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Abstract

Expert systems and hypertext are technologies which are coming together. This paper reviews the
strengths and weaknesses of expert systems and hypertext. Then the complementarity of the two is
both argued and illustrated. Translating expertise from documents into expert systems is difficult,
but hypertext systems exploit the information in documents. Expert systems don't explain their de-
cisions as well as some people would like, but hypertext is basically designed to provide explana-
tions. On the other hand, people have difficulty deciding what links to follow in hypertext, but an
expert system is designed to help people make decisions. When a hypertext reader is confused as to
what step to follow next, an expert system might review the path taken thus far and suggest the
appropriate next step. An annotated bibliography of the principal literature is provided.

1 Introduction

Expert systems and hypertext are two major computer technologies that hold great promise. The
hardware movement from mainframes to networks of workstations supports this promise, as does
the progress in cognitive modelling and human-computer interface development. Furthermore,
expert systems and hypertext are complementary. As expert systems explain their decisions to users,
the rules on which the expert system is based often seem inadequate (Clancey, 1983). Hypertext can
be integrated with the expert system rules so that textbook information can be offered to the user
when the knowledge behind the rule is questioned. From the other side, hypertext systems need im-
provement. The network of connections in hypertext may confuse the reader. Hypertext systems can
be extended by including expert system techniques within them that help guide the user to relevant
information (Belkin et al. 1987). We believe that the combination of expert and hypertext (here
called expertext) systems offers great promise.

Expert systems are designed to solve problems and hypertext systems to convey information.
These two objectives are flip sides of the same coin. Hypertext or text is meaningful to the reader to
the extent that it addresses a problem which the reader wants solved. The first dictate of com-
munication is that the communicator should know the needs of his audience and forward a message
that responds to those needs. Likewise, an expert system is communicating someone's problem solv-
ing expertise to someone who lacks that expertise. Solving problems with an expert system can thus
be seen as communication.

In this section, we present a framework from which the developments in hypertext and expert
systems can be viewed and also characterize the salient problems with both systems. That these
problems are complementary is the theme of the paper. Next are sections which detail the history
and current challenges for expert systems and hypertext. Section 4 gives examples of how hypertext
features can be added to expert systems and how expert system features can be added to hypertext.

La Framework

Underlying the developments in hyptertext is a cognitive theory which notes that people are skilled
at reading and writing linear prose but that deep in their minds the representation is more complex.
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Figure 1 The representational forms through which a writer moves are a mirror image of those
through which the reader moves

In one simplified interpretation, writers go from a network of ideas to text and readers translate text
into a network of ideas. The intermediate stage between the network and text is a hierarchy (see
Figure 1) (Smith et al. 1986). A hypertext system allows the author to directly express his network of
ideas and presents to the reader this network of ideas. The intermediate steps of hierarchy and se-
quence can be sidestepped. Thus the writer and reader come closer together.

Expert systems are built by knowledge engineers and experts who together translate expertise into
a knowledge base plus inferencing mechanism (Hayes-Roth, Waterman and Lenat, 1983). Users
access the expert system and present it with characteristics of a problem which the expert would
normally solve. The expert system then solves the problem. While this expert system process (see
Figure 2) may bring the expert closer to the user than a document prepared by the expert for the user
would, the expert system basically affects a kind of communication between expert and user. Since a
hypertext system affects a communication between a writer and reader, the parallels between a
hypertext and expert system might allow insights as to how to improve the communication powers
or persuasiveness of expert systems.

1.b Problems

Some of the most famous expert systems have not gone beyond the development stage because they
couldn't be easily integrated in the work place—they didn't communicate smoothly with the user.
MYCIN, while expert within its domains of bacteremia and meningitis, does not cover enough of
the information which physicians routinely need to manage for the physician to be willing to spend
the necessary time to access MYCIN when a bacteremia or meningitis question arises. The devel-
opers of MYCIN are now focusing their attention on the development of user-friendly or hypertext
information systems that incorporate expert systems but primarily handle the day-to-day work flow
of a physician in a hospital ward (Shortliffe et al.).

knowledge engineer
+ expert

/ \

knowledge base
+ inference method

Figure 2 An expert system contains a knowledge base and inference method which a knowledge
engineer and expert have built to solve problems of users
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INTERNIST is an expert system that can handle a wide range of internal medicine problems.
Over 4,000 signs and symptoms have been connected with over 1,000 diseases for diagnosis and
treatment purposes (Miller and Myers, 1982). Unfortunately, the user must know how to phrase the
patient's problem in the exact terms that the developers of the expert system chose—this discourages
the user. A natural language interface could translate the user's phrasing into that of the expert
system, but such a translator does not exist and alternatives are being pursued which take advantage
of hypertext strategies. For instance, INTERNIST has been converted into a teaching tool which
allows the user to browse through the knowledge in INTERNIST in a hypertext fashion. Thus the
options of what to pursue at each point are made clear, and the user doesn't have to guess at the
phraseology of one expert. Other medical expert-information systems are following the hypertext
paradigm (Timpka, 1986).

