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CHAPTER 1

OBJECTIVES

The primary objective of this thesis is to describe in detail
the digital communication protocol which was designed for the
ultrasonic hyperthermia system currently being developed by URI
Therm-X, Inc. A communication protocol by contemporary definition
is basically a set of rules for operating a communication system,
where the rules are designed to solve operating problems in
specified areas [McNamara, 1978]. These areas are enumerated and
examined individually later in this thesis, as are other aspects
of the total communication system. From a specification
viewpoint, each element of the protocol 1is mentioned, beginning
with any alternatives that were originally considered and the
reason or reasons for choosing one particular option over the
others. From an implementation viewpoint, the end product
software algorithms are described and the programs written to
perform these algorithms are also included in this document.

It should be noted that the work done for this thesis project
dealt more with design problems than with digital communication
theory. The primary project objective was simply to provide
error-free communication in the completed system. Consequently,
the rationale behind cheoosing one concept over another was based
almost solely on design trade-cffs encountered in the
specification process. Also, the usual benchmarks for
communication systems, such as bandwidth and data transmission

rates, were not really applicable in this case because of the



nature of the transmitted information. Instead, the test of the
protocol was its ability to recover from transmission errors.
During the development phase, simulated transmission errors were
applied to the system, and the results from these tests were used
to refine the protocol and to debug the software. However, once
the protocol was completed, all of the tests worked correctly, so
the documentation of the actual test results served little
purpose. Consequently, test data proving or disproving the
successful operation of the protocol were not obtained for this
thesis, except to note that the implemented protocol functioned
properly in the integrated system.

The thesis is divided into 10 chapters and seven appendices.
Chapter 2 1is an introduction explaining the motivation for
designing the protocol. A brief overview of hyperthermia and of
the communication flow between the individual modules of the
hyperthermia system is also included in this chapter. The
interface standard utilized in the hyperthermia system is
discussed in Chapter 3, together with a discussion concerning
several communication system parameters affected by the standard.
Chapter 4 defines several terms used throughout the remainder of
the thesis and also presents a message classification scheme used
exclusively in this system. Chapter 5 examines each protocol
element and completely specifies the protocol in general terms.
Chapter 6 presents the specific messages used in the hyperthermia
system and illustrates the typical transactions between the
different system modules. Chapter 7 provides an introduction to
the programs that implement the communication protocol while

Chapter 8 briefly mentions the tests employed to ensure the



correctness of these programs. Chapter 9 discusses several major
alternatives that could be incorporated into future systems and
Chapter 10 is a summary. Appendix A gives a . brief description of
several features of the Intel 8031 microcontroller, the processor
used exclusively in this thesis. Appendices B, C, and D contain
flowcharts for the communication programs first introduced in
Chapter 7 and the last three appendices contain full listings of
the intel 8031 assembly level code, complete with brief

descriptions of the variable names used in the programs.



CHAPTER 2

INTRODUCTION

Many of the protocol aspects discussed in this thesis are
general enough to be employed in any communication system. On the
other hand, several of the protocol features are implemented to
fulfill particular communication requirements of this hyperthermia
system. For this reason, a short discussion of the system is

first presented.

2.1. Hyperthermia System Characteristics

Hyperthermia as a cancer therapy involves the selective
heating of tumors to a therapeutic temperature greater than the
temperature of the surrounding tissue. The biologic rationale
behind hyperthermia treatments include the fact that temperatures
greater than 42°C will kill cells exponentially as a function of
time, and more importantly, the fact that the toxic effects of the
heat will selectively kill some radioresistant tumor cells
[Stewart, et al., 1984]. When used in conjunction with either
chemotherapy or radiotherapy, this combined modality process has
the potential of decreasing the required doses of either chemicals
or radiation while increasing the therapeutic gain factor (ratio
of therapeutic effect on tumor versus'normal tissue). Although
current research in the field has yielded very favorable results,
clinical hyperthermia as a whole is still beset with several
problems [Stewart, et al., 1984}.

The most significant problem is the inability, in general, to

deliver uniform and/or therapeutic thermal doses to malignant



tumor sites. It was implied earlier that temperatures greater
than 42°C adversely affect normal tissue as well as tumor, so it
is imperative that heat-producing energy be delivered to tumor‘
mass with minimal effect on normal tissue. A high degree of
selectivity in the heating process resolves this first problem.
This feature allows energy to be delivered to the tumor site to
produce beneficial heating effects, without severely affecting the
surrounding healthy tissue temperature.

A second problem confronting hyperthermia deals with the
resolution, both temperature and spatial, required for a clinical
thermometry system used in monitoring induced temperature
increases. One method of obtaining adequate temperature
resolution involves well-known thermoelectrié thermometry
techniques which economically provide fast response, reasonable
long-term stability, and accuracy over a wide temperature range.
Multielemental = temperature sensing equipment, highly adaptable to
different anatomic sites, provides reasonable spatial resolution.

Finally, when combined therapy modalities are utilized, the
appropriate timing and sequence of heat and ionizing radiation
therapy or chemotherapy must be determined [Stewart, et al.,
1984]. In order to solve this last problem, adequate treatment
feedback data must be obtained and an appropriate algorithm must
be available to process the data. This last requirement indicates
a need for a highly automated, programmable system.

A hype:thermia system capable of solving the three problems
just discussed is presented in basic block diagram form in Figure
1 (all figures appear following the closing summary). The dashed

boxes indicate the two primary peripheral groups, the applicator



subsystem and the thermometry subsystem. Communication in the
hyperthermia system occurs on the paths between the central
control computer and the two independently programmable,
computerized subsystems. These paths are shown as the heavier
lines in Figure 1.

The central control computer is a Digital Equipment
Corporation MICRO PDP-11 (PDP-1l) running a real-time operating
system, ‘It handles all wuser interactive functions such as
displaying the treatment schedule on the operator terminal,
accepting keyboard input, and displaying control variables and
actual treatment feedback on the color monitor. Less apparent to
the user are its functions of interacting with both subsystems
over RS-232-C standard communication links and controlling eneréy
deposition according to an adaptive thermal modeling algorithm.
In addition, several background tasks such as the continual
monitoring of the status of each subsystem are also handled.

The applicator subsystem is composed of several modules whose
overall function is to apply a controlled ultrasound field to the
tumor area. The Intel 8031 microcontroller interacts with the
central control computer and updates its own control signals to
alter the heating pattern of the nmnultielement ultrasound
applicator. The 1Intel 8031 also continually checks 1its own
digital outputs against the desired outputs received from the
PDP-11, monitors forward and reflected power 1levels of the RF
amplifiers, and reports any discrepancies to the PDP-11.

The thermometry subsystem's Intel 8031 microcontroller also
interacts with the central control computer and provides the

temperature data needed as input to the adaptive thermal modeling



algorithm. The physical interface to the patient is accomplished
through the use of thermocouple probes that monitor several
locations in the treatment area. Thus, the central control
computer combines with the applicator and thermometry subsystems
to vyield a full hyperthermia systém capable of producing a highly
selective heating pattern, of acquiring accurate temperatures from
a limited number of treatment points, and of coordinating this
information to optimize heating under time, temperature, and
tissue dependent physiological conditions both within and in the
area surrounding a tumor mass [Goss, et al., 1984].

In order to insure maximum controllability of the system, a
closed-loop feedback control scheme is implemented. An overview
of this loop entails the PDP-11 sending a desired heating pattern
to the applicator subsystem, which applies the appropriate
ultrasound field to the treatment site. The resulting
temperatures created in the tissue are sensed by the thermometry
subsystem, which transmits these new values to the PDP-11. The
PDP-11 in turn processes these data in the adaptive thermal
modeling algorithm and outputs the revised heating pattern to the
applicator subsystem, thus beginning the loop once again.

From an engineering standpoint, this closed-loop control
scheme provides a means for the PDP-11 to monitor the performance
of both subsystems. Abnormal temperature feedback could possibly
indicate problems with one or both subsystems, allowing the PDP-11
to either attempt corrective action or to prompt for operator
assistance. From a clinical standpoint, the closed-loop is
necessary to maintain maximum effectiveness of the treatment,

which is accomplished only when the tumor site and the surrounding



tissue temperatures are held in their respective desirable ranges.
Several physiological factors such as differing thermal
conductivities of the tissues and blood flow rate through the
treatment area combine to complicate this process. More
specifically, the blood perfusion acts like a heat sink and is a
variable, unpredictable parameter in and around tumors where the
anatomy is highly abnormal [Stewart, et al., 1984]. The constant
feedback allows the adaptive thermal modeling algorithm to alter
the heating scheme and counter the physiological effects. 1In
order for this closed-loop control scheme to function properly, it
is imperative that reliable communication links be established on
the paths between the central control computer and the two
subsystems. However, before these links are examined in detail,
a brief overview of the communication £flow is presented as

background information.

2.2. Communication Flow Qverview

In the previous section it was mentioned that the thermometry
subsystem transmits temperature wvalues to the central control
computer., It was also mentioned that the central control computer
interacts with the applicator subsystem to alter the applied
heating pattern. Both of these transactions occur in steady-state
communication conditions and represent the bulk of the messages
sent during a typical hyperthermia treatment. However, these
steady-state conditions are attained only after several other
transactions on each communication link are first completed. The

thermometry subsystem link is considered first.



The first communication action of the thermometry subsystem
is to send its identification and its status to the central
control computer when requested. This same status indicator is
also used 1later +to notify the central control cémputer that the
subsystem is fully initiated and calibrated. The corresponding
calibration data are then transmitted to the central control
computer to be stored on disk. The next transaction £fully
initializes the thermometry subsystem and steady-state
communication flow commences. As previously indicated, this state
exists when the central control computer periodically requests and
receives temperature update transmissions.

Similar to the thermometry subsystem, the first action of the
applicator subsystem is to send its identification and its status
to the central control computer. The next three transactions are
designed to set up an initial heating pattern by controlling the
frequency, output voltage, and individual duty cycles of the RF
amplifiers. Once the pattern is established, the central control
computer fully initializes the applicator subsystem and the energy
deposition begins. Steady-state communication flow on this link
exists when the central control computer periodically transmits
changes in the output voltage and the individual duty cycles of
the RF amplifiers to the applicator subystem.

In addition to the transactions required to reach and
maintain steady-state communications, several other messages are
implemented to deal with transmission errors and other
communication problems. These "special case" transactions are
very important because they ensure that the applicator subsystem

will always be disabled if severe transmission problems do occur.
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This feature is necessary because improper operation of the
applicator subsystem poses a potential danger to the patient in
therapy due to loss of control of output power, and therefore,
heating.

All of the transactions presented in this section are
discussed in greater detail later in the thesis. However, it is
obvious even from this short overview that proper operation of the
hyperthermia system depends on the correct transmission of
messages, which is dependent on both the communication protocol
developed in this thesis and the cpndition of the physical
interface used in the hyperthermia system. Therefore, the

interface standard employed in this system is considered next.
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CHAPTER 3
INTERFACE STANDARDS

In a complete communication system, the interface standard
and the communication protocol encompass the majority of the
hardware and software communication functions, respectively. It
is oftentimes difficult to categorize certain communication
aspects, such as framing or the baud rate, under one heading or
another. In this thesis, framing and the baud rate are considered
to be more hardware related; consequently, they are presented in

this chapter.

3.1. Choice of Standards

The two interface standards originally considered for the
hyperthermia system were the Institute of Electrical and
Electronics Engineers (IEEE) Standard 488-1978 Bus Interface and
the Electronic Industries Association (EIA) RS-232-C Standard. 1In
order to simplify matters, the two standards are referred to as
IEEE 488 and RS-232-C hereafter. The latter interface standard is
used in this hyperthermia system for several reasons. Pirst,
RS-232-C readily supports asynchronous transmissions. Second,
RS-232-C is a widely accepted industry standard for
computer—-to-peripheral interfaces which 1is attractive from a
compatability standpoint. The third reason 1is the ease of
implementation associated with the standard, and the final reason
is the low hardware overhead involved. Although the IEEE 488
standard was not employed in this particular system, future
utilization of the IEEE 488 interface 1is possible, and would

overcome some line control 1limitations which were encountered
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using RS-232-C. A more detailed examination of this alternative

is discussed in Chapter 9, Future Considerations.

3.1.1. Configuration
Choosing the RS-232-C standard requires that each of the

communicating modules be configured as either data terminal
equipment (DTE) or data communication equipment (DCE). All three
modules in the hyperthermia system are configured as DCE, and
therefore, communication links involved must be cross connected,
which is explained below. Using the RS-232-C standard implies
that a 25-pin interface consisting of ground, data, control, and
timing lines is utilized. When a cross connection between devices
is employed, a maximum of nine lines of the 25 possible need to be
connected to handle asynchronous data [Seyer, 1984]. The specific
functions of these nine lines are illustrated in Figure 2a.

The protective ground (pin 1) should be electrically bonded
to the equipment frame, and if used, should be passed straight
through the interface to the protective ground located at the
other end of the cable. The signal ground (pin 7) establishes the
common reference for all other signals except pin 1, and is
connected directly to the signal ground located at the other end
of the «cable. The data leads include the transmitted data and
received data leads, pins 2 and 3, respectively. Their connection
depends on the media type (simplex, half-duplex or full-duplex)
used on each communication 1link. The communication protocol
implemented in the hyperthermia system utilizes a full-duplex
media type, which corresponds to subset E in the RS-232-C standard
[EIA Standard RS-232-C, 1969]. Using'this media type requires

that the transmitted data lead on one DCE be connected to the
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received data 1lead on the other DCE, and vice versa. Thus, the
data leads are cross connected, creating a four—pin>interface like
that shown in Figqure 2b.

The remaining five leads perform control functions and are
used to provide hardware handshaking capabilities, if desired.
For this hyperthermia system, none of these control interfaces are
implemented, the reasons being ease of implementat%pn and hardware
limitations imposed at both DCE interfaces. However, if utilized
correctly, these five leads, or a subset of them, could possibly
solve some control problems encountered in this system or could
enhance the communication capability of the link with relatively
small software and hardware overhead increase. This alternative

is examined in more detail in Chapter 9, Future Considerations.

3.1.2. Physical Interface

As mentionéd previously, the interface between the central
control computer and each subsystem consists of only four lines.
However, a 25-pin connector is still used at each module in order
to adhere to the RS-232-C standard. Shielded transmission cable
is used to lower the possibility of external interference creating

transmission errors.

3.2. Framing

The framing of each byte of data is another protocol aspect
established by the RS-232-C standard. According to the standard,
the data format for asynchronous serial transmission consists of
a start bit, five to eight data bits (one of which can be a parity
bit), and one or two stop bits [PSIO Manual]. In this

communication protocol, a variation of this scheme is used,
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specifically: a stért bit (logical zero), eight data bits, an
even parity bit, and a stop bit (logical one). Eight data bits
are used so that the extended American National Standard Code for
Information Interchange (ASCII) can be supported. Use of ASCII is
advantageous because a standard computer terminal can then be used
to emulate any of the system modules for communication test
purposes. Examination of the code reveals that only seven of the
bits are actually used to represent characters. The most
significant bit is normally a logical zero, but in this protocol
it is sometimes used as a sequence number bit, the use of which is
explained later in this thesis. The even parity bit is included
for error detection purposes and is also discussed in greater

detail later.

3.3. Baud Rate

The Intel 8031 microcontroller is capable of supporting most
of the commonly used baud rates. A rate of 1200 bits per second
is currently used in this hyperthermia system, but a possible
increase to 2400 bits per second has been considered. Neither
this increase, nor an increase to a much higher baud rate, say
9600 bits per second, presents any foreseeable problems. However,
the optimum transmission rate should not be determined until the
full system including graphics updates, subsystem control, and
algorithm calculations 1is £fully operational. At that time,
trade-offs involving interrupt frequency versus transmission time
can be discussed and different baud rates can be examined in the

system to produce an optimum solution.
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CHAPTER 4

STRUCTURE CLASSIFICATION

The main purpose of this chapter is to introduce several
generic message classifications that encompass all types of
transmissions utilized in this hyperthermia system. However,
before proceeding with this, some background information is
needed. The following section defines several terms that are used

Athroughout the remainder of this thesis.

4.1. Definition of Terms

Although error detection is not discussed in detail until
Section 5.3.1, one of the error detection mechanisms is briefly
presented here. Specifically, all single character messages’
transmitted in this system are copied and transmitted twice more

to create a three-byte character set.

Triplet - In this communication protocol, a triplet is any set of
three identical characters transmitted as a single
message or as part of a single message.

Full Data Block - A full data block constitutes a single message
and is comprised of three basic parts: a header, the
data bytes, and two checksum bytes. It is important to
note that the data bytes and the checksum bytes are
transmitted one time only. The same cannot be said of
the header.

Header - Residing at the beginning of every full data block, a

header is always an alpha character triplet.
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Command - A command is any message that initiates a transaction.
As illustrated in the following section, a command
assumes various forms.

Acknowledgement - An acknowledgement is any message that completes

a transaction. Similar to the command, it also assumes

various forms.

Structure Excluding special cases for the time being, a
structure 1is defined as being any command and its
corresponding acknowledgement. Several classes of

structures are presented below.

4.2, Classifications

All of the structures used in the current hyperthermia system
can be grouped into one of six classifications. Also, a seventh
class is defined even though it is not currently used. It is
mentioned here because it provides a transmission format for much
larger blocks of data than those used currently. New messages
created for future systems, or for enhanced capabilities in this

system, will probably fit into one of these seven classifications:

Class 1 - An alpha character triplet is sent as the command and no
acknowledgement is expected back. This classification
is a pseudo-structure because of the missing
acknowledgement and is considered to be a special case.
A diagram illustrating the transmission of this
pseudo-structure is presented in Figure 3a, together
with a figure legend and a special note, both of which

pertain to all of Figure 3.



Class 2 -

Class 3 -

Class 4 -

Class 5 -

Class 6 -
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An alpha character triplet is sent as the command and a
predetermined alpha character triplet is the expected
acknowledgement. A diagram for this structure
transmission is illustrated in Figure 3b.

An alpha character triplet is sent as the command and a
variable character triplet, not necessarily alpha type,
is the expected acknowledgement. For this particular
structure, there 1is a small set of valid replies which
the acknowledgement must be an element of. A diagram
for this structure transmission is illustrated in Figure
3c.

In this group, the command consists of two triplets
instead of just one. The first triplet is an alpha
character and the second triplet is a numeric character
representing data necessary to complete the command.
The expected acknowledgement is a predetermined alpha
character triplet. A diagram for this structure
transmission is illustrated in Figure 3d.

A full data block 1is sent as the command and the
expected acknowledgement is a predetermined alpha
character triplet. A diagram for this structure
transmission is illustrated in Figure 3e.

This group is the complement of Class 5. In this case,
an alpha character triplet is the command and a full
data block is the expected acknowledgement. A diagram
for this structure transmission is illustrated in Figure

3f.
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Class 7 - This group establishes a format for larger full data

blocks which can be used to replace the full data blocks
used in either Class 5 or Class 6 communication. An
alpha character triplet is still used as a header.
However, the data bytes are broken up into sub-blocks of
predetermined size and two checksum bytes are generated
for each sub-block. Thus, the header is sent first and
is immediately followed by the first sub-block and
checksum. A predetermined alpha character triplet is
the expected acknowledgement. After the correct
acknowledgement is received, the next sub-block and
checksum are sent and the process continues until all
the data are transmitted. The reason for sending” the
data in sections is not obvious now because
retransmission requests have yet to be discussed. To
explain briefly, if the receiving module detects a
transmission error, it is able to request a
retransmission after complete reception of that
sub~block. At the other end, the transmitting module
expects a certain acknowledgement, but may receive a
retransmission request instead. If it does, it
retransmits the £full data block. In the eventuality
that an error does occur, this class allows
retransmissions to commence before the full data block
has been received, thus saving on retransmission time.
A diagram for this structure transmission, where the

full data block is the command, is illustrated in Figure

3g.
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CHAPTER 5
COMMUNICATION PROTOCOL

To insure reliable communication 1links, a well-defined
communication protocol needs to be specified and implemented. A
classically defined protocol solves operating problems in the
following areas: framing, error control, sequence control,
transparency, line control, special cases, timeout control, and
start-up control [McNamara, 1978]. Each of these areas is
addressed either directly or indirectly in the following
discussion. However, prior to this discussion, a special note

concerning the Intel 8031 microcontroller is first presented.

5.1. Comment on Intel 8031 Microcontroller

As stated previously, the central control computer in Figure
l is a PDP—ll; However, an Intel 8031 microcontroller was used to
emulate the central control computer during the development of the
communication protocol. The resulting dual-Intel 8031
configuration on each communication link facilitated testing of
the different protocol aspects and expedited the project work.
Since the PDP-1l also uses assembly level language to implement
serial communication functions, much of the communication protocol
has already been implemented on the PDP-1l1.

A second concern regarding the Intel 8031 is that some of its
features were the 1limiting factors in trade-off decisions.
Consequently, familiarity with the Intel 8031 and its capabilities
may facilitate understanding of why a certain option was chosen.

However, rather than discussing Intel 8031 features at several
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points throughout the chapter, a complete microcontroller
description is contained in Appendix A. With this approach, the
protocol discussion 1is 1left uninterrupted and the Intel 8031

information can be easily referenced.

5.2. Encoding Techniques

According to the message framing technique used, protocols
are divided into three categories: character oriented, byte count
oriented, and bit oriented. A character oriented protocol uses
special characters to control communication flow. Byte count
oriented protocols use a header which includes a beginning special
character and assorted control information. A count following
this header indicates how much data are actually being
transmitted. Bit oriented protocols employ special bit strings to
delineate message bits.

The protocol presented in this thesis exhibits
characteristics found in both character oriented protocols and
byte count oriented protocols, so it is difficult to classify it
as one or the other. The decision to use this combined-protocol
approach was heavily influenced by the prior exposure to a similar
communication scheme [Silverman, 19847, Commands and
acknowledgements passed between modules are oftentimes Jjust
character triplets, which indicates a deference to a character
oriented format. However, full data blocks of predetermined size
are preceded by a header character, which is similar to a byte
count oriented format. The following sections discuss several of
the discriminating characteristics of this communication protocol

in greater detail.
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5.2.1. Character Encoding

In this communication protocol, the character triplets sent
without supplementary data constitute a complete command or
acknowledgement. Additionally, the character triplets used as
headers signal the beginning of subsequent data byte
transmissions. Each of these character triplets initiates a
differeﬁt action in the receiving module. Therefore, an encoding
scheme is required to differentiate between the unique messages
each character triplet represents. Several encoding schemes,
including the one implemented in the hyperthermia system, are
discussed below.

One possible encoding scheme requires that all ASCII
characters used in triplets be sequentially ordered. Using this
approach, a jump table can then be used to decode incoming
triplets. An obvious advantage of this method is the ease of
decoding associated with it, but this advantage is basically
negated due to the relatively small number of valid character
triplets that can be received. A major drawback of this scheme is
the fact that the Intel 8031 provides no direct command used to
perform relative jumps, although code can be written to perform
the same function. Another disadvantage of sequential ordering is
the fact that a transmission error could quite possibly change one
valid message into another valid message because of the similarity
of the ASCII characters used. This permutation can cause the
wrong code section in the program to be entered. An extreme
solution to this permutation problem is presented next.
| A second encoding scheme utilizes the concept of distance,

which is the number of bit transformations necessary to change one
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character into another. For example, the binary representations
of the ASCII characters "A" and "B" are 1000001 and 1000010,
respectively. These two characters exhibit a distance of two.
‘The message representations for this second encoding scheme would
be the set of characters exhibiting the greatest average distance
between any two of the characters.

This approach is commonly referred to as m-out-of-n encoding,
where n is the number of daté bits per byte, and m is the fixed
number of logical ones in each byte. With the ASCII characters
used in this protocol, n is equal to seven, and m depends on the
number of messages used. To illustrate, if ASCII characters are
used to represent two messages, four-out-of-seven encoding yields
1111000 and 0001111 for the representations. A distance of six is
exhibited in this example.

The goal of this second encoding scheme is to choose unique
representations for each character that exhibit as little overlap
of the m logical ones as is possible. Consequently, the greatest
average distance between any two characters is established and
single or double bit transformations do not necessarily yield
another wvalid character. An obvious advantage of this method is
the inherent error detection possible, assuming multiple bit
transformations are not prevalent. However, creation of the
unique characters is not a trivial task, and once the
representations are established, message additions can create
overlap problems.

In the third encoding scheme, which is the one used in the
hyperthermia system, all characters are mnemonics indicating their

respective function. Specific examples of this scheme are



23

presented in the next chapter. The most signficant advantage of
this approach is the pure simplicity of it. Although an incoming
message must be compared with all valid characters until a match
is found, the overhead involved is negligible due to the small
number of messages. Also, new message addition presents no
problem at all and the average distance between characters is

greater than that found in the sequential ordering approach.

5.2.2. Data Encoding

In this hyperthernia system, several commands and
acknowledgements are not complete without supplementary data.
This section deals with the encoding schemes used to prepare these
data for transmission. The majority of the information that needs
to be transmitted ranges from =zero to 15, so four-bit binary
representations are used for each value. Although it is possible
to concatenate two values into one byte and halve the necessary
transmissions, this format is not utilized for two reasons.

The first reason concerns limit checks. If concatenation is
used, resulting data bytes can range from 00 hexidecimal to FF
hexidecimal; Becadse of this fact, transmission errors affecting
data bytes would never be detected by simple 1limit checks
conducted on received messages.

The second reason for not concatenating values concerns the
amount of numeric information actually being transmitted in this
initial system. The time limit imposed on the transmission of
full data blocks is not so stringent that it requires halving the
number of data byes. Future systems may require much larger

amounts of information to be passed between modules, at which time
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it would be appropriate to condense the data and effectively halve
the necessary transmission time.

Although concatenation is not used in this hyperthermia
system, a majority of the information transmitted is modified
before being sent. Values in the calibration data transmitted
from the thermometry subsystem to the central control computer can
range from 00 hexidecimal to FF hexidecimal, so further
modification of individual bytes is not possible. However, the
remaining values passed in this system range from zero to 15.
Encoding of these values prior to transmission entails adding the
- value 30 hexidecimal to every byte. One advantage of using this
scheme is that all received data bytes now lie in the range £from
30 hexidecimal to 3F hexidecimal so limit checks will detect some
transmission errors.

Another reason to add 30 hexidecimal to the bytes is that the
resulting values are all ASCII characters found on any standard
terminal keyboard. Using this format, it is possible to use a
terminal to test a majority of the commands and acknowledgements
containing supplementary data. The actual ASCII characters
created by thié encoding are presented in Table 1 (all tables

appear following the Figures section).

5.3 Error Control

In all electrical information communication systems,
transmission errors caused by external interference must be dealt
with in some manner. In general, this error control is
administered in two phases, error detection and error correction.

The wultimate goal 1is to provide error control completely
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transparent to the user, except in special cases where the
foperator may have to initiate some form of corrective action.
Typically, transmission errors in communication systems tend
to occur in bursts where a number of bits are affected. Single
bit errors are less common, especially when higher baud rates are
in use. To illustrate, a 0.0l second noise burst is not uncommon
in telecommunication systems. At a baud rate of only 1200 bits
per second, this burst has the potentiél of altering up to 12kbits
of data. It then follows that a noise burst of the same duration
can affect a proportionately larger number of bits when higher
baud rates are employed. Additionally, these periods of high
error rate are generally separated by relatively long intervals of
little or no noise. Consequently, the error rate averaged over an
hour is typically one error bit in every 100,000 bits received
[McNamara, 1978]. The significant point illustrated here is that
a system with adequate error control should be able to detect
these burst errors and still have sufficient time to correct then

before another burst occurs.

5.3.1. Error Detection

As a rule, the error detection scheme used in any system is
highly dependent on both the type of data being transmitted and
the communication capabilities of the individual modules. For
example, one of the more common methods used to detect
transmission errors is the Hamming code. It requires that four
extra bits be appended to every seven bits of data in order to

provide single bit error detection and correction. Since the

Intel 8031 can send a maximum of nine data bits per byte in every
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serial transmission, a Hamming code application was not considered
to be feasible. A second system consideréd to be very effective
at detecting communication errors uses Cyclic Redundancy Checks
(CRC). Both special hardware circuits and table-driven software
algorithms designed to perform CRC calcﬁlations have been
developed and are currently available on the market. However,
CRC-equipped systems are designed to handle large volumes of
synchronous data so this approach was not really appropriate for
this system either. Instead, the error detection schemes actually
used in this hyperthermia system were parity checks, redundant
charécter (triplets) checks, expected acknowledgement checks, and
checksums.

One simple form .of error detection is the addition of a
single parity bit to every transmitted byte. Prior ¢to
transmission, the eight data bits are loaded into the accumulator
of the Intel 8031, which generates and stores the appropriate even
parity bit into a Program Status Word (PSW) bit location. This
parity bit is then copied to the most significant bit place in the
transmit buffer and sent as the ninth data bit. When the Intel
8031 receives a character, it moves the eight least significant
bits into the accumulator, thereby creating a new even parity bit.
This generated parity bit is compared with the received ninth data
bit and any discrepancies initiate a <corrective action. The
associated software overhead is very low and this action ensures
that all single byte transmission errors comprised of an odd
number of bit transformations are detected. However, errors
involving even numbers of bit changes are left undetected by this

parity check, so additional detection methods are also utilized.
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Another method, character triplets, was first mentioned in
Chapter 4. The redundancy is used to decrease the chance of an
error going undetected. Upon reception, the three characters of
the triplet must be identical or corrective action is initiated.
Therefore, any invalid pattern not detected by the parity check
must be repeated twice more to pass the redundancy check.

In a full data block transmission, the overhead required to
repeat all information three times is too high, so a different
detection method is used for the data bytes themselves. Prior to
transmission, each data byte is added to a checksum originally
initiated to zero. Eventual overflow of this checksum requires
'that it be two bytes 1long. Both of the bytes are then
transmitted, low-order byte first, immediately following the data
bytes. At the receiving end, a new additive checksum is also
computed as each byte is received. This computed checksum is
compared with the received checksum, and once again corrective
action is initiated if the sums differ. A parity check done on
the checksum bytes themselves completes the data block error
detection efforts.

The final error detection mechanism considered in this
section is used only by the central control computer. For reasons
presented later, a master-slave relationship is established on
both communication links. The subsystems are not allowed to
initiate transactions, they can only acknowledge commands sent
from the central control computer. Consequently, the central
control computer always knows which acknowledgement is expected.
Excluding special case commands, which are also discussed later,

the received acknowledgement must then match the expected
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acknowledgement. If not, a transmission error has occurred. A
successful detection by any of the processes presented above
constitutes a call for some type of corrective action, which is

discussed next.

5.3.2. Error Correction

There are two basic ways to provide error correction in a
communication system. One method, called forward error
correction, requires that the transmitter send enough
supplementary information along with each character or data block
to allow the receiver to correct the erroneous bit or bits by
itself. The second method requires that the receiver request a
retransmission whenever it receives erroneous information.

An example of the first method is the Hamming code discussed
earlier which requires four extra bits to provide single bit
correction capabilities. Another example of the first method
commonly used with blocks of ASCII data is referred to as a
vertical redundancy check/longitudinal redundancy check (VRC/LRC).
The vertical redundancy check is simply the equivalent of the even
parity bit appended to each character. The longitudinal
redundancy check is similar to a checksum in the respect that all
of the data bytes are exclusive-ored (XOR) together to yield a
-single Dbyte. The resulting LRC is then transmitted as the last
byte in the data block. Multiple bit errors can be located using
a VRC/LRC map so the receiving module is able to correct the bits
immediately. Figure 4 illustrates this process. Now considering
disadvantages, just as a single parity bit cannot detect

even—-number-of-bit errors, certain error patterns also escape
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detection by a VRC/LRC map. One such case is illustrated in
Figure 5. A second drawback of using this method is the softwaré
‘overhéad associated with it, especially when programming at the
assembly language level. Mainly because of this reason, the
VRC/LRC map is not employed in this hyperthermia system.

The second method of error correction, which is the one used
in this hyperthermia system, does not require supplementary data
to be transmitted, but instead relies on a simple retransmission
policy. Whenever an error is detected, the receiving module sends
a retransmission request to the transmitting module. It must be
noted that there are only certain times when a retransmission
request can be sent. During the transmission of any character
triplet not followed by supplementary data bytes, if either the
first or second bytes are erroneous, no retransmission request may
be made until the third byte has been received. Additionally,
communication in the hyperthermia system is designed so that a
receiving module knows when to expect a full data block as an
acknowledgement. In this case, the request is sent only after the
last checksum byte has been received. It does not matter whether
the error occurred in the heéder, the data bytes, or the checksum
bytes; the transmitting module is always allowed to finish sending
first.

To illustrate, first assume that an offending noise burst
affects only the first character triplet transmitted. Upon
reception of the erroneous triplet, the receiving module requests
a retransmission. This request 1is then processed by the
transmitting module and the first character triplet is sent again.

If it is received correctly, the receiving module can then process
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the command or acknowledgement accordingly. However, the
possibility exists that the second attempt is also transmitted
incorrectly. In this case, the retransmission request is sent to
the transmitting module once again and a retransmission counter in
the receiving module is incremented. This exchange continues
until either the original triplet is transmitted cleanly, or the
limit of the retransmission counter is reached. If the former
occurs, the triplet is processed, the retransmission counter is
reset, and normal communication continues. If the latter occurs,
the receiving module assumes that the transmission line is bad and
a shutdown process, described later in this chapter, is initiated.
At the present time, the retransmission limit is set at three, so
on the fourth consecutive reception of bad information, the
shutdown begins.

