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ABSTRACT

This document details the hardware and software designs
used to implement a high speed parallel communications
interface to the MITRE 307.2 kilobit/second serial bus
communications system from the Harris Universal Block
Controller and the Sanders Graphic 7 display terminal. The
primary topic is the development of the Bus Interface Unit
(BIU), however, discussion of the Harris Slash 8 Universal
Block Controller and the Sanders Graphic 7 Parallel Interface
Board are used to indicate the interfacing reguirements,
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CREW ACTIVITY PLANNING SYSTEM (CAPS)
BUS INTERFACE UNIT

COMMUNICATIONS HARDWARE AND SOFTWARE

SECTION I

INTRODUCTION

1.0 BACKGROUND

To meet the planning requirements of the Space Shuttle
operational schedule, NASA's Johnson Space Center has defined
the automated Crew Activity Planning System (CAPS). With a
projected flight schedule of up to 52+ flights per year, it
was determined that the existing manual planning system used
during the Apollo and Skylab projects could not meet the
increased demand for crew scheduling [l1]. Development of an
interactive computer system was begun in 1977 by the
McDonnell Douglas Corporation using a Harris Slash 7 computer
and several Sanders Associates Graphic 7 display systems.

The original elements of the graphic display system were
connected using a standard RS-232C serial interface operating
at 9600 bits/second. Separate communication lines were used
between each display and the Harris host computer. Initially,
all of the terminals were collocated, however, one G: more of
the Graphic 7 displays will be located in the mission control
area approximately one half mile from the host computer when
the entire system is made operational. To enable the speci-
fied number of terminals to be supported by the Harris host
computer, the Slash 7 CPU was replaced by a Slash 8 CPU.

During the development of application software for the
CAPS package, it was determined by NASA that the generation
of graphic displays was not meeting the response time re-
guirements of the user. A MITRE study [2] of the communi-
cations interface, initiated in the fall of 1978, revealed
that the Sanders serial interface requires that data, trans-
mitted to a serial port, be nadded with additional bits to

-1-
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insure that all characters are in the ASCII format. This
forced an unexpectedly high amount of overhead on the channel
and slowed the interface operation. 1In addition, several key
displays required a higher number of bits to be transmitted
than had been originally estimated.

One of the study's recommendations for solving the speed
deficiency was that a parallel interface be installed between
the Harris Slash 8 and the Sanders Graphic 7 displays. This
proposal, however, necessitated the installation of some form
of high speed communications link to allow for remote display
of data in the mission control area. Parallel communication
with any computer system is limited to local (within 200
feet) devices by timing factors related to signal
propagation.

1.1 Goal

NASA selected the parallel option of the study's recom-
mendations, thus imposing the requirement for a high speed
communications medium to transmit data to displays approxi-
mately one half mile from the host. The resulting develop-
ment, documented here, tock the approach of inserting a
transparent communications medium, the MITRE Coaxial Cable
Communications System, between the elements of an existing
operational parallel interface for the Harris family of
computers and the Sanders Graphic 7 display.

1.2 Scope

The design of a high speed bus communications system to
meet the remote communications needs of the CAPS project was
initiated in the spring of 1979. This document describes
both the hardware and software of the Bus Interface Unit
(BIU) used to connect both the Harris Slash 8 and the Sanders
Graphic 7 devices to the coaxial cable. In addition, back-
ground information on the host computer interface and tie
Sanders Graphic 7 parallel interface is provided.

Part I of this document (Sections 1I and III) describes
the architecture of the combined CAPS and bus communications
system. In Section II, a basic discussion of the functions
of the CAPS architecture and communications protocol is pre-
sented for background. Details of the individual. elements
are not discussed; however, the foundation for an understan-
ding of the CAPS-BIU interface is established. Section III

-2-



provides a discussion of the basic functions of the cable
communications system along with details concerning the
interconnection of the elements. The communication protocol
used on the cable system is discussed in detail.

Part ITI (Sections IV and V) describes the hardware used
to implement the BIU, Harris and the Graphic 7 interfaces.
Section IV is concerned with the details of the Harris Uni-
versal Block Controller (UBC) and the Sanders Parallel inter-
face board, both of which are used as parallel ports in the
Direct Memory Access (DMA) mode and Teletype (TTY) mode.
Section V describes the hardware used in the construction of
the MITRE-designed Bus Interface Unit (BIU).

Part III (Sections VI through IX) is a discussion of the
software developed for the Harris interface and the two BIU
interfaces. The first section in this part of the document
is a discussion of the special handler software developed for
the Harris interface and a simple introduction to the Graphic
7 handler. The new Harris handler software was developed by
NASA by extensive modification and expansion of the existing
Harris TTY handler. The DMA portions of the handler were
modeled after an existing interface handler developed by MIT
Lincoln Labratory. Section VII is a detailed discussion of
the BIU software which is common to both the Harris BIU and
the Graphic 7 BIU. 1In Section VIII, a description of the
special routines unique to the Harris BIU is presented. 1In a
like manner, Section IX is the detailed description of the
routines unique to the Graphic 7 BIU.

Part IV (Sections X and XI) provides the reader with a
guide to troubleshooting the CAPS bus communications system
and the Bus Interface Unit. Easy to follow steps, which may
be used to isolate component failures in the cable plant, are
provided in Section X. No information on the repair of these
components is provided, rather, test and replacement guide-
lines are detailed. Section XI provides a limited guide to
the isolation of faulty modules within the BIU. By using
these guidelines the reader may employ the details in Section
V to perform digital checkout of the module's integrated cir-
cuits or use chip substitution to return the unit to an
operational state.
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SECTION II

CREW ACTIVITY PLANNING SYSTEM

2.0 INTRODUCTION

The automated Crew Activity Planning System is designed
to allow for the interactive display and modification of
flight crew activity schedules for future space flights or
the dlsplay and modification of the schedules during a
mission in progress. The planner uses a Sanders Associates
Graphic 7 display station to select various activity menus
for display and modification. Each planner operates from a
common system data base and a unique user-owned data base.
These data bases contain information about flight paths,
activity timing, and other background data needed to plan
each space shuttle crewperson's dally activity. The data
bases are maintained on the Harris S-500 computer system and
are managed by interactive application software also running
on the Harris host. Communications between the Harris S$-500
and each Sanders Graphic 7 is accomplished@ over a dedicated
communications channel using both parallel DMA and parallel
TTY technlques. A functional block diagram of the associated
interfaces is presented in Figure 2.1-1.

2.1 Harris S-500 Host Computer

The Harris S-500 host computer system is composed of the
Harris Slash 8 central processing unit (CPU), control con-
sole, two magnetic tape drive units and controllers, two high
speed disk pack units and controllers, and various peripheral
displays and controllers or interface units. All of the com-
puter hardware is centrally located in Room 274 on the second
floor of Building 4 at the NASA Johnson Space Center. Stand-
ard Harris procedures are used to interconnect the various
hardware units composing the host computer system.

2.1.1 Harris Functions

The Harris S-500 computer system is the host for CAPS
operations. The main functions performed by the Harris
include control and execution of the CAPS application
software, file management of the user and application data
bases, data conversion for presentation to the Sanders

-7
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Graphic 7, and various subsidiary functions necessary to the
operation of the system.

2.1.1.1 Application Software Operation. Functions
performed by the appllcatlon software used on the CAPS
project are discussed in documentation to be provided by the
system developer. The standard Harris VULCAN operating
system is used for Job Control. CAPS users from the Crew
Training and Procedures Division (CTPD) have no direct con-
trol over the operation of the application software package
except to the extent that certain planned responses generate
requests for activation of certain software modules; that is,
certain inputs which request an output from the Harris will
activate subroutines to generate the appropriate display.

2.1.1.2 File Management. Several data bases are used
to supply basic information for operation of the CAPS func-
tions. These data bases are maintained by special applica-
tion software again developed by McDonnell Dou glas Corpora-
tion and to be documented at a later date. The user has no
direct interface with this software, and the file management
functions, while having a major impact on user response
timing, have little or no impact on the communications inter-
face design. .

2.1.1.3 Data Conversion. The Sanders-supplied FORTRAN
Support Program (FSP) [3] is operational in the Harris during
CAPS activity and provides the FORTRAN interface [4] to the
LSI-~11 control program in the Graphic 7 controller (See Fig-
ure 2.1-2). Included in the FSP are special routines (MSGIN
and MSGOUT) to procgss data for transmission to the Graphlc 7
and insure input from the Graphic 7 is in a format recogniz-
able by the FSP. These data conversion functions vary depen-
ding on the type of interface used to the Graphic 7. For
parallel operations the characters are sent two per word.
For serial interfaces the data words are communicated one
byte at a time. A more detailed discussion of this data con-
version is presented in Section VI.

2.2 Graphic 7 Display System

The Sanders Associates Graphic 7 display system [4] uses
the improved Sanders Graphic Control Program (GCP+) system,
which is contained in read only memory (ROM) in the Sanders
control unit, to provide the user with a flexible, versatile

-9~
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graphics package capable of interfacing with a large number
of host computers. The developer uses standard FORTRAN sub-
routine calls in a program executing on the Harris host to
interface with the Graphic 7 GCP+ [5]. The basic system in-
cludes support for data entry via the TALOS Data Tablet in
addition to the other standard entry devices. The CAPS im-
Plementation supports entry of data from keyboard, data tab-
let and host computer and output to screen, Sanders Model 570
hard copy unit, Versatek Printer/Plotter, FR80 microfilm tape
and host computer. The interface to the host computer is via
a high speed parallel port using sixteen unidirectional data
lines for input and sixteen unidirectional data lines for
output as well as several special purpose signal lines to
allow full or half duplex fully handshaken operations.

2.2.1 Graphic 7 Functions

The primary functions of thﬂ'Graphic 7 display system
are twofold:

(1) to display data presented by the host computer
system and

(2) to make inputs to the host computer to allow
modification of the display and data files.

Two modes of operation (described in the following para-
graphs) are used by the operator of the Graphic 7 display
station. The first mode is through the teletype emulator to
allow use of the Graphic 7 as a TTY terminal. The second
mode is used by the CTPD personnel to obtain direct access to
the host application programs through the GCP+ handler in the
Graphic 7 and is called system mode. Both modes can inter-
face to the host over either a serial channel or parallel
channel. 1In the CAPS -application, parallel data communica-
tion is used to enhance data transfer speeds.

2.2.1.1 TTY mode. The TTY mode of operation is used by
the system developers to have the Graphic 7 serve as an
interactive device and gain access to the host at the job
control level. Communication to and from the host is through
a teletype emulator routine which assumes valid data charac-
ters are received one at a time in the low-order 8 bits of
the data word [6]. The high order 8 bits of every data word

-11-



in this mode are ignored. Special control characters such as
carriage return and line feed are recognized and acted upon
accordingly.

2.2.1.2 system mode. This mode is used to allow direct
communication to ard from the GCP+ in the Sanders controller
either serially or in parallel. In the parallel mode, all 16
bits of each data word are examined for valid system format
and operated on accordingly. This is the only mode employed
by the CAPS users to modify data in the system. The mode can
also be used by the developers to monitor various Graphic 7
functions by using internal diagnostic procedures. Elements
of the GCP+ software related to the communications interface
are Jdiscussed in more detail in Section VI.

2.3 1Interface Protocol

The Harris host computer communicates to the Graphics 7
terminal via a parallel interface through the Harris Univer-
sal Block Controller and the standard Sanders parallel inter-
face board modified for a Harris interface to the GCP opera-
ting in the Graphic 7. A special handler was developed for
the Harris interface by NASA's Engineering and Special Devel-
opment Branch (FD7 - See [7]) to allow operation of the
interface in a DMA mode or a TTY mode; that is, the interface
operates in a parallel direct memory access mode or in a par-
allel-through-the-registers mode.

e

2.3.1 Data Communication

Data to be displayed on the Graphic 7 terminal can be
processed by the handler in the Harris and sent to the UBC
for transmission either in the DMA mode or the TTY mode. If
a DMA operation is specified, the first data word is preceded
by a command word to prepare the receiving unit for the DMA
operation. In the CAPS implementation this command data word
is ignored. All transmissions to the Graphic 7 are treated
as parallel-through-the-register 1/0 when not in the system
mode and DMA in the system mode only after a key set of reg-
ister I/O operations have preceded it. No purely DMA opera-
tion takes place and the command word is never used. When
the Harris operates in a DMA mode, data words are transfered
directly to the UBC from memory according to the starting
address and word count provided to the UBC. 1In the TTY mode,
each data word is transmitted one byte at a time over the

-12~



e

channel with appropriate carriage control characters (carri-
age return, CNTL~E, CNTL-S, etc.) signaling the end of
transmissicn,

2.3.2 Harris Output Data

Before data is sent to the Graphic 7, it is processed by
a message routine internal to the CAPS HCP. This routine
(MSGOUT) insures that minimum data is transmitted to the
Graphic 7 in the minimum number of I/O operations by packing
the refresh code (GCP+ inline code used to control the Graph-
ic 7 display) generated by the standard FORTRAN code into an
output buffer with contiguous memory addresses. This proce-
dure is fully documented and discussed in (8}].

2.3.3 Graphic 7 Input Data

All data transmitted to the Harris FSP by the Sanders
program is in a format recognizable by the special FSP hand-
ler. The data is sent in either the TTY mode or the system
mode using either the parallel-through-the-register technique
or a DMA method. When sent in system mode, each word con-
tains two bytes and is presented to the Harris UBC in that
manner. In the TTY mode, each word contains one data byte
and one null byte. The valid data byte is presented to the
UBC in the low-order B bits of the parallel interface data
bus.

~13~




SECTION III

BASIC CABLE COMMUNICATIONS SYSTEM

3.0 INTRODUCTION

The concept of a bus communications system was intro-
duced to allow for flexible alteration of communication arch-
itectures, and tu reduce the cost of connecting many users to
a common device as well as to each other via individual di-
rect connections. The use of bus technology allows each user
to connect to a common communication medium at any one of
many possible locations with minimal reconnection costs.

Many types of bus architectures are employed to accomplish
the desired connectivity (e.g. ring, tree, loop, star, etc.).
The architecture described in this document is a modified
loop architecture employing a transmission leg and a recep-
tion leg with each subscriber device connected in parallel to
the two legs of the bus and the two legs connected at an ele-
ment known as the "Headend."

Many bus communications networks use a time slotted
protocol to allow users to transmit data over the communica-
tion medium. This type of network uses fixed or variable
windows or slots to insure that data bytes are not lost due
to collisions or conflicts with other users. Each subscriber
is assigned a given number of time slots either at network
definition time or when the user signs onto the network.
Those slots not used by the subscriber are not available to
any other user and thus wasted. This technique is known as
Time Division Multiple Access (TDMA) and is particularly
useful when users are evenly scaled, that is, the percentage
of time any one user needs the network to transmit data is
high in relation to the amount of time allocated to him for
transmission and this percentage is nearly equal for all
other user's.

When users of a communica“ions network employ short
"bursty" transmissions, that is, not well scaled, the TDMA
type of network loses much of its efficiency. A different
type of protocol lends itself well to this situation because
all of the communications bandwidth is available to any user
at any given instance on a first-come-first-served basis. 1In
this type of protocol the users contend for the network and
must insure that no other user is currently transmitting on
the bus when they have data to be transmitted. One way to

-15-
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insure that no other subscriber is transmitting is to monitor
the network for the presence of a transmission carrier sig-
nal. If no carrier is present, the subscriber with data to
transmit assumes the network is available, raises its carrier
to seize the medium, and then begins transmission of the
data. It is possible for another unit to begin transmitting
during the propagation delay for signals in the communica-
tions medium us¢ .. This would be the time required for the
transmitting unit's carrier to reach the farthest unit on the
network. For this reason each subscriber must monitor its
own transmitted data for as long as it takes the data to
reach the last subscriber. Collisions are detected when the
transmitted data bytes are received in a garbled state. The
offending subscribers then cease transmitting and wait a
pseudo-random period of time before trying to retransmit the
data which was previously garbled. The pseudo-random delay
is used to insure that the two offending BIU's do not encoun-
ter a deadlock situation which might occur if a constant
waiting period were used. The name used to describe this
type of system is Carrier Sense, Multiple Access, Contention |
Listen-While-Talk (CSMA-LWT) and the protocol is discussed in]
more detail in {[9] and [10].

The following paragraphs describe the NASA CAPS bus
architecture and basic system operation which allows a trans-
parent connection of the Harris UBC to the Graphic 7 parallel
interface board. This communications system serves as one
type of communications medium represented in Figure 2.,1-1.

3.1 Bus Architecture

The NASA CAPS bus communications system is an unslotted
(not using fixed subscriber time slots) CSMA-LWT system. The
communications medium is a coaxial cable using standard CATV
hardware. It is driven by RF modulators located in each BIU
which generate a radio frequency (RF) signal within the 5
Megahertz (MHz) to 300 MHz band that is boosted when neces-
sary by line extender amplifiers. The system is composed of
a pair of main trunk cables (one outbound from and one
inbound to the system headend) and several messenger or
“drop" cables connected to the trunk cable by directional
couplers and splitters. The center carrier frequency of the
CAPS system is 24.5 MHz. For more information on the cable
hardware the reader is directed to [11] and (12].

The diagram depicted in Figure 3.1-1 is a functional
representation of the layout of the parts of the CAPS cable
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communications system. The elements discussed in this docu-
ment are the Bus Interface Units (BIU) used to connect the
cable system to the terminal devices and host computer,

3.1.1 Cable System Function

The two cables which constitute the communications
medium provide the link between the bus interface units of
the subscribers to the CAPS network. The inbound cable is
used for transmission and the outbound cable is used for
reception. The headend, located in a 19" rack in Room 274 of
Building 4 collocated with the Harris S-500 host, is composed
of a pair of line extender amplifiers and an amplifier powar
supply and power combiner. AC power is supplied to the line
amplifiers over the communications cable through the power
combiner. Figure 3,1-2 is a diagram of the headend elements
of the cable system and how they are connected and provides a
reference which is helpful in diagnosing communications prob-
lems, when necessary (See Section X). The headend serves as
the connection point of the inbound and outbound cables as
well as the point where power is supplied to the bus.

3.1.2 Bus Interface Unit Functions

The BIU's main purpose is to provide a subscriber device
with a port to the high speed communication medium. The CAPS
BIU is an intelligent RF modem which performs three main
functions in fulfilling this purpose. These functions are:

(1) collecting subscriber data for output,

(2) processing network data packets for input to
the subscriber, and

(3) gathering statistics concerning the operation
of the network.

The hardware used in the construction of the all CAPS
BIUs is detailed in Section V. The software used to defined
the special function of the common hardware is described in
Sections VII, VIII, and IX. The following paragraphs outline
these three functions of the CAPS BIU.

3.1.2.1 OQutput Data Processing. To process output
data, the BIU must gather data from the subscriber, packetize
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it, and buffer the data packets until the medium is available
for transmission., 1In the parallel application of the CAPS
system, the data interface with the subscriber is fully hand-
shaken to insure that no data is lost when the BIU is busy
and not able to process the output data as it is presented.
The BIU prepares to buffer output data by adding the data
words to a data packet. Each data packet is then entered in
a queue of output packets awaiting transmission on the net-
work. The output data is thus buffered until the BIU deter-
mines that the network is free for transmiss:ion (CSMA-LWT).
The BIU transmits the packetized data, when possible, along
with apprupriate header information to allow a certain degree
of error checking and correction.

3.1.2.2 Input Data Processing. The BIU receives data
packets from the network based on a destination address con-
tained in the packet header. 1If this destination address
indicates that the subscriber device should process the
packet, the data bytes are stored in an input buffer which is
added to a queue of input packets awaiting prccessing by the
subscriber., Like the output interface, the input data inter-
face to the subscriber device is fully handshaken. Again
this feature is provided to insure that no data words are
lost when the subscriber is busy and not able to process the

words as they are presented. This possible delay in proces- -

sing input data is the main reason for the input gueue. Dur-
ing the reception of the incoming data, the BIU completes the
error checking and correction scheme cited above.

3.1.2.3 Statistics Processing. As part of the func-
tions of the BIU, certain statistics concerning the operation
of the unit are periodically transmitted on the network.
These special status packets are discussed further in
Paragraph 3.4. .

3.2 Bus Protocol

Each device which is part of the network is connected to
the cable through a BIU. These BIUs are generally designed
to support a particular type of device but maintain several
similar features. The common features are usually associated
with the cable system interface while the unique features
include the subscriber interface hardware and software. The
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functions described in the following paragraphs deal with the
common elements of the network protocol used between the BIUs
on the CAPS cable communications system.

3.2.1 Connecting to a Valid Device

When a subscriber has data to be transmitted to another
device on the network, a logical connection is established to
the other device's BIU by transmitting a sign-on regquest.
Each BIU maintains a list of the valid addresses to which it
may connect. BIUs attached to terminal type devices allow
the user to specify the code for the destination device.

BIUs connected to general network devices such as host CPUs,
"backboards" (see diagnostic procedures in Part IV), print-
ers, etc. normally (depending on the unit's application pro-
gram) respond to any BIU wishing to sign-on but rarely initi-
ate a sign-on request of their own. If the receiving device
is not currently connected to another subscriber, or if the
device's software dictates that it can logically communicate
with multiple subscribers, a sign-on acknowledgement packet
is returned to the requester to complete the connection. If
the receiver was already connected and cannot respond to mul-
tiple users, the BIU ignores the sign-on request resulting in
an assumption by the requester that that particular unit is
not available for a connection. Depending on the applica-
tion, if a sign-on ACK packet is not received, the requesting
BIU generates a message to the subscriber device asking for
new information for another sign-on request or automatically
generates a new sign-on request to the next unit in line.

3.2.2 Network Data Communication

With a connection established, data may be transferred

in either direction in accordance with the format depicted in

the example packet shown in Figure 3.2-1. The data communi-
cation discussion is divided into two parts; the packet for-
mat and the packet protocol.

3.2.2.1 Packet Format. Data bytes are transmitted on
the cable in packetized form with a maximum of 120 data bytes
in any one packet. An B-byte header contains addressing in-
formation, continuity data, message type and a count of the
number of bytes in the packet.
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<-2 bytes-><-2 bytes-><-1 byte-><-1 byte-><-1 byte-><-1 byte->,

DA OA SN MT RT BC
<- max 120 bytes~-><-1 byte->
DATA PARITY
DA = DESTINATION ADDRESS
OA = ORIGINATOR'S ADDRESS
SN = SEQUENCE NUMBER
MT = MESSAGE TYPE
RT = RETRY COUNT
BC = BYTE COUNT - 1 (EACH BYTE = 8 BITS)

PARITY = LONGITUDINAL PARITY BYTE

Figure 3.2~1: LWT Bus Packet Format

3.2.2.1.1 Address Information. Each subscriber on the
network is known to the rest of the network by a two-byte
address. As in most current applications of this type, the
NASA CAPS network uses only the first byte of the address.
When the receive data buffer of the BIU's receive modem be-
comes full, it interrupts the BIU program and thus causes the
data in the buffer to be examined. If this byte is one of
the first two bytes of a packet to be detected, it is assumed
to be addressing information and the byte is compared against
the unit's "home" address. If the packet is addressed to
this unit, the packet is placed in an input buffer as it is
received. If the packet is not addressed to this BIU, the
receiver is turned off until the BIU's hardware detects the
transmission carrier falling; that is, the transmitting BIU
has finished sending the packet. At that point, an interrupt
allows the BIU to reset the receiver for the receipt of the
next address byte.

3.2.2.1.2 Sequence Number. Each packet transmitted on
the network contains a sequence value generated by the packet
originator. This value, which is incremented on each suc~
cessfully transmitted packet, is useful in reconstructing
data streams that are longer than the maximum allowable pack-
et size and discarding duplicate packets. The receiving BIU
stores the value of the last sequence number received and the
address of the last unit to send a packet. It then uses
these values to determine if any data packets have been lost
or detected more than once. 1If it is determined that a pack-
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et was lost, appropriate action can be taken depending on the
application., If a packet is received more than once, it is
discarded.

3.2.2.1.3 Message Type. Each bus system employing this
type of protocol has a table of valid message types. Special
messages are used by a given application for such things as
sign-on, sign-off, reporting status, maintaining continuity
and sending data. This field of the header is used to define
these special message types and to direct special handling by
the receiving BIU. Table I is a list of the valid message
types used by the CAPS BIUs.

TABLE I

CAPS BIU MESSAGE TYPES

CODE DEFINITION

00 DATA MESSAGE (00-1F)

DB STATUS MESSAGE

DE SIGN-OFF MESSAGE

‘DF SIGN-ON ACKNOWLEDGMENT
EO SIGN-ON MESSAGE (EO0-FF)

NOTE: Values in parenthesis indicate valid range. 1In CAPS
only 00 and EQ0 are used.

3.2.2.1.4 Retry Count. Whenever the sending BIU fails
to receive an acknowledgment that the receiving BIU accepted
the given packet, the sender tries to retransmit the packet
at a later time. This creates a situation where the same
packet may be detected more than once by a receiving BIU.
The retry count is used by the the sender as a temporary
memory location to keep track of the number of times a given
packet has been transmitted. The value is placed in the
packet header for those applications which require the re-
ceiving device to use the information to reconstruct messages
which arrive out of order or to indicate that the packet was
previously received. 1In the CAPS application, the byte is
only used by the transmitting BIU.

3.2.,2.1.5 Byte Count. Packets on the network can vary
in length from 8 bytes (header only) to 128 bytes. To avoid
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a large amount of unnecessary processing on short packets,
the byte count minus one is included in the message header,
This enables the receiving BIU to determine when a packet has
been received completely, process the linear parity byte and
return the acknowledgment if all parity checks are correct.

3.2.2,1.6 Parity. The receiving BIU detects errors in
the transmission of a data packet by examining both the in-
dividual byte parity bits and the linear parity byte trans-
mitted at the end of each packet. The transmitting BIU forms
this last byte by exclusive ORing all bytes of the packet as
they are transmitted. By performing the same operation on
each byte as it is received, the receiving BIU has an immedi-
ate indication of any garbled data during the receipt of the
packet. If the byte received at the end of the packet does
not equal the parity byte calculated during reception or if
any of the individual byte parity bits are found in error,
the packet is ignored and no acknowledgement is sent. This
causes the transmitting BIU to retransmit the packet (See
Paragraph 3.2.2.2.1).

3.2.2.2 Packet Protocol. There are two elements to the
packet transmission protocol: error detection and retransmis-
sion, and flow control,

3.2.2.2.1 packet Error Handling. Packet error detec-
tion and retransmission are provided by parity checks. Each
data byte contains a parity bit and each packet contains one
byte of linear parity. Retransmission of a packet is gene-
rated when a transmitting subscriber waits for approximately
100 usecs for an acknowledgement of the packet by the add-
ressee BIU. If no acknowledgement is received, the transmit-
ting unit assumes that the packet did not arrive at the re-
ceiving BIU with good parity checks and the packet is re-
transmitted a number of times and then discarded.

3.2.2.2.2 Flow Control. Due to the limited buffer

space available in each BIU, it is possible for a given unit
to become saturated with data packets either awaiting trans-
mission on the network or processing by the subscriber de-
vice. The flow control feature of the protocol helps to eli-
minate the loss of data if no buffers are available at any
given time. While this condition exists, the receiving 3IU
acknowledges packets with a special character (See Paragraph
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7.3.2) that informs the transmitting BIU of its buffer over-
flow condition. The transmitting BIU waits for a specified
period of time before retransmitting the packet thus allowing
the receiving BIU time to clear one or more buffers via
normal processing.

3.2.3 Subscriber Data Communication

The subscriber interface is usually unique to the at-
tached device. Each BIU, while using a common interface
(both hardware and software) to the cable communications sys-
tem, has a special interface (software and sometimes hard-
ware) with its subscriber. For the most part, these special
requirements are handled in the firmware program in the BIU's
Programmable Read Only Memory (PROM). The interface hardware
can be flexible enough to allow a BIU to interface to several
largely different devices depending on the cable connectors
used on the BIU chassis. 1In the CAPS application, the hard-
ware configuration is identical for both the Harris BIU and
the Graphic 7 BIU, while the PROM programs allow the Harris
BIU to resemble a Graphic 7 display to the Harris CPU and the
Graphic 7 BIU to respond like the Harris UBC to the Graphic 7
parallel interface.

3.2.4 Status Recording

As part of the BIU's responsibility, certain statistics
concerning the operation of the BIU are maintained and per-
iodically transmitted to a special network address (See Para-
graph 7.9 and Table I1I) for processing by some type of status
recording device., Statistics gathered include such things as
the number of packets each BIU transmitted successfully, the
number of packets received with good parity and the number of
packets received with bad parity. All ihe data bytes con-
tained in the status packet are detailed in Table II below.

The primary use of these packets is to determine the
operational performance of the network and allow for analysis
of problems that might occur in one or more of the BIUs. An
example of how this feature can be used is as follows: when a
BIU's receiver fails or is marginal, the number of packets
received with good parity will decrease and the number of
discarded packets will increase since this BIU will not re-
ceive messages addressed to it or the acknowledgments of the
data packets transmitted by it. For further information on
this subject the reader is directed to Part TV of this report
and to [13].
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TABLE II

STATUS PACKET DEFINITION

HEX BYTE # DEFINITION
00-01 DESTINATION ADDRESS (00)
02-03 ORIGINATOR ADDRESS
04 SEQUENCE NUMBER
05 MESSAGE TYPE (DB)
06 RETRY COUNT
07 BYTE COUNT (29)
08-09 'NUMBER OF TRANSMITTED PACKETS
0A-0B NUMBER OF RETRANSMITTED PACKETS
0C-0D NUMBER OF COLLISIONS DETECTED
OE-0F NUMBER OF DISCARDED PACKETS
10-11 NUMBER OF RECEIVED PACKETS (GOOD)
12-13 NUMBER OF RECEIVED PACKETS (BAD)
14-15 NUMBER OF PACKETS LOST (NO BUFFER)
16-17 WUMBER OF TIMES BIU FOUND BUSY BUS
18 NUMBER OF OUTPUT PACKETS WAITING
19 NUMBER OF INPUT PACKETS WAITING
1A NETWORK UART STATUS
1B DEVICE UART STATUS
1C PARALLEL PORT 1 INTERRUPT STATUS
1D CURRENT TRANSMITTING ADDRESS
1E-29 12-BYTE FUNCTION DESCRIPTION
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SECTION 1V

CAPS COMMUNICATTONS HARDWARE INTERFACE

4,0 TINTRODUCTION

To allow for an understanding of the functioning of the
hardware used by the CAPS system and how it interfaces with
the BIU, a limited discussion of the Harris UBC and Sanders
parallel port is presented in this section. Data lines,
handshaking signals and various other control signals are de-
scribed in detail., Further details on the two interfaces can
be found in 141, [15) and [16A1.

4.1 Harris UBC Interface

The Harris Universal Block Controller is designed to
interface with magnetic tape drives, disk controllers, and
any other type of high speed parallel device needing a fully
handshaken interface with the Harris Slash 8 CPU. All inter-
face handshaking signals are presented as levels and the con-
nected device's returned signals are buffered for processing.
A word count zero interrupt line to the CPU interrupt logic
board is provided to allow for full DMA operation. In addi-
tion, an interrupt line from each device connected to the UBC
is passed directly to the Harris interrupt logic to allow for
input interruption of the CPU.

4.,1.1 Data Lines

In the Harris UBC, 24 buffered data lines are provided
for input {(DFU00-22) and an additional 24 lines ats used for
output (DTUND-23), Tri-state drivers are used on the output
lines to insure that no loading of peripheral devices occury
when data is not valid. The interface pin definition is
shown in Table III below. Note that for the CAPS interface
only the low-order 16 bits for both input and output are
utilized. Table IV is used to clarify the connections from
the Harris UBC to the Graphic 7 parallel interface card when
bypassing the BIUs.
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TABLE III

HARRIS/GRAPHIC 7 PARALLEL INTERFACE CONTROL SIGNALS

HARRIS BIU BIU CONNECTOR BIU BACKPLANE GRAPHIC 7 PARALLEL CARD
SIGNAL NAME UBC PIN # SIGNAL NAME PIN § CONNECTOR  SIGNAL NAME PIN #
DTUO0 P3-36%* INPUT  PAOA 2 EC67 ID00 P3-1*
DTUO01 P3-38  DATA  PAlA 3 EC68 ID01 P3-3
DTUO02 P3-40 (6522A) PA2A 4 EC69 ID02 P3-5
DTUO03 P3-42 PA3A 5 EC70 ID03 P3-7
DTUO4 P3-44 PA4A 6 EC71 ID04 P3-9
DTUO05 P3-46 PAS5A 7 EC72 ID05 P3-11
DTUO06 P3-48 PAG6A 8 EC73 ID06 P3-13
DTUO7 P3-50 PA7A 9 EC74 ID07 P3-15
DTU08 P2-6 PBOA 10 EC75 ID08 P3-17
DTU09 P2-8 PB1A 11 EC76 ID09 P3-19
DTU10 P2-10 PB2A 12 EC77 ID10 p3-21
DTU11 P2-12 PB3A 13 EC78 ID1l1 P3-23
DTU12 P2-14 PB4A 14 EC79 ID12 P3-25
DTU13 P2-16 PB5A 15 EC80 ID13 P3-27
DTU14 P2-18 PB6A 16 EC81 ID14 P3-29
DTU15 P2-20 PB7A 17 EC82 ID15 P3-31
CDH P3-32  CBlA " 20 EC84 IIFU P3-45
ODH P3-34  CAlA 19 EC83 IWR P3-41
ODACP P3-8 CA2A 21 EC85 ICTL P3-37
DISC P3-26  CAlC 45 EC95 CNCT P3-35
CNCT P3-10  CA2C 46 EC96 DISC P3-39
IIFU *x CB2C 49 EC116 CDH P3-43
R/W P3-72 PAS5C a7 EC114 R/W P2-47

* NOTE: Both Harris UBC and Graphic 7 pin numbers are referenced to the

BIU connector.

connections,

*% Indicates direct connection to the CPU's interrupt interface.

refer to TABLE 1V.

To determine direct Harris UBC-to-Graphic 7
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TABLE III (Concluded)

T Y

HARRIS BIU BIU CONNECTOR BIU BACKPLANE GRAPHIC 7 PARALLEL CARD
SIGNAL NAME UBC PIN # SIGNAL NAME PIN # __CONNECZOR SIGNAL NAME PIN }
DFU00 P3-78 OUTPUT PAOB 22 EC42 oD0o P2-1
DFUO01 P3-74 DATA PAlB 23 EC43 0oDo01 P2-3
DFU02 P3-70 (6522B) PA2B 24 EC44 OoD02 P2-5
DFU03 P3-66 PA3B 25 EC45 OoD03 P2-7
DFUO04 P3-62 PA4B 26 EC46 0OD04 pP2-9
DFU05 P3-58 PA5SB 27 EC47 OoDO05 P2-11
DFUO06 P3-54 PA6B 28 EC48 OoDo06 P2-13
DFUO7 P3-52 PA7B 29 EC49 oD07 P2-15
DFU08 P2-74 PBOB 30 EC50 OoD08 P2-17
DFU09 pP2-72 PB1B 31 EC51 OD09 P2-i9
DFU10 P2-70 FBZB 32 EC52 oD1o P2-21
DFU1l1l P2-68 PB3B 33 EC53 0OD11 P2-23
DFU12 P2-66 PB4B 34 EC54 oDl12 P2-25
DFU13 P2-64 PB5B 35 EC55 oD13 P2-27
DFU14 P2-62 PB6B 36 EC56 OD14 P2-29
DFU15 P2-60 PB7B 37 EC57 OD15 pP2-31
- DAVFU P3-12 CA2B 40 EC88 OCTL P2-41
DATU P3-30 CAlB 39 EC87 OWR P2-37
UR0O P3-18 UNIT PAOC 41 EC91 UROO P2-35
URO1 P3-20 REG. PAlC 42 EC92 URO1 P2-39
URO02 P3-22 (6522C) PA2C 43 EC93 UR02 P2-43
URO3 P3-24 : PA3C 44 EC94 P2-45

URO4
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TABLE IV

HARRIS-TO-GRAPHIC 7 INTERFACE CONNECTIONS

SIGNAL NAME

DTUOO
DTUO1
DTU02
DTUO3
DTU04
DTUOS
DTUO6
DTUO7

DTUO8
DTUO09
DTU10
DTU1l1l
DTU12
DTU13
DTU14
DTUl5

CDH
ODH
ODACP

DISC
CNCT

IIFU
R/W

* Indicates direct connection to the

interface

UBC PIN #

P3-36
P3-38
P3-40
P3-42
P3-44
P3-46
P3-48
P3-50

P2-6

P2-8

P2-10
P2-12
P2-14
P2-16
p2-18
P2-20

P3-32
P3-34
P3-8

P3-26
P3-10

*
P3-72
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GRAPHIC 7

PIN ¢

P2-1
P2-3
P2-5
P2-7
P2-9
P2-11
P2-13
P2-15

. P2-17
P2-19
P2-21
P2-23
P2-25
P2-27
P2-29
P2-31

P3-43
P2-41
P2-37

P3-39
P3-35

P3-45
P2-47

GRAPHIC 7
SIGNAL NAME

Ow00
OoD01
0OD02
oDo3
OD04
OoDO05
OD06
OD07

oDos
oDo09
oD10
OD1l1
OD12
oD13
OD14
OD15

CDH
OCTL
OWR

DISC
CNCT

IIFU
R/W

CPU's interrrupt



TABLE IV (Concluded)

HARRIS ‘ GRAPHIC 7 GRAPHIC 7
SIGNAL NAME UBC PIN # PIN # SIGNAL NAME

DFUO00 P3-78 P3-1 ID0O
DFUO01 P3-74 P3-3 ‘ ID01
DFU02 P3-70 P3-5 ID02
DFU03 P3-66 P3-7 IDO3
DFU04 P3-62 P3-9 ID04
DFU05 P3-58 pP3-11 ’ IDOS
DFUO06 P3-54 P3-13 ID06
DFUO07 P3-52 P3-15 ID07
DFUO08 P2-74 P3-17 ID08
DFU09 P2-72 P3-19 ID09
DFU10 P2-70 P3-21 ID10
DFU1ll P2-68 P3-23 ID11l
DFU12 P2-66 P3-25 ID12
DFU13 P2-64 P3-27 ID13
DFU14 P2-62 - P3-29 ID14
DFU1l5 P2-60 p3-31 ID15
DAVFU pP3-12 pP3-41 IWR
DATU P3-30 P3-37 ICTL
UROO P3-18 P2-35 UROO
URO1 P3~-20 P2-39 URO1
URO2 P3-22 P2-43 UR02
URO3 P3-24 P2-45 URO3
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4.1.2 Handshake Lines

As metioned above, the interface is fully handshaken
with signal levels. This is to insure that data can not be
lost during normal data transfer operations; that is, both
devices can accept data at their own rate without loss. The
paragraphs below describe the handshaking signals and how
they are used. Refer to Table III for the connector pin
locations of the various handshaking signals.

4.,1.2.1 Command Data Here (CDH). During DMA opera-
tions, each output command is preceded by a command data word
that informs the destination device to prepare to receive an
output of the specified number of words. This command word
causes the device to initialize itself for the transfer by
setting a word count register, if available. The UBC raises
this handshake signal whenever a valid command word is pre-
sent on DTU00-23. This signal is held high and the data
lines remain valid until the destination device raises ODACP
to signal that it has accepted the command data word. 1In the
CAPS system, the Sanders Graphic 7 ignores the CDH signal be-
cause all output transfers are parallel-through~-the-register
and controlled by the ODH control signal. The Graphic 7 sim-
ply returns the CDH signal to the UBC on the ODACP line to
complete the handshake process. This is discussed further in
later paragraphs detailing the Graphic 7 operation.

4.,1.2.2 Output Data Here (ODH). The UBC signals to the
receiving device that a valid data word is present on the
data lines by raising ODH. As in the case of the CDH signal
the UBC holds the data lines steady and continues to hold ODH
high until it receives the ODACP signal from the connected
device. A rough timing diagram of this handshake process is
shown in Figure 4.1-1. This diagram is valid for both the
ODH and CDH signals; however, the time delay at the Graphic 7
is much shorter in the case of CDH for the CAPS implementa-
tion. The diagram also contains information on the signal
timing when the BIUs are installed. This provides the reader
with a method of comparison of the timing associated with
local data transfers and bus communication system transfers.

4,1.2.3 Output Data Accepted (ODACP). As mentioned
above, ODACP is the return handshake from the unit to indi-
cate that the data on the DTU bus has been received. The
unit must hold this signal high until the UBC drops the ODH
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or CDH signal to insure a proper handshake sequence. The
Harris UBC uses this signal to trigger the resumption of
normal operations.

4.1.2.4 Data Available From Unit (DAVFU). Whenever an
input word is avallable for the Harris UBC, the attached unit
raises the DAVFU signal and interrupts the Harris via the
IIFU signal line. The presence of the DAVFU signal is inter-
preted by the UBC to mean that valid input data is available
on the DFU bus. This handshake signal is held by the unit
until the UBC raises the DATU signal line to indicate that it
has received the data. The timing diagram presented in Fi-
gure 4.1-2 depicts this handshaking process as well as the
timing of the BIU interfaces. Again a timing comparison can
be made between the local and BIU operations.

4.1.2.5 Data Accepted to Unit (DATU). As mentioned
above, the DATU signal is generated by the UBC to indicate to
the unit sending an input word that the data has been accept-
ed by the UBC. As in the case of the ODACP signal, the UBC
holds this signal high until the sending unit drops the DAVFU
signal. The sending unit may then continue with other
operations,

4.1.2.6 Input Interrupt From Unit (IIFU). The original
intent of the IIFU signal was to interrupt the Harris proces-
sor whenever the external unit had data ready for input.
This function is still used in the CAPS implementation; how-
ever, the signal has been given an additional function to
perform. To allow the Harris communications handler to oper-
ate in a teletype (TTY) mode, this line is pulsed after each
output word to provide an interrupt signal indicating to the
handler that the last word sent from the UBC was accepted.
This modification to the Graphic 7 parallel interface card is
discussed in later paragraphs. As far as the Harris handler
is-concerned, therefore, this interrupt can mean either an
input or output has occurred and the R/W status line must be
examined to determine which type of operation was signaled by
the interrupt.

4,1.2.7 READ/WRITE Status Line (SFU(0l). To allow for
the Harris interface handler to determine the meaning of the
IIFU signal, the R/W status line was implemented. As in all
discussions of the CAPS parallel interface, the input/output
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terms are referenced to the Harris host; that is, input
(read) refers to data coming into the host and output (write)
refers to data leaving the host. The handler uses status
line 01 of the UBC status bus to determine which operation
was performed last. When the Harris UBC sends a_data word to
the unit (write operation), the unit raises the R/W signal
and holds it high until the unit has data to send to the
Harris UBC. When the external unit (Graphic 7) raises its
DAVFU signal line and_sets the IIFU signal high (read opera-
tion), it clears the R/W signal line and holds it low until
the next output word is received from the Harris UBC. (See
Paragraphs 4.2.2.6 and 4.2.2.7 for more detail on the opera-
tion of this signal).

4.1.2.8 Connect Line (CNCT). The Harris UBC interface
can support up to 16 peripheral devices on one channel.
Since only one pair of I/0 connectors exists on every UBC,
multiple devices share a common signal bus via a daisy-chain
cable. As a result, each device must use tri~state drivers
to isolate its output stage. To control which device is
communicating to the UBC at any particular instant, the CNCT
line is used in conjunction with the four unit register (UR)
lines and the disconnect (DISC) line. The UBC contains a
unit code register (UCR) which maintains the address of the
last unit involved in an I/0 operation. The input or output
sequence starts with a hardware interrogation of the unit
code register. This allows the UBC to determine if the next
I/0 operation involves the same device. If it does and the
CNCT signal is high, the operation proceeds normally. 1If the
UCR disagrees with the address of the unit specified for the
next I/0 or the CNCT line is low, a connect/disconnect
sequence is executed by the hardware.

To facilitate daisy-chaining all control and data lines,
the CNCT signal is also used by the devices connected to the
UBC to enable the tri-state drivers on all outgoing control
and signal lines (not necessary on incoming lines). The
proper operation of the connect/disconnect sequence in the
‘BIU and the Graphic 7 is inhibited by this arrangement, since
a delay of the tri-state control signal is necessary to allow
the CNCT signal change of state to be registered by the UBC.
To correct this hardware problem, a modification to the
Graphic 7 parallel interface board is required. This
modification is detailed in Paragraph 4.2.2.8 and [17].
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4.1.2.9 Disconnect Line (DISC). To perform a con-
nect/disconnect sequence the UBC raises the DISC signal. All
units attached to the controller are forced to drop their
CNCT signals when the DISC signal is detected. The DISC sig-
nal forces each unit to interrogate the UR lines and compare
the address to its own internal address. The unit, which de-
codes the UR lines and finds its address, raises the CNCT
signal immediately after the UBC drops the DISC signal. A
timing diagram of this sequence appears in Figure 4.1-3,
Once again the diagram includes BIU timing for comparison.

4.1.2,10 Unit Register Lines (UR00-03). As mentioned
above, the UR lines are used by the UBC to indicate which of
the 16 possible devices attached to the channel is being
addressed for a particular I/0 operation. In the CAPS
implementation only Unit Code 0 is used since each UBC will
be connected to only one Graphic 7. This was necessary
because a daisy-chain connector for the Sanders Graphic 7
display does not exist and the development of the Harris
parallel interface handler would result in too large a cost.

4.2 Graphic 7 Parallel Interface

Each Graphic 7 display station is composed ¢f two
25-inch display CRT's, a control cabinet housing the digital
logic for both graphics and communication operation, a TALOS
data tablet, a standard alphanumeric keyboard and the various
cables necessary to interconnect the components. In addi-
tion, each station shares access to a hard copy unit with one
or two other stations. To allow parallel communications to
and from the host, Sanders Associates provides a general par-
allel interface card with a specified host area that can be
wired for any of several selected hosts. For the CAPS appli-
cation, the parallel cadrds were ordered with the standard
Harris interface. As is explained in the following para-
graphs, several additional modifications to the standard
Graphic 7-to-Harris parallel interface were necessary to al-
low the operation of the Sanders as a TTY terminal. 1In addi-
tion, to support communications through the bus interface
unit, a wiring change involving the CNCT signal was
necessary.
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4.2.1 Data Lines

Sixteen unidirectional buffered data lines are provided
by the standard interface card for the input bus (ID00-15)
and 16 unidirectional lines for the output data bus
(OD00~-15). The output lines are connected to tri-state
drivers which are controlled by the CNCT signal on the stan-
dard Harris version of the card. The interface pin defini-
tion is shown in Table III. '

4.2.2 Handshake Lines

The standard Graphic 7 parallel interface card provides
both handshake pulses and handshake levels. The Harris UBC
modification to the standard card uses only the level hand-
shake signals. Each signal is discussed below and its cor-
responding Harris definition is indicated in parentheses.
Several special signals are added to the general interface
card to allow for:

(1) IIFU interruption on output,
(2) R/W signal control, and
(3) CNCT signal change-of-state detection.

These signals as well as the standard Harris interface sig-
nals are shown on the schematic diagram in Figure 4.2-1.
Each new signal is explained in detail in one of the follow-
ing paragraphs.

4.2.2.1 Command Data Here. As mentioned above in Para-
graph 4.1.2.1, this signal is generated by the Harris UBC
whenever a DMA operation is initiated. The Graphic 7 paral- k
lel interface card was modified by Sanders to turn this sig-
nal around as the output data accepted signal (ODACP). For
this reason, it can be seen in Figure 4.2-1 that the CDH sig-
nal drives two inputs of the four input NAND gate U77 through
inverter U82E. This in turn causes the OWR signal to go high
through driver U81C whenever the CDH signal is high.

4,2.2.2 OQutput Control {(OCTL). This signal, which is
the equivalent of the Harris ODH signal, is used to indicate
that the data present on the OD00-15 bus is valid output
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data. The host holds this signal high until the Graphic 7
responds with the OWR handshake level. The OCTL signal gates
the input data bus signal lines into the input data buffer.

4.2.2.3 Output Word Read (OWR). This signal is the
equivalent of the Harris ODACP signal. The Graphic 7 uses
this line to indicate that it has accepted the data on the OD
bus and it is ready for the next input. The timing for all
of these signals is roughly the same as that shown in Figure
4.1-1. The Graphic 7 holds this signal high until the host
drops the OCTL signal. The reference to OWR in Figure 4.2-1
is only to show its relationship to the CDH signal, to the
control of the R/W status line and to the signaling of an
acceptance 1nterrupt from unit. The schematic shows that in
the Harris version of the parallel interface card the normal
path for the OWR signal is broken at El18 and attached through
inverter U82B to the other two inputs of NAND gate U077. 1In
this way when either OWR or CDH is high, there is a high
output from J2-37. To control the R/W status line and indi-
cate when the host has issued a write command, the OWR signal
is taken from driver U81C and inverted by USZF to provide the
preset input to flip-flop U80B. 1In addition, this signal is
used to drive one input of NAND gate U78D which provides the
IIFU signal.

4.2.2.4 Input Word Ready (IWR). This signal is used by
the Graphic 7 to indicate to the host that valid input data
is available on the ID bus. It is the Harris equivalent of
the DAVFU handshake signal. The signal is held high until
the ICTL input goes high. The signal is passed directly
through driver U66 on the standard Graphic 7 board but tapped
at its output (U66-10) to provide the input for the IIFU
interrupt signal. This can be seen on Figure 4.2-1,

4.2.2.5 Input Control (ICTL). This signal is used by
the host to inform the Graphic 7 that the input data on the
ID bus has been received. It is used to disable the IWR
output and reinitialize the Graphic 7 for the next input word
to the host. As can be seen in Figure 4.2-1, it is also used
as the enabling signal for the IIFU output. When ICTL goes
high, it turns off U78C through inverter U75F thus causing
the IIFU signal to fall.
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4.2.2.6 READ/WRITE Control (R/W). The R/W control sig-
nal was added to the Graphic 7 parallel interface to allow
the Harris communications .nandler to determine if the last
I/0 operation which caused an IIFU signal was an input or an
output. Existing digital logic hardware on the Sanders par-
allel interface card was rewired to provide this signal. The
modifications are detailed in Figure 4.2-1. Flip-flop (FF)
U80B was defined as the READ/WRITE FF for the parallel inter-
face. It was determined that the Graphic 7 INIT signal would
not be used in the CAPS application. For this reason, output
line J2-47 was redefined as the R/W signal line. 1Inverter
U82F was used to obtain the correct polarity signal to pro-
vide an IIFU signal whenever the data on the OD bus was read
and to set the R/W FF., Driver U81lF was used to provide the
necessary signal level at output J2-47. _The output of the
IWR NAND gate U78C is used to clear the R/W FF. 1In this
manner, it is possible to obtain a. direct indication of the
cause of the IIFU signal.

4.2.2.7 Input Interrupt From Unit (IIFU). In the stan-
dard Graphic 7/Harris parallel interface this signal is used
to interrupt the Harris central processor whenever the Graph-
ic 7 has data for input to the host. A modification to this
process was added to allow for an interrupt of the Harris
whenever output data was taken by the Graphic 7. This is
necessary because of the manner in which teletype data is
transmitted from the Harris UBC by the Harris parallel soft-
ware handler. Pigure 4.2-1 again details both the standard
Harris interface version of the signal's digital logic and
the new TTY handler modification. On the standard Graphic
7/Harris parallel interface board, NAND gate U78D is used as
an inverter for the IWR input signal to set the proper output
polarity on the IIFU signal. The CAPS modification shows one
input of this NAND gate being driven by the IWR signal while
the other input is driven by the OWR signal. 1In this manner,
whenever either IWR or OWR is sent, an IIFU signal is also
sent.

4.2.2.8 Connect (CNCT). The connect signal was added
to the standard Harris/Graphic 7 parallel interface board to
allow opzration with the Harris ABC/CBC/UBC series of paral-
lel controllers. The daisy-chain nature of these controllers
requires that each peripheral unit on the chain have the cap-
ability to monitor the Unit Code Register (UR00-03) to deter-
mine who should respond to any given I/0 operation. The CNCT
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signal is the indication that the last device addressed by
the Harris controller is still listening. It is also used as
the enabling signal for each unit's output tri-state drivers
(e.g. U881 and U66 in Figure 4,2-1). The Graphic 7 interface
board is provided with a decoder section consisting of digi-
tal chips U73, U74 and 076. The outputs of these chips are
used in conjunction with the DISC signal to set and clear the
connect flip-flop UB0A. The Q output of the CNCT FF is used
to control the output state of the tri-state driver U81 as
well as to provide the CNCT signal back to the Harris. 1In
addition, the Q output is used to set the state of the tri-
state drivers for the other output signals from the parallel
interface_board through inverters U82A and U82C. The fact
that the Q output was also used to control the state of the
driver for the CNCT signal created a problem of level detec-
tion for the BIU and the Harris UBC (The CNCT output driver
returns to the high impedance state which appears as a +5V
TTL level to the BIU/UBC hefore the change-of-state from high
to low can be detected). Because of this difficulty the
driver for the CNCT signal is forced to be on at all times to
insure that the state change from high to low can be observed
on the signal line whenever a DISC signal is sent. Figure
4.2-1 indicates this modification by having U81-15 (by U81D)
attached to ground and the CNCT signal going through driver
UBlE. Note that LED DS6 is the connect indicator on the par-
allel board and is on whenever the Q output is low.

