVE SIGN
PUSH HL BSAVE STACK POINTER
PUSH HL iSAVE ACC POINTER
LD H.(IY+CBH) iRESTORE AROZ POINTER
LD L.(IY+CBL)

 LO C.B
JP (IX)
;OECIMAL MULTIPLY
;GIVEN: DE}ARGI. HL}AR82: B=SIZE/2
. (SIZE/Z-l ASSUHED EVEN)
iRETURNED: AROI=ANSHER. C)0 ON OVERFLOWt

BCDML: CALL ENACC i OENERATE ACCUM
HULTZ LU A.(HL) JA=MULT LOOP COUNT

INC HL

EX (SP).HL SHL}DEO ADC

 
AND A jIF A=OI SHIP MULT LOOP
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JR Z.MULT4~$

EX DE,HL
SYSTEM DADU
AND A
DEC A
BAA
JR NZ.MULT3-$
EX DE.HL

MULT4: INC HL
EX (SP).HL
DEC C
JR vaflULTZ-i
POP HL
POP HL
PUP “

PUSH ESPUSH C
L U L- l E:
LU 9.0
SRL C
ADD HLIBC
SLA C
LDIR
POP EC
PUSH EC
SRL B
XOR A

MULTS: UR (HL)
INC HL
DdNZ NULTS-S
AND A
JR Z:MULT7—$
LD A.OFFH
LU (DE);A
PUP BC
PDP HL

UIV4: BIT 0;C
JR Z.MULT6-$
SYSTEM BCDCHS

MULTb: PUP HL
DdNZ NULT6-$

HUL T7 .'
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i ELSE MULTIPLY
i CLEAR THE CARRY BIT
5DECIMAL DECREMENT

5INCREHENT DECIHAL ACC
iHL}AR62

iRESTORE STACK POINTER
5 RESTORE SIGN

iCHECK FDR OVERFLON

i SET FLAGS

iCHECK SIGN AND

aNEGATE ARGI IF NECESSARY

sRESTURE ORIGINAL STACK POINTER
RET

336D SUBTRACT & ADD

iGIVEN: DE}AR61: HL>AR02
B=SIZEIZ+I

iRETURNED: ARGI=ANSHER
BEDSB: STEM BCDCHS

BCDAD: cYSTEM BCDNEG
EX DE.HL

SYSTEH BCDNEG
EX ‘DE.HL
SYSTEM DADD

5 AND FALL INTO

i

sDECIMAL SIGNED HAGNITUDE

iGIVEN:
DE>ARG (10’s CUMPLENENT)
B=SIZE/2+1

.RETURNED; ARG (SIGNED MAGNITUDE)

303MB; LD L¢B
DEC L
LD HaO
ADD HLaDE
LD A.(HL)
CF 50H
RET C
EX DE1HL

SDSMGI: LD A:0
33C A;(HL)
0AA

;HL>ARG+B-1 (SIGN BYTE)

gIF P08 (SIGN NIBBLE<5)

iEXIT

iELSE 10’s COMPLEMENT
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LEI (HL J . A
I NC HL
UJNZ bHGM51r$
DEL HL ;ANU SET SIGN BIT
LU A;(HL)
DR 80H
LB (HL).A
RET

;BCD NEGATE

;GIVEN: DE>ARG (SIGNED MAGNITUDE)
; B=SIZE12+1
:RETURNED: ARG (10’s EUMFLEMENT)

BCDNG: LB L.B iHL>ARG+B—1 (SIGN BYTE)
DEC L V
LB H,O
ADD HL,DE
BIT 7.(HL) 3EXIT IF P08
RET 2
LB (HL),0 5 CLEAR SIGN BYTE
EX DE.HL

ENEGT: XOR A 5 CLEAR CARRY
BCDNGl: LB A.0 JELSE 10’s CUMPLEMENT

SEC AltHL) -
BAA
LU (HL).A
INC HL
UJNZ BCDNGl—$
RET
l

JDECIMAL ABSOLUTE

)GIVEN: DE}ARG (SIGNED MAGNITUDE)
i ‘ EL'IZE/2+1
;RETURNEU: C=C+1 IF SIGN BIT CLEARED

 

SEARS: LD L.B
LD H;0
DEE L
ADD HL.DE
BIT 7;(HL)
RET 2
LB (HL).O
INE (IY+CBC)
RET
1

.ECU CHANGE SIGN

;GIVEN; HL}ARG B=SIZEI2+1
i (SIGNED MAGNITUDE)
2RETURNED: ARE SIGN BIT COMPLEMENTED

 
~ 0

BLUES: Ln C.B

 
afi
n. J .0 14 1:}: L L1 Eh 0
‘4: 141? BED C
(T? 1450 RUB HL.EC
7E 1421 LE R.(HL)
FEED 1422 XOR 80H

14;: ; NAME: SET BYTE
1424 MSETB: LD (HL),A

 1415 RET
1426 s
1427 5
1423 iUECIMAL ADD
1429 5 T

1430 _ 5GIVEN: 0E3ARGI HL}AR02 (10’s COMPLEMENT)
1431 ; L=SIZE/2+1
1432 iRETURNED: ARGI=ANSHER (10's CUMPLIMENT)

l

an&r hr 1434 SHADE; XOR A



 
 
 

n :V
F Th7703

':--::?r .

 

 
1 350(1-
1507

 

 

EDADDI:

NAME:
A INPUT:

MRANGE:

SHIFTR:

3.....-
W DCm

MSAVEI:

LD
ADC
DAA
LD
INC
INC
DJNZ
CF
RLA
CPL
LD
RET

UUTRUT:
PUSH
LD
CALL
LD
ADD
ADC
LD
LD
LD
CALL
ADD
LD
LD
EX
POP
AND
LD
LD
JR
XOR

BED
JR
INC
DEC
Ll H
JP
Ln
LD
XUR
LD
ADD
RLA
DEC
JR
ADD
ADC
RET

EX
LD
INC
LD
INC
XOR
EX
SET
PUSH
PUSH
LD
LDIR
PUP
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A.(DE)
A:(HL)

(DE).A
DE
HL
SDADD1-$

' 99H 5 ** FIX **
; ** FIX **
; ** FIX **

(IY+CDFLAG).A ; SEND BACK STATUS FROM DADD

RANGED RANDOM NUMBER
A — RANGE
A RANDOM NUMBER (0 T0 RANGE-1)

AF
HL:(RANSHT)
SHIFTR
36:23
HLIBC
A.D
(RANSHT)IHL
HL:(RANSHT+2)
E.A
SHIFTR
HL.DE
(RANSHT+Z).HL
E.D
DEaHL
AF
A
CaA
AaD
Z.R3-$
A

Hl

75L: DE
NC.R2-$
A
C
NZ'Rl-S
QFROG
B.H

'C:L
A
0:7
HLJHL

D
NZ;SH1-$
HL.BC
AID

SAVE AREA
HL ‘ SCREEN ADDRESS
DE SAVE AREA ADDRESS
BC Y.X SIZE OF AREA TO SAVE
THE SIZES OF THE OBJECT ARE SAVED IN THE
THE FIRST THO BYTES OF THE SAVE AREA

DEIHL
(HLJoC 5 SET X SIZE
HL
(HL);B i SET Y SIZE
HL
A
DEIHL
6;H 5 SET NONMAGIC ADDRESS
BC
HL
31A

HL



 

 
 

NRNE.
PUHPE

NSETUP;

NHML: ,

43301,503
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LU C.BYTEPL
ADD HL,BC
POP BC
DJNZ HEAVEl—s
RET

PREBANE OUTPUT PURT SETUP
E. TO SET CDNCUM.VEREL ETC

INFUT:; E=HURCE. D=VERBL. A=INNUD
LEI CllHCIRCB .' GET BASE F'URT NUMBER
OUT (C).B i HURBD
INC 0 5
OUT <C).D ; VERBL
OUT (INMUU)»A
RET
"I'l-i‘nl lllh' TRON'Z-I I‘ION‘S

IHHMIIUN lH LUUL Inn {MANUEB IN THE PORTS &TC
Ta-ftuflum A: (J NLJIUTHMQEE

 
 

W FDUNTLR IINERflN HIT O
 

 
  

'5: [:11
I" — 111:.

EYL”

? EHANGED
LIN L63 UF'

HRD CHRNGED (B=0-24)

 

  

 

TRIDOEJDYO - T3EJ3
HETURNE NEH VALUE IN B

 
0'1“! (.F
'I ‘:r:.'. I‘: J I) 1 05;".

 
'| RC HTL‘.

T' F" L ILIF'

F‘ HIZJ T 1

E ,F" L |-_| F‘

 

LD E.(HL)
LD‘ BC.301H
LU A.C 3 GET MASK
RREA
LD C,A

AND E ; CHECK IF CT BIT =1
JR NZ,CCTl—$
DUN: CCTLP—s
RET

XUR E i MASK OUT BIT IN QUESTION
LD (HL).A ; PUT BACK THE CTFLAGS UR SEMI4
LD 913
ADD AID

PUP HL 3 OLD RET ADDR
RET

SKIP CUUNTER—TIMERS AND POTS?
GET COUNTER TIMERS STATUS

JR Z.T3EX—$
LU HLuflUNT
LU D.0
BALL CTLP i COUNTER TIMERS
LB D.S
INC HL

CALL CTLP ; SEMI4S
LD 33,400H+PUTO
INC HL 5 —> MPUTO
IN A.(C)
LB E,(HL) ; GET UPOT
SUB E

JR C.PHOT-$ NEW ONE LESS THAN OLD
SUB FFUG i FUDGE.BOUNCE FACTOR
JR C.EPLflP—$ NEH MORE THAN ULD+4
INC A
ADD AJE
LU (HL).A
LD 3,9
LD AIC
RET
I NI: l"

DJNZ TFLUP—s
MMTEH fixmms

 
TSEX' LU HL;HEYSEX 5 HL = KEYSEX

LU fl.(HLJ
BIT 7.9
JR Z.TKEYS“$
RES 7:9
LD (HL).A
LU A15SEC i SECS
KLT \

I I"':.-1' } LYLHJF‘IHU
PULH HL
URLL DhLUflU



EX
LD
LU
IN
AND
JR
DEC
INC
INC
DJNZ
LU
LD
JR

NEENKE INC
RRCA

LU
RLCA
RLCA
ADD
INC
LD

H3ENHE PUP
XUR
AND
JR
XOR
LD
AND
LU
LD
RET

  
04“W FE
-. - 011704

lififlFF
' Fn73

- (14':-
T’l'IDA

 HANDLE: LD BC.4OOH+3HO
SHLUP INC HL 5 -> OSNO

IN A:(C)
XOR (HL) 5 COMPARE THE 2
JR NZ.SNHIT-5
INC C
DJNZ SHLUP-5 i NU CHANGE
LU AnB i RETURN 0
RET

EHHIT: BIT 4aA 5 TEST TRIGGER

JR z.uovs—s ;
AND 10H 5 FILTER GUT TRIGGER
XOR (HL) 5 UPDATE VALUE
LD (HL):R

AND 10H
LD BaA
LD AIC 5 GET PORT NUMBER
RLCA i *2
SUB OCH
RET

JHTG: XOR (HL)
Ill (HL).A s
ANIJ OFH 5 TAKE UF‘F TRIGGER
LU I3: A

~LD A:C
RLCA 5 *2
SUB 03H
RET

1645 i TIHEX
1&45 i INPUTS HL~} TIME BASE IN RAM

1647 5 BmTIME BASE NQDULUS
1&48 i C$MASK AS IN DECCTS
1&4? 5 PURPOSE: TU DEER TINEBASE AND IF 0 RESET IF AND DECR
1650 i COUNTER TIMERS

04?P 7” 1651 TIMEX: DEC (HL) 5 DEC TIHEBASE
“JTF .- ‘ RET NZ
047E LD (HL):B ; RESET TIMEBASE 
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BE.HL

BC:4QOH+KEY3
DE.OFFOOH
Q.(C)
(HL)

N2.MsENK2—s
c
E
HL
MSKI-S
A.B
E.$<YU

MSENKE—q
D

NCIMSENK2-3
A13

AIE
A
E:SKYD
HL
(HL)

7FH
Z.HANDLE-$
(HL)
(HL).A
O7FH
BnA
AoE

} NON TEST HANDLES

1555 ; NAME; DEERENENT CUUNTER

i

246

SET BIT COUNTER+CULUNNN

CHECK AGAINST MA$K

NEXT PORT
AND COLUMN
AND "ASK

NOTHING DONN

BIT COUNTER

KEY=BIT§4

+ COLUMN
PLUS I

KEY=0KEY?