When a document is delivered on paper, the reader proceeds by turning pages, but in a hypertext
system the reader browses across networks. The reader is thus allowed to see the rich connectivity of
ideas which the writer has in mind. Also the reader can pursue different perspectives on the docu-
ment depending on which links are activated. The enthusiasm about hypertext is, however, dam-
pened by the experience that readers tend to get lost when they are presented with many links from
each frame of text (Raskin, 1987). One way to reduce the confusion seems to be to constrain the
number of node and link types. Another strategy is to place more sophisticated help or guide facili-
ties in the links or nodes. One of the greatest challenges to the development of successful hypertext
systems concerns the insertion of expert procedural guides to browsing (Halasz, 1988).

This paper next presents a view on expert systems and details some of their common features in a
way that facilitates comparison with hypertext. Hypertext, in turn, is defined and compared with
expert systems. The relative strengths and weaknesses of the two technologies are shown to comple-
ment one another in such a way that the new technology expertext arises.

2 View on expert systems

2.a History

The goal of an expert system is to capture the expertise of a human expert in such a way that it is
accessible and useful to a non-expert. In the 1970s, Bruce Buchanan and Edward Shortliffe de-
veloped MYCIN, an expert system which embodies expertise related to the diagnosis of bacteremia
and meningitis. The fact that the domain knowledge is coded and stored separately from the
mechanism which searches through it is an important feature that distinguishes MYCIN from tradi-
tional, procedural computer programs (Waterman, 1985). In MYCIN, domain knowledge related
to medical diagnosis is expressed in the knowledge base as "if-then" rules. The inference mechanism
which searches through the rule base is separate and distinct from the knowledge base. Meta rules,
which are rules related to rule management rather than domain knowledge, are used to fine-tune
how the knowledge base is traversed (Hayes-Roth, Waterman and Lenat, 1983).

The MYCIN project led to the development of tools which are portable to other domains. The
essential non-medical framework of MYCIN has been abstracted to create the general purpose tool
called EMYCIN (Buchanan and Shortliffe, 1984). There are many expert system shell packages on
the market today which are modern extensions of EMYCIN including Personal Consultant from
Texas Instruments Corporation and Ml from Teknowledge Corporation.

Alternative knowledge representation strategies such as logic programming, frames, and object-
oriented designs also evolved during the 1960s. Prolog, a first-order implementation of predicate
logic, has been adopted as the official language of the Japanese 5th Generation project (Gallaire,
1985). Object-oriented and frame-based structures are available in most commercial expert system
development environments. Although the knowledge in each of these paradigms is represented dif-
ferently than it is in MYCIN, many of the inference strategies are similar. In each of these expert
system designs, an explanation facility can be easily provided by showing the path that the inference
mechanism took through the knowledge base to arrive at a conclusion. Further, midrun explana-
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tions as to why a particular piece of information is needed can be provided by showing the current
state of inferencing and possible results that might be obtained if the user responds to the query.

Although many textbooks differentiate expert systems on the basis of how the knowledge base is
structured, the current trend in expert system software appears to be one of incorporating numerous
knowledge representation strategies in unified programming environments. Early implementations
of large expert system development tools such as ART (Automated Reasoning Tool) from Inference
Corporation, KEE (Knowledge Engineering Environment) from IntelliCorp, Knowledge Craft
from Carnegie Group, and LOOPS from Xerox Corporation relied heavily on rules and frames for
knowledge representation. Current versions of these systems have been expanded to allow for the
incorporation of other knowledge representation paradigms including Prolog code, object-oriented
structures, LISP procedures and procedural programs such as FORTRAN or C (Benchimol, Levine
andPomerol, 1987).

Knowledge Pro, a rule-based expert system development tool by Bill and Linda Thomson of
Knowledge Garden, includes a hypertext explanation facility. When the user is queried to provide a
piece of information, the prompt is presented in a hypertext format. If the user understands the
query, she can proceed. If the user is unclear as to what information is required to answer the ques-
tion or does not understand, then she can select the highlighted terms in the query and context-
sensitive explanations are provided.

