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Abstract

Over the past few years, the ICOM/CIDOC document standards group has been developing an object oriented
Conceptual Reference Model. The model represents an 'ontology' for cultural heritage information, i.e., it
describes in a formal language the explicit and implicit concepts relations relevant to the documentation of
cultural heritage. The primary role of the CRM is to serve as a basis for mediation of cultural information and
thereby provides the semantic 'glue' needed to today's disparate, localized information sources into a coherent
valuable global resource. The model provides mechanisms for dealing a number of complex issues in a coherent
manner: varying levels of and precision, transfer of information between 'richer' and'pooer'systems and
extensions to incorporate domain specific information. This explains how the model can be used as a reference
in the cultural sector. is intended both to represent good practice in the representation information and to be used
as a practical aid in the design implementation of mediation servers, search engines, databases, DTD's Z39.50
access profiles, Metadata, documentation guidelines, and products. using the CRM ensures semantic
compatibility between systems and services and removes the need for one to one conversions different native
formats. The paper should be of interest to curators other domain specialists, as well as system designers and
implementors working in the cultural domain.

1 Introduction

The creation of the World Wide Web has had a profound impact on the ease with which information can be
distributed and presented. Museums have been relatively quick to take advantage of the new technology and
many now manage their own web sites. However, many of these sites are little more than electronic versions of
tourist brochures and offer only a tantalising glimpse of the resources available. At present, few museums make
the effort to tap into their information systems and still fewer to integrate their information with that from other
institutions. Today's web sites are still predominantly hand-coded productions. The results can be very attractive,
but the effort involved in producing and managing a hand-made web site imposes severe restrictions on the level
of complexity that can be sustained.

Many writers have evoked the vision of the web as a global resource for cultural heritage information. In order
to achieve this vision, museums will have to establish solid and reliable means for integrating and distributing
the rich and detailed documentation contained in their information systems.

A major barrier to such integration is the semantic and structural incompatibility of existing systems. Different
institutions organise and present the data they use in different ways. Differences may be limited to the naming
and arrangement of entities and fields, but they may also affect the level of depth and detail of analysis, or even
the entire focus and orientation of the data. Even if the structures are compatible, terminology is often
incompatible. To date, most attempts to bridge the gaps between incompatible information systems have been
based on hermetic, ad hoc transformation rules, or have resorted to massive simplification, concentrating on a
limited subset of 'core' data.

The CIDOC Reference Model (in the following "CRM") aims to overcome this limitation by providing a
common semantic reference point, a formal expression of the basic concepts behind the structure of the various
data we wish to communicate. It will enable museums to render their information resources mutually compatible
without sacrificing detail and precision. To this end the model is presented as an object-oriented semantic model,
a “domain ontology”, which allows for a great deal of flexibility both in the level of detail which is required and
in terms of extensibility.



Ultimately, we hope that the CIDOC model will serve as a basis for the mediation of cultural heritage
information and thereby provide the 'glue' needed to transform today's disparate, localised information sources
into a coherent and valuable global resource.

After a discussion of museums' communication needs, the present paper gives an overview of the state of
heterogeneous data access in the cultural field and other domains before presenting the principles features of the
CIDOC reference model along with in introduction to its basic entities. Some illustrations are given as examples
of the model's application. The paper concludes with some ideas for future development.

2 Background to the model

Work on the CRM began in March 1996 following a meeting in Crete, hosted by of ICS-FORTH. Up to that
time CIDOC had maintained a E-R data schema, inspired largely by work done at the Smithsonian, which was
intended to fulfil much the same role as the current CRM. However, the need to encompass a sufficiently broad
scope of information and domains had resulted in a highly complex and unwieldy model which was proving
difficult to maintain. Furthermore, the model suffered from a significant bias towards the fine arts and historical
collections — support for the natural sciences, archaeology and ethnography was inadequate. Extension of the
already complex model to incorporate further information categories was becoming increasingly difficult. At the
Crete meeting, the CIDOC Documentation Standards Working Group decided to adopt an oo approach and
develop a new data schema, derived initially from the information categories contained in the Relational Model
and from a separate document — the “International Guidelines for Museum Object Information: The CIDOC
Information Categories” [CIDOC95] (Hereafter "IC"). The first version of this new model was presented at the
triennial [ICOM conference in Melbourne in 1998 and is currently being evaluated by ISO (International
Standards Organisation) as a potential standard. The model, and associated documentation is available via the
web [CIDOC98].

