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Abstract

This paper describes a knovledge representation scheme for
knowledge about the contents of data (for example, "text”) and
abstracted information of data, In the propoesed scheme, the
contents of data are initially represented by a kind ef szemantic
network in which the case frame structure of the data is
expressed explicitly, and abstracted information of the data
vhich is extracted from the semantic network is also represented
in the form of a semantic netwvork. By step-by-step abstractioen,
abstractive layers of knowledge about the data are formed, the
compenents of which are eventually linked with correspending
data. The objective of the proposed scheme is to offer a2 general
view of the contents of the data stored in an information
retrieval system. In an interactive environment, it allovs users
to move as they wish from the general to the particular as well
as to change the viewpoint of retrieval. Stored knowledge about
the data serves as a phrase index for retrieval which is mere
desirable than a single keyword index as far as precision of
retrieval is concerned, Since items of abstracted information
which are common among the information of lower layvers can be
related to each other, some identification based on the relation
makes it possible to locate information similar te the specified

data.



I. INTRODUCTION
The need for intelligent informatieon retrieval systems is

videly recognized [Teskey87], [SakamoteoB7] and [RauB7].

Using a keyverd index is & simple and traditienal way of
retrieving the items which meet the specified requirement from a
large-scale document database., The full text search method has
become practical through the recent greowth of efficient hardvare.
In retrieval with a keyword index, keywords te represent the
contents of the primary information are attached and stored as
secondary infermaticn. In retrieval, only the secondary
information is searched and corresponding items of the primary
information are located. In full text search, there is no
secondary information about the contents of the primary text
information like keywords. In retrieval, the primary text
information 3is searched for matching patterns directly and the

items containing such patterns are located.

In both these methods, retrieval conditions are wusually
specified by Boolean expressions which consist of keywords or
matching patterns and logical connectives. As no relationships
among the keyvords other than logical connection can be described
in such an expression, sometimes users cannot describe their
intended retrieval conditicns precisely. If semantic relations
of keyvords are expressed in users’ retrieval requests as in a
natural language query, secondary information such as simple
keruérds attached to the primary information is not expressive
enough te answer the requests. Furthermore, the degree of
retrieval intended by users is so widely diversified that more
sophisticated secondary information is necessary for information

retrieval systems to fulfil the users’ retrieval requests.

Our approach to these problems is to build a systen using a



knovledpe base to store such sophisticated secondary information
about the contents of data as knowledge in some levels of
abstraction. The knowledge representation scheme is a crucial
point in building such & system. Hany knowledge representatien
schemes have been proposed, for esample, frames [Bobrew77] and
semantic netvorks [Janas79]. Semantic networks lack
representations of the relationships between the contents
represented by nodes and semantic relation ameng them and the
simplified contents. Inheritance, which is the main feature of
frame systems, does not operate effectively on abstraction
structures of individual data. Ve propose a knowledge
representation scheme with abstractive layers which include
high-level secondary information consisting of (1) extracted
conceptual information which reflects the literal meaning of the
primary infeormation and (2) abstracted conceptual information
which is taken from underlying conceptual information. These two
types of information will be closely rclated and structured so

that they can ke combined.

Primary information which is expressible in natural language
ijs in the scope of the present article. In the following, it is

assumed that primary information is given in the form of texts.

Section 2 of this paper presents the proposed structure of a
knovledge base for information retrieval. Section 3 presents a
knouledge description of the knowledge base, Section 4 describes
how to construct knewledge in a layered structure. Section I
presents some illustrations of retrieval wusing the knovwledge

base.

7. LAYERED STRUCTURE OF THE KNOWLEDGE BASE
The ability to answer widely diversified degrees ol

retrieval requests iz one of the requirements for intelligent



information retrieval systems. It means (1) offering information
in various levels according te the degree of retrieval intended
by a user, (2?) offering information according to changes of the
degrees, from the general te the particular, and vice versa, and
(3) offering information according to changes of the users’
viewpoints. ke propose an architecture of the knowledge base,
which describes the contents of primary Ainformation in many
levels corresponding to the degrees of users’ retrieval regquests

to fulfil the requirement.