2.b Basic concepts

The major components of an expert system are knowledge or expertise and the facilities for applying
that knowledge to problems (Hayes-Roth, Waterman and Lenat, 1983). This knowledge is often
provided by an expert and herein lies one of the major barriers to expert system development,
namely, the transfer of expertise from a human into a computer program (Rada, 1985). While many
tools have been developed which either facilitate the process of computer knowledge acquisition or
even completely automate it, none has proven able to consistently crack the shell which surrounds
the nut (Forsyth and Rada, 1986). Neither the experts in an application area nor cognitive scientists
have a sufficiently deep understanding of how experts represent and manipulate their knowledge to
allow easy translation into an expert system.

The facilities which operate on the expertise are a reasoning tool for solving problems and an ex-
planation tool for helping the user understand how the knowledge has been applied. Given that the
knowledge is represented as "if-then" rules, the problem solver generally uses some combination of
forward chaining and backward chaining. One common difficulty is that many rules fire and each
rule may prompt the user for information which takes the user time and energy to provide (Bucha-
nan and Shortliffe, 1984). In part, to compensate for the drain on the user's resources which re-
peated questioning entails and, in part, to increase the credibility of the conclusion, an expert system
is expected to explain its behaviour. Often this explanation is provided simply by showing the user
the rules and the sequence in which.they were invoked. Mid-run explanations are often provided by
showing a translation of the current goals and the rule currently being traced. The knowledge base
rules are often obscure to all but the writer of the rules. Much research has gone into representing
world knowledge in such a way that it clearly explains the expert's decision process to the non-
expert.

2.c Strengths and weaknesses

A major strength of expert systems is that within a narrow domain they are able to capture much of
the procedural expertise that a human expert uses to make decisions. Although expert systems often
fail to perform at the same level of competence as the human expert, they can effectively serve as in-
telligent advisers for non-expert users who have some knowledge of the domain. An expert system
can guide a user with limited knowledge in making decisions which are consistent with those that a
human expert would make.



Expert systems and hypertext 289

Weaknesses of expert systems include their inability to capture some of the important nuances of
expert decision making (Alty, 1987). They may offer accurate advice for general or typical problems,
but may be unable to deal with unusual or exceptional cases. Even when the advice offered is appro-
priate and accurate, the steps taken to arrive at a conclusion are not the same ones that a human
expert would use. This makes it difficult for an expert system to explain its behaviour in a way that is
useful to the human user (Stenton, 1987).

There have been a number of attempts to add intelligent explanation facilities to expert systems.
While it is relatively easy to show the user a trace of the steps that the expert system took to arrive at
a particular conclusion, the explanation offered is often unsatisfactory. Because the expert system
processes information and arrives at conclusions in a different way from a human, the reasoning
used is often unclear and appears awkward to the user. Much research continues in this area
(Slatter, 1987).

An advantage of expert systems over traditional, procedural programs is their ability to offer
mid-run explanations. Any time the expert system queries the user to provide a new piece of in-
formation, the user can ask for an explanation as to why the system requires further information. It
is easy to explain why the expert system posed a specific query by showing the user the current status
of the inference mechanism; however, the same problems apply as when offering the user an under-
standable explanation of how the expert system arrived at a conclusion (Carroll and Aaronson,
1988). Because the expert system searches its knowledge in a different way than a human expert
would, the information provided is often unclear and confusing.

3 View on hypertext

3.a History

Vannevar Bush wrote a landmark paper in the Atlantic Monthly in 1945 which envisioned the cre-
ation of a "memex" or memory extender system (Bush, 1945). The memex system connected com-
puter-like machines to large microfiche files. Users browsed the microfiche by issuing simple
commands at a terminal. Networks of such systems created a global information system.

In the 1960s Engelbart and colleagues at Stanford University developed workstations for the cre-
ation and browsing of documents (Engelbart and English, 1968). The mouse was developed to make
the information on the screen easier to navigate. Around the same time an on-line system for the
retrieval of bibliographic citations was developed at the National Library of Medicine. That system
now contains millions of citations which are indexed by terms from an indexing language of more
than ten thousand concepts which the user can browse (Mili and Rada, 1988).

The new, notecard technologies support the writer in creating the "notes on cards" which corres-
pond to the first stage in document writing. An early, commercial notecard technology was de-
veloped by Xerox. The product, called NoteCards, supports sophisticated editing and browsing on
the Xerox workstations (Halasz, Moran, and Trigg, 1987).

3.b Model

Kintsch notes that humans encode text into an episode memory (Walker and Kintsch, 1985). In the
writing process people refer to a rich collection of knowledge structures and processes in the course
of transforming their ideas into text (Hayes et al. 1987). The traditional paper document does not
optimally support the cognitive processes which people use in reading and writing. While paper
copies of text will remain vitally important, screens displaying high-resolution graphics in multiple
windows and distributed databases supplying large reservoirs of information mean that paper is
outdated for some applications.

A new method of delivering text is hypertext and contains three major parts:

1 a database of text,
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2 a network which connects the text components, and
3 tools for creating and browsing this combination of text and network.

