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Abstract

One of the most difficult problems in knowledge base
design 1s the acqusition and formalization of an
expert's rules concerning a special umverse of
discourse In most cases different experts and the
knowledge base designer himself will use different ter-
minologies, and will represent rules concerning the
same objects 1n a different way Therefore, one of the
first steps 1n knowledge base design has to be the con-
struction of an integrated, commonly accepted termi-
nology, that can be shared by all persons involved in
the design process This design step will be the topic of
the paper The paper proposes concepts, methods and
tools to support the extraction, integration, transfor-
mation and evaluation of terminological knowledge that
are based on database design techniques and discusses
the possibilities and himitations of automating these
keywords and phrases knowledge based systems,
knowledge base design, database design, conceptual
modelling, semantic modelling, terminological
knowledge acqusition, knowledge integration, design
automation

1 Introduction

The economic order of the modern world 1s character-
1zed by a scarcity of natural resources and an abun-
dance of highly skilled but also highly-paid labor forces
in the traditionally industrialized countries Conse-
quently, producing industries have a tendency to move
their activities to the less well developed countries To
fill the void, the industrialized countries have to turn to
industrial enterprises with a high rate of value added to
the raw products To sustain their economuc rigor,
these countries must maintain the high quahfication of
their labor force as well as a large body of technological
expertise from which the labor force can draw its
know~how

Permission to copy without fee all or part of this matenial 15 granted
provided that the copies are not made or distributed for direct
commercial advantage, the ACM copynght notce and the title of the
publication and 1ts date appear, and notice 1s given that copying 1s by
permussion of the Association for Computing Machinery To copy
otherwise, or to republish, requires a fee and/or specific permission

© 1985 ACM 0-89791-160-1/85/005/0084 $00 75

84

The present paper 1s concerned with the latter, 1e the
management of expertise or to use a modern term, of
knowledge bases The importance of knowledge bases
for both easy access and versatile manipulation by
compiler based means, has long been recognized and
particularly well documented 1n the Japanese Fifth Gen-
eration Computer Project (fig 1)

A knowledge base can be considered to describe propo-
sitions of two kinds (fig 2)

1) Propositions which have a high stability and gen-
erality for the universe of discourse (UoD) of a given
application We shall refer to these propositions as
rules It is usefull to distinguish between rules that
hold for the terminology used to describe the UoD
(terminological rules often also called intensional
knowledge) and rules that describe the general
behaviour of the UoD (behawvioural rules) Obwviously
behavioural rules make use of the terminology
specified 1n the terminological rules for the UoD

2) Propositions that pertain to a specific state of the
UoD and/or may change with time We call this pro-
positions facts

Knowledge bases have been an active field of research
over the past years, a fair number of such bases have
been established as part of so-called expert systems
[McD 83] One of the most vexing problems has turned
out to be capturing the knowledge of human experts in
a form that can be put into a machine To be success-
ful one would have to employ some strict disciphne
that extracts the knowledge from the expert 1in a step-
wise fashion, translates it into a form that facihtates
the communication between the knowledge base
designer (or knowledge engineer [FEI 77]) and the ex-
pert, allows the expert to vahdate or correct the
results, and finally puts 1t into a form suitable for
storage 1n and manipulation by a computer The
development of such a disciphne (called knowledge ac-
quisition) is the specific concern of this paper

A number of difficulties may be expected 1n the course

of the task

* FExperts for the specific UoD may have difficulties in
formahzing their knowledge

* One mportant goal of a knowledge base system s to
make use of the knowledge located in different in-
formation sources, for example from different ex-
perts However, very often different experts use dif-
ferent terminology, which implies that they often
represent the same rule 1n a different way



* In most cases the knowledge engineer will not be
sufficiently familiar with the terminology of the ap-
phcation area Therefore, one difficult problem of
the knowledge engineer 1s the acquisition of the ter-
munology he needs in order to understand the rules
which are informally given to him by the experts

* The rule set as provided by an expert generally 1s
incomplete in the sense that the expert often makes
implicit use of some trivial rules (for example that
“every woman 1s a human being”) Often the expert
1s not aware of his implicit rule reference and will
not formalize these rules

* Lastly, we have the group of the end users of the
knowledge base system, who normally are not very
famliar with the apphcation area of the knowledge
base system and are not familar with the formal-
1zed language used for the specification of the rule
base as well This implies that after the design of
the rule base, costly training of the end users has to
be performed

We conclude from the discussion that a strategy for

designing the terminological and behavioural rules of a

knowledge base should follow a number of steps

1} Determine for each expert involved his/her term-
nology

2) Based hereupon, obtain from each expert the
behavioural rules, usually in an informal fashion

3) Integrate the various terminologies into a common-
ly accepted terminology

4) Coalesce the various sets of behavioural rules into a
single, commonly accepted set of formalized rules

