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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, )

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 inciud-
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-II.
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
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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. 1 is 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
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. § 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 I/0 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 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
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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 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 Ap-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. 1is also connected to the multiplexers 47a and 476
through the Z-bus (Z{-Z7). The multiplexers 47a and
47b allow the selection of either the signals Ag-Ajs
from the CPU 65 or the contents of the Z-register
(Z1-2Z7) for addressing the RAM 60. The output of
these multiplexers are shown as Ag-Ajs; 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-A1
are also coupled to the ROM 50, thus the signals
Ao-Ay 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 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 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-bits/yMHz 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 Aj1_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 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-As 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 Agis high and Ag-A s 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 Ao-A7 select stack locations on page
one.
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Next assume that pa%e 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 Zois low, then Agat the output of the multi-
plexer 47a will be low. Note that during zero page
selection when Agis 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 Ay 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 M 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 T 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
§, 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 §
receives the address signals from the CPU 65 (Ao-A}s),
the count in the vertical and horizontal counters
(counter S8 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 control
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 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-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, Vg 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 muitiplexers 116, 117 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 multipiexers. 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 (C1M). 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 Ag 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 H;
signal and then the V| signal to be connected to the
ARI1 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 Hj, Hs 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 2) to the
multiplexers 117, 118 and 119. (The P% 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 scrolied, 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 A, A1y, 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 128 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. §.) 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. §, 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
V4, VB V 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, VAL,
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 58, 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.

Page 0014 of 0170 |



Apple Computer Inc. Patent : 4 383 296

4,383,296

11

Thus, through use of adder 121, an even, continuous
scroll is obtained without moving all the data in mem-
ory for each frame. Rather, only th of the data is
moved for each frame.

Referring now to FIG. §, 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, Ay, A13, As, and Ajs. As the PRAS, 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, A1, A3, A4, and Ajs.

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

PCASO=(PRASO.3-(DHIRES-AY + AY-(ATS-AT-
4A13ATIR/WN +A15-A14-A13.R/WN +Al-
SAT4-A13+A15.A14.A13.A11))) m

PCAS2=(DHIRES-AY +AY-(ABKI'ABK2-ABK-
3.IND+ABK1-ABK2-ABK3)-(A15.-A14-
)+ AY-IND-ABK1-ABK2-ABK3-A15-(A14-A13-
+A14-A13)) Q)

PCAS3=PRASO. o
3(DHIRES-AY +AY-(A15-AT4-A13-A11+ Al-
S.A14.AT3.AT1 + A15.A14-A13))) 3)

PCAS4,6=(AY-IND-ABK3-A15.(ABK1.ABK-
2+ ABK1)-ABK2)
(A1d-A13+ A14-A13) + AY-IND-ABK3-(ABK-
2.ABK1-A15+ ABK2-ABK1+ABK2.ABK-
1.A18)-A1d+ AY.IND-ABK1-ABK2-ABK3.(A1-
5.AT3A13+A1S
A14-A13)+ AY-IND-ABK3-ABK2-(AT5-ABK-
1+ A15-ABK1)-(A14-A13 + A14.A13)) @

PCASS,
7,=(AY-IND-ABK3(ABK1-ABK2 + ABK1-
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-
+A14A13)) )

In effect, these ROMs are programmed to allow selec-
tion of predetermined rows in the memory, based on the
address signals Ao, A3, A4 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 43a and 43b 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, PAS8, PA1S5, RFSH (refresh), and
AY signals. These address signals select the RAS 0, 3;
RAS 1,2, RAS 4, 5 and RAS 6, 7 signals. The ROM 132
is programmed to implement the following four equa-
tions.

PRASO,3=AY-(DHIRES + RFSH) + (ABK4(Z
Page-PAS))+ ABK1':ABK2.ABK3)-AY ©)

PRAS1,2=AY-(DHIRES + RFSH)+AY-(ABK-

1.ABK2-ABK3-(ABK4(ZPAGE-PAS).PA1S-
)+ABK1-ABK2-ABK3)+ AY-ABK3-(ABK-
1.ABK2.ABK4-(ZPAGE-PA8)-PA15+ ABK-
1.ABK2(ABK4-(ZPAGE.PAS).PATS) (@)

PRAS4,5=RFSH.AY + AY-ABK2 ABK3(ABK-
1.ABK4(ZPAGE PAB) PA15+ ABK1(ABK-
4(ZPAGE.PAB).PATS) ®

PRAS6,7=RFSH-AY +AY-ABK3.(ABK1-ABK-
2.ABK4(ZPAGE-PA8)-PA15+ ABK1-ABK-
2.(ABK4-(ZPAGE-PA8)-PA15)

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, A, and C3 signals. The NOR gate
149 receives the zero page and Assignal. 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 ¢ signal. 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
DAZ7 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 DA?7 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-11, 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 CTM 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, a 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 | MHz rate.

The registers 158 and 159 are coupled to an 8 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
memory 160. The vertical counter signals V4, Vg, and
Vc(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 mulitiplexer 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
205. 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 V 4, 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 190.
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 muitiplexer 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 | 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 188 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-II com-
puter, may be employed in the above-described com-
puter.
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13 # 4R RBRRBRNSRERRGBDOESBOBENEE

14 » CRITICAL TIMING =

1S » REQUIRES PAGE BOUND =+ O
16 + CONSIDERATIONS FOR »

IR S CODE AND DATA #* §
18 = —m—em CODE=-——~— * N
19 %  VIRTUALLY THE ENTIRE # N
20 » ‘WRITE’ ROUTINE » L
21 = MUS{ NOT CROSS #* \J
e & PACGE BOUNDARIES #

23 % (K. 7. . BRANCHES IN  #

24 * THE 'WRITE', ‘READ’, # §

25 # AND FEAD ADR’ SUBRS  # %
26 # WHICH MUST NOT CROSS  #

PR PAGE BOUNDARTCS ARE * k\

28 * NOTED IN COMMENTS * %

20 » #*

3C i&****‘*i***i**iti*******i* %
31 # *

32 # EQUATES » §

33 = * N

34 NBUF1  EQU  $2G0

35 NBUF2 EQU  $302 i (ZERQ PAGE AT $3003 \k

36 % Q¢

37 HRDERRS EQU $80 \

38 DVMOT  EQU  S$EO \
29 & ‘t:

40 1BSLOT EQU 81

41 IBIPRYMN  EQU  IBSLOT+1

42 IBTRK EQU IBSLOT+2

43 IBSECT EQU 1IBSLOT+3

44 IDBUFP EQU [IBSLOT+4 ;&5
45 IBCMD EQU IBSLOT+6
4o IBSTAT EQU  IBSLOT+7
47 IBSMOD EQU IBSLOT+S
48 CSUM EGU IBSMOD

49 I0BPDN EQU IBSLOT+9
5S¢ 1IMASK EQU  IBSLOT+sA
51 CURTRKW ECU IBSLOT+$B
52 DRVOTRK FaU CURTRK-7
53 :SLOT 4, 'RIVE 1

54 ,SLOT 4, TRIVE 2

55 ,SLOT 5, DRIVE

56 iSLOT S5, DRIVE 2

57 ,SLOYT &, DRIVE 1

58, GLOT &, DRIVE 2

99 RETRYCNT EQU IBSLOT+$12
60 SEEKCNT EQU IBSLOT+$13
&1 BUF EQU IBSLOT+s$1A
62 ENVTEMP EQU IBSLOT+$1E
63 #IBSLOT+$1F NOT USED

i USED ALSO FOR ADDRESS HEADER CKSUM

REVIsion/ /@, oy @e et £159)

b4

66 N2V VLLVVRBVORL R 2GS
&7 » ' *®
68 = —-—---READADR--~-- *
&9 * *

TO RRRERERREARERESERERRNRY

71 COUNT EQU IBSLOT+$14 ; ‘MUST FIND' COUNT.

72 LAST EQU IBSLOT+¢14 ; ‘ODD BIT’ NIBLS.

73 CRSUM __EQU IBSLOT+$15 ; CHECKSUM BYTE. _

74 CSSTV EQU IBSLOT+$16 ; FOUR BYTES.,

79 % CHECKSUM, SECTOR: TRACK, AND VOLUME.
76 *
VAR I ZITIT T I FT TR Y AT L YN
78 # »*
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FO00:. __ 79 = ———=WRITE=-——~ * o -
FOO0O: 80 » *
FOOO0: 81 » USES ALL NBUFS *
FOQO: 82 % AND 32-BYTE % .. .
FO0O0: 83 « DATA TABLE ‘NIBL‘ %
FOO00: 84 * #*
FOOO: LR L I ST I TR E b ohudaioRaboiet S L
F000: T T B T T
FOQO: 87 #9349 9 3 I I3 RN
FOO00. o es « L -
FOO0O0: g8 # 0 ————— READ=——~ *
FO0O0: 90 * #
FOO0O: . 2 T USES ALL NBUFS *
FOO0O: 92 # USES LAST 54 BYTES
FOOO- 93 # OF A CODE PAGE FOR
FQOQ 94 % SIGN;FICANTiﬂYTES_ #* o B
FOQGO. 9% # OF DNIBL TABLE. *
FOGCO: 96 # *
FOOO- CYRR YT TE SRS TT I IS I L S o n tndd )
FOOO. 98 #
FOQOC- GG 3536 40 4 4 3 038 35 36 3 36 I 3 I 9E 0 3 3 336
FOOO ) 100 = ) *
FOQO. 101 = ———— SEEK -——-— *
FOQU: 102 # *
FOO0O0. 1 O3 #3455 44 335 3 3830 30 96 36 3 236 i
0095 104 TRKCNT EQU COUNT ; HALFTRKS MOVED COUNT
00%D. 105 PRIOR EQU IBSLOT+s$1C
OnNRE o 106 TRKN EQU IBSLOT+%1D o
FOQO: 107 %=
FOOO: 1 OB #9633 3 38 33036 34 36 36 3636 38 30 3630 35 3 30 36 3 34
FQQQ: o 109 # *
FO0O 110 # ———= MSWAIT -——- *
F 00 111 # #
FOOOQ 112 %5 BTN HRRHRII LT ®
Q099 113 MONTIMEL EQU CSSTV+2 i MOTOR-ON TIME
00%A: 114 MONTIMEH EQU MONTIMEL+1 ; COUNTERS
FOO0O0. 115 = )
000 117 900004000202 800000844E0
FO0O: 118 # ) » _
FO00: 119 # DEVICE ADDRESS *
FQOO: 120 # ASSIGNMENMNTS *
F000: 2y * o ;
FQOQO: 122 3363 35 336 3 36 34 3 3 30 36 50 30 3 90 38 900 3 B 36
c080: 123 PHASEODFF EQU $CO0BO ; STEPPER PHASE OFF
cosel: . 124 PHASEON EQU sC081 i STEPPER_PHASE ON.
c08C: 125 Q6L EGU $C08C ; @7L, Q6L=READ
co8Dh: 126 Q6H EQU $C08D i Q7L, Q6H=SENSE WPROT
COBE: 127 Q7. EQY $COBE _iQ7H, G6L=WRITE = __ .
CO8F: 128 Q7H EQU $CO8F ; @7H, Q6H=WRITE STOR
FFEF: 129 INTERUPT EQU S$FFEF
FFDF: 130 ENVIRON EQU _ SFFDF e — .
0080: 131 ONEMEG EQU 480
O07F: 132 TWOMEG EQU S$7F
FOOO: 133 ##addsidiidkasandmkerespnsrisns -
FOO0O0: 134 »
FO00: 135 # EQUATES FOR RWTS AND BLOCK
FOOO: 136 » o B
FO0O: 137 S0 02T e AU 2 A e 3 A
coB8s8: 138 MOTOROFF EQ. $C088
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cogs: ____ 139 MOTORON EQU €089 . __ . .. .. e
COBA: 140 DRVOEN EQU $COBA
CO8B: 141 DRVIEN EQU $C08B
cos1: 142 PHASON EGU $C081
c0o8o0. 143 PHSOFF EQU $C080
Q097 144 TEMP EQU CSSTV ; PUT ADDRESS INFO HERE
V097 145 CSUM1 EQU TEMP N ,*
0098 146 SECT EQU CSUM1i+1
009% 147 TRACK EQU SECT+1
0099 148 TRKN1! EQU TRACK
VOYA ! 149 VOLUME EQU TRACK+1
QGE3 150 IBRERR EGU HPDERRS-3
082 151 [BDERR EQU HRDERRS+D
0081 152 IBWPER EQU HRDERRS+1
0080 153 IBNODRV EQU HRDERRS
FO00 1959 SRR UNNBRBHIBRGHSGRSRBRRERE
FOOO: , 1% « e _ .
FOOQ 157 = cLAl WRITE A * .
00 158 # i#aCh AND SECTOR *
200 199 - ®
FOOO 14D @< n< 't Roodero®tit i bedFEaL
FOO0Q 161 #
FQOO AG 01t 162 REGRWTS DY #1 i RETRY COUNT
-0 A& 81 142 Ly 13sLor ,GET SLOT # FOR THIS NPERATION
Fo0A B4 94 ied STy SEERCNT CUNLY ONE RECAL ITHATE PER <ALl
FQl6 O t&s (Mol , DETERMINE INTER!W T STATUS
FOO7 48 1686 PLA
FOO8. 6A 167 ROK A
FOO9 " &4A 168 ROR A , GET INTERUPT FLAG INTO BIT 7
tuOn bA e ROR A
FOGB &A 17 ROFP A
FOOC 8% 8B [EEY STA L IMASK
FQOE AD DF FF 172 LDA ENVIRON ; FPRESERVE ENVIROMMEMT
FO11 85 9F 173 8TA EMNYTEMP
FO13 174 = .
FO13 17% # NOW CHEZ - 1F THE MUTOR 19 ON. THEN STARYT IT
013 A
OIS0 F0 2B F1 17 JSF LHY DRV TET ZERQ FLAG IF MOTOR STORPEL
CGle 08 178 PHP » SAVE TEST RESULTS
FOLY? AS 8% 179 LDA IBBUFP i MOVE OQUT POINTER TO BUFFER INT0O 7l aGE
FQ19 8% 98 18% STA BUF
LR oAs 84 131 LDA  [BBUFP+!
FOIh Hs 9¢ PR G574 BUF+1
FOLE aY EO 1R L0 #DVMOT
FO21 95 9A 184 STA MONTIMEH
FO23 A% 8z 1945 LDA IBDRVN ; DETERMINE DRIVE ONE OR TWO
FOoas CS5 8A 186 CHMP  10OBPDN , SAME DRIVE USED BEFORE
FO27 3% 24 1627 ~He TUDPDN S IT FOR NEYT T1ME
Foaw 293 JRRTE PHP ke £P RESULTE IIF COMPARE
Foas o 189 ROR A b T DRIVE NUMTER [riTi CARRY
FQ2B RD 89 199 I.DA  MOTOROM, X, TUPM ON THE DFIVE
FO2E 70 O 191 BCC DRIVSEL i BRANCH 1F DRIVE 1 SELEGTED
FOUO EU 192 INX ; SELECT DRIVE 2
Ol 30 8Aa . 195 DRIVEEL LDA DRVOEN, x
LTSIV Yol 14 JGR O SETIMEG s INSURE OME MECAHERTZ OPERATION
FO7 29 199 PP , WAS 1T SAME DRIVE™
FD38 FO O0A 1946 BEQ OK
FO3A 2 197 PLP i MUST INDICATE DRIVE OFF BY SETTING ZERO
O3B A0 07 198 LDY #7 ; DELAY 130 MS DEFORE STEPPING FL.AG)
F23D 20 %4 F3 0 19% DRVWAIT JSR MSWAILT , (ON RETURN A=
FO40 &b 200 DEY
F41 DD FA 201 BNE  DRVUWAIT
FQ43: 08 202 PHP i NOW ZERO FLAG SET
044 - AS 83 203 0OK LDA IBTRK ;s GET DESTINATIOM TRACK
FO446 A& 81 204 LDXx 1BSLOT i RESTORE PROPER x (SLOT#1&)
FO4AR 20 0% F1 209 JSR  MYSEEK JAND GO TO IT
0B D04 #NOW AT THE DESIRED YRACK waS THE MOTOK
F 1an ST e N TO STAPT WITH™
FO4B 2 208 PLP i WAS MOTOR ON?
FQ4C. DO 17 209 BNE TRYTRK , IF 80, DON’T DELAY, GET IT TODAY!
FO4E. 210 #
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FO4E 211 ¢ MOTOR WAS OFF, WAIT FOR 1T TQ SPEED UP
FOA4E. Sl o«
FO4E: AO 12 213 MOTOF LDY #$12 i WAIT EXACTLY 100 US FOR EAUCH COUNT
~0%0: 84 214 CONWAIT DEY . ’
Y31 DO 7L e ANE TONWALT "IN MONTINE
POy R =9 v INC MONT IMEL SCOUNTY UP TO 0000
RN ¢ v . BNE MOTOF
FORT e YA S INC MONT IMEH
FORY DL FT P BME. MOTOF
FO5B: DD] SEERRERERRERERRRRBRRBEERE RN RN
FOSD: e ® .
FO3D 223 # MOTDR SHOULD BE UP TO SPEED
FQ%n D04 . 1F OIT STILL LDOKS STOPPED THEN
F253 ate & Cpl DRIVE TS NOT PRESENT
FQS5B 226 #
FOSB 27 P e e s 2 a2 DX T LR L S L Ll bl '
FOSB. 20 2B F1 228 JSR  CHADRV ;15 DRIVE PRESENT'
FOSE. DO OS St ENE TRYTRK , YES, CONT INUE
PO A% B2 o tpneR VERR LA #LBNODRY L riU, GET TELL EM OND DR UL
FOm:e 4 ER BEE JMP HHDLERR
FOeS 2oe =
63 230+ MOW CHECK IF IT I8 NOT THE FORMAT DISK COMMARD
(N3] 234« LOCATE THE CORRECT SECTOR FOR THIS OPERATION
Y
AT Bt LA iRCcMb L GET COMMAND CODE #
< rEG ALLDOMNE CTEONOJLL COMMAND, GO HOME T BED
P cHMP #3 , COMMAND IN RANGE ™
09 BCS  ALLDONE S NOL DO NOTHING!
S2a0 ROP A , . SET CARRY=1 FOR READ. » FiIH WRITE
Ll KOG TRYTRAZ CMUST PRENTBEBLIFE Fui wRITE
L LA ENVIRDNS
Al #YWOMES L BHIFT T HiGH SPEED!
STA  ENVIRON
Ch JER  PRENIBlIao
FO7B AO 7F TRY TS LDy #17F JONLY 127 RETRIES 0OF ANY KIND
FO7D 84 95 . T b NE TR
FO7F Aé Bt “ - T Lt SN A ,GET SLOT NUM INTO X-REG
081 20 BD "1, -+ % iR 1o ,REAl" NEXT AUDRESS FIFLD
FO84: 90 21 & ool RDRIGHT ; IF READ 1T RIGHT, HURRAH!
FOB& 24 E:B 2wt TRYADR. DBIT [MASK ; SHOULD IMTERUPTS DE Al.LOWED™Y
Foug 3¢ 01 it BDM{  NOINTRI ;NO. DOM‘T ALLDW THEM
RRIRERY "B S [ ; RE~ENABLED AFTER READ/READADR ‘WRIT'
153 T 2 . P S+ RETRYCNT i AMOTHER MISTAEW'! FAILURE
VI VR SR C IS TRYADR , WELL, LET IT GO THIS TIME
FOBF A% 8C e LDA CURTRK
FO91 48 ST PHA ; GAVE TRACK WE REALLY WANT
FO9a C& <94 AR DEC SEEKCNT ; ONLY RECALIBRATE ONCE!
Fvi®d Dy 9F [ BNE DKVERR L TRIED TO RECALIBRATE A SECOMD TIME, -
FOGs Al . LDA #$40 , RECAL IDRATE ALL OVER AGAIM' ERROR !
Fowa 20 2% R 24! JSR SETTRK ; PRETEND TO BE ON TRACK 80
FO9B8 A9 0OC Qb LDA %800
FOSD 20 33 Fi 267 JSR MYSEEK i MOVE TO TRACK 0O
FOAQ 68 264 uwiluall  PLA
oAl ol L Set e Al SR MYSEEK . @0 TO CORRECT TRACK THIG TIME!
F)nd 4C B F e MR TRYTRKZ ,LODP BACK, TRY AGAIN ON THIS TRACK
[ 267
FOA7 ~£8 # HAVE NOW ~EAD AM ADDRESS FIELD CORRECTLY
FOA7 26% + MAKE SURE THIS IS THE TRACK, SECTOR, AND VOLUME DESIRED
FOA7 A4 99 270 RDRPICGH! LDY TRACK ; ON THE RIGHT TRACWK?
FOA9 4 8C PR LR “URTRK
F0AB FO OE P BES hITRR i IF 80, «Q0D
FOAD 273 » Reoan 1PRS ING FROM THIS TRACK
FOAD: AD 8C 274 LDA CURTRK ; PRESERVE DESTINATION TRACK
FOAF . 48 275 PHA
FOBO: 98 276 TYA )
FOBI 20 295 F1 277 JSR SETTRK
FOB4. 48 278 PL.A
FORS: 20 09 F1 279 JER MYSEEX
_FOR®: 4C 86 FO 280 JMP _TRYADR2 _ ;GO AHEAD AND RECALIBRATE
FOBR: 282 #
FOBB:_ - . 283 » DRIVE}IS_QQAQLQﬂI TRACK, CHECK VOLUME MISMATCH
FOBB 284 =
FOBB AS FA 2838 RTTRA L DA  VOLUME L GET ACTUAL VILUME HERE
FOBD: 85 89 <8é STA IBSMOD L TELL OPSYS WHAT VOLUME Wa3 THERE
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FOBF AS 98 287 CORRECTVOL L.DA SECT i CHECX IF THIS IS THE RIGHT SECTOR
FOC1.C9 84 288 CMP  IBSECT
FOC3.FO 02 289 BEQ CORRECTSECT i 1F SO, DO WHATEVER WANTED
FOCS DO BF 290 BNE TRYADR2 , NO, TRY ANOTHER SECTOR
FOCY A% 87 291 CORKRECTSECT LDA IBCMD ,READ OF WRITE™
FOCY 4A 272 LSR A ; THE CARRY WILL TELL
FOCA 90 2 293 BCC  WRIT i CARRY WAS SET FOR READ OPERATION,
FOCC 20 4B F1 294 JSR READ16 i CLEARED FOR WRITE
FOCF BO BS 295 BCS TRYADR2 i CARRY SET UPOM RETURN 1F BAD READ
LY AL DF FF D96 L.DA  ENVIRON
Fopa a9 TF 297 AND  #TWOMEG
FODA B DFOFE 298 STA  ERNVIROM ;SET TWO MEGAHERT? MUDE
FoRY 20 11 F3 299 JSR POSTNIB16 DO PARTIAL POSTNIBBLE COUNVERSION
FODC BC AB 300 BCS TRYADRZ2 i CHEKSUM ERRCR
FODE A& 81 301 LDX IBSLOT i RESTORE SLOTNUM INTO X
FOEQ 13 302 ALLDONE Cui
PORT A9 GO 303 L.DA  #3%0 N0 ERROR
FOER 90 G4 D BLC  ALDONE1 LSKIP OVER NEXY BYTE WI1TH EIY OPCODE
FOES &8 305 DRVERR PLA i REMOVE CURTRK
FOE& A9 82 306 LDA #IBDERR ; BAD DRIVE
FOES 38 307 HNDLERR SEC i INDICATE AN ERROR
; =T D@ ALIONEL STA  IBSTAT i GIVE HIM ERROR#
88 < 409 DA MOTOROFF, X ; TURN 1T OFF
38 10 BIT  1MASK ; GHOLLD INTERURTS BE ENABLEDS
C1 311 BM1 NOINTR2 ; BRAHNCH IF NOT
312 ci!
5 GF 312 NOINTR2 LDA ENVTEMP ; RESTORE ORIGINAL ENVIROMMENT
CDF P 214 STA  EMVIROM
) RTE
192 - e owROT SR WRITELE » WRITE NYBBLES NOW
E2 3T BGC  ALLDONE i IF NO ERRORS
81 113 LDA #IBWPER ;DISK IS WRITE PROTECTED'!
E6 0e BYC HNDLERR i TAKEM IF TRULY WRITE PROTECT ERROR
BaOFS A0 JMF TRYADR2 ; OTHERWISE ASSUME AN [NTERUPT MESSED
Sy THINGS UP
202 e LIT IS THE CSEEK ROUTINE
0.3 »  SEEKS TRACK ‘N’ IN SLOT #x/$10
374 # IF DRIVND 1S NEGATIVE, ON DRIVE O
325 # IF DRIVNO [S POSITIVE, OW DRIVE 1
26w
FAOn A 27 MY TEEK ASL A F ASSUME TWO PHASE STEPPER
F10e 82 =5 SUE CErv STA  ThN1 . SAVE DESTINATION TRACK(#2)
Flos 20 19 Fi e JSR  ALLOFF ; TURN ALL PHASES OFF TO BE SURE.
F1OB &0 3E F1 o 330 JSR  DRYIMDX ; GET INDEX TO PREVIOUS TRACK FOR CURRENT
F10€ BS 85 331 LDA DRVOTRK, & DRIVE
FL1) 8% 60 2l STA  CURTRK CTHTS 1S WHERE T AM
FLid AT 99 P33 LDA TR . AND WHERE I °'M GOING TO
Flla 99 &9 33 STA  DRVOTRYE . X
Flle 20 00 Fa  33% GDOFFW  JSR  SEE¥ i G0 THERE!
F119 A0 01 136 ALLOFF  LDY #3 ; TURN GFF ALL PHASES BEFDORE RETURNIMNG
F11B 9 337 NXOFF TYA ; (SEND PHASE IN ACC.)
F11¢ 20 4A F3 238 JSR  CLLRPHASE. ; CARRY IS CLEAR, PHASES SHOLD BE TURNED
FLLIF 5 339 DEY OFF
F120: 10 F9 340 BPL NXOFF '
F122:46 B8C 341 LOR CURTRK ;i DIVIDE BACK DOMN =
F124 60 342 RTS i ALL. OFF. .. NOW IT’S DARK
F125: 344 »
F125: 343 » THIS SUBROUTINE SETS THE SLOT DEPENDENT TRACK
Fl1e% 346 = LLOCATION
Fles 347 =
F12% 20 3E F1 348 SETTRX JSR DRVINDX i GET INDEX TO DRIVE NUMBER.
F128: 95 85 349 STA DRVOTRK, X
F12A: 60 350 RTS
F13B: 351 55 53 33 33035 36 96 3 3 3 30 36 36 30 36 3536 36 36 0 3 36 36 3 %
Fi12D 352 =
FleB: 353 # SUMR TO TELL IF MOTOR 1S5 STOPPED
12D 354 »
128 35% # IF MOTOR IS STOPPED. CONTROLLER‘S
F128: 356 * SHIFT REG WILL NOT BE CHANGING.
F128 357 =
F12H 358 # RETURN Y=0 AND ZERO FLAG SET IF IT IS SYOPPED
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359 =
360 EXX TSRS EE LSS A LSS RS 2 2 2 X 3
A0 QO " 3461 CHKDRY. (DY #0 T INIT LOOP COUNTER
' BD 8C CO 362 CHKDRV1 LDA G&L. X ; READ THE SHIFT REG
120 3D F1 363 JSR CKDRTS ; DELAY -
A% 344 T PHA T '
P 365 PLA ; MORE DELAY
OL = 3&6 CMP - QbL, X i HAS SHIFT REG CHANGED™
L RO 03 367 BNE CKDRTS i YES, MOTOR IS MOVING
58 368 DEY i NO, DEC RETRY COUNTER
Do FO 369 BNE CHKDRV1 i AND TRY 2%6 TIMES
20 370 CKDRTS RTS ; THEN RETURM
371 %
asy 372 DRYVINDX PHA i PRESERVE ACC
T BA 373 TXA ; GET SLOT(#$10)/8
C 4A 374 LSR A
44 375 LSR A
. 4a 37& LSR. A ,
L b 377 DRA IBDRVN ;FOR DRIVE 0 UR 1
LA 378 TAX ; IMTO X FOR [NDEX TO TABLE
a8 379 PLA ; RESTORE ACC
&0 380 RTS
381 I 35 3 o 3t 3¢ 3 3 35 98 3 36 3 3 30 3 I 3 I 36 3E 3E NI W% %%
382 =
383 + NOTE: FORMATTING ROUTINES
384 # NOT INCLUDED FOR SOS
385 #

384G it R KIS M 3 R

CARRY CLEAR.
| === CAUTION ==o--

309 » *
390 # READ SUBROUTINE *
391 = (16-SECTOR FORMAT) *
_ 392 # * N _
JD3 % I T I I
394 » *
R 399 READS ENCODED BYTES % . _
396 # INTO NBUF1 AND NBUF2 #
397 % *
398 *»  FIRST READS NBUFZ2 * O
399 = HIGH TO LOW. *
400 * THEN READS NBUF1 *
401 = LOW TO HIGH. *
402 # *
403 » ——=— ON ENTRY == *
404 » : *
40% » X-REG: SLOTNUM *
406 » TIMES $10. *
407 *
408 * READ MODE (Q6L, Q7L) *
409 =» #*
410 # = ON EXIT —w=—— * I .
411 = »
412 # CARRY SET IF ERROR. *
413 « L o _ * L
414 » IF NO ERROR: *
415 « A—-REG HOLDS $AA. * -7 -
.2 1- 2.4 X—-REG QEQHANGED.Y_ * - e
417 » Y-REG HOLDS $00. *
* ]
* *
e »*
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F148: 421 # OBSERVE *
F148: 422 #  ‘'NO PAGE CROSS’ =+ _ _ _
F148: 423 » WARNINGS ON *
F148: 424 =+ SOME BRANCHES!'! *
F148: k2% » i I, B o o
F148: 426 * —-——= ASSUMES -~—-- *
F148: 427 » #
Fi148 - 428 = 1 USEC CYCLE TIME * _ o o
F148: 429 » *
F148: CxxoBR TITIZTITTRTLSLTIZLLILIL LS LT
F148 A0 20 431 READ16 LDY #%20 5 ‘MUST FIND’ COUNT.
1A 88 432 RSYNC DEY i IF CAN'T FIND MARKS -
148 FO 6B 433 BEGQ RDERR ; THEN EXIT WITH CARRY SET
F140) BD BC CO 434 RD1 LDA Q6L X i READ NIDL.
F150: 10 FB 435 BPL RD1 ;#%% NO PAQGE CROSS! ##%
F152. 49 D9 4346 RSYNC1 EOR #s$D5 i DATA MARK 17?7
F1954. DO F4 437 BNE RSYNC iLOOP IF NOT. -
Fi156 EA 438 NOP i DELAY BETWEEN NIBLS.
F157 Bl 8C CO 439 RD2 LDA Q6L X
F15A 10 FB 440 BPL. RD2 i ##3% NO PAGE CROSS! ##
F15C:-C9 AA 441 CMP  #%AA ; DATA MARK 27
F1SE. DO F2 442 BNE RSYNC1 i (IF NOT., IS IT DM1?)
F160:A0 39 443 _LDY #8335 3 INIT NBUF2 INDEX.
F1&2 444 » (ADDED NIBL DELAY)
Fl1é2 BD 8C CO 44% RD3 LDA Q6L X
F16% 10 FB 446 BPL RD3 ; #ue MO PAGE CROSS' ##w%
F167 C9 AD 447 CMP _#SAD i DATA MARK 37
1649 DO E7 448 BNE RSYNC1 , (IF NOT, 1S IT DM1™)
168, 449 = (CARRY SET IF DM3')
F16B. ED 8C €O 450 RD4 DA 6L, X
F16E 10 FD as1 BPL. RD4 ; %%+ MO PAGE CRUSS! ##x
F170 99 02 03 452 STA MNBUF2, Y . STORE BYTES DIRECTLY
F173 AD EF FF 4573 LDA INTERUPT  :POLL INTERUPT LINE
Fl/e 2% 8B 434 ORA  IMASK L (THIS MAY BE ¥aFD 7L iteeal [DATE FOLL
f176 17 40 455 BPL GOSERV
FUon g ang DEY . INDEX TO NEXT
F17B 10 EE 37 BPL. RD4
F17D.C3 458 RDS INY . (FIRST TIME Y=0)
F17E BD 8C Cu 459 RDSA LD& Gl X GET ENCODED BYTES OF NBUF1
S1s1 1o FB 4é0 BPL. RDSA
1IR3 Y9 00 0 d4él 51A O NBUFLL Y
I 18c AD EF Fi 362 LbA  INTERUPT ,POLL INTERUPT LINE
F189 0S 8B 463 ORA  1MASK , (THIS MAY BE USED TO INVALIDATE POLL:
F18B 10 2D 464 DPL  GODSERV
F18D CO E4 445 CPY #S$E4 WITHIN 1 MS OF COMPLETION™
F1eF DO EC RS BNE RDS
F191 <9 447 INY
F19< BD BC ¢ 468 RDS LDA  GaL.. X MO POLL FROM NOW OM
F195 10 FB 469 BPL RDé&
F197 99 00 07 470 STA NBUF1,Y
F19A C8 471 INY ,FINISH OUT NBUF1 PAGE
F198 DO FS 7a BNE  RDé&
“19D BL 8C C. 473 RUTKEUM LLECA ast. X , GET CHECKSUM BYTE Q
F1A0 10 FD iva BFL.  RDCKSUM §
F1A2 BS 96 47% STA CKSUM
F1A4 EA 476 NOP i EXTRA DELAY BETWEEN BYTES Q
F1AS BD 8C €O 477 RDY LDA Q6L X ) Q&
F1A8 10 FB A78 BPL.  RL7 , ##2 NO PAGE CRDSS! w*#«x \'% @
F1AA 29 DE 47 CHP #2DE FFIRST BIT SLIP MARK™ T
F1AC DG OA 340 BNE RDERR . (ERR IF NOT) o~
F1AE EA 481 NOP , DELAY BETWEEN NIBLS . [ ‘
F1AF BD BC CO 482 RD8 LDA Q6L X Q *
F1B2 10 FD 483 BPL RDB , 2% MO PAGE CROSS' ww#% \\\Q
P1B4 C9 AA aga CMP #$AA ; SECOMD BIT SLIP MARK™ Q“-H
FLB& F) SF 8% DEG PRDEXIT . (DOME IF IT IS “ ) N
Fine 39 qeie RDERR Sk . INDICATE ‘ERROR EXIT’ oy b
F1B9 60 ag7 RTS ; RETURN FROM READ16 OR RDADR1&. & 2 1XY)
F1BA 488 * % S
FFiBA 4C B3 F2 489 GOSERV JUMP SERVICE , G0 SERVICE INTERUPT & g
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F1BD: Q1 HHRERRRERNRE RN RN N
F1BD. 492 * TR A _
F1BD: 493 +# READ ADDRESS FIELD *
FiBD- 3494 SUBROUTINE *
F1BD: 499 = {16-SECTOR FORMAT) #*
F1DD: 496 *
F1BD: 497 HEHHREEFEREHLH LR E R FR SRR
F1BD: 498 # *
F1BD 199 % READS VOLULME. TRATHE #
FLIRD Q0 # AMD SECTER *
FIRD ] #*
F1IRD 30z # === M ENTRY -—-- +*
F1iBD. 503 # #*
F1BD: 504 # XREG: SLOTNUM TIMES $10 +
10D BOE w >
FABD B¢ # READ MODE (3= 0 Q7L &
F1BDR BT w +*
FiBD 508 % - QN EXIT —==—- *
F1BD. D09 #
FIRD: 510 # CARRY SET [F ERROR ®
DD 1l # *
FARD Sl *® IF NO ERROR n
Foru D1 = A-REG HOLDE 344 ¥
P 514 Y--REG HOLDS %00, +*
FiBD 1% » X-REG UNCHAMNGED. #
YD Blé #* CARRY CLEAR #*
riaD 517 & %
FoLRnr BiE CSSTY HOLDG CHASUM, #*
S BE R 516 = SECTOR. TRACK. AND =
FL1BD 520 # VOLUME READ. #*
HIBD P21 # *
+1BD B2 # USES TEMPS COUNT, *
FLAOD 3T LAST, CSU™M. AND #

1np DAL 4 BYTES AT CSHTV «

) SRR o
Y1BD Saé # ———— EXPECTS —-—~— *
P lEn 527 *® *
18D B28 ORIGINAL 10-SECTOR *
SIBD Sas w0 NORMAL. DENSITY NIBLS *
1D B3N o« (4=-B{Ty, ODD BITS. ®
FLED B3 on THEN EVEM *
FARD S3a w ¥*
FiBD 533 = ———— CAUTION -==— *
F1BD: S54 # *
FI1BD 53% = OBSCRE ®
13 52 ‘NO PAGE LROLS 4
16D LIS A WARNIMGS ON *
F1BD 538 # SOME BRANCHES!'! *
F1BD 537 # *
F1BD 340 # -——~ AJSSUMES -~~~ *
1R MED I +#
Fian 93w 1 USEC CYILE TInm *
T1hD. 4 » +
FIBD: Y TR R R R e TR I T )
Fi1B8D: AO FC 54% RDADR1&6 LDY #$FC
F1BF. 84 99 3944 STY COUNT ; ‘“MUST FIND° COUNT
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F1C1 €8 547 RDAGYN  INY
F1Ce2 DO 04 548 BNE FDa1 : LOW ORDER OF COUNY
FIC4 E6 95 549 INC COUNT ; (2K MNIBLS TO FIND
Fiie& FCG FO 550 BEQ RDERR ., ADR MARK, ELSE ERR)
d100 BD 8C (0 551 RDAY t.DA  Qel, X » READ NIBL
Flob 19 7B Heg BPL. RDAL Ctas NO PAGE CROSH:® =94

TR 33 RDAGMI O #$DS P AT MARK 17T
FICF DO FO 54 BNE RDASYN i (LOOP IF NOT)
1D EA 555 nNOP i ADUED NIBL DELAY

V05 BD BC <o 556 RDALS LDA  Qél. X
Pl 1) FD “% BFL.  RDAQ ,eer NHO PAGE CROSY ' sz«
s i W AA - P BEAN . ADFE MARK 2™
T N BME RDASHM; CIF NOT, 1§ 1T A
LDl AQ O3 LDY #$3 ; INDEX FOR 4-BYTE FREAL
F0D * (ADDED NIBL DELAY)
[iLD BD 8C ¢ %62 RDA - 1L.DA  Qél. X
I 10 FB S il RDAG cete NO Pasl CROGL' -2
v iE C e Sk 4 Cap HESE . ADR MARK 37
163 Do B2 RTINS BrE RIASHNT (TF NOT, IS5 17T AM
F1E& o4 # (LEAVES CARRY SET!) .
F1E&4 A9 GO 547 LDA  #$C i INIT CHECKSUM
FLER 85 89 568 RDAI LD STah
FoEA BD SC - C5L9 KDA L CEEAD 0DD DBITC b
Fleiy 10 v TG I e MO PAGE CROSS Y w-=
FI1RE Ja sy RO CALTEN ODD BITS, 10 IMI0 Lai
F1F0 85 95 el STA . (SAVE THEM)
F1F2 BD 8C ¢ %73 RDAS L DA ,READ ‘EVEN BIT  NIBL
F1FS 10 FB ©74 RPL , 2% NO PAGE CROSG!' #%=
IR L8 TS e Al MERGE QDD AND EVEN Bl 7¢
R T < T A STOHE DATA BYTE

fieowe I bR
SRR w3 BTy D/
FAIVE 10 r7 BT Pl RDAFLD CLDOP ON 4 DATA DYTES
Foul AR ) ray S 1F FINAL CHECKSUM

A 114 - ol ROITKER UL ERRD. THEN ERPIIN

o oLom : o Pra ed X FIRST BIT-SLIP MID.

- F ( ; K ke NO PASE CRUSS: sssx

CP #$DLC
RME RDERRF

GET
[T T TR S
R L SR T
nw LR AL
O BNE RDERK
[ i3 ) RDEx, T CL.C
Fos &0 Y2 WEX1: P15
Py T il RWT S
Fa19 2 PRUBRBBBBRER BB B SRS NEN
F219 _ 3« } L L]
£ 4 WRITE SUBR *
[ 5 & (16-SECTOR FORMAT) *
e b * *
F219 FAR T T X T T T TR T AL A S
Fa1s 8 *
Fale 9 = WRITES DATA FROM *
e IR 4 NBUF1 AND NDBUF2 *
Fele ipo= #
e 12 # FIRST NBUF2. +
Fa19 13 # HIGH TO LOW. *
Fai19 14 # THEN NBUF1, *
F219 1% # LOW TO HIGH *
219 HEEE *
L (AR S --oe= OM ENTRY ———-  #
e 18 = *
Fel1e 19 = X~-REG SLOTNUM *
Fa219 20 # TIMES $10. *
a1l 21 *
219 22w *
a1e Y # ---- ON EXIT -——-- *
a1e falk G *
rFai1e 2% # CARRY SET (F ERROR. #

» ERROR IF NONMATCH
- DELAY (NOQ INTERUPTS FROM NOW
SECOND DIT-SLIP NIt

vee MO PAGE CROSG: eew

i ERROF IF NONMATCH
» CLEAR CARRY 0OM
NORMAL READ EXITS

0onr)
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BL €D CT
BD BE CO

A9 FF
?l. 8F CO
tp 8C €O
Al 04

DO 08
AD EF FF

0S5 8B

4. 10 5D

B9 02 03

9D 8D CO
BD 8C CO

110 EA~

26530 03

"AD EF FF
.05 8B

.30 02
10 42
‘B9 00 02
9D 8D €O
3: BD 8C €O

. PO E8

w
~3

* % A % %k &k & % ¥ & % %

*

(W PROT VIOLATION)

4,383,296

IF MO tRROR.

A-REi, UNCERTAIN
X~-REG UNCHANGED
Y-REG HOLDS $00
CARRY CLEAR

—mm AGGUMES ——--

1 USEC CYCLE TIME

*
*
*
%
*
+*
*
*
#*
*
*
*

P T R S SR SRR 2 )
WRITKE16 SEC

civ
LA Q&M X

38

. ANTICIPATE WPROT ERR
.TO INDICATE WRITE PROTECT FERRUR INSTEAD OF

INTERUPT

i SENSE WPROT FLAG
i BRANCH IF NOT WRITE PROTECYED
» SYNC DATA

, (5) GOTO WRITE MODE

.

'

(
(
(
(

o

(
(
(
4

i

,

43 LOA Q7L X

44 BMI  WEXIT

45 WRT! LA #$FF

44 STA  QYH X

47 ORA Q&L X

44 LI'Y  #%%4

49 NOP

S0 PHA

51 PLA

“a WSYNC Fira

N3 Fioa

e TR WNIBLY
595 DEY

56 BME  WSYNC

57 LCA #$D5S

ve JER S WNIBLY
59 LOA #$AAN

60 JER  WNIBLY
&1 LDA __#SAD

&2 JSR  WNIBLY
&3 L.DY #$55

6d NGP

&% NOP

-1 NOP

&7 BNE VRYFRST
68 WINTRPT LDaA INTERUPT
49 ORA IMASK
70 NOP .
71 BPL SERVICE
72 VRYFRST BMI WRTFRST
73 WRTFRST LDA  NBUFZ,Y  _
74 STA G&H, X
79 LDA Q6L X
76 . __DEY
77 BPL WINTRPT
78 TYA

79 BMI _WMIDLE

"BO WNTRPT1 LDA

81 WMIDLE ORA 1MASK

82

83
84
8s

nNoe_

BMI  WDATAZ
BPL SERVICE

_WDATAZ  INY

LDA MNBUFL1,Y

STA  Q6H X
(DA QéL. X
CPY #SE4

BNE WNTRPT!
NOP
INY

WDATA3 NOP

NOP
PHA
PLA
LDA NBUF1,Y

INTERUPT

i

(4)

(2) FOR FIVE NIBLS
2)

4)

3)

4) EXACY TIMING

3) EXACT TIMING
13, % 4 WRITE SYNC
2)

2#) MUST NOT CROSS PAGE!
2) 18T DATA MARK

15.9. &)
&) 2ND DATA MARK
(19, 9. &)

(@) 3IRD DATA _MARK.

i

i
i
i
:
i
:
i
i
i

i
]

i
]
i

i

(15, 9, 6)
(2) NBUF2 INDEX

i (2) FOR TIMING

2)

(2)

(3) BRANCH ALWAYS

(4) POLL INTERUPT LINE

(3

(2)

(2) BRANCH IF INTERUPT HAS DCCURED
(3) FOR TIMING.

i (4) .

(5) STORE ENCODEL BYTE

(4) TIME MUST = 32 US PER BYTE!
(2)

(3) (2 IF BRANCH NOT TAKEN)

; (2) INSURE NO INTERUPT THIS BYTE

i {3) BRANCH ALWAYS
i (4) POLL INTERUPT LINE

(3

i (2)

; (3) BRANCH IF NO INTERUPT
GO SERVICE INTERUPT.
i t2)

i (A

i (5) STORE ENCODED BYTE

)

(2) WITHIN 1 MS OF COMPLETIONY

(3) (2) NO KEEP WRITTING AND POLLING
i (2)
i (2)
(2)
(27
a4)
(3
(4) WRITE LAST OF ENCODED BYTES
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F288 9D 8D CC 98 §TA  Q&H, X i (5)  WITHOUT POLLING INTERUPTS
F2BB:BD 8C CO 99 LDA Q&L X Ty
F2BE AS 9¢ 100 LDA CHSUM £ {3) NORMALLY FOR TIMING
F290: C8 101 INY . i ()
F291.DO EE 102 BME WDATA3 i (3 ()
F293:F0 00 103 DEQ WRCKSUM  ; (3) BRANCH ALWAYS
295 20 BD Fo 104 WRCKEUM U8R WNIBLYZ (013, 9,6) G0 WRITE CHECK &um:
F298. A9 UE 109 .DA #SDE £(@) DM4, BIT SUIP MARY
Faga 20 BC F& 104 JER  WNIELY , (15,9, 8) WRITE IT
F2oD: A9 AA 107 LDA #8AA . (@) DMS, BIT SLIP MARK
F29F 20 BC F& 108 JSR  WNIBLS ) (18,9, 6) WRITE IT.
FRA2 A9 EB 109 LDA #SEB ,(2) DM&, BIT SLIP MARK
F2A4- 20 HC Fio13d JER  WNIBLS (1% 9, &) WRIVE 1T
E2A7.A9 FF 111 LDA  #3FF veo TURN-OFF BT
FlA9 20 BC FL 11a JER  WNIEBLY 9,9y WRITE 11
F2AC:BD 8E CC 113 NOWRITE LDA  G7L. X i GUT OF WRITE MODF
F2AF:BD 8C ¢ 114 LDA  Qé&L. X . TO READ MODE
F2B2: 60 118 RTS ) i RETURN FROM WRITE
Fan3: 116 +
F2p3 38 117 SERVICE SEC i TREAT INTERUPTIOM AS ERROR
F2B4:2C 54 F3 118 BIT SEV i S8ET VFLAG TO INDICATE INTERUPT
F2B7:20 AC Fg 119 JSR. NOWRITE +TAKE IT QUT OF WRITE MODE'
Faua 38 120 cul , COULD NOT HAVE GOT HERE WITHOUT CLI Ok
Faltl el 1El RTS
FBRC 18 RERETRRCILHRRARRRCRRNRRRRRERR
FuBC 123 » .
FaRC 24 =  7-BIT MIBL WRITE SUBRS #
Fanpce 189 = *
b0 tde »  A-REG OR'D PRIDR EXIT =
I LT e CARRY (LEARED "
Lo HinJ »
Falul 12T RS RBRXRE TN ® TR RS
FORC 18 130 WNIBLY CLC i (@) 9 CYCLES, THEN WRITE
FoBD 48 131 WNIBL7  PHA i (3) 7 CYCLES. THEN WRITE
POV s} V3¢ Pl D
Cenowhogh T 122 WNIDY LTA  GeH X , (8)  NIBL WRITE SUER
S S CRA - @Qells X i (4)  CLOBBERS ACC  NNOT CARK .
FaCs 40 135 RTS
136 =
1368 #9040040000 088008004 4000080000
139« . _ . *
140 # PREMIBL.IZE SUBR .
141 »  (164-SECTOR FORMAT) *
142 » *
143 RARFHRARARERARRRE AL RRRR2E RS
144 = »
143 » COUNVERTS 2b6 BYTES OF  +
146 4 UHBER DATA IN (BUF) INTD +
147 = ENCODED BYTES TO BE -
148 * WRITEN DIRPECTLY TO DISK
149 # ENCODED CHECK SUM IN »
150 # ZERD PAGE ‘CKSUM’ *
151 » *
192 = ~-== QN ENTRY ---==- *
153 » *
1%4 » HUF IS 2-BYTVE POINTER  #
153 » TO 284 BYTES OF UBER #
196 » DATA. *
187 = *
195G ~~-- ON EX1IT -=--- .
109 = *
160 # A REG CHECK SUM *
161 # X-REG UNCERTAIN »
162 # Y-REG HOLDS O »
163 # CARRY SET. *
163 = -
16% #EREARILAAARARARSARCRRRT RGNS
Face Az 02 16 PRENIB16 L.DX #$2 i 8TART NBUF2 INIEX
Fac8 A0 00 167 LDY #0 i START USER BUF INDEX
F2cA: 88 168 PRENIB1 DEY i NEXT USER BYTE
F2cB: Bl 9B 169 LDA (BUF).Y
FaCD 44 170 LSR A VSHIFT TWO BITS OF
FACE 3E 01 03 171 ROL NDUF2-1.X .CURRENT USER DYTE
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41 42
FRD1 4A 1702 LSRR A . INTO CURREMT MBUFR
Fapa: 3 01 03 17 ROL NBUF2-1,X . DYTE
F2D3 99 01 Oz 174 STA PMBUF1+1,Y ; (& BITS LEFT)
F2D8 EB 179 INX .FROM O TO %35
Fane EO %96 176 CPA #3595
FZDB S0 €D 17 RCC PRENIBI CBROIF NO WRAPARJUND
FarD AL 00 178 LDx  #C PREGET NBUFD INDEX
F2DF . 98 179 TYA , USER BUF INDEX
FJEO: DO EB 180 DNE PREMID1 . (DONE IF ZERQ)
F2ERQ: AQ 34 181 LDY #3936 i (ACC=0 FOR CHECK SUM)
F2EA %9 00 03 162 PREMID3 EOR  MBUKF2-2 v 5 CUMBINE WITH PREVIOUS
VLIE? 29 3F B3 PRENIDB2 AND #$3F i STH P GARBAGE L17%S
F2E? AA 194 . ThaY . T FOURM RUNNING CHULCK Zum
FQEA BD S5 F3 18% t.DA  HNIBL. X » GET ENCODED EGQUIV
F2ED 99 01 03 186 STA NBUF2-1. Y i REPLACE PREVIOUS
F2FO B9 00 03 187 LDA NBUF2-2,Y RESTURE ACTUAL PREVIOUS
VaF3 88 188 TEy
Feard DO OEE 18% 2ME O FREMIDA JLIE UNTIL ALL UF NBUFR2 15 CONVERTED
FTE 29 3F 180 ANT #$3F
FoFB 59 1 o2 191 PRENIB4 EOR NBUF1+1.Y  NOW DO THE SAME IFOR
F2FB: AA 192 TAX ,NIBBLE BUFFER 1
F2FC BD %9 F3 193 LDA  NIBL. X i TO 0O ANY BACK TRACKING (NBUFi-1)
F2FF 99 00 02 194 STA  MBUF L. v
F302 B9 01 O 19% I.DA HNEUF1+1.Y L RECOVER THAT WHICH 1S NOW ‘PREVIOUS '
F305:C8 196 INY
F306.D0 FO _ 197 BNE _PRENIB4 I
F308 AA 198 TAX i USE LAST AS CHECK SUM
A9 B % F3 192 L.DA  MIDBL., X
FRoC 8% 96 200 STA CKSUM
F32E 4C 4C F3 201 JHMP  SETIMEG ; ALLL DONE.
F311. 203 FANRBRRRPRRRERBERRRRF T 5 o HE®
F311 204 « *
F3tl 209 » POSTMIBLIZE SUBK *
Fa 206 # 165-SECTOR FORMAT *
F3t1 207 # °
F31t: SOB BN R RN
FatL. ’ 209 *
F311 A0 55 210 POSTNIB16 LDY #$55 ,FIRST CONVERT, TOQ & B1T MIEHLES
F313 A9 00 211 LDA  #8$0 CINIT CHECHK SumM
F31Y% PE 02 03 212 PNIRLL 1LY  WNBUF2,Y LGET ENCODED BYTE
F18. 3D 00 F3 213 EOR  DNTDL. X
F31B 99 02 03 214 8TA NHUF2, Y ,REPLACE WITH & BIT EQUIV
F31E 688 213 DEY
F31F 10 F& 216 BPL PNIBL1 ; LOOP UNTIL DONE WITH NIBBELE BUFFER 2
321 €8 217 1Y NOW Y=O0
k322 B 00 02 218 PHIBL: L DA HMBUFTL, Y LD THE SAME Wlte
#1329 %D J0 FX a1 bW DMLIBL. X
F328 99 00 02 220 STA NBUFL1, Y . WIBBLE DBUFFER |
F32B-C8B 221 MY ;DO ALL 234 BYTES
FR2C . LO Fa 222 BNE PNIBLZ ‘
F32E As 96 aa3 DX CKBUM , MAKE SURE CHECE SuM MATOHES
F330. 3D 00 F3 224 UK DMIBL. X CBETTER BE ZFFiy!
Fa33 38 2a% GEC CAMTICIPATE EFROR
F334. D0 16 226 BNE PUSTERR , BRANCH IF IT 15
F336 A2 S6& 227 POST! I.DX #8$5& S INIT NBUF2 INDEX
F338 CA 228 POST2 DEX . i NBUF IDX $355 TO %0
F339 30 FB Qe 8111 POSTI L WRAPAROUND TF NE%
F7338 B 00 O= 230 LLDe MBUFL, Y
FI3E 9K 0R 03 231 LaKR NBUFZ2. X SGHIFT 2 BTS FRIM
F341. 2A 232 ROL. A { CURRENT MBUFZ NIDL
F342: %€ 02 03. 233 LSR  MBUF2, X ; INTO CURRENT MBUF 1L
F34% 2A 234 ROL A i NIBL
F346 591 9B 238 HTh  VBUF), Y P BYTE OF USER [ATA
£348 €43 236 3% S NEAT USER BYTE
F349 DO ED 237 BNE POST2
FF34B: 18 238 cLe : GODD DATA
F34C 239 POSTERR EQU #
F34C: AD DF FF 240 SETIMESG LDA  ENVIRON
iF34F - 09 B0 241 QR4 HONEMEG ST TO UNE MEGAHERTY CLiilwk RATE
t'3%1 8D DF FF R4z S5TA ENVIRON : )
F3%4 »0 243 SEV RTS L (BEY USED TO SET WFLAG

Page 0030 of 0170 |




Apple Computer Inc. Patent 4 383_296
4,383,296
43 4
F355: DA% BT REHAEHHHEFEFR LSRR E RS
F3955: 246 # *
Fus 247 # &-BIT T0O 7-BIT #
LELALE 248 # MNIBL CONMVERSIOM TABLE #
F255: 249 = +*
Fa55: D50 #HA AR HHF S LR E R R H®
FF359: 251 * #
F359" 2592 # CODES WITH MORE THAN =
FF3%5 2593 % ONE PAIR OF ADJACENT =*
FR5S: 254 # ZERQES OR WITH NO ®
FFrass. 259 ¥« ADJACENT ONES (EXCEPT #
F359: 2546 = B7) ARE EXCLUDED. #*
3595 257 # #*
F3355: D58 HHFFABRBEAFARARFHRR SRR AR FER
F38% %4 7 98 259 NIEL DFE %96, $97, £9A
F3AS%8: 98 9D 9 24&0 DFR %98, $90L, €9
FERR.9F A& AT 241 DFE  4$9F, $A&: AT
F3S5E: AR AC AD 242 DF3 $AB, $AZ, $AD
F3&1: AE AF B2 26&3 DFE $AE. $AF, $B2
FR3&4: B3 34 BS 2264 DFBE B3, $8B4. $BS
&7 B B7 BT 2&0 DFE 4Bé&, $B7, €BR°
FlisA. Ba BB BC 244 DFR  $BA, $B3, ¢BC
F35D: BD RE DBF 247 DFE  4RL, $BE: $BEF
F370:CB CDh CeE 248 DFR  #CB. $CD. %CE
FA73:CF 3 D& 269 DFR CF, $D3, $l6
F27& D7 D9 DA 27C DFB D7, D9, DA
F379 LB O DD 27 DFBE DB, $DC, $I)D
FL7C.DE DF ES 272 DFE  €DE, $DF, $ES
F37¢° . E& E7 ER 2732 DFR $E4&, 3E7, $E7
FBEes EA ERB EC 274 DFRE %EA, $EB, $EC
F3es: Ely EE EF 2795 DFB $EDL., $EE, $EF
F2e8:. F2 F3 F4 276 DFE %F2, $F3, ¢F 4
FR8B.FS F& F7 277 DFB  $F9, $F&. 7
FIEE.FY FA FB 272 DFE $F9, $FA, $FB
[F4%1. FC FD FE 279 DFE  $FC, $F0, ¢FE
F394. FF 280 DFE &FF
F39%. DRI W N3 I PN W
F395: 283 » _ - ®
F3%5 =84 # 7-BIT TQ &-BIT *
Foaws Q8% & ‘DEMINLIZE S TaBL. #*
F3ss 36 # VILH-SECTOR FORMATY #
F395. 287 # *
F399:; 288 # vALID CQODES *
F395 2809 $946 TO $FF ONLY. *
et 290 w *
oy 291 = _ K
iy ISP CONMES WITH MORE THaRN +
Flies: 293 & ONE PAIR OF ADJACENT =*
F395: 294 * ZEROES OR WITH NO %
F3995. 295 # ADJACENT ONES (EXCERT =
F39s eFe # BIT 7)) ARE EXCLUDED #
F39% DT R AR ARRERAEREER RS ERER AT RS
F3%%. 00 25R BRK _ ONE 3YET LEFT OVER
F300 299 DNIBL EQU REGRWTS+$300
F3%96 00 01 98 300 DFB  $00. %01, 98
F329 99 02 03 301 DFR $9%9. %02, $03
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F39C 9C 04 05 302 ‘DFB 49C. $04, $C5
F39F 0& AD Al 3073 DFE  $C6, $A0, $41
FRAZ A2 A3 A3 304 DFB  $A2. $A3. w44
F3AS A5 07 08 305 DFR $AS, $07, $08
F3A8 AB A9 AA 504 DFB  4AB, $AF, $AA
F3aB. 09 0GA GB 307 DFB %09, $0A, $0B
F2AE. OC OD B0 ICH DFR  40C, $0D, $BO
F3E1 B1 OE OF 309 DFB %L1, $05. $0OF
FRk4 10 11 12 310 DER #10, %11, %12
F3B7:13 B8 14 311 DFB %13, $B8, $14
F3BA 15 16 17 312 DF3 %15, $16, %17
FABD18 19 1A 313 DFE %13, $19. $1A
FE0C SO C1 e D14 PR 400, 401 $00
2307 C3 LA €8 e LER %03, $C4. S0
F30e Ch C7 08 Bie 'FR 4ChH. $C7 %08
F3C9 C9 CA 1B 317 DF3  $C9, $CA, $1B
F3CC €C I1C 1D 318 DFB  %CC, $1C, 1D
F3CF: 1E DO D1 319 DFB $1E, $DO, $D1
F3D2 D2 1F D4 220 LUFR DR, $1F. D4
¥3DS DS 20 21 32 DR OEDS. $20, €21
F3pR DY 22 23 22- GER $DE, S22, $27
FADB. 24 25 24 323 DIB  $24, $25, $26
F3DE 27 28 EO 324 DFE  $27. $28. $E£0Q
FIEL E1 E2 E3 229 DFR $E1. $E2, $£3
£E3E4 E4 29 2A 204 DFR &E4, $29. $24
F3EY 2B Ef 2C 327 DFE $20. $E8. $27
E3Ea 2D RE 2FE O 3:8 LFR %20, $2E. £7F
F3ED: 30 31 32 132 DFB  $30. 31, $32
FIFO.FO F1 33 330 DER &FD, €F 1, $33
T3F3 34 3% 346 331 DER  $34. $35. $73%
FUIFL 7 OGS Fy 3k DR $37. $36. $F 3
F3F9 39 3A 13D 3273 DFR $739, $34. €40
F3FC 2C 3D 38 334 DFR %3¢, $3D, $23C
F2FF: 3F 335 DFR  &3F
F400: 337 HEERFEHFFFEEENFEFD DA T RN
F400: 338 # *
F400: 339 * FAST SEEK SUDBROUTINE #
F4Q00: 340 # %
F400: 341 33t ae 3303 90 30 3R 3 SH S
Fa00: 342 » *
F400: 343 #  ———— OM ENTRY -—-=- %
F400: 344 # *
F400: 345 % X-REG HOLDS SLOTNUM  #
F400: 346 # TIMES $10. %
F400: 347 % %
Fa00: 348 # A-REC HOLDS DESIRED  #*
F400: 349 » HALFTRACK. #
F400: 350 * (SINGLE PHASE) *
F400: 351 # s
FA400: 352 # CURTRK HOLDS CURRENT #
F400: 353 # HALFTRACIK. *
F400: 354 # *
F400: 355 = ———— N EXIT —-——- *
F400: 356 * *
F400: 357 # A-REG UMCERTAILN. 3+
F400: 358 % Y-REG UNCERTAIN. *
F400: 359 # X~REG UNDISTURBED. *
F400: 360 # #*
F400: 361 # CURTRK AND TRKN HOLD +
Fa400: 262 # FINAL HALFTRACK. #
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F400: 363 # #* :
F400: 364 # PRIOR HOLDS PRICR +
F400: 365 # HALFTRACK 1F SEEK #*
F400: 364 # WAS REQUIRED. #
F400: 367 # #
F400: 368 # MIONTIMEL AND MONTIMEH *
F400: 369 # ARE INCREMENTED BY #
F400: 370 = THE WUMBER OF 3*
F400: 371 = 100 USEC GUANTUMS #*
F400: 372 # REGQUIRED BY SEEWK *
F400: 373 # FOR MOTOR ON TIME #*
F400: 374 # OVERILLAP. *
F400: 375 = #*
F400: 376 # ~-- VARIABLES USED —-— #
F400: 377 # #
F400: 378 # C(CURTRK, TRWN, COUNT, #*
F400: 379 # PRIOR, SLOTTEMP *
F400: 380 *# MONTIMEL, MONTIMEH +*
F400: 381 * *
F400: 382 HHERAFRBFHRATRHFF R FFEFE RN
F400: 85 9E 383 SEEWK STA TRKAN i SAVE TARGET TRACHK
F402: C5 8C 384 CHMP  CURTRK ; ON DESIRED TRACK™
F404:F0O 42 385 BEQ SETPHASE ; YES, ENERGIZE PHASE AND RETURN
F406: A9 0O 386 LDA #%0
F408. 85 95 337 STA  TRKCRT i HALFTRACK COUNT
F40A: A5 B8C 388 SECK2 DA CURTRK ;i SAVE CURTRK FOR
F40C:85 9D 389 STA PRIOR i DELAYED TURNOFF
F40E: 38 390 SEC
FA0OF . ES 9E 391 SBC  TRKN i DEL.TA-TRACKS.
F411:FO 31 392 BEQ SEEKEND ;BR 1F CURTRK=DESTINATION
F413 BO 0Oé& 392 BRCG OUT (MOVE OUT. NWNOT T
Fa19: 49 FF 3%4 EOR  #3FF CALC TRKE TO GC
F417"E6 8C 393 INC CURTRK INCR CURRENT TRACK (IN)
Fa19 90 04 396 BCC MINTST (ALWAYS TAKEN) .
Fd1B. 69 FE 397 0Out ADC  #$FF , CALLC TRKS TO GO
41D Ca 13C 37 LEC  CURTRK S DECR CURRENT TRALK (Ot
FalF C% «5 399 MIMTIT O TRACHT
Fa21.9Q 02 400 BCC MAXTST AMD “TRKS MOVED
Fa423 AY 95 401 LDA TRUCNT
Fa2%5 C9 09 402 MAXTST CMP  #&9
Fa27 BO 02 333 BUS STEPD S 1R TRECHT 88 LEAVE ¢ ALGNE (/=$8)
F4a29 AQ 404 OTLE TAY JELSE SET ACCELERATTION INUDEY IN v
Faza 3t 335 i
FazB 20 48 F4 406 STEP« JCR SETPHASE
F4Q2E B9 &7 F4 307 LDA ONTABLE. Y FDR ‘ONTIME’
F431 20 S5& F4 408 JSR MSWALT L C1Q0 USEC INTERVALS)
A324 AY 9D 409 LDA PRIOR
Fa3e 1% PR e CL.< , FOR PHASEGFF
Falo 20 <A F4 311 (G CLRPHASE TURMN CFF PRIOR FHASE
Fi3A B9 TO F4 412 LDA OFFTABLE, ¥ THEN WAIT "OFFTIME-
430 20 %6 F4 413 JSR  MSWAIT (100 USEC INTERVALS)
Fa440 E6 95 413 INC  TRKCNT ‘TRACKS MOVED® COUNT
raan po n4h A1 BNE  SEEK2 (ALWAYS TAKEN:
Faad ZO s6 F4 Fle SECKIEND JSHF MGWATT P SETTLE 2% MSEC
Faa " 18 17 CLC i BET FOR PHALE OFF
F448 A3 BC 413 SETPHASE LDA CURTRK i GET CURRENT TRACK
F4a4n 29 03 419 CLRPHASE AND #3 i MASK FOR 1 DF 4 PHASES
E1aC 2a 320 ROL A s DOUBLE FOR PHASEUN/OFF THDEX
Fogan T At DRe LBGLOT
a4l AA ; TAx
Fdse RO 20 CO 3:.7 LA PHASECFEF, X . TURN ON/OFF ONE PHASE
F4a53 A6 81 =4 LDX IBSL.OT i RESTORE X-REG
Fa5%: &C ' =% SEEKRTS RTS . AND RETURN
Fritoe 427 BocorhidRaRBRRT o E RS S RF RS
Fabg 428 x *
Pat KT MSWALT SURRCUTING #
[ PRI 3
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4,383,296

S0

- e SRR L S T o
93z # 3#
Gix e DELAYCS A SFECIFIED &
4.4 % HUMBER D 100 USEO *

VL ERCALT Vi NMUTEE e
o - il TN TG e
b27 w -
GO s - M ENTHY - - &
319
G40 % poo-Np G MO NWUMEBLR
g . Gi100 LR
G404 R AR R ORI W
e DR (
4443 = <
445 < e R ERIT e - *
dds s+
G4 i Pl {2V ¢
2 i ¥

"y s
gl R T
l . > ®
| # CRST TR SRR IR i
B S T [
b -3 ! b
} - toy ! ~ 14 §
s a *
P S UM -
- Pl
M i
D A P A SO S N R
RN S PA [ HE o
oot M DEY T ! S
Lok RIS MR
L P R i
I l ' :
} Tipo i

el 8 S
gt SEe wE DR M NTER
G npE MEWATT AR QUM T
" [

C BTG T2 I I SIS

47% % ... %
476 # PHASE ON-, OFF-TIME  *
477 #  TABLES IN 100-USEC  #
478 *  INTERVALS. (SEEK) *
479 * #

480
481
ag2
453
484
485
486

36 45 36 3 3 6 3t o 3 36 3 3 3 3 I 2 3 R A S R H

ONTABLE DFB

OFFTABLE DFB

DFEB
DF 3

DFB
DFB

1, $30, $28

$24, $20, $1E
$1D, $1C, $1C
$70, $2C, $26
$22, $1F, $1E
$1D, $1C, $1C

Page 0034 of 0170 |




Apple Computer Inc. Patent : 4 383 296

F479. 86 83
F47B: A0 0%
F47D. 48
FA7E CA
F47F 20 83
F481. 88
F4ag2: DO FA
F484 48
F485 29 07
Fag7 A8
F488 [T AC
F48B: 85 84
F48Dh: 20 00
F490: BO 0B
Fa92 Eo 95
Fa94 E& 94
Fags EH B4
7498 20 00
F49B C6 86
F49D A5 88
F49F £0
4A0

FAaA0

F4AQ. 20 04
FF4A3 CC 01
Faas O LD
[ A

F4A8

F4AB:

348

LT EE]

Fass

FaA8

F3AR

“4A8-

Frai /R

b ans

Fraas

F4A8:

fF4A8

F4A8

[T

Faagd

Faag

FFD9

FFD8

FFD®

Fan

Fas

F4Af: S D9 F¥
F4AR Al Ef FF
Faas ZL &4 T
Ay 20 F
FALS Al ei T
Paps T o]
Fars 18

FAaBY AL D9 Fr
FARS AZ Lt FF
FART 10 02
FACT AL W Y
FaCd =d

Fa

FG

o
O

S16
517
518
519
520
521
22
523
524
529
jayedl
927
528
529
B3
331
Bl
533
534
535
r)"jé\
s g
5738
539
540
541
“42
5473
544
545
546
547
548
549
550

4,383,296
51 52
488 BLOCKIO STX IBTRK
489 LDY 483
4390 PHA
491 TRKSBEC ALGL A
452 ROI.  IBTRK
493 DEY
494 BME TRKSEC
495 PLA
495 AND  #$7
437 TAY
498 LDa ESECTABL.Y
499 STA IBSECT
SO0 JSR REGRWTS
501 _BCS QUIT }
5G2 INC  IBBUFP+1
503 INC  IBSECT
504 NG IBSECT
505 JSR  REGRWTS
504 DEC IBBUFP+1
507 QUIT LD& IBSTAT
so8 RTZ
€6 ®
S10 SECTARL EGL
511 DFR %0, $4, $8
913 DFR 49, 3D
S1d =
I SR TR R IR B R N N B
JOYSTICK READ ROUTINE
® ® w ¥ P oo F R F ¥ H ow #
ENTRY ACC= COUNT DOWN HIGH
X%Y= DOM‘T CARE
FXIT  ACC= TIMER HIGH BYTE

Y

IF CARR

AR N
® * & 8 ¥

B A % % K K K O % Kk K K B 5 K K

TIMLATCH EGQU
TIMERIL EQU
TIMERIH EQU
JOYELyY  FGU
*
ANAL 06 EGU
STA
ANLOGt LDA
AND
Bi1l
L DA
3™
CL.C
L.DA
LDY
BPL.
LDA
GOOULTIME RTS

exs DUCCESSFUL ASSEMBLY. NO ERR

= TIMER LOW BYTE
CARRY CLEAR

Y SET, ROUTINE
WAS INTERUPTED %
Y ARE INVALIL

£ e & # B

$FFDY
SFFD8
$FFD9
$C0HE

*
TIMLATCH
INTERUPT
JOYRDY
ARNLOGIL
JAYRDY
GIDTIME

TIMER1H
TIMERILL

GOODTIME
TIMERLIH

ORS

wop & K R % % % X kK & kK K %k K

® B = P

; CARRY SHOULD BE SET!
i START THE TIMER!

