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I. PURPOSE AND SCOPE

This Application Note presents a description of the
design and operation of a high-speed emulator for the
Intel® MCS-48™ family of single chip microcomputers.
The HSE-49™ emulator provides a simple and inexpen-
sive means for executing and debugging 8049 programs
which require the full 11-MHz operating speed of the
part.

Section Il of this Application Note describes some of
the features of this development tool and how it may be
used. Section Il briefly discusses the hardware used to
implement these features, while Section IV describes
the manner in which program execution status is made
available to the operator.

A detailed description of all of the operator commands
is presented in Section V of this note, along with the
modifiers and options which may be specified for each
command. Known restrictions and limitations of the
HSE-49 system are listed and explained in Section Vi.
Section VIl shows how the basic circuit may be
modified to provide options on memory organization, /0
configurations, etc.

Full schematics of the system hardware, as well as
monitor software listings, are presented in Appendices
A and B, respectively. A short summary of the command
syntax is presented in Appendix C,. Appendix D ex-
plains the error message codes which may appear dur-
ing use.

It is assumed that the reader is already familiar with the
operation of the 8048 or 8049 microcomputers. Some
knowledge of the 8048 architecture is needed to under-
stand sections of the command and modifier descrip-
tions. Most users will already have this background.
Other readers are referred to the MCS-48 Microcom-
puter User’s Manual, Intel publication number 9800270.

Il. THE HSE-49 DEVELOPMENT TOOL

In essence, the HSE-49 emulator provides the user a
means for executing an MCS-48 program located in ex-
ternal RAM rather than internal ROM or EPROM. This
allows programs being debugged to be modified easily
and quickly during the debug cycle. A user’s program
may be entered into system RAM either manually or via
a serial link from a host computer such as an In-
tellec® Microcomputer Development System. Once
loaded, the program can be modified using an on-board
keyboard and display, and executed in real-time in a
number of breakpoint modes. The internal state of the
processor, including RAM, accumulator, timer/counter,
and status register contents, can also be read and
modified through the keyboard.

Breakpoint and debug facilities are extremely flexible.
The following execution modes are provided.

* Programs may be run in full (11 MHz) real time;
¢ Programs may be single-stepped;

* In break mode, programs run in full real time until
break occurs;
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¢ Breaks may be triggered by either program or exter-
nal data RAM accesses;

e Any number of breakpoints may be used in any
combination;

“Auto-Step” operation causes the current program
counter and Accumulator contents to be printed on
the display for a short time on every instruction
cycle;

“Auto-Break’’ provides the above display only when
a break flag is encountered, with real time opera-
tion otherwise;

While running in non-break mode, a TTL-level pulse
is generated whenever a break flag is encountered.
This signal may be used to trigger an oscilloscope
or Logic Analyzer to assist in hardware and soft-
ware debug.

While running in any mode, the keyboard and
display are “‘alive”. Execution may be suspended or
terminated by commands from the keyboard.

Intent of this Note

While the HSE-49 emulator can assist a new microcom-
puter user in becoming familiar with the 8048 and 8049
microcomputers, its inherent debug capabilities will
also prove helpful to design engineers. The design
could be used for new system development and verifica-
tion or adapted for prototype production.

The main concern in designing the HSE-49 emulator was
to keep the basic design simple, while maximizing the
system’s flexibility. The design allows the use of
jumpers, hardware and software switches, etc. to allow
the user to reconfigure the system according to the way
he dedicates chip-select pins, I/O, etc. The emulator can
be changed to fit each user’s unique needs, rather than
forcing the user to alter his needs to what is provided.

The primary intent of note is to provide the reader with
the information needed to reconstruct and make full use
of the HSE-49 emulator. Less emphasis is placed on
describing how the hardware operates or how the com-
mands are implemented. This information may be found
in the schematic diagrams and software listings in-
cluded in the Appendices.

fil. GENERAL HARDWARE OVERVIEW

User Program Emulation

The actual emulation of the user's program is done
using an 8039 microcomputer (IC29 on the schematics
in Appendix A) executing a program stored in external
RAM. The basic minimum configuration includes the
8039 microcomputer, an 8282 address latch (IC19), and
2K bytes of 2114 RAM to use for program development
and real-time execution (ICs B1, C1, B2, and C2). Addi-
tional RAM may be added to allow the user to expand
his program and data memory to 4K each. (If an 11-MHz
crystal is used with the microcomputer, type 2114-3
RAMs must be used.)
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System Supervision

A second microcomputer — another 8039 (IC25) with an
8282 address latch (1IC16) and off-chip program memory
in a 2716 EPROM (IC15) — is used to scan the on-board
keyboard and display, interpret and implement com-
mands, drive serial interfaces, etc. In general, the
master processor is used to interface the execution
processor’'s memory spaces with the outside world and
control the operation of the execution processor. In this
note the two processors will be abbreviated “MP” and
“EP”, respectively. Figure 1 shows how the two proc-
essors interrelate with the rest of the system.

system.

Keyboard/Display

The 33-key keyboard shown in Figure 2 includes a 16-key
hexidecimal keypad and 17 special function keys for
specifying commands and modifiers. Readers already
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familiar with the PROMPT-48™ debug tool for the 8048
will find that 25 of the HSE-49 emulator keys are iden-
tical in function and layout to the PROMPT-48 keyboard,
and use the PROMPT-48 command syntax. The eight ad-
ditional keys are used to generalize and augment the
PROMPT-48 capabilities, as described in Section V.

The eight-character seven-segment display (DS1-DS8)
is used for displaying addresses, data, and pseudo-
alphanumeric méssages. The display responses printed
in Section V and throughout this note use a mix of upper
and lower case letters to indicate what seven-segment
patterns appear. An 8243 (IC9) and eight DIP packages
(resistor packs, current buffers, etc.) are used for
multiplexing the display and scanning the keyboard.

Breakpoint Detection

Breakpoints are specified and detected using a 2102A
1K x 8 RAM corresponding to each pair of 2114s (ICs A1
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Figure 1. HSE-49™ Emulator Signal Flow Diagram
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Figure 2. HSE-49™
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and A2). In effect, each program or data address ac-
cesses a 9-bit word. Eight bits are used normally for
code or data storage. The ninth bit, accessed in parallel
with the other eight, is used to indicate if a breakpoint
has been set for that address. This output, when
asserted, is latched (IC27 and IC36) and used to halt the
execution processor via the single-step input. (In other
modes, the break logic can be reconfigured to set the
break requested flip-flop on any EP machine cycle or
any EP “MOVX” instruction.)

Link Register

An 8212 8-bit latch (IC18) is used to communicate data
and commands between the master and control proc-
essors. Under control of the MP, this register, called the
“Link’" register, may be logically mapped into either the
program or data RAM address spaces. When this is
done, the 2114s in the respective memory space are
disabled and the link responds to all accesses,
regardless of address. The link will be discussed in
greater detail in Section {V.

Control Logic

In addition to the devices mentioned above, the
minimum configuration requires about 10 additional ICs
for bus arbitration, system control, and breakpoint and
single-step logic. Additional parts may be optionally
added for serial port interfacing, /O reconstruction, etc.

MP Monitor

The monitor program executed by the MP includes com-
mands for filling, reading, or writing the various memory
spaces, including the execution processor’'s program
RAM, external (“MOVX”) data RAM, accumulator, PSW,
PC, timer/counter, working registers, and internal RAM;
to execute the user’s program from arbitrary addresses
in various debugging modes; and to upload or download
object or data files from diskettes using an In-
tellec® development system. No special software is
needed for the Intellec® other than ISIS Version 3.4 or
later. The data format is compatible with the standard
Intel hex file format produced by ASM-4; the baud rate
may be altered from 110 baud (default state) up to 2400
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baud from the on-board keybad. Blocks of data may be
transmitted to a CRT or printer and displayed in a
tabular format.

IV. INTERPROCESSOR COMMUNICATION

Program Break Sequence

When the MP detects that the EP has been halted by the
breakpoint hardware, or when the operator presses a
key while the program is executing, the program break
sequence is initiated. The low-order 23 bytes of user pro-
gram memory is read into a buffer within the internal
RAM of the MP. A short program for reading and
transmitting internal EP status is written over the low-
order program memory. (This is one of several “mini-
monitors” overlayed over the user program area)) The
link register is mapped logically over the user program
memory, and loaded with the 8049 machine code for a
“CALL" instruction to the mini-monitor program area.
The EP is then allowed to fetch a single instruction from
the link, i.e., the “CALL” to the mini-monitor is forced
onto the EP data bus.

From this point on, the EP executes code contained in
the mini-monitor. The link is logically mapped over the
data RAM address space (whether or not any 2114 data
RAMs are present). A block diagram of the system at
this point is shown in Figure 3. The break logic is recon-
figured so that any “MOVX” (RD or WR) operation ex-
ecuted by the EP will cause it to halt.

For example, after entering the first mini-monitor, the
EP executes a “MOVX @R0,A” instruction. This writes
the contents of the accumulator prior to the execution
termination into the link, and causes the EP to halt. The
MP may then read and retain the link contents to deter-
mine the EP accumulator value. The EP timer/counter
and PSW are preserved in the same manner.

Accessing EP Internal RAM

After reading and saving EP internal status, the MP
loads a different mini-monitor into the same RAM area.
This monitor allows the internal RAM of the EP to be
read and written by the MP by passing address and data

INTERNAL RAM <
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EXECUTION
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CONTROL
AND BREAK
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MASTER
PROCESSOR
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Figure 3. Communication between EP & MP
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values between the two processors using the link
register.

This is needed for two reasons. First, the EP program
counter prior to the forced “CALL” instruction may be
derived from the EP stack contents, and may be
modified to cause the EP to resume execution at any
desired address. Secondly, the internal RAM of the EP
may then be accessed and modified in the process of
executing a number of the monitor commands.

Resuming User Program Execution

In order to resume user program execution, a status-
restoration mini-monitor is overlayed. This restores the
EP internal status using a scheme analogous to the one
in which the status was originally saved. The final step
of the last mini-monitor is an “RETR” instruction, after
which the EP is again halted. The low-order program
memory saved earlier is rewritten into the appropriate
area, the break logic is reconfigured for the desired ex-
ecution mode, and the EP is released to run at full speed
until the next break situation is encountered.

Note that all commands are implemented using
‘“logical” rather than “physical” addressing. Thus the
operator need not be concerned with the intricacies of
the system design. For example, when any monitor com-
mand refers to low-order user program memory, the ap-
propriate byte of storage within the MP internal RAM is
accessed instead. If the location is altered, the internal
RAM is modified appropriately. When program memory
is reloaded prior to resuming user program execution,
the modified version of the user program will be the one
loaded.

Baud HR06 HRo7
110 93H 04H
150 96H 03H
300 45H 02H
600 9DH 01H

1200 44H 01H
2400 1AH 01H

Table 1. Serial Interface Data Rate Parameters

V. HSE-49 COMMAND DESCRIPTION

Whenever the characters “HSE-49” are present on the
system display, a command string may be entered by
the operator. In general, all command strings consist of
a basic command initiator, an optional command
modifier or type-designator, and a number of parameters
or delimiters entered as hexidecimal digits. A command
is executed, or a command in progress terminated, by
pressing the [END/.] key. Logical default values are
assumed for the modifier and parameters if either (or
both) are omitted. A defualt parameter assumed for the
command modifier will be presented on the display
when the first parameter is entered.

Each parameter is a string of up to three hexidecimal
digits. If more than three digits are entered, only the
most recent three are considered. This allows an er-
roneous digit to be corrected without respecifying the
entire command. A parameter is completed by pressing
the [NEXT/,] key. Some commands may only need the

All mnemonics copyrighted © Intel Corporation 1976.
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low order part of a parameter; i.e., a command incor-
porating a data byte (such as [FILL)) will use only the
low-order 8 bits of the corresponding parameter; Inter-
nal RAM and hardware register addressing uses only
seven. In each case, higher order bits are ignored.

A command string is terminated and the command in-
voked by pressing the [END/.] key. The command will
also be invoked by pressing the [NEXT/,] key when no ad-
ditional parameters are allowed. A command string may
be aborted at any point before the command is invoked
by pressing the [CLEAR/PREV] key, and the sign-on
message will appear.

Errors

An illegal command string, command terminator, or
hardware failure will cause an error message and error
code number to appear on the display (e.g., “Error-.3").
When this occurs, the monitor can be returned to com-
mand mode by pressing the [CLEAR] or [END/.] keys. An
explanation of the various error codes is given in Appen-
dix D.

Command Classes

Commands for the HSE-49 emulator are divided into
general classes, where all commands in each class have
the same choice of options or modifiers. A brief descrip-
tion of each command, followed by a description of the
allowed options, is presented below by class.

Data Manipulation/Control Command Group
Commands:

[EXAM/CHA]

Display Response — “ECh.”

Function — Examine/change memory location.

Causes the memory address specified to be read
and presented on the display. New data may be
entered (if desired) from the hexidecimal keypad.
New data is verified before appearing on the
display. Subsequent or previous locations may be
read by pressing the [NEXT/] or [PREV] keys,
respectively. Command terminated with [END/]
key.

[FILL)
Display Response — “FIL.”

Function — Fill range of memory addresses with a
single data value.

Fill the appropriate memory space between the ad-
dresses specified by the first two parameters with
the low-order byte of the third parameter. If second
parameter less than first, only the location
specified by the first is affected. It third parameter
omitted, zero is assumed. If second and third
parameters omitted, individual address specified is
cleared. Command is useful for setting a large
range of breakpoints; e.g., all of page 3 may be
enabled for break with the command:

[FILLIPROG BRKJ<300>[<3FF>[K1>]]
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[LIST]
Display Response — “LSt.”

Function — List memory to output device through
HSE-49 serial port.

Display the contents of a range of addresses given
by two parameters to a teletype or CRT screen.
Data is formatted, 16 separated bytes per line, with
the starting address of each line printed. If used
with an Intellec® system, the operator first uses
ISIS-1I to transfer the TTY input to the CRT output
(“COPY Tk TO :CO:") then invokes this command
from the keypad. Alternatively, any ISIS device or
disk file name(:TO:, :LP:;, :F1:HRDREG.SAV, etc)
may be used as the destination.

[DNLOAD]
Display Response — “dnL.”

Function — Download memory through HSE-49 serial
port

Load data in hex file format through the serial input
port. If used with Intellec® system, the operator
first invokes this command from the keypad, then
uses ISIS-Il to transfer a disk file to the teletype
port (‘COPY : Fn:file.HEX TO :TO:").

The use of the checksum field for the downioad
command is expanded slightly over the Intel hex
file format standard. If the first character of the
checksum field is a question mark (“?”), the
checksum for that record will not be verified. This
allows large object files produced by the assembler
to be patched using the ISIS text editor without the
necessity of manually recomputing the checksum
value.

[UPLOAD]
Display Response — “UPL.”

Function — Upload memory through HSE-49 serial
port.

Output the contents of a range of addresses
specified by the two parameters through the
HSE-49 serial port in standard Intel hex file format.
If used with Intellec® system, the operator first
uses ISIS-Il to transfer the TTY input to a disk file
(“COPY :TI: TO :Fn:file.HEX"), then invokes this
command from the keypad.

Data types allowed:

[PROG MEM]
Display Response — “Pr.”
Function — User program memory.

Memory used to develop and execute user program.
Addresses 000 through 7FF are the execution proc-
essor's memory bank 0; 800 through FFF are
memory bank 1.

[REGISTER]
Display Response — “'rG

All mnemonics copyrighted © Intel Corporation 1976.
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Function — Register memory and RAM.

Internal RAM of execution processor. Locations
0-7 are working register bank 0; 18-1F are working
register bank 1. Only the low-order 7 bits of an ad-
dress are considered.

[DATA MEM]
Display Response — “dA.”
Function — External data memory (if installed).

Memory accessed by execution processor “MOVX
A,@Rr” or “MOVX @Rr,A" instructions. High-order
4 bits may or may not be relevant, depending on
jumpering option selected (explained in Section VI
of this note).

[HARD REG]
Display Response — “Hr.”
Function — Hardware registers.

The execution processor (EP) hardware registers
(accumulator, timer/counter, etc), as well as
several parameters for controlling HSE-49 system
status, are accessible through this catch-all
memory space. Addresses are as follows:

00 — EP accumulator.

01 — EP PSW.

Bits correspond to 8049 PSW except that bit
3 (unused in the 8049) is used to monitor and
alter the state of F1. Bits 2-0 correspond to
the stack pointer value after the EP executes
a CALL to the mini-monitor; i.e., one greater
than when EP was running the user’s pro-
gram.

02 — EP timer/counter.

03 — EP internal RAM location 00.
(This value is also accessible through
[REGISTER] space.)

04 — EP program counter (low byte).
05 — EP program counter (high nibble).

06-07 — HSE-49 serial interface baud rate param-
eters. Defaults to 110 baud; other rates may
be selected by loading the values listed in
Table 1.

08 — HSE-49 automatic sequencing rate
parameter. Used in [GOJJAUTO STP] and
[GOJ[AUTO BRK] execution commands. 00 —
fastest; FF — slowest. Defaults to 20H; ap-
proximately two steps per second.

09 — Monitor version/release number (packed
BCD).

OA-0F — Currently unused by the monitor program.

10-7F — Variables used by master processor (MP)
monitor. Should not be altered by operator.

[PROG BRK]
Display Response — “Pb.”
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Function — User program breakpoint memory.

Memory space used to indicate points where pro-
gram execution should halt when running in a mode
with breakpoints enabled ([GO)JW/ BRK) and
[GOJ[AUTOBRK)]). Break will occur if enabled byte is
read as the first or last byte of a 2-byte instruction,
or read in executing a MOVP, MOVP3, or JMPP in-
struction. Memory is only 1 bit per location; 00 in-
dicates continue, 01 causes a halt. Addresses 000
through 7FF are the execution processor's memory
bank 0; 800 through FFF are memory bank 1.

[DATA BRK]
Display Response — “db.”

Function — External data RAM breakpoint memory.

Memory space used to indicate points where data
accesses should halt when running in a mode with
breakpoints enabled ([GO]J[W/ BRK] and
[GOJJAUTOBRK])). Memory is only 1 bit per location;
00 indicates continue, 01 causes a halt. High-order
4 bits of breakpoint address may or may not be rele-
vant, dependent on jumpering option selected for
the corresponding data RAM (explained in Section
VIl of this note).

User Program Execution Control Group

Commands:
[GO]
Display Response — “Go.”

Function — Begin execution.

If a parameter is given as part of the command
string, execution will begin at that address. Other-
wise, the EP program counter (hardware registers
04 and 05) will be used. These will contain the pro-
gram counter from an earlier program execution
break unless they have since been explicitly
modified by the operator.

If command is terminated by [END/], the EP’s F1,
PSW and stack pointer will be cleared. If command
string is terminated by [NEXT/,], PSW will be taken
from the EP PSW contents (hardware register 01).

While running the user’s program, the characters
“~run-." are written on the display. Execution may
be halted and another command initiated by press-
ing the appropriate command key. Execution may
be suspended at any time in any mode by pressing
the [END/.] key. This will cause the current value of
the execution processor program counter and ac-
cumulator to appear on the display in the form
“PC.234-56”. System status is saved in the
appropriate hardware registers. At this point, or
when an enabled breakpoint is encountered, press-
ing the [NEXT/,) key will cause the program to con-
tinue in the same mode as before. Any other com-
mand may be invoked by pressing the appropriate
command string.

[GO/RESET)

Display Response — “Gr.”
All mnemonics copyrighted © Intel Corporation 1976.
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Function — Go from reset state.

EP is hardware-reset and released to execute the
user’s program from location 000H. No parameters
are allowed. FO, F1, PSW, stack printer, memory
bank flip-flop, etc., are cleared.

Note that this command does not require the use of
mini-monitors to initiate program execution. As the
last phase of the program development cycle, the
2114 program RAMs and address decoder may be
removed and replaced by a ROM or EPROM part
(not shown in schematics). This command may be
used to start execution when the program RAM has
been removed. No interrogation of EP status or in-
ternal RAM may be done, nor are break or single-
step modes allowed in this case, though the 2102A
breakpoint RAM outputs may still be used to trigger
a logic analyzer.

Execution modes allowed:
[NO BRK]
Display Response — “nb."”
Function — Without breakpoints.

Full-speed execution without breakpoints enabled.
Does not affect the state of the breakpoint
memories.

[SING STP]
Display Response — *‘SSt.”
Function — Single Step.

Step through program one instruction at a time.
After each instruction is executed, execution halts
with the current value of the Execution Processor
Program Counter and Accumulator appearing on
the display in the form “PC.234-56". System status
is saved in the appropriate Hardware Registers. At
the point, [NEXT/,] will cause the program to ex-
ecute one more instruction, or any other command
may be invoked by pressing the appropriate com-
mand string. Does not affect the state of the Break-
point Memories.

[W/ BRK]
Display Response — “br.”
Function — With breakpoints.

Full-speed execution with breakpoints enabled.
When a breakpoint is encountered, execution halts
with the current value of the execution processor
program counter and accumulator appearing on the
display in the form “PC.234-56"". System status is
saved in the appropriate hardware registers. At this
point, [NEXT.,] will cause the program to continue
until the next breakpoint is reached, or any other
command may be invoked by pressing the ap-
propriate command string.

[AUTO STP}
Display Response — “ASt.”

Function — Automatically sequence through a series
of instructions.
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Step through program one instruction at a time.
After each instruction is executed, execution halts
with the current value of the execution processor
program counter and accumulator appearing on the
display in the form “PC.234-56". System status is
saved in the appropriate hardware registers. Execu-
tion resumes after a time determined by contents
of hardware register 08. Does not affect the state of
the breakpoint memories.

[AUTO BRK]
Display Response — *‘Abr.”

Function — Automatically sequence between break-
points.

Execute a series of instructions in real time
between breakpoints. When breakpoint is en-
countered, halt EP temporarily while program
counter and accumulator contents are displayed,
then continue. Display is sustained after execution
resumes. Does not affect the state of the break-
point memories.
Breakpoint Control Command Group
Commands:
(8]
Display Response — “‘Stb.”
Function — Breakpoint set.

Set breakpoint for the address given. Multiple
breakpoints may be set by entering additionai ad-
dresses, separated by the [NEXT/,] key. Command
terminated by pressing [END/.). Action taken is to
fill the appropriate breakpoint memory locations
with logical ones.

[C]

Display Response — “CLb.”

Function — Clear breakpoint.

Clear breakpoint for the address given. Multiple
breakpoints may be cleared by entering additional
addresses, separated by the [NEXT/] key. Com-
mand terminated by pressing [END/.]. Action taken
is to fill the appropriate breakpoint memory loca-
tions with logical zeroes.

Data types allowed:

[PROG MEM]

Display Response — “Pr.”

Function — Break on program memory fetch.
Applies command to the program breakpoint
memory space.

[DATA MEM]

Display Response — “dA.”

Function — Break on data memory access.

Applies command to the external data breakpoint
memory space.

All mnemonics copyrighted © Inte! Corporation 1976.

System Control Command Group
Command:
[SYS RST]
Display Response — “HSE-49.”
Function — System reset.

Reset both the MP and EP and clear all breakpoints
(requires approximately one second). CAUTION —
If reset while EP is executing the user’s program,
the low order section of program memory (about 23
bytes) will be altered.

VI. SYSTEM LIMITATIONS

In designing the HSE-49 emulator, certain compromises
were made in an attempt to maximize the usefulness of
the emulator while keeping the circuitry simple and in-
expensive. As a result, the following limitations exist
and must be taken into account when using the system.

1. As explained in Section IV, user program execution
is terminated (by single-stepping, breakpoints, press-
ing the [END/] key, etc.) by forcing the execution
processor to execute a “CALL" instruction to the
mini-monitor. This uses one level of the EP
subroutine stack. The EP PSW reflects the value of
the stack pointer after processing this CALL. As a
result, the value indicated for stack depth by examin-
ing the EP PSW (hardware register 01) is one greater
than the depth when the break was initiated. The user
program must not be using all eight levels of stack
when a break is initiated or the bottom level will be
destroyed.

2. User program is initiated (by the [GO] command or
when resuming execution after a breakpoint, single-
stepping, etc.) by forcing the EP to execute an
“RETR” instruction. This will clear the EP interrupt-
in-progress flip-flop. If the user program allows both
external and timer interrupts to be enabled at the
same time, care must be taken to avoid causing a
break while the EP is within an interrupt servicing
routine. No limitation is placed on breakpoints or
single-stepping in the background program because
of this.

3. When the user program execution is terminated (by a
break, single-stepping, etc.) and later resumed, the
EP timer/counter is restored to its value when the
break occurred (unless modified by the user). The
prescaler, however, will have changed. Thus, up to 31
machine cycles may be “lost” or “gained” if a break
occurs while the timer is running.

4. Timer interrupts occurring at the same time as an EP
break may be ignored if the timer overflow occurs
after breaking user program execution before the
timer value is saved.

5. The 8049 “RET" and “RETR"” instructions are each
1-byte, 2-cycle instructions. During the second cycle
the byte following the return instruction is fetched
and ignored. If a program breakpoint is set for a loca-
tion following a “RET" or “RETR" instruction, a break
will be initiated when the return is executed.
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6. Breakpoints should not be placed in the last 3 bytes
of an EP memory bank (locations 7FDH-7FFH and
OFFDH-0FFFH). User program should not be single-
stepped or auto-stepped through these locations.

7. Since /O configuration is determined by external
hardware rather than software, /O modes may not be
altered while a program is executing. (See Section VII
for further details.)

8. The “ANL BUS#nn” and “ORL BUS.#nn" instruc-
tions may not be used in the user program, as exter-
nal hardware cannot properly restore these func-
tions.

9. The memory bank select flag is not affected by the
user program break sequence. Upon resuming execu-
tion with the [GO] command this flag will remain in
the same state as before the preceding break. The
flag may be cleared only by executing the
[GO/RESET] or [SYS RST] commands.

VIl. HARDWARE CONFIGURATIONS

A number of control and status lines are available to the
user. All are low-power Schottky TTL-compatible
signals.

TP1 — Unused MP input.
TP2 — Unused MP output.

TP3 — User program suspended. Low when EP run-
ning user code. High when halted or running mini-
monitors.

TP4 — Breakpoint encountered. Normally low. High-
level pulse generated when breakpoint passed. Useful
for triggering logic analyzers, oscilloscopes, etc.

TP5 & TP6 — Memory matrix mode control. Select
program vs. data RAM, link mapping configuration,
etc. (See Appendix B for details.)

TP7 — Bus control. Low when MP controls common
memory buses. High when EP controls memory
buses.

The HSE-49 emulator hardware is designed to allow the
user to reconfigure the system for a wide variety of dif-
ferent applications by installing or removing jumper
wires or additiona! components. The schematics in Ap-
pendix A show the components needed for a variety of
different configurations. In general, not all of the
devices are required (or allowed) for any one configura-
tion. The devices which are required are included in the
following description.

The types of options allowed are divided below into
several general classes and subdivided into mutually-
independent features. Within some of these features
there are numbered, mutually exclusive configurations;
i.e., the serial interface (if desired) may use either

AP-55A

current-loop or RS-232C current buffers, but not both at
one time.

Standard Operating Configuration

(Minimum system configurations — up to 4K program
RAM; no data RAM; no serial interfaces; no execution
processor l/O reconstruction.)