4.2.,2.,9 Disconnect (DISC). As mentioned above, this
signal is used by the Harris UBC to force all units attached
to a particular controller to drop the CNCT signal and in-
spect the UR bus to determine which unit is being addressed
by the next I/0 operation. On the Graphic 7 parallel inter-
face board, the DISC signal resets the CNCT FF and enables
the output of the decoder section through NAND gate U78B.
This enabling signal is- held on, however, by the one-shot
U79A. The output of the decoder section must be read within
50 nanoseconds (ns) of the DISC signal falling or the one-
shot disables the output of the decoder section and prohibits
the setting of the connect FF.

4.,2.2.10 Unit Code Register (UR00-03). The Harris
chaining controllers can be connected via a daisy-chain to as
many as 16 devices at one time. This requires the use of a
four-bit unit code to indicate the referenced device. The
input from the UR bus is used to drive the decoder section of
the parallel interface card. The set of eight switches pro-
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vided in U76 allows for the selection of either inverted or

non-inverted input and the setting of the address to which
the interface board responds. In the CAPS application, swit-

ches 2, 4, 6, and 8 are closed (ON) to select address 0 for
the Graphic 7.
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SECTION V
CAPS BIU HARDWARE

5.0 INTRODUCTION

Hardware used in the CAPS BIU for both the Graphic 7
display system and its Harris host computer is adapted from
existing BIU designs used for the NASA Trend Monitoring
System (TMS) and other similar systems. The main design
feature which distinguishes the CAPS BIU is the device data
interface. In most parallel interface designs, a bidirec-
tional data bus is used to transfer 16 bits of parallel in-
formation. The design of the Harris parallel interface re-
quires that 32 unidirectional lines be used for this purpose.
In addition to the different data line requirement, several
of the handshaking lines are unique to the CAPS application.
To insure proper response by the connected device, additional
control lines are added to allow for peripheral unit
identification.

5.1 Basic Hardware

The digital logic of the CAPS BIU is mounted on a
single board measuring approximately 7 x 7 inches. It is
connected to the BIU chassis, modems and device interface
connector by means of a 122-pin edge connector. The chip
layout for the CAPS BIU is depicted in Figure 5.1-1. It
revolves around the Mos Technology MCS6502A central proces-
sor chip. The hardware used in the basic BIU to interface
with the cable communications system will not be discussed
here, however, the device interfaces to both the Harris UBC
and the Sanders Graphic 7 are explained in detail. For
further information on the cable interface the reader is
directed to [10] and [18]. Figure 5.1-2 is a schematic
diagram of the CAPS BIU digital logic board.

5.1.1 Major Components

The BIU is composed of a microprocessor-based digital
logic board, an RF modulator, an RF demodulator and a solid
state power supply. All of these components are housed in a
metal box which measures approximately 10 x 12.5 x 3 inches
and weighs about 9 pounds. The unit consumes about 10 watts
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Figure 5.1-2: Schematic Diagram of the CAPS BIU Digital Logic )
Board i
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of power. Further information on the RF modulator and
demodulator may be obtained from ({18]. The following para-
graphs discuss the digital logic which is contained on the
digital logic board.

5.1.1.1 Central Processing Unit (CPU). The NMOS
MCS6502A microprocessor is used as the main logic element of
the BIU. It was chosen for the design because of its high
speed and powerful instruction set. Another consideration
was that its idiosyncrasies were well understood by the
designers.

The 6502A is an 8-bit CPU with two 8-bit index regis-
ters, an 8-bit accumulator and a software-selectable, vari-
able length (256-byte maximum) hardware-managed stack. The
chip supports direct, indirect and indexed modes of address.
The CAPS BIU operates with a 1.8432 megahertz (MHz) crystal-
controlled clock which allows an instruction cycle of approx-
imately 550 ns.

5.1.1.2 Memory. Two 1024 x 8-bit ultraviolet-erasable
programmable read only memory (EPROM) chips (Intel 2708 or
equivalent) are used to contain the interface software which
defines the specific application of the BIU. This software
is described in Sections VI, VII and VIII of this report.
The nominal access time for these chips is 450 ns.

Six 1024 x 4 bit NMOS static random access memories
(RAM) are used to provide storage space for the software de-
fined variables, the hardware stack and the packet input and
output buffers. These chips provide sufficient space for 22
buffers of 128 bytes each. A memory map of the CAPS imple-
mentation is shown in Figure 5.1-3 below.

5.1.1.3 Parallel Interface Chips. Three Mos Technology
MCS6522 Versatile Interface Adapter (VIA) chips are used to
provide the necessary parallel data channel interface to the
devices. One chip serves as the input interface, one as the
output interface and the third provides an interface for var-
ious handshaking and control signals. Each chip has the cap-
ability of providing 16 input or output lines under software
control. Eight bits of the third VIA interface are dedicated
to providing a switch-selectable address input. With the
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ZERO PAGE
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009F
00A0
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MAIN PROGRAM EPROM
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Figure 5.1-3: Memory Address Map of the CAPS BIU
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addition of this 8-bit interface to the VIA, the low-order 8
bits of the 16~bit address word can be set through an
8-position DIP switch (See Paragraph 5.2.6).

As an added feature of the VIA, a clock mechanism is
provided to allow the software to execute certain routines
based on the system time. Only one of the six possible
timers on the digital board is utilized by the current appli-
cation. This timer provides a 10 millisecond (msec) clock for
status message and sign-on response timing. For more infor-
mation on the 6522 VIA chip the reader is directed to ([19].

5.1.1.4 Serial Interface Chips. Commonality among the
existing BIUs at NASA was maintained by the inclusion of the
Motorala 6850 asynchronous communications interface adapter
(ACIA) chips. While the device ACIA is contained on all
digital boards, no facility is provided to allow use of this
serial interface on the CAPS BIU chassis due to the absence
of a serial interface connector. This feature, however,
allows the CAPS BIU digital board to be removed from the CAPS
chassis and inserted into a standard serial BIU chassis to
function as a serial BIU. Alternatively, a CAPS BIU chassis
could be altered in accordance with Table 3.2.2-II in [10].
Problems involving common components shared by the parallel
and serial ports can be isolated by using the two types of
chassis during checkout of the CAPS BIU digital board. 1In
addition, the same type of chip is used to interface with the
communications cable through the modulator/demodulator
(MODEM) pair. The network ACIA chip is used to convert the
8~bit parallel data presented on the microprocessor data bus
into a serial bit stream for use by the MODEM. The function-
ing of the 6850 chip is discussed in more detail ir ([10] and
[20].

5.1.2 Address Bus

The MCS6502A with its 16-bit address bus and 8-bit data
bus has the capability of addressing 65536 bytes of memory or
a lesser amount of memory and numerous peripheral devices,

In the CAPS BIU, thirteen bits of the address bus are used to
address the memory detailed in Figure 5.1-3 and the peripher-
al devices discussed above. By using address bits al0
through Al2 to drive the 8205 decoder, chip select signals
are provided to the various memory chips and the parallel and
serial I/0 devices. Table V is a list of the digital chips
and the addresses used by the CAPS BIU to accomplish chip
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selection, Each output of the address bus from the 6502 chip
is an input to an 8T95 driver chip to insure the signal level
at each device on the bus is a TTL level.

TABLE V
CHIP SELECTION ADDRESS SCHEME

ADDRESS SELECTION BITS
DEVICE  _ (HEX) A4 A5 A6 Al0 All Al2
RAMO 0000-03FF c 0 0 0 0 0
RAM1 0400-07FF o 0 0 1 0 0
RAM2 0800-0BFF o 0 o0 0 1 0
ACIA(B)  0C00-0C01 c-0 6 1 1 0
VIAQ 1010-101F 1 0 0 o0 0 1
VIAl 1020-102F o 1 0 0o 0 1
VIA2 1040-104F o o0 1 0o 0 1
ACIA(A)  1400-1401 o 0 o0 1 0 1
EPROM0  F800-FBFF o 0 o o 1 1
EPROM1 FCOO~-FFFF 0 0 0 1 1 1

5.1.3 Data Bus

The 6502 uses an 8~bit data bus to communicate with all
peripheral devices. It can be seen in the schematic diagram
in Figure 5.1-2, that all the 6522 VIA's and the 6850 ACIA's .
as well as the 2708 EPROM have an 8-bit interface with the
data bus. The RAMs, however, are configured with each chip
interfacing to only 4 bits of the data bus thus requiring two
chips to make up each 1024 bytes of memory. T

5.2 Parallel Interface Hardware

As was mentioned above, the BIU uses the MOS Technology
MCS6522 VIA as the parallel interface chip for all devices.
In the CAPS BIU, two VIA's are used to allow 16 bits of input
and 16 bits of output. The following paragraphs describe the
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hardware implementation of the parallel interface to both the
Sanders Graphic 7 and the Harris UBC., Table VI provides a
quick reference to the chip location on the digital board.

%.?2.Y Input Data

The 16 bits of parallel input data for the BIU enter
through the 50-pin parallel chassis interface connector on
pins 2 through 17 and proceed directly to digital board edge
connector pins ECA7 through EC82 (refer to Table III above).
Fach data bit is buffered by the two 8-bit 74S240 inverter/-
driver chips (A) and (B) shown in the schematic Figure S5,1-1.
The outputs of these buffer chips are then connected to VIA
chip #522(A) at digital board coordinate J-10 (see Table VI).
The low order 8 bits are connected to the PA input and the
high order 2 bits are connected to the PB input. The control
lines for the 745240 tri-state chips are connected to ground
to insure that data is always fed through on the input bus,.

%.27.?2 TInput Control

To allow the proper interface handshaking procedure to
be followed, the control lines to and from the 6522 chip must
be processed through the AND/NOR circuit shown in the schema-
tic Figure 5.1-2. This circuit is designed to cut off the
return handshake level when the attached device drops its
valid data (e.g. IWR, ODH, etc.) signal level. As can be
seen in the schematic, two possible handshake signals can be
processed by the BIU. The one which enters on pin 19 (ODH/-
IWR) of the parallel connector and is passed to ECP3 is used
to activate the CAl interrupt of the §522, The second sig-
nal, which enters on pin 20 (CDH) and is passed to EC84, is
used to activate the CBl interrupt. Both signals are passed
directly to the VIA and are positive logic levels (i.e.
active high, +5V TTL). 1In addition to activating the inter-
rupts of the §522, both signals are used to allow the output
of CA2 (ODACP/ICTL) through inverter/driver 74S240(F) and the
7408 AND gate. This level is then seen by the attached de-
vice as a positive handshake signal which can only be active
while the device holds its input valid signal high. There is
a delay equivalent to three TTL gate delays (approximately 26
nsec) between the dropping of the input valiad signal and the
falling of the return handshake signal. The CB2 output of
this 6522 is not used in the current application. The tri-
state control for the 745240(F) chip, used to drive the con-
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TABLE VI

BIU CHIP LAYOUT DIGITAL BOARD CROSS REFERENCE

- - DIGITAL BOARD

CHIP COORDINATES
NUMBER ' FUNCTION (PIN #1)
1488 | SERIAL LINE DRIVER- L-1
1489 SERIAL LINE RECEIVER N-1
14411 CLOCK U-35
2114(A) RAM (0000-03FF, Bits 0-3) G~-32
2114(B) RAM (0400-07FF, Bits 0-3) J-32
2114 (C) RAM (0800-0BFF, Bits 0-3) L-32
2114 (D) RAM (0000-03FF, Bits 4-7) G-42
2114 (E) RAM (0400-07FF, Bits 4-7) J-42
2114 (F) RAM (0800-0BFF, Bits 4-7) L-42
2708(Aa) - EPROM (F800~+FBFF) U-22
2708 (B) EPROM (FCOO-FFFF) R-14
6502 CPU R-27
6522(Aa) VIA PARALLEL PORT (INPUT) J-10
6522 (B) VIA PARALLEL PORT (OUTPUT) u-1
6522 (C) VIA PARALLEL PORT (CONTROL) A-31
6850(A) SERIAL DEVICE UART M-9
6850(B) + NETWORK UART R-1
7402 QUAD NOR GATE A-23
7404 INVERTER (6-BIT) G-1
7408 QUAD AND GATE E-1
7476 J-K FLIP-FLOP ' G-22
74123 ONE SHOT G-9
745240 (A) 8-BIT INVERTER/DRIVER (INPUT DATA) A-1
745240 (B) 8-BIT INVERTER/DRIVER (INPUT DATA) C-1
745240 (C) 8-BIT INVERTER/DRIVER (OUTPUT DATA) A-12
745240 (D) 8-BIT INVERTER/DRIVER (OUTPUT DATA) Cc-12
745240 (E) 8-BIT INVERTER/DRIVER (UNIT REG.) E-18
745240 (F) 8-BIT INVERTER/DRIVER (CONTROL LINES) E-29
8205 ADDRESS DECODER J-1
8T95(A) 6~BIT INVERTER/DRIVER (ADDRESS 0-5) N-33
8T95(B) 6-BIT INVERTER/DRIVER (ADDRESS 6-9) N-42
8T97 : DRIVER E-9
DIPSW(A) SERIAL DEVICE SPEED SELECTION . N-24
DIPSW(B) BIU ADDRESS SELECTION E-40

NOTE: When more than one chip of a giver type is used, each
chip is given a suffix letter (x) to allow specific
definition.
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trol signals for the input VIA as well as the the other two
VIAs, is also held at the zero TTL level to insure all sig-
nals are valid at all times.

5.2.3 Qutput Data

The output data lines originate on the PA and PB outputs
from 6522(B) as shown in the BIU schematic. "As with the in-
put bus, the output lines are buffered by a pair of 745240
inverter/drivers (C) and (D) whose control lines are held at
ground potential (0V TTL). This insures that the data lines
can be read at any time by the connected device. The low-
order 8 bits of output are on the PA bus and the high-order 8
bits are on the PB bus. The outputs of the two 745240 chips
are connected directly to edge connector pins EC42 through
EC57. From the edge connector, the output data lines proceed
directly to the 50-pin chassis connector where they terminate
on pins 22 through 37.

5.2.4 Output Control

As in the case of the input bus, the BIU provides a
fully handshaken level control of the output data flow. When
data is written into the output VIA, the signal on the CA2
output transitions from a high state (+5V) to a low state
(OV). The connected device sees this as a low-to-high tran-
sition through the inverter/driver chip 74S240(F). This
signal (DAVFU/OCTL) is present on 50~-pin connector pin 40
which is connected to EC88. The connected device interprets
this signal as indicating that valid data is present on the
output data bus. The signal could be used to trigger an in-
put interrupt of the device; however, in the CAPS BIU, a sep-
arate signal line is used for the input interrupt. The con-
nected device signals (DATU/OWR) to the BIU that it has ac-
cepted the data on the output bus by setting a +5V TTL level
on the return handshake line which enters on pin 39 of the
50-pin connector and proceeds directly to another inverter/-
driver through EC87. The output of this driver is connected
to the CAl input on the VIA. A high-to-low transition on CAl
resets CA2 which in turn causes the connected device to reset
the CAl input. The VIA is now ready to process another out-
put data word. Neither the CBl nor the CB2 signals are used
on this VIA in the current CAPS application.
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5.2.5 Other Handshake and Control Signals

The two VIAs mentioned in the paragraphs above are the
primary devices used to transfer data to and from the BIU.
The third VIA on the digital board, 6522(C), is used to en-
able the BIU to duplicate the Harris UBC parallel interface
by handling the remainder of the interface signals. These
signais include_the connect/disconnect, unit ‘identification,
interrupt, and READ/WRITE signal.

5.2.5.1 Connect/Disconnect Signals. The Harris UBC
employs a connection handshake sequence using the CNCT and
DISC signals to allow the operation of the UBC on a daisy-
chained 1I/0 bus. Since the BIU can be acting as either the
Harris UBC or the Graphic 7 display, the CNCT and DISC sig-
nals reverse function depending on the connected device.
These signals are generated by the software executing in the
BIU and thus the signal line definition is under software
control. When the BIU is connected to the Harris UBC the
signal entering on pin 45 of the 50-pin connector and pro-
ceeding through EC95 and the 74S240(F) inverter/driver to CAl
of 6522(C) is interpreted as the DISC signal. 1If the Sanders
Graphic 7 is connected to the BIU, the same signal line is
defined as the CNCT signal. 1In a like manner, the signal
leaving the BIU from CA2 via EC96 and pin 46 of the 50-p1n
connector is assumed to be the CNCT signal when the BIU is
attached to the UBC and the DISC signal when attached to the
Graphic 7. Control of the outputs from CA2 and interpreta-
tion of the input on CAl is discussed in the appropriate
software discription for the two possible cases (See Para-
graphs 8.5 and 9.1.2).

5.2.5.2 Unit Register Bus. As in the case of the
ChgT/DISC signal lines, ' the UR bus lines can be 1nterpreted
in two ways depending on the device to which the BIU is con-
nected. In the case of the Harris UBC, the signals originate
in"the UBC and must be received by the BIU as input and PAO
through PA3 of 6522(C) must be set to read the lines. When
the BIU is connected to the Graphlc 7, PAO through PA3 must
be set to write on the lines since the unit address is gener-
ated in the BIU. For this reason, the dual inverter/driver
arrangement shown in the BIU schematic is used. The output
of PA4 on 6522(C) is used to select the appropriate half of
745240(E) which allows the UR bus to be either an input to or
an output from the BIU. The control of these signal linecs is
also discussed in more detail in Paragraphs 8.5 and 9.1.2.
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5.2.5.3 1Input Interrupt. Whenever the Graphic 7 has
input data for the Harris or whenever an output data word has
been processed, the Graphic 7 must provide an interrupt on
the IIFU signal line. There is no similar signal which is
returned to the Graphic 7 by the UBC so this can be consider-
ed a one-way control line, that is, it is only active when
the BIU is attached to the UBC. The BIU uses the output from
CB2 to signal the Harris UBC in the same manner as the Graph-
ic 7 signals with the IIFU line. The software description of
this signal explains how the signal is generated (see Para-
graphs 8.2.3.2 and 8.3.2.2). Since no true hardware hand-
shaking takes place in the BIU, the signal is totally under
software control. It is inverted by the hardware in the BIU
and then fed directly to ECl1l16 and pin 49 of the 50-pin
¢onnector.,

5.2.5.4 R/W Control. To allow the Harris UBC to deter-
mine which of the two conditions (input/output IIFU) mention-
ed above exis*3 when the IIFU signal is triggered, the R/W
signal line is used. As in the case of the IIFU signal, this
is a one-way signal from the Graphic 7 to the UBC. There is
no counterpart going to the Graphic 7 from the UBC. For this
reason this signal is only active when the BIU is connected
to the UBC. Again this signal line is under software control
and is documented more fully during the software discussion
(Paragraphs 8.42.3.1 and 8.3.2.1). As can be seen from the
BIU schematic, the signal proceeds directly from the PA5 out-
put through inverter/driver 74S240(F) to EC1l14 and then to
pin 47 of the 50-pin chassis connecter.

5.2.6 Manual Address Selection

The CAPS BIUs contain a DIP switch which allows the user
to select the bus address to which a BIU will respond. The
8-bit DIP switch is located at the input to the PB bus of
6522 (C) at digital board reference E-40. By selectively
opening and closing these ¢ switches, the user can set a one-
byte address to the VIA. The BIU software uses this address
whenever it must compare a packet address to its "home"” add-
ress. Like several of the above listed features, this func-
tion is under software control and is discussed in more de-
tail in the appropriate paragraph (Paragraph 7.11.3.2). The
hardware configuration, however, indicates that when a given
switch is open, there is a TTL one (+5V) present in that bit
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location. Likewise, when a given switch is closed, there is
a TTL zero (0V) present. The high-order bit is at digital
board reference E-47 and the low-order bit at reference E-40.

5.3 Serial Interface to Network

The communications interface to the bus communications
system is through the Motorola 6850 ACIA chip at digital
board coordinate R~1l. The chip provides a TTL interface to
the BIU MODEM modules for establishing the proper signal
timing and format used on the coaxial cable system. A de-
tailed discussion of the functions of these components and
the other hardware related to the transmission and reception
of data to and from the cable system can be found in [10]. A
?igfussion of the details of the MODEM design can be found in

5.4 Serial Terminal Interface

As was mentioned above, the hardware necessary to allow
the digital board to function in a serial terminal BIU is
installed on all CAPS BIU digital boards. No detailed dis-
cussion of this hardware will be undertaken here. It is
sufficient at this point to define the chips on the digital
board which are dedicated to this function. The 6850 chip at
coordinate M-9 is the ACIA chip used to communicate to an RS-
232C interface. It uses the 1488 line driver chip and the
1489 line receiver chip to insure proper signaling. DIP
switch (A), at coordinate N-24, is used to select the line
speed for the serial interface through the 14411 clock chip.
A more detailed description of the functioning of this type
of interface can be found in [10].
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CAPS COMMUNICATIONS SYSTEM SOFTWARE
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SECTION VI
STANDARD CAPS INTERFACE SOFTWARE

6.0 INTRODUCTION

This section discusses pertinent sections of the soft-
ware used by the Harris host computer and the Graphic 7
controller to establish a parallel interface between these
devices and also interface each device to the MITRE BIUs. &
detailed discussion of the software used in both the Harris
and the Graphic 7 can be found in [7] and [6] respectively.
Only the elements directly affecting the operation of the BIU
are addressed here. The block diagram appearing in Figure
2.1-2 represents the relationship of the software packages
used to implement this interface.

6.1 Harris UBC Interface

The Harris UBC interfaces with the Graphic 7 as well as
the BIU through a software communications handler which al-
lows communications in either the teletype emulator mode,
that is, word at a time through the "A" register, or the DMA
mode, that is, directly from the memory locations indicated
by a starting address and word count. The actual handler is
a combination of the existing Harris TTY handler and the DMA
portions of a handler in use by MIT Lincoln Labratories on a
Harris system using a Chaining Block Controller (CBC). The
CAPS handler was developed by NASA's Institutional Data Sys-
tems Division [7]. The standard VULCAN TTY handler does not
support a parallel interface and thus must be merged with the
parallel CBC interface handler which does not support TTY
operations. )

] The Harris UBC parallel interface is designed to trans-
mit 24-bit words to peripheral devices via a daisy-chained
interface. 1In the CAPS application, the Sanders Graphic 7
uses only the low-order 16 bits of the interface for parallel
communication. Standard Harris I/O service commands [21] are
used to perform the transfer operations with the exception of
the following changes:

l. Paper tape and cassette functions have been
o removed.
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2. Special purpose keys CTL-E, CTL-R, and
CTL-L are not implemented.

3. Function code '04 is invalid.

4. Function code '07 is used for DMA read.

5. Function code '10 is used for DMA write.
(Note: The notation {'} indicates an octal

number.)

6.1.1 Teletype Operations

Typical teletype data transfers are initiated by use of
the symbolic I/0 commands to output a data word (ODW) or in-
put a data word (IDW). These transfers are used only when
the Graphic 7 terminal is functioning as a TTY terminal. The
input or output is always referenced to the Harris host.
These data transfer commands function as described by the
Harris I/0 services manual [21]. Data words transferred in
the TTY mode are composed of three bytes, the low-order byte
containing valid data and the two high-order bytes containing
null or zero. These operations are always word(byte)-at-a-
time through the "A" register with the Slash 8 processor
maintaining the application software in a wait condition
until the transfer is acknowledged. The completion of each
word transfer is signaled by an interrupt from the device al-
lowing the I/0 handler to process the next word.

6.1.2 FSP Operations

Two types of transfer can occur when a FSP application
program is running: parallel through the "A" register, and
DMA, The commands described in Paragraph 6.1 and the I/O
services manual [21] determine which type of transfer will be
used.

6.1.2.1 Register I/0. If symbolic commands are used in
the application program, the transfer of data occurs through
the "A" register. As in the case of TTY transfers, each op-
eration loads the data word into the "A" register via the
appropriate command and causes the UBC to effect the trans-
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fer. 1In the FSP mode, however, the two low-order bytes in
each word contain valid data and special control characters
are not recognized.

6.1.2.2 DMA Transfers. Since DMA operations, by defin-
ition, involve direct transfer from memory locations (not
through any register), the parallel handler starts each DMA
transfer with an output address word (OAW) command to the
UBC. This sets the starting address for the following trans-
fer. This addre=zs represents the first location where data
will be stored on input, or the first location from which
data will be read on output. The handler then executes and
output command word (OCW) instruction which establishes the
device involved with the transfer, the word count used and
whether input or output will occur. Upon receipt of this
command, the controller commences the transfer without inter-
fering with the Slash 8 processor operations and interrupts
the processor when the transfer is complete (word count zero
interrupt). The UBC performs the DMA transfer by transmit-
ting words to the communications interface hardware, two
bytes at a time with valid data in both bytes, directly from
the memory addresses specified without interfacing with the
central processor. It is important to note that special TTY
control characters can be embedded in these words and must be
ignored by the communications media.

6.1.3 Message Buffering

To increase the speed of data transfer during certain
CAPS application programs, a special communication package
was developed which decreases the number of I/O operations
for any given program using FSP. The package is transparent
to the application and the communications media but may re-
sult in increasing the-length of any given I/0O operation.
The main function of the package is to buffer output messages
from the Harris FSP until critical commands are issued or the
buffer becomes full. At that point a standard I/O operation
is initiated and control returned to the application program.
A double buffering scheme is used to prevent the application
program becoming frozen in a wait state while the transfer is
underway. More details on this message buffering package are
available in [8].
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6.2 Graphic 7 Interface

Like the Harris host, the Graphic 7 controller uses
special software to interface with a parallel channel [6].
The standard Sanders Graphics Control Package (GCP) has the
ability to detect when the parallel interface card is instal-
led. It makes the assumption that if the card is installed,
the host will communicate with the Graphic 7 via this paral-
lel interface. The parallel or serial state of the interface
is established by the parallel interface diagnostic routine
which is executed whenever the Graphic 7 terminal is reset.
If the diagnostic completes successfully, the IOINTF flag is
set to 0 indicating communication via the parallel interface.
If it fails, the flag is set to 1 and host communication is
through the serial multiport board. In the case of parallel
operations, the Graphic 7 utilizes a 16-bit bus for input and
another 16-bit bus for output. Transfers are through the
"RO" register in the TTY emulator mode and via register I/0
and DMA in the system mode of operation. The transmission
medium for the Graphic 7 parallel interface must be transpar-
ent to these operations.

6.2.1 Teletype Emulator

When initializing the Graphic 7, the user will normally
place the Graphic 7 controller in the 7iY mode by entering a
carriage return when the test pattern appears on the screen
and then typing "Y" and a carriage return. This initiates
communication throught the TTY emulator section of GCP enab-
ling the user to communicate with the host as if the Graphic
7 were a TTY device. In this mode, the 16-bit words on the
buses are again divided into two bytes with valid data in the
low-order location and null or zero in the high-order loca-
tion. Three special characters are recognized by the emula-
tor. These are carriage return (forces the cursor to the
lefthand side of the screen), line feed (forces the cursor to
move down the screen one line), and the graphic control char-
acter octal 235 (forces the controller into the system mode).

6.2.2 6System Mode Input

As mentioned above, the system I/0 handler performs two
types of data transfers: parallel through the "RO" register
and DMA. Here again the GCP determines the type of interface
to the host by performing the parallel interface diagnostic.
In this case the IOMODE flag reflects tlie result of the test.
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The set and clear criterion used in the TTY emulator is used
again. When communicating via the parallel interface, how-
ever, unlike the TTY emulator mode, the 16-bit data words
contain two valid data bytes each.

6.2.2,1 Register 1/0. Normal communication to the host
in the system mode utilizes the "R0O" register for transfer.
When an interrupt from the host is detected in the parallel
interface status variable (PARSTS), a one word transfer is
assumed and the word placed in the "R0" register. This word
is then compared to the valid message codes recognized by
GSS-4 as host commands. These commands can result in further
action by the GCP communication interface to set up for a DMA
transfer, if necessary, or they can simply result in special
processing functions necessary to the GSS-4 operation.

6.2.2.2 DMA Operation. 1If a DMA operation is indicat-
ed, two more words are read from the host; the first is the
starting address where the data is to be stored and the
second is the number of words in the transfer. ‘This second
word is also stored in "R5" and acts as a flag for DMA opera-
tions. Words processed by the handler when the DMA flag is
set (greater than zero), are stored according to the addres-
sing information transfered at the start of the DMA opera-
tion. The DMA operation continues until the word count has
been satisfied and the word count zero bit in PARSTS is set.
Unlike the Harris UBC DMA operation where the UBC controls
the transfer while the CPU continues with other processing,
the Graphic 7 GCP processor remains in a tight loop #* this
point until the operation is complete. Only those agzéations
which generate processor interrupts continue during nHa
transfers.

6.2.3 System Mode Output

In the system mode, all data transfers to the host are
accomplished through register "RO". As in the case of input
operations, both bytes of output words contain valid data.
There are two types of output used in the system mode: a
fixed length, 4-word message, and a variable length message.
Each variable length message is preceded by a fixed length
messadge instructing the HCP to prepare a buffer of the
indicated length. Hardware interface handshaking is accom-
plished and controlled by the software storing into and then
reading the PARSTS flag as an indication of the host's ac-
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ceptance of the data. The GCP remains in a tight loop after
setting the output handshake signal in PARSTS until it
detects the return acknowledgment in PARSTS.
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SECTION VII

GENERAL BIU SOFTWARE

7.0 INTRODUCTION

The software developed for the CAPS BIU was adapted from
existing code operationally interfacing several serial and
parallel devices to other cable sytems such as the TMS system
at NASA [22]. Many of the subroutines used in these systems
are common in whole or in part to subroutines in the CAPS
system. This is markedly so in the case of the routines
which interface with the bus communications cable. This sec-
tion of the report documents these common sections of the
code and portions of subroutines which function in a similar
manner although using different variable names. Table VII is
a list of the routines used in both the Harris UBC BIU soft-
ware and the Graphic 7 BIU software. It indicates the dedree
of commonality and functions exercised by each routine. It
can be used to obtain a more detailed understanding of the
subroutine interactions when reading the the BIU software
discussions in the following sections.

7.1 Reset Operation

When the power is first applied to the BIU or when the
user presses the RESET button on the chassis, the BIU hard-
ware forces the program counter to be loaded from the RESET
hardware vector address $FFFC, where the "$" symbol indicates
a hexadecimal value. 1In most BIU applications, this vector
location is loaded with the starting address for the code.

In all CAPS BIUs, the starting address used as the RESET
vector address is $F800. The RESET code performs several
initialization functions including initialization of the ser-
ial and parallel interface chips, zeroing most variables to
establish known conditions, setting the pointers for the buf-
fer address space and starting a Time-Of-Day (TOD) clock used
by several software timers. The following paragraphs discuss
each of these functions in some detail. The reader is di-
rected to Appendices I and II to follow the discussion with
flow charts and the source code. The assembler language used
in the BIU software source code is documented in [23].
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TABLE VII

BIU SOFTWARE SUBROUTINE INTERFACING

CALLED * DEGREE OF
NAME BY CALLS FUNCTION COMMONALITY
RESET Hdwr PCONST 1Initializes all variables 1
Vector ENQ and Peripheral Chips, Sets
INDEV STIMER Up Buffers
PUTSTR
INTBOUF
(MATCH)
MLOOP MLOOP NET Main Program Loop to 3

OUTDEV Continually Call all Main
INTBUF Subroutines

INDEV

TIMOUT

CKTOUT

MLOOP

NET MLOOP SFINC Used to Transmit Packets on 3
DQ . the Network

INDEV MLOOP PCONST 1Input Interface from Device 1
INDEV STIMER

PUTSTR
ENQ
INDEV
RESET
(SYSTMX) RESET —_——— Subroutine Section of INDEV 1
CKTOUT Used during BIU Sign-On
(ASKAGN) CKTOUT --~- . Subroutine Section of INDEV 1

Used during BIU Sign-On

OUTDEV  MLOOP PCONST Output Interface to Device 1
ENQ
PUTSTR
DQ
STIMER

TIMOUT MLOOP ———— Increments the 1/4 Sec Clock 3

-72-

RSP PO NSNS SV PRI



TABLE VII (Continued)

CALLED * DEGREE OF
NAME BY CALLS FUNCTION COMMONALITY
CKTOUT MLOOP CTIME Check for Various System 2
SNDSTA Timeouts
PUTSTR
(ASKAGN)
CTIME CKTOUT ~=—== Compares TOD Clock to 3
Variable Timer
SNDSTA CKTOUT PCONST Generates a Status Packet 3
‘ ENQ
STIMER
INTBUF RESET ALLOC Sets Up a.Buffer for Input 3
INDEV
IRQ
IRQ Hdwr SFINC Receives Packets from Network 2
Vector ENQ
INTBOF
NMI Hdwr ———— Resets the Network UART 3
Vector

PCONST RESET ALLOC Initializes an Output Packet 3
INDEV
OUTDEV
SNDSTA

STIMER RESET ———— Sets a Variable Timer 3
INDEV .
SNDSTA
OUTDEV

SFINC NET —_—— Increment a Status Message 3
IRQ ’

ALLOC INTBUF ==-- Reserves a Buffer for Input 3
PCONST or Output

-73~




NAME

ENQ

DQ

TABLE VII (Concluded)

PUTSTR RESET

NOTE:

CALLED * DEGREE OF

BY CALLS FUNCTION COMMONALITY
RESET ———— Adds a Buffer to either 3
INDEV Input or Output Queue
OUTDEV
SNDSTA
IRQ
NET ———— Removes a Buffer from either 3
OUTDEV Queue

——— Sends BIU Dialogue to Device 1

INDEV
OUTDEV
CKTOUT

Differences in several consecutive lines of code in
several parts of the routine.

Differences in variable names and/or small areas of the

code.

Identical throughout.

Names in parenthesis indicate entry points in INDEV
Subroutine.
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7.1.1 Chip Initialization

Two basic types of chips are initialized in this section
of the code; the 6850 ACias and the 6522 VIAs. The initiali-
zation is accomplished by loading a data byte into each
chip's control register(s).

7.1.1.1 6850 ACIA Initialization. To initialize the
6850 chips, a two-step procedure is used. First, the chip is
cleared via the master reset command. This command is issued
by storing any data byte with bits 0 and 1 set high (e.q.
XXXXXX11l) into the ACIA status register . This causes a
known starting state to exist in the 6850 chip. The second
step is to set up the operating parameters for the ACIA by
loading a second command byte into the status register. 1In
the case of the CAPS BIU software, the device ACIA is not
used and the network ACIA is initialized with the data byte
11011000.

Bits 0 and 1 are used to set the counter divide clock to
divide by one. This indicates that the ACIA will operate at
the clock rate of 1/6 the CPU since the ACIA clock is obtain-
ed from the main system clock chip, the 14411, on the pin 2
output which is 1/6 the output of pin 19, the CPU clock. As
mentioned above, the network ACIA :ransmits and receives at a
rate of 307.2 Kbps.

Bits 2, 3 and 4 are used to select the data format used
by the ACIA. The particular pattern of bits cited above sel-
ects a byte format consisting of 8 data bits plus an even
parity bit plus one stop bit. Thus, each data byte transmit-
ted on the network consists of 11 bits.

Bits 5 and 6 initialize the transmitter control. They
establish the state which will be recognized as indicating
the transmitter buffer empty and the Regquest-to-Send output.
In the CAPS BIU the values selected are RTS high and the
transmitting interrupt disabled.

Bit 7 is used to control the states that generate a re-
ceiver interrupt of the CPU on the IRQ input. 1In the CAPS
BIU, with the bit set high, the receive data register being
full, the receiver being overrun or a low-to~high transition
of the Data Carrier Detect (DCD) signal results in an
interrupt of the BIU CPU. :
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7.1.1.2 6522 VIA Initializacion. Several different
registers are initialized in each of the VIAs used in the
CAPS BIUL. These include the Data Direction Register (DDR),
the Auxiliary Control Register (ACR), the Peripheral Control
Register (PCR) and the Interrupt Enable Ragister (IER).
Since the values loaded into these registers vary depending
on the application of the BIU, the discussion of their func-
tion can be found in Sections VIII and IX. 1In general,
however, it can be stated that the DDR is set to indicate
which bits of the parallel interface are used for input and
which for output, the ACR is used to select the software
clocks desired, the PCR is used to set the chip handshaking
control logic, and the IER is used to establish which hand-
shake signals of the VIA will generate interrupts of the CPU.

7.1.2 vVvariable Initialization

The majority of the "Page Zero" variables used in the
CAPS BIU programs are initialized to zero by a tight loop
labeled ZLOOP in the source code. This loop uses the address
of the variable XADDR as its stopping point to allow for a
modification feature which permits the addition of page zero
variables to the source software without the need to adjust
absolute address values. Note that by adding more variables
to the list of page zero variables before XADDR, the program-
mer is not required to adjust the start or stop address of
the ZLOOP. XADDR is the first of the Page Zero variables
which is not initialized. A small group of variables are
initialized to -1 in a similar manner. These variables are
used as an indication of the end of a queue or to establish a
certain system state. This latter initialization is accom-
plished by the loop labeled FFLOOP.

7.1.3 Buffer Address Initialization

The control of the input and output queues is an impor-
tant part of the BIU softw#re. An excellent discussion of
this control can be found in Section VIII of [22]. Note,
however, that the CAPS BIU uses only the QIN and QOUT queues
in a manner similar to the MODCOMP described in [22]. 1In
addition, there are 22 buffers available in the CAPS applica-
tion instead of the 21 cited in the TMS documentation. The
RESET code initializes these control features by first estab-
lishing a softwarc stack of unused buffers (BUFSTK) and then
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setting up a list of starting addresses for the buffers them-
selves (HIPTR and LOPTR). Then a list of the buffer pointers
is created in the order of their use (NEXT).

7.1.3.1 BUFSTK. Each 128-byte buffer in RAM is given a
number according to the order in which it appears in memory.
There are 22 buffers (numbered $00 to $15) in the CAPS BIUs.
The tight loop, STACKI, is used to establish this numbering
scheme,

7.1.3.2 Buffer Addresses. The first buffer is located
in an area of unused memory between the hardware stack and
the bottom of the page zero variables. The starting address
of this buffer is set to $00C0 before the regular buffer
address initialization loop is entered. The next 21 buffer
addresses are then set by the loop BUFFRI in HIPTR and LOPTR
starting at address $0180 and continuing to address $0BS8O0.

7.1.4 Start of TOD Clock

Each BIU periodically transmits a packet indicating its
status. The CAPS BIU sends this packet approximately once
every minute. To start the clock which keeps track of this
process and all of the other processes that are based on the
RESET time, the routine initializes the 6522 clock on PORT 1
to set a bit in the port's Interrupt Flag Register whenever
approximately 1/100 second has elapsed. This is accomplished
by loading $4800 into the PORT 1 timer and setting the value
01000000 in the ACR to indicate a free running clock. This
means the clock will automatically restart whenever the clock
decrements to zero and the interrupt flag will be cleared
whenever the value of the low-order timer byte is examined
(See TIMOUT Subroutine Paragraph 7.6).

7.1.5 gign-Off Message

The CCNECT flag is not reset during either the ZLOOP or
the FFLOOP, therefore, it is an accurate indication of the
previous state of the BIU prior to the RESET routine being
entered. If the reset sequence is a result of the power-up
cycle, then the data in CONECT will be some arbitrary value
but most likely not 1. The routine checks the value of
CONECT and if found tc be 1, which indicates that the BIU was
previously connected to another BIU, it generates a Sign-Off
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message to the BIU address found in XADDR, which is also un-
cleared as a result of the two initialization loops. The
purpose of this Sign-Off message is to insure that a BIU does
not remain in a connected state and thus not free to communi-
cate to other units when a previously connected BIU is reset.

7.2 MAIN LOOP

The RESET routine transfers control of the program to
the MAIN LOOP. This loop repeatedly calls each of the main
subroutines on a equal basis. The subroutines called and
their functions are listed in the table below. Input from
the network is accomplished via an interrupt (serviced in the
IRQ routine) whenever the receive data register of the
network UART becomes full.

TABLE VIII

MAIN SUBROUTINES

NAME FUNCTION

NET Transmits data packets on the network from QOUT

OUTDEV Sends data into the device from QIN

INTBUF Insures there is a data buffer available for IRQ

INDEV Collects data from the device, packetizes it and
adds it to QOUT

TIMOUT Polls the 1/4 second timer

CKTOUT Checks critical timer controlled functions

7.3 NEIVSubroutine

The main output software interface with the cable net-
work is through the NET subroutine; therefore, this routine
should be common to all subscribers on the network. Differ-
ent applications may vary the routine to take advantage of
different delays necessary to clear buffers or wait for ac-
knowledgments (ACKs), but the main functions remain the same.
This routine manages the transmission of data onto the net-
work by controlling; collision avoidance, packet flow, LWT,
data transmission, ACK recognition and output buffer freeing.
Figure 7.3-1 is a flow chart of this routine.
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~ Figure 7.3-1: NET Subroutine Flow Chart
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PARITY

WAIT 75 1S
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XMIT KEY
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G: IS THE XMIT BUFFER EMPTY?
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BEEN XMITTED?
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K: HAS AN ACK CHAR ARRIVED?
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Figure 7.3-1: (Continued)
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Figure 7.3-1:
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7.3.1 Collision Avoidance

As mentioned in Section III, the network uses a system
of collision detection and avoidance known as contention LWT.
Should a collision occur during the transmission of a data
packet, the XMIT flag is cleared and a pseudo~-random number
is loaded into RNDCNT. This variable is used to hold the
transmission process in a delay loop to allow the network
time to clear, Once the delay loop decrements RNDCNT to
zero, the routine is allowed to continue normal processing.
Since a random number based on the BIU's address is used to
determine RNDCNT, the possibility of a deadlock situation,
where two BIUs are continually celliding with each other's
packets, is eliminated.

7.3.2 ¥Flow Control

Since each BIU has a limited number of buffers available
for storage of data packets, it is necessary to halt trans-
missions of additional data packets if all of the buffers are
in use. This flow control management is accomplished by
using the normal message acknowledgment function of the net-
work protocol. When a receiving BIU exhausts all of the
available buffers, it will ACK the next packet with S$SFF (See
IRQ Routine Paragraph 7.11). The NET routine recognizes this
ACK as a request for time to clear one or more buffers and
enters a delay loop to allow time for the receiving BIU to
catch up (i.e. clear some buffers). This is accomplished by
loading the NOXMIT counter with S$FF or a count of 255, Each
pass through the LWAIT loop sets the RNDCNT counter to $32
which results in a 0.2 miilisecond (msec) await. The total
wait for an $FF ACK is thus approximately 51 msecs.

7.3.3 Listen-While-Talk

Once the required delays have been accomplished, the NET
routine checks the status of the network ACIA (UART) to de-
termine if another BIU is transmitting. If the DCD signal is
low, the routine returns control to the MAIN LOOP for a retry
at a later time. 1If the DCD signal is high, the network is
free for the moment. At this poin* the routine initializes
several variables to prepare for transmission of a data pack-
et. Since a finite time delay exists between the end of a
packet's transmission and the return ACK from the receiving
BIU, it is necessary to allow sufficient time for this return
ACK to occur. 1In the CAPS application this time delay is 100
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microseconds (usecs). To avoid colliding with another BIU's
ACK, the NET routine checks the network status again after a
delay which allows ACKs to clear. 1If the network is found to
be clear at this point, the transmitter carrier is turned on
to keep other BIUs from transmitting and the data transmis-
sion is initiated. The XMIT flag is set at this point to
detect the occurrence of a collision during the packet
transmission loop.

7.3.4 Packet Transmission

The next section of the NET routine transmits the data
packet on the network, one byte at a time, until the packet
byte count has been satisfied. The loop used to transmit the
data continually monitors the state of the XMIT flag to de-
termine if a collision has occurred. If the XMIT flag is
cleared before the completion of the data packet transmission
signaling a collision, the routine halts transmission, incre-
ments its collision counter and returns to the MAIN LOOP and
attempts retransmission of the packet at a later time. Each
byte of the data packet is exclusively-ORed with all other
bytes of the packet using the variable PARITY. After the
packet byte count has been satisfied, the variable PARITY is
transmitted on the network to serve as the longitudinal
parity byte.

7.3.5 Acknowledgment Control

Each successfully transmitted packet should be acknow-
ledged by the receiving BIU within a given time period. As
mentioned above, for the CAPS application, the ACX must be
received within 100 usecs of the parity byte. The NET rou-
tine enters a delay loop at the conclusion of the data
transmission to await the packet's ACK.

7.3.5.1 No ACK. If the delay expires before an ACK
packet is detected, the routine assumes the destination BIU
did not receive the packet, increments the retry counter,
NTPRX, and checks to see if the packet was sent 127 times.
If it was, the lost packet counter, NMLOST, is incremented
and the packet discarded to prevent the delay of other data
packets in the output queue. If not, then control is passed
back to the MAIN LOOP for another try later.
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7.3.5.2 Bad ACK. The receipt of an ACK is detected by
the receive data register full bit (bit 7) in the network
UART status register being set. Since the UART is initializ-
ed to generate an interrupt when this condition occurs, it is
necessary to disable CPU interrupts while waiting for the
ACK. This is to prevent the processor from branching to the
IRQ routine when an ACK is detected. When the status bit is
set, the NET routine compares the data byte in the receiver
to the address of the packet's destination BIU. If they do
not agree, the byte is compared to $FF to determine if the
transmitting BIU should delay for 50 msecs before trying to
retransmit the packet. If it is not an $FF ACK, it is assum-
ed to be a bad acknowledgment and the NTPRX counter is ad-
justed and the retry code executed as if no ACK was received.

7.3.5.3 FF ACK. When an $FF ACK is detected, the
NOXMIT flag is set by storing the value $FF into it. This is
the numerical equivalent of placing a count of 255 into the
counter. At this point the code continues through the sec-
tion dedicated to counting the number of times a given packet
was retransmitted whereupon it returns to the MAIN LOOP until
a later pass through NET results in the generation of the
delay requested.

7.3.5.4 Good ACK. When the comparison of the received
data byte indicates a good acknowledgment, the status message
field NMXMT is incremented to indicate the successful trans-
mission of a packet and the buffer freed from the output
gueue using DQ,

7.3.6 Freeing Packets

To release buffers. to the free buffer pool, the NET
routine calls the DQ subroutine when the packet has been
successfully transmitted or when it was transmitted 127 times
with no good acknowledgment, whichever occurs first. Upon
completion of the dequeuing process in the DQ subroutine, the
retry count is reset to zero and the routine passes control
back to the MAIN LOOP.

7.4 INDEV Subroutine

INDEV'is the main routine used to process data from the
device for transmission on the network through the NET sub-
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routine. Since the structure of this routine is highly de-
pendent on the type of device the BIU is interfaceing, there
is very little that is similar from one application to an-
other. In the case of the CAPS application, the routines
were developed from the ground up to interface with the
Harris UBC and Sanders Graphic 7 systems. However, because
the cable system was designed under the "cut and insert”
philosophy, some sections of the INDEV routine used by the
Harris BIU are similar to the INDEV routine used by the
Graphic 7 BIU. Similar sections of the two routines are as-
sociated with the DMA/TTY determination plan, the character/-
word transmission and the queuing scheme. Details on the
routines as a whole may be found in Sections VIII and IX.

7.4.1 DMA Verses TTY Determination

During the FFLOOP initialization in the RESET routine,
the DMA indicator flag, DMATTY, is set to the gquiescent -1
state. Whenever the first input character from the device is
detected, two timers are set (DMATM and TTYTM) and the DMATTY
flag set to +1 to indicate a possible DMA operation. After
the first character is processed, the code enters a wait loop
pending the receipt of the next character from the interface.
If no characters are received before the DMATM timer expires
(approximately 650 usecs), DMATTY is decremented to indicate
a possible TTY operation. In this case, a check is made to
determine if a TTY control character has been received and
should be sent immediately. If no control character was pro-
cessed, the wait is continued until the next character is re-
ceived or the one second TTYTM expires. In the case of the
TTYTM expiring, the processed character{s) are transmitted
and a new packet is started. The main purpose of this inter-
face control is to decrease the amount of transmission over-
head that would be required if only the DMA timer were used.
That is, if only a DMA timer were used, each TTY character
would result in a data packet being sent. This condition
would exist because under normal conditions teletype charact-
ers would be available at the interface hardware at a much
slower rate (greater than 1/4 sec. between characters) than a
DMA operation. DMA operations are assumed to present char-
acters to the interface within 650 usecs of each other. Each
character presented resets the TTYTM flag and, if a DMA oper-
ation is assumed, resets the DMATM flag. If more than one
word was processed via the DMA interface when the DMATM timer
expires, the buffered data is transmitted. Whenever the buf-
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fered data is transmitted in the INDONE section of the code,
the DMA and TTY timers are reset and the DMATTY state flag
returned to the quiescent -1 condition.

7.4.2 Character/Word Transmission

As characters or words are presented to the device
interface, the appropriate handshake lines are set to insure
no information is lost. While the names of the various hand-
shake lines are different, the functions performed in the
Harris BIU and the Graphic 7 BIU are the same. Upon entering
the INDEV routine from the MAIN LOOP, a check is made of
these handshake signals to determine if a valid data word is
available on the data bus. If the handshake signal {on
6522(A)] indicating a data word is available has undergone an
active transition, the appropriate handshake bit in PlIFR is
set and the data word can be read (low-order byte on PORTI1A
and high-order byte on PORT1B). The loading of the 'CPU's "A"
register from PORTI1A triggers the return handshake signal to
the device completing the handshake sequence. Due to the
. type of hardware used in the BIU design, the data presented
to the BIU on the data bus is logically inverted. To obtain
the proper format for transmission on the network, each byte
is exclusively-ORed with $FF as it is processed.

7.4.3 Queuing a Packet for Transmission

The first check made upon entering the INDEV routine
insures that a data packet is available for the receipt of
data words from the device. The INSET flag is set whenever
there is a buffer ready to receive data. If INSET is clear-
ed, a new buffer is requested by using the PCONST subroutine.
The buffered data is transmitted to the output gqueue whenever
one of the following conditions exists:

1. The maximum packet length occurs.
2. Both the TTYTM and the DMATM expired.

3. A DMA operation of more than two words
occurred and DMATM expired.

4. A TTY operation occurred and the last
character was a control character.

-86-




Any of the above conditions causes the transfer of con-
trol to the INDONE section where a check is made to insure
that NULL packets, that is, data packets containing no data
(byte count < 8), are not transmitted on the network. At
this point, the buffer is added to the output queue by invok-
ing the ENQ subroutine, INSET is cleared to force another
call to PCONST upon return to INDEV. From here control is
passed to the top of the INDEV routine to allow continued
processing of DMA data, if necessary.

7.5 OUTDEV Subroutine

As in the case of the INDEV routine, the OUTDEY routine
is highly dependent on the device to which the BIU inter-~
faces. 1In the CAPS application, however, the OUTDEV routines
used in the Harris and Graphic 7 BIUs do share some similari-
ties. These similar sections include the buffer initializa
tion code, packet transmission scheme, some special message
handling and the buffer freeing code. These similar sections
are discussed in the paragraphs below.

7.5.1 Buffer Initialization

The first check made when entering the OUTDEV routine is
to determine if there is a data packet to be processed. “his
is accomplished by examining the input queue pointer, QIN.

If the pointer contains a value of -1, the end-of-queue mark-
er, there are no packets awaiting transmission to the device.
If, however, there is a valid pointer value in QIN, the buf-
fer address indicated by this value is stored in OUTPTR for
processing. At this point a determination is made concerning
the purpose of the packet. If it is a data packet, it must
be stripped of the header and transmitted to the device.

This is accomplished in the section labeled PDATA. If, how-
ever, it is not a data packet, the packet must be processed
by special handlers appearing later in the routine.

7.5.2 Packet Transmission

In general, the same type of data communication and
handshaking procedure is used in OUTDEV as was used in INDEV.
That is, a data word is loazded on the data bus and a hand-
shake signal [on 6522 (B)] used to indicate that fact. The
handshake and data lines are held in this state until the de-
vice responds with the appropriate counter-handshake signal.
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In OUTDEV, the BIU originates the handshake by storing a data
byte in PORT 2A. At that point a tight loop is entered to
await the return handshake signal on the PORT 2 CAl input
which registers in P2IFR. The initialization of the PORT 2
VIA established a level handshake on CA2 which is cleared by
the active transition of the CAl signal line. This clearing
action by the return handshake (DATU or OWR) from the con-
nected device insures that the data ready handshake (DAVFU or
OCTL) falls. Upon completion of the handshake sequence, con-
trol is returned to PDATA to continue transmitting data words
until the packet's byte count is satisfied.

7.5.3 Special Message Processing

For the most part, the Sign-On and Sign-Off message
handling sections are similar from one application to an-
other. 1In the CAPS BIUs, however, some minor differences do
exist. They are similar in regord to the setting and clear-
ing of the appropriate flags used to control the state of the
BIU; however, there are differences in the hanfling of
Sign-0On acknowledgments.

7.5.3.1 Sign-0ff Message. If a Sign-0Off message is be-
ing processed, the first check is to see if this BIU is con-
nected. 1If it is not, the packet is ignored. 1If it is con-
nected, the XADDR variable is compared to the from &.idress in
the packet. This is to insure that the BIU ingnores Sign-0ff
packets from BIUs other than the one to which it is connected
(See Paragraphs 8.1.3.1 and 9.1.3.1). If the address is the
same as the value in XADDR, the XADDR variaible is cleared
along with INBC. This is to insure that a partially generat-
ed outgoing packet is not inadvertently sent to the wrong
address. After these two variables are cleared, the CONECT
flag is reset to -1.

