Combining data sources – prototype applications developed for Geneva's department of historical sites and monuments based on the CIDOC CRM

Abtract

This paper describes a practical application of the CIDOC CRM in integrating a large and divers set of data sources used by the Direction du Patrimoine et des Sites in Geneva. These data sources, accumulated over a number of years, all contain information relating to Geneva's architectural and cultural heritage: the inventory of archaeological and historical sites, works of art and monuments integrated into the urban landscape, but they do not share a common structure, terminology or technological basis. The CRM was used to analyse the common semantic elements of the different data sources and to establish a common format which can be used as a vehicle for data transport. This "pivot" format is used for importing data from existing sources into a central repository and to allow remote, offline data entry.

Introduction

Geneva's Direction du Patrimoine et des Sites (DPS), part of Geneva's Cantonal administration, is responsible for the preservation and protection of Geneva's monuments, architecture and archaeological sites, and provides support and commissions for public works of art. It is a relatively new entity that has resulted from the restructuring of a number of previously independent bodies. In common with many other recently created organisations, the DPS has inherited a rich and somewhat confusing set of data and information sources – spanning virtually the entire scope of information technology - which now require integration. The primary goal of the initial phase of the project, described in this paper, was exploratory: to provide 'proof of concept' for a means of integrating existing and future data sources, with a view to facilitating the decision making process.

The project's organisation is relatively complex and involves a large number of partners. The DPS itself is represented by the heads of different sectors; the computing services division (Centre des technologies de l’information) provides technical services and is responsible for managing contracts. Outside contractors are engaged for program development. Finally, the information systems division (Division des systèmes d'information) assumes responsibility for overall design and coordination.

Due to a number of complex procedural and budgetary considerations, the analysis, design and realisation of the applications described in this paper were all carried out during the second half of 2002 and the first quarter of 2003, on a total development budget of 120'000 CHF -  tight constraints for such a complex project. The success of the initial phase of the project in meeting its major objectives was due in large part to the adoption of a strategy of parallel development based on a series interrelated but autonomous "prototypes", developed by different teams. Key deliverables were distributed in a redundant manner between prototypes, in much the same way that data is duplicated throughout a RAID system, so that the failure of any one prototype was not critical to the overall project. This considerably reduced the total risk involved. A second major factor contributing to the project's success was the CIDOC CRM, which provided us with a detailed conceptual reference as a starting point for our analysis, and provided a common thread running throughout the whole. This paper focuses on the role played by the CIDOC CRM in the conception and design phases of the project.

Description of the DPS

The Direction du patrimoine et des sites (DPS) emerged as a result of restructuring within Geneva's Département de l'aménagement de l'équipement et du logement (DAEL). The DAEL as a whole is responsible for public works, housing, urban planning and contributes to the maintenance of the "cadastre": the legal reference maps of the canton used to determine the position of everything from property boundaries to drainage systems. The role of the DPS in particular is to ensure the preservation, protection and promotion of Geneva's architectural heritage: buildings, sites, monuments, and public works of art. (It is characteristic of the Swiss political system that these functions are managed at a cantonal rather than a national level.) The DPS is divided into four services: the Service des monuments et des sites (SMS), l'Inventaire des monuments d'art et d'histoire (IMAHGe), the Fonds cantonal d'art contemporain (FCAC), and the Service cantonal d'archéologie (SCA). Each of these employs a small team of permanent staff, but it is common practice to work with outside contactors and temporary staff who undertake much of the "spadework" involved in archival research, photography and inventory. (An important technical consideration arising from this organisation is that most of the temporary staff do not have access to the Canton's computer network, which is protected by a firewall.) 


In the past, the services of which the DPS is now composed had a greater degree of autonomy - some differences of culture, priorities and vocabulary still persist. These differences are reflected in the fragmented and highly distributed nature of the information systems the DPS has inherited. The key issue at stake in the project was to overcome these barriers: to allow the different services to cooperate more efficiently by ensuring coherent and integrated access to the whole range of information.