;WAIT FOR ONE OR THE OTHER TO GC LOW

JWAY 1T REALLY THE JOYSTICKT

, NOPE, FORGET [T

i TIME’S A SLIP SLIDIN AWAY

,NOW, WHAT TIME IS IT*™

; TIME WAS VALID!
i HI BYTE CHANGED
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FOEY ALDONE! FOEO ALLLDONE F119 ALLOFF PF4A8 ANALOG
Faal ANLDGI 4TS BLOCK [ 90 DUF Fi12D CHKDRV1
F128 CHKDRY F13D CKDRYS 96 CKSUM FA4A CLRPHASE
FOS0O CONWAILIT FOU7 CORRECTSECT ?FODF CORRECTVOL 95 COUNT
7 CSSTV 77 CaUML a9 CcsuM 8C CURTRK
F300 DMIBL FO31 DRIVSEL C0OB8A DRVOEN 85 DRVOTRK
7CO8B DRV1EN FOLES DRVERR F13E DRVINDX FO3D DRVWAIT
EO DVMOT FFDF ENVIRON 9F EMVTEMP TFOAQ GOCAL1L
PFOA1 GOCAL FAC4 GLIODTIME ?F116 GOSEEK F1BA GOSERV
FOE® HNDLERR G0 HRUERRS 8% IBRUFP 87 IBCMD
22 IBDERR Gz IRDRVN 20 IBNIDRV ? 83 IDBRERR
B84 IBSECT 81 IBSLOT 89 IBSMOD 88 IBSTAT
83 IBTRK 71 IBWPER 8B IMASK FFEF INTERUPT
SA4 [OBPDM CO6& JOYRDY 95 ILABT Fa2s MAXTST
FALF MIMTST MO T IMEH 99 MOMNTIMEL FO4E MOTOF
CO8 MOTOROFE MG TORDH Fa58 MSKHL Fa4s1 MSW2
FASA MSUALT MYSEEK 0200 NRUF 0302 NBUFZ
F3R53 NIBL MODRIVERR FOB8D MOINTR1 FOF3 NOINTRZ
F2AC MOWRITE NXOFF F470 OFFTADBLE FO44 OK
80 ONEMEG OMTABILLE F41p OUT C080 PHASEQFF
Mol PHASEQN FHAZON TCOB0O PHSOFF F315 PMNIBLI
Faz2a PMIDLE POET1 F338 FOST2 F34C POSTERR
Fatl POSTHIRLS PREMTIR 2C6 PRENIB16 ?PF2E7 PRENIB2
F2EG PRENIB2 PRENIDA 3D PRIOR 08D GQ&H
CORC Qb Q7H COBE Q7L F49D QUIT
F14D RDL RD2 Fi162 RD3 F16B RD4
F1VE RDGSA DG Fi92 RDé& F1AS RD7
b 1aF RDE RDA1L FiD2 RDAZ F1DD RDA3
Fifa RDA4 2 RDAY F20d4 RDAG F20E RDA7
F1BRD RDADR1£ RDAFLD F1CD RDASN1 F1Ct1 RDASYN
F19D RDCKSUM RDERR F217 RDEXIT FOA7 RDRIGHT
143 READLS REGRWTS 93 RETRYCNT F152 RSYNC1
F1aa REYNC FOBB RYTRK Fap0 SECTABL 98 SECT
TET1NG GEEWI] FAaloA SEEKZ 94 SEERCNT F400 SEEK
Fa3s SEEKEND TFAnE SEEKRTS FaB3 SERVICE F34C SETIMEG
Faag SETPHACE F1a9 SETTRK F354 SEY F423 STEPZ
R4 STEP 97 TEMP FFD9 TIMERLIH FFD8 TIMERI1L
FFDY? TIMLATOH 99 TRACK 2% TRKCNT FE TRKN
Q9 TRKM1 Fa78 TRRSEC FO8& TRYADRZ FO7F TRYADR
FO7R TRYTRKZ FideS TRYTRK 7F TWOMEG A YOLUME
£ 2%é YRYFRET FR71 WDATAZ F281 WDATAZ F218 WEXIT
FRaE WINTRPT Fabd WMIDLE PF2BF WMIBL FaBD WNIBL?
Fapc WUNIRBL? "267 WNTRPT1 F295 WRCKSUM Fa19 WRITELS
FOFY WRIT TF223 WRT1 F258 WRTFRST F230 WSYNC
7F TWUMEG 80 IBMODRV 80 HRDERRS 80 ONEMEG
B1 IDBSLOT 81 IBWPER 82 IDDERR 82 [BDRVN
82 IDRRERR 83 IBTRK 84 IDSECT 85 DRVOTRK
85 [DBUFP 87 IRCHMD 88 IBSTAT B89 CSUM
g9 IRSMOD 8a I0OBPDN 8B IMASK 8C CURTRK
93 RETRYCNT 94 SEEKCNT 95 LAST 95 TRKCNT
95 COUNT 96 CKSUM 97 CSSTV 97 CSUML
97 TEMP 98 SECT 99 MONTIMEL 99 TRKN1
29 TRACK 9A MONTIMEH 9A VOLUME 9B BUF
9D PRIOR FE TRKN 9F EMNVTEMP EO DVMOT
0200 NBUF1 0302 NBUF2 C0&6 JOYRDY ?2C080 PHSOFF
COBO PHASEOFF *C081 PHASON ?C081 PHASEON c088 MOTOROFF
€089 MOTORON C0O8A DRVOEN ?C083 DRVIEN cOo8C Q&L
COBD Q&H COBE Q7L COBF Q7H FOO0 REGRWTS
FO31 DRIVEEL FO3D DRYWAIT FO44 OWK FO4E MOTOF
FO50 CONWAIT *FO60 NODRIVERR FO&S TRYTRK FO7B TRYTRKZ
FO7F TRYADR FOB& TRYADRZ FOBB NOINTR1 ?FO0AQ0 GOCALL
*FOAl GOCAL FOA7 RDRIGHT FODBB RTTRK ?FOBF CORRECTVOL
FOC7 CORRECTSECT FOEEQ ALLDONE FOES DRVERR FOES HNDLERR
FOE9 ALDONEL FOF3 NOINTRZ FOF? WRIT F105 MYSEEK
TF106 SEEREKL 7F116 GOSEEK F119 ALLOFF F11B NXOFF
F12% SETTRK F12B CHKDRY F12D CHKDRV1 F13D CKDRTS
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F13E DRVINDX 148 READ1S F14A RSYNC Fi14D RD1
F152 RSYNC1 F157 RD2Z F162 RD3 F16B RD4
F17D RDS F17€ RDS5A F192 RDé6 F19D RDCKSUM
F1AS RD7 F1AF RD8 F1iD8 RDERR: FiBA GOSERV
F1BD RDADR1s F1C1 RDASYN F1C8 RDAl F1CD RDASNI
FiD2 RDAZ F1DD RDA3 F1E8 RDAFLD F1EA RDA4
FIF2 RDAS F204 RDAL F20E RDA7 F217 RDEXIT
FR18 WEXIT F219 WRITELS ?F223 WRT1 F230 WSYNC
F24E WINTRPT FR%6 VRYFRST F258 WRTFRST F267 VWNTRPT1
FabA WMIDLE F271 WDATAZ F281 WDATA3 F295% WRCKSUM
FaAaC NOWRITE FaB3 SERVICE F2BC WMIDLY F2BD WNIBL7?7
THaBF WNIBL Facoe PRENIDLS F2CA PRENID1! F2E4 PRENIB3
a7 PRENIRZ2 FaF8 PRENIDBS F300 DMIDBL F311 POSTNIB16
F31% PNIDL1 F322 PNIBL2 F336 POST1 F338 POST2
F34C POSTERR F34C SET1IMEG F354 SEV F353 NIDL
F400 SEEHW F40A SEEK2 F41D OUT F4a1F MINTST
F429% MAXTST F 429 STEP F42B STEPZ FA44 SEEREND
Fa448 SETPHASE Fa4A CLRPHASE PF45% SEEKRTS F456 MSUWAIT
F43538 MSW1 F461 MSWa F467 OMTABLE F470 OFFTABLE
F479 BLOCKIO FA7E TRWSEC Fa9D QUIT F4A0 SECTABL
TF4AB ANALOG F4AB ANL.OGI F4ac4 GOODTIME FFD8 YIMERIL
FFD? TIMLATIH FFD9 TIMERI1H FFDF ENVIRON FFEF INTERUPT
[l ¥Tole D AR AAHRTAIIRFAIFFAA L AN RRAFRAS
oGOl 3 -
Oind o 4 =ZARMA DIALKQSTIC TEST FIUTIiNEE
R = B
G S BN
[erslalv S =W, SROED N & R LASHLEY
QO A
00CU. L0 SCOREYRIGHT 17 BY ARRLE COauneR, I
0200: PPN
Q000 1D wararRRELARRATI A RRAARAE TR
QD01: L3 A QU $1 FOR ReM w7 10N TRIELY ROM
QQ00G: I ZaQu B
0010 1% }
0018, ix LRPGIHE
0019, i+3
Qo1 A A A IPGL+EA
Q0B 1% 1BOMD i
0085 = I3HUFP i
[olel B = A A D
Ba379
%50
e FF
2 $1400+PTRHI
et el $1500+ZRFG1L
27 KYRD EGU #CO00
CO03 28 KEYBE EGU %2008
cow : i = Qi L0110
CO85 o 4058
coav 4O ¢ $C047
COso: 32 GRmMD EGU %C0S50
Jiaal 23 TRIMD =&  $CO51
Qe 71 sCO&E
G 2 F £C0D0
LoE 1 ACTAST $COF1
COFX: 37 ACIACGM EQU  $COF2
COF3: 383 AClalN  EQU  $COF3
J 39 SLTl FGEL $C100
40 S1.72 EQU  #C200
41 3 Shu BCEQ0
2 ELTa Egnt ¥C400
43 EXPROM EGU  @CFFF
44 IPREG EQU $FFDO
4% SysD1 CQU  $FFDF
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FFD2. 4s ZYSDE  E4U SFFD2
FFL3. 47 EYSD2 EGJ  $FFD3
FFED: 48 SYSEQ  £aU $FFEO
FFEF. 49 DNKSW  EGU $FFEF
FFEZ: 50 SYSE2  EGU  $FFE2
FFE3: 51 SYSE3  EQU  $FFE3
FCa9: Se COuUT EQU $FCz9%
Fpo7: 53 CROUTL EGQU  $FDO7
FLisF 54 KEYIN Gl SFDOF
Facy: 55 SETCVH EQU  $FBC7
FDYS: S¢ CLDSTRT EQU $FD98
FD9D: 57 SETUF  EQU $FDYD
FROL- 58 MONITOR EQL $F201
0000 59 =
————— NEXT OBJECT FILE NAME 1S DIAG. OBJ
F4CS &0 ORG SF4CH
F4C5 00 Bl B2 &1 RAMTBL DFB  $0,$Bl, $B2, $BA, $BF, $10, $0, $13
F&C8: DA B9 10
F4CD: 00 13
F4CD 62 CHPG EQU *
F4CD: 52 41 CD &3 DC1 ‘RAM’
FaDo: 52 4F CD &4 DCI ‘RGM’
F4D3: 56 4% C1 0% pDCt  VIA’
Fah6: 41 43 49 && DC1 ACIAC
FaD9: Ct
F4DA: 41 2F Ca 7 DCI  ‘A/D!
F4DD: 44 49 41 &8 DC1  ‘DIAGNDSTIC”
F&4EQ: 47 4E 4F
F4E3: 53 54 49
F4Eé&: C3
F&E7: %A DO &9 pc1 ' ZE
FAE9:.52 45 54 70 DCI 'RETRY’
F4EC: 52 D9
F4EE: 71 #
F4EE: 72 % SETUP SYSTEM
F&4EE: 73 %
F4EE: 74w
F4EE: A9 53 75 LDA #$52+ROM TURN OFF SCREEN, SET 2MHZI SFEED
F4F0: 8D DF FF 74 STA SYSD1 AND RUN OFF ROM
F4F3: A2 00 77 LDX #800 ST BANK SWITCH TO ZERO
F4FS: 8E EO FE 78 STX SYSEQ
F4F8: BE EF FF 79 STX BNKSW
F4FB: 8E DO FF 80 STX IPREG AND SET ZERO PAGE SAME
F4FE: CA 81 DEX
F4FF: 8E D2 FF 82 STX SYsb2 PROGRAM DDR’S
FS502: 86 D3 FF 83 STX SYSD3
FS0%: 9A 84 TXS
F50&: ES 8% INX
FS07: A9 OF B8& LDA #30F
F309: 8D E3 FF 87 STA SYSE3
FS0C: A% SF se LDA #$3F
FSOE: BD E2 FF 89 STA SYSERQ
ES11: AD 06 90 LDY #3060
F$13: 09 DO CO 91 DISK! LDA DISKUFF.Y
FSi&: 86 a2 DEY
FS17:88 93 DEY
F518: 10 F9 94 BPL DISK1
F51A:AD O8 CO 95 LDA KEYBD
FS1D: 29 04 96 AND #$04
FS1F: DO 03 97 BNE NXBYT
F921: 4C B89 Fb& 98 JMP  RECON
Foe ST
F524: 100 % VERIFY ZERO PACE
F524: 101 *
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Foa4.
Foa26&:

F228

F952A:
Fo2C:
F52D:
FS2F
{7430
F932:
F9532:
F533:
F534.
F535:
F537:
FS38:
FS3A:
F93B:
F53D:
F33F:
F541:
F543:
F344:
F544:
FS546:
FS546:
F546:
F3548:
F34A:
F54D:
F54D:
F54n:
F54F:
FS51:
F9553:
F59%:
FS57:
F559:
FS55B:
F55E:
F360:
F562:
F563:
F565:
F367:
F569:
F56C:
FS56&F:
FS71-
F573:
FS5795:
F579:
F5793:
F578:
FS57A:
F97D:
FS7E:
FS581:
F584:
F586:
F589:
F58B:
FS8E:
F3590:
F593:
F595:
FS597:

FB

18

18

18
F7

E4

(o]=]
10

F7

FF
FF

FD
FF

FF
FF

FF
FF

F7

59
1CE WXBYT
162 NXBIT
104
105 NOGOOD
104
107
162
109 <
110 »
111 CNTWR
112
113
114
115
116
117 PULBT
118
119
120
121
122
123
124

LDA
STA
cme
BNE
ASL
BNE
INX
BNE

TXA
PHA
INX
BNE
DEX
STX
PLA
CMP
BNE
DEC
BNE
PLA
BNE

4,383,296

#$01
IRPG, X
IRPG, X
NOGOQD
A
NXBIT

NXBYT

CHTWR
PTRLO
PTRLO
NOGOOD
PTRLOD
PULDT

NOGOOD

125 % SIZE THE MEMORY

126 =

127

128 NOMEM
129

130

131 =

132

133 NMEM1
134

135

136

137

138

139

140

141

142 NMEM2
143

144

145

146

147

148

149

150

151 =

152 # SETUP
133 ERRLP
154

135

156

157

158

159

150

161

162

163

164

165 ERRLP1
164

167

LDX #$08
STA IRPG1, X
DEX

BPL. NOMEM
LDX #s$02
STX PTRHI
LDA #$00
LDY #S$FF
STA (PTRLO), Y
CMP (PTRLO)., Y
BEG NMEMZ
JSR  RAM
STY ZRPG1.X
LDX PTRHI
INX

CPX #s$CO
BNE NMEM1
LDX #%20
INC BNKSW
LDA BNKSW
AND #30OF
CMP  #303
BNE NMEM1
SCREEN

JSR SETUP
LDX #$00
STX SYSEQ
DEX

8TX SYSD2
STX §SYSD3
LDA #8$3F
STA SYSEZ2
LDA #$0OF
STA SYSE3
LDX #%$10
JSR STRWT
LDX #300
STX CV

LDA #%04

60

ROTATE A 1 THROUGH
EACH BIT IN THE © FG

T COMPLETELY TEST

THE PAGE. HANG IF MNOGQUD
TRY NEXT BIT OF EYTE
UNTIL BYTE IS ZERO.
CONTINUE URTIL PAGE

1S L:ONE.

PUSH A DIFFERENT
BYTE ONTO THE

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

ZERQO THE BYTES USED TO DISPLAY
THE DBAD 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. (AVDID O % STK PAGES!
CAN THE DYTE BE 0O'D7?

NO. FIND WHICH CAS IT IS
SET CORRES. BYTE TO FF
RESTORE X REGISTER

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

THEN RESET TO PAGE 20
AND GOTO NEXT BANK TO
CONTINUE. (MASK INPUTS
FROM BANKSWITCH TO SEE
WHAT SWITCH IS SET TO)
CONTINUE UNTIL BANK ‘3’

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

PROGRAM DATA DIR
REGISTERS

HEADING OF ‘DIAGNSTICS' WITH
THIS SUBROUTINE

PRINT ‘RAM’

SET CURSOR TO 2ND LINE

EPACE CUREOR COUT 2
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F399 20 C7 FB 168 JSR SETCVH (X STILL=O ON RETURN)
£99C 20 30 F7 169 . JSR  STRWT THE SAME SUBROUTINE
FY99F A2 07 170 LDX #$07 FOR BYTES 7 - 0 IN
FSA1’ 171 RAMWT1 EQU =
FSA1:BS 10 172 DA ZRPGL. X OUT EACH BIT AS A
FS5A3: AQ 08 173 LDY %308 ¢ ¢+ OR ‘1’ FOR INDICATE BAD OR MISSING
F3AS 0A 174 RAMWTZ ASL A CHIPS SUBROQUTINE 'RAM’ RAM
FS5A6. 48 179% PHA SETS UP THESGE BYTES
FS5A7 A9 AE 176 LDA #SAE LOAD A 7 TQ ACC
F5A9 90 02 177 BCC RAMWTS
FSAR A9 3t 172 L.DA #3331 Loap A 't TO ACC
FS5AD 20 25 FC 179 RAMWT4 JUSR CQUT AND PRINT IT
FSBO 68 180 : PLA RESTORE BYTE
FSB1 88 191 DEY AND ROTATE ALL B
F3R2 DO F1 182 BNE RAMWTZ TIMES
FSB4 20 7 FT 183 JER CROUTI1 CLEAR TO EMND OF LINE
F5R7 CA 184 DEY
FSBB 10 E7 185 BPi. RAMWTI
F5BA: 186 #*
F95BA. 187 # ZPGLSTK TEST
FS8A 1868 »
FSEA PA 189 TXS
F5BB 8C EF FF 190 STY DBNKSW
FSBE 98 191 Pt TYA
FSBF 8D DO FF 192 STA IPREG
FsC2 85 FF 193 . STA STKO
FsSC4q C8 194 INY
Fe.S 98 1995 TYA
FOTe 48 1S FHA
FSCT7 &8 197 PLA
53 C8 198 InNY
F5C9 CO 2 199 CPY #$20
FECE DD OFL Brit v
FECL AU QO LDy 8300
FOOF SC DO OFY 51y PREG
Fabe 86 18 8T PTRLO
FSDa EB INX
FoDS B84 19 STXx PTRHI
F307 8A TXA
org DU 18 Cmp BT Gy
ala DO 06 palabil BHF P3
FSDC EO LF 209 CPX #%1F
FSLE DO F4 210 BNE P2
FHED FO 09 211 BEQ@ ROMTST
FTSE2 212 IP3 EQu * CHIP 1S THERE, BAU ZERD ARU GYACHK
FOED A2 LA 2173 LLDX #%1A S0 PFINT ‘ZP° MESSAGE
reEEy OO0 7R FY 214 JER MESSERR % SET FLAG (2MHZ MOoDE)
FSET7 219
F3E7 216 * RGM TEST ROUTINME
F3E? 217 &
FRET7 A9 00 218 ROMT-T 1.0A H$CO SET POINTERS TO
FSEY Al £19 TAY $FOQ0
FSEA AZ FO 220 DY #EFC
FSEC. 89 18 221 STA PTRLO
FSEE. 86 19 222 STX PTRHI SET X TO SFF
FSF0Q A2 FF 223 LDX #$FF FOR WIMDOWING 1/0
[T A B = 224 ROMTST ] EQR (PTRILO) . ¥ COMPUTE CHKSUM ON
FRE4 RS 19 ot IPY FPTRHI EACH ROM BYTE
FSF6: DO 06 226 BNE ROMTSBY2  WINDOW OUT
FOFQ:CO BF 227 CPY ®SBF _ RANQES FFCQ-FFEF
FSFA: DO 02 228 BNE ROMTST2
FSFEC: AQO EF 229 LDY #$EF
FSFE:CB8 230 ROMTST2 INY o mmimo e o
FSFF: DO F1 231 BNE ROMTSTI
F&O1: Eb 19 232 INC PTRHI
F403:D0 ED 233 BNE__ROMTSTY  ___ . __ . - -
F&05: AB 234 TAY TEST ACC. FOR O
F606:FO 05 235 BEG VIATST YES, NEXT TEST
F&08:A2 03 = 236 LDX #$03 ___ PRINT ‘ROM’ AND
F&OA: 20 7B F7 237 JSR MESSERR SET ERROR
F&OD: 238 =
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F&OD: 239 % VIA TEST ROUTINE el
F&0D: 240 *
F&OD: 18 241 VIATST CLC SET UP FOR ADDING BYTES
FOGOE: D8 _ 24e e oo o e
FGOF:.AD EO FF 243 LDA SYSEO MASK OFF INPUT BITS
Fol12:29 3F 244 AND #$3F AND STORE BYTE IN
F614:85 18 = 243 _ STA _PTRLO = __ TEMPOR. LOGATION
F&l6 AD EF FF 246 (.DA DBNKSW MASK OFF INPUT BITS
Fol9.29 4F 247 AND #$4F AND ADD TO STORED
F&l1B &5 18 248 ADC PTRLO BYTE IN TEMP. LOC.
F61D 6D DO FF 249 ADC IPREG ADD REMAINING
F620.85 18 250 STA PTRLO REGISTERS OF THE
F622: AD DF FF 251 LDA SYSD1 VIA‘S
F&25 29 SF asz AND  #ESF (MASK THIS ONE)
Fe27 65 18 253 ADC PTRLO AND TEST
F&29 4D D2 FF 254 ADC 5YSDR2 TO SEE
Fo2C 6D D3 FF 25% ADC SYSD3 IF THEY AGREE
Fuzf. 6D E2 FF 256 ADC SYSE2 WITH THE RESET
F&32 6D E3 FF 257 ADC SYSE3 CONDITION
Fat s £9 E1l ase CMP  #$EQ+ROM =E17
FOI T FO 05 259 BEQ ACIA YES, WEXT TEST
Fhite an 04 260 LDX #3006 NO, PRINT ‘VIA‘ MESS
Fo62E 20 7B F7 261 JSR MESSERR  AND SET ERROR FLAG
F a3k 262 *
be3E 263 % ACIA TEST ROUTINE
Fele 264 #
Pz 18 245 ACIA CLe SETUP FOR ADDITIOM
FOIF A9 9F 266 1.DA  #$9F MASK INPUT BITS
F&41: 2D F1 £0 267 AND ACIAST FROM STATUS REG
F643 6D F2 CO 268 ADC  ACIACM AND ADD DEFAULT STATES
F&47:6D F3 CO 269 ADC ACIACN OF CONTROL AND COMMND
F64A.C9 10 270 CMP  #$10 REGS. =107
F&4C FO 0S5 271 BEG ATD YES, NEXT TEST
F&EE A2 09 ave LDX  #$09 NO, “AC 14’ MESESAGE AND
F&50:20 7B F7 273 JSR MESSERR  THEN SET ERROR FLAG
F&53: 274 »
F&53: 275 #* A/D TEST ROUTINE
Fas3 276 # ' -
Fat3 A9 CO 277 ATL I.DA  #$CO
Fa%5 8D DCFY 278 STA  $FFDC
F658 AD 5A CO 279 LDA PDLEN+2
basB: AD SE CO 280 .LDA PDLEN+6&
FasE. AD 9C CO 281 LDA PDLEN+4 .
Faal. AO 20 282 - L.DY #$20
Feob3: 88 283 ADCTST1 DEY WAIT FOR 40 USEC
Fé664 DO FD 284 BME ADCTST!
Fé66: AD 8D CO 2835 _LDA PDLEN+3  SET A/D RAMP
F&b69 CB 286 ADCTSTI INY COUNT FOR CONVERSION
Fobém FO DA 287 REQY  ADCERR (1 295=ERROR)
F46C AD 68 T 28 i.0A  ADTO IF BIT 7 =1~
F&6F” 30 F8 289 BMI ADCYST3 YES: CONTINUE
F&71 98 290 TYA NGO, MOVE COUNT TO ACC
F&672: 29 EO 291 AND  #SEO ACC327?
F474 FO G5 29 BEG KEYPLUG
F67¢ 293 ADCFRR  EQU = NO .,
F&7& A2 OD 294 LDC #4300 PRINT ‘A/D’ MESS
F&78 20 7B F7 295 JSR  MESSERR AND SET ERROR FLAG
F&78: 296 »
F&78" 297 # KEYBOAD PLUGIN TEST
F478. 298 =
K678 AD 08 CO 259 KEYPLUG LA KEYBD 1S KY3D PLUGGED IN™
F&TE. OA 300 ASL A (19 LL1GHT CURRENT
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F&7F 10 41 301 BPL. SEX PRESENT?) NO, BRANCH
F&81 AD DF FF 302 LDA SYSD1 1S ERROR FLAG SET™?
F&B4: 10 03 303 BPL RECON  (2MHZ MODE) NO, BRANCH
FaBsy 4C 93 FT 304 JMF ERRLP1 ERROR, HANG
FoLE9: 305 =
F 639 A0 = HECONFIGURE SYSTEM
F689: 307 =
F&8a9: 308 RECON EQU #
F&B9. A% 77 309 LDA #s877 TURK ON SCREEN
F68B 8D DF FF 310 STA  SYSDI
FOBE 20 98 Fi- 311 JSK CLDSTRT  INITIALLTZE MONITOR AND DEFAULT CHARACTER
F&91 A% 10 31 LDA  #$10 TEST FOR “"APPLE 1" SET
F&93:2D 08 CO 313 AND KEYBD
F&%6 DO 09 314 BNE BOOT NO, DO REGULAR BOOT
F698:2C 10 CO  31% BIT KBDSTRB  CLEAR KEYBOARD
F&%13 AL 50 CC 314 L DA FRMD
F&OE 20 01 F? 317 JER MONI TOR AN NEVER COME. BACK.
F8Al1 &2 01 318 BUOT L DX #*1 READ BLOCK ©
FbLA3 86 B7 19 STx 1BCMD
F6AYS. CA 320 DEX
F&AL Bb 8% 5321 STX IBBUFP INTO RAM AT $AQ00
FF&AB AY AQ 302 DA #%$40 ’
FuAA BS Be 37T £TA  IBBUFP+!
F oAl aAa 324 SR A , FOR TRACK 80
FGAD 8BS 91 329 STA PREVTRK  MAKE IT RECALIBRATE TOQ!
F&AF BA 324 TXA
F&BO. 20 79 Fa 327 JSR  BLOCKIO
F5R3 90 0A 323 Gee LoponT 1F WE'VE SUCCEEDED. DO IT UP
Fold AX 1C zae LD #E1(
F&l7 20 38 F/ 330 JER STRWT ‘RETRY &
F6BA 20 OF FD 331 JSR  KEYIN
FeBD BO E2 332 BCS BOOT
F&BF 4C 00 AO 333 S0BOCT  JMP $AQO0 .60 TO IT FOOL. .
Feel 134 v
X G35 4 QYSTIM LeERITISER
Fe(d 37s =
FaC2 AC 7F 337 SEX LDY #$7F TRYFROM
FaCd 98 338 SEX! TYA 7F 70 O
F&CY. 29 FE 339 AND  #S$FE ADD. =
F&c7 49 4E 340 EOR #8$4E 4EOR4F 7
F&ec9 FC 03 a1 BEG SEX2 YES. SKP
F6CB: B9 00 CO J42 LDA KYBD., Y NO, CONT
F6CE: SO 340 X3 DEY NXT ADD —
F&CF:- DO F3 344 BNE SEX1
F&D1: AD 31 CO 345 LDA TXTMD SET TXT
F&D4:B9_00 C1 344 SEX3 _ LDA _ SLTL,Y __EXERCSE . ... — -
F&D7: B9 00 C2 347 LDA SLT2,Y ALL
F&DA: B9 00 C3 348 LbA SLT3,Y SLOTS
F4DD:BZ. 00 €4 349 _ __ LDA SBLI&Y e e -
F6EO: AD FF CF 3%0 LDA EXPROM DISADLE EXPAMNSION ROM AREA
F&E3: C8 asi INY
F&E4: DO EE 3% .. DME _SEX3__ . . S -
F&Eé&: 353 *
F6EbL: 354 # RAM TEST ROQUTINE
F6EL: 358 » i R ——m
F&E6, A9 73 396 USRENTRY L DA #$72+R0OM
F&ES: 8D DF FF 3%7 STA SYSD1
F6EB: A9 18 398 ___ _LDA #s18 - . . e e
F&ED. 8D DO FF 399 - 8TA ZPRE®
F&FO: A9 00 360 LDA ' #800
F&F2:A2 07 361 LDX #4807 . __ e
F&F4: 93 10 3462 RAMTSTO STA ZRPGL. X
F&F&:. CA 363 DEX
F&6F7:10 FB 364 ___~QP£_WRA§I§IQ“w L o o .
F&6F9:20 84 F7 369 JSR RAMSET
F&FC: 08 3646 PHP
F&FD: 20 F7 F7 367 RAMTST1 JSR  RAMWT _— -
F700: 20 F7 F7 348 JSR RAMWT
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F703: 28 369 PLP
F704: 6A 370 __ROR A o
F70%: 08 371 PHP
F706:20 Al F7 372 JSR PTRINC .
F709: DO F2 373 BNE RAMTST1 o ) .
F70B: 20 84 F7 374 JSR RAMSET
F70£: 08B 375 PHP
F70F: 20 FB F7 3746 RAMTST4 JSR RAMRD B ) _
F712: 48 377 PHA
F713: A9 00 378 LDA #$00
F715: 91 18 379 STA (PTRLO), Y )
F717. 68 380 PLA )
F71R: 28 391 PLP
F719: 6A 382 ROR A 3 ~ o
F71A: 08 383 PHP
F71B- 20 Al F7 384 JSR PTRINC
F71E DO EF 385 = BNE RAMTST4 .
F720 3856 #
Frao 387 # RETURN TO START
F720 3688 * S B )
F720 A% 00 389 LDA #$00
F7a22 8D EF FF 390 STA DBNKSW
F725.8D DO FF 391 STA IPREG }
o3 A2 07 392 LDX #$07
oA BD 10 18 393 RAMTSETS L.DA  PHP, X
ST ®% 10 394 STA IRPG1, X
F72F CA 395 DEX
F730 10 FB 396 BPL RAMTSTé
F732.20 7E F7 397 __ JSR ERROR B o
F73% 4C 7% FS 398 JMP  ERRLP
F738 UL BRI IIFIIEIIIIIISZISEL IS TR 2 T
734 400 # SARA TEST SUBROUTINES
F728" GO %R I I N NI NN
o0 402 = '
P 407 ® BAUERNUTINEG =7RING WRITE
ERREE 454 =
Frag. BD D F3d 409 STRWT LDA  CHPG, X
F7n 48 406 PHA
Foge 09 il 407 ORA #%80 NORMAL VIDED
LT B L A7 JSR CQUY % PRNT
Py E 470 INX NXT
A s 410 PLA CHIR
FT43 10 F 3 a11 BPL  STRWT
Fras 40 07 FD 412 JMP CROUTL CL.P TO END OF LINE
£749 413 #
F 744 414 & S[LERGHT TG K
748 415 »
- 74@: 48 d1& FAM EERT-Y SV ACO
F749 8A 417 TXAh CONVRT
F74A 4A aie ER A ADD TO
F743: 44 315 LSR A USE FOR
Al aa 238 LEFR A 8 EMTRY
74D 4A 424 LR
P 08 a2z e HI
FIraf 44 =3 LSRR A
F750 28 424 PLP
F’9S51: AA 42 TAX LOOKUP
O BD O o4 4on CLA RAMTBL, v TF Ve

Page 0043 of 0170 |




Apple Computer Inc. Patent

4 383 296

-

~
i
—
L

LA
l""_"c"/
PR

reriy

FoE
FAa0:

Al
f- "int
F 78
F7al

4%
AD
29
AA
O
44
44
44

oo

Lo
34
Fo
fo
iy
3=
29
A

20
a9

- 80

50

Arel
)
AT
A9

38
i 2]

A

oz

[2%9)

- 09

8D

b AD

A2
A
28
&8
&0

48

EF
CF

01
14
oG
AA

1é
=18
i9

b}

— )
1 SR QLIRS U

Py

FE

14

440 Redt

459 # SUBROUTINE

460 #
4&T RAMGLT

s
ha B2
3

475
476
477
478 %

475 = GULEOUT

450 #
481 PTRIMC

4,383,296

HE

ST
l. D‘.«
AN
TAY

N .‘F. <
Lia
=TA
i

[IER
AT«
L.DY
LDA
SEC
FRA
{27

" -
Loirss

ORA
STA
LDA
wT
[BEARY
oty
FiF
Pl A

RTS

IS AR

BrHASE
HEOF

RN A
)
5
(&}
)

A

b A0

[RNEE R

TTRWY
FHF2+FM
vyalid

RAMSET

#5301
AN

#%$00
#BAA

SK
#3880
IIINK
#4502
FiRHI
#EOC
PTHLLO

PAALING

70
S0, GET
WHI™H

BAR: -
SET
PROPEF
RAM
WAL LIE
CONE
TO VAL

BAlk 3w

FRIPG ME D08 IR
SET
MHT 10
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AP
Froamg
B
A
LTS
[T
Bl
F.’"” LI

RO

a3

IR
Celey
- i
e
(Rt
! T
- ~
i
.
" 3

Do

AD

IR}

FoO

35

95

T
a0
o

— e - P
[N RV

B
513
513
514
B
516
217
il B
91

[
RS

=t
Baa
923
b DO

333
334
538
9704

B

PIMCH

PR

RAMEIRRZ

RAMERR3

R R

RAMEFRS

.

3+

RAMW?Y

4,383,296

THC
INE
POA
SIS
HIENTN
CME
BEG

e

1Yo
A
[T

[t

e SULROGUT IME

EQR

’a

PTRL.O
RETS
i
Pt
FeToM]
#$13
PINC2
#6177
P
Brrrop !
2R
FPresil
RETE
Gk

o e TR
2hin

AB 0

A e

PTRMI

EN

AT R

FobRET

#$20
BhKSW

RAM
#300C
(PTRLOY. Y

IRP31, X
ZRPG1. X

wp (7
JERS RN
RAMERR3
HELD
WAaMFRRZ
FarMuT

#HEFF
CETRLO Y o

72

Page 0045 of 0170 |




Apple Computer Inc. Patent 4 383_296
4,383,296
73 74
SN O IR = STT IAMRG MR CETRLDY, Y
R I 538 sris RAMERR
S N 539 R
ees JUTTHE3FUL ASSEMDLY  ND ERRORG
COF3 ACIACN F&3E ACLA COF2 ACIACM COF1 ACIAST
F&74 ADCERR Fé&e3 ADCTETL F&o67 ADCTET3 *C047 ADRSG
C066 ADTO F&53 ATD F479 BLOCKIO 1A BNIA
FFEF BNKSW F6Al DOOT F4CD CHPG FD?8 CLDSTRT
F932 CMTWR Fe2s. cour FDO7 CROUT1 5D CV
F513 DISK1 CODO DISKOFF F%75 ERRLP F523 ERRLP1L
F77E ERROR CFFF EXPROM F6BF GOBQOT C030 GRMD
8% IBDUFP 87 1BCMD 1419 IBNK C010 KBDSTRB
¢O08 KEYBD FDOF KEYIN F&70 KEYPLUG CO00 WYDBD
F778 MESSERR F9O01 MONITOR F34F NMEMI1 Fo6e MMEM2
F32A NOGOOD F948 NOMEM FS526 NXBIT F324 NXDYT
€058 PDLEN 1810 PHP F7B8 PINC1 F7B&6 PIMNCZ
91 PREVTRK 19 PTRHI F7A1 PTRINC 18 PTRLO
F93A PULBT F772 RAMQO F776 RAML F748 RAM
F768 RAMO F7DB RAMERR3 F7EA RAMERRA4 F7CY9 RAMERR
F7D7 RAMERRS F7F1 RAMERRS F7F3 RAMRD F784 RAMGET
F780 RAMSET! F4C3d RAMTEL F&F4 RAMTSTO F&FD RAMTSTL
F70F RAMTST4 F72A RAMTSTS FSAal RAMWT1 FSAD RAMWTA
F?F7 RAMWT F3A5 RAMWTR2 F&89 RECON F7C3 RETS
FSF2 ROMTST1 FSFE ROMTSTZ2 FSE7 ROMTST 01 ROM
FBC7 SETCVH FRYD SETWP ° F&EC4 SEXL F&C2 SEX
F6CE BEXR F&ld SEXS C1G0 SL.T1 C200 SLTZ2
€300 SLT3 cann Si.T4 FF 8STKO F738 STRWY
FFDF SYSD1 FFD2 SYSD2 FFD3 SYSD3 FFEC SYSEO
FFE2 SYSEZ FFE3 SYSES COS51 TXTMD PF&E& USRENTRY
F6OD VIATST FSEE ZP1 FSD4 ZP2 FSEZ IP3
FFDO ZIPREG 10 ZRFPGI 00 ZIRPG
Q0 IRPG C1 ROM 10 ZRPG1 18 PTRLO
19 PTRH1 1A BNK sD cv 85 IBDUFP
87 IBCMD 71 PREVTRK FF STKO 1419 IBMNK
1810 PHP CO00 HYDD c0o08 KEYBD CO10 KBDSTRB
2COA7 ADRS CO%0 GRMD COS1 TXTMD CO%8 PDLEN
CO66 ADTO CODO DISKOFF COF1 ACIAST COF2 ACIACM
COF3 ACIACN €100 SLT1 €200 SLT2 €300 SLT3
C400 SLT4 CFFF EXPROM F479 BLOCKIO F4CS RAMTBL
F4CD CHPG FS513 DISK1 FS524 NXBYT F526 MXBIT
FS2A NOGOOD F332 CMTWR F33A PULBT F348 NOMEM
F54F NMEM] F562 NMEM2 F$7% ERRLP F393 ERRLP1
F3A1 RAMWT1 FSAS RAMWT2 F3AD RAMWT4 FSBE ZP1
F5D4 IP2 FSE2 IP3 FSE7 ROMTST FSF2 ROMTST!
F3FE ROMTST2 F60D VIATST FG3E ACIA F&33 ATD .
F&e3 ADCTSTI F&69 ADCTST3 F&76 ADCERR F&67B KEYPLUG
F&89 RECOUN Fé6Aal BOOT F&BF GOBOOT F&Ca SEX
FoCa SEXL F&CE SEX2 F&oD4 SEX3 PFLES USRENTRY .
F6F4 RAMTSTO F&FD RAMTSTI F70F RAMTST4 F72A RAMTSTéE
F738 STRWT F748 RAM F760 RAMO F772 RAMOO
F7764 RAM1 F770 MESSERR F77E ERRQR F784 RAMSBET
F78D RAMSET1 F7A1 PTRINC F7B& PINCR2 F7B8 PINC1
F7C3 RETS F7C9 RAMERR F7D7 RAMERRZ2 F7DB RAMERR3
+7EA RAMERRS& F7F1 RAMERRD F7F7 RAMWT F7FB RAMRD -
F?01 MONITOR FBC7 SETCVH FC2% COUT FDO7 CROUT1
FDOF HKEYIN FD98 CLDSTRT FD9D SETUP FFDO ZPREG
FFD2 SYSD2 FFD3 SYSD3 FFDF SYSD1 FFEQ SYSEO
FFED SYSER - FFE3 SYSEJ FFEF BMKSY
~-—-= NEXT OBJECT FILE NAME IS MON. OBJ
F7FF. 2 ORG SF7FF
F7FF 3+
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SBC  #1
HEG RETY
B3l #1
BEY RPETY
GEC  #1
BEG RETIL
5BC #1

DM NE G s

B —

P

~

v Gl
FO B3
B¢ 1

,.
1
-~
M
[ | B S S S U

-+ Q6 0

L‘ o S il z-':
P a

9 01 a4
FO L7 25

B o 24

S Lot ‘2
LU T

" T A

-~
H
K
¥
—

LA VU VLIRS Y
(=) T

PO :
£ - i T

ool 43

e v a4

'- -; :; .‘.' -‘ 1:. ]
P 1 s . TR
Fooi 4 SUREE

P 4 GEG FETY

EY G 54 SEL E1
Fo @a 8¢ BEY RET!
£ O 54 0 (N
FC 97 57 BEG  RETI
€9 01 55 SHE a

76

Page 0047 of 0170 |




Apple Computer Inc. Patent

4 383 296

F86A.
F8é6c:
FR&E:

570

P2
FB74

Fa876
FB?s
FR7A

ISEC AN

FO7E

FRgo:
882
Faga.

F 366
260
Fadon

Fasc .

Fa8E

F90:

I .:‘ ) _f.r
F oy

s

rese:
FEYa.

"R9C
ook
F oo
LRV P
FQdaa
FEAS
Feag
HEPYTA
RN

SRS

-8B

FaBz
FRE4

L e

SR
ey .

F _L\»q

FaRC

FAnE

cley

IO

SRC I

NG I

HCE

FaCA.
F8co.

FO
€9
FO
E®
“0
EQ
FO
E?
Fo
E-
FC
EY
FO
E?

93
01
aF
1
BB
01
87
01
873
o

o
c1
7¢
01

Fa 73
EY O
Foo7a
E? G1
FO 70
ES 01
FooosC
RS}
Fio a

E

i
ES

=iy

EY
F&
£9
E
P
£

Fo .
ES ©

Fo
[SEW
EY

a5
Y

71

59
60
b1
&
63
64
&5
b6
&7
£8
&
70
71

72
-y
L
75
7&
77
789
>3
=3O
£l

8
33
84

[
PR

G
1.3‘.’
88
BY

0
O

40

e
“; \K} ,—

-0
E 5

&3 -

Rl
1

3
R LR

b e s

L)

DO 4 a
P ) = ) I

RET3

4,383,296

BEG
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BEG
SBC
BED
snc
BEG
SBC
BEG
SRC
BEN
SBC
BEG
SBC
BEG
Ghe

LEG
SBC
REQ
SBC
PG
SBC
I
SBC
BEG
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RET1
1
~RET1
#1
RET1
#1
RET!
#1
RET!
#1
RETZ
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RET2
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RETS
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COad.
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QI&E.
Coa7:
Gosy:
[V RN
DGeA:
OCHB:
Q&
COLIN:

Iade kol cl

o e
Grddb

0070

Qo7
so7ea
C073:
G744
D307
QT4
o077
Q078:
Q079

79

FG a8 112
£S5 O 114
Fooa 115
[FAEA 114
FQ 2¢ 117
E? Q1 118
SRS IS t19
e Lan
S b Pt
Et. \:\v 1:;)
Pt 12
oo 1o
- i
i vl
[RREE 105
o 10w
L Tl 12
t L
I'-'.‘ - ’
e IR S I S

3 =

4 SCRRLLC EQU
& LMARTIN BGY
7 RMARGIN ©Gl)
2 WINTOP  EQU
F WINETHM EQU
10 CH EGU
it GV EQU
12 HAB4L eQu
123 BAS4AH EGQU
14 BAEBL EQU
15 BASHSH EGU
1& TEASSL  &QU
17 TBASEH EQU
13 TEAGEL EaQu
1% TBASEBH EGQU
20 FORGND EQU
21 BKGND EGQU
22 MODES EGQU
23 CURSOR EQU
24 STACK EQU
25 PROMPT EQU
26 TEMPX EQU
27 TEMPY EQU
28 CSWL EQU
29 CSWH EQu
30 KSWL EQU
31 KSWH EQU
32 PCL EGQU
32 PCH SGQu
34 All EGU
3% AlH EGU
346 AZ equ
37 A2H EGU
38 A3L EGU
39 A3H EQU

4,383,296
80

BEG RETS
GRE #1
REG PETE
Gl #]
BEQ RETR2
SBC #1
NEG RETZ
i i,
LE L BT
87T #i
: RETE
i H
e 124
Cioa :
KM
kg b T
B [
- T
3
v ‘-‘;‘-
T
Rt TR
+958
CCRNLGT
SCRWILOC+1
SCRNLCSC+2
SCRNLQAC+3
SCRNLOC+4
SCRNLOC+Y

SCANLOC+o
SCRNLOC+Y
SCRNLOC+8
SCRNLOC+Y
SCRNLOCr¢A
SCRNLOC+sDB
SCRNLOCC+$C
SCRNLOC+8D
SCRNLCC+3$E
SCRNLOC+3F
SCRNLOC+$10
SCRNLOC+%$11
SCANLOC+%12
SCRNLDC+%13
SCRNLCC+$14
SCRNLOC+$13
SCRNLCC+316
SCRNLCC+$17
SCRNLOC+%18
SCPNLOC+%19
SCRNLOC+314
SCRNLOC+%1B
SCRNLOC+%1C
AlL+1

All+2

AiL+3

AlL+4
AlL+3
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81 82
QO7A: 40 A4L EQU  AlL+s
0078: 41 A4dH EGU  AlL+7
oN7¢: 42 STATE  EQU  AiL+S8
007D: 43 YSAV EQU  ALL+9
007E: 44 INBUF  EQU AlL+3A i AND 3B
0080: 4% TEMP EQU ALL+$C
0069: 44 MASK EQU CURSOR
F901: 47 %
CQ00: 48 KBD EQU  $C000
€010: 49 KBDSTRB EQU $CO10
F9O1: 50 *
03F8: 51 USERADR EGU $3F8
Fa79: 52 BLOCKIO EQU $F479
F&g9: 53 RECON EQU $F689 AS OF 12/20/79
FA4EE: 54 DIAGN  EGU $FA4EE
00%0: 55 INBUFLEN EGU $50 i ONLY 80 BYTES ($3A0-3EF)
0081: \ 56 IBSLOT EGU %81
0082: $7 IBDRYN EGU IBSLOT+1
0085: 58 IBBUFP EGQU IDSLOT+4
0087: 59 IBCMD EQU IBSLOT+&
F901 60 #
F901 . &1 ENTRY EQU =+ .
¥901 DA 62 TSX
F90D 86 &A &3 STX STACK
Feoa 64 =
F904. D8 6% MON cLD i MUST BE HEX MODE
F90% 20 3A FC &6 JSR DELL
FO08 A& &A &7 MONZ LLDX STACK , REGTORE STACK TO ORIGINAL LOCATION
FR0A 9A &8 XS
F?C0B. A9 DF &9 L.DA #$DF L PROMPT (APPLE ) FOR Gaka Mol Tow
FOUD BS &B 70 STA PROMPT
F90F:. 20 D3 FC 71 JESKR  GETI-NZ ,GET A LINE OF INPUT
F912: 20 &7 F9 7a& SCAN JSR IS8TATE i SET REGULAR SCAN
F91%9:20 2C F9 73 _NXTINP JSR GETNUM i ATTEMPT TO READ HEY BYTE
Fe18 84 7D 74 STY Y3AV L GTORE CURRENT INPUT FLIIMTER
F?1A AO 11 g1 LDy %11 ;17 COMMANDS
F91¢ 88 76 CMDSRCH DEY
F91D. 30 €S 77 BMI  MON i GIVE UP IF UNRECOGNIZABLE
FIF: D9 &C F9 78 CMP CMDTAB.Y  ; FOUND?
F922.D0 F8 79 BNE CMDSRCH i NO KEEP LOOKING
F924.20 SE F9 80 JSR TOSUB , PERFORM FUNCTION
Fo27 A4 7D 81 LDY  YSAV , GET NEXT POINTER
F929 4C 15 F9 82 JME RXTINP ;DO WEXT COMMAND
F92C: 83 *
F92C: A2 00 84 GETNUM LDX #0 i CLEAR AR
F92E 86 76 8% STX AZL
FI30 86 77 . B8& ST AZH
Fe32. Bl 7E 87 NXTCHR LDA CINBUF S Y
F334 C8 88 THy i BUMP INDEX FOR NEXT TIME
K935 49 DO 89 EOR #$80
F937.C9 OA 90 CMP  #8A i TEST FOR DIGIT
F939: 90 06 - 91 BCC DIGIT i SAVE IT IF 1-9
F9aB. 69 88 92 ALC  #388 i TEST FOR HEX A-F
F93D.CY FA 93 SMP R$FA
Fe3F 90 2 54 RCT O DIGRET
F941: AR 03 95 DIGIT  LDx #23
F943. 0A 96 ASL. A
F944: 0A 7 ASL. A
F945 0A 98 ASL A
FP4&6& OA g9 AGL A
$947: 0A 100 NXTBIT ASL A , GHIFT HEX DISITS INTO A2
F948: 26 76 101 ROL  A2L
F94A 26 77 102 ROL AlH )
F94C- CA 103 DEX i SHIFTED ALL YET®
F94D: 10 F8 104 BPL  HXTRIT
F94F - AS 7C 105 NXTBAS LDA STATE
F9%1: DO 06 106 BNE MXTBSZ , IF ZERD THEN COPY TO A1, 3
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83 84
F953. 85 77 107 LDA  A2H. X
F955: 95 75 108 STA AlH, X
F957.9% 79 109 STA  A3H, X
K959 EB 110 NXTBS2  INX
FoSA FO F3 111 BEG NATBAS
F9SC DO D4 112 BNE  NXTCHR
FOSE: 113 »
F9SE: A9 FA 114 TOSUB LDA #<ASCII  ;PUSH ADDRESS OR FUNCTION
F940: 48 119 PHA i AND RETURN TO IT
F9&1 BY 7C F9 11& LDA CMDVEC, Y
F9&4 48 117 PHA
F965: AS 7C 118 LDA STATE i PASS MODE VIA ACC
F967: A0 00 119 ZSTATE LDY #0
Foo9: 84 7C 120 STY STATE i RESET STATE OF SCAN
F94B: 60 121 DIGRET RTS
F96C: 122 #
F94C: 123 CMDYAB EGQU #
F9&C: 00 124 DFE %0 i & =60 (CALL) SUBRQUTINE
F9&D: 03 125 DFB $3 i J  =JUMP (CONT) PROGRAM
FI&E: 06 126 DF3 %4 i M =MOVE MEMORY
FO&LF: EB 127 DFB $EB i R =READ DISK BLOCK
F970: EE 128 DFE S$EE i U  =USER FUNCTION
Fo71: EF 129 DFB &EF i ¥V =VERIFY MEMORY BLOCKS
F972: FO 130 DFB  $FO i W =WRITE DISK BLOCK
F973: F1 13t  DFB S$F1 _ , X =REPEAT LINE OF COMMANDS
Fo76: 99 132 DFB  $99 ; SP =SPACE (DYTE SEPARATOR)
F97%: 913 133 DFB %8 i " =ASCII (KI BIT ON)
F976 AQ 134 DFB  $AD i =ASCII (HI BIT OFF)
F977:93 135 DFE %93 ; =SET STGRE MODE
F978: A7 136 DFB  $A7 P =RANGE SEPARATOR
Fo79- A8 137 DFB A8 i /  =COMMAND SEPARATOR
FRPA 99 139 DF3  $95 i +  =DEST/SOURCE SEPARATOR
FOTB Cb 139 DFE  $Cé& i CR =CARRAGE RETURN
Fo7C 140 *
F97C: 141 CMDVEC EGU #
F97C.7¢C 142 DFE  GO-1
FoUD: 7A 143 DFI JUMP-1
FY7E: 28 144 DFE  MOVE-1
FI7F. OF 145 DFD  READ-1
F930. 77 146 LFRE  WUSER-1
Fos1: 3A 147 DFE  VRFY-1
F9Ra: C2 148 DFE WRTE-1
FOR3: 1 149 DFR  REPEAT-1
F5a4: A3 150 DF  SPCE-1
F9RE: Ga 181 LFE  ASCII-1

FG ABCLIO-1
DFE SETMODE-1

—
(€4
J

J 0

F9Se: 06
Foe7 B7

[

53
F9338:B7 P54 DFFE  SETMODE-1
L9 193 DFE SEP-1
SO {5& UL+E DEST-1
Boa2% 17 DF3  CRMON-1
192 =
159 #
FRac S VA 150 NXTA4 INC A4L ; BUMP 16 BIT POIMTERS
FRSE 141 BNE NXTA1l
= . 162 INC  A4H
Fe9 183 NXTAL NG ALL i BUMP Al
Fee4 1&4 BRE T8TAL
RO BT 163 IMNC  AlH
FoOs 30 155 SEC » It CASE OF ROLL OVEK
FRNG FO 10 167 3G RETAL
FRCAS T4 168 TETAI DA ALL i TEEY AtxaAZ
A SEC
176G ZBC Al
171 5TA  TEmP
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85 86
CHARTAS TS 7R LDA AL
FoAG ES TT 173 SEC AZh
Shan 3503 174 ORA TEMP
FUAB DO 01 17% BNE RETAL ;IF AL LESS THAN OR EQUAL T Az
FoAA: 18 176 cLe | THEN CARRY CLEAR OM RETURN
: 177 RETAL RTS8
F9AC: 178 «
FPAC: 179 =
F9AC:48 180 PRBYTE PHA __iSAVE LOW NIBBLE
F9AD: 4A 181 LSR A
FIAE: 4A 182 LSR A i SHIFT HI NIBBLE TO PRINT
F9AF: 4A 183 LSR_A - - - -
F9BO: 4A 184 LSR A
F9B1:20 B7 F9 189 JSR  PRHEXZ
F9B4: 68 186 PLA e
F9BS: 29 OF 187 PRHEX  AND #$0OF i STRIP HI NIBBLE
F9B7: 09 BO 188 PRHEXZ ORA #$BO i MAKE IT NUMERIC
F9B9:C9 BA 189 CMP _ #$BA i 18 1T 29’
F9BB: 90 02 150 BCC PRHEX2
F9BD:. 69 06 191 ADC #$6 i MAKE IT ‘A’-'F~’
F9BF.4C 25 FC__192 PRHEX2 _JMP__COUT _ o
Feca: 193 » .
F9C2: 20 AC F9 194 PRBYCOL JSR PRBYTE
F9CS: 195 = __ i o
FPCS: A9 BA 196 PRCOLON LDA #$BA ; PRINT A COLON
FRC7:. D0 Fé6 197 BNE PRHEXZ i BRANCH ALWAYS
F9C9: 198 % R o
F9C9: A9 07 199 TSTBOWID LDA #7 i ANTICIPATE
F9CB: 24 68 200 BIT MODES i TEST FOR 80
F9CD:30 02 201 = BVC SVMASK N ] _
FOCF: A9 OF 202 LDA #$F
F9D1:85 &9 203 SVYMASK STA MASK
F9D3: 60 204  _ __ RTS _ _ . L .
F9D4: 205 +
F9D4: 8A 206 A1PC TXA i TEST FOR NEW PC
F9D3:FO 07 207 BEG OLDPC = -
F9N7:B5 74 208 A1PC!  LDA AIL,X
FD?: 95 72 209 STA PCL, X
FYDR: CA 210 ___ _DEX _ o
F9DC: 10 F9 211 BPL A1PC1
F9DE: 60 212 OLDPC  RTS
FODF: 213 » L o ) L
F?DF B85 &% 214 ASCII1 GSTA MASK i SAVE HI BIT STATUS
FYEL A4 7D 215 ASCII2 LDY VYSAV i MOVE ASCII TO MEMORY
F9E3: B1_7E 216 LDA CINBUF),Y L
F9ES: E6 7D 217 INC YSAV i BUMP FOR NEXT THING.
FYE7: AO 00 218 LDY #0
FPE9:C9 A2 219 ___  CMP_ #sA2  ;AsSCIll " ?
F9ED: DO 05 220 BNE ASCII3 i NOPE, CONTINUE.
FPED. AS &9 221 LDA MASK ‘
FSEF.10 20 =222  _  BPL PBITON __ iHE’S CHANGED MODES.
F9F1: 60 223 RTS iNO, HE’S DONE.
FOF2:C9 A7 224 ASCII3 CMP  #SA7 iASCII  ?
F9F4:DO 05 22% BNE _CRCHK iNO, TEST FOR EOL.
F9F& A5 69 226 LDA MASK
F9FB8: 30 1B 227 BMI BITOFF i CHAMGE MODES
FoFA:60 228 RIS
F9FB: C9 8D 229 CRCHK CMP #$8D JEND OF LINE?
F9FD: FO 07 230 BEG ASCDONE i YES, FINISHED
FOFF: 25 &% 231 =~ = AND MABKR - :
FAO1: 20 AF FA 232 JSR STOR1 ; GO STORE IT!
FAO4: DO DB 233 BNE ASCII2 i DO NEXT
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FAO6 .
FAO7:

FAQ7
FACH

FAQS.

