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[57] ABSTRACT

A microcomputer system with video display capability,
particularly suited for small business applications and
home use is described. The CPU performance is en-
hanced by permitting zero page data to be stored
throughout the memory. The circuitry permitting this
capability also provides a pointer for improved direct
memory access. Through unique circuitry resembling
“bank switching” improved memory mapping is ob-
tained. Four-bit digital signals are converted to an AC
chroma signal and a separate luminance signal for dis-
play modes. Display modes include high resolution
modes, one of which displays 80 characters per line.

22 Claims, 9 Drawing Figures
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COMPUTER WITH A MEMORY SYSTEM FOR
REMAPPING A MEMORY HAVING TWO
MEMORY OUTPUT BUSES FOR HIGH
RESOLUTION DISPLAY WITH SCROLLING OF
THE DISPLAYED CHARACTERS

BACKGROUND OF THE INVENTION

5

The invention relates to the field of digital computers, 10

particularly microcomputers, having video display ca-
pabilities.

Prior Art

In the last few years, there has been rapid growth in
the use of digital computers in homes by hobbyists, for
small business and for routine engineering and scientific
application. For the most part, these needs have been
met with self-contained, relatively inexpensive mi-
crocomputers or microprocessors with essential periph-
erals, including disc drives and with relatively easy to
manage computer programs. The design for computers
for these needs requires considerable ingenuity since
each computer must meet a wide range of applications
and because this market is particularly cost conscious.

A home or small business computer must, for exam-
ple, operate with a number of different program lan-
guages, including those requiring relatively large mem-
ories, such as Pascal. The computer should interface
with a standard raster scanned display and provide a
wide range of display capabilities, such as high density
alpha-numeric character displays needed for word pro-
cessing in addition to high resolution graphics displays.

To meet these specialize computer needs, generally
requires that a relatively inexpensive microprocessor be
used and that the capability of the processor be en-
hanced through circuit techniques. This reduces the
overall cost of the computer by reducing, for example,
power needs, bus structures, etc. Another important
consideration is that the new computers be capable of
using programs developed for earlier models.

As will be seen, the presently described microcom-
puter is ideally suited for home and small business appli-
cations. It provides a wide range of capabilities includ-
ing advanced display capabilities not found in compara-
ble prior art computers.

The closest prior art computer known to applicant is
commercially available under the trademark, Apple-I1.
Portions of that computer are described in U.S. Pat. No.
4,136,359.

SUMMARY OF THE INVENTION

A digital computer which includes a central process-
ing unit (CPU) and a random-access memory (RAM)
with interconnecting address bus and data bus is de-
scribed. One aspect of the present invention involves
the increased capability of the CPU by allowing base
page or zero page data to be stored throughout the
memory. Alternate stack locations and an improved
direct memory access capability are also provided by
the same circuitry. Detection means are used for detect-
ing a predetermined address range such as the zero
page. This detection means causes a special register
(Z-register) to be coupled into the address bus. The
contents of this Z-register provide, for example, a
pointer during direct memory access, or alternate stack
locations for storing data normally stored on page one.

The memory of the invented computer is organized
in an unusual manner to provide compatibility with the

20

2

8-bit data bus and yet provide high data rates (16-
bits/MHz) needed for high resolution displays. A first

plurality of memory devices are connected to a first

memory output bus; these memory devices are also
connected to the data bus. The memory includes a sec-
ond plurality of memory devices which are also con-
nected to the data bus; however, the outputs of these
second devices are coupled to a second output memory
bus. First switching means permit the first and second
memory buses to be connected to the display for high
data rate transfers. Second switching means permit
either one of the memory buses to be connected to the
data bus during non-display modes.

The addressing capability of the memory is greatly
enhanced not only through bank switching, but through
a novel remapping which does not require the CPU
control associated with bank switching. In effect, the
“unused” bits from one of the first and second memory
buses are used for remapping purposes. This mode of
operation is particularly useful for providing toggling
between two separate portions of the memory.

The display subsystem of the described computer
generates video color signal in a unique manner. A 4-bit
color code as used in the prior art, is also used with the
described display subsystem. However, this code is used
to generate an AC chrominance signal and a separate
DC luminance signal. This provides enhanced color
capability over similar prior art color displays.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing the major compo-
nents and subsystems of the invented and described

- microcomputer system.
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FIGS. 2 and 3 together show the central processing
unit (CPU) and the architecture associated with this
CPU, particularly the address bus and data bus.

FIG. 2 is a circuit diagram primarily showing the
address bus and the logic means associated with this
bus.

FIG. 3 is a circuit diagram primarily showing the
data bus and its interconnection with the memory buses
(A bus and B bus), bootstrap read-only memory, and
input/output ports.

FIGS. 4, 5 and 6 show the memory subsystem.

FIG. 4 is a circuit diagram primarily showing the
circuitry for selecting between address signals from the
address bus and display counter signals.

FIG. 5 is a circuit diagram primarily showing the
generation of various “select” signals for the memory
devices.

FIG. 6 is a circuit diagram showing the organization
of the random-across memory and its interconnection
with the data bus and memory output buses.

FIGS. 7 and 8 illustrate the display subsystem of the
invented computer.

FIG. 7 is a circuit diagram showing the circuitry for
generating the digital signals used for the video display.

FIG. 8 is a circuit diagram of the circuitry used to
convert the digital signals to analog video signals.

FIG. 9 is a graph of several waveforms used to de-
scribe a prior art circuit and the circuit of FIG. 8.

DETAILED DESCRIPTION OF THE
INVENTION

A microcomputer system capable of driving a raster
scanned video display is disclosed. In the following
description, numerous specific details such as specific
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part numbers, clock rates, etc, are set forth to provide a
thorough understanding of the present invention. How-
ever, it will be obvious to one skilled in the art that the
inventive concepts described in this patent may be prac-
ticed without these specific details. In other instances,
well-known circuits have been shown in block diagram
form in order not to obscure the present invention in
unnecessary detail.

Referring first to FIG. 1, in general the described
computer includes a central processing unit (CPU) 65,
its associated data bus 42, address bus 46, a memory
subsystem and a display subsystem 58. _

The address bus 46 from the CPU is coupled to the
memory subsystem to permit the selection of locations
in memory. Some of the address signals pass through a
multiplexer 47. For some modes of operation, signals
from a register 52 are coupled through the multiplexer
47 onto the bus 46. The register 52 is identified as the
Z-register and is coupled to the multiplexer 47 by the Z
bus. The general description of the multiplexer 47 and
its control by the logic circuit 41 are described in detail
in conjunction with FIG. 2. In general, the circuitry
shown to the left of the dotted line 53 is included in
FIG. 2 while the CPU 65, memory 50, data bus 42 and
multiplexer 43 are shown in detail in FIG. 3.

The address bus N1 is coupled to the read-only mem-
ory 50. The output. of this memory is coupled to the
computer’s data bus 42. The read-only memory (ROM)
50, as will be described, stores test routines, and other
data of a general bootstrap nature for system initializa-
tion.

The data bus 42 couples data to the random-access
memory (RAM) 60 and to and from 1/O ports. This bus
also couples data to the Z-register 52 and other com-
monly used registers not illustrated. The data bus 42
receives data from the RAM 60 through the A bus and
B bus which are selected by multiplexer 43. The periph-
eral Bus N2 is used, as is better illustrated in FIG. 3, for
coupling to peripherals.

The memory subsystem is shown in detail in FIGS. 4,
5 and 6. The address control means which receives
addresses on bus 46, makes the final selection of mem-
ory locations within the RAM 60. Bank switching,
addressing for display purposes, scrolling and other
memory mapping is controlled by the address control
means 59 as will be described in greater detail in con-
junction with FIGS. 4 and 5. The PAM 60 is shown in
detail in FIG. 6. The counter 58 which is sychronized
with the horizontal and vertical display signals, pro-
vides signals both to the address control means 59 and
to the display subsystem 48.

The display subsystem receives data from the RAM
60 on the A bus and B bus and converts these digital
signals to video signals which control a standard raster
scanned display. A standard NTSC color signal is gen-
erated on line 197 and a black and white video signal on
line 198. The same signals used to generate these video
signals can be used to generate separate red, green, blue
(RGB) video signals. The display subsystem 48 receives
numerous timing signals including the standard color
reference signal shown as 3.5 MHz (C3.5M). This sub-
system is described in detail in FIGS. 7 and 8.

COMPUTER ARCHITECTURE

In the presently preferred embodiment, the CPU 65
(microprocessor) employed with the described com-
puter is a commercially available component, the
6502A.. This 8-bit processor (8-bit data bus) which has a

25
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4

16-bit address bus is shown in FIG. 3 with its intercon-
nections to the remainder of the computer. The pin
number for each interconnection is shown adjacent to
the corresponding line. In many cases, the nomencla-
ture associated with the 6502A (CPU 65) is used in this
application. For example, pin 6 receives the nonmaska-
ble interrupt signal (NMI), and pin 4 is coupled to re-
ceive the interrupt request signal (IRQ). Some of the
signals employed with the CPU 65, which are well-
known in the art, and which are not necessary for the
understanding of the present invention are not de-
scribed in detail in this application, such as the various
synchronization signals and clocking signals. The ad-
dress signals from the CPU 65 are identified as Ag-A7
and Ag-A1s. The data signals associated with the CPU
65 are shown as Do-D7. As will be apparent to one
skilled in the art, the inventive concepts described in
this application may be employed with other micro-
Processors.

Referring now to FIGS. 2 and 3, the general architec-
ture, particularly the architecture associated with the
CPU 65 can best be seen. The address signals Ag-A7are
coupled to a buffer 103 by the bus shown primarily in
FIG. 2. These address signals are also coupled to the
ROM 50. The signals Ag-A7 after passing through the
buffer 103 are coupled to the memory subsystem. The
address signals Ag-A s (higher order address bits) are
coupled through lines shown in FIG. 2 to the multiplex-
ers 47a and 47b. The contents of the Z-register 52 of
FIG. 1 is also connected to the multiplexers 47a and 475
through the Z-bus (Z1-Z7). The multiplexers 472 and
47b allow the selection of either the signals Ag-Ais
from the CPU 65 or the contents of the Z-register
(Z1-Z7) for addressing the RAM 60. The output of
these multiplexers are shown as Ag-A1s; this designa-
tion is used even when the Z-bus is selected. Note in the
case of the Zg signal, this signal is coupled to the multi-
plexer 47a through the exclusive OR gate 90 for reasons
which are explained later. The address signals Ag-Ai;
are also coupled to the ROM 50, thus the signals
Ag-A1 are used for addressing the ROM 50. The sig-
nals Ag-A s are connected to the logic circuit shown in
the lower left-hand corner of FIG. 2; this logic circuit
corresponds to the logic circuit 41 of FIG. 1.

The input and output data signals from the CPu 65
are coupled by a bidirectional bus to the bidirectional
buffer 99 (FIG. 3). This buffer is selectively disabled by
gate 100 to allow the output of ROM 50 to be communi-
cated to CPU 65 and during other times not pertinent to
the present discussion. The direction of flow through
the buffer 99 is controlled by a read/write signal cou-
pled to the buffer through inverter 101. Data from the
CPU 65 is coupled through the buffer 99 and bus 42 to
the RAM 60 or to 1/0 ports. Data from the RAM 60 is
communicated to CPU 65 or bus N2 from the A bus and
B bus through the buffer 99. The 4 lines of the A bus and
4 lines of the B bus are coupled to the multiplexer 43a.
Similarly, the other 4 lines of the A and B buses are
coupled to the multiplexer 435, Multiplexers 43a and
43b select the 8 lines of the A bus or B bus and commu-
nicate the data through to buffer 99 and bus 42. These
multiplexers are selectively disabled (for example, dur-
ing writing) by gate 102. As will be described later, the
16 lines of the A bus and B bus permits the reading of
16-bits from the RAM at one time. This provides a data
rate of 16-bitsyMHz which is necessary, for example,
for an 80 character per line display. The data is loaded
into the RAM 60, 8-bits at a time.
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The ROM 50, as mentioned, stores test programs,
data needed to initialize various registers, character
generation data (for RAM 162 of FIG. 7) and other
related data. Specific programs employed in the pres-
ently preferred embodiment of the computer are set
forth in Table 1. The ROM 50 is selected by control
signals coupled to its pins 18 and 20, identified as signals
ROM SEL and T ROM SEL. Any one of a plurality of
commercially available read-only memories may be
used for the ROM 50. In the presently preferred em-
bodiment, commercially available Part No. SY2333 is
used. :

Referring now to this logic circuit (lower left-hand
corner of FIG. 2), the NAND gate 81 receives the
address signal Ag and also the alternate stack signal
identified as ALT STK. The output of this gate pro-
vides one input to the AND gate 87. The Ag signal is
also coupled through the inverter 82 to one input termi-
nal of the NAND gates 85 and 86. The address signals
Ag and Ajp are coupled to the input terminals of the
NOR gate 83. The output of this gate is coupled to one
input terminal of the NAND gates 85 and 86 and the
AND gate 87. The address signals A11-415 are coupled
to the input terminals of the NOR gate 84. The signal
A1 is also coupled to an input terminal of the NAND
gate 85.

The outputs of the AND gates 87 and 88 (through
NOR gate 89), controls the multiplexers 47a and 475.
When the output of gate 89 is low the Z-bus is selected,
otherwise the address signals from the CPU 65 are se-
lected.

The logic circuit above-described, along with the
Z-bus and Z-register provide enhanced performance for
the computer. First, this circuit permits the zero page or
base page data to be stored throughout the RAM 60
rather than just on zero page. Secondly, this circuit
enables addressing of alternate stack locations (other
than page one). Lastly, this circuit through the Z-regis-
ter provides a RAM pointer for direct memory access
(DMA).

Assume for purposes of discussion that the CPU 65 is
addressing the zero page of memory. That is, the higher
order address bits Ag-A1s are all zeros. The zeros for
Ag—~A s are detected by the gates 83 and 84. If all the
inputs to these gates are zeros, the outputs of these gates
are high which condition is communicated to the gate
87. Ag which is also low, insures that the output of gate
81 will be high. Thus, all the inputs to gate 87 are high,
causing the signal at the output of the gate 89 to drop.
When this occurs, the Z-bus is selected. Instead of all
the binary zeros from the CPU being coupled to the
main memory (RAM 60), the contents of the Z-register
form part of the address for the memory. Therefore,
even though the CPU 65 has selected the zero page,
nonethelessdata may be written into or from any loca-
tion of RAM 60 (including the zero page). This en-
hances the performance of the CPU, since for example,
the time consumed in shifting data to and from a single
zero page is minimized.

Normally, the CPU 65 selects page one for stack
locations. This occurs when Ag is high and Ag-Ais are
low. Assume first that the alternate stack locations have
not been selected. Both inputs to gate 81 are high and its
output is low. The low input to the gate 87 prevents the
selection of the Z-bus. Thus, for these conditions the
address signals Ag-A7 select stack locations on page
one.
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Next assume that page one has been selected by the
CPU and that the ALT STK signal is low, indicating
the alternate stack locations are to be selected. (A flag is

‘set by the CPU to change the ALT STK signal). Since

the ALT STK signal is low and Agis high, a high out-
put occurs from the gate 81. All the inputs to gates 83
and 84 are low, therefore, high outputs occur from both
these gates. The conditions of gate 87 are met, causing
a high output from this gate and lowering the output
from the gate 89. The Z-bus is thus selected by the
multiplexers 47a and 47b. This allows the contents of
the Z-register to be used as alternate locations. Non-
zero page locations are assured by inverting Ag. The
exclusive OR gate 90 acts as a selective inverter. If Ag
is high and Zgis low, then Ag at the output of the multi-
plexer 472 will be low. Note that during zero page
selection when Ajy is low, the Zgsignal is directly com-
municated through gate 90 to the output of multiplexer
47a.

Thus, the logic circuits along with the ALT STK
signal allows alternate stack locations to be selected
through the Z-bus. This further enhances the perfor-
mance of the CPU which would otherwise be limited to
page one for stack locations.

The logic circuit of FIG. 2 is also used along with the
Z-register to provide a pointer during direct memory
access (DMA). Assume that direct access to the com-
puter’s memory is required by a peripheral apparatus.
To initiate the DMA mode the CPU provides an ad-
dress between F800 and R8FF. Through a logic circuit
not illustrated in FIGS. 2 and 3, the ROM SEL signal is
brought low for addresses between F000 and FFFF.
This signal is communicated to gate 93 and causes the
output of gate 92 to rise (DMA 1 is high at this time).
This rise in potential is communicated to one input of
the gate 85. Additionally, gate 85 senses that the address
bits Ag, Agand Ajpare low. This information is coupled
to gate 85 through the inverter 82 and the NOR gate 83
as high signals. Also the fact that A is high is directly
communicated to gate 85. Thus, with the address be-
tween F800 and F8FF the DMA OK signal drops in
potential. This is sensed by the peripheral apparatus
which in turn causes the DMA 1 signal to drop and
provides a ready signal to the CPU 65. With the com-
pletion of this handshake, data may begin to be trans-
ferred to the RAM.

The DMA 1 signal through gate 93 and inverter 93
forces the T ROM SEL signal low. This signal in addi-
tion to being communicated to the ROM 50, is coupled
to the buffer 99 through gate 100, disabling this buffer
(during the reading of ROM 50). Also, the ready signal
causes the CPU to come to a hard stop. Importantly, the
DMA 1 signal, after passing through the inverter 94 and
the gates 88 and 89, assures the selection of the Z-regis-
ter. The contents of the Z-register are fixed and provide
a pointer to a page in the RAM.

Under the above conditions, the CPU increments the
lower 8-bits of the address signal. The ROM 50 fur-
nishes the instructions for incrementing the address,
specifically SBC #1 and BEQ. The peripheral appara-
tus provides the data or receives the data in synchroni-
zation with the CPU operation. The peripheral also
furnishes a read/write signal to indicate which opera-
tion is to occur. Data is then written into RAM via bus
N2 and bus 42, or read from RAM via the A and B buses
and bus N2,

Importantly, with the above DMA arrangement,
addresses from the peripheral apparatus are not neces-
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sary and the Z-register is used to provide a pointer to a
page in RAM 60.

MEMORY SUBSYSTEM

The memory sybsystem shown in FIG. 1 as the ad-
dress control means 59 and RAM 60 is illustrated in
detail in FIGS. 4, 5 and 6 as mentioned. In FIGS. 4 and
5, the memory control means is shown, while in FIG. 6
the memory devices and their organization are illus-
trated. The address control means of FIGS. 4 and 5
receives the address signals from the CPU 65 (Ag-A15),
the count in the vertical and horizontal counters
(counter 58 of FIG. 1) which are used during display
modes, control signals from the CPU and other signals.
In genreal, this control means develops the address
signals which are coupled to the RAM of FIG. 6 includ-
ing the column address and row address signals, com-
monly referred to as CAS and RAS. Other related func-
tions are also shown in FIGS. 4 and 5, such as the cir-
cuitry which provides display scrolling, indirect RAM
addressing and memory mapping.

The CPU of FIG. 3 provides a 16-bit address for
addressing the memory. Under ordinary circumstances
this address limits the memory capacity to 64K bytes.
This size memory is insufficient in many applications, as
for example, to effectively use the Pascal program lan-
guage. As will be described in greater detail, the address
control means of FIGS. 4 and 5 enable the use of a
memory having a 96K byte or 128K byte capacity. One
well-known technique which is used with the present
invention for increasing this capacity is bank switching;
this switching occurs under the contol of the CPU. In
addition, the address control means uses a unique indi-
rect addressing mode which provides the benefits of
bank switching, however, this mode does not require
CPU control. This greately enhances CPU operation
with the larger memory (as will be described) when
compared to the CPU controlled bank switching.

Referring first to FIG. 6, the RAM configuration is
illustrated for a capacity of 96K bytes. The memory is
organized into six rows, each of which includes eight
16K memory devices such as rows 111 and 112. In the
presently preferred embodiment, Part No. 4116 MOS
dynamic RAMs are used. (The pin designations and
signal designations refer to this memory device.) Obvi-
ously, other memory devices may be employed.

Input data to these memory devices 106 is provided
from the bus 42. Each line in the bus 42 is connected to
the data input terminal of one device 106 in each row.
The interconnection of this bus with each of the mem-
ory devices is not shown in FIG. 6 in order to overcom-
plicate this drawing. By way of example, however, line
107 connects the data bit D7 to the data input terminal
of one of the memory devices in each of the six rows.

Three rows of devices 106 have their output termi-
nals coupled to the A bus, and three rows are similarly
coupled to the B bus. By way of example, line 108 con-
nects three output terminals of devices 106 to the DB7
line of the B bus while line 109 connects three output
terminals of the devices 106 to the DAY line of the A
bus.

The described memory devices 106 are each orga-
nized as a 16KX1 memory. Thus, each device receives
a 14-bit address which is time multiplexed into two,
7-bit addresses. This multiplexing occurs under the
control of the CAS and RAS signals as is well-known.
The lines coupling the address signals to each of the
devices in FIG. 6 are not illustrated. However, in the
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lower right-hand corner of FIG. 6, the various signals
applied to each device (including the address signals),
along with the corresponding pin numbers are shown.
Other circuitry not illustrated is the refresh conirol
circuitry which operates in a well-known manner in
conjunction with the CAS, RAS and address signals to
refresh the dynamic devices.

Each row of memory devices 106 receives a unique
combination of CAS and RAS signals. For example,
row 111 receives CAS 5, 7 and RAS 4, 5; similarly, row
112 receives CAS 0 and RAS 0, 3. The generation of
these CTAS and RAS signals is described in conjunction
with FIG. 5. These signals (along with the 14-bit ad-
dress signals) permit the selection of a single 8-bit loca-
tion in the 96K byte memory (for writing) and also the
selection (for reading) of 16-bit locations.

The memory of FIG. 6 may be expanded to a 128K
byte memory by using 32K memory devices, such as
Part No. 4132. In this case, four rows of eight, 32K
memory devices are used with each row receiving two
CAS and RAS signals.

Before reviewing FIG. 4, a general understanding of
the organization of the display is helpful. The display,
during certain modes, is organized into 80 horizontal
segments and 24 vertical segments for a total of 1920
blocks. 11-bits of the counter 58 of FIG. 1 are used as
part of the address signals for the memory to access data
for displaying during these modes. These counter sig-
nals are shown in FIG. 4 as Hp-Hs and V(-V4. During
other display modes each horizontal segment is further
divided into 8 segments (e.g. for displaying 80 alpha
numeric characters per line). This requires 3 additional
vertical timing signals shown as V4, Vp and V¢ in
FIGS. 4 and 7. '

Often in the prior art, two separate counters are used
to supply the timing/address signals for accessing a
memory when the data in the memory is displayed. The
count in one counter represents the horizontal lines of
the screen (vertical count) and the other the position
along each line, (horizontal or dot count). In many prior
art displays the most significant bit of the dot counter is
used to increment the line counter. Data in memory
intended for display is mapped with a one-to-one corre-
lation to the counts in these counters. In another prior
art system (implemented in the Apple-II computer sold
by Apple Computer, Inc.) this one-to-one correlation is
not used: Rather, to conserve on circuitry, a single
counter is employed and a more dispersed mapping is
used in the memory. (Note that where a maximum hori-
zontal count of 80 is used, this number cannot be repre-
sented by all ones in a digital counter and thus the verti-
cal counter cannot easily be incremented by the most
significant bit in the horizontal counter.) Since this
more dispersed mapping technique is part of the prior
art and not critical to an understanding of the present
invention, it shall not be described in detail. However,
the manner in which it is implemented shall be discussed
in conjunction with the adder 114 of FIG. 4. For pur-
poses of discussion, the signals from the counter 58 of
FIG. 1 are designated as either vertical (V) or horizon-
tal (H). :

Referring now to FIG. 4, the selection of either the
counter signals on the address signals from the CPU is
made by the multiplexers 116, 117, 118 and 119. Each of
these commercially available multiplexers (Part No.
153) couples one of four input lines to an output line.
There are eight inputs to multiplexers 116, 317 and 118
and the outputs of these multiplexers provide the ad-
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dress signals for the memories (ARO through ARS). The
multiplexer 119 has four inputs on its pins 3, 4, 5, 6 and
provides a single output on pin 7, the AR6 address
signal. (The signals supplied to pins 11, 12 and 13 of
multiplexer 119 are for clamping purposes only.)

The AX signal is applied to the pin 14 of each of the
multiplexers. The signal on this line and the signal ap-
plied to pin 2, determines which of the four inputs is
coupled to each of the outputs of the multiplexers. The
AX signal is a RAM timing signal for clocking the first
7 bits and second 7 bits of the multiplexed 14-bit address
applied to each of the memory devices 106. The other
control signal to the multiplexers is developed through
the AND gate 123. The inputs to this gate are the dis-
play signal (DSPLY) which indicates that the computer
is in a display mode and a clocking signal, specifically a
IMHz timing signal (CIM). The output of the AND
gate 123 determines whether the address signals from
the CPU or the signals associated with the counter 58 of
FIG. 1 are selected.

Assume for purposes of discussion that the display
has not been selected, and thus, the output of gate 123 is
low. The AX signal then selects for pin 7 of multiplexer
116 first the address signal Ap and then Ag. Likewise,
each of the multiplexers selects an address signal (ex-
cept for those associated with exclusive OR gates 124
and 125 which shall be discussed). If the display signal
is high and an output is present from the gate 123, then,
by way of example, the AX signal first causes the Hy
signal and then the Vi signal to be connected to the
AR1 address line. Similarly, signals corresponding to
the vertical and horizontal count are coupled to the
other address lines during display modes.

The adder 114 is an ordinary digital adder for adding
two 4-bit digital nibbles and for providing a digital sum
signal. A commercially available adder (Part No. 283) is
employed. The carry-in terminal (pin 7) is grounded
and no carry-outs occur since one of the inputs (pin 12)
is grounded. The adder sums the digital signal corre-
sponding to Hs, H4 and Hs with the digital signal corre-
sponding to V3, V4, V3, V4. The resultant sum signal is
coupled to the multiplexers 116, 117 and 118 as illus-
trated. the summing of these horizontal and vertical
counter signals is used to provide the more dispersed
mapping as previously discussed.

The adder 121 is identical to adder 114 and is coupled
to sum the three least significant vertical counter bits
from the counter 58 (FIG. 2) with the signals VA1, VB1
and VC1. The sum is selected by the multiplexer 120
during the high resolution display modes and also dur-
ing scrolling as will be described. These sum signals are
coupled to the multiplexers 117, 118 and 119. During
the low resolution display modes, the multiplexer 120
couples ground signals or the page 2 signal (PG2) to the
multiplexers 117, 118 and 119. (The PG2 signal is used
for special mapping purposes, not pertinent to the pres-
ent invention.) During the high resolution modes when
the display is not being scrolled, the VA1, VB2 and
VB3 signals are at ground potential and thus no sum-
ming occurs within adder 121 and the VA, VB and VC
signals are coupled directly to the multiplexers 117, 118
and 119.

The address signals Ajg, A11, and A3 from the CPU
are coupled to the multiplexers 117, 118 and 119, re-
spectively, through exclusive OR gates 124, 125, and
126, respectively. The other input terminals to gates 124
and 125 receive the C3 signal, while the other input
terminal of the gate 126 receives the C; signal. (The
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development of the C; and Cj signals is illustrated in
FIG. 5.) The gates 124, 125 and 126 provide mapping
compensation within the memory. As the computer and
‘memory are presently implemented, the sequence in
which the various portions of the display are generated
is not the same as the sequence in which the data is
removed from memory for display. These gates provide
compensating addresses and, in effect, cause a remap-
ping so that the proper sequence is maintained when
data is read from the memory for the display. These
gates are shown to provide a complete disclosure of the
presently preferred embodiment, however, they are not
critical to the present invention.

In operation, the circuitry of FIG. 4, as mentioned,
selects the address signals which are applied to each of
the memory devices, either from the CPU or counter if
the display mode is selected. It should be noted that not
all of the address bits from the CPU are coupled to the
multiplexers 116 through 119. Some of these address
bits, as will be described in conjunction with FIG. 5, are
used to develop the various CAS and RAS signals and
thus select different rows within the memory of FIG. 6.

The scrolling operation which is used is somewhat
unusual in that each line of the display is separately
moved up (line-by-line) with one line of data in memory
being moved for each frame. This technique provides a
uniform, esthetically pleasing, scroll. Scrolling the
screen one line per frame can be achieved by moving all
the data in the memory into a new position for each
frame. This would be very time consuming and imprac-
tical. With the described technique, only one-eighth of
the data in the memory is moved for each new frame.

Referring to the adder 121, as mentioned, the signals

"Vy4, Vp Vc are the three least significant vertical

counter bits from the counter 58. These bits or counts,
by way of example, represent the 8 horizontal lines of
each character. In adder 12, a 3-bit digital signal, VA1,
VB1 and VCl1, is added to the count from counter 58.
This 3-bit signal is constant during each frame, how-
ever, it is incremented for each new frame.

During a first frame, 000 is added to the vertical
count. During a second frame, 001 is added; and during
a third frame, 010 is added, and so on. By adding this
digital signal to the count from counter S8, the ad-
dresses to the memory are changed in the vertical sense.
During the first frame when 000 is added, the display
remains unaffected. During the next frame, when 001 is
added to the vertical count, instead of first displaying
the first line of a character, the second line of each
character is displayed at the top of each character space
and each subsequent line of the character is likewise
moved up one line. If data in memory is not moved, the
first line of the character would appear at the bottom of
each character. Note when 001 is added to 111 from the
counter, 000 results. Thus, the first line of characters
would be addressed when the beam is scanning the
eighth line of characters. To prevent this, the data cor-
responding to the first line of each character is moved in
memory for this frame. The first line of one character is
moved up and becomes the bottom line of the character
directly above it. When 010 is added, the process is
again repeated. For example, the third line of each char-
acter is first displayed in each character space and the
second line of each character is moved up to become
the bottom line of the character directly above it. This
process is repeated to scroll the data. The movement of
data in memory is controlled by the CPU in a well-
known manner.
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Thus, through use of adder 121, an even, continuous
scroll is obtained without moving ali the data in mem-
ory for each frame. Rather, only jth of the data is
moved for each frame. )

Referring now to FIG. 5, the circuitry used to extend
the addressing from the CPU is illustrated. In general,
the CAS signals are generated by the ROMs 127 and
128. The RAS signals are generated by the ROM 132.
The multiplexer 130 allows the selection of either the
bank switching signals, or the unique indirect address-
ing mode when “bank switching” occurs without direct
commands from the CPU.

The CAS ROM 127 receives as an address the fol-
lowing signals: PRAS,$3, PRAS 1,2 AY, DHIRES,
R/W, A1y, A3, Als, and Ays. As the PRASS, 3 and
PRAS 1, 2 represent the RAS signals being used. These
signals are high when the respective RAS signal is ac-
tive.

As previously mentioned, the AY signal is high for
display modes and the DHIRES signal is high for high
resolution display modes. The CAS ROM 128 receives
as address signals the ABK1, ABK2, and ABK3 signals
and also DHIRES, AY, IND, A11, Ai3, A4, and Ajs.

The ROMS 127 and 128 are programmed to imple-
ment the following equations.

PCASO=(PRASO,3.(DHIRES-AY +AY-(AT5-AT-

4AT3AILR/WN+AIS-AT4AI3.R/WN+AL-
5A14.A134+A15.A14-A13.A11)))

)

PCAS2=(DHIRES-AY + AY.(ABKI-ABK2-ABK-
3.IND+ABKI1-ABK2 ABK3)(A15-A14-
)+ AY-IND-ABK1-ABK2-ABK3-A15-(A14-A13-
+A14.A13)) 03}
PCAS3=PRASO,
3(DHIRES-AY +AY-(AT5-A14-A13.-A114 Al-
5.A14-A13-A1i -+ A15-A14.A13)))

(©)

PCAS4,6=(AY-IND-ABK3-A15-(ABK1-ABK-
2+ ABK1)-ABK2)
(A14-A13+ A14-A13)+AY.IND-ABK3.(ABK-
2.ABK1-A15+ABK2-ABK1+ABK2.ABK-
1AT5).A14+AY.IND-ABK1-ABK2-ABK3.(Al-
5.A13.A13+A15
A14-A13)+AY-IND-ABK3-ABK2.(A15-ABK-
1+A15.ABK1)-(A14-A13+ A14-A13)) @

PCAS5,.
7,=(AY-IND-ABK3-(ABK1-ABK2+ ABKi-
ABK2)(A15-A14-A13+ A15.A14.A13) + AY-I-
ND-ABK3(ABK2-ABK1-A15+ABK2-ABK-
1+ ABK2-ABK1.A15)-A14+AY-IND-ABK-
1-ABK2-ABK3.(AT5-A14)+ AY-IND-ABK-
3.ABK2.(A15-ABK1-A15-ABK1)-(A14-A13-
+A14.A13))

&)}

In effect, these ROMs are programmed to allow selec-
tion of predetermined rows in the memory, based on the
address signals Ajg, A3, A14 and Ajs, (ignoring for a
moment the contribution of the RAS signals and the
other signals appearing in the equations).

The outputs of the CAS ROMs 127 and 128 are cou-
pled to the register 131. Register 131 is a commercially
available register which permits the enabling of output
signals (Part No. 374). During accessing of the memory
the various CAS signals (CAS 0 through CAS 7) are
coupled to the memory of FIG. 6 to permit selection of
the appropriate memory devices. The signal USELB
from CAS ROM 127 through register 131 selects either
the A bus or B bus. This signal is coupled to the multi-
plexers 43z and 43) of FIG. 3.