KEYBOARD RETURN CODE

NU TRIG MUST BE JOYSTICK

NU CHANGE IN TRIG 30 STORE

TIMERS

ST
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INPUTS: E=MASK

U; D BY ACTINT AND DECCTS T0 DECREMENTS CTS UNDER MAS’
“a: %7éS43210* I IF BIT=1 THEN DEC CORESPUNDINB

CT# . IF EIT=O LEAVE CT# ALONE
NUTE: ALL COUNTERS ARE RUN IN BED FOR EASY DISPLAY

  
TIMEY‘ LD 3,3 . NO OF BITS

LD HL.OTO ; —> TO COUNTER TIMERS
LD 0.0 5 RESULTS

TIMLP: SRL O ; OHANOE THIS TIMER?
UR Nc,ETLP—s
LD A.IHL) ; GET THE TIMER
OR A i IS IT ZERO ALREADV
JR Z.ETLP—$ ‘
DEC A
DAA
JR Nz.+3
SCF

LD (HL).A ; STORE NEH VALUE
FILP: INO HL

RR D 5 RDTATES IN CARRY FLAG
DJNZ TIMLP—s ‘
LD A.(CUNT) ; CDUNTER UPDATE&NUHBER TRACKER
0R 0 ‘
LD (CUNTI.A
RET

 
. NAME: TIMER ROUTINE
. PURFUEE, ID UPDATE GAME TIME-TIMOUT AND MUSIC

i INPUTS OUTPUTS: NONE
; Nn". PUEH YOUR REGISTERS (AF.B0.0E.HL)
TIr. ; ASSUMES YOU PUEH DA REGS

LD HL.PRIDR ; RRIORITVmTICKs
DIr 1.<HL) iCHECM IF TIOLE UVFRRUN
RET NZ ; RETURN
SET 1.(HL>
Ex OE,HL

; *SIXTYITH OF A EECUND INTERUPT*
LD HL.DURAT ; NOTE TIMER
LD A.(HL) 5 =0 SKIP
OR A
UR 2.31xv—s
DEC (HL)
JR NZ.STAKO—$
PUSH HL
PUSH 1x
CALL MUZCPU 5 =0 DD NEXT NOTE
POP Ix
PDP HL
JR SIXY-$

BTAHU: EX DEJHL
BIT 7,(HL) EX DE.HL
JR NZISIXY—fi.
DEC A

DEC A i =1 QUIET NOTE
JR NZ.SIXY4$

. A=U .
DUT (VDLAB).A
OUT (VDLC).A

SIXY. INC HL
DEC (HL) 51F(——TMR60<0)
JP PIGDUT a ELZ ONHARD
LD <HL).59 sTHEN‘TMRbD=59
IND HL ; -} TIMUUT
EX DE.HL
LD HL.KEYSEX 3 SET SECONDS UP
SET 7.(HL)

DaDfl TI: EX UE,HL
04hr ”I LO A.<HL) ; CHECK IF ZERO
D4Df r,‘ UR A
oann sfinN UR 2,OTIMER—s'
OGDF ' DEC (HL) ; DEC TIMDUT

. EEAME TIMER DNCE A SECOND ROUTINE*
) IF (SEC != O & MIN !=0)



(NH-"-
oar:
('u’lFf
04F V'
OHFJ
04??
04??
(WHY:
()Ill7"
fidFL
II'II I!
"'H l
" H I
(THE: ,
04r1
04F?
warn
04F5 §
I‘ll] F I".
“4F?
04F!
nqrr
OAFE
0:100
0503
Dfinfi
fifin?

0514
0517
051E
051C
DSID
0515

 

w

l

cl
'1

14'
.‘I u 1'!

136E

.vtnar
I' i:-1/_.
. .1102
FHFF
.‘ IF'-74F

I’ [::‘:F_

PACE4F
fl UL": AIZIO4F
7E

  ' I

FHHROS
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. IF (SEC 0)
i SEC=595~~HIN
i ELSE ~FSEC
i ELSE OAMETINEUP=1

GTIMER: INC HL
Ln A.<HL)
INC HL
UR (HL)
JR Z,GT02—s
DEC HL
LU A.<HL)
OR A
JR NZ.GT01—s
LD (HL).59H
INL HL
Ln A.(HL)
pLL A
UAR
Ln (HL).A
JR BOUT—t

GFOI: DEC A
BAA .
Ln (HL).A
JR BOUT—s

GTOZ; Ln HL.GAMSTB
BIT GSBTIM.<HLJ
JR Z.GOUT—$
SET GSBEND.(HL)

GUUT Ln HL.FRIUR
RES 1.(HL)

4L-__»MOLARET
; Nnnei‘sffinf'nuzcfiu
; FHHPU ::
. INPUT». HL  ~> SCORE

AHVOICES

250

;->GTSEC3
iIF (SEC!=O

-}GTMINS
i & MIN!=O)

->GTEECS AGAIN
IF (SEC ==0)‘-

THEN SEC=S9BCD
-}GTMINS AGAIN

—~MIN

ELSE —~SECs.

ELSE GAMETIMEUP=1

iRETURN TO BACKGND OR LO LEVEL

TO START MUSIC PLAYING (ALSO NOISES)

NOTE; YOUmfiHOULD LOAD MUZSP IF YOU DO CALLS
MUZSET LD (VOICES).A

LO (MUZSP).IX
CALL MUZSTP
JR MUZCPl—5

NAME: MUZCFU

. PURPOSE: PLAYING MUSIC AND NOISES
6 NOTE: DURAT=0 NHEN CALLED

OUTPUT: NONE
*MUSIC FROCESSOR*

FETCH OPCODE
IF (OPCOOE < 30H)

SET NOTE DURATION ETC
ELSE
SWITCH (OPCODE & OFOH)
CASE 80H:

IF (MASK=S) STUFF SNDBXiPC=PC+9
ELSE OUTPUT(MASK)=DATA

CASE 90H:

CASE AOH:

(—-SP)=OATA IN NIBBLE OF UP +1
CASE BOH: ‘

SET VOLUMES
CASE COH:

SWITCH (MASK)
CASE 9: MPCL=(MSP++)5

(--MSP)=MPCH:
IF --(SP)==0 THEN SP++

CASE O:
CASE 0:

DATAJDATA

MPCH=IMSP++); BREAK
(--MSP)=MPCL

HUZEPU LD
MUZCPI

CASE 3: MPC=OATA16
CASE OOH: CALL RELATIVE

i CASE E0: DURAT=DATA
' CASE F0: VOICES=O.PORTS=0

HL,(HUZPC) i
IX,(MUZSP)

I
I
I
I

.I

s VOICES=DATA

I

LU

OPLOOF LU AoIHL) i
INC HL :
OR A‘ ;
JP Ma H00

3 NORMAL NOTE OPERATOR

LOOK LIKE NORMAL LOOP RETURN
FETCH STACK POINTER
OPCODE FETCH

'-)OPERAND;DATA
TEST FOR 80H OR MORE
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LU (DURAT).A
LO A.(VOICES)
LD EC.300H+$NDBX
SRL A 5 SET NOISE
JR NC.+4
OUTI
LO 6.5 i -> VIBRATO
SRL A
JR NC.+4
OUT! 5 SET VIBRATO
L0 8.4 a —} NOTEC
SRL A 2 CHECK C.B.A
JR NCIM82~$
IJlJfI

HRL A 5 CHECK IF IND PC HA5 0N
JR C.M33—$
DEC HL i RESTORE PC
JR MOS—s
DEC B
INC HL
JR M315~$

M33 OR A

nuau (41 JR NZ.M81—$i PLAY NOTE

Hhhz4F LO A.(PVOLAB)
0215 OUT (VOLAB).A
unnfi4F LO A.(PVOLMC)
n:IR OUT <VOLB).A

" I'VTOE JP MUZ999
' MOD: CP 90H

JR NC.MO1—$
5 STUFF PORT OR SOUND BLOCK

BIT 3.A 5 IF (STUFF SNDBLK)
JR Z.MO01-$
LO A;B ; SAVE B (VSN)
LO BC;3*25&+3NDBX i E=8. =SNDBX
OTIR ; HL—hNEXT OPCOOE wHEN DONE
JR OFLOOP—$

M001: AND 7 s ISOLATE PORT NUMBER
OR 10H 5 PORTS 10H—17H
LD C.A i SET PORT REGISTER
OUTI
JR OPLOOP—s

MO1: JR NZ.M02—$
LO A.(HL) 5 GET NEH VOIDES
INC HL

. . LO (VOICES).A
0R7£ ‘ . 1: JR OPLOOP-s
OWTH [tho :1 CF OBOH

' 1: JR NC.M03-$
D AND OFH
r LO E.A
1 INC E
1 JR M045—$
1 CP OCOH i SET VOL ETC
1 JR NC.MO4—$
1 PVOLS
1 LO OE.PVOLAB
1 LDI i DONT CARE ABOUT BC

onn(.|;”n’ 1 LD
aha? 1 g: 1 JR OPLOOP-§
““04 vaH 1 JR NZ.MO40~$
fiflflé unzfion 1 DEC (1x+0) i DEC STACK TOP
0%”? .~wA 1“ 2 JR NZ.MO41—$
(37713: “Hr—4. I" J INC; [X
ORWO ' 13/1 INC HL
OROF . 1?72 INC HL
nfifiF tart £313 JR OPLPZ—t
OfiAl rrnn 1374 M040 CP ODOH a PC SP STUFF
“In“ ‘ A“! I" J'H‘fi JR NC: MUS“
mm a ..| ' |::7(-. NL’MI AND OFH ; ISOLATE MASK
Iflnh'ls-r' '2 7 CP 0 ; RETURNJR NZ.MU43-$

LO L.(1X+0)
INC IX

(”Fifi") L'u 'l H,"
IDS-inf: l‘ll‘lLFOO
OSAE DOZE  
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run/44.00 LEI H. t ”(+0)
hr ":3: INC; IX ‘

JR OPLP2—$

LD E5§HL) i PCL=INC HL
LD D5€HLI 5 PCH=
INC HL
EX DE5HL 5 SET THE PC
CF 4 5 IS IT A JHP?
JR C5OPLP2-5 5 IT IS
DEC IX 5 ITS A CALL
LO (IX+0)5D 5 (--SR)=PCH
DEC IX
LD (IX+O)5E 5 (—-SP)=RCL
JR OPLP2—$
CF OEOH

JR NC5M06—3
AND DFH
LD 350
LD C5A
LO D5H
LD E5L
ADD HL5BC

.' JR MO44P$ 5 CALL
' JR NZ5NObl-3

1; LD A5{PRIOR) 5 LEGSTA
‘ ‘ l' XCIR 80H

--' 11 LB (PRIDRD5A
"- 1‘ JR OPLPZF‘
'"n 1: CR OFOH 5 REST VOICE (0R SUSTAIN)

‘3’? 1% JR 25MUISTPFS
'3'» 1% LD A5IHL)
'5 5 1} LD (DURAT15A 5 SET DURATION OF QUIET

“OFF 1‘ INC HL
“ " 14 f XOR A
5".” V ~ 13 t OUT (VDLABI5A
("T ’ l :" I'V’l /’ OUT (VOLC); A

1?13 5 END OF MUZIC PROCESSOR
( I1 21F 1“|? NUZSQ9: LD (NUZPCI5HL 5 SAVE THE PC
““VV “' ““4F 17.0 LD (MUZSPlaIX 5 SAVE THE STACK POINTER
“‘4 T 5 lg, RET

I*'? 5 NAME MUISTP
|--* 5 PURPOSE: STOR MUZCPU5SET PORTS TO 0

I "-"I I‘-‘ 1'- ‘4 MLIZSTP; qu A
("J—{I ' 5 I'IIH‘ 1",“: LD (DURAT)4A
““““ - -’4F 1”'- LD (PRIOR)5A
‘”J"V“ '-V”‘ 1? LD BC5SOOH+SNDBX
“V“‘ ‘L" 13 OUT (C)5A
l'lm .32: 1‘4 l 1- '3sz ,2
(III'A l 1'. RET

l: 5 NAME; DO IT

In 5 PURPOSE: TRANSFER CONTROL TO USER STATE TRANSITION
' 5 INPUT: A = RETURN CODE FROM SENTRY ROUTINE

5 HL = DO IT TABLE ADDRESS
5 OUTPUT:

5 DESCRIPTION: THIS ROUTINE IS USED NITH THE SENTRY ROUT
5 IT 13 USED FOR DISPATCHINO TO A STATE TRANSITION
5 ROUTINE. THE RETURN CODE FROM SENTRY IS USED TO -
5 SEARCH THE DOIT TABLE. IF A MATCH IS FOUN05 CONT
5 TRANSFERED. IF NO MATCH IS FOUND. THE ROUTINE RE
5 THE DOIT TABLE IS MADE UP OF THREE BYTE ENTRYS:
i BYTE 0 BIT 7: IF SET - DO A "CALL TO THIS HANDLER
5 BYTE 0 BIT 6: IF SET - DO A RCALL TO THIS HANDLER
5 BYTE O BITS 5-0: RETURNCODE THIS ROUTINE IS TO FR
5 BYTE I AND 2: THE ADDRESS TO TRANSFER TO
5 THE LIST IS TERMINATED BY A BYTE WHICH IS .GE. 00

CHE-0F: 7:’ NEIOITB LD A: B
Oéflr nu MDOIT: PUSH DE
minim '.' |_[] D, A
OAOF ”6 1951 MDDITO: LD A5(HL) 5 GET RETURN CODE FOR THIS ENTR
060? I! ' LD 05A 5 C = CURRENT ENTRY
(“J'Irl‘l' CP OCOH 5 LIST TERMINATOR?
061 'n‘ JR C.MDOITI-$ 5 N0 — JUMP
DLIJ “' FOR DE 5 YES - RETURNOla l "5

 
 

 RET
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255 256
=. HDDITI: INC HL

AND 3FH
C? n NORMAL MATCH?