FACA

FAOR:
FAGD:
a0k .

FAalt
Fal3

FA1S:
Fal17:

FAL9
-Aatd
FALE
Faut

FA22:

Az,
FAzé
Fage
[
ane
Fazc
FAZ2C
FAF

A
N3 g
Fnves
ARG
-AJA
sl
a5 B

ST
IR TR
oo
Pagn
Fad4
Py
gy
Faak
FasSt

FAZD.

[ ST
T oA
Fasr
FASY

FASC:

FASE
FAe

i fa s}
FALL
FAaa9
FAeR
FAGE
Fa/C
FAT)
FA7%

FA78.

A4
AR
FATC
FATD
FAE0
FAE3

A0

&
(=3

4c

20
4c
20
BO
i3

w1

240
20
&0

20
re
kit
D1
Fuo

).:.
{0
40

A9
20
AS
20
B1

-
e

a0
A

AS
20
Bt
20

4C

7¢C
BA
7D
FF
CA
7F
Ccé
00
3
OF

AQ
a8

9B
SD

T4
A
=1
F7

:J B
S
74
TA
o6
S
B
20

EF

3
AC
TA

ca

70

s

oL

w O NP
e

Al
A0

ed

oa

--
72

Fo

Fo

Fé
Fo
o

Fo

F9

FA
FaA

Fo

F9

oc

4,383,296

87 88
234 ASCDONE RTS
239 » . SV
236 ASCII  SEC . INDICATE HI ON
237 DFE  $90 , (BCC - NEVER TAKEN)
238 ASCIIO CLC , INDICATE HI OFF
239 CKMDE  TAX i SAVE STATE
240 STX STATE i RETAIN STATE
2a1 EOR #$BA i ARE WE. IN STORE MODE™
242. BNE ERROR
743 DITON  LDA #S$FF i SET HI BIT UNMASKED
2484 BCS ASCIT
245 DITOFF (DA #$7F iMASK HI BIT
246 BPL ASCII1 i ALWAYS
_247 REPEAT DBIT KBD _ _ REPEAT UNTIL KEYPRESS
ag BPL REFEATI1
249 JMp KEYIN
250 REPEATL PLA i CLEAN UP STACK
251 PLA

JMP  SCAN
*
-+

TRMON JSROOELL
M MONS

+*
MOVE JBR TSTAL i DON'T MOVE AMYTHING IF 1LI.EGAL
BCE ERRQOR
MOVNYT  L0a (ALLY, Y P MOVE A BYTE
GTA (A4L 3, Y
USRS NXTAG i CUMP BOTH Al AND A4
BCC  MOVNXT
RTS iALL DONE WITH MOVE
*
#
* VRFEY JuR o TsTAL » TE:T VALID RANCE
i30S ERROR
VRFY1 LA (A1), Y ; COMPARE DYTE FOR BYTE
CMP (A4, Y i MATCH?
BEG YRFYZ2 i YES, DO NEXT.
2 JER MISMATCH i PRINT BOTH BYTES
&7 JER CROUT i GUGTO NEWL INE
<TG VRIFY X 16 NYTA4 . BumMP BOTH Al ANC A4
279 BCC  VRFY1
276 RTS i VERIFY DONE.
277 %
eVE MISMATCH L.DA A4H i PRINT ADDRESS OF A4
279 JER OPRBYTE
=Ry £.0A AL
281 JSR  PRBYCOL i QUTPUT A COLON FOR SEPARATOR
282 LDA  (AjL, Y i AND THE DATA.
283 JSR  PRBYTSP i PRINT THE BYTE AND A SPACE
<&t PRINTAL U3R PRZPC iLEAL WITH A SPACE
2689 LA  AlH i OUTFUT ADDRESS At
2890 USRS OPRRBYTE
287 LDA  AlL
284 JSR  PRBYCOL . SEPARATE WITH A COLEN
289 PRAIBYTE (DA (AllL), Y i PRINT BYTE POINTED 7O BY Al

290 PRBYTSP JSR PRBYTE

291 PRSPC LDA  #$AO iPRIMNT A SPACE

292 MR COUT i END VIA QUTPUT ROUTINE

293 # )

274 JULSER JMP O USERADR

FACEIE )

ST JUMRP PLA

297 PLA i LEAVE STACK WITH NOTHIN' ON T7
292 G0 JSR AP i STUFF PROGRAM COUNTER

299 JMP (PCL) iJumMP T USER PROG

LOC e

A0 HWERROR EQU = S FRINT ERROR NUMBER

INFUT
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Fraae)? Q0 Al FY RAAPY SR PRBYTE RO THE (FFENDER
FARL A9 Al 303 L_LDA #8%A1 , FOLL.OWED BY A "'
FABHE. 20 25 FC 324 JSR COuT
FABB 20 07 FD 0% ERROR2 JSR  NOSTCORP , OUTPUT A CARRAGE RETLMM My STORLET:
AL 40 04 B9 S FRROR ame MO
Fraa T
f-a7vl A% VA T DEGTY L DA Al LUOR Y AR TC A4 FOF DEST ImaT]Or O
Fae3 85 7A LY STA  A4L
Fars A% 77 10 L.ba AZH
FAST 89 7B i1t STa  A4H
FASTS B RTE
AR ..
AT U ad VAL o LER SR GRCE CEFSAMATIOR  TEST SQIORE MLG b twek
[Fas 98 310 TYA . JERD MODE.
AT FO 1D KR BEQ ESETMDZ i BRANCH ALWAYS
Frenag: 3i #
P v o LEC YA CTEST FOR NO LUINE
FoaNT Fie " iy pEa nmMes s MDD O LINE, GIVEM A ROW UF 3VTES
FAAad Cn DAEATE AN DEs L TEST 1IF AFTER ANOTHER SPALE
FAAS DO 16 T nME SETMDZ
FAA7:  C9 DA iie C M el A Y3 MODE™
FAAS DO 4p BNE T . LMF i
Fanl 38 70 . B ST S JKEEP IT [ STORE STATE
FAAD AS 7x R LTS AL et BYTE TH BE STORES
Faar & o oL T LA AR T IT IN MEMORY
Fan | - HER I A CBUMP POINTER
Fénid noG 22 38 UNE UMy
fedet 14 TR a2v [HC AJH
R ETERL O YTy AL DR FUR ! P TLE AR MODE
ey e it LR e ML DE L O Yot L JHPUT CHAR S o 1
MRS TS R ey
FABT Gy el Y LA CENBLUE L LT SET MODE
[aRY KR P 43 SE MY STA L GTATE
DT m P RTS 4
£t AT
S L RLAD LA CEET Bluk COMMANT Yoo AL
FALS &7 A DFB  ¢2C ., DuUMMY BIT TN SKIF 2 LYTES
FAC.Y A 02 3340 WRTE L.DA &2 [CET DISK COMMAMD T0O WRITE
FACS 8% 87 341 SAViMD STA IBCMD
. ES Rwi P LoA AL
©TA  [3DUFF LU MMAND FORMAT [
LDA  AlH i BLOCKNUMBER (&7 i SN DDRESS
STA 1HBUFP+:
L.DX A4H , SEND BLOCH NUMBER VIAa X 4 A
LDA  ASL .
SEl ;NGO INTERUPTS WIHILE IN MUNITOR
JBR - GLOUCKTO i DO LISKG FEVER
BCS RWERROR , GIVE UP IF ERROR ENCNDUNTERED
INC A4l , BUMP BLOCK NUMBER
BNE  NOVER
[NC AdM
HANTE e AlH LR B WPDRESS Pt wvab
IO AlH
JSR O TSTAL . TEST FOF FINISHED
BCC  RWLOOR , NOT DONE. DO NEXT BLICK
NTG
Lkl

CHN MONSDE

DUMPE EGQGU » , DUTPUT 1 ROW OF BYTES
LA  ALtH
FAED 85 77 3 STA  AZH
AR 20 9 FE H JGH TSTHROWID C3ET WIDTH MASK INTO AL
FFARO (5 74 5 ORA - ALL
FAF R B9 76 £ STA ADL
FAF3. DO 06 7 DNE DUMPO ; BRANCH ALWAYS
F Ak 6 8 »
FAF&: 4A 9 TSTDLMP LSR A i DUMP?
A2 RO 9% 10 ERROKY  RBCE  ERROR
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BRI 11 DumMP JSR  TETBOWID CGET FOR ELTHER 80 OF 4G IHLUMNY
AFL A T4 12 pumMe. Lha ALt JULE A4 FOR ASCTL Dume
FAFE 85 7A 13 STA  A4L
FBOC A5 79 14 L.DA  AlH
FRI2 2% 78 15 STA  A4H
CLh OD eR e JEFR TSTay FEST FOR VALID RaAMD
pive 7 ROOEE 1T 7S ERROKI
Pl s £ ST bume JGP O PRIMTAL PRINT ADDRESS AND {457 @rVE
i F 19 DUMP: JSR  NXTal
P =0 BCS  DUMPASC JEND WITH ASCII
F o1 Lba A1l , TEST END OF LINE
f s 28 AND  MaGK CFUR 40780 COLUMN
T RN 2 BME  DUMP 3
T :! PSS Sl JER DUMFASC
FRYA 7 ED ue BN DUMP1 . BRANCH ALWAYS
ST 20 SE FA S DUMPL JSR PRAIDYTE GO PRINT NEXT BYTE AND A SPACE
FEIE DO EB 2 BNE  DUMPR CALWAYS (ACC JUST PULLED A% $A0)
el ot
ORI B SN ST DA AGL HESET T CEGINING OF L ING
TN¢ Fe Tg 4 STa ATl
(e ) ’3 i LDA A
iMe” 6% 7S 3z STh  AIH
FE09 00 73t 33 JTE PRSP FRINT AN EXTRA GPACE
AN T RE St Lie a0 Y INDEX MEMOR < juilisoT
Lo 4 T S E R
s RA B0 CGET ONORMAL VIDEQ
3 TME #BAG . TESY FOR CONTROL CHARACTERS
v BCS  aAsCcw S0 TO PRINT NON CONYRGLS
< LDa  #3AE S UTHERWISE PRINT A ZFACE
. =T 47 TRy SPUYTT G
7 N L. - b DR tie 7 S BOTH AL AND A4
RN A P @ poeasn ~IN1SHED
: 4 3z LOA  alL , TEST END OF LINE
. > 4a AND  MASK
. ) 4% BMF ASC1 .NOT DONE. PRINT NEXY
o R 3o ASCH JMP O CROUT
i edey 37 =
FB4Y: 48 »
FB49. a9« . .
FB49 18 50 COLBO  SEC . INDICATE 80 COLUMNS DESIFLDL
Fraa AD 53 ¢ Sy LDA $CO53 , GATH 8O COLUMN MIIDE
puar B 04 5 DCS SETS0 i BRANCH ALWAYS
FB4&F 53 » -
FRparF- 18 54 COL40  CLC i INDICATE 40 COLUMNS DeSIREL
FBS0 AD 32 CO 5% L.DA $CO52 i GOTO 40 COLUMN MODE
FBS 3 A% 68 Se SET&C  LDA  MODES
RG240 57 ORA  #$40 P ASSUME T
LOR T SR S I =4 58 BCS SETB0A , ANL BRAfHh JF 1T IS
FRS9 29 BF 5% AND  #$BF iBUT FIX FOR 40 IF NOT
FESR 89 68 60 SETB0A S5TA MODES
FBSD 09 7F 61 ORA #$7F ; ISOLATE OLT 7
FRY- 29 A0 =Y AND  #3A0 S LHIT 7 SE1S MORMAL S INVERSE
FRst 85 b6 63 STA  FORGND
bres BO 02 54 BCS  SETSOB . AGAIN ASSUMES B0 COLUMNS
FRus A9 FO 6% LDA #$FO i IF MOT, SET FOR/BACKGROUND COLOR
FH&? 8% &7 66 SETBOB STA BKGND
FBO® 67 # .
Frov A% 98 68 CLSCRN !1.DA LMARGIM ,SET CURSDR TO TOP LEFT OF wWiMDOW
Fielt B4 9C o STA  CH
Flow A% S =0 L.DA  WINTOP
FB&F 85 5D 71 5Ta CV i NOW DROP INTO CLEAR END OF FAGE
FB71 2 »
FBR71.A% SC 73 CLEQOP  LDA CH ; SAVE CURRENT CURSOR POS1TI1aN
FBRTS 48 74 PHA
FR7PG A% SD 7 tbDAa CvV
FB75 48 74 PHA
FB77:20 B1 FB 77 JSR SETCV
FB’A 20 BE FB 78 CLEOP1 JUSR CLEOL , CLEAR TO END OF FIRST LINE
FB7D. AS 58 79 LDA LMARGIN
FR7F B85 5C 80 STA CH :
FRe1 20 €9 FB 81 JSR  CURDOWN . GOTD NEXT LINE
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FBg4

FB86!
FB87:
FRE8.

389
FBEB
FRAC

FB&E"
FRBE:

FBY0
FRe3
B3
FReS
FB97
FB9?
FBR?B
FRSE
FRAL
G
FBa4
Fi3A4
FBAG
F BAB
FRBAA

FBAC .
FBAE

FDAF
FBR1
FRE3

FBB3-

FBB3
FBBS
FRR7
FRR7
FBE7
+FBBB
FBBD
FRBF
FBCH
FRCS
FRCS
FRCY
FR.S
FRCe
oy
FlRon
FRCD
FRE
FBDO!
FB0O3
LRLT
FRoS
FhT
FROS
FGLEG
-FBDD
T
SR ION]
RO
FGE"
FRE™
Fi3ela
{ ey
[SEGIEE S
FRL
FRER
FRFZ
FRF 4
FRES

[RET

0
c9

s
DG
AS
-]
E9
8%

F4

Je

5B

o1
s

SD

AC
C)D
<3

FC

Fls

4,383,296
94

CLEOP1

+ RESTORE CURSOR POSITION

CH
,GET OLD CV IN ACC AGAIN

SETCV . BRANCH ALWAYS
CH ; CLEAR TO END OF LINE FIRST
CLEOL1L
#3680
DISPLAYX . IF INVERSE
#$8D ; IF CARRAGE RETURN THEN NEW LINE
TSTBACK
CLEQL ,FIRST CLEAR TO THE END OF THIS LINE
SETCHZ CRESET CURSOR AND GOT() NEXT LINE (CARRY
MXTLIN » THEN GOTO THE NEXT LINE. IS SET)
cv » TEST FOR TOP OF SCREEM
cy i ANTICIPATE ’'NOY’ TOP
WINTOP
CURUP1 , IT’S NOT TOP., CONTINUE

WINBTM ; WRAP AROUND TO BOTTOM

» DECREMENT BY ONE

#¥ -

v D HAVE NEW VERTICAL LINE

»

Y i GET VALUES FOR FIRST FAGE ($4001

DALTALC) - ALWAYS

T .TEST FOR 80 OR 40

oL

-kt

b , BUMP CURDSR HOR I ZOMNT AL

L . TEST FOR MNEW L IME

|

TR CJUBT O IN CASE WE HAVE

e , CURSOR AT START OF MEXT L INE

93
32 ucC
83 PLA
84 TAY
85 PLA
86 STA
87 TYA
28 BCS
89 #
?0 CLEOL L. DA
91 JMP
2 #
93 CONTROI. (MP
94 nCc
95 TSTCR <MP
£ BNE
?7 CARRAGE JSR
g JSR
9 ™MP
100 =
101 »
102 CURUP L.DA
103 DEC
104 1P
105 RNE
106 LDA
107 CURUPL_  SEC
10a ap-
SRS SRR o1
R FOT
111 CURDNG EQU
1le L
1173 BeL
R
: S (e
117 P
Tier BLCHG 1
B [
1. Ran
21 SET- ST s
e -
183 SETCVH 53TA
P24 #DF i INTD
I
he TSN IR
. LT
o e
et BCC
12¢ t.0A
HAR BTS
[ R W 14
N s
135 JURLEFY BiIV
13e pve
137 LEC
Pt LY TRO LT
MRS PMT
13 1.0
141 CMP
142 BFEL
143 LEFTUP SR
144 t Dé
] 3T A
14a BI
147 =
148 cauT2 P
149 Bcc
P9 RIT
13 BM{

Sk FOR WRAP ARQUMD

SRGVE CURSOR  DitWl ONED LINE
SHTICTPATE nOT FOVYTOM

WINRTM S TESY FOR BOTTOM

CURDN1

WINTOP

SETCV , BRANCH ALWAYS

#5809 , TACHEPACE ™

THTBEL L

MODES ; TEST FOR FORTY OR EI1GHTY MODE
LEET80

CH

LESTLY

TH P TEST FOR WRAP ARGUND
LMARGIN

CTRLRET

CURUP

RIAAEGTN

CH , GAVE NEW CURSOR POUTTICN
CHIRLEFT ERANCH ALUAYS

#3A0 .16 1T CONTROL CHARACTER
CONTROL

MOIDES CTEST FOR OINVERSE

DSk Aayx NG PUT IT QUT
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i F 1y AND g7 ATH{E KT DBIT
FHEC 20 WD Fe 1597 DISQPLAY X USSR DiIiSFLAY
mEr 154 »
[ N CSUVIN N C 109 INCHOR, ISR CURTGHY S MOVE CURSOR RIGHT
=T 1 TiYrpopn B LSURLLL Tr°% DOTTOM. RESET S0 AND BCROLL
v [E SNETET CHOINML -
Ve .
153 gASTAL: 1 PHP - CALT DBASE ADR IN BASEL. H
e FHA
ted L5k A y FOR GIVEN L INE NO.
I R-¥R AND #4003 Q=L INE NO <=$17
1ok ORA  H#$N4 i ARG=000ABCDE, GENERATE
164 STA BASAH i BAS4H=000001CD
1695 EOR #8C
! A 1o STA BASSH
Sl 17 PlL.A i AND
S 1o AND  #%1¢ , BASJIL ~EABARCCO
Y ! 169 BCC BSscLC2
P17 &9 TF 170 ADC  #37F
Yio1® 8% 3E 171 BSCLC2 STA BASA4lL
dt T U ASL. A
[ HEE—] ASL A
S A T 174 ORA RAS4L
UE s SE 175 STA DBAS4L
I BT e 176 STA BASSL SAME FOR PAGE 2
O3 23 177 PLP
- “ ! 178 CTHLRET RS
b ! TG e
ROARE AR P COAVE CHARAT TER
&D 131 STY TEMPY
e 182 STX TEMPX
33 FCo 133 JSRIDUTE
=0 D LD TEMEY
= Pl LDy TEMPX
TR Py
187 RTS
188 »
4L QO 189 COouUTt JMP (TSWL) , MORMALLY COUT1
L7 o )
[ Lol o fRECL TMP #$87 ; BELL ™
L Lire. B3NK LLNFD SN0 TEST FOR FORM FEFD
122 »
FC3A AD 10O 194 BelL LDX #310
FC3C BA 199 TXA
FE3D AR s RBELLY TAY
| SR O e P REL LS i ¢FFDG
T A 15 REQ  DELCS
243 27 Ly FF 199 BELL3 BlT SFFLS8
FOAL 00 FR 200 BNE BEL L3
Feter 0 aCl DEY
Veobe [ . CIF gL
YR KRN BN R I | nyT OO
IR S O pi
Fioar DO OES BrE Okl
Fi91 Su RTC
£ B
S aal #35a i LINE FEED™
G CTRLRET
: . 1GP  CURTIOWN i MOVE CURSOR DOWN A LINE
NN BCC CTRLRET ; BRAMCH IF NO SCROLL NECESSARY
A s LTRULL LLDA WINTOP ; START WITH TOP LINE
soa H PHA i SAVE IT FOR NOQW
LYY v & JSR SETCV ; GET BASCALC FOR THIS LINE
- AL D 843 - MOVE CURRENMT BASCALC AS DESTINATIOM
BN S RL 2 ..DA  BASA4AL, X
B PR 3TA TBRAS4L, X i (TEMPORARY BAGE ADDR.)
[ AR R DEX
o S BPL.  SCRLZ2
- AR PLA i GET DESTINATION LINE
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FC&D: 18 222 cLe
FC&C: 69 01 223 ___ADC w1 i CALCULATE SOURCE L INE
FCHE C9 38 224 CMF  WINBTM ;18 IT THE LAST LINE?
FC70 BO 15 2% TS LASTLN , YES., CLEAR IT
FCou 48 226 PHE . SAVE AS NEXT DESTINATION | INE
FC?73:20 Bl FE 227 JSR  GETLV .GET BASE ADDR FOR SOURCE LINE
FC76 AS %9 aze LDA RMARGIM ; MOVE SOURCE TO DESTINATION
FL78. 8A 229 LSR A ;DIVIDE BY 2
79 AB 230 TAY
(o776 88 231 SCRL3  DEY . DONE. YET ™
Fovg 20 E4 Hiete BT <rRE L ,YES, DO NEXT 1NE
FC7D Bl SE 233 L.LDA  (BAS4L), Y
FC7F: 91 62 234 STA (TBAS4L), Y
(81 Bt &0 23s LDA  (BASB8L), Y MOVE BOTH PAGES
PTG 64 23s ]T4 IHASEL) . Y
FOge 90 F3 237 B GORL L BRANCH ALWAYS
Fogr A% 38 278 LASTLM LDA LMARG LT CDLANK FILL THE LAST L INE
FCB9 4A 239 CLEOL1 LSR ;DIVIDE DY 2
FCBA A8 240 TAY
FCBB: BO 04 241 BCS  CLEOL2
FCRD AS bb 282 LTA FIRGND . (MORMALLY A SPACE"
FoEE 91 %E a3 LEA L BASALY, Y
FrLod ay &7 249 LEOLS 1 DA BESHD L CIF B0 COLUMNG. ALSD A SR
FC92. 91 60 245 5TA  (BASBL), Y
FC95 C8 246 [N
Fros 98 247 TvA i TEST FOR END OF LIME
Fov7? 0A 243 a5t A ,MULT BY 2 AGAIN
F.78 C% 359 a4y (MF DPMLaRg i
FC9A 90 ED 380 B TLEQLL L CONTINUE TF MORE 10 (a0
FC?¢ 40 291 RTS i ALL. DONE.
FCSD 252 =
YD 24 68 252 DISPLAY BIT MODES ; TEST FOR 40 OR 80
Foosk TG 0C s @G Rl S STORE THE SINGLE CHAKAY TER ML NETURN
FUAL 44 5C AL T , [NCURE PRQPER A6 COLUMN 01 L&x
FCAR DA SC 280 A OH , DY DROFPING BIT O
FCAD. 20 AD FC 257 JBR  DSPLEO , DISPLAY IN €400 PAGE.
FCAB. AS &7 238 LDA BKGND i AL SO SET BACKGROUND COL.OR
FCAA 91 &0° 25% DEPRKGNI* STA (BAZEL).Y
FoAT &0 26D RrY
FCAaD 261
FoAD a9 Lo DEPLEG  PHA , PRESFERVE CHAPATTER
FCAE AS 3C 263 L.LCA  CH ; DETERMINE WICH PAGE
FCBO: 4A 264 LSR A
FCB1 A8 TY) TAY
FCR2 &8 D66 PLA
FCBR BU F9 Q67 BCS  DSPRBRGND , BRANCH 1F $300 PAGL
009 91 SE 268 STA  (BAS4LY. Y
FCB7. 60 269 RTS
Fone 270 =
FCBB Bl 7E 271 NOTCR  1L.DA  (INBUF).Y ECHO CHARACTER
FCBA 20 25 Fo 272 JSR COUT
Foeb €9 @8 273 S LICE'Y Y12 L BACKGPACE "
FCOF FO 1D 274 Bii  BKSPCE
FCC1 €9 98 27 CMP #898 , CANCCL.”
FLC3 FO 0B 276 HEG  CANCEL
FCCY: E6 80 277 INC TEMP
FCC7 AS 80 278 L DA TEMF
FCLO C& i 279 MR %1 NBUFLEN
FCCB: DG 17 260 BNEE  NXTCHAR . NO WRAF AROUND ALLOWED
FCCD: A9 DC 281 CANCEL LDA  #$DC JOQUTFLT BACKSLASH
FCCF 20 2% FC 28R JSR  CUUT
FCDa: 20 EF FC 283 JER  CROUT
FCDY. 284 GETLNZ EGU #
FCDS: AS &B 285 GETLN LDA PROMPT
FCD7: 20 2% FC Q84 JBR COUT
FCDA: AD Q1 287 LDY #1
FeDC: 84 80O =88 STY TEMF i START AT BEGINNING OF INBUF
FCDE: A4 80 289 BKGPCE LDY TEMP
FCEQ:FO F3 290 BEG GETLM
FCER:Ché BO 291 DEC TEMP i BACK UP INPUT BUFFE
FCE4: @0 60 FD 292 NXTCHAR -JSR RDCHAR ; GET INPUT .
FCE7: A4 80 ®293 LY TEMP
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99 100
FCE?: 91 7E 274 STA (INS8UF). Y
FCEB: C9 8D 29% CMP  #$8D
FCED: DO C©9 296& BNE ROTCR
FCEF- 297 CROUT EQU #
FCEF.2C oG <~ 298 BIT KBD s TEST FOR START/STOP
FCF2:10 13 59 BPL NOSTOP
FCF4:20 2E FD 3200 JER KEYINS i READ KBD
FCF7:C® A0 301 cMP TA0 i IS IT A SPACE?
FCF?:FO U7 302 BEG CTOPLST i YES, PAUSE TIL NEXT KEYPREGS
FCFR:C? 8D 303 cire #s8Dh i QUIT THIS QOPERATIONT?
FCFD: DO 08 304 THE ONGSTOP i NG, IGNORE THIS KEY
FCFF:4C 8B FA 3098 NI S A i YES, RESTART
FDO2 AL 00 €O 306 STOPLST iLin
FDOS: 106 FB 307 BRL. =TOFLST
FDO? A9 8D 308 MNOSTOP  LDA  &3iPC
FDO% 4C 25 FC 309 JMP COUT
FdGC. 3160 #
FRDOC.&C 70 00 311 RDKEY JMP (KSYL)
FDOF: 212 #
FDOF: a9 7F 312 KEYIN LDA #$7F P MAKE Surr FlRsT 15 CURNSUR
FD11 85 &3 314 STA TBAS4H
FD13:20 88 FD 315 JGR  PICK i GG READ SCREEM
FD16: 48 316 KEYIN1 PHA i BAVE THE AT CURZCR FUTITION
FD17:20 35 FD 317 JSR  KEYWAIT ; TEET FGR WEYPRESS
Fnié4: BO 08 318 BCS KEYINZ iGO GET IT
FDI1C-AS 69 319 LDA CURSCR » GIVE THEM ~» INDFRSCORE FOR A TIME
FDIE: 20 9D F. 320 JSR  LISPLAY
FDa1:20 35 FD 321 JER  KEYWAIT i G0 SEE 117 KEYPRESSED
FDE4: 68 322 KEYIN2 PLA
FDa%5: 08 323 PHP i SAVE FEYPRESS STATUS
FDaé: 4a 324 PHA
FDa7:20 @D FC 32% JBR DISPLAY
FD2A: 553 326 PLA
FD2B. 28 327 PLP
FD2C: 90 E€ 328 RCC KEYIN!
FD2E:AD Q0 CJ 329 KEYIN3 LDA KRD i READ KEYBOARD
FD31:2C 10 €O 330 ¥y IMa  RIT  KBDETRE i CLEAR KEYROARD STROBE
FR3E4: 40 331 RT5S
FEZO: Es 62 332 KEYWATT M0 Toas4al P JUST KEEP CQUMTING
FD37:-DO C9 333 T ORWATTR
FD39: E6 63 334 I THAS4H
FD3R A% 7F 33S LDA  #3$7F i TEST FOR DOME
FDIE. 16 336 cLe
FD3E- 25 63 337 AND  TRAZ4MH
FD4O: FO 05 336 BEQ MKEYRET i RETURN [F TIMED QUT
FD42: OE 00 CO 339 KWAIT2 ASL KBD
FNas 990 FE 340 BCC  KEYWAIT
FDA? &0 341 KEYRET RIS
FDag 342 »
FD48 343 »
FDA48 344 ESCO EQU =
Fp4g 20 77 FD 343 JSR  GOESC
FLYR AY 68 344 ESIAFE LDA MODES CEED TO 4 SIGN KO CUECE ey
FDAD 29 8o a7 AND #$B0O
FDIF 49 AD 348 EOR #$AD
FD51:8% &9 349 STA CURSOR
FDS53: 20 OC FD 350 ESC1 JSR RDKEY i READ NEXT CHARACTER
FDS6. A0 08 351 LDY %8 + TEST FOR ESCAPE ClmbianD
098 D9 FO FF 3% ESCE CMP  ESCTABL. Y
FI'53 FO EB 353 BEG ESC3
FL.SD 88 354 DEY
FDSE. 10 8B 355 BPL ESC2 P LOOP TIL FOUND OR LORE
FD&O 356 »
FDeO. A9 BO 357 RDCHAR LDA #%80 i G0 READ A CHARACTER
Fhel. 25 o8 158 AND MODES
fPL4 89 &9 35y STA CURSOR » SAVE STANDARD CLR50R
Fhes 20 CC FL 360 JSR RDKEY
FD&?: C9 <0 361 CMP  #$9B i ESCAPE CHARACTER™
FD&B  FQO DE © 36d BEG ESCAPE
FD6D C9 9% 363 CMP %393 i FORWARD COPY™
FD&F LG D& 364 BNE KEYRET
FD71 20 88 FD &9 JSR PICK i GET CHARACTER FROM SCRELU
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FC6d: 18 - - cLe
FC&C: 69 01 223 _ __ADC W1 i CALCULATE SOURCE L INE.
FCAE. CY 38 2Wa CMF WINBTM ;18 IT THE LAST LINE?
FC70 BO 15 =S g% LASTLN ; YES, CLEAR IT
FCoe 48 226 PHA , GAVE AS NEXT DESTINATION { INE
FC73:20 B1 FE 227 JSR  GETLV . GET BASE ADDR FOR SOURCE LINE
FC76 AS 99 228 LDA  RMARGINM ; MDOVE SOQURCE TO DESTINATION
FC78. 4A 229 LSR A ;i DIVIDE BY 2
FC79 A8 &30 TAY
Fov7e 88 231 SCRLG DEY , UONE YET™
Fo/g 20 E4 S8 His! COREL , YES, DO NEXT (L 1HE
FC7D Bl S5S& 2733 L.DA  (BAS4L). Y
FC7F:. 91 62 234 STA (TBAS4L), Y
-Cc81: Bl &0 235 L.DA  (BASBL)., Y | MOVE BOTH PAGES
RRA A - } 238 QT4 TBASEL)Y . Y
O3t 90 F3 237 BT GURL , BRANCH ALUAYS
Fo@r A% 38 Q78 LAGT.LM DA Lmarg T CDLANK FILL THE LAET L INE
FCB89 4A 239 CLEOLL LSRR A i DIVIDE BY 2
FCBA A8 240 TAY
FC8B: BO 04 a1 BCS CLEOLZ
FCRD A% bbb 242 LDA FORGND CCMORMALLY A SPACE
Fone 91 SE a3 LrAa RAGALY . Y
Froes AL &7 Q244 JLEMLS LA DETHD L CIF 80 COLUNMNG, ALSD A GRaTD
FC92.91 60 245 ST (BASRBL). Y
FC95 C8 2486 INY
FC94 98 247 TyA i TEST FOR EMD OF LIME
F. 7 DA 233 AL B L MULT BY 2 AGAIN
F.78 €9 59 ede CHMP BmLig i
Fo9Aa 90 ED Rig~ie Bo< TLEQL L , CONTINUE TF MORE 10 D0
FLC 40 291 RTS i ALL. DONE.
FCSD 2% »
{90 24 &8 e52 DIGPLAY B1T MODES ; TEST FOR 40 OR 80
Bk TG Q¢ wud BLG PRl e S CTORE THE SINGLE CHARAD TER AMD NETURN
Foal 44 5C i Sk s . IMNGURE PROPER 40 C0MM LT L#ax
oAl N4 B¢ D8 [T ;DY DROFPING BIT O
FCA3. 20 AD FC 257 JSR  DHPLEQ , DISPLAY IN €400 PAGE.
FCAB. AS &7 298 LDA BKGND i AL SU SET BACKGROUND COL.OFR
FCAA 91 6O 299 DSPBKGNI' STA (BAGEL). Y .
Fopl &9 n&0 RTY
FCAN del »
FZAD 4R che DSl Prin » PRESERVE CHAPATTER
FCAE A3 3C 263 t.aA  CH  DETERMINE WICH PAGE
FCBO: 4A 264 LGSR A
FCBl A8 269 TAY
FCRZ &8 -1 RPL&
FCBR BO FS o667 BCS  USPBRGND » BRANCH 1F $300 PAGE
-CRS ?1 SE <68 S3TA  (BAZ4LY . Y
FCB7. 60 269 RTS
X0 1}3] 270 #
FCB8 Bl 7E 271 NOTCr 1.DA (INBUF),Y iECHO CHARACTER
FCBA 20 25 Fo 272 JSR COUY
fFekDh €9 B8 &7 IR w88 s BACKEPACTE
FCBF FO 1D 274 B BUSPCE
FCC1 C9 98 273 MR %898 » CANCEL ™
FCC3 FO 08 27s Bzt  CANCEL
FCCS:E6 80 277 INC TEMP
FCC7 AY 80 278 DA TEMP
FCC® C% % 279 TP ®INBUFLEN
FCCB: DO 17 230 BHE  NXTCHAR . NO WRAF ARCOUNE ALLOWED
FCCD: A% DC 281 CANCEL LDA  #3DC ;s QUTFUT BACKSLASH
FCOF . Qd 2% K& 28R JER O CLUT
FCh&: 20 EF FC 283 JSR CROUT
FCDY. 284 GETLNZ EGU =
FCDS: AS &B 285 GETLN LDA  PROMPT
FCD7:a0 2% FC QB4 JBR O COUT
FCDA: AQ Q1 <287 LDY #i
FCDC. 84 80 =88 8TY  TEMP i START AT BEGINNING OF INBUF
FCDE: A4 80 <89 BKSPCE LDY TEMF
FCEQ: FO F3 290 DEO  GETLM
FCER:Cé 8O 291 DEC TEMP i BACK UP INPUT DUFFE
FCE4: 20 &0 FD 292 NXTCHAR JSR RDCHAR : GET INPUT .
FCE7: A4 80 e93 LDY TEMP
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99 100
FCE?: 91 7E 274 STA CINBUF ), Y
FCEB: C9 8D 299 CMP  #%8D
FCED: DO C9 29& BNME NOTCR
FCEF- 297 CROUT EQU #
FCEF. 2C o0 ¢~ 298 BIT KBD ; TEST FOR START/STOP
FCF2:10 13 AL BPL. NOSTOP
FCF4: 20 26 FI 300 JEP KEYING i READ KBD
FCF7-C9 AD 301 CMP  #240 i 1S IT A SPACET
FCFQ FO (7 302 BEG STOPLST i YES, PAUSE TIL NEXT KEYPRES
FCFB:C9 8D 303 crr #s80 i QUIT THIS OPERATION?
FCFD:. DO 08 304 v iNQO, IGNORE THIS KEY
FCFF.:4C 8B FA 305 Jr i YES, RESTART
FDO2 AD NQ CO 3046 STOPLET LA
FDOS 10 ¥B 307 BPL. STIPLST
FDO7 A9 &D 308 MNOSTAP DA &iFC
FDO? 4C 25 FC 309 JMP COUT
FDGC . 310 #
FROC. 6C 70 00 311 RDKEY JMP (KSWL)
FDOF: 312
FDOF. A9 7F 312 KEYIN LDA #$7F P MAKE SURE FIRST 158 CURSUR
FD11 85 63 314 STA TBAS3H
FDi3:20 88 FD 315 JSR  PICK i G0 READ SCREENM
FD1&: 48 316 KEYINL PHA i SAVE TP AT CUFECK HOTITICON
FD17.:20 35 FD 317 JBR  KEYWAIT i TECT FOR FEYPRESS
FDii4: BO 08 318 BCS KEYINZ2 @D GET OIT
FDIC AS &9 317 LDA CURSCR s GIVEL THE™M &+ iINDFRSCORE FOR A TIME
FDIE: 20 9D F. 320 JSR  LDISPLAY
FD21:20 35 FD 321 JER  KEYWAIT ; G0 SEE 1IF KEYPRESSED
FD24. 68 322 KEYIN2 PLA
FDa9%: 08 323 PHP i BAVE FEYPRESS STATUS
FD&é. 4G 324 PHA
FD27.20 9D FC 329 JGR ISPLAY
FD2A: A3 326 PLA
FD2B. 28 327 PLP
FD2C:. 90 ER8 328 RCC KEYINI
FDQE: AD QO CO 0329 KEYIN3 LDA KBD i READ KEYBOARD
FD231:2C 10 CO 430 ¢ovwiMaA BIT  KBDSTRE i CLEAR KEYROARD STROBE
FDa4a. 40 331 RT%
FLZO . E& 62 332 KEYW/TT 17 TLAsAL i JUST KEEP COUMTIMG
FD37: DO ©9 333 7 WWATT2
FD39: Eb6 63 334 ISP THAS A
FU2B A% 7F 33% LDA #$7F i TEST FOR DOME
FDZi: 16 336 CcLC
FD3E 25 63 337 AND TBASAH
FD40: FO 0% 238 BEQ MKEYRET i RETURN IF TIMED OUT
FDA2:0E 00 CO 339 KWAITR2 ASL KBD
N4as 90 EE 340 BCC  KEYWAIT
FDA? 60 341 KEVRET RIS
FDag 342 »
FD4Q 343 »
FPag 344 ESC3 EQU  #
Fvag 20 77 Fn  34% JSR  GOESC
FLIR AS &8 346 ESCAFE  LLDA MODES CBEY TO + SLGM FOR CUSCE st s
D4 29 8O 347 AND #$80
FDAF 49 AB 348 EOR #$AD
FDS51:89 &9 349 STA CURSOR
FD53:20 OC FD 350 ESC1 JSR RDKEY i READ NEXT CHARACTER
FDS&6. AO 0B 3514 LDY 8 s TEST FOR ESCAPE CUMMAND
-0S8 D9 FO FF 3% ESCH CMP ESCTABL.Y
F15B FO EB 353 BEG ESC3
FLSD 88 354 DEY
FDSE. 10 FB 355 BPL ESC2 JILOOP TIL FOUND GR DORE
F1&O 356 »
FDeO. A9 BO 357 RDCHAR LDA #%80 i GO READ A CHARACTER
FDe. 25 o8 158 AND MODES
FPLd 85 69 35¢ STA CURSDR , SAVE STANDARD CULRSOR
Fhe& 20 CC FL 360 JSR RDKEY
FD&9: C9 9B 361 CMP #8590 i ESCAPE CHARACTER™
FD6B FO DE C 362 BEG ESCAPE
FD&D. C9 9% 363 CMP #3995 ; FORWARD COPY ™
FD&F DO D6 364 BNE KEYRET
ED71 20 88 FD 1369 JSR PICK i GET CHARACTER FROM SCRELI
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A9 FB

B? 7F FD

CAS 5C

24 +£8
50 0%
0 2
Bl 40

‘Bl 3SE

A9 03
: 8D DO

- D8

A2 03
86 7F
:BD BC
9D CA

.95 6E
:BD B8
.95 S8
: CA

:10 ED
.85 82
: A? AO
:8%5 7E
A9 &0
.85 81
A9 FF
.85 a8
120 4F

AT 7

8% AQ
A9 08
8% Al

366
367
368
369
370
371
37z
372
374
375
374
377
373
379
380
381
382
383
304
38%
386
387
388
3g<
390
391
392
393
394
395

FF

FF

FF

FF

FB

101
ORA
RTS
-
GoESsC LDA
PHA
LDA
PHA
RTS
»
ESCVECT DFB
DFB
DFB
DFB
DFB
DFB
DFB
DFB
DF B3
»
PICK t DA
LSR
TAY
BIT
Bve
BCC
LDA
RTS
PICK40 LDA
RTS
*
2
3
4
S SETH
)
-
8
? SETUP1
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25 »
27 ADR
28 CPORTL
29 CPORTH
30 CTEMP
Z1 CTEMPY
32 YTEMP
33 ROWTEMP
34 CWRTON
3% CUR T
& LI s
7o
TR
39 #
40 GENEMNTR
T
de
473

#$80

4,383,296

; SET TO NORMAL ASCII

# CLSCRN

ESCVECT, ¥

CLEOL-1
CLEOP-1
CLSCRN=-1
CcoL40-1

- COoL80-1

CURLEFT-1
CURIGHT~1
CURDOWN-1{
CURUP -1

CH
A

MODES

102

, GET A CHARACTER AT CURRENT CURSOR PGSITIOM
. DETERMINE WHICH PAGE

PICK40
P1CK40
(BASBL)., Y

(BAS4L), Y

CLDSTRT t.iu

DA
STh
EQU
cLD
L.DX
STX
LDA
STA
LLDA
STA
L.DA
STA
DEX
BPI.
=TA
LDA
STA
LDA
STA
LDA
STA
JOR

EQU
EQU
=G
o
Elv
gutl

o
g

LDA
3TA
L.DA
2T

*

#43

, AND IF 80 (CLUMN MOLE

FORGET CARRY IF 40 JOLUMINS
CET CHARACTER FROM €400 ©ATE

$FFDO i ZERO PAGE IS5 ON 2!

#*

#3

i OF COURSE!

INBUF+1
NMIRQ: X
$FFCA, X
HOOKS, X

CSuWL.

2 x

VBOUNDS, X
LMARGIN, X

SETUP 1
IEDRVN

#3120

i INPUT BUFFER AT $3A0

INBUF

#$460

IBSLOT

HEFF

MODES
coL4o . SET 40 COLUMNS. CLEAR SCREEN

$A0
ADR
ADR+1
ATE 2
ADF 2
SDR 4
Llk+20
ESWSTNT: ]
€CODA
$FFEC
£FFED

#%78
JPORTL
#5032
VLR TH

i INIT SCREEN INDX LOCATIONS
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103 104

FDCE A9 FO aa DA #2480 i SET UP INDEX 10 CHRSET

FLDO. RS A4 45 3TA YTEMP
F¥DD2° A9 00 X! DDA 80
FULA AL s [
e 29 24 w L TEMP sy FOWTEMP . X
FORDTOER i [
“nong EC 20 ’ L LFa W320
FDbA DC &7 L 3INE TIPTEMPS
FoDI A9 05 e DA R i FAKE THE FIRST BIT PATTERN
Tope 1t ‘ (EHANTOM RTH B11 SHIFTEDR A% BI1 O
SOLE u Ta BRIV .
oA < LR
Sl Be Al RSO 1y (TEMP CCENERAGE TRE AT
Ly oAl QY RERRCTCLFE ) TN e A . CCDES VTR ToF FIKST PACY
DRSS AL A DRt 2 L« CIEMP
: i . L CBRLRTL ;g RO O s 4
R B phos pAAE R ) B
SR IO A At LEY . ®3XD=CHR 2 =}
[ER S A “ 7 AR T £ . $ual=CHRk 3 7
FOEC T DD o Foyo S EeXEECe 4
fLfn B0 . ik EERRPEE R A U el
| SRS ’ i - G PP R I &
AL S . o GG FORT papRe HP 3 :
e L Lo AT TBYYES LGl LECOTE CHARACTER TARIE
[ - L #EA CEIOND SET OF 4
FUET O B S G GABTT
- N i T #i
i [ IPNTER ! VMR e
- : e [0S L LT T ke LT T T ERY
f Bl
r . N DY #23 S (d CHARACTERS OF o ROWSH
- T s LT LMs Ly 8 CUOFTVE COLUMN
o St s o TERE G LFEmar ooty Dhedw!
. ' e “ L% RIYOCRM A
Peee T r E e R V0T CBRANTR TE OMTUE e (e imls BT
[T BN =1 3TY  CTEMP
. S B} RN YTUMP , (NOTE  CARRY [3 GUT
o .o e BEG DONE ; BRANCH 1F ALL DONE
b sl [ O vy Yy TEMP , GET CHARACTER TALL b [NLEX
R T . t G THRSET -1 Y
FE17 2A a3 ROL A ; (CARRY KEEPS BYTE MNON-ZERO UNTIL ALL €
FE18 A4 A2 86 LDY CTEMP i RESTORE COLUMM COUMT ARE SHIFTED)
FELA B8 A GHETONT DEY .GOT ALLL FIVE DBITST
P DY B ik BNE  CSHFT » N0, DO NEXT
LD O et DEX i AL ROWS DONE’
FELE 10 ED ?0 pPL.  CCOLMS i NG, DO MEXT . -
VEQD 08 'l PHP , SAVE REMAINIMNG BIT FPATTHERM AND CARRY
FE21 48 e PHA
LU 2D 28 FE B JOR G VURCHRS ,MOVE EM TO NON DISPLAYEL 110G AREA
470 Fe T Jmp CBYTES
Ty
o DONE EQU ¢
) STHORIHRS LDX #$1F ; MOVE CHARACTER PATTERNS TU . iDEQ AREA
: w5 STURSET LDY #C .
o e RTORUW DA ROWTEMP, X
[ H AL A CSHIFT TO CENTER
o R Al #3E i STRIP EXTRA GARUAGE
B 102 STA (CPORTL). Y
- E 103 DEX
B 104 INY
PR3 OLO O 19 Ler w8 , THIS GROUP DONF
VRS D0 BN Rz NEL STOROW i NO. NEXT ROW
U3 20 99 i e SR NXTRPORT
FE3C C9 08 108 CMP  #¢8
FESE: FQ 04 109 BEQG GENDONE ; ALL ROWS STORED™
FE4Q BA 110 TrA
FEAL 10 ET [N ney WTORTET
FEA'Y 60 11l R i PARTIAL SET ($473-8$5FF)
FEaa 1w
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105 106
FE44: A9 O1 114 GENDONE LDA  #1 i SET NORMAL MODE
FE44 B3 AR 119 S1A CTEMP
FE4B A9 &0 116 GENI LUA #%%60 i PREPARE TO SEND BYTES TO CHARACTER
FE4A 2C DB €3 11 #:{ CWRTCN . GENERATOR RAM .
FEAD 20 AE F& 118 I VRETRCE iWAIT FOR MEXT VERTICAL RETRACE
FESO A9 20 11 LA #8320 PWAIT AGAIN
FES2 20 AE FE 120 J3R  VRETRCE
FE®S. 2C DA CO 121 B!T CWRTCFF i CHARACTERS ARE NOW LOADED
FES8 20 8B FE 122 J5R  ALTCHR , REPEAT THIS SET FOR OTHER 64 CHARACTERS
FESE C6 A 102 D¢ CTEMP | HAVE WE DONE ALTERNATES YET™
FESH 10 14 124 BFL GENS iNO, DO IT:
FESF A9 Op 1at Lia #r7 ,DUMP ASCI[ VALUES FOR NEXT SET
FE&4L 8% Al 124 374 CFORTH
FE63 AO 07 127 NXTASCT L0 87 i THE USUAL COUNDOWN
FESS Bl AD 176 NXTASCZ L. A (CPORTL). Y
FELT 18 oo oo
FEGH &9 " : T Y-
FEL: . 3 . aTA  (CPORTL). Y
FEoC B9 i) DEY
FEGD 13 (o 17 BPL NXTASC2
FEoF 20 99 FF (.24 JSR NXTPORT
FE72 9% UF Con BCC NXTASCI
tE78 L0 Ch: RTS
e a7 DSk ug LDY  #3%7 ; SETUP ALTERNATE WITH UNDERLINES
FE?7 A9 WF 133 LDA WS$7F
FE79 99 FC 0% 139 UNDER  STA $5FC,Y
FE7C 99 FC 07 140 STA S7FC, Y
: 14 DEY
e BPL.  UNDER
i HE LDA #$8
o taa STA CPORTH
T LA BNE GENI
Tae
o 1T ALTOHR LDY  #7 i ADJUST ASCII FOR ALTERNATE SET
£ 148 ALTEH LDA (CPORTL),Y
A0 149 EOQR #%20 ; 820-->0 $40--0>%$60
AQ 190 s1Aa  (CPORTL).Y
191 LIV
F7 19 B AL.TC1 ; ADJUST THEM ALL
@9 FE 103 JEUR NXTPORT
FO 154 B< ALTCHR
15% RIS
156 #
FE9. A% AD 1987 NXTPORT LDA  oCPUHTL ;i CONVERT €78->$%F8 OR S$F8-478
FESH: 49 8O 158 EDR Haul
FEYD: 8% AQ 199 STA  (CHORTL
FESF: 30 02 160 BMI  MOHIGH
FEAL E6 Al 161 INC CPROURTH i IF =C THEN =4
FEAZ AY Al 162 NOHIGH LDA CPORTH
FEAS C9 OC 163 CMPE Bal
EA7. DO 04 164 BNE  PORTDHM
FEAT: A9 04 1469 LDA  #34 ,
FEAR: B9 Al 146 STA CPORTH
FEAD: 60 167 PORTDN RTS
FEAE: 168 *
FEAE: 169 *
FEAE -85 A3 170 VRETRCE STa CTEMPL ; SAVE BITS TO BE STORED
FERO. AD EC FF 171 i.DA CB2ZCTRL ; CONTROL PORT FOR ‘CBR2’
FERB3: @9 3F 17 AMND #83F ; RESET HI BITS 70O O
FERS: 05 A3 173 ORA CTEMP1
FEB7.8D EC FF 174 STA CB2CTRL
FERA. A 08 17% LDA #%8 ; TEST VERTICAL RETRACE
FEBC . 8D ED FF 176 STAa CBZINT
FERF 2C ED FF 177 VWAIT BIT CR2INT ; WAIT FOR RETRACE
FEC2: FO FB 178 BEG WVWAIT
FEC4: &0 179 RTS
FECS: 1890 =
FECY: 181 CHRSET EQU #
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FECS #0 01 B2 182 DFB  $FO. $01.%82, 18
FECA: 18
FECT: 40 84 8! 183 DFB $40, $84, ¢81, $2F
FECC: 2F
FECD: 58 44 81 184 DFE 458, $44, $831, $29
FEDO 29
FEDL- 22 1E 0% 185 DFB €602, $1E. $01, $91
FED4 @1
FEDS 7C 1F 45 186 DFB  $7C, $1F. $49, $30
FEDB. 30
FED?: 84 08 43 1B7 DFB  $8A, $08, €43, $14
FEDC: 14
FEDD: 31 2A 22 188 DFB 31, $2A, €22, 613
FEeo 13
FEEL E3 F7 C4 189 DFB  $E3, $F7, $C4, $91
FEE4 91
FEES: 48 A2 DA 190 DFF 648, $A2. $DA, $24
FEES &4
FEESY Co dA & 191 DFE 20é&, $4A. 2462, $0C
FEEC 8C
FEED: 24 C& FB8 192 DFB  $24, $C6, $FB. 363
FEFO &3
FEAS3 @0 €1 da 193 DFE %8220, $C1, $44. $17
FEF2 17
FEFS S22 BA AF 194 DFE  $52, $8A, $AF, $16
FEFB 16
FEFFY 14 E3 33 199 UFB %14, 3E3, $33, $31
FLes s
Flile Ta FE DOt UFE €(&, $FE. $DC, $73
FEss T
FIFGO1 3F 46 17 197 DFR  $3F, $464, $17, 362
FFU4 &2
FFCS 8L 21 E6 198 DFB  $83C. $21, $£6, $18
FFO1d
FEST ~A ID ol 199 IFE &k, $8D. €41, $CF
FE 0
FFOD 18 &2 T4 200 DS $19. %62, $74, ¢D1
FF1D D1
FEF11 B? 18 4% 201 DFE  #B9, $18. $47, $4C
TR <l
FF3S 91 00 P2 202 DF E71, 800 403 $09
Figsm oo
FF1% 20 91 ¢O 203 DFD O $2C, $91. $C0. $14
FFI< 14
FFIlC1Dh 8C EF 204 LFR $1D, $8C. $EF, $07
L T
PRLY 1 43 02 us DFROR1IT $40 sEG. $31
FETG
Fiens 24 1E DF 204 LFE %54, $1E, $DF, $0B
FIF28 OB
FFF2Y7 31 84 F8 207 DFE  £7:. %84, $F G, $FE
FIOO Fe
PELD T GE R 3 TR T $3E. $3E. 817
[ RN
FEX nd 8C Fu o 209 DFB 3es 38C, $FD. $C7
FFR4. 07
FF39 %0 E3 08 210 OFR  #50, $E3. $0B, $51
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Fran s
FE3Y 09 EQ (3 21 CEG 409, E8, $C8, $73
Fr3c T :
FF3D 18 0C 42 212 DPE O $18, $0C, $42, $3E

FF40 38 :
OFB 01, $02, $20, $42

FFFd1 o1 02 20 213
FRda a2
Flas =0 a0 DFPR 43F. 331, $18 $6C
FEdgr: o
FFa» & 2o 7 A : DFD 208, 20C. $70, $EE
FF4C EE
FFapD O 1t 3 T DF2 200, $11,¢11. 321
SR
f-re sy ows T - IS $i11. B fE 0, 220
T

: c i DFR $21, 331, 02, $E0

DL el DFB $1C, $00, $C8, $h°

i L TER 480, d6 814, %51

221 .. _DFB 844, 8AZ, SDE, $43

nor LR $ZC, $04, $88, $BE

Pin DFE  $FF. $CE, $7D, $37

274 DFB 349, $88, $95, $18

DFB 358, $09, $462, $D1

22e DFB  $44, $EB, $88, $FB

227 __ DFB _$02, $90, $40, $00

cre DFB  $10, $E0, $03, $02

229 ‘DF3  $00. $40. $00, $00

20 DFB %08, %00, $00, 328

it reh $10, 842, $44, $25

23z DFE  $82, sBS, $2F. 348

233 DFB $2%5, $44, $10, $82

234 DER  $02. $CO, $2F. $54

235 DFD  $40, $45, $02, $8E

236 DFB %64, $50, $90, $01

217 DB $3E, $26. $42, $80

238 DFB  $21, $80, $00, $05

239 DFB  $00. $F8, $80, $00

240 CFB  $0%. $08, $F8, $380

241 DFB  $28, $05, $88

242 =

243 HOOKS EQU #

244 DW  COUT2

245 DW  KEYIN

246 =
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FFB8. 247 VBOUNDS EGU »
FFBB. Q0 30 00 248 DFB €0, $30,0, ¢18
FFDB 18
FFOC 249 @
FrRBC 4C 89 Fs 250 NMIRG MF RECON ;I DIAGNDSTICS
FFRF 40 291 RTI
FFLO:C3 CF DC  2%2 ASC ‘COPYRIGHT JANUARY, 1980 APPLE COMPUTER INC. . JRH'
FFC3 D9 D2 C9
FFC& €7 €O D4
FFC% AG CA f.
[FFCC T GBS
FFCF. D2 D9 AC
FFD2: A0 B1 B9 L T SO
FFDS B8 BO AO ¢ k)
FFDR AO C1 DO T. ? l‘ Die
FFDB DO CC CS . Kichard
FFDE AOD C3 CF 4
FFE1: CD DO DS UsToNn
FFE4. D3 CS D2
FFE7 AO C9 CE k ‘L
FFEA C3 AE AE (q'so wor Ked N
FFED CA D2 C8 ' )
FFEQ. 253 CHN MONVECT A k /i 505
FIFO 1 = n’
FFEQ CC 2 ESCTABL DFB  $CC
FEETODO 2 DFE  $DO
PeE2 D3 3 DFB  $D3
FEEY B4 Y DFB  $K4
FFEG. 8 & DFBE $B8
FFFS 88 7 DFB $88
FFEH: 95 8 DFB  $95
CET7 HA v DFE  $8A
FUES 6B 10 DFE 8B
FEFY 00 11 DFB %00 . MDTHING
FEFA 12 =
FEFA CA FF 3 NMI DW  $FFCA
FFFT EE F4 14 RESET DW  DIAGN , FIRST DIAGNUSTICS
*iFL CD FF 15 1RA DW  $FFCD
00 1e «
sxx SUCCESSFUL ASSEMBLY: NO ERRORS
75 AlH AlL FeD4 ALPC F9D7 ALPC1H
77 A2H 76 A2L 79 A3H 78 AJL
7B A4H 7A A4t AO ADR FEBA ALTC1
FEB8 ALTCHR FB2C ASC1 FB38 ASC2 FB4& ASC3
FAQSs ASCDONE FAO9? ASCIIO F9DF ASCIIl F9E1 ASCII2
FAO7 ASCII FIF2 ASCII3 SF BAS4H OE BASA4L
61 BASSBH 60 BASSL FCOS BASCALC1 7FBB3 BASCALC
FC3D DELL1 FCIE BELL2 FC43 DELL3 FC3A BELL
FA1S BITOFF FA1l BITOM 67 BKGND FCDE BKSPCE
FAAOQ BL1 F479 BLOCKIO FC19 DSCLC2 FCCD CANCEL
TFBYB CARRAGE FFEC CB2CTRL FFED CB2INT FEO1 CBYTES
FEOS CCOLMS 5C CH FECS CHRSET ?FAOA CKMDE
?FD98 CLDSTRT FC89 CLEOL1 FBBE CLEOL FC91 CLEOL2
FB71 CLEOP FB7A CLEOP1 FB&9 CLSCRN F91C CMDSRCH
F9&C CMDTAB F97C CMDVEC FB4F COL40O FB49 COL80
FB93 COMTROL FC33 COUT1 FBF2 COUT2 FC25 CouT
Al CPORTH AO CPORTL F9FB CRCHK FA26 CRMON
FCEF CROUT FEQO7 CSHFT ? 6F CSWH 6E CSWL .
A3 CTEMP1 A2 CTEMP FC24 CTRLRET FBB3 CURDN1
FBC? CURDOWN FBB7 CURIGHT FBDY CURLEFT ~ 69 CURSOR
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FBAE CURUP1 FBA4 CURUP 5D Cv CODA CWRTOFF
CODB CWRTOM FA91 DEST F4EE DIAGN F941 DIGIT
F960 DIGRET FBFC DISPLAYX FCYD DISPLAY FE28 DONMNE
FCAA DSPBKGND FCAD DSPL.80 FAB7 DUMMY FAFC DUMPO
FBO9 DUMP1 FBOC DUMP2 FB1C DUMP3 FAE® DUMPS8
FB21 DUMPASC ?FAF? DUMP ?FF01 ENTRY FABB ERRORZ2
FABE ERROR FAF7 ERROR1 ?FDS3 ESC1 FD%8 ESC2 |
FD48 ESC3 FD4D ESCAFPE FFFO ESCTABL FD7F ESCVECT
66 FORGND FDE3 GASCI1 FDES GASCIR FDE7 GASCI3 |
FDF4 GASCI4 FE4B GEN1 FE75 GEM2 FDE1 GENASC |
FE44 GEMNDONE PFDC& GENEMTR FCD3 GETLN FCDS GETLNZ |
F9RC GETNUM FD77 GOESC FA7D GO FFB4 HOOKS |
83 IDBUFP 87 IBCMD 82 IBDRVN 81 IBSLOT
50 INBUFLEN 7E INDBUF ?FBFF INCHORZ ?FFFE IRQ
FA7D JUMP C010 KBDSTRB CO00 KBD FD16 KEYIN1 '
FD24 KEYIN2 FD2E KEYIN3 ?FD31 KEYIN4 FDOF. KEYIN !
FD47 KEYRET FD3% KEYWAIT 7?71 KSWH 70 KSWL
FD4A2 KWAIT2 FCB87 LASTLN FBDF LEFT80 FBE? LEFTUP
38 LMARGIN FCS2 LNFD 69 MASK FAS2 MISMATCH
68 MODES F904 MON F508 MONZ FA2C MOVE
FA31 MOVNXT FFBC HNMIRG TFFFA NMI FEA3 NOHIGH
FDO7 NOSTOP FCBB8 NOTCR +FADF NOVER F992 NXTAl
FI8C NXTA4 FE&S NXTASC2 FE&63 NXTASCI FQ4F NXTBAS
F947 NXTBIT F959 NXTDS2 FCE4 NXTCHAR F932 NXTCHR
FO15 NXTINP FCO2 NXTLIN FE?9 NXTPORT F9DE OLDPC
* 73 PCH 72 PCL FD9S PICKA40 FDB8 PICK
FEAD PORTDN FALE PRAIDBYTE FSC2 PRBYCOL FSAC PRBYTE
FA70 PRBYTSP ?F9CS PRCOLON F9BF PRHEX2 F9B7 PRHEXZ
TFIBS PRHEX FA61 PRINTAL &0 PROMPT FA73 PRSPC
FD6O RDCHAR FDOC RDKEY FACO READ F689 RECON
FA19 REPEAT Faz2i REFEAT!L TFFFC RESET F7FF RET1
F900 RETZ2 Fgeeg RET3 F9AR RETAL FBBED RIGHT!L
59 RMARGIN B4 ROWTEMP FAB3 RWERROR FAC7 RWLOOQP
*FACS SAVCMD F7i2 SCANM FC61 SCRL1L FC63 SCRLZ
FC7A SCRL3 58 SCRMLLOC FCSB SCROLL FA9A SEP
FB35B SETBO0A FBS3 SETHO FB&67 SETBOB FBC3 SETCHZ
PRt SETCY PFBC7 SETCYH FABD SETMDIZ FAB8 SETMODE
Fu9D SETUP FDA2 SETUP1 FELA SHFTCMNT FAAS SPCE
6h STACK 7C STATE FDO2 STOPLEY FAaAR STORL
FE28 STORCHRS FE2C STOROW FE2A SITORSET TFAATD STOR
FOD1 SVMASH &3 TDASAH b2 TEAGSAL T 5% TBRASEH
&4 TRASEL HC TEMP X 80 TEMF £ TEMSY
FaBE TOSVE FOCY TSTAMWID FeIR THTAL FERD TSTBRBACK
FER3& TSTBELL PFRY7 TSTCR FAF6 THETLUMP FETS UNDER
N3F8 USERADR FA78 USER FFB8 vBCWUNDS Fealk VRETRUE
FA4C VRFY2 FA3D VRFY FA4C VRFYL FEBF VWAIT
S0 WINBTM A WINTOP FAC3 WRTE 70 YSAY
A4 YTEMP “N0Y ZIPTEMPY FR&e7 IE74TE
50 INBUFLEN 88 SCRNLOC S8 LMARGIN 59 RMARGIM
sA WINTOP S8 WINBTM 5C CH 3D CV
%E BAS4L SF BAS4H &0 BASSL &1 BASSH
é2 TBASA4L 63 TBAEAH &4 TBASBL T 65 TBASSBH
66 FORGND 67 BKGND 68 MODES 69 MASK
49 CURSOR bA STALK 6B PROMPT &C TEMPX
6D TEMPY &E CSuL ?  &F CSWH 70 KSuL
T 71 KSWH 72 PCL 7 73 PCH 74 AL
75 AN 76 ARL 77 A2H 78 A3L
79 A3K 7A A4L 7B A4H 7C STATE
7D YSAV 7E INBUF 80 TEMP 81 1BSLOT
82 IBDRVM 85 IDBBUFP 87 1BCMD AO CPORTL
AO ADR Al CPORTH A2 CTEMP A3 CTEMP!
A4 YTEMP B4 ROWTEMP O3F8 USERADR CO00 KBD
! CO10 KBDSTRB CODA CWRTOFF CODB CWRTON F479 BLOGKIO
1 FAEE DIAGN F&689 RECUON F7FF RET1 F88ez2 RET3
F900 RET2 ?F901 EMTRY FS04 MON F908 MOMZ
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F9ia2
Fo32
F959
CFesC
Fo9B
FOR7
{FCY
F9DE
FOFE
*FAQA
Favert
FA3DR
FAGL
FA78
FABLEG
FAAG
FAGR7
Fall
FAES
FAFC
Faa2i
Hy49
CZ&T
B i E1
FRAL
CFRIE
R wr
R0
TELRFF

ey
Fl3A
TR

FoUA

[ ]

SO0

[ e
[N ST I
FLHEs
Pt
Fuaz
FLETR
L ST
FEe8
FEA4
FETS
FE?Q
FEBF
FFERC
TEEFEA

SCAN
NXTCHR
NXTBS2
CMDTAD
TSTAL
PRHEXZ
TSTEOWID
QLDPC
CROCHK
CKMDE
REPEAT!L
VRFY
PRIMTAL
USER
ERRORZ
pLt
UMMy
WETE
ouMPg
SUMPC
DUMPASC
COLEBD
SETIOR
ClLEin
CURGE
ABTALT
SETIVH
LEFT30
INCHOKRE
CTRLEBET
GELL
LNFT
sorRLCE
miepiiac
JTAMNIE.
MY TOHAR
FrEY
St T3
KEYRET
Ehoe
PICK
SETUP1L
GASCI1
CRYTES
Dt
GENDONE
GEMN2
NXTPORT
VUALIT
NMIRG
NMI
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F?15
Fe41
F95E
FQ7C
FYAD
FIBF
F?D1
FPDF
FAQ4S
Fatll
FAZ&
Fadd
FALE
FA7DB
FASE
e ANG
FFARY
PEACS
FAFéA
Froe
Fgec
F3AF
F349
Fi3ea
FIBAE
FGE7
FRCI
Fg=
Foo2
Foes
3D
FISB
LaR7
Sl A
FOLLS
FLEF
FoOF
TEDOG
38
Fie0
RS
TFRC6
FOEDS
FEOS
FEZ
FE4B
FE79
FEA3
FECS
FFEC
PFFFC

4,383,296

NXTINP FF1C
DIGIT Fe47
TOSUR Fe&u7
CMDVEC Feac
RETAL FeaC
PRHEEXZ FeCa
SVMASK F2eD4
ASCII1 FPE1L
ASCDONE FAQ7
DI FALS
CRIMOM FazC
VRFY1 FAaAc
PRAIDBYTE FA70
WUMP Fa7D
ERROR FA91
SPCE TFAAD
SETMOOE FaBD
SaVvimMh Fac7
TSTDUrM» FAF7
DuMmP i FROC
ASC1 FB3B
COLGO FB53

LEIPM FR71
CONTROW TERYT
CURUR1 FRBR1
CURTOHT FBRD
CURDIWM FRD3
LEFTUR FBEF
PMETILIN FLCOS
COaT FCE3
DELL 1 FCZE
SCRGLL Fool
SASTLN FCae
COSrBEGND FCAD
GETILN oD
CRUT FLOZ
WY I[N Folé
WEY [ NE FD35
ESCa FD4B
RECHAR F77
P iCitdnd TELYE
GENENTR FDDS
GASCI FRE?
Coolme FEO7
STORCHKES FE2A
GENL FE&3
UNDER FEBE
NOHIGH FEAD
CHRSET FFR4
CRB2CTRL FFED
RESET TFFFE

CMDSRCH
NXTBIT
ISTATE
NXTA4
PRBYTE
PRBYCOL
ALPC
ASC1I2
ASCII
BITOFF
MOVE
VRFYZ
FRBYTSP
G0

DEST
STOR
SETMDZ
RULOOP
ERROR 1
pumMpP2
ASC2
SETBO
CLEDOP
TSTCR
SETCV
RIGHT1
TSTBACK
couT2
BASCALC]
COuUT!
BELLZ
SCRL1
CiL.EOL
LEPLBC
GETLNZ
STCPLET
KEYIM1
KEYWAIT
ESCAPE
GHESC
CLDSTRY
ZIPTEMPS
GASCI3
CSHFT
STORSET
NXTASCI
ALTCHR
PORTDN
HOOKS
CB2INT
TRG

116

F92C GETNUM
FP4F NXTBAS
F9sl DIGRET
Foam NXTAL
TFIBS PRHEX
PFYCS PROOLOM
FOD? ALRC1
FOF2 ASCTI3
FAG? ASCILO
FALY REPEAT
FASL MOVNET
FAST MISHATCR
FA73 PRSPL
FAS3 RUWERRUR
FA9A SEF
FAAT STOR|
FATD READ
ADF  NOVER
PFAFS DUNP
FELC DUMES
Figds AGOCD
FRSE SETS0A

FRTA CLEDPL
TERESE CARRAGE
FRES CURLNT
FBCR SETLHEI
PR CURLEFT
FBPe DISPLAYY
FCLIY BSCLTH
O34 '

Foss

FCoHo

FZ%1

FORE MOTS

P g

PR

Fhaa KBEY
FOG e

PFD33

FR7F

TEDRD ST OF
FDE1 GEMASCT
FDF4 GASCI4
FE1A SHFTONT
FE2C STORQOW
FEAD NXTASC2
FEBA ALTCL
FEAE VRETRCE
FFRB VEQUNDS
FFFO 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.

