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l. Introduction

A-central part of a videotex system is its store
of information in the form of a videotex database. Many of
the benefits sought from traditional business-oriented
databases are .also desirable goals for videotex; -among these
are redﬁced~ redundancy, reduced indonsisﬁency, increased
sharing of data, increased potential for standardization,
enforced security, representation independence, increased

protection from user and system errors, and improved perfor-

‘mance. It is therefore natural to investigate the current

state of videotex technblogy 'in order +to 1learn how to

provide a good videotex system.

We shall start by examining the similarities and
diffefences between traditional corporate databases and
videotex databases, concentrating on those properties that
separate videotex from traditional business applications.
Next we will investigate the facilities provided by

traditional database management systems and describe each

.‘facility's applicability to a videotex‘syétem. As a third

step, we will summarize the state-of-the-art architecture
for a database management system (in particular, we will
describe the interfaces proposed by the Ansi/X3/Sparc Study
Group on Database Management Systems [Ansi 75]) and report

on its applicability to videotex systems. After that, we

-— 2 -




~will 1investigate how wideotex.systems.can be used to access
‘databases that have been created .and. are maintained

primarily for purposes other than videotex.

‘Before starting, a.question that arises is "what
makes videotex database management unique?"

(1) Future videotex. data will be supplied by a:large,
diverse community of -(cémpetitive and cooperating)
information providers. There is 1ike1y' not to be a
"corporate enterprise view" of the data as can be ex-
pected in most business's applications. Furthermore
there is 1likely to be a demand for a variety df presen-
tation styles to suit the individual editorial tastes of
the information providers.

(2) The database will be accessed by an extremely 1ar§e
number of simultaneously active users. Most database
applications now speak of hunareds ’of at most one -
thousand users, whereas videotex systems may be used
simultaneously by 10% of the households in its service
locality (e.g., 50000 homes in metropolitan Toronto). .

(3) Unlike traditionai corporate databases, the vastness of
the data will result from its diversity rather than from
a high multiplicity of a few well-defined types of data.
Whereas videotex may include data about cars, sports
scores, games, finance, and Aarbitrarily' many other-
topics, it is unlikely to contain individual data §n-

more than a few hundred entities of each type. This is
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.* ' in -contrast to «corporate dat~é‘_bases having millions :Qf
| records all of the same format -.and VCOntaining similar .
data.

(4) The data -format will remain to be <constrained to fit
closely to the display medium, which will allow multi-
colour .graphics and text to be intermixed. In par-
ticular, the data will be.partitioned into screen-sized
pages, although multi-screen and multi-media sequences
may become common. Such data format reliance on exter-
nal media is not as common in current corporate
databases, where typical systems goals are to provide
facilities for keeping the data's structure independent
of display.

. - {5%) Interactive videotex, by definition, relies' heavily on
two-way communication. This is witnessed notAonly in
the spontaheity of page requests, which closely paral-
lels  interactive queries against traditional databases,
but also in the availability of transaction invocation
via response pages and of other action pages for ex-
ecuting pre-packaged of user-defined programs. - These
forms of interaction parallel the facilities of transac~-
tion systems and time»sharing. systems rather than
traditional'database systems.,

These features of videotex will be seen to héve a sig-

nificant :impact on the requirements for a good videotex

' database system.
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2. Videotex,pages;?k

The primary data unit in today's wvideotex systems

'isithe_page,> Each index or document is formatted into parts

fhat fit within one screenful of characters (e.g., 20 lines
of 40 characters each, possibly with graphics suﬁerimposed
on .a logical grid having these same dimensions). The
‘Telidon syStem augments this capability to include some
-animation by allowing further data to overwrite some of the
screen's display, but the logical unit is still primarily a

single screenful of information.

In most current videotex systems, any page of data
that apﬁears on a user's screen is,‘in fact, s;ored as such
in the database. That is, even if.two or more pages have a
display with much of the data in common, that data is stored
separately for each page rather than being shared. As
described in previous publications [Ball 80b, Tompa 811 and
presumably implemented' in some éxternal computers for
Bildschirmtext [Otto 8lal], an alternative method is to store
" blank forms containing common data and to - fill the forms
with"; page's particular déta values only when that data is
actually requested by a user, Thusfpages need not neces-
'sarily be stored individually, but rather they may be as-
sembled on demand. For example, aﬁ airline's flight infor-
mation may be recorded in conventional records with fields

for flight number, source, destination, departure time,
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etc., and- the data for a particular flight’may be inserted
into~a;blank "flight information page" only when a user re-
éuests tha£ particu1ar logical flight page.  As a second ex-
ample, .a computer—assistéd instructional; page  may be
dynamically <created .by the .system from a collection of
stored fragments in order to re-inforce a pafticular aspect
df a course needed \by -the student currently using the

system.

.A second aspect of dynamic page creation lies in
the ability of wvideotex wusers to update the database
- directl?. ‘For example, the data in a "want ads" page (or
set of pages) should be upéatable on-line, as new items
become available and old ones are sold. This form of on-
“line update is already demanded by some information
providers, and it will 1likely be of even more use if
available to all users (under vefy restrictive circum-
sténces, of course). Again, the form-filling mode of opera-
tion may be useful here. In Bildschirmtext, for example, a
blank form is displayed by the system, the user inserts the
data values into pre~defined areas, and the (external com-
puter's) database system may extract the fields to be stored
.indepéndently as above or it may choose to store the pages

as £illed [Otto 8lal.

In the next sectién, the facilities available in

traditional database systems will be examined and evaluted
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with respect to their wutility -for-,mapaging these three’
médes: standard stored pages, dynaﬁicaily:assembled 'pagesr~
'and. dynamically updated pages. Sucﬁ a,sﬁrvey may~help to
direct the design of future videotex systems which may offer

‘pages using -any combination of these modes.

