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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 5
THE DISPLAYED CHARACTERS

BACKGROUND OF THE INVENTION

The invention relates to the field of digital computers,
particularly microcomputers, having video display ca- 1
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 20
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- 25
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 30
alpha-numeric character displays needed for word pro-
cessing in addition to high resolution graphics displays.

To meet these specialize computer needs, generally
requires that a relatively inexpensive microprocessor be
used and that the capability of the processor be en- 35
hanced through circuit techniques. This reduces the
overall cost of the computer by reducing, for example,
power needs, bus structures, etc. Another important
consideration is that the new computers be capable of
using programs developed for earlier models. 40

As will be seen, the presently described microcom-
puter is ideally suited for home and small business appli-
cations. It provides a wide range of capabilities inciud-
ing advanced display capabilities not found in compara-
ble prior art computers. 45

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 55
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- 60
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 65
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

50
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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

S
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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.

—

0

4

0

40

6

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

—

0

—

5

40

60

8

lower right-hand corner of FIG. 6, the various signals
applied to each device (including the address signals),
along with the corresponding pin numbers are shown.
Other circuitry not illustrated is the refresh control
circuitry which operates in a well-known manner in
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.) 5

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 10
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 15
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. 20

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- 25
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 30
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 35
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 H3, Hs and Hs with the digital signal corre- 40
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. 45

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- 50
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 55
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 60
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 65
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.
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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 5
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- 1g
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, A1, A3, Ayg, and Ajs. As the PRASY, 3 and 5
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.

25

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- 30
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- 35
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- 40
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-
+AI4AT3)) 5) 30

45

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 55
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 60
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- 65
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 5
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- 20
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 25
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 30
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- 35
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- 40
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 45
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 50
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- 55
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. 60
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 65
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 10
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 20
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. 25
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
V¢ (previously discussed in conjunction with adder 121 30
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 35
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 40
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 45
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 50
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 55
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- 60
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. 65

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

5
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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

| Chapter 24 of 28 « Apple Computer Inc « 1982

Page 0018 of 0072 |




Apple /[l Computer Information ¢ Apple /// Level 2 Service Reference Manual

17

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.

4,383,296
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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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FOQ0
FO00
FOGT
FOOO
FOGCO
FOO0O0
FGOO
FOCO
FOGD
FOOO
FO00
FO00
elele}
FOQO
FGOO
FO00
FOGC
FQOOQ
FOQO.
FOoC
0200
Q302
FO00
©080:
00UEO.
FOGo
0DE1
2082
0083
0084
008s%
[plelo N
o08A
0083
0089
008A
Q08B
oo
coRs
FQ00
FOQO0
FOOO:
FOQO0
FOOG
FOOO0
Q023
0094
0098
009F
FOOC
FOOU
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13 # 4R RBRRBRNSRERRGBDOESBOBENEE

14 = CRITICAL TIMING =
15 » REQUIRES PAGE BOUND *
16 * CONSIDERATIONS FOR *
v CODE. AND DATA #*
18 = = ———ee CODE~--—~- *
19 + VIRTUALLY THE ENTIRE #
20 = ‘WRITE " ROUTINE *
SO EE MUS{ NOT CROSS hd
s & PACE BOUNDARIES #
22 % (kL T BRANCHES IN #*
24 # THE 'WRITE', ‘READ’, *
25 # AND WHEAD ADR ' SUBRS *
26 #  WHICH MUST NOT CROSS »
7 #  PAGE BOUNDARTIS ARE *
28 # NOTED IN COMMLNTS #*
20 » #*
R S T L T T Yy grpugpnapprgupgegg
31 # *
32 +# EQUATES *
33 = *
34 NBUF1 EQU $200

35 NBUF2 EQU $302 i (ZER
36

37 HRDERRS EQU $80

38 DVMOT EQU S$EOQ

39 «

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

20

0 PAct AT $300:3

AFALE 21 BooT RoM Lrsriwg
ReVIson) B RoM beo st £189)

b4

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

TO_ REREREREERRERERRRERRSN NN

IBSLOT+$14 ; ‘MUST FIND’ COUNT.

71 COUNT EQU

72 LAST EQU IBSLOT+e¢14 ; ‘ODD BIT’ NIBLS.
73 CKSUM __EQU IBSLOT+#15 ; CHECKSUM BYTE. _ _
74 CSSTV EQU IBSLOT+$16 ; FOUR BYTES.

73 = CHECKSUM, SECTOR., TRACK, AND VOLUME.
746 #*

TT SRR

78 # *
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FOO0O: 79 = ——==WRITE~—=~ . o
FOO0O: 80 » »
FOOO: 81 * USES ALL NBUFS *
FO0O: _ B2 % AND 32-BYTE % e
FOOO: 83 = DATA TABLE ‘NIBL’ %
FOO0O0: 84 » »
FOO0O0: B3 FEREREREEFERERER RS RRESE e
FO00: T T Be T -
FOQO: 87 #9312 I I W3R
FOO00. o 88 « Lo L -
FOQO: 89 # = ————— READ~~~- *
FO0O0: F0 % #*
FOO0O0: L 91 % USES ALL NBUFS *
FOOO0: 92 # USES LAST 54 BYTES
FOOO- 93 # OF A CODE PAGE FOR *
FOOC 94 # SIGNIFICANT BYTES  # _ o i
FOQO: 9% # OF DNIBL TABLE. *
FOGCO: P66 # *
FOO0O: 97 ***l************:}******* _
FOOO. 98 #
FOQO- GG 3536 40 4 4 3 038 35 36 3 36 I 3 I 9E 0 3 3 336
FOOO 100 * , *
FOOO. 101 = ———— SEEK -—=—= *
FOQO: 102 = *
FOQO. 103 484435 5 H 33 I 30 4 369 3 336 3 3 I 3% .
0095 104 TRKCNT EQU COUNT ; HALFTRKS MOVED COUNT
00%D. 105 PRIOR EQU IBSLOT+$1C
ONRE 106 TRKN EQU IBSLOT+$1D o
FOOO: 107 %
FOOOQ: 108 296 3 3 3 3 3 3 36 W I I b b I I 33 3 33 B
FOOO: 109 * *
FFO00 110 # ———- MSWAIT -——- *
Foo 111 # #
FOOOQ 112 35 36 3 3 3 30 36 3 3 36 36 3 I 56 36 3k 36 W 3 23 2
0099 113 MONTIMEL EQU CSSTV+2 i MOTOR-ON TIME
00%A: 114 MONTIMEH EQU MONTIMEL+1 ; COUNTERS
FO0O0. 115 # )
F000: 117 900004000202 800000844E0
FO0O: 118 # ) » _
FO00: 119 # DEVICE ADDRESS *
FQOO: 120 # ASSIGNMEMTS *
F000: ) 128« * 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.
cosl: _ _ 124 PHASEON EGU sC081 i STEPPER_PHASE ON.
co8C: 125 Q6L EGU $C08C ; @7L, Q6L=READ
co8D: 126 Q6H EQU $C0O8D i Q7L, Q6H=SENSE WPROT
COBE: _ _. 127 Q7L EQU _ $COBE _iQ7H, G6L=WRITE = __ .
CO8F: 128 Q7H EQU $CO8F ; @7H, QGH=WRITE STOR
FFEF: 129 INTERUPT EQU SFFEF
FFDF: 130 ENVIRON EQU SFFDF — S
0080: 131 ONEMEG EQU 480
O07F: 132 TWOMEG EQU S$7F
Fooo: 133 AARRAERRRRARRERRRRRACARRNSREANR -
FO00: 134 #
F000: 135 # EQUATES FOR RWTS AND BLOCK
FOO0O0: 136 * o o _
FO00: 137 35363363 33 36 3 3 3 36 2 I A eI e I NN
co8s8: 138 MOTOROFF EQUY $C088
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23 24
cog?: ____ 139 MOTORON EQU €089 . __ = -
COBA: 140 DRVOEN EQU $COBA
CO8B: 141 DRVIEN EQU $C08B
co81: 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
FOOO0: 196 + i * _
FOOQ 157 = cLAl WRITE A * .
00 1958 # i®.aCn AND SECTOR -
200 159 ®
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 [~ 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+!
Fo1D s 9¢ FRE PN G A FUF+1
SO AY EO 1603 15 #DUMOT
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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FOGE 211 ¢ MOTOR WAS OFF, WAIT FOR 1T TO SPEED UP
FOAE J12 e
FOA4E: AO 12 213 MOTOF  LDY %812 i WAIT EXACTLY 100 US FOR EACH COUNT
£0%0: 88 214 CONWAIT DEY )
Y31 DO 7L e ANE TONWALT "IN MONTINE
Vs e SO e (N MONTIMEL - COUNT UP TO 0000
B G . HINE  MOTOF
FOST fa YA BEE:) INC  MONTIMEH
FO%9 DL R e nrME. MOTOF
FOSB: c21 pravprgepgrgnpegvgepvposree e S R T L 1 2L L0 L A L2 2 g
FOSD. 222 = ]
FOSB 223 » MOTOR SHOULD BE UP TO SPEED
FO%n sm4 . 1F IT STILi. LOUOKS STOPPED THEN
Fanp e s fpl DRIVE 1% NOT PRESENT
FOS5B 226 #
FOSB 227 FPORgr e S F X2 I YIS T2 L 2 R A0 A A g '
FOSB.20 2B Fi o8 JSR  CHADRVY , 16 DRIVE PRESENT:
FOSE DO 08 R INE TRYTRK , YES, CONT INUE
PO A% B2 e fRieE OVERE G LA # TBNJDRY LM, GET TELL EM MO DR UL
Fosn 40 ER € s JMP  HIDLERR
FoeS 258 =
65 D30+ MOW CHECK {F IT 1S NOT THE FORMAT DISK COMMARD
Fo6s 2734 w  LOCATE THE CORRECT SECTOR FOR THIS OPERATION
PR
Loy TR LA 1B3CMD LCOET COMMAND CLODE B
¢ PEG AL LDNAME L TR ONLL COMMAND, GO HAOME e GED
PR e #3 , COMMAND IN RANGE ™
SO BC%  ALLLLUONE S NG DO NOTHING!
SR ROP A . .SET CARRY=t1 FOR READ L FidR WRITE
Lol KO THYTRKS L MUST PRENITRBLTIE Fun wh T
LLA ENVIRON
A #1WOMES L BHIFT T HIGH SPEED!
STA  ENVIRON
Ch JER PRENIBIo
FO7B AOQ 7F TRYTRR LDy #10F CONLY 127 RETRIES 0F ANY KIND
FO7D 84 95 - [ N R A
FO7F A¢ Bt . SN A ,QET SLOT NuM INTO X~-REG
081 20 BD ! s ’, CwiRle  , READL NEXT ADDRESS FIFLD
FOB4: 90 21 ae pr: PRDRIGHT IF READ 1T RIGHT, HURRAH!
FOB& 24 D 2wt TRrADR. BIT  [MASK ; SHOULD IMTERUPTS DE Al.LOWED™
Foag 3¢ 01 REA pMI  NOINTR1 iNO. DOM‘T ALLOW THEM
Ce TR . L . RE-ENADLED AFTER READ/READADR ‘WRIT'
S8T N G T Lo RETRYCMNT i ANOTHER MISTAEX'! FAILURE
524 1RO e w1 TRYADR . WELL, LET IT 30 THIS TIME
FOBF A% BC v LDA CURTRK
FO91 48 T PHA ; SAVE TRACK WE REALLY WaMT
FO9a C& 94 . DEC SEEKCNT i ONLY RECALIBRATE ONCE!
Fo®d Dy JIF BNE DKVERR ,TRIED TO RECALIBRATE A SECOMD TIME. .
FOUSA An . LDA #$40 , RECAL. IDRATE ALL OVER AGAINM’ ERROR'
Fous 2 ST F EP JSR SETTRK ; PRETEND TO BE ON TRACK 80
FO9B AY 0OOC AP LDA %800
FOSD. 20 9% F1 26" JSR MYSEEK ;MOVE TGO TRACK 00
FOAD 68 264 Hluall PLA
FoAl o0 0n et e Al JWSR  MYSEEK . GO TO CORRECT TRACK THIG TIME!
Fona aC B F ke mp TRYTRK2 5 LODP BACK., TRY AGAIN ON THIS TRACK
Foom? P
FOA7 ~48 » HAVE NOW AEAD AM ADDRESS FIELD CORRECTLY
Y 269 + MAKD SURE THIS IS THE TRACK, SECTOR, AND VOLUME DESIRED
FOA?7 Ad 99 270 RDRIGH! LDY TRAUK ,ON THE RIGHT TRACK?
FOAY U4 BC 201 LFY o TURTRK
¥COAB FO OE o7& BES kR ITRK ; 1F 80, «QUD
FOAD 253w Heoal 1R NG FROM THIS TRACK
FOAD: A3 BC 274 LDA CURTRK . PRESERVE DESTINATION TRACK
FOAF. 48 275 PHA
FOBO: 98 276 TYA ,
FOBI 20 25 F1 277 JSR SETTRK
FOB4. 48 278 PL.A
r085: 20 08 F1 a7% JER MYSEEM
_FOR®: 4C 86 FO 280 P TRYADR2 G0 AHEAD AND RECALIBRATE
FOBR: 282 #
FOBB: , . 283 # DRIVE 1S ON RIQHT TRACK, CHECK VOLUME MISMATCH
FOBB 284 '«
FOBB A3 FA 28% RTTRK DA VOLUME L GET ACTUAL VOLUME HEKE
FOBD 8% 89 286 STA IBSMOD . TELL OPSYS WHAT VOLUME Was 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 PGSTNIBBLE CUNVERSION
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  ALDONEL LSKIP OVER NEXY BYTE WI1TH EIY OPCODE
FOES &8 305 DRVERR PLA i REMOVE CURTRK
FOE& A9 82 306 L.DA #IBDERR i BAD DRIVE
FOES 38 307 HNDLERR SEC i INDICATE AN ERROR
; 5 38 DA ALI'CMNEL GTA  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 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 ; UTHERWISE ASSUME AN [NTERUPT MESSED
KU 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
5 325 # IF DRIVNO [S POSITIVE, OW DRIVE 1
0% 26w
RO 0A 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
F110 8% 8C . 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 OFF ALL PHASES BEFDRE RETURNING
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: 345 » 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 %
Fiap 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.
F12B . :_35_7-*
F12H 358 # RETURN Y=0 AND ZERO FLAG SET IF IT IS SYOPPED
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29 30
F128 359 =
F12B: BE0 & % 33 36 2 % 3 3 3 3 46 34 30 3 b 4 3 & 33 38 W %% %
F12B: A0 QO " 3861 CHKDRY. LDY #0 S INIT LOOP COUNTER
F12D. BD 8C CO 362 CHKDRV1 LDA Gé&L. X ;i READ THE SHIFT REG
F130:20 3D F1 3463 JSR CKDRTS | DELAY _ -
13 A 344 T PHA
F1da 4n 365 PLA ; MORE DELAY
FLes 00 w0 3kb CMP - Qbl, X i HAS SHIFT REG CHAMNGED™
F13: DO 03 367 BNE CKDRTS ; YES, MOTOR IS MOVING
F13~ 58 348 DEY i NO, DEC RETRY COUNTER
F131: DO FOQ 369 BNE  CHKDRV1 i AND TRY 2%6 TIMES
F13i &2 370 CKDRTS RTS i THEN RETURM
FLaE 371 %
Flzt as 372 DRYINDX PHA i PRESERVE ACC
F13F 8A 373 TXA ; GET SLOT(#$10)/8
F14C 4A 374 LSR A
F14at1 44 375 LSR A
F14. 4a 37& LSR. A ,
Flras o8 82 377 DRA IBDRVN ;FOR DRIVE O OR 1
F1as an 378 TAX ; IMTO X FOR [MDEX TO TABLE
Fl4i B 379 PLA i RESTORE ACC
F147 &0 380 RTS
F14&) 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% %%
F148 382 =
F14e 383 * NOTE: FORMATTING ROUTINES
£14¢ 384 # NOT INCLUDED FOUR S0S
F143 385 #
Fi14a 3846 35 3¢ 3¢ 3 45 9 36 J I 35 3 36 2 9 35 3 36 W 4 5 = I %%
=148 IO 29000300V RN NS PORER LG
F148 309 » *
F148 390 « READ SUBROUTINE *
F148: 391 = (16-SECTOR FORMAT) ]
F148: _ 392 # * e -
F148: JD3 % I T I I
F148: 394 «» »
F148: 395 * _READS ENCODED BYTES # L _
F148: 394 # INTO NBUF1 AND NBUF2 #
F148: 397 * *
F148: 398 * FIRST READS NBUF2 * L
F148: 399 « HIGH TO LOW,
F148: 400 # THEN READS NBUF1 *
F148: 401 = LOW TO HIGH. #
F148: 402 » »*
F148: 403 » ~==- ON ENTRY —-—— *
F148: 404 » ‘ »*
F148: 40% » X-REG: SLOTNUM »
F148: 406 » TIMES $10. *
F148; 407 # *
F148: 408 » READ MODE (Qb&L, Q7L) #
F148: 409 *
F148: 410 # e ON EXIT —~—=—- * o _
F148: 411 » »
F148: 412 # CARRY SET IF ERROR. *
F148: 413 = . o . o I
F148: 414 » IF NO ERROR: *
F148: 415 # A-REG HOLDS S$AA. * -7 -
F148: = 416 » X—-REG UNCHANGED. _ # i
F148: 417 » Y-REG HOLDS $00. »
Fi148: 418 = CARRY CLEAR. *
F148: 419 #  -——=— CAUTION ===-= _* .-
F148: 420 « *
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F148
F148
F148
F148
F148
Fi148
F148
F148
F148
F148
F148
1 aA
148
SR 2)]
F130

F154
F156
F157
F19A
F15C
F15E
F160
Fl1&2
Fléea
F16%
F167
1469
F1e8
168
F16E
170
F173
Fl7e
17k

F17B
t 17D
F17F
MR

1 18e
F189
F18B
F12D
f-18F
F191
F19e
F195
F197
F19A
198
“19n
F1A0
F1A2
F1A4
F1AS
F1aA8
F 1AM
1AL
F1AE
F1AF
F1B2

FLB&
-3 F1B9

F1BA
FiBA

F152:

f2r 7m0

RS S

1134 C

FLiR]

A0 20
88

FO 6B

BD 8C CO
10 FB

49 D%
. DO F4

EA

Bb 8C CO
10 FB
C? AA
DO F2
AQ 99

BD 8C CO
10 FB 446
€9 AD 447
DO E7 348
449
BED 8C CO 450
10 FB 451
99 02 03 452
AD EF FF 453
0% 8B 454
17 40 455
g ASE
10 EE 457
cs 4358
BD 8C (v 459
10 FB Gé&0
we 00 0! d&t
AD EF Fi 3o
0S 8B 463
10 2D 464
co Ed 445
DO EC Heb
ot 447
BD B8C < 468
10 FB 469
99 00 0= 470
c8 471
Lo FS3 T
LBl 8C C 2473
10 FD 174
85 96 4793
EA 4746
BD 8C C& 477
10 FB A78
29 DE <479
DO CA 440
EA 481
BD BC CC 4g@2
10 FB 482
C9 AA ana
Fr) SF 8%
38 Scie
&0 487
488

4C B3 F: 489

4,383,296
31 32
421 # OBSERVE *
422 # _ ‘NO PAGE CROSS' _ .+ _ _ _ _ _ . _ __
423 » WARNINGS ON *
424 = SOME BRANCHES!! *
425 » o I B o o
426 % —-——= ASSUMES -~—-- *
427 » #
428 * 1 USEC CYCLE TIME * _ — —
429 » »*
Q30 #3633 3 W W W I I
431 READ1& LDY #$20  ; ‘MUST FIND’ COUNT.
432 RSYNC DEY i IF CAN'T FIND MARKS -
433 BEGQ RDERR ; THEN EXIT WITH CARRY SET
434 RD1 LDA Q&L X i READ NIDL.
435 BPL RD1 ; #%% NO PAGE CROSS! ##%
4365 RSYNC1 EOR #$D5 i DATA MARK 17
437 - ~ _BNE RSYNC i LOOP IF NOT. o
438 NOP i DELAY BETWEEN NIBLS
439 RD2 LDA Q6L X
440 BPL. RD2 ; wa## NO PAGE CROSS! ###
441 CMP #%4A ; DATA MARK 27
442 BNE RSYNC1 i (IF NOT., IS IT DM1™)
443 . _LDY #8335 3+ INIT NBUF2 INDEX.
444 » (ADDED NIBL DELAY)
44% RD3 LDA Q6L X
BPL RD3 ; #a# MO PAGE CROSS! #%w
CMP _#8AD i DATA MARK 37
BNE RSYNC1 , (IF NOT, 1S IT DM1™)
* (CARRY SET IF DM3')
RD4 DA Q6L X
BPL.  RD4 , wa» MO PAGE CRUSS! *#=
STA MBUF2, Y . STORE BYTES DIRECTLY
LDA INTERUPT  :POLL INTERUPT LINE
ORA IMASK C(THIS MAY BE MR D 7L relal IDATE L
BPL GOSERV
DEY . INDEX TO NEXT
BPL. RD4
RDS INY . (FIRST TIME V=0)
RDSA LD&  asl. X GET ENCODED BYTES OF NBUF1
BPL RDSA
Z1A NEUFL, Y
(D& INTERUPT  , POLL INTERUPT LINE
ORA  1MASK , (THIS MAY BE USEDL TO INVALIDATE POLL.
DPL  GOSERV
CPY #$E4 WITHIN 1 MS OF COMPLETION®
BNE RDS
INY
RO LDA  GaL. X .NO POLL FROM NOW OM
BPL RD6&
STA NBUF1,Y
INY . FINISH OUT NBUF1 PAGE
BNE RD& Q
ROTKSUM LLA  GsL. X , GET CHECKSUM BYTE
BPL.  RDCKSUM §
STA CKSUM
NOP ,EXTRA DELAY BETWEEN BYTES Q
RD” LDA @&L, X B Q&
BPL.  RD7 ,w¥% MO PAGE CROSS!' w#xw 0 R
CHP  WSDE FIRST BIT SLIP MARK™ W <
BNE RDERR ,(ERR IF NOT) o
NOP , DELAY BETWEEN NIBLS . [ ‘
RD8 LDA QéL. X Q ¢
BPL  RD8 , wew MO PAGE CROSS' ##% L\LQ
CMP 8%AA . SECOMD BIT SLIP MARK™ Q“-H
DEG PDEXIT . (DOME IF 1T IS? “ \Q N
RDERK Sk . INDICATE ‘ERROR EXIT’ oy b
RTE ,RETURN FROM READ16 OR RDADR16. & > )
* C§:
GOSERV JMP SERVICE , 60 SERVICE INTERUPT § g
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F1BD:
F1BD.
F1BD:
FiBD-
F1BD:
F1DBD.
F1BD:
F1BD:
F1BD
FIRD
FIRD
F1IRD
F1BD.
F1BD:
1D
FABD
F1BD
FiBD
F1BD
FIBD
B0
Lo

. 1 ‘.—“T‘

£
F .
Fimn
.
!..