S. 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 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. :

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
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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.
* * » * *
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Apple /77 ROM Information

APPLE /// ROM INFORMATION

S

R

This document describes the Apple /// microcomputer ROM organization. The ROM
listing used was from Apple Computer's patent (# 4,383,296) of May 10, 1983 as
assigned to Wendell B. Sander. The ROM listing appears to be from December 20, 1979.

by
David Craig

7% [ﬁeldmlef,‘ Uichita y fansas 67230

1986

The ROM occupies 4K bytes of memory in the address range $F000—S$FFFF. This ROM
is used by the Apple /// at system power-up to test various hardware components,
initialize the character generator bitmap, and boot SOS (Sophisticated Operating
System) from the Apple ///'s internal floppy diskette drive.

The ROM is organized as follows (routine names in lowercase were created by me
since the source code did not contain a name at the particular location):

Addresses | Name | Description
FDOO-F124 | REGRWTS | Read/Write a disk track and sector
F125-F12A | SETTRK | Set slot dependent track location
F12B-F13D | CHKDRV | Check if disk motor is stopped
F13E-F147 | DRVINDX | Get index to drive number
F148-F1B8 | READ16 | Read disk sector
F1BA-F1BC | GOSERV | Interrupt service vector
F1BD-F218 | RDADR16 | Read disk sector address field
F219-F2B2 | WRITE16 | Write disk sector
F2B3-F2BB | SERVICE | Interrupt servicer
F2BC-F2C5 | WNIBLS | Write 7-bit nibbles to disk
F2C6-F310 | PRENIB16 | Pre-nibblize disk sector data
F311-F354 | POSTNIB16 | Post-nibblize disk sector data
F355-F395 | NIBL | 6-bit to 7-bit nibble conversion table
F396-F3FF | DNIBL | 7-bit to 6-bit denibbleize conversion table
F400-F455 | SEEK | Disk track seeker
F456-F466 | MSWAIT | 100 microsecond delayer
F467-F46F | ONTABLE | Disk phase ON time table (in 100 microsecs)
F470-F478 | OFFTABLE | Disk phase OFF time table (in 100 microsecs)
F479-F4SF | BLOCKIO | Read/write a disk block (2 sectors)
Apple /7 Information -7 - by David Craig (7986)
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F4A0-F4A7 | SECTABL
F4AB-F4C4 ANALOG
F4CS-F4CC RAMTBL
F4CD-F4ED CHPG
F4EE-FS523 DIAGN
F524-F531 NXBYT
FS32-F545 CNTUR
F546-F574 memsize
FS75-F5B9 ERRLP
FSBA-F5E6 zpgstktst
FSE7-F60C ROMTST
F60D-F63D VIATST
FB63E-FB52 ACIA
FE653-F67A ATD
F67B-F688 KEYPLUG
F689-F6C1 RECON
FBC2-FBES SEX
FSE6-F737 USRENTRY
F738-F747 STRUT
F748-F77A RAM
F77B-F783 MESSERR
F784-F7A0 RAMSET
F7A1-F7C8 PTRINC
F7C9-F7F6 RAMERR
FTF7-F7FF RAMUWT
F800-F900 RET1
FQ01-FQ2B ENTRY
FQ2C-FasD GETNUM
FO2E-FO6B TOSUB
FO6C-F978 CHMDTAB
FQ7C-FQa8B CMDVEC
FA8C-FOAB NXTA4
FOAC-FOC1 PRBYTE
Fac2-Facs PRBYCOL
FOC9-FAOD3 TST8OWID
FaD4-FADE A1PC
FGDF-FAQ6 ASCIIt
FAQ7-FA25 ASCII
FA26-FA2B CRMON
FA2C-FA3A MOVE
FA3B-FAS1 VRFY
FAS2-FAT7 | MISMATCH
FAT8-FAT7A USER
FA7B-FAB2 JUHP
FA83-FAQQ RWERROR
FAQ1-FAQQ DEST
FAQA-FAB7 SEP
FABB-FABF SETMODE
FACO-FAES READ
FAEQ-FB20 DUMPS
FB21-FB48 DUMPASC
FB49-FB4E coLso
FB4F-FBA2 COL40
Aople 7 Information

Apple 17/ ROM Information

Block to sector conversion table

Joystick read routine

RAM test bytes

Hardware component phrases (eg “RAM", “ROM®,...)
ROM system power-up entry (calls RECON [F689]
Test RAM page 0 §Zero Pageg

Test RAM page 1 (Stack Page

Size the RAM m
Display screen error line (“DIAGNOSTICS")
Test RAM zero page & stack page fﬂﬁjf
Test ROM hardware

Test VIA hardware

Test ACIA hardware

Test A/D hardware

Test keyboard plugin

Reconfigure system (tests for Apple-1 key)
System exerciser

Main RAM tester

Error message string writer

Determine size of RAM

Display error message

Setup RAM

Increment extended addressing pointer

RAM error handler

RAM write

Nested RTS ‘'table’ routine

SARA Monitor entry point

Get number from user

Execute Monitor command

Honitor command code table

Monitor command vector table (byte-long entries)
Increment 2 byte pointer

Output a byte to screen

Output a byte followed by a colon

Test for 80-column screen width

Test for new P.C.

Store user ASCII string into memory

Fetch ASCII character from keyboard

Dump line of hexadecimal bytes due to user CR
Move bytes around in memory

Verify memory byte range

Output verify mismatch data line

User control vector

Transfer control to user routine

Output error number

Copy source pointer to destination pointer
Test for seperator character in input line
Setup user mode

Handle Monitor READ disk block command
Output line of memory bytes

Output line of memory bytes as ASCII

Setup B80-column display mode

Setup 40-column display mode

-7 - by David Cralg (1966)
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Apple /77 ROM Information
FBQ3-FBA3 CONTROL Handle user control character input
FBA4-FBB6 CURUP Handle cursor up motion
FBB7-FBCB CURIGHT Handle cursor right motion
FBCS-FBD4 DURDOWN Handle cursor down motion
FBDS-FBD8 LSTBACK Handle backspace motion
FBDY-FBF1 CURLEFT Handle cursor left motion
FBF2-FC04 CcouT2 Output character to screen
FC05-FC24 BASCALC1 Compute character base address for screen output
FC25-FC32 couT Output character to current output device
FC33-FC35 CouT1 Character output vector
FC36-FCS51 TSTBELL Handle BELL character output (beep speaker)
FCS2-FCSA LNFD Handle LINE FEED character output
FCSB-FCQC SCROLL Scroll screen lines
FCSD-FCAC DISPLAY Display character on 40-column screen
FCAD-FCBA DSPLBO Display character on 80-column screen
FCBB-FCD4 NOTCR Handle non-control character output
FCDS-FDOB GETLNZ Read user ASCII line from keyboard
FDOC-FDOE RDKEY Read keyboard key input vector
FDOF-FD47 KEYIN Read raw keyboard key
FD48-FDSF ESC3 Handle ESC character cursor motion
FDB0-FD76 RDCHAR Read keyboard character
FD77-FD7E GOESC ESC key cursor motion handler
FD7F-FD87 ESCVECT ESC key editing command key code table
FD88-FDA7 PICK Read character from current cursor location
FDOB8-FDCS CLDSTART Cold boot system (initialize ROM globals)
FDC6-FEAD GENENTR Load character generator RAM with bitmap
FEAE-FEC4 VRETRCE Wait/poll for CRT vertical retrace
FECS-FFB3 CHRSET Character generator character bitmap table
FFB4-FFB7 HOOKS Output/Input vectors
FFB8-FFBB VBOUNDS Screen dimension bounds (0, 80, 0, 24)
FFBC-FFBF NMIIRQ NMI request vector (P RECON [F689] RTI)
FFCO-FFEF applecwrite Apple Computer, Inc. 1980 copyright phrase
FFFO-FFFQ ESCTABL ESC character table
FFFA-FFFB NMI NMI  vector [FFCA]
FFFC-FFFD RESET RESET vector [F4EE) (Power-up Diagnostics)
FFFE-FFFF IRG | IRG vector [FFCD]

——— The £nd ———
Apple /77 Information -3- bty David Craig (1966)
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Sara ROM

[$ £000— $FFFF | HK®

REVISION 1
( 5ee AN petent {orRey P ROM)

David T. Craig

736 Edgewater
Wichita, Kansas 67230
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ROM - Disk I/O

David T. Craig

736 Edgewater
Wichita, Kansas 67230

O O 0O OO0 OO0 OO0 0O 0O 0O O0OO0ODO0OO0ODO0OO0OO0oOO0o0OOo0OoO

Page 0078 of 0170 |




Apple Computer Inc. Patent 4 383_296

(- - 3
10/31/89 9:56 HD:Apple ///:ROM - Disk I/O Page 1
] i ddddddddddddddddddddddddddddddddddddddddddddddddddddés
2223 | ;% APPLE /// ROM - DISK I/O ROUTINES

2222 | ‘ COPYRIGHT 1979 BY APPLE COMPUTER

2000 O P e P DL L e T L
2202\

2022 | .ABSOLUTE

2222 | .PROC DISKIO

2222 | .ORG oF 222

2009 |

F2o3 | JERAKKKK AKX KX Kk KKk Kk A Kk XK Ak

Foea| ; CRITICAL TIMING *

Foea)| ; REQUIRES PAGE BOUND *

Food| H CONSIDERATIONS FOR *

Fooa| H CODE AND DATA *

Food| ;e CODE~=—--- *

Food| H VIRTUALLY THE ENTIRE *

Fooa| H 'WRITE' ROUTINE *

Foeo) ; MUST NOT CROSS *

Fo2a| ; PAGE BOUNDARIES *

Food| ; CRITICAL BRANCHES IN *

Foea| ; THE 'WRITE', 'READ', *

Foea| ; AND 'READ ADR' SUBRS *

Foea| ; WHICH MUST NOT CROSS *

Feea| ; PAGE BOUNDARIES ARE *

Fo2d| ; NOTED IN COMMENTS *

Fo2a| ; *

Fggg' '-t*tt*ttﬁ*i***t**kii*ik**kk

Foog| ; *

Fooa| ; EQUATES *

Food| H *

Fooe| 0200 NBUF1 .EQU 2200

Foga| @322 NBUF2 .EQU 2322 ; (ZERO PAGE AT $329)
Fo2a| ;

Foga| o282 HRDERRS -EQU 89

Fegd| @OES DVMOT -EQU 2]

Fogat H

Fogo| 2281 IBSLOT .EQU 81

Feog| 2982 IBDRVN .EQU IBSLOT+1

Fega| 2283 IBTRK -EQU IBSLOT+2

Fogat 2e84 IBSECT .EQU IBSLOT+3

Fooat 2285 IBBUFP .EQU IBSLOT+4 ; &5

Fead| 2287 IBCMD .EQU IBSLOT+6

Fooo| o088 IBSTAT .EQU IBSLOT+7

Foga| o289 IBSMOD .EQU IBSLOT+8

Feoda| 2989 CSUM -EQU IBSMOD ; USED ALSO FOR ADDRESS HEADER CKSUM
F2ea| 228A IOBPDN -EQU IBSLOT+9

Foge| @@8B IMASK .EQU IBSLOT+@A

Foga| @28C CURTRK -EQU IBSLOT+¢B

Fooo| 0285 DRVOTRK -EQU CURTRK-7

Fooa| ; SLOT 4, DRIVE 1

F2ea| ; SLOT 4, DRIVE 2

Fooa| ; SLOT 5, DRIVE 1

Fooa| ; SLOT 5, DRIVE 2

Fo2a| ; SLOT 6, DRIVE 1

Feea| ; SLOT 6, DRIVE 2

Fees| 2293 RETRYCNT .EQU IBSLOT+12

Fooa| 2294 SEEKCNT .EQU IBSLOT+13

Fooe| @298 BUF -EQU IBSLOT+1A

Foea| @a9F ENVTEMP -EQU IBSLOT+1E

134 ; IBSLOT+$1F NOT USED

Foeg| H

Fgggl '-iii*i**ttﬁtt**tiﬁi****ktkt

Foea| ; *

Foeo| H -~~~READADR--—— *

F2ea)| ; x

E‘gggi ’i*i*k*k***ttikﬁtttttttRRRR

Food|

Foea| 2395 COUNT .EQU IBSLOT+14 ; 'MUST FIND' COUNT.
Foga| 2295 LAST -EQU IBSLOT+14 ; 'ODD BIT' NIBLS.
Fooa| 2296 CKSUM .EQU IBSLOT+15 ; CHECKSUM BYTE.
Fooo| 2@97 CsSsTV -EQU IBSLOT+16 ; FOUR BYTES

Food| H CHECKSUM, SECTOR, TRACK AND VOLUME.
Food| H

E‘gggl ,-**i*ttﬁttttttﬁtittttt*t*t*

Food| H *

Fooa| H —==-WRITE~-—--- *

Fooa| H *

Foga| H USES ALL NBUFS *

Food| H AND 32-BYTE *

Foea! H DATA TABLE 'NIBL' *

Faoa| ; *

Fggz' ,-*ﬁtttk*tt*i*t*k*k*kkk*k***

Foea)| ;

Fzggl ’-t**ti*tlkttikkkttittt*t*k*

Fo2a| ; *

Fooo| H ——-—-READ——-- *

Foea| H *

Feea| H USES ALL NBUFS *

Fooa| H USES LAST 54 BYTES *
\FQQDI H OF A CODE PAGE FOR d )
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Foed| H SIGNIFICANT BYTES *

Food| H OF DNIBL TABLE. *

Food | : *

Fmg| ,-tik************t***t*ttt*t

roea| ;

FQZZ| '-*k***tﬁkkktktttttttitttttt

Fooo| ; *

Fogd | : ~—~-SEEK---- *

F2o2 | ; *

Fzggl '-*i*****t*******i**********

Food| H

Fo22| 2295 TRKCNT .EQU COUNT ; HALFTRACKS MOVED COUNT.
Fooa| @@9D PRIOR -EQU IBSLOT+1C

Fooo| 299E TRKN .EQU IBSLOT+1D

Fooa| H

F%gl ;******t*ttttt*tt*kixtt*k*t

Foog| ; *

Fora) ; -=—-MSWAIT---- *

Foea| ; *

Fg@g' '-***ﬂ**t***t**t*t***k******

Food| H

Fooa| 2299 MONTIMEL .EQU CSSTV+2 ; MOTOR-ON TIME

Foee| 2a9A MONTIMEH .EQU MONTIMEL+1 ; COUNTERS.

Fooa H

Fg@@: ;***kkk****tttﬁxtﬂtﬁﬁﬁﬁ*ttt

Foea| H *

Foeo) ; DEVICE ADDRESS *

Foea| ; ASSIGNMENTS *

Foea| H *

Fggg| ;****t**tkt*tk**kk**ktk**k*

Food| ;

Foga| Co8o PHASECOFF -EQU 2Co8Y ; STEPPER PHASE OFF.
Feog| Co81 PHASEON -EQU 2ce8l ; STEPPER PHASE ON.

Foog| Co8C Q6L .EQU 2CP8C ; Q7L,Q6L=READ

roge| Ce8D Q6H .EQU 2C@8D ; Q7L,Q6H=SENSE WPROT
Fog@| C@8E Q7L .EQU PCO8E ; Q7H,Q6L=WRITE

Foea| CosF Q7H .EQU BCABF ; Q7H,Q6H=WRITE STORE
Foga| FFEF INTERUPT .EQU ZFFEF

Fo@@| FFDF ENVIRON .EQU QFFDF

Fogo| o982 ONEMEG .EQU 82

Foes| @@F TWOMEG -EQU F

Foeg) ;

FQ@Q' ;**t****t**t*************k*****

Food| ;

Foad| ; EQUATES FOR RWTS AND BLCCK

Fooa| ;

F@Qg' ;*i*i***t**************k**k****

Feed| ;

Food| Co88 MOTOROFF .EQU 2C288

Foea| C@89 MOTORON -EQU 2Cce89

Fooo| CoZ8A DRVOEN -EQU PCA8A

Food| Co8B DRV1EN -EQU 2C28B

Fooa| Ce8l PHASON .EQU 2Co81

Foga| C282 PHSOFF .EQU 2Co8e

Fooo| 2297 TEMP .EQU CSSTV ; PUT ADDRESS INFO HERE
Feog| 2297 CSUM1 .EQU TEMP

Frooe| 2998 SECT .EQU CSUM1+1

Foee| 2299 TRACK .EQU SECT+1

Feez| 2299 TRKN1 .EQU TRACK

Feo@| 229A VOLUME .EQU TRACK+1

Feoa| 2283 IBRERR .EQU HRDERRS+3

Fooea| 2282 IBDERR -EQU HRDERRS+2

Foogd| 2981 IBWPER .EQU HRDERRS+1

Food| 0082 IBNODRV -EQU HRDERRS

Fooa| ;

Fgg@] '-t*i*t****tktt***kk*******t*k*k

Fo2a| : *

Foga| H READ WRITE A *

Foea| ; TRACK AND SECTOR *

Foea| ; *

FW@' ;tti*ttik**kt*********x********

Foga| ;

Food| AZ &1 REGRWTS LDY #21 ; RETRY COUNT

Fo22| A6 81 LDX IBSLOT ; GET SLOT # FOR THIS OPERATION
Foa4| 84 94 STY SEEKCNT ; ONLY ONE RECALIBRATE PER CALL
Fog6| A9 @5 Lpa #2025

Fo@g8| 85 8F STA 28F

FooA| 28 PHP ; DETERMINE INTERRUPT STATUS
FogB| 68 PLA

F@@aC| 6A ROR A

Fe@gD| 6A ROR A ; GET INTERRUPT FLAG INTO BIT 7
F@ZE| 6A ROR A

F@@F| 6A ROR A

F212| 85 8B STA IMASK

F®12| AD DFFF LDA ENVIRON ; PRESERVE ENVIRONMENT
F@15| 85 9F STA ENVTEMP

F@17| 2@ 2BF1 JSR CHKDRV ; SET ZERO FLAG IF MOTOR STOPPED
F@lA| 28 PHP ; SAVE TEST RESULTS

F@1B| A5 85 LDA IBBUFP ; MOVE OUT POINTER TO BUFFER INTO ZPAGE
\FﬂlDl 85 9B STA BUF Y,
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F@1F| A5 86 LDA IBBUFP+1
Fo23| A5 B oA twor
F@23! A9 E@
F@251 85 9A STA MONTIMEH
F@27| A5 82 LDA IBDRVN ; DETERMINE DRIVE ONE OR TWO
F@29| C5 8A CMP IOBPDN ; SAME DRIVE USED BEFORE
F22B| 85 8A STA IOBPDN ; SAVE IT FOR NEXT TIME
F@2D| @8 PHP ; KEEP RESULTS OF COMPARE
F@2E| 6A ROR A ; GET DRIVE NUMBER INTO CARRY
F@2F| BD 8%C@ LDA MOTORON, X ; TURN ON THE DRIVE
F@32| 9221 BCC DRIVSEL ; BRANCH IF DRIVE 1 SELECTED
F@34| EB8 INX ; SELECT DRIVE 2
F@235| BD B8AC@2 DRIVSEL LDA DRVOEN, X
F@38| 29 4CF3 JSR SET1MEG ; INSURE ONE MEGAHERTZ OPERATION
F23B| 28 PLP ; WAS IT SAME DRIVE?
F@3C| FooA BEQ CK
F@3E| 28 PLP ; MUST INDICATE DRIVE OFF BY SETTING ZERO FLAG
F@3F| AZ 27 LDY 27 ; DELAY 15¢ MS BEFORE STEPPING
F@4l| 2@ 56F4 DRVWAIT JSR MSWAIT ; (ON RETURN A=@)
F@44| 88 DEY
F@45| D@ra BNE DRVWAIT
F@47| 28 PHP ; NOW ZERO FLAG SET
Fg48| AS 83 OK LDA IBTRK ; GET DESTINATION TRACK
F@4n| A6 81 LDX IBSLOT ; RESTORE PROPER X (SLOT*16)
F@AC| 22 @4F1 JSR MYSEEK ; AND GO TO IT
F@4F| ; NOW AT THE DESIRED TRACK WAS THE MOTOR ON TO START WITH?
F24F| 28 PLP ; WAS MOTOR ON?
F@5¢| D@17 BNE TRYTRK ; IF SO, DON'T DELAY, GET IT TODAY!
F@52| H
F@52| ; MOTOR WAS OFF, WAIT FOR IT TO SPEED UP
F252| :
F@52| AQ 12 l:‘lOTOF LDY #12 ; WAIT EXACTLY 1¢@ US FOR EACH COUNT
F@54| 88 CONWAIT DEY ; IN MONTIME
F@55| D@FD BNE CONWAIT
F@57| E6 99 égg §8¥3;MEL ; COUNT UP TO 2220
F@59| D@F7
F@5B| E6 9A INC MONTIMEH
F@5D| 3@F3 BMI MOTOF
F@5 :
ngg: :-**ttii***ttttiii*iiiii*i*l****
F@5F| ; MOTOR SHOULD BE UP TO SPEED
F@SF| ; IF IT STILL LOOKS STOPPED THEN
F@5F| ; THE DRIVE IS NOT PRESENT.
SF H
ggsp: '******-k*kttﬁk*****ii*ﬂ****t***
F@SF| ;
F@5F| 2@ 2BF1 JSR CHKDRV ; IS DRIVE PRESENT?
F@62| D@@5 BNE TRYTRK ; YES, CONTINUE
F264| A9 82 NODRIVERR LDA #IBNODRV ; NO, GET TELL EM NO DRIVE
F266| 4C EAF® JMP HNDLERR
F269]| ;
F269| ; NOW CHECK IF IT IS NOT THE FORMAT DISK COMMAND,
Fo269| ; LOCATE THE CORRECT SECTOR FOR THIS OPERATION
F@69| ;
F@69| A5 87 TRYTRK LDA IBCMD ; GET COMMAND CODE #
F@6B| F@76 BEQ ALLDONE ; IF NULL COMMAND, GO HOME TO BED
F@eéD| C9 23 CMP #23 ; COMMAND IN RANGE?
F@6r| B@72 CMD BCS ALLDONE ; NO, DO NOTHING!
F@71| 6A ROR A ; SET CARRY=1 FOR READ, @ FOR WRITE
F@72| B@ZB / BCS TRYTRK2 ; MUST PRENIBBLIZE FOR WRITE
F@74| AD DFFF .J; %A LDA ENVIRON
F@77|{ 29 7F ‘ \ ' AND #TWOMEG ; SHIFT TO HIGH SPEED!
F279| 8D DFFF -7 STA ENVIRON
F¢7C} 2@ CAF2 2 r‘ JSR PRENIB16
F27F| A® F TRYTRK2 LDY $7F ONLY 127 RETRIES OF ANY KIND
F@81) 84 93 STY RETRYCNT
F@83| A6 81 TRYADR LDX IBSLOT ; GET SLOT NUM INTO X-REG
F@85| 2@ BYF1 JSR RDADR16 ; READ NEXT ADDRESS FIELD
F288| 9222 BCC RDRIGHT ; IF READ IS RIGHT, HURRAH!
F28A| 22 AAF1 TRYADR2 JSR CHKINT ; BRANCH TO CHECK FOR INTERRUPTS
F28D| C6 93 DEC RETRYCNT ; ANOTHER MISTAKE!!
F@8F| 1@F2 BPL TRYADR ; WELL, LET IT GO THIS TIME
F@%1} C6 94 DEC SEEKCNT ; ONLY RECALIBRATE ONCE!
F@293| D@53 BNE DRVERR ; TRIED TO RECALIBRATE A SECOND TIME, ERROR!
F@295| A5 8F LDA Z8F ; ANOTHER MISTAKE!!
F297| 3QEA Eg}\ glé;’lr\gg ; WELL, LET IT GO THIS TIME
F@99| A5 8C
F@9B| 48 PHA ; SAVE TRACK WE REALLY WANT
F@9C| A9 69 LDA #692 ; RECALIBRATE ALL OVER AGAIN! ERROR!
F@9E| 2@ 25F1 JSR iETTRK ; PRETEND TO BE ON TRACK 89
F2al| A9 22 LDA 21/
F2A3| 2@ @4F1 JSR MYSEEK ; MOVE TO TRACK 292
FoA6| 68 GOCAL1 PLA
F2A7| 22 @24F1 GOCAL JSR MYSEEK ; GO TO CORRECT TRACK THIS TIME!
F@AA| 92D7 BCC TRYADR ; LOOP BACK, TRY AGAIN ON THIS TRACK
F@AC| H
F@AC| ; HAVE NOW READ AN ADDRESS FIELD CORRECTLY.
FZAC| ; MAKE SURE THIS IS THE TRACK, SECTOR, AND VOLUME DESIRED.
F@AC| ;
\FQAC| A4 99 I’RDRIGHT LDY TRACK ; ON THE RIGHT TRACK?
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FZAE| C4 8C CpPY CURTRK
F2B@| FEoE BEQ RTTRK ; IF S0, GOOD
FZB2 | ;
FZB2| ; RECALIBRATING FROM THIS TRACK
F2B2 | ;
FZB2| AS 8C LDA CURTRK ; PRESERVE DESTINATION TRACK
F@B4| 48 PHA
F@BS| 98 TYA
F@B6| @A ASL A
FZB?7| 2@ 25F1 JSR SETTRK
F@BA| 68 PLA
FZBB| 2@ @4F1 JSR MYSEEK
FZBE| 9@CA BCC TRYADR2
F@Ca| A5 9A RTTRK LDA VOLUME ; GET ACTUAL VOLUME HERE
FaC2| 85 89 STA IBSMOD ; TELL OPSYS WHAT VOLUME WAS THERE
F@C4| A5 98 CORRECTVOL LDA SECT ; CHECK IF THIS IS THE RIGHT SECTOR
FoC6| C5 84 CMP IBSECT
F@Cc8| D@C@ BNE TRYADR2 ; NO, TRY ANOTHER SECTOR
F@CA| AS 87 LDA IBCMD ; READ OR WRITE?
F@CC| 4A LSR A ; THE CARRY WILL TELL
FaCcD| 9@2A BCC WRIT ; CARRY WAS SET FOR READ OPERATION,
F@CF| 22 48F1 JSR READ16 ; CLEARED FOR WRITE
F2D2| B@ZB6 BCs TRYADR2 ; CARRY SET UPON RETURN IF BAD READ
F@D4| AD DFFF LDA ENVIRON
F@D7| 29 7F AND #TWOMEG
F@D9| 8D DFFF STA ENVIRON ; SET TWO MEGAHERTZ
F@DC| 2@ @FF3 JSR POSTNIB16 ; DO PARTIAL POSTNIBBLE CONVERSION
F@DF| A6 81 1DX IBSLOT ; RESTORE SLOTNUM INTO X
F@E1l| B@A7 BCS TRYADR2 ; CHECKSUM ERROR
FZE3| 18 ALLDONE CLC
FQE4| A9 29 LDA #290 ; NO ERROR
FZE6| 9223 BCC ALDONE1 ; SKIP OVER NEXT BYTE WITH BIT OPCODE
FZE8| A9 82 DRVERR LDA #IBDERR ; BAD DRIVE
F@EA| 38 HNDLERR SEC ; INDICATE AN ERROR
FZEB| 85 88 ALDONE1 STA IBSTAT ; GIVE HIM ERROR
F@ED| BD 88C@ Lba MOTOROFF, X ; TURN IT OFF
FOF@| 2@ AAF1 JSR CHKINT ; BRANCH TO CHECK FOR INTERRUPTS
F@F3| AS 9F LDA ENVTEMP ; RESTORE ORIGINAL ENVIRONMENT
F@FS| 8D DFFF STA ENVIRON
F@Fr8| 62 RTS
F@F9|
F@F9| 22 16F2 WRIT JSR WRITELl6 ; WRITE NYBBLES NOW
F@FC| 92ES BCC ALLDONE ; IF NO ERRORS
F@FE| A9 81 LDA #IBWPER : DISK IS WRITE PROTECTED!!
F12@| 5@E8 BVC HNDLERR ; TAKEN IF TRUELY WRITE PROTECT ERROR
F1@2| D@86 BNE TRYADR2 ; OTHERWISE ASSUME AN INTERRUPT MESSED THINGS UP
Fle4| ;
Flo4| ; THIS IS THE 'SEEK' ROUTINE
Fleg4| ; SEEKS TRACK 'N' IN SLOT #X/$1¢@
Flg4| ; IF DRIVENO IS NEGATIVE, ON DRIVE &
Fl@4| ; IF DRIVENO IS POSITIVE, ON DRIVE 1
Fl1@4| ;
Flg4| @A MYSEEK ASL A ; ASSUME TWO PHASE STEPPER.
F125| 85 99 SEEK1 STA TRKN1 ; SAVE DESTINATION TRACK(*2)
F127| 2@ 18F1 JSR ALLOFF ; TURN ALL PHASES OFF TO BE SURE.
F12A| 29 3EF1 JSR DRVINDX ; GET INDEX TO PREVIOUS TRACK FOR CURRENT DRIVE
F19D| BS 85 LDA DRVOTRK, X
F1@F| 85 8C STA CURTRK ; THIS IS WHERE I AM
F111| A5 99 LDA TRKN1 ; AND WHERE I'M GOING TO
F113| 95 85 STA DRVOTRK, X
F115| 22 20F4 GOSEEK JSR SEEK ; GO THERE!
F118| A@ 23 ALLOFF LDY #23 ; TURN OFF ALL PHASES BEFORE RETURNING
F11A| 98 NXOFF TYA ; (SEND PHASE IN ACC.)
F11B| 2@ 4AF4 JSR CLRPHASE ; CARRY IS CLEAR, PHASES SHOULD BE TURNED OFF
F11E| 88 DEY
F11F| 1@F9 BPL NXOFF
F121| 46 8C LSR CURTRK ; DIVIDE BACK NOW
F123| 18 CLC
Fl124| 62 RTS
F125] ;
F125] ; THIS SUBROUTINE SETS THE SLOT DEPENDENT TRACK
F125| ; LOCATION
F125} H
F125| 22 3EF1 SETTRK JSR DRVINDX ; GET INDEX TO DRIVE NUMBER
F128] 95 85 STA DRVOTRK, X
F12A| 6@ RTS
F12B| ;
E‘123| ;**tttttititktﬁt**tt***tt*kt*t
F12B| H
F12B]| ; SUBR TO TELL IF MOTOR IS STOPPED
F12B| H
F12B| ; IF MOTOR IS STOPPED, CONTROLLER'S
F12B| ; SHIFT REG WILL NOT BE CHANGING.
F12B| ;
F12B| ; RETURN Y=g AND ZERO FLAG SET IF IT IS STOPPED.
F12B ;
FlzB} ’-*k******ti*****k*******iﬁtkkk
F12B| H
F12B| A2 20 CHKDRV LDY {1 ; INIT LOOP COUNTER
\FIZDI BD 8CC@ CHKDRV1 LDA Q6L,X ; READ THE SHIFT REG Y,

Page 0082 of 0170 |



Apple Computer Inc. Patent 4 383_296
€ : 3
10/31/89 9:56 HD:Apple ///:ROM - Disk I/O Page 5
F13@} 2@ 3DF1l JSR CKDRTS ; DELAY
F133] 48 PHA
F1341 68 PLA
F135| DD 8CC@ CMP Q6L, X ; HAS SHIFT REG CHANGED?
F138} D@@3 BNE CKDRTS ; YES, MOTOR IS MOVING
F13A| 88 DEY ; NO, DEC RETRY COUNTER
F13B| D@Frg BNE CHKDRV1 ; AND TRY 256 TIMES
F13D| 62 CKDRTS RTS ; THEN RETURN
F13E! ;
F13E| 48 DRVINDX PHA ; PRESERVE ACC.
F13F| 8A TXA ; GET SLOT(*$19)/8
F14¢| 4A LSR A
F141| 4A LSR A
F142| 4aA LSR A
F143| @5 82 ORA IBDRVN ; FOR DRIVE @& OR 1
F145| AA TAX ; INTO X FOR INDEX TO TABLE
F146| 68 PLA ; RESTORE ACC.
F147| 62 RTS
F148| ;
F148| '-*********************iiii*ikk
F148| ; u
F148] ; NOTE: FORMATTING ROUTINES l -‘ V\Neh/
F148]| ; NOTE INCLUDED FOR SOS Q_ 4
F148| ; — tems L1 u
F148| ’-t***ttk*iikt****i**i********* ‘( ,t
Fla8| : \J 0
F148| ,-*t*k*****t*k***iiii*t***t SV\’M\L
F148] ; *
F148| ; READ SUBROUTINE *
F148] ; (16-SECTOR FORMAT) *
F148) ; *
F148' ’-**tk***ii**tt************
F148| H *
F148]| H READS ENCODED BYTES *
F148| ; INTO NBUF1 AND NBUF2 *
F148| H *
F148| ; FIRST READS NBUF2 *
F148| ; HIGH TO LOW, *
F148] ; THEN READS NBUF1 *
F148} ; LOW TO HIGH. *
F148| ; *
F148| ; ~-=- ON ENTRY --——- *
F148} H *
F148| ; X-REG: SLOTNUM *
F148j H TIMES $1@. *
F148| H *
F148| ; READ MODE (Q6L, Q7L *
F148| ; *
F148| ; ~=-- ON EXIT ---—- *
F148| ; *
F148| ; CARRY SET IF ERROR *
F148| : *
F148| ; IF NO ERROR: *
F148]| ; A-REG HOLDS $AA. *
F148| : X-REG UNCHANGED. *
F148| H Y-REG HOLDS $22. *
F148] H CARRY CLEAR. *
F148| H ——-— CAUTION =-==-- *
F148] H *
F148] H OBSERVE *
F148] H ‘NO PAGE CROSS' *
F148| H WARNINGS ON *
F148] M SOME BRANCHES!! *
F148| ; *
F148] H —-—-- ASSUMES ---- *
F148| : *
F148| : 1 USEC CYCLE TIME *
F148) ; *
F148| ,-**tt****i***********t**k*
F148|
F148| AQ 29 READ1 6 LDY $20 ; 'MUST FIND' COUNT.
F14A| 88 RSYNC DEY ; IF CAN'T FIND MARKS.
F14B| F@6A BEQ RDERR ; THEN EXIT WITH CARRY SET
F14D| BD 8CC@ RD1 LDA Q6L, X ; READ NIBL.
F152| 12FB BPL RD1 ; *** NO PAGE CROSS! *x**
F152| 49 DS RSYNC1 EOR $2D5 ; DATA MARK1?
F154| D@Fr4 BNE RSYNC ; LOOP IF NOT.
F156} EA NOP ; DELAY BETWEEN NIBLS.
F157} BD 8CC@ RD2 LDA Q6L, X
F15A] 19FB BPL RD2 ; ***x NO PAGE CROSS! **x*
F15Cj C9 AA CMP #2AA ; DATA MARK 2°?
F15E| D@F2 BNE RSYNC1 ; (IF NOT, IS IT DM1?)
Fl160! A® 55 LDY 4255 ; INIT NBUF2 INDEX.
F1l62| ; ( ADDED NIBL DELAY)
F162} EA NOP ; DELAY BETWEEN NIBLS.
F163} BD 8CC@ RD3 LDA Q6L,X
Fl66| 19FB BPL RD3 ; ***x NO PAGE CROSS! **x
F168f C9 AD CMpP #2AD ; DATA MARK 3?
F16A| DZE6 BNE RSYNC1 ; (IF NOT, IS IT DM1?)
SIGCI H (CARRY SET IF DM3!) Y,
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F16C| EA NOP ; DELAY BETWEEN NIBLS.
F16D| EA NOP ; DELAY BETWEEN NIBLS.
F16E| BD 8CC® RD4 LDA Q6L,X

F171| 1@FB BPL RD4 ; *** NO PAGE CROSS! *x*x
F173| 99 2223 STA NBUF2, Y ; STORE BYTES DIRECTLY
F176| AD EFFF LDA INTERUPT ; POLL INTERRUPT LINE
F179| @25 8B ORA IMASK ; (THIS MAY BE USED TO INVALIDATE POLL)
F17B| 1237 BPL GOSERV

F17D| 88 DEY ; INDEX TO NEXT

F17E| 1@EE BPL RD4

F18@} C8 RD5 INY ; (FIRST TIME Y=0@)

F181) BD 8CC@ RDSA LDA Q6L,X ; GET ENCODED BYTES OF NBUF1
F184} 10QFB BPL RD5A

F186| 99 oo@2 STA NBUF1,Y

F189| AD EFFF LDA INTERUPT ; POLL INTERRUPT LINE
F18C| &5 8B ORA IMASK ; (THIS MAY BE USED TO INVALIDATE POLL)
F18E| 1@24 BPL GOSERV

F192| C2 E4 CPY $2E4 ; WITHIN 1 MS OF COMPLETION?
F192| D@EC BNE RD5

F194| C8 INY

F195| BD 8CC@ RD6 LDA Q6L,X ; NO POLL FROM NOW ON
F198| 1@FB BPL RD6

F19A| 99 2p@2 STA NBUF1, Y

F19D| C8 INY ; FINISH OUT NBUF1l PAGE
F19E| D@F5 BNE RD6

F1A@| BD 8CC@ RDCKSUM LDA Q6L, X ; GET CHECKSUM BYTE.
F1A3] 1@FB BPL RDCKSUM

F1A5| 85 96 STA CKSUM

F1A7| 292 @1F2 JSR RDAS& ; CHECK BIT SLIP MARKS
F1AA| H

F1AA| ; CHECK FOR INTERRUPTS

F1AA| H

F1AA| 24 8B CHKINT BIT IMASK ; SHOULD INTERRUPTS BE ALLOWED?
F1AC| 1224 BPL $212 ; YES, ALLOW THEM.

F1AE| 24 8F BIT @8F

F1B2| 1@l BPL $220

F1B2| 58 $019 CLI

F1B3| 62 $229 RTS

F1B4|

F1B4| 2@ AAF2 GOSERV JSR SERVICE ; GO TO SERVICE INTERRUPT
F1B7| 38 RDERR SEC

F1B8| 62 RTS

F1B9| ;

FlBgl '-ﬂﬂﬂ***k*k******i*itx*i***i*

F1B9| H *

F1B9| H READ ADDRESS FIELD *

F1B9| H SUBROUTINE *

F1B9Y| H (16-SECTOR FORMAT) *

F1B9} H *

F1B9| ’-t***ittitk*ttkﬂ*x**tttt**tt

F1B9| H *

F1B9| H READS VOLUME, TRACK *

F1B9| H AND SECTOR *

F1B9| ; *

F1B9| H -—-- ON ENTRY —-——-— *

F1B9| ; *

F1B9| ; XREG: SLOTNUM TIMES $1@ *

F1B9| H *

F1B9| ; READ MODE (Q6L, Q7L) *

F1B9| ; *

F1B9| H —---- ON EXIT --~—-— *

F1B9| H *

F1B9| ; CARRY SET IF ERROR *

F1B9| H *

F1B9| ; IF NO ERROR: *

F1B9| ; A-REG HOLDS $AA. *

F1B9| H Y-REG HOLDS $2@. *

F1B9| H X-REG UNCHANGED. *

F1B9| H CARRY CLEAR. *

F1B9| H *

F1B9| H CSSTV HOLDS CHKSUM, *

F1B9| H SECTOR, TRACK, AND *

F1B9| H VOLUME READ. *

F1B9| H *

F1B9| H USES TEMPS COUNT, *

F1B9| H LAST, CSUM, AND *

F1B9| H 4 BYTES AT CSSTV. *

F1B9| H *

F1B9| ; ———— EXPECTS --—-— *

F1B9| ; *

F1B9t H ORIGINAL 1@-SECTOR *

F1B9| ; NORMAL DENSITY NIBLS *

F1B9| ; (4-BIT), ODD BITS, *

F1B9| ; THEN EVEN *

F1B9| H *

F1B9| ; ---- CAUTION —---- *

F1B9| ; *

F1B9| ; OBSERVE *

F1B9| ; 'NO PAGE CROSS' *

\F1B91 : WARNINGS ON * y
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F1B9| ; SOME BRANCHES!! *
F1B9| H *
F1B9| H -——- ASSUMES ---—- *
F1B9| H *
F1B9| H 1 USEC CYCLE TIME *
F1B9| ; *
FlBgl ’-iﬁt**tttt*iiiiittiitit*****
F1B9|
F1B9| Ag FC RDADR16 LDY #OFC
F1BB| 84 95 STY COUNT ; 'MUST FIND' COUNT.
F1BD| C8 RDASYN INY
F1BE| D2@4 BNE RDA1 ; LOW ORDER OF COUNT
F1C@| E6 95 INC COUNT ; (2K NIBLS TO FIND
F1C2| F@F3 BEQ RDERR ; ADR MARK, ELSE ERR)
F1C4| BD 8CC@ RDAl LDA Q6L,X ; READ NIBL.
F1C7| 1@FB BPL RDA1 ; *** NO PAGE CROSS! ***
F1C9| C9 D5 RDASN1 CMP #2D5 ; ADR MARK 12
F1CB| D@F@ BNE RDASYN ; (LOOP IF NOT)
F1CD| EA NOP ; ADDED NIBL DELAY
F1CE| BD 8CC@ RDA2 LDA Q6L,X
F1D1| 1@FB BPL RDA2 ; *** NO PAGE CROSS! **x*
F1D3| C9 AA CMP #2AA ; ADR MARK 27
F1DS| D@F2 BNE RDASN1 ; (IF NOT, IS IT AM1?)
F1D7| AQ @3 LDY #23 ; INDEX FOR 4-BYTE READ
F1D9| ; (ADDED NIBL DELAY)
F1D9} BD 8CC® RDA3 LDA Q6L,X
F1DC} 1@FB BPL RDA3 ; *** NO PAGE CROSS! ***
F1DE| C9 96 CcMp #96 ; ADR MARK 32
F1E®| D@E? BNE RDASN1 ; (IF NOT IS IT AM1?)
F1E2| ; (LEAVES CARRY SET!)
FlE2| 78 SEI ; DISABLE INTERRUPT SYSTEM
F1E3| A9 2@ LDA #22 ; INIT CHECKSUM
F1ES| 85 89 RDAFLD STA CSUM
F1E7| BD 8CC@ RDA4 LDA Q6L, X ; READ 'ODD BIT' NIBBL
F1EA| 19FB BPL RDA4 ; *** NO PAGE CROSS! **x*
F1EC| 2A ROL A ; ALIGN ODD BITS, 1' INTO LSB
F1ED| 85 95 STA LAST ; (SAVE THEM)
F1lEF| BD 8CC@ RDAS LDA Q6L,X ; READ 'EVEN BIT' NIBL
F1F2| 1@FB BPL RDAS ; *** NO PAGE CROSS ***
F1F4| 25 95 AND LAST ; MERGE ODD AND EVEN BITS
F1F6| 99 97 29 STA CsSsTvV, Y ; STORE DATA BYTE
F1F9| 45 89 EOR CSUM
F1FB| 88 DEY
F1FC| 1@E7 BPL RDAFLD ; LOOP ON 4 DATA BYTES.
F1FE| A8 TAY ; IF FINAL CHECKSUM
F1FF| D@B6 BNE RDERR ; NONZERO, THEN ERROR
F221| BD 8CCg@ RDA6 LDA Q6L,X ; FIRST BIT SLIP NIBBL
F2g4| 12FB BPL RDA6 ; *** NO PAGE CROSS! **x
F2¢6| C9 DE CMP #2DE
F2¢8) D@AD BNE RDERR ; ERROR IF NONMATCH
F2@A| EA NOP ; DELAY
F2¢B|{ BD 8CC@ RDA7 LDA Q6L,X ; SECOND BIT-SLIP NIBL
F2¢E| 1@FB BPL RDA7 ; *** NO PAGE CROSS! **xx
F212| C9 AA CMP #2AR
F212| D@A3 BNE RDERR ; ERROR IF NOMATCH
F214] 18 RDEXIT CLC ; CLEAR CARRY ON
F215] 692 WEXIT RTS ; NORMAL READ EXITS.
F216 ;
FZIG: ;******t****************
F216| H *
F216| ; WRITE SUBR *
F216| ;  (16-SECTOR FORMAT) *
F216| ; *
FZ]_G' ’-ii******iii*ttttttxtii*
F216} ; *
F216} ; WRITES DATA FROM *
F216] ; NBUF'1 AND NBUF2 *
F216| H *
F216} ; FIRST NBUF2, *
F216] H HIGH TO LOW. *
F216| : THEN NBUF1, *
F216| ; LOW TO HIGH *
F216| ; *
F216| ; -——-- ON ENTRY —--—— *
F216| ; *
F216] ; X-REG SLOTNUM *
F216] ; TIMES $1¢@ *
F2161 ; *
F216| ; *
F216| ; =—--- ON EXIT —--—- *
F216| ; *
F216| ; CARRY SET IF ERROR. *
F216]| ; (W PROT VIOLATION) *
F216| ; *
F216| ; IF NO ERROR: *
F216| H *
F216] H A-REG UNCERTAIN. *
F216]| H X-REG UNCHANGED. *
F216]| H Y-REG HOLDS $2@. *
62161 H CARRY CLEAR. * Y,
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F216| ; *
F216| ; —-—--- ASSUMES ---- *
F216| H *
F216| ;1 USEC CYCLE TIME *
F216| ; *
F216| ;i*ﬁtl**t*tt**ﬁﬁﬁi!****k
F216| ;
F216| 38 WRITE16 SEC ; ANTICIPATE WPROT ERR.
F217| B8 CLV ; TO INDICATE WRITE PROTECT ERROR INSTEAD OF
F218| ; INTERRUPT
F218| BD 8DC@ LDA Q6H, X
F21B| BD 8EC® LDA Q7L, X ; SENSE WPROT FLAG.
F21E| 3@F5 BMI WEXIT ; BRANCH IF WRITE PROTECTED
F22@| A9 FF WRIT1 LDA #OFF ; SYNC DATA.
F222} 9D 8FCgZ STA Q7H, X ; (5) GOTO WRITE MODE
F225| 1D 8ccg ORA Q6L, X ; (4)
F228| AQ 24 LDY #a4 ; (2) FOR FIVE NIBLS.
F22A| EA NOP ; (2)
F22B| 48 PHA ; (4)
F22C| 68 PLA : (3)
F22D| 48 WSYNC PHA ; (4) EXACT TIMING
F22E| 68 PLA ; (3)
F22F| 2@ BBF2 JSR WNIBL?7 : (13,9,6) WRITE SYNC
F232| 88 DEY : (2)
F233| D@Frs8 BNE WSYNC ; (2*) MUST NOT CROSS PAGE!
F235| A9 DS LDA #2D5 ; (2) 1ST DATA MARK
F237| 22 BAF2 JSR WNIBLY : (15,9,6)
F23A| A9 AA LDA #2AA ; (2) 2ND DATA MARK
F23C| 2@ BAF2 JSR WNIBLY ; (15,9,6)
F23F| A9 AD LDA #@AD ;s (2) 3RD DATA MARK
F2411 2@ BAF2 JSR WNIBLY ; (15,9,6)
F244| A® 55 LDY 455 ; (2) NBUF2 INDEX
F246| EA NOP ; (2) FOR TIMING
F247| EA NOP : (2)
F248| EA NOP : (2)
F249| Do@8 BNE VRYFRST ; (3) BRANCH ALWAYS
F24B| AD EFFF WINTRPT LDA INTERUPT ; (4) POLL INTERRUPT LINE
F24E| 25 8B ORA IMASK : (3)
F25@| 38 SEC ; (2)
F251| 1@57 BPL SERVICE ; (2) BRANCH IF INTERRUPT HAS OCCURED
F253| 3200 VRYFRST BMI WRTFRST : (3) FOR TIMING.
F255] B9 2223 WRTFRST LDA NBUFZ2,Y ; (4)
F258{ 9D 8DC® STA Q6H, X ; (5) STORE ENCODED BYTE
F25B| BD 8CC@ LbAa Q6L,X ; (4) TIME MUST = 32 US PER BYTE!
F25E{ 88 DEY ;i (2)
F25F| 1@QEA BPL WINTRPT ; (3) (2 IF BRANCH NOT TAKEN)
F261| 98 TYA ; (2) INSURE NO INTERRUPT THIS BYTE
F262| 3223 BMI WMIDLE ; (3) BRANCH ALWAYS.
F264| AD EFFF WNTRPT1 LDA INTERUPT ; (4) POLL INTERRUPT LINE
F267| &5 8B WMIDLE ORA IMASK s (3)
F269| 38 SEC ; (2)
F26A| 3292 BMI WDATA2 ; (3) BRANCH IF NO INTERRUPT
F26C| 1@3C BPL SERVICE ; GO SERVICE INTERRUPT.
F26E| C8 WDATA2 INY : (2)
F26F| B9 2022 LDA NBUF1, Y ; (4)
F272| 9D 8DC@ STA Q6H, X ; (5) STORE ENCODED BYTE
F275| BD 8CC@ LDA Q6L, X ; (4)
F278| C2 E4 CPY $2E4 ; (2) WITHIN 1 MS OF COMPLETION?
F27A| DZES BNE WNTRPT1 ; (3) (2) NO KEEP WRITTING AND POLLING.
F27C| EA NOP i (2)
F27D| C8 INY : (2)
F27E| EA WDATA3 NOP ;s (2)
F27F| EA Nop : (2)
F282| 48 PHA ; (4)
F281] 68 PLA ; (3)
F282| B9 2922 LDA NBUF1,Y ; (4) WRITE LAST OF ENCODED BYTES
F285| 9D 8DC@ STA Q6H, X ; (5) WITHOUT POLLING INTERRUPTS.
F288| BD 8CCg@ LDA Q6L, X : (4)
F28B| A5 96 LDA CKSUM ; (3) NORMALLY FOR TIMING
F28D| C8 INY : (2)
F28E| D@EE BNE WDATA3 ; (3) (2)
F299| Fooe BEQ WRCKSUM ; (3) BRANCH ALWAYS
F292| 2@ BBF2 WRCKSUM JSR WNIBL7 ; (13,9,6) GO WRITE CHECK SUM!!
F295| 48 PHA : (3)
F296| 68 PLA : (4)
F297| B% COF3 WRBITSLMK LDA BITSLIPMK,Y ; (4) LOAD BIT SLIP MARK
F29A| 2@ BDF2 JSR WNIBL ; (6,9,6)
F29D| C8 INY : (2)
F29E| C@ &4 CPY #24 i (2)
F2AQg| D@F5 BNE WRBITSLMK ; (2) (3)
F2A2| 18 CLC ; (2)
F2A3| BD 8EC@ NOWRITE LDA Q7L,X ; OUT OF WRITE MODE.
F2A6| BD 8CC@ LDA Q6L, X ; TO READ MODE.
F2A9| 62 RTS ; RETURN FROM WRITE.
F2AA| ;
F2AA| 2C 54F3 SERVICE BIT SEV ; SET VFLAG TO INDICATE INTERRUPT
F2AD| 292 A3F2 JSR NOWRITE ; TAKE IT OUT OF WRITE MODE!
F2Bg| AS 8F LDA ?8F
F2B2| 1002 BPL $o19
\FZBM 85 8B STA IMASK )
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F2B6| C6 8F $010 DEC @8F

F2B8| 58 CLI ; COULD NOT HAVE GOT HERE WITHOUT CLI OK
F2B9| 62 RTS

F2BA| ;

FZBA| '-**t**ii*kkti**t*i*******ﬁii*

F2BA| : *

F2BA| ; 7-BIT NIBL WRITE SUBRS *

F2BA| H *

F2BA| H A-REG OR'D PRIOR EXIT *

F2BA| : CARRY CLEARED *

F2BA| : *

FZBA| ,-*****iﬂ*itkti***ﬁ**tt****ﬁﬁt

F2BA| :

F2BA| 18 WNIBL9Y cLC ; (2) 9 CYCLES, THEN WRITE
F2BB| 48 WNIBL7 PHA ; (3) 7 CYCLES, THEN WRITE
F2BC| 68 PLA ;o(4)

F2BD| 9D 8DCZ WNIBL STA Q6H, X ; (5) NIBL WRITE SUB

F2C@| 1D 8CC@ ORA Q6L, X ; (4) CLOBBERS ACC. NOT CARRY
F2C3| 62 RTS

F2Cc4) H

cmq' '-***iii*tkiiii**ikk**x*****i*

F2c4}| : *

F2C4} : PRENIBILIZE SUBR *

F2C4| ;  {(16-SECTOR FORMAT) *

F2C4 | ; *

F2C4| ’-***ﬂ*ii**kk*k***************

F2C4| ; *

F2c4| ; CONVERTS 256 BYTES OF *

F2c4| ; USER DATA IN (BUF) INTO *

F2C4 | ; ENCODED BYTES TO BE *

F2C4| ; WRITTEN DIRECTLY TO DISK *

F2C4 | ; ENCODED CHECK SUM IN *

Fa2c4| ; ZERO PAGE 'CKSUM' *

F2c4| ; *

F2c4| ; —---- ON ENTRY --——- *

F2c4| ; *

F2C4| ; BUF IS 2-BYTE POINTER  *

F2C4 | ; TO 256 BYTES OF USER  *

F2C4 | ; DATA. *

F2C4| ; *

F2C4 + A-REG CHECK SUM. *

F2Cc4 ; X-REG UNCERTAIN *

F2C4 | ; Y-REG HOLDS . *

F2C4] ; CARRY SET. *

F2C4| ; *

F2C4| ;i**i**ii*ttktttﬁt**********ﬂ

F2C4 | :

F2C4| A2 22 PRENIB16  LDX 422 ; START NBUF2 INDEX.

F2C6| AG 20 LDY 20 ; START USER BUF INDEX.
F2Cc8| 88 PRENIB1 DEY ; NEXT USER BYTE

F2C9| Bl 9B LDA (BUF), Y

F2CB| 4A LSR a ; SHIFT TWO BITS OF

F2CC| 3E 2193 ROL NBUF2-1, X ; CURRENT USER BYTE

F2CF| 4A LSR A ; INTO CURRENT NBUF2

F2D@| 3E 21@3 ROL NBUF2-1, X ; BYTE.

F2D3| 99 2192 STA NBUF1+1,Y ; (6 BITS LEFT).

F2D6| E8 INX ; FROM @ TO $55

F2D7| E@ 56 CPX #56

F2D9| 9ED BCC PRENIB1 ; BR IF NO WRAPAROUND
F2DB{ A2 2@ LDX 102 ; RESET NBUF2 INDEX

F2DD| 98 TYA ; USER BUF INDEX

F2DE| D@E8 BNE PRENIB1 ; (DONE IF ZERO)

F2E@| AZ 56 LDY #56 ; (ACC=¢@ FOR CHECK SUM)
F2E2| 59 20083 PRENIB3 EOR NBUF2-2, Y ; COMBINE WITH PREVIOUS
F2E5| 29 3F PRENIB2 AND #23F ; STRIP GARBAGE BITS

F2E7| AA TAX ; TO FORM RUNNING CHECK SUM
F2E8| BD 55F3 LDA NIBL, X ; GET ENCODED EQUIV.