7.5.3.2 $Sign-0On Message. The processing of a Sign-On
message also regquires a check of the connection state of the
BIU. 1If the BIU is already connected to another BIU, it can-
not allow another BIU to Sign-On unless it is a special
multifunction unit; therefore, the packet is ignored. 1In the
CAPS application, neither the Harris nor the Graphic 7 BIUs
allows more than one simultaneous logical link. If the BIU
is not currently connected, the packet is examined for the
return address. This value is then stored in XADDR and a
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Sign-On Acknowledgment packet generated in PCONST. This
packet is then added to the cutput guede by a call to ENQ and
the connect flag CONECT double-incremented to +1.

7.5.4 Packet Freeing

As in the case of the NET routine, when the OUTDEV rou-
tine is finished processing a packet, a call) to DQ is used to
free the packet for later use.

7.6 TIMOUT Subroutine

The TIMOUT routine is used to increment a three-byte

time—of—day variable to record the passage of 1/4 second

intervals. As mentioned above in the RESET routine, the VIA
clock in PORT 1 is used to mark 1/100 second intervals by
setting a bit in the PlIFR. Each time the MAIN LOOP trans-
fers control to the TIMOUT routine, that bit is examine and
reset, if necessary. When it is reset, a variable labeled
TICK, initialized to 25, is decremented until it reaches
zero, indicating the expiration of 1/4 seond. When TICK
reaches zero, it is reset to 25 and the variable TOD incre-
mented via a three-byte addition scheme. Figure 7.6-1 is a
flzw chart of the operation of this routine.

7.7 - CKTOUT Subroutine

Since the CKTOUT routine is used to indicate the state
of several timers that are used to control certain functions
of the BIU, there can be differences in this code to reflect
the tests that are required by a given application, 1In the
CAPS application, there are some differences between the
Harris and the Graphic 7 BIUs in this area, but the basic
scheme used to check for timeouts is the same. This routine
functions by loading a pointer to the particular timer that
is to be examined and then jumping to the CTIME subroutine.
Upon return from that subroutine, the carry bit in the CPU's
status register will be set to indicate the timer has expired
or it will be cleared to indicate there is still time
remaining.
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7.8 C2ZIME Subroutine

This routine is used to compare the current TOD variable
to the variable indicated by the "X" register. It performs a
three-byte check to determine if the timer has expired. 1If
the TOD variable is greater than or equal to the variable
being checked, the .arry bit will be set when control is
passed back to the calling routine.

7.9 SNDSTA Routine

Every BIU, that interfaces a subscriber device to the
retwork, is designed {0 report the status of certain key
parameters involving the network operation on a periodic
basis. 1In most applications, this report is generated ap-
proximately once every minute. 1In the CAPS application, this
status reporting is in the standard BIU format described in
Section III of this report. The SNESTA routine is used to
generate this report whenever the CHKOUT routine indicates
that the status message timer, TSTAT, has expired. The rou-
tine uses several loops to load a status packet with the data
contained in the status variables. This status packet is
generated by a call to PCONST with the special status wmessage
type code loaded into the "A" register.

7.9.1 Main Status Variables

After the status message packet length of 42 bytes is
stored in the byte-count location in the packet, the routine
enters a loop to transfer the first 16 bytes of status infor-
mation into packet byte locations 8 through 23. This is ac-
complished by the section labeled SLOOPl. The bytes are ob-
tained from the 16 consecutive bytes of page zero memory
starting with the variable NMXMT and ending with the variable
NMWAIT.

7.9.2 Packets Waiting

The next loops encountered in this routine are used to
sunt the numirer of packets that are waiting to be transmit-
ted to the Aevice or transmitted on the network. 1In SLOOP2,
the QOUT pointer is examined to start a count of the number
of packets waiting to be transmitted onto the network. This
loop increments a counter, the "A" register, until it en-
counters the end-of-gueue marker, a -1, in the NEXT list.
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This counter is then an accurate indication of the number of
packets remaining to be transmitted. 1In a like manner,
SLOOP3 is used to examine the input queue to determine the
number of packets waiting to be transmitted to the connected
device,

7.9.3 ACIA (UART) Status

The next few lines of the code are used to record the
status of the device and the network UARTs. Here, also, the
status of the interrupt flag register for the PORT 1 VIA is
recorded along with the address of the last BIU to which a
packet was sent (XADDR). Note that to enable a standard
status packet format for all BIUs, the status of PORT 2 and
PORT 3 VIAs are not examined and the device UART status is
transmitted even though it is not used in the CAPS
application.

7.9.4 BIU Function Code

The final 12 bytes of information loaded into the packet

are transferred from an area of the EPROM which provides a
description of the function performed by this BIU., 1In the
CAPS application, the two codes used are "HARRIS BIU " and
"GRAPH 7 BIU ". These last bytes are transmitted to the
packet in the section labeled SLOOP4. At the conclusion of
this loop, the packet is ready to be placed on the output
queue. A call to ENQ is used to accomplish this.

7.9.5 Clearing Counters

The final loop, in this section of the code, is used to
clear the 16 counters used to record the status message data
described above. 1In SLOOP5, zero is stored in the 16 page
zero locations starting with NMXMT. Following this loop,
control is return to CKTOUT to finish the timer checks.

7.10 INTBUF Subroutine

The INTBUF routine is used to insure that a packet is
ready to receive data from either the network or the attached
device. A flag, INTSET, is used to indicate when a buffer is
ready. Upon entering this routine, the INTSET flag is exa-
mined. If it is cleared, then a new buffer must be prepared
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to receive data. This buffer initialization is accomplished
by a call t¢ the ALLOC subroutine, If control is returned to
the INTBUF routine with the negative bit of the CPU status
register set, then the buffer allocation was unsuccessful and
control is returned to the original calling routine. If the
allocation was successful, then the input buffer pointer,
INTPTR, is set with the buffer address and the INTSET flag is
incremented. The flow chart in Figure 7.10-1 provides a
logical picture of the functioning of this routine.

7.11 IRQ Subroutine

As mentioned in Table VII, this routine is initiated by
a hardware vector. This vector is located at memory location
$FFFE. Whenever the CPU's IRQ signal goes low, the program
counter is loaded with the address of the IRQ subroutine from
that vector location. Since this routine is another of the
network interface routines, most of the code will be common
to all BIUs in the application. There is one small area of
difference between the Harris and the Graphic 7 BIUs. The
Harris BIU must recognize a DISC signal from the UBC as an
interrupt, therefore several lines of code were added to the
standard IRQ routine to handle this function. This special
code is discussed in Section VIII. The flow chart shown in
Figure 7.11-1 is useful in understanding the functions of
this routine.

7.11.1 Interrupt Initialization

To prepare to process an interrupt, the IRQ routine must
first insure that no information concerning the state of the
CPU can be lost during the routine. For this reason, the
state of each register is pushed onto the hardware stack.
Note that, as part of the interrupt vectoring process, the
CPU status register and the return address for the program
counter were previously pushed onto the stack.

7.11.2 Receiver Control

The network UART was initialized to generate an inter-
rupt whenever any one of the following three conditions
exists:
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1. Receive Data Register Full

2. Receive Overrun Condition (No Stop Bit)

3. DCD Transitions Low-to-High
To clear the overrun condition, the network UART status
register is loaded into the "Y" register. The receiver data

byte is then placed in the "A" register and the determination
of the destination of the data packet is initiated.

7.11.3 Data Destination

Two possible conditions can exist when the receiver
detects a date byte on the network. First, the packet could
be one that this BIU is transmitting using the LWT protocol,
or second, the packsat could be coming from another BIU. The
XMIT flag is used to distinguish the two conditions.

7.11.3.1 Own Transmission., If the XMIT fl&. is non-
zero, the data byte in the receiver is the result of one of
the first two bytes transmitted by the NET routine. These
are the bytes that are used to determine if a collision with
another BIU's transmission has occurred. The first two bytes
are stored temporarily in the two byte variable TOKEN to
await the collision comparison. If the two bytes agree with
the first two transmitted by NET, then the receiver is turned
off to allow uninterrupted transmission of the remainder of
the outgoing packet. 1If a collision was detected, both the
receiver and the transmitter are turned off, resulting in the
clearing of the XMIT flag (Ses NMI Routine Paragraph 7.12)
and a pseudo-random number is generated and stored in RNDCNT
to delay the next attempt at packet transmission. After the
setting of RNDCNT, the number of collisions, NMCOL, is incre-
mented and control passed to the return section of the IRQ
routine. Following the return from the interrupt, control is
passed back to the NET routine where the absence of the XMIT
flag is detected during the transmission loop and transmis-
sion halted.

7.11.3.2 External Transmission. If the XMIT flag is
zero, the byte in the receiver buffer must be coming from
another BIU. If this is the first byte of a packet, it con-
tains the address of the destination BIU. 1In all current bus
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applications, only the first byte of the packet is examined
for this addressing information, though, as was noted in the
discussion on the packet structure in Section III, two bytes
are prov1ded for addre551ng. In the CAPS nppllcatlon, the
first byte is compared to an address selected via hardware on
PORT 3B. This function is described more fully in Section V.
If the packet is not addressed to this BIU, the receiver is
turned off until the falling of the transmission carrier
generates a Non-Maskable Interrupt (NMI).

7.11.4 Data Reception

If the packet is addressed to this BIU, a check is made
to see if there is a buffer ready to receive the data.
INTBUF is examined, and if found to be cleared (indicating
that a buffer is not r:3dy), the number of lost packets,
NMLOST, is incremented, the receiver turned off and an SFF
ACK transmitted to the orlglnator BIU. If a buffer is avail-
able, the address is stored in the first buffer memory loca-
tion and the input loop entered. At each reception of a data
byte, the byte parity is checked. 1If there is a parity error
detected, control is passed to the parity error handlsgr sec-
tion of the routine. 1In addition to the byte parity check,
each data byte is exclusively-ORed with the variable PARITY
to repeat the longitudinal parity check discussed in NET.
When the eighth data byte is detected, it is stored in the
special byte count variable, INTBC, to allow the determina-
tion of the end of the packet. Once this byte count is sat-
isfied, the next byte received is the longitudinal parity
byte. This byte is then compared to PARITY and control
passed to the acknowledgment section if it is the same value.

7.11.5 Parity Error

If the longitudinal parity byte is in error or if any
byte parity bit is in error, control is passed to PARERR.
Here the number of packets received with bad parity, NMBCRC,
is incremented, the receiver turned off and control passed to
the interrupt return sequence without sending an ACK. Since
no acknowledgment is sent, the originating BIU is forced to
retransmit the packet at a later time.
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7.11.6 Acknowledgment

This section of the routine can be entered from two
areas of the code. If a packet was received withoul error,
the code transfers control to SNDACK with the BIU's address
in the ACKBYT variable location. If there were no buffers
available for reception of the packet, the value in ACKBYT is
set to $FF. This section of the code waits until the netwerk
becomes free and then transmits this one byte as an acknow-
ledgment to the originator of the packet.

7.11.7 Retransmissions

To allow for the possiblity of a data packet being pro-
cessed more than once, as in the case of the originator mis~
sing an ACK, each packet header contains a sequence number.
The originator's address and the sequence number of the pack-
et are examined to determine if this packet had been received
previously. The two bytes in the packet are compared to the
values stored in LASTTX and LASTSQ and if found to be the
same, the packet is ignored. 1If it was not received earlier,
the new sequence number and originator address are saved in
LASTSQ and LASTTX respectively.

7.11.8 Packet Queuing

All new packets are added to the input queue in a manner
similar to that used for queuing packets for transmission in
INDEV. The input queue is specified by the value QIN-NEXT
and the ENQ routine is called. The number of packets receiv~-
ed with good parity, NMGCRC, is incremented and a new input
buffer requested by a call to INTBUF. At this point control
is passed to the interrupt return code.

7.11.9 JInterrupt Return

The process of saving the state of the CPU registers is
reversed in the interrupt return code. Here the three regis-
ter values are pulled from the hardwaie stack and an RTI com-
mand executed. The RTI command insures that the CPU status
register is restored from the stack as well.

-100-




t
)
|
[
|
|
|

7.12 NMI Routine

A non-maskable interrupt vector is located in the EPROM
memory at location $FFFA. This interrupt is used as an indi~
cation that the data carrier on the cable has fallen. This
active transition of the carrier signifies the end of a BIU's
transmission. The NMI code is used to reinitialize the net-
work UART, that is, turn on the receiver to counteract the
effects of the IRQ routine when it determines that a given
packet is not of interest. It is also used to clear the XMIT
flag thus signifying that a collision may have occurred. The
standard interrupt handling procedure for saving the status
register and the return address is used and the "A" register
pushed and pulled as required to save its state. Figure
7.12-1 is the flow diagram for this routine.

7.13 PCONST Subroutine

This subroutine is used to prepare a packet for trans-
mission onto the network. The first step in this process is
to allocate a buffer for this packet. Since the allocation
process involves the adjustment of buffer pointers used in
the IR) routine, the ALLOC subroutine must not be interrupt-
ed, thus interrupts are disabled during the call to ALLOC.
Here again the state of the negative flag in the CPU status
register is used to indicate the success of a buffer alloca-
tion. 1In this case, however, if a buffer is not available,
the routine simply returns control to the calling routine
until a later time. 1If a buffer was successfully allocated,
BIUPTR is set to the buffer address and the packet header
initialized. CLOOP is used to clear the header values not
set in the PCONST routine. The destination address is loaded
into the packet from the value in XADDR and the BIU's return
address is derived from the PORT 3B value. The message type
was passed to the routine in the "A" register and is stored
in the sixth byte of the header. A default packet length of
8 bytes is assumed at this point and control returned to the
calling routine,.

7.14 STIMER Subroutine

The STIMER routine is used to set the value of a three~
byte system clock variable based on the TOD timer. The
pointer to the clock to be set is loaded into the "X" regis-
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Figure 7.12-1: NMI Routine Flow Chart
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ter and the value to be added to TOD is loaded into the "A"
register., The routine then uses a three-byte addition scheme
to store the TOD plus increment into the indicated timer.

7.15 SFINC Subroutine

This routine is used to increment two-byte status mes-
sage fields in a non-return to zero scheme. It is called
with the counter to be incremented indicated by the value of
the "X" register. This counter is then incremented and, if
the total value of both bytes of the counter exceeds 65535,
the counter is set to SFFFF.

7.16 ALLOC Subroutine

As was mentioned above, the ALLOC routine is used to re-
serve a buffer for use in storing data coming into the BIU
from the network or the attached davice. ALLOC examines the
value in STKPTR, the variable indicating the number of buf-
fers not previously allccated, and if decrementing STKPTR
does not result in a negative number, a buffer is allocated.
A negative value in STKPTR at this point results in a direct
return to the calling routine with the sign bit of the CPU's
status register set. If there is a buffer available, the "X"
register is set with the pointer to the free buffer and
control is passed to the calling routine.

7.17 ENQ Subroutine

As in the case of the PCONST routine, the ENQ routine
must make adjustments to buffer pointers. Therefore, the
status of the CPU's interrupt flag is saved by pushing the
status register on the stack and disabling interrupts. ENQ
is called with the queune of interest, input or output, indi-
cated by the value in the "A" register. The value indicated
by this pointer is itself a pointer to the next value in the
queue. By searching throught the NEXT list (a connected list
of buffer pointers), the end-of-queue indicator, $FF, is
found. When the $FF is located, the pointers are spliced to
include the new buffer according to the scheme indicated in
Figure 7.17-1. The interrupt status of the CPU is restored
by the PLP command and control returned by the RTS command.
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7.18 DQ Subroutine

As in the case of the ENQ routine, the DQ routine must
not be interrupted by IRQ. Therefore, the interrupt mask is
set after the interrupt state of the CPU is saved by the PHP
command. The top buffer in the queue indicated by the "X"
register contents, is removed by the adjustment of pointers
indicated in Figure 7.18-1. The number of the free buffer is
added to the list of free buffers in BUFSTK and the value of
STKPTR is incremented to indicate one more buffer is now
available. The interrupt status of the CPU is restored by
the PLP command and control returned to the calling routine
by the RTS command.
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SECTION VIII
SPECIAL HARRIS UBC BIU SOFTWARE

8.0 INTRODUCTION

As mentioned in Section VII, some sections of the BIU
software were designed for a particular device interface.
The Harris UBC has several handshake signal lines which are
not necessary on the Sanders parallel interface card. For
this reason and because the BIU must resemble a Sanders
Graphic 7 parallel interface to the UBC, there are differ-
ences in some sections of the BIU code. These differenes in
the Harris UBC software are detailed in the following
paragraphs.

8.1 RESET Routine

Although much of the RESET routine is common to both the
Harris and the Graphic 7 BIU software, portions of the rou-
tine are dedicated to special initialization functions.

These functions include handshake definition, setting the ®/W
state and preparing the BIU to respond to inputs from the
VOLLEY diagnostic program (See Section X). The following
paragraphs detail these special functions and Figure 8.1-1, a
flow chart of the special Harris BIU RESET routine, is pro-
vided to allow the reader a clearer understanding of the
discussions.

8.1.1 Handshaking Initialization

The 6522 VIA chips must be initialized to recognize
proper logic levels or pulses on the CAl and CBl inputs and
to establish the proper responses on the CA2 and CB2 outputs.
In the Harris BIU, the handshaking controls are set according
to Table IX. This table indicates the signal change that is
recognized as an active transition by the 6522 and the data
word stored in the chip's PCR to initialize it.

In addition to establishing the handshake control, this
code also determines which signals are used to interrupt the
CPU. 1In the case of the Harris UBC BIU code, the UBC's
transmission of a DISC signal should cause the BIU to respond
with a CNCT signal. For this reason, the PORT 3 IER is
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Figure 8.1-1: Harris BIU RESET Routine Flow Chart
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loaded with the code 10000010 to indicate that an active
transition_on PORT 3 CAl should generate an interrupt on the
BIU's CPU IRQ line. Special code discussed in Paragraph 8.5
is executed when this occurs.

TABLE IX

HARRIS UBC BIU HANDSHAKING CONTROL

PORT INIT ACTIVE TRANSITION RESPONSE

# DEFINITION CODE CcAal CB1 CA2 CB2
l INPUT 10011011 L-TO-H L-TO-H PUL N/A
2 OUTPUT 10001000 L-TO-H N/A LEV N/A
3 CONTROL 11111000 L-TO-H N/A MAN N/A
L-TO-H = Low to High (0V to +5V)

PUL = 550 ns +5V Pulse

LEV = +5V Level held until active transition on CAl

MAN = Manual Handshake under software control

N/A = Not Used

8.1.2 R/W Status

To insure that the status lines used by the Harris UBC
to indicate to the communications handler which type of I1I/0
operation generated the last IIFU signal, are in a known
state, the special write data word is stored into PORT3A.
With bit 4 of this word set to zero and the data inverted by
the driver hardware, the last operation performed by the UBC
is initiated as a write operation. This line is set manually
throughout the I/0 routines oF the Harris code in the INDEV
and OUTDEV subroutines.

8.1.3 Power-Up Cycle

Due to constraints on user transparency, the power-up or
power-fail condition demands that the Harris BIU attempt to
clear any possible Graphic 7 BIU connections and force the
previously connected Graphic 7 BIU to reinitiate a sign-on to
any available Harris BIU without user interaction. This nec-
essitates a complex power-up sequence in the Harris BIU,.

With multiple terminals connected via the bus, the virtual
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circuits created by the BIU interconnections are destroyed by
a power failure or removal of power (turning the BIU off) at
either end. To allow for a smooth reconnection of these cir-
cuits when power is restored, each BIU executing the RESET
code issues a sign-off message to the other BIU comprising
the old circuit. This is to prevent the possible loss of
resources if one BIU assumed it was still in the connected
state (See Paragraph 7.5.3.2). Since the previous state of
the BIU is lost when power is removed (dynamic RAM), the
Harris BIU sends a sign-off message to all possible Graphic 7
BIUs when executing the RESET code during a power-up se-
quence. This is not the case, however, when the RESET button
is pushed. 1In this case, only one sign-off message is neces-
sary and that is to the BIU whose address is still present in
XADDR. 1In the case of a power-up cycle, the Harris BIU at-
tempts to connect to the backboard BIU (See Paragraph 8.1.4)
unless a Graphic 7 BIU sign-on request overrides this link.
The criterion used to distinguish between the pressing of the
RESET button and a power-up cycle is based on the loss of
data due to the dynamic RAM, If the variable HARGO contains
the bit pattern $57 then the code assumes this is not a -
power-up cycle and continues executing the code as if the
RESET button was pressed.

The constants TRMBAS and TRMCNT are used to establish
the limits for the sign-off loop. TRMBAS is used to indicate
the base network address of all Graphic 7 BIUs. It should be
the lowest address for any set of Graphic 7 BIUs and all
other Graphic 7 BIUs should have an address which falls with-
in the range between TRMBAS and TRMBAS+TRMCNT-1., TRMCNT is
used to indicate the total number of possible Graphic 7 ter-
minals in the system. 1In the current application, TRMBAS is
set to $51 and TRMCNT is set to $08. The sign-off loop,
SNDSOF, repeatedly calls PCONST with a new value of XADDR
within the range described above and then calls ENQ with the
newly defined sign-off packet. The final result of this loop
is a queue of sign-off messages, one to each of the possible
Graphic 7 BIU addresses in the system.

8.1.4 VOLLEY Initialization

A special diagnostic program was developed for the
Harris Slash 8 to allow for the verification of the cable
hardware and to troubleshoot cable problems (See Part IV).
Special BIU software was developed for the Harris BIU to
allow this program to communicate directly to the Backboard
BIU whenever the Harris BIU is not already connected to a
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Sanders terminal. After the connect state of the BIU is
established during the RESET cycle, the BIU generates a sign-
on request to the Backbhoard BIU. Control is then passed to
the main loop to allow normal processing of the sign-on re-
quest. Code in the NET, INDEV and OUTDEV subroutines handles
the completion of the sign-on process and the establishment
of communication with another BIU when that BIU attempts a
sign-on to the Harris BIU,

8.2 INDEV Subroutine

The INDEV subroutine must perform all of the necessary
Harris output processing software functions of the Graphic 7
which the BIU mimics. 1In the case of the Harris UBC BIU,
this requires INDEV to operate like the Graphic 7 parallel
interface handler. Unlike the Graphic 7 BIU, however, the
Harris BIU does not require the capability to enter into a
dialogue with the attached device to determine to which BIU
it will conncect. For this reason, the INDEV routine used by
the Harris BIU contains only code associated with the device
interface. This special code involves several functions in-
cluding handshaking, command data processing and interrupt
generation, The following paragraphs detail these functions.
A flow chart of the Harris INDEV subroutine is presented in
Figure 8.2-1 for reference.

8.2.1 Harris Handshaking

The Harris BIU handshaking signal lines must respond to
the UBC in a manner similar to the Graphic 7 parallel inter-
face. Since the PORT 1 VIA [6522(A)] is used for input, its
CAl and CB1l inputs are used to interface with the UBC as the
ODH and CDH signal lines. 1In addition, the CA2 output is
used as the ODACP return handshake line,

8.2.1.1 1Incoming Data Handshake. Active transitions on
the CAl or CB1 signal lines set bits 1 and 4 respectively in
the PORT 1 interrupt flag register (IFR). Testing of these
bits .by the code in the GETCH section of the routine allows
for the proper data ready indications. 1If neither bit is
set, the code flow falls through to the timer section to test
for word interval timeouts. TIf bit 1 is set, the code trans-
fers control to the data retrieval section, GETDAT. 1If bit 4
is set, the code transfers to the command data section to
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allow for a handshake response without further processing.
This is necessary since the Graphic 7 ignores command data
words from the Harris.

8.2.1.2 Return Handshake. Whenever data is read from
PORT 1A via a load command, the VIA will set the CA2 signal
line according to the state of the PCR initialization. 1In
the case of the Harris BIU, the P1PCR was set to respond with
a 550 nsec positive pulse (+5 V TTL) as the return handshake.
It should be noted that this pulse is not a true mimic of the
standard Graphic 7 interface in which level handshaking is
used. However, this pulsed handshaking was necessary to in-
sure that the signal level on the ODACP line would return to
zero after the Harris UBC dropped the incoming data handshake
signal and no erroneous handshake would be detected from the
special hardware configuration used (See Paragraph 5.2.2).

8.2.2 Command Data Processing

As mentioned above, the Graphic 7 ignores command data
from the Harris UBC. To allow for proper handshake proces-
sing, the BIU must insure that there are no previous data
words waiting to be transmitted and then start the DMA timer
as if the first word of a new DMA operation has just been
received. This regquirement has led to the special CDH pro-
cessing in the GETCDA section. The first check in this sec-
tion of the code is to determine if it is necessary to send a
packet with oreviously received data. The INDONE section of
the code is used to accomplish this, if necessary. If no op-
eration was previously in process, the data word is treated
as the start of a new DMA operation and the associated timers
are set. Prior to entering the CHARS (wi:4 processing) sec-
tion of the code, a check of the type of data being processed
causes a return for the next character if a command data word
was indicated. This halts the transmission of the unneeded
command data word on the network.

8.2.3 Interrugt Processing

Unlike the Granhic 7 BIU, the Harris BIU must generate
interrupts of the Harris host. To support che Harris UBC
handler, both input and output interrupts are necessary. 1In
addition, a status line used to indicate which type of inter-
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rupt occurred is controlled by the BIU software. This inter-
rupt processing is controlled by the R/W and 1IFU manual
handshake lines.

8.2.3.1 R/W Handshake Line. The R/W status line is
controlled by the output of bit 5 of the PORT3A. With a high
level written to PORT3A in this bit location, the R/W signal
line goes to the low state because of the hardware inverter.
Likewise, by writing into PORT3A with this bit set low, a
high level is present on the R/W signal line. As was men~
tioned above, the line being high signifies that the last
IIFU signal indicated a successful write operation from the
Harris UBC. For this reason, the Harris BIU responds to a
word transfer in INDEV by writing into PORT3A the word
HARADW,

8.2.3.2 IIFU Handshake Line. To insure that the R/W
signal line is interpreted properly, the IIFU handshake is
sent immediately after the state of the R/W line has been
set. 1In the INDEV subroutine the IIFU signal is sent by a
manual handshake operation caused by the storing of the word
IIFU in the P3PCR. The output of the CB2 signal on the PORT3
VIA is set to a high level by this word. The signal is held
high until cleared by storing the value NIIFU in P3PCR. This
is accomplished after the UBC has had a chance to process the
interrupt and is controlled by a counter loop which takes
approximately 10 usecs to execute.

8.3 OQUTDEV Subroutine

As in the case of the INDEV Subroutine, OUTDEV must
perform all of the necessary Graphic 7 software functions
which control data input to the Harris UBC. The functions
which are unique to the Harris BIU include the handshake
processing, interrupt control, deadlock control, and the
handling of sign-on requests. These functions are described
in the paragraphs below ar’ the flow chart for this routine
appears in Figure 8.3-1.

8.3.1 Output Handshaking

As with input handshaking the output handshaking process
is designed to insure that data words cannot be lost during
transfer. The fully handshaken interface described in Sec-
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tion V is implemented using the software constant DATU and an
interrupt control of the IIFU signal line similar to that in
the input sequence.

8.3.1.1 Output Data Valid. Here again, the storing of
a data byte into the output port, PORT 2A, triggers an auto-
matic handshaking signal by setting the CA2 output to a high
state. This signal is cleared by the active transition of
the CAl signal line which indicates the Harris UBC has accep-
ted the data word.

8.3.1.2 OQutput Return Handshake. As in the case of the
input return handshake, the Harris signals that the data sent
by the BIU has been processed by raising the DATU signal
line. The active transition of the signal from low to high
on the CAl signal line, is used by the 6522 to clear the CA2
output and set the interrupt flag bit in the IFR. The soft-
ware uses a wait loop to repeatedly check this bit location
to determine if the data has been processed.

8.3.2 1Interrupt Control

As was mentioned in Paragraph 8.2.3, the interrupt sig-
nal line to the Harris CPU interrupt logic, IIFU, is used to
signal when the connected device has processed an ocutput from
the UBC as well as when the device has an input word for the
UBC. 1In this case an input word has been placed on the input
bus and the Harris CPU must be notified to read the word for
processing, Here again, a manual handshake is used by the
BIU. The R/W signal line must also be set to reflect the
proper state.

~ 8.3.2.1 R/W Signal Control. The R/W signal line is set
to reflect the meaning of the last IIFU signal sent to the
UBC. The state of this line must be set before the IIFU sig-
nal is sent. This is necessitated by the delay involving the
software control of the signal line in comparison to the
speed of the hardware processing in the UBC. The data word
HARADR is stored into the PORT3A register, thus setting the
output on data line 5 to a high state. The 6522's data line
is inverted by the hardware to indicate to the UBC that the
IIFU signal is the result of a read operation.
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8.3.2.2 IIFU Signal Control. The state of the IIFU

signal line is controlled by a manual handshake using the CB2
output of the PORT3 VIA. The value IIFU is stored into the
PORT3 PCR which causes the low-to-high transition of the CB2
signal line which is connected to the IIFU data line to the
Harris UBC. 1In this case, however, the signal is held until
the interface has acknowledged the receipt of the data on the
input bus. At that point the NIIFU data word is stored into
P3PCR, lowering the interrupt signal.

8.3.3 Deadlock Control

The possiblility of deadlock on output from the BIU
arises since the BIU enters a tight loop monitioring the ‘
state of the CAl signal line on PORT2 to observe the transi-
tion from low to high. The BIU does not use interrupts from
the UBC to indicate when data is available on the PORT1l bus,
so it is possible for the UBC to be trying to transmit data
to the BIU at the same time the BIU is transmitting data to
the UBC., 1In this situation, both devices would raise their
valid output data signals and wait for the return response
before proceeding. To prevent this deadly embrace, the BIU
must defer to the UBC and respond to its output. To accom-
plish this, the "X" register is loaded with the value SE0 and
then decremented on each pass through the wait loop. Tf the
"X" register reaches zero before the return handshake is re-
ceived (approximately 2.0 msecs) the output is terminated and
the OUTDEV routine is exited. Since the pointer to the next
byte to be transmitted is still in the variable OUTBC, no
data is lost and the OUTDEV subroutine will resume transmis-
sion of data upon return during the normal MAIN LOOP calling
sequence. Since control is returned to the MAIN LOOP, the
INDEV routine is called before return to the OUTDEV routine,
thus enabling the clearing of the deadlock situation.

8.3.4 Sign-0On Acknowledgment Processing

1 The Harris BIU is designed to attempt a connection with
the backboard BIU whenever possible. This is to allow the
operation of the VOLLEY diagnostic program. Since the back-
board is the only BIU tc which the Harris BIU may connect,
the sign-on acknowledgment section of the OUTDEV routine is
special., 1In this section, the CONECT flag is set to zero to
indicate a connection with the backboard and the WAIT flag,
used to indicate that the BIU is awaiting the response to a
sign-on request, is cleared.
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8.3.5 Sign-On Request

The requirement to process outputs from the VOLLEY diag-
nostic program dictates a modification to the normal sign-on
request processing. Since the RESET routine establishes a
link with the backboard, the INTBUF routine allocates the
first buffer with the backboard's address set in XADDR and
the TO address of the packet. The Harris BIU must insure
that a sign-on request from a Graphic 7 BIU supersedes the
existing backboard connection since the Graphic 7 system has
priority over the diagnostic process. To insure that the
preallocated packet which was set aside by INTBUF, does not
result in lost data, the sign-on processing section of OUTDEV
‘must reset the values in XADDR and the third byte of the al-
located packet. 1If a packet was not preallocated (INSET = 0)
the TO address does not require resetting and this section of
the code is bypassed. The CONECT flag is set to 1 to indi-
cate a connection with a terminal device and control passed
to the packet freeing section of the routine.

8.4 CKTOUT Subroutine

In the Harris BIU software, only two timers are used.
These are a timer set when the BIU is attempting to connect
with the backboard and the standard status message timer.
These two functions are described below and the subroutine
flow chart zppears in Figure 8.4-1.

8.4.1 Sign-Cn Acknowledgment Timer

If the attempt to connect with the backboard RIU fails,
the value in TOD exceeds the value stored in TSACK during a
call to STIMER. This results in the WAIT and XADDR flags
being cleared and the CONECT flag being reset to -1.

8.4.2 Status Packet Timer

The value in TSTAT is used to determine when the next
status packet should be sent. When the TOD variable exceeds
this value the control of the CKTOUT routine passes to the
SNDSTA subroutine.
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8,5 TR)O Routine

As was mentioned in Paragraph 7.11, the interrupt hand-
ling routine in the Harris BIU must recognize two types of
interrupts: the standard network receiver interrupt and the
special UBC DTSC interrupt. This second interrupt is requir-
ed to insure that the Harris CPU has a means of resetting the
device interface during power-up or reboot operations. The
DISC signal line is connected to the CAl input on the PORT3
VIA. The PORT3 IER is initialized during the RESET routine
to trigger a IRQ whenever there is an active transition on
the CAl control line. This transition forces the BIU's CPU
to transfer control to the IRQ Routine via the hardware vec-
tor located at address SFFFE. Upon entering the IRQ routine,
a test is made of the P3IFR register to determine if the
interrupt was the result of the DISC signal. 1If so, the
PORT3A data lines are reset to allow input from the UBC's UR
register. The value on the UR lines is compared to the valid
address for a Graphic 7 ($0F) and, if found to be correct,
the byte is loaded from PORT3A triggering the return CNCT
signal from CA2. The PORT3A data lines are then returned to
the output state to insure the R/W control line can be used
and control passed to the interrupt return section of the
routine. Tf the UR register does not match, the data is ig-
nored and no return handshake is issued. Figqure 8.,5-1 is
provided to detail the difference between the standard IRQ
routine and the special Harris IR0D routine.

8,6 Constants
The constants section of the BTU code contains the BIU

description sent with all status packets. In the case of the
Harris BIU, these 12 bytes form the message "HARRIS BRIU ".
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% SECTION IX
SPECIAL GRAPHIC 7 BIU SOFTWARE

- 9.0 INTRODUCTION

The main purpose of the special Graphic 7 software is to
. cause the BIU to appear as the Harris host computer to the
Graphic 7 parallel interface. Additionally, logical connec-~
tion to a Graphic 7 BIU or any other network subscriber is

supported. These interconnections are handled through the
INDEV subroutine.

9.1 RESET Routine

; As in the case of the Harris BIU, several areas of the

- RESET routine are unique to the Graphic 7 BIU. These include
the handshaking initialization, CNCT/DISC cycle, power-up
cycle and the special "WHICH SYSTEM?" request. These areas
are detailed in the following paragraphs and the flow chart
for the Graphic 7 RESET routine appears in Figure 9.,1-1.

9,1.1 Handshake Initialization

To establish the all-important handshaking logic control
of the parallel interface, the 6522 VIAs must be initialized
to respond to the appropriate signal level changes on the
interface signal lines. 1In the RESET routine of the Graphic
7 BIU, the VIAs' Peripheral Control Registers (PCRs) are set
according to the values in Table X below. As in the Harris
BIU, PORT1 is established for input from the device and to
recognize the low-to-high transition of the CAl signal line
as indicating that valid data is present on the input data
bus., PORT2 is set as the output bus. It uses the CA2 signal
- line as the valid data signal line and recogizes the CAl sig-

nal line as the device acknowledgment of the data on the out-
put bus. Once again PORT3 is used for some special func-
tions, such as establishing the CNCT/DISC signals using CAl
and CA2, and reading in the BIU's home address on PORT3B.
The use of the interrupt capability of the VIA is not neces-
sary in the Graphic 7 BIU since all inputs and outputs are
fully handshaken and no special interrupts are generated by
- the Graphic 7.
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TABLE X

GRAPHIC 7 BIU HANDSHAKING CONTROL

PORT INIT ACTIVE TRANSITION RESPONSE

# DEFINITION CODE CAl CBl CA2 CB2
1l INPUT 10011011 L-TO-H N/A PUL N/A
2 OouTPUT 10001000 H-TO-L N/A LEV N/A
3 CONTROL 11101010 L-TO-H N/A PUL MAN
L-TO-H = Low-to-High (0V -to- +5V)

H-TO-L = High-to-Low (4+5v -to- 0V)

PUL = 550 ns +5V Pulse

LEV = +5V Level held until active transition on CAl

MAN = Manual Handshake under software control

N/A = Not Used

9.1.2 CNCT/DISC Cycle

To allow for the accurate mimicking of the Harris UBC,
the CNCT/DISC cycle provides the connection logic used by the
Harris to control the daisy-chained bus. When power is ap-
plied to the BIU or whenever the RESET button is pressed, the
DOCNCT section of the RESET routine transmits a 550 nsec pul-
se on the CA2 signal line of PORT3. This pulse is a direct
result of the store into PORT3A which activates the pulsed
handshake of the PORT3 VIA. 1In addition to triggering the
DISC signal, the unit code for the Graphic 7, which is pre-
sented on the low-order 4 bits of PORT3A, is set to zero by
the data stored in the VIA. Note that the digital, hardware
of the BIU inverts the data from the low-order 4 bits for
this purpose. The tri-state control for ithe unit code bus is
also set by this word since the control hit, bit 4, is set to
a high state thus indicating the low-ordesr 4 bits are for
output from the BIU (See Paragraph 5.2.5), The code loops at
this point until the interrogation of P3IFR indicates that
the active transition of the CNCT signal has been received on
CAl,

9.1.3 Power-Up Cycle

As in the Harris BIU, constraints on user transparency
require t.aat the power-up or power-fail condition in the
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Graphic 7 BIU forces an attempt to connect, when possible, to
any available Harris BIU without user interaction. This nec-
essitates a complex power-up sequence in the Graphig 7 BIU.
With multiple terminals connected via the bus, the virtual
circuits created by the BIU interconnections are destroyed by
a power failure or removal of power (turning the BIU off) at
either end. To allow for a smooth reconnection of these cir-
cuits when power is restored, each BIU executing the RESET
code issues a sign-off message to the other BIU comprising
the 014 circuit. This is to prevent the possible loss of
resources if one BIU assumed it was still in the connscted
state (See Paragraph 7.5.3.2). Since the previous state of
the BIU is lost when power is removed (dynamic RAM), the B1U
sends a sign-off message to all possible Harris BIUs when
executing the RESET code during a power-up sequence. This is
not the case, however, when the RESET button is pushed. 1In
this case, only one 51gn—of£ message is necessary and that is
to the BIU whose address is still present in XADDR. In the
case of a power-up cycle, the Graphic 7 BIU attempts to con-
nect to any available Harris BIU after the transmission of
the string of sign-off messages. Since there is normally one
Harris BIU for every Graphic 7 BIU in the system there is a
high probability of finding at least one available BIU for
the completion of the virtual circuit, The criterion used to
distinguish between the pressing of the RESET button and a
power-up cycle is based on the loss of data due to the
dynamic RAM. If the variable HARGO contains the bit pattern
$57 then the code assumes this is not a power-up cycle and
continues executing the code as if the RESET button was
pressed,

9.1.3.1 £ign-0Off Loop. The constants HARBAS and TRMCNT
are used to establish the limits for the sign-off loop.
HARBAS is used to indicate the base network address of all
Harris BIUs. It should be the lowest address for any set of
Harris BIUs and all other Harris BIUs should have an address
which falls within the range between HARBAS and
HARBAS+TRMCNT-1. TRMCNT is used to indicate the total number
of possible Graphic 7 terminals in the system. In the cur-
rent application, HARBAS is set to $21 and TRMCNT is set to
$08. The sign-off loop repeatedly calls PCONST with a new
value of XADDR within the range described above and then
calls ENQ with the newly defined sign-off packet. The final
result of this loop is a queue of sign-off messages, one to
each of the possible Harris BIU addresses in the system.
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9.1.3.2 Sign-0On Message. Following the generation of
the sign-off messages in the power-up cycle, the Graphic 7
BIU attempts to establish a connection with one of the Harris
BIUs by sending a sign-on request packet. To aid in reducing
network overhead, a special algorithm is used to establish to
which Harris BIU the first connection message is sent. The
algorithm uses the low-order 4 bits of the Graphic 7 BIU's
home address and the high-order 4 bits of the Harris base
address to form the 8-bit address byte for the sign-on re-
quest packet, If that Harris BIU is unavailable for the con-
nection, the address is incremented and tried again (See
Paragraph 9.4.2). It should be noted that no sign-on message
is generated when the user presses the RESET but a dialogue
with the terminal user is initiated (See Paragraph 9.2.4).

9.1.4 "WHICH SYSTEM?" Request

If the RESET button is pressed or no Harris BIU is
available for a connection, the RESET routine engages in a
dialogue with the terminal user to establish a connection
with some other element on the network. To accomplish this,
the Graphic 7 BIU sends, if necessary, a sign-off message to
the previously connected BIU and a "LINK ENDED." message to
the terminal. Next, the BIU sends the "WHICH SYSTEM?" mes-
sage to the terminal via the PUTSTR subroutine. As in the
case of the "LINK ENDED." message, this message is located in
the high end of the EPROM memory and indexed based on the
address of the variable ASCII. The "Y" register is used as
the index for this reference. The response to this interro-~
gation is processed via the INDEV routine (See Paragraph
9.2.4).

9.2 INDEV Subroutine

As in the case of the Harris BIU, the INDEV routine is
the main input interface with the attached device and as such
must insure that all handshaking and data transfer operutions
are performed in accordance with the standard interface pro-
tocol. 1In addition, to provide for connections to other
BIUs, the Graphic 7 version of INDEV must process the "WHICH
SYSTEM?" response from the device as well as requests for a
connection from other terminals on the network. The CONECT
flag is used to distinqguish between these three input states.
Also, there are two modes of data input from the Graphic 7
which must be distinguished: DMA and Teletype. All of thise

functions and the other major areas of difference between the
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Graphic 7 version of INDEV and the Harris version are detail-~
ed in the paragraphs below. Figure 9.2-1 is the Graphic 7
INDEV flow chart.

9.2.1 DMA/TTY Operations

The two modes of operation for the interface cannot be
distinguished. In TTY mode, all data words contain a null
byte followed by valid data in bit locations 7 through 0.
This valid data byte must be examined for control informa-
tion, such as carriage return, line feed or rubout charact-
ers. It is unwise to try to determine the mode of operation
by examining the characters that are being transmitted since
the DMA mode has no restriction on the data in either byte of
the word. For this reason, two timers are used to establish
the mode of any given input operation.

9.2.1.1 DMA Timer. The DMA timer is more accurately
described as a counter. When the first input word of an
operation is detected by the handshake signal, the value of
$20 is stored into the variable location DMATM. The input
word is processed and the control returns to the handshake
test part of the routine where the counter is decremented
until either a new input valid handshake signal is detected
or the counter reaches zero (approximately 650 usecs). If a
new handshake is detected, the timer is reset, the data pro-
cessed and the sequence repeated. When the counter reaches
zero, the end of the DMA operation is indicated by setting
the DMATTY flag to zero. Control is passed to the TTY hand-
ler section of INDEV. 1If more than one word is processed
without DMATM reaching zero ("Y" register > 11), it is assum-
ed that a DMA operation has occurred and the buffered data
sent without delay. If only one word is in the buffer, the
word is probably a TTrY word and the low-order hyte is exa-

.mined for control characters. If any control characters are

found, the buffered packet is transmitted and control return-
ed to the MAIN LOOP. If no control characters are found,
control is passed directly to the MAIN LOOP to await addi-
tional characters or the expiration of the TTY timer.

9.2.1.2 TTY Timer. The processing scheme described
above would lead to the unnecessary and perhaps damaging
delay of one-word DMA transactions if no method of clearing
these one word packets existed. For this reason a TTY timer
is used to trigger the sending of data packets that are
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Figure 9.2-1:
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buffered and awaiting the receipt of a control character.
The variable TTYTM is set as a flag whenever a word is
processed by the interface. The STIMER routine is used to
mark the absolute system time when this flag should be
cleared (See Paragraph 7.14). STIMER uses the value stored
in the "A" register as an increment to the TOD clock for
storage in the 3-byte variable indexed by the "X" register.
In this case the variable set is TETTY. The CKTOUT
subroutine, when called by the MAIN LOOP, examines this
variable to determine if the TOD clock has exceeded it (See
Paragraph 9.4.3). For the purpose of the TTY timer; if the
TOD cleock exceeds the TETTY variable value, TTYTM is cleared
to indicate the expiration of the TTY timer. The value $4
loaded into the "A" register prior to the call to the STIMER
routine results in a one second delay before the clearing of
the TTY timer flag. Wuen the TTYTM flag is cleared, the next
pass through INDEV resulis in the transmission of any
buffered data by transferring control to the INDONE section
of the code.

9.2.2 Graphic 7 Handshaking

As in the case of the Harris BIU handshaking signal
lines, the Graphic 7 signal lines must respond in a manner
similar to the Harris UBC during any given data transfer.
Once again, the PORT 1 VIA is used for input to the BIU and
the CAl input to this VIA is used to indicate that valid data
is ready on the input bus. The data acknowledgment handshake
is transferred automatically by the VIA on the CA2 output.
Unlike the Harris BIU, however, the secondary input handshake
on CB1l is not used.

9.2.2.1 Incoming Data Handshake. The hardware on the
Graphic 7 parallel interface card generates both the IIFU
signal and the IWR signal when valid data is ready on the
ID00-15 bus. The Graphic 7 BIU ignores the IIFU signal since
input is not interrupt driven. The low-to-high transition of
the IWR signal, however, drives the PORT 1 CAl input and in-
dicates that data is ready on the PA0 through PB7 signal
lines. This transition of the IWR signal sets bit 1 of PLlIFR
thus enabling the test of this bit location on a polled basis
in the INDEV routine.

9.2.2.2 Return Handshake. Whenever data is read from
PORT 1A via a load command, the VIA sets the CA2 signal line
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according to the state of the PCR initialization. 1In the
case of the Graphic 7 BIU, the P1PCR is set to respond with a
550 nsec positive pulse (+5 V TTL) as the return handshake.
It should be noted that like the Harris BIU this pulse is not
a true representation of the standard interface since level
handshaking is used. However, this pulsed handshaking is
necessary to insure that the signal level on the ICTL line
returns to zero after the Graphic 7 drops the incoming data
handshake signal (See Paragraph 5.2.2).

9.2.3 Terminal Input Data Processing

After the data word from the device is loaded and the
handshaking sequence completed, the BIU must determine which
of the three processing options to pursue. The CONECT flag
is tested to determine if the incoming data is in response to
the "WHICH SYSTEM?" interrogation, in response to a signh-on
request from another terminal or destined to be transmitted
on the network as part of a data packet.

9.2.3.1] Network Data processing. When the data word
is destined for the network (CONECT = 1), the word is placed
in the outgoing packet by the CHARS section of the routine.
In this case the data packet was reserved by a previous call
to the INTBUF subroutine. The words are stored in a buffer
indicated by INPTR as they arrive until one of the timers
described above expires or the maximum number of bytes in a
packet (MAXPAX) is reached. 1In either case, control is
passed to the INDONE section of the code to place the packet
on the output queue and control returned to the top of the
INDEV subroutine.

9.2.3.2 "WHICH SYSTEM?" Response. One of the possible
states of the BIU interface is processing input data words in
response to the "WHICH SYSTEM?" interrogation (CONECT = -1),
After the input word has been acknowledged by the interface
handshaking control, the routine jumps to the GETRPY section
to determine if the data entered by the user is a valid BIU
code name., If the code name is found to be correct, control
is transferred to the MATCH section to build a sigh-on re-
quest message for transmission on the network. At this point
several flags are set and control is returned to the MAIN
LOOP to await a response.
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9.2.3.2.1 Valid System Code. All of the valid system
code names that are recognized by a given BIU are stored in
the area identified by the variable name TABLE. In the case
of the Graphic 7 BIU, each entry in the table is composed of
4 bytes (the 3-byte code name and the one-byte bus address
for that device). The GETRPY section of INDEV buffers the
words entered by the user until a control character is typed
or five words are entered. (Note: 1In this connection state,
data words are assumed to be arriving in the TTY mode and to
contain only one valid byte in the low-order byte position).
Control is then passed to the code check section where the
first three characters of the entry are compared to the
table. Codes of five bytes are used in the special case of
terminal-to-terminal communication to specify which of the
possible terminal addresses is desired. If match is found,
control is passed to the MATCH section, otherwise, control is
passed to the ASKAGN section of the code where a new "WHICH
SYSTEM?" message is generated.

9.2.3.2.2 MATCH Section. This section of the code is
used to resolve the special cases involving transmission to a
Harris BIU, a terminal BIU or another Graphic 7 BIU. These
special cases result in special sign-on sequences to insure
that the proper network address is used. In the case of the
terminal or Graphic 7 connection request, the network address
to be used is based on the value entered in the fifth byte of
the interrogation response. In the case of a terminal sign-
on request, the fifth byte entered by the user is placed di-
rectly into XADDR. In the case of the Graphic 7 sign-on re-
guest, however, the high-order 4 bkits of the home address are
substituted for the high-order 4 bits of the fifth byte and
then placed into XADDR. 1In the case of the Harris BIU sign-
on request, the code in the RESET routine to establish the
original sign-on request during power-up is used to conserve
space in the EPROM. This is accomplished by a jump to HARSON
whenever the "Y" register indicates that the Harris code
(CAP) was entered. All other valid codes result in a sign-on
message based on the address stored in the fourth byte of the
table. After XADDR is set, the packet construction subrou-
tine PCONST is called with the sign-on request code stored in
the "A" register. When control is returned from PCONST, the
ENQ subroutine is used to place the packet on the output
queue. The WAIT flag is incremented to indicate that the BIU
is waiting for a sign-on acknowledgment packet and control
returns to the MAIN LOOP to await a response to the sign-on
request.
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9.2.3.3 8Sign-On Request Response. The third state of
the CONECT (0) flag is used to indicate that another BIU has
sent a sign-on request packet to this BIU. During the pro-
cessing of the packet in the QUTDEV subroutine, the CONECT
flag was set to zero. At the same time, a sign-on request
message was transmitted to the device via the PUTSTR subrou-
tine. The user should respond to this sign-on reguest packet
by entering either a yes or no response on the device. With
the CONECT flag set to zero, all entries from the device are
treated as a response to this request and thus transferred to
the GETYN section of the routine. This routine recognizes
only the first character of the word entered, assuming it to
be in the TTY format. 1If the character is a "Y", the code
assumes the requested sign-on is to be acknowledged, thus
leading to a connection between the two BIUs. Any other re-
sponse from the device is assumed to be a negative response
and results in no response to the requestor, thus leading to
a sign-on request timeout (See Paragraph 9.4.2). If the re-
sponse is affirmative, the PCONST subroutine is used to gen-
erate the special sign-on acknowledgment message and the ENQ
subroutine is used to place it on the output queue. If the
request is from a serial terminal the TERMF flag is set to
insure proper processing of data packets in the OUTDEV sub-
routine (See Paragraph 9.3.1). Finally, the "LINK OKAY."
message is set to the user by the PUTSTR subroutine and
control returned to the MAIN LOOP for further processing.

9.3 OQUTDEV Subroutine

As in the case of the INDEV subroutine, the OUTDEV rou-
tine is the primary software interface for the transmission
of data from the network to the attached subscriber device.
Here again, the interface must perform all handshaking and
-data transfer functions in a manner similar to the Harris
UBC. The OUTDEV routine must also recognize special messages
from the network and process data from serial devices in a
manner consistant with the parallel interface to the Graphic
7. The special functions to perform these operations are
detailed in the paragraphs below. The Graphic 7 OUTDEV flow
chart is provided (Figure 9.3-~1) for easy reference.

9.3.1 Serial Terminal OQutput

The Graphic 7 BIU has the capability to communicate
directly to serial devices connected to the network through
standard serial BIUs. The standard serial BIU data packet
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contains valid data in each byte of the packet. The Graphic
7 BIU parallel interface operates with a word-at-a-time
protocol that transmits two network data bytes at a time to
the terminal. When operating in the TTY mode, the terminal
ignores the high-order byte of every word thus leading to
lost data from serial devices if the standard parallel inter-
face code is used. For this reason, a special handler in the
BIU is used whenever the TERMF flag is set indicating a con-
nection with a serial device. This code inserts a null byte

in front of every data byte received in a data packet gener-
ated by a serial BIU.

9.3.2 Output Handshaking

As in the case of the input handshaking, the output
handshaking is designed to insure that there can be no lost
data due to missed signals. PORT 2 is again used for BIU
output and the CA2 signal line is used to drive the Graphic 7
OCTL signal line whenever there is valid data on OD00-15.

The return handshake signal is processed through the Cal
input to the output VIA.

9.3.2.1 Output bata Valid. When the BIU has a data
word to be transferred to the device, a store operation to
PORT2A results in the transition of the CA2 signal according
to the control specified in the PORT 3 PCR. 1In the case of
the Graphic 7 BIU, a level handshake is used to mimic the
standard Harris UBC interface. The signal is held in the
high state until the active transition of the return hand-
shake acknowledgment line attached to the CAl input is
detected.

9.3.2.2 Handshake Acknowledgment. As in the case of
the Harris BIU, the CAl signal resets the CA2 output and
indicates that the Graphic 7 has accepted the data on the

output bus. The OWR signal line from the Graphic 7 is con-
nected to the CAl input of PORT 2 for this purpose. An
active transition on this signal line (low-to-high) also
results in the setting of the OWR bit in the P2IFR. This bit
is tested in OUTLOP to determine when it is safe to resume
transmission of data words.
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9.3.3 Deadlock Control

As in the case of the Harris BIU, there is a possibility
that the interface could be trying to transmit data in both
directions simultanecusly. This is the result of the BTU's
entering a tight loop to monitor the state of the CAl signal
line. The BIU does not use interrupts from the Graphic 7 to
indicate when data is available on the PORT1 bus, therefore,
it is possible for the Graphic 7 to be trying to transmit
data to the BIU at the same time the BIU is transmitting data
to the Graphic 7. This situation is resolved in the same
manner as described in Paragraph 8.3.3 but with a shorter
delay period of only A00 usecs because the processor has less
potential for being busy and thus causing an error.