The above cases depict a scenario where only transmission in
one direction is interfered with. However, it is just as likely
that for a short period of time both modules receive erroneous
transmissions. If this occurs, both units begin to send
retransmission iequests. Under the worst conditions, a dual
shutdown is eventually initiated. Unfortunately, even if both
units recover before the retransmission limits are reached, it 1is
quite possible that the first module to recover will send the
wrong message. This possibility is illustrated in Figure 6. The
significant point to note is the fact that in both cases, Module
Two has received the same sequence of messages from Module One,
but different retransmissions are actually required. Thus, not

enough information is present to choose the correct reply. The
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addition of sequence numbers to every byte in a character triplet
alleviates this problem.

A single bit sequence number is ideal for this system because
of the eighth data bit left unused by ASCII characters. In order
to maintain strict sequence control, a restriction is imposed on
the hyperthermia system communications. Specifically, a
transaction where the sequence state equals zero must be completed
before a transaction where the sequence state equals one is
initiated, and vice versa. To fulfill this requirement, every
command in this system is normally followed by an acknowledgement.
This constraint is the reason for establishing the master-slave
relationship on both communication links. Allowing both modules
to send commands creates problems because it disrupts the sequence
control. Therefore, the central control computer initiates all
transactions and the respective subsystems complete them,
Exceptions to this master-slave scheme exist and are discussed in
the next chapter.

A set of rules used to accomplish the sequence control is
presented in Table 2. Applying these rules to the original
retransmission problem from Figure 6 yields the correct soclution,
illustrated in PFigure 7. Several other retransmission problems,
and the correct handling of them, are presented in Figure 8. The
ability to recover from these transmission errors represents a
major step in providing complete error correction. However, the
possibility exists that some errors will never trigger the
detection mechanisms already discussed. This scenario is examined

next.
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5.4. Timing Functions

The aforementioned detection processes are all based on the
premise that commands and acknowledgements always arrive at the
receiving module, whether they are faulty or correct. Given
certéin conditions, this constraint renders the detection
processes useless. For example, two 1identical, wvalid command
bytes with the proper parity will not trigger any detection
mechanisms because the triplet 1is incomplete. Likewise, a
parity-correct full data block minus a single checksum byte will
never reach the checksum compare stage. In both cases, the
réceiving module effectively waits for the character triplet or
full data block to be completed before it proceeds with complete
error detection. Thus, a 1os£ message or even a single lost byte
hangs the error detection process.

To counter these problems, several software timers are
utilized in the individual modules as a last means of detecting
transmission errors. Because of the master-slave relationship
established on each communication line, different types of timing
functions are needed. Those functions are discussed in the next

four sections.

5.4.1. Expected Acknowledgement Timer

Since the central control computer initiates' all
transactions, only an incomplete acknowledgement creates a
problem. Whether the command is a character triplet or requires
éupplementary déta, an Expected Acknowledgement Timer is activated
immediately after transmission of the last byte. Since only one

timer is activated for all different structures, the timer period
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is 1long enough so that a full data block can arrive and be

processed as the acknowledgement.

Several possibilities exist once the timer is activated. If
a complete acknowledgement, correct or incorrect, is receiéed by
the central control computer, the timer is deactivated and
reinitialized for the next transaction. An incorrect
acknowledgement warrants the start of the retransmission process
already discussed, while a correct acknowledgement completes the
structure. On the other hand, an incomplete acknowledgement
allows the Expected Acknowledgement Timer to overflow. If an
overflow occurs, the central control computer assumes that the
initial message never reached the subsystem, so it sends the
original command again. It is possible that this assumption is
inco;rect; in other words, the initial command was received by the
subsystem, but the returning acknowledgement was lost instead.
However, retransmitting the original command does not create a
problem because the sequence number algorithm allows both
instances to occur and still restores proper communication. The
two possibilities are presented in Figure 9.

Whether a retransmission request is initiated by the Expected
Acknowledgement Timer overflow, or by the previously discussed
detection procedures, the retransmission counter is still
incremented. Thus, any combination of error detections or timer
overflows totaling four consecutive mishaps initiates the shutdown
process. Therefore, the Expected Acknowledgement Timer provides
the last transmission error detection mechanism in the central
control computer. The possible lost-message problems of the

subsystems are more complex and require multiple timers.
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5.4.2. Triplet Timer

Since the subsystem waits to receive a command £from the
central control computer, it is not able to utilize any type of
expected command timer under normal operating conditions. The one
exception occurs during a retransmission request to the central
control computer, which is covered presently. To continue, the
subsystem cannot activate any timers until the first command byte
is received from the central control computer. Upon reception of
that first byte, the Triplet Timer, designed to ensure that three
bytes are received, is activated. The reception of the third byte
deactivates and reinitializes the timer, and processing of the
message is started. A timer overflow increments the subsystem's
retransmission counter and prompts a retransmission request. The
transmission of this request in turn activates a second timer,

which is discussed next.

5.4.3. Expected Retransmission Timer

For each subsystem, requesting a retransmission represents
the only instance where an immediate acknowledgement is expected.
Therefore, this timing function is similar to the Expected
Acknowledgement Timer previously discussed, A correct
retransmission deactivates the Expected Retransmission Timer and
reinitializes both the timer and the retransmission counter. A
timer overflow prompts the subsystem to .send another
retransmission request and increment its retransmission counter.
Like before, consecutive timer overflows eventually cause a
shutdown. Therefore, the Triplet Timer and the Expected

Retransmission Timer in the subsystem effectively simulate the
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function performed by the Expected Acknowledgement Timer in the

central control computer.

5.4.4. Line Viability Timer

To determine the condition of the communication line in use,
the central control computer needs only to initiate a transaction
and then examine the quality of the received acknowledgement. If
either of the RS-232-C data transmission lines is out, the
Expected Acknowledgement Timer overflows four consecutive times
and the shutdown state is entered. However, because the
subsystems do not initiate transactions, a new problem arises. If
the transmit line from the subsystem to the central control
computer is out, only subsystem-initiated messages are lost, and
the subsystem can still be shut down by the central control
computer., On the other hand, if the transmit line from the
central control computer to the subsystém is out, the subsystem
would theoretically wait forever for the next command. All
commands are lost and the control loop so vital to the success of
this hyperthermia system is broken. Additionally, a potentially
dangerous scenario emerges in the case where the PDP-11 1loses
control of the ultrasound applicator. Therefore, another timing
function is installed in both subsystems to prevent this problem
from occurring.

Specifically, a Line Viability Timer is created to detect
relatively 1long periods when no commands are received. Once the
system 1is initialized, this timer is activated and runs
continually until the treatment is concluded. The reception of

every first byte of a command reinitializes the timer but does not
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deactivate it. In the event of a timer overflow, the subsystem
attempts to inform the central control computer it is shutting
down, and then does so. The timer period is ionger than any
no-transmission period normally allowed, so the one-time-only
approach is not too drastic in this case. No other alternatives
are present at the time, so the subsystem initiates a shutdown

process, which is considered next.

5.5. Shutdowns

The shutdown process differs depending on which module
initiates the procedure. Only the subsystems can be shut down,
the central cohtrol computer is always 1left running. If a
subsystem initiates the shutdown process, it first informs the
central control computer of the impending shutdown and then turns
itself off. This is obviously one case where the central control
computer is not expecting a transmission, but due to the nature of
the problem, any communication repercussions it causes are
inconsequential.

If the situation arises where the central control computer
encounters severe communication problems, it commands the
subsystem to shut down. However, in this case, it does not expect
any acknowledgement back. In the event that the subsystem never
receives the command, the Line Viability Timer eventually
overflows and the shutdown is self-initiated.

All shutdown states discussed so far have been complete and
final, and require a total system reinitialization to recover.
Although they are not currently utilized in the hyperthermia

system, it is possible to first try a partial shutdown, followed
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by some type of an attempt to salvage the current treatment. For
instance, since the wultrasound applicator is multielemental, a
detected malfunction of only a few elements may not demand a full
shutdown. Itv may be possible to just shut down the faulty
elements and still continue treatment by readjusting the
intensities of the remaining elements. In this case, a partial
shutdown may coincide with a prompt for operator assistance and a
time 1limit on any corrective action may be imposed on the
operator. This concept is still in the formative stage and
additional data on system performance and tissue response are
needed before further decisions can be made. At that time,
feedback from system tests can be used to determine the

feasibility of partial shutdowns.
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CHAPTER 6

COMMAND-ACKNOWLEDGEMENT STRUCTURES

This " chapter specifies the actual commands and
acknowledgements used in this hyperthermia system and discusses
the function each message performs. In all cases, full structures
are examined, so each command is paired with its corresponding
acknowledgement, if it has one. The mnemonic encoding of each
character is presented, in addition to the specific class each

structure represents.

6.1. Common Structures

Although the functions performed by the two major subsystems
are very different, several of the structures used are identical.
Before focusing on the individual subsystems, these common

structures are first discussed.

-- Name/Status - Identification/Status

The Name/Status command is used by the central control
computer for two purposes. The first transmission is designed to
verify the correct hardware confiquration of the system and
prevent instances where the serial transmission ports of the
central gontrol computer have been incorrectly assigned. | If an
incorrect reply is received, the operator is informed so that
corrective action can be taken. Subsequent transmissions of the
‘Name/Status command by the central control computer are used to
inquire about the status of the respective subsystem. As the

status changes, the Identification/Status acknowledgement also
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changes. Thus, this structure represents a Class 3 transaction.
The mnemonic used for the Name/Status command is the alpha
character "N." The Identificétion/Status byte is broken up into
two parts; the low nibble is the module identification (ID), and
the high nibble indicates one of eight possible status states.
Only three bits are reserved for indicating status because the
eighth data bit, the most significant bit of the high nibble, is
reserved for sequence numbers. The thermometry subsystem's ID is
the hexidecimal value 0B and the ultrasound applicator subsystém's
ID is the hexidecimal value 0C. The possible statuses of each

subsystem are discussed in later sections.

-- Initialize and Go - Done

Once the central control computer receives a "system ready”
status from each subsystem, it sends the Initialize and Go command
to each subsystem. When the thermometry subsystem receives this
command, it becomes able to transmit temperature data. Initialize
and Go also allows the applicatbr subsystem to begin applying
ultrasonic energy. The command is represented by the alpha
character "I" and the expected acknowledgement from both
subsystems is a simple Done, represented by the character "D."

This structure represents a Class 2 transaction.

-- Retransmit

The retransmission request mentioned in previous chapters is
formally represented by the Retransmit message. Either module on
a communication line can send it in response t©o an erroneous
message received from the other module. The Retransmit structure

is difficult to classify because the Retransmit message itself can
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function like a command or an acknowledgement. When the message
is sent by the central control computer, it functions like a
command because it initiates a transaction and an acknowledgement
is expected back. When the message is sent by a subsystem, it
completes the previous transaction so it is considered to be an
acknowledgement. Additionally, the message completing the
Retransmit structure may be either a character triplet without
supplementary data, or a character triplet with supplementary
data. Therefore, Retransmit structures can represent Class 2, 3,
4, 5, or 6 communications. The mnemonic encoding for the

Retransmit command is the alpha character "R."

—— Shutdown

The shutdown process mentioned previously is initiated by the
Shutdown command. Since an acknowledgement is never expected for
this command, it is a Class 1 structure. The mnemonic encoding
for the Shutdown command is the alpha character "S."

The four transactions just discﬁssed represent the common
structures used on both communication 1links. Specialized

structures created for each subsystem are considered next.

6.2. Thermometry Subsystem Communication Link

The Intel 8031 microcontroller-based multielement
thermocouple thermometry unit used in this hyperthermia system
combines well-known thermoelectric thermometry with
state-of-the-art microprocessor-based control, calibration, and
display capabilities [TX-100 Operating Instruction Manual, 1984].
Assembly-level code for the communication functions is stored in

program memory provided on the Central Processing Unit (CPU)
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board, which integrates all the support circuitry for the Intel
8031 microcontroller. The External Communication Board (ECB)
contains standard interface chips to connect the TTL-compatible
serial port of the microcontroller to the RS-232-C communication
lines. Additionally, the interface port is opﬁically isolated

from the rest of the subsystem.

6.2.1. Qperation Overview

Using small copper-constantan thermocouples, 16 individual
points in the treatment area are monitored. However, before
accuraté temperatures can be obtained, softkeys located on the
front panel must be used to step through an internal single-point
calibration scheme. The calibration coefficients and other useful
calibration data are then stored in random access memory (RAM) on
the CPU board. Each thermocouple channel selected by the user is
then monitored by the microcontroller and thermoelectric voltages
developed in the individual probes are obtained. With the help of
an Amplifier and Analog—~to-Digital (AAD) board, the Intel 8031
performs the necessary numeric calculations which result in the
desired calibrated tempefature data. These temperature data are
also stored in RAM on the CPU board and are periodically sent to
the red digital displays (LED) 1located on the subsystem front
panel. In addition, a front panel 1liquid crystal alphanumeric

display (LCD) indicates current subsystem communication status.

6.2.2. Specjalized Structures
Besides using the four common command—-acknowledgement
structures already discussed, the thermometry subsystem utilizes

the two transactions presented below.
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-~ Load - Unload

The Load command is used by the central control computer to
obtain calibration data | from the thermometry unit. The
single—point calibration scheme run by the user creates five bytes
of calibration coefficients for every channel actually calibrated.
Thus, a maximum of 80 coefficient bytes can be produced. In
addition, 48 more bytes of miscellaneous calibration data are
stored in RAM on the CPU board. Therefore, the central control
computer expects a full data block back starting with the Unload
header and containing 128 data bytes. This transaction is
included SO the calibration information received from the
subsystem can be_safely stored on disk in the PDP-1ll in case it is
needed later. As the treatment continues, the temperatures
received by the thermometry unit are monitored by the PDP-11, and
if major discrepancies appear, the calibration information can be
reloaded back to the thermometry subsystem in hopes of salvaging
the treatment. The alpha character "L" is the mnemonic encoding
for the Load command and the Unload header is represented by the
alpha character "U." This structure represents a Class 6

transaction.

-—- Temperatures - Receive Temperatures

The Temperatures command is sent by the central control
computer whenever new temperature data are needed. Each of the 16
channels has a four digit readout accurate to the hundreds place.
The resulting 64 data bytes are not stored as ASCII characters so
some reformatting is necessary before transmission occurs. The

central control computer expects a full data block back starting
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with the Receive Temperatures header and containing 64 data bytes.
The Temperatures command is represented by the character "T" and
because the Retransmit message already uses "R," the Receive
Temperatures header is encoded with an "E." This structure

represents a Class 6 transaction.

6.2.3. Status Codes
At the present time, only three of the eight possible status

codes are defined for the thermometry subsystem. Status O
indicates that the thermometry subsystem is still initializing.
Status 1 means that the unit is ready to begin the calibration
routine. Status 2 is reached when the calibration is completed
and the thermometry subsystem is ready to unload its calibration
information. For the remainder of the treatment, the thermometry

unit remains in Status 2 until a system reset occurs.

6.2.4. TIransaction Sequence

The communication flow for the thermometry subsystem-central
control computer 1link was first presented in general terms in
Section 2.2. This flow can now be illustrated using the actual
structures presented in this chapter. Since transmission errors
and sequencing control were considered in previous sections, this
section deals only with ideal transmission conditions. 1In order
to illustrate the typical transaction sequence for the thermometry

unit, a series of error-free exchanges are presented in Figure 10.

6.3 Applicator Subsystem Communication Link
The Intel 8031 microcontroller-based applicator subsystem

provides control for 16 independent RF power amplifiers. Similar
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to the thermometry unit, the interface port is optically isolated
from the rest of the subsystem. Also, the External Communication
Board and the CPU board mentioned previously are duplicated in
this subsystem, so the same programming and communication
capabilities are present. The addition of a l6-channel controller
card provides the ability to successfully control the applied
ultrasound field. The two internal frequencies available in the
module, 1 MHz and 3 MHz, are software controllable. Additionally,
the controller card allows the power output from each amplifier to
be varied independently by changing the duty cycle of each
amplifier input over 10% increments. The power level of all 16
amplifiers in common is also variable over the full output power
range in 16 steps. This is accomplished by varying the voltage

output of the main DC power supply.

6.3.1. Operation Overview

The adaptive thermal modeling algorithm run in the central
control computer provides new control parameters to the applicator
subsystem in terms of changes in the main power supply output
and/or changes in individual duty cycle values. Once a change has
been received, the applicator processes the new values and applies
it to produce the desired outputs. Elaborate processes similar to
the calibration scheme and the temperature acquisition ‘algorithm
are not used in the applicator subsystem, and in general, the
internal processing required for this subsystem is not too
intensive. However, the communication capabilities of this
subsystem are greater because processing for several specialized

structures is necessary to maintain control of the subsystem.
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6.3.2. Specialized Structures

In addition to the four common structures discussed earlier,
a total of five additional structures are employed by the

applicator subsystem.

-— Frequency - Done

The Frequency command is sent by the central control computer
to establish the internal subsystem frequency at either 1 MHz, the
current default value, or 3 MHz. To differentiate between the two
values, the ASCII representation for the desired frequency is
transmitted immediately after the actual Frequency command.
Therefore, this transaction is a Class 4 example; The expected
acknowledgement is a Done message. Mnemonic encodings for the
Frequency command and the Done acknowledgement are the alpha

characters "F" and "D," respectively.

-—- Voltage - Done

A second Class 4 structure is the Voltage command used to set
the main DC power supply output level. Since 16 steps are
possible, the hexidecimal values for zero through F are used to
represent the voltage levels. As discussed earlier, the value 30
hexidecimal is added to the desired digit prior to transmission.
The applicator subsystem receives the Voltage command and the
voltage level, processes the value, and sends back the Done
acknowledgement. The character "V" is the encoding for the

Voltage command.
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--~ Receive Duty Cycles - Done

This command is used by the central control computer to alter
the duty cycles of the 16 individual amplifiers. Even if all the
channels are not used, 16 duty cycle bytes are still sent. The
possible duty cycles are represented by 0 through A hexidecimal so
the value 30 hexidecimal is again added before transmission. The
Receive Duty Cycles command is a full data block starting with a
header and containing 16 data bytes. The expected acknowledgement
is Done, so the structure is a Class 5 transaction. Because "R"
is already used, the alpha character "E" is used to represent the

Receive Duty Cycles header.

-— Wait - Done

The Wait command is included so that the central control
computer can temporarily disable the applicator subsystem output,
without loss of any of the control information previously sent,
In addition, new control information can be received and processed
while in this wait state and the Initialize and Go command can
then be used to enable the outputs again. The mnemonic "W" is
used for this command and the structure is a Class 2 transaction

since Done is the expected acknowledgement.

-- Help

The Help command is the only command sent from a subsystem
that truly initiates a transaction. It is not actually used in
the current system, but will probably be used in partial shutdown
situations. Internal fault checking conducted by the applicator
subsystem includes a comparison of the controller board digital

outputs with the desired duty cycle values obtained from the
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central control computer, and comparison of the reflected and
forward power levels of the amplifiers with their respective
predetermined 1limits. Any detected discrepancy immediately
triggers a self-shutdown in the curreﬁt hyperthermia system.
However, by utilizing a Help command, a treatment salvage may be
possible. Once the central control éomputer receives the Help
command, it immediately issues the Name/Status command and the
ensuing status it receives back indicates the problem. The
central control computer can then take some form of corrective
action, or issue a Shutdown command if it is indeed necessary.
Help 1is a pseudo-Class 2 structure since the expected
acknowledgement is a Name/Status command, although it might also
be considered a Class 1 special case transaction. The alpha

character "H" is the encoding for this command.

6.3.3. Status Codes

Because shutdowns are used to handle all internal faults in
the applicator subsystem, the only status code defined at this

time is the zero code, which indicates that the module is ready.

6.3.4. Transaction Sequence

In general, the transaction £flow across the applicator
subsystem communication link is more varied than that encountered
with the thermometry unit. Similar to the approach used for the
thermometry subsystem, a typical transaction sequence during
error-free operation of the applicator subsystem is presented in

Figure 11.
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6.4. Comment
In order to clarify the material presented in this chapter,

a list of all the structures discussed for both subsystem links is

presented in Table 3.
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CHAPTER 7

SOFTWARE

The communication protocol presented in this thesis is fully
implemented in three Intel 8031 assembly level programs.,
Flowcharts, which provide the best documentation of the programs,
are presented in Appendices B, C, and D. Listings of these
programs together with brief descriptions of the variable names
used in the programs are located in Appendices E, F, and G. This
chapter contains short verbal descriptions of the programs for

introductory purposes,

7.1. Central Control Computer
As stated in Chapter 2, a PDP-1l1 is the <central control

computer used in the actual hyperthermia system. Since the
central control computer program used in this thesis is written
for an Intel 8031, the PDP-1ll1 functions not directly related to
communication features, such as the adaptive thermal modeling
algorithm, are omitted. This simulation program was written
solely to test the communication features presented in this
thesis. 1In addition, this particular simulation program interacts
only with the thermometry subsystem software. The implementation
of protocol aspects, such as sequence number control and timing
functions, only needed to be written and debugged for one
subsystem. Once proven, they can be easily duplicated in the
applicator subsystem.

The emulated central control computer source code can

effectively be broken down into three major sections. The first
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section, which contains code for the main routine, is entitled
INIT. The second section, CENTRAL, and the third section, SERIAL,
are both interrupt handlers for the Timer 0 interrupt and the
serial port interrupﬁ, respectively.

INIT contains the code to initiate all transactions
encountered in error-free operation (see Figure 10). A loop
designed to transmit Name/Status- commands is implemented along
with a delay necessary to keep the thermometry unit's calibration
scheme from being interrupted. Code to transmit the Load command
and the Initialize and Go command is also present in INIT, as is
the code for the Temperatures command transmission. The latter
command is initiated from inside an eight-second delay loop
designed to simulate the répeated transmission of the Temperatures
command during steady-state communication flow.

CENTRAL contains code to implement the sole timing function,
the Expected Acknowledgement Timer, required in the central
control computer. Although the Expected Acknowledgement Timer is
activated and deactivated from different points in the program,
the actual timer and the code to handle timer overflows and
possible shutdown initiations are included in CENTRAL,

SERIAL, the last major section, can actually be examined in
two subsections. The first subsection deals strictly with
transmit interrupts, which occur when the Intel 8031 finishes
transmitting a byte. Code contained here ensures that three
repetitions are sent for every character triplet and that all full
data blocks are properly transmitted. Additionally, once a
Shutdown command has been completely transmitted, the program

jumps to a routine that disables all interrupts and simulates
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‘module shutdown. Features such as sequence number generation,
Expected Acknowledgement Timer activation, and parity bit
generation are all implementéd at appropriate places in the code.
The second subsection deals only with receive interrupts.
All recei?ed character +triplets and full data blocks are first
checked for proper format. Error detection features, such as
parity checks and expected reply checks, are relatively
centralized in this reception subsection while other features such
as timer deactivation, sequence number checks, and 1limit checks
are more interspersed throughout SERIAL. The code to process all
of the expected acknowledgements is contained here along with the
code for special case messages such as Retransmit or Shutdown.
The flowchart pertaining to the emulated central controcl computer
program is presented in Appendix B and Appendix E contains
descriptions of the variable names used and the actual

assembly-level code.

7.2. Thermometry Subgystem

The program written for the thermometry subsystem is very
similar to the program just discussed and is also divided into the
same three sections. However, the main routine in this program,
also entitled INIT, handles all of the user interaction through
the softkeys and the majority of the message displays on the front
p;nel LCD. Calls to several subroutines, such as the calibration
routine, are contained in INIT in addition to several subroutines
pertaining to internal processing in the thermometry subsystem.
However, these subroutines.are not considered in this discussion

or in the flowcharts because they are not communication functions.
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The subroutines and calls are included in the program listing only
to preserve the program continuity.

The remaining two sections, the Timer 0 interrupt handler,
TIMERSL and the serial port interrupt handler, SERIAL, are nearly
jdentical in purpose to their counterparts in the emulated central
control computer program. The basic difference between the Timer
0 routines is that three timers instead of just one are now
implemented. The obvious difference between the serial interrupt
handlers is the role reversal involved. SERIAL in the thermometry
subsystem program processes commands instead of acknowledgements
in its receive interrupt subsection and handles the
acknowledgements in its transmit interrupt subsection. Except for
these basic differences, the other protocol functions are
implemented as before. The flowchart for the thermometry
subsystem program is presented in Appendix C, and the code and the

descriptions of the variable names are located in Appendix F.

7.3. Applicator Subsystem

The program for the applicator subsystem differs £from the
first two programs discussed in the respect that it lacks protocol
features such as sequence number control and timing functions.
The current PDP-11 program designed to interface with this
applicator subsystem program also lacks the same protocol
features. Since these features were tested on the thermometry
subsystem communication 1link, they can be incorporated into the
applicator subsystem program at the same time they are added to
the PDP-11 program. The applicator subsystem program also

contains three major sections because of the added internal fault
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checks. The main routine, INIT, initializes the subsystem and
then enters a loop that continually checks the digital outputs of
the controller card. The Timer 0 interrupt handler, DUTY,
implements the forward power-reverse power amplifier checks
discussed -earlier. In addition, it also handles the duty cycle
gating for the 16 amplifier channels. As expected, the serial
port interrupt handler, SERIAL, is similar to that for the
thermometry subsystem except that different structures are
processed. The flowchart for the applicator subsystem program is
presented in Appendix D and Appendix G contains the actual code

and descriptions of the variable names used.
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CHAPTER 8

RELIABILITY AND TESTING

In order to ensure that the specified communication protocol
was implemented correctly, the different aspects of it were first
tested independently. Once all the faults were corrected in one
test program, another protocol feature was added to the code, and
tests designed to check the new feature were then conducted. Many
of the piecemeal tests were fairly trivial, but they served to
ensure the correctness of the protocol implementation as each
feature waS added. Consequently, problems encountered in a new
test version had to be caused by the new feature addition, which
greatly simplified the debugging process.

One of the first tests conducted involved parity error
detection. A terminal with configuration switches on the back
panel, as opposed to one exhibiting keyboard setup, was utilized
for this test. With the switches configured for Qdd instead of
even parity, valid ASCII characters were transmitted to the Intel
8031, The receiving program processed the bytes and entered a
delay loop which allowed the terminal to be reset for even parity.
The resulting error indicators returned to the terminal then
validated the parity error detection code.

Another protocol aspect tested was the transmission and
reception of character triplets. Since a terminal could also be
used for this test, many possible error conditions were examined.
Besides testing only character triplets without supplementary

data, header triplets for full data blocks were also examined. As
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noted earlier, retransmission requests stemming from triplet
errors can only be sent at predetermined points in the
communications, so this concept was also checked at this time.

Retransmission requests, both transmitted and received, were
thoroughly checked out once a11v the desired codewords were
implemented. In the central control computer test, the expected
reply notion was tested and successfully trigge;ed a
retransmission request. Likewise, several permutations of the
data block format were transmitted, and retransmission requests
were always received back. Thus, the limit checks and checksum
generators were considered to be working properly for all of the
data blocks.

Once the hardware was complete, and it was known that the
communication software was detecting all transmission errors
except for lost characters, a terminal was connected to each of
the subsystems. All of the central control computer commands were
then tried and it was verified that both the correct reply was
received back and that the hardware responded correctly to each
command. Additionally, a series of four consecutive bad
transmissions to the subsystems first prompted retransmission
requests and finally a self-shutdown.

All four timing functions were then implemented in their
respective programs. Because terminals were again used to conduct
preliminary tests, several of the timer periods had to be
lengthened to allow for the keyboard entry of characters. Error
situations were created, and once all four functions were observed
to be working correctly, the two programs were allowed to

communicate directly. A test of temperature acquisitions was then
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left running for an extended period of time to ensure that none of
the timers was triggering an unneeded retransmission request.

Up to this point, all aspects of the protocol were able to be
tested first with a terminal-to-Intel 8031 connection, and then
with a dual-Intel 8031 connection. However, terminals could not
be used to test the sequence number generators because the
addition of a sequence number "1" as the eighth bit creates a
non-ASCII character. Consequently, all sequence control tests
were conducted by allowing the two programs to communicate with
each other. Eliminating the terminal was inconvenient in the
respect that any new test usually required a short modification to
be made to both programs instead of just one. However, many of
the anticipated problems were tried and the results were used to

refine the sequence number control software.
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CHAPTER 9

FUTURE CONSIDERATIONS

At the present time, the PDP-11 communication program
utilizes a subset of the full communication protocol. Although
integration of the remainder of the protocol presents no
foreseeable problems, one area could possibly use some revision.
Help, which is a special case command, can not utilize sequence
number control because it does not follow the normal communication
flow. If the Help command is received cleanly by the PDP-11l, the
sequence number can be ignored and the proper action can be
initiated. However, if the transmission is garbled, the PDP-11
will request a retransmission. Because of the sequence number
algorithm, the applicator subsystem will receive this request and
then send back a retransmission request of its own. This
transaction will prompt the central control computer to send the
previous command, and the Help message will effectively be
ignored.

One possible way to avoid this incident would be to  remove
the Help command completely from the software and perform the same
function with a combination of hardware and software. In this
protocol, the Help command is used only as a signal to the central
control computer that a problem has been encountered in the
applicator subsystemn. The ensuing Name/Status -
Identification/Status exchange actually informs the central
control computer of the applicator problem. Therefore, a fifth

lead added to the RS-232-C connection could be used to transmit
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this signal and aécomplish the same function. This lead could be
connected to an external pin already provided by the Intel 8031l.
The lead at the PDP-11 side could be connected to one of the pins
supplied for hardware handshaking functions. A low state would
indicate no problem and a high state would initiate the
Name/Status transmission from the central control computer.
Relatively few hardware and software modifications are necessary
to make this change and the resulting procedure probably would be
more reliable than that currently used.

A second possible modification involving a RS-232-C hardware
change involves connecting some of the control leads, presented
earlier in Figure 2a, to provide handshaking capabilities. The
function of each 1lead would probably differ slightly from that
defined by the RS-232-C standard, but the net effect would be to
ease the master-slave relationship currently established on each
communication link. Thus, each module on the link would be able
to initiate transactions without disrupting the communication
flow. This option would increase the overall capabilities of the
protocol, but would require several hardware modifications and
would increase the software overhead associated with each
exchange.

Another way to obtain handshaking capabilities involves an
even more radical hardware change. Specifically, the current
interface standard for the system, EIA RS-232-C, could be switched
over to the IEEE 488 standard. Although major hardware interfacé
modifications would be required to complete this change, the
resulting system gains some important advantages. A knowledge of

the standard is assumed for the following discussion, S0 users may
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want to reference the IEEE Standard 488-1978 "Digital Interface
for Programmable Instrumentation." Additionally, the interface at
‘the subsystems is of primary interest, so the consequences of the
change are examined basically from the viewpoint of an Intel 8031
user.

From a cost standpoint, the change is feasible because of a
reasonably priced four-chip set currently available from Intel.
The Intel 8291A GPIB Talker/Listener (Intel 8291A) implements most
of the IEEE 488 standard's required functions. Without any Intel
8031 involvement, this chip can handle data transfer, handshake
protocols, listener/talker address procedures, device clearing and
triggering, service requests, and parallel and serial polling
schemes [Intel's Microsystem Components Handbook, 1984].

In terms of this hyperthermia system, one specific advantage
of using an Intel 8291A is that the handshake protocols utilizing
the Source Handshake (SH) and Acceptor Handshake (AH) guarantee
the success of asynchronous transfers. Lost messages would
trigger protocol errors which immediately interrupt the
microprocessor. A second advantage concerns the transmission of
data blocks. A built-in End-of-Sequence (EOS) register <can be
used to store delimiters for multibyte transmissions. A match
with a received byte then asserts the End or Indicator (EOI) line
which verifies the receipt of the block. A third advantage
involves the Service Request (SR) function each subsystem would
control. The serial status poll generated by this function would
be ideal for implementing the special case commands, Help and
Shutdown. Additionally, the Parallel Poll (PP) function could be

used at start-up and even at set intervals during the treatment to
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obtain subsystem status readings. Another advantage concerns the
Remote/Local (RL) function, which could be used to prevent the
thermometry subsystem from being interrupted during the
calibration process. Finally, it would also be possible to reset
the entire system using the Device Clear (DC) and Device Trigger
(DT) functions.

A second chip, the Intel 8292 GPIB Controller (Intel 8292),
can be added to the 1Intel 8291A to form a complete IEEE 488
interface, capable of handling the transfer control protocol.
Although multiple controllers would not be necessary in this
system, the addition of an Intel 8292 would allow the subsystem to
synchronously gain control of the bus in critical situations by
using the Interface Clear (IFC) function. This prevents the
destruction of any bytes on the data lines and would ensure a
prompt response to the subsystem call. Completing the four-chip
set are two Intel 8293 GPIB Transceivers which allow direct
interface to the General Purpose Interface Bus.

A disadvantage associated with the IEEE 488 standard involves
cabling restrictions, which state that the maximum length of cable
that shall be used to connect together a group of devices within
one bus system is: (1) two meters times the number of devices or,
(2) 20 meters, whichever 1is less. Therefore, individual cable
lengths cannot exceed four meters without the addition of in-line
drivers which are also commercially availabie.

A second disadvantage stems from the fact that the standard
was designed to apply generally to laboratory and production test
environments which are relatively electrically quiet.

Consequently, the hyperthermia system is probably considered to be
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an extended application, and would require different electrical
and mechanical specifications to provide increased noise immunity
and greater separation of devices.