JUMP IF 80
ND MATCH — SKIP OVER
GO TO ADDRESS

. JR Z.MDDIT2-$
MEDIA: IND HL

INC HL
JR MDDITO—5

MDUITZ. PUP DE

L....I..
HDUITB: LD E.(HL) 5 DE = GUTO ADDR

INC HL
LD D:(HL)
EX DE.HL
BIT 7.C i MCALL?
JP NZ.MMCALL i JUMP IF SO
BIT é;C i RCALL?
JR NZIMRCALL-$
PUP DE ; MUST BE JUMP
PUP AF
PUSH HL
EX DETHL

i RCALL ROUTINE
MREALL: JP (HL)

*§#***u#**§**§&i*****l
* VEC‘TDRING RDUTINES *
%**§***%*fi******%*****

NAMEz' VECTOR X AND Y CDDRDINATES
PURPOSE: UPDATE X Y CDDRDINATES AND LIMIT CHECK
INPUT: IX = VECTOR PACKET

HL = LIMITS TABLE
OUTPUT: C = TIME BASE USED

war_ NDNZERO STATUS SET 1F DBDECT MOVEDu :5: -

[H15 HUUTINE NURKS NITH A ’VECTOR PACKET’, HHICH L00
*%*#***kfi#fifikfifliflififi*fififi****§i#*

*DYTE* CONTENTS * NAME *
*%**§******¢*****************§**
* 00 * MAOIO REG STER * VBMR *
***********fi**fi****§******ii***fi
* 01 * VECTOR STATUS * VBSTAT *
*é*4*fifiéA**§********&**fl****§***
* 02 4 TIME BASE * VBTIMB *
*fl***fi*****&****4***************
* 03 * DELTA X * VBDXL *
* 04 * * VBDXH *
*****fi***%**********************
* 05 * X COORDINATE * VBXL *
* 06 * * VBXH *
#***%**********%**************i*
w 07 * X CHECKS MAS’ * VBXCHK *
flé*%**%***§******%**************
* 08 * DELTA Y * VBDYL- *
* 09 § * VBDYH *
*#***#**fi§*********************I
* 0A * Y COORDINATE * VBYL *
* 0D * * VBYH *
********************************
* 0E: * Y CHECKS MASK * VBYCHK *
************§***********fi**§****

OFTIONE BYTE:
DIT MEANING

7 VECTOR IS ACTIVE

CHECKS BYTE:
BIT MEANING

DO LIMIT CHECKS
REVERSE COURDINATES 0N LIMIT ATTAINMENT
TARGET ATTAINED (OUTPUT) .

IF THE VEIZTDR IS ACTIVE: AND THE TIME BAPE IS NONZER
THEN THE UFDATE COORDINATE ROUTINE IS CALLED FOR THE X
AND V FuRTIDNS OF THE PACKET

ECT: SET PSHZRD.(IY+GEFLAG) 5 SET ZERO FLAG
BIT VESAET.(IX+VDSTAT) i 18 VECTOR ACTIVE?

(.3HC'
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in»: A.

1'. .. .. » ....257 . 258
II ! II In; :052 LO C,<Ix+VDTIMD) ; TIME BASE To c
I» i - rnuwnh ' .5 LD (IX+VBTIMB).O s ZERO TIME BASE
-' ~ ; Ian : wI LD <1Y+CSCI.C ; PASS BACK TIME BASE
-*~V . rain RET z
'1-*- n02A LD A,C

I--I'-- ' 7 AND A ; IS TIME DASE ZERO?
II‘V-' ‘ :wfim RET z i QUIT IF SO
0'4' Ir~2~u :uxv LO DE.VSDXL ; ADVANCE TO FIRST
r-uh' II E - gum) ADD IXIDE

anr I!UMHL 2041 ‘CALL MVECTC, 5 UPDATE FIRST COORDINATE
IW'-I II WHO 2042 LO OE.VDDYL—VBDXL 5 TO v
“~“4 “v!” A043 ADD Ix,OE

1044 ; AND FALL INTO.LH
3043 i NAME; vECTOR COORDINATE
'uaa , PURPOSE: UPDATE 0F SINOLE COORDINATE

‘ . INPUT; Ix = POINTER TO L.O. DELTA BYTE OF VECTOR
P . ‘ ' C = TIME BASE
t . HL = LIMITS PACKET (IF USED)

4050 . OUTPUT: NONZERO STATUS SET IF MOTION OCCURED
£051 . (SHOULD DE SET ON CALL. SINCE IT Is NOT S
2052 . NOTES: .
2053 . THIS ROUTINE OPERATES ON A SUDSET OF THE VECTOR PACK
2054 . (DETwEEN L.D.'DELTA DYTE AND CHECKS BYTEL
2055' . THE DELTA IS ADDED TO THE COORDINATE TIME—EASE TIMES
2050 . IF OPTIONED. LIMIT CHECKING IS DONE. IF THE CHECK FAI
2057 , THE COORDINATE IS SET TO THE LIMIT
2053 . HHEN THIS HAPPENS. THE LIMIT ATTAINED BIT IS SET

005E ES 2059 MVECTC: PUSH HL
0657 DDSAOI 2050 LO D.(IX+VSDCH) i LOAD DELTA

LD EJ(IX+VEDCL)
LD H;(IX+UBCH) i LOAD COORDINATE
LD L;(IX+VBCL)
LU A-H i SAVE OLD COORDINATE FOR MUTIO
LD B: C

NVEEITIZ FIDO HL: DE i ADD DELTA TU COURD
DJNZ MVECTI-S i TIME—EASE TIMES

i HAS MOTION UCCURED?
CF H

JR Z:MVCT1A-$ i JUMP TO SKIP TESTS IF SO
RES PSNZROI(IY+CDFLAG) 5 SET MOVED STATUS

5 IS LIMIT CHECK WANTED? .
MVCTIA: BIT VBCLMT.(IX+VBCCHK)

 

   
 

  

ObbF “HPEO445

I'll-.77 7?: 3:1 JR ZIMVECTb—Si 5 MVECTb IF NOT
I PERFORM LIMIT CHECK

(Dd-7"- I LD AIH
0/97 I’ EX (SPLHL
0(7-77 l LEI B. (HL) 1' LIMIT TO B
0:37" ‘ INC HL

5 HANDLE SLIGHTLY LESS THAN ZERO CASE
-‘ H-‘I‘F CF 207 3 MIDF‘OINT BETWEEN 160 AND 0

"4‘“,17 .JR NCIMVECT2-5 J JUMP TO FAIL IF >207
l::: CP ‘3 5 DO COMPARE
7:1'1"‘n1 .JR C.MVECT2-$ a JUMP ON FAIL
'V- LD 8: (HLJ . UPPER LIMIT CHECK
13' CP 3

7“ JR C; MVECTS-S 3 JUMP ON PASS
MVEII:T2:' INC HL

:‘ A LIMIT MAE: EXCEEDED - SET COORDINATE AT LIMIT
. 1"" " '03:: . . LD (IX-FVBCH): B

hhimOZOU POPI LD (IX+VBCL).0

W” [aimllli 30192 SET VBCLAT: (IX+VE¢CCHK) 5 SET LIMIT ATTAINED
~‘ .; I IE: REVERSE DELTA OPTION SET?

"VT-’7’“ I l POP AF 5 CLEAN UP STACK
“(3'71 "I” ”VI-1F BIT VBCREV‘ (IX+VECCHK)
0""7’" .,_ RET Z i QUIT IF NOT

.9097 i REVERSE THE BIMBO
17* '. " LD A: D
~ ' CPL
"7 LD D-A
”fl . .21Q_l . . LIL. B!.E.-.. LL.' I .z I 07 [FL

. '-l .I‘IOJ: LEI E. A
IM?W l- :104 INC HE

I'n’Hh IHI/ .m'v .7105 LD (IX+VE£DCL).E 3 STORE BACK
(IV-At.“ TITIT‘I'OI '2 106- LO ( I X+VBDCH ) J D



. 259 260
0.11m: |:.':.l '21 1 (L7 RET
01.4314 I: T! 210:3: NVEETS: INC; HL 5 STEP FAST LIMIT
DEA?- F 7: 210'? EX (ELF). HL 5 HL = COORDINATE AGAIN
CHE-"Ila lIiIJ'uiII'. .".1 1C: MVECTb: LD ( I X+VE=CL ) . L i STORE BACK CCIORDINATES
I'./-..'\-;: MI '40:: '21 11 LD I I X+VEIIZLH) . HIiI/as'u‘ I‘ I 2112 F‘DF' HL I RESTORE LIMITS POINTER
I'M-Mil TII’II‘ mam»: 21 IE: RES VBCLAT. (IX+VE:CC1HK) z CLEAR ATTAINED BIT
0461 (-21 ‘2114 RET311.2. , M*fi*#*#&*&fi*§****fl****&*i§l

L-I I J . 4* PAINT RECTANGLE RI’JUTINE *
_r1 1:; , 42- If M MIItII*«-«-4III«MI§*«IIHI&«IMI
L211? . NAME: F'A-INT RECTANGLE
$2120 . INPUT: A = COLOR MASK TO WRITE
2121 a B = Y SIZE
3:12-2:2- . C = X SIZE
2123 i D = Y COORDINATE
212‘: 2 E = X CDDRDINATE

CII~.[-:,-" (IF 21’an MF‘AINT: XOR A
I'll—.I‘: ‘: I" l IIIEIjIB 2121:. CALL RELTA 1
I'II:.F:.'. F E: ' EX DE. HL(Db-E17 till-5T4 SET 6. H i UNMAGIC THE t3“ 0*“? ADDR
GAE-9 [It-Iran: DUT (MAGIC). AXDR A

LD (URINAL). A ; PRIME THE SOB
0.3m: FI'I".F0'14 LEI E. (IY+CBA)
0.1-.I‘:I ‘ .. L!) A. C:
(mm I-l RRCA
ITI.'-.I‘ ~.~ HI RRCZA
I'vhl' ‘. i .. :I’ AND 3FH
on ‘I INC. A
(II-.I' J I . ‘ LD II. A
I‘u/u' ' i' . I MF‘TI : DEC [I
OH .- ' . -7 ._IR 2. MF'TZ—$
I'I.’ r :I i r I- LD A. OFFH
0m .. s h! .'DI:.- CALL STRIF'E
Ol-J.’ II I . .I- .1. JR MF‘Tl-S
IZILJ‘i MF‘T'E: LD A. C
IIIAI'II- ' . "I AND 03H
III/.I‘I .' I INC: A
cpl-Jr: : . II' LEI C. A
marl-I . .3 XI‘JR A
(IE-It‘- --lI MF'TEI: DEC 0
I‘IIEJ‘IL .‘:':m JR 2. MIDI-4‘3
(TM-1'2: ~I RRCA
(II-TI“ I" RRCA
cum I “HI ADD A. 110000003
0M" III .1 JR MPT3-$
QI—J‘II In; ."I‘I/ MF‘T4: CALL STRIPE
I'Ié-FI -‘.I XDR A

5 AND FALL INTD . . .
i STRIPE F'AINTER
i HL = ADDRESS (IF STRIPE A = DATA E =I‘IASK B = ITERATIONS
. I‘JLIT HL==HL+1 A = CLDBEIERED

Ifilz-I'. I ' ELTRIF'E: PUSH HL
I'd-r » - ‘ F'lJEiH BC
0H . I 3 "F LD (URINAL). A
I'IH' ' M I‘ 4F LD A. (URINAL+4000H)
01.4 .1 l‘ LU C. A ‘
I'II'TIA "» EITRF‘IL LD A. E
Cut! ' -.'I XOR (HL)
nu I ..I AND c
an I ..I XOR (HL)
I'Il-H " LD (HL).A
01-?“ '“ LD A. L
l I I I .. ADD A. BY'I‘EF‘L
u I .‘ I LI‘I L. A
II..| | ,‘I L“ AIH
I ‘1 fr I‘n) ADC: A. O
Iii/IF? nit-7 LD H. A
name: ICIFI - LI-JNZ STRPl—S
(MFA I“l F‘UF‘ EH:
I'I.’.l“[-: F1 F‘UF' HL
n,'||' .v‘: 2112” INC HL
I'-I.I n I . 21:31 RET
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NOTES:

