    CONFIDENTIAL

CIRCULATION RESTRICTED TO THE MEMBERS

                                                                               OF THE KRAFT CONSORTIUM

            On Mismatches Betw een Ontologies

                              A first investigation into know ledge fusion

                                                                             Pepijn R.S. Visser  and  Dean M. Jones

                              KRAFT  Working Paper KP100, v2.3  -  PRSV 2.3 / Oct96

                                                                                                    Department of Computer Science

University of Liverpool

                                                                                              P.O. Box 147,  Liverpool  L69 7ZF

                                                                                                               {pepijn, dean}@csc.liv.ac.uk

On Mismatches Betw een Ontologies

A first investigation into know ledge fusion

Pepijn R.S. Visser  and  Dean M. Jones

KRAFT  Working Paper KP100 v2.3 -  PRSV 2.3 / Oct96

Department of Computer Science

University of Liverpool

P.O. Box 147,  Liverpool  L69 7ZF

{pepijn, dean}@csc.liv.ac.uk

Abstract

                                                           In  th is  paper we discuss mismatches between two database schemes (here referred to a s

                                                           o n to lo gies),  produced for the UNIKb prototype. We present a (new) classification of system -

                                                           co mmu n ication  mismatches after we discuss the occurrence of these mismatches between th e

                                                           Car diff  University and Liverpool University ontologies. Thereafter, we investigate to what exten t

                                                           th e  mi smatches can be resolved. We define terminology to be able to give a more accurat e

                                                           d e scription  of ontology relations. Using this terminology, we draw some preliminary conclusion s

                                                           reg arding  ontology mappings. In four appendices we present the Cardiff ER diagram and ontol -

                                                           ogy (expressed in

P
/

FDM
), and the Liverpool ER diagram and ontology (expressed in

P
/

FDM
).

1.  Introduction

The  KRAFT project aims at creating an architecture for multi-site (heterogeneous) information systems.

T h is  req uires knowledge that is located at different sites to be fused. The project has started in Ma y

1 9 9 6  a nd has produced some initial ideas on the construction of the architecture of such informatio n
systems  (Embury et al. , 1996). To test these ideas it has been decided to create a prototype system. Th e
p rototyp e,  named UNIKb (after UNIversity Knowledge base), consists of three cooperating database s
each  loc ated at a different university site. All three databases contain data on university students, suc h
as  th eir registration details and their progress reports. The aim is to use one common database schem a
for  al l three sites. Each site will then represent its local university regulations by defining their ow n
con strain ts  over the common schema (in the remainder we refer to a database schemas with the mor e
general term ontology).

C ommu n i cation  between two heterogeneous systems is impeded by, amongst other things, the proble m
th at  a ter m used in one system may have a different meaning in another system. The term cannot b e
used  in system communication because it is ambiguous. One way to deal with this problem is to rename
all  terms so as to make them unique ( e.g.,  by giving them a system-related prefix). This however is only
a  p artial  solution and does not allow adequate system communication. The problem is that the rename d
terms  d o n ot make sense to the other system. If we require a system to use information from anothe r
system  we have to express the knowledge from the supplying system in terms of the knowledge of th e
receivin g  system. Otherwise stated, the knowledge from the supplying system has to be fused  with th e
knowledge from the receiving system.

T h is  p ap er rep orts on a first investigation into knowledge fusion. Although we discuss the ontology o f
the  UNIKb prototype, our primary focus is the knowledge exchange between two systems with different
ontologies  (we note that since the UNIKb prototype assumes one single ontology it is less suitable fo r
ou r  cu rre nt aim). Our point of departure is the two different university ontologies that were produced i n
an  earlier p h a se for the prototype at Cardiff and Liverpool University, respectively. In this paper w e
d iscu s s  these ontologies, investigate their ontological mismatches and the possibilities to resolve thes e
mismatch es.  In the long term (not in this article) we aim at finding guidelines for ontology mappings .

T h at  is,  (h euristic) rules that describe the conditions under which mappings between differen t

                                                           We assume the conceptualisations of the systems to be explicit , i.e.  we assume an ontology of the system to exist.

                    1

                                                           See also the discussion in section 7.

                    2
ontologies  are possible. These rules could then be used to define the requirements for systems t o

participate in a cooperative environment, such as the KRAFT network.

This  paper is structured as follows. In section 2 we discuss the types of communication mismatches that

can  o ccur between two systems. In particular, we extend and classify the list of mismatches distin -

gu ish ed  in  p ost ition paper KP3 (Visser, 1996). In section 3 we briefly compare the two ontologies a s

p r oduced  at Cardiff and Liverpool University (the schemas and ontologies are given in full in th e

ap p endices).  Then, in section 4 we analyse the two ontologies with respect to the mismatch types o f

section  2 .  A ft er this, in section 5, we discuss the possibilities to overcome these mismatches. In sectio n

6  we d efin e  terminology which facilitates describing mapping relations between ontologies. Finally, i n

section  7  w e discuss seven issues that arise from the previous sections, we rank the mismatch type s

accord i ng  to their solvability, and we draw ten tentative conclusions. In the appendices we provide th e

E R  d iagram of the Cardiff ontology (appendix A), a
P

/
FDM

 specification of the Cardiff ontolog y

(ap p en d ix  B ),  the ER diagram of the Liverpool ontology (appendix C), and a
P

/
FDM

 specification of th e

Liverpool ontology (appendix D).