During normal operation, the multiplexer 130 selects
the bank switching signals BCKSW 1 through BCKSW
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4. These four signals (or alternatively four signals from
the A bus) provide four of the inputs (address signals) to
the ROM 132. The other inputs to this ROM are the
DHIRES, Z PAGE, PAS, PA15, RFSH (refresh), and
AY signals. These address signals select the RAS 8, 3;
RAS1,2; RAS4, 5and RAS 6, 7signals. The ROM 132
is programmed to implement the following four equa-
tions.

PRAS0,3=AY-(DHIRES +RFSH)+(ABK4-(Z

Page-PAS))+ ABK1.ABK2-ABK3)AY ©)

PRASL,2=AY(DHIRES +RFSH)+AY-(ABK-
1-ABK2-ABK3.(ABK4-(ZPAGE-PAS)-PA15-
)+ABK1.ABK2-ABK3)+ AY-ABK3.(ABK-
1-ABK2-ABK4-(ZPAGE-PAS)-PA15+ABK-
1-ABK2-(ABK4-(ZPAGE-PAB)-PA15) )

PRAS4,5=RFSH-AY +AY-ABK2-ABK3-(ABK-
1-ABK4(ZPAGE-PAS)-PA15+ ABK1.(ABK-

4(ZPAGE-PAS)-PAI5) ®

PRAS6,7=RFSH-AY+AY-ABK3(ABK1.ABK-
3.ABK4-(ZPAGE-PAS)-PA15+ ABK1-ABK-
2.(ABK4-(ZPAGE PAR)-PAT5)

Thus, the bank switching signals (along with the other
input signals to ROM 132) select predetermined rows in
memory in conjunction with the CAS signals.

The output signals of the ROM 132 are coupled
through the NAND gates 142, 143, 144 and 145 to the
memory. The other input terminals of these gates re-
ceive the RAS timing signal. In this manner, the output
signals of the ROM 132 are clocked through the gates
142 through 145 to provide the RAS signals shown in
FIGS. 5 and 6.

An important feature to the presently described com-
puter is provided by the circuitry shown within the
dotted line 146. The AND gate 148 receives, at its input
terminals, the DA7, A1y, and C3signals. The NOR gate
149 receives the zero page and Ajssignal. The output of
gate 149 provides one input to the gate 148 and also one
input to the AND gate 150. The output of gate 148
provides another input signal to gate 150 and this signal
(line 153) is one of the two control signals coupled to
the multiplexer 130. The AND gates 150 and 151 also
receive a SYNC signal and the ¢osignal. The output of
the gates 150 and 151 are coupled to a NOR gate 152
with the output of the gate 152 (line 154) coupled to the
other control terminal of the multiplexer 130.

The gates 150, 151 and 152 effectively form a clock
for multiplexer/register 130 (multiplexer 130 is a com-
mercial part, Part No. 399, which effectively is a regis-
ter/multiplexer). This selects the lower four input lines
to the multiplexer 130. However, because of the syn-
chronization signal applied to gate 151, the multiplexer
130 selects the bank switching signals each time an OP
code is fetched by the CPU.

To understand the operation of the circuit shown
within the dotted line 146 it should be recalled that the
memory of FIG. 6 provides a 16-bit output. As men-
tioned, during certain display modes, 16-bits/msec. are
needed for display purposes. In nondisplay modes, only
8-bits are required, particularly for interaction with the
CPU. When the memory is addressed by the CPU dur-

"ing the indirect addressing modes the data on the A bus

is not ordinarily used. However, with the circuitry
shown within the dotted line 146, this otherwise ‘“‘un-
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used” data is put to use to provide the equivalent of the
bank switching signals through multiplexer 130.

Whenever the CPU selects a predetermined range of
addresses, the multiplexer 130 selects the equivalent of
the bank switching signals from the A bus provided
DATY is high. (This occurs when addressing as zero page
the address space -1800 through 1FFF.) Once the signal
on line 153 is high it is latched through gates 150, 151
and 152 causing the multiplexer 130 to select the four
bits from the A bus (assuming the timing signals are
high). Even if the next reference from the CPU is not to
this special address range, the multiplexer 130 nonethe-
less remains latched with the four bits from the data bus.
Once the SYN pulse drops, however, which is an indi-
cation that an OP code is being fetched, the signal on
line 154 rises in potential, causing the multiplexer to
switch back to the bank switching signals.

Effectively, what occurs is that when the CPU selects
this special address range, (and provided DA7Y is high)
the bits DAO through DA3 which are stored in mem-
ory, cause a remapping, that is, the address from the
CPU accesses a different part of the memory. With the
fetching of each OP code, the mapping automatically
returns to the bank switching signals. Importantly, the
remapping, which occurs is controlled by the bits stored
in the RAM (DA¢ through DA3). Thus, with the
remapping information stored in RAM, toggling can
occur between different portions of the memory with-
out requiring bank switching signals, or the like from
the CPU. This enhances the CPU’s performance since
CPU time is not used for remapping. Additionally, it
provides an easy tool for programming.

For some program languages it is desirable to sepa-
rate data and the program into separate portions of the
memory. For example, the 128K memory can be di-
vided into two 64K memories, one for program and one
for data. Switching can occur between these memory
portions without the generation of bank switching sig-
nals by the CPU with the above described circuit. This
arrangement is particularly useful when using the Pas-
cal program language.

DISPLAY SUBSYSTEM

The display subsystem 48 of FIG. 1 receives data
from the A bus and B bus and converts the data into
video signals which may be used for displaying alpha-
numeric characters or other images on a standard raster
scanned cathode ray tube display. The display subsys-
tem 48 specifically generates on line 197, a standard
NTSC color video signal and a video black and white
video signal on line 198 (FIG. 8). This display subsys-
tem, in addition to other inputs, receives a synchroniza-
tion signal, and several clocking signals. For sake of
simplicity, the standard color reference signal of
3.579545 MHz is shown as C3.5M. Twice this fre-
quency and four times this frequency are shown as CTM
and C14M, respectively.

Before describing the details of the display subsystem
48, a discussion of a prior art display system will be
helpful in understanding the present display subsystem.
In U.S. Pat. No. 4,136,359, a video display system is
described which is implemented in a commercially
available computer, Apple-I1, sold by Apple Computer,
Inc., of Cupertino, Calif. In this system, 4-bit digital
words are shifted in parallel into a shift register. These
words are then circulated in the shift register at 14 MHz
to define a waveform having components at 3.5 MHz.
Referring to FIG. 9, line 206, assume that the digital
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word 0001 is placed in the shift register and circulated
at a rate of 14 MHz. The resultant signal which has a
component of 3.5 MHz is shown on line 206. The phase

‘relationship of this component to the 3.5 MHz reference

signal determines the color of the resultant video signal.
This relationship is changed by changing the 4-bit word
placed in the shift register. As explained in the above-
referenced patent, if the signal 1000 is placed in the
register and circulated, the resultant phase relationship
of the 3.5 MHz component results in the color brown,
this signal is shown on line 208. With this prior art
technique, the luminance was determined by the DC
component of the signals such as shown on lines 206 and
208.

The display subsystem 48 of FIG. 1 also uses 4-bit
words to generate the various color signals in a manner
somewhat similar to the above-described system. Refer-
ring to FIG. 8, 4-bit words representative of colors (16
possible colors) are coupled to the bus 180. (The genera-
tion of these words shall be described in detail in con-
junction with FIG. 7.) Instead of using a shift register
which circulates the 4-bit work, the same result is
achieved by using a multiplexer 205 which sequentially
selects each of the lines of the bus 180. The signals on
bus 180 also provide a luminance signal and a black and
white video signal with a gray scale.

The 4 lines of the bus 180 are coupled to multiplexer
205; this multiplexer also receives the C7M and the
C3.5M timing signals. These two timing signals cause
each of the four lines to be sequentially selected and
coupled to line 191. (Note that the order in which each
of the lines of the bus 180 is selected does not change.)

In effect, the multiplexer operates to serialize the
parallel signal from bus 180. Assume for sake of expla-
nation that the digital signals on bus 180 are 1000 as
indicated in FIG. 8. The signal on line 191 will then be
10001000 . . . . The output of the multiplexer 205 cou-
pled to the input of the inverter 204 also receives in a
sequential order, the signals from bus 180, however, in
a different order. For the example shown, the input to
inverter 204 is 00100010. ... After inversion, this results
in the signal 11011101 ... on line 192. Effectively, the
signals on lines 191 and 192 are added by resistors 199
and 200. The resultant waveform is an AC signal (no
DC component) shown in FIG. 9 on line 209. Thus,
with the described circuit, 2 chroma signal is generated,
having a predetermined phase relationship to the 3.5
MHz color reference signal. This phase relationship
which is varied by changing the signals on bus 180
determines the color of the video signal on line 197.

In the prior art display discussed above, the DC com-
ponent of the color signal determines the luminance. In
the present invention, the signals on bus 180 are coupled
to the base of transistor 195, consists of an AC signal
from resistors 199 and 200, and the luminance level also
determined by the signals on bus 180. These inputs to
transistor 195, along with the C3.5M signal, generate a
NTSC color signal on line 197 of improved quality
when compared to the discussed prior art system.

In some cases, the signals on bus 180 are all binary
ones or all binary zeros. When this occurs, there is no
AC component from resistors 199 and 200 (no color
signal) and the resultant signal on line 197 is either
“black” or “white.” _

The lines of bus 180 are also coupled through resis-
tors to the base of a transistor 196. Each of these resis-
tors have a different value to provide a “weighting” to
the binary signal.
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This weighting is used for non-color displays to pro-
vide “gray” shades as opposed to having a display with
only black and white. The binary signals on bus 180
drive the transistor 196 to provide a video signal on line
198. RGB is generated with weighted sums of these
same five signals.

Referring now to FIG. 7, data from memory is cou-
pled from the A bus and B bus to registers 159 and 158,
respectively. These registers are clocked by the 1 MHz
clocking signal and its complement, thus permitting the
sequential transfer of 8-bit words every 0.5 msec. As
will be described, in some display modes the data is
transferred at the 2 MHz rate, and in other display
modes, at a 1 MHz rate.

The registers 158 and 159 are coupled to an § line
display bus 160. This display bus transfers data to regis-
ters 164 and 173, and also addresses to a memory 162.
The registers 164 and 173 and memory 162 are enabled
during specific display modes as will be apparent.

The character memory 162, in the presently preferred
embodiment, is a random-access memory which stores
patterns representative of alpha-numeric characters.
Each time the computer is powered up, the character
information is transferred from the ROM 50 into the
character memory 162 during an initialization period.
During character display modes, the signals from the
display bus 160 are addresses, identifying particular
alpha-numeric characters stored within the character
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memory 160. The vertical counter signals V4, Vg, and .

V¢ (previously discussed in conjunction with adder 121
of FIG. 4) identify the particular line in each character
which is to be displayed. Thus, the generation of the
digital signals representative of each of the characters
occurs in an ordinary manner. The 7-bit signal represen-
tative of each line of each character (memory output) is
coupled to the shift register 167. Through timing signals
not shown, either the register 164 or the character mem-
ory 162 is selected to allow the shift register 167 to
receive either data directly from the A bus or B bus, or
alpha-numeric character information from the memory
162.

The 7-bits of information from either memory 162 or
register 164 are serialized by the shift register 167 either
at a 7 MHz rate or 14 MHz rate, depending upon the
display mode. The serialized data is coupled by line 185
to the multiplexer 169, pins 1 and 4. The inverse of this
data is also coupled to multiplexer 169, pin 3. Line 185
is also coupled as one input to the multiplexer 166 and to
the register 170 (input 1).

The output 1 of register 170 (line 186) is coupled to
the multiplexer 169, pin 1; to register 170 (input 2); and
to multiplexer 166. Output 2 of register 170 (line 187) is
coupled to input 3 of register 170 and also to multiplexer
166. Output 3 of register 170 (line 187) provides a third
input to the multiplexer 166. Input 4 of the register 170
receives the output of the multiplexer 169 (line 189).
Output 4 of register 120 (line 190) provides one control
signal for the multiplexer 171.

The multiplexer 171 selects either the four lines of bus
183 or the four lines of bus 184. The output of multi-
plexer 171, bus 180, provides the 4-bit signal discussed
in conjunction with FIG. 8. During one of the high
resolution display modes (AHIRES), the multiplexer
171 is controlled by a timing signal from the output of
the gate 178.

The multiplexer 166 selects either the lines of bus 181
or bus 182. The output of this multiplexer provides the
signals for the bus 184. In all but the AHIRES display
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mode, multiplexer 166 selects bus 181. Thus, typically,
the multiplexer 171 receives the signals from bus 174.

For purposes of description above, and also for pur-
poses of explaining for some of the display modes below
a simplifying assumption has been made. The signals
coupled to the bus 180 by multiplexer 171, for most
modes, are controlled by the serialized signal on line
190. This serialized signal is in sychronization with the
C7M or C14M clocking signals. The multiplexer 205 of
FIG. 8, which as described above, does the “spinning”
for the parallel digital signal on bus 180, operates in
sychronization with the multiplexer 171. In the descrip-
tion above, and except when otherwise noted below, it
is assumed that, by way of example, if the multiplexer
171 is coupling all binary ones and zeros onto bus 180,
the signal on line 191 will be either ones or zeros. Also
for this condition the signal on line 192 will be all binary
zeros or ones, and thus, no AC signal is generated at the
base of transistor 195. However, as actually imple-
mented, there is a “phase” difference between the
clocking of the multiplexer 171 when compared to the
sampling of the signals from bus 180 by the multiplexer
203. This results in a first constant AC signal on the gate
of transistor 195 even when it appears that all binary
ones are on bus 180, and a second constant AC signal
when all binary zeros are on the bus 180. Thus, in this
specification, when it states that “black” or “white”
signals are being generated, instead, as currently imple-
mented, two constant colors are generated on a color
display. Where a true black and white is desired, color
suppression is introduced such as through the color
burst signal.

The circuit of FIG. 7, along with the circuit of FIG.
8, provides the capability for several distinct display
modes. The first of these modes provides a display con-
sisting of 40 characters (or spaces) per horizontal line.
This requires a data rate of 8-bits/MHz or half the data
rate the memory is capable of delivering. In this mode,
data is loaded from the A bus during every other 0.5
usec period. (B bus is not used during this mode.) This
data addresses the character memory 162, and along
with the signals V4, Vpand V¢, provides the appropri-
ate character line (7-bits) to the shift register 167. Dur-
ing this mode, registers 164 and 173 are disabled. The
shift register 167 for this mode shifts the data at a data
rate of 7 MHz (note CHS80 is high, allowing the 7 MHz
signal from gate 175 to control the shift register 167).
Each 7-bit signal is shifted serially onto line 185 and
then to line 189 since multiplexer 169 selects pin 4. The
data is shifted through the register 170 onto line 1%4.
The serial binary signal on line 190 causes the selection
of buses 183 or 184.

The four lines of bus 183 during this mode are cou-
pled to +V (register 173 is disabled); therefore the
selection of bus 184 provides four binary ones. The
selection of bus 184 provides four binary zeros through
bus 181. Thus, the serial binary signal on line 190 pro-
vides either all binary ones or all binary zeros to bus
180. As discussed, the circuit of FIG. 8 will provide a
black and white display with 40 characters per line.

If the inverse and flashing timing means 172 is se-
lected, each time the shift register 167 is loaded, multi-
plexer 169 shifts between pins 3 and 4. This causes the
characters to change from white characters on a black
background to black characters on a white background,
and so on.

During the 80 character per line display mode, the
registers 158 and 159 are each loaded during sequential
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0.5 psec periods (this utilizes the 2 MHz cycle rate
previously discussed). The shift register 167 shifts the
character data from memory 162 at a 14 MHz rate. The
serialized data at the 14 MHz rate is shifted through the
register 170 and again controls the multiplexer 171 as
previously described. (Note that register 170 is always
clocked at the 14 MHz rate.) Flashing again can be
_ obtained as previously discussed.

In another alpha-numeric character display mode, the
background of each character may be in one color and
the character itself (foreground) in another color. This
mode provides 40 characters per line. The character
identification (address for RAM 162), is furnished on
the A bus to register 159 at a frequency of 1 MHz. The
color information (background color and foreground
color) is furnished on the B bus as two 4-bit words to
register 158. In the manner previously described, the
address from register 159 selects the appropriate char-
acter from memory 162 and provides this information to
shift register 167. The color information from the B bus
is transferred to register 173. For purposes of explana-
tion, assume that the 4-bits identifying the color red for
the background are on bus 184 (from register 173 and
multiplexer 166) and that 4-bits representing the color
blue for the foreground are on bus 183. (Note that when
register 173 is enabled, the signals from the register
override the binary ones and zeros which otherwise
appear on the lines of bus 174.) The serial binary signal
representative of the character itself on line 190, selects
either the color blue from bus 183 for the character
itself or the color red from bus 184 for the background.
The digital signals representative of these colors are
transferred to bus 180 and provide the color data to the
circuit of FIG. 8. For black and white displays, a
“gray” scale is provided through the weighting circuit
associated with transistor 196 of FIG. 8. Again, the
multiplexer 169 may, through the timing means 172,
alternate between the signal of line 185 and its inverse,
which will have the effect of interchanging the fore-
ground and background colors.

During the high resolution graphics modes, the char-
acter memory 162 is not used, but rather, data from the
memory directly provides pattern information for dis-
play. This requires more mapping of data from within
the main memory since new data is required for each
line of the display. (Note that when characters are dis-
played, the character memory 162 provides the differ-
ent signals required for the 8 lines of each character
row.) During these high resolution modes, the register
164 is enabled and the character memory 162 is dis-
abled. Thus, the data from the A bus and B bus is shifted
into the shift register 167. In these modes, the “HRES”
signal to multiplexer 169 causes this multiplexer to se-
lect between pins 1 and 2. Pin 2 provides the signal
directly from the shift register 167 while the signal on
pin 1 is effectively the signal on line 185 delayed by one
period of the C14M signal. This delay occurs through
the register 170 from input 2 to output 2 since register
170 is clocked at C14M.
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During a first graphics mode, data from the display
bus 160 is loaded into shift register 167 at the rate of
7-bits/MHz. The data is serialized on line 185 and in the

‘manner previously described for displaying characters,

controls the selection of all binary ones and all binary
zeros through the multiplexer 171. Note, as mentioned
before, in the presently preferred embodiment, unless
color suppression is used, this will not result in a black
and white display, but rather a two-color display. If a
high bit is present on line 140 of the display bus, the
inverse and flashing timing means 172 causes the multi-
plexer 169 to alternate between pins 1 and 2. This
switching occurs at a 1 MHz rate and provides a phase
shift for every other 7-bits of data coupled to the multi-
plexer 171 on line 190. This results in an additional color
being generated on the display for every other 7-bits of
data.

For the above-described graphics modes when shift
register 161 is shifting at a 7 MHz rate, 8-bits may be
coupled to the bus 160 during each period. Specifically,
as in the case of the differing background and fore-
ground colors for the 40 character per line display
mode, two 4-bit color words are shifted into register 173
at a rate of 1 MHz. Then, the multiplexer 171 selects
between two predetermined colors on buses 183 and
184. Note these colors can be changed at a 1 MHz rate.

In an additional color mode identified as “AHIRES,”
multiplexer 171 operates under the control of gates 176,
177 and 178. In effect, multiplexer 171 selects bus 184
and latches the signals on this bus every four cycles of
the C14M clock. Data is shifted into the shift register
167 from the A bus and B bus every 0.5 p sec the regis-
ter 167 operates under the control of the C14M signal.
Each data bit on line 185 is shifted first to line 186, then
to line 187 and finally to line 188. These lines are cou-
pled to the multiplexer 171 through multiplexer 166
which selects bus 182 since AHIRES is high. In effect,
what occurs is that 4-bit color words are serialized onto
line 185 and then brought back into parallel on bus 182.
Since multiplexer 171 latches the signals on bus 184
every four cycles of the C14M signal, a new color word
is generated at a 3.5 MHz rate on the bus 180. The
resultant display is 140 by 192 colored blocks wherein
each block can be any one of 16 colors.

In the last display mode, typically used with color
suppression, data is shifted into the shift register 167
from the display bus at the rate of 14-bits/MHz. The
data is serialized onto line 185 and controls the selection
of either all binary ones or all zeros through multiplexer
171. This provides the highest resolution graphics dis-
play for the system.

Thus, a microcomputer with video display capability
has been described. The computer is fabricated from
commercially available parts and provides high utiliza-
tion of these parts. Numerous existing programs includ-
ing many of those which operate on the Apple-11 com-
puter, may be employed in the above-described com-
puter.
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FOQO:

78 #*

FOQO: pRcE 2 X 2 22 TR AR - R T T T 2 S

FOOO: 14 CRITICAL TIMING = -

FOQO: 19 # REQUIRES PAGE BOUND *

OGS 16 # CONSIDERATIONS FOR e

FOQO: [ CODE AND DATA #*

FOGO: 18 # = e CODE—————~ #*

FOOO: 19 # VIRTUALLY THE ENTIRE #

FGOO: 20 % “WRITE’ ROUTINE #*

FOQo- 21 % MUST NOT CROSS #

FOUO: 22 4 PAGE BOUNDARIES. #

FOoO: 23 % CRIVIC,. BRANCHES IN #

FOOO: 24 % THE ‘WRITE', ‘READ’, 1

FO00: 25 # AND ‘HEAD ADR‘ SUBRS =

FOoO: 26 *  WHICH MUST NOT CROSS  #

FOOO: 27 #  PAGE BOUNDART £ *

FOOO: 28 » NOTED IN COMIENTS. #*

FQOQO! 20 4 %

FOOO B To R T T B R R RIS SRS

FOOO: 31 % #*

FOOO. cd@ s+ EQUATES L.®

FOO0. 33 % %

0200; 34 NBUF1 EQU $200

03202: 25 NBUF2  EQU $302 5 {ZERD PAGE AT $300)

FQ0O0: O 3& #

Q0R0: 37 HRDERRS EQU $B0O

QOUED: - 38 DVMOT  EQU  SEO

FOOOo: 39 %

ooEl: 40 1BSLOT EQU %81

0082 41 IBDRVM EQU IBSLOT+1

0083: 42 IBTRK EQU  IBSLOT+2

0084 43 IBSECT EQU IBSLOT+3

008%5: G4 IDBUFF EQU IBSLOT+4 ;a5

0087 45 IBCMD EQU IBSLOT+6

ooeR 46 IBSTAT EQU  IBSLOT+7

0089 47 IBSMOD  EQU IBSLOT+S _

008%: 48 CSuM EQU IBSMOD i USED ALSO FUR ADDRESS HEADER CKSUM
cogaA: 49 IOBPDN EQU IBSLOT+9

008B. 50  IMASK EaU IBSLOT+$A

008C 51 CURTRW EQU  IBSLOT+$B

oORs S2 DRVOTRK EaU  CURTRK-7

FOO0 53 SLOT 4, LRIVE 1

FOOO: 54 ;SLOT 4, CRIVE 2

FOOO: 55 ; SLOT 5, DRIVE {

FOOO: 5& i SLOT 5, DRIVE 2

FOOG- 57 ;5L.07T &, DRIVE 1

FOOO S8, 6L.07 &, DRIVE 2

0693 | 59 RETRYCNT EQU IBSLOT+s$iz2

00%4: 60 SEEKCNT EQU IBSLOT+$13

0098 &1 BUF EQU IBSLOT+%1A

009F : 62 ENVTEMP EQU IBSLOT+$1E

FOOC: 63 #IBSLOT+$1F NOT USED.

FOOO: &4 #

FOOO: &6 !ll*b'&l&&".#'i’ﬂ*f#*.’
FOO0O0: &7 = »

FOOO: 68 * wwe-READADR~——— *

FOQO: &9 # : #

FOOQ: L 7O HEEEERFEREREFEERE RS ERR e
Q095 71 COUNT EQU IBSLOT+%$14 ; ‘MUST FIND’ COUNT.
0095: 72 LAST EQU IBSLOT+%14 ; ‘ODD BIT’ NIBLS.
0096: 73 CKBUM EQU IBSLOT+%15 ; CHECKRSUM BYTE.
0097: 74 CSSTV EQU IBSLOT+%16 ; FOUR BYTES,
FOQO: 75 # CHECKSUM, SECTOR, TRACK, AND VOLUME.
FOQO: . _1a % e e
FOOO: TT RN I A

*



4,383,296

21 22
FOOO: 79 ——==WRITE=~=—~ * e
FO00: 80 # *
FQOO0: 81 USES ALL NBUFS *
FOOO0: .82 %  AND 32-BYTE = * o
FOO0O0: 83 % DATA TABLE ‘NIBL'’ %
FOO0O0: 84 = *
FO0O: i BS ERRRERFHFERRXAERREARRRR
FOO0O0: 84 #
FOQO: 87 HEFFHRREFNRREFRRREFURER
FOOOQ. 88 L * e
FGO00: 89 # 0 o m———— READ———~~— *
FOO0O0: 90 * #
FOQOO: -~ 91 % USES ALL NBUFS = *
FOOO0: 92 # USES LAST 5S4 BYTES #
FOOO: 93 # O0OF A CODE PAGE FOR
FOOO 94 % SIGNIFICANT BYTES &  _  _ _
FOCO: 95 # OF DNIBL TABLE. #
FCOO: P4 # *
FOGO: Q7 SRR R RN _
FOOQ: 98 *
FOQOo: GG 30304 36 302 I A RN
FOOO 100 * o . o ® o
FOQO: 101 = ———— GEEK ———— #
FOGO: 102 #* *
FOQO0. 103 #4433 H R RS HH TR HERTRF R - ) L
0095: 104 TRKCNT EQU COUNT i HALFTRKS MOVED COUNT.
QoD 105 PRIOR EQU IBSLOT+$1C
OORE o 106 TRKN  EQU IBSLOT+$1D o
FOOO: 107 # ,
FOOO: 108 33030 36 33036 36 36 35 30 36 36 9 36 36 36 3630 30 3 36 36 35
FOQO: 109 # , o %
FOOO. } 110 * ———— MSWAIT ———- #*
FOo0- 111 % #
FOOO- 112 #3635 HIHHTHFHHF R H R FH4
0099: 113 MONTIMEL EQU CSSTV+2 i MOTOR-ON TIME
O0FA: 114 MONTIMEH EQU MONTIMEL+1 ; COUNTERS
F000: 115 # )
FO00: 117 SEBEE00000 004000 8008E %40
_FO00: 118 # B » o
FOOO0: 119 # DEVICE ADDRESS *
FQOQ: 120 # ASSIGNMENTS *
FOOO: U T=5 T S . S R
FQOOQ: 1322 3483462336 36 3 36464696 90 2696 35 M S 5 3636
€080: 123 PHASEOFF EQU $C080 ;i STEPPER PHASE OFF.
coBL: _ _ ... 124 PHASEON EQU $C081 i STEPPER_PHASE ON.
co8c: 125 Q6L EGU  $C08C i Q7L Q6L.=READ
€Q8D: 126 Q6H EQU $C08D i Q7L QOH=SENSE WPROT
COoBE: _ 127 Q7L EQU $COBE = iQ7H,Q6L=WRITE _  __ __
CO8F: i28 Q7H EQU s$COgF ;i Q7H, QOH=WRITE STORE
FFEF: 129 INTERUPT EQU $FFEF '
_FFDF: 130 ENVIRON EQU  $FFDF
0080: 131 ONEMEG EQU &80
O07F: 132 TWOMEG EQU $7F
FQQO: _133 AR HHARERFRSR A AR RS EARY
FOO00: 134 #
FOOO: 135 # EQUATES FOR RWTS AND BLOCK
FO00: 136 % ~
FOOO: 137 63 #5340 3 3303030 3 3 4 20 3 J 48 36 26 3 35 46 3 3 36 %3¢
co8s: 138 MOTOROFF EQU $CO8S8
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cogs: 139 MOTORON EQU  $C089 - et
CO8A: 140 DRVOEN EQU $C08A
CcO8B: ' 141 DRVIEN EQU $C0O8B
cos8i: 142 PHASON EGU '$C081 .
€080 143 PHSOFF EQU %0080 , ‘
Qo097 144 TEMP EQU- C83STV ;i PUT ADDRESS INFO HERE
V097 145 CBUMY  EQU  TEMP -
(elale= N _ 144 SECT EQU CBUMi+t
0099 147 TRACK EQU BECT+1
0099: . 148 TRAN1  EQU  TRACK }
0094 149 VOLUME EQU TRACK+1
Doe3: 150 IBRERR EGU HRDERRSG+3
(RINL= P 151 [BDERR EQU HRDERRS-Z )
Q081: v 152 IBWPER  EGQU HRDERRS-+1
00R0: 153 IBNODRV EQU HRDERRS
FOO0Q: 1SS S0 00 0030 336 Do 36 96 B 10 O P26 B2
FooO: . 106 % L R
FO0O- 157 # BLALWRITE A #* -
FOOO. 158 # iHACih AND SECTOR *
Fooo i 159 « ‘ #
FOOO0. LD et ot o e 8 Bge 2 2 A e e 36 296 3R 06 2 2
FO00: 161 # .
FQOO AD 01 1462 REGRWTS LDY #1 i RETRY COUNT
00 A4 81 1432 11X 1BSLOT , GET SLOT # FOR THIS OFERATION
Fo04 &4 94 i&4 STY  SEEKCNT UNLY DNE RECAL INWATE PER Call
FOO6. o) 165 (st i DETERMIME INTERWPT STATUS
FOO7: 48 1646 PLA . )
FO08: bA 147 ROR A
FOOR: 4A 168 ) ROR A i GET INTERUPT FLAG INTQ BIT 7
FOOA. bA 167 " ROR A
FOOB - &4 177G ROR A
FOOC 8% 8B irl BTA 1MASK ]
FOOE: AD DF FF 172 } LDA  ENVIRON i PRESERVE ENVIROMMENT
FO11-83% 9F 1732 8TA  EMYTEMP
Fo13: 174 = L e N o
FO13 17% % NOW CHEZr 1F THE NMOTOR 1% ON, THEN START IT
=013 17 4 '
O1s 20 28 F1 177 JEF CHRDRY CBET ZERD FLAG IF MOTUR GTOFPEL
014 08 178 PHP i SAVE TEST RESULTS
FG17:. a3 85 . 179 . L.DA IBBUFF i MOVE OUT POINTER TO. BUFFER INTO 7ZFaGE
FO19.8% 9B 180 ~ 8TA BUF
OB oan 84 181 LA IBBUFP+]
FO1D. 8% % BRSPS S7a  BUF+1
FOlF - A9 EO .13 o LDA 0 H4DVMOT
FO21- 85 94 184 STA  MONTIMEH

LDA IBDRVN i DETERMINE DRIVE ONE OR TWO
CHP IT0OBPDN i SAME DRIVE USED BEFORE -
STa TOGPDN y» Efa IT FOR NEYT TIME

PHP CBEERP RESULTE OF COMPARE

FOR3. AD 82
F025.C5 BA
FOR7: 83 2A
Fosw: 09

FORA: HA BOR A GET DRIVE NUMRER (NT( CARRY
FQ2B RD 8% ¢n LA MOTOROH, X TURM ON THE DFIVE

FORE. 70 O 191 BCC DRIVSEL i BRANCH IF DRIVE 1 SELECTED

FO30 B 192 TNX ; GELECT DRIVE 2 :

FO31 BI- BA GO 193 LRIVSEL LDA  DRVOEN, X

FQI4 20 4C F7 194 JGR  GETIMEG i INSURE ONE MEGAHERTZ OPERATION

FOR7 28 19% pLP S WAG IT SAME DRIVE?

FO38: FO 0A . 194 BEGQ OK - )

FO3A: 2 197 PLP i MUST INDICATE DRIVE OFF BY SETTING ZEROD
FO3B: AQ 07 . 198 LDY %7 ; DELAY 150 MS DEFORE STEPPING FlLag)
FRah 20 54 F34 199 DRVWAIT JSR  MSWAIT ; {ON RETURSN A=t

FO40: 65 200 DEY

FOA1 DO FA 201 BNE  DRVWAIT

FO43: 08 202 ' PHP i NOW ZERQ FLAG SET

FO44: AS 83 203 0K LDA [BTRK ;' GET DESTINATION TRACK

FO4&: A& 81 204 LDX 1BSLOT i REGTORE PROPER x (SLOT#1&)

FO&B 20 0% F1 =05 TOUBR T MYSEEK i AND 60 TO IT

FOAR. 206 #NOW AT THE DESIRED TRACK  WAS THE MOTOR

FoaR CRGT ow ON TO START WITHT : ‘

FO4B. 28 208 PLFP ; WAS MOTOR ON'?

FO4c. DO 17 209 BNE ~TRYTRK . ; IF S0, DON‘T DELAY, GET IT TODAY!

