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HOME COMPUTER AND GAME APPARATUS

This application is a continuation-in-part of co-pend-
ing application Ser. No. 812,662, filed July 5, 1977,
which is a streamline continuation of co—pending appli-
cation Ser. No. 635,406 filed Nov. 26, 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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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. llA—1lF are a block diagram of the data chip
of the video processor of the system;

FIGS. l2A—l2G are timing diagrams of various con-
trol signals of the system for various read and write
operations;

FIGS. 13A—Z and 13AA—EE illustrate an example of
a circuit implementing the block diagram of FIGS.
l1A—F;

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

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

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

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

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

FIGS. 45A—J show a more detailed circuit of the

address chip;
FIG. 46 illustrates a composite view of FIGS. 45A—J;
FIGS. 47-70 are diagrams showing blocks of FIGS.

45A—J in greater detail;

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

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

FIGS. 73A—M show a more detailed circuit of the

input/output chip;
FIG. 74 is a composite View of the FIGS. 73A—M;

and

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

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

The system shown in FIG. 1 comprises a computer
console 10 having four player-operated control handles
12a—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 50 and a video processor 52 com-
prising an address chip 56 and a data chip 54 through a
microcycler interface 60. The control handles 12a—d
and the keypad 18 are connected to the I/O 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 I/O 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 I/O 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 SK of memory space; that is, approxi-
mately the first eight thousand memory addresses corre-
spond to the system ROM 48 as shown in FIGS. 3A and
3B. Thus, addresses 0000—lFFF (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 400011
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 2'4 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-IFFF H from a memory write to
modified data display RAM addresses 0000-IFFF 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 I60 pixels. The vertical resolu-
tion is a 102 lines. The areas 610 of the screen defined by
the display RAM 42 therefore requires l02><40=4080
bytes. More of the RAM 42 can be used for scratch pad
by blanking the screen before the l02nd 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 O by the computer, the line will
be just to the left of the byte 0 if it is set to 20, the line
will be between bytes 19 and 20 which corresponds to
the center of the screen.

The left/right bit is an additional register identifying
signal supplied by the video processor in response to the
data stored in the horizontal color boundary register. If
a byte is to the left of the boundary, the left/right bit of
the four pixels associated with that byte is set to 1. The
left/right bit is set to 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-1
which corresponds to the same position on the screen as
the low resolution mode but between different bytes.
Thus, for example, if the value 20 is sent, the boundary
will be between 39 and 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/rigyit bit combine
to identify one of the 8 color registers which determines
the color and intensity of the particular background
area. For example, if the two bits contained in the back-
ground color register have the value 00 the color and
intensity of the background area to the right of the
boundary line 54 will be defined by the color register 0,
with the area to the left defined by the color register 4,
as shown in FIG. 5.

As described earlier, the function generator is en-
abled to modify pixel data when the data is to be written
to a memory address “X" less than 4000 H (A14-=0)
and that a modified form of the data is actually written

to memory location X+4000 H in the display RAM. A
register hereinafter called the function generator regis-
ter determines how the data is modified.

The functions performed on the pixel data are: “ex-
pand", “rotate", “shift”, “flop", “logical-OR" and “ex-
clusive OR". As many as four of these functions can be
used at any one time and any function can be bypassed.
However rotate and shift as well as logical-OR and
exclusive OR are not done at the same time. The modi-

fied pixel data is stored in the display RAM whereby
the pixels associated with the pixel data appear similarly
modified when displayed.

Referring back briefly to FIG. 2, the microcycler has
an 8-bit data bus 66 connecting the microcycler to the
video processor 52 and 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 1-bit pixel
data into 2-bit pixel data. For example, a 0 on the data
bus is expanded into one 2-bit pixel data value and a 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
1-bit pixel data and when expanded, it is encoded into
pixel data at the second level, i.e., 2-bit pixel data. In this
manner, two-color patterns can be stored in a ROM in
half the space.

The generator functions shift, flop and rotate can be
thought of as operating on the pixel data as a whole
rather than the individual bits of each pixel. Each byte

of the display RAM 42 can be though of as four 2-bit
locations, each location corresponding to a pixel and

storing one of four pixel data values (0-3) although the
pixels are, of course, actually elements of the picture
displayed on the screen. The four pixel data values of
the first byte, byte 0, will be referred to as 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 12a—12d (FIG. 1) at once. Each
handle has five switches (i.e., the trigger switch, and

four joy-stick directional switches) and a potentiometer.
The switches are ready by the CPU 46 via input ports
through the I/O chip 50 (FIG. 2). These input ports are
diagrammatically shown in FIG. 8 as input ports 10-IF
H where the port number indicates its hexadecimal
address. Thus the port at which the player control han-
dle switches for player 1 are read has a hexadecimal
address of 10H.

The trigger switch for each player control handle is
read at bit 4 and the four directional switches of the

joy-sticks are read at bits 0-3. The signals from the
potentiometers are converted to digital information by
an 8-bit analog to digital converter (FIG. 71A). The
four potentiometers are read at input ports 1C-1F H
(FIG. 8). All zeros are fed back when the potentiometer
is turned fully counterclockwise and all Is 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&3. and the [/0 chip 50. One advantage of the
microcycler is that the number of connector pins of the
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integrated circuit chips may be reduced since there are
fewer connecting lines.

The microcycle data bus can have any of four modes
which are defined by the contents or data carried by the
microcycle data bus 66. Its mode is controlled by con- 5
trol signals MCO and MC1 which are generated by the
data chip from a plurality of CPU control signals which
will be more fully explained later. The microcycle data
bus mode is also controlled by a CPU control signal
RFSH which indicates that the lower 7 bits of the ad-

dress bus contains a “refresh” address for refreshing the
RAM dynamic memories. The CPU control signals are
discussed more fully in the Zilog Z80-CPU Technical
Manual and is hereby incorporated by reference as if
fully disclosed herein. The microcycle modes are 15
shown below:

10

TABLE 1 

RFSH MC] MCO Microcycle Data Bus Contents
AO—A7 from the CPU
A0-A7 from the CPU
AO—A7 from the CPU
A0-A7 from the CPU
A0—A7 from the CPU
A8—Al5 from the CPU
DO—D7 from the CPU
D0—D7 to the CPU
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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 MC1 in order

to refresh the RAM. However, when RFSH is a logical
1 (inactive), MCO and MC1 determine the contents of
the microcycle data bus 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-MXD3, respectively, and each hav-
ing 4A and 4B 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 A4-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 MXDO-MXD7 when enabled. The multi-

plexers have common industry designation number74LS257.

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 I/O 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 MCO outputs to the inputs of NAND gates 81 and
82, respectively. When the control signal RFSH is high,
i.e., 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 MCI 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 D0-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 DIR
is connected by a line 92 to the output of the NAND
gate 82. Thus, the state of the control signal MCO (with
RFSH high) determines the direction that the gate 74
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will gate the data. For example, if MCO is in a low state,
the output of the NAND gate 82 will be high resulting
in the contents of the data bus D0-D7 being gated onto
the microcycler data bus; if MCO is high, the contents of
the microcycler data bus will be gated onto the data bus
D0-D7 to the CPU 56.

A power supply indicated generally at 93 supplies
+15 v, +10 v, +5 and -5 v to the system. A clock
circuit 94 comprising a 14.31818 MHz oscillator 96 and
divider stages 98, provides a 7 MHz clock signal 7M,
and an inverted 7 MHz clock signal 7M, to the 7M and
7M inputs, respectively, of the data chip 54. A clock
signal ¢'G, generated by the data chip 54 from the 7M
and 7M clock signals, is outputted to__a buffer 100 having
output lines for clock signals (1) and (D. The clock signals
<1>1 and 52 are connected to the KD and 5 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 3

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 79a and
b are functions of the CPU control signals MEMORY

REQUEST (MREQ) and READ (W3), 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_tely 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 _+lO volt source, and a DVSS input con-
nected to ground. Two more inputs SERIAL 0 and
SERIAL 1 are grounded since they are used in the high
resolution mode.

The data chip 54 has a plurality of outputs including
the memory data inputs and outputs 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, MD1-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 MC1 connect_e_dito the
microcycler (as noted before) and an outpiDATEN
used to generate the write enable signal, WE, for the
RAM chips.

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

A more detailed schematic diagram of the data chip is
shown in FIGS. 13A—EE with a composite diagram of
these figures shown in FIG. 14. The microcycle genera-
tor has an input line 108 for the MREQ control signal
and an input line 110 for the IORQ control signal, both
of which are connected to the inputs of a NAND gate
112 whose output is connected by an inverter 114 to the
inputs of a pair of NOR gates 116 and 118. The micro-
cycle generator has an input line 120 for the CPU con-
trol signal I?) 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 <l>
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
1191.

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 (D2
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_1_78. The gate of the transistor 176 is connected to
the 7M 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 MCI 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 W1 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 —l\/‘I-1 CPU control signal is active when low (logi-
cal 0) and indicates that the current machine cycle is an
operation code fetch cycle of an instruction execution.
Thus, the M 1 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
MI control signal is high.

Similarly, whenever M1 goes low indicating that the
current machine cycle is the fetch cycle of an instruc-
tion execution, IORQ will normally be high with the
same effect upon the above-mentioned NOR gates with
an exception. IORQ and W 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 1/0 read or

write operation. The read control signal, R5, 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 MC1 as a function of the CPU control signals,
MREQ IORQ, and W) together with clock signals 11>!
and 7M, are illustrated for a plurality of read and write
operations in FIGS. l2A—G. An example of MCO and
MC! as functions of MREQ RT), and the clock signals
‘D1 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 MREQ IV) are at the
same state as the previous clock state which is a high
state with the microcycler control signals MCO and
MCI 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 signals TEQ and IORQ presented at its inputs
which are both inactive or a logical 1 at the beginning of
T1. When MREQ goes low, the output of the NAND
gate 112 goes high which is inverted by the inverter 114
presenting a low state to one input of the NOR gate 118
and to one input of the NOR gate 116. The other input
of the NOR gate 118 is connected by the line 174 to the
output of the inverter 172.

Since 51-1 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 7171 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 g:1t_e126.
The control signal RD is at a high state indicating a

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

This output is conducted when the clock signal (I32
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 (i.e., 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
7M 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 <l> occurring after the CPU con-
trol signal MRFO 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 R5 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 (I) (FIG. 12A). The low state then appears at the
MCI) control signal line 80 on the positive edge 206 of
the 7M clock signal (FIG. 12A).

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

During clock state T3, MREQ returns to a high state.
Since MREQ as well as the output of the inverter 172 at
line 174 and 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 (I91 clock signal
at clock state T1. The low state at line 172 appears at the

gate of the output transistor 194 (with a high state at the
gate of the transistor 196) at the positive edge 210 of the
clock signal 7M causing the microcycle control signal
MC1 to go low. The microcycler is now ready to trans-
mit the low address of the next address presented at its

inputs. The relationship of the microcycler control
signals MCO and 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 LDLI which is a logical 1 when the outputs
of the inverters 146 and 182 are a logical 0 (correspond-

ing to both MCO and MC1 a logical 0), together with
(D1 a logical 0. An output line 228 of the NOR gate 203
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carries the signal LDL1 which is a logical I when MCO
is a logical l, MC1 a logical 0 and 4)] 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
660 and a three-bit input line connected to the lower 3
bits of the data bus 66a. The microcycle data bus 66 is
connected to the data bus 66a by a tristate buffer 273
(FIG. 11C). (Other buffers shown in the more detailed
schematic FIG. 13 are omitted from the FIGS. 11A-F

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

control signals LDL1 and LDH1 to signal that the
microcycle data bus contains the low address bits or the
high address bits, respectively. The microcycle decoder
212 is operatively connected to the microcycle genera-
tor to input these control signals such that the decoder
latches up the low address bits from the eight bit input
lines when LDLI is high and subsequently the high
address bits A8-A10 on the three bit input line when the
control signal LDH1 is a high. The 11 bits latched in the
microcycle decoder are utilized to address the registers
on the data chip. The microcycle decoder has an I I 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 c(_)r£gr_r_ence of a data chip
generated control signal, CWJTPUT, 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 mul-
tiplexer to select the output of an “intercept” register.
In this manner, the CPU may select any particular regis-
ter of the data chip by transmitting an address corre-
sponding to the register which is transmitted in two
groups, the low and high addresses, by the microcycler
to the microcycle decoder which reassembles the ad-
dress bits into address bits 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 LDL1 control signal line 226
and an input connected the line 226 through an inverter
227. The most significant bits A8-A10 each have an
input connected to the D0-D2 lines, respectively, of the
data bus 66a and each has an input connected to the
LDI-I1 control signal input line 228 directly, and an
input connected to the line 228 through an inverter 229.

The A0 bit has output lines A0 and its complement
A0 with the A] bit having outputs Al, A-1, etc. all
connected to the address decoder 214.

An example of a bit circuit of the latch of the micro-
cycle decoder is shown in FIG. 13. The input of the A0
bit circuit of the latch is connected to a gating transistor
230 whose gate is connected to the LDL1 control signal
line 226. The 1 input is also connected to the 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 K0 output line of the A0
latch which is also connected to an inverter 234 whose

output is the A0 output line. The output of the inverter
234 is connected to a gating transistor 236 whose gate is
connected to the output of inverter 227 (FIG. 13) which
carries EDL1. The output of the transistor 236 is 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
LDL1 control signal when the D0 line carries the ad-
dress bit A0. The inverter 232 inverts the address bit A0

and outputs the bit as address bit -E. 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 A0—Al0 connected to the cor-

responding output lines of the microcycle decoder 212.
A plurality of output lines 217-222 and 238-253 are
selectively coupled to the PLA input lines by a plurality
of pull-down transistors, each of which is represented
by a small circle 254.

An example of these pull-down transistors, the tran-

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

Each output line 217-222 and 238-253 is connected to

the voltage source VDD by a pull-up transistor 260
referring back to FIG. 13. A logical 1 on any address bit
input line coupled to an output line will cause that out-
put line to be grounded which is a low state or 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 l’s and 0’s are presented on
the address input lines A0—A10 and KCFKIO.
_Tlie output lines 217-221 are coupled to the OUT-
PUT control signal line 262 by pull-down transistors
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264 so that in addition to the proper address, the OUT-
PUT control signal must be low in order for one of
these control lines to output a logical 1. For example, if
the address bits A7, A6, A5, A4, A3, A2, A1 and A0
(A7 being the most significant) have the values 0, 0, 0, l,
1, O, 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 8H, the
INPUT control signal must be low in order for the
register select line 222 to be at a logical 1 state which
will select the intercept register.

The output lines 238 and 239 are connected to the
input of a NOR gate 270 whose output is connected to
a NOR gate 272. The other inputs of the NOR gate 272
are the control signal line 262 and a IORQ control sig-
nal line 270. Thus. either of two hexadecimal addresses,
BH or OH, will cause the output of the NOR gate 270
to go low which will cause the output of the inverter
272 to go high if the control signal OUTPUT and the
control signal ICTKOQ 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 fiTPUT control
signal line 262 an Tfifii control signal line 270. The
output lines 216 of the NOR gates 272 are the register
select lines for the color registers 224, as seen in FIG.
11B.

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

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

 TAB LE I I

OUTPUT INPUT
PORTS PORTS
PORT PORT

ADDRESS FUNCTION ADDRESS FUNCTION 
(DH
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ADDRESS FUNCTION 

Multiplexer

Vertical Feedback
Register
Horizontal Feedback
Register

(left)

19

TABLE II-continued

OUTPUT INPUT
PORTS PORTS
PORT PORT

ADDRESS FUNCTION

IH Color Register 1
EH

2H Color Register 2
3H Color Register 3 FH

4H Color Register 4
l<l>H

SH Color Register 5 11H

6H Color Register 6
7H Color Register 7 l2H
SH Low/High Resolution l3H

Register
l4H

9H Horizontal Color
Boundary Register
Background Color ISH
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

l<DH Master Oscillator Register
IIH Tone A Frequency Register
l2H Tone B Frequency Register
l3H Tone C Frequency Register
I4}-I Vibrato Register
ISH Tone C Volume, Noise Modulation

and MUX registers
l6H Tone A Volume and Tone B

Volume Registers
l7H Noise Volume Register
IBH Sound Block Transfer
19H Expand Register

Player 1 Handle

Player 2 Handle

Player 3 Handle
Player 4 Handle

Keypad Column <1>
(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 66a 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
273a—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-OR
Flop

 
Bit

o~v-|=u.at~.I—-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 I of the
function generator register determine the amount, if
any, of the shift. As many as four of these functions can
be used at any one time and any function can be omit-
ted. However, rotate and shift as well as logical-OR and
exclusive-OR cannot be done at the same time.

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

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

The expander 278 is shown in greater detail in FIG.
13. The expand flip-flop 280 has a reset input R con-
nected to the function generator register select line 218
so that the flip-flop is reset with each output of data to
the function generator register 274. The flip-flop has a
clock input C connected to a clock input line 292 and a
clock input Ualso 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-flop 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 298a-d of the multiplexer 282.
An output Q of the flip-flop is connected by a line 300
to the gates of four transistor switches 302a—d. (The
flip-flop 280 is shown in greater detail in FIG. 19).

The inputs of the transistor switches 298a—d are con-
nected to the four most significant hits (the upper half)
of the data bus 66a with the transistor switches 302a—d

connected to the four least significant bits (the lower
half) of the data bus 66a. If the state of the expand flip-
flop 280 is a logical 1, the transistor switches 302a-a’
will conduct the lower half of the data bus 66a 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 66a.

The output of the transistor switches 302d and 298d
are connected by an inverter 304 to the gates of a pair of
transistor switches 306a 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 310a and 310b.

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
312a is connected to the voltage source VDD by the
transistor 306a 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 318a and 318b are
the complements of the bits 2 and 3, respectively, of
expand register 286. The lines 318:1 and 318b are con-
nected to the transistor switches 310a 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 312a 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 1,
the transistors 310a and b are turned on which selects

the lines 3180 and 3181: containing the complemented
values of the bits 2 and 3. The transistors 306a and 310a

are connected to a common output line referred to as
expand data bit 0 or EDBO. Similarly, the transistors
306b and 3l0b are connected to output line EDB1; thus
a bit from the multiplexer 280 at inverter 304 is ex-
panded into the logic states of lines EDO and ED1, or
simply bits EDO an ED1. 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 66a. (or remaining bits of the upper
half if the upper half of the microcycler data bus is
selected by the multiplexer 282) are expanded into the
expand data bits ED2 and ED3, ED4 and EDS, and
ED6 and ED7 which are also defined by the comple-
ment of either bits 0 and 1 or 2 and 3 of the expand
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register. For example, if the expand register bits 0 and 1
contain the values 1 and 0, respectively, the expand
register bits 2 and 3 contain the values 0 and 0, respec-
tively, and the half of the microcycler data bus being
expanded has the values 0, 1, 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 PDB1, the
second pixel by PDB2 and PDB1, 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 PDB5, 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, PDB2 and PDBO) and the
high bits (PDB7, PDB5, PDB3 and PDB1), respec-
tively, of a byte of pixel data.

The expand function, as with all the other functions,
may be bypassed. Accordingly, the expand decoder 290
has a 4-bit output line 3260 for the low pixel data bits
connected to inputs of a 2-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 32817. 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 32% connected to the high bits D7, D5, D3
and D1 by a line 3301’).

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 A71 connected to
the address bus 75 of the CPU. When address bit KT4 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 328!) 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 328b
connected to the inputs of the shifter 3200 and rotator
32217. As noted before, the shift and rotate functions a.re

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 320b 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 3221) 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 324a
with the output of rotator 322b and shifter 320b con-
nected to the input of flopper 324-b. The output of the
latch 334 corresponding to bit 6 of the expand register
274 is connected to the floppers 3240 and d by a line 342
and controls whether a flop function is performed.

The function generator register 274 is shown in FIG.
13 to comprise a 7-bit register having 7 inputs con-
nected to the D6—D0 bits of the data bus 66a. (The logic
design of each bit of the register 274 is also similar to the
bit of the latch of the microcycle decoder 212 shown in
FIG. 15). The latch 334 comprises NOR gates 3340-g

gc_h 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 32% and
flopper 324b for the high pixel data bits are constructed
and operate in a manner similar to the multiplexer 3280.
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, PDB2 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 334:! (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 EDO
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
W is a logical 0), the EDO bit from the expander is
conducted to the D flip-flop. The output of this D flip-
flop defines pixel data bit 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 1, 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, PDB2, PDB4 and PDB6, respectively.

The output line of each multiplexer unit is connected
to the shifter for the low pixel data bits, indicated gener-
ally at 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 368a—p by a plurality of pull-down transistors 350.
The output lines 352a—d of the multiplexer 3280 are four
of the PLA input lines.

The shifter 320a further comprises a register 354a
having 4 bits 354a0, 35402, 354a4 and 354a6 which are

connected to the inputs 356a—d 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 354a 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 344b (corresponding to bit 1 of
the function generator register) of latch 334 is con-
nected by a line 362 to an input of the PLA, with the
line 362 also connected to an input 364 by an inverter
366. Bits 0 and 1 of the function generator register de-
fine the least and most significant bits of the shift
amount performed by the shifter 320a. Each of the
output lines 368a—p is connected to the voltage source
VDD by one of a plurality of pull-up transistors 370.

The actual amount of the shift performed by the
shifter 320a is the complement of the bits contained
within bits 0 and 1 of the function generator register
since the NOR gates 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 “1 1”, this is complemented to the
values “O0” 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 I 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 iine
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 386c does have a pull-down transistor
350a coupled to the input line 352!) which carries pixel
data bit PDB2 from the multiplexer 328a. Thus the
logic state of the output line 368c is the complement of
the logic state of the input line 352b (or PDB2) from the
output of the multiplexer unit 328a2. The pixel data bit
PDBO output of the shifter corresponds to output lines
368a--d and the particular value of PDBO depends upon
which of the lines 368a—d are selected by the input lines
358 and 362. Here, output line 368c 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 354a0
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, PDB2 and
PDBO of byte 1 (together with the high pixel data bits
PDB7, PDB5, PDB3 and PDB1) 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 354a has a reset input connected by a
line 372 to the function generator register select line 218
such that the register 354a 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
.T171 address bit and an input connected to bit 6 of the
function generator register 274 which determines
whether the flop function is performed when A-1?!» is
low. The output of the NOR gate 344g is connected by
a line 374 to the gates of four transistor switches 376a—d.
The logic state of the input line 374 is inverted by an
inverter 378 whose output is connected to the gates of
transistor switches 380a—a' of the flopper 3240. The
output lines 368a—p of the shifter 3200 are the input lines
of the flopper 324a. The flopper 324-a also comprises a
programmed logic array having output lines 382a~—h
coupled to the input lines 368a~p by a plurality of pull-
down transistors 384.

The output lines 3820 and b are connected by the
switches 376a and 380a. 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 3822 and
fconnected by switches 376c and 380c, respectively, to

65 a buffer 385 having the flopper PDB4 output line 377e,
and the output lines 302g and it connected by switches
376a’ and 380d. respectively, to a buffer 385 having the
flopper PDB6 output line 377d. The input line 368c
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(containing the complemented output pixel data bit
PDBO of the shifter when set for a shift of l 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 PDBO is recomple-
merited and carried uncomplemented on the flopper
output lines 382b and 382g. A logical 1 state on the input
line 374 turns on the transistor switch 376d whereby the
shifter output bit PDBO is conducted to the flopper
PDB6 output line 377d. Thus, the PDBO output of the
shifter 320a is flopped to the flopper 324a output bit
PDB6 when the input line 374 is a logical 1. On the
other hand, if the logic state of line 374 is 0, the output
of the inverter 378 is a logical 1 which turns on the
transistor switch 3800 which conducts the shifter PDBO

bit to the flopper PDBO line 377a and is not flopped.
Thus when the logic state of the input line 374 is O, the
output of the shifter is not flopped. The other inputs of
the flopper 3240 for the bits PDB2, PDB4 and PDB6
are handled in a similar manner.

As an example, if the byte of pixel data being written
to the display RAM represents pixel values P7, P6, P5
and P4 as for the byte of original data of FIG. 6 and the
shifter is set for zero shifts so that the shifter does not

shift the data, then the PDB6, PDB4, PDB2 and 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, PDB2 and PDBO output bits of
the flopper 3240 (together with the PDB7, PDB5,
PDB3 and PDB1 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 3560-11 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 A? 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 llip—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 PDB2 of pixels P1, P5 and P9 after the first four
memory writes of the rotate operation. The particular
pixel data bits for each of the registers 388-391 are
shown in FIG. 40.

The programmed logic array 386 of the rotator 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 391a—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 412a-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 404a, 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, 408b and 410!)
and input lines 404c, 406c, 408c and 410c are coupled to
output lines 432a—d and output lines 434a—d, respec-
tively, by pull-down transistors 436 and 438 respec-
tively.

The output lines 432a—d are connected by four tran-
sistor switches 440a—d to a common output line 422 (for
pixel data output bit PDB2) and to the voltage VDD by
a pull-up transistor 444. The output lines 434a-d are
connected by four transistor switches 446a-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, 440a and 4460 with the output line
456 connected to the gates of the transistor switches
416b, 426b, 4401) 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 outputfiof 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
344-c of the latch 344. The input line 463 is coupled to
the output lines 454-457 by four pull-down transistors
466, respectively. If bit 3 of the function generator reg-
ister 274 is a logical 1, the logic state at the input line 463
will also be a logical 1 which pulls down the output
lines 454-457 to a logical 0 turning off the transistor
switches 416a-d, 426a-d, etc. of the programmed logic
array 386. The rotate function may be bypassed in 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.
440:! 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 F15. 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 PDB2 and PDBO, respectively, since the
transistor switches 440a’ 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. 7B.

On the next write to the display RAM, the count of
the counter 394 changes to 101 B wherein the PLA 452
in turn causes the transistor switches 4161:, 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 322a 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, PDB2 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 flopper 324a recomplements the
pixel data bits from the rotator 3220 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, PDB5,
PDB3 and PDB1) are indicated generally at 322b, 320b
and 324b, respectively, in FIG. 13. The modifications to
the high pixel data bits PDB7, PDB5, PDB3 and PDBI
are performed by the rotator 322b, the shifter 320b and
the flopper 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-OR 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 flopper 324a and a four bit
input line 482b connected to the output of the high pixel
data bit flopper 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 AT4 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 MD!)-
MD7.

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

resultant pixel data is carried to be stored at the display
RAM location from which the pixel data was accessed.

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

A typical unit 4800 is shown in greater detail in FIG.
25. The unit 48042 has an input connected to the output
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line 37711 (which is one of the input lines 482a in FIG. 40
11C) which carries the pixel data bit PDBO output of
the flopper 324a and an input 486a 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 3442 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 flopper) 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 flopper
arrives for the OR or exclusive-OR function. The latch

504 has an output line 506 which is connected to a line
508 by an inverter 510.

The unit 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 S of the function generator
register. The FLA 512 has output lines 514a—e selec-
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tively coupled by a plurality of pull-down transistors
516 to the lines 500, 502, 508, 377a, 494a, 494, 48422, and
496. The lines 514a-e are connected to a NOR gate 516
having an output connected to an inverter 518 which
has an output 492a (of lines 492 FIG. 11C).

To illustrate the operation of the unit 480a, 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 484a is a logical 1 which pulls-down
the lines 514a, 51% and 514d to a logical 0. The PDBO
bit from the flopper carried on the line 377a is inverted
by the inverter 500 and recomplemented by the pull-
down transistor 516a so that line 514c carries the PDBO

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

from the display RAM in the uncomplemented form.
Thus, if either the line 514c or line 5l4e is a logical 1, the
output of the NOR gate 516 will be a logical 0 which is
inverted by the inverter 518 to a logical 1 on line 492a.
However, if both the lines 514c and e are logical O, the
output of the NOR gate 516 is a logical 1 and the output
of the inverter 518 is a logical 0. Thus, the logical OR
function is performed on the PDBO bits from the display
RAM and from the CPU transmitted through the flop-
per.

To perform an exclusive-OR function, bits 4 and 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 514c 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 377a which carries the PDBO bit
from the CPU (transmitted through the flopper 32411) is
coupled to the line 51% 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 PDB9 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 51% 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 514i) 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 5162. 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 (ie.,
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 480a at the output line 492a 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 480a 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-
clusive-OR unit 480a—h 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 488a 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-
clusive-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 482a of the flopper 324a by which
the pixel data bits from the CPU may be inputted. The
intercept register 528 also has an 8-bit input line 530
connected to the OR/exclusive-OR circuit 480 by an
8-bit line 530. The output of the intercept register 528 is
connected by an 8-bit output line 532 to the input of a
2-to-1 multiplexer 534.

The intercept register 528, shown in greater detail in
FIG. 13, comprises 8 units 528a—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 528:2-d indicate
whether an intercept has occurred in any of the 4 pixel
positions in the last write to the display RAM in which
the OR or exc1usive—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 528a—d, is shown in

greater detail in FIG. 27. The unit 528a comprises a
NOR gate 536 having an input 538 (connected to one of
the lines 482a, FIG. 11C) for the PDBO pixel data bit
and an input 540 (connected to one of the lines 482b,
FIG. 11C) for the PDB1 pixel data bit from the CPU.
PDBO and PDB1 represent a pixel that is being 0Red or
exclusive-ORed with pixel data contained in the display
RAM. The unit 528a further comprises a NOR gate 542
having an input 530a 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 PDB1 pixel
data bit from the display RAM latched in the unit 48%
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
PDB1 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—/1 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
528a. 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 wili remain set until the flip—tIop 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 528e—h.

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
528a—d 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. 11B) so that when the line
222 is enabled (corresponding to address 8H) the input
lines from the intercept register 528 are selected. The
multiplexer further has inputs connected to outputs of
the OR/exclusive-OR circuit 480 by an 8 bit line 570.
The OR/exclusive-OR circuit latches up data as it is
read from the display RAM which may be data other
than pixel data for OR or exclusive-OR operations such
as instructions to be executed from the display RAM
which are to be transmitted to the CPU.

The output of the multiplexer 534 is connected to the
tri-state buffer 273. [As seen in FIG. 25, the line 570a of
the input line 570 (FIG. 11C) is connected to the line
506 of each 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 588a 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 532a 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
MENB1 which generated by the logic elements indi-
cated generally at 585. The inputs to the elements 585
include the CPU control signal WI.

The Z—80 CPU requires instruction data to arrive in
an Mi cycle (instruction fetch) at a different time than
data during non-M—1 cycles. The data latched up in the
OR/exclusive-OR circuit may be instructions that were
stored in a scratchpad portion of the display RAM. The
elements 585 which generate MENB1 which loads the
instruction onto the microcycle data bus 66 (via the
output lines 588 and tri-state buffer 273), insert a delay
so that the instructions arrive at the CPU at the proper
time.

It should be noted that non-FIT 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. ZP is a function (as
is MENB1) of the CPU control signals MREQ, RT) 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 592i). 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 PDB1, 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 1" 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 595a~d has an input P con-
nected to the tri-state buffer 488 by a buffer indicated at
611. (The buffers 611 are logically similar to that shown
in FIG. 18). Also each bit has clock inputs C and C, a
load input L, and an input D from the previous register
bit (except bits 594a and 595:1 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 PDBO, PDB2, PDB4 and
PDB6.
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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 594e, 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. 11C, 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. 11B. The vertical position
counter 626 counts the number of lines of pixels as they
are displayed in a raster scan. A “HORIZONTAL
DRIVE” signal occurs with each line of pixels dis-
played. A “VERTICAL DRIVE” signal occurs once
every field. Both the HORIZONTAL DRIVE and
VERTICAL DRIVE signals are generated in another
portion of the data chip circuitry to be discussed later.
The vertical position counter 626 has inputs for the
HORIZONTAL DRIVE and VERTICAL DRIVE

signals and counts each HORIZONTAL DRIVE sig-
nal (corresponding to a line of pixels displayed) and
resets with each VERTICAL DRIVE signal. There is
further provided a vertical “blank” register 630 having
an 8-bit input line 632 connected to the data bus 66a.
The vertical blank register 630 has address AH and
contains the line number at which the background color
(indicated by the background color register 600) will be
displayed to the bottom of the screen. Through input-
ting this vertical line number to the vertical blank regis-
ter 630, the bottom border line 634 (FIG. 5) may be set.

The vertical position counter 626 continues counting
even after the raster scan has reset to the top of the
screen. Hence the pixels at the top of the screen will
continue to be defined by the background register.
When the counter 626 reaches 162, it will reset which

causes the next line of pixels to be defined by the display
RAM and defines the top border of the 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 ‘P 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 hit counter. (The logic
circuitry of the least significant hit 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 6262‘ 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—/1, shown in greater detail in
FIG. 32.) The horizontal position counter 628 is con-
nected by lO 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 CD2 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 6580 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
<l>2. Since the counter 28 is clocked by the clock signals
<l>l and <l>2 which have half the frequency of PX, the
output of bit 658:: has one fourth the frequency of PX.
Therefore, a load signal will occur for every four PX
pulses. or for every four pixels displayed.

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

The horizontal color boundary register 672 defines
the horizontal position of the imaginery vertical line 64
on the screen 32 of FIG. 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. 11B, a serial data decoder 694

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

When a color register is selected or identified, the
contents of the color register is outputted to a latch 706
shown in FIG. 11B which has five output lines 708
connected to a color decoder 710 for the five color bits

and 3 outputs connected to serially connected latches
712 and 714 by the line 716, for the 3 intensity bits. The
output of the latch 714 is connected to an intensity
decoder 718.

The intensity decoder 718 has further inputs for the
“SYNC” and “BLANK“ NTSC standard signals.
These signals, together with the 3 intensity bits from the

I0

15

20

25

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 728a 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 F7. These are the clock signals for
the system. The frequency of IT}? is half that of 7M and
the frequency of <l>G is half that of FY.

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

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

The relationship between 7M, HORIZONTAL
DRIVE, <l>G and BK 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 H3 and 2 of (PG
cycles per horizontal line. Because of the extra 3 cycle,
<I>G 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. WC is also
stalled for the same amount of time.

FIG. 11E shows a television sync _Lenerator 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 com_p£ises a <I>A and <I>B 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.
11B). The HORIZONTAL DRIVE signal occurs once
every horizontal raster scan line (63.5 microseconds),
and VERTICAL DRIVE occurs once every field (16.6
milliseconds).

The (DA and <1>B generator 782 is shown in FIG. 13 to
comprise a counter 822 which is connected to an output
buffer (indicated generally at 824) having output line
826 for the (DA clock signal and output line 828 for the
<1>B 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 7—l\/II.)

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 788a—g are
logically similar to those shown in FIGS. 31 and 32 for
the horizontal position counter 628 with the logic cir-
cuitry of the bit 788/: shown in greater detail in FIG.
37.) The horizontal counter 788 is a divide-by-I30
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 78% of the counter 788 is
connected to the input 2 of a flip-flop 850 (shown in
greater detail in FIG. 39.) The outputs C and C of the
flip-flop 850 have a frequency of half that of the hori-
zontal counter 788 and are connected to the clock in-

puts of the counter 792 having bits 792a—j. The counter
792 is a divide-by-512 counter and has a period of 1/30
of a second. (The counter bits 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 (I91 and <I>2 and an output line
860 which carries the VERTICAL DRIVE signal. The
line 860 is connected by a buffer 862 to the VERTICAL
DRIVE pad 864.

FIG. 42 illustrates the relationship between SYNC,
VERTICAL BLANK and VERTICAL DRIVE sig-
nals. Each division represents l 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
DATEN control signal. The function generator (FIG.
11C) takes the data from the CPU from the microcycle
data bus 66 and transfers it to the memory data bus in
conjunction with the DATEN control signal. Of
course, if the data is to be modified, the function genera-
tor will modify the data as required as it places the data
on the memory data bus. The memory control circuit
882 has an additional input for another address chip
generated control signal LTCHDO and an output line
884 at which the memory control circuit 882 outputs a
second control signal which is a function of the
LTCHDO control signal. The relationship between the
data chip control signal DATEN and the address chip
control signal WRCTL is shown for two memory write
operations in FIGS. 12A and D.

The memory control circuit is shown in greater detail
in FIG. 13 and is indicated generally at 882. The mem-
ory control circuit has an input line 886 for the
WRCTL control signal which is connected by a plural-
ity of logic elements 888 to a flip-flop 890 having an
output line 892 which carries the DATEN control sig-
nal. The logic elements 888 include the transistor switch
889 which has a clock signal line 891 connected to the
gate of the switch 889. The clock signal on the line 891
is a function of the clock signals 11)], PX and BK. 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 (D2. 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 ¢ and $
from the buffer 100, CPU control signal inputs M1, ED,
IORQ, MREQ and RFSH and CPU control signal
outputs INT and WAIT from and to, respectively, the
CPU. Outputs carrying the address chip generated sig-
nals LTCHDO and WROTE are connected to the cor-

responding inputs of the data chip 54 with inputs con-
nected to the data chip outputs VERT. DR. and HOR.
DR. The address chip address bit has inputs A12—A14
connected to the CPU address bus 73, input TIGHT
PF.-N 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 (LT), 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—.l 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
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decoder 1000 have an input line 1002 which carries the
control signal LDL1 by which the low address bits
A0—A7 are loaded. Similarly, the address bit units
A8—Al3 of the microcycle decoder 1000 have an input
line 1004 which carries the control signal LDH1 by
which the high address bits A8—A13 are loaded. The
address bits are carried on the address chip data bus 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 LDL1
and LDH1 are generated by the logic element indicated
generally at 1006 in a manner similar to that for the
LDL1 and LDH1 control signals generated by the
microcycle generator 106 of the data chip shown in
FIG. 11A.

Referring back to FIG. 44, the outputs of the addess
bit units A0—A7 of the microcycle decoder 1000 are
connected to an address decoder 1008 also logically
similar to the address decoder 214, (FIG. 11B) of the
data chip. Thus the address decoder 1008 decodes the
addresses transmitted by the CPU to activate an associ-
ated select line 1010-1018. As indicated in Table II, the
address decoder 1008 will decode the address FH

(when the INPUT control signal is present) which is
operably connected to the horizontal feedback input
register. As another example, address decoder 1008 will
activate the line 1013 which is operably connected to
the interrupt enable and mode registers when the ad-
dress EH and the control signal OUTPUT are present.

The address decoder 1008 is shown in FIG. 45 to

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

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

The multiplexer 1024 sends either the scan address or
the address from the CPU (via microcycle decoder
1000) to its 12 outputs. The outputs of the multiplexer
1024 are connected to a second multiplexer 1026 which
multiplexes its 12 inputs to 6 address bits, MAO—MA5, in
two “time slices” required for the 4K>(1 16 pin RAMs
which comprise the display RAM.

When the multiplexer 1024 sends the address bits
from the CPU to its 12 outputs, the 12 address bits
A0—A11 of the 14 input address bits A0—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
l2-bits 10340-1 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
l034c—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
1034a—l. 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 O 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 1,
the output of the NOR gate 1080 is a logical 0, and the
output of the inverter 1084 is a logical 1 driving the
outputs of the NOR gate 1060 (corresponding to ad-
dress bits A2-A7) to a logical 0 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 A0—A5 and the NOR gates 1062 corresponding to
the address bits A6—A1l 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—jC
respectively, and the 6 NOR gates 1096, each having an
input connected to the address bit outputs A6—A11 of
the counter bits 1034-g—l, respectively.

The multiplexers 1024 and 1026 have a VIDNXT2
clock signal input line 1098 which is connected to an
input of the NOR gates 1066 and 1080 and to the NOR
gate 1072 by a transistor switch 1100 and to the NOR
gate 1088 by a transistor switch 1102. The gates of the
transistor switches 1100 and 1102 are connected to the

clock signal (D1. 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—MA5. 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 MAO,
MA1 and MA2 bits of the memory address bus 1118.
The output lines 1123, 1124 and 1125 are each con-
nected by a series-connected NOR gate 1130 and buffer
1134 (shown in greater detail in FIG. 56) to the MA3,
MA4 and MAS bits of the memory address bus 1118.

If the logic state of VIDNXT2 on line 1098 is a logi-
cal 0, the output of the inverters 1106 and 1116 are a

logical 1 which drives the outputs of the NOR gates
1096 and 1094 (corresponding to scan address generator
bits A0—A11) 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 (D1 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 ‘D1 and the NOR gates
1062 (for bits A6—A11) and 1064 (for bits A8—A11) have
the additional clock signal (l>2. When the address bits
from the CPU are to be conducted to the memory ad-
dress bus 1118, the bits are also transmitted in two 6-bit

slices, A0—A5 first, then A6—A11 (low resolution mode)
or A2—A7 first, then A8—Al3 (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 P§N 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 T and transmits it
to the CPU.

The CPU interrupt routine resulting from the T
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 l154 is connected to the horizontal
feedback register 1152. The output of the line counter
or vertical position counter 1138 is connected to the
vertical feedback register 1150. When the light pen
interrupt is enabled, the interrupt circuitry 1144, upon
the occurrence of a LIGHT ITEN signal, causes the
horizontal feedback register 1152 to latch up the current
horizontal position as indicated by the horizontal posi-
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tion counter 1154. Similarly, the vertical feedback regis-
ter 1150 is caused to latch up the current vertical posi-
tion or line as indicated by the line counter 1138.

When the CPU acknowledges an interrupt, it reads 8
bits of data from the data bus. It then uses the data as an
instruction or an address. This data is determined by the
contents of an interrupt feedback register 1156 which
has address DH. The contents of the interrupt feedback

register 1156 is originally set by the placement of data in
it by the CPU. In responding to a screen interrupt, the
contents of interrupt feedback register are placed di-
rectly onto the data bus 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 Z-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 Z-80 CPU interrupt
enable flip-flop is not set. Each of the two interrupts
may have a different mode. In “mode 0” the Z-80 will
continue to be interrupted until it finally enables inter-
rupts and acknowledges the interrupt. In mode 1, the
interrupt will be discarded if it is not acknowledged by
the next instruction after it occurred. If mode 1 is used,

the software should be designed such that the system
will not be executing certain Zilog Z-80 instructions
when the interrupt occurs. The OP codes of these in-
structions being with CDH, DDH, EDH and FDH.

The line counter 1138 is shown in greater detail in
FIG. 45 and comprises 8 bits 1138a—h. (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 1158a—h are
connected to the inputs of the vertical feedback register
indicated generally at 1150 and comprising bits 1150a—h
(with typical bit 1150a shown in greater detail in FIG.
59). The vertical feedback register 1150 has a latch
enable line 1164 connected to the output of the interrupt
circuitry indicated generally at 1144. When this line is
enabled, in response to a LIGHTMPEN 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 l150a—}i is connected to the data
bus 661:. 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 WT 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 4)] and <l>2 and syn-
chronously counts the pixels of the line of pixels being
displayed. Thus, the count contained within the counter
1154 corresponds to the horizontal position of the last
pixel displayed. The counter 1154 has a reset input line
1170 which is connected to the output of the logic ele-
ments l046 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 1152a—g is similar to that shown for bit 1158a of
the vertical feedback register shown in FIG. 59.) The
output of the bits 1152a—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 I or if bit 0 is a l and bit 8 is
a 0, 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-OR 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
1140a—/1. 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 1158a—e (with bit 1158b shown in greater
detail in FIG. 65 and bits 1158a and 1l58c—e logically
similar to that shown in FIG. 50). The output of bit
1158b or hit 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-
Hop 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
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elements 1204 whose output is connected to a plurality
of logic elements 1206 having the output line 1164
which is connected to the latch enable inputs of the
vertical feedback register 1150 and horizontal feedback
register 1152. The output of the flip-flop 1184 is also
connected to the input of a NOR gate 1208 whose out-
put is connected to a plurality of logic elements 1210
having an output line 1212. The output line 1212 is
connected by a line 1214 to an output buffer 1216 whose
output line 1218 carries the control signal T‘ 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—1 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 U 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, ie., 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 1 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 1 causing the output of the NOR gate 1232 to
be a logical 0. This output is inverted by the inverter
1243 which causes the flip-flop 1184 to be reset which
causes the interrupt signal TNT 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 W" 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 1158a 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 WI‘
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 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 O) 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 T.

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 1156a—h (with bit 1156a typical of bits
1156a—d shown in greater detail in FIG. 68 and bit 1l56e
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. Bach 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 66b 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 1156a—/1 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 11569-11 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, TQITQ,
M1 and RFSH, and address bits A12—A15 which are
transmitted directly from the CPU. The RASO—RAS3
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outputs are generated by the memory cycle generator
1266 and are used to activate memory cycles. In the low
resolution mode, only RASO is used to one bank of
RAM (4K by 8). In the high resolution mode, all four
RAS signals are used to control four banks of RAM
(16l< X 8). Two other signals generated are WRCTL and
LTCI-IDO 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 6612 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 VIDNXT2 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-
cycler since the CPU address bus and data bus “time
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share” the microcycle data bus. Wait states are similarly ‘
initiated for CPU read and write operations (for data
and instructions). Two wait states from and to the dis-
play RAM are generated if the CPU is executing in-
structions in the display RAM.

An additional wait state is initiated if the CPU and the

video processor attempt to access the display RAM at
the same time. A WATT signal is transmitted to the
CPU when 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,

R—]5 from the CPU and the clock signal <1>_t<)_the_rnem-
ory cycle generator outputs WAIT, RAS, WRCTL and
LTCHDO are shown for CPU read and write opera-
tions to the display RAM with FIGS. 12A and D illus-
trating write operations and FIGS. 12B and C, read
operations. FIGS. 12C and D illustrate the extra wait
state generated when a CPU read or write conflicts
with a video cycle by the video processor. The shaded
areas of the MAO—MA5 lines are determined by the
address bits MAO—MA5.

The relationship between the inputs of CPU control
signals IORQ, RD and the clock signal (D and the mem-
ory cycle output WAIT is shown for input/output read
operations in FIGS. 12E and G and input/output write
operations in FIG. 12F. FIG. 12E illustrates an I/O
read from the switch matrix ports 10H—l7H and FIG.
12G illustrates I/O reads from the other ports.

The RASO output of the address chip is shown in
FIG. 10C to be connected to the D input of a flip-flop
956 of the logic elements 954, whose Q output carries
the CS/IWS (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
output of a flip-flop 962.

The D input of the flip—flop 962 is connected to the
clock signal 4) 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 CS/RT§ signal at its Q outpgt_,_the delay being a
function of the clock signal (D and PX inputs to the logic
elements 954.

The DATEN output of the data chip 54 is connected
to the input of a NOR gate 964 having a grounded input
and an output connected to the enable input of the tri-
state drivers 966a—h connected to the DO output of the
RAM chips 104-a—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 (CA5) signal. The flip-flop 970 is clocked by the
output of a flip-flop 972 which is enabled by the P—X and
PX clock signals.

When DAIEN goes low, the output of the NOR
gate 964 goes high which turns off the drivers 966a-/1.
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 1040-}: 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 I/O chip 50 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 I/O chip has inputs
MXDO—MXD7 connected to the microcycle data bus

66 and inputs 1 and IORQ for the CPU control sig-
nals READ and INPUT/OUTPUT REQUEST, re-

spectively and inputs for the clock signals <1! and 5.
Outputs POT0—POT1 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 SO0—SO7 are selectively coupled to the keys and
switches of the keypad 18 and player control handles
12a—d of the switch matrix shown in FIG. 8. Activation

of one of the outputs SO0—SO7 results in signals being
received at the switch inputs SIO—SI7 also to be more
fully explained later. The I/O chip has power supply
inputs VDD, VGG and VSS connected to +5 v, +10
v and ground, respectively, a TEST input connected to
the +5 v supply and a RESET input connected to the
extension plug 77.

The CPU communicates with the 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 I/O 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 OUTT control signal which are activated in
conjunction with an input or an output instruction,
respectively. The address decoder 1404 decodes the
address from the microcycle decoder 1402 and activates
one of the select lines 1406-1415 with select lines 1406

comprising eight select lines SO0—SO7. The particular
select line activated depends upon the address transmit-
ted to the address decoder 1404 and the state of the
INPUT and OUTPUT control signals.

The select lines SO0—SO7 have addresses 10—17H and

are activated with an input instruction. When one of
these lines is activated, the switch matrix (shown in
FIG. 8) will feedback the associated 8 bits of data on an
input bus, 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 S04 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 l’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 12a 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
12a. Next, the pot I 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 1/0 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 II 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 LDL1, with the high address bits
A8—A10 loaded on the control signal LDH1 in a man-
ner similar to that for the microcycle decoders of the
address and data chips.

The address decoder is indicated generally at 1404 in
FIG. 73 and comprises a PLA just as for the address and
data chips. The address decoder 1404 decodes the ad-
dress bits from the microcycle decoder 1402 and acti-
vates one of the switch matrix input port select lines
S00-S07 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 INPl§T on line 1446. Similarly, the ad-
dress bits can be decoded to activate the associated
music processor output port select lines 1407-1414 if the
output control signal 0717"? 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 SIO-SI7 inputs.

The pot 0-3 registers are indicated generally at 1424
(with the least significant bit 1424a 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 66d. 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
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1555 is activated by addresses 10H-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 I/O chip,
respectively, by a buffer 1456 (shown in greater detail in
FIG. 81). Each of the output lines 1434 of the PLA of

the decoder 1430 are connected to a register select input
4 of each bit of a register of the pot 0-3 registers 1424.

As the counter 1428 cycles through its 4 output states
(as it is a 2-bit counter) the 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 1442a 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 <I>
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 14-02 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 1
for the outputs of the AND gate 1530 to oscillate.

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

The master oscillator is indicated generally at 1470 in
FIG. 73 and comprises a programmable counter which
can count up to FFI-I 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-I1 have inputs 4 and 5 for
the clock signal <1! 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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(contents of Master Osc. Reg. 1472) + 1 K“
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 l472 is connected to the inputs of
the 8-bit adder indicated at 1478 which comprises 8 bits
14-780-/1. (Bit 1478b, typical of bits l478a—g is shown in
greater detail in FIG. 92 with bit 1478h 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 1488a—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 1556a-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 I484 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
1559a 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
8-unit circuit, which include a programmable counter,
indicated at 1570 (with a unit 1570a, 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:

F, =L2(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 LDLI and LDHI signals for the microcycle
decoder 1402 are generated by a generator indicated
generally at 1690. The generator has inputs for the
clock signals <l> and 71-3 and the CPU control signal
IORQ and outputs 1692 and 1694 for the signals LDLI
and LDH1, 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
micro-cycle decoder 1402 on the signal LDL1 with the
address bits A8—A10 latched on the signal LDH1, just
as for the address and data chips.

