







































































































































































































































































































































































































































































































































































































































































































































































Ring-Based Local Networks

two transmit buffers.

The actual token circulation process is identical to that of
the ProNET 10 Mbps network. When commanded to send by the HSB
card, the CTL card waits for the first available token and then
serializes the message onto the ring, inserting the source
address automatically. Should the packet destination address of
a circulating message match the node address (or the broadcast
address), the CTL notifies the HSB; if the HSB enabled COPY, the
CTL routes the message to the packet buffers on the HSB. If the
HSB has not enabled COPY, the CTL repeats the message without
clearing the refused bit, i.e., receiver did not accept the
message.

6.2.2. Error Detection And Addressing

As a function of the 4 into 6 bit coding technique, the
ProNET-80 provides a highly reliable error detection mechanism
providing fault isolation between adjacent nodes. Should a fault
occur between the transmitting and receiving node, the first
intermediate node to recognize the fault will correct the parity
error. Upon acceptance of the packet, the receiving node obtains
a format error, meaning there was a parity error but it was
corrected. When the packet returns to the sender, the
transmitting node receives a bad format message allowing the host
to take appropriate action, such as retransmission.

The 80 Mbps ProNET has an addressing system tailored for the
distributed processing environment. Each node in the ring has an
eight bit address, set by switches in hardware. The eight bit
address, set by switches in hardware. The eight bit address
space is divided into two four-bit spaces. Thus, sixteen groups
can be selected using four bits, and within each group fifteen
users are supported by the next four bits. One of the groups has
only fourteen users. This allows for a unique broadcast address
to all users on the.network. Thus messages can be addressed. to
specific groups or users within a group.

Additionally, each group and each member of a group receives
a message acknowledgement providing the capability to retransmit
to those members of a group which did not receive the original
message. Those members that did receive the original message
Wwill not receive the retransmission.

6.2.3. Coding

The 10 Mbps ring uses the well known Manchester encoding
scheme, useful for its regular transitions and perfect zero dc
power. At 10 Mbps, the bandwidth expansion required by the
biphase technique is bearable; at 80 Mbps, copying this scheme
would lead to unnecessarily fast and less reliable circuitry.

The code chosen avoids half of that bandwidth expansion but
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is still strictly balanced. The 4-into-6 code used by Proteon is
balanced over every six bits.

The hardware implementation of this code is relatively
simple compared, for example, to the implementation of a 16-bit
CRC, and yet the U4-into-6 code has fairly good error detecting
properties. For example, with Gaussian error rates of 1 x
10 to the minus 9th, a two node network filled at all times with
maximum length packets would make an error once every 176 years.
The checking of parity over every six bits was so much simpler
than inserting a CRC that some additional time between errors was
sacrificed. More important is the performance of the 4-into-6
error conditions. These occur during reconfiguration in this
system and with collisions in a CSMA/CD system. In that case,
the 4 into 6 error detection system is an order of magnitude
better than a 32 bit CRC.

The code with Proteon's format produces a maximum of four
bits at a level, and for a maximum data rate of 80 Mbps, the code
bit rate must be 120 Mbps. Data transitions are thus separated
by a maximum of 33.3 nanoseconds, still small enough to allow
reliable extraction of clock from the data stream.

6.2.4, Application

Figure II-23 shows a typical configuration of a ProNET 80
Mbps star-shaped ring network. Potential applications for the
ProNET-80 include host-to-host communication, image processing,
and high-speed backbone for connecting smaller subnetworks.

The ProNET-80 operates on the same shielded twisted pair as
the ProNET-10. Additionally, fiber optic cable may be used.

The 80 Mbps ProNET host interface system derives all of the
inherent ProNET local area network benefits, -such as high
performance and reliability, easy fault isolation and
maintenance, and expandability for future growth.

Another improvement over the 10 Mbps network is that the
maximum packet length has been doubled, to nearly four Kbytes.
Although none of the presently available host interfaces take
advantage of this feature, it will leave the system upwards
compatible for the future. For the graphics workstation, sending
packets twice as long usually means interrupting the host half as
often, and so decreasing the host overhead when sending the large
files associated with images. The graphics user ideally would
like an even larger buffer, say 32 Kbytes, but these sizes will
not be practical until memory costs have decreased substantially;
again, when that occurs, this variation of the 80 Mbit interface
will be available.

I1-89



Ring-Based Local Networks

VAX Universal Muitibus
ProNET-80 Shieided ProNET-80 ProNET-8Q
T Fiber
Pair Optics
l Am.\ 1 Wire
Cent Center
e d

-+ 80 Mbps

Figure II-23:

18M

PC VAX
ProNET-10 ProNET-10

V¥ Fa

il
A%

Gateway

1]
/Wiu

1

Wire

S

N

Async

Terminals

o
ProNET-10

POP-11

\/
ProNET-10

Muitibus

10 Mbps

Typical. ProNET Network

IT-90



Ring-Based Local Networks

6.3. Software

There are a variety of software packages available to drive
the ProNET host interfaces, depending upon the user's
application. Broadly, they may be classified as HDLC (Higher
Level Data Link Control) software, TCP/IP (Transmission Control
Protocol/Internet Protocol) software, or DECNet software.

The HDLC package provides an error-free data stream between
two cooperating processes on separate machines: that is, a task
on one machine may communicate with a task on another machine.
The following DEC operating systems are supported: RT-11 V4.0,
RSX-11M V3.2 and V4.0, RSX-11M Plus V2.0, and VAX/VMS V3.0.

TCP/IP software provides file transfer, electronic mail, and
remote login functions for several host operating systems,
including UNIX V6 and 4.1 BSD VAX UNIX and V7 VAX/VMS.
Additionally, UNIX 2.9 BSD and 4.2 BSD are distributed with full
ProNET support for TCP/IP protocols. As a part of the TCP/IP
protocols, TELNET software allows a terminal user to "log on" to
another machine, eliminating the need for complex and expensive
RS-232 port switching devices.

‘ The current release of Berkeley UNIX includes a complete
implementation of the TCP/IP protocols, which are integrated into
the socket communications facilities in the UNIX kernel. Device
drivers are contained within 4.2 BSD for the ProNET local area
network.

The SUN-2 workstation from Sun Microsystems includes the
full 4.2BSD networking system, plus some remote file system
enhancements. Proteon offers a device driver for the ProNET
P1280 Multibus interface, which allows customers the ability to
operate ProNET hardware. Installation requires only a simple
system reconfiguration.

The DECNet software consists of device drivers which allow
the ProNET local area network to be used with Digital Equipment's
DECnet software on RSX-11 and VAX/VMS operating systems. Thus
the full functionality of Phase II and Phase IV (VMS only) DECnet
is available within the ProNET network.

6.4, Gateways

The Proteon p4200 ProNET-Gateways are a family of gateways
designed to support high throughput interconnection of two or
more networks of the same or different types. ProNET-Linkways
accommodate a variety of communication protocols and provide
reliable local and wide area networking in multi-vendor computing
environments.

The networks supported by ProNET-Gateways include ProNET-10,
ProNET-4, ProNET-80, Ethernet, ARPANET networks, and
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point-to-point telephone lines. Network protocols supported
include IP (Internet Protocol), XNS (Xerox Network System), and
DEC's DNA (Digital Network Architecture).

ProNET-Gateways provide the following major benefits: 1)
they accommodate multiple communication protocols at the network
level and thus provide a wide range of network connections while
reducing the requirement for additional gateway hardware; 2) they
transfer information between networks in excess of 1000 packets
per second, supporting high traffic conditions; and 3) they
provide connectivity between multiple networks, making
ProNET-Gateways very cost effective.

A ProNET-Gateway is based upon a Multibus 68000 processor
board with RAM, ROM, timers, and serial lines. This 1is
supplemented with appropriate network interface hardware for
connection to the desired local or wide area networks. For
example, by configuring the gateway with ProNET-10 and ProNET-80
interfaces, a high-performance connection is established between
the ProNET 10 and 80 Mbps networks.

ProNET-Gateway software is highly modular and provides
complete packet-switching functionality. The software supports
the following:

o device drivers for various network interface
hardware

e data link processing for various network-dependent
and network-independent data link functions

e forwarders for the supported network-level
protocols

e other network level functions required by various

network protocols for routing, error reporting, and
maintenance -

6.5. Pricing

Model Description Price

P1080 Unibus System (HSBU/CTL-80) $ 8,000
P1180 Q-bus System (HSBQ/CTL-80) $ 8,000
P1280 Multibus System (HSBM/CTL-80) $ 8,000
P1480 Universal Bus Interface System $ 8,000

(UBI/CTL-80)

P1580 VME Bus System (HSBV/CTL-80) $ 8,000
P2412 8 Node Wire Center $ 630
P2413 12 Node Wire Center $ 925
P3080 Fiber Optic Link, Wire Center- $ 4,500
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to-Wire Center

P4200 Gateway Series
ProNET-80-to-ProNET-10 Gateway $14, 345
ProNET-80-to-Ethernet Gateway $13, 345
ProNET-80-to-ProNET-80 Gateway $19,195
ProNET-80-to-9.6 Kbps Wide Area $11, 195

Network

6.6. Evaluation

Proteon has been successfully selling its ProNET-10 token
ring network since June of 1981. While the spotlight has been
focused on IBM's grand token ring scheme, Proteon's base of
10,000 installed nodes illustrates that commercial token ring
systems are practical.

The ProNET-80 network will allow Proteon to continue to do
well even after the introduction of IBM's 4 Mbps network.
ProNET-80 will offer an order of magnitude performance
improvement and will provide connections to the IBM token ring.
Its current connections to existing ProNET-10s and Ethernets
allow it also to be used as a backbone network in appropriate
environments.
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7. Racal-Milgo Planet

Racal-Milgo Electronics Group is an international company
with over 60 firms around the globe. It has been in the
communications business for more than 25 years. Planet
(Private Local Area NETwork) is the first local area
network product in Racal-Milgo's line of data communication
products.

7.1. System Concept

Planet is based on an empty-slot, fixed-packet protocol
operating on a twin ring. The protocol also incorporates an
anti-hogging scheme in which the packet may be used only once and
then passed on, regardless of the recipient's response.

The system is heterogeneous, in that all terminals or
equipment connected to the network need to have an RS-232
interface. These systems may be 3270s, personal computers, major
CPUs, or slow-speed terminals. It should be noted that although
all systems can be connected to the network, this does not mean
that all can communicate with one another. For example, a 3270
terminal could not communicate with a teletype on the network
without some protocol conversion through a third station. The
network controller determines whether or not a connection between
points is allowable by checking terminal profiles: these
profiles must match in terms of baud rate, protocol, and other
characteristics before the connection will be made.

7.2. System Components

The system is built on three major components: a Cable
Access Point (CAP-PL1000), the Terminal Access Point
(TAP-PL2000)., and the Director (PL3000). The CAP connects
directly to the coaxial cable and is a passive component; the TAP
contains the intelligence of the connection, handling full/empty
bit setting; the Director is the network controller. One CAP
supports one TAP which supports two RS-232 connections. The
Director may support up to 250 TAPs on one ring. Figure II-24
illustrates an example Planet network.

7.3. The CAP

The CAP is an outlet-type device which can be pre-installed
when the building is wired, or installed as necessary. It acts
as the interface between the ring and the TAP and provides
user-access to the transmission media. This device is passive,
routing the cable signal either to a TAP or, if no TAP is
connected, on through to the ring. Four BNC coaxial connectors
are located on the back of the box: in and out for the outgoing
direction, and out and in for the incoming direction. Each CAP

-

II-94



Ring-Based Local Networks

pRecTon ore r.@“‘

c™y
@
MASTER
N

DIRECTOR

Figure II-24: Example Planet Network

II-95



Ring-Based Local Networks

can accommodate one TAP.