2.  A classification of communication mismatches

C ommu n ication  between heterogeneous systems is, amongst others, impeded by mismatches in thei r

underlying  assumptions. In KP3 (Visser, 1996) a set of communication mismatch examples was listed .

In  th is section  we present a revised version of this list. In particular, we extended the list of mismatc h

ex amp les,  after which we structured them. The classification will be used in the remainder of this pape r

to  an alyse t he mismatches between the two ontologies. As with the previous list of mismatch examples ,

we  d o n o t claim the classification presented below to be complete nor disjoint ( cf.  Visser, 1996) .

However,  we deem the classification to be a useful instrument to determine what mismatches ar e

present  between ontologies, to determine what mismatches are hard to resolve, and, to define guidelines

with which ontologies can be created.

T h e  b asic  categories of communication mismatches between two systems are the (1) ontolog y

mismatch , and the (2) language mismatch .

                                                          1

( 1 ) ONTOLOGY MISMATCH

                        A n  on t ology mismatch occurs when two systems have modelled their knowledge using differen t

                        on tologi es.  In particular, the knowledge bases differ in their underlying ( 1.1 ) entities, ( 1.2 ) rela -

                        tions, or ( 1.3 ) in the way they define their knowledge.

                        ( 1.1 ) Entity mismatch

                                                           A n  en tit y mismatch occurs when two systems differ in the way they conceptualise the entitie s

                                                           in the world.

                                                           ( 1.1.1 ) Categorisation mismatch

                                                                                                              A  catego risation mismatch occurs when two systems contain knowledge about th e

                                                                                                              same  entity but split this entity into different subcategories . The subcategory division2

                                                                                                              can  be made using relations such as, component-of , part-of , is-a , or instance-of . A s

                                                                                                              an  e xample we consider two knowledge bases that both contain knowledge abou t

                                                                                                              an i mals.  A categorisation mismatch occurs when one knowledge base structures it s

                                                                                                              knowledge  around entities
mammals
and
birds

, whereas the second structures its knowl -

                                                                                                              edge around entities
carnivores

 and
ungulates

.

                                                           ( 1.1.2 ) Aggregation-level mismatch

                                                                                                              A n  aggregation-level mismatch occurs if two systems both contain knowledge on th e

                                                                                                              same  entity, but at different levels of abstraction. For instance, one knowledge bas e

                                                                                                              that  contains knowledge about the male population, say:

males(X) �

                                                                                                              obliged_ to_join_the_civil_service(X)
 and a database that distinguishes between young and ol d

                                                                                                              males, say:

young_males(3.200.000)
, and
old_males(12.000.000)
.

                        ( 1.2 ) Relation mismatch

                                                           A  relatio n mismatch occurs when two systems differ in the way they conceptualise the rela -

                                                           tions between the entities in the world.

                                                           ( 1.2.1 ) Attribute-assignment mismatch

                                                                                                              A n  attr ibute-assignment mismatch occurs when two systems both contain knowledg e

                                                                                                              about  a concept but differ in the way they assign their attributes to the concept. A n

                                                                                                              ex amp le  is the concept of a (red) car. One knowledge base could represent a red ca r

                                                                                                              as
red_ca r(X)
, whereas another knowledge base could represent it as
car(X) Y  red(X)
. W e

                                                                                                              note that the two conceptualisations not necessarily have a categorisation mismatch.

                                                           ( 1.2.2 ) Attribute-type mismatch

                                                                                                              An  attribute-type mismatch occurs when two systems use the same terms (predicat e

                                                                                                              relation )  b u t differ in the type of the attributes assigned. Consider the following tw o

                                                                                                              typed expressions:

length(X:Road, L:Kilometres)
, and
length(X:Road, L:Miles)
.

                        ( 1.3 ) Definition mismatch

                                                           A  definition mismatch occurs when two systems contain different definitions while usin g

                                                           ei ther  the same definiendum, while using the same definiens, or while attempting to defin e

                                                           th e  same con cep t in the real world. Here, we consider a definition to be composed of a

                                                           d efin ien d u m  ( i.e.  denoting an atomic formula in a formal language), a definiens  ( i.e.  a (com -

                                                           p ou n d )  form ula in a formal language) and a concept  in the world (which we - for practica l

                                                           re asons  - deem to be expressed in natural language). We abbreviate the three elements of a

                                                           definition  with C  (for concept), T  (for definiendum - to avoid confusion with the definiens ,

                                                           we  u se th e wo rd `term´), and D  (for definiens). An example is the definition of the concep t

                                                           ` ves sel´  ( C ) as
vessel(X) �  seagoing(X) Y  large(X)
, in which
vessel(X)
 is the definiendum ( T ), and
seago -

                                                           ing(X) Y  large(X)
 is the definiens ( D ).