The video processor allows the easy manipulation of
pixel data to be written to the display RAM. With one 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 20001-I = C3]-I
Jump to address ZOUOH

ENDIF
Clear all system RAM
Clear shifter
Set timeout count to max
Clear music ports
Set vertical blank
Set interrupt mode
Set horizontal color boundary
Set color ports
Activate system interrupt routine
IF Address 2000H=55H

Menu Inx<»Cassette menu
ELSE

Menu Inx<—On board menu
0 ENDIF

Call system menu routine j__j_

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__..j 
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 4- menu inx-H
IF title (menu inx) :,vE zero

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

Display "1’ 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 _.j.j
If time up for round

Exit
Go to STRND

Else
If Death Flag SET

Exit
00 to STRND

Else
If Player 1 or Player 2 Pot moved

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

Update new velocity
Else
If key depressed

Coffee break
Else

lf 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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$186 LE1 1&2? DH-B (‘[f.1,(’l{1l"l{1[’£'I 5 RH'{iED

018?‘ $5 1828 DHB E1E‘I[1l'4{1['I’.4(‘Vc= 5 EIJH

3188 E9 1329 DEFB 111E1(1E|[‘l'4B 5 SE! HYIE
B189 (13 1838 DH-H 11E[‘flI1B1..1‘FI 5 SH H(l\‘D

Biff! (I? ‘ 1831 DEFB 11E'2|£i11.1.B 5 FHSK ‘I0 DEl.1fiS-

1633 5 lNTH:'|.|F"l k‘Il.|‘llH!-' H4-I. Wl~.R‘fl-f€{|W
1334 5 MEI D(]I.’Sh|’1 NFNT 'H'.| HRl‘|l* THFIR [NH

1835 5 IXH-i 4 SEYIH SH? f1’11,NT£-.RS IN GT9-3

0188 F3 1836 HI-[ZT]N: Ill 5 lflfl-. [I-MN .‘-[NE Ii-. IE [FF
9188 F5 183? PUSH HF

9121) LS :1.[’l'.<8 PU‘:-J-I BC
915$ D5 5.039 I-'U1'-H DE
915?’ I-5 .1(‘|-".8! PUSH H.

9198 I-lfl .1945 1H 1‘
8192' I<F(4PI 194?

M94 H54? 1843
01% KHIH H144
019$: l.~3T4I- .1f,1é'o'

81961 ‘_<E’_<v‘. 1846

81%: W11‘ .1.£w
H191» (1W5(«4 1(1~*.:'*.
mm 05-!!!» 1M?

Bim £'l1'r+(151 1Ir5l1
81% F1 HM

0187 D1 1852’
OEIHF5 (31 162753
Gift‘! F1 .1854
Min FF! 1.855

MR4 C9 1356

1858

1859
1&3
1&1

1962'
1%?

91FlI f'<l-IF-"F14! 1864
O1!-F FEM .1865-

81B1. Cfl1.‘3?8 .1.Lt’~6

MR4 XFFCQP .186?
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s.

s.

.u..I

[D 95 11118. SI-R. 8
ll) 15 F1
Ll) Pb 2&1

(MT (lNl.lN)5 F1

ll) H5 l'lH!-'-5.‘.-f’-5 PH

(|U'| (INH-5K). H
(11! I. HM!-I
I h l:,(1l-H

[HI] 1 H1! Y
PIP H
PU‘ DE

PI!“ BC
KP H-
E]
RH

Rflfllflzz Sl>.NTR‘1'

Plld'[|E'-E: 10 ml‘! I"-[R (1-lfflfif 01> F$(£Kif€fl‘l STFHIIS
IN El'IHI:R H-F P[.|R1.‘- OR 1|-I 'l'l|1l'.k-(I|l.|l'l'|[-RS.

IN FIDDITKIN 1'! (TH-ITKS 'llH(l.|'l HR LUKE PERILDS [IF IN-
FKITWIW.

4,301,503
106

5 UH>H'H- HH'!l|L|’|U'.'-III: FM! F»!-_'[Il'IH‘.‘fw
5 U‘_'-f- [I30-3

5 MC (IH1-.<

5 it IS VEIZKR (UT HHG SltT??
PENIRV: l.D F15 (SFNHE)

[P am

JP 2; 28134

LD H5 (THIIJT)

5 YES - Jtlf’ CIJT

5 U!-CK IF TlI'|E- T0 Bl.M[|1.fl
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'.-'.'.4, .

018? H?
0138 2828

B13‘! HF
611E174 R
01.81: D315
EI1El~‘. [3216
MCI! &1(IHEi3

0183 [~D?9

M5 1870

ME? 11148?
mm (I>F4(1(:

81(1) LIE-B1
8106 EC

81151. HIE‘!
9103 FDi(6£19t4i1

810? FR
8108 ?f-I”-MI"-'

amt: $5218-1+

MDE E11.&E:(48

BIE1 I-.DF:.'<

81}? FF
MP4 (3

Eflt-15 [I)E[f1.'42

81Et: Fl)‘/YEI9

(MI-F4 FD?t4f1?
81F}. H-.1.2<
MFE4 D8

81!-‘.1 PHI“.

am 09!
MP4 RH-F
MFG f<?.t>.I?4+
9I1F9 (:9

O1]-‘H I:-mt
B1F[‘. mo

OIFE 2018

02514 CZFWI4
W83 C3738-1

8286211
823'/KI

@8808

928981
@1418?

82?€<E4E18

0290 FE!
84

GM‘ 86

8218 [11

821.1. [15

021?. EIHEI

0914 RF

8215 31-

I

1668

1%-9
1.878

.1.B?'_<

1.185
1 1%

1 1 [17
1.1118

1118
1.111

1.11 2
1.113
1.114

11.1 it

111?
1.11 8

1.119

1.198

1.1 ?1

1.1 5'1’.

1.124

1.1 25
11.76

HJ7

PPIZBK:

PHLP:

HCLI1 DR:

1 TEST

(Jill:

[R H

JR NZHTI-.51-S
Xtli Fl
D1

(17! (V0. C). H
[111 (V[lJ'1B):fi
LD E’-(LEI! EiX+8*2‘Sé-

5 PFIINI’ IT BLFKK(HT ([3): Fl
DJNZ -2‘,

LD DE. FIKF.-'1’S
CPU. FINDL3

CF11 TTEST

III F!
JR N2; FPI2I:IK-$

LD (l‘1‘+{'.‘F.IH). (1

E]

L!) HL. ([:£l.|..S1)
LD ([11 l ST): Ht

l D BC; B{1[1H+L1Il BX
(MR

XOR H

I-in

('.2F1lL.TRtH(

LD (IW-[1<F1).H

lD (IV+cBt<).H
L? SKYD
RE1 (2
(LP PUTG

H-1 Ht:
Ll) HJHF1'H

lb (‘|]H(IUl).-H
RE}

U1‘-HI SCH.

DH-H P!l;Hl.(i

DEHI an an

4,301,503

.' TIFF 10 SI-MT [INN

}

I {I[l.ORS FUR F-|.|T|.lRl~

5 TLRN (FF S(l.NDF-

GI-T SHVH! C[lI-(|f«é,'.

5 RESH 1|-I-. LZOLURS

5 STI’-W (F (3H.(1l.l-MIR

5 S'1'STl.-H R[l.|T1|*lES JlI1P VEITIIR

E-I1.l»NT:

(R6 2511*!

JP 1111-?

JP 11!’!-IX

: DEFB 28H
DH-H 8

DEFB 8
DH-R 1
DE-H4 7

DEI-H LRFLIHR

IJEFB [1'F{4H
DEFB 4

DE!-B 6

DH-B 1

DI-H-5 '5

DE-I-H SHi.[iHR

3 H.l.KE't'S HHSK
FKEVS

Page 140 of 237

DE FR Klr-H
DFFB KPH

; DUHI1-"R & W511‘.
; DFUHR

108

; mu. STIR? DE INTO (iT[NT[-HI IifE||.|T]H¥.
5 HFIIT FER S(l'1l-'|HIH'i 1[| HHPP1-'.H
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321.611" 1127
am 21 1.123

1.1.311

11213 mo 1121
1112111 1111.11 11.32
1121c 1151.? 113:1

112.11’ 4l>111'.*-51.7214 1.134
11227 1121 1135

32:11 :::q1.1111s 1.1.35
a2:<-1 as 1137
ms 2:1:>111we 1.1.23

3231' an 1.129

11.11
111::

11.13
11.11

1115

11219 .1115

32-1.? H-1 1.117
3911 c1171 1.1111

1916 23117 11.19
0248 711 11:11

11219 EH13 115-1

0211: 11.52

11210 :1‘ 1.15::

0241: 47 11.51

3211' uwr.» 115:»

(1252 EB 1.156
11253 Lima: 11:?

1159

9256 (11118 1.109
09512 391.111 11.61

112511 71» 1.1.6?
(12511 27-‘ 1.15:

a= 5.164

5251) 71: 1155
0251: at 1166

11251“ 67 116?

8268 23 1168
8261 cm 1169

a2s.‘< 1:9 11.711
11254 (311.1 11.71

8266 111: 117:»

1129 1:323:13 117:1

1175
1176

1172
1173

1179

132611 11: 1.1311

1129: as 1131.

EQGC 1:5 113;-

$26» 47 1133
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$301503
109 110

,,'.J DFFE4 3H1
DFFH 3|-H

5 HFHD (IF (l~lH{‘l"ll~!l> Hl-hll
GUNINK: |‘>H-"I11 l.:l1L

DE-LH-I Pl-£1.11’
DEM [if-STR1

DFH1 ’|'iF-IX SIIURE.’
Dl-"H1 (4

DE-H‘! '2 [F PLH‘1'l-.k‘F-’ ~

DH-B El

DH-11 ’I [F IiFI‘1E':-’
D!-H-1 B

5 Mil: (IIM-Kl N19-K '|U IJHJFI5

i H‘!-‘IN: H 1‘ J(|'v'STll'.'K |'|fl$K
; (2 = HOP S1H1l|':'- (HR H W BIT SH 15' FIG’ W':NTH))

5 [I6 = X POSITIVE bl-.I.'|H

1 H -’ V PUSIHVF !'>H.‘|H
I'l‘fl'D: [Till l'2(II?l. 5 i'Hll.l~ V

EX Dbl-I.

BIT H'<Fl.f?:[Z 3 HI? Sl-.T?
JR '/.l'l1'1l)2'-S 3 ‘IL-3 - D011

LD KB 5 III - GET NR
H15 2
JR ?;M'I’l71--9

CPL 3 IIM-R1 IF NOT Hrfildl
|‘I'|'ll)5 L0 B19

|'IHT|)2'. Cfll [INU-‘L 3 PRIITESS X

EX DER

JP S’l'|'l.DE 3 SIIRE I-l..{3l:' M) WIT

i S|.l‘-k'[lJTHl- T0 C(l'l)lTl[H-[LY (1||’P|.FH'*NT {R YEW Hl
['1}[iPl.: RRC B

JR Il:.U0t[!1—$ 5 Jllf 1F K111?
U) M.
CPL

LI) 1.9
[D RH
111.

Ll) H.l-I

1u:11
RRC 8
RE!

CUNC1: RRC E1 ; OWN SET?
RI-.T I: 1 QUIT IF 50

JP (III? ; JLIP T0 211:0 l.I_r1'

; NFM-.: S(1~d.'I..L HEHIIRV Bl.{.1([1(

1 INPU1: B - 111111111: 11-’ 1.111115 10 S(‘.R[||l
; t‘. -A Nll-IHER 11F HMS [IN 11111. ‘H! S[:R(|l.l

; bi’ = LIN!-' lNt:REHIf-.111’
1 It - FIRSI‘ LINE T0 51214011.
H5-(:k0l.: xuk F1

H£~t:kI..1: PUSH K: 1 IIIINIFRS
PUSH DE.
LD B11’-1
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(4?t'~E [>8

026$ 19

8.9714 F5

(1721 HIRH
U2'f_< F1
8:5‘!-‘. D1

[:1

H2762 1£1|i<

827%: {'9

8295 RB
8596 P3

EQ9? (‘.5

8291: £161.43
. ~: 89

(1298 [I1
62%: H)

021) ER

825*’ 1B

51??!" 1?
E2114 HF

B?H.'<
(4295
£1?!-1? RI:

82113 5!?
61.911‘; $411-H

Wm: H

£1?!-111 YE!’-F
(43111 [:1

1.184

1.185

1186

118?‘

11824
.1189
1198

1.191

11.9.9.

11.94

1195

1.196
1,197

1.138
1 1.99

19%
19131.

1.282’
1283

1211-1
1

1 2%

1288
1.299

1.21.8

1211

1.?1 2
1.21 3
1 21.4
1.215

1.21 6
121 7

12.1 8

1.219

11’.?£1

1‘?£'.‘1
1.2’EfZ'
1?2'Z<

1.224
1 1'25

1 21%
1741!?

1928

1.279

1 ?.i<(d

1931.
1.?I.<2

1 ?'.<'.<

1."T<4
1?i<%.
1 716-

1 91%?

1 Pick

1 ?.L<9
1 ."r‘.(4
1 CM. 1

‘$11

5 NFNE:
; PU1\‘P1|SF:

HXINHI:

5 111-111‘

,~ Hmex:
RE-JN:

31!!-l’|E:

BUIW :

DIV1:

l3lV1'.:
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1-! DEM

HHJ 11.0!
PUZ-l-1 H

|IJ11(

HP H
PII1-' [L-E
PUP Hi:

[.-JNL’ hf‘«.(:I-11 1-1-
H-1

3HI‘

P_(P
HP *
PEP

PEP
PEP

PIP
EX

RU

a¥s$;:;
Iii) IJIVIDF,

(11 l. UNHIIC

l-.X (SP),Hl
PUSH I-1“.
LD B.E1

LD M3

Sid C
mo 11.30
[D (1.8

EX DE-1.Hl.

L|)lR

HIP BC
PIP DE
DEC H.
EX (SJ-').Hl
PUSH B13

LD HA1
FIX) 1-l.Bf.:

PUP P1;
DEC (3

EX lib!-ll

DEL: {IF
DH: DE
X014 H

91’S'Il-H Nun

SH’i«'It-I11 1.-H1.-1‘
JP E:,h1VT<-$
mt‘ H

DHH
JR Pf./.I’»l'J:'-1

PW HI

ID (Hl.).[1HH
HIP HI;

4,301,503

1 F111) INU-<H'I-.NT I0 LINE

3 '(2”[}’.f-1}’!

rmeu lN‘Il-kl-M-111'! I-XI"! mm mmx1' urs1us<r:
uun uni-mmuo mm In HUAE

; mun um‘ um mum

mum H<msvs'nH1 cm

RI-.1lRNlNf_v' In usH< HM: k1.L5T[Ik'f1'IlUH u= s<s_u1sm<s

; RHLRN mmszs ‘to Hi.

‘ STK=RH|.|R1'l. }{—‘f.|.‘l1 Hl

' G1-NFRHTE 1:|'J.1|1’1ll.H1(|R

‘ H. -" F121,‘. TU‘ = F1132

'|'l~ = FIHG1. DE -"~ FICC
‘ 11 = FIRG1. H1-l('i+1

' ¥* FIX *1‘ ‘
‘ H -' Hkiiii. TU-’ -1‘ 1-'I¥::[i1 HHIJ

' H. -* F1(1(.I+Sl7i/I1

‘ N‘ FIX ** l.‘FL3HF|11:HT F-l?E-.

' M «‘ Hklii’. M‘ -" H(.I[.2. T[|l' * Hf-1'11!-1.1-I[i
' it HX *1

' 1-Hi?! *‘ -11%?‘ (1113 [.IIIf‘1P)
' S-UHTI-’.I'11.T'| Ulfl 11' E’-{|1«fk'[|N

' UR UNIII. HIE!’ (1f.11.|N'| ') Si!

112
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I1.’.‘H| my?“

(«PM

HEW

E12823 !-‘.<
$286 28
8250 ‘N

02%? [-3

0299 ('0
EIZHH Ii?!-'f<

E1990 [-1

am) [:1

1855

BZCB DDEI1
821? H-
0283 4!-

EIZC4

3206 EB
828?

M3 B

021'}? 67
0?(‘I’- 6F

$2113 78
9200 E5

CQIIT iflf-"D

82118 4?
3201 39
91202 (5

0203 E5

3334 E5

EQD5 I-I!6€'-FIB

8208 I-D61-(*iH
CODE: 48

OZDC DDF9

BZE1 7E
ML? ?3

K2!-ft I-3
M-I4 H?

8325 258%‘:
83-1‘! I-'3
BEER

89!}: H7

ME: RD

B.’«}‘(: 2?

8??!) :14-9
024'!" FR

EQFB 1'3
B?!-1 I-3

955-? M1

82!-‘ft .”fr!E-('1
€I?f>5 H
E1?|>(. H

13’/SI’

11"?!
.1.'''‘.’!
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‘g.

113

MW‘
JR WIN’--$

‘~‘v"-IH1 NHJ
.‘~V.H1l-N I'M-II

I-X (Bl-').Hl
DH: H

1.0 (I-I..).l-I

EX (SP).H.
[IP13 1;

JR N2,l>W‘1-1»
Pf!‘ H.

Pt!‘ K:

JR DIV‘.-$

4,301,503

5 ll ~‘ Hklii

5 .‘-FM.‘ HE}-KR IN {RG1

5 S|.K4R[|UHNi. HI [iFN§-RH'lP K1111! HHR (N '|h1-. S'|l'-[X
(flflf :

H111

B[J.':I'iL :
Pill 12'

I1ll.1I<:

Pill 14:

Pf!‘ IX
XIR H

U) C. R

S-VS1l:|‘i IIFIBS
EX DE. H.

S'fE»Tl-IH IJFIRS
EX DE; H.

[D H: H

[D l.. R
U) H. E1
PUSH I-l.

DJN? |‘I.H5-$
Li) B. H
F00 H.» SP

PUSH BC
PUSH H.

PUSH H.,

W H; (W1-(,’E=l-I)

U) L; (W+[lBl.)
[D C. 8

JP (IX)

50[~[Z]l’fl. Hl.l.'HPH’

[J|E.')fIR(i1; f4l.f>F1!~:f:7b B-‘SIZE-L/IfsGlVE.N:

5 W1 ll-.

ifiitfi?-'F1FfS Vflllé

iFLFl3—'1. IF Nl-[i fflf» ['.l$E PUS-

3[HFRFl'|‘F HCC [IN .‘:-‘NICK

IFGESWURE SIZE

i SH‘-fl: SHIN
if-PM SH-[IX P01N'|F.R‘

553% FKI; PCIINTI-.R

;RE.‘-T(l'\‘f: HRH‘? P[I1N'Il-IR

; (SIYI:/If-5 HS-sf-?U!'I'l>.[! WEN)

JRFTIMI-.D: Fli.‘[i1-‘f-IN.'i'-H!-Ii. (3')?! (IN [M-Id-l.(JH
J

(111.1 UNFICI:

U) H; Oi.)
INII H.

EX (SP). Hl
HI? H

JR 2; HLLT4-$
EX DE-I. HL

SYF-TH‘i DFIDD
FND Fl

DEC H
I)!-H

JR N7. ml T..<-S

FX I-‘E; HI
1M3 H!

H‘! (SP). H
[H2 {T

JR NI’, MUU1.‘-S
HI-' HI
HIP HI

5 Eil>NFkFl'H*. HCITIJI1

if-Ffll '| IIIUP l'.'£ll*!T

EH NJEC Hfif;

iIF FF'£1. SKIP HULT LUIIP

,- £1.51-. mum
; um mt mew an

;Df(IlMHl I.1I-lid-Ht-N‘!

:lN£$.'H*1fNT l>f(‘JHF1l. H{f(.I

;H1')Hk’.f-'$”'

;|<l'-SIUH .‘~IHH\ P1||NlH<

114
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4,301,503

"M “L 115 116
E1?!-Y (I1 ’ W111 HM‘ .‘ l-'H'IU|a1- SHN

‘£12142 lb 1101' . PU.HH 1:1-

BZH: (5 1.3113 PUSH +1;
8214! 48 13114 I.D (,3!-I

E1?FR 96111 1'.<I1‘:a ll) HA1
02H! [1139 1'.<[16 SR1 I3

82H 09 1387 Hub H..l-It
E13115 (371. 13118 SH! C
8333'. I-I)!-I8 1i.<(19 [NR

8384 (I1 .1318 PEP W

B385 (5 .1311. PLISI-I Ht’; .-llflrtk FIR (NEW! (IN
8386 (1-I38 131? SR1. B
03118 H» 1.313 Xtit H
I889 ('06 1314 N115: FR (HI)

$135123 1315 M‘. H

BE‘. 1871; 1.31.6 DJN2 mm-s

83?!) H? 1.31? mm H ; S-£1 HHCLS
838$‘. 2£'£\.'< 1318 JR 2. rl|.1?~$
(I318 3%}? 1.319 LD H.(+FH

3311', 12 1.3211 ll) (DEM!

3313 (:1 13:91 H1117: Pt? Bi: ;l‘1-Ft'1< SlEiN HM!
9314 I-1 1.3:? Pi? PL.

8315 (1141. 1.323 DW4: BIT (M: HI-.[iH1l~i FRG1. IF NECESS-HR'f
93.1.? Ma .1..'.<:*4 JR Lmm-s

831.9 1.35 SYSTH1 H1105
E13111 E1 1326 HI.l.1E.: PUP Hl ;RF£~T{IR£ URIGIHH S-‘IH(1( HJINTLR
0311: 13H) 13?? NH? W116-1
8315 (.9 1.39.9 RET

1.313 ;B(1) SlJBTRf[:1’ 1 1-‘DU
1.338 5

1331. ;t5WEN: DF>HRl+1. H..I>I'-‘Riv?!
1332 ; B==S1ZH?+1

1.333 ;RF.‘l|.!I-:NI-?l.\: HR(+1.=HNSl-lF.k

B31F 1.334 EIIJSB: SYSTI-I-i HiD[H1'_‘.

(139.1. EILIIHD: £?S‘I‘l-11 H(1'»NEu
11373 [-3 1336 Ex II-..Hl.
SE94 1_'C<? SVSIEH HFJIM-.11

E1326 EB 1.338 E): DI-)1»:

83??‘ 1.339 SYSTEM I..~i+1:L\
1.34.3 ; FIND FHH INHJ
1341. 5

1342 5

1343 ;D(-um. SIGNH) H+.1':NI1UhE
1346. ;

1.3-15 ;li)Vl~.N: l>E>HRti <1.a's tj:1Iri*Lt»I1LNT)
1.3-16 ; H-Sm-/3+1
1.347 ;RrT|JP3lEl1: HRS (SIGNHJ l1F[iN|‘|l.l)l.)
1348 ;

$1155‘! 68 1349 ‘.4-D.‘.Hf.i: 1|‘) [.8 at-l.>H|-ztufl-1 (SW4 mm
@3111 2D 1.',<.H{.4 DEE: L

(13.91: PSHIT4 .1'<.‘w1 In H.[1
(120919 1.1‘.-1’ HUD 11.1)!-

E13Z1- YE 13‘.'w3 H» H..(H) 511-‘ P08 (S-l(:N NIH!-<1 Kb)
@311 H-'58 1164 (1! E1411

(1331 I114 .1'<‘.\5 NH" [2 ;H<!1
E4333‘ FH 1<‘.w'~ I-X |.+.HI

t1i<7‘< KH141 1'5." ‘~l'-I181‘ H‘ H. (1 ;H‘~l~ .1I1'S (fIi'1HH‘1+N|
0.‘<<?~ 9+ _1’<.‘»s: RHI H. ml )
03% I"! 1 N4 Mm
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633'! 7?

014122

8326 191-}:
$33!: 28

9331: 7!-
BZZD I-féfl

C1324?‘ W
6348 [3

0341 68
0342 $1)

8343 2693

8345 1.9
9346 (WE
0348 [38
9349 Z<6l'1B
8348 EB

E1340 HF

834i‘) REF}?

834F SF
8358 Z’?

8351. 77

8352 {'3

03.57! 1E4F8
8355 [33

0356 68

(135?

3'59 21>
83:18 19

8311: (147?
8350 [1-'4
935%’ 36%
BIG’-F1 I-’[I<".(4f~

83$-I< ($9

024-4 48

836.5. ft‘-F11

1369
1X61

126?

126?
1264

1365
1k66

1267
1368

1369

1378
1371

13??
1373
1374

1375
1376

1377

13?3

.1379
1388

1X81
138?
1:53

1384

1335

1386

1337
1388

1389

139a
1391

139?
1393

1394
1395

1396
139?
1398

1399
1488

149d

148?
1483

14fl4
1485

14fl6

148?
14Mfi

14fi9
141a

1411
141?

141k
1414
1415
1416

141?

1418
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BUNHI

smn :

Hanan;

Nfilfiu

K1118‘

I D (HI )1 11

IN? N
IIJN7 SD?-3|‘|f.i1~$

Ill (2 1'!
LI) H. (H >
[R 891-!

U) (H). H 1
RET
5

LHI! SH .S)(iN H11

;|:l1> fl-liH'Il~
1

5l'iIWN: DI-I>Hl\1S (firlfifl-"D HWNIWIII-7
z 3‘-‘Sill-T/1'+1
1RETlI\‘Nf|)'. Fkfi (1(1’S (INN WIFN1)

W L. B

DEL’ l.

|.D H: 8

F00 H4 DE
BIT 7’. (HI )
RET 2
LI) (ll); [4
EX DE. I-I
XIR B

[D H; 8

SK.‘ R. GI.)
DWI

LI) (H. D» H
111”. H

DJNZ |?|fM['v'1-1-
RF!
1

;$I.}W<[‘fli1-1 (SIGN

JEXIT IF P05

5 CILEFR SIGN WT!-L

at CIEFR CIIRR‘?
5|‘:L‘«E 1.£1'S C(l‘f'Ll-J‘l:|'~lT

3 IJECIIH. HR!-ll..l.|‘I L

|)f,)Hk'fi (SIINHE l'lfi(iNlTlfl)
1 B'=Sl2i-./1.301.

5RETl.|R1l.lJ: fL=C+1. IF SIGN HIT (?l.H|RI.-D

;fiWFN:

1

LD L,B

I.D HA1
Bic L

mo +I.,DE

BIT 7.01.)
RH‘ 2

ID (HM

M: (W+(:BL)

RE1

55(1) (IH‘1N(i!- Slfifl

;(il'v'fN’ I-1!j>H!~Il': I-1”‘-15?/';7{+l
; (F-IHNH‘ HHIu1.'l IUH)

;H'|U$‘N||!: H1'|i'~Ih1.'i-ill lllfli-'|‘H'V1N1|'|'

lb t,H

ID M4
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' 4,301,503
"-:4‘-«.34....-. .1. .>,.-m-_-e 1. .

0367 K:

8368 E6!

0169 ‘IE

3368 I-"F30

03$‘-[3 TI

8360 (39

339-1 if
8361‘ if!

8378 8%
937.1 27

B372 12

(1375 13
51374 Z!

512475 52158
837? I-E99

$379 17

B378 2F
B378 FD?’/f‘I‘E,<

037? (I4

3371-" [-5

8388 2'?!-_F4F
B38.‘.< (:£.\fI(I4il
H336 E111"/(«M
838!-»' E19

038$! SH

838?! 22144!-

83f1*. ?F'H".f-
8391 SF
GKH?’ (1>fl(‘.l<Ii‘<
91395 19

33% ?:.'r'_1éF
8Z<9Y~.' SH
839M EB

BI<FJB H

t1I<E4(: H?

E1261) I‘.F
E139} ‘(H
P139! ::$+I'r=

(—1f<H1 Hr

Bi<H;' 19

0.'<fl’.< REM
E13!-lb 202;
(1336 K)

03$? M-9
E1239 813.1118

.145.9 |* I:
141'? MM") H.H(:

M151 ll) H. (H ) '

14:’? We 5-H-I

54533 ; NH’!-: SH Wil-
MIM. HF-HR: [D (I-l.).H
1.495 RET

54% ;
141'? .

M28 sDl:[tll’fll fax:
1429 ;

1438 ;GlVi:N: [J|:..‘»$:R[i1 Hl.'>Fll'-(Iii! (5l4’S~ [U11-'l.!-.I‘I-.l-£1‘)
.1435 5 B-SIZE-./$'+i ‘

MI’ ;R{-JLIRNI‘-.11: Hkiix-HN.‘.l»|'[-J< (W's (KM-'1.lI-11-N1)
1,433 5 ~

1434 SIIHDD: XOR H

1435: ‘IDFIID1: ID H,(l>E)~
1436 I-‘DC FMH.)

M3? Dffi

1438 L0 (Dlr),F1
1439 INC DE.
1446 M: H

1.441 DJN? ‘:'»DHt3Di -$

144? L? 99H ; H I-IX Int

M43 Rm 5 ti FIX *=I=
.1444 CF’! ;v M FIX *4-

1.r‘.45 ID (1'f+[IHf-lHG), H 2 SI-NI; I-.¢flIZ1< S~'IRl'|.If-. I-REM |'>1-My
1.446 RH

1448 ; Nflm: RFHM-D r:Hr4m.-n HUH+".!-.R
1449 ; INPU1 Fl - mt-ital.

14.58 .' f.IlfI|-M1‘ F1 - RFNIKM NUl'1HH-3 -I1 ‘:0 k‘HHf.at—i)
1451 HRHH‘[i{-7 Hr.’-.~H Hf

.145? I In H! , (KHNF-HT)

.1457. ($11.! E-ZHH-H-I.
M54 [D Biz. 1'3
.1455 H0!) H#.Hf.1

.1456 HDC Hm

143-? I I.» (RHNC-H1 L H!

.1 458 {D H .. (I-?.+'1H'.3.»H‘I +2‘)

.1459 ID EH

1468 (281.1 SHIHP
146.1 1-(ll: HIM»

146:! lb (PHN‘.-lH'I +16) . HI
M6i< ID Inn

1464 I-X I)!-.H1

.1465 PUP Hf

.1466 Huh I:

.1-167 ll: !:.H
146R Ill‘ H-ll
1459 JP wk?-§

14.44 .\'H¥‘ H
M‘/1 N1‘ HM) H1.H

14?? JR Nlt. R?-Q
M75 INC H

1474 me: DH: [1

14'(‘:- JR N2.k1-it
14% RR: JP W-.'[I(Js
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0338 44

KG!) 4!)
8'.§ff. FF

83!‘!-‘ 1687

E1381 5'3
C135’ 1?
(BER 15

E131“ 2‘t’H-I

8396 E99

838? 88

935% (3

8389 FR

8388 71

B381-6 23

83K: 76

63!!) 1'3

938%". HF
B38?" EB

E13l';f1 (H-‘4

GEE:/. L5

83(I'.< I25
01:4 47

B385 EDI-.I(1

EI3ti’ E1

E|3f.‘&= U!-.2.’E:
E|3L'H E19

E4241: C1
Bf.<I‘1_I 1f‘|Ff‘.

EC<[TF (3

0'41 BWI

(430.1 WM
Mr‘: Er:

BZW. Elm

63!:-E. DIM‘

Pv?II~$t I"?

OI.<|).‘! 5!-

.1 -17?

1 478

1 479

1453

1.481
1 48?’

1483

148‘.

5.485
1486

148?

1489

1498

1491
1492
1493
1494
1495

1496

M9?

145$

1.499

1

if-(I?
15E|'.<

,1:-[4-‘S

1':-Eb
:i 586

1.56?

1.583

1':i ' -

1&5 [1
1.515

1 51?

.1S5v‘.

.1515
151 q.

1H 1’

154 3
1539
1:1'.’~i[1

1h;"1

15.’

1 5134

1
5 S.’-I6

1.5."?

.12-?8

.1

1 52¢
1f~‘_<1

3 Eric?
I !’.11<f<
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SHH-‘IR:

H‘-ll‘!-2

INPUT

3

3

I

i
E
5

Hf-H‘/E1 :

; l.'°i“.!

N01!-S:

1!) EH
ID (bl

X“! H

ll‘: DJ
ml)

RIH

DH: 0

H10 ..
we H,D
RH

WEE

: H. '—' SETREEN FIDDRFSS

DF = Fll'-if-H RI)!’-‘RFSS
B8 = V.X S12!-. [IF HREFI 1[I S-FIVE

TH!-. FIRFJ W0 B'1’TF.S [If 'IHF Sf-M-. PM-"H.
l-X DLHL

ll) (H..).[’I
INC I-IL

LD (H.),B

IM‘. HI.
XUR Fl

EX DE-Z..H!.

ET-.T 6.H

PU:'r-H Bi:
PUSH H!

H) B.H
Lmk

PUP H

lb l:.l-.¢‘:"1l~.!-'1.

HDD Hl.|-iii
HIP Bl:

ILIJHZ i-ii-Hy”:-..’1--.$
HFT

558 XSIZF

5 SET '1' S12}.

.: SET Hill-MIC-](. F1I'J’.‘fciI..‘:-1'-

: H'~“[i.':1"-'.- [||J'H’U'l H9!-fl 5~E'Il.l“

J |"|.M'7"T--Ir. '|(| SE"! l.|LIl‘l1L|H: ‘VI RH. HI;

I IHW1.‘?-: H-'H[I1-(LB; U-"v'l'.|t'Hl.u H~'lNf'il'l)

M’--}.'|‘.11’: ll) li.- H|'.|L'[1‘- ; (ii-"I I’-Hf-«E PIR1 NlI‘H‘.|i'
(MI ’.[').I’- ; HUKBD
INC [3 ;

UL” ((i).l> 3 W-.R1'1.
EIUT (lN1'!'L|[?); H
RH

Nfll-fl- : 'll~.‘~1 I-(I2 ‘lkf-IHSIHWS

H|H".J![fN: HI IEIWI HRH (II-if}!-{GS IN HI HMS GTE.
PI~'IU!-fN'-- 7 H‘ [4 N0 I'.?HHN{il

H: r

D = H
PUI [1-'3 (1-lH.‘l(il- I)

.‘-ll-.[i|.'|L'D.‘l [P

I .1,-8 (Ill!-l’lHv.‘ '|]1'1H?1YN HH H

F-‘« Klr‘:'Il!1Wlf' (fl-|fiN[ilD (H-‘H-2'4)
; I--16 : 'lk}(iU!J0'n‘§1 - 'lI<!.|'.<
; RHIIRNS NH-l VFl.UE'. IN i4
[:'ll P [I1 E; (Hl.)

TH-' SIZES (IF Hf (IF-JI-I11 SH‘?!-J.‘ 1N Hi.
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(131311 B1(41(+8

E13!!! 79
BED} £1»

031+ 41-‘
GKH1 HR

8314.1 :’EvE1’<
83!-.'< 19$?!

£43135‘ (3
831-I; H1
FIRE? ‘fl

631$: 78

831-9 82

HZEH E1

BZEH CS4
EBH: :'8:'5

B311! 21DDI‘.F

83171 1.6814
83FT< (1J'[19(€|3(

E!3H»' 1614.:

831-8 :'_‘<

E131-5.1 £;(>[rF.4l'1Ii<

831-It 011L144.
83$?‘ 23

84111 1-.'[:'r£+

MK’ 51-
84(4I< 93
8484 1<8‘L45

84116.. i1t’~|}IE.1
8-111%: Icstfi
E14141: Ill;
941+: 82

9461: Tr

941141) 4?
am 79
£441} (:9

E141!-1 inf:
8-111 181%:

G-*.1'< Er'1l-‘->*.1-
E1416‘. 1'!-
U-Hy‘ I_+r;1+
n.11~u ;-1-u.‘

mar um

E!~HI~ 2''.’

1441} 31-11

04:11 C9

8'‘..‘'‘! [-5
I141’? (2[)'r'4(1[1
9435 H1

842%.» (4i1Yl'14

8415! 111.14}-
E14l’(I [-07%
E143’? HF-

B4I‘F 2W.‘.|f'1
E1431‘ E10

043? it

94}? 23

M34 1&6

.15“.<-*.

1.535

1536
1.5"_<?

1.5148
1.539

1540

1541
1.54:’

154.?

1544
1.545

1.5-‘:6
1.5-1?
1545

1 549

1 55“

1 551

1.552

1.553

.1554
1555

.1 :55

.1 55?

1.558
1.559

1 5r3(4
1 5&1
1 561-:

1 563
1564

156.5
1 56.6
1 567

1 56:4

1 569
1 5711

123

(11111-'

(I315 :

WLIHK :

'| H II?

P!-{IT :

|~P‘l U1‘

1 D

l_.l_>

H-CCF1
LD

mo

JR

BC: 3(.11H
H; C 5

(2, H
E 3

N7. [1711 -$
DJN? (I11 IP-Q

RFT

XOR

I. D

[D
I-[I0

PUP

RET
JR

LD

[D
(.311

Lb

INIZ
(3111

ID
INLZ

IN
LI)

SIB
JR
SUB

JR
INC

HM)
l I:

l D
I D
RH

INK;
DIN?’

E ;
(Ht )1“ 3
PH!

H. D

H. ;

2, ‘I SEX-$ ;

11., L1|NT 5

D. 8
(MP 5

D. 8
HI.
[I1l..P ;

Ht; -1EH:1H+F1’.I'| E1
HL 5

H1 ([1)

1%.. (HL) 5
E

(J. PHUI -1- ;
PF lfli ;

CI. FPl.tIP-!- 5
H
H. 1-

(HI ). H

H. H
H. (1

(;

'1!-'l.(|1>'-$

; 1-.'I'_I‘.A.' '1 k {-4 .~.'.~o..«l«I—Jl.-:—-
1 Rf H : ll)

H)
H]!
H‘

PM.

H:

H)

1-H

Hi 1 }.'l"v"}-|'.‘*l 1'
H. (H! F

7. H
2. IN Va--1
'r'r H
'1 H1 in H

H. .‘-5H2 5

; HUI-I '|H«'l Iii!-‘1’HW'lR.l.‘
PU.‘-H H11 K} Y.‘-» '

HSK1 3
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ti-I11
H:

[D

ID
IN

HHD

Jk

hi-I:

INEI
m[:

H-1 UHD
ht. HI

BL. 4[4t1H+Kl- 9'5

lit-., £11-l>I;1(1H 2
H. ([2)

(HL) ;
N2. HSENKR-1
I;

E

H1 5

u.

DJN? HSK1-3

4,301,503
124

(5H|‘flSK "

[1-I-"CK IF C1 BIT 1

WE-K Ill’! 811' IN (~lUf.STlUN

PU! EKLK HIE EITFIHES [IR SEHM5?

(U) RET FIJDR

SKIP [1l.Ifl‘[k-—'I'II'1t-k'.‘5 HM) PIITS?

(il-.'l CIIMTER UHH6 ‘:-'|H‘l'US

(IINIER HI‘!-RS

SHIMS

-) PHJTE1

GE! (HIT

NFH (M: l.|:SS TH!"-IN (DID
|‘l|l.‘(JL I-l1'|UN[:E. H-1{:'H.I[x‘

M-N flT.lk1- '1 HHN ULIH4

Hl. -' KWSI-X

5-I-13

SH I-<l‘| IIINIIR1-['I.l_l|!’flN

Lfl.L'K Htiflm.‘-1 Mflf-K

M-'.X'| 1"(I'<T

HM) l;1l.l|l1H
HM) HHEZK

,_«



Page 149 of 237

6143f» 78

043? ii-'1?
8439 1911+

14

8431? HF

(1439 KFFL
843? ?H

0448 (4?
(4441 8?
844?. 83
84-1.'.< 3322

8444 5.[-.52:
E1446 E5
[1447 HE

844%: 1-6?!-
E|44F| PEIE1?

B44(Z FIE
84.4!) '3'.’

B-14!". E67?-

{145(1 4?
F1451 '4’!-I

EMS? L9

B45} EI5.’L(.4[44
2'3

645/ Elm!

E1459 HF

845$"! 221115
(l445~['i (at:

B454) SW"?
845!’ 78

mm (:9
(446.1 (.145?
@463 P8114?

041.5 mu

046'! RE
&4t‘..*»: 2’?

(4469 HJE1
MAI-' -‘L'r'
[4-‘_h|‘

(HF.-I‘ Uf.
(4~'.e.+ Mai

MI! [.9

047.1 Fl»

E1471! ‘('1

M/It km

84]?) 47
(44%; 7'9

94:’! Pl?

808 {I63}:

616??! (3

1593

1594

1595
1596

1597

1598

1599
1638

itlfl
1682
1683

1684

1655
1686

1637
1668

1689

1650
1651

5612

1613

1614

1615
1616
161?

1618
1619

16?0
1826

55?
1623

1694
1625
1636

. 2?

1628
1$?9

163E
iéki

163?
1 hi‘ K
1644

.1 (--.<’!\

16x6

16x7
sexa

16}?
1648

1641

1642
1643

1.645

1.6%
164?

1648
5649

5 65:!
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HS!-NKI‘

HSl:.N|<LF

125

ID I-Lt:

ll) bSK‘fl
JR HSLNK!--$
mi: 0
mm

JR N[:.HSl-MG!-$
LD Fbb

H.111
|‘x1[1'—1

H00 Fbl:
INC H

[D LSKW
HIP HL

XUR (I-l.)
FIND ‘(PH

JR 2.HFNI':l.|I-.-9
XUR (HI)

LD (mm
nun 8?}-H
LII [MI

Ll) FM.

RH
5 NW VEST HHH1..\1.I-E'-

HHNDi.F: H) HILI, 4£4[1I-I-I~f~;I»Il4

5!-1| UP IHILI Hl.

.‘-.|-MIT I

JINS:

i
I
a

5
I

I

191 H.((:)

Xfli M.)
JR NZ..‘«IdHl‘I—$
INC I’:

DJN2 H-ll.lIP-5
I.D M-I
RH

Bl’!
JR

mu
XII-t

ID
HM)

{Iv

ll:

I-«(H
Silk «(H
RH

Xtk (H)

H: (I-[M-I
IN) K-H
ID tan
lb I-LL:

RIG-I

SIB lid-I

RH‘

4. H

'/r JCNS-$
1E1!-I

(I-II.)
(H! L H

.1'EtH

B. H
H. I‘

HI’!-IX

C-‘W6-'|( F13 IN L‘!-.(:(:1S

[Il|NH.~R 'I1H.-RS

3

4,301,503
126

MHHING IIW

BIT CIINTIER

KW-‘-‘I41 1M

+ (Il.L||‘N
PLUS 1

Kl~‘?BOFld) RH [RN (.:(J{>i.

-) (|’:N(4

(I|t1|"Hkf- HI: 2’

N0 L'H‘1N{v"E

RHURN (1

H-ST '|Rl(i(iH(

N0 IHIG HIE--‘I Bl-. JW.‘-Tl[:K

HUN! (|U'l '|kll'iiiER

tl'DH'lE VHH-'

lilji HI!-5'! MW|HH(
*2‘

MI (WW4? IN '|Rl[i S0 sun Slidlllifl
'lFI(t. [H lkllilif-R

*2

' IM>'U‘I!-1 HI.-.3 ‘l'lH*. L515}. IN RM
' I751 M". l*i[tl1Ul.UY-i

‘ PM-<P[l':1: T[.I DEIJR 'll|'l*BHSlr HI! If (‘I RESET IF IN) DI-(ZR
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S222

B4't'E GEM?!
9488 If1D54F
548k 16%

9485 CI-<33

B48? 3‘Etf’fi
8485! "(E
E1489: 8?

849% 2565.4?-

MSD 311
948% 2?

9948+ Z'£4l:11
349.1. 3?

@454? 7.’

E1493 23
8494 [1-HH
E1496 531-1")

(4498 I<Hl1|1¢‘.!-
84.9}: R?

84511 I<IfD|V‘.l-

M54 [39

mm 2'1}-Mr
£443‘! {.114}-
B*‘.f:?- [.11

MW. (.811:

MW: H-1

(MR5: ?1l'F|".F

WI; 7E
04!!) H?‘
84%! 231::
[MM 25

648.1 $1144
(4433 I25
8484 DDE';1

E1486 [‘D1r‘.(1‘.1

B439 DD!-1

8481‘! F1
MR1: IE6!’

848%. I-B

84!!» EB?!-
(44(;.1 EB

1.€-‘.11

1 651'
5 (-53

1655
1556

1657

1658

1659

1669

1663
1662
1663

iéfié

5665

1666

166?

1668
1669

56TH
j6?1

16??

16??

1674
1675

16?6
16??

16??
16Y9

1688

168?

1583

1684
1 l>..‘f(“I

1 I-st-03
1687
1 688
1689

369“
169$

169?

169k
1694
S695

3696
569?

1698

1699
1?fiM
1781

578?
fl?&3

3?fl4

S285

1?B6
170?

4,301,503
127

TIHEX: Dl-‘[1 (HL) ‘ 5 'lX':[1‘Tl|'[-.’l*'-H.Eil-.
RI-T NZ

ll) (ll). H

' ;{.F!l'1I-.'. [ll-U<i"HFH'l [I||.|N'|H-1

5 I-d-‘SH 'l ll‘!-EH5-E

NH!-.T(S.

' INPU15-: C-‘HH.‘rlK

‘ USHZI H? H[I11N'| HND lJF[:[f'lS T0 DE.[.1<Fl'1[~l‘l'I.‘~ CTS l|NDEk' HHSK
« I-mzr $765-‘.‘.<Z"fi(W ; 11> HIP1 WEN DI-_[2 (I|1"x'f'1'~P£N')lI-{Ii

If H11-‘|'.4 IFFNE (:1! FILUNF ~

‘ NUIF: HLI (2U|.|H1t-Rfi HR} HUN IN tifih HR EH5‘? DISPLHV
l |"iF‘r‘ I

T]|'||P:

HIP:

I

5 t .9

1 H) 8.8 .' NU [IF BITS

ll: H....[:1B 5 -> III [IIUNHR ’Il|'H'<S
LD [M1 5 ‘RFSL|HS“

C 5 ‘H-11$ H|"H(?
JR N(:,HLP-I M

Ll) F1.(HL) ; Lil-.'I ‘H-It Tlftk
UR F1 ; 1S 11 21-311 MARI-FM‘?
JR 2. HI P-1-
lwtz fl

W-I

JR N2;+'5
su-

LD (HI M1 5 SW3: rl-"H VfI.l|F.
IN[: H. ~

RR D ; R(I‘IH1F.S IN til’-(REV H.H[i
DJHI ‘I ml P-$

H) H, ([:llH'I) ; C[l.NTEk L|P1>l1Tl-&l»!éI'il1i.R 1kf|[:K}.R
(R D

I. D (UJNT ). H
RH

; I-IFM-: 'H|'1!-P ‘|-.’(|U1mt- >
; |*’L|ElH|5l-: 'lU {ii-‘l'HIl~ |'~i‘iiii 'l1|'1}/|1|'1UU'| I\'Nl3 HU‘;-III

; lN$-‘ll’! 5. [|U|l"l|lS: ‘ NUHE

2 !."'|T¥" P||3.‘-4. ‘r”1‘3H H>{1Jf\‘l}R'-s (HMIW-Ill-;Hl)
HIIF-."' . H‘-»1-l|1'iH~ ‘\’l'|l| PU‘.wH DH kl-(ifs

ll) |'l;PRH|l-< 5 HI(l(|klW=Hl:KS

I-¢1'| 1. (H ) ill‘!-(ZK IF '|l(.K'~ [MRMN
RH N? I Rf-.'Illx'N
SH .1; (H)

PX DEM

5 *SlXWl'|H 11- H SI-(JEN) INN-Rll’T*

S1 Hl'((|:

Page 150 of 237

A H) ‘ H.:DUki-I"! 5 NJTE '|lW"R

ID H: (H! ) 3 -‘B SKIP
[IR H

JR '/.S]XY-$
DH: (II )

JR NZ. STFKI}-1"

PUSH HI.
PUSH IX

['1-IU HL|Z[IH.|

PUP IX

PG‘ H
JF: SIX‘!-$

E-IX Db HI

BIT 7; (H )
I-'74 DI-.1 HI.

5 -'1'.1 D0 NI-X1 P[|'|l-.

128



Page 151 of 237

4,301,503
129 130

84.6? ?'W4‘r.E€ .1?E'53 JR NZSIXY-9
8484 3!) 1?’(49 DI".-(I F1

ML5 3!) .1718 |)II~L H 5 =1 GIJIET HJTI-5
B4[.I€- (‘EM .1"/.15 JR N25!-lX‘1'-5

171? 5 EH4

9463 D316 .1713 (In (W! HR). H

MIIFI D315 .1714 (UT ('1-’(.'l [I)5H
{'3 1.71.5 SIXV: IN'[: HI.

Nil! 35 f1.'r'56 DEC (H) 5IF(-T|‘R6(1((5|)

Mil F?(.1S’E15- ‘.1'(i'/ JP P5fi[lJT 5 [-1.2 UNI-5-IRD 3

940.1 3f-Kl"-I 5718 Li) (I-|L)5b9 51'!-IEN 1l‘l\'£-B-‘A59
840} 93 1.719 INC I-1. 5 -} 1Il’(IJ'I *
3413'! EB 171'[r1 I-X M-5H1.