A. Basic 2K monitor from Appendix B:

Install resistors R4-R6
Install transistor Q1
Install crystals Y1-Y2
Install capacitors C5-C38
Install switches S1-S33
Install displays DS1-DS8
Install IC1-1C2

Install RP3-RP5

Install IC6-1C7

Install RP8

Install IC9

Install IC15-1C20

Install 1C25-1C30
Install IC34

Install 1IC36-1C38
Install A1-A2

Install B1-B2

Install C1-C3

Install jumpers 13-15
Install jumpers 17-18
Install jumper 20

B. Expansion 2K monitor:

Install IC14
Remove jumper 17

Serial Interface Buffer Selection

A. Current loop serial interfaces (4N46s) installed for
use with full Intellec® Model 800 development
system TTY port.

Install 1IC21-1C22

Install resistor R1-R3
Install jumpers 4-9
(Remove RS-232 jumpers)

B. RS-232C serial interfaces (MC1488 and MC1489) in-
stalled for use with CRT as output device for data
dumps:

Install 1IC23-1C24

Install jumpers 1-3

Install jumpers 10-11
(Remove current-loop jumpers)

External Data RAM Address Decoding Scheme for Ex-
ecution Processor

A. Up to 16 pages of on-board external data RAM in-
stalled for execution processor (addresses 0 through

All mnemonics copyrighted © Intel Corporation 1976.
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OFFFH = 4K bytes); port 2 used for addressing pages
0 through 15:

Install jumpers 21-25
Install jumper 27
Install A5-A8

Install B5-B8

Install C5-C8

B. One page of on-board external data RAM installed
for execution processor (addresses 0 through OFFH);
port 2 not used for data addressing:

Install jumper 26

install jumper 28

install AS

Install BS

Install C5

Connect the outputs of 1C20, pins 7,9, 10, & 11 to
the inputs of a 74LS21 AND gate (not shown). Con-
nect the output to CE and CS inputs of A5-C5.
(Note: these signals are all present at jumpers
21-24 on the schematics.)

intgl.

Reconstructing /O for Execution Processor
A. Application of port 2, pins P23-P20:

(1) Using P23-P20 for latched output data (used with
“OUTL P2,A”, “ANL P2#data”, and “ORL
P2 #data” instructions):

Install 1IC31
(2) Using P23-P20 for interfacing to an 8243 in user’'s
prototype:

Connect D3-D0 pins on IC31 socket to cor-
responding Q3-Q0 pins.

B. Application of execution processor BUS:

(1) Use of BUS as latched output port (“OUTL
BUS,A”):

Install 1C32

All mnemonics copyrighted © Intel Corporation 1976.
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NSMAT HSE4S LNK PRINTCLP

TS1S-1T MCS-42/UF]- 45 MACRG RSSLMELER, V3 @ MG L
HSE-490TMY EMULATOR NONITOR YERSION 2.5

[REame 3 LINE

5 COPYRIGHT <€ 1973

189 INTEL CORPIIGRTION

11 1435 DOWERS AYCNUE

12 SNNTE CLARA, CRLIFORNIR 95851

14 (2R SR AE RS

15 ¢

16+ A/eS

1?7, ===

13

12+ THIS PRUGRAM CONTRINS THE SOTTWART NCCESSARY 10 RUN THE HSE-49(TM)
2 ¢ RIGH-SFECD CMULKTOR FOR INTLL'S HCS-~48(TM) FHMILY FAMILY OF MICROCOMPUTLRS.
€1 s WHE EMULPTOP PROVIOCS AN RSLOKTMENT OF UTILITY FUNCYIONS FOK

2 [VELUPING FNG DEBUGGING 5i45-BRSED RPPLICRIIONS, INCLUDING THE
230 ARILITY TO DNTLE AND MOGIFY PROGRAMS IN FROGRAM RRM,

oC 0 THE CMULATOR 175 BESTRIBED IM GPEMER DEPTH IN INTEL'S RPPLICATION NOTE
&7 - MP-55 "R HIGH-SPEED CMILRTOR FUR INDEL HLS-43(TM) MICKOCOMPUICRS. *

25 0 PROGRAM

W ===

st

220 TS LISTING I% ORGANTZED QS +OLLONS:

34 INTRODUCTION 1iND KARDWRRE DYERVIEW

E N YPRTAGLE DECLARKYION PND DEFINITION:

36 FOMET-ON SYSTEM INTTIRLIZATION:

EEa KENRONRD COMMRKD PARSER PND ASSOCIRTED TRABLES:

Et) IMPLEMENTATIONS OF THE PRIMARY COMMANDS,

3 UHTR NCCLTEING WELITY SUBROUTINGS USED THROUGHOUT;

49 FEVENRRT CCANNING il DISPLRY DRIVING SUBROUTINE;

1 EEYBORRD GND CISFLEY TNTERFACING UTILITIES

42 SOUTINES A0 UTILITY TUBROUTINES WHICH INTCRACT BLTHWEEN WP AND EP.
47

44

49 trerT

SUURLE STRTCMENT

SMRCROFILE MOSEN NOCOND REF
STITLEC RSE-490TH) EMULATUR MONITOR VERSION 2.97)

ST LR bERE AR AL

FROGREN. HOE-42(TH) EMULRTOR MWONITOR
YERS 2 /v

;. HUTER SATA. O
PORT ORPELDT OF

SIEP ECTIONSG UF A PRUGRAM, AND EXCCUTE PROGRAMS
1OFHZ. WITH Dk WITHOUT BRERKPOINTS EMAELED.

All mnemonics copyrighted ©
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intgl.

L opsy LINE

;

CURCE STRTEMENY

TNTRODUCTION AND RRDNARE OVERYIEMW

THE DMULRIOR DESIGN USES THO MICROPRUCESSORS.  ONE PRUCESSOR CONTROLS

i SVRTEM STATLZ. INTERFRETS MONITOR COMMANDS, AND COMMUNICATES

WITH THE UTSIDE WORLD THRUUGH THE ON-BOARD KEVEOHRD, DISHLAY, SERIAL
INTERTARCES, CONTROL SISNALS. CTC.

© HOZECOND PROCESSOR IS USED TO ACTUNRLLY

¢ EXECUTE THE 1ISER‘S FROGRAM UNDER THE CUNTROL OF THE FIKST.

i THESE PROLCESSORS ARE REFERRED TO

¢ THROUGHOUT THIS PROGRAM AS THE MASTER PROCESSOR (MF) AND EXCCUTION

£
- AT THE END OF THIS LISTING ARE SLVERAL SHORT "MINI-MONITOR OVERLHYS®
> WHICH THE EXECUTION PROCESSOR EXCCUTES WHEN INTERACTION BETWEEN 1H:
£2
64 :
(20
66
i TR COBE AND CATA STORRGED.  THESE MACKD DEF INITIONS HRE INCLUDED IN A FILE
i NAMED "ALLCC. MAC. ™ AND ARE PRINTED IN THIS LISTING FOR RCFERENCE.

£9 .
+ STORED N INTERNAL R ¢RS OPPOSCD TO WORKING REGISTERS) bY USING K1 TO
¢ INDIRCCTLY RDDRESS THE HPPROPRIATE RAM LOCATION WHEN NECLSSRRY.

- THESE MACROS ARE INCLUDED IN "MORCOD. MCY, FND NRE NLSO PRINTED HEKE.

i COMPLETC INDERSTANDING OF THESE MACKUS 1S NOT REGUIRED TO UNDERSTAND THE
» MONITOR PROPER. FLL LINES W0 RCTURLLY PRODUCE OBJECT CODE RPPEAR IN
5
i THE ACTUAL MONTTOR PROGRAM FOR THE EMULAYOR BEGINS NT RPPROXIMATELY

¢ FROCESSOR <EPY RESPECTIVELY.

THE PFOGRAM IN THIS LISTING IS EXECUTED BY' THE MASTER PROCESSOK.
THO PROCLSSORS TS NECESSARY
THIS PROGRAM WA WRITTEN USING A NUMEER OF MROROS TO HANDLE 11k ALLOCATION

OF WP RECOURCES (WURKING REGISTERS. INTERNRL RAM. AND MP MONITOR ROM

RNOTHER SET OF MACKDS 1% USED TO SIMPLIFY THE RCCESSING OF VARIAELES

THL LISTING ITSELF. INDENTED TWO SPACES FROM THE NORMAL THOULATION COLUMNG.

: SOURCE LINE NUMEER 508.

¢ LINES GEMEPNTID BV MACRD EXPANGION HRE FLRGGED BY A PLUS SIGN (*+")

¢+ IMMERIATELY FOLLOWING THE SOURCE LINE NUMBER.

¢+ A NUMBCR OF LIMEC FROM THE VRRIOUS MACRO DEFINITIONS WHICH DO NOT

: PRODUCE ANV CRJCCT CODE ARE PROCESSED BV THE RSSEMELER

- HS THESE MACRDS PARE EXPANDED.  WHEN THIS IS THE CRSE, THESE LINES RRE

CUPPRECSED FROM THE LIST FILE. A4S A RESULY. THE LINE NUMBERS AKE

© NOT ALWAYS CONSECUTIVE WHERE £ MACRD IS BEING INVOKLD.

¢ NOTE:

“SOURCC-LINE® REFERS TO THE DECTMAL NUMEERS LEFT OF EACH INSTRUCTION,

¢ AT THE END OF THE LISTING IS RN ASSTMELV CROSS-REFERCNCE TRELE INDICHTING
¢ THE SEQUENTIAL SOURCE-LINE NUMBEK OF ALL INSTANCLS WHERE ANY YARIRBLE

¢ 15 DEFINED OF REFERENCED.  THIS WiLL BE OF GRERT FISS1SIANCE IN

+ LOCRVING SPECTFIC SUBROUTINES, ETC. IN THE LISTING.

9% ;

97 SEJECT

+ MNEMONICS COPYRIGHT /C> 1376 INTEL CORPORATION
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Loc oeJs LINE SOURCE STATEMENT
i INCLUDEC -7 - ALLUC. MAC)

ooy = 99 R E£T 2
= 109 ;

069 = 181 “REA ca b

aan =182 "RR1 EQU 1

2 = 192 AN EQU 2

308 = 104 "CONST CQU 3

4064 =185 R get] 4 ; RCCUMULKTOR VARIRELL TYPE
=186 ;
= 107 . THE FOLLOWING INITIRLIZES THE LINKED L1ST POINTERS FOR
= 186 ; THE REGISTER ALLOCATION AND DERLLOCKTION ROUTINES.
=199 :

ez = 110 7BAR2  SET 3

bend =111 7PAR3  SET 4

8903 = 112 “BOR4  SEY 3

s = 112 %6905 SET [

a7 = 114 7BARE  SET 7

00as = 115 BAR?  SLT g
= 16 .

B062 = 117 2BOPNT  SET Z
=118

oz = 113 “BIRZ  SET 3

0004 = 120 7BIR3  SET 4

005 =121 "BIR4  SET 3

22 = 122 7IRS  SET 6

w7 =123 "BIRG  SET 7

wane = 124 "B1k?  SET 8
=125 ;

8002 = 126 7BIPNT SET 2
=127

(i) = 128 ORGPGA SET B98H

Mo = 129 ORGPGL  SE1 198H

LA = 139 ORGPG2 SET 208

8300 = 131 ORGPGZ LT 004

3400 = 132 ORGPG4 ST 4904

8509 = 133 ORGPGS  SE1 S560H

8609 = 134 ORGPGE  SET GO8H

3700 = 135 ORGPG?  SET ‘o
=13
= 137 $EJICY

All mnemonics copyrighted © Intel Corporation 1976.



LINC SOURCE STATEMENT

130 Ttk

139 ¢

140 ; STRRT OF MLLUCRTION MACROS
144 ;

142 :

142 ;

144 RSAYE  MNCRD  <AMBOL. BANK. PNTVIL
145 IF PNTYRL E9 8

= 146 LRROR 2

=147 EXITH

= 142 ENDIF

=149 ¢ SRYE GEN

=130 SYMEOL SET R&PNTYAL
=151 ¢ RESTORE

= 152 7BSLANKEPNT 23 BEBANKEREPNTVAL
=152 ENDM

=15 ;

=155

= 15 “MINDX SET 2O

=157 ;

= 156 MEAYE MACRO  SYMBOL. LENGTH, RDDR
=159 % SAVE GEN

= 160 SYMBOL  CO HOOR

=161 ¢ RESTORE

= 162 MINDX SET “MINDX:LENGTH

= 163 ENDM

= 164

= 165 MELOCK MACRD  SYMBOL, LENGTH

= 466 20SMEOL EQ) 3

= 167 MSRYE  SYMBOL, LENGTH, Z2MINDX
= 162 ENDH

= 169 ;

= 179 DECLARE MACRO  SYMBOL. TYPE

= 174 74SYMBOL SET P&TYPE
=172 I 2$TYPE E9 2

=173 CMORVE  SYMBOL. 1, Z7MINDX
=104 CRITH

= 175 CNDIF

= 475 IF $TYPE ER B

= 477 2RSAYE  SYMBOL. 8, Z7B8FN1
=478 EXITH

= 179 ENDIF

=180 JF 2WINPLER L

=181 RSAYE  SYMBOL, 1. Z2B1PNT
= 182 EXITM

= 183 ENDIF

=15 ENDM

=195,

=186 % EJECY

AP-55A
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Loc ogJ LINE
147 5
162 ; PLORG
162

190 ;
191 REORG
1

€

SOURCE STRTEMENT

HRCRO TO RESET THE INSTRUCTION LOCRTION COUNTLR

10 THE FIRST FREC LOCATION ON THE FIRST PAGE MODIAE WILL
FIT WITHIN

MRCRO LOCATION

92 $SAYE GEN

- 192 ORG LUCRTION
194 SRECTORE
125 ENDIt
196 ;
197 ; CODEBLK MACRO TO FIND O PAGE OF ROM
198 ¢ WHICH THIS BLOCK OF CODE WILL FIV WITHIN

18

199 CODEBLK
208 "LENGTH
201 1F
M2

283 2LTWT
24 EXITH
uS ENDIF
Qe IF
207

205 *S1ART
209 AT
212 ENDIF
241 1IF
212

213 2START
214 CXITH
21% INDIF
26 0F
aty

21¢ 7CTRRT
219 EXITH
2zn CNDIF
21 1F
222

223 2START
224 EXITH
229 ENCIF
226 IF
227

228 STRRT
229 LXITH
&0 ENDIF
221 0F

a32

233 "STRRY
234 EXITH
23 ENDII
SNIF
27

238 75TRRY
229 EXITH
48 ENDIF
41

PR R (T L T LI LU LA COUE N LJ LU T I (e {  I U L  CI LI  L L 1}

[ LI I T 1]

P I U (O T L N AN T OO S O (O [N [ S TR 1

[T L TS (N T TR T R ||

MACRG  LENGTH

SEl LENGTH
HIGHORGPGHLENGTH-1> [0 8
REORL  ZDROPGA

3 $

HIGHCORGHGLSLENGTH-2) €9 1
FEORG  HORGPGL
T §

HIGH(OIGPG2HLENGTHK- 1) L@ 2
REORG  %ORGPGZ
oY §

HIGH(ORGFG44LENGTH-1) (0 4
REORG  7ORGPG4
T %

HIGH(ORGPGSLENGTH-1) ER S
SET 2

HIGH(ORGPG6+LENGTH-1) EQ €
REDRG  ZORGFGE
kT $

HIGH(ORGPGT+LENGTH-1) EQ 7
REORG  XORGPG?
SET $

+

HIGHCORGPGZ+LENGTH-1) TQ 3
REORG  XORGPGZ
SET ¢

ERROR @

s kwk INSUFFICIENT SPACE FOR CODE ON ANY FAGE

All mnemonics copyrighted © Intel C.

orporation 1976.



intgl.

Loc oy

LINE SOURCE STRTEMENT
= 242 ENDM
= 243 ; BRTRELK INGERTS ONTO PAGE 3

244 DATABLK MACRD  LENGTU
245 LENGTH SET LENGTH
246 IF HIGH(ORGPG3+LENGTH-1) EQ 3

=247 REORG  ZORGPG3

= 248 7START CET ¢

= 243 EXIT!

= 258 ENDIF

= 251 CRROR @ it INSUFFICIENT SPACE FOR DRTR BLUCK ON PRGE § *+%
= 2% ENDM

= 253 ;261ZE PRINTS R LINE TO THE SOURCE FILE GIVING BLOCK SIZE.

= 254 AND UPDATES APPROPRIATE ORGPGR

= 235 75IZE  MACRD  BLK.PGE

= 296 $SAVE GEN

=257 SIZE SET  BLK

=253

= 25% ;%

= 268 IF LENGTH LT SIZE

= 261 ERROR @ iekx SIZE EXCEEDS SPHCE CHEUKED FOR BY CODEBLK MACKRO
= 262 ENDIF

=263 IF HIGH($-1) NC HIGH(?START:

= 264 ERROR @ ixet CODE OR DATA BLOCK ROLLED OVER PAGE BOUNDRRY dd
= 265 ENDIF

= 266 $RESTORC

= 267 ORGPGAMGE SET $

= 268 ENDM

= 209 : SIZECK CHECKS SIZE OF PRECEDING BLOCK, FRINTS SIZE 10 .LS) FILE
= 278 SIZECHK MACRO

=M TI2E B(EI5TART). ZHIGH(PSIART)

=7 ENDM

=273 ;

=274 :

= 275 ; RSOURCE CODE SPRCE  RLLOCATION SUMMARY STRTCMENT

= 276 RSOURCE MACRD

= 277 $SAVE LIST GEN

=278 PGSIZE SET  (ORGMGE-888H ;BYIES USED ON PRGE @
=279 PGSIZE SET  ORGPGA-168H  ;EYTES USED ON PAGE 4
= 269 PGSIZE <ET  ORGPG2-200H JLYTES USED ON PAGE 2
=281 PGSIZE SEY  ORGPG3-388H JBYTES USED ON FAGE 3
= 282 FGSIZE SET  ORGPG4-488H +BYTES USEL ON PAGE 4
=283 PGSIZL SET  ORGPGS-S68H FBYTES USED ON PAGE S
= 284 PGSIZE SET  ORGPGE-GOAH iBYTES USED ON FRGE €
=285 PGSIZE SE1  ORGPGY- 708H s BYTES USED ON PHGE 7
= 286 $EJECT

= 267 $KESTORE

= 248 ENDM

= 289 $EJECT

AP-55A
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Loc  oey LINE SOURCE SYATEMENT
298 ;
29 ¢ INCLUDE ( : F@:MOPCOD. MAC)
292 ;
203 ;7TORML MACRO  FOR GENERALIZING OFCODE INSTRUCTION
294 :

20

243 FORM MACRD  OFCODE, SKC
296 IF 45RC 09 2

297 ¢ SAVE GEN

29 noy R1, #5RC
- 29 OPCODE fi, 8R4
- 309 $ RESTORE
- 301 EXITM

362 ENDIF

363 1F 24SRC EQ @ OR 245RC [Q 1
we e SRYE GEN

5 OPCODE A 5RC
386 RESTORE

- 307 EXITH

- 308 ENDIF

309 IF 245RC EQ 3
32 $ SAVE GEN

- po k] OPCODE R, #SRC
H2s RESTORE
13 EXIM
314 ENDIF
5 ERROR 1
316 ENDM
37

318 ; 7FORM2 MACRO  FOR GENERALIZING MOVES FROM THE ACC 10 A VARIABLE
319 FORM2 MACKO  DES)

28 IF 74DEST EQ 2

s SAVL GEN

- 322 Hov R4, #DEST
- 32 Moy @R1.0
- 24 % RESTORE
325 EX1TH
- 326 ENDIF
327 I P4DEST £6 8 OR “8DEST CQ 1
38 ¢ SAYE GEN
- 322 Hov DESL,
- 338 ¢ RES10RE
- Ess] EXITH
332 CNDIF
- 33 ERROR 1
334 [NDM
333
336 ;7FORM3 MACRO  FOR GENERRLIZING MOVCS FROM THE RCC TO A YARIABLE
37 WHEN IT IS KNOWN THAT R1 (IF NEEDED FOR INDIRECT RADDRESSING)
338 IS ALREHDY PRESET.

339 7FORM3  MRCRO  DEST
349 IF 7&DEST EQ 2

LI L L | I L | L L | I [ (O | (I | (O O | O L T O T I [ | O T O VI T Y NN [ O T NN TN T IO [ T N 1 N ¥ N T N [ SN T Y TS N TR T

- 341 8 SAVE GEN
342 MoV &RL.A
M3 s RESTORE

- 344 EXITM

All mnemonics copyrighted © Intel Corporation 1976.
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Lot |y

LINE SOURCE STATEMENY
345 ENDIF

346 IF 7&DEST £ © OR 78DEST k& 1
347 % SWE GEN

348 MoV DEST. A
349 § FESTORE

350 298]}

351 ENDIT

252 ERROR 1

153 ENDM

34

LT L L L L L (L T (| | T L T T T L I | T IO TS T O T NN T IO [ TN T N [ TR [N T TN VIR [ O (TN (L UL LI I U B TS R LI L 1}

353 i 7FORM4 MRCRO  FOR GENERALIZING “MOY  H, SRC” INSTRUCTION
336 FORM4  MACRO  SKC
N7 IF SRC EQ 2

%8 % SRYE GEN

59 nov RL, $9KC
368 Moy R 6R1
614 RESTORE

362 EXITH

362 ENDIF

364 3 P45RC LB @ OR MSRC EQ 1
R SAVE GEN

266 oY A, SRC
367 § RESTORE
368 CXITH

368 TNDIF
eI WGKC €@ 3

s SAVE GEN

i MoV i, #5RC
372 ¢ RESTORE

74 EXITH

375 ENDIF

kt(3 ERROR 1

377 ENDM

378

379 ;7FORMS MACRO  FOR GENERRLIZING MOVING A CONSTANT INYO R VARIRBLE
359 OFORMS  MACKD  DEST, CONST
381 IF 76DEST EG B OR 78DEST EQ 1 OR 24DEST EQ 4

028 SAVL GEN

383 oy DEST. #CONCT
k. I RESTORE

335 EXITH

386 ENDIF

@ IF 24DCST EQ 2

e SRYE GEN

309 Moy R1, #DEST
399 Moy k1, #CONST
¢ RESTORE

392 EXITH

393 ENDIF

34 ERROR 1

295 ENDM

230

397 ;WMOV  MACRO  GENERALIZCD MOYC FROM SRC 7O DEST
398 MM0Y  MACRO  DEST.SRC
398 IF ERC EG 3

AP-55A
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Lo ool LINE

= 409
= 481

2 ENDIT
442 1F
494
485
40¢ ENDIF
497 1F
402
41
419 ENDIV
411
412
413 ENDM

'
R U LI TR TR 1

415 “BINDF
416 IF
417

415

419 DNDIF
e 10

LY

w22

422

424 ENDIF
425

426

427

428 ENOM
422 MADD
438 MARDD
431

432

422

434 : MALOC
425 MADDC
436

437

432

439, MANL
448 MANL
a4y

442

43 ;

444 S MORL
445 MORL
446

447

445,

449 ; MARL
450 MXRL
451

452

453
454 . MXCH

T T T R T T T T T T LI IO OO (TN T O S VA T U O T L L L LB L nwonon

SOURCE STRTEMENT

2FORNS  LEST, SRC
=381

74DEST EQ 4
“FORML MOV SRC
ERITH

749RC EQ 4
WORM2 DELT
EXITH

“FORML  MOY. SRC
“FORM2 DEST

414, BINDP MACRC  GENERALIZES ARITHMETIC AND LOGICKL OPERRTIONS

MACRO  OFCODE. DEST, SRC
“4DEST L@ 4

ORML  OPCUDE, SRE
LX1TH

“25RC £Q 4

2FORML  OPCODE, DEST
oMM LEST

CeImm

“FORML  MOY: SKEC
“FORML  OFCODE, DEST
TFORM:  DEST

MACRO  FOK GENERALIZING RDD INSTRUCTION
MHCRO  DEST, SRC

“BINOP  (3DD, DEST, SRC

ENDH

MACRO  FOR GENERALIZING ADDC INSTRUCTION
MHCRD  DEST. SkC

TBINGP  HDDC, DEST, SRC

ENOM

MACRO  FUR GENERRLIZING ANL INSTRUCTION
MACRC  DEST. SRC

PBINGF 1L, DEST. SRC

ENDM

MACRO  FOR GENERALIZING ORL INSTRUCTION
MACRU  DEST. SRC
“BINOP  ORL. DEST. 5RC

ENDM

MHCRD  FOR GENERALIZING XRL INSTRUCTION
MACRD  DEST, SRC *

“BINOF XRL, DEST, SRC

ENDM

MACRO  HOR CENERALIZING XCH INSTRUCTION

All mnemonics copyrighted © Intel Corporation 1876.

22



Loc 0pJ LINE SOURCE STRTEMENT
= 455 MXCH  MACRO  DEST, SRC
- = 436 2BINOP  XCH. DEST. SRC
= 457 al]
=458
= 439 MNARY MACRO  OPCODE, DEST
- = 468 7FORML MOV, DEST
- = 461 $SAVE GCN
= 462 OPCODE 1]
- = 463 SRESTORE
- = 464 FORMZ  DEST
= 465 ENDM
= 466 ;
= 467 MINC  MRCRO  DCST
- = 463 UNARY  INC, DEST
= 469 CNDM
=470 ;
= 471 MUEC  MACRD  DLST
- = 472 UNARY  DEC, DEST
= 473 IND#
= 474 ;
= 475 MDJNZ  MACRC  DEST, ADDR
- = 476 FUNARY  DEC, DEST
= 477 $SAVE GEN
= 478 N RODR
= 479 JRESTORE
= 488 ENDM
=481 ;
= 482 MRL MHCPO  DEST
- = 483 FUNARY  RL.DEST
= 484 ENDM
= 489 ;
= 426 MRR MRCRO  DEST
= 437 UNARY KR, DEST
= 408 ENDH
=489 ;
= 49 MRRC  MACKD  DEST
- = 4% UNBRY  KRC, DEST
= 492 ENDM
=493 ;
= 494 MRLC MACRO  DEST
- = 495 UNARY  RLC, DEST
= 496 ENDI
= 497 ;

= 498 $EJCCT

AP-55A
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24

Loc oeJ LINE

499 ;
590 ;

SOURCE STRTEMENT

ol

582
583

BEGINNING OF PROGRAM PROPER

504 ;
o5
W .

587 ;
598
509 ;
518 ;
511

RLLOCRTION OF WP [/0 PORTS:

52
L Xa
514 ;
515 ;
516 ;
BO0E 547 POIGIT
200D 548 PSEGHI
wooC 519 PSEGLO
ol 520 PINPLN
921
52 i

P7
v6
ps
P4

;USED FOR DIDIRECTIONAL ADDKESS AND DHTA TRANSFERS
USED AS INDIVIDUAL CONTROL OUTFUTS AND BREAK LOGIC
H1GH- ORDER RDDRESS AND ADDRESS SPRCE SELECTION

SUSED TO ENRBLE CHARRCTERS AND STROBE ROMS UF KEYBURKRD
SUSED 10 TURN ON RI SEGMENYS OF CURRENILY ENAELED DIGIT
s PORT FOR LOWER FOUR SEGMENTS

PORT USED 10 SCAN OR KEY CLOSURES

923 ;
524
923

INDIVIDURL PINS OF PORT 4 USED RS FOLLOWS:

826
927
681 528 LNCRRM
4082 529 ENBLNK
528
531
0004 532 EPSSTP
RS
[ 534 CLREFF
835
019 036 EPRSET
8022 537 MODOUT
528
8240 539 1TYOUT
548
54
542 $EJECT

y
EQY)

20]]

e

EQU

EQU

PODRAAAIR ;P18 - HI EMABLES BREAK ON BRERK RAM DUTPUT SIGNAL
o00u0e10t ;P11 - KI ENAELES BIEAK ON RD OR WR TO LIMK BY EF

i (NOVE: P11 & P10 BOTH HI ENRBLES
LREAK ON AN EP INSTRUCTION CYCLE)

00001866 ;P12 - LO FORCES EP S5 INFUT LOW,

i HI GRTES URCAKI'OINY FLIP-FLOP T EP S5 INPUT.

#84¥1040C P13 - LO CLERRS BRERK HLIP-FLOP

i FND ENABLES WR CONTROL 10 BRERKPOINT RAM.

POU160aa8 ;P14 - HI RCSETS EF
#aLAeRAR P15 - LU WHEN EP IS EXECUTING USER FROGRAM.

HI WHEN EP FROZEN OR RUNNING OVERLAYS.

818909908 ;P16 - SERIAL QUTIUT TO TIV OR CRT

;P17 -~ UNUSED
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intgl.