 ( 1.3.1 ) CT mismatch (or Concept and Term mismatch )

                                                                                                              A  C T  mi smatch occurs when two systems use the same definiens D but differ in bot h

                                                                                                              th e  con ce pt C they are intended to define and the term T linked to the definiens. Fo r

                                                                                                              in stan ce ,  if one system contains the definition
vessel(X) �  seagoing(X) Y  large(X)
 (to defin e

                                                                                                              the  concept of a vessel) and the other system contains the definition
whale(X) �  seagoing(X)

                                                                                                              Y  large(X)
 (to define the concept of a whale).

                                                           ( 1.3.2 ) CD mismatch  (or Concept and Definiens mismatch )

                                                                                                              A  C D  m ismatch occurs when two systems use the same term T  but differ in th e

                                                                                                              con cep t  C  they are intended to define and the definiens D  used for the definition .

                                                                                                              C on sid er  the term mitre. One system may define the concept of the head of a bisho p

                                                                                                              with  the expression:

mitre(X) �  head_dress_of_bishop(X)
, whereas a second system may define

                                                                                                              th e  con cep t  of a straight angle joint of wood with the expression:

mitre(X) �

                                                                                                              s tra ight_angle_joint_of_wood(X)
.  Although both systems use the same term T  it is clear tha t

                                                                                                              the systems denote a distinct concept and use a different definiens.

                                                           ( 1.3.3 ) C mismatch (or Concept mismatch )

                                                                                                              A  C  mismatch  occurs when both systems have the same term T and definiens D  bu t

                                                                                                              d iffer  in the concept they are intended to define. For instance, both systems could us e

                                                                                                              th e  expression
red_mitre(X) �  mitre(X) Y  red(X)
 while one system is intended to define th e

                                                                                                              con cep t  of a red piece of wood whereas the other system is intended to define th e

                                                                                                              concept of a red hat.

                                                           ( 1.3.4 ) TD mismatch  (or Term and Definiens mismatch )

                                                                                                              A  T D mismatch occurs when two systems define the same concept C  but differ in th e

                                                                                                              way  th ey d ef ine it; both with respect to the term T  and the definiens D . For instance ,

                                                                                                              two  s ystems that define the concept of a ship with expressions,
vessel(X) �  floating(X) Y

                                                                                                              big(X)

 and
ship(X) �  seagoing(X) Y  large(X)

, respectively. Although representing the sam e

                                                                                                              concept in the world, these systems differ both in their term T  and their definiens D .

                                                           ( 1.3.5 ) T mismatch  (or Term mismatch )

                                                                                                              A  T mismatch occurs when two systems define the same concept C using the sam e

                                                                                                              d efin ien s  D  but refer to it with different terms. This mismatch occurs when system s

                                                                                                              use  synonyms. Consider the use of the expression:
ship(X) �  seagoing(X) Y  large(X)

 by on e

                                                                                                              system  and
vessel(X) �  seagoing(X) Y  large(X)

 by another system, both defining the concept of

                                                                                                              a ship.

                                                           ( 1.3.6 ) D mismatch (or Definiens mismatch )

                                                                                                              A  D  mismat ch occurs when two systems define the same concept C  and use the sam e

                                                                                                              term  T  to  refer to the concept but use a different definiens. For instance, one syste m

                                                                                                              may  d efin e  the concept of term mitre with the expression:
mitre(X) �

                                                                                                              head_d ress_of_bishop(X)

,  whereas a second system may define the same term with th e

                                                                                                              expression:
 mitre(X) �  hat_of_bishop(X) Y  deeply_cleft(X)

.

( 2 ) LANGUAGE MISMATCH

                        A  lan gu ag e mismatch occurs when two systems use different languages to express their knowledge .

                        T h is  is a very broad category of communication mismatch problems. For instance, one system use s

                        a  p roduction-rule system ( e.g.,
 if  rain then  wet_street

) and another system uses a horn-clause knowledg e

                        system ( e.g.,
                                                                                                        wet_street �  rain

).

                        ( 2.1 ) Mismatch in formalism expressiveness

                                                           A  mismatch in formalism expressiveness occurs when two systems use different formalism s

                                                           to  express their knowledge while the expressiveness of the languages differs. Take as a n

                                                           ex amp le  a system using predicate logic ( e.g.,
~  X: flies(X) �  bird(X)

) and another system that use s

                                                           p rop o sitional  logic ( e.g.,
flies �  bird

) (note that this type of mismatch is an instance of th e

                                                           previous type of mismatch).

                        ( 2.2 ) Mismatch in computational tractability

                                                           A  mi smatch in computational tractability occurs when two systems use languages with a

                                                           different  computational tractability. Take as an example a system using predicate logic ( e.g.,
~

                                                           X: flies(X) �  bird(X)

) and another system that uses production rules ( e.g.,
if  bird(X) then  flies(X)

).

T h e  classification of mismatches, and in particular, the classification of language mismatches are stil l

under revision. In the remainder of this article we focus on ontology mismatches.