(44115 ?1l-'L.<éf- .1]’’.. LD Hl5KH‘!':-EX 5 SET S!-.[1|H|)S ll-'
94% [KPH 1.??? SET 75 (Hi )
MESH EB 57333 [-X lJ{uHL

MD!-2 7F 1'(Z'.t‘. l.D H5 (HL) 5 [H-(K IF Zlikill
E|4[¥..I H? .1'.’I‘.'5 (JR H

Mill) $’8(:’r.i .1.??F~ JR 2'5GTlI1H<-$

MD?’ 35 .171’? Dl-.(Z (HL) 5 DEL HHWT
171’?! 5 *(iHHl- ‘llm-R {NEE H SE-LZUM) killflllll-*
1'09 5 IF (S!-.[I 9-‘ H & HIN .'»‘(.1)
.1.'(f<(1 5 11- (SH: :-.- (1)

1731 5 .‘~E('1-595 "H! H
1752 5 H --.‘?{~.[I

1'(I<I< 5 HSI. (vfI|"rHIl'1!-UP-‘i ‘

(44!-[1I'I< 15'/Fr‘. [v"lH'1H-(I l|3[i HI 5*-')[i'l‘.'-l:[i':-

(145.1 ‘.-‘E. .1r‘._<ts in H.011) ;l|- (S-I.-(,:!.-(1

84F." 25? 1'/Ia.’-5 mt‘ HI 5->(iTHlNF~‘

E1«‘.l£< P6. .1‘.’.‘<? 01»: (H1) 5 & mm-(4)
€14!-1 .7":-1?: 1'f.<:‘-I JI-: '/.l»'1(4.?€~s~

MH. 3'}! 1r'i<:9 DH: H1 5-f>[i'|f-HI-s Ht-HIM
045'." 'r‘r 1'K«*.M II: H.<|»fi.) 511- (SH: .-,/(1)
(I-*‘.H< I-7:‘ 1W1 (I1 H

Mt‘! 111w" .1‘/".}’ JR N.”5lv1[11-1

lw-1I>I» .~é."»" ‘Ir"‘;§< LI‘: (Hl.).t-3%: 5 NH .%l~(:-5981.15

04H) 5'} 1744 III: H ;—x.-Inma mam
M!-E 7|»? 175.: ll) H50!) 5 --nm
0455 kl) .1746 DR: H
NH1 1'? 5.74’? DHH

84H. '(7 .1248 LI) (H.)5H
64H: 58[4t. 1749 J): (HIT-1

(MM RD 1‘I5(.1 (.-‘I81: DH: H 5 H.s(- -.‘~l-C
04% 2? 1751 [H1

84% 77 175? ll) (H MI
841-? 18919 1753 JR mum

M-H 1'1!-Ml» .1754 6102*: ll) I-I..Lifll1.‘.i’lIet 5 I~L‘+ Iii’!-‘IIH-llfvi.
M1: (.1446 j?5h 811 GSHTIH. (l-I)
MHZ ."i-W JR 25f5(IUT—$
(6061 (RF! 1’r‘a7 SH SSH-fNI), (H)
8583' 21!-.‘-MF 1758 HUT ll) HLPRIUR

66% CM? 1'r‘hSI |vd*.£- 1.0!.)

8&1? C3 1768 RE‘! 5 sR£TlRH KI Hffl(£i«IJ (JR [0 ll-W-.l.

1762’ 5 M-IMF: ST!-RI I‘l|?(.1"U

.1?!’-'.< 5 I-’l|l€PIl‘.-F ‘Ill S‘lFlk'| HUY:-It H Pflflli (FIS-[5 MIN.-S)
HM .2 lN‘Pl|'|‘~i HI -> .'a(.'[I\1*
.1765 5 H-’Vl|l(.1-S

.1}"t’~6 5 N(I'Ilr: '-Ml SHIKIJ) I. L“) I‘lJL/E-LP IF VIII DU U-IHWS

Page 151 of 237



Page 152 of 237

85(‘|(-I f'<Z'1>*E".1-
DlI1’E'1)l141

E1514 [1‘H1'b
B51? .1811}

E1514 M21 -11'

85.1? I)D:?'H:x[-1-‘.1
E15114 '3!‘

85.11.‘. 93

05.1!) B?‘
951}. H-1‘.1l.:f.1‘.:.

'.<:*1-H-1+

8‘.~2'4. 111»!!!-141

13'.1I"/ 11119118
(611: (.k‘.«:+

8521 km.‘-

Exf-;'*+ ’r.l-H»:

Eabxn 06.1%.
(4E~.'<.~' (1-13+
11'3"-1
H’: 1-» H»

E1‘_-‘H’ i‘.r.I1.§

Of. 1: L1-1.|~

85¢. M454
854 H13

35411 [II-(<1
854;.’ id-<14?

8‘-44 21-:
354.‘: 1811-1
[647 (4?-

£641r '21

1'36"! I'll!" 5!-1 ll)
1 /68

1 ‘($9
17711

1 ‘/71

1.7!?

1713
1.781

1?‘r‘.3
1776

1 7??

17KB
17*‘!

1.2811
1.781

1.782

1.783
1284:
1 ‘/85

1.736

1 78?
1.?8‘8

1.789

1796
1.791

12292!

1.793
1794

1

17.9?‘

1 798
1 V9.9
1 1’-'.F1l'1

.1 8m

1 8113'

J8(1."<
1 Bf.-1-1
181.15
1 81:16
1 5.4111?

1 1"-I13

.1 Hifs

1 B1 {1
1 -‘:41 1
1 8) ;'
1 1-1 I "ti
1 H} -\_
1 5-. I '5
1 :4/1 2-

1 H 1 '."
1 818
181.9

18211
1 821

10:;

1.E<?Z<

1 824
1 8:5

4,301,503
1 131

(V[|l(:1-E-).F1

LD (|‘l|2SP);lX
C141 111'/f-1|-'

JR f'1lV[1"1-3

5 NFIHI-I HU7l'iH|

; Pl|l¢P(|S-I-: Pl H‘1'IN[i I1Uf.-ll‘ HHD MIIQS ‘
3 MIN: |..'L|P.1-11-‘f1 HHHl 111'-ll]-D
5 [1UTPU'I': HUN?

; *H”.‘.'-lf‘. P1<[I1‘1»Sf-[1l~F!
; 1-HCH \1F'lYI1!E

1 IF (l'!P[.lI[I+ ( 81.111)
SH 1£(1T[-. DURFITIEIN H1.

; F‘.Sl-

; SI-ll|f.1-1 (E-(‘I'.[Il.'Il>. & (111.1)
; [IHSE 1311111:

11- ‘.111’-I‘-{(14) :~T|.§-F ."~N1>RX;1‘[‘.=1'(I+9
H .5-11> (.||.|TPU|‘ (l‘1l>l*.-»l()=l.‘:1'1‘If'1

5 E2891: HBH :

J

5 (1761? H1: |.‘l|1-51'1"-‘1I'1'1‘|H

[ZFIS-1? 9E1!-1;
V[Il!.Ilr‘3-‘f"‘:'l'1-1

(-‘:~P)»'Dl-ITH IN NlP-1-!U- If [F +1
ETFH.-. HEM :

SH '\’[|1U|'1}..S = 1.'f1'l1'-1» UHIH
CF15-E (I111:

SHITCH (|‘i1'-1‘.-IK)

LFI.‘~[- 9: |‘1|"1'1~'(l'1‘:‘-P-‘+1-)5 11P[IIH=(l'1.'-ml-'++); HF!-HK
E1’-151:1): (--H5-P)-'|’iH.11; (-~1‘1f4P)~‘l'11-'l'Il
(‘ESP 8: IF -(S-P)-*=(1 "H-ll-"N S~P++
L115-F I1: I'1P[Z=hfl‘|H1E-

; (I15-E |.‘~E1H' [HI 1.1!-II’-1’I'1'v‘|

; [IF1.':‘-1: H1: '-:'|'|][iH--'11.}-‘[|1<f1?’w'-‘11

f1|.|I*'111“l| H‘ H1.-\|'1U'/Pi‘ ; IUIIIK HKF N1’.-:~.u'\1':| IUUF‘ Fn'["ll|kN
11|.|'."1'r"J ll.‘ ltd»-'I|'1l|II'.“il-’) ; H>.t..~1 ‘:-‘|Hl£1( Pl'|lN"|H<

(IHWP H.‘ H1 (H1) ; l|P(1'lL‘l H-'|l‘J-1
INF HI I -)[|H k”lP|H[), 1111111

[IR H 5 IEST HR 31'-1H UR WIRI-
JP 11,- N111

; NLIRW-11 HUI} 1|‘r'|1v'H|[|R
ID <lI||1«:H‘I';,H
In H. (\»'(I]('1-A)

I I) 1417- I-¥(1lf1H+‘iH1'I!-'~)‘i

‘M H . SET N01!-l>.
JR NI.:.+4
him

to HA» .' -> VIHRHIU
S1-1 H

JI-1 I.1,+»*.

uml s SH VIHHHHI

ll: HM. . -> NUIH

|'*"‘l RH H ; KHHK (I,H.H
JR NI‘. H31’-1»
mm

1181'.\‘ ski H ; (KLK 11- ml‘. PL HHS UN
JR 1I.118.’<-1

I.\1~‘(f H1 ; R1-.S'I1I1& I-‘C
JR I18Z<-£-

HBZ ht-(I B
1H{: HI

Page 152 of 237

132



Page 153 of 237

4,301,503
133 134

9549 185-5 18% JR H815--3
E1541-sh? 531'? H$:1< llk H

WI: ML: .1928 JR N7. I131-.$
1899 5 MW HUI!»

85¢?’ I<H::.~‘.F 1£<i<H LD I-‘1.(PVtU+B)
(455.5 Dkié. 5F.<‘.‘d rm (V(!l.H(-<).H

aw :«m<4+ 1814:? L0 H. <wm~1t:) ,
85% D31‘: 1833 um (Vul.lI>.l-I "

CI'.M(4f- 18101 JP 1112999
(652: H'.EJ(1 5835 NW [:P 994-!

$5?!) 3015 18% JR NL. I101-$
183? : STIH HJR1 UR HIM: H.(|l.2K

£15'5F[1-eh? S823 BIT I<.H ; l|- (Sm-T-‘ SM-1K)

856.1 2889 .1839 JR 7. nm1—s
8562; 78 .134E4 L1) 8.8 s B Winn)

656.4 (41.1%?! .1341 ID P£.8*:€o6+StI!'-Hz! ; H=8.-(;=€-N|1HX

U56’! l-DH2< 184? UHR 5 |l—>M-X1 tIH1.IDlr i-MPH DCNE
B569 18% 18¢§Z«t JR (Pl(l.IP-S

U56}: (~68? 1864. Him‘ HM: ‘K ; mmt PL-R‘! Nllmtcfirt
05(1) I-61H 18¢?» [JR 381-! ; HIRTS 1C4H—1'rH

Bfnéf 4F 184:3 Lb cm ; SE1 Pf!-:1 ‘kl-.(iIS'II-R
B5711 EDHK .18-4.? LIFT!

R571’. 18H? 1848 JR tIH.(flP- s
$574 :-Mr 129%» ms: Jk N.7..I-lfl;'-1«

B576. 7?. 1859 ID H. (Ht) ; li-I1 mu wuus
E15/?:::< 1861 INC Ht

£1‘.-78 i<:ttW.l~ 385? lb (vultil-S),H

E15?!-2 189% .1853 JR IIHIIIII-'—$
E1571.‘ H~P«'1 5354 Hf.I2+: LP (11%!

85/1» i<(1(«6 195:: an N(:.:-uv—+

8581 I-Ht.‘ my 11-H

85'8.'< 1Er.‘n'( ll) Inn

8584 it at-‘.5:-t ‘NC tr
183* 1859 Jr! I-1W.b—$

868? EH11 11"-4 mix: PP (elm ; SET VII. I-'11;
£159.‘: idnm 11-... JR Nti.H[I-1-3

1&4-3;’ . U.Ié:I's W[H"~.

86-RI: 1»v."4I» 1HAf.< H. I)!-.5-W HI:

BE-3! Ehr:I‘~ -: Im a mm (M. mwr M.
EM.-1‘: H-H’-A 1!'-‘- H11

|':F."f’.1¥-I-"2’ 184. "P'P." IN H1(IHP-$
(13-f+1."«’+’:.L= 1:-'6? MW. W I.,M[I-'~;(-s-«.<1-

F‘_n.<-r’. !.»!.1....-«"1 .'1t<-TH lift: ’l.V+(4) s DH: ‘.~’IH[1( m-
(.I‘w'~.I .'.'w'1H 1Hr.9 ll-: N‘/.I-iim-fr
«M: I\h"'«' 1H'.’n mr Ix
(I'M! ."< 1!-M ml. HI

fl‘=‘~+ 1i»<.—“.’ mu" HI

H'_~I JHH 1H.'< MIR uPll-'2'-i

E1‘.-m H-Du 18M rum IIP H.-«H 5 Pt: 54* STJH
aesnx M’? 1875 JR NI:.m‘.s-$

Ffuhh I-6I+ 19% HW1 I-ND Ed-H s If-uH’IE HBK

new I-H19 18/? I1’ SI 5 mum

(Em M1: .1878 JR N2'.H(I4I<—$
85H!’-I l>{r.'1 («.4 1879 Lb L. (IX4-I4)
H‘.-F1+ h(.~:'I< 18% mi IX

u;114 Imm 1881 ID H. (lX+8)

&Ei+=i< bD1'.'< 188? MI 1!

(«Ski 1EcDP .1B3;< JR ll-1.P1’~1»
S456! 5E .1884 rm}: ll» l~..(H.) ; K1:

Page 153 of 237



Page 154 of 237

(45-38 2}

8589 5-6

E1514! P3

E1511! (-8

USN; FEM

USH 381)?

85111 D[>2E:
D0‘r;'II1f1

E5151 111191-=

856/ lvl1‘('.<I«r_+
BSLH 11-cu-

FE-H4
(‘H1-Z I<€If.1H

BSDL1 1:611-
flfulai’. («EH11

(4504 4F

Efialra’ ':-4

5151-6 30
E1511‘! ('8
(15%: 181-.6
PISDFI I.'%1(1H

01541; KH1-t1|"'-

05111‘ I-"-1:111

[4S1~;.1 i<21-.‘4r‘.l-
tub‘ 1891':
1.‘-‘:11’. 1-I-H1

HS] 5 1131:‘
GSH1 ?‘1-‘
E1518 I6:-1.-H4F

8511 .’:.'<

£4511» F11

£€+E1 DI<5«’~
PIE-H’ DZ<1'.1

[H-4 ?’:(:H1

E15-1 ‘K IIIw:’.=lW.F

B511: [:9

E15112 FIF

i1‘;'+|» I<;'H+:I-

116% i<.’-1-‘-‘-:1
1-If5|’M I'4115~'s‘~1:'<z
F4t'-I’h- H-."‘~‘
ugéui: 11+:

M91119

1 8811

11-11-16-

18$-1'!

1988

.1
18914.

1851

1 83;-

.1.8‘.'{‘.

.1 8'44
1 81.1%.

1.1-L"-I6

189?

1
1

1.9I’4.1

15111.

1.982’
1.993
1 SW

1
.1.9[1i~

1 3&1?‘

1 HUB

1 911-154
1 41 [1
1 9:1 1

1 .91 .'~.'
1 91 '<
1 4

1 $111

1 91.6
1 .91 Y

1 91 8
191 .9
1 #111

1 9?_1
1 "1'?’

1 .‘4i';<
1 ‘W.
.1 '+;T‘E*-

1 "PE
1 ‘I.’ '3"
1 =4. "-1

1 ‘4.' "4
1 ‘-1 (11

1 9!’
j9<(

1‘0.'’!‘.

1 935

1.936

1937

1.14}!-I
1 939

1.918
1 9-41

194 2
1.943
1 ‘V!

1 4,301,503
‘ ‘ 135

III.’ H.

Ll) 0.0!.)

1112 1-!

EX [)1-L1!

[LP 4

JR [;.(P1.1-'Z’.-S

DH: 121

I11 (IX!-(1)11) .
l..\1'e[: IX

ID (IX+E.1).E ;
JR (IF-'1 1-I‘-S

(J-' HHIH
JR NL. H116-.1
M1 NH
1.1) 318

13.9

0.11

E11.
Hl...Bf

1'[‘I".'1-5 ;

N7,|1UE-1-$

. 1-HPRIUR) 5
XIR EIHH

lb (1-'1U(IR).H
JR ‘HP:-$
I11-' EIFUH

JR 2. HUI/S"! P~ 3

I D 11. (HI )
I h ([‘U1<HT.\. 1-’

1111 HI
XEIR H

(HIT (\1(Il1-110,1‘.

FILIT (Vl,il.[; 3. H
1 HI) ['1- |'1l|7][L PR[:(Il-E~S'(i|-<

11l|1/3199: l.l> (HL|Z1'(I).Hl ;

ID (|‘1L|§’.-&r').l>< ;
RH

5 N11l1l- I'11.|.'/‘T-V11"

5 HIM-‘(I' I-. '.~'l|.!1‘ l'1UI/l;P‘|.fH
1‘!|.|‘."S1P' >?.[I1.' H

I I» <l.»i|1~:H'1 J.- H

II‘ CH-.f)l"’«f).1i

'1‘ H1. -‘f.'f11-l+“.N1'1!X
um (I uh
DIN:

kl-'1
; 1-H11-: III 11

; 1-'ll|-:|-'Ii‘‘.~f»'
.' 111111:

a 1-!

W136

.'H2H=

SH 11-! PC

15 11 F1 Jlf’?
IT IS

ITS Fl (Ill.
\'-SP)—'H.‘.H

s.o..o..s..HIM

H|.'1".5

(-SP)=P[1.

($1.1. ’
Milt; ‘

[L031 H

|‘1(It'.-_ ' kl-.ST V-filth (IR ‘_-‘-l,'S1H]N)

, fsl-T l.‘l|1<f*|T1£lH 111- W FT

‘sl-1%" H-F PL
5'-HVE IHE ‘a"lH(1Y I-'(IIMi-R

I-II-«'1t't~' "1 [I (1

IR?-NT->1-HI ll|N1R(l IU U51-R SH-IH T|d1NSl'll[N FHIJIER
H ' R1-IURN L111? IROH ‘xi-N116‘ k“Ill11Nt

* DU 11 "IBM? Hl)lJ1\'1-f-5-

- !:1_I’:H,|1

‘ DI-‘I-(J?.]1’|l[1N‘ '1Hl'w I-i1_|l1Hl.‘1 IS USI-ll l-IIIH "I1-fr SE-NTk"t' NFl|'|H&

.' I] IS U31-I) I-1Il< D151-'f1‘1(:H}NF.i 10 H --T1-NF lkfll-4911 ICIN HfN¥|.I-R
5 Rflfllflr '11-I I-"1-IWN LID? I-1<[l1'1 “ENTRY l‘:- U3!-D III IIM-JR

. SH-MLH 1111: Hill IFIHH-. ll- 11 I11-1'|l,'H IS 1-[|l|N1); (1tN'lRtl IS
; WFIN.‘-1-I-1<rl) 11- N51 1'iF11'[iH IS I-(IUN1). '11-I. 1-?.{l1’|lNE I-:1-‘ILIRNS HI (ZFIUER
5 ‘|H1- DUI] '|FHl- 1"‘ nFI|>l- U1-' ll‘ H-IR}.-F H‘('1l>. l-NIk‘v’:~:
. |'.<'t'Tl-.11 BIT ?: 11- SH - I11! 11 14191 nu ’1H|!- I-11-1Nl)H-R

B'v"|E11 B116‘ 11- ‘.-H - |r(|l'-4'V‘\1-111 |(|1H1S H1-NIJU-R

Page 154 of 237



Page 155 of 237

86% 78
E16l.'(; Dfa

86(1) 5?
869:". 71-2

E1644?’ 4F

0616 H~f11
9612'. Z'c8[1?

E614 D1

GIG-1.5 [3

$616 $3
861? E62?

(1659 BR

E161H 98134
E151 [2 23
£16iJ! 2'3

E161} 58!.’-I.-'

8629 D1

E1627‘ :3
6162!} 56

8624 EH

$625 [1879

Mt? £“.."r1:v(1f;1

8634: [N1

B6."I_: {fl-IE1-‘.
86?? D1

362% F1
E16'.<I1 E5

f:I6I.<.1 EB

2163?’ [:9

Page 155 of 237

1945

1946

194?

1948
1949

195%
1951

195?

195!

1954
1955

1956

1957
1952
1959

396“

196i

196?
1963

1964

3965

1966
S967

1968

1969
1978

19T1

19??
197k

1974

19Y5
1976

19??
1978

1979

1938
199i

193?

198}

19$fi
1 Q‘;-(H

1986
JVHK

1988
1939

1998
1995

1992
1393

1994
$995
1996

1997
1998

1999
2888

9882

2833

2884

E
I

l‘l)(.|HH LD

% 4,301,503
137 138

ms. E1I.4lTS 5-4.+ mznmcm mas kt-unw: Is In met-(;1»:~.;s

km. .1. arm 2- ms‘ urnwss no «I-m+u< ‘nu.

M: 1157 15 It-RHlMfl‘l'{-D W H W» Hum 15 . (:1: £111:
FLB

|‘DflI1' PUSH DP

H) l).H

HDCIHE1‘ LI) H. (H) : [ff RETWN (IIJE FER D41‘: ENTW
ID (AH .' C -" CLRRI-.N1 |':N'IW
L1-' (‘L111-I .' L151 ‘|'FRF|lNf-IT[l’x"?
JR [Z,W.‘(II11-$ ; NU — JWP

PEP Di ; W5 - RHURN ’
PH

!’l.1mT1; m( H
PM) '.<FH

. D .' hlkffl. Hfl1(;1-I’?
JR ?,H|l(Jl1I.'-$ ; JUI1P IF F-("I

r-iD(I1H: mf. HL ; HT! l'lH'1[.H -* SKIP [MER

M. H ; [II HI HDDkkSS
Mi‘ mum-s

Fllll}? FTh D?

HDUIMI < H.‘ |>.,(H.) ; D(-I ~‘ (mt! I-IDDR
1M H

LD D.(H J

EX IJLHI

EH 7,(' - MCI-Il.L'.I

JP N'1..|*’M(IHl..l ; J|.ll1P If 50

HT 6.(.‘ 1 RII-ILL?
JR N7. H|((:HI..L-i

HOP DI. ; H.151 Ht JUMP
HIP HF

PUQH Hl

FX l'»bHl.
; k'\’.Ii-2H |~3[I4|1lNl-
D1!-:{‘Hl|.: JP (H!)

5

5

i

F
i

_.5-s.5.~.....s....s.......-_.,_,,.,

**#**#¥l#*#l$*fl**$F*##

# VHI1[u~.:)i-In kIIH‘HHH. *
###$#*V##Vl*$#«t$tw#*t

NI-MP: Vt[1MIk' X HM!) Y lilllli-"l1lNl1H-.‘o

}"Ul<fl"I|E-I-’ U1-’li'H'|l* X.-Y (,I[|*.!i<IJJL§1'|l>.S- HND l.l|‘|lT (lH!:(.'K
IHPUI D’. ’ '-.-'H"|U!~1 H1‘-lII'.!"!

H1 ? |H1H‘-» 'lHi:l}

WIHII l ' "H115 Hi‘-I’ llfwlli

NUH-’TMI "HIUH SI-_|_ IF UHJH31 HWH)
MITFS:

THIS Pf.l.|TlN!- IM<K.‘- HHI-I F1 “MITIR F'f{1(}.-'|’. HJHJ-I INKS LIKI: THIS:
tntnnuannnwu=Mrua-ms 1: wunuuu

tl-NTH M (TINT!-N18 0 NH} 0
tan-ttnuramnarsnmauaztunxnnranartaztaut

t K1 10- HF(i]{: .kH.i|f-.~‘lI>R * VH1’?! '3
##tfl**4#**#=I#II:M:$*##1=tflI‘###I|I$t#

1! (£1 1* VI-.{I1(IR STH'IU.'a t V‘!-6-TF1'I 1-
ntwtttusrtnsrananrtarnuuutuntuauntau

1* H2 1* ‘IMF. HHT-if ¥ VHHHB it
*¥tfi*t*#*#***#*#*##¥#$#**w**##

* 11} at Ir!-IUH X I VHDXI -

t 84 t 3 UEUXH m
ttittfitttt####*#i#$###*t#****#*#

1* (‘lb 1! X l:[l..|R|!lMflE t WK! #
at [16 1: t V!-(XH ¢
¥*1#***##*#*#**###**###¥#***#i1



Page 156 of 237

4,301,503
139 140

{K35 ; 1! E1? # A {.:HH:K‘-'- NH.’-J( I VHXLH( *

zms ; t*>MtIM#***#*##*##1=M##=M###¥=M#t

zewv ; t (18 It Iii-Hf! Y 4- MM. t
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874.1. ?[1 F"I'.f-9 l.D (fl). [4

W4? 2'} 2’2‘.?(1 "Ki I-IL
8'/4} 76 F771 LD (HL).B

[4744 I21 I???’ P01’ Fl.

8'M‘:i [’f2‘8 Z’??? l.D (.‘.,HYfH-'l,
£174? £19 2727‘. F00 HL;H(1

8748 [ii 7'2"/':I POP BC
874.‘! iE1EB 2"i".'.’6 DJHZ i‘1NX.1-$
El?-1!-J (:9 I'.2'.'(7 RH

4,301,503

‘-
s.
s.

; HMNJF TD M.-‘XT "NE

; LEO-' IF YKIH: (IIOIES

I’.2’?‘8 5 PLIHIHF '|U HRNIIIJE HWPEI) lIHE~|r
874C (IE5? ..fI’.(‘:J H1-fi<TH.:
8?".EI 2!-116 .'-’."8fi
B73311 HF

(175.1 fb $§‘1f'8Z' I-ll<H,i:
8751' D5 1'1‘?-I<

(475.4 4? 15544
E17’:-I‘. !~Il1f:l4 $f1f8‘.1 I-M12‘:
E1?‘m’- 15+ 3'14-#6»

6175;’ if! 2‘7‘8'(

BIN: l>H5-‘it’-1’! 1'I."C~"?<

W5}! 12! 2'.l'.8‘.'4

B'('.‘rlI D1 2'."-‘F48

[1'."‘.|‘ Ha‘ ."f'9.1
BT59 n‘+.".‘< ."I"T*$’

(I.‘r.u [19 1'.'‘{«

8'."r.1 EH ."."‘+‘.

W63’ (:1 }’.''?*.‘1‘-
876-} fill; $'?.‘46
0765 [El 229'!

W98 1 INT}:

0766 H3 2'34‘!

076?’ [31 Z'I<[1[‘.| HNXH:
E1768 |~':3 £’3(fi.

8%‘! 41 I’§<[41'

8768 if! Z"_?<[{< l'MXl-1.’:
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BIT HRXPND; H

JR NZ; I11-IX} -.1‘
Xtlk H

PUSH BC
PUSH |i'E

[D B; H
I. D]
I)! [I U!

Lift Di-.

JP Pf , _

Ll) (H: ); H
HP H:

V-U1’ Ht"
|)JN? “(H1-1
RH

2 hXPHN|)F[) I-Lt‘Il‘HEl) NRITE HHNTH)?
; JUMP IF YEP

2 H U‘:~H|:'|'H

3 SHW HS H(|L1"'l11l. HUN (IN

HI2F‘f4N|ll'[) D-I01’?!-I) Nflfl N‘
kX lib Hl

PUSH BC
PUSH H1

11) Hr
I. l) H. (DE)

mu kt-msmc 3

Mn: a Lms.
I-LUSH nu». sumrn
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876k: 13
(1768 77

8'26!) £1-I

8761-. ‘fl
£176 214

8778 1:48

87?? ‘I21
8T’_'< {*8

$1774 79

6775 H

(W6 (H8

8718 89

EW9 [21
am am:
8778 CS!

87?!) I)DCBE11'(6

8781 [E
872:’. liD(1~IH1B6
B786 lbllé-E-BE

B789 DIM-I113
war» llI1(:[-d.I4f1?é.

8796 M43
879:’. 7B

879.? P1144
9795 RI:

8796 «SF

879? 66H‘

07%! H9

87% I

07% CHI--‘.
8791? Elf-(414

E5791 :«l».1'+
E52515}: :41
0731 4F
678:’ ‘I8
0'm’< 43

8784 ‘fl

(6795 .73
07% iPF(_:

871-59 619
(VHS 15
am: 2947

am: (3

2234

?3fl5
23U6

2187
2138

2339

231$

2311
231?
?353

2314

2315

2316
231?

2318

2319

2323
Z- .

23??

23?}
2324

2325

23?6
23??
7328

2329

9338
2X31

?KR?
9333

2334

2335

2336
?3k?

?KK8

23}?

2348
?k45

234?

7343
?344

2345
9146

?3é?
?k48

2X49
?<Hh

3'.(f-.1
:..\L.I.:'

2353
2354
2356
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5 4 301 503
149 Q ’ ’

HI: Ii

ID (#l)5H
DEC Ii.

LD (H).fl
DEC H

DJN2 HNXF2-$
LD Gl)5B
DE(I HL

[D (Fl)5B
F0? H

[D C5BVTEF1

FIND HL5Ill
PUP BC
DJN2 H-M1-$

RE} M
5 HFNF: Bl.HH( F-RIIH VECHR

5 P|.|kP(IF-E: E¢..l-NK NIIH INFO LIIHD rm: VEEIIIR
5 INPUT: IX = VEtTUk

5 E = X 512E
5 D-= V SXZE

5 HUI!-S: 1H1S RIIUIIHE I-ILHNKS TU 38

5 H15 REUTM lHT|r.|x'I-':{.(iH1E5 Ti-II: £4 HNK BIT

5 EN) I-‘LI-"F-RFIINS FROM {:1 FIN1<lN[i IF N01 SH
5 IF IT HHS SET, 11 IS 1HkN kE5£1

I'M’-LRN: BIT VBt1N1(5(lX+W$'IH1) 5 IS RU-INK Bl’! SEI?

RET ? 5 QUIT IF NU1

RES VHHLNK.(lX+VBS1HT) 5 Kll1.ELflK BIT
Ll) H. (lX+VH.!f+H) 5 mm EKLHNK I-IJLIRJ-.1-«E:
LD L.(lX+V${Wfl)

BIT HRFlUP5(lX+VHHR) 5 IS FLIP SE1?

JR Z.|‘WBLH5-3 5 JUMP IFNU1
LD fi.E 5 X SIZF 10 H

NI~I(i 5 HIIS C(t‘lPLH1lN1 HND HI!) 1
INC H

Lb (;H

[D &,HFFH

EDD |'I.5H[Z 5 l|S£ W um: LP S[1\'El~N HXXv&.§«S

; I..nmm1l.: ‘M H.HNK HH>R1:SS
Hfi1H1:

SET 65H

ID I-M1 5 I-ISS|.|i1l: l-4lHM( 10 mt»

.- um-: BLHNK HRH:

5 H|H"lH'? !-.-H T min’ N X H R1-(film 'l(I ILEIHE-"HM

5 INHH: H -' I-UHNK f5l'»I>I-(E!-is

5 k = X SIZE
5- I) - 9 am
. H r mm HI HM NHH

l'1&~'III|-lk: ID I-wmn. 5 liUflH|H- Im lN°LIH'tI NT
am 5

LD t.H
l.D HA: 5 H DHTR 10 H11. HITH

flfilfihj lb H5E

MI’-N26: tn (H M!
III: I!

DJN HEIEN?-$

H00 IIJHE
Dtt D
JR uz.nm5uu-4

RkT
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":e;5<s:§

8790 I-8

87%. 4E

878? ii?
@788 46

8781 ?_'<
878:’. (HF?

8784 HI”

8785 C5
9786 D5
871:? 4?

8783 Hm

0788 1-8

8788 E5

8'r'l':!(: K-1?

874%: 89

BM (:8

8‘(f1€I [:1
am. 18‘?
8?C:< L9

8704 ‘(I-.
0786 8?
6785 (3

B'rT:'( H08?

8709 H-£4‘.

8?Lt 26456
870? EH18’!

B?D1 25¢
870:! 1848

am F81?

B706 4?
87!)? 23

8785,: EB

8789 (D8388

8?D(: flri-H18

8?lJl~ 18E-_;<

I. -

2365

2366

2367

2368

2369
2379

2371

2372
2373
9374
2375
2376

23??

23?8

2379

238

ZKE8
2382

2383
'1L...

Z’.I<‘Eb
238?
2388

Z'.'Q'I9

23%
2395.

239?
2293
2394
2.'.<9'.\

2397

2398
2299
2488

2488

2482

2483
2484
2485
2486

2487
248

2489
2418

2411

9412
2413

2414
2415

9416

241?

2438

2419
2498
2425

24??

4,301,503
V 151

3 NEW: I<f.S1’(II<l& HR!-H

5 IHHIT : I-|. -* SWFEN I-IDDRESS ‘III RI-STORE I0
5 DE = 5851- Hklifl HDURI-_‘%S
5 Hill}: SIZES HR} Lt!-[tab I-Rtlfl 'lI-I‘; SFNE. Hdrfl
MST: EX l)E.H..

L!) C. (H)
M3 It

LD 8. (IL)
IN: II

SET 6.!) ; H’-KI: Sll'€E I-It Hid-. IKIHEIC

Xtlk H I
I1R'E£~H: PUSH H12:

PUSH DF

[D B.FI
LDIR

EX WJH

PEP II

LD [III-NT!-‘J-‘I.

HJD I-[.38

EX Di-I.|-I.

PUP BC
DJNZ MRI-SW1-$
RE"! I

; ntn¢nn¢u:*wmwuuuuM

5 4 (II-§II«'f{I'!H< IIISHW k[l.|‘I1N|:.‘- #
,- tttttttttttttttflrt###=H=###1K##=8

5 N511-‘I DISH.fl‘f SIRING
; I-1l\'P{I!~3I-: HES.‘-Flfil-I IIISHHV

I INPUI: bl) -' X. 9 [I£IZIlx'|)lI&n(-S
5 ll = STRING HUl>k‘r;f-S
s IX -’ HNI I‘)!-'.‘~I1<lP1(IR

.' [Il.|'IPl.|1: DJ: F-I]!-.k1-’l.) 85 IN |)1SHHV (.1-HRFIIIH-I
; SIf{1( US!-.1 4 WTFS (t.X{1_ll>lN{i [H W SVSPEIH)

5 I-.XH.l-IINflIl(IN: HS H:f..‘H ('MHRf{I1FR IS f¢R.fi.I[v’l~|1 IN. I’!

5 IS II-SIHI FUR Ht-.INf.i F! I. [ST "II-.R'I'1lNH’|(IR ( [Wk = 8)
5 IF IT IE-N’L D]!-J-'lH'r' (IHH-<H[IIER 18 [:f;H.El) I-IND THE

; TI-LS1 IS RI-.PH1’I'I-I) I-(IR IH: NEXI [1-HRFIl’:1‘l~]?. IHUS
3 H N|.l,L .‘-1l=:IN(i IS HFNHID PHfI$"l-kl Y.

‘:s'l|-£H{~|al: ll) H. (HL) 3 (1-11 (L1-lfi<H[:1F.k
FM) F1 3 E(: II R TI-.kHIIl'-I'|lR?
RET 2 ; WIT IF SO

JP H.STkD1 s DISHH9 II- HL1 Hm
[? 64H 5 SW IN STkII{u“?

JR MIQSIRDJ’.-5 3 .IUl’P IF Vt‘-S

S"ll'.D1: liflll. LJISPU-I z SI-KIN I:H':k

INE: ll 5 HMNE 'I[I I!-XT fiflt
JR STRNFH-S ; I-N) LLIUP

SCIRDIC: I-H) 181118 5 l‘H(l-. SlII‘J( H!’-t‘il(
[D B)”
III: I-l

I-"X Ml”.
(Ill. HSLIXI

CHI. I-EH80 _
JR SIRNHI-$ 2 (58 HHER NEX1 [:l’flI\’H[:I[-.R

......u.4..
#1118**7H***####***?¥¥#****#***!k

t tHHkHE1kk DISPLH? k0UTINt #
Intuit#*tt##$*¥=H<*#4uM*#tvI#t#*=t

INPUT:
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H ~' (1HHn'<flC'I ER

C = UPIIUNS

K
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07f-:1 [5

B7!-P. i-.5
WE? DD!-.5

WE?! H?
WE6 FFII-‘.I)f4?
E17!-.9 [)[)21[1£-8?-'
87E!) H-I!'(-ii
B71-P

87!-'1 F5
075-"? [1>4liBf:

97!-‘J [11F4E1[:
WIFE: F5

H7F9 RD
8?FH 2W-‘:-
E17F[t 1833

B’/H.-. [$0546-[did

6805. EIF

@3617‘. 16811

8884 I:1W-1('|(1
8644? DD4H4Z<
Bffiffi DIME-{.14

W911 19

2424

2425
?4?6

2497

2478

24?9

2433
2471

2432
2433

2434

2435

P416
."4'<“/

9418
74x9

244a

?445

244?

9443
:M44
2445

2446

2447
2448

2449

2458
2454

2452

2453

P454
2455
2456

245?

2458
2459
2468

2461

2462
2463
?464

?465
2466
246?
2468

2469

24?fi
2471

2472

24?}
2474
24?5

2476

?47?
2478

?4?9

248a

2465
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4,301,503
153 154

5 D =' '1" C(l.|RDlNFl'1'F

5 E = X [I.['I‘(|,1lM'-I1!-' ‘
5' IX =' FUN1 L‘-f .S(IRH'1[R
5 ((I‘I.‘r’ IF fH'H(N‘rTIE HINT USFD)

5 (film-‘1|’|: UP lPDHH~.l) ’|[I |~‘[IlN'I HT H!-XI LHHRFCH-.k Fkflf
5 N(I'Il-.5: "ME ("ll-'Hf.|N WT? IS H|fd‘fl'|'|FD H5 H1 LCIHS:
5 HHS IIINTHHS

5 8-1 (H (1! UR Hlk H<}’HN.‘il(N

5 2'-3 [IN (ill {IR Hlk H".}‘ftNS-l(|N
5 4 (R IJHIIIN

5' 5 XUR (H MIN

5 6-? I-NI!-1k'l'iH1i-N1 l>FI[."l(]R (H4-1)X

5 (‘HM-‘I?11.H-5/."-5 IIHMHN1 HM! flH- “H1! I~'F'INH'N 81H HM) H14
5 HM» lrmm-'Hl»h r-rs IHH IHwH1:lHv‘~ IHW MN-‘ ‘IHI-
; mo--u1.~ 5+.H~+<.H:H»I> W I» Rm» 5- all 5+ ‘-PHII-I) (Mk N

5 (.HI:H‘1I.H-H H51-.lll[INt~», 555:5» N * LHMR. mp. (l-H

; IIHW-5tt1I-‘wa HH1-HM MN HM! ‘/1-H HR} IHK1-N HS kHH<INt1~f-5 ‘I0
5 W} 5~YS'|i»|1 9-‘I H13.‘-?5i<1'.‘ 2': X '5’ (THF1PH(I'|l-Jt HM.

Bi-"I"!-H*N HHBH HM) (‘HR RH}-R "III 1|-I [HR SLH1 ll-'D fUl"RNH‘lF

lifflziftil l- RS

5 (‘.1-|ffi<'Hf.t‘H-lit HINT. 1N]!- Hm IS I)!-.'~«(RlM».l) W H I-‘(NT
5 DI-.‘~l1-(l|r'10k 'IHH.l- ll» M-. FEI..l[MlN(5' FIMHI:
; t¢:taxtatt#*mt*atmn¢:::m¢t:¢t

5 Ir (4 * HHS? ('HH|<fl('.'!|~k VHHIL #
; tfittttttifi####tt**#¥¥*t####$#t

5#1*XFRHl’£- 9171-. II
; #4*#*###***t*######t#*###*##t

5#Z'.#YFkf-II-it S121-L It
; ##3##$####*##*############**#

5 8 I.< 1* X PflTIlekN 511? (BVTFS) *

; *#*t##*$#tt###*$*#######t#tI

5 =I 4 4 V PHW-.R'N am. *
; ###**####*##*#*##########w**#

5 t 5 It ‘PH'l"l‘ERN H-HE t

5 It 6 # flit‘-R1-SS II
5 t¢tt*¢vtt:*t*#***x:wtttws

D1‘.-1H3!-I: HISH Ht:

PUSH I-l

PUSH IX
Fl!) H

JP |15DlS(.1-I5 5 .)ll‘l’ IF YES
[D IX. SVSI-"NT

DIE-IIH1: CP '23! 5 15 (“IR C PW’!
JR l‘l':5I!1S.-(;ifI~!~ 5 JLHP IF NOT

DlS(I1fl: PUSH HF 5 IUIIP TD SPF[f. (MR
E1’-ll. NXTT-‘kn

L'FI.l. I‘-1M!l.'.< 5 SHRE H’ l-IKK
PIP ff

DEC F1

JR N25 [315-[I.1.H-3

JR [115-(1:15-$ 5 All‘!-'1(I EXIT

DISUB: SUB (IX+F'H-¢HS£-) 5 SLBIRHIII NH (HM:
[D E53

L0 D56
LB H.514

LI’) f:.(lX+H'RV1F) 5 HUl_1lPl.V (J-|HkH£:1I:R

DlS[IH?: LD t:.(l><+FWSlZ) 5 8'1’ I-'fi‘I1[-RN Sli?l».
DlEw(IHZ<: HM) H.511!-‘
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1E'H>

B8114 Flt)
(I811 2114!‘-7

fl‘3if< [>D':It'w|I'16
R‘-31¢. [>I.\‘-W5
991.9 19

09191 t'D4H4°<

88.1.!) lit:

H815 IrIr«16h«$
$18”.:‘.1 [:5
618?? Eh

258.5-'.x l'l‘r'.H«'<
I15-l."v. H

519.?!» I-mini:
DIM: u‘=

(49:45 (11
0811: I-l>'rl~(»'Ib

nice? 81

(£314 I-[>'r"(t5h

B833 mt
6835 D1

682% [:DH.[4(;

B839 DDH
883%: E1

8831: (:1

(Bid) (3

BRIE Fl)“/EE16
8841 El?
£912‘. GI?

(IE5-13 [-583
(1845

E1846 4?
884? if

8848 3?

(£49 81-‘
88-“! 1EfD
R848 4‘!

E1840 C9

8845. (IJ:<H-59

8851 43

8852 Flatflfi
8855: I~[I?F(44
E5858 ()l)%.=n.=.~I4.1.

8858 1&1!-‘I-5

E5850 I-EHI4

$61 W1
41

(4863 l1{!6a3(«:'

{"132
P483

2484
I."-‘.8fi

2486
P48‘!

1'48?
9489

?"‘.9f.1

M91

1"‘. 92'

.'’49K
3'49”.
; '4 95»
.'‘-‘.‘*r'’-

. -4 .- I

. ~~. we

:~5.<.~9
15559

mi

522155.’
55.11::
;.>tm

(‘£116
:59?
was

2’.5(19

255a
2511

255 2

5251 3
9514
2'51 5

9516

251 7
255 8

955 9

95:5’

2524

2525

2526

252?

2538

:»:s:.<(.4

2535

;2'.w:<:2
:3tiZ<'_<
5.’f1L<4'

1.’5'.<':~

:*5:<!.~
:»$u:<'/

1'tiI<8

15:9

25454

4,301,503
155

NH’! Dlsufi-3

DEC (Z
JR If/5 I512-Uri?-s

[D D. (lX+HPTH) 5 mt) 10 "I9!-if STHRT
LD E.5(lX+HP'll.)
HID H..I+.

5 LTMHJIE I-‘f.I.‘~]'ll(lN HHWE fl-XI [:HI1ki5(:1FR I-l[Il|lD (ill
5 HM! 95-M-

(IHII NX1H~.fH

PUSH lit

LI! l-<.(lX+FWSlZ)
HISH E1:
PUT-H H1.
(1!-Il.l HRH W
51-5» HI

ID lI.(l><+|-ll-NH) 5 SIH’ I0 Ntxl HM IIF I'HT'lH(N
HM) HI 5|-ll’:

HI-’ BI?

l.D H.(lV+(.1i))

I-I50 H.C

l.D (l'1’+(2H3)5fl

DJNZ DISIM4-1
HP DC-

Cfill HNDLK
PG‘ IX
PIP HI

PIIP H2‘;
NET

5 SL|l<k(lJ1lNI- 10 IIJNVWT EM!-R(iFJ1E~NT I-F[;l0R In nmmm (IIJNT

156

5 SH»? (;(I(I'RD1NfI'I‘l-.5 ‘nu N!-.XT Hdilt
5 SIM-.

D1 .'.~l..IH4 I

5 HM-Iii Y CIIRDINHTI:

5 RI:S'IfRI: MN KISHIIN

5 STU-F DE MIX 1N1l'.| (IMEX1
DISL1-I5:

5 INHH: PKIDE. WT!-5 Hx‘(IH [:(IH1|-.XT S-HVF FREE
5 uumn: I-1.5’-5 —- ITEHHIIEIN (.:i.l!HT

D(2LC'Il-5: U5 H.(W+(£¢[:) 5 fi-TI l1(DF WI!-I
RLCII
RICH

FD!) 83 5 ISIIHTE ENLFRGEHLNT Hmtli
III: R

l.D [M-‘I
XCR H
St?

D(1.(;’l1: HDC EH1
DJN? IJLICI1-$
LD B.H

RET

5 Sll’<R£IU1lNF 10 ll-'l’1H'I'l'-. f1IUk1)lNF1TES 10 PUINT FIT M-XT [.‘WIR'Hl:]l-12
5 Fkfifit:

5 M13}: (I(Rl)lNH‘IF-"S 15-5:555 Hm ($15.04? IN [INN-"X1 Bl.()(:K
5 IIUTPUT: Ll-'DH1E[> (IUfIk'[>1Hfl‘IES I‘-:ETURNF1) IN D FIND I».

5 H58 = (1[Il>H-25.1-"D. (;=lENl HRH-. H{:1(IR t.:l.mFk1tI.)
rmrkn: (LI!-Illé DC1.C1l< 5 (H lmtmltfl (1‘Il.N’1

LD [:58 5 SFM-.

LD D.(l‘r‘+(‘BD) 5 (£1 ‘r’ (IHIR1)
LD H.(W+(‘J<E) 5 GE‘! X IIIIIRD

NX|FR1: HID fl.(lX+HI-SK) 5 am 55 H<HME Sm-

DJNZ N><‘I'l-R1-5 5 Z.*4=*!-.hll.f1R(iE- ‘UH!-‘.5

C? 160 5 PR5} Rltii-|'| EDI} (IF S£$(£~.f;N’.I
JR 0. NXTFRZ5-S
ID R51!

ll) E550

NT=<{'lFR?: HDD H.(]X+HF§'~'f) 5 ‘fl-P - FIM-MI. VHZHIH.
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E1866 NH!

38%.! 57
98139 HF
E1868 ':-F
£186}! (29

E1£+r'a..: {.~1.>r*.I-W
218%.-I~ uisuu

H8}-21 l:-l>1?.‘-
I33/'< I 4 ‘v.’ '1t‘I‘tI*1‘.4
E13}"r' DIM"

Q1934"? DH 5|

E‘-Q”: 1“

PISA‘ XH11
am W1.‘-I

f‘<I»l4i4

881.42 031.11;

(1834 H)’/HIE»
088‘! E.6(:(1
8818 281:1

8&4: £1?
(185.1: (1?

8881) EB

88% F1?
86%.?" uni!
8895 EM?

8893 F9
8394 [H44

8896 F5

889? 41

B898 1H

0899 13

B898 77
B898 2'3

EIBSC ‘I?

8890 ?..'<
8854'. M8
3388 (101.

H

B8F1.’< ?1Ef1(.4(4

88% '59

88H? 54

8883 SD

08R‘! 3!!

Eflfl 2&1

38% (1)338
88?!‘ (D'(4[{1
881:2 H3?!-['46
0885 [$31.9

5183? P6311

3339 F6[‘!(:3
088}: (1?'(1{-11B

88%" Pb

881.15 C5

E¢8[?.1. D5

9541

I542

35". 3
{'54 4

R5". 5
2'54 6

95". 7

1‘.';\4 8
71-‘. .9

I’‘:~§IP|

1”.‘«M
.'-"?I‘.Vf '
a “.\T\'<
}‘51‘\-1
,' |"I"I

Put-as

1'55?
7553

7359
«"563

2561

2'56?

?'563
2564

255.‘)

3'67

9.‘:-69

2571

257?

2573

2574

2575
3576

9.577
3579
25-79

2 ‘.
9395

258?

3583

15$“

2'58‘:

.758?

2588
1539
1690
if»?!

7'59?

2".‘t9'_€

2594

2596

Z59?

335-98
7599
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157

NXTFRK: [D

-DJN? NX'||-‘RI’-$

ID D;F|
X(R R

I-"J-I
RH

4,301,503

3 Sl|£€RllJ1lN|- 1U|vlR)1l: (IN: LIFE If Fl PFMERN HHH l’N.fik(*'
; HM? FXPHII)

4' I-NTk'v': HL -'- .‘:>[ll<(2lr. IX = HNT ‘|Fl>U-
HRILIN: Lb

H011 ;

H~2‘I'l 2:

,- um mfu-ume 10 fiuzflil-.N
HRH .

NR11 4 '

Lb HA4
H.|E.H IX

ID IXJ4
H‘)

I"U.‘~|-I IX

HI’ H
H) H.l'1[IH

(III (XI-‘ffl0).H
[D H. [.1814

(III (W(il(.').H
l.D Ho (lY+[2K2)

HI) K111

JR YJIRH3-$
Fdlfl

RI.[J'vl

EX Di-1:!-l
fill) H

IL!-IC
SKI H...BC

LD SP.}l
RES 6.!-I

PUSH Ff
l.D [MI

ll) H. (DE)

1K1 DE

LD (l'l.):fl
IPII I-I

LD (Pl.).fl
INC: I-l.
DJHI |vl<'|l?-$

SLR C
PU‘ K’

[D I-L8

FUD I-LSP

[D [M1
L0 B1
DEIZ Fl

IR N?..|aU<'I11-9

fill. I)(1I;TB
.211. DELIIKI

Lb H.(lv+(B£:)
(IIT (XPl'-N)).H

I-N) Ei3{1H
UR 8
GL1 ' HR

I-ix DI-‘.I-I.

PIN-I M

VUBH Ht
PUSH [If

(I; (1X+F1FHTF)

' [‘-HPTl|k'i- SINK PUINTPR

‘ SHVF (fH‘\l|HH) .‘-"IF-[ZK

' ll‘ -' l'H|-"IIMD .‘.«H-|l'lK

' SH FXWNI! '|U 11111.1

‘ SEI EXPHIJ BIT

' (£1 tflflkil. WI!-
‘ lS(l.H‘ll* FM HREE. F-HINT
' Jlw IF YERU

' (Ill-M LH\"KV B11
' (IIMITF S'lH(1( HIHHE SIZE

Sl-‘I75 STFIK SPf(1>

‘ Yfl:'l(.'I|>V '||'|’: FIDDRESSV

' [E1 Sftliti BYTE

‘ Bl’-HI) IT

‘ I-ll|S|'I.'1H

' CFPTLRF ST!-‘lJ( Ill” I-Kfllhl

' SH DE.-'-I-l.
HR |EX'l DEIST (I111!