The twin coaxial cable is used to provide fail-safe system
operation in the event of cable break or equipment malfunction.
The twin cable ring enables signal loopback, which supports the
fail-safe feature.

7.4, The TAP

The TAP is analogous to a modem in analog systems: it acts
as the interface between the Data Terminal Equipment (DTE) and
the CAP. Each TAP can support two RS-232-C DTE or DCE devices.
A maximum of 250 active TAPs may be supported on one ring within
a maximum 12-mile circumference. The TAP is responsible for
signal regeneration and contains the logic circuitry to enable
communication of the attached DTE with the Director. The address
of each TAP is determined by the dipswitch on the bottom of each
unit. The longest distance allowable between TAPs is 650 feet
for RG62 cable, 950 feet for RG59 cable, and 1,350 feet for RG11
cable. If longer distances are needed, a TAP may be used as a
regenerative repeater. The various cables may be mixed within a
single ring.

7.5. The Director

The Director is the "brain" of the network. It controls all
connect, disconnect, and transfer functions and provides
management information, system statistics, and error logging.

The Director also generates and monitors the data packets,
determining the total number of simultaneous packets placed on
the ring; keeps track of network configurations, or Switch Plans;
and maintains DTE operating parameters and addresses. User
priority assignment and security password protection are also
maintained through the Director. Any combination of independent
circuit switch plans is permitted. The system control may be
centralized by the Director in one ring or distributed by
communicating rings with separate Directors.

To determine whether or not a connection is permissible, the
Director checks the caller port profile against that of the
destinations: the port profile, which may be one of 30 defined
by the user, contains the operational characteristics of a
particular port; if the profiles do not match, the stations
cannot communicate.

For reliability, it is suggested that a redundant Director
be purchased for the network and located away from the first
Director. 1Its operation on the ring will appear as a shadow
Director, monitoring the primary Director's functions; the
updating of system data tables and records of the system
configuration is completed by constant communication between the
master and the shadow. When the shadow Director detects a
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failure, it starts an internal timer. If this timer times out,
the shadow assumes that the master has failed to reconfigure the
ring and takes over the master's responsibilities. The shadow
notifies the operator at its terminal that the master has failed.
The only connections lost during this operation are those that
are being set up by the master Director at the time of its
failure; all others are maintained.

A shadow Director may be added to the system at any time.
As soon as the shadow Director is powered up, the master sends a
copy of the system data tables to the shadow's memory and
cassette.

For non-volatile storage, the Director uses a 6 Kbyte CMOS
RAM cassette which plugs into a slot in the Director front panel.
This cassette is usually used to store configuration information
and can be written to or read from the Director software. Once
the cassette is removed from the Director, it can be stored at
room temperature for at least two years without loss of data.

7.6. The Packet

When a newly created packet leaves the Director, the
full/empty bit has been reset, indicating packet availability.
The packet travels along the network to be examined by each TAP.
When an operator initiates a transmission, the first available
packet passing the associated TAP is loaded with the operator's
message, and the destination TAP's address. The originating TAP
also sets the full/empty bit. The packet traverses the ring,
with each TAP inspecting the destination address. When the
packet reaches its destination, the TAP recognizes the address
and accepts the message. This TAP also sets the acknowledge bit
to indicate that it was received. When the packet passes through
the Director, the monitor bit is set to indicate that the packet
in use has passed through the Director once. When the packet
once again returns to the originating TAP, the TAP recognizes the
acknowledge bit and resets the full/empty and monitor bits.

If an occupied packet tries to pass through the Director a
second time, the Director clears the packet and resets the
control and full/empty bits. The Director keeps track of all
packets not receiving acknowledgement by the destination and
passing through the Director twice. The Director then clears the
full/empty bit, which in effect destroys the packet.

7.7. System Configurations

The high-speed data packets generated by the Director allow
virtual circuits to be established between any of the DTEs
connected to the ring. A virtual circuit (a path which appears
between two or more devices for the purpose of communication)
appears to the user as a direct connection. The types of virtual
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circuits supported by Planet are:

1. Permanent virtual circuits, both point-to-point
and multipoint

2. Switched-plan virtual circuits

3. Switched virtual circuits

Each ring can support up to 250 virtual circuit combinations.

A permanent virtual circuit can be set up between any of
the ports on the ring. Once set up during initialization, these
connections are long term and are preserved over power failures
or Director shutdown. A direct permanent virtual circuit is a
point-to-point connection between two network devices. A
multicast virtual circuit consists of a master port which
broadcasts to a number of slave ports, with each slave
transmitting only to the master. One or more switch plans may be
implemented simultaneously through this type of connection.

A switched-plan virtual circuit which is defined at system

. initialization consists of a group of connections between two or

more ports. Up to four switched-plan virtual circuits may be
implemented at the same time. The plans themselves are preserved
over power failures or Director shutdown, but the connections
must be initiated at the authorized terminal. A switched plan
may be a single multicast plan, or it may consist of a number of
direct connections. If several types of plans are combined, a
PLEX plan is formed. If a caller changes a switched plan already
in use, the previous switched plan is disconnected before the new
connection is made.

A switched virtual circuit is a short-term connection
between two devices, set up by the user through an asynchronous
ASCII terminal. Since this type of connection is not stored on
non-volatile memory, it will be cleared on occurrence of power
failure or Director shutdown. To implement a switched virtual
circuit, the originating operator, or caller, requests the
connection by entering the required connect commands directly at
his/her terminal. A third-party, or an operator not directly
involved in the communication, may also request a connection by
entering the required commands; a third-party connect is used
where unattended devices need to be connected, e.g., a CPU to a
printer. After a call is established, it may be transferred to
another station by either party.

A conference circuit may also be implemented, allowing a
number of users to be connected as a group, with each
transmission being received by all other users in the conference
group. Any device communicating with the Director may set up a.
conference, which is initiated on request. The conference is
protected by assigning a user or system password so that
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connection to the conference would require both a CONNECT COMMAND
and a PASSWORD. Any authorized terminal can expand or reduce the
number of conference connections, provided that the number of
connections and passwords is known. The system allows up to six
simultaneous conferences.

7.8. Reliability

Planet incorporates a "fail-safe" feature to ensure network
operation in the event of a cable break and/or failure of a TAP
or a CAP. If a problem of this type occurs, the cable break or
failure is detected by the Lirector and isolated to the TAPs
located on either side of the system malfunction. The TAPs are
looped back, maintaining system operation. It should be noted
that when the system is functioning normally, it in and of itself
is looped back on both sides. Ring reconfiguration is shown in
Figure II-25.

This feature can be illustrated by unplugging a transmitting
TAP. Immediately the Director will display the error message on
a CRT (which is acting as a diagnostic printer) and initiat the
loopback with no noticeable delay. When the TAP is plugged back
in, the system returns to the original configuration, printing
another diagnostic message on the CRT. All this can be done in
real time with no problem. :

7.9. System Features

The system features include queuing, message service, and
systems statistics for network management.

If a destination is busy, the call request is automatically
queued. The Director records the call request and completes the
connection as soon as the destination is available. Each sending
port may only have one request queued at any given time. A
destination may have up to twenty queued call requests. One
potential hindrance in some applications is that when a call is
queued, the caller does not know what his/her position is in the
first-in/first-out (FIFO) queue and cannot estimate the delay. A
caller can remove himself/herself from the queue with a
disconnect command, or define a maximum time to remain in queue
to a specific device.

The message service supports system and broadcast messages.
A system message may contain up to 60 characters of text, which
is output to a terminal after the operator has entered the data
recall character (CTRL-P). The message is inserted after the
sign-on sequence and will be preserved over power failures. A
broadcast message, which also contains up to 60 characters, is
sent to all asynchronous ASCII ports at a specified time and
date. These messages are removed from the LCirector's memory
following the lapse of the specified date and time and completion
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of the broadcast. All uncompleted broadcast messages are
preserved over a power failure.

System statistics are printed out at the management terminal
to indicate the use and loading of the ring. The two categories
of system statistics are call statistics and network statistics.
The information provided by call statisties includes number’ of
attempted connections, number of successful connections, number
of unsuccessful connections, and total connection time in hours.
The network statistics provide information about the number of
ring breaks detected, including all ring breaks of the system to
date, and the number of parity errors detected, including all
those detected during system operation. Once the system has been
configured, the Director is responsible for network management,
which enables the Director to notify the operator regarding a TAP
failure in response to a Director poll or message, a removal of a
TAP, insertion of a TAP, ring breaks, parity errors, or failure
of the "master" Director or the "shadow" Director.

7.10. Port Features

Port features are assigned to individual ports at system
initialization and may include a port name, a contention group
name, a password, or a closed user group.

Each port in the system has a default name of up to four
digits which is determined by its TAP and its port off the TAP.
For example, in the case of TAP 201, port 1 has the default name
of 2011, whereas port 2 at the same TAP is 2012. A descriptive
name can be assigned to each port. The assignment of the name
"PRINTER" to TAP 201, port 1, enables connection to the port by
using the name "PRINTER" instead of 2011. The assigned name may
contain up to eight alphanumeric characters. ‘

A port can be assigned to one of 14 contention groups, each
having an assigned name. The name of the group can then be
specified when contending for a service. For example, a request
for connection to the group named BASIC will enable a connection
to any free port in that group, or the request will queue the
call if no port is available. Group names can also contain up to
eight alphanumeric characters.

A password restricts access to certain ports in the system,
requiring the caller to give both the port address and the
password. Each password may also have up to eight alphanumeric
characters.

A closed user group is a group of ports assigned so that
only members of that group have access to the port. Members of
the closed user group have access only to those ports assigned to
that particular group. Each port may have one of 14 user groups.
This feature may be useful in areas where security is a concern.
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7.11. High Density Planet

The High Density Planet (HDP), is a very compact unit
containing 1 Dual External Ring Interface. Card and up to 16
Terminal Access Point (TAP) cards. The unit is rack mountable
and designed for use in Planet networks having a large amount of
DTE and DCE ports concentrated in one area.

HDP uses the latest LSI microprocessor technology to achieve
advanced LAN features such as port selection, queuing, resource
sharing, closed user groups, password protection and priority
access. There are also a broad range of diagnostic aids and
network control features including automatic network restoration
in the event of a cable failure, power failure or equipment
malfunction.

7.11. 1., System Components

The basic system consists of a PL4000 nest or chassis, 1 to
16 - PL2001 Terminal Access Point Cards, and 1 - PL1001 External
Interface Card, with system control being administered by a
Racal-Milgo PL3000 Planet Director.

The compact unit measures 12" high x 19" wide x 19" deep and
may be mounted in a standard 19" rack or set on a desk or table
top. The 32 port nest includes 2 power supplies, one of which is
used for backup in the event of a power failure.

The PL2001 TAP Card provides the interface between the
Planet network and any standard EIA RS-232 device, thus allowing
terminals to communicate over the high speed digital ring. Once
access to the network has been obtained, the TAP card will act as
a packet assembler/disassembler passing data to and from the
network. Each TAP Card enables two RS-232-C DCE and DTE
connections to operate in a synchronous, asynchronous, or mixed
mode at speeds up to 16.2 Kbps.

The PL1001 External Interface Card enables flexible
configuration of the HDP for a variety of communication needs.
Simple pushbuttons permit interfacing up to 16 TAP Cards to the
ring via a single CAP (Cable Access Point), interfacing the HDP
nest to a Director; interfacing a number of serially connected or
daisy chained nests with individual "nest by-pass" in the event
of a power failure. Note that a nest power failure cannot bring
down the entire network.

7.11.2. Applications
Some High Density Planet applications include a Hunt Group

feature; Front-End Port Switching; Matrix Switching; and
Multiplexer Switching. When using the Hunt Group feature, a port
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can be assigned to one of fourteen hunt contention groups. If a
connection is requested to a busy port and that port is in a hunt
group, the system will search for a free port in the group. If
none are free, the call may be queued.