3.  A brief comparison of the Cardiff and Liverpool ontologies

B efo re  we present an analysis of specific mismatches between the Liverpool and Cardiff ontologie s

(h en ceforth  O n t-L and Ont-C), we will first discuss in a more general sense some of the difference s

b e tween  them, especially with respect to the motivations for their design and the consequences tha t

resu lt .  By doing so, we hope to aid the reader in understanding how such mismatches can arise. Som e

discussion  of Ont-L is given, but we do not analyse Ont-C in great depth. For more detailed information

see the appendices and KP4 (Ashwell et al.,  1996).

T h e  d e signs of the ontologies for the UNIKb prototype system can be assessed according to whethe r

they satisfy two distinct criteria:

                                                           It  is important to make clear that this difference in perspective was only evident after  the design of Ont-L and that at no stage was
                    3

                                                           a  decis ion made that the schema should necessarily be different. Indeed, the initial design of Ont-L was done without knowledg e

                                                           of the details of Ont-C

                        (i)  adequately testing the KRAFT architecture, and

                        (ii) performance of  the required tasks correctly.

A lth ough  there are other factors that would normally be used as criteria for assessing database system s

(su ch  as maximising efficiency) where these do not interfere with our primary aims, they can safely b e
ign ored  for present purposes. As we have not yet defined precisely what aspects of the KRAFT archi -
tectu re  th e  prototype is designed to test, we can use criterion (i) to assess the design only in the mos t
gen e ral  terms. We will concentrate mainly on criterion (ii), and return to criterion (i) at the end of th e
section.

In  using criterion (ii) to assess the system, we first need to identify exactly what data we should be abl e
to  query the local systems for, as any representation should be assessed in relation to the task that it is to
b e  u sed  for ( Visser 1995). As stated in KP4 (Ashwell et al ., 1996), the proposed system would enabl e
d at a  relating to the academic record of a student at a particular institute to be maintained as well a s
allowin g  acce ss to course information. In order that two ontologies can be compared, we feel that w e
n eed  to b e s lightly more precise about defining tasks that the system will be able to perform. To thi s
end, we have drawn up the following list:

                                                                                     1 .  A ssess  Validity of Transfer : determine whether it is possible for a student to transfer t o

                                                                                                    a degree from a similar degree at some other university.

                                                                                     2 .  Assess Submitted Registration : determine whether the proposed registration of a resi -

                                                                                                    dent student is valid.

                                                                                     3 .  Assess Pre-university Qualifications : determine whether a prospective student meet s

                                                                                                    the entry requirements.

                                                                                     4 .  A ss ess Intra-university Qualifications : determine whether, given a set of modul e

                                                                                                    marks, a student can progress to a subsequent year of study.

3.1  Motivations f or the ontology designs

The  main reason that the ontologies exhibit various differences is that they were designed to stor e
slightly  different sets of data. It seems likely that Ont-C was designed with the stereotypical student i n
min d .  T h is is probably more in keeping with criterion (i) above than criterion (ii) and, for the design o f
th e  p rototyp e,  this is a reasonable simplification. However, the need to analyse some of the problems i n
res olving  mismatches between heterogeneous systems requires that another ontology be develope d
in d ep e ndently  of Ont-C. The design for Ont-L was motivated from the opposite perspective to Ont-C ,3
i. e.  it should be able to store student records that do not necessarily conform to some typical example .

F or  ex amp le,  co nsider the case of a student who has failed a year and is invited to resit some modules .

In  rep resen ti ng such a case according to Ont-C, it is not immediately obvious whether the value of th e
relation

                                                  year
                                                                       in the

                                                                                                             Student
 entity now refers to:

                                                                               (a)  th e number of years that the student has been in attendance at a university (year o f

                                                                                                    residence), or

                                                                               (b) the part of the degree that is currently being studied for (year of study).

T h e  d if ficulty is that each of these interpretations is problematic. Under interpretation (a), there is n o
record  of th e p a rt of the degree course that is currently being taken, which is obviously necessary i f
tasks  1,2 and 4 are to be performed. Assuming therefore that this interpretation is incorrect, we can now
analyse the problems associated with interpretation (b).

G ive n  the need to solve tasks of type 4, it would be advantageous to keep a record of a student´ s

p rogress  in  a yea r of study. The entity
Module

 in Ont-C has an associated
mark

, making it possible t o

record  the fact that a module has previously been taken along with the corresponding result that wa s

ach ieved .  H owe ver, the queries that would be necessary in order to be able to decide whether a particu -

lar  year of study has been passed are more complex than would be the case if the results for a year o f

study were recorded together.

A lso,  in  p erfor ming tasks 1 and 2, it will be necessary to record somewhere the combinations o f

mod u les  th at for m an acceptable year of study. It seems that the initial expectation as outlined in KP 4

(A sh well  et al ., 1996) was that this information would be expressed in the form of constraints on th e

d ata.  A s the course information relating to such combinations is quite complex, it is probable that suc h

con st raints  will also need to be quite complex. In responding to queries of task type 1, this informatio n

n eed s  to be transferred between sites and we anticipate that attempting to transfer overly comple x

con straints  may initially prove to be quite difficult. For the purposes of the prototype (we now  asses s

th e  d esign  acco rding to criterion (i) above) it may be a requirement to keep the transferred informatio n

as simple as is practicable.

