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1. .Introduction : what is wvideotex

-This report is par£ of a study whose aim iS‘tQ\clarify the
connections between  existing 'databasel managemen;' and data
retrieval systems, and between the newly emerging teqhﬁology of
videotex. More precisely, we wish to examine the benefits that
can be drawn from thé rich éxperieﬁce,’and knowledge accUmulatgd
with traditional databases, for improving videotex .database
technology. In this report we focus on the interface mechanisms
and languages that are employed by the users of such systems to
specify and execute the desired queries and other related

operations.

It might seem that the task on hand is simply to examine a

well organized body of-knowledge and to see what. parts of it are

applicable . to another well defined domain. Unfortunately this is

-not the case. First, there is no such well organized science of

database management systems. In reality many different classes
‘and subclasses of databases exist, each  with its own
particularities, user characteristics and outstanding

achievements. ihe:mostAimpoftant categories are file systens,
record oriented databases, page o;iented.databases such as used in
current videotex systems, bibliographical'refefence systems, full
fexﬁ databases,-knoﬁledge bases and.eXpert systeﬁs. Each-of ‘these
areas has its specific terminology, literature and schoolsf of
thought; however, pract%cally-no feferénces can be found dealing

with their commonalities and no general theory covering all cases

exists.




The . second point is that videotex is a recent development,

-

growing. in the ‘midst of other similar technologies ‘which suffers 

"from a crisis of personality. To name a few areas which partially

overlap with videotex : electronic mail and messaging, office
automatiop systemé, home computers and their networks, teletext
(in this study we .are -concerned mostly Qith two—ﬁay videotex),
corporate (private) database systems and computer—aided
instruction. So what is videotex, and what will it become in the

next ten years? These are not mere rhetoric questions, since the

‘conclusions and recommendations of our report almost entirely

depend on the assumed answers to these questions. If we take the
view fhat videotex is a way to provide public access ﬁo all kinds
of data processing, then obviously all existing database
technologies Willﬂhgve to be qualified as "suitable". If we adopt
a more conservative perspective and limit videotex to a cheap,
simple, general purpose retrievél system using é TV set and

keypad, then the study makes no sense since such systems already

existe.

In order to have a working definition, we give a 1list of
some .features which, if mnot individually then at 1least in

combination, convey the flavor of what we mean by a videotex

" system @

- L. It. is ét least a partly public system to which any
individual or organization can frgely subscribe. Business and
homé applications share the same system.

2. The service is low cost.~

3. Access is basically to display pages, not sets of records.




4+ Close 1ink-,betweena:information_ structure .and display

~ structure.

5. Mix of color, graphics and .text on screen.

6; Initially based on~existing~distribution networks .

7. Large numbers of rsimultanéous  users «actiie, 1eadi§g to
limitations of transaction complexity.

8. :Many .divers information,prOVideis; large portions of data

are quickly changing; in this respect it resembles a two=-way

information channel rather than a database.

9. The typical user is computer naive; therefore simplicity of

the user interface 1s essential.

For the sake of completeness we quote the following
definition of videotex found in [27] : "Systems for the widespread
disSemination of text and graphic information by wholly electronic

means for display on low cost terminals (often suitably equipped

‘television receivers) under selective control of the recipient,

using control procedures easily understood by untrained users.

If it is hard to define today’s videotex, it appears to be

‘next to impossible to predict its future. course. Without further

commentary we limit ourselves to a few possible scenarios into

which videotex may eventually evolve in the mext 5-10 years.

l. Videotex may become an integrated public information
utility providing all kin@s of computing and information services
to:the general public. ' High resolution intelligent terminals will
be used ‘that can incidentally serve also as a TV set.

2.:Videotex becomes an "umbrella service", a kind of

switching device providing for the use of an augmented TV set as




an access point to a collection of independent specialized
services.
3. Interactive videotex willevanishAand~will be replaced by

independent services and large teletext databases (eg. running on

‘multiple full TV channels, containing only £frequently wupdated

public information).

4. Interactive videotex will remain essentially a collection

of simple small local interest databases, with much the same

interface as today’s systems.

In our study we try to be as independent of definitions and
forecasts as possible : we simply look at a variety of facilities
and systems and see how they would lend themselves to efficient
implementations of applications, potentially useful to large

sectors of the public‘end business.

The following sections examine user interfaces to database
and information retrieval systems in the approximate order of
their complexity : menu-based systems, pre-~ and postcoordinate
keyword processing, command language and natural language

interfaces, and question answering and expert systems.

To illustrate different interface languages and to
facilitate their cowmparisons, we use throughout the report the

same example, the problem of how to find a cheap Greek restaurant.




2. Range»df.useriinterfaces

‘User interfaces for dinteractive information 'retrievalv
systems can be.approximately-classified according to the.qﬁantity
of information required from <the user at each elementary
interaction. This is illustrated on the vertical axis of Figure

1.

a) The simplest technique 1is the ées-No (True~False)
interface. The interaction consists of questions displayed by the
system, to which the user may only reply Y or N. The method 1is
seldom used as the sole means of interaction, but frequently in

conjunction with other techniques.

b) Menu selections, which are a stréightforward extension

of the Yes-No type interface. Most videotex systems today use

menus as the principal means of data ret;ieval- Menus are
typically composed and formatted into display pages and linked
together at database creation time; however, dynamic menu pages
created at retrieval time are possible, e.g. as the result of
post-coordinate processing (section 8). P%ogressing from menu to
menu is often referred to as "navigating" the database. The main
advantages of menus are (1) a relatively simple and - efficient
implementation, and (2) the possible use of a numerical keypad

only. However, the method has some serious drawbacks, as

-discussed in Section ki, in particular for larger databases. .

¢) Many information retrieval systems use keywords as the

basic means of retrieval spedification. In its -simplest form a

keyword ‘based system appears to the user as a large associative
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store capable of retrieving documents or . records . containing. (or
associated with) a given keyword. The principal advantage of this
apﬁroach is that it permits the wuser~.to access "directly" the
desired information, without Aconcern about the way the data are
structured. The following problem areas can be identified with

keyword systems : (1) maintaining and controlling the vocabulary

'of'permitted keywords, (2) handling of multiple-hit and no-hit

situations (i.e. when too many or no documents aée.found to
correspond to a keyword), and (3) technical difficulties of
simulating associativity (usually by large and numerbus indexes) .
Menu and keyword systems are in a sense complementary in mnature.
Menus can be seen as small lists of keywords currently expected py
the system, which makes misses virtually impossible; however, to
retrieve a'document prically takes a large number of selections.
Keywords provide faster access, but only if the wuser knows the
"correct" (applicable) set of keywords from the context of his

search.

Two particular instances where keywords can be used
advantageously | are (1) systems with very large keyword
directories, such as bibliographical retrieval systems, where the
miss probability is low even though the "realm-df search" is, at
least initially, not well defined; (2) situations where the realm
of search 1is known, but there are too many keywords to be listed
in a.menu, such as eg. teleshopping for groceries. Here, using
only a few hundred keywords (grocéry categories an§ articles), the
user can have access directly.to the desired item with a quite low

miss probability. -



Two ~important classes of. keéword—basedv systems ‘canlbe
identifiéd H those‘based.ongpre%coo;dinated énd post~coordinated
indexing. Some form of-keyword facility seems to be desirable and
feasiblé-for the enhancement. of videotex systems. The French
Teletel—éTAR system [5] has an;interesting‘keyWOrd facility, and
Prestel has announced plans for -an "automated subject index" [1].
Telidon .'has a provision for  keywords in its internal record

format.

d)AQueries and command language interfaces. Typical
post—coordinate systems permit ‘the retrieval specifications to
conﬁain logical combinations of séveral-keywords or queries. Such
‘queries and other information supplied by the wuser (such as
cdmmandq to create new information files or to execute programs)
are. usually giveﬁ in some command.’language. Most command
languages for information retrieval and general purpose computing
systems are designed for the experienced user, have rigid and
unfbrgiving syntéx, and therefore are not suitable for the average

videotex user.

e) Natural language and ,interrogative (user—friendlyf
interfaces; There seems to be a growingiconcern among designers
of informgtion systems for the casual, nonexpert user. In effect,
‘a number of user-friendly, or Agraceful interfaces have already
been 'dés;gned which accept commaﬁds from the user in natural or
neaf—natural language. However, natural language Ais‘ not a
prerequisiteA of friendly interaétion {20}. Such interfaces are
progrémmed to tolerate deviations of syntax and ambiguities of

meaning. When ambiguities occur, the interface requests




s

- additional information. from the user.