Front-End Port Switching allows the central site TAPs to be
configured through multiple switch plans so as to switch groups
of circuit connections from one processor to a spare processor,
thus allowing the individual ports to be switched for back-up or
maintenance.

The HDP becomes a powerful data switch, when used in a
Matrix Switching application, allowing interconnection of any of
the ports on the ring network. For example when the HDP nest is
used in conjunction with Planets' closed user group feature,
individual user groups become interconnected "data switching
modules ."

When combined with the Racal-Milgo Omnimux the nest becomes
a central switch for remote multiplexers. And when used with
modems, HDPs flexibility extends beyond the local environment
allowing resource sharing of expensive distance facilities to
become a reality.

7.11.3. Enhancements

In addition to High Density Planet Racal-Milgo has a Starter
Pack identified as the PL15-SP. Effectively reconfigured and
competitively priced for the fledgling local area network
customer, the PL15-SP contains 1-Director, 5-TAPs, 6-CAPs and 6
cable segments plus full documentation.

7.12. Pricing

Planet

PL15-SP Starter Pack $9, 995
PL1000 Cable Access Point (CAP) $95
PL2000 Terminal Access Point (TAP) $1, 645
PL3000 Director $5,975

High Density Planet

PL10001 Dual External Ring Interface

, Card (DERIC) $375
PLU4000 High Density Nest $2, 750

PL2001 TAP Card $1, 405

Quantity and OEM discounts available. Leasing is available
in 12, 24, 36, and 60 month terms. Installment purchases are
also available for 12, 24, and 36 months.
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T7.13. Evaluation

Racal-Milgo installed the first Planet system in the United
States in April of 1982; over 500 systems have been installed
worldwide since late 1981.

As a communications product, Planet will do what it claims
to do - transmit protocol-independent data over a circuit at
speeds up to 19.2 Kbps. It provides the connection over which
DTEs may communicate, but it supports no protocol conversion.
The reliability of the system is a major advantage: cable
breaks, CAP failures, the TAP failures are all instantly
recoverable by the Director. The only central point of failure
is the Director which, if duplicated by the shadow, would not
bring down the system.
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8. Ungermann-Bass Net/One Token Ring

Ungermann-Bass continues to be one of the major forces in
the local network area. It has concentrated on offering general
purpose LAN systems capable of interconnecting information
processing devices from different manufacturers.

Ungermann-Bass is a publicly-held company headquartered in
Santa Clara, California. It has research facilities at its Santa
Clara headquarters and in Boca Raton, Florida, and Bohemia, New
York; the latter two facilities were acquired when U-B purchased
Amdax in December 1982.

The Ungermann-Bass Net/One is a flexible local network
system for heterogeneous device interconnection. The first
version of Net/One -- a 4 Mbps baseband system -- was delivered
in July 1980. An Ethernet-compatible version (10 Mbps baseband)
was delivered one year later. 1In July 1982, the first
CATV-compatible broadband version of Net/One, which operates at 5
Mbps per channel, was installed. In April 1983, as a result of
the Amdax acquisition, the Series 600 Products were added to the
broadband product offerings.

In October 1985, Ungermann-Bass announced the expansion of
its Net/One product line to include a token-ring implementation.
Called Net/One Token Ring, the IEEE 802.5-compatible system
includes a group of Net/One products that allow users to
configure a 4 Mbps multiple-ring system.

The 4 Mbps token-ring system includes server support for
hosts, terminals, printers, and modems; workstation support for
devices based on the Intel MULTIBUS and the IBM PC bus;
distributed wiring concentrator (DWC) support; and network
management in a multiple-ring environment in which connectivity
is achieved via Net/One Ring-to-Ring Bridges. The system's
wiring concentrators provide configuration flexibility and
support for alternative wiring strategies. Network bridges allow
nodes located in different workgroup rings to communicate with
each other. U-B's Net/One Token Ring offers the industry's first
bridge capable of supporting the IEEE 802.5 specification.

In order to bring a full token-ring implementation to the
marketplace, Ungermann-Bass developed its own custom VLSI
semiconductor chip to handle the token-passing functions defined
by the 802.5 specification. This chip, in conjunction with an
Intel 80186 microprocessor, provides the silicon environment
required to support the features and performance of the Net/One
Token-Ring LAN. Because it is using its own developed chip, U-B
was the first to ship (in January 1986) an 802.5 token-ring
product. Also, unlike its previous action in allowing Fujitsu to
later sell the CSMA/CD chip Fujitsu had developed for the U-B 10
Mbps Net/One, U-B may not let anyone else use this one.
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8.1. Intro/Net System

Ungermann-Bass introduced a token-ring starter system,
called Intro/Net, to allow users to become familiar with the new
technology in a systems environment. It also is being used to
highlight U-B's technical expertise and product line breadth.

Designed to complement the IBM Token-Ring product offering,
Token Ring Intro/Net demonstrates the capability to network
non-IBM equipment and IBM products for which an IBM networking
solution is not available, and it also provides value-added
networking alternatives to existing IBM solutions. The system
provides connectivity support for asynchronous devices, the IBM
3270 family of products, and devices based on the IBM PC Bus, as
well as host support from a multitude of vendors including IBM
and DEC.

Net/One hardware and software included in Token Ring
Intro/Net enables the IBM PC family to not only share disk and
printer resources, but also to simultaneously maintain high-speed
connections to asynchronous hosts and IBM mainframes.

The Token Ring Intro/Net is available in several forms.
Option I includes two Distributed Wiring Concentrators (DWCs),
one Ring Bridge, two NIU-180s, three PC-NIUs, one NIU-74, and one
NIU-78. An example system using this option is shown in Figure
II-26. Option II includes all of Option I plus an IBM PC XT
for Network Management. Option III includes one Distributed
Wiring Concentrator, one N§U—180, one NIU-T4, and six PC-NIUs.

Also included with each option are cables and a network
software package which features Net/One operating software,
virtual circuit service, Personal Connection software (including
NETBIOS compatibility), network management software, and cables.

8.2. Intro/Net Hardware

8.2.1. Network Interface Unit, Model 180 (NIU-180)

The NIU-180 family is expanded to incorporate Token Ring
capabilities. The NIU-180, as well as the NIU-74 and NIU-78, are
the same as the existing U-B products of the same designation,
except they contain a token ring Personal Network Interface Unit
board instead of an Ethernet one. Up to eight vendor-independent
asynchronous devices with RS-232 interfaces can physically and
logically connect to an Ungermann-Bass Token Ring LAN through the
NIU-180.

8.2.2. Personal Network Interface Units

The Personal Network Interface Unit (Personal NIU) provides
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the board-level connection for the IBM family of PCs onto the
Net/One Token Ring network. The Personal NIU enables the PC to
share peripherals attached to other PCs and NIU-180s, as well as
establish connections to other hosts. Software with the Personal
NIU provides the PC users with file sharing, print sharing, 3270
terminal emulation, and PC-to-mainframe file transfer.
Distributed applications written to both the NETBIOS and the
Microsoft Networks (MS-Net) Session Interface will operate on the
Ungermann-Bass Token Ring Network through the Personal NIU.

The Personal NIU Token Ring Adapter is an Intel 80186
‘microprocessor-based design that includes the following major
items: an 8 MHz 80186 Microprocessor; 16 Kbytes of EPROM
expandable to 32 Kbytes; 256 Kbytes of Local/Shared RAM, with
parity, between the 80186, host, and the Token Ring Handler Gate
Array; a Storage Arbitration and Control Unit; a PC Command
Channel Interface; and the Token Ring Handler Gate Array (TRH),
U-B's proprietary chip. It also has an expansion interface and a
front end. The Token Ring Adapter hardware is mounted on a card
measuring 4.15" in height and 13.115" in length and is
constructed such that it can be attached to one of the host
feature slots.

The Intel 80186 microprocessor in the Personal NIU performs
the following functions: bootstrap, where it initializes all
board hardware after reset and performs power-up diagnostics;
control of the Token Ring gate array; providing data formatting
and manipulation functions on request for the gate array; and
control of peripheral hardware attached to the expansion
connector.

8.2.3. Network Interface Unit T74/78 (NIU-74)(NIU-78)

The NIU-74 and NIU-78 are NIUs designed specifically to
connect the IBM 3270 Information System to the Net/One Token Ring
Network. These devices permit users of 3270 system terminals and
printers to communicate with an IBM 3274 controller via the
Net/One LAN. 1In addition, the NIU-T4 provides high-speed access
to an IBM mainframe for IBM PCs using the 3270 Personal
Connection software progran.

8.2.4. Distributed Wiring Concentrator (DWC)

The Distributed Wiring Concentrator enables a combination of
up to ten 802.5 Network Interface Units -- including the NIU-180,
NIU 74/78, PC-NIU, Ring Bridge, and/or IBM PC Adapter Cards and
their associated devices -- to be connected to the Token Ring
Network. The DWC functions in both an active and a passive
state: 1in a passive state, the DWC provides the connection hub
of the logical ring, physical star topology; with the addition of
a power source, the DWC functions in an active state, allowing
the Network Management Console (NMC) to perform problem
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determination, fault isolation, and, when appropriate, to remove
stations from the ring. DWCs may be connected in a daisy chain
fashion to increase ring size to the allowable maximum of the
media selected.

8.2.5. Ring Bridge

The Ring Bridge provides the capability to configure
multiple rings. It bypasses more than the 260- and T72-station
limitation of the current IBM Token-Ring Network. The Ring
Bridge reinforces the Ungermann-Bass modular approach, wherein
segments of a network can be isolated to improve problem
determination and network security. In addition, the Ring Bridge
allows the user to effectively manage load balancing and increase
available network bandwidth.

The Token Ring Bridge has the following features: open-
ended architecture to accommodate LAN management functions zand
expansion; flexible architecture to accommodate user
configuration changes and growth; and software that can be
updated via a token ring server. It also has 16 Kbytes of EPROM
expandable to 128 Kbytes, 32 Kbytes or 128 Kbytes of parity
protected RAM, and two IEEE 802.5 Token Ring interfaces. . The
Token Ring Bridge is user-installable, can be located in either
an office or a wiring closet, and has a small footprint (9.5" by
15.5M) .

Additionally, the Token Ring Bridge has architecture
expansion capabilities to include a LAN management coprocessor
internal to the Bridge that will add processing power for Bridge
application programs such as Network Servers. It also .can be
expanded to include and control a Distributed Wiring
Concentrator.

Ungermann-Bass is using the same source routing technique as
IBM. In this approach, the route is inserted into the frame at
the source or point of origin; this provides the necessary
routing information required by bridges. Bridges then build the
route through a broadcast process. The destination station
receives the frame with route built in; following this, the route
can be used for further communication.

8.3. Intro/Net Software

The Token Ring Intro/Net software provides users with the
various services that comprise the essence of Net/One
functionality, features, and benefits. These services can be
grouped into three general categories: Virtual Connection
Service, Personal Connection Services, and Net/One Operating
Software and Network Management.
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8.3.1. Virtual Connection Service

Virtual Circuit Service (VCS) is the most widely used
communications service offered on Net/One. It provides reliable
point-to-point communication between two devices or user programs
attached to a Net/One LAN. It derives its name from the physical
circuit-switching systems it emulates, such as the telephone
network. However, instead of using switches to set up an
unshared physical link between two points for the duration of a
session, VCS is implemented by software that routes packets of
data along the shared Net/One communications medium.

Net/One Virtual Circuit Service provides terminal device
users with the following features: Interactive Command
Interpreter; Distributed Name Service; Rotoring on Assigned
Names; Port Password; Automatic Baud Rate Detection; Idle Circuit
Time-Out; Automatic Device Mismatch Resolution; and Sequencing
and Error Recovery.'’