P lEn

*1BD

“IBD

SABD

FLED

FARD

FiBD

F1BD:

1B

-1

16D

FIBD

F1BD

F1BD

BB RV

Fial

T1hD.

F1BD:
Fi18BD: AO FC
FIBF: . 84 9%

4,383,296

33 34
'CAEE T YT T SIS SIS Y L L
492 _* U A _
493 +# READ ADDRESS FIELD *
394 = SUBROUT INE *
349% = {14A-SECTOR FORMAT) 3*
4946 #

497 #uHHaHts Rt A st Rt R ER
3498 # +*
199 % READS VOLULME. TRACK +*
SO0 # AMD SECTER *
LD B %*
530z # —=-—=— OM ENTRY ==-=- +*
503 % #*
504 # XREG: SLOTNUM TIMES $10 +
SO @ >
B¢ # READ MODE (3= 0 Q7L #
LAV #*
508 % = OM EXIT -em—- &
5060 # #
510 # CARRY SET I[F ERROR Ld
11 4 *
Sl *® IF NO ERROR n
D1 = A-REG HOLDE 344 ¥
514 Y-REG HOL.DS %$00. +*
518 = X-REG UNCHAMNGED. *
H1é * CARRY CLEAR *
517 & *
Sie CSSTY HOLDG CHASUM, #*
516 » SECTOR. TRACK. AND =
520 # VOLUME READ. *
P21 # *
BRe # USES TEMPS COUNT, *
SET % LAST, CSU™M. AND +
DAL 4 DBYTES AT CSaTV «
BRI o
Saé # ———— EXPECTS —-—~— *
H5R27 ® *
B28 ORIGINAL 10-SECTOR *
Sas w0 NORMAL. DENSITY NIBLS *
B3N & (4=-B{Ty, ODD BITS. L)
BRL n THEM H£VEM *
53 # *
533 = ——— CAUTION =~ »
554 *
H3T OBSCRE ®
52& n ‘NO PAGE LROLS “
LIS A WARNIMGS ON *
538 = SOME BRANCHES!'! *
537 # »
340 # -——~ AJSSUMES -~~~ *
a1 ® #
93 = 1 USEC CYoLE TInb *
4 » 3+
344 w3 %40 ¥ 33 26 3 3 9 2 St o 3 I
54% RDADR16&6 LDY #$FC

544 STY COUNT ; ‘“MUST FIND° COUNT
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F1C1.C8

[F1Ce

F1Ca
F1i6
di1ie
Ik

1Ce
F-1CF
1Dt

Ve
Pl
pien
£roD
[inD
Ty
Y S
1t
FI1E&
F1lE&
FLES
FEA
FIED
I1EF
F1FO
rF1F:
f
{
f

TIET

AR R)

o

Faas

FR19:
F219:

19
[
Lol
F219
Fa1?
Fale
ERAE ]
Fal®
P e
F219
Fai19
F219
+219
[ ]
_("’j_lt’
o219
Fa19
o219
~21Y
Pa1e
LA B

raie

DO 04

E6
FC
BD
1
[
Q)
EA
ED
19

a0
A0
n
e

10
cn

8c
ep
Ad
P

o3

8¢
Fo
e
£

o16]
89
ac

oy

D

i

4,383,296
35
547 RDAGYN INY
548 BNE PRDad
549 INC COUNT
550 BEQ" RDERR
551 RDAI L.DA  Qeal., X
L5z GPL. RDAL
D3 RDAGMI Crare sl
954 BNE RDAGYN
593 NQP
5536 RDAZ .DA  QéLl., X
G BFL. RDA2
CMP BEAN
BrE. RDASNI
LDY #%3
* (ADDED
5e2 RDA t.DA Q6. X
“u 3 e RDAS
S TP RES S
SeD BRE  RDASHNT
J6& = (LEAVES CARRY
S47 L.DA  #%C
568 RDAI LD <TA
259 KA L L
S B
pges STA
973 RDAC DA
74 RPL
S Afl?
[
37y DEY
BT NP RDAFLD
Tty TayY
' ol RDUTER
[y RIS (RS fgead X
3 [
CiMP #$DLC
Rk RDERFK
SET
[T R T SR
e DHLA KDe S
R e B
S0 BNE  RDERKE
RDEx, T CL.C
e WEx1: PIg
T il RWTES
RIS TLL AL L TN
3« : e L *
4 » WRITE SUBR *
S # (16-SECTOR FORMAT) #
b *
FARZ I E 2T T TR TT L XL LT LI
8 » *
T » WRITES DATA FROM *
PEATE 4 NBUF1 AND NDBUF2 *
11 0w #*
12 # FIRST NBUF2. +
13 # HIGH TO LOW. *
14 = THEN NBUF1, *
1% % LOW TO HIGH *
I *
£ x m-e- OMOENTRY —---
18 = *
19 + X-~-REG SLOTNUM *
20 % TIMES $10. *
21 % *
20w *
T3 o+ ---- ON EX]IT ——=—-- #*
s I *
2% # CARRY SET (F ERROR. #

36

. LOW ORDER OF CLOUNT
i (2K NIBLS TO FIND

» ADR MARK, ELSE ERR)
» READ NIBL
Ctaw NO PAGE CROSE:' 2w
LA MARK 1T
i (LOOP 1IF NOT)

i ADDED NIBL DELAY

,wew 1O PABE CROSYS: ree
.ADE MARK 27

CIF NOT, IS 1T Af;
. INDEx FOR 4-BYTE REAL

NIBL DELAY)

et NO PASE CROSUY 22
. ADR MARK 37

(TF NOT, IS5 17 AMFi
SET!) -

i INIT CHECKSUM

CHEAD cODD BIY T MY
ez NO PAGE CRNOSS
LAl e ODD BITS, 1

, (SAVE THEM)

» READ ‘EVEN BIT NIBL

, 4% NO PAGE CROSS!' #%2
MERZE QDD AND EVEN Bl 7
STORE DATA BYTE

e

NI LG

CLDOP ON 4 DATA DYTES
S 1F FINAL CHECKSUM
UL ERRD. THEN ERPIIN
CLRET BIT--SLIP MNIRO
ckees NO PASE CRUSS: sss
, ERROR IF NONMATCH
DELAY (NO INTERUPTS FROM NOw 0OM)
SECOND DIT-SLIP MNIDL

swe MO PAZE CRI2EST ees
i ERROR IF NONMATOH
; CLEAR CARRY OM

NORMAL READ EXITS
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37 38
Faie 6 » (W PROT VIOLATION) #
F21% _7 » *
219 23 « [F MO t.RROR. #*
F219 o Ea
F219 IRV A-REw. UNCERTAILN *
Fa19 31w X~-REG UNCHANGED *
F219 32w Y-REG HOLDS $00. *
Fale 33 # CARRY CLEAR *
F219 ET- 3 #
F219 3% « —--— AGSUMES —~—-- *
F219 inom *
Fa219 27 % 1 USEC CYCLE TIME *
F219 38 #
Fa1e. kAT XIS ERT L SL I LS 22 22 )
Fale 38 ay WRITHELIS SELC . ANTICIPATE WPROT ERR
Fa21A B2 41 ciY . YO INDICATE WRITE PROTECT FRRUR INSTEAD OF
F218 BL €D CC 32 LoA Q&H X INTERUPT
F21E BD BE €0 473 LOA Q7L X i SEMSE WPROT FLAG
F221 30 F5 44 BMI WEXIT ; BRANCH IF NOT WRITE PROTECTED
‘223 A9 FF 45 WRT! LA #S$FF , SYNC DATA
Fa2as I 8F CO 4¢& STA  QYH X , (95) GOTO WRITE MODE
Foag 1 8C €O 47 ORA Q&L X , (4)
228 AL 04 44 LY #%4 , (2) FOR FIVE NIBLS
F22D EA 49 NP i (2)
F22E. 43 S0 PHA i (4)
F22F - 68 51 PLA i (3)
Frei30 48 “2 WSYNC FirA , t4) EXACT TIMING
Fa31 A 3 P 43 EXACT TIMING
f-e.30 20 BD F: e TR WNIBLY (13,9 4 WRITE SvYN©
Fa235 88 595 DEY i (2)
Fe36 DO FS 56 BME  WSYNC i (2#) MUST NOT CRUJSS PAGE!
F238: A9 DS 57 LCA #$D5S i (2) 1ST DATA MARK
F23A 220 RC FZ ve JER S WNIBLY (15, 9. 6)
F23D AT A 59 LOA #$AAN ;i) 2ND DATA MARK
F23F. 20 BC F2 &0 JER WNIBLY i (19,9, 6)
F242: A% AD _ 61 LDA #8AD _ i (2) 3IRD DATA_MARK.
F244: 20 BC F2 62 JER  WNIBLSY i (15,9, 6)
F247 A0 55 &3 L.DY #$55 i (2) NBUF2 INDEX
249 EA 6d NGP i (2) FOR TIMING
F24A: EA &% NOP i (2)
F24B: EA bé NGP i{2)
F24C:. DO C8 &7 BNE VRYFRST  ; (3) BRANCH ALWAYS
F24E AD EF FF 68 WINTRPT LDA INTERUPT ;i (4) POLL INTERUPT L.INE
F251. 05 88 49 ORA IMASK i (3
F253 EA 70 NOP ] i (2
Fa54: 10 5D 71 BPL SERVICE ; (2) BRANCH IF INTERUPT HAS DCCURED
F256: 30 00 72 VRYFRST BMI WRTFRST i (3) FOR TIMING
F258 B9 02 03 73 WRIFRST LDA NBUF2,Y . ,(4)
F25B 9D 8D CC 74 STA G6&H X i (9) STORE ENCODEL BYTE
FeSE BD 8C CO 739 LDA Q6L X ; (4) TIME MUST = 32 u%S PER BYTE!
Fee1.88 76 __DEY (@) S
F262: 10 EA 77 BPL WINTRPT ; (3) (2 IF BRANCH NOT TAKEN)
F264: 98 79 TYA ; (2) INSURE NO INTERUPT THIS BYTE
F2659.30 03 79_ . _ . _BML_ WMIDLE . (3) BRANCH ALHAYS.
£247 AD EF FF B0 WNTRPT1 LDA INTERUPT ; (4) POLL INTERUPT LINE
F26A: 05 8B 81 WMIDLE ORA 1MASK P (D)
FeC:EA 82 __ WOP (@)
F26D: 30 02 83 BMI  WDATAZ ; (3) BRANCH IF NO INTERUPT
F26F: 10 42 84 BPL.  SERVICE ; G0 SERVICE INTERUPT.
F271:€8 B85 WDATA2 INY p(2)
F272: B9 00 02 86 LDA MNBUF1,Y i (hh
F275:. 9D 8D CO 87 STA QéH X ; (5) STORE ENCODEDL BYTE
F278:BD B8C €O B8 _  LDA Q&L,X = i(4) ) o
F278:CO E4 89 CPY #$ES i (2) WITHIN 1 MS OF COMPLETION?Y
F27D: DO ES8 {0 BNE WNTRPT1 i (3) (2) NO KEEP WRITTING AND POLLING
F27F EA 91 N NOP i@
F280:C8 92 INY i (2)
F281: EA 93 WDATA3 NOP s (2)
F2B2:EA_ 94 NOP_ L 2y ) ~_
Fa83: 48 95 PHA ; (&) '
F284: 68 96 PLA i (3
F28%: B? 00 02 97 LDA NBUF1l,Y ;i (4) WRITE LAST OF ENCODED BYTES
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39 40

288 9D 8D CC ?8 STA  Q&H. X i (5)  WITHOUT POLILLING INTERUPTS
F28B: BD 8C CO LA LDA  Q@6éL. X i (4
Fa28E AS 96 100 LDA  CKSUM ©{3) NORMALLY FOR TIMING
F290:C8 101 INY . i (@)
F291. DO EE 102 BME WDATA3 i (3) (2)
Fa293. F0 00 103 BEQG WRCKEUM » (3) DBRAMNCH ALWAYS
Fa9S 20 BD F& 104 WRCKESUM USSR WNIBL7Z 2 013,9,6) GO WRITE CHECK &M
F298. A% DE 109 l.DA #$DE @) DM4, BIT SUIR MARY
Fa9A 20 BC F& o 104 YER  WNIBLY » (19,9, 6) WRITE IT
Fa9D: A9 AA 107 LDA #8AA (&) DM3, BIT SLIP MARK
Fa9F 20 BC F& 108 JSR  WNIBLY (18,9, 6) WRITE IT.
FRAZ2 A9 EB 109 LDA #3EDR , t2)Y DMé&, BIT SLIP MARK
rFaad- 20 HC Fo 130 JER  WNNIBLY 1w 9, 46) WRIVE 1T
F32A7. A9 FF 111 L.DA  #%3FF Ve TURN-OFF 30Tk
F2A? 20 RBC F- 11a JER  WNIBLY P9, 9) WRITE 11
FRAC:BD B8E CO 113 NOWRITE LDA G7L. X ; OUT UF WRITE MODF
F2AF: BD 8C ¢ 114 LDA QéL. X . TO READ MODE
FaBa: 60 113 RTYS R ;i RETURN FROM WRITE
FaB83: 116 #
F2R3 38 117 SERVICE SEC i TREAT INTERUPTIOM AS ERROR
F2B4: 2C 54 F3 118 BIT SEV ; SET VFLAG TO INDICATE INTERUPT
F2B7: 20 AC F@ 119 JER. NOWRITE TARE IT QUT QF WRITE MODE'
Fana %8 120 Lt , COULD NOT WAVE GOT HERE WITHOUT CLI OK
el el 1o RYS
o 1208 ARNBTRRRILRERERERCHRRRRRRARRR
FuBC 123 = -
FaBC 24 = 7-BIT NIBI. WRITE SUBRS +
F2Qc 1289 = *
ST Ll ® AREG OR‘D FRIDR EXIT »
Foapee Pt e CARRY CLEARED *
LIPS PDE e +

Falu 12T #0343 3 4 90 o W I %S
FORC 18 130 WNIBL9 (LC i (@) 9 CYCLES, THEN WRITE
FoRD 48 131 WNIRL7 PHA i (3) 7 CYCLES. THEN WRITE
FOONE s 13 B Li4)

Conpogh BDCT 122 WNIBY LTA  GoH. X , (%) WIBL WRITE SUB

R S TP LA CRA L Qedl X i ¢4) CLOBBERS ACL  NNT CARFK .
[Fe:C% &0 135 RTS

Face 136 #

Facé 136 #904034000800080008 L8008 00Y

F2C& 139 « R *

Facse 140 » PREMIBL.IZE SUBR .

Facsé 141 « (16-SECTOR FORMAT) *

FrL 162 » *

FaCée 1G3 RRRBERAI AN ISR R RN

Face 144 » »

FaCéd 14% = CUNVERTS 2%6 BYTES OF *

PO 146 %  USER DATA IN (BUF) INTO +

e e 147 » ENCODED BYTES TO HE -

Fate 148 # WRITEN UIRECTLY TO DISK #

Facé 149 # ENCODED CHECK SUM IN »

F2Ce 150 # ZERO PAGE ‘CKSUM’ »

FuCe 191 » *

EaCk 192 = —e== ON ENTRY —-== *

Facs 193 » *

FICE 1%4 #» HUF 1S 2-BYYE POINTER *

FaCé 153 » TO 2%& BYTES OF USER »

FaCéa 196 » DATA. *

FaCéh 187 = *

rile 195G » ~—me ON EXLIT === .

