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Videotex is one of the recent developments combining advances in computers, telecom-
munications technology, and consurner electronics. The ambition of videotex is no less
than to upgrade today's mass communication media into computerized mass information
utilities.

Tt might seem that videotex is suffering from an identity crisis; indeed, there are
numerous closely related developments, such as electronic mail, on-line information ser-
vices, and home computing, to name only a few. But in spite of the lack of a clean
academic definition, a number of well-established systems (such as Prestel, Telidon,

- Bildschirmtext, and Télétel) are operational and under development in many countries,
backed by technical expertise and sizeable investments from business interests. Underly-
ing these systems, there is a considerable amount of accurmulated knowledge, experi-
ence, and open research problems, most of which are highly technical and videotex-
specific. However, so far there are few publications atternpting to explain systematically
these issues and to relate them to the traditional disciplines of computer networks, com-
munications, and database technology. This may be caused, at least partly, by the enor-
mous rate of change witnessed by videotex, and the ensuing danger of rapid obsoles-
cence of any book on the subject. However, these very same reasons call for such an
undertaking in order to clarify the basic concepts behind the maze of systems,
approaches, standards, proposals, and counter-proposals flooding the desks of videotex
managers, designers, engineers, and students.
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xvi ' ’ Preface

The emphasis of this book is thus on the technical aspects of television-based video-
tex. The subject matter is divided into five parts. Part I provides an introduction to video-
tex and background material about similar systems and computer networks. Parts IT, ITl, -
and IV are the core of the book, and they loosely follow the architectural layers of the ISO
Open Systems Interconnection mode] (described in Chapter 3). Part II treats ISO layers 1
through 5, here collectively called the communications level. The subjects involved are
the physical media used to transmit and deliver videotex information, the underlying pro-
tocols, and the communication structure of videotex networks. Part III is concerned with
the presentation level (ISO layer 6), treating in detail the image-coding options in current
use, their impact on terminal design, and the related problems of national and interna-
tional standardization. Part [V—the application level—deals with databases for videotex
and teletext, gateways, service computers, and service providers’ equipment. The three
chapters of Part V touch upon themes important for the future: of videotex: alternative
methods of interfacing with the user, telesoftware (seen as the key to distributed process-
ing in videotex) and methods of performance evaluation.

Readers familiar with the basic notions involving computers, communications, and
databases, or having some experience in videotex, should have no difficulty in following
the text. (Chapter 15 is a possible exception.) Most concepts used in the text are defined
or explained, although not necessarily at their first occurrence.

A few words are in order on what the book is ot about. The limitations imposed
by our book’s scope and extent have excluded the treatment of a number of areas closely
related and vitally important to videotex technology. Some of these areas are: social
impact, legal and regulatory issues, financial and marketing aspects, field trial and user
penetration statistics, the dynamics of service provider activity, and the esthetic and
psychological aspects of page creation. For an in-depth treatment of these (and other)
issues the reader is referred to a recent book by Tydeman et al. (1982) and'to the care-
fully prepared and informative Videotex Report Series published by Butler Cox &
Partners Ltd. in London.
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ok
Part |
BACKGROUND

- The purpose of the chapters in Part I is twofold. Chapters 1 and 2 give a ““first pass”
assessment of the nature, structure, texminology, and applicability of videotex systems.
Chapters 2 and 3 provide background inforrnation on related topics, such as complemen-
tary videotex-like information systems, computer networks, and the Open Systems Inter-
connection reference model.
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Introduction

1.1 THE REALM OF VIDEOTEX

Costs of mass-produced digital devices declined in the mid-1970s to the critical level at
which forms of this technology came within the reach of the average consumer. Digital
watches and pocket calculators (a *‘mass-computation medium’”) were among the first
manifestations of this new situation. '

Videotex, a new digital mass-communication medium based on a blend of televi-
sion, communications, and computer technologies, is another development driven by the
same cost trend. Just as calculators continue to evolve towards models with more com-
plex features and towards home computers, so is videotex moving rapidly from its initial
scope (as a simple means of information retrieval for use in the home), to incorporate
advanced applications known so far only in systems designed for specialized users.
Therefore, it is becoming increasingly difficult to ask—or rather to answer—the ques-
tion: What is videotex? i

Numerous authors have offered definitions ranging from crisp, factual technical
description to almost philosophical statements (that in effect amount to a refusal to

PMC Exhibit 2070
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4 ' _ : Background  Part|

define) in which they argue that the technology is not yet mature and stable enough to
suppott a durable definition. ’

To illustrate the first type of definition, we include three formal definitions of
videotex: .

1. Videotex consists of “systems for the widespread dissemination of textual and
graphic information by wholly electronic means for display on low-cost terminals
{often suitably equipped television receivers) under the selective control of the
recipient, using control procedures easily understood by untrained users’’ (see
Tyler, 1979, in the reference section at the back of the book).

2. ““Videotex is a medium for transmitting text and simple graphics. The usual
display is a color TV receiver. The information is digitally encoded for transmis-
sion. The information is organized into pages” (see Ciciora et al., 1979).

3. ““Videotex is the generic name used for electronic systems that use a modified TV
set to display computer-based information. Interactive systems using, typically, the
TV set and the telephone line, are called telephone-based or interactive videotex.
Broadcast services are called broadcast videotex (teletext)”” (see Winsbury, 1979).

As an example of the more cautious approach to definition we quote Plummer
(1979): '

“Given this prenatal stage in the evolution of the field, we think it most appropri-
ate to consider teletext and videotex as a phenomenon—not just technologies.”” He goes
on to define seven basic dimensions of the *‘phenomenon’': technology, system design,
content, users, service providers, economics of system operation, and regulatory and
policy environment. _ : '

The early date of this observation does little harm to its timeliness. On the con-
trary: today, when the potential for new applications and technology alternatives is mote
fully appreciated, and with the emergence of parallel home information systems,

- videotex becomes increasingly harder to characterize than it was in 1979.

Instead of trying to draw a sharp boundary between videotex and the rest of the
world, it is more realistic to imagine videotex as a fuzzy set represented by a number of
concentric circles, as in Figure 1.1. Besides serving as illustration and reference, defini-
tions 1—3 above reflect well what is at the hard core of the set: low-cost and simple-to-
use information services for the general public, employing the television as display. The
degree of membership in the fuzzy set (or “‘videotex-ness™) is highest in the center and
decreases towards the periphery as videotex blends into similar and related systems and
applications (present and planned for the future).

The fuzziness of the set has been accentuated by the advent of gateways that
enable links to be made between videotex and virtually any information or computing
service. It might, after all, be less frustrating and more useful to think of videotex in an
application-independent manner, as, for example, 2 new communication medium,
value-added television, value-added telephone, or simply a milestone on the way
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Figure 1.1 Videotex as a fuzzy set: “‘videotex-ness™” decreases toward the periphery.

towards creating the ‘‘wired nation.”” One can even hear descriptions of videotex as ‘“the
cheap computer network,”” ‘‘friendly time-sharing with pictures,”® or “‘just another

However, the above observations apply mostly to two-way videotex, which tends
to converge with other forms of data processing. Teletext, due to its unique one-way
transmission scheme, is less prone to such loss of identity.

As a communication channel, videotex can be roughly characterized in terms of
the size of the audience and the time to disseminate information (see Tanabe, 1981).
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Figure 1.2 Comparison of communication media.

This is shown in Figure 1.2, in which several communication media are plotted. Interac-
tive videotex fills a gap, as indicated.

From a technical point of view, videotex is a special case of computer networks, It
is not a brand-new procedure based on some glamorous breakthrough; its originality is
rather in its combination of existing technologies. Perhaps the most unique aspect of
videotex is that the display characteristics available on television sets (namely color
capabilities and limited resolution) are fully taken into account and anchored in a number
of presentation standards.

A seldom-mentioned but important consequence of the fact that videotex is largely
aimed at the general public and at computer-naive professionals is the prospect (or hope)
of planting into the minds of these people practical notions of information technology,
disguised as additional functions of the familiar television technology. This strategy, if it
works, can lead to tremendous user penetration, proportional to the number of TV sets in
use (about 160 million in the U.S. in 1982). Predictions for the percentage of US. TV
households subscribing to some form of videotex service in 1990 vary between 5% and
90%. A similar strategy aims at gradually supplementing every telephone set in France
with an electronic directory terminal. It is such psychological strategy factors, and got
the various particularities of coding, display, and possible services, that distinquish
videotex from similar information systerns.

"The prospective user of an information network such as The Source has to make a
major decision in becoming a subscriber. In order to make this decision to subscribe, he
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Chap. 1 Introduction 7

has to be well-informed about the benefits of the available services, and will probably be
sufficiently motivated to subscribe (and buy a terminal or home computer) only if the
offered applications match his needs. With videotex, the decision is less dramatic; it is
rather like adding a cable converter or a remote control unit to one’s television, or buy-
ing a more expensive model with new built-in features. This is especially the case with
teletext, which requires neither the additional manipulation of a telephone nor an ongo-

ing charge.

1.2 COMPONENTS AND TERMINOLOGY

A typical two-way videotex system (if such a thing exists) is outlined in Figure 1.3. It
has four (groups of) main physical components: '

+ user terminals

e computers

e service-provider terminals and systems

* communication networks to interconnect with other components.

User terminal

r

v Decoder

L)

Communication Communigation
network AM | network
(telephone) (PSN)

AM:  Access machine (service computer)
DEB: Database

EC: External computer

SPT: Service-provider terminal

PSN: Packet switching network

Figure 1.3 Typical two-way videotex system.
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8 ’ Background  Partl

Roughly speaking, these components are administered and/or owned by the fol-
lowing organizational entities: wsers (service consumers), who are often the owners of
terminal equipment; videotex system operators, who run some of the service computers;
service providers, who supply and maintain the contents of databases and other applica-
tions; and common carriers, who operate the communication networks. The actval situa-
tion is often more complex than this. For example, some computers are owned and
operated by independent (‘‘third-party’” or *‘external’) organizations, and can also be
used for purposes other than videotex. (This would be true in the case of a department
store’s inventory computer that can process teleshopping transactions initiated by
videotex users.) Further, communication networks are often under the mixed jurisdiction
of the system operators and the carriers.

From a functional point of view, a basic videotex system can be seen either as a
data retrieval system or as a communication medium among users and service providers.
Experience shows that, on the whole, the latter view is more appropriate because of the
increasing importance of transactional applications and user-to-user messaging, and
because the largest demand in database applications is for fast-changing, “hot” data
pages, and not for seldom- or never-updated encyclopedic information.

User Terminals

As already mentioned, most user terminals are ordinary TV sets upgraded with addi-
tional components: a decoder (controller) and a keypad or keyboard. The controller
serves to receive pages of digitally encoded data (text or graphics) and to generate a syn-
thetic image to be displayed on the screen. The user interacts with the system (e.g., to
select an approptiate page) via commands entered through the keypad. Most transac-
tional applications require the use of alphanumeric keyboards.

Computers

The computers found in contemporary systems are used in a great variety of ways.
Among them, access machines (also called service computers) are of central importance.
An access machine can best be seen as an intelligent interface placed between users and
the rest of the network. Its main functions are handling of dialogs with users and
supervising interactions. with other computers. Access machines are usually owned and
operated by the videotex operator. They may contain local databases and other applica-
tions, as well as control functions, such as password verification and billing, that enable
them to operate in stand-alone mode (typical for smaller systems).

Application computers are machines dedicated to particular applications (database,
banking, etc.). Frequently these applications are designed, owned, and operated by
enterprises independent of videotex. In such cases they are calied external computers.
There is much current interest in interfacing with external computers through gateways.
Other types of computers in a videotex network may be dedicated to system control and
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Part 1 Background 9

monitoring, service provider support, gateways, or traffic concentration. More details.on
network components are found in Chapter 6.

Service-Provider Terminais

These terminals serve mainly for the editing of information.pages to be attached to
vidéotex databases. The equipment varies in functionality from simple text-¢diting intel-
ligent terminals to image composition and filing facilities often implemented as stand-
alone computer systems.

Service providers (also called information providers) can be divided into two large
groups. In the first are those individuals or firms marketing their own information and
services (e.g., a travel agency advertising various package tours). The second group con-
sists of specialized information brokers acting as middlemen between clients and the
database.

Communication Networks

Virtually all types of links and networks can be employed to build a videotex system. A
fundamental distinction can be made according to whether the network delivering infor-
mation to the users is a one-way or a two-way system. In one-way systems, also called
broadcast videotex, or teletext, the data base is continuously and cyclically transmnitted
and available to all users, much like radio or television programs. Selected pages are
captured (“grabbed”) by the decoder, locally stored, and pnesented on the display. The
user has the impression of intéracting with the system (by issuing commands); however,
the interaction is on the same level as the selection of a TV channel—that is, it does not
exceed the limits of the user’s local equipment. Hence the term pseudo-interactive is
often used to describe this type of system. Television transmission (over the air ox cable)
is the typical communication medium.

In two-way systems, also termed interactive videotex or viewdata, the user’s com-
mands are actually forwarded to the service computer. There, the desired information is
retrieved and sent back to the terminal.

Terminology

" It is important to remember some idiosyncrasies of terminology. First, videotex generally
{and in this book) has two connotations: it is used as a generic term for both one-way and
two-way TV-based systems, and also as a specific term for two-way systems. This dou--
ble usage is unfortunate, but the specific meaning is usually clear from the context. The
term viewdata is commonly used for two-way videotex in Europe.

A second idiosyncrasy of terminology involves the words relefext and teletex.
Teletex, although dangerously close in spelling to teletext, is definitely different from if,
and involves an enhanced form of text communication (and is a succesor of telex). We
should also mention videography as a general term covering all digital techniques for text
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and image transmission. A related term is the French rélématique (from the words zélé-
communications and informatigue), often used even in English for videotex-like systems.

In addition to being referred to by the above generic terms, particular systems and
implementations also have brand names. Here are a few examples, including mostly
Furopean names that are often used with definitional connotation (that is, to denote par-
ticular transmission or coding schemes):

Antiope: Tmage coding system used in teletext and viewdata in Prance; also used to
designate the French teletext service

Didon: French system for broadcast of teletext and other data over the TV channel
Télétel: Interactive videotex system in France '

Prestel: British interactive videotex system, sometimes also designating the image
coding scheme used in the UK. :

Ceefax, Oracle: Teletext systems in the United Kingdom

Telidon: Tmage coding scheme used in both teletext and viewdata in Canada
Bildschirmtext: Interactive videotex system in West Germany

Captain: Interactive videotex in Japan.

1.3 TELETEXT AND VIEWDATA

Broadcast and interactive videotext offer differing and complementary system charac-
teristics and application potential. The major areas of difference are the database size,
the number of simultaneously active users, and the transactional capabilities.

As in other broadcast systems, the number of terminals that can simultapeously
receive teletext is virtually unlimited. However, the amount of data that can be included
in a broadcast cycle is severely limited by the average time a user can be expected to
wait for a selected page. For example, in typical teletex transmission (in the vertical
blanking interval of a TV signal) the page rate is about 4 pages/sec. Then, in order to
keep the average waiting time at 15 sec, only 4 X 30 = 120 pages can be included in the
cycle. This limit can be substantially increased by using faster media (full-field TV or
fully digital transmission), or by giving up the requirement of (pseudo-) interactivity. In
the latter case the user indicates a page (or page set) selection and then allows his termi-
nal to continue automatically capturing subsequently (e.g., overnight) the information
for later display. _

- The situation in interactive systems is quite the opposite. Since every active user
must be connected to the access machine and every page request must be serviced by the
database, there are limits imposed by the number of physical ports (phone line termina-
tions) and the mumber of requests serviceable per unit time. Supposing, for example, one
disk access per page request and 33 ms/access, we obtain a retrieval rate of approxi-
mately 30 pages/sec (if the database is stored on a single disk drive). If the average
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Figure 1.4 Application areas of interactive, pseudointeractive (standard teletexf), off-line broadcast, and
hybrid videotex. : : :

thinking time between two Tequests from a user is 15 sec, this leaves space for 30 X 15
= 450 active users. Although the above calculation is oversirplified, it illustrates the
point that faster, hierarchical, or duplicated mass memories are necessary in order to
satisfy substantially more users.

Proposals have been made of hybrid systems that combine the advantages of
broadcast and interactive approaches by cyclically transmitting a small set of highly
demanded pages and accessing interactively the remainder of the database. However, to
date, no quantitative results are available on the actual behavior of such systems (see
Figure 1.4).

Only two-way systems can serve for applications requiring true interaction
between users and the service computers. Teleshopping and telebanking are well-known
examples.

There are a number of additional differences between teletext and viewdata.
Teletext is appealing because it leads to simpler overall system designs and less expen-
sive service computers than viewdata, Viewdata requires the additional availability of a
telephone line or some other two-way medium. This may be annoying, given long
retrieval sessions that would tie up the phone.
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1.4 EVOLUTION

Tt would make little sense to try to retrace here the evolution of videotex; the catalog of
significant events -and systems would be far too long and somewhat displaced. Instead,
we are concerned in this section with a few important developments such as the key con-
tributions to the state of the art from different countries and the differences between the
videotex atmosphere in Et and North America. :

The idea of videotex first surfaced in England; its inventor, Sam Fedida, demon-
strated the concept of viewdata as eatly 28 1974. Nationwide public service of Prestel
began in 1979. The system now operates a database of more than 200,000 pages. Prestel
is the largest viewdata system in opexation today, with some 21,000 terminals; the ratio
of business versus residential users is about 85: 15. There are about 900 information pro-
viders (see Hooper, 1982). Teletext can be traced back to attempts in the early 1970s to
provide captioning of television programs for the deaf. Ceefax and Oracle, two-teletext
systems operated by BBC (British Broadcasting Corporation) and IBA (Independent
Broadcasting Authority), respectively, have been operational since 1978. In 1982 there
were about 550,000 teletext terminals in the U.K.

Developments in France have paralleled those in Britian, with a certain delay.
France has a national plan for the development of telematics, including teletext, view-
data, and other public data-processing applications. A number of field trials are under
way in France; nationwide public Télétel service has been available since the fall of
1982.

A number of other Furopean countrics are conducting field tiials with systems
based mostly on Prestel technology. These countries include West Germany, Sweden,
Switzerland, Austria, Denmark, the Netherlands, Finland, Norway, and Italy.

Canada became involved in videotex in the prid 1970s. The Canadian federal
government’s Department of Communications financed the development of a geometric
coding system called Telidon, and several Telidon-based field trials.

The common feature of videotex evolution in Europe, Canada, and Japan is contin-
ued government support and coordination. The resulting policies, systems, and coding
standards are being planned on a nationwide and, more recently, on a Europe-wide scale.
The leading roles in implementing these policies in Burope and Japan are played by the
national postal telephone and telegraph administrations (PTT) in each country. The

nit of Communications and the Canadian telephone companies play a similar
role in Canada. CEPT (Conférence Européenne des Postes et Télécommunications) plays
the leading role in coordinating videotex activities in Europe. _

The situation is quite different in the United States, where the initiative is in the
hands of private enterprise. There is 2 minimal interference or support from the govern-
ment and a lack of coordinated national policy or standards. This has resulted in a much
wider range of system solutions and. applications than has resulted elsewhere. The U.S.
scene is actually a testbed for virtually all known coding techniques and transmission
methods.
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While the prevalent application of videotex in Furope was originally towards data
retrieval, the trend in the U.S. was right from the beginning towards exploratory interac-
tive applications, both home- and business-oriented. Many of these systems are based on
cable.

Key Contributions

Each country in the forefront of videotex research has contributed to the state of the art
by original ideas and achievements, most of which are discussed later in the book. Here
is a partial list.

United Kingdom: The idea and first implementations of videotex; fixed format syn-
chronous transmission with serial attributes; comparatively less emphasis on
irnage-coding issues than on extending available services

France: Asynchronous teletext transmission; conception of teletext as a general
data transmission mediurm; parallel coding of attributes

West Germany: Access to external computers through gatetvays

Japan: Point-by-point (photographic) transmission of complicated characters; effi-
cient coding methods

United States: Cable-based systems; emphasis on variety of experience and natural
selection under free competition; first coding standard proposal incorporating dif-
ferent coding options (mosaic, geometric, photographic)

Canada: Introduction of the geometric coding method

Austria: Systematic use of telesoftware and intelligent terminals for increased sys-
tem functionality.
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2.1 VIDEOTEX APPLICATIONS

Videotex in the United Kingdom was originally aimed at general-purpose data retrieval
for the home market, After a few years of experience it is gradually being realized that
the main application area might be neither data retrieval nor the residential market, but
rather, interactive services and retrieval of highly volatile information for the business
sector. An almost complete reversal such as this one can be interpreted as good or bad
news. To the optimist it is a demonstration of the viability and flexibility of the concept:
videotex is certainly good if it can accommodate such a wide span of applications. To
the skeptic (sometimes defined as an expericnced optimist) it is an indication that
videotex is an ill-defined, unstable, experimental idea that will soon disappear amidst
competing systems. To the opportunist it may be the signal to act—to attempt to influ-
ence the course of videotex history in his favor.

Diversity

The list of actual and possible applications of videotex is endless, for several reasons.
First, as we have already seen, videotex is suffering from a crisis of identity; as it stands
now, it is a fuzzy and changing set of related services and facilities, each with its own

14
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real and potential applications. Second, system operators and service providers (espe-
cially in the United States) seem to be directing their attention towards innovative appli-
cations, which are hard to predict and to fit into predetermined classification schemes.
" The reaction of custorners is equally unpredictable; often the capacity of people to leam
new and complex systems is underestimated. Third, with the emergence of gal:eways,
virtually any computer system and application can be made accessible to videotex uisers.

_ To illustrate the arrival rate and diversity of new applications, we include a list of
services that were pewly announced in the November 9, 1981, issue of VideoPrint, a
twice-monthly newsletter covering trends in home information, videotex and teletext
systems.

1. “First Hand,”’ a videotex trial operated by a Minneapolis bank and using
Antiope/Téléte] technology was announced. The prime orientation of the system was
transaction processing, with data retrieval taking second place. Applications included:

+ home banking

¢ book ordering

» news, weather, analysis

» teleshopping in a department store chain

» software packages, e.g., accounting

[ gal'['),es

« shopping guide, catalogs

» specialized information for farmers (market forecasts, commodity prices).

2. A new version of Electronic Yeliow Pages (designed especially for videotex)
was added to the Mercury Telidon field trial’s database.

3. ARCNET, alocal computer network to link up to 235 TRS-80 home microcom-
puters by high-speed coaxial cable, was announced. Besides standard computer
resource-sharing applications (file transfers, word processing), the system was consid-
ered as a starting point for a two-way local network. :

4. The British Telecom decided to complement the existing Prestel message ser-
vice with a separate electronic mail system supplied by Dialcom, Inc. (a firm serving
about 30,000 electronic mail users). The new system was to be linked to Prestel via the
Prestel Gateway computer.

5. According to Prestel management, a number of European countries proposed to
interconnect their national videotex systems in 1982/83, using gateways.

6. Rediffusion Computers, a UK. firm, announced the sale of 46 videotex com-
puters and associated terminals to the Soviet Union for use along the new Siberian Gas
Pipeline. The system was to be used according to VideoPrint for a “‘complete mainte-
nance and logistics report and control system.”’
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A Gross Classification

In spite of this diversity of services, it might still be useful to attempt a gross classifica-
tion of application and customer areas, illustrated with a few typical examples. More
details of some applications are given later in the book with the descriptions of particular
systems.” :

Services offered by videotex and similar systems can be classified according to
three criteria:

« public versus private
« tesidential versus business
» retrieval versus transaction orientation.

The first of these concerns the accessibility of a service. Public services are available to
virtually anyone, whereas access to private services is limited. Access limitation has two
basic forms: either certain areas of otherwise public databases are accessible only to
members of a closed user group, or the whole system (computer, comimunications, etc.)
is in private hands (typically, a company or institution). Hence, the name private, or in-
house, videotex systems is used in the latter case.

_ Applications aimed at the home market are exemplified by general-purpose infor-
mation retrieval (entertainment, yellow pages, news), teleshopping, and games. Stock
price quotations and other financial news are oriented towards business use.

Services available through videotex can be roughly divided into retrieval-oriented
and transaction-oriented services. The former are centered around the heavy use of data-
bases requiring relatively modest amounts of computing. Transaction-oriented services
typically involve some kind of <gide effect’’ —for example, ordering a theater ticket or
making a fund transfer with a credit card. These services often involve large databases,
t00, but they are specialized, and their purpose is ot to provide direct information to the
user, but rather to support the transaction in question (e.g., a bank database). Another
type of transactional service involves various forms of user-to-user communications {real
time or store-and-forward).

Some applications clearly fall into one of these categories, whereas others are not
very easy to classify. In general, one ought not to get pushed too far by the urge to clas-
sify; otherwise, one might end up with only one application per category!

Application Areas

Following is an illustrative list of major application areas, implemented or realistically
proposed, and their main characteristics.

Information retrieval.  Examples include catalogs, library references, stock quo-
tations, news, and entertainment Programs. The databases are usually page-oriented,
maintained expressly for videotex in dedicated computers. These applications create
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Chap.2  Applications and Complementary Systems 17

much heavier traffic in the downstream than in the upstream direction. Data retrieval is
the prime application of teletext. ‘

Commercial transactions. Some uses are teleshopping, banking in the home,
paying bills, and reserving tickets. Downstream and upstream traffic are more evenly
distributed. Applications can run on videotex service computers, but run more often on
the service provider’s own installation connected to videotex through gateways.

Advertising and interest matching. Examples include jobs, real estate, and
dating services. The simplest form of advertising resembles data retrieval, displaying
pages of advertisements. The idea can be pushed further by giving the user the opportun-
ity to respond to the advertiser through use of a response page. Another enhancement is
the establishment of two databases, one for ““wanted’” items, another for ‘‘available™
items. The system can automatically search through these files and find the best match
for a given ad. Relational databases seern to be well-suited for such applications.

Messaging and electronic mail.  Again, such applications can be connected to
videotex by gateways, or they may be implemented in a service computer. User termi-
nals must be equipped with keyboards. Some text-editing facility must be available
either in the terminal or elsewhere in the network. Sufficient storage capacity for mail-
boxes is required in the computers.

 Teleconferencing. This can take different forms: video, audio, telewriting, or
typewritten real-time communication among members of a group of subscribers. The
main differences between these forms is in the bandwidth and terminal requitements. All
four forms require, however, advanced communication facilities to connect arbitrary
user subsets. :

Education and computer-aided instruction (CAl). The potential of videotext
in this area is particularly important, since it enables one to reach large numbers of peo-
ple who may live in remote Jocations and have no other way to access the educational
material interactively. In such applications provisions must be made for frequent interac-
tions and enhanced graphic-display capabilities.

Computer games.  Videotex enables one to extend the range of popular TV
games towards more complex types played against the service computer or towards
group games as a variation of teleconferencing. However, there is a difference between
games graphics and standard videotex graphics. The former utilizes special circuits
intended to display rapidly moving game objects. Many games rely on telesoftware for
rapid interactions with the user.

Access to general computing facilities and computer networks,  This gives
the sophisticated user access to all the power and special capabilities of large computers
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and databanks (there were about 950 public databanks in the U.S. in 1981). Limited
computing and personal filing capability may be implemented in the videotex access
machine or in the terminal iteself.

Telesoftware. Microprocessors commionly contained in viewdata and teletext
decoders can be used to execute programs downloaded from the service computer. This
allows tighter interaction with the user, may offload the application computer and the
telecommunication circuits, and may provide for a broad class of services that would
otherwise be impossible to realize.

Remote monitoring and meter reading.  The digital path between a household
and a central computer can be used with little extra cost for automatic burglar and fire
alarms and for epergy management (e.g., programmed heating and utility-meter
reading). :

Almost all applications would significantly benefit from having alphanumeric key-
boards attached to user terminals; certain transactions, such as CAlI or general comput-
ing, are unthinkable without such keyboards. This fact is reflected in contemporary
terminal designs, which either include keyboards or at least provide for their optional
connection.

. Some of the above application areas and their implications for system design will
be taken up in later chapters. In particular, alternatives to the tree-structured databases,
database distribution and cooperation, the issue of standards for efficient access to exter-
nal computers through gateways, and ways to improve the user interface to new applica-
tions and telesoftware will be discussed at length. :

2.2 COMPLEMENTARY SYSTEMS

The market for mass-information services has stimulated systems that are in many ways
similar to videotex. It is often a matter of opinion whether or not these systems fall under
the heading of videotex.

For example, networks such as The Source are regularly mentioned in specialized
publications (e.g., International Videotex Teletext News). In this section we will briefly
explore the periphery of the fuzzy set in Figure 1.1. The systems to be mentioned, which
may or may not be considered to be competitive to videotex (see Woolfe, 1980), are
mostly interactive, and they differ from videotex mainly because they do not use TV-like
displays. All applications mentioned are within the reach of videotex through gateways.

Home Computer and Home Terminal Networks

These networks, usually accessible by telephone, offer a broad range of services to own-
ers of home (personal) computers (according to the Yankee Group, there were about 4
million in use in the U.S. by the end of 1982) and ordinary alphanumeric terminals. The
services have a mixture of features provided by the network operator (e.g., personal
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filing, messaging) and those acquired from external sources (UPI wire service). The net-
works typically offer friendly, simple interfaces.

The Source. This is a nationwide information utility network available by local
call from about 300 American cities through the Telenet and Tymnet data networks. In
November, 1982, it had 23,000 subscribers {International Videotex Teletext News, Nov.
1982). The Source, available since 1979, is the first network of its kind. Its directory of
services (Source Digest, 1981) lists more than 700 entries. They fall into the following
main service categories:

« Communication services, for example:
electronic mail
Chat; a program for written dialogues in real time
builetin board

« Information services, for example:
business news
catalog shopping
government and politics
home and leisure
education
science and technology
travel

« Creating and computing, for example:
filing
programs from libraries

programming.

In 1982, the entry fee to the network was $100. The hourly rate was $2.75 during
off-business hours and weekends.

MicroNet. This network is similar to The Source; it runs on a general time-
sharing system CompuServe. It offers

o general programming

» MicroQuote, a stock price index

o file editing

« software exchange from a central library
» community bulletin board

« electronic mail
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The system was opened in 1979. The entry fee in 1982 was $9.00, and the hourly rate
was $5.00.

Electronic Mail and Teletex

Users of a computer-based mail system can send each other digitally encoded textual,
and possibly graphic messages. Since much of today’s mail is generated and consumed
by computers, electronic mail can save potentially large amounts of work and paper
(possibly with increased security). National electronic mail systems are planned or
operational in several countries. Their purpose is to replace parts of manual delivery sys-
tems. Videotex systerns can be connected to electronic mail computers via gateways.

Text transraission necessary for electronic mail and similar applications can be
handled by teletex, which is described in a set of new intemnational standards. Besides
basic termninal-to-terminal communications (such as in the earlier telex), teletex provides
options for facsimile transmission, graphic characters, and storage of messages in the
network.

Office Automalion

The backbone of the electronic office is a system of communicating terminals and proc-
essors. Of the many functions these systemns can carry out, the most typical are word
processing, memo and document filing/distribution, form editing, form filing, messag-
ing, and internal directory service. It is advantageous if the traditional data-processing
functions of the enterprise (order entry, warchouse management, personmel) are
integrated, or at least linked, with the office automation system.

Although not ideally suited for that purpose, private videotex systems offer attrac-
tive solutions to office automation problems. Following Rouilly (1981), bere are some
pros and cons of this approach:

1. The terminals are low in cost. Mass-produced videotex terminals are less expen-
sive than those designed especially for office automation. The main drawback is lower
image resolution, which is partly balanced by better color capability.

2. Videotex terminals cannot be used for sophisticated editing and word process-
ing. However, these functions are not needed at every work station and can be supplied
by the installation of a few special-purpose processors. The needs of the majority of
employees can be satisfied by the display quality offered by videotex.

3. Videotex is immediately available from a number of sources as tumkey systems.
Some companies offer enhanced functions on their videotex installations, such as memo
transmission and distribution, messaging, and telephone directory.

4. There is no need for additional communication infrastructure. The company'’s.
telephone network is immediately useable, as long as it has reserve capacity sufficient
for the additional load. Unless special modems are used, a telephone connection cannot
be used simultaneously for voice and data. ' ‘
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5. There is easy access to other (public or private) videotex systems and external
computers. This also offers the possibility of working at home.

Time-Sharing and On-Line Data Retrieval

Time-sharing companies offer programming, computing and file services on large com-
puter systems. On-line databases offer access to large and specialized databanks (e.g.,
for bibliographical reference, news items, and legal or medical information). Once
again, these services are good candidates for conmection to videotex users through
gateways.

Computer-Aided Instruction

These systems resemble videotex in that the educational material is frequently organized
in pages and sequencing is often based on multiple choices. Videotex, therefore, seems
to be a suitable medium for CAI implementations. However, typical applications may
require finer resolution displays than television can provide and closer interaction
(involving program execution in terminals) than is usual in videotex. One possibility is to
use a dedicated videotex system or an intelligent terminal (or concentrator) into which
the entire CAI course is downloaded from a central databank.

Private and Videotex-Derivative Systems

Government-sponsored development of national videotex networks (Prestel, Télétel)
have stimulated a great deal of interest in the world of business data processing. Many
inherent features of viewdata have been found attractive and enterprises have discovered
the potential of using videotex for business applications (as well as for office automa-
tion). Today business users form an important and growing segment of the total cus-
tomer population. In fact, there were about 100 private videotex systems in the UK. by
early 1083.

As mentioned previously, there are two large groups of business users of videotex
technology: those who subscribe to the services of public systems, and those who prefer
to install their own in-house systems. The difference between the two groups is similar to
the difference between customers of general time-shanng services and owners of data-
Pprocessing systems,

In return for the benefit of lower initial investment and fast availability, users of
existing systems (like Prestel) have to fit their applications within the rigid limits of the
host system. On the other hand, private videotex systems can be made to incorporate oth-
erwise unattainable functional and performance features. These include, for example:
nonstandard database structures and retrieval commands suited for specific application
(e.g., Optel, the Open University’s viewdata system); higher than normal transmission
rates (9.6 kb/s in Topic, the London Stock Exchange system); and terminals with non-
standard geometric options or which are capable of displaying 40 or 80 characters on a
row. Many applications require specific additional functions: terminal-to-terminal
messaging, personal filing, and corporate directories are standard components of
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videotex-based office automation installations. There is a tendency to integrate such
private systems with the existing data-processing equipment of the enterprise.

Some large computer manufacturers such as IBM and Digital Equipment seem to
recogpize this by developing their own versions of videotex. For example, IBM's proto-
type system described by Grimm (1982) is based on an IBM Series/1 computer. The basic
system is similar (for the user) to Prestel; however, the main emphasis is not on main-
taining large videotex databases, but rather on the conversion of data from other sources
(not uniquely TBM) into videotex format. This conversion can be done in batch or real-

Through a process of adaptation to the needs of applications, many private
videotex systems have become quite dissimilar to their public cousins and ancestors.
Some of the remaining attributes and factors that warrant use of the term “‘videotex™ n
describing these derivative systems axe:

« the use of terminals fabricated for videotex

« presentation level compatibility with videotex

o the use of telephone networks (public or in-house)

« access to public videotex and external computers via gateways

» access to parts of a private database from a public system

« the fact that private systems are often designed by videotex vendors {e.g., the
French company Steria), and that the software is derived in an evolutionary way
from videotex software '

» the fact that the spirit of the private application is akin to the original idea of
videotex: inexpensive access by many nonspecialized people to relatively simple
services (with the obvious qualification that what is considered complex now will
be “*simple’’ in a few years’ time).

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 38



P
g Mt gme o

g4 o
¢ oot o o

== illl §=I: =! ] iﬂ soli i=

3.1 COMPUTER NETWORKS

Since videotex systems are a form of computer network, we shall give a short introduc-
tion to this latter area. For a comprehensive treatment of the subject see Tanenbaum
(1981) and Martin (1981). Computer networks and distributed systems are related terms
designating systems in which information processing is done on multiple, remote, mutu-
ally interconnected, and cooperating computers and other equipment. These systems
came about as a result of developments in hardware fabrication technologies (economi-
cally enabling many computers and intelligent peripherals to be included in a system),
and in telecommunications (especially data networks which enable computers to be inter-
connected efficiently). Resource sharing and other advantages inherent in cornputer net-
works often provide better, more economical solutions to the ever-increasing
computing needs of society that are more flexible than those possible with centralized or
separate computers.

Although hundreds of computer networks are in everyday use and will undoubtedly
grow in size and sophistication, there is still no universally accepted criterion to deter-
mine just where the boundary between centralized and distributed systems is. Without
going into details, we shall mention two criteria useful in getting some appreciation for
the field and in locating the position of videotex appropriately in the space of computer
networks. The first criterion is the rightness of coupling between participating comput-
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ers. Tightly (or closely) coupled systems typically communicate through a shared main
memory to which both computers have access. The units of exchanged information are,
small (e.g., a MEMOLY word or record), interactions are frequent (say, 100 —10,000 per
second) and the time to exchange informiation units is comparable to the instruction exe-
cution time. The communication medium is the processor bus and the physical distance
between nodes is small (e.g., they may:lie within a room). According to some Views,
such tightly coupled multiprocessors do not even fall into the category of networks.

The features of a Joosely coupled system are quite opposite: interactions are. infre-
quent (say 0.1—10 per minute), transmission delays are long (110 seconds) and the
units of exchanged information (usually called messages) are in the order of hundreds or
thousands of bytes. There is no common memory between systerns, and the transmnission
media are telecommunication links and networks. The physical span of such Joosely cou-
pled networks may be thousands of miles. Clearly there are a great variety of intermedi-
ate forms between the above two extremes;. one well-known example is the local area
network.

The second criterion helpful in classifying distributed systems is the nature of what
is really distributed in the system and what remains centralized. In particular, the distri-
bution may involve data, processing, control, or any combination of the three. Martin’s
view (1981) is more detailed, distinguishing six distributable elements: application proc-
essing, files, databases, input/output, network control, and intelligence. A database
whose different files—or records of the same file—reside in different nodes is an exam-
ple of data distribution. A transaction-oriented system in which a unit of work (transac-
tion, job) is passed between several computers, each specialized in a partial activity
(compilation, data retrieval, etc.) exemplifies distributed processing. Finally, we speak
of distributed control in systems in which operating system functions, such as coordina-
tion of events, resource allocation, data movement, and so on, are also distributed.
Miuch theoretical and practical research is centered on these issues.

In some systems a primary design goal is to make distribution transparent to the
end nser. Such transparency would give the user the impression of dealing with a‘single
centralized computer.

Computer networking, as most things in life, has its advantages and dangers (the
Jatter being sometimes underestimated). Among the most-often-cited advantages are
increased availability and reliability, better cost effectiveness, and increased capabilities
for cornmunication between people. The disadvantages stem mostly from the fact that
networks are inherently more complex and harder to design (and to use propetly) than -
are centralized systems. Also, maintenance of security is more difficult than it would be
if data, communications, and computation were all contained in one room.

With regard to videotex, these emerging and rapidly evolving networks appear at
the present to involve mostly data distribution. Access to complementary, partial, and
external databases is of great current interest, and mechanisms for demand-based
automatic migration of data pages between computers are being designed. There is less
distribution of processing and control in videotex, although some processing functions
for a transaction (such as access verification, maintaining of ‘‘user contexts’” or keyword
dictionary lookup) may be executed in access machines (concentrators) rather than in
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main database computers. Also, the use of external computers involves transfer (not
necessarily distribution) of control and processing. At any rate, presently known
videotex configurations do not yet rely on the sophisticated and theoretically interesting
features of distributed control that are in the spotlight of the current literature on distrib-
uted systems; the emphasis is rather on compatibility, efficiency, and user intetface
problems. Insofar as videotex becomes in the future a generalized computer utility, this
situation may rapidly change, however (especially given the eventual impact of
telesoftware and intelligent terminals, discussed in Chapter 14).