FO4E. 210
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FO4E 211 # MOTOR WAS OFF, WAIT FOR 1T TO SPEED UP
FO4E. 212 #
FO4E: AC 12 213 MOTOF LDY #%12 i WAIT EXACTLY 100 US FOR EACH COUNT
FO50. 88 214 CONWAIT DEY =~
Q51 DO FL e RBMNEL CONWAIT "IN MONTIME
FQOSs B w9 S P ING MONTIMEL 5 COURNT UP TO Q000
FOLS L0 i ] BNE MOTOF
FOS7 Ee 7A 218 INC  MONTIMEH
FOBT D F3 219 BME MOTOF
FOBB: e R R R I X2 22T T T T
FO5B: 222 # L. . .
FQOSD- 23 % MOTOR SHOULD BE UP TO SPEED
FQSRB 4 » TF IT STILL LODOKS STOPPED THEN
FOBR. 205 a HE DRIVE T9 NOT PRESENT
FOSB- 2246 =
FOSB. DT HE R RE A N B R W N .
FOSB: 20 2B F1 228 JER  CHKDRYV ; 16 DRIVE PRESENT®™
FOSE: DO 05 P ENE TRYTRK » YES, CONTINUE
FOSO. AT 80 HO RDRIVERR O LUA HIBNDDRY L O, GET TELL EM NO D LweE!
FO&2. 4C ER F a3 JMP HNDLERR
FO&5- 238w .
FO&5: 23F ¥ MOW CHECK. IF IT IS NOT THE FORMAT DISK COMMAND,
rO&5: 234 & (OCATE THE CORRECT SECTOR FOR THIS DPERATION
Gt TaE ok
FO&S AD 87 YT RE LRA IBCHMD P GET COMMAND CODE
RN FOF77 REG ALLDONE , TF NLL CcOMmManD, G0 HOME T GED
FOGaT €9 Q3 cmMP #3 ; COMMAND IN RANGE ™
FO&sB: BO 73 BCE  ALLUONE PNCL DO NOTHING!
FOoD. 6A RO A ) cSET CARRY=1 FOR READ. O FOR WRITE
FrOsE RCS TRYTRKZ P MUST PRENTBEBLTYZE FUOR WRITE
Fe) 74 Ft LA ENVIROM
Q7S &9 7F Al ) WOMEG ; SHIFT TO HIGH SPEEDR!
FO7%: 80 DF FF = 8TA ENVIRON
FQ78: 2w Co F& 245 JER  PRENIDB1S
FO7B: AQ 7F Dd&E TRYTRKY LDy #4175 ;ONLY 127 RETRIES OF ANY KIND
FO7D: B4 93 a4 PR B0
FO7F A& B1 RN Ll ! , GET SLOT NUM INTO X-REG
FO81 20 BD RSt LY e LetiRle P REAL NEXT ADDRESS FIELD
FOB4: 90 21 2690 BCC RDRIGHT ; IF READ 17 RIGHT, HURRAH!
Q86 24 BB 2% TRYADR. BILT [MASK ;s SHOULD INTERUPTS BE ALLOWED?
FOBB. 3¢ 01F 282 BMI  NOINTR1 P MO, DOMT ALLOW THEM.
PSS T PR D i RE~ENADLED AFTER READ/READADR "WRIT
COBE LA 67 LU s Wil nES RETRYCNT 5 ANOTHER MISTAEW!'! FAILURE
LBy 10 G £ L TRYADR i WELL, LET IT &0 THIS TIME
FORBF. AT 8C g LDA CURTRK
FO91 48 ‘ PHA i SAVE TRACK WE REALLY WANT
FO92: C4 94 DEC SEEKCNT i ONLY RECALIBRATE ONCE!
Food Dy aF BNE DRVERR i TRIED TO RECALIBRATE A SECOMD TIME, -
FOIE AY o0 LDA #$40 i RECAL IDRATE ALL OVER AGAIM® ERROR !
Foag 26 29 F! JSR  SETTRK i PRETEND TO BE ON TRACK 80O
FOIB  AY 00 LDA #3300
FOoD: 20 09 F:1 JSR  MYSEEK iMOVE TO TRACK 00
FOAQ 68 PLA
Fomy &7 0% f1 JSR MYSEEK i 60 TO CORRECT TRACK THIS TIME!

a4C TB.F MR TRYTRKZ P LOOP BACK, TRY AGAIN (ON THIS TRACK
FOa7 # HAVE NOW READ AN ADDRESS FIELD CORRECTLY.
FOA7 + MAkE SURE THIS IS THE TRACK, SECTOR. AND VOLUME DESIRED.
FOA7 A4 99 ROPRIGHY LDY TRACK i ON THE RIGHT TRACK?
FOAY. C4 BC LRy TURTRK
FOAB FO OFE BEG  WITTRK i IF S0, 600D
FOAD & RECAL PR T ING FROM THIS TRACK
FOAD: AS 8C LDA  CURTRK i PRESERVE DESTINATION TRACK
FOAF: 48 PHA
FOBO: 98 TYa )
FOBI 20 29 F1i JER  SETTRK
FOB4. &8 _ 278 PLA
FOBS: 20 09 F1 279 JER  MYSEEK
FORB: 4C 86 FO 280 JMP__ TRYADR2 ;G0 AHEAD AND RECALIBRATE
FOBB: 282 » .
FOBB:_ _ 283 * DRIVE 15 ON RIGHT TRACK, CHECK VOLUME MISMATCH
FOBB 284 % o o
FOBB: A5 %A 285 RTTRK L.DA  VOLUME i GET ACTUAL VUOLUME HERE
FOBD: 85 89 R84 STA IBSMOD P TELL DOPSYS WHAT VILUME Was THERE
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FOBF: A5 98 287 CORRECTVOL LDA SECT i CHEC% 1F THIS IS THE RIGHT SECTOR
FOC1:¢5 84 288 cMP  IBSECT :
FOC3:FO 02 289 BEG CORRECTSEGT i 1F S0, DO WHATEVER WANTED
FOCS DO BF 290 BNE TRYADRZ2 i NO), TRY ANOTHER SECTOR
FOC7: A% 87 291 CORRECTSECT LDA IBCMD , READ OR WRITE™
FOCT. 44 agz LSR A 1 THE CARRY WILL TELL
FOCA: 90 2D 293 BCC WRIT i CARRY WAS SET FOR READ OPERATION,
FOCC: 20 48 F1 QP4 JSR READI1& s CLEARED. FOR WRITE
FOCF:BOQ BS 295 . DBCS TRYADRZ i CARRY SET UPOM RETURN IF BAD READ
OIYD AD DR FF. 296 L.DA  ENVIRON
Fop4 . 29 7F 297 AND  #TWOMEG
FQDA: G DF FF 298 _ _ STA  ENVIROM i GET TWO MEGAHERTZ MODE

FOD?:20 11 F3 JSR  POSTHNIB16 DO PARTIAL POSTNIBBLE CONVERE1ON

FODC. BO A8 BCE TRYADRZ2 i CHEKSUM ERROR
FODE: A6 81 LDX IBSLOT JRESTORE SLOTNUM INTO X
FOEOQ: 18 ALLDONE CLC
FTOE 1 A9 0O LDA  #30 i NO ERROR
FOE3 90 04 BGCC  ALDONEL P GKIF OVER NEXT BYTE WITH BIY OPCODE
FOES &3 DRVERR PLA i REMOVE CURTRK
FOE& AY 82 LDA #IBDERR i BAD DRIVE
FOES. 38 HIDL.ERR SEC ; INDICATE AN ERROR
FOET B85 &8 ALIIOME1 $TA  IBSTAT i GIVE HIM ERROR#
LLDA  MOTOROFF, X 5 TURN IT OFF
BIT THMASK ; GHOULD INTERURTS BE ENABLED™
BM1 NOINTR2 i BRANCH IF NOT
cil
) NOINTR2 LDA ENVTEMP i RESTORE ORIGINAL ENVIRONMENT
STA  ENVIROM
3 RTE '
. WR JBR . OWRITELG V WRITE NYBBLES NOW
BCC  ALLDONE i IF NO ERRORS
.DA  #IBWPER ;DISK IS WRITE PROTECTED'!
BYC  HNDLERR i TAKEM IF TRULY WRITE PROTECT ERROR
JMP TRYADRZ i OTHERWISE ASSUME AN INTERUPT MESSED
5 THINGS UP
F10% # THIG IS THE “SEEK‘ ROUTINE
F105. #  SEEKS TRACK "N’ IN SLOT #X/$10
F105: * IF DRIVND 15 NEGATIVE, ON DRIVE O
F105: # IF DRIVNG IS POSITIVE, ON DRIVE 1
F10% *
F1o% 04 ASL A } ASSUNE TWO PHASE STEPPER
F106. B85 99 STA  THKNI P SAVE DESTINATION TRACK(#2)
F1o8 20 19 Fi JSR ALLOFF TURN ALL PHASES OFF TO BE SURE
F10B: 20 3E Fi JSR DRVIMDX - i GET INDEX TO PREVIOUS TRACK FDR CURRENT
F10E: B5 B85 1331 L.DA DRVOTRK, % - DRIVE
F110: 6% &8¢ SR STA  CURTRK P THIS IS WHERE 1 AM
FLIZ: A% 99 2 LDA  TRIKNI © i AND WHERE 17/M GOING TO
Fll14g 995 85 3 STA  DRVOTRE. X
Flié: 20 00 F4 335 GOSEEW  JSR  SEEV i GO THERE!
F119: a0 073 336 ALLOFF  LDY #3 ;' TURN OFF ALL PHASES BEFORE RETURNING
F11B: 9 337 NXOFF TYA i (SEND PHASE IN ACC.)
Fiic 20 4A F4 338 JGR CLRPHASE.  ; CARRY IS5 CLEAR. PHASES SHOLD BE TURNED
FLLF @8 339 DEY : OFF
F120: 10 F9 340 BPL. NXDOFF :
Fl122:46 8C 341 LER CURTRK i DIVIPE BACK DOWN )
F124:60 - 342 RTS iALL OFF. .. NOW IT’S DARK

F125; 344 *
: 345 * THIS SUBROUTINE SETS THE SLOT DEPENDENT TRACK
346 # LOCATION.

e ‘ 347 =
29 20 3E Fl 348 SETTRK  JSR  DRVINDX 5 GET INDEX TO DRIVE NUMBER.
195 85 349 STA LRVOTRK, X
T 60O 350 RTS
' B I e R e S ]
Son TARERREISEREEEEERE B}
393 # AURR TO TELL IF MOTOR IS STOPPED
354

355 # IF MOTOR IS STOPPED. CONTROLLER‘S
356 % SHIFT REG WILL NOT BE CHANGING.
L3897 % . o

358 #* RETURN Y=0 AND ZERO FLAG SET IF IT IS STOPFED
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29 30
F128; 359
F12B‘. 360 R B S H S NI NN R
F12B: A0 QO 361 CHKDRV. (DY #0 . i INIT LOOP COUNTER
F12D:BD 8C CO 362 CHKDRV1 LDA Q@6&L. X . i READ THE SHIFT REG
F130:20 3D F1 363 _JSR  CKDRTS  ;DELAY i B
F1a 4 ) 364 TTUPHA o
1235 &8 365 PLA i MORE DELAY
FLas nn el oo 386 CCMP Qb X i HAS SHIFT REG CHANGED?Y
F13& D0 o3 367 BNE CKDRTS i YES, MOTOR 1S5 MOVING
F13a: 88 348 DEY ; ND, DEC RETRY COUNTER
F1313: DO FO 369 BNE  CHKDRV1 i AND TRY 256 TIMES
F1an &0 370 CKDRTS RTS i THEN RETURM
F 13t 371 %
FLaE. 48 372 DRYINDX PHA i PRESERVE ACC.
F13F. 84 373 TXA ; GET SLOT(#%10)/8
F14C 44 374 LSR A
F141 44 375 LSR A
F14. 4a 37& LSR. A )
F1a3 as 82 377 ORA IBDRVN i FOR DRIVE O OR 1
F148%. An 378 TAX A i INTO X FOR IMDEX TO TABLE
Fl14éd &8 379 PLA i RESTORE ACC.
F147 &0 380 RTS
F148 AR FETEEEE RS T T STEE LT T TR EE L
Fi1ag 382 = ' ’
F14c 383 % NOTE: FORMATTING ROUTINES
F148 384 NOT INCLUDED FOR S0S
F148 385 # ’ '
F148 3BE HHRFHFHHRHFERH AU RS H RS ER S
FiLal: P8 SLRBLEVBONEFNBRE VUL RERBNS
F148: Py » ..
F148: 390 # READ SUBROUTINE *
F148: 391 # (16—-SECTOR FORMAT) #
F148: . 392 # * B
F148: BT 96 46464 W358 353036 36 9696 2696 36 6 36 36 36 9 3 3 6 W
F148: 394 # *
F148: 395 % READS ENCODED BYTES -
F148: 396 # INTO NBUF1 AND NBUF2 #
F148: 397 # #*
F148: 398 # FIRST READS NBUFZ2 * - .
F148: 399 % HIGH TO LOW, #
F148: 400 # THEN READS NBUF1 *
F148: 401 # LOW TQ HIGH, #
'F148: 402 # *
F148: 403 # ———— ON ENTRY —=— #*
F148: 404 * . *
F148: 405 * X-REG: SLOTNUM *
F148: 406 * TIMES $10. *
F148: 407 # *
F148; 408 # READ MODE (Q6L, GQG7L) #*
F148: 409 # 3
F148: 410 * ~——= ON EXIT ~—=~—- 3 _
F148: 411 * *
F148: 412 # CARRY SET IF ERROR. *
F148: 413 » N .. e
F148: 414 # IF ND ERROR: #*
F148: 415 A-REG HOLDS $AA. *
F148: 3146 = X-REG UNCHANGED.  * e
F148: 417 # Y-REG HOLDS $00. *
F148: 418 = CARRY CLEAR. *
F148: - A19 % --=— CAUTION —=—~~ % ... .
F148: 420 = #*




F148:
F148:
F148:
F148:
F148:
F148:
F148:
F148:
F1483:
F148:
F149.
144

140
F140
F15%0:
F152;
F154:
F156:
F157.
F154:
F15C:
F1SE:
F140:
F142-
Flé2: BD
F165: 10 FB
F1467:C9 AD
169 D0 E7
F168,
F1éB:
FloE:
F170:
F173:
FF17é&

F17e

176
178
F17D:
F17E.
F1E)

F183

186
F189:
F183:
Fi8D:
Flar:
F191:
Flee:
F195:
F197:
F194a:
Fi9B

Fien
F1A0:
Flraz:
F1Aa4: E
F1AS:
Fiag,
F 1AM
1aC-
F1AE
F1AF.
F1B2:
PiB4.
F1B&.
Fipa
F1B%:
FiBa:
FiBA.

AD
Bg
FO &B
BD BC
10
49
Do
Ea
BD
10
o
Do
AQ

FB
D5
L

8c
FB

F2
35

8c

BD
10
9%
AD
s
10
e
10
c8
BD
10
99

8c co
FB
o2
EF
aB
40

EE -

co

o
(@]
)
[

0oz

> B3 F=2

AA

4,383,296

ERW

oL

31 32
421 # OBSERVE +*
L322 w N0 PAGE CROSS” %
423 # WARNINGS OM *
424 x# SOME BRANCHES! ! %*
B 1=t 2 . e
4226 * ———— AGSUMES —--—- %*
427 » #*
_ 428 % 1 USEC CYCLE TIME  » ]
429 * #
Q30 3303 3 3 3636 3 36 55 36 30 36 3 S 3 202 3 33 S H R
O 431 READ16 LDY #%$20 i 'MUST FIND® COUNT.
432 RSYNC DEY i IF CAN‘T FIND MARKS -
433 BEQ RDERR i THEN EXIT WITH CARRY SET
€O 434 RD1 _~ LDA Q6L.X — iREAD NIDL.
435 v BPL RD1 i #%% NO PAGE CROSS!
436 ROYNC1I EOR  #4DS i DATA MARK 17
437 __BNE RSYNC = ;LOOP IF NOT.
438 NOP i DELAY BETWEEN NIBLS
CO 439 RD2 LDa Q6L X
440 o BPL. RD2 it NO PAGE CROSS! w3
441 CMP  #%AA : DATA MARK 27
442 BNE RSYNCI i CIF NOT, IS IT DMi™)
... 43 LDY #8535 i INIT NBUFZ INDEX.
444 * (ADDED NIBL DELAY}
CO 445 RD3 LDA Q6L X ]
446 BPL RD3 ;#an MO PAGE CROSS! *#*
447 _ CMP. _#%AD i DATA MARK 37
448 BME RSYNC1 i (IF NOT, 1S 1T DML™)
449 # {CARRY SET IF DM3')
450 RD4 LDA - Qb X
491 BPL. RD4 ;s MO PAGE CROSE! ##%
452 STA NBUFZ2, Y ; STORE BYTES DIRECTLY
453 LDA  INTERUPT s POLL. INTERUPT LINE
454 ORA  IMASK L (THIS MAY BE USED Tix {tleai TDATE
459 BPL. GDSERWV
A%4 DEY ) S INDEX TO NEXT
G457 BPL. RD4
458 RDS INY s (FIRST TIME Y=
452 RDOA LDa  G&l. X . GET EMNCODED BYTES 0OF NBUF1
4&0 BPL.  RDDA
461 SVA NBUFL, Y
AbHz LA IMTERUPT ; POLL INTERUPT LINE
463 ORA  I1MAGK , (THIS MAY BE USED TO INVALIDATE POLL;
4b4 BPL  GOSERV
{45 CPY #%E4 CWITHIN 1 MS OF COMPLETION™
deé BNE  RDS
447 IMY
468 RD& LDA Q&L X L NOOPOLL FROM NOW OM
469 BPL. RD6
470 STA NBUF1.,Y
471 INY i FINISH OUT NBUF1 PAGE
472 BNE  RDé&
473 ROTKSUM LDA  G&L, X i GET CHECKSUM BYTE.
474 BPL.  RDCKSUM
473 STA CKSUM
474 NOP i EXTRA DELAY BETWEEN BYTES
477 RDV LDA  G6L, X
478 BPL.  RD7 , ##% MO PAGE CROSS! ##+
Eaic CHP #%DE L, FIRST BIT SLIP MARK™
330 BNE -~ RDERR , (ERR IF NOT)
481 NOP ; DELAY BETWEEN NIBL.S
482 RDS L.DA Q6L X
483 BPL  RD8 i #%# NO PAGE CROSS! ##s
4€4 CMP #5540 ; SECOND BIT SLIP MARKT
A0S BEGQ RDEXIT P (DONE IF IT IS
436 RDERE SEC . INDICATE ‘ERROR EXIT-
487 RTS ; RETURN FROM READ1& OR RDADR1é&
488
489 GOSERY  JMP SERVICE , 60 SERVICE INTERUPT



F1BD:
F1BD:
FiBD:
F1RD-
FiBD:
FLlBD:
FIBD:
F1BD:
F1BD:
FIRD:
FIRD.
F1RD-
F1iBD:
F1iBD:
Finn
FiBD.
F1BD.
FiBD
F1GD.
F1BD:
F1DD
~1RD.

F

By
Finn
Fipn:
Finn.
P 1Rh
e
FLB
FiGD.
F1BD:
F1BD.
HIRD,

F1BD
FLBD.
F1BD
FIBD
C1BD
FIED
Fi13D:
FiBD:
FiBD:
FI1BD.
12D
F1Bh
FiBD:
FL1BD
F1BD:
1B
FIR0:
FLRD.
F1BD:
FiBD: AQ FC
F1BF: 84 99

33

4,383,296
34

QG133 % 3 2 3 3336 b 9 3 3 3 I 90 T I I e b R
49 ¥ S .
493 ® READ ADDRESS FIELD #*
G494 % SUBROUTINE #*
495 % (16-8ECTOR FORMAT? +*
496 ® *
G997 #HUFHUFHFRH IR EFREEHEHE
498 # #
499 % READS VOLUME. TRaACK >
SO0 # AMD SELTOR #*
BOL o 3
HB0Z #® —=—=— M ENTRY —-—-—-— *
503 ¥ #
504 #  XREG SLOTNUM TIMEE $10 #
SO5 w =
B30¢ # READ MODE Qs . Q7L #*
BT & #*
508 & e N EXIT ~———- k4
DY 3
510 %  CARRY SET [F ERROR B
11 8 4
51z * IF NO ERROR- d
D13 o= A-REG HOLDE S84 ¥
514 % Y-REG HOLDS $00. #*
318 *® X-REG UNCHANMNGED. 3
D1E # CARRY CLEAR. 3*
517 & 3%
BIE CBETY HOL DS CHKSUM, +#
519 SECTOR. TRACK. AND ®
520 VOLUME READ. #*
521 *
H2s USES TEMPS CDOUNT, #
b Y LAST. C8uUM, AND #
DA 4 BYTES AT CSHTV. =
v "

RN
524
527
528
Gl

50

ba

B3
533
534
53%
82
a3 9
538
539
540
S
943
o472
544
545
546

mme EXPECTS =

ORIGINAL 10-SECTOR
NORMAL. DENSITY NIBLS
(4-BiTi, ODPR BITS.

THEN E£VEM

e CAUTTAN == =
OBSCERYVE

‘NOPAGE CROES
WARN TGS [N

Bk ok ok o ok 3 K W % ¥ o oo ® ook ok % K & d % % %

A T E EEEEEEER:

SOME BRANCHES! !
———= ASSUMES -~ —w---
1 USEC CYOLE TINE

*

4 3 R 30 3 O R S R e H

RDADR1&6 LDY #$FC
STY COUNT i "MUST FIND‘ COUNT.
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F1¢1:C8B 547 RDAGYN  IHY
FiC2 DO 04 548 BNE  RDa&1 i LOW ORDER OF COUNT
F1C4 E& 95 INC  COUNT ; (2K NIBLS TO FIND
F1i6: FG FO BEG RDERR i ADR MARK, ELSE ERR)
108 BD 8¢ €O LDA Q&L X READ NIBL

FICE 10 FB BPL RDAL cwEa NO PAGE CROSE! wiw
FICTY Y 0D B Crp #$LS AT MARK 1T
FICF LG FO 454 - BNE  RDASYN i (LOOP IF NOT)
FiD1 EA 5955 NOP i ADDED NIBL DELAY
SDEIBD BC CO 556 RDAX DA QoL %
Faus 190 Fi 5 BFL. RDAZ pwes MO PAGE CROSE! v
P9 AA CMP #3540 L ADR MARK 2~
FApE. DO PR BME  RDASNI < CIF ONOT, IS IT AfTL
FiDR A0 03 LDy  #%3 i INDEX FOR 4-BYTE REAL
FinD: (ADDED NIBL DELAY)
FibD. BD 8C CO LDA a6l X
P10 10 FB BEL RDAT Dads NO PAGE CROSH! <s=
CIER €9 94 CHP o RBYE P ADR MARK 37
FIE4 D E7 BME RDASHL L CTE ONOT, IS5 1T AMlv:
FiE&: # (LEAVES CARRY SET!) -

LDA  #%0 i INIT CHECKSUM

F1E&: A9 GO

RDAF LD Cuuir
v RDAS Rl X CRESD FODD BITS MiBL
R see N PAGE CROBH! #a=
A CALIGH ODD BITS, 10 IMT0 L&8
FI1FD. 8% 95 LAST i (SAVE THEM)
RDAS LDa  Gél, X , READ ‘EVEN BIT* NIRBL
BPL - RDAS ;##% NO PAGE CROSE! #%x

CMERGE ODD AND EVEN BITC
E DATA BYTE

CSTOR

SLDOOP ON 4 DATA DYTES
CIF FINAL CHECKSUM
CRUNZERD,  THEN ERFPON
CFIRET BIT-SLIF MNIBL

cwes NO PAGE CRUSS: wze

Fe e

;
FOGH O D
&4

FR0B: DI AB Rkl RDERR » ERROR IF NONMATCH
b SET  DELAY (ND INTERUPTS FROM NOwW 0ON)
[ TORDAT CaRe Qi n SHBECOND DBIT-SLTIP NIDL
L RDe s MO PAGE CRIEND +eo
MY fEho .
- TN BHNE  RDERR i ERROR IF NONMATOH
E1T 18 591 RDEx;T QLG ; CLEAR CARRY OM
Fias A0 B2 WEXD RYG i NORMAL READ EXITS

o P UM ORWTSS
Fai9 PR T ETE TRTECE EORECRTETRCE R R R Y 2
Fa19 o . S
F219 4 % WRITE SUBR #*
Pl 5 & (16-SECTOR FORMAT) %
Fae b 3 . *
F219:; VAR T T2 2T TR R R R
Fa19 8 % ' #
Fae. 9 % WRITES DATA FROM  #
1o 10 % NDUF1 AND MNBUF2 #*
K19 o #
£.19 12 % FIRST NBUF2. #
F19. 13 # HIGH TO LOW. #*
F219: 14 % THEN NBUF1, #
F219: 15 # . LOW TO HIGH. #*
£219 1o #
B2y 1?7 & e—em OMOENTRY ——me %
voe 189 % , *
Fai9 19 X-REG SLOTNUM #
F219. 20 # TIMES $10. *
F21e: o1 # o #
1Y, 2o o o ow
1. Yo seme- ON EXIT —meee #
FE1e S E 3#
Fa1e: 2% %  CARRY SET IF ERROR. #



F219

F219:

Fa19

F219:

F219

Fa19:

F219:

Foi9:

F219.

F219

Fate.

Fo19:

Fa219:

Fa21e:

Fate a8

Fa1A 6o
FR1B. B> D
F21E: BD 8E
Fe21: 30 F5
F223: a9 FF
F225 9L 8F
F228 1D 8C
Faz2B. Al 04
F22D: EA

Fa2E. 48

F22F: 68

Faid0 48

Fa31. &5

Fa2d 20

Fa35. 88
F236: DO F§
F238:. A9 DY
FR3A 20 BC
FR3D AT AA
F23F: 20 BC F2

F242: A% AD

ce
co

co
co

G

F2

F244:20 BC Fo

FRA7: A0 55
FR49. EA
F24A: EA

F24B: EA

F24C: DO 08
F24E: AD EF FF
F251: 05 ©B
F253. EA_
Fa254:10 5D
Fasé:30 00

F258: B7 02 .03 7

F”SB 9D 8D CO
25E: BD 8C CO
F761 88 _
F262: 10 EA
F264: 98
F265:30 03

F267: AD EF FF
F26A: 05 8B
F2&C. EA

F26D: 30 02
F26F: 10 42
Fa71:c8
Fa72. 89 00 02
F275: 9D 8D €O
F278:BD 8C CO
F27B:CO E4
F27D: DO ES
F27F EA
F280:¢8
Fog1:EA

F284: 68

F285: B? 00 02

4,383,296

37 38

26 # {W PROT VIOLATION)

27 » ) %

28 = IF NO ERROR: #*

I ow o

QO ox A-REw: UNCERTAIN. *

31 % X—-REG UNCHANGED #

32 % Y-REG HOLDS #00. #

33 #* CARRY CLEAR. *

34 * 3

3% &  —--— ASSUMES —-—--— #*

KN #

37 * 1 USEC CYCLE TIME 3#*

38 = . *

3G 33 H 3030 20 334 3 H 3 R H

40 WRITH1A SEC i ANTICIPATE WPROT ERR

41 cl v »TO INDICATE WRITE PROTECT EFERRUR INSTEAD OF
32 LdA Q&H. X INTERUPT
43 LOA  Q7L. X ; SENSE WPROT FLAG

44 BMi WEXIT i BRANCH IF HOT WRITE PROTECTED

435 WRTI LA #$FF s BYNC DATA

4& STA Q7H. X ; (9) GAOTO WRITE MODE

47 ORA Q&L X i (4)

483 LY #%4 i (2) FOR FIVE HN1BLS

49 NP i (2)

5C PHA i (4)

51 PLA i (3)

92 WSYNC Pi1A ; t4) EXACT TIMING

a3 Pr A P03y EXACT TIMING

D JUROWNIBLT ; (13,9, 67 WRITE SYNC

55 DEY i (2)

56 BMNE  UWSYNC i (2%)  MUST NOT CROSS PAGE!

57 LDA #$D5 i (2) 1ST DATA MARK

58 JER OWNIDLY i (19,9, 6)

59 L.DA #BAA @) 2ND DATA MARK

&Q JER  WNIBL®? i (19,9, 4]

&1 LDA _ #SAD i (2) _3RD DATA. MARK

62 JER  WNIBL? 3 (15,9, 6)

&3 L.DY #4595 i (2) NBUF2 INDEX

&4 _NOP i(2) FOR TIMING

&9 NOP i (27

Y-} NOP i (2)

67 ~ BNE VRYFRST _ i (3) BRANCH ALWAYS

68 WINTRPT LDa INTERUPT 5 (4) POLL INTERUPRPT LINE

X4 ORA  IMASK ;i €3

70 CNOP i) _

71 BPL SERVICE i (2) BRANCH IF INTERUPT HAS DCCURED
72 VRYFRST BMI WRTFRST i {3) FOR TIMING.

72 _WRTFRST LDA NBUF2.,Y . i(4)

74 STA  G6H, X i (5) STORE ENCODED BYTVE

73 LDA Q&L X P (4) TIME MUST = 32 U8 PER BYTE!
76 . DEY a2y 0 . D . .
77 BPL WINTRPT ; (3) (2 IF BRANCH NOT TAKEN)

78 TYA ; (2) INSURE NO INTERUPT THIS BYTE
79 .. BML WMIDLE i (3) BRANCH ALWAYS.

BC WNTRPTI LDa INTERUPT i (4) POLL INTERUPT LINE

81 WMIDLE ORA IMASK P (D

82 NOP _ iL2) . . .

83 BMI  UDATAZ2 i (3) BRAN H IF NO INTERUPT

84 BPL SERVICE i 60 SERVICE INTERUPT

85 WDATAR INY o i (a)

84 LDA MBUF1,Y P (4

87 STA  Q6H, X P (%) STORE ENCODED BYTE

B8 .. .tDA Q&L X (A .
a9 CRY #$E4 i(2) WITHIN 1 MS OF COMPLETIONY
0 BNE WNTRPTI1 i (3) (2) NO KEEP WRITTING AND POLLING
21 oNOP i (2)

92 INY P (2)

93 WDATA3 NOP i (2)
94 O NDP i@ B} _

5 PHaA ; (4) ’

?6b6 PLA 3 (3)

97 LDA NBUF1,Y i {4) WRITE LAST QF ENCODED BYTES



F288: 9D 8D
F28B: BD &C
FRAE: A5 94
F290: C8
Fagl: DO EE
FR93: FQO 00
F295. 20 BD
F298: 49 DE
FE9A: 20 BC
Fa9D: A% AA
Fa9F .20 BC
Faa2: A9 EB
Foad: 20 BC
FDA7Z. 4% FF
Foa9: 20 BC
F2aC: B 8
F2AF: BD 8C
F2B2: 60
Famn:

F2R3: 38

co
Co

F2B4:2C 54 F3
F2B7.20 AC F2

FRBA. B8
FaRB &0
FIRC
FIBC:
F2RC:
F2RC.

=]

oo

B

T 01 03

163
169
16&
167
148
169
170
171

39

T WRCKSUM

STA
L.DA
LLDA
INY
BME
BEG
JER
l.D&
JER

Lpa

JSR
LDA

T USR

NOWRITE

#*
SERVICE

L.Dha
JER
LA
L.DA
RTS

SEC

BIT

. MER.

CLI
RTE

#*
#  7-BI
*

# A-REG OR'D PRIOR EXIT

I MNIBL

4,383,296

Q&H, X
a6l X
CREUM

WDATAZ
WRCKSUM
WNIBL7T
#EDE
WNIBL?
H#EAA
WNIBL?
_#SEDR
KWHNIBL.S
$EBFF
WHIBLS
Q7L %
Q&L X

SEV
NOWRITE

i CTARRY CLEARED

W

WRITE SUBRS

40
P (%) WITHOUT POLLING INTERURTS.
i (43
P {3) NORMALLY FOR TIMING
P (&)

P (3 (@)
5 (3) DRANCH ALWAYS
P (13,9, 6) 60 WRITE CHECK SuM::
fi2y  DM4, BIT SLUIP MARK
(15,9, 6) WRITE IT
i (2) DMS, BIT SLIP MARK
, (15,9, 6) WRITE IT.
,(2) DMa&, BIT SLIP MARK.
(15,9, &) WRITE 1T,
23 TURM-UFF BYTE
5,9, 9 WRITE 11
;i UT OF WRITE MODF
: TO READ MODE.
i RETURN FROM WRITE.

i TREAT INTERUPTIOM A& ERROR
i BET VFLAG TO INDICATE INTERUPT

_ A TAKE IT QUT QF WRITE MODE!

; COULD NOT HAVE GOT HERE WITHOUT CLI OK

DR R A R e R N

ok ok % kb

R E L L L L
WNIBL® CLC

CWNIRLT7  PHA

L P

3 OWNTRBL STA

RA

RTS

#

Qé&H, X
Qi K

i (2 9 CYCLES:, THEN WRITE
i 13 7 CYCLES:. THEN WRITE

s (4

, (5 NIBL WRITE SUb
;04 CLOBBERS ACC. NOT CARKY

3 3t 4 b 9 b A A 6 B B I B S - 8 3 B 4 I I

4

#  PREMIBLIZE SUBR
#  ({16-SECTOR FORMAT)

R

L3
*
3

3636 36 35 4 36 36 36 4 35 3 3 36 3F 8 3E 30 <F 3 2 36 36 3636 36 30 S 4

A- REG
X—-REG
Y-REG
CARRY

WOk %k % R & K %k ok Rk ok ok k Kk ¥ ¥ B & K

*

CONVERTS
USER DATA IN (BUF)
BYTES TO BE
WRITEN DIRECTLY TO DISK
ENCODED CHECK SUM IN
ZERO PAGE

EMCODED

BUF IS 2-BYTE
TO 254 BYTES OF USER
DATA.

256 BYTES OF
INTD

‘CKSUM”

—w=s OM ENTRY ===

ON EXIT ==m-

CHECK SUM.
UNCERTAIN
HOLDE O.

SET.

POINTER

ok ok % % & o ok ¥ R % & ox % R ok % ¥ & &k ¥

BN AR A R
PRENIB1& LDX #32

PRENIBI1

Loy
DEY
LDA
L.GR
ROL.

#0

(BUF). Y
&

i START NBUFZ2  INDEX
i BTART USER BUF INDEX.
i NEXT USER BYTE

fBHIFT TWO BITS OF

MBUFZ2-1. X s CURREMT USER DYTE



FRany-
Fapa:
F2D5
Faps:
FRD9.
Fa2pn
Fa2oD
F2DF:
F2EO:

FRE2:

FAE4: ¢

FRET
F2E9-
F2EA"
F2ED:
FaFQ:
K23
ka4
F e,
Fora.
FoFB:
F2FC:
F2FF .
F302.

F305:
F306:
F308:
Fang.