' GE] ITERHTIUN [S[l.NH:R

158
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88$? (:6
[48ft‘< 45

E18i.I4 1H

881. it» 124

H3(:é- 2'?

8815/ P3
513% Y?

88(:.‘~J 21¢

{NH MB

Brim. Hm-u-‘.

0:-‘(I h-‘V’
Mn 2:-rm

[raw ‘.4;-1

8804 H
awn K62"!-I

B81)! 8.9
am; D1

6180.‘! [:5

08061 H
5180!: DZ<t/I:

0800 191-8

8811+‘ [H9
8&5. DDL1.

88$? (3

ESF4

(185.4
385.8

BEF9
E1996

95%?

991 fr
891 C
81’-I2’I<

893}

If6[1l[1
1.'(-41‘!

2'68?!

5'6-(4'.<
."6fM

2*f~f4b
2'é~{-16

236W

:’E.l'18
I ’r~{1‘4

I ‘i .3 u

J‘r~1 1

H»: .2 2’

2'65 ".4

1'61 4

2961 5
lid 6

9617
2'61 8

P619

2'6’/£4
2'6?!

262'?!
26?}

2625

262?
2628

2629
2638

2631

2632
L633
2634

2636
263?

$38
2639

26640

264 1
264 Z‘.

264 3

264 4
7364-5

2646
264 7

2648

I9649

236.11
2'6‘:-1
(ff.-El?

2653

2654

2655
?(-56

4,301,503
159‘ ,

HHIIEI:

NRII6

H.|$H HL

[D B.[’I

Ll) H.(Dt)
INC Df.

ll) (H1.).H

mt: H

H.) (HI ).FI
mi: 11
NHL! MRI! 5-!

ll) H,(W+(.Hl-.) .
HM!‘ H’<

JR /:NH||('-'1
III (H! ).H

VH1‘ H1

H) (;.l-Ml»!-'1.

HUI) I~l,B(;
Pu’ DE

PIP H:

Pt? Ff"

(UT (W{a1C).H

DJIII H§<’Il.4-S
LD SHIX .-
PCP Ix

I61

15 Hl|.9H'[|1H NH-"D1. D’!

JUTIP IF NO]

$IH" '|[I N!-XI UN}~.

Rf-"S-TIRF, STFILK

5 Hflifl TU (KN!-.kFf|l'. [iH’.RH(.’TER PHT1E-KN W131! ENTRV
DEFCHR Hf-IIZR hfi; KB. GL3 ED, #16. IF. I6

DH-B {F1
DB8 £3

DEFB SC
DI-H-I £0

DEF!-"I £E
DEFB 1!?

DFI-B £6
EHJH

3 UIREIE [1-1FIkF{I]ER SET (8 X 8)
LR1.'i[1-R
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DE!-'f,*rIR (11‘:I(1H.£w'L4(aH.(4(4t'1+l. If-£4t.4H,E1t4r.4H, awn 5 SPHCE.
mink (4£'f1H. f1:4f«'H.- (WM, I«::t<IH. H2t'1+I, i4£1Ii4H, H2114 ; !

DH-[IHR (45[.4H. Hfi&1H.(15£1H.uEi1H,E1f_4(a+:,E1mH,t$fif1H 5 “
DH-Cm EI".$:l-I,E1-18H.fiFEH.ld<!1>=H,E-1§5(‘IH..f<4$~H,Ei43H ; 1!

DFF(;Hl-1 (4:'(4H.. H?3H..(a313H. (man. E1t’_4$..:H.i.1FE1H-E1E!i4H ; $
UEl'[1-llxf f4f.11H, t1(.:8H,(m4H..£4£11H.I44i¢H..ia9E#:. E1i8H .- Z

DH-EH5: (.4r.’~(1H, i1f+1'4H. («Hm E1-WM, l4H&.‘rI,(491'1tI. £468}! 5 I.

DFFLHR HBHH;l16[1H:(iifJ‘1H.-{‘1(4HHst<?WffH.-('f‘:1l3||'LWHH ; ’

DHLHR (41(1r:,l4:*I4H, H:2(4H,F?L1H,H2t-1+3,(4::i4H,H1i4H ; (
D{+f'Hk (4-‘aim, H::\‘a+:. (42:E1H.. I-'-;*E1H.. H;'.ti4H, E4::\'.1H, 6-1E1H ; )

DH-t:HT~: t'=.iIE1f.«H, !4H3I»I, H'.*1‘«H.. rm:. £4‘mH.. t~'Hz'+H. t=.'rr:IIi1H ; at

I)+.l-(W I5E1(1H. [42:'l'4IH1'1«’[4H.l‘1F$1f!. E-I;*hH..[+:'t’4+:,i«'£4t'1H ; +
DEFIIHR (WM, h%}1l‘1H,(fI§1|Z4H»[4E~l1H.WS‘:iH.-l'%§f[4H.[14(1l-I ; .

DEE-CHR HWH, £«}1Iftbi.. («i41rIH.. (+H:H‘. [1|E1(1§i.- ImH+1,£+i41oH .-
IJIEI-{:HR (:«3wL I-1I}mH.. I-«.1t«iH. mun. Er1fE$l4H.l"1E'-E?|'|.l'4f.-'>l'4?-I .

DHCHR IWH. IMH. («:1 M1, t'4::t1H. IMHH. 119.141. HHHH ;

DEFINE I1‘/UH. [vs(=.9.H,1%3:»1-I. I-1'c<!.-H.I~sf.+'a..H,(vt'«I<i<H,I4'rt‘aH . ta

DEI-(:HR (€|‘£’(1H.(11-»l1H;P|Ef{1H.I-12f4H;E1§fi4H.[fi2[4H;[1?f1H ; 1

DI-I-(:HR EWH. IWHH. l4f.4?H.t’4'r(1H. t4’a.t4+I, (131491. HFHH ; 2

> 160
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GEEK

9934

K115?

H‘1'f_<

4,301,503

1% 162:?6!-:7 ~H:HR l.4'rt'4H. [47:’w"¢H»t1[1‘E5H:H:<{‘H'Lf!?|3}Ll1$‘3H:H?(1H ; .s

3.58 I)! I-(HR (41[1H: l11<:.'-1:. If-11!-1. Pr‘:MH.(4f-1-IH.l11(1H, l<I1uH ; 4
:!6'a9 IJI~H:H1< ('n{~‘E«H,[-a8mi,11I-Kiri,L«w:l1.l48¥:<H,(17I1H ; 5

2i»£.PI l)H>(:Hk (NIH, MHH. t.4(<l’H, (1FuH. I-13';-2&1, l"i3'(u'H: H?[.1H ; 6

2661 DH-(HR (H1-I. l4f.1f-1H. (M11-1. l-1:'t1H. £I»*.(1H. MHH. Mm ; ‘I
2' '2' I.)FH.:l:R 1-1?'l'1H.. [-.’-{<‘-E1H.- (:«!3t1H;E1?t4H; E‘-:;~'z-.:H. (4i<HH. I-.i?(1H ; H

2663 DU-t:HR (WM,(-i=3HH.&s3<:=H,(WH,ué1&:I—I.61[4+Ll46t1H ; S1
?664 H I-(?Hk' \'¢E4HH-f-16Hr|.tv$HI1H.HHI1t:.H6!+H,(+6[4+l.i4I4HH ; :

."6f-5 1.-H>I‘Hl-: W«H.. Hmi:6.(mun,(1i~MI,t4r5(tI:.(4:'[1rl. MHH ; .-

I'(-66 H Him: HJIIH. l1.'t’vH..w!I4H.l4E<\1H. Ml1H.(1."{4H.. l11l1H ; (

2. Dfl-(MR mun. (WM. Id-‘SH. wm.u-1.14. MIL am: 5 =

?668 DH-(1-IR MHH. I4:£i4t+.(41l1+1.(<IE1£.1-l.(91l1Ii.(1:'l‘IH.(sé.('l-I 5 >

1'66 IILHHR (Wu. Mai-IH. tam-1. l+1(1H.fl?(4H. mm 6214-! s ?

2678 DE H1-Ik If/EH. 588M. (HM. um; (Mil-L aim l478H ; [I

2671 I.Jl1~U1I< ta?{4H. ler8z'+H.(188H,I1¢’-HIL 6488M. £4881-I. EIE¢£=I—| .- F1

26?}? IXFIIR Ii-(1+I,£4.<.¢$.<}{.W::(-¢H.liF(4H, (1E¢’c¢H.f.fi-HH ; B
DEFCHR (+I?{1H. (ai<$~rH.l4Hr.4H. Ia$_¢I.1H.£.1£:(4H.f18E¢1-I, l1?t1H ; L‘.

2674 IJH-(HR t1F(4H.ldE¢E¢H.£18%:H.l1%x’c;I+.t4£¢3H.(188H. HFIIH ; D

Dfl>LHR l.4F8H. amt (483!-L hi-.118. (MIN. U8t‘4H. I1!-8H ; E
2676 I)!-ECHR («H-=H.(1&=f1I-1. l‘I8£1+I,(4£-‘FIH. ('48f1H. (58[1H. £‘18(1H ; F

267/ DE!-CI-lk (WM. («am mm. (1931-.IH. (4981-I. flit:-:H. Es‘/SH ; I-'
2678 DFFII-IR (18% («am l43%;H,(4F£:l1.!48(-94-I.EI£<$¢H. ESSH ; H

DH-[HR MIH, H?t1H- i:1?f.1IL H:'.1'1H.[<I2E1+L lrs:'.t'1H.(;«‘/[11-1 5 1

DEHJ-IR t4(48H. (4%!-I. Hf.14f=H.(.4i»I%:H. IeIE18H.t188H. ti?/‘EIH ; J
2681 DEI-ERR (L48!-.<H.l14€4[+H.t1F1(1H.L1(11H.fsf-rid!-I.ld'Et(4H. Bi-r$:H ; K
W Di}l;HFc EH1H,&18t’¢1.tE4I<4+,Et£«n£1bL8$I(s+1.l¢8I4H,HF8H ; I-

$3 H83”: M: Wt l.483H: 3 H
2684 lyfi-(‘HR t1E:$#:.£1(:5¢H.ij1r1:§.M, (198H;H88H: (488H. ; N

DL1-(1-Ik ('iF8H; Ei8I?.l~L In!-.=z';'4-1. (19-Hrl. HBSH. {.1881-I, l<»F'{-M ; [I

% [f|33H: QFBHI Pfiflt 3 P
268? DEHHR 8?PIH.-UBHH, H88H;flF|ElH.B9f‘I'|.l16€1-I ; SI

2688 DHL1-IR EF[1l»l.&t€'-8H..(1!=£1H.&IFI{4I1.£19t1+I,Et£¢£:i ; R
DE!-(1-IR fl?l'+l.Et83H,(1£sHH.u7P1£.HE1i:«:.0£ItH.fl?i4H 5 S

2690 I){~.F(1HR I1'F8H. E.1?EIH.H:!£3I-l,E+::(1H.£I2EItL[12£4H.H:€8H s 'I

2691 DHCHR E|38H,[*|3HH.[4£I€1H.?l€l3H:I1?[4H ; U
269:.’ DEPCHR t13$<H.fi8‘:rH. (.+5£aH.ia€~(’JH.(.4::t4I-l.i1;'i1H s V

2693 DEHHR £188H,88£4H-l:IH3H.-tafilfttb («Di-.1-I. Hi-'sl~'H ; H

DH»(.M'-: (1..‘etiIH,E1££Bm1'.i£4H,f:43!-M 5 X

2695 DH-(LHR (488-H.li8.'-=H.!5::i4H.a2E1li.t3’.:i41+.EI::I4!+ ; Y
2696 DEFU-IR BH¢H.t4f.4:E:H. (’m1H..l.1?.t'1H. H4(4H,(18(=IH,fir'(-¢H ; 2
269? Ill.-'.|’-(HR t4?l:IH;(j14£4H.- 934:4!-I. E-WM.-E14£1H, E3414}-l.{1i?‘E1H ; I
2698 I)fH'1-R awn, emu. 64£1H,t1:2i1+wiE1tLfiQI8H,t¢t?£1H 5 \

2699 DI-I-‘[1fl'< t<I?‘i1H,(11E1tl,E11(4II.(51l1H,(.41!:1H, i<I1(4H.&1‘.'1.*-AH ; J

2768 (>6!-(HR (i1?1'1H, (WM, 148.’.-EH. u?(~1H, t'121‘¢H. H:'.(4H. f4.??t1H :
2781 DEFCI-IR (mu. H::i4H, M151-I. (14!-‘EM. WIH. I-121111. (1[11..1H 5 -.

zzm DFH.1-{R £.1?I:rH,(I4:e{«H.u2[1H.ta:zt4i>L &IF11<H,(1?‘i.~1H,(1:'{4H 5 DUAN HRRUIJ

27613 Dl-‘I-(HR [fl.1H.|('.1?fiHIHj.[4HJE1f'8HIafl(1HI[12(4H![1[1}]H .~ RIBH1 Hm-{IN

[Him l€tE1£4+Lt.18EeH.!:r5s£1I-l.£12:m.65-E4H.(4t'¢{+H,(<t(4(¢H ; HLL’I1+'LY
2795 DEFB (4
M16 DER‘: ?t11H
mu? Den! 8

2768 DH-H 6F81~l

2769 DE!-B 8
2718 DI:I-H NH

2711 5 #11 LHETI WI!-. [IF DWIDE 15 YFRU» EHICH HflPPFN‘.'- W BF Fll-5'!
WM.-. [IF , . .2712 ;

(‘.753 J Sflfll [:HHH'H'[I]hkS (4 X 6)
2714 Sl1.[iHR

27151
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I‘iFI[:-V‘. DDH

('~I7II'.f6 |*3
URI‘/‘ I-‘H ‘*

M3
M3 48

EFIH aauu
[fit F'1I.I‘;1I'4F1
am 69

Gilli 'r‘l-
BH11 I-[!'f‘({19
9604 L8

(“)5

Mb 28
[H36 -‘.3

EH)? Hr

EH18 ht

CH)?! 211
KDH ‘:3?

E08 '53
[Hit EH

Will) 2|-'

EFDI: 3?

WM 38

HF 3’?!

U151 14!

31:1‘. 34
(H33 35
EFE4 '56

Iflih III.‘
3156 35
EH1-7 3?

H-‘£8 33

Win‘! .72?!
ER}! 136
EflEH ICE‘!

(fit) H-

mm» XI?

[HI I-‘H
IIFII-1} "H

Ell"-M1 I-hm
I|HI.' IH!I»mI

IIF1I>- IL‘!

3??) ‘Z

."'."‘1 8
I"/1.9

27%

2'11’?
2723

27254!
272?:

2726
Z’?2"(
2’/2'8
2‘?Zf.‘.i
I'71<E1

2'r.<s
{"82
2733

2735
2736

973?
2738

??39
??46

2741
274?
??43

2744

2745
2746

274?

2?48

2?49
??58
2751
2752

??S3

9754
2755

??b6

275?
2?58
£"?‘o9

2?6fi

7"/62

I'VE-3

W64
I"(6'.1
I"/66

I"(E~?
WE-I.‘
EVE-I-I
2‘ 1' (H

J’! (1

2773

2774

97/5
706

27??

163

I'|I'1.IlII'IP POP IX
I-X (SPLI-II.
JP (IX)

IIH1’:
;Pl|P.I-'[|SI-: SFIW

I-INPUT: H-'-I(I>?(.Il)I

4,301,503

(2IN'v'fRT KEY IIIDE TU I-Hill

;[IUTI-‘III : H-“HS-(LII EUIIIVH [NI

;I-IIM: If1I.<II~ |..IIf.IKl|I'

I1<I;TFtF-I ._
L0 (2.8
II) 8.8
ID I-II.Kf‘.1HI|4I

F00 I-IIJBIZ:
LD H.(Hl.)

urkm: l.D (W+[IBI-I).H
RET

KCIHII-I:

DH-‘R ’ ’ JSHIE

DEFH ’(;’ ;BI.l.|..I-‘I

DFJ-B bl-H 5"’ HI<RIIH

DEFH SL1-I aD(lrIN I*:kkUI:I
DI-I-B ‘.2’ 5

DIFI-I ’R’ ;RFE$IIl
DEFB ’S’ ;ST[i<I‘

DH-B '5 ’ ;PLUS-l'IIN|.|S

IJHB ‘Z’ 5 IJIVIDI‘
DH-B ’?’

DH-I-I '3’

DH-Ii '9’

I3-EI-B ’*’ ;IllfS
[H-8 '4’

Di-FB '5’
DEFB ’6’

DI-.I~B ’-’ sHIIlJS
DI-"I-‘I4 '1’

DI-‘FH '1”
DI-.I-B '3’

I)E.FI-I ’+’ ;Pll|S

IJIH-I ’&’ ill!-.
IJEI-It ’I4’

DHB " ’ ;I'-{UNI

UI~I~'H ’=’ ;[~£|l|Fd.S

; NHMI-.2 HLI HM-I-I

; I-'tJI<I-'I.I!-It SH H'[ilIlN (IF Sliklrl-‘II 'I(| (;IflS‘II-INT VF! II
J INPUI‘. H ? I-‘HIH ‘III I-ILI HI II-I
5 Hit —' HWIBI-Ix‘ UI- HYIIPS IE! HIJ.

I'II]l.I: IX Didi

III‘ * .‘~IHI:fIIN|3 HIIIII-$5-S (l- |<I>[iIIh‘I "III Illl

HHI H‘. II) (HI ZLFI i STIH I-l‘v"I‘l>
[IV] 5 I<L|I'II’ HI . HIS I-((1
JP PhI~1H| I 1

RH

J INF: RFIJITIVI: ID H85-Il.UIl'.

3 Pllki-TJSF: [III-13lHIIl'> (INVI-RSIIN
i IIl"lTI". I: -I’ X (1(M')INF1TI-
3 D = V (I[I\'DIH'-IIE.

5 Fl = lililt RHHSIER VH1} I0 US|>
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NW6 (1l(¢.f1B

(H-9 5.865

O’-ft: L114!-‘BB

wt: :14»:

W60 6-D7i<EI«‘.
E933 l~D‘r:*.EI5-

E886 1&9

K488 CMEEB

(EH5 DIM:
K590 (3
WE (Q!

FBBF
8814
$1.9

am;

KQ3

9&8
WED

UB2

$3?
KN.’

H915.

$46

$43 H138
(144!) CS!

0341.»: E5

084.!’ EFH;
em 6-F
(-IB!'-.*‘. "(is

E18525 I-ma
$55 85
88% 1-5

585'! EME1

iykf-5! ‘(H
E18‘:-H ?$=f.4'<
6111: 21?

«ab (2%
£68’ an

096? '23
max 2.‘!
KM 29

east; 54

E865 Sb
we»? .93

was: 1'9
6869 53

2W8

2779

27851
2781

2782
2783
2784

Ifrflb

??’86

278?
2788

2?89

2793
2791

2792'
2793
2794
2795
2796

2797

2798

2799
23%

2531r
‘ I

2863

9834

(‘$6

2%?
{#8118

2889

281 1
9812

2'33 3

{$14
.'."Et1 5

$'.‘E¢16

1'81?
8

?819

9895
2'88}!
98?}

1324
(‘$05

$26
282?

282%!

?829
{$138

25831
{(832
2833
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4,301,503
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5 Wfilfi ENTRV HIINT
Hd.'|.Hi'. [H l. KEITH

JR H<['l.H2'$

i N(Nf‘mC ENTHV WIN
Hdilflii EH1 REUFI1

SET 6:9

HCHHZI LD (l‘I’4(1‘.lh):E
LD (W+{H3)oD

HFRIIE JR ‘ERIK?!

I lflilfi ENTRV PIIIN1

RFUHZ CFLI. REHR1
[UT (|'HilC)rFl

RH
CKSLWP. DH’? 5 5 ‘% Cl'['IK‘.~l.H *3

IXLPJ H'.EH:["F{4|'l: l‘!K‘H»{‘H.‘Hp!’§.H'| 5
DFF5 34l7|H;94H'I; B4(‘H:(54?H:E143H 5

DFF5 &'.l1H:E|2l‘1|'|»l"$FK'l: [4El3|Hp 3
DFP5 E|EH‘Lf1.?[‘%fl6H'|:G2l'fl:fiEH1 5

l3H'5 [‘3H{1|'|»E‘f'K4H;{'1EE|H: [4?.T*H;H2l3H 3

CIEF5 HEW» f13[‘fl‘L l"EfH'L HKIH: 5

DEF5 K':H1:(fi8W;3E[‘HnHFfi1'|:HEHH i
DU5 (*El‘1I'I.-[‘|?{‘1|“|:E‘i§’f‘l'rl.~H?.'f’I'|: HZIHH i
DCF5 l7f:HH:Efl‘l(‘H:{3E(fHa§1H'1HpEiF[1H 5

DEF5 H'EI'|:9|FI:’H:(1E§5|Na{f|?i1H;l”'E€iH 5

(:1({‘M;04(1l'|.- EWEH» 5 I

[95 [4455 £159“: KW» 95?“: [iEi1|'| 5 Fluff

3 KIHKBIC “HF. FIJDRESS
5 WDHII: CH DE

'-D'.|'.‘\"J\'J'«htnJ"-.‘!-"'$
5 [I'VE k[l|Tlll~'
WW1‘: [DIR
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5 S?S'I[-I1 I>NTk‘1’ PEIINI I-UR N’JNN{il[2 HDDRESSES
REHFI1: PUSH H.

fill) E1!-(1-I i T055 (lfl SHIFT HMUINI
ll) l..fl i SFM-.

ll) PH. 5 GU X
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RH TH.’-‘: Pl|':.~H H

M) 84'l[4H 3 IS I'l[l-‘Pl-ID BIT SH?
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Jk '/.kFlTFt’€-rt 5 Jlfl-' IF M11
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K10 fb16("|
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[D IN!

I-IJDILFI 55-ET|l=V¢i|
FIJI) I-|l,l-I

FIID HA-I.

[D D;H
LD Bl

HXJHJM 55!-‘H-I.=Yt,‘_(2
P00 ".1".

fll'JD|'l;DL 5SETl'l.=V*-18
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(‘.341

2843

284‘.
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.'H:l1

."u‘<.’1

SW2‘
I:'8‘('_(
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SR1 H

SR1. R

L!) F. Fl

[D D. 8

F011 H . [IF

1F NI-HMR-1
END]!-‘

EX Df. Ht

;Fl=X4

5H.-'<'f#4B+X 4

; NHYE:

; PURPIE-E: RE'Il|k‘N [:f.IN1Rl'Il T0 (H.I.£-J8:
5 H15 mm HHS ’SI[1l~N’ H«f[I1-1 D-:1-.I_Hfr.'~A SII-If

3 IT MES ‘nu-. .S’IF¢£:K [:11-Hf-Ill’ THH1 HRH D0f.S
mm’: Pt!" HF

P0!-' Ht

RH

; ENTRY run US-H<

INXHIH: [:f.1.I XHJB

JR I-Hem-$

.- NHI-11-: NIH NIH-=1?

; PURPUE‘-l’-’: 1.080 0% SP£’(.tll~11-1) Nlkmf RH H1 WE ‘I'D BFELE HDDR
; INHH: (2 = NIHHE HUHHIR
; I-I- = PIH-. H1':m-:l~5S

5 {MRI}: NIHHH-. Pt-‘vim-.11 |\'](iH1 .IlIS1lr-JLD IN FL
5 I»!-Si14:lI"I)(sH: Hm r Imektl-I! 1'+f1':£}.

; IHL» HIM ur<r.~n< HHV1} [II- H (WIN WIE. 15 HUM SSH)
; W HN Wm NlkH.l- mi-I+.‘ék.
mm; HIT-.H H4.

PLI{»H H1.

LU 8.3
she! (I

HUD HIM:
Ila H.(Hl.)
PUP Hi;

all M

JR 1’. XNIM-9
kkfn
RRI11
I-M11

kkttfl

XNIR5: I-NI) H-H
KP H.
k1:T

; Nflrlt: smzr Nlmt

5 PLIIMIEI-L: NIBBLE sTUI>:IN(i (9)
; man: F1 - NIBHI-. 10 mum‘

.- (: - NlBBu- NUPIBI-.k (HS IN XNIH)
; H. -- BHSE mums

PlnNIB: PUSH Ht
HJSH H.‘
LD Ina
SRL C
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ml)
Ft!’

811
JR

4,301,503

HL, E1:
H;

B. (2

2, PUTrm.-s

; H. (I. CF1':'-F - SHIFT IT

PUT M-*1 :

PU! NR2 :

Rltfl
R1 LFI
Rt .(2H

R1.Cfl

XIR

HID

JR

XOR

FIND

XOR

LD
Pill’

71-]

3

(H )

UFGI-I

F‘lml-I2-$
(H. )

Cl-‘H

(Hi)
(It). H

H.

;P(i9)

iL(lCfiSl>.

5 NHHT-. : INDEX HORD TF1l'!H: (NURD lNDT-X)

; PIIRPIIF-T-: TU INDEX HH HM-.‘.H'1’ [i D€FH’S

5 IIIPIJTS: H-"ll-JD!-X HUl'1P-'T£|\' ((:I-2'95)

3 H1 -) ’|HBI.!- IrNTR'a’ H
5 UUTPUT5:

HINIJHI ll)
LD

SLH
R1.

HDD

I D
“I?
[D

M [I
STH| DI-"t [H I.

5

5

JR

NH‘!-' :

Ptl‘<PtIE7-l~ :
[NI-'l|T.'.~ :
UIJTHFI’ :

RH

INTI-.':

DE -T ENTRY L[(|Kl?-.l) ll‘

H = POINTER '|[I T-h|'lR‘f IN Tflb-1.E
T-‘J1

(1.8
T-
D ; DE*2

Hl.;D|:‘

in (H)
M.
D. (HI )

H
I-1HDL.'<

HINDH1-5 5 JOIN STU-{E IN INDHT I-¢Yll>

IMIEX WTT-I TFHF
TFIH E LKKKTP
fl -‘ HI)!-X TM‘!-ll-.R

Fl —‘ Vfl.l£ If BYTE

II = l’(|lNTH( T0 ‘IFHI EHIW
I’-.Fl

Dafl
ILIJE
R; (H.)

(lV+CHH).H
(IV‘+(I'!H).H

(W+[IBL)al

DISPLFN TN"!-

Pll'n1-'[|S1-: DTSHFW T191‘ [IN STRFE-"N
INPUTS: I-.

D
= X (1111)

= V IIIJRD

C = SFH-' RS [>lS{.IH< IHIINS FXII-PT BIT 7 = 1

TD DISHH1’ COLT" HM) ‘.'~[-.['.1N)S
IITTPUTS: NOTE
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EHI2 2947 IDISTI:

(GU: I)D2t'5E1l!(:l.” 29948 ID 1X55-I'I I-'|'vfl'

K403 8642 2949 Lb B542H

E40? 25.!-.F4l> ?95E‘| Ll) I-l.5[iTI‘|Il'lT.1
Mb [fl 9951 HIS-H BC

W06 FI3(.?I.-Mi}-l-GI? 2...}? RES 7. (]H’+[.‘r<{Z)
EBIJH [:[1(-NIH 3:453 (HI HCIIISP

(SDI) CS PEP BC ,
HIDE (.1479 29115 BIT 7.[‘.

K1-.[1 L1-I RI-‘T Z

$BF.1. '.<FI-IH U) H. 8E!H+f.<f'IH
(BR [1)E:I£1? 2958 [I'll DISPCH

38% 964?’ 2955.‘ ll) B5425-I
Ki!-I8 251-.[.‘4F 29$-H l.D HI.5[iI E-I-U4

25961 5 FIND FFIL INTLI

2963 5 Hf1I'II-1 I1lSI"LH‘f BLT) I-I|.l'Il-IER

1364 5 INPUT: H -'- NLl1'II-fit-R I.)1f-M H‘? UPI IINS
3%.‘: 5 (3 =5 ("II-IF11-.1-I(i'II’R III?-PI.I'1‘? (II-'II(|NS

29:’-6 5 DP ‘-' V5! (.‘(|(|I-flllI-£I1'lI>'.,‘-

291'»? 5 HI -‘ HI.|I'1I-<l-It HUI?!-(l:.‘éS (HJIIIIS HI l(| INIE)
2468 5 IX = HHI-I-fNHTI€ HINT (II l|'.~I-D)
13969 5 IIUTI-'lII: DI. l|PlM'|T-I)

2"El’r'f4 5 I?/I-.‘:~f‘I?T.|-’TI[h‘l: THIS HIIITIIII1 (I[||‘I'v'H<'.TS I-MIT I-JII=HI|> INTO

9971 5 (Hill HNT) IJI.‘-I-'| H‘r‘Y-I IT THI- N'Z|I<1'Ii1IlY Il..l.H3FlI. 3(1)

I9??? 5 VH1 ll!-‘I HRI-‘ |JI{+'| HYH1 HS ("WI-fw I’?! 'IHI»:U $‘F Ixfl-.SsI’IE[I'IlVIrlV.
5."+'/'< 5 IHI. NHt'nI'-I I-I. |'l.‘~I"l.HV IIPIIIIH‘-a HWI IS IIIIMHII-I1 HS H|%.l.[IN§-:
39/4 ; |=I| K .‘H II- ll-Hhlllfu '/'H<[I ‘«ll<I1"|~“-f-I(I1I I-IHHII-I)
§“4'I‘t1 5 IIII’ 6 Sl*.‘| If IN It MIII-|~'NH|I' I-(IHI Hf5NIH!

1516 5 BITS 5-[1 IlII’BIr.k (F DIGITS '|[I DISPIIN (MIT NlJI‘II.l>'.R If W'lltS!!!)
(EH1 ?8 997! BIJJISP: LI) H53 5 [H (}’II(N.‘-

GBHJ F6}? 29?? HI!) 31-}! 5 IS[I..HTl' MI’H‘.R (I DIGIIS
NIH: '.<l) 2'97?! K1>D(1t OH: H

8-H H4 2’Sfi1 RFI I1 5 WIT IF Illl. UR III HIE
UNI 4l- $’.9E<.1 ll) EH 5

KIT-1 [1)?BT1B SW2! CH1 ICNII4 5 (H NEXT DI(ilT
NH ?.{‘i.'.1? I’9E¢I( JR N75l'I:Iil)1-S 5 .IlH' IF IHC/FRI!

K56 [1478 (‘S434 BIT 75H 5 IS '/IRII S|.I(|"Rl-.55 UN’!
$8 28(‘.I3 ?‘38‘.) JR Z5I':(I[)D‘1-9 5 JWP IF M11

(“H H1 2986 (R C 5 [HST DIGII?

K1-"B W14 P987 JR IT(5I{IllI)4-$ 5 .Ill’P IF NTIT

Ki-"D (1-II-I8 2938 HEIJM: RES 753 5 (11-Hi II-FIJlNIi ZH(U HFIG
WIFF C686 {'.‘!8‘:'l FIN) F156
H391 2.9921 HI) [?l>H

K33 (‘$255 FIX) H5.'~.'T'II

U385 [W0 2'99? E|(1)D2: BIT 65B 5 FlTEk‘II’-ITF HINT?
K287 238912" If9.‘I'3 JR Z5 I.'{I)D3-$ 5 .lll1P IF NT)

0399 FE-€131 299‘. OR SUI 5 ‘flifl - SI-"T THI: BIT

KER EDEIW B[.“D[)3: CF11 DISPIH 5 DISPLH'1' THE CI-IT1I'(

NHL 79 I"3'96 Ll) TM.‘ 5 GET LIE!’ C[l.|ITlI-R IN H
K11‘ 18DD 2'99’! JR Bf1)D(5-$ 5 M) (ii HR NEXT

K111. 3I~I'I1 2998 EITJID4: LD H5 ’ ’ 5 I1-.F{!IN(i Zt-RU - Il(l'll- H SPF1|'.1.-
K213 18%! 9.999 JR [-tLD[J?-$

’§' 2 Nflfllit INCRFIII-.N‘| 5[I.|I\'Ii

<33? 5 PLIRPII‘:-[1 1N[.I<I:l'1I:NT SCZIII-1}. HND LIIVIPHRI: 10 HI) SIIIRE.
3%? ' INPUISI HI -i> PU-WI-'R S(‘5..|HE I.[H-I HDDR UF 3 l!‘r"|E.S

3334- ' (.I.ITPUI.9: [v*5Ir€I>I~lI> [N5 (1'fIl'IE'-I ti SH IF HFIX 5L‘IJP;E REH(1HkI.!I
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K215 £16-fill 3E('.fi |‘l1N[:Sf;: H! 3.3

E5? E5 Z<8I’56 PUSH ll

(’C1£:?I-I I<P1{1? )Nf.1(|F': ll) fl.<Hl)

(1319 (138.1. .'.<Hf_18 FIJD FM.
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(tit; 77 Z<E11&| U) (I-l).H
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KZIF 23 385? Ill; H.

EH8 1011-6 3813 DJNZ IN(1.(IP--1
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£024 23 381.6 M: H
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((35 (.‘rMl- K6118 BIT (if-B'Es(1R.f1
em: (:8 3819 K1-"T Z
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@1134 DB ‘.<%.12"o kl-.1 NI:

E1t:.<.‘- E'1I~i~véI- i<[4?é~ .‘~l~;'I’1-ND: ll) Hl.hFI1'1.=2|B

8L‘.L<r: [+:H~ '.<h§»'2" SE1 (H-<l>’lII'. (ll )
ar.:«n 1'9 i<l4:"c< RH

K.i<H .18 I<H."‘.-I kH'Hfl‘ W? I?!"

GUI’: 2'8 ’$({«[1 |.=l-(1 HI
K‘.I'<D mi! 3831 NH? [J1-‘lit?-3

6326' 181-4 3331! JR S-I-"H€N!)-5

3334 3 M’-flit W11
3835 5 F'lI<P(I':~F:

3836 ; Sniff (I11-1 (MR

(£41 3837 K4111}: SVSS-Ul( STRDIS
K143 38 383?! DETH 43

K144 18 3639 DH-B 254

(£45 4C 364% DH-B Giflmiklifl
[:46 5782: 3841 DFH-I MINI:

(C48 3641' 5951 H1 I-[flllfl
3348 24513 HCIUIT1: SYSSLIK mum
K546 1-182 3844 DH-H
K24!-.' H-14 3845 (2? S18

M153 2884 3846 JR 2.mu'I2—s
K52’. FY13 384? C? SKY!»

((254 21H 3848 JR IfZ.H€lIlT1-3
K3 (7 '.<64.9 M1111’: R51 8
K15? 4?454M!'« T<l‘If~fi (HM: DI-H1 ’(ifl'E’

0353 £16 3%! DE}-1! 6

['C$l.: 4!-55645."? II<t1'a2 DEFH ’tM-R’
(C68 Elia I<f45'_'< DEFB 8

335'; ; an-innnutwmt

H56 ; It fl-‘NU mrmts 1: _
335? ; tttnfiflhflflrtt

)%68 3858 N[l.l|l.-‘ I1-IQU 9(-

>?&fd 3859 NH Full Fl

>aom 3368 HNNH mu 1
>888? 3861 I‘N.‘-8|- mu If
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5.
1..

s.u.u.so

l{:1lVfl'|‘l-. NI!-.RRl.l'l'S

WIIT FIR SU‘E|'Hll[i T0 IFPPFN

IRIGER (Hf-Ivfl-.?
KW HIT?

Nil ' KHEI-' GUINFI
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STRING FlDDRESE~
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em. i<I'-IL4I1."(1

K564 H-[IR

was (mf4:tt4
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Eff? £14
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E151; 11521415
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K31-. I-Et-S
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0135

H39? [:5

H38 [-5
K99 (1)1 9[‘PD
KHZ

K3}-*’ Pliffiifi
H11? DDH.

H34 78
K155 [2638
8137
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3866 5 S't‘S'|E-.|1 Pfll-IFIR UP k[IUTl|~l-'

4,301,503
176

I416? PNRUF‘: LD H5(l-lKS'l[I) 5 [ii-.T HRS] CHSE.-FITF LIIIYFHMIN
3868 GP E(II<H 5 IS IT H Jll1P??

3969 JP 25!‘-'1kS1[: 5 Jll'1l-‘ ‘W11 11- SI]
3E1?'(| ll? SP5}-:FGP.Hl1

38'/1 3'1’?!-5Ul( HLI 5 5 (1.!-HR SVSIH1 RHH
'_<[4?? DI HI Ht-l‘iRf1H
I.<(1‘/Z< DEFH H4
I<[4?‘4. U1-.l-H ('5

‘<f.1'/5 II) (LIRINFI )5H 5 [M-fik SHIHER
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I<{4‘/"F Ll’) (Tl|'IL'|UT)5H 5 t1EF1RHI1Hl|l HfITlIHJ(J(:'
§<(1?‘S-I SYSIHI lN'IH.
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3888 D0 SHIIIT
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314213 DEH-G 8

".4184 D0 (2E|..!-ET
313945 DH-N l’EhI.|l’.Il

I186 D0 HIITINT
388? EXH

3888 LI) lJh[iFiMS‘|'k 5 ’SEl.E(2T um’ HS '|‘1'fl.E

ll) |'|.5HRS1['I 5 F69.l'1L I"!-W S1F1k"lS IN CFGSEHE
'_<BE!E| 1.!) H5 (FL) 5 [El FIRST l';HSSE'I‘TE-. EME
3891 III; I-I

I419?! 11'' 5.'1H 5 IS SI-.NTlfl-l T|"|!Hil:?
.'.<E19.'< JR LHMIH.-5 5 HEP - Jll'|P

[D I-I_5[1|MHK 5 l»IR'(IN(i - USE Wfilfld) [MY

HRH: SVSTEH HI-‘NU 5 DISPLFW TH|.- W.-'M.|

3397 5 H’-I‘!-: DlSPLH‘1' MENU RN!) Bk'HH[;H (N CHTIIEE
3998 5 INPLH: I-I. HENU LIST

3699 5 DE -‘ FEM! 1l'ILk

31% 5 IITTPUI: DI-I =_HTlE-' [IF S|:1E[:’Il[|t-3 HFIDE.
3165 5 DEE-(IRIPTIIN:

3182 5 TH’ HENU I IE1 )3 Fl LINK!-.D LIST (F TH’ F(l.l.(;HlluKi FUKHHT
j(1(13 ,- #*#=l°k*=|c¥#*bHt=t#=M#={:####1=t

3104 5 =3 El * NEX1 ENTRY 5 *
I<1[1{'- 5 =8 1 It 1

; =Nnk***#####**t**#=H*##*$#

3187 5 t 2 I! S1kIN[:' H[3{.‘RE':iS 1
3168 5 Ir 3 * an

3199 ,- #*1nhk*#**##=H=*=k#>h<##t####

31.161 5 * 4 * EIRFINCH "ID HDIJRESS It
3111 5 1- 5 =I- I-
3112 ,- #*###***#*##*:|c1rt#*1n|t*##*#

3113 5 THIS I. IS} IS ‘H-.|-!!1lHfi'I'l-D W H NEXT HfIk'-I I-II.-[[1 [IF Z1-ROS
3114 5 H HHXIHUM U} I-.]tiH1 EN'l|<‘fE- |'1H‘t‘ H}; l1lS|-‘U1?!-D.
f<1i':« HI’! NU: PUSH H1.
3116 PUP-H Ht

351'.’ (Hi. HNIELR 5 [11-PR SIREHI HHD THRIINUP IHLF
K118 XYREII. Di-.516-55?

3559 [D l*¢(I5flE1‘.'-!H 5 lNlHF:l.l21-. ENTRY 8 HM!) lfflulk
I<:1.?(1 PM-Nlliz POP IX 5 HRST l:NTR‘r' 10 IX
.'.<1£:1 Ll) H53 5 S-I-1FE21l[IN NUMBER TU H
.'.<5£'£' HUD F1/K4’ 5 HF-IKF 11 H3(Ill
3123 SYSH-.|-1 LIH$:!>1S 5 HM! .‘.~H(IM 11

Page 174 of 237



Page 175 of 237

00519 :<5.:45
em:
KHI5 um-5«:<

mi+ Im. («:2
et:5:::<

emu Is‘!-H3
war 3;:

am 5?‘
51:25:: mu

«an: 55-5
cm mm-n

om‘ Dbu-H1
any as

act‘: 7c

0004 35

aft? 39

F088 {:5

(U3 81['r1(I1
K11‘;

K1}

K3151 C1
Km! 71-;

Km H?

KM :'8(1Z<
(£06 83

K15‘! 3886

any 3!-‘RF
K158

ELDD 1&9
KDF E5
((128 In

U115 47

Hi? EB
K1-iZ< bf
K154 23

((1.5 56

mI~iE- 19611
E1198 1:?
8&3 5!.‘

K1}! 13

921-8 56
(EC 23

031-15 4!-.
01116 93
KZEF 46

E/CFB I-J

Ki.1. I-1
EU’? (1:
ER E5

KI4 I-[>T.<M
831-'7 I-T5’/£985

KIN L9

R1?4

K125
K1?6
11??

k1P8
31?9

xaxu

xiki
K11?
K11}

51k4

3533

3536

313?

3138
3129

3143

3141

R14?
3143
3144

3145
31¢6

354?
3148

3549

3153

3151
3152

3553
3154

3155

3156

315?
3158

3159
3166

3161
3162

3163
3564

3165

Ribs
316?

3168
3169

317%

3171

3172
R173

3174
3175

3176

31??

3179
318
3181

R582
338}
3184
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Lb H5 ’-’

':-V?-'|H‘i (.HkDIf~2

Ll) H. (IX+MN'-H15)

U) L. (l><+mf-MI. )
SW1-.1-1 F-'H<I51S~
Lb H5 8

HDD H51)
ll! [M1

II) 5.16
mt. H

1 I) H, (lX+r1m~tH)

U) l. (lX+ml)
PUSH HL

Lb [Ll-I
(R l

5'

4,301,503

D1!-«Pllff IJHT.-H

M. -' STRING HIJDRESS

DISPIHY SI-ll-[:'Il(N

T0 NHH I IHE.

HUHP |>NTR\‘ l

H <' M-X1 PNIRY I-{Wk

55¢ 5i2,n1Hem-s 5 no - M‘? rm
5 551 ms 5mm H1. .- (4. (an —— a

MID I-I55!-' 5 H. -' SIKX Pttllfll-R
HfM.f.<: PUSH BC

ID [-435 U1EflH

HM-.lL M51657? 5 Fl-'FDE=H(:l( HOUR!-ZS-S
SVSIFH HTIMIH 5 (fl NWIBH
PU‘ BC

ID H5 0-1.) 5 ml IXFS l.(I(l<?
MD H 5 28:0 l-'mE.kEl)?
JR z.m-‘ms-s 5 JLHP IF Sat:

(2? B 5 IN RF‘!-HZ?

Jk (I.l'I1:llh’:.~$ 5 .lll'1P If so

Fl-fN'J‘.i: L!) H. "!’ 5 till‘) ENIRV - SI-ICN ?
SYSTEM [1-RUIS

JR H’!-W3-$ 5 (II EH! I-‘(R MX1 W1"
WENIJG: PUP H1. 5 mm [U1 I-HIW I-R1-H

HP 01-. 5 Fd:ST(I<l-T H!‘-FID UF HHIJ L151

|.D 8.9 5 mm: l-NTELRFIJ ‘III B

Plffltf/2 EX DWI. 5 H = F.NTk‘r‘ I-‘TR
U) F5 (H) 5 DE = M-IXT
Ill’; Ii.

[D D. (H)

DJH2 fl'|FNl|?-$ 5 HINT Dtl-IN TU I-HIRV
Ill.’ H.

[D F.(l-L) 5 STRlKi 10 DE
M: H.

L1) 0.0!.)
M.‘ H

1.0 11.01.) 5 60 TU HDDRI-‘SS TU E1:
XNE Pl

l.D B501.)

Pt!‘ fl 5 H. - RETUAN In Pl.F1(1?
PIP RF 5 11-Rtld [UT Ull5P[1
PUSH BC 5 PM NEH PE: (IN S1f1(1(

PUSH H1. 5 I-‘ND PUT H’-1u( DUNI-1'.‘ kt-1l|l’<N

Flmlli: ll) (W+[1<f:').[~. 5 H155 Bfitx THU-. I-IDDRESS
ID (IV+(Bl>).D

RET 5 EN) (II HHEX

5 NHHF : GET PFl\‘fI‘lI ‘(FR

5 HIWIH-.: HPU1 (IF Pktmon UPIIUNS
5 INPUI: —H - mm-.5: IIF nltms

5 K? = PR(II1P'! !~M«.')ll(i I-u5[.'RF$S
5 I)? = Hm!-.. HTLI» H0l1k1rS$
5 Hi 9 Pf¢$:HM!-H}: Hfrl>KliSS
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4,301,503
179 180

35.85 5- 05‘$:u<1H1(n<:

X185 . mls I«.uLI1m5 mks ms‘ lISH< m Hmk H Nl.|HI-<ER

ids? ,- Hm H HHIH Hem-5 IS (mun). tlsnm M». .A'n1<1m

was 5 PUHHHJ m rzv 1+ as H mm. mt snkmte ‘Hum’
my 5 lSl1l‘~P1H‘v'l>I). HIl|lII~lHJWH-ll- l1<(II'1PT.‘.'IRlNl-L

31% 5 [iHN|.I4 IS ‘II-H! (if-l|,|l-.|) ll} lM'U1 ‘Hf Ntl‘|HH( FE!-Il)Bfl2|(
3191 5 IS PRU‘-Illiil) IN l.‘[l|HUi .‘~|‘/J.-"II ILHIIRFKIIH6.

31.92’ 5 NOIE: ** '|HlE~ RIIUIIME US!-S W0 SV’:5Tl-.|‘| Ll-VEIS HM) ‘ll-I-. EIJERIIRI: SH

UH! I-5 '.<L‘!3 |1(ilJP: PUSH Fl 5 SFM: M.I"Kil:R (f Dl(ilTS
KHZ H1 3194 PUSH H.

KH) (3; 31,95 PUSH BC

K11: [1113-(‘ID 3196 (H1 MIR

(031 319? STRDIS 5 DISPLFN ’ENTFR’
9093 918 3188 DFHI 8
U164 28 3199 DH-H K2

W65 C19 26% DH-I-I 1f1(¢1B

0% mo IQE11 DEW Em STG
UXB E5 I<I‘.f42 PUP Hl

H509 Z6293 SVSH-‘H STRDIS 5 IIISHHV film 10 FNIER
HM‘! E1 3344 PG’ H
WEI} F1 3285 PUP FIF

(IX!) 4? 32% LD 35!!

WW‘. C871 3211? SET 65C 5 SET lH\‘fiE (HTS

W18 3:113 XYRI-ll [$548543 5 LORD H-.EDBf[IK FDDRFSSS
W13 IQB9 SVSTI-Ti IETIM1 5 GET MIPBER

N15 3218 SVSSUK PHal‘E- 5 LI-.T US!-R REF!) IT
K11? (VF 31931 DLFB 1'3
(018 L9 3212 RFT

I<?'53 5 Sl.|:=R!1|'IINE '|‘[| (LU,-.FlR S-LREFN HR H-‘NU I'M) 'lH\‘U|~l.l" '|'l‘lLE
E019 D5 3214 FIMJIR: PUSH DE.

wifl 31 5 S‘t'SE-UK HLL

at-1c W49 3'£’16 DEFH N[H'1H"|

E01[-T Bfiiflil '.<2‘.1? DFFH i1*[r¢'v‘TEPl
KJLB [(1 395.8 DH-‘R 8

$931 3219 SVSSLIK FILL

[(923 R841 I<I’2€4 DHH Nlllkhl H+(11tB‘1'1EPl.)

(1)25 48(1) 322 . DEI-N (Hill H-IE.-13 )fl-Ml-Pl,
H??? 5b 324’?! DE}? 5'3}!

W28 F3. 3??;( PI? H.

[029 IQ24 KW!-.l.l. M52458 5 HTLE
Q0215’ FIEB4 3Z’?':I LD C5f.41(|(1H

E0252 K226 SYSTEH SH-{|)IS
E030 (E! K??? RH

I<Z’29 5 IFIHEI GET Mlflrlfk

3233 5 INPUT: B -' |)lSNLI'l [IF-"Tl[|N'E.

32.75 5 [i =‘ [1-RDIS (PTIIINS FUR H"-I-|)BI'-1CK

32'}? 5 Di. '-'5 [I|{l\'|.>lNHTl>S (IF HEDFIKTK IIREH
I<I'K3 5 H. -' H{!Di~1:S‘3 [IF I-ll~l-H W STFISH NL|l'IE’-FR

I<E'I<4 5 [>(:S[1<l|’H[IN‘. 1|-I18 k[I{|11H!- [HM IHPUI H NW1!-<H\' I-RUH
I<Z‘.I<5 5 HTHHC ‘IHI’ KWP-[IF'.‘-.‘|) (IR ‘M’ HHMI (IEINIRII. KEVHHRD

L<?I<6 5 EN'!‘k"f H<[|(2l-I-.l>S [I[||l‘w‘ll-IIIEINHI Y. (iHHU!1 IEXHS

'.'<I‘.'.<? 5 HHFH ’IHl I-.(!U1flf-5 III]-5' )5 I-’R$‘SSl'D UR TI-If kl-u1.||kE1> NLI1El‘cI>2
32'}? 5 III" DI(s'lT‘.'- 18 I-NTH<H!

.'<Z'L<9 5 H H'r‘H< IN}: HHHD lIf.IN1k[|1 HHY HIS-[I BE US-l:D '|(|
T048 ; FNIH! F1 Nl|l'1H-Id. H! [H IHIS (|P'|1[|N. Hill ‘HE ‘lRl(i['vER

C041 5 ‘IHHI k[I'H-fit '1H}' HI‘! UNIM TH!-. NUl'1|>=H< vuu NISH HI

I<."-‘.5’ 5 HHH-: IR SHHNH N W} I-H|\H'1f.'K HIJII-I Pl|l,l 'lH}- Tklfilxifk
(ME: , Htvlim Ill H-lul"wII-R '|H! I-NIW ll- Dl|k'1N'Ts' HHS I'k'(IlP<S.‘~

'.<3‘M 5 H4? H-‘r'HlItIi:1‘ IS l|§~H) - III-‘r'lv<UilL'1‘l INN} Lllll IMRRIDL
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&30L503
181 182

I<?4'.'5 5 WIS IS DIM-. 'l(| |”1~.'WfiNT 1~(l1l- ltllfiii H(iIl1 (i(fl|'LPE'.Hlfi
17.6 5 |.H$<k‘I' llSKl'.