Fig 3 1illustrates the strategy (note that the knowledge
engineer will usually contribute his early understanding
of the application area)

Despite the importance of knowledge acquisition, the
subject 1s still treated very lightly in the lhterature
Weiner [WEI 81) has proposed a manual procedure to
derive the structure of a database from natural
language inputs In [ADE 83] a form technique 1s pro-
posed, that may be used to facihitate the acquisition of
terminological knowledge In [ELNA 84] and [BAT 83]
some special problems for knowledge integration have
been treated [NAGA 82] propose how knowledge in-
tegration should be organized 1n large organisations
Other papers ([DAV 79], [GRO 83], [MIT 83]) have pro-
posed some general techniques for knowledge acquisi-
tion However, they do not take into account the specif-
1c character of terminological knowledge [WED 80] has
stressed the importance of termunological knowledge
for a good information system design

It 1s often overlooked in the general discussion on
knowledge bases that classical database design has
concerned itself with the acquisition of terminological
and behavioural rules for many years, albeit under
headings such as ""semantic modelling” or "conceptual
modelling” Our paper will report on a project (AN-
NAPURNA) that aimed at prowviding a computerized en-
vironment for semi-automatic database design, cover-
ing all phases from knowledge acquisition from the ap-
phcation experts all the way to generating an optimal
database schema for a given database management sys-
tem We feel that particularly the methods and tools for
the early phases are versatile enough to be apphed to-
wards the more general task of knowledge base en-
gineering

In the paper we shall concentrate on the phases con-
cerned with acquiring the terminological rules In par-
ticular, we shall sketch techniques with which termino-
logical knowledge can be extracted, transformed,
evaluated, integrated and refined Both opportumties
and llmitations for automating these techniques will be
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discussed In doing so we need a more precise definition
of what we mean by "termimnoclogy” We shall use this no-
tion 1n the sense of explaning a given term by means of
other terms, much like this 1s done in a thesaurus or 1n
the Oxford dictionary In other words, the terms of a
particular applcation area are studied in the context
of other terms with which 1t undergoes relationships

The paper 1s organized as follows In section 2 a formal-
i1sm for the description of the terminological knowledge,
S-diagrams, 1s introduced, and the design phases of our
methodology will be discussed Section 3 to 5 treat the
different phases of the knowledge acquisition process
Section 6 will summarize our experiences with applying
the methodology 1n several experiments

2 Assumptions of the acquisition process
21 S-diwagrams

For the description of the terminological knowledge we
use a graphical data model called S-diagram which was
influenced by the binary relation model ([ABR 74]) and
by SDM ([McL 78]) We shall illustrate the concepts of
S-diagrams using the following example dealing with the
connection of rooms by doors (fig 4)

Using S-diagrams 1t 1s possible to specify classes (in the
example, connect, room, door and physical_object are
classes), subclass connections between classes (for ex-
ample both rooms and doors are physical_objects), and
attributes (from_room, to_room and by_door are attri-
butes) which describe properties of members of classes
An attribute has a domain class and a range class (for
example by_door has the domain class connect and the
range class door) An attribute may assign to a member
of the domain class zero, one or more members of the
range class, and each member of the range class may
occur as an attribute value zero, one or more times
These cardinalities associated with an attribute may be
restricted using the labels multivalued, unique, optional
and onto

Let att be an attribute with domain class K1 and range
class K2, n1 the mimimum and n2 the maximum number,
respectively, of members of K2 which may be connected
via att to a member of K1, m1 the minimum and m2 the
maximum number, respectively, of references from
members of K1 to a member of K2 via att The pair (n1,
n2) specifies the cardinahty of att and (m1, m2) the
cardinality of the converse of att, called att! The la-
bels multivalued and optional define restrictions on (n1,
n?2) as follows (* represents "many’")

(n1, n2)-combination label combination

n1=0, n2=* multivalued, optional
nl=1, n2=* multivalued

nl=0, n2=1 optional

nl=1 n2=1 ----- (no label, default)

Similary the labels onto and unique define restrictions
on (ml, m2) as follows

(m1, m2)-combination label combination

mi=0 m2=* (no label, default)

m1=0, m2=1 unique
ml=1, m2=* onto
ml=1, m2=1 unique, onto



The labels and subclass connections will be represented
1in S-diagrams using the graphical symbols presented in
fig 6

In the S-diagram of fig 4 the attribute by_door carries
the label set {onto}, hence ni=1 n2=1, m1=1, m2=* ex-
pressing the following semantics there are no doors
that do not connect to some room (because of the label
onto) a connection may only have one door, and if
there 1s a connection there must be a door for this con-
nection (because there 1s neither label optional nor
multivalued), and one door may be 1involved 1n different
connections (because there 1s no label unique) (As a
matter of fact, m2=2, however S-diagrams do not have
the full expressive power of cardinahties)