LOon

218
v020
ve4e

ey LINE

SQURCE STRTEMENT

42 e

44 :
545
546
547

INDIVIDUAL FINS (F PORT & USED AS FOLLOWS

ey

S48

43

a5a .

S51 M

52 M

553 MPUSEL
554

23-F2n

axt]
EQU
181

555 EXPMON  EQU

556
957 i
308

ADR11-R0AS FOR RCUCSSING PRUGRAM OR DATA RAM ARKAY

Ia316088E < P24 - MEMORY MATREIX CONTROL PIN 8
QU1GBGO0E  ; FLS - MEMORY MATRIX CONIROL PIN 1
012060008 ;P26 - HIGK WHEN M IN CONIROL OF COMMON MEM ARRAY,
; LUM WHEN EP IN CONTROL.
199090008 . P27 - JUMFCRED TO GROUND FOR STANDARD MONITOR.
FLUATING WHEN EXPINSION MONITOR FRESENT.

559 5 WHEN MP IN CONTROL OF MEMORY' MATRIX M1-M@ USED RS FOLLOWS

560
S61
%6 .
5€2
564
S£9
566 .

M

e

e

MoDE

FROGRAM RAM [HRRAY ENABLED HOR RERD & WRITE

DAYA RAM KRRAY ENABLED FOR RERD & WRITE

LINY REGISTER CNABLED FOR READ. KAM ARRAYS DISAELED.
NOTE: LINKC RERISTER ALWAYS ENPBLED FOR MP WRITES)

S67 SWHEN CF IN CONTROL OF MATRIX M1-M@ USED RS FOLLOWS:

968
569 .
579
b2 W
572 .
873
74
ovs
576 $LITCT

"

S

1

1

i

A

I

1

MODE

LP FSEN FETCHES FROM LINK REGISTER (USED 10 FORCE OFCODES)
EP PSEN FETCHES FROM FROGRAM RAM ARRAY.

EF RD & WR CONTROL URTR RAM HRRAY

EF PSEN FETCHES FROM PROGRAM RAM FiRRAY,

L & WR CONTROL LINK REGISTER.

AP-55A
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26

Lor

B2

8a17

(25U

LINE SOURCE STRTEMENY

c
S7

STR L bkt

57

b= SYSTEM CONSTRNT DEFINITIONS

Se1

T - :

963 ¢

584 DECLAPE CHARND. CONST . NUMEER OF DIGITS IN DISPLAY HND ROWS OF KEY:
9% CHARND  Ewl! 2

592

Hug GECLARE NCOLZ, LONST +LESSER DIMENSION OF KEVBORRD MATRIX

£14 NCOLS  EQU 4

615

£16 DECLARE DEENCL.CONST  NUMBER OF SUCESSIVE SCANS BEFORE Kby CLOSURC RCCEPTED
639 DECNCE  CQU 2

X5

(X2 DECLARE OYSIZE. CONSY ;SIZE OF LARBEST MINI-MOMIVOR OVERLAY FUR EF
€46 OYVEIZE £ 23

£47 .

€42 DECLARE CUFLEN. CONST . LENGTH OF HEX FORMAT XMIT BUFTER (MAX RECORD LENGTH)
662 BUFLEN EQU i6

663

(64 .

669 ;

1238 UTILITY CONSTANT DECLARATIONS

668 .

669

€7@ DECLART YERM, UONSTY
604 ZEwD  EQU @
2% DECLARE PLUSH, CONST
€92 FLUSL e 1
7R DECLARE PLUS3. CONSY
V14 PLUST Lo 3
715 DECLARE NEGL, CONGT
729 NEGt  EQU -1
3

721 $ETECT
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intgl.

Lo

o}

LINE SOURCE STATEMENT

33

3 BANK A REGISTER ALLOCATION:

VI

730

38

739 DLCLARE LDATA. By :DAYA USED BY LOGICAL RDDRESSING REFD/WRITE UTILITIES
7ot LDATA  SET R2

756 DECLARE KLV, PR +HOLDS KEYCODE RETURNED FROM KED INPUT RUUTINE

762+ KEY SET R¥

?¢2 DECLARE ITMP. REQ SCOUNTER LISEL RS AN INDEX IN PARSER ROUTINE

786+ nw  SET R4

9@ DECLARE CHKSLM. RBA s CHECKSIM OF DATA EYTES TRANGMITIED IN HEX FILE FORMAT
283 CHKSUM  SET RS

207 DECLARE DSPTMY. RE#  TEMPORARY STORAGE FOR DISPLAY PRITERNS IN “DSPACC”
220+ DEPTMP SET RE

£24 DECLARTC XPCODE. RER JEXPANGION MONITOR ROUTINE CODE NUMELR

&7+ XPCODE  SET RY

841

842 2T

241

844 ; ERNE 1 REGISTER ALLOCRTION

845 ;

846

47

£42 DECLARE ROTPAT. REL JUSED TO HOLD INPUT PATTERN BEING ROTATEL THROUGH CY
865+ ROIFAT SET K2

863 DECLARE FOTCNT. RBL ;COUNTS NUMGEK OF BITS ROVATED THROUGH CV

206+ ROTCNT  SET K2

$58 DECLPRE LRSTKY. R JHOLDS KEY POSITION OF LAST KCY DEPRESSION DLTECTED
M7+ LASTKY SET R4

911 DECLARC CURDIG. RE4 JHOLDS FOSITION OF NEX1 CHRKRCTER 10 BE DISHLAYED
928+ CURDIG SET RS

232 DECLARE KEVFLG. RB1 JFLAG TO DETECT WHEN ALL KLYS ARE RCLERSED

249+ KESTLG SET R6

2 : (REGISTER ¥ NOT USED FOR PEIMPRY MONITOR)

955 i dkdgkd

956 SEJCCT

AP-55A
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Loc 0es

8922

agzt

2820

8g2C

w2l

0928

8034

0033

803¢

LINE SOURCE STATEMENT
957 .
953 B NAAA
959
%0 DATA RRM RLLOCAY 10N
961
9%2
%2
964 DECLARE CPRACC, RAN iSTOPAGE IN P FOR EF ACCUMILATOR
960+ EFACC  EQU 22
473 DECLARE EPFSM. RAM i STORAGE IN MP FOR EF PROGRAM STATUS WORD
9704 PPN B 32
952 DECLARE EPTIMR. RRM SSTORAGE IN MP FOR CF TINER/COUNTEK REGISTER
%07+ CPTIMR EQY 34
991 DECLRRE EPRA, FPM .STORAGE IN MF FOR CF REGISTER @ UF BRNK &
6+ EFR® WU 35
1089 DECLARE EPPCLO. KHM STORAGE IN MP FOR LG CYIL OF EP PROGRAM COUNTER
1005+ EPPCLO EQU 36
1099 DECLARE EPPCHI, RAM STORRGE IN MF FOR HIGH NIBBLE OF EP FROGRRM COUNTER
1014+ EFPCHT EQU 37
1M3 DECLARE HBITLE, RANM PRRAMETER 1 FOR SERIAL LINK DRTA FATE GENERRTOR
1623+ HBITLO EQ) 32
1627 DECLARE HBITHI. PAM FORFMETER 2 FOR SERIAL LINK DRIA RATE GENERATOK
1032+ HBITRT EQU 3%
1936 DECLPRC DSPTIN, RAM s PAPRMLTER FOR AUTA-STEP AND ALNO-EREMK SERUENCING KATE
1841+ DSPTIN EQU 48
1045 DECLARE VERSND, RAM AMONTTOR YERSION NUMBER
1050+ VERSNO  EQU 41
1054 DECLARC HREGR, RAM . CUNUSEDD
10504 FREGR  EMU 42
1863 DECLAKE HREG: KAN CUNUSED)
1965+ HREGR  EQU 43
1472 DECLARE HREGC, AN i (UNUSED?
1877+ HREGC EQU 44
1881 DLCLARE HREGD. RAM i (UNUSED)
" 1096+ WREGD  EQU 45
' 1098 DECLARL HREGE. RAM i CUNUSEDY
1895+ HREGE  EQU 45
1039 DECLARE HREGF, RAN i CUNUSEDD
1194+ HREGF  EQU 47
1163 DECLARE SMALO, RAN . PRINRKY COMMAND STRARTING MEMORY RDDRESS (LOW BYTE)
1113+ SMILU  EQU 48
1117 DECLARE SMAHL, RAM PFRIMGRY COMMRND STARTING MEMORY ADDRESS (HIGH EVIE)
1122+ SMAKI  EQU 43
1126 DECLARE EMALO. RAN ; PRIMAKY COMMAND ENGING MEMORY ADDRESS CLOW BATE)
1131+ LMALO BN 54
1135 DECLARE EMAHL. RAM SPRIMARY COMMAND ENDING MEMDRY RDDRESS C(HIGH BYVE)
1145+ EMAHT  [OU 51
1144 DLCLARE MEMLO, RAM : THIRD PARSLR PRRAMETER & HEX RECORD ADDRESS (LOW)
11474 MEMLO  EW) 52
1153 DECLARE MEMHI. FAM S THIRD PARSER FRRAMEIER & HLYX KECORD AUDRESS (HIGHY
1158+ MEMHI  EGU 53
1142 DLCLARE BOODE, RAM PRIMARY COMMAND NUMBER FROM PARSCR TRBLES (@-3)
1167+ BCODE QU 94
1171 DECLRRE TYPE. RAM +FRINRRY COMMAND MODIF IER/OPTION (8-5)
1176+ TYPE  EQU 99
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intgl.

Lec 08J

8038
0039
ea3n
a3t
aa3C

0930

8065

LINE SOURCE STATEMENT

1160 DECLARE NUMCON, RAM
1165+ NUMCON  EQU
1169 DECLARE OPTION, RAM
11942 OPTION EQU
1198 DECLARE NEXTPL. RANM
12024 NEXTRL  EQU
1267 DECLORE KBDEUF, RAM
1212+ KBOBUF EQU
1216 DECLRRE KEVLOC. RAM
1221+ KEVLOC EQU
1225 DECLARE NREFTS, RPM
12304 NREPTS LQU
1234 DECLARE ASAVL. RAM
1239+ ASAYE  EQU
1243 DECLARE ROELAY, RfM
1248 RDELAY EQU
1252 DECLARE STRTMP. RAM
1257+ STRTMP QU
1261 DECLRRE BUFCNT, RAM
1266+ BUFCNT  £EO0
1278 DECLRRE RECT\Y, RAM
1275+ RECTYP EQU
1279 DECLARE B, RAM

1284+ B EQU
1268 DECLARE REGC, R¥M
1293+ REGC  EQU
1297 DECLARE 1, RAM

1302+ H (1+3}
1306 ;

£

8 9

59

1387 MBLOCK  CEGMAP, CHARND

1311+ SCOMRP  EQU
1314 ;

1345 MBLOCK  OVEUF, OVSIZE

1319+ OVBUF LAY
1322 ;

e

78

1223 MBLOCK  HEXBUF, BUFLEN

1327+ HEXBUF  EQU 181

1338 ;
1231 $EIECT

AP-55A

;MAK. NUMBER OF PRRAMCTERS ALLOWCD FOR SELECTED COMMAND
+ INDEX POINIER USED IN SEARCHING PARSER TNBLES
+CHARRCTER FOSITION FOR DISPLAY UTILIVIES TO WRITE NEX)
;POSITION OF KLV DEBOUNCED BY SCANNING SUEROUTINE

; INCREMENTED RS SUCCESSIVE KEY LOCRTIONS SCANNED
;KEEPS TRACK OF SUCCESSIVE READS OF SAME KEYSTROKE
sHOLDS ACCUMULRTOR VALUE DURING SERVICE ROUTINE
SCOUNTER DECREMENTED WHEN AUTO-STEP DELAY 1N FRUGRESS

+ INDEX POINTER FOK DISPLRY CHARACTER STRING RCCESSING
-COUNT OF DATR BYTES IN HEX FORMAT RECORD BUFFER

s TYPE OF HEX FORMR! RECORD (@ OR 1)

+BIT COUNTER FOR ASCIE SERIAL 1/0 UTILITY SUBROU)INES

+ CHARACTER BEING SHIFTED DURING SERIAL 1,0 PROCESS

+CUUNTER IN SOFTWFRE DELRY DMA KATE GENERATOR

i REGISTER ARRHY FOR DISPLAY PATTERNS

+LOW-ORDER USER PROGRAM DURING MINL-MONITOR OYERLAYS

+RLLOCATE BLUCK OF RAM HOR USE RS HEX RECORD BUFFER
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Loc 0Bl LINE SOURCE STRTEMENT

1332 DATACLK 49
a3e0 1337+ ORG 768

1341 ; INVALS TRBLE OF CONSTANTS 10 BE LOADCD INTO MP INTERNAL RAM YARIHELLS

1242 ; P5 PART OF SYSTEM INITIRLIZATION PROCEDURC :

1343

1344 INITIAL VALUE  YARIRGLE TYPE

1345 szzs=xz Szzms ssssssss sz2s
8309 60 1346 INYALS: OB B84 iROTPAT kb1
9301 @0 1347 DR el i ROTCNT kB1
8362 69 1348 bB 984 SLRSTKY RB1
8303 83 1249 0B CIARND  : CURDIG RE1
83084 28 1350 b6 a8l i KEYFLG REL
8305 89 1351 DH BoH  CREGY> RB1
0366 8o 1352 DB aoH ; EPACC ki
a3e7 81 1353 be Ll i LPPSH RRM
4398 % 1354 0B oon JEPTIMR Ry
8399 @0 1355 DL e ;EFRO kAW
9308 09 1356 bB ] (EPPCLO RAM
0366 08 1357 b R +EPPCHI RRN
38c RN 1358 be H i HBITLO RAM
08D 94 1459 bE 4H +HBITHI RAM
a36E 26 1368 DE 20H iDSPTIM RAM
A30F 25 1361 bt 2H i YERSNO RAM
@318 90 1362 DB 80H  HREGA RAM
9311 B0 1363 pe oo i HREGB RRM
9312 69 1364 0B 2 +HREGC RAM
2313 0@ 1365 be 2] + HREGD RAM
Y314 08 1366 08 2814 i HREGE RAM
9315 @8 1367 be o i HREGF RAN
031¢ 08 1363 L8 ot SSMALO RAM
0317 90 1369 B (-]  GHPKI RFf
w318 FF 1370 be OFFH S EMALO kM
0319 oF 1371 08 OFH +EMAHL RAM
8317 0 1372 0B ooH ; HEMLD RN
83186 @9 1373 08 8eH i HEMHL RRM
931C 0 1374 0B oa i BCODE RAM
a31b M4 1375 DB a4t i TYPE RAM
831E 21 1376 DB a1l  NUMCON KRN
831F @9 1377 be 0aH ; OPTION ReM
8320 68 1378 0B CHRRND  ; NEXTPL RAM
@321 iF 1379 DB OFFH i KEDBUF RAM
a322 08 1388 DE H ;i KEVLOC kA
0623 1381 NOYALS Lol £ INVRLS

1382 SIZECHK
[k 1385+ S1ZE SCT 35

138645

13874;

1396 $EJECT
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LOC oBJ LINE SOURCE STRTEMENT
1397 ¢ INCLUDEC . @ PRRSER. MOD)
=1398 CODEBLK 45
0009 =143+ 0RS ]
=14087 ; INIT  INITIRLIZES PROCESSOR REGISTERS
=140S ; AND RAM LOUATIONS 10 DEFINED YALUES.
0008 CS =1489 INIT: SEL [,
9001 Brog =1419 MoV XPCODE, #8
0082 7401 =1411 CRLL  XPTEST
woas 27 =1412 CLR (]
9086 3D =1412 MOVD  PSEGLOR
2087 3t =1414 MOVD  PSEGHLR
8008 £81A =1415 oY RO, #1AH ; START AT KD1 (REG2> = RAM LOC 1AH
B00F; 1923 =1416 v R1, BLOW NOVALS
@0aC Bro8 =1417 MoV R2, #LON INYALS
600C FR =1418 INITLP: MOV fi.R2
Guer £3 =1419 MOVP:  R.8A
@610 R2 =1428 Moy 9, R
a1 18 =1421 INC ]
8e42 1A =1422 INC K2
8913 E99E =1423 DINZ K4, INIILP
0815 55 =1424 SIRT 1
8816 744F =145 CRLL  EPERK
0018 L6BE =1426 Lu KO, #LOM(OVIBASHOVSIZE)
B61R 746R =1427 CALL  OVLORD
9910 S4ES =1423 CALL  COMFIL
981E BY37 =142% mv R1. $TYPE
9020 11 =1430 INC ®R1
9021 34F2 =1434 CHLL INCSMA
29023 45 =1432 CL  COMFIL
8a25 I9€F =1433 NL P4, #(NOT EPRSEY) s REMOVE EP RESET SIGNAL.
0827 8423 =1434 N, 4 HAIN
=1435 ;
=1436 SIZECHK
8029 =1439+ SIZE SET 4
=144m4,
=14414;
=145 SEJELT
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32

Loc 087

=473 ;
=1474 ;
=1475 ;

! OLIST !!GO/RESET!! GO !!EXM/OH{IE
' " " 1 1

! 'IPROG BRK! !PROG MEM! 'REGISTER!
PUPLOAD !! e 11 e ML e
! 1IRUTO STP!'SING STP!! NO BRK !

! 1IDRTR CRK! 'DRTA MEN!! '
ONLORD !! mmem P! e ICLR/PREV!
! UAUTO BRK! IWITH BRK! ! '

' OFILL HARD RES!! NEXT/, 'Y END/ !

1 " H it !

=1476 $LJECY

[N}
"

9

1

it
i

E

]

6

2

[N}
H
‘"

3
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intgl.

Loc oeJ

3910

LINE

=1477 ;
=147¢ ;
=1479
=1460 ;
=1481 ;
=1492 ;
=1483 :KLV9
=1484 ; KEV1
=1485 ; KEY2
=148¢ KEY3
=1487 KEY4
=1430 :KLYS
=1483 ; KEV6
=1499 , KEN?
=1491 :KEV8
=1492 ; KEV9
=1493 ; KEYA
=1494 KEVD
=1493 S KEYC
=1496 ; KEVD
=1497 SKEVE
=1428 ; KEVF
21499 KEVFIL
=1500 KEVNXT
=1581 KEYEND
=1582 KEVREL
=1503 KEYPAT
=1504 KEYDM
=1585 KEVCLR
=1586 KE\REC
=1547 KLYTRA
=1588 KEYPM
=153 KEYREG
=1518 KEVLST
=1511 KCORES
=1512 KEYGO
=1513 KEYMOD
=1%14 KSETR
=1515 KCLRB
=1516 ;
=4517 ;
=1518 PERK
=1519 DERK
=1520 RINT
=1521 MJBRK
=1522 WBRK
=1523 SING
=1524 ;
=152% $EJECT

SOURCE STATEMENT

THE FOLLOWING EQUATES DETERMINLS HON THE PARSER INTERPRETS
YALUES RETURNED BY THE KEYBORRD SCANNING INFUT ROUTINE
WHLN THE. VARIOUS KEYS OF THE KEVBORRD ARE PRESSED.

EQU
EQU
EQU

28]
2n]]
o
tou
EQY
EQU

1M
194
1H

16H
1FH

YARLUE RETURNED FOR ERCH KEY OF KEVBORRD MATK1X

B\ KEVBUARD SCANNING SUBROUTINE "KEDIN®.

S B ettt S S S P B

YMC Y10 P IEVAF Y Y aC ' 6D ' GE ! eF !
B T Ly IUDIY WIS YR VNSO ST PUUION SO §
'16 ' 49 '1A'1B '@B8 1 @9 ‘BN ' BB !
D e TTCSUR PRPSA: W VDG JHSIPOY SESUY SRS §
114 115116 17 Y4 ' 51 66! B!
B et e JE RIS RPN SR SR
‘1€ ' 11 12 113! ‘@0 ‘@41 ' @2 ' 83!
e S T e S SR S
s CFILL COMMAND 1

JINEXT/. )

;(END/. )

+ [DORNLORD COMMAND 1
 (RUTOBRENK MODIFIER]

+ [DITR MEMORY MODIFIER)

; [CLEAR/PREVIOUS ]

i TUPLORD COMMAND 2

[RUIOSTER MODIFIER]

+ [PROGRAM MENORY MODIFIER]

s [REGISTER MEMORY' MODIF1ER]
+LFORMATTED DATA OUTPUT COMMAND I
;GO FROM RESET STATE COMMAND
<160 COMMAND 3

+ LEXPMINE/MODIFY COMMAND
+[SET BREAKPOINT COMMND ]

s ECLEAR BRERKPOINT COMMAND 1

; [PROGRAM DREAKFOINT MEMURY' MODIFIER)
+LDATA BREAKPOINT MEMORY MODIF1ER)

: [HARDKARE REGISIER MEMORY MODIFIER)
 [WETHOUT EREAKPOINTS MODIFIER]
LWITH BREAKPOINTS ENAGLED MODIFIER]
+[SINGLE STEP MODIF 1ER]

AP-55A
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Lo oy

0829 Brel
888 v4D1
8620 2381
0321 3460
0031 14EC
0933 1B

0934 D313
0836 (625

0038 BC23

893n B936
883C B1go

093t BO27
9949 P18
8842 FC
0043 E3
8944 B2BC
0946 DB
884/ (652
8049 FC
884f 9383
4. AC
894D B936
984r 11
8850 8442

8852 8336
8254 F1

6035 831D
8e57 34082

LINE SOURCE STATEMENT

=1526 CODEBLK 168

=1931+ ORG a1

=1535 SMRIN  OUTPUT_MESSAGE (COMMAND _PROMPT)
=1936 ; CALL INPUT_BYTECKEY)

=1537 iMRIN2 IF THE KEY=LND GO TO MAIN.
=1538 ;

=1539 WAIN- MOV KFCODE. #4

=1540 CARLL  XPTEST

=1541 Moy A8

=1542 CALL  oumnL

=154% CALL  INPKEY

=1544 MAIN2: MOV A, KEY

=1545 KRL fi, SKEVEND

=154¢ JZ MAIN

=1547 ;

=1548 ;FINDOP FIND OUT IF THE KEY FRESSED IS R LEGITIMATE COMMAND INITIATOR:
=1549 ; 1THP . =CTHB

=1558 ; BCODE -=T\PL . =@

=1554 ; WHILE CTRBCITMPYCOB /CTRE EXHHUSTED/
=1552 ; IF CTRBCITMP)=KEY GOTO MAING /CUMMAND LNTRY JOUND IN CTRB/
=1553 ; ELSE 11MP =1 THP+COMMAND _ENTRY 5121
=1554 ; BCODE - =BCODE+1
=1555 ; ENDRHILE

=1556 ; GOTO ERROR

=1557 oY 178, 4CTRB

=1558 M0V BCODE, ZERO

=1563+ MOV R1, #BCODE

=1570+ MOV @R1, $ZERD

=1574 mOY  TYPE, ZERU

=1565+ KoY R1, $TYPL

=1586+ MoV @R1, $ZERD

=199 FINDOP: MOV f, ITHP

=1991 MOVP3 A, 00

=1592 Ju3 MERKOR

=1592 XRL R KEY

=1594 Jz MAINA

=1595 my A 1THP

=159 ADD A, #COMSI2

=1597 1 1T, R

=139¢ Moy R1, #6CODE

=1599 INC ®1

=1608 e FINDOP

=1681 ;

1662 ; OQUTPUT_MESSAGE(STRCOMCELODEY )  /7#PROMPT FOR THE CURKENT COMMAND*/
=163 ; 1:=141

=1634 ; OPTION: =MEM(I)

=1685 ; I:=11

=1606 ; NO_OF _PRRAMETERS : =MEMCT)
=1697 : 1:=3

=1688 ;

=160% MRINR: MMOV A, BCODL

=10619+ v R1, #8CODE

=619+ MOV f, 8RL

=1623 RDD f, $5TRCOM

=1624 CALL  OUTCLR
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intgl.

LoC oeJ

859 1C
845A FC
a5e E2

065C 939
B3 A1
005F 1C
aece FC
3801 B2

662 BI3L
8864 f1

a6 B9AC
8867 £030
o]
e 18

886C E36Y
@a6E 14EC

8979 BS39
8972 T4
8871 N
8974 1C

8375 I
0676 E
W77 97
78 F7
o479 77
807A DB
8078 693
087D F687

8a7r 937
0021 1
0052 17
8983 A1
0084 1C
a8 9475

8687 BI3Y
9885 B160

LINE

=1625
=1626
=1627
=1628
=1641+
=1642+
=164¢
=1647
=1648
=1£49
=1662+
=1663+
=1667 ;
=166¢ ;
=1669 ;
=167
=1671
=167 MAINB:
=1673
=1674
=1675
=1676 ;
=1677 .
=1678 ;
=1679 ;
=1630 ;
=181 ;
=182
=169+
=1699+
=712+
=1715
=1v16 MAINCL:
=172+
=173¢
=1737
=138
=173%
=1748
=1741
=1742
=1742
=1748+
=1749+
=1753+
=1758¢
=1761
=4762
=163 ;
=1764 ;
=1763
=1766 MRINDL:
=477+
=1778+
=1782

SOURCE STATEMENT

INC ime
MoV R IMp
MOVP3 R, @R i GEY OPTION POINTER
MOV OPTION. A
Hov R1, $0PTION
Hoy RL.A
INC e
my R TP
MOVF3  H,8R i GET NO OF FARHMETERS
MHOY  NUMCON, A
Hov R1, SNUMCON
nov &R1,A

PARAMETER_BUFFER(8=3%) =@

MoV Ri, % i EACH PARAM IS 2 BVIES
mov RO, #SMALD i START OF PARAM BUFFERS
Moy #R0, §68H

INC Re

DINZ k1. MINE

CARLL  INPKEY

WHILE KEYOMEMCOPTIONATYPEX(6-81 DO
IF MEMCOPTION+TYFLI(7 J=1 GOTO MAINDL
TYPE =T\PE+L

ENDMHILE

oY ITHP. OPTION
Moy RL, $0PTION
nov [
MoV I A
INC LN
oY R ITP
MoV A ITP
3 ReA
QR [
KL R
RR ] i STRIP BIT SEVEN INTO CRRRY
XRL A, KEV
JZ MRIND
J MINDL
MINC  TVPE
Moy K4, #1YPE
MoV A, 8R1
INC A
MoV &R4A
INC e
N HAINCL

MODIFIER NOT FOUND SO RESET TVPE INDEX TO DEFRULT CASE (ZERO).

M0V 1VPE, ZERD
oy R1, #TYPE
MoV €R1, $ZERD

MmOV N OPTION

AP-55A
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Loc oeJ

9888 B939
098D F1
088C E3
0UCF 3404
8091 94%€

93 BI3Y
9095 F1
98% [3

8837 B937
8899 61

9098 3404
909C 14EC

829 ECO8
Bbna 2338
88z 6C
863 6C
egnd g
8an5 14C8
88R7 FGBI
88n9 1C
@9RA BS3S
BORC F1
86D 97
BORE il
B8R COBH
0681 B
9962 D312
8684 CEBh
8086 14EC
8688 0419

980A 4409

89BC BAOL
BOBE 2491

LINE SOURCE STRTEMENY
=1791+ Moy R1. $OFTION
=1792+ nov A, 8K
=179 MOVP3 R, @R
=1797 CALL  OUTMSG
=1758 e MRINBG
=4799 :
=1809 ; CALL OUTPUT_MCSSAGE(MODIFIER)
=1881 MRIND  MMOY A, OPTION
=1618+ Moy R1. BOFTION
=1811+ oy R @R
=1815 MOVP2 R
=1816 MDA TYPE
=1822+ Moy k1, #TYPE
=1823+ ADD A: 8R1
=1827 CRLL  OUTMSC
=1628 CRLL  INPKEY
=1629 ;

=130 MAINGB: MOV 1THP, %8
=1831 MRINBL: MOV A $5MALO

=1832 DD A I

=1833 ADD fi ITMP

=1834 mov Ro. R

=1835 CALL  INPARDK

=4836 Jc CMDINT

=1837 INC nmwe

=1838 Moy K1, #NUMCON

=1839 MoV f. #R1

=1846 DEC A

=1841 mov -S¥]

=1842 hra CMDINT

=1842 L4 H KEY

=1344 XRL A, #KEVEND

=1845 J2 CMDINT

=4840 CALL  INPKEY

=1847 e HAINB1

=1843 ;

=164% ; CMDINT ENTER THE COMMAND PROCESSOR WITH:
=159 ; BASE_CODE=THE MAIN COMMAND 1\PE
=183 ; YFE=SUBCOMMAND TYPE

=1852 ; FARRMETER(1)=FIRST ADDRESS
=1833 ; PARAMETER (2)=SLCOND HDDRESS
=484 ; PRRAMETER(3>=DATR

=1855 CMDINT. W IMPLEM

=1856 ;

=4857 :MERROR CRROR ENCOUNTERED IN MAIN PRRSING KOUTINE.