F30c

v

F30E:

F31i1:
F311:
F311
F311.
F311.
F311:
F311;

N0 EE
29 ¥F
59 41
BD 5%

99 00
B 01

c8
0o

B
B85
4C

F311: AD 55
F313: A9 00
‘F315 PE 02

F1318:

5D 00

F31B: 729 02
F31E: 88

F31F:
F321.
32
F3a25.
F328.
F3aB:
F3z2c:
F32e
F330:

F333 .

F334.

F238:
F33%9:
F33B
FA3E:
F341:
F342:
FR345:
F346:
F348:
F349.
F348B:
F34C:
F34C:
“34F:
F351.

F354 ¢

10 F4

BE 00
5D 00
99 00
Lo F4

5D 00

DO 16
F3364 AR 5&

30 FR

5K 02
71 9B
Db ED

AD DF

8D DF
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41 ‘ 42
172 LSRR A 5 INTO CURREMT NBUFZ
03 173 ROL.  NBUF2-1,X :DYTE
oz 174 STA NBUF1+1,Y ; (& BITS LEFT)
179 INX © LFROM O TO 455
174 CPX  #%5&
17 RCE PRENIBI s BR O MO WRAPARJUND
178 LDx  #Q P REGET NBUF2 INDEX
79 TYA » USER BUF INDEX
180 BNE |, PRENID1 : (DONE IF ZERQ)
) 181 LDY #3956 i tACC=0 FOR CHECK SUM)
03 182 PRENID3 EOR  HBUF2-2. v 5 CUMBINE WITH PREVIGUS
183 PRENIDB2 AND #3$3¥ i BTR 1P GARBAGE B1TS
_ 184 - Thx » T FORM RUNNING CHECK 3uM
F3 188 t.DA  NIBL, X i GET ENCODED EGQUIV
03 186 STA NBUFZ-1,Y ; REPLACE PREVIOUS
Q3 187 LDA NBUFZ-2,Y ; RESTORE ACTUAL PREVIOUS
188 DEY
189 OMNE PREMIDZ P LI UNT I ALL OF MNBUFR 1S5 COMVERTEDR
10 AN HE3F ’
o2 191 PRENIB4 EOR NBUFi+1,v NOW DO THE SAME IFOR
192 TAX i NIBBLE BUFFER 1
F3 193 LDA  RIBL, X i TO 0O ANY BACK TRACWING (NBUF1-1)
02 194 STA MBUFL, Y .
oz 195 LDA  MBUF1+1.Y L RECOVER THAT WHICH IS NOW ‘PREVIOUS
196 INY
Fo . 197 BNE _PRENIB4 e e e
198 TAX i USE LAST AS CHECK SuUM
55 F3 199 L.DA MIBL., X
96 __ 200 _  STA CKSUM _
4C F3 201 JHMP SETIMEG ; AL.L. DONE.
203 FRRRERRBRFHFERERRREF £ 2 0 oS DR
204 « N
205 * POSTMIBLIZE SUBR #
206 # 16-SECTOR FORMAT «
207 % K3
DOG M40 M5 2R HDK A S
209 % "
210 POSTNIB14 LDY #$55 y FIRGT CONVERT TO & BI1T NIBRLES
.2t LDA  #30 L INIT CHECK Sum
3 212 PNIBRL1 LD NBUF2, Y S GET ENCODED BYTE
F3 213 EOR  DNTIDL. X
03 ‘214 STA NBUFZ2,Y ,REPLACE WITH 6 BIT EGQUIV
215 DEY )
21& BPL. PNIBL1 i LOOP UNTIL DONE WITH NIDBBLE BUFFER 2
217 TNY P NOW  Y=0
o 218 PHIBL: ¢ DX HBUFY, Y ;D0 THE SAME WITH
F3 19 R DMNLBL. X
oz 220 STA NBUFL, Y i 'NIBBLE BUFFER |
221 INY ;DO ALL 254 BYTES
azz2 - BNE PNIBLZ ;
223 LDX CKREUM , MAKE SURE CHECK QUM MATCHES
F3 224 EOR DMIBL. X COETTER DE ZERG!
22% GEC S ANTICIPATE ERROK
226 BNE PUOSTERR i BRANCH IF IT IS5
227 POST1 L.DX  #$56 P INIT NBUFZ INDEX
228 POST2 DEX . i NBUF IDX $55 TO #0
229 B POSTH CWRAPARQURD TF NEG
2 230 LDa MBUFL, Y :
oz 2231 LS NBUF2, X CSHIFT 2 BITS FROM
. 232 ROL. A i CURRENT NBUFZ NIDL
03. 233 LSRR  MNBUFZ2, X ; INTO CURREHNT MBUF1
234 ROL A i NIBL
235 5Ta (BUFD, Y P BYTE OF USER [ATA
234 IRy P NELXT USER BYTE
237 BNE POST2
238 cLc ; GOOND DATA
239 POSTERR EQU =+
FF 240 SETIMESG LDA  ENVIRON
241 URA BONEMEG CSETYOTO ONE MEGANERTY CLOOW RATE
FF 242 5TA EMVIRON , - '
243 SEV RT4 L UBEY USED TO SET VFILAGY
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43 44

-,Vrf-i%%%%%%%%%%*%%%%%'ﬁ%**%%%*

F3u&E: 245 %
F395: 2486 F #
s 247 w S&-RBIT T 7-BIT #*
RS 248 # MNIBL CONVERSION TABLE =%
FR55%: 247 % #
Frany. g TG R R R R R O
Fa%s: 251 % *
F3%5: 25 CODES WITH MORE THAN =
F35a: 253 % ONE PAIR OF ADJACEMNT %
FR55: 254 = ZERQES 0OR WITH NO #*
FATNS 255 ¥ ADJACENT ONES (EXCEPT =
F355: HoA # 87) ARE EXCLUDED. ko
F335: 257 #
F355: D0 APHFFEEF SRS FEEES ARG H R RS
FEas. 946 97 a8 259 NIEL DFE  £9&, $97. £9A
F35R: 98 2D R 2&0C : DFB  $9B. 42D, 2
FERE.9F &6 A7 261 DFE $9F., $8&: A7
FA3SE. 4B AC AD 242 DFR2 S4B, £40, %40
F3&1: AE AF R2 2462 DFE  £AE. $AF, $B2
FR&4:- B3 B4 BS 264 DFE  %B3, B4, 4BY
FRET I BA BT BY  2&D DFE  %B&, €$B7, $R2
Fia&a: B BBR BC 2464 DFE - $BRA, $BRB, $BC
FA&0:BD BE BF 2467 DFE %R0, $BE. $BF
F370:CH CD CE 4R DFE  %CB, $CL, 4CE
FO73:CF I3 D& 269 DFE  #CF.,$D3, 306
FR76: D7 DT DA 270 DFB  #D7., ¢D%, D4
FR79 LR RC DD 271 DFE  %DB. $DC, $ID
FE7C. DE DF ES 272 DFE $DE, €DF, $E3
FRVICEL E7EFR 273 DFE . $E4&4, $E7, $E9
Foga EA ER EC 274 DFE  <¢Ea, 2EB, $EC
F385: EL EE EF 275 DFR  BED, $EE, $EF
FREeae. Fa F2 Fa4 276 v DFE  $F2, $F3, %4
FRRB . F3 F& F7 277 ' DFB  %F9, ¢F &, ©F7
FEBE.FS FA FBE 278 DFE  %F9, $FA: $FP
Fasl.FC FD FE 279 DFE  $FC, $FL, $FE
FR94; FF 280 DFE  &FF
F39%5: ' DT EW R E R RN R BRI REEE SR
283 « _.,v_.'.. v .
=84 % 7-BIT TQ &-BIT ¥
aRL CDEMNIDLIZE S TABL #
m23& #® ViS-SECTOR FORMAT) #*
287 & #*
=288 ValLID CODES #
289 #* 294 TO $FF ONLY. +*
o090 B #
291 @ , ¥
SRS ¥ {ODES WITH MORE THeM &
‘ 293 ¥ DONE PAIR OF ADJACENT *
F395%; 294 % ZEROES OR WITH NO %
F3%5. 295 # ADJACENT ONES (EXCEFT #
F39%: 2Fe FIT 7) ARE EXCLUDELX =
F395: DT Hnd R EAR SRR K St R E
Fa95. 60 278 , BRI o ONE. BYET LEFT OVER
F300: 299 DNIBL EQU REGRWTS+$300
F3%96- 00 01 98 300 DFB  $00, $01, $98

F399.99 02 03 301 DFB %99, %02, $03



F39C:
F39F -
FRAZ:
F3A5
Faag
F3AB.
F2ALE.
Fap1
FRE4:

F3R7:
F3BA:

350
FEC0
=303
306
F3C?:
F3cc:
F3CF:
F3D2.
F3Ds:
F3D8:
F3DB:
FA3DE:
FREL:
F3E4:
F3E7F:
EEEA-
FRED:
FFRFO:
E3F3:
FRF4.
F3FY:
F3FC:
FRFF:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F40Q0:
F400:
F400:
F400:
F400:
F40Q:
F4G00Q:
F400:
F&400:
F400:
FaQ0:
F400:
F400:
Fa400:

F400:
F4Q0:

¢

06
A2

A5

A8
0%

oc

B1
10
13
15
18
co

. C3

O é-,
ce
cC

1E
D2

05
D3
24
27
E1
E4
2R
2D
30
FQ
34

2y
3

39

)

wd A

3F

04

AD
A3

07

AR
0A
on
OE
11
B3
16
19
C1
c4
C7
CA
iC
Do
1F
20
22
29
28
2

-
[~

ER

2E 2

31
F1
35
38
3A
3D

05
Al
A4

‘QB

[<Y2)

oy

3O
OF

)
f o8

14
17
14
L

Cs

S

cg
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DFBE  49C, $04, $C5

DFB %06, $A0, $41

DFB $AZ. $A3.
DFB  $AS, $07,
DFB  %AB, $A9,
DFE  $09, $0A,
DFE  €0C, $0D,
DFB %11, $0E,
DFR 410, %11,
DFB %13, $B8,
DFE 415, $16,
DFE %13, $19.
LFE 200, $01.
UDFB $03, $04,
DF3 4Ch. $C7
DFR %09, $CA,
DFB ®CC, $1C,
DFR  $%1E, $DO,
DF 3 P2, F1F.
DR FD5. $20,
LR $DR. £22.
DFB %24, $25,
DF}  $27. $28.
DFR  $E1. $E2,
DFR $E4, $29.
DFB 2210, £E£8.
YR B20. $2E.
DFB %30, $31,
DFB $FO, §F 1,
DFR  $34. $35.
DFE 827, $36. $F 8
DFR $37. $34.
DFR #3230, $3D, $72F

DFRB  $3F

AL
+0g
FAA
$08
: AC10)
EOF
$12
$14
$17
$1A
L
D
F06
$1B
$1D
$D1
D4
21
$232
$26
$ED
$E53
gy
k00
E )
$032
$33
$34

E IR

AR AR HIR LRI FERER RSN

¥*
#
¥*

FAST SEEK SUBROUTINE

#*
*
¥*

R H W IR RN R RNRNE

% ok ok o ok o ok & ok o ok ok % ok ok %k % ok ¥ %

———— OMN ENTRY ———-

X-REG

A—-REG

CURTRK

A-REG
Y-REG
X~REG

CURTRK
FI

HOLDS SLOTNUM
TIMES 410.

HOLDS DESIRED
HALFTRACK.

{(SIMNGLE PHASE)

HOLDS CURRENT
HALFTRACK.

OM EXIT ——=m——
UNCERTALN.
UNCERTAIN.
UNDISTURBED.

AND TRKN HOLD
NAL HALFTRACK.

%ok ok % ko & ok % % ok ok %k % A X k¥ % Ok %

46



FA400:;
F400:
F400:
F400.:
F40Q0;
FA400:
Fa00:
F400:
F400:
Fa00:
'F400:
F400:
Fag0o0:
F400:
Fa00:
F400:
F400:
F400:
Fa00:
Fa00:

Fa00: 835
F402:C5
F404:. FQ
Fa06b: AT
F408: 85
F404A: AS
F40C: 85
F4QE: 38
F40F: E5B
F411:FO
F413:BO
F415: 49

F4177E6

Fai19:
Fd418:
41D

FalF

Faz1.
F423:
F425:
Fa427:
F429:
Fazh:
F42B:
F4AE:

k43120

Faz4a-
Fa3e
Fany.
Faaa
F430:
F440:
R 2
Fa4a4d4,
Fa4qr
F448:
Faan:
Fiac:

Eaan o

A
Fa s
Fas3:
Fas5:

70
&9
Ch
of
90
AS
o
BO
A
363
20
BY

AS
18
20
BY
20
Eé
jale]
=0
18
A5
29
24

AA

BD 2

oz

o2

48

56,
9D

2=
70
3&
5
Ch
Sé

A& 81

&G

Froqtas.:

Fabs
L

-

i

Fa
Fa
Fa

Fa
Fa
Fa

F4

47

363
364
365
3464
367
368
369
37o
371
372
373
374
375
37¢&
377
378
a79
3ec
381
3g2
282
384
385
386
387
388
389
3%0
391
392
393
394
395

396 .

397
398
3Re
400
401
402
303
404
435
404
407
408
4Q%9
G41G
d11

aip
413
414
41%
316
417
a318
419
Eyalel
a2

aze

404
429
427
428
G

LRI
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48
#* & .
# PRIOR HOLDE PRIOR *
* HALFTRACK IF SEEK | #
#* WAS REGUIRED. #*
+# %
#  MONTIMEL ANMD MONTIMEH ®
# ARE INCREMEMNTED BY
* THE HWUMBER 0OF ¥*
* 100 UZEC QUANTUMS *
* REQUIRED BY SEEWK #*
* FOR MOTOR ON TIME *
* OVERLAP. - *
# o+
# e VARIARLES USED ——-— 3
H# #
* CURTRK, TRKN, COUNT, 3
#* PRIOR, SLOTTEMP *
+* MONTIMEL, MONTIMEH
* *
R R R B R B R R ] R
SEEK STA  TRKNM ; SAVE TARGET TRACK
CHMP CURTRK ; ON DESIRED TRACK?
BEQ SETPRASE i YES, ENFRGIZE PHASE AND RETURN
LDa  #$0
STA  TRKCONT i HALFTRACK COUNT.
SEEK2 LDA  CURTRK ; SAVE CURTRK FOR
5T4 PRIOR i DELAYED TURNOFF.
SEC ;
SBC TRKN ; DELTA-TRACKS.
BEQ SEEKEND i RROIF CURTRU=DESTIMAT I
Bos OuUT (MOVE CUT., WNOT Ik
EDR #EHFF Cal.C TRKS TO GO
INC  CURTRK INCR CURRENT TRACK (IN)
BCC MINTST (ALWAYS TAKEN) .
aut ADC  #$FE s CALLC TRKS TO GO
DEC  CURTRK S DECR CURRENT TRACK (OUT -
MIMTST G TRKCHNT
BCC MAXTST AND “TRKS MOVED-
LDA  TRUCNT
MAXTST CMP #%9 .
DU STEP2 S IF TRECHTSS LEAVE ¥ ALGNE (Y=$E3
STLE TAY P ELGE SET ACCELERATION INDEY IN Y
SN
STEP JESR  SETPHASE
LDA  ONTABLE,Y FOR “ONTIMES
JER O MSWAIT P CLOO USEC INTERVALS)
LDA  PRIOR
GL.C , FOR PHASEGFF
SR CLRFHAZE CTURNM OFF PRIOR FHASE
LDA  OFFTABLE, Y THEZN WAIT ‘OFFTIME”
JSR O MSWAIT (100 USEC INTERVALS)
ING  TRICNT ‘TRACKS MOVED® COUNT
BNE  SEEKZ (ALWAYS TAKEN?
SUEEKIIND JSR MBWAITT  GETTLE 25 MSEC
CL.C i BET FOR PHASE OFF
SETPHASE LDA CURTRK i GET CURRENT TRACK
CLRPHASE AND #3 i MAaSK FOR 1 OF 4 PHASES
ROL A s DOUBLE FUR PHASEUN/OFE THDEX
ORe TRSLLGT
TAx
LA PHASEOGFF, X i TURN ON/OFF ONE FPHAGD
L.DX IBSLOT i REETORE X~-REG

SEEKRTE RTS
g e E R AR ER I R SRR R R

3
$

MEWA L

: AND RETURN

*
T SULBRDSUTING &
2
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49 50

R B R R i SRR R R R IR L At

b

LDELAYS & HFECIFIEL #

NUMBER OF 100 USEC L
™ PRTERGAL S VO MUTOF o«
oA w CRETEMTLG 3

i
* & Xk ¥

B s e ONOENTRY weee g
Q |

%
Go%  A-NES HOLDS WUMBER o«
Cal SEFE B 100 UREC ?
' Gl PNTETGALG T

G DELAY 3

e O F AT e

E : 400w POTRE S SRR T IO RISV ¢
e, . S S TR LT R

! o vy
! b B \:‘ & h N F': Y +f

T T #
S R T S o TR S

A PO
Y PR R

PRDTE R =

1 SR NI U B R PR IR R A L BN %
< - o -
e, g A G UM - §
Bran i ) # b
< = L i i
= ‘\‘ 3
i dy PR ST B G
H ITTTEEES Rt TS Pl TRIRN WE g
ET LRSS DEY TNy L
Ay del eIl
v LR Pl S
e o LS
a : ' Tprd AN
(% MF_‘ :,.;—_'_
ot 4 WEG HIHE M PMTER SN DT
G 2 MEWATT CAREG QUM YYD
.‘," iy f

CAT 8 RN A SN
A75 %
476 % PHASE ON-, OFF-TIME
477 % TABLES IN 100-USEC
478 = INTERVALE. (GEEK)

479 =
480 HHHURJHAFHRFR R BB SN HS

F467:01 30 28 481 ONTABLE DFR 1, $30, $28

Fasqa =4 20 1E 482 DFE $£24, €20, $1E

Fash: 1D 1C 1C 483 DFE 1D, $1C, $1C

F470: 70 2C 24 484 OFFTABLE DFBR €70, $2C, $26

Fa73: 22 1F 1E 485 DFE %22, $1F, $1E

F47&: 1D 1C 1¢C 4864 DFB  %1D, $1C, $1C

% Bk ok ik
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31 32

F479: 86 83 488 BLOCKIO 8TX IBTRK
F47B: A0 05 .48% __ __LDY #%5
F47D: 48 490 PHA

FA7E: GA 491 TRKBEC aBL A

F47F 2& 82 4592 RO IBTRK
F481:.83 - 493 DEY

F4ag2: DO FA 494 BME TRKSEC
F484: &8 495 .. PLA

Fags: 29 o7 494 AND #$7
Fa87. A8 497 TaY

F488 B9 A0 F4 498 . LDA ESECTABL. Y
F48B. 8% B4 499 STA  IBSECT
F48Dh: 20 00 FG 500 J8R REGRWTS
F490: B0 08 201 . _BCE GUIT
F492 EH B4 502 TNC IBBUFP+1
Fawd: EH 34 S03 ITNC IBSECT
Fagh BELH B4 504 o INC IRSBECT
Fagg: 20 00 FO 505 JBR REGRWTS
F49B: Co6 84 504 DEC IBBUFP+1
F49D: A5 88 507 QUIT LD&  IBRSTAT
F49F . &0 SO/ RY% :
F4A0: 505 %

Fan0: 210 SECTADL HGo = _
FA4AQ: 00 04 08 51t o DFR %0, $4, 38
Fan3: ¢C 01 0% 512 DFB $C, %1, 5
Fang: O On 5173 DFR 49, %D
FAAT 51d %

F4A8: S16 ¥ ¥ K O ¥ % ¥ B ¥ # ¥ % ¥ H ¥ *
Faag: - 317 D *
Faag 518 ® HOYSTICK READ ROUTINE *
Falag 519 « *
Fans BO0 % & ¥ h ¥ F ¥ & ® ¥ ¥ ¥ ¥ v K ¥
F4A8. B21 ¥ ENTRY ACC= COUNT DOWN HIGH
FAAR: 522 % ) X%Y= DOM’'T CARE *
F4A8: 523 » o ‘ *
Fams. FOXIT  ACT= TIMER HIGH BYTE =
Fani. * Y= TIMER LOW BYTE. #
Faag 526 ® CARRY CLEAR 3*
F4AB: 527 # +#
Faag: 228 # IF CARRY SET, ROUTINE #*
F4A8: 529 % YAS INTERUPTED % *
Fanss: BRC % ALC LY ARE O INVALID ®
FaaR: HMRL % & ¥ ow o HF O£ £ R H# F o o P %
Fang _ R -

FFDY- 333 TIMLATCH EQU $FFD9

FFDE 534 TIMERIL EQU  $FFDB

FEDY. 535 TIMERIH EQU  $FFD9

Cose 536 JOYRDY  EGU $C066

Faai BT O#

Fas 538 ANALOG  EGU ®  CARRY SHOULD BE SET!
FaAR 8D DY FF 539 : 8Ta  TIMLATCH START THE TIMER!
FAAB: AD EF FF 540 ANLOG1 LDA INTERUPT

FaME . 20 &6 CO 541 AND  JAOYRDY i WAIT FOR ONE OR THE (QTHER T0O 6C LOW
Fabn S 47 Bl ANLOGH ’

FAR 343 LA JOYRDY WAY 1T REALLY THE JOYSTICK?

FARS 3D 244 M GRODTIME » NOPE, FDORGET IT

Fapg 18 545 cLe - P TIME’S A SLIP SLIDIN AWAY

F4B% AL D? FF 546 LA TIMERLIH i NOW, WHAY TIME IS IT*®

FARC - A UG FF D47 . LDY TIMERIL

Fap : 348 BPL. GOODTIME i TIME WAS VALID!

Fact FiE DAY LDA  TIMERIH i HI BYTE CHANGED

Faca S50 GGODTIME RTE

##% BUCCESSFUL ASSEMBLY: NO ERRORS



FOEY
FaaB
Fiz28
FO5Q
7
F300
7CO8B
EQ
TFOAL
FOER
32

84
83
24
F41F
O8RS
F45h
F355
F2AC
80
FCO
Faez
Fatt
F2E4
coec
F14D
FL17E
FlaF
FLlEA
F1RD
F1on
148
Fi14a4
PE10&
Fa34
F848
PEHRD
FFDY
99
FO7 R
Fa5&
a4
Fanc
FOrFg
7F

81

B 3
85

a9

93

95

97

P9

D
0200
coao
089
cosn
FO31
FO50
FO7F
TFOAL
FOC?
FOEQ
TF106
F1a5

33

ALDONE
ANLOG1
CHKDRY
CONWAIT
oS8TV
DNIBL
DRV1EN
DVMOT
GOCAL
HNDLERK
IDDERR
IBSECT
IBTRK
10BPDN
MINTST
MOTOROFE
MSWATT
MNIBL
HNOWRITE
ONEMEG
PHASEON
PMIBL2
POSTMIB1S
PRENIB3
Q&L

RD1

RDSA

]

RDA4G
RDADR1&
RDCKSUM
READ16
REYNC
SEEK1
SEEKEND
SETPHASE
STEP
TIMLATCH
TREM1
TRYTRK2
YRYFRST
WINTRFT
WNIRLY
WRIT
TWOMEG
IBSLOT
TBRERR
IBBUFP
IRSMOD
RETRYCNT
COUNT
TEMP
TRACK
PRIOR
NBUF 1
PHASEOFF
MOTORON
Q&H
DRIVSEL
CONWAIT
TRYADR
GOCAL
CORRECTSECT
ALDONE 1
SEEK1
SETTRK

FOFO
IFLTT
F13D
FOU7
97
FO31
FOES
FFDF
F4C4
80

oz

81

81

FQOO0
FOEB
Fa0a

TEA5S
F1as
97

99
FA7E
Fioss
Favi
Freh
Fab7
PF223
80

81

83

87

8A

94

96

98

FA

9E
0302
*C081
cosaA
CO8E
FO3D
TFO60
FOB6
FOA7
FOEQ
FOF3
116
F12B

4,383,296

ALLDONE F119
BLOCK (2 93
CKDRTS _ P&
CORRECTSECT ?FODF
CSUM a9
DRIVSEL cO8A
DRVERR F13E
ENVIRON 9F
GINIDTIMNE PF116
HRDERRS 85
IRDRY 20
IBSLOT 89
IBWPER 8B
. JOYRDY 95
MOWT IMEH 99
MOTORDH Fass
MYSEER 0200
MODR IVERR Foen
NXOFF Fa70
OMTABLE F41B
FHASDN TCOB0
POST F338
PREMNIRI "2CH
PRENIRS 9D
Q7H COBE
RD2 Fie2
NS F1o2
RDAL Fipz2
RDAS Fa204
RDAFLD F1Ch
RDERR Fa17
REGRWTS 93
RTTRK Faa0
SEERKR 94
SEEKRTS Fan3
SETTRK Fas4
TEMP FFDY
TRACK 95
TRKSEC FOR&
TRYTRI 7
WDATAR Fagy
WMIDLE PEERF
WNTRPT1 Fa9s
WRT1 Fasg
IBMNODRY a0
IBWPER 82
IBTRK 84
IBCMD 88
I0BPDN 8D
SEEKCNT 95
CKSUM 97
SECT 99
MONT IMEH PA
TRKN 9F
NBUFZ CObLE
PHASON ?C081
DRVOEN ?C08D8
Q7L COBF
DRVWAIT FO44
MODR IVERR FO&S
TRYADRZ FOSB
RDRIGHT FODB
ALLDONE FOES
NOIMTRZ FOF9
GOSEEK F119
CHKDRWV Fi2D

54
ALLOFF TFAAG
ByUF F12D
CKSUM F44A
CORRECTVOL 95
cSuUM 8C
DRVOEN 85
PRYINDX FO3D
EMYTEMP PF0AD
GOSEEK F1BA
IBBUFP a7
IBNODRY 7 83
IBSMOD 88
IMASK FFEF
LAST F425
MOMT IHMEL FO4E
MSH1 Faal
NRUF 1 0302
MOINTR1 FOF3
OFFTABLE FO44
ouT o8B0
PHSOFE F315
FOST2 F34C
PRENIB1A PFIET7
PRIOR cosp
Q7L F49D
RD3 F16B
Rb6 F1AS
RDAR F1DD
RDAG FaoE
RDASM1 F1C1
RDEXIT FOA7
RETRYCNT F152
SECTARL 98
SEEKCMT F400
SERVICE F34C
SEY F42B
TIMER1H FFDa
TRACNT 9E
TRYADR2 FO7F
THOMEG oA
WDATAZ Fa18
WMIBL. F2BD
WRCKSUM Fa19
WRTFRST F230
HRDERRS 80
IDDERR 82
IBSECT 85
IBSTAT 89
INASK 8C
LAST 95
€SSTV 97
MONT IMEL 99
VOLUME 5]
EMVTEMP EO
JOYRDY ?C080
PHASEON coas
DRV1EN cosc
Q7H FOOO
OK FO4E
TRYTRK FO7B
NOINTR1 FFOAD
RTTRK ?FOBF
DRVERR FOES
WRIT F105
ALLOFF F11B
CHKDRV1 F13D

ANALDG
CHKDRV1
CLRPHASE
COUNT
CURTRK
DRVOTRK
DRVWAIT
GOCAL1
GOSERV
1RCMD
IBRERR
IBSTAT
INTERUPT
MAXTST
MOTOF
pMsWa
NBUF2
NOINTRZ
oK
PHASEGFF
PMIBL1
POSTERR
PRENIBZ
QoH
QUIT
RD4

RD7
RDA3
RDA7
RDASYN
RDRIGHT
RSYNC1
SECT
SEERK
SETIMEG
STEPZ2
TIMER1L
TRKHM
TRYADR
VL UME
WEXIT
WNIBL.7
WRITELS
WSYNC
ONEMEG
IBDRVN
DRVOTRK
CSUM
CURTRK
TRKCNT
CSuM1
TRKN1
BUF
DVMOT
PHSOFF
MOTOROFF
Q4L
REGRWTS
MOTOF
TRYTRKZ
cocALt
CORRECTVOL
HNDLERR
MYSEEK
NXOFF
CKDRTS



F 108
F1s2
F17D
F1A%
F1RD
FiDn2
FIF2
Fa18
F24E
Faeh
Faac

TE2BF

FERET
F315
F34C
F400
Fa2s
F448
F453

TF4TY

TFAAB
FEDY

OLGO

Oa0:
OO00:

GOCS:
[olalalen
QQCO:
O000:
QQ00G:
0001
QOO0
Qo1
g01E:
QoL9:
QO A
QUBY:
0089
Q091
Fare

1419
1814
Cood:
COo04:
Cozin
cCOsn:
coar.
coso:

fadels

Lol
COFE:
COFd:

100

DRVINDX
REYMNC1
RD%

RD7
RDADR1S
RDAR
RDAG
WEXIT
WINTRPT
WMIDLE
NIOWRITE
WNIBL
PRENIRBZ
PNMIBLY
POSTERR
SEER
MaXTST
SETPHAGE
MSW1
BLOCKIO
ANALDG
TIMLATSH

55
F148
F157
F17E
F1AF
F1cl
F1DD
FR04
Faie
Fase
Fari
FRB3
Face
FoFs
Fazz
F34C
FAa0A
429
Faaa
Fas1
FA47E
F4AB
FFDY

e s
= ARt g
X

4 wEAT

AN
MLA}

w4, BRO
*

QO YR

EERS TR NSRS S SN

[

.

TErMD

00LY L3 L) E0 B3 (a2 M TS R

N 28 B L) BY v 03 0

EXPROM
ZPREG
avent
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56

READLS Fi4A RSYNC
RD2 Fi62 RD3
RDSA F192 RD&
RDG FiB8 RDERR:
RDASYN FiC8 RDAL
RDAZ3 FI1E& RDAFLD
RDASL F20E RDA7
WRITELSL PF223 WRTL
VRYFRET F258 WRTFRST
WDATAZ Fz81 WDATA3
SERVICE F2BC WMNIBLY
PREMID1S - F2CA PREMIDB1
PRENIR4 F300 DMIDL
PNIBL.2 F33& POSTL
SETIMES F354 8SEV
SEERZ F41B QUT
STER Fazp STEP2
CLRPHASE PF455 SEEKRTS
Mo F467 OMNTABLE
TRKSEC F49Dp GQUIT
AMNLLOGL F4C4 GOODTIME
TIMERIH FFDF EMVIRON
HRXFRABRGEG SR E AR R HRERAE
DIAGHOGTIC TESY #OUTINES

L 1R
£ B LASHL
IHMT 1%7% wY ARPLE COMWUTER, I

AT

BFE479

$30

FFEF
$14004PTRMI
$1B00+ZIRFGI
L0000
H$C008

gL0L0
L0088
$C047
050

ZGi 0051

ECO&LE
HCODO

SCOFY

SCOFE
SCOF3

#C 100

0200

&FFDO
EEFDF

F14D
F16B
F19D
F1BA
F1CD
F1EA
Fai7
Fa30
FRe7
F295
F2BD
F2E4
Fai1
Fa38
F355
Fa1F
Fa44
Fa56
F&a70
FaAo
FFDS
FFEF

RD1

RD4
RDCKEUM
GOSERY
RDAGNL
RDA4
RDEXIT
WEYNC
UNTRPT1
WRCRKRBUM
WNIBLY
PRENIB3
POSTNIBl&
POSTR
NIDL
MINTSY
SEEKEND
MSUWAIT
OFFTABLE
SECTABL
TIMERIL
INTERUPT




FEDR:
FEDRR:
FIED:
FEEF:
FFED:
FFES:
FCea:
FRO7:
FLOGEF
FBCY:
FD98:
FDYD:
FoOL:
Q000!