The text database has documents in electronic form. The term text is misleading in that in practice
hypertext systems have graphics. A more accurate term is hyperdocument. As documents are princi-
pal conveyors of culture and thus also expertise, the text database is typically provided by experts.
The links and nodes which form the network of hypertext may be broadly construed as forming a
conceptual net.

A number of general models of hypertext have been recently proposed. In one approach, Petri
nets are fundamental to a formal view of hypertext (Stotts and Furuta, 1988). The hypertext is
viewed as a sextuple <N, C, W, B, M,, Md> in which

N is a Petri net,
C is a set of document contents,
W is a set of windows,
Bis a set of buttons,
M, is a logical projection for the document, and
Md is a display projection for the document.

Garg (Garg, 1988) defined hypertext as a set of domain and information objects with predicates and
attributes imposed on these objects. Garg particularly addresses the role of hypertext in representing
the different versions of a document.

Object-oriented modelling offers an opportunity to unify approaches taken with hypertext and
expert systems (Zaniolo et al. 1986). Object-oriented design requires that objects communicate with
other objects via messages and that objects belong to hierarchies of objects. In expertext the objects
hold text, and the messages or links between objects embody knowledge which can be used for prob-
lem solving. A link is an object which may send a message to another object which represents a
document fragment. The object representing a document fragment belongs to a hierarchy of docu-
ment fragments.

The various abstractions on hypertext have yet to provide a widely accepted model of the useful
types of conceptual networks. In one view, the conceptual net in hypertext takes two principal
forms: the independent one (Collier, 1987) and the embedded one. In the "independent" conceptual
net the nodes of the net are tagged with concepts represented by terms. The "embedded" net may
have a document chunk as a node. In the "independent" case each node of the conceptual net points
to units of the document (see Figure 3), but the edges between nodes can be traversed without neces-
sarily visiting the document units. In traversing an "embedded" conceptual net, the user may have
to visit a large block of text (see Figure 4). In some of the better known hypertext systems, like Note-
Cards, the conceptual net is embedded within the document.

3.c Systems

HyperCard is an Apple product which follows in the footsteps of NoteCards. HyperCard is de-
livered automatically with every new purchase of a Macintosh microcomputer from Apple Cor-
poration. HyperCard takes advantage of the user-friendly interface of the Macintosh and also
incorporates most of the features of MacWrite and MacPaint (Goodman, 1987). Thus the average
user has simple tools for text and graphics. Portions of a document are created on cards where each
card fills the screen. "Buttons" may be inserted in cards and provide connections to other cards.

The creators of the hypertext software Guide have been particularly concerned about the "get-
ting lost" phenomenon. Guide began as a research project at the University of Kent in Canterbury,
England in 1982, but subsequently Office Workstations Limited translated key features of the
original system so that it worked on microcomputers, including the Macintosh and IBM-PC
(Brown, 1987). The aim of the Guide developers was to display documents on computer screens in
as ideal a way as feasible. The two principal buttons in Guide are the replacement and note buttons:
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Figure 3 Sketch of conceptual net a level above the document itself

• Replacement buttons implement embedded menus (Koved and Shneiderman, 1986) which when
selected with the mouse by the reader lead to an in-line replacement of the material linked with
that button. The intent is that the replacement material will expand on material around the
button.

• Note buttons are an extension of replacement buttons but display the additional material to
which the note button points in a separate window of a split screen and keep it there only as long
as the reader has the mouse activated over the note button.

These two buttons are designed to minimize the likelihood that the reader will feel lost. Both buttons
keep the original material surrounding the button on the screen after the button is activated.

TIES allows novice users to explore information resources in an easy and appealing manner
(Shneiderman and Morariu, 1986). Readers use arrow keys to move a light bar onto topics that
interest them and a brief definition appears at the bottom of the screen. The users may continue
reading or ask for details about the selected topic. An article about a topic may be one or more
screens long. As users traverse articles, TIES keeps the path and allows reversal. Users can also
select articles from an index.

Many documents are now typeset on the computer. The mark-up languages which are embedded

THXT
UNITS

mains mucleic
inflamation. infection

Figure 4 Sketch of conceptual net "embedded" within the document
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in those documents can be used to create a simple hypertext. The Prototype Electronic Encyclopedia
took an encyclopedia with formatting commands and produced a hyper-encyclopedia system
(Weyer and Borning, 1985). The Thumb system took existing documents and made them appear as
hypertext to the user (Price, 1982). The text was represented by a passage tree and a passage-depend-
ent network. The passage tree was inferred from the source document formatting commands and
thus captured, among other things, the hierarchical outline of the document. An expert in the
domain of the document read the document and interacted with Thumb in the course of building the
passage-dependent network which included links which couldn't be inferred from the formatting
commands in the document.