We  a re not arguing here that one or other of the ontologies should be used in the prototype but rathe r

h igh lighting  the differences between them, and the consequences of implementing the designs i n

relation  to criterion (i) above. These can be summarised in terms of a trade-off. On one hand, we have a

simpler  ontology, Ont-C, that would be fairly straightforward to implement at the different sites but tha t

p rob ab l y  requires a set of complex constraints - especially in representing the course information -

cou pled  with complex queries necessary to perform some of the required tasks. On the other hand, w e

h ave  a  slightly more complex ontology - Ont-L - that enables us to simplify the constraints on the dat a

and which allows the required information to be uncovered with less difficulty.

3.2  The design of  Ont-L

T h e  differences that are evident between Ont-L and Ont-C can be summarised if we separate tw o

as pects  of the domain. Firstly, we have the course information that is essentially static, changing onl y

u n der  relatively infrequent conditions, such as the introduction of a new course. Secondly, we have th e

information  relating to individual students which is more dynamic, resulting in more frequent updates .

T h e  d ata th at r elates to a student has a temporal aspect to it as it will change through the course of a n

acad emi c  session, whereas course information will remain the same. These sub-domains each corre -

sp on d  loosely to two of the tasks identified above. Tasks 1 and 2 are concerned largely with queryin g

the course data, whereas performing tasks 3 and 4 mainly requires querying the student data.

In  rep rese nting the course information, the first and most fundamental departure from Ont-C is th e

d e cision  to include the entity
Year_of_study_template

. This entity is used to record all known combinations o f

cou rses  that satisfy the various course rules such as necessary pre- and co-requisites. If a submitte d

registration  conforms to a recognised template, then it can be accepted as a valid registration merely b y

q u eryin g  a st udent´s individual record to ensure that all relevant courses have been passed. If a submit -

ted  registration is not recognised as a pre-existing template, then the rules that govern the assessment  of

registrations  can be invoked. If it found to be valid,
Year_of_study_template
can be updated with the ne w

record. As each new template is generated, it is given a unique code that acts as a key for the entity.

F or  the recording of the student data, we have introduced the entity
Year_of_study.

 As outlined above, thi s

h el ps  us to maintain the academic records of some kinds of non-standard student and alleviates some -

what  the difficulties associated with tasks of type 4 above. We also include the entity
Registration

 as the set

of  mod ules that a student takes during any one unit of time, whether that be a term, semester, academi c

year  o r some other duration. This further facilitates accounting for non-typical students, as we can no w

record information relating to resitting students where a partial registration may be necessary..

4.3.2  CD mismatches

It  com monly occurs that the same term is used to refer to different concepts. In these circumstances, th e
co rresponding  definition will usually also be different. Consider the entities that are labelled

Module
 i n
the  ontologies. In Ont-C, this entity is used to record the modules that an individual student has taken or
h as  p assed , whereas in Ont-L, it corresponds to the description of a module independent of any particu -
lar  stu d en t . This is a mismatch in the concept and the definiens. This example highlights the fact that ,
with in  a domain such as that of the UNIKb prototype, it is possible that the same term is used to denot e
d ifferen t,  but not disjoint, concepts. In such cases, it may not be immediately obvious that differen t
con cepts  are being represented. For example, consider the two definitions of

Mark
. In Ont-C, thi s
denotes  the mark that a student has attained at some module, whereas in Ont-L, it is a generic type tha t
en ab les  u s to re cord marks in terms of percentages and also in terms of alphabetic grades. This is also a

CD mismatch as the entities are intended to represent different concepts.

4.3.3  C mismatches

In  th e O nt-C definition of the term

Module
 there is an attribute
name
 that is used to record the names o f
mod u les  th a t have been passed or are currently being taken by a student. The Ont-L definition of

Modul e
also  h as an  attri bute
name
 which is used to record the names of all available modules. The term that i s
u sed  to refer to this attribute is the same in each ontology ( e.g.  in

P/FDM
 format, it is
name(Module)
) an d
both are defined to be of type
string
. We therefore have a mismatch in the concept.

4.3.4  TD mismatches

As  noted in section 4.3.1, the term

Module
 is used to refer to different concepts in the two ontologies. The
con cep t  th at is referred to by

Module
 in Ont-L corresponds to the concept that is referred to by the ter m

Module_desc
                                                            in Ont-C, i.e.  the description of a module. The definiens for

Module
 and

Module_desc
 are differ -
ent,  as modules are formally described in different ways at the two sites and so we have an example of a

TD mismatch.

A  simila r relationship exists between

Student_mark
 in Ont-L and

Mark
 in Ont-C. Both entities are used t o
record  th e ma rk for a particular student at a particular module. Therefore we have the same concep t
being  represented with different terms and with different definiens i.e. , a TD mismatch. A discussion o f
the relationship between CD and TD mismatches is given in section 7.