E1D'.<1 D9 32'4"! Ifl IN: I’-XX

E‘{>'.C'. (17S'.'*(1l) K348 CHM (1 RIM1 3 IIHR TH. MMBFR
K)?! 4l- T4749 ID (hf! 5 SF‘ ?l>k(| DIGHS IN -‘ HI] I-Ni:HLl‘|)

0036 Fl)'.”H1'l IC":v(1 KHN5: lb H.(lY+(1r<B) J ENTW [Ifl"ML-"ll-?
(039 H9 I<1":i1 XIIR C
FOKH F63? I$1"al' mu KFH

W31: (.8 I<2“."-R RH 7 3 (KIN IF SO
wzzu Z':|f<6(1!‘: Igfffi ID H.;l’(i|"TN1

(EMS ['5 I(2";\':'I PUSH I'll.

@041 3956 SYSII-H FEHIMD 3 $5¢\'D('l‘llZl' H-111.15 MEI la!HH'
KM} 32".‘? SYSSUK SENIW
((>’:':i E1?-(iii 32".‘-E! DH-H IWI-IHHS

00-1? 1059 SVSS-!h( NIH
(‘D43 4(I5i‘ I<I£6{'1 DEH! (INLIHMI

8048 (3 3?E-1 k’r.T 5 HUTHIH - l.0['|." (IN S-EH1i<\'
ENC 3Z‘L'~2 GNIMDII: J31? Y-KY1). HGHH6

[IMF 3263 JHP STB. |'1|fi}r.”Il-12'
6D':)£’ 2064 JP?’ SI-‘[1. I'1|fiI-'11-[K

3'65 3 1"? HEX] 1Nf-'-'ll§‘l|[2'tl|I|N I1H1(ES (sT_IUD HST H..7.TI":1NH](|R: 50 NE USED 11 W

3366 5 1R1(i1.'-U5 lxitllfl IN!-.
BDS‘:; (1:=.' R26? |‘.(il-l1N.7‘.: E’-IT 4.3 ; El-1 TRFtHS'!

8:115? (3 .’.<2t'-8 RFI Z s Nil - lfimkii

0!l'.\€5 396-9 LD FLC

(£355 KC 31''((1 DEC H 5 fflf HI: H1.F.Tl:‘.f-IIW IN PUT I1(H){?

60$-Z‘. 2’c¢I<F1 32'.‘/1 JR Zy|1fi{11£f'1-1» 5 WP - JLINP 10 [-;)’.)'|

Eillfxfi (2879 3272' R11 ‘M22 5 P01 Ll‘-(x‘H|.'.I
(5:3) (.14 .'<?.'/3 Rf-.'l NZ 5 NC! - lfiifbicil

805+ &1EH-' IQ?/s LD {LE1-Hi 5 SET Pill FLHH
3'2"/5 ; Pm ktlmllffi‘

B051 79 .'.<2’76 l1€iE’HE.<: Lb H,(I 3 QUIT IF NEH" IN PUT NL‘I1>t'.
Erhéé’ 311 2127?? INC 5%

(1063 [Id 26578 RI-‘T N?
3279 3 I-KI!-I t-1f:'l’u’ |)I(iITS‘!

81.114 D9 I<1.’.'8£4 EKX 5 TE! norm. SM"
0065 ‘/8 26991 [D $1.3 5 SNfl'|(.'H Dl[i11S
(11% D9 .'.<?32 PX}!

8945.’ [+81 '.’<I'83 LP 1 s 1 PR3? 1|~].!..?
8I\'~‘J E4é.(1f1 '_’<:.’.E<-‘. ID 8.18

E06}! Z<.’!8':i JR ?.l'11.’iET|*M-I» 5 am? 1! (ml?) (NF!-8S
60(1) (MA 31446 [.0 RAM: ; HRIIHG!

8-DC-F M516 3168? H[vHlMI IN H. (P018) 5 (£1 L1Ji-M.-'|:| PU’! WINE
(W1 '3? L<?'E'-8 ll) DJ! 5 Rfifliii. H
l:\1>'(2' HI-' '.<1’8EI XOR H

897.4 5! '.<£'€-K1 ID l-.H
E1074 6? 3.1691 In H.H

87>"/‘.1 19 I.<£‘9§.' |1{1H|l'J: HM) HIM

(1D?é. (iH«.1 i<$'.'4.Zl fihf: HA1 5 Fifi) EVLW (.ftRR‘f 10 Hit
cxms 1".’ Z.<:'.9-1 mu

(fn'."4 .1E!.*H i<.".‘4‘5 DJHT! I-$(&!.TH‘3-$

(Wit I19 '<.'/9:’~ EXX 5 MIX ‘III Mn:-:m:. SH
MW ‘/1’ .'<I'.*’47 II) (N! ).H
Iii).-I» HM <."*(« M-I IM II:'.<-1»

<."4'-I a P.lvY1-1m!I- HIHIINF

I-i-.1 Eu’ '.<_~I.u1 HI'»I1Hv'.' ml." 1 ; HI] NIH‘!

Slim Lws ‘.<‘.<(t1 JR N/.ru.fIu.'-1 5 Jllfli’ 1} Nu!
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am. (H-9 _.<.<M
ewe ‘.'<I<('b
wan H-RD

(081: 9858 :<:<t47

em? I-.6614 2s’.<I18

W98 D9 3149
331%

EDS} D‘: 3311

(D94 ‘.6312

32453
D1 ’<I<54

909? D9 331::

W98 [3 3316

3318

W99 (:3 3319
wan D9 3319

am: £5 13:5
K151: ‘(B 33:’:
CD90 3: 3323
EDGE EGEE 3124
mm 1F K395
K381 D9 53%.

Elf? 4l- -3?!

EDFL? if <98
arm 4? 32¢‘:

KN-'15 D1 <31<8

was I<'_‘<I<1
90558 (:5 333?
£068 (3 I 33

I: <5
3336

3337
2338

am I-5 '_<‘.'<39
em: 78 '_‘<'.<-‘.8

0015!‘. XI: 3341
Born E61<£- Z<';<4::

905$ 47 I<'_‘<6.3
80% H :<:<44

EIDB1 l~D€J- I<'_’<4':i

«om :'.:< 1846
695:4 1141-I-c T.<2<4‘i

‘z'1()|'.z". [ZS _<"<«‘.£-I

E1Dl:'/ 4.‘-4+.‘r§«1.‘~ i<.<hx'4
81 >51» («(4 1C<€~5
an I-Hm ;<f.<t:?

BDCI1 l>Z<l’-D :<Z<ti<
0DL::' :'81i< 3‘_<f»4

SIM cm» Ii<'_<55
651:6 HMD 37:56

am». 19%‘ ?<.'<57
9001 4'/'[t54l't‘.6 I<'_‘(:‘-8

183

Hfl-.1 N7:

I*t£TNE¢:

5 ENTER H-RP f-‘(R FGILH. [R '|Rl[i(i-ZR EXIT T0 Tl-I-ill WT R!-TlI’(N
|‘[iH H9 :

CH1 IILMIJI1

III: (;
SET ‘(.0

svsun Ktilfbl;

u) I?!
JR Z.n(i~'TN9-I

PM) H-H
E30:

SW5-IFH S‘-HIFIU
P1051-I Dt

SYSIH1 DJSIM1

PG‘ Df:

E-XX
RE].

5-

4,301,503

SE1 [Mt DIGIT S-(I HR

S-El POT LIIJKUUT

FGIHS WPED’!

QUIT )F l>ElFl5

SH] FT D1617 ll’

5 NIX T0 N[Rl’fl.

5 SLBREIJTIHF 1(I CL!-.Hk NW9-ER

(11-1M||1:

5NHI'[-‘

5 INI-‘U5 Z

HS!-MU:

.‘~H{-1l|1:

|'N|.‘~'I(u‘:

(11. :

SW1:

PW :
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PUSH BC

EXX

PUSH H.
[D H58

llli FI
FR) IGH
RRH
EXX

[D C58

XIR Fl
ll) Ebfl

PUP DE

SYSTEM FILL
PCP BC
id-‘T

SHII-'I ll!’

5 ‘III KIWI. SET

5 LIEU H16“ HH1[i\'1f5l. PFl'fl';H1!£'€
5 El'{2X 10 I-l|.TH\‘N¥1TE-. S!-.T

FI DHTH 10 SHH-"I UP
8 = 51?} IN D][il'|S

HI '-' FRI.-Ti TU ’:-HIFI HDDf<|tSS

PUSH HF
l D R5 R

IKE H

FIN) 31-.H

ll! B5 H

H!‘ {F
kl (1

HE I-ll

DJN? E-HFTLI5-$

RH

l|H|'1 ’l>N1H\‘ ’
DI-H: 9|

DHH LF1[:l.
DFHI PNU1

DHH CH5-TR’!

Di-H-I El

DHH PNSIB
DFFH SIZHST

DEH1 ’(il|NFlf‘-HT’

5 Cl-F(.1(l‘iHTF. SING’

D 184
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4,301,503
185 186

mm» W1 '.C<59 Ill-H4 8

60|>.'< 43“.845"‘.I< IC<f-[4 HIM: |)H"|1 'Cl-l.[‘KM‘1IE’

mm; W 3365 DH-B I5

ODD!) 434.14[£43 3362 PNIHJIZ DE!-H ‘CH CU.FlTOR’
KJEY H4 336'_< DHI5 B

OOH’; 5Z<4I<‘.1Z'49 1:564 HECH: DH-H ’S{',1<lM:4 IHG’
WFL‘ M 3365 DEF-B 8

(1JF.'< bI<fi.54(.'é5 f.<I<6-6 GH'1S-"TR: |;'E.Fl‘| ’Sl>1E(I1 (if111!:’
Kl I-. 6'! 336? DU-I-I E-7H

El“ 68 3368 DI.H:¢ 8 __
EEK! 58 I 9 DFH4 88

((01 (ill _<3?E! DH-H 1181!‘!

Eff’. Z.’84I<€f92’.f! ".2"/I DEFH ’((Z) Bl’-(L? MFG 19??’
(£14 K4 3372' DI-T-‘B 8

K15 ’_'<.T(3 FM)

TOTFI. HSSI-‘l1E1[-R ERRORS = 8

FITCH. EVEN. TABIN & LUEDEKA
135 S. La Salle 81.. Chicago, Ill. 60603

F'<‘—Qa '34; *2‘: 7
1 mi /—mn Fun-C fluflFHHLER% HflME VIDEO GAME SYSTEM PAGE 1

MI‘! s T: .1-, :.r -IIII I .”'.I.I I. c"1II*'Ll_t I_‘vH-‘.RnN'u COMMENT

‘Ix Lin] A
1 Huh IVUIH

uwa I I .r' .bI JP INII

'.4:'-. 5 t: .:- rfisc iéhii-4-l~<Il~iHHH(--!l»1'(-it--!E<l(~-It-l(>
1’ J v HUN IIGHI LQUATES %

.-1:’-‘ .' it r.-1:» c‘c1r1(-iHHHi-H-4(>§'&§¢1-§<l1--|t--l1-
T , hHNblDH1 HHCKGRUUND JOE

_ . DUHHIBIINU OF INITIALIZATIGN. PRE—RUUNfl DISPLAY.
:1 ; Hr UH I‘I’:IR1I~JG IZIF L‘.:L‘.uNT RULE; AND VECITIZIR DELTA CHANGING

, ULATH. Paar ROUND STUFF AND END GAME

  
 

 

;EDUATES
LNX EGU 3 ; LEFT NUMBER X
HEY Emu 2 ; BANNER STRINGS Y
RNX EQU 136 i RIGHT NUMBER X

EW 32 :LETBm¢HBX
EQU 104 i RIGHT " "
Emu 76 2 SUB TIMER X
Emu 44 ; GET READY X
EQU 1 a " Y
EQU 64 ; DRAW X
EQU 20 a TDP CACTUS Y

TTREEY EQU TCACY—5
HCACY Emu 42 ; MID CACTUS Y
nnnuv EQU 70 ; BOTTOM CACTUS Y
BTREEV EQU BCACY-5
Ltnfix Emu b4 3 LEFT CACTU8 X

Eflu 88 5 RIGHT CACTUS X
Emu 76 5 CENTER CACTUS X
EQU 72 ; HAGUN X H
EQU RCACX+3 ; OTHER COHBUYS NINDOH X

TLINE EQU 10 1 TOP LINE OF GUNSPACE
ALINE EGU TLINE-1
ELINE EQU 92 3 BOTTOM LINE OF "

EULVSZ EQU 13 5 BULLET VECTOR SIZE
EFVSIZ EGU 23
NGGVSZ EQU 18 J WAGON VECTOR SIZE

LJJNBNEI Ev:a|.I 50 .- TI2IF'—E:CITTL‘IM LJINDCIN EOLINDARY
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4,301,503

 
187 1881

Tflhflh TUFLIN EQU S3&2 ; TOP MINUDH LINE
‘WMWM: BUTLIN EQU 00 ; BOTTOM NINDUH LINE
‘fimrfi LFHLIN EQU xoouz ; LON PRIDRITV FOREGRUUND LINE

'FFFf NEXT EQU -1 5 NEXT LINK FUR QUEUES
ihfihf -ml vmnnm Emu VEOAH+1 ; ARM STATE
'n01h n‘0 VUUHHH EQU vBARN+1 ; LAST ARM PATTERN NRITTEN
‘UNI! ~01 VE EDI Emu vBOARM+1 s LEG TIMER
‘unis ow? - emu VELEGT+1 ; LEG LINK
'«MWI? EQU vBLEG+1 ; TIMER FOR COMPUTER CONTROL

‘4.:n'|n

  
  mvpsrvonx B

© 33¢ Y /HAW F MT vr<\ W <r°R"“’*"”’““ A
/(7 7 7 .1 i \

‘w vuuunn [mu 0 NAHUM BIT

 

1-! vi: : . "14 ‘J! I‘ J I II 1 I |"U ":3 . l‘ H(\N|-F. 13- W\TU'?~’ FHT
IN 4' I ‘Jl I‘ J 1| |I~| I. l !l_| 4 ) NIWI HCIVINIIF Tr‘-T(\T| '33

'lWHT- NIH VLLINI KUU U i INTEHCEPTED/DEGU STATUS

, &«+:'-%i~|(-'aE-'§-‘l$fl-<§~i$~§'§-§%fl-
2 4 SUBHDUTINES *
, <3<—+H+-z1-4H1—-iH1-+t>1Ht~-rH(»~I1-~II-

'.QY CLOCK AND UPDATE CT4
l7E1 F3 DI
17E2 SYSSUK DECCTS
17E4 E0 DEFE 100000003
17Efi UDYIDDDZ
17F? WflHC4F

LD IX.FNTSML
LB A.(CT7)

 
  

17FC F. UR A
i 75:0 .''I :I'-:’: -JR Z; ['|:3C|L|T—$
l7FF ‘ U UEUK DIENUM
17F} JV UEFE " MRX
17F? fin DEFB BSY
l’F? “V DEFB TIME
17F4 47 UEFE 42H
1775 W"1F UEFH CT7
17F7 CV DEBUT XUR G
I 7F=:.~' T‘ I"I'l'.I CIUT (MRGIC) » A
l7Ffl fi VFOF LU (URINAL):9
VTFD IV EI
ITFF 1“ RET

; FIRE BULLETS
. LEFT BUNEDY
FIRED 5Ya5UK SUCK

DEFB 110111003
UEFH LCUHB
DEFH LEULS
UEFN BULV1+1

ZDRE—$
FIRE1 H ‘TUE SUCK

110111008
DEFN RCQNB
DEFH REULS
DEFN EULV3+1

    ZDRE: LU A.<Iv+CBB)
OR A
RET 2
LD A.(EC) 5 GET BULIT COUNT
DR A
RET Z
LD A.(HL) 5 CHECK IF BULLET IS AVAILABLE
OR A
JR Z.ZUK~$
Ln DE.BULV3Z 5 DELTA TU NEXT BULLET
ADD HL.DE
LU A.(HL)
OR A
AH Z.7UK—$

VI’ Ian
1. . iuwJIu IJHIII
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l‘«n.'=1/_~.14F
3 1 :73“ 7
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73$
754
73%
7H&
/37
7 ' ‘.13:
/S?
760
761
762
753
7&4
7&5
/&&

 

 

 
 

 

4,301,503
139 190

. la‘ IHHUUY

. oUU 1 rhnfl HULLET LOUNT
EHL LU A.(BC)

rm r_: A '
L D ( Eu: ) . A

. BET 3UE TIMFR IF HUT OF BULLETS
JR NZ.BERA3E—$
LU A.(CT7) -
OR A
LB A.1DH
JR Z.3TSEC-3
LD A.2
LD (CT7).A
PUSH HL
PUSH IX
LU A.(BC)
LU L.A
LE‘ HI 0
ADD HL.HL
AEILI HI... HL 5 *4
LB UE.BSY*256+REULX
BIT MRFLDP.(IX+VBMR)
LB A.40H 5 FLUPED MR
JR Z,RITB~$
XDR A ; NORMAL MR

; NON POSITION AND ERASE
RITE ADD HL.DE

EX DE.HL
EVSTEM RELAB1
EX DE.HL
LD BIS
LB DE.40 s INC TD NEXT LINE

HELP LD (HL).OFFH ;ERASE A LINE
ADD HL.DE 2 GD DUNN A LINE
DJNZ EELP~$

LEI ca. 0
L0 E.(IX+VEARM) ; GET CURRENT ARM P03
LD H.D
LU L.E
ADD HL.HL s*2
ADD HL.DE 2 *3
LD DE.BULTAB
ADD HL.DE ; —} BULTAB(ARM)
EX flE.HL
POP BC ; BC<==IX
PUP HL 5 BUL [STAT]
PUSH HL 5 SAVE FOR ACTIVATE
INC HL ; BUL [DEL TIME]
LB (HL).1 5 MAKE EULIT JUMP OUT
INC HL 5 BUL (DEL XLUHJ
INC BC a COM (STAT)
INC BC 3 COM [DEL TIME]
INC BC a COM [Ox L0)

, _ CALL PUTVECINC BC 5 CON EXCHKJ
INC BC i CON [BY L0]
INL HL 5 BUL [XCHK]
LD (HL).1 5 LIMIT CHECK
INC HL ; BUL [DY LO)
CALL PUTVEO
PUP HL 5 BUL [STAT]
LD (HL).80H 3 ACTIVE
SYSSUK EMUSIC
DEFH MSTACK
DEFB 000000013 3 JUST NOISE
DEFN GUNSHOT

T RET
;iTAKE A PISS BREAK
PISS: DUNT PIIBRK 5 SEE IF I CARE

00 MRET
5 CGNVERT JOYSTICKS

Joya Ln Ix.LCOwBJR PJUY—$
JUVI LD IX.RCOwB
3 CONVERT JOYSTICKS



Page 182 of 237

W I '.!",()t'_)
I I ‘VF-<_'ujs
' ‘. ‘ll’-Cll:)

1'1]-' 10%

l'|T.‘.' 1 72E14F
  

 
 

 
 
 

  

 

 

If
1 1' -’-F'_.
fih.l&14F
7:7.

F-53"":
(VF

. CJF
~, Ci-F"

. fa!"
FF-"IE

3 rrfifl
. ;:[ HI’.

DI‘: ' -'DF

I'll‘ W701
F5 int‘)

‘i FF 7':
:’::I|-IF

. _ I'll’:
'v-,: Dlu” [:C)7'E.E

: 17:‘;
[I]’u":/».01(f)(1
[I [':'7:1’.:f) 71) 1
o‘

.--I|ll'1I\.[.
"F H ~'|:-‘-

1 '?Ilf';(‘. TH I"‘T."-.0!‘-':
1 '?r(‘:-TI 2 '7
1 '.7HT)F
1'9 1 O M'-
1'§‘1 1 FT:
1':"17' I1TI7'r‘F

"A _ ‘-.-2<'\C)

I '.I

FF .’1~.'-
2'71!’-|_’.I|_.
1 F-‘ ‘II

. 1'xru’1r:r':-07/;.
’.T'(‘:-FIF
1 Fl’:
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PPUTL

F‘ F13 T C1 :

F'F' Ci T

¢3OL503
7 192

LU c.<1x+vBmR>
LB DE.128
LU HL.12s

svsrem MSKTD ; CUMPUTE DELTA3
LU (IX+VBDYH).H
LB (IX+VEDYL).L
Ln (IX+vBDXH).D
LU (IX+VEDXL).E
RET
Ln IX.RCOwB

LU A.B 5 POT MUST BE FLOPPED CUZ
CPL ; ARM IS FLUPPED
JR FPUT—$
Ln IX.LCUwB
LD A.B

5 CONVERT PDT AND STORE
AND OEOH
RRCA
RRCA
RRCA
RRCA
CF OEH 4
JR‘ NZ.KART—$

LU A.0CH ; IF KNOE=7 THEN SET TO 6
LB (Ix+VEARM),A 2 SET ARM POSITIONKART

; LHECK
HITCHK;

Illl‘

HIT1t

EL|3F'

HITE

RET
IF BULLET HIT ANYTHING

 

LU A.(IX+VB3TATJ
AND OGOH -

CP 20H 5 CHECK ONLY IF BLANKED
JR Z.HIT—$

RET NC 5 RETURN IF NOT ELANKED YET
BIT VBCLAT.(IX+VEXCHKJ
RET 2

LD (IX+VBSTAT).0 ; BULLET HIT WALL
LD (Ix+VBXCHK).1 z SET LIMIT CHECK
RIF

LU H»(IX+VHXH) AEHEUK NHOT FART OF SCR ITS IN
UF NAUX
JR NU.HIT1-$
LU (IX+VETIMB).2 ;HAKE IT JUMP OUT
LD (IX+VE3TAT).SOH sRE ACTIVATE
LU HL.EULLMT
EYETEN VECT
RET

Ln (IY+VB3TAT).0 ; BULIT DIES FROM HAGON ON
CF RCAuX
JR NC.HIT2—$
LD A.(wAGUN)
DR A 5 IS IT A CACTII?
RET NZ ; NUPE ITS A WAGON
LU E.CCACX 5 LUAD X
UBLECT BULLET HITS
LU D.(IX+VBYH) ; LUAD Y
DEE D
SVQSUK RELAB1
DEFB 0
Ex DE;HL
LD DE.—41
LU B.D
LU A.(HL)

LD (HL).B ;ZERO THE SCREEN BYTE
INC HL
OR (HL)
Ln (HL).B
ADD HL»DE
JR NZ.ELDP-5
RET

EP RCACX+8 ; GUNFTR SAPCE
JR NE.DIE—$
LD E.LCACX
BIT NRFLUP.(IX+VBMR)
L‘ NZ.ERASE-$
LD E.RCACX
JR ERAEE-$
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193 194
1930 UhfiROD76 Q01 HIE: BIT MRFLUF.(IX+VBMR) ; NHO DIED?
1* 4 ?F‘F ?0E JR Z.DLEFT—$

903 svsaun 5ucK
NH ?04 DEFE 110111018
AIJF ?0S DEFM LCUHB
09 90b ' DEFE 8
PIIF ?07 BEFH TAPS
nA4F 703 DEFw RSCORE

1% 1fifin *0? JR UIE1~$
1342 910 DLEFT S IH SUCK
1944 DH 911 DEFB 110111013
194% 794? 912 DEFH RCDNB
1?47 aa 913 DEFB 100
1?4H FIIF ?14 DEFN FUNERL
1?4A n?4F ?1fi DEFN LSCORE

916 DIEII LU (IX+VBLEGT)ab 3 SET FIRST CELL TIME
LU (IX+VBLEG).KIL1.AND.DFFH 5??

LU ’ (IX+UE5TAT)»O68H 5 KILL THE SOB
LD 0a¢IX+VBYH) 1 WHERE TO WRITE GUT ME
t_-.| Jim‘ 5:
LP 1LINE+9
JR NC.DIE4—$
ADD A132

DIE4 LD D.A 5 LOAD Y
SYSTEM INCSCR
DEC HL
LB A.(HL) 1 FIELD
CF 5 ; INC IF LESS THAN 5
ADC A.0
LD (HL).A

; PLAY DEATH SONG
LD H.B
LU L.C
LD IXJMSTACK
LE! A. 1 10000003
SYSTEM BMUSIC
LU C.LARG2
LB HLJGGTME
DI

 ;TEM STRDIS
E HSUK PAWS
DEFB 250
LB A51
LU (SEMI4S).A 5 SET FLAGO
RET

, FIELD PUTS UP THE CACTII APPROP TD SCORE
; A=SCORE OF UPP PLAYER UPTO 6
; EC —} ARRAY OF Y POSITIONS
FIELD: LD HL:CACTUS 5 -3 CACTUS PATTERN

PUSH AF
LD A.1000B
OUT (XPAND).A

 

PUP AF
CF 1
RET C
CP 4
JR NC.TCAC~$
CALL CACN

TEAC INC BC
GP 2
RET C -
CF 5
LIR
CALL CACH

MEAD UP 3
RET C
INC BC

- EX AF:AF’
3 ? LU A.31H a ACTIVATE WAGON
970 LD (NAGON).A

... - ?7l EX AF.AF’
IWE1 FHKRI? 972 CALL CACN
I794 FIH4 073 CP 4

' -';. 11:: 1774 R51" C
1‘?'F=7 1‘ = '.-775 INC r-;c;
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195 196
[O HL.TRFE
PUHH HF .
LII n.l1OOB
OUI <XPANO).A
PUP AF
CmLCMM
CP 5
RET C

‘ BC
EACH. AF

DE
A.(EC)
O.A

LO A.8 ; EXPANOOMATIC
SYSTEM HRITP
POP OE
POP AF
RET

; PUT OEL X,Y INTO BULLET VECTORS
PUTVEC LO A.(OEJ i TABLE [0 LO]

LO (HLJ.A ; BUL [O LO]
INC OE ; TAB [O HI]
INC BC : CON [O HI]
INC HL ; EUL ED HI]
LO A.(OE)
LO (HLJ.A
INC HL ; BUL [L0]
INC OE 2 TAB [HI]
INC BC 5 COM [LO]
LO (HL).D
INC BC 5 COM [HI]
INC HL 2 BUL [HI]
LO A.(BC)
EX OE.HL
ADO A.(HL)
EX OE.HL
LO (HL).A ; BUL [HIJ=COu [HI]+TAB [HI]
INC OE ; TAB [O HI]
HET

. nHN}1OHT bTHHT UP ROUTINE (ONCE PER CAME)
INII QYUMUL HLIPAR

UEIH MXOCH
DLFB 34H
OEFN ENOGCR
LO $P,3TACK
SYSTEM INTPC
OO FILL
OEFN STACK
OEFN CT7—STACK
OEFB 0
OO SETS
OEFB 2**GSE3CR
OEFN OAMSTB
OO SETOUT ; SET UP GAME PORTS -
OEFB BLINE*2 ; BOTTOM LINE - VERT ELK
OEFE RCACX/4+0COH ; HORZ EOUNOS
OEFB B ; INMOD
OO COLSET
DEFH OFCOLS
OO EMUSIC ; PLAY STREETS OF LOR
OEFN MSTACK

_ OEFE 110000003 i ON VOICE A
’L-, OEFH HOME
2 I EXIT
;» ; ***&*

Z P ; ONCE A ROUNO START UP ROUTINE
j-fl ; §****

A" BTRNOI DI
i-; EYETEM INTPC
fix: ; INIT HANOLE3.BULLET3.TIMERS

IO47 DO MOVE
1048 OEFN CT5
J04? OEFW 12
1050 DEFH SINIT
10fil ; COLOR BANNER
10?? FILL? NORMEM.EYTEPL*ALINE.0FFH
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; ERASE SCREEN

FILL‘? NCIRMEM+E:YTEF'L,*ALINE. E:YTEF‘L*(E:LINE-ALINE), 0
; RESET VECTORS

FILL? 3TRRAM.ENDRAM~STRRAM.0
; SHOH SCDRES

00 SUCK
DEFB 000100003 ; IX
DEFH FNTSML
D0 DIENUM
UEFE LNX
DEFB ESY
DEFB TIME

DEFB OC4H ;ZERO 3UPR3.SMALL
DEFN LSCGRE
00 DISNUM
DEFB RNX
DEFB BSY
DEFE TIME
DEFB 0C4H
UFFN RSCDRE

. IIHIL INN LNU UAME
00 RLALL
ULFH LNHGAN
TEXT 0ETRDY.0RX.GRY.LARGE
EXIT
x0R A 5 SET UP NAGON
L0 (wAGON).A 5 STOP HAGON

; PUT UP PLAY FIELD:
LD A.(RFIELD)
L0 E.RCACX
L0 BC.RFTAB
CALL FIELD
Ln A.(LFIELD)
LU E.LCACX
LD BC.LFTAB
CALL FIELD

, INITIALIZE Q POINTERS

 
1nwn :n1H

NUMBER 0F CACTII
RIGHT CAC COLUMN
POSITIONS TABLE FDR CACTII
PUT THE CACTII UP....~... 

més: o1r~:mn
IASR FHEHI9

IASF wF4F INITQ L0 A.LCUNB.SHR.8
‘ 7I14F LD (NRITQ+2).A

VE174F LO (VECQ+2).A 

1095 5 SET UP VECTORS SO COWBOYS WALK OUT
LB IX.LCOHB 5 LEFT COMEDY VECTOR
LD (IX+VBMR);1OH
LU HLaVECG

xaea nH?1A14F
labn Dhihflolo
14'-V-F .7’! 11'34F  
1A71 Ffi74lD 10?7 CALL COUINT

LD IX.RCDNB 5 RIGHT COWBOY VECTOR
LD (IX+UEMR).50H
CALL COHINT
LD A.(HAGON) 3 IF WAGON IS ON
OR A
JR Z.MIDC—$
L0 IX.wABVEC 5 THEN ACTIVATE WAGON
L0 (IX+VBMR).10H
LD (IX+VBYCHK).3
LD (IX+VBDYL).4OH
Ln (Ix+VEXH>.72
Ln (IX+VBYH).TLINE
CALL ADDTG
JR BURG-5

MIDC: LD A.8
OUT (xPAND).A
SYSSUK HRITP : ELSE PUT UP A CACTUS
DEFB CCACX
DEFB MCACY
UEFE 8 3 EXPAND
DEFH CACTUS

, . INITIALIZE BULLET VECTORS
IAAD I1I?00 I120 BGRG: L0 0E.BULVSZ
 
IAEH OD2ll34F 112 L0 IX.BULV1
IAR4 WIPDO4 1121 LU BC.4i256*20H
[ART ?FOZ 1123 L0 A.2

1124 BULL? CF B
IAPA ..‘2 [125 JR NZ.TIYU-$
1097 “F50 l1?6 LU Co6OH
IAPF DHTIOD 1117 TIYU LO (IX+VBMR).C
IAFI DH?6fi701 1123 LO (IX+VBXCHK).1
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_LD (IX+VBYCHK):3
inn: IX.hF
UJNI HHLLP $

. PIHL HP INIEHHUPTS

; 4H2--1%

LD A.INTTBL.SHR.8
LD I.A
IN 2
LD R»LFRVEC‘AND.0FFH
DUT (INFBK).A

2 LET COWBOYS WALK OUT
, iifi-K?
HALE:

. EF\'fi\iEiE

C3 l£>I:' §:§>

E:YE::E:LIK F'AwE~'
UEFE 100
D1
LB IX.FNT3ML
SYSTEM INTPC
GET READY
DU BLANK
DEFE 18
DEFB 8
UEFE OFFH
XYDEFH (GRX/4J+40DOH.GRY
TEXT DHAw.DRX.GRY.LARGE
DU CHRDIS
UEFB LBULX
DEFE BSY
DEFB BULT
DEFE OEBH 5 BULLET
DU MCALL 5 5 MORE
DEFH BULRIT
no sung
DEFE DQDOOOOIB
UEFB REULX 5
DDNT CHRDIS 5
U0 MCALL 3
QEFN EULRIT
D0 FANS
DEFE 60
DD BLANK
DEFE 8
DEFE 3
UEFB QFFH
XYUEFW (DRX/4)+4DOOH.GRY
EXIT

HHIN tnur HHHINU RUHNU
. hIIu
IDUF.

2 CHECK
DEGTH

LPPP2

EHDRND

Hnl-H|| I‘ ‘..u
bvhlhfl INTPC
DU EENTRY
EEFN ALKEYS
DU DUIT
DEFN DTAB
EXIT

FOR DEATHS
LU IX.BULV1
Ln DE.BULV3Z
LD B.4
PUSH BC
PUSH DE
CALL HITCHK
PDF HE
PUP BC
ADD IX.DE
Ln A.(SEMI43) ; CHECK
DEC A
JR Z»LDDP"$
DJNZ LFPP2-$
JR LDOP-5

EXIT
JP STRND

206

iDONE IN MENU

DO THE RIGHT ONES
DISPLAY FIRST ONE
DISP THE OTHER 5

iEI&.VLCTUR8 AND CHECKS BULLETS

IF DEATH MODE
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202
21F LB A.(GAHSTB)

"1 EIT GSBENfl.A
; J RET Z

1207 SYSTEM QUIT

IF“ = lffiw DTGB
1P:h 1210
IPTF 1311
IP11 1212
1n44 171?
IP13 214
IFVHT 131$ . '

IPJH 1713 RC 5T0.FIREO
IE5“ 1317 RC 3T1.FIRE1
1F“? 1219 RC SSEC.DCLOCK.+END

INN? 122w BULHIT DONT CHRDIS
119;: 1: HHNT CHHUIS
11:1." 1 . 1."I1';'4NI 1:1-(HUI
Ihfin 1 HUNT CHRDI3
IDSE 1 HUNT CHRDIS
IESE 1‘ DONT MRET

 

, #§§***§#ii***##*****#*%%***§fl*#§%#*#
1 * GUNFIGHT WRITE INTERRUPT ROUTINE *
; **%**&§#*#**#*#**#&##****«*§§*****§*
GFNRIT: EX AF.AF’

EXX
PUSH IX

EEGINT: LU A.LFRVEC.AND.0FFH ; ESTABLISH TICKS INTOUT (INFBK);A
LD A.LFRLIN
GUT (INLIN).A

LD HLINRITQ 1 GET FIRST WRITE Q ENTRYCALL FIRST

CALL HELQ 5 DROP FROM WHITE 9XOR A

LD (URINAL):A

BIT VBSWAG.(IX+VBSTAT) ; WAGON?
JR NZTGFHRTI-$ 5 JUMP IF YEP

EUNFIGHTER - BLANKETH HIM

LD UE.14OSH 5 LOAD BLANKING FARMS
SYSTEM VBLANK ; CALL BLANKER
LD H.LEGO.SHR.3 5 WRITE LEG PATTERN
LU L.(IX+VBLEG)

INC L 1 SKIP OVER LINK AND TIMEINC L

SYSTEM VHRITR i AND WRITE LEG

 
 

IS GUNFIGHTER DEAD?

 

  

LDIEDIAE BIT vBsINT.(1x+vBsTAT)
~uuu JR Nz.aFwRT5—s 1 JUMP IF so
.:uH1n LD HL.ARMTBL 5 LDOKUP ARM PATTERN

"' l""' D10
' ~IWv+Tw LD E.<Ix+vBARM)

1' Ann HL.DE
‘4 LD E.(HL)
‘* INC HL

‘ Ln n,(HL)
11 1. Ex DE.HL

1 . SYSTEM VHRITR .- WRITE ARM PATTERN
'I~1F 1244 L0 HL.GFBODY ; LOAD BODY PATTERN

nae: an 5FwRT2—s 5 JOIN WAGON WRITE
tzoa 1 BLANK THE HAGON

1Pn4 I1 11/ 12A; EFHRTI: Ln DE.1éO4H ; LOAD WAGON SIZE
IV“? 1: . 3v5TEM VELANK
xnnv s1a~1r 1249 L0 HL.wA6PAT
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203' 204

lfinf 370 DFNRTZ SYSTEM VHRITR ; Now WRITE
IPAF hh7.ut ‘71 DFNRT4 LD (IX+VBDAH);fl
‘ELI hh/.nn -72 LB (IX+VBOAL).E
IHP4 '|lV4F 7} GFNRT3 LB HL.VECO 5 ADD VECTOR T0 VECTOR Q
ll1"I|N.IHI ./4 LAIL ADDTQ
H|..lHd I ;/H Fur Ix
um. ..;. .-/.1». ‘Ex AF. AF '
1l:l:]: Ix" .,/'/ EXX
Thur FH '73 EIRE E1
tppr 1% '9 RET
1 F::"I') 7 I in‘, 1 F ' '1 ISFNRTSI LU HL.; NULPRT
1pc? 1nr7 JR GFNRT2-$

, <Ii-flit-41--it-fl-¢(>§i--If-#<IH&<l'r**i%iHH1-i»-l>d1»l-4I~I>§<It£(>#i(><l1-l>iHl-
; * GUNFIGHT LDH FOREGRDUND ROUTINE *
,' ‘ISM-«Ii»1+&i+§fl>*<|%i(>%fl><|(>-I-'§-11-JHI-‘H-fl»l~l-l><I{(>§-I-<X-fl-~l>#l>I*I*

xnrfi pfi PUSH AF
gprg ch PUSH BC
1nC7 nfi PUSH BE

: . FE PUSH HL
1!?-:1‘-7; T|[sI'"— F‘UE1H IX

; BUMP TIME BASES UF ACTIVE UR INTERCEPTED VECTORS
IPFP jll‘QF LB HL.BULv1+VBSTAT
Inrr !II|0D LB BE.BULVSZ-1
IFTH ( ‘II LB B.4
Inn: ;v 11h CALL TBUMP
UJLZ INC HL ; SKIP LINK FIELD
16m; LB BE.GFVSIZ-1
1unn LB B.3
1m<:' CALL TESUMF‘

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

IPHF XDR A
IFFG LU (URINAL).A
Ifir? LB B.4
IPFW LU IX.BULV1

. UNHRITE THIS GUY?

HW”‘ HRDULI: BIT vBBLNK.(IX+VBSTAT)
IPFD LI Z.wRBUL2—$ 5 JUMP IF NOT
IPFF LB H.(IX+VBDAH)
IE3? I I LD L.(IX+VBDAL)
1fiFfi F“ 0F 1310 LU A.(IX+VBARM) ; GET LAST MR
1WF:P-- 1m1 mn (MMHCLA
IRFA ’.-~ 1312 LE (HL).OCOH ; UNNRITE BULLET
1PrP HIIPGIBB 1313 RES VBBLNH.(IX+VBSTAT) 5 CLEAR BLANK BIT

1?l4 2 SHALL ME HRITE THIS GUY?
tffiu 1- H01/E I715 WRBULZ: BIT VBSACT.(IX+VBSTAT)
L"-1 H 121k UR Z.wRBUL4-$
vffih PIN HE 1217 LB‘ D.(IX+VBYH)
Ifh“ h"In¢ IEJB LB E.(Ix+VBXH)
lV“V PM 00 til? LB A.(IX+VBMR)
IFDF % J SYSTEM RELABS
1FIl 1' ‘HF 1 LB (IX+VBUAH).D
1F14 F1 ‘ND 1 LB (Ix+VBUAL).E
lrl? LL ‘WF 1 LB (IX+VBARM).A
1F1h .1‘~1O 1 LB HL.NORMEM-SCREEN
1V1“ | 1; . ADD HL.DE

FAFIF 133$ UIFER Emu URINAL—3CREEN+NORMEM
IFIF vs 1: 7 LB A.(HL)
lflf Fl 13 % EX DE.HL
IV?“ V-'“ 12 LB (HL).OCOH
1-‘ 7'." r I 1.1- . CIR A
It ’ --< l*il JR Z;wRBUL3-$ ; JUMP IF NOT
1- '.|u-I»nHJ l.:x HL9 VB ACI.(IX*VBSTAT) 5 KIIL ACTIVE BIT
In 'ldulHIH[. 12:3 BLT UL 1Nl.(IX+VLUTATJ ; SET INTERCEPT BIT
IFJW hhvhfliflfi I ” NHUHLE BET VHBLNh.(IX+VBSTAT) 5 SET BLANK BIT

1 , BTEP TU NEXT BULLET VECTOR. LUUP BACK IF NOT DUNE
IPBI IIIFDO 1 wRBUL4' LD DE.BULVSZ
IFTQ HDI” 1 ADD IXIDE
IFTA IDDI I DJNZ wRBUL1—$

1 ; GET NEXT PATTERN TO WRITE. AND SCHEDULE HIM
Ir1~ ;11?4F 1 LB HL.wRITu
u-w‘nmnm- 1 CMLFURN
H 1‘ n:Jr 1 JR Z.wRBL5A—$ ; JUMP IF EMPTY Q
Iran ?r7n 1 LB A.wRTvEc_ANn.0FFH ; SET FEEDBACK REG
IE4? nwnn 1 UUT (INFBK),A
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205, 205
K LU A.(IX+VBYH) WHICH NINDOH TO USE?1r44 nn7FOB 5

1rd? F ?3 CF HINBND 1 CDMPARE TO HINDON BOUNDARY ~
IE4“ :rwn LD A.BDTLIN ; ASSUME BOTTOM LINE
HWH‘ v»-' JR NC.wRBUL5—$ s JUMP IF GOOD GUESS
IFJM I‘ LD A.TDPLIN 5 NRDNG — USE TOP
1V1! h w: NRBULS: OUT (INLIN).A 5 SET LINE REGISTER
H”-1'1 EI

. LOOP THRU VECTURING THOSE DAMN BULLETS
1r? hh.7IH4F NRBLSA LD IX.BULV1
11"?’ »2<»~1 LD B. 4
IFHW I H11n LB HL.BULLMT ; HL = BULLET LIMITS TABLE

LU DE;BULVSZ
HREUL6: BIT VBSACT;(IX+VBSTAT) i ACTIVE BULLET?

2 ' Z:NRBUL7—5
SYSTEM VECT
BIT VBCLAT.(IX+VEXCHK) 5 DID Y HIT EDGE?
JR Z.HRBUL7~$ 3 NOPE
RES VBSACT.(IX+VBSTAT) 5 UEACTIVATE BULLET

lI".1 lit."-C‘
ll"7l' I4” |"‘lI1_/E
1l’..‘ 2‘-‘I
I"/ I
ll'.’ , }:| 1 1'.‘n'I’/"-F
1rxn ;”ui
I|~1'- Kw?" 1.-"IFIF

 

 
1F’W Thu’ NRBUL7: ADD IX.DE
Ir, _ flJNZ NRBUL6—$ 3 LUUP BACK

5 NDH PUT SOMETHING ON THE WRITE Q
IFYW ~- LB E.2 1 MAX 2 TIMES THRU
)F7b LU HL.VECQ
IV?” 1 GVECT: CALL FIRST 1 GET VECTOR Q ENTRY
N" JP Z;GVECT4 i JUMP IF 9 EMPTY
1V7’ CALL DELQ 3 DROP FROM VECTOR Q
If El

1 NAGUN?
W‘ BIT VE3wAG.(IX+VBSTAT)
‘V JP NZIGVECT5 i JUMP ON WAGON

; DEAD?
UVWV BIT VESINT.(IX+VESTAT)
“71 JR NZ:GVECT1—$ 5 JUMP IF DEAD

ZERD VELOCITY?
“" LU A:(IX+VBDXLJ
V‘ GR (IX+VBUXH)
VI’ DR (IX+VEDYL)
I'“' “bk H” UR (IX+VBDYH)
Ira‘ :”‘7 JR NZ.GVECT1-5 I GVECTI IF NONZERU
11""! |’:l1,','1')_'v
15:13] |‘I0| |1|_Ilfi.(~.

LB (IX+VBTIMB).A 1 ZERU TIME BASE
BIT VE3NUM.(IX+VBSTAT) 1 ALREADY STATIONARY?

I*’«’\'~ JR NZ. csvr-_‘c3A—s
2 SET STA1'I'.3NARY LESS ,1

1r.\.- m. 4.1.-unr LU <1x+v1:-1-E-3). LEGO. AND. CIFFH
l1fiL hhnrnihf
l'n| hhILu1L&
Hl:: u.q:

znv SET VBSflH6.(IX+VHSTAT| J SET CHANGED
1 SET VB! UM.(IX+VESTATJ IANU STATIONARY

JR BVECSA-5 i JUMP TO ARM CHECK
5 MOVING GUNFIGHTER
; VECTOR
GVECTI:'LD HL.GUNLMT 1 LOAD GF LIMITS

SYSTEM VECT
JR Z1GVECT2-$ 5 JUMP IF HE DIDN’T MOVE
SET VBSCHG.(IX+VESTAT) 3 SET CHANGED BIT
RES VESNDM.(IX+VBSTAT) 3 CLEAR NOT MOVING STATUS

; NEEU WE GO TO NEXT CELL IN ANIMATION SEQUENCE?
GVECT2: LD A.(IX+VBLEGT) 5 A = ANIMATION TIMER

  

1I'_ Ff‘; _Tv1:’:7l[I
IFRH
II" [:n ,-:.n::
1I'I:f llln I':l"IlI'IF'
lrrn hhohulnb 
lrffl Dh?F1l

 ICFV Q1 SUB C 1 SUBTRACT TIME BASE
IRES F:nA1C 1402 JP P.GVECT3 5 JUMP IF NOT CDUNTED DUNN

1403 1 GET NEXT CELL
ltrh DDHFIZ 1404 LD E.(Ix+VBLEG) 1 GET LINK
1rrr 1.11 1105 LD D.LEGO.SHR.3 1 SET H.0. PART
1rhu 1, 1404 LD A.(DE) 1 A = NEXT
1rn| hr ‘I? 1407 LD (IX+VBLEG);A
IFH1 I 14h$ INC DE . ; STEP T0 TIMER
hIH- L. 11n0 LD A.<DE) 1 GET NEH TIMER
JIM» LN-kU|HF 1410 SET vBSCHG.(IX+VBSTAT) 5 SET CHANGED BIT
Irhm P’ '11 I411 GVECT3: LD (Ix+vBLEGT).A 3 STORE BACK TIMER

1J1& ; DID ARM CHANGE?
1thh 11 Vhr 14;: GVFCSA: LB A.(IX+VBARM)
1rI~ L"-11o 1114 CF (IX+vBOARM) a COMPARE T0 OLD ARM
1rr: ' 1' 1115 JR Z.GVEC3B—$ 5 JUMP IF NO CHANGE
Irrfi hi v~xhE 1414 SET vBSCHG,(IX+VBSTAT) 5 SET CHANGED BIT
1-!" '1 '10 1117 La (Ix+VBDARM).A

1413 ; ADD ITEM TD NRITE Q?
1Irf H‘ VHICE 141» GVFCHB. BIT VB3CHG.(IX+vBSTAT)
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1D4~
lhdl
IDA”
IDJF
TDW

] rt". 1
1DWh
1H9’
IDVN
1 II‘ .v
1 I'D’ -I I
IHW
X F0”-V
I [I/-.4":

1[’u(.," '
gun“
]flAJ
1 H’ '
1 ['5/..
1 TI-' '

1fI1.'
1]‘:/‘
1|'Iu’..
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208

JR NZ,6VECTb-$ 5 YES GVECTb
. NU CHANGE — LINK TO VECTOR 0

LD HL.VECO
CALL ADDTO
DEC B
JP NZ.OVECT 5 SUB FOR DJNZ

OUECT4; E1
CALL STIMER
FOP IX
POP HL
POP DE
PDF- BC
FOP AF
RET

. VECTOR AND D HAOON
GUECTS; LD HL5wAGLMT

SYSTEM VECT
LD HL.VECQ .

