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ABSTRACT
This paper describes how even a simple
matcher, if it can detect simple relationships
between statements in the knowledge Dbase, will

support many features that will make a knowledge-
based consultation system appear to behave more
intelligently. We describe three features that are
useful during the knowledge acquisition phase
(involving the building and testing of  the
knowledge base), and four features that are of
assistance during a consultation. Although these
features are described in terms of the Prospector
environment [2], it will be clear to the reader how
these features can be transferred to other
environments.

I INTRODUCTION

Partial-matching (also referred to as
interference-matching, correspondence-mapping, «..)
touches many issues of representation  and
efficiency in many AI systems [3]. Its role in
Prospector is significant because it is involved in

many aspects of consultation and knowledge
acquisition. Given any two statements S1 and S2 of
the knowledge base, the Semantic Network Matcher of
Prospector determines which of the following
situations applies:

S1 and S2 are identical (S1 = S2)

S1 is a restriction of S2 (S81C 52),

(or S2 is a generalization of S1 (S2 D S1))

S1 and S2 are disjoint statements (S1M8S2
S1 overlaps S2 (otherwise)

$ )
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For instance, suppose the
contains the following statements:

knowledge base

S1: "rhyolite is present"”
S2: "a rhyolite plug is present”
S3: "an igneous intrusive is present”
S4: "rhyolite or dacite is present"
S5: "pyrite is present”

As these statements are being added to the

knowledge base, the Matcher will conclude that:
S2 is a restriction of 31,
S2 is a restriction of S3
(rhyolite is an igneous rock and a

plug is a special kind of intrusive),
S1 and S3 overlap (rhyolite is an igneous

rock, but need not be an intrusive),
S1 is a restriction of 34,
52 is a restriction of S4

(transitivity from the first and third

conclusion),
S3 and S4 overlap,
S5 is disjoint from S1, S2, S3 and S4.

A detailed description of how the Matcher

operftis in the Prospector environment can be found
6].

in We mention briefly here that the Matcher
views each statement as a set of constraints
corresponding to a set of assertions about the
existence of physical entities or processes and
their attributes. In Prospector, partitioned
semantic networks [5] are used to represent
statements in the knowledge base whereby these

in terms of relations and
of the domain of application

assertions are expressed
entries in taxonomies

(in this case geology).
of of a
supported Dby

the features
can be

Let wus examine some
knowledge-based system that
such a Matcher.



II USE OF THE MATCHER IN KNOWLEDGE ACQUISITION

Aid in Maintaining Probabilistic Consistency

gg’tig Inference Network

The knowledge bases of many expert systems are
organized as explicit or implicit networks of
statements connected by rules or logical
constructs. Because such networks provide the
framework for judgmental reasoning, various
numerical values, such as probabilities or
certainties, are often maintained in them. A major
concern of expert systems is the difficulty of
keeping the knowledge base error free and
consistent in form and content as it grows.

Let us examine how the Matcher assists
Prospector in maintaining probabilistic consistency
in the case where 31 is the most recently entered
statement, and S2, which already exists in the
knowledge base, is a restriction of S1.

(a) Because S2 is a restriction of S1,
probability of S2 can never exceed that of S1.
particular, if
the domain
constraint,

the
In
the prior probabilities supplied by
specialist (DS) do not satisfy this
the Matcher will detect the violation

and a correction will be required. Thus, before a
consultation begins, we can assume that P(S2) <
P(s1).

(b) Unfortunately, even though all the

probabilistic constraints are initially satisfied,
the probability changes -that follow from the use of
inference rules may not maintain them. For
example, if S1 and S2 are the hypotheses (right-
hand sides) of two rules E1 --> S1 and E2 --> S2,
and if the evidence (left-hand side) E1 1is
sufficiently unfavorable for S1, we may have
P(S11E1) < P(52). sSimilarly, if the evidence E2 is
sufficiently favorable for S2, we may have P(S?) <
p(s2ir2).