3. Database management system facilities

3.1. Traditional corporate database management facilities

Corporate database management systems have been
developedA over seQeral years to meet the needs of most
businessés. At least superficially, it would seem that
videotex systems should provide similar services. In this
~section, traditional database facilities are categorized in-
to three areas: data modelliné, system functionality, and

implementation methods to support the first two areas.
3.1.1. Traditional data modelling

There have been many data -models proposed by
researchers from the database community [Kerschberg 76],
most common of which are the hierarchiéal,vnetwork, and
relational models [Sibley 76]. Although there are many dif-
ferences among the models, they all presuppoée an inter-=
pretation of reality in which there are classes of in-
dividual eléments (e.g., entities), relevant attributes or

properties of the elements, and relationships among the ele-

— T -




.ments.  Furthermore, the data space - is partitioned into
~types ‘where the number of types of elements, attributes, .and

. relationships is. -small relative to  the number of data

instances (e.g., actual data objects) [McLeod 81].

Each data model requires that a data . base designer

define a schema, which specifies the time-invariant struc-

ture imposed on the types. Typically an instance of one
type can be related to many instances of another type, but
the relationships must all be pre~defined as part of the
type structure. As a further restriction, the traditional
data models cannot represent a data relationship between one
instance of a type and arbitrarily many other instances of
the same type, or they represent such relationships poorly.
As a symptom of this restriction, a query that is typicaliy
difficult tb accomodate using traditional data models is
"find all employees who earn moré than their managers"
(where managers are themselves employees too). The result
is that a traditional data model may have only limited ap-

plicability to videotex (see Section 3.2.1).
3.1.2. Traditional database system functions

Corporate database users fall into four
categories: data administrators, system administrators, ap-

plications administrators, and end users. In order to serve

these users, traditional database systems provide the func-

tional components summarized in this section and in Table 1.




- data definition language

data dictionary facility

data manipulation language

report generators

query language
data storage definition language
performance measurement and evaluation tools

other operating subsystems
(including those for integrity, security, input/output,
memory management, processor allocation, terminal
management, and accounting)

Table 1: Traditional functional components
and support aspects




‘A data administrator deals with-the database at an
.abstract level, defining types, integrity constréints,
‘secufity restrictions, legitimate usages for the data, etc.
The primary tool for this purpose is a data definition
language. Constructs in the language allow the specifica-
“tion of element types as well as their attributes and
\interrelatioﬁships. Traditional data definition languages
also have facilities for specifying security levels for data
objects and users and at least a primitive version of in-
tegfity constraints in the form of data wvalidation rules.
'In many database systems, the definitions are compiled and
catalogued in a data dictionary that 1is available to all
authorized database users to enquire about the nature of the
data and to-gain further information regarding the intended

semantics and pragmatics of the database.

The role of a éystem admiﬁistrator, on the other
hand, is to maintain the database management system itself
as well as to tune the internal data structures in order to
minimize some measure of’/'cost (e.g., space, processor time,
channel utilization, security). This role correéponds to
that of a system operator in a videotex system. The
language used by a system administrator, sometimes known as
a data storage definition language; is closely related to
(and sometimes a part of) the data definition language.

Typically-this language is used to specify precisely how the

~ data is to be represented, for example, what block sizes to



use, how. many input/output buffers to allocate, and how - to
- link records together. Some of the options are .discusséd

-further in .the next section.

Each application administrator has the respon-

sibility of defining an appropriate view of 'the database to

present to a subset «of the end users, typically also

providing some software for those users. This is the role

.of the information ©provider in videotex. Application ad-

.ministrators are also users of the data definition language,

through which they are able to specify the subset of the
database that will be availéble to their associated end
users. As a further specification of end users' views, the
data definition language provides means of’ specif?ing
display formats; renaming entities,. attributes, and
relationships; introducing "yirtual data" whose values are
calculated dynamically from storéd data; and further
limiting data access through security and integrity con-

straints.

‘Two other facilities are also used extensively by
application administrators: a data manipulation language
and report generators. The first of these contains con-

structs to load the database, access specific items,

manipulate data values, insert and delete entities, and up-

"date their properties and relationships. The report

generators are used to specify complex report formats and to




indicate how the database is,to;be«procgssed to determine

‘the values to be -included in the reports. Both these

facilities are typically invoked through the use of a com-

puter programming language, and they therefore require their

" users to be data processing specialists.

Finally thé end users are the ones responsible for
pdpulating the database, modifying data values,  and
retrieving the data required to solve particular problems.
They typically interact with the database through an in-
teractive query language [Ball 81, Lochovsky 81]. ‘This
facility is usually designed for computer non-specialists
and is therefore relatively easy to 1learn and to use.
Typically the query language allows simple,' spoﬁﬁaneous

interrogation of the data and the dictionary, simple data

editing, and invocation of prepackaged data manipulation and

report generation routines (as provided by the applications

administrators as above).
3.1.3 System support facilities

The most apparent support facility is that which
allows a selection of data and file structures for
representing the records and their links, typically a major
part of the data storage definition language. Several

structures -are commonly used [Wiederhold 77]:

A pile is an unordered collection of records, used




primarily*for sequentia1*processing.as’fbr audit files.

A ‘seqbential file is ordered bewsomeqspecific data

field, called the key, and typically used for batched

transaction processing.

‘An indexed file is a collection of records together

with a (multilevel) index -that prévides.xapid‘access to’

the individual record containing a spe;ified key value.
One special case is the indexed~-sequential file .in
which the underlying collection is kept sequentially by
key wvalue; in ‘this siﬁuation, the index 1is often

represented by a B-tree [Comer 797.

A direct file provides accéss‘ to records by record
nunber. This can be viewed aswanother special case of
an indexed file,AwBere the ‘indexing operation is com~-
putational (i.e.,, the key values are themselves record

numbers or they can be transformed to iecord numbers by

a hash) rather than based on a search strategy.

An inverted file provides access to records based on

values in data fields other than the keyQ Indexes are
Provided for arbitrarily many -designated secondary
keys, which do not necessarily identify records
uniduely, but rather partition the records into subsets
having common secondary key values. Three typical

representations keep the undérlying file as a direct
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‘file, as superimposed multilists, and as superimposed

multirings, respectively.v

In addition, data compression can be used to save space and

record transfer time, either as part of or auxiliary to any

of these structures [Gottlieb 75].

A second .class of support tools are those required
for performance measurement and evaluation. These include
tools needed to collect performance data, as well as to
model and analyze the database system (e.g., by simulation

or analytically) [Infotech 77].

