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The conventional methods of full text processing, such
as pattern matching and keyword indexing, may result in
waste of rich information. Recently, the knowledge-based
approach has been used in natural language text process-
ing. Unlike past generations of information retrieval sys-
tems which dealt exclusively with abstracts, title headings,
and keywords, today’s intelligent information retrieval sys-
tems manipulate full texts such as technical manuals, re-
ports, letters, and news articles. This paper discusses the
design and implementation of a knowledge-based informa-
tion retrieval system, concentrating on the issues of knowl-
edge acquisition, knowledge representation, knowledge
base refinement, and the information retrieval mechanism.

1.  Introduction1.  Introduction1.  Introduction1.  Introduction1.  Introduction

The field of information retrieval has seen a growing
interest in the natural language research community. Past
generations of information retrieval systems, which have
used the techniques of pattern matching, adjacency retrieval
operators, and keyword indexing, are facing a major barrier
to extract useful information from full texts (Blair, 198).
Efficient retrieval from full text requires basic understand-
ing of the text as well as indexing it. To overcome this
barrier, the knowledge-based system approach is adopted.
Many systems have been developed successfully  in differ-

ent domains, such as KRITON (Diederich, 1987), START
(Katz, 1988), TRPQ (Syu, 1989), SCISOR (Rau, 1989,
MedIndEx (Humphrey, 1989), and KBNL (Barnett, 1990).

There are three issues regarding the design of a knowl-
edge-based system: knowledge acquisition, knowledge rep-
resentation, and knowledge base refinement [Cohen, 1985).
The knowledge-based system proposed in this paper adopts
a domain-specific knowledge acquisition tool FBI (Frame-
Based Interface) which helps a domain expert build a clas-
sification hierarchy as the initial knowledge base. A direct
benefit of this approach is that the knowledge base is highly
modular and modifiable. Following the trend of the knowl-
edge-based approach for information retrieval systems in
determining the main theme without necessarily paying
attention to individual words (Mauldin, 1987), our knowl-
edge-based system constructs noun phrases as the index
terms for useful conceptual information. The knowledge
base of our system also contains a set of rules for applying
the domain-knowledge to retrieving index terms from full
texts.

The remainder of this paper is organized as follows.
Section 2 presents the knowledge acquisition tool FBI and
the acquisition method.  The knowledge base refinement is
also described in that section.  Section 3 presents   a  frame-
based hierarchical representation which stores and accesses
the semantic information of the natural language texts.
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Language) to explore the use of frames as a knowledge
representation technique. FRL allows properties to have
defaults, comments, and constraints, and to inherit informa-
tion from the same type (Roberts, 1977). Because of the
nature of FRL and the information provided by the domain
expert, FBI is able to classify the relationships among the
nodes in the hierarchy. Figure 1 shows an example of
evidence provided by a domain expert and Figure 2 shows
the resulting hierarchy generated by FBI.

    2.2  Utilization of Acquired Knowledge    2.2  Utilization of Acquired Knowledge    2.2  Utilization of Acquired Knowledge    2.2  Utilization of Acquired Knowledge    2.2  Utilization of Acquired Knowledge
Natural language analysis of noun phrase construc-

tion, which is chiefly needed in information retrieval, is an
extremely difficult and challenging problem. Various at-
tempts to come up with general rules for noun phrase
understanding have been unsuccessful (Salton, 1990). How-
ever, in a specific domain with sufficient knowledge about
the domain, this problem can be solved by the combination
of syntax, semantics (domain knowledge), and production
rules.

Our knowledge-based system uses a natural language
parser to analyze and eliminate trivial syntactic ambiguities
of the sentences. This parser is developed for incorporation
into SEAN, a knowledge-based writer’s aid system (Syu,
1990). An input text is processed by the parser using the
ATN grammar rules and dictionary information. The output
of this syntactic analysis is used by the semantics analyzer to
generate terms suitable for indexing purposes.