INPUT:

OUTPUT:

ENTRY:
INPUT:

9
I
I
I
v
I
:
I
i
A
I
n
I
l
1
I
'

OUTPUT: 
 
 

SIDE EFFECTE
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RUUTINES *«nuuwkuukuuuutwwww

THE GENERAL CALLING SEQUENCE FOR THE URI
HL = PATTERN ADDRESS

v COORDINATE
X COORDINATE
Y SIZE
X SIZE
MAGIC REGISTER

= SCREEN ADDRESS USED
THESE ROUTINES ARE NESTED:

NRITP. UHICH FALLS INTO WRIT.
“RITE FROM VECTOR
HL = PATTERN ADDRESS
IX =

IIIII![IHEJDCWQIDU
m

FOR EXAMPLE
WHICH FALL

VECTOR ADDRESS
DEIA

E'LANK BIT SET IN VECTOR STATUS BYTE
DEFY HHXFDO NVHRIT: LD A.(IX+VBMR) i LOAD MR
0701 nhwnan LD U,(IX+UBYH) 5 LOAD Y
070» thLQA LD E.(1x+vEXH) i LOAD x
070? DHWBOIFE SET VBELNK:(IX+VBSTAT) ; SET BLANK BIT

, ENTRY: WRITE RELATIVE

, PURPOSE: WRITING RELATIVE PATTERNS. INPUT: HL.DE:A
; OUTPUT: DE

2 NOTES: PATTERN IS PRECEEDED BY RELATIVE DISPLAC
; (X FIRST; THEN Y) AND PATTERN SIZE

D7QP'F' HNRITR: PUSH AF 5 SAVE NR
07nr ”F LD ATIHL) i GET REL X
O7OD . INC HL

070F‘fi3 ADD A.E 5 ADD TO SUPERIOR X
D7fiT WV LD E.A ‘
0710 3? LD A.(HL) i SAME STORY FOR Y
071: :: IND HL '
071? P' ADD A.D
0712 H" LD D.A
071 '1 F‘ | POP AF

- ; ENTRY: HRITE WITH PATTERN SIZE SCARE-UP
i' 5 PURPOSE: WRITING VARIABLE SIZED PATTERNS
1 A 5 INPUT: HLTDETA
2224 2 OUTPUT: DE

3225 5 NOTES: FIRST TNO BYTES POINTED AT BY HL ARE TAK
2 26 5 TO BE PATTERN SIZES (X SIZE FIRST)

D71“ 1? f ‘7 NNRITP: LD C.(HL) 5 GET X SIZE
O7IL I: .8 INC HL
O7!” 4n -9 LD B.(HL) 5 AND Y
0713 32 :‘ INC HL

5 ENTRY: WRITE NITH COORDINATE CONVERSION
. INPUT: HL.DE.BC.A
5 OUTPUT: DE

071? nhlnoA NHRIT: CALL NRELAB 5 DO CONVERSION
5 ENTRY: WRITE ABSOLUTE
5 INPUT: HL.BC.A AS ABOVE
5 DE = ABSOLUTE SCREEN ADDRESS

n71r 'T77 .“HNRITA: BIT MRFLOP.A_ ,i_ELQE_HBJIEWHBNTED? _
“Tl! n1 JR NZ.HHRTFL-i a MNRTFL IF SO
07:: IL .5 BIT MRXPND.A I EXPAND WANTED?
073} :Hll JR NZ-HNX-t a JUMP IF SO

3 DO NORMAL? WRITE
0724 AF XOR A
0725 ES 2244 HHRT: PUSH BC
0726 D5 2245 PUSH DE
0727 47 2246 L0 B.A I ZERO REGISTER B
072$ thO 2247 LDIR s “RITE A LINE
07in I: 2248 L0 (DEIaA I FLUSH THE SHIFTER
07?“ D! 2249 POP DE
072C Eh 2230 EX DE.HL ; ADVANCE TO NEXT LINE
072D OFZS 2251 L0 CIBYTEPL
O72F 0? 2252 ADD HLoBC
07E:0 FR 2253 EX DE.HL
07? l I'I 2254 POP BC

07'? lfll 2255 DJNZ NNRT-$ 5 LOOP IF MORE GOODIES
n"u1 r 2256 RET

2357 ; NRITE EXPANDED



 
 
 
 

 

264

c? r ”UK. EX UEIHL
n = MNXI PUSH BC
:3. . PUSH HL

t'l ": I LD B. C ’ ‘I
o" - . max: Ln A. (DE)
In T} E INC DE
‘2 1, LD (HL).A
(3 II INC HL
h :II LEI (HLLA '
n- a: INC HL
n"! DJNZ MNX2—$ ‘
nfll LD (HL).B
I": ,y 7 INC HL
(a r. LD (HL).B
nzza I1 POP HL
(yrv... LD O’BYTEPL
OTIT“ ADD HLIBC
""749 “ F'OF' BC
Did” 1 IL DJNZ MHXl—S
up'u:‘ V RET

..H i ROUTINE TO HANDLE FLOPPED CASE
OIIV " i 2279 MHRTFL: BIT MRXPND.A 5 EXPANDED FLGPPED WRITE WANTED
:Tfiu . ' ' JR NZ.MNXF-$ >5 JUMP IF YEP
n"nn a! ng A
IfifilVI' HRFLI: PUSH BC
I3'u '“ PUSH DE
0?“? 4' L0 3.9

r."'..1 i . ‘ HRFLZ: LDI ’
“3“3 13 DEC DE
O'VY I' DEC DE
0'2; |H3|n7 JP PE.uRFL2
‘3”4: , . LD (DE).A ; FLUSHETH
n .. m F'OF? DE
O‘HH 1' Ex DE.HL I SAME AS NORMAL NOW ON
07“! w'.“ LD C.BYTEPL
0730 “‘ ADD HL.BC
D7hl IL EX DE.HL
07t3,r1 POP BC
n~.~ nor. DJNZ HRFL1—$
I'fl'-I ' RET

i WRITE EXPANDED FLOPPED ROUTINE

07-5"; H: '3' MHXF': EX. DE. HL '
07A? CS 2300 MNXFI: PUSH BC
076$ E5 2301 PUSH HL
0749 41 2302 - LD B.C
07AA 1A 2303 MNXFZ: LD A.(DE)
07m: 1‘: 23:04 INC DE
O7LF 77 2305 LE (HL).A
fi7fh an 2306 DEC HL
07$! 77 2307 L0 (HL).A
07LF 28 2308 DEC HL
0770 IOFB 2309 DJNZ MHXFZ-t
077? 7h 2310 LD (HL).B
0773 :P 2311 DEC HL
077} U ‘ LD (HL).B
DTT' . POP HL
DT' -I LD C.BYTEPL
“"' ADD HL.BC
07“ ‘1 POP EC
“Y"- fl DJNZ MNXF1-5
D7”' RET

; NAME: BLANK FROM VECTOR
; PURPOSE: BLANK wITH INFO LOAD FROM VECTOR
5 INPUT: IX = VECTOR * '
; E = X SIZE
; D = Y SIZE " ‘
5 NOTES: THIS ROUTINE BLANKS TO 00
3 THIS ROUTINE INTERROOATES THE BLANK BIT
5 AND REFRAINS FROM BLANKING IF NOT SET
5 IF IT HAS SET. IT IS THEN RESET

073' un-Lwl76 MVBLAN: BIT VBELNK.(IX+VBSTAT) i 18 BLANK BIT SET?
07?! . RET 2 i QUIT IF NOT
n7fi' hhuhuleb ‘ RES VBBLNK,(IX+VBSTATT z KILL BLANK BIT
fi?f‘ hhuufif LD H.(IX+VBOAH) ; LOAD BLANK ADDRESS
077 i'uYUD LD L.(IX+VBOAL) ' ‘

 

‘ 4,301,503



07in
07‘ n . .« ., .
(17'3" ':
07'" ‘: I h-H
07"". I
07"m LII
(37'1“! .w J I
07' -‘

H7”:
“'73... ‘ I 1 I
n7w' . u”

07*? 1r.n
"WA“! '1 -:
07ml 4F
nvnx In
run: -| :
D7A4 77
07GB 23
07A6 IOFC
07A3 09
07A? 1%
07AA 7hr7
07AC PW

0704 75
O7CS A?
(17:71. (F:
071:? I AFF 07
071.74“. E .' m1
07(1' 2! ‘uf'-."-.
07F F‘ I" MT | [)7

la n [1:007];

 

 

 
 

 
 NNMKINI.27"J!EMMWQ
mmm 'moo-E

2408

 BIT
JR
LO
NEG
INC
LO
LO
ADD
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MRFLOP5(IX+VBMR) 5 IS FLOP SET?
Z5MVBLA1-S 5 JUMP IF NOT
A5E a X SIZE TO A

5 TWOS COMPLEMENT AND ADD 1
A
CIA
B50FFH

HL5BC 5 USE TO BACK UP SCREEN ADDRESS
5 UNMAOIC THE BLANK ADDRESS
MVBLAI:

SET
LD

NAME ;
PURPOSE:
INPUT;

;
5

MBLANK: LD

MDLANI: LD
MELANZ; LD

NAME:
INPUT:

NOTE:
REST: EX

LD
INC
LD
INC
SET
XOR
PUSH
PUSH
LD
LDIR
EX
POP
LD
ADD
EX
POP
DJNZ

3..‘5s.s.

MRESTI:

65H
BIO i

BLANK AREA

SETTING N X N REGION TO CONSTANT
HL = BLANK ADDRESS
E X SIZE
D Y SIZE
E = DATA TO FILL WITH

AIBYTEPL i COMPUTE LINE INCEMENT

ASSUME BLANK TO ZERO

85A
AIB J
BuE‘
(HL).A
HL
MBLAN2-$
HL5BC
D
NluMBLANl-$

A = DATA TO FILL HITH

RESTORE AREA
HL = SCREEN ADDRESS TO RESTORE T0
DE = SAVE AREA ADDRESS
SIZES ARE LOADED FROM THE SAVE AREA

DEJHL
Co‘HL)
HL
B:(HL)
HL
650 5'
A
BC
DE
35A

MAKE SURE WE ARE NONMAGIC

DEaHL
HL
CaBYTEPL
HL5BC
DEJHL
BC
MRESTl-i

RET ,fi __ “_ W ,MW*«&§***i*ifi***u*«******u¢*«*u¢
l

5 * CHARACTER DISPLAY ROUTINES *
5 fl%**Ii**I**i*******ifliiiiiii§§
5 NAME: DISPLAY STRING
5 PURPOSE:- MESSAGE DISPLAY
4 INPUT: E50 = X. Y COORDINATES
5 HL = STRING ADDRESS
5 IX = FONT DESCRIPTOR

5 OUTPUT: 05E ALTERED AS IN DISPLAY CHARACTER
5 STACK USE: 4 BYTES (EXCLUDING USE BY SYSPCH)
i EXPLAINATION: AS EACH CHARACTER IS BROUGHT IN. IT

0

T

18 TESTED FOR BEING A LIST TERMINATOR ( CHAR = o:
CALLED AND THE

THUS
IF IT ISN’T. DISPLAY CHARACTER IS

NEXT CHARACTER.
PROPERLY.