CALL DELQ 5 REMOVE FROM VECTOR Q
DVECTé: RES VESCHG.(IX+VBSTAT)

LD HL.wRITO
CALL ADDTQ
JR GVECT4—$ 5 JUMP BACK TO QUIT

5 ROUTINE TD BUMP TIME BASES OF VECTORS
TRUMP: LD A.(HL) 5 GET STATUSINC HL

AND OAOH 2 ACTIVE OR INTERCEPTED?
JR Z.lBUMP1-$ 5 NO - TDUMP1
INC (HL) 5 BUMP THE TIME BASE

TBUMP1: ADD HL.DE
DJNZ TBUMP—$

_RET
5 SUBROUTINE TU DELETE ENTRY AT FRONT OF 0
5 ENTRY: HL = HEAD-TAIL. IX = OBJECT. A = CLOBBERE
DELD: DI

LD A.(IX+NEXT) 5 HEAD = NEXTCOBJECT)
LD (HL)5A
AND A 5 I8 HEAD New NIL?
RET NZ 5 QUIT IF NOT
INC HL 5 YES - SET TAIL = NIL TOO
LD (HL) 5 A
DEC HL
RET

fiDwINT' LD (IX+VEDXL)55O 5 SLOW WALK OUT
LD (IX+VBSTAT).SOH 5 ACTIVATE
LD (IX+VBXCHK)51
LD (IX+VBYCHK).1
LD (IX+VEXH)54
LD (IX+VEYH).40
LD (IX+UBARM).é 5 SET ARM STRAIGHT
LD (Ix+vBLEG).LEGO.AND.0FFH

5 JP ADDTO
5 SUBRDUTINE TD APPEND ENTRY TO END OF G
5 ENTRY: HL = HEAD-TAIL BYTES5 IX = OBJECT, A.DE C
ADDTO: FUEH IX 5 DE = ENTRY

FOP DE
DI
LD (IX+NEXT).O 5 NEXT(OBd)=NIL
INC HL
LD A.(HL) 5 A = OLD TAIL
Lu (HL).E 5 SET TAIL = .0BJ
AND A 5 HA3 OLD TAIL NIL?
L’ Z.ADDTO1—$ 5 JUMP IF SO

. NDNNIL OLD TAIL. SET NEXT(OLDTAIL)=.OEJ
LD E.A 5 DE = ‘NEXT(OLDTAIL)
LD A.(HL) 5 A = ,OBJ (FROM NEN TAIL)

‘ man: HL
DEC DE
LD (DE).A
RET

, NIL OLD TAIL CASE
ADDTQ1. DEC HL 5 BACKUP T0 HEAD

LD (HL)5E 5 HEAD = ,OBJ
RET

5 SUBRDUTINE TU POINT IX AT FIRST ENTRY ON A Q
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209 210
149% ; ENTRY: HL = B HEAD—TAIL

‘,1ava ; EXIT; Ix.BE = OBJECT. A = L.0. BYTE BF OBJECT
1497 ; NUNZERO STATUS SET IF 0 NOT EMPTY

ihfil '0 1493 FIHBT: DI
ID!‘ “I 14¢? LB E.(HL)
Ihhh :’ 1Bo0 INC HL
10*? M: 1501 INC HL
In‘: a 1mm: LD D.(HL) ; B = H.0. ADDR. BYTE
Haw» 1 |'-H: EIEL: HL
mu»: 1 «nun DEC HL
1n? 2: xnnfi LB A.E 5 E = HEAD BF 0
1n7z H? 1500 AND A
1n7a ns 1507 PUSH DE
1n7B BBF1 15 B PUP IX
1n77 cw .9 RET

 
 
 

 

 
 

 
 

 

,' **fl'*H‘*§*§*%-H>§§‘K**‘H'if‘H'**'H’

; -I<- GLINFIGHT CIJNSTANTS 4%
,' iHH$~H~'l-%i--K-<R»<tHHl~%H1-%Hi-*i$-t(-$t<)1-~¢&-l-

0R0 ($+1).AND.0FFFEH
INTTBL:
LFRVEC; UEFH GFLFR
HRTVEC: DEFN GFNRIT
2 MAGUN LIMITS TABLE
NAGLNT. DEFE TLINE

DEFE ELINE-24
GETRDY: UEFN ‘GET READY’
- GUNFIGHTER LIMITS
GUNLMT: DEFE 0

DEFB LCRCX—17
DEFB TLINE
DEFB BLINE-20

DRAN: DEFN ’URAw’
; BULLET LIMITS
EULLMT DEFB 0

DEFE 159
DEFB ALINE
DEFB ELINE-1
MACH #0x.#ARMX.#DY.#ARMY
DEFH snx
BEFB NARMX
DEFH #DY
DEFB #ARMY
ENDM

» BULTAB EN 76S.l5.7é8;15
10”” 1340 EN 1024.15.S12.12
Ih“F 1541 EN 1024.15.25b.11
1000 IR 2 EN 1024.15.0.8
IFHP Ina? EN 1024.15.—256.6
IUP1 154% BN 1024.15.-512.4
INN? IHJH BN 763.15.—7e3.3
IHFH jntn LFTAB: DEF5 72.22.44.67.14
I017 1H1? RFTAB: DEF5 13.68.40.13163
INF! ‘“ 154m GFCDLS; DEFB 90H
|ru' :‘: ' ' ' EIEFB 76H
1VW"|' DEFB OFCH
INF“ " DEFB 87H
unrn 1- DEFB ?UH
1F'“ “ DEFB 76H
1FWTI/A DEFB ACH

'WWT'T*‘ nBT:&fll
Ir" 1 [Ii-.+v:—: 6». L». O. 0.0.30!-1. 30H. 0
I M: -' III! 1-4 0. :1::0H. OF-"H. OFH
non? huu u0000111E ; COLOR MASK

roman Emu 000010113
3000B E00 000010113
3000B E00 000010113
3000C

 
EQU 000011008

1554 , n&4%#**###&###*%§*%#*§
Ifihfi . % GUN FIGHT PATTERNS #
1555 . §**«*§§*#*§**%****u*&*
1547 .
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IDDR r-In
xnnn 0.1?
znnr :‘:r
1nF1 :.ar
VHF? 4
IFIF". T1
tnrv I ‘r

I!’IF""
1I'IFl'I '~
unrr L
1Dfh *
ITIFI" - 1
HWFF '-
HtF’!- »
IFIFI
ITIF."
H'IF'"I -
vrur-1
lW"'- ~
‘rum .,
ITII 7' 1 ’
IN’?
157"’
1W A I‘
H'|Fl': .'-1
ihl I
If I II I
[I My
|FI'*-1
1EC‘(-
IFDQ
1FC‘fi
‘KFC-F
lrlfi
IF I T’
IF!!!
1F19
IFIG
1El|'_‘
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GR!*1TE:1_:

LIF F-’C‘I£

LE P 0 1;-‘:

EIEF O4

TREE?

o'\Fu'NO.

QRMI :

AF\'M'Z.

ARMZE:

AF\‘f‘1-4 ‘

n’~\Fl‘1.'3:

1a41 ARMO.

4,301,503

. PATTERN TAE2L E9:
UEFH ARMO
0EFu ARM1
0EFu ARM:
nerw ARMS
DEFH ARM4
[IEFl»J ARP15
[IE F14 (3uRMé.

rnTTERN hCFINIT10N MACRUS
MACR #A.#3
DEFE 0#AH
DEF3 0#3H
ENDM
M003 #A.#3.#C
DEF3 0#AH
DEFE 0#3H
DEF3 0#CH
ENUM
MACR #A.#3.#C.#D
DEF3 0#AH
DEF3 0#3H
DEF3 0#CH
DEF3 0#DH
ENDM
DEF: 1.17
DEFE: IJCJDCJ 1 0008
DEFH 000111003
DEFE 001111103
EIEFE: 0110101 1 E:
HEFB 000010003
DEF3 000010003
DEF3 001111003
DEFB 011111103
DEF3 101010013
DEFB 000010003
DEF3 001111003
DEFE 011111103
DEFB 111010113
DEF3 100010013
DEF L‘-: (j>Q(j'.If)1(_)Q0B
DWBDMMHWE
UEF3 101011103
UEF04 0n.0A.2.5
r_Ir.‘F0.: 40. 00.
ULFU. 51.00.
DEFO1 o4,rmn
0EF02 01.00.
DEF02 00.40.
DEF04 0A.0A.2.3
EIEFD2 50. 00.
EIEFOZ 14.00.
DEFO2 01: “U1
EIEF04 09. 0!-\. 2. 2
EIEF02 54. 00.
EJEF02’: E35. 40.
0EF04 0A.7.2.4
EIEF0'.T: 10. 00.
3EF02 05.40.
DEF02 7:‘-4. O0.
EIEFCIZ SD. 00.
EIEFQ4 OA. 6.. 2. 5
[IEFOZ
EIEFOI1

00.40.
45.00.

[JEF02 10. 00.
DEF02 50.00.
DEF02 40. 00.
[IEF04 0A. 5. 2. (:-
DEFOZ
DEFOZ
DEFOZ
DEFOZ

00.40.
01.00.
05.00.
14.00.

CIEFCILZ 554. O0.
EIEFOZ
UEF04
DEF3

730. 00:
(DA; 51 1: 5

01H

212
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]I3 214

1110 I1 1¢a3 DEFE 44H
tF4r 'u 1a44 DEFB 10H
nran In 1x45 UEFE 40H
wrar In lhflé DEFB 40H

1(./17 ; +H'e4Hz~ NIJTE +Hs4H1-
Iri./1:5: ; THE FI_IL.LIiIwINI3 PATTERNS ARE CONE-TRAINEE! T0 EXIST ON THE
Ikav , FADE. THE FULLDNINO ’0R0’ HILL 00 IT FOR EXPERIMENTAL
\A50 . PATTERNS ARE; LE00.LE01.LEG2.KIL1.KIL2
1151 ; 0R0 ($+255).AN0.0FFOOH ; *** TEMP ***

1|”-~‘lF 3 l.‘.'I..'- LEI30. [IEFE LEI31. AND. OFFH
' ' ' '1 '~' DEF-E: 4

[IEF04 0. OF. 3. 5
DEFDI’-¢ 01. 55. O0.
DEF( O5: 45: 40:
DEF : 15.01.40.
UEF03 50.01.40.
DEF03 15.00.54.
HEFB LE02.AN0.0FFH
UEFB 4
DEF04 2.0F.2.5
0EF02 15.50.
DEF02 54.50.
EIEF02 S0. 50.
DEF02 50.50.
0EF0z 55.15.
l.IH~l:': LIiL\I.1. AND. OFFH
[IN 1*: 4
DE} 04 .:'::. 0F. 2:. S
0EF02 53.00.
0EF02 15.00.
0EF02 15.00.
UEFOZ 14.00.
DEFOE 05.40.

KILI: DEFB KIL2.AND.0FFH
DEFB 20
0EF04 0.1.4.13

\ DEF04 01.10.00.00.
0EF04 45.54.40.00.
UEFO4 55.55.40.00.
DEFO4 0A.AB.00.00.
DEF04 0A.A2.00.01.
DEFO4 0A.AA.S0.14.
UEF04 02.AA.00.50.
DEF04 00.A3.05.40.
DEF04 05.55.54.00.
0EF04 15.55.50.00.
0EF04 54.55.50.00.
DEFD4 50.05.54.00.
DEFD4 50.01.55.0o.
DEF04 10.01.55.40.
0EF04 10.00.05.50.
DEFO4 00.00.01.50.
DEF04 00. 00. O0. 40.
DEF04 00.00.01.40.
DEFD4 O0.00.00.54.

HIL2: DEFE KIL2.AND.0FFH
KZIEFE: 00
0EF04 0.0.4.7
DEFO4 011 ID: 00: DO:
EIEF04 45. 54. 40. O0.
DEFD4 55. 55. 40. 00.
DEF04 0A. A8. 00. 00.
DEF04 0A.B3.15.0L
DEFD4 1é.A5.55.41.
DEFD4 15: SS. 55: 55:

CACTUS DEF: 1.12
DEFB 001000008
DEFB 001100003
DEFB 001110003
DEFB 001100003
DEFB 101100103
DEFE: 1111001013
EIEFE: 11110110B
DEFB 001111003
DEFB 001111003
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.1 ‘ »."".4;'C)

Iill

‘ :‘l|
1.|

DEFB
DEFE 0
DEFB 0
DEFM ’
DEFB 0
DEFB 0
HEFB 1
nrru I
lwlcm
N; F 04
DEFDJ
DEF03
DEF03
DEFO
[u[1'F1_).
DEF
DEFOq
DEFH

1'.-IIITNE
NL|l.F‘AT .

(-1 I'll]! I‘;'

 
 

 
 

  
 

4,301,503

001300003
01100008
01100003
GOT ME’

I_), U, :31, F
00.44.00.
11.55.10.
15.55.50.
02. A0. 00.
Off. (312. 00.
021. AA. 330.
00.AA.00.
O0.AS.D0.
1fi.SS,DO.

216

  

DEF 19.55.50.
DEFH 51.55.50.
DEF 41.55.00.
DEF 41.55.00.
DEF03 45.55.00.

0| DEFE 01H
H‘ DEFB SSH

wAGPAT DEF04 0.0.4.16
DEFu4 00.0E.50.00.
DEFD4 00.5S.55.00.
DEF04 01.55.5S.40.
DEF04 0S.55.55.50.
DEFDJ 15.S4.15.54.
DEFD4 1i.50.05.54.
DEF04 1S.40.01.54.
DEF04 1S.40.01.54.
DEF04 15.50.05.54.
DEF04 0S.54.15.50.
DEF04 01.5S.5S.40.
DEF04 00.ES.S5.00.
DEF04 00. 15. 54. 00.
UEFD4 02.AA.AA.30.
DEF04 00.AA.AA.00.
DEF04 12.AA.AA.84.
EIEF04 10. A3. ‘ZA. O4.
DEF04 10.20.08.04.
DEF04 S2.AA.AA.85.
DEF04 10.20.03.04.
DEF04 10.00.00.04.
DEF04 10.00.00.04.

IF“! - 17:; FUUGA. UEFB 0
1 /.'.:~: ,-

1F“fi 17mV MEET MASTER 094
1!’ “Y 1 /'/u": VIIIl_s_IME O‘;"H. OH
ll‘.“.'_’ 1'7’/1 RET

1771 ; HUME 0N DA RANGE
urn? ~h‘HlF 77? HUME CfiLL MSET
1Ffi' I/74 NDIE1 36.01
HT l7‘.r'.‘.- f-ujn’l'E1 12. F1
1rnn 3'/A Nnrgx 13,51
Irnr 1777 NUTE1 6.01
mm? 1 7721' NOTE} :3:/;., E1
IFPH K779 QUIET

1731» . {APE
Ir'l:v I/:':1 IN‘?-
Ilrl Ih HIV l/v’ LAIL
ll 12-‘! I? Nl.Il[.1
1Fl’:/-- J / 'NI'.I'IE1 (
1FP$ 1' NDTEI
IFRA 1 NOTE1
1FE( 1 JTE1 e.F1
1FnF 1 NUTE1 3b.A1
HT 0 ‘l’ IZEUIET

I . F|..|NEF\'{—\L
lrrt 1 FUNERL
IFCI fn*D1F 1 CALL MEET
IFC4 1 NOTE! 24.90 
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W __ _, .T.. 217 218

IFCG NOTE1 18.AO
1FI'::=; NCITE1 6.90
1Frn NOTE1 24.A0
IFFF NOTE1 18.C1
ttrr NOTE1 6,30
Hruu NOTE1 18.30
urn: NOTE1 6.90
1xh1 NOTE1 1e.A0
Hluz NOTE1 6.680
irln: NOTE1 18.AO
urnm OUIET
15 HI’? IZ.'I_IN::‘;:HOT OUTPUT 18H. OFOH. OFSH. OFEIH. OFFH. 0. E=FH. OFFH. OEFH
III) LEGSTA
1FI'- VOLUME OFFH,D3FH
trrw REST 5
IIFA NOTE1 5.8FH
IV"? NOTE1 5.4CH
xrrr OUIET

TIFF? LASTB EQU $

,' <L‘-R‘~1i-¢é¥-#**l-**§-<l-
; * RAM CELLS *
; {Ht-**ié§%!>*l-§-H-fl>§

ORG NORMEM+OE7OH
4F?“ DEFS 150 ; ALLON BIG STACK

>4!“ STACK EOU 3 5 START STACK HERE
4“- DEFS 12

“4*'7 MSTACK Emu‘ s
“4'i? STRRAM EOU $

4V‘7 HRITO: OEFS 3 ; WRITE Q HEADER
nil‘ VECO: OEFS 3 ; VECTOR Q HEADER

?“'3* VECSTR EOU 5
a»;g BULVI: OEFS BULVSZ ; BULLET VECTOR 1
4‘ H EULVZ: OEFE BULVSZ ; BULLET VECTOR 2
“' ' EUIVB: OEF3 BULVSZ 2 BULLET VECTOR 3
4r4V EULV4: OEF3 BULVSZ 3 BULLET VECTOR 4
4V5” OEFS 1 5 LEFT COHBOY LINK
“V51 LEONE: DEFS GFVSIZ-1 i LEFT GUNFIOHTER
4% 7'7 DEFS 1 .- RIGHT cowlacav LINK
4Y73 Rcog§;I_pgEsM§EySIZ—1_,_ 5 RIGHT GUNFIGHER
fllffl DEF" 1 5 WAGON LINK
flfwl HADVEE’ INH45 HAOVSZ 5 NAOON VECTOR
-H'4I whnum LUU wAbVEC+VBSTAT

w4rnn ENHHHN EOU 3
}4FOn LHUL3 EOU CT5
§4FOR REULS . EOU CT6

4Fn1 RFIELO OEFS 1
4FA? LSEORE DEFS 3
4FnW LFIELD OEFS 1
HFAA RSCORE OEF3 3

‘ LIST 3
}1FFF LENO EOU LASTB

4FA? END

;TOTAl HWOFMBLER ERRORS = 2

$HFfiF 3
$RFH ?
¢FNh hn A,w,
$$
$MOSTEH.HvO3YS.A5L.HVGLIB,UBG..MT1
$039 SI A9
‘I N!'vf‘~'
1FXF flFh..NfiLU
PO? HV0HYfl
EXIT
$MOVE 91.5
$NOP
$ExE SFn.,NDLO
A93 8! USO
P03 HVOIIB
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433O1,5O3
219 220

EX!
$MfiVE $1.7
$AVR CI.4
SASS 2 NT1 3 SEA 4 ECE 6 L0 RAD N0
$EXE MUSTEE.LMG

NMHFEHNP Z-30 Cfiflbfi fi33ENBLER% HOME VIDEO GAME SYSTEM
ADDR HVJECT STMT LABEL UPCD DPERAND COMMENT

A4: LIST 5
L4: nunuunuu**
/.4 4 in T-NL‘.:j:YE; st
545 : *§&*«*#*%*

. ** NUDIFIED TU CDRRECT CALCULATOR BUG AND ASTERISK

. #* AND INCSCR AND CLRNUM BUGS ‘

L49 PFUG .EQU 08H ; PUT FUDGE FACTDR
‘ " EQU 17DEH 2 GUN FIGHT START ADURESS

Emu 1323 ; CHECKMATE START ADDRESS
EQU IOZOH 5 CALCULATOR START ADDRESS
EQU 0E19H 3 SCRXBBLING START ADDRESS  

; **§*u*********&**#§&
; % POMER UP RESTART 5
; §»*a*****§#§**#****&

 
ORG 0

(v-"«"--"- I NC|F' i WRIT FUR THINGS TO SETTLE [ION
rmwn [" Q1
["0"-"’ v»! XOR A
l‘“"~-"‘--‘- ‘Hf: CIUT TCZIIINCIMLA ; Ml-* SET CONE-LINER MODE 11*
t‘:--''»:‘-'‘. 1 ..I«'nT_. ._lF‘ FHRLIP

[IRIS 8

J TRANSFER CZCINTRCIL TO REST!-\RT HANDLER
W’--"'.'1 I‘ ‘--'.'L'.'Cr LIP 'ZO07H 5 VECTOR CIUT

NUMEAE: UEFB ICH

 

 

nnnn h 459
nnnr " 4 3 DEFB SCH
05'"-1'! '- -’.-.71 _ EIEFB ICH
fififiF 572 DEFE 20H

€74 DRE 16

0010 r~~n7n 675 JP ZOOAH 5 RESTART 2
tM*1?-- 67$ NENUCL: DEFE 06H ; MENU COLORS
(I131-1 ft: é-77 DEFE1
D01? 0“ A73 UEFB 07H
OHTW i #79 DEFE 62H

DRG 24

V"4‘=* '4*”“ JP ZOODH ; RESTART 3
. Hn"\|‘IF' F'A| l:E3E

-x.‘:'- . &'Hhl‘IIf?:l:.: H(\LT $3 IZII|- INT!-.HF\'|‘|F-‘T8
" ‘ . lN|'L|[': 1:! —= R CIF IN'l[-.R|\'l.|F'T>3

l",)('I1F= FT: |'l|~'I\|,.|':-t:.. E1
lIID1|'.i 7/;« HALT
1301)"! 1II.\F-"El El-JNZ -1
DOIF C? J.. RETn”? DRE 1:

cu-I-I thaw! .3‘; JP EUIOH i REETHRT 4

; NQHE. BET WORD

 
; (HL)=DE

Wl'i'."‘_-1 ".7 '1 I 11%|; I W: L [I (HL) . E
0074 F? _lNC HL
(‘W1 ‘v '1 I .' LEI (HL ) I [I
r)(‘:_"/. A BET

Page196of237



Page 197 of 237

00253: If .‘t1:3:20

I_'u‘b;T{F: ,' i-‘-mju‘)
OOTF V’

('\I'- ‘:1’. I I "1.

I‘r('I" "T-

I:Il‘l’_-$41 " ‘ I |
1'-03:4. .. A

 
FDRIOOOO
FDR?
7F

 
TI".
I‘ II/.. .-"IF!
F II.’ IT‘-1'}

I r T!’ LEI‘: _‘-3

 
HOAP FHVFO?
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221
7022
703

7 0!:-_‘.
‘,7 0.?-.

' .‘_.‘§r

7|1

4,301,503
222

ORG 40
JP BMBH 3 REJNU 5

EONE3: LD HL.O 3 ZERO OUT HL
RET

ORG 48
5‘ ZOIGH i REETART 6

Ifl.j1:Z-|_|I-11: DEFE-' Q 3 CIHEEIKSUM

ITAB: DEFW MACTIN ; INTERRUPT TRANSFER
DEFB 1 ; *% SYSTEM REVISION LEVEL

ORB 56
5 NAME: USER PROGRAM INTERFACE
5 PURPOSE: TRANSFER OF CONTROL FROM USER To SYSTEM
, INPUT: ROUTINE # FuLLmws INLINE AFTER RST INSTR
; IF L, O. BIT SET. LCIAEI ARI:-'-|MENTE: 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 S6 INSTRUCTION IS USED TO
INDEX A JUMP VECTOR OIVINO THE STARTING ADDRESS OF THE
SYSTEM ROUTINE TO CALL‘ IF ORTIONED. INLINE ARGUMENTS
ARE COPIED INTO THE CONTEXT AREA. FOR ARGUMENT ORDERIN
OEE INTERRRETER DOCUMENTATION AND ARFROR‘ TABLES

5 A DUMMY RETURN I3 INSERTED WHICH. WHEN RETURNED TO BY
2 SYSTEM ROUTINE; WILL RESTORE THE REGISTER CONTENTS AND
5 RETURN TO THE USER PROGRAM

5 fiflfi THL UPI HA5 BEEN EXTENDED TO SUPPORT USER SUFPLI
5 HOHTINEE. IF THE OALL INDEX PROVIDED IS NEGATIVE
a THEN THE USERS DISPATCH TABLE POINTER (UEERTE) I3 U8
3 NOTE THAT THE SIGN BIT I3N’T ZAPPED BEFORE BEING
; USED AS AN INDEX. THIS MEANS THAT THE USERS DISPATCH
I TABLE POINTER SHOULD POINT 123 EYTEE BEFORE THE FIRS

EX (5R).HL I RETURN ADDRESS TO HL
RUSH AF 1 CREATE CONTEXT
PUSH BC
RUSH DE
PUSH IX
PUSH IY
LD IY.0 5 POINT IY AT CONTEXT
ADD IYuSP
LD A;{HL) 3 LOAD OPCODE
INC HL
LD DE:RETN 5 DE = RETURN POINT
RRA i SUCK WANTED?
JR O.MINTO-$ ; JUMP IF YES

INTPE: RUSH HL 5 SAVE PC
RUSH DE 5 SAVE DUMMY RETURN
LD HLJSYEDPT
RLCA
LD E: A
LD D:0
RLA 5 USER TABLE WANTED?
JR NC.PUSH1-$
LD HL.(U5ERTB) 5 YES - LOAD IT

PUEHI. ADD HLIDE
LD Ea(HL)
INC HL
LD D:(HL)
PUSH DE
LO H.(IY+CBH)
LD L:(IY+CBL)

RELD: LO D.(IY+CBIXH)
LD En(IY+CBIXL)
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223 224
l'H'\/--F II”? 7 72 F'l_I:=_;H [IE
D0éF WHY) 773 POP IX
U07! IH'I09 7/4 LD A.(IY+CBA)
H074 IHHLHT /76 DELDAD. Ln D.<IY+CBD)
0077 FHVFUA 77$ LD‘ E,(IY+CBE)
nn7n I‘ /I7 RET ; CALL VIA RETURN

/xv , HAHF: MAPRO INTERPRETER
VHHVHCE: INTERFRETINO SLDHFNCES OF ZYSTEM CALLS

 
 INPUT. ADUHE OF ETRINO TO INTERPRET PASSED ON

BTACH ORE: NO IN_1EA3E IN DEPTH
EXPLAINATION: IF OPTIONED (BIT 0 OF CALL INDEX SET) TH
ARGUMENT TABLE (MRAROTJ IS INDEXED GIVING A MASK WHICH
SPECIFIES HOW TO TRANSFER INLINE ARGUMENTS INTO THE CD
ELOCK. THIS MASK IS FORMATED AS FOLLOWS:

 

§»§***«#%*§§§**&**§§*4&*u&§&#&«**
% 7 * 5 u 5 * 4 & 3 * 2 § 1 * 0 *
u%n**4*§*&§***u***%***&***u*&*#*#
% H § L 4 A * IX* B # C * D * E *
%fi§*§%**fi§#***%#*#§§#*#*#******#*
AROUMENT3 MUST FOLLOW THE CALL INDEX IN THE FOLLOWING
IOMITINO UNUSED AROUMENTS. OF COURSE)
(INDEX).IXL.IXH.E.D,C.B.A.L.H

THE SIMULATED PO IS SAVED AND A DUMMY RETURN IS
INEERTED ON THE STACK. THE UPI DISPATCHINO ROUTINE IS

 
LOU - THEN ENTERED AT ’INTPE’. WHICH EFFECTS A CONTROL TRANS
3H1 ~ TO THE CALLED ROUTINE. WHEN THE CALLED ROUTINE RETURN
U0? I IT WILL COME BACK HERE TO INTERPRET THE NEXT MACRO INS
qua ) NOTE THAT THIS ROUTINE I3 REENTRANT; THEREFORE THE CAL

' ROUTINE MAY RECUR BACK THRU HERE. IF IT FEELS LIKE IT
%* THE UPI HAS BEEN EXTENDED TO SUPPORT USER PROVIDED
SYSTEM ROUTINES. IF A NEOATIVE CALL INDEX IS ENCOUNTER
BY THE INTERPRETER. AND “SUCK INLINE’ IS OPTIONED. THE
USER MACRO ROUTINE AROUMENT TABLE I3 INDEXED FOR A
PARAMETER MASK, THE ADDRESS OF THIS TABLE I3 ASSUMED
TO BE IN (UMAROT).(UMAROT+1J. THIS POINTER SHOULD

. POINT 64 BYTES BEFORE THE FIRST REAL ENTRY

. I.E. LD HL.USERMT—64 ; WHERE USERMT POINTS AT
. LD (UMARGT).HL

WHVP V’ MINTPC: POP DE 5 DISCARD DUMMY RETURN FROM UPI
tM*Nf RENTER:
W“'F T‘ FOP HL ; POP OFF PC

. NAME: MCALL

. P|.|RF'OE:E: CALL INTERPRETER SUEIROLITINE

. INPUT; HL = ROUTINE ADDRESS

. NOTES: ROUTINE MAY BE CALLED FROM MACHINE LANGUA

. ANOTHER INTERPRETED SEQUENCE
; STACK DEPTH INCREASED BY 4 BY CALL’

““”D '~ MMCALL: LD A.(HL) ; GET OPCODE
'W'W INC HL
‘“'”"‘ I SRL A
("”W ‘i ”'"V LD DE.RENTER 5 LOAD INTERPRETER DUMMY RETURN
“”"4 '” w MINTO: PUSH DE ; SAVE DUMMY RETURN
‘“”"3'” LD C.A ; INDEX TO C
‘"“’~ '4» JR NC.MINT2—$ 5 JUMP IF NO LOAD WANTED
‘““’¢" EX DE.HL
'"' "‘ ”‘ LD B.0
:wu1:. IHJKI LU HL.MRARUT . LOAD SYSTEM ARG TABLE
IHL1 II 5/ Bil 6.A . Ubfi USER TABLE?
(urn. pa»: JR l.MINTI—$ 5 JUMP IF NO
!WT’? IH|kJF ,LU HL,(UNAHOT)
00?? 0? MINTI: ADD HL.EC . INDEX TABLE
0094 44 LD E.(HL)
009? rnnman CALL MSUCH1 ; CALL SUCK ROUTINE
oonn n1 MINTE; PUP UE ; DUMMY RETURN TO BE. HL = PC
moan 77 LB A,C ; GET CALL INDEX BACKnnmr rnqao7 LU B.(IY+CBB) ; RESTORE CLUEBERED REGISTERS

LD C.(IY+CBC)0('r'?'F T'TII1l'O/:- JR . INTPE-$ i JOIN NORMAL UPI DISPATCH SEDUDOA? ICAA

346 3 NAME‘ SUCK INLINE AROUMENTS
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? PURPOSE: TRANSFER OF INLINE ARES INTO CONTEXT BLU
INPUT: B = ARG LOAD MASK (SEE INTERPRETER COMME

; OUTPUT: HL = UPDATED PC

i EXPLAINATION: THIS ROUTINE INPLEMENTS A MACRO LOAD INS
. IT I3‘UEED BY THE INTERPRETER AS HELL. A ONE BIT IN T
. INLINE LOAD MASK MEANS TRANSFER THE NEXT INLINE BYTE I
. A ZERO EIT MEANS “ADVANCE CONTEXT BLOCK POINTER’
. TWO ENTRY POINTS ARE DEFINED. ONE FOR THE SUCK MACRO I
! THE OTHER FOR THE INTERPRETER TO USE
; BUFH MACRO ENTRY:

 
 

NSUCH. FOP HL 5 RETURN ADDRESS TO HL
POP DE 5 FOP OFF PC

. fifié BYTE SAVING TRICK *#* REPLACE WITH LU HL;REENTRY
INC HL 5 ADVANCE TO REENTRY (MINTO)PUSH HL

FALL INTO H.

NBOULI: BIT 4.B IX LOAD WANTED?
JR Z.MSUCK2—$ ; MSUCK2 IF NOT

 

LB A,(DE)
INC DE
LO (IY+CBIXL).A
LD A.(DE)
INC DE
LD (IY+CBIXH);A

MSUCEE: PUSH IY 5 LET HL = IY
POP HL

INC HL 3 + 4
INC HL
INC HL

_.n. ' u INC HL

Donn RES 4.B ; KILL IX BIT
: . THE FAMOUS SUCK IN LOOP

ODPF '¥=H MEUCK3: SRL B

OOFI 7"? " JR NC.M3UCK5-$ ; MSUCK5 IF NOT THIS TIME
00?? ‘ LO A.(DE) ; GET INLINE BYTE
U054 A INC DE

cn.srr'"- 2 ' - 4 LD <HL).A ; STUFF INTO CB
Ooun .1 e HEUCES. INC HL 5 BUMP CB POINTER

5 #* THIS CUBE ASSUMES THAT STATUS OF ’SRL’ IS PRESERVE
OOE7 2’ = . JR NZ.MSUCK3—5 3 JUMP BACK IF MORE TO DO
ODE” '4 EX DE.HL a HL = PC
0'39“ . RET __ , ____..___.._.5_.Ifi.E_N_QU,IT;:‘ ; unuuwu*uu&«u&&*#*#n«**§*a*«**

; 3*‘ UV] I\'Ul.H'IN|‘.’ {\[|[|F\'EEL'5$ TQHLE *
; tflflrfifififi§kflfllfififi**#%#*%*%§##

HUFH SYEDPT. BEEN HINTPC
 DOWN DEFH MXINTC

DOEF . .5 DEFw MRCALL
OOH] VDHW DEFH MMCALL
Dflnfi 7?fiH * nerw NMRET
OWHH IJUA DEFN MMJUMP
fifih7 n4nn DEFN MSUCK
HOD“ HLHI UEFH MACTIN
fiflhfi 7f04 DEFH TIMEY
onnn Dfinfi DEFH MUZSET
OOHF FE05 UEFM MUZSTP
OHFI EFflfi DEFW MSETUP
fifiFfi nnfit DEFN MCOLOR
CN'*F"- FEW-T“. OEFH MFILL
“WP? V ~< DEFN MFAINT
“NY” I‘ DEFN MVHRIT
‘W“lI‘44~' DEFH HWRITR
DUVH I’ DEFN MHRITP
00'! I‘ DEFH MHRIT
‘*4 1 H DEFw MNRITA
”““* "”~‘ UEFH MVBLAN
“WV” “" nerw MBLANK
““V* P‘v‘ DEFw MSAVE
fifil“ Wv~ DEFN MREST
fihfik In‘: UEFW MSCRDL
OHFH r UEFH DISPCH
‘”“I ' » DEFN STRNEH
“I51 '“~“ DEFW BCDISP
Oi“? V -B . TDEFH MRELABI  

OEFH MRELA1 5 RELAB1
nlnfi
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0|~i '
I'll 1‘-‘-"
(:1 WT: I
4')l«'-TI .‘.- -;

01!)’ I I

014R 5“
014? Hv
('11 -1 I1 I‘ .'u
DIQF PF
011? I“
D] .'?_u(:I ' 1'

 
0154
(‘)1 '37".
I'.\1.‘~‘./-.
0157 F
015i
019”
fllfin I
Oifih F’

r
I
I

I
(
I

njfii 01
F.

Olfir
Olfih
OIGF
C1 I ‘’.F 1
nxnn 1“
1'51!-.1 1 I
01A?!
13115.’: L”?
n1h4 if
01Afi
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DEFN
DEFH
DEFN
DEFH
DEFH
DEFH
DEFH
UEFN
DEFM
nerw
DEFN
DEFN
DEFH
DEFN
UEFH
DEFN
DEFN
DEFN
DEFN
DEFW
DEFH
UEFH
DEFH
nnvw
hfilw

4,301,503

MVECTC
MVECT
HHCTAS
MENTRY
MEICI I T
MUDITB
MPIZBK
MMENU
MEET?
MGETN
MPAUSE
MDISTI
MINCSC
INXNIB
PUTNIB
MINDN
MINDS
MMDVE

uuru mi
DEFH '
DEFN'
flEFN
DEFH
DEFH
UEFH
DEFH
DEFH

FORMAT:

* H * L *

 
MHANGE

MQUIT
NSETB
HSETW
nmrn

A 4 IX#

5
5'

5'

SENTRY
DUIT

PIZGRK

;PAUSE
5DI3PLAY TIME
iINC SCORE
5
5
n
5
5

INDEXN
STUREN
INDEXN
INDEXB
MOVE

MACRO RUUTINES ARGUMENT MGSK TABLE

<11»-1H1--)1-«Ei-<11-K-*#***fl-{H1-**-I?+1-*{>fl-*1}-RN11-*-I-**<H»-I
* 7 * 6 & 5 # 4 # 3 4 2 & 1 4 0 *
-re-ii-«ii--)1-{fr 1H1»-It-if £1--181-*-I--lH1~iHH§-l~l-l--II-vl-<11-if<l>*-I--I-{-*

3 * C i D * E 4
.' f.'-%€-fi~*fl-{--If##-*%%%§i(>%'l§§*§*§-***§**{'%%l-*I-
~ ARGUMENT3 MUST FOLLOW THE CALL INDEX IN THE FOLLOWING
. (DMITING UNUSED RRGUMENT3.

. (INDEX). IXL. IXH.E.IZI.Ci.B5A.L:H
MRRRGT: DEFB

DEFE
O
0

5 INTPC
XINTC

DEF3 110000003
DEF3 110000003
DEF3 0
DEFE 110000003
DEF3 000010003
DEF3 0
DEF3 000001003
DEF3 111100003
DEFE 0
UEF3 001010103
DEF3 110000003
DEF3 001011113
DEF3 001011113
DEF3 110100003
DEF3 111000113
DEFB 111000113
DEF3 111011113
DEFB 111011113
DEFB 000100113
DEF3 110010113
DEFE 110011113
DEF3 110000113
DEF3 110011113
DEFB 001001113
DEFB 110001113

5 RCALL
5 MCALL
5 MRET
5 MJUMP
5 SUCK
5 ACTINT
5 DECCTS
5 BMUSIC
5 EMUSIC
5 SETUUT
5 COLSET
5 FILL
5 RECTQN"
5 VHRITR
5 HRITR
5 NRITP
s WRIT
5 NRITA
5 VELANK
5 BLANK
1 SAVE
5 RESTORE
; SCROLL
5 NEW DIECHR
5 NEW DISSTR

228

OF COURSE)
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£30L503
229 230

01£h I1 495 0EF3 110011113 2 DISNUM
0137 ?f~ £70 DEF3 001000003 1 RELABS
01hfi 3- ?v7 DEF3 001000003 5 RELAB1
01¢” 04 093 0EF3 110101003 2 VECTC
rn.,.1u- ‘*1’ DEF3 110100003 ; VECT
II|.'1 can I111 111 IIFFI1 U i KCTASC
HI! I -v - 111111 LI1;F"l: 00If)0l‘)U11l3 a S-ENTRY
01mm on 100: ULFB 110000003 1 001T
0159 re 1003 DEFB 110000003 ; DOITB
mtg: on 1004 DEF3 0 a PIZERK
(1170 I I: 1005 UEFE! I 100001 IE-' 5 MENU
0171 Fr 1004 DEF3 111011003 1 GET PARAMETER
0177 r1 1007 DEF3 110011113 1 GET NUMBER
0171 NH 1003 UEFB 000010003 5 PAUSE
0174 my 100? DEF3 000001113 1 DISTIM
0173 F0 1010 3EF3 110000003 1 INCSCR
0173 F0 1011 DEF3 110000003 ; INDEXN
0177 rn 1012 DEFE 110000003 ; STUREN
0173 rn 1013 DEF3 110000003 ; INDEXN
0173 in 1014 DEF3 110000003 ; INDEXB
0170 1? 1015 DEF3 110011113 1 MOVE
0173 ~’ 1010 0EF3 110010003 ; SHIFTU
h17r «1 101? DEF3 110010113 1 BCDADD
-4TW~«' nhla DEF3 110010113 ; 3CD3U3
01?r « bur? DEF3 110010113 5 BCDMUL
017T -- 10:0 UEF3 110010113 ; BCDDIV

'« DEF3 110010003 1 BCDCHS
DEFB 000010113 ; BCDNEG
DEF3 110010113 ; DADD
DEF3 000010113 ; DSMG
DEF3 000010113 ; DABS
DEF3 110010003 5 NEGT
DEF3 001000003 ; RANGED
DEF3 000000003 ; 0UIT
UEFB 111000003 ; SET BYTE
DEF3 110000113 5 SET NORD
DEF3 110001113 ; MASK T0 DELTAS

 
0133 I 0 HACTIN: D1 5 MAKE DAMN SURE HE 18 OFF
I'r1=?I.'1 1'" i’ PLISH AF
0133 F'1 R PUSH 33
013E 0V 1039 PUSH DE
UIRF I’ 1040 PUSH HL
0190 runr 1041 IN 2
019? 2:un 1043 L3 A.ITA3.8HR.8
ntfia 1h1/ 1n43 Ln 1,A
010A ~'.fi 1uqq Ln A,2oo
0133 h=~F I045 UUT (INLIN).A
019A "74 1043 L3 A.ITA3&0FFH
0130 H”0fi 1047 UUT (INF3K).A
019E FHAOO4 1043 CALL TIMEZ ; UPDATE TlHOUT.HUSIC AND SECON
01A! DTHF 1049 L3 C.0FH ; USE CTO—3

01A? FHVFO4 1050 UALL TIMEY 2 DEC CTO-3
Q1Q§_1JW,_ 1051 _ PUP HL
1'11u'\‘.3' 1:1 |n','.;? F'C1F' [IE
Hlnfl II IHHT PUP ac
010” 11 IHH4 PUP AF
0100 FR 1on5 E1
oxnn C? 1053 "ET

 
1'
5
i

INTERUPT ROUTINE FOR EVERYBODY
WHO DDE3N”f WANT TO WRITE THEIR OWN
HUES 4 60TH SEC COUNTERS IN CTO-3

RGUTINE; SENTRY

 
'.e . FURPUEEI T0 WAIT FOR CHANGE OF PROGRAM STATUS
I4 ; IN EITHER THE PORTS OR THE TIMER*COUNTERS

In 3 IN ADDITION IT CHECKS TIMOUT FUR LONG PERIODS OF IN-
IOAZ 2 ACTIVITY
1003 7 ** IS VECTOR BUT FLAG SET??
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I31 AI: 7II'IF(‘I’IF NENTRY: LU A.(SENFLG)
OIAF VFAA 'I_.F' OAAH

 
 

OIEI FAIWPO JP Z.2019H 5 YES - JUMP OUT
filfia LO A.(TIMOUT) ; CHECK IF TIME TO ELAKOUT
l"- I 11:7 OR A
1’-113:2’: ._IR NZ. TTEST-5
01mm MPIZBE: XOR A ; TIME TO SHUT DOWN
I") I I'~:[’: [II
('11 En‘ OI_IT (VCILC) . A 5 TURN OFF EICILINDS
n1nE’ OUT (VOLAH).A
n1rr- LO EC.COLBX+3*25b
HIE‘: OUT ICJIA 5 PAINT IT BLACK
O I I‘ "-- D-JNZ -2
O31“ 7 F-'[:1I.F': LEI DE. AKEYEE
n1rn CALL FINOL3 ; CALL STORE OE INTO CONTEXT R0
OICFI CALL TTEST s NAIT FOR SOMETHING TO HAPPEN
GINO INC A
n1nI L ' NZ.MPIZBK-5
I‘: I re‘: LEI (IY+CiEIA). 0
(‘I107 1 ~ EI
OIOP LO HL.(COLLST) ; GET SAVED COLORS
DIOR NEOLOR. LO (COLLSTI.HL 5 SAVE COLORS FOR FUTURE
OIDF LO BC.300H+DOLBX
OIEI OTIR 5 RESET THE COLORS
(‘II F '7: xIjIR A
OIF4 RET
I‘:-I F‘? ITEfE:T CALL TFICHK
OIFR LO (IY+CBA).A
I"«1FI'-I e LEI (IY+II:E2E) I I3
I"-II-‘F CF‘ ‘ EIKYD
OIFO RET C
OIFI CR POT0
HIFT RET NC
('I1F-’I LU A. OFFH
DIP/. LU (TIMOUTI.A
CI 1 F17’ ’ RET
ruxra TIMI! DIIW :¢IJ
«III I III I U I‘I*II.,.I“:I I3
I"-1 Fr‘ III-I N I'.Al.IZ.:~T I START OF CIALIZULATOR

11mm . BYETEM ROUTINES JUMP VECTOR
1 lI."»£»- |:IF\‘I3 ZCICIH

nprm r :c".I‘n'I/I 1 III»? ~.|F' TIMEZ 5 DC! T«I PIER fix MUSIC
070? FEYHOA 1103 JP TIMEX 5 OECTMR

0205 70 1110 SYEFNT: OEFE ZOH
0',‘It')'7 I'-:?: 1 I 1 1 EIEFE} 8
t'>_'r-‘~11: I'.-:'. I 1 I I EIEFE: E:
c‘IT'c‘\-7: I I i I I I St EIEFI3 1
"I ‘F-A -' ‘ I I II'I~ [IEF'E= 7
IV ‘ 4'«I3: I I I I IN EIEFH LF\|:1CHF\

n?hn pr III 2MIFNT_ OEFB OADH
OFGF *‘ III OEFB 4
n*nr -~ III OEFB 6
t'-‘.'‘' I I": "~I I I ._=_.- EIEFEI 1
OTII ~* IIPI OEFB 5
O"-'1 7' VI --HI i I I '- [IE-ZFl»J E:I'IL|ZIHFx'

 
II 4 - Al.I.IaIE‘(1Ei HAELK

0714 ‘I IIFI AKEYB OEFE
F)" I". I I .. [|EF[;:
ruxu. "I II EIEFE:
«’1* I1 OEFE

«.<w . HEAD OF ONBOARO MENU
13‘ I!" I I - 7» I I —:I I.'»I.|I~Il.NI-' 1’.lEFl»I CML
n'~ I .'\ I ~I= I 1 7:? [IEFW F'NI3F
I'»' II’ II I ' I I T: IIIEFN OFEITRT
I'\.'*IF -I" I I"»F:I‘I'- I I :4 EIE.FI'I MAX =E5II:IIIF\'E"
(I.‘-.''.7 W I I ".« EIEFE-I O
c'v".’~.‘: IIIIVI/-I II — [IE-'F‘I'I ‘II OF PLAYERS’
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O2,‘-(‘I I-V‘
I)’.?/-.!': F "i
O2?/-.4.’ TI".
OQLO 17
OZAF PP
07':-.r’ I
027“ F’
0771 F Torn’)
02")’ " I" 1
O77} ht
027'? I I
(‘)2 7. . I 1:]
0173 I”

0279 [1

r-‘. I
0 .7 / .2: Fl IE‘ 1

um’. 1
[:1

 
E13

: Ifz“,-.7 

I‘ I «I"’<‘:l,‘)f:‘
Ff.‘-I 

Page 203 of 237

 

4,301,503
234

OEFB O
OEFM ‘# OF GAMES’
OEFB O

. NAME, CONVFRT MASK TO OELTAS

. INHFV H==.mYSTHfl<MAH<
; C r FLOP STATUS (MR FLOP BIT SET IF FLOP
5 DE = X POSITIVE DELTA
; HL = Y POSITIVE DELTA
MNTO: CALL OONCPL 5 HANDLE Y

EX DE.HL
BIT MRFLOP.C s FLOP SET?
JR Z.MMTO2-$ ; YES - DOIT
LO A.E 5 NO - GET MASK
AND 3
JR 2!
CPL 3 INVERT IF NOT ZERO

MMTO1: LO B.A
MMTD2: CALL OONCPL i PROCESS X

EX OE.HL

JP STHLOE 5 STORE HL,OE AND QUIT

; EUEROUTINE TO OONOITIONALLY COMPLEMENT OR ZERO HL
OONOPL. RRC B

JR NC.CONC1—$ 5 JUMP IF NOT UP
LU AIL
CPL I
LO L.A
LO A.H
CPL
LD H.A
INC H
RRC E
RET

RONCI RRC B ; DONN SET?
RET C ; QUIT IF SO
JP CONC2 5 JUMP TO ZERO OUT

SCROLL MEMORY BLOCK

B = NUMBER OF LINES TO SCROLL
C = NUMBER OF BYTES ON LINE T0 SCROLL
DE = LINE INCREMENT
HL = FIRST LINE T0 SCROLL

XOR A
PUSH BC ; SAVE COUNTERS
PUSH OE
LO B.A
EX OE.HL
ADO HL.DE ; AOO INCREMENT TO LINE
PUSH HL
LDIR 5 ZZZZAP!
POP HL
POP OE
POP BC
OJNZ MSCRL1—$

.,_ -, __ .. _ _ _A T7 V’ -,L-__..,5 NAME: MACRO INTERPRETER EXIT NITH CONTEXT REST
; PURPOSE: QUIT INTERPRETINO AND GO HOME

MXINTC: POP HL 5 THROH OUT DUMMY RETURN
; NAME: RETURN FROM SYSTEM CALL
; PURPOSE: -RETURNING TO USER AND RESTORATION OF REG

RETN: POP HL 5 RETURN ADDRESS TO HL

POP IYPOP IX

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

; NAME; BCD OIVIDE

BEOOV: CALL GNACC ; GENERATE AOCUMULATOR
EX (SP).HL 5 HL = AOC. TOP = ARO2
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F'I_l:E.‘H E: I’;
Ln E.O
LB A.C
SRL C
ADD HL.EC
LD C.A

EX DE.HL 5 HL = ARG1. DE = ACC
LDIR 5 HL = ARG1 FLAG+1
PUP BC
PUP D

DEC HL ' 5 *% FIX **
Ex (SP).HL 5 HL = ARB2, TOP = ARG1 FLAG
PUEH at
LU B50
ADD HL.EC 5 HL = ACC+SIZE/2
PUP BC

DEC C 3 *# FIX ** DECREMENT SIZE
EX DE.HL 5 HL = ARG2. DE = ACC. TOP = AR
DEC DE 5 ** FIX *#

DIV1; DEC DE
XOR A

E‘STEM NEGT 5 ARG2 = -ARG2 (103 COMP)
DIVE: E STEM DADD 5 SUBTRACT UNTIL BORROW

JR C.UIV3-$
INC A 5 UR UNTIL LOOP COUNT > 99
DAA
JR NZ.DIV2—$
PUP HL
Ln (HL).0FFH
PUP EC
JR MULT6-$

DIV3: EYPTEM NEGT
5YaTEM UADD

Ex (SP)5HL 5 HL = ARG1
DEC HL

LD (HL).A 5 SAVE ANEHER IN ARG1
EX (5P)5HL
DEC E2
UR I D I V1-$
PUP HL
PUP EC
JR DIV4-S

5 SUBRDUTINE TU GENERATE ACCUMULATOR ON THE STACK
GNACC:_ POP IXXOR A

LD C5A
SYSTEM DABS 5ARG1=AB$ VALUE
EX DE.HL
SYSTEM DABS 5ARG2=ABS VALUE
EX DE.HL 5FLAG=1 IF NEG ANS. ELSE P08
LD H.A
LD L5A

5 LD A,B

MULT1 PUSH HL 5GENERATE ACC UN STACK
DJNZ MULT1—$
LD B5A 5REST0RE SIZE
ADD HL5SP
PUSH BC 5 SAVE SIGN
PUSH HL 5SAVE STACK POINTER
PUSH HL 5SAVE ACC POINTER
LD H.(IY+CBH) 5RESTURE ARG2 POINTER
LD L.(IY+CBL)
LD B5B
JP (IX)
5DECIMAL MULTIPLY
5GIVEN: DE}ARG1; HL}ARG25 B=SIZE/2

(SIZE/2-1 ASSUHEU EVEN)

5RETURNED: ARGl=ANSHER5 C10 UN OVERFLOWI

CALL
LU
INC
EX
AND

GNACC 5 GENERATE ACCUM
A5(HL) iA=MULT LOOP COUNT
HL
(SP)5HL sHL}DEC ADC
A 51F A=05 SHIP MULT LOOP
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z.nuLT4—s

DE. HL

A ;

238

ELSE MULTIPLY
CLEAR THE CARRY BIT

DEC A ;DECIMAL DECREHENT

;INCREHENT DECIHAL ACC
;HL}ARG2

;RESTORE STACK POINTER
5 RESTORE SIGN

iCHECK FDR OVERFLON

SET FLAGS

iCHECK SIGN AND

aNEGATE ARGJ IF NECESSARY

DAA
JR NZ.MULT3-3
EX DE.HL
INC HL
EX (SP).HL
DEC C
JR NZ.NULT2—$
PUP HL
POP HL
PUP BC

PUSH ESPUSH C
L U 1 E5
Ln R,0
SRL C
ADU HL.BC
SLA C
LDIR
POP EC
PUSH EC
SRL B
XOR A
UR (HL)
INC HL
DJNZ MULT5—$
AND A 5
JR Z.MULT7-3
LD A.0FFH
LU (DE).A
PUP BC
PUP HL
BIT 0.C
JR Z.MULT6-$
SYSTEM BCDCHS

PUP HL sRE3TORE ORIGINAL STACK POINTERDJNZ NULT6-$
RET

sB€D SUBTRACT & ADD

;GIVEN: EIE}ARG1. HL>ARG2
. E:=:5;IZE/1+1

.'fi'ETUF<NEEI: ARa:1=ANsw:-:R
SYSTEM B-CDCHS

svsven BCDNEG
EX DE.HL

SYSTEN BCDNEG
EX ‘DE.HL

 
SYSTEM UADD

5 AND FALL INTOI

 
4':

.\JL7‘U1-l-‘-Ev.‘MlI-*"'~'
i

sDECIMAL $IGNED HAGNITUDE

.-.''.'9.-3ILv.~%'.-.I.39$5$15afi-I-I ;GIVEN: DE>ARG (10’S CUMPLEMENT)
i B=SIZE/2+1
;RETURNED: ARG (SIGNED MAGNITUDE)

EDSMGL LB LoB ;HL>ARG+B-1 (SIGN BYTE)DEC L
LD HaO
ADD HL.DE

LU A.(HL) §IF P08 (SIGN NIBBLE<5)CF 50H

RET C IEXIT

EX DE:HL _/
SDSNGI: LD Aa0 iELSE 10’S COMPLEMENT

SEC A:(HL)
BAA
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L0 (HL>.A
INC HL
UJNZ uH8MG1r$
DEL HL ;ANU SET SIGN BIT
LU A.(HL)
GR 80H
LB (HL).A
RET

;BCD NEGATE

;GIVEN: DE>ARG (SIGNED MAGNITUDE)
; B=5IZE/2+1
;RETURNEm: ARG <1o*s COMFLEMENT)

BCDNG: Ln L.B ;HL>ARG+B—I (SIGN BYTE)
DEC L .
Ln H,O
ADD HL.DE
BIT 7.(HL) ;ExIT IF P08
RET 2
Ln (HL).0 5 CLEAR SIGN BYTE
Ex DE.HL

GNEGT: XOR A 5 CLEAR CARRY
BCDNG1: Ln A.0 ;ELSE 10’S CGMPLEMENT

SEC A.(HL) —
BAA
LU (HL).A
INC HL
UJNZ BCDNG1—$
RET
I

JDEEIMAL ABSOLUTE

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

 

SDQES: LD L»B
LD H10
DEC L
ADD HL.DE
BIT 7.(HL)
RET 2
Ln (HL).O
IND (IY+CBC)
RET
A

 

.ECU CHANGE SIGN

;GIVEN; HL}QRG B=SIZE/2+1
z (SIGNED MAGNITUDE)
1RETURNED: ARE SIGN BIT COMPLEMENTED

L:.u...rn:::s{ Ln :3, B

 
(L on) 11.13; Llj E“ O
“U 141? DEC C
U? 14x0 QUE HLIEC
7E 1-1.711 LEI 9, (HL)
EF,:E€C) 1422 XOR E:0H

I44: ; NAME: SET BYTE
1424 MSETB: LD (HL).A

 1425 RET
1426 5
1427 ;
1423 ;DECIMAL ADD
142? 5 V

1430 _ ;GIVEN: UE}ARG1 HL}ARG2 (10’S COMPLEMENT)
1431 2 L=SIZE/2+1
1432 ;RETURNED: ARG1=ANSwER (10’S CDMPLIMENT)
X433 2

0n&r hr 1434 SHADE; XOR A
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Lu A.(DE)
ADC A.(HL)
DAA
Ln (DE).A
INC DE
INC HL
DUNZ 3DADD1—$
CF v 99H ; ** FIX ii
RLA ; ii FIX **
CPL ; ** FIX **

. . LD (IY+CBFLAG).A ; SEND BACK STATUS FROM DADD
DDTF »“ 1446 RET

; NAME: RANGED RANDOM NUMBER
; INPUT: A = RANGE
; DUTPUT: A = RANDOM NUMBER (0 T0 RANGE-1)
MRANGE: PUSH AF

LU HL:(RANSHT)
CALL SHIFTR

 

LD 30.23
ADD HL.BC
ADC A.D
LD (RANSHT).HL
LD HL.(RANSHT+2)
LD E.A
CALL SHIFTR
ADD HL.DE
LD (RAN3HT+2).HL
LD E.D
EX D£.HL
PUP AF
AND A
LD C.A
LD A.D
JR Z.R3-$
XOR A

R1; 9.13.0 Efi|_-_:.E!§.______
JR NC.R2—$
INC A

RZ:~ DEC C
«JR NZ!