FiCe 159 = *

Fachk 160 #  A-REG (HECK SUM *

FacCs. 161 »= X—-REG UNCERTAIN »

Faceé 162 = Y-REG HOLDS O *

F2C& 163 » CARRY SET. *

F2Ch 163 » -

FeCh 14% #BARABT 44 ARARARTXRSARRERERD

F2C& AZ 02 16 PRENIB1& LDX #$2 i START NBUF2 INI'EX

Faca A0 00 167 LDY &0 ; START USER BUF INDEX

F2CA: 88 168 PRENIB1 DEY i NEXT USER BYTE

F2CB: B1 9B 149 LDA (BUF).Y

FaCD 44 170 LSR A VSHIFT TWO BITS OF

FACE 3B 01 03 17 ROL MNDUF2-1.X . CURRENT USER DYTE
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41 42
F201- 4A 172 LSR A v INTO CURREMT NBUFZ
Faba: 3 01 03 17 ROL. NBUF2-1,X .DYTE
F2D09% 99 01 O2 174 STA RNBUF1+1,Y (& BITS LEFT)
F2D8 E8 17% INX .FROM O TO %35
209 EOQ 94 176 CRA  #35¢&
FeDB <0 ED 1= RCC FRENIBI , BROIF NO WRAPARJUND
F2rD AL 00 178 LDx =C P REGET NBRUFZ INDEX
F2DF . 98 179 TYA , USER BUF INDEX
FQEO: DO EB 180 DNE PREMIDI . (DONE IF ZERQO)
FPE2: AD 3& 181 LDY #8$9%6 i (ACC=0Q FOR CHECK SuM)
FRES %9 00 03 162 PRENIDI3 EOR  HMBUFZ2-2 v 5 CUMBINE WITH PREVIOUS
VIET 29 3F L83 PREMNI(BZ2 AND #%3F i STHIP GARBAGE G179
F2ED AA 184 - TAXY T FURM RUNNING CHUCK Zum
FQEA BD S5 F3 185 t.DA  NIBL. X » GET ENCODED EGUIV
F2ED 99 01 03 186 STA NBUF2-1,Y i REPLACE PREVIQUS
F2FC B9 00 03 187 LDA NBUFZ-2, Y i RESTURE ACTUAL PREVIOUS
F2F3 88 188 Ty
Feard DO OEE 139 OME FREMID X , LI UNT L ALLL UF NBUFR 1S5 CONVERTED
e 29 3F 1< ANTY #$3F
FaFg. 59 L1 02 191 PRENIB4 EOR NBUF1+1.Y i NOW DO THE SAME IFOR
F2FB: AA 192 TAX ,NIBBLE BUFFER 1
F2FC BD 93 F2 193 LDA HNIBL. X i TO DQ ANY BACK TRACWKING (NBUFLI-1)
F2FF 99 00 02 194 STA  MBUFL. ¥
F30& B9 01 0& 19% L.DA HNBUF1+1. Y CRECOVER THAT WHICH 1S NOW ‘PREVIOUS’
F30%: C8 196 INY
F306.00 FO _ 197 BNE PRENIB4 e
F308° AA 198 TAX i USBE LAST AS CHECK SUM
Fave Bn SS F3 199 (.DA  MIDBL, X
oG 8% 96 200 STA CKSUM
F30E 4C 4C F3 201 JMP  SETIMEG i ALL DONE.
F311. 203 FANRBRRRPRRRERBERRRRF T 5 o HE®
F3i1 204 + . *
F3il 203 = POSTMIBLIZE SUBK *
Fin 206 # 15=-SECTIOR FORMAT *
F3t1 207 # °
F31t: SOB BN R RN
F311. 7 209 #
F311 AO 35 210 POSTNIB16 LDY #$53 ,FIRST CONVERT TO & BI1T MIERLES
FA13 a9 00 211 LDA  #80 CTNIT CHECK Sum
F31% RPE 02 03 212 PNIRLL L D% N2, Y L GFT OENCODET BYTE
F118. 5D 00 F3 2173 EQR  DNTDL. X
F31B 99 02 03 214 STA NHUFZ, Y ,REPLACE WITH & BIT EQUIV
F31E 88 213 DEY _
F31F 10 F4 216 BPL PNIBLI i LOOP UNTIL DONE WITH NIBEBLE BUFFER 2
F3a1 €8 al” Y MNOW Y=O
F 32z Bt 00 OZ 218 PHIBL: DX MBUFY, Y L DO THE SamME Wl e
F32% %D 0 FX 19 P DMLIBL. X
F3a8. 99 00 02 <20 STA NBUFL, Y NIBBLE DBUFFER 1
F32B:CB 221 MY ;DO ALL 2%4 BYTES
F32C . [LO F4 222 BNE PNIBLZ2 ,
F32E Ab 96 223 DX CKEUM , MAKE SURE CHECK SUM MATCOHES
F330. %D 00 F3J 224 PR DMNIBL X CBETTER BE ZFEis!
F33 38 22% GEC CAMNTICIPATE ERROE
F334: DO 16 226 BNE. PUSTERR , BRANCH IF 1T 1%
F33&4 A2 96 Q27 POSTI Il.DX w834 S INIT NBUF2 INDEX
F338 CA 228 POST2 DEX - ;s NBUF IDX $%55 TO 30
339 30 FB a9 Bl POST P WRAPARCUND TF NES
338 B9 00 OR2 230 LA MBUFLY
33K 9E 03 03 231 L5k HBUF2. X SEHIFT 2 BLTS FRIM
F341. 2A 232 ROL A P CURREMT MBUFE NIDL
F342: %€ 02 03 233 LSRR MBUF2, X ; IMNTO CURRENT NAUFL
345 2A 234 ROL A i NIBL
F346 91 9B 238 aTA  (BUF), Y S BYTE OF USER [ATA
F348 C3 236 Lrey S NEAT USER HBYTE
F349 DO ED 237 BNE POST2
F34B: 18 238 CcLC ; GODD DATA
F34C 239 POSTERR EQU +
F34C: AD DF FF 240 SETIMES LDA  ENVIRON
i“34F 09 B0 241 URA RONEMEG SETOTO O ONE MESAHERT CtUCh‘HATE
t3%1. 8D DF FF edc STA EMVIRON : ]
F3%4 &0 243 SEV RTS , (SEY USED TO SET VFLAG
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F 399

F395

e
Pt

F 9%
F39%

FT?L"JE{-
Fass
Fags.
F395

Frat

Fli9s:

F395:
F3995.

F39%.
F300.
F3%6 00 01 98
F329 99 02 03

5. 96
- 98
L. GF
- AR
CAE
B3
7 By
CBA
. BD
OB
73 CF
76 D7

93¢,

. DE
- Eé&
dEA
S ED
Fles:
F2gn:
FI2ek:
%1
F394:
F39%.
F395:

F2
Fo
FC
FF

Q0

GF7
oD
(1Y)
AC
AF
G4
B7
EB
PE
cD
L3
1937
Iy
LF
E7
ER
EE
F3
Fé
F
FD

G4
e
-¥4
AD

-3
Oy =%

BS
B2
B
BF
ce
D&
DA
Do
ES
E?
EC
EF
Fa
7
Fi
FE

43
245
246
247
248
249
250
251

e
252

2953
254
259
256
257
258
@59
20
261
262
263
264
265
Y
257
2462
267
27¢C
a7

72
272
a74
275
276
277
272
279
280
282
283
=84

4T,
i3 -

2836
287
=286
289
290
29

NS
293
294
29%
296
297
252
299
300
301

4,383,296
4“4
HHFT R ERHRR R EFEREREDR B E RS
# 3
# &-BIT TO 7-BIT #
* NIBL COMVERSIOM TABLE
¥ L
3 9% 3 36 3 3 36 303 36 3 6 A kR e
*® ¥
#  CODES WITH MORE THAN
#  ONE PAIR OF ADJACENT +#
# ZEROES OR WITH NO *
¥ ADJACENT ONES (EXCEPT ¥
# 37) ARE EXCLUDED. #
* +*

HHHFHEREFFERFFRAR SRR SRS

NIEL. DFE %96, $97. £9A
DFR €98, 3290, €9FE
DFE  €9F, $AL. $A7
DFB $AB. $AC, $AD
DFBR %AE, $AF, $B2
DFE $B3, $B4, $BS
DFE $Bé&. $B7, $B%
DFR $BA, £BB, ¢RC
DFE <€RD, $BE, $BF
DFR %CB, $CD. $CE
DF2 sCF, $D3, $li6
DFB D7, $D%, $DA
DFB DB, $DC, $ID
DFE €DE, £DF, $ES
DFR  $E4&, $E7, $E9
DFBE $EA., $EB, $EC
DFB $ED, $EE, $EF
DFE $F2, $F3, ¢F 4
LFB $F3, 3F6. $F7
DFE $F9, $FA, $FD
DFE  $FC, $F[, ¢FE
DFE  &FF
96 3 0 45 3 369 3 36 96 3 3 0 36 36 3 I 39 36 3 3
# 7-BIT TO &-BIT *
® "DEMIBLIZE " TaBL #*
#* Li6-ZECTOR FORMAT) #*
* 3*
#* vaLID CODES *
#* $94 TO $FF ONLY. *
13 B°s
® ] %
¥ JUNES WITH MORE THan o+
= (DNE PAIR OF ADJACEMNT #
* EROES OR WITH NO #
* ADJACENT ONES (EXCEPT *
* BIT 7) ARE EXCLUDELD +#

[TEET TN LT EL L AL L0 2 g 8 b

. . BRK _ :

DN1BL EQU REGRWTS+$300
DFE  $00, $01, $98
DFE %99, $02, $03

ONE 3YET LEFT OVER
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F35F
FRAR

F3Aa8

F AL
F3k
Fak4

a0l
=302

F3le

F3D2
F3D%

F3DE

F3E4
F3E 7

FEEA

PR

F3F9

F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F40Q:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:

F39¢:

F3AS-

F3AB.

F3B7:
F3BA:
F3BD:

F3C9
F3cc
F3CF:

F3D8-

F3DB:

FIEL:

FRED:
F3FO.
E3F3.

F3FC.
F3FF:

?C
06

A

AS

AB
09
ocC
B1
10
13
15
18
co
c3
b
co
cC
1€
D2
P35
D8
24
27
E1l
E4
2R

[=

30
FO
34

37

39

3

wd Nt

3F

04
AQ
A3
07
AQ
OA
oD
OE
11
B3
14
12
()
.3
C7
CA
i1C
Do
1F
20
P
25
28
-~

(=X

-
=

£8
=k
31
Fi
33
54
3A
3D

0S5
Al
A3
1¢]=]
AA
CB
Do
OF

sl
[

14
17
1é

[

c2

£33

2C

2F

-
=

33
34
Fi
30

3E

342
343
344
345
346
347
348
349
350
351
352
353
354
355
3596
357
356
359
360
361
362

4,383,296

‘DFB 49C. $04, $C5
DFB 406, $A0, $41
DFB_ $A2. $A3. 44
DFB  $AS, $07, $08
DFB  $A8, $AG, $AA
DFB  $09, $0A, $0B
DFE  €0C, $0D, $BO
DFB  $l1, $05. $CF
DER $10, %11, %12
DFB %13, $B8, $14
DFE  #15, $16, %17
DFE %13, $19. $1A
LER 400, 201§
LEBR %03, $C4. 30D
T3 4ChH. 2CT7 08
DFR  $C9, $CA, $1B
DFB  %CC, $1C. $1D
DFB $1E, $DO, $D1
LF $DR. $1F. D4
DFE EDS. $20, T2
LER $DA. $22. $27
DFB  $24, $25, $26
DFL  $27. $28. $£0
DFR  $F1. $E2. $£73
NFR $E4, $29. $24
DFBE $2D. $ES. $27
DR $20. $2E. £7°F
DFB  $30. $31, $7232
DFB $FD, $F1, $33
DFR  $34. $35. $73&
DR $37. %36, §F &
OFD $739, $34. £040
DFR  $3C, $3D. $2€
DFR $3F

L2 2222222222 L 2 8 22l et bt gy

#*
#*
#*

*

FAST SEEK SUDROUTIME %

+*

36 36 % 30 36 3 3 3 3 3R 3 S SR SE SR SR SR R e 3 K 3

B ok % %k ok ok k % ok & ok % ok % %k Kk % ¥ %k % %k

--—= OM ENTRY -—--

X-REG HOLDS SLOTNUM
TIMES $10.

A—-REG HOLDS DESIRED
HALFTRACK.
{SIMGLE PHASE)

CURTRK HOLDS CURRENT
HALFTRACK.

=== ON EXIT —=-=-
A-REG UNCERTALN.
Y-REG UNCERTAIN.
Xx~REG UNDISTURBED.

CURTRK AND TRKN HOLD
FINAL HALFTRACK.

% & % % ok ok ok % ok ok ok ok ok %k ok & Kk X Xk %k Xk

46
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F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F400:
F402:
F404:
F406:
F408:
FA40A:
F40C:
F40E:
F40F:
F411l:
F413.
Fa195:
Fa17"E6
Fa19 90
Fa1B8 69
41Dy Ca
FalF C9
Fa21. 90
Fa4g23 AS
Faz2%5 C9
F427 BO
F429 AQG
Faza 3t
Fa4zB &0
FAQE B9
F431 20
EaA2d AY
Fake 13
2N
Faa3A
430
440
raan
Fa4a43 20
Fa4 " 18
F448 AS
F44n 29
FraC A
g
a4 AA
Fane 2D
Fa53. Aé
Fa5%: &C
Foitoe

Fate

[P

L L

B9
20
Eé6
Y

20«

S0

70
96
@5
-}
36

ec
03

20
81

Fa
Fa
Fa

Fa
Fa
Fa

-4

4,383,296

47 438
343 # 3*
364 # PRIOR HOLDS PRICR #
365 # HALFTRACK 1F SEEK #*
366 # WAS REQUIRED. #
367 # #*
368 # MIONTIMEL AND MONTIMEH *
369 # ARE INCREMENTED BY #
370 = THE WUMBER OF #
371 =* 100 UZEC GUANTUMS #*
372 * REQUIRED BY SEEK #*
373 = FOR MOTOR ON TIME #
374 + OVERLAPR. #
375 # *
37¢& # —~-- VARIABLES USED ~-- #
377 # +*
378 # C(CURTRK, TRWN, COUNT, #*
379 # PRIOR, SLOTTEMP *
380 *# MONTIMEL, MONTIMEH +*
381 = #*
382 HHERAFRBFHRATRHFF R FFEFE RN
382 SELWK STA TRKN i SAVE TARGET TRACHK
384 CHMP  CURTRK ; ON DESIRED TRACK™
385 BEQ SETPHASE ; YES, ENERGIZE PHASE AND RETURN
386 LDA #$0
337 STA  TRKCRT i HALFTRACK COUNT
388 SELCKX DA CURTRK ;i SAVE CURTRK FOR
389 STA PRIOR i DELAYED TURNOFF
390 SEC
391 SBC  TRKN i DEL.TA-TRACKS.
392 BEQ SEEKEND i BR IF CURTRK=DESTINATION
393 RCS GUY (MOVE OUT. NOT TH:
324 EDR #SFF CALC TRKE TO GC
393 INC CURTRK INCR CURRENT TRACK (IN)
396 BCC MINTST (ALWAYS TAKEN)
397 0Out ADC #SFFE , CALLC TRKS TO GO
372 LecC CURTRK s DECR CURRENT TRACK (U1
RRY MIMTIY O THRACMNT
400 BCC MAXTST AMD “TRKS MOVED
401 LDA TRUCNT
402 MAXTST CMP  #%9
423 BVS STEPD2 S, 1P THECHT 88 LEAVE ¢ AL ONE [ Y=$8)
404 OTLF AN ,ELGE SET ACCELERATTION INUEY IN v
359 L
406 STEP« JOFE  SETPHASE
497 LDA  ONTABLE., Y PR VONTIME !
408 JSR MSWALT S (LOO USEC INTERVALS)
409 LDA PRIOR
d1C (WY , FOR PHASEGFF
a1 LGk CLRFHASE TURMN OFF PRIOR FHACE
412 LDA OFFTABLE, ¥ THEN WAIT "OFFTIME-
413 JSR  MSWAIT (100 USEC INTERVALS)
413 INC  TRKCNT ‘TRACKS MOVED’ COUNT
41« BNE  SEEKZ (ALWAYS TAKEN:
Fle SEUKIND JGKH MGWATT ySETTLE &5 MSEC
13 e L. i SET FOR PHASE OFF
413 SETPHASE LDA CURTRK i GET CURRENT TRACK
419 CLRPHASE AND #3 i MASK FOR 1 OF & PHASES
320 ROL A s DOUBLE FOR PHASEUN/OFFE THDEX
4 DR LBRLOT
[ e Tax
a:. LA PHASECFF, X  TURN ON/OFF ONE. PHASE
=4 LDX IBSLOT i RESTORE X-REG
425 SEEKRTS RTS . AND RETURN
427 BecohaiABaRFERT L ERRERCHRE NS
428 = #*
ALYk MSWALT SURRCUTING ¥
FURR S
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[
Poa
Ot
[ BEEP Y

S

P 4
G
Voo

01

o

1D
270

22

1D

30

]
=

1ic

~y
=9

1F
1C

28
1E
1c
2o
1E
1C

- 474
475

-

476
a7
a7e
479
480
481
ag2
453
484
485
486

OFFTABLE DFB

4,383,296
50

| I A S ah I ol
# 3%
« DELACS A SFECIFIED &
* HUNMBER DF 100 USEY -
VR EROSALTY B MY
. G TN .
© -
- OM ENTEY - p
0 -NEG MO NUMBLR
- STRNE EANERRA K
PR SN S T
DB g
- S I FRIT e - *
+ 2t
i tel L [ 3] t
i i
i NS
< R Y I
2
» ST I ISERHPR R L «
s ApE LT Eoo
E-3 . ! -
- ] —~ 14 §
o *
« UM -
2
M i
= 33~ T Fe. U} 3
ISP Lo W
ML DEw T !
I PR M RXA VR
RS HE i
T { t H
) T Y
M s SE
pPRLE wE RERIE -
RRE MRWEATT AR
[

36 9 36 96 35 3 36 I 9 I 3 36 I 3 3 3 3 WA I W

# PHASE ON-, OFF-TIME
#  TABLES IN 100-USEC
*  INTERVALS (GEEK)
*
36 45 3 3t 35 36 3 3 3% 36 3 3¢ 3 36 I 2 3 b M % W I 3 3%
ONTABLE DFB 1, $30, $28
DFE  $24, $20, $1E
DFR  $1D. $1C, $1C
$70, $2C, $26
$22, $1F, $1E
$1D, $1C, $1C

¥ & ox ¥ %k

DFB
DFB
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F4A8

348
300
Fass
FaA8
F3AR

Frai /R
b ans

Fraas

fF4A8
F4A8

F A5

Faag
FEDY
FFD8
FFD®
WIS
Fant

Fas
FAAF
F4AR

Al
Ay
[T
Fanpg
FABY
FAR<e
FaB"
Hac:
FaC3

FA4AB:

VSR

F4A8:

Fangd.

Fans 2

F4a79. 86
F47B:
Fa&47D.
F47E
Fa&a7F
Fag81 .
F4aga:
F484-
Fa85
F437
F488
F48B:
F48D:
F490: BO
F492
Fa494-
Fa74 EH
F498: 2

F49R"
F49D-
F49F
4A0
Faa0
F4AQ.
F4A3:
FaAa&

[

AO
48
G
20
88
Do

£8
a9
A8
e
85
20
Eo

E&

Cé
AS
€0

20

Ae
v

o=

8L v
Al £F

AL D9
Al D2
10 02

ALY e T

83
03

83

FA

A0
84
00
JB

84
=4
00
86

88

04
01
-0

Fr
FE

SE ]

F
FF

IS

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

;WAIT FOR ONE OR THE OTHER TO GC LOW

T

4,383,296

51 52

488 BLOCKIO STX IBTRK

489 LDY %83

490 PHA

491 TRKSEC ALBL A

452 ROI. IBTRK

493 DEY

494 BME TRKSEC

4995 PLA

495 AND  #3$7

4327 TAY

498 LDA  SECTABL.Y

499 STA IBSECT

S00 JSR REGRWTS

501 _BCS QUIT :

5G2 INC  IBBUFP+1

503 INC  IBSECT

504 NG TBSECT

505 JSR  REGRWTS

50% DEC IBBUFP+1

507 QUIT LD&  IBSTAT

S5 RYT

BG &

S10 SECTARL EGL s

511 DFR %0, $4, 8

513 DFR 49, D

S1d4 #

MY IR R IE I N R R R R

* B o ) *

* JOYSTICK READ ROUTINE *

* *

& ® B ow ¥ P oo F R R F F How o #*

* ENTRY ACC= COUNT DOWN HIGH #

* XY= DOMN‘T CARE *

¥ *

£ FXIT  ACC= TIMER HIGH BYTE =

= ¥= TIMER LOW BYTE #

* CARRY CLEAR *

* 3#*

* IF CARRY SET, ROUTINE #

#* WAS INTERUPTED % #*

* £ LY ARE INVALIL "

® 9 * & & F £ & ¥ ®# & B o= BN

#* -

TIMLATCH EQU $FFD9

TIMERIL EQU SFFDB

TIMERIH EQU $FFD9

JOYFDY  FGU $C066

2+

ANAL 06 EGU = ; CARRY SHOULD BE SET!
STA TIMLATCH i START THE TIMER!

ANLOG! DA INTERUPT
AND JOYRDY
BiMl  ANLOG1
L DA JAYRDY JWAY 1T REALLY THE JOYSTICKT
Ml GNIDTIME , NOPE, FORGET [T
CL.C ; TIME’S A SLIP SLIDIN AWAY
L.LA TIMERILH , NOW, WHAY TIME IS
LDY TIMERIL
BPL.  GOODTIME ; TIME WAS VALID!
LDA TIMERLIH i HI BYTE CHANGED

GOOLTIME RTS

exs DUCCESSFUL ASSEMBLY. NO ERRORS
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FOED
F4Al
F123
FOS0

97
F300
?CO8B

EO
PFOAL
FoeER

32

84

83

522
FALF
o088
FAB4A
FRans
FF2Ac

g0
Toos
Faz2z
Fatl
PG
coec
14D
F17E
t1afF
Fifa
F 13D
F19n
143
F14aa
TETING
a4
Fa449
ELR2Y
FFDY

9

SR

]
oo
mom

g

T T
DR

=

*

< f

D
0200
cO80
€089
co8D
FO31
FO50
FO7F

TFOAL
FOC7
FOE?