TEST IS REPEATED FOR THE
A NULL STRING IS HANDLED

S RNEN: LU A.(HL) 5 GET CHARACTER
AND A 5 BE IT A TERMINATOR?
RET Z 5 QUIT IF SO
JP M.STRDI 5 DISPLAY IF ALT FONT
CP 64H 5 SUCK IN STRING?
JR NC:STRDZ-$ : JUMP IF YES

STRDl: CALL DISPCH SHOW CHAR



5.

i
5
5
i
i
i
5
i
i
i
3
i
i
i
i
i
I
I
i
i
i
i
i
u
6
I
i
i
i
5
i
i
i
i
i
i
i
I
J 
DISCIB: SUD (IX+FTBASE3
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INC HL i ADVANCE TO NEXT CHAR
JR STRNEW—$ 5 AND LOOP

:TRDZ: AND 101118 i MAKE SUCK MASK
LD B:A
INC HL
EX DEJHL
CALL MSUCKI
CALL RELD

JR STRNEW—$ 5 GO AFTER NEXT‘CHARACTER
**%**************§****§***i*§
* CHARACTER DISPLAY ROUTINE *
%*%*****§************#******I
INPUT: A = CHARACTER

C = OPTIONS
D = Y COORDINATE
E = X COORDINATE
IX = FONT DESCRIPTOR
(ONLY IF ALTERNATE FONT USED)

OUTPUT: DE UPDATED TO POINT AT NEXT CHARACTER FRA
NOTES: THE OPTION BYTE IS FORMATTED AS FOLLOWS:

BITS CONTENTS

0—1 OFF COLOR FOR EXPANSION
2—3 ON COLOR FOR EXPANSION
4 OR OPTION
5 XOR OPTION
6-7 ENLAROEMENT FACTOR (N+1)X

CHARACTERS BETWEEN 1 AND IFH. AND BETWEEN 81H AND 9FH
ARE INTERPRETED AS TAB CHARACTERS. THEY CAUSE THE
CURSOR REPRESENTED BY D AND E TO BE SPACED OVER N
CHARACTER POSITIONS. WHERE N = CHAR.AND.7FH
CHARACTERS BETWEEN 20H AND 7FH ARE TAKEN AS REFERENCES
THE SYSTEM STANDARD 5 X.7 CHARACTER FONT. CHARACTERS
BETWEEN OAOH AND OFFH REFER TO THE USER SUPPLIED ALTERN
CHAHNLILR FONT. THIS FONT IS DESCRIBED BY A FONT
DESCRIPTOR TADLE OF THE FOLLOWING FORMAT:
**§*****flfifi#***#§*fl§*fi§i**&**§
* 0 * EASE CHARACTER VALUE *
*****ii*fi*§****§**fi§***i§****§
* 1 * X FRAME SIZE &
*****************§*&***§***u**
* 2 * Y FRAME SIZE *
*i************§i**************
* 3 * X PATTERN SIZE (BYTES) *
#****#*****§****&********§****
* 4 * Y PATTERN SIZE *
fi§***§*****§§****i***§i*i*§***

‘ * 5 * PATTERN TABLE *
, * 6 * ADDRESS *
; *é*******************§ii****§*
DIBPCH: PUSH BC

PUSH HL
PUSH IX
AND A

JP M.DISCH1 5 JUMP IF YES
LD IX,SYSFNT

DISCHI: CP 20H i IS CHAR C 20H?
JR NC.UISClB—$ i JUMP IF NOT

DISCIA: PUSH AF ; LOOP TO SPACE OVER
CALL NXTFRM
CALL FINDLS i STORE IT BACK
POP AF
DEC A
JR NZIDISClA-S
JR DISCH5-$ JUMP TO EXIT

SUBTRACT BASE CHAR
LD E.A
LD DID
LD HL.0
LD C.(IX+FTBYTE) 3 MULTIPLY CHARAFTER

DISCHZ: LD B.(IX+FTYSIZ) i BY PATTERN SIIE
DISCHS: ADD HL.DE

DJNZ DISCH3-$
DEC C
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OR NZ.DISCH2-$

LD D.(IX+FTPTH) 5 ADD TO TABLE START
LD E.(IX+FTPTL)
ADD HL.DE

; COMPUTE POSITION ”HERE NEXT CHARACTER NOULO GO, AND SAVE ~

CALL NXTFRN 5 STEP COORDINATES TO NEXT FRAH
PUSH DE a SAVE
LD B.(IX+FTVSIZ)

DISCH4: PUSH DC
PUSH HL
CALL wRTLIN
POP HL

LD C.(IX+FTBYTE) 5 STEP TO NEXT LINE OF PATTERNADD HL: BC

POP BL: ,V ., _ ,
LO A.(IY+CBD) 3 ADVANCE Y COORDINATEADD A.C

LD (IY+CBO).A
DJNZ DISCH4—s

POP. DE 5 RESTORE NEH POSITION
CALL FINDL3 I STUFF DE BACK INTO CONTEXTDISCHS: POP Ix '
POP HL
POP BC
RET

i SUDROUTINE TO CONVERT ENLARGEMENT FACTOR TO ITERATION C
3 INPUT: MODE BYTE FROM CONTEXT SAVE AREA
; OUTPUT: B.A = ITERATION COUNT
DCLCTD: LO A.(IV+CBC) ; GET MODE BYTERLCA

RLCA

AND 03 1 ISOLATE ENLARGEMENT FACTORINC A
LO B.A
XORr A
SCF

DCLCTI: ADC A.A
DUNZ OCLCTI—$

 

 
 
 

O
0335 FD7E06
0341 07

0842 p7
' "j Final—:1

II
I w 

7.57

 LD B.A
RET

; SUEROUTINE TO UPDATE COORDINATES TO POINT AT NEXT CHARAi FRAME:

; INPUT: COORDINATES TAKEN FROM CBD.CBE IN CONTEXT
i OUTPUT: UPDATED COORDINATES RETURNED IN D AND E
i A.B = CLOBBEREO. C=ENLARGE FACTOR CONVERT
NXTFRM: CALL DCLCTB a BET ITERATION COUNT

LD 0.3 SAVE
LD DI(IY+CBD) GET Y COORD
LO A.(IY+CBEJ GET X 00080

NXTFRI; ADD A.(IX+FTFSX)
DJNZ NXTFR1-$

ADD X FRAME SIZE
2**ENLARGE TIMESs...~.s.s.-.

CP 160 PAST RIGHT EDGE OF SCREEN?JR C.NXTFR3-$
LD A.D
LD 3.0

NXTFRZ: ADD A:(IX+FTFSY) i YEP - ADVANCE VERTICALDdNZ NXTFR2~$
LU DaA
XOR A

NXTFRE: LD E.A
RET

EUERDUTINE TO “RITE ONE LINE OF A PATTERN WITH ENLARGEAND EXPAND

. ENTRY; HL = SOURCE IX = FONT TABLE
WRTLIN: LD C.(IX+FTBYTE)V- J 'i‘1Ll:I.3  

 

u 1 1| 0 LD B! 0

OR?! ruan .‘_ PUSH IX 5 CAPTURE STACK POINTER
L 3 leOOO ’ " LO IX.0
-' V '"' ADD IX.SP

" I PUSH IX a SAVE CAPTURED STACK
”27H hl POP DE 3 DE = CAPTURED STACK
037C Ion LO A.0CH : SET EXPAND TO 00.11

 



 
 

 
 
 

 

RLCA
HRTLIZ EX DE.HL

AND A
BBC HLIBC
SEC HLIBC
LU SPJHL
RES 6;H
PUSH AF
LO 3.0

WRMLZ: LU A:(UE)
INC DE

: ’. LU (HL);A
r V INC HL
5 x I} LEI (HL) 1 A
.. EX ' ’ INC HL
(1 ‘ DJNZ HRTLZ'S
: SLA C

‘ POP AF
» u‘ LU HL;O
‘ ADD HL;SP
., LU U-H

i3 T . LEI E; Lr ' DEC A
n “ (hi; JR NZINRTL1‘3

PHHW ; NOW DU WRITE TU SCREEN
133‘ J 'an% NRTLB. CALL UCLCTB
n T “f N; CALL DELUAD
1‘1 . Ufi LD A:(IY+CBC)
.' - ' ‘. [IUT (XF‘AND) . A
‘3 ‘ ‘ AND OSOH
r-J",. OR 8
f '-' 4. CALL RELTA
1'I' ' f ' . EX DE: HL
fiWPY ‘ HRTLqi PUSH AF
t‘v' ‘l -- . ‘ ‘ PUSH “EC
u-H " 'w” PUSH DE
ITI' wafl PUSH HL
I" ' ‘ ‘ . . 1' I LEI B: C
t" ' ‘1 . - 5-1"; WHILE-I LEI A. (DE)
(1 ' " : ‘ INC BE
IT 'i LU (HL);A
|'-, ' I I‘ | IN‘: HL
{- ‘ ,. -- LEI (HL): A
«R Hun INC HL
f : . w .u [l-JNZ URTLED“
I" ' I-‘t a.” A LEI A: (IY+CBE)
l r‘ ‘ I I ') AND 03
f “1 I .11 JR Z:HRTL6—$
wfih? " ALI: LD <HL).B
on n r . ‘ ‘ 41413:, HRTLJ; FOP, b1.— .
fi-n' .! 1 ‘A11 LU C.BYTEFL
n Ix ‘ . I'I GU“ “L: L“:
. "l4 1‘ I .’. VHF" “I"
-uflr A 1 FUF DC
I'-: WA ["1 PUP AF
flfihfi DROP
nnnn lflrfl
ORHF RH?“
nurl Phil
“Uri f"

DEFCHR‘ i MACRC‘ TU

4,301,503
.I

OUT (XPAND).A
LLI AILHflT
[MIT (NAGIC).A
Ln A.(IY+CBC)
AND OCOH
JR. Z.NRTL3-$
RLCA

OUT (MAGIC):A
UJNZ NRTL4—$
LD 3P,Ix
PUP 1x
RET
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SET EXPAND BIT

GET CONTROL BYTE
ISOLATE ENLARGE AMOUNT
JUMP IF ZERO

CLEAR CARRY BIT
COMPUTE STACK FRAME SIZE

SEIZE STACK SPACE
MAGICIFY THE ADDRESS

GET SOURCE BYTE

EXPAND IT

FLUSHETH

CAPTURE STACK TOP AGAIN

SET DE=HL
FOR NEXT BEST COMBO

GET ITERATION COUNTER

IS FLUSHOUT NEEDED?

JUMP IF NOT

STEP TO NEXT LINE

REéTORE STACK

GENERATE CHARACTER PATTERN TABLE ENTRY
MACR #A;#B.#C.#D.#E;%FI#G
BEFB “A
DEFB QB
DEFB MC
DEFE ”D
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:1 DEFB #E
DEFB #F
DEFB #G
ENDM 

“xfih' 5 LARGE CHARACTER SET (8 X 8)
"V "I - l RISCZHH

DEFCHR OOOH.000H,OOOH.OOOH.OOOH.OOOH.OOOH SPACE
DEFCHR QZOH.020H.020H.020H.020H.OOOH.020H .
135szan 05cm. DSOH. (ISOH. OOOH. OODH. OOOH. OOOH .
DEFCHR oaaH.naaH,0FCH.04eH,0FCH.o4aH.o48H ;
UEFCHR 020H.073H.030H.070H.003H,0F0H.020H ;
DEFCHR QCOH.OCSH,010H,020H.040H.098H.018H s
DEFCHH 060H.O?OH.OAOH.D4OH.OASH.090H.068H .
DEFCHR OéOH.DbOH.060H.OOOH.QODH.000H.000H ;
DEFCHR OloH.020H,020H.020H.020H.020H.o10H ;
DEFCHR o4oH.020H.020H.020H.020H.020H.040H ;

DEFEHR OOOH.0A3H.070H.003 .070H.0A3H.000H ;
UEFCHR 000H.020H,020H.0F3H.OZOH.020H.OOOH a
DEFCHR ODUH,QDOH.000H.060H.0&0H.020H.04OH ;
DEFCHR ODOH.000H.OOOH.0F8H.000H,000H.000H ;
DEFCHR OODH.000H.000H.000H.000H.060H.060H ;
DEFCHR OOOH,QOSH.010H.oon,040H.080H.000H ;
DEFEHR 070H.083H.088H.088H.O33H.033H.070H s
DEFCHR 020H.060H.020H.oon.020H.020H.o70H a
DEFCHR D7DH.033H.003H.070H.030H.030H.0F8H s
DEFCHR O70H,083H.008H.030H,ooaH.oaaH.o70H 5
UEFEHR DZOH.030H,OSOH.O9OH.0F8H.010H.010H i
DEFCHR OFSH.OSOH.OFOH.OOSH.OOEH.OSSH.O70H .
flEFCHR OEOH,040H,080H.0F0H.033H.033H.o70H ;
DEFCHR OFSH.003H,010H.020H.o40H.040H.o40H .
UEFCHR OYOH.OSEH,083H.O7OH,088H.OBSH.070H .
DEFCHR 070H.oaaH.oaaH.073H,ooaH.010H.060H .
DEFCHR OOOH.ObOH.060HIOOOH.060H.060H.000H :
DEFCHR ObOH.060H.OOOH.OAOH.060H.020H.040H :

DEFCHR plQfi,o;oH,oqu.OSOH,040H{020H.010H ;
DEFCHR OOOH.000H.0FéH.oooHioFéfi.fifibH;éOOH'.
ULFuHu Q40H.020H.OIOH.OOHH.OtOH.DZOH.040H a
ner(nn 070H.033H.DOSHIOIDH.DZDH.DOOH.020H i
UtrCHH 070H.oaau.oeaH.0A3H.onaH.OSOH.073H s
DEFCHR 070H.033H.OSSH,0FSH.033H.oseH.OSSH 2

I
I

I
I
I
I
l
D
I
I
I
I
I

I

I
I
I
I
I
I
I
I
I
D
I
I
I

I

In'f

I'm"!
(It—‘l ‘
(I’m .4 .
awh-

+*'-'A\R‘NfiSB
s

«‘v‘: I

I')"" I

h" "’ \OmflfimnhMMb-O

DEFCHR OFQH.OESH:OBSH.OFOH;083HIOSSHoOFOH '
‘ DEFCHR 070H:OSGH;030H:030H.OSOH;088H.070H '