In many instances two levels of interface exist : the

database interface (typically a mixedAcbmmandAand query laqguagé),
and the user intgrface, which is implemented as a translator £from
natural to the command languagé. The latter canm rum on a separate
computer, perhaps on some kind of videotex access  machine [2]
serving a group of users; Simpler versions of such interfaces
seem‘to be applicable in the videotex context; more sophisticated
natural language dinterfaces require the ability to understand
natural sentences (or to simulate such understanding), both highly

complex and time consuming tasks.



3. Terminology : a clarification

The following terms will be frequently used in subsequent

sections. We include a brief glossary imspired mainly by '[3].

Keyword : Grammatical element which conveys the significant
meaning 1in a documents Word indicating a subject discussed in a
document. In record-oriented databases a keyword may be the value

of an attribute, or an attribute-value pair.

Descriptor, subject heading : Word (keyword) or combination
of words having a precisely defined meaning, under which all
documents on that subject are filed and retrieved f£from an

information system (e.g. chronic tropical diseases) .

Classification : Scheme for the partitioning of knowledge‘
in a certaln area displaying mutually exclusive and collectively
exhaustive categories (or topics). Most classifications are

hiérarchical. Each entry in a classification is a descriptor.

Authority 1list : List of words wused in indexing that

provides equivalents for common vocabulary.

Thesaurus : List of words where each word is associated
with other words having equivalent, broader or narrower meaning.

A thesaurus can be an authority list for a particular system.

Index : Systématic guide to items contained in a

‘collection. These =~ 1tems -are represented by entries (e.g.

keywords’, descriptors) arranged in a known searchable order, . such

as alphabetical, chronological or numerical.

- 10 =




‘Pre~coordinate indexing (processing) : Documents thét.enter
the dataBase.are classified acéording to. a fixed (authofity) 1ist
of descriptors; this is uSuallyadone by quélified human iﬁ&e#ers(
On retrieval, the response (documents) ié found in one particular
pléce of the index. The term pre-coordinate indicates that
keywords are combined (coordinated) into subject descriptors prior
to the search process. Examples are back-of~the-book indexes or

the fixed arrangement of menus in typical videotex databases.

Post~coordinate indexing (processing) : Documents entering
the system are described typically by a set of single words,
determined by the author of the document (or by a computer
algorithm). These words enter the index. Coordination of index
words is performed at search time by forming lggical products,
sums and complements on the sets of documents found under
individual index entries. The retrieval 1is controlled by

user~supplied queries, often in interactive mode.

Full text databases : Databases which contain the full text
of the book, article or report that is to be retrieved. Typically
the -user may search the whole database for the occurrence of
pafticular words or phrases -and then perform post~coordinate
processing on the documents 1dentified through the full text

search.

The above notions are drawn from the area of
bibliographical and similar non~record oriented retrieval systems.
‘It is to be seen to what degree these techniques .apply to

videotexe.

- 11 -
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4. Menu-based processing

This section is concerned with a discussion of menu-based

iﬁterfaces. We enter into some . -detail here, since frequent
questibns are asked about the suitability of this approach which
is the central retrieval mechanism of practically all operational

videotex systems..

4.1 Principle

The ©basic principle of menu-based processing is simple ¢
After initialization, the system prgsents a sequence of menu
pages, each containing up to ten numbered selections. The user
indicates his choice by keying.in a number, upon which the next
(selected) menu will be presented until a desired document page is
retrieved. Direct access to an arbitrary page 1s possible by
keying dits page identifier; the~1atter usuall& corresponds to the
sequence of menu cholces which lead.to the page in question from

the root of the tree.

Two points shoﬁld be _noted : (1) Stepping through a
sequence of meﬁus 1s a particular way of inspecting and browsing
the index to a "collection of documents; other methods for
insPectiné the same index exist and will be discussed later in
this .report. (2) The distinction between "index" and "document"
(or data) ﬁages is not always clear; this is particularly true in
Prestei where only one type of page exists, carrying pgssibly a

mixture of index and other information.

- 12 -



The discussion in this section is based mainly on evidence
from the . use o0f current videotex databases [21]}, .and . on
‘conclusions made from a genéralized menu-based system Z0G. {4]
developed at the-Carnegie—Mellén University. ZOG caﬁ_be.used'to
create menus for any application or set of user activities such as
ordering parts, paying bills or retrieving information, regardless
of content. The system differs from Prestel and Telidon in _that
the contents of a display page are stored independently of the
page format; the two are combined at database load time. It is
also possible to pre-defime a class of menu structures in Z0OG so
that given, for example, a description of a restaurant, the: Z0G
éoftware cbuld synthesize an appropriate display page and then
automatically load that page into the network of menus. The
connectioﬁs that allow the user to searéh the restaurant database
would be established automatically. This is in contrast to
Telidon and Prestel wheré pageé~are units whose cross links must
be explicitly specified. The ZOG database maintenance facilities
are - impressive, as demonstrated in pilot applications. However,
it is basically a pre-coordinate sysfem and the probleﬁs and
advantages of this approach from the perspective of users and IP’s
are similar to those experienced with a Telidon-like.database, as
described below. However; we remark in this context the existence
of_simple soft&are ﬁackages that automatically create Telidon~ and

'Prestel—compatible databases from machine readable text sources.
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A.ZJGfeek Restaurant example

- In order to resolve the Greek restaurant problem, the

information provider for a Prestel of'Telidon-like database would .

‘have to structure the index into one-page menus. For example, in .

Fig.2 the menus (indexes) -are organized so that onmne first chooses

-Restaurants from a menu of Entertainments; then from the

subsequent page one would choose Inexpensive, then Ethnic Cuisine
and then Greek. An alternative route to the same information
(cheap Greek restaurant) mightAbe l. Restaurants, 2.Ethnic cuisine,
3.Greek, 4.Inexpensive. In effect many>other orders are possible;
the point is that in either case, the user’s search pattern has to
be explicitly anticipated and built into the ‘data structure. The
information provider (indexer) must therefore carefully analyze-
the problem and then choose and fix an access path which will be
suitable for a sufficiently large number of people. The above

situation is typical fbr\pre—éoordinate processing.

4.3 Retrieval utility

From the wuser’s viewpoint menu-based systems appear to be
easy to use. The user does not need to type words onm a keyboard,
and the permitted actions or choices are explicitly displayed on

the screen. Given touch screeﬁ‘~support (as 1in 20G), the

mechanical constraints on the user are reduced to pointing. . This

approach works well when the pattern of choices at any node of the
menu network i1is constrained by the activity such that the number

of possible choices is small (e.g. less than ten), and the
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meaning -0of choices 1s obvious. For instance, menus have been
succesfully used as interfaces to library circulation systems [472]
or in other computer command languages where the activity of the

user is naturally constrained by the application context. Menus

‘are frequently used in combination with other means of interaction

such as keywords and form-filling.

The second great advantage of menu-based retrieval systems
is their efficiency of retrieval‘(once the network of pages has
been created and loaded). This is a very iméortant factor

in public databases where large numbers of users are

simul taneously active.

Now we discuss some drawbacks of menu systems. In general,
individually specified pages can be retrieved quickly; however,
frequently the user needs to navigate the détabase before he finds
the desired information (if ever); then the total processor and

elapsed time may exceed the time required by other methods.