TF 106
F12%

4,383,296
53
AL.DONE ¢ FOFO ALLDONE F119
ANLDG1 W79 BLOCK 9B
CHKDRY F13D CKDRYS 96
CONWALT FOC7 CORRECTSECT PFODF
csSTV 37 CSUML as
PMIBL FO31 DRIVSEL coBA
DRV1EN FOLES DRVERR F13E
pVMOT FFDF EMVIRON 9F
GOCAL F&C4 GRODTIME PF116
HNDI_ERR a0 HRDERRS 8%
IBDERR 9z IRDRYN 20
IBSECT 81 IRSLOT 89
IBTRK A1 IBWPER 8B
I10BPDM CO6& JOYRDY 95
MINTSY MO T IMEH 99
MOTOROFF MG TORDN Fasg
MSWALT MYSEEK 0200
NIBL MODR IVERR Fo8D
MNOWRITE NXOFF F4a70
ONEMEG OMNTABLE F41D
PHASEN FHASOMN TCOB0
PMIRL2 POGT1 F338
POSTHIRLS PREMINI 206
PRENIB2 PRENIDA 9D
Q&L Q7H COBE
RD1 RD2 F1e2
RDSA DS F192
?O& RDAL Finp2
RDAS 2 RDAYS Fa0a
RDADR1£ RDAFLD F1cD
RDCKSUM RDERR F217
READ1& REGRWTS 93
REYNC FOBB RTTRK Faa0
SEEKT FAGA SEEKZ 94
SEEREND TE4%E SEEKRTS Fand
SETPHASE F125 SETTRK F354
STEP 97 TEMP FFD9
TIMLATCH 99 TRACK 5
TRKM1 FA7E TRKSEC FOB&
TRYTRKZ Fi365 TRYTRIK 7F
YRYFRST Fa71 WDATAR Fae1
WINMTRPT FbA WMIDLE ?F2RF
WNIRLS "267 WNTRPT1 Fa95
WRIT TF223 WRT1 Fasa
TWOMEG 80 IBMODRV 80
1BSLOT 81 IBWPER g2
IRRERR 83 IBTRK 84
IDRUFP 87 IBCHMD 88
IBRSMOD 8A I10BPDN 8B
RETRYCNT 94 SEEKCNT 95
COUNT 96 CKSUM 97
TEMP 98 SECT 99
TRACK 9A MONTIMEH 9A
PRIOR PE TRKN 9F
MNBUF 1 0302 NBUF2 cots
PHASEOFF 7C081 PHASON 2¢081
MOTORON CO8A DRVOEN 208D
Qb6H COBE Q7L COBF
DR IVSEL FO3D DRVWAIT FO44
CONWAILT FO60 NUODRIVERR FO&S
TRYADR FOB& TRYADRZ FO8B
GOCAL FOA7 RDRIGHT FODB
CORRECTSECT FOEQ ALLDONE FOES
ALDONE 1 FOF3 NOINTR2 FOF9
SEFEK1 7F116 GOSEEK F119
SETTRK Fi12B CHKDRY F12D

ALLOFF
RUF
CKSUM

CORRECTVOL

CSUM
DRYVOEN
DRVINDX
EMVTEMP
GOSEEK
IBRUFP
IBNODRV
IBSMOD
IMASK
LAST
MOMT IMEL
MSH1
NRUF
MOINTR1
OFFTADBLE
ouT
PHSOFF
FOST2
PREMNID16
PRIOR
Q7L

RD3

RDé&
RDAZ
RDA&
RDASM1
RDEXIT
RETRYCNT
SECTABL
SEERCNT
SERVICE
sev
TIMER1H
TRKCNT
TRYADRZ
TUWOMEG
WDATATZ
WHIBL.
WRCKSUM
WRTFRST
HRDERRS
IDDERR
IBSECT
IBSTAT
IMASK
LAST
cSsTV
MONTIMEL
VOLUME
EMVTEMP
JOYRDY
PHASEON
DRVIEN
Q7H

O
TRYTRK
NOINTR1
RTTRK
DRVERR
WRIT
ALLOFF
CHKDRV1

PF4A8 ANALOG
F12D CHKDRV1
FAa4A CLRPHASE

9% COUNT

8C CURTRK

85 DRVOTRK
FO3D DRVHWAIT
TFOAQ GOCAL1L
F1BA GOSERV

87 IBCMD

83 IDBRERR

88 IBSTAT
FFEF INTERUPT

MAXTST

FOAE MOTOF
F4a1 MSW2
2 NBUFZ2
FOF3 NOINTR2
F044 OK
COB0 PHASEGFF
F31% PMIBL1
F34C POSTERR
PF2E7 PRENIB2
cO8D Q&H
F49D QUIT
F16B RD4
F1AS RD7
F1DD RDA3
F20E RDA7Y
FI1C1 RDASYN
FOA7 RDRIGHT
952 RSYNCH
98 SECT
F400 SEEWK
F34C SETIMEG
F423 STEF2
FFD8 TIMERIL
9E TRKM
FO7F TRYADR
9A VOLUME
F218 WEXIT
2BD WNIBL.7
Fa19 WRITELS
30 WSYNC
80 ONEMEG
2 IBDRVN
85 DRVOTRK
89 CSUM
8C GURTRK
95 TRKCNT
97 CSUM1
99 TRKN1
98 BUF
EO DVMOT
2C080 PHSOFF
CcO088 MOTOROFF
cO8C Q&L
FOOO REGRWTS
FO4E MOTOF
FO7B TRYTRKZ
PFOAC GOCALL
2FOBF CORRECTVOL
FOES HNDLERR
F105 MYSEEK
F11B NXOFF
F13D CKDRTS
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SO0

CO0S
coio
o e dalet
Cco47
Jia
CQée
G

olalulen
00CU.
0200:
0000
Q001
QQ00:
0C10:
0018,
oU19.
QO1A:
0087
0085
[olel B

COsh

LoE
COFX:
COF 3.

DRYINDX
RSYNC1
RDS

RD7
RDADR 165
RDAZ

2 RDAS

WEXIT
WINTRPT
WMIDLE
NOWRITE
WNIBL
PRENIRZ
PNIDL1
POSTERR
SEEK
MAXTST

SETPHASE

MSW1
BLOCKIO
ANALOG

TIMLATOH

)

b

4,383,296
F148 READLS F14A RSYNC
F157 RDZ Fi62 RD3
F17E RDGA F192 RDé
F1AF RD8 F1D8 RDERR
F1C1 RDASYN F1C8 RDAl
F1DD RDA3 F1E8 RDAFLD
F204 RDAbL F20E RDA7
F219 WRITELS ?F223 WRT1
F226 VRYFRST F258 WRTFRST
F271 WDATAZ F281 WDATA3
F2B3 SERVICE F2BC WMIDL?
F2C6 PREMID1A F2CA PRENID1
F2F38 PRENIDBSG F300 DNIDL
F322 PNIBLZ2 F33& POSTI1
F34C SETIMEG F354 SEV
F40A SEEKZ2 F41B OUT
TF489 STEP F42D STEP2
Fa4A CLRPHASE ?F45% SEEKRTS
F461 MSW2 Fas67 ONTABLE
FA7E TRWSEC Fa9D QUIT
F4AB ANL.OGI1 F4c4 GOODTIME
FFD? TIMER1H FFDF EMVIRON

BRI TARFRIAFIRBRIFRFS A 2w XA RN

-

w*EARA DIASKNDSTIC TESYT =IUTiNg S
g
S 3T
# oW
> wl BROED7 I % R LABHLEY
=
CSCOREYRIGHY 15977 BY ARFLE COivTuTeR

WA R T REFX AR A FIRRXIRATEFCR D
203 U $1 FOR RAM w77 L0

EQU BT

LRPGIHE
i+

SN
LDOMD
I3BUFP

$FF

$1400+PTRHI
$1800+ZIRFGIL
KYDPD EGU #CO00

i KEYBI EQU #0038

{010

$££058

$C047

= GRmMD EGU $C0S50
TH M =Zqi) $CO5B1
B8CO&H

¥ $.0D0
ACTAST 3COF1L
ACIACGM  EQU  $COF2
AClAalN ey %COF3
SLT1 FGU $C100
SO A EQU  $C200
T3 HLu BCEO0
SLY4a Fips ¥CA00

EXPROM EGU SCFFF
IPREG EQU  $FFDO
SYsD1  EGU  $FFDF

F14D RD1

F16B RD4

F19D RDCKSUM
F1BA GOSERV
F1CD RDASN1
F1EA RDAS
F217 RDEXIT
F230 WSYNC
F267 VWNTRPT1
F295 WRCKSUM
F2BD WNIBL7
F2E4 PRENIB3
F311 POSTNIB16
F338 POST2
F353 NIDL
FA41F MINTST
F444 SEEKEND
F456 MSUAIT
F470 OFFTABLE
F4A0 SECTABL
FFD8 TIMERIL
FFEF INTERUPT

TRIJELY ROM
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57 58
FFDR. 46 3YS8DE  EGU SFFD2
FEDA. 47 SYED2  EGJ  $FFD3
FFED: 48 SYSEQ AU  SFFEO
FFEF. 49 DNASW  EGU $FFEF
FFEZ 50 SYSE2 EQU  SFFE2
FFE3: 51 SYSE3Z  EQU S$FFE3
Foos: 52 SOUT EQU $FC2B
FDO7 - 53 CROUT1 EQU $FDO7
FLGE - $4 WEYIN  EQU SFDCF
FBCY: 5% SETCVH GQU $FBC7
FD98: 56 CLDSTRT EQU $FD9S
FD9D: 57 SETUF  EQU S$FDYD
FoO1- $8 MONITOR EQU $F901
0000 59 »
————— NEXT DBJECT FILE NAME IS DIAG. OBY
F4CS: &0 ORG $F4CSH

F4C95: 00 Bl Bz &1 RAMTBL DFB %O, $Bl, B2, $BA, $BF, $10, %0, $13
F4C8: BA B? 10

F4CB: 00 13

FacDh: 62 CHPG EQU =*

FACD: 52 41 CD &3 DCT ‘RAM/
F4ano: 52 4F CD &4 DCI  ‘RCM7
F4D3: & 49 C1 67 RCL  HIAaY
FaDé: 41 43 49 &é& DCI ‘ACIAT
F4p?:Ct

F4DA: 41 2F C4 7 DCI ‘A/D’
F4DD: 44 49 41 &8 DCl  ‘DIAGMDSTIC”

FGEQ: 47 GE 4F
FGE3: 53 54 49

F4Eé&: C3

F&4E7: %A DO &9 pc1 ' ZE

F4E9: 52 45 54 70 DCI 'RETRY’

F4EC: 52 D9

F4EE: 71 *

F4EE: 72 % SETUP SYSTEM

F&4EE: 73 %

F4EE: 74w

FAEE: A9 53 75 LDA #352+R0OM TURN OFF SCREEN, SET 2MHI SFEED
F4F0: 8D DF FF 74 STA SYSD1 AND RUN OFF ROM
F4F3: A2 00 77 LDX #800 SCT BANK SWITCH YO ZERO
F4FS: 8E EO FE 78 8TX SYSEC

F4F8: BE EF FF 79 STX BNKSW

F4FB: BE DO FF 30 STX ZPREG AND SET ZERO PACGE SAME
F4FE: CA g1 DEX

F4FF: 8E D2 FF 82 STX SYSDh2 PROGRAM DDR’S
FS02: 8E D3 FF 83 STX SYSD3

F90%: 9A 84 TXS

F50&: ES 8 INX

FS07: A9 OF B8& LDA #30F

F309: 8D E3 FF 87 STA SYSE3

FSOC: A® OF B8 LDA #$3F

FSOE: BD E2 FF 89 STA SYSER2

ES11: AD Q8 90 LDY #3506

F$13: 09 DO CO 91 DISK! LDA DISKUFF.Y

FSik: 88 a2 DEY

FS17:88 93 DEY

F518: 10 F9 94 BPL DISK1

F51A:AD O8 CO 95 LDA KEYBD

FS1D: 29 04 ) AND  #$04

FS51F: DO 03 97 BNE NXBYT

FS21:4C 89 Fo 98 JMP  RECON

Foa4d: ?F #

F524: 100 % VERIFY ZERO PACE

£524: 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
162

108
104
107
102
109
110
111

112
113
114
115
116
117
118
119
120
121

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
133
154
135
156
157
158
159
150
161

162
163
164
165
164
167

NXBYT LDa
NXBIT STA

cme
NOGOOD BNE
ASL
BNE
INX
BNE

CNTWR TXA
PHA
INX
BNE
DEX
STX

PULBT 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

* SIZE THE MEMORY

#*
LDX
NOMEM STA
DEX
BPL
#
LDX
NMEM1 STX
LDA
LDy
STA
cMP
BEG
JSR
STY
LDX
NMEM2 INX
CPX
BNE
LDX
INC
LDA
AND
CMP
BNE

#4608
ZRPG1, X

NOMEM

#$02
PTRHI
#$00

#SFF
(PTRLO), Y
(PTRLO)., Y
NMEME
RAM
ZRPG1, X
PTRHI

#s$CO
NMEM1L
#3820
BNKSW
BNKSW
#3$0OF
#3303
NMEM1

# SETUP SCREEN

ERRLP JSR
LDX
STX
DEX
8TX
8TX
LDA
STA
L.DA
STA
LDX
JSR
ERRLP1 LDX
STX
LDA

SETUP
#$00
SYSEO

sysba
SYSD3
#S3F
SYSE2
#$OF
SYSE3
#$10
STRWT
#3$00
cv
#$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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FY99: 20 C7 r2 168 JSR SETCVH (X STILL=O0 ON RETURN)

F9C. 20 38 F7 169 MR STRWT THE SAME SUBROUTINE

F99F A2 07 170 LDX #$07 FOR BYTES 7 - O IN

FSAL1’ 171 RAMWTL EQU =

F5A1:BS 10 172 LDA ZRPGIL, X OUT EACH BIT AS A

FS5A3: AQ 08 173 LDY #$08 © ¢« OR ‘1’ FOR' INDICATE BAD OR MISSING
F3AS5: OA 174 RAMWTZ2 ASL A CHIPS SUDROUTINE 'RAM’ RAM
F5A6. 48 175 PHA SETS UP THESE BYTES

FS5A7 A% AE 176 LDA #S$AE L2AD A 7 T0 ACC

F5A9 90 02 177 BCC RAMWTS

F3AR A9 31 178 LDA #3331 LOAD A "1’ TO ACC

F5AD 20 25 FC 179 RAMWT4 JSR COUT AND PRINT IT

F3SBO- &8 180 : PLA RESTORE BYTE

FSB1. 88 181 DEY AND ROTATE ALL B

F3R2 DO F1 182 BNE RAMWTZ TIMES

FSB4&4 20 07 FD 183 JER O CROUTI CLEAR TQ END CF LINE

FOHR7 CA 184 DEY

FSBB 10 E7 185 BPi. RAMWT!

F5BA: 186 #

FS5BA. 187 # ZPGLSTK TEST

FSBA 188 -

FSRA FA 189 TXS

F5BB 8C EF FF 190 STY BNKG&W

FSBE. 98 191 ZP1 TYA

FSBF 8D DO FF 192 STA IPREG

FSC2 85 FF 193 . STA STKO

FsC4 C8 194 INY

Fs7sS 98 195 YA

Fole 48 iS¢ FHA

FSCT7 48 197 PLA

F3C8 C8 198 Ny

F5Ce €O 2 199 CPY #$20

s DD F1 Britt  I¥

FECL as 00 LDy #3500

FOTF 2C DO OFY Sy LPREG

Fsbe 86 18 §T¥x PTRLO

FSD4& EB INX

F5NS 84 19 STx PTRHI

FS07 BA TXA

Forg DL o8 CmpP PTRL Gy

oA DO 06 208 BNE IP3

F5DC EO IF 209 CPX #$1F

FSDE DO F4 210 BNE  ZP2

FSED FO 09 211 BEQ ROMTET

FoE2 21z IP3 EQU CHIP IS THERE, BAD ZERD ARL SYACH
FOED A2 LA 213 LDX #31A S0 PRINT “ZIP’ MESEAGE

rFeps 0078 F7 214 JER  MESSERR % SET FLAG (2MHZ nMODE)