Since informal knowledge may often be incomplete, at
least 1n the 1imitial acquisition phases, 1t 18 useful to re-
lax the formal rules for S-diagrams and allow that

~ attributes have no name, no domain class or no
range class,
~ label information 1s omitted

22 Phases of the
knowledge

acquasition

of

termanological

The premise underlying our approach is that the prime
purpose of knowledge base sytems 1s to produce
answers to queries put by the end users to the system
The rules and facts stored in the knowledge base are
the input from which the answer will be created

Hence one way to extract the pertinent knowledge from
the expert 1s to find out from him/her which queries
he/she may put to a supposedly expert system, and
what the general rules are that he/she would expect
the system to be aware of in answering the queries In
this early phase of the acquisition process one can
clearly not expect the expert to be very formal Rather,
queries and rules will be expressed 1n natural language

Consequently, the first design step will try to extract
the terminological knowledge from queries and rules
that have the form of natural language expressions The
knowledge obtained 1n this step will be described using
(possibly incompletely specified) S-diagrams

We call a collection of persons who share or who are as-
sumed to share the same terminological knowledge a
user group In the second step a complete, collective
S-diagram has to be derived for each user group from
the individual S-diagrams (obtained in the first step)
Furthermore, 1n order to prepare the subsequent steps,
the S-diagrams received for the different user groups
will be brought into a canonical form by applying S-
diagram transformations

In a third step the S-diagrams of all the user groups will
be integrated into a single S-diagram which will then be
a description of the terminology used in the whole
universe of discourse The major difficulty to be expect-
ed 1s that now we shall have to deal with divergent ter-
mnology Hence this step 1s some kind of ’consensus
building process’

In a fourth step the integrated S-diagram will be
enhanced to conform to certain quality measures This
will again be done with the help of S-diagram transfor-
mations

In section 3 the first step will be introduced Section 4
discusses the evaluation and transformation of S-
diagrams to be used In steps 2 and 4 Section 5 ad-
dresses the 1ssues arising 1n step 3
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3 Extraction of terminological knowledge

As mentioned above we assume that in the first step
rules and queries will be provided informally, using na-
tural language For example
‘Can box *17 be pushed from room 194’ to room
444 °°
may be a description of a query q! and
if room *X and room *Y are connected by door *D
and a physical object *0 1s smaller than the door *D
then *0 can be pushed from room *X to room *Y *
(strings beginning with '* represent universally quanti-
fied variables) may be a description of a rule r1, which
can be helpful to create an answer to the previous
query
We now try to extract the terminological rules con-
tamned 1n these natural language specifications and put
them into the form of (possibly incompletely specified)
S-diagrams

During this extraction process the following problems

must be solved

1) Terminological rules contammed 1n a natural
language specification have to be separated from
other kinds of information
From query ql we would like to extract that "boxes
can be pushed from one room to another room and
that boxes and rooms can be 1dentified by
numbers Conversely we are not interested in the
information that "a specific box with number'1 7’
can be pushed from a room which has the number
'194 to a room which has the number '444’ ", be-
cause this would be a description of a fact

2) Because of the ambiguities mnherent in natural
language, 1t 1s sometimes necessary to assign more
than one S-diagram to a natural language specifica-
tion
For example, from the sentence fragment *’ X'
supphies companies with TV sets ' one cannot infer
whether TV set has to be connected to the company
which 1s being supplied ("'X supplies only companies
owning TV sets’) or to the supplying actiity ("X
supplies TV sets")

3) In some cases 1t 1s not possible to construct an S-
diagram from a natural language specification, be-
cause some knowledge necessary for the S-diagram
construction may not be contained in the natural
language sentence to be analysed (an example of
this situation will be given below)

Because of the large number of queries and rules to be
examined one would like to solve at least the unprob-
lematical extraction cases by automated tools, leaving
only the difficult cases of human interaction Of course,
those cases would have to be 1dentified by the tool

A tool, AISCHYLOS, with these properties was developed
as part of the ANNAPURNA project It uses a set of
(presently) 43 heuristic rules to generate an S-diagram
from the grammatical structure of a natural language
sentence

To give the flavor of the rules, consider the following
example of a rule that describes the treatment of a
class of sentence predicates 1n the S-diagram genera-
tion process



standard predicate rule

context of rule application treatment of sentence
predicates
precondition The main verb associated with the sen-
tence predicate 1s not be, have ‘'con-
sist and the predicate does not in-
clude conditional verbs (like may can
effect A class named by the infimitive form of the
main verb of the predicate will be constructed
All classes constructed for the subject and the
objects of the sentence will be connected by
an attribute to this class The attributes will
be named by the the name of the classes to
which they refer In the case of a preposition
in front of an object the corresponding attri-
bute name will be prefixed by the preposition