DEFCHR OFOH:088H.088HaOESH:088H.OSSHJOFOH
DEFEHR OFEH.030H.080H.0E0H.080HaOSDHJOFSH '
BEFCHR DFSH-OSOH.080H:0EOH.OBOH.030H.OSOH '
DEFCHR O7OHI083HIOSOHIOQOHIOQSHIOango7sH '
DEFCHR 083H;088H-088H.0F8H;088HIOBSH;088H ‘
DEFCHR 070H.020H.020H:020H;020H.020H.070H '
DEFCHR GOSH.008H1008H:008Hn008H:083H.070H '
DEFCHR 38H.090H:0AOHIOCOH.OAOHI090H1088H '
DEFCHR 080H;080H;OSOH:030H;OBOH.080H;0F8H '
UEFCHR 083H;0D8H;0A8H10A3HJOSSH;OBSH.OSBH '
DEFCHR 088H:0€8H.0A8H;098H:083H.088H.033H '
DEFCHR 0FSH.083H.088H.088H;088H.088H;0F8H '
DEFCHR OFOHIDSSHDOSBHIOFOHIOSOHIOSOHIOSOH '
DEFCHR 070H.088H;088H.083H.0A8H1090H;068H ‘
DEFCHR 0FOH.038H;088H.0FOH,OAOH:O?OH;088H ‘
UEFCHH O70HI038HIOSOHIO7OHIOOSHIOBSHIO7OH ‘
DEFCHR OFBH:OZOH:020H:OZOH:020H.020H.020H '
DEFCHR OBSHnoaSH.038H1088H.088H.088H:070H
UEFCHR OBSHIOSBHIOSSHIOSQHJOSOHIOZOHJOZOH
DEFEHR 083H.088H.083H;0A8H.OA3H;ODBH.088H '
DEFCHR OSSH:OSSH.050H.OZOH;OSOH.088H.088H ‘
DEFCHR 088H;088H1050H.020H.020H.OZOH.020H '
DEFEHR DFSH.008H1010H.020H.040H.030H.0F8H '
DEFCHR O7OHIO4OHI040HIO40H0040HI040H1070H ‘
DEFCHR'000H.080H.040H.020H;010H;OOBHoOOOH ‘
DEFCHR 070H.010H-010H;010H.010H:010H.070H '
DEFCHR OZOH.O7OH.OA8HIOZOH.OZOH.020H.020H '
DEFCHR OOOH.020H.040H10F3H,040H1020H;000H '
DEFCHR OZOH:020H:020H.020H;OABHIO7OH.020H ‘
DEFEHR OOOH.020H.010H.0FSH;010H;020H;000H '
DEFCHR OOOH;QSEHIOSOHIOZOH.OSOH.088H.OOOH '

1‘)I-I/P'IN-<><£CC-IUJEQ'UDZZI'KLHIO‘HMUOmDm-QVH51“"
DO2Z
RIGHT
MULTI
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finffl
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;ROW IEFE

‘Khm, AgEFB
" ‘ DEFE

DEFB
DEFE
UEFE

 it‘l'IL L-HH

.4' I l i Nl‘I-JLINF'Z F'CIF'
' 2‘ l ‘ E X

E" T 1 ‘2’ JP
I - I‘lnl‘lf ‘

-YHHIHME,
iINPUT. ALI
)GUTFUT: An
5 HOW: ' TABLE

 

Pill MKCTAE;
. .' Lu

T LD
773! LB

ADD
LU

GFRUG: LU
RET

HCTATB:
DEFE

/ DEFE
32 DEFB

A 1% UEFE
;‘Jfl DEFB
xix] DEFH

9)? DEFB
u'!fi UEFB
.3 , .1 4’! [IEFB

” q DEFE
BEFB
DEFE
UEFB

Iv DEFE
. DEFB
iwa DEFE

. AD DEFE
[”1% DEFB
;‘-4 DEFB
.?de DEFB

 

,l j .‘1. DEFE:
2"3’ DEFE 

.. .z-:: ' LIEFE:
-w- [IEFB

DEFE: 

, NAME:
PURPOSE;

 

 

1 MI . INF'UT;

HFILL: EX
: no HFILLI, LD
Dix“ CPI
.llQ JP

37/! RET3 NnHt‘
5 PUHPUEE:

‘ 4 5 INPUT:
4/76 5
2777 i
3773
E17?

OUTPUT:

~...

: fix LABT BYTE
, BYTE OF ,.

. SHALL EHHRACTERS (4 X 6)

(UNVERI FLY LURE
Tl‘n'll‘ll .

  

4,301,503

0
20H
0
OFSH
O
20H

UF DIVIDE IS ZERO.

DEFE OODH.ODOH:OOOH.OOOH.OOOH 5

IX
(SP’IHL
(IX)

TU ASCII

LUBE
AUCII EQUIVALENT

LUGKUP

C;E
E.O
HLJKCTATB
HLIBC
A.(HL)
(IY+CEA).A

, 5 SPACE
C" 5 BULLET

SEH ;UP ARROW
SCH EDUWN ARRUw
.Pz/ .
“R“ iRECALL
’8’ BSTURE
”i” iFLUS—HINUS
3/” 5 DIVIDE

iTIHES

iHINUS

“+’ aPLUS
5CE

iPOINT
’=’ iEGUALS

FILL AREA

276

”HIGH HAPPENS TO BE FIR

SPACE

SET REGION OF SCREEN TU CONSTANT VALUE
A :
BIC:
DE

DE.HL
(HL).A 5

3 BUMP HL.

DATA TO FILL NITH

STARTING ADDRESS

STUFF BYTE

PE.MFILLI

TU ABSOLUTE
'UGRDINATE

X COORDINATE
Y CGURUINATE

RFLJXTIVE
C
E
D
A
DE =
A

CONVERSION

NUMBER GF BYTES TO FILL
0F REGION TO FILL

DEC ac ‘

MAGIC REGISTER VALUE TO USE
AESULUTE ADDRESS

MAGIC REGISTER TO USE



"IN-"In I‘ Tara-:09
C’f‘lFl", I TIC“)

OAFR FDJEOB
(TIAFF (“TE
afar-.0 r‘l: 1' '04
1"-I':I‘-‘»: r I I":J«"05-
(HEI‘LL 1 , 'v ‘ '

 

MEI-1: v’ '5 (if;
i‘d‘f-l-t 'v T a
(.11! .1: t

 

l-l'iu 3:0“
M “ .I ‘4'.T
“I?! n .rm'u'n

 
(nF:/.' ' l "I
“Pkn (fiEF
nPAF ffi?F

«aw-{r fir
(LEAF 1.2.30
orzT' | ' ‘

nl': _'
4‘-F:7 I '

 
 
 
 
 

 
 

 
 

i

; nnarc

”RELAB:

4301503

ENTRY POINT
CALL RELTA
JR MRELAZ'S

i NONMAGIC ENTRY POINT
MRELAI:

NRELRE:

MFRDG:
i HAfiIC
RELTA:

[31; ELLINZ.

CALL RELTAI
SET 6.0

L0 <IY+CBE>.E
LU (IY+CBD).D
JR aFRoG—s
ENTRY POINT
CALL RELTAI
OUT (MAGIC:.A
RET
DEFB o
DEFS DEOH.OADH.OADH.OAOH.OEOH 5
DEFS O40H.040H.040H.040H.040H 5
UEFS OEOH.020H.OEOH,OSOH.0EOH
UEFS 0EOH.026H.0&0H.020H,0EOH
UEFS OADH.0AOH.0EOH.OZOH;020H
DEFE- DEDH. 030:4. DEIDH. OZOH, OEOH
DEFS 0E0H.OEOH.0E0HTOADH.0E0H
DEFE OEDH. OZOH. OZOH. OZOH. OZOH
DEFS OEDH.OAOH.OEOH.0AOH.OEOH
BEFE OEOH.0ADH.0EOH.020H.OEOH
DEFfi DOOH,O4DH.OOOH.O4OH.OOOH
DEFS 040H.0EDH.OEOH.0EOH.0EOH

NOVE RDUTINE

NNUVE: LDIR
RET

i

i
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NONNAGIC THE ADDRESS
UPDATE CB DE

*§# CHECKSUH ***

"OWNOUIJHQNO‘O~........-54s.m..s.
éULLET

j SYSTEM ENTRY POINT FOR NONMAGIC ADDRESSES
RELTAT:

i NAME:
FURPUS

THIS CGDE HAS “STOLEN” FROM RELABS SINCE

PUSH HL

ANq OFCH
LD LaA
LD AaE
AND 03H
UR L
PUSH AF
AND 040H
LD AaE
JR ZLRELTA r?
CPL 3
ADD A.160
Ln L.U
LD H.o
nun HL.HL
nun HL.HL
ADD- HL.HL
Ln n.H
LU E.L
Ann HL.HL
Ann HL.HL
ADD HL.DE
SRL A
SRL A
Ln E-A
L0 0.0
ADD HLTQE
IF NHHDNR~1
ENDIF

TOSS OUT SHIFT AMOUNT

SAVE
GET X
ISULATE SHIFT AMOUNT
CQMBINE WITH MR

IS FLOPFEU BIT SET?

JUMP IF NOT
YEP — UNFLOP THE COORDINATE

HL = V

II -< 1.: 0)
SET ML

SET HL = Y i 32

SET HL = Y * 40
A = X 4

HL = Y i 40 + X 4

EX DEIHL

RETURN FROM MACRO SUBROUTINE
E; RETURN CONTROL T0 CALLER

1f HOSE THE STACK CLEANUP THAT MRET DOESNHRE T: PUP AF
PUP HL
RET



4,301,503

‘39 " ‘280.. . ENTRY FOR USER

 “F3" ' I “l- I» INXNIEi; CALL XNIB

I‘-f;" 1: ‘ 2_‘.. 1 ._|F\' MFRQG-s

NAME: ‘ INDEX NIBBLE
PURPOSE‘ LOAD OF SPECIFIED NIBBLE RELATIVE TO BASE
INPUT: ' C = NIEELE NUMBER

HL = EASE ADDRESS
OUTPUT: NIEBLE RETURNED RIGHT JUSTIFIED IN A
DESCRIPTION: BYTE = NIBELE# 2+BASE

; THF LOW ORDER NIBELE OF A GIVEN BYTE IS ADURESSED
5 BY AN EVEN NIBELE NUMBER

  

 

 
 

'XNIB. PL-d HL
PUEH EC
LD 3.0
SRL C
ADD HL.BC
LD A.(HL)
POP EC
EIT 0:C
JR Z.XNIBl-$
RROA
HHLA
HHUA
r<f¢f1i§

XNIEI; fiND OFH
F'OP HL
RET

3 NAME: STORE NIBDLE

A PURPOSE: - NIDBLE STORING I!)
5 INPUT: A = NIBBLE T0 STORE

v C = NIBBLE NUMBER (AS IN XNIB)
5 HL = BASE ADDRESS
PUTNID: PUSH HL

PUSH EC
L0 [4.0
ERL C
ADD HLJBC
POP BC ~
BIT 0.0 ,
JR Z.PUTNEI~$

5 H‘O. CASE — SHIFT IT
RLCA
RLCA
RLCA
RLOA
XOR (HL) 5 NEAT COMBINE TRICK (SEE DDJ J
AND DFOH 5 PG. 9)
JR PuTNBZ—i

.PUTNEI: XOR (HL) 5 L.O. CASE
AND OFH

PUTNBE: XOR (HL)
LD (HL).A
POP HL
RET

; NAME . INDEX NORD TABLE (NORD INDEX}
, PURPOSE: TO INDEX AN ARRAY 0F DEFu’S
; INPUTD. A=INDEX NUMBER (0-255)
. HL —;:> TABLE ENTRY o ‘
5 DUTFUTS: DE = ENTRY LOOKED UP
; ' HL = POINTER TO ENTRY IN TABLE
HINDH. LD E.A

~ . T LD 0.0
[If 5“! u | 3"“. , SLA E
r-H:= < : ;..,,,-, RL D .- DEI-Z
nr'l‘ ? I :,’“'l-': ADD HLI DE
(”‘W ‘1 EWIW LD E,(HL)
V4””- J“ " INC HL
'W'DA' z“'% LD D.(HL)
I'-| 1’ ' ‘ .1 ’.’." DEC HL
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" 281 282
"'[3‘ ': ‘ I 3 1""- ' " "i STHLDE. CALL FINDL3

“HT" 1 ‘ JR MINDBl—5 i JOIN STORE IN INDEX BYTE
I NI'TNlr, INDEX BYTE TABLE
5 F'l.,.|f\‘I-'IJ3:'-E; TABLE-I LCICIKUF'
i INF'UTU. A = INDEX NUMBER
5 OUTPUT: A = VALUE OF BYTE
i: . HL = POINTER T0 TABLE ENTRY

FIRED ".F MINDS: LEI E: A
nrzm‘ 1f .‘u‘v LEI D. 0
I'Iril I I I "I An“ ‘ HL.’ DE
nhrl 2: LD AYIHL)

L0 (IY+CiBA)a A
MINDE-‘l: LEI (IY+CE1H).H

HIT." fl'i‘z'7l‘l'5’
OFT“. I [Fl-10E:

 
  

t FDYOOA LD (IY+CEL).L
OFLF IO RET

, NAME. DISPLAY TIME
. PURPOSE; DISPLAY TIME ON SCREEN

INPUTS. E = x CDORD
, D = Y COORD

, C = SAME AS DISCHR OPTIONS EXCEPT BIT 7 = 1
, TO DISPLAY COLON AND SECONDS

OUTPUTS: NONE
(-l‘u'! MEI I STI :
(“I‘u’u r-|: ri-TID‘I' LEI IX: SMLFNT
OPhw “I; LD 8.42H
finn‘ ~:iIF LD HL.OTMINS
m‘rrw o, ' PUSH BC
(Wan ':I.Jn44 RES 7.(IY+CBC)
Drum . :I: i‘ul’»: CALL ECDISF'
('IFITUW n I F‘CIF‘ BC.
'NW" BIT 7.C
OFF“ T, RET 2
OPT: 6%“ LD A.SOH+3AH
“PF "t»? CALL DISPCH
N‘rr . ‘ Ln Ex. 42H ,
”FF" 'IJHHF LD HL.GTSECS

. AND FALL INTO H.