It is clear that the syntactic analysis, which is not based
on contextual and other considerations, can not be com-
pletely successful in eliminating syntactical ambiguities. To
solve this problem, a semantics analyzer is designed to
provide proper specifications for generating unambiguous
index terms. This is accomplished by consulting the produc-
tion rules predefined in the knowledge base in order to match

Section 4 presents the mechanism of retrieving index terms.
Section 5 concludes the paper and points out some future
work.

2.  Knowledge Acquisition2.  Knowledge Acquisition2.  Knowledge Acquisition2.  Knowledge Acquisition2.  Knowledge Acquisition

Knowledge acquisition is largely a matter of mapping
the knowledge supported by humans into a representation
recognized by computer systems (Kahn, 1987). In our sys-
tem, a Frame-Base Interface (FBI) is designed for domain
experts to initialize and refine the knowledge base. The
output of FBI is represented in a frame-based hierarchy. The
employment and use of the required knowledge is a major
task for knowledge-based systems. Section 2.1  explains the
transformation between the information of the domain ex-
perts and the internal knowledge representation of our
knowledge-based system using FBI. Section 2.2 describes
the utilization of the acquired knowledge.  The knowledge
base refinement is presented in section 2.3.

2.1  Acquiring Knowledge from2.1  Acquiring Knowledge from2.1  Acquiring Knowledge from2.1  Acquiring Knowledge from2.1  Acquiring Knowledge from
Domain ExpertsDomain ExpertsDomain ExpertsDomain ExpertsDomain Experts

A Frame-Based Interface (FBI) is implemented to
acquire the knowledge of a domain expert. FBI prompts the
expert to list the evidence that are commonly relevant in the
expert’sxomain. The expert is encouraged to be as specific
as possible. The resulting knowledge base can be viewed as
an under-specified hierarchy of nodes and links, where the
nodes represent concepts and links represent relationships
between concepts. To fully specify the hierarchy, a domain
expert is requested to supply three kinds of information: (1)
the category of each node, (2) the type of each link, and (3)
the type and value of each attribute associated with a node.

FBI is developed using FRL (Frame Representation
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the result of syntax analysis against the most specific nodes
in the frame-based hierarchy generated by FBI. The produc-
tion rules of our knowledge base and the details of both
syntax and semantics analyses are described in section 4.

2.3  Refining Knowledge Base2.3  Refining Knowledge Base2.3  Refining Knowledge Base2.3  Refining Knowledge Base2.3  Refining Knowledge Base
The discovery of incomplete knowledge is one impor-

tant feature of knowledge acquisition tools, e.g. MOLE
(Eshelman, 1986) and KRITON (Diederich, 1987). Cur-
rently, FBI offers editing support for the user to correct
improper information in the knowledge base, such as redun-
dancy, incompleteness, and inconsistency. FBI also facili-
tates the growth and maintenance of our knowledge base.
However, the domain experts need to refine the knowledge
manually.

3.  Knowledge Representation3.  Knowledge Representation3.  Knowledge Representation3.  Knowledge Representation3.  Knowledge Representation

Our knowledge-based system uses a frame-based
knowledge representation. The use of frames for computer-
ized structuring of knowledge is usually attributed to
Minsky (1975). Frames are data structures that name a
collection of related concepts. Each frame can be viewed as
a node. A specific concept, named by the frame, may point
to another concept. A frame concept is linked to another

Figure 3:  Task Flow of our Knowledge-Based SystemFigure 3:  Task Flow of our Knowledge-Based SystemFigure 3:  Task Flow of our Knowledge-Based SystemFigure 3:  Task Flow of our Knowledge-Based SystemFigure 3:  Task Flow of our Knowledge-Based System

concept by a specific relation. A frame concept can inherit
the attributes and their values from its ancestors according
the hierarchical linkages.