=1858 MCRROR: MOV LDATR, #1

=1859 I PERROR
<1569 SIZECHK
=863 SIZE SET 151
=18641;

=16654;

=1874 SLJECT

All mnemonics copyrighted © Intel Corporation 1976.

36



intgl.

Loc 0eJ

0322

9923
8003

0323 4F
o324 SF
8325 91
8326 4E
8327 49
832¢ 01
0329 19
032A F
8326 83
832C 1C
8320 3F
032t 82
a32F 18
0339 3F
8331 82
9332 14
0333 3F
8334 08
8335 @
0336 46
8337 81
8333 oC
8139 46
0337 o1
o33t 10
633C 43
9330 09
O33E FF

LINE

=1875
=1850+
=1884 ;

SOURCE STRTEMENT

DATABLK 58

ORG

802

TRBLES FOR PARSER

=1598 CTAB
=1999 COMSIZ
=199 ;
=1961

=1982

.'.L“

993

nonnonn
g
»

%

.lL
g

¥

L LI T TR 1}

3

=1516
=1811 ;
=1912 $EJECT

THE C1AB TRBLE CONTAINS (COMSIZ)> ENTRIES FOR EACH COMMAND. TIE MEANING

OF THE ENTRIES IS AS FOLLOWS:

ENTRY @ COMMAND KEY TO INITIRTE
ENTRY 1. POINTCR TO YHE L1ST OF OPTIONS APPLICAELE 10 THIS COMMAND
ENTRY 2. NUMBCR OF NUMERIC PHRAPETERS REQUIRED LY THE COMMAND

EQU
eu

bt

08

$ AND OFFH

?

KEAMOD, LOW OPTRB1. 4

KEYGO, LOW OPTABY, 1

KEYFIL LOW OFTABY. 2

KEYLST, LOW OPTABYL, 2

KEYREC, LOW OFTREL, 2

KEVREL. LOW OPTRB1. @

KSE'1B, LOW OFTARB2, 1

KCLRS, LOW OFTAB2, 1

KGORES, LOW OPTAREX. @

OFFH

+ EXAM

 RECORD

FRELORD

3 SETBRK

i CLRERK

G0 FROM RESET STATE

ESCOP

AP-55A
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38

L o0eJ

B33F 26
8348 10
8341 16
2342 18
343 11
0344 13
8345 95
4346 26
8447 1R
2345 9€
9349 2¢
@34A 1B
0348 1¢
B34C 1A
834D 15
9348 99

LINE

=1%13 .
=1514 ;
=1915 .
=1916 ;
=1917 :
=118 .
=1919 ;
=1920 ;
=1921 ;

=1922 OPTNBL.

=1922

-

324

noHouonn

=1525 0PTABZ:

=1926

=1827 OPTREI.

=1939
=933+ SIZE
=334k
19454,

SOURCE STRTEMENT

THE OPTION TRBLE GIVES THE VARIOUS OPTIUNS ALLOWED FOR CACH
BASIC COMMAND, RS FOLLOKS:

ENTRY 8 START OF TABLE OF MODIFIER RESPUNSES.

CNTRY 14, RLLOWED HODIF IR KEYSTROKES CORRESPONDING TO UPTIONS @-5.

NOTE THRT THE LAST BYTE IN EACH OPTION GROUF HRS BIN
SEVEN SET TO INDICATE THE END.

STRMEN
KE'YPM. KEVOM, KEYREG, RINT

23

bR PBRK, DBRK OR COH

bR STRMEM

be KEYPH, KEYDM OR 88H
0B

be

STRGOC
NOBRK, WERK, SING
Db KEYPRT. KEYTRA OR L@

SIZEOHK
w1 4

=1944 $£JECT
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intgl.

Lo oeJ

6169

8100 9319
8182 BaF1
6164 A3

8195 £940
0107 Rl

6108 B%40
816h 1
e108 13
o1ec F217
910E D4D8

6119 0948
ei12 f1
M13 17
8114 AL
8115 2488
8117 C4D8

8919

6119 31
u11n 37
8118 3E
841C 4
081D

011D 46
911 49
814F 4B
0120 4€
o121 54
8122 54
0123 57
8124 SR
8125 %
2026

8126 SF
8127 61
8128 63

LINE SOURCE STRTEMENT

=1945 CODEBLK 139

=19554 ORG 2%

=1959 ; UTUTL QUIPUT ONE OF FOUR UTILITY DISPLRY PROMPTS (LEFY JUSYIFILD)
=1960 ; ACCORDING TO ACC CONTENTS (8-3).

=1964 ; OUTCLR CLEAR DISPLRY AND OQUTPUT CHARACTER SIRING STARTING

=1962 ; AT THE RDDRESS POINTED TO Y EYTE HT RDDRESS IN ACCUMULRTOR.
=1963 ; OUTHSG SUBROUTINE TO COPY' R STRING OF BIT PATTERNS FROM ROM TO THE
=1964 ; DISPLAY REGISTERS.

=1965 ; STRING SCLECTED 1S DETERMINED BY RCC WHEN CALLLD.

=496 ; ON ENTERING OUTMSG. ACC CONTENTS HRE USED TO RDDRESS R BVTE IN R
=1967 ; LOOKUP TRBLE ON THE CURRENT PRGE WHICH CONTRINS THE HODRESS OF
=1968 ; A STRING OF SEGMENT PRTTERN DATR BMES TO BE PRINIED ONYO THE
=1969 ; DISFLAY.

=197 ; THE CND OF THE STRING IS INDICHTED WHEN BIT? =1

=1971 ; CALLS SUBROUTINE ‘KDISP’

=1972 ; TO ACTUALLY EFFECT MRITING INTO THE DISPLARY REGISTERS.

=1973 GUTUTL: ADD ft, #STRUIL
=1974 QUTCLR: CALL  CLERR

=1975 QUTMSG: MOVP A.eH

=197¢ Moy SIRTMR.A

=1989+ oy R1, $5TRTHP

=199+ mov RLA

=194 PRNT2: MMOY A, STRTMP i LOAD NEXT CHARRCTER LOCATION
=2083+ MOV R1, 85TRTHP

=2084+ nov A 8R1

=2080 MOVF  R.8R ;LOAD BIT PAYIERN INDIRECT

=2009 JB? PRNTL

=2019 CALL  WDISP s QUTPUT TO NEXT CHARACIER PUSITION
=291 MINC  STRTWP i INDEX POINTER

=206+ MoV R1, $STRTHP

=207+ MoV [

=20214 INC ]

=2026+ nov LA

=209 N, PRNT2

=2030 PRNTL: JWp MDISP  DONE

=282 ;

=2032 STRUTL EQU LOW ¢

=2032 b8 LOW(DERROR) SUTILITY MESSAGE @ ADDRESS

=2034 DB LOWCDSGNON) SUTILITY MESSAGE 1 RDDRESS

=2035 0B LOWCDRUNY SUTILITY MESSNGE 2 ADDRESS

=2036 LB LOW(DBPNY ) ;UTILLTY MESSAGE 3 RDDRESS

=2037 STRCOM EQU LOW ¢

=283¢ 4] LOWCDMOD) s BASIC COMMAND @ RESPONSE RDDRESS
=2039 DB LOW(DGD) ;BASIC COMMAND 1 RESPONSE ADDRESS
=2040 08 LOWCDFILL) iBRSIC COMMAND 2 KESPONSE ADDRLSS
=2041 DB LOWCDLST? ;BASIC COMMAND 3 RESPONSE ADDRESS
=2042 B LOKCDREC) ; BASIC COMMPND 4 RESPUNSE RDDRESS
=2043 DB LOW(DREL) ;BRSIC COMMAND 5 RESPONSE ADDILSS
=2044 be LOW(DSB) ;BASIC COMMAND 6 RESPONSE ADDRESS
=2045 DB LOW(DCB) s BASIC COMMAND 7 RESPONSE RDDRESS
=2046 [v3 LOW(DGR) iBRSIC COMMAND 8 RESPONSE ADDRESS
=2047 STRMEM EQU LOW $

=2048 2] LOW(DPRMEM) ;DATR TYPE MODIFIER B RESPONSE ADDRESS
=2042 bB LOWCDDAMEN) +DATR TYPE MODIFIER 1 RESFONSE RDDRESS
=2 be LOWCDRM) ;ORTA TYPE MODIFIER 2 RESPONSE ADDRESS

AP-55A
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40

0131 72
8132 58
8133 59
8134 5C

0136 (9

6137 09
8138 76
8139 60
B12R 79
613B 40

813D 7

813C 00
o3 40
8149 50
8141 1C
8142 54
6143 (9

0144 73
8445 BS

=2885 DBPNT:

=2667
=2088 $LIECT

SOURCE STRTEMEN

b LUW(DINTRG) ;DATA TYFL MODIFIER 3 RESFONSE ADDRESS
DB LUW(DPRERK) ;DRTR TYPE MODIFIER 4 RESPONSE RDDRESS
DB LOW(DDABRK) iDHTR TYPE MODIFIER 5 RESFONSE HODRESS
QU LOW ¢

DB LOW(DNOBRK) SEXECUTION MODE MODIFILR ©

be LOW(DHBRK) FEXECUTION MODE MODIFIER 1
Dy

LOW(DSS) +EXCCUTION MODE MODIFIER 2
DE LOWC(DPR) +EXCCUTION MODE MODIFIER 3
DB LOW(DTR) EXCCUTION MODE MODIFIER 4

UTILITY QUTPUT MESSAGES

8111100818 i"E*
910160006 i "R"
810166000 i"R"

#1011100 "0
#12120008 iR
110000606 i

000000008 " "

v11161108 i "He
611811616 PGt
911119018 i"E*

010000006  °-*
011001108 ;¢
11081118 "9, (W

000000008 " "
#10000008 ;"
010100008 i °R"
111008 Ut
10101000 N
110000006  *-.*

911100118 P
161116616 i"C.*

TP IR ITIIBBE SBIEES

In

tel.
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intgl.

Loc oeJy

#i46 79
7147 39
9148 F4

8143 3
814A OC

8148 71
814C 39
014D £8

014k 38
w14F 6D
9159 £8

0151 3E
8152 73
8153 B

8154 SE
8155 %4
215¢ £8

2157 60
815¢ 78
8153 FC

8190 39
8158 38
815C FC

8150 30
815 0@

LINE

=2039 ;
=2099 ;
=291

=2166 DCC:
=2187

=2168 DGR:
=2169

=2110 $EJECT

ZOURCE STATEMENT

PRIMARY COMMAND RESPONSE STRING PRTTCRNS

173

011110818, 931110016, 111101600

001111816, 119111068

011100018, 09116000€, 141110008

681110008, 6110110616, 111110008

081111108, 01110011E, 191116006

814111106, 819161008, 161116008

811611618, 81111000, 111111608

001116916, 061116608, 111111608

881111018, 110106608

i “ECH. *

;"G "

J“FIL "

i "LST. "

e

;*CLB. "

;"0R. "
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Loc o8J

ey 73
2168 08

8161 5C
8i62 F?

8163 50
8164 ED

8165 v3
816¢ FC

8167 St
8168 FC

8169 76
816A De

0168 54
016C FC

816D 7C
01CE D8

8icF €
8178 60
6171 Fe

o172 77
6173 7C
8174 Do

8175 77

8176 b
b177 FE

8878

LINE

=2111
=2112 :
=2113 ¢

=2114 DPRMEM-

=2115

=2116 DDAMEM:

=2117

=211 DRM:
=241%

=2128 DFRBRK:

=2121
=2122 DDRERK.
=213

=2124 DINTRG:

=212%

=2126 ;
=127
=126 ;

=2129 DNOBRY:

=2139

=2131 DWORK:
=2132

2433 DPA:
2136

2137 DTR:
2138

=2139 ;
=2140

=2143+ SIZC
=2144+;
=2145+;

SOURCL STRTEMENT

MEMORY SPACE WODIFIER OFTION RESPONSE STRINGS:

b8 611168110, 112160908 JUPR®
D& 010111188, 111101116 P
1] 010100008, 101111018 5 "RG.
be 811196118, 11111190k P*PB.®
DB 219111198, 111111068 i"bE. "
Dy #11106110E, 119100000 PHR

RESPONSE MESSAGES FOR GO CONDITION MODIFIERS.

bB 0101018408, 111111606 "N "

DB 811111060, 1109108968 P"BR "

DB 811611618, 011811940, 111116908  ; "SST. *

be 011168111F, 811111008, 110180008  , "NBR. "

23 81110411k, 01161141F, 111110068 ; "AST. *

SIZECHK
SET 120

=2154 $EJECT
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Loc o8J

8907 FE
08 D312
@A CeLd

88pd D313
08DF CEES

06L1 BRA2
88E3 249R
00L5 £84¢
BUE7 B993
6L B4FS
880 £3

892C

LINE SOURCT STATEMENT

=2155 CODCELK 45

=216+ ORG 192

=2164 : INPNDR INPUT DATA INTO THO-BYTE PARRMETER BUFFER INDICATED BY R®.
=2165 ; RECEIVE NUMEKIC KLYS FROM KEVBOARD UNTIL 7,7 (R “. 7.
=2166 ; SHIFT INTO HDDRESS BUFFER:
=2167 RE-WRITE DISPLRY.

=2168 ; IF NOMBCR OF CONSTRNTS NEEDED IS ZERD. NO NEW PRRAMETERS ARE ALLOKED.
=2169 ;

=217 INPADR: CLR [

=2171 CRL c

=472 HMOY A, NUMCON

=2181+ L R1, SNUMCON
=2182+ Moy R 8R1L

=2186 JZ ELSIFL

=2187 INPAD1: MOV fi, KEY

=218% Jb4 CLSIFL

=21¢2 XCH R, @R0

=219 SWAP R

=21%1 XCH R, R0

=2192 XCHD R, 8RY

=2193 INC RO

=2194 XCHD ARy

=2195 CALL  UPDHDR

=2196 CALL  INPKEY

=217 CLR ¢

=2198 A, 4 INPADL

=2199 ;

= JELSIFL IF KEY=",7 OR ./ THEN RETURN.
=2201 :

=2282 LLSIFL: Moy R, KEY

=293 XKL Rs BKEYNXT

= J2 ELSIF2

=2205 MoV Ry KEY'

= RL A, $KEYEND

=22u7 Jz ELSIF2

=2208 ;

=2289 ; ELSE GOTO PERROR.

=2218 ;

=211 Moy LDATA, #2

=2212 e PERROR

=2213 ELSIF2: MOV RO, $SEGMAP

=214 mov Ri, #2

=2215 CALL  DBLANK

=2246 RET

=2217 SIZECKK

=2220+ SIZE SET 44

=2221+;

=2222+;

=2231 $SEJECT

AP-55A
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Loc 0B

e17¢

8178 B3R
617R £103

817C Fe
8170 (8
017t 530F
4189 965E
0182 p4D8
9164 r@
o185 47
018¢ 5301
0183 9692
0188 04D3
B16C 2494
818E D4D2
6128 Fo
0191 47
8192 D4D3
8194 Fo
9195 D4D3
9197 &3

8020

LINE S STRTEMENT
=232 CODERLK 35
=2242+ ORG 376
=2244 : UPDADR UPDATE ADDRESS FIELD
=2247 ; (LAST THREE CHARRCTERS OF DISPLAY) WINH ADDRESS BUTFER
=2245 UPDADR: MMOY  NEXTPL, PLUS3
=2239+ Moy Ry, SNEXTPL
=2268+ Moy @R, #FLUL3
=2264 ; WRITE ADDR INTO NEXT THREE BUFFER LOCRTIONS.
=2265 UPDADL: MOV f, éRe
=2266 DEC ko
=227 ANL fi, #6FH
=22685 IN2 D5PHI
=2269 CRLL  WDISk
=2278 Mo £, &R0
=227 2 3 L
=2272 ANL A, #6FH
=2273 INZ DSPML
=2274 CRLL WIS
=2275 e DSPLO

=2276 DSPHI. CALL  DSPACC
=2277 DSPMID: MoV R, €0
=2278 Har R

=2273 DSPML  CALL  DSPRCC
=268 DSPLO: MOV i, 8RO

=22t CARLL DSPRCC
=2262 RET

=2283 SIZECHK

=2286+ SIZE YT 3R
=22874;

=2280+;

=2297 $EJECT
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intgl.

Loc oBJ

8198

8195 Bho4
¢19A BF@2
A19C 7401
B19E 27
a1r vy
817 B
o1R1 D317

81f8 FR
81A9 [4D3

81RE BI3B
81AD B1IF
O1RF 14EC
8iE1 FO

8182 D312
81b4 9698
8186 8429

e

LINE SOURCE STRTEMENT
=2298 CIODEBLK 35
=2308+ 0RG 468
=2312 ; FERROR: REPERT
=2313 OUTRUT _MESSRGE (PERROR_MROMFT)
=314 ; CUTPUT(LDATAY
=2315 ; CALL INPUT_BY1E(KEY)
=216 UNTIL KEY='CLERR/TREVIOUS”
=2317 RCRROR: MOV LDATA, #4
=2213 PERROR. MOV XPCODE. #2

! CRLL  XPTEST
=2328 CLR f
=231 Hov PYM, A
=2322 oV R/ KEY
=232 XRL i, #8KEVCLR
=2324 2 ERROR2
=235 CLR ]
=232¢ CARLL  ouTuTL
=2327 MoV A, LDATR
=2328 CALL  DYPACC
=2329 MMOY  KBDBUF, NEG1
=2340+ MOy k1, #KCOBUF
=2341+ MoV BR1, BNEGL
=2345 CRLL  INPKEY
=2346 "y A, KLY
=2347 KRL R, #KEVEND
=234% JNZ RERROR
=2349 ERRORZ: JWP MRIN
=239 SIZECIK
=235%+ SIZE SRV 32
=23544;
=23554;
=2364 ;
=2365 CODEBLK 80
=2388+ ORG 512
=2384 ; IMPLEM IMPLEMENT COMMAND
=2385 INPLEM: MOV A #LONCIMPTHL)
=2384 MROD A BCUDE
=2392+ mov R1, #BCODE
22393+ D fl, 8R1
=2397 JP en
=2398 ;
=23%9 JMPTEL:
=2409 DB LOWCITOMOD)
=2401 DB LOWCJTOGOY
=2482 oe LOWCJITOFIL)
=2483 i3 LOWCITOLST)
=2484 DB LOW(JTOREC)
=2405 bR LOMCITOREL )
=2406 bR LOM(COMSER)
=2487 3 LOW(COMCBR)
=2488 e LOW(JGORES)
=2409 ;
=2419 JTOMOD: J¥* EXAMIN
2411

=2412 JTOREC:

CLR Fo ;F8=0 ==> HEX FORMAT DRIA DUMP
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Loc 0By

0212 p4v2
0214 8423

8216 5497
8218 9429

821R 85
8218 95
B21C B472
021 9429

8228 £468

8222 H4ES
8224 8429

8226 8461 .

8228 BRO
9220 442t

822C bAv1
022 2304

8238 0937
8232 61
¥233 Rl
8234 400
8236 FB
8237 D313
8239 C64D
8238 14EC

023D 93¢
823F 0101
8241 08230
6243 £999

#2453 B931
8247 Bleow
6249 1409
8248 E€34
8240 8429

804

LINC SOURCE STRTEMENT
=2412 CALL  HFILEO
=2414 e MAIN
=2415 ;
=2416 JIOREL CALL  HRCCIN
=2417 N MARIN
=2418
=2419 JTOLST: CLR e
=2428 CPL Fe
=2421 CALL  HFILED
=2422 Jmp MAIN
=2423 ;
=2424 JT0GO: W EPRUN
=2425 ;
=2426 JIOFIL: CARLL  COMFIL
=2427 Ju MAIN
=2428 ;
=2423 JGORES: P COMGOR
=2439 ;
=2431 ;COMCBR COMMAND TO CLERR BREAKPOINTS
=2432 CUMCDR: MOY LDATR, #8
=2432 I BRKFIL
=2434 ;
=2435 ; COMSBR COMMAND 10 SET BREAKMOINIS
=2436 COMSER. MOV LDHTR, #1
=2437 BRKFIL: MOV A. 84
=2432 WD TYPL.A
22443+ moy K1, #TYPE
=2449+ AbD 14
=245+ MoV *®4,A
=245% BRKNXT: CALL  LSTORE
=2460 Moy fi, KEY
=2461 XRL R, #KEYEND
=2462 4 BRKEND
=2463 CALL INPKEY
=2464 MOV NUMCON, PLUSL
=2475+ oY R1. SNUMCON
=2476+ nov WR1, #PLUSL
=2489 MoY R0, #SMALO
=2481 HOY 0. ¥
=2432 MMOY  SMARIL, ZERD
=2493+ HOY R1, $9MAR]
=249%4+ HoY @R1, $ZERD
=2498 CALL INPRDR
=2493 JNC BRKNXT
=2580 BRKEND: JMP MRIN
=2501 S1ZECHK
=259@4+ SIZL SET 79
=2585+;
=2506+;
=2515 $EJECT
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intgl.

Loc oeJ

824F

824F 85

8258 B937
9252 F1

8253 8326
8255 3462
4257 831
8259 347C
8258 2348
829D D408
U2SF 14FC
a2¢1 FA

8262 47

263 D4D3
8265 F

8266 0403

0268 14EC

826R FEB
8268 9278

826D FR
6L 47
B26F 53F0
8271 B675
8273 27
0274 95
0275 68
8276 AR
8277 F4e9
8279 4450

LINE

=2316
=25314

SOURCE STRTEMENT

CODEBLK 75
ORG 591

=2535 ; EXRHIN EXMIMZ/‘NI)IF\' MEMORY' COMPAND.

=2536 ;
=2537 S
=2538 ;

=2616

DISPLAYS MEMORY RODRESS SPACE OPTION, FODRESS VALUE, AND CURRENT DATR.
READS KCYBOARD AND INTERPRETS RESPONSE.

QUTPUT_MESSAGL ( CHEMORY'_SPRCE_OPTIOND>CSMR>” = CDRTR.BY1ED)

. CLR Fo
MY R TYPE
HOV R1, #TYPE
MoV AR
ADD fi, #STRMEM ;OFFSET FOR FIRST MEMORY TYPE STRING
CALL  OUTCLR
HOY RO, ¥5MALO+L
CALL  UPDADL
Moy f., $910010600 pr=0
CALL WDISF
CALL LFETCH
MOV A, LDRTA
WP f
CALL  DSPACC
Hov A LUATA
CALL DSPARCC

INPUT_KEV(KEY)
IF CKEY 1S NOT NUMERIC)
IF (KEV=KEYEND) GO TO PARSER
ELSEIF (KEY=KEYNEXT)
INCREMENT (o>
GITO EXRMIN
ELSEIF (KEY=KEYPREYIOUS)
DECREMENT <(SMF>
GOTO EXAMIN
ELSE GOTO PERROR

CALL  INPKEY
MoV A KEY
Moy fi. KEY
Jb4 EXAML
RPPEND DATR WITH CLOWNIE.CKLYD>
CALL LSTORC
GOTO EXRMIN
L0 A, LDATR
e N
ANL R, #0FBH
Jre EXAMS
CLR ]
[*L 8 re
A0D R, KEY
nov LDATA, R
CALL  LSTORE
P EXAMO

AP-55A
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Loc 08J

8278 0313
827D 9681
027 8429

#2¢1 FB

8282 D312
8264 96eA
8286 34F2
8288 444F
028A F

6268 D317
826D 9693
826F 5474
#2911 444F
6293 Bne3
8295 249

8948

82EC
8BEC D4C2

B0EF 83

LINE SOURCE STRTEMENT
=2617 ;

=2618 EXAML- XRL A, #(KEYEND)
=2619 N2 EXAM2
=2628 pL o MIN
=2621 ;

=2622 EXAM2: MOV A KEY
=2623 XRL A, SKEYNXT
=2624 JNZ EXAM3
=2625 CALL  INCOMA
=2626 s EXAMIN
=2627 EXAM3: MOV A, KEY
=2628 RRL R, #KEVCLR
=2629 N 2,
=2630 CALL  DECSMA
=2631 e EXAMIN
=2632 CXAM4: MOV LDATA, #83H
=2033 L PERROR
=2634 SIZECRK

=2637+ SIZE T 72

=2638+;

=263H;

=2648 ;

=2649 CODEBLK 4

=2654+ OKG 236
=2658 INPKEY: CALL  KBDIN ; RETURNS KEY DEPRESSION IN A
=2659 mov KEY. A
=2660 RET

=2661 SIZECIK

=2664+ SIZL SEY 4

=2665+;

=2666+;

=2673 $EJECT
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Lo 0B)

0409 2302
8482 3408

8484 BI38
8486 F1
8487 9615

8489 £939
8408 1
8460 B924
840 AL

840F B934
8411 F1
8412 8925
8414 A1
8415 FE
8416 D312
8418 Co1F
841R 2301

841C B921
841k AL

841F B924
8421 Fi
8422 AR

8423 B924
8425 F1
8426 o7
8427 5307
8429 Ev
842 8388

842C B930
B42E M1
842F F4C3

8431 938
8433 F1

=2788¢
=2783 LPCONT:
=2784
=2785
=2786
=2797
=2000+
=2001+
=2885 EPCONL:
=2821+
=2822+
=283
=2438
=247+
=2048+
=2852
=2853
=2854
=2055
=2856
=2869+
=2878+
=2874
=2675
=2869+
=2081+

SOURCE STRTEMENT

INCLUDE ¢ : F@: GOCOMS. M0D)
CODEELK 210
ORG 1824
RUN EMULATION MODE.
RELOAD EF WITH SYSTEM STRTUS AND RELERSE.
SEQUENCE 1S RS FOLLOWS
IF COMMAND WAS TERMINATED BY THE ‘NEXT’ KEY:
SIORE SMA INTO EP PC;
STORE EF PC INTO TOP-OF-STACK (RELATIVE 10 EP PLM);
PSS EP RO;
PRSE EP PSR;
PRSS EF TIMER:
PASS EP ACCUMULATOR;

MoV n ¥
CALL  ouTuTL
R: NUMCON
R1, NUMCON
i, 8R1
EPCONT
LPRCLO, SMALO
R1, #5MALO
R 8R1
R1, #EPFCLO
1A
EPPCHI, SHAKT
1, #5MART
neRy
R4, REPPCHI
8RR
A, KLY
A, SKEYNXT
EPCONL

2

EPPSH, A
R1, $EPPSU
ml ﬁ
LDATR, EPFCLO
R4, $EPFCLO
R’ m
LDATR, A
A, EPPSH
R4, $EPPSH
R 8R1
]
R, #07H
A
R, #63H
SHALO, A
R1, #5MRLO
#RLA
EFSTOR
SMALO
Moy R1, #5MALO
MoV R eR1

Fagd8fflaadagadgad® 8 5335333353822

=
=
B

A #81H ;STACK ONE LEVEL DELP TO HOLD USER S1ARTING RDDRESS

AP-55A
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LoC 0eJ

8434 17
8435 A

8436 B921
8438 F1
8439 53r8

8438 B92O
843D 41
843t AR
843F F4C3
8441 bBed1
8442 746

8445 B923
8447 F1
8446 F4bo

844R B924
844C F1
044D F4De

844F 5922
9451 Fi
8452 F400

8454 B920
8456 F1

8457 F4De
8459 8983
8458 F4DB
845D 745R
845F 8468

8461 2302
8463 3409
0465 €918
8467 7458
8469 99EF

84¢E B937
84¢D F1
846E 0371
84708 E3

8471 7C

LINE SOURCE STATEMINT
=2865+ IN R

=2898+ mov &R1,A

=2893 MOV A EPPSH
=2992+ L R1, $EPPSH
=2993+ v A, 8R1

=2997 ANL R, #OFOH

=25 MORL A, EPPCHI
=2914+ MoV R1, $EPPCHI
=Z915+ O0RL A 8R1

=299 MoV LOATH, A

= CALL  EPSTOR

=2921 EFONT: MOV R8, $LONCOV2BASHOVSIZE)
= CALL  OVLOAD

=2923 MY REPRO
=2932+ MOy K1, $EPRO
=2933+ v A eR1
=2937 CARLL  EPPASS

=2938 M0V A EFPSH
=29474 MoV R1, $EPPSH
=2948+ Moy A, @Rt
=2932 CALL  EFPRSS

= Moy R EFTIM
=2962+ MoV R1, $EFTIMR
=2963+ Moy A, @RL
=2967 CARLL  EPFPASS

=2968 MmOV A EPACC
=2977+ Mov R1, $EPRCC
=2978+ MoV f, 8L

= CHL  EPPRSS

=2983 ORL P1, $800000118
= CALL  EPSTEP

= CALL  OvShAP

= e CG0

=2987 ;

=2983 ; COMGOR GO FROM RESET COMMAND
= ; RESET PROCESSOR

= f RELORD LOW ORDER PROGRAM BVTES INTO PROGRAM MEMORY
=2992 COMGOR: MOV A 42

=2993 CALL  OUTUTL

=29%4 ORL P4, $EPRSE)

= CALL  OvoWAP

= ANL P4, #(NOT EPRSET)
=2997 ;

=2999 ;C60  SET UP BREAK LOGIC FOR APPROPRIATE BREPK CONDITIONS,
=3008 ; DEPENDING ON CONTENTS OF “TYPE”

=3802 C6O0: oY
=3911+ mov
=3812+ MOV
=3016 RDD
=3817 e
=388 ;

=3949 GOTBL: DB

R TYPE
R, #TVPE
ﬂl m
A, $LOW GOTEL
L]

LOK(CGONE)
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Loc 0pJ

8472 76
8472 5@
8474 76
0475 88

8476 99D
8478 £901
847A 8482

847C 9%C
BA7E 8482

9429 5903

0482 oR20
0484 9MEF
8486 990F
0463 F4F4

B4EA F4RC
848C F4RF
048g 37

848F F295
8491 £6°9
8493 £48R

8495 B400
8497 8483

LINE GOURCE STATEMENT

=3020 [ LOW(CGOWB>

=3021 0e LON(CGOSS)

=1822 DB LOKCCGOPAT )

=302 DB LOWCCGOTRAY

=3624 ;

=3825 CGOPAT:

=302 CGOWB: ANL P14, #N0T 000088160

=387 OKL P1, $600000010

=3628 Jwe EPRUN4

=3829

=3930 CGOND: ANL F1, $NOT 0OV00011B

=3931 e EPRUN4

=3832 ;

=3633 CGOTRA:

=3934 CGOSS- ORL P1, #60060011B

=3935 ;

=3836 ; EPRUN4 SE1 UF CONTROL LOGIC TO RUN USER’S PROGRAM.
=3037 ; RELERSE PROCESSOR TO KUN.