DO
35
D9

57

L
47
48
45
g

51
52

83

BYSDa
=YED2
SYSEQ
BNKSW
SYSE2
SYSE3
SOUT
CROUTL EQU
KEYIN EQU
SETCVH  EQU
CLOSTRT EQU
SETUF = EQU
MONITOR EQU
#

4,383,296

FFFD2
BFFL3
SFFEQ |
$FFEF
$FFER
HFFES
$FCa5
#FDO7
$FDOF
SFBC7
$FDI8
$FDYD
$F901

58

DBJECT FILE NAME IS DIAG. OBJ

54
55
56
57
58
59
&0
Bz 61
10
62
D &3
CD 64
c1 6%
a9 &4
ca &7
41 48
4F
49
&%
54 70
71
72
73
74
75
FF 76
77
FE 78
FE 79
FF 80
81
FE 82
FF &3
54
g3
B
FF o a7
g8
FF gy
90
co 91
92
93
94
co 95
96
97
F& 98
9
100

101

ORG
RAMTBL DFB

$F4CH .
%0, $B1, $B2, $BA, $B9, $10, €0, $13

CHPG EQU
DCT  'RAM’
DCI  ‘RGH’
DO TVIAC
DCI  ‘ACIA
DCI  ‘A/D¢
DCI  ‘DIASMDSTIC”
DT fZR
DCI  ‘RETRY’
* .
# SETUP SYSTEM
*.
.
L.DA #$52+ROM TURN OFF GSCREEN, SET 2MHZI SFEED
STA SYSD1  AND RUN OFF ROM
LDX #$00 SET BANK SWITCH TO ZERD
STX SYSEO :
STX  BNKSW ,
STX IPREG AND SET ZERD PAGE SAME
DEX
STX ©YsD2 PROGRAM, DDR ‘S
STX SYSD3
XS
IMX
LDA #30F
8TA  SYSES
LDA #3%3F
STA  SYSER
LDY #3506
DISK!  LDA DISKGEF, Y
DEY
DEY
BPL DISK!
LDA KEYBD
AND #5504
BNE  NXBYT
JMP  RECON
3#*
% VERIFY ZERO PAGE

<t



Foz4:
524!
Fa28:
FS24:;
FR2C:
F52D:
FH2F:
F830:
Fo32:
F532:
FS533:
F534.
F535:
FS537:
F538:
FS23A:
F53B:
FO3D:
F33F:
F541:
F543:
F544:
F5464:
F546:
F5464:
FH44:
F548:
FS44:;
F54B:
F34D:
F340:
FS4F;
FS51:
F&53:
F955%5:
FS557:
F559:
F55B:
FS5E:
F560:
F5&2:
F5&3:
F565:
F5&7:
FS&9:
FS5&C:
FO&F:
F571:
F573:
F573:
FS75:
F375:
F578:
F374:
FS7D:
F57E:
Fo581:
F584:
F586:
Fo89:
F58R:
FS8E:
F590:
F593:
F995:
F597:

iy
25
ns
Do
OA
DO
E8
Lo

o1
(&]¢]
¢o
FE

18

18
EB
i8
F7

E4

D
o0
EQ

D2
D3
3F
E2
oF
E3
10
38

2 00

2D

F7

FF

FD

FF

FF
FF

FF

FF

F7

39

103
163
104
108
104
107
108
107
110
111
112
113

114

115
116
117
118
119
120
121
122
123
124
125
126
127
128

129

130
131
132
133
134
135
134
137
138
139
140
141
142
143
144
145
144
147
148
149
150
151
152
133
154
155
136
157
158
159
140
161
1462
163
164
1465
164
167

HXBYT LA
NXBIT 274
ChP
NOGOOD  BNE
A5
BRE
INX
ENE

CNTWR  TXA
" PHA

INX

BNE

DEX

STX

PULBT  PLA
CMP

BNE

DEC

BNE

PLA

BNE

4,383,296

#5017

IRPG, X
ZRPG, X
NOGOOD
A

NXBIT

NXBYT

CHTWR

PTRLO

PTRLO
NOGOOD
PTRLO
PULBT

NOGOOD

# BIZE THE MEMORY

#*

LDX
NOMEM STA
DEX
BPL
#*

LDX

NMEM1 8TX
» L.DA
LDy
8TA
CMP
BEGQ
JER
STY
LDX
NMEMZ INX
CPRX
BNE
LDX
INC
L.DA
AND
CHP
BME

#$08
ZRPG1L1: X

NOMEM

#5$02
PTRHI
#$00

BEFF
(PTRLOY, Y
(PTRLO), Y
NMEM2

RAM
IRPG1L, X
PTRHI

#$CO
NMEM 1
#$20
BNKSHW
BNKSW
#$0F
#5503
NMEM1

# SETUP SCREEN

ERRLP  JSR
LDX

STX

DEX

STX

STX

LDA

STA

LDA

STA

LDX

. JSR
ERRLP1 - LD¥
STX

L.DA

SETUP
#EB00
8SYSED

sSYsp2
SYSL3
#E3IF
8YSE2
#E0OF
SYGE3
#+10
STRWT

TH#$00

cv
#504

60

ROTATE & 1 THROUGH
EACH BIT IN THE O FG

TO COMPLETELY TEST

THE PAGE. HANG IF NOEQGD
TRY HEXT BIT OF BYTE
UNTIL BYTE IS ZERQ.
COMTINUE UNTIL FPAGE

IS LONE.

PUSH A DIFFERENT
BYTE ONTO THE

STACK UNTIL ALL
STCK BYTES ARE FULL.
THEN PULL THERM
OFF AND COMPARE TO
THE COUMTER GODING
BACKWARDS. HANG IF
THEY DON'T AGREE.
GET NEXT COUNTER BYTE
CONTINUE UNTIL STACK
IS DONE. TEST LAST BYTE
AGAINST ZERO.

ZERQ THE BYTES USED TO DISFLAY

THE BAD RAM LOCATIONS
EACH BYTE= A CAS LINE
ON THE SARA BOARD

_STARTING AT PAGE 2

TEST THE LAST BYTE

IN EACH MEM PAGE TO

SEE IF THE CHIPS ARE '
THERE. (AVOID 0 & STK PAGES:
CAM THE DBYTE BE QDY

NO, FIND WHICH CA5 IT I8.
SET CORRES. BYTE 7O FF
RESTORE X REGISTER

AND INCREMENT TO NEXT
PAGE UNTIL I/0 IS REACHED.

THEN RESET TO PAGE &0
AND GOTO NEXT BANK TO
CONTINUE. (MABK INPUTS
FROM BANKSWITCH T0O SEE
WH&T SWITCH I8 SET TO)
CONTINUE UNTIL. BARK 37

CALL SCRM SETUP RODUTINE
SETUP 1/0 AGAINM
FOR VIA TEST

PROGRAM DATA DIR
REGISTERS

HEADING OF ‘DIAGNSTICES’ WITH
THIS SUBROUTINE

PRINT ‘RAM’

SET CURSOR TO 2ND LIHE

EPACE CUREOR OUT 3
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61 62
F399:20 C7 FB 168 JSR SETCVH (X STILL=0 ON RETURN)
F39C: 20 38 F7 169 . JSR STRWT _  THE SAME SUBROUTINE
F39F: A2 07 170 LDX #$07 FOR BYTES 7 - 0 IN
FSa1’ 171 RAMWTY EGQU ’
FSA41:B5 10 172 LDA ZRPG1, X  OUT EACH BIT AS A
F5A3: A0 08 173 LDY #$08 " DR ‘1’ FOR' INDICATE BAD OR MISSING
F5A5: 0A 174 RAMWT2 ASL A CHIPS. SUBROUTINE ‘RAM’ RAM
F5A6: 48 175 _ PHA . SETS UP THESE BYTES
F5A7: A9 AE 174 LDA  #$AE LDAD A ‘. ' TD ACC
F3a%9. 20 02 177 BCC RAMWTS
F3AR: A9 31 178 LDA  #$31 LOAD A ‘17 TO ACC
F5AD: 20 25 FC 179 RAMWT4 JSR COUT AND PRINT IY
F5B0: 68 180 - PLA RESTORE BYTE
F5B81: 88 o 181 DEY ) AND ROTATE ALL 8
F5R2. DO F1 182 BNE RaMWTZ TIMES
F5B4 20 07 FD 183 JER  CROUT! CLEAR TO END OF LINE
F3R7.CA DEX _
F5B8: 10 EY BPL. RAMWT1
FSBA: *
FSBA: # ZPGLSTK TEST
FO9BA: >
FSBA" 9A TXS
FSBB. 8C EF FF _ STY  BNKSW
FSBE: 98 Pl TYA
FSBF: 8D DO FF STA ZPREG
FsC2: 85 FF - .8TA STKO
Fsca C8 INY
FBC5.98 TYA
FOT4H 48 FHA
F5C7. 68 PLA
Fsca- cg Iy
FSC9:CO 2 CRY  #$20
FsCp: Do Fi BNE 29
FaCh AG 00 LDY  #B00
FECF. B8C DO FF 5Ty IPREG
FS5D2: B6 18 §TX PTRLO
F5D4: EB P2 INX :
F5D5 86 19 STXx PTRHI
F507 8A TXA
FSnE D1 18 CMPePTRLII . Y
Fapar DO 06 BNE 793
F5DC: EO 1F CPX  #$1F
FSDE. DO F4 BNE ZP2
F5E0Q FO 05 BEQG ROMTST
FSE2 zP3 EQu = CHIP IS THERE. BAL ZEROD ARG S1ACK
FEED A2 1A LDX  #51A S0 PRINT ‘ZP’ MESSAGE

FSES 20 7B F? JER MESSERR L SET FLAG (2MHZ MODE)»

FSE7: 2195 #

FOE?: 216 ¥ ROM TEST ROUTIMNE

FBE?: 217 %

FSET7. A9 00 - 218 ROMTST  LDA H#HECO SET POINTERS TO

FSEY A8 219 TAY FFCO0

FS5EA A2 FO 220 LDY O BEAG

FSEC: BS 18 221 STA PTRLO

FSEE: 86 19 222 STX PTRHI SET X TO $FF

FSF0 A2 FF 223 LDX W#SFF FOR WINDOWING I/0

| S A B 224 ROMTSTL EQOR (PTRILQ)Y . v COMPUTE CHKSUM ON

[Slc) S S S 25 CPY  PTRHI EACH ROM BYTE,

FSF6: DO 08 226 BNE ROMTST2  WINDOW OUT

F3F8:CO BF 227 CPY #SBF RANGES FFCQ-FFEF _
FSFA: DO 02 228 BNE ROMTSTZ

FSFC: AO EF 229 LDY #$EF

FSFE:C8 230 ROMIST2 INY
FSFF:DO F1 231 BNE ROMTST1

F&O1:E& 19 232 INC PTRHI

F&03:DO ED 233  _  BNE _ROMTSTI_
F&05: A8 234 TAY TEST ACC. FOR O
F&06: FO 05 235 BEQ VIATST YES, NEXT TEST

F&608:A2 03 234 LDX #$03 __ PRINT ‘ROM‘ AND
F&OA: 20 7B F7 237 JSR  MESSERR  SET ERROR

F&OD: 238 %
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63 64

F&0D: 239 % VIA TEST ROUTINE e
F&OD: 240 =
F&0OD: 18 241 VIATST CLC SET UP FOR ADDING BYTES
F6OE: DB 242 B
F&OF:AD EO FF 243 1.bA  SYSEOQ MASK OFF INPUT BITS
F&l2: 29 3F 244 AND  #43F AND STORE ‘BYTE IN
Fé614:85 18 245 _8TA PTRLO  TEMPOR. LOCATION _
F&1s AD EF FF O 246 I.DA  BNKSW MASK OFF INPUT BITS
F&19: 29 4F 247 AND  #$4F AND ADD TO STORED
F&61B: 65 18 248 .. ARC  PTRLO BYTE IN TEMP. LOC.
F&1D: 6D DO FF 249 ADC  ZPREG ADD REMAIMING
F&20:85 18 250 STA  PTRLO REGISTERS OF THE
F6dd: AD DF FF 281 LDA 8YSDI Via‘g )
F&25. 29 SF 25 AND  #E5F (MASK THIS ONE)
Fea7:. 6% 18 253 ADC  PTRLO AND TEST
F&ae 6D DR FF o 254 ~ADC 8YSD2  TO SEE
F&2C 6D D3 FF 255 ADC  SYSD3 IF THEY AGREE
Faof &D ER FF 256 ADC BYSEZ WITH THE RESET
FaRa: 6D E3 FF 257 ADC  SYSE3 ~ CONDITION.
F&3% £9 E1 258 CHMP  H#IEQ+ROM =E17

“0 05 259 BEQ ACILA YES, HNEXT TEST
Fa2Y AR 04 240 LDX  #306 NO, - PRINT ‘VIA’ MESS.
Fabl 20 7B F7 2614 JBR . MESSERR AND SET ERROR FLAG
F&BE . 262
FETIE 263 ¥ ACIA TEST ROUTINE
FaaE. 264 %
Falr 18 245 ACTA cLe SETUP FOR ADDITIOM
F&AF: AS 9F 266 A 1.DA  #E9F MASK INPUT BITS
Faal: 2D F1 CO 267 AND  ACIAST FROM STATUS REG
Fagd: &D F2 CO 248 ADC ACIACM AND ADD DEFAULT STATES
F&a7:6D F3 CO 269 ADC  ACIACN  (OF CONTROL AND COMMND
Fodn: C9 10 270 CMP  #$10 REGS. . =107
F&4C FO 05 271 BEGQ - ATD YES, NEXT TEST
F&AE: AR 09 pald=l LDX #8009 NO. “ACTA’ MESSAGE AND
F&50: 20 7B F7 273 JBR  MESSERR THEN SET ERROR FLAG
F&s3: 274 #
F&53: 275 * A/D TEST ROUTIME
Fahl3: D74 %
FLS3 A9 CO az7 ATD D& #4C0O
Fanss: 8D DCFE 278 STA  $FFDC
Fou58: AD 54 CO 279 L.DA  PDLEN+2
FABR AD BE €O 280 I.DA  PDLEN+6
FASE: AD 3C CO 281 LDA  PDLEN+4
Fhal: AG 30 282 - LY &%20 o
Fasd: 88 283 ADCTSTL DEY WAIT FOR 40 USEC
F664: DO FD 284 BME ADCTST1
Fé&b6: AD BD €O 285 .. _ __LDA PDLEN+5  SET A/D RAMP RO
F&é&? C8 2846 ADCTSTI INY COUNT FOR CONYERSION
FHdM FO DA 287 REQ  ADCERR (R2B5=ERROR)
FLLC-AD 66 (O 28a 1.4 ADTD 1F BIT 7 =%
FébFﬂSO.FB 289 BMI ADCTST3 YES: CONMTINUVE
F&71. 98 290 TYA NO, MOVE COUNT TQ ACC
F672:29 EO 291 AND  #$EO = ACC327?
F&74:FO OS5 292 BEG KEYPLUG
Fé&76: 293 ADCERR EQU o+ N(,
F&7&. A2 OD 294 LDY  #40D PRINT ‘A/D’ MESS
F678: 20 78 F7 295 JBR MESEERR AND SET ERROR FLAG
F&a7B: 294 # : .
FA7B: 297 # KEYBOAD PLUGIN TEST
FA78: 298 «
Fé?B.AD‘OB co P KEYPLUG | DA KEYED 1S KYBD PLUGGED INT
F&vE: OA 300 ASL. A (1% LIGHT CURRENT
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65 66
F&67F: 10 41 301 " BPL.  SEX PRESENT?) NO, BRANCH
F&81: AD DF FF 302 LDA SYSD1 IS ERROR FLAG SET?
FaB4: 10 03 303 BPL. RECON  (2MHZ MODE) NO, BRANCH
FHBE 4C 93 FT 304 JMP ERRLPL ERKROR, HAMG
305 «
3C& « HECONFIGURE SYSTEM
307 %
308 RECON EQU =
309 LDA #$77 TURN ON SCREEN
310  STA  SYSD!
311 JOR CLDSTRT  INITIALIZE MONITOR AND DEFAULT CHARACTER
a2 LDA  #%10 TEST FOR "APPLE 1" SET
313 AND KEYBD
314 BNE BOOT NO, DO REGUL.AR BOOT
318 BIT KBDSTRE CLEAR KEYBOARD
31& L DA  GRMD
31 JSR O MONITOR AN NEVER COME. BACK, .
318 BooOT L.D¥ #1 READ BLOCK O
319 STX IBCMD
320 DEX
321 STY IBBUFP INTO RAM AT $A000
322 DA #$A0
320 STA IRBUFP+1
32 LSR A , FOR TRACK 80
325 STA PREVIRK  MAKE IT RECALIBRATE TOD!
324 TXA
327 JSR  BLOCKIO
323 BOC S0B00T 1F WE'VE SUCCEEDED. DO IT.UP
399 LDx  #%1C
330 SR STRWT ‘'RETRY ™
331 JSR  KEYIN
332 BCG  BOOT
333 GOBOCT MP  $AQ00 .80 TO 1T FOOL. .
02 134 v
= F3H 4 QYSTEM DYERCTSER
Fea( Q[6 =
F&aca AC 7F 337 SEX LDY #$7F TRYFROM
F6Ca. 98 338 SEX) TYA 7F TO O
F&CS: 29 FE 339 ARD  #$FE ADD, =
F&C7. 49 4E 340 EOR  #%$4EF 4EDR4FT
F&C9 FC 03 341 BEG SEX2 YES, SKP
F&CB: B9 00 CO 342 LDA KVYBD., Y NQ, CONT .
F&CE: 88 343 JEX2 DEY NXT ADD —
F&CF: DO F3 344 BNE SEX1
F&D1: AD 51 CO 345 LDA TXTMD SET TXT
F&D4:B9_00 C1_ 3446 SEX3 __ _LDA SLT1,Y ___ _EXERCSE e e e e
F&D7:89 00 C2 347 LbA sLT2,Y ALL
F&DA: B9 00 C3 348 LDA SLT3,Y SLOTS
F&DD:B9 00 C4 349  __ LDA SLTA.Y _ oo
F&EO: AD FF CF 350 LDA EXPROM DISADLE EXPANSION ROM AREA
F6E3: C8 351 INY :
FoE4:DO EE 392 . BME  SEX3___ e e
F&ES: - 353 = :
FGE& 354 # RAM TEST ROUTINE
Fe&E6: 355 = S ——
F&GE&L: AT 73 356 USRENTRY L.DA #$72+ROM
F&ES: 8D DF FF 357 STA SYSD1
F&EB: A9 18 358 ___LDA #%38 - o .
F&ED: 8D DO FF 3%9 - 8TA ZPREG
F&FO: A% 00 360 LDA ~ #$00
F&F2: AR 07 361 LDX _#307 _ N
F&F4:995 10 362 RAMTSTO STA IZRPGL, X
F&F6: CA 363 DEX
F&F7:10 FB 364 __.BPL_RAMYSTO . — ——
F&6F9: 20 B4 F7 365 JSR RAMSET
F&FC: 08 ’ 36é PHP
F&FD: 20 F7 F7 367 RAMTST1 JSR_ RAMWT - — e eem
F700:.20 F7 F7 348 JOER  RAMWT
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67 68

F703: 28 369 PLP

F704:4A 370 ROR A . __

F705: 08 371 PHP v

F706: 20 Al F7 372 : JSR  PTRINC -
F709:D0 F2 373 BME_RAMTSTL _ o
F70B: 20 84 F7 374 JB8R  RAMSET

F70E: 08 ‘375 PHP

F70F:20 FB F7 376 RAMTST4 JSR RAMRD. o
F712: 48 377 PHA

F713: A9 00 378 LDA #%00

F715:91 18 379 ~ STA (PTRLO),Y ) o
F717: 68 380 . PLA

F718: 28 381 PLP

F719:6A 382 ROR A . . R
F71A:08 383 : PHP

F71B: 320 Al F7 384 JSR PTRINC

F71E. DO EF 385 BNE RAMTST4 - ) )
Frao.  C Bge % T T T T

Frao 387 # RETURN TO START

F720" 3B R i - .
F720: A9 00 389 LLDA #%00

F722:8D0 EF FF 390 S5TA DBNKSW

.F725:8D DO FF 391 STA ZPREG _ .
Tan a2 07 392 LDX  #%07

FURA-BD 10 1B 393 RAMTSTG LDA  PHP, X
F7aD.9% 10 394 8T4 ZRPGL, X

F72F: CA 395 DEX

F730:10 F8 396 BPL RAMTSTé

F732:20 7E F7 397 JSR ERROR .
F735 4C 7% FS5 398 JMP  ERRLP _

F738: DD M3 33 35 36 3 3646 B 36 3 36 3 396 B0 9 36 36 96 3 S

F738: 400 # SARA TEST SUBROUTINES

F738: GOT W WA T A H IR R

e 402 w '

AOT wOSURROUTING STRING WRITE
: 4 ‘ '
DB CD F4 405 STRWT LDA  CHPG, X

f 48 4086 PHA :

F7r5e 0% &0 407 GRA  #$80 NORMAL VIDED
S TSy ST S SR Ry % JSR O COUT % PENT

Fral EQ 4y IINX NYT

R 310 PLA CHR

F743. 10 3 411 BPL  STRWT

F74% 4C 07 FD 412 JMP O CROUTL CLR TO EMD OF LINE
£768: 413 % , ,

F 748 414 # SUBROUT ITRE KM

F7ag 315

748 48 d1& RAM P SV ACC
F749: 8A 17 THA CONVRT
F74A. 4A a1g LER A ADD TO

F748: 44 419 , LSR & USE FOR

TTAC 4A 420 LER A B ENTRY

AR 4A A LER A

FraE o8 ans PP

F74F . 44 4573 LER A

FTS0. 28 . 4zZ4 PLP

F751: AA 423 Tax LOOKUP

L7ERD O VR 4Ze VDA feaMvyBL, X IF AL
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FYSY 4G
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£
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X
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i
}
P78 50

At O
24 14
AT 0C
A AA
38
.98
e
A 164
F7P%1: 09 8O
Fran 8p 19
F7?% A% 02
TR RS 1y
o9 a2 &GO
R8s 18
F79E 2
FTOF &8
F7H0. 60
Fual
-7y 1
At
F7a1: 48

F.' ';7

14

A28
S
Y.
.

HER e
43¢

R &dig
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RAMGITT
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HE

o ST
LDd
AN
TaY¥

s

SR
LA
ST A
Riw

% SUBROUTINE

1.13%
a7
L.DY
LDA
SEC
;‘: *"th'\
[P
RS
ORA
SThH
LDA
T A
X
LN 4
FLF
Pl &

RTS

P RE

SR RIS

RS

HEOF

- SMG0
LT
WA
T

LR I

FSF2+R0OM
syalil

RAMGET

#301
IS

#3300
HEAA

DK
#380
THMK

#8002

FPRHI
HECO
PTRILC

PTRING

70
Q0 GET
WHITH

BA!"“;: h

SET

FPROPER
RAM

Vel L

CONVET
0 Vil

FRIMT
SET
MHZ 10

MESLAGE
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SR
B

[ 1
I
oy

F7a 1
Frig:
FLT
FT0a
FYOE
F7DE:

LT

19
10
10

71
482
4873
484

49
T8 4

Bl
HiZ
513
514
51

516

517

321
nad
D23
e
520
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IHC
BNE

[ IRaTe

.;‘;PT‘ : R
Loand

. y
ity It
[N R R i & P
SR ST BN T S TS
™,
[
PR A
1y
‘
.
o
-

RAMERR S

RAMERR3

R hod

RAMEERS

5

& SUELROGUT IME
Fa
RAMWT EOR

72

PTRL.O
RETS
EHTE
Pt
Tl
#$173
PINCZ2
¥E17
e
brofepd
PR
FPTiaml

.
AR S
Bhik
ST

PPN Eets
B

BB

BN

#H20
SERLS

RAM

#HFEQC
(PTRLLOY. Y
IRPEST, X
IRPG1. X

$i%g

RAMERRT

fRAMERRE

FaMbT

H#BEE

CETRLD Y
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73
oML D18 SHT HAMRL S CRTRED Y Y
RN T A 338 LM RAMERR
PR &G 539 RTS

£ JUTCEEIFUL ASSEMBLY. NO ERRORSG

COF3 ACLACN ' F&3E AC1A COF2 ACIACM
F&47¢6 ADCERR F&at3 ADCTSTL Fb65 ADCTET3
CO&4 ADTO F&3 ATD F479 BLOCKIOD
FFEF BNKSW F&AL BDOT F4CD CHPG
F532 CMTWR Fees. cour FDO7 CROUT1
F513 DISK1 CODO DISKOFF F575 ERRLP
F77E ERROR CFFF EXPROM F6BF GOBOOT

85 IBRUFP 87 1BCMD 1419 IBNK
CO08 KEYBD FDOF KEYIN F&70 KEYPLUG
F7783 MESSERR F01 MONITOR F54F NMEM1
FS2a NOGOOD F548 NOMEM F526 NXBIT
€058 PDLEN 1810 PHP F7B8 PINC1

91 PREVTRK 19 PTRHI F741 PTRINC
F53A PULBT F772 RAMOO F776 RAML
F76B RAMO F7DB RAMERR3 F7EA RANMERR4
F7D7 RAMERRZ F7F1 RAMERRS F7FD RAMRD
F780 RAMSET? F4Cs RAMTEL F&F4 RAMTSTO
F70F RAMTST4 F72A RAMTSTSG F5A1 RAMWT1
F7F7 RAMWT F5A5 RAMWTR F&89 RECON
F5F2 ROMTST1 FSFE ROMTST2 FSE7 ROMTST

- FBC? SETCVH FRYD SETUP ° F&Ca SEX1

FGCE SEXZ F&lDa SEX3 C100 Si.T1
€300 SLT3 C400 SLT4 FF STKOQ
FFDF SYSD1 FFD2 SYSDZ FFD3 SYSD3
FFEQ SYSER FFE3 SYSED €051 TXTMD
F&OD VIATST FSBE ZP1 ~ FSD4 IP2
FFDO ZPHEG 10 ZRPG1 B 00 ZRPG

00 ZRFG 01 ROM 10 ZRPG1

19 PTRHI 1A BNK 5p CV

87 IBCMD 91 PREVTRK FF STKO
1810 PHP CO00 KYDD CO08 KEYBD
PCOA7 ADRS CO50 GRMD COS1 TXTMD
CO66 ADTO CODO DISKOFF COF1 ACIAST
COF3 ACIACN C100 SLT1 €200 SLT2
C400 SLT4 CFFF EXPROM F479 BLOCKID
F4CD CHRG F513 DISK1 F524 NXBYT
F524 NOGOOD F532 CMTWR F53A PULBT
FS4F MNMEM1 Fo62 NMEM2 ) FS75 ERRLP
F5A1 RAMWT1 F5A5 RAMWT2 FSAD RAMWT4
F5D4 ZIP2 F5E2 ZP3 FSE7 ROMTST
FSFE ROMTSTZ F&OD VIATST FO63E ACIA
Fée3 ADCTSTI Fbe% ADCTST3 Fb676 ADCERR
F629 RECON Fbal BOOT F&6BF GOBDOT
Foo4 SEXL F&4CE SEX2 FoD4 SEX3
F&F4 RAMTSTO F&FD RAMTST1 F70F RAMTST4
F738 STRWT F748 RAM F76D RAMO
F776 RAM1 F77B MESSERR ~ F77E ERROR
F76D RAMSET1 F7a41 PTRINC F7B& PINC2
F7C2 RETS F7C% RAMERR F7D7 RAMERR2
F7EA RAMERR4 F7F1 RAMERRS F7F7 RAMWT
FoO1 MONITOR FBC7 SETCVH FCas5 CouTt
FDOF KEYIN FD98 CLDSTRT FDYD SETUP
FFD2 SYSD2 FFD2 SYSD3 FFDF SYSD1
FFEZ SYSER *FFE3 SYSE3 FFEF BMKSW

memem NEXT OBJECT FILE NAME IS MON. OBJ
F7FF; 2 . . ORG S$F7FF
F7FF 3%

74

COF
7C047

FDe8
2D
F993
€030
col0
CoQ0
Fob2
Fo24
F7B&
18
F748
F7¢e
F784
F&FD
F3AD
F7C3
o1
F6i2
€200
F738
FFEQ
TF&ESL
FS5E2

18
85
1419
€010
c058
COF2
€300
F4acs
F526
F548
F593
FSBE
FSFa
F&53
F&7B
Faca
PFEES
F72A
F772
F784
F788
F7DB

F7FB

FDO7
FFDO
FFEO

ACTABT
ADRE
BiNK
CLDSTRY
cv
ERRLP1
GRMD
KBDSTRB
KYBD
MMEM2
MXBYT
pIMCa
PTRLO
RAM
RAMERR
RAMBET
RAMTET!
RAMUWTS -
RETS
ROM

SEX
SLT2
STRWT
SYBEQ
USRENTRY
iP3

PTRLO
IBBUFP
IBMK
KBDSTRB
PDLEN
ACIACM
SLT3
RAMTBL
MXBIT
NOMEM
ERRLPY
P1
ROMTSTI

ATD

KEYPLUG
SEX
USRENTRY
RAMTSTé
RAMOO
RAMSET
PINC1
RAMERR3
RAMRD -
CROUT1
IPREG
SYSEQ
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RTS
S5BC
BEQ®
5BC

#1
RET1
#1
RET
#1
RETL
#1

RET1

#1
RET]
#1
RET!
#1
RETI1
#1
FET1
1
FET
i ]
RETH
#1
e T
¥
T
#1
RETL
# 1
BT
#1
HET
it |
RET Y

o

76



FO
6C: EF
- FO
BI0ER
072 FD
76 B9
CFO
ES
CFO
LER
L FC
EY
CFO
F3g4 . EQ
Faka FO
FREGQ EY
FRorsy Fo
FE8C. EY
F&gE: FO
FR90: EQ
Feisel Fi
Figad, £
FRY4.F(
Fawg: £9
FE9a. FO
FRYC: ES
Friwb B O

E
Foaddy FO
A B

FOBO E9
SBED. RO
FRR4 EY

Tipa e
FRRC EY
FRLE FO
FRCO. E9

A U SR

ESCa ES
SN

FBCG: EY

93
01
eF
o1
=3¢
01
87
01
83
1
0
o1
7C
01
7
Cq
74
o1
70

77

59
.60
&1

L™
LY =

-

SIad

64
&5
b6
&7
58
HY
70
71

~y
-4

—
I

RET3

4,383,296

BEG

SBC

BEG
5BC
BEG
8BC
BEG
SBRC
BEG
SBRC
BEQ
SBC
BEG
SBC
BEG
14 CE
DG
SBC
REQ
5B
REG
S0
REG
SEC
BEG
SBC
S
By
SR
BEQ
58C
BEG
S
RE0
SBRC
BEG

e
3".‘.)‘.1(

RET1

#1
RETZ2

SRl
RETZ

#1
RETZ
#1
RET2
#1
RETS
#1
RETR
#1
RET2
#1
PETE

1

RETR
#1
RET2
#1
RETZ
#1
RET
#1
RETE
#1
ETE
i1
RET=
#1
RET2
#1
RET
i
HET
#1
RETZ
#1
ME T
#
RETE

#1

78
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&8 113 BEQ RETZ

o1 SR #1
24 REG  RETS
o1 SR &1
20 BEG  RET2
01 EBC #1
1 REG  RETZ
o LEES it
b ; Frir
21 SHT #y
14 BEG RETH

BT
i}
I :
S 4 vy
N HO
. e
i B o
v 4Ty
HER
P33 e vl

13%

.
SORNLOC EGU $58

L D0 -1
SCRNLOC+2

GORNLOCH+3

WINTOGP
WINBETHM

S SERRYS B¢ BRI X I SIS PO

< SCRNLOC+4
oV GCRNLOC+HS
BAZ4aL SCRNLOC+&

} BASAH  EGU  SCRNLDCHY
BASSL  EQU  SCRNLOC+E
B4SHH  EGU  SCRNLOC+Y

G040
0CAL:

bl Rt bab et ek fed fea
B s £ e

OQ&E: & TEASEL - EQU  GCRNLDC+EA
00&3: 17 TBaB4H EQU  SCRNLDC+$R
OOast: 18 TEABEL EQU SCRNLOCC+3C

CGhG: TEASBH EGQU  SCRNLOC-&D

QGéb: 20 FORGND - EQU  SCRNLOC+3E

o467 21 BHUGND EQGU  SCRNLOC+sF

R 22 MODES EQU - SGORNLOC+%10
OQHT 23 CURGDOR  EQU  SCRNLOC+%11
QUL&AL S 24 BTATHK ZoU SCRNMLOCH%1R2
OGaE: 23 PROMPT EQU ESCRNLOC+$13
Qs 26 TEMRX EGU SCRNLCC+%14
Qo0& 27 TEMRY EQU  SORNLOC+$13
Qunf 28 C8WL EQU - SCRNLOC+$14
29 CGWH Eal  SCRNLOC+S17
( i 30 KEWL EQU GSCRNMNLOC+%18
Qo711 31 KEWH EQU  SCPNLDOC+%19
007 S22 PCL EQU  SCRNLOC+%14
Ca73: 32 PCH el SCRNLOC+%13

-
0

Q74 34 ALl EGU SCRNLOC+31C
D075 3% AlH EGU AlL+1

ad
QGTH: P S EQU  AiL+2
OG77: 37 AZH EGlU  a&il+3
Qo78: ’ 2B A3L EQU AlL+4
Qo079 39 AGH EQU  AlL+D



Q07A:
078
OR7¢:
Co7D:
O07E:
Q080:
0049
FPO1:
CQ00:
€C010:
F01:
Q3F8:
F4a7%9:
F&B9:
F4EE:
0050:
0081:
Q082:
0085:
Q087
FR01.
F01:
F901 kA
FRO2: 8&
FoQ4
F?04: D8
FR05: 20
F?08: Ab
FR0a: 94
FPOR. A9
FFOD. 85
FQQF: 20
F912: 20
F915: 20
F?18. 84
FF1a. A0
F9ic 88

F91D: 30 |

FR?1F: D9
Fe22.D0
Fe24:. 20
FPe7: Ad
Fo29. ac
FezC:

Fo2aC: A2

FORE: 86
F930: 86

F932: Bl
Foa4, ce
- F935: 49
F937.C9
F939: 90
FOIR. 69
FO3D: €9
F93F- 90
F9a1: A2
F943: 0A
F944: 0A
F945° 0A
F946. 0A
Fo47: 0A
F948: 26
F94A: 26
F94C: CA
F94D: 10
FI4F: AD
F951: DO

76

Fg
7C
Q6

“n

FC

FC

F9.

