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"~ hope the’ reader finds the result well composed and in-good focus.

dniEhE

. FOREWARD

This report on broadband coaxial cable data communications
systems has been prepared by the Cable Telecommunications
Research Institute for the Department of Communications under
Supply and Services Canada contract 0ST82-00140. It is based
upon a.l1l9 ﬂ~survey of cable industry activity within Canada
‘UnitediStates and represents a snapshot view of a rapidly
emergan"technology. The purpose of preparing this report is
twofold: toicomment on the problematic issue of innovation versus
standardization and to increase awareness of the growing role of

coax1a1 cabLe technology in the transmission of a new generation
of ) .

Towards the'end of the study period, the authors were
increasingly tempted to delay completion of the text in order to
add yet one more late entry to the survey lists of systems and
components. Cable data communications is a natural complement to
the relentless growth of microcomputer technology. The pace of

this growth can cause embarrassingly rapid technical obsolescence

in hardware, -software and not least in human resources. The
Institute has attempted to present a picture of a fast mov1ng
target and has done so with a relatively wide field of: view. I

- Terry Shepard,
- Executive Director.
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1. INTRODUCTION

The spread of industrialized society in the nineteenth

‘century was fueled by the primary industries of mining, refining

and lumber and the giant secondary industries of manufacturing
and construction. Growth was accelerated by the development of
shipping routes and docking facilities and the construction of
highways, canals and railroads to carry raw materials from
natural resource centres to factories and finished products to
centres of population. Following along the tracks of the
railways came the electric telegraph of the 1840's, followed at
the end of the century by the invention of the telephone. =~
Communications smelled of the future. But transportation was
king. _

The early part of the twentieth century heralded -the .
convenience of widespread electric power systems, the magic of
radio and the growth of the automotlve industry. @ As this .
turbulent century draws to a close, our children are familiar
with the wonders of television, the romance of space technology,
the realities of nuclear power, the unfolding secrets of. the
genetic code, the uncanny capabilities of microelectronics and
the awesome power of the computer. Tertiary industries of

.communications and information processing are now basic to our

modern economies. The products of the industrial revolution were

-tangible goods.made of  cotton and iron, manufactured in factories.

and distributed by sea and rail. The products of: the: informatlon )
revolution are software, for example: radio and television . -
programs,. computer ‘programs and alphanumerlc databases.

"The distribution of these new software goods is creatlng
major new and vital industries. Indeed, with the widespread
growth of affordable business and personal microcomputers, data
communications needs and opportunities are steadily mushroomlng. )
Improvements in ' semiconductor chip architecture continue to ‘
reduce the cost of 'dumb', ‘'smart' and 'bright' terminals.

-Access to specialized and well managed databases has become a

question of providing suitable data transmission facilities.

The ability of the twisted pair telephone local loop-to carry

“data signals is limited by its comparatively fast transmission _
"performance degradation. at frequencies above those used for -analog

voice communications. Specially conditioned dedicated local loops

- can offer. enhanced data rates. "But such traffic then requires

special trunking facilities.to escape from the traditional (3 KHz)
bandwidth limitation of switched telephony. The regular ‘
telephone network's voice bandwidth system of twisted pair local’

loops is hard pressed to accommodate more than.a small percentage
of today's data communications traffic prlnclpally because of its

limited (3 KHz) bandwidth.. ~ The speed of data transmission is

‘just as much limited by bandwidth as it is by time constraints.

Much'of this report will be dealing with the data rates of
specific systems. :




CABLE DATA COMMUNICATIONS ' Introduction

When being transmitted, data are represented by "signalling
symbols", typically a particular voltage level or a particular
instantaneous frequency. With presently available technology it
is relatively costly in terminal equipment to transmit data at a
rate faster than 1 baud per Hertz of bandwidth.

1 baud
1 Hertz

1 signalling symbol per second
1 cycle per second

Data are measured in binary units (bits) each of which .is the
amount of information necessary to make a choice between two.
alternatives (eg:s off/on). Furthermore, it is least costly to let.

each signalling symbol represent just one bit of information. As a
result, a 3 KHz voice channel on a regular switched telephone network

can only pass data economically at rates measured in hundreds of
bits per second. This is however normally spoken of as so many .
hundreds of bauds (eg: 300 bauds, 1200 bauds) it being understood
that, with the assumed technology, 1 baud = 1 bit per second.

Given more costly modulators and demodulators, it is
possible to increase the number of bits per symbol. For example,
a choice of 4. available voltage levels (instead of 2) will permit
each transmitted symbol to represent 2 bits of information.

2 bits = 22 = 4 o

As another example, a choice of 4 possible phases in which
to transmit a "phase shift keyed (PSK)" data carrier will also
allow 2 bits per symbol to be transmitted. Such developments,
concerned with packing more bits per second into each available
Hertz of bandwidth are open to narrow band (eg: switched .
 telephony) systems and to broadband (coax and flbre optic)
systems alike.

The distinct advantage of broadband systems is however that
they are able to utilize their extra bandwidth for higher data
rate capacity while maintaining relatively inexpensive modulators
and demodulators (modems) for data insertion and extraction. '

As a broadband transmission medium, a single half-inch
diameter coaxial feeder cable can be compared favourably with a
bundle of about one dozen fibre optic filaments. The capacity of
each of these two types of system is sufficient to transmit
approximately £ifty conventional (NTSC) colour television channels.
In Canada the average cable TV subscriber presently enjoys access
to about half this number of channels thus leaving potential room
for a further doubling of the number 0of TV channels or for an-
interesting mix of video and other future broadband information
services. Cable's unique readiness to act as a general purpose
broadband highway for the delivery of information services is
further underlined by its penetration into over 60% of all
Canadian households. Most Canadians already receive all of their
television via cable. : : '
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Broadband coaxial cable offers an immediate improvement in
data communications rates for applications both within large
building complexes and across entire'metropolitan areas. The
technology to construct coaxial data networks is available and
affordable and has been recognized as a natural business Vethle
for the cable television industry.

It is against this background that we begin our study of
Cable Data  Communications Systems.. The first part of the report
deals with Local Area Networks (LAN's) and Metropolitan Area
Networks (MAN's) which can be constructed using present coaxial

. cable technology. Their purpose is to provide intra-building

and intra-city data distribution networks for information which :
is being generated, copied and presented in such volume and in so
many places that previously constructed analog transmission '
facilities cannot satisfy the relentless demand for channel
capacrty. _

These networks represent buslness dlverslflcatlon ;
opportunities for the cable industry. Products already familiar

" to operators of CATV networks can be used in their construction.

For example: coaxial cable trunk, feeder and drop cable,
frequency translators, processing amplifiers, trunk and line—_-

- extender ampllflers, terrestrial mlcrowave and satelllte
gstatlons. ‘

Added to this. llst are new products speclally des1gned for
the transmission and recovery of data signals: modulators and
demodulators. (modems), multiplexers and demultlplexers, -
controllers and. addressing computers. - Section 5 reviews a new -

- category of data modems (modulator/demodulators) that have been

developed especially for radio frequency (RF) appllcatlons on

‘broadband coaxial systems.

Cable operators in Canada have already begun to. carry a
number of -data signals on regular -entertainment CATV networks in
parallel with the customary television and FM radio channels.

By these means a number of new, data-related services have been

provided to Canadian households and, in some cases to small’
business subscribers. Sections 6 to 10 review this activity.

- A concludlng section . deals w1th the issues of. stanaardlzatlon

":and the difficult question.of how much non-standardized: free:
- experimentation might be appropriate in the evolution of reliable -

cable data services. Some of these issues are unique to cable
data systems. But many more are dgeneral. data communications
issues. It is appropriate to.study all such issues thoroughly
before adopting any final point.of view. : The entire data .

-communications field is a hive of standardlzatlon activity in
“which more questions remain to be asked than have been answered.

. Tables listing and comparing~data'communicatiohs products and
systems for both private and CATV applications.are contained in

- an Appendix:together with the names and addresses of

manufacturers and dlstrlbutors of systems hardware and software.
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2. CLASSIFICATION OF LOCAL AREA NETWORKS

It will be helpful to begin by defining in simple physical.
terms just what a coaxial cable Local Area Network (LAN) looks
like. The accompanying sketch shows the essential parts of a
coaxial cable LAN. The same illustration also describes the general
features of a larger Metropolitan Area Network (MAN). The
network consists of the elements within the dashed boundary.,
central to which is the coaxial transmission facility.

Normally situated at the centre or headend of the LAN would
be the Controller equipment that manages the incoming and
outgoing flows of data to and from the user terminals on the
outskirts of the network. Also at the headend would normally
reside any special Gateway equipment designed to accept data from
and to transmit data to any higher level networks.

Notice that most subscriber terminal equipment is connected
to the LAN via a box of equipment labelled Local Interface Unit
(LIU). This is shown as part of the LAN. Those subscribers
connected via these interface units form a group within which
information can be shared. They can in general communicate with
each other. They share the same "peer level"”. They are able to
enjoy the same class of service. :

Contrast the peer level group connected to LIU's with the
fixed point-to=point outsider group, each one of which is
connected directly to the coaxial transmission facility without
any intermediate LIU. Such subscribers can only communicate with
each other in dedicated pair groupings. A frequency translator
(converter) at the headend turns all of their upstream traffic
around and sends it back in the downstream direction on an
appropriate channel. There is really no network management role
played by the Controller for this outsider group. Each pair is
assigned specially tuned modems permitting only their dedicated
point-to-point communications.

The difference between the LIU's and the dedicated modems is
that each LIU is a "smart”™ modem and is controllable as part of a
network management system. The LIU enables the selection of an
individual user channel. Once commanded to do so, it will assign
time or frequency slots according to an "access protocol”. The
assignment of a user channel within a group of possible channels

is achieved by means of a unit that we have labelled a "mux/demux". .

A mux/demux permits the sharing amongst a select group of users of
a common "superchannel”. The mux/demux assembles and disassembles
user channels into and out of each superchannel.

A Strictly speaking, this mux/demux is not functioning as a true
multiplexer/demultiplexer unless it serves more than one user
terminal. For a single user in a fregency division multiplex
- (FDM) system, the mux/demux within the LIU may be little more
than a freqency agility circuit added to the modem.

4
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CABLE DATA COMMUNICATIONS },; . Local Area Networks

At each subscriber location is a terminal typically
consisting of a keyboard and a screen. Some subscribers may use
more sophisticated arrangements consisting of both a terminal and
a "host computer". The term host means that this particular
subscriber is running (hosting) some sort of computerized service
for the rest of the peer group to use. Some examples should make
this concept clear.