KMS is a commercial hyperdocument system for networks of heterogeneous workstations which
is a successor to the ZOG system developed at Carnegie Mellon University from 1972 to 1985 (Aks-
cyn, McCracken, and Yoder, 1988). (In this section ZOG will, for simplicity of presentation, be con-
sidered an early version of KMS). The 1972 version of KMS provided a uniform menu-select
interface to various computer programs. By 1983 a version of KMS was launched with the USS Carl
Vinson, a nuclear-powered aircraft carrier. This version supported an interactive management
system for analyzing and tracking complex tasks and an interface to an expert system. KMS is based
on frames where each frame incorporates units of text and pointers to other frames (McCracken and
Akscyn,' 1984). The database consists of interlinked, screen-sized workspaces. While any kind of
link can be used, KMS particularly supports hierarchical links. Users interact with the database by
navigating from frame to frame, manipulating the contents of frames, creating new frames, and
invoking frames. KMSs quickness depends on the graphics performance of the window system and
the speed of the storage device, but response times under one second are typical. KMS provides to a
community a single, logical database, physically distributed across multiple workstations and file
servers on a network. The author/reader transition is automatic, and any changes to a frame are
saved as soon as the frame is exited. Tools also exist for inheriting characteristics of one frame to
another and for importing material from other sources, such as text files, into frames.

The Hypertext Abstract Machine (HAM) from Tektronix is a general-purpose hypertext storage
system (Campbell and Goodman, 1988). HAM can be used as a base engine for other hypertext
systems. While most hypertext systems emphasize the application and user interface layers, HAM
addresses the storage model. HAM stores its database in a centralized file server and doesn't inter-
fere with the other distributed file system functions of a network. The HAM storage model is based
on five objects: graphs, contexts, nodes, links, and attributes. A graph is the highest-level object
which, in turn, contains contexts. Each context has one parent context and zero or more child con-
texts. One sees here the hierarchical structure which is fundamental to HAM (and also KMS). Con-
texts contain nodes and links. Attributes can be attached to contexts, nodes, and links. HAM
provides filtering mechanisms that allow predicates on contexts, nodes, links, and attributes to
specify what objects from the database should be viewed. A version history is maintained such that
earlier versions of an object can be viewed. The version history for a HAM object is updated each
time the object is modified.

KMS is a commercial hyperdocument system for networks of workstations which has object-
oriented features and which supports an expert system (Akscyn, McCracken, and Yoder, 1988). The
Hypertext Abstract Machine from Tektronix is a general-purpose hypertext storage system with
object-oriented features that support intelligent browsing (Campbell and Goodman, 1988).

4 Complementarity illustrated

While some of the inefficiencies of expert systems are overcome in hypertext systems, some of the
weaknesses in hypertext systems are overcome by expert systems. This complementarity can be
demonstrated by expanding the functionality of expert systems through incorporation of common
hypertext features as well as augmenting hypertext systems by including expert guides and controls.
We present examples of both these approaches to expertext.
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4.a Integrating hypertext features in a rule-based expert system

Functional weaknesses in rule-based expert systems include the lack of consistently efficient infer-
ence strategies, inability to mimic the expert in explaining how and why a particular course of action
should be taken, lack of intelligent help facilities, and inability to intelligently browse the knowledge
base. Each of these weaknesses can be addressed by integrating hypertext features within the expert
system environment. The addition of hypertext features to an expert system is illustrated next. In
this illustration, an expert system shell called Personal Consultant Plus and a hypertext tool called
Hype are used.

Personal Consultant Plus is an enhanced EMYCIN expert system shell from Texas Instruments
Corporation. In addition to "if-then" rules, Personal Consultant Plus knowledge bases may include
some frame-like features, textual and graphical help, mathematical and LISP functions, procedures,
active values, operating systems calls, links to other programs, interfaces to other programming
languages and more. Through the course of a consultation, the user can request an explanation as to
WHY a particular question is asked as well as HELP in responding to a specific query. At the end of
a consultation, the user can ask the expert system to "explain" HOW it arrived at a conclusion. The
"explanation" provided is simply a translation and listing of the rules that were fired in sequence to
arrive at the conclusion. This explanation, although presented in English, may be confusing and
misleading for reasons discussed in section 2 of this paper.

Hypertext features can be added to Personal Consultant Plus through internal links to Hype, a
small, public domain hypertext tool from Knowledge Garden. Hype is used to link all of the files
related to a particular expert system including the development environment, knowledge base, help
files, and meta level inference mechanisms. Calls to Hype are used to augment on line help, override
the system explanation facility, and provide a mechanism for browsing the knowledge base.