FSE7 2195 ¢

FRE7 2146 * RGM TEST ROUTIMNE

F3E” 217 +

FRET7 A9 00 219 ROMT=T  LDA #3085 SET POINTERS TO

FSEy a8 £1% TAY $FC00

FSEA AZ FO 220 DY REFC

FSEC. 85 18 221 STA PTRLO

FSEE: B6 19 222 STX PTRHI SET X TO SFF

FSF0O A2 FF 223 LDX #S$FF FOR WINDOWING I1/0

[ 1 AN B - 224 RUOMTSTL EOR (PTRILO)Y . ¥ COMPUTE CHKSUM ON

FREAL R 1Y aat CPY  PTRHI EACH ROM BYTE,

FSF6: DO 06 226 BNE ROMTSB8Y2  WINDOW OUT

F3FB:CO BF 287 CPY @SBF ___ RANGES FFCQ-FFEF
FSFA: DO 02 228 BNE ROMTST2

FSFC: A0 EF 229 LDY #$EF

FSFE:C8 = 230 ROMTST2 INY . __ . . - cmo— m = =
FSFF:DO F1 231 BNE ROMTST!
F&01:E6 19 232 INC PTRHI
F603: D0 ED 233 BNE_ROMTSTL  __ . .. o .-
F&05: A8 234 TAY TEST ACC. FOR O
F&06: FO 05 235 BEQ VIATST YES, NEXT TEST
Fe08:A2 03 = 236 LDX__#303 _____ PRINT ‘ROM’ AND
F&OA: 20 7B F7 237 JSR MESSERR  SET ERROR
F&0D: 238 »
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F&OD: 239 % VIA TEST ROUTINE .
F&OD: 240 #
FoOD: 18 241 VIATST CLC SET UP FOR ADDING BYTES
FeOE: D8 24: _ELp o e
F&OF: AD EO FF 243 LDA SYSEO MASK OFF INPUT BITS
F612:29 3F 244 AND #$3F AND STORE BYTE 1IN
F&14:85 18 243 STA _PTRLO _ TEMPOR. LOCATION __ = __
F&l16 AD EF FF 244 {.DA BNKSW MASK OFF INPUT BITS
F619. 29 4F 247 AND #$4F AND ADD TO STORED
F&l1B &5 18 248 ADC PTRLO BYTE IN TEMP. LOC.
F61D 6D DO FF 249 ADC ZPREG ADD REMAINING
F620:.85 18 250 STA PTRLO REGISTERS OF THE
F622: AD DF FF 251 LDA SYSD1 VIA’S
Fo25. 29 SF 2sz AND  #$SF (MASK THIS ONE)
F627 65 18 253 ADC PTRLO AND TEST
F&29 4D D2 FF 254 ADC 5YSDR2 TO SEE
Fo2e¢ 6D D3 FF 255 ADC SYSD3 IF THEY AGREE
Foef. 6D E2 FF 256 ADC SYSE2 WITH THE RESET
Fe32 6D E3 FF 257 ADC SYSE3 CONDITION
Fass €9 E1 a2s\ CMP  #$EQ+ROM =E17
FaIT E0 05 259 BEQ ACIA YES, NEXT TEST
Fa2 AR 06 260 LDX #3306 NQ, PRINT ‘VIA‘ MESS
Fo2ll 20 7B F7 261 JSR MESSERR AND SET ERROR FLAG
F a3k 262 *
e 3 263 # ACIA TEST ROUTINE
Fae 264 ®
oo 18 265 AC1A cLe SETUP FOR ADDITIOM
FOIIF A9 9F 268 1.DA #$9F MASK INPUT BITS
Fb41:2D F1 £0O 267 AND ACIAST FROM STATUS REG
F&644: 6D F2 CO 268 ADC  ACIACM AND ADD DEFAULT STATES
F&47:6D F3 CO 269 ADC  ACIACN OF COMTROL AND COMMND
F64A.C9 10 270 CMP  #$10 REGS. =107
54C FO Q5 271 REG ATD YES, NEXT TEST
F&AE A2 09 ave LDX #8009 NO. "AC1&’ MESSAGE AND
F&S50:20 7B F7 273 JSR MESSERR THEN SET ERROR FLAG
F&S3: 274 #
F&53: 275 # A/D TEST ROUTINE
Fas3 276 # ) -
Fat3 A9 CO 277 ATL I.DA  #%$CO
F4%5% 8D DC FY 278 STA  $FFDC
F6o53 AD SA CO 279 LDA PDLEN+2
ba3B-AD SE €O 280 LDA PDLEN+64
FOsE. AD SC Co 281 LDA PDLEN+4 .
Fhal. AO 20 282 o I.DY #$20
Fab3: 88 283 ADCTSTI DEY WAIT FOR 40 USEC
Fé6&64 DO FD 264 BME ADCTST!
Féb6: AD 3D CO @83 _ _LDA PDLEN+3 SET A/D RAMP
F&b69 (B QRE6 ADCTSTI INY COUNT FOR CONYERSION
Foédn FO DA 287 REY  ADCERR (1 255=ERROR
F46C AD 68 T 28 L.DA  ADTOQ IF BIT 7 =1~
FL&F” 30 FB 289 BMI ADCTST3 YES: CONTINUE
F&71 98 290 TYA NO, MOVE COUNT TO ACC
F672: 29 EO 291 AND  #S$EO ACC<C32?
F474 FO 0S a9 BEG KEYPLUG
F&7¢ 293 ADCFRR EQU = NO.
F&7E A2 OD 294 L #3000 PRINT 'A/D’ MESS
F&678 20 7B F7 295 JSR  MESSERR AND SET ERROR FLAG
F&7B: 296 *
F&7B" 297 # KEYBOAD PLUGIN TEST
F478. 298 =
F&/78B AD 08 CO 299 KEYPLUG LA KEYBD 1S KYBD PLUGGED IN™
F&TE. OA 300 ASL A (19 LLIGHT CURRENT
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F&7F 10 41 301 BPL. SEX PRESENT?) NO. BRANCH
F&81 AD DF FF 302 LDA SYSD1 IS ERROR FLAG SET™
F&B84: 10 03 303 BPL RECON (2MHZ MODE) NO, BRANCH
taBs 4C 93 FT 304 JMFP ERRLP1 ERKUOR, HAMNG
FLE9- 305 =
F689: 3CE = RECONFIGURE SYSTEM
F689: 307 #
F489: 308 RECON EQU
F&B89. A9 77 309 LDA %877 TURN ON SCREEN
F68B 8D DF FF 310 STA  SYSDI1
FO&BE 20 98 Fr- 311 JGR CLDSTRT INTTIALLIZE MONITOR AND DEFAULT CHARACTER
F&o1 A9 10 e LDA  #$10 TEST FOR “"APPLE 1" SET
F&93:2D 08 CO 313 AND KEYBD
F&96 DO Q9 314 BNE BOQT NO. DO REGULAR BOOT
F698:2C 10 CO 318 BIT KBDETRB CLEAR KEYBOARD
F&98 AL 50 CC 318 {DA  GRMD
F&OE 20 01 F? 317 JER O OMONITOR ANL NEVER COME. BACK
641 A2 01 318 BOOT LDx  #y READ BLOCK ©
F&A3 86 87 319 STX IBCMD
F6Ab: CA 320 DEX
FoAL: B 83 321 STx 1BBUFP INTO RAM AT $A000
F&A8 AY AQ 302 LCA  #%A0
FuAA BS B4 373 LTA  [BBUFP+!
Feahl aAa 324 SR A , FOOR TRACK 80
F&AD 83 91 325 STA PREVTRK MAKE 1T RECALIDRATE TOGQ!
F&AF  BA 324 TXA
F&6BQ. 20 79 Fa 327 JSR  BLOCKIQ
F5B3 92 0A 3z3 Gee L0punT 1F WE'VE SUCCEEDED. DO IT UP
Fold Az 1C zae LDr #E1(
F&B7 20 38 F/ 3390 JER . GTRWT ‘RETRY ™
F6BA 20 OF FD 331 JSR  KEYIN
FeBD BQ E2 332 BCS BOOT
F&BF 4C Q0 A0 333 G0BOOCT 2MP $AQQO .60 TO IT FOOL. .
Feeld 34 v
F:CI F3% e QYSTIM LxERIISER
Fecz 3us =
FeCa AC 7F 337 SBEX LDY #»$7F TRYFROM
F&aCa4 98 338 SEX! TYA 7F 7O O
F&CB. 29 FE 339 AND  SSFE ADD. =
F&C7 49 4E 340 ECOR #84E 4EORAF ™
F&ls FC 03 341 BEG SEXZ YES., SKP
F6CB: B9 00 CO 342 LDA KYSD, Y NO, CONT
FOCE:88 343 SEXQ DEY NXT ADD —
F&CF: DO F3 344 BNE SEX1
F&D1: AD 51 CO 345 LDA TXTMD SET TXT
F&D4:B9_00 C1 344 SEX3 _ _LDA SLTL.Y _EXERCSE . ... - -
F&D7: B9 00 €2 347 LDA SLT2,Y ALL
F&DA: B9 00 C3 348 LDA SLT3,Y sLOTS
F&DD:BZ 00 €4 349 _ _ LDA SLTI&Y . e e -
F&EO: AD FF CF 3%0 LDA EXPROM DISADLE EXPANSION ROM AREA
F&E3: C8 asi INY
F&6E4: DO EE 3% . BME SEX3_ ... _ S -
F&ES: 353
FOE6: 334 # RAM TEST ROUTINE
FoEL: 355 B . ——
F&E6: A9 73 396 USRENTRY LDA #$72+ROM
F&EB: 8D DF FF 357 STA SYSD1
FGEB: A9 18 398 _ _LDA #s18B e
F&ED. 8D DO FF 359 ~8TA ZPREG
F&FO: A9 00 360 LDA = #$00
F&F2: A2 07 361 LDX__#$07__ - — S
F&F4:95 10 362 RAMTSTO STA ZRPG1, X
F&F6: CA 363 DEX
F&F7:10 FB 364 __ BPL__RAMYSTO . . _ — .
F&F9:20 84 F7 363 JSR RAMSET
F&FC: 08 364 PHP
F&FD: 20 F7 F7 367 RAMTSTI JSR RAMWT _— e
F700:20 F7 F7 3&8 JSR  RAMWT
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F703:
F704:
F70%:
F706:
F709:
F70B:
F70E:
F70F:
F712:
F713:
F715:
F717:
F718:
F719:
F71A:
F718B:
F71E
FT20
Frao
F720
F7e0
F7ae
F725.
e
TN
- "721)
FF72F
F730
F732.
F73%
F738
728
F7238"

ERIYS

[
f

}-
For=8.
F

¥

¢

¢

[ -4).‘"
743
Fras
£748
i 748
748
SEER
F749.
F74A
F744:
Fac
£ rap
A
Fraf
F TS0
F791:

C P

bA
o8
20
Do
20
o8
20
48
A9
91
&8
28
bA
08
20
DO

A
8D
8D
AL
ED
A3
CA
10
20
4C

pp
28
0Y
e
£
sl
10

Bl

48
8A
4A
44
a4
4
o8
44
28
AA
PD

AL F7
F2
84 F7

FB F7

00
18

Al F7
EF

00
EF FF
DO FF
07
10 18
10

F8
7€ F7
75 FS

ARSI A )

3

oYl FD

[
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67 68
369 PLP
370 __ROR A . __
371 PHP
372 JSR PTRINC .
373 BNE RAMTST1 o -_
374 JSR  RAMSET
375 PHP
376 RAMTST4 USR RAMRD _ ) .
377 PHA
378 LDA #800
379 STA (PTRLO), Y )
380 PLA
391 PLP
382 ROR A - . -
383 PHP
384 JSR PTRINC
385  BNE RAMTST4 i
386 »
387 # RETURN TO START
388 * S B ]
389 LDA ~#$00
390 STA BNKSW
391 STA ZPREG ]
392 LDX #$07
393 RAMTST6 LDA  PHP, X
394 STA  ZRPG1, X
395 DEX
396 BPL RAMTSTé
397 __ __ JSR ERROR . .
398 JMP T ERRLP

LB TIPS SIS Z S SR 22 22 20
300 # SARA TEST SUBROUTINES
GO %R I I N NI NN

402 =

40T o BUBERNDTYINE =TRING WRITE

454 0=

433 STRWT LDA  {HPG, X

406 PHA

407 GRA #$80 NORMAL VIDECG
& JSRO CUY % PRNT
a°'y INX NXT
10 PLA CHR
411 BRL STRWT

412 JMP CROUTI CLR TO END OF LINE
413 =

414 = SLEROUG TRE Kaad

415 »

$1& RAM Ii4a SV ACO
417 TXA CONVRT
41 ERA ADD TO
419 LSRR A USE FOR
2C LEFR A 8 EMTRY
G LSk E

a2 [+ H®

=3 LSRR A

424 PLP

42° TAX LOOKUP
A LA WA TBL, 6 IF /5l
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S b”

Lo
3
Fo
B .") oy

-

~
i
—
L

AN
LA 3w
e 29
TR AN
BTG M

~or

T
FU7E 20
TE AY

- 80

50

Arel
)
AT
A9

FTaC 38
R Y 3
R R )=
ETERDT RS
PG 09
73 8D
779 A9
bR e
7w A2

A
=8
&8
=19}

FTOF
FAa0:
el
f- "int
F 78

F7al 48

EF
CF

L
HN

R

c7

01
14
oG
AA

1é
=18
i9

b}

— )
1 SR QLIRS U

Py

FE

14

475
476
477
478
479
450
481

Rraliy

# SUBROUTINE

%
RAMGIT

&

w GULE U
4

PTRIMC
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HE

ST
l. D‘.«
AN
TAY

N .‘F. <
LA
)
)

[IER
AT«
L.DY
LDA
SEC
FRA
{27

™o

DA
ORA
STA
LDA
ST
| D
oty
FLF
A

RTS

ISR

BrHASE
HEOF

a0

RN A
)
5
(&}
)

¢ AR

1w el

A

e A0

[RNEE R

TTRWY
FHF2+FM
vyalid

RAMSET

#101
Bk

#%00
#HEAA

SK
#3880
IIINK
#4502
FiRHI
#E0OC
PTHLLO

Fitile PITRING

PHA

70
S0, GET
WHI"H

Bak
SET
FROPER
RAM

WAL LIE

CORED
T0 VAl

BAlk 3w
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F7a4 DO

Ty r‘ﬁ"f"
S .
LA N3

;

Forels FO
ey

i

.
i 5

F’ DR
. £

A

FUrs 9

FrEa 52

o M e T
-

ca A
(A ST
-
;
r '("
[N 34
. 1 W

— e - P
[N RV

333
334
538
9704
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THC
INE
PNA
I 1 S
T
O ME
BEG

e

B Ita
PIMCH A

AamibheR [ XY

} 2
RAMEIRRZ T

RAMERR3 JSR

T

R Ha0a | 0A
a

Bi- e

RAMEFRS SEC
5

e SULROGUT IME
3*
RAMWTY EOR

e
’a

PTRL.O
RETS
B
Pt
FTM]
#$13
PINC2
#6177
Pyt
il
PR
FPresil
RETE
BTk

A EET
2hin

AB 0

A e

PTRMI

LMK

T TN P Y

FobRET

#$20
BhKSW

RAM
#300C
(PTRLOY. Y

IRP31, X
ZRPG1. X

wp (7
JERS RN
RAMERR3
HELD
WAaMFRRZ
FarMuT

#EFF
CETRLO Y Y
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SRR 18 ST WAMING MECRTRLIY,
Vo e T 936 cHls RAMERR
CRE b 539 RTE

ses SUTTEEIFUL ASSEMDLY  ND ERRORS

COF3 ACIACN F&3E AClA COF2 ACIACHM
F&76 ADCERR F&e3 ADCTETL F&e6? ADCTST3
C0&é& ADTO F&53 ATD F479 BLOCKIO
FFEF BNKSW Fé&AL DOOT F4CD CHPG
F932 CNTUWR Fe2% caur FDO7 CROUTL
F513 DISK1 ) CODO DISKOFF F%75 ERRLP
F77E ERROR CFFF EXPROM F6BF GOBOOT

8% IBDUFP 87 1BCMD 1419 IBNK
COO8 KEYBD FDOF KEYIN F&70 KEYPLUG
F778 MESSERR FO1 MONITOR FS4F NMEM1
F32A NOGOOD F548 NOMEM F526 NXBIT
C058 PDLEN 1810 PHP F7B8 PINC1

?1 PREVTRK 19 PTRHI F7Al PTRINC
F93A PULBT F772 RAMQO F776 RAML
F768 RAMO F7DB RAMERR3 F7EA RAMERRA4
F7D7 RAMERRZZ F7F1 RAMERRS F7F3 RAMRD
F7810 RAMSET! FaCy RAMTEL F&F4 RAMTSTO
F70F RAMTST4 F72A RAMTSTS F3A1 RAMWT1
F?F7 RAMWT F5A5 RAMWTSZ F&89 RECON
FSF2 ROMTST1 FSFE ROMTSTZ2 FSE7 ROMTST
FBC7 SETCVH FRYD SETUP ° F&Ca4 SEXL
F6CE SEXe F&a SEXS3 Ci1GO STl
C300 SLT3 cano SL.T4 FF STKO
FFDF SYSD! FFDa2 SYSDhea FFD3 SYSD3
FFER SYSEZ FFE3 SYSE3 C0OS1 TXTMD
F&OD VIATST FSBE zP1 ) FSD4 IP2
FFDO ZPREG 10 ZRFPG1 N 00 ZRPG

Q0 ZRPG 01 ROM 10 ZRPG1

19 PTRHI] 1A BNK SD cv

87 IBCMD 71 PREVTRK FF STWKO
1819 PHP CO00 WYDD CO08 KEYBD
2C0A7 ADRS CO%0 GRMD CO%1 TXTMD
CO66 ADTO CODO DISKOFF COF1 ACIAST
COF3 ACIACHN C100 SLT1 C200 SLT2
CAQ0D SLT4 CFFF EXPROM F479 BLOCKIO
F4CD CHPG F513 DISK! FS524 NXBYT
FS2A NOGOOD F332 CMNTWR F33A PULBT
FS4F NMEM1 FS62 NMEM2 FS7% ERRLP
F5a1 RAMWTL F3AS RAMWT2 F3AD RAMWT4
F5D4 IP2 FSE2 IP3 FSE7 ROMTST
F3FE ROMTSTR2 F6OD VIATST F63E ACIA
Foé&3 ADCTSTI F&&69 ADCTSTS F&7& ADCERR
F&89 RECON Fb6A1 BOOT FeBF GOBOOT
F6C4 SEX1L F&CE SEXQ F&D4 SEX3
F&F4 RAMTSTO F&FD RAMTSTI F70F RAMTST4
F738 STRWT F748 RAM F760 RAMO
F774 RAM1 F773 MESSERR F77E ERROR
+F78D RAMSET1 F7A1 PTRINC F7B& PINC2
F7C3 RETS F7C9 RAMERR F7D7 RAMERRZ
+7EA RAMERRA4 F7F1 RAMERRD F7F7 RAMWT
F9N1 MONITOR FBC7 SETCVH FC2% COUT
FDOF KEYIN FR98 CLDSTRT FD9D SETUP
FFD2 SYSD2 FFD3 SYSD3 FFDF SYSD1
FFE2 SYSE= " FFE3 SYSE3 FFEF BMKSUW
——-= NEXT OBJECT FILE NAME. IS MON. OBJ

F7FF. 2 _ DRG SF7FF
F7FF 3%

74

COF1 ACIASTY
7C047 ADRG

1A BNIK
FD98 CLDSTRY

5D CV
F593 ERRLP1
€050 GRMD
C010 KBDSTRB
COQ0 KYDBD
F362 MMEMR
F324 NXDYT
F7B&6 PIMCZ

18 PTRLO
F748 RAM
F7C9 RAMERR
F784 RAMIET
F&FD RAMTSTL
F3AD RAMWT4
F7C3 RETS

01 ROM
F6C2 SEX
€200 SLT2
F738 STRWT
FFEQ SYSEO
TF&ES USRENTRY
FSES IP73

18 PTRLD
83 IBBUFP
1419 IBMK
CO10 KBDSTRB
CO%8 PDLEN
COF2 ACIACM
€300 SLT3
F4C3S RAMTBL
F526 MXBIT
F548 NOMEM
F393 ERRLP1
FSBE ZP1
FSF2 ROMTST!
F683 ATD
F&67B KEYPLUG
F&C2 SEX
?PFLESL USRENTRY
F72A RAMTST6
F772 RAMOO
F784 RAMSET
F788 PINCI1
F7DB RAMERR3
F7FB RAMRD -
FDO7 CROUT1
FFDO ZPREG
FFEO SYSEO
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75
U 4
F7EF 50 5
FBOO E9 01 &
FBOR. FO FB 7
F804 E9 O1 3
Faos FOoOFY
FROU EY O i
EAA D FQ 1
FREC ER O 1
FROE FO EF 1
FE1Q EY Ot 14
IR © 15

DRI B 17
FEIG EY Gl 1e
FELA FO E3 19
310 EBEY 21 20

FO L7 25

AR n 1

" . - - )
Flovaear [D- i gy
) - ._7"

: :

f-3%5 b 37
Faad f ! 3
L PO o B

ot 1 17

Fo 43
IRl a4
s s
e H A
' o s <
Fava 4o aa
3 Fd g4
B e =
{ r o Ay N
Bl a7y sz
SEETE S Shs

FRSD EY G 54
FRed FG o @a 5¢
Feud EV C: £ 4
FB4mH FO 97 5
FR ES 01 5

4,383,296

RTS
SBC
BEQ
SBC
REW
SBC
BEG
2BC
BEQ
SBC
BEQ
G530

Bra
GEC
BEG
S5BC
HEG
FECE

ik
SR

DES
SRC
R
e

ISHI
Skt

GE

Sl
CE
e
Bt &

ST

#1
RET1
#1
RET!
#1
RET!
#1
RET1
#1
RET?
#1
RET !
#1
RET1
#1
WET
%1
RET
]
KETt
#1
PET Y

i

[ i
il
[ER T I

FIZT Y

RO

SEYS

FET

76
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71

Fa6Aa. FO 93 59
Fe&cC: €9 01 &0
FB&E: FO BF 41
FRTGET O &
FO72.F0 BB (=35
FB874 E? O1 64
F876 FO 87 &5
FB78 E? 01 66
F274 FO €73 &7

FR7CEZ Ut £8
FO7E FC 0L L%

Fago: E9 C1 70
F882. FO 7C 71 REY3
Fgag4 E9 01 72
Fsd FO 78 V3
FRe3 B9 CH L
Fach Foo 743 75
Fasc . B9 G1 7&
Fagk - Fo 70 77
FH390 ES C1 789

PEOD FO G 79
Fatd BT it B
PO FO g e

rgee B9 01 8
F&EYA FC 64 33
e ES 01 84

Y T 2 Y] 1]
Foond ES 01 Ge
Eass w20 =

Faana E5 C1 88
Faas FC 58 8%
FEAQ EY O1L

0
O

Tassy FOOTG )
seal ENOD1 o7
Pk PG 53

330 E9 Ot
FEB2 o FC 4c

-0
E 5

25
Ffipa4 ES 01 F&
P e AR o
{, ; :l "; l'.’L' HaY he

Fha ETo4a
FRRC EY Ol
FSLDE FO 40
FBCO E9 01
TSI P T i

SRC I

b e s

v

OO C 4 a
i 0) = ) NG

Ex 1
R B0 IR
FBCE EY O1
FECA FO 34 157
FRCC BT 31

(RTINSO AN L0
R SO SRR 1143
Fabhe B2 il

Far4 g2 o1 112

4,383,296

BEG

.SBC

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

LEG
SBC
REQ
SBC
PG
SBC
I
SBC
BEG
sSpl

RET1
1
~RET1
#1
RET1
#1
RET!
#1
RET!
#1
RETZ
#1
RET2
#1
RET2
#1
RETS
#1
RET2
#1
RET2
#1
RETZ
#1
RETZ
#]
BETSE
#1
RETZ
#1
RET2
#1
RET 2
#1
RET
#1
RET
w1
FETE
#!
RETE
#1
RET2
#1

9
RO
#1
RET2
#1
RE'Z
B
BT

#1
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e
Rl
B
L
FRDE
B0
BRI
e

CGOTE

OOD%Y
QQ5A:
QOYER:
C'\:)i’:\: .
(S 3V
GOsE:
COSF .
C0&0:
00AL:
L&
0063
COad.
008!
Q&G
Coa7:
Gosy:
[V RN
DGeA:
OCHB:
Q&
COLIN:

Iade kol cl

o e
Grddb

no7e

Qo7
o074
0073
Q074
2075
Q76
o077
Q078:
0079

8
o
P

[
20

o1

Coem vy e

79

112
114
115
114
117
118
ti?
ey
P!
132
12
1t
s
!
15
10w
12
Pk
13
oo
3 o=
&4 SCRmL0C EQU
& LMARTIN SGU
7 RMARGIN ©l)
9 WINTOP  EQU
T WINETHM EQU
10 CH EGl
i1 CV EQU
12 HAZ4L EQu
13 BAS4AH (=1
14 BAGSEL EQU
15 BASHH EQu
14 TEASSL EGQU
17 TBAS4H EQU
13 TRAGEL EQu
1% TBASBH EGU
20 FORGND EQU
21 BKGND EQU
2 MODES EQU
23 CURSOR EQU
24 STACK EQU
25 PROMPT EQU
26 TEMPX EQU
27 TEMPY EQU
28 CSWL EQU
29 CSWH EQU
30 KEWL. EQU
31 KSWH EQU
32 PCL EQU
52 PCH c@U
34 AlL EGU
3% AlH EGU
G3b A EQU
37 A2H EGQU
238 A3l EGQU
39 A3H EGU

4,383,296

80
13E
SR #1
BEG RETH
Gl #]
BEQ RET2
SBC #1
NEG RETZ
SN i,
P HeT
8T #4
1254y Ry

alie H

RETZ

JHNG TN A

$58

SCRNLEGT
SCRIILOC]
SCRNLOC+2
SCRNLOC+3
SCRNLOC+4
SCRNLOC+D
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 EQYU  AllL+é
0078 41 AdH EGU  ALL+7
on7C: 42 STATE EQU  ALL+8
007D: 43 YSAV EQU  ALL+9
OQ7E: 44 INBUF EQU  ALL+$4A i AND 8B
0080: 4% TEMP EQU ALL+%C
00&%: 44 MASK EQU CURSOR
FPO1: 47 %
CQ00: 48 KBD EQU  $C000
C010: 49 K3BDSTRB EQU $C010
F901: 50 *
03F8: 51 USERADR EQU $3F8
F479: 52 BLOCKIO EQU #F479
F&g9: 53 RECON EQU $F689 AS OF 12/20/7%
FAEE: 54 DIAGN EGU $F4EE
00%0: 25 INBUFLEN EQU %50 i ONLY 80 BYTES ($3A0-~3EF)
0081: S& IBSLOT EQU %81
0082: %7 IBDRVN EQU IBSLOT+!
008%S: 58 IBBUFP EQU IDBSLOT+4
0087 59 IBCMD EQU IBSLOT+4
901 60 #
F901t . 61 ENTRY EQU =+ )
F%01 /DA b2 TSX
FR0D 8& &A &3 STX STACK
Fo0a 64 *
F904: D8 6% MON CLD i MUST BE MEX MODE
FRO5 20 3A FC &6 JSR DBELL
FS08 A& &A &7 MONZ LDX STACK , RESTORE STACK TO ORIGINAL LOCATLION
FR0a 9A 68 TXS
F?C0B. A9 DF &9 L.DA #EDF L PROMPT (APPLE ) FOR Gaka Mol Tow
FUD B85 &B 70 STA  PROMPT
F90F: 20 D3 FC 71 JSK  GETILNZ ,GET A LINE OF INPUT
F912: 20 &7 F9 72 SCAN JSR  ZSTATE : SET REGULAR SCAN
F915%:20 2C F9 73 NXTINP JSR GETNUM i ATTEMPT TO READ HEY BYTE
Fois 84 70 74 5TY YAV . GTORPE CURRENT INPUT FLIMTER
F?1A AO 11t ) LDy #%11 ;17 COMMANDS
Fo1C¢ 88 76 CMDSRCH DEY
F91D. 30 ES 77 BMI  MON i GIVE UP IF UNRECUGNIZABLE
FRIF. D9 &C F9 78 CMP  CMDTAB,Y i FOUND?
F922.D0 FQ 79 BNE CMDSRCH ;i NO AEEP LOOKING
F924.20 SE F9 80 J3R TUSUB , PERFORM FUNCTION
F27 A4 7D a1 LDY  YGAY , GET NEXT POINTER
F929 4C 15 F9 82 JME [XTINP i DO WEXT COMMAND
F92C: 83
F92C. A2 00 84 GETNUM LDX #0 i CLEAR AZ
F92E. 86 76 83 STX A2L
F930 86 77 8¢ STy AZH
F932. Bl 7E 87 NXTCHR LDA  CINBUF3, Y
Fo934 Ce 288 IHy ,BUMP INDEX FOR NEXT TIME
-F93% 49 00O 89 EOR #3$B0
F937.C9 OA 90 CMP  #S8A i TEST FOR DIGIT
F939: 90 06 91 BCC DIGIT i SAVE IT IF 1-9
F9aB. 69 88 92 ALC  #$88 ; TEGT FOR HEX A-F
F93D.CY FA 93 CMP O REFA
FO3F 90 2 94 ner DIGRET
F941: AR 03 9% DIGIT  LDx #3
F943. 0A 96 ASL. A
F944: 0A 97 ASL. A
F545 0A 98 ASL. A
F946 OA 99 ASL A
947 0A 100 NXTBIT ASLL. A , GHIFT HEX DISITS INTOQ A2
F948: 26 74 101 ROL  A2L
F94A 26 77 102 ROL  ARH '
F94C: CA 103 DEX i SHIFTED ALL YET™
F94D: 10 F8 104 BRL.  NXTBIT
F94Fr AS 7C 10% NXTBAS LDA STATE
F9%1: DO 06 106 BNE PMXTRS2 , 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 DF3 $F1 i 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
F9Se: U6 152 DFE A3ClIO-i
FoEy 87 153 DFE  SETMODE-}
958 B7 1954 DR SETMODE-1
EOS% 99 155 DFE  BEP-1
156 LFE DEST-1
187 DFB  CRMON-1
198 &
159 *
VA 160 NXTA4 ING  AGL ;i BUMP 16 BIT POIMTERS
G2 141 BNE NXTAl
5 7B 162 ING  A4H
& T4 183 NXTAL NG ALL i BUMP Al
Do o8 164 BNE  TSTAL
Fogs BEs 7Y 165 IMNC  AlH
cang. 90 1o8 SEC » It CASE OF ROLL OVER
FOWES 10 1467 BEG RETAL
x 16S TETAI LDA AL P TEST Al:AZ
L SEC
176 ZBC A2
171 STA TEMP
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85 86
AR A% 7S 172 LDA AL
FoAG ES TT 17 SEC ATk
A 178 ORA  TEMP
Fuas DO OL 17% n\u RETAI_ JIF Al LESS THAN OR EGQUAL T A
FoAA: 18 176 I THEN CARRY CLEAR OM .(TU'N

: 177 RETAL RT.

F9AC: 178 «
FPAC: 179 #
F9AC:48 = 180 FRBYTE _PHA __ . _iSAVE LOW NIBBLE -
FSAD: 4A 181 LSR A
FAE: 4A 182 . LSR A i SHIFT H1I NIBBLE TO PRINT
F9AF:.4A 183 LSR__A o . o
F9BO: 4A 184 LSR A
FeB1:20 B7 F? 1895 JSR PRHEXZ
FOB4. 68~ __ 186 . PLA e
F9BS: 29 OF 187 PRHEX AND #$0OF :STR‘P Hx NIBBLE
F9B7: 09 BO 188 PRHEXZ ORA #8$BO i MAKE IT NUMERIC
F9B?:C9 BA 199 CMP  #%BA ;IS 1T 2’9/
F9BB: 20 02 190 BCC PRHEXZ2
F9BD. 69 06 1921 ADC #%6 i MAKE IT ‘A’'-='F~’
F9BF: 4C 295 FC 192 PRHEXZ2 JMP COUT . o
F9C2: 193 » R
FoC2: 20 AC F 194 PRBYCOL JSR PRBYTE
F9C5. 193 = - i _ —
F9CS: A9 BA 196 PRCOLON LDA #$BA ;PRINT A COLON
FRC7: DO Fé 197 BNE PRHEXZ2 ; BRANCH ALWAYS
F9CY. 198 % o o
FC9: A9 07 199 TSTBO“ID LDA %7 i ANTICIPATE
FPCB: 24 68 200 BIT MODES ; TEST FOR 80
F9CD:30 02 = 201 = _ _BYC _SVMASK _ . o
FOCF: A9 OF 202 LDA #$F
F9D1:. 85 49 203 SVMASK STA MASK
F9D3: 60 206 __ RTS S
F9D4: 205
FSD4: 8A 206 A1L1PC TXA i TEST FOR NEW PC
F9DS: FO 07 207 BEG OLDPC L -
Fon7:BS 74 208 AIPCI LDA AlL, X
FOD9e 95 72 209 STA PCL., X
FODH- CA 210 DEX B .
F9DC: 10 F9 211 BPL. A1PC1
FeDE: 60 212 0OLDPC RTS
FeDF:. | 213 * . . . I
FPDF 85 69 214 ASCII1 STA MASK i SAVE HI BIT STATUS
FPEL1 A4 7D 215 ASCII2 LDY YSsaVv ; MOVE ASCII TO MEMORY
F9E3. BL 7E 216 © LpA (INBUF),Y
FES: E& 7D 217 INC VYSAV ; BUMP FOR NEXT THING.
FQE7: AO 00 218 LDY #0
FPE9:C9 A2 219 _  CMP #$A2 = ;ASCII " % = __ _ _ _
FPED: DO 05 220 BNE ASCII3 i NOPE, CONTINUE.
FPED. AD 49 221 LDA MASK
FSEF 10 20 222 _ _  BPL BITON ____ iHE'S CHANGED MODES.
FOF1: 60 223 RTS “NO, HE’S DONE.
FOF2:C? A7 224 ASCII3 CMP #SA7 i ASCII  ?
F9F4.DO 05 229 BNE CRCHK iNO, TEST FOR EOL.
FIFSH AS &9 226 LLDA MASK
FQF8: 30 1B 227 BMI BITOFF ; CHAMGE MODES.
F9FA:60 228 _ RTS
FPFB: C? 8D 229 CRCHK CMP #¢8D ; END OF LINE?
F9FD: FO 07 230 BEQ ASCDONE i YES, FINISHED
FOFF. 25 &% 208 AND MABK S .
FAO1 20 AF FA 232 JSR STOR1 ; G0 STORE IT!
FAO4: DO DB 233 BNE AS8CII2 ; DO MNEXT
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FAZm 20 AO FA
FAZO 4C 0B F9
Fa2c
FA2C 20 9B F9
FAZF BO SD

IR BER LR S
Fa3s 21 A
A R0 ogc Fe

FAREB 20 F7

TRMON JSROOELL
M MONS

#*

MOVE JBR TSTAL
BCE ERRQOR

MOUNYT LT (ALLY, 7
BTA (a4, Y
USRS NXTAG
BCC  MOVNXT

FAJA 80 RTS
KAl *
“ALB #
STE20 VB FY © VREY ISR TRTAL
T TRt TS ERROR

Faad ikt 74
PAd2 D1 TA

Fadd FO o8

Frodae 20 S2 Fa

VRFY1 LA (A1), Y
CMP (A4, Y
BEG YRFYZ2
JER MISMATCH

Ay 20 B OFT 273 JSR CROUT
ol 020 Fe T4 VRIFYD 16 NYTA4
Fa4r 90 EF 275 BCC VRFY1
FFASL 460 276 RTS

FAGD. 277 =

Fase A% 73 SVE MISMATCH t.DA A4H

[ Aand 20 AC Foo z2r79 JZROPRBYTE
FAYT AS T7A =50 £.DA AdL
[FAS9 20 C2 F9 281 JER  PRBYCOL
Fasc: Bl 7A =282 L.DA (AQLLY, Y
FASE 20 70 FA 283 JSR PRBYTSP
Fhacl 20 73 FA &4 PRINTAL U3R PRSPC
Fhsed AG 795 2689 LA AlH
FALL T0 AT F9  20s JSR PRRYTE
FAGT. AS 74 287 LDA ALl
FAelR 20 C2 F9 288 JSR  PRBYCOL
FAGLE Bt 74§ 289 PRALIBYTE (LDA (AllL), Y
FA/C 2C AC F> 2290 PRBYTSP SR PRBYTE
FAT3 s a0 291 PRSPC LDA  #$AC
FA7%.4C 2% FC 292 JMP COUT
FA78. 293 » 7

FaTig a0 8 GR 294 OISR JMP USERADR
AR P

BaTi mid RN 1 PLA

FATC a8 297 PLA

[FATD 20 D4 F9 298 GO JSR  ALPD
FABQ &C 72 0C 299 JMP (PCL)
FAE3 oG e

03 301 HWERROR EQU =

4,383,296

87
FAQ6: &0 234 ASCDONE RTS8
FAOQ7: ‘ . 238 - —
FAO7 38 236 ASCII  SEC
FACHB 90 237 DFB  $%0
FACS. 18 238 ASCIIO CLC
FADA . AA 239 CKMDE  TAX
FAOB: 86 7¢ 240 STX STATE
FACD: 49 BA 241 EOR #$BA
FAOK . DO 7D 242 BDNE ERROR
FALL A? FF 243 DITON  LDA #SFF
FAL3 DU CA 244 BCS  ASCIII
FA1S A9 7F 245 DITOFF (DA #$7F
FA17.10 Cs 246 BPL ASCII1
FA19 2C 00 CO _247 REPEAT DBIT KBD _
FATC 10 03 ALY BPL REPEAT1
FALE 40 OF FL 249 JMP KEYIN
Fanl of 250 REPEATL PLA
FA22: & 251 PLA
FAZ3 4C 12 F9 JMP  SCAN
FAZé *
AL -

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

i SET HI BIT UNMASKED
i MASK HI DBIT

i ALWAYS
_i REPEAT UNTIL KEYPRESS

i CLEAMN UP STACK

i DON’T MOVE ANYTHING IF TLI.EGAL INPUT
S MOVE A BYTE
i DUME BOTH Al AND A4

iALL DONE WITH MOVE

» TE:T VALID RANCE

; COMPARE DYTE FOR BYTE
i MATCH?
i YES, DO NEXT.
i PRINT BOTH BYTES
i @ETO NEWLINE
. BumMP BOTH Al ANC A4

i VERIFY DONE.

i PRINT ADDRESS OF A4

; QUTPUT A COLON FOR SEPARATOR
i AND THE DATA.

iPRINT THE BYTE AND- A SPACE
PLEAD WITH A SPACE

i OUTFUT ADDRESS At

 SEPARATE WITH A COLEN
i PRINT BYTE POINTED 7O BY Al

PRIMT A SPACE
i END VIA QUTPUT ROUTINE

i LEAVE STACK WITH NOTHIN' ON T7
i STUFF PROGRAM COUNTER
iJumMP T USER PROG

,FRINT ERROR NUMBER
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90

PR3YTE MRt THE QFFENDER

H#eA1 , FOLL.OWED BY A "'

cour

NOSTCOP , OUTRUT A CARRAGE RETLIRM <Mhy STVORPLETS

MO

AL, LUOPY AR TC Ad FOR DETT IRaT]Or O

AdL

AZH

AdH

SRR LGRS ARATOR  TEST STORE MW Lk ks
, JERD MODE.

SETMDZ » BRANCH ALWAYS

YRS S TESY FOR NO LINE

ramMes CteoMD LINE, GIVEM A ROW OF 3YTES
L TEST IF AFTER ANOTHER SPALCE

SETMDZ

AT A ©rogRs MODE™

T LMF
: KEEP IT [ GSTORE STATE

FAPE

A et pY/TE T BE STORES
VA3 T IT IN MEMORY
A . . BUrP POINTER
CumMy
AJH
AL e FOR C i TLEAR MODE
T st JHNPUT CHAR S, et

CINBUFE 2 LT SET MODE

GTATE
#1 Gl Bluk COMMANIE YL AL
$2C . DUMMY BIT TO SKIF 2 HYTES
.2 {SET DISK COMMAMD TO WhITE
1BCMD
AL
[3DUFF . "UMPAND FORMAT 12
AtH i BLUCKNUMBEP (410 Wi w . “HPLUDRESS
1HBUFP+:
A4H , SEND BLOC® NUMBER VIAa X % A
A3L .
INO INTERUPTS WHILE IW MONTTOR
BLOCK IO i DO DISKG FEVER
RWERROR /GIVE UP IF ERROR ENCOUNTERED
AsL , BUMP BLOCK NUMBER
NOVER
AdH
ATH LR B WLDRESS Pt gyt
A1H
TSTAL . TEST FOR ¥ INISHED
RULODP ,NOT DONE. DO NEXT BLOCK
MINS B
* ,OUTPUT 1 ROW OF BYTES
AtH
AZH
TSTAOWID . 3T WIDTH MASK INTO ALC
AlL.
AL
DUMPO  BRANCH ALWAYS
A i DUMP ™
ERROR