=3838 ;

=3939 EFRUNA: (RL F2. #601680000 ;DISABLE EP LINK REFERENCES.
=3040 AN F2, #NOT 906160005 JSET ALL REFERENCLS TO RAM ARRAY.
=3u41 ANL P1, #NOT MODLLT

=3042 CALL  LPREL

=3042 ;

=3844 ; WRIT FOR KEVSTROKE INFUT OR HARDWARE BREAK TO UCCLR.
=345 ;

=3045 [PRUNL: CRLL  10FPOL

=3047 CALL  KBDPOL

=3948 CPrL R

=3849 JB? EPRUNS

=3858 INI EFRUNZ

=3851 Jw EPRUNA

=3852 ;

=3833 ;EPRUN ) KEV'STROKE MRS DETECTED WHILE CP MAS RUNNING.
=304 ; BREAK EXLCU1ION,

=3055 ; PROCESS KEYSTROKE.

=2056 EPRUN3: CALL  STSAYE

=3057 Jnp EFRUNS

=385 ;

=3859 ;EPRUN2 AN ENABLED BREAK CONDITION OCCURRED.
= i BREAK EMULATION MODE,

=3061 ; CONTINUE RCCORDING TO GO COMMAND TYPE.
=3062 EPRUN2- CHLL  STSAVE

=3863 Moy A, T\FE

=39724 MoV Ri, #TYPE
=3973+ MoV R 8R1

=30877 ADD R, #LOW CNTTBL
=3078 JHPP 3]

=3079 ;

=308@ CNTTBL: DB LOW(BRKERR)
=3681 3 LOWCEPRUNG)
=30882 DB LOWCEPRUNG)
=3083 DB LOW(CNTTRA)
=664 DE LOW(CNTTRR)
=305

AP-55A
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AP-55A
Loc 0BJ LINE SOURCE STATEMENY
=886 ; ERKERR BREAKPOINT LATCH WAS SET THOUGH BREFKFOINTS NOT ENABLED.
=3087 ; DISPLRY HARDWARE CRKOR MESSAGE.
8416 BROB =2@58 CRKERR: MOV LDATA, #8EH
84A8 249A = e PERROR
=3091 CNTTRA: MMOVY R, DSPTIM
84AA 0928 =310+ MoV R1, $OSFTIM
B4AC F1i =3101+ MoV f8R1
84AD 94F2 =31085 CALL  DELRY
O4FF F4RF =319 CALL  KBOPOL
84B1 F241 =3107 JB? EPCNT ;B¢ SET INDICATES NO KEYSTRUKE.
=3108 ;
=3189 ; EFRUNS INPUTCKEY),
=3110 ; IF KEY=END GO TO PARSER,
=3111 INPUT KEY,
=3112 5 IF KEYONEXT GO 70 PARSER,
=3113 ; CONTINUE IN SAME MODE.
=3114 ;
8483 14EC =3115 EPRUNS: CALL  INPKEY
8485 FB =2116 MoV R KEY'
8486 D312 =3117 XRL A, #KEVEND
0488 96C7 =3118 INZ EPRET
P4DA $4EC =%119 EPRING: CALL  INPKEY
848C FB =3128 mov A KEY
84BD D312 =121 XRL A, #KEVNXT
B4EF 96C7 =3122 N LPRET
04C1 2302 =3123 MoV A $2
84C3 3408 =3124 CALL  OUTUTL
@84C5 8441 =3125 L, EFCNT
=3126 ;
=3127 ;EPRET EXECUTION MODE IS TO BE TERMINATED.
=3126 ; JUMP IN10 PRRSER TO INTERPRET KEY' ALREADY DETECTED.
B4C7 8433 =3129 EPRET: JWP MRIN2
=2138 ;
=3131 SIZECHKK
6ec? =334+ SIZE SET 281
=3135+;
=313G+;
=3145 $EJECT
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Loc 081 LINE SOURCE SIATEMENT
=3146 CODEBLK 115
9568 =371+ ORG 1260
=3475 ; STSAVE EP STRTUS SRYE SUBROUTINE.
=3176 FORCE CALL TO LOC 814H;
=3477 ; SAVE EP ACC:
=3178 ; SAVE EP TIMER;
=5179 ; SRVE EF POH;
=3189 ; SAVE EP RO;
=3181 ; SRYE EP TOP-OF-STACK IN EP PC:
=2182 ; RETURN.
8500 744+ =3183 STSAVE: CALL  EPBRK
ase2 2383 =3184 Moy R 83
4504 3400 =3185 CALL  oUTUTL
23586 745N =3186 CALL  OVSHP
8568 BES =3187 MoY K8, SLONCOYBBRS+0YSIZD)
850R 746R =3168 CALL  OvLoRD
@56C 8A29 =3189 ORL P2, $061000008
950 2314 =219 MoY R #14H
8510 N1 =3191 MOVX  #R1,A
8511 9ADF =319%2 AN P2, #NOT 801890608
8513 8983 =319 ORL P1. $90008811L
8515 F4DB =319 CHLL  EPSTEP
8517 A28 =195 ORL P2, $961000005
8518 9REF =31% PNL 2, ANOT 008100060
8518 £982 =197 ORL P1, B(ENBRAM OR ENBLNK)
8510 F4DE =3198 CALL  EPSTER
=3199 ;
=3200 ; EXECUTION PROCESSOR 1S NOW AT LOCATION @8%: INTERNAL WITH
=391 ; (RETURN ADDRESS+2) PUSHED ON STACK.
=3202 ;
1F BEAS =428 noy RO, BLOWCOVIBASHUVSIZE)
@521 746R = CALL  OvLOAD
8523 408 =3205 CALL  EPPASS
=3206 Moy EPACC, A
8525 6928 =3219¢ Moy K1, $EPACC
8527 A1 =4220+ MoV 8R1,R
8528 F4be =3224 CALL  EPPASS
=3225 MOV EPTIMR.A
952 B922 =3238+ MOV R1, $EPTIMR
852C A =3249+ Moy 8RR
952D F408 =3243 CALL  EPPRSS
=3244 w0V EPPSN:R
852F B2 =3257+ MoV RL, $EFPSH
8531 A1 =3258+ mov 8R1,A
0532 1408 =3262 CRLL  EPPASS
=3263 MMOY  EPRG, R
9534 B923 =3276+ Moy R1, $£PRO
8536 A1 =3277+ MOV 6R1, R
8537 £OBB =3231 oy RO, $LOK(OV1BRSHOVYSIZE)
8529 746R =3282 CALL  OvLORD
=3283 MoV R, EFPSW
2518 B924 =%292+ MoV k1, $EPPSH
8530 F1 =3293+ Mov 8K
¥S3E 87 =3297 DEC fl
@53F 5307 = AN R, #0711
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SOURCE STATEMENT

x

ﬁ! m
SHALG, R
RL, #5MALO
&4LA
EFFET
R #-2
LDRIA, K
EPPCLO, R
R4, $EPPCLO
RLA
EPSTOR
R1, $SMALO
1
EPFET
LDATA, A
A, #111168008
. LOATA
R #-1
R, $000611118
EPPCHL A
Ri, $EPPCHI
&LA
R, LDATA
LDATR, R
EFSTOR
R@; $EPPCHI
UPDADL
f, #616000008
WIS
K9, $EPACC
DSPHID

EEEEFEEEEI LTEEECLEEMS ELEM L

SIZECK
SET 114

#"-" FOR DISPLRY

AP-55A
LoC 08J LINE
0544 E7 =329%
8542 9368 =3308
=338
8544 B930 23314+
8546 A1 =3315+
8547 F487 =3319
8549 B3FE =3320
8548 AR =331
23322
954C B924 23335+
854E M =3336+
@54F F4C3 =3348
@551 B930 =334
8553 11 =3342
8554 F4B7 =3343
855% AR =344
8557 S3Fe =3345
@559 20 =%346
855A 13FF =3347
833C S30F =348
=3349
BSSE 8925 =2362+
8568 M =3363+
8561 47 =3367
8962 AA =3368
9563 F4C3 =3369
8565 B825 =3378
8567 347C =337
8569 2340 =3372
8568 D4D8 =3373
256D 8320 =3374
B56F 3490 =3375
8571 63 =3376
=1377
0072 =3380+ SIZE
=3381+;
=3382+;
=331 $EJECT

54
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in‘tel . AP-55A

LoC oBJ LINE SOURCE STRTEMENT
3392 ¢ INCLUDE( :+8: HFILE. M0D)
6900 =3393 CHARCR EQU 80H i LR
000R =3354 CHARLF EQU 8 L
81A =3395 CNTRLZ EQU 1PH + CONTROL-Z
=3396 ;
=3397 CODEBLK 89
8297 =3412+ ORG 663
=3416 ; HRECIN HEXFILE RECORD INPUT ROUTINE
8297 34CD =3417 IRECIN: CRLL  CHRRIN
8299 D31A =3418 XRL f, #CNTRLZ
6298 Cete =3419 2 DONE
823D D31A =3420 XRL A, #CNTRLZ
@29F D33A =3421 XRL REC:D
B82R1 9697 =3422 JNZ HRECIN
=3423 MMOV  CHKSUM, ZERO
82A3 £DoR =3428+ Moy CHKSUM, $ZERD
02f5 14F0 =3432 CALL  BYTEIN
=3433 MmOoY  BUFCNT. A
8217 B941 =3446+ mov R1, #BUFCNT
a2ny AL =3447+ mov R1,A
62AR 14t0 =2451 CALL  BVTEIN
=3452 M0y SeAHLA
92RC B93L 3465+ mov K1, #SMAHT
02fE AL =3466¢ WOV @R1,A
B820F 14F9 =479 CALL  BYTEIN
=3471 oY SMRLO.A
0281 8932 =484+ MV R1, $SMRLO
0263 A1 =3485+ mov LA
8284 14F8 =3463 CALL  BYTEIN
=3490 W0Y  RCCTYP.A
9286 BY42 =3583+ MoV R1, #RECTYP
9288 A =3504+ OV #R1,R
=3508 ;

=3509 : HDATIN HEX DATR BYTE IN
=3510 HOATIN: MOV A, BUFCNT

8289 B941 =3519+ MOV k1, $BUFCNT
8288 F1 =3528+ Hov A aRe
028C CeCC =3524 J2 RECDON
B2BE 14F0 =3525 CALL BYTEIN
8200 AR =3526 MoV LDATA, A
02C1 F400 =3%527 CHLL LSTORE
a2C3 34172 =3328 CALL INCSHA

=352% MOEC  BUFCNT
6205 B941 =3534+ Moy R1, $BUFCNT
8207 F1 =3535+ Moy feRe
8208 87 =35394 DEC fi
829 AL =3544+ nov 1A
82CA 44B9 =3547 e HOATIN

=346 ;
B2CC 340D =354% RECDON: CALL CHARIN
B2CE D33 =355@ XRL % [Grep)
9208 CeDB =3951 J2 CKSMOK
8202 D33F =] XRL A, #¢°7%) s SWITCR BRCK TO DATA CHARACTER
02D4 34BA =3553 CALL  NIBIN2 5 JOIN SUBROUYINE ALREADY' IN PROGRESS
6206 14F2 =3954 CALL  BYTEIL ;DITTO

All mnemonics copyrighted © Intel Corporation 1976.

55



AP-55A

Lo

8208 FD
8209 9GE1

8208 B942
9200 F1
82DE C697

92£0 83

#2£1 BAGC
B2E3 249M

90F8 34EC
a2 47
BOF3 AR
88F4 3488

90F6 4
09F7 AR
0FE &
88F9 D
89FN FA
9FB 83

8188 34CD
81BA 36

818( E6C2
84BE 039
8108 E6CS

LINE SOURCE STRTCMENT

=3555 7 (RESULT FOR NON-“7/ CHRRFCTERS 15 AS IF
=3556 i BYTEIN WAS CHLLED )
=3557 M0V A, CHKSUM

=3573¢ nov A CHKSIM

=3577 INZ CHKERR

=3576 CKSMOK: MMV A, RECTYP

=3307¢ Hov R1, SRECTA\P

=3580+ Moy feRL

=3592 J2 HRECIN

=3593 ;

=3594 ;DONE  HEX FILE CORRCCTLY RECEIVED

=3595 DONE:  RET

=359 ;

=3597 i CHKERR CHECKSUM EKROR IN INPUT RECORD DETECTED
=359 CHKERR: MOV LDATA, #8CH

=35993 Jnup FLRROR

=3608 SIZECHK

=3683+ SIZE €T 78

=3604+,

=3685+;

=3614 ;

=3615 CODEBLK 12

23620+ ORG 249

=3624 SBYTEIN EYTE INPUT SUBROUTINE.

=3625 ; RECCIVES TWO HEXIDECIMRL CHARRCTEKS FRUM THE TRME INPUT DEVICE
=3626 ; AND ASSEMBLES THEM INTO A SINGLE BYTE OF DRTA.

=3627 BYTEIN: CRLL  NIBIN

=3628 BYTEIL: SWAP A

=3 MY LOATA, A

=3639 CRLL  NIBIN

=3621 MORL  LDATA,A

=3648+ ORL A, LOATH

=3668+ Hov LDATA, A

=3664 ADD A, CHKSUM

=3665 MoV CHKSLM, R

=3666 mov A, LDATA

=3667 RET

=3668 SIZECHK

=371+ SIZE SET 12

=3672+;

=36734;

=2602 ;

=3683 CODEBLK 25

=3693+ ORG 440

=3697 ;NIBIN RECEIVES A HEXIDECIMAL CHARRCTER AND PRODUCES A MASKED FOUR BIT YALUE.
=3698 ; NOTE- ERROR CIECKING DONL TO VERIFY HEXIDECIMAL YRLIDITY
=3699 NIBIN: CALL  CHRRIN

=3768 NIRIN2: ADD A, #-3RH i RCC=0F6-OFF FOR CHARACTERS ‘@7-"9”
=3781 i CRARARCTERS > 79/ PRODUCE OVERFLOW
=3782 INC NIEI3

=3783 DD 87 ;RCC=8-5 FOR CHARACTERS “R‘-'F
=3704 JNC RSCERR SEKROR IF CHARRCTER BETWEEN S/ AND ‘R’
=3785 ;

=3706 RCC=BFEN-85H FOR CHARACTERS ‘8- "F’

=3707 ;
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intgl.

Loc ooJ

#1C2 83fA
81C4 8310

8106 E€CI
61Ce 83

61C9 EReR
81CB 2498

0615

210D

61CD D449
81CF S37F
b1 83

LINE SOURCE STATEMENT

=3763 NIBI3: FADD f € + RCC=BFOH-OF FH F Ok CHARACTERS “@’-"F’
=3789 RDD fi, #1684  ACC=00H-9F FOR CHARACTLRS ‘@’-"F’;
=371@ i OVERFLOW IF RABOVE 15 TRUE.

=3711 JNC ASCERR

=3712 RET

=3713 5

=3714 ASCERR ILLEGRL HEXIDECIMAL CHARMCTLR KECEIVED
=715 ASCERR: MOY LDATA, #8AH

=3716 e PERROR
=317 SIZECHK

=328+ CIE SET A
=37214;

=3722+;

=3731 5

=3732 5

=3733 CODEBLK 5
=3743+ ORG 461
=3747 ;CHARIN CHARACTER INPUY ROUTINE.
=3748 ; RECEIVES ONE RSCIT CHARACTCR FROM YHE LUGICAL READER DEYICE.
=3749 CHARIN: CARLL  CIN
=3758 AN f, #7FK
=3751 RET

=3752 SIZECHK
=3795+ CIZE ST 9
=3756+;

=3757+;

=3766 ;

=3767 i

=3768 $LJECT

AP-55A
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AP-55A

Loc oey LINE SOURCE STATEMENT
=3769 CUDEELK 168

8572 =37944 ORG 1394
=3798 ;HF ILED HEX FILE OUTPUT SUBROUTINE
=3799 ; WHEN CALLED WITH F8=0 QUTPUT IS STANDFRD HEX FILE FORMAT.
=3808 ; WHEN CALLED WITH F@=1 OUIMUT 1S FORMATTED DATA DUMP TO CRT.
=3881 HFILCO: MMOY  MEMHI. SMRHI

8572 B931 =3017+ oy R1, $SMAHI

8574 11 =3616+ oy f, 8R1

4575 B935S =3024+ oy Ry, MEMH]

8577 M 23825+ Moy eR1,A
=382¢ mOY  MEMLO, SMALO

8578 BI30 =3044+ Moy R1, #SMALO

8578 F1 =3645¢ nov R &R1

8578 B934 =3RS+ mov ki, HEMLO

87 A =3802+ moy é1A
=3455 MOV CHKSUM, ERO

857¢ 6099 =3868+ Moy CHISUN, $ZERD

8560 B8ES =3864 nv R8, $HEXBUF
=3866 ; LDB\TE LOAD NEXT BYTE FROM MEMORY' INTO HEX BUFFEK

8582 14FC =3867 LDBYTE: CALL  LFETCH

8584 FR =2868 Hoy H. LDATA

8585 Ao =3869 HoY 8RB, R

8586 18 =3870 INC R

8587 B4c2 =3671 CALL  CMPMAS

8589 E696 =3672 INC ENDFIL

8588 34F2 =3873 CRLL  INCOMR

858D 18 =3874 Moy R.R@

@5t 8388 =3475 ROD A, #- (BUFLEN+HEXBUF )

8599 E682 =3676 INC LDBYTE

8592 D468 =3877 CALL  HRECO

8594 A472 =387¢ e HFILED
=3879 ;
=363@ ENDFIL END HEX FILE TRANSMISSION:
=3881 ; PRINT QUT BUFFCR FOR LAST DATA RECORD
=3882 ; PRINT QUT CANNED “END-Of-FILE’ RECORD
=3663 ; RETURN.

85% D400 =3884 ENDFIL: CALL  HRECO

@558 B6RY =3085 JF9 HFDONE

8598 3402 =3860 CRLL  TCRLFO

@59C ESAE =3887 MOV K@, $(LOW EOFREC)

859E F8 =368 ENDFL: MOV R K8

a59F A3 =368 HOV A.8R

85A9 CCR? =385 Iz HFDONE

85A2 B4BD =389 CALL  CHARD

8504 18 =3892 INC ]

85AS R49E =393 Jup ENDFL

BYA7 34D2 =3894 HFDONE: CALL  TCRLFO

85A9 231R =3885 MoV R, #CNTRLZ

85AB B4BD =389 CALL  CHARD

as5ab 83 =3897 RET
=3498
=3099 ; EOFREC CHARACTER SKTING FOR CANNED END-OF-FILE RECORD FOR
=3909 ; INTEL HEX FILE FORMAT STANDARD.

@5RE 203A3830  =3901 LOFREC: DE ‘ - 00000091FF
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intgl.

Loc o8J

8582 39303020
8586 30214646
858A 20

8600

0688 F8
8681 8398

0683 B941
8605 At

8686 34D2
8688 2326
8¢cen B4ED
460 B617
868E 2330
8610 B4ED

8612 B941
8614 F1
8615 34DE

8617 BI3S
8619 Fi
861A 34DB

861C B934
664E F1

861F 3408
0621 B628
0623 27

8624 3408
@626 C42C
8626 2330
862A B4BD

862C B865
8620 BE32
8630 (436
8632 2320
8634 B4BD
8636 Fe

8637 34DB
8639 18

863A B941
863C F1
863D 97

LINE SOURCE STRTEMENT
=3982 DB 0 ;END OF STRING CODE BYTE
=3983 SIZECHK
=3996¢ SIZE SET ™3
=3987+;
=39881;
=3917 ;
=3918 ;
=3919 CODEBLK 98
=3949+ ORG 1536
=3953 ;HRECO HEXIDECIMAL RECORD OUTPUT SEQUENCE.
= B HEX BUFFER RLRERDY' LORDED.
=3955 HRECO: MOV R. RO
=3956 R0D f #-HEXBUF
=3957 MMOY  CUFCNT.A
=32970+ HoY R1, $BUFCNT
=39714 Mov 1R
=3975 CALL  TCRLFO
=397¢ Hov 1% M
=3977 CALL  CHARD
=3978 JFe FOUMPL
=3979 "oy 1% A
=3960 CALL  CHARD
=X MOV A BUFCNT
=399+ mov R1, #BUFCNT
=3991+ oV A, @kt
= CRLL  BYTEO
=3996 FDUMPL: MOY R, MEMH
=485+ MOV R1, $MEMHI
=496+ mov fl, @R
=410 CALL  BYTEO
=4p11 moY R MEMLO
=4920+ MoV RL, #MEMLO
=4021+ mov R, 8R1
=4825 CALL  BYTED
=4826 Jre FDUMP2
=4827 CLR R
=482¢ CARLL  BYTED
=4923 e DATo
=4030 FDUMP2: MOV R #'="
=4831 CALL  CHARD
=4032 ;DATO  DATA OUTPUT
=4033 DATOD: MOV ke, MEXBUF
=4834 DRT01: JF@ FDUNPS
=4835 e FDUMP3
=483¢ FOUMPS: MOV ne
=4937 CALL  CHRRO
=4038 FDUMP3. MOV A, 8R8
=4839 CALL  BYTEO
=4840 INC R
=4041 MDJNZ  BUFCNT, DATOL
=4846+ MY R1, #BUFCNT
=4847+ nov £ 8R1
=4@51+ DEC A

AP-55A

All mnemonics copyrighted © Intel Corporation 1976.