The relations that link the frames hierarchically in our
system are subcategory-ofsubcategory-ofsubcategory-ofsubcategory-ofsubcategory-of and instance-ofinstance-ofinstance-ofinstance-ofinstance-of. The following
hierarchy of the weapon weapon weapon weapon weapon and the M240 machinegun M240 machinegun M240 machinegun M240 machinegun M240 machinegun con-
cepts is an example of both subcategory-ofsubcategory-ofsubcategory-ofsubcategory-ofsubcategory-of and instance-ofinstance-ofinstance-ofinstance-ofinstance-of
relations:

      weapon
                      |
                     gun
                      |
                     machinegun
                      |
                     M240 machinegun

These concepts are represented in the knowledge base using
the following frames:
     (FRAME: weapon
            (SUBCATEGORY-OF: null)
            (ATTRIBUTE: parts(.....), function(...))
            (DEFINITION: instrument for self-protection,....))
     (FRAME: gun
            (SUBCATEGORY-OF: weapon)
            (ATTRIBUTE: parts(.....)))
     (FRAME: machinegun
            (SUBCATEGORY-OF: gun)
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Figure 6:  Output of the Semantics Analysis StageFigure 6:  Output of the Semantics Analysis StageFigure 6:  Output of the Semantics Analysis StageFigure 6:  Output of the Semantics Analysis StageFigure 6:  Output of the Semantics Analysis Stage

implemented in Prolog, that help extract index terms of a
text. The left-hand side of the rules consists of one or more
Prolog expressions which describe the properties of a re-
trieved term, and the right-hand side consists of a single
Prolog expression that corresponds to the decision of select-
ing proper index terms. By examining the expressions on the
left-hand side of the rules, a retrieved term is handled
according to the decision expression of the right-hand side.
The following show the production rules described in Eng-
lish. Our knowledge-based system runs these rules in a
forward-chaining direction. An example of applying these
rules is shown in section 4.2.

(Rule 1) If a term is the same as, or a synonym of, a
concept (node) in the hierarchy, then accept this term as an
index term.

(Rule 2) If a term is an attribute of a concept (node) in
the hierarchy, then construct an index term by concatenating
the name of the concept and this term.

(Rule 3) If an ancestor of a term is accepted previously
as an index term, then construct a new index term by
concatenating the ancestor term and this term.

  4.2  Index Term Generation Procedure  4.2  Index Term Generation Procedure  4.2  Index Term Generation Procedure  4.2  Index Term Generation Procedure  4.2  Index Term Generation Procedure
Our system processes texts in three stages: syntax

analysis, semantics analysis, and index term generation.
Figure 3 depicts the task flow of our knowledge-based
information retrieval system. To illustrate the tasks carried
out in each stage, let us consider a sample text taken from a
military education lesson.

The Marine acts as a gunner in a M60 and M2 mach-
inegun team. Given a M60 machinegun, a M2 machinegun,
and an assistant gunner, the Marine must mount the machin-

Frame:weapon
(Subcategory-of:  nil))

Frame: machinegun
(Subcategory-of: weapon)
(Attribute: user (gunner), operation (firing)))

Frame: machinegun1
(Instance-of: machinegun)
(Attribute: model (M60)))

(Frame: machinegun2
(Instance-of: machinegun)
(Attribute: model (M2)))

weapon machinegun machinegun1

machinegun2

Figure 4:  Frame-Based Hierarchy for theFigure 4:  Frame-Based Hierarchy for theFigure 4:  Frame-Based Hierarchy for theFigure 4:  Frame-Based Hierarchy for theFigure 4:  Frame-Based Hierarchy for the
Sample TextSample TextSample TextSample TextSample Text

Figure 5:  Output of Syntax Analysis StageFigure 5:  Output of Syntax Analysis StageFigure 5:  Output of Syntax Analysis StageFigure 5:  Output of Syntax Analysis StageFigure 5:  Output of Syntax Analysis Stage

gunner, M60 machinegun, M2 machinegun,
machinegun, weapon, firing

Marine, gunner, M60, and M2 machinegun team,
M60 machinegun, M2 machinegun, assistant gunner
machinegun, 1 minute, weapon, firing

            (ATTRIBUTE: parts(.....)))
     (FRAME: M240 machinegun
            (INSTANCE-OF: machinegun))

The subcategory-of and instance-of relations, as in the
preceding set of frames, provide the links whereby a frame
accesses data from the ancestral frames. For example, the
ATTRIBUTE and DEFINITION slots of the gun frame are
inherited from the weapon frame. The frames are created
and updated using FBI discussed in the previous section.