8.3.2. Personal Connection Services

The Net/One 3270 Personal Connection is a high-performance
local connection to the IBM mainframe from a Token Ring
Intro/Net-networked IBM PC or compatible. When running Model I
of the 3270 Personal Connection in a Net/One Token Ring Intro/Net
environment, the PC emulates an IBM 3278 or 3279 terminal.
Emulation is transparent to host software. The PC becomes a
universal workstation, able to use multiple resources without
having to disconnect from the host.

Network file and printer sharing i1s accomplished by
implementing the Microsoft Networks MS-Net Version 1.0 software
on Net/One. This software allows Token Ring Intro/Net users to
share system resources such as data files, programs, hard disks,
and printers within a networked MS-DOS or PC-DOS operating
system.

Since MS/Net is an extension of the MS-DOS/PC-DOS operating
system, it is transparent to both network users and to existing
MS-DOS/PC-DOS application software.

, Token Ring Intro/Net users can send programs, reports,
memos, and other information to any other user on the network.
Users can also spool print files to shared network printers.
MS-Net gives all network users the benefits of hard disk storage
and expensive printers without requiring these devices at every
workstation. Also, the Net/One Personal Connection includes full
support for the IBM NETBIOS interface: almost any program
written to run on IBM's PC Network can be used without
modification on Intro/Net with MS-Net. In addition, the IBM PC
Network Program can be run on the Personal Connection networking
hardware. Both IBM and Ungermann-Bass network operating systems
can be mixed on the same network, and any workstation can access
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any server.

8.3.3. Net/One Operating Software (OPS) and Network Management

Net/One OPS includes the network operating kernel, data link
protocol software, and network management services. The network
management services allow a network administrator to configure,
monitor, and debug a network, and to communicate conveniently to
all network users. Network management services available in
Intro/Net include:

Configure - an easy to use program that allows a network
administrator to prepare configuration information for the
network NIUs.

Download Server - the program that actually downloads
configuration files and operational software, such as Virtual
Circuit Service, across the network to the NIUs.

Broadcast/Multicast Messages - a Network Administrator can
send a message to all users, or multicast the message to users
belonging to a pre-defined group.

Media and MAC Management - this program allows the network
administrator to overview his/her network configuration, display
error data from a ring, display ring condition messages, and,
when appropriate, remove or restore a station on a ring.

8.4, Pricing

Prices for the Token Ring Intro/Net starter systems are
given below. Ungermann-Bass expects to offer unbundled
unit-priced products around June 1, 1986.

Option - Description . Price
I 2 DWCs, 1 Ring Bridge, 2 NIU-180s, $34, 750
3 PC-NIUs, 1 NIU-T74, 1 NIU-T78
II Option I, 1 IBM PC XT $41,940
ITI 1 DWC, 1 NIU-180, 1 NIU-T4, $15, 000
6 PC-NIUs

8.5. Evaluation

The goal for Net/One Token Ring products is to coexist on
the cable and also communicate with IBM equipment running U-B's
software immediately, to participate in IBM's future network
management offerings, and to support the transparent
communication of IBM equipment using IBM-supplied software and
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program products and U-B equipment on the network in the future.
Compatibility is difficult to obtain prior to IBM product
availability, because there is yet no independent agency to test
different vendors' implementations of the 802.5 specification.
However, Ungermann-Bass is confident that its compatibility
goals are realistic, because of the large investment it has made
in token-passing technology: it has already conducted well over
1,000 test cases to validate its media-access definition. 1In
addition, normal- and stress-condition tests have been conducted
in a 100-node system using technology supplied by Ungermann-Bass
as well as other vendors.

Ungermann-Bass' Token Ring's impact on its 1986 revenues will
depend to a large extent on how quickly its customer base embraces
the 802.5 standard: its view is that demand for the token-ring
technology will grow rapidly throughout 1986, making the
technology one of the most important in the industry. The company
sees this technology forming a major portion of its 1987 revenues.

Ungermann-Bass' token-ring product offerings are designed to
complement the product offerings of IBM. It believes that IBM's
primary market thrust will be to use the token-ring product to
interconnect IBM word- and data-processing equipment. As a
result, customers who choose to install the IBM Token-Ring
Network will still need to network non-IBM equipment, network IBM
products for which an IBM networking solution is not readily
"available, or have value-added networking alternatives to the
existing IBM solution. Ungermann-Bass feels that these customers
will turn to it for help in these areas.

In January 1986, Ungermann-Bass announced it had signed a
licensing agreement for worldwide rights under the token-ring
patents of Olof Soderblom, thus clearing the way for the
company's continued implementation of its own token ring
products. The terms of the agreement were not disclosed, though
IBM previously paid $5 million to Soderblom for similar rights.

The agreement with Willemijn Holding BV -- a Netherlands-
based company that owns the Soderblom patent rights -- secures
for Ungermann-Bass the rights to implement token-ring LAN
technology. The company said that after carefully reviewing the
patent, it felt that its best course of action was to obtain the
license and thereby protect itself and its customers from any
risk of patent infringement.
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9. Ztel PNX

Ztel was incorporated in January, 1981, with financing
provided by Adler & Co. and GE. Second and third rounds of
financing produced an additional $33.5 million. One of the new
investors was NCR, whose share subsequently came to 19% of Ztel.
Ztel's Private Network Exchange (PNX) is an integrated voice/data
system which combines the data capabilities of a local area
network with the full feature voice capabilities of a PBX.
Developed by Ztel, voice-only production shipments took place in
the third and fourth quarters of 1984.

Ztel is headed now by Murray H. Bolt, president and chief
executive officer. Mr. Bolt joined Ztel from Codex, where he was
vice-president and GM of the LAN Products Business Unit.

On May 15, 1985, Ztel petitioned the United States
Bankruptey Court for financial reorganization under Chapter 11 of
the Federal Statutes.

Ztel had made a voluntary business decision to file Chapter
11; it was used, according to the firm, as a means to
successfully recapitalize Ztel so it could accelerate its
business objectives of developing, manufacturing, marketing, and
supporting a superior communications system.

Since its inceptioﬁ through March 30, 1985, Ztel‘had
invested approximately $49,000,000 in research, development,
manufacturing, and marketing. In April 1985 Ztel approached its

four primary financial backers -- the General Electric Venture
Capital Corporation, NCR Corporation, The Hillman company and its
affiliates, and The Adler Group -- to discuss a recapitalization

of the company to fund a continued ramp-up of its product
manufacturing and marketing operations.

G.E., NCR, and Hillman Co., with the addition .of Harvest
Ventures, agreed to a funding proposal of approximately $17
million. The reorganization of the company under Chapter 11 was
necessary to permit Ztel's financial backers to continue their
investment in, and commitment to, the company.

While in Chapter 11 proceedings, the company, under the
direction of Murray H. Bolt, completely restructured its entire
operation, putting in place a new management team, a new
marketing plan, and a targeted, market-driven product focus and
direction. The reorganization plan also provided for 100%
payement to all Ztel creditors.

Effective August 2, 1985 -- only 11 weeks after filing its
original petition -- Ztel emerged from Chapter 11 reorganization
with a court-approved recapitalization plan.

Now that these plans have been approved by the court, the
company's investors, and creditors, Ztel intends to continue the
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manufacturing and marketing of its PNX, as well as to fund the
development of further product enhancements. NCR, G.E., Hillman
Co., and Harvest Ventures have been issued shares of New Class A
Preferred Stock; in addition, NCR, G.E., Hillman Co., and The
Adler Group have received shares of Common Stock and Class B
Redeemable Preferred Stock based on their prior debt investment
funding levels.

CEO Bolt has begun building a new management team. Recent
appointments include Kevin P. Moersch, vice president of
distribution; Joseph W. Milacci, vice-president of manufacturing;
and Elder N. (Kip) Ripper, vice-president of marketing. Under
the direction of this team, the company has begun to more
aggressively market the PNX.

Essential to Ztel's success are the continuing relationships
that have been secured with distributors. For example, ASI
Telesystems has remained committed to selling and supporting
Ztel's PNX from the first site tests to the first commercial
product offering. In addition to existing distributor
agreements, the company is now negotiating long-term contracts
with new distributors to further extend its distribution channel.
Present distributor include Allwest Telecommunications, ATS,
Chadwick Telephone, Computer Telephone, Manitoba Telephone
Systems, Miller's Wireline, Nobell Telecommunications, Northstar
Communications, Skaggs Telephone, and Tenant Network Systems.

At the Tele-Communications Association Conference (TCA)
September 1985, Ztel announced the signing of two new regional
distributor agreements, revealed an unprecedented two year
warranty and made public its installed customer sites.

9.1. The Private Network Exchange

Ztel designs, manufactures, markets and supports the Private
Network Exchange (PNX), a highly advanced voice/data
communications controller for the business environment. Ztel's
PNX serves a broad spectrum of market line size requirements.
The PNX 5200 serves the small market (50-300) lines. The PNX
5300 serves the medium size market (300-800) lines; and the PNX
5400 serves the large market (800-1500) lines. The PNX
simultaneously transmits both voice and data communications over
two twisted pair wire. The PNX combines digital transmission
technology with distributed processing to negate the possibility
of single point failure and provide economic and reliable
service.

The PNX software uses the C programming language and follows
the 0SI/ISO model. The modularity inherent in both the software
and the hardware allows for gradual, cost-effective system
growth. Current release system configuration designs can grow
from less than 512 ports lines to 2048 ports. Several software
options, such as Least Cost Networking, Messaging, and On-Line

IT-114



Ring-Based Local Networks

Ztel PNX Dlal Plan
Volce 2000 - 2999
Data 3000 - 3999
Misc 4000 - 4999

/’/' S Remote Dalil-Up Modem

2 Way Central Office

v Prime 85I

Band 5 800
\ |
Band 0 800
Band 5 Out WATS ]
[ —
\
Band 3 OutWATS
Band 0 OutWAT Attendant Console
Receptionist
E&M E&M

Attendant Console 2
Switch Room .

Power Attendant Console 3
Supply Demo Room

S

PNX Integration System

Figure II-27: Example PNX 5300 Configuration

II-115



Ring-Based Local Networks

Directory can be purchased to upgrade the basic software
configuration.

The PNX system includes full menu-driven system management
functions to provide on-line management capability. Use of the
system's state-of-the-art attendant console can substantially
increase operator productivity. Ztel's complete line of digital
telephone sets and data servers provide users with highly
advanced calling features such as integral messaging,
speed-calling, multi-line conferencing and hands-free calling.

9.2. System Concept

The PNX automatically selects the most cost-effective routes
for communication, redistributes traffic loads for better
performance, and automatically converts operating characteristics
between dissimilar devices. It also provides pertinent
information to help determine when to add more facilities to
maintain or improve a desired level of service. For qualitative
decision making, the PNX provides information on a timely basis,
organizing it so the user can make low-risk decisions regarding
his business communications.

At present, the PNX is aimed at a wide spectrum of
installations with a base of less than 100 to over 2,000 ports.
The PNX (at all line/port requirements) is a full feature voice
and data communiction system that is currently being used in a
variety of applications including shared tenant service,
financial and college environments.

Ztel's tenant support capability will enable a property's
telecommunication manager to provide shared voice and data
communication service on a single PNX system to multiple tenants
on a property. The tenant support capability can be partitioned
and tailored to meet the unique needs of each tenant.

Many of the standard functions of the PNX can be offered to
tenants as add-on services, or enhancements to basic service.
These include centralized messaging center service, inter-tenant
messaging, and speed calling. Ztel demonstrated the tenant
support capability of its PNX in June 1985.

9.3. System Components

The PNX is composed of switching, processing and line
elements. Processing elements perform all call processing system
management functions under the control of the operating system
software.  Switching elements contain the hardware required to
perform time division and space division switching for ports in
the system. Line elements establish the specific communication
lines and trunks configured in the system. The Mass Storage Unit
(MSU) hardware assembly contains a tape cartridge drive, a 40 MB
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Winchester disk drive, controlling modules and a de¢/dc power

supply.