In some situations, such *~ as information retrieval
applications, it can happen that the number of choices exceeds
ten. The resulting crowding of the screen leads to confusion and
users have difficulty in choosing between large numbers of
alternatives [23]. A related problém'is that users easily get
lost in menu networks [4]. fhis is ‘due to the limited capacity of
human short-term memory which cannot recall mofe than a few
immediately preceding choices and their context. Several methods
hgve been proposed and some impiemented to alleviate this problem,

like backtracking a la Telidon, user-defined checkpoints [5] and

- 15 -



‘personalized. page labels [24]. 'Nope~of these seems :to 'solve the
.problem. Another similar difficul£y  arises from the aepth- pf
classificatory indexes in large databases. If:each menu has at
ﬁost‘ten choices, then a‘dataBase with a hundred thousand pages is
‘at least £five levels dgep. . This means fhat-thé user has to
extrapolate downwards through four 1levels . of terms which are
‘branching from the general to the specific. This problem should
not be minimised because tﬁe user tends to approach information
retrieval with the specific rather than the general in mind (e.g.
a cheap Greek restaurant). At each menu in the hierafchy the user
must guess which of the possible choices might eventually lead to
his §afticular answer. Preliminary research on a trial Teldidon
database [25] suggests that. the average fallure rate on each
choice might be”as high as 20%. In other words the gaverage user
has a 1=(1~0.2)%*5=687 chance of finding a wrong page in aﬁ
unfamiliar database with 100,000 pages, even 4if ‘his choices are
80% successful at any one menu. Admittedly this is a very crude
model of user behavior, but it 1llustrates the point that
traversing long sequences of choices may lead to incorrect

results.

A further constraint of effective retrieval 418 response
time. Experiments with 206G indicate that users tend not to browse
the menus, that is, explore. the ddtabase, if response time for
page retrieval 4is longer than 0.5 seconds. ‘This is a.very
discouraging result if it is confirmed, because it implies that
extensive cross linking of database menus, necessary to provide

multiple access pathways; will not be successful for. large
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databases running on time shared computers with average response
times -in the 1~3 second range. Similar results have been reported

for Telidon [25] and Prestel [26, 27].

Another set of problems derive from the limitatioms of the
pre-coordinate indexing inherent in menu~-based information
retrieval systems. The Greek restaurant.example illustrates some
of the difficulties that the ihdexer has in reconciling multiple
access pathways for the user with the practicalities of creating a
network of explicitly connected  menus. Such problems are
amplified both for the user and indexer if the restaurant
information is embedded in a larger network of menﬁs with many
alternative Entertainments and ﬁany more entries related to
restaurants and facets of ethnic sub-cultures. Under conditions
where +two or more IP“s may be placing relevant information into
different parts of the same database and/or there are multiple

databases in a videotex network [28), the retrieval problem is

virtually intractable using only pre—coordinate, menu~based
indexing. We note that the above scenarios may ‘lead ¢to
situations, where a user 1is supposed to find information

essentiallylwithout being led by an information provider.

Sti1ll further difficulties are experienéed with menus based
on subject heading lists becausevthe database appears hierarchicai
"to ‘the user (although it may be a network), which is generally
exagerated by the natural tendency of humans to think in terms of
hierarchical structures. In Telidon this 1llusion is encouraged
by the navigation commands and the database ‘structure. However,

not all kinds of knowledge and information fit well into a
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hierarchical pattern. This may  turn out to be detrimental to the.

efficiency .of retrieval.

4.4 Database construction and maintenance

Menu-based systems (as generally all computerized
pre~coordinate . systems) are costly to maintain .and producéo
‘Production of Prestel database pages'averages 10-15 pages per work
day [29]. That th;s low productivity is mnot due to inclusion of
color and graphics is supported by results from PROMIS, a Z0OG-like
system which contains .about 35. 000 menus of text (medical
information), estimated to be the result of over 100 man-years of
Qork {30]. Given a very stable high use database, this high cost
of production might be eventually recoveréd. But since many of
the proposed videotex applications include ephemeral information,
and videotex databases will need. to grow rapidly to é useful size
to be marketaﬁle (217, the pfospects' for éost—effective
maintenance and production aré not good for large commercial
‘databases. Some preliminary calculations for Prestel,‘which still

appears to be subsidized support this conclusion [27, 31].

Also of concern,\particularly to Telidon, but tq.a lesser
degree to Prestel ié that . the database structures are closely
linked to a hierarchical tree organization. Each page has a
logical ndmbér which refleété its position in the tree.
Reorganization of the'menué (index) alters these numbers. It '1is
therefore not easy to Qse such-numberé.as shortcuts to particular

pages because the information associated with a particular number
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»will<;hange over-time.viThis.proble@;is discussed. in detail in
[6]. ~ We.  remark 'ﬁhat the:‘ZOC_system does not suffer from this
shortpoming because the page numbers are associated ﬁith the
‘content rather than a particular node in the menu‘ﬁétwork. This
allows the database manager much more free@om .to reorganise - the
‘database and index cost.effectively without affectiﬁg,eStablished
‘user pattermns or printed.userlaids [4, 28] ‘The separgtion of
content, page structure  and meﬁu-network structures from each
other as well as from the physical database structure permits this

flexibility for Z0G-based applications.

4.5 Appropriate applications of menu systems

Most of the preceding discussion concerned problems of
large and potentially changing menu-based databases. There exist,
on the other hand, a large number of well established applications
for which the Prestel and- Telidou-liké technology seems very
suitable. The common characteristic of these applicatiomns is that
they are relatively small and they feature stable question-answer
patterns well known to the general public. 1In these services the
user always expects to find the same lkinds of 4information or
options under standard headiﬁgs, althdugh the details may be

varied by the information provider.

Such small and stable services can be roughly divided into
two groups retrieval and transactional. Evidently the
distinction between the two is fuzzy; for dinstance tramsactional

applications may involve accessing large databases, as in banking




applications. 1In anyAcase;_thé réquirements on the user interface -

are . similar < and our ' .remarks 1in ~the preceding paragraph apply

equally -to both groups of services.

‘Indexing for such stable services can be very cursory and
retrieval will be quite efficient with simple subject headings and
limited hierarchies within categories. Examples for information
retrieval are weather reports, mnews  _headlines or the daily
horoécope. The index could be displayed as a short series of
menus . ‘'and choices indicated with a numeric keypad. Due.to theif
limited information domainvand size, such applications seem to be
ideally suited for implementation on téletext. These services are
stable enough for paper indexes, such as " the ones provided for

CEEFAX, to facilitate access to the appropriate page.

Examples of limited Atransactions are reserving a theatre
ticket or ordering a pizza for home delivery. For such processing
the supporting system must be two-way (videoteg). It is dimportant
that the number of altefnatives presented to the wuser at any
decision point is small, ‘e.g. . four sizes of pizza or eight
choices for topping. Also the ntr&nsaétion hierarchies must be

"shallow, or else the wuser looses tfack of previous choices and
become§ disoriented. Such transghtions~are easily supported by
menu software which has been designed to provide pre-coordinate
indexes, provided that in a large database'it is easy to reach the
root node for the transaction; (For example, Prestel sol;es the
access problem to entry points by advertising the numérié address
-0of certain important nodes.) Thus a hierérchical menu based system

with a numeric keypad ‘for -user input can support: simple
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activities 1like those described .above without over-extending the
user’s. tolerance of a ~potentially tedious and disorienting
interface and without seriously distorting the natural pattern of

a transaction.

4.6 Summary

In summary, we can say that the key to the successful
application of menu~based systems in videotex lies in conceiving
the database as a well-established collection of well~established

services with little cross~linking between them.

This in turn implies a segmented database with each
sub~database providing a particulaf service or group of related
services eg. fast food ordering. The user could be directed to
the correct sub~database either through a stable printed guide or
through a 1logon procedure and account/subscription information.
In this way the inforﬁation span (sub-database) to be covered by

the simple menu indexes remains within the scope of this

technology.
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5+ Pre-coordinate keyword processing

5.1 Example of a system

The Teletel-STAR experimental system {[5] being developed in

France 1s a hybrid videotex system which allows the use of both

menus .and keywords,. For a detailed comparison of the wuser
interfaces for STAR, Prestel and Telidon, see [32]. The STAR
database 1is organized in a unique way. The dinformation content
displays are organized in pages much like Prestel. A large number
of pages can form a multi-paged document and doéuments can be
cross—linked within a dataﬁase. The .unique featufes~of.STAR
derive from the ability to store a program with the first page of
any document. This program d1is executed when the document is
-displayed to the wuser, Iand it controls the way 1in which
subsequent document pages are retrieved in response .to the user’s
input. The various features of the programming language in .which
the program is written allows the IP to take into account not only
the current page and the curfent menu choige but also previous

choices. If the wuser inputs a keyword, the document control

program can search for a match to the keyword in any - of three

dictionaries 1in a specified order. Each dictionary is a table of

‘keywords where each'keyword is paired with a pointer to a single
~page in the document or to another document. No facilities are
provided for kejwords to point directly to more ﬁhan one page.
However, this dictionar& facility is_ unique in that keyword
searches are restricted to a particular local area of the

database. The aggregate of these facilities makes the STAR'system

~ - 22 -




responsive not only to .the user’s immediate context but also to.