Remark The upper part of the S-diagram (fig 7) for rule
rl1 has been constructed by applying the standard
predicate rule for the predicate "are connected”

Besides constructing an S-diagram or parts of 1it, rule
processing builds a dictionary to be used for linguistic
processing (entries contain eg singular nominative
form, superclasses, ) If during rule processing a
new term 1s encountered that cannot be found in the
dictionary, the user is queried by the tool in order to
define the new dictionary entry Similarly, the tool in-
terrogates the user i1n case of ambiguities or incom-
pleteness

Complex sentences are broken down into sets of smaller

sentences For example the sentence describing rule

rl 1s divided into the sentences "room *X and room *Y

1s connected by the door *D , "a physical object *01s

smaller than the door *D” and *0 can be pushed from

room *X to room *Y’, which then form separate inputs

to the S-diagram construction part of the tool In order

to 1llustrate the dialogue of the tool with its user we

shall use the analysis of the sentence a physical ob-

ject *0 1s less than the door *D

Tool Does 'physical’ attached to 'object’ describe

1 a property of 'object’?

2 a compoud class of
physical_object ?

3 some irrelevant detail of 'object’

User 2

Comment The answer 1'is the normal case, as 1n the
phrase "pink car” because the color would
be regarded as a property of car This will
afterwards be represented by an attribute
definition 1n the new S-diagram

*Q describes a property of 'physical object’, how

1s this property called ?

Objectnumber

*D describes

objects named

Tool

User

Tool

Tool The comparative 'less’ compares a common pro-

perty (set of properties) of physical_object’ and

door , how 1s this property (set of properties)
called ?

Comment Here we have an example where we need ad-
ditional information for the S-diagram con-
struction
For an expert the meaning of less in the
context of doors and physical_objects 1s ob-
vious However, for the use 1n a knowledge
base system this knowledge has to be for-
malized, that 1s the information needed for
the evaluation of the predicate less has to
be specified

User Length, Breadth

Tool How will the values of Length be represented ?
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User FIXPOINT (9 2)

Tool How will the values of Breadth

Tool Does there exist a common super class of
'physical_object and door, which has the attri-
butes length, breadth °

User Physical_object

Tool From your last answer [ can infer that 'door 1s a
subclass of physical_object’, 1s that true

User yes

In summary AISCHYLOS constructs from rule r1 and
query gl the S-diagrams of fig 6 and 7

In general S-diagrams created by from AISCHYLOS are
incomplete since the attribute labels can only be
determuined under certain circumstances such as the
use of the determunistic article (label "unique”),plural
(label multivalued’),

AISCHYLOS was used 1n several classroom experiments

as part of designing a network database schema From

these we can draw the following conclusions

— A surprising result was that 1t was possible with a
relatively small set of about 40 heuristic rules to
construct correct (see section 4) S-diagrams 1n
more than 95% of the cases examined

— A fairly heavy price must be paid in terms of
software development costs AISCHYLOS 1s written in
Pascal and contains about 8500 lines of statements
which may be categorized as follows

scanning and parsing

of natural language 2500 hnes
S-diagram generation 2800 lines
user communication and internal

administration (dictionaries, ) 3200 hines

— One mportant aspect of our experimentation was to
test the user acceptance of such a tool Initially, the
tool will ask its user a large number of (sometimes
very simple) questions, because its knowledge base
about the UoD 1s rather small This may discourage
a highly educated and highly paid expert

Hence one of the most cntical problems 1n the design
of such a tool1s the development of good user commun-
1cation strategies that on the one hand avoid misunder-
standings by the user of the system’'s questions and
answers and on the other hand minimizes the number
of question put to the user Some useful technques to
solve these problems have been proposed in projects for
natural language interfaces to computers ([PIL 84],
[HOP 83] [MAP 83])

4 Evaluation and transformation of S-diagrams

One absolute requirement of a good knowledge base
design 1s that all queries formulated for the planned
system may be satisfied This implies that all proposi-
tions (facts and rules) relevant for this query satisfac-
tion process should be representable 1n the knowledge
base to be designed

Consequently we call a terminology correct 1if all pro-
posiions relevant for the query satisfaction of the
knowledge base system may be described using this
terminology That 1s all classes, attributes and subclass
relationships necessary for the description of the
specific UoD have to be defined in the S-diagram

Correctness does not imply uniqueness of diagrams
however In fact for a given UoD a large number of



correct S-diagrams can be found For example our
room/door/connection example may also be described

..... v tha Q diagrara DY armd (A snatand Af tha
Uusing i S-aiagrams \u/ ara \u, inswaa 61 uic o

diagram (1) (hg 8)
The example brings up the following questions

(Q1) Suppose the original S-diagram (1) 1s known to
be correct, can one deduce whether the S-
diagrams (2) and (3) are also correct®

If several S-diagrams are correct for a UoD, for
example (1), (2) and (3) which of these 1s "op-
timal’?