3.2 THE OSI REFERENCE MODEL

All forms of distributed computing imply complex cooperation between the participating
node computers and between the computers and communication media. This in tum
leads to the necessity of standards. Without appropriate standard ways of interworking,
each instance of a distributed system would be a rigid, unchangeable, and isolated
construct with little space left for upgrading, component replacement, expansion, and
linkage with other similar systems. This fact has been realized by many major manufac-
turers, who reacted to the new need by introducing their own standards; examples are
. DEC"s DECNET, IBM’s SNA (System Network Architecture), and Honeywell’s DSA
(Distributed System Architecture). Although these standards are conceptually similar,
they are sufficiently different to prevent easy interworking between, say, a DECNET-
and an SNA-based system. The need for a common, product- and supplier-independent
standard has been recognized by international standards bodies, such as ISO and CCITT.

In 1979, ISO proposed the so-called reference model for Open Systems Intercon-
nection (OSI). The model is not a standard in the usual sense of the word; it is rather a
“metastandard,”’ describing the general structure and relationships in a proposed system
of standards whose goal, when implemented and adhered to, is to enhance interworking
within distributed systems. The word *“open’" is intended to indicate openness to growth
and cooperation in future systems.

The reference model has generated a great deal of interest in the computer and
telecommunications communities, and many excellent works exist on the subject (e.g.,
Zimmerman, 1980). The following is a short account of its principal philosophy and
recormmendations.

The essence of the philosophy behind the OSI model is the recognition that inter-
working between nodes of distributed systerns may take place at different levels and that
the interactions on each of these levels are quite independent of those on other levels.
This philosophy in turn partly follows from the fact that human designers think of com-
plex systems, such as computers, in hierarchical terms, trying to divide them into sub-
systemns (levels, layers) and to deal with each as separately as possible. The mouvatlon 1s
to reduce to manageable proportions the complexity of subsystems.

The model defines seven layers on which interworking can take place, as shown in
Figure 3.1. Each column shows the layers in a node (typically, in one location). We note
that not all layers have to be present in all systems and that there is nothing absolute
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Systern 1 -
Layer Node 1 System 2
7 Application Application | To other
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. Session protocol
5 Session -t - p— —
% PpU;
4 Transport f—— f——
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I PCI3I SDU ]
T PDU;,
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Physical connection ___
. PDU: Protocol data unit
~ Real connection PCI: Protocol control information
———— Virtual connection SDU: Service data unit

Figure 3.1 [SO Open Systems Interconnection reférence meodel.

about the number of layers: seven is essentially a compromise between too few layers
(each of which would be too complex) and too many layers (which would necessitate
definitions of many interfaces and standards). Meaningful ‘communication takes place
between peer entities (processes), which are equally numbered layers in two nodes. This
communication is carried out according to a set of rules, interaction sequences, and data
formats, collectively called protocols. 1SO is proposing services and protocols for each
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layer; some of these protocols are already defined, others are being studied by different
study groups (see below). ,
The layers and approximate protocol functions in Figure 3.1 are the following:

1. The physical layer defines the physical and electrical characteristics of the
transmission medium and provides for the transfer of a bit stream between systems.

2. The link layer provides for error-free transmission of information records over a
communication link (ling), as well as a certain amount of flow control to prevent
one node from flooding another with information faster than it can be received.

3, The network layer controls transmission and routing of messages through commu-
nication networks.

4. The transport layer provides end-to-end communication between two peer proc-
esses. The term “‘end-to-end”’ indicates that the peer processes appear to talk to
each other directly. Lower level protocols often span only parts of the path
between two nodes, as drawn in Figure 3.2.

5. The session layer coordinates logon, option negotiation, application selection, and
other information exchange (e.g., <‘your turn” ) necessary to establish and conduct
correctly a dialog between two applications (sometimes even despite the presence
of errors in layer 4).

6. The presentation layer determines the way in which information (characters and
other data structures) are interpreted by the output (e.g., display) devices, includ-
ing data compression and encryption.

7. The application layer determines the contents (meaning) of the dialog between the
user and the selected application program.

The OSI model should be regarded as a broad guideline for system design and not
as a straitjacket into which all systerns must fit. The strictly hierarchical relationship is
questionable in some cases and the identity of some levels may be ambiguons. For exam-
ple, the rules defining the keypad commands in Prestel-like systems appear to belong to
both levels 5 and 7. It would also be difficult to assign to a level an eventual telesoftware
standard.

Communication between peer entities (shown by broken lines in Figure 3.1) does
not take place directly in each layer; the only physical (real) transmission is on level 1,
and all other functions up to the application are built up in successive layers, each rely-
ing on the services of the next lower level, and adding some functional elements (e.g.,
error detection, retransmission, and concatenation of received records into longer mes-
sages) and providing this new service to the next higher level. Therefore, horizontat con-
nections in the diagram, each governed by an appropriate protocol, are sometimes called
virtyal communications. -

Commumication between adjacent layers of a given node is in terms of information
blocks called Protocol Data Units (PDU). A typical PDU has two components: Protocol
Control Information (PCY), used for the protocol services in a given layer, and Service
Data Unit (SDU), which is the (uninterpreted) information sent to the next higher level,
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where it is treated as a PDU and the appropriate PCI is removed and processed. The
process is reversed in the downwards direction, as also shown in Figure 3.1.

Standardizing the Protocols ,

Following the generally positive response to the OSI reference model, ISO is now in the
process of specifying standard services and protocols for each layer. Most of this work is
currently concentrated around layers 4 and 5. Existing international standards such as
X.21, HDLC, and X.25 (for packet switching networks as described in Chapter 6) are
appropriate for levels 1—3. .

On the transport level, there is a newly emerging protocol (ISO, 1982), defining
five classes of end-to-end services. Class O is the basic teletex service; classes 1—4 intro-
duce further functions, such as error recovery and multiplexing, and their combinations.

A session level protocol is also being studied by ISO and CCITT. Functions to be
provided include session establishment/termination, option negotiation, token control
(e.g., controlling whose tum it is to transmit), and checkpoints. Further services also

" under evaluation include virtual terminal and virtual file access, using the above func-
tions and probably placed in layers 6—7.

3.3 VIDEOTEX IN OSI PERSPECTIVE

Since videotex networks are typically very large, spanning large geographical areas and
including all levels identified by the OSI model, and since interworking between systerns ‘
on national and international scales is a desirable objective, standardization is of great
importance. There is quite hectic activity in the international videotex standardization
arenas and although most of the newer efforts claim to fit the OSI framework, it is,
unfortunately, not likely that a unique set of protocols will be agreed upon. In this sec-
tion we present a typical videotex system, indicate its correspondence with the OSI
model, and list some existing and emerging videotex-specific standards.

Figure 3.2 shows a somewhat simplified viewdata system consisting of user termi-
nals connected to an access machine (AM) through the public telephone network, with the
AM linked to a remote database via a packet switching data network (PSN). Service-
provider terminals are linked to the database through the PSN. The brackets under the
diagram indicate the approximate span of some protocols that could be found in this sys-
tem. Lower-level protocols control individual transmmission lines connecting to and within
the data network; the presentation- and application-level protocol’s control extends (in
this example) from the terminal to the database. However, this may not always be the
case—for example, in the Bildschirmtext gateway (discussed in Chapter 11).

As mentioned above, lower protocol layers are fairly well established and are not
videotex-specific. They consist (for the PSN) of the CCITT X.25 standard and provide
for reliable transmission of messages between the database and terminal (user or service
provider). Note that in this case two instances of X.25 (AM-PSN and PSN-DB) are
present. For transmission over the telephone network these layers are defined by the
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UT : ST

Telephone
network AM PSN

e

OSI level
l ’ | | L x.21 M| L_l l_.] l X.21 1 I 1
| a LHDLC ( HDKC j txos 2
L I lPacketl i Packet ] 3
1 1 L J 4,5
L Presentation, application ) 6,7 -
FEnd-to-end protocols
UT: User terminal IL_J: Span of protocol
DB: Database PSN: Packet switching network
AM: Access machine SPT: Service-provider terminal

EC : Extemnal computer
Figure 3.2 Soime protocols and their spans in a typical videotex sysem. 1n this example a retrieval session
involving a distant database is considered; the session is set up and controlled by AM. The transport and session
prowoolsa:enotend-to-endhem,whereasﬂwymaybeinahermtems. *

parameters of modems, the asynchronous transmission, and the dialing conventions
used. However, the corresponding levels in one-way systems ar® quite different, as’
exemplified by the France-Canada-CBS proposal (discussed in Chapter 5). At the session
level, a protocol proposal published recently by AT&T (Bell, 1981) consists essentially
of control codes for selecting presental jon-level coding options. In other systems the
session level consists of logon and logoff procedures, the rest belonging to the applica-
tion layer. Level-6 standards are very important for videotex since they determine,
among other things, the way in which pages to be displayed on color TV screens are to
be encoded and stored. Pertinent standards are the CCIYT 8.100, the North American
PLPS (essentially AT&T’s Presentation-Level Protocol), and the CEPT European propo-
¢al. These and other protocols are dealt with (and referenced) in Chapter 8. Finally, the
application level includes in most systems data retrieval from tree-structured databases;
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the protocol proper is inherent in the syntax and semantics of the user commands and
their relation to the database. These are the subject of the F.300 recommendation by
CCITT. Other, mostly transactional, applications, such as teleshopping or banking, are
rapidly gaining importance, and corresponding protocols are being proposed.

Architel Protocols

The direction of French Telecommunications initiated in 1982 the development of a set
of OSl-compatible protocols, aiming at assuring compatibility between different
telematic and other public information services (Télétel, teletex, facsimile, Electronic
Directory, electronic mail, and others).

Architel (1982) covers OSI layers 4—6. The transport protocol is identical to
Classes 0 and 2 of the ISO transport protocol (see above). Class 0 provides for a simple
end-to-end connection without multiplexing or error recovery. Class 2 includes multi-
plexing and optional flow control.

The session protocol is aligned with the preliminary versions of the ISO protocol.
Services (provided to the presentation layer) include connection establishment and termi-
nation, as.well as control of data transfers. Two kinds of connections are supported, suit-
able for interactive (conversational) and document transfer sessions, respectively. The
former type is suitable for interactive database access and data collection. Several kinds
of tokens (e.g., data, synchronization, and termination) are used as means of controlling
the protocol’s actions; possession of a token means essentially the right to execute an
action {e.g., send a data message).

The Architel presentation protocol is concerned with the ways in which informa-
tion is displayed to the user and in which the user can respond to this information. The
display screen (along with some supporting data structures) is considered as 2 *“common
space” shared by the application program and the user (peer application-level entities),
and through which they interact. For this reason, the protocol is also called virtual termi-
nal protocol.

The virtual terminal is a data structure whose main components are:

1. Parameters of the terminal: These include its resolution, color capabilities,
whether it is capable of data collection, and many other facts. These parameters
(the *‘terminal profile’’) are transmitted during session establishment to inform the
peer presentation entity about the terminal’s capabilities and to find out whether
presentation-level cooperation can take place. This is generally called “‘option
negotiation.”’

2. Main data structure: This consists of the document to be presented. Its com-
ponents are:

(a) Parameters of the document: These include, for example, the size of the page,
number of lines on the page, and number of characters on the line.

(b) Page(s): These consist of windows (rectangular areas serving to display or to
collect information), each having its contents and attributes (e.g., color) and
belonging to a class (mosaic, geometric, photographic). A page may also have
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a program associated with it, to control, for example, the sequence in which
windows are to be displayed.
3. Complementary data structures:

(a) Cursors: Show the position on the screen of the current page, current window,
and current character; they can be controlled independently of each other.

(b) Color tables and dot patterns: Define certain details of the interpretation of
received displayable information. _

(¢) Dialog controller: A finite-state machine controlling the sequence of data
transfers, using the session level services.

(d) Working memory: Holds variables for the above structures.

From this brief review it should be clear that ‘‘presentation protocol” may have
many meanings and scopes. For example, the protocols and standards to be discussed in
detail in Chapters 7 and 8 cover only a small (but important) subiset of the virtual termi-
nal protocol (essentially, the point covered under Page(s) above).
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introduction

Videotex data can be transmitted from its origin to the user’s terminal by virtually all
available data communication media. Many of these are hidden inside communication
networks and have no noticeable influence on the videotex service. For example, long-
haul lines in telephone networks may be i lemented as microwave, coaxial, or satellite
links; however, this implementation has little influence on the end-to-end characteristics
of phone circuits.

Chapter 4 deals with those transroission media and systems whose parametets have
a rather direct impact on the operational characteristics of the videotex service supported:
the media and systems used for the delivery of information to the user terminals. The
principal physical media we consider are the public telephone network, television broad-
cast, coaxial cable-based systemns, and fiber optics. Chapter 5 is entirely devoted to
teletext, describing its technical foundations, implementations, and some standardization
issues. Chapter 6 provides an overview of videotex network topologies.

Classification
Delivery systems can be classified according to four criteria:

« whether dedicated physical paths are provided to each user terminal, or physical
channels may be shared by many logical paths
33
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« whether they can transmit information in one or two directions

o whether individual users can be addressed—that is, whether information can be
sent selectively to users or user groups as opposed to being broadcast to anyone
who may be listening

« rate of data transmission.

In order to prevent confusion, it must be emphasized that the functional charac-
teristics of a given delivery system generally depend not only on its physical nature but
also on the higher-level protocol procedures used in the system. For example, a one-way
cable system may or may not incorporate addressability. '

There are three broad classes of delivery systems in use today: dedicated two-way,
such as telephone; shared one-way, such as TV broadcast (off-air or cable); and shared
two-way, such as two-way cable systems. Systems based on one-way delivery are often
identified as teletext. ‘

In shared two-way systemns, the conflicts due to simultaneous upstream transmis-
sion by several users must be resolved. The methods available are basically those used in
local area computer networks.

Finally, we must point out that a particular videotex system may tely on several
delivery media—for example, one-way cable and telephone. Such systems are some-

times called hybrid.

Delivery Protocols

We are interested here mainly in the fashion in which videotex information is delivered
to the user’s terminal, and not in the way this information is interpreted by the terminal
and used by an application. This is a useful, although possibly ambiguous distinction
(e.g., in teletext, page numbers have to be analyzed before it is determined whether a
page is useful at a given time; this processing may be thought of either as part of the
interpretation taking place in the terminal, or as part of the delivery process). Without
going into details, we can say that in terms of the OSI model, the separation between
delivery and interpretation functions is somewhere around the session layer. In this part
of the book we are thus concerned with the protocol functions associated with layers
1--5, treating them occasionally as a single communications level that executes the
delivery protocols. .

This low-resolution view of OSI is justifiable for several reasons. First, due to the
particularities of present videotex, some layers (such as the transport layer) are some-
times missing and other layers are hard to identify. Second, many systems werc not
designed with OSI in mind, and the atternpt to translate their notions and terminology
into the terms of the seven OSI layers would result in more confusion than clarity. How-
ever, this situation is changing as a result of the mounting pressure for standardization.
An attempt to define a complete teletext system in OSI terms is found in Sablatash and
Fitzgerald (1982).

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 49



Part |l The Communications Level 35

Delivery protocols have the following functions (illustrated in Figure 4.1):

Bit and byte synchronization: This assures the correct reception of a series of
bits through the medium and the appropriate recognition of character bounda-
ries. These operations affect the clock and bit-counter circuits in the receiving
equipment.

Error protection: Deleting or correcting errors that may occur during transmission.

Data identification and continuity checking: This can involve, for example, proc-
essing of line, page, and magazine numbers in teletext.

User addressing: Here belong processing of user addresses, closed user group
identifiers, and channel numbers (in systems such as Didon). These functions are
applicable in systems with shared addressable media. _

User command handling: Certain aspects of this are executed locally by the termi-
nal in one-way systems and distantly in two-way systemms.
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4.1 THE TELEPHONE NETWORK

The public telephone system is the best-established and most extensive communication
petwork we know. There are some 300 million telephones in the world, 6 million in New
York City alone, and practically every household in North America has access t0 a tele-
phone. In principle at Jeast, every phone in the world can be connected with every other.
The cost of locally using a phone is well within the reach of the average person in the
industrialized world.

The telephone network can be thought of approximately as a hierarchy of
exchanges (switching offices), concentrators, and toll offices, mterconnected by com-
munication lines of different capacity. Generally the characteristics of these lines depend
on their position in the hierarchy: at higher levels, links have higher bandwidth, are mul-
tiplexed, and span longer distances. Subscribers’ phones are comnected to local
exchanges (lowest-level exchanges) through dedicated two-wire circuits called local
loops.

The original purpose of the telephone system was, of course, communication of
analog speech signals, and not transmission of digital data. Consequently, the bandwidth
of a typical switched voice-grade circuit is about 3000 Hz (frequency range from 300 to
3400 Hz). However, this limited bandwidth applies only to end-to-end circuits in the net-
work, that is, from phone to phone. Individual parts of the system can often carry much
higher data rates. The end-to-end bandwidth is artificially limited in order to exploit
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Dedicated Shared Shared
Function 2-way l-way 2-way
Bit, byte
synchronization v v v
Error protection v v v
Data identification N.A.
continuity (only demanded Vv Vv
{page, magazine) pages sent)
NA. v
User addressing {done in access {In addressable v
machine) systems only)
User command v Lacal function v
handling in terminal

Figure 4,1 Delivery protocol functions in different media.

better (i.e., to multiplex) the long-haul circuits, Thus, for instance, the local loop itself
has a bandwidth of almost 1 MHz, and could therefore easily carry a digital voice circuit
of 64kb/s. But the extension of such circuits throughout the network would require
expensive upgrading of the whole system. And since videotex, in order to be viable,
must be cheap, those videotex systems that rely on the telephone network for delivery
use it as it is. However, there is a trend toward the digitalization of the telephone net-
work, as will be discussed later.

Modems

The most common way to use the switched telephone network for digital transmission is
through devices called modems. The function of modems is to transform binary signals
into a form suitable for transmission within the available bandwidth. Since the
bandwidth does not extend down to 0 Hz, the circuit would not transrnit well the dc lev-
els corresponding to binary 0’s and 1’s. Instead, most modems employ a frequency
modulation technique with four distinct frequencies used to carry 0’s and 1’s in both
directions,

Low speed modems, such as those typically used for videotex, work in asynchro-
nous mode. That is, each eight-bit character is bracketed between a start bit and a stop
bit used to re-synchronize the bit-clock of the receiving modem. Thus, individual charac-
ters can be followed by pauses of any length.

Modems are available for a range of standardized transmission rates from 75 b/s to
9600 b/s. Speeds up to 1200 b/s (approximately 120 char/s) through switched circuits are
attainable with relatively inexpensive modems; higher rates require specially designed
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modems, coding techniques, and, eventually, conditioned and/or dedicated (leased)
lines. We point out that when the switched network is used, the physical circuits
involved in the connection may be different from one call to another {except for the local
loop). )

Again for obvious economic reasons, low cost modems are a must for videotex.
Fortunately, 1200 b/s is an acceptable speed for most picture-coding techniques, with the
exception of photographic coding. (This is no surprise: in effect, image-coding methods
for videotex were originally conceived with this limited bandwidth in mind!) At that
rate, transmitting a full alphanumeric page takes less than 10 seconds, about 0.5 s per
line, which is decidedly higher than the reading speed of an average person. About a
minute is needed to build up a photographic image on the screen; this is decreased to 15 s
at 4800 b/s, a quite acceptable delay.

Data Rates

In two-way videotex a reverse channel must exist to transmit user commands to the ser-
vice computer. The bandwidth required for this is much less than it is in the forward
direction; in most systems 75 b/s is used (150 b/s in certain trials in Canada). A CCITT
recommendation (V.23) exists for the communication between computers and user
terminals. This recommendation in effect specifies full duplex asynchronous commumi-
cation at 1200/75 b/s in the forward and reverse directions, respectively. Most existing
systems use modems complying with V.23. The provision for full duplex communication
is important, however: it permits a command to be sent before a page transmission is
completed in order, for example, to shorten the waiting time for the next selection, ot to
block the transmission if the page is of no interest to the user.

The 1200/75bis system is sufficient for data retrieval applications in which the
user input is generated by typing and sending a few characters. But in other cir-
cumstances (such as local editing of messages in an intelligent terminal and sending of
the entire message at once), rates of 1200 b/s may be needed in both directions. This is
completely within the possibilities of the switched telephone network, and suitable
modems are currently available.

Higher transmission rates are required for photographic and quasiphotographic
image coding. For example, Captain uses 3600 b/s, and the British Telecom is experi-
menting with 6800 b/s for its Picture Prestel service (not yet publicly available).

Some form of flow control must be used in order to prevent overflowing of the
receiver’s buffers. In Telidon, control character DC3 is used to request the service com-
puter to stop transmission, and DC] is used to resume transmission.

There is much discussion of the merits and drawbacks of the telephone as a
videotex delivery vehicle (see Link Research Memoranda, 1980). One of the original
motivations behind Prestel was to improve the utilization of the network in off-peak
hours (evening). Although this rationale is entirely valid for home applications (the ini-
tially targeted marketplace), it is almost entirely invalid for business applications, most
of which coincide with peak telephone traffic. The main arguments about the suitablility
of the telephone as a videotex delivery vehicle are summarized below.
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Advantages;

. Itis a well-established system with very high penetration
- It has ports (user entry points)

. It has switching and addressing capability

It covers large geographical areas

It offers full duplex two-way communication

It has computerized functions similar to those required for videotex: autornatic user
identification, billing, programmable access restrictions, and facility to broadcast
SOme messages.

N O N

Disadvantages:

1. It has a low data rate

2. It was not designed for the bursty traffic of videotex—i.e., long user sessions may
be costly

3. It prevents normal use of the telephone (although proposals exist for use of a single
telephone line for simultaneons voice and data transmission).

4.2 INTEGRATED SERVICES DIGITAL NETWORKS (ISDN)

Although many of today’s public communication and mass media services are based on
analog transmission technologies (telephone, radio, television), digital transmission is
making fast and steady progress. The main reasons for this are that digital information is
easier to protect against distortion and errors, and that computer technology can be
readily applied to build and control sophisticated data networks. On a different level, the
need for cooperation of distant computers has led to computer networks in which there is
little place left for analog information.

Digital Carriers

All information services reaching the public, including television, can be coded and
transmitted in digital form. Pulse coded modulation (PCM) transducers, called codecs,
are currently available {o digitally encode acoustic information, and a growing number
of long-distance links carry telephone traffic in digital form. In the U.S., there are nearly
160 million km of T-carrier links (1.5 Mb/s) and about 250,000 dlgmzed local loops
installed. Figure 4.2 shows some commonly used digital data rates and carriers. Bell Sys-
tem plans a switched digital capability over the piblic switched network, and a large
number of digital exchanges and toll offices are already installed and working in most
Western countries. Cable companies are introducing into the customets” homes very
large bandwidth conmections (up to 500 MHz), which, though presently used mostly for
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Multiples of 1.2 Kbfs:

1.2 Used over voice-
24 grade lines
4.8 with modems
9.6

19.2

Multiples of 56 Xbfs (= PCM voice channel):

56

112

224
T1 carrier 1.544 Mbfs (=24 X 56)
T2 carriet 6312 { 4XTD
T3 carrier - 44.736 { 1TXT2)
T4 carrier 281 { 6XT3

Figure 4.2 Data rafes commonly used in the U.S.

television, are excellent carriers of digital information. In addition, public data networks
and computer networks are already in current use.

Service Integration

The idea of ISDN (see Dorros, 1981) is to unify this emerging infrastructure into a pub-
lic, digital, end-to-end telecommunications network providing a wide range of applica-
tions through standardized interfaces. ISDNs are not yet common, nor is it clear what all
the services carried will be like. What is clear is that even traditional services could be
provided more economically and flexibly through a single unified digital medium than
through separate and mixed media and networks (such as telephone, cable, and telex).

ISDN planners submit that the new network is relatively independent (say, up to
the transport layer) of its future applications. The commodity offered to customers
would be units of digital channe] capacity. Each customer will “‘consimme’’ as much
capacity as needed. Channel capacity would be delivered through standardized inter-
faces. Some interface capacities currently planned by the Bell System are:

¢ 1.544Mb/s for large business customers
o 144 kb/s for small business customers (sufficient for simultaneous voice and data)
s 30 kb/s for residential customers.

Cable systems (discussed in section 4.3) usually divide their bandwidth into 6-MHz
slots; these can be used to carry digital traffic to a number of homes.

The obvious implication for videotex is that ISDN can serve as a convenient
delivery system that is tailored to the real needs of the application in question, and not
vice versa. .

Although truly nationwide ISDN is still perhaps 10 years away, significant local
implementations are being realized. One of them is the IDA project of the Manitoba
Telephone Company, described in Chapter 6. Another major project is the ISDN service
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to be introduced in London in 1983. Users will have access to a 64 kb/s voice channel
(useable also for data transmission) and an independent 8 kb/s data channel. Both of
these will provide highly enhanced telephone and videotex services (see Childs, 1981).
Another development is the recently announced Local Area Data Transport (Handler,
1982), which is in essence an X.25-based packet-switching network accessible through
the local telephone loop. :

4.3 CABLE SYSTEMS

The growing popularity and penetration of television in the 1950s brought about an
increasing demand for more channels and better reception. Reception problems were
observed in both rural and iwban areas: in the former, due to the distance from the
transmitters; in the latter, because of multipath reception and because there were many
sources of noise. Community antenna television systems (CATV)—or simply cable
TV—offered a solution to such problems. Today a considerable fraction of television
owners in North America is serviced by cable. In Canada about 60% of all households
have the cable installed, and the service is easily available (the cables passing nearby) to
apother 20%. In the U.S., cable penetration is about 28% and is rapidly growing. In
‘Western Europe cable penetration varies widely between countries. According to Ball
(1981) the leader is Belgium, with 75%. West Germany, France, and the UK. have
35%, 1%, and 14% penetrations, respectively.

It was soon realized that video programming is not the only kind of information
that can be carried (and sold) to customers through cable. Data can be superimposed onto
the TV signal, as will be described later in this chapter. Additional possibilities are
offered for full field data transmission on unused television channels. The next step is to
consider the cable as a broadband, ISDN-type transmission medium with certain parts of
the frequency spectrum allocated to purely digital (usually packet-based) data services
that have nothing to do with the TV signal. Since packets can be addressed, individual
sub-channels can be established for communicating with selected users or user groups.
Finally, the system can be made interactive by incorporating reverse channels from the
users to the cable head; the result is two-way CATV. Such systems are in actual opera-
tion, offering a variety of informational and other services and approaching what might
be called ““local’” ISDNs.

Physical Structure

Curment cable television systems use coaxial cable as a transmission medium. The topol-
ogy is usnally a three-level tree structure, as shown in Figure 4.3. The root of the tree is
the head-end, or hub, which feeds the main trunk with the appropriate signals. This trunk
is the backbone of the distribution system. Amplifiers must be inserted every
0.5—1.0km in order to counter signal attenuation. Some of these amplifiers, called trunk
bridgers, serve also as branching points for distribution feeders, each such feeder can
serve 300—500 subscribers. Feeders consist physically of the same kind of coaxial cable
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Distribution feeder

Distribution amplifier

——Q—— Tap (up to 10 per distribution amplifier)

Figure 4.3 Structure of a typical CATV system.

and amplifiers as the main trunk. Individual users are connected to the feeder in branch-
ing devices called directional couplers or taps (4—8 users per coupler).

About 80% of cables installed in Canada are aerial cables; the remaining 20% are
installed underground. The cost of installation of one km of cable is between $5000 and
$10,000, depending on the factors such as the cable’s bandwidth and whether the cable
is above ground or buried.

The geographical span and the number of subscribers of such CATV systems is_

limited by the maximum number of amplifiers that can work in tandem in order to keep
signal distortion to a reasonable level; a typical number is 30—35. These limitations can
be partly relieved by using multiple hubs; this amounts to a star-like topology.
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Two-Way Operation

Recent interest in interactive cable-based services (and in the potential revenues for
operators and service providers) has motivated research into methods of upgrading exist-
ing CATV systems towards two-way operation. Presently there are about 400 cable
operators in Canada. About 10% of the systems are ‘‘two-way compatible’”—that s,
they have physical provisions for the additional equipment required. But there are very
few truly operational two-way systems. Examples of such systems are Cablesystems
Engineering’s system in London, Canada (see Allora-Abbondi, 1979), and Cox’s Indax
system (see Gates and Tjaden, 1982). Some of these systems will be described later.

 Conversion to two-way operation fortunately does not always require replacement
of the cable or addition of another one; the same medium can conduct signals both
ways. This effect is achieved by splitting the cable’s bandwidth and using one part for
downstream, and the other for upstream communication. The main physical change that
has to be made is to upgrade the amplifiers for bidirectional operation. The new devices
consist essentially of two amplifiers with diplex filters, one used for each direction of
transmission.

In addition to requiring physical modifications, upgrading to two-way traffic
causes a number of further potential problems. The most important one may be the accu-
mulation of noise from upstream traffic; in effect, a single faulty user terminal generat-
ing inappropriate signals or frequencies can jam the whole system. One solution is to cut
off the noisy branch at the trunk bridger. This can be done by remotely controlling the
bridgers by appropriate messages from the head end. Newer two-way designs incorporate
a generalized remote control and monitoring factlity, applicable to individual user termi-
nals as well. Such a facility is nsed to implement functions such as statistics-gathering,
pay television, burglar and fire alarms, and disconnection of the terminal if a bill is not
paid on time.

Splitting the Bandwicdith

Modern coaxial cables transmit signals in a frequency range of up to 500 MHz. The use-
ful part of this range is from 5 MHz up. This is an enormous bandwidth, comresponding
to more than 100,000 analog voice circuits. In one-way CATV, the bandwidth is allo-
cated to as many as 60 television channels, spaced at 6 MHz intervals and for the most
part unused.

In two-way systems the split between the upstrearn and downstream bands is typi-
cally at 50 MHz (but sometimes at 150 MHz). The upper part of the spectrum is used for
downstream transmission (thus including the complete VHF television and FM bands).
Upstream transmission is between 5 and 35 MHz. Although the above split is not fixed
by any formal convention, it is used as a de facto standard by all North American sys-
tems. However, except for the allocation of TV channels and FM broadcast bands, there
is no further consensus on the subject of subdivision and multiplexing methods for the
above two main bands. This absence of standards is similar to the situation in ISDN. A
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set of conventions to facilitate future interworking of digitized parts of CATV systems
was proposed by O’Brien (1981).

Transmission Techniques

Advanced services offered on one-way and two-way CATYV rely on digital communica-
tion technigues. There follows a brief list of issues that must be addressed in such system
design. Since these issues are not videotex-specific, we do not treat thern in detail here
(see Tanenbaum, 1981). '

Addressability. It should be remembered that addressability is applicable even
in one-way systems, Addressability permits control information or messages to be sent
selectively to individual terminals. A common application is in pay TV, in which
microprocessor-controlled terminals receive authorization and supplementary informa-
tion to descramble selected TV signals. Another form of addressability is applied to cut
off noisy branches in bridgers in two-way systems.

Multiplexing. Two basic techniques are used to split and share the bandwidth of

a cable: FDM (frequency division multiplexing) and TDM (time division multiplexing).

The former is used for analog TV signals, and allots 6-MHZ intervals per channel. TDM

" is applicable only to digital traffic and is at the base of the packet-switching technology

commonly used in data networks, Most systems use elements of both FDM and TDM:

for example, assigning a 6-MHz slot for digital traffic and subdividing the slot into a

number of sub-channels, each carrying perhaps a 64-kb/s digital bit stream, which itself
can be packetized.

Modulation. Analog and digital signals to be transmitted must be modulated
onto carrier waves whose frequency is determined by the underlying FDM scheme. The
functioning is somewhat similar to that of modems described earlier.

Access conflicts.  Since two-way cable is a shared medium, provisions must be
made to allocate to each user separate bandwidth (in the form of dedicated frequency or
time intervals) in the upstream direction. Altematively, if a common upstream channel is
used, access conflicts must be detectable and resolvable. One commeonly used method is
the “*carrier sense multiple access/collision detection’” (CSMA/CD). Its underlying prin-
ciple is that each transmitter tries to transmit its message in an empty time slot. If a con-
flict (simultaneous transmission) occurs, the transmitters will repeat their messages after
a random delay. Another class of procedures is based on polling. Generally the same
methods as those used in local area computer networks are applicable here.

Characteristics of Cable-Based Videotex Delivery Systems
The characteristics of such delivery systems are:
» high bandwidth
» 4 “‘box’’ (cable converter) that resembles a videotex keypad
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o in the case of one-way CATV, useability for interactive services, €.g., in combina-
tion with telephone -

e« possible upgrading to two-way of most existing systems (90% of which are one-
way)

» limited geographical extent

» no switching capability at present

« possibility of connecting local cable systems into large networks by using satellite
links.

4.4 FIBER OPTICS

There is much discussion about the potential of fiber optics as a replacement for coaxial
cable or microwave links. We briefly mention this technology because of its potential as
a delivery medium for videotex.

Fiber optics are fabricated from highly transparent glass material capable of func-
tioning as optical waveguides. The cammier of information is light that is generated by a
light-emitting diode or a diode laser. Analog or digital signals are amplitude-modulated
onto the light wave. A photodiode is usuaily employed at the receiving end to convert the
incoming light intensity info an electrical signal. Fibers are packaged into cables, each
containing a variable number (1—24) of fibers.

At present it is not clear whether—and when—fiber optics will become a viable
alternative to cable (see Metz, 1981). The situation is analogous to that involving the
replacement of mechanical disks in computers by new electronic memories, such as
magnetic bubbles or charge-coupled devices. Disks represent a well-entrenched technol-
ogy, and experience shows that in order to be replaced by newer, exploratory technolo-
gies, these technologies have to be significantly superior in terms of both cost and
performance. Marginal disadvantages are not likely to win out against inertia resulting
from investment in well-proven technologies. So far, fiber optics technology has been
unable to dernonstrate an overall superiority over cables. Therefore, it is no surprise that
cable companies are hesitating to move abead with Jarge-scale replacement. A more
detailed analysis would involve the following facts:

1. The bandwidth of the fiber optics mediwm itself (like that of the coaxial cable)
is much higher than that of the coupling equipment (amplifiers, modulators, taps).

2. A single fiber today can carry five to six TV channels (as opposed to 54 in
modem cables). However, the distance required between amplifiers is much larger with
fibers (10-20 km) than with cable (0.5—1 km). Digital transtnission rates of more than
1 Gb/s (over a single fiber) have been demonstrated in field test operations in Japan and
Germany.

3. The major reason for the limited bandwidth of entire analog transmission sys-
tems is the nonlinearity of the light source. Thus, present technology is better suited for
digital transmission (in which signal distortion is not critical).

4. The cost of production of fibers is decreasing, whereas cables require materials
such as copper and aluminum, whose cost cannot but increase in the future.
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5. Current cost-effective uses of fiber optics in the U.S. include medium-distance
links having few or no repeaters and no taps (branching). A typical example is the link
between a satellite receiver station and the cable head-end. At the present stage, applica-
tion for cable trunks and distribution feeders would be uneconomical due to the high cost
of branching contacters (taps). One foreseeable application is in “‘mini-ISDN"’ systems
(see Mini-Hub, 1981) for the distribution of video and digital services in high-rise apart-
ment buildings (in which each customer would have a direct connection with a local
head-end in the building).

Fiber optic links are used or planned in several countries (U.S., Japan, France) as
high-speed trunk lines in telephone networks. They seem to be gaining ground mainly in
short- and medium-distance applications (e.g., within a large city) not requiring
repeaters.

Fiber optics cables are being used in project ELIE. This is an ISDN-type system
being tried in Manitoba, Canada (see Chang, 1982).

4.5 DATA TRANSMISSION OVER THE TV VIDEO SIGNAL (DOV)

The idea of piggybacking digital information on (analog) television and even FM radio
signals is not new. A number of schemes have been devised to take advantage of unused
portions of the frequency spectram of the video signal. One proposal used a ““flashing
dot” displayed in the comer of the TV screen. These light signals were detected by a
photodiode and used to drive a teletype.

DOV techniques in use today are based on different principles. Transmission takes
place during the unused time intervals of the TV signal, and the received information is
usually displayed in readable or graphical form on the screen. The unused times occur
normally during the verfical blanking interval (VBI) between successive fields of picture
information; an extension of the method, called full-field transmission, transmits only
data (no picture information), while keeping the infrastructure of synchronizing (sync)
pulses. The VBI techrology originates in attempts to provide captioning and subtitling of
TV programs. Since DOV is an important videotex-specific delivery method useablé in
both over-the-air and cable transmission, we will discuss it in considerable detail.

Principles of TV Transmission

There are three main standards used for color TV transmission; NTSC, PAL, and
SECAM (Figure 4.4). For the following explanation, neither specification of the particu-
lar standard nor the presence of colors is essential. The TV picture is drawn on the inner
face of the picture tube by an electron beamn that sweeps actoss the picture area in a
sequence of horizontal scan lines controlled by horizontal sync pulses. The intensity of
the beam as it hits a given point determines the lurninosity of that point. This intensity
information is basically what is transmitted in analog form by a (black and white) TV
signal. When the last scan line is completed, the beam retumns to the top of the screen
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Video Bit rates
System Lines/{rame Framesfs band width Countries used
MHz Mb/s
. USA $.73 (BS-14)
NTSC 528 30 4.2 Canada (and many
Japan. others)
Western Europe
PAL 625 25 5.5* except 6.9(UK.)
. France
Eastern Europe
SECAM 625 25 6% and 6.2 (Didon)
France

*Can be 5, 5.5, or 6§ MHz

Figure 4.4 Comparison of TV standards and teletext bit rates.

and scanning starts anew. If this process is repeated quickly enough, the viewer has the
impression of seeing the whole image at once; the effect of movement is achieved by
slight changes in subsequent images, as in the projection of films.

In order to obtain better picture quality a full TV image (frame) is composed of a
sequence of two interlaced fields. This allows a doubling of the rate at which images are
presented, and thereby significantly reduces objectionable flicker. If we think of the lines
of a frame as consecutively numbered, then the two fields will contain even-numbered
and odd-numbered lines, respectively. However, the lines in each field are usually nam-
bered separately; we adopt this convention here as well. Figure 4.5 illustrates the com-
position of a field.

The exact timing of the movement of the beam across the screen (that is, the times
of horizontal and vertical retraces) is controlled by synchronizing pulses. While the beam
is retuming to start a new line or field, its intensity must be sent to the blanking (black,
invisible) level. Hence the term VBI. Note that although horizontal retraces are also
blanked, they are too short to carry very much data.

Data over Video

Strictly speaking, transmission of picture information is suppressed during the vertical
retrace interval and also during the interval in which the first few scan lines appear in
each field. These scan lines are normally not displayed on the visible area of the screen,
but they can be seen as a black bar between two frames when the receiver is out of verti-
cal synchronization. Data bits are modulated onto some of these invisible lines. The
term VBI denotes collectively all lines that do not carry pictare information.

Two remarks are appropriate at this point. First, the sequence of horizontal sync
pulses is not interrupted through the vertical beam retrace. The first few lines of the VBI
are used for the vertical sync pulse (which in reality consists of a sequence of pulses);
orly the subsequent lines are available for data. Figure 4.6 indicates the timing of a typi-
cal field. Second, the above-menticned blank lines between ficlds are not to be confused
with the so-called overscan lines, which do carry picture information, but are usually
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Figure 4.5 Coinposition of a TV field. A frame consists of two interlaced fields.

also invisible. The purpose of these overscan lines is to assure full coverage of the screen
by the image in spite of variations and aging of the TV sets.