9.3.1. Processing Element Module

The Processing Element Module is a 16 x 16 inch printed
circuit card that plugs into the processing element backplane
slot. The Processing Element contains the following types of

modules:

1.

Basic Processing Module (BPM) - a MC68010-based Ztel CPU
module that incorporates a Memory Management Unit (MMU),
Direct Memory Access (DMA) circuitry, and four serial
ports.

Line Communications Controller (LCC) - packetizes and
depacketizes control information between a switch
element and terminal equipment. It is a companion to
the TSI module.

Time Slot Interchange (TSI) - a time division switch
that switches time-slotted TDM data under memory mapped
control. Up to 512 ports are supported by a single TSI.

9.3.2. Switching Element Module

The Switching Element Module contains the following modules:

1.

Line Communications Controller (LCC) - packetizes and
depacketizes control information between a switch
element and terminal equipment. It is a companion to
the TSI module.

Local Memory Module (LMM) - Identical to that used in
processing elements rand used as shared memory.

Shared Bus Adapter (SBA) - Connects a switching element
to a shared bus from processing elements.

Time Slot Interchange (TSI) - a time division switch
that switches time-slotted TDM data under memory mapped
control. Up to 512 ports are supported by a single TSI.

9.3.3. Line Element Modules

The Line Element Modules contain the following five modules
in the Line/Trunk Interfaces:

1.

Analog Line Card (ALC) - Interfaces 16 type 2500 DTMF
phones to the PNX.
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2., Digital Line Card (DLC) - Interfaces 16 lines from Ztel
digital telsets or data servers to the PNX. Accepts
voice~-only, data only, or voice-data devices.

3. Ground Start/Loop Start (GS/LS) Trunk Card (TC) -
Interfaces 8 telephone company Central Office trunks to
the PNX. '

4, E&M (2-wire, U4-wire, type 1 & 2) Trunk Card - Interfaces
8 E&M trunks to the PNX.

5. Direct Inward Dial Card (DID) - Allows outside lines to
access the PNX phones without attendant assistance.

In addition, the Line Element Modules contain the following
four modules in the Service Cards:

1. Clock Card (CLK) - Outputs the timing signals required
for circuit switched operation in an SPU.

2. Conference Card (CONF) - Enables conference calls on the
PNX. Each Conference Card module provides 16
conferencing ports that can be mixed in any combination.

3. DIMF Card (DTMF) - Generates and decodes PCM encoded
DTMF tone pairs. This module is required in PNX systems
that interface with analog circuits and equipment.

4, Tone Card (TONE) - Supplies up to 16 signal tones for
use in the SPU. 1Interfaces to 4 independently
controlled paging zones. It also provides control for 4
UNA relays.

9.3.4., Digital Telsets

The PNX system features three digital telephone sets
(Telsets): the Z/28, Z/12, and Z/4 telsets. The Z/28 is a 28
key programmable telset with a 40 character LCD; the Z/12 is a 12
programmable feature key telset. Both the Z/28 and Z/12 can be
configured to support data and voice communication. The Z/H4
contains four definable feature keys. The PNX also supports
standard 500/2500 analog station telephones.

The telsets feature keys can be programmed to let users send
and receive messages. When a busy signal or no answer 1is
received, a message can be sent to any other telset by pushing
the feature key with an appropriate message (such as Please call
back, returned your call, etc.). Messaging automatically records
the caller's name and extension number, and the time and date of
calling. A centralized message center or any data terminal with
the Terminal User Interface (TUI) option also can send and
receive both preprogrammed or free-form text messages to
individual telsets on the system. The Z/28 40 character LCD
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display allows users to read messaging directly from the telset.
All voice and data calling features not assigned to feature keys
can be activated by entering simple access codes.

The TUI option allows a data terminal to access other

terminals and devices through the PNX at transmission speeds up
to 19.2 Kbps asynchronous or 56 Kbps synchronous.

9.3.5. Data Servers

Ztel also provides Basic Data Servers for uses who do not
need voice communication devices. In addition, a data server
cluster can contain up to 16 data server modules. Data Server
Clusters can be used in a variety of ways including modem pooling
and computer room applications.

A Data Server connects to the SPU over a separate line of 2
twisted pairs or quad wire. The Data Server has interface
connections for asynchronous (supports EIA standard RS-232C,
CCITT standard V.24, V.28, X.21 bis) or synchronous type lines.

9.3.6. Attendant Console

The CRT-based attendant console includes a custom keypad and
alphanumeric keyboard provides efficient and courteous connection
of incoming and internal telephone calls. The CRT displays a
variety of information, including source and destination of
calls, the current saved (or holding calls), the status of calls
and alarms on the system. The console also displays On-Line
Directory, Messaging, Alarm Status, Trunk Group Status, Station
Feature Editor, and Attendant Notepad displays when these
features are part of the console configuration.

9.3.7. Other Components

For administration purposes, the PNX encorporates a full
featured menu-driven system management console. The console
provides access to all system management functions as well as
detailed traffic and statistical reporting and on-1line
maintenance and diagnostics. Through the system, full network
management and control functions provide control over system
configuration of all voice and data ports, and provide for
assigning all voice and data call processing features. The
system provides for management of all voice and data hunt groups,
telset voice and data line and station profiles, trunk group
management and least cost routing.

For maintenance, the system incorporates on-board
maintenance processors. This consists of a network of
processors, called the Maintenance Thread, which monitors the
system to enhance system reliability, availability and
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serviceability. The Maintenance Thread provides continual
testing. Faults can be detected and isolated. Additional
maintenance diagnostics can be activated by on-site or from a
remote location.

9.4, PNX Family

In January 1986, Ztel introduced two new PNX system
offerings, the PNX 5200 and PNX 5400, which support voice and
data line size configurations of up to 300 and 1,500 lines,
respectively. .

The new PNX 5200, which supports up to 512 ports or 300
lines, is aimed directly at small businesses. It offers the same
features and functionality of the original PNX, now called the
PNX 5300, but at a lower price.

The features that now apply across the family of PNX systems
include a CRT-based attendant console; an on-1line directory;
integrated system-wide messaging; full data transmission
capabilities; least cost networking; advanced system
administration; service and diagnostic tools; and product
warranties that exceed industry norms.

The PNX 5400 is .essentially a doubling of the original
system, which means it supports up to 2,048 ports or 1,500 lines.

The PNX 5200 is ready for shipmént immediately, and the 5400
is scheduled for shipment in first quarter 1986.

9.5. Pricing

Installed pricing for a system depends on the system
configuration, number - of digital telsets used, trunking and a
variety of parameters. The range of price per line can be
estimated at between $600-$1000 per line.

9.6. Evaluation

Ztel appears again to be a stable company with secured
financing producing a highly advanced product. It has a
substantial customer base running numerous applications
involving a varied mixture of voice and data communications. Its
aggressive distribution plan provides for territorial exclusivity
within regional areas.

Ztel is enhancing the PNX's networking capability by
incorporating means to gateway to industry standard local area
(LAN) and wide area (WAN) networks. The PNX will gateway to
802.3 (Ethernet), 802.4 (MAP) and 802.5 (Token passing ring)
networks.
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1. Soderblom Patent

The following is a copy of U.S. Patent Number Re.31,852,
reissued March 19, 1985, to Olof Soderblom. It expands
Soderblom's original claims on his token-passing ring invention
and forms the basis for his demand for royalties from any vendor
building token ring local networks.
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1
DATA TRANSMISSION SYSTEM

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent appli-
cation Ser. No. 391,717 filed Aug. 27, 1973. Application
Ser. No. 391,717 now abandoned is a continuation of
U.S. patent application Ser. No. 773,056 filed Nov. 4,
1968 and now abandoned.

BACKGROUND OF THE INVENTION

The present invention relates to a data transmission
system for transmitting order-characters, address-
characters and information-characters between a master
unit and one or more remote groups of subordinated
terminal units, the several units in a group normally
being disposed at a common location such as a branch
bank or store. Each of said groups and said master unit
includes a modulator and a demodulator, i.e. a so-called
“modem", adapting pulses from the master unit and the
subordinated terminal units to the transmission charac-
teristics of the transmission lines which connect said
master unit and said subordinated terminal units to each
other.

To interconnect an equipment built up of pulse cir-
cuits with another such equipment over a relatively
long distance, it is necessary to convert the pulses into
signals which are adapted to the frequency characteris-
tics of the transmission lines. For this purpose, it is
common practice to employ at one end of the line a
modulator for converting a pulse into either a phase
shifted or frequency shifted pulse relative to a reference
signal, and to connect the other end of the line to a
demodulator detecting this phase or frequency shift and
producing a pulse in correspondence thereto.

In systems where a plurality of pulse equipments
disposed at geographically remote places are to be con-
nected to a master pulse equipment, it is common prac-
tice to connect these remote pulse equipments and their
associated modulator/demodulator units in parallel to
one single transmission line for the purpose of shorten-
ing the overall length of the transmission lines required.
Further, it is common practice to concentrate all pulse
equipments which have a common location to one sin-
gle modulator/demodulator unit by means of a traffic
concentrator which, in addition to its concentrating
function, effects the control functions required for the
above-mentioned parallel connection. This equipment,
which effects the interconnection between a plurality of
pulse equipments and one single modulator/demodula-
tor unit and enables the connection of a plurality of such
units of pulse equipments in parallel to one single trans-
mission line, tends to become rather complicated.

A further disadvantage of connecting a plurality of
such units in parallel to one single transmission line
resides in that the most efficient mode of transmission,
i.e. so called synchronous transmission, cannot be uti-
lized, due to the fact that one demodulator will have to
receive signals in alternating order from a plurality of
modulators.

A further drawback of the above-mentioned parallel
connection resides in that a great number of signals are
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required for maintaining the order of succession be-
tween the units connected to the line, and such se-
quence signals will intrude upon the time available for
the transmission of information.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
system permitting a plurality of commonly located
pulse equipments to be connected to one modulator/-
demodulator unit, and for several modulator/-
demodulator units disposed at geographically spaced
places to be connected to one single transmission line
without using any complicated equipments therefor and
without involving the drawbacks of a conventional
parallel system as indicated hereinbefore, while still
maintaining the advantages of the parallel system.

This object of the invention is substantially realized
by the fact that the transmission lines connecting the
master unit with the modems and subordinated terminal
units included in the system are arranged in a closed
loop in which modulators, demodulators and subordi-
nated terminal units are serially interconnected. All
signals comprising order-characters, address-characters
and information-characters are transmitted in the closed
loop which is arranged such that the output from the
modulator of the master unit is connected to the input of
the first demodulator appearing in the loop associated
with a first group of subordinated terminal units, which
are serially connected with each other and form a
closed loop between the output of said first demodula-
tor and the input of the associated first modulator. The
output of the first modulator may be connected to the
input of a succeeding second demodulator in the series
circuit which is associated with a second group of sub-
ordinated terminal units and so on, until finally, the last
modulator occurring in the loop has its output con-
nected to the input of the demodulator in the master
unit, thereby closing the loop.

According to the invention, all modulators, demodu-

" lators and subordinated terminal units are serially inter-
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connected between the data output and data input of the
master pulse equipment which normally transmits a
stream of synchronization characters and, at times,

’ transmits order-characters or information-characters.