- Let us imagine that all subscribers on the LAN are using
simple (dumb) terminals. They might use these terminals to send
short messages to each other - but nothing very complicated. If
you want to communicate with someone in this group you had better
make sure that they are actually sitting at their terminal during
" the session. There is not necessarily any computer anywhere on’
"the network to store and forward messages.

Some of the users might however have subscribed to a
database service such as The Source. This is nothing more than a
- large host computer located outside the LAN and accessed via the
headend Gateway (provided you know the appropriate password). 1In
this case, this special user group might enjoy access to a
computer mailbox facility or be able to interrogate a stock
market database. ' S

Now imagine that one enterprizing user buys his own computer
and runs a service for some other subscribers to share. The
gservice might be a buy/sell noticeboard for antique car :
collectors. This computer is properly called a host computer for
the special service. It is not essential for every subscriber to
have a host computer. However, where a subscriber can afford to
add a computer facility to the terminal, it might then be left
running to take and send messages automatically in its owner's
absense. In this example, the computer would be programmed as a
host running the software necessary to provide the service of an
automatic answering machine.

The following table illustrates the size categories of data
communications networks within which Local Area Networks (LAN's)
and Metropolitan Area Networks (MAN's) fit:

DISTANCE PROCESSORS _ EXAMPLE

BETWEEN - LOCATED IN

PROCESSORS SAME '

0.1m circuit board printed circuit

Inm system computer bus

10 m \ room LOCAL AREA NETWORK

100 m : building LOCAL AREA NETWORK

1 Km campus ' LOCAL AREA NETWORK

10 Km city S METRO AREA NETWORK
100 Em province . long haul network

1,000 Km - country long haul network

10,000 Km planet - satellite network
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One of the differences between a Metropolitan Area Network
and a Local Area Network is that a MAN may also have lower level
Gateways in place of some of its subscriber terminals. These
Gateways afford access into LAN's. A large MAN may thus serve to
interconnect several LAN's. At the same time the MAN may serve
lndlv1dual LIU's and some p01nt to—poznt subscrlbers directly.

LONG HAUL NETWORK

' GATEWAY

| |
| | | - l
[ . METROPOLITAN AREA NETWORK *_ !
| | - o
l |

GATEWAY ' : : - . . GATEWAY
| mm————m | : e e e e | m—e— e I
I l
| ===—= ——| m————— ] | mm————— R l
| GATEWAY I 1 GATEWAY l
I I l I
| LOCAL AREA [ [ LOCAL AREA I
iR I Al NETWORK [

'NETWORK

- Within this- general framework, baseband and broadband

- coaxial cable LAN's and broadband MAN's are being designed to

take advantage of the flexible architectures the technology
affords. . Baseband cable can transmit data at rates. up:to about
50 Mbps in a half~duplex mode (only one party is allowed to

transmit on the network at any one time). Broadband can transmit

more than 100 Mbps in a full duplex mode. This means that data
can be both transmitted and received simultaneously. Such
simul taneous receipt of. data affords a means of echoing back the

‘transmitted data and permits extremely reliable communications.

Baseband systems have a distance limit of about 1.5 Km.
Broadband systems can cover radial d:.stances of up to 50 Km and
beyond. S

- Networks can be configured in various shapes, the most
popular of which are Ring, Star and Bus topologies. These are
illustrated in the three accompanying sketches.  The choice of
topology is dictated by the medium used, by the size of the
network and by the access protocol to be used. Small networks
typically within a single building might. employ a ring structure
and a "token-passing” access: protocol in which each successive

.+ "LIU around the ring is allowed to transmit only on receipt of a
' special block of data called a token. Upon completion of.

transmission, the token is transmitted to the. next LIU along the
ring. . . S : '
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| o e e e ] | mm e e |
lterminal | lterminall
[ == ——— [ [ = ———— |
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[ o I [ =——————— I Rt I lterminall
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Ring structures are relatively inflexible if it is desired
to expand the number of LIU's and to increase the size of the
covered area. They are also prone to interruption should one
node be faulty or a break occur in the medium.

lterminal | |terminall lterminall
[ —m [ e [ [ ———————— [
\ [ /
\ I /
[ e e ] - | [
STAR NETWORK: | common interface |-===—=-=|terminall
I & control centre | , R I
| —————————————— |
/ - \
/ | \
/ [ \
[ o e e [ e | | ———— ]
|terminall [terminall lterminal |

Star networks are typical of the local twisted pair network
served from a single telephone switching centre. They are also
used for private branch exchanges (PBX's) and computer branch
exchanges (CBX's). Simple "dumb" terminals are able to share the
facilities provided at the central control hub. Individual LIU's
are located at this central point where they can be owned and
maintained by the network operator. Note that a breakdown within
the control centre can cause catastrophic failure.

8
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The Bus structure illustrated below is typical of most
coaxial cable networks:

BUS NETWORK:  |=m====—m| R . [ —— 1

|terminall |terminall {termlnal:
[ | | mm—————— N R ameate
| SR |
| e | | m————— ] | s e | | mmm e e !
ltermlnall—-—l "LIU | | LIU | | LIU |
R |- | e | T !
! | |
coax bus | ] |
= = =======:=====tap==============tap==============tap==== = = o=

Coaxial'bus'netWorks can be expanded by aading linearly to
either end of the bus and by splitting the bus into branches to

‘form a Tree/Bus. In its simplest form the bus consists of a

single coaxial cable. If further extension is required,

.3dlstr1but10n amplifiers may be  added to make an active network.-»

Wheén this is done, a complication arises in prov1dlng two-way
communications since amplifiers impose directionality into the

-system. One solution to the problem of two-way communications

within active networks is to use a bus consisting of two parallel~f

- coaxial cables. .One -is used for. the ?forward“ipath.agd_one_ﬁqr L

the return path.

forward cable'

= = sS=Dmmos tal_p = doasssmmmsonSIRosReSossIRmERsmm o= o=
DUAL CABLE I ss e ' -------- l l‘ “““““““ l

vesel LIU | -—-|terminal |

D [ty By uru
== ==========tap..._............_._.......-_-::<========================== == =

return cable-

An alternative solution .is to employ just one cable and to.
split the frequency spectrum, using part for forward .
transmission and part for return transmission. . In this case the .
network has become a frequency division system, using RF (Radio .

‘Frequency) carriers. Some carriers are used for forward

transmission and some for reverse transmission. Full duplex
communlcatlons can be readily. arranged. . - o

In both bus and ring networks, token—pa551ng is a possible’

. - access protocol. However, for large tree/bus networks, the need

to pass the token back -tc the headend between stations creates
inefficient delays. Another access protocol is then preferred,

. notably Carrier Sense Multiple AccessA(CSMA).ATThis will be.

explained in the discussion of Ethernet..



" CABLE DATA COMMUNICATIONS ' Local Area Networks

Ethernet, developed by Xerox, DEC and Intel in 1978, and
based on the University of Hawaii's Aloha packet radio system,
typifies the baseband LAN and has been adopted virtually unchanged
by the IEEE 802.3 as its standard for baseband bus contention
systems. The Ethernet LAN consists of a strictly passive
(non-repeatered) cable bus into and from which Local Interface
Units (LIU's) transmit and receive data at an instantaneous rate of
10 Mbps. Two LIU's may transmit simultaneously thus causing a
collision and loss of data.  This situation is allowed to occur but
when it does the collision of data is recognized and signalled to
. all connected LIU's. The would—-be transmitting stations then
automatically wait for a random interval of time before attempting
a further transmission.  This procedure is known as Carrier Sense
Multiple Access with Collision Detection (CSMA/CD). No station
will transmit while it senses, from the presence of the carrier,
that another station' is already transmitting. If it does
transmit and a collision results, it backs off and starts later.

_ Passive Ethernets are limited to a maximum station separation
- of 2.5 Km and to a limit of 1,024 stations. They can however be
extended in range and capacity by joining two separate networks
together via an active repeater as illustrated below:

TWO ETHERNET SEGMENTS LINKED TOGETHER THROUGH REPEATER
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A baseband system such as Ethernet makes use of only a

- fraction (say 30 MHz) of the 400 MHz bandwidth typlcally available

on an active (repeatered) coaxial cable system. It is a cost
effective and elegant means of moving data over small distances
provided that the limitations of the half-duplex mode and the

_1neff1c1ent use of the- cable spectrum are acceptable.

Baseband systems could be designed using Time DlVlSlon
Multiplexing (TDM) to provide full-duplex operation. This would
result in a system considerably more costly than Ethernet and
without its simple expansion flexibility. It is more practical
for baseband systems to add a second cable where full-duplex

- operation is required. The two parallel cables operated (only)

at baseband frequencies would however represent a waste of

- spectrum, unless an extremely wide baseband were used.

Of more interest are broadband sYstems thatvemploy‘RF
modulators and demodulators to access virtually any available

" portion of the cable ‘spectrum. These broadband cable LAN's and
MAN's are the subject of the next section of the report. The RF

technology they use is familiar to the CATV industry
manufacturers and cable operators. It is the application of thls
technology to create highly efficient LAN's and MAN's that

‘represents a new business opportunlty for the 1ndustry.

Local Area Networks can .be expected to be prlvately owned by

“business corporations and -contracted for as a turnkey- project.

Metropolitan Area Networks, on the other hand, might more
logically remain under the ownershlp and control of a. cable
operator or subsidiary.- :

11
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3. BROADBAND LOCAIL AREA NETWORKS

This section reviews those LANs which use broadband technology
as their physical media. It is the migration from these LANs to
MANs that is of strong interest to the CATV industry during its
entry into data communications markets. Samples of broadband
networks from nine manufacturers have been selected for
discussion. Some of these networks are in commercial production.
Others are under development or undergoing field testing.

Each broadband network contains its own type of Local-
Interface Units (LIUs) to provide interconnections between the
user equipment and the network media. The LIU contains the modem
for transmission into the LAN and could possibly contain
multiplexers (Muxs) to provide more than one terminal connection.
These LIUs appear to function from the user's side as simple

modems. They do, however, have built-in network intelligence.. -

CHART A - TRANSMISSION & DISTRIBUTION

Chart A in Appendix 1 shows transmission and distribution
specifications. The chart leldes the system ‘characteristics into
three broad categories:

Network Architecture -~ This section shows the type of network
such as midsplit, sub-split, dual cable and the maximum
radius allowed between any two users on the cable system.

Superchannel Parameters - A superchannel is classified as

the main data channel to which network access is provided.