A somewhat simplified form of a TV signal between two horizontal sync pulses is
illustrated in Figure 4.7 (note that a line carrying data is called a data line). In most sys-
terns a straightforward coding is used, with two signal levels corresponding to 0 and 1,
respectively.

l—————— VBI: lines 1-21 > Image transmission; lines 22-262 VBI

Vertical sync pulse - Usable for data in full field transmission
t+— Lines 1-9 Free lines: 10-21-—
) Video signal
__h__(J_ )
8 [ (
Horizontal sync pulse .

[N 7
Y

Fixed assignments: lines 1012 Unuseable
17-19: Transmission conttol
21: Captioning

Figure 4.6 Simplified timing diagram of an NTSC field. VBI lines 13—16 and 20 are potentially available for
data transmission {data lines).
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Figure 4.7 Timing of video lines and data lines.

Tn full-field transmission all available lines are data lines and no picture whatso-
ever is transmitted. This approach is particularly feasible in cable-based systems that
have large channel capacity that is typically only partly used. These conditions make it
possible to dedicate one or more entire channels to data transmission. In countries where
TV is broadcast mostly over the air, the VBI technique is preferable since it permits -
simultaneous transmission of picture and data. Of course, if everything else is kept con-
stant, the resulting effective data rate is proportional to the nurmber of data lines in the
signal.

Data-Line Assignment

The number and assignment of data lines in the VBI is subject to informal conventions
and varies in different countries and different systems. There is no intemationally
adopted standard in this matter. This does not represent a problem for decoder design
because the proper data lines are usually recognized by examining the waveforms and
not by counting the scan lines.

Some lines of the VBI are occupied for purposes other than data transmission, such
as controlling the quality of the TV signal (compensation for color variations), channel
and program source identification, and transmission of test patterns (gray scale and color
values). The remaining data lines can be used for program-related data (such as subtitling
and captioning), teletext data (to be displayed on the screen), and independent applica-
tions, such as broadcast facsimile, not tied to the program or screen.

In NTSC, the VBI consists of the first 21 lines of each field (25 lines in PAL).
According to current Canadian regulations, lines 15, 16, 20, and 21 are available for
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data; line 21 is reserved for closed captioning. The U.K. teletext originally used Jines 17
and 18 (this was later extended to four lines), and, in a CBS trial in 1979 involving the
U.K. and Antiope technologies, lines 13 and 16 were used.

In certain television receivers, electron beam blanking depends on the TV signal’s
being at black level. If data were inserted in these lines, dotted diagonal lines would
faintly appear across the screen. More modern receivers electropically blank the electron
beam during VBI time. As older receivers are retired from service, more VBI lines will
become available for teletext.

Transmission Rates

The instantaneous bit rate, B, is the speed (in Mb/s) at which bits are transmitted during
the periods when data are sent. It is determined by a number of system parameters:

1. The video bandwidth W (MHz) of the transmission medium (including the receiv-
ing equipment). If two signal levels are used for coding, the maximum obtainable
rate is B, . = 2 W. For North America, this yields B, ,, = 2 X 4 MHz = 8§ MHz.
(Note that without the restriction to two signal levels, a channel can carry an arbi-
trarily high bit rate as long as the signal-to-noise ratio is high enough.)

2. Acceptable error rates. The observed bit emor rates in a given system increase as
the transmission rate approaches the above limit. Although various theoretical
models exist for this dependence, they do not entirely cover practical situations,
and error statistics must be determined empirically, usually in field trials. These
tests can also cover the influence of the technology of the receiving equipment.

3. Error detection and correction methods used (see below).

4. Evaluation of the psychological effect of various error types (such as loss of char-
acter, displaced lines, mixup in page numbers) on the user.

5. The value of B should be a muitiple of the TV line frequency.

‘Within the above constraints, the bit rate should obviously be maximized. Practi-
cally used values of B are between 0.8 W and 1.4 W. The UK. teletext rate is 6.9 Mb/s
(too large for NTSC). In North America numerous tests were and are being conducted at
various rates between 3 and 6 MHz. The bit rate recommended in the France-Canada-
CBS joint standard proposal (discussed in the next chapter) is 5.72 Miy/s.

The effective bit rate, F, is the average number of bits transmitted over an
extended period of time. F is given by

F =B X (fraction of the data lines in the TV signal)
X (portion of the TV line carrying data bits).

For example in the UK. teletext,
F =6.9X%X((2/312.5)X0.81 =35.7kb /s.
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Further parameters related to the effective bit rate are the effective character rate
(#/8) and the useful character rate, U/. The latter is the average rate of useful characters,
which are those characters remaining after overhead information in a data line (such as
addressing and error control) is discounted. (Evidently, the designation *‘useful’’ is sub-
ject to interpretation: is a display attribute character overhead or useful?) From U, the
line and page rates are easily obtained. In U.K. teletext (40 characters per display row,
24 rows per page, 40 useful characters out of 45 per data line, 2 data lines per field), the
page rate works out to 4.13 pages/s. Thus the average waiting time in a 160-page tele-
text cycle is about 20 seconds. '

Transmission rates for full field operation are calculated similarly. Taking 300,
instead of 2, lines in each field will give some 600 pages/s. Rates attainable in NTSC are
slightly reduced due to the smaller bandwidth of NTSC.

The following rule of thumb can be used both in Europe and U.S.: for each scan
line devoted to teletext in a TV frame, the transmission rate is one page per second.

Error Handling in DOV

A number of DOV system characteristics enter into consideration in the design of suit-
able error strategies. First, the basic system is one-way. Therefore the forward data flow
cannot be interrupted for retransmission of erroneous packets of information. Although
much (but not all) information is cyclically retransmitted, the cycle time is too long to be
relied upon systematically for emror correction. As a result, forward ervor comrection tech-
niques are used.

Further considerations touch upon error probabilities and statistics, which are
investigated in numerous field tests and other experiments. The principal parameters
having influence on the occurrence of errors are the transmitter power, conditions of TV
reception (especially in urban areas, in which waves reflected from buildings, hills, etc.,
cause the received signal to be the vector sum of a multiplicity of signals arriving over
many paths), bit transmission rates, and the implementation of the receiving equipment.
One important finding from a European field test (see Blineau, 1980} is that most errors
are single bit exrors and not bursts.

There is a fundamental difference between European television reception and
North American television reception. In most European countries there are but two or
three programs transmitted over hundreds of repeaters. Nearly everyone can receive at
Jeast one good signal for each program. In addition, television receivers are substantially
more expensive. Thus, the proportionate cost of a quality antenna is less. Furthermore,
most European stations are UHF. Since UHF wavelengths are shorter than VHF
wavelengths, UHF antennas are less expensive, have higher gain, and are more effective
in discriminating against ghosts (faint shifted images appearing on the screen due to mul-
tipath propagation). In the U.S., the situation is opposite in almost every respect. There
are over 1000 stations in the U.S., and almost no repeaters; nearly everyone is certain to
receive at least one poor signal. Most transmitters are VHF, requiring larger, more
expensive, less directional, and lower-gain antennas. Because color receivers are so
inexpensive, a quality antenna installation may exceed the cost of the receiver. Thus,
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Americans are accustomed to purchasing a color receiver with “‘rabbit ears’” and expect-
ing perfect reception. ’

Furthermore, U.S. rules on ignition and electrical motor brush noise are much less
stringent than are European rules. One need only have a teenage daughter with a hair
drier to know that errors caused by motor noise destroy more than one bit. Watching the
television screen with this kind of interference yields broad bands of bursty noise.

A particularly troublesome case is that of close-in ghosts. These are caused by
reflections from structures very close to the transmitting antenna. The result is not a
separate ghost image, but rather a blurring or smearing of the image. This defocusing of
the picture is undesirable but by no means catastrophic. The picture is usually perfectly
watchable. However, the comsequences for teletext data could be disastrous. This.
phenomenon of close-in ghosts is a serious but mostly unappreciated threat to the for-
tunes of teletext in the U.S. The threat is so severe that the EJA Teletext Committee
formed a task force to study possible solutions to the problem. ‘

~ Different types of errors and their consequences are more or less tolerable by the
user. Each coding system has specific points of vulnerability that have to be carefully
protected against error. More sophisticated coding schemes, such as Telidon, are gen-
erally more vulnerable than are simpler ones; as a consequence, all data sent in broadcast
Telidon are covered by an error-correcting code, whereas only the address part of the
UK. teletext is protected by such a code.

Technical Criteria Used fo Assess Reception Quality

In order to assess the performance of a given teletext system installation, some easily
testable criteria must be established. One such criterion is the bit error probability and
related measures of burstiness. However, such error statistics do.not give a direct indica-
tion of the subjective quality of reception. A given error level may yield quite different
results with different coding schemes and error strategies. Specialized equipment is also
required for such measurements.

Croll (1977) describes a set of simple criteria suitable for judging teletext reception
(and encompassing the entire system from the transmitier to the receiver’s screen). They
are (in order of decreasing stringency):

« no errors received in 10 seconds of transmission
« no visible errors in each of three consecutive new acquisitions of one page

« 70 errors remaining after two writes of one page (each character of a page is error-
free in at Jeast one of two consecutive receptions)

» about half of the characters correct for each new acquisition of one page.

It is suggested by Croll that complying with the second or third criterion should yield
acceptable reception quality.

Eye height.  Another method commonly used to judge the quality of received
teletext signals is the so-called eye heighs test. As will be discussed in Chapter 9, the
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waveform obtained after demodulation of data line is more or less deteriorated, as shown
in Figure 4.8(a). This deterioration is due to factors such as intersymbol interference and
noise. Intersymbol interference is the smearing of one logic signal into the time space
occupied by another. Principal causes of such interference are bandwidth limitations and
multipath propagation. An important parameter that has impact on the occurrence of
decoding errors is the difference, ki, between the lowest received value for a 1 and the
highest received value for a O (over some period of time),

The value of & (as a percentage of the distance between the 0 and 1 reference
values) can be measured directly by displaying the received signal. That is, waveforms
in individual -bit periods are displayed superimposed on a screen, creating the typical

1 0 1 ¢ 1 0

Transmitted

@

Level 1

Level 0

-+———————— ] bitinterval ——— .

1]

Figure 4.8 (a) Deterioration of received signal; (b) display of eye and deterrmination of eye height A.
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eye-shaped pattern shown in Figure 4.8(b). The value of A is read in the middle of bit
intervals. Under normal receiving conditions the eye height is about 60—80%, but most
receivers are capable of handling values as low as 25% without too many eITOIS. Note
that other attributes of the eye, such as eye width and shape, are also significant (for
more details, see Lucky and Saltz, 1968).

Error Detection and Correction

Current DOV systems use combinations of various error correction and detection tech-
niques. See Peterson and Weldon (1972) for a comprehensive treatment of error-correct-
ing codes. Vertical parity checks (one parity bit per character) permit the detection of an
odd mumber of errors in each individual character. A combination of vertical parity and
horizontal (longitudinal) parity (or checksum) enables the correction of any single error
in a data block. The commonly used (8,4) Hamming encoding provides for the automatic
correction of any single etror and for detection of all multiple-bit errors in groups of four
bits. Hamming codes have high redundancy and they are therefore used mostly on sensi-
tive information, such as addressing and packet sequencing.

Figure 4.9 shows a block of 7-bit characters, each accompanied by a vertical parity
bit. Appended to the end of the block is a longitudinal parity character, C. Parity bit p; is
generated by the transmitter in such a way that the number of 1’s in the transmitted group
of eight bits is, say, odd (even parity systems are also used). For example, if the charac-
ter to be transmitted is 0110001, p; will be 0. At the receiving end, the panty is recalcu-
lated from the received character bits and checked against the received p;; if the two are
different, the character is considered to be erroneous (although it may be that only p; 15
in error). If the two bits are equal, the character is considered to be correct (although it
may contain an even number of errors that cannot be detected by simple parity checks).
However, two (four, six, etc.) errors in a character are generally much less likely than is
a single error; this is why parity checks work well most of the time.

Bits in the parity character are generated in a similar way as above, one for each
line in the data block shown in Figure 4.9. If a single error occurs in the data block, it
can not only be detected, but aiso corrected. This correction is done by inverting the bit
at the intersection of the column (character) and line in which the error is detected. A
potential problem with longitudinal parity, especially in larger data blocks (e.g., of 1024
characters) is the increased probability of multiple errors in a line. Solutions include
inserting parity words at shorter intervals (e.g., after every 32 characters) or using multi-
ple check bits, called coliectively checksums, at the end of the block. As a direct exten-
sion of the parity method, n check bits for a line might represent the sum maodulo 2" of a
line (n = 1 for even parity). '

Hamming codes.  Another form of multiple parity checks used for error correc-
tion is found in Hamming codes. In the variant commonly used to protect control infor-
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Vertical parity bits

Horizontal
> patity (1 bit}
At~ or checksum
{more bitsfline)

T-bit
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LN J
v
n characters Parity or checksum
character(s)

Figure 4.9 Horizontal and vertical parity and checksums.

mation in DOV systems, and called the (8,4) Hamming code, four check bits are used to
protect four data bits in each byte. The parity checks apply to different groups of data
bits in such a way that each possible outcome of the parity checks singles out a unique
data bit which must be in error (assuming that only one error occurred in the transmission
of the whole byte). Figure 4.10(a) shows a Hamming-encoded byte; d and p are data and
parity bits respectively. Groups of data bits used to generate parity bits are also shown.
The same groups, including the parity bit, are, at reception, subject to separate parity
tests A, B, C, and D. Note that p¢ is the ordinary parity involving all bits; it is used to
discriminate the case in which only one error is present. One can see, for example, that
bit d5 contributes to the formation of parities p, p4, and pg; therefore, if ds is received
with error, parity checks A, C, and D will fail. Figure 4.10(b) summarizes all possible
cases and the corrective actions to be taken (for example, inversion of the data bit in
question).

General Data Format in DOV

Figure 4.11 illustrates the general format of a data line transmitted in DOV. In the termi-
nology of the Open Systems Interconnection model, the data line is composed of two
parts: Delivery Protocol Control Information (DPCI) and Delivery Service Data Unit
(DSDU). Also shown in the figure are some related terms used in teletext jargon.

DSDU signifies information that is transferred to the higher (presentation and
application) level protocols. DPCI groups all control information needed for the cotrect
functioning of the delivery protocol. The bit and character synchronization sequences
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Figure .10 (a) Generation of parity bits pg, p2, P4, Ps from data bits dy, d3, ds, d+ in (8,4) Hamming code;

.(b) error comection in (8,4) Hamming code.

invariably occur at the beginning of the data line; they usually consist of fixed bit pat-
terns serving to establish bit and character synchronism. E denotes collectively all error
detection and correction bits that actually may be spread out over the whole line. The
other elements of DPCI may change from one system to another; they will be illustrated

by the examples in the next chapter.

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 71



Chap.4  Delivery Media

ft—— DPCI ottt DSDU -
BS Cs E
l— ' le——Data block———— .J
- Packet -
- Data line
TV line L

BS: Bit synchronization
CS: Character synchronization
E Error correction bits

Di’CI: Delivery Pratocol Control Information
DSDU: Delivery Service Data Unit

. Figure4.11 General format of DOV data line.
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Teletext (or broadcast, one-way videotex) is commonly defined as a ‘“digital data broad-
casting service that is primarily intended to display text or pictorial material recon-
structed from coded data on the screens of suitably equipped TV sets”” (Money, 1979).
'The underlying assumption is that coded data are received via DOV (data over video)
techniques—which is true in almost all operational systems. Moreover, there is a size-
able infrastructure of technology (decoder chip sets) and standards supporting DOV. On
the other hand, certain digital services to be delivered over ISDN imply purely digital
data broadcast—that is, without the supporting synchronization structure of the TV sig-
nal. There is no reason why such services should not also be called teletext.

5.1 HISTORY: SYNCHRONOUS VERSUS ASYNCHRONOUS SYSTEMS

The first versions of VBI text transmission were developed around 1972—1973, in Bri-
tain, as an outgrowth of earlier efforts in captioning TV programs. Initially there were
two competing VBI systems, called Oracle and Ceefax, operated by IBA and BBC,
respectively. In 1974 the two systems were reconciled in the form of a teletext standard,
which was further updated to its present form in 1976. Public teletext service began in
the UK. in 1974. In November 1982 there were more than 550,000 decoders in use in

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 73



Chap.5  Teletext : 59

the UK. {International Videotex Teletex News, Nov. 1982). Most color receivers now
sold or leased in the U.K. incorporate teletext.

Synchronous Transmission

The hallmark of the British system is its synchronous method of transmission (also called
fixed or defined format). As discussed in more detail in Chapters 7 and 9, the essence of
this method is the doubly defined relationship between the position of a character on a
TV-line (with respect to the line sync pulses), its place in the display memory, and its
position in the row being displayed on the screen. Consequently:

1. One TV data line always camies the contents of one display row. :

2. Control characters to-set display attributes, such as color, are treated *‘serially” —
that is, they are stored in the display memory and they occupy the place of a
displayable character.

3. Decoders for synchronous transmission are relatively simple and cheap.

4. Tt is claimed, but not definitely demonstrated, that synchronous transmission has
better error resilience than does asynchronous transmission. The argumnent is that
the line sync pulses act as a barrier through which the effect of most errors cannot
propagate. This is demonstrated by noting that a television picture is locked in
position on the television screen even when it is so snowy as to be unwatchable.
The UK.’s defined format systemn attempts to take advantage of this fact by lock-
ing teletext to the rigid frame provided by the sync pulses. The typical error affects
only one character position and cannot shift subsequent lines horizontally. On the
other hand, certain types of multipath, in conjunction with fixed format transmis-
sion, may result in repetitive error patterns that synchronous broadcast cannot get
rid of.

Since all characters in defined format systems occupy a position on the screen,
there is no hazard that noise will convert a displayed character into a nondisplayed char-
acter, or vice versa. If this conversion takes place in the asynchronous approach, a char-
acter is either inserted or deleted from the displayed row, displacing the remainder of the
row to the right or left. Upon next correct reception of that row, the remainder of the row
pops into position, thereby calling attention to the problem. The defined format approach
avoids the possibility of this type of error.

Figures 5.1(a) and 5.1(b) demonstrate a hazard that exists in viewdata (which is
essentially an asynchronous transmission system). The first photograph is of a viewdata
frame being cofrectly transmitted while transmission of the following frame was being
interrupted by one noise burst. Asynchronous transmission uses Carriage Return/Line
Feed (CR/LF) codes at the ends of lines containing less than forty characters. To avoid
penalizing lines that have forty characters, the decoder counts forty characters and
locally performs the CR/LF function. This works very well and increases transmission
efficiency in a noise-free environment. However, a noise burst can introduce extraneous
results that propagate until the next time CR/LF is employed. The defined-format

¢ ¢
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(a) (b)
Figure 5.1 (a), (b) Effect of errors in asynchronous transmission.

syncronous transmission scheme avoids this by using the television horizontal synchroni-
zation pulses as automatic positioning devices for the image on the screen. Errors are
constrained to fixed boundaries and are thus not allowed to propagate.

As already mentioned, the UK. teletext works with a fixed bit rate of 6.9 Mbys.
Here lies the main disadvantage of the system—namely, that it cannot be directly
applied with the NTSC standard and in other situations requiring reduced data rates.
(Although, as pointed out previously, the theoretical value for B .., in NTSC is 8 Mb/s,
in practice even 6.9 Mb/s is too high, and lower rates, such s 5,72 Mb/s, must be used.)
Any change of the data rate would result in a modification of display (and display
memory) formats. The U.K. system can be used in North America in either of two ways:

1. By reducing the number of characters from 40 to, say, 32 per row
2. By “*gearing”’—that is, transmitting only a (fixed) portion of a row on each TV
line (see below).

Asynchronous Transmission: The Didon Concept

Whereas in the UK. teletext has been an outgrowth of TV captioning, the evolution in
France has been characterized by a wider approach. The initial idea was to establish a
data broadcast network analogous to the Transpac packet switching network. The design
goals as described by Blineau (1980) were:

» to establish a packet network

« to provide a large number of independent channels

» 10 have the channels transparent (i.e., capable of transmitting all characters)

* 10 be able to change dynamically the capacity of the channels according to need
» 10 use an existing transmission medium.
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Due to its capability to transmit data and video simultaneously, and its potential for
using the same methodology in cable and satellite transmission, television broadcast was
the obvious choice satisfying this last goal. The network that resulted is named Didon,
and teletext (there called Antiope) is only one—and the first—of its applications. Other
applications will come gradually with the evolution of terminal technology (printers, fac-
sirnile rachines, and secondary memories to store large amounts of data off-line). An
interesting possibility is to use a Didon channel for digitized sound signals to accompany
teletext pages.

Jn Didon-Antiope, TV data lines and the display format are uncoupled, hence the
term asynchronous. Every TV line carries a data packet. Page and line delimiters and
any other interpretation-oriented information are coded explicitly at arbitrary places in
the sequence of packets. The advantages of asynchronous transmission stem from its
easy adaptability to different transmission rates and TV standards. Its main disadvan-
tages are increased overhead for format control characters and more complex decoder
design. This is partly due to the ““paraliel”” handling of display attributes which is com-
mon in asynchronous systems and which amounts to keeping displayable and control
characters in separate memories. While they add some flexibility to display coding, it is
jmportant to realize that parallel attributes are not a logical necessity inherent in
variable-format transmission!

There is an unfortunate rivalry between the proponents of the two teletext transmis-
sion methods, their concomittant presentation systems (Prestel and Antiope), and their
derivatives (the enhanced UK. teletext proposal and the France-Canada-CBS standard
submission). This split is also very visible and disturbing in terms of the evolution of
presentation level standards, many of which must accommodate the two quite contradic-

tory approaches.
5.2 UK. TELETEXT

The display format presently used in the U.K. (see Money, 1979) contains 24 rows of 40
characters each. More precisely, the first row (the ““header,” or row 0) carries only 32
characters because the corresponding data line contains eight bytes of supplementary
control infl :on. The two line formats are illustrated in Figures 5.2(a) and 5.2(b). All
bytes except for bit and byte synchronization and data are (8,4) Hamming-encoded,
resulting in four information bits per byte. Actual page numbers selected by the user
range between 0 and 799, and are a concatenation of the magazine pumber (0—7, but
usually referred to as 1—8) and the page number (0—99). One might ask why the two are
treated differently (i.e., why the magazine number appears in each row, whereas page
pumbers appear only in the header). The reason is that although the rows of a page are
normally transmitted in sequence, in some situations it is desirable to interieave TOWS
from several pages. More specifically, pages having the same number (modulo 100) but
different magazine pumbers can be interleaved (e.g., 25, 125, ..., 725). This can
decrease the apparent access time to 2 page and increase the time interval between the
reception of two successive rows, which is particularly important in full-field transmis-
sion (in which a sustained high data rate would tend to strain the hardware capabilities of
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Figure 5,2 UK. teletext data lines: (a) rows 1-23; (b) row 0,

decoders). On a different level, magazine numbers are used to distinguish between vari-
ous sources of data (service providers, transmitters) and/or various types of information
content.

The time code is used for various purposes, such as for display on the screen, for
access of “‘time coded”” pages (transmitted at precise times), or simply as an extension
of page numbers (in which case it loses its significance as an expression of time).

The header contains 11 control bits (eight in bytes 12 and 13, and three in spare
bits in the time code). The bits are used to control the following functions:

» subtitle
« newsflash (in which the page is displayed in ‘‘boxed’’ mode—that is, is inserted in
a window into the current TV program)
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« page erase (to clear the screen)

« suppression of header row display (in situations in which such display muight be
disturbing, such as in graphic pages)

» update (to remove a newsflash)

« interruption of page sequence (to signal to the decoder that pages are transmitted in
other than sequential order)

» inhibition of display

» row interleave mode.

Enhanced U.K. Teletext

Because of its fixed format, the teletext system currently used in the U.K. is unsuitable
for NTSC. To overcome this and other shortcornings (e.g., limitations stemming from
serial attribute coding), engineers in the British Telecom have designed an enhanced
teletext system. A detailed description of it is left for Chapter 8 because the system
involves a number of presentation-level issues that we have not yet discussed.

The essential features of this system can be summarized as follows (see CCIR,
1981; Chambers, 1980):

1. It consists of five layers of codmg, each including additional features. The first
level corresponds to the basic teletext service in present use.

2. The layers (unrelated to OSI layers) were conceived with an eye to hardware
implementation. A family of compatible decoders is envisaged; lower-level decoders
would be able to interpret higher-level features by applying the best possible approxima-
tion (e.g., substitution in first-level decoders of nonaccented characters for accented
ones, which are present only from the second layer up).

3. Provision is made for gearing. This would serve as a way to achieve 40
characters/row in NTSC while keeping the fixed transmission format.

Gearing

Gearing is a technique that permits fixed-format teletext transmission in NTSC, while
keeping 40 characters per Tow. As already mentioned, the problem is the reduced
bandwidth of NTSC that is practically insufficient for the 6.9 Mb/s rate used in the U X.

Therefore, it would seem that either the fixed format, or the 40 characters/row require-

ment must be abandoned in NTSC-based teletext. The solution lies in a slight redefini-
tion of what is called *‘fixed format’”: in gearing, fixed format does not mean one
display row, but rather a fixed part of a display row, per data line. The principle is illus-_
trated in Figure 5.3. In this example, four rows are transmitted in five data lines in such a
way that the first four lines, L1—LA4, camy the first 32 characters of each row, and line
L5 carries the remaining 4 X 8 = 32 characters; then the process is repeated for the fol-
lowing four rows. Altematively, the 32 character positions of all 20 rows can be
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. Display rows
46 characters each

Data lines
c [ 32 characters each

Figure 5.3 Principle of gearing.

transmnitted first, and then the remainders. In any case, this amounts to a reduction of the
data rate by a factor of (@ + 32)/(a + 40), where a is the number of overhead characters
(addressing) in each line (see Crowther and Hobbs, 1979, for detailed calculations).
Other gearing ratios, e.g., 30:10 (instead of 32:8), are evidently feasible; the choice
depends on the desired data rate. The implication of all this for the teletext decoder is a
slight modification of the display memory addressing mechanism.

At least two methods of gearing have been demonstrated and manufactured in
small quantities by Zenith Radio Corporation. One method has been used in the Virtext
and Virdata series of products (see Ciciora, 1981) and the other in the officially proposed
adaptation of U.K. teletext for the North American market. In both cases modest extemal
circuitry has permitted the Mullard integrated circuit chip set to be used.

5.3 DIDON-ANTIOPE

The display format in Didon-Antiope (see Noirel, 1979, and Storey, et al., 1980a) is
independent of the data line format, as shown in Figure 5.4. (8,4) Hamming encoding is
used for all control information except for the control character sequences identifying the

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 79



Chap.5  Teletext 65
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New row
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Row no. Supplementary characters
(0-99) inrow0

Figure 5.4 Didon data line format.

beginnings of pages and lines. These sequences can occur anywhere in the data stream.
Recommended data packet sizes are 32 bytes in France (bit rate 6.2 Mb/s) and 20 bytes
i North America (4.3 Mb/s). A large number (1000) of independent data channels can
be specified; in teletext applications their function is similar to that of magazine numbers
in the UK. teletext. Since channels are generally multiplexed, a packet sequence
number is used {independently within each channei} to check that no data packet has
been lost. Didon’s basic asynchronous scheme is used as a starting point for broadcast
Telidon and for the joint teletext standard proposal of France, Canada, and CBS.

5.4 THE FRANCE-CANADA-CBS STANDARD PROPOSAL (FCSP)

In an effort to harmonize teletext developments on an international scale experts from
France, Canada, and CBS (U.S.A.) produced, in 1981, a teletext transmission system to
be outlined below. Detailed specifications of FCSP (and also of the UK. and Japan
teletext systems) are found in CCIR (1981). The proposal was submitted to different
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standardization and regulatory bodies, such as CCIR and FCC. In Canada the FCSP is
known as Broadcast Specification BS-14 and is the de facto Canadian standard; its U.S.
version is called the North American Broadcast Teletext Specification.

Technically, ECSP is an outgrowth of the teletext system used in Canadian field
trials and of Didon. Its main features are

« conception of the transmission medium as a number of independent one-way data
channels (from Didon)

« asynchronous, multi-standard VBI and full-field operation

« sophisticated page addressing mechanism equally usable for short magazine-
oriented and large tree-oriented databases; page addressing and channe] numbering
are combinable in a variety of ways to achieve interleaving and optimized access

to groups of pages
¢ conformity with the OS] model.

ird

OSI Layers

The slightly simplified data formats recognized at the different architectural levels of
FCSP (as interpreted in Sablatash and Fitzgerald, 1982) are illustrated in Figure 5.5. The
following parameters and functions are defined in the various layers.

Physical layer. Parameters and functions include:

o data timing, method of modulation, amplitude, and waveforms

« bit rates (provisional): for NTSC 5.72 Mb/s (364 times horizontal line rate), a rate
at which modem 300-MHz to 500-MHz cable systems have no difficulty, but at
which older 12-channel systems have serious levels of distortion and interference;
for SECAM 6.2 Mb/s (397 times the line rate)

o adata line consisting of 288 bits in NTSC and 320 bits in SECAM
« useability of any available lines in the TV signal

« useability of the first 16 bits in each data line for bit synchronization (BS) (alter-
nating 1's and Q’s). '

Link layer. Parameters and functions include:

« byte framing; a sychronizing sequence CS, of 11100111, following after BS

e eITor correction, using vertical parity and longitudinal parity check bits contained
in the suffix SUF; all control information in headers, addresses, etc. are Hamming
encoded.

Network layer. Parameters and functions include:

o reception of data packets from the link layer; a channel (packet) number CH
(0—4095), a continuity index CI (0—15), and a packet structure indicator PS, in

PMC Exhibit 2070

Apple v. PMC
IPR2016-00753
Page 81



Chap.5  Teletext 67

Header | Page no. | Link more | Boxed, conceal, | Fieader
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Figure5.5 FCSP format hierarchy in OSI context. Symbols are explained in the text.

- packet prefix; CI used to check the proper sequence of packets within channels, PS
indicating the beginning of a data group
e demultiplexing of packets by channel number and sending of data blocks to the
next layer.
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Transport layer. Parameters and functions include:

« concatenation of data blocks (max. 255) from a selected channel into data groups;
processing is controlled by the data group header, specifying the group type TG
(e.g., teletext, facsimile, etc.), continuity within type, group size, etc.

Sessionlayer. Parameters and functions include:

« reception of records (one per data group) of given type TR; a record is composed of
a record header and of presentation data to be sent to the next higher layer (to be
displayed); the data corresponds to database pages

» specification by the record header of the record (page) number (3- or 9-digit
addresses are possible) and further parameters—e.g., whether the page is cycli-
cally retransmitted or not (captioning), boxing, concealed presentation, end-of-
cycle marker, and updated version of a page; 3-digit addresses represent a page or
record number, 9-digit addresses represent a docurment and page (within docu-
ment) number.

Presentation and application layers. These layers are theoretically not
teletext-specific because it is highly desirable that they be identical with those used in
‘other delivery systems. Presentation protocols, treated later in the book, generally
should conform with CCITT recommendations S.100 and F.300. However, as we shall
see shortly, certain aspects of the application layer do have repercussions for the lower
layers.

Finally, we note that there is no true operational experience with FCSP; it will be
especially interesting to see the effect of its relatively high overhead (need for control
information, headers, etc., in all layers) on the overall transmission efficiency.

Channel Numbers, Page Numbers, and Multiplexing

Data transmitted in early teletext systems were organized as cyclic sequences called
magazines, each consisting of a few teps or hundreds of pages. Magazines are dis-
tinguished by numbers, which are either implicit in the first digit of the page number and
thus invisible to the user (as in the UK. teletext), or selected by an explicit command
(as in Didon-Antiope, where the magazine number is in effect the channel number). In
both cases the magazine numbers can also be used to multiplex (interleave) data over the
communication medium. The field trial version of broadcast Telidon uses a nurnbering
technique similar to that of UK. teletext.

FCSP must reconcile additional requirements with respect to database structures
and multiplexing. First, it is desirable that one-way and two-way videotex services be
compatible not only at the presentation level, but also, as much as possible, at the appli-
cation level. Although this is not achievable for interactive applications, it is feasible in
data retrieval. High page rates in full-field operation enable the transmission of larger,
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tree-structured databases and give the user (the impression of) interaction similar to that
in a two-way environmert (see also Section 10.4, on teletext databases). Second, more
sophisticated image coding and data formatting methods—in particular, geometric
coding—require more processing time in the terminal than is available between the
reception of two packets. Therefore either the code for an entire page must be buffered
in the terminal (1—2kB), or interleaving must be used at the packet or data block level
to reduce the effective rate of information transfer into the presentation portion of the ter-
minal. (Of course, other functions of the terminal, such as detection of packet numbers,
must work at real time speed.) :

The channel numbering mechanism prowded in FCSP is to be used both for the
purpose of interleaving and for service or magazine identification. But the situation is
further complicated by the fact that tree-structured databases are not easy to partition into
“‘magazines’” (channels) of related pages. How is a large tree to be broadcast at all, and
how is it to be partitioned over the channels in such a way that related pages (e.g., a sub-
tree) are Kept in one channel, and interleaving is still provided at the packet level?
Coherent solutions to these problems involve a further factor: the user interface. In par-
ticular, does the user see magazine numbers as logically separate from the page
numbers? If so, appropriate commands must be provided and standardized, which is not
yet done.

, From this example we see that protocol layers cannot always be completely
separated in practice: the user command interface (application layer) has direct implica-
tions for the functions of session and network layers.

5.5 STANDARDIZATION IN TELETEXT

So far, no single teletext systern has been adopted as the intemational standard. The

description of three major systerns currently under discussion is found in CCITT, 1981.

One reason why a separate teletext standard is hard to agree upon is the realization that
the presentation (and certain parts of the application) layers of an eventual standard
should be compatible with the corresponding standards for interactive videotex. Since it
is impossible completely to separate out presentation coding issues from lower layers,

development of a standard will probably have to wait until some solution is found to the

current debate on presentation coding.

In the U.S., the France-Canada-CBS proposal (FCSP) and the enhanced U.K.
teletext were examined by the FCC (Federal Communications Commission) as two
major candidates for a U.S. standard. In October, 1981, the long-awaited FCC ruling on
the issue was in effect a non-decision, implying that it is up to the market to decide
which proposal is preferable. It may be a wise ruling, given that neither of the two con-
tending systems has been fully implemented and tested in practice.

Numerous public service and field tral systems are operational in any countries.
These implementations are based mostly on Antiope and the U.K. teletext (in Europe). In
North America a great variety of systems and bit rates are used by different organizations.
In addition to Didon-Antiope and the UK. teletext, Canadian field trials use a systemn
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called Broadcast Telidon (see Storey et al., 1980b), a predecessor of FCSP. Broadcast
Telidon is also used by the WETA TV station in Washington, D.C. Another system simi-
lar, but not identical, to the enhanced U.K. teletext is used in the Virtext and Virdata ser-
vices in the U.S. (see Ciciora, 19814).

5.6 SHORT SUMMARY OF TELETEXT EVOLUTION

Evolution in teletext seems to have proceeded along the following directions:

from fixed (synchronous) format transmission towards asynchronous systems
in which the umits of transmitted information (packets) are mdcpendent of the
application

from magazine-oriented (small-cycle databases) towards multipurpose, multiser-
vice systems; DOV is becoming a generalized one-way shared medium, useable
simultaneously by many information sources and destinations; examples of such
services are teletext, telesoftware, captioning and broadcast facsimile; Didon was
the first to apply this approach

towards independence from the underlying TV standard and the number of lines
available for data transmission

towards inclusion of all modes of presentation and compatibility between one-way
and two-way operation

towards creation of a hierarchy of presentation codings (as in the enhanced U.K.

teletext proposal), the first level containing the “‘lowest form of life,”” higher lev-
els including advanced features such as graphics and high-resolution still pictures,

lower-level decoders (the cheapest) presenting *‘fallback™ screens when receiving
higher level codes.
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We have seen in Chapter 3 that a typical videotex system is a distributed computer net-
work involving three types of physical components: user and service-provider terminals,
communication Jinks and networks, and various computers supporting applications, ser-
vice providers, system control, and gateway functions.

So far in Part II we have dealt with means and systems to deliver videotex informa-
tion to user terminals. Now, to complete the treatment of the communications level, we
shall discuss the layout of entire videotex networks, with emphasis on the topology of
the communication subsystems involved. We do not discuss standards extensively here;
the main concern of this chapter is the physical, and not the logical, structure of videotex
systems.

In addition to delivery npets, videotex networks may include transmission com-
ponents for communication between

o access machines and other computers (external or internal to the videotex system)
» service-provider terminals and service cornputers

« different service (eventually system control) computers

o user terminals.

Telecommunication facilities employed for the above functions include dedicated
digital links, circuit-switching networks (public telephone and digital), packet-switching

gl

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 86



72 The Communications Level Part Il

networks (PSN), and possibly satellite transmission. Because of their importance for
videotex, we shall first briefly summarize the evolution and principles of PSN.

6.1 PACKET SWITCHING NETWORKS
Public Networks

The telecommunications industry teacted to increasing demands for data communica-
tions by offering leased digital circuits and by establishing public data networks (see
Halsey et al., 1979). The term public implies that just as with the telephone network,
there are no restrictions upon access to the offered transmission services; whoever is
willing to pay can use the network.

Distinction should be made between computer networks (such as videotex) and
data networks. The latter are merely data carriers, whereas the former are complete sys-
tems that include various applications.and computer-based services.

A- well- known example of a public data network is the telex system and its
modemized successor, the teletex. Data networks designed for communication between
computers require much higher data rates, shorter call setup times, and lower error rates
than telex can provide.,

. Data networks fall into two large groups: circuit sw;tchmg networks and packet
switching networks. Circuit switching is a technique similar to that used in telephone net-
works. The underlying principle is that following an initial call, a physical path is estab-
lished between the caller and the receiver, and lasts-until the end of the data dialog.
Included in the notion of physical path are the time and frequency intervals used to carry
data over multiplexed trunks (the circuit behaves as if it were a real electrical connection
with a characteristic bandwidth and delay). The important thing to note is that charges
are paid for connection time, and not for the amount of data transmitted just as, in the
case of a telephone call, one does not pay for the number of words spoken but for the call
time. This is in contrast with the tariff structure of leased circuits, which are billed on a
per-month basis, independently of actual connection time.

Since data transmission in most applications is remarkably bursty (as for example
in retrieval from videotex databases, in which a few characters of user commands are
followed first by a few seconds of page transmission, and then by perhaps a 30-second
thinking period), even circuit switching is fundamentally uneconomical. A different kind
of connection is needed—one for which the user would pay for the amount of data
transmitted—in effect, ‘‘for the number of words spoken’” but not for the penods of
silence. The solution lies in the technique of packet switching.

Packet Switching

The basic principle is simple: the sender (computer, terminal) A, accumulates a certain
quantity of data in a buffer, appends to it a header containing the receiver’s (B’s)
address, and transmits the xesulting information packet to the PSN. The network, using
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the address as routing information, will forward the packet through its nodes until it
reaches the receiving computer or terminal. Figures 6.1(a) and 6.1(b) illustrate the differ-
ence between the two classes of networks. In packet switching two packets, py and p,,
sent by A may be forwarded inside the network through entirely different paths and with
different delays. Internally, packets are treated as distinct messages passed from node to
node; usnally there is no dedicated circuit from A to B. A

There are three different commimication services typically offered by PSNs:
datagram, temporary virtual circuit, and permanent virtual circuit. Datagrams can be
likened to a mail service: individual packets (datagrams) are transmitted independently
through the network, and they may arrive out of order (in a different sequence than sent)
or may be Jost. Since datagram service is intended to be a lJow-overhead and inexpensive
service, error correction is usually not included: it is up to the receiver to dctoct errors
and request retransmission if necessary.