F2EB| 99 2103 STA NBUF2-1,Y ; REPLACE PREVIOUS

F2EE| B9 20@3 LDA NBUF2-2, Y ; RESTORE ACTUAL PREVIOUS
F2F1| 88 DEY

F2F2| D@EE BNE PRENIB3 ; LOOP UNTIL ALL OF NBUF2 IS CONVERTED.
F2F4| 29 3F AND #3F

F2F6| 59 2102 PRENIB4 EOR NBUF1+1, Y ; NOW DO THE SAME FOR
F2F9| AA TAX ; NIBBLE BUFFER 1

F2FA| BD 55F3 LDA NIBL,X ; TO DO ANY BACK TRACKING (NBUF1-1)
F2FD| 99 292 STA NBUF1,Y

F3g2| B9 2122 LDA NBUF1l+1,Y ; RECOVER THAT WHICH IS NOW ‘'PREVIOQUS'
F3@3| C8 INY

F324| DQF® BNE PRENIB4

F326| AA TAX ; USE LAST AS CHECK SUM
F3@7| BD 55F3 LDA NIBL,X

F32A| 85 96 STA CKSUM

F3@C| 4C 4CF3 JMp SET1MEG ; ALL DONE.

F30F| :

F3QF‘ '-*t****itiﬂﬂ***t**kkkkxﬂ*t*

F30F| ; *

F30F | ; POSTNIBLIZE SUBR *

F3¢F| : 16-SECTOR FORMAT *

F30F | ; *

63gF| '-i*t*tkti**t*iii**k*k**t*** J
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F30F| ;

F30F| 38 POSTNIB16 SEC

F31@| A@ 55 LDY #55 ; FIRST CONVERT TO 6 BIT NIBBLES
F312] A9 o2 LDA #29 ¢ INIT CHECK SUM

F314| BE 2223 PNIBL1 LDX NBUF2,Y ; GET ENCODED BYTE

F317| SD @@F3 EOR DNIBL,X

F31A) 3232 BMI SET1MEG ; SET 1 MHZ

F31C| 99 2223 STA NBUF2,Y ; REPLACE WITH 6 BIT EQUIV.

F31F| 88 DEY

F32@) 12A6 BPL PRENIB1 ; LOOP UNTIL DONE WITH NIBBLE BUFFER 2
F322| C8 INY ; NOW Y=0

F323| BE 2@22 PNIBL2 LDX NBUF1,Y ; DO THE SAME WITH

F326| SD @@F3 EOR DNIBL, X

F329( 99 @@22 STA NBUF1,Y ; NIBBLE BUFFER 1

F32C| C8 INY ; DO ALL 256 BYTES

F32D| D@F4 BNE PNIBL2

F32F| A6 96 LDX CKSUM ; MAKE SURE CHECK SUM MATCHES

F331} 5D @@F3 EOR DNIBL, X ; BETTER BE ZERO

F334| D@16 BNE POSTERR ; BRANCH IF IT IS

F336| A2 56 POST1 LDX #56 ; INIT NBUF2 INDEX

F338) CA POST2 DEX ; NBUF IDX $55 TO $2@

F339| 3¢FB BMI POST1 ; WRAPAROUND IF NEG

F33B| B9 2222 LDA NBUF1, Y

F33E| SE 2223 LSR NBUF2, X ; SHIFT 2 BITS FROM

F341| 2a ROL A ; CURRENT NBUF2 NIBL

F342| SE @223 LSR NBUFZ2, X ; CURRENT NBUF1

F345| 2A ROL a ; NIBL.

F346| 91 9B STA (BUF), Y ; BYTE OF USER DATA

F348] C8 INY ; NEXT USER BYTE

F349| D@ED BNE POST2

F34B| 18 CLC ; GOOD DATA

F34C| F34C POSTERR -EQU *

F34C| AD DFFF SET1MEG LDA ENVIRON

F34F| 29 82 ORA #ONEMEG ; SET TO ONE MEGAHERTZ CLOCK RATE
F351| 8D DFFF STA ENVIRON

F354| 62 SEV RTS ; (SEV USED TO SET VFLAG)

F ;

Fggg: '-ktiik*iﬂ********i*kt******

F355] H *

F355] H 6-BIT TO 7-BIT *

F355| ; NIBL CONVERSION TABLE *

F355| H *

F355' ‘-**ktkk********************

F355) H *

F355} ; CODES WITH MORE THAN *

F355] H ONE PAIR OF ADJACENT *

F3551 H ZEROES OR WITH NO *

F355¢ H ADJACENT ONES (EXCEPT *

F355| ; B7) ARE EXCLUDED. *

F355| ; *

F355| ,-*****ki*itii***tiﬁiiﬁﬁkkil

F355| ;

F355] 96 97 9A 9B 9D 9E 9F NIBL .BYTE 96,97, 93, 9B, 9D, 9E, 9F, @A6,PA7,3AB, 2AC, ZAD, PAE, @AF, #B2, @B3, @B4, @RS
F35C| A6 A7 AB AC AD AE AF

F363| B2 B3 B4 BS

F367| B6 B7 B9 BA BB BC BD .BYTE ©B6,2B7,@B9, @BA, BB, #BC, @BD, #BE, @BF, CB, @CD, CE, CF, @D3, @D6, @D7
F36E| BE BF CB CD CE CF D3

F375] D6 D7

F377| D9 DA DB DC DD DE DF .BYTE @D9, 2DA, 2DB, 2DC, @DD, ¥DE, @DF, 2E5, 2E6,PE7, ZE9, PEA, @EB, @EC, @ED, ZEE
F37E| ES5 E6 E7 E9 EA EB EC

F385| ED EE

F387| EF F2 F3 F4 F5 F6 F7 .BYTE @FF,@F2,0F3,0F4,0F5,0F6,0F7,2F9,0FA, @FB, OFC, @FD, @FE, @FF
F38E| F9 FA FB FC FD FE FF

F395] ;

F395| ,-'k)\kt**itﬂ**ti****t**tttktk

F395] ; *

F395] ; 7-BIT TO 6-BIT *

F395| H ‘DENIBLIZE' TABL *

F395] : (16-SECTOR FORMAT) *

F395| H *

F395| H VALID CODES *

F3951 ; $96 TO SFF ONLY. *

F395| H *

F395] H *

F395] ; CODES WITH MORE THAN *

F395] ; ONE PAIR OF ADJACENT *

F395] ; ZEROES OR WITH NO *

F395| H ADJACENT ONES (EXCEPT *

F395] ; BIT 7) ARE EXCLUDED *

F395| '-*ii*tktﬂﬂﬂ*******iik******

F395] ;

F395| F3e2 DNIBL -EQU REGRWTS+3029

F395| 21 22 21 -BYTE 21,29, 21

F398| 98 99 @2 @3 9C @24 @5 .BYTE 98,99,92,23,9C, 24,905,926, 2Ad, 2A1,PA2, A3, BA4, PA5,27,28, DA8
F39F| 26 A@ Al A2 A3 A4 AS

F3A6| 27 28 A8

F3A9| A9 AA @9 2A 2B @C @D .BYTE 2A9, 2AA, 29,247, 2B, 2C, 2D, ¥BJ, ¥B1,QE, OF,19,11,12,13,2B8,14,15
F3B2| B2 Bl @E 2F 12 11 12

F3B7| 13 B8 14 15

\I;‘3BB] 16 17 18 19 1A .BYTE 16,17,18,19,1A y
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F3Co| DE AA EB FF C4 C5 C6 BITSLIPMK .BYTE @DE,@AA, 2EB, FF, 2C4,@C5,8C6,@C7, C8, 8C9, #CA, 1B, #CC, 1C, 1D, 1E
F3C7| C7 C8 C9 CA 1B CC 1C
F3CE| 1D 1E
F3D@| D@ D1 D2 1F D4 DS 28 .BYTE  @D@,@D1,@D2, 1F,®D4,2D5, 28, 21,8D8, 22, 23,24, 25,26, 27,28, ¢ES, ZE1
F3D7| 21 D8 22 23 24 25 26
F3DE| 27 28 E®@ El
F3E2{ E2 E3 E4 29 2A 2B E8 .BYTE  @E2,@2E3,@2E4,29,2A, 2B, @E8, 2C, 2D, 2E, 2F, 38, 31, 32, @F@, @F1, 33,34
F3E9| 2C 2D 2E 2F 3@ 31 32
F3F@| F@ F1 33 34
F3F4| 35 36 37 38 F8 39 3A .BYTE  35,36,37,38,0F8, 39, 33, 3B, 3C, 3D, 3E, 3F
F3FB| 3B 3C 3D 3E 3F
F400|
F4ﬂﬂ| ;ﬁﬁttilik*t!tiiittt*ltitit
F42g| H *
F400| ; FAST SEEK SUBROUTINE *
F400) : *
quzl '-*k*i*k*tkt**ﬁkkkkkkkkkttk
F42Q) ; *
F400| ; --=-- ON ENTRY ----  *
F402| H *
F400| ; X-REG HOLDS SLOTNUM *
F400| ; TIMES $19 *
F409| H *
F400| ; A-REG HOLDS DESIRED  *
F400| ; HALFTRACK. *
F400| : *
F403| ; CURTRK HOLDS DESIRED *
F4929| ; HALFTRACK. *
F429| H *
F422} ; ——-— ON EXIT ---- *
F400| ; *
Fa4ga| ; A-REG UNCERTAIN. x
F400| ; Y-REG UNCERTAIN. *
F420| ; X-REG UNDISTURBED. *
F420| ; *
F422| ; CURTRK AND TRKN HOLD *
F409| ; FINAL HALFTRACK. *
F422) ; *
F4ga| + PRIOR HOLDS PRIOR *
F400| ; HALFTRACK IF SEEK  *
F409| H WAS REQUIRED. *
F429| ; *
F40a| ; MONTIMEL AND MONTIMEH *
F400| ; ARE INCREMENTED BY *
F400| ; THE NUMBER OF *
F423| H 12@ USEC QUANTUMS *
F400| ; REQUIRED BY SEEK *
F420| ; FOR MOTOR ON TIME  *
F4od| H OVERLAP. *
Fa4gd| H *
F4o2| ; =—-— VARIABLES USED --- *
F400| : *
F420| ; CURTRK, TRKN, COUNT, *
Fagd| ; PRIOR, SLOTTEMP *
F400| ; MONTIMEL, MONTIMEH *
F402| H *
F4@¢| ’-k*ﬁi*kﬁ**i**t****kkkk*kk*
F400| ;
F40@| 85 9E SEEK STA TRKN ; SAVE TARGET TRACK
F4@2| C5 8C cMp CURTRK ; ON DESIRED TRACK?
F4@4| F@42 BEQ SETPHASE ; YES, ENERGIZE PHASE AND RETURN
F426| A9 20 LDA $20
F428| 85 95 STA TRKCNT ; HALFTRACK COUNT.
F4@A| AS 8C SEEK2 LDA CURTRK ; SAVE CURTRK FOR
F42C| 85 9D STA PRIOR ; DELAYED TURN OFF.
F4QE| 38 SEC
F4gF| E5 9E SBC TRKN ; DELTA-TRACKS.
F411) F@31 BEQ SEEKEND ; BR IF CURTRK=DESTINATION
F413| B@@6 BCS ouT ; (MOVE OUT, NOT IN)
F415| 49 FF EOR #OFF ; CALC TRKS TO GO.
F417| E6 8C INC CURTRK ; DECR CURRENT TRACK {(OUT)
F419| 9924 BCC MINTST ; (ALWAYS TAKEN).
F41B| 69 FE ouT ADC #2FE ; CALC TRACKS TO GO.
F41D| C6 8C DEC CURTRK ; DECR CURRENT TRACK (OUT)
F41F| C5 95 MINTST CMP TRKCNT
F421| 92@2 BCC MAXTST ; AND 'TRKS MOVED'
F423| A5 95 1DA TRKCNT
F425| C9 29 MAXTST CMP #29
F427| B@@2 BCS STEP2 ; IF TRKCNT>$@8 LEAVE Y ALONE (Y=5@8)
F429| A8 STEP TAY ; ELSE SET ACCELERATION INDEX IN Y
F42A| 38 SEC
F42B| 2@ 48F4 STEP2 JSR SETPHASE
F42E| B9 67F4 LDA ONTABLE, Y ; FOR 'ONTIME'
F431| 2@ S56F4 JSR MSWAIT ; (1@@ USEC INTERVALS)
F434| A5 9D LDA PRIOR
F436| 18 CLC ; FOR PHASE OFF
F437| 2@ 4AF4 JSR CLRPHASE ; TURN OFF PRIOR PHASE
F43A| B9 7@F4 LDA OFFTABLE,Y ; THEN WAIT 'OFFTIME'
F43D| 2@ 56F4 JSR MSWAIT ; (1@ USEC INTERVALS)
\5‘44ﬂ| E6 95 INC TRKCNT ; 'TRACKS MOVED' COUNT. )
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F442| D@ZCé BNE SEEK2 ¢+ (ALWAYS TAKEN)
F444| 20 56F4 SEEKEND JSR MSWAIT ; SETTLE 25 MSEC
F447| 18 CLC ; SET FOR PHASE OFF
F448| AS 8C SETPHASE LDA CURTRK ; GET CURRENT TRACK
Fa4a| 29 23 CLRPHASE AND $23 ; MASK FOR 1 AND 4 PHASES
F44C| 2A ROL A ; DOUBLE FOR PHASE ON/OFF INDEX
F44D| 25 81 ORA IBSLOT
F44F| AA TAX
F450| BD 82C2 LDA PHASEOFF, X ; TURN ON/OFF ONE PHASE
F453] A6 81 LDX IBSLOT ; RESTORE X-REG
F455| 6@ SEEKRTS RTS ; AND RETURN
F456 H
F456: ,-ttktttiiiﬂii*k**k’c*tt*tt*it
F456) ; *
F4561 H MSWAIT SUBROUTINE *
F456| ; *
F456| ,-*iti*kik*i******kt*ittiiﬁtk
F456| H *
F456| H DELAYS A SPECIFIED *
F456| H NUMBER OF 1¢@ USEC *
F456| ; INTERVALS FOR MOTOR *
F456| H ON TIMING *
F456| ; *
F456| H ——-- ON EXIT -—--—-- *
F456| H *
F456| ; A-REG HOLDS $@¢ x
F456| H X-REG HOLDS $2¢ *
F456| ; Y-REG UNCHANGED *
F456| ; CARRY SET *
F456| H *
F456| ; MONTIMEL, MONTIMEH *
F456] ; ARE INCREMENTED ONCE *
F456) ; PER 1¢@ USEC INTERVAL *
F4561 H FOR MOTOR ON TIMING *
F4561 H *
F456] ; —=-- ASSUMES ----- *
F456| ; *
F456| H 1 USEC CYCLE TIME *
F456| ; *
F456| ’-t****ktt********t****tt*k*i
F456) H
F456! A2 11 MSWAIT LDX #11
F458} CA MsSW1 DEX ; DELAY 86 USEC
F459| D@FD BNE MsSwW1
F45B| E6 99 INC MONTIMEL
F45D| D@@2 BNE MsSwW2 ; DOUBLE BYTE INCREMENT
F45F| E6 9A INC MONTIMEH
F461] 38 MSwW2 SEC
F462) E9 21 SBC #21 ; DONE IN INTERVALS
F464| DgF@ BNE MSWAIT ; (A-REG COUNTS)
F466] 62 RTS
F467| ;
F46']| ;**t**tkk*iﬁ*****’(x****t**
F467| H *
F467)| ; PHASE ON-, OFF-TIME *
F467| H TABLES IN 12@-USEC *
F467) ; INTERVALS. (SEEK) *
F467| ; *
F467' '-******i*ﬂ****it*t*****k**
F467| ;
F467| 21 32 28 24 2¢ 1E 1D ONTABLE -BYTE 21,39,28,24,29,1E,1D,1C, 1C
F46E| 1C 1C
F47¢| 7@ 2C 26 22 1F 1E 1D OFFTABLE -BYTE 19,2¢,26,22,1F,1E, 1D, 1C, 1C
F477} 1C 1C
F479]|
F479| 86 83 BLOCKIO STX IBTRK
F47B| A@ @5 LDY 425
F47D| 48 PHA
F47E| @A TRKSEC ASL A
F47F| 26 83 ROL IBTRK
F481} 88 DEY
F482| D@FA BNE TRKSEC
F484| 68 PLA
F485| 29 &7 AND #27
F487| A8 TAY
F488| B9 A@F4 LDA SECTABL, Y
F48B| 85 84 STA IBSECT
F48D| 20 20Fa JSR REGRWTS
F492| B@@B BCS QUIT
F492| E6 86 INC IBBUFP+1
F494| E6 84 INC IBSECT
F496| E6 84 INC IBSECT
F498| 29 ooF@ JSR REGRWTS
F49B| C6 86 DEC IBBUFP+1
F49D| AS 88 QUIT LDA IBSTAT
F49F| 62 RTS
F4AQ| ;
F4AQ| 00 @4 28 @C 21 @5 @9 SECTABL .BYTE o0,04,98,9C,21,05,29,0D
Egi;: ap '-**ktktkt*i*************tiiﬂﬂ*** )
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F4A8| ; *
F4A8| H JOYSTICK READ ROUTINE *
FAA8| : *
F4A8| :tit**i***tt***tt**t*ttk*ktk*tk*
F4A8| ; ENTRY ACC= COUNT DOWN HIGH *
F4A8| H X&Y= DON'T CARE *
F4A8| : *
F4A8| H EXIT ACC= TIMER HIGH BYTE *
F4A8| ; Y= TIMER LOW BYTE *
F4A8| H CARRY CLEAR *
F4A8| H *
F4A8| ; IF CARRY SET, ROUTINE x
F4A8| ; WAS INTERRUPTED & *
F4A8| H ACC & Y ARE INVALID *
E‘4A8| '-iii***t*kki*ﬂktttt*i*t***kkkk*k
F4A8| ;
F4A8| FFDY TIMLATCH -EQU ZFFD9
F4A8| FFD8 TIMERI1L .EQU ZFFD8
F4A8| FFD9 TIMER1H -EQU ZFFD9
F4A8| C@66 JOYRDY .EQU 2CT66
F4A8| ;
F4A8| F4A8 ANALOG -EQU * ; CARRY SHOULD BE SET!
F4A8| 8D DIFF STA TIMLATCH ; START THE TIMER!
F4AB| AD EFFF ANLOG1 1bAa INTERUPT
F4AE| 2D 66C@ AND JOYRDY ; WAIT FOR ONE OR THE OTHER TO GO LOW
F4B1| 309F8 BMI ANLOG1
F4B3| AD 66C2 LDA JOYRDY ; WAS IT REALLY THE JOPYSTICK?
F4B6| 3922C BMI GOODTIME ; NOPE, WHAT TIME IS IT?
F4B8| 18 CLC ; TIME'S A SLIP SLIDIN AWAY
F4B9| AD D9FF LDA TIMER1H ; NOW, WHAT TIME IS IT?
F4BC| AC DS8FF LDY TIMERLL
F4BF| 1223 BPL GOODTIME ; TIME WAS VALID!
F4C1| AD DYFF LDA TIMER1H ; HI BYTE CHANGED
F4C4| 62 GOODTIME RTS
F4C5|
F4Cs| .END
SYMBOL TABLE DUMP
AB - Absolute LB - Label UD - Undefined MC - Macro
RF - Ref DF - Def PR - Proc FC - Func
PB - Public PV - Private CS - Consts
ALDONE1l LB F@EB | ALLDONE LB FZ2E3 | ALLOFF LB F118 | ANALOG LB F4A8 | ANLOG1 LB F4AB |
BITSLIPM LB F3Cg | BLOCKIO LB F479 | BUF AB @@9B | CHKDRV LB F12B | CHKDRV1 LB F12D |
CHKINT LB F1AA | CKDRTS LB F13D | CKSUM AB ¢@96 | CLRPHASE LB F44A | CONWAIT LB F@54 |
CORRECTV LB F@C4 | COUNT AB 2295 | CSSTV AB @297 | CSUM AB 2¢89 | CSUM1 AB 2297 |
CURTRK AB @2@8C | DISKIO PR ---- | DNIBL LB F32@ | DRIVSEL 1B F@35 | DRVI1EN AB C@8B |
DRVERR LB FZE8 | DRVINDX LB F13E | DRVOEN AB C@Z8A | DRVOTRK AB @2@85 | DRVWAIT LB F@4l |
DVMOT AB @ZEZ | ENVIRON AB FFDF | ENVIEMP AB @99F | GOCAL LB F@A7 | GOCAL1 LB F2RA6 |
GOODTIME LB F4C4 | GOSEEK LB F115 | GOSERV LB F1B4 | HNDLERR LB F2EA | HRDERRS AB 2282 |
IBBUFP AB @285 | IBCMD AB 2287 | IBDERR AB 2282 | IBDRVN AB 2982 | IBNODRV AB 22892 |
IBRERR AB @@83 | IBSECT AB @984 | IBSLOT AB @281 | IBSMOD AB @@89 | IBSTAT AB 2288 |
IBTRK AB 2283 | IBWPER AB 92281 | IMASK AB ¢2@8B | INTERUPT AB FFEF | IOBPDN AB 2@28A |
JOYRDY AB C@66 | LAST AB 92295 | MAXTST LB F425 | MINTST 1B F41F | MONTIMEH AB @@9A |
MONTIMEL AB @299 | MOTOF LB F@g52 | MOTOROFF AB C@88 | MOTORON AB C@Z89 | MsWl LB F458 |
MSW2 1B F461 | MSWAIT LB F456 | MYSEEK LB F124 | NBUF1 AB 2299 | NBUF2 AB @392 |
NIBL LB F355 | NODRIVER LB F@64 | NOWRITE LB F2A3 | NXOFF LB F11A | OFFTABLE LB F479 |
OK LB F@48 | ONEMEG AB 2282 | ONTABLE LB F467 | OUT LB F41B | PHASECFF AB Cg282 |
PHASEON AB C@81 | PHASON AB C@81 | PHSOFF AB C28¢ | PNIBL1 LB F314 | PNIBL2 LB F323 |
POST1 LB F336 | POST2 LB F338 | POSTERR LB F34C | POSTNIB1 LB F3@F | PRENIB1 LB F2C8 |
PRENIB16 LB F2C4 | PRENIB2 LB F2ES5 | PRENIB3 LB F2E2 | PRENIB4 1B F2F6 | PRIOR AB 229D |
Q6H AB C@8D | Q6L AB C@8C | Q7H AB C@Z8F | Q7L AB C@8E | QUIT LB F49D |
RD1 LB F14D | RD2 LB F157 | RD3 LB F163 | RD4 LB F16E [ RDS LB F18d |
RDSA LB F181 | RDé6 LB F195 | RDAl LB F1C4 | RDA2 LB F1CE | RDA3 LB F1D9
RDA4 LB F1E7 | RDAS LB F1EF | RDAS6 LB F2¢1 | RDA7 LB F29B | RDADR16 LB F1B9 |
RDAFLD LB F1ES | RDASN1 LB F1C9 | RDASYN LB F1BD | RDCKSUM LB FlA® | RDERR LB F1B7 |
RDEXIT LB F214 | RDRIGHT LB F@AC | READ1é6 LB F148 | REGRWTS LB F@2@ | RETRYCNT AB 2293 |
RSYNC LB F14A | RSYNC1 LB F152 | RTTRK 1B F@C® | SECT AB 2298 | SECTABL LB F4AQ |
SEEK LB F49@2 | SEEK1 LB F1@5 | SEEK2 LB F49A | SEEKCNT AB @294 | SEEKEND LB F444 |
SEEKRTS LB F455 | SERVICE LB F2AA | SETIMEG LB F34C | SETPHASE LB F448 | SETTRK LB F125 |
SEV LB F354 | STEP LB F429% | STEP2 LB F42B | TEMP AB 9297 | TIMER1H AB FFD9 |
TIMER1L AB FFD8 | TIMLATCH AB FFD9 | TRACK AB @299 | TRKCNT AB 2295 | TRKN AB @@9E |
TRKN1 AB @299 { TRKSEC LB F47E | TRYADR LB F@83 | TRYADR2 LB F@8A | TRYTRK LB F269
TRYTRK2 1B F@7F | TWOMEG AB @@7F | VOLUME AB @@9A | VRYFRST LB F253 | WDATA2 LB F26E |
WDATA3 LB F27E | WEXIT LB F215 | WINTRPT LB F24B | WMIDLE LB F267 | WNIBL LB F2BD |
WNIBL7 LB F2BB | WNIBLY LB F2BA | WNTRPT1 LB F264 | WRBITSLM LB F297 | WRCKSUM LB F292
WRIT LB F@F9 | WRIT1 1B F22¢ | WRITEl6é LB F216 | WRTFRST LB F255 | WSYNC LB F22D |
Assembly complete: 1276 lines
2 Errors flagged on this Assembly
6502 OPCODE STATIC FREQUENCIES
ADC 1 m
ok kok ok ok ok
L AND 8 | J
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BRK BVS

Unused opcodes:

ASL : 3 | xx
BCC : 12 | *ok okok ok ok ok ok

BCS : 7 | ok ok ok ok k

BEQ : 8 | Kk khkkkk

BIT : 3 | xx

BMI : 19 | Ak Ak kk kK

BNE : 38 | AKKRKK KK KA KR KA KA KA KK RR AR AR AR Ak kk &k
BPL : 28 | hhkkhkkkkkkkkkkkkkkk k& kkkk

BVC : 1l m

CLC : 9 | Xk ok ok ok ok k

CLI : 2t x

CLV : 1 m

CMP 14 ¢ AARRAK KA AR kX

CPX : 1 m

CPY : 4 | khx

DEC : 5 | XKk k

DEX : 2

DEY : 13 | Kok ok dokokkokokkok

EOR : 8 | Ak khok ok k

INC : i | AR AkN KA Kk

INX : 2

INY : 12 | Kok ok ok ko k ok ok ok k

JMP : A

JSR : 39 | KRR KKARRKKKKARK KKK KA RR KR KR Rk k&
LDA : BE M HAKAAR AR ARAR KA R AR KRR AR AN KA KR AR AR KA KK AR AR KA R A AR AR Kk KA KRR KKK AR AR KR KA KKK KA X Kk
LDX : 12 t hkkkkkkkkk

LDY : 18 | AKAKKAKAKKKRAAR

LSR : 9 | *hk ok ok kKX

NOP : 13 ] Rkkkkkkkkkk

ORA : 9 | ARkrkxk

PHA : 19 | *ok ok ok ok ok ok

PHP : 4 | kkx

PLA : 11 | ARkhk Kk kkk

PLP : 3 * %

ROL : 7 | * ok Kk kX

ROR : 6 | *ok ok kK

RTS : 16 | Ak khk Rk Kk kkkk &k

SBC : N

SEC : 9 | Kok ok ok Ak k

SEI : 1 m

STA : 42 | KRKAKARRKKKKKKAKKKKKK KK KR KK KK KK KKKk kX
STX : 1 m

STY : 3 ) * %

TAX : 5 | *k ok ok

TAY : 3 *x

TXA : 1 m

TYA : 4 | * Kk

Minimum frequency = 1

Maximum frequency = 86

Average frequency = 12

CLD RTI SED TSX TXS

Program opcode usage: 87 %

(1.99) That's all,

Folks ...
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o203 | ;ddddddddddddddddddddddddddddddddddddddddddddddddddbide
2000 | ;& APPLE /// ROM - DIAGNOSTIC ROUTINES

2023 | ;&% COPYRIGHT 1979 BY APPLE COMPUTER

2020 | ;i“i"id‘iiiidi‘666‘(iiiidiiididiid“id‘(i‘ddi‘i“d“i
2003 |

2203 | .ABSOLUTE

2223 | .PROC  SARATESTS

2203 |

@@@z' '-*******ﬂiﬂtt***ﬂ********k***k*t*k*ktk******'k**k*******************kt
222D | :

2003 | ; SARA DIAGNOSTIC TEST ROUTINES

2003 | : W’?' l

2000 | ; DECEMBER 18,1979

2000 : BY —_—

2003 | ; W. BROEDNER & R. LASHLEY

2223 | ;

2003 | ; COPYRIGHT 1979 BY APPLE COMPUTER, INC.

gggg: :*!k***ktttt*kit***t**i*i***i**ii****i*i*kktitk*li*ittti*ii****txtx**
2200 |

2003| 2001 ROM .EQU 21

2000| P00 ZRPG .EQU 20

2000| 0018 ZRPG1 .EQU 12

2000 2218 PTRLO .EQU ZRPG1+@8

2003| 2219 PTRHI .EQU ZRPG1+@9

2000 GF1A BNK .EQU ZRPG1+@A

o003| 2287 IBCMD .EQU 87

20R3| 2285 IBBUFP .EQU 85

2003| 2291 PREVTRK .EQU 91 4 .
2000| F419 BLOCKIO .EQU oF4T9 J,ne 0@
2003| 225D cv LEQU 5D 0€ nl
2008| POFF STK® .EQU ZFF Y ﬁﬂ
2000| 1419 IBNK _EQU  14@@+PTRHI A/d‘

2000 1812 PHPR .EQU 180@+ZRPG1 e (&
2008| COTD KYBD .EQU 2Ce00 , G [ wn
2000 CoB8 KEYBD .EQU 2Coe8 TJ"
0002| CO1P KBDSTRB .EQU oce1e

2003| Co58 PDLEN .EQU 2c@58

2000 CE41 ADRS .EQU 2c@47

Poee| CO5O GRMD .EQU 2Cess

2o3| C251 TXTMD .EQU 2c@51 Lﬁ,

2008| C266 ADTO .EQU 2CB66

2003| C2DY DISKOFF .EQU 2CcoDe

@2ed| CZF1 ACIAST .EQU 2CoF1 ‘ /8
2000| COF2 ACIACM .EQU @COF2 ‘

@00@| COF3 ACIACN .EQU PCoF 3 lp/

2003| Clow SLT1 .EQU 2c189

0200| C200 SLT2 .EQU o200 r 7y
2000| C300 SLT3 .EQU 2C300 w

o238| CADD SLT4 .EQU 2C400 V"’f 3]
@00%| CFFF EXPROM .EQU  @CFFF ea w
202%| FFD@ ZPREG -EQU FFDY © “v -
@203 FFDF SYSD1 .EQU @FFDF ‘\1‘ l"
22@3| FFD2 SYSD2 .EQU @FFD2 W

29@3| FFD3 SYSD3 .EQU @FFD3 38
220Q| FFEQ® SYSE® .EQU @FFEQ le” 5@
P0@@| FFEF BNKSW -EQU @FFEF N l‘i
@033 FFE2 SYSE2 .EQU PFFE2

@@@3| FFE3 SYSE3 .EQU @FFE3 ﬂ'{V)
P@ea| FC25 CouT .EQU @FC25 i
@ee0| FDZ7 CROUT1 .EQU 2FDE7 A

2003| FDOF KEYIN .EQU 2FDEF

2003| FBCT SETCVH .EQU @FBC7

2200| FDI8 CLDSTRT .EQU 2FD98

¢oed| FDOD SETUP \EQU @FD9D

2eor| FIgl MONITOR .EQU 2F 921

2000 ;

2003 | .ORG @r4cs

FACS| 22 Bl B2 BA B9 10 @@ RAMTBL .BYTE  @@,2B1,2B2,2BA,2B9,18,0%,13

F4CC| 13

FACD| FACD CHPG .EQU *

F4CD| 52 41 .ASCII “RA"

FACF| CD .BYTE  @CD ;M

F4D@| 52 4F .ASCII "RO"

F4D2| CD .BYTE  @CD ;M

FAD3| 56 49 LASCII  “VI®

F4D5| C1 .BYTE gcC1 ;A

F4D6| 41 43 49 .ASCII "“ACI"

FaDps! C1 .BYTE  @cCl ; A

F4DA| 41 2F .ASCII “A/"

F4DC| C4 .BYTE  @C4 ;D

FADD| 44 49 41 47 4E 4F 53 .ASCII “DIAGNOSTI"

F4E4| 54 49

F4E6| C3 .BYTE  @C3 ; C

F4E7| SA LASCII “z"

F4E8| D@ _BYTE D@ ; P

F4E9| 52 45 54 52 .ASCII "“RETR"

F4ED| D9 .BYTE  2D9 Py

F4EE | ;

(F4EE| ; SETUP SYSTEM
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F4EE| H

F4EE| H

F4EE| A9 53 LDA #52+ROM ; TURN OFF SCREEN, SET 2MHZ SPEED
F4F@| 8D DFFF STA SYsSD1 ; AND RUN OFF ROM

F4F3| A2 09 LDX 20 ; SET BANK SWITCH TO ZERO
F4F5| 8E E@FF STX SYSE®@

F4F8| 8E EFFF STX BNKSW

F4FB| 8E D@FF STX 2PREG ; AND SET ZERO PAGE SAME
FAFE| CA DEX

F4FF| 8E D2FF STX SYSD2 ; PROGRAM DDR'S

F5@2| 8E D3FF STX SYSD3

F585| 9A TXS

F526| E8 INX

F527| A9 @F LDA #oF

F5@9| 8D E3FF STA SYSE3

F52C| A9 3F LDA #3F

FS@E| 8D E2FF STA SYSE2

F511| Ag@ 2E LDY #0E

F513| B9 D@C@ DISK1 LDA DISKCFF, Y

F516| 88 DEY

F517| 88 DEY

F518| 1@F9 BPL DISK1

F51A| AD @28Cg LDA KEYBD

F51D| 29 24 AND #24

F51F| D@@3 BNE NXBYT

F521| 4C 86F6 JMP RECON

F524| H

F524| ; VERIFY ZERO PAGE

F524| ;

F524| A9 @1 NXBYT LDA #21 ; ROTATE A 1 THROUGH
F526| 95 292 NXBIT STA ZRPG, X ; EACH BIT IN THE & PG
F528| D5 22 CMP ZRPG, X ; TO COMPLETELY TEST
F52A| D@FE NOGOOD BNE NOGOOD ; THE PAGE. HANG IF NOGOOD.
F52C| @A ASL A ; TRY NEXT BIT OF BYTE
F52D| D@F7 BNE NXBIT ; UNTIL BYTE IS ZERO.
FS52F| E8 INX ; CONTINUE UNTIL PAGE
F532| D@F2 BNE NXBYT ; IS DONE.

F532( 8A CNTWR TXA ; PUSH A DIFFERENT

F533| 48 PHA ; BYTE ONTO THE

F534| E8 INX ; STACK UNTIL ALL

F535| D@FB BNE CNTWR ; STCK BYTES ARE FULL.
F537| CA DEX ; THEN PULL THEM

F538| 86 18 STX PTRLO ; OFF AND COMPARE TO
F53A| 68 PULBT PLA ; THE COUNTER GOING

F53B| C5 18 CMP PTRLO ; BACKWARDS. HANG IF
F53D| DZEB BNE NOGOOD ; THEY DON'T AGREE.

FS53F| C6 18 DEC PTRLO ; GET NEXT COUNTER BYTE
F541| D@F7 BNE PULBT ; CONTINUE UNTIL STACK
F543] 68 PLA ; IS DONE. TEST LAST BYTE
F544| DZE4 BNE NOGOOD ; AGAINST ZERO.

F546| ;

F546| ; SIZE IN MEMORY

F546| :

F546| A2 28 LDX #28 ; ZERO THE BYTES USED TO DISPLAY
F548| 95 1@ NOMEM STA ZRPG1, X ; THE BAD RAM LOCATIONS
F54A( CA DEX ; EACH BYTE= A CAS LINE
F54B| 1@FB BPL NOMEM ; ON THE SARA BOARD.
F54D| A2 @2 LDX #22 ; STARTING AT PAGE 2
F54F| 86 19 NMEM1 STX PTRHI ; TEST THE LAST BYTE
F551| A% 22 LDA {20 ; IN EACH MEM PAGE TO
FS553| A2 FF LDY $oFF ; SEE IF THE CHIPS ARE
FS555| 91 18 STA (PTRLO) , Y ; THERE.. (AVOID @ & STK PAGES)
F557| D1 18 CMP (PTRLO), Y ; CAN THE BYTE BE 0'D?
F559| Fo@7 BEQ NMEM2

FSSB| 2@ 48F7 JSR RAM ; NO, FIND WHICH CAS IT IS.
FSSE| 94 192 STY ZRPG1, X ; SET CORRES. BYTE TO $FF
F562f A6 19 LDX PTRHI ; RESTORE X REGISTER
F562| E8 NMEM2 INX ; AND INCREMENT TO NEXT
F563| E@ C@ CPX #oco ; PAGE UNTIL I/0 IS REACHED.
F565| DO@ES BNE NMEM1

F567| A2 292 LDX #20 ; THEN RESET TO PAGE 2¢
F569| EE EFFF INC BNKSW ; AND GOTO NEXT BANK TO
F56C| AD EFFF LDA BNKSW ; CONTINUE. (MASK INPUTS
F56F| 29 @F AND #oF ; FROM BANKSWITCH TO SEE
F5711 C9 @3 CMP $23 ; WHAT SWITCH IS SET TO)
F573| D@DA BNE NMEM1 ; CONTINUE UNTIL BANK '3*
F575} ;

F575| ; SETUP SCREEN

F575]| H

F575| 22 9DFD ERRLP JSR SETUP ; CALL SCRN SETUP ROUTINE
F578| A2 22 LDX #20 ; SETUP I/O AGAIN

F57A| 8E E@FF STX SYSE® ; FOR VIA TEST

FS57D| CA DEX ; PROGRAM DATA DIR

FSTE| 8E D2FF STX SYsD2 ; REGISTERS

F581|1 8E D3FF STX SYSD3

F584] A9 3F LDA #3F

F586) 8D E2FF STA SYSE2

F589] A9 @F Lpa #OF

F58B| 8D E3FF STA SYSE3

\FSBEI A2 19 LDX 12 ; HEADING OF 'DIAGNOSTICS' WITH y
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F592| 20 38F7 JSR STRWT ; THIS SUBROUTINE
F593| A2 2@ ERRLP1 LDX 400 ; PRINT 'RAM'
F595| 86 SD STX cv ; SET CURSOR TO 2ND LINE
F597( A9 24 LDA $04 ; SPACE CURSOR OUT 3
F599) 2¢ C7FB JSR SETCVH ; (X STILL=@ ON RETURN)
F59C| 2@ 38F7 JSR STRWT ; THE SAME SUBROUTINE
F59F| A2 @7 LDX 27 ; FOR BYTES 7 — @ IN
F5A1| F5A1 RAMWT1 .EQU
F5Al1| B5 12 LDA ZRPG1, X ; OUT EACH BIT AS A
F5A3| AQ 28 LDY #28 s ' " OR '1' FOR INDICATE BAD OR MISSING RAM
FS5AS| ©A RAMWT2 ASL A ; CHIPS SUBROUTINE 'RAM’ RAM
FS5A6| 48 PHA ; SETS UP THESE BYTES
F5A7| A9 AE LDA #OAE ; LOAD A '.' TO ACC.
FS5A9| 9292 BCC RAMWT4
FSAB| A9 31 LDA #31 ; LOAD A '1' TO ACC.
FSAD| 2@ 25FC RAMWT4 JSR couT ; AND PRINT IT
F5B@| €8 PLA ; RESTORE BYTE
FSB1| 88 DEY ; AND ROTATE ALL 8
F5B2| D@gF1 BNE RAMWT2 ; TIMES
F5B4| 22 @7FD JSR CROUT1 ; CLEAR TO END OF LINE.
FSB7| CA DEX
F5B8| 12E7 BPL RAMWT1
FSBA| ;
F5BA| ; ZPG & STK TEST
F5BA| ;
FSBA| 9A TXS
F5BB| 8C EFFF STY BNKsSW
FS5BE| 98 ZP1 TYA
F5BF| 8D D@FF STA ZPREG
F5C2| 85 FF STA STK@
F5C4| C8 INY
F5CS5| 98 TYA
F5C6| 48 PHA
F5C7| 68 PLA
F5C8} C8 INY
F5C9| C@ 22 CPY #20
F5CB| D@F1 BNE ZP1
FS5CD| A@ 22 LDY #00
F5CF| 8C D@FF STY ZPREG
F5D2| 86 18 STX PTRLO
F5D4| E8 ZP2 INX
FSDS5| 86 19 STX PTRHI
F5D7| 8A TXA
F5D8| D1 18 CMP (PTRLO) , Y
F5DA| D@@6 BNE ZP3
F5DC| E@ 1F CPX #1F
FSDE| D@F4 BNE ZP2
FSE@| F@@5 BEQ ROMTST
F5E2| FSE2 2P3 -EQU * ; CHIP IS THERE, BAD ZERO AND STACK
F5E2| A2 1A LDX #1A ; SO PRINT 'ZP' MESSAGE
F5E4| 2@ 7BF7 JSR MESSERR ; & SET FLAG (2MHZ MODE)
F5E7| H
FS5E7| ; ROM TEST ROUTINE
FSE7| H
FS5E7| A9 22 ROMTST LDA #00 ; SET POCINTERS TO
F5E9| A8 TAY : $Foog
FS5EA| A2 F@ LDX #OFo
F5EC| 85 18 STA PTRLO
FSEE| 86 19 STX PTRHI ; SET X TO $FF
FS5F@| A2 FF LDX #OFF ; FOR WINDOWING I/0
F5F2| 51 18 ROMTST1 EOR (PTRLO), Y ; COMPUTE CHKSUM ON
F5F4| E4 19 CPX PTRHI ; EACH ROM BYTE,
F5F6| D@@6 BNE ROMTST2 ; WINDOW OUT
F5F8| C& BF CPY #2BF ; RANGES FFC@-FFEF
FSFA| D@@2 BNE ROMTST2
FSFC| A@ EF LDY #PEF
FSFE| C8 ROMTST2 INY
FSFF| D@F1 BNE ROMTST1
Fegl| E6 19 INC PTRHI
F623| D@ED BNE ROMTST1
F625| A8 TAY ; TEST ACC. FOR @
Fé26| F@@5 BEQ VIATST ; YES, NEXT TEST
F6@8| A2 23 LDX #23 ; PRINT 'ROM' AND
F6@A| 2@ TBF7 JSR MESSERR ; SET ERROR
F62D| :
F62D| ; VIA TEST ROUTINE
FéaD| H
Fé@D| 18 VIATST CLC ; SET UP FOR ADDING BYTES
F6QE| D8 CLD
F62F| AD E@FF LDA SYSE® ; MASK OFF INPUT BITS
F612] 29 3F AND #3F ; AND STORE BYTE IN
F614] 85 18 STA PTRLO ; TEMPOR. LOCATION
F6l16| AD EFFF LDA BNKSW ; MASK OFF INPUT BITS
F619) 29 4F AND #4F ; AND ADD TO STORED
F61B! 65 18 ADC PTRLO ; BYTE IN TEMP. LOC.
F61D}| 6D D@FF ADC ZPREG ; ADD REMAINING
F620| 85 18 STA PTRLO ; REGISTERS OF THE
F622| AD DFFF LDA SYSD1 ; VIA'S
F625| 29 SF AND #5F ; (MASK THIS ONE)
\F‘627| 65 18 ADC PTRLO ; AND TEST y
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F629| 6D D2FF ADC SYSD2 ; TO SEE

F62C| 6D D3FF ADC SYSD3 ; IF THEY AGREE

F62F| 6D E2FF ADC SYSE2 ; WITH THE RESET

F632| 6D E3FF ADC SYSE3 : CONDITION.

F635| C9 El CMP #PEZ+ROM : =El1?

F637| F2@5 BEQ ACIA ; YES, NEXT TEST

F639| A2 26 LDX #26 ; NO, PRINT 'VIA' MESS
F63B| 2@ 7BF7 JSR MESSERR ; AND SET ERROR FLAG
F63E| H

F63E| ; ACIA TEST

F63E| ;

F63E| 18 ACIA CLC ; SET UP FOR ADDITION
F63F| A9 9F LDA #9F ; MASK INPUT BITS

Fé641| 2D F1C@ AND ACIAST ; FROM STATUS REG

F644| 6D F2C@ ADC ACIACM ; AND ADD DEFAULT STATES
F647| 6D F3Cg@ ADC ACIACN ; OIF CONTROL AND COMMAND
F64A| C9 192 CMP #19 ; REGS. =1@?

F64C| F2a5 BEQ ATD ; YES, NEXT TEST

F64E| A2 29 LDX #29 ; NO, 'ACIA' MESSAGE AND
F650| 2@ 7BF7 JSR MESSERR ; THEN SET ERROR FLAG
F653) ;

Fé6531 ; A/D TEST ROUTINE

F653] ;

F653| A9 Co2 ATD LDA #2Co

F655| 8D DCFF STA PFFDC

F658| AD 5AC@ LDA PDLEN+2

F65B| AD SEC® LDA PDLEN+6

F65E| AD 5CC@ LDA PDLEN+4

Fé661| AQ 29 LDY #20

F663| 88 ADCTST1 DEY ; WAIT FOR 4@ USEC
F664| D@FD BNE ADCTST1

F666| AD 5DC@ LDA PDLEN+5 ; SET A/D RAMP

F669| C8 ADCTST3 INY ; COUNT FOR CONVERSION
F66A| FOBA BEQ ADCERR

F66C| AD 66C@ LDA ADTO ; IF BIT 7=1?

F66F| 30F8 BMI ADCTST3 ; YES, CONTINUE

F671| 98 TYA ; NO, MOVE COUNT TO ACC
F672| 29 E2 AND #QEQ ; ACC<32

F674| F2@5 BEQ KEYPLUG

F676| F676 ADCERR .EQU * ; NO,

Fé76| A2 @D LDX #@D ; PRINT ‘'A/D' MESS
Fé678| 2@ 7BF7 JSR MESSERR ; AND SET ERROR FLAG
F67B| ;

F67B| ; KEYBOARD PLUGIN TEST

F67B| ;

F67B| AD @8Cg@ KEYPLUG LDA KEYBD ; IS KYBD PLUGGED IN?
F67E| @A ASL A ; (IS LIGHT CURRENT
F67F| 1241 BPL SEX ; PRESENT?) NO, BRANCH
Fé681| AD DFFF LDA SYSD1 ; IS ERROR FLAG SET?
F684| 393C BMI SEX ; ERROR HANG

Fé686| ;

F686| ; RECONFIGURE THE SYSTEM

F686| H

Fée86| A9 77 RECON LDA #77 ; TURN ON SCREEN

F688| 8D DFFF STA SYsSD1

F68B| 2@ 98FD JSR CLDSTRT ; INITIALIZE MONITOR AND DEFAULT CHARACTER SET
F68E| 2C 12C@ BIT KBDSTRB ; CLEAR KEYBOARD

F691]! AD FFCF LDA EXPROM ; DISABLE ALL SLOTS
F694( AD 22Cg@ LDA 2Co22

F697| A9 192 LDA #12 ; TEST FOR "“APPLE 1"
F699| 2D @8C® AND KEYBD

F69C| D@@3 BNE BOOT ; NO, DO REGULAR BOOT
F69E| 2@ 21F9 JSR MONITOR ; AND NEVER COME BACK
F6Al| A2 21 BOOT LDX #21 ; READ BLOCK &

F6A3| 86 87 STX IBCMD

F6A5| CA DEX

F6A6| 86 85 STX IBBUFP ; INTO RAM AT $AQQ2%
F6A8]| A9 AQ LDA $2n2

F6AA| 85 86 STA IBBUFP+1

F6AC| 4A LSR A ; FOR TRACK 89

F6AD| 85 91 STA PREVTRK ; MAKE IT RECALIBRATE TOO!
F6AF| 8A TXA

FéBO| 2@ 79F4 JSR BLOCKIO

F6B3| 922A BCC GOBOOT ; IF WE'VE SUCCEEDED. DO IT UP
F6BS5| A2 1C LDX #1C

F6B7| 2@ 38F7 JSR STRWT ; 'RETRY'

F6BA| 2¢ @FFD JSR KEYIN

F6BD| B@E2 BCS BOOT

F6BF| 4C 2oAQ GOBOOT JMP [N ] ; GO TO IT FOOL...
FeC2| ;

FeéeC2| ; SYSTEM EXCERCISER

Fé6C2| H

F6C2| Ag F SEX LDY #7F ; TRY FROM

Feca| 98 SEX1 TYA ; $7TF TO @

F6CS5| 29 FE AND #OFE ; ADD.=

F6C7] 49 4E EOR #4E ; $4E OR $4F

Fe6C9| F@@3 BEQ SEX2 ; YES, SKP

F6CB| BYS 22C@ LDA KYBD, Y ; NO, CONT

F6CE| 88 SEX2 DEY ; NEXT ADD

\FGCFI D@F 3 BNE SEX1 )
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Fé6D1| AD 51C@ LDA TXTMD ; SET TXT
FéD4| B9 22Cl SEX3 LDA SLT1,Y ; EXCERCISE
F6D7| B9 @@C2 LDA SLT2,Y ; ALL
F6DA| B9 22C3 LDA SLT3,Y ; SLOTS
FéDD| BY 2@C4 LDA SLT4,Y
F6E@| AD FFCF LDA EXPROM ; DISABLE EXPANSION ROM AREA
F6E3| C8 INY
F6E4| D@EE BNE SEX3
F6E6 | ;
F6E6| ; RAM TEST ROUTINE
F6E6| H
F6E6| A9 73 USRENTRY LDA #72+ROM
F6E8| 8D DFFF STA SYsSD1
F6EB| A9 18 LDA #18
F6ED| 8D D@FF STA ZPREG
Férg| A9 22 LDA $02
Fé6Fr2| A2 27 LDX #27
Fér4| 95 1@ RAMTST2 STA ZRPG1, X
Fé6F6| CA DEX
F6F7| 12FB BPL RAMTST@
F6F9| 2@ 84F7 JSR RAMSET
F6FC| 28 PHP
F6FD| 2@ F6F7 RAMTSTI1 JSR RAMWT
F12@| 20 F6F7 JSR RAMWT
F723) 28 PLP
F724| 6A ROR A
F725| 28 PHP
F106| 2¢ AlF7 JSR PTRINC
F729| D@F2 BNE RAMTST1
F72B| 2@ 84F7 JSR RAMSET
FI2E| 28 PHP
FI1QF| 2@ FAF7 RAMTST4 JSR RAMRD
F712| 48 PHA
F713| A9 292 LDA #00
F715| 91 18 STA (PTRLO) , Y
F717| 68 PLA
F7181 28 PLP
F719| 6A ROR A
F71A| @8 PHP
F71B| 22 AlF7 JSR PTRINC
F71E| DZEF BNE RAMTST4
F722| ;
F729| ; RETURN TO START
F720} ;
F7221 A9 20 LDA $292
F722| 8D EFFF STA BNKSW
F725| 8D D@FF STA ZPREG
F728| A2 27 LDX #27
F72A) BD 1218 RAMTST6 LDA PHPR, X
F72Dy 95 12 STA ZRPG1, X
FI2F| CA DEX
F732| 10r8 BPL RAMTST6
F732| 2@ 7EF7 JSR ERROR
F735] 4C 75F5 JMP ERRLP
F738| ;
F738| '-********t**tk***ik************
F738} ; SARA TEST SUBROUTINES
F"38| '-*k'k'k****kk********************
F738} ;
F738| BD CDF4 STRWT LDA CHPG, X
F73B| 48 PHA
F73C| 29 82 ORA #8g ; NORMAL VIDEO
F73El 2@ 25FC JSR CouT ; & PRINT
F741| E8 INX ; NXT
F742| 68 PLA ; CHR
F743| 1@F3 BPL STRWT
F745| 4C @7FD JMP CROUT1 ; CLR TO END OF LINE
F748| H
F748] ; SUBROUTINE RAM
F748| ;
F748| 48 RAM PHA ; SV ACC
F749] 8A TXA ; CONVRT
F74A| 4A LSR A ; ADD TO
F74B| 4A LSR A ; USE FOR
F74C| 4A LSR A ; 8 ENTRY
F74D| 4A LSR A
F74E| 28 PHP
F74F| 4A LSR A
F750| 28 PLP
F7511 AA TAX ; LOOKUP
F752| BD CSF4 LDA RAMTBL, X ; IF VAL
F7155] 1214 BPL RAM@ ; <@, GET
F757| 48 PHA ; WHICH
F758| AD EFFF LDA BNKSW
F75B| 29 @F AND #oF
F75D| AA TAX
F75E| 68 PLA
F75F| E2 20 CPX #20
F761| F@13 BEQ RAM1 ; BANK?
\F763| 4A LSR A ; SET Y,
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F764| 4A LSR A ; PROPER
F765| 4A LSR A ; RAM
F766}{ CA DEX ; VAL
F767| De@D BNE RAM1
F769} 29 @5 AND #25 ; CONVERT
F76B} D@9 RAM@ BNE RAM1 ; TO VAL
F76D| 8A TXA
F76E| Fo@2 BEQ RAM@@
F772} A9 23 LDA #23
F772| 9%@@2 RAMZZ BCC RAM1
F774] 49 @3 EOR #23
F776} 29 @7 RAM1 AND 427 ; BANKSW
F778| AA TAX
F779) 68 PLA
F77A] 6@ RTS
F77B} ;
F77B| ; SUBROUTINE ERROR
F77B| ;
F77B| 2@ 38F7 MESSERR JSR STRWT ; PRINT MESSAGE FIRST
F77E| A9 F3 ERROR LDA $2F2+ROM ; SET 1
F789| 8D DFFF STA SYSD1 ; MHZ MO
F783| 62 RTS
F784| ;
F784| ; SUBROUTINE RAMSET
F784| ;
F784| A2 21 RAMSET LDX #21
F786| 86 1A STX BNK
F788| AQ 20 LDY #20
F78A| A9 AA LDA #2AA
F78C| 38 SEC
F78D| 48 RAMSET1 PHA
F78E| 28 PHP
F78F| AS 1A LDA BNK
F791| 29 8¢ ORA #80
F793| 8D 1914 STA IBNK
F796| A9 @2 LDA #a2
F798| 85 19 STA PTRHI
F79A| A2 20 LDX #0002
F79C| 86 18 STX PTRLO
F79E| 28 PLP
F79F| 68 PLA
FIAQ| 62 RTS
FIAl| H
F7al} ; SUBROUTINE PTRINC
F7Al| H
F7Al| 48 PTRINC PHA
F7A2| Eé6 18 INC PTRLO
F7A4| D@1D BNE RETS
F7A6| AS 1A LDA BNK
FIA8| 10@E BPL PINC1
F7AA| A5 19 LDA PTRHI
F7AC| C9 13 CMP #13
FIAE| F@@6 BEQ PINC2
F7Bg| C9 17 CMP #17
F7B2| D@@4 BNE PINC1
F7B4| E6 19 INC PTRHI
F7B6| E6 19 PINC2 INC PTRHI
F7B8} E6 19 PINC1 INC PTRHI
F71BA| D@@7 BNE RETS
F7BC| C6 1A DEC BNK
FTIBE| C6 1A DEC BNK
F7Cg| 2@ 8DF7 JSR RAMSET1
F7C3| 68 RETS PLA
F7C4| A6 1A LDX BNK
F7C6} E@ FD CPX #2FD
F7C8| 62 RTS
F7C9| H
F7C9| ; SUBROUTINE RAMERR
F7C9) ;
F7C9| 48 RAMERR PHA
F7CA| A6 19 LDX PTRHI
F7CC| A4 1A LDY BNK
FICE| 3219 BMI RAMERR4
F7DZ| 8A TXA
F7D1| 3@1D BMI RAMERRS
F7D3| 18 CLC
F7D4| 69 20 ADC #20
F7D6| 8C EFFF RAMERR2 STY BNKSW
F7D9| AA TAX
F7DA| 22 48F7 RAMERR3 JSR RAM
F7DD| 68 PLA
FIDE| 48 PHA
FIDF| AQ 22 LDY 100
F7E1| 51 18 EOR (PTRLO) , Y
FITE3| 15 1@ ORA ZRPG1, X
F7ES5| 95 1@ STA ZRPG1, X
F7E7| 68 PLA
F7E8| 62 RTS
F7E9| A9 2@ RAMERR4 LDA #20
\F7EB| 8D EFFF STA BNKSW )
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F71EE| F@EA BEQ RAMERR3
FIFrai 38 RAMERRS SEC
F7F1| E9 62 SBC #62
FIF3| C8 INY
F7F4| D@ZE®@ BNE RAMERR2
FIF6| ;

FIF6| ; SUBROUTINE RAMWT

FIF6| H

FIF6| 49 FF RAMWT EOR #OFF
F7F8| 91 18 STA (PTRLO), Y

F7FA| D1 18 RAMRD CMP (PTRLO), Y
F7rC| D@CB BNE RAMERR
FTFE| 6@ RET1 RTS
FTFF|
FIFF| .END
SYMBOL TABLE DUMP
AB - Absolute LB - Label UD - Undefined MC - Macro
RF - Ref DF - Def PR - Proc FC - Func
PB - Public PV - Private CS -~ Consts
ACIA LB F63E | ACIACM AB C@F2 | ACIACN AB C@F3 | ACIAST AB CZF1 | ADCERR LB F676
ADCTST1 LB F663 | ADCTST3 LB F669 | ADRS AB C@47 | ADTO AB Cg66 | ATD LB F653
BLOCKIO AB F479 | BNK AB @Z1A | BNKSW AB FFEF | BOOT LB F6Al | CHPG LB FACD |
CLDSTRT AB FD98 | CNTWR LB F532 | cour AB FC25 | CROUT1 AB FD@7 | CV AB @@5D |
DISK1 LB F513 | DISKOFF AB Cg2D@ | ERRLP IB F575 | ERRLP1 IB F5%93 | ERRCR LB F77E |
EXPROM AB CFFF | GOBOOT LB F6BF | GRMD AB C@59 | IBBUFP AB @285 | IBCMD AB 2287 |
IBNK AB 1419 | KBDSTRB AB C@l@ | KEYBD AB C@@8 | KEYIN AB FD@F | KEYPLUG LB F67B |
KYBD AB C2@@ | MESSERR LB F77B | MONITOR AB F921 | NMEM1 LB F54F | NMEM2 LB F562 |
NOGOOD LB F52A | NOMEM LB F548 | NXBIT LB F526 | NXBYT LB F524 | PDLEN AB C@58
PHPR AB 1812 | PINC1 LB F7B8 | PINC2 LB F7B6 | PREVTRK AB @291 | PTRHI AB 2@19
PTRINC LB F7A1 | PTRLO AB 2@18 | PULBT LB F53A | RAM 1B F748 | RAM® LB F76B |
RAM2Q2 LB F772 | RAM1 LB F776 | RAMERR LB F7C9 | RAMERR2 LB F7D6 | RAMERR3 LB F7DA |
RAMERR4 1B F7E9 | RAMERRS LB F7F2 | RAMRD LB F7FA | RAMSET LB F784 | RAMSET1 LB F78D |
RAMTBL LB FAC5 | RAMTST® LB F6F4 | RAMTST1 LB F6FD | RAMTST4 LB F7@F | RAMTST6 LB F72A |
RAMWT LB F7F6 | RAMWT1 LB F5A1 | RAMWT2 LB F5AS5 | RAMWT4 LB F5AD | RECON LB F686
RET1 LB F7FE | RETS LB F7C3 | ROM AB g@@1 | ROMTST LB F5E7 | ROMTST1 LB F5F2 |
ROMTST2 LB FSFE | SARATEST PR -——— | SETCVH AB FBC7 | SETUP AB FD9D | SEX LB F6C2 |
SEX1 LB F6C4 | SEX2 LB F6CE | SEX3 LB FeD4 | SLT1 AB Clg@ | SLT2 AB C222 |
SLT3 AB C30@ | SLTA4 AB C492 | STK@ AB @ZFF | STRWT LB F738 | SYSD1 AB FFDF |
SYSD2 AB FFD2 | SYSD3 AB FFD3 | SYSEg® AB FFEZ | SYSE2 AB FFE2 | SYSE3 AB FFE3 |
TXTMD AB C@51 | USRENTRY LB F6E6 | VIATST LB F69D | 2P1 LB F5BE | ZP2 LB F5D4 |
ZP3 LB FS5E2 | ZPREG AB FFD® | ZRPG AB 2292 | ZRPG1 AB 221@ |

Assembly complete:
] Errors flagged

545 lines
on this Assembly

652 OPCODE STATIC

FREQUENCIES

ADC
AND
ASL
BCC
BCs
BEQ
BIT
BMI
BNE
BPL
CLC
CLD
CMP
CPX
CPY
DEC

DEY
EOR
INC
INX
INY
JMP

LDA
LDY

ORA
PHA
PHP
PLA
PLP
ROR
RTS
SBC

DEX

LSR

JSR :

LDX :

12
12

|
|
|
|
m
|
m
|
|
|
|
m
|
|
|
|
|
|
|
|
|
|
M
|
|
|
|
|
|
|
|
|
|
m

R’k kkkkkkkk

Kk khkkkkkkk &k

* kK

* kK

*

KK KkRKK KKKk Kk

*

* Kk k ok

Ak kR AK kK Kk kAR Ak kA AR AAKANA ARk Kk
Ak hkkkhkkkk

* k%

*x

kokok ok ok ok ok ok ok ok

*ok ok ok ok

* %

*k ok

dokok ok ok ok ok ok k

Kk kkk

*k kk Kk

* ok ok ok ok k

Ak kkkk

*k ok ok ok ok

* ok ok k

ok kok ok dk ok ok ok ok Rk Rk ok Kk ok ok ok ok ke ko k ok ok ok ok ok ok
AAE AR A KA AR A KR KREENARKAARKA AR AANAKRKN A AR ARARR AR KA AR KA AR A A AR Ak k&
ARkKAKA KA KX KRRKKXXA KK R K KA KK
Kok ko ek ok k ok ok

* kX dok ok ok k%

*kx

Kk KR KK KR XK K

*k ok ok ok Kk

KAAhkAkkkkkkhkk kK

*k ok ok

*k

*hkkkkk

*

J
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SEC : 2 xx

STA 3@ | AAARRAAK AR RKA AN KA KA AR RAANKNR KK Kk

STx H 18 | %k ok e ok e ko ok ok ok ke k ok k%

STY : 4 | kA

TAX : 4 | Kxwx

TAY : 2 | xx

TXA H 6 ‘ deok ok ok ok ok

TXS : 2 | xx

TYA : 4 | kkxx

Minimum frequency
Maximum frequency

o

[
«©

Average frequency
Unused opcodes:
BRK BVC BVS CLI CLV NOP ROL RTI SED SEI TSX

Program opcode usage: 89 %

(1.28) That's all, Folks ...