History and description of existing data sources

An inventory of existing data sources carried out at the beginning of the project identified more than thirty sources of information in current use. Reference sources were also identified that were consulted but no longer updated. The inventory also revealed that many data sources were not the exclusive responsibility of the DPS but were maintained in collaboration with outside entities such as national bodies, the state archives and the city photographic centre. It was thus clear from the outset that while the number of information sources might be considerably reduced through fusion and the elimination of redundancy, many data sources would nevertheless need to be maintained and could not easily be modified.

Much of the diversity of existing data sources results from differences in the approach used to create and enter data. One example of this is the practice of outsourcing work on the inventory of architecture and monuments. This inventory lists all important and noteworthy constructions within the canton. Each of these is assigned a value, confirmed by a commission, according to its historical, aesthetic and architectural interest. This value is consulted in the event of a request for modification or construction and may result in a protection order. Mandates for research and elaboration of the inventory are regularly assigned to architects and other experts, who return the information they have gathered in the form of printed reports and, usually, a collection of data files. However, until recently, no guidelines were provided concerning these data files since the paper copy was considered as the end product; contractors were free to choose whatever software suited their fancy, to invent their own data structures and to use whatever terminology seemed appropriate to the occasion. 


An additional source of diversity is the wide range of professional interests and work practices represented within the DPS. The SMS, for example, is responsible for assigning protection orders, and for replying to requests for information from professionals and the public. It has an administrative orientation and places a high values on efficiency and rapidity. The IMAHGe, is composed primarily of historians whose major responsibilities are research and the authoring of scientific publications as part of the national inventory of architecture and historic monuments. Their work is often painstaking and highly specialised. Accuracy and attention to detail are the primary concerns. These different professional cultures tend to give rise to divergent requirements of depth and level of detail and to differences of vocabulary.

Project Objectives

The objectives of the DPS project are threefold:

· to allow integrated access to all information sources in order to facilitate decision making

· to allow offline and distributed data entry

· to ensure the long term preservation of data

· to maintain operation of the DPS and allow a progressive transition to the new system

The first of these objectives is essential to the DPS given the need to respond rapidly to requests from the public and from other departments. An integrated information system should provide decision makers with easy access to all relevant information, thereby improving the basis for decisions. 

For the DPS, this means that administrators working for the SMS need easy access to the results of the research undertaken by historians and archaeologists of the IMAHGe and the SCA. Likewise, historians and archaeologists can benefit from access to each others' work. The exchange and integration of information helps to avoid redundant effort, improves the quality of precision of research and contributes to coherent and well balanced conclusions about the past. 
The second objective stems from the need to integrate information provided by researchers and contractors working off site, since a protective firewall prevents outside access to centralised systems. This includes archaeologists conducting a dig, historians labouring in remote archives, and architects working their way around the Canton surveying buildings for the inventory.

The third objective has become urgent due to the realisation that data stored on a variety of technical supports and in diverse formats may become inaccessible within a relatively short period if it is not handled as part of an integrated programme. With each advance in IT data migration of legacy data becomes more difficult.   

The final objective, which is in fact more a constraint than a goal, is imposed both by the need for the service to continue functioning while the new information system is built, but also by the need to cope with piecemeal and intermittent allocation of budgets, which make project planning difficult. 

Information System Architecture

Various barriers had to be overcome in order to achieve these objectives: physical, technical, logical and semantic. The architecture of our information system had to be designed to deal with all of these. Our basic idea was to create a central repository that could receive information from a number of satellite applications. The repository would provide the integrated information access needed by the DPS while the satellite applications would continue to function as channels for data collection. Transfer of data from satellite applications to the central repository would be provided in a standardised "pivot" format. The physical separation and logical autonomy of our data sources could thus be overcome: the pivot format provides a conceptual and technical "target" for data export from satellite programmes so that software incompatibilities and differences between data schemas can be ironed out. (The principle data flow, it should be noted, is from satellite applications to the central repository. The reverse flow will probably become increasingly important in the future, allowing data subsets to be manipulated offline and later reintegrated into the repository.) It was decided that the pivot format itself would use XML, so that existing applications would require only minor technical modification in order to become effective "satellites" of the central repository. The central repository is capable of reading any data set provided in this XML format, so the number of satellite applications can be progressively increased without the need for further modifications to the central database. This would enable the DPS to continue functioning normally while the transition to the new information system was taking place.
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Fig 1. Overall architecture of the information system.