Virtual circuits, on the other hand, simulate a perfect channel; all packets are (sup-
posed to be) delivered error-free and in comect sequence. Permanent virtual circuits
resemble full duplex leased lines; no call or addressing is necessary because the
receiver’s address is associated permanently with the circuit at setup time. (The charging
structure is a fixed fee plus a per-packet charge.) Temporary virtual circuits are estab-
lished by virtual calls (similar to telephone calls); after circuit setup, packets do not need

Node

O

Dedicated
path

®)

Figure 6.1 (a) Circuit-switching network; (b} packet-switching network. Packeisp, and p, may go by dif-
ferent paths and may arrive out of order in datagram service.
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to carry their destination address, even though they may trave] from source to destination
by different paths. A circuit can be cleared at the request of either participant.

In addition to sequencing and error correction, virtual circuits provide for flow con-
trol: the network can instruct the sender to stop or restart transmitting packets to prevent
congestion and loss of packets that cannot e accepted fast enough.

Applications of PSN

‘None of the above two types of service is superior to the other in the sense that there are
applications for which one service is more suitable than the other. For example in
videotex, when a user signs on for a data retrieval session from a remote database, a tem-
porary virtual circuit is the optimal means of communication. The best way to carry out
frequent transactions between an access machine and an external computer might be
through' permanent virtual circuits (as in the Bildschirmtext network). When a service -
provider wants to update a database page, he might use a single datagram (with addi-
tional error protection) to avoid the overhead for circuit setup. The user-to-user mMessag-
ing envisioned in some videotex systems is another suitable application of datagrams. In
situations in which the reliability inherent in datagrams or PSN-provided virtual circuits
is not sufficient (circuits can occasionally be broken due to network malfunctions), the
sender and receiver can build their own ‘‘virtual circuit,” incorporating features best
suiting their needs. (This is essentially done in the new ISO transport protocol.} :

Access to PSN

Tt is of prime importance to have standardized procedures for accessing network services.
Most PSNs comply with CCITT Recommendation X.25 covering the rules for the com-
munication between a PSN and a subsctiber.

X .25 is structured into three layers, corresponding to the first three layers of the
OSI model. The physical layer is defined by Recommendation X.21, which covers
electrical characteristics and bit signaling sequences for synchronous communication
between terminals and data networks. The link level is essentially defined by a procedure
called HDLC (High-level Data Link Control), standardized by ISO. It provides for a full
duplex transmission of error-free blocks of information and for flow control. The main
function of the network level of X.25 is to establish and control virtual circuits and to
multiplex them onto a single HDLC link. All information is formatted into packets; dif-
ferent packets such as Data Packets, Call Packets, efc. are distinguished by codes in
packet headers.

Two clarifications are appropriate at this point. First, although X.25 specifies vir-
tual circuits, it is not an end-to-end protocol (see Figure 6.2). When terminal A wishes to
be connected with B, two virtual circuits are in effect established: between A and the net-
work node N, and between node N and B. However, this is largely unseen to the users
Aand B.

Second, formatting and analyzing packets requires programmable intelligence in
the terminals. In order to enable older *‘dumb’* terminals (e.g., teletypes) to be attached
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VC,: X.25 Intemnal network VC,: X.25
protocol

End-to-end protocols

Figure 6.2 Virtual circuits (VC) in a packet-switching network and the span of end-to-end {transport)
protocols.

to PSN, CCITT devised another set of recommendations—X.3, X.28, and X.29—which
define interfaces to a PAD (packet assembly/disassembly) function implemented in some
network nodes. For more details see Tanenbaum (1981). Many PSNs are in current use
all over the world; some of the largest are Telenet and Tymnet in the U.S., Datapac in
Canada, Datex-P in West Germany, Transpac in France, and Euronet, a network linking
most Western European countries. Haber (1981) discusses the possibility of using
Euronet for interworking between videotex and other data services.

It is desirable that data be exchangeable between PSNs. Such interworking is not
simple, either technically or politically. There are muinor differences even between
X.25-compatible networks (such as in maximum packet size, address agsignments, and
flow control parameters), pot to speak of difficulties encountered in PSNs offering
datagrams and virtual circuits. Interfacing between networks is accomplished by gate-
ways (different from videotex gateways) implemented either as dedicated computers or
as software modules residing in some nodes of the networks involved.

6.2 ELEMENTS OF VIDEOTEX NETWORKS

Existing and planned videotex systems employ many combinations of available means of
communication, and it is hard to fit them into a classification scheme. An illuminating
analysis of networks is found in a number of reports published by Butler Cox & Partners
(1982). The following two (not necessarily independent) criteria can be helpful in distin-.
guishing between various classes of networks: (1) the degree of “‘system distribution,”
measured by the number of levels of concentration found between terminals and service
computers, and which roughly correlates with the size, performance, and maturity of the
network, and (2) the ways in which user-oriented data is distributed and moved around
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between computers. First we will show a number of typical although somewhat simpified
network *‘archetypes’ (see also Ball et al., 1980), followed by examples of real net-
works. Data distribution, gateways, and compatibility issues will be discussed further in
Chapter 11.

Access Machines

The access machine (AM) is a key element present in practically all viewdata systems. It
can be defined as the first point, on the way from standard user terminals into the net-
work, at which processing power and storage are found. A wide range of names has been
used for AM, including videotex exchange, server, enquiry center, service computer,
videotex center, concentrator, and retrieval center. This variety reflects quite well the
variety of roles that AMs have in various systems.

Here is a representative list of the functions (in the order of increasing complexity)
of AMs: :

Communication. Functions include:

« line control and user terminal handling, echoing, and error detection

« local buffering and concentration

o gateway functions, such as displaying lists of available services and external com-
puters, providing automatic logon to these services, and providing dialog contol
with external service computers. :

Application. Functions include:

» user assistance—e.g., in the form of ‘‘Help”” commands

» service provider support

o partial database (to save communication cost and time, a subset of frequently used
pages can be loaded and stored in the AM; the subset can be static—loaded by
operator commands, or dynamic—e.g., a set of the currently most popular pages)

« mailboxes for user-to-user messaging

o personal computing and telesoftware, applications that require frequent user
interactions and that thus can be executed advantageously in AM.

System management and control.  Functions include:

« user identification, access conirol, and statistics
» monitoring of network status.

In actual implementations the functionality and power of AMs vary according to the
capabilities of the rest of the system. At one extreme the AM may be the only computer in
the system (e.g., in smaller stand-alone trial and private systems) and would then carry all
vital functions. At the other extreme (typically in large commerical networks) AMs may
be limited to communication and gateway functions, the remaining tasks being taken over
by other computers.
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Specialized applications, such as database retrieval, banking, and teleshopping,
are typically supported by dedicated computers. These fall into two classes, in the first of
which services are designed and managed by the videotex operator (these can be logi-
cally considered as an extension of access machines). The second, and more important,
class is constituted by external computers, which run already existing applications that -
are in principle independent of videotex. Incompatiblities between these applications
and videotex formats and commands are resolved by gateway software residing partly in
the external computer, partly in the access machine (see Chapter 11).

6.3 NETWORK TYPES
Centralized and Replicated Databases

The network in Figure 6.3 is centered around a single access machine whose main func-
tions usually include, along with all other tasks of system management and terminal han-
dling, supporting the database. It is obviously the simplest possible configuration and is
relatively easy to implement. Such a system is typically used for experimental field-trial
purposes or as a private system, and is generally used in situations in which the number
of active users does not exceed a few hundred people within the reach of the local tele-
phone network. Disadvantages include limited capacity, the eventual necessity of long-
distance calls, and vulnerability to failures. Importantly, similar centralized configura-
tions frequently recur as local subsystems of larger networks that serve a cluster of users.
'This is an example par excellence of the fact that a system is a subsystem (and vice
versa).

A certain improvement can be realized by separating the terminal buffering and
line-handling functions from the main computer, as shown in Figure 6.4. The front-end
computers are physically close to the main computer; if they were remote, they would
become, in effect, concentrators.

AM Insl

SPT: Service-provider terminal Remark: These symbols will be
UT:  User terminal used in most of the figures

TN: Telephone network throughout this chapter;

DB: Database additional symbols are introduced
AM: Access machine in later figures as they are used.

Figure 6.3 Simple, centralized systerm/subsystem.
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il

FE: Front end

Figure 6.4 Centralized systemn with front end.

A brute-force solution to the limitations of centralized systems is sketched in figure
6.5. Here, each of a number of access machines with identical (replicated) databases
serves a local group of customers. However, database updating is done in a dedicated
computer that maintains a master database and to which all service provider terminals
are connected. The replicated databases are kept in step through identical, periodic
updates. This type of system has been demonstrated to be workable on a nationwide
scale (e.g., the initial Prestel implementation). Its clear disadvantage is the wasteful
usage of storage and computer hardware; in addition, updating canmot be practically

‘

DB2

s

Figure 6.5 Replicated databases.

MDB: Master datahase
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done in exact synchronism, which leads to temporary inconsistencies and potential prob-
lems with rapidly changing iterns of information.

Inclusion of Packet Switching Networks

A more generalized network that overcomes some of the above difficulties and provides
extended (and extensible) services involves long-distance data communications through
PSN (see Figure 6.6). Local groups of users are served by access machines. Large ser-
vice computers specialized for videotex (and operated under videotex management), as
well as external computers, can be accessed via PSN through gateways. This type of net-
work is found, with some variations, in many large systems; examples are
Bildschirmtext, the French Télétel, and the Panda network planned for Prestel. In the
latter, dedicated links between distant databases and AMs will be used, in addition to
PSN, to improve transmission speed and reliability. The contents of partial databases
will dynamically change according to local demand. The overall objective of this
arrangerent is to minimize the combined storage and transmission costs.

e ] ]

N an AC‘@
AM EC 6

EC: External computer

PDB: Partial database

PSN: Packet switching netwoﬂf .

AC:  Application computer with videotex database

Figure 6.6 Distributed system with one level of concentration (in AMs) and with access to extemnal
computers.

BRISTOL PLsi inniviC
BOLLAND LIBRARY

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 94



80 The Communications Level Part Il

In a sense, the network in Figure 6.6 is a general framework that can accomodate
probable future evolutionary forms of videotex presently under much discussion. In one
conjecture, future home information systems will be merely a collection of independently
owned and managed services. In that case, AMs would contain only simple, transparent
gateway functions (e.g., directory of available services), or might vanish altogether. At
the other extreme, a significant part of the whole network would appear as an integrated
and centrally managed distinct videotex system in which the identity of the computer from
which a user is receiving service might be hidden to him. The network arrangement in Fig-
ure 6.6 can clearly accommodate a number of intermediate cases between these two
extremes. ' '

The AMs in the preceding network implemerit one level of concentration. A more
general scheme (see Bosman, 1980), such as the one illustrated in Figure 6.7, includes
an additional level of concentrators whose primary role is, again, to offload the AMs,
and which later might become more sophisticated and eventually become another layer
of AMs.

From the standpoint of database design, the tendency seems to point towards mul-
tilevel hierarchies of databases with one or more master databases and a network of
AMs, each holding a partial database. Very little is known at the present about typical
acoess patterns of individual users, and almost nothing about the collective accessing
behavior of larger user populations. Only after such data (e.g., on the nature of the
“‘working set’’ and its evolution in time) are obtained, can the design of distributed data-
bases with so many degrees of freedom be optimized.

seT

o AM PSN
ol _ -

NN HE
-

C: Concentrator

Figure 6.7 System with twa levels of concentration.
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Hybrid Networks

In order to simplify the issues, the only transmission networks included in our preceding
network diagrams were the public telephone network and the PSN. Other means of one-
and two-way communications can be and are actually used in many combinations. Fig-
ure 6.8 illustrates an example of such a combined or hybrid network. An especially
attractive solution is to combine cable delivery systems (which are high-capacity local
networks) with satellite transmission, which has a large geographic span. In this way
large amounts of teletext data can be distributed nationwide.

Another possibility is to link one-way cable systems or DOV transmission with the
telephone in order to combine the advantages of both. This can be done in two ways. The
telephone can be used as a feedback path (e.g., for page requests); the demanded infor-
mation i3 then included by the head end in the broadcast cycle. Alternatively, the most
frequently used pages can be automatically included in the broadcast cycle while the oth-
ers are retrieved from the database and sent over the telephone to individual users on
demand. Examples of hybrid systems are Diode, a French system described by Berger
and Noirel (1981), INDAX (see below), and Touch-Tone Teletext (see Robinson and

Loveless, 1979). ;
o x ﬁj
- 16

—{ (e (e ee
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Satellite

Direct satellite
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HE: Head end

Figure 6.8 Example of combining transmission media.
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6.4 NETWORK EXAMPLES

Following are a few representative implementations of videotex networks.

Prestel Advanced Network Design Architecture (PANDA) |

Part Il

PANDA is the new network that is to replace Prestel’s current system of replicated data--
bases. The replacement process is planned for a period of about four years (1982— 1986).
It has three types of component nodes (in addition to external computers), each based on
a local network of processors (see Childs, 1981). Their names and functions are

Prestel Admuustrarzon Center (PAC): This will carry out bﬂhng, administration,

statistics, and service-provider registration.

Prestel Information Center (PIC): In their totality (1 or 2) the PICs will contain a

master database, together with the update (service-provider) functions.

Prestel User Center (PUC): This is an access point (access machine) for the users.
Each PUC will hold a partial database of the most fmquently requested pages. If a
page is not found in the PUC, then it will be brought in from PIC, eventually
replacing a seldom-used page. In effect, each PUC, together with the PIC, can be
regarded as a two-level demand-staging memory hierarchy.

The resulting network is illustrated in Figure 6.9. Note that the most heavily used
links between PICs and PUCs can be backed up by dedicated circuits.

—
T

PAC

PSN

PiC

FuC
(AM) Q‘\“\
\\\‘\
(S "‘\
. e
PUC ~ .
/ kS
-..___‘\ N
= prc
Dedicated circuits

PUC: Prestel user center
PAC: Prestel accounting center
PIC: Prestel information center

Figure 6.9 PANDA network.
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Biidschirmtext Network

The network to be used in the BTX public service to begin in 1983 is being designed by
IBM Corporation (see Grieble, 1982). It retains from the trial network the notions of
BTX-center and access to external computers through gateways. It can be seen as a
three-level hierarchy of databases (see Figure 6.10). Level 1 contains the central facility.
It consists of two IBM 4341 processors holding the master database (up to 2 million
pages), all user data, and a global mailbox. Level 2 is the database level of BTX-centers.
Each center is a multicomputer composed of up to eight IBM Systeny/1 Processors con-
nected by a high-speed bus. Two of these processors hold partial databases. The plans
call for 10 BTX-centers by 1984. Level 3 is the lower level of BTX-centers, occupied by
the remaining six System/1 processors, called customer computers (CC) (which are
access machines), two of which may be remote instead of being located on the common
bus. Each CC has its own partial database and local mailbox and canl accommodate upto
96 user ports. Service provider terminals are connected through the telephone network or
by dedicated lines, and external computers are connected through an X.25 network. The
purpose of remote CCs is to reduce the telephone traffic.

Management of data. The databases in the three levels form a demand-staging
hierarchy. Pages are moved automatically between the levels according to demand; if a
page asked for by a user is not found in his CC, a request is made to the second o, even-
tually, the first-level database. When it is found, its copy is staged (sent) to the appropri-
ate CC, replacing there a seldom-used page. About 50,000 and 100,000 pages are stored
in levels 3 and 2, respectively. It is expected that 95% of all requests will be satisfied
from level 3, and 98% from either level 3 or 2. Thus only 2% of all page requests will
reach the central facility.

When a page is updated (in level 3), all of its copies are cancelled and the updated
copy is sent to level 1, thus assuring that when demanded again, the proper version will
be obtained. All this is done in a way transparent to the user. User data and messages
(mailboxes) are handled in a similar way.

The Vélizy Field Trial

This extensive field trial, supported by the French Government and realized by the Min-
istry of Post and Telecommunications, aims to test the technical concepts behind Télétel
(the French interactive videotex) and its acceptance by the providers and consumers of
services. The trial has been running since 1981 in three citics near Paris; Vélizy, Ver-
sailles, and Val-de-Biévre; hence the acronym 3V often used to designate it. In January
1982, there were nearly 3000 user terrninals (mostly in homes), with 150 services avail-
able. Many of the services are transactional, running on externa] computers. One of these
1s a messaging service that includes mailboxes for all subscribers. Most terminals are
based on TV sets and all of them are equipped with a small alphanumnerical keyboard
augrnented by a2 number of keys for dedicated functions (see Section 10.3).
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Figure 6.10  Bildschirmtext commercial network.

PMC Exhibit 2070

Apple v. PMC

IPR2016-00753

Page 99



Chap.6  Topology of Videotex Networks 85
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Figure 6.11 Télétel 3V petwork.

System structure. The overall network structure is illustrated in Figure 6.11. Jt
consists-of a central facility (see Figure 6.12), user terminals, service-provider terminals
connected through the telephone network or Transpac, and external computers working
either through Transpac or dedicated lines; the latter are generaily used for smaller dis-
tances.

Applications (here called services) fall functionally into two large groups: database
and transactional. The former conform with the Télétel page-oriented database format.
All other services are transactional. From the network point of view services are classi-
fied into three groups: G 1, running on the central facility (these are database services),
G 2, and G 3. The latter two applications are those running on external computers,
linked through dedicated lines (in the case of G 2) or Transpac (in the case of G 3). (See
Télétel, 1980).

The central facility is a multicomputer complex composed of seven Processors
communicating through dedicated 38 kb/s HDLC links. The communication fanction is
assured by two Datanet 7103 processors that are also charged with the control of two
access lines to the Transpac packet switching network (each capable of carrying up to
twenty 2400 b/s virtual circuits) and 25 dedicated lines to external computers.

User terminals and G1 services are handled by three identical Honeywell-Bull
Mini 6 computers (access machines), each carrying a copy of the master database. Each
processor has 100 ports; thus the system can support up to 300 active users at any time.
In addition, these access machines handle the dialogs with external services, Two Mini 6
computers serve for system management (statistics, billing, reconfiguration) and
service-provider support (master database, updates).
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Figure 6.12 Télétel 3V Central Facility.

Connection 1o external services. In Télétel, as in Prestel and Bildschirmtext,

great emphasis is placed on the access to services running on external computers. As dis-

-cussed in the section on gateways (see Chapter 11), these services may or may not have

been designed with serving videotex terminals in mind. In the former case (see Télétel,

1979), connection to external services takes place on three protocol levels, as shown in
Figure 6.13.

Network level: The interface is X.25 (for G 3 services); standard software packages
for this function exist for a variety of computers.

Télétel dialog level: The establishment and closing of a logical connection with a
service is done by the access machine on behalf of the requesting terminal. The
message exchange accomplishing this and some other contro] functions (reinitiali-
zation, test, modification of the permissible number of users, etc.) constitutes this
protocol level.

Terminal dialog: When the logical connection is established and initialized, a dia-
log between the terminal and the remote service takes place while the access
machine remains essentially transparent. For this dialog to be meaningful, it must
be carried out in conformity to the Antiope presentation standard.
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Figure 6.13 Protocols in Téléte] external service connection.

There are several alternatives for the implementation of the above three protocol
functions:

1. All three functions may be implemented in the external computer. If the applica-
tion i3 not designed initially for this, then the necessary modifications may turn out to be
quite complex and costly (see interface A in Figure 6.13).

2. The X.25 interface may be in a simple front-end processor (see interface B)

3. A complex front-end computer may take charge of the network and Téléte] dia-
logs (see interface C). In effect, once the decision is made to include a front-end com-
puter, it can offload the external computer by taking over further functions, such as
conversion into videotex format, handling of error messages, and processing of user dia-
logs (see interface C').

When interfacing to existing external applications is required without the possibil-
ity of changing them, all necessary interfacing is done in the access machine, which
appears to the external computer as one of its terminals.

3V trial stafistics. The following statistical data were made pubhc after eight
months of functioning, in February, 1982:

« terminals: :
domestic 190
schools, service providers, public places 755

o services (approx.):
local (G 1) 150
distant (G2, G 3) 40

o calls:
mean nurnber of calls/terminal/week 2
mean session time (min.) 14
mean number of services consulted/session 35
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Captain Network Architecture

The network planned for the commercial version of the Japanese videotex service Cap-
tain has two levels of concentration (see Harashima and Kobayashi, 1981), as shown in
Figure 6.14. On the first level are simple multiplexers that concentrate the telephone
traffic from a group of users. The multiplexers connect to access machines through 64-
kb/s lines. The Captain version of the access machine has no database; its functions, in
addition to the usual line and terminal handling, include

o formatiing of data from databases :

« character generation (since information from databases comes in coded foxm); this
function is to be moved later to user terminals

« billing and statistics

« access to external computers.

Similarly to ail other major national networks, databases and other applications run
on computers of two types: Captain file centers (under videotex manpagement) and exter-
nal computers,

INDAX interactive Cable Network

INDAX is a set of local area CATV-based two-way networks for residential applications,
developed by Cox Cable Communications in the U.S. (see Gates and Tjaden, 1982).
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Figure 6.15 INDAX sysiem diagram.

Individual local metworks are linked through a PSN with remote external service-
provider computers (e.g., The Source, banking, and teleshopping computers).

‘The access machines used in the Jocal networks (cable head-ends illustrated in Fig-

ure 6.15) are Tandem T/16 processors; their number can be between two and 16, accord-
ing to need. These machines control all local databases and transactional applications, as
well as two-way communications with users.

Some interesting data on the utilization of the cable’s 400 MHz band are available.
Most of this bandwidth is used for standard TV channels. Downstream and upstream
data are transmitted in the 108132 MHz and 1729 MHz bands respectively. Within
these bands are placed a number of data channels, each occupying 300 kHz; the bit rate
in each is 28 kb/s. This allows for up to 40 two-way data channels (each employing a
pair of upstream and downstream channels), which are available throughout the network:
Downstream traffic is by addressed packets (messages). A CSMA/CD scheme (see
Chapter 4) is used to resolve access conflicts in the shared upstream channels. Address-
able control messages are used for frequency reassignment or for cutting off noisy parts
of the cable network. i
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This type of network is capable of combining in an integrated fashion one-way and
two-way delivery as done in INDAX for data retrieval applications. Highly demanded
pages are included in a teletext-like broadcast cycle, whereas personalized or rarely used
pages are transmitted on demand. Data channels are dynamically assigned to ¢ither type

of traffic.

The IDA Trial

IDA is the name ‘of a field trial sponsored by the Manitoba Telephone System in Canada
(see Coyne, 1981). It involves Omnitel, a CATV-based network. The two-way cable
serves as an ISDN-type medium that delivers to the participating homes a wide variety of
services: standard and pay TV, digital telephone, data, remote metering, and alarm ser-
vices. Here again, most of the bandwidth is consumed by analog TV. Digital traffic for
up to 2,000 (100 in the actual trial) homes is carried on 16 1.5 Mb/s channels. These

CABLE NETWORK
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NDC:
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©
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Network and distribution control
Intermediate distribution terminal
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Figure 6.16 DA trial network.
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effectively form a packet switching subnetwork. The network topology is illustrated in
Figure 6.16. It contains two levels of concentration, represented by IDT (Intermediate
Distribution Terminals) and RVDM (Rerote Video and Data Multiplexer) units. The
main functions of IDT are traffic control and multiplexing. RVDMs contain a number of
display memories and display generators for videotex, to be shared among 12 sub-
scribers. This permits a substantial lowering of the terminal costs. Homes are equipped

with microprocessor-based Subscriber Terminal Units, which control all sensors and
other devices.
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The three chapters in Part ITI deal with presentation-level issues. Since these issues are
highly videotex-specific (and somewhat controversial), they are also of central interest for
our purposes. First, in Chapter 7, we discuss the underlying coding principles, such as the
available options and the meaning of attributes. Chapter 8 is about real-life systems and
standards, and Chapter 9 is devoted entirely to the structure and function of terminals.

Although in many places we go into considerable detail, our main goal remains
throughout to explain principles, and not to copy technical manuals. Thus, coding exam-
ples are given with simplified, symbolic versions of the actual codes.

Tt should be emphasized that in the broader context of the OSI architecture, the
issues covered in Part Il correspond only to a subset of OSI presentation level (virtual
terminal) protocols, which were also discussed in Chapter 3.
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7.1 THE TELEVISION SET AS DISPLAY

One of the fundamental premises of videotex is the use of the home television as a
display terminal. This of course does not exclude the use of other display technologies.
Nevertheless, the methods of presenting videotex information have been shaped to a
large extent by the capabilities and limitations of standard TV sets. It is unfortunate that
these capabilities do not completely cover those of standard business video display units
(VDU). Life would be easier for standardmakers and system desigpers if the two could
easily be made compatible.

The Display Area

When a page of videotex information is being displayed, it is essential that the whole
page (information area) be entirely contained in the visible area of the screen, which is
. called the display area. Because of vaniations and aging of TV sets, it is impossible to
align precisely the page boundary with the display area; a safety margin, called the.
border area, must be introduced around the information area. This can be considered a
kind of ‘‘underscan,” in the sense that it is the opposite to overscan, which is aimed at
assuring that the display area be completely covered with scan lines. These notions are
illustrated in Figure 7.1. The net effect of overscan, underscan, and VBI (vertical blank-

95
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VBI lines (black bar)
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& Display area
(full screen)

Information area

Border arca

Figure 7.1 Areas of the television display.

ing interval) lines is the reduction of the mumber of TV lines available for page. display.
Practically no more than about 440 (out of 525) lines are left in NTSC, and 550 (out of
625) lines in PAL and SECAM.

Vertical and Horizontal Resolution

We define a pixel (picture element) as a dot in the image that can be distinguished from
neighboring pixels by its color and intensity, The resolution (definition) of a display de-
vice (ieasured in pixels or pixels/cm) is the maximum number of pixels the device is
capable of displaying in each of the horizontal and vertical directions. From the preced-
ing it follows that the vertical resolution of TV-based videotex display is around
400—440 pixels in NTSC.

The issue of flicker in a television image is a complex one. Flicker is a subjective
phenomenon that increases in objectionableness with increasing brightness, image size,
space between scan lines, and reduction of refresh rate. Large bright areas will flicker
more than small or dim areas. Thus, for example, flicker in the upper-case letter E may
be objectionable if the letter is bright and the long upper and lower strokes of the letter
do not have equal representation in both even and odd interlaced fields. (This leads some
to estimate conservatively the vertical resolution as no more than 200—220 pixels.) If the
center horizontal stroke is shorter, it will display less flicker and the elements of the vert-
ical bar will show essentially little flicker. By careful application of these principles (and
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of character rounding), vertical resolution can be greater than half the number of scan
lines.
, The horizontal resolution is hmlted by the bandwidth of the video sigpal. In partic-
ular, the number of pixels displayable on a borizontal line is equal to the maximum
number of times the electron beam can be switched on and off while sweeping the line.
This number can be obtained by multiplying the upper limit of the bandwidth (around
4 MHz in North America) by the time the beam takes to cross the information area (about
80% of the scan line cycle—that is, about 50 ps). The scan line cycle is 1/(n; - ng ),
where #; is the number of TV frames per second and ng the number of lines per frame.
The results for NTSC and PAL scan line cycles are very nearly the same: about 64 us.
All this works out to a horizontal resolution of 4X 105 X X107 =200 pixels. This
value can be compared to the resolution of standard VDUs, which is usually 512 X 512,
and of high-resolution graphic terminals (e.g., 4096 X 4096).
Unfortunately, even the above-derived low resolution of the TV set cannot be
taken for granted. First, at the upper limit of the bandwidth, the signal modulating the
-electron beam can only be a sine wave (and not a square wave); therefore the pixels will
not be drawn as sharp dots, but as somewhat fuzzy areas. Second, the video bandwidth
as indicated by various TV standards relates to the transmission, and there is no guaran-
tee that all TV sets will actually amplify all frequencies within this bandwidth. In this
respect, the RF tuner is especially susceptible to misalignment and aging, which invari-
ably causes deterioration of the frequency response. Therefore, when the TV set is used
for videotex, it is desirable to bypass the tuner; this can be done in newer types of sets
having either integrated videotex/teletext decoders or external sockets for the composite
video or RGB signal. See Plates | and 2 for the display improvement obtained when the
RGB input is used. (RGB stands for Red, Green, and Blue, the component colors of a
color TV image. The three signals carying the color intensities are referred to collec-
tively as the *"RGB signal.’”)

One might be led to think that the resolutlon of a TV set can be increased by purely
electronic means (i.e., by increasing the number of scan lines and widening the
bandwidth or by decreasing the scan rate). Unfortunately this is not the case, because
the definition is also built into certain fabrication parameters of picture tubes, such as the
granularity of the active display surface and the diameter of the electron beam. The
luminescent material that converts the energy of the bearn into light consists not of a con-
tinuous layer, but rather of individual dots of phosphor (or triplets of dots for the three
basic colors in color television). The spacing of these dots is normally about 0.7 mm, and
this sets an upper limit to the attainable resolution. To go beyond this limit requires use
of finer-grain picture tubes, which are more difficult to fabricate. Such CRTs are
currently used in high-resolution color graphic systerns, but presently are much too
expensive for standard TV sets. However, display technology is moving fast, and high-

resolution digital TV (1125 lines) may become a commercial reality in a few years (see -

Fink, 1981).

This will, of course, require a separate transmission medium, such as specially
allocated Cable TV frequencies or Direct Broadcast Satellites. High-resolution digital
TV cannot be displayed on the conventional television receivers presently installed in
homes.
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Character Cells

Given their limited resolution, how can TV displays best be utilized to represent textual
inforration? A cotmmon approach is to divide up the information area into a grid of rec-
tangular cells (see the mosaic option below), each capable of carrying one character
symbol with the necessary surrounding space. The basic parameters to be determined are
the minimum character dimensions (in pixels) necessary to acommodate all character
shapes found in Latin-based alphabets and the spacing requirements between characters
and rows. In particular, provision must be made for the following character features:

« upper/lower case
« variations in vertical space occupied (e.g., k and g may extend upwards and down-
wards respectively, from a central position)

» accents and diacritics, suchas “,”, ", ete.
o undexlining.

The cell size must be sufficient for all these geometric features. A certain margin
must be allowed for esthetic appearance, legibility; and receiver bandwidth deterioration.

Experiments and accurnulated experience show that the minimum necessary char-
acter size is'S pixels wide and 7 pixels high. This minimum size already compromises
legibility and the precision of diacritics (compromise of the latier is no problem, how-
ever, in English). .

In an extensive study on character design and legibility, Treurniet (1981) presents
the following conclusions:

1. Legibility of the basic 5 X 7 character is greatly increased if descenders (such as
in the characters g and y) are allowed to protrude one line below the body of characters,
and if one line is left for diacritics. The basic character size then becomes 5 X 9 pixels;

2. Inter-row and inter-character space should be about 2 pixels; however, both can
be reduced to 1 pixel in order to accommodate 20 rows by 40 characters in NTSC. Each
character then occupies a cell of 6 X 10 pixels (including space).

Several character sets were designed for use in Telidon, based on this study. One
of them, the Bronsard 3 set, is shown in detail in Figure 7.2. No character rounding is
used. v
In other videotex systems, a number of cell sizes in practical use range from 6 X 8
(in Prestel) to 8 X 10 (in Télétel). Horizontal and vertical spacing varies between 1and 3
lines. .

Character Rounding

A technique called character rounding is employed in some character generators in order
to improve the appearance of displayed characters. It makes use of the fact that a row of
pixels is composed of two scan lines from alternate fields. Normally the two lines are
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Figure 7.2 Detsils of Bronsard 3 character set.

identical. With rounding, neighboring pixel lines are compared in a special circuit and, if
“‘diagonal”’ contours are detected, the intervening scan lines will display dots shifted by
one half of a pixel. This principle is illustrated in Figure 7.3. Figures 7.4(a) and 7.4(b)
are photographs of the two fields of a character-rounded display to highlight the differ-
ences. Figure 7.4(c} shows the combined rounded display.

Number of Characters Per Row

We have scen that this is primarily determined by the bandwidth of the video part of the
TV receiver. Figure 7.5 shows approximately how many character cells can be contained
in a row with given resolution and character width. The row length of major European
and North American systerns (UK. teletext, Prestel, Antiope, Telidon) is usually 40
characters, and occasionally 32 characters in the U.S.

From the point of view of video bandwidth, the European systems might squeeze
more than 40 characters into a row. One reason why this does not in fact occur is the
fixed format design of the U K. teletext, in which one data line carries data bits for only

= 2 sean
lines

}

} Pixel line

Without rounding With rounding

Figare 7.3 Principle of character rounding,
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Figure 7.4  (a), (b) Two fields of a character-rounded display; (¢) Combined rounded display.
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~ Figure 7.5 Number of displayable characters per row as a function of video bandwidth and character width C
(in pizels). Assumptions: 5} ps/scan line, bit rate = bandwidth. Another limiting factor, the picture tube’s
granularity, is not taken into account.

one row of 40 characters. At eight bits per character and 52 s available on each data
line for transmission, a rate of 6.9 Mb/s results—a value just within the possibilities of
the PAL's 5.5MHz bandwidth. Except for presentation compatibility, this has, of
course, no significance in asynchronous teletext like Didon, or in interactive systems.

Number of Rows Per Page

Taking 10 pixels (20 scan lines) as the minimum necessary character height (with space),
it is seen that 625-line systems can display about 24—26 lines of characters, 525-line
systems only about 20 rows. Since the information content of a page should be maxim-
ized, European systems commonly use 24 rows, although the North Americans favor 20
(or 16). This is a major source of incompatibility. It should be noted that with 6 X 8 cell
size, one can achieve 24 rows even in NTSC; the resulting quality is acceptable, but the
quality of diacritical marks in non-English alphabets would suffer.

Recent results reported by Ciciora (1981b) indicate that there are practical ways to
achieve 24 rows even in the 525-line standard. The author’s two main arguments, sup-
ported by practical demonstrations are :

1. Due to decreasing hardware costs, increasing numbers of TV sets will have
built-in videotex decoders. Such sets, when switched to videotex mode, will feature
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compressed rasters (vertical, or both vertical and horizontal), thus eliminating the loss of
scan lines due to overscan. This yields more than sufficient space for 24 rows at 10
lines/row.

2. With set-top decoders in which scan compression is impossible, 24 rows can be
displayed by using 6 X 8 cells. These were obtained simply by removing two *‘judi-
ciously”” selected scan lines from a 6 X 10 font, and by applying character rounding. An
alternative method, using 8.5 lines per row (8 and 9 in alternate fields), yields very satis-
factary displays even of accented characters and with RF connection to the set. A teletext
system in Chicago (Field Electronic Publishing) actually uses the 6 X 8-pixel, 24-row
format.

The above results are important because they indicate that there are ways to avoid
the accumulation of incompatibilities due to the difference between the 625 and 525
line-based systerns.

7.2 IMAGE-CODING OPTIONS

We have seen that videotex employs ways of transmission fundamentally different from
- ordinary television. Transrmission is digital; pages to be displayed are generally stored in
computer memories, and transmission rates can be quite slow. To transmit the digitized
version of a video signal—e.g., using PCM (pulse-code modulation)—one would need a
92 Mb/s channel. At that rate, one frame would require some 3 Mb of storage, about 400
times more than a typical Telidon page. Thus, in order to save memory and bandwidth,
new and more economical ways of representing text and image information have had to
be developed. These issues are centered around the presentation layer of the OSI refer-
ence model.
There are three main coding options in use in today’s videotex systems:

» mosaic (or character—based)
_ » geometric :
» photographic.

Many docurnents use the terms alpha-mosaic and alpha-geometric (and even alpha-
DRCS). Here we will use the above, less redundant terminology. :

Mosaic Coding

This method is taken from conventional VDU technology, with extensions to handle
graphic shapes and colors. Three modes of mosaic coding can be distinguished:
alphanumeric, graphic, and DRCS (Dynamically Redefinable Character Sets). The
diplay area in all modes is thought of as a fixed matrix of cells, each cell being a matnix
of pixels. A cell can display a mosaic character; the shapes and origins of these charac-
ters are different in the three options. All cell shapes displayable by a receiving terminal
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are regrouped in alphabets and stored in the terminal’s memory as binary dot matrices of
the same dimensions as the cell. Since the number of characters stored in the terminal at
any given moment (a few hundred) is much less than the number of all possible cell
designs (2% with 8 X 10 cells), coding of mosaics is comparatively very economical.

Alphanumeric alphabets are based on ISO standard 646 and its extensions to spe-
cial symbols and national alphabets. Its North American version is the familiar ASCH
code.

Graphic alphabets are used to create simple pictures and dlagrams Cells are
divided up into six elements (three lines by two columns), which gives 64 possible
black-and-white cell designs (see Figure 7.6(a)). There are various modalities for these
standard mosaic graphics, called. separated, smoothed, and line graphics. See Figures
7.6(b), (c) and (d). Various graphic alphabets will also be found in Figure 8.5.

DRCS, a significant improvement of the mosaic option, is realized by permitting
the downloading of the dot patterns of a new alphabet from the service computer, instead
of permanently storing all displayable characters in the terminal’s read-only memory.
This permits an application to use any desired symbols (such as Greek letters or the
silhouettes of spaceships often seen in animated TV games). Proponents of DRCS some-
times argue that the flexibility inberent in the method makes the geometric option
unnecessary. The argument is substantiated by the fact that Captain, the Japanese
videotext, relies heavily on a multiple-cell-size DRCS coding scheme.

Once the characters are loaded in the terminal, they can be considered as merely
another alphabet. The penalty for this flexibility is of course the transmission overhead
due to downloading. It would take about seven seconds to transmit 96 symbols with
8 X 10 cell size at 1200 b/s. This overhead is prorated over the total number of uses of
the downloaded symbols. If they are used many times, the efficiency approaches that of
the other mosaic modes; if used only once, the efficiency becomes similar to that of pho-
tographic transmission (see below), with the difference that in the basic DRCS technique
only the character shapes are transmitted (1 bit/dot), whereas in photographic coding
every pixel has its color defined independently. It also has to be realized that the
representation of DRCS shapes in a database is terminal-dependent; a DRCS coded for
8 X 10 cell size cannot be directly used with a terminal having 10 X 12 size cells.

The above two inconveniences of DRCS (absence of color and dependence on cell
size) are alleviated through specifications for a CEPT terminal (see Section 8.2) in which
provisions are made for 15 possible cell sizes, from 16 X 24 to 4 X 5 dots. The number

] T
0 T
L T //////////

(a) (&) (d)

Figare 7.6 Examples of mosaic graphic characters: (a) standard; (b) separated; (c) smoothed: (d) line.
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of different dot colors is 1, 2, 4, or 16. Multiple cell sizes and color modes can be used
in the same frame.

Geometric Coding

In the geometric option, images to be displayed are described in terms of the ““drawing
instructions’” of an image description language. The instructions correspond to certain
geometric elements found in many drawings, namely, points, lines, polygons, and arcs.
This approach has its roots in many graphical languages used in-computer graphics sys-
terns and was adapted to the needs and possibilities of videotex.

Geometric coding can convey relatively complex images more efficiently than can
mosaics; the price to pay is in terms of complexity and increased display memory
requirements in the terminal, and the time required to draw the image. The confrontation
of the two approaches is one of the hot issues being discussed in videotex circles. We
will return to this point later.