Consider for example, that one expert 1s found to
use terminology (1) and another expert terminol-
ogy (3) Which S-diagram should be chosen dur-

ing the integration step to describe the combined

termunology for both experts °

(Q2)

How can the optimal S-diagram be obtained from
some 1mtial, correct S-diagram ?

(Q3)

Satlsfactory answers to these questlons requxre a care-
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been reported elsewhere ([EICK 84b], [RAU 84], a
briefer outhne may be found in [EIRA 85]) The basic
1dea 15 to introduce the notions of “generahzed func-
tional dependencies” and “generalized existence depen-
dencies”, both combined under the notion of "X-
dependencies’” The class of X-dependenens i1s an upper
bound for the rules that can be expressed in an S-
diagram, that 1s every (terminological) rule expressed
in an S-diagram 1s contained 1n the class of X-
dependencies
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may be regarded as transformations of X-dependencies
a specific transformation maps the set of the X-
dependencies expressed In the originai S-diagram to a
set of dependencies (which are also hoped to be X-
dependencies, however, this property cannot be gen-
erally shown for powerful transformation systems (sets
of S-diagram transformations)) that should hold for the
transformed S-diagram

4l £
this framework transiormations of

Given a set of transformations on an S-diagram, one
must introduce some kind of quality measure that, in
principle, allows to compare the results of the transfor-
mations and choose the optimal one
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shall, however, give a summary of the premises and the
results to demonstrate the general approach
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Question (Q1) may be rephrased as "Given the correct
S-diagram (1), 1s there an information preserving

transformation that constructs S-diagsram (2) or S-
transformaticn ihat constructs S-diagram (<)

diagram (3) from 1t *" (A transformation 1s called infor-
mation preserving 1f it maps a correct S-diagram to a
correct one )

We shall demonstrate the basic 1dea for the example of
fig 8 If the connection relationship of rooms 1s sym-
metric for a specific door (that is every door connects
rooms 1n both directions), the transformatlons from S-
diagram (1) to the S-diagrams {2) and (3) are informa-
tion preserving

However, if the above symmetry relationship does not
hold (that 1s, some doors may only be used in one direc-
tion) the transformation from S-diagram (1) to S-
diagram (3) 1s no longer information preserving, be-
cause the following two propositions

pl) door d1 1s a connection from room 2 to room '14’
p2) door d1 1s no connection from room '14 to room '2’
are not expressible, when using terminology (3)

Note that the two cases just discussed differ 1n that in

the first case a condition has been added {(symmetryv of
ithe nIirst case a congqilion nas deen aqadeg \Symmetiry ol

the relationship) that 1s not directly being expressed in
S-diagram (1)

0
o0

Proceeding now to question (Q2) we need a quantitative
quallty measure for S- d1agrams Clearly, such a meas-
ure should ignore the more or less coincidental naming
conventions 1n an S-diagram and concentrate on the
structure( classes attributes and subclass relation-
ships) of an S-diagram A quantitative quality measure
for S-diagrams has been defined in ([EICK 84a] [EICK
84b]), which incorporates the following quahty factors

(Qu1l) The complexity of the S-diagram to be evaluated
number of classes attributes labels and subclass
relationships in the S-diagram
For example S-diagram (2) 1s less complex than
the S-diagram (1) in that sense

(Qu2)

The expressiveness of the S-diagram to be
evaluated the proportion of termunogical rules
expr‘essed in the u—diagram

For example, S-diagram (3) does not express the
rule that a door connects exactly two rooms (nl
of the attribute connects should have the value
2) This rule 1s expressed 1n the S-diagrams (1)
and (2) (in S-diagram (1) because the attributes
from_room and to_room have neither the label
multivalued nor optional ) Consequently, the ex-
pressiveness of the S-diagrams (1) and (2) 1s
higher than that of S-diagram (3)

The normahzedness of the S-diagram to be
evaluated The 1dea underlying this quality fac-
tor 1s, that if two different human beings
describe the same UoD using two S-diagrams S1
and S2 which are equally good 1n the sense of our
quality measure then the structure of S1 and S2
should be equal or very similar The importance

ual or very simiiar 1ne imporiance

of normahzatlon will be dlscussed In section 5

(Qu3)