The decision to adopt oo modelling techniques was motivated by a number of factors.

e The oo data model is semantically richer than the E-R model. All E-R modelling constructs find equivalents
in the oo model, but the reverse is not the case. Although a straight forward mechanical translation proved
to be inadequate, this enabled the working group to translate the primary aspects of the existing E-R schema
into an oo schema, and to simplify many redundant constructs in the process.

e  Through the mechanism of specialisation, the oo data model is more readily extensible than an E-R model
and therefore easier to maintain.

e The specialisation and aggregation of classes provides a means for presentation of variable levels of
granularity. This both helps to conceal complexity and unnecessary detail and makes the model more
flexible and adaptable.

e Finally, both theory and practice have shown that adopting an object oriented reference model does not
necessarily require the use of an object-oriented database for implementation. Although they present some
drawbacks, mainstream relational database engines can be used for implementation of object oriented
schema [Crofts99].

3 What the model is for

While the CRM can be used as the basis for implementation of cultural information systems, we see the primary
role of the reference model as being to define a semantic framework which will enable compatible systems to
exchange and share information'. For CIDOC, this represents a significant paradigm shift away from the
assumption that integration of information requires homogeneous data sources.

Many formats are currently available which allow relatively simple, unambiguous exchange of data; however,
the meaning of these data, their scope and application, is often far from obvious. Oversimplification of structure
results in a need to “stretch” the meaning of structural elements, and thereby introduces a level of ambiguity
which renders the contents incompatible. The OO reference model provides a means for defining the semantic
values of data structures with the precision needed to ensure reliable communication and mediation of cultural
information.

" Information exchange includes issuing queries over the net and receiving answers from heterogeneous sources.
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3.1 Communication needs

Access to museum documentation, presented in an appropriate manner, has the potential to interest a wide
audience: researchers, educational institutions, and the general public. In each case it is important that the
information presented should be integrated with other sources. The value of information is generally enhanced
when it is put in relation with other pieces of information. This is particularly evident with respect to cultural
heritage. Descriptions of individual objects are, in themselves, of only limited interest. Additional references to
other objects, and to an object's historical, geographical, and cultural origins help to place it in a context and
give it meaning. Typically, the contextual information, which can help bring collections to life, is distributed
across several institutions. Without some form of interaction between the different information systems, much of
the potential interest of the collections is lost.

To illustrate the value of cross collection links it is worth looking at a simple example of juxtaposition of works
from a number of collections. The tower of Babel was a theme which clearly fascinated the Breugels since they
executed a number of versions of the subject, the best known of which are the Tower of Babel in the
Kunsthistorisches Museum, Vienna and the "Little" Tower of Babel (1563) in the Boymans-van Beuningen
Museum, Rotterdam. However, other versions exist and they have been reunited on the web by an enterprising
student of art history®. This web page has no ambition other than to bring together a number of illustrations for
the purpose of comparison, and only minimal textual commentary is provided. However, the pedagogical value
of even this rudimentary approach is obvious. Differences of detail are thrown into relief and it becomes
possible to detect a thread in the evolution of the Breugels' treatment of the subject. The precise date of
execution of each work becomes highly significant since we instinctively want to arrange the images in
chronological order.

It is significant, though, that this page was not created by a museum - each illustration comes from a different
institution, none of which has direct access to information from the others. The information systems of the
world's museums are a potential gold mine if they can be made to work together. At present, however, the
technical problems involved in producing web pages such as this automatically are practically insurmountable.

Presentation of information is another area where current efforts are generally inadequate. Many institutions
present only a small selection of their collections with no little or no indication of the extent and nature of the
rest. Others adopt an 'inventory' approach based on exhaustive and often cryptic lists of objects. Few sites
attempt to integrate information about objects with contextual information about people, places and events®.