Photographic Coding

This option is applied generally in cases in which the other methods would fail to
represent the objects in sufficient detail. The photographic method is the closest of the
three options to digital television. However, only still images are transmitted by this
method. Since the transmission speed is lower than that required for direct display at the
nominal scan rate, the pictures must first be stored in a display memory. _

_The main problem with the photographic option is conveying the enormous
amount of information that is contained in a (still) color TV frame. Taking 300 pixels
per line and SO0 lines gives 150,000 pixels; 3 bytes per pixel to encode the luminance
and two chrominance signals yields 0.45 MB. This is a great deal to store in the database
and in the terminal, even ignoring the fact that at 1200b/s such a picture would take
almost an hour to transmit. Nevertheless, modern coding methods permit reduction of
this quantity by a factor of as much as 32 (with ooly moderate deterioration of picture
quality).

There are two large classes of pertinent coding schemes: point-by-point coding and
transform coding. In the first, information on pixels is transmitted in scanning order,
much as in (digital) television. Transform coding subjects the source image first to a
Fourier, Hadamard, or other transformation, yielding a oumber of coefficients from
which the image can be reconstructed on reception. This requires computational power
at both ends, but yields better coding efficiency (in terms of number of bits transmitted)
than do point-by-point methods. Note that besides coding efficiency, transform coding
has a number of related appealing characteristics, such as insensitivity to noise in
transmission and recovery from blumring. (See Rosenfeld, 1977; see also Shlien et al.,
1981, for a review and extensive bibliography on these techniques. )

A particularly interesting feature of certain transforrns is that they permit the send-
ing of images with “‘gross information first™": that is, the image appears rapidly in its
crude outlines, to which subsequent information adds more detail. This **progressive’’
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effect is achieved by suitably ordering the coefficients for transmission (e.g., low-
frequency components first). This is clearly of time-saving importance in videotex,
because crude approximations may be sufficient to permit users to reject the rest. Fig-
ures 7.7(a), 7.7(b), and 7.7(¢c) show an example obtained by the ‘‘singular value decom-
position’” method (Shlien et al., 1981). Note, however, that progressive transmission can
be achieved by other means, too. For example, Knowlton’s method (1980) for the coding
of digitized gray scale images treats the image in a Aierarchical fashion. First, it calls
for transmission of the overall average intensity (gray) value for the entire image. Then
the image is cut into two halves, and the average for one half is transmitted. The value

BUD 4 PLANES

«©

Figure 7.7  (a}, (b}, () Sequence of progressive reconstructions of a picture.
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Figure 7.8  Efficiency and complexity of image coding options {qualitative}.

for the other half can be calculated from this and the overall average. The process of
halving is repeated until full detail is obtained.

Whatever method is used for encoding the image, the resulting bit stream may be
compressed for storage and/or transmission by well-known techniques, such as run-
length or Huffman coding.

With the exception of mosaics, none of the three options is sufficient as 2 unique
means of coding in any practical system. First-generation systems (such as Prestel and
Antiope) are based on mosaic coding; later versions include DRCS. On the other hand,
newer standards (PLPS, CEPT) rely on all options and provide unified coding schemes
and tables for this purpose. The following sections of this chapter describe such coding
schemes in detail, stating their functional capabilities and irpact on terminal design.
Figure 7.8 relates qualitatively the mosaic, geometric, and photographic options in terms
of language level, complexity of encoding/deceding, and required display storage capa-
city per typical page. Flates 3-8 are photographs of sample displays created by various
coding options.

Note that geometric graphics are fundamentally different from mosaic or photo-
graphic graphics. In the latter two cases, there is a relationship between bytes of code
and picture area that is direct and independent of picture content. The amount of code
required for geometric graphics is related to image complexity. For example, a contour
map of the state of Colorado would require inany fewer bytes than would a map of the
Great Lakes.
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7.3 CODE TABLES AND CODE EXTENSION

Structure of Code Tables

Mosaic characters come in sets, called alphabets, which are defined in code tables. Cer-
tain alphabets have been standardized and used for text transmission for quite some time;
others (e.g., mosaic graphic sets) are specifically videotex-oriented. In effect, not only
alphabets but also the structure of code tables are standardized to a certain extent. Figure
7.9 shows the now generally accepted ISO 7-bit table with standard ASCII characters.

bjb

Figure 7.9 IS0 646-based code table with CO control set (col. 0—1) and GO graphic set (ASCII).
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The ASCII alphabet is the North American version of the international standard alphabet
(see ISO 646, 1982). National versions of 1SO 646 may differ in 13 character positions
shown shaded in Figure 7.9. Seven bits are used because storage and transmission are
universally performed in bytes, with one bit reserved for parity. The table defines the
meaning of each of the 128 codewords (or codes) of the form b4, b, - - . » by Itis organ-
ized into eight columns and 16 rows. The three most significant bits (b through bs)
specify the column, the other four bits (& 4 through b ;) the row number. A position in the
table will be designated by a shorthand notation-—e.g., 4/9 is the codeword at the inter-
section of the fourth column and ninth row (100 1001). Its signification in ASCII is *1.”
Bits are usually transmitted in the order by, b, . .., by, p; (pisthe parity bit).

The code table has two parts. Columns 2 to 7 contain 96 displayable characters;
the first two columns regroup 32 control codes. The two groups of codewords are narned
G-set (graphic) and C-set respectively. Control codes control the transmission and for-
matting of displayable characters. Transmission control codes {crosshatched in Figure
7.9) are used at lower levels of the OS! hierarchy and should not normally be used at the
presentation level. Formatting codes will be explained later.

Alphabets other than ASCII can be defined by means of G-sets in alternative
tables. Examples are the so-called supplementary alphanumeric set, and various sets of
mosaic graphic characters. The former is a complement to the basic ASCII table, defin-
ing some special symbols and diacritical signs to be combined with other characters (see
Figare 7.10).

It is important to note that code tables generally define the meaning, but not the
precise dot pattern (font), of the characters. This (as well as the cell dimensions) is an
implementation detail local to the terminal, and thexe is no need for standardization,
except in the case of DRCS, for which the downloaded dot patterns must match the cell
size used.

Code Extension Standard

All information to be displayed on videotex terminals must be coded for transmission
(and storage) as a sequence of 7- or 8-bit characters. This is true regardless of the speed,
communication medium, and option.

We have seen how the meaning of these characters is defined in code tables. The
basic ASCTI table is sufficient for simple text transmission applications, but certainly not
for the full range of options, alphabets, and attributes inherent in videotex. How can all
these additional data be incorporated into a reasonable coding scheme? A brute-force
solution would, of course, be to use a new code structure with sufficient number of bits,
say 14 (two 7-bit codewords). But in addition to being wastefutl, such a scheme would be
incompatible with other ASCII-based services such as telex, database retrieval, and word
processing.

The 1SO devised another solution, called code extension (described in ISO 2022,
1982); note that it is not a videotex-specific procedure. It is based on the above-described
code table, and extends the capability of 7-bit codes by temporarily changing their

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 121



Chap.7  Principles of Presentation Coding 109

w10 [0 [0 Jo [+ [+ [t |7

o [ o o[ o] oo o]y

Bs 0 t 0 f o 1 of] 1
o] 550, [ v, e,::"z;, o123 |ats|6]7
olofofa| o %’i ¢ —I K
olefo]|1] .022'“:'” I * - A
ofofr]o] 2 ¢ " |®|p|¢
JONNEY  FAREREICIF-AF
ol1]ala]| 4 m $ | x|l ®|h
olifol1] s ab_::;;:f: x|a| | L
ofl11]0] 6 c@& # | = Wit
of1|t|s] 7 G $ |- * Lt
1loflofo] 8 o 3| - ! Al <t
tlofola] s RN 8|4
Tl T TR E |l
vfof1]1]| N 3,0 <<|>>| O| B
afafof 2k '_' 74 Vo| P[P
1] 1bofaf s t 1/2 " "‘/B ¥l
ot =Y ARARIL
vlarfe] s '%3:"::_;:: V][ |%]|n

Figure 7.10  Supplementary graphic set.

meaning. The principle is similar to the method by which computer systems address very
large virtual memories (e.g., 16 million words) with much less address bits than would
normally be required by the address space (say, 12 instead of 24 bits). The trick is to
recognize that although the total number of required code meanings (virtual addresses) is
very large, typically only limited subsets are used during relatively long periods of time.
Therefore it is more economical (if not done too frequently) to change the currently valid
subsets (such as memory segments or alphabets) by means of a few additional codes, and
then use fewer bits for further specification within the subset.
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This code extension scheme for a 7-bit environment is shown in Figure 7.11. The
terminal is supposed to interpret all received codewords with reference to an in-use
(cwrrent) 128-character table. The in-use C-set and the in-use G-set are subsets of t}_ns
table. Certain characters (or sequences) from the in-use C-set are used to replace the 10-
use table or its individual elements. This replacement can be temporary (extending for
one character only) or locking (extending until further replacement is invoked by a cop-
trol sequence). '

There are four G-sets, G0, G1, G2, and G3, which can be invoked as the in-use set
by single control characters. GO and G1 can be invoked in a locking manner by SI (Shift
In, 0/15) and SO (Shift Out, 0/14), respectively. G2 and G3 are invoked temporarily by
control characters SS2 and $83. (The 1982 version of ISO 2022 also provides for locking
invocation of G2 and G3.) _

Besides these four *‘immediately’’ invocable G-sets, a whole repertory of further

Control

repertory (to be used as CC)
BSC Control
2f2, repertory (to be used as C1)
C1 (F) '
ESC, (0) i
—— In-use table
ESC, 3 1
T l‘/
) |1
co ¢ N
% | |
|
I ) |
/SI SIO 852 853
GO0 Gl G2 G3

X } £ o
ESC, 2/8,(F)  ESC,2/9,(F) ESC, 2/10,(F) ESC,2/11,(F)
ESC, 2112, (F) ESC, 2/13,(F) ESC, 2/14,(F} ESC, 2/15, (F)

Graphic
repertory

Figure 7.11 Principle of code extension.
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G-sets may be defined; any of these can replace any one of the GO—G3 sets throtigh
three-character control sequences also shown n Figure 7.11. The graphic repertories and
the default assignments of G0—G3 can vary between applications. In most videotex sys-
tems GO and CO are as shown in Figure 7.9. G1 designates mosaic or geometric graphic
sets, and G2 the supplementary graphic set. Alphabets used in some particular systems
can be found in Chapter 8. The above control sequences always begin with ESC (1/11),
followed by a character defining which of the four G-sets is to be replaced; the last char-
acter, (F), defines a set from the library (graphic repertory). This character is subject to a
gradual standardization by means of a registration procedure by ISO. The intention is to
assign unique characters for every future G-set. As a résult, a very large number of
interpretations can be given to the codewords.

The extension of control sets is handled in a similar fashion. However, the in-use C-
set (called C0) is practicalty never replaced in a locking manner (although provision for
this is made through the ESC, 2/1, (F) sequence). All extensions are invoked temporarily
from a Cl-set (by ESC, followed by a control character, (C), from C1). Codewords of
C1-sets are placed in columns 4 and 5 of the code table in order to avoid confusion with the
C0-set. Position 5/11 in some Cl-sets is reserved for CSI (Control Sequence Introducer) to
be used for purposes analogous to ESC in CO (as described in‘a related standard, ISO 6429,
1982). : '

The C1 set can be replaced by any set from an extended control repertory by means
of the sequence ESC, 2/2, (F), where (F) designates the selected set. The character (F) is
subject to gradual standardization by ISO.

The C0- and GO-sets in the ASCII code table are the default current sets. ISO 2022
does not prescribe the ways in which the additional graphic and control sets should be
used. This is done in other, videotex-related standards and systems, as discussed in this
chapter and Chapter 8.

The 1SO 2022 standard also covers the extension of 8-bit codes. The method is
similar to the one just described, except that the in-use table has 256 positions permitting
two G-sets and both C-sets to be used simultaneously. The eighth bit is used to distin-
guish between the two sets, There are minor variations in the ways in which this code
extension scheme is applied in various videotex coding systems. .

Control Set Functions

(0 functions {except those reserved for transmission control (se¢ Figure 7.9) are stand-
ardized for videotex in CCITT Recommendation S.100 (1980). Since CO is also used by
other related text transmission services with which videotex should be compatible to the
maximum possible extent, the interpretation of these controls is essentially the same as
elsewhere. They include the following (note that “‘active position”” means the cursor);

» format effector controls, such as
APB (active position backwards)
APF (action position forwards)
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®
APD (active position down: line feed)
APU (active position up)
APR (active position retumn to the beginning of row: carriage return)
APH (active position home) '
CS (clear screen)
SP (space)
CAN (cancel row, interrupt)
US (cursor positioning, reset of some attributes)
« code extension controls, such as
ESC (to change the meaning of subsequent character(s))
SO, SI, §82, 883 (to invoke graphic sets GO—G3).

Control functions in Cl-sets are videotex-specific and their detailed assignment differs in
various systems. In the European approach (see CEPT, 1981) two Cl-sets are used for
the contro] of parallel and serial display functions and attributes. North Americans do not
distinguish explicitly between the two kinds of attributes. Their standard PLPS (1982)
employs a single Cl-set fulfilling some (but not all) attribute controls, cursor controls
(steady/flash), text editing, formatting, etc.

7.4 CODING OF DISPLAY ATTRIBUTES

Unlike the display of simple alphanumeric text on VDUs, videotex information can be
displayed with a number of color, shape, and other variations. These variations, or
attributes, include among others

o color of the characters

s color of background -

o size of characters (double height, double width, or both)
« blinking or steady characters

¢ characters underlined or not

« display field concealed or revealed

» display field protected or not (writeable by user)

« display intensity.

Further attributes, such as orientation of objects and texture, are applicable in the
geometric option. The above list contains only typical mosaic attributes and is by no
means exhaustive. Note that the question of what an *‘attxibute’” is, is relative; an object
(mosaic character) can be seen as nothing but a collection of attributes, including shape.
Auributes affect not only the appearance of individual shapes (mosaic characters or
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geometric figures) but also the background against which the shapcs are displayed. The
display process is generally controlled by control characters from C-sets; some of these
characters control attributes and their modalities. The span of control may extend to

» individual characters or shapes (as to color, size, whether underlined, etc.)
 an entire row, or field of the display
« the full screen or information area.

It is convenient to imagine the visible display area as composed of three layers. On
the “‘deepest’ level is a standard TV picture on the full screen. The next level is the
information area background (see Figure 7.1), followed on the “top’” by the information
area foreground (display shapes). Different atiributes can control the three layers
independently. Thus in order to see a TV program, one must set all layers to transparent
state. Similarly, ‘‘boxes” (e.g., with text) that overlay the TV image can be created.

Handling of Control Codes In the Terminal

'The manner in which attributes are represented and manipulated is closely related to the
internal architecture of the terminal controller. A component that must be present in any
terminal design is the display memory (DM). Logically DM appears under the same for-
mat as the display area—that is, as a matrix of, for example, 40 X 24 cells. Its basic
function is to accumulate and hold all data for the currently displaye page; it can also be
thought of as a buffer, necessary to smooth the disparity between the data reception and
display rates. The second important component is the display generator, which serves to
create the RGB signals that drive the display tube. Refer to Chapter 9 for more details.

While graphic (displayable) characters as received by the terminal are immediately
loaded into DM, characters from the CO and C1 sets can be active (*“‘executed’’) at two dif-
ferent times: on reception or on display generation. CO codes (e. 8., cursor controls, ESC
sequences) and attribute controls are examples of the two cases, respectively. The former
serve to control and modify the process of loading DM:; the latter control characters must
be stored in the terminal for use by the display generator.

The following discussion is focused on an issue that has raised heated controversies
in the past: the treatment of attribirtes in the mosaic option. The essence of the problem is
that at the moment of display generation, the complete set of attribute values must be
known for each character being displayed. The problem is to determine where these
attribute bits would comne from.

Fortunately, attributes do not have to be coded and transmitted explicitly for every
character. Advantage can be taken of the fact that attribute values typically do not
change very often; therefore one transmits (as control characters) only the new aitribute
values when changes occur. This, along with the use of defau]t values, can bring down to -
areasonable level the overhead due to attributes, _

For historical reasons, two approaches have been worked out for the handling and
storing of attmibutes in DM, as illustrated in Figure 7.12. In the first approach {Figure
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Figure 7.12 (a) Conceptual handling of seral atiributes. Display memory holds P and C characters;
(b) conceptual handling of parallel attributes. Antvibute register moves with cursor.

7.12(a)) DM has only eight bits per cell, the minimum necessary to hold the coded form
of a character; consequently attribute controls (C) must be mixed with displayable char-
acters (D). On display, DM is read line by line and the control characters are (conceptu-
ally) fed to an “‘attribute register’” which contains the cusrent values of all attributes and
supplies them to the generator. (The attribute register is usually incorporated into the
generator.) The net effect of all this is that an attribute value will propagate along a line
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until a new value is defined or the end of the line is reached; at this point all attributes
are reset to default values. This method of treating the attributes is said to be serial. It
was originated in the UK. teletext and was carried over to Prestel.

In the second solution (Figure 7.12(b)) DM has two components—the character
memory CM and the attribute memory AM that explicitly stores the attributes for each
cell {typically 8—16 bits/cell). Since attributes are transmitted only on change, the latest
values received are again conceptually fed into an attribute register and written to AM in
parallel with the contents of CM as the carsor proceeds across the lines. This is the
source of the term parallel attribute handling. In this mode the atiribute register is con-
sidered to be attached to the cursor and writes its contents whenever a displayable char-
acter is placed into CM. Paralle] attributes were introduced by Antiope.

1t is crucial to note that insofar as the DM is filled sequentially line by line (no ex-
plicit cursor controls are used to move it arbitrarily across DM), the serial and parallel
modes give practically the same results (the difference is that a serial attribute requires
an extra character space). This is because the serial order of scanning DM by the display
generator imitates exactly the cursor movement on writing DM, and thus the sequence of
readings from AM. This situation is radically altered with random movements of the cur-
sor; the serial and parallel modes then behave quite differently. It took many years of dis-
cussion and controversy until the discovery was made that the two modes could be
reconciled into a single unified system—the CEPT standard.

Serial Attributes in Fixed-Format Teletext

In a serial attribute system, such as that illustrated in Figure 7.12(a), some cells must be
occupied by attribute control characters that are not themselves displayable. As a default,
either a blank {current background color) or a repetition of the last non-control character
‘may be displayed in these cells. The blank is suitable for text applications in which
attributes, such as underlining, typically change between (but not in the middle of)
words. In mosaic graphics, on the other hand, a blank occurring between two adjacent
areas of different color might be disturbing; in such cases the previous mosaic character
should be repeated. This is achieved by a “‘hold graphics’ control. The main problem
with this approach is that attributes are spacing,—that is, they advance the cursor.
Therefore, certain display pattems are impossible to create. For example, two adjacent
letters cannot have different color. Figure 7.13 is a simple example of the use of serial
attributes.

It is often claimed that these restrictons are not serious and that they are
outweighed by the advantages of the system, namely its simplicity and minimized
memory requirernents. The simplicity stems from the fact that on reception, both control-
and displayable characters receive the same treatment: they are sequentially loaded into
the memory. Simplicity becomes even more propounced when data are arriving through
synchronous VBI transmission (in which one TV data line carries the equivalent of one
display line), as sketched in Figure 7.14. Note that this scheme does not permit random
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cursor movements. However, this is an inherent quality of synchronous transmission and
not of serial attributes; Prestel, for example, can use cursor controls.

Although serial attributes permit neat terminal designs that do not require a
microprocessor and that use minimal memory, these advantages tend to erode with
decreasing hardware costs and with the tendency towards intelligent and multifunctional
terminals. This is nof to say that serial attributes are inferior to parallel ones, however.

Applicability of Attributes

Roughly speaking, parallel attributes are advantageous for drawing graphical shapes with
mosaic graphics involving cursor movements in directions other than horizontal. For
example, a diagonal line over blue background and consisting of alternating groups of
three red and three yellow squares, such as in Figure 7.15(2), would be drawn by using
the following sequence of symbolic codes (see Section 7.3 for meaning of the codes):

« CS

o set background color (full screen) = blue
- APH N ‘
» set foreground color = red

« WMC (Write Mosaic Character)

» APD

» APF

« WMC

L] APD

o APF

a WMC

« set foreground color = yellow

L] APD

e APF

. WMC, etc.

To do the same with serial attributes would require setting the foreground color before
every WMC code.

Serial attributes enable one to pre-set the attribute structure of a page before the
characters are actually written. This can be applied, for example, to set up a box on the
screen into which text will be loaded later. Subsequently the colors of foreground and
background may be changed, or the box may be made to flash withous rewriting its con-
tent, which cannot be done with parallel attributes. This is llustrated in the following
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simple example (see Figure 7.15(b)). On a blue screen, the word ‘‘HAHA’ has to be
written in a green window. Here is the resulting code:

« C8

« set background color (full screen) = blue

» APH

« APD

« APD

» set forground color = red (spacing}

« set background color = green (spacing) [red and green colors are now set up to the
end of line, remaining invisible until displayable characters are written]

» APF

o write H
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o write A

» write H

o write A [HAHA displayed in red letters in green box]

+ pause

a APR

« set foreground color = black

» set flashing [HAHA displayed in black, flashing in green box].

Note that other, more general, ways of predefining the attribute structure can be ima-
gined than propagating attributes line-wise (for example, by use of cursor movements).
The important distinction to make is to specify whether AM can or canmot be loaded
independently of loading DM.

Reconcilling Serial and Parallel Attributes

For some time it was thought that the two approaches to attribute handling were entirely
incompatible, and that the only way to reconcile them was to accept both as separate
options in a standard; this was done in CCITT Recommendation $.100. However, deeper
‘analysis and recent efforts to produce a unified European videotex standard have demon-
strated that the two schemes are less different than one might have gathered, given the
intensity of discussions among their proponents.

The key element of the new insight is the shift of emphasis from whether or not a
separate AM (attribute memory) should exist in the terminal, to the way the AM is
loaded with attribute values. It has been recognized that the additional cost of 1 or 2kB
of AM is becoming of little significance; the main problem is how to avoid explicit
transmission of all attributes with each character. To recapitulate, this can be done by
extending the span of each attribute control until the next change of that attribute is
received. However, there are two modes for doing this.

1. The cursor (active position) is imagined to carry a register with all current attrib-
ute values. Whenever a displayable character (including space) arrives, it is deposited
into the CM and the attribute values are copied from the cursor into the identical position
of AM. Attributes are nor copied during cursor displacements (APF, APH, etc.). This is
precisely what is happening when parallel attribute controls are used.

2. Attribute controls are imagined to write a marker at the AM address pointed to
by the cursor. The new attribute value is copied (row-wise) into all subsequent positions
in AM until a previous marker (for that attribute) or the end of the row is encountered.
Such action is invoked by serial attribute control characters. Displayable characters are
written without affecting attributes. Note that, granted a separate AM, serial attributes

need no longer necessarily be spacing (they are spacing in the CEPT standard for compa-
tibility with Prestel).

A short reflection shows that there is no reason why both kinds of attribute controls
could not be used in building up a display frame. All that matters is to load appropriately
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the attribute memory prior to the display process. Since a given location in AM can be
addressed several times and by both serial and parallel attribute controls (contained in
two separate C1-sets), a natural rule has been adopted, that says in essence that the latest
attribute control takes precedence, whether received in serial or parallel mode. This prin-
ciple is the basis of the so-called “time-dependent unified alphamosaic system’”
(TDUAM) used in the CEPT European presentation standard (see Section 8.2). There the
terminal’s display memory is visualized as composed of three 40-by-24 planes: character
memory, attribute memory, and marker merory. Smaller memories for full screen and
line attributes are also included.

In the marker memory (MM) every attribute (or other display function) may be
marked by a flag. A flag in a given position indicates a change in the value of that attrib-
ute, a new value starting at the flag position and continuing to the right.

The rules for TDUAM can be surnmarized as follows:

1. The terminal at any time is in serial or parallel mode, depending on the most
recently invoked Cl-set.

2. All attribute values, regardless of the mode in which they are received, are stored
in AM. .

3. A marker is written in MM whenever a newly stored attribute value is different
from the value in the preceding (Jeft adjacent) position.

4. Whriting of attributes and characters in either serial or parallel mode is as described
above (page 119).

5. Markers cannot exist between two positions that have the same attribute value
(e.g., as a comsequence of writing a series of characters in parallel mode, all
overwritten markers are deleted).

6. Full row attributes overwrite all attributes and delete all markers.

The working of these rules is illustrated by the example in Figure 7.16.
Stack Model

The above conceptual model of a display memory can be economically implemented by
" a stack architecture, as described by Childs (1981). The architecture is centered around
the idea of storing, in a stack of the same size as CM, only the attribute changes that
occur while scanning CM. Preliminary analysis shows that this capacity (1kB) is largely
sufficient for all changes occurring even in the most complicated frames. The eighth bit
in each position of CM is reserved to indicate whether there is any attribute change at
that character position. If there is one, access is made to the stack for details on the
required changes. This information can include any number of bytes; a special indicator
delimits the last byte describing a given change. (Note that a marker memory may still -
be needed to build up correctly the contents of the stack!) Figure 7.17(a) shows schemat-
jcally this memory architecture, including memories for full screen and line attributes;
the stack organization is illustrated in Figure 7.17(b). Since the order of characters in the
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APB (n): Cursor backward n positions
APR: Carriage retum
b: Blank

Figure 7.16  Example of display under TDUAM (only foreground colors manipulated).

generally different from the order in which they are stored in DM, additional processing
power (a microprocessor} and working memory are necessary in the decoder. For exam-
ple, one must keep track of the addresses of all serial attribute markers and the current
position of the cursor, in order to be able to insert (rapidly) a new attribute change into
the correct place in the stack. If this processing cannot keep up with the rate of incoming
data, extensive buffering may become necessary.
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SA
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Attribute change/‘ End of description of/

indicator the change indicator
®
Figure 7.17  (a) Stack architecture of display memory; (b) stack use example.

Note that parallel attributes are inherent in geometric and photographic coding. Indi-
vidual pixels have no shape and are defined only by their attributes in the display memory.
In geometric coding attributes are set ejther by explicit controls (until the next change) or
by drawing instruction opcode variations (valid for the instruction in question).

Coding of Colors and Gray Scales
The method used to represent colors in videotex derives from the way in which the colors

are generated on the screen of a color TV set, A color picture is the superposition of
three separate pictures, each in one of the basic colors: Red, Green, and Blue. These

PMC Exhibit 2070

Apple v. PMC

IPR2016-00753

Page 135



Chap.7  Principles of Presentation Coding 123

Basic color: Red Green Blue

Black
Blue
Green
Red
Cyan
Magenta
Yellow
White

—_ = O -0 OO
—_0 -, = 0 8 = O

Q: Off
1: On

Figure 7.18 Combinations of the three basic colors: red, green, and blue.

colors have the property that any other (composite) color can be obtained by superposing
the basic colors at appropriate intensities. The picture tube has three electron guns pro-
ducing beams that can be modulated independently. The beams create the component
pictures by hitting phosphor dots of appropriate color on the screen.

In all major videotex systems in use, colors are coded with three bits, each causing
a basic color to be tumed fully on (1) or off (0). (Sometimes two intensity levels are
available, the brighter used to highlight selected parts of the image.)} The resulting eight
combinations are shown in Figure 7.18. Displays generated by videotex are generally
considered to cover an underlying TV image. To uncover parts of this image, a ninth
“color,” or mode, called transparent, can be used for applications such as captioning
and newsflashes. Transparent mode is set by an independent control code. While this
repertory of colors is sufficient for mosaic and perbaps geometric displays, it becomes
too crude if used with photographic displays of, say, portraits or landscapes.

A fuller range of colors can be obtained by permitting more intensity levels to
represent each basic color. Four bits per color will result in a color resolution practically
equivalent to TV pictures. Newer systems have provisions for such extended color sets,
in the form of color tables. This makes possible any degree of color definition without
the need to transomt all necessary bits when switching between colors. A number of
predefined color bit configurations is loaded into the table by special commands; after
that is done, only the row nurnber of the desired color has to be transmitted.

Color impression depends roughly on the ratio of the basic RGB intensities; bright-
ness is given by their absolute value. Thus it is easy to obtain different levels of gray as
points on the continuum between black and white. This is achieved by keeping the three
color intensities equal and changing their absolute values simultaneously. An indepen-
dent control bit is used to set color or monochrome mode; in the latter case the RGB bits
in Figure 7.18 are interpreted as gray-level information.
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8.1 MAJOR PRESENTATION SYSTEMS: AN OVERVIEW
Mosalc Systems: Prestel and Antlope

The first major presentation systems to be used and standardized on a national scale were
Prestel in the UK. and Antiope in France. Pilot trials with both systems began in 1978;
public service started in 1980 in England, and in 1982 in France.

Although numerous theoretical and experimental enhancements, including DRCS
and the photographic option, were reported (see Lambert, 1980; Clarke, 1980), the hard
core of both systems is made up of three mosaic alphabets—GO (standard
‘alphanumeric), Gl (mosaic graphic), and G2 (supplementary alphanumeric)-—along
with the CO and one Cl-set (display and attribute controls). The GO-and G2-sets show
only minor variations in the two systems. These three graphic sets are shown in Figures
7.9, 8.5(2), and 7.10, respectively. Columns 4 and 5 in Figure 8.5(a) apply only to
Prestel.

The main differences between the two systems are:

« serial (and spacing) in Prestel versus parallel attributes in Antiope, resulting in 8
versus 16 bits/character in display memories

e 24 rows in Preste] versus (25 of which only 24 are used) in Antiope

124
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o minor differences in some character attributes (e.g., double-height characters .
extend upwards in Prestel, downwards in Antiope)

» Gl-set in Prestel invoked through a C1 control and not by SO as specified in ISO
2022 (carried over to the CEPT standard for compatibility).

Experience shows that the basic mosaic system seems to work well in most appli-
cations.

Picture Prestel

Tt has been recognized by the British Telecom that some applications require better resolu-
tion than it is possible to obtain with mosaic graphics. As a result, an experimental service
feature called Picture Prestel has been developed, permitting the insertion of photographi-
cally coded images on the screen. Due to constraints on transmission time and storage
capacities (both in the database and terminal), the maximum size of photographic pictures
has been chosen to be one ninth of the display area. Even so, and with advanced coding
methods, at 1200 b/s it takes about one mimute to transmit an image in full detail. In this
context it is interesting to mention British plans to upgrade their telephone network to pro-
vide ISDN-like 64-kb/s channels to the user’s premises. This will make practical the
transthission of full still TV frames, as well as image communication between users.

It is a distinctive disadvantage of mosaic-based systems that extra display memory
st be installed in the terminals (24 kB in Picture Prestel); in effect, there is a whole
subsystem dedicated to the photographic option. On the other hand, in systems with bit
plane memories, the display memory is already paid for. The cost increment for a photo-
graphic option with the resolution of the existing bit plane is the cost of the processing
circuits and software. This can be negligible for the simpler, more straightforward
approaches.

In Picture Prestel (which is still in the experimental stage), emphasis has been
placed on the development of coding methods to reduce transmission requirements. Two
such methods have been demonstrated. The first is based on point-by-point transmission
encoded in DPCM (differential pulse code modulation). The second is a progressive
transform coding (see Nicol and Fenn, 1979). Transform coding peymits rapid transmis-
sion of a low resolution version of the image (as if with large pixel size); subsequent
information refines the details until full resolution is achieved. In this way the user can
quickly interrupt the data stream when he decides that he has seen enough information.

Captain

The Japanese videotex system Captain (see Harashima and Kobayashi, 1981) has been
developed to work in an environment quite different from that of the Western countries,
all of which use variants of the Latin alphabet. The Japanese written language uses three
kinds of alphabets: katakana, hiragana, and kanji. There are about 120 characters in the
two former, each character phonetically representing a syllable. Kanji characters are ide-
ographic {conveying whole words and notions), have complicated shapes, and. impor-
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2 cells / /
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LY »
r 204 pixcfs

248 :nxels
Figure 8.1  Screen organization in Captain

tantly, number around 3000 in daily use. In addition to these alphabets the presentation
coding system must cater to Latin alphanumerics, as well as to mosaic-like graphics.

As a result, Captain uses a combination of the photographic and mosaic
approaches. The display is a matrix of 248 X204 pixels, backed in the terminal by a bit
plane display memory of 1 bit/pixel, giving a capacity of 50.6kb. Superimposed on the
pixel structure is a matrix of 31 X 17 cells (called subblocks) each dimensioned at 8 X 12
pixels, as shown in Figure 8.1. The terminal contains an additional attribute memory, in
which attributes such as color, blinking, and concealing are stored on a per-cell basis.
Various characters, drawings, and graphic elements are defined in three sizes comprising
1, 2, or 4 cells. Figure 8.2 illustrates the different possibilities. In the trial system (which
‘has been in operation since 1979) the shapes of all these elements are transmitted photo-
graphically and loaded into the display memory. This method is being modified for the
commercial service (to begin in 1983) in the following ways. All characters will be

' Dot matrix N Vf different
Size af area transmitted Type of pattern | NO- of citteren
without border area patterns

Kanji characters 2987
Kana characters ;

4 cells 15X 18 Latin o ters 566
Special symbols 4

2 cells 7X11 Kana. characters 356

1eell 8 X 12 Mosaic graphic ' 186

Figure 8.2 Patterns displayable in Captain
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stored and transmitted in coded form; photographic transmission is retained only for
drawings and diagrams. This will require the inclusion of a large (about 1 Mb) character
memory in the terminals. Data transmission is by packets, some packets carrying dot pat-
terns, others attribute values, page header information, or entire rows of dots or charac-
ter codes. The following provisions are made in order to cope with excessive amounts of
data normally required in this mode of operation.

1. Transmission rate over phone lines is 3200 b/s; it will be upgraded to 43800 b/s in
1983.

2. Data compression techniques, such as run-length coding (coding of long sequences
of identical bits by transmitting the length of the sequence rather than the sequence
itself—e.g., (12X0), (50%1) instead of 0000DO000000111...1) are heavily used.

3. Cells can be individually addressed; empty areas do not take up transmission time.

4. New images can be formed through modification of old ones.

The resulting transmission times are reported to be between 3 and 10 seconds per
page. This will be reduced to about 1 second in the commercial version. A typical Cap-
tain display is shown in Plate 6.

Telidon: The Geometric Option

Telidon has been under development by the Canadian Department of Communications
since 1975. It became known as the first of the “‘second generation’” videotex coding
systems, going significantly beyond the mosaic-based Prestel and Antiope.

In May, 1981, Bell Systems announced its Presentation Level Protocol (see PLP,
1981), which incorporates the geometric option of Telidon with only minor modifica-

. tions. Subsequently Canada announced its adoption of PLP, (see PLPS, 1982). This
made the original Telidon systern obsolete (although it is, nevertheless, practically a sub-
set of PLP). Therefore we limit this section to a general discussion of the geometric
option and its characteristics. PLPS is described in more detail in Section 8.2.

Telidon is perhaps best known for its geometric coding option. However, it also
coherently integrates all three display options (mosaic, geometric, and photographic) and
solves some problems that stem from this integration, such as unified handling of attrib-
utes and combining of different options in one picture.

Computer Graphics

In order to place Telidon in a propeér perspective, it might be useful to recall the principles
of computer graphic systems. Figures 8.3(a) et 8.3(b) show two basic types of CRT-based
graphic systems in use today: the random deflection type and the raster-scan type. Both
are centered around a display processor capable of interpreting simple display commands,
such as drawing of points, vectors (lines), and, sometimes, arcs, at arbitrary positions on
the screen. Comrmands are regrouped into display files, compiled in a computer from a
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Figure 8.3 Principle of graphic systems: (a) randomn deflection; (b) raster scan.

(usually high-level, and structured) graphic language, such as, e.g., CORE (see CORE,
1979). In the random deflection system the display processor controls the CRT (deflection
and intensity of the beam) directly. Commands are executed as they arrive by ““‘painting”
the points, lines, etc., directly onto the screen. The process has to be repeated with suffi-
cient refresh frequency in order to obtain the impression of a steady image. Shapes
displayed by this method are smooth; the image is not composed of individual pixels, but
is drawn by the movement of the beam. The display file is read out repetitively from the
refresh memory, which is usually the main memory of the computer.

Raster scan systems compose the image in the same way as television does. The
image to be displayed is stored, pixel by pixel, in a display memory whose dimensions
(in pixels) are identical to those of the display area. This type of memory is called a bit
plane memory. The display file is interpreted only once; the image is refreshed at TV
rates from the memory. Therefore the display processor may work much more slowly
than would be required in a random deflection systern.

Telidon is evidently a raster-scan-type system; its display processor is the terminal
controller (decoder). Telidon’s commands are called PDIs (picture description instruc-
tions); functionally they are roughly equivalent in capability to that of modem graphic
terminals, such as the Tektronix 4027A (see Tekironix 1982). PDIs are not a high-level
graphic language, despite claims to the contrary.
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One of the design goals of Telidon was to achieve independence of the coded form of
picture descriptions from the display terminal’s resolution. In this manner a whole range
of terminal and display technologies might be used without having to recode the database
(mosaic-based systems evidently do not have this type of code independence). This goal
is reflected in the choice of the PDI set. The six available commands (instructions) are
the basis of a Janguage. Its general syntax is simple: A display file is a sequence of PDIs,
each followed by a variable amount of coordinate or other supplementary information.

- The instruction semantics are the following:

1. POINT sets the drawing beam to a position given by the subsequent coordinates
and optionally draws a point.

2. LINE draws a line based on its end points.

3. ARC draws a circular arc that traverses three given points.

4. RECTANGLE draws a rectangle with given height and width (filled with color or
not).

5. POLYGON draws a polygonal outline based on a series of given vertices (filled or
not).

6. INCREMENTAL (point, line, polygon) draws images point by point, as in photo-
graphic mode, or from small lines segments. (This PDI is a PLPS generalization of
the Telidon BIT PDI1.) :

The coordinate system is also chosen in a manner that provides independence from
the resolution of the display (and display memory). All absolute and relative coordinates
are expressed as signed binary fractions in the interval (0, +1) and (-1, +1), respec-
tively. The display is a rectangular area with the origin (0, 0) at the lower-left-hand
comner; the night margin is at x =0.999 . . ., the upper margin at approximately y = 0.75
(for an aspect ratio of 4:3). The accuracy of coordinate values (default of 8 bits) typically
exceeds the resolution of terminals (e.g., 200 X 256 pixels in current TV-based termi-
nals). It is the responsibility of the decoder to interpret the received coordinate values
with respect to the given resolution (this is usually done by simply truncating the coordi-
nates to the required precision).

As a simple example consider the (virtually colored) drawing shown in Figure 8.4.
It can be described by the following symbolic sequence of PDIs (ignoring the details of
coding the coordinates and the precise form of attribute controls):

background color = blue
color = yellow

polygon filled (ABCD)

= color = red

polygon filled (EFG)
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Blue

Figure 8.4 Wlusiration for PDI example.

polygon filled (HIT)
-color = black

line (KL)

line (LM)

» arc (NOP).

*

Alternatives to Geometric Coding

'PDIs are by no mearns the only way of coding graphical information in a resolution-
independent way. Methods for real time coding and transmission of handwritten and
drawn information have been developed for so-called telewriting equipment, enabling
two or more remote participants to have a common **visual space.” In a recent article,
Lorig et al. (1981) describe an implementation of a telewriting system. The principle
used for coding of drawn and handwritten information is that the whole image is con-
sidered to be a complicated line drawing: namely, the trajectory of the drawer’s pencil as
he creates the image. The lines have diffexent attributes (thickness, color, etc.). What is
encoded (and transmitted, stored, and displayed) is the evolution of this trajectory in
time. The input device is usually a drawing tablet. The starting point of each segment
(after a pen-off) is transmitted in absolute coordinates; then, at sampling intervals of
about 10—30 ms, the current speed and differential angle of the line are sent by the tablet
to the controlling processor. Adding a few features, such as automatic filling of closed
areas and erasing, makes this system quite powerful. It has been demonstrated that by
using Huffman encoding, most drawings can be accommodated with a data rate of about
300 b/s. The terminal implemented by Lorig et al. can work in videotex (mosaic),
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telewriting, or combined mode, creating and displaying pictures such as those shown in
Plate 8. Another well-known telewriting system called Vidibord has been developed in
Holland. -

Several propositions for geometric coding in videotex exist which are quite similar
in style to Telidon; for example Vivian and Day (1981) describe a coding system for
which geometric instructions are conceived of as an extension of telesoftware. The
language is a possible candidate for Level 4 of the new British viewdata and teletext
standard. :

8.2 STANDARDS AND UNIFIED PRESENTATION SYSTEMS

S.100

Recommendation S.100, “‘International Information Exchange for Interactive Videotex®®
(see CCTTT, 1980) was approved by CCITT in November, 1980. Tts basic purposes are:

s to facilitate introduction of videotex services and inteﬁvorldng with other text com-
munication systems, such as teletex

* to identify parameters needed to design videotex terminals.