7 Additional hardware changes | include the system
reconfiguration needed to interface the Intel 8031 to both the
Intel 8291A and the Intel 8292. Also, start-up procedures create
some extra software overhead, but this occurs only during the
total system initialization. In retrospect, an interface switch
to the IEEE 488 standard would not be a trivial undertaking, but
the end result may provide justification for doing so. Error
control aspects of the protocol would still be necessary, but
| communication in general would be more reliable; and the
talker/listener capabilities added ‘to the system would greatly

increase the power of the overall communication system.
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CHAPTER 10

SUMMARY

In this thesis, a digital communication protocol for use in
a modular hyperthermia system was presented. The specification of
the protocol itself was described in very general terms in the
hope that future enhancements and/or additions can be integrated
easily into the system. Specific structures used in the protocol
were also examined, along with actual software implementations.
The programs written to implement the communication protocol were
tested and observed to be working correctly. Several ideas and
recommendations pertaining to future protocol work and to complete
communication systems were discussed. The presentation was
organized in such a way as to allow one to focus on individual

aspects of the protocol. if desired.
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PIN NUMBER CATEGORY EFUNCTION
1 Ground Protective ground (PG)
2 Data Transmitted data (TD)
3 Data Received data (RD)
4 Control Request to send (RTS)
5 Control Clear to send (CTS)
6 Control Data set ready (DSR)
7 Ground Signal ground (SG)
8 Control Data carrier detect (DCD)
20 Control Data terminal ready (DTR)
(a)
FUNCTION PIN NUMBER PIN NUMBER FUNCTION
PG 1 -« > 1 PG
TD 2 2 TD
RD 3 ::::::,==::::: 3 RD
SG 7 -t o 7 SG

(b)

Figure 2. RS-232-C configuration.
(b) Four-pin cross connected interface.

(a) Nine asynchronous leads for



CLASS 1
Am———>
A-——=>
Am—mm——>
(a)
CLASS 4
A-mem>
A-——=>
Am——m>
D=m—=>
D=——=>
Dmm—=>
{====A
{mm—=A
{m===A
(d)

Figure 3. Structure classifications.
2 structure.

Class

LEGEND:

structure.

e}

In

CLASS 2
A———=>

A-——=>

A-—-=>

{===-A

<=mm-A

<~===A

(b)

- alpha character byte

- variable character byte

CLASS 3
A-m—>
Ammmm>
Ammm—m>
(=¥
(¥
(=¥

(c)

- header alpha character byte

- data byte
- checksum low byte

- checksum high byte

- direction of command flow

- direction of acknowledgement flow

all diagrams, time progresses down

the table

(c) Class 3 structure.

(a) Class 1 structure.
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(b)

(d) Class 4



CLASS 5

Hemm=>
He—m=>
H--—->
D=—==>
D-——=>

D=mm>

CL-—-->

CH-===>
<====A
<====A
S

(e)

Figure 3. Structure
structure.
structure.

CLASS 6

A-—m>

A-—m=>

A-m—m>
{=——-H
{mmm-H
{mmm=H
{====D
{====D

{m===D

{====CL
{===-CH

(£)

classifications

Class

(cont.).
structure.

CLASS 1

Hemmm>
Hem==>
H-—m>
D--—=>
D-——=>

D>
CL-===>
CH-===>
{m===R
{=mm==A
{mmm=R
D>
D-m—=>

Dmmmm>
CLmmmm>
CH-——->
{====A
{=——-A
{====A
Dm—mm>
Dmmmm>

Dmm—=>

CL-=—=>
CH-——=>

{mm—-A
{===-A
(=R

(g9)

Class

(g) Class
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VRC VRC
0 1000001 0 1000001
1 1010100 1 1XBIXEBEZXO
0 0010100 0 0010100
1 0011001 1 0011001
1 0011100 1 0011100
1 1010111 1 1010111
1 1001010 1 1001010
0 0100010 0 0100010
1 0111011 1 0111011
(a) (b)
VRC
0 1000001 1000001
0 1101010= 1010100
0 0010100 0010100
1 0011001 00110001
1 0011100 0011100
1 1010111 1010111
1 1001010 1001010
0 0100010 0100010
1 00001001
AAAAA

(c) (d)

Figure 4., VRC/LRC example. (a) Transmitted data block with

transmitted VRC/LRC map. (b) Received data block with
transmitted VRC/LRC map. Erroneous bits are marked by
an X. (c) Received data block with generated VRC/LRC
map. Arrows indicate where checkbits differ from Figure
4b. Erroneous bits occur at arrow intersections. (d)
Corrected data block.
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VRC VRC
1 1010100 1 1010100
0 01 111 0 0010111
0 0011000 0 0 0B1X00
1 0110001 1 0110001
1 1010001 1 1 080X01
0 0101000 0 0101000
1 1000110 1 1000110
0 1010101 LRC 0 10 01 01 LRC
(a) (b)
Figure 5. VRC/LRC failure. (a) Correct data block and

corresponding VRC/LRC map. (b) Incorrect data block
with the same VRC/LRC map. Erroneous bits are marked by
an X,



MODULE MODULE
STEP  ONE Iwo
1 CMD - ~=——- > CMD
2 XXX {mmfmm ACK
3 RR —f > XXX
4 XXX <--/-- RR
5 RR === > RR
6 ?
MODULE MODULE
STEP  ONE TWO
1 CMD  —==—- > CMD
2 ACK {m—mmm ACK
3 CMD ——f > XXX
4 XXX {mmfomm RR
5 RR ===~ > RR
6 ?
Figure 6., Dual retransmission

acknowledgement.
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MMENT -

One (Module One) sends a command.
Two (Module Two) receives it.

Two sends an acknowledgement.
Transmission is garbled.

One sends a retransmission re-
quest. Transmission is garbled.

Two sends a retransmission re-
quest. Transmission is garbled.

One sends a retransmission re-
quest. Two receives it.

Two should send the acknowledge-
ment again.

(a)

COMMENTS

One sends a command. Two
receives it.

Two sends an acknowledgement.
One receives it.

One sends a new command. Trans-
mission 1is garbled.

Two sends a retransmission re-
quest. Transmission is garbled.

One sends a retransmission re-
quest. Two receives it.

Two should send a retransmission
request again.

(b)

request problem. (a) Lost

{b) Lost command.



MODULE
STEP ONE
1 OCMD --——->
2 XXX <(—=/--
3 ORR -—/-->
4 XXX  <—--/--
5 ORR ————- >

6 0ACK <(--—--

~J
|
@]
=
)
1
I
i
1
I
\4

Figure 7. Dual retransmission

MODULE
TWO

XXX

ORR

acknowledgement.
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COMMENTS

One (Module One) sends a command
with 0 sequence number. Two
(Module Two) receives it and
changes its own sequence number.

Two sends an acknowledgement with
0 sequence number. Transmission
is garbled.

One sends a retransmission re-
quest with 0 sequence number.
Transmission is garbled.

Two sends a retransmission re-
quest with 0 sequence number.
Transmission is garbled.

One sends a retransmission re-
quest with 0 sequence number.
Two receives it.

Two sends previous acknowledge-
ment with 0 sequence number.
One receives it and changes its
own sequence number.

One sends a new command with 1
sequence number. Two receives it
and changes its own sequence
number. Communication continues.

(a)

request solution. (a) Lost



STEP

1

<

Figure 7. Dual

MODULE
ONE

1CMD —=/=-=>

XXX (==/--
1RR —=——- >
ORR <--——-
1CMD =—=——m >

command.

MODULE
TWO
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MMENT

One (Module One) sends a command
with 0 sequence number. Two
(Module Two) receives it and
changes its own sequence number.

Two sends an acknowledgement with
0 sequence number. One receives
it and changes its own sequence
number.

One sends a new command with 1
sequence number. Transmission is
garbled.

Two sends a retransmission re-
quest with 0 sequence number.
Transmission is garbled.

One sends a retransmission re-
quest with 1 sequence number.
Two receives it.

Two sends a retransmission re-
quest with 0 sequence number.
One receives it.

One sends previous command with
1 sequence number. Two receives
it and changes its own sequence
number. Communication continues.

(b)

retransmission request solution (cont.). (b) Lost



MODULE MODULE
STEP ONE TWO
1 0CMD -f==> XXX
2 ORR {mm=f=m 1RR
3 ORR  —==== > ORR
4 1RR mmom— 1RR
5 0CMD  ————- > OCMD
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COMMENTS

One (Module One) sends a command
with 0 sequence number. Transmis-
sion is garbled.

Two (Module Two) sends a retrans-
mission request with 1 sequence
number. Transmission changes the
sequence number

One sends a retransmission re-
quest with 0 sequence number.
Two receives it.

Two sends a retransmission re-
quest with 1 sequence number.
One receives it.

One sends previous command with
0 sequence number. Two receives
it and changes its own seguence
number. Communication continues.

(a)

Figure 8. Various retransmission problems with sequence number

control solutions.

(a) Retransmission request with

wrong sequence number.



MODULE
STEP ONE
1 OCMD ———-- >
2 1ACK  <=-/--
3 1):3: S >
4 OACK  <=mm=m-
MODULE
STEP ONE
1 0CMD ——f==>
2 1RR  Kmmmem
3 OCMD - ====- >

Figure 8. Various

MODULE
TWO

OCMS

ORR

OACK

MODULE
IwWo

1CMD

1RR

retransmission problems
(cont.). (b)

control solutions

wrong
number.

sequence number.
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COMMENTS

One (Module One) sends a command
with 0 sequence number. Two
(Module Two) receives it and
changes its own sequence number.

Two sends an acknowledgement with
0 sequence number. Transmission
changes the sequence number.

One sends a retransmission re-
quest with 0 sequence number.
Two receives it.

Two sends previous acknowledgement
with 0 sequence number. One re-
ceives it and changes its own
sequence number. Communication
continues.

(b)

COMMENTS

One sends a command with 0
sequence number. Transmission
changes the sequence number.

Two sends a retransmission re-
quest with 1 sequence number.
One receives it.

One sends previous command with
0 sequence number. Two receives
it and changes its own sequence
number. Communication continues.

(c)

with sequence number
Acknowledgement with
(¢) Command with wrong sequence



MODULE

STEP ONE

1 O0CMD

2 0CMD

3 O0ACK
MODULE

STEP ONE

1 OCMD

2 OACK

3 OCMD

4 ORR

5 ORR

6 OACK

MODULE
WO

-=/==> 0CMD

O0CMD

MODULE
TWO

OCMD

0ACK

0CMD
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COMMENTS

One (Module One) sends a command
with 0 sequence number. Trans-
mission is lost.

Expected Acknowledgement Timer
overflows. One sends previous
command with 0 sequence number.
Two (Module Two) receives it

and changes its own sequence
number.

Two sends an acknowledgement with
0 sequence number. One receives
it and changes its own sequence
number. Communication continues.

(a)

COMMENTS

One sends a command with 0
sequence number. Two receives it
and changes its own sequence
number.

Two sends an acknowledgement with
0 sequence number. Transmission
is lost.

Expected Acknowledgement Timer
overflows. One sends previous
command with 0 sequence number.
Two receives it and changes its
own sequence number.

Two sends a retransmission re-
quest with 0 sequence number.
One receives it.

One sends a retransmission re-
quest with 0 sequence number.
Two receives it.

Two sends previous acknowledgement
with 0 sequence number. One re-
ceives it and changes its own
sequence number. Communication
continues.

(b)

Figure 9. Sequence number control for the Expected Acknowledgement

Timer.

(a) Lost command.

(b) Lost acknowledgement.
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CENTRAL
CONTROL THERMOMETRY
COMPUTER SUBSYSTEM _
(CCC) (TS) COMMENTS
"N" ————— "N" CCC sends Name/Status command
to TS
0B {mmm—= 0B TS sends "System Not Ready"
acknowledgement to CCC
"N ———— "N® CCC sends Name/Status command
TS
1B {mmmm 1B TS sends "System Ready" acknow-
ledgement to CCC
"N ———— "N" CCC sends Name/Status command
to TS
. TS steps through calibration
. routine
2B {mmmm 2B TS sends "System Calibrated"
acknowledgement to CCC
"L" —-_———— "L" CCC sends Load command to TS
"U" block {ommm "U" block TS sends Unload block to CCC
"T" ——D rT CCC sends Initialize and Go
command to TS
"D" {mmm= "D" TS sends Done acknowledgement
to CCC
npe ——— npe CCC sends Temperatures command
to TS
"E" block == "E" block TS sends Receive Temperatures
block to CCC
o Temperature exchanges repeated
. until end of treatment

Figure 10. Typical error-free transaction sequence for the
thermometry subsystem.



CENTRAL

CONTROL

COMPUTER
(CCC)

IlNl!
0C
"F" and
data
l’an

"w" and
data

IID"

"E"™ block

nDﬂ

llIll

“D "

"E® block
or

"v" and
data

HDN

Figure 11. Typical
applicator subsystem.
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<____
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APPLICATOR
SUBSYSTEM
(AS)

“Nﬂ

ocC

"FP" and

data

I'D!l -

"V" and
data

I‘IDII
"E" block

"Dll

nIn

"D"

"E" block
or

V" and
data

"Dﬂ

error-free

transaction
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COMMENTS

CCC sends Name/Status command
to AS ' '

AS sends "System Ready" acknow-
ledgement to CCC

CCC sends Frequency command

. to AS

AS sends Done reply to CCC

CCC sends Voltage command to
AS

AS sends Done reply to CCC

CCC sends Receive Duty Cycles
block to AS

AS sends Done reply to CCC

CCC sends Initialize and Go
command to AS

AS sends Done reply to CCC

Duty cycles and voltage
exchanges repeated until end
of treatment

sequence for the
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BINARY VALUE
OF DATA

0000
0001
0010
0011
0100
010l
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

Table 1. Data Byte Encoding

HEXIDECIMAL VALUE
OF CHARACTER SENT

30
31
32
33
34
35
36
37
38
39
3A
3B
3C
3D
3E

3F

ASCII
CHARACTER

W © N Y W NN+ O

79
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Table 2. Sequence Number Control Rules

Initi izatio

- Central control computer sequence number = 0
- Intel 8031 sequence number = 1
- Central control computer sends first command with sequence

number = 0

CENTRAL CONTROL

MESSAGE RECEIVED COMPUTER ACTION INTEL 8031 ACTION
Invalid character -Send Retransmit with -8end Retransmit with
current seq. no. current seq. no.
Valid character -Complement sequence -Send Retransmit with
with same seqg. number seq. ho.
no. -Send next command with

new seq. no.

Valid character -Send Retransmit with -Complement sequence
with different current seq. no. number
sed. ho. -Send next acknow-
ledgement with new
seqg. no.
Retransmit with -Send Retransmit with -Send previous
same seq. no. current seq. no. acknowledgement with
new seg. no.
Retransmit with -Send previous command -Send Retransmit with
different seq. with current seq. no. current seq. no.

no.



SUBSYSTEM

Both

Both

Both

Table 3.

STRUCTURE

Name/Status-Identification/

Status
Initialize and Go-Done

Retransmit

Shutdown

Command-Acknowledgement

Structures

MNEMONICS CLASS
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Thermometry

Thermometry

Load-Unload

Temperatures-Receive
Temperatures

Applicator
Applicator
Applicator
Applicator

Applicator

Frequency-Done
Voltage—-Done

Receive Duty Cycles-Done
Wait-Done

Help

llNll 3
"I","D" 2
“R“ 2,3,4,
5,6
-k 1
"Lll IIUII 6
IITII IIEII 6
NFH nDn 4
“Vﬂ NDH 4
IIE“ HD“ 5
Ilwﬂ IID" 2
"H" 1 or 2
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APPENDIX A
INTEL 8031 MICROCONTROLLER

Intel's 8031 microcontroller is a control-oriented single
chip computer intended for use in real-time applications such as
intelligent computer peripherals. It can be used as a stand-alone
job-specific processor or circuitry can be added to yield a
central processing unit (CPU) capable of supporting numerous
tasks. The 1atter‘is the case in this hyperthermia system. Both
the CPU board and the 1Intel 8031 microcontroller possess many
interesting features, but only the more important points
pertaining to serial communication functions are discussed here.
If additional information is desired, 'please consult Intel's

Microcontroller User's Manual listed in the references.

A.l. Timing
The Intel 8031 provides two l16-bit registers, Timer 0 and

Timer 1, that can be used as either timers or event counters. For
all applications in this system, both registers are used as
timers, where time is kept by counting machine c¢ycles which are
equal to one-twelfth the oscillator frequency. Two special
registers, Timer Control Register (TCOM) and Timer Mode Control
Register (TMOD), are used to define the operating modes and
control the functions of the timers. The TCOM allows the user to
turn either timer on or off and contains several bits that are set
and cleared by the hardware. The TMOD allows the user to
configure each of the timers in one of four possible operating
modes. Modes 0 and 3 are never used in this application and need

not be discussed.
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Mode 1 configures the timer as a 16-bit counter where
overflow conditions return the counter to the zero state. Mode 2
configures the timer as a 8-bit counter with automatic reload.
This second mode is important because it allows the user to
generate a number of commonly used baud rates derived from the
11.059 MHz crystal oscillator 1located on the CPU board. By
changing the value stored in the reload register or by altering
the contents of another special register, PCON, baud rates ranging
from 300 bits per second up to 19,200 bits per second can be

obtained.

A.2., Serial Interface

The serial port is full-duplex and is also receive-buffered,
so it can commence recept;on of a second byte before a previously
received byte has been read from the receive register. Both
transmitted and received data are passed through special register
SBUF, where a write to SBUF loads the transmit register and a read
from SBUF accesses a physically separate receive register. Like
the timers, the serial port can operate in one of four modes,
three of which are mentioned here. 1If mode 1 is used, 10 bits are
transmitted, consisting of a start bit (0), eight data bits (LSB
first), and a stop bit (1). During reception, the stop bit goes
into RB8, a single bit in SCON, the Serial Port Control Register;
The baud rate in mode 1 is variable. 1In modes 2 and 3, l1l bits
are transmitted consisting of a start bit (0), eight data bits
(LSB first), a programmable ninth data bit, and a stop bit (1).
The ninth data bit must be stored in TB8, also in SCON, prior to
transmission. In these modes, RB8 is filled with the ninth data

bit and the stop bit is ignored. The only difference between
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modes 2 and 3 is the baud rate: mode 3 allpws a variable baud
rate, whereas mode 2's baud rate is programmable to either 1/32 or
1/64 the oscillator frequency. The éforementioned Serial Port
Control Register, besides holding TB8 and RB8, also defines the
operating mode and céntrols certain functions of the serial port.
One bit, REN, enables reception and is both set and cleared by
software. Two other bits, TI, the transmit interrupt flag which
signals the end of a transmission, and RI, the receive interrupt
flag which signals the end of a reception, are set by hardware,

but must be cleared by software.

A.3. Interrupts

The Intel 8031 provides five separate interrupt sources: two
external requests, the two timer overflows, and the serial port
interrupt. Although both timers are used in this application,
only Timer 0 is allowed to interrupt. Timer 1 is used exclusively
as a baud rate generator and the overflows are of no pfogramming
interest. The interrupt handler for Timer 0 contains several
software timers which were mentioned in the main discussion. The
serial port interrupt service routine is of greatest interest
because it is entered for both reception and transmission
interrupts and contains most of the communication code.

The Interrupt Enable Register (IE) contains six software-
controllable bits, one for each of the five sources plus a
universal enable bit. The Interrupt Priority Register (IP)
contains five software-controllable bits that define the priority
of each interrupt to one of two priority levels. An interrupt of
one priority level cannot be serviced if an interrupt of equal or

higher priority is already in progress. In the event that two
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sources of the same priority level interrupt simultaneously, the
Intel 8031 uses an internal polling sequence to determine which
interrupt gets serviced first. One note of interest is the fact
that raising the priority level of the interrupt currently beiné
serviced allows that routine to interrupt itself. This feature

serves to ease some of the time constraints of real time,

interrupt-driven applications.
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APPENDIX B

CENTRAL CONTROL COMPUTER PROGRAM FLOWCHART

This appendix contains the flowchart for the central control
computer program entitled DECD.ASM. The chart 1is broken into
three sections corresponding to the main routine, INIT, the Timer
0 interrupt handler, TIMERS, and the serial port interrupt

handler, SERIAL. Appendix E contains the actual code.
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APPENDIX C

THERMOMETRY SUBSYSTEM PROGRAM FLOWCHART

This appendix contains the flowchart £for the thermometry
subsystem program entitled TX100D.ASM. The chart is broken into
three sections corresponding to the main routine, INIT, the Timer
0 interrupt handler, TIMERS, and the serial port interrupt

handler, SERIAL. Appendix F Contains the actual code.
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APPENDIX D

APPLICATOR SUBSYSTEM PROGRAM FLOWCHART

This appendix contains the flowchart £for the applicator
subsystem program entitled US100.ASM. The chart is broken into
three sections corresponding to the main routine, INIT, the Timer
0 interrupt handler, DUTY, and the serial port interrupt handler,

SERIAL. Appendix G contains the actual code.
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" FLOMCHART FOR US189 - SERIAL (COWT.)
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APPENDIX E

CENTRAL CONTROL COMPUTER PROGRAM LISTING

The programs contained in this appendix and the two following
appendices were all written for the Intel 8031 microcontroller.
A Microsoft Softcard System installed in an Apple IIe computer.
runs the CP/M-80 operating system and supports the XASM51 8051
CROSS-ASSEMBLER (Version 1.09) develped by Avocet Systems, Inc.
This cross-assembler accepts a CP/M-80 source code file and
creates an Intel Hex format output file. Commands in the
operating system then convert this output file into pure binary.
object code.

The cross-assembler requires the object code origin to be
placed at or above the address 100 hexidecimal. However, all of
the Intel 8031 interrupt vectors jump to addresses below 100
hexidecimal. Specifically, a hardware reset, a Timer 0 interrupt,
and a serial port interrupt cause jumps to the hexidecimal
addresses 0000, 000B, and 0023, respectively. To remedy this
situation, several bytes of binary code representing Intel 8031
jump commands are placed at these locations by utilizing another
CP/M-80 function. The resulting instructions cause program jumps
to the respective service routines, all of which are located
safely above the address 100 hexidecimal.

This particular appendix contains the source code listing for
the central control computer program entitled DECD.ASM. Brief
descriptions of the variable names encountered in the code are

presented in the program preface.



AVOCET gYHTEMS

GULRCE

FILE

NAME:

5051 CROSS-ABEEMBLER -~ VERBIOM 1.09

DECD. ABM

(DEC VERSION D

¢ ~~THIS FROGRAM 15 DESIEMED TO INTERACT WITH
s THE THERMOMETRY SYSTEM FROGRAM ENTITLED

s THLOOD. ASM.

s ~~DESCRIFTIONS OF THE VARTABLES USED IN THIS
: FPROGRAM ARE PRESENTED BELOW.

:

o DUTREGS -~ STORES THE CONBTANT, CMDONT, WHICH
15 DECREMENTED WHEMEVER ﬂNUTPhH CHARAITER
I A REDUNDANT COMMAND SET 1S TRANSMITTED.

H IMRES ~ STORES THE CONSTANT, RPYOMT, WHICH
H TE DECREMENTED WHENEVER AMOTHER CHARACTER
H TR A REDUNDAMT REFLY SET IE RECEIVED

. FRESCMD -~ STORES THE COMMAND I“MQENFL\

7 BEING TRAMSMITTED T0O THE TX-100. SAVED TO

s ALLDW FOR COMMAND DUFLICATION IN THE REDUN-
o AMT BET.

s LASTOMD -~ STORED THE COMMAND LAST TRANGMIT-
s TED TO THE TX-1C0.  SAVED IN CRSE THE TX-
o0 REQUESTS & RETRAMEMISSTIN.

v YPFECTED ~ STORES THE REPLY EXFECTED BACK
”"ﬂH THE TX-~100 THAT WILL COMPLETE THE
s BTRUCTURE.

ol g e,

S - STORES THE REFLY PRESENTLY RBEING
8 HELEIUED FROM O THE TX-100.  SAVED TO EMBURE
: THAT ALL THREE REFLIES ARE IDEMTICAL.

BUOFTIME — STORES & CONSTANT THAT IS5 THEN
DECREMENMTED TO SIMULATE DELAYES BETWEREN 3QM~
MAND TRANSMISGIONS TO THE TX-100. THIE
CONETANT CHAMGES WHEM THE COMMAND SECTION
I8 MOVED FROM THE TIMER © ROUTINE TO THE
MnInN ROUTIME.

I MR EE WO MR RS w3

FRONT ~ STORES THE CONSTANT, RAIMLIM, WHICH
H {q DECREMEMTED WHEMEVER AND !'HEF\ RE Tm\i 1EMIS
SI0M BREDUEZET IS5 SENMT TD THE TX-100.

B

=3 -



AVOCET SYSTEMS 805

SOLRCE FILE MAME:

“ET ;¥ 43N 4EE HE R xR s

g R NBE CES N3 eE WwE CEE

1

CROSS-ASBEMBLER —  NVERBIOM 1.09

DECD. A5M

DIGIT - BTORES & MUMBER, 1-4, CORRESFOND-
TO THE TEHPERATURZ DIGELT CURRENMTLY BEING
RECEIVED FROM THE TX-100 (4 DIBITE FER
TEMPERATURE FROBEY .

FROBE ~ GTORES A HUMBER, 1-1&, CORRESFOND-
IMG TO THE FROBE THAT TEMFERATURES ARE
CURRENTLY BEING RECEIVED FOR (1& FROBES).

OFFEET — STORES THE OFFSET FROM THE BAGE
ADDRESS OF THE &4~BYTE TEMPERATURE ARRAY.
USED TO CORRECTLY ZTORE THE RECEIVED TX-
100 TEMPERATURE DATA.  DETAIMED BY MULTI-
PLYING THE PROBE NUMBER BY 4.

LEFTRGHEFTR ~ TEMPORARILY USED TO STORE THE
DR REGIETER DURING RAM-TO-RAM TROAMEFERS

CHESUML ~ STORES THE LOW BYTE OF THE SERN-
ERATED CHECKSUM.

CHEGUMH - STORES THE HIGH BYTE OF THE GEN-
ERATED CHECHSUM.

TYSUML — STORES THE LOW BYTE OF THE CHECk-
SUM RECEIVED FROM THE TA-100.

THEUMH ~ STORES THE HIGH BYTE OF THE CHECKH
SUM RECEIVED FROM THE TX-100.

CNTR -~ SCRATOHPFAD REGISTER.

COUNT L, COUNTS, COUNTE - UGEDR TO Ix‘* FPLEMEMT A
WETT LOOF In THE MAIN ROUTINE. IHHiHTMW

THE DELAY BETWEEN COMMAND TﬁﬁNQHTw* LONG TO
THE TX~100. U‘SL“.U I COMJUNCTION WITH THE

SOFTIME REBISTE

EAT ~ STORES A COMETAMT THAT I8 THEM
DECREMENTED TO CREATE THE FROFER EAFECTED
REFLY TIMER PERIOD.

ESCRIFTION OF BIT ‘JR[ABLEE

STATUST ,BTATUSE - RESERVED BIT FLACEED.

YMITRIT - LSED IN THE ¥XMITON SUBROUTINE.

108



AVOCET BYSTEMSE 8051 CROSS-ASEEMBLER -~ VERSION 1.09

SOURCE FILE MaME:

"mE k3 swd mu o nma

PES TR T]

DECD. AGH

i

: I
TRAMNSMIZSTON

BET WHEN & TRANSMISSION IS
FROGRESS. CLEARED WHEN THE
15 FIMISHED.

BEADDATA — USED DURINE DATEHE BLOCKE TRANS-
MISSIONS. SET WHEM B4 TE ATURE DATA
HOVE BEEM RECEIVED FROM !HL Ta~-100.  ALESO
UEED I VERSION C FOR THE CALIBRATION DATRH
BLLOCR

BEADCHAR - SET WHEN A BAD CHARACTER HAS BEEN
RECEIVED FROM THE TX-100. CLEAR FOR G0OD
TRANSMIES TINS.

SHER (l mE

EDUNDANT REFLY SET
INDICATES THAT
{ECHE CLE AR

REFLY T SETIOM ML
URTIL T HE - .H ST BYTE
CEIVED.

TEMFBIT ~ SET WHEM THE RECEIVE TEMPERATURES
REFLY IS RECEIVED FROM THE TX-100, INDT-
CATES THAT A TEMFERATURE DATH BLOCK L&
BEIMG PROCESSED.

STATUS ~ SET ONLY WHEN THE NAME/STATUS COM-
AMD TH BETNG SENT TO THE TX-100. CLEARED
WHEN THE DOMMAND CHANBES TO EITHER LOAD OR
INITIALTZE AMD B0,

GO~ SET DMLY WHEN THE IMITIALIZE AND GO
COMMAND 18 BEING SENT T THE Ti-100,
CLEARED WHEN THE COMMAND CHANGES TO TEMPER-

r!!f"

l..."'lu

TEMFS ~ SET OMLY WHEN THE TEMFERATURES COM-
MAKND 15 BEING SENT TO THE Tx-100.

SLRECYD — SET WHEM WO BYTE OF THE TH-
1 00 0 *H:Zki'.aUM s = = ] CLEARED OFTER
THE Fuli-l. DATHA BLOCE HAS BEEN RECEIVED.

SHRCUD ~ SET WHEM THE HIBH BYTE OF THE Tx-
CHECKEUM 18 EXPECTED. CLEARED AFTER
THE FULL DATA ELOCK HAS BEEN RECEIVED.

TXREADY - SET WHEN THE "SYSTEM READY" REFLY
(HLEH) 1§ RECEIVED FROM THE Ti-100. BIENALS
THE DEC TO SEND OME MORE NAME/STATUS COM-
MAND AND THEN WATT FOR A REFLY,
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AVOCET

SOUR

TN
St

SYSTEMS 8051 CROSG-ASEEMELER -~  VEREION 1.09

FILE

.....

Tty

wiiZ o
IL..I

[ETIREEY BT BECT T TR H

“ER 43 48R 'E3 cCH twe mu w3 wg

B gz w3 cme

snM e ex¥ GSE SHE VXA SBN WES R U WE kO AR RE s

sEa n=w

DECD. ASH

MORXMIT - SET WHEN THE TEMPERATURE BLOCK IS
EXFECTED. DELAYS RETRAMSMISSION REQUESTS
UNTIL AFTER THE FULL DATA BLOCKE HAD RBEEN
RECEIVEDR.
STATUSE - MORE RESERVED BIT FLACED

MORXMT ~ SET WHEN THE CALIBRATION RLOCK 16
EXFECTED. DELAYE RETRANSMISSION REGQUESTS
UNTIL AFTER THE FULL 0ATA BLOCE HAZ BEEN
RECEIVED.

LU~ SET ORLY WHEN THE LOAD COMMAND IS
BEIMG SENT TO THE TX-100. CLEARED WHEN THE
COMMAND CHANGES TO TEMPERATURES.

CALBIT ~ SET WHEN THE UNLOAD COMMAND 18
RECEIVED FROM THE TX-100. INDICATES THAT A
CALIBRATION DATA BLOCE I8 REING PROCESSED.

CALBITR2 - SET WHEM THE LOAD COMMAND IS RE-
CEIVED FROM THE TH-100. INDICATES THAT A
FULL CALIBRATION DATA RBLOCE MUST BE TRANS-
MITTED TO THE TX-100. CLEARED WHEN THE
CALIBRATION DATA BLOCE I8 FINISHED.

CRATE ~ SET TO INDICATE THAT THE CALIBRA-
TION DATA BLOCK I8 NOT FIMISHED TRANSMIT-
TIMG. CLEARED AFTER THE LAST CHECKESUM BYTE
HAS BEERN SEMT.

SENDCSL — SET WHEN THE LOW BYTE OF THE GEN-
ERATED CHECKSUM NEEDS TC BE SENT. CLEARED
AFTER 1T 18 SENT.

SEMDECSH - SET WHEM THE HIGH BYTE OF THE
GENERATED CHECKSUM NEEDS TO RE SENT.
CLEARED AFTER IT IS SENT.

LIME — GET WHEN THE LABT COMMAND TRANEMIT-
TED Was A SINGLE LINE. CLEARED WHEN THE
LAST COMMAND WAS A DaTA BLOCK.

SEAMUM ~ ETORES THE DEC SERUEMNCE NUMBER IN
THE MOST SIGNIFICAMT BIT PLACE. LOGICALLY
ORED WITH THE COMMAND TO BE TRANSMITTED IN
ORDER TO AFFEND THE SEQUENCE BEIT.

TEBEOND ~ SET WHEN THE TE-100 SEBUENCE NMLM-
BER IS EQUAL TO ONME. CLEARED WHEN THE TX-
100 SEQUENCE NUMBER I8 EQUAL T4 ZERGu
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AYVOCET

111

SYSTEMS BOS1 CROSE-ASSEMELER - VERSION 1.09

BOLRCE FILE NAME: DECD. ASM

N TOTRE
0
STRINTAY
OOOR
QoOT
000D
GOOE
OOOF
Q010
o0l
QoLE
GO L E
a0l4a
GOLS
GOls
ool

D012

"Em emm tB3 WG MmN u® 430 S sup <NE YBT AU AIU cam

me eAm cmw cew an wGD wwD aw

£2 wam smn can

"
*
q
x
#
u
5§

a
5

a

UTREG EGU 08H

SNEAME ~ BET WHEM THE TX-100 SEQUENMTCE NUM-
BER EOUALS THE DEC SEQUENCE NUMBER.
CLEARED WHENM NOT EQUAL.

NOSAVE ~ SET WHEN & RETRANSMISSION REQUEST
I8 SENT TO THE TX-100. INDICATES THAT THE
REQUEST SHOULD NOT BE STORED IN THE LASTOMD
REGISTER. THIS I5 MECESSARY TO MAINTAIN
SEQUENCE NUMEBER CONTROL.