The first subordinated terminal unit having information
to send to the master pulse equipment and receiving
order-characters from said master pulse equipment,
interrupts the series circuit and transmits the informa-
tion to the data input of the master pulse equipment via
succeeding modulators, demodulators, and subordi-
nated terminal units. The transmission ends with distinc-
tive order-characters which are transmitted around the
rest of the loop downstream of such first. station and
which cause the succeeding subordinated terminal unit
with information to send to once again interrupt the
series circuit at such succeeding station and send the
information to the data input of the master pulse equip-
ment. The said succeeding station similarly ends the
transmission with order-characters, and so on, until the
last subordinated terminal unit with information to send
has, in turn, emitted order-characters which are then
finally received by the master pulse equipment, thereby
establishing that all subordinated terminal units have
sent their information. Information from the master
pulse equipment to a particular subordinated terminal
unit includes address-characters.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described more in detail
with reference to the accompanying drawings, in
which:

FIG. 1 shows a block diagram illustrating the closed
loop of the data transmission system according to the
invention;

FIG. 2 shows a functional diagram illustrating the
function of the switching unit in the transmission system
according to FIG. 1;

FIG. 3 shows a detailed block diagram of the switch-
ing unit; and

FIG. 4 shows an alternative embodiment of the
switching unit.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

According to the invention, a plurality of remotely
disposed groups of pulse equipments §, 7, 9, 11 are inter-
connected and connected to a master pulse equipment 1
via modulator/demodulator units 2a, 2b, 13a, 13b, 14a,
14b, 15a, 15b, 16a, 16b and transmission lines 12. These
modulator/demodulator units operate in a manner such
that the modulators 2a, 13b, 14b, 15b, and 16b accept
pulses at the same rate as pulses are transmitted from the
output of the associated demodulators 2b, 13a, 14a, 15a
- and 16a, respectively.

The system is arranged so that modulator 2a of the
master pulse equipment 1 is connected to demodulator
13a via a portionn of line 12. The pulse output of de-
modulator 13a is connected to the pulse input of modu-
lator 13b via a number of switching units 3. Each
switching unit 3 selectively connects a pulse equipment
S to the master pulse equipment 1. Each pulse equip-
ment § and corresponding switching unit 3 form a sub-
ordinated terminal unit 4. Modulator 13b is connected
to demodulator 14a, associated with the succeeding
group of subordinated terminal units, via another por-
tion of line 12. Demodulator 14a is connected to modu-
lator 14b via switching units 3 each of which is con-
nected to a pulse equipment 7 which together form a
subordinated terminal unit 6. The system can include an
arbitrary number of groups of subordinated terminal
units. In the embodiment shown in FIG. 1, the system is
terminated at the modulator 16b, which is connected to
demodulator 2b at the master pulse equipment. The
system according to the invention is not restricted to the
number of modulator/demodulator units and switching
units 3 as specifically shown in FIG. 1, but is operable
with an arbitrary number of both modulator/demodula-
tor units and switching units.

The function of the switching unit 3 is, in principle,
illustrated in FIG. 2, where it is shown as a three-way
switch, including switching means 27, a by-pass line, a
shift pulse register 17 and a decoding unit 18. In position
19, the switching unit 3 is by-passed in the sense that any
characters appearing at the output of the demodulator
are not only shifted into the register 17 particularly
associated with such switch but are also simultaneously
applied to and shifted into the register 17 of the next
downstream terminal unit. Obviously, therefore, if all
switches 17 are in position 19, any character transmitted
by the master pulse equipment will be shifted substan-
tially simultaneously into every register 17.

In position 20, the output of the switch 3 is connected
to the input through the pulse register 17 which has a
capacity equal to the number of bits forming one unit of
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information. here called a character. Under these cir-
cumstances, the register 17 of the next-downstream
terminal unit cannot be directly responsive to a charac-
ter provided by the demodulator output; instead. such
further register can only be responsive to whatever
character is shifted out of the first-mentioned register 17
directly associated with the switch which is in position
20.

In the third position 21, the output of the switch 3 is
connected directly to the associated pulse equipment 5,
7, 9 or 11. In this circumstance, the associated terminal
pulse equipment is effectively connected to the loop, as
will be shown, so that this terminal unit can not transmit
data back to the master pulse equipment.

To the pulse register 17, which is permanently con-
nected to the input of the switch unit is also conrected
a decoding unit 18 which identifies certain distinctive
characters in the pulse register 17. The manner in which
switching unit 3 affects the function of the system ac-
cording to the invention is as follows:

The system possesses three states of operation, i.e. an
idle state, a second state in which information can be
transmitted from pulse equipments 5, 7, 9, 11 to the
master pulse equipment 1, and, finally, a third state in
which information can be transmitted from the master
pulse equipment 1 to pulse equipments §, 7, 9 and 11.

In said idle state, the switching units 3 are all by-
passed in the sense described above and the master pulse
equipment 1 transmits a continuous flow of characters,
each character comprising a pulse combination or char-
acter A. The decoder 18 in each terminal unit recog-
nizes the presence of the A character in the associated
register 17 and, in response thereto, causes switch 27 to
assume position 19. As a result, all the switching units 3
are by-passed, and the pulse output of each demodulator
is connected directly to the pulse input of the associated
modulator, the flow of characters transmitted by pulse
equipment 1 being regenerated in each modulator/-
demodulator unit and finally returning to the pulse
equipment 1 through the demodulator 2b. This flow of
characters has two purposes, viz.

(a) to establish synchronism between the oscillator of
a demodulator and the oscillator of the preceding mod-
ulator, such as, for example, between demodulator 14a .
and modulator 13b;

(b) to establish synchronism between the pulses trans-
mitted as a character by pulse equipment 1, and the
pulses detected as a character by pulse register 17.
When the characters received by pulse equipment 1
through demodulator 2b contain the same pulse combi-
nation as the characters transmitted from pulse equip-
ment 1, the entire system has become synchronized.

Another method of synchronizing a demodulator
with the preceding modulator resides in maintaining a
two-way connection between them i.e. to each demodu-
lator an auxiliary modulator is connected, which trans-
mits pulses to an auxiliary demodulator connected to
the preceding modulator in the system. By this method,
signaling will indicate whether synchronism is being
maintained separately between each modulator/-
demodulator connection.

When the master pulse equipment 1 is ready to re-
ceive information from pulse equipments §, 7, 9, 11,
pulse equipment 1 will interrupt the flow of A-charac-
ters and transmit two distinctive characters in succes-
sion, B and C, and then recommence its transmission of
A-characters. The purpose of said B- and C-characters
is the following:
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The B-character is shifted into the register 17 of each
terminal unit substantially simultaneously since each
switch 27 is still in position 19. When a B-character has
been identified in each pulse register 17 by decoding
unit 18, the following procedure will be initiated, pro-
vided that the associated pulse equipment §, 7, 9, 11 has
information to transmit. (1) The switching means 27 is
set to position 20. (2) The next succeeding character, i.e.
the C-character, can now be received only in the regis-
ter 17 of the first upstream terminal having data to
transmit; the reason for this, of course, is that the switch
27 of such first upstream station was operated to posi-
tion 20 by the B-character, thereby effectively opening
the loop so as to prevent any other register 17 from
responding to the C-character. (3) Assuming that such
next character is a C-character, the switching means 27
of such first upstream unit with data to transmit is set to
position 21, thereby permitting only the characters
transmitted from the associated pulse equipment to be
put on the line. Since the character C only appears in
the register 17 of such one unit, it cannot be advanced to
the next succeeding terminal unit in the series circuit in
response to the next character placed on the loop by the
master pulse equipment because with switch 27 in posi-
tion 21, the register 17 storing the C-character is effec-
tively disconnected at its output from all other down-
stream registers. As a consequence, no succeeding pulse
register 17 will receive character C directly after hav-
ing received character B. This will cause the associated
switching means 27 to be reset to the idle position.

If the terminal unit has no information to transmit
when the B-character is detected in pulse register 17,
the switching means 27 will retain the idle position. The
information transmitted from each of the pulse equip-
ments S5, 7, 9 or 11 will pass through the succeeding
switching units in the series circuit to the input of the
master pulse equipment 1.

Each transmitting pulse equipment §, 7, 9 or 11 ends
its transmission with the characters B and C and will
then reset switching means 27 to the idle position,
whereby the sequence of procedures described above
will be repeated in the succeeding terminal units in turn.

When characters B and C are received in the master
pulse equipment 1, this provides an indication that all
pulse equipments §, 7, 9, 11 in the closed loop have had
an opportunity to transmit information, and pulse equip-
ment 1 will respond by transmitting a character, D,
indicating that the information transmitted from the
subordinated terminal units has been properly received.
However, if the information received by pulse equip-
ment 1 contained errors, characters B and C will be
transmitted once more and the procedure just described
will be repeated. Thus, pulse equipments 5, 7, 9, 11
which have transmitted information but received no
D-character will retransmit their information.

Transmission of information from the master pulse
equipment 1 to any of the pulse equipments 5, 7, 9, 11is
performed by transmitting two characters E and X
before each message. Character E indicates that the
next succeeding character X, contains the address to the
specific pulse equipment for which the message is
meant. This message will pass through all switching
units 3, but only the pulse equipment assigned number X
will respond to the information.

The switching unit 3 according to the invention has
as its main purpose to enable the series connection be-
tween the terminal units and the master pulse equip-
ment.
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The unit 3, shown in FIG. 3, comprises three AND-
gates 22, 23 and 24, an OR-gate 25 and a control logic 26
having connected thereto a decoding unit 18 and a pulse
equipment 5. 7. 9. 11. In the idle position of the switch-
ing unit 3, the input 33 and output 34 are effectively
connected together through the enabled AND-gate 22
and the OR-gate 25. In the idle state, synchronism is
maintained by the decoding unit 18 via a pulse register
17. being operative to decode information appearing at
the input 33 of the switching unit 3 via line 35.

. When the decoding unit 18 identifies a B-character in
the pulse register 17. it emits a signal via lines 36 to the
control logic 26 to remove the enabling input to AND-
gate 22 via line 37. The pre-requisite is, however, that
pulse equipment §, 7, 9, 11 has informed control logic 26
via line 38. that it has information to transmit. At the
same time, the control logic 26 enables AND-gate 23.
whereby pulse register 17 is connected to the output 34
of the switching unit 3 through AND-gate 23 and OR-
gate 25, corresponding to the second state of the switch- -
ing unit. If the next-following character received in the
pulse register 17 and decoded by decoding unit 18 is a
C-character, control logic 26 will disable AND-gate 23
and enable AND-gate 24 via line 31. At the same time,
control logic 26 will emit a pulse to the pulse equipment
S, 7. 9, 11 via line 41 informing the latter that it may
transmit information on line 29, which now connects
output 34 of the switching unit 3 with the pulse equip-
ment via AND-gate 24 and OR-gate 25. This corre-
sponds to the third state of the switching unit. The
transmission ends with a signal from pulse equipment 5.
7, 9, 11 to the control logic 26 via line 38 informing
same of the fact that all information has been transmit-
ted. Control logic 26 then enables AND-gate 24 and
disables AND-gate 22, whereupon the switching unit
has been reset to its idle state.

When the switching unit 3 is in the idle state, and
decoding unit 18 identifies an address-character in pulse
register 17 informing that the information to follow is
meant for a specific pulse equipment 5 or 7 or 9 or 11,
then decoder 18 will transmit a signal to control logic 26
via lines 36. Control logic 26 then informs the pulse
equipment via line 41, whereupon the information is
received via line 32. When the decoder has detected a
character in the pulse register 17 signifying the end of
the message, the pulse equipment is informed by control
logic 26. The switches 28a, 28b are meant for shunting
of the switching unit 3 and the pulse equipment, for
instance in case of break-down or absence of primary
power. These switches may consist of a relay taking the
positions 42a, 42b, respectively in case of absence of
primary power or being controlled by a logic circuit
actuating both switches 28a and 28b.