4.3.5  T mismatches

University  modules can usually be referred to with a unique alpha-numeric code. Both ontologie s
attemp t  to model this information in the module description entities, Ont-C with
number
 and Ont-L wit h
code
                     .  A s both of these attributes are defined as type string, we have a mismatch in terms but not i n
con cep t  or d e finiens i.e.  a T mismatch. A similar example can be seen in the attributes termed
content
 i n

Ont-C and

                                                                    description
                                                                                                                     in Ont-L, again defined on the module description entities.

4.3.6  D mismatches

A  simp le ex am ple of this mismatch type occurs between the entities

Degree
. Here we have slightl y
d ifferen t  d efi nitions of the same term which attempt to represent the same concept (the set of availabl e
d egrees).  A n oth er example can be seen by comparing the definitions of the terms

Student
. In both Ont- L
an d  O n t-C ,  this entity is used to record the details of individual students. The ontologies differ howeve r
on the details that are to be included in these records and again we have a D type mismatch.

5.  Resolving ontological mismatches

In  th e p r evious section we described several examples of mismatches between Ont-C and Ont-L. Th e
purpose  of this section is to investigate to what extent these mismatches can be resolved. For each typ e
of  mi smatch discussed in section 2 we discuss whether they can be resolved, and if so, how we coul d
d efin e  a su i table mapping function. An additional purpose of this section is a preliminary investigatio n

in to  th e requirements for adequate ontology mappings. The structure of this section resembles th e

ontology-mismatch classification presented in section 2.

5.1  Entity mismatch

If  two systems d iffer in the way they conceptualise the entities in the world they are said to have a n

en tity  m ismatch. In section 2 we distinguished between categorisation mismatches and aggregation -

level mismatches.

Categorisation mismatch

T h e  on t ological mismatch between two systems that divide their entities into different subcategorie s

may be difficult to resolve. Theoretically, the mismatch can be resolved by abstracting the knowledge of

th e  two  sets of subcategories to the abstraction level of the common entity (see definition of categorisa -

tio n  mismatch). However, the common entity could be a very abstract (the most abstract) entity, whic h

imp lies  t hat the abstraction process is a complicated and `knowledge-intensive process´. Probably, th e

tra nslation  from an ontology into an ontology with another entity subdivision - if possible - has to b e

done for each pair of (instantiated) expressions of the respective knowledge bases.

If  we reconsider the entity mismatch in the UNIKb example (section 4.1) we find that in Ont-C, th e

most  abstract entity, say
UNIKb_ knowledge

, contains sub entities
Student

,
Module

,
Module_desc

, and
Mark

, wherea s

in  O n t -L
                                                             UNIKb_knowledge

 contains sub entities
Student

,
Year_Of_Study

,
Year_Of_Study_Template

,
Registration

,
Module

,

M ark

                        ,  an d
                                                             S tuden t_Mark

. If we would abstract both set of sub entities to a common entity we arrive at th e

most  ab s tract entity
UNIKb_knowledge

. Arguably, the definition of the abstraction function here is indeed a

very complex and knowledge-intensive process.

Aggregation-level mismatch

If  two systems represent information at different aggregation levels the mapping process requires th e

kn owled g e  to be expressed (expressible) at the same aggregation level. In general, this can be don e

eith er  b y a bstracting the most detailed knowledge, or, by specialising the least detailed knowledge (o r

in d eed  by doing both). Consider an example from the UNIKb Ont-C and Ont-L. In Ont-C the ter m

pa ssed

                               is used whereas in Ont-L both the terms
passed

 and
deemed

 are used. Ont-C has a more abstrac t

n otion  of p assed than Ont-L. Roughly, we could say that
passed

 (Ont-C) equals
passed

 (Ont-L) plus
deeme d

(O n t-L ).  A translation from Ont-L into Ont-C involves abstracting clauses
passed

 (Ont-L) plus
deeme d

(O n t-L)  an d  m apping them onto the term
passed

 (Ont-C) and is not likely to cause many difficulties .

H owever,  the other way around, specialising the knowledge from Ont-C into Ont-L is more difficul t

because  we do not know (in Ont-C) whether a student who passed his module should be considered as a

passed

                              (Ont-L) or as a
deemed

(Ont-L). Compare this to the discussion on attribute-type mismatch.

5.2  Relation mismatch

If  two syste ms differ in the way they conceptualise the relations in the world they are said to have a

rel ation  mismatch. In section 2 we distinguished between attribute-assignment mismatches, an d

attribute-type mismatches.