Finally a database management system needs many of
the utilities that can be found in a standard operating
system. Of particular interest are integrity, security, and
input/output subsystems, but also of importance are primary
and secondary memory management, proﬁessor.allocation, ter-

minal management, and accounting subsystems.

All the aspects 1listed in this section are re-
quired by videotex system operators in a form very similar

to that used in traditional ‘data base systems. Therefore

they will not be considered further in this study.

-3.2. Applicability to standard stored pages

Current wvideotex databases are all built upon a

tree of pages over which an arbitrary directed graph can be



rimposed by the iﬁformation ‘providers [Tompa 81]. Users
search the ‘database by means of requestlng individual pages,
':typlcally by their (absolute) page 1dent1f1ers, thelr (rela-
“tlve) cross—1link labels, or’ their . (relatlve) position in the

tree.

It is tempting to view a tree of pages iﬁ terms of
a étandard database model, particularly the hierarchical
one. There are two significant problems, however: the
identification of types in videotex pages is artificial, and
the operations on pages are unlike typical operations on

conventional corporate databases.

If a tree of pages is to be viewed as a hierar-
chical database, the type structdre must form a hierarchy;
that is, after the pages are partitioned by type, the graph
that represents the relationships bgtween instances of the
types must be a collection of trees (see Figure 1). These
‘trees are very unlike the videotex tree of pages in that a
hierarchical database tree represents-a larger collection of
‘instances, where the'descendants of an ‘instance node form
arbitrarily long sequences of instances of each descendant
type declared in the type structure. This has not been the
‘mode of data presentation common in videotex to date, where
page format énd content varies considerably among descen-

dants of a page and there 1is a very small limit on the

number of descendants permitted.



- ShorT

pd

(cAGue

TEAM

E8au iPM ENT

PeAYER

N Hu‘ev‘u‘r_l«\'cj i< L.ch.

I

(ls) lé/lév’cavc_l\\; J ’.“S'\L%c e




I

The - second -problem with applying traditional

models to videotex Ppage structures lies 1in- the operations
ﬁhat are .ﬁypically employéd to :search andzmanipulétegthe
data. A typical query ‘in the conventional <database .il;
Justrated in Figure 1 might be a formulation of "for each

team .in hockey's NHL league,*list the dates and teams played

in 1979 together with the score of each game and the total.

won/lost record," whereas in videotex systems it might be
"show me the data on the last Toronto/Montreal hockey game."
That is, whereas conventional data processing deals with

sets of records, videotex 'processing deals with individual

pages one at a time and relies on a different user strategy

for finding information.

A conclusion from the discussion so far might be
ﬁhat Vtraditional database management and videotex have
little in ‘'common. | This may veryv well be true for the
models, and therefore traditional database management
systems cannot reasonably be used to support the stored
pages of toda?'s videotex databases. However, the func-
tionality indicated in Table 1 from Section 3.1.3 may-still
be relevant to the design of videotex Ppage management
systems, as we will show in the rest of this section,

Subsequent sections will show that such facilities, as well

as the - data models, are even more applicable under

dynamically assembled and dynamically updated page systems.
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‘Data definition language:

Because the data in videotex~is.expected to be so
wide-ranging and its structure is to contain far 1less
repetitivity than 1is typical ih traditional <corporate
‘databases, the utility of a data definition language is un-
-clear 1if -'pages are always stored;ihtact. Certainly, some
tool is necessary for an information provider to describe
the data layout and structure, but it‘may be that there is

no need to describe a schema independently of the instances.

Rather than dismissing the utility of a data
definition language altogether, we illustrate three levels
of development for page types to show the potential for a

data definition language in some videotex systems.

First we examine a minor type distinction seen in
current wvideotex systenmns. In Preétel there are two page
types, "a" page frames and secondary ("b" through "z") page
frames, the first of which can be accessed by cross-links
from any page frame and the latter of which can only be ac-
cessed sequ;ntially from a correspondinq "a" frame. 1In
Telidon there are again two page types, index and document
pages, either of which can be accessed by cross-links from
any page or by embedded tree links from index pages (which

induce a sequential ordering). Corresponding type diagrams

are shown in Figure 2, where dashed boxes indicate union

-—— 16 =-
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o :types.* (This illustrates the point made in the introduction
. t9wthis-section: the inter-page struciure in videotex is un-
‘1ike the -inter-record structure in traditional corporate
-databases.) In current systems there ‘is no need for a. data

definition language: the type‘structure is invariant.

The use of keywords to'identify pages~may~a1so be
winterpréted:as requiring a separate data type. For example,
a mnemonic labelling scheme for pages, where .each label
identifies at most one page and each page has one or more
labels, could be interpreted as using the schema in Figure
3a, whereas many-to-many keyword-to-page associations would
be as in Figure 3b. A data definition language <could be
used  to identify the form(s) of keywording available in
parts of the database, but, again, it Qould not be very use-=

ful if an invariant strategy for keywords is to be enforced.

As an alternative approach, it may be useful to
distinguish page types based on their use within "page
clusters" that commonly appear as a result of editorial
"policy. For example, it may be useful to distinguish a hub
page type from a rim page type 1in a "wheel structure"
[Taylor 79] in order to allow the system to enforce in-
tegrity constraints during page updates. Such a distinction

could also be wvaluable to end users to aid- them in under=-

standing the ~configuration of a cluster of pages (in some

* In .data structure diagrams, an arrow indicates a one-to-
many relationship [Bachman 69].
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neighbourhood) and to .navigate the cluster meaningfully. On
the other :hand, the variety of structures in videotex .and
the 1limited reﬁetition of each structure make the require-
ment of definihg a schema cumbersome. Thus.a data defini-
tion language may only be of limited use: we suggest that
~information providers be allowed to define page types -where
desired, but they may more often prefer to use untyped

("blank") pages.

Data dictionary facility:

The purpose of a data dictionary is to document
the data that is kept in a database -- .it contains data
about the data, In traditional corporate databases, the
dictionary typically contains information® about the en-
“tities, attributes, relationships, processes,' and people
that make up the enterprise. This information is accessible
by both database administrators and end users in order that
meaningful queries and updates .can be formulated and
responses can be interpreted within the framework intended

. 'by the enterprise administrator.