DECSMO - THE ACTUAL DEC SERUENCE NUMBER.
RESIDES TN THE MSE OF SELONLM.

HOLDEIT - SET WHEN THE DEC I8 WAITING FOR
A REFLY FROM THE TX-100. IMNDICATES THAT
THE MEXT COMMAND SHOULD NOT BE SBENT YET.
CLEARED WHEN THE EXFECTED REPLY 1§ RECEIVE
AMD THE DEC IS ALLOWED TO SEND ANOTHER
COMMAND .

TETART — SET TO ACTIVATE THE EXFECTED REFLY
TIMER. CLEARED WHENM DEACTIVATEDR.

DECOFF — SET WHENM THE DEC IS IM & SIMULATED
SHUTDOWN MODE. AFTER THE SHUTDOWM COMMAND
EWOSENT TO THE Te¥-10G,  THE DEC

> oakd. ACTIVITY.

%MEMGRV ALLOCATION

IMRED EQL 094
PREZCMD EQU i
LASTEMD EGQU DEH
XKFECTED EQU OCH
FRESRPY EQU OnH
SOFTIME ECQU OEH
RXCNT Eau OFH
DIGIT ECH 1OH
FROBE ECH 11H
OFFSET  EQU 12+
LFTR Eo 13EM
HFETR ECHd 1AM
CHESUML EGU 15H
CHESUMH EQU 1 &M
TAGUML  EBU 17H
TASUMH  EfU 13H
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AVODET sYSTEME BOSl CROSS-ABSEMBLER —  VERSION 1.09

SOURCE FILE MAME: DECD. A5M

OOl CNTR EC 19H
QORE COUNTL  EQU 25H
IS COUNTZ EQU 2EH
QO2T7 _ COUNTE  EQU 27H
GO20 EAT Eou 28H

%

sEIT ALLOCATION

QOZ0 STATUSL EQU 20H

QD21 STATUSZ EGU ZiH

QG22 STATUEE Eq 22H

QO BTATUS4 EQU 23

DOE4 SEGMNUM EGU 24H

2000 AMITRIT EOU STATUSL.O
D001 EARDATA EGU STaTUSEL.
QOO EARCHAR 06U STATUSL.
OOOE SEQETRT EQU STaTUSL.
Q004 O TEMPEIT EQU STATUS L.
OO05 STATUS Ei STATUSL.
IO 50 ECiU STATUSL.
Q007 TEMFS e STATUSL.
0G0 CSLRCOVD EGU STATUSZ.
GO0 CEHROVD EGU STATUGE.
Y TAREADY EGU STATUSZE.
QOOR NORXMIT EQLU STATUEZ. =
G MORXMT  EQU ETATUS2. 4
IININSY L el STATUSZE. S
QODE CALEIT  EQU STATUBE. &
GOoF CaLBITZ EGU STHTUSZ. 7

NG LR B L R o

o]

3 =

Q010 CDATA B BTATUSE. O
OOl SENMDCSL. EQU SETATUSE. L
OOiE SENDCEH EQL STATUSE. 2
QOLE LIMNE [EXmiR STATUS
G014 ASEQMO EG STATUS
D01 SHNSAME EQU STATUSE. E
Dolé NOSAVE EGU STATUSZ. 4
Q17 HOLDEIT EGU STATUSZ.7

n
#

Qola TETART  EGU STATUE4, O
QoL DECOFF  EQU ETATUSS. 1

DOA7 DECSNO EGW SECNUM. 7

3 PORT EQUIVALENTS

OOSE MODE EQU =R



AMOCET

SOURCE

QT4

004

Q44
OEa
0045
OOna
OOEE

OO0
OO0
OO0d
00
OO
OO2A
OOOR
o0l E
QOER
OO0
QiyES

QOO0

Q0100
200

R0

Qa0

SBYSTEMS R0OS1 CROSS-ABDEMBLER

VERSTON 1.09

FILE NaME: DECD.ABM

LCDETE  EQU Flad
Ra EGL Fl.d

NAMSTAT EQU 4EH

L&D
LINML.DAD
INITEO
DONE
XMITTHF
RECTMF

ECH

Eal
EGL
ELi
RN
EL

4UH
55k
49
44H
S4H
45

REXMIT EQU SEH
SHUTDEN EGU SEH

QCGNSTQAT?'

PMDPMT
RFYONT
REMLIM
UFDATEL
UFBATERZ
UFDATET
57471
STATE
ETATE
LL.IMI
ULIMI

(ERPIN
ECIL)
Ee
Eay
G

42

OBH
1B
2BH
TOH
I9H

ESSES

= uinu 101 =R
STORAGE EQU . $023F
CALFRE EC B RO
FRESTE  EQU T1F
ALLFRE EQU ;
ALFHAL  EQU
BETAL  EQU
H
sMAIN ROUTINE
' ORG F0100
PVECTOR JUMFS

QOOO--020100

OOOR-0Z0 108

wen

-na
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e

SOURCE

O1O0

QL2

D105

OL0R
1O
ISE AN
OLLE

0115

G118
olla

olic
OLIE
OLED
122
124
0126
G128
01
Gl
O12E

OLED

0142

SUVODET SYZTEMD

FILE

BOOL

GZO1IFA

0EOZE58

758140

7E98D0

et
DRAD

EON

CROR

LA

S0n

Lt s

MaME: DECD. A5M

TMITIMF 2 SIMF

TIMEJIME s LIMF

SERIMF: LJME

CROSE-ASSEMBLER -

QAR GR2O108

VERES T 0N

10w

SETE
SETE
s SERIAL SET-UR

MOy

‘&3 -au

SETE

CLiR

o b I
CLR
CLR
CLR
CLR
CLR
CLR
CLR
DR
SETH
CLR
LR
CLE
LR

IMTERRUPT SET-
SETE
SETE

ZATIONS

THMOD,
THL,
TEO
TR

SCOM,

LR

ETO

o]

TE
YMITRIT
BADCHAR
EADDATA
BEQSTRT
STATUS
50
TEMPY
TYREADY
NORYMIT
MORYMT
LU
CALEIT
CALEBITS
CDATA
LINE
SEMDESL
SENDOSH
MOSAVE
DECOFF

#E LM

#ODOH
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AVODET

SOL

ROE

O A4
Qi4a7
0144
L Aan
(SN _}( 3
1

0154
O1E%
0150
QLEE
315F
0l&61

]

.
—_
i J‘

|...,.,.

o<
7
\
&D

uﬁ

G170

L el e
BYETE

r..

TLE

TEHZA4O0
120685

LE0&TQ
TEO803
TEOFQO
TEHOEOL

TELR40
DOOTO0
TACF
o
OEa2
DEL9FH

1RCHPE
1206FF
FOOTAR
L2071k

DEAF

Q172 7HEIHOO
OL7S TED

R R B

GL7R
017E
[SRRSA]

0184

0187

JSZSFL

DEOEER

2OOTED

wd i

TOO&ES

QlEa 20

Q18D

0190
QL7
0194
D174
01948
Q198
(RRRA Y
01 9F
CGLag
OLATS
0188
OLAA

2OCDLE

T4
452
FS0A
R200
120688
PEIE
F599
7E0C0R
TEHOEQL
TOOALA
CE0A
DEL7

ME B80Sl

MAME s

LRI

B5E-056

DECD. AGM

EMe

i L" e

y

ERGION 1.

09

"
L]

Cl.EARy

3
§ Smmmmmm
;CENTR

MOV
(=1
Calll
Mo
MOV
Moy

Moy
MOy
MOV
MOV Y
ING
DAINZ
Call
cALL

MoL
CaLl

SETE

1EDHUH,

NEWSED
TIMESET
OUTRES,
RXCNT,

G

HOMDONT
#OOH

SOFTIME, #UFDATEL

CNTR,

DETR,
A,
aDFTR,
DEL
CNTR,

LEDOFF
CLRLED
DFTE,
FMLCD

NﬂlTl:
WATTZ:

“un

Mo -J
MOV
DIMZ
DINZ
DINZ
BINZ

JE
JB
JE

MOV
R
MOV
MOV
CalLl.
MOy
giniy
M
MOy
JMNE
CLR
SETE

COUNTE,
COLUNTS,
COUNTT,
COUNTZ,
COUNTL,
SOFTIME,

TEMPS,
50,
L,

I
™y

Ay

FRESCMD,

Cy
XMITOK
TES,
SEUF,

4 OH
BESTORAGE
HOFH

£

CLEAR

HMESO

HOOH
HOOH
HFOAH

¥
WARIT2
WAITL
CEMTRAL

BROUFT
BROLPZ
BROUF L

HNAMETAT
SEOMUM

£

F:n

o
A

XFPECTED  #0RH
SOFTIME, #UFDATEL

TXREADY ,
TXREADY
HOLDETT

FINISHL
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AVOCET

SOLRCE

GLa0

Q1AE
OLEG

CROSS-ABHEM

FILE MNAaME: DECD.ASBM

BO44

Eon
T440

GleE 4524
GLB4 F308
O1RE HZ2DO
QLIBT3 1Z20468E

Q1EnE
OLED
G1BF
GLC2
D104

0104
Glos
OLOA
QLT
OLCE
LDl
QLDE
OLDE
olpe
OLDA

Q1iDRoe
QLiDE

O1EY
QlER
G1ED
O1FO

QL2
OLF4
OIF7

O1FA
OLFD

[l ely

(RIS
O204
OR208

2068
Q200

G298
FERe
THOCSE
D217
BORG

74
4524
FSO8

& D) B

12048E
FEIE
F5e9
70044
DEL17
8014

DaoE
T454
-’I.I“ "“ >,1
ruUQ
AZD0
120688
GEPE
F59%9
THGC4A5
DE1L7

D21y
TO17ED
GROL7o

..(.31 ~..}r\t
DERe57

SOEO

COFD
OSOF

SIMF
GROUFL: SETE
Moy
ORl.
WAV
MOy
CalL
MOV
MOV
MOY
BETR
SJIMF

M
ORL
MOV
MY
CalL
MOy
MOV
MOy
SETEH
SIMF

BROUFZ:

BROUFE: BETE
MOY
Rl
MOV
MoV
CAaLL
MOV
MOV
MOV
SETE

i
i
i
]

i
3 3
3
i

i
i

.,.,

1

i3

aa
i

i

R
i

—
-3

—} #r cmr cas was

INME
DJIMZ
FLSH
FLISH
FUSH
FLISH
FLISH
INC

BLER ~

FINISHL

RORXMT
Ay
Ay

FREGCHMD,

C,
XMITOK
TESG,
SEUF,
XFECTED,
HOLDEIT
FIMIGH1

a,

A,

FRESCMD,

Loy
AMITON
TES,
sBUF,

XPECTED,

HOLDRIT
FINISHL

NORXMIT
Ay

ﬁ,
FREZC
C,

XMITOK
TEE,
SEUF

XFECTED,

HOLLDRIT

LINE

VERGTON

#L.0AD
SECINLIM
A

i)

#=3‘ﬂ

FUMLOAD

HINITEO
SEONUM
&

Fl

»
A

#HDONE

HXMITTHMF

SELMUM

s &

e

»
A
HRECTME

HOLDBIT,.,#

CENTRAL

TETART,
EAT

ACT
Fau
DL
[FH

B
RXCNT

TIMES
TIMES

1.
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AVOGRET

SR

QRO

JEgE g )

QR0E

D21
0214
OZ21é
01

G2iA
Q21D

R0

Q2320
YIRS

e tendt ©

GEAR
0248
Q24D
Q24F

0231

[

L] ey

BYSTEMS

FILE

EEok
BAG40Y9

1205670

TYEX
N
TAHI

BOLE

120685
201600
1206FF
GOOBT 4

120718

T

' hed
120718
7452
4524
ARDO
R2O160G2
F30a
120688
RPEIE

. F599

TEH2BEA
298
DOFO
DOe=
Loga

BOEL CROSE-A

WAME

DECD.AGM

Mo
CIME

' DALL
SETRH
MOV
&I M

TIMET: CALL

JE
AR
MOV
CALL
MO
SIMF
TIMEZ:  CALL
MOV
CALL
MOY
TIME4: ORI
MOV
JE
MOY
Call.
MOV
RNV

TIMES

{7
{5

~an

MOy
CLR
FOF
FOF
FOF

-
Sl

MBLER -

a,

A
g

TIMESET
DECOFF
A,
TIMEA

MEWSER
NOSAVE ,
CLRLED
DETR,
FMLCD
TIMEA

CLRLOD
DETR,
FMLED

A,
Ly
NOSAVE ,

FRESCMD ,

XM TOK
TES,

SERUF,

EAT,
R I
1
DFH
DFL

YVERSTION

Y RIT
A L

HEREMLLIMA,

HEHUTDWNM

TIMET
BMES L2

LASTOCMD

HMES LI
HREXMIT
SEMLIM
[:n

TIMES

2

»
A

HUFDATES

1.0%

0253 DODO FOF FSW
ORSE DOEO FOF ACC
OZE7 T2 TIME&: RETI
s BERTAL INTERRUFT HAMDLER
0258 COEC SERIAL: PUSH ace
OZSA CODO FUSH FE
OZFC COBR FUSH DF
OZSE COBT FUSH DFH
OZEO COFO PLSH E
OR&ET ZOTE4L JE RI, RECEIVE

SRR9
CEOQ
ZOL005
1204614

CLE TI

CLR XHMITEIT
JMNE LRATA,
Call CALOUT

NODATA




AVODET

SOURCE

DRETT
0279
OR7E
ORTF
QReR
028E
088
Q28E
OZBE
GERAQ
Q292
G294
N2%4
0298
QIR
0290C
D29k
0O2a1

-
DAM3

Q20
G267
G2l
DA
ORE1L
Gikd
QRRE7
OZBRA
OZBD
OE00

0R0CE

ORCE
OEnD
OREE
OECF
OEDe

0204

DEDT

D20

OERDE
DEDE
OEEL

Y s
[

SYETE

FILE

BOLD
DSBS
R2OOE0E
LELa
SEOACTE
TEOBOE
EOLR03
ORC46HE
FOOFOs
120608
120614
DOFO
pDogs
Gogl
papo
DOED

R by
201605

ES0A

7452

Q20481

ES99
QLI
20012
2004132
200004
REeTATHT
HOATEE
09

o
0Z04ATT

b

OZ04ARE
Q052
ZOOF0E
BEODOZE
BOG7

OZO4TE

L20ZE

FEOD

DECTOE
120685

HOO0E

5 0E0491

ME BOEL CROSS-AE

MaPME

MODAT A

MODATAL:

CALCHRS

CMDDONE:

MOTF I

ORO481

MOTFIML:

"

RECEIVE

FARTITY L

ODDFAR L 1
TMEIME L
TMRIMED

SEQCHER :

JME s

a8 -}

GOODSER:

%
RPY O

TIMROL

n
"

DECD. AGHM

B MF
DIMZ
JE

GETE
MOy
MOV
INE
LIME
JNE
CALL
coLL
FOF
FOF
FOF
FOF
FOF
RETT
JE

Moy
LIMF
MOy
LIMF

JNE
LImME
MOy
MOV
JE
JE
JdB
JER
LJdMF
JE
LIME

- JMF
LJIMP

JME

CINE
S5IMF
LJIMF

SETE
Moy

DJINZ
Al
SJIMF
Lo J MF

SEMBLER -

CMDDONE
OUTRES ,
STATUS,
TETART
LASTOMD , PREGCHD
OUTRES, HOMDONT
DECOFF, CALCHE
BILL

CALEITE, CMDDOME
CINIT

CALOUT

B

DFEH

DL

FE

AT

NOTEF TN
MODATAL

NOSAVE, MOTFINL
A, FRESCMD
BERRET
A,  BREXMIT
SERRET

BADCHAR , FARITY 1
BADSEDR

A, SEUF

E, BEUF
CALEIT, THMPIMF
TEMFEIT , TMFIMFZ
Fy ODDFARL
RES, GEACHER
BADSED

RER - BEQCHER

CAaLRBRLE
TEMFELE

SEASTRT , 8O0DSER
FRESRFY,

FRESRPY , A
IMREG, TJIMPQ
MNEWSED
BETTXEGN

MOCMI

VERSIONM 1. 00

TIMF
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EYSTEME BOS1 CROSS-ASSEMELER -

AVICET

SOURCE FILE MAME: DECD.ASM

QREES

O2F 1
OEF4
OZF6
OZFB
ORFE
OEFD
ORFF

D501

QEle

0518

SR T
I48
DEAG
OE4D
Q50

QST

() \.)(’.}

-
\._J R

YRS E

G214
EOETOL

L DEi4

C2E7

FEFO

HOOEH0O4
7 H4OF
BEFO
BEOCDS
ESFO
BOOE
ESFO
ORGTET

BAOELL
V20874
IZ0154E
120&FF
FOO748
L2071
s020
B4LIBLET

.L :{-)“J £ \-'

s RO EEF

1206FF
SOCF AL
120718
D2OH
BOls

BAZRED

120676

EQLEL9
1 206FF
FOOTTH
1Z2071R
D205

. DROD

I
By
GCRL7
TEOFOCG
020491
QZO4EF

B45EE4
12086746
201E03
QRO4EF

BETTXSM: CLK
JME
SETE
CLR
MOv
RITERPY: JME
MOV
AL
CIME
(M0
SIME
MOV
LJMF

RITEL:
WRONG

V&L}P REFLY
CINE
CAaLl.
JNE
call
MOV
CAali-
SJIMF
CJINE
Cakb
JMNE
Call
MOV
CALL
SGETR
SJmME
CINE
Cabl
JNE
caLl
MOV
CAaLL
CLR
SETE
CLR
CPL
CLR
MOV
LIMP
LJIHP

REY1A:

RFY 1B
RFY1C:

TIMFL:

TIMF2s

RFYZ2: CINE
caLl.
JE

LImMF

THEERND
ACC. 7,
TREEOMNO
ACC. 7
By

STATUS,

Ny

Ay

Ay

Ay

RFEY L&

By

RFEYES
COMPARTISON
A,
COMPARE
SNEAME ,
CLRLLECD
DFETR,
FMLLCD
TJIMFL
a,
COMPARE
SNSAME ,
CLRLED
DFTR,
FMLLCD
TXREADY
TamF1
A,
COMPARE
SNEAME ,
CLRLID
DETHR,
FMLCD
STATUS
LU
MOSAVE
DECSND
HOLDEIT
FEXCNT,
NOCHMD
REMIT

A,
COMPARE
SHNEAME,
RXMIT

RITERFY

&1

RITEL
HOFH
B
XPEDS
5]

ED, WRONG

B

]

i

HSTATL,
TIMP2

HMESO

HETATZ, REYIC
TIME2
FMES L
HETATE 9 REY D
TIMEZ

BMESZ

HOOH

H#UNL.CAD, RPYE

Y20k



AVOCET SYSTEME 8051 CROBE-

SOURCE FILE

.
D2ls

BR27
L2OEFF
FOORTE
12071E
DEOE
7512D0
751500
574 7H1E00
C208
CRO9

QRO4FL

EBLALO9
CELE
w D2OF

T455

QZ0AE]

OEa6 B44428
120670
120674
SOR01IS0E
OZO4EF
CR2ié
BI27
QEFD LZ0EFF
OBAa0 QUOTIE
120718
(e
PDRO7
C217
TEHOEOTD
FEHQO0
E O 0R0O4% ]

OEES B44531
OIEB 120476
GEER 201503
OTEE OZO43EF
031 C21e
O30T ORIRT7
OILE LR0O&FF
POOTAC
s L ROT71E
VEIDE D204
QD0 7E1004
OEDE 751100
OEDA ES11
OIEDE 27

LIRS

MOME:

FREY 208

a

REY Z0K s

.
]
Ry 4

REY40k:

TIMIT:

DECD. A

(Tt
i

I
NS
CALL
MOy
ALl
SETR
MOY
MOV
MOV
CLR
CLR
LM

CIME
CLR
SETE
MOy
LJHE

CJINE
AT
AT
JE
[
Cl.R
GRL.
Call
My
ALl
LR
SETR
CLR
Moy
MOy
LLIMF

CJIME
AT
JB

L.JMF
CLR
oL
CalL
MOy
(NEAT IR
SETR
MoV
MOV
MY
R

Rl

~RESEMBLER -~

M

MOSGAVE
DECGHNO
CLRLOD
DETR,

FMLCD

CaLBRIT
OFFSET .,

CHIZEsLURL,
CHIESLMH ,

CELRCVD
CEHRCVD
MOCHMD

oy

L ITHNE
CALEBITE
SERRET

Ay
TIMESET
COMFARE
GNSAME,
REMIT

MOSAVE .

DECSNO
CLRLCD
DFTE,
EMLCD
50
TEMPE
HOLDEIT

ERSION 1.09

TGS

7

HODOH

HOOH

HOOH

#LOAD ,

HUNL.OAD

HDOME ,

Y 0

SOFTIME, #UFDATER

FXONT,
NOCHMD

a,
COMPARE
SNSAME
RYMIT
NOSAVE
DECSNG
CLRLED
DETR,
FMLED
TEMFELT
DIGIT,
FEORE,
Ay

a

A

OO

HRECTHME,

REY 408

#MESA

#04H
HOOM
FROEE

RPYE

RFY 4

120



AVOCET

SOURCE

RAN
I
OIDF
OEER
DEE4S
OBES

OIEY
OIEC
OEEF
OIF2
OIFS

OEFY

1T
G403
A0
8y Rgte]
G4QR
OACD
Q410
G413
k14

0417
041
GALD
Oa1F
0AT
0454
ATy
OAZA
042D

Q43F
0447
0444
0447
[T A
Q440

SYBTEMS 8051 CROSS-ASSEMBLER -~

FILE MAME: DECD. AEM

WMERSGTION 1. 09

a1

5

FHELIHOO
TEHLLHOOQ
CE08
Cz08
020491

i

E4E228
1204670
120674
ZOLS03E
DR04TF
CELA
1 20&FF
FOOTES
12071LE
CEL7
TEHOFQO
EOLION
ESBOR
Q20481
DZOF
7455

Q20481

BASILS
120670
CRAF
nE17
LEO6DE
1 EOEFF
FOOTDE
1207 1B
BOFE
C2oz

ool

Da0aR
DoOg0d
o202
SO0

R0491

IOO0O0S
D201
ZOR&0
TOOBRO4L
DG

BORG

SENDCMDy

TIMF7 s

MOV
MY
MOV
CLR
CLR
LI MF

COME
ALl
Cabl
JNE
LJdME
CLR
Call.
M
Call
CLR
MY
JNE
Mav
LdME
SETR
MOV
LJIMF

COnE
Call
DLR

SETE
Cal.i.
AL
Moy

Call.
SJIMF
CLR

SJIMF

OFFSET,
CHESLIML,
CHESUMH
CSLRCVD
CELROVD
NOGMD

a,
TIMESET
COMFARE
SNSAME,
RYMIT
NOSAVE
CLRELOD
DETR,
EMLCD
MOLDEIT
RYCNT,
LINE,
Ay
SERRET
CALBITE

A
[ I

SERRET

A,
TIMESET
EA
HOLDEIT
LEDOFF
CLRLEE
DETR,
FMLCD

*
BADCHAR
RXMIT

éBﬁD SECUENCE RECEIVED

BADSER:

BADGED L.

XX

SETE
DAINZ
CLE

SaMF
LM

BADCHAR
INRES,
BADCHAR
RXMIT
NOCMD

%RETRQNQHISSIDN DESITRED

R¥XMITe

RXMITL:

INE
SETE
L JHF
INE

SETE
ST M

NEORXMT,
BADDATA
CINITZ
NOREMIT
BADDATA
TIMIT

i
5 HOOH
5 F OO

HREXMIT,

SEMDCHD

#MESST

HOOH
BLOCK
LASTOMD

H#LIML.OAD

HSHLUTDWN

BMES &

BADSERL

RYMITI

yFEXMITE

s
REY S

TIME7

121



ANVOCET

S ]

i

ML
Rt

.)/1{‘,"‘!
DAGE

G4%0D

DOFO
DoEE
DEE
DODO
DOEC

FRHMITE: CALL

“FTL
L: I"! L. [
MG
MO
CaME
SETE
MY
LM
FILL s CLER
CALL
ALl
M LJ l\r"’
ST
s

[
b,

Cal.L.

RN

SERRET: ORL
MO
JE

CALL
i\flf"\",'i
ety
NOCMD:  CLR
PO
PR
FOF

FOF
NI
RETI

P TR

iR T Ty o

010

NOSAVE
HOLDELT

RXTMT

HRAMLTH,

HEHUTDWN
SERRET
=
LEDOFF
CLRLCD
DFTR,
LT

PMIID

Al
g

MIT

a, SECNLIF
o, F

HNOSAVE, SERRETL
FRESCMD, A

mg ODLFARE
L THOS
BaDDATA

MO T

CELRCYD, DATA
CHEHRCYD , TXOEH L

ER - MERETON 1.9

AGATM



AVTCET

SOURCE

H'LD

”%[]
(RN
QACE
Q40T
e
QA0E
QD0
O4DE
4D

Q4D
04DA
QA0
GADE

SBYSTEME o

FILE MNaMEs

DROT
EE T
[ebedniching
F518
120670
ESL7
BS540
2518
BS14647
mO0LRg
QZOETH

oa
ESFO
2EH15

FS15

QAR S0

Q4ER

OAE4
QAET
DAE®
O4ER
O4ED
O4EF
CAF

O
OAFS
GAFE
DAFA
G4FC

G4FE
0E0 1
CE04
0507
GEBO09

USlQ
QB1E

0315

Q517
Sl
GEI0

QELE.

B

200807
DEL1RLF
pelatz
L2097
BO1Y

120&FF
00842
TEOTLE
C20E
L2200

5 T7EOFOO

CEGD
D20
TLOEC]
CR217

OROAT
Cinl

(1,-\_‘4 1

01 CROSSE-ASSEMBLER ~  VERSIOM 1.0%

DECD. ASHM

THROGHL

u

NOCARY 2

-
®

MOVEPNT 2

a

REINIT:

CFIMISH:

CAGATIN:

SETE
MOy
LM
MOV
Call
MOV
CINE
MOy
COINE
JNE
LJHE

CLER
Mav
anh
MO
JME
TR

Moy
DEC
Moy
AN
MOy
MOV
MOVX

JE
DJINZ
SETE
CLR
\.3' i Mr'

CaLLl
Mav
Call
CLR
CL.R
NI
CLR
SETE
MOV

LR

L JHF
CLER
CLLR
LdMP

CEHROVD
THEUML. , A
CFINISH
THEUMH , A
TIMEGET
A, TXSUML.
a, CHESUML ,
a, TYSUMH
A, CHESUMH,
BADDATA,REINIT
CAGAIN

1

£y Iz

fk‘, CHESLML
CHSL (HL )
ﬁuﬁﬁrf'

CHESUMMH

DFTR,  #CALPRE
DFL

A, DL

o, NFFSET
DFL., A

A, ]
@DFTR, A

CELRCYVD, TXCHET
OFFEET, OFINISH
CELRCVD
CHEHROYD
CFINTSH

CLRLCD :
DFTR,  #MESLO
FMLCD

CALEIT

NOFXMT

RXCNT,  #00H

i

50
SOFTIME , #UFDATEL
HOLDEIT

NOLCMD
BADDATA
CALBIT
RAMITZ

FROM TXngJ

CHEATN

CaGAIM
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SYSTEMS

SVOCET STRS

SOURCE FILE

ST AN
Lo o il i1

GERD

IOFAOD
DEOL

OHET

BO51

MAME: DECD.A

CROSE-AEEEMBLER -

VERSTON

124

1.0%

FARITY2:

OooFPARE:

L JHF
JR

JME
SETE
LaHF
JE

SETE
LJIMF

EAl
MOVENTHR
F,

RES,
BEADDATA
MOVENTR

o Eoww |
[ Y= Y

EADDATA
MOVFNTR

DEATA, FARITYE

QnDRFaR2
TXCES

T‘ DR
EAR TR

JNE CELRCVD , LILCHER]
JE CBHRCVED, TXCEH
SETH CEHRCVD

MOV TXEUML, A

LI ME TFIMNISH

MOV THRSUMH, A

CalL TIMEEET

JME BADDATA,LOADL
LJIMF TAGATIM

DS TA

0542 FSL7

GZOGEFE
FELR

120670
o Z00174
 OEO&EDT

THESEH

OESE 0OF LLCHERE 1 : CLR C
SUER A,
JNE UL CHER 1

PR oot st
QOEET

w9430

HO05

HLLTHMI

Wt
0557 DROL SETE BADDATA
Q559 0ZOSAT LIMP MOVENTER

L

HER 1 CLR C
MY a,

"I:
i}

QRS0 CE

QSED 7435

#ULIMI

GEEF FEF0 SURE Ay B
S00E JNEC TOAETA
D201 SETE BADDATA
ORCEAE LJd M MOVENTR

TDATA:  CLR e
MOy a, 5
ADD A, CHESUML

MOy CHESUML , &

oSegd CF
EESFOC
nHsR 2515

F3515

NEAF TOO0Z JC NOCARY 1
GE7L 0516 INC CHESUMH

NOCARY 1 MOV #ETORAGE

DEC

QE7E

CH76

SOOI

15

DFTR,
DFL

wd Tl
0578 E582 MOV A, DFL
Q5748 2512 abh A, OFFSET
_Gs70 2510 ADD y DIGIT
QE7E FE82 MOV DR, e
G580 740F MOy 3y HOFH

0582 SEFO
0584 FIFO

086 BEE10

ANL A, E
MOY E, &
MOy A, DIGIT

DEEE B4O40D CINE = FOAH , THIRDR



125

AVICET SYSTEMS 80%1 CROSS-ASSEMBLER - VERSION 1.09

SOURCE FILE WAME: DEDD. ASM

OS8R EEFO MO iy B
OEED &004 JZ HNOTENS

QOEEF 4480 QR Ay #HEOH
GES 1 BRORE SIMF FOURTH

059E T4EF MOTENS: MOV A, BEFH
0595 FO FOURTH: MOVX apEThR, &
OE%4L oD & IME MOVPEMTR

O5T8 B4OEOS THIRD: CJINE Ay HOIH,

QE9R
Q59D
0O5FE
QA0
052
564
OEOG
RIRTET
Q5AR
CEAD
QERO
Q52
OER4
DEREG
SR
O5BRS
OSRR
QERC
OERE

3301

OO
QS0
CECE
OG0A
QHECD
D500
OS0E
O5DS&
OEDe
OSD0
GEDD
OSEC
O5E L
OSEZ
QSES
QSER
OLEC
QSEF
OUFZ
DL

DEFS

ESFO
=0
SO05
ESFO
4480
=i

ey
stalst=e
DIS1GEE

ESil

8048

Q511
OBEQ

oy
el

Rl

nE

e~ Ea]
FE1E
THLIOOL

BOIE

ESL7
BS13EY
ESLB
BS1&%4
THLEOL
TEL40Z
FEEZ00
TE1940
851487
Ea
251383
(X e]
OngE
DELFFZ
120448
1206FF
FOOTRE

12071R

2 Q204

S0

THOFGO

MOV
MOVX
SIMF
MOy
ORI
MOV X

SECOMD:

MOVFNTR: B
DINZ
MO
CONE
SETE
CLR
SIMF

MOREDAT: ITNC
INC
Rl
i
MOow
MOV
SIMF

MOy
CINE
MOV
CINE
MoV
MOv
MOV
MOV
MOV
MOV X
MOV
MOVX
NG
DJIMZ
CAaLlL.
Call.
MOV
CALlL.
ClLR
CLR
MOV

LOADL

LOOF:

Ay
@DPTR,
MOVENTR
Ay

Ry
EBDFTR,

CELRCVE,

DIGIT,
1y

£y

Cal ROVD
CEHREVD
TFINTESH
FROBE
ACC

A

Al
OFFSET,
DIGIT,
TEIMNISH

&y,
Ay
AN
Ay
LFTR,
HFTR,
DL,
CMTR,
DFH,

Ay

DFH,
@DFTR,
DFL
CNTR,
LED
CLRLCD
DFTR,
FHL.C
TEMFREIT
MORAMIT
RADNT,

B
A

=
#EBOH
A

i

TXCEH
TFINTSH
FROBE
HOFH,

a
#O4H

"X SUML
CHESUML ,
THSLIMH
CHESUMH,
#O1H
HORH
HOOH
#A4OH

HE TR
@DFTR
LFTR

A

LOOF

HHMEET

#HCGOH

MOREDAT



AVOCET SYSTEMS 3051

SOURCE

OEEg
YEFD

OSFE
Q601
O&LOE
Q&00

O&08
(REARIa
Q&G0
O&LO0
O&LE

Q&Ld
O&L7
O&H1A
Q&1
O&1E
O&HZ20

Qa2

¢ o]
ut Terd M ¥
O&20

;') /.'.. a _0 e

(Jl 4[‘

D651
Loag ]

O&TE
{;5""

0&ESS

FILE RAME:

FEOEOT
C217

020491
20l
D204
QEG44E

DRLO

TE12DG
TELIBL0
TEL&HOU

LrEp]
e

ZOLLEF
201209
D21z
ES15
FEFC
GE0&EL4
TE0801
1 206FF
FOORER

12G7 10

- 020D

D2EGE
THOEOE
o217
ERWR
CEOF
CRLo

"'lj—l

Lo

FEFO
23

2315

L DECD. ASH

ginlvs
CLR
TFIMISH: LIMP
TaGAIN: CLR
CLR
T

CROBE-AEBEMBLER -~

SOFTIME,
HOLDERIT

MOCMD
EADDATA
TEMPELT
RXMITZE

VERE

#UFDATEDZ

I0M 1.