\_ J/

Page 0101 of 0170 |




Apple Computer Inc. Patent : 4 383 296

ROM - Monitor

David T. Craig

736 Edgewater
Wichita, Kansas 67230

O 0O OO OO OO0 O 0O O 0O 0O 0O 0O O O0oOOoV$UOOou$Ooo0o0
O OO0 OO0 OO0 O 0O O 0O 0O OO o o OoO oo o oo

Page 0102 of 0170 |




Apple Computer Inc. Patent : 4 383 296

(. . )
10/31/89 10:04 HD:Apple ///:ROM - Monitor Page 1
2000 | ;déddddddddddddddddddddddddddddddddddddddddddfddddsdssles
2000 ;€ APPLE /// ROM - MONITOR
2223 | " COPYRIGHT 1979 BY APPLE COMPUTE
2000 | 66i‘ditt‘diiddi“i6‘66dd6‘6‘d6¢¢¢¢¢¢¢¢¢¢¢¢6¢¢¢¢6¢¢¢i¢i
2000 |

2003 | .ABSOLUTE
200%| .PROC  MONITOR
2009| .ORG @FTFE
FIFE| H

FIFE| H

FIFE| 62 RET1 RTS

FIFF| 3F .BYTE @3F
F80@| E9 o1 SBC $21
F8@2| F@FA BEQ RET1
F8g4| E9 21 SBC $21
F8@6| FOF6 BEQ RET1
F808| E9 o1 SBC $21
F82A| F@F2 BEQ RET1
F8@C| E9 @1 SBC #21
F8QE| FZEE BEQ RET1
F8l@| E9 21 SBC #01
F812| F@EA BEQ RET1
F814| E9 21 SBC #21
F816| FZE6 BEQ RET1
F818| E9 21 SBC $21
F81A| F@E2 BEQ RET1
F8lc| E9 21 SBC #21
F81E| F@DE BEQ RET1
F82¢| E9 21 SBC #21
F822| F@DA BEQ RET1
F824| E9 @1 SBC #21
F826| F@D6 BEQ RET1
F828| E9 @1 SBC #21
F82A| F@D2 BEQ RET1
F82C| E9 21 SBC #1001
F82E| FZCE BEQ RET1
F83@| E9 21 SBC #21
F832| F@CA BEQ RET1
F834| E9 21 SBC [T
F836| F@C6 BEQ RET1
F838| E9 @1 SBC 21
F83A| F@C2 BEQ RET1
F83C| E9 21 SBC $21
F83E| F@BE BEQ RET1
F84@| E9 @1 SBC $21
F842| F@BA BEQ RET1
F844| E9 21 SBC $21
F846| FOB6 BEQ RET1
F848| E9 21 SBC $o1
F84A| F@B2 BEQ RET1
F84C| E9 21 SBC $01
F84E| F@AE BEQ RET1
F858| E9 21 SBC $21
F852| FZAA BEQ RET1
F854| E9 @1 SBC to1
F856| F@A6 BEQ RET1
F858| E9 21 SBC #21
F85A| F@A2 BEQ RET1
F85C| E9 @1 SBC to1
F85E| F@9E BEQ RET1
F86@| E9 @1 SBC $21
F862| F@9A BEQ RET1
F864| E9 21 SBC $o1
F866| F@96 BEQ RET1
F868| E9 @1 SBC $21
F86A| F@92 BEQ RET1
F86C| E9 21 SBC #0201
F86E| F@SE BEQ RET1
F872| E9 @1 SBC 301
F872| F@8A BEQ RET1
F874| E9 21 SBC $o1
F876| F@86 BEQ RET1
F878| E9 21 SBC $o1
F87A| F@82 BEQ RET1
F87C| E9 21 SBC $21
F8IE| F2@2 BEQ RET3
F882| E9 @1 SBC $21
F882| F@7C RET3 BEQ RET2
F884| E9 21 SBC $a1
F886| F@78 BEQ RET2
F888| E9 @1 SBC $o1
F88A| F@74 BEQ RET2
F88C| E9 @1 SBC $o1
F88E| F@10 BEQ RET2
F892| E9 o1 SBC $21
F892| F@6C BEQ RET2
F894| E9 21 SBC $21
F896| F@68 BEQ RET2
F898| E9 @1 SBC $21
\F89A| F@64 BEQ RET2 y
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F89C| E9 21 SBC #21

F89E| F@262 BEQ RET2

F8A@| E9 21 SBC #21

F8A2| F@5C BEQ RET2

F8A4| E9 @21 SBC #21

F8A6| F@58 BEQ RET2

F8A8| E9 21 SBC #21

F8AA| F@54 BEQ RET2

F8AC| E9 21 SBC #21

F8AE| F@5@ BEQ RET2

F8B@| E9 21 SBC $21

F8B2| F@4C BEQ RET2

F8B4| E9 21 SBC #21

F8B6| F@48 BEQ RET2

F8B8{ E9 21 SBC ¥21

F8BA| F@44 BEQ RET2

F8BC| E9 @21 SBC #21

F8BE| Fg492 BEQ RET2

F8C@| E9 21 SBC $21

F8C2| F@3C BEQ RET2

F8C4| E9 21 SBC #21

F8C6| F@38 BEQ RET2

F8C8| E9 @21 SBC $21

F8CA| F@34 BEQ RET2

F8CC| E9 21 SBC 21

F8CE| F@392 BEQ RET2

F8D@| E9 21 SBC #21

F8D2| F@2C BEQ RET2

F8D4| E9 21 SBC 121

F8D6| F@28 BEQ RET2

F8D8| E9 21 SBC #21

F8DA| F@24 BEQ RET2

F8DC| E9 21 SBC $21

F8DE| F@29 BEQ RET2

F8E@! E9 @1 SBC $21

F8E2| F@lC BEQ RET2

F8E4| E9 21 SBC #21

F8E6| F@18 BEQ RET2

F8E8| E9 @21 SBC #21

F8EA| Fg@14 BEQ RET2

F8EC| E9 @1 SBC #21

F8EE| F@1@ BEQ RET2

F8F@| E9 @21 SBC #21

F8F2| F@gC BEQ RET2

F8F4| E9 21 SBC #21

F8Fé6| Fo@8 BEQ RET2

F8F8| E9 21 SBC #21

F8FA| Fo@4 BEQ RET2

F8FC| E9 @21 SBC #21

F8FE| Foeo BEQ RET2

FI00| 69 RET2 RTS

F921t ;

Fogl} H

F921| 2258 SCRNLOC -EQU 58

F921| ;

F921| 2258 LMARGIN .EQU SCRNLOC
F921| @259 RMARGIN .EQU SCRNLOC+1
F921| 2@5A WINTOP -EQU SCRNLOC+2
F921{ 2@5B WINBTM <EQU SCRNLOC+3
F921! @@5C CH <EQU SCRNLOC+4
F9g1| 2@5D cv -EQU SCRNLOC+5
F921} @2@5E BAS4L .EQU SCRNLOC+6
F991{ @@5F BAS4H -EQU SCRNLOC+7
F921| 2260 BASSL .EQU SCRNLOC+8
F921| 2261 BAS8H LEQU SCRNLOC+9
F921| 2258 TBAS4L .EQU SCRNLOC+A
F921| 2263 TBAS4H .EQU SCRNLOC+@2B
F921| 2264 TBASSL .EQU SCRNLOC+@C
F921| 2965 TBAS8H .EQU SCRNLOC+@D
F9%1| 02066 FORGND .EQU SCRNLOC+@E
Fog1| 2267 BKGND -EQU SCRNLOC+@F
F921| 2268 MODES .EQU SCRNLOC+1¢
F921| 2269 CURSOR .EQU SCRNLOC+11
F921| 2a6A STACK -EQU SCRNLOC+12
F921| @26B PROMPT .EQU SCRNLOC+13
F921| @@6C TEMPX -EQU SCRNLOC+14
F921| 226D TEMPY .EQU SCRNLOC+15
F921| @@6E CSWL .EQU SCRNLOC+16
F901| QQ6F CSWH .EQU SCRNLOC+17
Fogli 2279 KSWL -EQU SCRNLOC+18
Fog1l| 2271 KSWH .EQU SCRNLOC+19
F9gl! 2272 PCL .EQU SCRNLOC+1A
F991| 2273 PCH .EQU SCRNLOC+1B
F921| 2274 AlL -EQU SCRNLOC+1C
F921] @275 AlH -EQU AlL+1
F921| 2276 A2L .EQU AlL+2
F921| 2277 A2H .EQU AlL+3
F921| 2278 A3L .EQU AlL+4
Fogl| 2279 A3H .EQU AlL+5
\FQZI] 2277 A4L .EQU AlL+6 )
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F921| @27B A4H .EQU AlL+7
F921| @@7C STATE .EQU AlL+8
F921| 227D YSAV .EQU AlL+9
F921} @27E INBUF .EQU AlL+@A
F921| 22802 TEMP -EQU AlL+@C
F9g1| 2269 MASK .EQU CURSOR
Fo@1| ;
F9gl| Cooo KBD .EQU 2CooP
F9g1| Colg KBDSTRB .EQU 2Ce1g
F921| ;
F921| 2358 USERADR .EQU 358
F921| F479 BLOCKIO -EQU oFa79
F921| F686 RECON .EQU ZF686 ; AS OF 12/2@/1979
F921| F4EE DIAGN -EQU @F4EE
F921| 2252 INBUFLEN -EQU 5@ ; ONLY 82 BYTES ($3A@-$3EF)
F9g1| 2281 IBSLOT -EQU 81
Fogl| 2282 IBDRVN .EQU IBSLOT+1
F921| 2285 IBBUFP -EQU IBSLOT+4
FI21| @287 IBCMD .EQU IBSLOT+6
F921| ;
F9g1| F921 ENTRY .EQU *
F921| BA TSX
F922| 86 6A STX STACK
F924| D8 MON CLD ; MUST BE HEX MODE
F995| 2@ 4EFC JS5R BELL
F928| A6 6A MONZ LDX STACK ; RESTORE STACK TO ORIGINAL LOCATION
F92A| 9A TXS
F92B| A9 DF LDA #2DF ; PROMPT (APPLE) FOR SARA MONITOR
F9oD| 85 6B STA PROMPT
F9OF| 2@ DSFC JSR GETLNZ ; GET A LINE OF INPUT
F912| 2@ 67F9 SCAN J5R ZSTATE ; SET REGULAR SCAN
F915] 2@ 2CF9 NXTINP JSR GETNUM ; ATTEMPT TO READ HEX BYTE
F9181 84 7D STY YSAV ; STORE CURRENT INPUT POINTER
F91A| AQ 12 LDY $#12 ; 18 COMMANDS
F91C| 88 CMDSRCH DEY
F91D| 3QES BMI MON ; GIVE UP IF UNRECOGNIZABLE
F91F| D9 6CF9 CMP CMDTAB, Y ; FOUND?
F922| D@F8 BNE CMDSRCH ; NO KEEP LOOKING
F924| 2@ SEF9 JSR TOSUB ; PERFORM FUNCTION
F927| A4 7D LDY YSAV ; GET NEXT POINTER
F929| 4C 15F9 JMP NXTINP ; DO NEXT COMMAND
F92C| H
F92C| A2 29 GETNUM LDX #20 ; CLEAR A2
F32E| 86 76 STX A2L
F932| 86 77 STX A2H
F932| B1 7E NXTCHR LDA (INBUF) , Y
F934| C8 INY ; BUMP INDEX FOR NEXT TIME
F935| 49 BY EOR #2B2
F937} C9 @A CMP E12:N ; TEST FOR DIGIT
F939| 9206 BCC DIGIT ; SAVE IT IF 1-9
F93B| 69 88 ADC #88 ; TEST FOR HEX A-F
F93p| C9 FA CMP #QFA
F93F| 902A BCC DIGRET
F941| A2 @3 DIGIT LDX 423
F943| 2A ASL A
F944| @A ASL A
F945| 2A ASL A
F946| 2A ASL A
F947| @A NXTBIT ASL A ; SHIFT HEX DIGITS INTO A2
F948| 26 76 ROL A2L
F94A( 26 77 ROL A2H
F94C] CA DEX
F94D] 1@F8 BPL NXTBIT ; SHIFTED ALL YET?
F94F| A5 7C NXTBAS LDa STATE
F951| D@woé BNE NXTBS2 ; IF ZERO THEN COPY TO Al,3
F953( B5 77 LDA A2H,X
F955( 95 75 STA AlH, X
F957| 95 79 STA A3H, X
F959| E8 NXTBS2 INX
F95A| F@F3 BEQ NXTBAS
F95C| D@D4 BNE NXTCHR
F95E|
F95E| ; SWITCH ROUTINE FOR CHARACTER
F95E|
F95E| A9 FA TOSUB LDA #2FA ; PUSH ADDRESS OR FUNCTION
F9602| 48 PHA ; AND RETURN IT
F961| B9 7DF9 LDAa CMDVEC, Y
F964| 48 PHA
F965| A5 7C LDA STATE ; PASS MODE VIA ACC.
F967| A2 22 ZSTATE LDY #202
F969| 84 7C STY STATE ; RESET STATE OF SCAN
F96B| 62 DIGRET RTS
F96C| F96C CMDTAB .EQU *
F96C| 292 .BYTE 22 ; G =GP (CALL) SUBROUTINE
F96D| @23 .BYTE 23 ) =JUMP (CONT) PROGRAM
FI96E| @6 -BYTE 26 ;M =MOVE MEMORY
F96F| EB -BYTE 2EB ; R =READ DISK BLOCK
F979| EC .BYTE 2ZEC ; S =MEMORY SEARCH
F971| EE -BYTE ZEE HR =USER FUNCTION
g‘Q72| EF .BYTE ZEF HA' =VERIFY MEMORY BLOCKS y
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F973| F@& .BYTE oF D H ) =WRITE DISK BLOCK
F974) F1 .BYTE ZF1 ; X =REPEAT COMMAND LINE
F975] 99 .BYTE 99 ; SP =SPACE (BYTE SEPARATCR)
F976| 9B .BYTE 9B HE =ASCII (HI BIT ON)
F977| A® -BYTE 2AQ2 HE =ASCII (HI BIT OFF)
F978] 93 .BYTE 93 H =SET STORE MODE
F979| A7 .BYTE 2A7 ;. =RANGE SEPARATOR
F97A) A8 .BYTE Zns i/ =COMMAND SEPARATOR
F97B| 95 .BYTE 95 ; < =DEST/SOURCE SEPARATCR
F97C| Cé .BYTE 2Cc6 ; CR =CARRIAGE RETURN
F97D| :
F97D| F97D CMDVEC .EQU *
F97D| 92 .BYTE 92 : GO-1
F97E| 8E .BYTE 8E ; JUMP-1
F97F| 3F .BYTE 3F ; MOVE-1
F98@| D3 -BYTE 2D3 ; READ-1
F981} 28 .BYTE 28 ; SEARCH-1
r982| 8B -BYTE 8B ; USER-1
F983| 4E .BYTE 4E ; VRFY-1
F984| D6 .BYTE D6 ; WRTE-1
F985| 2C .BYTE 2C ; REPEAT-1
F986| B7 .BYTE 2B7 ; SPCE-1
F987( 1A .BYTE 1A ; ASCII-1
F988| 1C .BYTE 1C ; ASCII@®-1
F989| CB .BYTE 2CB ; SETMODE-1
F98A| CB .BYTE ZCB ; SETMODE-1
F98B| AD .BYTE 2AD ; SEP-1
F98C| A4 .BYTE ZA4 ; DEST-1
F98D| 39 .BYTE 39 ; CRMON-1
F98E| ;
FI8E| ;
F98E| E6 7A NXTA4 INC A4L ; BUMP 16 BIT POINTERS
F99@| D@@2 BNE NXTAl
F992| E6 7B INC AAH
F994} E6 74 NXTAl INC AlL ; BUMP Al
F996| D@5 BNE TSTAl
F%98| E6 75 INC AlH
F99A| 38 SEC ; IN CASE OF ROLL OVER
F99B| F@lg2 BEQ RETAl
F99D| A5 74 TSTAl LDA AlL
F99F| 38 SEC
F9AgZ| ES 76 SBC A2L
F9A2| 85 8¢ STA TEMP
F9A4| AS 75 LDA AlH
F9A6| ES 77 SBC A2H
F9A8| @5 8¢ ORA TEMP
F9AA| D221l BNE RETA1 ; IF Al LESS THAN OR EQUAL TO A2
F9AC| 18 CLC ; THEN CARRY CLEAR ON RETURN
FI9AD| 62 RETA1 RTS
F9AE| ;
F9AE| H
F9AE| 48 PRBYTE PHA ; SAVE LOW NIBBLE
F9AF| 4A LSR A
F9BZ| 4A LSR A ; SHIFT HI NIBBLE TO PRINT.
FI9B1| 4A LSR A
F9B2| 4A LSR A
F9B3| 29 BYF9 JSR PRHEXZ
FI9B6| 68 PLA
F9B7| 29 @F PRHEX AND #or ; STRIP HI NIBBLE
F9B9| @9 B® PRHEXZ ORA #2B2 ; MAKE IT NUMERIC
F9BB| C9 BA CMP #2BA ; IS IT >'9°
F9BD| 92932 BCC PRHEX2
F9BF| 69 @6 ADC #26 ; MAKE IT ‘A'-'F'
F9Cl) 4C 39FC PRHEX2 JMP CcOouT
Fo9c4)| ;
F9C4| 2@ AEF9Y PRBYCOL JSR PRBYTE
F9C7| ;
F9C7| A9 BA PRCOLON LDA #2BA ; PRINT A COLON
F9C9| D@F6 BNE PRHEX2 ; BRANCH ALWAYS
FICB| ;
FI9CB| A9 27 TSTB@WID LDA 27 ; ANTICIPATE
FI9CD| 24 €8 BIT MODES ; TEST FOR 89
F9CF| 5222 BVC SVMASK
F9D1| A9 @F LDA #or
F9D3| 85 69 SVMASK STA MASK
F9D5| 62 RTS
FaIDé| ;
F9D6| 8A AlpPC TXA ; TEST FOR NEW PC
F9D7| Fea? BEQ OLDPC
F9D9| BS 74 AlPC1 LDA AlL, X
FIDB| 95 72 STA PCL, X
F9DD| CA DEX
FI9DE| 1@QF9% BPL AlPC1
FI9EQ| 692 OLDPC RTS
FI9E1| :
F9El| 85 69 ASCII1 STA MASK ; SAVE HI BIT STATUS
F9E3| A4 7D ASCII2 LDY YSAV ; MOVE ASCII TO MEMORY
F9E5| Bl 7E LDA (INBUF), Y
F9E7| E6 7D INC YSAV ; BUMP FOR NEXT THING.
G‘BEQI AQ 20 LDY #09 )
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F9EB| C9 A2 CMP #0A2 ; ASCII " ?
F9ED| D@@5 BNE ASCII3 ; NOPE, CONTINUE.
F9EF| A5 69 Lba MASK
F9F1) 1@32 BPL BITON ; HE'S CHANGED MODES.
F9F3| 6@ RTS
F9F4| C9 A7 ASCII3 CMP #2R7 ; ASCII ' 2
F9F6| D@@5 BNE CRCHK ; NO, TEST FOR EOL.
F9F8| A5 69 LDA MASK
F9FA| 3@2D BMI BITOFF ; CHANGE MODES.
FI9FC| 62 RTS
FIFD|
F9FD| C9 8D CRCHK cMp #8D ; END OF LINE?
FIFF| Foe7 BEQ ASCDONE ; YES, FINISHED
FAQ1| 25 69 AND MASK
FA@3| 2@ C3FA JSR STOR1 ; GO STORE IT!
FA@6| D@ZDB BNE ASCII2 ; DO NEXT.
FAQ8| 62 ASCDONE RTS
FAQ9) H
FAD9| ;
FA®9| Bl 74 SEARCH LDA (A1L), Y ; LOAD SEARCH BYTE
FA@B| C5 7A CMP A4L
FA@GD| D@@6 BNE SRCH1
FAQF| 2@ 75FA JSR PRINTAl ; DUMP MEMORY
FAl12| 2@ EFFC JSR CROUT
FAl1S5| 22 94F9 SRCH1 JSR NXTAl ; INCREMENT POINTER
FAl18| 9QEF BCC SEARCH ; CONTINUE SEARCH
FAlA| 62 RTS ; RETURN
FA1B| H
FA1B| H
FA1B| 38 ASCII SEC ; INDICATE HI ON.
FAlC| 92 .BYTE 92 ; (BCC - NEVER TAKEN)
FA1D| 18 ASCIIQ CLC ; INDICATE HI OFF
FAlE| AA CKMDE TAX ; SAVE STATE
FAlF| 86 7C STX STATE ; RETAIN STATE
FA21} 49 BA EOR #2BA ; ARE WE IN STORE MODE?
FA23| D@D BNE ERROR
FA25) A% FF BITON LDA #@FF ; SET HI BIT UNMASKED
FA27! B@BS8 BCS ASCII1
FA29} A% 7F BITOFF LDA #7F ; MASK HI BIT
FA2B| 12B4 BPL ASCIIl ; ALWAYS BRANCHES
FA2D| 2C 2@C@ REPEAT BIT KBD ; REPEAT UNTIL KEYPRESS
FA3@| 10223 BPL REPEAT1
FA32} AC @FFD JMP KEYIN
FA35| 68 REPEAT1 PLA ; CLEAN UP STACK
FA36| 68 LFA36 PLA
FA37| 4C 12F8% JMP SCAN
FA3A| H
FA3A| H
FA3A| 2@ BAFA CRMON JSR BL1
FA3D| 4C @8F9 JMP MONZ
FR4g| ;
FA49)| ;
FA4@| 22 9DF9 MOVE JSR TSTAl ; TEST VALID RANGE
FA43| B@SD BCs ERROR
FA45| Bl 74 MOVNXT LDA (AlL), Y ; COMPARE BYTE FOR BYTE
FA47| 91 7A STA (A4L),Y
FA49| 2@ 8EF9 JSR NXTA4 ; BUMP BOTH Al AND A4
FA4C| 92F7 BCC MOVNXT
FA4E| 62 RTS ; ALL DONE WITH MOVE
FA4F| ;
FA4F| ;
FA4F| 2@ 9DF9 VRFY JSR TSTAlL ; TEST VALID RANGE
FAS52| B@4E BCS ERROR
FAS4} Bl 74 VRFY1 LDA (AlL),Y ; COMPARE BYTE FOR BYTE
FAS56| D1 7A CMP (A4L),Y ; MATCH?
FAS8| F@26 BEQ VRFY2 ; YES, DO NEXT.
FASA| 2@ 66FA JSR MISMATCH ; PRINT BOTH BYTES
FASD| 2@ EFFC JSR CROUT ; GOTO NEWLINE
FA62| 2@ BEF9 VRFY2 JSR NXTA4 ; BUMP BOTH Al AND A4
FA63| 9QEF BCC VRFY1
FA65| 6@ RTS ; VERIFY DONE.
FA66| H
FA66| A5 7B MISMATCH LDA A4H ; PRINT ADDRESS OF A4
FA68| 2@ AEF9 JSR PRBYTE
FA6B| A5 7A LDA A4L
FA6D| 2@ C4F9 JSR PRBYCOL ; OUTPUT A COLON FOR SEPARATOR
FA72| Bl 7A LDA (A4L),Y ; AND THE DATA
FAT2| 2@ 84FA JSR PRBYTSP ; PRINT THE BYTE AND A SPACE
FA75| 2@ 87FA PRINTAl JSR PRSPC ; LEAD WITH A SPACE
FA78| AS 75 LDA AlH ; OUTPUT ADDRESS Al
FATA| 2@ AEF9 JSR PRBYTE
FATD}{ AS 74 LDA AlL
FATF| 2@ C4F9 JSR PRBYCOL ; SEPARATE WITH A COLON
FA82| Bl 74 PRA1BYTE LDA (AlL), Y ; PRINT BYTE POINTED TO BY Al
FA84| 2@ AEF9 PRBYTSP JSR PRBYTE
FA87| A9 Ag PRSPC LDA #on0 ; PRINT A SPACE
FA89] 4C 39FC JMP CcouT ; END VIA OUTPUT ROUTINE.
FAS8C) ;
FA8C| 4C 5823 USER JMP USERADR
\FABFI ; J
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FA8F| 68 JUMP PLA
FA92| 68 PLA ; LEAVE STACK WITH NOTHIN' ON IT.
FA91| 22 D6F9 GO JSR AlPC ; STUFF PROGRAM COUNTER
FA94| 6C 7222 JMP @PCL ; JUMP TO USER PROG.
FA%7| ;
FA%7}{ FA%7 RWERROR .EQU * ; PRINT ERROR NUMBER
FA97) 20 AEF9 JSR PRBYTE ; PRINT THE OFFENDER
FASA| A9 Al LDA #2A1 ; FOLLOWED BY A "™!"
FA9C| 2@ 39FC JSR CouT
FA9F| 2@ @7FD ERROR2 JSR NOSTOP ; OUTPUT A CARRIAGE RETURN (NO STOPLST)
FAA2| 4C @4F9 ERROR JMP MON
FAAS| ;
FAAS| AS 76 DEST LDA A2L ; COPY A2 TO A4 FCOR DESTINATION OP
FAA7| 85 7A STA A4L
FAA9| AS 77 1pa A2H
FAAB| 85 7B STA A4H
FAAD| 69 RTS
FARE | H
FAAE| 29 B8FA SEP JSR SPCE ; SEPARATOR TEST STORE MODE OR DUMP.
FAB1| 98 TYA ; ZERO MODE.
FAB2| F@1D BEQ SETMDZ ¢+ BRANCH ALWAYS
FAB4 | ;
FAB4| C6 7D BL1 DEC YSAV ; TEST FOR NO LINE
FAB6| F@45 BEQ DUMP8 ; IF NO LINE, GIVEM A ROW OF BYTES
FAB8| CA SPCE DEX ; TEST IF AFTER ANOTHER SPACE
FAB9| D@16 BNE SETMDZ
FABB| C9 BA CMP #2BA ; STORE MODE?
FABD| D@4B BNE TSTDUMP
FABF| 85 7C STOR STA STATE ; KEEP IT IN STORE STATE
FACl| A5 76 LDA A2L ; GET BYTE TO BE STORED
FAC3] 91 78 STOR1 STA (A3L),Y ; PUT IT IN MEMORY.
FACS5| E6 78 INC A3L ; BUMP POINTER
FAC7| D@g@2 BNE DUMMY
FACY} E6 79 INC A3R
FACB| 62 DUMMY RTS ; ALSO USED FOR '/' TO CLEAR MODE
FACC| H
FACC| A4 7D SETMODE LDY YSAV ; USE INPUT CHARACTER
FACE| 88 DEY
FACF| Bl 7E LDA (INBUF), Y ; TO SET MODE
FAD1l| 85 7C SETMDZ STA STATE
FAD3| 62 RTS
FAD4 | H
FAD4| A9 21 READ LDA #21 ; GET DISK COMMAND TO READ
FAD6| 2C -BYTE 2C ; DUMMY BIT TO SKIP 2 BYTES
FAD7| A9 @2 WRTE LDA #22 ; SET DISK COMMAND TO WRITE
FADY9| 85 87 SAVCMD STA IBCMD
FADB| A5 74 RWLOOP LDA AlL
FADD| 85 85 STA IBBUFP ; COMMAND FORMAT IS
FADF| A5 75 LDA AlH ; BLOCKNUMBER <ADDRESS END ADDRESS
FAE1l| 85 86 STA IBBUFP+1
FAE3| A6 7B LDX A4H ; SEND BLOCK NUMBER VIA X & A
FAES5| A5 7A LDA AdL
FAE7| 78 SEI ; NO INTERRUPTS WHILE IN MONITOR
FAE8| 2@ 79F4 JSR BLOCKIO ; DO DISKO FEVER
FAEB| B@AA BCS RWERROR ; GIVE UP IF ERROR ENCOUNTERED
FAED| E6 7A INC AL ; BUMP BLOCK NUMBER
FAEF| D@@2 BNE NOVER
FAFl| E6 7B INC A4H
FAF3| E6 75 NOVER INC AlH ; BUMP RAM ADDRESS BY 512 BYTES
FAFS5| E6 75 INC AlH
FAF7| 2@ 9DF9 JSR TSTAl ; TEST FOR FINISHED
FAFA| 9@DF BCC RWLOOP ; NOT DONE, DO NEXT BLOCK
FAFC| 6@ RTS
FAFD| ;
FAFD| A5 75 DUMP8 LDA AlH
FAFF| 85 77 STA A2H
FB@l| 2@ CBF9 JSR TST8ZWID ; GET WIDTH MASK INTO ACC
FBZ4| &5 74 ORA AlL
FB@Z6| 85 76 STA A2L
FB@8| DE@6 BNE DUMP@ ; BRANCH ALWAYS
FB@A| ;
FBZA| 4A TSTDUMP LSR A ; DUMP?
FB@B| B@95 ERROR1 BCS ERROR
FBZD| 2% CBF9 DUMP JSR TST8ZWID ; SET FOR EITHER 8@ OR 4¢ COLUMNS
FB1@| A5 74 DUMPZ LDA AlL
FB12| 85 7A STA AAL
FB14| A5 75 LDA AlH
FB16| 85 7B STA A4H
FB18| 2@ 9DF9 JSR TSTAl ; TEST FOR VALID RANGE
FB1B| B@EE BCS ERROR1
FB1D| 2@ 7SFA DUMP1 JSR PRINTAl ; PRINT ADDRESS AND FIRST BYTE
FB2@| 29 94F9 DUMP2 JSR NXTAl
FB23| BO1@ BCS DUMPASC ; END WITH ASCII
FB25| A5 74 LDA AlL ; TEST END OF LINE
FB27| 25 69 AND MASK ; FOR 4¢/8% COLUMN
FB29| D@2@5 BNE DUMP3
FB2B| 22 35FB JSR DUMPASC
FB2E| D@ED BNE DUMP1 ; BRANCH ALWAYS
FB3g| 29 82FA DUMP3 JSR PRA1BYTE ; GO PRINT NEXT BYTE AND A SPACE
\FB33| DZEB BNE DUMP2 ; ALWAYS (ACC JUST PULLED AS $AQ) y
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FB35| H
FB35| AS 7A DUMPASC LDA A4L ; RESET TO BEGINNING OF LINE
FB37| 85 74 STA AlL
FB39| A5 7B LDA A4H
FB3B| 85 75 STA AlH
FB3D| 2@ 87FA JSR PRSPC ; PRINT AN EXTRA SPACE
FB4g| AQ 22 AsCl LDY 20 ; TO INDEX MEMORY INDIRECT
FB42| Bl 74 LDA (alnL), Y
FB44| 29 89 ORA #89 ; SET NORMAL VIDEO
FB46| C9Y9 AZ CMP #2000 ; TEST FOR CONTROL CHARACTERS
FB48| B@@2 BCs ASC2 ; OK TO PRINT NON CONTROLS
FB4A| A9 AE LDA #ZAE ; OTHERWISE PRINT A SPACE
FBAC| 2@ 39FC ASC2 JSR couT ; POT IT OUT
FBAF| 2@ 8EF9 JSR NXTA4 ; BUMP BOTH Al AND A4
FB52| B226 BCS ASC3 ; FINISHED
FB54{ A5 74 LDA AlL ; TEST END OF LINE
FB56| 25 69 AND MASK
FB58| D@ZE6 BNE ASCl ; NOT DONE, PRINT NEXT
FB5A| 4C EFFC ASC3 JMP CROUT
FB5D| :
FB5D| H
FB5D| 38 COL8@ SEC ; INDICATE 8@ COLUMNS
FBSE| AD 53C@ LDA 2Ca53 ; GOTO 82 COLUMN MODE
FB61| B@@4 BCS SET8% ; BRANCH ALWAYS
FB63| :
FB63| 18 COL4g CLC ; INDICATE 4@ COLUMNS DESIRED
FB64| AD 52C@ LDA aCP52 ; GOTO 42 COLUMN MODE
FB67| AS 68 SET8g2 LDA MODES
FB69| 29 42 ORA #49 ; ASSUME 8¢
FB6B| B@@2 BCS SET82A ; AND BRANCH IF IT IS
FB6D| 29 BF AND #2BF ; BUT FIX FOR 4@ IF NOT
FB6F| 85 68 SET8ZA STA MODES
FB71| @9 7F ORA #7F ; ISOLATE BIT 7
FB73| 29 A2 AND $2n0 ; (BIT 7 SETS NORMAL/INVERSE)
FB7S5| 85 66 STA FORGND
FB77| B@@2 BCs SET82B ; AGAIN ASSUMES 82 COLUMNS
FB79| AY FO LDA #ore ; IF NOT, SET FOR/BACKGROUND COLOR
FB7B| 85 67 SET82B STA BKGND
FB7D| H
FBTD| A5 58 CLSCRN LDA LMARGIN ; SET CURSOR TO TOP LEFT OF WINDOW
FB7F| 85 5C STA CH
FB81| AS 5A LDA WINTOP
FB83| 85 5D STA cv ; NOW DROP INTO CLEAR END OF PAGE
FB8S| H
FB85| AS SC CLEOP LDA CH ; SAVE CURRENT CURSOR POSITION
FB87| 48 PHA
FB88| A5 5D LDA cv
FB8A| 48 PHA
FB8B| 2@ CS5SFB JSR SETCV
FBS8E| 2@ A2FB CLEOP1 JSR CLEOL ; CLEAR TO END OF FIRST LINE
FB91| A5 58 LDA LMARGIN
FB93| 85 5C STA CH
FB95| 2@ DDFB JSR CURDOWN ; GOTO NEXT LINE
FB98| 92F4 BCC CLEOP1
FBY9A| 68 PLA
FB9B| A8 TAY
FB9C| 68 PLA ; RESTORE CURSOR POSITION
FB9D| 85 S5C STA CH
FBY9F| 98 TYA ; GET OLD CV IN ACC AGAIN
FBA@| B@23 BCS SETCV ; BRANCH ALWAYS
FBA2| H
FBA2|{ A5 5C CLEOL LDA CH ; CLEAR TO END OF LINE FIRST
FBA4| 4C 89FC JMP CLEOL1
FBAT| ;
FBA7| C9 82 CONTROL CMP #80
FBA9| 90265 BCC DISPLAYX ; IF INVERSE
FBAB| C9 8D TSTCR CMP #8D ; IF CARRIAGE RETURN THEN NEW LINE
FBAD| D@3A BNE TSTBACK
FBAF| 22 A2FB CARRAGE JSR CLEOL ; FIRST CLEAR TO THE END OF THIS LINE
FBB2| 20 D7FB JSR SETCHZ ; RESET CURSOR AND GOTO NEXT LINE (CARRY IS SET)
FBBS| 4C 16FC JMP NXTLIN ; THEN GOTO THE NEXT LINE.
FBB8| ;
FBB8| ;
FBB8| A5 SD CURUP LDA cv ; TEST FCR TOP OF SCREEN
FBBA| C6 5D DEC cv ; ANTICIPATE 'NOT' TOP
FBBC| C5 SA CMP WINTOP
FBBE| D@@2 BNE CURUP1 ; IT*'S NOT TOP, CONTINUE
FBCZ| AS 5B LDA WINBTM ; WRAP AROUND TO BOTTOM
FBC2| 38 CURUP1 SEC ; DECREMENT BY ONE
FBC3| E9 21 SBC #21
FBCS| 85 5D SETCV STA cv ; SAVE NEW VERTICAL LINE
FBC7| FBC7 BASCALC .EQU *
FBC7| FBC7 CURDN1 -EQU *
FBC7| AS 5D LDA cv ; GET VALUES FOR FIRST PAGE ($409)
FBCY9| 1@4E BPL BASCALC1 ; ALWAYS
FBCB| ;
FBCB| 24 68 CURIGHT BIT MODES ; TEST FOR 82 OR 4g
FBCD| 72@2 BvVs RIGHT1
FBCF| E6 5C INC CH
g‘BDl[ E6 5C RIGHT1 INC CH ; BUMP CURSOR HORIZONTAL

J
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FBD3| A5 5C LDA CH ; TEST FOR NEW LINE
FBDS| C5 59 CMP RMARGIN
FBD7| A5 58 SETCHZ LDA LMARGIN ; JUST IN CASE WE HAVE.
FBDY9| 995D BCC CTRLRET
FBDB| 85 SC SETCVH STA CH ; CURSOR AT START OF NEXT LINE
FBDD| ; DROP INTO CURDOWN FOR WRAP AROUND
FBDD| H
FBDD| E6 5D CURDOWN INC cv ; MOVE CURSOR DOWN ONE LINE
FBDF| AS5 5D LDA cv ; ANTICIPATE NOT BOTTOM
FBEl1| C5 5B CcMp WINBTM ; TEST FOR BOTTOM
FBE3| 92E2 BCC CURDN1
FBE5| A5 5A LDA WINTOP
FBE7| B@DC BCS SETCV ; BRANCH ALWAYS
FBEY| ;
FBE9| C9 88 TSTBACK CMP 488 ; BACKSPACE?
FBEB| D@5D BNE TSTBELL
FBED| 24 68 CURLEFT BIT MODES ; TEST FOR FOURTY OR EIGHTY MODE
FBEF| 7202 BVS LEFT82
FBF1l| Cé 5C DEC CH
FBF3| C6 5C LEFT8@ DEC CH
FBFS5| 3206 BMI LEFTUP
FBF7| A5 5C LDA CH ; TEST FOR WRAP AROUND
FBF9] C5 58 CMP LMARGIN
FBFB| 1@3B BPL CTRLRET
FBFD| 2¢ B8FB LEFTUP JSR CURUP
FC22| AS 59 LDA RMARGIN
FC@2| 85 5C STA CH ; SAVE NEW CURSOR POSITION
FC24| D@ZE?7 BNE CURLEFT ; BRANCH ALWAYS
FCa6| ;
FCg6| C9 AQ COUT2 CMP #0100 ; IS IT CONTROL CHARACTER
FC28| 929D BCC CONTROL
FCZA| 24 68 BIT MODES ; TEST FOR INVERSE
FCoC| 3202 BMI DISPLAYX ; NO PUT IT OUT
FCRE| 29 7F AND #7F : STRIP HI BIT
FC1@| 2@ 9DFC DISPLAYX JSR DISPLAY
FC13| ;
FC13| 2@ CBFB INCHORZ JSR CURIGHT ; MOVE CURSOR RIGHT
FCl6| B@43 NXTLIN BCs SCROLL ; IT'S BOTTOM, RESET CH=@ AND SCROLL
FC18| 6@ RTS ¢ RESET CH ONLY
FC19| H
FCl9| 28 BASCALC1 PHP ; CALC BASE ADR IN BASAL,H
FC1A| 48 PHA
FC1B| 4A LSR A ; FOR GIVEN LINE NO.
FCiC| 29 @23 AND #23 ; @<=LINE NO.<$17
FCLE| 29 24 ORA #24 ; ARG=g@@ABCDE, GENERATE
FC2g| 85 5F STA BAS4H ; BAS4H=0@2@31CD
FC22} 49 eC EOR $2C
FC24) 85 61 STA BAS8H
FC26| 68 PLA ; AND
FC27| 29 18 AND #18 ; BAS4L=EABAB@@Z
FC29| 99222 BCC BSCLC2
FC2B| 69 7F ADC #7F
FC2D| 85 5E BSCLC2 STA BASAL
FC2F| @A ASL A
FC32| @A ASL A
FC31| @5 S5E ORA BAS4L
FC33| 85 SE STA BAS4L
FC35] 85 62 STA BASSL ; SAME FOR PAGE 2
FC37| 28 PLP
FC38| 62 CTRLRET RTS
FC39| H
FC39| 48 COUT PHA ; SAVE CHARACTER
FC3A| 84 6D STY TEMPY
FC3C| 86 6C STX TEMPX
FC3E| 2@ 47FC JSR COUT1
FC41| A4 6D LDY TEMPY
FC43| A6 6C LDX TEMPX
FC45| 68 PLA
FC46| 62 RTS
FC47| 6C 6E22 COUT1 JMP @CSWL ; NORMALLY COUT1
FCA4A| H
FC4A} C9 87 TSTBELL CMP #87 ; BELL?
FCAC| Dow4 BNE LNFD ; NO TEST FOR FORM FEED
FC4E| AE 4@C@ BELL LDX 2CR4 0 ; SOUND BELL
FCS1| 692 RTS
FC52| C9 8A LNFD CMP #8A ; LINE FEED?
FC54| DgE2 BNE CTRLRET
FC56} 2@ DDFB JSR CURDOWN ; MOVE CURSOR DOWN A LINE
FC59%| 9@DD BCC CTRLRET ; BRANCH IF NO SCROLL NECESSARY.
FCSB| ;
FCSB| AS 5A SCROLL LDA WINTOP ; START WITH TOP LINE
FCSD| 48 PHA ; SAVE IT FOR NOW
FC5E| 2@ CSFB JSR SETCV ; GET BASCALC FOR THIS LINE
FC61| A2 23 SCRL1 LDX #23 ; MOVE CURRENT BASCALC AS DESTINATION
FC63| BS SE SCRL2 LDA BAS4L, X
FC65] 95 58 STA TBASAL, X ; (TEMPORARY BASE ADDR.)
FC67| CA DEX
FC68| 1@F9 BPL SCRL2
FC6A| 68 PLA ; GET DESTINATION LINE
@CGBI 18 CLC Y,
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FC6C| 69 21 ADC $21 ; CALCULATE SOURCE LINE.
FC6E| C5 5B cMp WINBTM ; IS IT THE LAST LINE?

FC7@| B@1S BCS LASTLN ; YES, CLEAR IT

FC72| 48 PHA ; SAVE AS NEXT DESTINATION LINE
FC73| 2@ CSFB JSR SETCV ; GET BASE ADDR FOR SOURCE LINE
FC76| AS 59 LDA RMARGIN ; MOVE SOURCE TO DESTINATION
FC78| 4A LSR A ; DIVIDE BY 2

FC79| A8 TAY

FC7A| 88 SCRL3 DEY ; DONE YET

FC7B| 32E4 BMI SCRL1 ; YES, DO NEXT LINE

FCTD| Bl S5E Lpa (BAS4L),Y

FCTF| 91 58 STA (TBAS4L),Y

FC81| Bl 6@ LDA (BAS8L), Y

FC83| 91 64 STA (TBAS8L),Y

FC85| 92F3 BCC SCRL3 ; BRANCH ALWAYS

FC87| A5 58 LASTLN LDA LMARGIN ; BLANK FILL THE LAST LINE
FC894 4A CLEOL1 LSR A ; DIVIDE BY 2

FC8A| A8 TAY

FC8B| Bgg4 BCsS CLEOL2

FC8D| A5 66 LDA FORGND ; (NORMALLY A SPACE)

FC8F| 91 SE STA (BAS4L), Y

FC91| A5 67 CLEOL2 LDA BKGND ; (IF 8¢ COLUMNS, ALSO A SPACE)
FC93| 91 62 STA (BAS8L), Y

FC95| C8 INY

FC96| 98 TYA ; TEST FOR END OF LINE

FC97| @A ASL A ; MULT BY 2 AGAIN

FC98| CS 59 CMp RMARGIN

FC9A| 9QED BCC CLEOL1 ; CONTINUE IF MORE TO DO.
FCIC| 6@ RTS ; ALL DONE.

FC9D| ;

FCID| 24 68 DISPLAY BIT MODES ; TEST FOR 42 OR 82

FC9F| 7@@C BVs DSPL8% ; STORE THE SINGLE CHARACTERS AND RETURN
FCAl] 46 5C LSR CH ; INSURE PROPER 4¢ COLUMN DISPLAY
FCA3| 26 5C ASL CH ; BY DROPPING BIT @

FCAS| 2@ ADFC JSR DSPL82 ; DISPLAY IN $42@ PAGE.

FCca8| A5 67 LDA BKGND ; ALSO SET BACKGROUND COLOR
FCAA| 91 6@ DSPBKGND STA (BAS8L),Y

FCAC| 62 RTS

FCAD| H

FCAD| 48 DSPL8@ PHA ; PRESERVE CHARACTER

FCAE| A5 5C LDA CH ; DETERMINE WHICH PAGE

FCBZ| 4A LSR A

FCB1| A8 TAY

FCB2| 68 PLA

FCB3| B@FS5 BCs DSPBKGND ; BRANCH IF $92¢@ PAGE

FCBS5! 91 SE STA (BAS4L),Y

FCB7| 62 RTS

FCB8| i

FCB8| Bl 7E NOTCR LDA (INBUF) , Y ; ECHO CHARACTER

FCBA| 2@ 39FC JSR couT

FCBD| C9 88 CMP #88 ; BACKSPACE

FCBF| F@1D BEQ BKSPCE

FCC1l| C9 98 CMP #98 ; CANCEL?

FCC3| Fog8 BEQ CANCEL

FCCS5| E6 82 INC TEMP

FCC7| A5 82 LDA TEMP

FCC9| C9 5@ CMP #INBUFLEN

FCCB| D@17 BNE NXTCHAR ; NO WRAP AROUND ALLOWED.
FCCD| A9 DC CANCEL LDA #2DC ; OUTPUT BACKSLASH

FCCF| 2@ 39FC JSR CouT

FCD2| 2@ EFFC JSR CROUT

FCD5| FCDS GETLN2Z .EQU *

FCDS5] AS 6B GETLN LDA PROMPT

FCD7} 2@ 39FC JSR CouT

FCDA| A@ 21 LDY #21

FCDC} 84 82 STY TEMP ; START AT BEGINNING OF INBUF
FCDE| A4 89 BKSPCE LDY TEMP

FCE@| F@F3 BEQ GETLN

FCE2} Cé 82 DEC TEMP ; BACK UP INPUT BUFFER

FCE4| 2@ 62FD NXTCHAR JSR RDCHAR ; GET INPUT

FCE7| A4 892 LDY TEMP

FCE9| 91 7E STA (INBUF), Y

FCEB| C9 8D CMP #8D

FCED| D@2C9 BNE NOTCR

FCEF| FCEF CROUT .EQU *

FCEF| 2C @@Cg BIT KBD ; TEST FOR START/STOP

FCF2| 1213 BPL NOSTOP

FCF4| 2@ 2EFD JSR KEYIN3 ; READ KBD

FCF7| C9 AQ CcMp #oR0 ; IS5 IT A SPACE?

FCF9| Fo@7 BEQ STOPLST ; YES, PAUSE TIL NEXT KEYPRESS.
FCFB| C9 89 CMpP #89 ; QUIT THIS OPERATION

FCFD| D@@8 BNE NOSTOP ; NO, IGNORE THIS KEY.

FCFF| 4C 9FFA JMp ERROR2 ; YES, RESTART

FD@2| AD 22C® STOPLST LDA KBD

FD@5| 1@FB BPL STOPLST

FD@7| A9 8D NOSTOP LDA #8D

FD@9| 4C 39FC JMP couTt

FDEC| ;

FD@C| 6C 7222 RDKEY JMP @KSWL

G‘DZFI ; J
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FDZF| A9 7F KEYIN LDA $7F ; MAKE SURE FIRST IS CURSOR
FD11| 85 63 STA TBAS4H

FD13| 2@ 88FD JSR PICK ; GO READ SCREEN

FD16| 48 KEYIN1 PHA ; SAVE CHR AT CURSOR POSITION
FD17| 2@ 35FD JSR KEYWAIT ; TEST FOR KEYPRESS

FD1A| B2@8 BCS KEYIN2 ; GO GET IT

FD1C| A5 69 LDA CURSOR : GIVE THEM AN UNDERSCORE FOR A TIME
FD1E| 2@ 9DFC JSR DISPLAY

FD21| 2@ 35FD JSR KEYWAIT ; GO SEE IF KEYPRESSED
FD24] 68 KEYIN2 PLA

FD25| 28 PHP ; SAVE KEYPRESS STATUS
FD26] 48 PHA

FD27| 2@ 9DFC JSR DISPLAY

FD2A] 68 PLA

FD2B| 28 PLP

FD2C! 92ES8 BCC KEYIN1

FD2E| AD 2@C@ KEYIN3 LDA KBD ; READ KEYBOARD

FD31| 2C 12C@ KEYIN4 BIT KBDSTRB ¢+ CLEAR KEYBOARD STROBE
FD34| 62 RTS

FD35| E6 58 KEYWAIT INC TBAS4L ; JUST KEEP COUNTING

FD37| D@9 BNE KWAIT2

FD39| E6 63 INC TBAS4H

FD3B| A9 7F LDA $7F ; TEST FOR DONE

FD3D| 18 CLC

FD3E| 25 63 AND TBAS4H

FD4@| F@@5 BEQ KEYRET ; RETURN IF TIMED OUT

FD42| OE 22C@ KWAIT2 ASL KBD

FD45| 9QEE BCC KEYWAIT

FD47| 692 KEYRET RTS

FD48| ;

FD48| ;

FD48| FD48 ESC3 .EQU *

FD48| 28 77FD JSR GOESC

FD4B| A5 68 ESCAPE LDA MODES ;s SET TO + SIGN FOR CURSOR MOVES
FD4D| 29 82 AND #80

FD4F| 49 AB EOR #2AB

FD51| 85 69 STA CURSOR

FDS3| 2@ @CFD ESC1 JSR RDKEY ; READ NEXT CHARACTER

FD56| AQ® 28 LDY #28 ; TEST FOR ESCAPE COMMAND
FD58} D9 F@FF ESC2 CMP ESCTABL, Y

FDSB{ F@EB BEQ ESC3

FD5D| 88 DEY

FDSE| 1@F8 BPL ESC2 ; LOOP TIL FOUND OR DONE
FD6g| H

FD62| A9 82 RDCHAR LDA #802 ; GO READ A CHARACTER

FD62| 25 68 AND MODES

FD64! 85 69 STA CURSOR ; SAVE STANDARD CURSOR
FD66| 2@ @CFD JSR RDKEY

FD69| C9 9B CMP #9B ; ESCAPE CHARACTER?

FD6B| F@DE BEQ ESCAPE

FD6D| C9 95 CMP #95 ; FORWARD COPY?

FD6F| D@Dé BNE KEYRET

FD71| 2@ 88FD JSR PICK ; GET CHARACTER FROM SCREEN
FD74| 29 82 ORA #82 ; SET TO NORMAL ASCII

FD76| 62 RTS

FD77| ;

FD77| A9 FB GOESC LDA #@FB

FD79| 48 PHA

FD7A| B9 7FFD LDA ESCVECT, Y

FD7D| 48 PHA

FD7E| 6@ RTS

FD7F| Al ESCVECT .BYTE 2ZAl ; CLEOL-1

FD82| 84 .BYTE 84 ; CLECP-1

FD81| 7C .BYTE 7C ; CLSCRN-1

FD82| 62 .BYTE 62 ; COL4g-1

FD83| 5C .BYTE 5C ; COL8g-1

FD84| EC .BYTE PEC ; CURLEFT-1

FD85} CA .BYTE @CA ; CURIGHT-1

D86} DC .BYTE ZDC ; CURDOWN-1

FD87) B7 .BYTE ZB7 ; CURUP-1

FD88| ;

FD88| A5 5C PICK LDA CH ; GET A CHARACTER AT CURRENT CURSOR POSITION
FD8A| 4A LSR A ; DETERMINE WHICH PAGE.
FD8B| A8 TAY

FD8C| 24 68 BIT MODES ; AND IF 8¢ COLUMN MODE
FD8E!| 5285 BVC PICK42 ; FORGET CARRY IF 4¢ COLUMNS
FD92| 9223 BCC PICK4g2 ; GET CHARACTER FROM $40@
FD92} Bl 6@ LDA (BASS8L),Y

FD94| 6@ RTS

FD95| Bl SE PICK42 LDA (BAS4L), Y

FD97| 62 RTS

FD98| ;

FD98| FD98 CLDSTRT .EQU *

FD98| A9 23 LDA $#23

FD9A| 8D D@FF STA PFFDZ ; ZERO PAGE IS ON 3!

FD9D| FD9D SETUP .EQU *

FD9D| D8 CLD ; OF COURSE!

FDY9E| A2 @3 LDX #23

FDAgZ| 86 7F STX INBUF+1

@DAZI BD BCFF SETUP1 LDA NMIRQ, X y
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FDAS| 9D CAFF STA @FFCA, X

FDA8{ BD BAFF LDA HOOKS, X

FDAB| 95 6E STA CSWL, X

FDAD}{ BD BS8FF LDA VBOUNDS, X

FDBZ} 95 58 STA LMARGIN, X

FDB2| CA DEX

FDB3| 1@ED BPL SETUP1

FDBS| 85 82 STA IBDRVN

FDB7| A9 A2 LDA 4000 ; INPUT BUFFER AT $3A@

FDBY| 85 7E STA INBUF

FDBB| A9 62 LDA #60

FDBD| 85 81 STA IBSLOT

FDBF| A9 FF LDA #2FF

FDC1] 85 68 STA MODES

FDC3| 22 63FB JSR COL42 ; SET 4@ COLUMNS, CLEAR SCREEN
FDC6{ H

FDC6| 22A2 ADR .EQU .\

FDC6| 22AQ CPORTL -EQU ADR

FDC6| @@Al CPORTH .EQU ADR+1

FDC6| @@A2 CTEMP .EQU ADR+2

FDC6| @@A3 CTEMP1 -EQU ADR+3

FDC6| @22A4 YTEMP .EQU ADR+4

FDC6| @22Ca ROWTEMP -EQU ADR+29

FDC6| C@DB CWRTON .EQU 2C2DB

FDC6| C@DA CWRTOFF -EQU @CZDA

FDC6| FFEC CB2CTRL -EQU ZFFEC

FDC6| FFED CB2INT -EQU @FFED

FDC6| H

FDC6 ;

FDC6! A9 78 GENENTR LDA #78 ; INIT SCREEN INDX LOCATIONS
FDC8| 85 A® STA CPORTL

FDCA| A9 28 LDA #28

FDCC| 85 Al STA CPORTH

FDCE| A9 F@ LDA #ore ; SET UP INDEX TO CHRSET

FDD@| 85 A4 STA YTEMP

FDD2| A9 2@ LDA #29

FDD4| AA TAX

FDDS5S| 95 C®@ ZIPTEMPS STA ROWTEMP, X

FDD7| E8 INX

FDD8| E@ 20 CPX #29

FDDA| D@F9 BNE ZIPTEMPS

FDDC| A9 @5 LDA #25 ; FAKE THE FIRST BIT PATTERN
FDDE| 18 CLC ; (PHANTOM 9TH BIT SHIFTED AS BIT &)
FDDF| @8 PHP

FDE®@| 48 PHA

FDE1l| 86 A2 GENASC STX CTEMP ; GENERATE THE ASCII

FDE3| AQ &7 GASCI1 LDY #27 ; CODES FOR THE FIRST PASS
FDES| A6 A2 GASCI2 LDX CTEMP

FDE7| 8A GASCI3 TXA

FDE8| 91 AZ STA (CPORTL) , Y ; $XXF=CHR / 4

FDEA| E8 INX ; SXXE=CHR 1 / 5

FDEB| 88 DEY ; $XXD=CHR 2 / 6

FDEC| 3226 BMI GASCIA4 ; $XXC=CHR 3 / 7

FDEE| C2 23 CPY #23 ; $XXB=CHR @ / 4

FDF@| D@F5 BNE GASCI3 ; $XXA=CHR 1 / 5

FDF2| F@F1 BEQ GASCI2 ; $XX9=CHR 2 / 6

FDF4| 2@ 99FE GASCI4 JSR NXTPORT ; $XX8=CHR 3 7

FDF7| B2@8 BCsS CBYTES ; GO DECODE CHARACTER TABLE
FDF9| C9 2ZA CMP #2A ; SECOND SET OF 42

FDFB| D@E6 BNE GASCI1

FDFD| A2 24 LDX #24

FDFF| D@E@ BNE GENASC ; BRANCH ALWAYS

FEZl| 68 CBYTES PLA ; RESTORE BIT PATTERN

FE@2| 28 PLP

FE@3| A2 17 LDX #17 ; (4 CHARACTERS OF 6 ROWS)
FE@S| A2 @5 CCOLMS LDY #@5 ; (FIVE COLUMNS)

FE@Z7| 36 C4 CSHFT ROL ROWTEMP+4,X ; BREAK BYTE INTO

FE@9| @A ASL A ; 5 BIT GROUPS

FEQA| D@@E BNE SHFTCNT ; BRANCH IF MORE BITS IN THIS BYTE
FE@C| 84 A2 STY CTEMP

FEGE| C6 A4 DEC YTEMP ; (NOTE. CARRY IS SET)

FE1@| F216 BEQ DONE ; BRANCH IF ALL DONE

FE12| A4 A4 LDY YTEMP ; GET CHARACTER TABLE INDEX
FE14| B9 C4FE LDA CHRSET-1, Y

FE17| 2A ROL A ; (CARRY KEEPS BYTE NON-ZEROC UNTIL ALL 8 ARE
FE18]| ; ARE SHIFTED)

FE18| A4 A2 LDY CTEMP ; RESTORE COLUMN COUNT

FE1A| 88 SHFTCNT DEY ; GOT ALL FIVE BITS?