A superchannel may occupy a full 6 MHz (video) bandwidth or
less (for example: 300 KHz). Each superchannel can accommodate
data traffic from many individual users simultaneously. There
can be more than one superchannel per network.

Frequency allocation, channel-spacing, channel data rate,
spectral efficiency in bits~per-second (Bps) per Hertz and
Bit Error Rate (BER) at a specified Carrier to Noise Ratio
(CNR) show the RF characteristics of the LAN.

Modulation terms:

ASK -~ Amplitude Shift Keying
FSK - Frequency Shift Keying
PSK - Phase Shift Keying
QPSK - Quadrature PSK
DQPSK =~ Differential Quadrature PSK
VSB - Vestigial Side Band
CPFSK =~ Continuous Phase FSK
12
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Multiplexing terms:

FDM - Frequency Division Multiplex
TDM - Time Division Multiplex
Individual Channel Access Method - This section shows the

method used by the LAN to provide a user access to the
superchannel. The line protocol is the format of the
information on the superchannel and may differ from the
format used at the user interface. .

‘ Access Method Terms:

TDMA - Time D1V1s1on Multlple Access
CSMA/CD - Carrier Sense Multiple Access/

Collision Detection .
CSMA/ED -~ CSMA/Error Detection

'Llne Protocol Terms~~

HDLC. - High—level Data Link Control
X.25 - Packet Switching format

The last column shows .the ap?roximate nuniber of systems .in
use. Alpha sites represent prototype units working within a lab-

h.type environment. During this phase of development, product
' concepts are refined and technological problems reéesolved. Beta

sites contain pre-production quality units 1nstalled in a customer

:test env1ronment.

'~ CHART ‘B - NETWORK FEATURES

Chart B shows system speclflcatlons that descrlbe the network -

features of the LAN:

Individual User Ports - This column describes the maximum
number of user ports that the LAN can support without
appreciable degradation in throughput. - It also shows the
number of user ports associated with each superchannel.

. Number of Superchannels - This column shows the‘maximum'
number of superchannels supported by the LAN in both' the
upstream and downstream direction.

Network Control Features - This section describes

additional equipment used‘with-the LAN to.manage the network.
The name of the network control "manager" is specified. It

- can be placed in the system either at a central location such
as a headend or be- dlstrlbuted throughout the network.

13
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Network control features may include the provision of fault
diagnostics and statistics. Dynamic control of Local
Interface Unit (LIU) parameters could signify some control
over the user data rate, transmit and receive levels, or the
provision of downloading capability into the LIU to recon-
figure protocols. The priority users/channels column
indicates if the control manager or monltor can assign
priorities to users to access a network channel and indicates
whether or not it can assign priorities to channels on the
network for access by specific users.

Gateways - This column indicates if the LAN supports other
public or private networks within its own network by
providing interface equipment and/or software. This does not
mean that any port can be used as a gateway with users
providing their own interfaces. The gateway must be
supported by the vendor. :

CHART C - LOCAL INTERFACE UNITS

Chart C in Appendix 2, identifies Local Interface Units by
model name and lists their characteristic features:

Maximum Number of Users - This column shows the maximum

number of ports available with each LIU model. The port data
rate is shown in the next column.

Port Interface - This column specifies the physical and
electrical properties of the port for interface to the user
equipment (Data Terminating Equipment). '

Port Protocol - This column specifies the user protocol at

the port interface. This is usually different from the line
protocol described in Chart A.

Protocol Terms:

FD - Full-Duplex

HD - Half-Duplex

async - Asynchronous

sync -~ Synchronous

HDLC ~ High-level Data Link Control
SDLC - Synchronous Data Link Control
BSC - Binary Synchronous Communication

(developed by IBM)
The Notes column highlights additional information about the

LIU or the LAN. For a more detailed description of features,
see accompanylng notes on each LAN manufacturer.

14




'CABLE DATA COMMUNICATIONS

Broadband Local Area Networks

The charts also provide costing information for each LAN. and
give an approximate cost per port. The per port cost is dependent
on the'type of service provided and on the equipment 'in use. The
figure gives a ball-park: estlmate for RS-232~C type interface
equ1pment.~

_ The following pages briefly describe each manufacturer's
product by highlighting key network features.
3.1 CONCORD DATA SYSTEMS

Concord Data Systems is a new name in the data communications

. industry.

Their LAN, Token/Net, uses a token passing access method
which implements the IEEE 802 token bus standard. The network is
configured ‘as a logical ring. Token/Net allows a network manager

to set priorities and pre-defines the rules for: sharing the

network medium. Access to the network is deterministic and_occurs
only when the user has possession of the’ token. As a result, the .
network is. colllslon—free. : C :

o o
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ElEEE e
| v 2o / 1
I : A 1 1. roac
I o aom ot - "a &‘m‘;_

raa |[eeg ] [F55

I A 2 . (cnamar |
l Frvee i .
l .
l

TOKEN/NEI‘INTERFACE MODULES (TIMs)

The'Token/Net.network'is-builtAaround a.familY‘Qf'Token/Net"
Interface Modules (TIMs). These units are automatically down-
loaded with all of the necessary software. ' TIMs have the ability

to measure receive power and control transmit power -under software:

control, enabling the system to balance itself.

15
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Other features include: priority control enabling real-time
application; privacy, using DES encryption keys on a permanent or
session-by-session basis; the use of more than one network monitor
to share functional responsibilities; multiple connections,
allowing permanent switched virtual circuits; multi-cast circuit
operation (devices that share broadcast addresses); rotaries,
allow1ng more than one port to respond to a common name; plus
various network management/dlagnostlc tools.

The  headend can operate in two modes:

Remodulator Mode -~ Currently under development, it provides a
constant carrier, enabling modems to lock their transmit
timing, permitting rapid network polling;

Translator Mode - The headend equipment does not provide a
constant signal, but merely translates the upstream channel
frequencies to -downstream channel frequencies. Since timing

is not locked, it takes longer for each modem to equalize.
Each RF modem, when operating in the TRANSLATOR mode, sends

an appropriately longer preamble pattern to allow additional
time for the remote receiver to set up.

Modems have been designed with antl ~jabber circuitry to
prevent "stuck-on" status.

3.2 CONTEL INFORMATION SYSTEMS .

The company comprises four district divisions whose
activities are co-ordinated by a headquarters group. They are:

Consulting and Technical Services Division
Software and Systems Division

Information Products Division

Government Systems Division

B W N

They provide customlzed real-time software, are a supplier of
standard products, and are a turnkey systems vendor or a
combination of these. The company has over 13 years of
communications and software experience.

ContélNet offers the choice of baseband (BB) or broadband
(RF) operation (BB to RF upgradeable by replacing the cable driver
in the Bus Interface Units (BIUs)). ContelNet employs enhanced

software modules from The Intelligent Cable (TIC), an earlier LAN
system.

16
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NETWORK A RCHITECTURE

r*‘----1

e Tree topology, up to 5 mile radlus

® Baséb’and or Broadband, single 75 Ohm
- cable, mid-split (dual cable available)

‘@ Standard CATV 6 MHz channeis, each
can carry data, - video or voice :

Passive, Isolated taps

e Data Channels 2 Mbps and/or 10 Mbps

The Local Interface Units are called Bus Interface Units :
(BIUs) with modular architecture utilizing a multibus backplane.
In its simplest configuration it contains only 2 boards, a CPU and
cable driver. Additional CPU's, random access memory and software
can be added for operator functlonablllty. . Add-on functions :

‘1nclude protocol converters, gateways to other networks,_a bridge -

to Ethernet, and concentrator capablllty.-

ContelNet prov1des the user Wlth +the means for network
configuration through its network control centre (NCC). It
provides status monitoring, diagnostics, command processing,
dlsplay/control down-line loading, recovery alarms and more. * The
NCC is optional and is most cost-effective Wlth networks employlng

'tmore than 50 local interface unlts._

The - operatlng system for ContelNet is called TICOS and offers”i

- TTY, X.25. and transparent domains (point-to-point connections). A
- modification of the TICOS. operatlng ‘system can provide not only

CSMA/CD but IEEE 802 token paSSLng (currently not available).

3.3 GOULD INC. MODICON DIVISION

Gould s. Modway public lndustrlal Local Area Network utlllzes
a token passing (IEEE compatible) network access protocol and can

~ be made to operate at baseband or broadband.

17 .
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, — | - » Planf H2

‘ Modway R
Network Redundant
Plant #1 Modway Network
Common ‘ ﬁ ;
v Carrier

X-25 Packet-Net

Modway Network
{ Modbus Network

© 00

PC - Programmabile Controlier . Il Modicon Modway Products
NC - Numerical Control '

Modicon Modway System Configuration

Three types of devices are used on the network:
Primary Token-Passing Devices that initiate communications.

Secondary Devices that have only the ability to respond
when queried.

Demander Devices that become primary devices for short-

time periods in response to an event within the demander
device.

The Modway system can perform Data Acquisition (event
logging, management reports), direct control (distributing process
I/0), supervisory control and distributed control (real-time
capablllty, event synchronization).

Self-diagnostics are built into every Modway interface. The
network monitor provides .statistics collection, observation of
transient phenomena, alarm monitoring, device configuration '
control and distributed device-testing.

The Modway system supports the physical, link, network and

transport levels in Modicon's Network Archltecture for D1str1buted
Systems (MONADS).

18
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Modway CATV Topology (Broad-band System)

&=

: Q Device
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Gould is also developlng another Local Area Network called

" MODVIEW but no lnformatlon ‘is currently available.

3.4 LDD M/A-com'

Local Digital Distribution COmpany was formed in l980 as a
partnership between M/A Com and Aetna Life & Casualty. M/A Com is
an international designer and manufacturer of advanced
telecommunications systems for. commercial and ‘defense appllcatlons.-

‘M/A is a major supplier of digital information- processing  and
transmission. equipment for satellite communications,; data

communications, fibre-optics, television ‘broadcast and CATV.

‘Aetna has assets of $40 billion and brings its expertise to LDD as
- a large and sophisticated user of business cOmmunlcatlons‘

equipment.
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Illustrated on the following page, LDD's local network,
CAPAC, uses time division multiplexing (TDM) for downstream
transmissions from the central hardware, normally located at the
headend, to all subscribers. CAPAC uses time division multiple
access (TDMA) burst transmissions for upstream communications from
subscribers. The size of a burst depends on the number of ports
supported by one Subscriber Unit (Local Interface Unit) and the
speed of data transmission. The central equipment distributes the
traffic either to a gateway or returns it in the downstream
direction. The port rate of each Subscriber Unit can be remotely
programmed from the central equipment and can support asynchronous
terminals by using a statistical multiplexer (M9100). The units
feature plug-in port cards and modem cards.