Fo

Fo

Fo

4,383,296

81 82
40 A4L EQU  AlL+s
41 AdK EQU  AlL+7
42 STATE QU AlL+B.
43 YSAV EQU ALLA-Y
44 INBUF  EQU  All.-+saA i AND 2B
45 TEMP EQU  AliL+%C
‘46 MASK EQU  CURSOR
47 %
48 KBD EQU  $£000
49 KBDSTRB EQU  $CO10
50 )
51 USERADR EGU $3F8
52 BLOCKID EQU $F479
93 RECON EQU $F689 AS OF 12/20/79
54 DIAGN  EQU $F4EE
55 INBUFLEN EGU $50 i ONLY 80 BYTES ($3A0-3EF)
5& IBSLOT EQU %81
57 IBDRVN EQU IBSLOT+!
58 IBBUFP EQU IBSLOT+4
59 IBCMD EQU IBSLOT+4
60 *
&1 ENTRY EQU # .
b2 TSX
&3 STX STACK
64 =
6% MON cLD i MUST BE HEX MODE
bé JSR  DBELL
&7 MONZ 1.DX STACK ; RESTORE STACK TO ORIGINAL LOCAYTLION
&8 TXS
&9 L.DA #SDF , PROMPT (APPL.E) FOR Saka Ml T0OR
70 5TA  PROMPT
71 JSKR GETLNZ y GET A LINE OF INPUT
72 SCAN JSR  ISTATE . :SET REGULAR SCAN
73 _NXTINP JSR  GETNUM i ATTEMPT TO READ HEY BYTEL
74 STY  YHAV | STORE CURRENT INPUT FOINTER
75 LDy #E11 ;17 COMMANDS
76 CMDSRCH DEY
77 BMI  MON i GIVE UP IF UNRECUGNIZABLE
78 | MR CMDTAB. Y  ; FOUND?
79 BNE CMDSRCH  ; NO WEEP LOGKING
80 JSR  TOSUB ; PERFORM FUNCTION
a1 Lhy  YsAv i GET NEXT POINTER
82 JMP RWXTINP ; DO WEXT COMMAND
83 % ‘
84 GETNUM LDX #0 i CLEAR AR
85 STX A2L
8é STY  AZH
87 WNXTCHR LDA (INBUF:, ¥
88 THY i BUMP TNDEX FOR NEXT TIME
89 EOR #$BO
90 CMP H%A i TEST FOR DIGILT
91 BCC DIGIT i SAVE IT IF 1-9
92 ADC #3898 i TEST FOR HEX A-F
3 CMP #EFA
94 R DIGRET
95 DIGIT  LDXx #3
94 ASL A
37 ASL. A
98 ASL A
99 AasL. A
10O NXTBIT ASL A JSHIFT HEX DIGITS INTQ A2
101 ROL AZL
102 ROL  A2H
103 DEX i GHIFTED ALL YET®
104 BRL. HNXTBIT
105 NXTBAS LDA STATE
106 BNE  MXTBS2 ; IF ZERD THEN COPY TO A1, 3
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83 84

F953: BS 77 107 LDA  ADH, X
F955: 95 75 108 : STA  AlH, X
F957:95 79 109 ~ BTA  A3H, X
Fo59: E£8 110 _NXTBSZZ INX
F9SA: FO F3 111 BEG NXTBAS
F95C DO D4 19 BNE  NXTCHR
F95E: 113 »
FOSE: A9 FA 114 TOSUB  LDA #<ASCII  ; PUSH ADDRESS OR FUNCTIOM
F960: 48 115 PHA iAND RETURN TOQ IT
F9s1 B9 7¢ F9 116 LDA CMDVEC, Y
Fo&4 48 o117 . PHA ,
Fo&5: AS 7C 118 LDA STATE i PASS MODE VIA ACC.
F967: A0 00 119 ZSTATE LDY #0 . :
F949: 84 7C 120 STY STATE i RESET STATE OF SCAN
FPaB: &0 121 DIGRET RTS
Foac: 122 % _
Foac: 123 CMDTAB EGU *
FR&6C: 00 124 DFE %0 i 6 =60 (CALL} SUBROUTINE
FeeD: 03 12 DFB %3 ioJ . =JUMP (CONT) PROGRAM
FRLE: 06 126 DFE & 5 M =MOVE MEMORY
FOLF: EB 127 DFR $EB i R =READ DISK BLODCK
F970: EE 28 DFR  %EE iU =USER FUNCTION
Fo71: EF 129 DFB  $EF i ¥V =VERIFY MEMORY BLOCKS
FQ72: FO 130 DFD  $FO i W =WRITE DISK BLOCK
FO73: F1 1m  DFB  %F1 i % . =REPEAT LINE OF CODMMANDS
F974: 99 132 DFB  $99 ; B8P =SPACE (BYTE SEFARATOR)
FO7%: 98 ° 133 DFB %983 ;pom =ASCII (HI BIT ON)
FO76: AD . 134 . DFB  $A0D PR =ASCIT (HI RIT DFF)
FO77:93 135 DFE %93 P =SET STORE MODE
F978: A7 136 DFB A7 i =RANGE SEPARATOR
FRVe: AB 137 DFB  %AB i/ =COMMAND SEPARATOR
EG7a: 95 138 DFE %95 i+ =DEST/SOURCE SEPARATOR
F97E: Cb 135 DFE  $C& i CR =CARRAGE RETURN
Fo7e: v 140
FGTC! 141 CMDVEC EGU #
F7¢:7C 142 DFE  GO-1
FOv7D: 7A 143 DFI JUMP~1
FO7E: 28 144 LFR  MOVE-]
FO97E; BF , 145 DFD  READ~1
FoRc: 77 144 DFR  USER-1
FOgL: 3A 147 DFR  VRFY-1
FoRs: c2 148 DFE  WRTE-1
FOR3: 1 149 DFR  REPEAT-1

150 DFB  SPCE-1

151 DFE  ASCII-1

i DFE  ABCIIo-i

153 DER SETHMODE-1

DFE  SETHMODE-1
DFE  SEP-1

LFE . DEST-1
DFB  CRMON-1

£y

MXT A4 INC Pal PBUMP 16 BIT POIMTERS

BNE NXTAL
INC  AdH

1 NXTAL INC o ALl FBUMP AL

1é&4 BNE  T&Tal

1&9 IMC Al

1448 SEC o IM CABE OF ROLL OVER

1 BEG RETAL

i TETi AT =S P TEET A1AZR

i SEC

1 EZRC A2

i STa  TEMP
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85 86

172 LDA Allm

173G SEC AZH

174 ORS TEMP

By BNE RETAL G IF Al LESS THAN OR EQUAL TO Al

176 CLC I THEN CARRY CLEAR ON u'ruau
: 177 RETAl RTS8

FAC: 178 «
FRAC: 179 # .
FQAC: 48 _...180 PRBYTE PHA i SAVE LOW NIBBLE .
FRAD: 4A 181 LSR A
FIAE: 4A 182 . LSR A ; SHIFT HI NIBBLE TO PRINT.
FOAF.4A 183 LSR A .
F9BO: 4A 184 LSR A
FPR1:20 B7 F9 185 JSR  PRHEXZ
FoB4:48 186 PLA . . e
F?BS: 29 OF 187 PRHEX AND #$0OF ;STRIP HI NIBBLE
F®B7: 09 BO 188 PRHEXZ ORA #%BO i MAKE IT NUMERIC
F9B9:C9 BA 189 CMP___ #$BA i I8 IT >’9¢
FPRB: 20 02 120 BCC PRHEX2
F9BD: 69 06 191 ADC #%6 i MAKE IT ‘A’'—-’'F~’
FPBF:4C 2% FC 192 PRHEXZ2 JMP COUT . o
FoC2: ’ 193 = -
FoC2:20 AC F9 194 PRBYCOL JSR PRBYTE
F9CS5: 195 # L
FOCS: A9 BA 196 PRCOLON LDA #%BA i PRINT A COLON
FPC7:DO Fé6 197 BNE PRHEXZ2 i BRANCH ALWAYS
F9C9: 198 % _ e
FRC9: A9 07 199 TSTBOWID LDA #7 ;ANTICIPATE
FPCB: 24 68 200 BIT MODES ; TEST FOR 80
F9CD:50 02 201 BVC SVYMASK R o
FICF: A9 OF 202 LDA  #$F -
FoD1:85% 49 203 SVMASK STA MASK
FOD3: 60 204 RTS __ e
FeD4: | 205 #
FoD4: 8A 206 AIPC TXA ; TEST FOR NEW PC
F9D3:FO 07 207 BEQ OLDPC -
Fen7:B5 74 208 AiIPC1 LDA A1l X
FRD9: 9% 72 209 STA PCL, X
FODR: CA _ 210 DEX _ ) L
FDC: 10 F9 211 BPL. AlPCl
F@DE: 60 212 OLDPC RTS
FPDF: 85 &9 214 ASCII1 STA MASK i SAVE HI BIT STATUS
FPEL1. A4 7D 215 ASCII2 LDY YSsaAV y MOVE ASCII TO MEMORY
FPE3:B1 7E = 216 C_. kDA CINBUFD)LY
F9ES: E6 7D 217 INC YSAV i BUMP FOR NEXT THING.
FQE7: A0 00 218 LDY #0 .
FPE9:C9 A2 219  CMP #$A2  ;AsCII " =2
FYEDR: DO 05 220 BNE ASCII3 ; NOPE, CONTINUF
FPED: AS &9 221 LDA MASK
FSEF.10 20 222  BPL BITON _ HE‘S GHANGED MODES.
FPF1: 460 223 RTS i NO, HE‘S DONE.
FOF2:C9 A7 224 ASCII3 CMP  #3A7 i ASCII 72
FIF4: D0 05 229 BNE CRCHK i NO, TEST FOR EOL. o
FIF&s. AS 69 226 LDA MASK
F9F8: 30 1B 227 BMI BITOFF i CHAMGE MODES.
F9FA:60 228 RTS
FFFB:C9 8D - 229 CRCHK CMP #$8D i END OF LINE?
F9FD.FO 07 230 BEQ ASCDONE i YES, FINISHED
FIFF: 25 &9 ‘@31 AND MABK o .
FAOL1: 20 AF FA 232 JSR STOR1 ;G0 STORE IT!

FAQO4: DO DB 233 BNE ASCIIZ2 i DO NEXT.



FAQ&:
FAQ7:
FAO7:
FACH:
FAs:
FACA:
FAQR:
FACD:
FAQK:
Fatl:
FAL3:
FAL1S:
FAL7:
FA19:

FALC

FAatE:
FADT.
FARZ: &
FAZ3:

FAZé

A
Faze:

ALY

Fa2e.
FAZC.
FARF:

Fd
FFava3s
FARS

FAZE:
Fad3a:
FaiB.

~a

FAan:

Fag2

Fag4

[RESR

I hds

- har

FALE:
FASL:
FASZ:

Fase

Fand

Fal?

[FAST.
FASC:
FADE: 2

Y

QAN

Fass &
FAGT.
FAGE.

FALE

FA70. 20

FAT3

FA75:
FA78:

ATy
Fave

F AT

FaTC

FATD
FARO
FAED

A8

20

HRCE

o

4c

AC
g

9B
SD
T4
74
8C
F7

BO

21
20

&0

o4

gl
/

FA

Fo.

Fo

Fo

2 Fé

FC
F&

Fo

F9

Fa
)

Fo

F9
oe

87

234 ASCDONE RTS

2 B S S
ASCII  SEC

236
237
238
239
240
241

ASCII0
CKMDE

28

243
244

- 245

246

BITON

DFB
CELC
TaX
8TX
EOR
BNE
L.DA

_ BCS

DITOFF

 REPEAT

REPEAT1

MOVE

MOVNXT

#*
#

*OVREY

VRFY1

VRIFYZ

3*

PRINTAL

* .
UEER
#
JSURP

GO

®

LDA
BPL

BIT .

BRL
JMP
PLA
PLA
JMP

JER
IMpP

JGR
BCE
LA
STA
JIGR
BCC
RTS

JGR
HCS
L.DA
CMP
BEQ
JGR
JER
IS
BCC
RTS

JER
L.DA
JER
L.DA
JER
JaR
LA
JER
LDA
JER

LDA
JMP

JMP

PLA
PLA
JER
JMP

RWERROR EGU

MISMATCH L.DA

PRA1BYTE LDA
PRBYTSP JSR
 PRSPC

KEBD

4,383,296

%90

STATE
#$BA -
ERROR
H#EFF

CASCTIN

#$7F
ASCIIY
REPEATL
KEYIN

88

i INDICATE HI ON
) (BCC — NEVER TAKEN)
; INDICATE HI OFF
i BAVE STATE
i RETAIN STATE
i ARE WE. IN STORE MODE™

P BET HI BIT UNMASKED

i MASK HI BIT
i ALWAYS

. i REPEAT UNTIL KEYPRESS

_JCLEAN UP STACK

SCAMN

Bl
MONZ

TSTAL
ERROR
(AILY, Y
(AALY, Y
NXTA4
MOVNXT

TETAL
ERKRQOR
(ALY, Y
(A4, Y
YRFYZ2
MISMATCH
CROUT
NXTA4
VRFY1

AGH
PREYTE
AaL
PRBYCOL.
(ABLY, Y
PRBYTSP
PRSP C
AlH
FRRYTE
AL
PRBYCOL
(Atll, Y
PRBYTE
#BAO
couT

USERADR

AP
{(PCL)

K

; DON’T MOVE AMYTHING IF ILIEGAL
P MOVE A BYTE
i BUMFP BOTH Al AND A4

i ALL. DORE WITH MOVE

 TEST vAaLID RANGE

i COMPARE BYTE FOR BYTE
i MATCH?
i YES, DO NEXT.
i PRINT BOTH BYTES
P GOTO NEWLINE
i BUMP BOTH A1l AND A4

i VERIFY DONE.

i PRINT ADDRESS OF A4

i OUTPUT A COLON FOR SEPARATOR
i AND THE DATA. .

i PRINT THE BYTE AND- A SPACE

i LEAL WITH A SPACE. |

P OQUTFUT ADDRESS Al

i SEPARATE WITH A COLEN
PPRIMT BYTE POINTER TO BY Al

i PRINT A SPACE
i END VIA OUTPUT ROUTINE

JLEAVE STACK WITH NOTHIN' ON TV
i STUFF PROGRAM COUNTER

i JUMP 70 USER PROG

JFRINT ERROR NUMBER

INPUT.



FAGT 20
FaBS A
FABS. 20
FABB. 20
FASE 40
Fadt

FATL A%
Fas3. 8%
FAS5. A5
FAGT?. 8%
FASH AC
FAp

Fasl 98
FASE FO
Fial.

Rl T
FAAD Fo
FAAG. Ch
FAAS: DO

FAA7:
FAAT:

el
FAAD

Faalt

Rt

FAEL

FAES &

Ford
AR
- A3
FAEY
FAEg

FAES:
FAEDR.
FAED:

FAFO
FAF2

FAFG:

FaF o
FAFG:

Féal

AD
g5
20
3
8%
DO

44
Lo

Al
25
o7
04

'I"

Yo

16

02
7R

75
77
)
74
74
06

FC
Fh
f.'!.?

Fa

AN
309
310
B2
B

R
S
310
214
317
AR

HB‘v
340
341
34
343
DA
349
34&
347
348

P34

350
331
352
393
354
355
3564
357

ERRORZ
ERROR
%

DEST

LRI IE RS

Lo DR

WRTE
SAVOMD
RWL. IR

HUVETR

K3

DUMPE

*
TSTDUMP
ERRORL

LER
L.DA
JER
JER
P

{ D&
STA
LDA
STA
RTE

JER

TYA
BEQ

DEC
BEN
DIy
RME
M
BNE
A
[ AT
510
e
BNE
fHC

T

LY
LDA
STA
RYG

LDA
DFB
L.DA
8TA
1.DA
STA
LDA
8TA
LDX
LDA
SE1l

.~ JSR

BCS
INC
BNE
[N
itle
NG
WJER
nRCC

VTG

CHN
EGU
LDA
SThH
JGR
TR A
STA
DNE

L8R
BCG
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90

PRBYTE PRINY THE OFFENDER

#$A1 , FOLLLOWED BY A "'

CouUT ‘

NOSTC® L OUTRUT A CARRAGE RETURN (NU GTOPLST)
MO

AL CCOPY AR TR A4 FOR DESTINATION OF
AdL

A2H

AdH

SPCE P BEFARATOR  TEST STORE MIDE OB Dur.
i JERD MODE.
SETMDZ ;s BRANCH ALWAYS

Y RAV CTEST FOR NO LINE
pLMe g S0 MO LINE, GIVEM A ROW OF 3YTES
P TEST 1F AFTER ANOTHER SPALE

SETMDZ
#HUA S BYORED MODE®

T UPE
EREI KEEP IT 11 STORE GTATE
AL CET DYTE T BE STORFD

CABL Y FOT IT TN MEMORY
A0 . BUMP POINTER
UMMy

AJH

AL DBER FOR G0 SLEAR MODE
VinAs Sl JHNPUT CHARAC

CINBUF . ¢, T SET MODE

STATE

1 CBET g COMMAMIET T Al

+2C ; DUMMY BIT TO SKIF 2 HYTES
#2 ; GET DISK COMMAMD T0O WRITE
IBCMD ’

Al

[QDURF S CIIMMAND FORMAT 2

ATH i BLOCKNUMBER (/D DG MHDAODRESS
IBRUFP+1

A4H ; GEND BLOCK NUMBER VvIA X & A
AdL

P NO ITRTERUP TS WHILE IWN MUNITOR
GLOCKTIO i DO DISKG FEVER i
RWERRDOR 7 GIVE UP IF ERROR ENCDUNTERED
A4l s BUMP BLOCK NUMBER
NOVER
AdH
ATH LR RAY LRDRESS By S Yl
AlH .
TSTAL » TEST FOR FINISHED
RyLO0OR » NOT DONE. DO NEXT BLOCK

MONSD

* ; QUTPUT 1 ROW OF BYTES
AlH

MK

TSTEHOWID e T WIDTH MASK INTO ACES
AlL.

AL

DUMPO i BRANCH ALWAYS

A i DUMP ™
ERROR
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91 92
11 DumMe JER O TSTBOWID CGET FOR EITHER 8¢ OF 40 {OLUMRNG
. 122 DUMPL DA AlLL cUSE A4 FOR ASCTIT DU
FAFE. 85 7 13 STA A4L
5 14 L& AlH
] 15 STA  A4H i
Fe P JER TSTAL CTEST FOR VALID RanGHL
- 7 BCS  ERROR1
k S =1 FA L3 DpUME JGR O PRIMTAL CPRINT ADDRESS AND FIRHT BvTE
FROGC. 20 92 F% 19 DUMP.. JSR O NXTAL
FROF. BG 10 20 BCS  DUMPASC » END WITH AGCII
=21 Lhd  AtL -5 TEST END (F LINE
2a AND MAGHK »FOR 40/80 COLUMN
23 BME DuUmMP 3
23 JER DUMPASC
b BN DUMPL i BRANCH ALWAYS
DUMP (i JER PRAIDRYTE G0 PRINT NEXT BYTE AND A BPACE
BNE DUMP2 L ALWAYS (ACC JUSY PULLED A5 £A0)
&+
DU S50 LA AbL CRESET TO DEGIMNTNG OF LIkl

STa Al
LDA AGH
STha . AlH

FRa?

FRoe: 20 £, PREPC CFRINT AN EXTRA SPACE
R RESY-Ta | #0 L TO O INDEX MEMORY (NDIRCOT
25 VAL B, Y
e ET e CGET ONORMAL VIDEQ
3 #BA0 TESYT FOR. CONTROL CHARACTE
23 ASCD LK TO PRINT NON CONTRULS
39 #BAE  OTHERWISE PRINT & SRACE
G LT L PUY TT U
41 fiv T Aad Bt BOTH AL AND A
@) AGT STINLISHED
473 ATl i TEST END OF LINE
44 MAGK
45 ASC1L SMOT DONE. PRINT MEXT
ORI YU S X de ASLD CRONT
ey 37 s
FB49; 48 *
FB49: L B9 %l o
FB4% 138 50 COLKO SEC , INDICATE 80 COLUMNG DESIFLI
Fiaa AD 53 C0 51 LDA  $C053 , GOTO 80 COLUMKN MODE
Fran Bo 04 52 BCS  SETHO i BRAMCH ALWAYS
FR4F: 53 # .
FB4F: 18 - 54 COL.4C cLe i INDICATE 40 COLUMNS DESIREL
FB50: AD 52 €O 55 L.DA  $CO052 ; GOTO 40 COLUMN MODE
FBS3 A% &8 Sé& SETHO L.LDA MODES
FRES 0% 40 57 ORA  #3%40 P ASSUME i
PR ] 58 : RCS  SETE0A VAND BRANCH IF IT 1%
FR%%9 29 BF 59 AND  #$BF i BUT FIX FOR 40 IF NMOT
FEsBR 8% 68 60 SETB0A STA MODES
FBBD: 09 7F &1 DRA  #3%7F ; ISOLATE DIT 7
FBSE. 29 A0 62 AND  #3A0 JCRIY 7 SEIS NORMAL INVERSE
FR&GE. B &6 63 STA  FORGND
Fas B 02 b4 RCE  SETBOB ;AGAIN ASSUMES. 83 COLUMNS
FB&S: AR FO Y LDA #$FO ; IF MOT, SET FOR/BACKGROUND COLOR
FR&V: B85 67 &6 SETBOB STA BKGND :
FE&Y: , 67 % o , '
FREAY A% 98 68 CLSCRN  LDA  LHMARGIN ,GET CURSOR TO TOP LEFT OF WIMNDOW
FRel 85 9C &8 STa  CH
FRal as 354 70 _ LDA  WINTOP .
FB&F: B89 5D 71 5TA CV ; NOW DROP INTO CLEAR END  OF PAGE
FB71: 7R %
FR71: 4% 5C 73 CLEQP L.DA  CH i BAVE CURRENT CURSOR POSITIIN
FRTG 48 7a PHA
FR74&: AS 5D 75 LbA Cv
FB7&: 46 C 74 "PHA
FB77:20 B1 FB 77 JSR  SETCV
FB7A 20 B8E FB 78 CLEOP1 JSR CLEOL i CLEAR TO END OF FIRST LINE
FR7D: AS 358 79 LDA  LMARGIN
FR7F- 85 5¢ 80 5TA CH

FREL1: 20 €9 FB 81 JBR - CURDOWM i GOTO NEXT LINE



FBg4-
FB86&:
FBB7:
FB88:
F389-
FRas.
FREC
FB8E"
FRBE:
FReo: .
FRe3-
FR33:
FRYS.

FB97

FB99.
FB9B"

FRBYE
FRAL
Flsd

FRAG.
FRAL:
FRAG.
FRag;
FHAA.
FBAC:
FBAE:

FRAF

FBBR1:

FER3

FBR3:
FRB3.
FBBS:

FBB7
PRV

[FBE9:
FBBB:
FBBD:
FRBF:

FBCHt
FRCA

FRCS:
FBC7.
FRCS:
FRCS-

FROY
FHCOR

FBCD

FRCF

FBD?t-
FBL3.

FRC

FRRo ooe

FRIY
FROD
FELT

FRES &

FRES

co
{0
co
Do
20
20

)

417

AD
Cé
s
DG
AS
a8
E?
8%

A5
10

=4

70

Fa

5C

5C
89

g0
=N
8D

8E
3
02

5D
5D
SA
(o

5B

01
sp

oD
4E

&8

ETH]

i
Pl VS

m
X<

B IS B AN A b
T O Y

ool
bl

g Ui

T

iSO RBE

LA

FC

Fli
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CLEOP1

CH
SETCV

CH
CLEOL1

#$80
DISPLAYX
#3$8D
TSTBACK
CLEDOL
SETCHZ
MXTLIN

cv

cy

WINTOP

CURUP1
WINBTM

#ff

B3
Y

FALCALC S

94

i REGTORE CURSOR POSITION

; GET OLD CV IN ACC AGAIN
i BRAMNCH ALWAYS

i CLEAR TO END OF LINE FIRST

i IF INVERSE
i IF CARRAGE RETURN THEN NEW LINE

iFIRST CLEAR TO THE END OF THIS LINE -
i RESET CURSOR AND GOT MNEXT LLINE (CARRY
, THEN GOTO THE NEXT LINE. : IS SET)

; TEST FOR TOP OF SCREEM
i ANTICIPATE ‘NOT’ TOP

]

IT’S NOT TOP, CONTINUE
i WRAP ARQUND TO BOTTOM
s DECREMENT BY ONE

ZAavE NEW VERTICAL LINE

GET VALUES FOR FIRST FAGE. (%400}
; ALWAYS

- TEST FOR 80 OR 40

BUMP CUROSR HORIZOMTAL
fTEST FOR NEW LINE

CJUST LN CASE WE HAVE.

3 CURSOR AT START OF MNEXT LLINE

cETLvi FOR WRAP ARQUND

WINBTM
CURDNL
WINTOP
SETCV

#5885
TSTRELL
MODES
LEFETHO0
i
LEFTLE
H
LMARGIN
CTRLRET
CURUP
RMAFGIN
O
DVIRLEFT

HEAO
CONTROL
MODES
DISPLAYX

93
82 BCC
83 PLA
84 TAY
85 PLA
86 STA
87 TYA
28 BCS
89 %
?0 CLEOL L.DA
1 JMP
92 #
93 CONTROI. CMP
P4 GCC
5 TSTCR CMP
T4 BNE
9?7 CARRAGE .JSR
P8 8K
9% SMP
100 =
101 #
102 CURUP L.DA
103 DEC
104 P
105 BNE
104 L.DA
107 CURUPL SEC
108 sno
PO SEUTY ST
HE KX ROV S [
111 CURDNI Eau
1le £
111 ReL
P14 »
LM AR T S U S SN
117 HERY
Pler Bldheig e
11« Lo
1.0 ot
t8l QET T Lt
te& i
123 SETCVH  STA
P4 #DFOE INTO
HIVRSI |
HEE R S AU N I 1
e LOs
g iy
je® BCC
120 L0A
10 Bos
i S0 P
g e
135 CURLEF?
138
137
P LEF T80
: e
1
141
142
143 LEFTUR
144
140
14a
147 =
148 COUT2 CHMpP
149 BCC
150 RIT
131 BMI

PGV CURSOR Dl ONED L ITNE
CANTICTIPATE HOT BOTTOM

L TESY FOR BOTTOM

;s BRANCH ALWAYS

, Bl hZPACE™

i TEGT FOR FORTY OR EIGHTY MODE

;s TEST FOR WRAP ARGUND

P GAVE NEW CURSOR POGTTION
CERANCH ALMAYSG

.16 IT CONTROL CHARACTER

CTEST FOR OINYEREE
NG PUT OIT OQUT



95

I DIGPLAYX
#
TNCHOR
PIXTL N

gAantalr L

ARD
JBR

JER
IR

BT

PP
FHé
LSRR
AN
ORA
STA

EQR

BSCLCR2

CTHLRET
+
ot RIWN!

+*
couTt
k1

FoFRELL

#*
BELL

BELL
T OREL L

BELL3

8TA
PLA
AND
BCC
ADC

STA

ASL
ASL
ORA
8TA
STA
PL.P

R

s
sTY
STX
JER
LDy
LGy
PLay
RTS

JMP

CMP
BiE

L.DX
TXA
TAY
B
REQ
BIT
BNE
DEY
T NE
T
Phe
Brit
RTE

LEA
PHA
JER
PN
DA
GTA
DEX
BPL
PLA

4,383,296

#4077
DISFLAY

CURIGH

SR

A
#4403
t#s0d
BAS4H
w8C
RASEH

#E10
BSCLC2
#$7F
BAS4L.
A

A
RASAL.
BAB4L
BASHSL

TEMPY
TEMPX
CHUT!
TEMPY
TEMEX

[§08-121 )

#3587
LNFD

#%10

&FFDE
pEles
FFFLE
LELLD

BHDA

CTRLRET
TURTOWH
CTRLRET

WINTOP
SETCV

#3
BAG4AL, X
TBAS4L., X

SCRLE

’

CBTRIF HI DIT

, MOVE CURSOR RIGHT

STr0g BOTTOM. RESET CH D AND ECROLL

RESET CH NGy

s CALC DASE- ADR IN BAS4L

’
i
i

i

i

i

FOR SIVEN LINE NGO
0=l INE NO. <=%17

i ARG=000ABCDE, GENERATE

BAS4H=000001CD

AND
BABIL ~EABAROGO

i SAME FOR PAGE 2

S SAVE CHARAT TER

» NORMALLY COUT1Y

PRELL™
N TEST FOR FORM FEFRD

i LINE FEED™”

:H

i MOVE CURSOR DOWN A LINE
i BRAMCH IF NO SCROLL NECESSARY.

i START WITH TOP LINE

P SAVE IT FOR NOW

i GET BASCALC FOR THIG
i MOVE CURRENT BASCALTC

i {TEMPORARY BASGE ADDR. )

i GET DESTINATION LINE

L INE
AS DESTINATION
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97 98

FCoB: 18 - - -] cLe

FCoC: 69 01~ 223 = _ __ADC #1 i CALCULATE SOURCE LINE.
FC&GE: C3 5B 224 CMF WINDTM 718 IT THE LAST LINE?
FC70: RO 15 225 8CS  LASTLN S YES, CLEAR IT

FCva: 48 226 PHA i GAVE AS NEXT DESTINATION L INE
FC73:20 B1 FB 227 JSR  SETCV ; GET BASE ADDR:-FOR SOURCE LINE
FC76: A5 .59 228 LDA RMARGIM ; MOVE SOURCE TO DESTINATION
EC78: 4A 22’ LSR A iDIVIDE BY 2

FC79 A8 230 TAY

FC74: 88 231 SCRLI  DEY i DONE YET ™

FO7B 30 E4 238 BM1  SCRIL , YES, DO NEXT .L1NE

FC7D: B1 SE 2733 LDA  (BAS4L), Y

‘FC7F: 91 62 234 STA  (TBAS4L), Y

FCB1:B1 60 235 LDA  (BASBL), Y iMOVE BOTH PAGES

LRSS 64 236 8Ta  THASHLY. Y

FOos @0 F3 237 BeC GiTRL 3 ; BRANCH ALUAYS

Fog? Am 58 2728 LASTI.M LDA LMARGLT i DLANK FILLL THE LAST i INE
FCH9: 4A 239 GLEOL1 LSR A iDIVIDE BY 2

FC8A: A8 240 TAY

FCBB: BO 04 241 BCS  CLEOLR

FOBD AS &b 242 LDA FORGND : (MDRMALLY A SPACE)

Foar 91 BE 293 STA FRASALY, Y

FLol ASY &7 244 SLEOLE 1 LA DELHD CUIE 80 COLUNMNSG, ALSD A SPATD
FCY3: 91 60 245 STA  (BASSL), Y

FC95: C8B 246 INY

FC9s: 98 : 247 TYA ; TEST FOR EMD OF LIME

FEs7 04 243 51 o y MULT BY 2 AGAIN

B8 05 59 AR MR OMARG i

FU9A: 90 ED LI Boo TLEOLY LCONTINUE TF MORE TO Do
FCRC . A0 251 RTS i ALL. DONE.

FCSD: 252w

FO9D. 24 68 253 DISPLAY B1T MODES ; TEST FOR 40 OR 80

FORL 70 0C a94 BYG RERL G J ETORE THE SINGLE CHARAOTER aMD RETURN
FoAl 45 5C onn CER ; INGURE PROPER 40 COLUMN 0D 7 LAY
AR 08 BC 258 ASL Ch i BY DROPPING DIT O

FCAS: 20 AD FC @57 JSK  DSPLEO i DISPLAY IMN $400 PAGE
FCAB: AS &7 2958 LDA BKGND } ALSU SET BACKGROUND COL.OR
FCAA 91 &0° 259 DEPBKGND STA (BASEL)Y, Y '

FOAT &0 - . 2860 Ty

Fean T

FCAR. 4R LH2 NSPLED  PHA , PRESERVE CHARATTER

FCAE. A5 5C 263 L.BA  CH ; DETERMINE WICH PAGE

FCBRO: 4A 264 LSR A

FCB1: AS 265 TAY

FCR2 &8 266 P&

FCB2 B0 F% 267 BCE DSPBRGND i BRANCH 1IF %300 PG
FCRS. 91 SE 268 BTA  (BAZ4L). Y

FCB7. &0 269 RTS

FCna 270 *

FCBS Bl 7E 271 NBTCK DA  (INBUF),Y ;ECHD CHARACTER

FCEA 20 25 FI 272 JSR - CouT

FCRD €9 88 27" CHME #4E8 L BACKEPACE "

FCRF-FO 1D 274 BER  BRSPCE

FCC1 C9 98 275 CMP #$98 i CANCEL. ™

FCLA:FO 08 278 BEG  CANCEL

FCCH5: E6 B8O 277 INC TEMP

FCC7. A% B0 a7e DA TEMP
FGCH Co% %o 279 1P #INBUFLEN

FCCR: DO 17 B0 BHE  NXTCHAR i NO WRAF ARQUND ALLOWED.
FCCD: A% e PE1 CANCEL  LDA  #%DC ;s QUTRUT BACKSLASH
FCOF: 20 @5 KO 282 JER O COUT

FCD2: 20 EF FC 283 JER O CROUT

FCDs, . 284 GETLNZ EGU #

FCDS: &5 &B 285 GETLN LDA  PROMPT

FCD7:20 25 FC 284 JBR O COUT

FCDA: A0 01 287 LDY  #1

FCODC: 84 80 288 5TY TEMF P START AT BEGINNING OF INBUF
FCDE: A4 80 289 BKEPCE  LDY  TEMF

FCEO. FOC F3 290 BEG  GETLN

FCER: Cs6 B0 291 DEC  TEMP i BACK UP INPUT BUFFE
FCE4: 20 60 FD 292 NXTCHAR JSR RDCHAR ; GET INPUT .

FCE7: A4 BO 293 LDY TEMP



FCE®?:
FCEB:
FCED:
FCEF:
FCEF:
FCF2:
FCF4:
FCF7:
FCFo:
FCFRB:
FCFD:
FCFF:
FDoe:
FDOS:
FRO7:
FDO%-
FDoo:
FROC:
FDOF:
FDOF:
FDi1:
FD13:
FDiéb:
FD17:
Flria:
FDIC:
FDL1E:
FD2t:
FRA4:;
FRR5:
FD&é&:
FDa27:
FD2

FDzB:
Fpac:
FD2E:
FD31:

FDiE4:

FRao:E

FR27:
FD39:
FD3R:
FD&L:
FR3E:
FDAO:
FD42:
FR4as:
FI:47
Fnag:
FD4g:
£N4g:

Fbag: 2

FLAR-
FDap

FDAF

FD91:
FDS3:
FD56.
Ehi:
FR5E:
FLSD-
FDSE.
Fhao:
FD&O:
FD&D:
FDed:
Fhes

FDRa9: |

FD&B:
FD&D:

FDEF: D

FD71:

21
c?
Lo

ac
10
20
ce
Fo
C?
DO
4C
AD
10
A7
4G

&C
&9

85
20

7E
8D
co

2E FD

Fa

Qg Co

5 Fo

70 00

7F
53
88 FD

35 FD
08
69

7

3

D FC
5 FD

Ee
0O CO
10 CO

62
09
63
7F

63

05
Q0
EE

Cco

FI}

FF

Fp

FD

g7 CROUT

04 STOPLET

08 MNOSTOP

310 =
311 RDKEY

-
a %

|2 KEYIN

3146 KEYINL

22 KEYINZ

329 KEYIN3

a30 wOVINA

2 KEVWATT

KWAITZ ASL

KEYRET RTS
*
#*
£6C3 EQU

ESCAFE  LDA
AND
EOR
STA

ESC1 JBR
LDY
BEQ
DEY
BPL.