- the pathway by which the user arfivedAat the current page.

5.2 Keyword system .at the Universite de Montreal

It appears that some form of keyword capability is
definitely desirable to enhance retrieval operations in videotex.
In order to test the idea, an experimental project is under way iﬁ
our group at Universite de Montreal. The aim is to add keyﬁord
capability to a standard Telidon database system. In order to
avoid lengthy searches in large global directories, it was decided
to limit the sSize and scope of directories and to provide (for the
IP) a facility for defining a directory at any desired nbde. When
the user enters a keyword "(he is free to.do so at .any time) while
examining a given page p, then the directory to be searched 1is
either the one lassociated with p (if it exists), or the .one
~associated with the closest ancestor of p on the path toward the
root page. Fach directory (d) has a list of up to tén alternative
directory numbers associated with it. These directories are

searched when no match is found in d. There is always a directory
associated witﬁ the root node of the datébase, whose ﬁurpose is to
serve as a directory of aéplications (services) contained in the
-database. The<otﬁer'directories may serve users within individual
vapplicatiqns.. This system is simpler than STAR in that it has no
control programs and only ohé dictionary is seérched for a given
keyword. On \:he other hand, . provisions are made for multiple
‘pages (up to ten) pointed tovby aAdiétionary.entry. Multiplé hité

are presented sequentially to the user.
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5.3 The Greek restaurant example-

" Figure :3 'shows' how oﬁe might structure a Resfaurént
.database in STAR+ 1In the first instance it‘migﬁt be possible to
find+ the Restaurant page by direct keying of Restaurant as a
.keyword. The first display might be a menu simi;ar to Figure 2 in
which a numerical choice could ‘be made or a keyword entered. For
example the choice of Inexpensive (cheap but chic) might lead to a
page which, in turn 'would solicit keyword input and search that
word against a dictionary of cuisine types. Each entry in this
dictionary would point to a list of appropriate restaurants.
Alternatively the document control program could take any keyword
input in response to the first menu against the same dictionary of
cuisine types. This provides a shortcut for the experienced user,

protects the impetuous user from inappropriate responses and .also

provides a more directed path for the naive or uncertain user. It .

should be mentioned ‘that "help" pages showing which keywords are

expected next by the system are also available in STAR.

This technique can also be used to mimic the boolean
operations of poét-coordinate keyﬁord systems. For example,’if in
response to the first menu the user inpﬁts Cheap, this word might
be found in a_second keyword dictionary which lists synonyms or
related terms. These could leaa to another page soliciting

further' dinput at which point Greek would 1lead, via a third

dictionary, to a list of Cheap OGreek Restaurants. This latter.

directory look-up -executes an implicit AND operation. 1If each

restaurant were allocated a separate page, the .control program

‘could" be used to extract any subset by way of aﬁticipated and .
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pre-programmed boolean operations. Note however, that the user’s

terminology  and particularly 1hisﬁ search -strategy -must be. ..

anticipated by the programmer (IP)»&s_in‘menu_systemsx

~

In the above sense the STAR indexes are .pre-coordingte.
However, the keyword dictionaries plus the docﬁment control
program .allow ‘the IP to.-overcome some of .the deficiencies _of
wpre—coorainéte prbcessing. For _éxample gynonym -access can be
relatively easily provided and new access paths | can be
incorporated via the coﬁtrol program without disturbingA the

document pages.

Unfortunately at the present time there is little
experience available with the use and acceptance of STAR. This
will gradually change in the near future when the system Wwill be

tested in field trials.

5.4 Discussion : suitability for videotex

Pre-coordinate keyword. processing as iﬁ -the above two
examples can be a useful complement to existing videotex systems,
providing shoftcuts to selected points in the database or .to
sqb—databasesu However, this.type of éystem is still too close to
the underlying :menu based retrieval.System.and it is not capable
of proViding sufficient precision in indexing or of Asupporting
numerous uéer views and search stratégies [32]. In new system

_designs the use of keywords should be carried further, to include

post-coordinate facilities.




6. Post-coordinate keyword processing

6.1 Explanation based on commercial systems

Since the late 1950°s, alternatives to pre-coordinate
(classificatory and subject heading) approaches to information A
“retrieval have been developed. These new systems are based on two
assumptions. The first is that single words (keywords) extracted
from the source documents can be used as tokens to represent the
knowledge content of the document conperned- The most extreme
form of this i1is the uni-term approach of Taube [33], permitting
exclusively the use of single words. 1In practice, some keywords
must be combinations of words, lik% for example '"character
' string", where the meaning of the;combination is different from
thé combination of the meanings of the words individually. KWOC

systems [3] are a well known example of this.

The second assumption is that mechanical cﬁmbination of
document sets retrieved by such keywords can produce collections
of documents that contain knowledge or information equivalent to
that represented by the combination of keywords |used _for
searching. Because the indexing method relies on combination of

"single terms at the time of search, such sys;ems are called
postvcoordinate; often abridged to "keyword systems". (Thus the

term "keyword" is génerally used with several meanings!).

‘The cléar >difference' from pre—~coordinate systems is that
indexers now have only to describe the content of the database,

without having. to anticipate the wuser’s most 1likely search .
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strategy.. The. onus " i1s .on the search . mechanisms of the.
. coordination system, -usually  baséd‘on.boolean.algebra, to allow
the:ﬁser to establish. an ad hoé se#rch strategy that will .extracﬁ
information .from the database. This approach generally simplifies:
indexing (especially when the indexer 1s not the 1IP) and
complicates searching, a form.of‘externalisa;ion of work from the

IP to the user and -the computer.

During the 1970’s very large post»coord&nate, keyword based
systems were developed for bibliographic information. The three
largest are ORBIT [34], DIALOG [35] and BRS [36]. Computerized
seafches of these and numerous other similar systems are now a

routine service in many public, uﬁiversity and special libraries.

6.2 The Greek Restaurant Example

The ?estaurant problem could be handled by a
post—coordinéte system in a'number of ways. A straightrforward
approach would be for the restaurant owner to assign descriptive
keywords to his. advertisement, prompted by the IP who has some
knowledge of the users’ search'habits. A list of keywords e.ge
Restauraqt, Greek, Inexpensive, Dionysian, - Outremont could be
stored in an inverted index together with péinters to the
. advertisementf At the time of -search the user might type, -using

ORBIT style syntax @
SET1 = Restaurant AND Greek AND Inexpensive

The retrieval system would retrieve all documents that were
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indexed by all ‘three ‘words. If too many.documents were found,

then the user might add :a further condition :
SET2 = SET1 AND Outremont

-s0 as to reduce the number of restaurants to only those in the
Outremont ‘district of Montreal. In more advancéd.systemsfthe user
might be able to search -the content of .the advertisement for

particular expressions so as to retrieve more precise information.

6.3 Discussion : flaws in current systems

The commercial success of post-coordinate bibliographic

t

sysems indicate the potential of this approach for large, diverse

videotex systems.‘ However, before approaching this subject we

have to discuss some flaws and problems of current systems. Major
problems for searchers derive from both the system interface and
the inaexiﬁg method. User command languages are the subject of
the next section; here we concentrate on the second group of
problems. It should be noted that technically such database
‘systems could handle records (pages) of Telidon PDI’s right now
‘because these are just'ASCII‘bytes} Oniy the terminal handling is

different.

One aspect of the indexing #roblem is terminology. In some
areas of . knowledge there may be disagreement over what terms
;Should be used to describe particular concepts or phenomena. The
converse 1s also true in very large databases; the same word may

be used by differentlIP’s to describe wunrelated phenomena. The
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concepts. of authority:  lists and thesauri have subsequently .been
‘introduced in keyword systems..in,~an attempt to control this
bterminological problem. Thesauri can aid a ‘"searcher either
offline or online by autoﬁatically expanding a keyword search to
inclu&e all synonyms to the user’s inpdf or by advising the user
that similar or related information is stored under keywords of

broader or narrower scope.