According to an alternative embodiment of the in-
vention shown in FIG. 4, the switching unit operates
with only two switching states. Lines 29 and 31 of FIG.
3 are replaced by parallel lines 30 in FIG. 4 between the
pulse equipment 5, 7, 9, 11 on one hand, and pulse regis-
ter 17 and decoder 18, on the other. Thus, if the charac-
ter received in the pulse register 17 and decoded by
decoding unit 18 is a C-character, the control logic 26
will inform the pulse equipment that it may transmit
information on lines 30 via pulse register 17, which is
connected with the output 34 of the switching unit via
line 39, AND-gate 23 and OR-gate 25. Thus, in this case
the conditions of the AND-and OR-gates will not be
changed, i.e. that the switching unit will maintain its
second switching state.
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Information transmitted from the master pulse equip-
ment 1 to a specific pulse equipment Sor 7or 9 or 11 is
received in said equipment via lines 30 after the control
logic 26 has informed the equipment via line 4 that it has
information to receive appearing on lines 30.

Which of these two embodiments of the switching
unit is preferred depends on whether the pulse equip-
ment is arranged to receive and transmit the bits which
constitute a character in serial or parallel.

The rate of all information transmitted and received
is preferably determined by a clock included in the
demodulator and adapted to control the components of
the terminal units 4, 6, 8, 10 via line 43. If required, the
clock signal can be amplified at the in- and outputs of
each terminal unit by means of amplifiers 44a and 44b,
respectively.

‘The terminal units 4, S, 8, 10 forming part of a trans-
mission system of the kind here referred to, include, for
example, data terminals or computers or any other
equipment operating with pulses. In its most extreme
form, the data transmission system according to the
invention may include only one subordinated terminal
unit interconnected with the master pulse equipment via
modulator/demodulator units.

What I claim is:

1. Apparatus for the transmission of data characters in
pulse form from a plurality of terminal units to 2 master
unit comprising in combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in

. series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,

each said terminal unit including:

(a) pulse responsive means connected to said pulse
input means for receiving pulses appearing at said
pulse input means,

(b) decoding means distinctively responsive to pulses
received by said pulse responsive means,

(c) and logic means responsive to said decoding
means for normally interconnecting said pulse
input and pulse output means to thereby complete
the loop at said terminal unit,

(d) said logic means in response to a distinctive pat-
tern of said pulses appearing at the associated pulse
input means interrupting the loop between said
pulse input and pulse output means only at a termi-
nal unit having data to transmit and enabling the
application to the associated pulse output means of
stored data of arbitrary variable length as required
by said terminal unit for transmission over the loop
to said master unit,

(e) said logic means being effective upon the opening
of said loop at the first upstream terminal unit hav-
ing data to send for inhibiting the receipt at any
downstream terminal unit of pulses otherwise ef-
fective to control said downstream terminal unit to
transmit data.

2. The apparatus of claim 1 wherein each said termi-
nal unit at the conclusion of its data transmission trans-
mitting over said loop pulses to thereby control the
downstream terminal units having data to send to seri-
ally transmit their data to said master unit.

3. The apparatus of claim 1 wherein said logic means
in response to a first distinctive order character appear-
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ing at the associated pulse input means opens the normal
said interconnection between said pulse input and pulse
output means to thereby enable only the first upstream
terminal unit having data to send to respond to a second
distinctive order character,

said logic means being responsive to said second dis-
tinctive order character at said pulse input means
to enable the application to said pulse output means
of the stored data.

4. The apparatus of claim 3 wherein said pulse re-
sponsive means comprises a shift register and wherein
said logic means when rendered responsive to said sec-
ond distinctive order character operatively connects
said pulse output means to the output of said register to
thereby cause the contents of said register to be shifted
out of said register and into the register of the next
downstream terminal unit in response to the appearance
of pulses at said pulse input means.

5. The apparatus of claim 1 in which said master unit
includes means for transmitting data characters over
said loop in said predetermined direction to one or more
selected terminal units.

6. Apparatus for the transmission of data characters in
pulse form from a plurality of terminal units to a master
unit comprising in combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said -
master unit or any terminal unit are transmitted
always in the same predetermined direction,

each said terminal including:

(a) a pulse responsive means connected to said pulse
input means for receiving pulses appearing at said
pulse input means,

(b) decoding means distinctively responsive to the
pulses received by said pulse responsive means,

(c) and logic means being distinctively responsive to
at least one distinctive pattern of pulses detected by
said decoding means which is the same for each
terminal unit and appearing on said loop and effec-
tive only when said terminal unit has data to send,

(d) said logic means when so distinctively rendered
responsive enabling the application to said pulse
output means of data of any desired variable length
as required by said terminal unit for transmission
over said loop in said predetermined direction to
said master unit,

(e) the first upstream terminal unit having data to
send acting to inhibit the receipt at any down-
stream terminal unit of a pattern of pulses other-
wise effective to control said downstream terminal
unit to transmit data.

7. Apparatus for the transmission of data in pulse
form a plurality of which constitute a character from a
plurality of terminal units to a master unit comprising in
combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,
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a pulse responsive means connected to said pulse
input means at each said terminal unit and respon-
sive to each coded character appearing at said
pulse input means,

decoding means at each terminal unit distinctively
responsive to different characters received by said
pulse responsive means,

logic means at each said terminal unit controlled by
said decoding means and responsive to a distinctive
synchronizing character transmitted from said mas-
ter unit for operatively interconnecting said pulse
input means to said pulse output means to thereby
cause any character transmitted over said loop to
be substantially simultaneously received at each
terminal unit and be received by said pulse respon-
sive means,

said logic means at said plurality of terminal units
being further responsive to the reception of at least
one distinctive character simultaneously at said
plurality of terminal units to operatively disconnect
said pulse input means from said pulse output
means only at each terminal unit having data to
send,

and means at said plurality of terminal units and effec-
tive only at those terminal units which responded
to said distinctive character for controlling said
terminal units sequentially to transmit data over
said loop and via successive downstream terminal
units to said master unit.

8. The apparatus of claim 7 which includes means
controlled by said logic means and effective when the
associated terminal unit has data to send and receives
said first distinctive character for connecting said pulse
input means to said pulse output means only through
said pulse responsive means, whereby each said pulse
responsive means included in a terminal unit having
data to send is included in series in said loop.

9. Apparatus for the transmission of data in pulse
form a plurality of which constitute a character from a
plurality of terminal units to a master unit comprising in
commbination:

pulse input and puse output means for each said ter-
minal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
unit or any terminal unit are transmitted always in
the same predetermined direction,

first means at each terminal unit responsive to a first
distinctive signal appearing at the associated pulse
input means only if said terminal unit has data to
send for opening said loop,

second means at each terminal unit which is effective
in response to a second distinctive signal applied to
the associated pulse input means only at those ter-
minal units which responded to said first signal for
applying to the associated pulse output means the
data stored at said terminal unit for transmission
over said series loop to said master unit,

means at each said terminal unit responsive to a signal
other than said second signal and received from the
immediately preceding upstream station for reclos-
ing the loop at said terminal unit.

10. Apparatus for the transmission of data from a

plurality of terminal units to a master unit comprising in
combination:
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pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
unit or any terminal unit are transmitted always in
the same predetermined direction,

< and means at said plurality of terminal units, and
initiated into operation in response to signals trans-
mitted over said loop, said signals acting serially
only on said means at a single terminal unit at a
time and only on those terminal units having data
to transmit and in the order in which they appear
on said loop in said predetermined direction to
interrupt said loop and to apply to said loop to said
master unit for transmission over the remainder of
the loop the data of arbitrary variable length stored
at the respective terminal unit.

[11. The apparatus of claim 10 in which said master
unit includes means for transmitting data characters
over said loop in said predetermined direction to one or
more selected terminal units.J

12. Apparatus for the transmission of data characters
in pulse form from a plurality of remote stations to a
master unit comprising in combination:

at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit;

said at least one terminal unit at each said remote -
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit; .

each said terminal unit including,

(a) a register for receiving and storing distinctive
characters transmitted over said series loop both
from said master unit and from any upstream re-
mote station,

(b) decoding means distinctively responsive to the -
characters stored in the associated register,

(c) logic means responsive to said decoder,

(d) data storage means for storing data for selective
transmission over said loop to said master unit, and,

(e) pulse input means and pulse output means,

(f) a gate connected between said pulse input and
pulse output means,

said logic means being at times operable in response
to distinctive pulse signals appearing on said loop
and in the associated register to open said gate and
thereby prevent the application of pulses to said
pulse output means from said pulse input means and
to connect said data storage means to said pulse
output means for transmission of said data over said
loop to said master unit,

said logic means being effective upon the opening of
said loop at the first upstream terminal unit having
data to send for inhibiting the receipt at any down-
stream terminal unit of an order character other-
wise effective to control said downstream terminal
unit to transmit data.

13. Apparatus for the transmission of data from a

plurality of remote stations to a master unit comprising
in combination:

III-12



Ring-Based Local Networks

Re. 31,852

11

at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit;

said at least one terminal unit at each said remote
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit;

each said terminal unit including,

(a) a register for receiving and storing distinctive
characters transmitted over said series loop both
from said master unit and from any upstream re-
mote station,

(b) decoding means distinctively responsive to the
characters stored in the associated register,

(c) logic means controlled by said decoder,

(d) data storage means for storing data for selective
transmission over said loop to said master unit, and

(e) pulse input means and pulse output means,

said logic means being normally in a first condition
wherein said logic means is effective to connect
said pulse input means to said pulse output means,

said logic means being further operable to a second
condition in response to a distinctive signal appear-
ing in said register at a time when said data storage
means is storing data for transmission to said master
unit to disconnect said pulse output means from
said pulse input means to thereby open said loop at
each terminal unit having data to send,

said logic means when in its said second condition
being additionally responsive to a particular dis-
tinctive signal appearing in said register to opera-
tively connect said data storage means to said
[data] pulse output means only at the first up-
stream terminal unit which had data to send, said
logic means when in its said second condition being
responsive to any further signal in said register
other than said particular distinctive signal to re-
store said logic means to its said first condition and
thereby connect said [data] pulse input means to
said [data] pulse output means at all terminal units
other than said first upstream terminal unit.

14. The apparatus of claim 13 wherein said logic
means when in its said second condition connects said
pulse input means to said pulse output means only
through said register.

15. Apparatus for the transmission of data characters
in the form of pulses from a plurality of remote stations
to a master unit comprising in combination:

at least one terminal unit included in each said remote
station;

a modulator and a demodulator for each said remote
station and for said master unit;

said at least one terminal unit at each said remote
station being connected serially between the de-
modulator and the modulator for the associated
station, said remote stations being serially con-
nected to each other over a series loop extending
between the modulator and demodulator of said
master unit and over which pulses originating with
either said master unit or any terminal unit are
transmitted always in the same predetermined di-
rection; each said terminal unit including means
normally effective to maintain said series loop
closed at said terminal unit but being responsive to
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distinctive signals appearing on said loop to inter-
rupt said loop and to apply to said loop pulses of
any number as determined solely by said terminal
unit for transmission to said master unit.

16. Apparatus for the transmission of data from a
plurality of terminal units to a master unit comprising in
combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and pulse input means of said master unit
and over which pulses originating either with said
master unit or any terminal unit are transmitted
always in the same predetermined direction,

first means at each said terminal unit responsive to a
distinctive first signal appearing at the associated
pulse input means only when said terminal unit has
data to send for operatively disconnecting said
pulse input means from said pulse output means,

second means at each said terminal unit responsive to
a distinctive second signal appearing at the associ-
ated pulse input means only provided that said first
means has been rendered responsive to said distinc-
tive first signal for applying the data stored at said
terminal unit to the associated pulse output means,

each said terminal unit at the termination of its trans-
mission of data over said loop to said master unit
transmitting both said distinctive first and second
characters and also operatively reconnecting the
associated pulse input and pulse output means,

whereby the transmission of said distinctive first and

" second characters by said master unit causes the
transmission of data only fromethe first upstream
station in said loop having data to send and the
subsequent transmission of said distinctive first and
second characters by said first upstream station
causes the transmission of data only from the next
station downstream of said first upstream station
which had data to send, and so on, until every
station in said loop which had data to send has
transmitted its data in turn over said loop to said
master unit.