The "Pivot" principle

Integrating incompatible data sources requires some sort of "bridge" to be constructed between them. This can be done on a one-to-one basis between pairs of sources, but this approach quickly becomes unmanageable as the number of sources to be dealt with increases. This combinatorial problem is like that of the United Nations, which has to maintain a large pool of translators capable of translating from any language into any other. From a purely mathematical point of view, using a common intermediate form – a pivot - is advantageous as soon as more than three sources and targets are involved. The use of a pivotal data format was fundamental to the DPS project since over thirty incompatible data sources had to be dealt with.

Methodology

We identified four steps needed to put this architecture into place:  

1. Ontological and semantic analyse of existing data sources in order to arrive at a common conceptual schema 

2. Design of the pivot format based on this schema

3. Design and build of the central repository based on the conceptual schema and the pivot format

4. Modification of existing applications in order to transform data into the pivot format

About the CRM

Very early in the project, we realised the important contribution that the CIDOC CRM could make to the resolution these problems, particularly as an aid in the analysis of our existing sources and in the design of the pivot format. 

The CIDOC Conceptual Reference Model is a domain ontology focused on cultural heritage information. It is not a data model, nor a metadata standard, though it can be of considerable use when designing either of these. Its primary function is to clarify and to make explicit the concepts and relationships underlying the information used to analyse and describe cultural heritage collections, i.e. the sort of information typically maintained by museums, libraries and archives - and by the DPS. The fruit of many years work by domain experts in many fields, the CRM is currently under consideration by the International Standards Organisation as ISO CD 21127. The CRM provides a structured hierarchy of "classes", and "properties", each of which is defined in detail with examples of use, and assigned a unique identification code. These identification codes both facilitate communication in a multi-lingual environment and help to avoid trivial but often time-consuming arguments about terminology. The CRM is currently available in English, French and Japanese. 

The CRM hierarchy contains over one hundred classes and properties, but it is based on five fundamental concepts: 
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Fig 2. Overview of the CRM hierarchy

Analysis using the CRM

Our first step, the semantic analysis of existing data sources, could quite easily have become a nightmare, particularly in view of the time constraints involved and the differences of culture which exist between the various sectors involved in the project. The CRM provided a valuable reference for our analysis so that we did not find ourselves attempting to reconstruct an entire "world-view" almost out of thin air.   

Using the CRM as a reference entails the "mapping" of elements found in existing data schema to their corresponding classes and properties in the CRM. This mapping was undertaken for a representative range of existing DPS data sources. By using the CRM we were able to rely on a coherent global schema and avoid deformations due to domain specific interests. Concepts and relations that were under-developed or even absent from one data source often turned out to be highly detailed in another. All these elements found their place in the CRM ontology. 

The document that resulted from our analysis, the "DPS Système descriptif" (DPS-SD), represents the shared ontology of the different departments of the DPS. This descriptive system would be used as the basis for the design of the pivot format. The DPS-SD takes the form of a dictionary or reference manual containing definitions of all the data elements needed by the department as a whole, and a thesaurus used for classification and terminology control. These elements are defined, with examples, and organised in logical groups. Some elements are needed by all sectors, many are domain specific, but all of them fit into a common schema.

Mapping

The mapping of the schema implicit in existing data sources with CRM constructs was not always straight forward. In the simplest cases, a one-to-one equivalence was possible between a data field an element in the CRM. However, many cases were more complex, requiring the use of logical rules and processing instructions in order to arrive at a semantically satisfactory representation. Four distinct classes of mapping problems were identified:

· Syntax and presentation format 

· Terminology

· Underspecified data fields 

· Missing or implicit data

Fields containing dates, measurements and names proved to be awkward due to variations in the presentation formats adopted by different programmes. By and large, these questions were resolved relatively easily once the variations in syntax were correctly identified.