L

126

CINIT: SETR PDHTH
MOV OFFBET, #ODOH
My CHESUML, , #00H
pMaY CHESUMH , #00H
RET
;DLT“UTB L%LIEF TIDI DﬁTﬁ TG T«~1ﬂﬁ

JME
JEB
SETE
Mayv
MOV
LJmP
MOy
CaLL
MOV
Call.
CLR
GETE
MOy
LR
Moy
CLR
CLE
CLR
CLR
Moy
SIHF

SENDCS L s

SENDCAL : MOV
DEC
MO
400
MOV
MOV
MOV
CLR
ADD

SENDCSL. ,
SENDCSH ,
SENDCEH
Ay

B,

couT
OUTRES,
CLRLED
DETE,
EMLCD
LU

50

SOFTIME, #U

HOLDERIT
Ay
CaLeIvT?2
COATA
SEMDOSH
SEMNDCSL.
By

cout

DETR,
DFL
Ry

A
DR,

SENDCAL
ﬂENDC 1

CHESUML

“

#HOIH

BHMES 11

IFDATER

CHESLIFM

HOALFRE

DFL
OFFSET

@pFTR

@ In

DHESUML



AVOCET

SOLRCE

s
L/ a7

&5
QbEE

Q&HED
D&&ED

rw’._),( e

QA
O&&E
0668
O6H6R
TCTCR]
Q&b

1 7
U&7

QLTS

,"'\ -.’.. rd .13

D75
O&ETE
0&7E
Qa7
O&E82
0684

N&HER
G&EBE
Q&L
3493

0673

SYETEMS

FILE

FE19

000

0514

DEL204
patl
CE12

ESFC
AZDC
120&85
298
rcmv

W din

TEHEEAN
18

e

e

DORTOH
0140484
L

A
o

TOLAFA
D215

ey
R st

TEOPOT

RASTALSTN N
S099FA
ca297
D200

AT

A s

8051 CROBS-ASSEMELER -~  MEREION 1.09

AME: DECD. ASH

MOV CHESUML A
JHE MOCARYE
TMC CHESUMH

MUPHRV?"DJNZ OFFSET, COUT
SETE SEMDLSL
CLR SENDCESH

COUT:  MOv a,
MOy C,
CALL XMITOK
MOy TRE, C
MY SEUF, A

URRE

NUHIEFFF T NLF

MGy MQT
ClLR T“TQRT
RET

TIMLuEl

s COMPFARES BEQU :NCE NUMTEF

MPEARE: JB DECSMO, COMP2
JHE T(FUDND COMPE
COMFL CLP SHMEAME

COMPZ:  JIME TXSEQND , COMF L
COMPZ:  SETE SNEAME
RET

i

io
e

il

"X e C&E cam wm

o

NREG, H#RPYCNT
EOSTH

Bl

(e

FNSURES THAT XMIT RBUF I8 CLEAR
XM T TR JPB XHI'EIT A0k
JNE TI, XMITOR
CLR TI
KOk SETH AMITERIT
RET

"LLD FUMCTIONS
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AVOCET SYSTEMS

SOLIRCE FILE

D694 TH1940
0699 TAOF

Q&EFE FOOL1o0
D&HFE FO
Q67F 0582

LSS
120688

e
Py

O&HEAT DS
O&HAL
QLAT

D6HAGE 731908
Q&AR 7800
O&HAD CE93
D&AF TERERG
O6BE BB
Q&ERE O3
O&RS LE
CERE FERE
DEBT 7470
O&BY FO
O6BA OO0
O6ABR OO
GeHBLE DEYS
Q6EE 0RDS
Q6O 900100

O&LCE EE
G&C4 D23
0&CS

G&HCH B3

-
¥

O&CT7 2582
OACT FERZ
D6CE EO

Q&CT
G6CD
O&TF
GsD0
36EDL 0582
O&DE EQ

O&6D4 FO

O&ADE QTR

Fiy
0582
EQ
FE

QEDT7 ED
G508 FD
06D 7IRIRO
0&5DC ER
QDD CF

O&DE 13
0&DF FS82
06EL EA
OLEZ FO

Q&EED Q0
O&EA QO

MEME

DECD.ASDH

HD“
MOV
MOV
TG
DINZ
Call.
RET

LEDOFFL

MOy
MOV
CLR
MOV
MO
CLR
FRE
MO
My
MOV Y
MO
NOF
SETE
CLR
MOV
MOy
CLR
Rz
=L
ADD
MOV
Moy
MOy
TNEC
MOVY
MO
THEC
MOV ¥
Moy
INC
MOV Y
MOy
MOy
g Wi
CLR
RRC
MOy
MOY
MOV
MO
HOP

LED

LEDE

LED4A

CROSS-AEEEME

LER - VERSIUNM

CNTR, paoH
a, BOFH
DFTR,  #LEDTA
GDETR, A
DL
CNTR,
LED

LEDOFF

CNTR , #$08
RO, HEO00
MODE

DFH, #ERO
AL RO

-
&

ORI, A

Ay HALO010000
@DFTR, A

MODE
[ ]
DFTR,
A, B
o

HLEDTA

3

4

A, DL
DFLL,A
A, @DFTR
RZ LA
DL

£, BDFTR
RZ,A
DL

A, @DFTR
R4, 6
DL

A, BDFTR
RS, A
DFH,
f}!gl'\
-

A
DFL., &
T

@DETR, A

HEEO

1
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o — .T

AVOTE

BIURCE

OLEE
OBEF
O&EFD
O&F L
D&EF 2

s

C BT A
O b4

o718

0716

07 1R
071D
071F
Q720
072

Q722

G724

P,
Y7

G051 CROSS-ASSEME

FILE MAME:D DECD.AEM

DE7&
T4E8
1207358

1307
T4
120738
7400
Relepantc
7401
120738

D274

T
s s

D29é
7AD0

[recis
7o

3
AR
TAO0
120758
A%
DEF7
]

MO
RN
MOV
MOVY
MO
MOF
MOF
MNOF
MOV
MOV X
pOF
NOF
MOF
NOF
MaY
MOVY
TN

ZFL

{7} en am zm san

LRLZD CLR
Mo
Al
ST
Maw
okl
MO
Cali
Moy
Call
SETR

RET

FHLCD SETDR
Y
MOve
MOy
INE

PMLLCDL MOV
Mave
Call
THC
DIMZ
RET

NYTLM  CLR

SLER -

A, Ra
@DFTR, A

&, RS

@DF TR, A
RO

o
Fo,LED4
CNTR,LEDD

g ey
o]

&, BETE
LCD
LD
A, #BE0A
LCD
A, HEOD
LD
B, HEOL
LD

R

RS

Ay BEQO

8, BAFDPTR
RO, A
DFTR
G, BEQO
Ay B
LCD
DFTR
RO, FMLEDY

129



AVOCET

SOURC

O7 %56
G758
O73EA
Q7E0

O7AE

0743
07 4%
O7aT

48
L7 AR
740
GFE L
T TR

[
OFHe

o7

0750

£
0 L2 3
7T &M
7 AR
OF773E

7T i

Ty \
Q774
O77R
"y UE T !:

[

FILE MN&

TACO
130

g L
e F A

23
PATD
Coga
Coex
2O94FD
SORGO0
=yl
Dogs
noeaz

ey
s

15
OROTOEC
FOZOSOAL
45415345
ZOSTAL4AT
HAZOZOR0
ZOZOROE0

18

RO
TOROFIHG
4 454D
FOTR4541
4ATHTOZO

i b

o

BOROZ0OE0

18

t:i(- e Vet
HONTSA4S
ADEOATAL
ACA94252
41544544

POTOTOR0

R
PEQRORE

18

FOTOEINT

ATA1H449
AEATROR0

18

8Os

WibT

i b a

L.C

~F -am &3 umy s

ME

"

ME

ME

1 CROSS-ABEEMBLER ~

DECD .«

D

51

[omgen}

el

oo

e

~5M

MOV
CALL
SETE
RET

Hbo
FLUEH
FUSH
JE
MOy
MOVX
O
o
RET

DE
D
D
]t
D
D
[s1%Y

DE
DW
D
Dl
[B15}
D
DWW

DE
D
D
DW
D
D
e

VERSTOM 1. 0%

A, HECD
LoD

RE

A, HE
DFL
DFH
LCDETS , %
DFTR , #£8000
&DFTR , &

DFH

DFL.

TERATR
TEAC, CBE”
W, AL”

A
b

24

L
3

C gy

‘G, EM

R, CEA

vyl

R

bl it
NG, TE
Mo, A
LI. T BRS
‘AT, ED”

o opmng e

‘BT, TEMC
B PRI I
MU, NI
CAT, T
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AVOCET SYSTEME BOS1 CROSE-ABSEMBLER - VERBION 1.0%

GOURCE FILE MAME: DECD.ASM

O7AD EOSR454T D C R, ECT
GTEL 4D495649 DW BT, VI
O7RS 4E4ATIONA DW NE, T T
O7E? 454DE04AS DW ‘EM", "FE’
O7ED BE415455 DW RAC,TTU

’ L2 ’
)

0701 SBR453EE0 DWW ‘RE, '8

GT7CE 12 MESS DR 24

G704 52455452 G TREC, TR
O7CH 414ESZAD Did AN, TEMT
OYCE 495435449 D IT LTI
GTDR AE472054 DW NE, T
Q7NE AFZO5458 W 0, TR
O70A 2 D -1, TO07

MESL DR 24
D ’ TR
D BEl AR W 1
77 D g, TELS
Q7ER D e, TE8H
Q7EF SE54444F D T, T Dpare
O7FI S74EZ0R0 e’ TWNC T ’

O7DE
Q7 DF
OFER
a7E7

Q7F7 18 MEST DE 24

QO7F8 Z0Z204E4AS D ! Cy TNES

Q7FC 454420352 D EDC, T RY

D TET . TRA

D NS, TMIC
. W g, T I07

GER2OZOZ20 Dy Nty ’

o us
IEH
3
i

oElo 13 : DR 24

GELL R2ORGETAB D ! Ty
GOR15 S5E54444F (M5
1Y HYAEZQEE D WM,
QELD 454E5420 Dl TENMT
QP21 42E2044 Dl '
0EZE 4547T20E0 D BEC !

0
T

=
i
1O

£f]

~i

ey
ord
]

[

Q29 18 MEST DE 24

0828 20IZ0Z032 Ol ’ e RS
QBZE 454734549 DW ECT, TETS
OEE2 S&494E47 Dl NIy NG
Q8Es Z04EA4140 Dl e, ALy
QEIA 20444154 D DY, AT
OBEE 412020320 D i ’

z c11
HE
i
b
e
ag

0242 18 DE 24
O8R4 ZOPOD000 D ’ Ty ’
DAL oW TT¥ T, -1

0B47 5
GEAE EOSE Db o0, U




AVOCET

SOURCE

E4F

CEEE

OBE7
OSSR
QRS0
0R&0
Ogs4
GE&E
860

Qg70

S
QB75
0277
E7Tn
0Egl
0EES
[y

i ey
08980
0E8E
OEe2
OB
087a
OEYE
0342

00

BYSTEMS

FILE NAMES:

A4C4F 41
44454420

PORORORG

e !

18

DOROROZ0
FOSASRED
ACAF 4144
45442020

20202020

13
4E4F2041
4TABAEAF
57404544
47452052
45434549

BEASA420G

18
POTOS DA
SE4D4A9S4
TOS44941
4EFRROED
SS4E4AFSS

FAZOZ020

i Yo

goal

I3
5

MEST s

"

MES1 S

(T

G- AEEEMEBLER

GECD. AN

el
D
Dy

DE
DW
D
D
N
D
D

DE
Dl
(s’
D
ot
I
Dy

DR
DR
Did
DI
DWW
D
(815

END

TR
PE

24

1o
THE

ol
NG

e e
L

WL
EE
ED
R

- VE

s TOAC
P

y D

Py
, X

P
, 0

T
o]

A
L NO
, R
, BT

y B

, ‘RE
LT
, M

. “.‘l
3 3
; IDLJ{

i i
3

i g
[

TON 1.4

119

ivF

13



133

AVOCET SYSTEMS 8051 CROSE-ABSEMBLER - VERSION 1.0%

SOURCE FILE MAME: DECD. ABM

e SYMBOL TABLE e

aio
AGEATN

1
ALLFPRE
SLPHAL
2
BADCHAR
BAaDRDATA
BADSER
BADSERL
BETAL
BLOCK
CaGaIN
CaELBIT
CAILBRITE
CollBLe
Cal.DHE
CaLour
CAlLFRE
CDATA
CEMTRAL
CRINISH
CHESUMH
CHESUML
CINIT
CIMITZ
CLEAR
CLRLCD
CHMDONT
CHDDOME
DMTR
COMPL
COoME2
COMEE
COMFARE
COUNT L
COUNTZ
COUNTE
couT
CEHRCVD
CallRCYD
DETH
DECOFF
DECSND
DIGLT
DORME
DRH

DFL.

E&

EAT

O3EE0
GA10

O51A
OOOE
OOOF
Oa9E
< =
D614
QXRO0
GOlo
D173
Q517
Gl e
0015
2608
E&C
QOLlSE
O&FF
OO0
OEeR
[SION )
0670
OhLTF
04682
C&HT A

I
GRS

OO
GOZET
Q& &4
DGO
GOoOs
Q4p9
D01y
OGRT
0010
Qa4
QOEz

0082

ES

ETO

Fi
FIMNIGHL
FOURTH
GETTASHN
=50
GUODSER
GROUFL
GROUFZ
GROUFPE
HOLDRIT
HETR
IMIT
INITEO
INITIMF
IMRER
T
LASTOMD
LoD
LODETS
LED
LEDZ
LEDXE
LED4
LEDOFF
LEDOFFL
LEDTH
LINE
lLCHER L
Li.IMI
L.O&D
LOADL
LODF
LFTR

Ly

MESO
MESL
MES 1O
FMESLL
MESLZ
MESLE
MESZ
MESE
MES4

MESS

MES&
MEST
MESE
MESY
MORE

OO
Q207
O1AE
D104
Q1LDG
Q017
0014
0108
049

818

OO0OR
0738
Q094
(RESTAtE:
Q609
G &HAD
Q&CO
Q&P
OH%E
O1 00
QOLE

DR
o013
QOOD
L7AE
Q781
1 R
OEER
QR74
Qeahn
O77H
O7FE
Q760
Q705
O7DE
QTF7
0810
i it

MOREDAT
MOVFNT
MOVPNTR
MAMSTAT
MEWSEQR
MNODARY L
MOCARYZE
MNOCARY S
NOCHD
MODSTA
NODATAL
MORXMIT
MORXMT
MOSAVE
NOTEMNS
MOTFIN
MOTFINL
MATILN
ODDFARL
annFaR2
ODDFART
OFFSET
OUTREG
Fx

1
FARITYL
FARITYR2
FARTTYI
FHLCD
FRLCEL
FREETE
FRESCMD
FRESRPY
FROEBE
FEi

REg
RECEIVE
RECTMR
REINIT
FEAMIT
RI
RITEL
RITERFY
REYO
REYL1A
RFY1LE
RFEYLC
Ry 2
RPYEN
Py 200
RFY

OSE&
GAF2
OSO5
GOAE
QHEBS
OETE
SR
Q&S0
G491
Q271
QR77
OCOR
GO
TO R
OE93
OR9%
Qe
7R
QRGO

0% el
Qs

O46F
Qo1R
008
QODo
GO0
QRA0
QER7
Qehiy e
G71E
0722
GERLO
sTatars!
Q0D
GOl
QDO
QOGR4
28
CH A5
OaFE
QO5E
aogg
ORFa
Q2F L
GE2DE
O304
s =

QOEBE

QI7E
QEGF
0EEA
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AVOCET SYSTEMS B0S1 CROSS-ASSEMBELER - VERSION 1.09

FILE NAME: DEDRD. ASH
MEOL TABLE ~——

Gy
RPYZOKR O399 STATI QOOE TIMPR OTHO
REY4 QRS GaTATZ TIMF7 Q42F
REY40E  O3Z0L STATS THMOD QOB
RFYS OTED STATUS TMRIMFL 0204
REY & 0417 STATUESL TMFIMEZ 0209
REYCMT 0003 STATUSE TRO OOBC
R 0094 5TATUST 0022 TR OGBE
FXONT OOOF STATUSE  QO0Z3 TSTART 0018
RXMIT 04ZF STORAGE  0Z00 TXCS OSEA
RXMITL 0447 TAGAIN 0401 TXCS1 O4R7
RXMITZ  O44E TES OOFR TXCSH 0547
RXMLIM 0004 TDATA O5EE TXCSHL  04C4
SELUF 0099 TEMFEIT 0004 TYXREADY  0OOA
BCON 0098 TEMFELE 0521 TXBEAND 0014
SECOND  OBAO0 TEMFS 0007 TYBUMH 0018
SENDCAL  O&adé FINISH  OSFE TYGUML 0017
GENDDMD  OTFS TH1 OORD ULDHER L 055
SENDCSEL O&RT THIRD 0598 UL IMT OOES
SENDCGH 0013 T1 0097 UNMLDAD 0055
SEMDCEL. 0011 TIMER 0Z1A UFDATEL 0001
CHEE 0200 TIMET O2ZD UFDATEZ  O00T
SEANUM  COZ4 TIME4 IREE UFDATEZ  OORA
SEQSTRT  0O03 TIMES 0741 WATTL 0175
SERIAL  02S8 TIMES n2S7 WETTZ2 0178
SERIMF 0105 TIMEJMF 0102 WRONG OTFF
SERRET 0481 TIMERS  OLFA AMITEIT QOO0
RETL 0486 TIMESET 0&70 XMITOK  Q&BE
SHUTDWN  QOST TIMIT OTCE AMITTHME QOS54
SNEAME 0015 TIMF OZD4 X0k 0&9T
BOFTIME  OQOE TIMFO OREE XFECTED  000C
B 0081 TIMF 1 OTAd
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APPENDIX F

THERMOMETRY SUBSYSTEM PROGRAM LISTING

This appendix contains the source code 1listing for the
thermometry subsystem program entitled TX100D.ASM. Brief
descriptions of the variable names encountered in the code are
presented in the program preface. In addition, several comments
concerning program development are located in the Appendix E

introduction.
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CROSS-ABSEMBLER -~ VERSION 1,09

THRIOOD ., A5H

i

<i”“ ‘FR:[D %

~=THIS FROGRAM I8 DESIGMED T0 INTERACT WITH

THE DEC SIMULATION FROBRAM EMTITLEDR
DECD.ASM. THE CODE COMTAINED I THE

PRESET CAlLIBRATIOMY aMND THE "DISFLAY
UFDATE" SECTIONS WAS WRITTEM BY 5. FOSTER
AND I8 FPART OF HIS ORIGINAL TX-100 PROGRAM.
THE MAJORITY OF THAT PROGRAM HAS BEEM MOVED
TO ANOTHER FILE EMTITLEDRD ROM.ABM.

- BEECAUSE TY100D.ASM CONTAING CODE FROM TWO

SEFARATE FROGRAME, BYTE ANMD RIT ALLOCATIONS
SRE DIVIDED INTO TWO CATEGORIES: THOBE
FERTAIMING TO 5. FOSTER'S Ti-100 FROGRAM,
de THOSE FPERTATMING TO THE COMMUNMICATION
FROTOCOL PROGRAM. DESCRIPTIONE OF THE VAR
IﬁBLE% UEED 1IN THE COMMUMICATION PROGRAM
ARE PRESENTED BELOW.

OQUTREG — STORES THE CONSTAMT, RPYONT, WHICH
15 DECREMENTED WHEMEVER AMOTHER CHA&RACTER
IM A REDUNDANT REFLY SET I8 TRANSHMITTED.

ITMREGD -~ STOREE THE CONSTANT, CHMDONT, WHICH
I8 DECREMENTED WHENEVER AMOTHER CHARACTER
M A REGUMDANT DOMMAND SET T8 RECEIVED.

LASTREY - STORES THE REFLY LAST TRANSMIT-
TED TO THE DEC. SAVED IN CASE THE TY-100
REDUESTS A RETRANSMISSION.

FRESGHPY — STORES THE REPLY FRESBENTLY BEING
THREMSMITTED TO THE DEC. SAVED TO 4&LLOW FOR
REFLY DUFLICATION IN THE REDUNDANMT SET.

FRESCHMD - STORES THE COMMAMD PRESENTLY
BEIMG RECEIVED FROM THE DED. S4VED TO EM-
SURE THAT all THREE COMMANMDE ARE IDENMTICAL.

RXCNT - BTOREDS THE CONSTANMT, RYXMLIM, WHICH
18 DECREMENMTED WHENEVER .WWFHLR RETRANS -~
MISSTON REQUEST IS SENT TO THE DEC.
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,{r":(:' \I"vl"l‘]u['FLr

Tt el
VERS

TON

THLGOD ., ASH

DIGIT —~ STORES A NUMBE
ING TO THE TEMFERATURE
BEING SENT TO THE DEC
SRETURE PROBED .

FROBE - BTOREES A
ING TO THE PROBE
CURRENTLY BEINMG SENT

NUMEER, 1-1&, CORRESFOMD-
THAT TEMFERATURES ARE
FOR (14 PROBES) .

STORES THE OFFSET FROM THE BAEBE
ADDRESE OF THE'éﬂwﬁYT; TEMPERATURE ﬁFFﬁ¥,
WUEEDR TO CORRECTLY SEMD THE TEMPERATUR
DATA.  OBTAINED BY MULTIFLYINC THE PEQET
MUMBER BY 4.

OFFSET -

CHESUML -~ STORES THE LOW BYTE OF THE GER-

ERATED CHECKSUM,

EYTE

("'l W BUMH ~ ETORE HIGH OF THE GE®R-

FATED CHEF%aiﬁa
CHEDR -~

DECEUML. ~ STORES THE LOW BYTE OF THE

SuM RECEIVED FROM THE DEC.

DFC UMH — STORES THE HIGH BYTE OF THE
SHECESUM RECEIVED FROM THE DEC.

THEN
REDUMDANT
Ag THE

CONSTANT THAT I8
CREATE THE FROFPER
My BE REFERENCED
FROGRAM .

STORES A
SMEMTED TO
SET TIMER PERIOD.

EXFECTED

;OSET TIMER IM THIS

15 THEN DECRE-
EXPECTED RE-

Y CONSTANT THAT
THE FROFER
FERIOD.

RT -~ STORES
MENTED TO CREATE
TRANBMISSIOM TIMER

THEN DECRE-
NE VIABILITY

"'«"' T T T DF‘ 8 E
MENTEQ TO CREATE
TIMER FPERIOD.

A DONETANT THAT I8
THE FROPER LI

STATUSL ,STATUBE -~ RESERVED BIT FPLACES.

STORES THE TJENTTFlBRTIQN/CF\TUL

OMCE STATUBES ﬁﬁh LFFIHLDU IMDIVI-
“%N BE TOGHLED THE
ATUS WORD.

IDsSTatT -
REFILY.