A similar role 1is to be played by vidotex's

metaservice, a directory of information in a videotex

database [Le Moign 80, Ball 80b], In the Teletel/Star
system, service -selection 1is performed before normal page
selection begins, but there is no reason this separation

must exist.




Just aS'fthe'traditionaludata'dictionary is under

;the~strictNCOntpol of.some;central¢authorityj (for  example,

.'that._of}the data administrator), the_se:viee*directory;must
be centrally managed to ensure its integrity. As Qell, in
parallel with a traditional data dictionary, the service
directory must be maintained and made available by all ap-
propriate users. in particular, Lthéﬂsystem~operator and
each information provider must cooperate to keep the service
directory accurate, complete, and up-to-date, so that the

contents form a true metaservice for all users.

The metaservice should coﬁtain entries cor-
responding ‘to each information provider and each subject
area. In addition this service directory must . contain the
data needed to access the pages corrésponding to each
. specific information provider and to each keyword or sub-

ject.

Further discussion of the metaservice is contained

in Section 4.2.

Data manipulation language:

The primary tool for populating the database,
manipulating the data, and formulating-complex queries about

the data and the database itself is the data manipulation

language. As mentioned in Section 3.1.2, this language is-

typically used by applications administrators rather than by
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~end users, who rely on'the'query language.

Such a facility in videotex:is feqUiredrby the

information providers, who are.not computer professionals as

‘are the typical users of traditional data manipulation

languages. Furthermore the standard modes, of processing

corporate ‘records are not ‘those of processing videotex

pages. Therefore a videotex data manipulation language must

be specially designed to suit its intent.

The first aspect of this language is for

populating the database. Certainly pages can be created in-

dividually as they are typically created now, However there

will definitely be a need to extract data from established

databases or othér external sources and to build pages

‘under computer control. For example, the automatic incor-

poration of the Associated Press wireservice into the

Department of Communications' database is a special case of

‘this facility. What is needed to make such an interface

easier to establish and maintain is a language that permits

the definition of the source data, the definition of the

.desired page-oriented version, and the algorithms to effect

the loading,

A second aspect is the editing of the interpage

structure. There must be commands to allocate "blank" pages

for storing new data; creating, altering, and removing

interpage links; displaying the current interpage structure;

S 20 -



and: releasing pages (for example, for future reallocation).
~.Finally, if~such=editing‘islt0j take place on-line, there
 must be commands to signal the start and end of a multi-page.
4transact10n} in~ordef that concurrency cohtrbl can be main-

‘tained.

- A third aspect of a data‘manipulation language is.
‘the faCilify-to'retrieve information satisfying rélaﬁively
- complex (queries. The most obvious query type is for data
stored in.the'pages; page-by-page retrieval (as is currently
used) may be satisfactory, but certaihly more sophisticated
stra;egies:(perhaps based on keywords) should be considered.
An additional form of guery concerns data .about the database
itself, for.example, how much demand there:'is - for ~certain
pages, how 'mﬁch "space is used _by' certain pages, etc.
Possible videotex data manipulation language interfaces (as
well as the dquery language faciiities) are discussed

‘elsewhere, [Ball 81, Lochovsky 8l].

Report generators:

‘Becauseé report generators are mostly used to or-
ganize and format highly repetitive data, there is 1little

need for such a facility in a stored page videotex system.

Query language:

The design of a query language for videotex is

central to its acceptability to end users. This facility is
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therefore discussed at 1length in an accompanying.report

3.3. Applicability to dynamically assembled pages

Dynamic assembly of pages is a useful feature when
there 'is sufficient sharing of information among pages such
that ‘either the storage saved is significant or the consis-
tent updating of the shared data is greatly simplified
(because of 1less redundancy). In this section, it will be
assumed that a page is typically composed of several compo-

nents stored separately.

The primary effect on the‘videotex database system
is Fo increase the utility of types. For example, a 1large
number of pages may be defined as‘aggrégations of instances
of the following types: page number, information provider
name, price, text, logo, master index pége, previous page,
and next page (Figure 4). Rather than storing the layout,
colours, and constant data for each page separately, this
information can be factored out into a form type that 1is

dynamically filled from data stored in a more compact way.

An extremely beneficial wuse of dynamically as-
sembled pages results from the -provision of a record-
oriented database facility integrated with a videotex

database system, as in Bildschirmtext. As mentioned in Sec~

tion 2, a blank form can be defined as a videotex page whose

— 20—
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- contents . is determined only when. - data is requested by a

user, that data being extracted from the record-oriented
database. The role of .a database schema is obvious for ‘the
records, and it extends naturally into the definition of

form types for videotex ©pages. This sort of facility is

similar to the forms languages available .in some traditional

database systems, for example, OBE [Zloof 75] and Oracle

[RSI 79].

Many aspects of managing a videotex database with
dynamic page assembly are similar to those required in
traditional database systems. In particular, the need for
data definition, data manipulation, and data étorage defini-
tion languages is increased over the: standard - stored page
systems. It still &ust be remembered, however, that thé
multipligity of the data instances of one type will remain
to be much smaller than in convenﬁional.databases~and the
usual modé of processing will be navigational -in nature;
these differences must be kept in mind during the language
designs. As a particular -example, severe constraints on
retrieval time may be imposed by the concern for economical
access to videotex; thus, processor-consuming operations,
such as the relational "join", méy be unsuitable for

videotex data retrieval.

3.4. Applicability to dynamically updated pages

As -for all videotex systems, the major, or only,
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language ‘available to end-'usersj_isa‘thezso—called query

language; this, rather than the :data manipulation 1anguége,

is therefore the major design problem for a~syétem that will

allow users to update pages interactively. Because most end.

users will be non-specialists with respect to computing, the

;1anquaqétmust‘be simple, vyet complete and safe to use.
_Form-filling .languages, such as used in Bildschirmtext, are

probably the most natural for naive users; and with -each

field in the form there can be associated data validation
rules to ensure data integrity. Regardless of the update
facility chosen, it must not be possible to enter inconsis-
tent or invalid data through the end user facility even when

the user takes no explicit precautions.