9.3.4 Sign-Off Processing

The OUTDEV routine examines the message type of each
packet it processes., If it is not a data packet, control is
transferred to the TRYSOF section of the routine. Here the
packet type is compared to the SOFMSG constant to determine
if it is a sign-off packet. If it is not, control passes to
the TRYSAC section. 1If it is a sign-off packet the routine
checks several flags and variables to detrmine how to process
the packet. First the CONECT flag is checked to determine if
this BIU is connected to any other BIU (CONECT = +1). If the
BIU is connected to asriother BIU, the address of the BIU send-
ing the sign-off message must be checked to insure that this
sign-off message is valid. The third byte of the sign-off
packet is compared to the value in XADDR to make this deter-
mination. If it is found to be a valid sign-off packet, the
value in XADDR is compared to the range of valid addresses
for all possible Harris BIUs., A sign-off message from a
Harris BIU is probably the result of a power failure and
should lead to a sign-on attempt by the previously connected
Graphic 7 BIU. 1If XADDR is within this range of addresses,
HARGO is reset to a value which forces execution of the
power—-up cycle code and control is passed to the RESET
routine to reestablish the virtual circuit to the Harris
computer. If it was not previously connected to a Harris
BIU, the BIU generates a "LINK ENDED." message to the device,
followed by the "WHICH SYSTEM?" interrogation. When the code
has finished processing the packet, control is passed to the
packet freeing section where a call to the DQ subroutine
releases it.
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9,3.5 Sign-On ACK Processing

In the TRYSAC section, the message type is compared to
the constant SACMSG to determine if the packet is an acknow-
ledgment of a sign-on request. If it is not, the code trans-
fers control to the TRYSON section. If it is a sign-on ACK,
the state of the WAIT flag is examined to determine if this
BIU is waiting for a response to a sign-on reguest message.
If the flag is zero, there may be supplementary data in the
packet so the code branches to the output section. TIf, how-
ever, the flag is set, it is cleared and the CONECT flag set
to +1 to signify that a valid connection exists. The sign-on
counter used by the Harris sign-on loop (See Paragraph 9.4.2)
is cleared and a check for output data is made. If the ac-
knowledgment has a length field greater than 7, supplementary
data for the device is present. 1In this case, control is
passed to the output section of the routine to send this
data. Otherwise, the "LINK OKAY." message is printed on the
Graphic 7 display. Here again a determination as to the type
of BIU (Serial or Parallel) is made and the TERMF set if
found to be a serial device. At this point, the routine is
finished processing the data, so control passes to the free-
ing section of the routine to DQ the packet.

9.3.6 Sign-On Reguest Processing

The final check of the packet type occurs in the TRYSON
section of the routine. If it is not a sign-on request from
another BIU, the packe: is discarded by the freeing section
of the code. Sign-on reqguest packets are valid only if the
BIU is not already connected to another BIU. For this rea-
son, the first check in this section of the routine is the
state of the CONECT flag. 1If the BIU is already connected or
waiting for the response to a sign-on request, the packet is
ignored. 1If, however, the CONECT and WAIT flags indicate
that neither state exists, the "LINK REQUEST FROM" message is
transmitted to the device along with the address of the BIU
attempting the sign-on. The return address is stored in
XADDR and the CONECT flag set to zero to indicate the BIU is
waitinjy for a response to the "LINK REQUEST ... " message.
The TYACK timer is set by a call to the STIMER subroutine to
prevent a locked situation that can result if the origina-
tor's sign-on ACK timer expires before the Graphic 7 user re-
sponds to the message. This timer allows the user 10 seconds
to respond and then clears the flags (See Paragraph 9.4.2).
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9.4 CKTOUT Subroutine

As in the case of the Harris BIU, the Graphic 7 CKTOUT
subroutine is used to check several system timers for time-
outs. In the Graphic 7 BIU, however, the routines vary
greatly from those used in the Harris BIU. 1In addition to
the standard status message timer check, three other checks
are made. These checks are for

(1) Sign-On ACK timeout,
(2) Yes-No response timeout, and
(3) TTY Timer timeout.
All three checks are detailed in the paragraphs below
g?g_i?e flow chart for the Graphic 7 CKTOUT appears in Figure

9.4.1 Sign-On Timeout

During the process of attempting to connect to another
BIU, the TSACK timer is set based on the type of device
addressed. 1If a call to CTIME reveals the TOD clock has ex-
ceeded the value in TSACK, the code assumes the addressed BIU
is not available for the connection. 1If the sign-on request
was to a Harris BIU, the code attempts a sign-on to the next
Harris BIU in seguence by incrementing XADDR and dgenerating
another sigi-on reguest message in PCONST. The code uses a
section of the INDEV subroutine labeled SYSTMX to accomplish
this sign-on. The range of valid Harris addresses is search~
ed circularly, beginning with a starting address based on
this BIU's home address. The counter SONCNT is used to keep
track of the number of sign-on attempts to force an end to
the sign-on loop when the total number of Harris BIU, TRMCNT,
is exceeded. RSXADR is used to reset the base Harris address
if the maximum Harris address is exceeded before SONCNT ex-
ceeds TRMCNT. If no system is available for the sign-on,
control passes to NOSYS where the "SYSTEM UNAVAILABLE." mes-
sage is transmitted to the Graphic 7 and control passed to
the ASKAGN section of the INDEV routine (See Paragraph
9.2.3.2).

9.4.2 Sign-On Request Timeout

When another BIU has requested a connection to this BIU,
the message transmitted to the Graphic 7 must be answered
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CXYOUY;

INCREMENT
= OF SIGN-ON
ATTEMPTS

Figure 9.4-1:

SET HARRIS YES
BASE
No
PHEPARE
NEXT
SIGN.ON
PACKE]
CALL
SYSTMX
PRINT
"SYSTEM 0UT
AVAILABLE"
PRINT
“WHIEH
SYSTEM)
INPUT
STATE
.0

PRINT
“SYSTEM
NOT

AVAILABLE

i

PRINT
WHICH
SYSTEM?*
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Graphic 7 BIU CKTOUT Subroutine Flow Chart




within 10 seconds. 1If it is answered in the affirmative
after 10 seconds has passed, the requestor has already
stopped waiting for a response but the responder now thinks
that there is a valid link. To prevent the BIU from becoming
locked requiring the user to press the RESET button, the
TYACK timer is set for 10 seconds and the CKTOUT routine used
to clear the sign-on ACK flags when necessary. If the call
to CTIME reveals that the timer has expired, the "SYSTEM
UNAVAILABLE." messag~ is transmitted to the Graphic 7 along
with the "WHICH SYSTKM?" interrogation and the CONECT flag
set to -1 to free the BIU.

9.4.3 TTY Timout

As was mentioned in the INDEV subroutine (Paragraph
9.2.1), the TTY timer is used to prevent one-word DMA opera-
tions from being frozen in the BIU. . If a call to CTIME indi-
cates the TETTY variable exceeds the TOD clock, the TTYTM
flag is cleared. This forces the INDEV routine to send the
buffered packet during the next input data cycle (See Para-
graph 7.4.3).

9.5 PUTSTR Subroutine

The PUTSTR routine is used to send service messages
generated by the BIU to the Graphic 7 terminal. The main
feature of the routine that is unigue to the Graphic 7 BIU
software is the use of the SNDOUT section of the OUTDEV
rotutine as a subroutine. This is implemented primarily to
conserve EPROM storage. The value in the "X" register is
held constant to simulate a TTY transaction with the Graphic
7. Each byte of the message is routinely loaded into the "A"
register before the call to SNDOUT. When the value loaded
from the ASCII table into the "A" register is equal to zero,
the end of the message has been reached and control is
returned to the calling routine.

9.6 Constants and Tables

The ASCII strings found below PUTSTR in the PROM memory
are used by various routines to compare data input or gener-
ate message outputs to the Graphic 7. As was mentioned in
the discussion of the INDEV routine, the variables in TABLE
are used to check for valid sign-on regquests from the user.
In the Graphic 7 application, currently four possible re-
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sponses to the system interrogation message are recognized.
The strings following ASCII are used by the various routines
transmitting these stored messages to the user. Note that
each message is terminated by a null byte equal to zero.

Each entry into the table is marked by a label which is based
on the difference of its address from ASCII. This allows the
indexed operation of the PUTSTR using the "Y" register to.
point to each byte of the message in turn. Aas in the Harris
BIU, the final 12 bytes of the constants section contain the
special status message recognition code. In the case of all
Graphic 7 BIUs, this code is "GRAPHIC7 BIU."“
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SECTION X
CABLE SYSTEM TROUBLESHOOTING

10.0 INTRODUCTION

An important function of this document is to provide
system support personnel with the ability to diagnose and
repair system failures in a timely manner. This section of
the report provides these guidelines. The procedures docu-
mented here should allow fault isolation and replacement
usually in much less than an hour. It is assumed that
failures occur rarely enough that reinstatment of the system
can be accomplished by replacement of the faulty part. Fail-
ures resulting from software errors or contamination of the
software by unintended modifications are not addressed.

Failures that can cause interruptions in the CAPS
communications can occur at any one of 7 possible sites.
These sites are listed in Figure 10.0-1, together with
identifying numbers which are used in the diagnostic
procedures in Paragraph 10.1.

Site
Number Site

1 Harris Handler Software

2 Harris UBC Interface Hardware

3 Harris UBC BIU

4 ‘Radio Frequency (RF) Cable Plant

5 Graphic 7 BIU

6 Graphic 7 Parallel Interface Board

7 Graphic 7 Graphic Control Package

(GCP) Software

Figure 10.0-1 Communications Failure Sites in the CAPS
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- Several diagnostic approaches and tools are available to
localize faults in the CAPS communication system. The first
is the basic procedure of substituting known good parts
(spare) for suspected faulty elements. Special purpose tools
available to aid in this isolation and discussed in the fol-
lowing paragraphs include the backboard BIU, a Harris program
called VOLLEY and a dummy cable system (test jig).

10.1 Fault Diagnosis Procedures

The dlagnostic procedures shown in Figures 10.1-1
through 10.1-7 can be used to systematically isolate elements
of the CAPS communication cable system. Figure 10.1-8 is a
description of the test jig used in certain tests, Diagnos-
tic testing should begin by following the steps in Procedure
A (Figure 10.1-1) znd continue through the steps as directed.
Component substitution is used where possible, however, de-
tailed instructions on testing or repairing components is
beyond the scope of this document. Section XI contains a
limited discussion of a suggested approach to the repair of
BIUs.

-150-




Begin ~ Problem Reported [Perform Procedure
Q gy Terminal Userp }" A as a Quick Check

of Harris and
Graphic 7

Failure May Be At
Sites 1,2, 0r 3

Reboot
Harris

Problem
Solved?

Failure is at
Sitel, 2, 3, or 4

Perform
Procedure C

| Failure is not at Site 1

*Determine which Harris

BIU is Connected to the

Affected Graphic 7
Terminal

Reset Graphic 7 BIU

Failure is Probably]
at Site 5, 6, or 7
S
Perform
Procedure C

Enter CAP and’ Carriage
Return at Terminal

Did
'Link Okay"!
Appear?

Problem
Solved?

No

Failure Could be ai ~ ~
[Sites 2, 3, 5, 6, or 7
[P S
Perform
Procedure C

© Same Harris
BIU?

Problem

Failure Probably
Solved?

at Site, 6, or 7

Perform
Procedure C
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-

y

Problem
Solved?

Failure Probably
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*To determine which Harris BIU is connected to a malfunctioning Graphic 7 B1U,
examine the status message generated by the Graphic 7 BIU in the connected

address field.

Figure 10.1-1: Top Level Diagnosis Procedure
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1. Quick check of the affected terminal:

a.

Verify that power is on the Graphic 7, to
the display (note switch light), to the
hard copy unit, and to the BIU.

Press Graphic 7 RESET button (note test
pattern).

Place Graphic 7 in TTY mode by entering a
carriage return followed by a "Y" fol-
lowed by another carriage return.

Enter CNTL "S" (note BIU XMIT and RCVR
Lights should blink when this entry is
made). If the lights do not blink, swap
the Graphic 7 BIU using Procedure D.

2. Quick check of Harris operation:

a.

Verify that all essential elements have
power. If trouble is found, correct
problem and continue with normal
operation. At least the following
elements should be checked:

) Harris BIU

) Harris CPU cabinet

) Cable system power supply

) Harris system control console
) Harris disks

Check that the Harris is not hung and
that the control console responds to

inputs. TIf the Harris is hung, reboot
it.

Figure 10.1-2:

Diagnostic Procedure A - Quick Check of User
Terminal and of Harris
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Diagnostic Procedure B - Eliminates Sites 1,
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Harris BIU and Cable Plant)
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(use Procedure D)
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>
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Figure 10.1-4:

-
BIU

Stop

L within Cable -

Use Procedure F
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Repair
Cable Plant

Serious Problem

N
Contact
Developers

Diagnostic Procedure C - Eliminates Sites 5,

6 and 7 (Graphic 7 BIU, Graphic 7 Software
and Hardware)
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1. Turn off power to the BIU.

: 2. Unplug power cord from the BIU and disconnect
i the parallel cable at the BIU.

! 3. Move Programmable Read-Only Memory (PROM)
chips from old BIU to new BIU, if necessary.
- NOTE: When substituting similar operational
BIUs from another location, this step is
normally not necessary.

a. Remove top cover of BIU by removing four
attaching screws on the bottom of the
unit.

b. The PROMs are located at board
coordinates U22 and R14 (See Table VI).
Carefully 1lift up on the chips using a
chip extraction tool insuring that the
pins are not bent.

c. Carefully insert the chips in the
replacement BIU insuring that the PROM
labeled F800 in at coordinate location
U22 and the PROM labeled FCO00 is at
location R14. NOTE: When the chips are
properly inserted, there will be one
empty pin socket at each end of each
PROM.

4, Move the RF cables from the o0ld BIU to the
replacement BIU, The orange or red banded
cable should be connected to the transmit
modem (marked with a "T" on the back of the
BIU), while the unbanded cable should be

- , connected to the receive modem ("R").

5. Connect the parallel cable to the new BIU and
connect the power cord to the new BIU,

6. Turn on power to the new BIU.

Figure 10.1-5: Diagnostic Procedure D - Method of Swapping
BIUs

e,
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NOTE: One Graphic 7 terminal cannot be used while
this test is in progress because it uses one
Harris BIU and the UBC associated with it.

1. Build or locate the bus test jig, which is con-
structed as follows:

Two four-way multitaps (with 20 4B attenua-
tion to tap -- Jerrold FFT-4-20 or eguiva-
lent) are connected back-to-back using a
connector such as the Jerrold VHH. The
pass-through outputs on each tap (See Fig-
ure 10.1-8) should be terminated with 75-
ohm resistive terminators (such as the com-
bination of Jerrold VSF-59A adapter and TR-
75F terminator). The arrows embossed into
the tap cases should point away from each
other. Designate one of the taps as the
transmit tap.

2. Connect the Harris BIU to be tested and the
backboard diagnostic BIU to the test jig by at-
taching the transmit modem of each BIU to the
transmit tap and the receive modem of each BIU
to the other tap. NOTE: Any CAPS BIU can func-
tion as the backboard by inserting the backboard
PROMs using Procedure D.

3. At any Harris TTY terminal sign-on using any
valid access code and enter the command "VOLLEY
XX" to execute the program where XX is the phy-
sical device number (PDN) of the Harris UBC to
be used for the test.

4, VOLLEY will then begin writing messages at the
terminal and in the List Output (LO) file. 1IEf
the message "BACKBOARD IS OKAY; hh:mm:ss.ttt
mm/dd/yyyy appears, the CAPS problem is in the
cable plant (site 4). If other messages appear,
the problem is in the Harris hardware (site 2)
which affects writing to the BUS.

5. Remove the VOLLEY program by executing a program
abort (Shift L at a dumb terminal or CNITL S at a
Graphic 7).

Figure 10.1-6: Diagnostic Procedure E - Distinguishes between
Sites 2 and 4 (Harris Hardware and Cable Plant)
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NOTE :

All steps of this procedure can be performea
concurrently with regular CAPS work if a
portion of the cable system is still opera-
tional.

Perform a quick check of the bus system power
supply at the headend (located in a 19" cab-
inet in Room 274 Building 4).

a. Check that the power supply is receiving
115 VAC from the outlet.

b. Check that the power indicator light is
on.

c. Check the power supply circuit breaker
inside the chassis and the power combiner
fuses by removing the cover of the power
combiner (See Figure 3.1-2).,

Install the cable test PROMs in a serial BIU
which is connected to any serial 1/0 device
(i.e. TI Silent 700, Graphic 7 without paral-
lel interface card, etc.) in accordance with
Procedure D setting the BIU's data rate to
that of the device using Table XII. Connect
the BIU to the cable at the headend. Bus
failures can be isolated by following the
steps given below. The locations referenced
in the steps are keyed to the schematic dia-
gram of the cable system shown in Figure 10.1-
9 (More information about the cable system can
be found in [12]).

In each of the steps below, first connect the
backboard BIU (any BIU with the backboard di~-
agnostic PROMs installed) to the cable system
at the indicated test point; the transmit
cable from the backboard should go to the odd-
numbered point {orange-banded cable) and the
receive cable to the even-numbered point
(green-banded cable). The test is initiated
by resetting the cable test BIU and entering
the date and time. If the message "BCKBRD OK.
mm/dd/yy hh:mm:ss TEST BYTE IS X" is printed

Figure 10.1-7: Diagnostic Procedure F - Isolates and
Eliminates Failures within Site 4 (Cable

Plant)
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on the terminal once each minute, the cable
plant is operational between the headend and
the test point being checked.

NOTE: It is possible to reposition the back-
board without resetting the cable test
BIU. While the backboard is not con-
nected to the bus the message "NO BCKBRD
ECHO. mm/dd/yy hh:mm:ss” will appear at
the terminal.

For ease in checking, conduct the tests in the
following manner:

(1) Test points 1 and 2 (Only taps in
Building 4) v

(2) If points 1 and 2 are operational, test
the remaining points in order.

(3) Use Table XI to determine in which sec-
tion of the cable plant the failure may
be located,

When the failed portion of the system has been
isolated, bus communications should be restor-
ed by the following means.

[The portion of the cable containing the fail-
ure may include multitaps, line amplifiers,
and/or directional couplers, as well as cable
and connectors. Repairs of these components
are discussed in the following steps.]

NOTE: POWER TO THE CABLE SYSTEM MUST BE CIF
BEFORE ANY OF THE FOLLOWING STEFS ARE
TAKEN.

a. Check the connections to the cable at
suspected problem points. Make certain
that the center conductor is firmly
grasped by the set screw in all box~-type
components but not so tightly that the
center conductor is severed. Check that

Figure 10.1-7: (Continued)
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the braid or sheild of the cable is
firmly grasped by the connector.

If the failed component is a multitap,
replace it with a spare of the same
value; tap values are shown in Figure
10.1-9. Note that the shell of the tap
can remain in place and only the internal
portion substituted. 1If a tap has failed
such that it affects only terminals con-
nected to it, the tap may be left inplace
and the terminals connected to another
convenient set of taps. The transmit and
receive cables of a terminal should nor-
mally be connected to taps in the same
pair (as shown in Figure 10.1-9).

If the failed component is a line exten-
der amplifier, replace the internal am-

plifier unit (leave the shell in place)

and realign the amplifier using the pro-
cedure given in [12]. Make certain that
the amplifier power tap is on the 45-60V
range and the THRU/STOP switch is in the
same position as the unit being replaced.

If the failed component is a directional
coupler, replace the interior part of the
directional coupler (leave the shell in
place) with a coupler of the same
isolation (as shown in Figure 10.1-9).

In the unlikely event that the failure is
found to-be an actual open or short cir-
cuit in the cable itself, either the en-
tire cable piece which has failed can be
replaced, or the damaged area can be cut
out and a new piece added using universal
box splices (such as Jerrold PBA Series).
Location of the exact location of a break
is beyond the scope of this report. When
installing any new cable, insure that
connections are made (step a. above) with
the braid and the center conductor making
a good continuous electrical circuit.

R

Figure 10.1-7: (Concluded)
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Points of
Failure

3 & 4 Only
5 & 6 Only
3,4,5 & 6

ALL

TABLE XI

CABLE PLANT FAILURE ISOLATION

Cable Sections Affected

Section B Only
Section C Only
Section A and/or Both Sections B and C

Go back to Step 1, Procedure F
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SECTION XI

BUS INTERFACE UNIT TROUBLESHOOTING

11.0 INTRODUCTION

Repair of Bus Interface Units should ordinarily be
undertaken by gqualified engineers or technicians who work
from the schematic diagrams and explanations in Section V to
troubleshoot the digital logic of the BIU. The BIU naturally
falls into a modular division, however, and in many cases
simple replacement of modules provides an easy way to isolate
a problem. Operating experience has shown that the most
likely components to fail in a BIU are logic chips on the
digital board, the modular power supply, and circuitry
(usually a chip) in either the modulator or the demodulator.
The remainder of this section defines several steps that may
be useful in dealing with BIU problems in these areas.

11.1 Diagnosis of BIU Trouble

As discussed in Section V, the digital board of every
CAPS BIU is capable of supporting a parallel interface or a
serial interface, but the BIU chassis contains only the par-
allel CAPS connector. Standard serial BIUs are available
from the TMS system and can serve to help isolate problems on
the digital board. The BIU's function is defined by the PROM
chips which are inserted into the digital board. Operatian-
ally, the circuitry of the BIU falls into sections associated
with support of parallel interfaces, serial interfaces, net-
work interface and the CPU operation. Some types of failures
affect all four operational portions of the BIU, while others
affect only one.

The testing of the network and serial sections of the
BIu can be accomplished on an operational bus system without
interfering with normal users, provided that an additional
BIU (which must be a serial BIU with PROMs to support an
asynchronous terminal) and a "dumb" terminal with RS-232C
interface are available. The second BIU should be connected
to the bus system (the transmit modem ["T"] should be con-
nected to the orange-banded cable and the receive modem to
the unbanded cable), and the "dumb" terminal should be con-
nected to the BIU's RS-232C plug. The red dual-inline-
package (DIP) switch on the BIU's digital board at location
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N24 (See Table VI) should be set to agree with the speed of
the asynchronous terminal. The switch package is marked on
one side with the switch numbers and on the other side with
the word "OPEN." Exactly one switch position should be de-
pressed on the side with the numbers; all other positions
should be depressed on the side marked "OPEN." Table XII
shows the corresponding terminal speeds indicated by the
switch positions.

TABLE XII

DIP SWITCH SETTINGS FOR ASYNCHRONOUS SERIAL TERMINALS

Switch Position Speed (Baud)
8 75
7 150
6 300
5 600
4 1200
3 2400
2 4800
1 . 9600

The test arrangement of the serial BIU and "dumb" terminal

can be left connected to the network indefinitely (either
powered or not), if desired.

Figure 11.1-1 shows a diagnostic procedure that can be
used to isolate failed portions of a BIU. It should be noted
that this procedure will not identify all possible problems,
but has been designed to pinpoint quickly the most probable
failures.
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1. Perform a quick check for power in the BIU by
first checking the fuse (next to the power
cord connection) and power supply output
voltages.

If the power supply connector pins are
numbered from right to left when viewed from
the top front of the BIU, then the following
voltages should be present:

Pins 1,2 115 VAC
3 -5 VDC
4 ~12 VDC
5 _ +12 VDC
6-8 GND
9,10 +5 VDC

2. To isolate the failed section of the
malfunctioning BIU, perform the following
tests:

a. Install the backboard PROMs in the bad
BIU and connect the BIU to the bus
system. Connection of the BIU and
insertion of the PROMs should be done as
described in Diagnostic Procedure D
(Figure 10.1-5).

b. Press the RESET button on the "dumb"
terminal BIU, and answer the "WHICH
SYSTEM?" query with "BAC" (followed by a
carriage return).

C. If "LINK ACCEPTED appears at the "dumb"
terminal, type a string of 20 or so
arbitrary characters (followed by a
carriage return) and verify that the same
string is echoed back from the backboard.
If "LINK ACCEPTED" does not appear o¢r
this test fails, go to step e.

Figure 11.1-1: Diagnostic Procedure for Failed BIUs
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If this test passed, then the most probable
failure is a chip on the BIU digital board;
most probably a 6522 chip. Chip substitu-
tion of the 6522 chips with known good
chips should be attempted at this point.
The BIU can then be tested in the CAPS sys-
tem once again. If the BIU malfunctions,
repair attempts should be continued first
by replacing the parallel circuit drivers,
the 745240 chips, and then by digital logic
checks using the information in Section V.

If the bad BIU fails the backboard test in
step ¢. above, remove the power to the BIU
and substitute a known good digital board
(move the backboard PROMs to the new
board). Now retry the test in step c. 1If
the test succeeds, the problem is probably
a bad chip on the first digital board;
chips should be replaced systematically be-
fore detailed logic checkout is begun (us-
ing information found in Section V).

If substituting digital boards, as in step
e., does not correct the problem, substi-
tute known good modems in the bad BIU. 1In
performing this substitution, substitute
modems in pairs only and make certain that
the transmit modem (marked with a "T") is
inserted into the slot marked with a "T"
and the receive modem (marked with an "R")
is inserted into the slot marked with an
"R". REVERSING THE MODEM POSITIONS WILL
DAMAGE THE MODEMS.

After substituting the modems, retry the
test in step c. If the test succeeds, the
problem lies in one of the modem boxes.
Documentation in [13] will be useful in
determining the exact failure.

If the test of step f. fails, the problem
most likely lies in the BIU power supply or
possibly in a connection failure in the
chassis.

Figure 11.1-1: (Conicluded)
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APPENDIX I

HARRIS BIU SOURCE LISTING

This is the source listing for the Harris BIU software.
The reader is directed to Sections VII and VIII for a detail-
ed description of the operation of this code. The code used
in this software is the standard assembly langquage for the
MCS 500 family of microprocessors found in [23].
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P24NDR
Paacy
F2agn
FRIFR
PPIER
PUITIB
PRT3A
F3300R
P3aJir
F3IACR
P33CR
PIIFR
P3IER

DATA MESSAGES ARE 00=1F

£ ¢

s 0B STATUS MESSAGE

= SDE SIGNeQFF MESSAGE

t $OF SIGN=ON ACKNOWLEDGYENT

2 $E0 SISN=ON MESSAGE (EO=FF)

: 2 DATA TYPE FOR YTY=COMPATIBLE YERMINALS

AJDRESSES FuLLOW

ORIGINAL PAG

70

Wakhn
(22331
whhakd
SARNRA

CYCLE’

s 3Con NETWORKX UART STATUS

= $Cu1 NETWORX UART DATA

3 $H400 OEVICE JAKRT STATUS

£ %1010 PAIALLEL PORT 18 DATA REGISTER

T $1011 PARALLEL PORY 1A DATA REGISTE" !

& $1012 PAQALLEL PORY 18 DATA DIRECTION REGISTER

s %1013 PAIALLEL PORY 1A DATA DIRECTION REGISTER

s S1014 TIVER LOw BYTE

£ MOIS TIVER HIGH BYTE

= st0id PARALLEL PORY 1 AUXILIARY CONTROL' REGISTER
= $101C PAIALLEL PORT 1 PERIPHERAL CONTRIL REGISTER
= $31010 PAPALLEL PORT 1 INYERRUPY FLAG REGISTER

s $101E RATALLEL PORY { INTERRUPT ENABLE RESISYER

= $tneo PARALLEL PORY 28 DATA REGISTER

s 81024 PARALLEL PORT 2A DATA REGISTER

s 11022 PARALLEL PORT 28 DATA OIRECTION REGISTER

= 51003 PARALLEL PORT 2A DATA DIRECTION REGISTER

= 31020 PARALLEL PORT 2 AUKEILIARY CONTROL! REGISTER
= si02C PARALLEL PORY 2 PERIPHERAL CONTROL REGISTER
= %luen PARALLEL PORT 2 INTERRUPY FLAG REGISTER

T M10QE PARALLEL PORT 2 INTERRUPT ENABLE RESISTER

s %1040 PAIALLEL PORT 38 OATA REGISTER

s $1041 PARALLEL PORT 3A DATA REGISTER

= $1042 PARALLEL PORT 38 DATA DIRECTION REGISIER

= »l04l3 PARALLEL PORT 3A DATA DIRECTION REGISTER

= $1044 PAALLEL PORYT 3 AUXILIARY CONTROLI REGISTER
2 3104C PARALLEL PORY 3 PERIPHERAL CONTROL REGISTER
= %1040 PARALLEL PORT 3 INTERRUPT FLAG REGISTER

s $104E PARALLEL -PORT 3 INTERRUPT ENABLE RESISTER

g& A

OF POOR QUAMITY

J D

ks s i 3 5
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HARRIS,FLOACNTL . ASY

CARD ¥ LOC

0000
0000
0000
0000
go0n
00090
9000
3000
0000
0000
0000
0000
2000
000w
[ R]
onoon
H0un
0000
oun
vodo
ogun
0000
po0u0
]
V]
0000
0000
000y
0000
o0ono
N0uvu
0000

COdE CARD

oo
4 &L

ary

15¢C

I e ©5 e e %o ne %0 we T w0 v we we e we ) (S W e %o %o We Ve
—
"

1iFJ

JF THE

~ e v .

RAMS 12
BUFLEN
BUFMEY
BUFCNT

PAGE 2
10 20 30 40 50 60 70

EQUATES FOR PORT 1 HANDSHAKING FLAGS IN PLIFR

w&x OOACP IS THE SIGNAL FROM CA2 OF 6522/1 T0 SIGNALI ane
sxt  THE BIU HAS TAKEN HARRIS DATA OR COWMAND INFO (11

= $0¢2 1 => HARRIS HAS OUTPUT DATA FOR 8IU (0CTL)
= $10 1 => HARRIS HAS COMMAND DATA FOR BIJ

ZJUATES FOR PORT 2 HANDS4HAKING FLAGS IN P2IFR

tax DAVFU IS THE SIGNAL FROM CAZ OF 6522/2 TO SIGVAL. waw
tax  THE BIU HAS DATA FOR THE HARRIS L4

= %02 1 s> HARRIS HAS TAKEN BIu DATA (ICTLI

ZAUATEY FUR PORT 3 INPUT/JUTPUT SIGNAL LINES

exx LoCT 18 THE SIGNAL ON CA2 OF 6522/3 TO SIGNAL KAR

sak  JHE BIU IS CIONNECTED YO THE HARRIS kka
= 802 HAIRIS SIGNAL TO BIU TO READ UCR

= $D8 INOUT INTERRUPT OF HARRIS

= $FA TUIN OFF INPJT INTERRUPT

THE NEAT EQUATES REFLECT THE ACTUAL OPERATIONAL PARAMETERS

41U wiTH RESPECT T3 BUFFER COUNT AND SIZE
3072 NJMHER OF BYTES OF RAM AVAILABLE
128 NJYBER OF BYTES IN A BUFFER (DO NOT CHANGE)

RAMSIZ=256 AMOUNT OF MEMORY ALLOCATED TO BUFFERS
BUFEM/3UFLEN NIVMBER OF BUFFERS AVAILABLE
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« PAGE 0 VARIAGLES

CARO ¢ L0C

0000
0000
0000
0000
0002
0003
0005
006
0008
0009
Booa
guoc
0009
000E
J00F
0010
0011
3012
0013
0014
0015
0017
antd
0Ulh
DOlE
2021
noes
02%
0027
2029
3024
000790
doeF
0031
no32
0033
0034
0035
0036
0037
0034
0039
po3a
9038
003C
003D

CIvE

00

290
04
)
0o
0y
no
00
00

CARD

10

3
5 THE FOLLOWNING

-3
INTPTIR

INTHC
IN3TR
IN3C
QUTPTIR
[HAETY
QUTPL
B1JPTR
CURNET
CUIEV
CuWlu
INSET
OUTSEY
INTSET
RANDY
NNDCNT
1320
Ta4EN
WAXPAX
70>
TSTAY
TSACK
NMXMT
NMRXVUY
NMIOL
NHMO1SC
WMSCRE
NY3CRC
w4087
NANALT
PARTTY
NT23%
READL
LASTYX
LASTSH
ST4PTR
NOXMIT
17X
INTFLG
WALT
HYTLOAN
DAATY
ACCAYT

«J8YTE
+3YTE
«JHYTE
«3YTE
«IRYTE
3YTE
+IYTE
L IBYTE
«3YTE
+3YTE
«3YTE
JIYTE
»3YTE
»IYTE
+IYTE
«3IYTE
W3YTE
< IHYTE
«3YTE
tzrey
raned
(3 T}
«IBYTE
«IRYTE
« BYTE
£ I8YTe
L OHYTE
L IHYTE
«IBYTE
$J3YTE
L JVTE
SIYTE
«IYITE
«3YTE
«3YTE
+4YTE
«3YTE
L3AYTE,
L3YTE,
SAYIE
«3YTF
«IYTE
«3YTE

PAGE 3 '
, 20 30 40 S0 60 70
VARIABLES ARE CLEARED WHENEVER RESET IS WIT,

BJFFER PTR USED BY IRQ

BYTE COUNT USED BY IRGQ

BJFFER PTR USED BY INDEV

BYTE COUNT USED BY INDEV

BJFFER PYR USED BY OQUTDEV AND NET

BYTE COUNT USED BY OQUTDEV AND NET

LENGTH OF PACKEY BEING SENT TO DEVICE
BlJ=CREATED BUFFER POINTER

TAE CURRENT PACKET BEING READ IN FRIM THE NET
THE CURRENT PACKET COMING FROM THE DEVICE
THE CURRENT PACKEY COMING FROM THE 31u
AAETHER A DEVICE INPUT BUFFER IS SET UP
AHETHER A DEVICE OJTPUT BUFFER IS SET UP
AHETHER A NETWORK INPUT BUFFER I8 SET up
CUIRENT RANDOM NUM3ER

CURRENT RANDIM COUNT

TRANSMIT FLAG

TEMPORARY RECEIVED DATA BUFFER

THE CURRENT MAX # JF CHARS IN A BUFFER
745 CURRENY TIME OF DAY IN SECONDS

TIVE TO XMIT THE NEXT STATUS 486

YIWEOUY ON ANSHER TO SIGN=ON REQUEST

JF PACKETS TRANSMITYED SUCESSFULLY

~ JF PACKETS RE~TRANSMITYED BECAJSE NO AC«K
¥ JF COLLISIONS AND RETRANSYISSIONS

¥ JF PACKETS DISCARDED

# OF >aACKETS RECEIVED WITH GOOD CRC

[

L

L]

COOO0CCOODOOOO0QOOCOoOOoOOO

JF PACKEYS RECEIVED WITH 34D CRC

JF PACKETS LOST AECAUSE OF NO BUFFER SPACE
JF TIMES BIU HAD TO WAIT VO xv]¥

USED TO FLAG BAD PARITY IN AN INCOMING PACKEY
¥ JF 1IMES THE CURRENY PACKET IS RETRANSMITIED
SEJUENCE » OF THE NEXT PACKET TQ BE XMITTED
THE XMIT ADDR OF THE LAST PACKET RECEIVED

THAE SEJUENCE ¥ OF THE LAST PACKET RECEIVED
INJEX OF TOP OF FREE BUFFER STACK

¢ JF MILLISECONDS TO STOP XWITTING

VALUE OF REGISTER X WHEN NINT IS NEXT ENTERED
BYTE CLEARED 8Y NINT EVERY TIME IT IS ACTIVE
NAATTING FOR SIGN=ON ACK FLAG

USED TD SAVE THE LON ORDER BYTE OF AN INPUT
TIMER FOR DYA OPERATIONS

BYTE USED TO INDICATE ADDRESS OF ACK PACKET

OO DO COCOOCOEDDOOECOD
-
X
"

GE 18
N e
ORISR QoA
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PAGE 0 VARJIARLES

CARD &
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
136
157
158
159
160
161
162
163
154
165
166
167
168
169
170
171
172
173
174
175

LoC

003¢E
003€E
003E
003E
003¢
003F
0040
0041}
004}
ooup
onue
00ue
oou2
0054
VOSAH
0nsy
0058
0059
005A
0058
005H
005H
0050
0071
007
0071
0n7y
VOR7
9049
09D
990
2050
0uyvY
D090
009D
039D
809D
0099
009N
0094

]
00
00

(AU

no
D]
0o

COvE

’
i
H
H
XA
HA
co
i

£ v v we T owe v v —
m

—

iol)
PR

i
i
H
)

l

N6 %e e W %o e e W v Ve We e T [T we wp =

PAGE 4
CARD 10 20 30 40 54 60 70

THE FILLOWING VARIABLES AE NOT CLEARED AT RESET TIME
(ALL VARLABLFS PRECEONG "XADDR™ wWILL BE SET VO ZERO.)

IR LIYTIE 0 THE CURRENYT XMIY ADDRESS

360 +dYTE 0 INITIAL POAER=UP FLAG

NECT JAYTE 0 | => CONNECTED, 0 => WALTING FOR RESLY Y0 ...
LINK REGUEST MESSAGE, =) 5> AAITING FOR REPLY TO W4ICH SYSTEY? V3G

cx JIYTE 0 CIINTS THE # OF CLOCK TICKS IN 1/4 SECOND (25)

THE dUFFIRS EACH HAVE AN ENTRY IN THIS ARRAY

«r hzaeBUFCNT TAS NEXT POINTER FDR EACH BUFFER

THE WJE IS HEADERS FOLLOA

] WAYIE 0 THE QUEUE OF BUFFERS wAITING FOR VTHE HARRIS

JT WAYTF 0 THE QUEUE UF BUFFERS wAITING FOR TME NETADR«

arvy «YTE 0 FLAG TO INDICATE MJDE OF INPUT DPERATION

THE BJFFEY ALLOCATION STACK, 3ELON, CONTAINS THE FREE BUFFER LISY
-1 K w«saeBUFCNT T4E FREE HUFFER STACK

L
THESE A THE POINTERS 1) THE BUFFERS

1R ssaemUFCNT THE LUN NALF OF THE PTRS
378 xS e HUFCNT T4 HIGH HALF OF 14E PTRS

PAE BJFFEIRS ANE LOCATED 1V CUNTIGUOUS MEWORY STARTING WITH BUFFER NUMBER 2
AT AUDRESS 0180, dUFFER VUMBER 1 IS LOCATED IN A GAP BETWEEN THE 2ERO PAGE
VARIASLZYS AN) THE PROCESSIR STACK (00C0=013F),

3JFFER nuDRESSES ARE LOADED INTO HIPTR/LOPTR BY THE RESEV ROUTINE,

T4E PROCZISSOR STACK IS SET TO START AT MEMORY LOCATION O17F AND AILL
JECHEMEMT AHEN NECESSARY. IT AILL USE RAYM AREA BETWEEN O17F AND 0140 DURING
JSR'S, 24P'S, PHA'S AND INTERRUPTS AS NECESSARY,

FHIS SHIJULD nE MORE FHAN EMOUSH SPACE FOR THIS PURPOSE.

(SEE CUI it RESET ROUTIVE BETWEEN ZLOOP AND FFLODP ADDRESSES)
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JESET

CARD »
177
178
179
180
181
182
183
184
145
186
187
148
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
a2ts
217
218
219
220
221
222
223
224
22s
226
227
228
229
230
231

Loc

0090
0090
0090
009D
F800
FBot
FBo1
Fap3
Féas
F808
F8oH
FAQOD
F810
FRt2
FBats
FBIR
FBIR
FBIE
FB21
Fe23
Faes
Ft28
Faa4
F820
FR3O
Fu32
FBSS
FHIR
FRAY
FB3C
FHE
FBu}
Fuas
FBUB
FBu9
F84C
FRUF
FRSY
FASY
F56
FRSA
FASA
FBSA
FRYA
FHHA
FH5C
FBon
FBYF
FY5F
FBYLF
FB&F
FA61
FBo3
Flbd
EShb

45
CA
in

AP
94
CA
1o

COdE

A

1y

i
1o
B3l

10

1]
10
1n
15

CAR

D 10

20

PAGE S
30 40 50 60 70

}
# THE CODE FOLLOWS. EXECUTION COMES HERE WHEN RESET 18 HIF.
H

RESEY
H

H
LLJIP

REG

~. e we

FFLO0P

«z$FB00

cLd

LoX
STX
LOX
STX
Lox
STX
toa
STA
STA
574
STa
STA
Lox
STX
LOX
STX
LIX
S1X
LX
SrX
STX
STX
1x8
[Wd §
S1Y
LY
STY
s5TY
SfY
STA
L)X
STX
Lox
5Tx

LIX
ST4
EX
A2,

1yt =

¥%01011011)
NUARTS
#%11011000
NUARTS
#%01000000
P1ACR
8400002500
PIADDR
PIBOYR
PiBDOR
PPACR
PAACR
#%210011018
PIPCR
#%10001000
PPPCR
#.11811000
PsPCR
fA0811t1111
P1LIER
F21ER
PSIER

2510000010
PYLER
LEARRERRE S
HSADDR
P2YODR
P3aDDR
T1vRL

LA XY ]

T1M]y

[ 4

TiCK

WAADDR=]

Orx

ZLOUP

DJN*T AANT DECIMAL MODE

RESET NETWORK UART

INITIALIZE NEVACRK UART

TIMERL 1S FREE RUNNING

BPORIS 1 & 38 LINES ARE ALL INPUTS

DISABLE PORTS 2 8 3 TIMERS AND LATCHING

PJLSE HANDSHAKING (ACTIVE HIGH) FIR PORT |
LEVEL HANDSHAKE (ACTIVE LOW) FOR PORT 2
HANOSHAKING LEVEL ON PORT 3A / MANUAL POURT 38
DISABLE ALL INTERRUPTS FROM PORTS {02 £ 3

RESET THE SYACK POINTER
ALLON DISCONNECT INTERRUPT ON PORT 3

PORTS 2 & 3A ARE OUTPUTS

SET TIVERL TO $4800 (1/100 SECOND)

T4IS STARTS THE COJUNTING
#ANT TD COUNT 25 TIMEQUTS (1/4 SECOND)

ZERY OUT VARIABLES WWICH NEED TO BE RESET ~

(SEE SPACE ALLOCATION COVMMANDS ABOVE)
(REG 'A' = 00 FROM ABOVE)

SFF FROM ABOVE

LXK KUMATTY=QIN INITIALIZE VARIABLES TO SFF

STY
JEX
IPL

WIN, X

FFLOOP
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RESEY PAGE b

CARD # LOC CIVE CARD 1V S 20 30 40 50 80 70
232 FB8b66 A2 14 LOX WaUFCHT INITTALLY, BJFCNT [TEMS IN THE STACK
233 F868 46 3o STX STKkaty JFFSET OF TUP OF STACK ¢ |
234 FB6A CA . JEX INITIALIZE THE FREE BUFFER 3STACK
235 FAel SA STACKI TXA
236 FBoC 95 54 STA HUFSTK,X PJT THE NUMBER OF EACH BJFFER IN THE STACK
237 FBeE Ca . JEX
238 FB86F 10 Fa 4PL STACKI
239 F87t H
240 FAT1 3 THE 'A' REG ]S SET TO ZERD FROY THE AROVE LOOP
24y F811 H
2u2 F871 A2 15 LOX sHUFCANTe1 INITIALIZE THE FIRSY BUFFER POINVER
243 FB7L 95 A7 STA HIPTR,X
244 FB7S a9 CoO Lok #<300CO
gus F877 935 71 STA LUPTR, X
2ub FB79 Ca IEX
247 FBTA A9 40 SIJA #<E0LN0 SET BUFFER LOW AND HIGH 2TRS IN LOPTR & HIPTR
24R FRIC a0 ny L)Y #>80180 T4E SECOND BUFFER 15 AT ADDR 80180
249 FBIF 95 I hUFFRI STA LUPER,X SET VTHE LOm HALF OF THE ADCRESS
250 FHARO 9K Tya
251 FHdy1 9% 87 STA HIPIR, X SET THE HIGH HALF OF THE ADORESS
252 FBu3 3% 71 DA LUPTR, X
253 FH#AS # AN INCR REG *A' Y0 POINT TO THE VEXT BJFFER
254 FBHAE &Y 81 adC #vUFLEN
255 FBs8 390 01 40 SKIPL
256 FBHALA CH 5y IF THERE WAS A CARRY, INCR THE HIGH HALF
257 F88B (A Sk1P] JEX '
258 FB&C 10 FO 390 HJUFFR]
259 F8KE H
240 FH“E  AD 4u 10 wPA PURT3I STORE MOME ADDRESS IN RANDOM SEED (awwnman)
ebl  FRYL By 12 5TA RanNDU .
252 FB893 a9 ¢ LDA &40 XMIT FIRST STATUS ¥SG A MINUTE FROM NOw
253 FBYS 45 14 SIA THTAT
264 FAYT A2 FF LIX awFF AND SEY CONECT TO AAITING FOR A SYSTEW SIGN«ON
265 F899 H :
26b FBQ9 3 THE FOLLOWING CODE IS USED TU SEND A SIGN-OFF MESSAGE TO ALL G7 3IUS
257 FB99 5 10 I4SUXE ThHAT A PONER FAILURE WILL CLEAR ANY HJNG CONDITION, A NUMBER
268 FHI9Y i OF SISNeDFF VESSAGES ENUIVALENT TO THE NUMBER OF TERWINALS THAT SHOULD
259 Fuan ; AAKE JP THE CAPS SYSTEM, TRMCNT, 18 GUEUED FOR JUTPUT, IF THIS IS NOT
270  FHuU9 3 A PONER«JP CYCLE, ONLY THWE CONECTY STATE IS CHECKED TO DEVEIMINE IF
271 F8419 3 & SIGNeIFF 1§ REJUIRED,
272 FE99 H
273 FB9Y a5 F LA HARGO TEST THE PONER~UP FLAG, IF RESET, = $57
274 ©B38 €9 57 CupP 8557 .
2715 F89D Fo 27 AZ0 HCTPAR RELIES ON ARBITRARY VALUE DURING PONERe«UP
276 FHBIF 86 40 STX CONECT SET CONECT FLAG TO AAITING FOR SIGN=ON (~=1)
277 FHat a4y 351 L)A 91iv3AS8 SET THE INITIAL TERMINAL NUMBER
278 FHAT 45 3E S5Ta XADDR
279 FBAS H
280 FAAS A9 DE SVISOF LA #50FMSG SIGN OFF MESSAGE TYPE
281 FBAT 29 A FD J58] PLONST CIVSTRICT THE PACKEY
282 FHBAA 11 03 4L CONSOF
283 FBAC dC U0 FH JMP RESET IF COULDN'T ALLOCATE A BUFFER, SOVETHING WRONG!
284 FBAF A9 17 CUOYSOF LDA& #00JT=NEXT ENIUEUE THE PACKET Y0 BE SENT
¢85 FB81 a4 0E LoY CURRIV
286 FB833 20 t4 FF JSR ENY

AL
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RESET PAGE 7
CARD & LUC CODE CARD 10 20 30 40 50 60 70

287 FB8de i
268 F83ds 3 W18 CODE LOUPS SENDING TVHE SIGN=OFF MESSAGES UNTIL ALL TERMINALS
289 Fade 3 HAVE BEEN ADDRESSED,
290 FB8H6 3
291 FB8B6 A9 57 LOA #3557

- 292 FOB8 C5 3F ' CMP HARGO
293 F8AN FO 16 4€Q0 NOSOF
294 F8AC Eo 3E INC XADDR SET NEXT ADDRESS *
295 FAWME A6 3E LIX XADDR TEST TO SEE IF DOANE
236 F8CO EO0 39 CPX STRMAAS+«TRMCNT :

4 ey7 Fece un £1 ANE SNOSUF NOT DONE, SO SEND ANOTHER SIGN=JIFF MESSAGE
298 FBC4 8BS 3F STA HARGO DONE, SO FLAG END OF POWER=UP CYZLE
299 FACs D0 A SVE NUSOF ALNAYS BRANCH OUT
300 F8CH H
301 F8CH 7 TEST FDR A RESET SIGN=OFF MESSAGE
302 FHCH H
303 FuCH H
304 FACH 4% 4o NOTPAR ~JDA CHNECT GET OLD CONECT FLAG
305 FHCA 46 Y0 STX CJNECT
306 FBCC H
307 FHCC 7 VEST. T SEE IF WNE ARE ALREADY CONNECTED aND 1F SO SEND A SIGN-OFF
308 FucC H .
309 FuCC C9 01 CYP aul NERE WE PREVIOUSLY CONNECTED?
310 FBCE 90 02 I4E NUSOF IF NOT CONNECTED, JON'T SEND SIGN OFF MSG
311 FBOND FN D3 4E0 SNDSUF *
312 F80? IRRRREAAA AR AR AR RARARNR AR AR AR AR R R ANAKRARAANARR AR R A AR AR AR RN RRA AR RN AR RRRBRAAAR
313 F8u2 Fhan (11
314 FHEDe2 swaex  SET JP TU RESPOND VD vOLLEY TEST PROGRAM, ' (1Y
315 FBDP LY} (Y1)
316 F8Dp ¢ AN NARAR R AR R A AN AR AR RN AR R AR N AR R AR R AR R AR AR AR AN AN R AR R R AR R RRRARRARR AN N AR RRAR RS -

& 317 FAD2 A2 A4 NISOF LOX #i83 PREPARE TO SIGN ONTD THt BACKBQOARD
E 318 FBDA 3o SE S5TX XADYR INDICATE WE ARE TALKING TQO BACKBOARD

319 FEOH AN A 4 LA 8N SET SIGN=UN TIMER
320 FHOB A2 1E LIX RISACK
321 FHDA 20 £3 FQ ISR STIVER
322 F8UD w9 7F LIA BdTF SET THE MAXIMUM PACKETYT LENGTH
323 FBDF 45 117 STA MAXPAX
324 FBEL a9 £4 LA 8HOVMSG PREPARE SIGN~ON MESSAGE FuR BACK3DARD
325 FRE3 20 3a FD JSR PCONST
326 FBEe |0 93 2L COnEY
327 FBEA  uC 0y FH JYP RESET IF. COULON'T ALLUOCATE A BUFFER, SOMETHING ARONG!
328 FHEW a9 17 COvHB LY& saLUT=NEXT QJEUE THE SIGN=-ON REQUEST
329 FBEOD au ng LY Cur3dIv
330 FBEF 20 14 FE ISR k)
331 F8F2 £ 34 INC wall INDICATE THAT WNE ARE WLITING FOR A SIGN=0V ACK
332 FHFy AR AR AR AR AR R R AR R R AR AR R R RN R AR R AR R R TR AR A AR AR AR AR AR R R RA G RANKARR R RN
3133 FHFy Pk EhR
334 FBFy shkra  BET JP THER READ/ARITE HANDSHAKE LINE,. L]
335 FAFy Phak LY
336 FHFy P RAAE RN A R AR R ARKRARRRARR AR AR R KR AN RN A KRR AR AR ARANRRR AN AR AARANARARAEAARRARRRRAR
337 FBF4  AQ OF LOY #HARADw ASSUME HARRIS LAST WROTE TO 8IU
338 FBFs 4C 4t 10 STY PORT3A SLSNAL ARITE INTERRUPT

» 339 FBF9 20 4y FC JSF IWTBUF SET UP A NETAORK INPUT BJFFER

340 FAFC 5K Cul NON READY TO PROCESS INTERRUPTS

RN
¥

A

~175-




LIRS

CARD # L4C

342
343
344
» 345
346
347
348
349
350
351
3352
353

[4.130]
FOFD
FBFD
F8FD
FBFD
FBFD
FQO0
£903
Fa06
F909
Faai
FOOF

CODLE

12
JE
44
Fy
bF
LY
[30]

Fy
Fa
FC
Fo
FR
FA
Fi

k R R

CARD 10

LIIP JSR
. JSR
JSR

1SR

JSR

J3R

Jup

NET
BUTDEV
1.THUF
1MDEV
T1M0UT
CaTOUT
MLOSP

30

HavVDLE A
4ANDLE A
SEE IF A
HANDLE A
PILL THE

PAGE 8
40 50 60 70

ALUOP 15 THE MAIN LNOP, IV REPEATEDLY CALLS THE VARIOUS PRICESSING
ROUTINES UNTIL EITHER RESET 18 MIT BY THE USER OR A NETAORS/DISCINVECT
INTERRUPT IS DETECYVED.