DUAL BITE
CORRECT &7
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051 CROSE-ASSEMBLER ~ VERSION 1,09

THLOOD . ASM

AMITRIT ~ USED IN THE XMITOR SUBROUTIME.
BET WHEBR A TRANSMISZION I8 CURRKEMTLY IH

~~~~~ FOGRESS.  CLEARED WHEM THE TRANSBMISBION IS
PIPLJHLD

EADCHAR —~ SET WHEN & BAD CHARACTER HAS BEERM
RECEIVED F"WM THE DEC.  CLEAR FOR GOQOD
TRAMSEMISETOMS.

SEQSTRT -~ SET WHEM & REDUNDANT COMMARND SET
HAS ALREADY BEEN STARTED. IMDICATEDS THAT
DOMMAND DUPLICATION WUST BE CHECKED. CLEAR
UMTIL THE FIRST BYTE IN THE BET IS RE-
DEIVED.

LINE ~ SET WHEN THE LAagT REPLY TRANSHMITTEDR
J B BITMGLE LIME, CLEAR WHENM THE LAST
REFLY HAaS o DATA BLOCK.

DOMNESER —~ SET WHEN THE DONME REFLY HMAD BEEN
SENT TO THE DEC. INDICATES WHM“ THE COM-
PUNICATION LINME IS ESTABLISHED.

TEMFBIT ~ SET WHENM THE TEMFERATURE COMMAND
I8 RECEIVED FROM THE DEC. INDICATES THAT
A& FULL TEMPERATURE DATA BLAOCE MUST BRE
TRAMEMITTED TO THE DEC. CLEARED WHERN THE
TEMFERATURE ATA RLOCKE 18 FINISHED.

TDATA — BET TO INDICATE THAT THE TEMPERA-
TURE DATE BLOCK IS5 MNOT FINISHED TRAMSMIT-
TING. CLEARED AFTER THE LAST CHECKEUM BYTE
Hag RBEEN SENT.

EENDCEL ~ SET WHEM THE LOW BYTE OF THE GSEN-
ERATED CHECKSUM NEEDS TO BE SENT. CLEARED
AFTER IT I8 SENT.

SENDDSH — SET WHEN THE HIGH BYTE OF THE
GENERATED CHECKSIM NEEDS TO BE SEMT.
CLESRED AFTER IT I8 SENT.

TROFF -~ SET WHEN THE TX-100 NEEDS TO BE
SHUTDOWN. AFTER THE SHUTDOWN COMMAOAND HAS
BEEN SENT TO THE DEC, THE TX-100 CEASES ALL
ACTIVITY.

READY — SET AFTER THE LABT NAME/STOHTUS
DOMMAND HaS BEEN RECEIVED FROM THE DEC.
INDICATES THAT THE TiX-100 I8 READY TO BE
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THLOOD. ASH

CALITBRATED.

fFaUSE -~ SET AFTER THE "SYETEM READYY REPLY
CHIEMHY HaS BEEM SENT TO THE DED. IMDT-
CATES THAT THE MEXT IDENTIFICATION/STATUS
REFLY SHOULD BE HELD UNTIL AFTER CALIERA~
TIONM I8 COMPLETE.

ETOHTUSE ~ FORE RESERVED BIT FLACES.

CaLBIT — SET WHEN THE LOAD COMMAND 18 RE-
CEIVED FROM THE DEC. IMDICATES THAT A FULL
CALIBRATION DATH BLOCK MUBT BE TRAMEMITTED
TO THE DEC. CLEARED WHEM THE CaALIBRATION
DaTa BLOCK IS5 FIMISHED.

CDATA -~ SET TO INDICATE THAT THE CALIBRA~
TION DATA BLOCK IS NOT FINISHED TRANS

TING. CLEGRED AFTER THE LAST CHECKSUM BYTE
HAS BEEN SEMT.

CALBENT —~ SET AFTER THE FIRET SECTION OF
CALIBRATIOM DATA HAZ BEEN SENT TO THE DEC.
IMDICATES THAT THE SECOMND SECTION NEEDRS TO
BE TRAMSMITTED.

Cal.IM ~ SET WHEN THE UNLOAD COMMAND IS
FECEIVED FROM DEC. INDICATES THAT A& CAl-
EBRATION DATH BLOCK IS REINMG FROCESSED.

CALRCYD - SET WHEN THE FIRBT SECTION OF
CALIBRATION DaTA HAS BEEN RECZIVED FROM THE
DEC. ITMDICATES THAT THE SECOND DECTION
STILL MEEDS TO BE PROCESSED.

CELROVE - SET WHEN THE LOW BYTE OF THE DEC
CHECESUM [5 EXPECTED. CLEARED AFTER THE
FULL DaTa BLOCK HAD BEEN RECEIVED.

COHRCYD - GET WHEN THE HIGH BYTE OF THE
DEDC CHECKSUM I[85 EXFECTED. CLEQRED SFTER
THE FULL DATA BLOCK HAS BEEN RECEIVED.

BADDATA — USED DURINGE DATA BLOCK TRANS-
MISSIONS.  SET WHEM BAD CALIRBRATION DATAH
HAVE BEEN RECEIVED FROM THE DEC.

LOADED — SET AFTER THE FULL CALIBRATION
DaTA BLOCE HAS BEEM RECEIVED. INDICATES
THAT THE DEC HAS RELOADED THE TXE~10C WITH
THE CalLIBRATION DATH. '
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SIHIRCE FILE

SYSTEM:

NAME:

A I LB T 1]

‘w3 co3 aa

TR1OGh. AEY

NORXMIT ~ &

200 I8 E

REGUESTS L
IVED.

BEEN RECE

CALRY -
T8 BEINMG
WHEN THE

TRAMEMITTED TO THE
ST0ON HEHUFTT I6 RECEIVED,

WHICH
ETATUSA -~

SEGRUM
N THE
TOALLY
TED IN

DECSNO -
Eﬂ ECAL.
SEMUENCE
SMSAME
ECUALS
CLEARED
MOSEVE
T8 BENT
REQUIEST &
- EL"JIE)F'“?\..
SEGUENCE

BET WHEN
TRAMSMITTE
TEMPERATURE DATA BLOCHK 18

SET
T OME.
MUMBER I8

SET WHEM THE DEC SEO
THE
-
SET WHEN &
T

NUMEER

LER ~ VER

THF CallT
DELAYE RETROAMSM
AR FULL BLOCHK

FRATION DaTh

o
I "‘«E‘_JI

HOS

ET WHEN
CAFECTED.
IMTIL AFTER T

(]

THE CWLI%FMTIUN Dﬁfﬁ BLOCK
DTO THE DEC. EARED
EEING

A RETRAMEMIG-—
100 ENOWEG

IF
THE TX-

PEC.
T RETRAMSMIT.

RESET

JF”D T:{\T {L \r:;_._“

MORE

e 100

SEGUENCE MUMBER
T FLAC OG-

T RE
SEQUEMOE

THE R

x‘FFYilP BIT.

1UE

TQ

NLMBER
THE DEC

SEQUENCE
WHEN THE
TO ZERD.

WHEN THE DEC
CLEARED

EEHIAL

LENCE
tRER.

NUMEER
TH-100 SEGUENQEaJM

BN MOT EQUAL.

SE10M REQUEST
THAT THE
IN THE LASTREY
TG MAINTALM

THE LEC.
SHOULD NOT

THIS I8
COMTROL..

BE S
Nf* f"r:':"(“‘! L. I

e ot 31

TYSEQND ~ THE ACTUAL TX~100 SEQUENDE MUM-
EER. RESIDES IN THE MEE OF

TLSTART ~ SET TO ACTIVATE THE REDUNDANT SET
TIMER., CLEARED WHEN DEACTIVATED.

TRETART ~ BET TO ACTIVATE THE EXPECTED RE-
TRANEMISSION TIMER. CLEARED WHEN DERCTI-
l}{‘\tlﬂ‘Dw

TISTART ~ SET TO ACTIVATE THE

VIABILITY TIMER. CLEARED WHEN

140



A DCET

SOLRCE

0 )f“‘
[aIninls]
GOLn
0oLl
Q04
OOLE
GOlé
ool2
O01A
OOLR
oOic
OOLF

o027

[T ’3

QOR0

QOO0
OO0
OOOR
[SInT8IRA
QOO
05

BYETEMS

P

!

I

LE

goEl

MAME: TH

KEXF
KN
MEXF
YHAM
EXF1
MAM1
CHTR
EXPZ
MAN2
THMF
CHMU
VREX
VRMA
UFRRGA
M
[RINEAI
COLIN
COUM
COUN

OUTR
INRE
LﬁwT

FHES
RXEN
DIGI

ROBE

CHIT
CHES
DELCS
DECS
EST
RT
VT

ool

=t i
~4

= {_‘{j suw cmx weE RM

8

X 86N
Y EEN
SENMI
SEMN2
SI6M
UFDA

CROSE-AS

100D ABM

Eau
ER BN
ECd
B
EQu
EGU
ECi)
=ABIR
Ea
EGLS
M e
= Eo
™ ECi
T EQy
ECid
EE
T1  ECH
TE  E&U
T3 B

EG EDU
G EGQL
RFY EQU
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AYOCET SYSTEMS BOS1 CROBE-4SSEMBLER ~ M 1.0
SOLRCE FILE dMAME: TE100D., A8M
QO =1 =l
‘ Fz B
VREBERN B
CALFE B
RND B
QOOnD ORNE By FOD
éEIT ALLOCATION-COMMUNICAT IONS

DO22 STATUSL EQU 22H
QO3S STATUSZ EQU 23EH
Q024 STATUSE EGU =24
Q025 STATUSES ECGU 25H
S0 ID8TAT  EGU 2&H
SENUM  EQOU 2EH
GOl EMITEIT EQU STATUSL.O
GOl BADOHAR EQU STHETUSLL G
Q012 SEASTRT EGU STATUS1. 2
OOLE LINE EGU STATUSL.Z
014 DOMNESER EQU STATUEL .4
QO1LE TEMFBIT EQU STATUSL. S
Qlé TRATA G STATUSL. 6
D017 SENDCSL EGU STATUSL.7

Q018 SENMDOCSH EQL STATUSE. O
0oL TROFF ECGIL STATUESE .
Q016 READY g STATUGE. &
DOLR FAUSE EQ STATUSZ. X
QOLC CaLBIT ECW BTATUSZ. 4
LN ZDATA E STATUSZ. S
QO1E CALSENT EQU STAaTUS.
OOLF INETIN EOL STATUS2.7

"
4

OUED CALRCVD EQU STATUSZ. O
Qo021 CHLRCVYD EQU STATUSZ. L
QOE2 CEHREVD EGL STATUSE. 2
. K BADDATA ECQU STATUSE. S

LOADED  ERU STATUSE. 4
MORXMIT EGL STATUSZE.S

- CalRX Eai S5TATUBT. A
QOI7 DECSNO  EQU STATUSE.7

GORR SNSAME  EQU STATUS4. O
0D NOSAVE  EGU STATLSA. 1
¢ TISTART EQU STATUSA. 2
TESTART EQU STATUSA. T
TEETART EGQU STATUSA, 4

GOTFT TREZERND E0U SEGNUM. T
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CBOURCE FILE

Q021
QOwE
[eTalog
QOes
D094
oDz

OOa%
D0A4L
G54
Qi
OOED

D0EE

STRIRIS
QOOE
GO0
D007
QOZA
000

QOG0

o1 00
O1LLO
Q00

D250

OEO0
OI4Q

0120

SYETEME

I

¥
[R5

805l

TH1QOD,

NAME 2

LOAD
UML.OAD
INITEO
DOME
XMITTME
RECTMP
REXMIT
SHUTDWN

CHMDE !T
REYONT
RYMLLIM
UPDATEL
UFDATEZ
UFDATE

FRESTS
QLPHQI
BETAL
LEDTA
TEMF

L3 I SOPR O A o o

N5

=G
EQ
EGL
EGU
EQU

tQU
=
EGi
ECH]
I OELW

':rﬁM QDDRE:
Dﬁ!lPB EGU

zEy
EGU

-
e FAY,

v

rl'

Er

B
EQY

SEEMELER -

54t
45H
S2H

$(1uu,r01m
FOLIO,FOLIF
EOTO0, FORAF
EOTE0 FOPER

ol g
FOIOO, FOEREF

FOTA0 , FOTBF

['_r(_. ('{'1‘\} 1§
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SOURCE

1&D2
1O7F
10&7
18D0o
1.::_1~.J
1000
17E&
18F8
1931
1057
1544
1454
1507
1LOD
LujP

0100

0100

102

G105

0108

SYBTEME

FILE MAME:

BO04A

QIOSRE

Q205613

TEELAD

ROS1 ORI

ATDFR
BCD
Cal
CLRLED
DIv
FIX
FLT
LCD
LED
MavXx
ML
MAXTLN
FEILCD
FOF
FLIEH
TLEF
VILBF
WMaIT
WRITE
WTIEIMS
XRCLL
X&TO1
Yoy
¥MOYYR

THIOED

L L
A J...J....

EGiU
EQU
EGY
Eaul
EGL
e
EQ
B
EQu
RS
EGL
EL
B
£
Eo
EG
Eay
B
£

i £ »‘)L..{ -”: ...::'.'.. D Ko :"-:-. X

0. AEM
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OG0
#1T7ESE
#18FE
19351
FLOST
1544
#1454
#1507
FL02D
F101C
FLHID
F1ar4d
E17CD
F19D4
£106F
F11A7
FLOOZ
¥198%
F19AR

i

; i stnsopreiriadsivnisteliiitelbrioedstodimenpoiicrocnerdiitriosstioviiiobri il iiprosdiotafnatedieidmaforniasiriaiiiigoriiategatafimialigeriegu b arel ol ottt ro-tioreiielbred
s VECTOR JUMFS

: OOO0-0720100

: OOOR-O20107

: uu:j~n:ulvh

INlTJW

TIMEJIMF: LIME

K

SEPJMF

F JMP

s LJIMP

IﬂIT

TIMERS




PYVODET SYETER

SOURCE

Glop
GloE
o1l
OL1E

R A

118
G1iA

GliE
ek Bele)

SR )
Ula;'.d:'.

Ql24
0124
0128
0128
0120
01ZE
QLED

OLER

1A o

OlE&
0138
OLEA
Q1ED
OLIE
0140
0142
0144
Olaé
S0l 48
0144

G1ac
014F
0151
0154
O1ET

CGLEA

FILE

220

cz24
CE248

CRER

e
et share il

TE2EQ0

DE77

1209973

TEEDOGT
SR ]
7ot sL.-‘..A

TEIFGO

Mok

ool G

TRLOOD. AEM

s TIMER SET-UF
MOV
MOV
SETE
BETH

{SERIAL SET-UF

MOV

»
k)

ROGE-ASEEMELER

VERSION 1.0

#2iH
FOEEH

THOD,
THI
TEROQ
TR

SCON, HODOH

s INTERRUFT SET-LUF

SETE
SETH

ETO

ES

s BIT INITIALIZATIONS
CLR UFDATE
CLR TXOFF
CLR TEMPEIT
CLR AMITRIT
CLR TDATA
CLR DONESER
CLR BEADCHAR
CLR BSEASTRT
CLR SENDCSH
CLE SENDCSL.
CLR BADDATA
CLR FAUSE
CLR READY
CLE MORZMIT
CLR LOADED
Lk CALBIT
CLR COATA
CLR CALSENT
CLER CaLIN
CLR CALRCVD
CLR® MOBAVE
CLR TISTART
CLE TI2ETART
CLE TESTART

sSTORAGE INMITIALIZATION

M

EGNUM,  #
TXSERND
NEWSER
EST,
KT,
YT,

HUFDATE L
BUFDATEDR
HUFDATEZ

145



AUOCET

SOURCE

Q150
L&D

O1&E3

01l &
O &5
GlLoE
OL&E
Ol &F
0171

0174
174
D178
O1L78
QL7e
D17E

0

i

01

013z
184
0187
O 18A
18D
D170
R R
0175
L&
L9
Q196
QLR
QL2F
L2
GLAS
Glas
G las
OLAD
01 HEQ
O1E1
alBa
O1RS
GLES
GLRA
O1RBD
QLo
QLCE

Dils

EBYETE

fioe)

FILE

FTEIOOE
THELOE
FEHIZO0

7 s
THEEL1O
FAQO
FOOLED
O
DEED

DEIEFA

TELO
TA40F
SOOEQ0
Fo
OoEZ

DEFHE

Daer

CR00
FLOgrr
TEHOBIA
7THOADE
ToOOSFRD
TEGO
DOOTO0
Eg
121454
08
BELOFS
CR00
7EOBO0
TEORIO
7E50AEE
TSOYTF
FaOO
QUOZTO
E8
121454
08
BELOFDS
CR0A
7SiEEO
THIC00
THLIEQD

THIFTE

ME BOS1 CRI

e Eape
R Lt

MAME: TX 100D ABM

INITH

IMITE

an

Mav
Moy
MINAY)

MOy
Moy
MOy
MOV X
ITHC
LINZ

MOy
Moy
MOy
MOVX
ING
DaImMZ

WA L iy

146

MBLER ~  VERSION 1.0%

OUTREG, #RPYCNT
IDETAT, #OoBH

RYONT, #Qo0H

COUNTL, #10H
A, HOOH
DFTR,  #ALLFRE
@FTR, A

DFL

COUNTL, IMITA

RO, #540
&, HEOF
DETR, #LEDTA
@DFTR, A

DFL

RO, TNITS

ITNTS

INTZ2

MOy
MOV
MOy
ZALL
INC
CIME
CLR
MOy
Moy
MOy
MOy
MOy
Mav
MOV
CaLL
INC
CINE
CLR
Mo
MOV
Mav
MOV
MY

XEXF, $EFF
XHMAM+2Z, #E20
XMAN-+-1 , #EDE
AMAN, #HERGC
RO, #EQ0
DFTR, #ALFHA T
a RO

MOV E

RO

RO HFLC, INTS
XEEN
AEXF , #4500
AMAN+Z, #ET0
ZHAN+ 1, #ELT
XMAN , #F7F
RO, BEQO
DFTR,,#EBETAL
AL, RO

MOV

RO

RO, #3810, INT2
VRSEN
VREXE , #$E30
VREMAM , #5000
YREMAN+E L  #EOO
YRMANM+FZ , 00
UFRAT #1220



AVOTET

BLEIRCE

Q10
oO1Ce
QLCF
O1D2

0108
oLpe
1Dk
C1DE
iRl
QlES
O1E7
QLEA
G1ED
DIFO
Ol
QiFd

GLF7
OLFA
GlFD
Q0200

209

D205
0208
G20
QROE

21l
DZLE

D216

A
w1

il

TE

FILE

g e Yo

7REE00

121mad
121000
PFU04R1
121010
121020
FUOOACS

IR0

FE1A00

Fo
L210AF

TELLLE

1 210 ) 8}
FOOADF
121010
TAAT

121057

TOLAFD
L2100
SO0

12101C

BAOAZE
121215

TEHERLG

- 7E2CG0

7EBEOL
5
/

400
et e

520

FrEsmen
i
EO

BAFFOR

FHFO

O

ESF

o

DEIC

Mg

[

MAME

£ T
AW B

147

CROSS-ABEEMBLER —~

TELOOD, ASEM

MOy
MOy
Moy
MOV

M,#ls
MAN+Z 10
MMAN+ L, #E00
NFAN ; 00

(STERT OF OFERATION
' CaLL LLED

CLELED
DETR, #MEST
FMLCD
NXTLM
DETR , #MESD
FMLOD
CHNMU,
DFETR, #
EDETR, A

WATT

IDETAT, #1EBH

CaLL
MOV
CaLL
Call
MOV
CAaLL
MO
MOw
MOVX
Zald.
MOV

HEO0

RIRI

a7

CLRLED
DF TR, #MESS
FMLCD
B0

Call.
MOV
ALl
MOV

RDY

RDY L CaLL LCD
' JINE READY, F
BDYE caLL MY TLIN
MOy DETR , #MES4A
CALL FMLCD
' SETE UFDATE
ROy CoLL SWITEOH

CINE
Call.
MO
MOw
MOy
Mo
ADD
Mav
MOV X

A, #HEOA, RDY 4L
Cal
COUNTL,
COUNTZ,
DFH

£y

Ay

DFL.,

Ay

# 1 OH
HOOH
$OIH
OO
COUNTZ
A
@DFTR

CaLLO0F:

CINE A, BOFFH, ENDL OO
MOV E, A

H20H
COUNTZ
a

B

&

- MOV

ADD

MO

MOV

MOV Y
ENDLOOP s THNC

fiy

a,
DFL,
A,
@DFTH,
COUNTS



AVOCET SYSTEME &

SOURCE FILE MNAME

0 DEREE
WEEE BOBS

0741 BAGEFE
ORAL 121000
ORAT FOOTIG
OR4d 171010
024D TERLDE
0950 CELE

OE52 ESES
OR54 A5ZE
Q256 FEIE

0238 AZDO
GREA 120999
QORED FEYE
DESF FE99
02461 D220

O2E6T LZ210AF

DR&E EOLAFD
QL% CE14

OZER 121000
QREE FOOSEE
QETL 121010
0274 12102D
QRTT FOOEET
OA7A 1Z21010
QEATD LEGI00
Q2E0 QOFR

OO0

QEQG L2LAF4S
OEOE DIeT
Q30T 0299
QEQ7 F09107
QEON DEIS
OEOC CI9E
QEOE Z0R1FY
OELL 2005046
QX314 0R0O4RE
OFL7 OROECH
QX214 ESLA
OZ1C RB410OFH
DILF 121544
OZ2E 7440
QE24 1210467
OEE7 CZR01
QERE2T TSOCo0

QERZO 7DOF02

et 2l s

i1

5L CROGE

i

0 TRIOOR. ASM

DIMZ
TJdiz SIMF
ROV CINE

Call

MOy

Calll

MOV

CLR

MO

OFl

MOV

MO

CALl.

MOy

MOV

SETH

CAaLL

JNE

CLR

CAalLL

Moy

(AT

CALL

MOy

n
%

SWITCH  CALL

SETE
CLR
JHE
SETR
CLR
JB
BRGND JEB
LJMF
BEGNDIL L LIMP
BEGND 1O MOV
CIME
CAaLL
May
Calll
LR
Mav
MOy

©

- BB

MELER - VERSION 1.09

COUNTL, CALLDOF
RIY

G, BEOE, TI1
CLRELOD

DFTR,  #MESS
FMLCD

IDSTAT, #IEH
FALSE

a, IDSTAT
A, SEGMLUM
FRESREY , A

o, E
XM T TO

TRE, r
SEUF, A
TISTART

WATT

DONESER , £
DUNESER

CLRLED

DFTR,  #MESS
FMLED

MY TLM

DFTR,  #MEST
FMLCD

SWITCH

LOOF

FLISH

CLRSK

CLRESW

SW, BEEBMD

ClRS8K

CLRSY

B, GWl
UFDATE , BRENDLO
BEGND LS

EHENDL

&, CHNUM
ALHFLO,BEGNDLL
LED

A, #AUOL000000
BTDFR

YEGEN

YEXF, #3000
YMAN+E2, $F02

148



149

AL

SOURCE FILE NOME: TX100D. AEN

MOY YA L, HEST
FOY YMAM, #3440
(AT ML

CLR Y EEH

; uiniy YEXF G L
SRR "“‘"f'ik 1 &' MOV “i’HHltl"i"fﬁ #ELE
QAL THOEST Moy YMab L BEET
0 % O7E0DE 1 G YMAM , # -’{?3 i

OT44 1216DE calL ADD
OI4F 1hlvm4 CALL - VLEF
OTAC DEO SETE YEEN
DEAE 7ru““1 MOV YEXF, ##01

TEOFOL May WHMANAZ , HEO ]
7 Moy YHAM+EL #5287

Mav ?MﬁNgﬁ$2H
ol
Moy
MO X
lv!{’?'.j' ' '1 e \’l. Y C i
M PMQHFw AMJN+E
MOV UHMHJFL AFANFL
IR VRMAN , !“AN
MOy CHTR, #F10
Moy RO, BEQOQ
MOV DPTH,%FRB TS

EMD MOV X Ay @DFTR
JZ GMDE
INC R

EMDE INC DL

! DJINZ CMTR, GMDL

ESLF MOy A, URRAT

BEFG Moy By RO

a4 DIy AR

ZODEEF JB v, GNDA

DEFQ XCH ALy B

Rl &

ay)

(e IR

¢ e

URE AL RO
ac GNDT

TG ]

Yl i GNDE MO My B
03I 1 TEOBOL [N AEXP , #EGL
QESFA TEH0BO0Y MY LA H 2
7EOAO0 May KU TETRE
FEOCO iy AMAM, #E00
MOy YEXF, “) 'L
M RN TATR R
MO Y+ 1 ﬁ- 0
MO WA, J-"‘:k a
il oIv
HOV PRI, KPR
MOV MMAN+L , XMAN 1

(}".f—‘x"’.

g )
S

Y




150

TR~ VEREION 1.09

AVODET SYBTEMEZ 8051

SOURCE FILE MAME: TXLO00D.ABM

MO NIMAN , XA
f GHD4 M CHMUM  HEo

n?}um JME S, BREEMNDLZ

Uhd4ﬁn LJIMF BEGMDT

GROIELL BEGNDLZ LJIMF BEEMD

1 D2EM BEGENDL  SETE ACC. 4

L FEFO MV Bya

121002 Call. WTEME

QUGS 200110 MOy DFTR, #FRESTS

QIECE ESlA MOy £y CHMUM

GOECD 2382 Ann A, DRL

QTBF FER2 Moy DFL A

CLR Y

JINE DhNh3P END4

MOWVX @DPTR £

Moy DFYR,JlLD

Mo £y SRNMUM

Ri. &

L. £

~AD0D A, DL

F&PC MOy DFL,A

TH1404 [MIWAY I CMTR #F04

Fa4OF MOy £y HEOF

C2A0 CLR Es

Fo BEGMDE  MOVX apFTR, A

OEER2 INC DFL.

DE14FA DINZ CHTR, BEGNDTZ

= DEAL SETE &

0020481 Ld e BRENDE

L a4 BEEND4A CFL &}

F MOV Y BDFETR A

TEOO0 MaY RO, HEOO

RGO MOy Fi, #3500

TG0 MOy TORZ EFOO

P7ROO Mow R HECO

NC27 May SE I

ESFQ BEONDA MOV &, B

1E2L0OT7F Call ATH

L0103 JNE S, BEGND LS

Q407 O LJIMF Eﬂ EMDT

0406 DCF BEBNDLZE DJINZ <4, BEGND&

0400 350100 oy $Qﬂ,$01

O40F 850201 MOV FOL ,FOZ

0412 BIOI02 MOV FOL,E0F

Q415 CZod CLR SIGN

0417 121931 AL FLT

0414 Bﬁﬂi CLR YS5ERN

G410 TE0000 MY YWEXF , $#£00

O41F BEEA0F MOy WMENA2, NMAME2

O42% gE290E MY YMAN*i MMAM+ L

GA25 8532800 ainey NAN,MMHN

a4




AVOCET SYSTEMS 8051 CROSS-ASEEMBLER - VERSTON 1.0

SOURCE FILE mMaME: TX100D., ABH

121807 CaLL MU

s QO0200 Mo DFTR, #ALFHAL
2E ESLA MOV & CHRNLIM

Ud-ﬂ 121486 CaLL. YOV

QATE 12153C7 CAlLL MUL

04354 00250 MOV DFTR, #BETAL

04739 ESLA MOV £, CHNLIM

OATE 121484 CaLL YOV

QAZE 12186032 Cal.L ADD

0441 1Z1474 Caki YMOVVR

0444 12146D2 CALL DD

Q447 FOOZE4LQ MOy DFTR, #TEMF

Q44a ESLA MOy A, CHNM

Qaal 121454 CadlL MOV X

o4aF LE19CD CAaLl. TL-6F

0452 121788 CalL X5T0O1

G455 CR0L CLR Y SEM
Oa4ET7 TEHOCOL » Mo YEXF , #F01
G450 TEHODOAQ MO YMEH OO0

Q45D ?EJOEC! Q MOy YMAN 1 {00
G450 TEOF&4 MY YMEM+2, #Esd
D4AT 1”'“"” Call MUL

04464 1218F8 Cali FIx

04465 1218D0 Call BCD

0460 CEDE CLR Fa

OaLE FOOTOE MON DFTR, #LLEDTA+E
0471 ESLA MovY 3 CHMLIM
Q47 2E Fel. &

04a7s 27 Rl 3

Q475 25E2 ADD ~, DFL

Q477 FEE2 MOy DR &

Qa7 EC £ MOy Ay R4

Q478 SAF0 ANL A, HEFOC

OATC L0095 JZ Bz

Q47 24 - SHAF &

D47F 4480 ORL A, #EED

e

0481 B0C3E SJIMF Bl
O48% T48F B2 M0y A, #FERF
0485 C2A0 Bl CILR ES

0487 FO MOV Y @OFTR, A
0488 1588 PEC DFL
casa EC Bl MOy Fry R4
0488 S40F ANL A, HEGF
0480 FO MOV EDPTR,A
048E 1582 DEC DFL
0490 ER MOV &y RE
0491 C4 SWAF £

G492 B40F AML. Ay HEQF
G474 44320 ORL. QI#E?H
Q454 FO MOV X anrFTrR,A

0427 155E DEC DL

£



AVOCET

SOLIRCE

WL
0476
0490
GAGE
OATE
O4A1
O4AT
O4AG
WL
QAR
OAAF

GA4T0

QA BA
O4RE !

o4e2

040G
0acT
OATE
OACF
04DT
0An7
04DE

OADF
O4EQ
O4ES
OAES
OAED
AR
GAF 4
O4FE

O4F7
O4F8
OAFED

OS00
OE04
QS0
QBOC

OO0
051l

05815

SYSTEMS

TLE

ER
S40F
4480
Fo
D2ac
R

2091032

121510
POAGO0
EOQ

A
o

14
ZORORODO
PDTONGA0
45415345
574149

SA4202D20

18

20535753
BA454DE0
AFE04552
415449 4F
AEZ047348
ATATARZC

17

ZOROTOZ0

FOROETEY
HEH44T4D
FOHD4541
A4SIDOE0

SO20

oF

15
4C4AF 4144
2OZOI020
ZOZOTO20
FOZOZOR0

AT4F4ES4

18
4414020

2020DZOZ20G

fOME

BoE1

TX100D

BrEMDE
BEGMDIEB

BEGND7
Ji

ME S 4

Ix

e et
. P55

MOy
AR
ORL
MOV
SETH
ING
JE
L.IMF
Catl
MOV
MOVX
RET

XX

DR

Dy
D
Dl
Dl
DWW

DE
i
o2t
Did
D
DWW
D
DR

DE
D
it
D
D
D
DW

DR
D
D

CROBE-ASSEMELER -

VERS TGN

Vo
By BEOF
a, HESO
@DFETR, A

ES

CHNLIM

S, BEEND7
BEEND

FOR

DETR, #EA000
A, @DFTR

20
;
b
, oy
-, PL

Ys-’

iy

TERC
Tk
TG

EC, K
o
=
¥
) B
ST, EM’
R

oo

74

s e
CA
. .

“ o~ A
& o w w aE

B

CAD

NT

1. 0%

152
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BLER -~ YERSION 1.09

AMOCET SYETEMES 2051 CROSSE-A

SBOURCE FILE NAME: TX100D. ASM

DU o,
D oy
DW Ty

DW oo, T

OHen

T am
i
£
Lit

G52% 14 D 20
OFEA D ’ Ty B

GEZE SPREE445 D g, TTES
OETE 4ADE0O4AE4] [ I I W2
GEEZE 40494282 DI LT, TBRY
OETA 41544544 D aT, TEDS

OSTE 16 MESE DE 24
QEEFE ZOR020G20 D ! s !

M}T448hn D CTry R
[ o, 0

DW /v, E8T
(1% EM, !
FOROZOE0 D o,

18 MEST DE 24

20434F 4D Dl N R
ADBSAEAY D
435415449 OW ]
AEATROTT D NG
47544820 Dl ITT,H
444347720 D ‘DET,C

=
=0
E oo X

3
T
@

i

]
1g MESE DE 24
2OEOGEOETE D ’ Ty !

48555444 DW HUT L, TTDS
AFS7LEZO oW B 1 R '
AG4EATEL DU CINT, T ITY
47415445 DW Iar, TTES
A4Z2020E0 Dy Doy ’

3 =]
]
£
el

18 o 24
42EF2044 DW BY ', D
U”BE ATATEOLT D 'EC'V’ C
OE97 AS4ESASE D TEMT, TTRY
C
U

0596 41402047 D AL,
0590 AFADSOSS DU oM, R

.

GERE B4455220 Dl TEC, TR
OEAE 1B MES1O DE 24
OSAT 202020320 Dy ‘ ty

ODAT 4;5.* ] Dy BY !
OGAR ERIDIL D ISR R
OHAF ZOR0535Y DW T, 8y
OERET SI54454D D BT, EMS

OEET 20202020 D ! Ty ’



AVOCET

SOURCE

OERE
O5BRD
QSRR
OEG1
OBGE
OSCH
S8
) \EJ{:
oS00
O5E00

O5E0DE
DEDE
i
ED7

OEDA
QEDC
OEDE
OSE G

QBEZ
O5E4
DBET
OEEA
QEED
OEEF

O5F 1
OSF 4
OEF7
OSFT

OSFE

OSFD
QEFF
0601
O&04
A0S
O&H09
&0

O&OD
G&OF
&1
O&1E

Q&HLE

BYSTEMS

FILE NakE:

COED
LODo
Cogs
Coes
CoFo
TOZNO0DB
DEEDO2
BO06

TOIEEL
DEIELE

BOLE

DERG
LE0G9T
THEDOT
7EIEZA
7452

ool

ZORCLT
DEIFLA
CRAY
D21e
T4EE

4BZE
AEDO
RORYOT

r_..,...,.

__} ot
120999
QLB
F599

DOFD
DoEE
pogs
DGDo
DOED

Y RT
BeEL

‘!

'TIMEF“ IN

TIMERS:

TIMER:

TIME®:

TIME®d s

3
TIME&:

TIMET:

LROSS

FUSH

TEIOOD .. AEM

i%ii

FLEH
FUsH
FUEH
FUsH
JMNE

DINZ
SIMF

JME
DIMZ

INC
M
CINE

Cl.=
SETH
MO
SIMF

SETE
Call
MOV
MOV
MOV
SJIMP

JNE
DINZ
CLR
SETE
MoV

ORL
MOV
JEB
MOY
Call
MOV
MOV

FOF
FOF
PO
FOF
FOF

-
R

EMEBLER -

S

TISTART,

EST,
TIMES

TZSTART,

BT,

RYCNT
1y

-
#

ETO
TXOFF
A,
TIME&

NOSAVE
NEWSER
EST,
BT,

A,
TIMES

TISTART,

VT,
ETG
TYXOFF
Ay

A,

(I

~ 3

NOSAVE ,

FRESRFY,

XHITOM
TRE,
SBUF,

5]

DFH
DR
FEW
ACC

VERSTON 1.4

TIMEZ
TIMER

TIMES
TIMES

RXONT

BEXMLIM,

HEHUT DN

BUFDATE L
HUFDATER
HREXMIT

TIiMER
TIMESD
FEHUTINGN
EUNUM

TIMET

I B ¥ Ul

T

TIMES



AVGCET

SOURCE FILE NA

DE2A

G&HEED

[l vk O T e
SYSTEMS

e

teedd i

1214F 4
207844
CE79
o210
IOLROS
120880
802D
ZCLH05
L208ER

Q630

4 )ulf] 8!
(TR
Oé&4h
04649
4640
AR
O&HET

130860
120880
BOOT

TOLHOS
120878

0654 120858
0457 121510

Q&G I
D6E5R 202905
ESEE
DEOTDO
Ta45E
OR07DO

UM&

5 S0LLO3E
QRO7E9

G&6E

OGEE BS99
O&TO BEIFFO
0&7F ZOLFOF
0676 ZODOUE
O&H72 07000

QROT7EY

2090808
20787

O&E7C

”..J 7 r
O&R7

Ld e

06HB5 O0ZOTES
0688 T01208
LBE BISTA0Z

YaREEM

CROGS -0

Elh

MEs TH100D. A5EM

s GERIAL INTERRU
SERIAL: CALL

MOTAL =

SIMF
DJINZ
CLR
MO
M
JME
ﬂqu
TMB
CALL
Akl
SIMF
JME
CAaLL
.—ﬁ'\l L
..rl‘ lL..
RETI
JE
MOY
LI
MOy
LJIMP

MOLATH:

CAlOHE:

TEMFCHE 2

MOTF TR
MOTFIMNL:

RECEIVE: JNB
LI
My
MOV
JE
JH
JNE
LIME
OooDPFaR1:JEB
LI

FARITYL:

FIME L LIME

EQCHER : JTNE
CINE