Consider a small textbook expert system which helps a bank teller decide whether or not to cash a
customer's cheque. Using Personal Consultant Plus, this can be accomplished most efficiently with a
single goal and only one rule. The goal, which initiates backward chaining, is to offer appropriate
advice to the bank teller. In order to satisfy that goal, the first rule which satisfies that goal is
selected. In this case inferencing is greatly simplified as our expert system has only one rule, with the
antecedent describing all of the criteria needed to make a decision to cash the customer's cheque:

IF:
< customer-has-valid-id AND
((account-at-the-bank AND
(sufficient-balance OR overdraft-privilege))

OR
(cheque-drawn-on-the-bank AND
(sufficient-funds OR overdraft-protection))) >

THEN:
advise teller to cash the customer's cheque.

A second rule might be formulated whose antecedent describes when to refuse to cash a customer's
cheque; however, it is more efficient to set a default value on the goal of refusing to cash the cheque.

During a consultation the inference engine begins a trace on the first parameter in the rule's ante-
cedent and the user is asked whether the customer has a valid id. If the user calls upon the explana-
tion facility to explain why this information is needed, she will be informed that it is needed in order
to decide whether to cash the customer's cheque. If the customer has a valid id, then the consultation
continues with a trace on the second parameter, and the user is asked whether the customer has an
account at the bank. If the user again calls upon the explanation facility to explain why this informa-
tion is needed, she is again informed that it is needed to decide whether to cash the customer's
cheque. The consultation continues and the user is asked either whether there is sufficient balance to
cover the cheque or whether the cheque is drawn on the bank, depending on the response to the pre-
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vious question. If the user calls upon the explanation facility for a third time, she will get the same
response as the first and second time. Although the expert system can explain why it needs a specific
piece of information, it exhibits an annoying lack of depth.

If, at the end of a consultation, the user asks HOW the expert system arrived at a conclusion, an
English language translation of a rule will be displayed regardless of the advice offered. In the case
where the antecedent conditions of the rule are satisfied, the user is informed that the decision to
cash the customers cheque was made because there was either:

1 a valid id,
2 an account at the bank and sufficient funds,
3 an account at the bank and overdraft protection,
4 a cheque drawn on the bank and sufficient funds, or
5 a cheque drawn on the bank and overdraft protection.

When the advice is to refuse to cash the cheque, the explanation provided is that the set of antece-
dent conditions is not true. The precise setting of parameters which causes the success or failure of a
rule is not available to the user. If, instead of the HOW facility provided with Personal Consultant,
hypertext is used to browse text files linked to parameter settings, the user can discover precisely
how and when a particular conclusion was reached and what conditions would need to change in
order to arrive at alternative advice—perhaps precisely what is needed from the customer in order to
allow the teller to cash the cheque.

An alternative approach would be to include a set of simple conjunctive rules which each have the
same consequence.

IF:
< customer-has-valid-id AND
account-at-the-bank AND
sufficient-balance >

THEN:
advise teller to cash the customer's cheque.

IF:
< customer-has-valid id AND
account-at-the-bank AND
overdraft-privilege >

THEN:
advise teller to cash the customer's cheque.

IF:
< customer-has-valid-id AND
cheque-drawn-on-the-bank AND
sufficient-funds >

THEN:
advise teller to cash the customer's cheque.

IF:
< customer-has-valid-id AND
cheque-drawn-on-the-bank AND
overdraft-protection >

THEN:
advise teller to cash the customer's cheque.

This format can provide more meaningful explanations without adding hypertext features. The
price, unfortunately, is a large and redundant knowledge base leading to inefficiencies in inferenc-
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ing. The parameter for valid id is now repeated four times and may be traced as many times during
inferencing. For a reasonably sized expert system, this approach may make resolution-unification
unacceptably slow.

Hypertext approaches could make the explanation facility more useful. Suppose a query to
explain why a particular piece of information is needed instead calls the hypertext system to bring
up text linked to each of the parameters in the " i f portion of the single rule example presented
earlier. If users ask why with reference to valid id, they can browse text about what constitutes a
valid id as well as the consequences of different responses to this query. Users receive a different re-
sponse if they call the explanation facility to ask why the customer's current account balance is
necessary. Furthermore, users are able to browse the explanation facility at any level of depth that
seems useful, giving the explanation facility more functionality and the appearance of greater intelli-
gence. Hypertext explanation and browsing facilities might be expanded to allow the expert system
to explain itself in a way that is consistent with the explanation that a human expert would give.

4,b Integrating expert system features in a hypertext environment

Hypertext is sometimes difficult to navigate. Expert systems can be embedded in a hypertext en-
vironment and serve as an intelligent guide across the links in the text. In one example an "if-then"
rule is embedded in a link between textual objects using HyperCard and HyperTalk.