R3: JP QFROG
SHIFTR: LD 8.H

LD ‘C.L
XOR A
LD D.7

EH1: ADD HL.HL
- RLA

DEC D
JR NZ.SH1—$
ADD HL.BC
ADC A.D
RET

”” ; NAME: SAVE AREA
#2 ; INPUT; HL = SCREEN ADDRESS
T ; DE = SAVE AREA ADDRESS

1492 5 BC = Y.X SIZE OF AREA TO SAVE
14?3 ; NOTES: THE SIZES OF THE OBJECT ARE SAVED IN THE
14?4 ; THE FIRST THO BYTES OF THE SAVE AREA
14?5 MSAVE: EX DE.HL
14?6 LD (HL).C z SET X SIZE
1497 INC HL
1493 LD (HL).B 5 SET Y SIZE

D l4?9 INC HL
F . 1500 XOR A
F ' 1.1’-«)1 EX DE.HL
0 1502 SET b;H 5 SET NONMAGIC ADDRESS
2 1503 MSAVE1: PUSH BC

'13 1504 PUSH HL
.4 1505 LD B.A
5 IEOE LDIR
7 1507 PUP HL
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Ln C.BYTEPL
ADD HL.BC
PUP BC
DJNZ M$AVE1—$
RET

. NRNE. PREBANE OUTPUT PERT SETUP

. PURPE E. To SET CDNCUM.VEREL ETC
; INPUT:; E=HURCE. D=vERBL. A=INNUD

NSETUP; Ln C.HORCB ; GET EASE PORT NUMBER
GUT (C).B ; HURBD
INC C 5
OUT <C).D ; VERBL
OUT (INMUfl).A
RET

. Nnmt. Thai Inn TRONBITIONS
, IHHMIIUN In LUUL IHH EHANUEB IN THE PORTS &TC

A: 0 NH LHANEE; id-Ytflflflw
’ -W CDUNILR YINERNN HIT 0

4 EHANGED
   

 
{tn "ca

. up

E: HEYLUHRD CHANGED (B=0—24)
F-16 . TRIuQ!u0Y0 — T3!J3
HETURN3 NEH VALUE IN B

ETLP LD E.(HL)
Ln" BC.301H

CCTLP LU A.C ; GET MASK
RREA
LD C,A

AN E ; CHECK IF CT BIT =1
JR NZ,CCT1—$
DUN: CCTLP—$
RET

LLT1. XDR E s MASK OUT BIT IN QUESTION
LU <HL).A ; PUT BACK THE CTFLAG5 DR SEMI4
LU A,E
ADD A,D

PUP HL 3 OLD RET ADDR
RET

TRCHH. .' Z.T3EX—$ z SKIP CuuNTER—TIMER3 AND POTS?
LU HL.CUNT 2 GET COUNTER TIMERS STATUS
LU D.0
BALL CTLP ; COUNTER TINERS
LB 0.3
INC HL

CALL CTLP ; SEMI4S
LD EE.40DH+PUTO

TFLUP INC HL ; —> MPUTO
IN A.(C)
LB E.(HL) 5 GET OPOT
SUB E

JR C.PHOT—$ ; NEN ONE LESS THAN OLD
SUB FFUG : FUDGE.BOUNCE FACTOR
JR C.EPLflP—$ ; NEH MORE THAN ULD+4
INC A

PHUT: ADD A.E
LU (HL).A
LD B.A
LD A.C

. RET
EPLUP INC C

DJNZ TPLUP—$
, mw'm3TsumM£
TaEX- LD HL.HEY3EX : HL = KEYSEX

LU A.(HLJ
BIT 7.A
JR Z.TKEYS—$

; RES 7.9

M x I" J .'. 7 LEI (HL ). A
n41! lli lb/R Lu A,55Ec 5 secs
nnkn Iv Iurv RLT \

In.n . Nnu Trmr TLYUUHHD

\»L‘|l‘- auql ILLVU: ruon HL
HA1; ” I ll?-ll)“ |_3§\LL [|l':L.lJ(\[|
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NEENHE

HHIT;

._|) V172};

TIHEX

EX
LO
LO
IN
AND
JR
DEC
INC
INC
DJNZ
LO
LO
JR
INC
RRCA

LO
RLCA
RLCA
ADO
INC
LO

11:?-E. NHE POP-
XOR
AND
JR
XOR
LO
AND
LO
LO
RET

INC
IN
XOR
JR
INC
DJNZ
LU
RET
BIT
JR
AND
XOR
LD
AND
LD
LD

RLCA
SUB
RET
XOR
In
nNu
LU

-Ln

RLCA
SUB
RET

4,301,503

UE.HL

Bc.4QoH+KEv3
DE.0FFOOH
n.¢c)
(HL)

NZ.M$ENK2-5
C
E
HL
MSK1-5
A.B
E.$KYU

MSENKE-Q
D

NC:M3ENK2~$
Anfl

A;E
A
E:SKYD
HL
(HL)

7FH
Z.HANDLE-O
(HL)
(HL).A
O7FH
B:A
AoE

NON TEST HANDLES
HANDLE: LD
BHLUP

BC.400H+3W0
HL
A.(C)
(HL)
NZ»5NHIT-5
C
SHLOP-$
A.B

4.A

z.uovs—s10H
(HL)
(HL).A

103
3.9
A.C

OCH

(HL)
(HL):Q
UFH
I3: R
A:C

03H

3

s.......

246

SET BIT COUNTER+COLUMNN

CHECK AGAINST MA$K

NEXT PORT
AND COLUMN
AND MASK

NOTHING DOWN

BIT COUNTER

KEY=BIT*4

+ COLUMN
PLUS I

KEY=OKEY?

KEYBOARD RETURN CODE

-> OSNO

COMPARE THE 2

NO CHANGE
RETURN 0

TEST TRIGGER
NO TRIO MUST BE JOYSTICK
FILTER OUT TRIGGER
UPDATE VALUE

GET PORT NUMBER
*2

NO CHANGE IN TRIO BO STORE
TAKE OFF TRIGGER

*2

INPUTS HL~} TIME BASE IN RAH

B=TIME BASE MOOULUS
C$MA8K AS IN OECCTS
PURPOSE: TO DEER TIHEBASE AND IF 0 RESET IF AND DECR

COUNTER TINERS
IHEX: DEC (HL)

RET NZ
LO (HL)oB

NAME; OEORENENT COUNTER

5

DEC TIHEBASE

RESET TIMEBASE

TIMERS

ST
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247‘, I 248
1656 . INPUTS: C=MASK

a U5 H BY ACTINT AND DEECTS TO DECREHENT3 CTS UNDER MASK
 . MAux= %7éS43210* I IF BIT=1 THEN DEC CORESPUNDINB

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

 
TIMEY‘ L0 3.3 . NO OF BITS

LU HL.cT0 ; —> T0 COUNTER TIHERS
LU 0.0 i RESULTS

TIMLP: SRL C ; CHANGE THIS TIMER?
JR Nc.ETLR—s
Ln A.cHL) ; GET THE TIMER
OR A 5 IS IT ZERO ALREADV
JR Z.ETLP—$ '
DEC A
nAA
JR Nz.+3
SCF

Ln <HL).A ; STORE NEH VALUE
FILP: INC HL

RR D 5 RUTATES IN CARRY FLHG
uguz TIHLP-5 T
Lu A.ccuNT) ; CUUNTER UPDATE&NUHBER TRACKER
OR 0 I
LD <cuNT).A
RET

. NAME: TIMER ROUTINE

. PURRUEE. 10 UPDATE GAME TIME.TIMOUT AND MUSIC
i INPUTS OUTPUTS: NDNE
; Nn". PUSH VQUR REGISTERS <AF.Ec.nE.HL)
TIP. ; ASSUMES YOU PUEH DA REGS

LD HL.RR1uR ; RRI0RITv:TIcKs
Elf 1.(HL) iCHECK IF TICH3 UVFHRUN
RET N2 5 RETURN
SET 1.(HL>
EX nE.RL

; RSIXTYITH OF A EECUND INTERUPT*
Ln HL.nuRAT s NOTE TIMER
LD A.(HL) ; =0 SKIP
OR A
JR Z.SIXY—$
DEC (HL)
JR NZ.STAKO—$
PUSH HL
PUSH IX
CALL MUZCPU 5 =0 no NEXT NOTE
PUP Ix
PUP HL
JR SIXY-$

BTAHU: EX DE.HL
BIT 7.(HL)
EX DE.HL
JR NZ;SIXY-$.
DEC A

DEC A i =1 QUIET NOTE
JR NZ.3IXY4$

uuT ¢vaLAE>.A
I'JL|T (VCILE1) . A ha?" I INC HL

DJEFI F‘ DEC (HL) ;IF(——TMR60{0)
D4FF !.~105 L‘ P.GOUT s ELZ ONNARD
0401 _m. LD <HL).59 sTHEN‘THRbD=59
04D? . I INC HL ; —} TIMUUT
DADA Fl~ Ex DE.HL
04DW 1«-4F LB HL.KEYSEX 2 SET SECONDS UP
fi4fi9 ‘T4! SET 7.(HL)
D4Dfi VTL EX UE.HL
04nh *+ Ln A.(HL) ; CHECK IF ZERO
04Df FT‘ OR A
Odfifi xfnfl JR Z.GTIMER-5'
nanr ' DEC (HL) ; DEC TIMUUT

RGAME TIMER DNCE A SECOND ROUTINER
IF (SEC != O & MIN !=O)
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nan’-H
UJF: '1
OJFJ
n4F"I
t‘n||:.-1 _ 2! :
04Ff ml
04?? ‘I
04F? L!
04F”
fi4FL 4~WV
It'll I! " :
wdtl ‘I
I-HI H
OJTU x’
04V1
D4F3
warn :n
04F5 57
l.1lH»':'~.
fi4F7 In "
04F’ .1Ifl
HflFF fL4L
OAFE $302
(')'=.t‘_nf'; F [:F[-'_
0502 CSFQQF
Dfinfi ryflfi
fififi? n

4F

' 3ZD44F 
DD7ZD04F

OF-OF FZOF 35
0512 * 

0514
D517
051E
OSIC
DSID
051E

?AOE4F

TE

 
FHHHO5

 

D LU: AlI|1'J4F
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0
i
i

OTIME

BT01:

OOUT

None?
N INF-‘IL!
INI-"L|T.. .

PF-‘

MUZSE

IF (SE
SEC

4,301,503

C == 0)
=59;-—HIN

EL3E.—-SEC

R: INC
LU
INC
OR
JR
DEC
LU
OR
JR
LD
INC
LH

pt 1.-
UAA
LU
JR
DEC
BAA
LD
JR
LO
BIT
JR
SET
LU
RES
BET

 ' HL
vs I czes

 

T LD
LU
CALL
JR

; ELSE OAMETINEUP=1
HL
A.(HL)
HL
(HL)
ZIOTOZ-$
HL
A;(HL)
A
NZ.GT0l-3
(HL).59H
HL
A.(HL)
A

(HL).A
OOUT-$
A

(HL).A
OOUT-5
HL;OAMSTB
OSBTIM:{HLJ
Z;GOUT-5
OSBEND.(HL)
HL.FRIOR
1;(HL)

STARTVMUZCEU
5' TO START MUSIC PLAYING (ALSO NOISE3)

~) SCORE

(VOlCES).A
(MUZSP).IX
MUZSTP
MUZCP1-5

. NAME: MUZCFU

5 PURPOSE: PLAYING MUSIC AND NOISES
5 NOTE: DURAT=0 NHEN CALLED
5 OUTPUT: NONE

HUZEP
MUZCP
OPLOO

3

*MU8IC FROCESSOR*
FETCH OPCODE
IF (OPCODE < 80H)

SET NOTE DURATION ETC
ELSE

250

3-}GTSEC3
;IF (SEC!=0

-EGTMINS
; & MIN!=0)

-}OTEECS AGAIN
IF (SEC ==O)5.

THEN 3EC=S9BCD
s-}GTMINS FAIN
5 —~MIN

5 ELSE —~3EC

ELSE OAMETIMEUP=1

;RETURN TO BACKGND OR LO LEVEL

NOTE; YDUw§HOULD LOAD MUZSP IF YOU DO CALLS

3wITCH (UPCUDE & OFOH)
CASE 80H:

IF (MASK=9) STUFF SNDBX:PC=PC+9
ELSE UUTPUT(MASK)=DATA

CASE 90H:
vUICE$=DATA

CASE AOH:

(——3P)=DATA IN NIBBLE OF UP +1
CASE BOH

BET
CASE OOH

SHIT

VOLUMES = DATA:DATA

CH (MASK)

CASE 9: MPCL=(MSP++)i MPCH=(MSP++); BREAK
CASE U: (--MSP)=MPCHi (--MSP)=MPCL
CASE 0: IF --(SP)==O THEN SP++
EASE 3: MPC=UATA16

CASE DOH: CALL RELATIVE
DURAT=DATA

CASE F0: VOICES=0:PORTS=0

EASE E0:

U LD
1 LB
F LB

INC
OR
JP

NORMAL NOTE OPERATOR

HL»(HUZPC)
IX.(MUZSP)
Ao(HL)
HL
A
M.MO0

5 LOOK LIKE NORMAL LOOP RETURN
5 FETCH STACK POINTER
i OPCODE FETCH
5-}OPERAND;DATA
s TEST FOR 80H OR MORE
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. 252
LD (DURAT).A
LD A.(VOICES)
LD EC.300H+$NDBX
SRL A ; SET NOISE
JR NC.+4
OUTI
LD B.5 5 -> VIBRATO
SRL A
JR NC.+4
OUT! 5 SET VIBRATO
LD B.4 i -3 NOTES
SRL A 2 CHECK C.B;A
JR NC.M32~$

'. Illlfl
'. M815 HHL A 3 CHECK IF IND PC HA3 ON

,1 JR C.M33-$
.yA DEC HL i RESTORE PC
._.: JR M83—$

- DEC B
r :7: INC HL
-.= E‘ M315~$

‘- 2 OR A
II‘ .uI‘I-’ (II I JR NZ:; PLAY NOTE

0WflF Hhhz4F LO A.(PVOLAB)
0551 D215 OUT (VULAB).A

?hD?4F LD A.(PVOLMC)
Drlfi OUT (VOLB):A

= I'fl0fi JP MUZ999
i H~ CP 90H

V- JR NC.MOl-S
‘ 5 STUFF PORT OR SOUND BLOCK

f4 BIT 3.A i IF (STUFF SNDBLK)
4: JR Z.MOO1-5

LD A.B 5 SAVE B (VSN)

«Mfl- LD BC;3*256+SNDBX i E=8.C=SNDBX
111 OTIR ; HL->NEXT OPCODE WHEN DONE

«V JR OFLOOP—$
‘ MOD1: AND 7 5 ISOLATE PORT NUMBER

. J OR 10H 5 PORTS 10H-17H
V LD C.A i SET PORT REGISTER

I i ll 1 DUTI
2447 JR OPLOOP-$

-? MO1: JR NZ.MO2-S
~ LD A.(HL) 5 GET NEH VOICES

INC HL

D44F LD (VOICES):A
- T E? 2 JR OPLOOP-5

" [IOU 1 M02: CF OBOH
' ~13 ‘ JR NC.MO3-S

.~F AND OFH
LD E.A
INC E

':E JR MO45—$
Ilii MOB: CP OCOH 3 SET VOL ETC
- JR NI3. Mc-4-:

a LOAD PVOLS

HIQF LD OE.PVOLAB
l~wMI LDI 5 DONT CARE ABOUT BC

(a".“u‘- | ‘... .«v L_D1
." 2 ‘:2 I2IF‘LF‘2 -JR CIPLOCIP-§
“T94 T~~H M04 JR N2.MD40~$
fiflqé Hhifififl DEC (IX+0) 5 DEC STACK TOP
05”? .~wA JR NZ.M041—$
079B Hus? INC IX
Dq”D i INC HL
OWOF J‘ INC HL
('1!"u'?F I : :1’ 1 JR UF‘LF'2—$
HZA1 FFHH MD4O CP ODOH a PC SP STUFF
«»r‘-:\ < JR NC. ntn5—s
«VJ? I «H N041 AND OFH ; ISOLATE HASK
"'-v«' Illa! {P i
(v"u".'-TI ;-T vl so]
OS-‘.m’: l‘nr|.'.F00
OSAE DD23

JR NZ.MO43-$
LD L:(IX+0)
INC IX
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254

rm/./.-.00 LEI H. ( I)(+0)
hr ":3: INC IX ‘

" ' JR OPLP2~$

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

JR NC5MO6—$
AND DFH
LD 350
LD C5A
LO D5H
LD E5L
ADD HL5BC

.' JR MO44r§ 5 CALL
" JR NZ5MO61-5
1: LD A54PRIOR) 5 LEGSTA
l‘ XDR 80H
11 LD (PRIDR)5A
1‘ JR OPLP2~$
1: CR OFOH 5 REST VOICE (OR SUSTAIN)
1% JR Z5MUZSTP—$
1% LD A5(HL)
Ix LD (DURAT)5A 5 SET DURATION OF QUIET
1‘ INC HL

“DIV 1* - XOR A
UWFH u 13 a OUT (VOLAB)5A
“"1"-" ' '- 1'3’! 1’ OUT (VOLC) 5 A

l?lE 5 END OF MUZIC PROCESSOR
uHI1 :1F IVI? MUZ?99: LD (MUZPC)5HL 5 SAVE THE PC
““V7 V‘ h“4F IVLO LO (MUZSP)5IX 5 SAVE THE STACK POINTER
:1‘ J T: 5 lg: RE-f

1” 5 NAME MUISTP
|-:4 5 PURPOSE: STOR MUZCPU5SET PORTS TO 0

FWVV n‘ IWE4 MUZSTP: XOR A
1"’-TII ' - n'I'"‘ I"/H A
Dnwh !4F 1V;& LD (PRIOR)5A
TWA‘ ‘ I'D? 1%-' LD BC5300H+3NDBX
“¢”* " ’ 13 OUT (C)5A
1'5/.1 «:1: 1«.| 5 1- DJNZ ,2
ruvnn I 1-_ mgr

I3 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 WITH THE SENTRY ROUT
5 IT IS USED FOR DISPATCHING TO A STATE TRANSITION
5 ROUTINE. THE RETURN CODE FROM SENTRY IS USED TO
5 SEARCH THE DOIT TABLE. IF A MATCH IS FOUND5 CONT
5 TRANSFERED. IF NO MATCH IS FOUND. THE ROUTINE RE
5 THE DOIT TABLE IS MADE UP OF THREE BYTE ENTRYS:
5 BYTE O BIT 7: IF SET - DO A MCALL TO THIS HANDLER
5 BYTE 0 BIT 6: IF SET - DO A RCALL TO THIS HANDLER
5 BYTE 0 BITS 5-O: 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. OC

CHE-OF: 7:’: MEIOITB LD A5 B
Oenr nu MOOIT: PUSH DE
n/-.nr: "-7 , L[] D. A
DAOF ‘F l?SI MDDITO: LD A5(HL) 5 GET RETURN CODE FOR THIS ENTR
H60? 5! 2 LD C5A 5 C = CURRENT ENTRY
FM. 1 1 - 5 5 .«~ . J: CF’ OCOH 5 LIST TERMINATOR?
on: “-1 4 JR C5MDOITI-9 5 NO - JUMP
OLIW “' 5 FOR DE 5 YES - RETURN
Dl-- I I ‘ .. RET 
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i
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i
3
5
5
5
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i
i
5
i
5
E
i
L
i
a
u
5
3
i

E
I
i
i
i
5
5
r
I
;
J

MV

4,301,503‘

MOOIT1 INC HL
ANO 3FH
CP D A

_ JR Z.MOOIT2—$
MOOIA: INC HL

INC HL
5' MOOITO—$

MDUIT2. PUP DE
HDOIT3: LD E.(HL)

INC HL
LO D.(HL)
Ex OE.HL
BIT 7.C
UP NZ.MMCALL
BIT é.C
JR NZ.MRCALL—$
POP DE
POP AF
PUSH HL
EX DE.HL

; RCALL ROUTINE
MRCALL: JP (HL)

256

NORMAL MATCH?
JUMP IF 80
NO MATCH - SKIP OVER
GO TO ADDRESS§-......

5 DE GOT0 ADDR

5 MCALL?
JUMP IF SO

; RCALL?

; MUST BE JUMP

*&«***«§**§**§&«****&*
* VECTORING ROUTINES *
%#*§§*%%*§**#**&%*****
NAME;
PURPOSE:
INPUT:

OUTPUT:

NOTES:

VECTOR X
UPDATE X
IX '
HL
C:

HI
TIME

AND Y COORDINATES
.Y COORDINATES AND LIMIT CHECK

VECTOR PACKET
LIMITS TABLE

BASE USED

NDNZERO STATUS SET IF OBJECT MOVED

THIS HUUTINE WORKS NITH A ’VECTOR PACKET’; WHICH LOO

ECT:

#§§#%*%*fi%#%k*##**%%*§fi§**#*§i#*

*BYTE* CONTENTS * NAME *
#%§*§&%§***§#§#§**%*****§§***§*§
* 00 * MAGIC REGISTER * VBMR *
§*****§**********%#§§***§*§&&§*«
* O1 * VECTOR STATUS * VBSTAT *
&&*4&«a*§**&*****«**&*#n****§*§«
* 02 * TIME BASE * VBTIMB *
*u***#****4&**&*4****#**»*******
* 03 * DELTA X * VBDXL *
* 04 * * VBDXH *
*****4***%******#*«&****§*&*§***
* 05 # X COORDINATE * VBXL *
* 06 * # VBXH *
###§%*##**%%*#*%*%*****&**#**§§*
* O7 % X CHECKS MASK * VBXCHK *
h##%**A§**##§&**%%******#*%***%*
* O8 * OELTA Y * vBDYL- *
* O9 * * VBDYH *
*****§*§»**************§*******§
% OA * Y COORDINATE * VBYL *
* OB * * VBYH *
*****&**§**4w*****&***«*§*§*§***
* DC * Y CHECKS MASK * VBYCHK *
fifififi*#**%******#§#*#%**§fififiifiiii

OPTIONS BYTE:
BIT MEANING

7 VECTOR IS ACTIVE

CHECKS BYTE:
BIT MEANING

0 DO LIMIT CHECKS
1 REVERSE COORDINATES ON LIMIT ATTAINMENT
3 TARGET ATTAINED (OUTPUT)

IF THE VECTOR IS ACTIVE. AND THE TIME BASE IS NONZER
THEN THE UPDATE COORDINATE ROUTINE I8 CALLED FOR THE X
AND V PORTIONS OF THE PACKET

SET P3HZRO;(IY+CEFLAG);
BIT VESACT.(IX+VBETAT) i

SET ZERO FLAG
IS VECTOR ACTIVE?
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. 258

I» . LD c,<Ix+vDTIMD> ; TIME DAEE To c
I» .s LD (IX+VBTIMB).0 5 ZERO TIME BASE
-~ - s :4 LD <Iv+cB0).c ; PASS BACK TIME BASE
I‘ V ' swim RET z
'» =- »O:n LD A.c

I- I'-- ' 2 AND A ; IS TIME EASE ZERO?
" V-' ‘ "vim RET 2 i QUIT IF so
*~4' Ir~ nu zwwv LD DE.vDDxL ; ADvANcE TO FIRST
“’4[ Iii’ judo ADD IX.DE
“*4' '!*~~* 2041 ‘CALL MVECTC, 5 UPDATE FIRST COORDINATE
'“'-' ‘' “”“ 2042 LD DE.vDDYL—vDDxL ; TO v
“~“4 “V!” A043 ADD Ix.OE

H044 ; AND FALL INTO,LH
304% i NAME; vEOTOR COORDINATE
'u4& , PUHPUBE: UPDATE OF SINOLE COORDINATE

‘ . INPUT; Ix = PUINTER TO L.0. DELTA BYTE OF VECTOR
O . ‘ ' C = TIME BASE
1 . HL = LIMITS PACKET (IF USED)

2050 . OUTPUT: NONZERO STATUS SET IF MOTION OCCURED
2051 . IEHODLD DE SET ON CALL. SINCE IT Is NOT 3
2052 . NOTES: V
2053 . THIS ROUTINE OPERATES ON A sODsET OF THE VECTOR PACK
2054 V. (BETWEEN L.D.'DELTA BYTE AND CHECKS BYTEL
2055' 5 THE DELTA IS ADDED TO THE COORDINATE TIME—DAsE TIME3
2050 . IF OPTIONED. LIMIT CHECKING IS DONE. IF THE OHEOK FAI
2057 , THE COORDINATE IS SET TO THE LIMIT
2053 . HHEN THIS HAPPENS. THE LIMIT ATTAINED BIT IS SET

oesa E5 2059 MVEDTO; PUSH HL
0657 DDSGDI ZOEO LD D.(IX+VBDCH) i LOAD DELTA

‘ LD EI(IX+VEDCL)
LD H;(IX+UBCH) i LOAD COORDINATE
LD L;(IX+VBCL)
LE3 AnH I‘ SAVE OLD COORDINATE FOR MUTIO
LEI B: C

NVECT1: ADD HLIDE i ADD DELTA TU CUURD
DJNZ MVECT1-5 i TIME-EASE TIMES

5 HAS MOTION UCCUREU?
CF H

JR ZIMVCTIA-5 2 JUMP TO SKIP TESTS IF SO
RES PSNZRO;(IY+CDFLAG) 5 SET MOVED STATUS

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

JR ZJMVECT6—$ 5 MVECTb IF NOT
I PERFORM LIMIT CHECK

LD AIH
EX (SP).HL
LD B.(HL) i LIMIT TO B
INC HL

5 HANDLE SLIGHTLY LESS THAN ZERO CASE
OF 207 3 MIDPOINT BETWEEN 160 AND 0
JR NCI"VECT2“$ I JUMP TO FAIL IF >207
OP ‘B 5 DO COMPARE
JR C.MVECT2-$ I JUMP ON FAIL
LO B:(HLJ . UPPER LIMIT CHECK
CP B

JR CIMVECTS-$ 3 JUMP ON PASS
MVECT2:'INC HL

; A LIMIT WAS EXCEEDED - SET COORDINATE AT LIMIT 

  
I V"'“03 . . LD (IX+VBCH).B

un:m020~ 2091 L0 (IX+VBCL).0

““'P04“F 3092 SET VBCLAT.(IX+VBCCHK) 5 SET LIMIT ATTAINED
» < 5 IE REVERSE DELTA OPTION SET?

”fi°“ '1 PUP AF ; CLEAN UP STACK
“5”| ““'V“44F BIT VBCREV.(IX+VECCHK)
°A“" ‘” .v- RET 2 5 QUIT IF NOT

JOO7 5 REVERSE THE BIMBO
05”’ 373 ’” LD AID
“*°7 4 CPL

' ' LD D.A
.2191 . 7 LP“ BLEw., ___.gin? CPL
.“h1¥ Lu EIA

‘- - stun INC HE

“*”h Hh"H0 5105 Lfl (IX+VEDCL).E ; STORE BACK
Oman HHTJOI 2106 L0 (IX+VBUCH).D
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* 259 260

mass £9 2107 RET
“HA4 2? 2103 NVELT3; INC HL ; STEP PAST LIMIT
D£A5 F? 210? EX (SP).HL 5 HL = COORDINATE AGAIN
Ohnk nnxnoz Z110 MVECTE: LO (IX+VBCL).L s STORE BACK COORDINATES
nanv hh'd03 2111 LO (IX+VECH).HOhnf fl 2112 POP HL 5 RESTORE LIMITS POINTER
moan hhiR049E ZIIE RES VBCLAT.(IX+VECCHK) 2 CLEAR ATTAINED BIT
OAGI Ev 2114 RET3115 ; uun«u*««u&¢*uu*¢uu**u§a*t&u

h1|J . « PAINT RECTANOLE ROUTINE «
311; , «nunnuuu*««uu«uu¢««»*¢u«u«&
£119 . NAME: PAINT RECTANOLE
Z120 . INPUT: A = COLOR MASK TO WRITE
2121 . B = Y SIZE
2122- . C = X SIZE
2123 . D = Y COORDINATE
2124 2 E = X COORDINATE

(‘Shiv-[-1,-" (IF 1 ‘E5 MFA I NT: XOR A
nAhfi FHAEOB E125 CALL RELTA1
flhfih FE ' EX UE.HLOak? CEF4 SET b.H 5 UNMAGIC THE Gii Di!» ADDR
9539 nsnc OUT (MAGIC).AXOR A

LD (URINAL).A 3 PRIME THE SOB
ogep FHWFO9 LO E.(IY+CBA)
Oak! ‘= LO A.C
narw Ia RRCA
O.’-.1‘ ~. ~ - ~I RRIIZA
Ohf! i..$ AND 3FH
cum w INC A
t'1I—.I' J 9. ‘ - : LO O. A
1‘~/>.I' ' i’ - 1‘ .7. :: MPTI : DEC.‘ El
Ohrr "v0 ‘ JR Z.MPT2—$
O/F2‘ KIT LB A.0FFH
Q.‘-.1 .. z 1.! .'()._»_.
I)/-.1‘ In I . .O- .1.

CALL STRIPE
JR MPT1-S

OLFI ‘* 3 MPT2: LO A.C
nhnw '»VV: ‘ AND 03H
onus . 1Nc A
Ohh:_IY LO C.A
Dhfid »A . XOR A
nmr.~n - 1 MVEH DEC 0
menu .ruu. ' JR Z.MPT4—$
nan: ‘4 RRCA
nan“ v‘ RRCA
cans «.xu- ADO A.11000000B
Oahu 11!! -. JR MPT3—$
DAN! 1H1 Oh ' .. MPT4: CALL STRIPE
(‘)6-Fl :.1 “ XOR A

; ANO FALL INTO ..
; STRIPE PAINTER
: HL = AOORE35 OF STRIPE A = DATA E =HASK B = ITERATIONS
, OUT HL=HL+1 A = CLOBBERED

Ohf. TH aTRIPE: PUSH HL
(WI »-‘ PUSH BC
FWJ - «¥'W LO (URINAL).A
mar‘ »wIr4F LO A.(URINAL+4000H)
OH |= LE! (1. A ‘
Ffifl‘ "» 3TRF1: LD A.E
CW1‘ -J XOR (HL)
OLII .4 AND c
CW4‘ -5 XOR (HL)
FUJI " LO (HL).A
‘VJ" W‘ LO A.L
I ll 1 ADD A.BYTEPL
:«I ::| Ln L.A
-n4 t.W LH ‘A.H
hfrfi frfin ADO A.0
O-’.|'-"I .1:-7 L.E| H. A
fihF3 IOFI . UJNZ STRP1—5
4’.\.'.l”A Fl FUF‘ EH3
UAFB F1 POP HL
«vi-‘. : 2130- INC HL
hhth I" 2131 RET
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4,301,503
262uunuuumuuw«»&u§§a§

N WHITE RUUTINE3 *inuuwuuunuuuuthwwu

NOTES: THE GENERAL CALLING SEQUENCE FOR THE URI
INPUT: HL = PATTERN ADDRESS

' D = v COORDINATEE = X COORDINATE
B = Y SIZE
C = X SIZE
A = MAGIC REGISTER

OUTPUT: DE = SCREEN ADDRESS USED
THESE ROUTINES ARE NESTED. FOR EXAMPLE

NRITP. NHICH FALLS INTO WRIT. WHICH FALL
ENTRY: NRITE FROM VECTOR
INPUT: HL = PATTERN ADDRESS

IX = VECTOR ADDRESS
OUTPUT: DE.A

SIDE EFFECTS: BLANK BIT SET IN VECTOR STATUS BYTE
OAFF nnxfino HRIT: LD A.(IX+VBNR) : LOAD MR
07D! HhWn0H LD D.(IX+VDYH) 5 LOAD Y
c»7«:~« r.r':'.r.«::..'~. LD 5. ux+vt+xH> .- LOAD x
070? DHWBOIFE SET VBBLNK.(IX+VBSTAT) 5 SET BLANK BIT

ENTRY: NRITE RELATIVE
PURPOSE: WRITING RELATIVE PATTERN
INPUT: HL.DE.A
OUTPUT: DE

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

D7DP'F% RITR: PUSH AF ; SAVE HR
07hr “F LD A,<HL) 5 GET REL X
070D . INC HL

070F.av ADD A.E a ADD TO SUPERIOR X
071“? ''.r LD E.A ‘
0710 3F LD A.(HL) ; SAME STORY FOR Y
071! 1; INC HL '
071? 3‘ ADD A.D
0713 5" LD D.A
0714 Fl POP AF

; ENTRY; HRITE HITH PATTERN SIZE SCARE-UP
5 PURPOSE: WRITING VARIABLE SIZED PATTERNS
; INPUT: HL.DE.A
2 OUTPUT: DE

z NOTES: FIRST TNO BYTES POINTED AT BY HL ARE TAK
; TO BE PATTERN SIZES (X SIZE FIRST)

D71“ 1? NNRITP: LD C.(HL) ; GET X SIZE
O7IL J: INC HL
071* 4n LD B.(HL) s AND Y
0713 xi INC L

; ENTRY: WRITE NITH COORDINATE CONVERSION
; HLo DE: BC: A
5 OUTPUT: DE

0719 IHIHOA HHRIT: CALL MRELAB 5 DO CONVERSION
; ENTRY: NRITE ABSOLUTE
; INPUT: HL.BC.A A3 ABOVE
2 DE = ABSOLUTE SCREEN ADDRESS

“_7"' " ‘.377 ....|‘1!vJRl.T6L !_3I_T.. _ l:1RF:|:—_C:|_E;§...L -_...L.F_1;C'E_HlLIJ'_E___HB.NT_ED? -
“’|' FOTV JR NZ.HHRTFL-G 3 MNRTFL IF SO
“TAU -kw! BIT MRXPND.A I EXPAND NANTED?
0/vi cull JR NZ.HNX—$ I JUMP IF SO

5 DO NORMAL?_wRITE
0724 AF XOR A
0725 C5 HHRT: PUSH BC
0726 D5 PUSH DE

0727 4? LD B.A 2 ZERO REGISTER B
0793 FDDO LDIR 1 NRITE A LINE
073A I: LD (DE’lA a FLUSH THE SHIFTER
07fiH ht POP DE
072C Eh EX DE.HL 5 ADVANCE TO NEXT LINE
072D OFZ3 LD C.BYTEPL
o72F 07 ADD HL.BC
0730 FF EX DE.HL
0721 F pop 33

07?? IVII DJNZ NwRT—$ 5 LOOP IF MORE GOODIES
“" 1=' RET
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264

1?’ r DE:
D = PUSH BC
:3. » PUSH HL

r. I LU B. C ’ "
cw . LD A. (DE) "
x? II E INC DE
13 \ LD (HL).A
(- A INC HL
(I 1- LD (HL).A -
If 1 INC HL ‘*lg
n'‘' DJNZ MNX2—$ ‘
nfll LD (HL).B
I": I INC HL
nu !. LD (HL).B
DITA I. POP HL
tT*V-o- LD C.BYTEPL
0?], ADD HL.BC
D74? u POP BC
«LVVI I-I DJNZ MUX1—$
I-'H=‘ RET

‘_.~ ; RDUTINE TD HANDLE FLOPPED CASE
O/" I'V! 2279 MHRTFL: BIT MRXPND.A ; EXPANDED FLGPPED WRITE WANTED
ITKH - L ' ' JR NZ.MNXF-$ .5 JUMP IF YEP
0”WU w’ XDR A
I3'3VI' NRFLI: PUSH BC
0 ~. ' PUSH DE
D?V7 I LD B.A

h"W4 i v _ WRFLZ: LDI
1 DEC: DE

1‘: ' ' I DEC DE
0'-I |wW|07 JP PE.wRFL2
(‘"41 | ‘ LD (DE).A ; FLUSHETH
D‘“' Fl POP DE
D"““ 1' EX DE.HL I SAME AS NORMAL NOW ON
07V‘ H‘-” LD C.BYTEPL
07$“ “‘ ADD HL.BC
D7hl ll: EX DE.HL
D7h?.f1 POP BC
D”-E IUFI DJNZ wRFL1—$
I-,’. '. I ' .‘. RET

J/Wu ; WHITE EXPANDED FLDPPED ROUTINE
07-.’~.-E. L-T: '7 Ml«JXF': EX_ LIE. HL ’
07%? CS -. MNXF1: PUSH BC
0763 E5 2301 PUSH HL

0769 41 _ 2302 - LD B.C
07hA IA 2303 MHXF2: LD A.(DE)
07Ah 1? ‘“' INC DE
fl7fiF 77 LD (HL).A
fi7fh Eh DEC HL
07$! 77 LB (HL);A
07LF 2B DEC HL
077-": It'll-‘E: [UNI MHXF2-$
077? Tn LD (HL).B
C977 3: I F! DEC HL
0771 "0 LD (HL).B
0??‘ - POP HL
D’' -I LD C.BYTEPL
“"' ADD HL.BC
s''?‘‘'~ ‘ 1 PIZIP EC
fiY"- ‘ fh DJNZ MNXF1-3
57”‘ RET

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

U7fI nu-Lwl7b MVBLAN: BIT VBBLNK.(IX+VBSTAT) i IS BLANK BIT SET?" 1
0:9.
073' Hhnhujeb
l'a‘},_‘ Iii .. .. .1.-[-
q'\7‘'' } I ..}'|'a[I

RET 2 1 QUIT IF NOT
RES VBBLNK.(IX+VBSTATI i KILL BLANK BIT
LD H»(IX+VBUAH) 2 LOAD BLANK ADDRESS
LD L.(IX+VBOAL) ' ‘
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 BIT
JR
LD
NEG
INC
LO
LO
ADD

4,301,503
266

MRFLOP.(IX+VBMR) 5 IS FLOP SET?
Z.MVBLA1-S 5 JUMP IF NOT
A.E 5 X SIZE TO A

5 TNOS COMPLEMENT AND ADD 1
A
CIA
B»0FFH

HL.BC 5 USE TO BACK UP SCREEN ADDRESS
5 UNMAOIC THE BLANK ADDRESS
MVBLA1:

SET
LD

NAME L
PURPOSE:
INPUT:

~.-..‘....\-
MELANK: LD

MDLAN1:
MBLAN2;

NAME:
INPUT:

I

5 NOTE:
MREST: EX

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

MREST1:

6aH
BIO i

BLANK AREA

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

A:BYTE L 3 COMPUTE LINE INCENENT

ASSUME BLANK TO ZERO

C:A
A13 1
BaE‘
(HL).A
HL
MBLAN2-S
HL;BC
D
NlnMBLAN1-G

A DATA TO FILL WITH

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

DE:HL
Co(HL)
HL
Ba(HL)
HL
61D I’
A
BC
DE
B:A

MAKE SURE WE ARE NONMAGIC

DEaHL
HL
CaBYTEPL
HLIBC
DE;HL
BC
MREST1-3

;’wakirafiu§u«§**u»«¢*****u«*«§€}"
5 * CHARACTER DISPLAY ROUTINES u

NAME :
PURPOSE:-
INPUT:

OUTPUT:
STACK USE:

IS TESTED

I
I
o
a
J
5
I
1
i
1
I
0
I

TS RNEN: LD
AND
RET
JP
CP
JR

STRD1: CALL

EXPLAINATION: AS EACH CHARACTER IS BROUGHT IN:

IF IT ISN’

TEST IS REPEATED FOR THE
A NULL STRING IS HANDLED

I1-‘Ii-I-I‘ I-ififII-<I-I~§'l-I-I-<I>l-‘I-I-fl~<I>I'I'§I'§I'§§
DISPLAY STRING
MESSAGE DISPLAY
EoD = X: Y COORDINATES
HL = STRING ADDRESS
IX = FONT OESCRIPTOR
D»E ALTERED AS IN DISPLAY CHARACTER
4 BYTES (EXCLUDING USE BY SYSPCH) ‘IT

FOR BEING A LIST TERMINATOR ( CHAR = O)
T. DISPLAY CHARACTER IS CALLED AND THE

NEXT CHARACTER. THUS
PROPERLY.

A.(HL) 5 GET CHARACTER
A 5 BE IT A TERMINATOR?
2 5 QUIT IF SO
M.STRD1 _ i DISPLAY IF ALT FONT
64H 5 SUCK IN STRING?
NC:STRD2-3 0 JUMP IF YES
DISPCH . SHOW CHAR
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 DISCIB: SUB (IX+FTBASE3

4,301,503
268

INC HL E ADVANCE TO NEXT CHAR
JR STRNEW-S 3 AND LOOP

WTRO2: AND 101118 5 MAKE SUCK MASK
LD B:A
INC HL
EX DE;HL
CALL MSUCK1
CALL RELO

JR STRNEW—$ 5 GO AFTER NEXT‘CHARACTER
%%%§#*&%*§***#§**§§§*§#***i*i
* CHARACTER DISPLAY ROUTINE *
%*%***%&§%*%%*%*%**iifliiiifiil
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 TE
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
RHAHNLTER FONT. THIS FONT IS DESCRIBED BY A FONT
OEZCHIPTOH TADLE OF THE FOLLOWING FORMAT?
»%w****%%u§#*#*#§«u§*#&&*&&**§
* 0 * EASE CHARACTER VALUE *
#&**§hi*%&§#*§*§**u§i**&§*§**&
& I * X FRAME SIZE *
*****§**%%*%*#&§&§§§*&§§*§*%**
* 2 * Y FRAME SIZE *
*{*##**§§§***%%i******fliifilfiii
* 3 * X PATTERN SIZE (BYTES) *
«*4u*#§*&**#*§*§&§**§**§*§§***
* 4 * Y PATTERN SIZE *
§§***§**&§§&§#**§&*§i§I§i*&***
* 5 * PATTERN TABLE G
* 6 * ADDRESS *
*§***&#*%*****#******§ii****§&

DISPCH: PUSH BC
PUSH HL
PUSH IX
AND A

JP M;DISCH1 5 JUMP IF YES
LD IX;SYSFNT

DISCH1: CP 20H 5 IS CHAR C 20H?
JR NC:DISC1B-5 5 JUMP IF NOT

DISCIA: PUSH AF 5 LOOP TO SPACE OVER
CALL NXTFRM
CALL FINDL3 i STORE IT BACK
POP AF
DEC A
JR NZJDISC1A_‘
JR DISCHS-S JUMP TO EXIT

SUBTRACT BASE CHAR
LO E.A
LD D50
LD HL.0
LD C.(IX+FTBYTE) 3 MULTIPLY CHARAFTER

DISCH2: LD B;(IX+FTYSIZ) i BY PATTERN SIIE
DISCHS: ADD HL»DE

DJNZ DISCH3-$
DEC C
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QR
LD
LD
ADD
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NZ.DISCH2-3
D»(IX+PTPTH)
E.(IX+FTFTL)
HL.DE

270

ADD TO TABLE START
5

; CONPUTE POSITION WHERE NEXT CHARACTER NOULD GO. AND SAVE

CALL NXTFRM 5 STEP COORDINATES T0 NEXT FRAH
PUSH DE i SAVE
LD B.(IX+FTYSI2)

DISCH4: PUSH BC
PUSH HL
CALL NRTLIN
POP HL

LD C.(IX+FTBYTE) 5 STEP TO NEXT LINE OF PATTERNADD HLt

POP BE E .q,
LD A.(IY+CBD) 5 ADVANCE Y COORDINATEADD A.C

LU (IY+CBD);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

5 SUDROUTINE TO CONVERT ENLAROEMENT FACTOR TO ITERATION C
3 INPUT: MODE BYTE FROM CONTEXT SAVE AREA

. ; OUTPUT: B.A = ITERATION COUNT
0335 FD7EO6 DCLCTB: LD A.(IV+CBC) 5 GET MODE BYTE

07 RLCA
Q7 RLCA

: FROE AND 03 1 ISOLATE ENLARGEMENT FACTOR
W INC A

LD B.A
XOR» A
SCF

DCLCT1: ADC A.A
DJNZ DCLCTI-3
LD B.A
RET

; SUEROUTINE TO UPDATE COORDINATES TO POINT AT NEXT CHARA; FRAME:

; INPUT: COORDINATES TAKEN FROM CBD.CBE IN CONTEXT
; OUTPUT: UPDATED COORDINATES RETURNED IN D AND E
; A.B = CLOBBERED. C=ENLARGE FACTOR CONVERT
NXTFRN: CALL DCLCTB 5 GET ITERATION COUNT

LD C.B 5 SAVE
LD D.(IY+CBD) 5 GET Y COORD
LD A.(IY+CBE} 5 GET X COORD

NXTFR1; ADD A.(IX+FTFSX) i ADD X FRAME SIZE
DJNZ NXTFR1-t s 2**ENLARGE TIMES
CP 160 3 PAST RIGHT EDGE OF SCREEN?JR C.NXTFR3—s
LD A.D
LD B.C

NXTFR2: ADD A.(IX+FTFSY) a YEP - ADVANCE VERTICALDJNZ NXTFR2—$
LD D.A
XOR A

NXTFR3: LD E.A
RET

. EUEROUTINE TO HRITE ONE LINE OF A PATTERN HITH ENLARGE; AND EXPAND

. ENTRY; HL = SOURCE IX = FONT TABLE
QRTLIN: LD C.(IX+FTBYTE)
“ LD :3. 0

PUSH IX 5 CAPTURE STACK POINTERLD IX.0
ADD IX.SP

PUSH IX 5 SAVE CAPTURED STACK
POP DE 3 DE = CAPTURED STACK
LO A.0CH 1 SET EXPAND TO 00.11
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LANA F1
Ofififi EEOC
fififin lflrfl
0:’-:I'Il‘ FWIF '7'
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HRTL1:

WRMLZ:

MUN DU HRITE TU SCREEN
LJRTL.:—;.

4,301,503
.0

OUT (XPAND).A
LLI A,Lwfl4
[Mfr (NAGlC).A
LD A.(IY+CBC)
AND OCOH
JR. Z.wRTL3—$
RLCA
RLCA
EX DE.HL
AND A
BBC HL.BC
SEC HL.BL
LU SP.HL
RES 6.H
PUSH AF
Ln E.C
LB A.(DE)
INC DE
LU (HL).A
INC HL
Lu (HL).A
INC HL
DJNZ wRTL2—$
SLA C
POP AF
LU HL.O
ADD HL.SP
LU D.H
LD E.L
DEC A
_- NZ.wHTL1—$

‘u CALL DCLCTB
.' umLc£umn
'J5i LD A,(IV+CBC)
‘- UUT (XPAND).A
‘ AND 030H

OR 8
CALL RELTA

- EX DE,HL
HRTL4: PUSH AF

4 -‘ ‘ PUSH EC
”w”= PUSH DE

Uwmfl PUSH HL
-"i B: C
In» MHTLE: LD A.(DE)

‘ : ‘ INC DE
»a Ln (HL).A

-v- INC HL
‘-ui LD (HL).A
L-' INC HL
.w«m: UJNZ wRTL5~$
aunv LD A.(IY+CBE)
iulw AND 03
h-I1 JR Z.HRTL6—$
lhlfi LB <HL).B
ch13. HRTLET “POP _H; O
shin LD E.BYTEPL

. P. AUH HL.UC
A r1W' lw

' FUF EC

Pp? AF
OUT (MAGIC).A
BJNZ wRTL4—$
LD 3P.IX
PUP IX
RET

; MACHU TU
DEFCHR~ MACH

DEFE RA
DEFB QB
DEFB MC
DEFE «D

 

~.