Although the title of the document includes the words *“interactive videotex,” the body
of the document is not specific to use with one-way or two-way media. In fact, the view
is expressed at the beginning that compatibility hetween the two kinds of terminals is
desirable (that is, compatibility between the parts dealing with the interpretation, not the
reception, of presentation codes).

The recommendation itself is little more than an attémpt to reconcile the three
major presentation systems, Prestel, Telidon, and Antiope, by giving them the status of
international standards (however, it must be added that certain features of Telidon have
been superseded by PLPS in the meantime). This goal is carried out by defining a code
extension scheme based on ISO 2022, by specifying the required control sequences, and,
finally, by including the sum total of alphabets, attributes, and commands found in the
three compopent systems. The two C1 control sets defined as **serial’” (2 la Preste]) and
““parallel” (a la Antiope) are essentially those of the CEPT proposal (see below). As a
consequence, Prestel, Telidon, and Antiope are compatible with S.100 in the sense that
they are mote or less proper subsets of it. On the other hand, implementing an $.100
terminal”™’ would practically amount to putting three terminals under one cover. There is
no generalization or indication as to how future enhancements would fit naturally into
the structure (except by obvious 2022-style code extensions). There is practically no pro-
vision for DRCS or photographic mode; the section on DRCS is just a motherhood-style
cursory enumeration of a few general functions, of which “‘one or more’ should be
present in an implementation. The language and style of the document are full of
unnecessary complications and ambiguities (the ““one’” coding scheme mentioned for the
geometric option has already been the subject of hair-splitting discussions over whether
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Telidon—now obsolete—is *‘the one,”” or “‘one of” the schemes). The reading of this
document would be perhaps less irritating if its philosophy (of putting the three systems
under one cover) were, at least, openly admitted, discussed, and justified.

CEPT Recommendation

This document, called ““Current Status of Harmonisation for Videotex Display Aspects
and Transmission Coding for 26 Countries of Europe™ (first part), (see CEPT, 1981)
summarizes the results of European efforts to establish a common denominator for
videotex services.

The document defines the principles for a unified mosaic-based presentation sys-
tem, containing Télétel and Prestel, that are an elaboration in the following directions of
the principles contained in S.100: o

1. A comprehensive alphanumeric character repertory covering all European
Latin-based alphabets is defined. The relevant standard is ISO 6937 (1981). There are
about 320 characters in total, many of them formed by combining characters with
accents (non-spacing) from the G2-set. The €O and GO-sets are based on ISO 646 and
are nearly identical to those shown in Figure 7.9. The supplementary graphic set is simi-
lar to that shown in Figure 7.10.

2. Three mosaic graphic sets are included. Two of them (see Figures 8.5(a) and
(b)) are to be used with serial and parallel attributes, respectively. The 64 basic mosaic
shapes are the same in both. The rernaining 32 positions (columns 4 and 5) are used dif-
ferently. In the first set (Prestel-compatible) they contain all upper-case characters,
which can be thus mixed with mosaics without intervening control characters. This is
common practice in Prestel. The free space in the second table is used for smoothed
mosaics. The parallel mosaic set is invoked as G1-set, the serial, through certain control
codes, from the corresponding Cl-set. A third graphic alphabet, with smoothed and lined
characters (see Figure 8.5(c)), is available as a G3-set.

3, There are two Cl-sets, controlling serial and parallel attributes, respectively.
They contain the following attributes and controls:

» foreground color

« background color (of characters)
o full-screen and full-line attributes
s conceal/reveal

« character size

« window/box

o separated graphics

« underline

o reduced intensity
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» inverse video
« hold graphics (for serial attributes only)

4. Serial and parallel controls (attributes) can be freely mixed under the TDUAM
scheme (see Chapter 7). Serial attributes are spacing.

5. The page format is defined to be 24 rows and 40 characters.
6. The presentation aspects are intended for both videotex and teletext.
7 Three different cell sizes are defined for DRCS (6 X 5, 6 X 10, and 12 X 10).

8. An outline of fall-back procedures is presented, stating that if a terminal is inca-
pable of displaying a given character precisely, the best available approximation should
be used; if this is unsatisfactory, a unique default character should be displayed instead.

" The recommendation will have two more parts, which are supposed to contain
specifications for a reference terminal and a protocol for interworking between videotex
networks of CEPT member nations. For further details on the CEPT standard (e.g-, cod-
ing of C1-sets) the reader should consult the source documents.

CEPT YTerminal

The CEPT proposal was met with enthusiasm among the 26 member nations, and several
manufacturers have announced plans to produce the new terminals. The Deutsche Bun-
despost (1982) has issued functional specifications for a European videotex terminal that
complies with the CEPT proposal and contains some additional features, such as:

» protected and marked areas on the screen (in order to designate from erasure or
designate for selective transmission to an output device, such as as a printer)

» scrolling area definable between any two lines on the screen

« 32 colors (including transparent) useable on each page, froma total of 4096

« enhanced DRCS capability, with 15 different cell sizes and the possibility to define
(and dynamically re-define) the color of individual dots.

The U.K. Mutti-Level Presentation System

This standard proposal (Vivian and Day, 1981) consists of five levels. The lowest level
comesponds to current public services in the U.K.; higher levels add new features to the
terminals and services in such a way that lower-level (older or cheaper) terminals can
receive higher-level services with fallback procedures. The five layers are

« current public service: standard mosaic sets with serial attributes

e enhanced mosaics: extended character set, enhanced mosaic set with parallel
attributes (supposed to be identical to the basic European service defined in the
CEPT recommendation}
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o DRCS (12 X 10-cell size} and non-Latin character sets
s geometric option and telesoftware
» photographic option.

North American PLPS

This Presentation Level Protocol Syntax (see PLPS, 1982) was developed by a joint
CSA/ANSI working group, and is now in the approval process through CSA and ANSI
(the Canadian and U.S. standardizing organizations). PLPS is based on Bell System’s
PLP and it builds on the coding schemes established by ISO 2022 and CCITT Recom-
mendation S.100.

The most important characteristic of PLPS is that it incorporates coherently all
three coding options and all modes of the mosaic option (alphanumeric, graphic, and
DRCS), and adds some new functions, such as Macro PDI. Unfortunately, PLPS is not
compatible with recent European proposals.

Alphabets. Figure 8.6 shows the code extension for 7-bit codes and the graphic
repertory used. The GO- and CO-sets are shown in the standard ASCII table in Figure 7.9,

The supplementary character set (G2 default) is essentially as shown in Figure
7.10, in which free spaces were filled with additional symbols. The set contains accents
and some special characters.. Accents are non-spacing; for example, the letter ‘‘a” would
be coded as §52,°,a. One mosaic set with 64 shapes is included (the same as in columns
2—3 and 6—7 in Figure 8.5(a).

The more specific features of PLPS are supported by three additional G-sets and
one Cl-set. The G-sets are the PDI, Macro PDI, and DRCS. The purpose of the DRCS
set is to hold up to 96 downloaded characters. Once loaded, they can be used as just
another mosaic set. The Macro PDI set is not really an alphabet; its 96 positions. are
named MO—M95 and are used to invoke previously defined strings of PDIs (macros).

The PDI set is a slightly modified version of Telidon’s geometric option and
includes all opcodes and controls. There is only one C1 control set defined in PLPS.

PDI set. Figures 8.7(a) and (b) illustrate the PDI set at two levels of detail. All
7-bit combinations are interpreted as instructions (columns 2 and 3) or as supplementary
information, such as coordinate values.

Instructions and coordinate values for the six drawing instructions (POINT, LINE,
ARC, RECT, POLY, INCR, explained in Section 8.1) have the general format indicated
in Figure 8.8(a). P is the parity bit, OP the opcode. ““Facilities bits’* b, and b, provide
for four modalities of each instruction: b, controls whethex the picture primitive is to be
drawn from the position at which the preceding instruction ended or from a freshly
defined starting point. (This is specified by SET, as shown in Figure 8.7(b).) The role of
b, is different for each instruction. In the first two PDIs it decides whether the subse-
quent coordinates are to be interpreted as absolute (with reference to the origin) or rela-
tive (with reference to the final position arrived at by the preceding instruction). For the
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Figure 8.6 PLPS code extension scheme.

other PDIs it controls the filling of the defined area. Other mod

PDIs are controlled by CONTROL

instructions.

Part [l

alities of the drawing

Coordinates for each point are usually coded in three bytes, as shown in Figure
8.8(b). The first byte contains the three most significant bits of both coordinates x and y.
The resulting 8-bit precision (and sign) can be changed by a CONTROL instruction

(DOMAIN).
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Figure 8,7 PLPS PDI set; (2) instructions; (b) instruction modalities.

All instructions are followed by coordinate data for a number of points. The
sequence is terminated upon reception of another opcode, or an SI, SO, SS2 or ESC con-

trol code.
CONTROL instructions.

Control codes of the PDI set serve to specify certain

attributes and display-related parameters. Although not stated explicitly, attributes in
PLPS are essentially parallel. Without going into a detailed description, we give a list of

functions assured by these codes.
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Figure 8.8 Coding of PDIs: () instructions; (b) coordinate values.

1. DOMAIN defines the size of logical pixels (and is essentially the minimoum
feature size that can be displayed by PDIs; its shape is rectangular, covering one or more
display pixels). It also describes the length (in bytes) of subsequent coordinate values. -

2. TEXT controls attributes of text and the behavior of the cursor. Characters can
be displayed with controllable rotational position, size, and spacing. In purely MOsaic
systems there is only one cursor (active position), defined as the position at which the
next character is to be placed. In PLPS the situation is more complicated because there
are in effect two “‘active positions”: the character cursor and the current drawing point
(at which subsequent drawings should start). The relation between the two becomes
important when text and drawings are mixed in one display. There are four possibilities
set by the TEXT control: (2) the two move together, (b) the two are independent, (c) the
cursor is moved when the drawing point is moved, but not vice versa, and (d) the draw-
ing point is moved when the cursor is moved, but not vice versa.

3. TEXTURE controls the texture of lines (solid, dotted, dashed, etc.) and of areas
(solid, cross hatched, etc.). Area texture patterns can also be downloaded from the host
computer.

4. SET COLOR and SELECT COLOR serve to control the current color for draw-
ings and mosaics, as well as the color repertory available. In addition to the eight basic
colors and gray shades, a large number of additional colors and shades can be used
through color look-up tables. Color tables, like textures, can be loaded from the data-
base. ’

5. BLINK occurs when any entry in the color table is made to change its color
valve periodically to another color. When this control is in effect, all elements of display
drawn with the color in question will blink. (Another form of blinking is specified in the
Cl-set.)
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6. WAIT indicates a programmablc delay of up to 6 seconds in the execution of
subsequent presentation codes.

7. RESET selectively reinitializes control and attribute values to their default
values.

Photographic option.  Photographic coding is realized in PLPS by the first two
of the three INCREMENTAL instructions:

1. FIELD establishes a rectangular area (in terms of logical pixels) to be filled by

photographic transmission. The logical pixel size determines the resolution of the result-
Ing image (and the required amount of data to be transmitted).

2. INCREMENTAL POINT is followed by values that specify successive logical
pixels in the field. The drawing order is first by lines and then by columns. The color

codes, precision, etc., are determined by the current settings of the DOMAIN and _

COLOR controls.

3. INCREMENTAL LINE AND POLYGON permit the drawing of figures as a series
of short lines (steps) of the size of the currently defined logical pixel. Similarly to tech-
niques used in incremental plotters, steps can be horizontal, vertical, or diagonal. The
resulting shape is filled with the POLYGON instruction. These instructions are advanta-
geous for precise drawings, such as signatures.

C1 control set. PLPS relies on a single Cl-set, shown in Figure 8.9. The set’
provides additional attribute controls not contained in the PDI set, as well as controls
over the process of downloading PDI macros, DRCS, and texture patterns: We list some
of the more important codes.

1. DEF MACRO is followed by a character whose name is given to a subsequent
string of PDI codes (not executed when downloading). The macro is invoked through the
Macro G-set. Macro definitions can be nested,

2. DEFP MACRO is the same as above, except that the PDI string is, in this case,
simultaneously stored and executed.

3. DEFT MACRO is a macry that, on invocation, will be transmitted back to the
host computer (as if it were a remotely programmable function key).

4. DEF DRCS permits loading of DRCS characters selectively or sequentially. The

(96) shapes are defined as bit patterns of the dimension given by the current character
size.

5. SMALL, MEDIUM, NORMAL TEXT set the current character size to fit 20 rows
by 80 characters, 16 by 32, and 20 by 40, respectively. Further, 10-by-40 and 10-by-20
displays can be created by DOUBLE HEIGHT and DOUBLE SIZE controls. Note that
another way to control the character size is through the TEXT PDI control.

6. DEF TEXTURE permits up to four texture masks to be downloaded, in a manner
similar to the defining of DRCS.
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Figore 8.9 PLPS C1 control set.

Part Y

In summary, PLPS is a consistent image-coding scheme that incorporates, with
new extensions, all presently used coding options. Jts display capability is certainly ade-
quate for a wide range of videotex applications, and it permits conception of a range of -
compatible terminal models of increasing cost and functionality. Fabrication of terminals
compatible with PLPS has already begun in Canada and the U.S. A subset of PLPS is
also defined for implementation in teletext terminals. '
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Plate 1 Sample image using RGB input.

Plate 2 Degradation due to RF connection through the antenna socket.
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Plate 7 Sample Telidon page (geometric coding).

Plate 8 Telewriting page.
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8.3 COMPATIBILITY AND STANDARDS
The Nature of Compatibility

“Compatibility’’ is one of the most abused terms in the videotex literature. Neverthe-
less, the issue of interworking between services and systems is of considerable technical,
economical, and political importance. Unfortunately, evolution does not always act in a
positive sense; history is filled with cases in which new, incompatible standards and sys-
tems were created and promoted by various groups in the hope of economical and politi-
cal gains. Without further elaborating on this subject, we present a few remarks and
definitions that should clarify the notion of compatibility, at least from the technical
point of view.

1. Nothing can be compatible in itself, but often it is not at all clear from the con-
text what should be compatible with what, and in which sense. These details of interpre-
tation often make all the difference in the world and have far-reaching implications for
technical implementations.

2. Two systems (material or abstract) are said to be strongly compatible if they can
cooperate in a predefined sense, or if one can be replaced by the other without impair-
ment of its functions (example of such systems: two Prestel terminals fabricated by dif-

ferent companies.

3. Given two systems considered to be evolving in time towards more advanced
versions, forward and backward compatibility assure that later versions of one can
cooperate with earlier versions of the other and possibly vice versa. What is *“forward’’
and what “‘backward’’ often depends on the context. It is important, though that the rela-
tion may work in both ways or only in one way. A well-known example of forward and
backward compatibility includes monochrome TV sets that can receive color TV signals
and color sets that can receive monochrome signals.

4. The terms *‘upward compatibility’” and “‘downward compatibility’* are usually
applied to coexisting versions of systems (e.g., computers or videotex terminals). Higher
(and more expensive) versions usually include all the functional capabilities of lower
versions. Downward compatibility assures that higher versions can execute programs (or
presentation codes) developed for lower versions; upward compatibility assures that
lower-version systems will interpret correctly some portions of higher version programs
and codes, and will make reasonable default decisions for portions it cannot deal with
(examople: the UK. multi-level presentation system.

5. Frequently *‘compatibility’’ is used in a quantitative rather than logical sense.
There are various degrees and interpretations of the term that, if not precisely stated,
may deprive the word of any meaning. For example, the statement that *‘the PLP mosa-
ics are compatible with those mosaics used by the Prestel and Antiope coding schemes’’
(see PLP, 1981) requires the important qualification that only the mosaic characters, and
not the way their attributes are coded by the two systems, are compatible.
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6. A common way to establish compatibility between two interworking systems is
to add hardware/software adaptation modules (converters) in front of one or both sys-
tems. The degree of compatibility can then be measured in terms of the converter com-
plexity.

7 This leads us to a loophole that exists in many compatibility issues. There is a
difference between de facto, or strong, compatibility (which simply means that two sys-
tems are- compatible as they stand) and various degrees of weak compatibility (which
usually means that the systems can be made compatible). It is of course the arnount of
work necessary that makes claims of compatibility a meaningful or ridiculous. Thus, for
instance, one could claim to have invented a terminal (or presentation protocol) compati-
ble both with Captain and PLPS by simply putting two separate decoders iri one box (but
perhaps sharing the power supply). However, there remains the question of how to
decide which decoder to use at a given time. The general solution to this would be to
agree on some identification code carried by the Captain and PLPS data streams—that
is, to change the present coding structures. :

8. With respect to videotex, compatibility issues arise at all levels of the OSI
model. (These issues are treated in the appropriate chapters.) However, at higher levels
(presentation, application) an important distinction exists between what might be called
“on-line’’ and “‘off-line”” compatibility. Consider as- an example access to a Prestel
database by PLPS terminals. To achieve this some amount of transcoding must be done
at the presentation and application levels. To do this on-line-—that is, “‘on the fly”'—
would be quite complicated; one would rather do it the other way—that is, convert the
whole database into Telidon format, and then connect it to the users.

PLPS and CEPT Standards

PLPS and the CEPT proposal are the major candidates for formal standardization in
North America and Europe, respectively. At least partial compatibility of the two stand-
ards (if there must be two standards at all) would be clearly desirable. Such compatibility
would facilitate data exchange between the two continents. Unfortunately, the two stand-
ards are only compatible at the level of the 64 basic mosaic characters, and (subsets of)
the basic and supplementary character sets.

Here are the major areas of incompatibility:

—

_ Almost all mosaic attribute controls are coded differently in the two standards.

9 There are no serial attributes in PLPS.

3. There are no geometric and photographic options in CEPT; if PDIs are included (as
per §.100), new incompatibility may result because the control sequence to invoke
them in PLPS is different from the one foreseen in $.100.

4. There are 24 rows per page in Europe versus 20 rows in North America (although
24 rows are not precluded in PLPS).
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As Tanenbaum (1981) said: ‘‘The nice thing about standards is that you have so
many to choose from; furthermore, if you don’t like any of them you can just wait for
next year’s model.”” The next year’s model may well be on its way: Schmid and Maurer

(1981) propose a ‘‘European’” PLPS with features similar to those of the Bell protocol,
but with control structure close to that of CEPT.
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9.1 CLASSIFICATION AND FEATURES

There are two broad categories of users of videotex systems: service consumers (e.g.,
households or businesses) and service providers (e.g., information providers). In this
chapter we shall refer to the terminals used by these two classes as user terminals and
service-provider terminals. On the whole, the distinction between the two is fairly clear:
user termunals are (relatively) cheap, simple, and numerous; service-provider terminals
may be complicated and expensive. Most of the material in the following two sections
deals with user terminals; Section 9.3 is devoted to service-provider terminals and sys-
terns.

The terminal is the interface, or point of contact, between a videotex system and
its user, who usually owns it. As such, it should have two characteristics, both of which
are essential for the success or faiture of the whole concept of videotex. First, the cost of
the terminal should be sufficiently low; simple structure, advanced technologies, and
economies of scale are factors in achieving this. Second, the terminal has to offer attrac-
tive displays and easy-to-understand controls that are not a source of frustration for the
average user, g

Types of User Terminals

So far the most important class of user terminals is based on use of the color TV set
as the display device. This has an important price advantage in that, in general, the
144
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Chap.9  Terminals 145

user already owns one and perceives only the differential cost of additional hardware,
called the videotex decoder or controller (and which includes a keypad for entering user
commands).

Two important. types of decoders can be distinguished, according to the way in
which the decoder and the set are connected: add-on (also called set-top) and built-in
decoders. Add-on decoders have the advantage that they can connect to unmodified TV
sets through the antenna socket. As already discussed, there is also the disadvantage that
the signal has to pass through two RF (radio frequency) stages (the modulator in the
decoder and the tuner in the receiver) and through the IF amplifier. This inevitably
tesults in higher decoder cost and deterioration of image quality. All TV sets in France
(and most sets in other countries) are now fabricated with external sockets permitting
input of the RGB signal directly from the decoder’s generator; this eliminates the above
disadvantage of add-on decoders.

. Built-in decoders provide the best display quality—a quality even better than TV
reception in ideal circumstances. Additional advantages are the possibility of sharing
components and tighter interaction between decoder and display (enabling, for example,
scan compression). Several firms—most of them European—offer top-of-the-line
receivers with built-in decoders for teletext and/or viewdata.

However, as discussed by Ciciora (1980), the decision to incorporate teletext or
videotex decoders into TV sets produced at high volume is complicated by several fac-
tors. First, there is the ““chicken-and-egg™ problem: Will the increased cost (10—20%
increment) be justified by the additional services? Such services will, however, be pro-
vided only if there are enough customers, that is, receivers with decoders.

A second group of problems is related to the design changes necessary in order to
incorporate a decoder. Receiver designs are carefully optimized for mass production, and
the optimal design if a decoder is present may be significantly different than the optirnal
design without a decoder. This is especially true for teletext decoders that share many
circuits with the set. Yet it is forecast that in the U.S., teletext, due to its simplicity, will
achieve large-scale penetration before interactive services will.

Other types of terminals use TV monitors (essentially TV sets without an RF
tuner); however, they may cost more than standard TV sets because of economies of
scale, even though they contain less. '

A variety of non-TV-based videotex terminals have been developed for different
special applications. Among these are conventional VDUs adapted to receive subsets of
videotex code (alphanumerics) either in text format, in which case a stream of characters
is re-formatted into 80-character lines, or in page format, in which case two videotex
pages are fitted side by side onto a screen. Newer designs favor microprocessor-hased
combined business and full-capacity videotex terminals (see Hussein, 1981). Another
approach to terminal design (and marketing) is taken by the French PTT, which supplies
free terminals for the telephone directory trial. Plans call for such terminals to accom-
pany every telephone in France by 1990. These terminals have a small monochrome
CRT display and an alphanumeric keyboard with dedicated keys for standard functions
(“‘Help,”” *‘Send,”” etc.). These latter terminals can also receive Antiope code; colors are
represented by various shades of grey. A recently announced teletext receiver employs a
liquid crystal display packaged in pocket-calculator-like format.
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"Terminals of still another class feature high resolution display—e-&., 1024 x 1024
pixels. Such displays require special fine-grain picture tubes, not just better amplifiers
and more scan lines. Therefore at the present they are quite expensive ($5000—$20,000),

but progress in display technology is rapid, and the situation may soon change. In this
respect, the possibility of high-resolution commercial television should be kept in mind.

Multistandard Terminals

One way for the equipment manufacturers to counter the uncertainty about standaxds 1s
to design terminals capable of switching between different presentation codes. We have
already mentioned combined ASCll-videotex terminals; however, these are not really
multistandard, ASCTI being a subset of videotex codes. In all such terminals the objec-
tive is to share as much hardware as possible among different presentation modes.

A terminal capable of receivin Prestel and Antiope code has been implemented
and described by Bourassin et al. (1981). It is basically an Antiope terminal augmmented
by a microprocessor and buffer memory to hold one Prestel page. The microprocessor is
dedicated to franscoding of the Prestel page into an Antiope code sequence. Thus the
modem, character generator, and display unit are shared by both standards. Sony and
Matsushita presented new, multistandard teletext/videotex terminals at the Videotex’82
show.

intelligent Terminals

Videotex is without doubt evolving toward more complex and diversified services. One
indicator of this trend is the popularity of gateways in the UK., France, and Genmany.
Putting intelligence. into terminals (and exploiting it) may open the way for a number of
unusual and attractive applications. : o

Intelligent terminals come about in two ways: by the augmenting of a personal
computer with videotex capability (e.g., the interface board for Apple computers mark-
eted by Norpak), or the equipping of a terminal with computing capability. For videotex,
the latter alternative seems to be more attractive, for the simple reason that all moderm
videotex terminals aiready contain an internal processor and memory. Thexefore the cost
of design modifications that open these resources for purposes other than decoding of
images is lower than the cost of a personal computer.

An interesting example of this latter approach is described by Maurer (1982). The
terminal in question, called MUPID (Multipurpose Universally Programmable Intelligent
Decoder), is produced in Austria and is available to videotex subscribers on a rental
basis. Another type of terminal is NABU’s home computer, which is capable of receiv-
ing telesoftware to interpret PLPS code. We will return to the implications of intelligent
terminals in Chapter 14.

Component Television

Although the TV set has always been considered to be the principal display vehicle for
videotex, its present form is gradually becoming inadequate for that purpose. One

PMC Exhibit 2070

Apple v. PMC
IPR2016-00753
Page 163



Chap.9  Terminals 147

already-mentioned symptom of this is the duplication of the RF circuits in external con-
trollers; this is particularly annoying for teletext reception. Another related phenomenon
is the need for cable converters, which make the built-in VHF/UHF tuner superfluous.

From a broader perspective, one can observe an expansion and confluence in three
related areas: '

1. Appearance of television-related appliances, such as video games, video discs, and
video cassette recorders (VCR) which have the possibility of remote control by
program identification codes, analog frame-grabbers, home surveillance systems

. by closed-circuit TV, and home computers.

2. Advanced features, frequently computer-controlled, built into the top-of-the-line
TV receivers, such as zooming, playback, superimposing of several programs on
the screen, remote control, and high-resolution and digital TV.

3. New home and business information services, such as narrowcasting, pay-TV, and
various digital interactive services based on two-way cable.

If the television set is to maintain its central role as a horne terminal, it must evi-
dently be capable of interfacing and accomodating all these *“T'V-peripherals.”” One solu-
tion would be to build a range of superterminals, each incorporating some set of peripheral
functions. Another approach would borrow from the philosophy of audio systems that is
based on use of individually connectable and upgradable modules. Such component televi-
sion (see Storey, 1978) would offer advantages similar to those of today’s hi-fi systems:
the possibility of adding, changing, and upgrading individual components according to the
owner’s preferences and budgetary lirnits.

With this latter approach, the question of standard interfaces between components
becomes a key issue. An example of an already existing standard involves the voltage
levels for RGB and composite video signals. In France, a ‘‘peritelevision connector” has
been standardized, and has been obligatory in all new sets since 1980. It can connnect to
a single device, such as a video recorder, or to a special control box that holds plugs for
a number of other devices and that controls their coordination.

A possible component television system is outlined in Figure 9.1. It includes the
following modules and groups:

Display module: color picture tube, video amplifier, controllable scan generators.
Video sources (RGB or composite video): video disk, VCR, camera, VHF/UHF
(standard) tuner/demodulator, cable tuner, digital TV receiver, synthetic video
generator.

Video control box: basicaly a selector/mixer of video signals; it might also contain
features for video manipulation, such as zooming, insertion/overlaying of pictures
and scan control (for multistandard receivers or reduction of overscan); it would
also be the source of video signal for some devices, such as VCR or teletext
decoder.

Display memory: catering to teletext, videotex, home computer, and other data
SETVices.

Interfaces for digital services: e.g., two-way cable or ISDN.,
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Figure 9.1 Possible arrangement of component TV system.
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The control and coordination of this certainly-not-simple system might be central-
ized and advantageously located in the home computer. Altemmatively, several loci of
control might exist (e.g., for video, teletext/viewdata, and ISDN).

It is worth noting that alternate or specialized display devices (not shown in Figure
9.1), such as VDU, high-resolution terminals, printer, facsimile, and voice output, will
also have to fit into modular systems of the kind outlined above. Some of these devices
can be permanently connected to certain data services carried by DOV or ISDN (e.g.,
facsimile broadcast). '

9.2 INTERNAL STRUCTURE OF TERMINALS

The basic components found in all videotex decoders are indicated in Figure 9.2. Their
functions are the following:.
Data reception: produces a sequence of bits without interpretation.
Data selection: converts the bit stream into bytes and selects those demanded by
the current user command. _
Control processor: assists in data selection and processes incoming data if
Tecessary.
Display memory: holds all data of the page currently being displayed.
Display generaitor: creates video or RF-modulated signals to drive the dlsplay
Display unit: consists of TV set or other device.
Input device: is utilized for the user’s commands (keypad or keyboard).
TV display

TV  Cable Modem D
\ l / Selected RGB

data Data

. Bits Data (characters} Display o Display
Data reception - selection - memory N generator
address
Data Processed ROM .
Commands data dot mateix
Commands H-Processor

= RAM: Buffer, work area
Keypad/keyboard ROM: Program Control processor

Figure 9.2 General schema of videotex decoder.
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These components must be present in some form in every terminal (with the possi-
ble exception of the control processor). The term coniroller or decoder often designates
the terminal’s add-on part, except for the display device. .

Next.we deal in more detail with the component parts listed above. Differences
exist, of course, between different implementations of controllers; these are mainly due
to (1) the delivery medium (telephone, data over video or ISDN), (2) the coding options
supported, and (3) technological factors (such as availability of special purpose LSI or
VLSI chips). : :

Data Reception

With telephone, the reception function resides in the modem. Standard asynchronous
modems employ frequency modulation for encoding bits. This requires the use of four
different frequencies (for the transmission of O’s and 1°s in each direction}. The opera-
tion in the modem is therefore demodulation of the received signal and marking of the bit
boundaries. A similar but reverse process takes place in the modem when user cor-
mands are transmitted to the service computer. Modems are usually equipped with
acoustic couplers for use with standard telephone sets; some models have built-in auto-
dial facilities.

When videotex is received over the television signal, add-on teletext decoders
must replicate the RF, IF, and demodulation circuitry already present in the TV set;
therefore it is particularly desirable to build the decoders into the TV set. After demodu-
lation the digital information carried on a data line must be separated from the rest of the
video signal. This is done in two steps. First, the video signal is fed to a threshold circuit

“slicer’”) producing 0 or 1 (logic) as a result, depending on whether the input voltage is
below or above the threshold level. This level is adaptively set to be halfway between the
received O and 1 levels. Thresholding is necessary because the received signals practi-
cally never have a square-shaped form. The second step serves to separate out the infor-
mation bits from the thresholded version of the whole video signal. This is done by a
shift register and a decoder that detects the bit synchronizing sequence 010101 . . . at the
beginning of a data line, and effects the synchronization of the local clock. Figure 9.3
shows the above-described operations. For more details on teletext decoder circuits, see,
e.g., Money (1979).

Data Selection

The bit stream received from the previous stage is first converted into byte-parallel form.
The key to this is the recognition of the byte framing code that follows the bit synchron-
izing sequence. The simplest form of data selection is found in the first versions of U.K.
teletext. Fach data line there has a fixed format, consisting of the page number, TOW
number, and the characters of that row. (This was later changed to include the page
number in the header row only.) Therefore, data selection can be done by a few
hardware circuits, as shown in Figure 9.4. The scheme is centered around an address
comparator, which compares the address keyed in by the user with the currently received
page number. If the two match up, the subsequent characters are sent to the display
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memory; and because of the fixed-format transmission, addressing of memory words is
simply derived from the current row address and a byte counter.

Errors are handled in a separate circuit. Single errors in data protected by error-
cotrecting codes (usually, addressing information) are comrected automatically. On unre-
coverable errors, writing into display memory is inhibited. Characters received with parity
error are usually displayed as blanks.

Newer teletext transmission systems function asynchronously, and have much
more complex header structures, including data channel identification, continuity
checks, channel interleaving, and other facilities. Such complications cannot be handled
uniquely by hardwired logic, so that a programmable processor becomes necessary.
Once included, the microprocessor can also handle other terminal functions, such as
interpretation of geometric codes and overall control of the terminal.

It must be emphasized that this control processor cannot be charged with all data
selection functions. The reason is that the instantaneous rate at which data are received
approaches 1 MB/s, which leaves only a few instructions/byte even with the fastest
microprocessors; this is clearly insufficient. The data rate can be smoothed by buffers
with VBI transmission; however, modern teletext decoders have to work with full field
transmission as well. Therefore, it is inevitable that some preliminary data selection be
done by dedicated hardware.

Control Processor

As already mentioned, function and complexity of the control processor will depend on
the type of transmission and presentation system in question. Here is a partial list of
things done (not necessarily in the same system) by the processor:

« input buffer management

« dialog with the user (handling of commands and messages)

+ interpretation of control codes {e.g., proper placement of display attributes and
DRCS patterns, switching of character sets)

+ interpretation of geometric codes

« storing and recalling of macro sequences

» assisting in data selection and error checking.

Display .Memory and Generator

Recall that there are two fundamentally different types of display memories, each suit-
able for different coding options: character memories (also called page memories), used
with the mosaic option, and bif-plane memories, used for the geometric and photo-
graphic options. The purpose of the memory is the same in both cases: to hold data
necessary for the display of a screenful of videotex information. Its content is completely
read out 30 {or 25) times per second by the display generator while synthesizing the
video signal. '
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One can, in principle, make Telidon terminals with character, rather than bit-
plane, memories. PDIs are interpreted by the microprocessor to provide the best approxi-
mation of the image in terms of the available mosaic characters or in terms of *“internally
generated DRCS.”” The latter type of decoder has been demonstrated (see Tenne-Sens,
1982).

Page Memories

Character memories lead to the most economic realizations of terminals because only
seven or eight bits have to be stored per mosaic cell (in the simplest case of serially
coded attributes). A few additional bits are required for parallel attributes. Conceptually,
thus, the character memory can consist of several planes (matrices of 24 rows by 40
columns), the first containing character codes, the second parallel attributes, ‘and the
third eventually holding markers of attribute changes (see Chapter 7).

The internal structure of the memory depends on the type of integrated circuit used
for implementation. In one system, the Multitext (fabricated by Mullard, Ltd.), two
standard 1kb X 4 static RAM chips are used in parallel (each chip has 1024 words of
four bits each; only three bits of the second chip are used).

The extemally supplied address consists of 11 bits (five for row, six for columm
address). These external addresses are transformed by simple arithmetic manipulations
into the 10 bits required to address the chips (see upper part of Figure 9.5).

Access time requirements for the page memory can be calculated if one reahzes
that for each TV scan line participating in the display of a given row of characters, all
characters of that row have to be accessed once. This yields, for NTSC and 40
characters/row, a cycle time of roughly (60 ws)/40 = 1.5 ps. On writing, the data rate of
1 MB/s yields 1 ws/write. Thus with a 500-ps memory the write and read operations can
be interlaced. The fact that both reading and writing are sequential can be used to reduce
access requirements (by accessing several cells at once).

The economy that can be realized with mosaic-oriented page memories is partially
offset by the complexity of the appropriate display generator. Note that only codes, and
not the actual mosaic shapes, are written in the locations of the memory. The set of
displayable alphabets (pixel patterns of G-sets) must be stored in a further memory called
dot matrix memory. It contains one bit per displayable pixel, and is implemented in
read-only memory, except for DRCS, which of course requires writeable memory. It is
essentially a hardware embodiment of the code table (precisely, its G-set), as shown in
Figure 9.6. Each character is stored as 2 matrix of given size (say 7 X 9 dots). The
address has again two components: character address (seven bits coming from the
display memory, identical to bits b . .. b5 in the code table) and dot line address (com-
ing from timing circuits). The output from the memory is the bit combination
corresponding to the chosen dot line in the chosen character, and is used to modulate the:
beam while traversing the character position on the screen.

Physically the dot memory for a G-set has to contain 96 X 9 = 864 words of seven
bits (with 7 X 9 cell size), realizeable again with two ROM circuits 1kb X 4, with a
similar address transformation logic, as in the display memory. The simplified intemnal
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Figure 9.5 Structwre of display and dot matrix memories.

structure of the display and dot matrix memories with the above-used parameters are
sketched in Figure 9.5. The required cycle time for this memory is the same as for the
display memory, about 1.5 ws. In practical implementations the dot matrix memory,
display generator, and various circuits for implementing the attribute controls are
integrated within one unit, such as the SAAS050 LSI chip of the Mullard system (see
Mullard, 1978).

Bit Plane Memories

The cascade of display and dot matrix memoties is essentially a two-level memory in
which the upper level generates addressing information for the lower. The dot patterns
can be likened to graphical ‘‘macros”’ invoked by ‘‘names’’ stored in the upper level. In
contrast to this, geometric and photograpbic coding are not based on the repetitive use of
a limited set of encapsulated patterns. In these options a one-level display memory in
which each displayable pixe! is explicitly represented (addressable), is more appropriate.
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Character addressing/selection: 7 bits from code table

Dot line
addressing

O —
Dot line to display generator
Figure 9.6 Conceptual view of dot matrix memary.

It should be realized that the *“‘identity’> of pixels is now merely the sum of their
attributes; there is no shape to distinguish between them as there is in the case of mosaic
characters. The attributes are inherently parallel. This is reflected in the structure of bit
plane memories: conceptually, they consist of bit matrices (planes) with dimensions
identical to the pixel dimensions of the display. For example, current mdium—reso]uti?n
implementations of Telidon terminals define 200 X 256 pixels. The number of bits
representing a pixel available for the attributes will determine the range of colors, inten-
sities, and other variations in the resulting image. Currently fabricated Telidon terminals
have four bit planes. From the hardware point of view it must be taken into account that
a whole row of, say, 256 pixels must be accessed by the display generator every 60 ps.
Thus physical access is organized not on an individual pixel basis but rather in terms of
suitable size blocks of horizontally adjacent pixels. On writing, access is essentially ran-
dom, as determined by the sequence of geometric shapes generated by the microproc-
essor. However, the speed of writing into a hit plane memory is not bound to the display
scan rate.

Geometric and photographic coding options are applicable with much smaller
memories than would correspond to the resolution of the display device. For example,
even a standard page memory with parallel attributes can be made into a 24 X 40 pixel
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cesso Cost of memory (0.2¢/B)
Terminal type Display memory {@-PpIo T

Mosaic 960 B No 52
serial attributes

Mosaic ~2kB Yes $4
parallel ateributes

Mosaic =2 kB Yes 84
low-resolution geometric

Mosaic $50

+ geometric (200 X 256 X 4) ~25kB Yes

+ photographic

High resoiution 1MB Yes $2000
{1024 X 1024 X 8)

.Figure 9.7 Costcomparison of different types of display mernories.

bit plane memory by connecting it directly to the video generator (i.e., by bypassing the
dot matrix memory shown in Figure 9.5)- ) .

Figure 9.70?hows comparative dsigpl?y mem:;ye ﬁ?ggﬁoﬁ ? treangs of (t]e;rin;;

i jons. (See Bown, 1980, for an € rminal des

:lilerﬁil\?g;n;?;uzsst t(ae emphasized that there is a great deal of ogntroversy over C%!:;
Some less popular memory parts are actually increasing 1n 1:11‘103- Omr“? m:dmcoriﬁpn i
are artificially low due to dumping. Only the most popular and mass-produc gura
o dﬁxzt:ea;ﬂzfmﬂglmmpage decoder (locally storing multiple gaﬁes) add:t an
interesting twist to the question of memory cost. A given number 0{) OLATS SI:"e n
memory will buy more pages of storage in a systerm that requires fewer bytes per p alg . .