Consider when the desired update is specified by
£illing in a form pfovided by the information provider (cf.,
"data gathering" in Bildschirmtext); The form itself may
have several parts, each requiring data to be entered or
choices to be made. Before the database is actually up-
dated, however, the changes~specifiéd must be validated by a

program (or perhaps a set of rules presented as a decision

table) supplied by the information provider. Invalid -en-

tries must then be flagged to the user, who refills the
fields and retransmits the form. If form=-filling is
provided by a  special-purpose action page or by any other
means.of interleaving code executipn with data display

(e.g., as in Teletel/Star [Henriot 791), the user's entries
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\can~wbe- validated incrementally- rather than only when the
‘page is completed. The impact of incrgmental‘ checking wvs.
,cohplete page validation on performéncéixin~terms of the ef-
»pfeét of:field—at—a—time rather than comp1ete page transmis-
,Sion from ‘terminal to host and the number of data fields
-retransmitted during error correction) should be studied

-before one of these alternatives is chosen.

One problem in multiple,~siﬁu1taneous updating is
the coordination of several users. In order to avoid the
necessity of intricate update protocols, the unit of update
should be one page (or one bart of a page 1if dynamic as-
sembly is used). In order to 'change a page's contents
(e.g., to add further "want édS“) the user first requests
the page for update, indicates the change(s) to be made, and
then either directs the éctual update to be carried out or
to be aborted. Upon the initial paée,request, the page is
locked to all other readers and writers, .and it is not made
available until the command to complete or abort is issued
(or the hser's session terminates). | Meanwhile the  user
should be barred from accessing other pages, either for
reading orlupdating; such a restriction on the user's opera-
‘tions insure that a page is locked for -only a brief time and

there can be no deadlocks in circularly locking pages.

The burden left on the information provider is to

organize the data such that it is reasonable to update the
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‘pages  independent1y. In particular, because only one page

is locked and modified at a time, there is no way to -ensure

thatAa:multi—page transaction is performed as an indivisible

. operation. It 'should be noted, however, that this restric-

tion . can .be somewhat lifted if a single form can be used to

" indicate.updates that affect several pages all of which are

locked by -the information -"provider; -such a relaxation,
however, does incur a computational cost as .welll as in-
troducing the possibility of deadlock if not well-monitored.
(For more complex locking strategies, not likely required

for videotex systems, see [Gray 79].)

4. Database system architecture

Another area ~of research and experience in
database systems that may be applicable to videotex is— the
design of the overall database systém architecture. It has
been generally accepted that users should be able to deal_
with a data model or Qiew which is distinct from the storage

representation adopted by a database system [Mealy 67, Senko

73, Tompa 771. This so~-called "two-lével’architecﬁure“, in

fact, was embodied in the Codasyl recommendations for
database design in the form of a schema for data representa-

tion -and subschemas for users' views [Codasyl 711.

- In 1972, the American National Standards Institute

subgroup known as the Standards Planning and Requirements
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Committee within the CQmmittee on Computers and Information
Processing (Ansi/X3/Sparc) began to consider areas for stan-
dardization of database systems [Ansi 75]}. The resﬁlt of
their deliberations was a proposal for a three-level -ar-
chitecture including forty-two identified interfaces, only
some of which were seen to be candidates for standardiza-

tion.

In this section we will consider the recommenda-
tions of the Ansi/Sparc report and 1its application to

videotex database systems.

ﬁ.l -Overview of a three-level architecture

A clear introduction to the three-level architec-
ture, adﬁinistrators' roles, and process interfaces was
presented at the Second SHARE Working Conference on Data
Base Management Systems held in Montreal in April 1976
.[Yormack 77]. We pfesent here a summary of the most impor-

tant aspects.

A database should be perceived to exist 1in three
principal, typically distinct, forms as described by a

conceptual schema, an internal schema, and a set of external

schemas (Figure 5). These descriptions are managed by one
or more people serving in the roles of an enterprise (or
data) administrator, a data base administrator, and applica-

tions administrators, respectively.
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The conceptual schema is best described by Yor-

.- mack:

"The conceptual schema embodies the 'real-world'
view of the enterprise being modelled 1in the
- database.... It provides an unconstrained, long-
term view of the enterprise. In ‘addition, the
conceptual schema provides the basis for integrity
and security declarations imposed by the enter-
prise .onto the various data base users, as well as
providing a data description basis for restruc-

turing. The conceptual schema also acts as the
common . denominator between optimized storage
descriptions and multiple-user views." [Yormack
77, page 3]

The major point 1is that ‘the conceptual schena
provides a central focus for the purpose of harmonizing the
needs of all users and the actual data representation. This
harmony must be maintained at all times in spite of any
reorganization of data representations, .alterations of

physical equipment, revision of user requirements or needs,

_users' contention for data access - or modification, and

evolution of the enterprise's procedures or goals.

The internal schema is a description of the data
és it is represented in storage. It is this schema that
records the current data placement strategy, access paths in-
terms of data linking organization, data redundancy and data
‘compression aspects, and storage media characteristics for
the database. 1In fact, it is only in terms of the internal
schema that the database -as a whole is stored, the other

schemas serving as templates for ©presenting 'parts of the

‘data as they are required by users and administrators.
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.Einally, it should be noted that“thelinternal,schema-ﬁeed
' not be a monolithic description éf.ﬁhe-détaq but may in turn -
be chpdsed of several levels of descniption,from'relatibely
.represeﬁtation-independent “access path‘”:descriptiohs .to

minute, machine~-dependent bit assignmen£s~[Tompa 777,

‘ Bach external schema describes-a view of the data
as seen by a set of users sharing common applicatien
‘programs. Typically, such a view provides a window's image
of a subset of the data base. Furthermore, the image may be
transformed in order. thak it can be presented td users in
terms of a vocabulary and layout that is tailored for the
users' needs. In fact, £he transformations required could
be extremely complex in terms of renaming, reordering,
restricting, redividing, and recombining portions of the

data as described by the conceptual schema.