A related problem is that i1in free-vocabulary keyword
indexes the searcher usually has to enter all varianﬁs_ of a
keyword in order to maximize the amount of information retrieved
(e.g. cdmputer, computing, computed, computational, etc.) »
Various solutions have been proposed to overcome this and similar
problems such as spelling variations '(coiér, colour), various
transliteration problems and ~spelliﬁg -mistakes. The methods
proposed include Qord truncation, .wild~card characters, word
-stemming and vafious closeness of fit criteria [7, 37]. Similar

lexical processing is found in the French Directory System [57].

‘A combination of thése methods with thesauri will ‘simpiify
the user interface i1in terms of.mapping the user’s spontaneous
vocabﬁlary to that of the mofe considered vocabulary -of the
indexer. Such techniques will have to be considéred'for future
videotex systems right from their dinitial design 'since -the
algorithms are .difficult to add omn to'large databases. However,
it should be remarked that string manipulation algorithms require,
in general, 1arge~ amounts of computing pow;r; this aspect 1s of
‘extereme importance in public systems which have +to serve large

numbers' of users efficiently.
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6.4 Suitability for-vi&eotex

First we remark that bibliographical databases are 'not the

only systems usiung post—coordinate,ptocessing. For~exémple, many
record-oriented .database wmanagement sysﬁems [8] provide logical
operations to facilitate retrieval, which 1is an essential
‘criterion of bost-coordinate indexing. In particular,-relatiohal
databasés may be thought of as systems -where keywords are arranged
in tables (relations composed of tuples). A relational search is,
in essence, the retfieval of tuples (documents in bibliographical
systems) which contain pre-spécified logical combinations of
(other) keywords in specified columns. The principal diffefence
is that 4in the relational ‘database queries and results. of
retrie§a1 operatiqns are composed of . siﬁilar entities (i.e.
keywords), whereas in bibliograﬁﬁical systems the retrieved

" documents are qualditatively different from keywords.

There -are many other similarities between record-oriented
and other types of databases; unfortunately the literature tends

to treat each class separately.

Another characteristic inherent ia the post-coordinate mode
of processing is the dynamic syn;hesis (or at least formatting) of
résponse information instead of just following one of the possible
predetermined paths. ~ On retrieval the necessary information is
.éxtraéted from the database and a résponse is formulated according
to the "user’s query and the interface language of the system in
question. - A simple example of such dynamic synthesis applied to é

typical videotex situation would be. the creation of a page
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L////// Ideas from record-oriented database processing are

containing the list of all cheap . Greek restaurants- (instead of

displaying all individual4advertisementsgsequentially).

In our opinion, the . abowve mentioned types of
post-coordinate processing are both applicable and desirable for

future videotex applications. Clearly, such processing may be

provided by third party databases (which are not covered din this

T T T —— e, v

report); ‘however, specilfically videotex oriented ‘applications
C_.——-"/’,‘\ ~

would also greatly benefit from such capability. In effect,
granted the inclusion of keywords, post-coordinate manipulation of
retrieved page sets comes as a natural extentlon, as i1llustrated

above by the restaurant example.

applicable to videotex in a number of ways [6]. Besidé
maintéining keywofds in a separate, perhaps relational database,
one might use preformatted records for Prestel-like '"response
pages" or other form filling épplications. As an example an
experimental interest matching project 1is under way in our
laboratory, employing a relational database management system RISS
[9]s Standard relations are built for various "services" such as
real estate or cars, and used to strudture‘the interface. It is
intended thét the users input be used as a search argument for

matches in a relational database of '"wanted" or "for sale"

relations as appropriate. Such a facility does not distinguish.

pemae ="
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facilitate personal transactions, truly two-way videotex.
Looy EWo~

et e e e Y
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6.5 Efficiency problems .

From the above discussion it follows that there are two
problem areas which have to be addressed before some form of
post-coordinate processing can be included in large-scaie
commefcial videotex systems. The first is that of the easy and
friendly interfaces-;hat such systems should presént .to their
(mostly mnaive) wusers. We deal with interface languages in the
next Seétion; however, here_we caﬁ say that a large body of
theoretical and experimental work exists im this area, since other
systems also recognize the necessity for habitable interfaces. It
seems that suitable interfaces can be -established for the small to
medium complexity retrieval and transactional applications
envisaged for inciusion in near future videotex systems (see

Figure 1).

The second problem area "is that of efficiency. Since
videotex has to serve many users at low cost and fast response
pime, efficiency becomes.a prime concern in such large public
systems. Méreover, it seems that many deficiencies ;f keyword
systems mentioned above as well the requirement £for acceptable

user interfaces can be tramslated into requirements for imcreased

a——

computing power. We believe that in this -context the answer lies

in multiprocessing, which is inherent in distributed videotex

networkse. The. overall tendency toward distribution in such
systems was discussed in [2]. A mnatural way of structuring
distributed processing is ‘the provision for '"videotex access

machines" (VAM) which would execute a number of user-specific

functions (such as logomn, statistics, accounting, handling of the
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user context), for a limited number of users. - Interaction betﬁeen
:VAM's and the main database(s) would .be on a strictly
transactional basis (only individual pages requested and

returned) {2). In such a distributed system the main burden of

LS

e e

processing keywords and implementing a suitable interface would be

SR

~ T ————
:placed on VAM’s. These can. be built modularly with as much

~— e

microprocessor-based computing power as necessary for a given set
SN e

of functions and a given number of users..
JRtin Al el e
-

7=

The above mentioned interest matching project is actually\a
development in this direction since all relational processing is’

done in a separate remote computer. In this respect one should
w
also keep in mind the developments of special-purpose, high
W - o
performance hardware for relational and string-matching purposes
LN / .
[1075137).
e

N
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- 33 -



7. Interféce_languages

7.1 Introduction and classifications

The interfaces outlined in section 2, Figure 1, seldom _
‘appear in practice in their "pure" form. In real data retrieval
and transactional -systems they are typically embedded in:aﬁ
interface language with dits own syntax‘ and semantics. These
languages have different mnames such as command languages, query
languages, interrogative languages, data languages etc. Each of
these have their particular flavor, but their application areas
generally overlap and bear in one way or .another on videotex
technology. For this reasén we will simply wuse the term
"interface language" and attempt to classify them according to the

following important characteristics and criteria.

a) Artificial vs. natural language iﬁterfaces. Most of
‘the actual languages are artificial, for the simple 'reasoﬁ that
they are close to the programming languages used to implement the
underlying system (sometimes the interface language is an integral
part of a data retrieval system). Therefore 1t takes less
programmer effort to ‘design the languagé. Frequently such
languages suffer from a lack of user—ffiendliness and they are
hard to learn and to ' remember .especially for the naive user.
- Natural languages on the other hand require complex. processing in
order to translate natural sentences into simpler and unambiguous

commands acceptable to the rest of the system.
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‘b) Involvement of artificial intelligence (AIL) techniques.

: ’ ) in the

language statements. ‘This -applies mostly (but not uniquely) to

process of interpretation and execution of interface.

natural languages. AI can be used for-parsing, understanding (or
rather simulation of understaniding) the sense of a statemgnt, and
for .searching and representing data in sophisticated Kknowledge
»béées and expert systems. An excellent overview of this area is

found in [19].

L/////

3///”//’ c) Levels of system-user interféce. An dincreasing number

of systems now feature more than one level of interface language.

One way of creating multiple levels is to provide simply nested

3 subsets of available commands; only the simplest and most
frequently used facilities are available on the first level, etce
This 1is analogous to various "easy" subsets of PL/1l, Pascal and

other programming languages. Another, and more important method

.for multiple interfaces consists of inserting a "user agent"
between the user and the database thereby creating two

interfaces : one between the database and the agent and the other

_between the agent and the user. The former (called database

interface) can be optimized for databasé interaction and typically

has a concise syntax and command structure. It 1is primarily an
interface for |wuse By the user agent and other application

programs, but it may also be also available to the expert user.