The merits of enhanced mosaic systems (such as those of the CEPT propos idal};
basically geometric systems (PLPS) are being hotly debated. The ar.gun_lznlts '«:lglva::; o y
the proponents of the first approach are mainly based on two points: (h)i e dDRoCrg
requirement is an order of magnitude lower, and (2) enhanced mosaic gfal;();;an ot ot
provide sufficient flexibility and display quality. Proponents of geometric o % ag:; oo
(1) that the disadvantage of laxger memories and complex processing tens 13 8¢c (2’;
with diminishing hardware costs and with the advent of a ““decoder on a odn(; P,
that once the terminal has a sufficiently large bit plane mermory, all three coding nfgéﬂonsf
e bo el nconporsted 3 st ooty o O L e
display resolution and even of display technology, > !
mzl;lt,};nd (5) that general compatibility with techniques used in computer graphics fat? be
used for enhancements, such as animation, three~d1mcn'smnzlahty, and other manipu! :;c oris
of images. This last observation points in the same direction as do some relr(;eéxlx devel-
opments in databases for videotex, in which aftcf' a period of specm:ngd work the issues
are now being placed in the larger context of existing database technologies.
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Reference Terminal

The actual, quite hectic advance in the state of the art of videotex is accompanied by a
proliferation of coding schemes, ad hoc proposals, ill-defined standards, extensions, and
add-on features, gyrations whose purpose is to reconcile mutually inconsistent principles
(not to mention subjectively and politically motivated and not-quite-scientific opinions).
The inevitable net effect of all this is frustration. It might be reassuring to call things by
their names, and to see the key principles that are involved in many designs filtered out
and summarized in what might be called a ‘‘reference temminal’® (which will never
become a real terminal because there is already too much pressure for compatibility with
existing code structares and terminologies).

The basic components (see Figure 9.8) are a processor with attached RAM and
ROM, and a bit plane display memory whose content is continually displayed. The
incoming serial code is always interpreed in one of six modes:

 direct mosaic

» direct geometric

& TNACTO MoOsaic

* MAcTo geometric

o mosaic macro definition (MMD)

o geometric macro definition (GMD).

'The direct modes cause the processor to process incoming information and deposit it into
the display memory, much as in geometric and photographic options of Telidon. The
macro definition modes do not affect the contents of the display memory; in MMD,
named pixel pattems (objects) are placed in the processor memory. Attributes can be
defined for individual pixels or for the whole object, and some attributes may be missing
at definition time. Position and size are also considered to be attributes. In GMD, strings
of incoming code are named and stored, possibly with some parts missing.

Finally, macro modes would be used for the “‘expansion’ of previously defined
macros. As in conventional languages, this would be done at the moment when the
macro name is encountered in the input string. Such a macro call can be accompanied by
a set of attributes (parameters) that would complement or override those in the macro
definition. Thus, at execution time one might conveniently change the color, position,
etc., of predefined objects. Expansion of mosaic macros results in copying a pixel pat-
tern into the display memory; geometric macros are executed as though substituted in the
input string (with the appropriate parameters). ‘

By going into further details at this point we would run the double risk of too much
speculation and of reinventing the wheel. We conclude this excursion into the ‘“possi-
ble’” with a few remarks:

1. There is no essential difference between the photographic and mosaic options (in
the sense used throughout this book), other than the fact that the first refers to the
direct mode, and the second (especially DRCS) to the macro mode. Standard G-
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Figure 9.8 Reference (erminal. The six modes of operation and the data paths involved are: direct mosaic
DM, direct geometric DF, macro mosaic MM, macro geometric MG, mosaic macro definition MMD, and
peometric macro definition GMD.

sets stored in ROM are in effect built-in system macros. It would be useful to
recognize this fact and to treat the two uniformly.

2. Macros as defined in PLPS are in effect geometric macros except that no provision
is made for parameters, which removes some flexibility.

. The Reference terminal basically also covers the Captain coding scheme.

The Reference termninal is comparable in complexity to a full PLPS terminal.

5. More attention should be paid to unified handling of attributes, which might be
based on constructs such as types in Pascal. _

6. Similar ideas are involved in the graphic language used in the VIPS information

provider system (see Section 9.3).

s w

LS! Technology in Terminals

We have repeatedly stressed that the cost of user terminals is a critical factor, and that a
key element in bringing down the cost is the availability of specialized L.SI components
fabricated in high volumes. A few manufacturers have already judged that this chicken-
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and-egg problem is sufficiently near to resolution to permit venture into the fabrication
of chip sets suitable for both teletext and two-way videotex terminal controllers.

An example of a flexible set widely used in Burope and USA is the Mullard Mul-
titext system (see Mullard, 1978; Beakhust and Gander, 1979). The components permit
the building of different configurations, including remote control from a single keypad of
the TV set, teletext, and viewdata. The system contains no microprocessor, and its
teletext part is compatible with the fixed-format serial attribute of UK. teletext. How-
¢ver, its remarkable flexibility permits it to be used in systems like the Virtext and Vir-
data teletext systems running on NTSC and employing gearing to conserve the 24 row by
40 character format.

Figure 9.9 shows the block diagram of the Multitext system. The more important
LSI circvits and their functions are:

o TAC, teletext data acquisition and control

« VIP, video input processor

« TIC, timing chain

« TROM, teletext read-only memory (dot matrix memory)
e VAC, viewdata acquisition and control module

» LCU, line-coupling unit.

Another set of similar circuits made by General Instruments is described in McDonald
(1980). It has a microprocessor-based controller and can store up to six teletext or Prestel
pages. In 1982 Texas Instruments (France) announced the production of a VLSI chip to
decode PLPS.

9.3 SERVICE-PROVIDER TERMINALS (SPT)

Features

Features of SPTs are somewhat opposite to those of user terminals, which are made to
assist page editors and graphic artists in creating and effectively managing large numbers
of pages. The main economic effect of SPTs is to reduce specialized labor requirements
for page creation. To create a complex graphic page with primitive tools (e.g., through
manual assembly of PDIs) may easily take a workday; the same job done on a modern SPT
would take perhaps 30 minutes. In terms of wages (of, say, $100/day) this represents a
saving of almost $100/page, thus amortizing a $20,000 SPT after the first 200 pages (done
in less than 13 days)! Even if this calculation is oversimpliﬁed it illustrates the point that
although SPTs tend to be sophisticated and quite expensive, the cost is quickly made up by
increased productivity.

There are three broad classes of SPTs: (1) stand-alone systems, which contain a]l
facilities for creating and stonng pages, (2) computer-dependent SPTs, which rely on a
supporting corputer for processing and filing functions, and (3) user terminals enhanced
by additional hardware or software components.
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The functional components generally present in SPTs include:

« text editing facility, equivalent to standard word processors

graphic editor, enabling one to interactively compose, correct, and update graphi-

cal material; implementation and features depending on the preferred graphic cod-

ing option (mosaic or geometric) . '

"o page editor, permitting the combination of graphics and text, and placing of logos

and numbers in pages:

filing system, permitting local storage, cataloging of pages, and transmission of

_ these to a database corputer (this communication being an important standard
issue) : .

« input facilities for text (.g., from wire services, other databases or optical charac-
ter readers) and graphics (tablets for handmade sketches, digitizing cameras for

- pictures and DRCS fonts). :

V There are many SPTs on the market today. We will describe here the VIPS devel-
oped by Bell Northern Research in Canada.

VIPS (Videotex Information-Provider System)

VIPS (see Figure 9.10) is a stand-alone system, designed for the Vista field wial in
Canada, for which a database of about 100,000 pages had to be created (see Chitnis and
Papp, 1982). Figure 9.11 shows the hardware configuration. The central element is a
Cromemco System III microcomputer with built in floppy disk drives. The system is
controlled from a keyboard/VDU terminal. The VDU displays command menus, mes-
sages, and user input. The page being edited can be continuously displayed for visual
inspection on any PDI-compatible display terminal—e.g., on a standard TV set with RF
(antenna socket) or RGB input. Thus the resolution, color effects, etc., can be immedi-
ately checked on the intended type of receiving terminal. Text of external origin can be
received through an RS-232 interface. A digitizing tablet makes entering sketches and
coordinates (points) easy (although this can also be done from the system console). A
second function of the tablet is its programmable keys. Any sequence of system com-
mands can be programmed under any “‘soft” key, and executed upon pressing it. The
video camera serves to capture outlines of objects.

The VIPS software consists of the following modules:

a text editor (standard word processing functions)

» graphics editor

« information-provider language

a local database

- tl'a.llSITllt

o auxiliary software (to receive text from an external source and to control the
optional printer).

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 178



162 The Presentation Leve! Part Il

Figure 910 VIPS service provider system {Bell-Northern Research).
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Figure 9,11 VIPS hardware configuration
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The largest and most interesting of these modules is the graphics editor. In effect,
it is a powerful language based on PDIs. Its main feature is its ability to create named
objects; an object 18 any combination of PDI primitives and other previously created
objects. Their structure is represented and manipulated in an internal language that is
translated into PDIs (or other graphic language) at display time. Any depth of nesting of
objects within objects is permitted; a change in an object’s description is automatically
reflected in all of its occurrences in other objects. Alternatively, such occurrences within
embedding objects can even be changed individually. Thus, an artist can create a house
(object) composed of the roof (object) and walls (object), and then a village (object) by
combining multiple copies of the house. Then he can change in one operation the color
of the roofs of the whole village, or he can modify any attributes of individual houses.

All declared objects are stored in a library. Images and objects are internally
represented with a resolution of 1600-by-1200 pixels (6 times the resolution of TV-based
Telidon). Here is a short list of operations available on objects:

« catalog (name an object and put it into the library)

e temove (an object from library)

« delete (an object from the screen)

» move, rotate, and duplicate (objects on the screen)

» sequence (change the display order of component objects)

o scale (from 0.01 to 100 times the original size) ~

« change object (e.g., change color of all houses in an image)

The information-provider language is a tool used to integrate text and graphic
information into final pages. It also includes facilities for formatting unformatted text
strings into lines of specified length and spacing. Resulting pages are numbered and
autornatically placed into a tree-structured local database. Menu selection pages are for-
matted automatically. :

The transmit module initiates sending of any part of the local database to a remote
service computer, to be integrated into its database.

VIPS is presently not able to handle mosaic graphics and photographic images,
although these extensions can be added at moderate development cost.
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Having discussed the ways and means of bringing information pages to the screens of TV
sets, we arrive finally at the application layer of OSI. Our goal is not to treat individual
applications and their characteristics; this is done elsewhere (see Chapter 2). The three
chapters in this part of the book are about the support structures necessary to implement
applications: databases used in videotex and teletext, gateways to access services run-
ning on external computers, and finally, service computers and systems, considered in
terms of their architecture.
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10.1 A BRIEF REVIEW

To put the database facilities typically found in videotex in proper perspective, first we
very briefly review the range of database architectires that are in general use today. The
architectures can be divided into two large groups: formatted (record-oriented) and tex-
tua! (unformatted) databases, The basic information units contained in and managed by
the former are records and files. There are three well-known structural models of format-
ted databases: hierarchical, network. and relational. Typical applications are in business
and enterprise-oriented systerns; the arch-examples are the “‘personnel’” and *“part-and-
supplier’” files. Search mechanisms typically work at the field and record levels; queries
into formatted files typically produce sets of records satisfying specified search criteria.
Date (1981) 1s an excellent reference for further study. .

Textual (e.g., bibliographic) databases deal with documents more or less in their
original form, such as newspaper articles or their abstracts. There are two ways of
accessing information in such databases: either through indexes (lists of keywords
characterizing the contents on the documents), or through sequential searches of the
documents themselves for given word patterns and their combinations. The user com- -
municates ‘with the database system through an interface language (query language)
incorporating all necessary commands and parameters.
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In another type of database, called knowledge bases, information is contained in
highly coded abstract forms. Queries into knowledge bases are processed by complex
programs, often based on artificial intelligence techniques whose goal is to find the most
appropriate response. The meaning of queries themselves often has to be clarified by a
dialog between the user and database system. The information sought for is not found
prepackaged and ready for output, but has to be synthesized while the query is proc-
essed. Examples are certain medical databases capable of accumulating and using the
clinical decision criteria of expert physicians in order to advise practitioners in their
diagnostics. ‘

The main difference between the three kinds of databases can be traced to the
organization and meaning of information with which they deal. Formatted databases,
which are at one end of the scale, have simply structured and highly repetitive sets of
items (employees, parts, orders); knowledge bases, at the other end, may for example
contain experts’ criteria for recognizing a rare disease, criteria that may be highly indi-
vidual, intuitive, and hard to formalize.

None of the above three approaches to database design is quite appropriate as a
model for the mass access typical for videotex, for two main reasons. First, their query
languages are too complicated for uninitiated users, ard, second, searches may be too
expensive in terms of computer resources, preventing the simultaneous use of a facility

. by hundreds or thousands of subscribers. However, there is no reason why such data-
bases could not be accessed by videotex users on a more selective basis through gate-
ways.

10.2 PAGE-ORIENTED DATABASES

The following discussion is based on Tompa et al (1981). Databases developed for the
first versions of all major videotex systems are remarkably similar in that they use pages
as logical units of information. A page was originally meant as both a logical and physi-
cal unit (displayable on one screen). However, a further distinction between the two
meanings has proved to be useful: a page may consist of several frames (screenfuls of
information). The internal representation of frames, used to maintain the information in
computer memory (records, blocks, sectors, etc.) is a generally unrejated implementa-
tion detail dictated by the supporting data management system.

The second peculiarity of videotex databases is that they incorporate indexes and
data in the same structure; in effect, index information is sometimes indistinguishable
from data. This makes searching in the database a relatively straightforward task.

The underlying data structure in current videotex databases is a rooted tree of page
nodes (see Figure 10.1), each node serving as the root for a mamber of subtrees. The con-
tent of any page can include text and/or graphics and can be used to convey application
information, indexes, and Touting prompts (instructions about what to do next). Pages
are numerically identified by their position in the tree: for example, the root is page 0; its
descendents are numbered from 1 to 9; the descendents of page 1 are pages 11,12 ... .,
19, and the descendents of page 12 are pages 121, ..., 129. A user can request a page
directly at any time by entering its number via a keypad. Note that in this system of
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Root page
0.0

1.0

922.0

1911.0

1911.1 O Index page-non leaf

® Document page-—-leaf

Figure 10.1 Page nodes in a tree-structured database. Nodes are numbezed as in Telidon. a cross link from

page 19.0 fo 921.0 is shown with dashed lines; in this case page 193.0 does not exist: page 921.0 is taking its
role, transparently to the user.

labeling, page numbers have a double role: they identify ‘both the page and the (unique)
way leading to it from the root. This may sometimes belp the browsing user to maintain
- his orientation.

Providing several frames of information for one page has taken two distinct forms.
In Prestel, any node (page) in the tree is a sequence of one to 26 frames, distinguished by
the appending of an appropriate letter of the alphabet to the page identifier. Direct access
10 a page results in display of the primary frame (labeled A), the secondary frames being
reachable by subsequent sequential access only. Similarly, in Captain each page has one
to 10 frames (distinguished by an appended digit). Telidon allows multiple frames at the
leaves of the tree only, thus distinguishing between so-called index and document pages
(the content of either is under complete control of the information provider). A document
page can consist of up to 1000 frames identified by one, two, or three digits that follow

the decimal point in the page identifier (¢.g., 122.0, 122.1, ..., 122.999), and, unlike -

the situation with Captain, Prestel, and Télétel, any frame can be directly accessed by
entering its numeric identifier. (For consistency, a Telidon index page has a decimal
point followed by the digit 0 at the end of its identfier—e.g., 12.0.)

The tree structure also serves as a framework for allocating pages to information

providers. For example, in Preste! and Captain each information provider is assigned a
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page number identifying the root of the subtree in which pages, frames, and their con-
tents may be constructed under that information provider’s editorial control. Both sys-
tems also reserve pages to contain general-purpose and index information controlled by
the videotex system operator. Such localization of the information provider’s pages sim-
plifies the system operator’s tasks of preventing interference among information provid-
ers and providing accounting (statistical and financial) to each information provider. The
visibility of the tree structure through use of page identifiers also reinforces an informa-
tion provider’s identity to the user because it explicitly contains the corresponding root’s
page number.,

Accessing the Information

Information contained in a tree-structured database typically can be accessed in two
ways. (1) When the user knows precisely what information he wants, and on which page
he can find it, all he has to do is enter the page number in question (e.g., to find the price
quotation of his favorite stock). This access modality can (itonicaily) be supported by
printed directories. Similar directories organized by subject or service provider can be
found in higher-level pages of some databases. (2) When the user knows only vaguely
the kind of information he wants (e.g., ‘‘some entertainment for tonight’), but has no

" idea where and under what heading (and whether at all) this information is found in the
database, he will indulge in a search through the database, using a set of navigational
commands provided for this purpose. They permit him to browse in the tree while trying
to locate the desired information. The basic set of commands provided through the
keypad are again similar in all existing systems (but sufficiently different to precluqe
direct compatibility between Prestel, Télétel, and Telidon). Section 10.3 discusses this
in further detail. Navigational commands are cither absolute (the target page is indepen-
dent of the actual position in the tree) or relative (with respect to the current page). This
is illustrated in Figure 10.2. Roughly, absolute and relative commands are designed to fit
situations (1) and (2) above, respectively.

31 32

Figure 10.2  Effect of navigational commands: (a) relative command (menu selection n0. 1); (b) absolute com-
mand {page no. 31); (¢) immediate ancestor of page 2.
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Page 12
Military history
1. Big battles
2. Famous generals
3, Evolution of explosives

Page 122
Famous American generals
key 1-4 for more information
1. McArthur
2. Ridgeway
3. General Motors
4. General Electric

k

Figure 10.3  Non-leaf page with index and information content. ~

The above method of search is often said to be menu-based (or multiple-choice}
because a typical (non-leaf) page displays the list of its descendants with short descrip-
tions, one of which is selected by a relative command. The contents of a page (such as in

- Figure 10.3) can have both index and information content (e.g., answering the question:
““Who are the most famous American generals?"’).

Probiems with the Tree Structure

Tree-structured databases work well as longas the-information they contain fits comfort-
ably into a unique hierarchy—which happens only rarely. For example, it seems unrea-
sonable to require information about Greek restaurants to be listed exclusively under the
Greek subheading in the restaurant subtree or under the restaurant subheading in the
Greek subtree, thus forcing all users to adopt the same hierarchical ordering for retriev-
ing the information. Furthermore, if users are given only one tree strucfire 1o access
data, they will oftén be unable to locate requiréd information without first traversing
many irrelevant sections of the tree. As a result, the effective response time of the system
and the effective financial cost to the user (resulting from charges for connect time, page
access, and possibly communications) will be large despite relatively efficient individual
page retrievals. Information providers will also have only limited opportunity to entice
users to request related information elsewhere in the tree.

Cross-links. The problem is somewhat alleviated by allowing information pro-
viders to superimpose arbitrary difected-graph structures on the underlying tree. Rather
than interpreting relative page numbers in the context of the underlying tree structure, an
information provider can establish a transparent cross-link to any selected page. In build-
ing such cross-links, the information provider simply associates the absolute page iden-
tifier of the target page with a numeric label to be entered by the user. The page itself
will usually contain a multiple-choice display that indicates the valid numeric labels
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together with content descriptors for the corresponding pages (see dashed line in Figure
10.1).

The use of such cross-links has the consequence that multiple paths can exist to
any given page, and therefore a unique correspondence between page munber and path
no longer exists. This has led in some systems to a complete separation of a page’s name
and position in the database, permitting the use of names with mnemonic or symbolic
significance.

Another inherent limitation of tree-structured databases is the fact that all available
information is pre-formatted into fixed pages. One cannot ask, for example, for a page that
contains a list of all cinemas showing Italian films, although this information may well
exist, dispersed within the database. Yet it seems that this kind of *‘dynamic page crea-
tion,”” required in such cases and common practice in database technology, is within the
'bounds imposed by the *‘keep-it-simple-and-economical’’ videotex imperative.

Getting lost.  Experiments have shown (See Telidon, 1981a) that people easily
become disoriented or lost in larger hierarchies, especially when they do not know
exactly what information they arc looking for. Alternatively, they are often unable to
find a piece of information, even if it exists in the database, because the meanings of
memu choices often overlap and cannot uniquely characterize all information in a given
subtree. Another important factor is the weakness of human short-term memory. It is
very easy to forget what was seen two or three pages ago, yet an earlier page may con-
tain some crucial information about the context of the present page. The use of back-
tracking commands, user-defined markers to indicate important points on the search
Path, or personalized page labels such as in the Captain database, does not quite solve
the problem, which seems to be linked to the fact that page contents change discontinu-
ously: a new page does not contain anything from the previous one. It may well be that
some form of multiscreen display would help, showing simultancously detailed informa-
tion on a subject and the global position of the searcher in the data space. Herot (1980)
and Feiner et al. (1981) describe systems based on this approach.

In spite of these and other deficiencies, there exist a large number of well-estab-
lished applications for which tree-structured, page-oriented databases seem suitable.
Common characteristics of these applications. are that they are relatively small and that
they feature stable question-answer patterns well-known to the general public {see Bail
and Gecsei, 1981). In these services the user always expects to find the same kinds of
information or options under standard headings, although the details may be varied by
the information provider. A user should not be forced to traverse long sequences of
selections; such traversal tends to strain his tolerance of the menu-choice interface, with
its tedious and potentially disorienting qualities. All this boils down to the following
moral: The key to the successful application of menu-based systems in videotex lies in
conceiving the database as a collection of well-established stable services (with few
cross-links reaching outside a service), and not as a single, large, and changing constritet
with evenly spread cross-links. Enhancements to the basic page and tree structure, as
well as complementary approaches to database and interface organization, will be further
_discussed in Chapter 13.
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10.3 THE USER INTERFACE

F.300

Commands available to users for database retrieval, along with others for logon, selec-
tion. of service, etc., together form a simple interface language. Similarly, information
prowders dispose of a set of facilities permitting them to interact with a videotex data-

As mentioned earlier, data retrieval commands for tree-structured databases found
in different systems are similar but not identical. However, there is a possibility of
standardizing at least a core set of these (and some other system control) commands.
Such standardization and the ensuing application-level compatibility between similar
systems is clearly desirable, as expressed in CCITT Recommendation F.300 (see
CCITT, 1980).

Before considering F.300 in some detail, note that three aspects of comrnands can
be considered for standardization:

» command semantics (function) .
o coding as seen by the user (symbols written on the keypad /keyboard)
» coding as seen by the database computer.

Tn order for a terminal of one system (say, Prestel) to be strongly compatible with a serv-

ice computer of another system (say, Telidon), compatibility in all three aspects is
reql.ured

Recommendation F.300 is concerned with the semantic content of user commands. A
videotex system is seen at two levels: the system (first level), which is a collection of
services (second level). Here is a list of command functions to be considered (and par-
tially implemented in major systems):
Control functions:
Cl; clear unwanted entry
C2: interrupt action in progress (e.g., page transmission)
C3: send command to service computer
System functions:
S1: select a videotex service
S2: return to the entry point of service (e.g., database root)
53: logoff
S4: logoff with billing information
$5: provide billing information
Functions common to all services:
F1: return to system level
F2: systemn assistance
F3: service assistance
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Information retrieval functions.
R1: direct access to a page (absolute page request)
R2: relative page request (menu choice)
R3: next frame of the same page
R4: preceding frame of the same page
RS: retransmit last frame
R6: retransmit last page with changes that may have occumed in the mean-
time
R7: retrace previously seen pages (in reverse time order).

Prestel, Telidon, Télétel, and F.300. There is practically no consensus con-
ceming the coding aspects of the above frammework of commands. Figure 10.4 illustrates
this by comparing some key sequences in Telidon (field trial version), Prestel, Télétel,
and the corresponding functions from F.300. Note that Telidon has a number of func-
tions that are absent from Recommendation F.300.

104 DATABASES FOR TELETEXT

The fundamental difference between interactive and broadcast videotex is inevitably
reflected in the ways databases should be organized to take advantage of the two modes.

F.300 Telidon Prestel Télstel
CH DEL ** Annulation or correction
C2 Fm .
c3 [ | Envoi
51 K Envoi
s2 tH *O# Somemaire
53 Foll
55 F7H K Guide
F1 . Fin Connexion-Fin
K2 Guide
F3 F1m Guide
R1 N.Bor NMB *N#¥ X Envoi or X' +K, Envoi
ern *n,» . . n, Envoi
R2 n Wl " n Envoi
R3 | # Suite
R4 Retour
RS T m *00 * Repetition
R7 - N b3 *Retonr

N: Absolute page no,
M: Document number

Dedicated keys in Télétel:

n 0,1,...9 Annulation Guide

K: Keyword Conection Suite
Envoi Retour
Sommaire Repetition

Connexion-Fin

Figure 10.4  Comparison of some Telidon, Presie] and Télétel commands anxd their F.300 equivalent.
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The main constraint of VBI (vertical blanking interval} transmission is its low page rate
{e.g., 4 pages/second). This, in order to assure reasonable waiting times, limits the size
of the broadcast cycle to a few bundred pages. This constraint is somewhat relaxed in
full-field transmission, but reasonable cycle sizes (up to 10,000 pages) are still an order
of magnitude smaller than the size of databases used in interactive systems. Note that the
above restrictions relate to broadcast databases used in psendo-interactive (on-line)
mode, in which the user is waiting at the receiver for the page he has requested. This is
the case in all first-generation systems.

In effect, the basic address format in the U.K. teletext permits inclusion of only up
to 800 pages on a single VBI channel. However, the use of time codes allows for virta-
ally limitless teletext page numbers. The on-line transmission cycle (see Figure 10.5(a))
consists of sub-cycles called ‘““magazines’” (up to eight in the UK. teletext, each identi-
fied by the most significant digit of the page number), which differ in program onigin
and contents. Interleaved transmission of pages in different magazines improves the
access time to the beginning of each page, but not to the entire page.

Transmission Sequence

Now it is being realized that there is another way of exploiting data broadcast systems—
namely, by admitting off-line reception and storing of some selected pages. The tremen-
dous potential of this approach stems from the inherent simplicity of broadcast mode and
very high transmission capacities (a 4-MHz TV band can transmit 1.8 million pages per
hour). On-line and off-line reception can be mixed by controlling the repetition rate of
transmitted pages. A few hundred pages of general interest can be repeated in a short
cycle, whereas less important or less frequently updated pages are inserted in hourly or
even daily intervals into specific slots in the cycle, or according to a predetermined
schedule. This applies equally to VBI, full-field, ISDN, or any other type of transmis-
sion, and permits for the dissemination of very large amounts of data.

Pages that are broadcast at different times and with different frequencies fall into
four groups: '

1. On-line pages (the normal broadcast cycle)

2. Scheduled off-line pages (captured and stored in the receiver’s memory in standby
mode); pages recognized either by a time code (that is, transmitted at precisely
known times) or by extended page nurobers; same mechanism (additional page
identification facility in the page header) useable for both modes, as in the UK.
teletext (see Chapter 3)

3. Pages transmitted on demand (on-line or off-line); see also Robinson and Loveless,
1979 .
4. “Real-time’’ pages, which must be displayed at the moment they are received,
such as newsflash, captions, and subtities; two methods of immediate insertion
available: after the end of the current page, or over a separate TV line reserved for

that purpose (e.g., line 21 for captioning). The latter method evidently faster
because there is no need to wait until the end of the current page.
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798 1

‘I\/L Moves one
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of ondine cycle

Off-line.
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Ondine cycle

For demand
pages
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off-line page each revolution

This slot receives
unscheduted off-line pages

(v

Figure 10.5 Schematic view of teletext databases: (a) simple cyclic online pages; fb) insertion of cyclic off-
line, irregular offlme and demand pages.

Figure 10.5(b) is a schematic view of some cycles and **sub-cycles’’ (possibly
aperiodic) in teletext transmission. Other variations are also feasible.

Tree Structures

So far we have discussed the temporal aspects of teletext database transmission. We
must now ask: What is the relation between the transmission sequence and the logical
structure of the database as perceived by the user?

In principle, tree-organized databases can be transmitted over teletext simply by
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cyclically sending out all pages in the tree, each preceded by its pumber. The ‘‘user con-
text” (information about the access history of a particular session) then has to be main-

tained in the terminal. This is necessary, for the correct execution of backtracking com-

mands, for example. However, difficulties may arise if cross-links are also used in the

database: if a relative command (menu choice) that leads to a page other than a descen-

dent of the current page is issued, how can the terminal know the number of the target

page? The problem can be resolved by including cross-link information in the header of
each transmitted page—a solution implying a sizeable transmission and terminal

hardware overhead.

Another issue is the size of the broadcast database: It may be too small for the tree
structure to make sense; on the other hand, the tree structure may become ineffective for
pure off-line reception from larger databases because of the lack of interactivity. (How-
ever, the combination of one-way and two-way transmission, as in the INDAX two-way
cable system, is a viable possibility.)

Within the remaining limited range of sizes, an interesting optimization problem
exists: given an (uneven) access pattern to the pages of a tree-structured database, what
is the optimal transmission sequence in order to minimize the average access time? A
solution is outlined in Chapter 15.

Captionirig

Due to its nature, VBI transmission lends itself to a number of related applications serv-
ing to complement an underlying video program: newsflash, subtitling, and captioning.
Tn these services, short text sequences are displayed on the screen simultaneously with
TV images. Each service is identified with a page number.

In most cases, direct superposition of text over the image is not satisfactory
because of the unpredictable contrast between the image and the fixed-color (say, white)
characters. The standard solution is to display text in boxed mode—that is, in a (say,
black) window of appropriate size, cut into the picture. Such a box is created by inserting
the attribute controls Start Box (SB) and End Box (EB) at appropriate positions in the
character stream. SB will cause suppression of the *“transparent’” full screen color until
EB, which has the opposite effect, is encountered. The characters to be displayed are
transmitted between SB and EB. In this way, boxes of any size can be created in any
position on the screen. Note that unused positions on the screen do not require transmis-
sion of blanks; rather, cursor controls are used to skip such areas. All major teletext sys-
tems have provisions for captioning.

Newsflashes (when selected) are broadcast and displayed whenever a news item
breaks. They remain displayed until the user clears the screen or a newer version is
transmitted. '

Subtitling and captioning are similar services designed to annotate TV program- -
ming such as films. Open and closed captioning should be distinguished. The former is
‘““open”” (visible) to everybody watching the program; the text is superimposed on the
image in the studio and is transmitted as part of the video signal. Closed captioning is
selective, transmitted over VBI, and receivable only with teletext decoders. Two impor-
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tant application areas of closed captioning are captioning for people with impaired hear-
ing and multilingual subtitling.

From a technical stanspoint, it is important to distinguish between live and stored
modes of operation. In live captioning the text is generated in real time-—e.g., by a
human translator or commentator——and displayed with a short delay of a few seconds.
When typing is too slow (e.g., to capture real-time speech), special shorthand typing de-
vices,whose output is automatically translated into a phonetic version of English, are used
(see Green, 1979, for details).

A quite different setup is used for captioning pre-recorded material, such as films.
Captions are prepared and edited in advance and stored sequentially on disk files. To
solve the problem of synchronization—that is, of inserting the right caption at the right
time (image}—a time code is added to each caption. The program source (e.g., video
Tecorder) has a frame counter that indicates the elapsed time. When the code of the next
caption matches the frame counter, VBI insertion is triggered.

Editing and other facilities for captioning are usually integrated into teletext com-
puters (see Chapter 12). A number of countres in Europe, as well as Canada and the
U.S., cumrently provide captioned television. In the U.S., activities are coordinated by
the National Captioning Institute.
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11.1 DATABASE DISTRIBUTION

In a nationwide public videotex system with many thousands of users, service cannot be
assured by a single central service computer that holds the entire database. This was
recognized when Prestel originally introduced five replicated databases in its network;
the number has been increased in the meantime to about 20 (and subsequently decreased
again). The problem that arises is how to organize the contents of individual databases,
and provide for their cooperation and updating in such videotex networks. First we deal
with the simpler case in which all participating databases are (strongly) compatible at the
three upper OSI levels—that is, they present the same intérfaces to the users and service
providers. (This, of course, does not imply that they are supported by identical machines
or operating systems).

The information content of a number of sirilar databases can exist in various rela-
tionships.

1. Replicated (identical) databases are probably the simplest to implement and
operate. Yet there are potential problems: with simple vpdating from a unique master
database via update messages to the component computers, absolute copsistency
between the copies cannot be guaranteed at all times. While this is of little or no concern
in most applications, it can (and does) create controversy in areas such as stock price
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quotations or betting, in which information is highly volatile. Several methods for con-
sistent updating exist (e.g., locking updated pages until the update transaction is con-
firmed by all databases), but they generally require high overhead. This kind of system
tends to waste memory space by duplicating information (e.g., weather, local advertise~
ments, regional news) that may be of only local interest.

2. At the dther end of the scale, databases can be disjoint, that is, have no duplica-
tion of information. This generally saves memory at the expense of increased communi-
cations. The principal problem here is to decide the optimal allocation of data to sites
and the maintenance of associated directories (which give the locations of information).
Another open question is whether the user should see one combined database (the physi-
cal distribution being transparent), or a set of partial databases from which he has to
choose explicitly. If so, where should the directory of available databases reside? |

A variant of the transparent scheme has been implemented at the Université de
Montréal for the user-transparent interconnection of two Telidon databases. Certain
pages of each database are actually “‘external pointers™ to selected entry points in the
other database. Here, invocation of such a pointer canses automatic call, login, and
access to the other database. Then the user can freely navigate (using relative com-
mands) in the subtree defined by the entry point. The link is automatically broken when a
cormmmand would cause transgression of the limits of the subtree.

In the Télétel network the totality of (database and other) services is organized in
two levels: the directory level and the service level. Every access machine holds a copy
of a system-wide directory of services. When a non-local service is selected (this can be
done from the directory tree or from certain pages in local services), the required con-
nection is autornatically established. Each service typically has a single entry point.

3. Contents of the databases, each containing a common core and specialized
information of local interest can partially overlap; some of these pages may have the
same logos and layouts, and may differ only in contents (e.g., weather).

Newer network designs (Preste]l-PANDA, Bildschinmtext; see Chapter 6) incor-
porate database designs in which the page set residing in each component (e.g., access
machine) depends on the momentary pattern of requests, much as in a cache memory.

11.2 ACCESS TO EXTERNAL COMPUTERS

Initial implementations of videotex provide access to large central databases created and
maintained especially for videotex. But it has gradually become clear that this approach
is too limiting and precludes many cost-effective applications. After all, once the com-
munication chanpels to the users have been opened, why not use them as a window to
the entire world of computerized information? Large amounts of potentially useful infor-
mation alteady exist in various databanks and services that rum on external computers
(i-e., computers extemnal to the videotex system in question). These services take many
forms, run on a variety of equipment under different operating systems, and bave differ-
ing security and integrity constraints. Automatic conversion of such databases to a
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Chap.11  Gateways and Data Distribution 181

videotex-compatible format is not a simple affair because of wide variations in display
formats, internal data structures, search mechanisms, and interface languages found in
external services. , :

The notion of gateway, which generally means the collection of functions and
facilities used to access external (third party) computers, is receiving much current atten-
tion. Gateway functions may reside partially in the extemal computer and partially in the
user’s access machine. Alternatively, the gateway can be implemented as a dedicated
processor which itself does not provide other videotex services; in this case it acts as an
intelligent switch to remote cornputers.

Compatibillty with External Computers

Gateways are familiar in the context of computer networks—e.g., between local area
and Jong-haul data networks, or between different packet switching networks. What 1s
unique in videoex gateways is the emphasis on higher-level (session, presentation, and
application) concerns.

A videotex database and an external database (or service), accessed through a gate-
way, are generally incompatible. We can identify three areas in which differences might
occur: the application, presentation, and session levels of the OSI model. The following
discussion is partly based on Section 8.5 of The Telidon Book (ed. Godfrey, 1981). )

At the application level are found differences in users’ views of the data, as well as
differences in the interface languages used to interact with the database. It is very diffi-
cult to mask these differences (that is, to achieve compatibility at this level), unless the
external database in question has been designed with compatibility in mind. For exarm-
ple, it would be foolish to consider providing an interface program to make the ORBIT
retrieval system behave like a tree-structured database. This kind of incompatibility is
less of a problem than it might scem because it concerns human beings, who are capable,
at least in principle, of adapting to (suitably explained) new interface procedures. How-
ever, it is highly desirable that provisions be made in the gateway for a minimal set of
cormmon commands and procedures, such as “‘Help,” requesting directory information,
or the interactive learning of a new language.

Consider now the presentation level. An external database may use character sets,
codes, screen formats, row lengths, or graphic primitives other than those used by
videotex databases and terminals. Tt is essential that some degree of compatibility be
assured at this level, because it involves the terminal hardware (which cannot be easily
changed).

In general, the difficulty involved in achieving compatibility at the presentation
level depends on the structure of the data in the external database. Three cases can be ~
distinguished.

1. If the data consists of unformatted character strings (such as conventional text),
then the required format conversion would consist merely in geperating a carriage retum
after each set of 40 characters. This can be done either in a gateway computer or in the
terminal itself. Paragraphs can easily be detected and handled sirnilarly.
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2. External databases may contain formatted text, but not figures or diagrams.
Examples are tables and responses to queries into record-oriented databases. The format
of this information is generally known by the application; therefore it can be dynamically
reformatted by conversion programs. This can be done either in the external computer
(EC) or in the access machine (AM). In the latter case the process is simplified if, in
addition to data, explicit information on its format (fields, length) is also provided to the
AM. Such information may come from the EC and partly from an editing terminal in the
AM (e.g., for colors). Orderly transfer of both kinds of information is accomplished by a
““gateway protocol’’ (i.¢., another presentation-level protocol).

3. Lastly, an external database may contain figures, diagrams or simnilar graphic
material. Everything depends on the way in which this material is coded. For example,
on-line transcoding into PLPS is reasonable only if the source code is not too different
from PLPS (e.g., Telidon). Off-line conversion into PLPS from the CEPT or Picture
Prestel format should be possible without too much difficulty, but the opposite is not
necessarily true. A general method would consist in generating the source graphic image
on a display screen, and re-encoding it photographically (with a2 TV camera). To date,
little work has been done in this area.

Consider finally the session level, which usually deals with functions such as
logoff and wser identification procedures, option negotiation, accounting, transaction
integrity, and the control of an ongoing session. Most of these functions can be made
invisible to the user, as they are typically handled by programs in the gateway. This level
should not cause insurmountabie problems for achieving compatibility between videotex
and external databases. -

In conclusion, we point out that areas corresponding to the lower levels of the Osl
model are practically invisible to the user. Still, mutually compatible protocols must be
used by the videotex and external database computers.

Gateway Alternatives

There are several technical possibilities for providing access to external databases and
other interactive services. In this section we consider the impact of these interface strat-
egies on compatibility.

1. In the most general case, the EC software is not only incompatible with the
videotex service, but it also contains no (add-on) component designed to interface with
videotex. The gateway appears to the EC as just another of its terminals, and conversion
programs (if any) must all reside in the gateway (Sée Figure 11.1). A simple but useful
possibility in such cases is to provide for a transparent transport connection, and perhaps
logon, between the videotex user terminal and the EC. Typically no compatibility in the
application area can be expected, Thus, the user must know and use the command
language of the EC, which will likely be more powerful and also more difficult to learn
than that used in the simpler videotex systems. Obviously, the presentation aspects may
be poor in this case.
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Videotex users EC users

Figure 11,1  Gateway appearing as another user to EC.

A different solution was retained in the Vélizy trial system in France. There, while
no changes are required in the EC, the AM contains 2 software module (called ‘‘front
end’”) that is custom-programuned for the EC application in question. Typical functions
include reformatting and dialog management (both with the user and EC). However, as
also discussed in Chapter 6, the Vélizy systerm does not preclude incorporation of some
interface functions in the EC, especially if done integrally with the application design.