RLER -~ VERSION

FT HﬁNDLER

FJSH

I, RECEIVE

TI
AMITRIT
CDATA,
CaLouT
REFYDOMNE
TDATA G MODATA
TEMFOUT
RFEYDOME

MOCAL

DUTREG
MOGAMVE
Lﬁ»_)Tmr
DUTRED ,
TXOFF,
FILL

CalLeIT,

CIMIT
CALoUT
REYDON
TEMREIT
TIMIT

. MOTFIN
Y PRESRRFY
FREYONT
CALCHE

SR CHE

E

T, BFYDONE

TEMPOUT

FOF

MOE
H,
SERRET
Ay
SERRET

AVE,

EADCHAR
BADSED
A,

B,
CALIN,
Fy
RES,
BEADSER
HES,
BADSER

CALBLE

SEOSTR
Fy

NEITF TN
FRESRFY

BREXMIT

JFARITY L
SELF
SRUF
THFIMF L
ODDFAR L
SEQCHEE

BSEQCHER

T,500DEER
FRESCHMD,

1.

0

F

TIHF

155



SOCET

SOURCE

4B
Q&G0
TR
CAHDS

OaEST

O&HTA
CHéa9D
DA
O&ENT
O d i

O e

W EOTATA T

O
O
QéHEL

GAED

Q&HEC

LN

FILE

LELd
534

120%61

DEIL08
120960
12099
BOOE

GRO7ED

Cmmy

O&EF B

0601
O&HCTE
OEDS
OHCE
“éCP

HOE
(_} S0
O&DE
Q&EDE

04608
GAEDE
O&HDE
OaEL
&4
DEES
OHER
OHED
OHED
O&EEF

AL

O&F4
O&F7
Uﬁr?
OAFC

L]
201808
BE41R02

R
o e

DEQTDO
D216
DEOTED

B4A4CEO

120972
TORROE

75IBOO
74355
GROTDO

BE4IE14
LDELF

"yl:."“?‘f"?i:;("'

TEIGO

TEMS 805

MAME: TX10CD.

5
CMDO:

TIMFO

BETDEN:

0
a

CROEE-

ASM

SJIMF
L IMF

: SETE
MOV
caLL

DINZ
Cakl
calL
SIHF
L.dMF

CLR
JNE
SETE
CLR
oy

PN vl ovid
Hu\.n.,

MRLER -~

CHDO
BADSER

SEQSTRT
FRESCHMD
TSET

INREG,
ESTSE
NEWSER
GETDSN
NOREFLY

DECENO
MCZA?,
DECEMO
ALCL T

b

4

VERSTOM L. 0%

]

TIMFO

CHDL

A

s VAL TD COMMAND COMPARISON

CHD1:

CHMDLORE

TIMFLA:
TIMFLE:

"
#
CHMD2y

CMDT:
CINITZ:

CINE
oAl
JNE
L IMF
CrL
SETE
Mo
May
JE
CJINE
SETE
I PP
SETE
LJME

CINE
Cabl.
JHE
LM
CEL
SETE
SETE
CLR
M
MoV
ey

CIOME
SETHE
MOy
MOw

£y
PUMF%FF

SHNSAME
HXMIT
TXSEGMO
LINME

S T .
My
PQUSEg
Ay
FAUSE
SERRET
READY
NOREFLY

&,
COMPORE
SNSAME,
RAMIT
TASERDMG
CALRIT
CaLRX
LIME
RXCNT,
Ry
SERRET

Ay
CALIN
OFFEET,

CHESUML ,

‘H\lHM\_f i !’::\ "

CHMD 10k

HOOM
IDETAT
TIMF1E
#1BH,

#LOAD

CHb20R

#OOH
HFUNLOAD
#UNLOAD

HOA0H
FQOH

oMo

TIMF LA

CHn4g

CHna
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S0URCE

O5FF
Q702
Q704
Q706
D708

Q708
O7FOE
0711
0714
O71L7
Q719
OF LR
Q71D
720
O7E

Lo

-
LI

-y
(R

yaes:
Q7ZE
07T

Q73E
QO73E

Q737

O75E0
GTEE
LFEE
OFER
GT7ER
O7Eh
G7EF
G762
07 &4

G758

Q749
Q750
07 6E
Q771
0774
0777

EYETEMS

FILE

FEEAGO
[ |

C".“'ﬁ‘"‘.’

Al Fee e
203

ORCGTEO

B44717
120G7%
TOREOE
Q20798
BE77
D214
D213
TEHEE00
Ta AL

DR2OT700

B43541%

1T

- 4oa
ZORE03

QRO7PE
mRT77
D21LE
C2246
C2VE
TEHEE500
~1 A

GRO7DO

BATR2RS
120972
RORBOE
07968
TEIEBOO
EOLBOE

e
=

et al

QRO7D0
E02L07

o
[ RE |

7445
OTOTHO
D21C
7455

Q20700

45319
Ca2nF

120981
121000
FOASTO
121010

PAME 3

qo51

CMDA

CMD40R

T

CMES0K

BLOCK

BLOCKZ:

a

I

CHD7s

THLOOD. ABM

M
CLR
ClLR
CLR
LJMF

CINE
Call.
JNE
LJME
CrFL
SETE
GETH
MoV
MOy
LIME

MMMMM

oAbl
JME
LM
CEL
SETE
CLR
CLR
MOy
MO
LT ME

COME
Call
JE
I M
May
JNB
MOV
LI ME
JB

GETE

oY
I M
SETRE
MOV
LJMF

CIME
CLR
CALL
Call
MOy
el

CROSS--455EMBLER -

CHESUMH
CELRCVD
CEHROVD
UPDATE

MORERLY

A,
COMPARE
SNSAME,
RXMIT
TXSERND
DONESEG
LINE
RXCNT,

Ay
SERRET

A
COMPaRE
SMEAME ,
RXMIT
THXEECNO
TEMFEIT
CAalLRX

- TME
RXCMT,
ﬁq

SERRET

Ay
COMPARE
SNSAME ,
FAMIT
FRXOCHNT
LLINE,
Ay
SERRET
CalRY,
TEMEERIT
Ay
SERRET
CALBIT
8,
SERRET

My

B
LEDROQFF
CLRLCD
DFPTR,
FELCD

VEREION 1,09

.’J '.1'.;

, HOCH

HINITED,

CMD A4

FOOH
HDONE
HAMITTHR,

CHDE0R

HOOH
BRECTMP
BREXMIT,
SENDRPY
$OOH
BLOCK
LAGTREY
BL.OCKZ

HRECTHF

#UNLOAD

HEHUTDWN, -

HFHMEST

CHDS

CMD&

oHMo7

TIMFB

157



N O

TET

SYETEMS

AOURCE FILE

OF 7R

SYAY
0780
OTR7

OT7ES
O078R
07 8E
(3791
TR

DTG

0758
O SE
7%
Q7 R0
O7A%
OFEs
{ ) /’ ~ "7"
OO

O7 60
D7 48E
OTEO
TR
(\"’7 "}5
( )"/_ -,8
O7ER
O7RE
SWAN

07C4
O707
TN
D700
O7CE

0700
ISWAN
OFDA
O7D7
a7D0
G7DE
O7ED
NTER
O7E%

120D
FOOSET
12i01iC
SOFE
C211
BOOF

D21
DEILO7
170960
C2t11
8GOT
QOZOTEQ

BAO4Z20
219

745

QZOT7DO

20981
121000
l?l }(n::'-?t)

lu.}_..){-:“_
121010
GOFE

D2ZE

TaER

AT
AZDO

OO0

120999
")H(?B
=t
2278
121510

e
i

[o5l CROS

MAME 2

n

TE10O00D., ASM

Al
MOy
CaLl
S.IMF
CLR
SJIME

TIMFE:

i BAD SEQUENCE
HADSED: SETE
CALL
CLR
SJMF.
BADSERL s LIMF
: !" ETRANSM I

R ’ll\-'} r-1,

RAMITL:
AT
INC
MOV
CINE
SETR
MOV
LJMF
CLR
CALL
CALL
Moy
ST
Calll.
MOV
CALL
SETE
MOV

BT L :

AGATN:

MOy
JE
MO/
CALL
Moy
MO
CLR
Tl
RETI

S]EF\'F\‘ET 1 .

NORERLY @

DFTR,
FHLTCD
¥

FEMIT

RECEIVED
BADCHAR
ESTESET
R MIT
NOREPLY

SSI0N DESIRED

VERS

HMEDY

EBADSELL

T,EXMITI

i\‘lEl)J(_‘E"D
RECHT
A 5

Ay
TXOFF
I)-—\’ 3
SERRET
B
LEDDFF
CLRLECD
DFETR,
FHELLCD
MNXTLLN
DFTR,
FMILCD
£

)
My

iﬂi'}

D'.‘
OBAVE,
FRESRFY
KT Tk
TES,
GEUF,

HRXMLIM,

HSHUTDWN

HMESS

HMES 1O

HEREYXMIT

SECNUM
P
SERRET 1
A

oM 1,09

AGEATN
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AVOCET SYSTEME

SOURCE FILE

OTES

FOFACD

2 D’—t"‘\""

O7F4 OZOBEF
OTFFT 2090045
O7FS DERTE

QFFC OZEOZEF
O7FF O E0E110

DEO2 Q02207

QEOE
CELo
OBl
CGELE

osle Ao
CELlE

OR20BES

23

ESFOQ

B
e

GRE7

DERE
GgEc
OE2F BOOE

OEI1 FGOLO0

0B3E4 1582

EALYTR
SORO05

POORO0

FEE2
ESFO

ey

GEEF
0840

0545 Z02008

202180

DIEEBID

QE48 C220
OEdA DREY

OEAl 222

P -
OBE4E golz
NEE50 FTEIRIO

PEME 2

FARTTYR:

QDDFARZ:

DECCSH:

DATH:

3
MOCARY I

BETFRE:

ARJUSTL

MOVENTER

EINITS:

BO51 CROBS-AEGEME

TELLOGD, AEM

JME
LJME
JE
JHE
SETE
LJMF
JR
BETE

LIMe

JNE
JE
SETE
MOV
LJaME
[ov
Moy
IR
MOV
CaME
JNE
LIMP

CLR
MoV
ADD
MOV
JMC
TG

JB

MOy
SJIHF
MY
nEC
MOy
AanD
MOw
MOV
MOV X

JE
DINZ
dNE
CLER
SETE
CLR
SJIHE
Midy

DATA FROM THE DED

EADDATA, AR
MOVENTR

F, ODDRARS
RES, DECCS
BADDATH
MOVENTR
RES,
BADDATA
MOVENTR

DECCES

CELRCVD,
CEHRIVD,
CHEHRCVD
DECSUML , A
CEINISH
DECESUMH, A

£y DECSUML.
£, CHESUML,,
My, Sl
Ay CHES
BADDATA,REINITT
CABAIN

»

A 1]

Ay CHESUMLL
CHESUMLL A
NOCARYZE

CHESUMH

CALRCYD , BETFRE

DFTR,  #ALFHAL
ADJUST1

DFETR, HTALFRE
DFL

A . D [:‘ ‘av—

A, OFFEGET
DEL., &
A, E

BDFTR, A

CeLROVD,,DELCS
OFFSET, CFINMISH
CALRCYD ,FINITZ
CALRCYD

ColLRCVD

COHRCVD

CFINISH

OFFSET,

HTOM

VERSION 1.09

CAGATN

CAGATN
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QESE

OBRES |

[ niwyi
(S iatey
OBIR
OESD
OREF

QOBLZ
08s3
QEé&7
OBE&Y

GRsC

DE&sE
o871
Q874

”?77

o878

OR7F 7
DE70

OEE0

BYGTEME

FILE

i

DE24
CEiF

It R L
‘.—IJ—a.l.

DEO5E
FEHISO0

QZFOTEQ
o

CE1F
Q207 A0

D“iD
"Cﬁﬂ

0B87 27

OEaE
O
O824
0EeY
O88EC

QgsDh
OERP0
r\(’.‘)t’.?"“‘
aRen
0ge7
087
oR9C
OBIF
0361
rﬂ_".(}”‘:"

(e tA T

753?00
TEEHOO0

ey

e

IOLTID
Z0i1e0v
D218
LE‘“"'?"\
FEFEO0
CROEDF
TEIOOL
ESEA
Cc2ic
CELD
L2218

NAaME:

160

B051 CROSES-ABSEMELER -~ VERSION 1.09

TXLOOD . ASHM

BETE
SJIMF

REINIT: SETE
CLR
CLR
SETR
MO

CFIMISH: LIMF
CAGAIN: CLR
CILR
LJHP

MOV
40V
MOy
RET

MOy
MOV
MOV
N

L

MOy
MOy

CALOUT: JNE
IR
SETE
MOy
MY
M
SEMDCS LMoV
MOV
CLR
CLR
DK

CaLRCVD
CFEINISH

LOADED

CALIM
NORXMIT
UFDAETE
RACKT,  #COH

NMOREFLY
BADDATA
Cal.In
RXMITL

DETH
DFFSET, #OACH
CHFESUML,  $#O0H
CHESUMH , #00H

NTFR TD LEDTﬁ ﬁPFHY

TDQTH

DIGIT, HOAH
FROBE , #OO0H
e FROBE
£

A

OFFSET, A
CHESUML. , #00H
CHESUMH , #00M

“ENDESL SENDCAL
SENDCSH, SENDCS L
SENDCSH

A, CHESLIML
E, A

COuT

OUTRES, #GIH

a, CHESUMH
CALEIT

CDATE

SEMDCSH



i1

SVOCET BYSTEMES

¥
i,

SOURCE FILE NMaME: TX100D.ABM

DBAT CLR

MOV
SIMF

CEl7

QEH? FEFO

CGEAR BOIZE

SENDCAL: JB
MY
SJIMF

ERMDFRE: MOY

DIUST: DEC
MOy
anh

Q8aD ZOLEOE
OREO QO0200
QERT BOOE
OBRE PO0100G g8
QgRE 1582 a
O8RA ESEZ

DERC 253

o Bt i
OBRE FE32E MOy

MOV
MOV
LR
ADD
MOy
JMEO

T

GECOo EOQ
81
OECE
IR
DB0s

o
QEca

OECA

MOCHRY 2e DWINZ
JHE
BETH
CLR
LR
SJIMF
M
SETE

oRCC
OBCF
OBDaE
OBDd
OBDE
08ne
QBRDA
QEnh

DEIEL0
InlEOR
D217
£Zia
C2IE
8005
FTEIBIO

Dl

FIMIT:

COWUTs: Moy
My
ALl
MY
Moy

RET

OBDF ESFO
OBEL AZDO
OBET 120999
OBES FRTE
OBER F599
OBEA 22

BOSL CROSS-ASBEMBLER -~

SEMDOEL
CouT

CALSENT
DETR,
ADJUST
DETR,
DFL

A,
DS
NOCARY 2
CHESUFR

OFFSET,
CALSEMT
SENDDSL
SEMDCEH
CALBENT
couT

OFFSET,
CALSEMT

Ay

e

t-la_;

XM TOR
RS,

SEUF,

161

VERSIONM 1,072

a1

s SEMDFRE
HOLFHAL

HCALFRE

DFL.
OFFBET
A
BDFTR
A

CHESUML

Al
y

ooy
GJEINIT

HE0OH

POUTFLITE TEMPERATURE DATA TO DEC
ZCLT7LID TEMPOLT: JME SENDCSL. , Cal.CHEL

E01809 JEB
DE18 SETR
QEFI ESEY
SFEO MO
QRO955
7EHE0O0L
GEBFD ESEA
OEFF C213
aFol D214 CLE
CZlae CLR

O90s C217 CLE

Q8FA SENDCS: MOY
MOV

CLR

DR

SENDCSH
SENDCSH
1y

B,

TOUT2
OUTREG,
a,
TEMFBIT
TRATA
SENDCEH
SEMDCSL

, SENDLCS

CHESUML
4

#HOLH
CHE S
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ALUNCITT AT s T CY e Y e g el o
AVOCET SYETEMS BoSl CROSS-ASSEMBLER -~  YERSIOMN 1,09

SOURCE FILE MAME: TX100D. A8H

wd i N

QRO BO4H SIME TOUTZ

0P07 FHFO MOV B, A

QUOR 2FOG0120 CALCHER : MOV DETH, AL LFRE
OF0E ESBE Moy A, DR
QgiG 25E7 &DD Fiy FROBE
0R1E FEBA MOV DR A

Q714 B0 MOVX Ay @RFTH

OF1T R4QOOE CJINE A, HOOH, SENDTHMF
0918 8G1s SIHE MOTZERO

£t

G714 FOa3EQ0 SENDTMEF: MOV DPFTH, HLEDTA
LD 1582 DELC DFL.

O LF EERE Moy &y DL
P2l 2534 ADD (AN DIGIT
O9E3 25738 ADD AT OFFCET
OREE FEaz Moy DL, g

ORET EQ MOVE A GDFTR
G228 540K AL &y P
OFEAa BAOFOZ CONE Ay HOFH, MOTZERD
OYED 7400 MOy £y HOCMH
e

0

D9RF 24730 MOTZERD: ADD Ay HEC
OFEL FEFC MOV B, 2
QRIE O3 CLR "

934 2539 ADD Ay CHESUML.
Q9346 FHIR MOy CHESUML., A
0ORE3 D002 JME HOCARY L

D934 O53EA T CHESUMEH

QP70 DEI&LE MOCARY 12 DINZ DIGIT, TOoUTE
ORIF EDIET Moy &, OB
JF41 BAOF Q4L CJINE Ay #OFH, TOWUTY
0944 D217 SETR . SEMDITEL

0744 G218 LR SEMDCSEH

048 200R SJIMF TOWTE

D46 OBET TOWUTL: TNE FROBE

QP40 OSEO INC AT

GFAE 23 Rl &

04 273 Ri- A

YRG0 FEE MO OFFEET, &

D952 TEEL04 MOV DIGIT, #O4H

5
0955 ESFO TOUTZ:  MOY a,
O9S7 AZDO MY C,
G959 120999 call XMITOH
OYEC 929R MOy TES,
O9SE FE99 ) SEUF, A

G9&G 23 RET

oo

3

SET OF TIMERS
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AVOCET SYSTEMS 8051 DROSE-ABSEMELER - VERSION 1.0%

SOURCE FILE MAME: TX100D. ASH

; fisiBandeioririeedrimrivosforiiovirpinsodb gt iarn gt uarpis i itrpisigomerbnap vl u prttrimthartprvtifndrianbiinthiond
0941 TEIEZA TSET: MOy BT,
A

OF&E4 TEIFOQ MOV
02467 DAZA SETE TISTART
Q6w L2228 CLR T2ETART
oRsR 232 RET

QF&6L THIDOT7 ESTSET: MOV ' EST, HUPDATEL
O946F C2ZA CLR TLISTART
QF71L 22 RET

fi
i
it

i
i
|

ol
ol
X 4
i
e}

i

=
o
]

g

.

[
o
o

P

[C I
fii 1
o]

Z 8

{7} =% w3 ww cas

2OTTOE
TORT06 J

Ow7E CRES COMFL: CLR SNSAME
Q97 22 RET

O97E ZOZTVFEA COMP2s JNR DECSNMO, COMP1
GYVE D226 COMPZ:  GETH SNSAME

ORE0 22 : RET

L

s BLANKS LED DISFLAY
; ot tvedred b uveideoreortrirrr it el ar et re R b aver bt er ot Ao et o er R ore AV e i e ot ettt R esotlonrt S anas fevm fasrribdors vt el orrd
OY81 7H1440 LEDOFF: mMav CNTR, BAOH

ORgL TAGF MOV Ay HOFH
OFE&E FOOI0O0 Mav DFTH, #LEDTA
G999 FO LEDOFF 12 MOVX @DNFTR, A

OREs 0582 T DFL

2980 DISL4ARA DJINZ CMTR, LEDOFF L
oFar 121544 ALl LED

oRRE 22 RET

S
L TEELOE

Lalz

%ENSUREB THAT TRANSMIT RUFFER [ CLEAR
0RP% 010035 XMITOK: JNE AMITERIT, X0l

QG0 TOIFFA JNE TI, YMITOR
ORPF Q299 CLR TI
OFA1L D210 XMITEIT

O947F 22 RET

b
Q
]
m
—4
i

s
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AVOCRET SYSTEMS 8051 CROSS-ASBEMBLER -  VERSION 1.0%

SOURCE FILE NAME: TX100D.ASH

Sinlels) \ EMD



AVOCET

SOURCE

aCe

ADD
AJUST
ADJUSTL
AGATN
ALLFRE
ALFPHAL
ATD
ATDFR

B
BADCHAR
BADDATA
BADSER
BADSERL

i
BCD

T
E..\ L

BEil
BRI
BELE
Blg
BRGMD
BEGHND L
SR ENDL G
GND L1
CENDLE
BEONDLE
BEGNDILS
CENDE
GHDE
BRENDA
BEGNDE
BEGND7
BLOCE
BLLOCKHZ
Catgal
i
CaleiT
CAaLBLE
CALCHER
CaLCHE
COALFG
CallIM
CallLonF
CALDUT
CalLFRE
CalRCYD
(IATIRED-4
CALSENT

FILE

e SYMEOL T

i

G0
O000
O OFO
16032
ORE

OEEA
D70
QLZ2G
[ OO0
1O7F
1067

CGOFO

Q43
04864
Q479
i1l

OEG1

OTEE
Q408
LT
by

GOO1E

i

TEMS

%

RAME

CROSS-ASBEMELER

THLGOD. ABM

CDATA
CFINIGH
CHESUMH
CHESUML.
CHNLIM
CINIT
CINITZ
CLRLED
CLREW
CHMDO
CMD1
CHMD 10K
oHpz
CMDZOK
CMDE
CHD4
CHMD 4K
CMDE
CMDEK
CHMDA
CHMD7
CMDENT
CNTR
COMF 1
COMPZ
COMP
COMF ARE
COUNTL
COUNTZ
COUNTS
CouT
CHHRCVD
COLROVD
DATA
DECCS
DECLSH
DECEND
DECSUMH
DECSUML.
DIGIT
DIV
DONE
DONESER
DFH

DFL.

EA
ENDLOOF
ES

EST
ESTSET
ETO

Q1D
OEe
OOEA
QOIS
OOLA
B0
GHFT
1 Q00
QO9S
O&HTG
QLB
QLR
Q&EDD
Q&HES
GibF S
OFOR
Q717
Q725
G7E
G740
Q7 &R
O
Q014
0978
Q7R
QR7E
0R7%
QO
Qo0

Dozn

GECC
QOE7
QORI
DO
QGSE
17ESL
304
Q0la
O
QoEe
OOAF
O2TA
QA
OOED
QA0
QOA9

1.

FILT
GETDSN
GETFRE
GNDL
GMD2
GNDT
BND4
BODODEES
IDSTAT
INMIT
INITE
INIT4
INITEO
TMITIMF
INREG
INTZ
INTS

J1

ILL
LASTRFY
LD
LODETS
LED
LEDOFF
LEDOFF L
LEDTA
LINE
LOAD
LOADED
LOOF
MANT,
MAME
MES1
MES10
MES?2
MESE
MES4
MES4A
MESS
MES4
MEST
MESE
MES?
MODE
MOVENTR

Q010
G015
QODS
OO0NE
arelal
LBF8
19231
GAEAR
OR3E1L
Q7S
QE7Y
OTEE
OERD
O&HIPE
O0O2&
QLoD

QL7

OlaE
0045
LoD
QOEL
D140
0132
O4A0
O7EE
OOER
1057
G £y
1544
0931
Qe
ORG0
OOLE
OOA0
QoA
QR7h
Qrld
QLG
Sz
S bTA N
QA0
Q4DF

o510

OEmEE
ORE7
OF70
SR
0TS

OBEE

165



AVOCET

SOURCE
e G

MOV X
ML

M
NAMETAT
MEWMSER
pMIMEN
NOCaL
NODARY L
MOCARYZ
MOCARYZ
MODATA
MOREFLY
MORXMIT
MOSAVE
MOTFIN
MOTFIML
MOTZERD
MATLM
ODDFARL
OnDRFARE
OFFSET
ORMG
OUTREG
ov

&=

=1
FaRITY
FoRITYE
FoUEE
FINIT
FINITE

FrLCE

FRESREY
FROBE

REEZ
RDY
RDY1
RDY2
RIDYE
RDY 4
READY
RECEIVE
RECTHMF
REINIT
REAMIT
)

G
R

1307
OOE7
QO4E
OB
slelets
CERA

OFEC

08Co

0829
O&TE
QO7EQ
GORE
GOES
TR

. e
L mdnl

~

QUnE
D000
COED
00D
000
slel=ly!

QEDH
CEE0
1010
131D
il
O0E4
[S1SIIR)
OOER7
nletnle
14F 4
QO N
QL7
Q202
213
G208
0241
QOLo
QhaéD
Q045
0857
STk

QOoR

TEME 8051 CROSS-AESEMBELER

{1000, ASH

RMD
REYCNT
REY DONE
RS

RT
RYXONT
RXMIT
RYXMITL
FXMLIM
SRUF
SCON
SENDCAL
SERNDCS
SENDLS 1
SEMDOSH
SENDCSL
SENDPRE
SENDRFY
SENDTME
SEQCHE
SEGNUM
SEQSTRT
SERIAL
SERJIME
SERRET
SERRET 1
TGN L
SENT
SHUTDWN
STEN
SNEAME

iy l:t

STATUS1
STATUR2
STATUSE
STATUS4Y
Sl

SWi
SWITCH
TISTART
TZETART
TISTART
TRE
TDATA
TEMF
TEMFRIT
TEMFCHE
TEMFOUT
THL

TI
TIMER

Q7RG
O0G4a
o099
Q098
OSAD
OEFA
(A
nToR !
QL7
QEES
Q740
aFLA
Q&DE
OO
GO
0AL1E
QLOS
G7DO
G707
002
(18184

GOE4L

QOEs

GRG0
QQ2A
OOER
QOR0
QO9R
O0ls
QE40
[S10N ]
O&EAE
ORER
GOED
Q099

OBECD

~  VERSION 1.09

TIMED
TiMkE4
TIMES
TIMES
TIMEY
TIMES
TIMEIMF
TIMERS
TINIT
Td1
TIHF
TIMEO
TIMF1A
TIMFLR
TIMFE
TGk
THOD
TMF
THEIME L
TOWUTL
TOUTR
TRO

TRl
THET
TYOFF
THEECND
LML OED
UFRATE
UFDATEL
LIFDATEZ
LFDATES
LIFRAT
VILSF
YREXF
VERMAN
YRSEN
T

WAIT
MRITE
WTIMS
TEXF
XMAN
XMITRIT
XMITOR
AMITTHP
ALk
XROCLL
*BEN
A5TOL
YEXF
YPMAN

QEDE
OEE2
05 L
OEFD
Qi
Q&HOD
G102
OEBER
oE7e
O23F
Q&F0
O&EAT
QHEDG
Q&0
0785
190D
OOEs
QoL
0685
OFAA
055
QO8I0
QOEE
261
319
GOT77
pRlebatat
CO05
Q07
OO0
IRININIS!
Qo
1904
PRIRR &1
oI
I Iars!
OOEF
LOAF
1 1A7
1002
GUOB
0009
0010
QOG99
054
051
1989
nlgtale
19A4E
QOO
QooD
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AVOCET SYSTEME @051 CROSS-AESEMBLER ~  YERBION 1.09

WIRCE FILE NAME: TX1L00GD. AEM
SYMBOL. TABLE

i YHOVVR 1475 YE&EN OO

M0 14
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APPENDIX G

APPLICATOR SUBSYSTEM PROGRAM LISTING

This appendix contains the source code 1listing for the
applicator subsystem programn entitled US100.ASM. Brief
descriptions of the variable names encountered in the code are
presented in the program preface. In addition, several comments
concerning program development are located in the Appendix E

introduction.



AVOCET

FTLE MAME:

BYSTEME B05

LTI
W LLE

100, AsM

169

--THIS FROGRAM 1S DEBIGNED TO INTERACT WITH
: C.W. BEADGER'S CURRENT PDF-11 FROGRAM.

,  IT CONTAINS NO CODE TO IMPLEMENT TIMING

: FUNCTIONS OR SEQUENCE NUMBER CONMTROL.
--THE TOTAL DUTY GYCLE FERIOD I8 0.1 SECOND
. LONG AND IT IS5 BROKEN UF INTD 10 SLOTS TO
; VIELD A DUTY CYCLE TIME SLOT OF 0.01

i B DUTY CYCLES CON RANGE FROM 0% TO
s LO0% IN LO% ITNCREMENTS.

; N OF EYTE

s DUTRES -~ STORES THE CONSTANT, %P“FMT, WHICH -
;15 DECREMEMTED WHENEVER ANOTHER CHARACTER
L uu:nﬂwr REFLY SET I8 TRANSMITTED.
i1 STORES THE 00 CHDONT, WHITH
i 18 DECREMENTED WHE : CHERACTER

FEIVED.

FREDLINDAMT

Y - GTORES THE REP
THE DEC. i
JESTS & RETRANGSMIBEL

Bl

LAST TRAMEMIT—
VEE THE LIS 100

REFLY FPRESENTLY BEINDG
SVED TO AT FOR

REDUNDANT SET.

TORES THE
THE DEC.
IH THE

DUF;‘L ICATION

R CMTLY
AVED TO
ARE ITDEMTICAL .

COMMAND
T HE T (“"

A b L
COMMANDE

----- STORES THE
BEING RECEIVED FROM
SQURE THAT ALL THREE

B p-

{1
217

RYCHNT -~ STORES THE
1% DECREMENTED WHER

ISSI0N REGUEST I8

DONSTANT, RXFLT I“,

WHT
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GUOCET SYETEMES 20351 OROSS-A45SEMBLER - VERSION L1.0%

SOURCE FILE MAME: USL1O0G. ASH

THMFDUTY - STOREE THE 14 BYTEZ OF DUTY CYILE
DATA.

CHESUML ~ STORES THE LOW EYTE OF THE GEM-
ERATED CHECKSUM.

IRES THE HIGH BYTE OF THE GEN-

CHESUMH - i
SUM.

ST
ERATED CHECH
DECHEUML ~ STORES THE LOW BYTE OF THE CHECK-
SUM RECEIVED FROM THE DEC.

DECSUMH ~ STORES THE HIGH BYTE OF THE
CHECKEUM RECEIVED FROM THE DEC,

"HE A% CEB WER WWE WEE ANE A3 cawW RD 8B MR w8 cme e

am

7 BOFTIME - STORES & CONSTANT THAT I8 THEM

i DECREMENTED TO PROVIDE THE CORRECT SUTY

i CYCLE TIME SLOT. LOADED WITH CONSTANT "UF-
i DATE"™ TO CREATE A 0.01 SECOND TIME SLOT.

3 LOBITS —~ STORES THE 8 BITS THAT INDICATE
WHETHER THE LOW 8 AMPLIFIERS WILL BE ON OF

é OFF DURING THE NEXT DUTY CYCLE TIME SLOT.
. HIEBITE -~ SOAME A8 !DE’ITJ, EXCERT FOR THE

;0 HIGH 8 AMPLIFLIERS

é LOWATT - STORES THE LOBITS REGBISTER DURING
T A WATT STATE.

i HIWAIT -~ STORES THE HIBITE REGISTER DURINMG
P A WATT STATE.

:  CURBLOT - STORES THE CURRENT DUTY CYOLE

i TIME SLOT (1 THROUGH 10y,

: TEMF1, TEMPZ, COUNTL, COUNTZ - SCORATCHEAD

i RESISTERS USED FOR RAM-TO-RAM TRANSFERS

: AND VARIDUS DATA COUNTS.

1 AMP - STORES THE AMPFLIFIER NUMEER CURRENTLY
i BEING CHECKED FOR FORWARD FOWER OF REVERSE
i FOWER,

i PETS - STORES THE CURRENT SETTING OF THE

: MAINM POWER SURFLY.



AUOCET SYSTEMS 8051 CROSS-AEBEMBLER ~  VERZIOM 1.0%

SOURCE FILE MaME:

"ng MM c#¥ 'mD 3R an

am “83 n@w cmw XD can

oty

-t% e#m X3 smw enz

B T L B T R TR T

"S@ 4B cua cm3 AN LR cxE

WS 10aG, AEH

s DESCRIFTIONS OF BIT WOARIABLES

STATUSL ,BTATUS2,8TATUBE ~ RESERVED BIT
FLACES.

TDETAT - BTORES THE IDENTIFICATION/STATUS
REFPLY. ONCE STATUBES ARE DEFINED, INDIVI-
pDUAL BITS CAM BE TOGGELED TO PRODUCE THE
CORRECT STATUS WORD.

KMITEIT - USED IN THE XMITOR SUBROUTINE.
SET WHEM A TRANSMISSIOM 185 CURRENTLY IN
FROGRESS.  CLEARED WHEN THE TRAMNSMISSION IG
FINIGHED.

BADCHER -~ BET WHEN A& BAD CHARACTER HAS REEN
RECEIVED FROM THE DEC.  CLEAR FOR GOOD
THANSMIESIONG.

SEGSTRT ~ SET WHEN A& REDUNDAMT COMMAND SET
HAS ALREADY REEM STARTED. INDICATES THAT
COMMAND DUFLICATION MUST BE CHECKED. CLEAR
UMTIL THE FIRST BYTE IM THE SET I5 RE-
CEIVED.

DUTYEIT — SET WHEM THE RECEIVE DUTY CYCLES
COMMAND 16 RECEIVED FROM THE DEC. INDI-
CATES THAT & DUTY CYCLES BLOCK 18 BEING
FROCESSED.

VIOLTRIT — SET WHEM THE VOLTAGE COMMAND IS
RECEIVED FROM THE DEC. INDICATES THAT A
YOLTABE DATA TRIFLET I8 BEING FROCESEED.

FREGEIT ~ SET WHEM THE FREGUENCY COMMAND IS
RECEIVED FROM THE DEC. IMDICATES THAT A
FREGQUENDY DaTa TRIFLET I8 RBEING PROCESSED.

BADDATA -~ USED DURING DATA CLOCK RECER-
TIONS. SET WHENM BAD DUTY CYCLE DATA HAVE
BEEN RECEIVED FROM THE DEC.

USOFF — SET WHEN THE US~100 NEEDS TO EE
SHUTDOWN. AFTER THE SHUTDOWN COMMAND HAS
BEEN SENT TO THE DEC, THE US-100 CEASES ALL
ACTIVITY.

CELROVD ~ SET WHEN THE LOW EBYTE OF THE DEC
CHECESUM 18 EXFECTED.  CLEARED AFTER THE
FULL DATA BLOCKE HAB BEEN RECEIVED.
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AVIOCET

SOUREE

ulelnr=]
OO09
COOA
GOOR
1alelm
alalaly]
QO0E
DG0F
QOLF
COR0
D0
QORZ

ol S

EYSTEMS

FILE NAME:

BO5]L CROSHE-ASSEMBLER -~ VERBION 1.09%

s CBHRCVD ~ SET WHEN THE HIGH BYTE OF THE
s DEC CHECKESWUM 15 EXPECTED. CLEARED AFTER
o THE FULL DATS BLIOCK HAS BEEN RECEIVED.

RSET - SET DURING THE SYSTEM RESET

CLEARED WHEN THE FIRST DUTY CYCLE BLGCE HAS
REEMN RECEIVED. TNDICATES THAT OMLY THE
FIRST RLLOCH AN BE LOADED IWNTO THE OLDDUTY
ARRAY .

HEAT ~ SET WHEN THE DUTY CYDLE ROUTINE CAM
BE ENTERED. CLEARED TO SHUT OFF THE

SHE WS HE AR BT sy Wep wwE

;. AMPLIFIERS
s LOWFRER - SET WHEN THE SYSTEM FREQUENCY IS
;1 MHZ. CLEARED WHEM THE SYSTEM FREQUENMSY
0I5 T OMHZ.

§ RSETL - SET DURING THE SYSTEM RESET.

;  CLEARED AFTER THE FIRST INITIALIZE AND B0

: COMMAND 16 RECEIVED.  INDICATES THAT THE

i DEFAULT VOLTABE IS USED ONLY AFTER INITIAL
;. FOWER UF.

1 FORWARD — SET WHEN & FORWARD FOWER CHECH
;IS BEING CONDUCTEDR ON AN AMPLIFIER.

i CLEARED FOR 4 REVERSE CHECK.

; DIGITAL — INDICATES WHEN THE SECTION TO

s CHECE THE DIBITAL QUTRUTS OF THE CON-

: TROLLER CARD CAM BE ENTERED. SET DURING

1 BYSTEM RESET. CLEARED WHEN A FORWARD-