Different forms of presentation can be imagined to meet different requirements. Statistical analysis and in depth
research obviously require systematic and precise query facilities which can generate exhaustive lists of items.
But this kind of approach is inappropriate for general interest browsing and education which would most likely
prefer a far less 'technical' presentation with more textual commentary, and some form of guidance to help find a
pathway through the available material. There is little use in offering novice users the possibility of typing in
search criteria if they are unfamiliar with the subject matter and the content of the collections. These different
requirements imply different interface designs, which presuppose different levels of knowledge in the subject
matter. Both, however, depend on mechanisms capable of integrating information from different sources.

The challenge of integrating information from different sources and providing well adapted access goes far
beyond the question of homogeneous data formatting. The European Community has declared the integration of
museum, archive and library information as a current strategic research and development goal. Different
disciplines, such as natural history, fine arts, and ethnography, as well as different types of collections -
museum information systems, archives, and libraries - provide complementary information and viewpoints.
Their combination, rather than their compilation, has the potential to provide new insights into our cultural
heritage.

Combining and integrating data in a meaningful way, so that subject matter can be readily identified, requires
more advanced mechanisms than are needed for straight forward compilation. It is worth considering a few
examples of the divergent information needs of different domains. Ethnography, for example, is typically less
interested in the identity of the individual creator of an object than the fine arts, whilst for natural history, the
notion of 'author' applies only to the classification system and not to the objects being collected. Archaeologists

? http://www.cwd.co.uk/babel/bruegel.htm
3 Some of the major exceptions to this rule are not in fact museums, but sites run by individuals e.g. the
WebMuseum http://www.thi-berlin.mpg.de/wm/ and CGFA http://sunsite.unc.edu/cjackson/fineart.htm.



and palaeontologists habitually deal with fragmented objects, which are then combined, with luck, into a single
whole - a process that is highly unusual in other domains. Multiple fragments need to be identified and tracked
during the entire process. For historical disciplines, much information is of a hypothetical nature and therefore
needs to be 'signed' as an opinion by the author whereas incertitude about, say, the author of a book is rare, and
multiple attributions do not need to be dealt with. We could go on. The point is that information and levels of
detail that are essential to one discipline may be unnecessary or even incomprehensible to another.

In the past, attempts to apply a single, homogeneous data structure to multiple disciplines have foundered on the
lack of a discipline neutral viewpoint. The fact that librarians do not store information about the attribution of
books is not due to an oversight - it would be counterproductive and confusing to do so since, unlike art history,
authorship is seldom a contentious issue. Domain specific assumptions and presuppositions about the semantic
value of data need to be respected. Applying data structures from one discipline to another leads to unhappy
consequences: saying that the 'author' of a fossil specimen is 'unknown', for example, is not simply unclear, it is
actually misleading.

In our view, combining information from different sources requires a high level of abstraction and a discipline
neutral viewpoint, which has the flexibility for different viewpoints to be respected and expressed. This generic
level of abstraction is precisely what the CRM aims to provide.

3.2 About Mediation

The recent past has seen several interesting and advanced projects for heterogeneous information access in the
cultural area, which gradually provide more and more complex functionality. Other domains, which enjoy more
robust economic circumstances, have already implemented solutions, based on "mediation" techniques, which
demonstrate the feasibility of effective and rich communication without homogeneous data sources. It is worth
passing in review some of the more prominent cultural information access projects which are based on this line
of technological development.

3.2.1 RAMA, CHIO and AQUARELLE

Between 1992 and 1995, the RAMA project successfully demonstrated that large heterogeneous databases of
museum objects in different countries can be accessed one after another using a uniform user interface. The
project solved the problem of the physical connection protocol to multiple databases and the transfer of images
to local workspaces, but the conceptual structure of the individual sources is presented unaltered to the user,
which prevents further automatic processing. In 1994, the CIMI Consortium initiated the CHIO project, with a
strong focus on structured text marked-up in SGML, retrieval using the Z39.50 protocol derived from the library
community, and on open standards in general. The basic idea underlying the project was that SGML tagging
makes texts accessible to far more precise questions and that a standard retrieval protocol allows access to a vast
range of data sources. CHIO resolves the problem of divergent data formats by adopting a 'profile’ - a
standardised set of mark-up tags and Z39.50 access points. The freedom allowed by Z39.50 for the
identification of access points to entities in target systems resolves some of the problems of semantic
heterogeneity. A great deal of effort has gone into identifying core information and typical user questions
although, of necessity, this approach has tended to focus on one viewpoint - that of the museum visitor.