MESSAGE TJD THE NVETAORK

NETWNORK MESSAGE FOR THE HARRIS
NETAORK INPUT HUFFER IS NECESSARY
HARR]S MESSAGE FOR THE NETWORK
TIMER

CHECK FOR ANY TIMEOUTS -

CONTINUE
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ORIGINAL PAGE IS
OF POOR QUALITY,

i‘x f”(
NET PAGE 9
CARD # LOC i D13 CARD 10 20 . 30 LT 50 60 70
35 F912 ] .
356 F912 3 NET 18 CALLED TO QUTPUY MESSAGES ONTO THE NETWOIK, IF IV
357 F912 3 CAN'T FOR ANY REASON, 1T RETURNS AND TRIES AGAIN THE NEXT TIME
358 F912 3 IT 1S CALLED,
~ 359 F9l2 3 SRAPHIC 7 AND HARRIS VERSIONS OF NET SHOULO BE IDENVICAL.
360 F912 i
361 F912 Ab 39 NET LDX BOUT IS THERE ANYTHING ANAITING TO GO OUT?
362 F914 30 40 4M] NREV IF NOTHING, RETURN
363 F91e H .
- Ipd F916 ;3 & CHECA 18 ~aDE TO SEE IF WE TRIED TO TRANSMIT SOMETHING OV THE NETWORK
365 FO16 5} SARLIZER aND COULD NOT. THERE ARE TAD POSSIBLE REASONS FOR THIS, A
3ne F91e6 5 COLLISLIN WITH SOVEONE ELSE'S TRANSMISSION OR AN 'FF' ACK FROM THE RECEJVER
347 F9te 3 INDICATING HIS RUFFERS ARE FULL.
I8 FOih H
369 F91e 3 IF & COLLISIUN OCCURRED, THEN A RANDOM NUMBER 18 LODADED INTO RNDCNT
370 F916 H
371 F9te i IF AN 'FF' ALK wAS RECEIVED, THEN 255 wAS LOADED INTO NOXMIT,
372 F916 H
373 F916 3 VHE FOLCOANING LOOPS ALLON BOTH PROSBLEMS 1D CLEAR.
374 F916 H
375 FAlo AN 37 Lwatry DA MIIXMITY NEIE WNE ASKED YO STOP XMITTING FOR A AHILE?
376 F918 FO 0» 4EQ SwAlTt NJ, SO CHECK FOR RANDOM BACKOFF
377 F9la a8 32 DA 830 THIS GIVES US A 0.2 MILLISECOND AAIT
376 F91C Cb 37 JEC NuxMlT MAK THAT WNE ARE WAITING 0.2 9S !
379 FO1E #h 13 STA KIDCNTY STORE THE CONSTANT FOR 0,2 “8 .
380 FY920 AS 18 SNAITY LOA r4DCNT 1S RANDOM BACKDFF OR LONG WAITING ACTIVE?
231 - FQ22 FN N4 J£9 PREPSAR NO A !
382 F924 Ce 13 Saalt2 JEC RYNCNT CIJNTDDOAN RANDDM AAIT OR 0,2 S WNALT .
385 F926 vu FC FVE SaRIT2
L 384 FQ2H4 FO0 EC 4EU Laalrv SEE IF AE STILL HAVE THE LONG WAIT ACTIVE
i f 3185 F924 H
386 F92A 5 PREPARE 10 SEND PACKET 3Y CHECKING TO SEE IF THE NETWORK IS BUSY. B8UILD &
387 F924 ;3 PACKET 1ZADE® ANILE WALITING
38B  F924 H
389 F92A 45 3} PREPAR 3TA ParRITY ZERQ 0JT THE VERTICAL
390 FYSC Ay FF LA HFF SET INTERRUPT DETECTOR
333 FQ2E ubH 39 STA T.TFLG
392 FQ3D aD 00 oC 2J4 NuARTS 1S THE NETAORK gUSY?
333 FY33 29 (d AyD 6,00000100
394 F935 FN 27 JEQ METISY IF BUSY, THEV WAIT FOR LATER
398 Fg37 i
396 F937 5ovel wOT 3USY NUN BUT CUULD BE NAITING FOR AN ACK,., SET uUP HEADER AND TEST
397 F937 i 43aIv 1V 100 USECS,
3198 FQ37 ;
3139 F937 du 71 LY LOPTR, X GET THE POINTER YO “HE BUFFER TO SEND
400 F949  4u U» §TY Qul®=IR
401 F93B du 47 LIY hIPTR,X
402 F93D 3dn w7 STY NJT2TR¢L
un3y FA3F A5 13 LIA SuvuM SAVE THE SEWJENCE # IN THE PACKET
404  F9u41  AQ vl LY »U4
405 F943 91 D5 5Fa (UJTRIR),Y
- 406 F94d5  AH 32 LYA NTPRX S4VE THE RETRANSWISSION COUNT IN THE PACKET
407 F9u7 A Do LJY #06
408 F949 91 046 STA (ITPTR),Y
409 F9ud  Ch 14y .
I
-
Rl B
% E'd
"r.. »

-177-

R e N




e

NET
élﬁ? [

418
419

454

Loc

Fouc
FIUE
F950
F952
F953
F95S
F9s7?
F954
F9sC
F95E
F960
F963
FQsu
£9o4
Fob4
Foeu
FI64
F966
F969
FoeR
Fo64
F9ou3
Fabu
F96C
FIoE
ForUVL
Fa70
Fa79
F970
972
F975
F976
F37b
F976
FAT6
F979
FY78
F97D
F9TF
F982
FoRYy
F9ub
F948

FofiA.

FOHA
Fo4a
FI4A
FIHC
FOHE
F991
F993
Fa95
F997
F994
FI9C

AV
L1§]
L1

¥4
20
(3]

Ah
o
Fuo
31
n

95
Cu
on

ab
Fo
Al
29
Fo
a5
4N
a2
ca

CODE
06
08

13

o
33
00
W]
O
2F
FD

1y
Un

25
F

LR)]

oc

FD

FD

oc

ue

0C

0c

PAGE 10

CARD 10 20 30 40 50 69 70
LOA (QUTPTR),Y GET THE PACKET LENGTH
STA QUT3C SAVE IT FOR TVHE OUTPUT LJOP
LOY #2S FINISH WAITING FOR 100 US AFTER PRE2AR
WAT100 DEY
IPL WATIO00
LOA INTFLG BET ZERD, IF INTERRUPY OCCURRED
AND NUARTS GET CURRENY NETAORK STATYUS
AND #%00000100
3NE TANSMT IF 1T IS NOT BUSY, OUTPUT A MESSAGE
NET4SY LOX ONMAALY INCR & OF TIMES WE HAVE TO NAIT FOR THE NET,
JSR SFINC
NRET RTS

H
i VRANSUIT THE MESSAGE. TURN ON THE XMIT KEY, THIS SHOULD HILD THE NET
# FIR US, BUT KEEP CHECKING IT TO DETERMINE IF A COLLTSION DCCURRED,

i
TRVSUT LDA #X10081000 TUIN ON XMIT KEY
STA NUARTS
STA XMIT SET XMIT FLAG TD NONZERO VALUE

LREG 'Y = SFF FROM THE WAT100 LOOP,

* we we

’

TX_99P  TIVvY

Fx3syvp LOA XMuIY HAS XMIT FLAG BEEN RESET ?
3VE NTXCOL ND, SO CONTINUE

i
5 & COLLISIUN HAS JCCURRED
i
TXZW LDX WNMCOL INCREMENT THE NUMBER UF COLLISIONS
JSR SFING
TS

.
’

$ NJ CULLTSIUN OCCURRED

’

NTXCOL LDA NUARTS IS XM1Y BUFFER EMPTY?
AND #%00000010
JEQ TXREYD
Lo (UUTPTR),Y WRITE AORD TO NETWORK
STA NUARTD

EOR PARITY ACCUMULATE THE PARITY
STA PARITY

CPY 0UTSC AE WNE DONE?

INE TxLOOP NO, SO LOUP SOME MORE

i
¥ SIVND THE VERTICAL PARITY 3Y7e
;
T

X24AR LDA Xury HAS XMIT BEEN TURNED OFF BY NMI?
3EQ TXCOL 1F 50, RETURN
LDA NUARTS DJTPUT THE PARITY TO THE NETWORK
AND wX00000010
HE0 TXPAR
LDA PARLITY
5TA NUARTD
DX #26 DELAY TURNING OFF THE KEY

HO_2TX JEX '

-178-




NET

CARO #
465
-1}
467
468
468
470
411
412
473
474
475
4re
4717
478
479
430
481
482
483
UL
495
486
487
488
489
490
431
492
493
434
495
4396
437
498
499
S00
501
502
503
S04
505
506
s07
SG8
509
510
S
512
513
514
515
S16
517
518
519

LocC

F99D
FI9F
F9Al
Foay
Foay
LY
F9A8
FIAQ
FOAQ
F9aQ
FOhy
F9aA
F9aC
FQAL
F984
FoB2
F9H5
€947
Fouy
FHA
Foba
Fopa
FaiuA
F9HC
7930
EY4F
£9C2
F9CU
FACh
F9CH
FOCa
F9CC
FOCF
F9D1
FaD1
FY01
F9D1
F931
F9py
Fane
FODY
£90A
Foobc
FIDE
FQEy
L]
FOE1
F9E3
FOE6H
F9ts
FaFp
F9Es
FoER
FOER
FYED

AR
41
[
th
a2
AD
30
CaA
in

L2
Hé
LY
a0
Eb
a6
£

J1} 2

Al
20
20

an
cs
Fo
co
bo
15
Fo

Su
ag
20

A2
2n
a4
35

CHOE
FO
58
00

i4
FC

bo
oH
ty

00
ta

i

01
08
0y
FF
DE
37
2

17

00
32

0oc

0c

F

nc

FD

FE

CARD 10
3L

LoA

STA
i
KEYNDF LDA
4VF
S5E1

G 'a0 =

LR WD

ray
LDA
STA
INC
LIX
AKLOOP .JA
vl
zX
420

H
H
i
BAJACK 5TY
tLl
LaX
JSR
INC
LIX
coax
3CC
WX
J5R
ANE

20
HOLOTX
#%01011000
NUARTS

Xupy
KEYNOF

PAGE 1
30 40 50 60 70

TURN OFF XMIT KEY (THIS MUST OCCUR...
esoAT LEASY 75 USEC AFTER LAST BYTE)

AAIT FOR THME KEY T2 TURN OFF
NO INTERRUPTS FOR A WHILE

00 FROM KEYNOF LUOP ABOVE

(JUTPIRY,Y
0JTHS -
Xwiry

w17

NUARTS
ACKCK

Anl00P

X[t

HAMRXMT
SFINC
NTPRX
MTPRX
#127
NETRET
FNMDISC
SFINC
NETFRE

GET YHE TO ADURESS

SAVE IV IN 0JTBC

MAKE XVIT NOVeZERO \
LOJP FOR 100 US

WALT FOR THE ACK TO COME BACK

4 CHARACTER HAS ARRIVED !
KEEP OV WAITING

'Y' REG- = 00 FROY KEYNOF ABOVE

NITHING ARRIVED, S0 TURN OFF XWIT FLAG
RESTORE INTERRUPTS .
CIUNT ¥ OF TIMES ND ACK

INCR # OF TIMES THIS MSG IS TRANVSMITTED
SENT 127 TIMES? (LIMIT UPPED CHECKOJT)

NJo, SO FRY IT AGAIV LATER
YES, SO INCR THE # OF DISCARDED MYESSAGES

AND FREE UP THE PACKET BUFFER

SHECK THE ACANDALEDGMENT THAT AAS JUST RECEIVEL AND TAKE THE

i
i
i PROPER &
i
A

c<cK LOA
CP
1€9
CHP
NE
514
4EQ

;

AC4OK CLl

LoX
J5R

CTI0N,

NUARTD
guTtac
ACKOK
#3FF
HADACK
NIXMIT
daldAaCK

BhNAXMT
SFINC

GET THE CHARACTER THAT ARRIVED

1S IT THE ACK?

YES

I8 IT A FLAG THAT THE RECEIVER I8 OVERRUN?

NO

YES, S0 DON'T XMIT FOR 255 MILLISECONDS *
ALNAYS BRANCH é

RESTORE INTERRUPTS
INCR THE ¥ OF TRANSMITTED MSGS

i
7 FREE TnE BUFFER THAT WAS JUST PROCESSED GR COULDN'T BE SENT.

i

NETFRE LDX 8UDUT-NEXT FREE THE BUFFER THAT wAS SENT
ISR Dy
LJA %00 RE-INITIALIZE # OF TIMES CURRENT wS3 XMITTED
STA NTPRX
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NETY

CARD # LOC
S20 F9EF
521 F9F1
522 FofFy
523 F9FS

CODE
E6 3%
AS (4
20 FC
o

CARD

" ANDONE

HETRETY

i0

INC SuNuv
LA Xuly
INE ANDONE
T8

. 40 50 60
SET THE SEQUENCE ¥ FOR THE NEXT PACKETY

PAGE 12
30 1]
MAIT FOR THE KEY T2 TURN OFF

AND RETURN

ORIGINAL PAGE IS
OF POOR QUALITY
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a

INDEV PAGE 13
CARD ¢ LOC CIVE CARD 10 20 30 ) 50 69 70
525 F9F6 H
526 F9Fb 3 INDEV IS CALLED VO POLL FOR CHARACTERS FROM THE HARRIS,
537 F9Fb . 7 TAO STAYES OF THE DMATTY FLAG ARE VALID: =1 INDICATING NO JDPERATION IS IN
528 F9F6 7 PROGRESS AND +1 MEANING A DMA OPERATION IS IN PROGRESS. JNLIKE THE G7
529 F9Fe 7 VERSIOV OF INDEV, ONLY OVA OUPERATIONS ARE RECOGNIZED dY THE HARRIS VERSION
- 530 F9Fb 3 OF INDEV,
531 FYFs ;
S32 F9Fe H
533 F9Fs H DMA 13DE “EANS BINARY DJATA IS USED AND CONTROL CHARACTERS MAY BE
S34 F9Fe F EMBENDED, THE FINAL PACKET SHOULD BE TRANSMITTED WHEN SJFFICIENT TIME
- 535 F9Fs ; AAS ZLAPSED TO INDICATE MO MOKRE DATA FOLLOWS (APPROX 600 USECS).
$36 FYF6 ;
S37 F9Fo 45 40 INJEV L)A CONECT ARE WE CONNECTED TO ANOTHER BIU?
538 F9FE 30 09 ML INET ND, SO CONTINUE TO WAIT.
539 FOFA AS OF LJA I4SET DO wE NAVE AN INPUT BUFFER SET 4P YET?
S40  F9FC  ID 14 4VE Gt TCH YES, SO TRY 10O GET A CHAR
. 5S4} F9FE A9 02 LA #8)ATYSG+TTY TRY TO ALLOCATE A DAYA BUFFER
542 FADO 20 8A FD JSR PCOVST
43 FAD3 10 01 3PL AWUF IF COULD ALLOCATE THE BUFFER
S44  FADS b0 1RET 1S IF COULON'T, RETURW AND TRY LATER
S4S  FAOG ;
S46  FAOb 3 SET UP THE WUFFER POINTERS
547 FAO& ;
548 FADb A4 04 A3 IF LOY BIUPTR SET UP THE INPUT BUFFER POINTER
S49 FAOB 34 03 51Y 14PIR
S50 FADA A4 N3 LOY BLJPTReY
851 FAOC B84 04 STY INPIR¢L
§52 FAQE 44 0f LIY CURBTY TAE BUFFER NUMBER
553 FALH B4 0D 31Y CJRDEV
. 5S4 FA12  Eb6 OF 14C TNSET NOA SET UP FDR INPJT
£\ $55 FALY 40 DY LY n0R OFFSET INTO THE BUFFER OF THE FIRSY CHAR
A 556 FAle A4 DS STY IBC
’ 557 FalR :
538 FAlH $ SETCH TR(LS 10 GET A WORD, IF IT IS SUCCESSFUL, THE AORD IS ADDED T0
5359 Faln 7 THE CUR<ENT YUFFER, IF DNLY DNE CHARACTER IS PASSED, IT IS PADDED WNITH
550 FAIR P& NULL 42X un,
551 FA1R ;
562 FAly Ay 05 GEICH LIY Jusc SET Y INCASE OF NEED TU OJTPUT BUFFER
563 FALA 49 0 LDA 8LDH IS THERE COMMAND DATA FROM THE HARRIS?
S84 FAIC  2C 1) o 31T PIIFR
565 FAIF D0 5C AVE GETCDA YES, SO PROCESS A COMMAND WORD
566 FA2l Ay 02 LA d0D NO, IS A DATA WORD READY?
547 FAd3  2C 190 {9 VT PIIFR
S68 FAce 20 0a WE GETOAF YES, S0 GET THE WORD
569 FA24 ;
S70  FA2b 5 JMAVEY IS INLTIALIZED TO <1 IN THE FFLOOP, IV IS SET TO 1 ON THE FIRST
571 Fa2s ; 2888 TM3IUGH GETOAT TO ASSUME A DMA OPERATION. IT 18 SET T0 =1 IF THE TIMER
572 FhA2R 7 INDICATES IT 1S NOT A OMa OPERATION OR A DNE WORD DMA 0P AND PACKETS ARE SENT
573 FA24 3 4y CODE J% 1.DONE. .
574 FA2H ;
S75 FAPB A5 54 LoA DWATTY N3, ARE WNE IV THE MIDDLE OF AN JPERATION?
576 FA2A 30 29 3L ISET VD, SO RETURN
- 577 FA2C : :
578 Fa2C i JUATY IS5 A TIMER SET DURING DVMA OPS YO TIME HON LONG IT HAS BEEN SINCE THE LAS
579 FA2C 7 AIRD TU ARRIVE. IT IS SET EACH PASS THROJGH GETDAT AND GETCDA
e
DY g
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R dats it s N IR

INOEV PAGE 14
CARD ¥ LOC CODE CARD 10 20 30 40 50 60 70
580 FA2C : ]
S81 FA2C Ce 3C 9EC DWATY OWA OPERATIONS HAS TIMER GONE DFF?
582 FA2E 00 EB ¢ INE GETCH N0, SO CONTINUE TO WALT \
583 FA30 s {
S84 FA30 § TIMER aENT YO ZERD SO DMA OR TFY OP FINISHED, SO SEND SJFFERRED JATA.
585 FA30 ; . ‘
586 FA30 FQ 52 3EQ INDONE YES, S0 SEND THE PACKEY
587 FA32 :
SA8 FA32 A6 54 GETDAT  Lox DMAITY A4AT MDDE OF OPERATION IS IV PROGRESS?
589 FA34 10 Ou 491 DMAMOD DWA ‘ . ‘
S90 FA36 ; i : -
5391 Fa3s i LF DMATTY = <1, AE ASSUME THIS 15 THE START UF A DWA OPERATION.
592 Falp )
593 Fa3o A2 01 oMarY LIX ¥} .
594 FA3h  Be 34 SIX DAATTY
595 Fa3la 42 29 LIAMOD  LOX #520 SET TdE OMA TIMER
596 FA3C 86 3¢ STX DVATY
$97 FAIE M ray SAVE THE COMMAND TYPE FOR LATER
598 FAF H .
5399 FAZF  AD f4 10 L9A PURTL® GET THE WIGH ORDER BYTE
600 FAd2 49 FF TIR woFF TACE THE 1'S COMPLIMENY OF 1V
601 FA34  dn 344 AND SAVE THE BYTE FOR LATER
602 Faus
603 FAuS VOTE: L'1ADING FROM PORT 1A AILL TRIGGER AV AUTOVATIC HAIDWARE HANDSHAKE

.~ N e W we

604  FAULS STgNAL FROW THE 5522 :

605 FA4S UDACP (G7 OCTL) SIGYAL.

606  FAUS .

607 Fau4s  AD 11 10 LDA PORTIA SET THE LON ORDER SYTE :
608 FAUH 49 FF IR mEFF TACE THE 1°8 COMPLIMENT OF IT

609 FA4a HS 33 S5Ta BYTLOA AND SAVE IV FOR LATER

610 FA4C A2 dA LoX slIFY TRIGGER TTY OUTPUT IMTERRUPY

611 FA4E A9 OF “OA FNARADN SIGNAL LAST IIFU WAS FOR & ARITE

612 FAS0  AD 41 10 STA PORT3A

613 FAS3 3

614 Fas3 # AN OJTPJT INTERRUPT SIGNAL IS SENT BACK TD YHE HARRIS FOR SPECIAL
615 FAS3 # HANDLING. TS IS TRIGGEIED BY A MANUAL WANDSHAKE ON PORT 38.
616 Fass 3

617 FAS3 sE 4C 1y STX PIPCR

618 Fase A2 2 LI g2

519 FASR  CA GETLOP  DEX LJIIP FOR 10 USECS TU GIVE HARRIS TIVE TO PROCESS IT
620 FASY Dy F) YVE GETLIP

621 FAbi 42 F4 LIX BNITFU TJRN OFF TIFU HANDSHAKING LINE

622 FASC  4E 4L 10 STX PIRCR

623 FAbUD  aH - 304 RESTORE THE WIGH QRDER BYTE

624 FApl CO pe2 CPY #7904 NAS THIS AN GUTPUT OR COMMAND WORD?

ass Fas?l D0 a3 3VE GETCH COMMAND, SO 60 GET ANUTHER AORD

62b FALS H

627 FAbS i ADD THE ZHAKACTER 1O THE OUTPUT BUFFER AND QUEUE THE BUFFER AHEN
628 FAbH 3 IT IS Fuol.

629  FALS ;

630 FABS a6 05 CHARS LY ImBC THE PLACE TO ADD THE WORD TO THE BUFFER
631 FAS7 91 03 STA (INPTRY,Y  SYIRE IT IN THE BUFFER

632 FacY Cu 17 SOV MAXPAX 1S THE BJFFER FULL? i -
633 Fae3 FO (€ 30 INDONY YES

634 Fabd £ 03 INC INMC
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INDEV

CARD #
635
656
637
638
639
640
6ul
642
643
1T
64S
bub
647
[11]
649
650
651
652
653
654
655
656
657
658
659
650
651
6b2
663
664
665
[-1.1.3
657
668
669
670

\0C

FAGF
FAT2
FAT4
FAT6
FA76
FAT®
FATb
FAT6
FATS
FAT9
FATA
FATC
FATD
FA?D
FATD
FATD
FATF
FAb1
CAN2
FARN
FABY
FARY
FABY
Faydy
Falo
FAHB
FABY
FABA
FaKe
FARE
FAQU
Fave
FASY
FAGo
FA99
FA9H

20
a0
90

Ab.

19
1]
a0

A2
1]
N8
ET)

”
~

Fao
AQ
LX)
A9

a4 0

en
Co
40

CIDE
76 FA
F1
A2

05

11}

SA
03

a2

CARD 10 20
JSR BYTES
BCS CHARS
8CC GETCH

H
; 3YTES 1S USED TO DEVERMINE AMICH MALF OF A WORD NAY PRICESSED. THE CARRY

3 31T [S USED TO INDICAT

H
BYTES L)A INBC
cLC
VR A
LOA BYTLOAN
BYTRET RIS
H

3 PROCESS & COVWMAND DATA

H

GETCDA LOX DMATTY
49 INDONE
Tay
ANE DALY

’
3 INDONE I3 USED TO SEND
3 1T CHECXS FUR NULL PAC
H
INDONE LOX WiFF
STX DWATTY
DEY
INDONY TYa
LPY 87
323 BYTRET
LYY wu7
STA (INPTR),Y
LOA sR0UT=NEXT
LY CURDEV
JSR ENQ
JEC IMSETY
J4P INOEV

et A B A R S ot e

PAGE 15
30 40 50 60 70
DETERMINE AHICH BYTE 1T AAS
FIRST, SO GEV SECOND
SECOND, SO GO GEY ANOTHER WORD
€ AV ODD OR EVEN BYYE COUNY. (0DD=>CS, EVEN=>CC)
FIRST BYYE IS INDICATED BY AN 0DD COUNT
ROTATE THE LOW ORDER BIT INTO THE CARRY
SET UP THE SECOND BYTE IN A REG
AIID (T1.E, IGNORE IT BUT HANDSHAXE)
IF PREVIOUSLY IN TTY OR DWA CLEAR THE BUFFERS
YES
SAVE THE COMMAND TYPE FOR LATER
CT-<ERWISE, START A DMA CUPERATION (ALWAYS. S3RANCH)

PACKETS THAT HAVE 3ZEN PREVIQUSLY BJUFFERED,
KETS (INBC«<8) AND RESETS THE TIMERS

RESEY OMATTY FLAG
SET PACKET LENGTH ‘
PLAGE THE BYTE COUNT IN THE PACKEY

IS LT A NULL PACKET?
YES, SO IGNORE 17

ENIUEUE THE PACKET .TO BE SENT

NO LONGER SET UP
TRY TO GET THE NEXT BUFFER
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DUTDEY PAGE 16

CARD # LOC CODE CARD 10 20 30 40 50 60 70
672 FASGE i )
673 FASE $ OQUTDEV IS CALLED TO HANDLE A MESSAGE FROM THE NETWORK, IF WILL
674 FASE $ EITHER YRANSMIT THE MESSAGE TO YHE HARRIS OR HAVDLE THE
675 FAQE § MESSAGE IVSELF, OEPENDING ON THE MESSAGE TYPE.
676 FASE i
677 FAVE 7 DQUTDEV VMAKES NO ASSUMPTION CONCERNING THE TPYE OF OPERATION (I.E,
678 FAGE § OMA QR TTY), IT SIMPLY SENDS DATA INTO THE DEVICE AS IT IS RECEIVED,
679 FASE §
680 FA9E AS 10 GQUTOEV LJA QUTSEY SEY UP FOR QUTPUT?
681 FAAO D0 27 3NE PUTCH YES, 50 SEE IF THE NEXT CHARACTER CAN BE SENT.
682 FAA2 A6 58 LOX QIN ANYTHING ON THE QUEUE?
683 FAA4 30 D5 avl BYTREY N3, SO RETURN
684 FAAG 84 7% LOY LQPTR,X SET UP THE PTRS
685 FAAB 84 006 STY OUTPTR
666 FAAA B4 87 LOY WIPYR,X
687 FAAC 84 07 STY OUTPTR+y
688 FAAE A0 0§ LDY %05 GET THE MSG TYPE
689 FABO 81 06 LOA (OUTPTR),Y
630 FaB2 (9 02 CMP #DATUSGEVTY A DATA MESSAGE?
691 FAB4 DO 59 INE TRYSOF NO, SQ TRY FOR A SIGN=OFF MSG
692 FABL A4 U0 LDY CONECY ARE ME CONNECTED?
693 FABS 10 05 320 PDATA YES, SO PRINT THE DATA
694  FABA EA LRl PATCH FOR VOLLEY PROSRAM 2/10/80
695 FABB EA NOP
696 FABC 4C 69 F8 JYP OUTFRE ND, SO IGNORE THE PACKET
697 FABF i ‘
698 FAWF 3 POATA SENDS THE DATA TO THE HARRIS
699 FABF i
_700 FABF Eé 19 PDATA INC OUTSET SET UP FOR OUTPUT
701 FAC1 A0 07 LJY w07
702 FAC3 84 08 STY 0478C F13SY CHAR OFFSET = 1
703 FACS 81 06 LOA (UUTPTR),Y GET THE PACKET LENGTH
704 FACT 8% 09 STA OUTPL
705 FAC9 ’
706 FAC9 A4 08 PUTCH LDY 0UTS8C GET THE NEXT CHAR OFFSEY
707 FACB C4 09 CPY UUTPL DOVE YET?
708 FACD 0D0Q 0S 3NE THYDS NO, SO CHECK THE DEVICE STATUS
709 FACF Co 10 2EC UUTSETY ALL DOVE wITH THE PACKETY
710 FADY 4C 69 FH JUP OUTFRE
711 FAD4 i
712 FAD4 7 TRYDS OJUTPUTS Twd CHARACTERS A¥
713 FAD4 3 A TIME PuDOING NITH A NULL HEX 00 IF AN 0DDO NUMBER.
714 FADu ’
71S  FADY 5 4ANDSHA<SING OCCURS AUTOMATICALLY AHEN DATA IS STORED IN PORY 24
716 FAD4 i AGAIN A JARDANARE ACTION OF THE 6522 CHIP AHICH IS EQUIVALENT TJ THE
717 FADY 3 JAVFU (G7 Iwk) SIGNAL, ’
718 FADY 1
719 FAD4 cC8 TRYDS VY GEY THE OFFSET OF THE CHAR TO SEND
720 FADS 31 06 L2A (DUTPTR),Y - GET THE CHAR TO SEND
721 FAD7 49 FF EDR #3FF TACE THE 1'S COMPLIVENT OF IT
722 FAD9 AA Tax SAVE THE FIRST BYTE IN X
723 FADA C4 03 CPY ouTsaL DOVE YET?
724 FADC FO 20 sEQ NULL YES, SO PUT DUT A NULL CHARACTER TO FILL AORD
725 FADE C8 INY NO, SO GET SECOND BYTE OF WORD
726 FADF 31 08 LOA (DUTPTR),Y GET THE SECOND CHARACTER
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ouTDEV

CARD #
727
728
729
730
731
732
733
734
735
754
A
738
739
740
741
T4
743
744
745
T4e
747
748
749
150
751
752
753
754
755
756
157
758
759

Loc

FAEL
FAE}
FAES
FAEQ
FAE9
FAE9
FAE9
FAEB
FAED
FAFQ
FAFS
FAF3
FAF3
FAF3
FAF3
FAF3
FAF3
FAFS
FAFb
FAFB
FAFA
FAFO
FAFF
FBOY
FB03
FB0b
£808
Fa0a
FBOB
£808
F808
FBOB
£80D

49
13
8D

CODE
FF
20
21

00
b2

10

10

10

10

10

CARD
NULREY

- n % W e W

ourLop

TRYLAT

19

EOR
X
STA

LDA

LDX MHARADR

STX
STA

LIX
DEX
320
LDA
317
4EQ
STY
LDA
STA
coex
NE
RTS8

WNSFF
PORT28
PORT2A

#1IFU

PORT3A
PIPCR

sSED

TRAYLAT
2DATU
P2IFR
nurTLoP
0JT8C
wNIIFU
PSPCR
800
PUTCH

PAGE 17

30 L) 50 60 70
TASE THE 1'S COMPLIMENT OF IY

LOAD B KITH HIGH ORDER BYVE

LOAD A WITH THE LDA ORDER BYTE AND JANDSHAKE

i
J'A MANUAL HANDSHAKE ON PORT 38 I8 USED TO ACT AS AN INPUY INTERRUPT,

TRIGGER A HARRIS INTERRUPT
SIGNAL THIS IIFU IS FOR A READ

JJTLOP WAITS FOR THE HARRIS TO SIGNAL IT HAS READ THE LAST WORD SENY.

IT AAITS FOR ABOUT 2.0 USECS FOR THE RETURN HANDSHAKE, IF THE HANDSHAKE
FAILS 7D COME, IT ASSUMES VTHERE IS AN INTERFACE DEADLOCK AND RETURNS 70
THE MAINV LOOP TO ALLOW IT 7O CLEAR.

SET LDOP COUNTER TO CLEAR DEADLOCKS (2.0 “$)

1F LDOP COUNTER = 0, TRY LATER
TEST FOR HANDSHAKING FROY HARRIS

LOOP UNTIL HARRIS ACKNOWLEDGES WNORD
SAVE BYTE COUNT
TJURN OFF INPUT INTERRUPT FLAG

ARE WE AATTING YO TRY LATER?
NO, SO GET THE NEXT WORD (ALWAYS BRANCH)
YES, 80 GO BACK TO MAIN LDOP

’
3 THESE YA#) LINES OF CODE ADD THE NULL BYTE DURING OUTPUT,

H
NULL

LDA
BZO

43060
NULRET

LOAD SECOND BYTE AITH NULL CHARACTER
ALNAYS BRANCH ’
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SPECIAL QUTPIT MESSAGE HANDLERS

CARD #
7606
761
762
763
764
765
766
767
768
169
770
771
772
713
774
775
176
7
718
719
780
781
782
743
784
785
786
787
788
789
790
791
732
793
794
795
796
737
798
799
800
801
802
803
804
80%
806
807
808
809
H10
811
812
813
8lu

LOC
FBOF
FBOF
FHOF
FRUF
Fbit
FA13
FB15
Fay7
FB19
Filo
Fa1D
FULF
FH21
FHa3
Fd25
F2e
FU2An
FH24
Feca
Fdac
Fd2E
FH30
Fd3a
FH33
FB35
F337
FH39
€839
Fa3s
F830
FB3F
FB4)
F343
fd45
Fa47
Foug
FRuU
FHUD
FB4D
FB4a0
FAU0
Fgan
[ =-T'D
FRUF
Fin
FASS
F353
Fiind
Fa53
Fasy
EHS7
FRY9
Fu5C
FHS5E
Fish

AU

An
L]
71

LY
3b
A
20
i

Al

CO0E

0e
nz
03

SR IRY SR
M~ e P M~ ~

FD

CARD 10

20

PAGE 18

30 40

50 60

i
7 THE FOLLINING SECTIONS CHECK FOR SPECIAL MESSAGES

i

TRYSOF Cwp
3NE
LA
3u]

‘
TRYSAC LuP

LV

’

TRYSON CHP
#LC
1.0Y
cay
350
Loy
LA
STA
LY
STY

e w e we e

Lax
1EQ
STA

O me we w

JNTYS LA
S1A
LA
J§K
dv]
Loa
LY

#S0F4SG
TRYSAC
COKECY
OUTFRE
XanuR
2
(QUTIPTRY,Y
DUTFRE
#00
Xapdw
Ivsl

CONECT
UJIFIE

#SACMSG

T TRYSON

WALY
OUTFRE

walty
CONECT
HITERE

8H0\U56
OUTFRE
CUMECT

¥i))

OUTFRE

L 14
GLITPIR) Y
XAUJIR

anh

wALT

I1y8ET
CONTYS
(iRTR), Y

857

ML XPAX
#SACMS6
PLONST
UUTFRE
WUIT-NEXT
CuR3ly

NAS IV A SIGN=OFF MESSAGE?
NO, SO TRY FOR SIGN=ON ACKNONWLEDGMEWY

COVNECTED?
NO, SO IGNORE THE vSG

70

IS THE PACKET FR'M THE BIU TO AMICH CONNECIED?

NJ, SO IGNORE THE SIGN=OFF

CLEAR XADDR, INBC, AND C

ALL DONE AITH THE “SG (&

AAS 1T A SIGN~=ON ACK?

ONECY

LHAYS BRANCH)

NO, SO TRY FOR SIGN~ON REQUEST
YES, S0 CHECK TO MAKE SURE WE ARE AAITING

NDs SO IGNORE THE PACKEY

NJ LONGER WAIYING FOR SI
SET UP TO RUN VOLLEY
NON CLEAR ‘ThE PACKEY

SISGN-DN REQUEST?
ND, SO IGNORE THE PACKET
avZ NE CONNECTED?

YES, SO IGNORE THE PACKE

GN=ON ALK

T

N3, SO GET THE TERMINALYS ADDRESS

AND SAVE IT

CLEAR TrAE WAILY FLAG AND PREPARE TO RWESET THE

e« TO &4DDRESS

NEIE NE PREVIOUSLY SET UP FOR AN IN2UT?

NJ, SO CONTINUE
QESET THE TO ADDRESS

RRNAARALAARAAANRARRARRNAR R RN RO AN AR RARNRARAANARARER AN AN AR

raks SOECIAL CODE TO HANDLE VOLLEY TEST PROGRAM PROM wean
ANKRARARARRRANRARRRKNARR AR R R A AR RARRANARRAARNNRRRNACRANRAN

RARRNANRAANR A A RARRR I AR R R AR KA AN AR RAANERARARRNARRRARA RN RARS

GIING JO TALK TO TERMINAL
SJ SKVE MAX NUMBER OF CHARS/PACKET

SEND A SIGN=JIN ACK

1 CAN'T ALLOCATE THE SIGN=-ON,

QJEUE THE MESSAGE TO BE SENT

-186-
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SPECIAL DJUTPUT MESSAGE WANOLERS

CARD
e1s
816
817
.31 ]
819
82¢
B2t
822
823

Lnc

Fabe
FHbS
FR6?
FBb9
FBoY
Faby
FBe69
FReld
FdbE

CIE

20 14 FE

a0 018
84 40

ap 1%
20 22 FE
b9

PAGE 19
» Cavp 10 20 30 40 50 69
JSR ENG
LaY #)
STY CONECT
H
: FREE THE PACRET JUST PROCESSED
i
QUTFRE LIX # IN=NEXT FREE UP THE PACKET
ISR 01
QS AVD DUNE

~187~
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TIvoJr

CARD & LOC

825
826
827
828
829
830
831
832
A3
834
835
836
R3?
aa
839
849
a4t
842

FHof
FBOF
3114
FoefF
FBoF
FHbF
Fa72
FYTa
QT
¥H79
LY
(2:31))
FRIF
FuH1
FHAY
FdBS
FBNT7
FRBY

24

an
M)
0

A9

o
20
(X))
30
En
hy

COOE

1
1>
14

ne
19
41
14
04
19
0¢
14

10

10

CARD

-t v %o Be " we

1%04T

TI#RETY

10

117
3vC
A
JEC
sVE
LDA
STA
181
3vE
[T
“vE
IyC
RTS

11C4 &

PAGE 20
20 30 4o 50 60 70

TIMOUT POLLS THE TIMER TO SEE IF IT HAS TIWFD OQUFf, IF LT HaS, IV
JECREMENTS
(ONCE EACH

ND POSSI3LY DECREMENTY TI4Lit, 'F TICK REACHES O

SECINU)Y TUD 1S INCREMENTED,

P1IFR
YIvIEY
TivL
TiCx
TiwaEY
L]
TiCK
Tan
T1A€Y
Vel
VIMREY
Ta0e2

H4S THE TIMER TIMED OUT?

N)

YES, SO CLEAR THE FLAG

CIJINT DDAN UNTIL 174 SECIND HIY

RESEY VICK T3 COUNT NEXT l)“ SECID

INCREVENT TIME OF DAY
IF ND CARRY, ALL DONE

-188-
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CxTOJT

CARD &

8ud
845
84
847
848
84y
850
a5y
852
453
454
855
856
857
858
859
860
a1
842
Go3
1Y)
865
8bb6
867

Loc
FUBA
FBHA
SHAA
FBAA
FaRnA
FR.A
FBna
FBac
FURE
FBYO
;503
FBuvs
Fu97
£399
FHYA4
FHYC
Fi9E
FY9E
FBAE
FBOE
Fuan
FAA3
F8as
-1 Y]

AS
FO)
Ag
20

n !

Al
“h
40

e

Ae
20
10
2
ol

COJE

CARD

SKTouT
IF ANY

SEE IF
£TOUT

H

i SER IF
i

CxX57ar

CXCIRET

10

PAGE 21

20 30 40 50 60

CHECKS FOR ANY TIWEOUTS AND TAKES APPROFRIATE ACT10vS
avE DEVECVED,

tz HAVE WATTED FOR A SIGN=ON ACK LING ENOUGH

LA
L]
L)X
JoR
22C
(%))
5TX
5TX
JEX
5TX

I

LIX
JSR
=CC
ISR
«T$

wall
CKSTAT
#1SACK
CTIvE
CaSTAT
w0
walr
XADDR

Cuvect

IS 1]14€

815TAT
CTIvwE
CrCRET

AE AE AAITING FOR A SIGN=04 ACK?
NJ, SO CHECK FOR STATUS
YES, $0 SET UP POINTER

AATTED TOO LONG SO CLEAR FLAGS

TO SEND A STATUS MESSAGE,

NIT TIMED 0UT, SO RETURM

SUNSTA

-189-
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CTIME

CARD ¥
869
870
a7
ar2
8713
874
875
876
877
8718
879
8ag
881
882
843
894
885

Loc

FBA9
FEA9
FBAY
FBA9

Foag

FBA9
FBAG
FAAR
FBAD
FHAF
FBRY
F8d3
FABS
FBH7
B89
£848
3-1: 1))

ab
25
W
20
as
0S
30
20
a5
25
b0

CanE

14

0
uc
19
(7}
1)
04
14
0

oG ST L L

CARD 10

PAGE 22
30 40 S0 60

SVIME IS USED 10 COMPARE THE CURRENT TIME OF DAY TO THE VALUE
STORED 14 THE VARIADLE X,X4) AND X¢2.(3 BYTES REQUIRED), IF VHE

JPON REVJRN; OTHERWISE CARRY IS CLEARED,

TIvE t.OA
c4pP
isC
4NE
LA
Cup
ace
INE
LA
cap

CTRET <18

Tube2
zli
CIREY
[P LA
T, .,
l'x
CIREY
CI=ET
1ad
0,

:
L}
T
$ 100 IS GIEATES THAN OR EJJAL TO THE VARIABLE CARRY mILL 3E SEV
H
i
c

TOD LESS THAN X
GET SECOND 8YTE

TID LESS THAN X

-19C-
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PR e,

SNUSTA

CARD #»
887
888
889
890
891
892
893
a9y
895
89s
897
898
899
900
901
902
W3
904
905
906
907
908
909
910
911
912
913
‘ 914 -
o . 915
' 956
917

918

919

920

921

922

923

924

925

926

927

928

929

930

931

932

933

934

935

36

937

9138

939

940

941

L0C

FBBE
F8BE
FBHE
FBHE
FHCO
F8co
FY4CO
FBCO
F8CO
F8CoO
FBCO
FdCo
FBCO
FBCO
FBCO
FHCO
FaCo
FHCO
FACY
FHCY
FHCo
FBCH
FBCA
FdCC
FHBCE
FaDO
Fna
FBD?
FBDS
FBLS
Fao7
FBuY
FabhA
FADHK
FROD
F3DF
FHDF
FBE L
FuE3
FUES
FBESH
FBEY
FREY
FREY
FOEC
FAED
FUEF
FUBF1
FAF3
FrE3
FaFsg
E4F7
FBFQ
FBFA
FBFC

A9

=0

cont

bL]

A FD
09
0y
04
29
07
ua

i
1l
0a

0a
Ju
oM
ne

01

PAGE 23
CARD 10 20 30 40 50 60 10
SVDSTA (8 USED TO SEND A STATUS MESSAGE
; .
SNISTA 04 #57av38 St1J A STATUS MSG
1]
8 IF THES ARRTS 4IU 1S TO BE USED TO GATHER STATUS MESSASES IT IS NECEESSARY
i 12 ALy ITS SENOING STATUS MESSAGES ON THE NETWORK.TO 03 T41IS CODE AT ThE
# 3DTTOV, OF THE AOJTINE 1S ALTERED YO ADD THE STATUS MESSAGE DIRECTLY OwTO THE
5 INPUY WJEUE. IF THE HARRIS IS NUTV SET UP TO RECEIVE STATUS MESSAGES BUT
i IT IS DESIRAILE TO CAPTURE AND IGNORE THEM (HALT RETRANSMISSIONS) THIS
i 31 MUSBT nWOT SENERATE A STATUS HESSAGE,
3 b0 208 , .
H
¢ TY HALT IHE SENERATION DF STATUS VESSAGES REPLACE THE BELON NOP
: N1TH Tn= ABOvE RYS f
H

VP

J3R PCINST TRY TO GET A BUFFER

M1 CaCRET NOT ALLOCATED, SO TRY LATER

LY w09 SET THE TO ADDRESS TO THE OEVICE THAT RECORDS STATUS

LA auiatys
STA (2TJPIR) .Y

LA &1 PACKET LENGTH OF ¢2 .
LY #ul
STA (4{JPTR),Y
; .
19y POINT TQO THE FIAST BYTE OF STATUS PART
LK w0y MIVE IV THE 16 BYTES OF STATUS INFORMATION
SLIIPY LOA MXMT,X GET A BYTE
STA (:1UPTR),Y AND SAVE IT IN THE MESSAGE
19X UBDATE THE POINTERS AND LOOP COUNTER
Ty .
X mib SIXTEEV BYTES MOVED YET?
40C SLJOIPY SRANCH IF NQ
’
WA B GET THE # OF MSGS WAITING TO GO ouv
“JIX DT
34 8072 IF NONE
sLJOP2  I.C INCR ® WAITING
AXC wmiv)
ERT SAVE A
LA Ml X GET THE PIR TO THE NEXT 9SG
14X
EN RESTORE A
IeX BtFF 1S THE NEXT PTR NULL?
IvE SLI9P2 ND, SD GET THE NEXT ONE
58072 STA (- 1JPTR),Y Save THE & OF WAITING MSGS
’
CLIA may GZT THE # OF MSGS NAITING TO GO IN
LIX Gl )
44T §413 17 NONE
SLIUPS  CoC ¢
AC am
D44

-191-



SNOSTA

CARD # LOC

942
43
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
Q980
9381
982
983
984
985
986
987
938
949
990
991
992
993
994

FBFD
FUFF
FCO0
FCo1
FCo3
FCoS
FCus
FC08
FCo&
FCO09
Feoc
FCOE
FCoF
FC12
FC14
FC1S
FCIR
FC1a
FCif
FC1D
FCIF
FCIF
FCe0
FCa0
FC2H
FC20
FC21
FCR4
FCeo
FC27
FCey
FCeA
FCec
FCec
FCeC
FCec
FLec
FCet
FCec
FC2E
FCRE
FC30
FC33
FCiy
FC37
FC34a
FC3a
FC3C
FC3E
FC40
FCd1
FC43
FCu3

a9

¥ |
2

Rk e

a2

20 £

Wy

na ¢

wh
A
10

nl

oo
0a

ov
04
12
na

3z

34
ra

ag
b

oC

14

FE

FE

FO

CARD

$4073

e we we

S5LIOPY

. e % e W

-

SLIUPS

-

10 20
LOA NEXT,X
TAX

DLA

CPX WHFF

4VE SLOIP3

Ny

STA (HIUPTR),Y

1INy

LOA NJARTS

STA ({TJATR),Y
Iy

LA D18TS

STA (n1JPTR),Y
vy

LA PLIFR

STA (~14PTIR),Y
Ny

LA XL R

STA {nIUPTR), Y

Ny

IEG X' = =1 FIU4 LOOP

Lyx

LA NIJUFNC,X
3TA (W1JPTRY,Y
Tux

11y

Chr d12

3CC SLUIPY

LDA milN=NEXT

R g n s - ke BT R TIEE L O L

PAGE 24
30 40 50 60 10

SAVE THE & OF AAITING MS5S

NETWORX UART STATUS

DEVICE JART STATUS

PARALLEL PORT INTERRUPT FLAG REGISVER
THE CUQRENY XMIT ADDRESS

PUINT YO THE FIRST BYTE OF THE DESCRJIPTOR
AJDVE

MIVE IN 12 BYTES OF BIY FUNCTION DESCRIPTION
GET A 3YTE

AND SAVE 1T IN THE MEYSAGE

UPIATE THE POINTERS AND LOOP COUNVER

TNELVE JYTES MOVED YET?
BRANCH IF NO

PJT THE STATUS QESSAGE ON THE INPUT QUEUE

VOTE: T4I8 Id SPECIAL CODE DESIGNED FOR ONLY ONE OF THE HAIRIS BIU'S,

V42 Oht VHAT IS TASKED YO RETREIVE STATUS MESCAGES FI0M THE
3,05, rile ALL OTHER HARRIS BIU'S THE FOLLONING FORM IS USED.

L8 #00T=NEXT

WY Corsty
JSR B9
LIA #Pdy
LIX "ISTAT
J8R STIvER

LA &1

[T O AR

Y14 boxal, X
Figs

FAL 5L UPS

TS

SEVD THE STATUS MSG
THE NEXT STATUS 4SG GOES QUT IN 1 MINUTE

CLEAR THE STATUS COUNTERS AND RETURY
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INTBJF

CARD #
996
997
998
999
1000
1001
1002
1003
1004
1008
1006
1007
1008
1009
1010
1011
1012

Loc

FCiy
FCuUy
FC44
FCud
FL4s
FCue
FCub
FC4A
FC4D
FCUf
FC51
FLS3
FCHS
EC57
FCS9
FC58
FC5C

o8

AS
o0
20
50
L1
49
45
B
b

CJ0E

11
11
04 FE
[
7

a7
04
oC

Ee 11

bt

CARD

L
© 3 INTBUF

i
INTBUF

INTRES

1

20

PAGE 25
30 40 50 60 70

SETS UP A BUFFER FOR NETWORK INPUT IF 17 1S NECESSARY,

PP
SE1
LOA
ANE
JSR
441
LIA
514
Loa
STA
SIX
I4C
2P
31s

INTSET
INTRES
ALLOC
INIRES
LUPTR, X
IvT2TR
HIVTR, X
I.79TRe})
Ca3INET
1vTSET

PAOTECTS THE INTERRUPT MASKING.
DIN'T AANT INTERRUPTS DURING ALLOC

ALREADY HAVE A BUFFER, SO RETURN
ALLOCATE K BUFFER

N) BUFFERS AVAILASLE, SO TRY AGAIN LATER
SET UP THE PTR TO THE BUFFER

SAVE THE BUFFER NUMBER
NON ALL SET UP
RESTORE OLD INTERRUPT STATUS AND RETURN

"*\JlfQIll; 1)11(;1§
OF POOR 3
_193- QUALITY
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IR3 AND NINT PAGE 26

CARD # LOC CODE CARD 10 20 50 40 50 60 10
1014 FCSD ’

1015 FCSO # JRQ RECEIVES CONTROL WHENEVER THERE I8 A NEVWORK INTERIUPT, THIS
10t&  FCSD © 3 CAN BE GENERATED BY THE RECEIVE DATA REGISTER OF TYHE NETWORK UART BEING
1017 FCSD 3 FULL, T4E DATA CARRIER DETECT SIGNAL: GOING WIGH, OR A DATA OVERRJN OR
1018 FCSO # LT COULD ALSU 9E THE RESJLT OF A OISC INTERRUPT FROM THE WARRIS,

1019 FC5D } :
1020 FCSL 48 IRJ Pt ' Pt ACC. Y AND X INTO STACK

102¢ FCSE 98 TYA

1022 FCSF  up PuA

1023 FC60 nA ' Txh ' g

1024 FCol 48 244 : ®
1025 FCe2 }

1026 FCo2 # TIRSY TEST Yu SEE IF THIS IS5 A DISCONNECT INTERRUPT FROM

1027 FCw? H

1028 FCh2 49 2 LIA mdISC

§i029 FCobu ‘ec 49 {9 1T PsIFR 18 THE DISC FLAG SET?

1030 FCo7 FO 19 IEQ NTYUT N3, 80 PROCESS A NETWORK INTERRUPY

1031 FCo4 449 0 L4 wag SET UP TO READ ADDRESS INPUT DOV PO2T 34

1032 FCed 4D 43 10 STA P3AaJDR '

1033 FCHLE 49 0F LDA W3OF SET UP TO TEST THE UNIY CODE

1034 FC70 2 41 1n AND PURTIA GET THE FOUR LOWN ORDER BITS

1035 FC73 C9 UF CuMP mnA3ADA TEST THE ADDRESS, IS IT FOR THIS alu?

1036 FC75 Jn 03 3NE DCRO NOy, SO IGNORE THE INTERRUPT

1037 FC77 ap 4] 10 LIA PORT3A YES, SO WANDSHAKE AND SET THE CNCT FLAG

1038 FC78 a9 7 helo LA #iFF RETURN PORT 34 TO OUTPUT STATUS .

1039 FC7C 40 43 1V 5TA P3A)0R N

1040 FCIF 4C 45 Fp JUP NCRET AND ALAAYS BRANCH

1041 FCy2 14

104g  FCHe i T41S CUDE IS 1-E NETADRX JART INTERRUPI HANDLER. IT AILL! TRY 0

1043 FCue i CHECK LaT VALIDITY, OR TO READ IN A MSG FROM ANOTHER 81U, THIS

1044 FCpe i VERSION 15 bt) T3 USE YTHE SMITCH SELECTABLE ADDRESS AT ®ORT3H aND ACe
1045 - €Cye 7 3TATUS VZS§5ACGES,

1046 FCHP i

1047 FGa2 4C 0o OC RIWVY LJY NJARTS GET THE STATUS(CLEARS YHE OVERRUN CONDITION)
1048 FCRS 4D 01 uC LDA NJARTD A¥) THE DATA

1049 FCHb 34 02 StY IvT3C SAVE THE PARITY ERROR FLAG

1050 FCoA  Ab 34 LIx% 37X INTX IS INITIALLY ZERO

1051 FC3C A4 14 LY xwlf I8 THIS MY TRANSMISSION? :

1052 FCut  Fo 3F 120 RXNATA IF NOY, GO TO RECEIVE DATA ROUTINE

1053 . FC90 3% 1> STA TUKEN,X SAVE RECEIVED DATA IN TOKEN

1054 FC32 €8 Tyx

1055 FC93 €4 ag CPX aog HAVE 2 CHARACTERS BEEN RECEIVED?

1056 FC95 Fo n4 IEQ TESTIX YES, $0 YEST THEM

:057 :C97 4C 32 Fo TMP NIRET NJ, SO HAVE TO WALIT, HUT KEEP DECREMENTING
58 Coa i

1059 FCYa A0 01 TESTTX LJIY Ay TEST RCV'D V8, TRANSMITTED DATA

1060 FCHC 49 15 wu  TEST2 LA TukEq,Y

1861 FC9F D1 s LR (NJTPTRYCY OQJIPTR POINTS TO ANY PACKET BEING XWITTED

1062 FCAL DO 0w AVE COLINE

1063 FCA3 48 JEY

1064 FCA4 10 Fu aPL TesT2

1065 FCAb A9 14 LOA #1N0011000 TEST UK, TURN OFF VET RCVR

1066 FCas 3D no ue STA NUARTS

1067 FCAY 4C 94 Fp JMP NICLRX

1068 FCAE i

i
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IRZ AND NINT

CARD » LOC

1069

1070

1071

1072

1073

1074

- 1075
1076
1077
1078
1079
- 1080
1081

1082

1083

1034

1085

1086

1087

1088

1089

1090

10914

1092

1093

1094

1035

1096

1097

1998

< 1099
1100

s 1101
1102

1103

1104

1105

1106

1107

1108

1109

1110

1111

1112

1113

1114

115

1116

1117

1118

119

1120

: 1121
» 1122
1123

]

FCAE
FCB0
FCR3
FCHS
FCuo
FCR?
FCbY
FCBA
FCHB
FCRD
FCAE
FCLO
FCCH
FCC3
FCCS
FCC7
FCC9
Fcece
FCCF
FCCF
FCD2

FCDUW

FCDS
FCDo
FCO7
FCDY
FCDH
FChy
FCDB
FCos
FCuB
FCD8
FCLA
FCDD
FCEOQ
FCER2
FCby
FCEb
FCER
FCEA
FCED
FCEF
FCF2
FCFe2
FCF2
Fif2
FLFuU
FCFo
FCFa
FCF3
FCFA
FCFC
FCFE
FDOO
FDot

A9
Lb]
AS
)
Uh

AQ
Wi
4¢
24
70
Ay
Do
LY

A9
80

[
65
N
AQ
Yt
k3
RS
cH
an

CJJE
54

00 aC
12

(14

54
0y 0C
93 FD

Fy
1
10

£ FD
54
0v ne

FF
3
32

D]
nn
)
31

nn oc

CARD 30
COLIDE LOA
‘ STA

LoA
ASL
a54
- STA
ASL
tue
L o
CuC
aANC
C
8)C
514
51A
X
JiR
Jwp

’

RXDJATA caP
420
RN
P
ALY
VP

i FOR] THE CASE

20
#411011000
NUARTS
RANDY
A
A
JuT3C
[}

1+ T73C
hed 9Oy

LI

LERPIY
RUDONT
o igoL
SEIvC
MICLRX

PANT3H
FinrJs

PAGE 27

30 49 S0 60
VEST FALLED, TURN JFF XMIT AND RCVR

CAJOSE RANDOM wALT

TO GET NEXT RANDOY NUMBER, ...
MILTIPLY BY 13 AND ADD 1

X4

X8

Xi2

Xx13

2!
STIRE VEN RANDOM NJWBER AT SEED AND COUNT

INCREMENT # OF COLLISIONS

IS THE PACKEY FOR US?
YES

REPLACE THE FJJR NOPS ABOVE WITH THE FOLLOWING CODE,

’

H

H

329 00 MP

3 TO 0B 4EGQ

’

SKLPIT A
STrA
Idp

FGR'S il
VS
Ly
INE
LIX
ISR
L4
STA

SET uP TO

“e we we

LJA
STA
44E

i

GETIT Ly
STA
]TA
5T4

GETAYT vy

nal1TaY Loa

a5 TATUS
FORJS

#:01011000
NiARTS
NICLRX
1+14C
SwIPIT
TJ1SET
GrIIT

A wL0ST
SFINC
#901011000
4TS

1S 1T A STATUS PACKET? (wananas)
YES, 30 JET IT

CAN'T RECEIVE, SO DISABLE RECEIVER

AV) RETURN

AAS THERE A PARITY ERROR IN THE ADDRESS?
YES, SO IGNORE THE PACKET

ARE AE ALL SET UP FOR INPUT?