59



AP-55A

Loc ooy LINE SOURCE SIATEMENT
B63E R1 =4056+ Mov ®R1,A
BE3F 962E =4@60+ N DATOL

=4062 ;

=4863 ; ENDREC END RECORD BEING TRANSMITTED
8641 B64S =4064 ENDREC: JFa FOUMP4

=4065 MOV R, CHKSUM
8643 FD =4981+ MoV A, CHKSUM
8644 17 =4885 crL A
8645 17 =4906 INC fA
8646 3408 =4@87 CALL  BYTEO
9648 83 =4988 FDUMP4: KET

=4@83 SIZECHK
8049 24992+ SIZE kT 73

=4993+;

=4894+;

=4103 ;

=4104 CODEELK 9
81D2 =4114+ ORG 466

=4118 ; TCRLFO TAPE (CRXLF> OUTPUT
8102 238D =4113 TCRLFO: MOV A, #CHARCR
8104 D4BD 24128 CALL  CHARD
o106 2306 24124 L1 R, SCHARLF
0108 B4BD =4122 CALL  CHARD
010R 83 =423 RET

=4124 SIZECHK
0093 =4127+ SIZE ST

=4128¢;

=4129+;

=4138 ;

=4139 CODEBLK 11
6108 =4149+ 0KG 475

=4153 ;BYTEQ BYTE OUNPUT
81DB AR =4154 B\TEQ: MOV LDATA, A
810 6D =4155 0D A CHKSUM
810D AD =415 MoV CHKSUM, A
B1DE FA =4157 MoV A, LDATA
01DF 47 =415¢ P A
91E0 B4EB =4159 CALL  NIBO
B1E2 FR =419 Moy R, LDATA
@1E3 B4RE =4161 CARLL  NIBD
BG1ES 83 24162 RET

=4163 SIZECHK
0608 =4166+ SIZE SET 11

=4167+;

=4168+;

=417¢ ;

=4178 CODEBLK 12
B1E6 =4188+ ORG 486

=4192 ; HEXASC HEXIDECIMAL NIBBLE TO ASCII CHARACTER CONYERSION.
BiE6 530F =4193 HEXASC: ANL R, #0H

81E8 03F6 =4194 A A, $(-18)
B1EA FEEF =4195 JC HEXNIB
81LC 8337 =4196 DD A #(16:°0")
O1EE 83 =4197 RET

@1EF 9341 =4198 HEXNIB: ADD R #CAY
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in‘tel . AP-55A

LOC 08 LING SOURCE STATEMENT
B1F1 83 =4199 RET

=4200 SIZECIK
608C =4203+ SIZE SET 12

=4204+;

=4205+;

=4214 ;

=4215 ;

=4216 DECLARE BITSO, CONS1
0008 =4238 BITSO EQU 11 ;DATR BITS FUT OUT (INCLUDING TWO STOP BITS)

=4231 ;

=4232 CODEBLK 30
84C9 =4252+ ORG 1225

=425¢ ; HBDLAY HALF-BIT TIME DCLAY
=4257 1BDLAY: MMOY  H, HBITHI

0409 B927 =42734 MoY R1, $HBITHI
0408 F1 24274+ mov R, 8R1
84CC B945 =4260+ MoV R1, #H
84CE AL =4261+ oV BRLA

=4784 MOY  R1.HBITLO
84CF BI26 =4308+ BOV R1, $1BITLO
8401 1 =4301+ oV A. 81
9402 A9 =4314¢ MoV R1,A
84D3 8407 =4317 N, 3 HBD1
84D5 6908 =4218 HBD2: MOV R1, %0
94D7 £SD7 =4313 BEDL:  DINZ RL HBDL

=4320 MJINZ  H HBD2
8403 BI4S =4325¢ Hov ki, 84
8408 F1 =4326+ Hov R 8R1
840C 07 =433 DEC A
840D R1 4335+ MY RLA
B4DE 9605 =4339+ INZ HBD2
B4EQ 83 =4341 RET

=4342 SIZECHK
0818 =4345+ SIZE SET 24

=4346+;

=4347+;

=435 ;

=4357 $EJECT
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AP-55A
Loc 08J LINE SOURCE STATEMENT
=4358 CODEBLK 48
8568 =433+ ORG 1467
=4387 ;NIB0 MASK ACC TO MAKE HEX NIBBLE, RANSLATE TO ASCII AND OUTPUT
34EG =4388 NIBO: CALL  HEXASC
=4389 ;
=4398 ; CHARD CONSOLE QUTPUT SUBROUTINE
=4391 ; WRITES THE CONTENTS OF THE RCC TO THE CRT DISPLAY SCREEN
=4392 CHARO: MMOY  REGC.R
858D 8944 =4485+ Moy Ri, #REGC
85BF A1 =4496+ nov 1A
=4418 M0Y B, BITSO ; SET NUMBER OF BITS TO BE TRANSMITTED
8508 B943 =4421+ Moy R1, 48
@5C2 eie8 =44224 Hov 8R1, #1150
9504 97 =4426 CLR [ ;CLERR CRRRY
85CS FecB =4427 C01 JC c02
@5C7 998F =4428 RNL F1, #NOT TTYOUT
8509 R4CF 24429 e co3
85CB 8948 =4439 C02: ORL P4, $TTYO0UT
@85CD 08 =4431 NOP JEVEN OUT TWO BRANCH CXECUVION TIMES
@5CE 00 =4432 NOP
@5CF 94C9 =4433 C03: CALL  HEDLAY
asd1 94C3 =4434 CALL  HBOLNY
8503 97 =4435 CLR c SSET WHAT KILL EVENTUALLY BECOME A STOP BIY
854 n7 =4436 CrL c
=4437 MRRC  REGC  ;ROTATE CHARACTER RIGHT OMNE BIT,
@505 B944 =4442+ noY R1, #REGC
a5b7 Fi =4443+ Moy fi, 8R4
a8 67 =44474 RRC R
509 ft 24452+ Mov ®RLA
=4455 i\ MOVING NEXT DATR BIT INTO CARKY
=4456 MOINZ B, COL ;CHECK IF CHRRACTER (AND STOP BIT(S)) DONE
@sDR B942 =4461+ L1 k1, #8
850C F1 =4462+ MoV A, 8R1
8300 87 =4466+ DEC A
850E A1 =4471+ noy @R1,A
OSDF 96CS =4475+ N co1
B5EL 83 =4477 KET
=4478 SIZECHK
0827 =4481+ SIZE SET 39
=4482+;
=4483+;
=4492 ;
=4493 CODEBLK 47
8649 =4523+ ORG 1669
=4527 ;CIN  CONSOL INPUT SUBROUYINE WRITS FOR ft KEYSTROKE HND
=4528 ; RETURNS WITH 8 BITS IN REG ACC.
08643 B943 =4529 CIN: Mov ki, %8
9648 B188 =4530 mov @R1, 8¢ ;DRTR BITS 10 BE RERD
864D 464D =4531 Cle: JNTL (I8
864F 464D =4332 JNTL  Cle
8651 5651 =4533 CI1: JTi 385
0653 5651 =4534 11 ci
8655 %4C9 =4535 CALL  HEDLAY
8657 5651 =4536 Tt M)
8639 94C9 =4537 CI2: CALL  HBDLAY
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SOURCE STATEMENT
CALL  HBDLAY
M 3 S CHECK SID LINE LEVEL
CLR ¢ +DATH BIT IN CY
¥ Cl4
CLR C
L c
NOP ;EVEN OUT BRANCH EXECUYION TIMES
NOP
NOP
NOP
MRC  REGC
nov R4, #REGC
MoV R 8R4
RRC A
nov &R1A
WINZ  B.CI2
L4 RL, ¥
MoV A 8RL
DEC f
KoV @R1,R
Nz CI2
MOY A REGC
MoV R1, $REGC
nov A, 8R1
RET  CHARACTER COMPLEIE
SIZECHK
SEY 47

LoC 0BJ LINE
0658 94C9 =4538
069D 5662 =4539
B865F 97 =4540
0668 C465 =4541
8662 97 =4542 CI3:
8663 A7 =4543
0664 80 =4544
8665 88 =4545 C14:
666 B8 =4546
8667 08 =4547
=4548
8668 B944 =4553+
066A F1 =4554+
0668 67 =4958+
966C A1 =4563+
=4566
866D B943 =4571+
866F F1 =4572+
96708 87 =4576+
8671 R1 =4581+
8672 %59 =4505+
=4587
8674 B4 =4596+
8676 F1 =4597+
8677 83 =4681
=4682
wr =4605+ SIZL
=4606+;
=46874;
=4616 $EJECT

AP-55A

All mnemonics copyrighted © Intel Corporation 1976.

63



AP-55A

LoC 08J

O2ES B934
82£7 F1
82£8 MR
82E9 F400
82tB B4E2
826D E6F3
O2EF 34F2
82F1 44E9
82F3 83

BOFC D478

BOFF 83

8678

8678 B93?
867A F1
8678 837E
867D B3

B67E 64
867F 98

8681 A9
8682 Bt
8683 Bt

8684 B931
0686 F1
0687 9698

LINE SOURCE STATEMENT

4617 ¢ INCLUDE( :F8; MEMREF. MOD)
=4618 CODEBLK 15

=4633+ ORG 74

=4637 ; COMFIL COMMAND TO FILL ADDRESS SPACE CEYWEEN SMA AND EMR WITH URTA
=4638 ; IN LOW BYTE OF MEM.
=4639 COMFIL: MMOV  LDATA, MEMLO
=4655+ MoY ke, $EMLO
=4656+ MovY A 8RL

=4669+ 11 LDAA, A
=4672 LFILL: CALL  LSTORE

=4673 CRLL  CMPMRS

=4674 N LFILLL

=4675 CALL  INCSW

=4676 hLid LFILL

=4677 LFILLL: RET

=478 SIZECHK

=4681+ SIZE SET 15

=4682+;

=4683+;

=4692 ;

=4693 CODEBLK 4

=4698+ ORG 292

=4762 ; LFETCH FETCHES CONTENTS OF LOGICAL MEMORY' RDDRESS DETERMINED BY
=4793 ; CTYPED, CSHAHID, & (SMALOD> INTO <LDRTRD.
=4704 LFETCH: CALL  AFETCH

=4785 Mov LDATA, A

=4706 RET

=4797 SIZECHK

=4718+ SIZE SET 4

=47114;

=4712+;

=4721 ;

=4722 CODERLK 75

=4752+ ORG 1656

=475 ;

=4757 ; RFETCH LOGICAL FETCH SUBROUTINE
=4738 ; FETCHS CONTENTS OF YARIOUS MEMORY SPRCES TO ACL.
=4759 AFETCH: MMOV A, T\PE

=4768+ moy R1, $TVFE
24769+ HoY A Rl

=4773 AD A, #L0W LFETBL
=4774 P e

=4775

=4776 LFETEL: DB LOW LFEPM
=4777 DB LOW LFEDM
=4778 bB LOW LFEREG
=4779 DB LOW LFEINT
=4700 0E LOW LFEBRK
=4761 DB LOW LFEBRK
=4782 ;

=4783 LFEPM: MMOY A SMAHI

=4792+ MoV R, #SMAHT
=4793+ nov R, 8RL

=4797 N LFEDM

=4798 MY R SMALD
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LoC 08J

8689 B938
8658 F1

968C 03£9
868E FE98

8699 B339
8692 F1
8693 @34E
8695 M
8696 F1
8697 83
9698 94E4
B69R &1
8698 83

869C BI3G
6% F1
B869F S37F

B6R3 E4B7
B6A5 B923

86A7 F1
86A8 83

LINE GOURCE STATEMENT
=4897+ Moy R1, #5MRLO
=4308+ Moy [ ]
=4812 ADD f, #-0VSIZE
=4813 Jc LFEDH
=4314 MY A SMALO
=4823+ mov R1, ¥ML0
=4824+ Moy A, 8R1
=482¢ D A, $OVBUF
=4829 oy R, A
=4830 Moy R, @R
=4831 RET
=4832 LFEDM: CALL  LPGSEL
=4833 MOVZ A eR1
=4834 RET
=4839 ;
=4836 LFEREG: MMOY R, SMALO
=4045+ NOY K1, #5L0
=4846+ MoV A 8R1
=4850 L fl, #81111111B  ; CHECK IF LOW 7 BITS =90
=4854 JZ LFERD
=4852 e EPFET
=4853 ;
=454 LFERG: MMOV A, LPRO
=4863+ oy R1, $EPRO
=4864+ L A, Rl
=4868 RET
=4369 ;
=4870 LFEINT: MOV R, SMALO
=4879+ MoV R1, #SMALO
=4339+ Moy fir R
=48834 D A, #EPRCC
=4385 MoV Ri.A
=4986 Moy R, 8R1
=4887 RET
=488% ;
=4889 ; LFEBRK LOGICAL FETCH OF BRERK-POINT DATA
=4899 LFEERK: CALL  LPGSEL
=489 ANL P1, $NOT 000010000
=4892 ORL P14, #$900010008
=4893 AL F1, $NOT 060008108
=4894 ORL F1, $06000601B
=4895 MV A,8R1
=489 Moy R, #81H
=4897 JNI LFEBR1
=4899 CLR A
=4899 LIFEBRL: RET
=490 SIZECHK
=4983+ SIZE SET 74
=4994+;
=49U5+;
=4914 $EJECT

AP-55A
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Loc 08J

8700

6700 B9I3Y
8782 F1
6783 8386
8785 B3

6786 oC
6787 21
6788 26
9789 34
8700 3D
e7ec 3D

87aC B931
878 FL
870F 9621

@711 B938
6713 F1

8714 839
8716 F621

8716 BI38
071A F1
8710 834E
874D A9
871E FR
071F A1
0720 €3

8721 34E1
6723 1R
9724 N
0725 83

8726 8930
w28 i

0729 S37F
8728 Cear
8720 £4C3

872F FA
8738 B2
8732 M
0733 83

LINE SOURCE STATEMENT
=4915 CODCBLK €5
=495+ ORG 1792
=49%4 ;

=4935 ; LSTORE LOGICAL STORE SUBROUTINE

=43936 ;
=4957 LSTORE: MMOY
=4966+ MoV
=497+

=4974

=4972

=4973 ;

=4974 LSTTDL:
=4975

=4976

=4977

=4978

=4979

2

gég;gggg SEE8ES %

F:
s

=5827

=5829

=5038

=531 ;
=5032 LSTDN:
=5633

=534

=5835

=5036 ;
=5837 LSTREG:
=5046+
=5047+
=5a31

=5@52

=5853

=5854 ;
=555 LSTRG:
=5076+
=584+
=5885+
=5688

=5089 ;
=598 LSTINT:

3 G543 398,38 2337 F3323,,

STORES CONTENTS OF LDATA INTO YRRIOUS MEMORY SPACES.

L TYPE

R, $TYPE

A, 8R4
i, #LOW LSTTBL
o

LOW LSTPM
LOW LSTOH
LOW LSTREG
LOW LETIN
LOW LSTBRK
LOW LSTBRK

R, SMAHI
RL, $SHAHI
1951
LSTON
f SALO
R1, #5MALO
f, &R
A, $-0VSIZC
LSTON
A, SHALO
R1, #SMRLO
R 8R1
fl, $OVBUF
RLA
R, LDRTA
®1,A

LPGSEL
A, LDATA
ml R

R, SMALO
R4, $5MALO
A &1
f, #811111118
LSTR®
EPSTOR

EPRG, LDATA
R LDATA
R1, #E1R0O
LS

A, L0
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intgl.

LoC 08J

9734 8939
8736 F1
8737 8328
8739 A9
73R IR
873 AL
873C €3

073D 94E4
873F FA

0748 1246
8742 8981
8744 £448
8746 99FE
8748 997
@74 81

8748 8988
074D €3

804E

84E1 B937
84E3 F1
84E4 5361
B4E6 47

84E7 B931
B4E9 41
B4ER 4348
O4EC 3R

64CD B920
B4EF F1
84F0 A9
B4F1 83

oot

LINE SOURCE STRTEMENT
=5099+ MOV R1, #5MALO
=5108+ MoV A, 8R1
=5184 ADD A, $EPACC
=5185 MoV R1,A
=5186 Moy A, LDATA
=5107 mov ®R1LA
=5168 RET
=5109 ;
=5118 ;LSTBRK LOGICRL STORE OF BREAK-POINT DATR
=5111 LOTBRK: CALL  LPGSEL
=5112 MoV i LDATA
=5113 JEB LSTBRL
=5114 ORL F1, 4006000016
=5115 e LSTBR2
=5116 LSTBRL: ANL F1, 3N0T 000000018
=5117 LSTBR2: AML P1, $NOT 009610608
=5118 MOVZ  AeRt
=5119 ORL P1, $000610608
=5120 RET
=5121 SIZECHK
=5124+ SIZE SET 78
=5125+;
=5126+;
=5135 ;
=5136 CODEBLK 17
=5156+ ORG 1249
=51¢8 ; LPGSEL LOGICARL PRGE SELLCY.
=5161 : SETS UP PORT 2 TO ARDDRESS APPROPRIATE BYTE OF RAM BLOCK.
=5162 LPGSEL: MMOY A, TYPE
=5171+ mov R1, #TVYPE
=572+ Moy fl 8R1
=5176 L R, #000000015 iMASK OFF DHTA TYPE SELECTOR BIT
=5177 SHP A
=5178 MORL R, SMAHI
=51644 MoV R1, #5MAk1
=5185+ ORL A, #R1
=5169 ORL R, #810006008
=5199 ouTL  P2A
=5191 oY A OMALO
=5280+ MoV R1, #SMALO
=5281+ mov A, 81
=5285 MovY R1A
=5206 RET
=5207 SIZECHK
=9216+ SIZE SET 17
=52114;
=5212+;
=5221 ;
=5222 SLJECT
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Loc oeJ

61r2

84F2 8938
81F4 11
81FS5 F1
81F6 96FC
81Fg 19
B1F3 F1
81FR 17
81FB 31
B1FC 83

82F4 B938
82f6 F1
a7 o7
are 24
82F9 96FF
82rB 1
92fC F1
82fD @7
82FE 31
B2FF 83

85E2 B938
85E4 FL
85E5 37

85E€ 8932
856 61

859 BI31
658 Fi
85tC 37

LINE SOURCE STRTEMENT
=52 CODEBLK 11
=523%+ ORG 496
=5237 ; INCSMA INCREMENT STARTING MEMORY ADDRESS WORD.
=5238 INCSMR: MOV R1. #SMALO
=5239 INCH: INC &1
=5249 MoV A, 8R4
=5241 N2 INCHL
=5242 INC RL
=5243 L] A, 8RL
=5244 INC fi
=5245 XD ReR1
=5246 INCWL: RET
=5247 SIZECHK
=5258+ SIZE SET 11
=5251+;
=5252+;
=52¢1 ;
=5262 CODEBLK 12
=5277+ ORG 56
=5281 ; DECSMA DECREMENT SMA WORD.
=5282 DECSMA: MOV k1, #5MAL0
=5283 MoV A eRrL
=5264 DEC A
=5285 X R, 8R1
=5286 N DECSML
=5287 INC [ 1
=5268 v fi, 8R1
=529 DEC ]
=529 XCHO  n.eRt
=5291 DECMi: RET
=5292 SIZECHK
=525+ SIZE SET 12
=529G+;
=5297+;
=5286 ;
=5387 CODEBLK 135
=5332+ ORG 1586

=5336 i CMPMAS CONPARE MEMORY RDDRESSES

=5337 ; COMPARE SMA BYTES WITH EMA BYTES TO DETERMINE RELATIVE MAGNITUDE.
=3338 ; RETURNS WITH CARRY=1 IFF <SMRD D= CEMRD.

=5359 ; IS CALLED AFTCR ACTION HRS BEEN PERFORMED ON <SMA)> TO DETERMINE IF
=5340 ; TASK IS COMPLETED:

=534 ; IF CY=0 THEN CSMA> >= <EMA> ==> 1ERMINRTE TASK.

=5342 ; IF CY=1 THEN CSMRD> ¢ <EM>  ==> INC SMR AND REPLAT.
=3343 CMPMAS: MOV A, SMALO

=535e+ nov RL, #5MAL0

=5333+ MoV A 81

=5357 cPL f

=5356 MOD  R.EMALD

=5364+ nov R1, $EMALO

=5365+ ADD A, 81

=5368 WOV A, SMAHI

=5376+ mov R1, #SMAHI

=5379+ MoV R eRL

=5363 CPL ]
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LoC oBJ

@5ED Be33
85EF 71
85F0 83

000F

LINE SOURCE STRTEMENT
=5384 W0DC A, EMAHI
=5398+ oy R1, $EMARI
=5391+ oC A8t
=5395 CMPRLT: RET

=559% SIZECHK

=539%+ SIZE AT 15

=5400+;

=5481+;

=5410 $EJECT

AP-55A
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074t

874E D5

874F BI3E
8701 AL
8752 23F0
8754 62
8755 27
875 3t
8757 30
875 F0
8759 @7
875A 3F
8758 oC
875C AR

8750 FD
o079t 607
8731 8346
0761 RE
8762 F@
8763 30
8764 47
8765 3E

8766 bbud

8768 R
8769 61
876A AR
8768 F688
876D BEBL

876F BY3C
8771 F1

SOURCE STRTEMENT

INCLUDE ¢ : F@:KBD. M0D)
CODEBLK 109
ORG 1670

KEVEOARD RND DISPLAY PROCESSING ROUTINE
CALLED PERIODICALLY WHLN KBD AND DISPLAY ARE T0 BE NALIVE
SEL RB1

M0y RSAYE, A

v R1, $ASAVE

nov &R1,A
MoV A #C-10H)
Moy TH ;RELOAD TIMER INTERYARL
CLR R
HOYD  PSEGHL A s WRITE ELANK FATTERN TO SEG DRIVER:
MOVD  PSEGLO,A
v R, CLRDIG
DEC A
MYD  FDIGIT.A ; ENERGIZE CHRRACTER
MOV A, PINPUT ;LOND ANY SWITCH CLOSURES
nov KOTPRT. A

S WRITE NEXT SEGMENT PRTTCRN

MoV R, CURDIG
DEC fA
ROD R, #SEGHAP i RDD CURDIG DISPLACMENT TGO BASE
L R8,R
MoV f eR8 ;LOAD ACC W/ NEXT SEGMENY PRTTERN
MOYD  PSEGLO,A s ENABLE RPPROPRINTE SEGMENTS
NP R
MOVD  PSEGHL K

THE NEXT CHARACTER IS NOW BEING DISPLAYED.
THE KEVBOARD SCAN ROUTINE IS INTEGRRTED INTU THE DISPLAY SCAN.
WITH THE CURRENT ROM ENERGIZED, CHECK IF THERE ARE ANY INPUTS.

KOTATE BITS THROUGH THE CY WHILE INCREMENTING KEYLOC.

MoV ROTCNT, #NCOLS  ; SET UP FOR CNCOLS> LOOPS THROUGH “NXTLOC’

: MRRC  ROTPAT

v R, ROTPAT
RRC A
Moy ROTPAT, A
Jx SCANS ;ONE BIT IN CY INDICATES KEY NO1 DOWN
"oy KEVFLG, #1 S MARK THAT RT LERST ONE KEY WAS DETECTED
i IN THE CURRENT SCAN

=5937

R KEYSTROKE WRS DETECTED FOR THE CURRENT COLUMN. ITS
POSITION IS IN REGISTER KEYLOC. SEE IF SAME KEY SENSED LAST CYCLE.

=5539 ;
=5549 ;
=5541

=5558+
=5551+

MMV R KEVLOC
Moy R4, #KEYLOC
MoV f 8R1
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Loc ogJ

8772 2
8773 DC
8774 C67C

B776 BI3D
8778 B186
877 488

877C B93D
877E F1
977F Cé8e
6781 97

8782 093D
6784 A1
9785 368B

uray Ko
av5% B938
o786 M

0788 B93C
aved 11

O78E EBGE
4799 EDRS
492 508

@794 BI3C
936 E1u9
98 TC

8799 969D

8798 BCFF
8790 ocrea

SOURCE STATEMENT
XCH A LASTKY
XRL R, LASTKY
2 SCANG

A DIFFERENT KEY MAS RERD ON THIS CYCLC THAN ON THE PREVIGUS CVCLE.
SET NREFTS TO THE DEBOUNCE PAKAMETER FOR A NEW COUNTDOWN.

mov RL, $NREPTS
oY 1, 46
w SCANS

SAME KEY WAS DETECTED 35 ON PREVIOUS CYCLE

LOOK RT NREPTS: IF ALREADY ZERU. DO NOTHING.
ELSE DECREMENT NREPTS.

IF THIS RESULTS IN ZERD, MOVE LASTKY INTO KEDCUF.

Mi0Y R NREPTS

MY R, BREPTS

Mo A eR1
2 SCANS i IF ALREADY ZERD
DEC A + INDICATE ONE MORE SUCCESIVE KEY DETECTION
MOV NREFTS,R

Moy R1, BNREFTS

MoV @R1.A
INZ SCINS + IF DECREMENT DOES NOT RESULT IN ZERC
MOV KBOBUF,LASTKY  ;TO MARK NEW KEY CLOSURE

MoV i, LASTKY

MoV R1, #KEDBUF

Hov 81.A

MOy R1, #KEVLOC

INC L

DINZ  ROTCNT, NXTLOC
DINZ CURDIG, TIRETL
Moy CURDIG, #CHARNOD

THE FOLLOWING CODE SEGMENT IS USED BY THE KEYBORRD SCANNING ROUTINE.

IT IS EXECUTED ONLY AFTER £ REFRESH SEQUENCE IS COMPLETCD

=3679+

=5652 SCANE:

=36833 ;
=5684 ;

M0V KEYLOC, ZERC
MoV R1, #KEYLOC

MY 8R1, #7ERD
nov 0 KEYFLG
N2 SCANG ; JUMP IF ANY KEYS WERE DETECIED

M0Y  LASTKY, NEGL S CHANGE CLASTKY: WHEN NO KEYS ARE DOWN
MovY LASTKY, #NEGL
MoV KEYFLG, #9

AP-55A
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72

Loe oeJ

879 BI3F
o7t F1
4rRe CeAs
uvnd #7

87AS BI3F
7A7 AL

wiRG BI3E

W7AR FL
UPRB 93

A7RC 164E
4me 33

9061

LINE

=368S
=5686 ;
=5637
=5636+
=ITH
=570
=5782
=573
=5716+
=5¢17+
=572l TIRETL:
=5738+
=57341
=5735
=5736 ;
=5737 ;

SOURCE STATEMENT

KBO/DISP RETURN CODE- RESTORES SYSTEM STATUS.
MM0Y A, ROELAY
MoV R1, $RDELAY

Moy R iR1

2 TIRETL

DEC fi

MOV KDELAY.R
nov R1, #ROELAY
MoV ®RLA

MOV f, ASAVE
nov K1, RASAYE
MoV 1, 8k

RETR

=5738 ; TOFFOL TIMER OVERFLOW POLLING SUBROUTINE

-2 .
=5733 5

=57
=5741 ;
=5742 TUFFOL:
=5742

=574

=747+ SIZE
=5748+
=5749+;

CRLLED REPEATEDLY FROM WHEREVER KBL/DISP MUST BE ALIVE.
MONITORS THE TIMER OVERFLOMW FLAG (TOF) AND CALLS SERVICE
ROUTINE WHEN FIPPROPRIATE.

JTF TIINT

RET

SIZECHK

SET 97

=572 SEJCLT
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LOc OBt LINE SOURCE ZTRTEMENT

CODEBLK 17
GRG 173

KEYBOARL: INPUT SUBROUTINE.

VALUE OF REY FOSITICN IN SWITCH MRTRIN 12
FETURNEG 1N THE HCCUMULATOR.

DISPLAY CHRRACTER NOW ON BLONKED BEFORE RETURNING.
My XPLODL, #3

CALL  RPTEST

CALL  TOFPOL
MMy R RECOUF
oy R, #EBDEF
4 i fi: 8R1
B6CB F206 =381 ity KEDIL
8eCD 27 =3817 LR A
86CE 3 =818 MOYD  PILGHL A
8eCF 3D =3219 MOVD  PSEGLOD. A
geLe 37 CPL R
120 e RCH fi, 8R1
HEDE G2 RET
SIZETHK
aed KT 47
IR IR T
CODEBLK 15
HirL URE 151
=5067 SCLEAR WRITES “BLANK’ CHRARACTERS INTD ALL DISPLAY REGISTLRS.
=3868 RETURNS WITH NEXTPL SET TO LEFTMCST CHARACTER POSIVION
=3865 ; DOES NOT RFFECT ACC OR LY.
8371 Luds =5370 CLERR:  mWOY K@, ¥5LGMAP
@5F3 Boee =371 Moy R1, #CHARNO
85F5 BO6d =3872 DELANK: MOy R0, 4@ 5 3TORE THE BLANK CODE
a7 18 =3873 ING ke #POINT TO NEXT CHRRACTER TO THE LEFY
U3FS E9FS =3874 DINZ  RL, DBLANK
=3675 MMOY  REXTPL, CHRRNO
B3FR ES3R =3806+ MoV R1, #NEXTPL
A3FC Cled =5057+ nov BR1. ¥CHARNO
d5FE &3 =3891 KET
=309 SIZECHK
888E =389 SIZE SET M4
=3856+;
=3857+;
=3596¢
=5997 CODECLK 44
8603 =5937+ ORG 1747
=9941 ; DSFACC DISPLAY VALUE UOF LUM NIESLE OF HLC
B3 3387 =3942 DSPACC: ANL A, #6FH
8605 A3EF =5943 RDD fi; #DGPATS
aeb? A =5944 MOVP  A.8R
=3945 :WDISP  WRITES BIT PATTERN NOW IN ACC INTO NEXT LHARRCTER FOSITION
=3946 & OF THE DISPLHY (NERTPL).  INCREMENS NEXTPL
=5947 RESULTS IN DISFLAY BEING FILLED LEFT TO RIGHY. THEN RESTRRTING
B6DS AE =3945 WDISP: MOV DSPTMP, R

RETURNS ONLY RFTCR R NEW KEVSIRUKE #RS EEEN DETECTED HND DEBDUNCED.