Figure 1 shovws an architecture for stering and retrieving
knovledge. This architecture has seven elements: the abstraction
function (h in fig. 1), which is not in the general retrieval
model [Kondo87]; and the other six elements in the general
retrieval medel, namely, individual objects to be stored (p in
fig. 1), a function for storing individual objects (g in fig. 1),
the set of stored objects (M in fig. 1), queries for the set of
objects (§ in fig. 1), a function for retrieving objects from the
set of stored objects in accordance with queries (f in fig. 1),
and the retrieval results of queries (A in fig. 1). The

relationship among these elements can be expressed as follows:

H={m| m=g{p,_) or m=g(h(f{(K,Uf),Un),Ug))} (1)
A=f(H,Q) (2)

vhere Uf, Uh and Ug stend for the interaction of users, if any,
on applying functions £, h and g. Eguation (1) shows that the
set of stored objects, H, is a set of individual objects, P, and
objects which are extracted by the abstraction function, h, and
the retrieval function, f, and stored by the storage function, g.
Equation (2) shows that the retrieval results of query A are the
consequence of retrieval funmetion f operating on the set of

stored objects, M, and the contents of query Q.
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Figure ? shows the basic structure of knowledge 1in the
proposed knovledge representation scheme with abstractive lavers.
in figure 2, (1) indicates original data items (texts) which are
primary information, and (2), (3) and (4) indicate abstractive
layers containing structured knovledge which ve call high=level
secondary infermation about the contents of primary information.
An acceptable viewpoint (for example, & technical viewpoint of a
specific field of stored information) provides the basis of
abstraction. FEach step of abstraction from a layer generates
structured knowiedge in the next layer. Since the contents of
primary information can generally be expressed in various degrees
of abstraction, structured knowledge will form many lavers in the

knovwledge base.

Structured knewledge in the first layer, which is the lovest
level of the abstractive lavers, consists of extracted conceptual
information. Extracted conceptual infermation is =& fragmentary
item of knowledge which presents the literal meaning of
corresponding text infermation. Structured knowledge in higher
layers consists of abstracted conceptual information. Abstracted
conceptual information is knowledge which combines knovledge in
the lower layvers, and is eventually linked te the corresponding

text infoermation via lower layers.

ks a representation of structured knovwledge in an
abstractive layer, the proposed scheme uses a kind of semantic
network which explicitly expresses the case frame structures of
centences in text information. The reason is that relationships
among words or concepts derived from the case frame structures
play an important part in representing the contents of text
information and the retrieval process, and the commonality eof
these relationships shows a possible semantic similarity.

The relationship between structured knovledge in different
— ‘1 S



layers is knowledge about abstraction operatien, and represents
abstraction function mapping from a lover layer onto a higher

lavyer.

From the basic considerations described above, we have
developed a description of structured knovledge, including
censtruction of abstractive lavers and utilization of structured

knovledge in abstractive layers for the retrieval process.

3. DESCRIPTION OF STRUCTURED KNOWLEDGE

Although eur current interest is not in natural language
processing itself, we designed simple notations of structured
knovledge that represent the contents of text information and
abstracted information of texts as bases of a knowledge base for
information retrieval systems. This section describes two sorts
of knowledge notation, symbolic and graphical, which are common

to all the levels of abstractive lavers.

Graphical notation of structured knowledge is not only used
a8 an intermediate form when describing structured knowledge in
symbolic notation in order to input to the system, but is alse
used for showing structured knowledge in the knowledge base when
composing structured knowledge in higher layers in reference to

existing knovledge.

For these PUCPOSes, the notation should Possess
comprehensibility (the contents of the text informatien must be
ecasily understood from it), construectibility (representation of
the text information by the notation must be simple), and
formalized representation (potential fer this transformation must
be automatic in future)., For the reason given in the previous
section, we wuse a graphical notation of networks in which
relationships AMONE vords or concepts are instinctively

comprehensive,



In the lowest abstractive layers, nodes (simple nodes) of
the network designate words in the text and arcs of the network
present a case relationship among those nodes. Sometimes a
certzin group of nodes behaves as a single node. In such a case,
the structure of the group 1is called a copposite node, in
contrast te a simple node. The relationships between structured
knowledge are represented by arcs which connect couples of the

nodes in both items of structured knowledge.