4.  Using Knowledge Base for4.  Using Knowledge Base for4.  Using Knowledge Base for4.  Using Knowledge Base for4.  Using Knowledge Base for
Retrieving Index TermRetrieving Index TermRetrieving Index TermRetrieving Index TermRetrieving Index Term

Most information retrieval systems use keyword-
based indexing. In these systems, a list of keywords are
provided and documents are analyzed for occurrences of
these keywords. It has been proved that the presence or
absence of keywords is not a sufficient criterion for analyz-
ing documents, especially when they become too numerous
(Maarek, 1989). The knowledge-based approach allows a
deeper understanding of a text than the classical keyword-
based approach.  Our knowledge-based system is capable of
extracting information of the relationships of the words
involved. This information is necessary for distinguishing
texts having similar keywords.

In section 4.1, we describe a set of production rules
used for extracting conceptual terms from full text. The
resulted conceptual terms characterize the text and stand for
a description of the analyzed text. Section 4.2 presents the
complete task flow of analyzing a text.

4.1  Index Term Extraction Rules4.1  Index Term Extraction Rules4.1  Index Term Extraction Rules4.1  Index Term Extraction Rules4.1  Index Term Extraction Rules
Our knowledge base contains a set of production rules,



55555

Journal of Database Administration

Summer 1991

egun within 1 minute. The weapon must be ready for firing.
The corresponding domain knowledge represented in

a frame-based hierarchy is shown in Figure 4. This sample
text is used to illustrate the tasks carried out in each stage.

In the syntax analysis stage, an ATN grammar and a
dictionary which contains complete words and their vari-
ations are used to output a list of noun phrases. These noun
phrases, called syntactic terms, are retrieved without con-
cerning the context and the word relationships. Figure 5
shows the output of this stage for the sample text.

In the semantics analysis stage, the syntactic terms
which are not known in our knowledge base are rejected.
The ambiguous syntactic terms are also modified to be as
specific as possible. The knowledge contained in our knowl-
edge base provides the basis for accomplishing these tasks.
The resulting terms of this stage are called the semantic
terms. Using the example in Figure 5, terms which are not in
the knowledge base such as Marine, M60 and M2 machin-
egun team, assistant gunner, and 1 minute, are eliminated in
this stage. Figure 6 shows the output of the semantics
analysis stage.

In the index term generation stage, the semantic terms
are checked by the production rules in the knowledge base.
According to these rules, the semantic terms are concate-
nated with the names of the higher-level concepts in the
hierarchy to specify their categories. The output of this stage
are the final index terms extracted from the input text. Using
the example in Figure 6, gunner, M60, M2 and firing are the
attribute values of the machinegun frame. According to rule
2, index terms are generated by concatenating machinegun
and each of these attribute values.  In addition, the Machin-
egun frame is a subcategory of the weapon frame. Accord-
ing to rules 1 and 3, machinegun, weapon and weapon
machinegun also are index terms. Figure 7 shows the final

index terms retrieved from the previous sample text.

5.  Conclusion5.  Conclusion5.  Conclusion5.  Conclusion5.  Conclusion

This paper describes a knowledge-based system for
conceptual information retrieval from full texts. The key
design of this system is a knowledge base of the semantics

about a specific domain represented in the form of a frame-
based hierarchy. A Frame-Based Interface (FBI) is devel-
oped to facilitate the acquisition of domain knowledge and
refinement of the knowledge base. By incorporating the
domain-knowledge with a set of rules predefined in the
knowledge base, our system is capable of generating con-
ceptual index terms.

This knowledge-based system has been adopted for
the improvement of SEAN, a knowledge-based writer’s aid
(Syu, 1990)  for authoring training materials written in
controlled English. Using a domain-specific knowledge
base, SEAN is capable of retrieving the theme of the para-
graphs in a text. Future work includes applying to other
natural language processing areas like automatic text classi-
fication, text summarization, and text translation.
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