89
Fraae)? Q0 Al FY RAAPY JSGR
FARL A9 Al 303 L_.DA
Fagg. 20 25 FC 304 JSR
FABB 20 07 FD 0% ERRORZ  JSR
AL 40 04 B9 S FRROR amp
Fraas 1 R
At A% Uh Tl DEST L DA
Fasl g 7a 0y STA
F&3s As 77 ERESl DA
FAs? 39 7B it STA
FASTS St e
- A ..
AN U ad VA G DER JCR
[Fasl 98 G310 TYA
AT FO 1D KR BEQ
Frenag: 3i #
R v o LEC
FaANS Fe A BEN
FAAad Cn DAEATE AN DEs
FAAS DO 16 T RINE
FAA7: C? DA jie M
FAAS DO 4@ R BNE
FanBl 38 70 . 2 RN
FAAD AS 7k o [t
Faals & S BOAR SRR
(ST - S ) HER I
Fénid noG 22 348 BNE
fedet 14 TR a2v [
sl T e YTy
A M 4 e ML DE L O
T ST R ey
FABT Gy el Y LA
[aRY KR P 3 SEMLT S STA
BT moa P RTS
£ s AT s
vl S IS RAD LDA
FACS an 53 DFB
Fac.3 A 02 3340 WRTE L.DA
FACS 8% 87 341 SAViMD STA
iy P AL RWCLRIF O LLDA
[} e “TA
e Tl LDA
rio 34% STA
"L 34& L.DX
A 347 LDA
34E SEl
Lot T 34% JSR
AA 350 BCS
7A 351 INC
02 352 BNE
i at 355 [ NG
SR Hae 79 394 HOVTE mnc
Fakl £E6 75 385 TG
FAEL 20 9B F9 394 JSR
FFap s 9O DF 357 nce
SR IYA Rh o)
- VR ¢ 399 o
FAp.? RI-In RN
FARS 1 DumPAa EGU
FAES A3 793 P LDA
FaEn 8% 77 3 STA
AR 20 9 FE H JGH
FARO G 74 5 IRA
FarFl B9 76 L ST
FAF4 DO 04 7 DNE
F Ak ¢ 8
FAFG: 4A 9 TSTDUMP LSR
f-i- 7 RO 9% 10 ERRQOKFT  RBCT
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92 92
IR 11 DumMP JSR  TETBOWID CSET FOR ELTHER 80 OF 4G IDLUMNY
AFL A T4 12 pumMe. Lha ALt JULE A4 FOR AGCIL Dilme
FAFE 85 7A 13 STA  A4L
FBOG A5 795 14 L.DA  AlH
FRI2 2% 78 15 STA  A4H
CLA O wR e JER ST FEST FOR VALID RaAMD
bivod BOOEE 1T 7S ERROKI
T s £ ST bume JGP O PRIMTAL PRTIMT ADDRESS AND ©it57T /7€
i F 19 DUMP! JSR  NXTal
F =0 BCS  DUMPASC JEND WITH ASCII
F a1 Lba A1l , TEST END OF LINE
o : 28 AND  MaGh LFUR 40782 COLUMN
T N RN 2 BrME DUMP 3
B ORI T AN JER  DUMFASC
FRYA 7 ED us BNE DuUmMP L . BRANCH ALWAYS
T2 SE FA S DUMPL JER PRAINYTE -0 PRINT NEXT BYTE AND A SPACE
Ui DO OER 27 BNE  DUMP2 CALWAYS (ACC JUST PULLED A% $A0)
i PO 4
AT A SN ST DA AGL FESET T GEGINING (UF LN
' Fs 74 1 STa ATl
(e ) ’3 i LDA A
iMe” 6% 7S 3z STA AIH
Fane 20 73 08 3z JTROPRSPC FRINT AN EXTRA GPACE
DU e e BRI L o Y INDEX MEMOR < juilisoT
: 4 [T S TR
3. RA B0 CGET O NORMAL VIDEQ
a4 TME #BAG . TESY FOR CONTROL CHARACTERS
v BCS  aAsCcw -O¥ TO PRINT NON CONIRGLE
29 LDa  #SAE L UTHERWISE PRINT 4 SFACE
. . F - T LR R CPUY O TT R
vl L b DR tie 7 S BOTH AL AND A4
‘ TR @ proesasn T INLISHED
; " 37 LDA  all , TEST END OF LINE
2 4a AND  MASK
. - 4= BMNE ASCL .NOT DONE. PRINT NEXY
Ce e L F do ASC3 JMP SRS
i edey 37 =
FB4%: 48 «
FB49. a9« . :
FBAY 18 50 COL80  SEC . INDICATE 80 COLUMNS DESIFLDL
Fraa AD 53 ¢ Sy LDA $C053 ,GOTO 80 COLUMN MNDE
puar B 04 5 BCS SET8O i BRANCH ALWAYS
FD4F 53 » -
FRparF- 18 54 COL40  CLC i INDICATE 40 COLUMNS DeSIREL
FBS0 AD 32 CC 5% L.DA $CO052 i 6OTO 40 COLUMN MODE
FBS 3 A% 48 Se SETHCG  LDA  MODES
RSSO D 57 ORA  #$40C P ASSUME T
LOR T SR S I =4 58 BCS SETB0A , ANL BRAfHh JF 1T IS
FRS9 29 BF 59 AND #$BF iBUT FIX FOR 40 IF NOT
FESR 8% 68 60 SETB0A STA MODES
FB3N 09 7F 61 ORA  #$7F i ISOLATE BIT 7
FRY- 29 A0 =Y AND  #3A0 S LHIT 7 SE1S MORMAL S INVERSE
FRst 85 b6 63 STA  FORGND
Fley BD 02 54 RCE  SETBOB . AGAIN ASSUMES B COLUMNS
FRus A9 FO &% LDA #$FO i IF MOT, SET FOR/BACKGROUND COLOR
FE&? B85 &7 &6 SETBOB STA BKGND
FBo? &7 » :
Frov A% 98 68 CLSCRN !1.DA LMARGIM ,SET CURSOR TO TOP LEFT OF WiMDOW
Fielt B4 9C o STA  CH
FlaL A% S =0 L.DA  WINTOP
FB&6F ©5 5D 71 5Ta CV ; NOW DROP INTO CLEAR END OF PAGE
FB71 2
FBR71.A5 SC 73 CLEQOP  LDA CH ; SAVE CURRENT CURSOR POS1TI1aN
FBRTS 48 74 PHA
FR7PG A% SD 7 tbDAa CvV
FB75H 48 75 PHA
FB77:20 B1L FB 77 JSR SETCV
FB’A 20 BE FB 78 CLEOPi1 JSR CLEOL , CLEAR TO END OF FIRST LINE
FB7D. A5 S8 79 LDA LMARGIN
FR7F B85 5C 80 STA  CH :
FRe1 20 €9 FB 81 JSR  CURDOWM . GOTO NEXT LINE
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93 9%
FBY4 90 F4 82 BCC CLEOP1
FB86: 68 83 PLA
FB87: AB 84 TAY
FROA. &8 85 PLA ; RESTORE CURSOR POSITION
F389 89 5C 86 STA CH
FBEB 98 87 TYA . GET OLD CV IN ACC AGAIN
FRAC BO 23 28 BCS  SETCV . BRANCH ALWAYS
FBSE" 87 #
FBEBE: AS %C 90 CLEOL LDA CH i CLEAR TO END OF LINE FIRST
FR®0 4C 89 FC 91 JMP CLEOLL
FRY3 92 «
FH93 C9 80 93 CONTROLL (MP  #$80
FROS 90 49 94 0CC DISPLAYX . IF INVERSE
FB97 C9 8D 95 TSTCR  CMP  #%$8D ; IF CARRAGE RETURN THEN NEW LINE
FB99 DO 3A 96 BNE TSTBACK
FB9B 20 8E FB 97 CARRAGE JSR CLEOL ,FIRST CLEAR TO THE END OF THIS LINE
FRYE 20 €3 FB LG SR SETCHZ L RESET CURSOR AND GOT( NEXT LINE (CARRY
FrAt 47 232 FC 99 MP NXTLIN , THEN GOTO THE NEXT LINE. IS SET)
NG 100 =
FBAG 101 *
F3A4 A5 3D 102 CURUP DA CV , TEST FOR TOP OF SCREEM
FBAGL C6& 5D 103 DEC  CV i ANTICIPATE 'NOT’ TOP
FBAB £S5 SA 104 (MP  WINTOP
FBAA DGO O 105 BNE CURUP1 IT'S NOT TOP, CONTINUE
FBAC. AS %B 104 LDA WINBTM ; WRAP AROUND TO BOTTOM
FBAE 38 107 CURUP1_ SEC , DECREMENT BY ONE
FRAF E9 01 108 R T
FBR1 8% Sb 1O e T o1 D EAYE NEW VERTICAL LINE
FRES DR Gievs el Bno
FBR3: 111 CURDMNL  ERY »
FBB3 AS 5D 1le LneoTy , GET VALUES FOR FIRST FAGE ($400)
FBBS 10 4E 117 BOL VDALCALCY . ALWAYS
FRR7 i1é s
SRRV 24 &R C e (g ST CTEST FOR 80 QR 40
FBE? 70 O Cr S R RN
FBBB E& 5C 1 L Lk
FBBD E& 5C Yhet B Lok o b , BUMP CURMSR HOR [ ZOMNT AL
FRBF A5 5C 11 L. H . TEST FOR NEW LLIME
FBC1 € =- 1. T SN
FRCI A% =8 P2l SET LT LTA RN CJUST 1IN CASE WE HAVE
FRCS R0 <D leg - CR e
FBCY? 85 = 133 SETCVH S3TA ,CURSOR AT START OF MEXT L INE
FRLS 104 wDF P (AT Syt FOR WRAP ARQUMD
FRCQ LA
ECY BA L U RTEONIE CrGodR CURSOR DRWE ONE L INE
FROR A% s Loy SHTICTIPATE HOT EFOYTOM
FHCD S5 T s st W IHRTM CTEST FOR BOTTOM
FBOE oo b iet BCC  CURDNL
FBO1 A5 %A 120 L.0A  WINTOP
FBOA UT DC 1t 8BTS SETCV , BR&NCH ALWAYS
R EINAS : .
FROS S0 b P T OMP #sas , DACKEPACE ™
(25 S KON N SRR b BE TSTBRELL
FEDO 24 sf 135 CURLEF! BIT MODES , TEST FOR FORTY OR E1GHTY MODE
FBLG TG 02 136 Bvs  LETTB0
FBDD 5 5C 137 pEC  ow
(gl I L T L3t LEF TRO LEC CH
FRET A0 Lo EMILES T
P A = 13 L.Da TH i TEST FOR WRAP ARGUND
FBE'S <% 58 141 CMF  LMARGIN
FRET 10 2 142 BFl. CTRLKRET
309 20 A4 FL 143 LEFVTUP  JUSR CURUP
[ Ay AS 99 144 t Déa RIMATGIN
FIFE 25 s 1as STA M L GAVE NEW CURGOR POGTTION
FRMG 0 144 BN URLEFT ERANCH ALUAYG
FRER 147 =
FRFZ U7 A 148 COUT2 CHMP #3AC .16 IT CONTROL CHARACTER
FBF& 50 9D 149 BCC  CONTROL
FRFS L4 03 L5 RIT  MIDES CTEST FOR INVEKSE
FREQ 30 WD {91 BMI  DISKFLAYX M PUT IT QUT
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=HEC 20

T
VTR

FC3A AD
FC3C BA
FE3D AR

FOAL 00
el 503

AN PR
Fiar DO
91 sSuU

P
foon >

L
FoS
Fool
:r %B 4]
s a4
¢

't

[N
[y
.
w

Yool

1Y

95

r 1%
@D e 157
154
B7? FL 155
P 1
G
el
tel
1AL
1ed
164
1695
le e
1~
Tef
! 169
TF 170
S5E 171
LT
P73
i 174
SE 175
176
177
17
[l
&D 1a1
182
33 FC 133
= L
Y R
Tae
187
188
L8 QO 189
L 7O
[ Lol
i Lirel
1@z
1 194
199
[
e [
s 150
Ly FE 199
FR 200
aCl
-3 o
KRN BN AR A
[N
. b
e i
S
AR
D17
oy

AND

TDISPL AW X JSR

»*

INCHOR D ISR

S SR 1

AT AL

BSCLC=2

CTHLRET

RN

»
couTe

AL

faFPEL L

*
BeL.L

[BELLL
Belue

BELL3

TTRLLL

o

ki 2

1

e

bt

P}
FHA
.51k
AND
ORA
STA
EOR
ETA
Pl.A
AND
BCC
ADC
STA
AGL.
ASL
ORA
STA
STA
PLP
R

b sy
STY
STX
JER
LD
L.Dx
PLA

RTS
JMpP

CMP
BNk

LDX
TXA
TAY
BI

jujoges
B1T
DNE
DEY
FINF

L.DA
PHA
SR
<D

..DA
37A
DEX
BPL
PLA

4,383,296

#¥7H
DisSFLayY

CLURTGHT

UL

A
#$03
#eNd
BAS4H
wec
BASE8H

#e10
BScLCz
#37F
BASAL
A

A
RASAL
BAS4L
RASSL

TEMPY
TEMPX
SOUT1
TEMPrY
TEMFX

(TSWL)

#$87
L.NFD

#310

tF KD
BELL
$FFL8
BEL L3

Br i
LO00

K-S

B354

STRLRET
CURTOWN
CTRLRET

WINTOP
SETCV

#3
BAG4L, X
TBASA4L, X

SCRL2

96

GTHIE WD DIT

- MOVE CURSOR RIGHT

fr°% BOTTOM. REGSET {0 AND BECROLL

SNESET CHOONL .

- CALT BASE ADR IN BAS4L
FOR CIVEN L INE NO.

QU =LINE NQ. <=%17

i ARG=000ABCDE, GENERATE
i BAS4H=000001CD

i AND
» BASYL =EABARCCO

- 5AME FOR PAGE 2

FBAVE CHARAT TEH

» NORMALLY COUT!

s BELL™
SNO TEST FOR FORM FEFD

i LINE FEED™

i MOVE CURSOR DOWN A LI

; BRAMCH IF NO SCROLL NECESSARY

;i START WITH TOP LINE
i SAVE IT FOR NOW

i GET BASCALC FOR THIG
- MOVE CURREMT BASCALC

i (TEMPORARY BAGE ADDR. )

i GET DESTINATION LINE

' H

NE.

L INE
AS DESTINATIOM
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97
FC&D . 108 223 cLC
FC&C: 69 01 223 ___ADC w1
FCAOE C9 938 224 CMF  WINDBTM
FC70 BO 15 225 7% LASTLN
FC7z 48 226 PHA
FC73:20 B! FL 227 JER  GETCV
FC76 AS %9 228 LDA RMARGIM
FL78. 4A 229 LSR A
C79 AB 230 TAY
Fo76 89 231 SCRLG DEY
Foy 20 €4 oo BT <rRi L
FC7D Bl SE 233 L.LDA  (BAS4L), Y
FC7F 91 62 234 STA (TBAS4L), Y
(81 Bl &0 239 L.DA  (BASBL), Y
Pt S b4 23s a7 4 IHASHL) . Y
FORe 90 F3 237 Boo SURL
FoRr A% 38 278 LADT.LN L DA LMaRGTt
FCB9 4A 239 CLEDLL LSR A
FCBA A8 240 TAY
FCB8B: BO 04 241 BCS  CLEOLZ
FCRD A% bk 262 I DA FORGND
oo 9] B2 a9 3 “EA BALALY, ¥
Frog ay &7 249 LEOLS 1 DA BESHD
FC92. 91 60 245 STA  (BASBL). Y
FC95 C8 246 (N
Fros 98 247 Tva
Fos? DA 2% &L -
F.78 C% 359 a4y (MF DPMLaRg i
FC9A. 90 ED Be0 RO TLEQLL
FLPC 60 291 RTS
FCSD 252 =
FSD 24 68 253 DISPLAY BIT MODES
Foosk TG 0C o PIPL AT Ty
FoAl 48 SC ALY CER e
oAl A SC 2% Al (H
FCAD. 20 AD FC 257 JSR GPLEO
FCAB. AS &7 258 LDA DBKGND
FCAA 51 &0° 25% DSPBKGND' STA (RASEL). Y
FoaT &0 D&Y Ry
FCAD 2e1 »
FCAD 4R SoHe DEPLEG PrA
FCAE AS SC 263 L.LCA  GH
FCRO: 4A 264 LSR A
FCB1 A8 265 TAY
FCR2 &8 By PLA
FCBR BO FS 267 BCS  LSPBKGND
FCES 91 SE 268 STA (BABALY . Y
FCB7. 60 269 RTS
Fone 270
FCB8 Bl 7E 271 NOTCHR I.DA  (INBUF)., Y
FCBA 20 25 Fo 272 JSR  COUT
FCRD €9 88 277 SHP #4808
FOpF ¥O 1D 274 B BUSPCE
FCC1 C9 98 27% CMP 4898
FCLCL3 FO 0B 27 WEG  CANCEL
FCCS: E6 80 277 INC TEMP
FCC7 A% BO 278 L Dha  TEMP
FCC® % 90 279 P #1NBUFLEN
FCCB: DO 17 280 BNE  NXTCHAR
FCCh: A% DC 281 CANCEL  LDA  #$DC
FCCF 20 2% FC o 28R JER  COUT
FCDa:. 20 EF FC 283 JSR O CROUT
FCDY. 284 GETLNZ EGU #
FCDS: AS &B 28% GETLN LDA PROMPT
FCD7: 20 2% FC Q84 JBR COUT
FCDA: AD Q1 287 LDY #1
FCDC . 84 80 =88 STY TEMF
FCDE: A4 80 289 BKGPCE LDY TEMP
FCEQ:FC F3 290 BER  GETLN
FCER:Ché BO 291 DEC TEMP
FCE4: @0 60 FD 292 NXTCHAR -JSR RDCHAR
FCE7: A4 80 ®293 LY TEMP

i

+ BLANIK
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.} CALCULATE SOURCE LINE

;18 IT THE LAST LINE?

, YES, CLEAR IT

. GAVE AS NEXT DESTINATION L INE
. GET BASE ADDR FOR SOURCE LINE
MOVE SOURCE TO DESTINATION
iDIVIDE BY &

, DONE. YET ™

, YES, DO NExXT L 1HE
i MOVE. BOTH PAGES

L BRAMNCH ALWNAYS

FlLL THE LAET
oy 2

LLNE
i DIVIDE

C(MORMALLY A GFACE!

(IF 80 COLUMNS, ALSO A GRa7D

i TEST FOR END OF LIME
L MULT BY 2 AGAIN

=

COrTINUE T

ALL DONE.

IF MORE

TEST FOR 40 OR B8O

STORE THE SINGLE CHARAY TER aMD RETURN
{MNOURE PRQPER 40 €0 YMN 10T L&

DY DROFPING DIT O

DISPLAY [N €400 PAGE.

Al S0 SET BACKGROUND COLOR

PRESFERVE CHAPATTER
DETERMINE WICH PAGE

Peisi

BRANCH 1F $300

i ECHO CHARACTER
CBACKERACE

) CANCCL. ™

. NO WRAF AROUND ALLOWED
;i QUTRFUT DACKSLASH

i START AT BEGINNING OF INBUF

i BACK UP INPUT DUFFE
i GET INPUT :
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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 QK FD 300 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 cre #s8h 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 &D 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 69 312 LDA CURSCR » GIVE THEM ~» iINDFERSCORE 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
FDa5: 08B 323 PHP i SAVE FEYPRESS STATUS
FDaé: 4a 324 PHA
FDa7:20 @D FC 32% JBR DISPLAY
FD2A: 553 326 PL.A
FD2B. 28 327 PLP
FD2C: 90 E€ 3z68 RCC KEYIN1
FD2E:AD 0O CO 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 KEVWARIT 150 Toasal P JUST KEEP CQUMTING
FD37:-DO C9 333 U RWAITR
FD39: E6 63 334 I THAS4H
FD3R A% 7F 335 LDA  #3$7F i TEST FOR DOME
FD&L . 16 336 cLe
FD3E- 25 63 337 AND  TRaAS4H
FD4O: FO 05 336 BEQ MKEYRET i RETURN [F TIMED QUT
FD42: OE 00 CO 339 KWAIT2 ASL KBD
FNas 990 FE 340 BCC  KEYWAIT
FDA? &0 341 KEYRET RIS
FDag 342 »
FD48 343 »
FDA48 344 ESCO EQU =
Fpag 20 77 FD 3493 JSR  GOESC
FRYR A% 68 346 ESIAPE 1L.DA MODES SFED TO 4 SIGN KR PR e
FDAD 29 8o 347 AND #$B0O
FDIF 49 AD 348 EOR #$AD
FD51:8% &9 349 STA CURSOR
FDS53: 20 OC FD 350 ESC1 JSR RDKEY i READ NEXT CHARACTER
FDS6. A0 08 351 LDY %8 + TEST FOR ESCAPE CUmhtianD
098 D9 FO FF 392 ESC? CMP  ESCTABL. Y
FI'53 FO EB 353 BEG ESC3
FL.SD 88 354 DEY
FDSE. 10 8B 355 BPL ESCZ2 P LOOP TIL FOUND OR LORE
FD&O 356 »
FD&O. A9 BO 357 RDCHAR LDA #%80 i G0 READ A CHARACTER
FDe2. 25 o8 158 AND MODES
fPL4 89 &9 35y STA CURSOR » SAVE STANDARD CLRZS0R
Fhes 20 CC FL 360 JSR RDKEY
FD&?: C9 <0 361 CMP #8913 i ESCAPE CHARACTER™
FD&B  FQO DE © 36d BEG ESCAPE
FD6D C9 9% 363 CMP #3935 i FORWARD COPY?™
FD&F LG D& 364 BNE KEYRET
ED71 20 B9 FD &% JSR PICK i GET CHARACTER FROM SCRELL!
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FC&D: 18 a2 cLC
FCOC: 69 01 223 ____ADC w1
FCAE C9 98 224 CMF  WINDBTM
FC70 BO 15 225 TS LASTLN
FC7z 48 226 Prgy
FC73:20 B1 F& 227 JSR SGETCV
FC76 AS %9 228 LDA RMARGIHM
Fe78. 3A 229 LSR A
(79 A8 &3¢ TAY
FFe7ae 88 231 SCRLLG DEY
Fe78 20 E4 S B4l CUREL
FC7D B1 SE 2733 LDA  (BAS4L). Y
FC7F . 91 62 234 STA {TBAS4L) ., Y
.81 Bt &0 235 LDA  (BASBL), Y
LT S 64 23 [T S TBASHL)Y . Y
O3 90 F3 P B GORLL
FOLRr AD 38 278 LADT..M L DA AN XXl |
FCB9 4A 239 CLEOLL LSR A
FCBA AB 240 TAY
FC8B: BQ 04 241 BCS  CLEOL2
FCRD AS bbb 242 [IRATY FORGND
Foss @y 2E ad 3 S TA rAL4LY . Y
FlLo1 AL &7 243 TLEMNLZ t D DeTHD
FCY92. 91 60 245 5T (BASBIL). Y
FCY5 C8 2486 INY
FCo4 98 247 Tva
Fo7 08 233 a5 B
F .78 €% 99 HNT CME MRS it
FC9A. 90 ED S8 B¢ TLEOL L
FLIC 40 291 RTS
F(SD 252 »
F{SD 24 68 252 DISPLAY BT MODES
Bk TG 0C wud BLG el e
Foal 48 5¢ AL CRF
Foal 04 3¢ 2% AL OH
FCAS 20 AD FC 297 JSR  DSPLEO
FCAB. A% &7 298 LDA DBHKGND
FCAA §1 60° 25% DEPBKGNI' STA (BAGEL).Y
Fops &0 260 RTY
FCAD a6l ow
FOAR 48 She DEPLEG  PrHA
FCAE A9 3C 263 t.DA  6H
FCBO: 4A 264 LSR A
FCB1 A8 269 TAY
FCRZ &8 e RLA
FCBR BO F9 267 BCS  USPBRGRD
+CES 91 SE 268 STA  (BAZ4L). Y
FCB7. 60 249 RTS
FCbe 270 +
FCBB Bl 7E 271 NOTCR .DA  (INBUF). Y
FCBA 20 295 Fo 272 JSR  COUT
FORD €9 88 avs THE #$H8
FOBY FO 1D 274 B BUSPCE
FCC1 C9 98 7% CMP %898
FCL3 FO B 27 HEG  CANCEL
FCCS: E6 80 277 INC TEMP
FCC7 A% 80 278 L DA TEMP
FCC® C& 90 279 TP ® INBUFLEN
FCCRB: DO 17 280 BHE  NXTCHAR
Fceh: A? DC 281 CANCEL LDA  #8$DC
FCOF 0 2% FC o 28R JSR  CLUT
FCu2: 20 EF FC 283 JER  CROUT
FCDS. 284 GETLNZ EGU +#
FCDS: AS &B 2895 GETLN LDA  PROMPT
FCD7: @0 29 FC 2Bé JSR COUT
FCDA: AO Q1 287 t.DY #}
FCDC . 84 80 =88 GTY  TEMP
FCDE:. A4 80 289 BKGPCE LDY TEMP
FCEQ: FO F3 290 BEG  GETLM
FCERQ: Cé 80 291 DEC TEMP
FCE4: 20 40 FD 292 NXTCHAR JSR RDCHAR
FCE7:. A4 80 293 LDY TEMP

'

» BLANK

, CIF

4,383,296

98

i CALCULATE SOURCE LINE.