272

SET EXPAND GIT

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

REETORE STACK

GENERATE CHARACTER PATTERN TABLE ENTRY
#A.#B.#C.#D.#E.%F;#G
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:1 [news #5
DEFB #F
DEFB #6
ENDM 

l RISCZHHfr‘!
1'5‘? DEFCHR

DEFCHR
DEFCHR
DEFCHR
UEFCHR
DEFCHR
DEFCHH
DEFCHR
DEFCHR
DEFCHR

DEFQHR
UEFCHR
DEFCHR
UEFCHR
DEFCHR
DEFCHR
DEFEHR
DEFCHR
DEFCHR
DEFCHR
UEFCHR
DLFCHR
HEFCHR
DEFCHR
UEFCHR
HEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
ULFUHR
flEY(HH
UEPCHE
DEFCHR
DEFCHR
UEFCHR
DEFCHR
DEFEHR
BEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
UEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
UEFCHH
DEFCHR
DEFCHR
UEFCHR
DEFEHR
DEFCHR
DEFCHR
DEFEHR
UEFEHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
DEFCHR
UEFEHR
DEFEHR

l‘I?"l 3
1'11"‘!
1'-:“I '
1'1"” «A -
(’1v."'| . '

ft": 1

I-).-.c ,

('1'! '7
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“xCfl' E LRRGE CHARACTER SET (8 X 8)

OOOH.0O0H.O00H.0OOH.0O0H.o0OH.0O0H
OZOH.02OH.O20H.D2OH.O20H.0OoH.O20H
0EOH.D50H.05OH.000H.OODH.00OH.00oH
Q43H.048H.0FCH.048H,OFCH.04aH.048H
020H.073H.O80H.O70H.008H.OFOH.OZOH
0COH.OCSH.010H.020H.O40H.098H.018H
0b0H.O9OH.0AOH.D4OH.0A3H.090H.068H
Oé0H.Db0H.0bOH.00OH.QODH.000H.000H
010H.02OH.020H.O20H.OZOH.020H.010H
O40H.020H.020H.020H.02OH.O20H.04oH
0O0H.0A3H.070H.0DaH.07OH.0ASH.000H
0DOH.020H,ozoH.0F3H.O2OH.020H.OOOH
0c:n.xH. QDOH. OOCJH. O6OH. 0é.0H. OZOH. 04OH
0hOH.000H.0OOH.0F8H.000H.00OH.000H
ODDH.000H.0O0H.0O0H.000H.060H.060H
0O0H.QOSH.010H.O2OH.O4OH.080H.00OH
070H.o33H.O83H.08aH.033H.OS3H.070H
OZCJH. Oé-DH. 0‘2OH. OZOH. 020H. OZOH. 07OH
07DH.033H.003H.07C»h 030H.0EOH.0F8H
O7DH,088H.008H.03DH.o08H.088H.070H
D1OH.O3OH,O5OH.090H.0F8H.01OH.010H
OF3H.08OH.0FOH.008H.003H.08SH.070H
O30H.040H.080H.OFOH.083H.038H.070H
0FaH.003H.010H.020H.040H.040H.04oH
070H.0a3H.083H.07OH.088H.03SH.o70H
070H.088H.088H.073H.OOBH.O10H.0b0H
OOOH.0bOH.060H.000H.0bOH.o60H.000H
0bOH.0é0H.00OH.060H.0b0H.020H.040H
O10H.020H.040H.080H.040H.020H.01OH
'oc»c'iH. o'0c»H; or=’:§:H. oooH.’oi=a'.R'.’ ‘bE'coH.’6é>oH’
040H.U20H.Ol0H.003H.01OH.u20H.040H
U70H.0B3H.UO8H.OlDH.DZDH.DO0H.02DH
070H.0aaH.0B3H.0A3H.0B3H.0SOH.073H
07OH.OS3H.083H.OFSH.0S8H.03SH.0S8H
oFOH.O3SH.0aSH.0FOH.OSSH.08SH.0FOH
070H.OSGH.030H.030H.0aOH.0saH.070H
OFOH.088H.088H.0aSH.O88H.08SH.0FOH
OFSH.030H.080H.OEOH.080H.030H.0F8H
OF8H.O30H.08OH.0EOH.O80H.030H.08oH
07OH.0S3H.o80H.080H.093H.0B8H,O78H
083H.OS8H.088H.0F8H.o38H.033H.o88H
070H.020H.020H.020H,02oH.020H.070H
0OSH.00$H.O08H.O08H.008H.083H.07oH
OSSH.090H.0AOH.0COH.0AOH.0?OH.088H
080H.03DH.O30H.030H.o8OH.o80H.0F8H
O83H.0D8H.0A8H.0A3H.O88H.o8SH.088H
088H.0C8H.0A8H.098H.083H.088H.03BH
0F$H.0a3H.088H.0S8H.088H.088H.0F8H
0FOH.DS3H.088H.0FOH.080H.0SOH.080H
Q70H.O8SH.088H.083H.0A8H.090H.068H
0FOH.0a8H.088H.OFOH,0AOH,0?0H.088H
O70H.088H.0aoH.07OH.0O8H.088H.070H
OFBH.OZOH.02OH.O2OH.020H.O20H.020H
083H.08SH.o3aH.0a8H.088H.088H.070H
0a8H.088H.08SH.050H.050H.020H.020H
083H.083H.088H.0AaH.0A3H.0D8H.088H
088H.083H.O50H.020H.o50H.088H.088H
088H.0S8H,050H.020H.02OH.O2OH.o2OH
DFSH.GOSH.01oH.02OH.040H.0SOH.oF8H
07OH.040H.O40H.O40H.040H.040H.070H
-000H.08oH.040H.02OH.01OH.OO8H.000H
070H.010H.o10H.o1OH.010H.010H.070H
02oH.07oH.0A8H.o2oH.o20H.O20H.o2oH
OO0H.020H.040H,0F8H.o40H.020H.0OoH
020H.O20H.020H.020H.0ABH.070H.02oH
000H.020H.010H.0F3H.010H.O20H.o00H
OOOH.03aH.050H,o2OH.o50H.08eH.o00H

........-.......-...........--
u.s-uuuuu.-.....o......~.-.—.‘....~...».~.......-.-.......~.~...~.-o....~.....mu.-.s.........-...-.........

SPACE

‘+*~«~\!'>€fi>#=-—

8+>u/HN<x:<c4mmovozzrxcnzofimaompmuvnA-wmu9m#mMno
zz

RIGHT
MULTI
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275 276

("SA - ,’ ,’Cb". IEFE: O
'._'.’, H . . ‘_ IEF-E: .
D.’ H‘: A - DEFE!
('u'-T"‘" I - DEFE-
l'If\’ :r- 131'

OH

FSHOO-OM

 figflr UEFE ZDH
, fix Lmaf BYTE UF UIVIDE I9 ZERO. HHXCH HAPPENS TO BE FIR
, BYTE IIIF . . .

. SHALL EHHRACTERS (4 X 6)
43-3‘ I 1:.-l'1L|'_-Hf\'
burr DEF5 O0DH.0O0H.0OOH.0O0H.000H s SPACE

l'~- »- “B in ~ ' .«' a 1 / Nl'1-JL|l‘|F‘: F'C|F' IX
t’-.'4 I‘. I’ ".3131 EX (SPLHL
nnrv uver rr1~ JP (1x)

.' " I - |\|nl‘||~ 4 |'.L|f\|VH§‘|' FLY l-.-FIEIE TU ASCII
-Hlfcl I.I:..}:‘. t‘.-:‘N‘ll.
; I|‘JF'UT. A'~— |.'.L'|L|L‘.
.' |I|U'l'l*‘L|T: A’--—A._«CiI I ECSUIVALENT

- -‘ 5 HCIHI - TABLE LUCIKLIF’
I"-,".I' "I :' .-’.“{I"- Nl":C3TA5:".5L
|‘.fi|' "I .11‘: . LU C; E
r-.’‘.. .'. 1-.‘ 1-0 ~ 1..-2 L[| El. 0
rn".c I’ ‘I I U’-VIA ".77 .'’'.7! LU HLa KCTATB
«'..'-.u I Aw ' ADD HL: BC
I-.'.I'u'i ’(' LU A: (HL)
nan: rh7709 GFRUG: LU (IY+CEA).A

mnnn rm . RET

  
 

 
I'I." l'I"- HE? TAT E31
4‘ .‘.l I‘ . EIEFE3 " '4 E SPACE
..n. .; / DEFE ‘C’ ;BULLET
« : ‘ :2 DEFB 5EH ;UP ARROW

- .‘r5 UEFE SCH ;DUwN Afifiow
.;A- ; ~hW DEFB ‘Z’ 5
-uJW‘ .‘7Ll DEFH “R” ;RECALL
fl.‘ |sl ' . . " LT’ 3
-awn ' J'r? UEFB *2’ ;FLUs—HlNUS
:JJJ- 3.14 DEFB “J” ; DIVIUE
-~=4 :”1W DEFE *7’
--li :‘4¢‘ DEFB ‘B’
Amw4« L*17 DEFE *9’
nurx 3743 UEFB X4’ ;TIHES
'Jr\ : . av DEFE *4’
-wa ‘ xifin DEFB ‘S’
hard 5TH! DEFE *6’
rw4'- .v L1 DEFE ’—’ ;MINUS
ran‘ ..“1% DEFB ‘I’
nor’ 4‘-4 DEFB ’2’
~ns- .1“ux DEFB *3’
r¢J ‘ .>L»a UEFB “+’ aPLUS
nrrn 2'fi/ _ DEFE ’&’ ;CE

 

 

 

 

v-3! L:-H UEFB ’O’
W .' ‘* DEFB ’.’ iPOINT

I-11' ' DEFE ’=’ 5EQUALS

. NAME: ' FILL AREA

-.4 . PURPOSE; SET REGION OF SCREEN TU CONSTANT VALpE
‘H1 . INPUT: A = DATA TO FILL WITH

' ; BC = NUMBER BF BYTE3 TO FILL
. DE = STARTING ADDRESS OF REGION TO FILL

-"I NFILL: EX DE.HL
‘W4’ HFILLI, LD (HL).A 5 STUFF BYTE 
rm“: '-»' .~A«» CPI ; BUMP HL. DEC ac
«wfi. '-d"n\ .A:un JP PE.MFILLl
was’ < svxn RET

.: NHHL. ‘ RELATIVE 1o ABSOLUTE
PUHPUaE: CUflRDlNATE couvensxou
INPUT: x COORDINATE

Y CGURUINATE
MAGIC REGISTER VALUE TD use

E = AESULUTE ADDRESS
MAGIC REGISTER To use

M

IIIIH
 4/76
2777
2773
:17?

..5-...... D
A

OUTPUT: D
A....

II
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(‘:{‘uFl~. I‘ h(‘u:-:0|'»:
Or":F'-" I '5'-C'L'_'a

OAFF: Ff:-‘Ir-fC)E:
K.'n"«FF I_'1"I“;'i
ammo FH*'04
1"-I’:-H 7: F I u":;.'I1j'».':‘.
m‘:-‘"-/. 1. "v ‘

 

-‘»!":I.:E v’ '5 .'i[';
i‘.!‘.‘.].; In ‘ ..
('.'n':r .1: 4

 
-

0!’-Il-.(\ (F:‘:F
fir-'/-.|’ fl’-:‘-2F

DEAF fir
OF:/.F I .’..’-0
r‘)F:T'| ' ‘

4‘-F-:‘7 I '

Page225of237

 
 

 
 

 
 
 

 

4301503

5 f'IfiL'~'ICl ENTRY POINT

HRELAB: CALLJR
RELTA
MRELA2~$

i NONMQGIC ENTRY POINT
MRELA1: CALL

SET

NRELR2: LD
LU

MFRDG: JR

RELTA1
6.D

<:v+cBE>.E
<1v+cBu).n
aFRoG—s

; HQGIC ENTRY POINT
CALL
OUT
RET
DEFB
DEF5
DEF3
UEF5
UEF5
UEF5
DEF5
DEF5
DEFE
DEFS
UEFS
DEF5
DEF5

F\'ELTo'%:

[':|:. :‘;‘;lJm::.

RELTQI
(MAGIC!;A

O
0EOH.0ADH.0ADH.0AOH.oEOH 5
Q4OH.040H.040H.04DH.040H 2
0EOH.020H.OEOH.080H.0EOH
0EOH.02flH.0b0H.020H.0EOH
0ADH.0AOH.GEOH.020H.020H
CJEDH. 0'»:~'C>H. OEOH. OZOH. OEOH
0E0H.OE0H.0E0H4OA0H.oE0H
OEDH. 0‘::0H. OZOH. OZOH. OZOH
0EOH.0AOH.OEOH.0AOH.0EOH
0EOH.0ADH.0EOH.020H.0EOH
00OH.040H.OO0H.040H.000H
040H.0EDH.oEOH.0EOH.0EOH

MOVE RDUTINE
LDIR
RET

ENDVE:

5

I

278

NONNAGIC THE ADDRESS
UPDRTE CB DE

flfii CHECKSUH Mi‘

‘\Ow\lO‘U|:h(n)N-O
EULLET

j SYSTEM ENTRY POINT FOR NONMAGIC ADDRESSES
RELTA1: PUSH

ANQ
LD
LD
AND
UR
PUSH
AND
LD
JR
CPL
ADD
LB
Ln
Ann

Ann
ADD-
L0
L0
ADD
ADD
ADD
SRL
SRL
LU
LD
ADD
IF
ENDIF
EX

; NAME:
; PURPOSE:

NHF«'E T:

HL
OFCH
L.A
A.E
03H
L
AF
040H
A.E

ZgfiELTQ3r§

A.1¢o
L.U

H.o ‘
HL.HL
HL.HL
HL.HL
n.H
E.L
HL.HL
HLI
HL:DE
A
A
E.A
0.0
HL.nE
NwHnwR~1

DE;HL

TOSS OUT SHIFT AMOUNT

SAVE
GET X
ISOLATE SHIFT AMOUNT
CQMBINE WITH MR

IS FLOPFEU BIT SET?

JUMP IF NOT
YEP - UNFLOP THE COORDINATE

HL = Y

SET HL = v « 3

SET HL = Y i 32

SET HL = Y * 40
R = X 4

HL = Y i 40 + X 4

RETURN FROM MACRO SUBROUTINE
u RETURN CONTROL TD CALLER

; rHIs tone was ‘STOLEN’ FROM RELABS sxmcs
If nose THE STACK CLEANUP THAT MRET noesPUP AF

PUP HL
RET
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‘P39 ‘28045» -. a ENTRY‘ FUR USER ‘

WW" ' VWF -. INXNIBL CHLL XNIB

I‘-ff‘ 7: , z_... : ._|R MFRCIG-5

; NAME: ‘ INDEX NIBBLE
: PURPOSE‘ LUAD UF SPECIFIED NIBBLE RELATIVE TO 393E
» INPUT: ' C = NIEELE NUMBER
I HL = EQSE ADDRESS
5 OUTPUT: NIBBLE RETURNED RIGHT JUSTIFIEU IN A
. UEECRIPTIUNJ BYTE = NIBELEW 2+BR3E
; THF LUH ORDER NIBELE OF A GIVEN BYTE IS ADURESSED
5 BY AN EVEN NIBELE NUMBER

"XNIB. PLTH HL

  
PU3H EC
L0 3.0
SRL C
ADD HL.BC
LU A.(HL)
PUP EC
EIT 0.C
JR Z.XNIE1-$
RRCA
nnun
HHUA
r<+cr:¢a

XNIE1; fiND OFH
PUP HL
RET

3 NAME: STORE NIEELE

g FURPDSE: - NIBBLE STORING (E)
5 INPUT: A = NIBELE T0 STORE

1 C = NIBBLE NUMBER (AS IN XNIB)
; HL = BASE ADDRESS
PUTNIE: PUSH HL

PUSH BC
LD E4. 0
ERL C
ADD HL.BC
POP EC ~
BIT 0.0 1
JR Z.PUTNE1~$

5 H.U. CASE - SHIFT IT
RLCA
RLCR
RLCA
RLCA
XUR (HL) 5 NEAT COMBINE TRICK (SEE DDJ J
AND DFOH 5 PG. 9)
JR PUTNB2—$

.PUTNE1: XOR (HL) i L.O. CASE
AND OFH

PUTNE2: XOR (HL)
LU (HL).A
PUP HL
RET

. NAME : INDEX NURD TABLE (HORD INDEX}
, PURPOSE: TO INDEX AN ARRAY OF DEFH’S

; INPUT,_ A=INDEX NUMBER (0+255)

 
  

HL —} TABLE ENTRY O DUTFUT3: DE = ENTRY LOOKED UP
' - HL = POINTER TU ENTRY IN TABLE

54”“ ‘W HINDH. LD E.A
VWTT" . LD D.O
DIS! .| ;~1;. ’ SL9 E
(“'3 ‘ = P4!” RL D ; DE*2
FJWA? I 34in ADD HL.DE
V”"W '5 3”|W LD E.(HL)
V4"”- J“ " INC HL
'“'*A' »”'% LD D.(HL)
IW"' * ;'Au' DEC HL
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~' 281 5282
F44 *I~ LN ~" STHLDE. CALL FINDL3

““T' 1 “ JR MINDB1—$ ; JOIN STORE IN INDEX BYTE
. NANL, INDEX BYTE TABLE
5 l<"|...|RI-'IJf:'-E; TAL‘-‘LE-I LCIOKL|F'
; INPUTU. A = INDEX NUMBER
; OUTPUT: A = VALUE OF BYTE
5‘ . HL = POINTER TO TABLE ENTRY

Ohfin WF MINDS: LD E.A
nr:r.r‘ l.’—-'-(o L[| 0.0
-Hd-- rv ADD‘ HL.DE
OPFI is LD A;(HL)
DEF? [D7709 LD (IY+CBA).A
OFFH lH74DD NINDDI: LD (IY+CBH)LH
' ' LD (IY+CEL)aL

RET

9 NAME. DISPLAY TIME
. PURPOSE; DISPLAY TIME ON SCREEN

INFUT3. E = X OOORD
D = Y COORD

, D = SAME AS DISOHR OPTIONS EXCEPT BIT 7 = 1
, TO DISPLAY COLON AND SECONDS
, OUTPUTS: NONE

(WW! MDISTL
<'»r:r- =-I: »-'-r.«:»:' LD Ix. SMLFNT
DFW~*-H 3 LD B.42H
rvr-tn‘ ~; a ‘H4 LD HL. OTMINS
r~r=r»'2 ‘I ' F-usu ac;
FWJN ‘II-«n44 RES 7.(IY+CBC)
rsrno." . =4 i.-:11: IIIALL ECDISP
npnny.: pup BC
'NW" BIT 7.0
DPT“ RET Z
“FIE ‘Lu LD A.80H+3AH
“PF "t»? CALL DISRCH
r'~I‘rFv . LD 13. 42H ,
“FF” '!I“4F LD HL.GTSECS

. AND FALL INTO H.

; NAME; DISPLAY BOD NUMBER
; INPUT: 3 = NUMBER DISPLAY OPTIONS
; C = CHARACTER DISPLAY OPTIONS
; DE = Y.X CDORDINATES
; HL = NUMBER ADDRESS (POINTS AT LO BYTE)
; IX = ALTERNATE FONT (IF USED)
; OUTPUT: DE UPDATED
, DESCRIPTION: THIS ROUTINE CONVERTS EACH NIBBLE INTO
. ASCII AND DISPLAYS IT. THE NORMALLY ILLEGAL BCD
; VALUE3 ARE DISPLAYED AS CODES 2A THRU 2F RESRECTIVELY
. THE NUMBER DISPLAY OPTIONS BYTE IS FORMATED AS FOLLOWS:
; BIT 7 SET IF LEADING ZERO SURPRESSIDN WANTED

; DIT 6 SET IF USE OF ALTERNATE FONT HANTED_m
. BITS 3-0 NUMEER OF DIOITS TO DISPLAY (NOT NUMBER 0

|flJl- -- hCHI$P: LD A.B ; OET OPTIONS
-41' I- 4 AND SFH ; ISOLATE NUMBER OF DIOITS
DP?! H BCDUU: DEC A
Ofirf Fr RET M ; QUIT IF NULL OR NO MORE
ORFu LD C.A ; SAVE
0DFi «u-hub CALL XNIB 5 GET NEXT DIGIT
-%- ‘~07 JR N2.BCDD1—$ ; JUMP IF NONZERO

1. ' BIT 7.B 5 IS ZERO SURFRESS ON?
::v J0 JR Z.BODD1—$ 5 JUMP IF NOT

hhrn I: 2 OR- C I LAST DIGIT?
UPFE ‘win I. JR NZ.BcDD4—$ 5 JUMP IF NOT
HRFD FLHR I BCDDI: RES 7.B 5 CLEAR LEADING ZERO FLAG
“PFF Vfflh ; ADD A.6
DEG! P/HF 2 AND OFH
“PO? rA.n 29' ADD A.2AH
DIOR " H ER‘ RCDD2: BI 6.3 s ALTERNATE FONT?
n.né -w- JR Z.BCDD3—$ 5 JUMP IF NO
'“WT“ "V OR 80H 5 YEA — SET THE BIT
rw.q- all UEDDB: CALL DISPCH 3 DISPLAY THE CHAR
I“ W LD A.C i GET LOOP COUNTER IN A
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JR BCDDO—$ 5 AND GO FOR NEXT ‘
9 "'m BCDn4_ Ln A5’ ’ 5 LEADING ZERO — WRITE A SPACE

-$1 : .. ‘~r; JR ECDD2—$

 

:. 5- -I I NAME. INCREMENT " ‘
:~~f 3 PuRP03E: INCREMENT II RE AND CDMPARE TO END SCORE
:~wa , INPUT : HL —} PLAYER SCORE LON ADDR 0F 3 BYTES
~»4 ; uHTPUI5: GSBENU OF GAHSTB SET IF MAX SCORE REACHED

54 V. . :wuH HINESL: L0 B53
nun? " Lwwh PUSH HL
- -' 3:‘: ‘- F’ 1NL‘.L.I'.IF': LEI A. (HL)
art“ I :w~H ADD A.1
Tm’u: :wu? BAA
-,4 |-' J-.-LC: LU (HL):A
5-: III -ZIIII «JR NZ:
-H'U aux: INC HL
vw «- ‘- I «:13 DJNZ INELOP—$
M‘ 7'.‘ = - E -‘I IZ.I"lF5'1 T. F‘EIF' HL
u|"1 juifi 1N6 HL 5
TM x4 -ulé INC HL
n«‘u .v.4r 2w57 L0 A.(GAMSTB)
.n'¢: ; ;u|g BIT G3E3CR.A
-«"n In!” RET Z
ur"P .4; :u.u Ln DE.ENDSCR+2

  

iwxl LU B53
:~ -H5? LMPLOP LU A5(DE)

no“! ‘ tux} EF (HL)
-4 "” ' ' 3-34 JR Z.REPEAT-3 5END3CR
M ':-1 ’ .y 5.-fij. RET NI: 2 ENEISCLR
ao.H di En m 3E|END: LD HL.GAMSTB 5ENUSCR

SCflRE
SCORE
SCOREAVH

 
‘T W1 ' 5 SET GSBENU.(HL)
1-1" '.(‘. I RET
hr"P " REPEAT" 05: DE
I'll "0' \ [IEC HL

. _ .. .- [|dN'/I |:N:"l,l_.|F‘-‘3>
--' 6 1 ~l :n :.- -JR ';-I-.H.,‘!\Jli-~‘£

 

5 NAME: QUIT ,

5 PURPUEE. HOLD PRESENT GAME SCDRE UNTIL KEY HIT OR
5 SAY GANF UVER
NHUIT. BY “Jh STRUIS

DEFH 43
DEFH Z4
DEFE 010011008
DEFw GHDVR
EYJTEM ACTINT ; ACTIVATE INTERRUPT3

MOUIT1: SYSEUK SENTRY 5 HAIT FUR $UMETHING T0 HAPPEN
DEFH AHEY3
CF 3T0
JR Z.NOUIT2-$

 

TRIGGER CHANGE?

 ~H' «< CF SKYD KEY HIT?
(T ‘ : JR NZ.MflUIT1-S NU - KEEP GOING......s.
.u'.. 1013 nunjxz. HST 0
arr -I:.4n4n zuwn nmmvn; DEFM ‘GAME’

YES - RESET

 
Iu”N DEFE 6
£«'‘ 'T1 DEFM ”OVER’ 5
I -I V A [IEFE: 0

; k§%E%fi&%%%fi%§%*%*
w HENU RDUTINE3 *

, fi%§%%*§h§%%%§§#§#

NQLINE EDU 96 3 NUMBER OF DISPLAYED LINES
HHNL EDU 5 NEXT FIELD
HNHH EDU

_' in 1,’...
: 5.41"”
’:..:¢.‘_  
’«w«W MNSAL EDU ; STRING ADDRESS
’«ww= mN3mH Emu 
‘r~*r I i_..§ ru45L. ecu;
‘wwwv- anaa munn EDU

5 GO TO ADDRESSU1-h0.!NHC‘

Page228of237



Page 229 of 237

- 4,301,503
286

:TEM PDNER UP ROUTINE
"‘ LD A.(FIRETC) ; GET FIRST CASSETTE LOCATION

CF 0C3H 5 IE IT A JUNP??

JP‘ Z.FIR3TC a JUMP TOIT IF SO
LD SP.EE6RAM
SYESUK FILL 5 CLEAR SYSTEM RAM
DEFH BEDRAM
DEFN S0
DEFB 0
LD (URINAL!.A 5 CLEAR SHIFTER
DEC A
LB (TIMOUT).A 5 CLEAR TIMEOUT HATCHDOG
SYSTEM INTPC
D0 EMUSIC
DU 3ETDUT
HIFB (NULINEfl2)—l
Imru 41
DEFB a
DD CDLSET
DEFH MENUCL
DD ACTINT
EXIT

LD DE.GAMSTR a ’SELECT GAME’ AS TITLE
LD HL.FIRSTC ; ASSUME MENU STARTS IN CASSETT
LD A.(HL) 5 GET FIRST CASSETTE BYTE
INC HL
CF 55H 18 SENTINEL THERE?

YEP - JUMP

WRONG — USE ONBOARD ONLY
DISPLAY THE MENU

JR Z.PNRUPl—$
LD HL.GUNLNK

FHRUP1: SYSTEM MENU A...-.-...
. NAME: DISPLAY MENU AND BRANCH DN CHOICE
; INPUT: HL = MENU LIST
J DE = MENU TITLE

OUTPUT: DE = TITLE OF SELECTION MADE
. DEECRIRTIDN: .

; THE MENU LIST [8 A LINKED LIST OF THE FOLLOHINQ F, ~¥rK-#4?-&Hé#§%#*4i-it-§--**#fi-4i~***#I»*

% D E NEXT ENTRY &
§ 1 § *
K-«IN?it-%Hl>*<R-**-Ir-Kw!-41-*-I-‘K-'I>{~¥-«I-l-I-i-*

. E 2 * STRING ADDRESS *

. & 3 & *
, «:1-1}$%t-41-ii-4%-fl-it-ii-«IS-{£41-4H$~I»%t-«Iii?-l'<l-it!-<X-'I'*
. * 4 * BRANCH TO ADDRESS G
, » 5 * «
, fl-Ii“ ¢1-«l£--IH1>{~-H- -IN)? fl--ITHK-Id!-~K-hi!-***<I-I-i

. THIS LIST IS TERMINATED BY A NEXT ENTRY FIELD DF ZEROS

. A HAXIMUM OF EIGHT ENTRY3 MAY BE DISPLAYED.
MMENU: PUQH HL  

 
PUSH HL

’nh CALL MNCLR 5 CLEAR SCREEN AND THRDNUP TITLXYRELL DE.16»12

..H:nl * ' LU BC.109H i INITIALIZE ENTRY 0 AND COLOR
OVA? ' 9 +020 MHENU1: PUP IX 5 FIRST ENTRY TO IX
WVAJ 3 LD A.B ; SELECTION NUMBER TO A
*"TV3 ADD A.’0’ ; MAKE IT ASCII
"fl‘ SYSTEM CHRDIS 5 AND SHOW IT
'V“” 1 LD A.’-’ ; DISPLAY DASH
"WW SYSTEM CHRDIS
'“VW" --“W LD H.(IX+MNSAH) i HL = STRING ADDRESS
’“7"”' ’‘'v LD L.(IX+MN3AL)
'”W7” SYSTEM STRDIS 2 DISPLAY SELECTION
“"F" LD AIS

‘"'3' ADD A»D 5 TD NEXT LINE
‘”|”i"‘ LB D.A
hfh* 3 in LU 5,16
'“"|=" " INC B 3 E.'UMP' ENTRY It
“VF” !7'*WW LD H.(IX+MNNH) 5 HL = NEXT ENTRY ADDR
nrrv nu_rnn Ln L.(IX+MNNL)
‘~- 6' PUSH HL
I~' ‘ W LU A.H

M‘ I‘ .1 l:‘ . [TR L
OVEN ?fiDR JR NZIHMENUI-S 5 NO - JUMP BACK 

3140 i AT THIS POINT HL = 0. (SP) = OA
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..s...............s.....

4

HL =
288

STACK POINTER

FEEDBACK ADDRESS
GET NUMBA

HOW DOES SHE LOOK?
ZERO ENTERED?
JUMP IF SO
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

GO 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

“ ‘ 287
t‘u'|j'7 3:1?! E11-11 ADD HL; ELF‘

rfi 3142 MNENU3: PUSH BC
arr“ 010101 3143 Ln BC.O401H

if-r144‘ XYRELL [IE7 lb: 77
3145 SYSTEM GETNUM
331146 PCIF‘ BC
3147 LD A.(HL)
3143 AND A
314? JR Z.MMENU5-$
3150 CF 3 -

' JR C.MMENU6—$
MHENLIS: LD A. ”?’

SYSTEM CHRDIS
JR MMENU3-$

|‘1t'IENU(:-: POP HL
PUP DE
LD B.A

MMENU7: EX DE.HL
Ln 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 EC
PUSH HL

FINDL3: LU (IY+CBE).E
LU (IY+CBD).D
RET

NAME:
F'|_|RF'OE:E 2
INPUT: A =

BC =
DE =
HL =

t'u' fi‘[:
C>C'F|"'
(H‘;F[I
OITZFF.
D001
I‘)[‘I(.viE:
anon
nnofi
(mo/-.
ODOR
OHIO‘?!
OBOE
4j\[IC)E:
nnorl .
r-r-(‘IF
T‘-ro I 1')
finlfi
fir‘ 1 El
(sh i 7 .' 1
W11 :‘-_:

Lwfi I" F‘ 1

MI I ‘,7’ II"? |"1NCIl..R.
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FIRST A MENU FRAME
PEIINTEEI AT BY DE As: A TITLE.

F§IL_LOwED B_v_, THE PROMPT STRING,_
«:.ETNuM 1:5; THEN CALLED To INPUT THE NUMBER.
1». 6-'f\'t.IVllILD IN nuuL::LE SIZED c.uAr<AcTERs.
NUTl,'..:

IS DISPLAYED;

DESCRIPTION;

THIE: REILITINE

it--1+ TH]-.'f.
PU'é.¢H AF
F‘ -‘-H HL
PUC-":H EEC
CALL MNCLR
ESYSSUK STRDIS
DEFB 3

EIEFB 32.
DEFB 1001B
DEFH ENTSTG
POF‘ HL
SYSTEM STRDIS
PCIP HL
F‘OP AF
LD B. A
SET 6.0
XYRELL DE.43.45
“ RTEM GETNUM
3YodUK PAWS
DEFE 15
RET

RU|.|T I NL

 

 

PUSH DE

USES
3

-..-.-...

INPUT OF PROGRAM OPTIONS

NUMBER OF DIOITS
PROMPT STRING ADDRESS
FRAME TITLE ADDRESS
PARAMETER ADDRESS

ASKS THE USER TO ENTER A NUMBER
IS CREATED; USING THE STRING

THE STRING ’ENTER’

FEEDBACK

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

SUBRDUTINE TO CLEAR SCREEN FOR MENU AND THRONUP TITLE
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NAME:
INPUT:

-..~......~......-.
JETN.

MOETN1:

ONUMDO.

4,o,5o3 I I 4
31 ~~29o

SYSSUK FILL
DEFW NORMEM
OEFW l1%BYTEPL
DEFB O
SYSSUK FILL V
DEFW NORMEM+(11*BYTEPL)
DEFW (NOLINE-11)*BYTEPL
BEFB SSH
POP HL
XYRELL OE.24»O 5 TITLE
LD 0.0100B
SYSTEM STRDIS

‘RET J

GET NUMBER
B = DISNUM OPTIONS
C = CHRDIS OPTIONS FOR FEEDBACK
DE = COORDINATES OF FEEDBACK AREA
HL — ADDRESS OF WHERE TO STASH NUMBER

DESCRIPTION: THIS 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
AGAIN TO REGISTER THE ENTRY. IF DURING THIS PROC

THE KEYBQAR§_I§ USED f_KEYBOARD INPUT WILL OVERRI
THIS 13 BONE TO PREVENT SOME BIMBO FROM CONFUSINO
L ARRY LESKE.
EXX

CALL CLRNUM 5 CLEAR THE NUMBER
LU C:A 5'SET ZERO DIGITS IN — POT ENAB
LD A5(IY+CBB) 5 ENTRY COMPLETE?
XOR C
AND 3FH
RET Z 5 QUIT IF SO
LD ' HLaMGETN1
PUSH HL
SYSTEM RANGED 5 RANDOMIZE WHILE WE WAIT
SYSSUK SENTRY
DEFW NUMBAS
SYSSUK DOIT
DEFW GNUMDO
RET 5 NOTHIN - LOOP ON SENTRY
JMP SKYD;MGETN6
JMP STO.MGETN2
JMP SPO-MGETN3

5 *4 NEXT INSTRUCTION MAKES GOOD LIST'TERMINATOR; SO WE U
5 TRIGGER ROUTINE

SETN2: BIT 45B 5 0-1 TRANS?
RET Z 5 NO - IGNORE
LD A5C
INC A 5 ARE WE ALREADY IN POT MODE?
JR Z:MGETN9-$ 5 YEP -'JUMP TO EXIT
BIT 75C 5 POT LEGAL?
RET NZ 5 ND - IGNORE
LD C;OFFH 5 SET POT FLAG

; POT ROUTINE
MOETN3: LD A5C 5 QUIT IF NOT IN POT MODE

INC A
RET NZ

5 HOW MANY DIGITS?
EXX 5 TO NORMAL SET
LD A5B 5 SNATCH DIGITS
EXX

CP 1 5 1 PRAY TELL?
LD B510
JR Z5MGETN4-$ 5 JUMP IF GOOD GUESS
LD E5100 5 WRONG!

MGETN4: IN A.(POTO) 5 GET CURRENT POT VALUE
LD D5A ’ 5-RANGE IT
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LU E.A
LD H:A

MDETNS, ADD HL.DE

ADC A.O 3 ADD EVERY CARRY TO ACBAA
DJNZ MGETN5-5

EXX 5 BACK TO NORMAL SET
LD (HL)aA
JR MGETN3-3

i KEYBUARD ROUTINE
flGETN6: INC C 5 POT NUDE?

QR NZ;MGETN7j$ L JUflP LF NOTCLHL.L f.:l-RNL|M

INC C 2 SET UNF DIGIT SO FAR

 
  

HMHINY: 'T 7.8 ; SET PUT LOCKOUT
' STEM KCTASC

CF ”=“ i EQUALS TYPED?
JR ZTMGETN9-I I QUIT IF EQUALS
AND OFH
EXX

SYSTEM SHIFTU 5 SHIFT DIGIT UP
MGETN8: PUSH DE

SYSTEM UISNUH

' n i ENTER HERE FOR EQUAL OR TRIGGER EXIT TO THRGN OUT RETUR
DDR6 H1 3314 MGETN9: POP DE

on97 D9 3315 EXX 5 BACK TO NORMAL
onva P“ 3316 RET

; SUBRUUTINE TO CLEAR NUHEER
nn~~ 3' CLRNUM: PUSH BC

*'H ' EXX 5 TD NORMAL SET
F“r‘ 1” PUSH HL
FJVI LD A.B
fiH“h INC A
Oh“? I n AND 3EH

nnnu 1: RRA ;'LIEU HARP MEMORIAL PATCH#2
run! I EXX ; BACK TO ALTERNATE SET
FDR‘ ‘ LD E.A
‘.!T|(AIT v I XOR A
ufinl LD B.A
WFGH I‘ PUP DE
WNW SYSTEM FILL
Dhu“ PUP EC
5HW" RET

. NAME; SHIFT UP ,

. INPUT: A = DATA T0 SHIFT UP
; B = SIZE IN DIGITS
; HL = AREA TD SHIFT ADDRESS

nnnn I’ .NSHFTU; PUSH AF
“fwd? ' LU A;B
“VG” - INC A
FJJVIV ‘ AND 3EH
TJMJ | LD- B.A
FJH“-" POP AF
4‘-H-"II I I ‘F.:Hl~'TLI1: RLD
VT“ ‘- -- INC HL
N-H I -' 1:1: ' [I-JNZ E:HFTU1-3
fihrI.I 7443 RET

“P" ""”44R H"‘ ENTSTG: DEFM “ENTER ’
4')[‘I[.l| . .1‘: [IE-,',FE: 0
run: Uunw TNL. DFFN CALCL
IHH«-lewd: urrw FNCN

OUT. urtt ubrw CMSTRT 2 CHECKMATE START
OHFJ flhhfl SGBL: DEFH O
Onfh EROH UEFw PNSDB
ODE? |*0F DEFN SCEST

 
OHFH 47354F46 FNGF: DEFM ’GUNFIGHT’
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294
rwau>.m. DEFE 0
mm‘: /1 ::|::t|'=.4:j F‘No:.M: [IEFM ’CHECKMATE’
|':)'n|u (an ' DEFB 0

nnnn 4:4|dp4: PNCALC: DEFM ’CALCULnTOR’
onrv no DEFB 0
MIF.’-t "-’-=4’_v‘.f-24'.-'2 F'NE:C:B: [IEFM "SCRIBl3.LINO’
Cmf-'1'! Fuji DEFB 0
«'»raF"»: '”-':~1':‘-41‘.:-’l.';'- ‘ l:v'AI'I=3TR: UEFM ’SELECT GAME’
OFIFI‘ DEFB 67H
t'_)[‘¢l‘l‘ v»: EIEFE-' 3
u_‘1I'-r--- EIEFE: 88
OF:-a . . EIEFEI 11013
r-r-.- -.| :.-'7-'.’«,3 UEFN ‘(Cl SALLY MFG 1978’
Mo : [IEFB 0
:'»r'I' END

TI‘IT.'.‘ i 1-!II.I ER I-‘TF1-'F'I'Il'«'=E: -= 0

'1'-Il'I‘.3»‘ "
H"«'i'l[ "
" I'll in:

What is claimed is: ory without processing the transformed group of
1. A system for providing a display signal to a raster 25 picture element signals with the processor.

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;

first addressing means for sequentially and repetitively
addressing the storage locations of the display mem-
ory, reading the memory data signals stored therein,
and supplying the display signal to the display for
displaying thereon the picture elements representa-
tive of the memory data signals stored in the display
memory;

video processing means operatively coupled to the pro-
cessor for receiving therefrom both said picture ele-
ment signals and said control signals, said control
signals activating the video processing means for
transforming a group of picture element signals to
produce a transformed group of picture element sig-
nals so that a symbol as displayed on the display
corresponding to the transformed group of picture
element signals is different than a symbol as displayed
on the display corresponding to the original group of
picture element signals; and

transfer means for transferring picture element signals
from the video processing means to the display mem-
ory whereby memory data signals corresponding to
said picture element signals are stored in memory
locations of the display memory as determined by the
memory address signals corresponding to said picture
element si said transfer means for transferring
the transformed group of picture element signals
from the video processing means to the display mem-
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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 0Red 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.



Page 234 of 237

4,301,503
295

7. The system of claim 2 wherein the video process-
ing means includes means for performing a logical ex-‘
clusive-OR function with the picture element signals
from the processor and picture element signals corre-
sponding to memory data signals stored in the display
memory.

8. The system of claim 1 wherein the video process-
ing means includes means for rotating the picture ele-
ment signals of a group of picture element signals rela-
tive to each other to produce rotated picture element
signals, whereby the picture elements represented by
the rotated picture element signals are displayed rotated
relative to each other.

9. The system of claim 8 wherein the group of picture
element signals is represented by a sequence of picture
element signals transmitted by the processor, the rotat-
ing means comprising a shift register for storing the
sequence of picture element signals, a programmed
logic array having a plurality of input lines connected to
outputs of the shift register and a plurality of output
lines, a plurality of pull-down transistors selectively
coupling the input lines of the programmed logic array

- to the output lines of the programmed logic array, a
plurality of transistor switches having gates and having
inputs selectively connected to the output lines of the
programmed logic array, and outputs operatively con-
nected to'the display memory, the rotating means fur-
ther ‘comprisingmeans operatively connected to the
gates of the transistor switches for selectively activating
the transistor switches to produce a sequence of rotated
picture element signals at the outputs of the transistor
switches such.that the picture elements signals repre-
sented thereby appear rotated relative to the picture
elements represented by the sequence of picture ele-
ment signals transmitted by the processor.

10. The system of claim 9 wherein the processor has
means for addressing the display memory to store a
sequence of memory data signals which correspond to
rotated picture element signals, the means for selec-
tively activating the transistor switches comprising a
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
array{to the second output lines of the second pro-
grammed logic array, the activating means further com-
prising a_ counter for counting an address by the proces-
sor of the display memory, an output of the counter
being selectively connected to the second plurality of
input lines of the second programmed logic array so

V 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
control_signals 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 interruptmeans 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 or claim'l3 wherein tlieicontrol 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 acknowledgesignal in response
to an interrupt signal and means for executing a se-
quence of instructions, 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 second
mode. ’

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 picitureelement
signals, whereby the picture elements represented by
the shifted picture element signals are displayed shifted
relative to each other. 9
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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 for-applying the control
signals thereto.

19. The system of claim 1 wherein the video process-
ing means includes means for interchanging the picture
element signals of a group of picture element signals
relative to each other to produce interchanged picture
element signals, whereby the picture elements repre-
sented by the interchanged picture element signals are
displayed interchanged relative to each other.

20. The system of claim 19 wherein the interchanging
means comprises a programmed logic array having a
plurality of input lines operatively connected to the
processor for receiving the picture element signals
therefrom, a plurality of output lines for picture element
signals, a plurality of pull-down transistors for selec-
tively coupling the input lines to the output lines, a
plurality of transistor switches having gates and having
inputs selectively connected to the output lines of the
programmed logic array and outputs operatively con-
nected to the display memory, said programmed logic
array also having an input line operatively coupled to
the processor for receiving the control signals there-
from and selectively coupled to the gates of the transis-
tor switches so that picture element signals can be inter-
changed relative to the picture element signals on the
input lines in response to the control signals from the
processor.

21. The system of claim 20 wherein the video pro-
cessing means comprises a register operatively con-
nected to the processor for storing the control signals
which represents whether the picture element signals
are to be interchanged, the register having an output
connected to the input lines of the programmed logic
array for the control signals.

22. The system of claim 1 further comprising player
operated means including input elements adapted to be
operated by a player, and signal means actuated by the
input elements for enabling interaction of the player
with the symbols on the screen, the player operated
means operatively connected to the processor to trans-
fer input signals thereto.

23. The system of claim 22 wherein the processor
comprises means for performing calculations based on
the input signals, said processor containing means for
generating groups of picture element signals indicative
of the input signals and said calculations, whereby said
groups of picture element signals are transferred to
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update the display memory so that symbols indicative of
said picture element signals are provided on said dis-
play.

24. The system of claim 1 wherein said display has a
screen on which the picture elements are presented and
each picture element displayed has a horizontal and
vertical position, the system further comprising a light
pen for positioning adjacent to the screen and for sup-
plying a signal when a select picture element in physical
proximity to the light pen is presented, the video pro-
cessing means further having horizontal and vertical
picture element position counters for generating signals
corresponding to the horizontal and vertical positions
of the select picture element, and interrupt means re-
sponsive to the light pen signal to supply an interrupt
signal to the processor, the processor being responsive
to the interrupt signal to input the horizontal and verti-
cal position signals whereby the horizontal and vertical
position of the picture element in physical proximity to
the light pen may be input to the processor.

25. The system of claim 24 wherein the interrupt
means of the video processor further has a horizontal
feedback register for latching up the horizontal position
signals of the horizontal position counter in response to
a signal, a vertical feedback register for latching up the
vertical position signals of the vertical position counter

in response to a signal, and means for providing a signal
to the vertical and horizontal feedback registers in re-
sponse to the light pen signal so that signals correspond-
ing to the horizontal and vertical position of the select
picture element in physical proximity to the light pen
may be latched up in the horizontal and vertical feed-
back registers and the processor may input the horizon-
tal and vertical position signals latched up in the hori-
zontal and vertical feedback registers in response to the
interrupt signal.

26. The system of claim 1 wherein a plurality of digi-
tal picture element signals represent each picture ele-
ment, the video processing means further comprising
means for selectively performing a plurality of transfor-
mations to the picture element signals in response to the
control signals for each digital picture element signal of
the plurality of picture element signals to produce trans-
formed picture element signals representative of trans-
formed picture elements.

27. The system of claim 1 wherein a picture element
is represented by a first and second memory data signal
each comprising a bit of digital data, the processor hav-
ing means for supplying a plurality of memory data
signals at a time representing a plurality of picture ele-
ments, and the video processing means comprising
means for performing a plurality of transformations to
the first of each picture element represented by the
plurality of digital data bits and a second means for
performing a plurality of transformations to the second
bit of each picture element.

28. The system of claim 1 wherein the video process-
ing means comprises a register operatively connected to
the processor for storage of the control signals identify-
ing a particular transformation to be performed.

29. The system of claim 1 wherein the video process-
ing means includes a programmed logic array having a
plurality of inputs operatively connected to the proces-
sor and a plurality of outputs operatively connected to
the display memory for modifying the group of picture
element signals in response to the control signals.

30. The system of claim 1 wherein the memory data
signals stored in the display memory are encoded at a
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first level identifying bits of a register within the system,
the video processing means including means for decod-
ing the picture element signals corresponding to said
memory data signals to signals representative of picture
elements at a second level, the decoding means compris-

ing a register having a plurality of bits for providing
digital signals from the register bits representative of
picture elements at the second level in response to the
picture element signals identifying particular register
bits.

31. The system of claim 1 further comprising second
addressing means for addressing the display memory,
under the direction of the processor, reading memory
data signals stored therein in selective storage locations,
and transmitting said memory data signals from the
display memory to the processor.

32. A system for providing a display signal to a raster
scan display for displaying thereon a matrix of discrete
picture elements, the system comprising:
a random access display memory having a unique stor-

age location for each discrete picture element of the‘
display for storage of digital memory data signals
representative of the picture elements of the display;

a processor containing means for receiving a plurality
of groups of picture element signals, each picture
element signal comprising a memory address signal
and a memory data signal which together correspond
to one particular picture element of the display, each
group of picture element signals corresponding to a
plurality of picture elements representing a symbol
located at a predetermined location on the display,
said processor generating control signals, said control
signals including background data signals representa-
tive of background picture elements;

first addressing means for sequentially and repetitively
addressing the storage locations of the display mem-
ory, reading the memory data signals stored therein,
and supplying the display signal to the display for
displaying thereon the picture elements representa-
tive of the memory data signals stored in the display
memory;

transfer means for transferring picture element signals
from the processor to the display memory whereby
memory data signals corresponding to said picture
element signals are stored in memory locations of the
display memory as determined by the memory ad-
dress signals corresponding to said picture element
signals; and ‘

background signal means having a register operatively
coupled to the processor for receiving therefrom
background data signals for storage therein, and op-
eratively connected to the first addressing means for
supplying the background data signal thereto, the
background signal means including selector means
operatively coupled to the first addressing means and
the register for substituting the background data sig-
nals stored in the register for memory data signals
when the first addressing means addresses select stor-

age locations of the display memory whereby the first
addressing means supplies the display signal to the
display representative of the background data signal
when the first addressing means addresses the select
memory locations of the display memory.

33. The system of claim 32 wherein the picture ele-
ments are presented in lines of picture elements by said
display, the background signal means having a line
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counter operatively connected to the first addressing

means for storage of a line counter signal indicating the
number of the picture element line being presented, a
line register for storing a line register signal indicative
of a line number and comparing means operatively
connected to the line counter and the line register for

comparing the line register signal stored in the line
register with the line counter signal indicated by the line
counter, the selector means being responsive to the

comparing means to select between the background
data signals stored in the background register and the
background data signals in the display memory in ac-
cordance with the comparison.

34. The system of claim 32 wherein the picture ele-
ments are presented in horizontal lines wherein each
picture element has a horizontal position, the video
processing means having a counter for indicating the
horizontal position of the picture element being dis-
played, and the selector means being responsive to said
horizontal position counter to select between the mem-
ory data signals stored in the background register and
the memory data signals stored in the display memory
in accordance with the horizontal position of the pic-
ture elements being displayed.

35. The system of claim 32 further comprising second
addressing means for addressing the display memory
under the direction of the processor, reading selective
memory data stored therein, and transmitting said selec-
tive memory data signals from the display memory to
the processor.

36. A variable interrupt system for providing a dis-
play signal to a raster scan display for displaying

5 thereon a matrix of discrete picture elements, the system

40

45

50
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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 preqle- elements.
termined memory locations of the display memory ‘ ‘ " " ‘
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