AP-55A
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Loc oet LINE SOUKCE STRTCMENT
8605 Bre4 =5949 nay XPCODE, #4
860B 7401 =5554 CALL  XPTEST
=505 MMOY R NEXNTPL
66DD BS3A =568+ MoV R1. #NEXTPL
B6DF 1 =591+ Moy i8R
a6L0 0345 =5965 HDD fi, #SEGMAR- 1
B6E2 RS =5966 My RL A
B6L3 FE =5967 Moy i DSFTHR
B6E4 AL =5968 oy 8k1.A
=5369 MDINZ  NEXTHL, WDISPL
BLES 0I3R =9aT4+ Mov R4, #NEXTPL
06E7 F1 =5u75+ HOY R 8R1
B6ES 87 =5975+ LEC f
96E9 AL =5984+ MOY BRL. A
86EA IGEE =5988+ N WDISPL
BCEC B1A2 =558 Moy @F1, #CHARND
B6EE 83 =5351 WDISFL: RET
=5392 ;
=5993 :BOPATS IS5 THE BASE FOR THC TRBLL OF SEGMENT PATTERNS FOR HEX DIGITS.
=5994 ;HERE THE FULL HEX SET (@) I5 INCLUDED.
=5993 ;
BOEF =5996 DGPATS EQU t AND BFFH
=5397
=5998 :FORMAT 1% PGFEDCBA IN STANDARD SEVEN-SLUMENT ENCODING CONVENY ION
=5999 ; WHERE I REPRESENTS THE DCCIMAL POINT
BGEF 3F =6000 s #9111111B » SEGMENT PRTTERN FOR DIGIT ‘9’
BCFe 86 =6801 0B 000881100 » SEGMENT P'RTTERN FOR DIGIT 17
86FL SE =602 DE 819116110 3 SEGMENT PATIERN FOR DIGIT 727
V6F2 4F =6603 DB 810911110 »SEGMENT PATTERN FOR DIGIT 3/
B6F3 66 =6084 B 011081168 » SEGMENT PATTERN FOR DIGIT ‘47
86l'4 6D =6805 e 61101101F » SEGMENT PATTERN FOR DIGIT *5”
B6F5 7D =646 73 811111018 3+ SEGMENT PRTIERN FOR DIGIT 76/
06Fe 87 =607 DB 800081118 # SEGMENT PRTTERN FOR DIGIT 77
Q6?7 7F =6008 LB 11111118 i SEGMENT FRATTERN FOR DIGIT ‘€7
Bere 67 =6089 0B 011061118 ; GEGMENT PATTERN FOR DIGIT ‘9’
B6F9 77 =6018 0C 811181116 S SEGMENT PRTTERN FOR DIGIT ‘A”
B6FR 7C =6811 3 611111008 i SEGMENT PATTERN FOR DIGIT ‘B’
B6TE 39 =6812 ] 00111001P ; SEGMENT PRTTERN FOR DIGIT ‘C*
86FC SE =6813 DB 812111168 + SEGMENT PHTTERN FOR DIGI1 ‘D7
86FD 79 =6814 DB 011118918 s GEGMENT PATTERN FOK DIGIT ‘E’
BFE 71 =6015 v 4 811180918 i SEGMENT PATTERN IOR DIGIT ‘F*
=6816 SIZECHK
82C =6013+ SIZE SET 44
=6020+;
=6824+;
=630 ;
=631 CODEBLK 12
84F2 =6851+ ORG 1266
=6855 ; DELAY SUBROUTINE WAITS FOR THE NUMEBER OF COMPLETE
=6856 ; DISPLAY SCANS CORRESPONDING TO THE ACC CONTENTS.
=6057 ; USED WITH CRUDE HUMAN INTERFRCES- AS WHEN OFERRTOR SHOULD SEE
=6658 ; SOME DISPLAY CHANGE WHILL IT IS CHANGING.
=60359 DELAY: MMOV  RDELAY,H
B4F2 B93F =60872+ MOV R, #ROELAY
B4F4 AL =6073+ noy 8R1,R

74
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LoC 08J
84F5 F4AC
8417 B93F
84F9 Fi

84FR XY
B4FC 83

87RF

@7RF BFES
6781 7401
8783 B93E
8785 F1
8786 83

0089

LINE SOURCE STATEMENT
=6877 DELAVL: CALL  1O0MPGL
=6878 MOV A, RDELAY
=6887+ MoV R1, #RDELAY
=6083+ MoV f 8R1
=6092 INZ DELAYL
26893 RET
=68%4 SIZECHK
=6897+ SIZE SET 11
=6896+;
=6899+;
=6166 ;
=6189 CODEBLK 8
=6144+ ORG 1967
=6146 ; KEDPOL POLL STATUS OF KEYBORRD INPUT ROUTINE.
=6149 ; RETURN WD ACC BIT 7 = @ IF KEYBOARD INFUT HAS BEEN RECEIVED.
=615@ KBOPOL: MOV XPCODE, #5
=6151 CALL  XPTEST
=6152 MMOV  A. KBDBUF
=6161+ MoV i1, #KEDBUF
=6162+ Moy fi, @R1
=6166 REY
=6167 S1ZECHK
=6170+ SIZE SE1T 8
=6171+;
=61724;
=6181 $SEJECT
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76

Loc o5J

87e?

6787 B939
8783 F1

97BA F4D0
878C 2360
876E F4DO
878 F4Do
87(2 83

87C3

e7C3 FR
67C4 409

87C6 B30
8rC8 F1
87C9 337F
07CE Fdbe
87CD F4Do
87Cr 83

088D

LINE SOURCE STATEMENT

6182 $ INCLUDEC .FO:LINK MOL)
=6183 CODEBLK 15

=6218+ ORG 1875

=6222 ;EFFET FETCH DHTR B\TE FROM CF INTERNAL RAM RDDRESSED BY SMRLO.
=6223 EPFET: MMOV A, SMALO

=6232+ Hov R1, #SMALO
=6233+ Moy fi, 8R1
=6237 CARLL  EPPASS
=6238 Moy R, $160900008
=6239 CALL  EPPASS
=6249 CALL  EFPRSS
=6241 RET

=6242 SIZECHK

=6245¢ SIZE BT 12

=6246+;

=6247+;

=625 ;

=6257 CODEELK 15

=62921 ORG 1987

=6296 ; EPSTOR STORE DATA IN LDATA IN EP INTERNAL RAM AT CSMALOY
=6297 EPSTOR: MOV R LDAIA

=6298 CALL  EFPASS
=6299 MoV A, SMALD
=6306+ HoY K1, $SHALO
=6389+ HOY fl. 81
=6313 ANL A, #011111118
=6314 CRLL  EPPASS
=6313 CALL  CPPRSS
=6316 RET

=6317 SIZECHK

=6326+ SIZE SB1 13

=6321+;

=6322+;

=6331 $EJECT
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Loc 0BJ LINE SOURCE STATEMENT
6332 ; THE FOLLOWING UTILITIES INYOLYE INTERCHANGES BETWEEN THE MF AND LP.
26333 ;
=6334 CODEBLK 11
8700 26369+ 0RG 2008
=6373 ;LPPASS PASSES fi SINGLE PARAMETER BYTE TO THE EF THROUGH THE LINK.
26374 ; WRITE THE CONTENTS OF THE ACC TO THE LINK
=6375 ; RELERSE THE EF;
=6376 ; READ THE LINK INTO THE RCC;
=6377 RETURN.
8700 ofize =6378 EFPASS: ORL P2, 4001100008  ENABLE LINK WRITES.
8702 91 =637¢ MOYX  @RLA i HRITE RCC 10 LINK
9703 99FE =6368 AN P14, #NQOT CNBRAM s DISABLE BREAKPOINTS.
8705 £992 =6381 ORL 1, #ENBLNK $SET TU BRERK ON LINK REFERENCE.
8707 F4DB 26332 CALL  EPSIEP
8703 81 =6383 MOVX A, @R1
870A €3 =6384 RET
=6389 SIZECHK
8006 =6383+ SIZL SET 11
=618%4;
=6398+;
=6399 ;
=6408 CODEELK 25
8708 26435+ URG 2011
=643% ; EPSIER RELERSES EF TO RUN IN FRESENT MODC UNTIL RN ANTICIPAIED
6448 ; HARDWRRE BREAK OCCURS
=6441 ; (DUE TO SINGLE STEPPING. LINK OFCODE FETCH, OR LINK DRTA FETCH.)
=6442 ; MUST OCCUR WITHIN Ft FINITE NUMBER OF CVCLES (<42 MP CYCLES)
=6443 ; OR WATCHDOG TIMER WILL RSSUME R COMMUNICRTIONS LRROK
=6444 ; BETWEEN THE MP AND EP
0708 F4F4 =6445 EPSTEP: CALL  EPREL
8700 BI6A =644¢ MoV R1.410
87DF £6I'L =6447 EPSTEL: NI EFSTE2
B7E1 E9DF =6448 DJNZ2  RL.EPSTEL
O7E3 8910 =6449 ORL P4, $EPRSET
B7ES 744F =645 CALL  EFBRK
87E? BEEE =6451 MoV K. $LON(OYLBAS+0YSIZE)Y
87E9 746R =6432 CRLL  OvLOAD
87EB Y9EF 26453 ANL P4, #NOT EPRSET
O7ED BABE =6454 MoV LDATR, #8EH
O7EF 249A =6455 Jup PERROR
8/F1 744F =6436 LPSTEZ: CALL  EFBRK
87F3 83 =6457 RET
=6458 SIZECHK
8019 =6461+ SIZE ST 25
=64624;
=6463+;
=6472 ;
=6473 ;
=6474 $LJECT
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Loc oeJ LINE SOURCE STATEMENT
=6475 CUDEBLK 3
87F4 26518+ ORG 2036
=(514 ;EPREL RELERSES EP TO RUN IN PRESENT MODL.
6515 ; SEQUENCE 15 AS FOLLOWS:
=64516 ; PUT MEMORY' ARRAY IN CF MODE;
=517 ; RAISE /SSTEP;
26518 ; RETURN.
07F4 997 =6519 EPREL: ANL P1, #NOT CLREFF i CLEAR BRERK F/F.
87F6 5988 =6520 ORL P4, $CLRBFF i+ RE-ENRBLE BREAK F/F.
87F8 9ABf =6324 AN P2, $40T 010080088 JENABLE EP CONTROL OF MEM RRRAY
87FA 8984 =652 ORL F1, 4660001008 SFREE EF TO RUN UNTIL BREAK.
87FC &3 26523 RET
=6524 SIZECHK
0069 =6327+ SIZE SET ¢
=6526+;
=6525+;
=6£536 ;
=6539 ;
=6940 CODEBLK 11
a34F =658+ ORG 847
=6584 ;EPBRK REGAIN CONTROL OF MEMORY ARRHY FROM EP.
=6583 ; DROP /SSI1EP;
=£386 ; WRIT 38 USECS. ;
26987 ; PUT MEMORY ARRRY IN MF MODE;
=6368 ; RETURN.
834F 99FB =6383 CPBRK: ANL F4, $NOT 0608010600 i FREEZE EMULATION PROCESSOR.
8351 8920 =6599 ORL P1, $4000UT ;SIGNAL EF IS NOT RUNNING USER CODE.
8353 B9AS =6591 MOV RL. 45
8355 E955 =63592 DINZ  RLS ;DELRY FOR EF TO FINISH INSYRUCTION.
8357 8A40 =6593 ORL 2, $910000000 i SEIZE CONTROL OF MEM ARRRY.
8359 €2 =65%4 RET
=6595 SIZECHK
8008 =6596+ SIZE ST 1
=65934;
=660+ ;
=6689 ;
=6618 ;
=6611 CODEBLK 16
8357 =6651+ ORG £56
=6655 ; OVSHAP OVERLAY SHP.
6636 ; SWAPS BLOCK OF DRIABNTES (USER’S PROGRAM) BETKEEN M RAM & EP PM.
8357 B86S 26657 OYSWAP: MOV RO, #0VBUF+0YSIZE
835C B917 =665¢ Moy R1, $OVSIZE
B35E 2349 =6659 MOV fi» $810000008
8360 3R =6668 wWwiL  F2A
8361 C8 =661 OYSW1: DEC k8
8362 C9 26662 bEC R1
8363 81 = MOVX . 8R1
8364 28 =6664 XCH R, @R
9365 91 =6665 MOV @1, A
8366 F9 =6666 oy A RL
8367 9661 26667 IN OVShL
8369 83 26668 RET
26669 SIZECHK
9910 =g672+ SIZE SET 16
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a36n

836R B917
836C 2348
836E 3R
836F C8
8376 C9
9371 F8
8372 E3
8373 9N
a374 F9
8375 966F
8377 83

000E

LINE SOURCE STRTCMENT
=66734;

=6674+;

6683 ;

=6684 CODEBLK 14

=6724+ ORG 874

=6728 ; OVLORD OVERLRY LOAD.

=6729 ; MOYES BLUCK OF DATRBYTES (RSSEMBLED SOURCE) FROM PG3 10 EF PM.
=6738 ; TOP OF DRTR BLOCK LOADED RND BLOCK LENGTH DETERMINED BY k@ AND Ri.
=6731 OVLORD: MOV R1, $0VSIZE
=6732 MOV R, $81080000E
=6733 owTiL FaA

=6734 ML01: DEC RO

26733 DEC R1

=6736 moY fis RO

=6737 MOVP3 A, @R

=6738 MOVX  @R1L,A

=6739 MOV fuRL

=6749 N2 MMLDL

=6741 RET

=6742 SI1ZECKK

=6745+ SIZE SET 14

=6746+;

=6747+;

=6756 $EJECT

AP-55A
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LoC 08J

8378

8378

9378 1489
837n 00

8378
8378 1489
0370 08
937t 08

837F
837F 1489
9381 00
9382 00
8383 08
8384 00
0385 &
8366 00
8387 08
9383 68
8369 88
8380 08
@368 08

836C
9360 8489

SOURCE STATEMENT

THE REST OF THIS MODULE CONTAINS THE MINI-MONITORS WHICH OVERLAY
THE EMALATION PROCESSOR PROGRAM RM 10 GIVE THE
MRSTER PROCESSOR ACCESS 10 INTERNAL REGISTERS AND RRM OF THE EF.

=6807 URG
=6888

=6889 ;
=6818

=6813+ SIZE
=6814+;
=6815+;

DATABLK 22
ORG 868

OVERLAY 10 BREAK EP EXECUIION AND JUMP TO LOCRTION @@9H.

LOCATION 0B9H REACHED WITH TOP-OF-STACK = KRETURN ADDRESS+2

DUE TO FORCED “CALL" DURING WHICH FC WAS INCREMENTED.

LOCS 803K & 807H CALL 689 10 SIMULATE SHME CONDITION

IF BRERK OCCURS DURING INVLRRUPT CYCLE.

SOURCE CODE FOR MINI-MONIVOR OVERLAYED OVER LOM ORDER PROGRAM RAM.

EQU $
OveAs

CALL 8%
NOP
OVOBAS+883H
CARLL  @a%
NOP

NOP
OVEERS+807H
CRLL 883
NOP

NOP

NOP

NOP

NOP

NOP

NOP

NOF

NOP

NOP

NOF
0VEBAS+B14K
e 08%H
SIZECHK

SET 2

=624 $EJECT
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LOC 08J

a3t

936
035t
838E 8400
83%

391

8391 83
8392 08
8393 08
9394 09

8395
8395 83
3% 6

8397
9397 %0
9398 42
8399 9%
839 C7
8398 761
8390 53F7
8311
839 %9
83n8 €5
83m1 FE
83A2 8403

0016

LINE

26825
=6830+
=6834 ;
=6835 ; 0V3-
=6836 ;
=6837 ;
=6838 ;
=839 ;
=6848 0V3BAS
=6841 ORG
6842
=6843
=6844 ;
=6845 ORG
=646
=6847
=6848
=6849
=6858 ;
=6851 ORG
26852

=6867 ;
=6868

=6874+ SI1ZE
=6872+;
=6073+;

SOUKCE STATEMENT

DATABLK 22
ORG 918

OVERLAY TO SAYE STATUS DRTR AFTER BREAK.

ACC, TIMER/COUNTER, PSW (WITH F1), & RAM LOC @ PRSSED SEQUENIIALLY
0w

SOURCE CODE FOR MINI-MONITOR OVERLRVED OVER LOW ORDEK PROGRAM RAM.

EQU $
0Y3BAS

e Bo6H
NOP
OV3BRS+B83H
RET

NOP

mp

NOP
OV3BRS+007H
RET

NOF
OV3BAS+089H
MOVX  @R9,R
MOv AT
MOVX  8RG,A
MoY A PSR
JFL 0Y381

AN f, #111161118
EQU $- (LOW OV3BAS)

MOVX  @RG.R
SEL kBo
Mo A Re
e B89
SIZECHK

SET 22

=6882 $EJECT

AP-55A
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LoC 08J

a3n4

a3a4

83r4 B40R
8306 09

37

83A7 €3
a3n8 06
9319 @0
83an 08

a3re
83AB 83
93RC 00

o3/
83RD ¥

B3RE €0
B3AF 8
8369 €8
8381 F243
8383 26
8384 ¥
8385 8489

9313

8387 Fe
8385 6469

SOURCE STATEMENT

DATABLK 22
ORG 932

OVERLAY 1 10 GIVE MP ACCESS TO EP RAM LOCS. 81H-7FH.

SOURCE CODE FOR MIN1-MONITOR OVERLAYED OVER LOW ORDLK PROGRFM RAM.

EQU ¢

P ov1B1
NOP
0V4DBNS+883H
RET

NOP

NOP

NOP
0¥1BAS+887H
RET

NOP
(OV1BAS+089H
MVX 6RO, R
EQU $- OvV1BAS
MOVX A eRe
MOV ke, A
HVZ R 8R0
Js? oviB2
XCH f, RO
nov &R, A
o 88SH

EQU $-LUW OV1BAS

MoV fl, @R
e 89oH

SIZECHK
SET 22

=6943 $EJECT
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Loc ooy

[Xc)

83ef

936

83cn 9408
83EC 09

8380

83eD 83
93BE 08
038F @
83Ce 08

8301
8301 83
83c2 09

833
03C3 %

83C4 69
83c5 A8
83C6 80
a3c7 b7
a3C8 RS
039 BS
83CA 7213
83CC RS

8313

83CD 88
03CE 62
83CF ¢0
8309 53

0417

LINE SOURCE STATEMENT
26944 DATABLK 23
=649+ ORG 954
=6933 ;
=6954 ;0V2-  OYERLRY TO RESTORE EP STATUS SAVED ON BREAK RND RESUME USER’S PROGRAM.
=6935 ; SOURCE CODE FOR MINI-MONITOR OVERLAVED OVER LOW ORDER FROGKAM RAM.
=695 ;
=6957 OVZ2BAS EQU $
=6958 ORG 0V2BAS
=6959 P 809
=6968 NOP
=£961 ;
=6962 ORG 0V2BRS+803H
=6963 KET
=6964 NOP
=695 NOP
=6966 NOP
=6967 ;
=6568 ORG 0Y2BRS+807H
=6963 RET
26978 NOP
6971 ;
=6372 ORG 0V2BAS+B89H
=6973 MovX 8RO, A
=6974 ;

6975 MOYX  R.8RO

=6976 MOY RO R
=6977 MOVX  A.ERD
=6378 MOV 'GW: R
=6979 CLR F1
=6950 CrL F1
=691 JB3 ovael
=6982 CLR Fi
=69833 ;

26964 0¥2B1  EQU $-LOW 0v2BAS
=6985 ;

=6986 MOVX R @RO
=6987 MOY TR
=6968 MIVX  A.GRO
=6989 KETR

=6999 SIZECIK
=6993+ SIZL ST 23
=6994+;

=6995+;

=7604 SEJECT

AP-55A
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84

LoC 08J

0301

8301 9A88
0303 of
8304 9A7F
8306 F209
0308 83
8309 F9
93DA 8408

630C

83DC 26432931
B3E0 39373920
B3E4 494E5445
93E8 4C

6200

LINE SOURCE STATEMENT
7085 ;
7086 CODEELK 11
7846+ 0RG 9w
7850 ¥PTEST: ORL P2, #08H
7851 IN R P2
7052 i P2, #(NOT SoH)
3 Ju? $43
7854 RET
7055 SEL MB1
7856 e £068H
7857 SIZECHK
7868+ SIZL SET 11
7061+;
78624;
7071 ;
7872 CODEBLK 13
7112+ URG 98¢
7116 be “(C>1979 INTEL’
7117 SIZECHK
v128+ SIZE SET 13
7214
7122+
31 ;
132
7133 RSOURCE
7435+ PGSIZE SET  ORGPGO-08aH ;BYTES USED ON PAGE ¢
7136+ PGSIZE SET  ORGPG1-108H i BYILS USED ON PAGE 1
7137+ PGSIZE SET  ORGPG2-208H +BYTES USED ON PAGE 2
7138+ PGSIZE SET  ORGPG3- 380K ;BYTES USED ON PRGE 3
7139+ PGSIZE SET  ORGPG4-400H ; BYTES USED ON PAGE 4
7148+ PGSIZE SET  ORGMGS-508H 7BYTES USED ON PAGE 5
7141+ PGSIZE SET  ORGPGG-600H ;BYTES USED ON PRGE 6
7142+ PGSIZE SET  ORGPG?-788H i BYTES USLD ON PRGE 7
7443+$EJECT
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LoC o8J LINE SOURCE STRTEMENT

7445 ;
7146 ;
747 ; FILL ALL UNUSED MEMORY' LOCATIONS MITH NOP OPCODES
7148 ;
7148 ;
7190 ;
7151 $GEN
7158 ;
B1FD 7168 ORG  ORGPG1
7164 REPT (200H - ORGPGL)
- 7162
7163
81FD 90 7164+
B1FE 00 7169+
BAFF 00 7166+

88858

LK. <~

83E9 77 ORG  ORGFG3
7178 REPT (480K - ORGPG3)
8

2
8888888888888888888888858

DT IODIITTSTOIRDIIIAOPSODES D

7287 ORG  ORGPG4
7208 REPT (580K ~ ORGPG4)
- 7209 e @
7210 ENDM
2] 7241+ e @
-] 7212+ DE o
(] 7213+ g @

e ORG  ORGPGS
7218 REPT (688t - ORGPGS)
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LoC 0oy

5FF 00

B6FF 09

a7rD

07FD 08
O7FE 00
O7FF 68

LINE

7231 ;

7233

7234

7235

7236

7237+
7238+
7239+

7241 ;

7242 SEJECT

SOURCE STATEMENT
e o
ENDN
B @
ORG  ORGPG6
REPT (7084 - ORGPG6)
DB @
ENOM
e o
ORG  ORGPG?
REPT (888H - ORGPG?)
b @
ENON
& @
B @
e @
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LFILL

LFILLL
LPGSEL
LSTBR1
LSTBR2
LSTBRK
LSTOM

46724
4674
4832
13
5115
4978
4975

LSTINT 4977
LSTORE 2459
LSTPN 4974

LSTRY
LSTREG
LETTBL
e

M
nADD
MALOC
MAIN
MIN2
MAINA
WilNe
MAINED
MRINBL
MAINCL
MAIND

9852

4976

4971
3518

16724
1798
18318
1716%
1741

MAINDL 1742

HANL
MELOCK
MDEC
MDJINZ
MEMHI
MEMLO
MERROR
NINC
ol
oy

MODOUT
MORL
MPUSEL
ML
MRLC
MRR
MRRC
MXCH
MXRL
NCOLS
NEGL
NEXTPL
NIBI3
NILIN
NIBIN2

4408
1658
4718
4758
11564
11454
1592
467%
67348
3984

5378
4454
5534
4628
4944
4864
4904
4554
4504
6148
729%
1283%
3782
3627
3553

4676
46774
4890
Si16¢
S1474
4979
4995
56904
2615
49514
58554
5837%
49744

1816
5384
15394
3129
1689%
1674
13304
1847
1762
16214
17664

4437

561
2341
2252
37084
3630
37004

2386

1546

1315

4329

4820

2011

1574
2541

3578
4783
5369
€152
6598
3631

4548

3678
2259

$639%

o111

50328

4672

2438

2349

1323

4456

5562

9809

1624

49574

5358

2414 2417

4566 5969

1626 1649
74 2re
3225 3244

4814 4836
5541 9575

9886 5968

2422

9581

3974

2427

1716

2500

1766

381

4957

2628

ig81

3349

49%

1976
2693
M43
4257
S8
5783

3433
4264
5837

472
2938
3452
4392

AP-55A

2248

3471
4410

9675

2966
3499
4587
b {3
9951
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NIBO 4159
NOBRK  1521#
NOVALS 13613
NREPTS 1230%
NUMCON 1165%
NXTLOC S562%
0PTABL 19¢1
0PTAB2 1997
OPTABS 1902
OPTION 11348
ORGPGO 1264
2692
4368
€033
ORGPGE 1298
3691
4239
6038

ORGPGE  134%
5935
ORGPG?  135%
6366
7233
OUTCLR 1624
QUTMSG 1797
QUTUTL 1542
OveBAsS 3187
OviBt 6898
oviB2 6919
OVIBRS 1426
Oov2e1 6981
OV2BRS 2921
0v3BL 6660
OY3BRS 3203
OVEF 13198
OVLORD 1427
OVSIZE 6468
OvsWi 6661%
oveuAr 2965
PEtRK  1516%
PDIGIT S517%
PERROR 1659
PGSIZE 71356
PINPUT 5208
PLUST  699%

4161
1928
1416
5564
1662
5646
1983
1968
1963
1641
1488
2674%
4495
6111
1952
37368
4365
€116
2377
4630
6195
1334
6769
71308

5324

2212
7136%
5461
2476

4948

1975%
2326
6784

€451
6938
€641
9826
3188
1426
3186

23154
7137%

2181

41824
6210
91348
€432

27113
6768

66574

2633
71384

2093
6793

6961

6968

3187

3089
139¢

2475

1922%

4714

3124

3593
7148%

2723

18738

4724

6811
6964
€562

6731%
3281

3716
71418

4243
6849

3941
6134

4743

(5251
6588

6914

4312

€455
71424

61074

4386

4758

6142
63374

€924

43354
6126

4381
6279

49134

61504
6572

44914
6336

4942
6711
6215
6643

2234
5383
7874

L7
5314

3613% 3

24
37

7083%

4510
6274

4515
6422

5439
7833

6716

818 6451 667 6650 6731

267
4144
5761
152
3153
4185
5766
7159
3931

vire
6724

4932
(25

4937

o787
714
€289
7164

2918

7193

133
6492

938
6643

S836%
7224

142

2651
4234
9989

3690
4213%
0914

4378

67954
7189

154
6957

0330
6766

5934
7225
63304
7232
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PLUS3  714#
PRNT1 2009

PRNT2  1994%
PSEGHI  518%
PSEGLO 519%
RDELAY 124%%
RECDON 3524

RECTYP 1275%
REGC  1293%
REORG  191%

RERROR 2317%
RINT 15204
ROTCNY  CB6%
ROTPAT  G65¢
RGOURC  276#
SCAN 9597
SCANS 5532
SCANS 3672
SEGMAP 1311%
SING 15238
SIZE  1385%
25044
37554
46054
53998
63204

SMAHI  1122%
SMRLO 11138

STRCOM 1623
STRGUC 1927
STRMEM 1922
SIRTMP 1257%
STRUTL 1973
STSRYE 3856
TCRLFO 3886
TIINT 54548
TIRETL 5647
TOFPOL 3646

2268
20368
2629
1414
1413
3696
35494

6323
6874
1382
3752
539
6868
2487
1671
5821
2037%
28544
1925
1989
20324
3862
3094
5742
761
3742%

5507

5846

20478

26083

31838
3975

5721%
9get

91

ce72

4533

1529

3744
4181

3514

5609
5674
1442

2649
3989

6391
6935

5823
699
2772
2484

25955
2016

4119%

6877

1953
2695

4240
4631
S144

3915
€186
6347

6633
7814

1533%
31344
41274
45934

4732
2862
5262

21438

41664
51248
68134
65954

2358
4473
6242

5184
3314
6232

2146
3383
4169
5127

6601

3464

2223

4206
5243
6160
6675

2661
4707
6458

36714
43454

61708
67454

313

6524

2373

2289
3674
4348

6173
6748
3377
St
€599

4823

AP-55A

2378
3410
3947
449
4918
o318

6849
6418

6368
6712

23534
37204
4481#

6245%
6813%

3608

6669

2519
3618
4167

4023
3315
5787
6112
6278
6423
6573
6747
7885

2356
372%

6248
6816

5247
6742

4879
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TTYOUT 539%
1YPE 11764
UPDHDL 2265¢%
UPDADR 21935
VERSNO 19564
WBRK 15224
WOISP 2010
WISPL 5968
XPCODE  837%
XPTEST 1441
ZERO 6844

4428
1429
2558
2248%

1928
20838
59918
1440
1548
1578

4430
1573
371

2269

1539
2319
1586

CROSS REFERENCE COMPLETC

1585

2274

2318

1778

1748

5793

2494

.

3373

$948
6151
3426

1777 1822

59484
6158

3668 5667

2443 2556 el

3972

intgl.