An 1mportant result in [RAU 84] 1s the existence of an
algorithm that allows a completely automatic evalua-
tion of S-diagrams relative to this quality measure The
most difficult problem that had to be solved by the al-
gorithm was the evaluation of the expressiveness of an
S-diagram, a test procedure had to be constructed that

decides, whether a siven terminolomcal rule 1s directly
vvvvvvv vaelner a given lermingicgica: ruie is awreclly

expressed 1In an S-diagram or can be inferred from the
rules directly expressed in the S-diagram

Concerning the third question (Q3) a system of S-
diagram transformations has been developed that allow
to enhance the quality of S-diagrams The theoretical
properties of the transformation system are discussed
in detail in [EICK 84a] [EICK 84b],[RAU 84)

Unfortunately there 1s no one-step procedure for
selecting the transformation to the optimal S-diagram
Rather, a number of transformations must be applied —
selected perhaps by heuristic rules — and the results
compared with regard to quality Clearly, therefore au-
tomation of the transformations s of vital importance

Our results concerning the transformation and evalua-

tion of S-diagrams can be summarized as follows

* The evaluation of an S-diagram concerning its
structure may be completely automated

* The test, whether the application of a specific
transformation (of our transformation system) to
an S-diagram 1s information preserving may be per-
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specific situations help by the human designer 1s
needed because of mssing information or because
of some decidibiity probiems, that have not been
solved so far)

* The calculation of the transformed S-diagram (ts
labels, ) recewved by a specific transformation
can be performed completely automatically by a
computenzed tool
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5 Integration of terrmnological knowledge
51 Mtegration problems

When different human beings refer to the same UoD
they will very often use a different terminology If these
human beings (user groups) have to cooperate in a pro-
ject, they must be able to understand one another, that
1S, a correct, understandable and acceptable terminolo-
gy (communication base shared by all users) has to be
created by the mtegration of the terminologies used by
the different user groups Normally, this integration
activity will be performed by verbal discussions between
the user groups

In this paragraph we will discuss the problems of in-
tegration of terminological knowledge and how far
these problems can be solved by computerized tools In
the following, we assume that the terminological
knowledge of the user groups has been decribed using
S-diagrams

The integration process (of S-diagrams) can be subdi-
vided 1into three steps

{(St1) The conflict situations between user views have
to be detected

The conflicts encountered 1n step St1 have to be
resolved and an integrated S-diagram has to be
constructed

The correspondance between the views of the in-
dividual user groups (views) and the integrated
schema has to be recorded, that 1s view defimi-
tions have to be specified that allow the recon-
struction of information relevant to the user
groups from the information represented using
the terminology of the integrated S-diagram

(StR)

(St3)

52 Conflicts and thewr resolution

Turning first to steps (St1) and (St2) the following con-
flict situations must be treated

(T1) Homonyms for class and attribute names must be
removed such that unique objects have unique
names (name unification )

Contradictory specifications 1n different user
views regarding subclass relationships, attribute
range classes and attribute cardinality restric-
tions must be resolved

Common objects shared between different user
views but named differently (synonyms) and oth-
er redundancies must be detected and resolved

(T2)

(T3)

If (T1) 1s not properly dealt with, the result of the in-
tegration will be an incorrect S-diagram (differences in
rules are not always expressed) Not solving (T2) clearly
means that integration may not take place at all (which
of the several alternatives should one choose?) Missing
(T3) 1s at least tolerable but gives rise to uncontrolled
redundancy

To give a better feeling for these kinds of conflicts and
the ways how to resolve them we start out with a simple
example Concider the following two user views Bl and
B2 of the same UoD with the only difference being the
range classes of the attribute length (fig 9)

Here we have a contradictory range class defimtion for
the attribute length because (in the integrated S-
diagram) the attribute length may only have one range
class (and not two)

The detection of conflicts of this kind, and sirmlary of
other contradictions between S-diagrams such as con-
tradictory attribute cardinalities or subclass specifica-
tions can be performed automatically The strategies
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for resolving the conflicts are different, of course,

depending on the different possible causes of the con-

tradiction

1) Theintegrated range class could be the union of the
range classs specified by the user groups (in the ex-
ample this would be FIXPOINT(9,4)) For example
user group Bl 1s interested 1n large and user group
B2 in small physical objects

2) Length 1n Bl and B2 could be a homonym In this
case we do not have a contradictory range class de-
fimtion but an undetected attribute name
homonymity concerning length For example length
could denote physical length in Bl and wave length
n B2

3) The class name physical_object could be a
homonym relative to Bl and B2 In this case we do
not have a contradictory range class (because the
attribute length belongs to different classes) but an
undetected class name homonymty

4) FIXPOINT(9 2) and FIXPOINT(6,4) could be synonyms
{(which makes lhittle sense for this example) In this
case we have no contradiction but an undetected
class name synonymity