In 1996, the AQUARELLE project, funded by the European Commission, took these ideas a stage further and
focussed on the interests of professionals in the cultural field: museum curators, urban planners, commercial
publishers and researchers, as well as allowing for greater semantic flexibility. Like CHIO, Aquarelle relies on
CIMI standards, SGML, HTML, Z39.50, and HTTP. Its major innovations are the dynamic handling of
multiple DTDs, the use of multilingual thesauri as search aids, [Doer98]. and the central link manager, which
guarantees referential integrity for hyperlinks over the net.

Many AQUARELLE users work for public bodies concerned with the administration of material cultural,
immobile sites in particular. Their need for precise information had a strong impact on the project and taught
important lessons for future developments. Their evaluation of the services offered confirmed the importance
and feasibility of handling heterogeneous data. It further demonstrated that the success of more advanced
systems is only partially dependant on technical issues, the major problems are semantic in nature — formalising
the structures, vocabularies and access points needed for queries. Well-informed and open-minded
interdisciplinary teams are needed to deal with these questions[Guar98]. The project has proved an excellent
forum for such discussion.



Another interesting project is GRASP. Its focus on the problem of identification of stolen objects allows access
by transformation of heterogeneous structure to one fixed format. The project has highlighted the problem of
incompatible terminology used in analogous data fields. Consequently, the project has had to invest considerably
effort in dealing with questions of terminology. It is a striking demonstration of the fact that precise information
retrieval from heterogeneous sources is only possible once semantic issues have been resolved. (Incidentally, the
notion "ontology" used in GRASP for terminology resources should not be confused with our use in this paper.)

3.2.2 "Intelligent" services

All the systems so far mentioned use a "3-tier architecture", where a central application server acts as an

interface between databases and remote clients. The translation of queries and data is done either locally, by

each database, (as for Z39.50 gateways) or by the central service, or by both. Currently, these systems suffer

from two severe restrictions:

1) The translations are disparate, idiosyncratic and "hard-wired". Consequently, with the exception of the
terminology services used by AQUARELLE and GRASP, they cannot be maintained by a domain expert.

2) All information is presented in an entirely "object centric" fashion. Information about persons, places,
events etc., can only be obtained indirectly. This is due in part to a shortcoming of Z39.50, which does not
allow the kind of target object to be specified, although the use of multiple virtual gateways for different
types of target could bypass this restriction. But it is also due to the inability of the application servers to
analyse the data objects in the information sources.

To overcome such restrictions, Wiederhold [Wied92] introduced the notion of "mediation services". This
approach has since been successfully implemented in a number of different systems in other domains (e.g.
[Chaw94], [Subr94], [Baya96]). In his terms, "...mediation covers a wide variety of functions that enhance
stored data prior to their use in an application. Mediation makes an interface intelligent by dealing with
representation and abstraction problems ... Mediators have an active role. They contain knowledge structures to
drive transformations". They have to be maintained by domain specialists. Major functions are:

e Transformation of databases using view definitions.

e  Methods to access and merge data from multiple databases

e Abstraction and generalisation of underlying data

e Handling of information that is incomplete or at different levels of detail or abstraction

e  Methods to integrate information from structured texts

e Maintenance of derived data

A mediator is a software module that exploits encoded knowledge about certain sets or subsets of data to create
information for a higher layer of applications. This knowledge is stored in a knowledge base, referred to in
recent literature as an "ontology" ([Kash97], [Guar98]). It describes in some formal language the entities of a
domain of discourse and their relations, and their correspondence with expected data items and notions used for
retrieval, in a way which can be understood by a domain specialist and can be accessed by interpretation
software. To date, and without exception, all ontologies are formulated in some object-oriented paradigm, with a
preference for semantic models. (We do not use the term “ontology” for thesauri, as sometimes found in
literature.) Real systems still vary widely in the ease of integration of new sources, semantic capabilities and
quality of service.