YES

INCR THE # OF MSGS LOST 3ECAUSE DF NO BUFFER

TJRN GFF THE RECETIVER

SrND AN SFF ACK ...

LiFTE
ACS3YT
S5y IACK

LD
CIVIPTIRY, Y
ALXBYT
PASLFY

AJARTS

'F THE HARRIS BIJ AHICH IS USED YO COLLECT STATUS MESSAGES

T SIGNAL THAT WE ARE FULL AND THAT HE SHOULD AAIT

SEND THE STOP=XMIT FLAG (ALAAYS 3RANCH)
STIRE BYTE 0 IN BUFFER

SET UP TO SEND A 300D ACK PACKET
START THE VERTVICAL PARITY CALCULATION

IS ANGTHER #ORD READY
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IR3

CARD ®
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1138
1137
1138
1139
1140
114}
1142
1143
1144
1145
11ue
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
118
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178

AND NINT

LOC

FDO4
FDO6
FDOH
FDOA
FDNC
FOOF
FOIt
enty
FMe
FDLY7
FO19
FULY
FOI1D
FDOIF
FD21
FD23
FD2Ss
FD27
FDay
FD2A
FD2C
FDRE
D30
FD3s2
FD3S
FD37
FO3a
FO3C
FD3F
FODul
FOu3
FDu4s
FDun
FDuA
FDhua
FD4n
FDuYF
FDS1

FDS3 .

FO56
FD54
FObLY
FOSD
FDSE
FOol
FD6e
FN6S
FO&7
FDbI
FObY
FDe9
FDo9
FDOA
FDoB
FDhi

CI0E

AD ¢

29

a9

i

D)
A5
4h
a2
)
10
A2
“t
o]
Fo

EA
£A

[110]
04
£3
14
nn
39
27
1A

FJ
EX)
L

2F

oC

ue

ng

FO

oC

ve
vt

v oC

CARD 10
AND
3E0
AND

5 3VE

317
Vs
LA
5TA
Tax
IR
574
ey
3cC
3NE
STX

INLOUP Loy

XT3

¥
CHLUP LJIA

AND
EQ
XD
3VE
31T
4vs
Lix
LA
afA
crx
YEQ

PARERR Lox

JSR
AVE

;
SNIACK Loa

a0
R
LoA
STA
L)a
STA
LaX

wALTTS Jix

- .

530
Lox
ST
Tup

g4

CHECK TJ OEF JF

e
NOP

20
#X00000801
WALTBY
#%00000100
SKIPIT
NUARTS
PARERR
NJARTD
(INTPTR) Y

PartTY
PARLITY
LIIN
HEEL8)
I%L 0P
1 14C
191aC
SeTsvr

I tA<TS
450000101
CHKLOP
8400000100
SnIa1T
LJA3TS

P~ ERR

b JARTD
401011000
NIASTS
PAr]TY
ShACK
#ndCRC
SFINC
S~IPIT

hIARTS
4500000300
swpack
#31°3011000
NdARTS
ALKSYT
NJL<TD

LI

anll?s
#u1N11000
fIASTS
gRFF

Tenec

PAGE 28

30 40 50 60
.13 RECEIVE KEY ON BUT WORD NOT IN?
IF W07, GO BACK AND WAIT

1S RECEIVE KEY ON?

IF NOT, TURN OFF THE RECEIVER

W#AS THERE A PARITY ERKOK?

YES, SO ABORT VWIS VMESSAGE

READ THE NEXT AORD

70

SAVE (HE DATA CHAR
ACCUMULATE THE PARITY

18 THLIS PACKET THE BYTE COUNT?

IF <, XEEP ON READING IN THE HEADER
IF >, COMPARE TO INTHC

IF =, STORE RECEIVE PACKET LENGTH
DJES ¥ = PACKET LENGYH?

NJo SO KEEP ON GETVTING BYTES

AALT FOQ THE CHECKSUM

34D PARITY?

YES

GET THE VERTICAL PARITY

PISABLE THE RECEIVER

COYPARE THE PARITIES

HJRRAH, THEY AGREE

KSEP COUNT OF PARITY ERRORS
OD1SABLE THE RECEIVER AND RETURN
13 THE NET BJSY?

YES
TJIN OV THE XMITTER

SEND THE ACK
NAIT 75 US BEFORE TURNING OFF THE XWMIT «EY

TJIN OFF THE XMITTER

DI) ~E SEND THE STOP=XMIT FLAG?
YES, GO TRY ALLODGATION & RETURN

THIS WAS A STATUS MESSAGE

O/ THE CASE F THE HARRIS BIJ WHICH COLLECTS STATUS PACKETS REPLACE THE
TAU ¥OPS A30VE AITH THE FOLLOWNING CODE,

ORIGINAL PAGE IS
OF POOR QUALITY
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IRG AND NINT

CARD # LOC

1179
1180
1181
1182
1183
1184
1185
1146
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199
1200
1201
1202
1203
1204
1205
1200
1207
1208
1209
1210
1211
1e12
1213
1214
1215
1214
1217
1218
1219

1220 -

1229
ta2e

FD6B
FDbB
FOKD
FO6D
FO6F
FO71
FO73
FO7S
FD77
FN79
078
FO70
FOTD
FDTF
FDB1
FOoBl
FORS
Fbay
FDHY
FL#9
FOHB
FOHBD
Foun
FD92
FD9e
N9
FN92
FD93
FD9S
FDY8
FO98
FD9B
FRYO
FDYF
Fpay
FOAS
FNAY
FlAs
FUAD
Fbau
Faa%
Fiab
FOA?
FOAR

Fo

AQ
g1
cs
D0
AQ

c5
FO

AN
41

an
81
35

AQ
A
20
Ce

£A
A2
20

20
A
Re
aeg
Hb

k]
AN
hH
LX)
hk
40

CODE
25

0¢
00
34
L]
04
00
59
1€

p2
20
3y
04
0o
3>

th
U
1
11

29
F)

44
0
14
00
39

FE

Fn

FC

CARD 10
3 €9 00 Cwp
BEQ

b

Loy
LDA
cqpP
ANE
Loy
LIa
cvP
AEN

L3

MS 50K L)y
LA
3TA
LY
oA
STA

A
LY
ISR
JEC

TAT1 NOP
LIX
J5R

TXVACK J3R
NICLRX LXK
NIRET STX
Lax
STX

; THIS GOJE IS JSED O RESJIRE REGISTERS AND RETUAN FROM INTERRUPTS,
i

NCET 2LA
Tax
LA
ray
ENY
LR}

20
#STATUS
STATH

802
(INTPIR) Y
LASTTX
MSGOK

04
(IVIPTR) .Y
LASTS)
NICLRK

Boe
{INTPYR),Y
LASTTX

LU
(INTRTR) Y
LasT83

#l NeNEXT
CJRNET
[
T4TSET

% 46CRC
S§FINC

TTdUF
R0
IuTX
#un
14TFLG

30
DID WE JUST PROCESS A STATUS MESSA
YES, 80 DO WHAT HAS TO HE DONE

GET THE XMIT ADDR

SAME AS THE PREVIOUSLY RECEIVED MESSAGE?
ND, SO THE MSG IS 0%

GET THE SEQUENCE #

SAME AS THE PREVIOJS M8G?
YES, 5D SKIP 17

SAVE THE NEx TRANSMIT ADDRESS
THE NEAN SEQUENCE s,
JUEUE .THE MESSAGE T0 BE SENT INM

NO LONGER SET UP FOR INPUT
SOR NON, ALL STATUS VMESSAGES ARE IGNORED.

INCR # OF MESSAGES RECEIVED WITH 5000 CKSJM

TRY TU GET SET UP AGAIN
SAVE DUR COPY OF X, OR CLEAR IT, AS NEEDED

JNSTACK AND RETURN
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NON=MASKASLE INTERRUPY

Loc
FOA9
FDA9
FDAQ
£DA9
FUAQ
£DAA
FDAC
FDAF
FOB1
FDHY
FDRG
FDBA
FOHO

CJDE

59
00 oC
00 oC

00
14

2 v ve v

CARD 10 20

CABLE GOES LOs,)

M1 PHA
LA sx01013011)
STA NUARYTS
L axii011000
STA NUAKRTS
LA #00
STA XvIT
PLA
RII

PAGE 30
30 40 50 60 10

YY1 OCCURS WHEN THE RECEIVE KEY TURNS OFF, (1., E. #iIN THE CARRIER OV THE

PJSH A
RESET NETWORK UART

INITIALIZE NETNORK UART
BET XMLV FLAG TO 0
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ST TN . T T e

’ ORIGINAL PAGE 1S

< OF POOR (![]ﬁllffl”l
o
SUBROVUTINES PAGE MW

: CARD » LOC CO0E CARD 10 20 30 4o 50 80 70

5 1238  FOBA '
1239 FOBA 3 PCONST IS USED VO CONSTRJCT AN OUTGOING PACKETY,
1240 FLBA © 3 LY EXPECYS Tut MESSAGE TyPE J0 BE PASSED IN A,
124y  FDBA $ 1F 1T CAN'Y SLLOCATE A BJFFER. 1T RETURNS wITN THE NEGATIVE BIT SEY,
1242 FOHA ’

. 1243 FDBA T8 PCINST  SEI 2IN'T NANT INTERRUPTS DURING ALLOC
1244 FOHA 20 OA FE JSR ALLIC SEV A BUFFER
1245 FOWE 58 cLl
f246 FOd4F 3D 2?3 n4l PWET COJLON'T GET A BUFFER, S0 RETURYN
§247 FoCl 4s 71 LOY LUPTR,X GEY THE PTR YO THE BUFFER-
1248 FOCY A4 DA STY BIu2TR :
M. 1249 FDLS A4 87 LuY HIPIR,X

1250 FOCT du 09 SIY 4} 2TRe}
1254 FOCH. K6 NE STX CURALY SAVE THE BUFFER ¥
1252 FDCR  aA fax
1253 FDCC a9 00 WA snn CLEAR THE MESSAGE HEADEW
1254 FOCE A0 Ob L)Y ®in
1255 FOUD 91 Oa CL3OP STA (#}JPIR),Y
1256 Fune uH JEY
1257 FPO3 40 Fd HNE CLOUP
1258 FUOS ]
1259 FODY A4S 3E LO& XA0DR
1250 FODLT 91 GA STA (a[JPTRI,Y SVTIRE THE DESTINAYION ADDRESS (Y = 9)
1261 FODY  AD n¢2 LY aue
1262 FDOB  AD 40 19 LA PuRTB FOI THE NEW BIU'S THE HOME ACORESS I8 SET NHERE
1263 FDOE 91 04 STA (A1JPTR),Y STIRE THE TRANSMIT ADDRESS
1264 FDEO Ra Tad
1265 FUEL 40 05 LIV Ay
1266 FDEY 93 DA STA (4TJPTR),Y STOKE THE MESSAGE TYPE
127 FOES A9 07 LA ay/ DEFAULY PACKET LENGTH OF 7

. . 1268 FDET AA ray

] ! 1269 FUEA 91 04 §T& (41JPTRY,Y STORE IT IN THE PACKET

; g 1270 FDEA 60 PRET ars .

i 1271 FOEs ] e
1272 FDEY i STIYER SETS a FTIVER VARIASLE TO &N INCREMENT PLUS THE CURRENT
1273 FDEd 7 VALUEL DF TOD, & IS THE INCREMENT 1O ADD 71D TOD AND X POINTS YO
12;« FOEh 3 THE VARTGHLE T[HAT HOLDS THE RESULY, LOW BYTE FIRSY, A IS CHANGED.
1275 FDEn H
1276 FDES 13 STIvER  ILE
A277 FOEC &5 13 a5C 1 ADD TOD TO THE INCR IN A
1278 FOEE  vS po STA O,n SAVE IT IN THE LOW RESULT BYTE
1279 FDFH  a% 19 LIA Tunsl AD) IN THE CARRY
1280 ENF2 &9 00 AC maw
1281 FDF4 95 0} Sia 1, SAVE IT IN THE SECOND BYTE
1262  FhFo A% 1A LA TR
1283 FOFK ot 24 A #)n
1284 FORA 9y 02 STA &, AND IN THE HIGH BYTE
1245 FOFL 50 Q5

u»\
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SUBRDUTINES

CARD o
1287
1268
1289
1290
1291
1292
1293
1294
1295
1296
1297
1296
1299
1300
1301
1302
1303
1304
1305
1306
1307
1308
1309
1310
1311
1312
1313
1314
1315
1316
1217
1318
1319
1320
1321
1322
1323
1324
1325
1326
1327
1328
1329
1330
1331
1332
1333
1334
1335

1336

5

1337

LoC
FOFD
FOFD
FOFD
FOFD
FOFD
FOFF
FEO1
FEVS
FEOS
FEO?
FEO9
FEOA
FEUA
FEVA
FEOA
FENA
FENC
FEOD
FEOF
FELY
FE13
A3
FEI4
FE14
FEIY
FEL4
FE1S
FEl®
FE17
FEL19
FEIY
FEID
FE20
FER1
FE22
FE2e
FE22
FERQ
FEoe
FEa2
FEZ:
FEZ24
FFou
FE2b
FE2I
FEdo
FE20
FE2E
FE30
FE32
Fedd

ay
A8
30
44
46
o)

on
78

nsg
i0
ez
99
28
b0

4
n
$4
ET)
L1
(X
I
95
£6
28
2]

CO0E

o4

0a
04

R

3o
0y
53

42
Fi
42
42

4l
4o
40
36

53
3s

vo

no

CARD

10

20

PAGE 32
30 40 50 60 70

’
s SFINC IS CALLED TO INCREMENT THE CONTENTS OF A STATUS uSG FIELD. THE

3 FIELD AlLL

}
SF INC

SFRET

B o o4 e we

LoOC

aLET

INC
INE
INC
3NE
JEC
DEC
378

Loy
JEY
i1
Sty
Lax
18

NOT WRAP AROUND TO 0000, X > THE FIELD (HI BYTE FIRST).

1%
SFRET
Qs X
SFRETY
1,X
U, X

HIXPTR

ALRET
SIK?2TR
HUFSTR, ¥

INCREMENT THE LOWER BYTE

IF NO CARRY, ALL DONE

INCREMENT THE HIGHER BYTE

IF NOT ZERQO, THEN ALL DONE
NRAPPED ARQUND, SO RETURN TO FFFF

ALLOC IS CALLED TO ALLOCATE A FREE BUFFER AND RETURN ITS NJMBER IN
X, IF VTHERE ARE NONE LEFV, THE N BIT WILL HBE ON, X AND Y ARE CHANGED,

GET OFFSET OF THE TOP OF FREE BUFFER STACK + |
PIINY TO THE NEXT FREE BUFFER NUMBER

RETVURN IF NOVE AVAILABLE

GJIT ONE, SO SAVE T4E NEw TOP OF ¥HE STACK

GET THE ALLOCATED 3UFFER NUMBER

H
# EVG IS JSED 19 ADD A RUFFER TO THE END OF A QUEJE. A IS T4E OFFSET OF
i TAE JUEJE HEADER FROM NEXT, Y IS THE & DF THE WJFFER, '

i
ENJ

EN3L

~e we W we wr we

-

vyp
SEL
Tax
LIA
3PL
STY
STA
2LP
278

PP
SEl
Loy
LA
STa
LIx
TYa
514
1c
PLP
ars

HEXT X
F vl

NLXT X
NEXT,Y

WEXT X
NEAT, Y
NEXT X
STKPTR

HUF ST, X
SI1APTR

TUIN OFF INTERRUPTS

SYEP OVE FURTHER ALONG THE QUEUE

13 THIS THE LASY ENTRY?

NJ, SO XEEP ON LOOXING

SET LIVK IN LAST ENTRY TO NEN ENTRY

SET TAE NEXT PVR IN THE NEWN ENTRY TD NULL

24 1S CaLLED 1D DEQUEUE AND FREE A BUFFER ON A QUEUE, X IS THE OFFSETV
FHOM NEXT OF ENTRY PREVIOJS TO THE ONE TO BE FREED, X,AeY ARE CHANGED
l#l: 2J JIFFuAS FROM THE TMS 3]J D@ IN THAY IV LACKS THE FREE

ENTRY PIOINT

TUIN OFF INTERRUPTS,

¥ HAS TdE NUMBER OF THE BUFFER VO BE FREED

A 4AS THE NUMBER OF THE NEXT BUFFER IN THE QUEUE
THE BUFFER 18 DEQUEUED

ADD THE BUFFER TO THE FREE BUFFER STACK

NO& IN THE FREE BUFFER POOL
OVE MORE FREE BUFFER
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ORIGINAL PAGE I3
OF POOR QUALITY

CONSTANTS AND TABLES . PAGE  3)
CARD ¥ LOC CI0E CARD 10 20 3 40 50 60 10
1339 FE34 b
1340 FE34 § CONSTANTS FoOLLOW
1341 FEXY i
1342 FE3Y 3 THE FOCLLOWING 12-BYTE 81J FUNCTION DESCRIPTION I8 PLACED INTO EACH
130y FE3Y 1 31U STATUS MESSAGE.
1344 FESG } '
1345 FES4 4B 41 BLJFNC  LBYTE 'MARRIS 81J °

1345 FE36 52 52
1345 FE3IM 49 53
1345 FE3A 20 42
1345 FE3ZL 49 55
1345 FE3E 20 20

1340  FEaQ H

1347 FEa0 RBLFFF,

1348 FFFA A9 F) vECTOR  ,wURD Nu] NON=MASKABLE INYERRUPT VECTOR
1349  FFFC 00 Fa «HIRD RESEY RESETY VECYOR ,
1350 FFFE 5D FC +ADRD 139 129 VECIOR

135¢ 0000 ;

1352 ooy SEND

END OF w” =, JECHVOLOGY 650X ASSEM3LY VERSION S,1
VIMBER UP EXR0RS = Os  NJIVBER OF NARNINGS = 0 .

-201-



SYME0L

ABUF
ACKBYY
ACROK
ACKCK
AkLODR
ALLOC
ALRET
ANDONE
BADACK
BIUFNC
BIUPTR

B8JFCNY
BJFLEN
BJFST ¢
BJFFRI
BJUFMEM
BYTLOA
BYTRETY
BYTES
Con

CHARS
CHKLORP
CKCRET
CXSTAT
CR12UY
CLODP
COLIDE
CONECTH

CONAB
CONSOF
CONTYS
CYIvE
CTREY
CJRNED
CJURDEV
CJR3LJ
DATUSS
DATY
DCRO
OCREY
(144
DMAYOD
OwATM™
DMAYYY
DMALY
03
DJARTS

ENGL

ENG
FFLOOP
FORUS
GETAYT

SYMBOL TABLE

VALUE LINE DEFINED

FAQ®
0030
F9EO
F301
F932
FEOA
FELS
FIFL
FoBA
FESU
0004

0016
0040
058
F8TE
DETTH
[EY
FATC
Falh
0010
Fahns
Foar
F3AR
FAVE
L LYY
FDun
FCAE
0040

FYEL
FAAF
F353
Fba9
Fagn
noud
0900
VoneE
0ono
wgue
FC74
Foay
vode
Fash
J04C
0354
FA3b
FE22
1400
FE16
FEL4
Fas1
FCEU
. FDOY

548

134

510
502
480
1302
1307
s24

uer

1345
99

ar

85
154
243

84
132
ad s
b42

63
630
1142
so7
LLE)
859
1253
1069
182

543
111s
S04
48]
483
1003
1304
S22
S06
968
548
961
148
87
23b
258
47
609
663
635
563
636

1144,

(119
45)
352
1257
1062
270
859
326
242
B03
§53
817
1009
553
299
Say
148
10356
1040
1028
589
581
el
653
517
954
1516
280
230
1089
1136

1120

Ll

So8
550
969
158
1308

eus
083

906
454

304

864
ATA
1199

32y
690

596
S75
A2e
330

§140

L0

1163

909
1248
162

1334

305

881

-2

SeREFERENCES

912 917 934 948 952 955 958
1250 1255 1260 1263 1266 1269
163 232 242

537 692 765 TIS 784 789 817

8y2

814 982 1251

504 650 659

815 933 1200

02-

oif

i s




L

SYMBOL;

GETDAT
GETCH
GETLOP
GETCDA
GEVIT
HARADA
HARGO
HARADR
HIPTR
HOLDTX
LIFJ
ivec
INDONE
INDINY
1NDEV
INLODP
INPIR
INSET
INTX
INTFLS
INTdC
INTHUF
INTPTR
INTSEY
INTRES
IRET
IR0
KEYNOF
LASTTX
LASTS3
LIPTR
Laaly
MAXPAX
MLOLP
MSGOK
NETBSY
NET
NETFRE
NETRET
NEXT

NICLRYX
NITFU
NINT
NIRET
NMBCRC
NMCOL
NUDISC
NMGCRE
NI
NYLOST
NMRXMT
NuWalT
NUXMT
NOSOF
NOTPWR
NOXMIT

VALUE

FA32
Fal1a
FAS8
FATD
FGF8
000F
00sF
V0eF
vo87?
F949C
0098
0005
FAHG
FAUQ
F9F 6
FD23
nous
V00F
ness
0034
ong2
FCdd
0ooo
n911
FC5H
FADS
FCoD
F9au
N034
0035
0071
Fle
0017
FAFOD
FO70
FQSE
Fo12
FIEb
FafFs
onee

FDIB
0OFa
FCu?2
FDAD
Jyaay
028
g
0024
Fda9
voew
onel
002F
ovel
F8de
FBCce
0037

LINE DEFINED

588
562
619
' 650
1118

1191

14y
1210

1047
1211

304
128

568
540
620
565
1106
337
273
733
243
4es
610
556
586
633
350
1137
549
539
1050
39]
1049
339
1006
1001
1002
538
1350
470
1134
1188
245
384
323
353
1185
I3y
347
497
u94
é84
1318
1067
621
1030
1087
1154
43e
495
12086
1344
1107
489
419
St1
293
275
' 875

CROSS-REFERENCES

582 b2s

b1l 1035
292 ¢98

251 4018

73e
c62 630
651

670

551 3§
554 669
1211

415 1213
1074 1077
349 1209
1008 1119
100 1105
1o0u

576

1198
119
249 252

632 809

328 518
1317 1318
1060 1102

749

1ng4

916 990
299 310

318 507

657

686 1007 1249

634

665
802
1103

1131
1201

399

666
1329
1189

-203-
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804

1138
1183

584

813
1330

"173

1139
1187 1192 1195

1005 1247

821 929 942 980 1198
1331



[

SYMBOL! VALUE LINE DEFINED CROSS-REFERENCES

NRET Foo3 421 362 i

NTPRX 0032 123 406 491 492 Si19

NTXCOLL F276 4449 434 :

NUARTS  ucoo 1) 184 186 392 416 427 444 4S8 467 48O 95%

1047 1066 1070 1101 1110 1123 1120 1142 1147 1351
1158 1162 1169 1230 1232

NJART) ncot 217 448 462 502 1048 1130 1149 1164
NJLL F308 157 723
NJLREY FAEL 712% 158
oo voo? 62 566 624
ourReTR 0006 . 99" 400 402 40NS 4OB Y10 44T qTe 685. 687 689
70 719 725 769 793 1061
QJTDEVY FASE 680 348
OJTaC 0008 Q7 411 451 477 S03 701 705 74e
0JTPL [(LIE] 98 703 706 722
OUTLOP  Fafs 743 147 )
0JYFRE  FBe9 821 635 709 766 770 7le 781 785 788 79y 812
UJTSET  no10 104 680 o099 708
. PLACR 1014 35 188
P1ADDR] 1013 32 190
PL1BDDR 1012 31 191
PIIER 101E 3y 202
PIIFR 101D 37 564 567 330 957
PLPCR 101C Is 196
P2ACR 102H 43 193
P24ADDR 1023 42 209
: P2RIDR 1022 4t 210
P2IFR 1020 45 4o
P2IER 192 45 203
PePCR 1aec 44 198
P3IATR 104K 51 194
P3ADDR 1043 50 211 1032 1039
P3330% 1042 49 19¢
P3IER 104F SY4 204 207
P3IFR 1040 53 1029
P3IPCR 104l S2 200 6t7 22 7135 7150
PAREHR  Fou3d 1154 1129 {48
PARLTY 903y 122 389 44y 450 461 1121 1133 3134 1152
FCONST  FDua 1243 28) 325 542 811 90S
PDATA FA4F 699 694
PIRYL3 tn 23 539
PORT23 1020 33 727
PORT2A 1021 49 728
PIRT3S 1040 47 260 108R 1262
PORT3A 1041 48 334 bi2 734 1034 1037
PORT1A 1011 30 607
PREPAR  F92p 389 48]
PRET FDEA 1279 12uam
PJTCH FACY 105 o83 752
83 &) [IEY 152 227 22r 682 82! 937 1198
wadT 0959 153 284 328 361 S1h 656 BI3 924 980
RAMS1Z  oCnn 44 86
Fandu out2 105 261 1071 1079 1082
RESET Fan0 141 283 327 1349
RNDCNT 0013 107 379 380 382 1083
HXDATA  FCCF 1089 103
SACMSE  00JF 20 7718 Bi¢

RIGINAL PAGE IS
EE‘POOR QUALITY
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SyMsoL:

ssore
$30713
SFINC
SFRET
SKIPl
SKIPIT
SLOOPY
SLO9P2
SLODP3
SL0JPS
SLOOPY
SNDSTA
SNDSOF
SNDACK
SJFUS3
SONvS3
SINJIM
CTATY
. STACKIL
STATUS
5TAvSS
STIMER
STKRATR
SAarT2
SNALTY
TESTTX
TESTR
TIC«
JIV3H
TIvaL
T1vour
TIMRETY
T30
TOKEN
JTRMCNT
T]MBAS
TINSHT
TRYSAC
TRYSOF
13v0s
TRYLAT
TRYS0V
TSACK
18747
TTY
TXBEM2
TXCOL
TXLD0P
TXNACK
TXPAR
VECTOR
WALTBY
WAITT7S
WalT
#AT100
XADDR

VALUE

FEF1
FCoS
FOFD
FEO9
FABB
FCps
F4DS
FAES
F9F9
FC3E
FC2)
FAAE
F84%
FO4a
U0
00EY
nuil
Fo32
Fy6H
ynoo
VOOR
FuER
0030
F924
F920
FLC9a
FCyC
0041
1015
1014
FAuF
FAHQ
N01K
U015
0008
insy
FObY
FR2a
FayF
FAdY
Fa01
F3139
V0L1E
N0fn
anoe
F3sC
270
FIgH
FOy8
FoyA
FFFa
FJ01
FJSD
on3a
F9s52
093E

+

LINE DEFINED

934
U7
1291
1297
257
1100
946
92s
939
990
963
890
28
1158
13
2l
124
1205
235
10
18
te7s
127
382
380
1059

1209

1349
1123
1165
151
413
{40

925
938
420
1292
25§
1104
921
933
946
992
973
H656
297
111
28y
$24
403
1180
238
908
890
321
233

707
744

460
T T
1125
1167

33¢

414

.2ty

1259

439
1294

1127

n
1153
763
787
320

986

1302 1505 1332 §335

B52
H63
690

T80
278

CROSS=REFERENCES

490 496 512 1085 1108 1155 1207

1146 1156

1160

836

438 840

841 875 879 883 1277 1279 1282

783 79
294 295
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318

167

772 794

857 950



U

SYMBOLI VALUE LINE DEFINED CROSS=REFERENCES

xulr 0014 108 428 433 456 469 478 a87 S21 1051 1234
IL.00P F8SA e21 223

.
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APPENDIX T1I

GRAPHIC 7 BIU SOURCE LISTING

This is the source listing for the Graphic 7 BIU soft-
ware. The reader is directed to Sections VII and IX for a
detailed description of the operation of this code.
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ORIGINAL PAGE hi:]
OF POOR QUALITY

GRAPHIC.FLOWCNTL,ASM

CARD & LOC COvE
0000
0000
0000
0000
0000
0000
oo
0000
0000
11 0000
te 0000

-
COBINONEWN
-

- t3 Q000

14 0000
15 0000
16 0000
17 0000
18 0000
19, 0000
20" 0000
21 0000
22 0000
23 0000
24 0000
25 0000
26 0000
27 0000
28 0000
29 0000
30 0000
31 0000
12 0000
33 0000
34 0000
315 0000
36 9000
17 0000
18 0000
3¢ 000D
40 0000
41 0000
42 0000
43 0000
44 0000
45 0000
46 0000
47 0000
48 0000
49 0000

CARD

PAGE 1

10 50 60 70

20 30 1)
+OPT NOCNT)AREF, MEY,LI8T,ERR, GEN

}
; TAIS IS THE GRAPHIC 7 81J CODE AS OF 10/31/79 wITH FLOAN CONTROL.

nARBAS
fRMCNT
HARADR
PRIVER

z 321 BASE ADDRESS FOR HARRIS BIUS

z 508 NJMBER OF G7 TERMINALS JN CAPS SYSTEM

s SIF JNIT CODE REGISTER ADORESS AND DATA DIRECTION 8IT
= $19 PRIME THE CONNECT/OISCONNECT LINES

§ MESSAGE TYPE EQUATES

]
DATUSG
STAMS86
SUFMUSG
SAZMSE
SON Sk
Ity

}
§ OEVICE

1
wHARTS
WHARTD
DYaRYS
PO3TLE
PUIT1A
P13)0R
P14)JDR
TidRL
TIvRH
PlaCR
P19CR
P1IFR
P1IER
PORT2H
PURTR24
P23DDR
P2ADDR
pP2aCR
Pe22CR
PR2IFR
P2LlER
PORT3H
POITIA
P3300R
P3ADDR
PAACR
KF3agn
P31FR
PILER

.

s 0 DATA MESSAGES ARE 00-1F

= $Du STATUS MESSAGE

= $DE SIGN=OFF MESSAGE

= SDF SIGN=0V ACKNONLEDGMENT

= $£0 SIGN=0N w56 (E0=FF)

=2 DATA TYPE FOR TTY-COMPATIBLE TERMINALS

4DDRESSES FOLLOw

s $C00 NETWORK UART STATUS

= Scu! NETAORX UART DATA

2 31400 DEVICE UMRY STATUS

s 31010 PARALLEL PORT 18 DATA REGISTER

= $1011 PARALLEL PORY 1A DATA REGISTER

= $1012 PARALLEL PORT 18 DATA DIRECTION REGISTER

= %1013 PARALLEL PORT 1A DATA DIRECTION REGISTER

= s1u1d TIMER LOA BYTE

= 81015 TIMER HIGH BYVE

= $1018 PARALLEL PORT 1 AUXILIARY CONTROL REGISTER
= $101C PARALLEL PORY | PERIPHERAL CONTROL REGISTER
z Moo PARALLEL PORT 1 INTERRUPT FLAG REGISTER '
= $101E PARALLEL PORT 1 INTERRUPT ENABLE REGISTER

= $t020 PARALLEL PORT 2B DATA REGISTER

= %1021 PAIALLEL PORT 2A DATA REGISTER

s %1022 PARALLEL PORY 2B DATA DIRECTION REGISTER

= $310°3 PARALLEL PORT 2A DATA DIRECTION REGISTER

s $1028 PARALLEL PORT 2 AUXILIARY CONTROL' REGISTER
= $100C PARALLEL PORT 2 PERIPHERAL CONTROL REGISTER
s $10¢20 PARALLEL PORT 2 INTERRUPT FLAG REGISTER

= $102€ PARALLEL PORT 2 INTERRUPT ENABLE REGISTER

= #1440 P4RALLEL PORT 38 DATA REGISTER

s $inag PARALLEL PORT 34 DATA REGISTER

= binq2 PARALLEL PORT 38 DATA DIRECTION REGISTER

= 51043 PARALLEL PORY 3A DATA DIRECTION REGISTER

2 31043 PAALLEL PDRT 3 AUXILIARY CONTROL! REGISTER
s »04C PARALLEL PORT 3 PERIPHERAL CONTROL REGISTER
= $1040 PARALLEL PUORT 3 INTERRUPT FLAG REGISTER

= S10JE PARALLEL PORT 3 INTERRUPT ENABLE REGISTER
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e

GRAPHIC.FLONCNTL ASM

CARD ¢ LDC
51 0000

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
(]
vooo
0000
0000
ooo0n
0000
00uu
0000
0000
0000
0000
0000
0000
0000
oouvo
0000
0000

CO0E

»

e (70 %0 e % e e ) e We e e wo To Sg W W Be W Ve W

PAGE 2
CARD 10 20 30 40 S0 60 Tv
EQUATES FOR PORY 1 WANDSHAKING FLAGS IN PI1IFR

axs JCTL IS THE SIGNAL ON THE CA2 LINE OF THE 6522/1 asa
#x% 10 INDICATE THE olU HAS TAKEN G7 DATA (AUTOVATIC) aaw

LL] " s %02 1 x> GRAPHIC 7 HAS DATA READY (DAVFJ anaCAlanaj v
EQUATES FOR PORT 2 HANDSAAKING FLAGS IN PR2IFR

aun UCTL IS THE SEGNAL ON CA2 OF 6522/2 10 INDICATE  sas
(AL THAT THE B1J HAS OATA FOR THE G7 (AUTOMATIC) LA

L2] = $02 1 => GRAPHIC 7 HAS ACCEPTED DATA FROM Blu [0DACP)
SQUATES FOR PORT 3 INPUT/DUTPUT SIGVAL LINES

aes DISC IS A PULSE SENT BY THE 8IU ON CAl OF 6522/3 e
saen AHICH SIGNALS THE G7 TO OROP CNCT AND READ PORT3A #ws

NT = §02 GRAPHIC 7 SIGNAL TO BIVU IT IS CONNECTED

3 THE VEXT EQUATES REFLECT THE SCTUAL OPERATIONAL PARAMETERS
3} JIF TAE ALY w)TH RESPECT 1D BUFFER COUNT AND SIZE

i
RAMSIZ = 3077 NJUBER OF BYTES OF RAM AVAILABLE

YUFLEN = 128 NJMBER OF BYTES IN A BUFFER (DO VOV CHANGE)
BUFVMEM , = RAMSTZ=256 AMDUNT OF MEMORY ALLOCATED TO BUFFERS
HUFCNT & BUFYEM/BUFLEN NJVBER OF BUFFERS AVAILABLE :
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e s . 5 i

-

Sovm

PAGE 0 VARIABLES

CARD » LOC
81 0000

0000
0000
0000
0000
g0no2
0003
0008
00086
poos
0009
0004
000C
000D
000E
Q00F
0010
0011
0012
0013
0014
0015
o7
0018
L9
001C
001F
goee
0025
0028
002A
002C
002E
g030
0032
0034
0036
0038
0039
003a
0034
003cC
0030
003€E
003F
0040
0041
0042
0043
004y
004S
0046
0047

B

ne

0N

CO0E

09
00
00

ov

0w

00
00
00
0o

oy
oo
0o

M A S e ]

CARD

10

i

P

20

e e

PAGE 3
30 40 50 0 70

' :
3 THE FOLLOWING VARIABLES ARE CLEARED WHENEVER RESET IS AlV.

)
INTOTR
INVBC
IN®TR
IN3C
DUTPIR
nJrac
UuTPL
Bl J2TR
CUINET
CURDEV
CuU3LY
INSET
OUYSEY
INiSETY
RavOU
RNICNT
X417
TOKEN
wWALT
MAXPAX
T0)
15747
TSACK
Tyatx
TETTY
NMXWT
N43IXMT
RACOL
WMOISC
NMSCRC
NM3CRC
N4 08T
NUNALT
PARITY
NT3RYX
S4vJv
LASTIX
LA3TSO
ST4PTR
NUXMIT
INTX
INIFLG
BYTLOM
OMATY™
TrvIv
SUNCNT
TE IvF
ACCHYT
STRING

« JBYTE
o 3YIE
.08YTE
«3YVE
2 IBYTE
«IVTE
SIVTE
«JB8YTE
«3IVTE
3YTE
«3YTE
«3YTE
«BYTE
»IYTE
«IYTE
+3YTE
+3YTE
«DBYTE
+SYTE
v3IYTE
csked
kel
[EITX)
tzaed
azeed
< IBYTE
«IBYTE
«IBYTE
+JEYTE
2 IBYTE
«IBYTE
«IBYTE
«JIBYTE
«IYTE
+4VTE
«IYTE
«AYTE
+IYTE
+BYTE
«3YTE
+3AYTE,
«3YTE,.
«9YTE
«3YTE
3YTE
»IYTE
»HYTE
«8YTE
[£122-]

[CR-X-X-R-E-R-R-2-X-N-N-3A-F-FN-N-E-X-X-J -2

D000 CCOCOCTCLOCOOOODIOCCT

o} (DONY TO BUT NOT INCLUDING °‘XADOR')

BJFEER PYR USED BY IRQ
8YTE COUNT USED 8Y IRU
8JFFER PTR USED BY INODEV
BYTE COUNT USED BY INDEV
SJFFER PTR USED 8Y OUTODEV AND NET
SYYTE COUNT USED BY OUTOEV AND NET
LENGTH UF PACKET HJEING SENT TO DEVICE
BIJ=CREATED BUFFER POINTER
THE CURRENT PACKET BEING READ IN FROM THE NET
THE CURRENT PACKEY COMING FROM THE DEVICE
THE CURRENT PACKET COMING FROM THE 31U
ANETHER A DEVICE INPUT BUFFER & SET UP
AMETHER A DEVICE OUTPUT BUFFER 13 SET UP
AHETHER A NETWORK INPUY BUFFER I8 SET UP
CUIRENT RANDOM NUMBER
CJIRENT RANDOM COUNT
TRANSMIT FLAG
TEWPORARY RECEIVED DATA BUFFER
AAITING FOR SIGN ON ACK FLAG
THE CURRENT MAX # OF CMARS IN A BUFFER
T4E CURRENT TIME OF DAY IN SECONDS .
TIME 0 XYIT THE NEKT SVATUS MSG
TIMEQUY ON WAITING FOR SIGN=ON ACK
TIMEQUT ON ANSWER TO TERVMINAL SIGN=IN REG
TYY TIVMER CHECK

JF PACKETS TRANSMITYED SUCESSFULLY

IF PACKETS RE=TRANSMITTED BECAUSE NO ACK

JF COLLISIONS AND RETRANSMISSIONS

IF PACKETS ODISCARDED
PACKETS RECEIVED WITH GOOD CRC

IF PACKETS RECEIVED WITH BAD CRC

JF PACKETS LOST SECAUSE OF NO BUFFER SPACE

IF TIMES BIU HAD 10 WAIT 1O XMW1
USED TO FLAG HAD PARITY IN AN INCOMING PACKEY
¢ OF TIMES THE CURRENY PACKET 18 RETRANSMITTED
T4E SEQUENCE # OF THE NEXT PACKET T) BE XMITTED
THE XMIT AOOR OF THE LAST PACKET RECEIVED
THE SEQJENCE # OF THE LAST PACKET RECEIVED
INDEX OF TOP OF FREE BUFFER STACK
4 JF MILLISECONDS YO STOP XMITTING '
VALUE OF REGISTER X WHEN NINT 18 NEXT ENTERED
BYTE CLEARED Y NINT EVERY TIME IT IS ACTIVE
USED TO STORE LOW ORDER BYYTE OF AOR) TEMPORARILY
TIMER TO HOLD DMA FLAG ON DURING INPUT OPERATINN
TTY TIMER FLAG
COJNTER TO RECORD NUMBER OF WARRIS 3IU SIGNeDNS
FLAG USED TO INDICATE CONNECTED TO SERIAL TERW
3YTE INDICATING THE VALUE TO BE USE) IN ACK PACKET
INPUT STORAGE FOR *WHICH SYSTEM?' RESPONSE

[ X ¥ X % X R ¥ J
o
-
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PAGE 0 VARIABLES

CARD # LOC

135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163

164’

165
156
167
168
169
170
1711
t72
173
174
175
176
177
178

004C
oouc
004C
004C
004C
0oun
00UE
004F
VOUF
0050
0050
0050
0050
00bb
0066
0066
a0eb

0067

UNLA
0064
0068
L]
2069
0069
00bY
V069
0069
VOJF
007F
007F
007F
voo9s
2044
004H
00AG
0048
00AB
0049
0040
00Ad
n0ay
noas
0nAl
D0AR

00
0y
00

00
00

00

CO0E

[
’
4
)

XAJDR LOYTE 0
HARGD LHYTE O
CONECT SHYTE

PAGE L)
CARD 10 20 30 40 50 60 1

THE FOLLOWNING VARIABLES ARE NOT CLEARED AV RESET TIME
(ALL VARJABLES PRECEDNG "XADDR"™ WILL BE SEY TO ZERO.)

T+4E CURRENT XMIT ADDRESS
INITIAL POAER UP FLAG

0 1 «> CONNECTED, O =» WAITING FOR REALY 10 ,..
LINK REWUEST MESSAGE, =1 => AAITING FOR REPLY TO WAICH SYSTEM? w56

Tix JAYFE @ COUNTS THE # OF CLOCK TICKS IN 1/4 SECOND (25)

; THE BUFFERS EACH HAVE AN ENTRY IN THIS ARRAY '

56![ szaedUFCNT THE NEXT POINTER FOR EACA BUFFER

: THE WJEJE HEADERS FOLLOA

51\ JAYTE 0 T4E QJEUE OF BUFFERS wALTING FOR GRAENIC 7

?DJT «3YTE 0 THE QUEUE OF BUFFERS WAITING FOR THE NETWORX '

H
H

i
pMarry +AYTE O

1
CONSTATS INITIALIZED TO SFF

FLAG 1O INDICATE w4ICH CO¥ WODE BJU IS IN... )
eee(132DMA, 02>TTY, =1x>NEA/JNDETEAMINED)

[HE JUFFER ALLOCATION STACK, BELOW, CONTYAINS THE FREE 3UFFIR LIST

HUFSTK 2wt BUFCNT THZ FREE BUFFER STACK

i

i THESE ARZ Tk POINTERS T) IME BUFFERS

LO’YR *2adRUFCNT THE LUN HALF OF THE PIRS

HI3TR sSaeyUFCNT THE HIGH HALF OF THE PTRS

i

P OTHE HJFEERS uwRE LOCATED IN CONVIGUOUS MEMORY STARTING AITH BUFFER NUWBER 2
i oV ADDRESS 0180, OUFFER NUMBER 1 I8 LOCATED IN A GAP BETWEEN THE ZE~O0 PAGE
7 VARIAYLES AND THE PROCESSOR STACK (00C0-G13F), THE APPROPIIATE ADDRESSES
i BRE L3ADED INTD HIPTR/LOPTR BY THE RESET ROUTINE.

i

$ THE PIUCESSUA STACK I9 SET TO START AT MEMORY LOCATION 017F AND WILL

# DECREMENT AHEN NECESSARY. IT wILL USE RAM AREA BETNEEN 017F=0140 DUXING

i JSR'S, 24P'S, PHA'S AND INTERRUPTS WNHENEVER NECESSARY, - THIS SHOULD <E

i WDRE THav ENUUGH SPACE FOR THIS PURPOSE,

i

3 (SEE CUJE 1h KESET ROUTINE BETVAEEN STATEMENTS ZLOOP AND STACKI)
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RESEY

CARD »
180
181
182

184
188
186
13
188
189
190
191
192
193
194
195
196
197
138
199
200
201
202
203
204,
205
206
207
208
209
210
el
212
213
214
215
216
217
218
219
220
221
az2z2
223
224
225
226
227
228
229
230
31
232
233
234

Loc

00A8
00A8
00AB
0048
Faoo
FaotL
F802
Faue
2.3
F807
F809
F8ycC
FBUE
Fa1t
Fa13
F816
Fa19
F8iC
F8i{F
Fga2
Fepn
Fa27
Fagy
FRRC
FB2E
FBs1
F833
FH83b
FA3Y
FH4C
FB3D
FALF
Ful
FRuy
F8ur
FBUA
FRYC
FOUF
FR52
Fus4
Fa47
859
FASH
Fasg
FHSD
FH5D
FRSD
FRQF
FHoo
FHe2
FBha
FBu2
Fép2
Fasy
Fe6e

ORIGINAL PAGE IS
OF POOR QUALITY

95
Ch
10

A2
34
CA

CIdE

02
LX)

i
10
1

CARD 10 20

«z8F8N0
NESETY SLo
13
: I
LK 01011011
STX NUARTS
LDX #%11011000
STX NUARTS
LN #%01600000
STX PILACR
LA #3000600000
STA PIADDR
STA P1BDOR
574 P38ODR
STA P2ACR
STA P3ACR
X 210011011
STX PIPCR
LOX wx10004000
3TX PePCR
X #a11101010
STX PSPCR
wOX #%011101118
SrX PLIER
STX PRIER
5TX PSIER
Tx§
SYX “axPax
LI a1ttt
5TY P2AJDR
STY P#HODR
STY PRADDR
LIOX AHRIMER
STX PURTIA
STA TIw3L
WIX ¥i48
STX TIMRA
LIX #2324
SIX T1CK

LJX 8XADDRey
Liop BTA 0,X

JEX
4L ZLOUP

-~ e

o e ey i G ek on e oA AL %

PAGE 5
30 40 5¢ &0 70

M ]
7 THE CJ0E FOLLOAS, EXECUTION COVES HERE WHEN RESET IS HIV,
$

DON'T AANT DECIMAL MOOE ,
DON'T AANT INTERRUPTS IF WE GIT WMERE FROM MAIN LDOP

RESET NETWORX UART
INITIALIZE NETWORK'UART .
TIMERL 18 FREE RUNVING

PORTS 1 & 38 LINES ARE ALL INPUTS

DISABLE PORYS 2 & 3 TIMERS AND LATCHES L
PULSE HAMbSKAKlNG (ACTIVE HIGH) FOR PORT |

LEVEL HANDSHAKE (ACTIVE _OR) ON PORT 2

PJLSE HANOSHMAKING ON PORT 3A / YANUAL PORT 38
DISABLE ALL INTERRUPTS FROM PORTS 1,2 & 3

RESET THE STACK POINTER
ALL OUTGOING PACKETS WILL HAVE A MAX QF 128 BYTES
PJRTS 2 8 3A ARE DUTPUTS

PRIME THE CNCT/DISC HANDSHAKE LINES
SET VIMERY TO 34800 (1/100 BECOND)

T4IS STARTS THE COUNTING
AANT TD COUNT 25 TIMEOUTS (§/4 SECOVD)

ZERJ OUT VARIABLES AMICH NEED TO BE RESET =

(SEE SPACE ALLOCATION CUMMANDS ABOVE)
( THE 'A' REG IS SYILL SET TO ZERO)

(142 'Y¢ REG IS STILL SET TO $FF)

LIX UMATTY=QIN SET THE RANGE FOR THE SFF INIT LDOP

FFLOUP S5TY GINsX
JEX

IVITIALIZE YHE VARIABLE
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|
!

RESET

CARD ¢
235
2%
257
238
239
24y
241
242
243
244
245
2ub
247
cup
249
250
251
252
253
254
25§
256
257
258
259
2h0
ebl
2be
263
eG4
265
2bb
267
268
259
270
271
are
273
274
275
216
277
278
279
239
281
282
283
28y
285
286
287
288
289

Loc

[ 2.1y
Fas9
FBa9
Fasp
F8sD
FBoE
Fhof
F871
F872
FB74
FATY
F874
F874
FB8/6
Fa78
FB74
FBIC
FaTD
FBIF
Fayt
FHBA3
F8A4Y
FRHS
Fany
FEHQ
FapY
FBAD
FHHE
F88F
FR9Y
Fagl
FB94
Fa96
F898
Fa94
F89A
F89C
Fa9fF
FBA1L
FRAU
FBAe
FBab
FBAY
FBAK
Feas
FOAR
FRAB
FBAS
FBAS
FRAH
FBAA
FHAC
FBAE
F830
Fap2

c
0

AS

Fo
Bé
A9
Bs

J0E
e

[}
30
59

Fa

€ &) ==
U

T¥

8o
0t
TF

75
T

a0
01

CARD 10
arL

Lox
8§TX
DEX
STACK] TXA
STA
D€X
4Pl

&9
FFLOOR

SHUFCNT
STK3TR
HUFSTK, X
STACKI

PAGE [
30 40 50 60 10
INITIALLY, BJFCNT TTEMS IN THE SYaCK
OFFSEY OF TOP OF SYACK ¢+ |
INITIALIZE THE FREE BUFFER STACK
PUT THE NUMBER OF EACH BUFFER IN THE STACK

H
3 THE *A* JEG IS SET TO ZERD FROM ABOVE LOOP

}
(14
STA
LA
S5TA
JEX
LA
Ly
BUFFRL T4
IAX]
sTa
Loa
Zul
AdC
3CC
1Ny
SKIPL X
sPL
H
LIA
3TA
LA
STA

H

QoCINCT LA
sta
LA
A7
agy

.

Lox

W N N e we

LOA
CAaP
2ER
5%
LDA
STA

sUFCyT =g
NIPTR, X
#<$00C0
LUPTR, X

#<601890
¥>%0180
LUPTR, X

HIPTR,X
LOPTIR, X

mAUFLEN
58Pl

BUFFRI

PORTS3
NANDU
w240
TSTAT

#HAQADR
PORTSA
#CNCT
P3IFR
BDOCNCY

NSFF

HARGY
X357
NUTRPAR
COMECT
#raRyAS
XahoR

INIVIALIZE THE FIRST BUFFER POINTER

SEY THE REMAINING PUINTERS, INITIALIZE LOOP CNTR
SET BUFFER LOW AND HIGH PIRS IN LOPTR L HIPIR
THE FLASY BUFFER 13 AT ADDR 80§80

SET THE LOWN HALF OF THE ADDAESS

SET TnE NIGH WALF OF THE ADDRESS

INZR REG *A' YO POINT YO THE NEXY BJFFER

IF THERE 4‘3 A CARRY, INCR THE HIGH WALF
STORE HOME ADDRESS IN RANOGY SEED
YMIT FIRST STATUS 9SG A MINUTE FRIM NOW

DO A CNCT/DISC CYCLE

IS FHE COUNNECT FLAG SET? {G7 CONNVECTED)

N0, 80 DO A CNCT/DISC CYCLE AGAIV

AND SET CONECY TO NAITING FOR THE SYSTEM VAME

THE FOLLONING CODE WILL FORM & QUEUE OF SIGN-OFF MESSAGES TO EVERY PUSSIBLE
AARRIS 31U IF THIS 1S A POWER=UP CYCLE, THIS 1S NECESSARY BECAUSE OF
POBY1BLE LINNAGE TROUBLE CREATED BY A POWER FAILURE. IF THIS IS NOT A
SUAER=US CYCLE, THE ONLY CHECK IS FOR A NORMAL SIGN~DFF WESSAGE 10

4 CONNECYED DEVICE.

TESY THE PONER~UP FLAG, IF RESZY, = $57

RELIES ON ARBITRARY VALUE SURING PONEReUP
SET CONECY FLAG TO WAITING FOX SIGN=ON .
SET THE INITIAL HARRIS ADOMESS

SAVE IT IN XADDR FOR THE SIGN-OFF LD0OP
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Loc

F8RY
Fo84
F8Be
FoB9
Fans
FBED
Faco
F8co
FaCo
FBLO
Faco
F8c2
FoCa
FBCS
FHCH
FBCA
FBCC
FaCE
FADO
FaDO
F8pO
FBDO
F8DO
F800
FBDO
FBD3
FADS
Fop7
FBDQ
FBDB
FEDD
FBDE
THED
Ft3
FBES
FEES
FBES
FBES
FBETY
FBEY
FBEQ
FBEQ
FBEY
FBEB
FOED
FBEF
FAF2
FAFY
FHF 4
S8 b
FBFH
FOF A
FBFD
Fo00

CODE
o€

E9 FE.