; NAME; DISPLAY BOD NUMBER
5 INPUT: 3 = NUMBER DISPLAY OPTIONS
; C = CHARACTER DISPLAY OPTIONS
; DE = Y.X COORDINATES
; HL = NUMBER ADDRESS (POINTS AT LO BYTE)
5 IX = ALTERNATE FONT (IF USED)
i OUTPUT: DE UPDATED
, DESCRIPTION: THIS ROUTINE CONVERTS EACH NIBBLE INTO
. ASCII AND DISPLAYS IT. THE NORMALLY ILLEGAL BOD
i VALUES ARE DISPLAYED AS CODES 2A THRU 2F RESPECTIVELY
. THE NUMBER DISPLAY OPTIONS BYTE IS FORMATED AS FOLLONS:
; BIT 7 SET IF LEADING ZERO SURPRESSION NANTED

5 DIT 5 SET IF USE OF ALTERNATE FONT WANTED.W
. BITE: EH) NUMEER’DF [Imus TO DISPLAY (NOT NUMBER 0

IHJI. .. DCDISP: LD A.B i GET OPTIONS
.41. I. 4 AND SFH ; ISOLATE NUMBER OF DIOITS
hurl u BCDUO: DEC A
ODFI r9 RET M i QUIT IF NULL OR NO MORE
OPFn LD C.A 5 SAVE
ODFI .u Hub CALL XNIB 5 GET NEXT DIGIT
‘£- THO] JR NZ.BCDDl—$ i JUMP IF NONZERO

1- ' BIT 7,3 5 IS ZERO SURPRESS ON?
::v J. JR Z.BCDDl—$ 5 JUMP IF NOT

Dhrn I: OR- C i LAST DIOIT?
UPFD 'Hl4 JR NZ.BCOD4—$ 5 JUMP IF NOT
“RFD FEDS BCDDI: RES 7.3 5 CLEAR LEADING ZERO FLAG
OF:FF F." (11-. ADD A;6
0:101 Tim: AND OFH
PP“? r-.n ADD A.2AH
DIOR " fl PCDDZ: BI 6.3 a ALTERNATE FONT?
n.n7 JR Z.BCDD3—$ 5 JUMP IF NO
'WWTV? ”W OR 80H ; YEA — SET THE BIT
rw.q- u‘r UCDDB: CALL DISPCH 3 DISPLAY THE CHAR
(“‘4 LD A.C i GET LOOP COUNTER IN A

 



..n4 T. JR BCDDO—$ ; AND DO FDR NEXT '
u-‘11 BCDD4. LD A.’ ’ ; LEADING ZERO — WRITE A SPACE
_.'|7 JR DCDDZ—s

:n .. -I NRME, INCREMENT """RE ‘
:~~r , PURPDHE: INCRENENT 3L RE AND CDMPARE TD END SCORE
ZHWfi , INPUT : HL —} PLAYER SCORE LOH ADDR 0F 3 BYTES

>4 ; uHTPUIS: DEDEND DF GAHSTB SET IF MAX SCORE REACHED
T I I'. =':-,-'. Itili’dliiEL: LEI l3. 3
III” Luwn PUSH HL
. ~' it‘: ‘- INLiLILIF': LD A. (HL)
1 I" t”. u‘: ABET A, 1
\H’Ha :wu? DAA
-4 l" ~10 LU (HLLA

. H. "II JR NZ,CMPIT-s
4'” vi; INC HL

.0. 1- . u] 3: EIJNZ INIZ:LOP—$
m‘ "' - - E a IZHF'I T. F‘EIF' HL
ul ‘1': (91'? INC HL ”
um 34 ”)3 XNC HL
(u '. Tl HT? LD A.(GAMSTB)
.u' 1 , “13 BIT DSEBCR.A
'-v' . HI"! RET Z
“r '-p _.1; 1. . H, LEI DE. ENDS-(3+2
«4 V » 4"! LD 8.3
'-' :" an L“ LJ‘1F'LIZIF' LD A. (DE)
.u ‘I * ”‘3 EF (HL)
«4'”' ' 'wa JR Z.REPEAT—$ sENDSCR = SCDRE
ta ta ”:3 RET NC zENDSCR > SCORE
" 3' -H .,. BEIEND: LD HL.GAMSTB ;ENDSCR < SCORE
'f *3 ' I ‘ ' SET DSDEND,(HL)
(4' ’.r. I RET
0"“ " REPEAT- DEC DE
fit”’ ‘ DEC HL
-u :T .: 1 ’. DJNZ ENFLDP—$

v w - n n JR thKNhn$
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i b-‘URFA‘U‘E‘E. HOLD RREIEQENT E’GNE SCDFIE UNTIL KEY HIT CIR

an: NHUIT, BY "Jk 5TRDI3
n(! DEFH 43
{AV}? . ;; DEFD 24
nrqv I -? DEFE 010011008
I';! q,‘ ' l ‘ - DEFW ISI‘IIJVR
“£4: Lri EYJTEM ACTINT ; ACTIVATE INTERRUPTS
0P4? 2'3 MDUITI: SYSEUK SENTRY ; HAIT FUR $DMETHING T0 HAPPEN
nrqn |;07 i - DEFH AHEYS
I'u’ -’IT' .' I -l I - 1:1' CF' 3T0
rm?“ .ve .‘5 JR Z.NQUIT2-$ i TRIGGER CHANGE?
~u”- . 3' CF SKYD 3 KEY HIT?
‘T ‘- '13 JR NZ.MDUIT1~$ ; N0 — KEEP GOING

u 01* HDHJIZ. RST 0 3 YES — RESET
hrv ‘|.qh42 uni OMUVR: DEFM EGAME’
l u ' ' DEF E: l:-
;«" T'Tik DEFM ”OVER”
1 -| [IEFB 0

; kfififi§fi§%%&fi*§**%*
u HENU RDUTINES *

, «*§*§*§¢§*u*§*¢&*

jcunn. NQLINE EDU 96 3 NUMBER OF DIEPLAYED LINES
'uuM HHNL EDU O 3 NEXT FIELD

’:vu»: HNHH EDU 1
’WWMW MNSRL EDU 2 i STRING ADDRESS
'. “W'- _ t'TI‘J‘i-PTH Ell-9L! .3
"0001 - n3 MHDL EDU 4 5 GO TO ADDRESS
" (IF-0' - '3 Ta '1 HHLGH EGLI 5

; {SAY (.an
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LD A.(FIRETC) i
L- F‘ UL-3H 5
JP‘ Z.FIR3TC 5
LD 54F“. BEISRAM
EYESUK FILL 5
DEFH BEGRAM
DEFW SO
DEFB 0
LU (URINAL!.A 5
DEC A
LEI (TIMCIUT). A i
SYSTEM INTF‘C
D0 EMUSIC
D0 SETUUT
UIFU <NULINE«2)—l
tmru 41
UEFB a
D0 CDLSET
DEFN MENUCL
DD ACTINT
EXIT
LU DE.GAMSTR a
LD HL.FIRSTC ;
LU A.(HL) 5
INC HL
CF 55H 5
JR Z.PNRUPl—$ 5
LD HL.GUNLNK a

FHRUPI: SYSTEM MENU 3

, NAME:
; INPUT: HL MENU LI
; DE = MENU TI
. OUTPUT: DE =

DEECRIPTION:

286

GET FIRE‘T LASSETTE LOCATION
IS IT A ._|UNF'??

JUMP TOIT IF SO

CLEAR SYSTEM RAM

CLEAR SHIFTER

CLEAR TIMEOUT HATCHDOG

’SELECT GAME’ AS TITLE
ASSUME MENU STARTS IN CASSETT
GET FIRST CASSETTE BYTE

IS SENTINEL THERE?
YEP - JUMP

NRONG - U3'E ONBOARD ONLY
DISF'LAY THE MENU

DISF‘LAY MENU AND BRANCH ON CHOICE
ST
TLE

TITLE OF SELECTION HADE

THE MENU LIST [8 A LINKED LIST OF THE FOLLOWING Ffi-{-fi'fififi§§**********§******

I u { NEXT ENTRY «
a» 1 i- l-
KN)?“****%*****fi~***********

THIS LIST IS TERMINATED BY A NEXT ENTRY FIELD OF ZEROS

5 fi 2 * STRING ADDRESS *
i 45' 3 'K‘ *
j fi-#*&****§#¥c**************
i * 4 * BRANCH TO ADDRESS *
; «)5 5 * l-
; WE’-¢E§§#*******************

i A HAXIMUM OF EIGHT ENTRYS
"MENU: PUSH HL

PUSH HL
CALL HNCLR i
XYRELL DEllboIZ
LU BCIIO9H i

I'N'IENLII: F'UF' IX i
LB A: B 5
ADD AI’O’ i
SYSTEM CHRDIS 5
LD A.’*’ i
SYSTEM CHRDIS
LU H.(IX+MN3RH) i
LD L.<IX+MN3AL)
SYSTEM STRDIS 2
Ln A.8
ADD A.D ;

LB 0.6
LU 5.16
INC B 3
LD H.<IX+MNNH) a

Ln L.(IX+MNNL)
PUEH HL
L“ A. H
OH L
JR NZ.MMENU1-$ 5

AT THIS POINT HL = 0. (SP)

MAY BE DISPLAYED.

CLEAR SCREEN AND THRDNUP TITL

INITIALIZE ENTRY 0 AND COLOR
FIRST ENTRY TO IX
SELECTION NUMBER TO A
MAKE IT ASCII
AND SHOW IT
DISPLAY DASH

HL = STRING ADDRESS

DISPLAY SELECTION

TU NEXT LINE

BUMP ENTRY K
HL = NEXT ENTRY ADDR

NO - JUMP BACK
= OA



01' 1:7
OCR:
(If I' "I
rif'I‘I‘
nrrr
arm:
or [IE
erjrrE:
("7104
MTV.
l'u‘ rr,"
I'u‘ r!" ‘
r». FTI'
I‘-|" I‘m
I -I‘ [of
l"l_ F - -
(W F I
T‘II‘T'; ‘
("TI”F 'f
«'4‘ F I
l—'l- r-r‘ 'T
t'n‘ F.
I‘u‘ F‘E':
m—r ,
‘T'IA'F, l'\
or Fr!
('u' FF
('H‘F’I'I
('II' FF
(‘u‘ FF
('IT"'F(« ’ ‘
OFF 1
I'II"F ;’-‘
01' F":
I'IT' F 4
I')!‘ F?
(II-IF A

("If F[:
DEFT”
(HTFI‘J
OEFF
0001
011012:
Gnofl
nnow
(THEM.
DUDE
ODOR
OBOE
DUDE:
ODOTI .
(IrIflF
r-ro ! (2
l-‘rl ! "-1
0111 r3.
(‘rli7 .':
m1 1 :‘-_:

OH I '7‘;
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HP 3141

6% S142 MNENDS:
010101 314:}:

3144‘
3145
3146
3147
3148
314?
3150

 

 
. . NMENUG:1-

": MMENU7
'T

| - -l I a

'l

TI

'|.
l O U.

r! ’3172
I'. $173
I" 3174
Inxvo4 3175 FINDLS:
I' I" ,' ,1 05‘. 3171;.
r" 3177

r3 IDEFP:
E?
as
VDIPDD
  
 

MNCLR‘

91D: MHENUS:

NAME;
PURPOSE:
INPUT:

FIRST A MENU FRAME

I E: [I I EJF'LAYED:

Nl (TIL:

"4,301,503

ADD HL;SP
PUSH BC
LD BCTOJOIH
XYRELL DEvlbl77
SYSTEM OETNUM
PUP BC
LD A.(HL)
AND A
JR Z.MMENU5-$
CP B '
JR C.MMENU6-$
LD A.’?’
SYSTEM CHRDIS
JR MMENU3-$
PUP HL
PUP DE
LD 3.9
EX DE.HL
LD E,(HL)
INC HL
LU D.(HL)
DJNZ MMENU7—$
INC HL
LU E.(HL)
INC HL
LD D.(HL)
INC HL
LU C.(HL)
INC HL
Ln B.(HL)
PUP HL
PUP AF
PUSH BC
PUSH HL
LU (IY+CBE).E
LD (IY+CBD).D
RET

...Lh;fi-....