#*

RDCHAR LDA
AND
STA
JER
CcMP
BEQ
cMP
BNE
JGR

4,383,296

100
STH  CINBUF), Y
CMP  #E8D
BME NOTCR
EQU %
BIT KBD : TEST FOR START/STOP
BPL  NOSTOP .
JUR KEYING i READ KED
CMP #3240 i 18 1T & SPACEY
BEG ESTOPLST i YES, PAUSE TIL NEXT KEYPREGS.
ore #sal i GUIT THIS OPERATIONT
BHE ONOSTOPR i NG, IGNORE THIS KEY.
P E i YES, RESTART
i BDD
BPL.  STUFLST
LhA  &aFD
JMP T COUT
JMP O (KBUL)
LDa  #¢7F P MAKE SURF IRET 15 CURSOR
STA  TBAS4H
JSR  PICK ; G0 READ SCREEN
PHA i BAVE GHR AT QUESDOR B2
JBR  KEYWAIT ; TECT FOR WEYPRESS
BCS KEYINZ2 P60 GEY IT
LDA CURSCR P GIVE THEM An iUNDFERSCORE FOR & TIME
JER  DISPLAY
JER  KEYWAIT i GO SEE 117 KEYPRESSED
PLA
PHP i BAVE KEYPRESS STATUS
PHA
JBR . DISPLAY
Pi.A
PLP.
RCC  KEYINI :
L.D4A  KBD i READ KEYBOARD
RIT KBDETRE s CLEAR KEYROARD STROBE
RTS
THaSAL i JUST KEEP COUMTING
ENEKWATTZ
IS THASAMH
LDA  #%7F ;s TEST FOR DONE-
CLC
AND  TRAZAH _
KEYRET s RETURN IF TIMED QUT
KBD
KEYWAIT
¢4
GBESC
MODES CREY TO ¢ SIGM FOR QUPG Mg 9
#4580
#E5AD
CURSOR
RDKEY s READ NEXT CHARACTER
#8 . i TEST FOR ESCAPE CumMMAND
ESCTABL, Y
ESC3
ESC2 i LOOP TIL FOUND ORF DO
#$80 ; GO READ A CHARACTER
MODES
CURSOR i BAVE STANDARD CURBOFR
RDKEY
#3998 i ESCAFPE CHARACTER™Y
ESCAPE
#4593 ; FORWARD Capy™
KEYRET :
RPICK i GET CHARACTER FROM SCRELEMN



Fhae 8
FDar, A3
Fhag
FD88: AS
FDBA: 4A
FD8B: AB
FDBC . 24
Fiae: 50
FL20: 90
FD92. B
FDY4 &0
FD93: Bt
FD97 &0
Fowg:
FD98:

FB

7F FD

5C

58
(o)}
02
&0

SE

FD98: A? 03
FD?A: 8D DO

FDID:

FD9D: D8

FDIE: A2 03
FDAO: 86 7F
FDAZ2: BD EBC
FDAS: 9D CA
FDAB: BD B4
FDAB: 95 &E
FDAD: BD BS
FDBO: 95 S8
FDB2: CA

FDB3: 10 ED
FDBS: 85 82
FDB7: A? AQ
FDB?: 85 7E.
FDBB: A% &0
FDBD: 85 81
FDBF: A? FF
FDC1:85 &8
FDC3: 20 4F

FDC6:
00A0:
Q0AQ:
DAY,
G0AR
D0A2
00A4:
O0OR4.
Cone:
Colna
FELL
FFED
FDC&
FDCh.
FDC& AR
FDRCER 89
FDCA: A9
FRCC. 8%

78
AQ
oe
Al
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101 102
3566 ORA #$80 s SET TO NORMAL ASCII
367 RTS
368 #
369 GOESC LDA HJCLSCRN
370 PHA
371 LDA ESCVECT.,Y
37z PHA
373 . RTS
374 %
375 ESCVECT DFB CLEDL-1%
374 DFR CLEOP-1
377 DFB CLSCRN-1
373 DFB COL40-1
379 DFB- CoOL80-1
380 DFB CURLEFT-1
381 DFB CURIGHT-1
382 DFB CURDOWN-1
383 DFR CURUP-1
334 =
385 PICK LDA CH i GET A CHARACTER AT CURRENT CURSOR PGSITIOM
386 LSR A ", DETERMINE WHICH PAGE
387 TAY
agg BIT MUDES y AND IF 80 JCLUMN MODE
389 BVC PICK4Q CFORGET CARRY IF 40 Gl UMNS
3390 BCC  PICK40 GET CHARACTER FRUM €400 Palg
391 L.DA (BASBL).Y
392 RTS
393 PICK4A0 LDA (BAS4L),Y
394 RTS
395 =
2 CLDSTRT EQU  +
3 LDe BE3
FF 4 STA  £FFDO i ZERO PAGE 18 ON 3!
S SETuU EQU  #
1) cLp i OF COURSE!
7 LDX #3
8 8TX INBUF+1
FF ? SETUP1L LDPA NMIRG. X
Fr 10 STA $FFCA, X
FF 11 LLDA HOOKS, X
12 STA CSWL.. X
e 13 LDA VBOUNDS.: X
14 STA LMARGIN, X
15 DEX :
16 BRI, RETURI
17 ST A IRDRVN
18 Lea  #3a80 i INPUT BUFFER AT %3A0
19 8TA INBUF
20 LDA #$50
21 STA IBSLOT
22 LDA #EFF
23 8TA MODES
FB 24 JSR  COGLA4O i 8BET 40 COLUMNS., Ci.LEAR SCREEN
25 #
27 ADR EQU $AQD
28 CPORTL EQU ADR
29 CPORTH EGU ADR+1
30 CTEMP 3 ADR«2
20 CTEMPL ST ADFE+3
3 YTEMP E&UY aDR+4
33 ROWTEMFP EQU  ADR+20
34 CWRTON f£atr #C0DB
3% CWR TS e $CODA
3& LD TR s $FFEC
v o w1 Byt #EFED
Ay o=
39 %
40 GEHEMNTR DA #3378 i INIT SCREEN INDX LOCATIONS
B STa IPORTL ’
4z L.DAa B3
472 ITA TPIIRTH



FDCE:
FLDO:
FDD2:

A9
EM)
AQ

FO
Ad
00

FOL4 . Ab
CHNG 9% Be
EPRTOER
FDpg: EC 20
FDD& DO F®

FDDC:
rone 1e

0%

FES

S
(
L&

FDEL:CQ
SRV SN
SN P

Y-
s

c
F.'.
202
FE3C:C9? O
3E:FQ O

FE4Q: 8A
FE41: 10 E7
FEAZ. 60
FEA4L

RN

o]

&
D
5

&

*

SHETCNT

urbn1 W

o

BNE

oy

it

TUTES LA

DEX
BPL.
PHP
PHA
SR
JMF

ONE - -EQU
TORCHRS LDX

STGRSET LDY

TOHOW . LDA
AL
Al
8TA
DEX
INY
Gy
BrE
TR
CrP
BEQ
Tra
ney,

ER e
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#2140
YTEMP
#0

TS RUWTEMP .

CTEMP
#7
CTEMP

LEURTL

uilFDPT
CBYTES
RGA
GASTTY
#4000

3] MRTER

#23
#O

W T EME 3, x

A
ViR VORI
CTEMP
YTLIMP
DONE

Y TEMP

THRSET -
; (CARRY KEEPS BYTE NON-ZERO UNTIL ALL €
i RESTORE COLUMMN COUNT

A
CTEMP

CHMFT

CCOLMS

#0 .
ROWTEMP, X
£

#E3E

(CPORTL) . Y

#30
STOROW
NXTPORT
#48
GENDONE

STURSET

i MOVE CHARACTER PATTERNE. TO

104

P BET UP INDEX 10 CHRSET

X

i FAKE THE FIRST BIT PATTERN

CORHANTOM 9TH BI11T SHIFTED A% BIY O}

THE ATGCTI
TidE FIRBT PAGY

CGENERAVE
FR

+ CCODES

F: 8 g O /04
SAXE-CHE 3 i

axXD=CHR 2 &

R A CHH 3 /7

E X R O 4

[ i <

SR -

BAARSUHP 3 !

00 DECODE CHARACTER TABLE
CRECOND BET OF 4™

VLR AL AT
TIRE ML OCLA S

i (4 CHARACTERS OF & ROWE)

P CFIVE COLUMNT S
BREA boroib.. e

L8 BIT AR

s BRAMH TR 0LE LT

iiHIS BYTF
. (NOTE. CARRY IS SET)
; BRANCH IF ALL DONE

; GET CHARACTER TALLE  [NBEX

- ARE SHIFTED)
s GOT AL FIVE BITS™
3 N0y DO NEXT
i AL ROWE DONE ™
aNO: DO MEXT
;s SAVE REMAINING BIF P

TERI AMND CARRY
s MOVE EM TO NORN DISPLAYED VIDED AREA
GIDEQ AREA

L SHIFT TO CENTER
i BTRIFP EXTRA GAREAGE

; THIS GROURP DONET
i NO. NEXT ROW

; ALL ROWS STOREDT
($4783-85FF)

P PARTIAL SET
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105 106
FE44: A9 O1 114 GENDONE LDA  #1 i SET NORMAL MODE
FE44: 85 A2 119 S1A CTEMP
FE48: A? &0 116 GENIL LA #8600 i PREPARE TO SEND BYTES TO CHARACTER
FE4A 20 DB €2 11 BT CWRTON . GENERATOR RAM .
FEAD. 20 AE F¥ 118 I VRETRCE iWATT FOR NEXT VERTICAL RETRACE
FESO: A9 20 11 A #%20 i WAIT AGAIN
FES2: 20 AE FE 120 J3R  VRETRCE . ’
FESS:2C DA CO 121 BIY CWRTCFF s CHARACTERS ARE NOW LOADED
FES8 20 88 FL 122 J3R  ALTCHR i REPEAT THIS SET FOR OTHER 64 CHARACTERS
FESB. C& A2 133 DOC CTEMP i HAVE WE DONE ALTERNATES YETT
FESD 10 14 124 Bl GEN2 iNOQ, DO IT!
FESF A9 02 12 LA HET P BUMP ASCLE VALUES FOR NEXT SET
FE&S1.85 Al 124 AT4  CFORTH
FE&D: AQ 07 127 NXTAECT LDy #7 i THE USUAL COUNDOWN
FE65. B1 AQ 129 NXTAZCZ LA (CPORTLY, Y
FELT 18 ) to Lo
FE&8 &9 7% P LS00 #$8
FEL&: = a0 Sl aThA  (CPORTL), Y
FEGC B8 17532 DEY
FEGD 10 Fo 1072 BPL  NXTASC2
FEoF. 20 99 FF 124 ~ JBR  NXTPORT
FE72 *0 FBF R BCC  NXTASCI
- Bt HICES RTG
L A HREE P i ) LDY #33 i SETUP ALTERNATE WITH UNDERLINES
FE?T. AR VF 1338 LDA #%7F
FFE79 99 FC 0% 139 UNDER STA S$5FC,Y
FE7C 99 FC 07 140 STA S$7FC, Y
14 DEY
(e BPL. UNDER
1E LDA #%$8
Pan STA  CPORTH
TS BNE  GENI1
HEI
147 ALTORR LDY  #7 i ADJUST ASCII FOR ALTERNATE SET
148 ALTO! LDA (CPORTL).Y
144 EQR  #$20 . i $20--30  $40—-1%460
: 190 STaA (CPORTL), Y
FERO: g% 151 DEY
FE?1:10 F7 19 nri. ALTC1 i ADJUST THEM ALL
FE%3: 20 99 FE 103 JEUR NXTRPORT
FER&: 90 FO 154 ALTCHR
FE?8: 60 - 1535
FE99Q: 1596 *
FESR: 45 &0 157 NXTPORT LDA  CPORTL s CONVERT $78-34FB DR $F8-%78
FESB: 49 80 158 EOR 0 ftzuan :
FESD: 85 AQ 159 STA  CHRORTL
FEF. 20 02 160 BMI  MNOHIGH
FEAL: ES Al 161 INC CPORTH i IF =C THEN =4
FEAZ: AY Al 162 NOHIGH LDé& CPORTH
FEAD: C? 0OC 163 CMP $al
FFEAY. DO 04 164 BNE FORTDN
FEAT: A9 04 145 LDA #3534 p
FEAR: BS Al 1466 574 CPORTH
FEAD: &0 167 PORTDN RTS
FEALE: 168 =
FEAE: 169 *
FEAE: 80 A3 170 VRETRCE STA  CTEMPI i BAVE BITS TQ BE STORED
FERO: 4D EC FF 171 t.DA CBRCTRL ; COMTROL PORT FOR ‘CR2°
FEB3: 29 3F 172 AMD  #$3F i RESET HI BITS TO O
FERS: 05 A3 173 ORA CTEMP1
FER7:8D EC FF 174 STA CB2CTRL
FERA: AT 08 17% L& #$8 i TEST VERTICAL RETRACE
FERC. 8D ED FF 1764 8TA CB2INT
FERF: 2C ED FF 177 VWAIT BIT CB2INT i WAIT FOR RETRACE
FEC2:FO FB 178 BEG VWAIT
FEC4: &0 179 RTS
FECS: 180 %

FECY: 181 CHRSBET EQU %
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107 108
FECS:FO 01 82 182 DFB  $F0, $01. $82, 318
FECH: 1f :
FECY: 40 84 81 183 DFB %40, $B84, $81, $2F
FECC: 2F
FECD: 58 44 B1 184 DFE  $58, $44, $81, $29

FEDL: 02 1E 01 185 DFR $02. S1E. €01, $91
FEL4: @1

FEDS: 7C 1F 4% 186 DFBR  $7C, $1F. $49, $30
FEDS: 30

FEDS: 84 OB 43 187 DFR %84, £08. $43, $14
FEDC: 14 '

FEDD: 31 24 22 188 DFEB 431, $24, 422, $13

FEEO: 12
FEELE3 F7 ¢4 189 DFR  $ER. $F7, $C4, %91
FEE4: 71

DR B4R, $A2. DA, 24

DFE  £0&, $4A, 62, $8C
DFB 24, $C46, $FB, 63
DFR ¥80, $C1, $44, $17
DFE  $52, $BA, $4F, $16
DFB %14, $E3, $33, $31
DER 06, $FE, $DC, $773
DFE  $3F, $464, $17, $62
DFB  $8C. $21, $£6, $18

DFR %446, $8D. £4,1, 8CF

RO
FFOD 18 &2 74 200 DFE %16, $62, $74, €D1
FE1O Di
FF11 B? 18 49 201 DFE  $B9, $18, $4%, $4C
FF14. 40 B :
FFiS @1 0 F2 0 202 DFL O B71, $CO %13 $09
Fingm oo
FF19%9 20 91 €0 =03 DFR $2C, $91, 200 %14
FFIT 14
FFID 1D 8C B 204 LFR %10, $8C, $EF, $07

43 82 w0H DFRORETT 240 5EG. €31

| i AT :
FF2E C
FFE9: 31 84 F8 207 DFE €735, $84, $F8, $FE
FE20

F
PR
FEZ1 &2 8C Fu 209 DFE 345 380, $FD, $07
FF24.07

FF35 %0 E3 0B 210 DFR #50, $E3, $0B, $51

1B OF 204 DFE %84, $1E, $DF, $0B

TTOGE GE 209 PEB O #7 $3E, $3F, €17




FI3En 99
FFE32 05
S N O
FFRD: 13
FFE40 3F
FiFd41
FFRad a2
FIFah =6
FR4r 00
FFA47 O
FFRAC . EE
FFapn o
Fioss 2

[l (TR

Lol

Y -

L)

Ry
e d

40

oo

h
o

B8 :

44

Q0
45

50

80

) F8

08

05

FB
FD

£8

o
g

oz

241
242
243
244
2495
246

HOOKS

*

bF3

DF3

..DFB

DFB
DFB
DFB
g
DFB
DFB
pER
DFD
DFB
DFB
DFB

DFB

DFB

EQU
DW
DW
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nn

i B

DFR

123, $EG, %08, 73
§18.$OC:$42,$3E
$Ol{§02,$é0,$42
$3F, 41, 518, $8C
£08, $0C. $70, $EE
$00, $11, %11, %21
11, PLE REQ, 2230

#21, 831, 202, $EOQ

$1C, $00, $C8, $K?

%80, $62. 14, 3+

$44, $A2, SDE, $43

$22C, %04, 388, $BE

$FF., $CE, $7D, €37

$49, 488, $55, $18

$98, $09, $62, $D1

$44, $E8, $88, $FB

_$02, $90, $40, $00

$10, $EO, $03, $02

$00, $40, $00, $00

'$08, $00, $00, $28

$10, $42, $44, $25

$82, $B8, $2F, $48

$25, $44, $10, $82

$02. $00, $2F . $54

$40, $45, $02, $8E

64, $50, $90, $01

$3E, $26, $42, $80

$21, $80, $00, $05

$00, $F8, $80, $00

$0%5, $08, $FB, $80

$28, $05, 88

#
couT2
KEYIN

110



FFBRS.
FFB8:
FFBB:
FrnC:
FERC
FFBRF-
FFCO:
FFC3:
FFC&
FFCe
FECC

FIFED

00

4C
40
c3
D?
c7

AU
[y
FFCF:
FFD2:
FFDS:
DR
FroB:
FFDE:
FFEL:
FFES.
FFE?Z.
FEEA:

50
18

00

89 Fs

CF
D2 C?
€8 D4
CA T
D5 (|
D2 D9

AO Bl
B8 BO
A0 Ci
0o CcC
AD C3
CDh DO
D4 CS
AQ C9
C3 AE
CA D2

LG

FFEO.
FFFO:

FFEQ.
EEFT
.

?’ i.' =

LI -

FEED

FFE 4G

FFFS

FEFS:
FEFT

IR
PR

oC
hin)
D3
B
8
88
95
84
“RB
00

FFFaM:

FIFA

FEFC
bR

S0

XX
75
77
7B
FESS
FA0S
FAO7
el
FC3D
FALS
FAAO
TFBGB
FEOS
PFDYOS
FB71
F9sC
FB93
Al
FCEF
A3
FBCY

ca
EE
D

FF
Fa
FF

SUCCESE
AlH

AZH

A4H
ALTCHR
ASCDONE
ASCII
BASEH
BELLY
BITOFF
BL1
CARRAGE
CCOLMS
CLDSTRT
CLEOP
CMDTAB
COMNTROL
CPORTH
CROUT
CTEMP1
CURDOVWN

111
247 VBOUNDS EQU  #
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; Ifl DIAGNDSTICS

‘COPYRIGHT JANUARY,

112

1980  APPLE COMPUTER INC.. JRH'

MONVECT

$CC
$D0
$D3
tH4
$B8
468

$95

BEA
#8371

L300

SFFCA
DIAGH
$EFCD

248 DFE %0, $50, 0, 518
249 «
aB0 MMINQ JMP RECON
251 RTI
252 ASC
AC
B? . . -
AD
Do
ca
CF
D3
D2
CE
AL
ce _ -
293 CHM
1 =
= ESCTABL DFB
3 DFERE
4 DFB
b DFB
& DFB
7 DFB
(=] DFB
% DF B
10 DED
11 DFDB
12 #
13 NMU D
14 REBEY Dl
5 1IRA I
led = :

FUL ASSEMBLY: NO ERRORS

74 AtL
ADL

AdL
ASC1
ASCIIO
ASCIIZ3
BASSL
BELL2
BITOM
BLOCKID
CDB2CTRL
cH
CLEOL1
CLEOP1
CMDVEC
couT1
CPORTL
CSHFT
CTEMP
CURIGHT

FoD4

7%
- AQ
FB38
F9DF

SF
FCOS
FCa43

&7
FC19
FFED
FECS
FBBE

. FB&9

FBAF
FBF2
F9FB

? &F
Fc2a
FBDY

MDTHING

CFIRST DIAGROSTICH

ALPC
A3H
ADR
ASC2

ASCIIL

BAS4H

BASCALC1

DELL3
BKGND
BSCLCR
CB2INT
CHRSET
CLEOL
CLSCRN _
COLA40
couT2
CRCHK
CSWH
CTRLRET
CURLEFT

F9D7 ALPCY
78 A3L .
FEBA ALTC1
FBa& ASC3
F9E1 ASCIIZ
SE BASAL
?FBB3 BASCALC
... FC3A BELL
FCDE BKSPCE
FCCD CANCEL
 FEOl CBYTES
7FAOA CKMDE
FC91 CLEOLZ
F91C CMDSRCH,
FD49 COL8O |
FC25 COUT |
_ FA26 CRMON |
6E CSWL |
FBB3 CURDN1
... .69 CURSOR



FBAE
CoDR
F9sB
FCAA
FBO9
FB21
FABE
FD48
b6
FDF4
FE44
Foac
85

50
FA7D
FD24
FD47
Fpaz
58

&8
FA31
FDO7
Fo8¢C
F947
Fo15
¥ 73
FEAD
FA70
FF9B5
FD6O
FALS
F900
59
TFACS
FC7A
FR5R
FRE1
FEDYD
&y
FE28
FoD1
G4
FOsE
FCR&
O3F8
FAag
5R

4

50
5A

SE
62
64
69
&b

T 71
ST
79
7D

CURUP 1
CWRTON
DIGRET
DSPBKGND
DUMP1 _
DUMPASC
ERROR
ESC3
FORGND
GASCI4
GENDONE
GETNUM
IDBUFP
INBUFLEN
JUMP
KEY IN2
KEYRET
KWAIT2
LMARGIN
MODES
MOVNXT
NOSTOP
NXTA4
MXTBIT
NXT INP
PCH
PORTDN
PRBYTSP
PRHEX
RDCHAR
REPEAT
RET2
RMARGIN
SAVCMD
SCRL3
SETBOA
SETCY
SETUP
STACK
STORCHRS
SYNASH
TRASEL
TOBUE
TSTBELL
USERADR
VRFYZ
WINBTM
YTEMP
INBUFLEN
WINTOP
BASAL
TBAS4L
FORGND
CURSOR
TEMPY
KSWH
ALH

AZH
YSAY
IBDRVN
ADR
YTEMP
KBDSTRB
DIAGN
RET2

113
FBA4
FA91
FBFC
FCAD
FBOC

7FAF9
FAF7
FDAD
FREZ
FE48
PFDC&
FR77
87

7E
CO10
FD2E
FD35
FC87
FCS2
F904
FFBC
FCB8
FE&S
F939
FCO2
72
FALE
TFICH
FAb1
FROC
Fazil
Faea
B4
Fei12
58
FBS53
PEBCT
FDAR2
7C
FERC
&3

&C
Foo9
TFRG7
FAT8
O30
A
25030351
58
5B

SF
63
&7
GA
SE
72
76
7hA
TE

85

Al
B4
CODA
F&89
PFR01

4,383,296

CURUP
DEST
DISPLAYX
DSPL80O
DUMP2
DUMP
ERROR1
ESCAPE
GASCI1
GEN1
GENENTR
GOESC
IBCMD
INBUF
KBDSTRB
KEYIN3
KEYWAIT
LASTLN
LNFD
MON
NMIRG
NOTCR
NXTASG2
NXTBS2
NXTLLIN
PCL
PRAIRYTE
PRCOLON
PRINTAL
RDKEY
REFPEAT1
RET3
ROWTEMP
SCAN
SCRNL.OC
SET80
SETCYH
SETUP 1
STATE
STOROW
TBASAH
TEMP ¥
TSTIOWID
TSTCR
SER
VRFY
WinTOR
ZIPTEMPS
SCRNLOC
WINBTM
BAS4H
TBASAH
BKGMND
STACK
CSuL
PCL
AL
A4L
INBUF
IBBUFP
CPORTH
ROWTEMP
CWRTOFF
RECUN
EMTRY

5D
F4EE
FC9D
FAB7
FB1C
PF901
?FD53
FFFO
FDES
FE75
FCD5
FA7D
82
?FBFF
€000
?FD31
? 71
FBDF
69
Fo08
TFFFA
'FADF
FE&3
FCEA
FE99
FDI5
Foca
F9BF
6D
FACO
YFFFC
FOAD
FAG3
FCo1
FCSD
FB&7
FADD
FE1A
FDO2
FE24
62

80
Fo9n
FAF&
FFB8
FA4O
FACS
Foe7
58
..5¢
&0
64
68

6B

7 F
7 73

77
7B
g0
87
AR
03F8
CODB
F7FF
F504

cv
DIAGN
DISPLAY
DUMMY
DUMP3
ENTRY
ESC1
ESCTABL
GASCIZ
GEN2
GETLN
GD
IBDRVN
INCHORZ
KBD

KEY IN4
KSWH
LEFTBO
MASK
MDNZ
NMI
NOVER
NXTASCI
NXTCHAR
NXTPORT
PICK40
PRBYCOL
PRHEX2
PROMPT
READ
RESET
RETAL
RWERROR
SCRL1
SCROLL
SETBOB
SETMDZ
SHETCNT
STOPLET
STORSET
TBAEAL
TEHR
iT&l
THTDUMS
VECUNDS
VRFY1
WRTE
IETATE
LMARGIN
CH
BASSL
TBASBL
MODES
PROMPT
CSWH
PCH

AZH

A4H
TEMP
1BCMD
CTEMP
USERADR
CWRTON
RET1
N

114

CODA
F941
FEZ8
FAFC
FAE?

FABB

FDS8
FD7F
FDE7
FDE1L
FCDS
FFB4

81

PFFFE

-

FDi&

FDOF.

70
FBEZ
FAS2
FA2C
FEAQ
Fee2
F94F
F932
FIRE
FD88
FPAC
FIB7
FA73
F&89
F7FF
FBED
FAC7
FC&3
FA9A
FBC3
FABS
FAAGg
F e
FaAR

e

0

(=]
FraAE
FEBF

70

59

90

61
65
69
&C
70
74
78
7¢
81
AQ
AR
Co00

Fa79

Fges
Fe08

HOOKS

CWRTOFF
DIGIT |
DOME :
DUMRO |
DUMPB |
ERROR2
ESC2
ESCVECT
GASCI3
CENASC
GETLNZ

IBSLOT
IRQ
KEYIN1
KEYIN |
KSWL
LEFTUP
MISMATCH
MOVE -
NOHIGH
NXTAL
NXTBAS
NXTCHR
OLDPC
PICK
PRBYTE
PRHEXZ
PRSPC
RECON
RET1
RIGHT1
RWLDOP
SCRL2
SEP
SETCHZ
SETMODE
SPCE
STOR L
STHR
TRAGEH
TEMSY
TETRACK
UNDER
VRETRCE
VWATT
YSAY

RMARGIN
cv
BASSH
TBASSH
MASK
TEMPX
KSHL
ALl

ABL.
STATE
IBSLOT
CPORTL.
CTEMP1
KBD
BLOCKIO
RETH
MON



CF9iR
i Fe3a
| FoSe
CEgaC
[ FooR
F9BR7
Foce
- F9DE
CFOFR
Faos
CFaRt
CFEAGER
a6l
CFAaTE
P FABR
FaAal
| FAB7
CFACR
 FaEg
. FAFC
"Fpay
P FRs9

Fros
FEG4
FE7YS
FE®S
FERF
FFRC

TEFFA

SCAN
NYXTCHR
HXTRS2
CMDTAR
TETAL
PRHEXZ
TSTROWID
QLDPC
CRCHK
CKMDRE
REFEATL
VREY
PRIMTAL
USER
ERRORZ

Bl

LHINMY

WRTE
DuMPE
DUMPG
DUMPASEC
COLeo
BETBOB

oy

s CLEDL

CURUP
BABCALT

SETOVH

S LEFT8O

INCHORE
CTRLPET

ETOHAR
EY

- ""‘\ ]
SETUP1
GAGCTL
CRYTES
D
GENDONE
GEMNZ
NXTPORT
VHATT
MMIRG
NHT
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Fo15
F41
F95E
FQ7C
F2?ADR
FoRF
FeD1
FIDF
Fa0h
all
FaZG
Fadad
FAGLE
FATD
FAQE
FALG
FaRg
TEACD
FAFA
FrRO9
FRAC
FR4F

FBL7

R

3

FEZE
FEas
FE79
FEAZ

FECS

FFEC
PFFFC

NXTINP
DIGIT
TOSUB
CMDVEG
RETAL
FRREEX2
SVMASK
ASCIIL
SCDHONE
BiTOM
CRIMOM
VRFY 1
FRALBYTE
JUMP
ERROR
SOk
SETMODE
BaVomMD
TETDUME
UMP 1

CURDLWN
LERTUR
METL IR
COT
BELL1
SCROULL.
LASTLN

Lo

TN

< CROouUT

" REYIN

KEY { nd
B
RIZCHAR
P Ioisad
GENENTR
GASBCIZ
CLOtMe
STRCHES
GCENT
UNDER
NORIGH
CHRGET
CREZCTRL
RESET

P BEAND
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Fel1C
F247
Fes7
Fe8c
Feac
Feoz
FoD4
FoEl
Fa07
Fals
FARC
Faa0
Fa70
Fa7D
Fagl
FEESAL
FABD
=Yewy
FaF7
FROC
FR3s
FB53
FR71
TEHRT
FBR1
FBRD
FEDns

FBFa

Flo4i
FD77
TR

FDDS

CMDSRCH
MXTBIT
ISTATE
NXTa4
PRBYTE
PRBYCOL
ALPC
ASCIIz
ASCII
BITOFF
OVE
VRFYZ
PRBYTSHP
eTh]
DEST
8TOR
SETMDZ
RULOOP
ERROR1
pumMPza
ABCE
SETRO
CLEQF
TSTCR
SETCV
RIGHT1
TSTBACK
couT
BASCALLCT
COUTL
BELLZ2
SCRL1
CLEDLY
DEPL.BO

STCPLET
KEY I
REYWAIT
ESCAPE
GUEEC
CLDSTRY
ZIPTEMPS
GASCI3
CSHFT
STORSBET
NATASCI
ALTCHR
PORTDM
HOOKS
CRZINT
IRQ
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Fozc
F94F
FOsE
Foon
TEIRS

FoD7
FoFz

FAG? AS

EALY
FATL
FASZ

fo?g'

FAS3
FaYa

T AANT
[adatl

FFES
FFFO

GETNUM
NXTRAS
DIGRET
MNETAL
FRHEX
PROOLOM

ALPCL

REPEAT
MOVEET
MISMATCH
PRSP
RWERROR
SEF

et

TEHFTONT

STORGK
NYXTAZSCZ
ALTC1
VRETRCE
VEQUNDS
ESCTABL
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I claim:

1. In a digital computer which includes a central
processing unit (CPU), a random-access memory
(RAM), an address bus interconnecting said CPU and
RAM such that said CPU addresses locations in said
RAM and a data bus interconnecting said CPU and
RAM, said CPU for certain functions addressing prede-
termined locations in said RAM with a predetermined
range of address signals, an improvement comprising:

detection means for detecting said predetermined

range of address signals, coupled to said address
bus;

register means for storing digital signals, coupled to

said data bus, and;

switching means for coupling said digital signals

stored in said register means to said address bus
when said detection means detects said predeter-
mined range of said address signals;

whereby data for said certain functions normally

stored by said CPU in said predetermined locations
may be stored elsewhere in said RAM, thereby
enhancing the performance of said computer.

2. The improvement defined by claim 2 wherein said
detection means detects all binary zeros.

3. The improvement defined by claim 1 wherein said
switching means comprises a multiplexer controlled by
said detection means for selecting said register means.

4. The improvement defined by claim 1 including a
read-only memory coupled to said address bus and said
data bus.

§. The improvement defined by claim 4 wherein said
stored signals in said register means provide a pointer
for locations in said RAM during a direct memory ac-
cess transfer.

6. The improvement defined by claim § wherein said
read-only memory in response to signals on said address
bus provides instructions to said CPU causing it to
increment address signals during said direct memory
access transfer.

7. In a digital computer which includes a central
processing unit (CPU), a random-access memory
(RAM), an address bus having a first plurality and a
second plurality of lines for coupling said CPU with
said RAM, and a data bus interconnecting said CPU
and RAM, said CPU for certain operations addressing
predetermined locations in said RAM with address
signals on said first plurality of lines by coupling a pre-
determined address on said second plurality of lines, an
improvement comprising:

register means for storing signals, coupled to said data

bus;

multiplexing means coupled to said second plurality

of lines and said register means for selecting signals
from one of said second piurality of lines and said
register means;

logic means coupled to said second plurality of lines

and said multiplexing means for causing said multi-
plexing means to select signals from said register
means when said CPU couples said predetermined
address on said second plurality of lines;

whereby said signals from said register means pro-

vide alternate locations in RAM for storage associ-
ated with said certain operations.

8. The improvement defined by claim 7 wherein said
predetermined address is all binary zeros.

10

20

25

30

35

40

50

55

60

65

118

9. The improvement defined by claim 7 including a
read-only memory coupled to said address bus and said
data bus.

10. The improvement defined by claim 8 wherein said
stored signal in said register means provides a pointer
for locations in said RAM during a direct memory ac-
cess transfer.