The other interface (user interface) is designed for the casual

user with friendliness, robustness, ease of use and similar human

F . factors din mind; the wuser agent then Dbecomes 'in effect a

translator between the two language levels. In addition, the




‘notion of user agent . lends: itself naturally  to system
distribution : it can be implemented in intelligent terminals or
in videotex access machineé (in which case they are shared by

multiple users).

ot

[
\//’//// d) Procedural vs. specification interface languages [l1l].
In a .procedural language the programmer has to dgscribe how to
obtain the given objective; in specification languages one ‘has .t§
describe (specify) the objective, but not the method to obtain it.
The difference between the two is often blurred; As an example,
We can say tha£ datab refrieval by Telidon-like menus is more
procedure~-oriented because the user has to give a 8sequence of
choices, that describe how to get to the desired data. Retrieval
by keywords is specification oriented because a query specifies
essentially only éhat should be retrieved. It is not clear which
of these two types of languages 1s more ;uitablé for videotex; it

is possible thét this parameter is irrelevant in the long view.

e) Retrileval vs. transactional languages. Here again the
distinction is blurred and as ﬁiﬁh*interactive syétéms in geﬁeral,
it 1is safer to speak of (retrieval or transaction) "otientation™
or "flavor". ‘Transactional applicatiéns usually involve some
"side effects" ' (such as delivery of ordered merchandise or
transfer of money), in addition to cqnsultations of .a databaseo
However, we remérk that this report is primarily aimed at database
reFrieval systems and it does mnot fully cover interfaces to

interactive systems.
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For the purposes of this study, points a) to ¢) above are
the most relevant, although examples and references to all types. -

of systems are found in the following sections.

7.2 Artificial interface languages

Classical examples of this. class of languages are the
control languages of general-purpose computer systems. These
languages . incorporate a large number of commands intended to -
direct, in addition to data and file oriented functions, a number .
of other activities such  as program -execution, nresoﬁrce
management, etce. Compﬁter control languages are ﬁotorious- for
their rigid‘ and unforgiving syntax, concilseness and cryptic,
hard-to~remember symbols. They are designed for efficient use by
experts. 0f course, limited subsets of control languages can be

easily learnt by the casual user of‘general—purpose systems.s

The situation i1s somewhat different with specilalized
database and data retrieval = systems. Here commercial
considerations dictate that the systems. be easily usabie by

‘nonexpert users and considerable .amounts of work have been
invested in various types of wuser-friendly, -easy-to~learn .and
error tdlerant interfaces [ll][ZO]._ Evidently this 1s extremely
imﬁoftant-for'videotex applications where the typical user is an
averagel TV viewer 'and. the_ possibilities' for user instruction.

appear to be limited.

We now proceed to a brief description of some known

dimplementations - of database interface languages which have been
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designed with ease of use in-min&g One f;equentlyv used approach
is the use of menu selections to prompt the user, eg.

1. SEARCH - 2. PRINT 3. LOGOFF etc.
which can be implemented with Z0G. - A second possibility is to use
a default interface as in the QL (Quick Law) system [39)+. QL is a

full text .database system with a default mode of FIND together

with a boolean default of AND. A request may consist -solely of

several keywords separated by commas, like
Greek,Restaurant,Outremont

which is interpreted to mean "Find.all texts with the words Greek,

Restaurant and Outremont". Text output is automatically sorted

and ranked according to the aggrégate frequency of occurrence for

the keywords so that text containing .all three terms would be

listed first. This technique- also works wéll on the Globe and

Mail newspaper database [40]. ‘Since its inception QL has also

added explicit boolean -algebra based query commands for citatiomn

-databases. Telidon-like user interfaces can be seen similarly as

default based languages.

A pumber of interesting interfaces have been created to

relational databases. A microcomputer based system called WHATSIT

[41] stores information in 3-tuples of subject, tag and object,

eg. <name>, phone, <7-digit number>. ‘Separators are -either "'"

or "s", giving a syntax~éuch as 3

"Bob’s phone’s?" reply : "Bob’s phone’s 737-8765".
N
WHATSIT can match on any domain of the 3-tuple for retrieval and
the user can add new tuples at any time by typihg in the new

information. Even though WHATSIT’s syntax is too simple to deal
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with problems like the Cheap Greek Restaurant, it°s approach. isii

égfﬁﬁéiﬂlxg_mnnxh——auxanina_;gurther as iL_§sgmuLJxLimL§gisghlg;inz,i

simple videotex applications eg. persomnal file service. ‘We ..

remark that similar attribute—object—valué.systems have existed

for some time eg. LEAP [42].

Another well known~relapional database management system ‘is
System R [8). Several interface languages have been concieved for
interactive applications of R (the systéﬁ can also be accessed by
application programs running in Dbatch), ﬁotably SEQUEL-2 and
SQUARE. SEQUEL~2 ([12] 41is a powerful language equipped with
commands for retrieval, data creation and update, manipulation of
relations _and control ~§f user access rights. Queries with
attribute-value pairs and boolean operators are embedded .in
SELECT~type commands for retrieval. Additional'facilities for the
specification of queries are gvailablé.such as built=-in functions
SUM, MAX, AVG. These are épplicable in cases where the query
specifies calculations dinvolving a number of tuples possibly
belonging to several relatioms, eg. - to find the éverage salary of
all_ employees 1in a department, or to find the cheapest Gréek
restaurant in Outreﬁont. SEQUEL~2 is an example of a
"non~positional” language, in - that different parameters of a
command can be entered in any order, each preceded’ by an

"identifier uniquely identifying a parameter.

SQUARE [13] is a language which-ls nearly identical to
SEQUEL-2 in its capabilities; however it has a different kind of
syntax called "positional". Here the composition of a command is

a combination of menu selections and form f£illing; typilcally .the
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system displays to the -user apreformatted screen much like a ..,

questionnaire where different fields have to be filled in to :.

complete the command. This kind of interface could be created

using "action pages" available on Telidon.

SEQUEL-2 and SQUARE Qere compared in a psychological study
as to their 1learnabilty and acceptance by both programmers . and
non-programmers [8]. The results indicate that SEQUEL-2 1is
slightly preferred by both groups; however this evidence is not
conclusive and it should not .be implied that "non-positional"
syntaxes are preferable to positional in general. On the
éontrary, it wonld appear that the form filling approach is
preferable in often mentioned potential videotex applications like
advertising, interest matching and messaging. This seems to be
supported‘ by the success of Query-by-example [8] .or VISICAL [43],

which are two—&imensional,.screen oriented positional languages.

Participants in the SEQUEL-2/SQUARE experiment suggested
that SEQUEL-2 <could be made more user-friendly by making it
layered and by providing for spelling corrections (using synonym

directories or word stemming).

An interesting example of a two-level interface to
bibliographical retrieval systems _is described in. {15}, The
systems in question afe the MEDLINE, TOXLINE and CATLINE databases
running under the ELHILL-III database management system of .the
National ILibrary of Medicine. The three databases use a
| sophisticated command . language  with many facilities; a

usér—friendly' version is implemented by dintelligent terminals
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essentially by excluding some complicated commands, using form-

f£1lling techniques and  providing a simplified display of search

results. In this context one should mention a succesful Projeét

reported in [16] aimed ‘at creating a common retrieval language :

(user interface) for a group of bibliographical = databases, ééch

having different database 1interfaces. One can envisage the .

possibility of creating .a -similar common interface for various

videotex systems in North America.

7.3 Natural language interfaces

The exciting péssibility of communicating with a database .

system in natural language (or rather some subset) 1is recieving

considerable attention in the databése community. .In a recent

overview [44], 52 ongoing or completed projects are reported on

the subject. According to the majority of authors natural

language 1s the ideal means of communication. with the computer;

. however a more cautious approach is found in [11].

Most mnatural language interface systems fall in two large

~groups : a) Two-level interfaces, where the database in question"

is a more or less standard system with an associated command
language; the natural language input from the user 1is translated
by the wuser agent. The latter then can be considered as an

autonomous module suitable for distributed implementation;

b) Questionm énswering and expert systems, which are knowledge .

bases containing complicated forms of Iinformation  represented

implicitly, that 1s, answers to questions (queries) have to .be
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synthesized by .highly nontrivial deductive prbcessingﬂ. and
searching. ‘ﬁoth of-~these.;grouﬁs;frequently rely on artificial
intelligence  techniques moétly in the areas .of natural sentemnce
parsing, dealing with ambiguities, data representation and search
strategies {1n group b). An excellent review of AI applications

for data retrieval is found in [19].