The central equipment maintains the network map, remembers
subscriber unit parameters and keeps track of available capacity
and of the user station propagation delays. Propagation delay is
measured to ensure no overlapping bursts are generated. A delay
of approximately 128 microseconds is adjustable under software

control. A further 1 millisecond delay can be added at the time
of installation.

A monitor and test unit (MTU) is available for operator access
to status system configuration or information. Primary functions
include the establishment of communications with hardware
components, reconfigurations of the network, the generation of
displays of the status of various components of the system, the
processing of alarms, events, statistical messages and the
provision of display functions to the operator.

The CAPAC network was designed for large geographical coverage
and is similar in concept to their RAPAC system, a multipoint
microwave radio communications network..

s N DOWNSTREAM TOM 2.1 4 &3 TRANSMISUION
= b | | - N >
g 1 T =
3 T s
AN p=f : ‘ OATATERMMAL -
Lo oo Jdaa
EQUIPMENT UPSTREAM TOMA 2.1 M /S TRANSMISSION

MOMTOR AND
TEST UNIT

OCAL DIGITAL DISTRIBUTTION COMPANY'S CAPAC NETWORK
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The following table gives the number of active frame channels
required to support a total given number of ports. -These channel
requirements are given in terms of the "Erlang B" versus "Two State
Markov Process Model" for different port occupancy percentages and '’
blocking probability.

No. of Active Frame Channels
Blocking Occupancy 10 30 - 50 100
Probability. Percentage Ports (Ports| Ports| Ports
13 50% ‘ ‘10 24 36 64
10% 5 8 11 18
Erlang : ‘
B .
10%. 50% 8 18 - 28 51
, 10% 3 6 | . 8 . 13
13 50% : 9 22 34 .62
Two ' : : 10% 4 7. 10 - 17
‘State - ' N R e
" Markov . '
Model 10% ~ 50% -8 19 - 30 . 57
- ~10% : 3 -] 6 8 ] 13

Number of Active Frame Channels
' " Required to Support
A Given MNumber of Ports

o A : l‘ ) 1

21 .



- CABLE DATA COMMUNICATIONS Broadband Local Area Networks

The table below shows the number of users that can be

supported for 1% blockage for various channel rates and for various
number of active channels.

Number of Users (1% Blockage)

Channel Active 108 50%
Rate Channels Occupancy Occupancy
1.2 Kbps 200 255 255

2.4 Kbps © 200 - 285 255
4.8 Kbps 200 . 255 ‘ 255
9.6 Kbps 176 255 255
19.2 Kbps 96 255 162 -
56 . Kbps - 35 241 ' 53

. 64  Kbps 30 201 . 44

112  Kbps 17 | 100 ' 22

224  Kbps 9 ’ 43 .10

448  Kbps 4 13 , 4

LLD M/A-Com's CAPAC system features a proprietary access
protocol called Demand Assignment Multiple Access (DAMA), used for
all upstream communications and by means of which subscribers
originating data traffic can be assigned a suitable channel.

.22
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3.5 PHASECOM

Phasecom produces a variety of headend equipment for the CATV
industry. Phasecom pioneered Harmonically Related Carriers (HRC)
in 1972. Their products include modulators, demodulators and-
processors. They are relatively new in the data communications
field and provide RF modems (see modem chart) as well as a local

:.area network.

The Intelligent Cable Network Modem (ICN Model 425) is a

. self-contained broadband unit designed to support up to four
‘independent users. The network uses CSMA/CD access method. The
. ICN units feature digitally~controlled frequency agility, self- .

diagnostics, code conversion and encryption, session control.and
display traffic and user statistics. The units work with an HRC
headend, incorporate a watchdog timer to prohibit spurious
transmission from an ICN unit and provide port reconfiguration.
The network supports IS0 level 5 network operation protocol.-

‘Phasecom has designed the ICN modem specmﬁlcally for CATV
network compatibility. Another model (425-G) offers gateways to
larger geographical networks and uses a polllng access technlque
rather than csMa/ch.

3.6 SYTEK INC.

Sytek is afflllated w1th the General Instrument Corporatlon,
a major. CATV -equipment supplier.  Sytek's Local Area Networks,

' LocalNet, are serviced nationwide through General Instrument's Data -
“Systems Group. Sytek offers a wide variety of network-related -

services, including the specmflcatlon of LANs and broadband system
architecture design. They are prime contractors for turnkey local
area network lnstallatlons.

In LocalNet, the intelligence resides within the network. 'A
Packet Communications Unit (PCU) is associated with each user
device or group of devices. It handles network access,
formatting, addressing and error checking. PCUs provide services

.and functions such as protocol.translation;'encryption,Aand
~virtual terminal support. LocalNet supports the upper 6 layers of

the Open Systems Interconnection Reference Model (0SI). LocalNet -
20 provides low speed (128 Kbps) networking for devmces with
serial (RsS-232- C) interfaces.
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The Local Interface Units for LocalNet 20 have frequency
agile modems, automatic speed determination, self-test and
diagnostics. LocalNet 20 can logically handle 64,000 users tied
to a system, but for optimum throughput, approximately 24,000

users are practical. Below is an example of a LocalNet 20
layout.

System 20 Physical Layout with Enhancemenis

NETWORK
| TECHNICAL
| CONTROL

O—mmm | [ =

k’"é"

”

DIAL UP
MODEMS

In addition to LocalNet 20, Sytek offers LocalNet 40,
designed for relatively high speed (2 Mbps) devices with parallel
interfaces and LocalNet 50 products that implement optional higher
level functions such as access control, monitoring, failure
isolation and security. LocalNet 50 products also handle

internetworking linking functions (50/400), interchannel bridges
(50/200) and gateways (50/300). :
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LocalNet 40 Attributes
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o1 " PROTOCOL - —  SPECIFIC -

CONVERTER ‘ VENDOR
~ : ACCESS TO A SPECIFIC-VENDOR'S SYSTEM
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Sytek has developed a number of inter-network alternatives
for two LocalNets to communicate with each other. This can be
accomplished by PCU-to-PCU connect, low speed single session mode,
or by using the T-Link or T-Gate for high speed, multiple session
transactions (see accompanying diagram). Bridges supplied by
Sytek provide for inter-channel traffic and can also connect a
LocalNet 40 to a LocalNet 20 system. Technical, Directory and
Security Services are provided by the network control center.
These units can be placed anywhere in the system.

Sytek also offers multiplexers called T-MUXs which have a
rotary call feature that allows channel allocation for. active ports
Also under development is a system called Metronet that will cater
to a Metropolitan Area Network environment.

3.7 3M/INTERACTIVE SYSTEMS

Interactive Systems is part of the 3M Company, a research and
service-oriented company with approximately 80,000 employees in 40
countries. IS/3M have been installing Vldeodata broadband networks
since 1972. 1IS/3M have two broadband Local Area Networks,
Videodata and Videodata LAN/L1.

Their current video data network uses a time division

multiplexing (TDM) transmission scheme called AutoPoll which allows
up to 248 terminals to share the same channel at a data rate of up
to 100 Kilobaud.

DATA IN -
SR TS uoo?:.m Time division multiplex- _
HOST HANOSHAKE CHANNEL .. ing (TDM) aliows a number of devices
PROCESSON | cammour eooeR- ' to share a single channel. The 310
YT T ; l “Traffic Cop” modem controls com--
1 3 munication activity.

M ) M
MOBEL MODEL MODEL MODEL
ot ot MODEM MODEM
' MODEM
{é‘?;?ﬁ?.‘) (SERIAL) (PARALLEL) (PARALLEL)
[ commuTer ' ‘
' CARD uwT | | conTRot MICRO- |
i o PRINTER il cm’ ppiomr TCHES | | RELAYS PROCESSOR |
| PROGAAMMABLE READER TERMIMAL TERMINAL DEVICES swiTC J !
|  CONTROLLER J

Time division multiplexing (TDM) allows a number of devices

to share a single channel.

communication activity.
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AutoPoll uses a channel control modem (model 310) for
addressing remote device modems. Simultaneously, the 310 receives
data from the remote device during cyclically recurring time slots. .
Usually, only one word is transferred during a given time slot. '
However, block transmission can be obtained. In a 100 CRT TDM
system, operating at 100 Kbaud, each CRT is polled 3 times per
second. A number of separate systems can be incorporated on a
single cable using frequency division multiplexing. Series 800
type modems are used with the TDM system.

3M offers other auxiliary products snch]as‘a manual chénnel

‘switch (Model 460) to be used as a 6 full-duplex data channel

tuner allowing a remote modem to switch between 6 RF channels.
This provides multi-host terminal networks, i.e. switched data
networks. :

Model 401 PTO is an auxiliary product that provxdes modem
power (810 & 520) directly from the broadband cable’ system.

3M's other LAN, the Videodata LAN/1 is a highespeed LAN. The
network uses a token passing protocol in the Network Interface
Units (NIU's) providing switched point-to-point communications.

. Network performance can be analyzed by a Network Monitor Unit (NMU)

that will keep statistics and facilitate routine maintenance'and

“trouble-shooting.: Network diagnostics and reporting are done via

a specmally configured IBM Personal Computer and 2-port NIU.,‘(The -
IBM PC may also operate as a user terminal on the 'network.) . The .

'NIUs automatically shut off in response to a preset message length ,
. limit. - An extra reconflguratlon lockout prohibits network capture

by one NIU. The LAN/1 is expected to be available. in the thlrd
quarter of 1983.

3M is also- worklng on a Metropolltan ‘Area Vetwork (MAN) and

‘have submitted portions of their specifications as a MAN IEEE

802.6 standard. The 3M proposal uses the I1EEE 802.4 token bus

~draft standard as part of the framework for their MAN. The

network uses an adaptive polled access method for a: loglcal

‘(virtual) ring on a physical bus architecture.

A centralized polling structure sends a Phase Contlnuous FSK
signal (outbound) at 3 Mbps and receives-a 3 Mbps differential PSK
signal (inbound). This scheme occupies a palr of 6 MHz channels.

:-For a higher data rate, 3M are offering a:10 Mbps AM—PSK modulated

signal which has a 2—b1t/Hz spectral eff1c1ency.
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3.8 UNGERMANN-BASS

Ungermann~Bass, Inc., began developing a general purpose,
high performance data communications system called Net/One in July
1980. Ungermann-Bass has recently acqulred Amdax Corporation, a

- manufacturer of RF modems and LAN's.