11. The improvement defined by claim 9 wherein said
read-only memory in response to signals on said address
bus provides instructions to said CPU causing it to
increment address signals during said direct memory
access transfer.

12. In a digital processor used in conjunction with a
display, said processor including a data bus and an ad-
dress bus, a memory comprising:

a first plurality of memory devices for storing data,

coupled to receive data from said data bus;

a first memory output bus coupled to receive data

from said first plurality of memory device;

a second plurality of memory devices for storing data

coupled to receive data from said data bus;
a second memory output bus coupled to receive data
from said second plurality of memory devices;

addressing means coupled to said address bus for
providing address signal for addressing said first
and second plurality of memory devices;
first switching means for selecting data from one of
said first and second memory buses for coupling to
said data bus, said first switching means coupled to
said first and second memory bus and said data bus;

second switching means for selecting data from said
first and second memory buses for coupling to said
display, said second switching means coupled to
said first and second memory buses and said dis-
play; and,

circuit means for coupling one of a selected said first

and second memory buses to said addressing means
such that data from said selected one of said buses
provides addressing information for selecting sub-
sequent locations in said memory devices when
said data bus is receiving data from the other of
said memory buses,

whereby said memory provides data for a high reso-

lution display and whereby some data stored in said
memory is used for remapping locations in said
memory.

13. The memory defined by claim 12 wherein said
circuit means comprises 2 multiplexer, said multiplexer
selecting between said data from said selected one of
said buses and bank switching signals coupled to said
multiplexer.

14. The memory defined by claim 13 wherein said
multiplexer is controlled by a logic circuit which is
coupled to said address bus and said selected one of said
buses.

15. The memory defined by claim 14 wherein said
logic circuit causes said multiplexer to select said bank
switching signals each time said processor switches an
OP code.

16. In a digital computer with a memory, which is
used in conjunction with a raster scanned display, said
display including a digital counter which provides a
vertical count representative of the horizontal line
scanned by the beam for said- display, said memory
providing data for displaying rows of characters, an
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addressing means coupled to said memory for scrolling
displayed characters, comprising:

an adder having a first and a second input terminal,
the output of said adder providing a portion of an
address signal for said memory, said first terminal
of said adder being coupled to receive the lesser
significant bits of said vertical count;

said computer providing a periodically repeated se-
quence of digital numbers coupled to said second
terminal of said adder, said sequence of digital
numbers provided by said computer having a maxi-
mum value equal to the number of scanned lines in
each of said rows,

whereby the characters on said display are scrolled
with a minimum of movement of data within said
memory.

17. The addressing means defined by claim 16
wherein said sequence of digital numbers is incremented
for each displayed frame.

18. In a ditital computer which includes a single chip
central processing unit (CPU), a random-access mem-
ory (RAM), an address bus interconnecting said CPU
and RAM such that said CPU addresses locations in
said RAM, and a data bus coupled to said CPU and
RAM, said CPU for certain functions addressing the
zero page in said RAM by providing binary zeroes on
certain lines of said address bus; an improvement com-
prising:

a detection circuit for detecting said binary zeroes on

said certain lines of said address bus;

a register for storing digital signals, said register cou-
pled to said data bus for receiving digital signals
from said data bus; and,

a multiplexer for selecting between said digital signals
stored in said register and said certain lines of said
address bus, said multiplexer being controlled by
said detection circuit so as to select said register
when said binary zeroes are detected on said cer-
tain lines of said address bus;

whereby data for said certain functions normally
stored on page one of said RAM, may be stored
elsewhere in said RAM, and still easily addressed
by said CPU.

19. The improvement defined by claim 18 wherein
one of said stored signals from said register is coupled to
said multiplexer through an exclusive OR gate, said gate
being coupled to one of said certain lines of said address
bus.

20. The improvement defined by claim 18 or 19
wherein said computer provides an alternate stack sig-
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nal and wherein said detection circuit also detects ad-
dresses for page one on said address bus, and said multi-
plexer selects said register if said page one addresses are
detected and said alternate stack signal is in a predeter-
mined state.

21. In a digital computer which includes a central
processing - unit (CPU), a random-access memory
(RAM), an address bus interconnecting said CPU and
RAM such that said CPU addresses locations in said
RAM and a data bus interconnecting said CPU and
RAM, said CPU for certain functions addressing prede-
termined locations in said RAM with a predetermined
range of address signals, an improvement comprising:

detection means for detecting said predetermined
range of address signals, coupled to said address
bus;

register means for storing digital signals, coupled to
said data bus, and;

switching means for coupling said digital signals
stored in said register means to said address bus
when said detection means detects said predeter-
mined range of said address signals, said switching
means also for coupling said digital signals stored in
said register means to said address bus when a
certain direct memory access (DMA) signal is in a
predetermined state;

a read-only memory (ROM) coupled between said
address bus and said data bus, said ROM in re-
sponse to signals on said address bus providing
instructions to said CPU on said data bus to cause
said CPU to increment address signals when said
DMA signal is in said predetermined state;

said register providing a pointer for locations in said
RAM when said DMA signal is in said predeter-
mined state, and said register providing RAM ad-
dress signals when said certain functions are se-
lected by said CPU,

whereby data for said certain functions normally
stored by said CPU in said predetermined locations
may be stored elsewhere in said RAM, thereby
enhancing the performance of said computer.

22. The improvement defined by claim 21 wherein
said switching means comprise a multiplexer which
selects said register when said detection means detects
all binary zeroes or when said DMA signal is in said

predetermined state.
B * * * *
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8-bit data bus and yet provide high data rates (16-
COMPUTER WITH A MEMORY SYSTEM FOR bits/MHz) needed for high resolution displays. A first

REMAPPING A MEMORY HAVING TWO plurality of memory devices are connected to a first
MEMORY OUTPUT BUSES FOR HIGH ‘memory output bus; these memory devices are also
RESOLUTION DISPLAY WITH SCROLLING OF 5 connected to the data bus. The memory includes a sec-

THE DISPLAYED CHARACTERS ond plurality of memory devices which are also con- 40

, nected to the data bus; however, the outputs of these ¢27

BACKGROUND OF THE INVENTION second devices are coupled to a second output memory ¢ 07

The invention relates to the field of digital computers, _ bus. First switching means permit the first and second
particularly microcomputers, having video display ca- 10 memory buses to be connected to the display for high

pabilities. data rate transfers. Second switching means permit
. : either one of the memory buses to be connected to the
Prior Art data bus during non-display modes.

In the last few years, there has been rapid growth in The addressing capability of the memory is greatly
the use of digital computers in homes by hobbyists, for 15 enhanced not only through bank switching, but through 4‘60
small business and for routine engineering and scientific - a novel remapping which does not require the CPU 3

application. For the most part, these needs have been  control associated with bank switching. In effect, the

met with self-contained, relatively inexpensive mi-  “upused” bits from one of the first and second memory

crocomputers or microprocessors with essential periph- buses are used for remapping purposes. This mode of

erals, including disc drives and with relatively easy to 20 operation is particularly useful for providing toggling
manage computer programs. The design for computers between two separate portions of the memory.

for these needs requires considerable ingenuity since The display subsystem of the described computer

each computer must meet a wide range of applications  generates video color signal in a unique manner. A 4-bit

and because this market is particularly cost conscious. color code as used in the prior art, is also used with the 256
A home or small business computer must, for exam- 23 goqoribed display subsystem. However, this code is used

ple, operate with a number of different program lan- ¢ oenerate an AC chrominance signal and a separate

guages, including those requiring relatively large mem- DC luminance signal. This provides enhanced color

ories, such as Pascal. The computer should interface . s .~ . .
with a standard raster scanned display and provide a capability over similar prior art color displays.
wide range of display capabilities, such as high density 30 BRIEF DESCRIPTION OF THE DRAWINGS
alpha-numeric character displays needed for word pro-
cessing in addition to high resolution graphics displays.
To meet these specialize computer needs, generally
requires that a relatively inexpensive microprocessor be
used and that the capability of the processor be en- 35
hanced through circuit techniques. This reduces the
overall cost of the computer by reducing, for example,
power needs, bus structures, etc. Another important
consideration is that the new computers be capable of
using programs developed for earlier models. 40
As will be seen, the presently described microcom-
puter is ideally suited for home and small business appli-
cations. It provides a wide range of capabilities includ-

FIG. 1is a block diagram showing the major compo-
nents and subsystems of the invented and described
- microcomputer system.

FIGS. 2 and 3 together show the central processing
unit (CPU) and the architecture associated with this
CPU, particularly the address bus and data bus.

FIG. 2 is a circuit diagram primarily showing the
address bus and the logic means associated with this
bus.

FIG. 3 is a circuit diagram primarily showing the
data bus and its interconnection with the memory buses
(A bus and B bus), bootstrap read-only memory, and

ing advanced display capabilities not found in compara-  input/output ports.
ble prjor art Computers. 45 FIGS. 4,. 5 anq 6 ShOW the men?ory 'Subsystef.n-
0 The closest prior art computer known to applicant is FIG 4 is a circuit diagram pnmanl_y showing the
SA' 5 commercially available under the trademark, Apple-II.  circuitry for selecting between address signals from the
Portions of that computer are described in U.S. Pat. No. ~ address bus and display counter signals.
4_ 0 4,136,359, FIG. § is a circuit diagram primarily showing the
4 3 50 generation of various “select” signals for the memory
0 SUMMARY OF THE INVENTION devices.
Bﬂl % A digital computer which includes a central process- FIG. 6 is a circuit diagram showing the organization
ing unit (CPU) and a random-access memory (RAM)  of the random-across memory and its interconnection

38 A with interconnecting address bus and data bus is de-  With the data bus and memory output buses.
scribed. One aspect of the present invention involves 55 FIGS. 7 and 8 illustrate the display subsystem of the

the increased capability of the CPU by allowing base  invented computer.
* 43 page or zero page data to be stored throughout the _ FIG. 7 is a circuit diagram showing the circuitry for
memory. Alternate stack locations and an improved = - generating the digital signals used for the video display.
543 direct memory access capability are also provided by~ : FIG. 8 is a circuit diagram of the circuitry used to
/ the same circuitry. Detection means are used for detect- 60 convert the digital signals to analog video signals.
b “4 ing a predetermined address range such as the zero FIG. 9 is a graph of several waveforms used to de-
4 5 S page. 'This detection means causes a special register ik scribe a prior art circuit and the circuit of FIG. 8.
(Z-register) to be coupled into the address bus. The = DETAILED DESCRIPTION OF THE

_ contents of this Z-register provide, for example, a
61- 9 pointer during direct memory access, or alternate stack 65 INVENTION
5 locations for storing data normally stored on page one. A microcomputer system capable of driving a raster
The memory of the invented computer is organized scanned video display is disclosed. In the following 372
in an unusual manner to provide compatibility with the = description, numerous specific details such as specific
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part numbers, clock rates, etc, are set forth to provide a
thorough understanding of the present invention. How-
ever, it will be obvious to one skilled in the art that the
inventive concepts described in this patent may be prac-
ticed without these specific details. In other instances,
well-known circuits have been shown in block diagram
form in order not to obscure the present invention in
unnecessary detail.

Referring first to FIG. 1, in general the described
computer includes a central processing unit (CPU) 65,
its associated data bus 42, address bus 46, a memory
subsystem and a display subsystem 58.

The address bus 46 from the CPU is coupled to the
memory subsystem to permit the selection of locations
in memory. Some of the address signals pass through a
multiplexer 47. For some modes of operation, signals
from a register 52 are coupled through the multiplexer
47 onto the bus 46. The register 52 is identified as the
Z-register and is coupled to the multiplexer 47 by the Z
bus. The general description of the multiplexer 47 and
its control by the logic circuit 41 are described in detail
in conjunction with FIG. 2. In general, the circuitry
shown to the left of the dotted line 53 is included in
FIG. 2 while the CPU 65, memory 50, data bus 42 and
multiplexer 43 are shown in detail in FIG. 3.

The address bus N1 is coupled to the read-only mem-
ory 50. The output of this memory is coupled to the
computer’s data bus 42. The read-only memory (ROM)
50, as will be described, stores test routines, and other
data of a general bootstrap nature for system initializa-
tion.

The data bus 42 couples data to the random-access
memory (RAM) 60 and to and from 170 ports. This bus
also couples data to the Z-register 52 and other com-
monly used registers not illustrated. The data bus 42
receives data from the RAM 60 through the A bus and
B bus which are selected by multiplexer 43. The periph-
eral Bus N2 is used, as is better illustrated in FIG. 3, for
coupling to peripherals.

The memory subsystem is shown in detail in FIGS. 4,
§ and 6. The address control means which receives
addresses on bus 46, makes the final selection of mem-
ory locations within the RAM 60. Bank switching,
addressing for display purposes, scrolling and other
memory mapping is controlled by the address control
means 59 as will be described in greater detail in con-
junction with FIGS. 4 and 5. The PAM 60 is shown in
detail in FIG. 6. The counter 58 which is sychronized
with the horizontal and vertical display signals, pro-
vides signals both to the address control means §9 and
to the display subsystem 48.

The display subsystem receives data from the RAM
60 on the A bus and B bus and converts these digital
signals to video signals which control a standard raster
scanned display. A standard NTSC color signal is gen-
erated on line 197 and a black and white video signal on
line 198. The same signals used to generate these video
signals can be used to generate separate red, green, blue
(RGB) video signals. The display subsystem 48 receives
numerous timing signals including the standard color
reference signal shown as 3.5 MHz (C3.5M). This sub-
system is described in detail in FIGS. 7 and 8.

COMPUTER ARCHITECTURE

In the presently preferred embodiment, the CPU 65
(microprocessor) employed with the described com-
puter is a commercially available component, the
6502A. This 8-bit processor (8-bit data bus) which has a
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16-bit address bus is shown in FIG. 3 with its intercon-
nections to the remainder of the computer. The pin
number for each interconnection is shown adjacent to
the corresponding line. In many cases, the nomencla-
ture associated with the 6502A (CPU 65) is used in this
application. For example, pin 6 receives the nonmaska-
ble interrupt signal (NMI), and pin 4 is coupled to re-
ceive the interrupt request signal (IRQ). Some of the
signals employed with the CPU 65, which are well-
known in the art, and which are not necessary for the
understanding of the present invention are not de-
scribed in detail in this application, such as the various
synchronization signals and clocking signals. The ad-
dress signals from the CPU 65 are identified as Aop-A7
and Ag-A1s. The data signals associated with the CPU
65 are shown as Dg-D7. As will be apparent to one
skilled in the art, the inventive concepts described in
this application may be employed with other micro-
Pprocessors.

Referring now to FIGS. 2 and 3, the general architec-

ture, particularly the architecture associated with the ~

CPU 65 can best be seen. The address signals Ag~A7are
coupled to a buffer 103 by the bus shown primarily in
FIG. 2. These address signals are also coupled to the
ROM 50. The signals Ag-A7 after passing through the
buffer 103 are coupled to the memory subsystem. The
address signals Ag-Ajs (higher order address bits) are
coupled through lines shown in FIG. 2 to the multiplex-
ers 47a and 47b. The contents of the Z-register 52 of
FIG. 1is also connected to the multiplexers 47a and 47b
through the Z-bus (Z1-Z7). The multiplexers 47z and
47bh allow the selection of either the signals Ag-Ais
from the CPU 65 or the contents of the Z-register
(Z1-Z7) for addressing the RAM 60. The output of
these multiplexers are shown as Ag-Ats; this designa-
tion is used even when the Z-bus is selected. Note in the
case of the Zg signal, this signal is coupled to the multi-
plexer 47a through the exclusive OR gate 90 for reasons
which are explained later. The address signals Ag-Ai;
are also coupled to the ROM 50, thus the signals
Ao-Aq; are used for addressing the ROM 50. The sig-
nals Ag-Asare connected to the logic circuit shown in
the lower left-hand corner of FIG. 2; this logic circuit
corresponds to the logic circuit 41 of FIG. 1.

The input and output data signals from the CPu 65
are coupled by a bidirectional bus to the bidirectional
buffer 99 (FIG. 3). This buffer is selectively disabled by
gate 100 to allow the output of ROM 50 to be communi-
cated to CPU 65 and during other times not pertinent to
the present discussion. The direction of flow through
the buffer 99 is controlled by a read/write signal cou-
pled to the buffer through inverter 101. Data from the
CPU 65 is coupled through the buffer 99 and bus 42 to
the RAM 60 or to I/0 ports. Data from the RAM 60 is
communicated to CPU 65 or bus N2 from the A bus and
B bus through the buffer 99. The 4 lines of the A bus and
4 lines of the B bus are coupled to the multiplexer 43a.
Similarly, the other 4 lines of the A and B buses are
coupled to the multiplexer 43b. Multiplexers 434 and
43b select the 8 lines of the A bus or B bus and commu-
nicate the data through to buffer 99 and bus 42. These
multiplexers are selectively disabled (for example, dur-
ing writing) by gate 102. As will be described later, the
16 lines of the A bus and B bus permits the reading of
16-bits from the RAM at one time. This provides a data
rate of 16-bits/MHz which is necessary, for example,
for an 80 character per line display. The data is loaded
into the RAM 60, 8-bits at a time.
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The ROM 50, as mentioned, stores test programs,
data needed to initialize various registers, character
generation data (for RAM 162 of FIG. 7) and other
related data. Specific programs employed in the pres-
ently preferred embodiment of the computer are set
forth in Table 1. The ROM 50 is selected by control
signals coupled to its pins 18 and 20, identified as signals
ROM SEL and T ROM SEL. Any one of a plurality of
commercially available read-only memories may be
used for the ROM 50. In the presently preferred em-
bodiment, commercially available Part No. SY2333 is
used. ’

Referring now to this logic circuit (lower left-hand
corner of FIG. 2), the NAND gate 81 receives the
address signal Ag and also the alternate stack signal
identified as ALT STK. The output of this gate pro-
vides one input to the AND gate 87. The Ag signal is
also coupled through the inverter 82 to one input termi-
nal of the NAND gates 85 and 86. The address signals
Ag and Ajg are coupled to the input terminals of the
NOR gate 83. The output of this gate is coupled to one
input terminal of the NAND gates 85 and 86 and the
AND gate 87. The address signals A1]-415 are coupled
to the input terminals of the NOR gate 84. The signal
A1 is also coupled to an input terminal of the NAND
gate 85.

The outputs of the AND gates 87 and 88 (through
NOR gate 89), controls the multiplexers 472 and 47b.
When the output of gate 89 is low the Z-bus is selected,
otherwise the address signals from the CPU 65 are se-
lected.

The logic circuit above-described, along with the
Z-bus and Z-register provide enhanced performance for
the computer. First, this circuit permits the zero page or
base page data to be stored throughout the RAM 60
rather than just on zero page. Secondly, this circuit
enables addressing of alternate stack locations (other
than page one). Lastly, this circuit through the Z-regis-
ter provides a RAM pointer for direct memory access
(DMA).

Assume for purposes of discussion that the CPU 65 is
addressing the zero page of memory. That is, the higher
order address bits Ag-Ajs are all zeros. The zeros for
Ag-Ajs are detected by the gates 83 and 84. If all the
inputs to these gates are zeros, the outputs of these gates
are high which condition is communicated to the gate
87. Ag which is also low, insures that the output of gate
81 will be high. Thus, all the inputs to gate 87 are high,
causing the signal at the output of the gate 89 to drop.
When this occurs, the Z-bus is selected. Instead of all
the binary zeros from the CPU being coupled to the
main memory (RAM 60), the contents of the Z-register
form part of the address for the memory. Therefore,
even though the CPU 65 has selected the zero page,
nonethelessdata may be written into or from any loca-
tion of RAM 60 (including the zero page). This en-
hances the performance of the CPU, since for example,
the time consumed in shifting data to and from a single
zero page is minimized.

Normally, the CPU 65 selects page one for stack
locations. This occurs when Agis high and Ag-A1s are
low. Assume first that the alternate stack locations have
not been selected. Both inputs to gate 81 are high and its
output is low. The low input to the gate 87 prevents the
selection of the Z-bus. Thus, for these conditions the
address signals Ag-A7 select stack locations on page
one.
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Next assume that page one has been selected by the
CPU and that the ALT STK signal is low, indicating
the alternate stack locations are to be selected. (A flag is

set by the CPU to change the ALT STK signal). Since

the ALT STK signal is low and Agis high, a high out-
put occurs from the gate 81. All the inputs to gates 83
and 84 are low, therefore, high outputs occur from both
these gates. The conditions of gate 87 are met, causing
a high output from this gate and lowering the output
from the gate 89. The Z-bus is thus selected by the
multiplexers 47a and 47b. This allows the contents of
the Z-register to be used as alternate locations. Non-
zero page locations are assured by inverting Ag. The
exclusive OR gate 90 acts as a selective inverter. If Ag
is high and Zgis low, then Agat the output of the multi-
plexer 47a will be low. Note that during zero page
selection when Agis low, the Zg signal is directly com-
municated through gate 90 to the output of multiplexer
47a.

Thus, the logic circuits along with the ALT STK
signal allows alternate stack locations to be selected
through the Z-bus. This further enhances the perfor-
mance of the CPU which would otherwise be limited to
page one for stack locations.

The logic circuit of FIG. 2 is also used along with the
Z-register to provide a pointer during direct memory
access (DMA). Assume that direct access to the com-
puter’s memory is required by a peripheral apparatus.
To initiate the DMA mode the CPU provides an ad-
dress between F800 and R8FF. Through a logic circuit
not illustrated in FIGS. 2 and 3, the ROM SEL signal is
brought low for addresses between F000 and FFFF.
This signal is communicated to gate 93 and causes the

" output of gate 92 to rise (DMA 1 is high at this time).
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This rise in potential is communicated to one input of
the gate 85. Additionally, gate 85 senses that the address
bits As, Agand Apare low. This information is coupled
to gate 85 through the inverter 82 and the NOR gate 83
as high signals. Also the fact that Ay, is high is directly
communicated to gate 85. Thus, with the address be-
tween F800 and FS8FF the DMA OK signal drops in
potential. This is sensed by the peripheral apparatus
which in turn causes the DMA 1 signal to drop and
provides a ready signal to the CPU 65. With the com-
pletion of this handshake, data may begin to be trans-
ferred to the RAM.

The DMA 1 signal through gate 93 and inverter 93
forces the T ROM SEL signal low. This signal in addi-
tion to being communicated to the ROM 50, is coupled
to the buffer 99 through gate 100, disabling this buffer
(during the reading of ROM 50). Also, the ready signal
causes the CPU to come to a hard stop. Importantly, the
DMA 1 signal, after passing through the inverter 94 and
the gates 88 and 89, assures the selection of the Z-regis-
ter. The contents of the Z-register are fixed and provide
a pointer to a page in the RAM.

Under the above conditions, the CPU increments the
lower 8-bits of the address signal. The ROM 50 fur-
nishes the instructions for incrementing the address,
specifically SBC #1 and BEQ. The peripheral appara-
tus provides the data or receives the data in synchroni-
zation with the CPU operation. The peripheral also
furnishes a read/write signal to indicate which opera-
tion is to occur. Data is then written into RAM via bus
N2 and bus 42, or read froin RAM via the A and B buses
and bus N2.

Importantly, with the above DMA arrangement,
addresses from the peripheral apparatus are not neces-
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sary and the Z-register is used to provide a pointer to a
page in RAM 60.

MEMORY SUBSYSTEM

The memory sybsystem shown in FIG. 1 as the ad-
dress control means 59 and RAM 60 is illustrated in
detail in FIGS. 4, 5 and 6 as mentioned. In FIGS. 4 and
5, the memory control means is shown, while in FIG. 6
the memory devices and their organization are illus-
trated. The address control means of FIGS. 4 and 5
receives the address signals from the CPU 65 (Ag-A1s),
the count in the vertical and horizontal counters
(counter 58 of FIG. 1) which are used during display
modes, control signals from the CPU and other signals.
In genreal, this control means develops the address
signals which are coupled to the RAM of FIG. 6 includ-
ing the column address and row address signals, com-
monly referred to as CAS and RAS. Other related func-
tions are also shown in FIGS. 4 and 5, such as the cir-
cuitry which provides display scrolling, indirect RAM
addressing and memory mapping.

The CPU of FIG. 3 provides a 16-bit address for
addressing the memory. Under ordinary circumstances
this address limits the memory capacity to 64K bytes.
This size memory is insufficient in many applications, as
for example, to effectively use the Pascal program lan-
guage. As will be described in greater detail, the address
control means of FIGS. 4 and 5 enable the use of a
memory having a 96K byte or 128K byte capacity. One
well-known technique which is used with the present
invention for increasing this capacity is bank switching;
this switching occurs under the contol of the CPU. In
addition, the address control means uses a unique indi-
rect addressing mode which provides the benefits of
bank switching, however, this mode does not require
CPU control. This greately enhances CPU operation
with the larger memory (as will be described) when
compared to the CPU controlled bank switching.

Referring first to FIG. 6, the RAM configuration is
illustrated for a capacity of 96K bytes. The memory is
organized into six rows, each of which includes eight
16K memory devices such as rows 111 and 112. In the
presently preferred embodiment, Part No. 4116 MOS
dynamic RAMs are used. (The pin designations and
signal designations refer to this memory device.) Obvi-
ously, other memory devices may be employed.

Input data to these memory devices 106 is provided
from the bus 42. Each line in the bus 42 is connected to
the data input terminal of one device 106 in each row.
The interconnection of this bus with each of the mem-
ory devices is not shown in FIG. 6 in order to overcom-
plicate this drawing. By way of example, however, line
107 connects the data bit D7 to the data input terminal
of one of the memory devices in each of the six rows.

Three rows of devices 106 have their output termi-
nals coupled to the A bus, and three rows are similarly
coupled to the B bus. By way of example, line 108 con-
nects three output terminals of devices 106 to the DB7
line of the B bus while line 109 connects three output
terminals of the devices 106 to the DA7 line of the A

. bus.

The described memory devices 106 are each orga-
nized as a 16KX1 memory. Thus, each device receives
a 14-bit address which is time multiplexed into two,
7-bit addresses. This multiplexing occurs under the
control of the CAS and RAS signals as is well-known.
The lines coupling the address signals to each of the
devices in FIG. 6 are not illustrated. However, in the
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8
lower right-hand corner of FIG. 6, the various signals
applied to each device (including the address signals),
along with the corresponding pin numbers are shown.
Other circuitry not illustrated is the refresh control
circuitry which operates in a well-known manner in
conjinction with the CAS, RAS and address signals to
refresh the dynamic devices.

Each row of memory devices 106 receives a unique
combination of CAS and RAS signals. For example,
row 111 receives CAS 5,7 and RAS 4, 5; similarly, row
112 receives CAS 0 and RAS 0, 3. The generation of
these CAS and RAS signals is described in conjunction
with FIG. 5. These signals (along with the 14-bit ad-
dress signals) permit the selection of a single 8-bit loca-
tion in the 96K byte memory (for writing) and also the
selection (for reading) of 16-bit locations.

The memory of FIG. 6 may be expanded to a 128K
byte memory by using 32K memory devices, such as
Part No. 4132. In this case, four rows of eight, 32K
memory devices are used with each row receiving two
CAS and RAS signals.

Before reviewing FIG. 4, a general understanding of
the organization of the display is helpful. The display,
during certain modes, is organized into 80 horizontal
segments and 24 vertical segments for a total of 1920
blocks. 11-bits of the counter 58 of FIG. 1 are used as
part of the address signals for the memory to access data
for displaying during these modes. These counter sig-
nals are shown in FIG. 4 as Ho-Hs and Vo-Va. During
other display modes each horizontal segment is further
divided into 8 segments (e.g. for displaying 80 alpha
numeric characters per line). This requires 3 additional
vertical timing signals shown as V4, Vp and V¢ in
FIGS. 4 and 7. '

Often in the prior art, two separate counters are used
to supply the timing/address signals for accessing a
memory when the data in the memory is displayed. The
count in one counter represents the horizontal lines of
the screen (vertical count) and the other the position
along each line, (horizontal or dot count). In many prior
art displays the most significant bit of the dot counter is
used to increment the line counter. Data in memory
intended for display is mapped with a one-to-one corre-
lation to the counts in these counters. In another prior
art system (implemented in the Apple-II computer sold
by Apple Computer, Inc.) this one-to-one correlation is
not used. Rather, to conserve on circuitry, a single
counter is employed and a more dispersed mapping is
used in the memory. (Note that where a maximum hori-
zontal count of 80 is used, this number cannot be repre-
sented by all ones in a digital counter and thus the verti-
cal counter cannot easily be incremented by the most
significant bit in the horizontal counter.) Since this
more dispersed mapping technique is part of the prior
art and not critical to an understanding of the present
invention, it shall not be described in detail. However,
the manner in which it is implemented shall be discussed
in conjunction with the adder 114 of FIG. 4. For pur-
poses of discussion, the signals from the counter 58 of
FIG. 1 are designated as either vertical (V) or horizon-
tal (H).

Referring now to FIG. 4, the selection of either the
counter signals on the address signals from the CPU is
made by the multiplexers 116, 117, 118 and 119. Each of
these commercially available multiplexers (Part No.
153) couples one of four input lines to an output line.
There are eight inputs to multiplexers 116, 117 and 118
and the outputs of these multiplexers provide the ad-
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I claim:

1. In a digital computer which includes a central
processing unit (CPU), a random-access memory
(RAM), an address bus interconnecting said CPU and
RAM such that said CPU addresses locations in said
RAM and a data bus interconnecting said CPU and
RAM, said CPU for certain functions addressing prede-
termined locations in said RAM with a predetermined
range of address signals, an improvement comprising:

detection means for detecting said predetermined

range of address signals, coupled to said address
bus;

register means for storing digital signals, coupled to

said data bus, and;

switching means for coupling said digital signals

stored in said register means to said address bus
when said detection means detects said predeter-
mined range of said address signals;

whereby data for said certain functions normally

stored by said CPU in said predetermined locations
may be stored elsewhere in said RAM, thereby
enhancing the performance of said computer.

2. The improvement defined by claim 2 wherein said
detection means detects all binary zeros.

3. The improvement defined by claim 1 wherein said
switching means comprises a multiplexer controlled by
said detection means for selecting said register means.

4. The improvement defined by claim 1 including a
read-only memory coupled to said address bus and said
data bus.

5. The improvement defined by claim 4 wherein said
stored ‘signals in said register means provide a pointer
for locations in said RAM during a direct memory ac-
cess transfer.

6. The improvement defined by claim 5 wherein said
read-only memory in response to signals on said address
bus provides instructions to said CPU causing. it to
increment address signals during said direct memory
access transfer.

7. In a digital computer which includes a central
processing unit (CPU), a random-access memory
(RAM), an address bus having a first plurality and a
second plurality of lines for coupling said CPU with
said RAM, and a data bus interconnecting said CPU
and RAM, said CPU for certain operations addressing
predetermined locations in said RAM with address
signals on said first plurality of lines by coupling a pre-
determined address on said second plurality of lines, an
improvement comprising:

register means for storing signals, coupled to said data

bus;

multiplexing means coupled to said second plurality

of lines and said register means for selecting signals
from one of said second plurality of lines and said
register means;

logic means coupled to said second plurality of lines

and said multiplexing means for causing said multi-
plexing means to select signals from said register
means when said CPU couples said predetermined
address on said second plurality of lines;

whereby said signals from said register means pro-

vide alternate locations in RAM for storage associ-
ated with said certain operations.

8. The improvement defined by claim 7 wherein said
predetermined address is all binary zeros.
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9. The improvement defined by claim 7 including a
read-only memory coupled to said address bus and said

-data bus.
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10. The improvement defined by claim 8 wherein said
stored signal in said register means provides a pointer
for locations in said RAM during a direct memory ac-
cess transfer.

11. The improvement defined by claim 9 wherein said
read-only memory in response to signals on said address
bus provides instructions to said CPU causing it to
increment address signals during said direct memory
access transfer.

12. In a digital processor used in conjunction with a
display, said processor including a data bus and an ad-
dress bus, a memory comprising:

a first plurality of memory devices for storing data,

coupled to receive data from said data bus; ‘

a first memory output bus coupled to receive data

from said first plurality of memory device;

a second plurality of memory devices for storing data

coupled to receive data from said data bus;
a second memory output bus coupled to receive data
from said second plurality of memory devices;

addressing means coupled to said address bus for
providing address signal for addressing said first
and second plurality of memory devices;
first switching means for selecting data from one of
said first and second memory buses for coupling to
said data bus, said first switching means coupled to
said first and second memory bus and said data bus;

second switching means for selecting data from said
first and second memory buses for coupling to said
display, said second switching means coupled to
said first and second memory buses and said dis-
play; and,

circuit means for coupling one of a selected said first

and second memory buses to said addressing means
such that data from said selected one of said buses
provides addressing information for selecting sub-
sequent locations in said memory devices when
said data bus is receiving data from the other of
said memory buses,

whereby said memory provides data for a high reso-

lution display and whereby some data stored in said
memory is used for remapping locations in said
memory.

13. The memory defined by claim 12 wherein said
circuit means comprises a multiplexer, said multiplexer
selecting between said data from said selected one of
said buses and bank switching signals coupled to said
multiplexer.

14. The memory defined by claim 13 wherein said
multiplexer is controlled by a logic circuit which is
coupled to said address bus and said selected one of said
buses.

15. The memory defined by claim 14 wherein said
logic circuit causes said multiplexer to select said bank
switching signals each time said processor switches an
OP code.

16. In a digital computer with a memory, which is
used in conjunction with a raster scanned display, said
display including a digital counter which provides a
vertical count representative of the horizontal line
scanned by the beam for said- display, said memory
providing data for displaying rows of characters, an