4.2. The role of the conceptual level in videotex

As discussed in Section 3.2, the concept of
schemas described separately from the instances has at most
a limited applicability to standard videotex systems. As a
result, it may seem at first'that the' Ansi/Sparc architec-
ture has no relevance to the design of a videotex database
system., However, to replace the concept of a schema, we in-

‘troduce here the concept of a perception of data. Similarly

to a schema, a perception is an abstraction of an instance;

‘but unlike a schema, a perception includes an overview of
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data content . as well as data organization. A description of
a user—oriented perception is what should be stored in a
videotex data dictionary in order to provide the metaservice

discussed in Section 3.2.

'Consider, for example, the Department of Com-
munication's demonstration Telidon database. The instance
consists of the thousands of pages linked together in a par-
ticular tree structure with particular cross~1inks-in rlace.
A schema for this database has been shown in Figure 2b. A
perception, however, would indicate that from the root page
there are subtrees containing general information, informa-
tioh about Canada, information about the provinces, informa-~
tion provided by TVOntario, and so forth. The 1level of
“detail included in the perception is dependént on the ex-
pected user behaviour: there must, in fact, be a variety of
detail to provide users with “severallmaps from very general
ones to more specific ones, e.g., from galaxy to star system

to planet" [Lochovsky 81, p. 25].

Similarly to providing several -‘schemas for a
traditional <database, a videotex database will require the
provision of several perceptions. It is apparent that a
videotex database system, as any other database system, must
provide a means for defining the actual storage representa-
tion for the data. It is also clear that videotex.usefs‘

will want to be presented with a view of data that |is



idiétinct'gin general, from -ﬁhat~ representation ke,g;, a
logicaivtréezof_pages ;nstead~of a hash table assortment:,of
Apages),‘ .Thus:wthere‘must?be provision made for at léast an:
internal ‘and one or more external .perceptions in videotek

databaseVSYStems.

- In this section, we will consider the appropriate-
ness of a third level of data description as embodied in .a
conceptual perception. As an example only; we present the
following three levels of perceptions. One external percep-
tion of a videotex database may be a collection of pages,
each accessible by means of keywords chosen from those
listed on the page named KEYWORDS; the pages are perceived
to be organized by subject matter. The conceptual peéeption
may be a tree.of pages in which each information provider“is
allocated one subtree; each page may be assigned one or more
identifying keyword labels which willhbe automatically main-
tained by tﬁe_system, as well as a numeric label indicating
its position in the tree. Finally the interna1~§erception
might be a collection of B-trees. of pages; one such B-tree,
having integer keys of at most ten digits, is used for
storing information pages about cars, another is wused for
pages supplied by American Express, still another with in-
teger keys is used for action pages, and a fourth, with al-
phanumeric keys, is used for the keyword-to-numeric label
translation. The data dictionary must store descriptions of

these perceptions and allow for mappings between them.
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How does a conceptual - level, . then,”fiﬁ into a
'videotex;database-architecturerin_generél?-‘Eirst, we nptice
that the system operator cén'be.identified.with the database
administrafor's role (managing~the. internal perception in
_the form of a set of stored pages) and information providers
~can be identified with the role of applications ad-
ministrators (managing external perceptions as subsets of
pages presented in forms suitable for end users). There may
‘be additional applications administrators who manage pages
not associated with individual information providers (e.g,;
system directory pages) or who provide views of the database
in terms of integrated services composed of pages taken from
many information providers (e.g., a travel agent se;vice
composed of integrated pages provided by airlines, train and
bus qompanies, hotels, restaurants, oil companies,
automobile clubs, banks, shop keepers, etc.). In fact, such
a provision of external views derived from and based on

other external views is included in the Ansi/Sparc proposal.

With this assignment of roles, what 1is the
videotex -counterpart to an enterprise administrator? The
anéwer is a "master information provider", from whose van-
tage point all pages are seen as comprising a logical enter-
‘prise. The conceptual perception is then an integrated view
of all the data available in the videotei system independent

of the data's source or users.
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Consider the database architectﬁre, in Figure 6
{cf. Bochmann 81, figure 5. In that fffamework, the end
users accésé'-the database via: user agents ‘(either query or
zupdéte:agents) through. which the appropriate information
'pfovider, metaservice, and/or-actual datébase’is discovered
and activated. The query and update»agents‘provide service
directories (and perhaps some local parts of the database)
to .all users, and they form the entry points to the database
for end ﬁsers and information providers; they therefore em-
body the external perceptions. The page—driented databases
(together with - any record-oriented . databases, video and
-audio databases, and externally contfplled databases) are
accessed via database agents, whose directories embody the
internal perception. Between these two classes of agents is
a user-independent and 'database~independént' model of the

data that corresponds to a conceptual perception.

‘The advantaée of such a conceptual 1level 1is the
same as for traditional databases: each user agent and
database agent can be altered 1independently, that is,
without there being any modifications made to other agenté.
The only impact is to update the mapping from the conc;ptual

perception to the perception managed by the altered agent,

Unlike in traditional corporate databases, the
diversity of videotex data sources and uses is indicative of

less centralized authority and control over the data con-
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tent.. -Asaairesult, the videotex COnceﬁfualxperceptiohineed‘
~ not be the‘“universe of discourse" in ‘terms of -'which all
déta_;in the otheripefceptions are described and from which
thé,otherAperCeptions-must be derived. . Instead it provideé 

.an ovérview of the data described in more detail in the

other peceptions. The level of detail - in the conceptual
ipérception mqst be on1y enough to allow decisions to be made
with respect to security or integrity constraints, cost-
benefit analyses 1involved in providing additional services
or allowing additional information providers, cost-benefit
analyses 1in expanding or altering storage media, communica-
tions paths, and data distribution, and in maintaining the

bridge from the external to the internal perceptions.

4.3. Some particular architecture interfaces

As mentioned in the introduction, the Ansi/Sparc
.architectuire 1is defined in terms 'of forty-two database
system interfaces (Figure 7). 1In this section, some of the

interfaces will be described in slightly more detail.

Interfaces 1 and 2 provide the mechanism for
recording aspects of the conceptual perception. Interface 3
provides the access to that information for information
providers and system operators. Interfaces 4 and 5 are used
for recording the particulars of the information providers®
data definitions and for storing these in the directories

controlling .user agents. Interface 6 1s the access route to
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thbse definitions for_acﬁualudatanmanipulation and querying,
the information providers generally using first interfaces
"7, 8 and 10 and end userszgénerally-entering via inte:féces
9 or 11l. Ihterface 12 is uéed to ensure'that every access
to the data passes through security, integrity,'and ac-
counting control by routing requests via the conceptual per-

.ception.