Each card in HyperCard can be viewed as a node in a network. The links connecting nodes can be
traversed by clicking the mouse on buttons (see earlier section on embedded conceptual nets).
Networks of cards are called stacks. The stack can be browsed by bringing individual cards on the
screen and clicking on a button. HyperTalk is the scripting language used to write procedures for
HyperCard. One way to integrate expert system capabilities in a HyperCard environment is through
HyperTalk.

For example, imagine a card which contains an outline which includes "procedures" as a subto-
pic under "link types". Each topic in the outline corresponds to a button. If the reader points to the
"procedures" button, he is asked whether he has a theoretical computer science training. Depending
on the answer to this question, the reader is taken either to an explanation of procedures in terms
most meaningful to a theoretical computer scientist or to a general purpose explanation. To achieve
this intelligent guiding within HyperCard, the HyperTalk script of Figure 5 could be attached to the
"procedures" button.

Consider another example of expertext. One proposed approach to tracking harbour activity in-
volves the daily collection of records on ships crossing the entrance to a bay and records on each pier
in the bay (Schutzer, 1985). Each record includes text and a photograph. The harbour computer
system might additionally store information about ships in predicates, such as "docked(Titanic, pier
13)". Rules may also be represented in the system to allow the answering of queries by deductive
inference. For example, a rule might say "if (arrived(ship y) and empty (pier z) and type-pier(ship y,
pier z), then pier-assignment (ship y, pier z)", which basically says that a newly arrived ship will be
assigned to the appropriate, vacant pier. If a user of the system is reading about the Titanic's enter-
ing the bay yesterday and wants to read about the pier where the ship is likely to be today, then the
above rule would support such browsing.

Consider an abstract form for a rule in a hypertext link: "if x then y". The types of rules are a
function of the character of x or y. As in the example from HyperCard, x could be a single question
which the reader is asked specifically in order to guide a particular step. Thus when the reader is
asked whether or not he has a theoretical background (see Figure 5), he will be led to a particular
card as a result of his answer. If x is extended to include a sequence of questions, something closer to
a traditional expert system is produced. On the other hand, x may depend on previous actions taken
by the reader which were not taken for the sake of answering x. For instance, if the reader had
chosen at an earlier stage to move to a joke card rather than a poem card, then some later option
might be constrained to showing an analysis of a joke rather than an analysis of a poem. For
example, in the rule "if reader chose joke earlier, then now go to analysis of joke" x depends on an
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Figure 5 A card which shows the script which was attached to the "procedures" button. This script asks a ques-
tion and based on the answer decides which card to next bring to the screen

earlier decision of the reader. This type of x can be extended by covering a series of previous de-
cisions of the reader. For instance, if the reader has gone from a certain card C to the help button,
back to card C, and again to the help button, then the system might intervene and ask the reader
whether he needs to know a way to exit card C other than to go to help.

Varying the nature of the y in "if x then y" creates further classes of hypertext rules. In the discus-
sion of variants of x, y was a card. But y can be more—y could be computed on the fly. For instance,
in an electronic yellow pages, the reader may say that he wants to know about Chinese restaurants
near his house. The system might then find a small set of restaurant descriptions matching that
query and compose from that set a presentation to the reader.

4.c Application to software engineering

Expertext can be applied to software engineering. Software engineering involves the creation of a
series of documents (Sommerville, 1985). In a certain sense, all of software engineering can be con-
sidered in terms of producing and using documents (Garg and Watt, 1987). First the end users
specify requirements for a system. Then software engineers translate these requirements into the
design of a system. Computer programmers then study the design and create software. Next, test,
maintenance, and user manuals are prepared.

A computer program is itself a document, but a special one because both people and machines
must understand it. Since programs are inevitably written on computers, computerized writing and
reading aids have a ready market. The code and its documentation have many links. Documenta-
tion next to a line of code may explain what that line means. For instance, the documentation may
say that a certain condition tests whether the salary is within acceptable limits. At a higher level the
role of a subroutine is explained, and at another level the purpose of the whole program is summar-
ized. The reader of a program should be able to request to see each of these levels of documentation
as the need arises but should not have to see them when instead a survey of the code alone is wanted.
A program also has rich connectivity within itself. A variable appears in a do loop, but the definition
of the variable is far from the do loop. Yet, a reader of the program may want to see the definition in
one window, while reading the do loop in another window.