In graphical notation of structured knovledge (see figure
3), labelled ovals in the diagram represent nodes designating
verbs which have case frame structures, labelled boxes in the
diagram represent nodes designating the item {illing the case
slots in the case frame, and lines labelled with case mnames 1in
the diagram represent the case relationships between the verbs
and the items filling the case slots. Composite nodes are shown
by boxes enclosing the constituent nodes and arcs. An entry node
of a composite node is a node corresponding to the noun
eventually modified by other constituent nodes of the composite
noede or a node corresponding te a verb when the composite node
represents a noun clause. When a case slot is filled with a
composite node, the entry node of the composite node is indicated

by a double line frem a bex representing the composite node.

Figure 3 shows an example of a graphical description of
structured knovledge in the first layer. This structured
knowledge represents the phrase, "An expert system writter in
Prolog and database accessible by SQL interact”. 1In the part
"An expert system written in Prolog”, the node "write” has a case
frame, the node "expert system” fills the case slot "0OBJECT”, and
the node "Proleg” fills the case sleot ”"TOOL" in the case Zframe.

In the part "database accessible by SQL", the node "accessible”



has a case frame, the node "database” fills +the ecase slot
"O0BJECT”, and the nede "SQL” fills the case slot "TO0L” in the
case frame. These two parts form composite nodes, whose entry
nodes are “expert system” and "database”, respectively. These
tvo composite nodes are Joined by the node "&" te form a
coemposite node, which {ills the case slot "AGENT” in the case

frame of the node "interact”.

A symbolic notation which is readable as a part of ESP
(Extended Self-contained Proleg [Chikayama84]) prograns gives a
formal description of structured knowledge described in graphical
notatioen. The BNF syntax of the symbolic notation is shown in
figure 4, In the figure, elements in quotation marks are
terminal symbols and elements enclosed by angle brackets ¢ > are
non-terminal symbols. Square brackets [ ] are used to indicate

opticonal constructs.

A <text>, which is an item of structured knowledge
corresponding te an abstraction consisting of some sentences,
consists of a <{text_identifier>, desigqating an abstraction and a
<{net_list>, representing the contents of the abstraction. A
<net_list> is a 1list of <netds corresponding to individual
sentences, Each {net? consists of a <net_identifier>,
designating a sentence in an abstraction, and <net_contents>,
representing the contents of the sentence. A <net contents® is a
list of <net_contents_atomds describing composite nodes which

constitute a sentence,.

A <net_contents_atom> describing 2 composite node consists
of a <{predicate>, which has a case frame, and a <cases> which is
a list of <case>s (case slots). Ehen1 a composite node is
referred to in order to fill the case slot of the case frame in
another <net_contents_atom>, an <atom_identifier> is given to the

referred <{net_contents_atomy. Identifiers are arranged so that
_'?_



every compesite node can be uniquely identified by the
combination of its <text_identifier>, <net_identifier> and
C(atom_identifier>. A <{predicate) cerresponding toc a verb which
has a case frame consists of a <{predicate_atom?> which represents
the meaning of the <{predicate?, and a <predicate_attribute>,
representing some other dinformation (tense, modality, etc.),
wvhich this paper does not deal with. 4 <{predicate_atom> 1is a
{predicate_string> vhich is a verb in the phrase, a
¢{predicate_index> which represents an egquivalence or subsumption
relationship between composite nodes, a symbol "&" which jolns
composite nodes to fill a case slot, or a symbol "+" which fornms
a composite node in the absence of a verb. A <case? consists of
a <term_label?® which shows the item that fills the case slot and
a ¢roles) which represents the case relationship. A <term_label?
is a <term_string? which is a vord in the sentence 1if the itenm
that fills the case slot is a simple node, otherwise it is a
{term_string>» qualified by a {text_identifier?, a
<{net_identifier> and an <atom_identifier>. L <roles? 1is a
{role_atom?» or a list of <rele_atcom>s. A <role_atom>» 1is a

{role_index> which designates the name of the case relationship

or @ preposition in the sentence.