;18 IT THE LAST LINE?

, YES, CLEAR IT

SAVE AS NEXT DESTINATION L INE
. GET BASE ADDR FOR SQURCE LINE
MOVE SOURCE TO DESTINATION
DIVIDE BY 2

LONE YET™
, YES, DO NEXT o 1HE

i MOVE. BOTH PAGES

, BRANCH ALWAYS
Fli.L THE
i DIVIDE BY 2

LAET L LNE

CCMORMALLY A SPACE

80 COLUNMNSG, ALSD A Gpari

i TEST FOR EMD OF LIME
CMULT BY 2 AGAIN

» UTINT INUE MORE T D
i ALL. DONE.

TF

;» TEST FOR 40 OR 80

JSTORE THE SINGLE CHARAI TER AMD WETURMN
. IMNOURE PRQPER 40 OO oMM i T 0 L#as

;DY DROFPING BIT O

, DIGPLAY IN $400 PAGE.

i AL S0U SET BACKGROUND COLOFR

» PRESFERVE CHAPATTER
i DETERMINE WICH PAGE

» BRANCH 1F $300 PAGE

i ECHO CHARACTER
s BACKEPACTE

» CANCLL”

. NO WRAF ARCOUNE ALLOWED
i QUTFUT BACKBLASH

i START AT BEGINNING OF INBUF

i BACK UP INPUT DUFFE
: GET INPUT .
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FCE?: 91 7E 274 STA (INBUF).Y
FCEB: C9 8D 239 CMP  #%8D
FCED: DO €9 29& BME NOTCR
FCEF- 297 CROUT EQU #
FCEF: 2C 00 ¢~ 298 BIT KBD ; TEST FOR START/STOP
FCF2:10 13 As) BPL. NOSTOP
FCF4:20 2E FD 300 JEP KEYIN3 i READ KBD
FCF7:.C9 A0 301 CMP #2240 i 1S IT A SPACE?
FCF®: FO U7 302 BEG GTOPLST i YES, PAUSE TIL NEXT KEYPRES
FCFB: C9 8D 303 crie #sab i QUIT THIS OPERATION?
FCFD:. DO 08 304 T NOGSTOP ;NO, IGNORE THIS KEY
FCFF. 4C 8B FA 305 M ERr R i YES: RESTART
FDO2 AD 00 Co 306 STOPLET il wID
FDOS: 10 FB 307 BPL. STIPLST
FDO7 A9 8D 308 MNOSTOP DA %ifC
FDO? 4C 25 FC 309 JMP O COUT
FDGC: 310 #
FROC. 6C 70 OO0 311 RDKEY JMP (KSYL)
FDOF: 212 «
FDOF:. A9 7F 312 KEYIN LDA #8$7F P MAKE cusr FlEsST 15 CURSUR
FD11 85 63 314 STA TBAS4H
FD13: 20 88 FL 315 JSR  PICK i GO READ SCREEM
FD1&: 486 316 KEYIN1 PHA i SAVE OHF AT CUESCR DTITION
FD17:20 35 FD 317 JBR  KEYWAIT ; TECT FOR VEYPRESS
FI14:BO 08 318 BCS KEYINZ GO GET IT
FDIC- AS 69 312 LDA CURSCR P GIVE THEM A+ iINDFRSCORE FDR A TIME
FDIE: 20 9D FC 320 JSR DISPLAY
FD21:20 35 FD 321 JER  KEYWAIT ;GO SEE 1F KEYPRESSED
FD24. 68 322 KEYIN2 PLA
FDas5: 08 323 PHP i SAVE KEYPRESS STATUS
FDgé. 4a 324 PHA
FDa7:20 9D FC 32% J5R ISPLAY
FD2A: &35 326 PLA
FD2B: 28 327 PLP
FDaC: 90 E8 328 RCC KEYINI
FD2E:AD Q0 CJ 329 KEYIN3 tDA KBD i READ KEYBOARD
FD231:2C 10 CO 330 ¢rvIiNa  [BIT KHDSTRE : CLEAR KEYROARD STROBE
FRE4: 40 331 RTS
FLZO: E6 62 332 KEYWARIT %0 TLASAL ;i JUST KEEP COUMTIMG
FD37: DO O9 333 U KWATTR
FD39 £6 63 334 IPh THASAH
FU3R AY 7F 33% LA  #s7F i TEST FOR DOME
FDZI 18 336 CLe
FD3E 25 63 337 AND  TBAS4H
FD40:FO 03 338 BEQ MKEYRET iRETURN IF TIMED QUT
FDA2: OE 00 CO 339 KWAITR ASL KBD
D45 90 FE 340 BCC  KEYWAIT
FIA? 60 341 KEVYRET RIS
FD3Ig 342 +
FD48 343 »
FDag 344 ESC3 EQU =
Fb4ag 20 77 FD  34% JSR GOESC
FDIR AS 48 344 ESIAFE L.DA MODES SBEY TO + SLGM FUOR CUPsE s o
f-Dd) 29 wo 347 AND #$80
FDIF 49 AD 348 EOR #$AD
FDS51:8% &9 349 STA CURSOR
FDS53:20 OC FD 350 ESC1 JSR RDKEY i READ NEXT CHARACTER
FDS5&. AO 08 351 LDY #8 » TEST FOR ESCAPE CiMhanD
098 D9 FO FF 3% ESCE CMP  ESCTABL. Y
Fno6 FQ EB 353 BEG ESC3
FLSD 88 354 DEY
FDSE. 10 FB 355 BPL ESC2 +1L00P TIL FOQUND OR DOkt
FD&O 356 »
FDeO. A9 BO 357 RDCHAR LDA #$8B0 i GO READ A CHARACTER
FDel. 29 o8 %8 AND MODES
FPL4 85 69 35y STA CURSODR , SAVE STANDARD CULRS0R
L& 20 CC FL 360 JSR RDKEY
FD&?: C9 9B 361 CMP #8390 i ESCAPE CHARACTER
FD6B FO DE " 362 BEG ESCAPE
FD&D. C? 99 363 CMP  #%95 i FORWARD COPY™
EFD&F DG D6 364 BNE KEYRET
FD71: 20 88 FD 6% JSR PICK i GET CHARACTER FROM SCRELN
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FD74 09 €0 366 ORA #$80 ; GET TO NORMAL ASCII
FD76. 60 367 RTS
FD77: 368 %
FD77.A9 FB 369 GOESC LDA #ICLSCRN
FD79. 48 370 PHA
FD7A B9 7F FD 371 LDA ESCVECT, Y
FD7D. 48 372 PHA
FD7E 60 373 RTS
FD7F 374 »
FD7F 8D 375 ESCVECT DFB CLEOL-1
FD&U 70 378 NDFR CLEOP-1
FDB1 o’ 177 DFB CLSCRN-1
FDRB2 a: 373 DFB COL40-1
FDB3 48 379 DFB - COL80-1
FDB4 U8 380 DFB  CURLEFT-1
FDRS Bé 381 DFB CURIGHT-1
FO3e CR 382 DFB CURDOWN--1
FIRs/7 A3 3873 DFR CURLUP-1
Friag A4«
FDa8: AS 3C 38% PICK tDA CH ., GET A CHARACTER AT CURRENT CURSOR PCSITIOM
FDBA. 4A 386 LSR A . DETERMIMNE WHICH PAGE
FD8B: A8 387 TAY
FDeC 24 48 388 BIT MUDES , AND TF 80 {CLUMN MOLE
Fu2e S0 0% 38 BvC PICK4Q FORGET CARRY [F 40 JOLUMNG
Cv0 90 02 390 BCC  PLICKAO wET CHARACTER FRUOM €400 ©ATE
FL92 B1 40 391 LDA (BAS8BL), Y
FOv4 60 392 RTS
FD93 Bl SE 393 PICK40 LDA (BAS4L),Y
FDY7 60 394 RTS
Fowa 395 =
FD98: 2 CLDSTRT tauL =
FD?8: A? 03 3 L.Dr #$3
FD?A: 8D DO FF 4 ST  $FFDO i ZERQ PAGE IS5 ON 3!
FD9D: S SETH EQU #
FD%D: D8 ) cLD i OF CDURSE!
FDYE: A2 03 7 LDX #3
FDAO: 86 7F 8 STX INBUF+1
FDA2:. BD BC FF 9 SETUP1 LDA NMIRQ, X
FDAS: 9D CA FF 10 STA $FFCA, X
FDAB. BD B4 FF 11 LLDA HOOKS., X
FDAD: 95 6E 12 STA CSWL., X
FDAD: BD B8 FF 13 L.DA VBOUNDS, X
FDBO: 95 58 14 STA LMARGIN, X
FDB2: CA 15 DEX
FDB3: 10 ED 16 BPI. SETUr
FDBS: 85 82 17 =TA IRDRVN
FDB7: A9 AO 18 LDA #3iA0 i INPUT BUFFER AT $3A0
FDB9:85 7E ie STA INBUF
FDBB: A? &0 20 LDA #%5460
FD3D: 85 81 21 STA IBSLOT
FDBF: A? FF 2 DA #EFF
FDC1:85 &8 23 STA MODES
FDC3: 20 4F FB 24 JSR COL4AO . i SET 40 COLUMNS., CLEAR SCREEN
FDC6: 25 *
00AO: 27 ADR EQU $A0
00AQ: 28 CPORTL EQU ADR
3OAL 29 CPORTH SGU  ADR+1
GOAD 30 CTEMP T AR«
Q0AL Z1 CTEMPY .. AR+
00a4 32 YTEMP Exv  #DRt4
GOR4 33 ROWTEMP EW  abk+20
CODB 34 CWRTON [FLE S84 )
[RERIRY -} 35 CueR T KD €CODA
FEL 3& LI TRy L) $FFEC
FPED v o i Byt tHFED
FDC& 20w
FDT 6. 9 #
FDC& A% 7 4¢ GEHEMNTR LDA #3785 i INIT SCREEN INLX LOCATIONS
il 89 AQ 41 STA T rORTL
FDCA A9 0OR de LDA B2
FDCC 8% Al 83 ITA SRR TH
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FDCE A9 FO a4 LDA #2540 i SET UP INDEX 10 CHRSET

FRDO. B5 A4 35 STA  YTEMP
¥DD2 A9 00 Ir) DA 80
FULA AL = fh
T Wi TEMP L FOWTEMP X
PR ORR s P
“nL8 EC 20 : o LB #4320
FDhpba DO -7 L 3NE TIPTEMPS
FLDC A9 0% S LA R/ i FAKE THE FIRST BIT PATTERN
Tope 1t ‘ (EHANTOM RTH B11 SHIFTEDR A% BI1 O
S ULE un "a RIS .
0 g < PN
SuEY BE A2 T L 21y (TEMP COENERAE TeE AT
TR TV RAEEVY VL O B A A . CODES §CF T FIKST PACY
SIS AL A “ T2 L« CIEMP
: i . L CBRLRTL ;g RO O s 4
S e : e HAAE = iR "
AROTRRGINE I < At ey . %aXxD=sCHR 2 &
LU L T © 7 SN i 2 ax =04k 3 7
FOEE D T S B LR STIETOL Iy 4
o it A amE ow i el
PRI : ; G PN e ] I
S . . X Ve e Tt (W FORT xR WP D ’
SR Lo [ RCS 0 TBYTES LGR RECOPE CHARACTER TARDIE
IR AR S RuL #EA CEIOND SET OF 4
| LA i) T BN CASTTY
- T T T [
i LIRS Tar PR e
R ‘ Lo fes FooTTiRE MY OCA T F RN
fEng) lx Pl
S SR N DY #23 s {4 CHARACTERS 0OF o ROWSH
[ T oL LMG Ly #e POFTVE COLUMN
o St B COWTERE G x LFEmar ooy Dreint
. T T " , 0% RLY RN
Peee T r E e R V0T CBRANTR TE OMTUE e (e imls BT
[T S =Du] 3TY  CTEMP
. co i3 (RIS YTLMP . (NCGTE. CARRY (3 SUT
R Lo e BEG DONE  BRANCH IF ALL DONE
b vad i R Ay Yy TEMP , GET CHARACTER TALL b [NLEX
FEL R o Loy G THRSET-1. Y
FE17 2A a3 ROL A ; (CARRY KEEPS BYTE MNON-ZERKC UNTIL ALL €
FE18 A4 A2 86 LDY CTEMP 3 RESTORE GCOLUMM COUNT ARE SHIFTED)
FELA 88 A0 SHETONT DEY LG0T ALL FIVE DITS”
o~ ik BNE  CSHFT i N0, DO NEXT
R DEX ; ALL ROWS DONE ™
90 BPL. CCOLMS i NO, DO MEXT . -
rl PHP , SAVE REMAINING BIT FA7 TR AND CARRY
wa PHA
B - JOR  GIURCHRS  ,MOVE EM TO NOW LLISPLAYED IDEu AREA
e T JMP CBYTES
s e
[t Yo DONE EQU ¢
VESB AR LF ¢, STHORI{HRS LDX #$1F ; MOVE CHARACTER PATTERNE TOU JLDEDQ AREA
VEzA AD OO 7E STURSET LDY #C .
L. uv B4 L 3TOHGW LDA ROWTEMP, X
N I AL A CSHIFT 70 CENTER
SRR 1 [N AT 3K i STRIP EXTRA GARVAGE
FE3Z1 91 AQ 102 8TA (CPORTL) .Y
FEJA3 CA O DEX
FE14 C8 10a INY
PR3 L0 T] ) wer #eB8 , THIS GROUP DONF
VRS D0 FR iOé NE STOROW s NO- NEXT ROW
3% 20 99 0 R SR NXTPORT
FE3C C9 08 198 CMP  #$8
FEGE: FO Q4 109 BEQ GENDONE ; ALL ROWS STORED™
FE4O BA 110 TrA
FEA4L 10 ET7 P ney WTORTET
FREAY &0 11e PR JPARTIAL SET ($473-84%FF)
FE44 RIS
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FE44: A9 O1 114 GENDONE LA #1 i SET NORMAL MODE
FE4&4: B0 AR 113 S1A CTEMP
FEAB A9 &0 116 GENI LDA %800 i PREPARE TO SEND BYTES TO CHARACTER
FeEsa 2C DB €O i i CWRTCN . GENERATOR RAM .
FEAD &0 AE F* 113 o VRETRCE i WAIT FOR NEXT VERTICAL RETRACE
FESO a9 20 1 1A #820 P WAIT AGAIN
FESR 20 AE FE 20 J5R  VRETRCE
FE®S.2C DA COo 121 B!T CWRTOFF ; CHARACTERS ARE NOW LOADED
FESB 20 88 FE Qe J3R  ALTCHR ; REPEAT THIS SET FOR OTHER 64 CHARACTERS
FESH C6 A 102 DEC CTEMP i HAVE WE DONE ALTERNATES YET™
FESD 10 LA 1=+ BFL  GENE iNO, DO IT!
FESFT A9 0 1" Lt #ET , DUMP ASCI| VALUEYS FOR NEXT SET
FE4L 8Y Al 14 SPA CFORTH
FE&63 AO 07 127 NXTASCI LU 87 i THE USUAL COUNDOWN
FE&S Bl AD 175 NXTARCZ LA (CPORTL), Y
FELT 1B T
FE&B &9 7 . ooy #%g
FEA* =~ aTA (CPORTL)., ¥
FEC n8l 15 DEY
FEGD 15 7o 17 BPL NXTASC2
FEaF. 20 99 FF 1 .24 JYSR  NXTPORT
72 e UF o BCC NXTASCI
FR78 L0 S RTS
T )72 PR I 1 LDY  #33 i SETUP ALTERNATE WITH UNDERL INES
FE?T AR V¥ 138 ILDA #&7F
FF79 99 £C 0% 139 UNDER STA $3FC,Y
FE7C 92 FC 07 140 STA S7FC, Y
FETF 34 HCA DEY
FERCG ¢ i BFL.  UNDER

o S HE LDA #s$8

e STA CPORTH
FEY D T cA BNE GENL
R HEEI
FROG, A T 147 ALTUHR LDY  #7 i ADJUST ASCII FOR ALTERMNATE SET
Freox- 31 4D 148 ALTCL LDA  (CPORTL),Y
EEGU. A9 20 149 EOR #$20 . i $20--30 $40-->$60
FEQE. 91 AO 100 ST1A  (CPORTL). Y
FERO: B 151 LY
FE?1:10 F7 19& pri.  ALTCH ; ADJUST THEM ALL
FE93: 20 99 FE 103 WJERS NXTPORT
FEF6: 90 FO 154 BCC  ALTCHR
FE98: 60 155 RIS
FE9®: 156 *
FEFD: A5 AD 197 NXTPORT LDA  CPURTL i CONVERT $78->$F8 OR $FB8-478
FESB: 49 8O 158 EDR #3240
FESD: 845 AQ 159 STA  CHORTL
FE9F: 30 02 160 BMI  ~GHIGH
FEAL:E6 Al 161 INC CPURTH i IF =C THEN =4
FEAZ: A5 Al 162 NOHIGH LDA CPORTH
FEAY. C9 OC 163 CMP #4C
TEAY DO 04 164 BNE  PORTDHM
FEAS: AT 04 145 LDA #3194 ’
FEAD: 85 Al 166 STA CPORTH
FEAD: 60 167 PORTDN RTS
FEAER: 168 =
FEAE: 169 *
FEAE B85 A3 170 VRETRCE STA CTEMP1 i SAVE BITS TO BE STORED
FEBO. AD EC FF 171 i.DA  CRB2CTRL ; CONTROL PORT FOR ‘CB2’
FEB3: 29 3F 172 AND  #$3F i/ RESET HI BITS T0 O
FERS: 05 A3 173 ORA CTEMP1 .
FEB7:8D EC FF 174 STA CB2CTRL
FERA: A9 08 17% LDA #%8 ; TEST VERTICAL RETRACE
FEBC. 8D ED FF 176 STA CBZINT
FERF 2C ED FF 177 VWAIT BIT CRB2INT i WAIT FOR RETRACE
FEC2: FO FB 178 BEG WVWAIT
FEC4: 60 179 RTS
FECS: 180 *
FECY. 181 CHRSET EQU #
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FECS FO 01 B2 182 DFB
FECH: 18

FECY: 40 84 81 183 DFB
FECC. 2F

FECD: 98 44 81 184 DFB
FEDO 2%

FEDL- 22 1E Qf 185 DFE
FEDa @1

FEDS V¢ IF 45 186 DFB
FEDS: 30

FEDD: 84 08 43 187 DFB
FEDC: 14

FEDD: 31 2A 2& 188 DFB
FEEO 13

FEEL E3 F7 C4 189 DFB
FEE4 71

FEES: 48 A2 DA 190 DFER
FEEA 24

FEESY Vo A &2 191 DFFE
FEEC 8C

FEED: 24 C& FB8 192
FEFO &3
FL=3 &0 C1 4= 193
FEFY 17
FEFO. 52 8A AF 194

FEFS 16
FEFY 14 E3 33 199
FEvis
FOMD Te FR D 19

Fers 73
FFFGY1 3F 46 17 197
FFG4 &2
FFCH 20 21 E&6 198
FF3 13
Frose ~A I ol 17
FE O
FFOD 18 &2 T4 200
FF1D D
P11 B? 183 49 201
TR 1 Al
FFE3S YL O 2 202
Firy= o
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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: o

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; 15

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 29

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. 25

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 30
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. 35

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. 40

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 45
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: 50

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 35
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 60
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.

65
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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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