In order to integrate a new source into an information access environment, the schema or structure of the source
is related - "mapped" - by simple declarations, to the ontology (rather than to notions of the various
applications). The mediator "knows" by itself how to reshuffle data between fields and entities, rename fields,
call translation functions for values, follow paths over multiple sources to find values, and reformulate queries
etc., in order to execute a request such as a query or data transfer. Furthermore, the mediator contains "metadata”
about the capabilities of each attached source, in order to determine which source can answer a question, by
which mechanism and in what way: precise, approximate, incomplete or probabilistic.

A particular added value lies in the possibility of assembling new information objects from complementary data
in different sources: the goal underlying the European Commission's declaration in Vth Framework, to focus on
the connection of museum, archive and library data. This can only be achieved on a wide scale by the use of
mediation techniques.

Obviously, the richness of the ontology ultimately determines the mediation capabilities. In some cases, only
approximations to wider or narrower concepts can be made, or one must derive or "guess" missing values. In
particular, in the cultural domain, terminology used in data fields is tightly related with structure. This must be



reflected in the ontology (see below). However, the value of a formal ontology goes beyond its use in mediation
systems as it can also serve as a blue-print for information system implementation and as an intellectual guide
for good practice in the development of information systems.

To summarise, we are on the brink of a technological revolution, which will render obsolete the need for
homogeneous data formats for communication. Rather, we must engage in providing formal definitions of the
underlying semantics in our data. The need for semantic compatibility goes beyond the superficial identity of
structure. This will enable far richer services to be created than standardisation of structure could ever provide.
The effort of CIDOC to define an object-oriented Conceptual Reference Model is both timely and appropriate
since the currently adopted formalism conforms with that used in the emerging field of semantic integration
systems.

4 A Conceptual Reference Model

The CRM represents an ontology in the sense of computer science [Guar98], i.e. an approximation of a
conceptualisation of a domain in a formal language and a vocabulary®. In other words, we try to capture, in a
consistent logical framework, the overt or implicit concepts which the museum community typically works with
and agrees upon. (For more information on ontological principals see. e.g. [Guar98b].) This framework is
designed to promote the creation of high quality information systems for the museum and cultural community
which are either developed according to an ontology or actively "ontology driven", and in particular, to enable
communication between heterogeneous but semantically overlapping systems, as outlined in chapter 3.

In the following, we justify the major organisation principles of this model by simple examples and discuss
development strategies and examples of use. The examples may be debatable. Our intention here is to
demonstrate the principles involved rather than the contents.

4.1 Principles

We anticipate that differences will arise in the presentation of identical semantic contents due to the different
purposes and points of view of individual systems. A reference model must adopt a well-defined "neutral"
position, which implies a number of structural principles described below. This leads quite naturally to an
object-oriented paradigm. A set of naming conventions is also adopted in order to assist the reader and to
facilitate the unambiguous identification of parts of the model.

4.1.1 Symmetry

Let us assume that an object is sold from one museum to another. In accordance with the CIDOC Information
Categories (IC) both institutions document this event. Even though they describe the same action, the obvious
identity of "deaccession" and "sale" on the one hand and "acquisition" and "purchase" on the other, is
unintelligible to a computer and cannot be automatically combined into one. We therefore "normalise" this
information as an "Acquisition" action, which refers to two "Actors", one who surrenders the legal title, and one
who acquires the title (see fig. 1). Acquisition is thus defined as the "transfer of the legal title to an object". This
view is "institution neutral", a necessary precaution when querying some hundreds of databases over the net,
which would result in retrieving identical information from a number of organisations. Incidentally, this
approach is not incompatible with the IC; it is just another view of the same information.

Note that information about the documenting organisation has been made explicit in order to achieve symmetry.
Note further that the object acquires a new inventory number, hence the description is different. Nevertheless,
the model regards both instances as identical because the object referred to is identical. In contrast with the
Relational model, this notion of object identity, independent of temporary changes in description, is a key
concept of object orientation [Atki89], [Kim90]. Obviously a mediation system must contain specific operators
in order to establish which incoming data possibly refer to the same item, which is not always possible. In our
example it is based on the registration of the previous inventory number.