An example of structured knowledge in symbolic mnotation is
shown in figure 3, which corresponds to the example of graphical

notation.

Each item of structured knowledge is described in the form
of <data> in figure 4 to be enmbedded in an ESP program by
restraining the macro expander. In additisn, the folleowing
operator definitions are necessary:

add_operator((&), f=z, 40).
add_operator({$), fx, 50).

remove_operator((*)).



remove_operator((/)).

add_cperator((/}), xfy, 95).

¥e have examined the notations described above by using them
te represent more than 100 abstracts of technical documents
vritten in Japanese. It is proved that the practical meanings of

abstracts are not changed.

4. CONSTRUCTING ABSTRACTIVE LAYERS

Abstracted conceptual information, which is one of the two
types of structured knowledge stored in the knowledpe base as
secondary information, is obtained by abstraction of the
structured knowledge in the lower abstractive layers, and
constitutes the higher abstractive laver. Figure § shows an
example of stored knowledge in the proposed knowledge

representation scheme with abstractive lavers,

Abstraction is a set of operations on a network structure of
knowledge, consisting of the following three steps (see figure
6):

(1) extraction, the step in which items of structured knowledge
are retrieved from a lover layer as the objects on which a single
step of continual abstraction operation is performed,

(2} abstraction, the step in which retrieved items are
contracted, and

(3) integration, the step in which contracted items are stored in
the higher layer and bidirectional relationships are established
to arrange the items so that they are accessible from both

lavers,

In the extraction step, items of structured knovledge which
have similar structures are collected together. Items of
structured knovledge have a similar structure if there are (1) a
{predicate_atom?> which is common to each item and (2) a sat of

- g =



case slot fillers which is a non-empty subset of the set of case
slot fillers of the items. In this mateching process, twe fillers
of the case slots in different case frames are identified if they
are related by equivalence or subsumption, or if they are already
connected to a certain composite node in the higher laver. A
lack e©f case slet fillers in a few items is telerated when no
similar structures can be found in a strict matching process.
Items of structured knowvledge alse have a similar structure when
respective case frame structures in the items are reducible to a
similar struecture described above by applying transformational

rules peculiar te a <{predicate_atom® or a verb.

In the abstraction step, the contents of a similar structure
vhich is found in the extraction step are summarized by
gimplification and generalization, Simplification means
replacing components of structured knovledge which represent
particular concepts with simpler siructures which designate the
same concepts, For example, the node "AI application™ in the
third layer (in figure 5) is the result of simplification of the
structure, "Knowledge processing system”-"Integration”-"Business
system”. A transformational rule such as “Integration of a
system with another is an application of the system” applies to

this simplificative operation.

Generalization means extracting the entry node of a
compesite node or replacing a node vhich represents a particular
concept with a simple node which designates a more general
concept. For example, the structure "Knowledge processing
language”-"Description”-"Knowledge processing syster” in the
second laver (in figure 5) is the generalized structure of the
structures in the first layer, "Proleg”-"vrite”-"expert svstem”,
"LISP"-"write”"-"expert system” and "LISP"-"write”-"natural
language understanding system”, using the generalization-



specialization relationships, "Prolog and LISP are knowledge
processing languages” and "Expert systems and natural language

understanding svstems are knovledge processing svstems™,

The integration step incledes intra-laver operations and
inter-layer operations. In inira-laver operations, z simplified
or generalized structure of structured knowledge iz inserted in
the higher laver and similar structures in it are related to each
other. In inter-laver operations, bidirectienal relaticnships
are established to arrange the items so that they are accessible

from different lavers.

5. RETRIEVAL USING STRUCTURED KNOWLEDGE

This section illustrates typical ways of retrieval using
structured knowledge, (1) retrieval by browsing views of existing
relatienships of keywords in the stored text information, (2)
similarity-based retrieval, and (3) retrieval wutilizing the
relationship between keyvords expressed in 2 query, in contrast
te traditional retrieval with simple keywords. In this section,

the knovledge base shown in figure 5 is used as an ezample.