The multiple author condition of large computer programs means that record keeping as to who
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procedure cash_rcgistcr is
price, vat, total : float;

begin -- cash_register
gct(price);

put("Total sale is £");

gct( tendered);
**** undefined identifier

**** unexpected end of file

Figure 6 A segment of an ADA program which shows two errors, each flagged with four asterisks

wrote what code and when they wrote it could be useful. One version of code may be appropriate for
running with one kind of machine and operating system, while another version of code may be
necessary for a different machine and operating system. This historical information could be main-
tained on a hypertext system.

Honeywell's Los Angeles Development Center (LADC) for documenting the Control Program-
Six operating system is a kind of collaborative, hypertext software engineering environment (James,
1985). At LADC, from the moment that a software product is conceived, the responsible program-
mers record thoughts in a file. As the product solidifies, writers transfer information from program-
mers and customers into documentation. An assessment of various technical publication
departments of computer and industrial firms shows that the average cost to produce camera-ready
masters for technical publications is about 250 dollars per page, while at LADC the average cost for
the same product is about 80 dollars per page.

Many ongoing projects are applying hypertext strategies to computer programs. The Hypertext
Abstract Machine (described earlier) is intended for software engineering applications (Campbell
and Goodman, 1988). DIF manages the software life cycle as collaborative hyptertext and is being
extended to provide expert assistance to programmers (Garg and Scacchi, 1987).

The kind of expertise which might be associated with a software environment can be illustrated
with run-time errors. When the compiler detects an error in syntax, rather than just reporting that
an error has occurred, it brings two windows to the screen. One window shows the offending code,
and the other window reveals the part of the programmer's manual which describes the correct syn-
tax. In Figure 6, two errors are detected by the ADA compiler. The "undefined identifier" error may
both point to the portion of the manual which explains the definition of identifiers and to the por-
tion of the program in which the identifier should be defined. The "unexpected end of file" message
may direct the reader to the portion of the manual which explains how to correctly terminate an
ADA program and to the beginning of the procedure which is missing the proper ending. Later,
after the syntactically correct program has been produced and while it is being tested, intelligent
detection of failures could be linked to displays of relevant portions of the documentation.

5 Discussion

The trend towards the uniting of expert systems and hypertext is illustrated by the availability of
new software products. For instance, "Knowledge Pro" is a software product that was released in
1988 and which combines expert system and hypertext features. (Furthermore, Knowledge Pro* can
be freely copied). One of the files in Knowledge Pro says:

* Information on Knowledge Pro can be obtained from Knowledge Garden, 473A Maiden Bridge Road, Nassau, New York
12123



ROY RADA AND JUDITH BARLOW 298

Expert systems don't provide the USER with enough control.
Hypertext systems don't provide the AUTHOR with enough control.
The knowledge processor represents the marriage of both techniques

and lets each "react" to the other.

The developers of Knowledge Pro say they have created a "knowledge processor" and that a know-
ledge processor contains an expert system language and an extensible hypertext system. This com-
bination of expert system and hypertext is what we have called expertext.

In earlier days, clerics performing routine data transactions were the principal users of computer
terminals. Now, mid-level, information specialists are rinding the computer terminal more attract-
ive, and they are creating and using text and knowledge bases. Making these systems more friendly
intelligent is a major challenge to both expert system and hypertext methodologies.

Expert systems represent knowledge so that the computer can act on that knowledge to solve
problems. Hypertext systems represent text with links so that the computer can help people create
and access a rich textual network. The major shortcomings of expert systems relate to the know-
ledge acquisition bottleneck and the difficulty of explanation. The major difficulty with hypertext is
that people are ill-prepared to explicitly create or access the links between pieces of text.

The knowledge acquisition bottleneck hinders expert system builders. Text is directly meaningful
to people. Expertise, to the extent that it is "encoded", is more likely to be represented in documents
than in computer rules. Making knowledge available to people through hypertext seems one way to
circumvent part of the problem of knowledge acquisition for a system.

Hypertext is sometimes difficult for people to understand. Procedural knowledge in the links
could guide people in their document traversal. This kind of expert guidance by the hypertext
system means that the author of the hypertext must be explicit about the decisions which the com-
puter will make in response to the decisions by the reader.

Expert system and hypertext methodologies can both be extended so as to give one the function-
ality of the other. In one approach to building expertext, the expert system parts are used for tasks
that require deductive inferencing. The expert system modules may access information from the
hypertext, but where feasible, routine browsing is handled by the hypertext system. The strengths
and weaknesses of expert and hypertext systems so naturally complement one another that exper-
text—the combination of the two—deserves attention.

In summary, the trends in expert system work are (1) the processing of knowledge from text into
expert system and (2) the provision of explanation as text. The trends in hypertext are (1) the adding
of knowledge onto text in the form of new links and (2) the embedding of procedures in links to help
readers follow the links. These four directions intimately relate one to another and presage the de-
velopment of knowledge engineering factories to process text into hypertext and then expertext.
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