Clearly, the cause of the conflict itself cannot be decid-
ed by a computerized tool (if the tool has no additional
knowledge about the inter-usergroup relationships)
Therefore, the resolution of contradictions may not be
completely automated However, a computerized tool
may assist the designer by displaying to him/her all
possible resolution alternatives from which he/she
chooses the one most appropriate to the given situa-
tion

In [ELNA 84] more general treatment of situation 1 1s
given, however the naming problems (causes 2-4) are 1g-
nored 1n the papers We believe that, for the prize of the
human nteraction, our approach 1s more generally ap-
plicable particularly in view of the fact that all four
cases will occur together in practical situations, so that
the interdependencies between them must be taken
1nto account

53 Hentification of conflicts

In order to choose the appropriate resolution strategy,
the designer must first recogmze all potential candi-
dates for synonymty, homonymity and subclass con-
nections among two ore more user views to be integrat-
ed Consider however, that for S-diagrams with realistic
sizes of 100 classes, the designer would have to inspect
nearly 5000 potential synonym- and subclass candi-
dates

Clearly in general he/she will himuit him/herself to a
small number of these candidates, because a test of all
candidates will be extremely time consuming and ex-
pensive But how can he/she be sure to select the most
relevant candidates® A computerized tool that
preselects candidates which have a high probability of
having a subclass/synonymity relationship will be of
great help 1n the design process

Two concepts are important for the solution to this and
other problems of automatic conflict situation detec-
tion between different user views
The first concept 1s the normahzation of S-diagrams be-
fore they are integrated Normahzation 1s achieved by
observing certain rules during the semi-automatic pro-
cess of constructing S-diagrams
1) Application of naming rules
For example "class names may only be substantives
In nominative singular form or verbs in infimtive
form’ 1s a narmung rule which excludes a situation 1n



which In one user group a class 1s named
‘'has_been_connected and 1n a second this class 1s
named connects This will simplify the detection of
the synonymes between user groups
2) Standardization of structure
An mmitial S-diagram will be transformed 1nto a good
S-diagram relative to the quality measure men-
tioned 1n section 4 before the integration is per-
formed This structural normalization process will
reduce the differences among the S-diagrams to be
integrated If, for example one user group has used
terminology (1) of figure 8 and a second has used
terminology (2) the normalisation process will
guarantee that the normalized S-diagrams to be 1n-
tegrated either have the structure (1) or the struc-
ture (2)
One advantage of this approach 1s that many problems
of the detection of complex redundancies between user
groups (like the redundancy between the S-diagrams
(1) and (3) before the normalisation process) will be re-
duced to the detection of synonyms and subclasses
between user groups

The second concept 1s the application of several sim-
lanty measures for the selection of probable synonym
subclass and homonym candidates between user views,
which will be used for the computerized analysis of
inter-S-diagram relationships Similarity measures are
based on different matching factors that will be
evaluated 1n the environment of the classes K1 and K2
for which one of the above cases has to be tested The
environment of a class Kis
* the set of attributes for which K 1s domain or range
class
* the set of classes, which are a subclass or a super
class of K, or the domain or range class of an attri-
bute with range or domain class K, respectively

Take as an example the similanty between classes that

1s based on a class inclusion K1 achieves a high score

with regard to a class K2 1if 1t "appears” to be a subclass

of K2 To test the hypothesis, four matching facts are

considered The score 1s high

— 1if a large number of attributes of the environment
of K1 are contained in the environement of K2

— if many classes of the environment of K1 are con-
tained 1n the environment of K2

— 1f there 1s a high similarity between names used 1n
the environment of K1 to names used in the en-
vironment of K2

— 1if we assume that K1 and K2 are synonyms or Kl 1s a
subclass of K2 there should only be a very small
number of contradictions between the enwviron-
ments of K1 and K2

In order to 1llustrate the importance of the detection of
synonyms, subtypes and homonyms 1n knowledge base
design we return to our previous example If we in-
tegrate the S-diagrams of figure 6 and 7 without trying
to detect subclass relationships between the classes to
be integrated we will run into the following problem We
cannot use rule rl for answering question ql1, because
the terminological knowledge that box 1s a subclass of
physical_object has not been specified

The automatic calculation of the matching factor of

box for physical_object will take into account the fol-

lowing information

— can_push and INTEGER are also 1n the environment
of physical_object

— boxnumber has a textual similarity to objectnumber

— no contradiction occurs 1if box 1s subclass of
physical_object

In evaluating the matching factors a computerized tool
should attach to the subclass connection of box and
physical__object a high score so that this conflict can-
didate will not be eliminated by the automatic preselec-
tion process Later 1t will be presented to the user who
has to decide whether the subclass connection really
holds in the UoD or not