The proposed system offers retrieval by browsing views of
existing relationships of keyvords in the stored text
information. This enables the users to pick out part of the
contents of stored text infermation and to specify the retriewval
conditions to retrieve desired results stepvise more precisely or
mere appropriately. Figure 7 shows an example of this kind of
retrieval. In processes (1)-(5), the user is offered knovledge
about the contents of stored text information and moves step by
step from an ambiguous retrieval ecoendition (1) about "AI systen”
to more particular conditions. Although the retrieval process in
this example is rather straightforwvard, offering knovledge to the
users as views of stored data is more effective as users move



more f{reely, changing the viewpoints by imposing a new condition

or modifying the condition.

Traditional infermation retrieval systems have thesauri to
show what is stored in a system and vhat combination of keyvords
wvill produce the desired results. Since an ordinary thesaurus
does not represent specific relationships of keyvords to the
stored data but wuniversal relationships, it is not always

possible to browse the contents of stored data effectively.

The similarity-based retrieval presented here is associative
retrieval in which a retrieval condition is specified by an
instance of stored texts and texts which are semantically similar
to the given instance are retrieved as retrieval results . Any
similarity between the texts is regarded as a similarity betveen
structured knowledge extracted from the texts. A text which has
a commen structure with the given instance in a certain
abstractive layer is considered as a candidate of retrieval
results. Similar structures are ordered by levels of abstractive
layers in which common structures are found and there is an
equivalence or subsumption relationship between words in the

structures.

In traditional retrieval with simple keywords, any
similarity between the texts is measured by a common portion of
respective sets of keywords attached to the texts. ks this
measurement neglects the variety of relationships of keywords, it

offers only a rough appreximation,

Using structured knovledge as a phrase index is another
feature of retrieval of the proposed system, in which the
relationship between keyvords expressed in a query is utilized to
locate retrieval results. For example, a query "find a text

about an expert system which is written in Proleg” is expressed
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as the relationship "description” betveen "expert systen” as the
item that fills the case slot "OBJECT” and "Prolog” as the item
that fills the case slet "TOOL™. Structured knovledge
corresponding to text Tl in figure 5 is determined to mateh the
query correctly, In & traditional infermation retrieval system
with simple keywords, text TZ is alse included as extraneous
items din the retrieval results, because text Tl and text T2 are

not distingulishable as far as both keywords are coencerned.

6. CONCLUSION

The advantages of the proposed system which constructs two
kinds of secondary information before retrieval are that it
utilizes them:
(1) to help users make the intended retrieval requests by showing
the contents of the stored information in the desired degree of
detail,
(2) to answer the retrieval requests described in variocus levels
of generality and particularity, and
(3) to realize a kind of similarity-based retrieval.
It may also be expected that retrieval which uses relationships
ameng the keywords in the original text information can be done
without dynamic re-analysis of the original texts in natural

language.

Ve give a formal description for knovledge and the outline

of hov te construct knowvledge in a layered structure.
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(OBJECT)

[ expert system |
NS

and
(COMPONENT)

(COMPONENT)

#'BB5021788": [
#: [
[vrite, 'Prolog’:[in, $ TOOL'), 'expert system’: $ OBJECT' ]= @I,
[accessible, *SOL':{by, $'TOOL'], database: $'OBJECT']= @2,
[k, @ /"expert system’:and, @2 /databasel= @3,
[interact, @3: $' AGENT']

Fig. 3 Example of structured knowledge description
Case labels are capitalized in the notation.
This figure describes the phrase, "An expert system written
in Prolog and a database accessible by SOL interact”.
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P Tl T TR T