17
OE
43 FF

4E
4E

21
R
10

ce

i
4c
vo
63 FF
9C FbL

PAGE 7
CARD 10 20 30 40 50 60 T0
: ¢
SNDSOF  LOA #SOFMSG SI3N OFF MESSAGE TYPE
JSR pCONSTY COVSTRUCT THE PACKEY
LOA #LOUTNEXT ENJUEUE THE PACKET 10 BE SENT
LOY CuRalLY
. JSR ENR
H
i THIS CUJE LOUPS SENDING THE SIGN=OFF MESSAGES UNTIL ALL TERMINALS
§ + HAVE BEEN ADDRESSED,
i .
LOA #357
SMP HARGO
3EQ NUSOF
INC XaDUR SET NEXT ADDRESS
02X XADDR TEST 1D SEE IF DONE
SPX #HARBAS+TRMCNT
AVE SNDSOF NOT DOVE, 80 SEND ANOTHER SIGN=)FF MESSAGE
S5T4 HARGO DIVE, SO FLAG END OF POWER«UP CYCLE

e W e we

5} NOw TRY O

i
HARSON A
aNp
STaA
LDA
AvD
JRA
TAX
LdA
JSR
3NE

H
5 TES) FOR A

H
NOTPAR L4
STX

FHE YEX! COUE GETS THE STANDARD HARRIS By ADDRESS FOR THIS 81y, IV
15 BASEY ON I1HE G7 31U ADDRESS AND THE HARRIS HASE ADDRESS,

SIGN=ONTO THE 3ASE HARRIS B]1U

PURT 33 GET THIS BIU'S ADDRESS

WH0F TAKE ONLY YHE LOW=DRDER 4 BITS

XADOR STORE IT TEMPORARILN

SHARBAS GET THE BASE HARRIS ADORESS

KAFD AANT ONLY THE HIGH=ORDER 4 BITS

Xapow COMBINE THE TWO FOR THE TO ‘ADDRESS
AND PUT THE ADDRESS IN X,

#Y SET UP TN USE PART OF INDEV CODE FOR SIGN=0N

SySTux

MLOOPO ALAAYS GBRANCH OUT

RESET SIGN=OFF MESSAGE

CUNECT GET OLD CONECT FLAG

CONECT

'
3 TEST Tu SEE IF WE ~ERE COVNECTED AND NEED TO SEND A SIGN~OFF MESSAGE.

1)
TYP
LA
LY
JSR
320

i

H0SIF LY
afy
LY
JSR
JaR

MLJYOPO CLI

&0} NERE NE PREVIOUSLY CONNECTEOD?

HOSOF IF NOT CONNECTED, DON'T SEND SIGN OFF MS§
WLINKT PRINT "LINK TERMINATED"

PUTSTR

SNNSOF ALHAYS BRANCH

800 CLEAR THE XMIT ADDR

Xn09R

3,5Y8

PUTSTR PIINT "wHICH SYSTEM?®

INYRUF SET UP A NETWORK INPUT BUFFER

NIA READY TO PROCESS INTERRUPTS
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awoop
CARD & LOC
Foo01

345
346
347
348
49
350
351
35¢
353
354
355
356

F901
F9ot
Fo01
Font
F901
F904
Fau7y
F90A
F90D
F910
F913

COOE

16
81
9c
Fa
43
9E
04

CARD,

10

20 3

PAGE 8
40 50 60 T

} .
P OMLOOP 15 THE MAIN LOOP, LY REPEATEDLY CALLS THE VARIOUS PRICESSING

3 IS DEVECTIED,

}
MLI0P

J5R
JSR
1SR
J§R
JSR
I3R
iwp

NET
GUTDEV
InT3UF
INOEV
Tivourt
Cafour
MLDIP

HANDLE A

~§ ROUTINES UNTIL EITHER RESET IS AIT 3Y THE USER IR A NETWORS INTERRUPT

MESSAGE TD THE VETWORK

HANULE A NETAHORK MESSAGE FOR THE GRAPHIC 7
SEE IF A NETWNORK INPUT BJUFFER IS NEZESSARY
HAVDLE A GRAPHIC 7 WESSAGE FOR THE VETWORK
PILL THE TIMER .

CAECK. FOR ANY TIMEOUTS

COVTINJE LOUPING

-216-



L0C

20
F9l6
F916
Foi6
Fale
F9l6
F916
F918
Fo1A
FO1A
FO1A
FO1A
FI1A
FOIA
Fo1a
Fo1A
Fo14
Fo1a
Fola
F91A
Fo1A
Fayc
FO1E
£92(¢
F922
€924
Fo26
F928
Foaa
Foac
F92E
F92E
F92E
F92€
F92€E
F930
F9s2
Fo3u
F937
Fa39
Fq38
F938
F93s
F93a
FO3
F93D
FY3F
Foul
Fous
F9u5
Foa7
F9u9
Faug
F94n
FOUF

Ab
50

85
A9
45
AD

29"

Fo

cooE

67
4n

7F
0o
5
07
34
04
06
39
0b
0

MY

NET LOX WLUT

"SNAITL LDA RYDCNT
SNAIT2  JEC KNDCONT

T e e v .

. . ae we

SRR TR RO R RN & B e

walT LOA wUXMIT

REPAR STA PARITY

PRy Eaea

PAGE 9
CARD 10 20 30 40 S0 60 70

NEY 1S CALLED 10 OUTPUT MESSAGES ONTO THE NETWURK. IF IV
CAN'T FOR ANY REASON, IT RETURNS AND TRIES AGAIN THE NEXT TIME
11 1S CALLED,.

SRAPHIC 7 ANO WARRIS VERSIONS OF NET SHUULD BE TDENTICALY,

1S THERE ANYTHING AAITING TOQ GO 247172
441 AxET IF NOTHING, RETURN

A CHECn IS MADE TO SEE IF WE TRIED TO TRANSMIT SOMEYHING OV THE NETAORK
ZARLIER AND LOULD NOT, THERE ARE TAO POSSIBLE REASONS FOR THE FAJLUREs A
COLLISION AITH SOMEONE ELYE'S TRANSWISSION OR AN 'FF! ACK FROM THE ADORESSEE
INDICAYING HIS BUFFERS ARE FulLlL,

IF A COLLISIIN OCCURRED THEN A RANDOM NUMBER IS LOADED INTD RNDCNT,
IF AN 'CF! AUK AAS RECEIVED THEN 255 WAS LOADED INTO NOXMIT,
T4E FOLLOWING LOOPS ALLOm BOTH PROBLEMS Y3 CLEAR,

WEIE WE ASKED 70 STOP XMITTING FOR A WHILE?
AZQ BrAlTH NJ, SO CHECK FOR RANDOM 3ACKXOFF

A E50) THIS GIVES US A 0.2 MILLISECOND AAXT

DEC RUXMIT VARK THAT WNE ARE WAITVING (.2 W8

S51A RVOCNT STORE TAE CONSTANT FOR 0.2 VS '

I5 RANDOV BACKOFF DR LONG WAITING ACTIVE?
3EU PHEPAR N

COUNTDIAN RAYDOM AAIT OR 0,2 S WALT

<NE §uAlTe

4EQ LaALT SEE IF AE STILL HAVE THE LONG WALT ACTIVE,

PREPARE TO SEND ;ACKET 3Y CHECKING TO SEE IF THE NEV IS FREE., ALSD LNAD THE
SACKET <EADER AHILE ANAITING,

ZERD 0JI VERTICAL PARITY('A'=0 FROM WNALIT LOOP)

LIA &WFF SET INTERRUPT DETECTOR

HTA INTFLS

LA NUARTS IS THE VETWORK BUSY?

AND #500000100

JEQ NETHSY IF BUSY, THEN WAIT FOR LAJER

VET NOT 3USY NOW BUT COULD BE AAITING FOR AN ACK, SET JP 4EADER AND TRY
AGAIN LN LunJs,

LY LJUPTR,X GET THE POINTER TO THE BJFFER TO SEND

SIY UJUTPTIR

L)Y HIPTR,X

STY QUTPTRe)

LIRS gy SAVE THE SEQUENCE # IN THE PACKET

WY mud

STA (UUTPTIR),Y

LIA WTPRX SAVE THE RETRANSMISSION COUNT IN THE PACKET
LDY mub , y
STA (JUTPTR) Y

INY .
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NET
CARD #

443
444

467

L0C

F950
F9s52
F954
Fo5¢6
F9S7
F959
F954
F95E
F960
F962
F964
F967
IALL
F968
Fo68
FI68
F968
FbA
F96D
F96F
F96F
F970
F972
F974
F976
F9719
FoTA
FY7D
F97F
FY8L
F983
F98e
Fo8H
F98A
F98C
F9UE
FOBE
F990
F992
F995
F997
F999
F99R
F99¢
F9AQ
F9ay
FoA3
F9AS
Faag
FoAB
F9aA
F9aC
F9AD
F9AD
F9AD

[}]
85
AO
88
10
al
20
79
00
ag
20
b0

a9
80
85

cA
44
0
a2
20
60
4D
29
Fo
31
8D
45
85
cy
0

AS
Fo
AD

Fo
a5
#D
a2
CA
10
AQ
HD

AS
0o
78

CODE
0s
1]
19

FO
40
00
04
06
L1
ec

oc

FF

oc

FF
oc

oc

oc

oc

oc

PAGE 10

CARD 10 20 . 30 4o 50 60 70

LOA {OUTPTR),¥ GET THE PACKET LENGTH
STA 0JTHC SAVE 1T FOR THE OUTPUT LOOP
LOY =S FINISH AAITING FOR 100 US AFTER PREPAR

wAT300 JEY

' APL WAT100
LOA INTFLG GET ZEQU, IF INTERRUPY OCCURRED, ELSE GET ONES
AND NUARTS GET CURRENT NETWORK STATUS
AND #X00000100
ANE TRNSMT IF IT IS NOV BUSY, OUTPUT A MESSAGE

NETBSY  LOX sNHMAAIT INCR ® OF TIMES WE HAVE TO WALIT FOR THE NET
JSR SFINC C

NREY s

'
P TRANSMIT ToE 4ESSAGE. TUIN ON XMIT KEY. THIS SHOULD HOLD THE NETWORK FOR
i JSy HUT <EEP CHECKING FOR COLLEISIONS BY MINITORING THE XwIY FLAG,

i
TRNSMT LOA #%10011000 TJUIN OV XMIT KEY

STA NUARTS

3TA xvIT SET X4IT FLAG TO NONZERU VALUE
s FAE 'Y' REG 1S STILL = $FF FROM THE WAT100 LOOP,.
X.,oop VY

TX3EWP Lok XVIT HAS XMIT FLAG BEEN RESEI? (COLLISION?)
4NE NIXCOL NO, 80 KEEP GOING
TXSaL LIX #NMCOL YES, S0 INCREMENT VUMBER OF COLLISIONS
JSR SFINC . .
1S .
NTXCOL LJIA MJARTS IS XMIT BUFFER EvMPTY?
AND wXgov00ul10
4EG TXBEMP )
LA (UUTPTR),Y ARIVE AURD TD NETADRK
STA NUARTD
LOR PARITY CCUMULATE THE PARITY
STA PARITY
CPY DuUTsC ARE WE OONE?
J4E TXLOOP NO, SO LOOP SOME MIRE
’
TX24aR LA XVITY HAS XMIT BEEN TURNED OFF 8Y NMI7? .
4EQ TxCOL IF 80, SIGNAL COLLISION
LJA MJARTS DJTPUT THE PARITY TO THE NETWORK
AND #%00000010 IS THE XMIT BUFFER EMPTY?
320 TxPAR ND, 80 KEEP TRYINS
P ARITY YES, SO SEND VERTICAL PARITY
a4 NUARTD
LIX m26 DELAY TURNING OFF THE XEY
HOLOTX 2EX
4PL HULDTX v
LDA #%01011000 TURN OFF XMIT KEY (THIS MUST OCCUR "
STA MJARTS AT LEAST 75 USEC AFTER LAST BYTE)
’
KE YNOF LOA Xw]T WALIT FOR THE KEY TO TURN OFF
BNE KEYNOF
SEI N INTERRUPTS FOR A WHILE
H : .
5 REG 'A' [8 = 0 FROM KEVYNOF LOOP ABOVE “
A

i . v
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NET

CARD »
468
469
470
471

473
474
ars

477
478
419
480
481
482
483
484
48s
486
487
489
489
490
491
492
493
494
495
436
497
498
499
$00
501
So02
S03
504
505
506
507
508
509
510
Sit
512
513
Si4
515
S16

LOC

FOAD
FIAF,
F9B0
F982
FoRY
FIBs
F9H9
FoBB
FGac
FOHE
FIBE
FY3E
FO8E
FICo
FaC|
FIC3
FICo
FoC8
FaCa
FocC
FICE
FY00
F9D 3
F905
F9D5
F905
F905
F9D5
Fapg
FIDA
F90C
FIDE
FY&u
F9E2
FIEY
FOEY
FIES
FOET7
FIEA
FIEA
F9EA
FIEA
FIEC
FIEF
FOF 1
FOF3
F9FS
FOF7
FoF9

LY
20
A9
45
to
AS
00
60

CODE

01
08

FF
€

DA

24
2C

17
51
0y

34
14
FC

oC

FF

FF

oc

FF

FF

CARD 10 .
TAY
LDA
STA
INC
Lox
AKLOOP  Loa
3ul
2EX
£AdY
H
b 'Y REG =
’

BADACK Sry
cLl
Lox
J3R
e
LIX
cAXx
iCC
Lax
JSR
IVE
: )

3 CHECK Fix
3 PROPER aCTY

i
ACSCK  LDa
cup
AEY
cvp
3NE
5TA
3EQ

’

ACADx clL1
LIX
JSR

¥

# FREE THE 8

4
NETFRE LaX

JSR D

LDA
STA
INC
ANJONE LDA
3VE

NETRET ?78

20

(OUTPTR), Y
ouTac

xXulIT .
"7

NUARTS
ACKCK

ArLOoOP

PAGE 11
30 “w s 0 70

SET THE YO ADDRESS

SAVE IT IN ouTsc

VAKE XMIT NONeZERD

LOOP FOR 100 us

NALT FOR THE ACK TO COME 3ACK
A CHARACTER HAS ARRIVED

KEEP OV wAITING '

0 FROM KEYNOF ASOVE

xupy

UNURX MY
SFINC
NTPRX
NTPRX
w27
NETRETY
wNRDISC
StING
NETFRE

NOTHING ARRIVED, S0 TURN OFF XMIT FLAG
RESTORE INTERRUPTS :
COINT ¢ GF TIMES NO ACK

INCR & OF TIVES TWIg MSG IS TRANSMITTED"
SENT 127 TIMES? (LIMIT UPPED CHECXOJT)

NO» 30 TRY IT AGAIN LATER
YES, SO YNCR THE # OF DISCARDED MESSAGES

AND FREE UP THE PACKET BUFFER (ALWAYS BRANCH)

GUUD ACKNOWLEDGEMENT OR A FULL SUFFER NACK(FF). . THEN TAKE

10v,

NUARTD
ourec
AUKOK
NEFF
BaDACK
NOXMTT
BADACK

BUMXUY
SFINC

UFFER

MJOUTeNEXT
[t

200

NTPRX

SUNUM

X1y
ANIONE

GET THE CHARACTER THAT ARRIVED

IS IT THE acx?

YES

13 1T A FLAG THAT THE RECEIVER IS OVERRUN?
NO

YES, SO DON'T xMIT FOW S0 MILLISECOVDS
ALNAYS BRANCH

CLEAR INTERRJPTS
INCR THE # OF TRANSMITTED M3GS

THAT WAS JUST PRUCESSED UR COULDN'T BE SENT,

FREE THE BUFFER THAT wAS SENT
RE-INITIALIZE # OF TIMES CURRENT 485 XMITTED

SET THE SEQUENCE # FoR THE NEXT PACKETY
AAIT FOR THE KEY TO TURN oFF

AVD RETURN

-219-

P



e Grstm il A . o 1 o . » e o & e L ETE

L
[SPOmAS

INDEV ' PAGE 12

CARD ¥ LDC CODE CARD 10 20 30 40 50 60 T0
518 F9FA ’
$19 FoFA 5 INDEV IS CALLED Ty POLL FOR CHARACTERS FROM THE GRAPHIC 7.
520 FO9FA . . 3 TaQ MODES AHE ASSUHMEDSL TYY MODE ANO DMA MODE, (DWATTYSD AND 1 RESPECTFULLY)
821 FoFA ’ TTY MODE MEANY CHARACTERS ARE IN ASCII FORMAY AlTH A LEADING BYTE OF
522 F9FA ’ ZERD'S IN EACH WORD., CONTROL CNARACTERS SHOULD RESULT IN THE BUFFERED
523 FO9FA 4 PACKXET HEING SENT,
524  FOFA 3 -
525 F9FA H UMA VODE MEANS HBINARY FORVAT IS USED AND CONTROL CHAARACTERS MAY &E
526 F9FA [} EVSEDDED , THE FINAL PACKET WILL BE TRANSMITTED WHENEVER SUFFICIENT T]ME
527 FO;A i HAS ELAPSED O INDICATE THE END UF THE DATA STREAM, (APPROX 600 USECS).
528 FE9FA 3 :
529 F9FA A5 4E INDEV LOA CONECT AE WE CONNECTED TD ANOTHER BIV? ' -
530 F9FC 30 OF 4] GETCHL NJ, SO JUST TRY TO GET A CHAR
531 F9FE FO 0C 4E0 GEVCH1
S$32 FAOD A5 OF LOA IWNSET YES, SO DO WE HAVE AN INPJY BUFFER SET JP YET?
§33  FAQ2 DO 20 YNE GEYCH YES, 80 TRY TO GET A CHAR
S34  FAO4 A9 02 LOA SDATMSG+YTY N3, SO TRY ¥TO ALLOCATE A DATA BUFFER
§35 FAO0s 20 £9 FE JSR PCONST
536 FX09 10 07 4Pl AAUF IF COULO ALLOCATE THE BUFFER, CONTINUE
§37 FAQOB . 60 IRET RTS IF COULDN'T, RETURN AND TRY LATER
$38 FAOC H
5§39 FAOC 3 LF 1415 81U 15 ¥OT CONNSCIED TO ANOTHER 81U, FORCE NULL' MIDE PROCESSING
$40 FAUC * 3 OF DATA PRESENTED AT THE INTERFACE.
S4l  FanC ; .
542 FADC A9 FF GETCHI  LJDA WwSFF SET DMATTY 70 =1 .
S43  FAOE B5 bb STA DWATTY
S44 FALO DO 12 3I¥E GETCH ALNAYS BRANCH
545  Faj2 ;
Su6  FAL2 3 SET UP THE HUFFER POINTERS “
547 FA12 i ) .
548 FA12 A4 DA ABJF Y BIURTR SET THE INPUT BUFFER POINJER . ‘ ¥
S49 FAI4 B4 03 STY JNPIR
S50 FA16 A4 0% LOY BIUPTReL
551 FAls 34 04 STY IVPIRed N
§52 FALA A4 OE LY CURBLY THE BUFFER NUMBER
553  FAIC 84 00 STY CJRDEV
$54 FALE E6 0OF INC IWNSET NON SET UP FOR INPJT
55 FA20 A0 03 LRY &yl DFFSET INTO YHE BUFFER OF THE FIRST CHAR
§56 FA22 H4 05 STY IVHC
SS7T FA24 ;
558 Fa2u i GETCH TRLES 10 GET A WORD, IF IT IS SUCCESSFUL, THE HORD IS PASSED T0
$59  FA2Y i THE PROPER CUDE TO HANDLE IT,
560 FA24 ;
S61 FA24 A4 0% GETCH LY 1vdc SET ¥ IN CASE 1T I8 NECESSARY TO OUTPUT BUFFER
562 FA26 a9 02 LIA HIAR IS THERE ANY DATA READY FROY THE DEVICE?
S63 FA28 2C 1D 10 AT PIIFR
S64 FA28 DO 22 949 GETDAT YES, SO GO GET IY
565 FA2D 3
S66 FA2D 5 OVMATTY IS INITIALIZED IO =1 IN THE FFLOOP, IT IS SEY T 1 ON THE FI3SY
567 FA2D 7 2ASS THRIUGH GETDAT TO ASSUME A OMA OPERATION, IT I3 SET 1O 0 IF TIVING
568 FA2D + INDICATES IT IS NOT A DMA OPERATION OR A ONE WORD OMA 0P, RESET TO ~t
569 FA20 3 Y COJE IN INDONE, \
S70 FA2D i . "
ST1  FA2D a5 b LOA DMATTY NO, ARE NE IN TME WIDDLE OF AN DPERATION? -

$72 FA2F 30 DA 341 IRET NU, SO RETURN
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INDEVY PAGE " 13
CARO ¢ LOC CObE . CARD 10 20 30 40 50 60 0
S73 FA31l Fo oC 8EQ TTYOP TYY OPERATIO
S74  FA33 §
SIS FA33 3 OVATW IS A TIMER SET DURING DVA OPS TO TIME HOW LONG IT TAKES FDR TnE
576 FA33 3 NEXT NURD TO ARRIVE, IT IS SET EACH PASS THROUGH GETDAT AND CHEZKED BELOA.
S77 FAM ’
578 FA33Y (o 4 JEC DUYATH DYA OPERATION} HAS THE DMA TIMER GONE OFF
579 FA3S 00 EO : INE GETCH NJ, SO CONTVINUE TO mAlY
580 FA37 Co 43 DEC DMAYTY YES, S0 ¥UST BE DONE OR A TTY OPERATION
581 FAlS H
S82 FA39 } VON CHECK TO SEE IF MORE THAN ONE WORD CAME THROUGH AS DMA, IF 'v' I8
583 FA39 3 SREATER THAN OR EQUAL TO 11 THEN THIS AAS PROBASLY A DA 0® AND WE S+OULD
584 FA39 3 SEND THE BUFFERED DATA,
585 FA39 H
586 FA39 CO 03 Py oMl IF DMA, MORE THAN ONE WORD STORED ALREADY?
587 FA3B 10 SA JPL INDONE YES, SO SEND THE PACKET
588 FA3D E6 43 INC TIVTM NO, 80 PROBABLY TTY} SET THE TTY TIVER FLAG
589 FA3F 4
590 FA3F i NOTY MUIE THAN ONE AORD, SO PROBABLY A TTY OP, SET THE YTY TIMER FLAG
591 ' FA3F i TO CLEAR ONE AORD DMA 028 OR TTY OPS NOT TERMINATED WITH CARRIAGE CUNTROL.
592 FA3F i
593 FA3ZF AS 43 1TY0P LA TIVTY HAS THE TIY TIMER FLAG BEEN RESET?
S94  FA4) FO 54 350 IWDONE YES, S0 SEND THE PACKET., (CATCHES GVE wOR) OMa (PS)
595 FA43 a5 4t LA BYTLOA NO, 80 vUST BE TTY OPERATIONS GET THE LAST BYIE
596 FA4S (€9 20 CAP #»20 AAS THE LAST BYTE A CONTROL CHARACTVER?
$97 FA47 30 uE 4CC 14DONE YES, SO SEND THE PACKETY
S98 FAU9 C9 7F CAP #STF NAS Il A BACKSPACE/DELETE CHAR?
599 FAdd FO ua 320 TNDONE YES, SD SEND THE PACKET
600 FA4D 00 3C AVE IRET ND, SO GET ANOTHER CHAR
601 FAUF }
602 FAUF Aan 68 GETDAT -OX DVATTY N44T MODE OF OPERATION IS IN PROGRESS?
2 © 003 FAS51 FO uA 3EQ TTYW0D TTY MQDE

X 604 FAS3 10 04 IPL NHAMOD DMA MODE

E . < H05 FASS i
606 FASS 4 IF DYATIY EQUALS =1 AE ASSUME THIS IS THE START OF A DVA OPERATION,
607 FASS H '
608 FAS5 A2 01 LIX #1
609 FAST 36 64 SIX PVATTY NEITHER MODE SO ASSUME DvA
610 FA59 A2 20 0MauoD LIX #320 SET THE DMA TIMER
611 FASB 86 42 ST DAATH '
612 RASD ¥
613 FASD 3 THE TTY TIVER 1S USED TO XEEP A ONE WORD GMA PACKET FROVM BEING DELAYED
614 FASD ¢ FOR TOU LONG, IV ASSUMES THAT TELETYPE EVNTRIES WILL ARRIVE. AT SOMETHING
615 FASD 7 LESS THAV | SECOND INTERVALS. TIF NOTHING ARRIVES AFTER ONE SECOND THE
616 FASD i AACKET [5 SENT,
617 FASD }
618 FASD a2 2> TTyvoD LIX WTETTY SET THE TTY TIMER
619 FASF A9 04 LIA #y TIMER IS SET FOR ONE SECOND

© 620 FA6l 20 1A FF JSR STIVER

621 FA6U AD 10 10 LOA PORTES GET THE dIGH ORDER BYTE
622 FAb7 49 FF EOR #MFF TAKE THE 1'S COMPLEMENT OF THE DATA
623 FA69 4B PHA STIRE IT TEMPORARILY
624  FAbA
625 FAbA NOTE: LOADING FROYM PORT 14 will TRIGGER AN AUTUMATIC HARDWARE NANDSHAKE

626 FAbA

SIGNAL FROY THE 6522 CHIP. THIS IS THE EQUIVALANT OF. THE 67 ICTL
627 FAbA .

(MARRIS DATY) SIGNAL.

- % we we

5,

: 1S
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INDEV

CARD o
628
629
630
631
632
633
(31
635
636
637
638
639
649
bul

LoC

FAGA
FAGA
FAoD

FALF

FATH
FA72
FA74
FA7L
FA7b
FAlb
FA7b
FATS
FA74
FATC

CIDE

}
1 10
FF :

491

CARD

10 . 20

LOA PORTIA
EIR #sFF
STA 8YTLO0n
oLA

LAY WALT

INE IRETY

S ol

PAGE 14
30 40 50 60 70

GET THE LOW ORDER BYTE AVD TRIGGER HANDSHAKING
VAKE THE 1S COMPLEMENT OF THE DATA

SAVE IT FOR LATER

RESTORE THE HIGH ORDER BYTE

AIE WNE WALTING FOR A SIGN=ON ACK2

YES, SO IGNORE YHE DATA

’
# CONNECT ~ILL TELL US wrlCH ROUTINE BELOW IS TO PROCESS THE INPJT.

H

LIX CONECT
3Vl GETRPY
AVE CHARS
JYP GETYN

GET THE CURRENT STATE OF DEVICE IvPJY

IF WALTING FOR REPLY VO WHICH SYSTEM REJUESY
IF ADDING CHARS TO OUTPUT BUFFER

IF WALTING FOR REPLN YO LINK REQJEST (Y OR V)
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gt

s

BUFFER ENTRIES

CARD
643
644
64S
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
656
667
658
669
670
671
672
673

i 674
i 675
676
677
678
679
680
681
642
683
684

LOC

FATF
FATF
FATF
FA7F
FATF
FABY
FAB3
FA85
FAKBT
FABY
FABC
FABE
FA90
FAQ0
FA9D
FA90
FA90
Fag2
FA9S
Favy
Faye
FA97
FaQ?
FaA97
FA97
FA97
Fa97
FAY9
FA9H
FAQC
FAQE
FA9F
FARQ
FAA2
FAAY
FAAb
FAAB
FAAL
FAAC
FAAF
FARY
FABY

A5
18
ba
AL
pn

AR
86
tA
13
a8
38
c9
Fo
Af
1
a9

20
Co
ac

CO0E

90 FA

0%

4t

PAGE 15
CARD 10 29 30 40 50 60 T0

1}
§ ADD THE CHARACTER YO THE JUTPUT BUFFER AND QUEUE THE BUFFER wWHEN
i IV 1S FJLL. .

3
CHARS LOY INBC THE PLACE TO ADD THE CHAR TO THE 3UFFER
. STA (INPTR),Y STORE 1T IN THE BUFFER

CPY MaxPAX IS THE dJUFFER FULL?

3EG INDONQ YES

INC IvAC .

JSR BYTES AAS THIS THE FIRST OR SECOND BYTE?

4CS C4ARS FIRST, S0 GO GEV SECOND

3CC GETCH SECOND, SO GO GET ANOTHER WORD

i
3 3YTES IS USED TO DETERMINE WHICH HMALF OF A WORD AAS PROCESSED., THE CARRY
$ 81T I8 JSED TO INDICATE AN 0DD OR EYEN BYTE COUNT, (0DD=>ZS; EVENz>CC)

i

BYTES WA TaHC FIRST BYTE I8 INDICATED BY AN ODD INBC COJNT
cLe
IR A RITATE VHE LOW ORDER BIT INTO THE CARRY
LOA HYTLOA SET UP THE SECOND BYTE IN A REG

BYTRET I8
1

3 INDUNE 15 USED TD SEND PACKETS FHAT HAVE BEEN FIRMED DJRING TERMINAL 1/0

# IT CHECKS FUn NULL PACKETS (INBC<B) AND RESETS OMATTY & TTVY* FLAGS IF NOY
3 IN THE vIDDLE OF A DMA TRANSFER,
i
4

NJDINE  LOX WIFF RESET OMATTY FLAG
STX DMATTY
1Nx . RESET THE TTY TIMER FLAG
STX 171YTH ‘ .
JEY SET PACKET LENGTH
INDONL  TYA AND PUT VALUE IN A REGISTER
cCvp u/ 18 IT & NULL PACKET?
JEQ BYTRET YES, SO IGNORE IT,
LOY %07

STA C(INPTR),Y
LOA #3DJTNEXT ENVIAUEUE THE PACKEY TO BE SENT

LIY CURDEV

JER EMY

JEC INSET NO LONGER SET UP

JUP INDEV TRY TO GET THE NEXT BUFFER & MORE DATA 1F AVAILABLE

-~
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REPLY TO wHICH SYSTEM

CARD ¢ LOC

686
687
688
689
630
691
692
693
694
695
696
697
638
699
700
701
702
705
704
705
706
707
708
709
710
711
712
713
714
715
716
7117
718
719
720
721
722
723
724
725
126
727
728
729
730
731
732
733%
734
735
736
1317
738
739

FABY
FABY
FABY
FAB4G
FABY
FABY
FAdo
FABS
FABA
FABC
FAHE
FACO
FAC2
FACU
FACH
FACY
FAC9Y
FACH
FACD
FACF
FAIZ
FADZ
FAUZ
FADZ
FANY
FADS
FaDn
FADR
FADD
FAUF
FAEY
FAE2
FAED
FAES
FAE®
FAEH
FAL®
FAEW
FAEC
FAEE
FAFO
FAF?
FAF3
FAFS
FAFS
FAFS
FAFH
FAFS
FaF7
FAFY
FAFH
FAFD
FAFF
Fhoe

A2
LT
96
86
a0

60

CoDE

715 FF

00

17
4C

63 FF

- v e

CARD 10 20

PAGE 16
30 40 50 60 70

SETRPY ACCUMULATES THE RESPONSE TO THE WHICH SYSTEM MESSAGE.
WHEN THE RESPONSE IS COMPLEVE, IV IS CHECNKED WITH A SET OF TABLE ENTWIES

i
3
B}
3. AT THE END OF THE PROGRAM,
’
G

EfRPY LDA BYTLON
AVD W35F
LOX INBC
STA SIRING,X
CuP #30D
3EQ GLF
CPX #4044
3EQ GCRLF
INC InBC
JYP GETCHY

.

GLF LIY KLF
INE GPUT

GCRLF L)Y #CRLF

GPJT JSR PUTSTR

LIY %00
NEXTEN LOX #00
NEXTCH LOA STRING, X

4P TABLE,Y

ANE NAATCH

CAX woe

dE0 MATCH

14X

Iy

49E NEXTCH
NMATCH TYA

STX TUKEN

SEC

S3C TUXEN

cLe

AXC &0

CYP Bk

AEQ ASKAGN

TAY

2 VE MEXTEN
H

GEV THE LOA ORDER BYVE
GET RID OF PARITY AND UPOER/LONER CASE
THE OFFSET IN STRING TO PUT THE CHAR

AAS THE CHAR A CR?

YES, 8D QUTPUT A LF

NAS IV TME FIFTH CHAR?

YES, SO OUTPUT A CRLF

NETTHER OF THE ABOVE, SU WAIT FIR MIRE INPUT
GJ GEY ANOTHER WORD

ALNAYS SRANCH
PRINT THE CHARS

COMPARE THE INPUT STRING TO DEFINED SYSTEM NAMES IN THE TASLE

SEE IF RESPONSE IS STORED IV THE VASLE
(CHARACTER POSITION COUNTER)

NO MATCH, SO: TRY NEXT ENTRY

IS THIS THIRD CHARACYER?

YES, NE HAVE A MATCH

TRY THE NEXT CHAR (ALWAYS BRANCH)

NO MATCH, 90 TRY THE NEXT SYSTEM

FJJR dYTES PER ENTRY
MIIE SYSTEMS TO TRY (FOR 4 ENTRIES)?.
ND, SO ASK HIM AGAIN

TRY THE NEXT ENTRY IN TABLE (ALNAYS HRANCH)

? A85<4AGN ITSETS SUME SYSTEW FLAGS AND REPRINTS THE 'AHICH SYSTEMZ' MESSAGE
i AT THE TZIRMINAL, THIS INDICATES THE ENTRY WAS NOT IN THE TABLE,

’

AS<AGN <IX 00
ST¥ INsC
51X walv
STX XADDR
LVY ®AHSYS
JSR PUTSTR
TS

RESET VTHE CHARACTER POINVER
NOT WAITING FOR A SIGN=UN ACK YET
NUT TALKING TO ANYONE

ASX NHICH SYSTEM?

AND RETURN
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REPLY TO WHICH SYSTEM PAGE 17
CARD & LOC CODE CARD 10 20 30 - 40 50 60 70

743 FBO3 H

742 FBO3 3 WATCH SETS UP SOME DEVICE PARAMEYERS ACCORDING TO THE VALUES IN THE TABLE,
743 £803 3 IF THES AAS A TERMINAL REQUEST, IT SETS THE WAIT TIMER FOR 10 SECONDS,
744 FBO3 3 IF A CPJ DEVICE OTHER THAN A HARRIS BIU IT SEVS [HE TIMER FOR 2 SECOUNS.
745 F803 : HWARRIS 3IU SIGN=ONS WALT FOR §/2 SECOND, THE LINK REQJEST MESSAGE 15 THEN
746 FBO3 } JUEUED FOR TRANSWISION AND WE START TO AWAIT THE RESPONSE.

747 Fu03 ;

748 FBO3 CO OB MATCH CPY #08 A MATCH NAS FOUND IN THE TYABLE

749 FBUS 90 OF A 3CC TERMK IF “TERYX® OR "SANDX®, GET THE TERMINAL ADDRESS
750 F807 CO OA £3Y #30A IF "CAP", USE SIGN=ON LOOP

751 FB09 DO 03 INE CONMAT

752 FBOB 4C DO FB J9P HARSON

753 FBOE €A CONMAT 1N ELSE GET THE ADDRESS FROY THE TABLE

754 FBUF 3E 73 f LIX TABLE,Y ACC = DA

755 FH12 A9 0K LOA as WAIT 2 SECONDS FOR A REPLY TO THE SIGN=ON

756 FBI4 D0 16 3NE SYSTWX ALAAYS BRANCH i .

757 Fiis ;

758  FB16 42 0U TERUX LoX wod GET DA FROM "X" IN "TERMX" JR "SANDX®

759 " FA18 a5 47 LOA STRING,X

760 FH1A CO 04 TRy Wi

763 FHIC FO 03 1EQ CONTRM STERMX" SU CONTINUE

762 FHIE 29 OF AND 830F TAKE THE LON=ORDER 4 BITS FROM X

763 FH20 B5 u4C STA XaDDR STORE IT ANAY TEMPORARILY

764 FB22 AD 40 10 L4 PURT33 GET THE HIGH=ORDER BITS FROM THIS 8IU'S ADDRESS
765 FH25 29 FO AVD W3FD . '

766 FH2I 05 Wi JA XADOR AND COVMBINE FOR SIGN=ON ADDRESS

767 FH29  AA CONTRM AKX PJT SIGN=ON ADDRESS IN X

768 FY2A 49 28 LOA WAD mAIT 10 SECONDS FOR A REPLY TO THE SIGN=OV

769 FB2C  M¥e 4 SYSTUX  5TX XADOR SAVE THE DESTINATION ADDR .

770 FB2E A2 IF LOX #TSACK . i
771 FA30 20 1A FF ISR STIMER SET THE TIMER YO WAIT FOR THE REPLY ' '
772 F833 49 E2 LOA aSONMSG+TTY CONNECTION MSG FOR ASCII TERMINALS

773 FB35 20 £4 FE JSR PCONST CONSTRUCT THE PACKET

774 F838 10 03 gol Q1T IF A BUFFER WAS ALLOCATED

;;5 FB3A  4C 00 FB8 J4P RESET IF NOT THERE, SOMETHING IS WRONG SO RESET,

6 Fb3D ;

717 F33D 49 17 ure LoA #5OUT=NEXT ENIUEUE THE BUFFER TO 8E XMITTED

778 FA3F a4 OE LY CJRBIY

779 Fi4] 20 43 FF JSR ENG

780 F&04 E6 17 INC WAIT REMEMBER THAT WE ARE WAITING FOR A REPLY

781 Fdde 60 INRET TS AND RETURN
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YES=NO RESPONSE

CARD

703
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
411
812
813
814
815

Loc

FB47
Fay7
Fou7
FBu7?
£849
FBuB
FBUE
Fas0
FBS2
FHs4
FAS6
Fase
FHS8
F35€
FHYE
FRSE
FASE
FRSE
FR&O
FBb3
FA6S
F8e7
Fas9
FRLC
FR6E
Fa70
FaTe
F874
FAT7H
FR7A
FHlo
FB70
FBs0

CJ0E

FA

FF
FA

FE

FF

FF
FF

CARD
: I SETYN IS USED TOD GET VHE REPLY TO A LINK REQUEST (Y 9R N),

GETVN

NOZERD

10

AND
3NE
J8R
3CS
cup
3EQ
JEC
Loy
JSR
Jup

20

835F
NUZEROD
BYTES
GETYN
wy
YES
CUNECT
W#CRLF
PUTSTIR
ASKAGY

PAGE 18
30 40 50 60 70

GEY RID OF PARITY AND UPPER/LOWER CASE
JGNORE 0°'S IN TTY WODE

FIRAST OR SECOND BYTE?

FI38T, S0 GET SECOND

01D InE USER TYPE YvES?

YES &

NJ) 30 AGAIN WAITING FOR WHICH SYSTEW
PRINT CRLF

AND ASX HIM dﬁAT HE WANTS

H
$ NMEN LINKING 7O ANOTHER TERMINAL, SE! VAXIMUM PACKET LENGTA, SEND AN
i ACKNOALEOGMENT AND TYPE LINK ACCEPTED AV THE TERMINAL,

}
YES

COVYES

YN]EY

LOA
J3R
avl
LA
Loy

ISR

INC
Loa
AND
3NE
INC
Loy
JER
Loy
JSR
RTS

NSACMSG
PCONST
INRET
NUOUT=NEXT
CURAILY
ENQ

CUNECT
XADDR
#x10110000
CONYES
TERWF
NCRLF
PUTSTR
SLINKA
PUTSTR

SEND A SIGN=ON ACK

IF CAN'T ALLOCATE THE SIGN=ON

AJEUE IT UP TO BE SENT

NON CUNNECTED '

ARE AE CONNECTING TO A SERIAL YERMIVAL?

NO, SO CONTINUE g
YES, SJ SEV FLAG

PRINT CRLF

TYPE "LINK ACCEPTED® '
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OUYDEY ' PAGE 19

CARD o LOC CODE CARD 10 20 30 a0 50 60 70
817 FB8) T
818 Fhsy 1 QUTDEV IS CALLED TO HANDLE A MESSAGE FROM THE WETWORK. IT WILL
819 fasy 3 EITHER TRANSMIT TME MESSAGE TO THE USER DEVILE OR HANDLE THE
820 faa1 } VESSAGE ITSELF, DEPENDING ON THE MESSAGE TYPE,
821 FRAY : .
822 FBY1 1 DUTDEV VAKES ND ASSUMPTION CONCERNING THE TYPE OF OPEAATION UNDERAAY (I.E.
* 823 FBal i OVA DR TTY), IT SIMPLY SENDS DATA INTO THE DEVICE AS IT IS RECEIVED,
824 Fdul }
825 F881 A5 i0 OUTDEV  LDA OUTSET SET UP FOR OUTPUT?
426 F8B3Y DO 27 . 3VE PUTCH YES, SO SEE IF THE NEXT CHARACYER CAN BE SENT,
827 FB85 A6 56 LDX OIN AVNYTHING ON THE QUEUE?
. 828 FBBT 30 F7 341 YVRET ND, SO RETURN
029 FB4Y 84 TF LDY LIPTR,X SET UP THE PTRS
830 FHHH B4 Nb STY OUTPTR
831 FAAD A4 ¥5 LOY MIPTR,X
B32 FBAF B84 07 STY OJTPTR¢Y
B33 FA91 A0 05 LOY #uS GET THE ¥SG TYPE
834 FAul 31 0b LOA (DUTPTR) Y
B35 FB395 9 02 CUP sUATASGTTY & DATA VESSAGE?
836 FHY7 p0 55 3VE TRYSOF N3¢ SU TRY FOR A SIGN=OFF MSG
837 FBOY A4 4E LY CONECT ARE WE CONNECTED?
838 FBYH CO 01 cPy #01
839 FHUD FO 03 4 AEN POATA YES, SO PRINTV THE OATA
840 FRYF  4C 70 FC JMP UGUTFRE . NO, SO IGNORE THE PACKET
841 FYAR H
842 FBA2 3 PDATA PHINTS THE DATA IN & MSG TO THE DEVICE
843 FHA? H
844 FBA2 Es 10 POATA INC OUYSETY SET UP FOR 0JTPUT
84S FBAY4  AD 07 LOY #07
846 FEAL A4 08 STY ouTac FIRST CAAR OFFSET =
A47  FBAR 41 06 LOA (DUTPTR),Y GET THE PACKET LENGIH
848 FBAA 85 09 STA OUTPL
849 FHaC H
850 FHAC A4 03 PUTCH LY fJTBC GET THE VEXT CHAR OFFSET
851 FB4E Cu 09 C2Y QUTPL DONE YETI?
852 FBHO 90 05 3VE TRYDS NO, SO CHECK THE DEVICE STATUS
853 Fiue Cob 10 DEC OQUTSET ALL DONE WITH THE PACKET
854 FBH4 4C 1D FC 3P UUTFRE
855 FBA7 ;
856 Fud? i TRYDS 0JTPUTS NORDS TO THE TERVINAL YWD BYTES PER WORD. AN 0DD SYFE COUNT
857 FRH7 3 AILL RESJLT IN A PADDING 3YTE 8EING SUPPLIED.
858 FBB7 H .
859 Fdo7? 3. 9ANDSHA<ING UCCURS AUTOMATICALLY WHEN DATA IS STORED IV PORT 2A, THIS 1S
860 FoH7 . # AGAIN A HARDWARE ACTION JIF THE 6522 CHIP NHICH IS EQUIVALANT T0 THE &7
BbL  FH#7 # JCTL (HARRIS ODA/COH), COMMAND DATA WORDS ARE NOT PASSED YO THE G7
bb2 Fdg? ]
863 F8a7 4 TRYDS [Ny GET THE OFFSET OF THE CHAR TO SEND
864 FBEB A5 45 LOA TERYF ARE WE RECEIVING DATA FROM & SERIAL TERMINAL?
BsS FEAA FO 04 3E0 CONDS NJ, SO CONTINUE DUTPUT
866 FHBC 42 00 LOX #00 YES, SO MUST SEND IT IN ONE BYTE AT A TIVE
857 FHHE F0 DA BEQ CONOUT ALAAYS BRANCH FOR LOW=ORDER BYTE
86 FBCO 41 0o Cuvdg LOA (ODUTPTR),Y GET THE CHAR TO SEND
" $69 FBL2 49 FF EJR KS$FF TAKE THE 1°'S COMPLEMENT OF THE JATA
870 FHCH AL Tax PUT THE CHARACTER IN 'X' RES
871 FBCS C4 09 C3Y outaL DOVE VET?
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OUTOEV

CARD o
812
ar3
ar4
a5
876
817
878
819
850
(L3}
as2
483
LIL}
(1.1
886
au7
[1.].]
889
890
894
892
893
894
895
890
697
898
899
900
901
902
903
904

LoC

F8C7
FB8C9
FBCA
FBCC
FBCE
FBDJ
FaD3
FBDS
F807
FBOD?
FBD7
FB807
FBD7
F807
FEDA
F8bD
Fuun
FBOD
FBDD
FBDOD
FBDD
F8pD
FAoF
FREN
FBES
FUEY
FHE?
FBEY
FBF &
FBEA
FBEA
FSEA
FHEC

13
80

LY
Ca
Fo
a9
2c
Fo
b0

AY
Fo

CJ0E
21

20
21

50

or
0e
2o
Fo

00
£0

4]

T B A dRenn PR TR TR S B oo T e

PAGE 20
CARO 10 20 50 50 b0 70
8EQ NULL YES, 80 PUT OUY A NULL CHARACTER TO FILL: #0RD
INY N, 80 GET SENOND 3YTE OF WORD
- CONOUT  LOA (OUTPTR),Y
EOR s3FF VAKE THE 1°'S COMPLEMENT JF THE DATA
NULREY JSR SNDJUY
‘ - BEQ TRYLAY INTERFACE DEADLOCK, SO TRY LATER,
STY QUTHC SAVE BYTE COUNT -
BVE PUTCH GET THE NEXT WORD (ALWAYS BRANCH)
|
3 SNDQUY 18 USED TO SEND ADRDS INTO THE GRAPHIC 7,. IN THE OJYDEV ROUTINE
3 [HE NORMAL CONE FLOW ENDS HERE, HONEVER, IT 1S USED AS A SJBRDJTINE
$ 3Y THE PUTSTR ROUTINE ANO FHE TRYSON ROUTINE. ’ -
1
SNDOUY SYX PORT28 LOAD B AITH HIGH URDER BYYE (NO HANISHAKE)
STA PORT2A LOAD THE LOW URDER HYTE (HANDIHAKE)

§
7 JUTLOP WALTS FOR YHE G7 TJ SIGNAL IT HAS READ THE LAST WORD SENT,
3 1T WAITS FOR AS0UT 550 JSECS FOR THE RETURN HANDSHAKE, IF THE WANDSHAKE
§ FAILS T COME, IT ASSUMES THERE IS AN INTERFACE DEADLICK AND RETURNS 710
3 THE MAIN LOGUP TO ALLOW IT 10 CLEAR,
’
LUK #3550 SET UP THE TRY COUNTER
uyrtLoP JEX COJUNT THE NUMBER OF TRIES
dEQ TRYLAT IF 100 MANY TRIES COME BACK LATER
LDA #0AR TEST FIR HANDSHAKING FROM TVERMINAL .
3T PRIFR |
4€d ouTLOP LJOP UNTIL TERMINAL ACKNOWLEDGES wORD

TRYLATY RIS
H
7 TAE NEXT Ta0 LINES OF CODE ADD THE NULL BYTE DURING DUTPUT,

’
NULL LUA #3400 LOAD SECOND BYTE AlTH NULL CHARACTER
3EW NULREY ALNAYS BRANCH
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SPECIAL OUTPUT MESSAGE HANDLERS

CARD »
906
907
908
909
910
11
912
943
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
9l
Qu2
943
944
945
946
947
948
949
950
951
952
953
954
95§
956
957
958
959
960

Loc
FBEE
FBEE
FOEE
FBEE
£BF O
FBF2
FUF 4
FBF6
FBF8
FBF A
FHFC
FOFE
FCuu
FCo2
Fod
FCoh
FCod
FCUA
FCOD
FCuD
FCOF
FC12
FCiy
FC17
FC19
EC1
FC1D
FCIF
FC20
FCe2
FC24
FC24
FC2h
FC28
FC2A
Feac
FC2E
FC30
FC31
FC33
FC35
FC3o
FC38
FC3A
FC3D
FC3F
Feu2
FCuy
FCab
Fous
FCuUa
FC4C
Feuc
FCUE
FCS0

CDOE

£0

F3
FF

CARD

'
3 THE FOLLIWING SECTIONS
-3

" TRYSOF

COVFRE

i
TRYSAC

PDATAJ
PLINKA

H
TRYSUN

10

cup
aNE
LA
cwp
INE
LA
Loy
cwp
ANE
P
4CC
cwe
4CS
3TA
Jup

Loy
FEL

STY

Tya
twp
4EQ
Jup
Loy
JSR
LA
LA
SNE
[ve
ER13

cup
BCC
LY

20

PAGE 21
30 40 1] 60 70
CHECK FOR SPECIAL MESSAGES

¥SOFMSG NAS IT A SIGN=OFF MESSAGE?
TRYSAC NJy SO TRY FOR A SIGN=ON ACK
COVEC! COVNECTED?
01
CONFRE NO, S0 IGNORE THE vsG
XANOR 13 VHE PACKET FROM THE 3IU TO ANICH CONNECTED?
L .
(UWUIPTR),Y :
OUTFRE NO, S0 IGNORE THE SIGN=OFF
WrARBAS IS THIS A HARRIS COUMPUTER SIGN=OFF?
SNOLT NDs» S0 CONTINUE
NHARBASHTRMCNT R
SNuLTY NO SO CONTINUE
HARGO VES, 50 MUST HAVE BEEN A PONER INTERRUPT
RESET TRY 10 SIGN=ON AGAIN
wLINKT PRINT “LINK TERMINATED™ MESSAGE
PUTISTR
LELEE] ‘ASK AHICH SYSTEM?
PUTSTR
400 NOA AAITING FOR THE REPLY
XanorR .
InBC ’
TERVF CLEAR THE SERIAL TERMINAL FLAG
Cowecy
OUTFRE ALL DONE AITH THE ¥SG (ALWAYS BRANCH)
BSACMSH AAS IT A SIGN=ON ACK MSG?
TRYSON ND, 80 TRY SIGN=0N REQUESTY
wALTY NERE aE AAITING FOR THE ACK?
PDATAY ND, SO SEE IF IT HAS ANY DATA IN IT TO PRINT
nALT YES, 80 NO LONGER WAITING
CUNECT NON CUNNECTED
RESET SIGN=0Y COUNTER
S0MCNT
LX)
(OUYPIR),Y AAS THE PACKET LENGIH 77
PLINKA NDy SO IT1 HAS DATA TO PRINT
PUATA
SLINKY YES, 80 PRINT "LINK ACCEPTED®
PUTSTR
XADDR ARE NE CONNECTED TO A SERIAL TERMINAL?
#%10110000
OUFFRE NO, SO ALL DDNE AITH THE PACKET [ALWAYS BRANCH)
TERMF YES, 30 SEV SERIAL TERMINAL FLAG
OUTFRE ALNAYS BRANCH
¥3509486 SIGN=0ON REQUEST? .
OUTFRE NO, S0 IGNORE THE PACKET
CONECT ARE NE CONNECTED?
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SPECIAL OQUTPYT MESSAGE MANDLERS

CARD ¥
%1
"2
963
964
965
%6
97
988
959
970
971
9712
973
974
975
976
7
978
979
980

: 981

‘ 982

983
984

P

L0C

FCSe
FCSu
FCSe
FCS8
FCS5A
FCSC
FCSF
FCh1
FCo3
FC6S
FCo7
FCod
FCoA
FC60
FCoF
Fcr2
FC74
FC7o
FC78
FC7A
FC70
FCI0
FC7F
FCee

CODE

FF

FF

FF

CARD

’
LWUTFRE

10

cey
3E0
Loy
4NE
LY

‘JSR

LoY
LIA
5TA
ZJIR
TAx
LOA
IR
Lay
JSR
LDA
STA
LoA
LIX
JSR
(W 1

SR
4TS

20
"0
OUTFRE
WALT
QUTFRE
SLINKRY
PUTSTR
nop
(UUTPTR), vV
XANDR
S3FF

BiFF
$4NJUY
SLINKRZ
PUTSTR
%00
CUNECY
#4640
#ival«
STIMER

Bis IN=VEXT
4L

PAGE 22
30 “0 S0 [ 1 70

YES, SO IGNORE THE PACKET

ARE WE WNAITENG FOR A SIGNe=ON ACK?

YES, SO JGNURE THE PACKET

PRINT THE FIARST HALF OF 'LINK REJUEST' MESSAGS

GET THE ADDR OF TWE REQUESTING BIv
HAVE TO LOAD IV INTO &

AND IN XADDR

TAKE YHE 1°S COMPLEMENT OF- THE DATA
PREPARE TO SEND 1Y AORD VIA SNDDUT.

PIINT THE SECOND HALF OF THE REQUESY

NO& AALTING FOR THE Y OR N ANSWER

NAIT 10 SECONDS FOR A RESPONSE TO SIGN-ON
TO PREVENT DEADLOCK

FREE UP THE PACKEY

AND DONE .