The remaining ‘thirty interfaces deal mainly with
the internal operation of the ‘database system and are
typically under the control of the systems operator. The
roles of tﬁese interfaces are essentially the same in a
videotex system as in any traditional corporate database
system. Of particular interest, perhaps, are interfaces 21,
30, 31 and 34-38 which link the user and database agents,
i.e., effect the routing of data and commands from their -
specification in terms of én external perception to their

internal storage description and back.

In concluding this section it should be remarked
that the Ansi/Sparc architecture was designed as a basis for
standardization discussions. IE is therefore very general
and need not be implemented exactly as described. In fact,
the memberé of the committee did not expect every database
system.to have each interface present as an identifiable en-

tity; rather they expected the functionality to be present

everywhere. Thus in trying to implement an Ansi/Sparc-based
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- videotex system, it may be appropriate to combine several
. interfaces, .duplicate some others,.and perhaps even realize.

“several in the hardware.

'i. External database access

The idea underlying initial implementations of
~videotex was to provide access to a large database created
and maintained especially for videotex. As the principle of
videotex has becohe widespread and its technology more ma-

ture, it has ‘become clear that the exclusive use of a
database dedicated to videotex is too limited, inefficient
and expensive. Large amounts of potentially useful informa-
tion already exist in various databanks and services, which
were designed independently of videotex; exémples includg
bibliographic, medical and news databases. These so=called

external databases may take any form, may run on any com-

puting equipment under any operating system, and may have
arbitrary security and integrity constraints defined on
them. Automatic conversion of such databases to a uniform
videotex format and structure (e.g., to Telidon) Iis
generally very hard (or impossible) because of the great

variations in display formats  as well as in the internal
data structures and models, search mechanisms, and interface

languages.

Providing access to external databases is of great
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'economic xinterest to -videotex users and external database
-operators, .even if each external database has a different
-user interface. Such an access facility, which is currently
 receiving much attention, uSeS'the-videotéx database_machine
as a-igatewax, i.e., a 1link to the external databases.
Alternatively, the gateway function can be implementedvon a
processor that does not itself provide a dedicated videotex
~database, but rather is only a switch for a broad spectrum

of services, as in the INET system [CCG 8l1].

5.1. Compatibility between videotex and external databases

A videotex database and an external database, ac-
cessed 'through a gateway, are generally incompatible. Bor-
rowing from the terminology of the ISO reference model for
open system interconnections [Tanenbaum 8l], we can identif&.
three areas in which differences might occur: the applica-

tion, presentation, and session levels,

At the application level are included differences
in users' views of the data, as well as differences in the
ihterface languages used to interact with the database. It
is very difficult to mask these differences (i.e., to
achieve compatibility at this level), unless the external
dgtabase in question has been designed wifh compatibility in
mind, For example, it would be foolish to <consider
providing an interfage program to make the ORBIT retrieval

system behave like a stored page videotex system [Ball 80al.
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‘Consider next the presentation level. An external
-database mayvuse-character_sets,ucbdes, screen formats, line

‘lengths, or . gfaphicsk primitives other than those -used by

videoﬁex-databases_and terminals, It . is essential-that some
degree of}compatibility be assured at this level, beca;sé it
invélves the terminal hardware (which cannot be changed),
-unlike the .application level which involves humans .capable

of adapting ‘themselves to different interfaces.

In general, the difficulty involved in achieving
compatibility at the presentation levél depends on the
structure of the data contained in the external database.
If that data consists of unformatted charactef strings (such
as conventional text), then the required format conversion
‘would consist merely in generating "carriage return"
characters at appropriate intervals (e;g.,,forty characters
per line for Telidon); This can be done either in a gateway
computer,'qr in the terminal itself. New paragraphs can
easily be detected and handled similarly. An example of
this solution is found in thé Cable News Processor (see Sec-

tion 5.3).

Alternatively, consider external databases that
contain formatted text, but neither figures nor diagrams. A
typical example would be text with tables of numbers ar-
ranged in rows and colﬁmns, Adopting a solution as above,

i.e., inserting carriage returns, mighﬁ be the only pos-
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-Siblity; for some appltcations‘this would yield iow quality,
.fbut acceptable, displays. Other applications wouié not be
~§6nducive to 'such naive reformatting, and therefore it ‘would
be better to use higher resoluﬁion‘displayé; For 'examﬁie,
such a modified TV-based videotex terminal is being
‘deQeloped by Electrohome to allow eighty characters per line
(the standard for conventioanl alphanumeric terminals) to

which most traditional database output conforms.

Finally an external database may contain figures,
diagrams or similar graphical information. If this informa-
tion is coded using graphical primitives, then translation
might be ©possible, although perhaps costly in terms of
processor utilization if the primitives are too wunlike
Telidon's PDIs. ‘Alternatively, if the graphical information
is coded alpha-photographically or if it exists 1in analog
form (e.g., on videodisk), then appropriate display would
only be possible with the addition of suitable hardware at-

tached to the videotex terminal.

Consider finally the session level, which usually
deals with .functions such as logon and user identification
procedures, accounting, transaction integrity, and the <con-
trol of an ongoing session. In using a gateway, such as
iNET or Bildschirmtext, most of these functions can be made
invisible to the wuser, as _they are typically handled by

prdgrams in the gateway computer, This level should not
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cause .-insurmountable problems for achieving compatibility

ibetweenuvideotex.and~externa1 databasesQ

Before concluding, we. note that areas cor;
fesponding ‘to the lower levels of the ISO refefence~model
-are practically invisible to the user. .Still, of course,
mutually compatible protocols must be used by the videotex

and external database computers.