The typiéal pattern observed at the user interface is a
"clarification dialog" serving to elucidate the precise meaning
and dintention of a query. A simple example'of_such a system is
SMART [45]. The system emphasizes feedback from the wuser as a
means of refining. and dimproving ‘the accuracy of bibliographic
searches. Although S%ART is basically a command language system,
it allows the wuser to enter value judgments about previous
searches, and these judgments are automatically included into the
parameters for subsequent searches. An examplevéf feedback is
assigning weights to keywords that- are judged relevant to the
search. Another is the automatic incorporation of additional
keywords derived from citations but mnot wused in ghe user’s
original query. SMART is a laboratory system but aftempts have
been made to apply these p?inciples to .the MEDLINE database. No

data are available on the user acceptance [46].

}///// A further example of the two-level interface concept is GUS
(Genial Understanding System) [47]. It belongs to a «class of
systems based on the cobncept of frames [48]. GUS analyses natural
language input to discover variables that fit into its wvarious
frames. The frames in tﬁrn guide the GUS programs to solicit

further information to complete the frame. Once this is dome, GUS
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can . carry -out an action or . mové«on to anotherlframe.“ln one
3applica£ionvit was used with an . airline reservation system to
~demonstrate the usefulness. of thé frame approach. Here a typical
frame represents a -flight and éontains' slots' or variables for

passenger, departure point, destination, date, etce.

The habitability of GUS is improved by its ability to cope
with ambiguities in the English language. For example, 1t can
respond correctly to inquiries such as "Is there an early flight?™
or "I’11l take the last one" or "How about next week?" GUS
approaches the expert systems discussed below in its apparent
intelligence; however its competence is limited to the information
domain encompassed by its frame system, which is not easy to

change or gradually modify.

An attempt has been made to produce a generalized frame
- system. The programming language called TAXIS [49] supports the
building of specific frame-~based applications in much the same way

.as Z0G supports menu interfaces.

ROBOT [17]) is.-é commércially available natural languége
translator (user agént)1 It acéepts the wuser’s inquiry in
Engiish, produées.a_number of possible parses and -then proceeds to
consplt the database to choose the most likely i;terpretation. If
there 1is no clear winner, the user is asked to clarify the query.
ROBOT handles. relatiyely simple dinquiries in a restricted
commercial-style ‘database. For example, 1t <can process the

following~queries succesfully : l. "Singles in Chicago?" 2. "Who

are the secretaries?" 3. "Which of them live in Detroit?" The
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latter -question yields a list of .secretaries living din Detroit

rather than the reply "No singles in Chicago live in Detroit."

Interesting resource wutilizationm data are available for this’

»systeﬁ : ROBOT requires 200 kB of memory and takes <l sec to-

process a typical query (not including data retrieval).

Next we discuss briefly question answering -and -expert
" systems. The emphasis of these systems is on the ability of the
system to answer questions, recommend actions or diagnose
conditions rather than on mnatural language understanding.
However, the extant expert systems Asuch as MYCIN [50] or
PROSPECTOR [51]) do have natural language interfaces even if the

language is a little stilted.

As an exampie? MYCIN is a suite of computer programs that
"uses tﬁe clinical decision ecriteria of experts to advise
clinicians... regarding selection of .appropriate anti-microbial
fherapy"[SO]. It 1is designed to make available the expertise of
the best and most experienced diagnosticians to less experienced

or less specialized practitioners.

Question answering systems are generally designed to accept
natural language input and generate <actual answers rather than
references (citations). Some are designed to answer questions
directed at 'a known database of restricﬁed c&ntent, while others
are . attempts to produce more complete systems that "understgn&"
not~on1y queries but also ﬁheir -associated database contents.
- Codd [52] suggests that such interfaces should have the following

capabilities ¢ 1. be able to clarify the ‘user’s request,
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2. restate the wuser’s query, 3. separate query formulation from
Hdatabaée search, 4- employ menu seléctians as a ‘fallback and
5. prb#ide a definition  capability for wunknown -conceptse.
Rosenﬁerg [53] adds thaf such an interface program should ideally
be domain (content) independent and interfaceable via standard

. protocols to a variety of ‘databases.

Although most authors comnsider matural language interfaces
generally more desirable for interaction with humans than other
types of interfaces, a more balanced view. and a short 1list of
disadvantages is found in [11]. These include : 1. long
clarification dialogs, 2. -excessive processor overhead,
3. unrealistic and ambiguous questions from the user, and 4. false

impression of large machine intelligencé.

;
7.4 Interface languages in videotex

It is not easy to evaluate the applicability and potential
impact of this great variety of interface languages to videotex.
There seen td be two groups of criteria for such an evaluation.
‘The first is related to human factors such as friemdliness, error
tolerance and ease of learning; evidently these criteria are
-eminently dmportant in Vaﬁ environment where the typical user is
the ponexpert nonprogrammer, possibly without Aany' inclination
‘towards understanding the working of the system. The second kind

of criteria concerns efficiency and resource utilization issues.

Another issue to be mentioned here relates to the fact that

people are able to learn and manipuiate,quite complex systems and .
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‘machines when they are sufficiently motivated <(economically or
intellectually). Therefore. the problem of whether a given
interface mechanism ié applicable, or "simple enough" for videotex
is - closely linked to the system provider’s ability to find useful
and interesting applications. It 1s therefore very iﬁportant that
the interface not be studied in isolation from the application

. (see also Figure 1).

‘In the realm of artificial interface 1languages 1t seems
certain that sdme form of keyword based querying capability (with
an appropriate language) is desirabie for videotex. For example,
a WHATSIT type system could be provided for the management of
personal files of users. Nonexpert students wusing SEQUEL-Z ' and
retrieval 'systems like ORBIT and DIALOG have acquired'sufficient
skill to accomplish simple searches similar to the  Greek
resfaurant example in wvery short time [54]. A similar success
wlith computer nai§e ﬁsers of EIES has been reported [55]. This
computer conferencing system has_a_mixed menu and command language
interface which has been réadily mastered by that wubiquitous
‘woman-in-the-street, the secretary [55]. This demonstrates that a
nuniber of relatively powerful interface languages are within the
reach of the layman ‘user;.it is up to the service providers to

find suitable applications.

The situation is somewhat different for natural language
interfaces. = These are designed with e#sy use in mind and the main
problem becomes that'of'efficiency when uéed'by many subscribers
simultaneously.. Alsé ﬁost systems gre'hot yet mature enough to be

applied commercially.
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- g X
One can see many applications of- éxisting interfaces to

videotex. GUS ~type interfaces »could-be‘used.with\all kinds. of
reservation systems, like restaurants -and travel. For travel
agents and travellers it‘might.iead to individual package tours;
for tﬁe restaurant patron it could mean automatic booking of a
window table and a preferred menu. More generally, such natural
language interrogative interfaces could be applied to fairly
complex transaction oriented services such as negotiating a
consumer loan or shopping for ‘"something for my nephew’s

birthday".

Expert systems such as MYCIN might be applied in the

videotex context to any field of éonsulting eg. small business
taxation or career counselling. Access to such databases through

a videotex network could lead to use by para-professionals or the

general public, perhaps making store-front medicine or even "bare

foot doctors" a reality.

A different kind of possibility emerges for large -scale
videotex networks with ‘multiple databasesl linked by a‘
communication network. Iﬁ fact a prototype of this kind has been
developed for the U.S. Navy [56]. .This system called LADDER
(language access to distributéd data with error recovery),
provides access ‘to various Navy databases as an aid to .planners
and decision makers. A videétex .application for this kind  of
approach might be an automatic banking system for multi~state or
mul ti~-national banks which would allow a usef to move funds
between branches, accoﬁnts or even currenéies. Analogous ,

situations exist in the commodities market, wholesale or retail
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trade, or inter-library networks.