FE1B| D@EA BNE CSEFT ; NO, DO NEXT

FE1D| CA DEX ; ALL ROWS DONE

FE1E| 1QES5 BPL CCOLMs ; NO, DO NEXT

FE20| 28 PHP ; SAVE REMAINING BIT PATTERN AND CARRY
FE21| 48 PHA

FE22| 2@ 28FE JSR STORCHRS ; MOVE EM TO NON DISPLAYED VIDEO AREA
FE25| 4C Q@1FE JMP CBYTES

FE28| H

FE28| FE28 DONE -EQU *

FE28| ;

FE28| A2 1F STORCHRS LDX #1F ; MOVE CHARACTER PATTERNS TO VIDEO AREA
E‘EZAI AQ 20 STORSET LDY 20 )
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FE2C| BS C@ STOROW LDA ROWTEMP, X
FE2E| @A ASL A ; SHIFT TO CENTER
FE2F| 29 3E AND #3E ; STRIP EXTRA GARBAGE
FE31| 91 A® STA (CPORTL) , Y
FE33| CA DEX
FE34| C8 INY
FE35| C2 28 CPY $28 ; THIS GROUP DONE
FE37| D@F3 BNE STOROW ; NO, NEXT ROW
FE39| 29 99FE JSR NXTPORT
FE3C| C9 28 CMP $28
FE3E| Foo4 BEQ GENDONE ; ALL ROWS STORED?
FE4®| 8A TXA
FE41| 12E7 BPL STORSET
FE43| 6@ RTS ; PARTIAL SET ($478-$5FF)
FE44| ;
FE44] A9 21 GENDONE LDA #21 ; SET NORMAL MODE
FE46| 85 A2 STA CTEMP
FE48| A9 62 GEN1 LDA 460 ; PREPARE TO SEND BYTES TO CHARACTER
FE4A! 2C DBC@ BIT CWRTON ; GENERATOR RAM
FE4D|{ 2@ AEFE JSR VRETRCE ; WAIT FOR NEXT VERTICAL RETRACE
FES@| A9 22 LDA #20 ; WAIT AGAIN
FE52| 2@ AEFE JSR VRETRCE
FE55| 2C DAC@ BIT CWRTOFF ; CHARACTERS ARE NOW LOADED
FE58| 2@ 88FE JSR ALTCHR ; REPEAT THIS SET FOR OTHER 64 CHARACTERS
FESB| Cé6 A2 DEC CTEMP ; HAVE WE DONE ALTERNATES YET?
FESD| 1216 BPL GEN2 ; NO, DO IT!
FESF| A9 28 LDA #28 ; BUMP ASCII VALUES FOR NEXT SET
FE61| 85 Al STA CPORTH
FE63| A@® @7 NXTASCI LDY #27 ; THE USUAL COUNTDOWN
FE65| Bl A® NXTASC2 LDA (CPORTL) , Y
FE67| 18 CLC
FE68| 69 28 ADC #08
FE6A| 91 AQ STA (CPORTL) , Y
FE6C| 88 DEY
FE6D| 12F6 BPL NXTASC2
FE6F| 2@ 99FE JSR NXTPORT
FE72{ 92EF BCC NXTASCI
FE74| 62 RTS
FE75| A2 23 GEN2 LDY #23 ; SETUP ALTERNATE WITH UNDERLINES
FE77{ A9 7F LDA #7F
FE79| 99 FC@5 UNDER STA @5FC, Y
FEIC| 99 FC@7 STA Z7FC, Y
FETF| 88 DEY
FE82| 12F7 BPL UNDER
FE82| A9 28 LDA o8
FE84| 85 Al STA CPORTH
FE86| D@C@ BNE GEN1
FE88| ;
FE88| AZ 27 ALTCHR LDY #27 ; ADJUST ASCII FOR ALTERNATE SET
FE8A| Bl A@ ALTC1 LDA (CPORTL) , Y
FE8C| 49 22 EOR #20 ; $20--> $49-->3560
FESE| 91 A@ STA (CPORTL) , Y
FES2| 88 DEY
FE91| 1@F7 BPL ALTC1 ; ADJUST THEM ALL
FE93| 2@ 99FE JSR NXTPORT
FE96| 92F@ BCC ALTCHR
FE98| 6@ RTS
FE99| ;
FE99| A5 AQ NXTPORT LDA CPORTL ; CONVERT $78->$F8 OR $F8-$78
FE9B| 49 8@ EOR #89
FE9D| 85 Ag STA CPORTL
FE9F| 3222 BMI NOHIGH
FEAl| E6 Al INC CPORTH
FEA3| AS Al NOHIGH LDa CPORTH
FEAS| C9 @C CMP #$aC
FEA7| Do@4 BNE PORTDN
FEA9| A9 24 LDA #24
FEAB| 85 Al STA CPORTH
FEAD| 62 PORTDN RTS
FERE| B
FEAE| 85 A3 VRETRCE STA CTEMP1 ; SAVE BITS TO BE STORED
FEBZ| AD ECFF LDA CB2CTRL ; CONTROL PORT FOR 'CB2'
FEB3| 29 3F AND #3F ; RESET HI BITS TO &
FEBS5| @5 A3 ORA CTEMP1
FEB7| 8D ECFF STA CB2CTRL
FEBA| A9 28 LDA #28 ; TEST VERTICAL RETRACE
FEBC| 8D EDFF STA CB2INT
FEBF| 2C EDFF VWAIT BIT CB2INT ; WAIT FOR RETRACE
FEC2| F@FB BEQ VWAIT
FEC4| 62 RTs
FECS| ;
FECS5| FECS CHRSET .EQU *
FECS5| H
FECS| F@ @1 82 18 42 84 81 .BYTE oFo,91,82,18,49, 84,81, 2F, 58, 44,81, 29,02, 1E,91,91,7C, 1F, 49, 39
FECC| 2F 58 44 81 29 @2 1E
FED3{ @21 91 7C 1F 49 32
FED9| 8A 28 43 14 31 2A 22 .BYTE 8A,28,43,14,31,2A,22,13,QE3,0F7,8C4,91,48,2A2,3DA, 24,@C6, 4A
FEEZ| 13 E3 F7 C4 91 48 A2
FEE7!{ DA 24 C6 4A
\FEEBI 62 8C 24 C6 F8 63 8C .BYTE 62,8C,24,9C6,0r8,63,8C,2C1,46,17,52,8A,0AF,16,14,0E3, 33,31 y
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FEF2] C1 46 17 52 8A AF 16
FEF9] 14 E3 33 31
FEFD] C6é F8 DC 73 3F 46 17 .BYTE 2Ccé,or8,00C,73,3F,46,17,62,8C,21,2E6,18, 6A, 8D, 61,0CF, 18, 62
FF@4] 62 8C 21 E6 18 6A 8D
FFZB| 61 CF 18 62
FF@F| 74 D1 B9 18 49 4C 91 .BYTE 74,92D1,0B9,18,49,4C, 91,0C@8,02F3,29, 2C,91,9C2, 14,1D, 8C,2EF, @7
FFl16| C@ F3 @9 2C 91 C@ 14
FF1D| 1D 8C EF @7
FF21| 17 43 88 31 84 1E DF .BYTE 17,43,88,31,84,1E,92DF, 2B, 31, 84,9r8,0FE, 77, 3E, 3E, 17, 62, 8C,2FD
FF28| @B 31 84 F8 FE 77 3E
FF2F| 3E 17 62 8C FD
FF34| C7 5@ E3 @B 51 C5 ES8 .BYTE 2c?,59,9E3,08, 51,9C5,92E8,9C8,73,18,92C, 42, 3E,21,902,20,42, 3E
FF3B| C8 73 18 @2C 42 3E @1
FF42| 22 29 42 3E
FF46| 41 18 8C @8 2@ 7@ EE .BYTE 41,18,8C,28,920,79,9EE, 22,11, 11,21,11,92,2E8, 3C, 21, 31,982, 2EQ
FF4D| 22 11 11 21 11 @2 E@
FFS54] 3C 21 31 @22 E@
FF59] 1C 22 C8 B9 82 62 14 .BYTE 1C,9@,2C8,2B9,80,62,14,1F, 46,2A2,9DE, 43, 2C, 24, 88, @BE, ¢FF, @CE
FF62! 1F 46 A2 DE 43 2C 24
FF67! 88 BE FF CE
FF6B| 7D 37 49 88 95 18 98 .BYTE m,37,49,88,95,18, 98,29, 62,2D1,44,02E8, 88,2FB, 22, 92,49,00,10
FF72| @9 62 D1 44 E8 88 FB
FF79| @2 92 42 22 19
FFIE| E@ 23 22 20 40 20 20 .BYTE oE2, 23,02,90,49, 90,900, 98,20, 90,28,1%,42,44,25,82,0B8,2F, 48
FF85| 98 @0 22 28 1@ 42 44
FF8C| 25 82 B8 2F 48
FF91| 25 44 1@ 82 22 2@ 2F .BYTE 25,44,19,82,92,990, 2F,57,40,45,22, 8E, 64, 59, 99,21, 3E, 26,42, 8@
FF98| 5A 49 45 @2 8E 64 59
FFIF| 92 @1 3E 26 42 8¢
FFAS| 21 80 2@ 925 2@ F8 8¢ .BYTE 21,89,99,95,9,9¥8,89,92d,25,28,0F8, 80, 28,25, 88
FFAC| 22 25 28 F8 82 28 @5
FFB3| 88
FFB4| H
FFB4| FFB4 HOOKS .EQU *
FFB4}{ @6FC .WORD COouT2
FFB6{ @FFD .WORD KEYIN
FFB8| FFB8 VBOUNDS -EQU *
FFB8| 99 50 22 18 .BYTE 20,50,02,18
FFBC| H
FFBC| 4C 86F6 NMIRQ JMP RECON ; IN DIAGNOSTICS
FFBF| 492 RTI
FFC@| ;
FFC@| 43 4F 5@ 59 52 49 47 .ASCII “COPYRIGHT JANUARY, 1982 APPLE COMPUTER INC..JRH"
FFC7{ 48 54 2@ 4A 41 4E 55 S
FFCE| 41 52 59 2C 29 31 39
FFD5| 38 3@ 29 20 41 5@ 5¢
FFDC| 4C 45 29 43 4F 4D 59
FFE3| 55 54 45 52 2@ 49 4E
FFEA| 43 2E 2E 4A 52 48
FFFQ| : :S' \Z _‘_\us‘(' m
FFF@| CC D@ D3 B4 B8 88 95 ESCTABL .BYTE @cc, eb@, D3, 9B4, 2B8, 88, 95, 8A, 8B, 20 N
FFF7) 8A 8B 2@
FFFA| H
FFFA| CAFF NMI .WORD  @FFCA Cﬁly) ‘l‘w
FFFC| EEF4 RESET .WORD DIAGN ; NOTHING
FFFE| CDFF IRQ .WORD PFFCD g;
2002 |
2223 | .END
SYMBOL TABLE DUMP
AB - Absolute LB - Label UD - Undefined MC - Macro
RF - Ref DF - Def PR - Proc FC - Func
PB - Public PV - Private CS - Consts
AlH AB @975 | AlL AB @274 | AlPC LB F9D6 | AlPC1 LB F9D9 | A2H AB 2277 |
A2L AB 2976 | A3H AB 2979 | A3L AB 2278 | A4H AB @@7B | A4L AB 227A |
ADR AB @2A® | ALTC1 LB FESA | ALTCHR 1B FE88 | ASCl LB FB4Z | ASC2 LB FBA4C |
ASC3 LB FB5A | ASCDONE LB FA@8 | ASCII LB FAlB | ASCII® LB FAID | ASCII1 LB F9EL | \‘!ﬁf
ASCII2 LB F9E3 | ASCII3 LB F9F4 | BAS4H AB @@S5F | BAS4L AB @@5FE | BASS8H AB 2261 | (k
BASSL AB 2@6g | BASCALC LB FBC7 | BASCALCl 1B FCl19 | BELL LB FC4E | BITOFF LB FA29 |
BITON LB FA25 | BKGND AB 2267 | BKSPCE LB FCDE | BL1 LB FAB4 | BLOCKIO AB F479% | \&/
BSCLC2 LB FC2D | CANCEL LB FCCD | CARRAGE LB FBAF | CB2CTRL AB FFEC | CB2INT AB FFED | '6
CBYTES LB FE@1 | CCOLMS LB FE@5 | CH AB @2@5C | CHRSET LB FEC5 | CKMDE LB FAlE | \
CLDSTRT LB FD98 | CLEOL LB FBA2 | CLEOL1 LB FC89 | CLEOL2 LB FC91 | CLEOP LB FB85 |
CLEOP1 LB FBS8E | CLSCRN LB FB7D | CMDSRCH LB F91C | CMDTAB LB F96C | CMDVEC LB F97D | 8
COL4@ LB FB63 | COL8g LB FB5D | CONTROL LB FBA7 | COUT LB FC39 | COUT1 LB FC47 | \
COUT2 LB FC@6 | CPORTH AB @22Al1 | CPORTL AB @@A@ | CRCHK LB F9FD | CRMON LB FA3A |
CROUT LB FCEF | CSHFT LB FE@7 | CSWH AB @@6F | CSWL AB @2@6E | CTEMP AB 2@A2 |
CTEMP1 AB @@A3 | CTRLRET LB FC38 | CURDN1 LB FBC7 | CURDOWN LB FBDD | CURIGHT LB FBCB |
CURLEFT LB FBED | CURSOR AB 2269 | CURUP LB FBB8 | CURUP1 LB FBC2 | CV AB 2@5D |
CWRTOFF AB C@2DA | CWRTON AB C2DB | DEST LB FAAS5 | DIAGN AB F4EE | DIGIT LB F941 |
DIGRET LB F96B | DISPLAY LB FC9D | DISPLAYX LB FC1@ | DONE LB FE28 | DSPBKGND LB FCAA |
DSPL8% LB FCAD | DUMMY LB FACB | DUMP LB FBZD | DUMP@ LB FB1@ | DUMP1 LB FB1D |
DUMP2 LB FB2¢ | DUMP3 LB FB3% | DUMP8 LB FAFD | DUMPASC LB FB35 | ENTRY LB F921 |
ERROR LB FAA2 | ERRORI LB FBZB | ERROR2 LB FA9F | ESC1 LB FD53 | ESC2 LB FD58
ESC3 LB FD48 | ESCAPE LB FD4B | ESCTABL LB FFF@ | ESCVECT LB FD7F | FORGND AB 2@66 |
GASCI1 LB FDE3 | GASCI2 LB FDES | GASCI3 LB FDE7 | GASCI4 LB FDF4 | GEN1 LB FE48

J
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GEN2 LB FE75
GETLNZ LB FCDS
IBBUFP AB 2285
INBUFLEN AB @@5@
KBDSTRB AB C@12
KEYIN4 LB FD31
KWAIT2 LB FD42
LMARGIN AB 2258
MON LB F994
NMI LB FFFA
NOVER LB FAF3
NXTBAS LB F94F
NXTINP LB F915
PCL AB 2272
PRBYCOL LB F9C4
PRHEX2 LB F9C1
RDCHAR LB FD62
REPEAT1 LB FA35
RETAl LB F9AD
RWLOOP LB FADB
SCRL3 LB FC7A
SET8¢2 LB FB67
SETCVH LB FBDB
SHFTCNT LB FEl1A
STOPLST LB FD@2
STORSET LB FE2A
TBASSL AB 2264
TST8@WID LB F9CB
TSTDUMP LB FBZA
VRETRCE LB FEAE
WINBTM AB @@5B
ZIPTEMPS LB FDD5

Assembly complete:
] Errors flagged

GENASC LB FDE1l GENDONE LB FE44 GENENTR LB FDCé6 GETLN LB FCD5

GETNUM LB F92C GO LB FA91 GOESC LB FD77 HOOKS LB FFB4
IBCMD AB 2287 IBDRVN AB 2282 IBSLOT AB 2281 INBUF AB @Q@7E
INCHORZ LB FC13 IRQ LB FFFE JUMP LB FAS8F KBD AB C@2Q@
KEYIN LB FD@F KEYIN1 LB FD16 KEYIN2 LB FD24 KEYIN3 LB FD2E
KEYRET LB FD47 KEYWAIT LB FD35 KSWH AB 2271 KSWL AB @278

LASTLN LB FC87
LNFD LB FC52
MONITOR PR -~-—-
NMIRQ LB FFBC
NXTA1l LB F994
NXTBIT LB F947
NXTLIN LB FCl6

|

!

|

|

|
LEFT892 LB FBF3 |
MASK AB 2269
MONZ LB F928 |
NOHIGH LB FEA3 |
NXTA4 LB F98E |
NXTBS2 LB F959
NXTPORT LB FE99 | OLDPC LB FI9E@
PICK LB FD88 PICK4Q LB FD95 | PORTDN LB FEAD
PRBYTE LB F9AE PRBYTSP 1B FA84 | PRCOLON LB F9C7
!
!
!
]
|
|
|
|
|
|
|
|
|
|
[
[

I

|

|

|

|

| LEFTUP LB FBFD
|
|
|
|
|
|
|
|

PRHEXZ LB F9B9 | PRINTA1l LB FA75 PROMPT AB 2@6B

|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|

MISMATCH LB FA66
MOVE LB FA4Q
NOSTOP LB FD@7
NXTASC2 LB FE65
NXTCHAR LB FCE4

LFA36 LB FA36
MODES AB 2268
MOVNXT LB FA45
NOTCR LB FCBS8
NXTASCI LB FE63
NXTCHR LB F932
PCH AB 29273
PRA1BYTE LB FA82
PRHEX LB F9B7
PRSPC LB FA87

RDKEY LB FD@C READ LB FAD4 RECON AB F686 REPEAT LB FA2D
RESET LB FFFC RET1 LB F7FE RET2 LB F922 RET3 LB F882
RIGHT1 LB FBD1 RMARGIN AB @@59 ROWTEMP AB @@CQ@ RWERROR LB FAS97
SAVCMD LB FADY SCAN LB F912 SCRL1 LB FC61 SCRL2 LB FC63

SCRNLOC AB 2258
SETS82A LB FB6F
SETMDZ LB FAD1

SCROLL LB FC5B
SET82B LB FB7B
SETMODE LB FACC

SEARCH LB FAQ9
SETCH2Z LB FBD7
SETUP LB FD9D

SEP LB FAAE
SETCV LB FBCS
SETUP1 LB FDA2

SPCE LB FABS SRCH1 LB FAlS STACK AB 2@6A STATE AB 2@7C
STOR LB FABF STOR1 LB FAC3 STORCHRS LB FE28 STOROW LB FE2C
SVMASK LB F9D3 TBAS4H AB 2263 TBAS4L AB 2258 TBAS8H AB @265
TEMP AB 2080 TEMPX AB @226C TEMPY AB @@6D TOSUB LB F95E

TSTAlL LB F99D TSTBACK LB FBE9 TSTBELL LB FC4A TSTCR LB FBAB

UNDER LB FE79 USER LB FAS8C USERADR AB @358 VBOUNDS LB FFBS8
VRFY LB FAAF VRFY1 LB FA54 VRFY2 LB FA62 VWAIT LB FEBF
WINTOP AB @@5A WRTE LB FAD7 YSAV AB @@7D YTEMP AB 2@n4

ZSTATE LB F967

1129 lines
on this Assembly

FREQUENCIES

65@2 OPCODE STATIC
ADC : 5 |
AND : 14 |
ASL : 12 |
BCC : 21 |
BCS : 29
BEQ : 82 |
BIT : 12 |
BMI : 7 1
BNE : 41 |
BPL : 18 |
BVC : 2 |
BVS : 3 |
CLC : 7 1
CLD : 2 |
CMP : 35 |
CPX : 1 m
CPY : 2 |
DEC : 7T
DEX : 7 |
DEY : 9 |
EOR : 6 |
INC : 18 |
INX : 3 |
INY : 3
JMP : 18 |
JSR : 79 |
LbA : 117 M
LDX : 12 |
LDY : 29 |
LSR : 11 |
ORA : 12 |
PHA : 16 |
PHP : 4 {
PLA : 14 |
PLP : 3 |
ROL : 4 |
RTI : 1 m
RTS : 34 |
SBC : 67 |
SEC : 5 |
SEI : 1 m
STA : 72 |
STX : 7 |
STY : 5 |
TAX : 2 |
TAY : 5 |
TSX : 1 m
TXA : 2 |
TXS : 1 m
TYA : 3 |
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Minimum frequency
Maximum frequency

117

Average frequency 17

Unused opcodes:
BRK CLI CLV NOP ROR SED

Program opcode usage: 89 %

(1.2¢) That's all, Folks ...

=AW= |
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1 INTRODUCTION

This document provides a general overview of the contents of the Apple ///
computer ROM revision 1. This information should be used in conjunction with a
copy of the ROM source code listing. The audience of this document is anyone
with an interest in the technology of the Apple /// computer’s hardware and
software.

NOTE
There were two revisions of the Apple /// ROM, revision 0 and revision 1.
Revision 0 ROMs had at address F1B9 the value 60. Revision 1 ROMs had at
address F1B9 the value AO0.

This ROM contains 4 KB of 6502 programming and several data tables. The ROM
occupies memory addresses FOO0-FFFF. The basic purpose of the ROM is to test
the Apple /// computer hardware and boot an operating system from the ///’s
built-in floppy disk drive. The ROM also contains a simple Monitor program whose
purpose is to allow the user to interact with the /// at the hexadecimal level.

Apple planned from an architectural perspective to support two 4K ROMs. But
only one ROM was ever created. The Environment Register let you control which
ROM was active. Both ROMs shared the same address space so you could only
have one ROM active at a time. This feature would have doubled the ROM’s
effective size providing Apple with more room for ROM-based features that higher-
level /// software (e.g. SOS) could have used.

When the Apple /// computer is turned on the ROM’s flow of execution is as
follows:

Inside the Apple /// Computer ROM ¢ David T Craig ¢ 04 Dec 1997 * 1/ 6
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1) The ROM starts execution at the address contained in FFFC-FFFD (RESET) which is
address F4EE (DIAGN).

2) Diagnostics (DIAGN/F4EE) starts. The diagnostic first initializes some memory for the
ROM’s use. If the Open Apple and the Control keys are held down then enter the ROM
Monitor. Otherwise run several diagnostic checks of the /// hardware (tests zero
page, sizes memory, initializes screen text buffer, tests stack memory, tests ROM
checksum, tests VIA chip, tests ACIA chip, tests A/D circuitry, tests keyboard
connection). Any diagnostic failures display an error message and the user has to
reset the computer.

3)  Read block 0 (512 bytes) to address A000 from the floppy disk in the built-in disk drive
(BOOT/F6A1). If no disk is found or block 0 cannot be read then display “RETRY” and
wait for the user to reset the computer. If the block is successfully read then execute
the block contents (this is called the SOS Bootstrap Loader: see section ROM USAGE BY
S08).

2 ROM SECTIONS

Section Address Purpose

Disk 1/0 FO00-F4C4 Read and write floppy disk blocks (512 bytes each)
Diagnostics F4C5-F7FE Diagnose the /// hardware
Monitor F7FF-FFFF Interacts with user so user can do simple things

3 IMPORTANT ROM ROUTINES

BLOCKIO / F479 Reads or write a disk block (512 bytes), calls routine REGRWTS (F000)
which reads a sector (256 bytes) from the disk.

BOOT / FeAl Read floppy disk block *0 into address A000, execute the block.
ENTRY / F901 Monitor entry point.
DIAGN / FAEE Diagnostic entry point.

USRENTRY/F6E6 Tests RAM and displays a table showing chip failures (users may execute
this routine from the Monitor). This test is aimed at Apple ///s with
128K of RAM that exists on the older 12-Volt RAM boards. Though this
routine will work with the newer 5-Volt RAM boards (256K) this test
shows wrong information when RAM errors occur since the two RAM
boards contain a different number of RAM chips. You can identify the
different RAM boards as follows: The 5V boards have a large gray
ceramic resistor near the edge and the 12V boards have a small blue
tubular capacitor. To test the ///’s RAM you really should use Apple’s ///
Diagnostics Disk which lets you specify which RAM board you have.

4 ROM TABLES

Here’s a list of the important data tables in the ROM. This list does not include
disk 1/0 tables.
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Table Name / Address Contents

CHRSET / FEC5-FFB3 Default character set (overridden when SOS loads the character
set from SOS.DRIVER)

Copyright / FFCO-FFEF Copyright message (contains the initials “JRH” for J. R. “Dick”
Huston who was a key player behind the /// and SOS)

NMI / FFFA-FFFB Jump address for the Non-Maskable Interrupt signal

RESET / FFFC-FFFD Jump address when the /// is powered on

IRQ / FFFE-FFFF Jump address for the Interrupt Request signal

5 ROM USAGE BY SO0S

The Apple /// operating system (SOS = Sophisticated Operating System or Sara’s
0S) uses several ROM routines. These routines seemn to all be related to disk block
1/0. The following discussion is based on SOS version 1.3.

When the ROM loads block 0 from a SOS disk the ROM is loading the SOS Bootstrap
Loader program. This program, which is at most 512 bytes in length, uses the
ROM routine REGRWTS (F000) to read the SOS Loader into memory. This program
does not test the ROM revision. It is interesting to note that ROM routine BLOCKIO
is not used, instead a lower-level routine (REGRWTS) is used.

The SOS Loader determines if the ROM is revision 1 by comparing address F1B9’s
contents against A0 (reference: SOS source file SOSLDR.D.SRC). If this comparison
fails then SOS displays on the screen the error “ROM ERROR: PLEASE NOTIFY YOUR
DEALER.” If the ROM revision is correct then the SOS loader uses the ROM’s disk
1/0 routines to read more of SOS into memory.

The disk /// driver that is built into SOS also uses the ROM to perform disk block
1/0 (reference: DISK3.SRC). It is interesting to note that when the disk driver is
initialized the driver checks if the ROM revision is 0 or 1. A revision of 0 is
detected if address Fi1B9 contains 60. If neither revision is found then the disk
driver returns an error to SOS (I don’t think this will ever happen since the SOS
loader has already determined that the ROM is revision 1). For a valid ROM
revision the disk driver sets up several jump vectors which point to the
appropriate addresses in the ROM for the various ROM routines needed by the disk
driver. Therefore, the disk driver seems compatible with either ROM revision
whereas the SO0S loader likes only revision 1.

The .CONSOLE driver source listing appears to not use any ROM routines even
though the ROM contains 40 and 80 column text routines and keyboard input
routines. [ assume the console driver was much more sophisticated than the
ROM’s text features and so using the ROM routines would not have worked well for
this driver. 1 also assume that if the console driver used the ROM that when ROM
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revision 1 was built the console driver would have had to be changed and Apple
(smartly) did not want to do this.

6 MONITOR COMMANDS

Holding down the Open Apple and Control keys when the /// starts or when you
press the Reset key activates the /// ROM Monitor. The screen will display in the
upper left corner a small right-facing arrow with a blinking underscore character
as the cursor. The Monitor’s commands are based on the Apple ][‘s Monitor
commands but some commands have changed slightly and others are new for the

(newer) ///.

The Monitor supports the following commands:

addril.addr2 Dump memory data to screen from address 1 to address 2 and display
ASCII character at the right of the screen.

CARRIAGE RETURN Dump next line of addresses to the screen.

SPACE Pause current memory dump. Press again to continue.
addr:byte_list Store starting at the address the list of bytes.
addr:’text’ Store text starting at address with high bit clear.
addr: "text” Store text starting at address with high bit set.

addr3<addrl.addr2M Move data in addresses 1-2 to address 3.

addr3<addri.addr2V Verify data in addresses 1-2 is the same as data starting at address 3.
byte<addrl.addr2S Search memory in address range 1-2 for the byte.
block<addri.addr2W Write address range to disk starting at the disk block.

block<addrl.addr2R Read disk starting at block to the address range.

addrG Call subroutine at the address.

addrJ Jump to the address.

U Call user routine starting at address $03F8.

X Repeat last command line until you press the SPACE BAR.
ESC-8 Display 80 columns of text.

ESC-4 Display 40 columns of text.

/ Seperate multiple commands on the same line.

CTRL-I Interrupt current operation, return to Monitor command line.
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Note: See Wells’ Apple /57 Entry Points article for a great overview of the ROM
Monitor, its commands (with some syntax errors), and the memory
locations that need setting up for the key ROM routines to work. Apple’s
S/ Service Reference Manual (p. 13.57) has a list of Monitor commands.
Anderson’s The Apple Nobody Knows also has good Monitor command info.

To obtain a binary dump of the /// ROM you can do the following:

Initialize a disk on either the /// or an Apple ][ computer.

Insert the new disk in the ///.

Start the /// and hold down the Open Apple and Control keys.

You should be in the /// Monitor.

Type 0<F000.FFFW to write the ROM to disk blocks 0 to 7

. Use a disk block reader on the /// or the ][ to read the ROM blocks and save
them to a real file.

This disk writing is needed since the ROM does not provide a command for
redirecting screen output to the ///’s serial port. But, I’ve read that you can
output the ROM contents to the ///’s serial port but this involves using the Monitor
to write a small program. If anyone has such a program please send a copy my
way.

7 A FEW COMMENTS

1 find it interesting, at least from a software engineering perspective, to note that
in my opinion the /// ROM is missing several key features which I thought any
system ROM would need. The ROM is missing two features which I think would
have been useful to Apple and outside /// programmers:

1) The ROM does not have an explicit version number which exists at a specific ROM
address. This version number could be used to validate the ROM in case there were
several different ROMs (as there were). Apple uses a pseudo ROM version number
(called the revision number) during the loading of SOS but this is somewhat lame in
my opinion.

2) The ROM does not have a dispatch routine for use by the OS or applications that want
to use ROM routines. This dispatch routine would reside at a specific address (e.g.,
F000) and it would take as input a command number and a set of parameters. These
parameters could be passed via registers or on the stack. This routine would allow
Apple to change the ROM and ROM “users” would not need to change their
programming as long as they used the selector routine. The Apple ][ ROM did not have
such a routine which caused Apple many headaches when it wanted to change the
Apple ][ ROM and had to keep lots of routines in their same place.

3) The ROM source code is rather sparse concerning comments. It would be nice if the
ROM contained detailed information about what each routine did and how to call the
routines. Obviously, Apple did not expect anyone but Apple’s own programmers to
ever see the ROM source or use the ROM routines. (I’ve seen the Lisa computer’s ROM
listing which is much better documented than the ///’s and both are comparable in
terms of age).
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8 REFERENCES
Apple 7/ ROM Listing - Revision 0

This can be found in the Apple /// patent (¥4,383,296) dated May 1983. Note that
in places this ROM listing is not always readable.

Apple /// ROM Listing — Revision 1

I have a very readable listing of the revision 1 ROM that was printed on a laser
printer.

Apple /// Service Reference Manual (Level 2)

This almost 500 page document by Apple has everything you would want to know
about the ///’s hardware, low-level software, and how to service a broken ///.
Includes descriptions of the System Monitor (a.k.a. Development Monitor) [page
17.3] and the built-in RAM test routine [page 13.51].

Appie /7 SOS Bootstrap Loader Listing

Shows how 512 bytes of code are used to load SOS from disk into the ///’s
memory.

The following articles provide good ROM information:
Apple /7 Entry Points, Andy Wells, Call-APPLE, October 1981
Apple /// Dabbling Rick Smith, Apple Orchard, Summer 1981
/Y Bits: John Jeppson’s Guided Tour of Highway ///, John Jeppson, Softalk, May 1983
The Apple Nobody Knows, Alan Anderson, Apple Orchard, Fall 1981
Unlocking the Apple /// - Part 3 Alan Anderson, Apple Orchard, September 1982
Apple /- 12-Volt 128K Internal Diagnostics, Apple Technical Information Library

9 DOCUMENT MODIFICATION HISTORY

30 Nov 1997 Created this document.

04 Dec 1997 Corrected a few problems, extended the Reference section to
include more /// articles pertaining to the /// ROM, added this
section, added section MONITOR COMMANDS.

#HH
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1 INTRODUCTION

This document provides a general overview of the contents of the Apple ///
computer ROM revision 1. This information should be used in conjunction with
a copy of the ROM source code listing. The audience of this document is anyone
with an interest in the technology of the Apple /// computer’s hardware and
software.

NOTE
There were two revisions of the Apple /// ROM, revision 0 and
revision 1. Revision 0 ROMs had at address F1B9 the value 60.
Revision 1 ROMs had at address F1B9 the value AO.

This ROM contains 4 KB of 6502 programming and several data tables. The ROM
occupies memory addresses FO00-FFFF. The basic purpose of the ROM is to test
the Apple /// computer hardware and boot an operating system from the ///'s
built-in floppy disk drive. The ROM also contains a simple Monitor program
whose purpose is to allow the user to interact with the /// at the hexadecimal
level.

When the Apple /// computer is turned on the ROM’s flow of execution is as
follows:

1) The ROM starts execution at the address contained in FFFC-FFFD (RESET)
which is address F4EE (DIAGN).

2) Diagnostics (DIAGN/F4EE) starts. The diagnostic first initializes some
memory for the ROM’s use. If the Open Apple key is held down then enter
the ROM Monitor. Otherwise run several diagnostic checks of the ///
hardware (tests zero page, sizes memory, initializes screen text buffer,
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tests stack memory, tests ROM checksum, tests VIA chip, tests ACIA chip,
tests A/D circuitry, tests keyboard connection). Any diagnostic failures
display an error message and the user has to reset the computer.

3) Read block 0 (512 bytes) to address A000 from the floppy disk in the built-
in disk drive (BOOT/F6A1). If no disk is found or block 0 cannot be read
then display “RETRY” and wait for the user to reset the computer. If the
block is successfully read then execute the block contents (this is called the
SOS Bootstrap Loader: see section ROM USAGE BY S0S).

2 ROM SECTIONS

Section Address Purpose

Disk 1/0 F000-F4C4 Read and write floppy disk blocks (512 bytes each)
Diagnostics F4C5-F7FE Diagnose the /// hardware

Monitor F7FF~-FFFF Interacts with user so user can do simple things
3 IMPORTANT ROM ROUTINES

BLOCKIO / F479 Reads or write a disk block (512 bytes), calls routine REGRWTS
(F000) which reads a sector (256 bytes) from the disk

BOOT / F6A1l Read floppy disk block #0 into address A000, execute the block
ENTRY / F901 Monitor entry point
DIAGN / F4EE Diagnostic entry point

USRENTRY/F6E6 Tests RAM and displays a table showing chip failures (users
may execute this routine from the Monitor)

4 ROM TABLES

Here’s a list of the important data tables in the ROM. This list does not include
disk I/O tables.

Table Name / Address Contents

CHRSET / FEC5-FFB3 Default character set (overridden when SOS loads the
character set from SOS.DRIVER)

Copyright / FFCO-FFEF Copyright message (contains the initials “JRH” for J. R.
Huston who was a key player behind the /// and S0S)

NMI / FFFA-FFFB Jump address for the Non-Maskable Interrupt signal

RESET / FFFC-FFFD Jump address when the /// is powered on
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IRQ / FFFE-FFFF Jump address for the Interrupt Request signal
5 ROM USAGE BY SOS

The Apple /// operating system (S0S) uses several ROM routines. These routines
seem to all be related to disk block I/0. The following discussion is based on SOS
version 1.3.

When the ROM loads block 0 from a SOS disk the ROM is loading the SOS
Bootstrap Loader program. This program, which is at most 512 bytes in length,
uses the ROM routine REGRWTS (F000) to read the SOS Loader into memory.
This program does not test the ROM revision. It is interesting to note that ROM
routine BLOCKIO is not used, instead a lower-level routine (REGRWTS) is used.

The SOS Loader determines if the ROM is revision 1 by comparing address F1B9's
contents against A0 (reference: SOS source file SOSLDR.D.SRC). If this
comparison fails then SOS displays on the screen the error “ROM ERROR: PLEASE
NOTIFY YOUR DEALER.” If the ROM revision is correct then the SOS loader uses
the ROM’s disk I/O routines to read more of SOS into memory.

The disk /// driver that is built into SOS also uses the ROM to perform disk block
1/0 (reference: DISK3.SRC). It is interesting to note that when the disk driver is
initialized the driver checks if the ROM revision is 0 or 1. A revision of 0 is
detected if address F1B9 contains 60. If neither revision is found then the disk
driver returns an error to SOS (I don’t think this will ever happen since the SOS
loader has already determined that the ROM is revision 1). For a valid ROM
revision the disk driver sets up several jump vectors which point to the
appropriate addresses in the ROM for the various ROM routines needed by the
disk driver. Therefore, the disk driver seems compatible with either ROM
revision whereas the SOS loader likes only revision 1.

6 A FEW COMMENTS

I find it interesting, at least from a software engineering perspective, that the
ROM is missing some key features which 1 thought any system ROM would need.
The ROM is missing two features which I think would have been useful to Apple
and outside /// programmers:

1) The ROM does not have an explicit version number which exists at a
specific ROM address. This version number could be used to validate the
ROM in case there were several different ROMs (as there were). Apple uses
a pseudo ROM version number (called the revision number) during the
loading of SOS but this is somewhat lame in my opinion.

2) The ROM does not have a selector routine for use by the OS or applications
that want to use ROM routines. This selector would reside at a specific
address (e.g., F000) and it would take as input a command number and a
set of parameters. These parameters could be passed via registers or on
the stack. This routine would allow Apple to change the ROM and ROM
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“users” would not need to change their programming as long as they used
the selector routine. The Apple ][ ROM did not have such a routine which
caused Apple many headaches when it wanted to change the Apple ][ ROM
and had to keep lots of routines in their same place.

7 REFERENCES
Apple /// ROM Listing

I have a very nice listing of revision 1 ROM. A listing (that is somewhat
readable) for the earlier revision 0 ROM may be found in the Apple /// patent.

Apple /// Service Reference Manual (Level 2)

This almost 500 page book by Apple has everything you would want to know
about the ///’s hardware, low-level software, and how to service a broken ///.
Includes descriptions of the System Monitor (a.k.a. Development Monitor) [page
17.3] and the built-in RAM test routine [page 13.51].

Apple /// SOS Bootstrap Loader Listing

Shows how 512 bytes of code is used to load SOS from disk into the ///’s
memory.

#E¥
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4

Apple /// Computer Technical Information

SOME COMMENTS ABOUT THE
APPLE /// COMPUTER BOOT ROM

David T Craig -- 27 February 2004

BACKGROUND

The Apple /// computer was introduced by Apple Computer in 1980 and was
discontinued in 1985.

This computer was a microcomputer with orginally 128 KB of RAM memory
expandable to 256 KB of RAM. It featured a 4 KB ROM (addressed from $FO00 to
SFFFF hexadecimal) which housed the initial programming that executed when
the user turned on the computer. This ROM contained programming for the
following functions:

+ diagnose hardware circuitry and memory
+ load and run a disk operating system (i.e. "boot")
+ provide an interface to a simple monitor program

The author wrote these comments after looking at the Apple /// ROM listing as
found in Apple Computer's patent number 4,383,296 dated 10 May 1983. This
analysis occured during a scanning of the Apple /// patent.

ROM COMMENTS

The Apple /// patent's ROM program listing is terrible in terms of printed
quality. Many parts are very faint and impossible to read. | assume this was
done on purpose by Apple’s legal department so that Apple's competitors would
not be able to duplicate this ROM programming easily.

Some Comments about the Apple /// Computer Boot ROM
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The ROM programming does not seem to have been built for expansion. By this |
mean the programming seems to have been written to just make it work and no
long term thought was given to the ROM programming’s organization.

There were two versions of the ROM. The Apple /// operating system (0S)
programming needed to differentiate between the ROM versions since the ROM
contained several routines which the OS used. This version determination was
not done in a logical way. A memory location was chosen at random (at least it
seems this way to me) to serve as the ROM's "version number”. The OS had to
test this "version number” when it needed to use specific ROM services.

The ROM version also determined the location of several ROM routines which
the Apple /// OS used.

The ROM's organization could have been improved greatly in my opinion if it
was organized differently. At the beginning of the ROM address space (SF000)
include a short header containing the following:

SFO00 - ROM version number

SF001 - ROM size (K bytes)

SF002 - ROM checksum (2 bytes)

SF003 - ROM routine dispatch jump vector (3 bytes)

SF006 - ROM copyright notice (e.g. "(c) Apple Computer 1980)

The remainder of the ROM would have contained whatever programming and
table data was needed.

The routine dispatch jump vector would be a standard jump instruction to a
routine in the ROM whose purpose would be to let outside programs such as the
operating system, device drivers, or even application programs access ROM
routines in a ROM version independent manner. The dispatch routine would
take as input a command number (in say the CPU's A register) and return result
information in the CPU's X and Y registers. The A register on return would
contain an error result with 0 meaning no error. Or, some fixed memory area
could be use to handle ROM routine parameters. This dispatch mechanism
could be seen as a BIOS (basic input output system).

Some Comments about the Apple /// Computer Boot ROM
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Possible dispatch routines could be:

Restart or Cold start or Warm start the computer
Read a block from a disk drive

Write a block to a disk drive

Return size in blocks of a disk drive

Checksum the ROM for diagnostic purposes

Test computer's RAM memory for diagnostic purposes
Enter the Apple /// Monitor program

+ + + + ¥ + +

This dispatch mechanism would have simplified the Apple /// OS use of the
ROM services since the ROM would always be accessed from just one address
(SF003). If the OS requested a ROM service which was unavailable (e.g. an old
ROM was installed) then the ROM would tell the OS that the service did not
exist via a dispatch error result.

CONCLUSION

Hopefully this little commentary provides some useful information to its
reader. If you are interested in the Apple /// computer you should see its
patents (one is for the Apple ///, the other is for the Apple /// Plus). The first
patent contains the full ROM listing, but the author has a real digital copy
which is much more readable.

Enjoy.
#HitH
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SOME IDEAS ABOUT AN & APPLE /// COMPUTER EMULATOR

David T. Craig -- 12 December 1997 -- Version 4

941 Calle Mejia #1006, Santa Fe, NM 87501 USA
e-mail: 71533.606@compuserve.com
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New sections: MONITOR SUPPORT, EMULATOR DEBUGGING FACILITIES.

Updated sections: DISK IMAGES, MEMORY BANK SWITCHING EMULATOR, SOS SYSTEM CALL
EMULATION, REFERENCES.

Added several good comments by Chris Smolinski (he's writing a /// emulator called
SARA) .

09 Dec 1997 -- Version 3

DISK IMAGES: Updated info about DTCMake3///DiskImage Mac application, made disk image
file an all-text file.

SOS SYSTEM CALL EMULATION: typo Silentypr --> Silentype.

WHAT TARGET MACHINES SHOULD BE SUPPORTED: More pre-68040 Mac comments.

EMULATOR DEBUGGING FACILITIES: typo affects --> affect, added info about
enabling/disabling SOS BRK disassembly, same for ProDOS, added list of emulator
debugging commands.

EMULATOR MEMORY STRUCTURE: New section.

12 Dec 1997 -- Version 4
EMULATOR DEBUGGING FACILITIES: Added examples to every debugging command. Added
commands SNAPSHOTW, SNAPSHOTR, ZPAGE, SPAGE, EPAGE, DRIVERS, macro commands.
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1.0 PURPOSE

This document describes some ideas about implementing a software emulator for the
Apple /// computer. These ideas are based on my experiences with the Apple ///
computer and its software programming. No specific target machine is mentioned in
this document since these ideas should be non-target machine specific. These ideas
are submitted to stimulate thought about such an emulator and hopefully inspire
someone to produce a working Apple /// emulator.

The technical details behind the Apple /// computer, its operating system (SOS), and
/// programs (e.g. AppleWriter ///) are based on my extensive collection of ///
technical manuals, specification sheets, and many /// technical articles (Dr. John
Jeppson's articles are very exhaustive and full of lots of neat /// techoid stuff).
I have around 15 Apple manuals, the majority of which were published by Apple, which
include user manuals and the technical programming manuals.

For those people seriously interested in implementing an Apple /// emulator program I
highly recommend that they have at least the Apple /// Service Reference Manual.

This manual, which is almost 500 pages long, is the definitive reference for how the
Apple /// computer works. Most of its contents describe theory of operation even
though its title suggests service-type information only. The important features of
this manual for a /// emulator writer are the /// memory map and the /// memory
mapped I/0 locations.

I also own an Apple /// computer which still today works very well. I programmed the
/// many moons ago and have worked professionally as an Apple Macintosh computer
programmer since 1984.

Note: All comments are welcome. If you have anything to add or correct please let me
know and I will update the master copy of this document.

2.0 EMULATOR GOALS

The /// emulator should provide a complete emulation environment for the faithful
execution of Apple /// and /// Plus programs. As far as the emulator user is
concerned when they run the emulator program their computer should work just like an
Apple /// computer and all /// visual fidelity should be maintained. Emulation of
the Apple /// Plus computer may also be supported (this means the /// Plus’
interlaced screen). If the /// Plus is supported by the emulator you may want to let
the user specify if they want to run a /// or a /// Plus.

I think it would be beyond neat if the emulator could run Apple's running horses demo
and the other /// demos.

The /// emulator should support an Apple /// computer with at least 256K of memory
and four floppy 140K disks (.D1, .D2, .D3, .D4). Support for 512K of memory may also
exist since the ///'s operating system (SOS) supports up to 512K of memory. Memory
size, if variable, should always be a multiple of 32K. I believe the lowest memory
size supported by the /// (ROM?) is 96K. Support for a ProFile disk may also exist
(for this disk there would need to be a disk image with a size of 5M). The first
floppy disk (.D1) would correspond to the floppy disk drive that is built into the
Apple ///. The other disks correspond to external disks and should exist as image
files with specific file names (e.g. "Apple 3 D1", "Apple 3 D2", etc). The ProFile
disk image file should also have a specific file name (e.g. "Apple 3 ProFile").

Image file names should have an extension (e.g. ".D3I") since this is needed by PCs.
3.0 EMULATOR USER INTERFACE

when the user runs the Apple /// emulator program the user should see on their
computer screen a screen (or a window representing the screen on GUI systems)

corresponding to the ///'s screen which the user would see if they were in front of a
real Apple /// computer. All /// text and graphic modes should be supported by the
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/// emulator (this includes the special modes supported by the /// Plus and its
interlaced screen architecture).

I recommend that the emulator also support a screen dump facility that writes the
current /// screen to either a text file (for text modes) or to a graphic file (for
graphic modes) or always just creates a graphic file. The screen dump graphic file
should be a standard graphic file for whatever target machine your support (e.g. on
the IBM PC running Windows produce .BMP files, on the Apple Macintosh produce PICT
files). Since the /// supports custom character sets dumping the screen to a PICT
file (or to the target computer's clipboard) may be the best solution.

The emulator screen if implemented in a GUI window may also display a status area at
the bottom of the window. This status area would display at least two lines of text
and would keep the user informed of what the emulator was doing internally.

4.0 DISK IMAGES

The /// emulator should read disk image files which correspond directly to real ///
140K disks. When the /// emulator starts it should look in its folder and if there
exists a /// disk image file the emulator should boot this image. If there are
multiple disk image files then the emulator may want to display a list of these
images and have the user select an image to boot.

The disk images should be exact copies of real /// disks. To make copies of these
disks there should exist an utility program that runs on the /// computer and which
outputs disk block data to the /// serial port (I plan to make this utility and call
it DTCDumpIt). This utility's output should be a hex/ascii dump that specifies block
numbers and has a checksum for each line of data. This utility should ask the user
if it should dump a file or a disk.

On the target machine there should exist a similar utility that inputs the disk block
data and creates a disk image file. I recommend that the transmitted disk block data
consist of a hex dump with block number and checksum information in a human readable
fashion. The receiving program (on the target computer) would read this human
readable information, verify that the data was sent correctly, and produce binary
disk image file images (I plan to create this utility for the Apple Macintosh and
call it DTCMake///DiskImage).

There should also exist a disk image file for the ///'s Boot ROM (recommended file
name: "Apple 3 Boot ROM"). This image should contain the 4K ROM image. This ROM
should be the Revision 1 ROM (not Revision 0) since this was the last ROM produced
and SOS 1.3 (the last SOS) requires this ROM.

Users should also be able to format a disk image by specifying the disk drive device
name (e.g. .D2). Users should then be able to name the disk image so that they can
use it later. Users should be able to assign specific disk images to specific disk
drives.

I recommend that all disk image files have a very specific internal format. This
format should support the verification of disk image files so that if a disk image
file becomes corrupted in some fashion the /// emulator can detect this corruption,
not use the image, and alert the user.

Note: Support for existing Apple ][ disk image files may be feasible but I recommend
against this since the format of these images could change.

The proposed image format:

The disk image file contains two parts, a header part and a data part. The header
part appears first followed by the data part. The header part contains
identification and verification information. The data part contains the actual disk
blocks for the /// disk. This file contains only text, no binary data appears here
in any fashion. The only non-text information that can appear in these files is the
Carriage Return (CR) and the Line Feed (LF) characters. The emulator should ignore
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LFs if appropriate.
Character case is immaterial.

characters.

rd

All information appears in lines with a maximum length of 255
Blank lines are ignored. The reason for

this format is so these image files can be transferred over the internet without the

need for any binary-to-text conversion.

Also, text-only files can easily be viewed

by people using a word processor.

The header part contains:

Signature
Version
Image Name

Creation Date
Created by Name
Comment

Data Size

Data Checksum
Reserved 1
Reserved 2
Reserved 3
Reserved 4

Tech Comment
Header Checksum

Notes:

Comments

"APPLE /// DISK IMAGE"

"VERSION" version number (e.g. "1")

"IMAGE NAME" name of image, anything the user wants,
most likely the name of the interpreter on the disk,
e.g. "Apple Writer ///"

"CREATED" date image file created, "YYYY-MM-DD"

"CREATED BY" name of person or company who created this image
"COMMENT" comment for anything user wants

"DATA SIZE" size of data part (decimal, e.g. "143360")
"DATA CHECKSUM" hexadecimal checksum (e.g. "FA7C3188")
"RESERVED"

"RESERVED"

"RESERVED"

"RESERVED"

"TECH COMMENT" name of program that this is for

"HEADER CHECKSUM" hexadecimal checksum (e.g. "B97C31D5")

The checksum should be calculated as the exclusive-OR of each byte followed by a left

rotation of 1 bit.

Checksum starts with zero. Checksums should always be 4 bytes in

size and be stored in the header as an 8 character string.

The Tech Comment's purpose is to allow people who obtain an image file to be able to
contact someone about the file's purpose.

The data part contains lines representing 16 bytes from the original disk.

Each line

has a specific format which begins with the starting disk address for the line, 16
bytes, the ASCII equivalent of the 16 bytes, and a checksum for the bytes of the line

with the format:

[00000000] 0123 4567 89ab cdef 0123 4567 8%9ab cdef [1234567890123456] 12345678

The last line of the file must be the word "FINIS".

Sample disk image file:

APPLE /// DISK IMAGE

VERSION 1

IMAGE NAME Apple Writer ///
CREATED 1997-10-11

CREATED BY David T. Craig
COMMENT Thanks to Paul Lutus

DATA SIZE 16

DATA CHECKSUM FA7C3188

RESERVED
RESERVED
RESERVED
RESERVED

TECH COMMENT For David Craig's /// Emulator - 71533.606@compuserve.com
HEADER CHECKSUM BS7C31D5

[00000000] 0123 4567 89ab cdef 0123 4567 89ab cdef [Apple.///.Emul..] FA7C3188
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FINIS
5.0 6502 CPU EMULATION

The heart of the /// emulator should be the emulation of the 6502 CPU. The heart may
be referred to as the "6502 engine." The emulator should support all of the 6502
instructions, the 6502 registers, and the special Apple /// registers (e.g. the bank
switch register, the environment register, and the zero-page register). Special
register descriptions and usage can be found in the Apple /// SOS Reference Manual.

The 6502 engine must be smart about accessing memory and use the bank switch and
environment registers correctly.

If this level of the /// emulation is complete and robust the rest of the ///
emulator should work much more easily.

Support for special /// features may also exist at this level of the /// emulator.
For example, the /// emulator may not want to emulate all of the ///'s memory-mapped
I/0 features, but instead intercept access to special areas or routines and call the
target machine's operating system to handle these features. See sections ROM
EMULATION and MEMORY-MAPPED I/O EMULATION for more details.

6.0 ROM EMULATION

The /// emulator should also support as much as possible the ///'s Boot ROM. This
means the Boot ROM's routines should work for the most part as-is.

Note: I have a listing of the Boot ROM which could be useful for this emulation
discussion.

For the Boot ROM's floppy disk I/O support I recommend that all the gory details here
not be supported directly at the memory-mapped I/O level but instead the /// emulator
should emulate this I/O. Specifically, the /// emulator should intercept any access
to the Boot ROM routines which read or write disk blocks and use the appropriate
target machine operating system routines to accomplish this feature.

The /// emulator should also initialize the ROM's character set which the ROM
normally loads into a special RAM chip that is not accessible to the ///'s 6502
processor. See section MEMORY BANK SWITCHING EMULATION for more details.

7.0 MEMORY -MAPPED I/0 EMULATION

All memory-mapped I/0 locations that in some way deal with the physical world need to
be handled by the /// emulator. These areas include such addresses as the speaker
addresses. The Apple /// Service Reference Manual provides detailed information
about these addresses.

All accesses to memory by the /// emulator must respect the bank switch and
environment register settings so that the emulator does not try to access a memory-
mapped address when that address is not mapped into the 6502 address space.

Programs which access low-level I/O locations such as the disk I/O addresses should
not be supported. I assume most /// programs will access hardware components using
SO0S or device drivers.

Note: Chris Smolinski says that emulating the low-level stuff on a Power PC-based
Macintosh is not very difficult and works rather fast (he's implemented in his SARA
emulator the ///'s floppy disk I/O).

8.0 MEMORY BANK SWITCHING EMULATION
The /// emulator must also fully support the ///'s bank switched and enhanced

indirect addressing memory architecture. Detailed descriptions and usage of ///
memory handling can be found in the Apple /// SOS Reference Manual.
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The /// emulator should also support the ///'s character set RAM chip. This holds
the bitmap descriptions of each of the 128 characters in the /// character. This RAM
area, which is not accessible to the ///'s 6502 CPU, holds 1024 bytes. See the Apple
/// Standard Device Drivers Manual (Console Character Sets section) for more
information.

Note: I believe the storage of the Boot ROM character set is different than the
storage of the character set in the SOS.DRIVER file. I believe the ROM character set
has bits that are reversed compared to the SOS.DRIVER character set.

The storage of text and graphics in memory should be supported also. This should
happen automatically when a /// program writes to the text/graphic memory buffers.
The emulator needs to detect such writes and update its screen as appropriate.

9.0 SOS SYSTEM CALL EMULATION

The majority of system calls to SOS and its drivers should most likely not be
intercepted by the /// emulator. But certain calls may need to be intercepted unless
a lower level of the /// emulator intercepts these feature already. System calls to
SO0S or drivers that may need intercepting by the /// emulator could be:

o Disk I/O (.D[1-4] and .PROFILE drivers)

o Keyboard I/0 (.CONSOLE driver)

0 Screen 1/0 (.CONSOLE and .GRAPHIC drivers)

o Sound generation (.AUDIO driver)

o Serial port I/O (.RS232 driver)

o Silentype Printer (.SILENTYPE) [I'm not sure about support for this]

o Clock I/O (Y2K dates may be a problem)

I recommend that the /// emulator intercept all activity dealing with the above and

have the target machine perform the equivalent features. For example, to read or
write a disk block the /// emulator should have a routine that accesses the
appropriate location in the disk image file.

The /// emulator may also provide the user with some type of setup options so that
the user can specify specific properties of some of the above drivers. For example,
if the target machine supports several output ports the emulator may let the user
specify which port to use (e.g. for the .PRINTER driver the user could assign it to a
specific serial or parallel port on the target machine).

Note: The ///'s clock does not support the year 2000 or greater. I think the
emulator should support Y2K dates but I'm not sure if SOS's file system date stamps
will support this easily.

10.0 DEVICE DRIVER EMULATION

This section is for the most part handled by my comments in section SOS SYSTEM CALL
EMULATION. I suspect the programming within the /// emulator for this area could be
the most work since there are lots of device drivers that make up a simple Apple ///
configuration.

One area of device drivers that the /// emulator may not want to emulate is interrupt
handling. Since the emulator does not have physical devices connected to it in any
direct fashion I don't think interrupts exist as far as the emulator is concerned.
Interrupts dealing with disks or the keyboard can be handled at a lower level by
having the /// emulator call the appropriate system call in the target machine.

These low-level I/0 handlers should set up the appropriate driver data areas so that
the rest of the ///'s software (SOS and the interpreter) will work correctly. For
example, keyboard I/0 should be setup in the /// emulator so that when the keyboard
input memory-mapped I/O location is accessed the target machine OS really reads the
keyboard and sets up the memory-mapped location as appropriate.

11.0 KEYBOARD SUPPORT
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11.1 User interface support

The /// computer's keyboard layout is basically compatible with modern keyboards.

The /// keyboard does have two extra keys, Open Apple and Closed Apple which are
positioned to the left of the Apple /// keyboard. Also present on the keyboard are
four arrow keys. The emulator should support these keys either directly (i.e., the
target machine has similar keys) or associate other keys with the ///'s special keys
(e.g., the Macintosh computer's two Option keys could be used to simulate the special
Open and Closed Apple keys). The emulator's associated keys need not physically be
in the same location as the ///'s special keys but having them in the general area
will be beneficial.

Note: The /// Plus keyboard contains an extra key, Delete, compared to the ///
keyboard.

11.2 Low-level access

The /// emulator should handle low-level access to the keyboard memory-mapped I/O
locations as detailed in section DEVICE DRIVER EMULATION.

12.0 MONITOR SUPPORT

The emulator should support the Apple's built-in ROM Monitor. Entry to the Monitor
should be similar to how this is done on a real /// (at startup if Open Apple and

Control keys are pressed). The code in the ROM which tests for Monitor entry should
work.
13.0 APPLE ] [ EMULATION DISK SUPPORT

It would be nice if the /// emulator supported the Apple ][ Emulation Disk. I'm not
sure of what would be involved here but suspect that if the ///'s 6502 CPU and the
memory-mapped I/0 locations are robustly supported that the ][ emulation should work
also without any special additional /// emulation features.

Special consideration may need to be given to Apple /// keyboard keys which do not
exist in the Apple ][ world. ][ emulation details can be found in the Apple ///
Owner's Guide and the Apple /// Service Reference Manual.

Note: I have a disassembled listing of the Apple ][ Emulation Disk ROM source listing
which could prove useful in this area.

Further analysis of the ][ emulation disk's boot sequence needs to be done since I'm
unknowledgable about this area. 2Also, I've heard that the ][ emulation accesses an
I/0 location which disables some /// features.

14.0 WHAT LANGUAGE SHOULD THE /// EMULATOR BE WRITTEN IN?

I highly recommend that the /// emulator be written in a high level language such as
Pascal or C. This should make the emulator more compatible with different target
computers and make development and maintenance of the emulator much easier. I
recommend avoiding low-level languages such as assembly.

15.0 WHAT TARGET MACHINES SHOULD BE SUPPORTED?

I recommend that the target machine (or machines) for the emulator be machines that
are commonly used today by most computer users. This means either the IBM PC or the
Apple Macintosh machine family. For the PC world I recommend the /// emulator run
under Windows 95 and Windows NT. For the Macintosh world I recommend the emulator
run on most Macintosh models which means support the Macintosh 512 and above. Color
display should also be supported by the /// emulator (for the Macintosh this means
use Color QuickDraw if the machine supports CQD and if CQD is not supported by a
Macintosh model use the Classic B/W QD and maybe use patterns as "colors").
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Any of these machines should be fast enough to emulate the /// and most likely will
be too fast in many areas. I recommend some type of speed control be built into the
emulator so that users can control how fast the emulator works. For many ///
programs (e.g. AppleWriter /// and VisiCalc ///) emulation speed will be immaterial
since these programs typically wait for the user to enter data and then do their
thing. But for programs such as games the user will want to control the emulator
speed otherwise the game's actions will be super fast and unplayable.

Some people say that the older machines such as pre-68040 Macintoshs will be too slow
for a reasonable /// emulator. I would like to see this /// emulator run on a Mac
512 machine an onwards. Running on a Mac 128 machine seems a problem due to this
machine's small memory size and should not be supported (if a virtual memory scheme
was used by the emulator the Mac 128 could be supported but I think having this extra
level of support in the emulator would not be worth it). I disagree and am willing
to wager a small sum that I'm right.

16.0 EMULATOR DEBUGGING FACILITIES

The emulator should support a comprehensive built-in debugger. This debugger's
purpose should be to let the sophisticated emulator user access any part of the
emulator's /// address space. This should include all of the memory that is
allocated to the /// as its memory. This memory would encompass the 256K (or 512K)
of /// RAM, the /// ROM (4K), the character set RAM (1K), the 6502 registers, and the
special /// registers (e.g. bank register).

This debugger will prove invaluable in diagnosing emulator bugs. Not only will the
user be able to type commands for the debugger but the emulator will be able to send
messages to the debugger.

Logging of all debugger sessions should be stored to a text file for possible
analysis. This text file would be created when the emulator starts. The log file
should be appended to by the emulator. Only the user can delete the file.

The debugger should exist as a separate window that does not in any way affect the
emulator's main window. This window should display only commands that the user
enters or replies returned by the debugger. There should not exist a separate window
area showing things such as the 6502 registers since all such information should
appear in the debugger log file. The window should support at least 80 columns of
text and 24 rows.

The emulator user interface should be based on a simple command line control scheme.
All commands and command outputs should be text-based. This scheme could be based on
the ///'s Monitor's commands or on a little more readable command scheme such as in
Apple's MacsBug debugger. There should be full on-line help that discusses the
debugger commands in general and each command should also have on-line help
available. The debugger should show at the beginning of each line a prompt character
to indicate when it is waiting for a command. I recommend the prompt be the ">"
character. The debugger should also show a cursor which I recommend to be a black
square.

The debugger should support the standard debugging commands such as
displaying/setting memory, displaying/setting registers, and disassembling 6502
instructions. This disassembly should support the special SOS BRK call by listing
the word "BRK/SOS" instead of just "BRK" and following this with the SOS command
number/name and the parameter list address:

SOS CO/CREATE 345A
The user should be able to enable or disable this feature.

Note: It may be good to also support the Apple ][ ProDOS command calling scheme in
case this emulator ever becomes an Apple ][ emulator.

The debugger should support break points, single stepping, and timing buckets. The
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timing buckets would be used in conjunction with break points to record how long a
sequence of 6502 instructions took to execute. This can be very useful in locating
emulator bottlenecks. The debugger supports many break point commands since I have a
feeling that this facility will be very powerful and useful during the emulator's
development.

The debugger should support the collection of statistics about the emulator. I
recommend tracking how many times specific 6502 opcodes are executed (obviously, the
debugger would need commands to display and clear this information). I would also
track memory accesses on at least a page (256 bytes) basis.

The debugger should be accessible at any time that the emulator is running. I
recommend some type of key press combination that the emulator would detect and
display the debugger window. Once the debugger window is active it should remain on
the screen until the user closes the window.

The emulator should also support a special key press combination at emulator startup
time that activates the debugger just before the /// ROM is run. This can give the
emulator developer a good way of tracing ROM execution.

The emulator should activate the debugger if any fatal emulation errors are detected
and the debugger should show a message detailing the reason for the activation. All
of these errors display a dump of the 6502 and SOS control registers. Reasons for
debugger activation from the emulator are:

1. A program writes to write-protected memory (e.g. SOS's address space). The
displayed message is "EMULATOR EXCEPTION: WRITING TO WRITE-PROTECTED MEMORY".

2. A program executes an undefined 6502 instruction (e.g. 6502 opcode $02). The
displayed message is "EMULATOR EXCEPTION: UNDEFINED 6502 OPCODE".

When the debugger is initialized (which should be when the emulator starts) the
debugger should check if a text file named "DDT.TXT" exists. If so, the debugger
should read each line from this file and execute it. Obviously, this file should
contain debugger instructions. This can be very useful for setting up commonly used
break points which if you use many would be tedious to type everytime you wanted to
use the emulator.

A memory snapshot facility should also exist. When activated by a debugger command
this facility would write to the host computer's disk a binary file containing a copy
of all the /// memory areas. This snapshot should also be readable by the debugger
so that the user could restart a specific emulation session from the snapshot.

I recommend the following emulator debugger commands which are based on the ///
Monitor commands so that these debugger commands will be familiar to Monitor users.
These commands for the most part have the general syntax of address-command. See my
document "Inside the Apple /// Computer ROM" for a list of the /// Monitor commands.

For information about the Apple ][ Monitor commands, which the /// Monitor commands
are based upon, see "Apple ][ Reference Manual" (Chapter 3: The System Monitor, dated
1981).

Addresses appearing in debugger commands may be prefaced by "N/" where N is a bank
number. For example, to reference address 2000 of bank 4 use 4/2000. If no bank
number precedes an address the current bank is used. To reference a ROM address use a
bank "number" of "R", for example "R/F000". To reference a character set address use
a bank '"number" of "C", for example "C/0000". To reference the SOS system bank use

"S", e.g. "S/1400". )
\k K
Commands should be case-insensitive (none of the UNIX case-sensitivity gobbly-gook).

Commands that display more than a screen full of information should either
automatically pause when the screen is full, or the user can use the SPACE key.

Note: Commands using ":" may also use ";" which is easier to type since this
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character does not need the user of the shift key. Same for "<" and "/".

Most debugger command numeric arguments must be specified in hexadecimal. The
exception is the X command which supports hexadecimal, decimal, and binary.

The debugger command parser should be very liberal. This means that users should be
able to include extra spaces (or no spaces) and the command should be parsable. For
example, if a command needs a list of bytes the user should be able to enter any of
the following: "AABBCC", "AA BB CC", " A ABBC C " and the debugger will see these
as "AABBCC".

The debugger should also support a command macro facility. This facility allows you
to define a macro consisting of other debugger commands. Typing the name of the
macro will then type the commands as if you entered them manually.

/' HELP (or ?) Cwad " Owee
/ L2 see
Display debugger on-line help for all commands. Help info should be stored in an
external text file for easier modification. I recommend that this section of this
document be the help file. i tams = (JT pat o

Example: HELP — &faowx al L\g(/id . ﬂg all cvad M.A?W
Qacp 5 == sbou gl comats stodisped

Return to the emulator.

Example: BYE

CARRIAGE RETURN keypress
\’ZSP', —
Repeat last command.

Example: If the last command was HELP and you press the CARRIAGE RETURN key then HELP
will be displayed and executed again.

SPACE keypress
“ Py
Pause current command's output. Press again to continue.

Example: If a command is executing and you press the SPACE key the comand's output
will be paused, pressing SPACE again resumes the command's output. Pausing/Resuming
are done on an output line basis only.

DELETE keypress
L LIP
Stop current command's output.

Example: If a command is executing and you press this key then the command will stop
executing and you will be returned to the debugger's prompt.

o T Show tkbh» Bw”“‘k‘“z
. . : L“k] i\, P 4“i é
Display 6502 registers and /// system control registers. N ﬂﬂﬁ’%ﬁc
4
E le: RD : , - « low
xamp=e bif hames L.’{ bt .% ﬁ;::féw"hmef—
A=04 X=01 Y=D8 P=30,/00000011 S=F8 ©PC=034A : E=77,/01110111 2z=1A B=03 . docs U“"’"’L
Ligy NI-5 D328 STY RIS RR D docineal ¥ L
2 ( L\m\u!d/"\'wM Onl I l\l\'te{rwfﬂ' A“M
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byte:SA
Set 6502 A register to byte.

Example: 45:SA -

byte:sX
Set 6502 X register to byte.

Example: 7B:SX -

Set 6502 Y register to byte.

Example: FF:SY

Set 6502 P register to byte.

Example: 56:SP -

byte:SS
Set 6502 S register to byte.

Example: AA:SS St

word:SPC
Set 6502 PC register to word.

Example: 2000:SPC —

byte:SE
Set /// E system control register to byte.

Example: 34:SE —

byte:S2
Set /// Z system control register to byte.

Example: 19:SZ -

Set /// B system control register to byte.

Example: 06:SB P
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addrl.addr2

Dump memory data to screen from address 1 to address 2 and display ASCII character at
the right of the screen.

Example @s current bank is ban 4): 300.30F D e (asiaan, J 4hs4 ¥ ..
| 2 R Ry Lavee st
4/0300- B900 080A OAOA 9900 08C8 DOF4 A62B A909 [F..d.uy%"&90e@..G] )

Dump the contents of the current interpreter's Zero Page (256 bytes). Also supported
are commands for the Stack Page and the Extend Page:

SPAGE - stack page
EPAGE - extend page

To dump the pages for SOS (and drivers) use the following commands:

SZPAGE - zero page
SSPAGE - stack page
SEPAGE - extend page

Example: ZPAGE

Zero Page (interpreter)

6p ' 2 L ¢y W} T
1400- 0123456789ABCDEF 0123456789ABCDEF 01234567 89ABCDEF 01234567 89ABCDEF
1420- 0123456789ABCDEF 0123456789ABCDEF 0123456789ABCDEF 0123456789ABCDEF

14E0- 0123456789ABCDEF 0123456789ABCDEF 0123456789ABCDEF 01234567 89ABCDEF

addr:bytes
Store starting at the address the bytes.

Example: 2000:AA BB CC DD EE FF -
2000 : AABBCCDDEEFF e~

addr:'text'
Store text starting at address (high bit clear).

Example: 2000:'Hello World'

e /o/
2000:'David''s Dog' - - éﬁEE~SE;%EE>DaVidIS Dog

addr:"text"

Store text starting at address (high bit set) /)z///
Example: 2000:"Hello Wbrld“ /“”‘\
2000: "David's Dog aﬂw e rvre
!)u
_-2001]\ l 6"”[/& “”U ””H j ,hd IIA(

addr3<addrl.addr2M
Move data in address range to address 3.

Example: 2000<3000.3100M ——
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addr3<addrl.addr2v
Verify data in address range equals data starting at address 3.
Example: 2000<3000.3100V M e

Displays either "OK" if the verification suceeds, or "MISMATCH" if the verification
fails.

bytes<addrl.addr2s
Search memory in address range for the bytes.