..S.s...-..-

In!
288

HL = STACK POINTER

FEEDBACK ADDRESS
GET NUMBA

HOW DOES SHE LOOK?
ZERO ENTERED?
JUMP IF 80
IN RANGE?
JUMP IF SO
DUD ENTRY - SHOW ?

GO BACK FOR NEXT TRY
THROW OUT ENTRY AREA
RESTORE HEAD OF MENU LIST
NUMBER ENTERED TO B
HL — ENTRY PTR
DE NEXT

COUNT DOWN TO ENTRY

STRING TO DE

00 TO ADDRESS TO BC

HL = RETURN TO PLACE
THRON OUT OLD PC
PUT NEW PC ON STACK
AND PUT BACK DUMMY RETURN
PASS BACK TITLE ADDRESS

AND GO BACK

GET PARAMETER
INPUT OF PROGRAM OPTIONS
A = NUMBER OF DIGITS
BC
DE
HL

DESCRIPTION;

PROMPT STRING ADDRESSFRAME TITLE ADDRESS
PARAMETER ADDRESS

THIS ROUTINE ASKS THE USER TO ENTER A NUMBER

»% THT: ROUTINE
PUSH AF
P aH HL
PUSH BC
CALL MNCLR
SYSSUK STRDIS'
DEFB S

DEPS 32
DEFB 10013
DEFw ENTSTG

 

PUP HL
SYSTEM STRDIS
FOP HL
POP AF
LD D.A
SET 6.0
XYRELL DE. 43! 48
“ RTEM GETNUM
SYodUK PAWS
DEFB 15
RET

  

PUSH DE

3

-..m-...
SUBRDUTINE TO CLEAR SCREE

IS CREATED: USING THE STRING
POINTED AT BY DE AS A TITLE. THE STRING ’ENTER’

FOLLOHED BY THE PROMPT STRINGL
EETNUN [3 THEN CALLED TO INPUT THE NUMBER. FEEDBACK
lw FRHVIDLD IN DOUBLE SIZED CHARACTERS

USES THO SYSTEM LEVFLS AND THE AL
SAVE NUMBER OF DIGITS

DISPLAY ’ENTER’

DISPLAY WHAT TO ENTER

SET LARGE CHARS
LOAD FEEDBACK ADDRESS
GET NUMBER
LET USER READ IT

N FOR MENU AND THRONUP TITLE
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w FDTEO7

i“ A?
“OVA FOZF
fihfif Ffl
flnfin filabofl
MM '1) r:

0H4? anon
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nnqr:i-*
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 NAME:

IOEIN.

MOETNI:

ONUMDO‘

INPUT:

OE'EERIFTION: THI:

4,0,503 ‘ E 4
31 ~29o

SYSSUK FILL
DEFW NORMEM
DEFW 11*BYTEPL
DEFB O
SY'EEUK FILL
DEFW NDRMEM+(11*BYTEPL)
DEFW (NOLINE-11)*BYTEPL
DEFB 55H
POP HL
XYRELL DE.24:O 5 TITLE
LD C.OIOOB
SYSTEM STRDIS

‘RET «

GET NUMBER
B = DISNUM OPTIONS
C = OHRDIS OPTIONS FOR FEEDBACK
DE COORDINATES OF FEEDBACK AREA
HL ADDRESS OF WHERE TO STASH NUMBER

ROUTINE CAN INPUT A NUMBER FROM
EITHER THE KEYBOARD OR THE HAND CONTROL. KEYBOAR
ENTRY PROCEEDS CONVENTIONALY. GETNUM EXITS
WHEN THE EQUALS KEY IS PRESSED OR THE REQUIRED NU
OF DIGITS IS ENTERED

PLAYER ONE HAND CONTROL MAY ALSO BE USED
ENTER A NUMBER. TO USE THIS OPTION. PULL THE TRI
THEN ROTATE THE POT UNTIL THE NUMBER YOU WISH TO
ENTER IS SHOWN IN THE FEEDBACK AREA. PULL THE TR
AOAIN TO REOIE-TER THE ENTRY IF DURING THIS PROC

THE KEYBOARO__IS USED - KEYBOARD INF'UT WILL OVERRI
THIS 1:3 DONE TO F‘REVENT SOME BIMBO FROM IZONFUSINGLARRY LEE‘KE

uillfl

EXX

CALL CLRNUM J CLEAR THE NUMBER
LD C:A 3'SET ZERO DIGITS IN * POT ENAB
LD A.(IY+CBB) 5 ENTRY COMPLETE?
XOR C
AND 3FH
RET Z i QUIT IF SO
LD ' HLaMGETNl
PUSH HL
SYSTEM RANGED 5 RANDOMIZE WHILE WE WAIT
SYSSUK SENTRY
DEFW NUMBAS
SYSSUK DOIT
OEFW GNUMDO
RET i NOTHIN — LOOP ON SENTRY
UMP SKYDIMGETNb
4MP STOIMGETNZ
JMP SP01MGETN3

5 ** NEXT INSTRUCTION MAKES GOOD LIST'TERMINATOR. SO WE U
i TRIOCER ROUTINE MGETNZ: BIT 4.8 3 0‘1 TRANS?

RET Z 5 NO - IGNORE
LD A;C
INC A 5 ARE WE ALREADY IN POT MODE?
JR Z:MGETN9-$ i YEP -'dUMP TO EXIT
BIT 7:0 3 POT LEGAL?
RET NZ 5 NO - IGNORE
LD CJOFFH 5 SET POT FLAG

; POT ROUTINE
MOETNS: LD A.C i QUIT IF NOT IN POT MODE

INC A
RET NZ

; HOW MANY DIGITS?
EXX 5 TO NORMAL SET
LD A.B s SNATCH DIGITS
EXX

CP 1 5 1 PRAY TELL?
LO 3.10
JR ZuMGETN4-S i JUMP IF GOOD GUESS
LD 3.100 5 WRONG!

MGETN4: IN A.(POTO) i GET CURRENT POT VALUE
LO D.A * J-RANGE IT
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292XOR A

LD E. A
LD H: A

MCIETNE‘I, ADD HL. DE

ADC: A. O 3 ADD EVERY CARRY TO ACBAA
DdNZ MGETN5-‘

EXX 5 BACK TO NORMAL SET
LD (HL)IA
JR MGETN3-$

i KEYBOARD ROUTINE
HGETNb; INC 6 i POT MODE?

QR NZIMGETN775 I,Jymp IF NOTCALL CLRNUM

INC 5 1 SET UNF DIGIT so FAR

 
  HhLlNY: 'T 7.8 5 SET PUT LOCKOUT

' STEM KETASC

CF ”=“ i EQUALS TYPED?
JR ZIMGETN9-5 i QUIT IF EQUALS
AND OFH
EXX

SYSTEM SHIFTU i SHIFT DIGIT UP
MGETNS: PUSH DE

v SYSTEM DISNUH

%13 i ENTER HERE FOR EQUAL OR TRIGGER EXIT TO THROW OUT RETUR

 

 
. ’3‘

UD'W: l I 1 33-14 MCI‘ETN'S’: POF' DE

0D'97 D7 3315 EXX 5 BACK TO NORMAL
OW}: 1' ' 3:316 RET

I

I :E;IJE:RI:ILITINE TO CLEAR NUHE-‘ER
r-n-“r I ' ELM-JUN: PUSH BC

’-" ‘. ' EXX 5 TD NORMAL SET
l"'|' " l" F'LleiH HL
(Jru LD RIB
nn~n ' INC A
Dh“" f I AND 3EH

r-ru‘u. IE RRA i 'LIEU HARP MEMORIAL PATCl-MZ
mu! I EXX i BACK TO ALTERNATE SET
l'ITIfl I ‘ LEI C: A
I-Iu‘.‘ , l XDR A
WM”. 1 LD 8. A
rmmr.II PUP DE
NIP" SYSTEM FILL
nunw i- PUP EC
and“ I RET

. NAME: SHIFT UP ,

. INF'LIT: A = DATA T0 SHIFT UP
3 B = SIZE IN DIGITS
5 HL = AREA TO SHIFT ADDRESS

Nii-fl " .NSHF‘TLI; F‘U‘SH AF
Mum: LEI A, B
m I.'*.I‘ INC A
Inna-I I I AND 3EH
f-l'h I, I LD ' B; A
N!“- ' ' F'OF‘ AF
I'Ihfil I { EHFTLll; RLD
(Wfi'i. -- INC HL
(4W4 I _. *er‘ ' nsz EHFTU1-$
(‘II.|‘.‘. I ‘:~:-|:: RET

hn" "=IW44H H'I‘ ENTSTG: DEFM ”ENTER '
 Hm ,I I I41 [IE—FE: 0

”I II I I I II I I 1 HI ., [IF 5‘” CALCL
I II M \ I II 'I IN Ul' I“W F'vaN

(HIT , . :Tlf: Ubl‘w CJMSTRT i CHECKNATE START
nnrq flown SCBL: DEFH 0
Onfh hfiofl
(TIl'uf 7?: I 'Z‘I'-F
CITII’A 47'35-4F4é-

DEF kl F‘NSCB
DEFN EICBST

F'NG'F: DEFM "GUNFIGHT ’
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firth? c'm DEFB 0
hunt 4:4 and: PNCM: DEFM ’CHECKMATE’
I'xl'llll (.n ' DEFB 0

Ohm: ,1 nuiig’gq: F‘NCALC: [IEFM ’CALCULRTOR’
on}? no BEF’B 0
fian—t 17:4?!5249 F'NEICIB: DEFM "SCRIBBLING’
(ij'fr t‘uft DEFB 0
Mar-7: '1':~"?.4r.:-17;'- ‘ ISN'ISTR: UEFM ’SELECT GANE’
(firiFr DEFB 67H
onrr ._; EIEFE: 8
OFF-:- DEFB 88
(‘Ii’l-E . . DEF-E: 11013
r-ru ml :9?qu UEFN "‘(C) SALLY MFG 1978’
(If! I [IEFB 0
“VP END

TI‘IT.’.‘ i mm ER (HA-F'I‘IRE: 7-: 0

'1 LIVE}? "
ifi'l'll “
" [lit in!

What is claimed is:

l. A system for providing a display signal to a raster
scan display for displaying thereon a matrix of discrete
picture elements, each picture element 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;

fint 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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ory without processing the transformed group of
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-
cry.

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-‘
elusive-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

1 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 array, and outputs operatively con-
nected to'the display memory, the rotating means fur-
ther ‘cornprising'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 suchthat 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
secondprogrammed 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
arrayto 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 outputoperatively connected to the input line
of the second programmed logic array for transmitting
controlsignals thereto. ‘ i

12. The system of claim 1 wherein the picture ele-
ments are displayed in horizontal lines, the video pro-
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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 inte'rrupt'means of the video’ processing
means further having a second register for storage of
interrupt means ' enable signals, the interrupt ‘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 comparing means signals
only when enabled

15. The system of claim'l3 wherein the-control 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 executing a se-
quence of1nstructions, the interrupt means further hav-
ing a second register for storage of the interrupt means

mode signals and means for controlling the duration of
the interrupt signal in response to the interrupt means

mode signal and an interrupt acknowledge signal so that
the interrupt signal is stopped if the interrupt signal is
not acknowledged by the next instruction in the first

mode and the interrupt signal continues in the secondmode.

16 The system of Claim 1 wherein the video process
ing means includes means for shifting the picture ele-
ment signals of a group ofpicture element signals rela-
tive to each other to produce shifted picture element
signals, whereby the picture elements represented by
the shifted picture element signals are displayed shifted
relative to each other. . i
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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 forapplying 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

10

15

20

25

30

300

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

5 thereon a matrix of discrete picture elements, the system
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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

65 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 proces- which correspond to the particular row of picture
sor when the first addressing means addresses prede- elements.
termined memory locations of the display memory ‘ ‘ " " ‘
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