5.2.1  Attribute-assignment mismatch

A  mis match in attribute assignment occurs when two systems both contain knowledge about a concep t

but  differ in the way they assign their attributes to the concept. Consider, a system s  that represents that

1

X  is a re d car as red_car(X)  and a system s  that represents this information as red(X)  Y  car(X) . A

2

map p in g  b etw een these two systems could be done by two simple mapping functions mf  and mf ‘, suc h

as ( Ont(a)  denotes the ontology of system a ):

                                                  mf ( Ont(s ): red_car(X) )  <   Ont(s ):  red(X)  Y  car(X)

                                                                                                            1 2

                                                  mf ‘( Ont(s ) :  red(X)  Y  car(X) )   <   Ont(s ):  red_car(X)

                                                                                                                 2 1

A n oth er  example, derived from Ont-C and Ont-L, concerns the representation of the duration o f
module  registrations. In Ont-C the duration is - implicitly - derivable from the start date (
date_start
) an d
th e  en d  d ate (

                                                                                         d ate_end
), stored with the concept of a
module
. In Ont-L the duration is stored as a unit o f
ti me  in a separate attribute
duration
 of the concept
registration
. Mutual translation between the two represen -
tation s  is not possible without information loss because the duration attribute does not state what th e
start and end dates are ( cf.  mismatch in attribute type).

5.2.2  Attribute-type mismatch

If  two systems s  and s  both use term
mark(Module,Value)
 but their value parameter is of a different typ e

                                                                                                      1 2
th en  a mapping is required between the value parameters (see also the discussion in section 7). Th e
map p in g  functions between the two systems are rather straightforward if both systems store exactly th e
same  in fo rmation in different formats. For instance, if system s  stores values as {A, B, C, D, E, F} an d

1
system  s  s tores values as {´A´, `B´, `C´, `D´, `E´, `F´}. The mapping would require a function tha t

                                                      2
map s  A onto `A´, B onto `B´ etc., and a function that maps `A´ onto A etc. We note that a mappin g
fu n ction  can involve some calculations. For instance, when two systems communicate, one measurin g
d is tances  in miles, and the other measuring distances in kilometers the mapping function obviousl y
requires some basic mathematical operators.

If  both system store the same information content then the mapping functions (both ways) will be rather
straightforward.  However, it is not likely that two systems do not store precisely the same informatio n
content.  For instance, if system s  stores percentages ( e.g.,  75%) and system s  stores ratios ( e.g. , 15/20 )

1 2
th en  th e re is a mapping function from system s  to system s , but not vice versa . This means that th e

2 1
ma pping  function is one-directional (see section 6 for terminology on mapping functions). If we use a
common  ontology (knowledge exchange strategy S3, see KP3), this ontology should arguably have th e
h igh est  gran ularity level. However, this would not completely solve the problem. Suppose the commo n
on t ology  has the highest granularity level for values, say, it distinguishes ratios. Now, if a system s  tha t

1
stores  marks as 1, 2.1, 2.2 etc., wants to communicate - over the network and thus via the commo n
on tology  - with a system s  that distinguishes percentages etc., then we´ve got the problem that we hav e

2
to  ` ad d ´  information to translate the information of system s  into the common ontology. The reaso n

1
wh y  we h a ve to add information is that marks cannot unequivocally be translated into ratios. Fo r
in stan ce,  1  may correspond to ratio 100/100 or a ratio 25/25, or perhaps even (rounded) non-exac t
ratios,  such as 20/22. We note that if we would make the common ontology so as to have the lowes t
granularity level we would obviously lose information in the mappings.

5.3  Def inition mismatch

If  two systems contain different definitions while using either the same term T  or the same definiens D ,
or while attempting to define the same concept C  there is a definition mismatch.

5.3.1  CT mismatch

If  tw o systems use the same definiens D to denote two different concepts C and  C ‘ and refer to the m
with  d iffere nt terms T  and T ‘, respectively, then this mismatch probably does not require a mappin g
since  the terms should be considered (and are already) different. However, the fact that both system s
u se  the same definiens may indicate that there is another type of mismatch between the ontologie s
regarding the terms used in the definiens.

5.3.2  CD mismatch

If  two system s use the same term T while using different concepts C  and C ‘ and different definiens D
an d  D ‘ then it is clear that the expressions cannot be exchanged without a (non-trivial) mappin g
function.  The solution to such mismatches is to rename one or both concepts, or, to link each of them to

th eir  respective ontologies. For instance, Ont-C and Ont-L both use the term
module

. We could renam e

the terms to
                                                                           Ont-L-module

 and
Ont-C-module

, respectively (alternatively, we could link them to their respective

on tolo gies,  say
                                                                                                      Ont-L:module

 and
Ont-C:module

. This solution is suggested, for instance, by Wiederhol d

(1994)).

5.3.3  C mismatch

If  tw o systems use identical terms T  and definiens D  but differ in the concepts C , then a mapping i s

req u ired  b e cause the formal representations (as defined by D and T ) should be kept distinct in a

coop e rative  context. This mismatch type can be resolved by renaming the expressions, or by linking th e

ex p res sions  onto their respective ontologies. For instance, Ont-C and Ont-L both use the term
nam e

(d efin ien s:  str ing) to refer to the name of a module. We could, for instance, rename these terms to
Ont-C -

name

                         and
                                                      Ont-L-name

                                                                                                           , respectively. Here, the mapping function ensures that these entities are kept distinct.