-230-

"
iy

o A



TIv0u7

CARD
986
97
(1]
989
990
991
992
993
994
995,
996
997
998
999

1000
1001
1002
1003

Loc
FCo3
fca3
Fcas
FCo3
FCa3
FCo3
FLBb
FC88
FC68
FCHO
FCAF

FC91.

FC93
FCIS
FCa7
FC99
FCo93
FCoD

COOE

-t ™. . W W W

PAGE 23
CARD 10 20 30 a0 50 60 70
TIMDUY POLLS THE TIMER ‘TO SEE IF IT HAS TIMED OUT, IF IV HAS, IT
DECREMENTS TICK AND POSSIBLY DECREMENTS TIMER, IF TICK REACHES 0
(ONCE EACH SECOND) 710D I8 INCREMENTED.
140UT  HIT PIIFR AAS THE TIMER TIMED OUT?
Ve TIMRET ND
LDA TIMRL YES, SO CLEAR THE FLAG
JEC TiCK COJNT DOAN UNTIL 1/4 SECONO WIT
3VE TIMRET v .
LOA 825 RESET. TICK T COUNY NEXT 174 SECOND
STA TICK .
1NC Tud INCREMENT TIVME OF DAY
IVE TIMRET IF NO CARRY, ALL DONE
INC TOD#1
SNE TIMREY
INC T0D+2
TIMRET 115
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CXTOUT

CARD ¢
100S
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
10418
1019
1020
1c2l
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059

Loc
f£CoE
FC9E
FC9E
FC9E
FCOE
FCAO
FCA2
FCAU
FCAT7
FCA9
FCA9
FCA9
FCA9
FCA9
FCAB
FCAD
FCAF
FCHY
FCA3
FCAS
FCH7
FCHY
FCBH
FCHBC
FCBE
FCCoO
FCC3
FCCS
FCCS
FCC?7
FCeo
FCCB
FCCO
FCCO
FCCF
FCO2
FCDY
FCO7
FCu?
FCD7
FCO7
FCO9
FCOB
FCOD
FCED
FCE2
FCEU
FCE®
FCEQ
FCEY
FCEE
FCEE
FCEE
FCEE
FCFQ

CODE

FD

FB8

FF
FA

FO

FF
FF

CARD

¥
) SKTOUT
3 OLF ANy

}
CKTaUY

TRMCNT

- v %y .

" covsoN

i
HSKADR
}
NUSYS

SEE IF
Kyour

H
i SEE If

}
CKETTY

PAGE 24
10 20 30 40 50 60 70

CHECKS FOR ANY TIMEOUTS AND TAKES APPROPRIATE ACTIONS
AE DETECTED. FIRSY, CHECK FOR TIMEOUT FOR SIGN=ON ACK,

LDA WAIT ARE WE AAITING FOR A SIGN=OV ACKT

3EQ CAYOUT NO, 80 CHECK FOR YES=NO ESPONSE TIVEOUT

LOX #TSACK *
J3R CTIVE

4CC CHYQUT CARRY CLEAR INDICATES NOT TIMED 0J7

FHE FOLLUNING CODE WILL CAUSE A NUMBER OF SIGN=ON REQUESTS BASED OV

TO BE SENT TO FIND AN UNUSED HARRIS BIU, ' -

LOX XADDR START AI'H THE BASE HARRIS ADORESS FOR THIS Riv
CPX WHARBAS IS 17 AITHIN THE ALLOWED RANGE

4CC WOSYS NOT TRYING TO SIGN=ON TO HARRIS BIU

CPX ®{ARBAS+TRMCNY

4CS RSXADR LOOP HACK TO THE BASE HARRIS AQORESS
INC SONCNT COUNT THE NUMBER OF TIMES SIGN=ON YRIED
LOY SUNCNT

CPY NMTRMCNT HAVE oE TRIED ALL OF THE HARRIS B1US?
3EQ WOSYS YES, SO NONE AVAILABLE

1vx NO, SO TRY NEXT ONE

LOA w2 USE A PORTION OF INDEV ROUTINE

JEC walv RESET VHE WALT FLAG

JSR oyYSTMX eoe BEGINNING AT 3YSTMX

3NE CKYOQUT CONTINJE WITH NEXT TIMER CHECK

LDA SONCNT CHECK TO SEE IF THIS IS A HARRIS SIGN=ON
3EW NUSYS N), SO SEND SYSTEM NOT AVAILABLE,

LOX wHARBAS START AITH BASE ADIRESS NOW

3NE CUNSON

LY #NOVALL PRINT "SYSTEW NOT AVAILABLE"

JSR PUTSTR

STA SONCNT RESET THE SIGN=ON COUNTER

JYP ASKAGN

AE WALTED LONG ENDJGH TO RESPOND 1D A SIGN=IN REQJUEST,

LDA CONECT AAITING FOR A SIGNeON YeN?

4NE CKETTY NO, 80 SEE IF TIME TO RESET TTY FLAS,
LOX i#1YaCK

JER CIIME

F CRELVTY

DEC CUNECT NO LONGER CONNECTED

LOY WNOVAIL PRINT "SYSTEM NOT AVAILABLE"

J3R PUTSTR

LOY #+HSYS ASK ANHICH SYSTEM AGAIN

J5R PUTSTIR

THE T1Y TIMER FLAG SHOULD BE RESEY,

LOX TTYTM HAS THE TIMER FLAG BEEN SET?

IE0 CKSTAT NO, S0 SEE IF IT IS VIME TO SEND A STATUS MESSAGE,
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tkroyy ‘ PAGE 25

CARD ¢ LOC L00E CARD 10 20 30 40 50 60 70
1060 FCF2 A2 25 LOX STETTY YES, S0 3EE IF TIMER HAS EXPIRED
1061 FCF4 20 03 FO JSR CTIvE . .

1062 FCF7 90 02 R 3CC CKXSTAT

1063 FCF9 Ceo 43 DEC TTYTM

1064 FCFB ’

1065 FCFB 7 SEE IF IT IS TIME TO SEND A STATUS MESSAGE,
1066 FCFB ’

1067 FCFB A2 (L CKSTAT LOX WYSTAT

1068 FCFD 20 038 FO JSR CTIVE

1069 FDOO 30 16 ' 3C8 SNOSTA

1070 FDO2 60 CKCRETY TS
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CYIME
CARD & LOC

1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
108S
1086
1087
1088

F0O3
FDO3
fFDO3
FDO3
F003
FDO3
FOO3
FDOS
FDO?
FDOY
FNog
FDoOD
FOOF
FD11
FD13
FD1S
FDL7

CODE

PAGE 26
CARD v 20 30 40 So 60 10

: .
# CTIME 1S USED TO COMPARE THE CURRENT TIME'OF DAY TO THE VALUE

3 STORED JN THE VARIABLE X,X¢1 ANO X+2,(3 BYTES HEQUIRED)., IF THE
i TOD I8 GREATER THAN OR EQUAL TO THE VARIABLE CAIRY WILL 3E SEV

3 JPON RETURN; OTHERAISE CARRY I3 CLEARED.

i

c

TIME LOA TuDs2
CUP 2,X
3CC CTRET
dVE CTRET TOD LESS THAN X
LDA TuD+1 GET SECOND BYTE
cwp t,v¥
ACC CIRET
44E€ CTRETY T30 LESS THAN X
LDA TUb
CuP 0,X

CTRET ]TS

ORIGINAL PAGE IS
OF POOR QUALITY
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SNOSTA

CARD #
1090
‘1091
1092

A4 L G L R Ll TV O U T T U (U 10 U U 2 e e bn e e Beb b
VIBEWN=ODBRNCVIEWN=OCOD N NEWN

-
-
[T
@~ >

1139
1140
1141
1142
1143
1149

LOC

FD18
FD18
FO18
FD18
FO1A
FO10
FDIF
FD21
Fo22
FDey
FD26
rd]
FD2A
FD2A
Fozu
FDen
FD2F
FD31
FD32
F033
FD35
FD37
FO37
F039
FO3b
FD3D
FD3E
FD40
FD41
FOU3
FD4y
£D4sS
FD47
FDU49
FD4n
FD4s
Fpuo
FDUF
FD51
FDS2
FD54
FDSS
FOS7
FDS8
FD59
FO5H
FD5D
FDSE
FD60O
FD6O
FD61
FDo4
FD66
FD&7
FDbA&

CODE

FF
Fu
04
00
oC

01

FF
F4
oA
00
04

00
A

oc .

ty

CARD

'
) INDSTA

)
SNDSTA

10

20

PAGE 27
30 40 50 60

13 USED TO SEND ‘A STATUS MESSAGE

LOA
JSR

. B9l

SLI0P1

SLa0pe2

$8272
}

8SL20P3

$43T3

Loy
TYA
STA
LOA
LoyY
STA

VY
LOX
LA
STA
INK
vy
cax
3cC

LIA
WX
49l
uC
A)c
PHA
LDA
Tax

Le

244
LJA
Tax
LA
cax
ANE
INY
574

Tuy
LoA
Sta
IvyY
LDA
5TA

N3TAMSG
PCONST
CKCRET
#00

(FIUPTR), Y
K41
r7
(BIUPTRY, Y

00
MUXMT, X
(4TUPTR) Y

a6

SLOOP)

su0

wuuty

$20T2 i
LI

NEXT, ¥
W5FF
SLOOP2
(AIUPTR), Y
X000

QiN

Sa0T3

70l

NEXT,X
HIFF
5L00P3
(BIUPTR), Y
NUARTS
(RIUPTR), Y

DUARTS
(h1UPTR),Y

SEND A STATUS MSG

TRy 70 GET A BUFFER

NOT ALLOCATED, SO TRY LATER
T2 ADORESS 800

PACKEY LENGTH OF 42

PIINT TO THE FIRST BYTE OF STATUS PART
MIVE IN THE 16 BYTES OF STATUS INFORMAT]ON
GET A BYTE

AND SAVE IT IN THE MESSAGE

SIXTEEN BYTES MOVED YET?
BRANCH IF ND
GET THE & OF MSGS WAITING TO GO OUY

IF NONE .
INCR # WAITING

SAVE A
GET THE PTR TO THE NEXT %SG

RESTORE A

18 THE NEXT PTR NULL?

Ng, 80 GEY THE NEXT ONE

SAVE THE # OF WAITING MSGS

GET THE » OF MSGS WAITING TO GO IN

IF NONE

SAVE THE # OF WAITING MSGS

NETWORK UART STATUS

DEVICE UART STATUS:
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SNDBTA
CARD .# LOC

1148
118
1187
1148
1149
1150
1151
1482
1153
1154
1155
1156
1157

FD6C
FO6D
FO70
FO72
FD73
FO7%
FOT?7
FD77
FO78
FO78
FD78
FO78
FO79
FD7C
FO7€E
FO7F
FDsO
FDB2
(A LL]
FOuy
FDH6
FDug
FOouH
FOBD
FOBF
FD92
FDg2
FDay
FD9e
FD9&
FD99
FO98
Fnog

COOE
10 10

0A

(14
0A

EA FF

s

CARD 10
INY
LDA
STA
INY
LDA
STA

INY
i

1 REG 'X' ERUALS =1 FROM

ENX
sSL20P4 LOA
STA
VX
INY
Lox
icc

-~

LOA
Loy
JSR
LDA
-LOX
JSR

-

LDA
Lox
SLJ0oPS STA
VEX
3L

]T8

20
PLIFR
(3IUPTR) ¥

XADDR
(BIUPTR), ¥

RTUFNC, X
(BIUPTR),Y

.2 -
SLOOPY

SO0UT=NEXT
CURBIY

END

k240
#TSTAT
STIMER

500
%15
NMXMT, X

SLOOPS

PAGE.. 28
30 T 50 60
"PARALLEL PORT INTERRUPT FLAG REGISTER

THE. CURRENT XMIT ADDRESS

POINT TO THE FIRST BYTE OF THE DESCRIPTOR
LOOP ABOVE.

MOVE IN 12 BYTES OF BIU FUNCTION CODE

GET A BYTE

AND SAVE IT IN THE MESSAGE

UPDATE THE POINTERS AND LOOP COUNTER

TAELVE BYTES MOVED YET?
BRANCH IF NO

SEND THE STATUS MSG

THE NEXT STATUS MS3 GOES OQUT IN 1 MINUTE

CLEAR THE STATUS C&Q’TERS AND RETURN
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4
LI

INTBUF
CARD # LODC

1179

FO9C
FD9C
FD9C
FDIC
FDoD
FDIE
FDAOQ
FDA2
FDAS
FDAT
FO&9
FDAB
FOAD
FDAF
£081
FDA3
FDBdY

CODE

PAGE 29
CARD 10 20 0 a0 50 60 10
: INTBUF SETS UP A BUFFER FDR NETWORK INPUT IF IT 1S NECESSARY.
:NIBUF PHP PROTECTS THE INTERRUPT MASKING,

SE1 OON'T WANT INTERRUPIS DURING ALLOC

LDA INTSET

3VE INTRES ALAREADY HAVE A BUFFER, SO RETURY

JSR ALLOC ALLOCATE A BUFFER

BMI INVRES ND BUFFERS AVAILABLE, 80 TRY AGAIN LATER

LOA LOPTR, X
SIA INTPTIR

LDA HIPTR, X
STA INTPTRe}

SET UP THE PTR 10 THE BUFFER

$TX CURNET SAVE THE BUFFER NUNBER
INC INTSET NOa ALL SET P
INTRES  PLP RESTORE OLD INTERRUPT STATUS AND RETURN

RIS
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£

IRQ AND NINT

CARD ¥ LOC

13197
13198
1199
1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
112
1213
1214
1215
1216
121"
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231

T 1232

1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251

FDBS
FOBS
FOBS
£045
FORS
FDBS
FDBS
FOR6
FOB7
FOBS
FOB9
FDBA
FNBA
FDBA
FOBA
FhBA
FOHD
FDCO
FDC2
FDCy
FOCo
FOCB
FOCA
FDCy
FOCD
FOCF
foo2
Foo2
FODY
FOD7
FDD9
FoDB
FDOC
FODE
FOEO
FOE3
FDES®
FDESL
FDEY
FOER
FOED
FOEE
FDEF
FOF 1§
FDFe
FOF3
FOFY
FOfo
FOF8
FOF9
FOFB
FOFD
FODFF
FEOL
FEO4

48
38

T4l

84
4h

COOE

00 oC
01 ot

CC FE

15 00

ov 0C
Ca FE

00 0C

CARD

10

20

PAGE 30
30 40 50

60 70

]
3 1RO RECEIVES CONTROL WHENEVER THERE IS A NETWORK INTERRUPT

3 THIS CAN BE GENERATED BY THE RECEIVE DATA REGISTER OF THE VETKORK UARY
3 BECOMING FULL, THE DATA CARRIER OETECT SIGNAL GOING HIGN, IR A DATA
§ OVERRUN CONDITION,

’
IR

Pria
VA
PHA
TXA
PrA

PJSK ACC, Y AND X ONTO STACK

3
7 1418 CODE IS THE NEVWORK JART INTERRUPT HANDLER. IT 1S USED TO EITHER
T3 READ IN A MSG FROM ANDTHER Blu,

GET ThE STATUS (CLEARS THE DATA OVERRUN IF NECESSARY)

3 ZHECK LAT VALIDITY,  OR

H

H
FESTTX
TESTR

;
COLIDE

Loy
LOA
STY
LoxX
Loy
3EQ
STA
INX

LPX

3EQ
JuP

Loy
LOA
CwP
3VE
JEY
3PL
LA
STA
JuP

LDA
STA
LDA
ASL
asL
STA
asi
cLe
apc
cLt
ADC
g
adc
STA
STA
LOX
JSK
Jup

NUARTS
NUARTD
INT3C
INTR
V1T
RXDAYA
TOKEN, X

o2
TESTTX
WIRET

501
TOKEN,Y
(QUTPIR),Y
COLIDE

TEST2
#200031000
NJARTS
MICLRX

¥%01013000
HUARTS
RANDU

A

[
INTHC
A

INTBC
RAND(

¥01
RANOU
RNDCNT
KNMCOL
SFINC
NICLRX

AND THE DATA

SAVE THE PARITY ERROR FLAG
INTX 15 INITIALLY ZERO

IS THIS MY TRANSMISSION?

IF NOT, GO 7O N4

SAVE RECEIVED DATA IN TOKEN

HAVE 2 CHARACTERS BEEN RECEIVED? L

YES, SO TEST THEM

v

NO, SO HAVE TO WAIT, BUT KEEP OECREMENTING INTX
TESY RCV'D v8, TRANSMITTED DATA

DUTPTR POINTS TO ANY PACKET BEING XWITTED ON NET

TEST OK, TURN OFF NET RCVR

TEST FAILED, TURN OFF XMIT AND

CADOSE RANDOM WAIT

TO GET NEXT RANDOYM NUMBER, ...
MULTIPLY BY 13 AND ADD ¢

1L

X8

xi12
X13

RCv

+1 .
STORE NEA RANDOM NUMBER AT SEED AND COUNT

INCREMENT # OF COLLISIONS
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1217
1278
1279
1280
1281
1282
1283
1284
1285
1286
© 1287
1288
1289
1290
1294
1292
1293
1294
1295
1295
1297
1298
1299
1300
1301
1302
1303
1304
1305
1306

AND NINT

Loc

FEQT
FEOT7
FEOA
FEOC
FEOC
FEOE
FELS
FE14
FE14
FE16
FE18
FE1A
FEIC
FEIE
FE21
FE23
Feae
FE2H
FE26
FER26
FE28
FE2A
FE2C
FE2C
FERE
FE3Q
FE32
FE34
FE3S
FE3B
FE3A
FE3C
FE3E
FE40
FEU3
FEUS
FEUR
FEUA
FEU4Y
FE4D
FEGF
FESH
FES3
FESS
FES7
FERR
FESB
FESB
FESE
FEGD
FE42
FE&Y
FEbG
FE69
FEoB

CODE

}
40 10 RXDATA
[ 1. I

¥
58 SKIPLY

00 0¢
A FE
3
02 FOAUS

2¢ FF
00 0C
o
3 SET

}
00 GEFIT

GET3YY
00 0C wWALlTBY

00 0C
01 oC

|14 INLDOP

]
no 0C CHKLOP

CARD

e

10.

1.4
BEQ
LOA
STA
JWp

STA
P 10

LDA
STA
3NE

LDY
STA
STA
STA
INY
LoA
AND
8EU
AND
ANE
817
ays
LDA
sTA
Tax
EOR
874
cPY
BCC
SNE
8TX
cPy
BNE
LOA

AND

BEQ

AND

BNE

BIT

avs

LoX

20

PORT 38
FORYS

¥#%01011000
NUARTS
NICLRX

INTBC
SKIPIT
INTSET
GETITY
ANMLOST
SFINC
#%01011000
NUARTS

PAGE 31
30 40 S0 60 70
18 THE PACKET FOR US?
YES

CAN'T RECEIVE, SO DISABLE RECEIVER

AND RETURN

WAS THERE A FARITY ERROR IN THE ADDRESH?
YES, SO IGNORE THE PACKET

ARE WE ALL SET UP FOR INPJT?

YES )

INCR YHME # OF MSGS LOST SECAUSE OF VO BUFFER

TURN OFF THE RECEJVER

SEND AN SFF ACK cee

WSFF
ACKBYT
SNDACK

#00
CINTPTR) .Y
ACKBYT
PARIYY

NUARTS
#%00000101
walT8y
#200000100
SKIPIY
NUARTS
PARERR
NUARTD
(INTPTR),Y

PARITY
PARITY
#07
GETBYTY
INLOOP
INTBC
INTBC
GETBYT

NUARTS
¥X00000101
CHKLNP
#X00000100
SKIPIT
NUARTS
PARERR
NUARTD

TO SIGNAL THAT WE ARE FULL AND THAT HE
SEND THE STOP=XMIT FLAG (ALWNAYS BRANCH)

STORE BYTE 0 IN BUFFER
SET UP.TO SEND A GOOD ACK PACKET
START THE VERTICAL PARITY CALCULATION

18 ANOTHER BYTE READY

IS RECEIVE KEY ON BUT WORD NOT IN?
IF NOT, GD TO WAITAY

18 RECEIVE KEY ON?

IF NOT, TURN OFF THE RECEIVER

AAS THERE A PARITY ERROR?

YES, SO ABORT THIS MESSAGE

READ THE NEXT WORD

SAVE THE DATA CHAR
ACCUMULATE THE PARITY

1S THIS PACKEY BYTE COUNT?

IF <, KEEP ON REAOING IN THE HEADER
1F >, COMPARE TO INTBC .

IF =, STORE RECEIVE PACKET LENGTH
DOES Y = PACKET LENGTH?

NO, 8O KEEP ON GETTING BYTES

AAIY FDR THE CHECKSUM

BAD PARITY?
YES i
GET THE VERTICAL PARITY
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1349
1350

1352
1353
1354
1355
1356
1357
1358
1359
1360
1361

AND NINT

LoC

FEGE
FET0
FE73
FETS
FET7
FETS
FEIC
FETE
FETE
FEBL
FEB3
FEBS
FEB?
FEBA
FEBC
FEBF
FE9Y
FE92
FE94
FE96
FE99
FEQH
FEYD
FESD
FEQF
FEAL
FEA3
FEAS
FEAT
FEAQ
FEAB
FEAD
FEAD
FEAF
FEBY
FEQY
FEBS
FEB7
FERQ
FEH?
FEBY
FEAD
FECO
FEC?
FEC4Y
FECY?
FEC7
FECa
FECC
FECE
FEDQ
FED2
FEDR2
FED2
FED2

1]

COOE

58

oC

FF

oc

']
oc

oc

FF

FF
FD

8
PARERR  LDX

i
SN

WA

-

H

T
N{
NI

~ . v

CARD 0

STA
cox
EQ

JSR
BVE

]
JACK  LDA
AND
3£Q
LDA
STA
LoA
STA
LOX
1175 DEX
8pL
LoX
STX
cup
BED

Loy
Loa
Cup
ANE
Loy
Loa
cupP
LI

50X Loy
LA
STa
Loy
LIA
STA

LoA
Loy
JSR
EC
Lox
JBR

NACK JSR
cLAX LOX
ET STX
LOX
STX

20
#X01011000
NUARTS
PARITY
SNOACK
WNMBCRC
SFINC
SKIPLY

NUARTS
¥%X00000100
SNDACK
8200011000
NUARTS
ACKBYTY
NUARTD

826

WALTTS
#%03013000
NUARYS
#SFF
TEANACK

K02
CINTPIR),Y
LASTTX
M360X

504
(INTPYR), ¥
LASTSG
NICLRX

sn2
CINTPTR),Y
LASTTIX

w04
(INYRPTR), Y
LASTSa

BQIN=VEXY
CURNET
ENG
INTSET
$NMGERC
SFINC

INTBUF
€00
INTX
#00
INTFLG

PAGE 32

30 40 50 60 70
DISABLE THE RECEIVER

COMPARE THE PARIVIES

NJRRAH, THEY AGREE

KEEP COUNT OF PARITY ERRORS

DISABLE THE RECEIVER AND RETURN (ALWAYS BIANCH)
1S THE NET BUSY? )

YES : !
TURN ON THE XMITTER -

SEND THE ACK
d‘l! 75 US BEFORE TURNING OFF THE. XWIT KEv

TUIN OFF THE XMITTER

DID WE SEND THE STOP~XMIT FLAG?
YES, GD TRY ALLOCATION & RETURN

GET THE XMIT ADDR

SAME AS THE PREVIOUSLY RECEIVED MESSAGE?
ND, S0 THE mM8G IS 0K
GET THE SEQUENCE «

SAVE AS THE PREVIOUS M8G?
YES, SO SKIP IT

SAVE THE NEW TRANSHIT ADORESS
Y4E NEAN SEQUENCE #,
QUEUE TrE MESSAGE 10 BE SENT IN TD THE DEVICE

NO LONGER SET UP FOR INPUT
INCR # OF MESSAGES RECEIVED WITH GD20 CXSUM

TRY YO GET SET UP AGAIN
SAVE OUR COPY OF X, OR CLEAR IT, AS NEEDED

THIS COOE IS USED TO RESTORE REGISTERS AND REVURN FROM INTERRUPTS,

oLA

UNSTACK AND RETURN
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1RQ

CARD ¥
1362
1363
1364
1365
1366

AND NINT
Loc cout
FED3 AA

FEDY o8
FEDS A8
FED6 68
FED7 4O

CARD

10

TAX
PLA
TAY
PLA
RTI

20

30

-241-
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NON=VYASKABLE INTERRUPTY

CARD ¥
1368
1369
1370
1371
1372
1373
1374
1375
1370
1317
1378
1379
1380

LoC
FEDA
FEDS
FEDS
FEDA
FEOB
FED9
FEDH
FEDE
FEED
FEES
FEES
FEE?
FEEH

4h
A9

A9
LN

AS
-1:]
4o

COOE

CARD 10

’
3 WMl OCCURS

1 <

1

ABLE GOES

PHA
LoA
STA
LDA
STA
LDA
STA
PLA
311

PAGE 34
20 30 @0 50 (1]
NNEN)Y“E RECEIVE KEY TYURNS OFF.(1.E, NHEN THE CARRIER ON THE
LD“.
PJUSH A
#X010511011 REIJET NETWORK UART
NUARTS
¥%11031000 INITIALIZE NETWORK UART
NUARTS
800 SET XMIT FLAG TO 0
Xvlv
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SUBROUTINES

Lot

FEEQ
FEEY
FEEQ
FEE9
FEE9
FEE®
FEEA
FEED
FEEE
FEFO
FEF2
FEFY
FEFo
FEFB
FEFA
FEFY
FEFD
FEFF
FFOY
FFo2
FFOu4
FFOY
FFOa
FFo8
FFoA
FFON
EFOF
FF10
FF12
FF14
FF1s
FF47
FF19
FF1a
FF1A
FF1A
FFia
FELA
FFia
FF13
FFin
FFIF
FFa1
FF23
FF25
FFa7
FF29
FFaB

1u
59
9%
LE)
64
94
a5
bu
95
b

CODE

1
00
14
0u
01

[
o2

10

CARD

10

20

PAGE
50

35

30 40 60 70

) .
3 PCONST IS USED TO CONSTRUCY AN GUTGIING PACKET.

T3 17 EXPECTS THE MESSAGE TYPE T0 BE PASSED IN A,

3 IF IT CAN'T ALLOCATE A SJUFFER, IT RETURNS AITH THE NEGATIVE BIT ON,

i
PCONST

cLIOP

PRET

SEl
JSR
CLI
34]
Loy
sTY
Loy
sTY
STX
TaX
LOA
Loy
ST
DEY
BNE

LDA
STA
Loy
LIA
STA
TXA
Loy
STA
LOA
TAY
5TA
s

ALLOC

PRET
LOPTR,X
BIUPTR
HIPTR, X
BIUPTR¢t
CurRBldJ

#00
¥0b
(BIJPIR),Y

CLoOP

XADDR
(RIUPTR) ¥
002

PORT3B
(BIUPTR), Y

¥0S
(BIUPTR), Y
807

(BIUPTR), ¥

DON'T #ANT INTERRUPTS DURING ALLOC.
GEV A BUFFER

COJLON'T GET A BUFFER, S0 RETURY
GET THE PTR TO THE BUFFER,

SAVE THE BUFFER #
CLEAR THE MESSAGE HEADER

STORE THE DESTINATION ADDRESS (Y = )

»

STORE THE. TRANSMIT ADDRESS

STORE THE MESSAGE TYPE
DEFAULT PACKET LENGTH OF 7

STORE IT IN THE PACKEY

’

3 STIMYER SETS A TIVMER VARIASLE TO AN INCREMENT PLUS THE CURRENT

3 VALUE OF TOD, A 1S THE INCREMENT TO ADD T2 TOD AND X POINTS TO

i THE VARIABLE THAT HOLOS THE RESULT, LON BYTE FIRST, A IS CAANGED,

3
STIvER

cLe
adc
STA
Loa
apcC
STA
LoA
AdC
STA
RTS

T0D
0,
10D+
¥00
1¢X%
T0D¢y2
#00
2¢X%

ADD TOD TO THE INCR IN A
SAVE IT IN THE LOA RESULT BYTE
ADD IN THE CARRY

SAVE IT IN THE SECOND BYTE

AND IN THE HIGH BYTE
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SUBROUYINES

CARD ¢
1431
1432
1433
1434
1435
1436
1437
1438
1439
1449
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1463
1464
1455
1466
1467
1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1460
148

Lo¢

Frac
FFat
Frac
FFac
FF2c
FF2E
FF30
FF32
FF34
FF3o6
FF A8
FF39
FF39
FF19
FF39
FF39
FF3B
FF3C
FF3E
FFud
FFu2
FFu3
FFu3
FFu3
FFu3
FF43
FFu4
FFuy
FFu6
FFug
FFua
FFuC
FF4F
FFS0
FF51
FFS1
FF51
FFa1
FFS51
FF51
FF51
FFS2
FFu3
FF&G
FFSH
FFSa
FFSC
FF&D
FFSF
FFol
FFo2

ay
YA
30
84
U6
60

JR
»
ap
35
10
LR
39
en
60

08
74
Hay
49
95
Ak
48
a5
to
28
(1d

41"

30
04
34

54
50
50
3)

%9
32

00

oo

. ) PAGE 3o
CARD 10 .20 39 %0 50 60 70

’ . :
) SFINC IS CALLED 70 INCREMENT THL CONTENTS OF A STATUD MG FIELD. THE
$ FIELD WILL NOV WZ'P AROUND .TO 0000, X =» THE FIELD (MI BYTE FIRSY),

)
SFINC INC 1,X INCREMENT THE LOWER BYTE
' © BNE SFRETV IF NO CARRY, ALL DONE
INC 0,X INCREMENT THE HIGMER BYTE
NE SFRETY 1F NOY ZERU, THEN ALL DONF
JEC 14X ARAPPED AROUND, SO0 RETURN TO FFFF
DEC 0,X .
SFIET RTS
1]

7 ALLOC 13 CALLED YO ALLOCATE A FREE BULFFER AND RETURN ITS NJMBER IN
# Xo IF THERE ARE NONE LEFV, THE N BIT WILL BE ON. X AND Y ARE CHANGED.

]
ALLOC LOY STKPTR GET OFFSET OF THE TOP OF FREE BJFFER STACK ¢ 1
OEY PIINY TO THE NEXT FREE BUFFER NUMBER
BMI ALRET RETURN IF NONE AVAILABLE
STY STKPTR GJIT ONE, SO SAVE THE NEw TOP OF THE STACK
LOX BUFSTX,Y GET THE ALLOCATED BUFFER NUMBER
ALREY RTS ’
’

3 ENG IS USED TO ADD A BUFFER TO THE END OF A QUEUE. A IS THE OFFSET OF

3 THE QUEUE HEADER FROM NEXT, Y 18 THE # OF THE BUFFER., X & A ARE CHANGED.

;
ENJ PHP TURN GFF  INTERRUPTS
SEL
ENG1 TAX STEP ONE FURTHER ALONG THE QJUEUE
LDA NEXT,X IS YH1S THE LASY ENTRY?
8PL ENQ1) NQy 30 KEEP ON LOOKING
STY NEXT,X SET LINK IN LAST ENTRY TO NEW ENTRY
STA NEXT,¥ SET THE NEXY PTR IN THE NEA ENTRY T2 NULL
PLP
RTS8
]
$ )9 18 CALLED Y0 DEWUEUE AND FREE A BUFFER ON A QUEUE. X IS THE OFFSET
1 SROM NEXT UF ENYRY PREVIOJS TO THE ONE TD BE FREED, X,A,Y ARE CHANGED
i THIS D DIFFERS ~20M THE MODCOMP BIU DG IN THAT IV LACKS THE FREE
$ EZNTRY POINT
i
i1} Pup
SEl TURN OFF INTERRUPTS,
LDY NEXT,x Y HAS TrE NUMBER OF THZI BUFFER TO BE FREED
LUA NEXT, v A 4AS THE NUMBER OF THE NEXT BUFFER IN THE QUEUE
STA NEXT,X THE BUFFER 18 DEQUEUED
LOX STKPTR ADD THE BUFFER T0 THE FREE HBUFFER 8TACK
TYA
STA BUFSTX,X NOW IN THE FREE BUFFER POOL
INC STKPTR ONE MORE FREE BUFFER
PLP
RTS
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v

SUBRJUTINES

CARD »

. 1483

1404
14895
1486
1487
1468
1489
1490
1491
1492
1493
1494

LoC

FF63
FFo3
FFe3
FE63
FFb63
FF6S
FFu8
FFOA
FFoC
FF6F
FF70
FF72

a2
u9
fFo
49

4]
Do
60

CODE

CARD

10

20 30 40 50 60 70

1
7 PUTSTR I8 USED TO SEND IV A STRING FROM THE ASCII LISV YD THE G

)
PUTSTR

PUTRET

*§ 1T EXPELTS
-LOX

LDA
3EQ
EQR
JOR
INY
BNE
RYS

THE OFFSET OF THE STRING FROM THE BEGINNING OF lSCll lN REG *V*
uSFF . INITIALIZE NULL LEADING CHARACTER
ASCII,Y GET A CHARACTER FROM THE STRING
PUTRET IF LAST CHARACTER VMARKED BY A 00, IE!URV
#3FF TAKE THE §°'S COMPLEMENT OF THE DATA
SNOOUT
SET UP OR NEXT BYTE ’
PUTSTR 30 GET NEXT CHARACTER

.

P I
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- CONSTANTS

CARO »
1496
1497
1488
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1515
1515
1515
1515
1515
1516
1517
1518
1519
1519
1520
1521
1522
1522
1522
1522
1522
1523
1523
1523
1524
1525
1526
1527
1527
1527
1527
1527
1527
1527
1527
1527
1528
1528
1529

Loc

FF73
FF73
FF73
FF13
FF73
FF73
FF?73
FF73
FF16
FF17
FFTA
FFT3
FFTE
FFTF
FFu2
FF83
FFB3
FFO3
FFas
FF83
FFAS
FFB7
FFa9
FF8B
FF8D
FF90
FF960
FF91
FFy1
FFQ2
FF93
FF33
FF93
FFas
FF97
FF99
FF93
FFQE
FF9F
FEAD
FFal
FFa1
FFAL
FFa2
FFA
FFAb
FFag
FFAA
FFAC
FFAE
FFHO
FFB2
FFaY
FFBS
FFR6

AND TABLES
CO0E

4s
41
41
41

49
4d
4s
a4
44

43
43
51
45

46
uf
en

52
[13
50
43

iF

2€

st

PAGE 38 ;
CARD 10 20 30 40 50 60 70
CONSTANTS AND' TASLES FOLLOW
SYSTEW TABLE FOLLOAS, IT HAS EACH SYSTEM NAME, ITS DESTINATION

’
’
’
’
) ADDRESS, OR A NULL ADDRESS IF THE ADORESS IS SUPPLIED BY A SOFTAAYE
N
}
T

CALCULATION, '

ABLE «8YTE 'TER' PTERMX™, WHERE X IS THE TERMINAL ADDRESS
+BYTE 800 NJLL BYTE ADDRESS
+BYTE '9AN? "SANDX", AHERE X 18 THE GRAPHIC 7 ADDRESS
«3YTE 300 NJLL dYTE ADDRESS ) .
+BYTE 'CAP? HARRIS BIV A
+AYTE $00 NJLL BYTE ADDRESS
+BYTE '8AC* BACKBOARD
JAYTE $8Y BACKBOARD BYTE ADORESS

$ THE STRING TABLE FOLLD@S SELUN. EACH STRING HAS A SYMBOLIC OFFSETY
¥

WHSYS =0 #4ICH SYSTEM MESSAGE
ASCII «3YTE 'WHICH SYSTEW?!

ASCII JBYTE 'AHICH SYSTEw2! '

CR.F = a=aSCI] CAIRIAGE RETUKRN, LINE FEED
LYTE 30D
LF 2 w-4SCILI LINE FEED ALONE

«3IYTE 304,00

i
LINKT s #=48CI1 LINK TERMINATED MESSAGE
»3YTe 'LINK ENDED,' :

«3YTE 'LINK ENDEOD,'
«3YTE  300,304,00

i

LINKRY = 2=ASCI LIVK REQUEST MESSAGE
+4YTE 807
#3YTE 'LINK REQUEST FROMW ¢

«3YTE 307,00
LTIvkR2 = w=ASCII
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- - T — " oA FETOEEOME e &ee - P PP . s . . T
“ F »

()IiII}IIVAll; P
AGE
. {i | OF ‘h()(llt Qu. I3 .

CONSTANTS AND TABLES ’ C O OPAGE 39

y CARD # LOC COOE CARD 10 20 30
. 1830 FFB6 R2E 20 +BIYFE 'y (Y OR W2
1530 FFR8 20 28 ‘
1330 FFBA 59 20
1830 FFBC 4F 52
1530 FFBE 20 uE
. 1530 FFCO 29 3F .
= 1531 FFC2 0D .$YTE $0D, 304,00
1531 FFC3 0a
1531 FFC4 g0
1532 FFCS H ’
1533 FFCS LINKA z *=ASCII LINK ACCEPTED MESSAGE
1534  FFCS  4C 49 «3YTE  *LINK OKAY,*
o 1534 FFC7  4E 43
ol 1534 FFC9 2vu uF
! 1534 FFCR 41 44
1534 FFCL 59 2F
1535 FFCF on +3YTE  $500,30A,00
1535 FFDO 04
1535 FFD1 00 )
1536 FFp2 NOVAIL = #==aSCIT SYSTEM NOT AVAILABLE MESSAGE
1537 FFD2 53 50 LBYTE 'SYSTEM NOY AVAILABLE,*
15637 FFD4 53 34
1537 FFOo 45 4O
1537 FFO8 20 4f .
1537 FFDA  4F 34 .
1537 FFDC 20 41
1537 FFDE 36 4t
1537 FFEO0 49 4C
1537 FFE2 01 42
1537 FFES 4L 45 QE «BYTE VSYSTEM NOT AVAILABLE,®
) 1538 FFE7 oD «BYTE 50D,%0A,00
3o 1538 FFEH 04
R 1938 FFE9 00
1539 FFEA
1540 FFEA
1541 FFEA
1542 FFEA
1543 FFEA 47 §2
1543 FFEC 41 5¢
1543 FFEE 4K 49
15403 FFFO 43 3¢
1543 FFF2  an 42
1543 FFF4 49 55
1544 FFFe6 . H
1545 FFFob *=SFFFA
1546 FFFA DA FE VESTOR . WORD NI NJN=MASKABLE INTERRUPT VECTOR
1547 FFFC 00 F3 «NORD RESET RESET. VECTOR
1548 FFFE a8 FD . AURD IRu IR2 VECTOR
1549 0000
15850 0000 . JEND

40 50 (14 10

(HE FOLLOWING 12~BYTE BIJ FUNCTION DESCRIPTION IS PLACED INTO EACH
31U STATUS MESSAGE,

[« R e

1JFNC «3YTE  'GRAPHICT BIU!

-

END OF MOS/TECHYDLOGY 650X ASSEMILY VERSION 5,1
NUMBER JF E3RORS = Uy VUVMBER OF AARNINGS = ]
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SYMBOL,

ABUF
ACKOK
ACKCK
ACKBYT
AKLOOP
ALLOC
ALRET
ANDONE
ASCII
ASKAGN
BADACK
BIUFNC
BIUPTR

BJF vEY
BUFLEN
BUFS T
BJUFCNT
BUFFR]
BYTLON
BYTES

BYTRET
CHARS
CHKLOP
CKCRETY
CKETTY
C«STAL
CKXT0UY
CXYoUT
cLOJP

[ 1 §

COLIDE
CONMAT
CONECT

CONFRE
CONOUT
CONDS
CONSOV
CONTRY
CONYES
CRLF
CTIVE
CIREY
CURNEL
CuRBIJ
CURDEV
DATMSG
DVATM
DVAMO)D
DMATTY
poCNCT

D3
DUARTS

SYVBOL TABLE
VALUE LINE DEFINED

FAY2 548 536
FOEW . 508 497
F9DS 495 474
0046 132 1272
F936 478 47
FF 39 1446 1186
FFu2 1451 1448
FIFS 514 515
FFHY 1515 1498
FAFS 133 726
F98E 480 499
FFEA 1543 1157
0004 92 548
‘ 1150
0301 78 19
0060 77 19
0059 16t 24t
0016 79 147
Faug 254 263
00ut 127 595
FA9Q 659 652
FAGb 663 676
FATF od7  bUQ
FESB 1299 1301
FOnz 1070 1095
FCEE 1053 1046
FCFG 1067 1059
FCIF 1009 358
FLa7 1045 1010
FEFF 13939 140}
0002 Ty 212
FOE® 1234 1227
FBOF 153 7151
004E 141 287

942
FHFF 917 913
FACA 874 AdT
FACO 463 865
FCHE 1029 1036
FH29 767 761
EB76 811 809
0000 1S15 704
FONs 1078 1012
FOL7 1083 1080
000C 93 1192
00UE 95 2394
000D 94  55%
0000 12 534
00y2 128 578
FA39 o1d 804
0068 156 232
F39a 270 274
FFS1 1471 S10
1400 23 1143

1277
1368

1516
501

550
1158

259
1450
161

631
788

653

1049
1062

1013

327
960

793
1048
1081
1347

552

680

B3S

611

543

CROSS-REFERENCES
1320
1518 1521 15,9 1529 1533 1536
1041
1098 1101 1106 1123 1137 1141 1144 1147
1392 1394 1399 1404 1407 1410 1413
1478
165 166 237 247
662 691
1031
328 529 638 792 806 837 911 934
977 1045 1050
811
1061 1068
1084 1085
778 804 1165 1395
571 S80 602 609 670
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8yMBOL!

ENQ
ENOI
FFLOOP
FORUS
GCRLF
GETDAT
GETRPY
GETCH
GETYN
GETBYT
GETCH1
GETIV
GLF
GPUT
HARGO
HARSOVN
HARBAS
HAR 03
HIPTR
HILOTX
INBC
INODONE
INDON1
INDEV
INLDOP
INPTR
INRET
INSET
INTSET
INTFLS
INTRES
INTaC
INTX
INTBUF
INTPTR
IRET
IRG
1R
KEYNOF
LASTTX
LASTS)
LF
LINKR2
LINKT
LINKA
LINKR}
LOPTR
LAALT
MATCH
MAXPAX
MLOOPC
MLOOP
MSGOK
NETBSY
NETRET
NETFRE
NET

VALUJE

FF43
FF4sS
Fasdu
FEL4
FACD
FAYF
FABY
FA24
Fay7
FE 3y
FaQL
FE2C
FACY
FACF
004D
F8no
002}
001F
0095
Foan
0009
FAYT
FA9F
FIFA
FES?7
000y
FB46
000F
6011
0040
FD33
geae
003F
F09¢
0040
Fagn
FDYs
06092
Fyay
003l
063¢C
000E
0033
0010
oonz
001k
QOFF
F91A
Fau3
0014
F9O(
FQo1
FEAD
Fo52
F9F9
FOEA
F9Le

LINE OEFINED

1456
1458
233
1260
704
602
091
561
785
1273
542
1275
102
705
140
314
-]

E]
165
457
K]
669
b74
529
1296

364

295
1460
235
1254
698
S
639
533
b4l
1293
530
1263
636
703
294
752
284
270
cun
458
550
587
450
353

1294

549
802

1194
394
1185
1214
1215
342
1189
57¢
1544
562
463
1332
1536

1333

487
430
350

681

Sad
789
1297
5§31

301
365
256

Sol
594

551

554
1193
418
1187
1239
1359
352
1191
600

1341
1344

925
950
254

649

T,

CROSS-REFERENCES
779 80S 15166 1348

579 654

190

307 922
317 918 920 1019 1621 1035
404 831 1190 1393

647 651 659 693 699 734 931
597 S99

548 678

582

1262 1349

1357 »
1242 1260 1295 1296 f
1353

1276 1288 1331 1335 1340 1343
634

257 402 829 1188 1391
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|
!
|
|

SyusoL:
NEXT

NEXTCH
NEXTEN
NICLRX
NIRET
NMATCH
NMBCRC
NMCOL
NMDISC
NMGCRC
NVl
NMLOSTY
NYRXMT
NMwaAlLY
NUXUT
NJSOF
NOSYS
NOTPWR
NOVAIL
NOXWIT
NOZERD
NRET
NTPRX
NTXCOL
NJUARTS

NJARTD
NJLRET
NULL
OUTFRE
DUTDEV
ouTLO®
0uTHC
0JTPTR

OJTSET
OJTPL
0aR
PIACR
P1ADDR
P1BDDR
PLIFR
P11ER

PiPCR

P2ACR
P2ADDR
P2BODR
P2IFR
P2IER
P2PCR
P3ADDR
PIACR
P380DR
P3IFR
P3IER

VALUE
0050

FADS
FADY
FECA
FECC
FAES
0032
00ac
N02E
0030
FEDA
0034
00e2A
0036
00248
FBF4
FCCOD
F8ES
GOYF
003E
Fd50
F9e67
0039
F97a
0Co00

0o}
FACE
FBEA
FCTL
FBa1
FBDF
0008
0006

0010
0009
0002
1018
1013
10t2
101D
101E
1:01C
1028
1023
1022
1020
102t
1nec
1043
1048
1042
1040
104E

AL R T T

P .

LINE DEFINED

147

711
710
1354
1355
719
115
112
113
114
1372
116
i
117
110
338
1038
327
1536
124
790
424
113
433
21

22

293
1459
718
728
1232
1222
713
1311
436
(11}
1350
154%
1264
482
422
504
302
1020
286
1038
378
787
385
409

435

188
1212
1515

443

04

872

840

351

894

414

194
195
563
206
200
137
212
213
897
207
202
214
198
196
273
208

509
1461

1251

1249

1105
333
1026

1051
381

484

190
1231
1319

455

as4

446
405
Rod
A44
851

991

I A

CROSS-REFERENCES

679 777 803 982 1118 1138 1164 1346
1462 $473 1474 3475

1258 1337

1173
1034

S00

485 S12
395 419

430

1235 1257 1287

1326 1374

1376

495 1213 1287

917 935

470 496
408 411
874 916
853
871

1146

-250-

954

846
413
947

439
1280

1306

956

850
442
968

451

460 473 1140

1285 1299 1304 1308

1321

959

878
469
1226

>

962 964

830 832 &34

ORIGINAL
OF MOOR

PAGE IS
QUALITY|



SR,

SyMgoL

PIPCR
PARITY
PARERR
PCONST
PDATAY
PDATA
PLINKA
PORT13
PART23
PORT33
PORT3A
PORT24
PORTSA
PRET
PREPAR
PRIMER
PUTCH
PUTSTR

PUTRET
QIN

QI

QoUTY

RAMS 2
RANDU
RESEY
RNDCNT
RSXADR
RXDATA
SACMUSS
58013
s$8072
SFINC
SFRET
SKIPI
SKIPIT
SLOOUPL
SLOoP2
SLOOPS
SLOOP3
SLOOPY
SNDaCKk
SNpout
SNDSOF
SNDSTA
SNDLT
SOFuUS3
SONMSE
SONCNT
SANUM
STACKI
STAvSG
STIVER
STKPTR
STRING
SAAIT2
SAALITY

VALUE

104¢C
0038
FE7?
FEE9
FC3A
FBA2
FC30
1010
1020
1040
1041
1021
1014
FF19
Fa2F
0019
Foac
FFo3

FF7e
0066
F330
0067
ncoo
00t
F800
0013
FCCS
FEOT
00DF
FD30D
Fd49
FFac
FF3d
FB8E
FEOC
FDeb
FO3D
FD9e
FD53
FO79
FETE
FBO7
F8dy
FOLB
FCuD
000K
00E0Q
uo4y
0034
FARGE
00DR
FF1A
003D
0oua7
F928
F924

'

LINE DEFINED

4ar
119
311
<1387
943
844

1420

3834

204
392
1286
292
940
839
948
621
885
265
216
886
629
1390
384
215
826
335
66
1489
232
174
293
78

2bé

775
382
1022
1217
800
1127
1114
ue3
1u43e
250
1261
1110
1122
1175
1135
1462
1273
B76
306
1059
919
291
772
944
406
243
1093
620
238
694
386
379

444
1305
535

949

314
an

879
341
978

233
364

1236
923
383

457
1438

1284

1310
973
3136

921
909
958
1023
513

771
1446
711

CRUSS-REFERENCES

445 454 1278 1290 31291 1309

773 801 1094

T64 1253 1406
[

705 738 7194

1039 1052 1054

827 982 1126

509 679 71717

1244 1247

1547

385 1248

483 489 505

1303 1313

1317

1491

1024 1033 1040

980 1169

1449 1476 1479

759

-251~
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SYMBOL,

SYSTMX
TABLE
TERMX
TERVF
TEaT2
TESTTIX
TETTY
TICK
TIMRH
TIWAL
TIvREY
TIMOUT
Y00
TOKEN
TRMCNT
TRINSMT
TRYDS
TRYSOF
TRYLAT
TRYSAL
TRYS50N
TSACK
TSTAY
TrYOP
TIYV0D
TrY
TrYTM
TXBEMP
TXCOL
TxL20P
TXNACK
TXPAK
TYACK
VECTOR
WALTTS
WALT
WAITBY
KAT100
WH8YS
XADDR

13281
YES
YNRET
2L00P

VALUE

F92cC
FF73
F816
0045
FOD4
fFONe
0025
004V
1015
1014
FCID
FC83
0019
0015
0008
F9uB
FBAT
FBEE
FBEQ
FC2d4
Fecac
VOLF
001C
FA3F
FASD
00ne
0043
F970
F974
FIoF
FEC?
F98E
nv22
FFFA
FE9Y
0017
FE3S
FI56
0000
004cC

0014
FBSE
F380
Fasp

LINE DEFINED

769
1503
758
- 131
1225
1224
109

1393

1546
1323
103
1280
416
1514
1339

101
8090
819
22%

322
712
rT4e
810
1229
1221
618
221
219
217
992
354
9948
720
305
uz2i
852
B36
a77
910
9338
1T0
268
573
603
534
588
441
450
447
1328
453
979
khkn
1324
633
1282
417
340
223
769
431
791
828
228

156
754

864
1060
994

993
995

1000

722
920

895

1011
1067

772
593

1047

735

737
289
807
43

IR S S AR

CROSS-REFERENCES

1030

932 958

997

999 1001

1002 1078 1082 1086 1421 1423 1426

1218 122%

1021 1025

1168

83s
672 1058

927 1053
303 304
914 930
449 462

-252-
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941

316
95¢2
471

963 1009 1029

319 339 736 763 766
969 1018 1149 1403
480 S14 1215 1378
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(2]

{3}

(4]
[51
(6]

{7}
(8]

[91

{10}
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Allen, M. A., Final Briefing CAPS Communication ,
Interface Study, The MITRE Corporation, 11 December
1978.

Graphic 7 Computer Graphics Display System Graphic
Support software (Gs5-4) version 1.1 User’s Manual,
Sanders Associates, Inc., Nashua, New Hampshire, March
1978.

Graphic 7 Computer Graphics Display System Technical

Description, Sanders Associates, Inc., Nashua, New

Hampshire.

Graphic 7 Computer Graphics Display System
Programmer 's Reference Manual, Sanders Associates,
Inc., Nashua, New Hampshire, February 1978.

Standard Graphics Control Program (GCP) Source

Listings Release 2, Sanders Associates, Inc., Nashua,
New Hampshire.

Pruett, D. M., Harris - Sanders Parallel Interface
Handler *V:SANH:V Software Definition Document, NASA
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System Host Control Program, The MITRE Corporation,
D72-L-383/HO, 23 February 1979.

Hopkins, G. T., A Bus Communications System, The MITRE
Corporation, MTR-3515, November 1977.

Brown, J. S. and G. T. Hopkins, TMS Communications
Hardware Volume II - Bus Interface Unit, The MITRE
Corporation, MTR-4721 (JSC #14723), March 1979.
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[11]

[12]

[13]

(14]

[15]

[16]

[17]

[18]

[19]

[20]
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System Coaxial Communications Cable, The MITRE
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Brown, J. S. and M. D. Lenker, Diagnostic Procedures
for Trend Monitoring System (TMS) Communications, The
MITRE Corporation, MTR-4724 (JSC #14794), March 1979.

Technical Manual Universal Biock Controller (UBC)
Input/Output Channel, Harris Corporation, Fort
Lauderdale, Florida, September 1978.

(Preliminary) Graphic 7 Parallel Interface Circuit
Card Assembly, Sanders Associates, Nashua, New
Hampshire, March 1979.

Graphic 7 Computer Graphic Display System Terminal
Controller Technical Manual Volume 2 Maintenance
Diagrams, Sanders Associates, Nashua, New Hampshire,
May, 1978.

Herndon, E. S., Letter to J. L. Fisher, Subject:
Documentation of Modifications to the Sanders Graphic
7 Parallel Interface Card to allow Teletype Operation
with the Harris Slash 8 Computer, The MITRE
Corporation, D74-L-39/HO, 19 November 1979.

Wagner, P. E., RF Modem for CATV Listen-While-Talk Bus
Interface Unit, The MITRE Corporation, MTR-3572, April 1
1978.

"MCS 6522 Versatile Interface Adapter Preliminary Data
Sheet," MOS Technology, Inc., Norristown,
Pennsylvania, March 1977.

"MC 6850 Asynchronous Communications Interface Adapter
(ACIA) Data Sheet," MOTOROLA Semiconductor Products,
Inc., Phoenix, Arizona.
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