Ungermann-Bass offers the option of Net/One Baseband, an
Ethernet compatible network system, Net/One Broadband, a CATV
compatible network, or a combination of baseband/broadband
networks. Network Interface Units (NIUs) serve as nodes for
interconnecting distributed processing devices. The Model 2A NIU
connects to either a Net/One transceiver and to taps for Ethernet
type systems or to a Net/One broadband modem.

S r— ___./_\_.k —— _.!
8 Mbyte Application ¢ l 2
DataBus Processor

{optional)

™ Netwark |
Communications va
Medium |

- Transceiver V2 l?:7;:!115:1!.10:1
Contraller V7 ocassor
| Tz (omienah
7

Application
Procesgsor
{opuonal)

Physical

| Interfaces
AN
l
|

Network
Processor

F# . r§v7 \\§§\m
Intetface
(T S | Imerface

: {Each

Processar)

MODEL 2A NETWORK INTERFACE UNIT (NIU) S e

The transceiver controller provides the logic requlred for -
receiving and transmitting packetized data, and for using the
CSMA/CD contention algorithm. On the broadband network, the
transceiver and controller are replaced by an RF modem which uses
a CSMA/ED contention algorithm. The contention algorithm varies
slightly between the two networks because collision detection is
more difficult to implement on a broadband system.

The NIUs are capable of datagram (stand-alone single packet
urgent messages) and virtual circuit services. They support a
range of device protocols, provide protocol translations, and
programmable interface ports for speed and code conversion. They
do not need continuous central process control, except for the
initial downloading of data. Their additional application
processors can be added for expanding user requirements.
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The NIUs are downloaded with software by a network
configuration facility, Model 2 (NCF-2). .The download server mode
automatically generates and loads protocol and network service
software across the network to any NIU. This is a useful feature
for system and NIU reconflguratlon. The NCr-2 can also serve as a
software develoPment environment for user-generated -application
software.

__JRemote .
l Bridge S !

S COAXIAL CABLE TRANSMISSION MEDIUM 3 COAXIAL CABLE TRANSMISSION MEDIUM

e 2 Oh Head-end e 2 Peye——

S:1e1 g
. . ) o TAP & TAP & TAP &

& i (2] ] [

- - - ] . Translator MODEM MODEM E

NIU NIU NIU . NIU NIU NIU
=2 : =
8 8
HOSTA . HOSTB ’ ’ HOST A HOSTB

Net/One-Béseband ’ ' - Net/One-—Broadband

Ungermann—-Bass also have a remote bridge that‘prOVLdes user-
transparent interfaces between geographically separate Net/One
systems. Any NIU can interact with any node in the internet. A
powerful feature of the bridge is that it provides communications
between any nodes on a 10 Mbps BASEBAND Net/One network and any
node on a 5 Mbps BROADBAND Net/One network. A high-speed serial .
I/0 module must be installed per NIU together with one copy of the

- remote bridge software per network.: This Ethernet to broadband

bridge enhances many useful network configurations and enables

-cable operators to possibly provide a broadband CATV gateway to

interconnect two or- more baseband LANS.
Ungermann-Bass have available a broadband frequency

translator with a 192.25 MHz offset (Model 5501A 5502A) to work
with the RF Modems in their LAN. ' . o
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The use of Amplitude Modulation rather than Frequency
~Modulation (FM) in the modems should be more effective in
detecting collisions because FM receivers are subject to capture
effect. This occurs when a stronger carrier swallows a weaker
carrier, masking out possible collisions.

In the first quarter of 1982, Amdax introduced a LAN called
Cablenet which provided a switched service and offered two
versions, Cablenet series 14 and series 7 (14 and 7 Mbps
respectively). Ungermann~Bass continue the Amdax modem line but
are not offering the Cablenet LANs.

3.9 WANG

Wang Laboratories, Inc. was founded in 1951 in Boston,
Massachusetts. From sales of §1.6 million in 1964, the company
has grown to be a Fortune 500 company with sales of $1.1 billion
in 1982. The company's product  lines include word, data, audio

and image processing equipment and communications network
components .

Wang Laboratories, Inc. have developed a broadband LAN called
WanglNet, using dual cable, branching tree network topology.

Branch Receive Line

ﬁ'..- -
= -t .
= fan
5

o

;t_:‘?‘m
=

Ny — oy
.QEE::jtmnn

Y fouy ur a1

=5 m\a\uN

Wi

8ranch Transmit Line

Main Receive Trunk

QC — \
'5 - I
Main Transmit Trunk l

Network
Loop at
Mid-Trunk

—_—

| ——

8ranch Receive Line
—_

- 7 & 4
&— 47;' bﬂ-’,"

8ranch Transmit Line

WangNet Dual-Cable Branching-Tree Topology

All transmit-line components are positioned physically
adjacent and parallel to all receive-line components. WangNet
uses both TDM and FDM techniques to support various WangNet
services. WangNet segments the cable into 4 bands:
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. Peripheral-Attachment Utility Wang Systems
Interconnect Service A Service ‘Service - Service
(Intercbnnec_t Band) - (Peripherals Band) (Utility Band) (Wang Band)
- A/ \L [ A A e
N X W : V 1%
K ) \\ \w » A\
9600 bps & " 9600 b T427 - . . Gi ‘ .
%453?33?52 -<——Switch2<s! —-] e MBPS et - P;gzl:; - «Ciselxsg%-—
Channels Channals Channgls S Channels -Band
100 206 496 816 935 149.4 1740 2160 243.0 400.0(MH2)
Allocation of Avai]abie Bandwidth
1) = THE WANG BAND - is reserved for high-speed
communications (Wang processing units). :
2) PERIPHERALS BAND - contains 6 channels, each of which

can be used as a medium for logical- attachment of. up to
32 Wang serial devices to a-VS, OIS or Alliance System.

"The. VS or 0IS must. contain a Band Pollihg Unit to

communicate with the devices. See diagram below.

" OIS Master Unit——e 1

VS CPU———de . | . " - ~ - -
Peripheral Attach Channel "~~~
‘OI,S Mésger Unit :jl\ﬂ/\/\/‘ Peripheral Attach Channel w """~~~

Vs CPUW Peripheral Attach Channel ~——" ~—~" ~_.
oo — = Peripheral Attach Channel "~ _ "~ |
OIS Master Unit —e | ' - .
: - - s Py

vs cpy——— \
) Polling

. Ex;go'-lll
(Dlrect WangNet Connection)

Polled Seriai.

Peripherals 1R WS ws | WSt PTR] -

= -a—Netmux-— ,!\ - -

y UserOutlets ——— g~ Units

o

.

Unit

. Ergoll
WS '= Workstation ws PTR] WSt PTR[ (D:rectWangNet Connectlon)

PTR = Printer

v

T oZrwm

Peripheral Attachment Service
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The peripheral band frequencies can be re-used on the
‘same cable distribution system if diplexers are used to
separate two 6-channel attachment services. A diplexer
has no effect on other WangNet services.

Path For Non-Peripherals-Bang

Signais
. 4-Port Ta
Recel\(e Line Receive Line P
L —. ———
\
Network Return Line-Extendar
Loop Loop For : Ampliflers
Peripherais Band'
Signals

) ‘__ -::i

X == =
Transmit Line Tra?smit :
Line
Dlplexer

Path For
Non-Peripherals-Bandg
Signais

User Outiets.

"
Diptexed Branch

WangNet Diplexer

3) INTERCONNECT BAND - This band offers 3 services:

a) 64,000 bps Dedicated Interconnect - contains 16
channels, each of which can be used as an
equivalent leased line. Wang Model FFM64449 Fixed
Frequency Modem is the appropriate interface.

b) 9600 bps Dedicated Interconnect -~ contains 64
channels, each of which can be used as an
equivalent leased line. FFM 96232 is the
appropriate interface. -l

c) 9600 bps Switched Interconnect - A Wang Data Switch
is connected which broadcasts a polling sequence to
the modems. Supports up to 256 separate digital
terminating equipment pairs (DTEs). ¥Keypad can be
used to initiate a call. See diagram on following
page. ,

32




CABLE DATA COMMUNICATIONS

Receive Line

4)

Distribution Cables

Broadband Local Area Networks

Keypad (Part of FAM)
N

A WangNet . :
, User FAMS6232 ‘
Cable Outlet AW
J Tap 1
1 — Frequency DTE
Agile )
\tw Keypad
Drop a
Cebles
—J4 Frequency .
Agile DTE
-Modem T

Frequency

Agile
Modem

Keypad

|- Keypad

ﬁl Frequency -

DTE

Wang . '

Transmlt Line
o~ A

UTILITIES BAND

DataSwitch
Unit

The WangNet DataSwitch

= ~ . Agile N
L= I Modem | . . DTE
. ] > Keypad )
Frequency .
“Agile
Modem

~ DTE

RS-232.C-
or V.24-
Compatible
DTEs

- A 42 MHz band .is reserved for user-

. defined video or non-video communications (i. e. up to 7
- CATV channels can be supported) .

The services described occupy less than half of the'
available WangNet cable bandwidth. -
The following table summarizes the.

for new services.

services.
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Typical WangNet Services and Interface Requirements

: DTE-to-Modem - Multiplexing
Band Capabilities Interface WangNet RF Modem Techniques
Wang
12-Mbps Wang VS and OIS inter- Serial peripheral CIU-A for OIS Masters TDM (CSMA/CD)
systems system communications input-oucput con- CIU-B for VS CPUs
service troller
Peripherals
Single or Wang VS, OIS, or Each system must Wang Netmux contains FDM and TDM
multiple Alliance serial contain one Periph- an rf modem for con- (Serial peripherals
6-channel peripheral configura- erals Band Polling nection to a user are polled.)
attachment tions over the WangNet Unit for control of outlet.
i broadband cabl 32 devi
services roadband cable up toh elvu:cs Ergo-1l and -111 worksca-
per channel, . .
tions with the WangNet
Standard peripherals connection option (WN2,
are conneceed to a WN3, respectively) each
Netmux unit. contain an rf modem for
. ) direct connection to
Polling unit and Net- WangNer.
muxes are connected to
separate user outlers.
Interconnect
64,000-bps Emulacion of 64,000-bps RS-449-or V.35- One FFM64449 Fixed-
dedicated leased lines; suicable compatible interface Frequency Modem per when DTEs are
service for RS-449- or V.35- RS-449/V.35-comparible polledina
compatible DTEs DTEs must also bc : . user device muleipoine
protocol-compatible. fink)
9600-bps Emulation of 9600-bps RS-232-C-or V.24- One FFM96232 Fixed- FDM (plus TDM
dedicared leased lines; suirable compatible interface Frequency Modem per when DTEs are
service for RS-232-C- or V.24- RS-232-C/V.24-. polledina
compatible DTEs DTEs must also be compatible user device multipoint
protocol-compatible. fink)
9600-bps Emulation of 9600-bps RS-232-C-or V.24- Onc FAM96232 FDMand TDM
switched switched network; compatible interface Frequency- (FAMs are polled
service suicable for RS-232-C- for protocol-compatible Agile Modem per " by the Data-
or V.24-compatible DTEs ' RS-232-C/V.24-~ Switch unic,
DTEs compatible user device which controls
RS'”?L‘;',V'Z;' use of switched
Compl 1bi¢ 1ntertace h 1 :
for autodial and auto- channels)
answer operations
Utility :
Video Standard video applica- User-supplied Standard 6-MHz CATV- User-defined
service i

tions, or user-defined
applications

type modulacors and
demodulators, or user~
supplied modems for
non-video applications.
(See all NOTES in the
“User-Defined Services.”)
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WangNet can be operated with either passive or active (CATV
type) coaxial cable networks. In.a CATV design, 32 amplifiers may
be operated in cascade from the transmit connector of any user
outlet, through the Network Loop, to the receive connector on a
user outlet. Each pass through a duplexer must also be counted as
one amplifier. : . » : ' :