In essence, the problem is that
provided the rule saying that the evidence E1 is
unfavorable for S1 (rhyolite), he overlooked the
fact that E1 is also unfavorable for S2 (a rhyolite
plug), and did not supply a rule of the form E1 -->
S2. Similarly, when he supplied the rule saying
that the evidence E2 is favorable for a rhyolite
plug, he overlooked the fact that E2 is also
favorable for rhyolite, and did not supply a rule
of the form E2 --> S1. 1Indeed, the DS should not
be asked +to supply rules for such obvious
deductions.

when the DS

The Matcher helps to detect these situations.
It is the responsibility of the consultation system

to take the appropriate actions to maintain the
probabilistic consistency in the inference
networks. In [1] it is shown how Prospector uses

results from the Matcher to create additional rules
ensuring that the probabilistic constraints will be
maintained at run time when inference rules are
applied.
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B. Aid in Designing the Semantic Representation

Because statements in the knowledge base may
be arbitrarily complex, their semantic encoding is
often entered manually during the knowledge

acquisition phase. During a consultation, however,
the user is allowed to volunteer information to the
system, and a parser [4] is wused to create the
semantic representation corresponding to the
volunteered statements. The kinds of statements
that can be translated by the parser depend upon
taxonomy contents and an external grammar. Whether
the semantic representation of statements is
entered manually or constructed by a parser, the
knowledge engineer needs to determine if the
resulting representation is adequate. He must
ensure that it reflects the intentions of the DS in
all situations that could occur during of a
consultation. Statements can be combined to form
larger statements or broken into smaller units, and
their semantic representation need not always be
elaborate. Which representation is finally chosen
depends wupon what other statements are in the
knowledge base and how they are related, as well as
what the DS thinks is the most appropriate for each
particular situation. Because the Matcher can be
used to analyze how statements are related, it can
assist 1in choosing an appropriate representation.
In particular, no elaborate semantic representation
may be needed for a statement (or a portion of a
statement) that is unrelated to any other statement
in the knowledge base. Because such a statement is

unlikely to have a major effect on the
consultation, a simple text-string representation
would be adequate for most purposes.

In addition to determining if a

restriction/generalization relation exists between
two statements, the Semantic Network Matcher in
Prospector can identify corresponding elements of
the statements and point out the nature of their
differences. This feature has been exploited to
some extent in the knowledge acquisition module of

Prospector [2] where it was used to choose a
representation for a statement from possible
alternative representations. For instance, a
conjunction "X and Y" can be encoded either as a
single statement or as two statements, "X" and "Y,"
connected by a logical AND in the inference
network. The first alternative 1is chosen if a

statement already exists in the knowledge base that
is equal to or is a restriction of "X and Y," or if
"X and Y" is not related to any existing statement.
The second alternative is chosen otherwise. We

believe this approch can be generalized, and that
an automatic procedure using the Matcher can be
devised to assist in the wuniform, and perhaps
optimal, encoding of all statements in the

knowledge base.

c. As a Search Feature--Accessing by Contents

Development and testing of a knowledge Dbase
typically extend over long periods. The knowledge
engineer cannot be expected to remember all the

statements (or any labels assigned to them) that he



or another knowledge engineer developing the same
knowledge base has already entered. The Matcher
can be used as a search feature allowing the
knowledge engineer to access statements by
specifying a partial description of their
(semantic) contents. In effect, the Matcher-search
(a command of the knowledge acquisition system)

will allow the knowledge engineer to say something

like:

"Now I want to work on that portion of the
inference network that deals with sulfide
mineralization.”

The search-by-content feature is accomplished

by matching the partial description specified by
the knowledge engineer with statements currently in
the knowledge base.

IIT  USE OF THE MATCHER IN CONSULTATION

A. a Tool for Maintaining Consistency of the

As
User's Answers:

1. Discovering Inconsistencies

If a user is allowed to volunteer information
to an expert system, logical inconsistencies in the
input could result. For example, suppose the user
volunteers the two statements S1 and S2 concerning
rhyolite and a rhyolite plug. Because S2 1is a
restriction of S1, if his statements imply that
P(s2) > P(S1), he will be reminded that his answers
are contradictory. This is the case, for instance,
if the user says that "there are igneous rocks”
with some degree of certainty, but later volunteers
that "there is a rhyolite plug"” with a higher
degree of certainty. The contradictions occurring
in a consultation often involve several levels of
inference and long chains of
restriction/generalization links, which sometimes
have embarrassed our expert users while being
impressed by Prospector's ability to detect the
inconsistencies.