The key to successfully dealing with performance problems
inherent in most matural language dinterfaces (1-20 seconds of
processing time per query tramnslation) is our ability to
modularize, distribute anq if neéessary, duplicate system
functions. As we stated above, this is relatively easy to:achieve
wifh two~level interfaces or with keyword systems where indexes

"and index lookups might be implemented separately.from the main

databases.

As we have seen, a great number gf " implementations and
proposalé exist for improving the interface to interactive systems
in general; however, only few of them are specifically aimed at
videotex. . We can name the following references : A
micrOprocessorwbased-iﬁtelligent terminal ETA [18], vrealizing a
natural language interface for Telidon; the French telephone
directory system, using a simple .form—fillihg technique, and a

command language for keyword searches recommended in a recent

report [58].

We wish to complete this section with an observation : in
. ——

our opinion too little research is being done in order to find out

g

the reaction of the public to novel approaches, applications and

interfaces for videotex. Almost all work has been concentra;ed on

———

the ;ree—structured(databases and menu choices and almost nohe on
testing simple but different approaches like keyword or record
oriented databases. Much more psychological and field=-trial type

of experimentation is needed. As a result of such research one

- 48 -




would expect new versions of interfaces and dat

-

-aot - just the .transplantation of 'existing-systems to videotex. .

After all, the tree,strdctured<page.oriented database itself is

4

non-orthodox and doesn’t fit into the framework of any other

standard database model.

\____—_—-——'
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8+ Conclusions.and recommandations

e Tree-structured databases;with-numerical menu selections
such . as used in today’s videotex systghs, are sufficient only for
small, simple and stable applicétions,_ It 'may be ;hat such
databases will continue to be acceptable for teletext
applications. However, they are .too restrictive . for -situations

where the database " content changes rapidly and/or has numerous

cross-links.

2. There exist a large number of <database intg;ﬁgce
projects whose purpose is to develop friendly interfacés; easy to
use by computer naive and.inexpgrienced pPersonse. Most‘ of these
results are applicable in the videotex~ context. thably the

goncepts of two-level interfaces (user agents) and .thé use of

natural langdége are worthy of further consideration.

3.  Figure 1 shows some systems discussed in this>report, in
the continuum of interfaces. An - evident conclusion from this
figure 1is that keyboards will be a necessity in future videotex

systems.

4 Simple and relatively .powefful interface languages
pernitting post-coordinate processing of keyword queries exist
which could be superimpose&-even on existing menﬁ based databases.
However, in order to ‘take - full advantage of such facilities,

applications should be designed with the keyword access in mind.

5. Full advantages of post-coordinate processing can be

realized only by bgilding new and specifically videotex oriented



.databases and interfaces. . The advantages include flexibility of
retrieval specification by the user and avoidance of large
pre~coordinate indexes or fixed links, which are 'difficult and

time consuming to maintain for the information provider.

‘6. Psychological acceptance tests on large numbers of ﬁsers
should not be limited to present videotex databases, but vshould 
include new systems suqh as mgntioned above. In our opinion the
tests should be conducted with intéresting and useful applications
which motivate and stimulate the user -to’ leérn new system

features.

7. Record oriented, eg. relational databases are useable
in videotex in a mnumber of ways, .such as intérest matching,

handling of personal file$s or keyword processing.

8.‘Special.consideration should be given to the issugs of
system distribut;on and network;ng. Creation of <friendly
interfaces i1s technically feasible, but they often  require
‘extensive computing power. The resulting efficiency problem can
be resolved by placing user agents (interface language

translators) in videotex access machines or intelligéntltefminals-

9. Aithough performance issues are not discussed in detail
in this report, two points bearing on the disk écess bottleneck, 
typipal in large videotex systens, should~be meptioned. (a) 1/0
ptéblems can be alleviated to. a certain extent by the use of
multilevel memoriesy; but such approaches require detailed
knowledge of access patterns typical fof large user populations.

Since almost nothing is known in this .area, we recommend ' that
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appropriate ‘tracing - and monitoring be done during_the:upcoming
field trials. (b) It should be clear that the use.of.keywords for
datﬁbase seafch will nof.only improve~the.user_in£efface, but also
reduce the nﬁmber of page acesses_fequired to obtain a dogument.
This in turn may lead to léss expensive system designs, which is

vital for wvideotex applications.

10. The possibility of creating a standard user language
to access all common videotex systems by menu selections should be

studied.

l1l1. One or more experimental system incorporating some new
approaches discussed in this report should be constructed, eg.
along theifollowing lines : a) access to pages'based on a mixture
of menu selections and post;coordinace‘querying using keywords;
b) provisibn for dynamic page creation at retrieval time;
¢) inclusion of a simpie, friendly qsér interface by‘ﬁeané of a
user agent in intelligent terminals or access machines, which will
help clarify the wuser’s wishes; d) allow evaluation of the
problems assocliated with handling the keyword searches‘in VAM and
communicating with the main database(s) in a page request

(transaction) mode.,
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LEGEND, FIGURE 1 : INTERFACE.  VS. TRANSACTION. COMPLEXITY

Here we have attempted .to plot existing commercial and
experimental Information systems in a two dimensional space. The .
"bandwidth" 1is a subjective meéasure of the rate and quantity of
information that is passed by the man-machine interface; this axis
corresponds to the range of user interfaces in -section 2. Not
surprisingly there are a spread of systems along the diagonal from
YES/NO to natural language systems. What is significant in -this
context is that it is easy to find examples that plot above .the
diagonal but we were unable to discover examples which would plot
.below the diagonal. This has particular significance for videotex
where many authors predict the use of low bandwidth interfaces,
eg. numeric pad based, for delivering sophisticated services, eg
car buying. ETIES, a computerized conferencing system can
encompass a number of positions on the graph because it has both
simple and complex interfaces' and 1s deslgned to facilitate
transactions between people. Perhaps this is a more useful model
for videotex than any other operational system discussed.

In addition to the systems 1listed below, Figure 1 also

showé four videotex systems, QUBE, STAR, TELIDON, PRESTEL together
with an estimated "numeric key pad zone" hatched area.

CLSI : menu-based, alphabetic index online library catalogue,
touch screen. CL Systems, 1980.

SPEAK’N SPELL : computerised spelling +toy for children. Texas
Instr. 1979- ' : :

MCBA : a range of menu-based business packages for general ledger
and accounting. MCBA, 1977.

BROWSE : application of the ZOG system plus Lkeyword option to
' library catalogue.

GUS : an airline reservations application of GUS.
NATAL, PLATO : computer assisted education systems.
ROBOT : natural language interface, database front end.

PROSPECTOR/MYCIN : "expert" systems "that can deduce solutiomns to
- problems from evidence supplied by operator.

VISICALC III : command based system; user establishes own menus
and prompts for reuse; microcomputer based. '
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" - EIGURE 2

® 751 ipoN, MENU EXAMPLE
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LEGEND, FIGURE 2 : TELIDON MENU EXAMPLE

‘This diagram 1illustrates one solution to the ‘Greek
Restaurant problem that could be iImplemented on Telidon or
.Prestel. "The numbers and. arrows on the left indicate the number
keyed by .the user, followed by the display of the next menu. The
‘page numbers on the right correspond to. the node in the Telidon
tree at which the display page 1s stored. Both implicit page
selection (first three choices) and explicit page selection (last
choice) are illustrated.
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- FIGURE_3

| TELETEL/STAR EXAMPLE
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LEGEND, FIGURE 3::.TELETEL/STARAEXAMPLE,

The first key RESTAURANT is. typed by the user in response

‘to a general instruction menu idisplayed at the beginning of the

session. This keyword 'is searched in a GLOBAL dictionary that
indexes DOCUMENT(S). Control of the user session is transferred

to the CONTROL PROGRAM of the first page. It displays a menu page

similar ‘to that of Figure 1 (#97). A choice of --CHEAP CHIC

~‘transfers control to a-.second program which instructs the user to
key in a DISTRICT or ETHNIC CUISINE. The keyword -entered is
searched against the LOCAL dictionaries in the order indicated.
‘When the keyword GREEK 1s '‘detected control i1s transferred to a

third CONTROL PROGRAM which then -displays a linked 1list of
advertisements for Greek Restaurants who’s owners think thedr
establistment is cheap but chic. '

- 65 -