‘WangNet is primarily designed to work with Wang's product
line of work stations, CPUs and peripherals. ‘Although it utilizes
a broadband scheme, the dual cable and non-standard frequency band
assignment of, for example, the interconnect band make the network
incompatible with current CATV institutional design. Wang's Fixed
Prequency Modems require a 48 MHz pilot for synchronization and
low=drift frequency translation. Conventional duplex filters on
CATV amplifiers would attenuate this signal. Thus WangNet is not
a general purpose network but aimed for Wang product support.

Wang Communications Inc.; on the. other hand, has developed

CATV compatible modems and a translator for applications of point--
to-point or multi-point dedicated service.
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4. METROPOLITAN AREA NETWORKS

Local Area Networks (LANs) have evolved from private usage of
data communications equipment within an office environment, a
building or a building complex and have typically been restricted
to a geographical radius of 5 km or less. Metropolitan Area
Networks (MANs) are intended for a much larger geographical
coverage of 50 km or more. MANs may be public or private networks
depending upon the application.

The topology of a coaxial MAN may differ from a LAN due to
the size of the cable system. A logical bus, for example, may be
impractical on a large network. MANs serve both as a primary
network and as an internetworking vehicle between lower hierarchy
LANs. Two or more geographically separated LANs could be
interconnected via a MAN which offers a gateway for each LAN.

MANs can also provide "bridge" functions to enable two LANs
to communicate by physically coupling them togeéther via a simple
" repeater., This is done, for example, in extending the range of
geographically separate Ethernets.

The internetworking of LANs by the provision of gateways,
bridges and protocol converters represents an attractive business
opportunity for the operators of traditional CATV networks. In

order to explain these concepts, reference to the ISO layers is
useful. ' o :

4.1 BRIDGE CONNECTION

A bridge connection interconnects two networks employing
identical transmission media, signalling and higher level
protocols. Ungermann-Bass of Santa Clara, California, provide a

baseband Ethernet to broadband CATV bridge via their Net/One local
area hnetwork.

The bridge acts as a "line extender" to extend the physical
and data link layers (levels 1 and 2) and increase the normal
maximum end-to-end length of the network. The bridge connection
provides a means of extending the same network. A penalty in the
form of increased round trip delay must be paid when two LANs are
bridged together. A MAN can easily provide this function for a
network that is divided amongst various buildings in a city.
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BRIDGE CONNECTIQN (Source: Bridge Communications Inc.):

Another example of a- simple bridge is shown below.

EXISTING RG-62 COAXIAL CABLE
RS-232C . | Rs-232C

PCI UNIT

CoaxFACE™ |  AsCl

This bridge permits a 5,000 foot separation between-a
computer and 2 terminals and is ' therefore an example of a physical
‘layer extension. The higher layer protocols (layers 3 to 7) are
- not affected by the presence of the bridge. ‘

37



CABLE DATA COMMUNICATIONS Metro Area Netwérks

4.2 GATEWAY CONNECTION

This simplest form of gateway provides a connection between
two networks with different media and signalling but with the same
higher level protocols:
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GATEWAY CONNECTION (Source: Bridge Communications Inc.)
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4.3 MEDIA AND PRO"i‘OCOL TRANSLATION GATEWAY

This gateway interconnects networks using different media
signalling abut the same applications level protocols. Examples
would be the interconnection of a Xerox Network System (XNS) with
an X.25 internetwork or of an XNS Ethernet with a Sytek Local Area
Network. These networks employ substantial differences in
transport level (4) protocols and require protocol conversions at
this level. ‘ '

Metro Area Network operators could supply not only the o
transmission facility, but also the local. interface units for
this type of gateway.
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MEDIA AND PROTOCOL TRANSLATION GATEWAY
(Source: Bridge Communications Inc.)
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4.4 APPLICATION TRANSLATION GATEWAY

The final gateway to consider performs applications
translation in addition to media, signalling and communications
protocol translation. This gateway could perform document format
conversion for different word processors or mall systems. Six of
the seven layers are affected. Detailed knowledge of different
manufacturers systems is needed and would require specialized
departments by the MAN operator to support the applications layer.
Extensive standardization, both domestic and international, is
required to make a wide variety of systems accessible by a
manageably small number of gateways. :

GATEWAY
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APPLICATION TRANSLATION GATEWAY
(Source: Bridge Communications Inc.)
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As the need for internetworking emerges, manufacturers are
providing some of the more commonly needed protocol converters,
bridges and gateways. Bridge Communications Inc., of Cupertino,
California, develop products which connect to. and bridge between
industry standard devices and networks. Bridge offer a product

.called the Gateway Server/l (GS/l), which connects an XNS Ethernet

network to an X.25 network and provides v1rtual connection and

1nterconnectlon services.

The Gateway Server/2 connects an XNS Ethernet network to a
Sytek Local Net broadband network thus enabling virtual connection
and interconnection services between the devices on either.
network. Using Bridge Communications' Gateway Server/2, an
Ethernet system could be connected to an institutional CATV
network which has a Sytek and Ungermann-Bass local area network

- residing on the system. Any terminal operating on the Ungermann—
- Bass Network could communicate with any Sytek terminal by using an

Ethernet bus as +the -common LAN

The same type -of intercommunications can be achieved by means

of an X.25 gateway rather than by an Ethernet bus. This type of
environment makes it possible to use a CATV broadband network to

. allow several different LANs to communicate with one another. - The -

cable company offers the lnternetworklng medium.

, Shown on the next page is an example of a complete lntegrated_
environment. . . :
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- Another bridge alternative for CATV systems is the Hughes
microwave distribution system for the extension of CATV networks.
Hughes provide an AML/CATV interface unit that takes the microwave
signals and makes them compatible for CATV. The microwave systems
transmit the.full bandwidth of the CATV cable. This technique
further extends cable bridge and gateway possibilities.

Protocol converters are offered by various manufacturers. An

example is shown below, where a system using IBM SNA/SDLC protocol
can  communicate to the outside world of ASCII terminals.

. : ' © ANY COMBINATION .
: © "TOTALING SEVEN

SNA/SDLC Ascl B ‘b
B = 45

IBM SNA/SDLC PROTOCOL CONVER TERS

Sytek provide an example of an IBM 3270 emulatlon on their
LocalNet. Communicatiodns can be established between a terminal on
their local area network and an IBM mainframe computer as shown on
the next page. ' : :
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. CASE STUDY:

Metro Area Networks

IBM 3270 EMULATION

IBM

303X Mainframe

- Channel~Attached Channel IBM 3705
IBM Series/1
"Yale Package"
- OR -
Protocol
Converter*
T-Mux T-Mux
LocalNet
T-Box
Terminal

Any terminal on the LocalNet may call an emulated 3270 port.

The Rotary call feature of the T-Muxes allows port contention

for available 3270 ports.

- Protocol converters by Datastream,
(Yale Package marketed by IBM)
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In addition, Sytek's LocalNet System 40 communications
processor provides bus control and status circuits needed to tie
IBM mainframe input/output channels. to (75 ohm) CATV networks.

' Some other companies which provide protocol converters are
listed below:
COMMETRICS LTD:

- SNA to BSC; -Sync to Async. '

- Teletype and DEC VTlOO Terminal use on same host
PERLE SYSTEMS LTD:

- Async to BSC; BSC or SDLC to ASCII

- Async to Sync
GANDALF:

- 3270 Protocol Emulators, ASCII Terminals.

- MUXs for 3270 devices on coax (32 max)
PRENTICE: -

- Statistical MUX's - RS-232-C

PROTOCOL COMPUTERS INC. (PCI):

- SNA/SDLC to ASCII (RS-232-C)

 LOCAL DATA: -

- Async to BSC batch emulator
- Async to BSC interactive emulator

By means. of these facilities (a CATV coax facility acting as
the spine for a multitude of baseband LANs), a cable system can
provide a multitude of bridges or- gateways to users w1sh1ng to
communloate on a larger . geographloal area. - ~

} Network_lnterconnectlon;promlses to be a key business
opportunity that can provide cable Operators with "an opportunity
to offer new and clearly needed data communlcatlons serV1ces in-

- return for future addltlonal revenues.
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5. CABLE DATA MODULATORS/DEMODULATORS (RF MODEMS)

Integrated within the Local Interface Unit (LIU) of most
broadband Local Area Networks (LANs) are the modem circuits that
perform the function of modulating and demodulating the outgoing
and incoming data signals. These integrated modems are special
purpose, typically operatlng in a packet-mode and capable of being
switched on and off rapidly. They transmit and receive ‘in the VHF
radio frequency bands and generally occupy broader bandwidth
channels than do twisted pair (telephony) modems. Similar special
purpose RF modems are found integrated into the LIUs used in

telemetry, teletext and videotex applications within CATV
networks. : .

In the few examples, where a special purpose RF modem 1is
offered as a physically separate unit, it will have limited stand-
alone utility. Such modems are made for one purpose only and
intended to be used in conjunction with a particular LIU.

Ungermann-Bass offer such a modem equipped with a special Ethernet
connector.,

In contrast to these, a growing family of physically and
functionally standalone RF modems are of particular interest to
the cable industry. The units can be used to provide dedicated
point-to-point data communications services via coaxial cable
networks, which may be simple passive bus structures or complex
repeatered tree/bus structures as used in CATV systems._ A 51ngle
run of coaxial cable is commonly used in a split (up/down)
frequency plan. Modems are, however, sometimes designed

especially for use in dual-cable networks w1th no headend
translators.