4068 4966 5171
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BRKFIL 2433
BRKNXT 24594
BUFCNT 12664
BUFLEN 662#
BYTEI1 3554
BYTEIN 3432
BYTEQ 3995
G0 2986
CGONe 3049
CGOPAT 3822
(G0SS 3021
CGOTRR 3823
CGOoMB 3428
CHARCR 33934
CHARIN 3417
CHHRLF 3394%
CHARNO  59¢#
CHARD 3891
CHKERR 3577
CHKSUM  893%
(18 4531%
CI1  4533%
CI2  4537%
CI3 4533
(14 4541
CIN 3749
CKSMOK 3551
CLERR 1974
CLRBFF 5344
CMDINT 183G
CHPMAS 3871
CMPRET 5395%
CNTRLZ 3395%
CNTTBL 3877
CNTTRR 3093
ot 4427%
02 4427
€03 4429

COMCBR 2407
COMFIL 1428
COMGOR 2429
COMSER 2486
COMSIZ 159
CTAB 1557
CURDIG 9268
DATABL 244%
DATO 4829
DATOL 48348
DBLANK 2215
DBPNT 2036
DBRK  1519%
B 2145
DDABRK 2053
DDAMEN 2049

2437%
2499
3446
1329
36204
3451
4018
30024
30308
36254
36344
38538
3026k
4119
349
4121
1313
3896
35984
3428
4531
4533
45835
45424
45458
43298
35764
Sg7es
6319
1642
4673

3479

3699
1343
3977

4932
4534

€320
1845
53434
3420

38914

1526
4104
5638

2426

5484
1875

674

3534 3970

3483 3525
4928 4839

3749%

137%¢ 5648
3938 4031

4336

1855¢

3895

1945 2155
4139 4178
3967 6831

3647 9648
6766 6825

3998 4846

3627%
4887 41544

5871 5667 5998
4037 4120 4122 43924

3665 3860 4074 4881 4155 415

2232 2298 2365 2516 2649 2677 3146
4232 4338 4493 4618 4693 4722 4915
6189 6183 6257 6334 6400 6475 6540

AP-55A

3397 361y 3683 3733
5136 5223 5262 Y307
6611 6684 7806 7072
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DEBNCE 6304
DECLAR 178%

848

1663

1267
DECSML 5266
DECSMR 2638
DELRY 3165
DELRY1 68778
DERROR 2033
DFILL 2840
DGO 2839
DGPRTS 5943
DGR 2846
DINTRG 2051
DLST 2841
DMOD 2035

Lol 2273
DSPHID 2277%
DSPTIN 1041%
DSFIM: 8208
DSS 2057
DTk 2859
DWBRK 2056
ELSIF1 2166
ELSIF2 2204
EMAHIT 11468
EMALL 1131%
ENBLNK  529%
ENERAM 5208
ENDF1  3888#
ENDFIL 3872
ENDREC 40644
EOFREC 3887
EFRCC 96594
EPERK 1425
EPCNT 29214
EPCONL 2785
EFCONT 2728
EPFET 3319
EPPRSS 2937
EPPCHI 10144
EPPCLO 10858

584
89
1072

21663
21248
28984
26924
2129%
35358
2135%
21208
2114%
21004
2182%
21158
20768
21048
20768
2278
22764
22004
2279%
3375
3100
5948
21338
2137%
21318
2168
2207
339
5364
3197
3197
3893
30844
39014

2977
3183

608
898
1081
1225

2201

3967

22434

6359

3219
6450
3125

4852

v
2914
2621

616 632 648 6@ 685 788 V1S 739 756 773

1L 932 %4 973 932 931 1968 1669 1018 182/
1898 1899 1168 1117 1126 1135 1144 1153 4462 1171
1234 1243 1252 1261 1278 1279 1288 1297 4216

2328 2064 2566 959428

3374 4584 5164
645 65894

6223%

2982 3285 3224 43 262 6237 6233 6240 6298 €314
3362 3379

3335

intgl.

79 847 84
1036 1045 1654
1189 1183 1198

6315 €373%
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EPPSH 9704
EPRO 9968
EPREL 3842
EPRET 3116
EPRSET 5368
EPRUN 2424
EPRUNL 38468
EFRUNZ 3059
EPRUN3 1849
EFRUNG 3628
EPRUNS 3057
EPRUNG 3081
EPSSTP 5324
EPSTEL 64474
EPSTER 6447
EPSTEP 2974
EPSTOR 2074
EPTIR 9874
ERROR 748
ERROR2 2324
EXM0 25418
Exl 2681
EXM2 2619
EXM2 2624
EXM4 2629
EXAMS 2618
EXANIN 2410
EXPNON 5558
FOUMPL 2978
FDUNP2 4026
FOUNP3 4835
FOUNP4 4864
FOUNPS 4834
FINDO 15308
GOTBL 3816
Ho 1302
HBDL 437
HBD2 43108
HBOLRY 42578
HBITHT 10324
HITLO 16238
HORTIN 35104
HEXRSC 41938
HEXBUF 13278
HEXNIB 4195
HFDONE 3885
HFILED 2443
HRECIN 2446
HRECO 3877
HREGR 1059
HREGE 10688
HREGC  1877#
HREGD 18568
HREGE 18958
HREGF 11048
INFLEN 1855
INCSMR 1431

2808 2047 2982
2932 3276 4863
6445  651%%
3122 3129%
1433 2994  29%
2vi2%

383

38624

38564

3831 303
3454

3e62 31158

3194 3198 6302
2920 3348 3369
2962 3238

765 782 798

25408 2626 2631

4260 4325
4315% 4319

4433 4434 4535

3864 387 3996

2421 3001% 3078
34178 3422 3882
3884 39554

23658
2625 338 3873

2947 3¢ 3292

6445 6453

64454
3993 €297

816 833 @6l B2 %83 924 945

4537 453

4675 52368

AP-55A
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INCW  5239%

INCHL 9241 52464

INIT  1405%

INITLF 14138 1423

INPRDL 2187% 2198

INPADR 1835 2179% 2493

INPKEY 1543 1675 1828 184c 215 2340 2465 2580 2656% 3115 3119

INVALS 13463 1381 1417

ITHP 786k 1557 1599 1595 1597 1625 1626 1646 1647 1485 1712 1715 1725 1732 4761 1838
1832 1833 18%7

JGORES 2448  2425%

JWPTBL 2385 2339

JIOFIL 2402 24264

JT0GO 2481 24244

JIOLST 2403 2414

JTOMOD 2468 24198

JTOREC 2404 24128

JTOREL 2485  241GH

KBDBUF 12128 2334 2348 562

KBDI1 58918 581¢

KBDIN 2638  5799%

KBDPOL 3347 3106 61504

KCLRB 1515+ 1995

KEY 769% 1544 1593 1740 1843 2407 2202 2205 2322 2346 2468 5% 2097 2613 2622 2627
2059 2763 16 3128

KEYCLR 1585% 2323 2625

KEYDM 1564% 1923 1926

KEVEND 1504% 1545 1844 2286 2347 2461 2618 2117

KEVFIL 1499% 1983

KEYFLG 9498 5533 %7t 5682

KEVGO 15128 19682

KEYLOC 12218 5338 5644 5668 5666

KEYLSY 15188 1404

KEVMOD 1513% 1994

KEVYNX) 15008 =203 2623 2784 X2t

KCYPAT 1593% 1529

KEYPM 1508# 1823 1926

KEYREC 130¢# 1565

KEYREG 1509% 1922

KEYREL 15828 1986

KEVTRA 15078 1320

KGORES 15118 199

KSETB 1514% 1907

LASTKY 9878 G555 5556 5626 5632 9670

LDATR  752% 1858 211 2317  232r 2432 2436 l962 2965 2687 2614 2632 2628 2835 2919 3638
3321 3344 246 3367 3365 2D26 998 3629 3641 3648 3660 666 3715 3868 4154 4157
4168 4662 4663 4785 5828 SU33  S6/1 5678 5186 S11z 6297 (44

LDBYTE 3867% 3876

LFCERL 4837 48994

LFEBRK 4780 481  4g%e#

LFEDM 4777 4797 4813 48324

LFEINT 4779 4676#

LFCPM 4776 47638

LFER® 4851 4634k

LFEREG 4773 45368

LFETBL 4773 47764

LFETCH 2361 3867 47844

L3
on
<
=
e

6161
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PSEGLO 9968C
ROTCNT 0983
SIZE 008D
STRUTL 0819
UPDADL 817C
2RO 0000

ROSEMBLY COMPLLTE,

RDELRY @a3F
ROTPAT 0662
SIZECH @811
STSAVE 8509
UPDADR 8478

RECDON 82CC
KS0URC 8612
SHAHI 6831
TCRLFO 81D2
YERSNO 8029

NO ERRORS

RECTYP 9942
SCAN3  @77C
MAL0 8830
TIINT 8vde
WBRK 8816

KEGC 8844
SCANS 8788
STRCOM 881D
VIRETL 6768
WDISP  B6DS

REORG 0885
SCANS 879D
STRGOC @62C
TOFPOL 87FC
WDISP1 B6EE

RERKOR 8198
SEGMAF 8646
STRMEM 6826
FIYOUT 0u4e
APCOOE 6007

AP-55A

RINY @611
SING iR
STRTMP 6840
WPE 8837
XPIEST 8301
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ISIS-11 ASSEMBLER SYMBOL CROSS REFERCNCE, V2.1

”n

7ASAVE
%®
LOPNT
7EoR2

2BC0DE
2BINOP
BITS0
2BUFCN
7BUFLE
7CHARN
CHKSU
PCONST

0LRDI
DEENC
DIPTI
2SPTH
PEMHI
2EMLO
EPACE
EPPCH
EPPCL
2EPFS
EPRO

APTIN
FFORML

2FORM2

FORM3

1654
2H46
9%
3434
4816
3042
5704
12354
12604

1173

1108

1118

1128

115

1148

115¢

1263

119%

1204

121

122%

1238

1243
1163%

4154
4217%
12624

6454

5854

7914

1044

€42

/10

N2

6174
16374

5834
11368
1127%

9654
18104
10014

9743

9924

5634

2954
2441
2911
3439
4082
4652
9168
5727

3194
3254
4294

339%

1614
2386
3207
3442
4008
3895
5712
5460
4413
746
754
ke
783
285
522
839
39
867
833
909
930
951

1561
1817
4411
3433

3876
3426

649
716

1629
2715
3215
3453

2678

1561
2367

2444

2975
2777
27
2798
2930
2968
1634
2547
2944
3477
4843
4789
5197
5957
1653
331
4482
2823

1637
2768
3226
3461
4481
5160
5897
S7e2
4413

762

68

1561
2439

3511

3426
598

721

34%
4971
4604
5343
5971
1692
3332
4649
2452

1650
27%
3234
34v2
4592
5196
3956
9728
4419
et

1567

3517

3558
594
656
725

347
3354
2814
2845
3274
3236
1638
2728
2974
%16
4263
4820
3261
6863
1762
3339
4659
2667

1658
2843
3245
3458
4764
5348
6869

4439

-
¥

901

1360
2619
2854
4655

1695
2733
3085
3531
4270
4842
9375
6884
158¢
3443
5865
3541

1721
2857

3491
4788
5366
6862

4469
7508

1616
179

3542

EsTe

672
4218

4369
7

922

2399
9339

3962

3571

676
4222

3333
2939

1745
2762
3897

4297
4876

2749
3461

4853

FHGE 1

1866
e
3015
4619
6157

4579

1618
2918

3962
4841
5496
6228

814

938% 943

9385

3856
cle

4226

2765

4332

3249

1507
2793
5231
3638
4358
4987

e
3811

1977

3382
3

4859

6384

g228

954

3488

3858
618
687

1815
2611

3887
4439

0981

2097

9636
4468

1385
2943
3310
3637
4875
9546

€31

4866
622

2618
3269
3614
4456

9597
2815

5713
4560

1999

33
3358

4872
626
695

2177
2973
3331

4986
5592

4979
633
781

3%7

2388

3359
3986

4079
€34
762

2178
2877
3328
3963
4593

%693

16
4267

9381

638
706

2389

4277
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URMY 3568
ORMS 3004
2
3004
»12
4641
5193
6061
H 12988
7HBITH 1020%
HBITL 1019%
PHEXEU 13244
7HREGR 1855¢
AREGB 10644
PHREGC 1073%
7HREGD 18824
7HREGE 10918
7HREGF 11004
AT Y748
7KEDEU 1208%
KEY 75V
TKEYFL  933%
KEVLO 1217%
ARSTK 8914
DATR 7404
5856
PLENGT 1333%
23668
37348
44944
5360#
6258%
6826%
TMEMHI 11544
MEMLO 11454
MINDX 1568
1612
18614
1186
1156

INCOLS  6B1%
NEGL  Vi6R
NEXTP 1199%
INKEPT 1226%
PNUMCO 1181%
20PTIO 11904
FVBUF 13164
0VSIZ 6334
WLUSL  686#
PLUSY 7018

1667
2332
2582

5542
%611
2618

13838
2587

2

492
€323
€874
3686
3633

18164
1861
1114
1160%

1255
13044

g7
1075
1219

2330
2251
3576
164
1633

2465
2249

1576
2543
3893

4735
5371
6154
4273
4266
4292

iz
2332

3548
5619
2826

1359
2017%

4619%
5413%
63358

3842
97id
1816
1066
1115%
1169
1210
12504
1304
683
€93

1228

5674
251
0582
1668
1639

1611
2083

3803

2457
€225
432%
4271
4298

1718

a3

L3

<999

5624
2833
9076
1442
2649

69335

1115

1214%
1259

619
94
1693
1237

2251

2473
1683

1246

2257

21739
1691

1651
2731
3246
3657
463

5577

1717
9615

3631
3633
1566
2667
4695
4713

6464
6996

3878

2467
1636

1684
2758
3265

9593

173
3637

5664
%76
3633

1876#
2675H
41854
47238
5839%
64768
7607%

4648

1630
18754
1124
1174
12238
1268
1317
673
976
1129
1264

3878

2467
183

1118
2789

3982
7e

3612

1730

%76

1636
3137
4139
4386

7863
4653

10344
169
1429
14764
1223
1273
13214

1273

5678

2467
1789

1736

%76
3645

19464
3147%
41408
49164
59804
65418
/8734

9534
1034
1664
11338
1178
1228
1277
1321

83

994
1138
1282

5864

2473
1862

1784
2840
3324

4963
9675

6153

369
1629
1808%
1133
1183
12524
1277
1325

718
1083
1147
1291

5952

2715
1868

1663
st
3351
4067
4996

€133

21568

33984

41754
1378

66124

994
1043#
1083
1138
11874
1232
1282
13294

742
1812
115¢
1300

9958

2721

223

4206
3213
6160
6675

22334
36168
42538
D244
61164

1048
16974
1142
1192
1241%

(76
1839
11v4
131¢

9982

2174

344
4394
5457

2289
%74
4348
3253
6173
6748

1083

1897
1147
11964
1241
1291

793
1039
1183
1325

AP-55A

22954
36848
4309%
92634
61544
6767#

16474
1852
11682
11514
1196
1246
1295%

81e

1192
4219

2331
2978
3492
4569
o164
9953

4667
23%
w3

924
6248
6616

1667
1857

11004

1151
1261

12004

1295

827
1857
1201
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R 99%
WA 1038
1629
1101
173
1245
“RE8 1018
825
RBL 162%
921
RDELA 1244%
RECTY 1271%
TREGC  1269%
7ROTCN 8704
2ROTPA  840%
RSAVE 1448
b
922
7SEGHG 1368%
%IZE  255%
318
5293
6811
7SHAH] 11484
4968
2CHALD 11898
48685
5198
7START 1339%
1957%
23828
314738
37454
4151%
4525%
49524
5334%
3939%
6294%
65828
£8324
71148
75TRTH 1253%
AYPE 11724
2548
FUNARY 4598
WERSN 10464
MPCOD 6254
PERD  671%
AFETCH 4784
RSRYE 12394
ASCERR 3704
8 1284%
BCODE 1167%
BITSC 42368
BRKEND 2462
BRKERR 3002

4282

%5
1837
1109
1181
1233

748

€49
933

3495
4397

373
4164
4603
S122
9397
coty
€318
€596
6869
7118
1961
1577
3983
1744

1559
4759%
5468
371
4415
1563
4422
25004
18858

4305

1638
1119
1182
1254

744

934

1575

5738
37158
4421
1369

4312

974
1646
111¢
1199

743

1767

4401
1598

4312

97
1047
1119
1151
1263

342
rid
4450
3524

611

763
4227
1931
4125

2491

2483

4529
1618

6664
4551

9527
623

2141
4164

7118
2757

3424

4574
392

934
1128
1200
1272

762

its |
care
4561
9527

627

797
2248
6995
2765

2878
4877
1437
2218
2635

-,
>

4201
4679

5745
€386
6938
2824

4766
4324

992
136

1269
74

£75
6879
4508

€39
¢14

2264
4343
6168

2778

1769
4958
4438

993
1665
1137
1269

W

879

4594

2354

6243

345¢

1681
1073
1145
1217

79

1769
9163
4549

643
6991

1675
5169
4967

1610
10€2
154
1226

792

677
876

1014
1083
1155
1227

796

23108

1019
1091
1163
1255

912

2446

intgl.

1820
1092

2453

1628
1100
1172
1244

613

nr

a7
S18

3669
5246
6743

4982
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LoC 08)

USER SYMEOLS
A 0004
7BOR6 8087
7BiR7 9065
7CONST 9083
2EPPCH 0082
7FORM4 9B1C
7HREGC 0062
KEVLO 8082
INCOLS 9003
PLUSL 9683
IREGC 9082
VSTART 830C
ASRVE  @B3E
BRKNXT 8234
CGOPAT 8476
CHARO  @58D
CIN 8649
CNTTBL 84R1
COMGOR 8461
DBLANK 65F5
DECSML BfF
DGR 845D
DPRMEM 8157
DSPHI  B18E
DHBRK 816D
ENDFIL 8596
EPFET 8787
EPRSET 0e10
EPSSTP 8004
EXant 8278
FDUMP2 8628
HBD2 8405
HFDONE BOA7
HREGE @82t
INPADL B6C7
J10G0 8220
KBOPOL 87RF
KEYGO @B1E
KEYREG 0018
LFEBR1 86C1
LFETCH 88FC
LSTINT 0734
MDD 8024
MRINC1 4075
HEMLO 0034
ML 882
NEXTPL 88301
NUNCON 0038
ORGPGZ 9300
OUTUTL 8109
0V3BRS B38E
PERROR 819A

LIKE

DECSMA B2F4
DINTRG 0169
DREC 0151
DSPLO 0194
ELSIFL @eD?
ENDREC 8641
EPPASS 8708
EPRUN 8460
EPSTEL 87DF
EXRM2 0261
FDUMF3 8636
HBDLAY 84C9
HFILED 8572
HREGF  b@2F
INPROR 0eCe
JTOLST @21A
KCLRB  @86C
KEALOC 883(
KEYREL 8814
LFEBRK 86B1
LFILL 8289
LSTORE 8700
MADDC 8825
MAIND 8693
MERROR 68BC
MLC 8831
NIBIZ 8icC2
NXTLOC 8768
ORGPG3 @3E9
OVeERS 8378
OVBUF  BB4E
PGSIZE 86FD

SOURCE STRTEMENT
END

7BIPNT 6987  7B1R2 8083
7BINOP 0822  7BITSO @863
7DEBNC 6003  DSPTI vede
7LPPSH 8882  [PRO wouZ
M 8092  BIH 6082
7HREGE 6092  7HREGF 9082
DATA 0000  “LENGT 808D
MNEXTP 6802  7NREPT 0002
&1 6008 RN be62
7ROTPA 0801  PRSAVE 6608
TYPE 6882  UNARY BE2A
] 8843  BCODE 0836
BUFLEN 0016  BVIEIL 80F2
CGOTRA 6480  (GOWB 647G
CHKSUM 8885  CIe 064D
CLEAR 85F1  CLRBFT 608
Co4 8t (02 esce
CONSIZ 8083  CTHB 8823
DERK 0015 (B 6158
DELAY 84F2  DELAYL 84F5
DLST @14E  DMOD 146
DREL 8154 DRN o163
DSPML 8152  DSPHID @458
ELSIF2 88ES  EMAHI 8033
EOFREC B5AE  EPACC 6820
EPPCHI 8825  EFFCLO 0824
EPRUNL 8487  EPRUN2 8499
EPSTE2 87F1  EPSTEP 67DB
EXAM3 828R EXAMd 6253
FDUMP4 B64C  FDUMFS @632
HBITHI 8827  HBITLO 8026
HRECIN 8297  HRECO 0608
INPLEM 9200  INCSMR 1F2
INPKEY @BEC  INVALS 0300
JTOMOD B26F  JTOREC @211
KEY 0603  KEYCLR @817
KEYLST 0@1C  KLYMOD @e1F
KEYTRA 6819  KGORES 901D
LFEDM 6698  LFEINT 86AC
LFILLL 62F3  LPGSEL 84E1
LSTPM @veC  LYTR® O72F
MAIN 8829  MAINZ ea3g
MAINDL 8057  MANL 0826
MINC 0628  MMLOL O36F
MRR  882F MRRC 6839
NIBIN 61B8  NIBIN2 81BA
OPTREL @33F  OPTAB2 9346
ORGPG4 B4FD  ORGPGS @95FF
0viB1 @84  (viB2 8313
OVLORD B36R  OVSIZE 8817
PINFUT 8008  PLUS1 @801

BYTEIN 86F8
Cl1 8651
CMDINT ©98BR
Co3 &St
CURDIG 8885
DDABRK 8167
DCRROR 9131
DNOBRK 916E
DRUN  o43E
DSPTIM 8828
EMALD 08832
EPERK 834
EPPSH 8621
EPRUN3 0495
EFSTOR 87C3
LXAMS 8275
FINDOP 0042
HOATIN 8289
HREGR B8
INCH  81F4
1P 0604
JYOREL @216
KEYDN 0816
KEYNXT 8812
KSETB 0886
LFEPM 6634
LSTBRY 8746
LSTREG 8726
MAINA 8852
MBLOCK 0882
WY 8620
MXCH 8828
NIBO  65BB
GPTABS @349
ORGPGS B6FF
OviBAS @3R4
OvoRL 8361
PLUS3 80883

780k3 0004
78ik4 0085
7BUFLE 983
TEMAH] 6082
FORML 8616
7HEXEU 0083
KBOBY 8082
MEMLO Bea2
70PTI0 BBa
“RBL  6uel
7SIZE 608
74PCOD 808¢
BRKEND 024D
EYTEC 84DB
CHARIN 81CD
Clz 8659
CMFMAS B5E2
CODEEL 8606
DHTABL 808C
DDAMEM 8161
DFILL @14B
DONE  02£0
DSE  8i%7
DSPTMP 8066
ENBLNK 8082
EPCNT 0441
EFRE 0823
EPRUN4 8482
EPTIMR 0822
EXAMIN 824F
GOTEL 8471
HEXASC B1EE
HRLGB ©8zt
INCHL  B1FC
JGURES 8226
KBDEUF 0638
KEYEND 8¢13
KEVYPAT 8015
LASTKY 8064
LFER® 86RS
LSTER2 8748
LSTTBL 8786
MAINB 8869
MOEC  vo2(
HODOUT 8820
MAKL  Bee8
NUBRK @ik
UPTION 0639
ORGPG? O7FD
Ovebt 8s13
OYSHAR 835A
FRNTL 614/

780R4 0095
7BIRS 0606
2CHARN 0063
7EMRLO 6082
FORMz 8818
HREGA 0682
ALY 6068
MINDX 6875
OVBUF 083
7RDELA 8062
7SMAHT 6882
?ZER0 0083
BRKERR 846
CGU @468
CHARLF vaen
Cly 8662
CHPRET 65Fo

HREGC ©82C
INIT 6008
JHFTEL 8266
KBDI1 ©86(6
KEYFIL @81
KEYPM  081R
LDATR 6862
LFEREG 869C
LSTBRK 871D
[, 0618
MAINGO 889t
MOINZ  BeD
MORL 682/
NCOLS 0604
NOVALS 8823
ORGPGB 8108
QUTCLR 8182
OvesAs a3BA
PBRK 0819
FRNT2 @168

AP-55A

HEXNIB B1EF
HREGD 682D
INITLP @aeE
JTOFIL @222
KEDIN @ec2
KEYFLG 0886
KEVREL 0018
LDEYTE 8582
LFETEL 86/t
LSTOM 9724
L 8620
MAINBL 68RO
HEMHL 8635
MPUSEL 0848
NEGL  FFFF
NREFTS 863D
URGPGL @1FD
OUTHSG 9184
Ov3e1 6311
PDIGIT 60et
FSEGHT Bowd
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APPENDIX C
COMMAND SUMMARY

The following is a summary of the commands im-
plemented by the HSE-49 emulator monitor. Within each
command group, tokens in each column indicate op-
tions the user has when invoking those commands.

Tokens in square brackets indicate dedicated keys on
the keyboard (some keys having shared functions);
angle brackets enclose hex digit strings used to specify
an address or data parameter. Parameters in paren-
theses are optional, with the effects explained above.
The notation used is as follows:

<SMA> — Starting Memory Address for block command,
<EMA> — Ending Memory Address for block command,
<LOC> — LOCation for individual accesses,

<DATA> — DATA byte.

Asterisks (*) indicate the default condition for each
command; thus that token is optional and serves to
regularize the command syntax.

Program/data entry and verification commands:

[EXAM] [PROG MEM]* <LOC> [ [NEXT]
[DATA MEM] [PREV]
[REGISTER] 3]
[HWRE REG]

{PROG BRK]
[DATA BRK)

Program/data initialization commands:

[FILL) [PROG MEM]* <SMA> [] <EMA> [] <DATA> (]
(DATA MEM)
(REGISTER]
[HWRE REG]
[PROG BRK]
[DATA BRK]

Intellec® development system or TTY interface com-
mands (for transferring HEX format files):

[UPLOAD] [PROG MEM]* <SMA> [] <EMA> []
[DATA MEM]
[REGISTER)
[HWRE REG]
[PROG BRK]
[DATA BRK]

[DNLOAD] [PROG MEM)* []
[DATA MEM)
[REGISTER)
[HWRE REG]
[PROG BRK]
[DATA BRK)

Formatted data dump to TTY or CRT:

(LIST] [PROG MEM]* <SMA> (] <EMA> []
[DATA MEM]
[REGISTER]
{HWRE REG]
{PROG BRK]
[DATA BRK]

Program execution commands:

1GO] [NO BREAK)* (<SMA>) []
[W/ BREAK] 8]
[SING STP]
[AUTO BRK]
[AUTO STP|

[GO/RST] [NO BREAK]* []
W/ BREAK]
[SING STP)
[AUTO BRK]
[AUTO STP)

Breakpoint setting and clearing:
[SET BRK) [PROG MEM]* <LOC> (] <LOC> ...) []

[DATA MEM]
[CLR BRK} [PROG MEM]* <LOC> (] <LOC> ...} [
[DATA MEM]
APPENDIX D

ERROR MESSAGES

The following error message codes are used by the
monitor software to report an operator or hardware er-
ror. Errors may be cleared by pressing [CLR/PREV] or
{END/). The format used for reporting errors is
“Error—.n" where “n” is a hex digit.

Operator Errors

1. lllegal command initiator.

2. lllegal command modifier or parameter digit.
3. lllegal terminator for Examine command.

4. lilegal attempt to clear Error mode.

5-9. Not used.

Hardware Errors

A. ASCIl error — non-hex digit encountered in data
field of hex format record.

B. Breakpoint error. Break logic activated though break-
points not enabled.

C. Hex format record checksum error. Note — the
checksum will not be verified if the first character of
the checksum field is a question mark (“?”) rather
than a hexidecimal digit. This allows object files to
be patched using the ISIS text editor without the
necessity of manually recomputing the checksum
value.

D. Not used.

E. Execution processor failed to respond to a command
or parameter passed to it by the master processor.
EP automatically reset. EP internal status may be
lost. Program memory not affected.

F. Not used.
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