Let us now suppose that someone is interested in the actors involved, rather than the transactions. In this case, he
or she would like to see the transaction as an attribute of the actor, rather than vice versa, or even as an attribute
of the object, as in the IC. Therefore we model these references as symmetric, directed links, in the manner of
semantic networks or conceptual graphs, between entities without internal information. Links carry two labels,
one for each direction in which they can be read (e.g. "transferred title from" inverts as "surrendered title of", as

* This sense is derived from, but not to be confused with that used in philosophy.



shown in fig 2.). Implementers of database schemata can choose the reading which is most appropriate for their

viewpoint, and transform links into attributes, fields or references. We decided to avoid the cryptic naming

practice of many computer programmers and name links in verb form, originating from a grammatical subject

and pointing to a grammatical object. For all historical information we use the past tense, whereas for states we

use the present tense.

Summarising, the symmetry principle allows us:

e to establish if apparently different information is in fact identical, but has been documented from the point
of view one of the different entities involved;

e to transform the view from any entity involved into a view from another one;

e to derive view-specific, compatible information systems.

Local Source 1 CRM Local Source 2

of transferred | title of

Schema

from transferred title

from to

transferred | title of

Data

transferred title

Fig 1: Creating a symmetric data representation

4.1.2 Extensible Granularity of Reference

Let us assume that one collection management system documents the condition of an object in accordance with
the IC as a composite entity with a classification term, a date and a text (called "Condition State" in the CRM).
Another database, used in a laboratory, may register the same information as an act of condition assessment
with reference to persons, methods, documents created as well as the Condition State already described (see

fig 2). Consequently, the table for objects will have no link to the Condition State, but to Condition Assessment,
which in turn links to Condition State. This variable indirection or granularity of reference is another major
source of incompatibility between semantically overlapping descriptions. These chains are potentially infinite.
One system may refer to the condition of an object as an assessment of the outcome of a number of
measurements carried out by a number of people over a period of time. A 'poorer’ system may not even refer to
the date and text, but simply register a term such as 'good' 'bad, or 'indifferent'. Such differences may be entirely
justified by the intended use of the information in a given context. We have encountered numerous cases where
radical differences in the granularity of information are justified by the intended purpose of the documentation -
there is no one right way to do things and richer systems are not necessarily better .

In such cases, we model two paths, direct and indirect, and characterise the "poorer", direct reference as a short
cut of the entity it bypasses (a simple kind of deduction in database technology terms). The resulting CRM
model thus appears to be redundant (fig 2). The idea is however, that any given implementation would use only
one of the two alternatives. The Reference Model thus defines how data from the richer to the poorer system are
transformed and how the richer system can be queried from a poorer model.

> The use of the words 'richer' and 'poorer’ is not intended to imply a value judgement concerning the
applicability or appropriateness of any given information system, but is restricted to a comparison of the level of
granularity which a system supports.



Although one cannot expect to recover the missing data, it is nevertheless possible to transfer data from the
poorer to the richer model. The "gaps" can be filled with default values and conservative "guessing", for
example, by making the assumption that a "condition assessment" event took place on or before the date
associated with the condition state. This condition assessment event can be assigned a type "assumed" in order
to avoid confusion with real data. Other assumptions can be derived from general knowledge about the database,
like termini postquem and antequem, names of actors etc. Note that a mediation system must be able to handle,
consistently, unknown and assumed values in data fields.

Interpreting a reference as short cut of newly introduced entity allows reference chains to be extended
indefinitely, without loss of compatibility, to the level of detail required by any implementation. The model can
also define appropriate simplifications as "compatible alternatives". Obviously, the notion of compatibility used
here is dynamic: a level rather than a fixed number of concepts. This is just one aspect of extensibility and
reduction. The next paragraph deals with another dimension: extension to more specific concepts.

Richer Schema CRM Poorer Schema
concerns K3
assessed by (assessed by) short .“cut
e has identified hasa’conditions
has identified (1dent1fied by) ‘,"(condition Of)

Fig 2: Short cuts of indirect references

4.1.3 Extensibility and Genericity

Let us imagine two collections management systems, one designed for coins and one for paintings. Both use

specific tables. A third system