2. Changing Answers

A significant advantage of the Bayesian method
used in Prospector for computing probabilities is
the ease with which answers to questions can be
changed without having to repeat all previous
calculations. Basically, all that is required in
changing an answer to a question about any evidence

E is to change the probability for E and to
propagate the results through the inference
network.

The possibility of violating the
restriction/generalization probabilistic
constraints causes the only complication in this
process. However, Dby keeping a record of how

statements are related as computed by the Matcher ,
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the answer-changing program knows that it may also

have to change the probabilities of some of the
related statements in order to maintain
consistency. For instance, if +the inference
network contains the two rules St --> H1 and S2 -->
H2, and the wuser gives a negative answer to a
question about S1, the probability of H1 will be
updated (in accordance with the rule strengths
associated with the first rule). In addition,

because S2 is a restriction of S1, the probability
of H2 must also be updated (in accordance with the
rule strengths of the second rule) as if a negative

answer had been given for S2 as well. When the
user then changes his answer for S1, the
probabilities of both H1 and H2 will be
automatically updated and propagated through the

inference network.

By changing an answer, the user may contradict
some of his earlier assertions, and changing these
assertions may give rise to still fur ther
contradictions. This can confuse the user, but
poses no problem for the answer-changing program,
which is recursive and will make sure no
contradictions are introduced before resuming a
consultation.

B. Use of the Matcher as a Dialog Management Tool

1. Mixed

Information

Initiative, Volunteering

Prospector can work in either of two modes --
the consequent mode or the antecedent mode. In the
consequent mode Prospector attempts to establish
(or rule out) an hypothesis, and it traces backward
through the inference network and searches for
appropriate evidences to ask about. In the
antecedent mode, the inference network is used in a
forward direction to propagate the consequences of
input information. Prospector is a mixed
initiative system whereby the user has the option
of taking control any time during the consultation
session to inform Prospector about facts he
believes to be relevant. The Matcher makes this
possible by relating the volunteered information to
the current knowledge base in the same fashion as
it did for the knowledge acquisition phase.

2. Control Strategy and Goal Selection

The information
often relevant
Prospector,

volunteered by the user 1is
to several hypotheses; In
a simple scoring criterion 1is used to
select the goal hypothesis. Among other things,
this criterion takes into account the volunteered
statements (whose effect on the hypotheses may be
encouraging or discouraging) that are linked to
each hypothesis as recorded by the Matcher.

3. Interaction Psychology

is asked about the evidence E
control strategy, Prospector

Before the user
selected by the



reminds him about any facts it thinks relevant.
The information needed to recognize these facts are
the links relating E to other statements in the
knowledge base computed by the Matcher and recorded
at some earlier phase of the consultation or during
knowledge acquisition. How these facts are
presented to the wuser depends upon the current
"state" of the statements involved. The state of a
space is determined by its certainty value and how
that certainty was established --whether it was
inferred by using rules, volunteered by the user,
or inferred through restriction/generalization
links through the Matcher. Depending upon the
actual situation, one of several standard phrases
is displayed before the question is asked, and an
appropriate phrase is selected to ask the question.

The following are some of the standard phrases
used in a Prospector consultation:

You told me about ...

You suspected ...

- I know you doubted ...

- Your statements imply ...

I know there is reason to doubt ...
I have reason to suspect ...

I have reason to doubt ...

Thus, the
about a

program might preface a
piece of evidence E by saying:

question
"I have

reason to doubt E. What is your degree of belief
about that?"
Clearly, these stock phrases are simple

attempts to inform the user about the implications
of his earlier statements. Although they have no
effect on the function of Prospector and are not
necessary in any logical sense, they enhance
communication between the user and the consultation
system and often serve to make the logical
processes of the consultation system more evident.

The Matcher has been an important tool for the
design of the interaction environment in all phases
of development and use of the Prospector knowledge-~
based system. It 1is particularly important in the

"psychology" of man-machine interaction in
consultation systems that the user does not feel
ignored and that the dialogs are not totally
dictated by the system. Whenever possible, the
user should be shown evidence that the system
listens to him, understands what he says, and

sometimes can even use the information he supplied!

IV  CONCLUSION

By providing means to relate the statements
in the knowledge base to each other, the semantic
network Matcher in Prospector has been an important
instrument in supporting many of the features that
constitute the AI contents of the systenm. We
believe that the approach is a general one, and can
enhance the intelligent behaviour of any knowledge-
based system.
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