17. A method of data transmission between a master
unit and a plurality of remote terminal units each having
a pulse input and a pulse output which are normally
operatively interconnected and with said terminal units
being serially connected in a loop extending from the
pulse output to the pulse input of the master unit, said
method comprising the steps of:

transmitting from said master unit to each said termi-
nal unit over said loop a first distinctive signal,

decoding said first signal at each terminal unit and in
response thereto interrupting said loop provided
only that said terminal unit has data to transmit,

transmitting from said master unit over said now
interrupted loop a second distinctive signal,

decoding said second signal only at the first upstream
terminal unit which had data to transmit and in
response thereto applying to said loop the data
stored at said terminal unit for transmission to said
master unit,

transmitting again at the termination of the data trans-
mission from said first upstream terminal unit said
first and second distinctive signals.

18. A method of data transmission between a master

unit and a plurality of terminal units each having a pulse
input and a pulse output and with said terminal units
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being serially interconnected in a loop extending from
the pulse output to the pulse input of the master unit.
said method comprising the steps of:

at times transmitting at least one distinctive order
character over said loop from said pulse output of
said master unit to initiate a cycle of data transmis-
sion from all those terminal units, one at a time,
which are ready to transmit data to said master
unit,

in response to said at least one distinctive order char-
acter interrupting said loop only at a terminal unit
having data to send and applying to said loop at
said terminal unit the stored data of arbitrary vari-
able length for transmission to said master unit,

said transmission of data from said master unit and
also from each said terminal unit always occurring
in the same direction around said loop.

19. A method of synchronous data transmission over

a loop comprising a serial transmission channel extend-
ing between the output and input of a master unit and
having a plurality of terminal units each including an
input and an output which are serially connected in said
loop, each terminal unit being selectively operable be-
tween two distinctive conditions in a first of which its
input is effectively connected to its output and in the
second of which the input is not connected to the output
and in response to signals appearing at the input said
terminal unit is operated between its two said distinctive
conditions, the transmission of data from the master unit
or from any terminal unit proceeding always in the
same direction over the loop, the method steps compris-
ing:

controlling each terminal unit to its said first condi-
tion in response to the receipt of a first distinctive
signal at its input as monitored by the associated
register,

controlling each terminal unit having data to send to
its second distinctive condition in response to the
reception of a second distinctive signal at its input
as monitored by the associated register,

and thereafter transmitting stored data over said loop
only from the first upstream terminal unit which is
now in its second distinctive condition following
the resetting of each downstream terminal unit
which ‘was operated to its said second distinctive
condition back to its said first distinctive condition.

20. The method of claim 19 wherein said first up-
stream terminal unit at the conclusion of its data trans-
mission transmits over the loop a further second distinc-
tive character to thereby control all downstream termi-
nal units having data to transmit to their second distinc-
tive condition, and thereafter transmitting over the loop
the stored data from the first downstream terminal unit
of the group of terminal units which was operated to its
second distinctive condition in response to said further
second distinctive character while concurrently restor-
ing to its first distinctive condition each remaining ter-
minal unit.

21. Apparatus for the transmission of data from a
plurality of terminal units to a master unit comprising in
combination:

pulse input and pulse output means for each said
terminal unit and for said master unit,

a single series loop connecting said terminal units in
series along said loop between the pulse output
means and input means of the master unit and over
which pulses originating either with said master
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unit or any terminal unit are transmitted always in
the same predetermined direction,
control means at any one of said terminal units which
is rendered effective, only when said terminal unit
has data to transmit, in response to a single occur-
rence on said loop of distinctive signals applied to
the associated pulse input means, said control
means when so rendered effective opening at least
at the first upstream terminal unit having data to
transmit a normally closed by-pass means which
when in its normally closed condition permits the
retransmission from the output means of said one
terminal unit of any signals appearing at its input
means, and further means effective at the first up-
stream terminal unit with data to transmit and
when its said by-pass means is open for applying to
said output means the data of whatever length is
then stored at said one terminal unit,
and additional means at each said terminal unit for
applying to said pulse output means at the conclu-
sion of*data transmission said distinctive signals to
initiate the transmission of data from the next
downstream terminal unit having data to transmit.

whereby the single occurrence of a transmission of
said distinctive signals from said master unit initi-
ates a cycle of data transmission sequentially from
all terminal units having data to transmit.

22. A method of data transmission between a master
unit and a plurality of terminal units each having a pulse
input and a pulse output and with said terminal units
being serially interconnected in a loop extending from
the pulse output to the pulse input of the master unit,
said method comprising the steps of:

transmitting onto said loop from said master unit

distinctive signals when it is desired to initiate a
cycle of data transmission from all terminal units
having data to transmit,
responding to each occurrence of said distinctive
signals at least at the first upstream terminal unit
ready to transmit data to the master unit by open-
ing a normally closed by-pass which is effective
only when closed to repeat at the output means of
said terminal unit the signals received from said
loop at its input means, applying to the output
means the data of whatever length is then stored at
said terminal unit while said by-pass is open,

transmitting from the output means of said terminal
unit at the conclusion of data transmission said
distinctive signals to initiate the transmission of
data from the next downstream station ready to
transmit data to the master unit,

and initiating a cycle of data transmission from all

terminal units having data to transmit by a single
transmission from said master unit of said distinc-
tive signals.

23. A method for controlling the transmission of data
over a common loop communications channel from a plu-
rality of terminal units each connected to said loop com-
prising the steps of:

transmitting on said loop a distinctive signal to initiate

data transmission over said loop from those terminal
units having data to send;

responding at a terminal unit on said loop which has

data to send and which is responsive to said distinctive
signal by interrupting said loop at said terminal unit,
by placing on said loop the data art said terminal unit,
and by thereafter placing on said loop at said terminal
unit said distinctive signal at the termination of the
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transmission of the stored data for similarly effecting
the transmission of data from a further terminal unit
having data to send,

said transmission of said distinctive signal and of said
data always occurring in the same direction around 5
said loop.

24. The method of claim 23 in which said distinctive
signal and said data on said loop comprise electrical sig-
nals.

25. A method for transmitting data from a plurality of 10
terminal units over a unidirectional communications loop.
the method comprising for each individual terminal unit of
said plurality the steps of:

a. transmitting data from the terminal unit over the loop
in response to reception at that terminal unit, at a time
when it has data to send, of an order signal propagated
over the loop:

. blocking at the terminal unit onward passage of the
received order signal over the loop when the terminal
unit has data to send; and

repropagating said order signal over the loop for on-
ward passage from the terminal unit following each
transmission of data from that terminal unit.

26. In a method of data transmission from terminal
units that are connected in a communications loop, in
which an order signal for initiating such transmission is
transmitted on the loop to reach the terminal units sequen-
tially. and in which each terminal unit having data to
transmit sends data over the loop in response to the condi-
tion in which the order signal reaches that terminal unit
over the loop, the improvement wherein the response of the
terminal unit to said condition includes blocking the on-
ward transmission of the order signal past that terminal
unit in the loop. and transmitting from the terminal unit
itself said order signal onward in the loop following trans-
mission of the data from that terminal unit.

27. The method of claim 25 or claim 26 wherein said
order signal is a predetermined signal combination having
first and second parts and said blocking of the order signal
in its onward transmission is effected by altering said sec-
ond part.

28. Apparatus for transmitting data over a communica-
tions loop, said apparatus comprising a plurality of termi-
nal means for individually propagating data and order
signals over the loop, and a unidirectional signal-transmis-
sion path, said path intercoupling the terminal means seri-
ally in the loop for communicating data and order signals
onward in the loop between the successive ones of the termi-
nal means, each said terminal means comprising:

(9) first means coupled in said path. said first means
being selectively operable for interrupting onward
transmission in the loop from the respective terminal
means of signals received from said path at that termi-
nal means;

(ii) second means coupled to said path, said second means
being conditioned only when said terminal means has
data to send over the loop to provide a distinctive
response upon reception from said path of a predeter-
mined order signal;

(iify third means for operating said first means in re-
sponse to said distinctive response of said second
means, to interrupt onward transmission beyond the
respective terminal means of said predetermined order
signal;

(iv) fourth means responsive to said distinctive response
of said second means to propagate in said path for
transmission onwardly in the loop from the respective
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terminal means. signals in accordance with said data
at that means; and

(v) fifth means operative to propagate said order signal in

said path for transmission onwardly in the loop from
the respective terminal means following cach trans-
mission for that terminal means of the data signals.

29. Apparatus for the transmission of data over a unidi-
rectional communications loop. said apparatus comprising
a plurality of terminal units intercoupled with one another
serially in said loop for inputting data 1o the loop. each said
terminal unit comprising first means providing as part of
said loop a selectively-blockable signal pathway through
the respective terminal unit for signals received at that
terminal unit in the loop, said first means being condi-
tioned in the event that the respective terminal unit has
data to send to respond to reception at the respective termi-
nal unit of a predetermined order signal received at that
terminal unit in the loop to block said pathway to onward
transmission of said order signal, second means responsive
to said order signal when the respective terminal unit has
data to send for propagating in said loop from the respective
terminal unit signals in accordance with the data for trans-
mission onward from that terminal unit in the loop. and
third means for propagating said order signal for transmis-
sion onward in the loop from the respective terminal unit
following transmission from that terminal unit of said data
signals.

30. Control apparatus for operatively connecting each of
a plurality of ‘terminal units to a loop-type unidirectional
communications channel, said apparatus at each terminal
unit comprising: ’

first means for detecting signals on said loop, said first
means being rendered distinctively responsive to an
order signal on said loop only in the instance when the
terminal unit has data to send,

second means normally permitting the onward passage

of signals on said loop but being effective to block the
onward transmission of said order signal in the event
that said first means has been rendered distinctively
responsive as aforesaid,

third means also responsive to said order signal on said

loop for transmitting signals onto said loop in accor-
dance with. said data,

.and fourth means effective after the transmission of said
data signals to transmit said order signal onto said
loop.

31. Control apparatus for coupling data and order sig-
nals between a terminal means and a unidirectional com-
munications loop to which a plurality of such terminal
means are connected; said control apparatus comprising:

first means for providing a normally unblocked but
selectively blockable signal pathway through said
control appparatus for signals on said loop received at
such control apparatus, said signal pathway forming a
part of said loop;

second means effective when the associated terminal

means has data to send to respond to the reception at
such control apparatus of a predetermined order sig-
nal transmitted on the loop to operate said first means
so as to block said pathway to onward transmission of
said order signal;

third means also responsive to said order signal, and

effective when said first means has been operated by
said second means to block said pathway, to enable
the propagation over said loop of signals in accordance
with data inputted to the associated terminal means;
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said third means being rendered ¢ffective by said second
part of said order signal to propagate said data sig-
transmission of said data signals for propagating said nals. '
33. The data transmission apparatus of claim 32 whercin
said third means comprises means responsive to the condi-
2. The data transmission apparatus of claim 31 wherein ~ “tion in which said second part of said order signal is not
’ received immediately following the reception of said first
said predetermined order signal comprises first and second  part of said order signal. to operate said first means to its
. normal condition to unblock said signal pathway.
. parts; R . . . .
10 34. The apparatus of claim 10 in which said master unit
said second means being responsive to said first part of  includes means for transmitting data characters over said
loop in said predetermined direction to one or more selected
terminal units.
said pathway to said second part. and A S

and fourth means rendered effective following each

order signal over said loop. 5

said order signal to operate said first means to block
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15 Elizabeth Drive
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Hasler A.G., Ltd.
Belpstr. 23
CH-3000 Berne 14
SWITZERLAND

IBM Corporation
1113 Westchester Avenue
White Plains, NY 10604

INCOMNET, Inc.
5795 Lindero Canyon Rd.
West Lake Village, CA 91362
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86 Newman St.
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