54 View definition

The last problem to be discussed 1s the automation of
step (St3) If for example one user group represents its
rules using represention (3) of fig 8, and the integrated
S-diagram uses representation (1), the user group will
still msist on using 1ts own terminology (3) (and not
(1)) This will be true not only during the later every-
day use of the knowledge base, but also during the sub-
sequent acquisition of further expert knowledge and
the consequent augmentation of the integrated S-
diagram

View definition can be considered a by-product of the
steps discussed 1n sec 52 and 53 In every case, 1n
which the representation of a user view has to be
changed because of contradictions, redundancies or
homonymties to other user views, we log the transfor-
mations applied to user view S-diagrams during the
conflict resolution

8 Conclusion

The methods and the tools described 1n this paper were
inttially developed 1n the context of a computer-based
database design environment and extensively tested in
a database laboratory with jumor students with only
very crude textbook knowledge on database design In
parallel a number of diploma theses were done refining
the methods and tools, examining the theoretical
framework and implementing the tools with the overall
intention of pushing automation of database design to
its hmits The results in the paper can, therefore, be
presented with some confidence on our parts

We have shown that the acquisition of termunological
knowledge namely its extraction from natural language
statements its formalization wvia S-diagrams, 1its in-
tegration and its transformation into a more advanta-
geous form can all be supported by automatic, compu-
terized tools On the other hand, because of incomplete
presentation of knowledge, 1diosyncrasies of particular
user environments or ambiguities and redundancies
full automation of the design process i1s fundamentally
impossible As a consequence, the tools must be able to
interact with the designer, and, hence careful con-
sideration should be given to the user interface of the
tools In particular, 'intelhgent” user interaction stra-
tegies must be developped to raise acceptance of tools
An 1nteresting result of our project was that the ac-
quisition of the corresponding information (needed 1n
the heuristic rule application process) was the most
critical part of the tool design and not the S-diagram
construction process itself

We have tried to improve the process of knowledge in-
tegration by the use of qualhty and similarity measures
Using a quality measure the S-diagrams to be integrat-
ed will be put to a canonical form (by applying S-
diagram transformations) This normalization process



guarantees that entities which have structural similari-
ties (concerning the rules that hold for them) will be
described 1n the same way and entities which are
structurally different will be represented in a different
way Assumng that all S-diagrams to be integrated
have the same canonical form the detection of
synonyms homonyms and subclasses will be performed
using similarity measures

It 1s important to state that, in our opinion, the use of
similarity measures without normalization prior to in-
tegration (as it has been proposed in [BAT 83]) will not
be of great help to the designer, because the same pro-
position may be represented 1n a large number of dif-
ferent ways which will make 1t very difficult and com-
plex to find similarities between nonnormalized S-
diagrams Using the concept of a normalized S-diagram
the number of cases in which the same proposition will
be described in different ways will be drastically re-
duced, resulting in the simplification of the integration
process

The reader will have noted that we never precisely stat-
ed what our quality measure was or, consequently
when an S-diagram was "advantageous” [EICK 84b] in-
troduces a measure based pretty much on the qualty
factors (Qul) (Qu2) and (Qu3) in section 4, appropri-
ately weighted However it 1s still too early to state with

confidence whether the measure i1s entirely suitable, or
by which environmental factors it may be influenced
Generally speaking, these S-diagrams will score best
that have small complexity and large expressive power,
that 15 a good (integrated) terminology has to be sim-
ple and expressive

Another advantage of our methodology 1s that 1t 1s
based on natural language specifications This guaran-
tees that comprehensible names will be used for the S-
diagram construction Furthermore, many problems
that may be encountered in the design process may be
solved by going back to the natural language specifica-
tions (for example 1n the case of a potential class name
homonymity, the designer may be asked by the tool
"Does the term ' used 1n rule 5" " and rule 334 " "
refer to the same class of objects?)

We claim that a serm-automatic design process such as
the one described 1n the paper 1s more economical than
an entirely manual process and yields much better in-
tegration results at least for larger size UoDs However,
more well-controlled experimentation 1s necessary to
validate this hypothesis

Lastly our recent exposure to work in the area of ex-
pert sytems has convinced us that our work, originally
developed for database design has much wider applica-
tion 1n the general area of knowledge base construc-
tion
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can_push

by_door physical_object

physical_objec

=>length =>brbadth

=>doornumber =>roomnumbt ectnumber

INTEGER => (FIXPOINT(9 2))

=>

Fig 7 S-diagram constructed for rule ri

(The attribute names from_room and to_room have been generated interac-
tively because of the application of the standard predicate rule had lead to
an ambiguity by introducing the attribute name room twice which had to be
resolved by an user interaction)

door ( door )

onnection

onnection connects f rom_room

from__roPm to_jroom

room ( room ’

(2) (3) (1)

Fig B8 several candidate S-diagrams for a UoD
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Bi B2

Fig 9 example of a contradiction between user views
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