5.3.4  TD mismatch

If  two systems represent the same concept C  but define it with different terms T and T ‘ and definiens D

an d  D ‘ there are two possibilities. Either, it can be argued that the terms refer to the same concept C fo r

which  reason the terms T  and T ‘ should be mapped onto each other, or, it can be argued that th e

definiens  D  and D ‘ are different for which reason there should be no mapping of the terms (possibly the

d efin ition s  can co-exist in a cooperative context). Which solution is more adequate cannot be stated i n

general terms, it depends on the relative importance of the differences between D  and D ‘.

If  we consider the TD mismatch between
module_desc

 (Ont-C) and
module

 (Ont-L) we would map the terms

onto  each other and part of the attributes despite the fact that not all attributes of Ont-L (Ont-C) can b e

mapped onto attributes of Ont-C (Ont-L).

F or  th e T D mismatch between
mark

 (Ont-C) and
student_mark

 (Ont-L) a similar consideration holds. Bot h

mark  entities are intended to model the same concepts although they do not have the same attributes .

An instance of
                                                                                            mark

                                                                                                                    should be mapped onto an instance of
student_mark

 (and vice versa ).

5.3.5  T mismatch

If  tw o systems use the same definiens D to denote a concept C  but refer to it with different terms T  an d

T ‘  then the terms can be mapped onto each other. The mapping functions are straightforward and bi -

d irec tional.  For instance, Ont-C refers to the university modules with the term
number

, and Ont-L refer s

to  th is con cep t wi th the term
code

. Note, that their definiens are the same as they are both defined a s

strings. An example of two mapping functions (both ways) is:

                                                  mf ( Ont-C : number(X) )  <   Ont-L : code(X)

                                                  mf ‘( Ont-L :  code(X) )   <   Ont-C :  number(X)

5.3.6  D mismatch

It  two s ystems define the same concept C  and use the same term T  but differ in their definitions then i t

can  be argued that the concepts are in practice not the same. Hence, in a cooperative context, the term s

should  be kept distinct. A solution would be to rename the terms, or, to link the terms to their respective

on tologies.  Alternatively, it can be argued that, because both systems are intended to define the sam e

con c ept  C , the terms and definiens should be considered the same, which implies that the terms shoul d

remain  a s they are. A trivial mapping function ( i.e.,  one that links the same terms in different systems )

suffices.

If  we consider the D mismatch between Ont-C and Ont-L in relation to the definition of
degree

 we woul d

map  both degrees onto each other. An instance of a degree in Ont-C should be mapped onto an instance

of a degree in Ont-L.

6.  Ontology relations: terminology

In  the previous sections we investigated the possibilities to resolve ontological mismatches between two
commu n icati ng  systems. In this section we come to a more precise definition of terminology that i s
useful to describe the relation between ontologies.

A n  on t ology is a tuple that consists of the following five sets: classes, relations, functions, instances ,
an d  atoms. This definition satisfies the definition of an ontology in the Knowledge Sharing Effor t
p roj ect  ( e. g . ,  Gruber, 1995). An ontology is sub ontology of another ontology if it contains a subset o f
the  elements of the latter ontology. Also, two ontologies overlap if there are common elements in eithe r
of the five sets (we note that an ontology overlaps with all its sub ontologies).

Def inition 1 :   ontology

                                                  A n  on tolog y is a tuple O = <C, R, F, I, A> in which C = {c ,...,c } (n > 0) is a set of classes, R

1 n

                                                  =  {r ,...,r } (m �  0) is a set of relations, F = {f ,...,f } (k �  0) is a set of functions, I = {i ,...,i } (l

                                                                           1 m 1 k 1 l

                                                  �  0) is a set of instances, and A = {a ,...,a } (p �  0) is a set of axioms.

1 p

Def inition 2 :  sub ontology

                                                  O n to logy  O  = <C , R , F , I , A > is a sub ontology of ontology O  = <C , R , F , I , A > if C

1 1 1 1 1 1 2 2 2 2 2 2 1

                                                  I  C , and R  I  R , and F  I  F , and I  I  I , and A  I  A .

                                                                         2 1 2 1 2 1 2 1 2

Def inition 3 :  overlap

                                                  T wo  on tologi es O  = <C , R , F , I , A > and O  = <C , R , F , I , A > overlap if either C  �  C

1 1 1 1 1 1 2 2 2 2 2 2 1 2

                                                  g  L , or R  �  R  g  L , or F  �  F  g  L , or I  �  I  g  L , or if A  �  A  g  L .

                                                                                                          1 2 1 2 1 2 1 2

T o  map  an  ex p r ession in one ontology onto an expression in another ontology we define a mappin g
fu n ction  (an  e xpression is a well-formed formula in some formal language). If we have a mappin g
function for each possible ontology expression, we have an ontology mapping.

Def inition 4 :  mapping function

                                                  If  e  is an  expression in ontology O  (shortly: O : e ), and e  is an expression in ontology O ,

                                                                         1 1 1 1 2 2

                                                  then mf  (O : e )