:  REVERSE POWER FROBLEM HAS BEEN DETECTED.

5

; T LI SIS DN LN ST NI N I R N T T I I I L T I N I T M LN I T M MmN mI o e n i T s n e e e
i MEMORY ALLOCATION

OUTREG EGU Q8H
INREG EGH O7H
LASTRPY EQU OAH
FRESRFY EQRU OEH
FRESCMD EoU QUH
RXCNT B QODH
OFFSET  EGU OEH
THMRFDUTY EQU OFH, LEH
CHESUML. EQL 1FH
CHESUMH ECU 20H
DECSUML EQL 21H
GECSUMH EQU 22H
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SUURCE FILE NaFE:

QU2
OO24
LTS
QU2sH
OOE7
OORE
Q029
QO25
QOEE

QOEE

QOO
etules]

GO
OORD
OGO2E
OORF

&0
D0&1L
Q&R
OO&D
SIRTIVAS

Q06D

JRAN Jiw ] ]
AT

CHEE
0049
O0&EA
GO&ER
OO&C
D060
&

0GR

Q70

OO0
G090
nlsln]
QOe2
DORE
QU4

5YSTEMS

Bo=1 CROS

gL,

SOFT IME
LOBITS
HIBITE
LOWALT
HIWATT
CURSLOT
TEMF 1
TEMFZ
COUNT L
COUNTZ
AMF
FETE

STATUSL

STATUSR2
STATUSE

IDSTAT

XMITERIT
BADCHAR
SEQSTRT
DUTYRIT
VOLTERIT
FREGERIT
BADDATA
UGSOFF
CELROVD
CeHRCVD
REET
HEAT
LOWFRER
RSETI
FORWARD
DIGITAL

b
FULSE
DIS1M
HYON
DISIM
HYOFF

GBS

AEM

g
EGU
L
EQU
g
ECi
(=RBIN]
za
g
ey

EGU
EGWL

EfL
EfU
Eo
EGU

EQU
Eau
EGL
ECGH
Eau
G
EQU
Ee]

B
EQU
ECIL
EGL
EQy
B
E
£y

=ARIA]

Eau
EGU

EMBLER ~  WVERSION

STATUS1.0
5TATUSL. 1
STATUSL. 2
STATUSL.Z
BTATUSL. 4
STATUSL. G
STATUS1. &
ETATUSL.7

BTATUSZ. O
STATUSZ. 1
STATUSZ. 2
STATUSR. &
STATUSEZ. 4
STATUSR. S
STATUSZ. &
STATUSZ.7

SETATUSZ. O

F1.0
Fi.t
Fl.2
Fl.3
Fl.4

1.09
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SOURCE FILE NaME:

OOAE
OOae
Q044
OO4S
D054
0044
D057
0052
OO48
{ 3(.' =E

OO0
0100
D700

D300

FOO0
ROOO
EOO0

0100

STEMS 8051 CROSS-AGSEMELER -~ VERSIOMN 1.09

UE100. A5H

;COHMQND“PEPLV ENUIUﬁiEHT“

NQMSTQT EQU SEH
INITGO EQU A45H
DOME G 4 e
RECINT ELU A5H
YOLT =AIE SaH
FREQ Eau 4 &k
WATT =AW 7
REXMIT EG&U 52H
HELP EQU 483H
SHUTDWN EGU SAH
TOGGLE  Eo S4H

,CDNSTHMT"

CMMCHT B I
REYONT EOU =
RAEMLIM ERU 2
SLOTLIM EQU 10
UFDATE EQU Ih
LLIMI EC ZOH
ULIM EQy ZAH
UL T E@u EFH

UUQUH*UUUFH
1 00H, OLOFH
OZOO0H , Q20FH

WATITDUT

=

FWLVL EQU OZOOH

QDGDDR EaL @UUUH
ARRAYLO EQU OEOOOH, QBROCLH
VEADDRE EQU OE OGO

:
sMAIN ROUTIME

’ ORG G1O0H

§¥EFTuﬁ JUMFS

H QOO0 0201 00

QOOR-0Z010E

-un
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100

Glod

D105

0108
OLOE

Gl1E
Oyl 20
1R

g,

(194
OL2&
G128
0124
QL2C
G12E
0130
OLE2
01734
136
a1l7ER
OLEL
Q1EC

O1IE
0140

SILE MAME:

2004
QROL75

GE0284

TEEL40
12051A

ST
5R922
=
»J

00

CRa0

e

CE&L

~
CR&&

D2&A
DZ&ED

I
D263

SR 64
B:éS

91
5293
DE&C
£267
DZ&F

CETO
DE&E

ﬂ

BOEL CROSS-ABSEMELER

LIS100, ABM

SERIMF: LJMF

s TIMER SET-UP
MOY
MOy
MOy
BETR
SETE

o
m
=
>
r

MOV

an czw

SETE
SETH
ClR

au mE cen ;s

SETE
SETR
CLR
CLR
CLR
ZETE
SETE
SETE
CLR
SETE

s

SET~UF

TMOD,
THO,
THL,
THRO
THR1

INTERRUFT SET-UF

ETG
ES
T

EADCHAR
EADDATA
REET
RSET1
DUTYEIT
VOLTEI
FREGEIT
DISLM
DISIM
LOWFRER
USOFF
DIGITAL

£I11ﬂ
0
m'n
l""]
i -]

i
i

ZATION

i IE]":

i
li

IOM 1,09

22
BOOH
HOESH

HOLOH

it
i
i
i
it
i
i

il
:
!.
ii
i
i
i
i
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AUOCET SYSTEME B051 CROSS-ASSEMBLER - Y

SOURCE FILE NAME: US100.458M

o4 120370 CaLl MEWSER

0145 7EH0OBOE Moy OQUTREG, #RPYCNT
148 7IZF00 MOy IDSTAT, #0O0H
QLAR 7SoD0O0 MOV RXCNT,  #O0H
O1l4ae 7‘2?24 MOV SOFTIME, #UPDATE

s

Q1S 79T000 MOV AMF HOOH
G154 F00358D May DETR, #TABLE
Q157 ES30 MOy A AMF

01359 93 MOVE Ay, BO+DFTR
O15A POIF0O00 MOV DFTR, HADADDRE

D150 FO MOVX @prTR, A

O15E DZAF SETR EA

0160 TOLFFD CHLEF: JNE DI ETGL ¥

G014 CR2AF CLR EA

D1 &S FORCOOG MO DFTR, HORRAYLO
0168 EQ MOVX £y @DFTR
0146% BSZ409 CINE Ay LOBITE, ERROR
D160 AT NG DFTR

G140 EO MOV A, @LFTR
OL&E E”“5H4 CINE My HIRITS, ERRCOR
0171 D2A SETE £

GOL7E BOEE =N CHECH

D175 DRET ERROR: BETE HUEOFF

OL77 C2A% CLR ETO

QL7% DEALD SETHR ES

Q178 DIZAF SETH Ea

QL7 7453 Moy a, HSHUTDWN
OL7F FSoR Moy FRESRPY , &

G181 AZDO MOV =, P

0187 120882 Call XMITON

0184 9298 Moy TRS, C

0188 F399 MoV SBEUF, Al

G180 BOFE SIMF k3

éTIMERO IhTFRRUFT HQNDLE y, DUTY CYCLE ROUTIME
018C O2027E TIi _TMF FINIaHl
Q18F OZozZBS TJZ LIMF FINISH2
GLePE 020271 TJIE: CLJHR OUTFUT
G195 DEZEFT7 DUTY: DINZ SOFTIME,TJZ2
0178 DIERS SETR FTC

Diga COoED FLSH ACT



AVOCET SYSTEME 8051 CROSS

SOURCE FILE MAME: US

0120

CODo

QL9E COoBz
D1a0 CoRE
QLAZ BIZ9O
Olad TOLBES
OLAT7 7t:?ﬂﬂ
QlAad 7ISEE08
O1AD FO010F
GLRO EO
QlRl F329
OIRE ESZES
QLIRS CF
O1lRs 929
QlES BE
QLB EIZS
GlBRE E3
OLRC F525
OlBE 1382
D100 LEIEZED
OICE 795EE08
O1L0s EC
QLC7 F229
OLCe ESEB
QIiCeE C3
QLCC 9529
QLCE B
OLCF ESZ4
iDL 33
OIDE FE24
Q1D4 1382
Q1DE DEIZED
01iDe 0528
QLDE E3ZE
OLDD RB4OARE
GLEC 752800
OLED 200000
QLES 732400
OLE® 732901
QLEC 733310
QLEF EQ
QLFO go32983
QLFE FO
QiF4 058”
OlFs BE2
OlFe ”33 3

LOOFHT

LOOFLO:

XTOY

-ASEEMBLER -~ V

100, 658M

FLISH
FUSH
FLISH
CFL.
JhE
MOy

MOV
MOV

MOV X
MOV
MOV
CLK
SHIER
o
Moy
RI.C
MOV
LEC
DINZ
MOV

MOV X
Mav
MOV
R
SUBRE
oL
Moy
RLLC
Moy
DEC
BINZ
INC
Moy
CIMNE
MQaOV
MOV
#MaY
Mav
MOV
MOV X
MoV
MOVX
NG

‘_ A"‘\l ]

DFL.

DFH
FLLSE
HEAT,
SOFTIME,

COUNTS,
DETR,

Ay
TEMF1,
Ay

> D10

E
=)

HIET
DFL

COUNTS,
COUNTZ,

TS,

Ay
TEMFL,
A,

C

A

-

A,

{:\.
LORITS,
DL
COUNTZ,
CURSLOT
Ay

Ay
CURSLAOT,
DETR,
TEMFZ,
TEMFL
COUNTZ,
A,

DFH,
@DFTR,
DFL.
DFH,
COUNTZ2,

RH@F

1.09

ERGION

TJ1
HUFDATE

HOEH
#OLDDUTY+000GFH

@DF TF:
A
CURSLOT

TEMF1

HIBITE

8}

LOOFHT
HOGH

@DFTR
A
Ur\u ..J |
TEMF L
LOBITS
A
LOGFLO

CUREL.OT
#HSLOTLIM,
OO
HMEWDUTY
HOOH
HOLH
#10H
@DFPTR
TEMF1
A

T.I=

TEMPE
ATOY

n
il
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AVOCET SYBTEMS

SOURCE FILE MAME: UE100.AEH

OLFD 209000
DLFF Fo
Q200 F8
Q201 GEEE
QZOF EO
QRO4 B40F
Q2046 F7
ORO7 200F00C
Q2068 ESIEO
Q200 23
20D 2582
QROF FER2
0211 E8
0212 Fo
Q213
O21S
D215
0217
OR216
ORLHE
G2LD
OZ1E

OR20

OZE2 DR&T
OGR4 CREF
OTRE TAST
OE28 FEOR
GRIA AZDO
OZEC 120583
ORIF GEE

0231 FE99

GRTE 8044

Q530
ESE0
; B410O2ZD
QZEC CR&E

OEZ3E 8059

OZ40 CT
0241 7402
OZ4T 99
0244 HOLS
0246 HOLT

INC
MOV
ANL
MOV
MOV
MoV
RL

ADD
MOV
Mav
MOV X
INGC
MOV
MOVX
INE
CLF
Mo
SUEE
INT
Jz

3

s FORWARD FROBLEM

SETE
S
MOy
Mo
MOV
Cali
MOV
MoV
SIMF

AME L THNE
MoV
CINE
CLR
SJMP

2:-
=
T
)

CLR

MOV

SURR
JR
JZ

BLRFTH,
R,
DFL

Py

@y

Rl
DFTR,
Ay

A

A,
DFL,
Ay
apkTH,
DL

Ay
aprTR,
FORWARD ,
C

Ay,
AMF L
AME L

USHFF
DIBITAL
,
FRESREY ,
y
XMITOR
TER,
SELF,
FINTISHL

AMF

A,

A,
FORWARD
AMF 4

-
A,
a
™y
AMFE
T4 S

B0%1 CROSS-ABSEMELER - VERSION 1.

ARFTR
HOFH

&1
HFWLVL
AME

DR
A
RO

&)

a

r
e
f.
-

v

HOBH
Rl

FEHUTDNM
i

F‘_l

I 3

AME
#10H,

HOEH

3

S

Ty )
O
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SOURCE

0748
OFAA
0RAC
DRAE
OS50
RpLate
0PRSS
0257
GRS5T

QRS
GRE0D
OEEF
0262
U265
OR&T
&S
0E&D
026D
Q270

SRt

0271
0274
02T é
QRT7
OR7E

DETA

GRA7h
DETD
QR27F
G2el

0EE3

YA
S G wd

ORgs
0288
DREA
QEac
QEBE
0270
[l
0295

CyRTy

ol g f S
ORI
OEYD

SYSTEMS 8051

FILE MGME:

DELT
CR&F
7453
FHOoR
AZDO
120584
7298
FE99

BO20

QEI0
EEI0
BA4ZOO7
TEIOO0
ETEO

D2&E

FOOEEN
o
=)

FoO

SOROOO
ES2

Fo

AT
ESZS

i

DORE
DoEa
DODO
DOEQ
C2E9

ke
ot e

COEQ
CoODo
COF0
Cos2
Cos3
OB
LR99
C2e0
DEOSL7
TEOBOE

HEOBOA

AMPT:

AMF g

n
A -

"

OUTFUT:

FINTSHL

UE10G, AEM

GETR
CLR
MOV
Moy
Moy
Cal.l
MOY
MOV
SIMF

INC
MoV
CINE
MOy
MOy
SETR

MOy
MOVE
MOV
MOV X

MOV
MOV
MOV X
INC
MOV
MOV Y

1 FOF

FOF
O
POF
CLR

FINIGHZ:RETI

FrLiEH
FUSH
FUsH
FlsH
JE
CLR
CLR
DIMZ
Mo
Mo

CROSS-ASSEMELER ~ VERSION L1.09

LSOFF

DIGITAL

A, HEHLITDWN
PRESRFY , A

©, F

XMITOK

TER, C

5EUF, A
FINIGHL

AME

A, AMF

A, BEOH, AMP 4
AME HCGH

&y AMP
FORWARD
DFTF, BTARLE

Ay @m+DETR
DFTR, #ODANDDRE
@RFTR, A

DETR,  HARRAYLD
A, LOBITS
@DFTR, A

DETR

a, HIBITS
@DFTR, A

DFH
DFL
F S0
ACC
P

RI, RECEIVE

AMITRIT

OUTREG, MNOTFIN
OQUTREG, #RPYCNT
LABTRRY ,FRESRPY
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AVOCET 8YESTEMES

SOURCE FILE NAME:

OEAG
QM3
PRI A T
0268
pEratat
Q200
QR
Q2RO
G2

OZRE

OZR&
OZRY
OTBC
OPRE

FO&ETOE
OEO4FER
DORE
pog:2
DOFO
RLDO
DOGED

ey
ot il

ESOR

QRO502

Z0&H103
OROANSE
ESge

BEIIFO

L T i
BEOEE1E

4 ZOGALE

02048
QZCD
QRDC
OZDE
0ZED&

OZD
OEDo
GEDF

OZEZ
G2ED
QIES

GEZEA

QZED
OZ2EF

OEF1
O2F4

ORF7
OZFA
OZFD
O2FF

QEIOZ
(IR
0308
EON0

OO0
QX0

ZO&E1E
2OD00&
TOFALT
OROADS
ZOFAOC
020405

QRGICS

QRO

TO&EZ06B
BEGCOE
8OO7

GR0405

DE&E

FEo0

2044E8

20LEEY

DEQFOS
120570
S00%

Q20800

B44ECQE
TEHODGO
ESZF
QR2OS02
B44FE0
DETO

BOnt

RFYDONE:

MOTFIN:

RECEIVE:

PARITY L

ODDFARL:

TMFIMF L
THFIMF2:
THMFIMP 2

b
SERCHER:

TMEIMF 4
GOODSER:

o

MUMBER:

ARG

CROBS--AEBEMBLER -~

ASM

JHE
L JHE
FOF
FOF
FOF
FOF
FOF
RETI
MOY
LIMF

JME
L.JMF
MOV
MOV
JR
JT
g
JE
JME
L J P
JEH
LJHF

LIMF
LIMF
LIMF

JNE

CAINE
SIMF
LIMF

SETE

Mo

JE
JE

DaINZ
Call.
SIMF
LImf

CINE
MOy
MOy
LIMF

CINE
SETE

HEoFF,
ETLL
DFH
DL

E
FEW
AT

Ay

SERRET

BADCHAR,
RADSERD
Ay

B,
DUTYEIT,
YOLTRIT,
FREGEIT,
P

REES,
EADGED
RES,
BADSER

BUTYRLE
VOLTIN
FREQIN

BEQSTRT,
&,
NUMBER

BADSER

SERSTRT
FRESCMD,

YOLTEILT,
FREGBTT,

TNRES,
NEWSER
CMD1
NORERLY

Ay
RXTNT ,
A,
SERRET

A,

FUR

VERSION 1.

RFYDONE

FRESRFY

FARITYL

SpUF

SpUF

TMFPIMFL
SEACHER
SECCHER
AnDFARL
SEQCHER

BEQCHER

GOOLSER
FRESCHD ,

A

THFIMFZ
TMPIMFS

TJIMF 1

HNAMSTAT

HOOH

TEETAT

HIMNITEO,

o

[y

T™rRIMP4

CMD2

CHMDE
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1

=

YOOET

OURCE

oy
i

SYSTE

FILE

DILE

OE25
OEZ7
DE24

Q520

OEA0
OF4E
0245
048
(VE4E
A
i

T
e Pt

{

OEE5

O3Eg

03468
QR
DE&D
QI6F

D371
QIE74
ETT
OI7A
QA7
Q580
OIER
GEREE

BOALO4
LR

COBOOR

[T
GE2624
BITR7IAE
DZ&EE
ZO6DOE
T40R
FEEL
C246D
8002

oy
Lo P

[

82 TE0DOG

T V.V

OR0OE0D

BEA4S1S
DR&S

7HOEOF
THIZLO

7alFO0
0268
L2469
GR2050D

B45605

P DEs4

QZ20B0D

BA4&H0E

- DEES

DIOE[0ND

BAST720
C2ap
DRI
DE9E
2524246
THI4FF
B52527
TEASFF
ZOEOCD
7400
Fo

TEHGDOO

ALY Cy
Me go5t

MM 2

LISL OG0, A5M

L.
CFi-
JE
CLR
SJIMF
Cl.R
MOV
MOV
SETE
JNE
MOy
MOV
CLR
SJIMF
DEFAULT: MOV
L.OMAD MOV
MOV
Mo
MOY
LIMF

CHMDZAY
CMDZE:

CINE
SETE
M U l’v’
MOy
MoV
MOV
CLR
CLR
L.IMFE

CMDy
DIMIT:

OMD4 ¢ CINE

SETE

LJIMF

COINE
SETE
TP

CONE
CLR
SETE
SETHE
MOV
MO
Mo
!‘fl D ‘."}
Moy
MOV
MOYE

MO

CROSE-AZBEMEBILER -

VERSTON .09

MO

HY M
LOWFRER , CMD2EA
DISEM
CHDZER
DISIM
LOBITS,
HIBITS,
HEMAT
RBETL, DEFAULT
Ay #HOBH
STS, &

REBETI

LOAD

Ay FSTE
DRFTR, HAADDRES
ELRFTR P&
FXOMT, HO0H

&y HDONE
SERRET

LOWATT
HIWAIT

Ay HRECINT,
pUTYRIT

OFFSET, #TMFDUTY
COUNMTL #10H
CHESUML , #00H
CHESUMH , #O0H

CSlLROVD
CEHRCVD
NOREFLY

VOLTERIT
NOREFLY

£,
FREQRIT
MOREFLY

Ay
HEAT
DISLM
DIBTH
LOWAIT,
LOBITS,
HIWAIT,
HIBITS,
DFTR,
Ay
@DFTH,
FACNT,

#VOLT,

#ERER,

HWATT,

LOBITS
HOFFH
HIEITS
HOFFH
HYADDRS
#OOH

A

HOOH

CHb4

CMES

Crb&
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SN OCET

EOLRCE

REES

QEE8

OEDR
QOTEOE
ERL

OEPE

R
QI
OEIR
QOEFE
A0

DEAZ

QO3EL
QERE
OEES
GIR7
OZEA
QARG
QIBF
3501

QED4
OEDT7
27ED9

OIDE
OIDF
OTED
OTE4

OEEA

SYSTEMS

e

051 CROSS

fd

FILE NoME: LS100.

7444

QRO

BE4S208
TEHOLOO
ESOA

OROS0E

B4S5T07
C2AF
12051A
BOFE
BOOI
GZ04DE

5 B4SALT

B270
EOTO0L
R
BEez
BOO4
RB294
B294
TERODOG
T 444
OEOS02
nZ&l

OEOAE L

HECALN

TOAE02
S50
20DOCGE
TOPR00D
DEbs
Q20419
2056805
DZ&H
QR0419

Z06B12
ROLFOT
D267
F321
020454

Mg L]
] ot alal

3 D06&629

{’] sn
=
e}
~a

-

CHDSy

TIMFG

A5

MO

L IMF

CINE
Iy
Moy
I

CINE
CLR

ALl
SIMF
SJMF
LIMP

182

~AGEEMBLER ~  VERBION 1.09

H

a, BIOINE
SERRET

F

A, BREXMIT, CHMDE
RXCNT,  #00H

A, LABTREY

SERRET

HSHUTIDEM, TIMPFS

s TEST COMMAND
CMDS CINE a, TIMFELO

s FRO

et
%

FARITYZ:

ODDRaRE:

u
4

DECCS:

DECCS1:

DUTYBLE:

cRL
JME
LRl
CFl-
SJIMF
CrL
CrRL
MOV
MOy
LI
CLE
LIME

INE
SETE
LJHF
JE

SETE
LIMP

JNE
JR
SETE
MOV
LJIME
Moy
JNE

BADDATA,PARITYZ

FUR
P, HYR
HYOR

HYON

HYT

HVOFF

HYOFF

RYCMT,  #00H
f, #DIINE
SERRET
BADCHAR

RXMIT

CLE BL

MOVFRTR

., ODoDPARE
REE DECCE
BADDATH

MOVENTR

REE, DECCE
BADDATA

MOVENTR

CELROVD, LLOHER 1
CEHRCVD, DECCS1
CEHRCYD
DECHUML , &

DF INISH
DECEUMH , &
BADDATA,FILL



AVOZET

SOURCE

OEEE

(SRAT
QEFZ
OEF4
OEFS
OZFG
OZFB
OEFC
OEFE
0400
Q403
0404

0407
QA0
0400
00
040
A L0

0417
0414
0414
0418

0a1e
041C
Q4 1E
0421
Q42E

Q425

QA7
047
0420
0ATE
Q4T
04754
OATH
04TS
O4TE
OATE
0441
OA44
G447
0445
Q440
OA4F
OAS1

SYETEMES 8051 CROSE-ABSEMBLER -

FILE

QROAET

0x
F450
BO0S5
DE&S
020419
Cx
74735A
gaFw
SBOO0E
DZ&&
QZ04ALY

oE

ESFO
2ELF
FELF
H[O02

Q20

T40F
SoFO
BROE
Fé&

Z06BCOH
OS0E
ey e

D268
CR69

5 g0l

ESZL
BS1FZE
ES2E

ESZ026
TEODOO

—g
2463

TEOF
THIZL0
120574
ZOHAL0
200100
7E0F

"7'32"12"") -,::)

12&5?4
C26A

FERB00

NAME:

LS00, A5

L.JdME
LLCHER1: CLKR
SURR
JNC
SETHE
LJMF
LLLCHER L : CLR
MOV
SURE
JMNC
BETE
LJHF
DUTYDAT: CLK
MOV
AR
MOy
JNC
ING
NOCARRY : MOV
ANL
MOV
Moy

MOVPNTR: IR
INC
DJINZ
SETE
ClLR
SIME

-a3a

MOV
CINE
MOV
CINE
MO
CLR
Moy
Moy
MOy
calL
JME
May
MOy
Moy
Catl.
CLR
MOV

FIlLle

~azn

VERETON L.

DAGATIN

»
&, #LLIMI
ULCHER 1
BEADDATA
MOYENTR

C

A, #UL IMI
a, E
DUTYDAT
BADDATA
MOVFNTR

[
&, E
a, CHESUML.

CHESUML., A
NOCARRY
CHESUMH

&y HOFH
Ay &
RO, OFFSET
@ro, &l

CELRCYD, DECOS
OFFSET

COUNT L,
CHLROVD
CEHROVD
DF TNISH

DF INISH

A, DECSUML
o, CHESLIML ,
a, DECSLIMH
A, CHESUMH,
RACNT,  HOOH
DUTYRIT
DFTR,
RO,
COUNTL,
TEMFTOX
RSET,
DFTE,
R,
COUNTYL,
TEMFTOX
RGET
CURSLOT, #00H

HNEWDUTY
HFTHPFDUTY
#10H

DFINIGH
#OL.DDUTY
HTMRDUTY
#10H

09

DAGATN

DAGATIN
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SOURCE FILE NaME:

G454
Q457
45
O45R

0OA4SE
0481
Q444
Odbs&
0468
O4&RE
Ga&D
Oa&F
470
AT
3474
G476
04738
QA77
O47E
Q470
O47F
0481
0487
D484
Q429
0480
CGA4QE
050
04932
G495
0494
G476
04945
049D

OAA0
GARE
0484
Q458
OAAA
246D
OAGF
O4EL
D4B4

BYSTEME

CReE
02041

2ODO07T
FOFH0R
D244
gn7e
2004
CZé&4d
Q073
[
FEATIO
S04
L2264
8069
C3
T4
PEFD
=004
C2&64
SO5E
DEOILT
TEOGHOO
120570
TAOF
SSEO
ey

Q. )E(_H_)(_}
FO
L3264
7444

OROS502

et by

OROS00D

20DOOT
TOFAOR
C245
8037
2OFACH
CZ6S
‘53 QR0
47108

P%;L

B051

CROSE

LUS100,

DFIMNISH:
DAGATIN:

il
i
i
i

#01
LI

= H W

i T3

< van az e wan
0# T
| ]

il
- §0
=i H

ODDFEARZE:

LLCHERZ:

LLCHERZ:

YDATA:

VDATAL:

'ﬂ.nn e em tw
il

m i
0

—t i

ORDFARSG

LLCHER Sy

d g

B-AHEEMBLER -

A5

LIMF
CLK
CLR
I MF

ll
il
#

SIMF
JH
CL.R
SJIMF
CLR
SUER
JNE
CLR
SJIME
CLR
MOoY
SUEER
JNC
CLR
SIMF
DIMZ
Moy
Al
MY
AL
Moy
MOy
MOVX
CLR
MoV
LJIMF
LJMF

JE
CLR
SIME
CINE
CLER

VERSTION 1.0%

MORERLY

BADDATH

DUTYEIT
REMIT

YaLUE

F, ODDFART

RES, LLCHEKSD

VOLTRIT

RXMIT

RES, LLOHERS

YOLTEIT

RAMIT

C

£, #LLTMI

UL CHERS

VOLTRIT

RXMIT

C

A, #UL TMH

a, B

VDATA

VOLTRIT

FYMTT

INREB,  YDATAL

REXONT,  #O0H

NEWSES

a, #OFH

i, &

FSTS, A

DFTR,  #VADDES

aprFTR, A

VOLTEIT

A, #DONE

SERRET

NOREFLY

NCY VALUE

F FPARA
El

RES,
FREGRIT
RXMIT
RES, LiLCHEKT
FREQETT

RXMIT

. BIIH,
DISLM

D
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SOURCE FILE

GakE
O4E2
348
Q4R0
OARF
402
QACH
0406
0408
C4CE
O40CE
04D0

o
BT R

2405
aa4D7

GADA |

GADE
O4DE

04AE 1
GAE4
D4ES
DAES
OAEA
OAED
GAEF
04F 1
O4F 3
O4F &
04FS

Q4FR
O4FD
a5 l.'_'I! 9]

0E0E
504
Q505

SYETEMS

DEFE
DE&T
8000
R4IEEE
DEOI4R

273

D291
CR60
7TEOLDO0O
12087C
L2265
7444
OROS0E

QZOS00

LROST70
C264

f" oD
BA4O40T
74T
D,., —

_;,IL.

Q20502

CoaF
170514
BOFE

200
FE50w
120382

BOnL CROS

.l

.’r')

-ASBEMELER —  VERSION 1.09

MaME: US100.ABM

SETE DIEEM
BETE LOWFRER
SJIMF FOET

ULCHER S CJINE Ay HEDH REMIT
DJINZ INREG, NOREFLY
CLR DISBEM
SETR DISIH
CLR LOWFRER

FSET: MOy RXCNT,  #OO0H
CALL MEWSER
CLR FREGBIT
MOV A, #HDONE
LJHF SERRET

IQRACTLR RF SEIVED

mETE BADCHAR
DIMZ INREG, BADEBERL
CLR BEADCHAR
SJMP RAMIT
BADBERL s LIMF MOREFLY
"RETRGN MISSION REWUEST

RYMIT: CALL NEHSEQ
CLR VOLTEIT
CLR FREQRIT
ING RYCNT
MaY A, RXONT
CINE &y BRAMLIM, AGATH
MOV A, HOHUTDWN
SETH HUSOFF
LJIMP SERRET

ABATHN: MOV A, HREXMIT
LM SERRET

5 GH HUTDOWN ROUTINE
EILL:  CLR EA

:RETURN FRUM BERI&L INTERRUFT
SERRET: MOV e, P

MOw FREERFY,
call AMITOR
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AVTOCET

BYBTEM

& BOBL CROSE-AESEMELER -

SOURCE FILE NAME: UE100.A5M

O5H0%
OE0HE
EOD
Inlial™
51l
GE1LE
0515
OSL7
0519

D514

o510
OSIE

QEE0

Oaﬂﬂ

e ol

Q5L

Q528

BT
(X0

8 7HIL00

0S53R
QEEE

0540

0541
L DE44
088
0548
054G
0548
Q54D
OE4AF

"y B Ry
b

0555
0558
O55A
OE5D
056G

GRPE

-59@
CE98
DOET
DoOaz
DOFO
DODO
DOEC

e

i

CEOF

jtcte
Do

Cz94

C2asR
D291
DEYE
SOROOO
T4FF
Fo24
FE25
FEZée
FER7

DOEGOO
EEEl
O

FETT D
LR TN JFIg St

TEOF
TaA00
Fé&

08
DOEZFB
7H0OF

TOIZ2L0
120574
780OF

GO01o0

FHIZL0

150574

MOy
MOV
SOREFLY: CLR
PO
FOF
FOF

Tow oo

[ en az wx aa

aw

SETR
SETH
CLR

R

CLR
SETE
SETE
MOV
MOV
oY
MoV
MO
MOV
MOV K
INC
MOVYE

MOV
MOy
MO
MOV

0y
Moy
MoV
BLANE: MOV
ING
DJINZ
MOV
MOV
MOV
CAaLlL
MOy
Moy
MOV
oAl

HYON
HYOFF
HYOFF

HEAT
DISIM
DISEM
DFTR,
Ay
LORITS,
HIBITS,
LOWATIT,
HIWAIT,
@DPTR,
DFTR
aDpPTR,

FSTS,

DFTR,
Ay
@prTR,

COUNTL,
RO,

A,

ERO,

RO
COUNTL,
RGy,
DETR,
COUNTL,
TEMFRTOX
RO,
DFTR,
COUNT,
TEMFTOX

HARRAYLO
HOFFH

£

A

A

A

A

&

HOOH

#ODDRE
FETE

ey

H#12H
FTMPDUTY
HOOH

&

BLANE
HTMFDUTY
HFMNEWDLITY
#10OH

HTHPRDUTY
#FOLDOUTY
#10H
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AWOCET

YETEME

i

FILE MAFE:

OS6E
OSHE
OBEE
057

DE7E

Q574
0575
0576
G577
5743

OERTE

OE70
GETF
0581

OE8E
0EEE
RENTE
0E8EA

-y -
o5a0

058D
595
059D

OBAS

QOO0

LZOST4
7HEE00
DEAF

el

E6
FoO
08
A
DEIEFY

En e
oo i

7EOR03
(el )

3
ZOHOGH
ZO99FA
C2e9

D240
5

lies edien

1D1314618
OCORQDOE
11101C1LRE
OZOLO70A

BOS1

LS00, AEM

Moy
MinaY
Mav
CALL
pMOY
SGETE
RET

u
®

CROSS-ABEEMBLER ~

HTHMFDUTY
HWATTRUT
#10H

[SHEN
DFTH,
COUNTL,
TEMFTOX
CURSL.OT , #00H
EA

TEMFTOX : MOV
MOVX
INC
INC
DJIMZ
RET
MEWSER: MOY
CLR
RET

KMITOK: JINE
JINE

CLR

TABLE

uz

A, GRO
@DFTR, A
RO

DPTR

COUMTL, TEMPTOX

INREG, #OMDUNT

SEQSTRT

XMITEIT, XOK
XMITOK

T,
TI
AMITRIT

12,#¥1618,$121E,%1517
$DCQES$QDQE,$Q4Q&,$QFQQ
FL110,FICLB,#1IFL7,F141A

FORCL,FOT70A, FO505,, F0908
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AVODET SYSTEMS 80951 CROSS-ASSEMBLER - VERSIONM 1.09

SOURCE FILE NAME: USLOO.ASM
e BYMBOL TABLE -

lel s DFL Gogl OpDPaRL OZDEI

OO0 DuTY 01975 ODRDFARE OZD4

AT QOES DUTYEIT O0&= ODDFART 0488
ADADDRE 2000 DUTYBLE  QIEC4 QoDFARY 04AA
AEOTH OAF G DUTYDAT 0407 OFF 0514
AMP OOTO EA OOAF OFFSET  OOGE
AMEQ OiEe ERFOR 0175 oLDoUTY  O1lao
ATMIT] QRES ES QOAC QUTFUT 0271
AMET ORA0 ETO QOAT OUTRED QOO
BMFE Q2ER FIlL Q427 = OODO
aME4 ORESD FINIGHL 0278 Fi 200
AREAYLLOD BOOO FIMISHZ 0233 FARITYL OZRC
2 QOFD FORKWAGRD  OOLE FARITYZ Q309
BADCHAR 0061 FRER OO FREICMD 0000
BADDATA  O0&& FREGRBIT 0065 FREGRFY  QOGOR
BADDEL G40 FREGIN OAR0 TS SIS
BADBECL G4DE FoiE” O4Ca F i QDO
[T 0545 GOODSEG O2ED BT OORS
CHECH Q1A HEAT OO&HE FULSE atale
CHESUMH  OO20 HELF QU4 Fl VL GRG0
CHESUML  O01F HIRITE 0025 Fiaf QO70
CHbD1 ORG2 HIWSIT Q027 REE QOIN
CHMD2 OROD HY S EIRZ RECEIVE OZB&
CHMD2A OELD HVE QIR7 RECINT Q045
CHMDZER OE1F HVOFF Q094 REXMIT Q052
CHMDZE 040 FHVON o092 R1 D096
CHba 0358 IDSTAT GORF REYONT GOOE
CHDS QE&ED IHIT 0108 REFYDOME 0204
CHD& One8 INITEO Qa5 RESET OOGA
CMn7 QRER IMITIME Q100 RSBET1 QOHD
ZMDE (RGP E ITNRES OO0 RXOMNT QOOD
CHDe OEAS I Oa4FR RAMIT Gl
CHMDCNT QOOE LASTREY OOOA RYXMLIM OO
COUNT1 Q0E LLOHER QIR SRUF Qe
COUNTZ QOE3 L OHER Q4L SOOM Q078
CEHRCVD Q047 LOHER O4R1L SEOCHER OR2EZ
CELRCVYD 0068 LLIMI QODEQ GEGETRT 00462
CURELOT 0028 L.OAD ORE4 SERIAL 0284
DAESTM G457 LOBITE G024 SERIMF GLOE
LECCS QEDO L.OOFHI GLIRO SERRET Q02
DECCSL OEESD LOOPLD Ol0& SHUTDEMN OO53
DECSUMH 0022 LOWAIT GO24 SLOTLLIM  QOOA
DECSUML. Q021 LOWFRER  OO&T SOFTIME  O0273
DEFAULT OIZF MOVFENTR 0419 aF QU3
DFINISH 0454 NAMSTAT  OO4E STATUST 0020
DIGITAL  OO0&F MEWDUTY 0000 STATUSD  QO2D
DINIT G437 NEWSER 0570 STATUSE  OOZE
DISIM D01 - NOCARRY 0412 TARLE 05ab
DISZEM QORE NOREFLY O30D TREE QOeR
DOME Q44 NOTFIN DEel TEMPL GOR7
D DOEE NUMEBER 02F1 TEMPZ QO25

al.

AR




AVOTET

SOURCE

TEMPTOX
THO

TH1

TI
TIMEIME
TJ1

T2

TJE
TIMF1
TIMFLO
TIMFS
TMAOD
THMEDUTY

FILE
1200

JURSPORRPINIP tot LV

ek i1

BY S TEMS

Q574
0z
QoEh
QQ9I9
0Lo2
0180
QO1ar
0192
O2FF
QIEF
OO
0089

QoOF

MAME

THE

G100, 65M

THPFIMFL
THFEIMP2
THFIMPE
THFIMP4
TOGBGLE
TRO

TR1
LLCHERL
ULOCHERSZ
ULCHERT
UL IMH

L IMI
UFDATE

SROSS-AESEMBLER

GEDS

OENC
D2DF
QS
Q0S4
QOsEc
GOBE
QIFR
0478
Q4R0
QOEF
OOZA
G024

VERSTOM

1.a%

USOFF
VADDRS
DATH
VRATAL
VOLLT
VOLTRIT
VOLTIN
WATT
WAITDUT
AMITRIT
XMITOR
N0k
XT0OY

O0L7
EO00
0487
QA0
GOn g
OO EA
G4 5E
D057
OO0
040
0582
GE8A

QIEF

189
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