2. Alternatively, even if the EC is independently designed, it may contain an add-
on interface module for use with videotex custorners (see Figure 11.2). This can make
life much easier for both the users and gateway designers. The two interface modules
together can be made to implement a number of functions at the three highest OSI levels.
In Bildschirmtext these functions include limited application level compatibility (menu
choices), and a specially designed protocol for connection establishment and data
acquisition from the user in transactional applications.

3. Finally, the external database may be a third-party (externally controlled) or
private—but videotex-compatible—database. If it is designed to the same standard, then
compatibility can be easily achieved at all three levels. If the databases are merely sirmi-

Videotex users

Videotex interface
module

EC interface

Figure 11.2 Gateway and EC cooperating through videotex interface module.
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lar in structure (if, for example, one is Prestel-based and the other Telidon-based), then
application- and presentation-level compatibility (especially in real time}) are possible,
but not simple to achieve.

11.3 EXAMPLES

Almost every modern videotex system features some form of gateway or similar func-
tion. We include short descriptions of a few representative examples.

Palme (1980) describes an interface program permitting existing computer applica-
tions (written for standard VDUs) to run with a viewdata terminal. Two problems are
addressed: o

1. It is necessary to replace the scrolling facility of a standard display unit. In order
to avoid blanking the (full) screen before it is read by the user, the system displays a
prompt whenever blanking becomes necessary. Blanking occurs only after the command
has been given.

2. The viewdata terminal has a short Iine length (40 characters). Unformatted text
lines are broken at the space that is closest to the middle of the line. This avoids sys-
tematic effects that occur in other methods, such as breaking always before (or always
after) the middle. Tables are automatically split vertically between columns; the two
halves are then displayed in an ovetlapped fashion (in different colors) with alternating
lines from both parts. A simple example of this is shown in Figure 11.3. If text and tables
are side by side, then only the text is broken (if possible).

The program can work even without explicit information on the data to be format-
ted; results can be improved by inserting a few control characters indicating, e.g., places
Before splitting

' ]

A 75 o | - 80 12

B 20 sa | 70 - 130

c 17 g | - 9 70

D 50 0 : 9 -0 180

After splitting

A 75 120

- 80 iz

B 20 50 .
70 - 130 -
C 7 8

- 9 0

D 50 70

9 0 180

Figure 11.3  Splitting colunms of formatted text (italics indicate different color).
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where color changes are advisable. Although far from perfect, this simple program is -
reported to work acceptably for most applications.

The next example (see Chauffault et al., 1982) comes from a different context. A
specific application (a medical database system) had to be interfaced with three different
terminals (video display unit, gray-scale videotex, and color videotex). These terminals
were handled in an add-on module called *‘input/output machine™ and residing in the
application computer. This machine appeared to the application as a virtual terrninal
accepting commands of the form

EDIT (formatno, text, length, code)

where “‘code’’ stands for the terminal’s response, “‘text’ is the message to be displayed,
and “‘length™ its length. About 150 output formats were stored in the machine; each
defines in terms of color, size, position, and other attributes the precise layout of the text
to be displayed. High-quality displays could be obtained in this case due to the fact that
the application explicitly communicated the desired format to the virtual terminal.

The Bildschirmtext/Prestel Gateway

Planners of Bildschirmtext (BTX) worked right from the beginning on the premise that
their system would be a two-level network: all videotex functions were to reside in the-
first level (a network of access machines with databases), and the “‘rest of the world™” in
the second level. Importantly, a window was designed between the two levels: the gate-
way facility. The same approach has since been adopted by Prestel. In principle, any
external computer in the rest of the world, satisfying certain interface requirements, can
be accessed on behalf of a BTX user who can then sustain a dialog with the chosen exter-
nal computer (see Gilbert and Taylor, 1981). There are three participants in this dialog:
the user terminal, the access machine (BTX center), and the EC. The AM and EC com-
municate in terms of messages (blocks) according to a special gateway control protocol.
The protocol as it stands now permits two kinds of services: data retrieval and data
acquisition. The former permits page requests to be sent to EC and the responses to be
routed to the user’s terminal, much as in standard videotex (as seen by the user). Data
acquisition serves in transactional applications to collect data through a form-filling pro-
cedure. The AM acts as an intermediary in the exchange between the user terminal and
the EC. All control is assumed to lic with the AM and all dialogs are initiated from it.
Figure 11.4 shows typical exchanges between the three participants, as defined by the
protocol.

For data acquisition, a minimum of three blocks are required from the BC. Block
a describes a frame to be initially displayed to the user; block b specifies its layout and
the format of response items in terms of length, type, position, etc.; block ¢ (and others, .
if necessary) contains the text of prompts for each question to be answered. Prompts are
displayed one by one on line 23.

Gateway pages (through which a user can ask to be linked with an EC) are set up
by authorized information providers. Each EC is identified on the BTX system by a logi-
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Chap. 11 Gateways and Data Distribution 187

cal nurnber, with a number of logical channels assigned to it by the BTX center. This
determines the maximum number of simultaneous connections to that EC.

. Communication with the EC is accomplished through a packet-switching network
accessible by X.25. When a connection is being established, onc of the logical channels
is mapped into a virtual circuit. In April, 1982, there were about 60 ECs accessible on
the BTX trial system. _

The software required in the EC has three main modules, as indicated in Figure
11.5 (see Holrme, 1981): an X.25 intexface, a gateway protocol handler (OSI level 4) to
assure the correct transport of messages (blocks) to and from the access machine, and an
application control (OSI level 5) to establish sessions, user verification, and interfacing
with application programs. It should be pointed out, however, that certain elements of
the above-described gateway protocol clearly involve the presentation and application
layers. :

British Telecom seems to favor this approach, and decided to establish its own
gateway facility, initially based on the BTX software. One of the arguments for doing so
was the possibility of linking up with a number of private videotex systems (as well as
other ECs). In this way, access to the general-purpose database could be provided
through Prestel, while private systems could offer specialized services.

At some point the question is inevitably asked: Why access an EC via videotex
instead of dialing it directly? Chisholm (1981) gives the following answers:

1. With access via videotex there is no need for X.25 software; if a PAD (packet
assembly/disassemnbly) facility is dialed instead, slower response and unfriendly
interface will result.

2. The cost of a call is low compared to long-distance switched-circuit charges.

Virtual circuits to videotex

1 OS81 layers
X.25 1-3
Gateway protocol 3
handler
Application control 5

L AN

Figure 11.5 BTX gateway software structure.

Applications &1
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3. Established Prestel billing service (;10 separate bills from ECs}) is available.
4. Use is simple (there are no separate telephone mumbers to maintain, and, more
importantly, there are unified ways of interaction with transactional applications).

The above reference identifies five application areas in which gateways should
prove to be particularly useful (because of shortcomings, such as limited response capa-
bility and limited database update volume, inherent in public videotex systems). The
application areas are listed below:

« highly interactive applications, such as banking, CAI, and games

« rapidly changing information, such as bookings and reservations, stock market
prices, and exchange rates

» high-volume data entry, such as mail order, airline seat booking, and teleshopping

o very large and specialized databases, such as timetables, encyclopedias, and
bibliographic, educational, and telesoftware databases

« security-oriented applications (in which the owner prefers to have tighter access
control than possible in public databases), such as banks, social security inquiries,
and sensitive statistics. .

BTX gateway session, The sequence of displays in Figure 11.6 illustrates in
detail a typical Bildschirmtext session involving a banking computer. Frares 1—3 come
from the AM; frame 3 is the gateway page initiating the comnection to the banks’ com-
puter. Frames 4—22 come from the EC via the gateway protocol. The banking session is
brought to an end when the user enters a wrong transaction number. In this system
several transaction numbers are given to every user (by means other than videotex) as an
additional protection measure. Each number can be used only once.

iNET

As opposed to the preceding example, INET (developed by TransCanada Telephone Sys-
tem) is a stand-alone, microcomputer-based gateway system without local database
capability (except for directory information). It offers a single point of access to a
number of external databases and other information services (see Edwards, 1982). The
central element in iNET is a set of directories of four types: national, regional, cor-
porate, and personal. The first two are public directories listing all available information
services on a nationwide or regional scale. The other two are tailored to the needs of
particular subscribers or user groups. When a user makes a selection, the gateway
antomatically performs login to the selected service, and executes an initialization
sequence (which can be pre-programmed individually for every user—e.g., to access a
predetermined page). Then the gateway becomes transparent and the EC can communi-
cate freely with the terminal. When the user signals a (standard) logoff to INET, the
gateway invokes the appropriate procedure. Messaging is available in the system as a
separate service. iNET also maintains billing information in order to bill vsers for serv-
ices used. A field trial providing access to some 500 services, began in 1982.
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Figure 11.6 BTX banking session through gateway, Comments to the frames: 1: Entry page to the bank’s
subtree in BTX-database. Selection: #; 2: Available services. Selection: 1; 3: Gateway page including some
service offerings. Selection: # (to initiate connection with EC); 4; First page from the bank’s computer, avail-
able services. Selection: 1 (giro-accounts); 5: Data collection page; 6: Data collection page with user’s

response.
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Figure 11.6 BTX banking session through gateway (continued). Comments 1o the frames: 7: Choice of trans-
actions. Selection: O (to obtain account statemment); 8—10: Data collection for date of statement; 11—12: State-

ment. Selection: #;
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Figure 11,6 BTX banking session through gateway (continued). Comments to the frames: 13: Choice of man-
sactions (return to 7). Selection: 4 (to transfer funds); 14: Further choice. Selection: 1 (for alphanumeric key-
board); 15-18: Data collection for details on desired transfer.
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Figure 11.6 BTX Banking session through gateway (continued). Comments to the frames: 19-21: Data collec-
tion for details on desired transfer; 22: Good-bye page from BC (wrong transaction number emtered).

Cableshare Viewdata Gateway

-

The remarkable feature of the gateway developed by Cableshare, Inc., (Iondon,
Ontario), is that the gateway computer goes off-line once the connection between a user
terminal and the selected service has been established. The network configuration is
illustrated in Figure 11.7. Users are connected to the packet-switching network via
remote videotex concentrators (RVC) whose main task is packet assembly/disassembly.
When a user call is received, the RVC first connects the gateway computer (GC) for
account verification and directory information, which is displayed to the user. The user's
selection is then sent back to the GC (connection a in Figure 11.7), which in tum
responds with the network address of the appropriate EC. At that point, RVC establishes
a virtoal circuit to the EC (connection 5), and GC goes off-line. The advantage of this
approach is that it rnight support a higher total traffic volume than would be possible if
all traffic passed through the GC. However, the method of handling accounting informa-

tion in this system is not clear.
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GC:  Gateway compuier )
RVC: Remote viewdata concentrator (access machine)
UT: User terminal

Figure 11.7 Cableshare's gateway.
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This chapter is concerned with a few examples of the hardware/software structure of
access machines, entire videotex systems, and teletext computers.

12.1 FEATURES OF ACCESS MACHINES

Access machine configurations found in the field vary from small minicomputers (such
as in some Canadian field trials) to large mainframes (as in the Prestel network) and mul-
tiple processor systems (as in the BTX videotex center). The main design parameters
include:

o level of functionality (data retrieval, messaging, service provider support, possibil-
ity of adding new applications, etc.) _

 number of anticipated users (expressed, e.g., as the number of input ports in
interactive systems) and response times

 communication media used

« required level of availability (different in trials and in commercial service)

o total system configuration (essentially, whether functions are distributed over
several access machines or concentrators, or centralized into one)

« possibility for expansion

+ available hardware and software technology.

194
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Chap. 12 Videotex Computers and Systems 195

‘We recall from Chapter 6 that some important functions found in access machines'
are:

 maintaining page-oriented databases including page retrieval, access authority con-
trol, and servicing update requests for service providers (interactively or in batch
mode)

+ supporting extensions and applications other than data retrieval, including response
pages, mailboxes, keyword indexes, and transactional applications

o maintaining user contexts, that is, information about the current session of each
active user, such as the current page number (or its internal representation}, access
trace, user-controlled markers, etc.; user context is necessary for the interpretation
of most commands

« maintaining permanent user information, such as cumulative page charges, pass-
words, and access rights

« handling of ports and control of user terminals, including echoing, parity control,
and assembly/disassembly of data blocks

« controlling and organizing the communication with other service computers and
external computers .

» billing and statistics

« controlling and monitoring of overall system including reconfiguration control,
error statistics, and traffic flow control. :

12.2 THE TELIDON COMPUTER OF THE DOC

Implemented at the Canadian Department of Communications (DOC), this centralized,
minicomputer-based system serves primarily for experimental and field tral purposes
(see Telidon, 1981b). A number of Canadian software houses, including Genesys, Sys-
ternhouse, Intellitech, and Prior Data Sciences, participated in the design. Genesys is
marketing the system in several configurations. The hardware configuration is sketched
in Figure 12.1. The main computer (PDP-11/60) performs all database, login, and statis-
tics functions; the optional front end (LSI-11) provides terminal handling and data
buffering in both directions. The two processors are linked by a direct memory access
unit for fast data transfer. The operating systems are RSX-11M in the main computer and
its memory-resident subset RSX-118 in the LSI-11. The Telidon database management
functions are implemented with standard multi-keyed indexed-sequential files, supported
by the RMS-11K record management package. A separate database is used for user-
related information, :

The software is organized as a number of cooperating, concurrent tasks, executing
in both processors. The tasks, their interrelationships, and the databases are outlined in
Figure 12.2. The main tasks and their functions are:

» DBA controls database updates

+ DBAR controls database retrievals

« FREND issues output commands for the transmission of pages to terminals and
processes command input
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Database 1P input System
disk Floppy disk disk Tape
RK-07 RK-05
2 (2)
PDP-11/60 ' '
256 kB RK-11 RX-l1 RK-11 T™-11
Unibus
DR-11B m ‘ LA~180 I
. Console i
DAK-11 Univerter : Printer
DRV~11B
Q-bus
LSI-11 DH-11AD DL-11E
56 kB (2 4
32 terminals to 4 IP terminals

Figure 12.1 Hardware configuration of the DOC - Telidon system with one front end (LSI-11).

« OUTPUT uses the outgoing page headers to update user contexts

INPUT parses and interpets incoming page requests, using context information

» HOSTSW distributes all messages to the appropriate tasks

providers.

STATS carries out statistics processing
UCP, RCP control on-line and off-line database update activity from information

The software system is designed in such a way that it can execute entirely on the
database computer. Tests on a PDP-11/70 have shown that 96 terminals can be supported
when the operating system has been optimized; 64 ports were supported for a period of 6
months in the Bell Vista trial. If more terminals are needed, the FREND task has to be
moved to.one or more front ends.
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¥igure 12.2 DOC Telidon database softwate organization.
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12.3 THE BILDSCHIRMTEXT VIDEOTEX CENTER

This prototype multiprocessor system is an example of a full-fledged service computer
designed for the BTX trial (see Mantel, 1981). Although it will not be used in the public
system, we will describe it in detail (which is rarely available for this type of machine).
The contract for the public network has been awarded to IBM (see Chapter 6 for the
configuration).

The main hardware components of the system are shown in Figure 12.3. Com-
munication with user terminals is assured by up to 10 Subscriber Access Modules
(SAM). Each SAM is a two-level concentrator consisting of a Line Module (LM}, up to
16 Line Submodules (LSM), and up to 16 modems (1200/75 b/s voice lines) or &
modems (2400/2400 b/s data lines) per LSM (see Figure 12.4). Internally, LMs and

Max. 256 phone lines 1200{75b/s Max. 4 X.25 interfaces 48 kb/s

H f N

SAM PNAM
\ Max. 10 5aM +
Clua
CclUuB Dual connections
l /Dus.l Processors
1AU sDU csu
—
200 MB 80 MB 10MB

SAM: Subscriber access module
PNAM: Packet network access module
CIUA, CIUB: Central interconnection units
1AU: Information acoess unit
SDU: Subscriber data and message unit
Csu: Central supervision unit

Figure 12.3 BTX videotex center configuration .
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oo

Modems 1 ree 16 1 LR 16
-«——— 1200 bfs
LSM
LSM . 16
~+— 30 Kbfs
M

l - 2.5 Mbfs

To CIUA

ClUB

I.SM: Line submodule
EM: Line module

Figure 124  Subscriber access module (SAM).

LSMs are microprocessor-based systems with local memory (256 kKB/LM). The main

functions of SAM are:

« control of transmission to user terminals
o logon, session control (dialog with user)
» recording of page charges.

The Packet Network Access Module (PNAM, in Figure 12.3) is in charge of con-
trolling up to four X.25-based physical connections (each multiplexing a number of vir-
tmal circuits) to the Datex-P packet-switching network. These circuits are used for
cooperating with other videotex centers and with external computers through gateways.
The internal structure of PNAM is similar to that of SAM except in terms of numbers:
there is only one PNAM and up to four LSMs, each controlling a network interface. The
main function of PNAM is allocating and controlling virtual circuits and transforming
X.25 packets into messages used for internal communication.

The Central Intercommunication Unit (CTUA and CIUB) is a duplicated message
switching facility serving for communication between all functional components. The
Information Access Unit (AL, Subscriber Data Unit (SDU), and Central Supervision

Unit (CSU) have a common structure, ouflined in Figure 12.5. The only difference is in -

the disk capacities. These units are dual computers with identical buses, processors, and
memories, and each is capable of functioning alone (the other of the pair being in
standby or raintenance mode). Note the dual connections from the two CIUs. The IAU
supports the page-oriented database and performs update and retrieval functions for
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Status

unit
Link
1MB 1MB
Pl M1 2 M2
CIUA CIUB CIUA CIUB
CUl cuz

CU: Control unit
D: Disk

P;  Processor
M: Memory

¥igare 125 Structure of IAU, SDU, and CSU.

terminals and other BTX centers. It is also in charge of accounting for the information
providers. The SDU manages all user-oriented data, keywords, and billing, and the mes-
saging system. The CSU is charged with the control and supervision of the whole com-
plex, dialog with the operator, system reconfiguration, diagnostic programs, and statis-
tics. .

The capacity of mass memories is about 100,000 pages (information and mes-
sages), extensible to 2 million. The response time is said to be between one and four sec-
onds (four seconds if a page is retrieved from another BTX center).

124 STERIA-VIDEOPAC

Videopac, a comprehensive viewdata software package, is marketed by the French com-
pany Steria. We include 2 description of it because it is representative of many similar
general-purpose packages available from a number of European and North American
sources. The product is the outgrowth of the software originally commmissioned for the
Vélizy trial (see Chapter 6). Since then, a number of Videopac systems have been sold
and ordered, and one system is functioning as a service burean under the name Videotel.
Videopac packages are modular, turnkey systerns running on Honeywell-Bull Mini-6
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cornputers in mono- or multiprocessing configurations. The systems are intended to act

as nodes of different kinds in videotex networks; the six basic software configurations
and their capabilities are (see Carteron, 1981; Steria, 1982):

Videopac 200: interface between videotex terminals and any external application;
can emulate a nurnber of standard terminals and be extended by custom programs
necessary for dialog and format translation

Videopac 300: stand-alone access machine with its own database and interactive
applications

Videopac 400: configuration that runs its own applications and that can handle
requests to other remote nodes, including external computers

Videopac 450: configuration that runs its own applications and that can handle
requests from remote nodes and external computers :
Videopac 500: configuration that can handle the dbove two functions (of 400 and
450)

Videopac 1000: configuration that cannot handle user terrinals; specializes in
database creation and distribution to other nodes. '

Soine networking possibilities from the above systems are sketched in Figure 12.6.
Every Videopac configuration is centered around a number of standard software

modules: the GECOS supervisor, the DSA (Distributed Systern Architecture) communi--
cations subsystem, and the DTF (Distributed Transaction Facility), collectively called
the core of the system. This core assures the following functions:

user terminal and line handling
routing of commands to different applications
cormmunications network interface (different in each of the above six configurations)

interfacing with local and remote transactional applications (to make remote termi-
nals appear as local ones)

configuration control (automatic resource switching in case of failure, restart,
statistics and accounting, communication with operator console)

The core is supplemented by five optional modules:

database management system (see below), intended to support Télétel database
applications (present in Videopac 400, 450, 500)

database creation and update

page-editing facility

development system for transactional applications (e.g., design »of dialogs with -

user, and data collection)

interface module with external computers and services not originally intended for
videotex and that may require dialog and format translation (used in Videopac 200).
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|/UT4J1>’I - __';g —

)]

o Sy 0 ee-$
o

Téletel
(public)
Figure 12.6 Sample configurations of Steria-Videopac software: (a} small private system; (b) larger private
system; the arows indicate accessibility 1o databases. For example, terminals 1 and 2 can access only database
A, 5 cam access A, B and C; (c) system aliowing acoess to an external computer EC and to Télé; Télétel users
can also access the other two systems.

Database Management

The database format of Télétel (and Videopac) has two levels: the directory level, which
essentially contains a directory of available services, and the service level, {see also Sec-
tion 10.3 on F.300). Databases on both levels are tree- and page-oriented, with multiple
sequentially accessed frames per page. Services are independent applications usually
maintained by different service providers; however, cross-links can exist between ser-
vices. .

Within this structure a number of different page types can be found (see Fig-
ure 12.7):

« R, root page, containing welcome information and parameters specific to the serv-
ice in question

« 1, index page, carrying multiple choices

« D, data page, carrying leaf nodes of the service trees
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Pointers Keywords (Mnemonics)

Directory level

MD
1/database
Service level —
L —®
MD
1 fservice

Root page

Index page

Call page

Subtree raot page
Document page

. Floating page .
D: Mnemoni¢ dictionary

ZTONOR®

Document |

\
\
)
/

s, e _'......__.»,_,___.-'/

~

Figure 12,7 Videopac database strchire.

« S, root of subtree, carrying certain parameters conceming its_subtr_ec_(e.g., the set
of floating pages mamgm invoked from the subtree), or identifying the docu-
ment represented by the subtree (see below) o

e C, call page, invoking, when accessed, the execution of a program serving either
to interact with the user (as response pages in Prestel), or to invoke branching 0 2
Jocal or distant service; certain index pages also having an att_ached program in or-
der to interpret the user’s response, possibly as a function of his previous choices

« F, floating pages, pages that can be called, by appropriate cormands, from any
place in the tree without modifying the search context, al?d that can be global
(accessible from the directory and all services) or local to a given §ubtr§e (there are
10 global and 16 local i.e., redefinable in a subtree, floating page identifiers).

PMC Exhibit 2070
Apple v. PMC
IPR2016-00753
Page 218



204 The Application Level  Part IV
Accessing Pages

Access modes are available to the terminal user by multiple choice, by mnemonics, and
by document retrieval.

1. Multiple choice access mode may be numeric or alphanumeric. Alphanumeric
choices are interpreted by programs associated with some pages.

2. A mnemonic is an alphanumeric identifier that points to a page. (In effect, it is
a keyword in the sense of the discussion in Chapter 13). Mnemonics are regrouped in
dictionaries (MD). There is one such dictionary for the dictionary level of the database,
and one for each service. The command structure permits issuing of single or double
mnemonics. The latter have the form

M, * M,

where M, is a menomic to be searched for in the directory dictionary; if it points to a serv-
ice, M, is searched for in the corresponding service’s dictionary. Thus, for example, typ-
ing

Medical * Ambulance

might yield a page containing telephone numbers and other information on availabie
ambulances, in a service called Medical. Such double keywords can be issued at any
time during a search; if necessary, the user will be automatically switched to a new serv-
ice even if it is located in a remote computer.

3. In document retrieval, individual pages or subtrees are considered as documents,
each identified by one or more keywords (e.g., extracted from the document text). Key-
words are regrouped in a number of keyword indexes optionally supported by a
thesaurus. As in other document retrieval systems, queries can contain logical operators
on keywords. An example of such a retrieval is shown in Figure 13.1. Facilities are pro-
vided to set up dialogs and questionnaires for the inexperienced user, and for dynamic
composition of summary frames (*‘virtual pages’’) at retrieval time.

12.5 THE FRENCH ELECTRONIC DIRECTORY

The Electronic Directory (see Maury, 1980) is one of the two large videotex trials under-
taken in France. In contrast to the Vélizy trial (and the Videopac packages) it is a
special-purpose design, optimized for a given application. The underlying idea is to
replace printed telephone directories by small stand-alone videotex terminals that are
supplied free of charge initially and that can be connected to a database. The initial phase
is being carried out in the region of Dle-et-Vilaine, where about 160,000 terminals were
installed by the end of 1982. Original plans call for over 20 million terminals by the end
of the decade, replacing virtually all printed directories in France.

A series of experiments on a smaller scale have been conducted to optimize the
user interface and the file structures. Two modes of search are provided, roughly
corresponding to white pages (search by name) and yellow pages (search by profession).
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However, the analogy stops here: the services largely exceed those available from the -
printed version. The resulting system demonstrates well the possibilities of intelligently
combining various interface features, such as form filling, keyword search, multiple
choices and clarification dialogs (see Chapter 13).

" One of the most interesting features (see Le Moign, 1981) was included by the
designers after realizing the extent of the difference between manual and computerized
directory searching. For example, in manual mode the vser can rapidly scan large por-
tions of the directory (pages); this is impossible in the computerized roode because of
transmission bandwith and screen-size limitations. Thus, the user must assume a more
active attitude: he must type his data instead of reading them. This brings about a host of
problems involving typing errors and spelling variants. In order to provide the robust-
ness necessary to cope with such erors in a public system, all information entered by
users (names of persons, firms, professions, and locations) are subject to different kinds
of “*normalizations’”; the main databases contain all iters in such normalized form. In
the case of family names this consists of *‘phonemization””: the names are transformed
into a phonetic representation identical with that of other names written differently but
pronounced the same way—e.g., “KREISLER" and ““CHRYSLER.”* Similar transfor-
mations are performed on geographical names—e.g., ‘8", “‘SAINT™, STV, “STE”
would all transform to the common phonetic *‘SENT”’. After that a unique numeric code
is assigned to each name from a catalog of known geographical names. Professions are
treated fhrough synonym dictionaries, e.g., (AUTO, GARAGE) — CAR — KAR. The .
above (as well as other) processing is carried out in a clarification dialog with the user;
the main search is triggered only afterwards.

The three main components of the experimental directory software are shown in
Figure 12.8. User terminals are controlled by the Interrogation Center (IC), whose task is

1C: Interrogation cénter
DC: Documentation center
STAR: Videotex server

TN: Telephone network

Figure 12.8 French Electronic Directory system components.
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to analyze the user’s commands and data, and to execute the clarification dialog until all
data are in required nonmalized form. STAR is a general-purpose package for the develop-
ment of videotex applications. In this system its role is to support a number of auxiliary
services, such as catalogs of towns, villages, counties, districts of larger cities (in the
form of maps with districts numbered for multiple choice), lists of professions recognized
by the system, and publicity pages optionally attached to the database records of profes-
sionals. The two main databases of the system for search by (family name, location) or
(profession, location) ate maintained in the Documentation Center. The above three com-
ponents communicate through messages; this facilitates their implementation in separate,
distant computers. Figure 12.9 shows the structure of the first of these databases and illus-
‘trates a typical retrieval operation.

Subscriber
) Keywords Locations records
Pointer ————~ ] - .
All subscribers
Data se— 2 2 keyword 1
in location 1
3
4
5
High-level
keyword index 1
1-5 2
k
Keyword 2
n location 2
F 3
K: keyword . L
phonemized X
family @ K L
name
® All subscribers
inf with k
- k|

Family name as entered @ Processing in
o documentation

Resuits @ @ @ A center

Precisions: name, address, etc.
Modification of search: spelling, area @ @ @ ®: Search phases

Figare 12.9  Processing of search by (family name, location) in French Electronic Directory.

IC
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The database is composed of files on three levels, called the keyword, location, .
and subscriber levels. Keywords (essentially the phonetic versions of all names in the
directory) are aranged alphabetically in the first level; there is a high-level index in the
main memory. The location level contains lists of locations in which each keyword
occurs at least once, along with pointers to the third level. Here, subscriber records (first
name, family name, location, address, profession, telephone number) are held in blocks
by location and keyword. Thus, all subscribers who have similar-sounding names and
who live in a given Jocation can be retrieved in three disk accesses.

A typical inquiry has up to three phases (see Figure 12.9). In the first the user is
asked to enter the family name and location of the person sought; this may involve 2
clarification dialog and access to the STAR services. Then a search is triggered in DC, as
described, and the retrieved block is examined. If only a few orthographically matching
names are found, their records are displayed to the user. Phase 2 is executed if there are
t0o many ‘hits”; then the user is asked for further specifications to narrow down the
choice; he may supply the first name, address, and/or profession. If be is not satisfied,
he can miodify his search criteria in Phase 3. In particular, he can relax the orthograph he
has given originally and receive as a result the list of similar-sounding names, or he can
relax or restrain his geographical criterion by asking for a search in a larger or smaller
district than that specified at first. Searching in the professional (yellow pages) directory
is carried out along sirnilar lines, but in a separate database.

Some interesting technical data were made available about the directory (experi-
mental version): the phonemization process is table driven, the table size is 1600 B, and-
600 CPU instructions/character are required on the average. The processing of blocks
retrieved by DC requires 4000 instructions/request. The hardware to serve 50 simuitane-
ous requests includes two computers (SEMS-SOLAR 16—75, 64 kB private memory on
each, 256 kB shared memory), 1/O processor, one disk of 10MB and two disks of
300 MB each.

12.6 TELETEXT COMPUTERS

We shall close this chapter with a discussion of computers controlling teletext transmis-
sion, sometimes called head ends. Requirements placed on such teletext computers are
quite different from those for viewdata access machines. They are briefly summarized
below.

1. The main requirement is that the system be capable of continuously furnishing data
at the rate dictated by the transmission medivm. Recall that the instantaneous data
rate on the VBI may be close to.1 MB/s, and the effective tate approaches this
limit in full field operation, implying that at least a significant part of the current
broadcast cycle must reside in the main memory. -

2. Pages not in the current on-line cycle, as well as other related information (e.g.,
transmission schedules), must be available in mass memory, usually hard or floppy
disk. -
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]

. There must be a page-editing facility (at least for alphanwmenic information).

4. There must be operator-controlled and pre-programmable modification of the
broadcast cycle (with inclusion of time-coded, real-time, or interactively
demanded pages; see Chapter 10).

5. There must be communication facilities with remote service providers and with

remote sources of data (such as news wire services).

The block diagram of a typical system is illustrated in Figure 12.10. The teletext
encoder generates bit sequences to be superimposed on TV lines, and including syn-
chronization, byte framing, and time codes. The data inserter modulates the bit sequence
onto selected TV lines.

Actual systems vary in their individual capabilities. Smaller configurations may
have only floppy disks and main memory capacities for 50—100 pages. Larger systems
typically have several editing terminals, large hard disks, and main memories. An inter-
mediate level of memory may be included to hold large broadcast cycles. Electronic disk
memories (CCD, magnetic bubble, or semiconductor) are ideal for that purpose, since
they are cyclically organized and feature millisecond-range access times and sufficient
data rate. With such equipment it is possible to generate data strearus for muitiple TV
signals. _ '

Data Exchange between Teletext Systems

An often-needed capability is that of transporting the data content of one video signal
onto another, with the possible change of TV lines used. One application is for smaller,
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Figure 12,10  Block diagram of typical teletext system.
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regional TV or cable systems to relay teletext data carried by larger or specialized net-
works, as described by Mothersole (1979). This can be done in several ways. The most
straightforward method (see Figure 12.11(a)) is to receive and decode data by a conven-
tional decoder, store the pages on disk and re-insert them on the locally generated pro-
gram. The second method is similar, but uses a standard data link between the two
teletext computers (see Figure 12.11(b)). The disadvantage of both these approaches is
that the receiving party must have a complete teletext system, which may be too costly
for a small station. In such cases a third solution is practical: use of the data bridge facil-
ity. This is basically a re-synchronizing circuit (the two TV signals are generally unsyn-
chronized) that extracts the data lines from one video signal and deposits them in a small
buffer that feeds the second inserter. The timing relations are derived from the synchron-
ization pulses of both TV signals (see Figure 12.11(c)).
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‘While the first four parts of this book deal more or less _with the status quo of }rideotcx,
the nature of this part is different: it is concerned with some of the functional and
performance enhancements that are likely to occur as videotex gradually evolves into
generalized information systems. The next subject is telesoftwar.e ((;hapter 14) , which is
recognized for its potential to radically extend the range of applications and to introduce
distributed processing into videotex networks. Finally, we include a few videotex-
specific topics on efficiency and performance evaluation.
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The User Interface
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One of the very few common features of all videotex systems is the pervasive role of
untrained casual clientele. Therefore, the success of the whole concept of videotex
hinges largely on whether the user will find the system sufficiently understandable and
pleasant to deal with. This chapter (partly based on a report by Ball and Gecsei, 1981), is
devoted to the study of actual and potentially available user interfaces. We explore some
ways in which videotex design can profit from the many parallel developments in the
fields of friendly interfacing with databases, interactive systems, and the newly emerg-
ing discipline of “‘user psychology.”

Roughly speaking, the interface is that part of the system hardware and software
that is “‘visible’” to the user and through which all interactions take place. (This is a
somewhat simplified view because users are often also aware of certain internal features
and behavioral characteristics of the system, such as data organization and response
time. Incorrect conceptual models of these structures may cause false expectations and
confusion on the part of the user and, therefore, it is sometimes desirable to provide him
with supplementary information on ‘‘how the system works.”")

Man-machine dialogs are conducted in terms of interface languages. They have
two natural components: the requests originating in man, and the machine’s responses.
We deliberately focus our attention on the request part, because formulating requests
requires knowledge of rules and action on the part of users and, therefore, it is the main
factor in determining the suitability of an interface language. The interested user will
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find more information, e.g., in Shneiderman (1978), in Reisner (1981), and in Martin
(1973).

Since interface functions serve for a blend of data retrieval, transactional applica-
tions, and system control, we do not separate these three issues in the subsequent discus-
sion. Instead, in this chapter we will briefly review the following four broad categories
of interface languages, and comment on their applicability to videotex.

« question-answer methods (including menu selection and form-filling)
o keyword-based methods (pre-coordinate and post-coordinate)

« query languages (artificial and natural)

« interfaces with browsing facilities,

The syntax of question-answer and pre-coordinate keyword approaches is
extremely simple and requires only minimal training. The user has only to Tecognize
what be wants, and does not have to memorize rules to express it. In this sense, his role
is essentially passive. Therefore these interfaces prevail in all major videotex systerns.
However, the amount of information passed to the system per request is often too limited
and one cannot formulate requests with sufficient precision. The remaining languages are
more powerful, but they have more complicated syntactic rules requiring user training
and/or considerable computer processing power. Their introduction into videotex is
slower but nevertheless advancing, mainly due to the accessibility of specialized services
through gateways. .

13.1 QUESTION-ANSWER INTERFACES

The basic pattern here is that the user is prompted by the computer to answer a series of
precisely formulated questions. The permissible answers or their formats are indicated
(e.g., “‘Please type Yes or No,”” or ‘‘Enter Name and Flight Number’’), and erors can
be immediately corrected. Many transactional applications are based on this type of
interface (see the Bildschirmtext banking example in Chapter 11}. _
Menu selection is the most widely used interface in videotex. Its concommitant
database organization is the tree (or directed graph) of pages. Recall the disadvantages of
this approach: '

o rigid organization of the tree, which forces all users through search paths antici-
pated by the database editor

« page contents fixed in advance, so that information cannot be edited at search time

« browsing in larger databases is tedious, and can easily produce disorientation

o costly construction and maintenance, especially with large numbers of cross links;
when the database is frequently reorganized (due to changes and growth) some
page numbers must be altered, and all changes must be reflected in the cross-link
structure.
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Enhancements of Menu Selection Systems

A number of ways to counter the shortcomings of the page tree have been developed. As
a result, enhanced page-oriented databases are still the workhorse of practically all con-
temporary videotex implementations.

One class of improvements concerns facilities for automatic creation of menus and
docurnents, and their loading into the database. In this context we should mention the
(non-videotex) generalized menu-based system ZOG (see Robertson et al., 1979). It can
be used for a wide range of tasks, including interfacing with existing database systerms.
Successful applications include a browsing system for a library, project management,
guidance and interface for a medical diagnosis system, and, recently, a management sys-
tem for a nuclear-powered aircraft carier. ZOG differs from standard videotex in that
the contents of a display page can be stored independently of the page format; the two
are combined at database load time. It is possible to pre-define a class of menu structures
in ZOG so that given, for example, a description of a restaurant, the ZQG software could
synthesize an appropriate display page and then automatically load that page into the net-
work of menus. The connections that allow the user to search the restaurant database
would be established automatically. This is in contrast to Telidon and Prestel, in which
pages are units whose cross-links must be explicitly specified. Further features are a
text-editing facility that (in principle) enables every user to create new pages, and the
possibility of executing arbitrary programs when accessing a page. '

We also mention in this context the existence of specialized software packages that
autornatically create Telidon- and Prestel-compatible databases from machine-readable
text sources. An example is Preview, a software package marketed by Langton Informa-
tion Systemns, Ltd., in England.

Applying conventional database technology. ~Another possibility of improv-
ing page-oriented databases involves capitalizing on achievernents of traditional database
technology. It may seem strange that although database technology has advanced signi-
ficantly over the years, videotex systems are still based on facilities that closely resemble
early file systems. Surely the research and development devoted to conventional record-
oriented structures can be applied to videotex facilities (see Tompa et al., 1981).

Conventional database technology can be applied to videotex systems as soon as it
is realized that “‘videotex page’’ can be made a valid domain in a record-oriented sys-
tem. Consider, for example, a relational database of data on houses that are available for
sale. A relation could be defined with the attributes: number of bedrooms, price, dining-
room type, address, layout, picture, description (where the first two attributes” domains
are integers, the next two are character strings, and the last three are videotex pages—
which would not normally be part of a query expression). Thus, conventional relational
processing could retrieve the set of addresses, layouts, and pictures for which number of
bedrooms = 4, dining room type = *“formal,” and $150,000 < price = $180,000.

A distributed architecture could be used to combine the videotex page-
management and the relational systems. A user would request a house inquiry page from
the videotex system, such a page having been constructed as a response page by the
information provider. This page would be filled in by the user in some convenient nota-
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tion and format, and then passed to the conventional database system for processing. The
response would then be passed back to the videotex access machine, which would either
request the target pages from the videotex page depository, request more information
from the user, or display a dynamically constructed index page for further selection by
the user.

Response pages. Although at first videotex systems were primarily designed
for information rettieval, it quickly became evident that viable systems must not be lim-
ited to retrieval. The purpose of many retrievals is to obtain information in order to begin
a transaction. For example, a search for Greek restaurants is not likely to be undertaken
merely for reasons of academic interest, but rather for making a reservation. Similarly,
Jooking at stock market quotations is intended to determine whether to buy, sell, or to
stay pat.

In Prestel, an information provider can create a so-called response page, as dis-
tinguished from an information page. Such a response page contains a form to be filled
in by the user. The form’s layout and its blend of prompting information, syster-
generated response data (such as automatic fill-in of user’s name and address), and user-
generated response are under the control of the service providers. When completed, the
form is appended to a queue-of user’s responses, which can subsequently be examined by
the appropriate service provider. '

The response page facility is an embryonic form of other interacgive applications.
For example, banking or teleshopping transactions can be conducted, if the users are
equipped with alphanumeric keyboards and.if they can be linked up with the bank’s or
store’s computer. This kind of application is carried out in a systematic manner through
gateways. Electronic mail service can be created by providing sufficient ‘‘railbox™
space in the videotex (or an external) computer. All the above facilities are being imple-
mented by Prestel, Bildschirmtext, and Télétel.

In this context we should point to the emerging central role of form filling and
form management. Tsichritzis (1982) argues that genera