Single cable tree/bus networks require a translator at the
headend in order to provide point-to-point communications paths
for a pair of outlying subscribers. Two RF channels are then
needed on the c¢able in order for data to be transmitted from
subscriber A to subscriber B. Should subscriber B's modem send
back a continuous stream of acknowledgement packets (full-duplex

mode), one more upstream and one more downstream channel would be
required for a total of four RF channels.

Most manufacturers' specifications indicate the amount of
spectrum occupied by the RF data signal, and suggest a suitable
guardband between adjacent channels. The result is a '
recommendation for channel spacing. BAll references to channel
bandwidth in the tables of this report include guardbands. Note,
however, that where data are to be transmitted on a channel that
is adjacent to and below a regular video channel, a guardband of
at least 200 KHz 1is recommended. Some TV sets do not have
- adequate adjacent lower sound traps and data carriers riding on
.the channel edge could cause interference.
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The feature comparison tables (D1, D2 & D3) found in
Appendix 3, list a representative sample of standalone RF modems
from a dozen North American sources. In the notes that follow,

.the distinguishing features of these modems are discussed.

Both Phasecom and Scientific Atlanta (SA) specify a TV'guard—
band. Phasecom's translator, called a Transverter, is a single
channel unit which provides a 300 KHz guardband on the edge of an

adjacent TV channel. Model 401 can support 53 full-duplex

channels.

SA Model 6402 occupies 750 KHz per data channel,‘which is
equivalent to 4 full-duplex channels within a 6 MHz bandwidth. If

“adjacent video is used, they recommend dropping two data channels,

one on each edge of the data channel prov1d1ng a 750. KHz guardband -
on elther s1de. :

If a cable system is using a standardimid—spllt design for
data services, the available forward spectrum is from 160 MHz up

‘to 300, 400 or 500 MHz. The return or upstream bandw1dth

allocation is from 5 to 108 MHz. By using a 156.25 MHz.
translator, T7 would convert to H, the beginning of the. downstream

‘bandwidth, T9 to 7, TlO to 8 and so on.  Mid-split trunks do- not .
provide equal upstream and downstream channel usage.”‘

Systems ‘that use a super-spllt or high=split. des1gn have aA
more symetrical frequency split. Downstream ‘signals are carrled ]

-in the frequency bands ‘above 200 MHz. Upstream transmissions are

in the band between 5 and 140 MHz. A 192.25 MHz translator is
used, converting T7 to channel 11, T9 to 13, T10 to J and so on.

‘The Translator Requirements OFFSET column shows the frequency

translation needed at the headend for modem pair operation. The
“avail. Y/N? model" column shows if a translator is manufactured by
the modem maker and if so, lists the model number.

_ The 3M Chart on the next page shows the dlfferent frequency
channel " comblnatlons for two commonly used channel offsets: 156.25.
MHz and 192 25 MHz. The IEEE 802 sub—commlttee recommends the .
192.25 MHz translation.
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5.1 CATEL

Catel Series 2000 and 3000 modems employ a 70 MHz, IF
broadband system, that uses modular plug-in units to achieve
frequency conversion, fibre optic link interfaces, high speed data’
buses and Tl multiplexers. Shown below is an example of a 19 Mbps
PCM Modem for telephony using a 3000 serles system.,

A Teunx -
3110 MHz -/2 v 170-300 MHz
Mid-Spit -
Amulifier R B

3101 3104 3108 3208 Ja202 3203 .
Video Wideband . Qutput Input Widaband Video
Input LE Converter Convarter LE Qutput
Procassor Modulator . Damodulalor Procassor
{programmed . (programmad
in . in_ -
“noclamp” "na clamp™
moda) - . + moda)
" Power Suppty
3
Processed 70 MHz . 70 MHz Bassband

Data L.E . LE Data .

19.712Mb/s PCMMUX 19,772 Mo/s
Data 2 . 12 Data

1&%& _______

—————— b
12 T( lines

3000 SERIES 19 Mbps PCM Modem

The CATEL 3000 Series modems can be combined with ' a twelve-
port telephony multiplexer (VIDAR DM12A) to handle twelve Tl lines
in a full-duplex mode on one FM channel. Maximum capacity within
a mid-split system is 6 full-duplex modes (i.e. 72 Tl lines or

1,728 voice channels), Maximum capacity on. dual 50 to 300 MHz

cables is 15 full-duplex channels (i.e. 180 Tl lines or 4,320
voice channels).

Catel and TRW Video have also'experlmented w1th a high
capacity PCM mult1plex1ng voice/data system uslng ‘two wideband FM
channels. The 288 channels were tested using a TRW Vidar PM-12A"
PCM MUX and two Catel WFMS-3000. The broadband network used in
the TRW video tests is shown on the next page. :

The input/output modules in the unlts can be changed to suit
the cable system's frequency allocations.  Catel also provide a
lower—-cost modem (Model OM 2100S) which uses a narrower channel

bandwidth at a reduced eff1c1ency.
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5.2 C-COR

C-Cor, which manufacture broadband data CATV ampllflers have
recently purchased the CableBus Labs at Beaverton, Oregon.
CableBus Labs develop and engineer RF and digital equipment with

applications in broadband coaxial cable communications systems.

Products recently developed include a family of voice, _
asynchronoué;and,syncronous'point—to~point modems. C-Cor's modems .
are capable oOf receiving data carriers from a selection of

translation frequencies by the use of SLngle block converters

placed at the headend.

.~ C-Cor is also a major suppller of ampllflers and other
components to Wang Laboratorles WangNet.
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5.3 COMPUTROL

Computrol offers a dual cable modem developed by the Mitre
Corporation. The Mitre modem is widely used by the U.S. :
Government. Computrol manufactures the modems as an Original
Equipment Manufacturer (OEM) and provides a general interface
(TTL) for customer addition of hardware interfaces. These modems

have separate transmit and receive modules to suit a customer's
partlcular configuration.

A CATV cable modem is under development that will offer a 4
Mbps data rate within a 6 MHz channel, using continuous-phase
frequency shift keying modulation techniques.

5.4 COMTECH

Comtech Data Corporation specializes in high speed modems for
satellite, terrestrial microwave, telephone and CATV applications.
Comtech have changed their design philosophy from low cost,
frequency agile modems to bandwidth efficent (higher cost),
interchangeable (not frequency agile) modems with independent
transmit and receive frequency selection.

In the Comtech Series 500 modems, they have changed their
design from FSK modulation to QPSK and provided channel CoT
1nterchangeablllty by the use of plug-in input/output converter
modules using fixed IF frequencies. This eliminates the need for
a headend translator for point-to-point communications between one
user terminal and the headend. Comtech claim that headend :
translators add additional noise and envelope delay distortion and

that they weaken the system by offerlng a single crltlcal point of
failure.

5.5 E-COM

E-Com offer two types of modem deSLgn,va cost-effective model

TRM-202 and a high~-speed, bandwidth efficient, model TRM-159. The
TRM~159 can be configured for coaxial applications in the band 5
MHz to 350 MHz, IF at 70 MHz and data above voice or for wvideo at
2-12 MHz. The TRM-159 modulations scheme, a four=level double-
sideband suppressed carrier has spectral characteristics that are
dependent on the bit rate used. For example, the -3 dB points on
the spectrum occur at the bit rate (BR) divided by 6 (BR/6). The
-50 dB points are at BR/2. The lower the bit rate, the smaller

the channel bandwidth. The receiver characteristics are also a
function of the bit rate.
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5.6 GANDALF

Gandalf, a Canadian manufacturer of data communication
products is offering the LDS 500 Series of modems operating on a
CATV mid-split system. These modems appear transparent to the
user. Headend modem transmission is accomplished at frequencies
of 156 MHz to 300 MHz while remote modems use frequencies from 5
to 112 MHz. A mid-range "guardband" of 112 MHZ to 156 MHz remains
unassigned and acts as a buffer between forward and reverse
channels.

The LDS 500 Series encompasses several models, both

' synchronous and asychronous, ranging in speed from 96 Kbps to 100

Kbps. These units will be primarily used in conjunction with
Gandalf's PACXNET, a local area network involving diverse
communications technologies including broadband coaxial -cable,

.packet sw1tch1ng network IBM gateways and data over- voice

techniques.

5.7 PHASECOM

Phasecom s modem (Model 401) provmdes frequency agility
within the passband of a CATV channel. ' Modems are.used with the

-Phasecom Series 4000 transverters, a single channel translator.

Either 156.25 MHz or 192.25 MHz offsets are available. - The trans- .

- verter provides a 300 KHz guardband at each edge of the TV channel

to ensure compatibility with video slgnals .on the same cable. The

"transverters have been designed for minimum intermodulation

distortion of as many . as 250 signals w1th1n one TV.channel (=50 daB -
maximum for 250 carriers at 40 dbmv each). . Phasecom also have

‘available a Tl modem (Model 415) and a voice modem (Model 460).

Phasecom's data products are marketed through ueneral Instrument,
Hatboro, Pennsylvania.
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5.8 SCIENTIFIC ATLANTA

Scientific Atlanta's Tl data modem (Model 6402) uses a
QASK=-16 modulation technigque that occupies only 750 KHz of
spectrum. The modem is frequency agile across the entire range of
the cable. spectrum in 250 KHz steps and is compatible with HRC and
IRC frequency allocation schemes. There are no fixed translation

.constraints. Frequency assignments are stored in a non-erasable
memory and can be reprogrammed by a portable hand-held programmer
that connects to the rear of the modem. Eight data channels can
occupy one CATV channel as shown below.

6MHz
(A) VIDEQ CARRIER  (B) AUDIOQ SUBCARRIER  (C) DATA CARRIER

One video channel, comprised of a video carrier and an audio subcarrier, occupies 6
MHz of broadband spectrum. In comparison, as many as eigit data channelis can be
allocated to the same 6 MHz of bandwidth. (Contact Scientific-Atlanta’s apphca-

tions engineering department about guard band requirements in operations usmg
adjacent video channels.)

The data channels marked 'X' are removed for adjacent video
operation.

At the 1983 NCTA Trade Show in Houston, Texas, MCI
Communications demonstrated their CABLEPHONE concept. CABLEPHONE
is a regional voice network, which uses cable TV coaxial
connections. Scientific Atlanta's T1 modem (Model 6402) and =
Phasecom's voice modems - (Model 460) were used in the-
demonstration. Calls were originated both at the MCI booth and
the Phasecom booth, fed via a voice/data multiplexer into the SA
modem, and then via a microwave connection to the MCI long-
distance network (see diagram on the following page).
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5.9 3M/IS.