Example: AA<3000.3100S -- searches for byte AA
AABBCC<3000.3100s8 -- searches for bytes AA BB CC

If a search finds a match then the starting address of the match is displayed,

otherwise "PATTERN NOT FOUND" is displayed. . e )
______ VAT ok Foursd AT addr

'text'<addrl.addr2s
Search memory in address range for text (high bit clear).

Example: 'D'<3000.3100S -~

p——

'David'<3000.31008 ==

"text"<addrl.addr2s
Search memory in address range for text (high bit set).

Example: "D"<3000.3100S -
"David"<3000.31008 ~—

disk.block<addrl.addr2w

Write address range to disk # disk starting at disk block. If disk # is not present
then uses disk .D1. Disk should equal 1, 2, 3, or 4. The address range always ends
on a block boundary no matter what you type.

Example: 1.117<2000.21FFW -- write 512 bytes to disk 1 block $117

Note: Disk /// disks contain 280 blocks ($118) sot he block range is 0-117
(hexadecimal) .

disk.block<addrl.addr2R

Read from disk # disk starting at block to the address range. If disk # is not
present then uses disk .Dl1. See the W command for more info.

Example: 1.117<2000.21FFR 13- read 512 bytes from disk 1 block $117
S

disk.block-block:DISK

Read block range from disk # disk to a special debugger 4K buffer which is not used
by the emulator. If the typed block range is greater than 4K then only the first 4K
will be read. You can then examine this buffer's contents either with a hex/ascii
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dump or with a disassembly (command L). This command is useful when you want to
examine a disk's contents. For disassembly purposes, you can specify the logical
starting address for the buffer. See the DISKBUFFER command.

To disassemble the special disk buffer (see the L command) use bank X (stands for
"extra") as part of the disassembly address parameter (e.g. "X/100"). Same for
dumping memory or whatever commands you want to use with this special buffer.

Example: 1.0-7:DISK -- read 8 blocks (0 to 7) from disk 1

addr : DISKBUFFER

Set disk buffer starting logical address. Default address is 2000. See the DISK
command . {

Example: A000:DISKBUFFER -~~~ \?au91 ls 0000 ~F F

addrl.addr2L

Disassemble instructions in address range. If only addrl appears then disassemble 20
instructions. Disassembly includes the opcode cycle count.

Example: 300L -- assumes bank 4 is current
4/0300- A9 C1 X.! (2) LDA #s$C1
4/0302- 20 ED FD . (5) JSR $FDED
4/0305- 18 ! (2) CLC

470308- C9 DB . (3) CMP #$DB

1
1

4/0306- 69 0A 'T.! (4) ADC #s$01
Ll

4/030A- DO Fé6 ot (3) BNE $0302

Ne e Ne we N we N

4/030C- 60 U’ (4) RTS
1 2 3 4 5 6 (see Note)
Note: Column 1 = bank register/address

Column 2 = memory bytes

Column 3 = ASCII for the memory bytes

Column 4 = opcode cycle count

Column 5 = disassembled instructions

Column 6 = remark character ";" (optional, see DISASMREM)
L by itself disassembles the next 20 instructions.
DISASMREM
Display ";" after each disassembly line that is produced by the L command. Default

is to not display the remark. Useful if you plan to add comments to a disassembly.
See also DISASMREMOFF.

Example: DISASMREM

DISASMREMOFF
Turn off DISASMREM. See also DISASMREM.

Example: DISASMREMOFF
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Call subroutine at the address.

Example: AQ00G

Jump to the address.

Example: A000J - —
wordX
Convert word (or up to 4 hex digits) to hexadecimal, decimal, and binary (X stands
for "translate"). Prefix character for byte determines its base: ,no prefix = hex,
= dec, t = binary. R
o Yot 1% 4{'4416-('”—\
Example: AX -> A(16) 10(10) 0000 0000 0000 1010(2) GQ):}mp y)iuaih
.10X -> A(16) 10(10) 0000 0000 0000 1010(2) 7
t1010 -> A(16) 10(10) 0000 0000 0000 1010(2)

FFFFX -> FFFF(16) 65535(10) 1111 1111 1111 1111(2)

addrl.addr2:CS

Calculate and display a checksum for address range. Checksum is a 4 byte quantity
which is calculated the same as the disk image file checksums.

Example: 300.500:CS T T~
CHECKSUM=AF897CEE

Trace instructions starting at the address. Each traced instruction displays
register contents. Press the SPACE to pause the trace, press DELETE to stop the
trace. The displayed registers contain values _after_ the previously listed command
executes.

Example: A000T -- assuming bank 4 is current

4 /A000- A9 C1 'X.! (2) LDA #$C1

A=Cl X=01 Y=D8 ©P=30,/00000011 S=F8 PC=A002 : E=77,/01110111 Z=1A B=04

4 /A002 - 20 ED FD LI (5) JSR SFDED

A=Cl X=01 Y=D8 P=30/00000011 S=F6 PC=FDED : E=77/01110111 Z=1A B=04
Lisp bt omes bt hanes

Note: Press the DELETE key to stop the trace, SPACE to pause/resume.

addrss

Single step trace starting at the address. After each step pause and wait for user
to press SPACE to continue or DELETE to stop the single step.

S
Example: AOOOé:>§-- assuming bank 4 is current

4 /A000- A9 C1 'X.! (2) LDA #SC1

A=Cl  X=01 Y=D8 P=30,/00000011 S=F8 PC=A002 : E=77,/01110111 Z=1A B=04
Ly nameg N G |

Note: Press SS by itself to single step the next instruction, or press CARRIAGE

RETURN to repeat the SS.
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addr:BP

Set a break point at address. When address is accessed the debugger is entered and
displays the registers. Up to 100 break points should be supported.

Example: AQO0O0:BP

addr:BPC
Clear break point at address.

Example: AQ00:BPC

Set a break point when a SOS call is made. This means when the BRK opcode is
executed. Same as MOO:BP.

Example: SOS:BP

Mopcode:BP
Set a break point when opcode is executed.

Example: M60:BP -- set break point when the RTS instruction (60) is executed.

Set a break point when a call is made to the ROM.

Example: ROM:BP

addrl.addr2:BPW

Set a break point when any address within address range is written to. BPW = Break
Point Write.

Example: 300.123AR:BPW

addrl.addr2:BPR

Set a break point when any address within address range is read from. BPR = Break
Point Read.

- Ve
41 B et
E le: 300.123A:BPR 1 Bl
xample P MMZ‘L Jm’(

addr.byte:BPE oldd%—L voddi Z . »1’{4L llﬂt 7 v 3PE (a’l a/‘/;du ( )

Set a break point when the address contents equal the byte value. BPE = Break Point

als. .
- adorl . gdir? - L:,’&lv-lz,,((’l “Are (.;{1, ,7»/—{/ s )

Example: 300.AA:BPE

addr.bytel-byte2:BPE

Set a break point when the address contents equal a byte value in the byte range. BPE
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Mty Ciedd
b?)\]({ /5/#!4‘( C%Wi/f

Same roetsy 43 BPE

= Break Point Equals.

Example: 300.AA-BB:BPE

addr.bytel byte2 ... :BPEA & —

Set a break point when the address contents equal byte 1 value, or equals byte 2
value, etc. Supports up to 16 byte values. BPEA = Break Point Equals Any.

Example: 300.AABBCCDD:BPEA
300.AA BB CC DD:BPEA

Set a break point when the address range contains any bytes equalling the byte
values. BPEA = Break Point Equals Any.

Example: 300.400.AABBCCDD:BPEA

Set a break point when the address range contents equal the byte range. BPEA = Break
Point Equals Any.

Example: 300.400.AA-BB:BPEA

Display break point table.
Example: BPD
# Address Range BP Setting

1 4,/2000-4/21FF BPEA AA-EB

Clear break point table.

Example: BPC

addrl.addr2:TB

Set timing bucket for address range. When address 1 is accessed timing starts. When
address 2 is accessed timing stops. Up to 100 timing buckets should be supported.

Example: AQO0Q0.AlFF:TB

Display timing bucket table. Shows all set timing buckets and the time in 1/60th of
a second and in seconds spent in each bucket.

Example: TBD

# Address Range Time (1/60s) Time (secs)
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1 4/A000-4/A1FF 34 0.567
2 4/A300-4/A310 5 0.083
39 0.650

addr:TBC

Clear timing bucket starting at address.

Example: AQ0O00:TBC

Clear timing bucket table.

Example: TBC

error:SOSE
List SOS general error message for the error number. If no error number is present

then list all general errors. Error info should be stored in an external text file
for easier modification. See the S0OS Reference Manual for a list of these errors.

Example: 01:SOSE

BADSCNUM - Invalid SOS call number

error :SOSFE

Display SOS fatal error message for the error number. If no error number is present
then list all fatal errors. See the SOS Reference Manual for a list of these errors.

Example: 01:SOSFE

BADBRK - Invalid BRK

command: SOS
Display SOS command name and SOS command area (e.g. file system) for the command
number. If no command number present then list all SOS command numbers and their

names. Command info should be stored in an external text file for easier
modification. See the SOS Reference Manual for a list of these commands.

Example: CO0:S0S

CREATE (File System)

Turn on disassembly of SOS calls which displays SOS followed by the command number
and parameter address. The emulator defaults to this.

Example: SOSON

SOSOFF
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Turns off SOSON.

Example: SOSOFF

disk:CAT

Display catalog of SOS disk stored in disk # disk. Includes recursive list of all
subdirectories. Should show same file info as Apple's System Utilities program.

Note: Other commands that may be supported include CATPASCAL for Apple ][ Pascal
disks and CATDOS for Apple ][ DOS disks. This may come in handy if you want to see
what these disks contain if you have them as disk image files.

Example: 1:CAT

disk.file_name:INFO

Displays information about the specified file in the disk. Information includes
standard SOS file information but also block list of all index blocks (if any)
associated with the file and block list of all data blocks for the file.

Example: 1.APPLE3.TEXT:INFO

disk.block:DUMP
Display contents of specified disk block in the standard hex/ascii dump format.

Example: 1.0:DUMP

disk:DRIVERS

Display list of contents of the SOS.DRIVER file stored on the disk. List includes
driver names, driver information, and other items that are in the driver file (e.g.
character sets).

Example: 1:DRIVERS

disk:CHECKIMAGE

Check validity of disk image in disk # disk. Computes header and data part checksums
and compares against the image file's listed checksums.

Example: 1:CHECKIMAGE

Display Driver Information Table (DIT), a data structure maintained by this debugger.
Contains list of all loaded drivers, their names, sizes, and entry point addresses.

Example: DIT

Display Memory Information Table (MIT), a data structure maintained by this debugger.
See section EMULATOR MEMORY STRUCTURE for what this structure contains.

Example: MIT
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OPCODES

Display a histogram of opcode execution counts. Includes the actual number of the
counts. Sorted by frequency. Opcodes not executed are listed below the histogram.

Example: OPCODES

LDA 2,188,973  kkkkkkkkhkhkhkhkkkkkhhhhhhhhhhhhhkhkkkkkhkhhhhhrk
STA 12,123  hkkkkkkkkkkkkhhhhhkhkkkkkkdkdk Kk
CMP 46T kkkkkkkkkkkkhk

2,201,563

Unexecuted opcodes: TXS NOP

OPCODESCLR
Reset opcode histogram table.

Example: OPCODESCLR

pagel.page2 :MEMORYR

Display memory write access table. This table lists on a 256 byte page basis counts
for each time the page was read. If pagel.page2 specified then lists only those
pages. If a single page is specified then display only that page's access count.

Example: 0.5:MEMORYR

pagel.page2 : MEMORYW

Display memory read access table. This table lists on a 256 byte page basis counts
for each time the page was written. See MEMORYW for page options.

Example: 0.5:MEMORYW

MEMORYCLR
Reset both memory access tables.

Example: MEMORYCLR

£

\-riai-l.;l;a:-SCR-O-LI; ------ | —()— SULL- S o (w, g Lrtr £ e /L green <

/ < + CMZ 5 £ P e a{mr LJLVF fleee~
Set debugger display scrolling rate interline delay. Value is in 1/10th of a second. u
Default is no delay (value = 0). Useful if you want to for example dump lots of

memory and don't want to mess with the SPACE key to read what is displayed. Set the
scrolling delay to a comfortable value, sit back, and enjoy the show.

Example: 10:SCROLL -- sets scrolling delay to 1 second

filename:LOG

Close log file, create a new one with filename, and output all debugger displays to
this new file. Useful if you're running the emulator from a write-protected disk and
you want to re-direct the output to a writable disk file.

Some Ideas about an & Apple /// Computer Emulator -- Version 4
David T Craig - 12 Dec 1997 -- 20 /23

Page 0154 of 0170 |




Apple Computer Inc. Patent : 4 383 296

Example: MyDiary:LOG

SNAPSHOTW

Write the contents of all of the emulator's memory to binary file on the host
computer's hard disk. This snapshot could prove useful in diagnosing an emulator
problem. The binary file should be named "Snapshot_YYYYMMDD_ HHMMSS.BIN".

Example: SNAPSHOTW

SNAPSHOTRfile-name
Read a snapshot file into the emulator's memory.

Example: SNAPSHOTR Snapshot_19971225_123456.BIN

MACRO name commands

Define a macro name and commands for this macro. You can use any name containing
alphnumeric characters or periods with a maximum length of 31 characters. Up to 25
macros may be defined. All commands are verified and if any syntax errors occur you
will be told and the macro will not be defined. Macro commands cannot include other
macro commands.

Example: MACRO my.dump 300.400 AQ00CO.A1FF AQOOL

List all defined macros.
Example: MACROL

# Name / Contents

1 my.dump
300.400 AQ000.A1FF AQOOL

Imacro-name

Execute a macro with the name "macro-name". Each command within the macro is
displayed followed by the commands' display.

Example: !my.dump

300.400

A000.ALFF

A00OL cher ,
vERSTON T

Display debugger version information. Includes version number and creation
date/time.
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17.0 EMULATOR MEMORY STRUCTURE

I recommend that the emulator's internal memory structure for the Apple /// memory
resources be structured as follows:

o Memory block containing the size of memory and references to each /// memory bank
(the references can be whatever 1s appropriate -- on the Mac these could be Mac
memory pointers or handles):

- number of switchable banks (1..15)

- reference to bank S (32K: 0000-1FFF, AQOQO-FFFF) *
- reference to bank 0/$0 - switchable (32k: 2000-9FFF)

- reference to bank 1/$1 - switchable (32k: 2000-9FFF)

- iéference to bank 14/$E - switchable (32k: 2000-9FFF)

- reference to Boot ROM ROM address space (4k: F00O-FFFF)

- reference to Boot ROM RAM address space (4k: FO0O-FFFF)

- reference to I/0 RAM address space (4dk: CO000-CFFF)

* The system (S) bank is always on-line and is never bank switched. SOS and part of
the interpreter reside here.

o0 Memory block containing the 6502 registers:

- Accumulator () 8 bits
- X index (X) 8 bits
- Y index (Y) 8 bits
- Status Register (P) 8 bits
- Stack Pointer (S) 8 bits
- Program Counter (PC) 16 bits

o Memory block containing the special /// System Control Registers:

- E: Environment Register (FFDF) 8 bits

- Z: Zero Page Register (FFDO) 8 bits

- B: Bank Register (FFEF) 8 bits
18.0 WHAT'S NEXT?

Persons seriously interested in creating an Apple /// emulator program should try to
obtain as much /// technical information as possible. The author has lots of info
which he can copy at minimal charge (10 cents per page plus postage). These persons
should also have access to a working Apple /// computer with a fair number of ///
programs.

Other areas of compatibility should also be investigated that this document does not
address. This includes support for other input devices such as the mouse which does
have a 3rd party driver available.

19.0 REFERENCES

Apple /// Owner's Guide, Apple Computer, 1981

Apple /// Plus Owner's Guide, Apple Computer, 1982

Apple /// System Data Sheet, Apple Computer, July 1983

Apple /// Plus System Data Sheet, Apple Computer, October 1983

Apple /// Standard Device Drivers Manual, Apple Computer, 1981
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Apple /// SOS Reference Manual, Apple Computer, 1982

Apple /// SOS Device Driver Writer’s Guide, Apple Computer, 1982

Apple /// Service Reference Manual (Level 2), Apple Computer, 1983

/// Bits: John Jeppson’s Guided Tour of Highway ///, Softalk magazine, May 1983
Bank Switch Razzle-Dazzle, Softalk magazine, August 1982

The Apple Nobody Knows, Apple Orchard magazine, Fall 1981

Apple /// Entry Points, Andy Wells, Call-APPLE, October 1981

Inside the Apple /// Computer ROM, David Craig, November 1997
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Apple 11T Computer Information
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(e

Apple ///+

Apple /// SOS Technical Information

SOS 1.3
Floppy Bootstrap Loader
Source Code Listing

This listing shows the code which is found at the beginning of
a SOS boot disk. When the Apple /// computer starts the
computer's ROM loads this code from the floppy disk
and executes the code. This code loads the Apple //'s
operating system, SOS.
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O 0O O OO0 OO OO0 0O 0O 0O O o o o o o o oo

SOS Floppy

Bootstrap Loader

David T. Craig

736 Edgewater
Wichita, Kansas 67230
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2003 | 4;) ;ddddddddddddddddddddddddddddddddddddddddddddd bbb bddbded
2000 | q2~ ;& APPLE /// BOOTSTRAP LOADER FOR FLOPPY DISK
[fnlul ] % ;® - Disassembled 1@-March-1988 L?' Scott Stinson
2003 | CJ ;dddddddssddddddddddddddsdddddddddddddddddddddsdddsddie
2002 |
2000 | ‘ .ABSOLUTE
2003 | .4‘15’ .PROC  BOOTSTRAPLOADER
2000 Q R .ORG N
AQ2D |
APOD | &
AGDS | §?~ EQUATES
AQ2D | Q ; —
AQOD |
APPO | ;
AQOD | ; ZERO PAGE LOCATIONS
AQPD | : -
APOD |
AQOQ| 9082 IBDRVN .EQU 82 ; DRIVE NUMBER
AQODO| 2083 IBTRK .EQU 83 ; TRACK NUMBER
AQOO| 2084 IBSECT .EQU 84 ; SECTOR NUMBER
AQRD| 2285 IBBUFP .EQU 85 ; BUFFER POINTER
AQOQO| 2287 IBCMD .EQU 87 ; COMMAND NUMBER
APZQO| OZE3 IBBUFPTMP .EQU 2E3 ; BUFFER POINTER TEMPORARY
AQ2@?| P@ES FILECNT .EQU gES ; FILE COUNT
AQ@R| @QE7 INDXBLKCNT .EQU oET ; INDEX BLOCK COUNT
APR%| QCES SOSJMPADR  .EQU PES8 ; SOS JUMP ADDRESS
AQOD |
AGOS | ;
AQED | ; HARDWARE I/0 ADDRESSES
ACOD | ; - -
NI o]
APOT| 9628 SCREENLOC  .EQU 2628 ; SCREEN LOCATION
AQRD| CO1® KBDSTROBE .EQU ZCo1 D ; KEYBOARD STROBE
AQOP| CR42 IOBEEP .EQU PCPAD ; I/0 BEEP
APOD |
AQRD | ;
AQOD | ; GENERAL EQUATES
AQPD | ;
ADOS |
AQOQD| 2240 RETINT .EQU 4@ ; RETURN FROM INTERRUPT
APPE| 2COD T1DXBLK1 .EQU 2Co0 ; INDEX BLOCK 1
AQ2P| ZDID IDXBLK2 .EQU 2D2o ; INDEX BLOCK 2
APRS| 1EQS LOADADR .EQU 1EQQ ; LOADING ADDRESS
AZC®| 1E@8 OFFSET .EQU 1E28 ; OFFSET
AQRD| 2000 FIRSTPAGE .EQU 2000 ; FIRST PAGE
AQRT| A200 MAINBUFF  .EQU 2n200 ; MAIN BUFFER
AQPO| FO0a REGRWTS .EQU OF BBP ; READ/WRITE SECTOR ROUTINE
APR@| F4AQ SECTABL .EQU OFARD ; SECTOR TABLE
AQ@@®| FFCA P%x) NMIVECTOR .EQU @FFCA ; NON-MASKABLE INTERRUPT VECTOR
AQ@@| FFDF EREG .EQU @FFDF ; ENVIRONMENT REGISTER
Ag@@| FFEF BREG .EQU @FFEF ; BANK REGISTER
APPO |
AQOD| ;
AQPD| ; ENTRY POINT
AGPR | :
AGPG |
AQRD| 78 ENTRY SEI ; SET INTERRUPT DISABLE
AZ@1| D8 CLD ; CLEAR DECIMAL FLAG
AZ@2| A9 77 LDA #77 ; LOAD ACCUMULATOR WITH $77
AZ@4| 8D DFFF STA EREG ; STORE IN ENVIRONMENT REGISTER
AQDT) ; SET 2 MHZ, I/0 SPACE ENABLED, SCREEN ENABLED,
AQOT| ; RESET ENABLED, WRITE PROTECT NOT ENABLED,
APDT| ; PRIMARY STACK, AND ROM SELECTED
A@@7| A2 FF LDX $OFF ; LOAD ACCUMULATOR WITH SFF
AQ@9! 9A TXS ; TRANSFER X-REGISTER TO STACK POINTER
AGOA| 2C 1@CO BIT KBDSTROBE ; CLEAR KEYBOARD
A@@D! A9 4@ LDA #RETINT ; LOAD ACCUMULATOR WITH RETURN FROM INTERRUPT
A@@F| 8D CAFF STA NMIVECTOR ; STORE IN NON-MASKABLE INTERRUPT VECTOR
A@12| A9 @7 LDA $#27 ; LOAD ACCUMULATOR WITH $@7
A@14| 8D EFFF STA BREG ; STORE IN BANK REGISTER
A217| A9 o0 LDA 02 ; LOAD ACCUMULATOR WITH $@@
A®19| CE EFFF 5010 DEC BREG ; DECREMENT BANK REGISTER
AZ1C| 8D 2020 STA FIRSTPAGE ; STORE IN FIRST PAGE OF BANK
AZ1F| AE 0020 LDX FIRSTPAGE ; LOAD X-REGISTER WITH FIRST PAGE BYTE
A@22| D@F5 BNE 5212 ; BRANCH IF BYTE IS NOT EQUAL TO $2@
A@24|
A@24 |
AP24) This section reads in the SOS directory.
A@24 | ;
A@24 |
A@24| A9 20 READSOSDIR LDA 20 ; LOAD ACCUMULATOR WITH $@@-BLOCK HIGH BYTE
A@26| 85 85 STA IBBUFP ; STORE IN BUFFER POINTER LOW BYTE
A@28| A2 A2 LDX $2R2 ; LOAD X-REGISTER WITH $A2
A@2A| 86 86 STX IBBUFP+1 ; STORE IN BUFFER POINTER HIGH BYTE
A@2C| A2 @2 LDX #22 ; LOAD X-REGISTER WITH $@2-BLOCK LOW BYTE
A@2E| A4 85 RDSOSDIRLP LDY IBBUFP ; LOAD Y-REGISTER WITH BUFFER POINTER LOW BYTE
A@3@| 84 E3 STY IBBUFPTMP ; STORE IN BUFFER POINTER TEMPORARY LOW BYTE
A@32| A4 86 LDY IBBUFP+1 ; LOAD Y-REGISTER WITH BUFFER POINTER HIGH BYTE
Ag34| 84 E4 STY IBBUFPTMP+1 ; STORE IN BUFFER POINTER TEMPORARY HIGH BYTE
\A236| 22 1DAl JSR READBLK ; JUMP TO READ A BLOCK FROM FLOPPY DISK DRIVE y
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N\
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A@39| AQ 22 LDY #22 ; LOAD Y-REGISTER WITH $@2

A@3B| Bl E3 LDA @IBBUFPTMP,Y ; LOAD ACCUMULATOR WITH NEXT BLOCK TO READ LOW
A@3D| ; BYTE

AQ3D| AA TAX ; TRANSFER ACCUMULATOR TO X-REGISTER

AQ3E| C8 INY ; INCREMENT Y-REGISTER

A@3F| Bl E3 LDA @IBBUFPTMP,Y ; LOAD ACCUMULATOR WITH NEXT BLOCK TO READ HIGH
Ag41| ; BYTE

Ag4l1| DZEB BNE RDSOSDIRLP ; BRANCH IF NEXT BLOCK TO READ HIGH BYTE IS NOT
AZ43| ; EQUAL TO ZERO

A@43| EQ 22 CPX o0 ; CHECK TO SEE IF NEXT BLOCK TO READ LOW BYTE IS
A@45| ;+ 2ERO

A@45| D@E7 BNE RDSOSDIRLP ; BRANCH IF NEXT BLOCK TO READ LOW BYTE IS NOT
Ag47| ; EQUAL TO ZERO

AGA4T|

AZ47| H

A@47| ; This section searches the SOS directory for the SOS.KERNEL file.

A@AT| ;

AZ4T|

A@47| AD 25A2 SRCHSOSKER LDA MAINBUFF+25 ; LOAD ACCUMULATOR WITH FILE COUNT LOW BYTE
AQ4A| 85 ES STA FILECNT ; STORE IN FILE COUNT LOW BYTE

A@4AC| AD 26A2 LDA MAINBUFF+26 ; LOAD ACCUMULATOR WITH FILE COUNT HIGH BYTE
AQAF| 85 E6 STA FILECNT+1 ; STORE IN FILE COUNT HIGH BYTE

A@S51| @5 ES5 ORA FILECNT ; OR ACCUMULATOR WITH FILE COUNT LOW BYTE
A@53| D223 BNE $210 ; BRANCH IF FILE COUNT IS NOT EQUAL TO ZERO
A@S5| 4C 56Al1 JMP WRNTFNDERR ; JUMP TO WRITE NOT FOUND ERROR MESSAGE TO
ADZS8| ; SCREEN

AP58| A5 ES 5012 LDA FILECNT ; LOAD ACCUMULATOR WITH FILE COUNT LOW BYTE
AQSA| D@@2 BNE $@29 ; BRANCH IF NOT EQUAL TO $2@

A@5C| Cé6 E6 DEC FILECNT+1 ; DECREMENT FILE COUNT HIGH BYTE

AZSE| Cé ES5 $@29 DEC FILECNT ; DECREMENT FILE COUNT LOW BYTE

Ag6dl A% 2B LDA #2B ; LOAD ACCUMULATOR WITH $28

AP62| 85 85 STA IBBUFP ; STORE IN BUFFER POINTER LOW BYTE

Ag64| A9 A2 LDA #2A2 ; LOAD ACCUMULATOR WITH $A2

APZ66| 85 86 STA IBBUFP+1 ; STORE IN BUFFER POINTER HIGH BYTE

AZ68| AE 24A2 LDX MAINBUFF+24 ; LOAD X-REGISTER WITH ENTRIES PER BLOCK

AZ6B| CA DEX ; DECREMENT X-REGISTER

AQ6C| AD 20 SRCHLP LDY £17%] ; LOAD Y-REGISTER WITH $2¢

A@6E| Bl 85 LDA @IBBUFP, Y ; LOAD ACCUMULATOR WITH STORAGE TYPE AND NAME
ARG ; LENGTH BYTE

AZ72| F@1A BEQ $@20 ; BRANCH IF EQUAL TO ZERO

A@72| 29 QF AND #2F ; MASK OFF BITS 4,5,6,7

A@g74| CD 92a1 CMP FLNMELEN ; COMPARE WITH FILE NAME LENGTH

A277| D@13 BNE $229 ; BRANCH IF NOT EQUAL TO ZERO

A@79| A8 TAY ; TRANSFER NAME LENGTH TO Y-REGISTER

AZ7A| Bl 85 5212 LDA @IBBUFP, Y ; LOAD ACCUMULATOR WITH FILE NAME BYTE

Ag7C| D9 92Al CMP FLNME-1, Y ; COMPARE WITH FILE NAME BYTE

A@TF| D@Z@B BNE $229 ; BRANCH IF NOT EQUAL

Ag81| 88 DEY ; DECREMENT NAME LENGTH

A@g82| D@Fé6 BNE 5210 ; BRANCH IF NAME LENGTH NOT EQUAL TO ZERO
A@84| Bl 85 LDA @IBBUFP, Y ; LOAD ACCUMULATOR WITH STORAGE TYPE AND NAME
AQ86| ; LENGTH BYTE

A@86| 29 F@ AND #OFQ2 ; MASK OFF BITS ¢,1,2,3

A@88| C9 29 CMP #292 ; COMPARE WITH $2@ FOR SAPLING FILE

AQ8A| F@32 BEQ READIDXBLK ; BRANCH IF EQUAL TO READ INDEX BLOCK

AQ8BC| 28 5920 PHP ; PUSH PROCESSOR STATUS ON STACK

A@8D| CA DEX ; DECREMENT ENTRIES PER BLOCK

AQ8E| FQ10 BEQ $939 ; BRANCH IF ENTRIES PER BLOCK IS5 EQUAL TO ZERO
Ag9g| 18 CLC ; CLEAR CARRY

AZ91| AS 85 LDA IBBUFP ; LOAD ACCUMULATOR WITH BUFFER POINTER LOW BYTE
A@93| 6D 23A2 ADC MAINBUFF+23 ; ADD ENTRY LENGTH LOW BYTE

AP96| 85 85 STA IBBUFP ; STORE IN BUFFER POINTER LOW BYTE

AP98| A5 86 LDA IBBUFP+1 ; LOAD ACCUMULATOR WITH BUFFER POINTER HIGH BYTE
AQ9A| 69 29 ADC #20 ; ADD $09¢

AQI9C| 85 86 STA IBBUFP+1 ; STORE IN BUFFER POINTER HIGH BYTE

AQ9E| D@29 BNE $@402 ; BRANCH ALWAYS

APAD| A9 24 $2302 LDA $24 ; LOAD ACCUMULATOR WITH $@4

A@A2| 85 85 STA IBBUFP ; STORE IN BUFFER POINTER LOW BYTE

AZA4| E6 86 INC IBBUFP+1 ; INCREMENT BUFFER POINTER HIGH BYTE

AgA6| AE 24A2 LDX MAINBUFF+24 ; LOAD X~REGISTER WITH ENTRIES PER BLOCK

AZAY| 28 5040 PLP ; PULL PROCESSOR STATUS FROM STACK

AQAA| F2Cg BEQ SRCHLP ; BRANCH IF NOT EQUAL TO ZERO

AQAC| 38 SEC ; SET CARRY

AZAD| AS E5 LDA FILECNT ; LOAD ACCUMULATOR WITH FILE COUNT LOW BYTE
A@ZAF| E9 21 SBC $21 ; SUBTRACT $21

A@B1| 85 E5 STA FILECNT ; STORE IN FILE COUNT LOW BYTE

AZB3| AS E6 LDA FILECNT+1 ; LOAD ACCUMULATOR WITH FILE COUNT HIGH BYTE
AZB5| E9 2@ SBC 422 ; SUBTRACT $29

AZB7{ 85 E6 STA FILECNT+1 ; STORE IN FILE COUNT HIGH BYTE

AZBY9| B@ZB1l BCS SRCHLP ; BRANCH IF MORE FILE ENTRIES

AZBB| 4C 56Al JMP WRNTFNDERR ; JUMP TO WRITE NOT FOUND ERROR MESSAGE TO
AZBE | ; SCREEN

AZBE |

APBE | v

AZBE| ; This section reads in the index block of the SOS.KERNEL file.

AZBE | H

AZBE|

A@BE}! Ag 11 READIDXBLK LDY #11 ; LOAD Y-REGISTER WITH $11

AZC@| Bl 85 LDA @IBBUFP, Y ; LOAD KEY POINTER LOW BYTE

APC2| AA TAX ; TRANSFER ACCUMULATOR TO X-REGISTER-BLOCK LOW
\AQC3I ; BYTE )
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AQC3| C8 INY ; INCREMENT Y-REGISTER

A@C4| Bl 85 LDA @IBBUFP, Y ; LOAD KEY POINTER HIGH BYTE

AQC6| AQ 20 LDY #292 ; LOAD Y-REGISTER WITH $20

AQC8] 84 85 STY IBBUFP ; STORE IN BUFFER POINTER LOW BYTE

AZCA| A@ @C LDY #2C ; LOAD Y-REGISTER WITH $2C

A@CC| 84 86 STY IBBUFP+1 ; STORE IN BUFFER POINTER HIGH BYTE

A@CE| 20 1DA1 JSR READBLK ; JUMP TO READ A BLOCK FROM FLOPPY DISK DRIVE
AZD1|

AZD1| :

A@D1 | ; This section reads in the first block of the SOS.KERNEL file.

A@D1| H

A@D1|

AZD1| AE @@@C RD1SOSKER LDX IDXBLK1 ; LOAD X-REGISTER WITH INDEX BLOCK LOW BYTE
A@D4| AD @22@D LDa IDXBLK2 ; LOAD ACCUMULATOR WITH INDEX BLOCK HIGH BYTE
A@D7| AQ 20 LDY #00 ; LOAD Y-REGISTER WITH $2@

A@D9| 84 85 STY IBBUFP ; STORE IN BUFFER POINTER LOW BYTE

AZDB| A@ 1E LDY #1E ; LOAD Y-REGISTER WITH $1E

A@DD| 84 86 STY IBBUFP+1 ; STORE IN BUFFER POINTER HIGH BYTE

A@DF| 22 1DAl JSR READBLK ; JUMP TO READ A BLOCK FROM FLOPPY DISK DRIVE
AQE2 |

AQE2 | :

AQE2| ; This section does a verification of the SOS.KERNEL file to make

APZE2| ; sure it is the proper SOS.KERNEL file. It checks for "SOS KRNL"™ in

AQE2 | ; the first 8 bytes of the file.

AQE2 | H

AQE2 |

AQE2| AQ 28 FLVRFY LDY $28 ; LOAD Y-REGISTER WITH $28

A@E4| B9 FF1D FLVRFYLP LDA LOADADR-1,Y ; LOAD ACCUMULATOR WITH BYTE FROM SOS.KERNEL
A@E7| D9 9CAl CMP FLVERIFY-1,Y ; COMPARE WITH VERIFICATION BYTE

AZEA| F2@3 BEQ 5212 + BRANCH IF EQUAL

APEC| 4C 6AAl JMP WRINKERERR ; JUMP TO WRITE INVALID KERNEL ERROR MESSAGE TO
APEF | ; SCREEN

AZEF| 88 5212 DEY ; DECREMENT Y-REGISTER

AZFg| D@F2 BNE FLVRFYLP ; BRANCH IF NOT EQUAL TO ZERO TO CHECK REST OF 8
AQGF2 | ; SOS.KERNEL BYTES

AQF2|

AQF2 | ;

AQF2)| ; This section reads in the SOS.KERNEL file.

AQF2| H

AQF2|

AgF2| A9 21 RDSOSKER LDA #21 ; LOAD ACCUMULATOR WITH $21

AgF4) 85 E7 STA INDXBLKCNT ; STORE IN INDEX BLOCK COUNT

ARF6| A4 ET RDSOSKELP LDY INDXBLKCNT ; LOAD Y-REGISTER WITH INDEX BLOCK COUNT
AQF8| BE 2@@C LDX IDXBLK1, Y ; LOAD X-REGISTER WITH BLOCK LOW BYTE

APFB| B9 222D LDA IDXBLK2, Y ; LOAD ACCUMULATOR WITH BLOCK HIGH BYTE

AQFE| D@4 BNE 5012 ; BRANCH IF BLOCK HIGH BYTE IS NOT EQUAL TO ZEROQ
AlQ2| E@ 22 CPX #00 ; CHECK TO SEE IF BLOCK LOW BYTE IS NOT EQUAL TO
Al@2) ; ZERO

Al@2| Fo27 BEQ JUMP SOSKER ; BRANCH IF BLOCK LOW BYTE IS NOT EQUAL TO ZERO
Al@4| 2@ 1DAl $219 JSR READBLK ; JUMP TO READ A BLOCK FROM FLOPPY DISK DRIVE
Al27| E6 E7 INC INDXBLKCNT ;s INCREMENT INDEX BLOCK COUNT

Al129| D@EB BNE RDSOSKELP ; BRANCH IF INDEX BLOCK COUNT IS NOT EQUAL TO
Al12B| ; ZERO TO READ MORE OF THE SOS.KERNEL

Al1@2B|

Al1@B| H

Al12B| ; This section jumps to the SOS.KERNEL loader.

A1@B| ;

AlgB|

AlgB| 18 JUMPSOSKER CLC ; CLEAR CARRY

Al2C| A9 @E LDA $2E ; LOAD ACCUMULATOR WITH $@E

AlgE| €D @81E ADC OFFSET ; ADD OFFSET LOW BYTE

Alll| 85 E8 STA SOSJMPADR ; STORE IN SOS JUMP ADDRESS LOW BYTE

All13| A9 1E LDA $1E ; LOAD ACCUMULATOR WITH $1E

All5| 6D @91E ADC OFFSET+1 ; ADD OFFSET HIGH BYTE

All18| 85 E9 STA SOSJMPADR+1 ; STORE IN SOS JUMP ADDRESS HIGH BYTE

AllA| 6C E82@ JMP @SOSJIMPADR ; JUMP TO SOS.KERNEL LOADER

AllD|

AllD| H

AllD| ; This section reads a block of data from the floppy disk drive.

AllD} ; On entry the x-register contains the block low byte and the

AllD} ; accumulator contains the block high byte.

AllD} H

Al1D}

Al1D| 86 83 READBLK STX IBTRK ; STORE BLOCK LOW BYTE IN TRACK NUMBER

All1F| 4A LSR A ; DIVIDE BLOCK BY 8 TO GET TRACK NUMBER

Al2@| 66 83 ROR IBTRK

Al122] 4A LSR A

Al123| 66 83 ROR IBTRK

Al25| 4A LSR A

Al26| 66 83 ROR IBTRK

Al28| 8A TXA ; TRANSFER X-REGISTER WHICH CONTAINS THE BLOCK
Al29] ; LOW BYTE TO ACCUMULATOR

A129| 29 @7 AND #27 ; MASK OFF BITS 3,4,5,6,7

Al2B| AA TAX ; TRANSFER ACCUMULATOR TO X-REGISTER

Al12C{ BD A@F4 LDA SECTABL, X ; LOAD ACCUMULATOR WITH PROPER SECTOR TO READ
Al2F| 85 84 STA IBSECT ; STORE IN SECTOR NUMBER

Al311 A9 21 LDA #21 ; LOAD ACCUMULATOR WITH $@1

A133| 85 87 STA IBCMD ; STORE IN COMMAND NUMBER

Al135| A9 29 LDA $290 ; LOAD ACCUMULATCR WITH $2@

\9137| 85 82 STA IBDRVN ; STORE IN DRIVE NUMBER y
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Al39| 2¢ 2@Fg 'RO JSR REGRWTS ; JUMP TO READ A SECTOR FROM FLOPPY DISK
A13C| 9225 BCC 5019 ; BRANCH IF NO DISK ERRORS OCCURED
Al13E| A2 FF LDX #OFF ; LOAD ACCUMULATOR WITH $FF
Al4g| 9A vea‘d_s ZS@ TXS ; TRANSFER X-REGISTER TO STACK POINTER
Al41| B@3B BCs WRDISKERR ; BRANCH TO WRITE DISK ERROR MESSAGE TO SCREEN
Al43| E6 86 bSh $019 INC IBBUFP+1 ; INCREMENT BUFFER POINTER HIGH BYTE
Al45| E6 84 INC IBSECT ; INCREMENT SECTOR NUMBER
Al47] E6 84 Sec‘tﬂ' INC IBSECT ; INCREMENT SECTOR NUMBER
Al49| 22 20F@ JSR REGRWTS ; JUMP TO READ A SECTOR FROM FLOPPY DISK
Al4C| 9925 BCC $@28 ; BRANCH IF NO DISK ERRORS OCCURED
Al4E| A2 FF LDX $2FF ; LOAD ACCUMULATOR WITH S$FF
Al15@2| 9A TXS ; TRANSFER X-REGISTER TO STACK POINTER
A151| B@2B BCS WRDISKERR ; BRANCH TO WRITE DISK ERROR MESSAGE TO SCREEN
Al153| E6 86 $229 INC IBBUFP+1 ; INCREMENT BUFFER POINTER HIGH BYTE
Al155| 692 RTS ; RETURN TO CALLER
Al156]|
Al156] ;
Al156| ; This section writes the not found error message to the screen.
Al156| ;
A156|
Al156| A2 1B WRNTFNDERR LDX #1B ; LOAD X-REGISTER WITH $1B
Al581 A@ 21 LDY #21 ; LOAD Y-REGISTER WITH $21
A15A] BD A4Al $219 LDA NTFNDERR-1,X ; LOAD ACCUMULATOR WITH NOT FOUND ERROR MESSAGE
Al15D] ; BYTE
A15D{ 99 2826 STA SCREENLOC,Y ; WRITE IT TO THE SCREEN
Alé@| 88 DEY ; DECREMENT Y-REGISTER
Alel| CA DEX ; DECREMENT X-REGISTER
Al62| D@F6 BNE $o1g ; BRANCH IF MORE CHARACTERS TO WRITE ON SCREEN
Al64| AD 4@CQ LDA IOBEEP ; BEEP SPEEKER
Al67| 4C 67Al $229 JMP 5229 ; HANG FOREVER !!
Al6A|
Al6A| H
Al6A| ; This section writes the invalid kernel error message to the screen.
Al6A| H
Al6A|
Al6A| A2 13 WRINKERERR LDX #13 ; LOAD X-REGISTER WITH $13
Al6C| AZ 1D LDY #1D ; LOAD Y-REGISTER WITH $1D
Al6E] BD BFAl $2192 LDA INVKEERR-1,X ; LOAD ACCUMULATOR WITH INVALID KERNEL ERROR
Al71) ; MESSAGE BYTE
Al171| 99 2896 STA SCREENLOC,Y ; WRITE IT TO THE SCREEN
Al74| 88 DEY ; DECREMENT Y-REGISTER
Al175| CA DEX ; DECREMENT X~-REGISTER
Al76| D@F6 BNE $219 ; BRANCH IF MORE CHARACTERS TO WRITE ON SCREEN
Al178| AD 4@Co LDA IOBEEP ; BEEP SPEEKER
Al17B| 4C 7BAl $@20 JMP 5029 ; HANG FOREVER !!
Al17E|
Al7E]| ;———
Al7E| ; This section writes the disk error message to the screen.
Al7E| ;-
AlTE}
Al7E] A2 @A WRDISKERR LDX #2A ; LOAD X-REGISTER WITH $@A
Al821 AQ 18 LDY #18 ; LOAD Y-REGISTER WITH $18
Al1821 BD D2Al 5010 LDA DISKERR-1,X ; LOAD ACCUMULATOR WITH DISK ERROR MESSAGE BYTE
A185| 99 2826 STA SCREENLOC,Y ; WRITE IT TO THE SCREEN
Al188| 88 DEY ; DECREMENT Y-REGISTER
Al89| CA DEX ; DECREMENT X-REGISTER
Al18A| D@Fé BNE 5012 ; BRANCH IF MORE CHARACTERS TO WRITE ON SCREEN
Al18C| AD 42Cg@ LDA IOBEEP ; BEEP SPEEKER
Al8F| 4C 8FAl $229 JMP $220 ; HANG FOREVER !!
Al192]
Al192| ;———
Al192]| ; STORAGE FOR THE ERROR MESSAGE AND FILE VERIFICATION ROUTINES
Al92| H
Al192|
Al92| @A FLNMELEN .BYTE [2):%
A193| 53 4F 53 2E 4B 45 52 FLNME .ASCII “SOS.KERNEL"
Al9A| 4E 45 4C
Al9D| 53 4F 53 29 4B 52 4E FLVERIFY .ASCII "SOS KRNL"
AlA44 4C
AlA5] 46 49 4C 45 2@ 27 53 NTEFNDERR .ASCII “FILE 'SOS.KERNEL' NOT FOUND"
AlAC| 4F 53 2E 4B 45 52 4E
A1B3| 45 4C 27 2@ 4E 4F 54
AlBA| 2@ 46 4F 55 4E 44
AlC@Z| 49 4E 56 41 4C 49 44 INVKEERR LASCII "INVALID KERNEL FILE"
AlC7| 2@ 4B 45 52 4E 45 4C
Al1CE| 2@ 46 49 4C 45
A1D3| 44 49 53 4B 2@ 45 52 DISKERR .ASCII "DISK ERROR"
A1DA| 52 4F 52
A1DD}
Al1DD| .END
SYMBOL TABLE DUMP
AB - Absolute LB - Label UD - Undefined MC - Macro
RF - Ref DF - Def PR - Proc FC - Func
PB - Public PV - Private CS - Consts

| BREG AB FFEF | DISKERR LB AlD3 | ENTRY LB Ag@?d | EREG AB FFDF |

J
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FILECNT AB @@ES5 | FIRSTPAG AB 20990 | FLNME LB Al93 | FLNMELEN LB Al92 | FLVERIFY LB Al19D |
FLVRFY LB AE2 | FLVRFYLP LB AQE4 | IBBUFP AB @285 | IBBUFPTM AB @@E3 { IBCMD AB 2287
IBDRVN AB @282 | IBSECT AB @2@84 | IBTRK AB 9283 | IDXBLK1 AB @C@@ | IDXBLK2 AB @D@@ |
INDXBLKC AB @@E7 | INVKEERR LB A1C@ | IOBEEP AB C@4¢ | JUMPSOSK LB AlgB | KBDSTROB AB C@1@ |
LOADADR AB 1E@@ | MAINBUFF AB A2@@ | NMIVECTO AB FFCA | NTFNDERR LB AlAS5 | OFFSET AB 1E@8
RD1SOSKE LB A@D1l | RDSOSDIR LB A@2E | RDSOSKEL LB AQF6 | RDSOSKER LB A@F2 | READBLK LB AllD |
READIDXB LB A@ZBE | READSOSD LB A@24 | REGRWTS AB F@2@¢® | RETINT AB 2249 | SCREENLO AB 2628
SECTABL AB F4A@ | SOSJMPAD AB @QE8 | SRCHLP LB A@26C | SRCHSOSK LB A@47 | WRDISKER LB Al7E |
WRINKERE LB A16A | WRNTFNDE LB Al56
Assembly complete: 363 lines
1% Errors flagged on this Assembly
6502 OPCODE STATIC FREQUENCIES

ADC : 4 | rrrx

AND : 3| wx

BCC : 2 |

BCS : 3 | R

BEQ : 6 |  Kxkkkkx

BIT : 1 m *

BNE : 15 | kAkkkkkhkkkkAkk

CLC : 2 |

CLD : 1 m *

CMP : 4 | wREx

CPX : 2 | =

DEC : 3 xxx

DEX : 5 | Akxxx

DEY : S5 | Axkkx

INC : 6 I * ok ok k ok Kk

INY : 2 |

JMP H 7 ] kk ok ok ok ok ok

JSR : 6 ] Kok ok ok kK

LDA : 37 M KAk kA kA AARKARARAR AR kkkk Ak kh kkkkkk kk kk %

LDX . 12 | Khkkkkkkkkk kX

LDY H 14 I dok kok ok ok ok ok ok ok ok ok ok ok

LSR : 3 ] Axx

ORA : 1 m *

PHP : 1 m *

PLP : 1 m *

ROR : 3 | *xk

RTS : 1 m *

SBC : 2 | * *

SEC : 1 m *

SEI : 1 m *

STA 23 l IR EEEEEEREESEEES SRS S S

STX = 2 | *x

STY H 6 1 kok ok ok ok k

TAX : 3 falaled

TAY : 1 m *

TXA : 1 m *

TXS : 3 ] xxx

Minimum frequency = 1

Maximum frequency = 37

Average frequency = 5

Unused opcodes:

ASL BMI BPL BRK BVC BVS CLI CLV CPY EOR INX NOP PHA PLA ROL RTI

SED TSX TYA

Program opcode usage: 66 %
(1.20) That's all, Folks ...
. J
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& Apple /// Computer Information 4 7 rert

APPLE /// SOS BOOTSTRAP LOADER
HEXADECIMAL DUMP

Source
DISK1.dofile as found with Chris Smolinski's Macintosh SARA emulator application

Printed by David T. Craig * December 1997

This hex dump, which was produced by the Apple Macintosh MPW DumpFile tool, lists the
Apple /// SOS Bootstrap Loader. This 512 byte loader exists at block 0 of SOS disks and is
loaded by the Apple // ROM into memory addresses $A000-$A1FF. This code's purpose is
to begin the loading of SOS from the floppy disk into the ///'s memory.

0: 4C 6E AQ 53 4F 53 20 42 4F 4F 54 20 20 31 2E 31 LntSOS.BOOT..1.1
10: 20 OA 53 4F 53 2E 4B 45 52 4E 45 4C 20 20 20 20 ..SOS.KERNEL....
20: 20 53 4F 53 20 4B 52 4E 4C 49 2F 4F 20 45 52 52 .SOS.KRNLI/O.ERR
30: 4F 52 08 00 46 49 4C 45 20 27 53 4F 53 2E 4B 45 OR..FILE.'SOS.KE
40: 52 4E 45 4C 27 20 4E 4F 54 20 46 4F 55 4E 44 25 RNEL'.NOT.FOUND%
50: 00 49 4E 56 41 4C 49 44 20 4B 45 52 4E 45 4C 20 .INVALID.KERNEL.
60: 46 49 4C 45 3A 00 00 OC 00 1E OE 1E 04 A4 78 D8 FILE:........ §XY
70: A9 77 8D DF FF A2 FB 9A 2C 10 CO A9 40 8D CA FF Owgfl ¢ 6, . 0Q¢ ~
80: A9 07 8D EF FF A2 00 CE EF FF 8E 00 20 AD 00 20 ©.¢0"¢.®bvé. .#..
90: DO F5 A9 01 85 EO A9 00 85 E1 A9 00 85 85 A9 A2 -10.010.0-©.000¢
AO: 85 86 20 BE Al E6 EO A9 00 85 E6 E6 86 E6 86 E6 O0.z°fi0.0EEUEUE
BO: E6 20 BE Al A0 02 Bl 85 85 EO C8 Bl 85 85 E1 DO £.&°t.100+»+00- -
CO: EA A5 EQ0 DO E6 AD 6C A0 85 E2 AD 6D A0 85 E3 18 f«3:-E#1t0,#mt0, .
DO: A5 E3 69 02 85 E5 38 A5 E2 ED 23 A4 85 E4 A5 E5 o ,i.0A8e., I1#8§0%A
EO: E9 00 85 E5 A0 00 Bl E2 29 OF CD 11 A0 DO 21 A8 E.0At.%,).0.1t-!®
FO: Bl E2 D9 11 A0 DO 19 88 DO F6 A0 00 Bl E2 29 FO *,¥.t-.a-"t.%,)@®

100: 53 4F 53 20 4B 52 4E 4C 62 00 01 00 OE 2E 44 31 SOS.KRNLb..... D1
110: 2F 53 4F 53 2E 49 4E 54 45 52 50 AA A5 A0 F9 AQ /SOS.INTERP™e 1t
120: A0 A5 A0 A0 A5 A0 A0 C5 A0 A0 98 A0 FO Al A0 CC fettett=tto1®°tA
130: A0 A0 C5 A0 A0 A0 A0 AQ EE A0 A0 C4 OE 2E 44 31 tt=ttt+10ttf..D1
140: 2F 53 4F 53 2E 44 52 49 56 45 52 FF 9A A0 FF 9A /SOS.DRIVER61Y6
150: A0 A0 A0 A0 DO A0 A0 Cl A0 A0 82 A0 A0 F9 A0 Cl tttt-ttittatt ™t
160: E9 A0 9E A1l A0 F5 A0 A0 A5 A0 A0 88 00 00 88 0C EtG°tittetta..a.
170: A9 00 AA 9D 00 1A 9D 00 16 9D 00 1B 9D 00 18 9D ©.™4..u..Uu..u..0
180: 00 14 9D 00 01 CA DO EB A9 30 8D DF FF A2 FB 92 ..u.. -Ie0cflv¢ s
190: A9 1A 8D DO FF 20 D4 1F AD DF FF 29 10 09 28 8D ©.¢-".'.#1").. (¢
1A0: DF FF A2 FF 9A A9 1A 8D DO FF AD 01 19 8D EF FF flV¢V6@.¢-"#..c0"
1BO: 6C 02 00 AA AD EF FF 48 8E EF FF A5 27 05 26 FO 1..™20"H&O ' . s®
1C0: 33 A5 26 DO 02 C6 27 C6 26 18 A5 23 65 27 85 23 3e&—.A'A&.#e'O#
1D0: A5 25 65 27 85 25 E6 27 A4 26 FO 07 Bl 22 91 24 «%e'0%f'ss®.+"&s
1EO0: 88 DO F9 Bl 22 91 24 88 C6 23 C6 25 C6 27 DO EC a-"t"&S$aA#A%A'-I
1F0: E6 23 E6 25 68 8D EF FF 60 18 A5 24 65 10 85 10 B#E%hcd” .«%e.0.

FH#

APPLE /// SOS BOOTSTRAP LOADER HEXADECIMAL DUMP ¢ Smolinski's Macintosh SARA emulator » 1 / 1
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The Apple il

The Most Powerful Personal Computer In Its Class

Too much information? Not enough
time? The Apple //l was created to
meet the information-handling needs
of decision makers at all levels, in
every size and kind of company. And
the Apple /Il can grow with you, so as
your responsibilities increase, your
ability to handle them stays one step
ahead.

You can use the power of your
Apple /il to create financial forecasts,
budgets, and reports; for accounting,
resource management, and project
scheduling; in electronic communi-
cations, software development, and
computer-assisted training. Over 400
business programs are availabie today
for the Apple /Il — plus the extensive
library of CP/M® business software
(with the Apple SoftCard™ ///). And
most Apple /I Plus programs will run
in the Apple /II's “emulation” mode.

The Apple IlI: the personal com-
puter for business.

Powerful features for
professional needs.

The Apple /!l is ready to go as soon

as you unpack it, connect a monitor,
and provide power. No interface cards
are required, and you don’t have to
open the computer. The Apple /1]
already has a built-in disk drive, video
outputs for color and monochromatic
displays, and a numeric keypad.
Other built-in features include:

Large User Memory. The Apple /ll's
256K of internal memory means you
can work with sophisticated programs
and large financial and text docu-
ments, quickly and efficiently.

Color Graphics. The 16-color graphics
capability of the Apple /Il allows you
to grasp the meaning of charts and
graphs quickly. If you're not using

a color monitor, your information is
displayed in 16 shades, so the facts
still stand out clearly.

High-Resolution Video. The Apple ///
displays 107, 520 points of information
on the screen (560 horizontal x 192
vertical) in text and monochromatic
graphics modes. While text is normally
presented in an 80-column by 24-line
monochromatic format, it can be
switched to 40-column monochro-
matic or color-on-color.

Accessory Connectors. The most
common accessories plug right into
the Apple /ll. Connectors and inter-
facing hardware are already built in
for the Apple Daisy Wheel Printer
(or other serial printer), the Apple
Silentype Printer, external floppy
disk drives, color and monochro-
matic video displays (NTSC, RGB,
and composite), a modem, and hand
controls. The Apple /I also has four
inside expansion slots for additional
accessories.

Apple /Il Sophisticated
Operating System: it does it
all for you.

Today . . . you can bring financial
models into reports, insert names into
form letters automatically, and turn
numbers into charts, because the
Apple /Il's Sophisticated Operating
System (SOS) treats all your files
identically. And, since applications
programs written for the Apple //l are
all based on this common SOS for-
matting, you can combine them on

a ProFile™ mass storage system and
move freely from one to another. The
uniformity of SOS also provides an
ideal environment for software
development.
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Tomorrow . .. you can expand your
Apple /Il elegantly. Because SOS
controls all communications with
accessories, you don't have to figure
out how to make the computer work
with a new printer, disk drive, or
modem. SOS does this for you by
using special files known as “device
drivers.” Apple /Il programs come
with the most commonly-used device
drivers, and you can make programs
compatible with new equipment by
copying a driver file for the new device
onto a program disk. Your software
can just as easily be revised to take
advantage of SOS upgrades, and
of hardware enhancements to the
computer itself.

Installation’s easy.
Learning is, too.

Because the Apple /// already has

a built-in disk drive and video con-
nector, the computer is ready to work
as soon as you connect a monitor and
provide power. Then, Apple makes it
just as easy to learn how to use it. A
comprehensive Owner’s Guide gets
you started, and a System Demonstra-
tion disk introduces you to the com-
puter’s text editing and graphics
capabilities. Reference manuals and
SOS utilities disks are included for
more advanced needs, and additional
tutorials on the computer and its
programs are also available.

Durable. Dependable.
Reliable.

The Apple /ll is dependable, inside
and out. Outside, it has a rugged die-
cast aluminum chassis. Inside, elec-
tronics based on advanced micro-
processor circuitry assure reliable
operation. The system also meets
UL and CSA standards.

Every time the computer is powered
up, it performs a brief self-diagnostic
routine. Should problems arise, help
is close at hand, because of Apple’s
extensive dealer/service network.
Average turnaround time on Apple ///
servicing is less than one day.

Standard Features

256K internal memory (RAM)

Built-in disk drive

Custom microprocessor circuitry

High-resolution color graphics

(16 colors)

80-column, 24-line text display,

upper and lower case

m Contoured typewriter-style key-
board; 61 keys; all 128 ASCII codes;
auto-repeat on all keys

B Numeric keypad (13 keys)

m Special-purpose keys: Up-Arrow,
Down-Arrow, Left-Arrow, Right-
Arrow; programmable Open-Apple
and Solid-Apple; TAB; SHIFT;
ALPHA LOCK; CONTROL;
RETURN; ENTER; ESCAPE

B Quick-connect plugs for disk drives,

video and audio devices, serial

printers, modems, and hand
controls

Four expansion slots for accessory

interface cards

Apple Il Plus emulation mode

High-quality sound generation

Lockable case

Self-testing diagnostics on powerup

Optional Accessories

Monitor //1 or color monitor
Apple Daisy Wheel Printer
Apple Dot Matrix Printer
Apple Silentype Printer
Disk /il floppy-disk drives
ProFile hard-disk systems
Apple SoftCard I/l System
(for CP/M capability)
Parallel Card /1l

Serial Card /11
Programming languages (Business
BASIC, Pascal, COBOL)

@ Cursor /Il joysticks
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Technical Specifications
B Video Display:
Text and graphics may be displayed
simultaneously. Graphics modes:
—280 x 192, 16 colors (with some
limitations);
—280 x 192, monochromatic;
—140 x 192, 16 colors;
—560 x 192, monochromatic;
—All Apple /I modes (in emulation)
Graphics commands allow either of
two screen buffers to be displayed.
Text modes:
—80-column, 24-line mono-
chromatic;
—40-column, 24-line, 16-color
foreground and background;
—40-column, 24-line mono-
chromatic.
All text modes have a software-
definable, 128-character set (upper-
and lower-case), with normal or
inverse display.

® Central Processing Unit (CPU):
The custom-designed microprocessor
circuitry of the Apple /// utilizes the
6502B as one of its major components.
Other circuitry provides extended
addressing capability, relocatable
stack, zero page, and memory
mapping.
Type:

6502B.
Clock Speed:

1.4 MHz average; 1.8 MHz maximum.

Operations Per Second (8-bit):
Up to 750,000.

Data Bus:
Two 8-bit formats, combined for
extended addressing.

Address Bus:
19 bits.

Address Range:
262,144 bytes (256K).

Registers:
Accumulator (A); Index Registers
(X,Y); Stack Pointer (S); Program
Counter (PC); Environmental
Register (E); Bank (B); Zero Page
(Z); Processor Status (P).

B Memory:

256K dynamic RAM;

4K ROM (initialization and self-test
diagnostics).
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B SOS (Sophisticated Operating

System):

Handles all system 1/0O;

Can be configured to handle standard
or custom I/O devices and periph-
erals by adding or deleting “device
drivers”;

All languages and application pro-
grams access data through the SOS
file system.

B /nputs and Outputs:
Keyboard:

—61 keys on main keyboard;

—13 keys on numeric keypad,;

—Full 128-character, ASCI|
encoded;

—All keys have automatic repeat;

—Four directional-arrow keys with
two-speed repeat;

—Two user-definable Apple keys;

—Seven other special keys: SHIFT,
CONTROL, ALPHA LOCK, TAB,
ESCAPE, RETURN, ENTER.

Storage Devices:

—One 5.25-inch floppy disk drive
built in, 140K (143, 360) bytes per
diskette;

—Three additional drives can be
connected by daisy-chain cable
(Total: 560K bytes on-line
storage);

—Up to four ProFile hard-disk drives
(5 megabytes each) may be added
with plug-in interface cards.

Video Output:

—RCA phono connector for NTSC
monochromatic composite video;

—DB-15 connector for:

NTSC color composite video;

NTSC monochromatic composite
video;

RGB color video;

Composite sync signal;

Power supply voltages.

—Color signals appear as 16-level
grey scale on monochromatic
displays.

Audio Output:

—Built-in two-inch speaker; minia-
ture phono jack on back panel;

—Driven by 6-bit D/A converter or
fixed-frequency “beep” generator.

Serial (Printer/Modem) Port:

—RS-232C compatible, DB-25
female connector;

—Software-selectable baud rate and
duplex mode.

One port may be used for the
Silentype printer.
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One port may be used for the Silentype
printer.
Expansion:

—Four 50-pin expansion slots (fully
buffered, with interrupt and DMA
priority structure).

Joystick/Silentype Ports:

—Two DB-9 connectors.

B Languages Available:
Apple Business BASIC, Apple /Il
Pascal, Apple /I COBOL.

B Emulation Mode:

Provides hardware emulation of 48K
byte Apple // Plus. Allows most Apple //
programs, with the exception of Pascal
and FORTRAN, to run without
modification.

B Electrical Specifications:

The Apple /II's power cord should be
plugged into a three-wire 110-120 volt
outlet.

B Physical Specifications:
Height: 4.8 inches (12.20 cm)
Depth: 18.2 inches (46.22 cm)
Width: 17.5 inches (44.45cm)
Weight: 26 Ibs. (11.8 kg)

The Apple /Il meets the following

agency regulations:

UL 114 — Office Appliances and

Business Equipment.

CSA 22.2, No. 154—Data Processing

Equipment.

The Apple /Il Personal Computer

System Package

U.S. Order Number A3S0256

With your order for an Apple /Il

System you will receive:

256K Apple /lI;

Power cord;

Monitor cable;

System Demonstration disk;

System Utilities disk;

System Utilities Data disk (contains
device driver files, character sets,
and keyboard layouts);

Apple I/l Plus Emulation disk;

Owner’s Guide;

Standard Device Drivers Manual;

Warranty and service information.

Specifications or products may change without
notice.

Apple, the Apple logo, ProFile, and Silentype
are trademarks of Apple Computer, Inc.
SoftCard is a trademark of MicroSoft
Corporation.

CP/M is a trademark of Digital Research, Inc.
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