Terminological problems often resulted from variations in the vocabulary used for classification purposes. The DPS thesaurus of classifications was developed in order to ensure common terminology and as a complement to the CRM structures. Synonyms defined in this thesaurus allow variant forms to be harmonised. The thesaurus also extends the basic CRM hierarchy since it provides a level of detail, required by the DPS, which goes beyond the classifications provided by CRM classes. The CRM provides a mechanism, the "type hierarchy" class (E55), for precisely this purpose. All CRM classes have a "has type" property.

By far the most cumbersome processing rules resulted from the need to clarify the semantics of underspecified data fields. Underspecified fields are those for which the definition of use is unclear. This gives rise to a range of different types of information being recorded in the same field. This may be of little consequence to users of the system, since they are usually aware of the exceptions and rules that allow the data to be interpreted correctly. However, these rules need to be made explicit and rendered as processing algorithms if the data are to be combined successfully with those from other sources. 

Finally, some problems arose from the incomplete nature of the information recorded by some sources, either because the data were missing, or because the data schema did not allow them to be recorded. This was the case, for example, with some sources for the SMS inventory which record a heritage "value" assigned to an object, but do not always indicate when the assignment was made nor by whom - the value is assumed to be current. This approach proves problematic when a history of value assignments is required, as was the case for the IMAH. The CRM treats "type assignment" as an event, forming an intermediate node between the object, the actor who carries out the assignment and the value being assigned.
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Fig 3. CRM type assignment

In the case of data from the SMS inventory, respecting the CRM schema would have required that an intermediate instance of an Type Assignment event be created, with unknown date and Actor, in order to instantiate the link with the Type value assigned. The CRM does, however, also offer a "shortcut" mechanism whereby an object can be directly related to a currently assigned Type attribute. We preferred to use this shortcut mechanism in cases where missing intermediate entities would have required the creation of "blank nodes" - dummy instances with no assigned values. While creating a blank instance of Type Assignment is not incorrect, it does imply that the event was different to all other known and documented instances of Type Assignment whereas use of the shortcut mechanism leaves the question open
.

DPS Descriptive system

Inevitably, some aspects of the CRM are absent from the DPS descriptive system, just as certain aspects of the DPS-SD are more detailed that those found in the CRM. We realised that we had, in effect, created our own "local" version of the CRM. To anyone unfamiliar with the design philosophy of the CRM this "pick-and-mix" approach might seem rather disturbing – a standard after all is a standard, surely you shouldn't start messing around with it! However, the CRM has been designed with precisely this sort of adaptation in mind. The CRM covers a far wider scope than is required by any particular application, so some pruning is inevitable. The CRM design also provides extension mechanisms whereby domain specific requirements can be incorporated without leading to incompatibility. Our extensions to the CRM respect these constraints. The "autorisation de construire", or "building permit" is a case in point. The SMS plays an important consultative role in granting, or refusing, permission to build or to make alterations. Understandably, this notion is absent from the CRM since museums are seldom confronted with this type of problem. However, the CRM does recognise the notion of a legal Right (E30), which applies to a particular Legal Object (E72) and which is held by an Actor (E39), as well as and the notion of intentional Activity (E7), carried out by an Actor (E39). It thus becomes relatively straightforward to define a subclass of Activity, "Grant Permission", which is carried out by an Actor and by virtue of which another Actor receives a Right concerning a particular Legal Object
.
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Fig 4. CRM extensions for "permission"

The table below shows the mappings of the main high level entities that are commonly used by DPS with their CRM equivalents:

	Objet patrimonial (mobilier ou immobilier)
	E22 Man-Made object

	Elément d'architecture
	E25 Man-Made feature

	Acteur (collectivité, architecte, archéologue...)
	E39 Actor

	Document source (document d'archive)
	E31 Document

	Projet de recensement
	E7 Activity

	Autorisation de construire
	subclass of E7 Activity

	Lieu (périmètre)
	E53 Place

	Lieu (adresse)
	E45 Address

	Site archéologique
	E27 Site

	Notion (fonction ou type)
	E55 Type

	Altération ou modification
	E11 Modification Event

	Construction
	E12 Production Event


XML pivot format

Our second task was to design a pivot format – a vehicle for data transport that would be simple, robust, easy to produce and manipulate. XML was chosen as the basis for the pivot format as it offers a convenient form of data representation and a wide range of software tools is available to aide in processing. The CIDOC CRM, it should be noted, does not impose any particular data representation. However, its hierarchical class structure can be easily rendered as an XML format
. 

CRM compatible data can be represented using XML in a number of ways. The CRM website provides some examples derived from experimental projects. We decided, however, not to follow these examples; firstly, because they are all very "open ended" – they do not impose firm constraints on what constitutes a "legal" data representation and secondly, because we needed to maintain a high level of compatibility with the recommendations contained in the CTI computing services development framework. Consequently, the DPS XML schema is highly prescriptive. An XSD data schema is used to validate the XML data representation. 


Our XML pivot format followed the intuitive design choice of using high level XML elements as containers for entities and nested elements for attributes. An "id" attribute is associated with each instance of an entity and can be used by property elements to establish a link between two entities. Correspondence between DPS elements and attribute names and their CRM equivalents is given by a special "CRM" attribute for each element. This attribute has no functional significance for DPS applications but serves as an aide to readability of the XML data. It also provides some long term insurance since data in the DPS pivot format can be readily transformed if needed (using XSL-T) into other CRM compatible representations.
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<dataset CRM="E73">
- <objets>
- <objet CRM="E19" id="15" aut_fiche=" dat_fiche="" uti_cre="Philippe Calame" uti_mod="me"
dat_mod="2003-07-05 18:25:25">
- <projet id="43">
<typeprojet de recensement</type>
<nom>RAP_Petit-Senn</norm>
<sous_nom />
<nom_secteursPetit-Senn</nom_secteurs
- <periode CRM="P4-E52">
<debut />
<fin>20020018</fin>
</periode>
</projet>
- <identification>
<id_objet CRM="P47-E42">15</id_objet>
<id_recensement CRM="P47-E42">Rap_THO_ADI_40a</id_recensements
<deno CRM="P47-E41" />
<proprietaire CRM="P52-E39">Nick crofts</proprietaire>
<architecte CRM="P52-E39">Saillet, Charles</architecte>
<autre_createur CRM="P52-E39">Simon, Philippe</autre_createur>
- <localisation CRM="P54-E53">
- <adresses>
- <adresse CRIM="PB7-E44" principale="1">
<voie>JEANDIN, avenue Adrien</voie>
<numero>40as</numeras
<commune>Thanex</commune>
</adresse>





Fig 4 . example of DPS XML data format

Design and build of the central repository

The task of designing and building the central repository application was outsourced to the local division of an international IT service provider. As mentioned earlier, the CTI – the cantonal IT service – requires that all applications developed for the administration follow a design framework. These requirements are fairly complex in nature so we were glad to be able to benefit from the experience of a contractor who was already familiar with them. The basic elements of the framework are the Oracle relational database, the java programming language with an associated library of standard objects, and the use of Internet communications protocols. The framework covers virtually all aspects of application development, from database schemas to interface design.

From the point of view of the DPS, the data repository application functions as a "black box". The internal details of the data schema are entirely hidden from view.

Modifications to existing applications

Each satellite application required some modifications in order to convert the internal data representation into to the XML pivot format. For many applications this meant creating a simple text report which could be saved as a file. For other applications, which could not be modified, data is extracted using standard export procedures then converted into XML using readily available data processing tools. For the SMS inventory, a special application was created in order to allow remote, offline data entry. Export in the XML pivot format was included as part of the application specification.