3M/1Is offers a wide selection of data modems with over 24
models and accompanying accessories. The modem chart: lists the
basic series of modems, but does not llst each modem by model
number specifically. :

One series of modems that is not covered by the modem charts,

* _or by the data-enhanced CATV networks charts, .is. the 720. Serles

modems. These provide a low cost, easily interfaced and

‘programmed, distribution data acquLSLtlon/control system. The 720
-Series remote modems operate in conjunction with a Model 921

headend RF modem which interfaces to a host processor (RS-232-C or

.current loop) Communications between the headend and remote
- modems is via a serial full-duplex 1200 bps channel.
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A lower cost Model 730 can be daisy-~chained or driven by a
720. Up to 255 separately addressable modems can be used on one
data channel. A CATV channel pair can support 37 full-duplex data
channels. Applications include distributed monitoring and
control, fire and security systems, facilities management,
signalling systems or any other data control system. 3M also
provides a voice modem (Model 520) for use on CATV networks

(point-to-point). Chart D2 of Appendix 3 contains the parameters
of this voice modem for comparison.

5.10 UNGERMANN-BASS

. Ungermann-~Bass, who have acquired the Amdax Corporation, are
offering modems that were made by Amdax (Model Series 640 and
670). These are RS—-232-C and V.35 compatible. - Ungermann-Bass
also provide an audio modem (Model 722). ' Frequency translation is
accomplished by choosing either a 3 channel (Model 603) or 9
channel translator (Model 609). A translator switch-over unit
(Model 615) has been designed to interface two translators and
provides fault detection and automatic switching following loss of
the pilot carrier, loss of phase-locking or power failure.

5.11 WANG COMMUNICATIONS

Wang Communications, Inc. a wholly-owned subsidiary of Wang
Laboratories, has designed the DX9600 Series modems, with the
cable operator in mind. Wang not only provide the hardware, but
also offer support services such as, hardware maintenance, system
analysis, user education and other support programs.

Wang's 9600 Series modems are frequency agile and tamper-
resistant for security purposes. The modems require a Master
Oscillator for a system with translators and contain a highly
accurate fregquency reference to maintain low frequency drift in
the system. Visual alarms and external alarms warn the operator
of a Master Oscillator failure. The Translator is phase-locked to
the Master Oscillator. The standard translator offset is 156.25
MHz; but other frequency translation offsets can be used.

A pilot frequency, located 325 KHz above the bottom of each
downstream channel (provided by the translator), locks all modems
to the system pilot guaranteeing low drift for transmit and
receive frequencies. Independent transmit and receive clocks

accommodate differences in the upstream and downstream data
rates.
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The modems ocCupy a harrow bandwidth of 25 KHz for each data

channel and can switch frequency to another data channel when a

loop-back test is performed. This feature creates a dedicated
point-to-point link between the modems in the loop-back

configuration without affecting other. mult1p01nt modem

0peratlons.'

Wang have a dlfferent price for the end-user ($1250) as
compared to the CATV operator ($1400) to reflect the addltlonal
maintenance service provided to the cable operator.

The other‘Wang'modemS'listed are used with WangNet, and are
not highly suited for a CATV environment. The pilot frequency
chosen for FFM 64449 and FAM 96232 modems resides at 48 MHz.
These modems are for special purpose applications. Cable Systems

.Pacific (MSO-Rogers) in Portland, Oregon, 1is being used as the. .

Beta site for Wang.

5.12 ZETA LABORATORIES, INC.

Zeta's modem products can be purchased with standard
asynchronous data formats. These modems are frequency agile

within the passband of a CATV channel. Modems can be. ordered with

options such as synchronous data transmission, voice data -

"modulatlon, DC input power and customized frequency. assmgnments.
© ZPSK ‘1s a proprletary modulatlon technique of ‘Zeta Laboratorles
Inc. :

57




CABLE DATA COMMUNICATIONS : CATV Networks

6. DATA-ENHANCED CATV NETWORKS

A ready comparison can be drawn between the structure of a
dedicated coaxial cable local area data network and that of a
regular entertainment CATV network carrying additional data
signals. The transmission media is the same. The major
differences are due to the larger scale rambling tree structure
of the CATV network and the fact that most such networks offer
only one-way transmission to (but not from) the outlying
subscriber.

The accompanying illustration shows CATV data signals
arriving at and departing from the subscriber's premises via a
specialized unit labelled "Local Interface Unit (LIU)". This is
the same term used previously when referring to Local Area .
Networks- (LAN's). The LIU acts as a 'smart' MODulator/DEModulator
(MODEM)., For one~way CATV systems, the LIU is simply a smart
DEModulator. The smartness usually consists of its being
addressable from the cable headend.

A secondary difference is that the CATV network can be
accessed by a wide population of subscribers who may not be
authorized users of all the specialized data services. To
permit absolute control of access to the new data services, the
LIU would normally be owned by the cable system operator.
Addressable pay-TV descramblers fall into this LIU category.

Exceptions to the LIU interface must however be expected. A
case in point is the outright ownership by a subscriber of a
special television set equipped with a built-in Teletex decoder.
- Public ownership of such equipment implies strongly that the
Teletex service being accessed is advertiser-supported and
available to all cable subscribers at no additional charge.

Cable industry consultant, Dr. Israel (Sruki) Switzer, has
pointed out that, despite the argument that operator ownership of
descramblers is necessary to ensure service exclusivity, a case
can be made for subscriber ownership given a suitably high level
of pay signal encoding. By this is meant a near military level
of signal encryption which requires parallel delivery of :
decryption authorization keys to decypher. Such keys would
consist of specialized data unique to each subscriber. None-~
the-less, at least until such military security systems appear on
the consumer market, most non-advertiser-supported new data _
services can be expected to deliver their signals into the home
via a Local Interface Unit owned by the cable operator.

Appendices 4 and 5 list a representative sample of data
enhanced CATV systems, some commercially available and some under
development. They illustrate examples of both controlled access
via a cable operator's LIU and of open access exhibition which
might be advertiser-supported. Commercially available military
type encryption systems are not yet in evidence.
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In examining the presence of data signals on regular CATV
entertainment networks, it is helpful to separate applications
in which the data are necessary for the exhibition of associated
television video and audio programs from applications in which
the data signals have an independent purpose. The descriptive
"non-programming"” has been used to convey this distinction by the
CRTC and has gained some currency within the broadcasting
industry.

A further subdivision of these non—-programming applications
can be made to distinguish between systems intended for one-=way
and two-way cable networks. This distinction is significant
because the majority of Canadian CATV network feeders segments
are constructed for one-way, downstream, delivery only.

Appendix 4 begins with a tabular survey of .systems intended
for one-way non-programming applications. The industry generic
title for such services is TELETEXT. It includes systems that
provide closed captioning (for the hearing impaired) and systems
designed especially for the downloading of games and other
software to home computers. Other more general purpose Teletext
systems permit both captioning and software downloading along:
with the delivery of text and graphics.

The addition of upstream data communications channels,
carried in the sub-band (5 MHz to 50 MHz) of an entertainment
CATV network, makes two-way services possible. Two classes of
two-~way cable service can then be dlstlngulshed. VIDEOTEX service
and TELEMETRY service. They differ in having distinct trafflc
patterns and data rate requirements, as follows:

VIDEOTEX TELEMETRY
>> > > > > > High speed, possibly Low throughput into
> > encrypted, addressed individual home, using
> TYPICAL - > to individual home. polling or scanning
> DOWNSTREAM > Long sequences of but not necessarily
> TRAFFIC > packets commonly addressing. Two-level
> ‘ > forming single network hierarchies
>> > > > 2> > > message. are common.
< << <K<LKKKK Sporadic packets of Continuous cyclical
< < about 50 bytes are " incasting of status
<  TYPICAL < common containing information. Shorter
< UPSTREAM < the originating _ packets are possible
< TRAFFIC < address plus service since status options
< < request. Contention are usually limited.
<< <K <LKKKK protocol is popular. :
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Videotex is a refined Teletext service in which subscriber

. requests can be sent to the cable headend. This allows
-individual demands for .rarely needed information to be

recognized. The wanted information may then be broadcast or

-narrow-cast. In the absence of requests, a Videotex system may

revert to broadcasting a Teletext service to satisfy the average
subscriber. Videotex systems further open the door to
transactional services such as electronic remote banking, catalog
shopping, travel reservation placement and- the booking of theatre
tlckets. : : :

Telemetery service consists of continuous central monitoring
and remote control of such subscriber units as intrusion alarms,
combustion alarms, medic alerts, utility meters, energy
management systems and audience response devices. The pattern of
data communications for such services is. steadier and the data
signalling speeds needed are generally much lower than those

necessary for videotex services.

Unlike the situation for one- way data serv1ce (Teletext),
the provision of a data communications channel from the

-subscribér to the cable headend (incasting) appears to be

exCciting considerable regulatory attention, especially in the
United States. - Teletext transmission is usually classified as a.
form of broadcasting. But Videotex and Telemetry transmissions

are more difficult to classify. The two-way nature of these
.services has raised the question of common carrier status for

cable operatlng companles.

One of - the problems with common carrier classification is
in the design and control of the two-way system s local interface
unit (LIU). For Videotex and Telemetry service, this is usually
located within the home and prov1des channels only for a limited
set of services. It does not in general offer third party access
to spare up'and downstream channels. Were a cable operator to be
obliged to offer channel access to any third party, then it would
seem logical -to have. available a suitably general purpose channel
interface. Without such an arrangement, interconnecting parties
would have little alternative but to splice on their own LIU _
using coaxial splitters and directional couplers. A proliferation

of LIU's of various designs interconnected in this manner would

raise serious network management and transm1551on 1ntegr1ty

.questlons.

- Appendix -4 contains comparative charts of ten Teletext
systems, four Videotex systems and eight Telemetry systems
currently under development or in commercial productlon for CATV
networks. Some standardization of Teletext service is apparent

- and attributable to the work of the various committees:
- .responsible for the. draftlng of a North American Broadcast

Teletext Standard (NABTS). ' Little or no standardization trends

are noticeable in two-way system evolution although packet
contention, also called statistical multiplexing,. is the only
reported upstream channel assignment procedure for Videotex systems.
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7. TELETEXT SYSTEMS

Part I of Appendix 4 contains a chart listing ten systems
intended for one-way non-programming applications. The industry
generic title for such services is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>