5.2. Alternatives for providing interfaces

There are several possibilities for providing ac-
cess to external databases. In this section, we consider
the impact of these interface strategies on compatibility as
discussed above. First, the external database may be an in-
dependent database designed (typically)‘before videotex has
become known and accepted. Because the database software
contains no component\designed.to interface with videotex,
the videotex gateway must appear' as Jjust .another of its:
users (Figure 8). The gateway processor, therefore,
'génerally must contain some adaptation module which performs
conversions necessary for terminal compatibility at the
presentation level. This module may also pérformvsome func-
tions associated with the session level. As mentioned
above, typically there is no compatibility in the applica-
tion area: thus the user must use query procedures ap-

propriate for the external database.
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Alternatively, even if thé»exterﬁal-database~is'an
' independent database as above, the'adaptation:module may-'be
able tb reside in the external.computef,-raiher than merely

' in the gateway (Figure 9). in Figure 9. The two adaptation
:modules implement an extended preSentation level protocol
~which, in addition to providing a minimum of necessary for-‘
mat conversions, may also provide for functions such-as'
presentation and handling of data acquisition pages as ‘in
Bildschirmtext [Otto8lal. Such a protocol will likely.alsd
handle session level functions (e.g., logon). A certain
level of compatibility in the épplication area cah be
realized as well (e.g., the limited use of menus with
numerical selections); however this'épplies more to transac-
tional applications (which can be done with a limited number-
of pre-programmed action. pages) than to traditional database

retrieval.

Finally, the external database can be a third-
party (externally controlled) videotex database. ‘If both
databases are of the same type (e.g., both Telidon), then
complete compatibility can be easily_achieved at all three
levels. If, however, the databases are merely similar in
structure (e.g., one is Prestel based and the other Telidon~
based), then application and presentation level com-
patibility are possible (but not trivial) to achieve. To
date, we know of no attempt to make Prestel and Telidon com-

patible at the application level. On the other hand, the
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newly announced AT&T standard ‘[Bell 81] -makes the problem of

compatibility at the pfesentation~level_potentially' simpler

to solve,;especially‘for Telidon/Teletel interfaces.

5.3. Current developments

Certainly the most important development to -date

in providing access to external databases is the Bildschirm=
text network in Germany. This system is ‘baséd on the
premise .that access to external databases (and computers in
general) will be a fundamental function in future videotext
systems and not an exceptional, add-on feature. The back-
bone of - this system consists of a number of "local
Bildschirmtext computers", each servicing a number of users.

Each local computer provides a basic videotex database ser-

vice, a menu of available external‘computérs, and a set of.

gateway pages. Each gateway page (or rather the program as-
sociated with it) controls the call, logon, and transfer of

information between the external computer and the user ter-

minal. Two kinds of functions are available: database ac-
cess and data acquisition. The latter serves to collect and

transmit user input for interactive applications. The most

important problem of compatibility is solved by the inclu-

sion of a special "external computer access protocol",

situated at the session and presentation levels. system ar-

chitecture. This protocol is implemented on each external

computer, and is analogous to the adaptation module shown in

—— 4D -




Figure 9. The protocol is said‘to.be simple and efficient,

and is supposed to be replaced by a more complete . inter-

mnational -standard if and when such a standard exists [Otto

81bJ. | .

As a second example, the Cable News Processor [MD
81] is a microprocessor-based system that creates a "pic-
torial multicoloured news service" for Teiidon terminals on
cable TV lines. The unit automatically captures stories
from a conventional wire service, reformats them, and
segregates the information by category. Alternative aﬁd ad-
ditional information can also be acquired from information
providers. A similar service also exists in Great Britain

for Prestel.

A third wexample of a gateway is the recently an-

nounced iNET trial to be conducted by TransCanada Telephone

Bystems next year. The INET system uses the interface

strategy shown in Figure 8. Essentially it serves as a
user-friendly interface to Datapac, Bell Canada's public

data network. An iNET user may access any of a large number
of independent external computers through menu selection;
the gateway then automatically performs sigh-on and the ex-
ecution of an initialization profile (e.g., to select a par-

ticular first page in a videotex system). When a user sig-

nals a (standard) sign-off to iNET, the gateway invokes the

‘appropriate sign-off procedure for the external computer.
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. The iNET system also maintains the.accounts .for its users -in

order that centralized billing is available.

9..Conclusions and recommendations

This study of videotex database systems has shown

‘that, although there are many differences between videotex
and traditional corporate databases, ‘several of the prin-

"~ ciples and> practices of"corporaté database systems can be

fruitfully applied to videotex environments. The principal

difference stems from the fact that videotex relies on a

diversity of information sources and uses; thus, the role of

a schema is far less significant than for traditional

systems. A second difference involves videotex's proximity

to transaction processing; as a result, the role of an in-

tegrated form-£filling faciliiy becomes more significant than

in most corporate systems.

Much of the functionality of traditional database
systems must be present in a videotex environment. In par-
ticular, the functional components of the systems will  be
very similar, albeit adapted in videotex systems chiefly for
economic reasons. Furthermore, the .architecture of the

systems should also be verybmuch the same.

As a result of this study, we recommend that the

following actions be taken:
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i The-_appiicability of types to defining ”page clusters"
‘Should~be4examined in more detail. Can such clusteﬁs -be
‘treated, for example, as abstéct data types in order ‘that
information providers and end users can deal with a collec-
tion of péges meaningfully? ‘This approach may well léad.to
a data definition language that could automate the genera-

‘tion of index (i.e., routing) pages for videotex.

. Specification techniques for data transformations should
be investigated in order to determine their applicability to
automating database loading and modification. Such a
facility would simplify stored page construction (as for the
demonstration connection to Associated Press's wireservice),
dynamic pagé assembly from record-oriented databases, and
dynamic updating of databases aécessed thrbugh videotex

forms.

. A three-level videotex database architecture should be
examined in more detail. First of all, a language for the
specification of perceptions should be developed (based on
an examination of such a language's features). secondly,
the Ansi/Sparc interfaces should be individually studied for
‘their role in a videotex system and their 4suitability for

standardization in videotex.

. Finally, access to external computers by Telidon users
should be pursued as a design goal in future systems. The

facility has great potential economic impact on the com=-
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‘munity of external computer operators as well as on the mar-—

ket potential for Telidon terminals (as a cheap way to _éc—_

-cess a variety of services). The Bildschirmtext external
-access protocol should be studied in detail and this or a
“similar protocol should be considered for Canadian use and

later as an international standard.
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