Merexty == VRV {text_identifiers MM U[M <net_listy )M .
text_identifier? :i== {quoted_atom>
{net_list> 1:== <(net> | <net> *,” <net_list>
<{net> ::== <{pet_identifier> ":" <{net_contents)
<net_identifier? :i== "E" {integer>
{net_contents® ::== "[" <net_cantents_list} "1"
<{net_contents_list> ::== <{net_contents_atom> ";" |
<net_contents_atom?> ;" <net_contents_list)
<net_contents_atom? ::== "[" {predicate> "," <cases>» "]"
[ "=" <atom_identifier> ]
Catom_identifier> :1i1== "@" {integer>
{predicate> ::== {predicate_atom> [ ":” <{predicate_attributes> ]
{predicate_atom? :i1== "§" <predicale_index> |
s | "E" | {predicate_string?
{predicate_attributes> ::== {predicate_aliribute_atom> |
"[" {predicate_allribute_list> "]"
{predicate_attribute_atom> z:== <{[SP ternd
tpredicate_attribute_list?» :i== <{predicate_attribute_atom> |
{predicate_attribute_atom» ",” <{predicate_attribute_list>
{cases> 1:== {cased | <cased ",” {cases)
{case? 1r== {term_label} [ ":" <roles> ]
<terr_label? i:== [ {reference_tent_identifier> "/*
[ <reference_net_identifier_ listd "/" ] <atom_identifier> "/" 1 ]
<term_string>
{reference_net_identifier_list> :i== {reference_net_identifier> |
Creference_net_identifier> "/" (reference_net_identifier_list>
<roles? ::== {role_atom> | "["” <role_list> "]"
<rele_atom? ::== "§" {role_index? |
<role_string>
C{role_list> ::== {role_atom} | <{role_atom» ",” {role_list}
(reference_text_identifiery ::== "§" (text_identifier>
{reference_net_identifier® ::== {net_identifier?
{role_index> ti== " AGENT” | "QBJECT” | "TOOL” | ...
(predicate_index> :i== "equivalent”

Me a” | ...

<predicate_string> :i== <stringd

{role_string> ::== {string>

{term_string> i:== {string>

(datad ::== "data(™ <{text_identifier> "," """ ([" <net_list> "])* »)r m»
Fig. 4 Syntax for structured knowledge description
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(1)

Stered text infermation

(typical keywords in traditional systems are underlined)

T1:
T
Ta:
T4:

(2)

-.gapert system A is written in Prolem. -+
.. -gxpert svstem B uses knowledze written in Erolos.

-« -gppept_systen C is eritten in LISP,
.-patural laneysge understanding system D is written in LISF. -

Structured knowledge

/ """"""""" [Control systex//  4th layer

et

R
il

/ .{'.“ system architecture/ T Al applicatio /Erd layer

i *-'_,,rf

Knowledpe
processing
language

(AGENT)

i EIPEI‘E EYSLER ?

write 2 (OBJECT)
LISP cxpert SysLem

(OBJECTY
/S LISF / natural language /

[T"l] understanding system

Fig. 5 Example of stered knouledge

liigher layer

/

Bidirectional
relationship

[xtraction

Lover laver

Structured
knovledge

Fig, & Translormations and bidirectional
relationship between structured knowledge



(1)

Input Focus: Al system
Jutput
(2)
Tnput Focus: ATl system . e o N
Output This system has knowledge about the following items concerned
with Al systen.
- A1 ayiteii architecture AT applieation
{3)
Input Focus: Al system architecture 1
Output | This system has knowledge about the following items concerned
with Al system architecture.
relations rdescription .
|- |
Lterhnological bagis-
between Fkﬁﬂ'“jlﬂdiél‘F;ifﬂiﬁﬁbiﬂgﬂbfgirem'l and rcompulers
| o | | aee |
L - | theory |
Llariguage-
(4)
Tnput, Focus: knowledge processing system, language |
Output | knowledge processing system——[description]——Ilanguage
rexpert system 9 rESP 9
| intelligent information retrieval system | | C |
| machine translation system | | Prolog |
| intelligent control system | e
n Lnatural language understanding system - Lpep A
()
Input | Fecus: LISP
Output | knowledge processing system——[description]——[language:LISP]
rexpert svstem -1
Lnatural language understanding system -
corresponding texts
13 | 141
Fig. 7 Retrieval by browsing vievs of relationships existing

in the stored text infermation