Some database products advertise XML export as a standard feature. In principle it should be possible to recover data produced using these built-in export functions and transform it into a CRM compatible form. In practice, we did not make use of these facilities since the XML produced tends to be very closely based on the underlying relational data schema, and somewhat difficult to interpret. Less effort was required to write our own extraction routines than to reformat the natively produced XML.

Prototypes

ITHA

The ITHA prototype is based on an MS Access database of published authorisations granted for construction and modification of buildings from 1919 to 1975. The database was compiled in two phases by researchers working from existing paper archives. The database identifies buildings only by their address at the time that permission was granted while the person making the request, usually an architect but sometimes the owner, is identified by name. The database application used for data entry and consultation was modified to incorporate an XML export function. Information from the ITHA database can now be combined in the central repository with information about changes to addresses used in the Canton and information about architects working in the Canton to disambiguate references. When linked to records for individual buildings, the ITHA data provides a modification history. 

FCAC

The Fonds cantonal d'art contemporain maintains provides support for artists working in the Canton, purchasing works and commissioning projects in the urban environment. The FCAC maintains an inventory of works as a small Filemaker database. For licensing reasons, the filemaker application itself could not be easily modified, so a data conversion tool was created to reformat tab delimited data into XML. Data exported from the FCAC database can be imported into the central repository to give an additional level of information about installations within the urban environment. Otherwise unremarkable buildings may require special protected because of unusual decorative and artistic elements. A selection of exported data from the FCAC database has also been made available online to the public. The pivot data format provides a convenient means of transferring data from the inventory database to the public website. 
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Fig 5. FCAC public access to collections

PAS_EVI

The SMS-IMAHGe prototype – baptised for obscure reasons by the CTI as "PAS_EVI" - was the most ambitious in that it directly combined data from two services. The prototype was a test not just of the technical feasibility of the project but also of the willingness of two sectors to collaborate on a common project. The two services have complementary approaches to data collection. As noted earlier, the SMS data is provided primarily by architects and researchers working under contract and in situ to create a census of noteworthy architecture throughout the Canton. A special tool was created to facilitate data entry for these autonomous workers. Of necessity, this work tends to be organised by geographical sector and so often tends to jump from one historical period to another. Information provided by the architects is focused on essentials and does not go into great detail; the essential goals being broad coverage and up to date information.
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Fig 6. Offline data entry tool
By contrast, historians working for the IMAH search through archives to provide detailed background information – a history of the transactions, authorisations, constructions and demolitions that have resulted in today's urban environment. This work follows the chronological organisation of the archives and so tends to jump from one geographical sector to another. Furthermore, references to people and buildings contained in the historical records are often ambiguous. The primary goal of this information gathering is to create detailed references to original documentary sources. In the past it has not been easy for the SMS to tap into this wealth of historical information.

The main PAS-EVI application, developed in accordance with the CTI framework guidelines, is a central database intended to form the heart of the future data repository. This application is able to import and export data in the XML pivot format from both the SMS and the IMAH, as well as ITHA and FCAC databases. Once imported, links between different items can be generated semi-automatically through the use of a metadata registry. Source documents analysed by IMAH historians can be associated with buildings documented as part of the SMS census, photographic images created for use in one project can be associated with objects documented by another. The metadata registry also helps to overcome problems created by changes of nomenclature and vocabulary. Documentation relevant to a given building can be found even if the address or name used to identify the building has changed. A striking example of such change is Geneva's Cathedral, known today as the "Cathédrale de St. Pierre", but which was formerly known as the "Temple des loix".

Future perspectives

The current phase of prototyping is now completed and the DPS is currently using the existing applications. Future developments will no doubt improve on the application's ease of use and performance, but the underlying approach would seem to be validated. Subsequent phases of the project will be aimed at incorporating more of the existing data sources and in extending access to the data repository. Data from other sources may also be incorporated at some stage if it contributes to the work of the DPS. The FCAC prototype shows that extension of public access to DPS data may also be feasible.  

Conclusion

The CIDOC CRM is first and foremost a product of the museum community, a fact reflected in its central focus on the documentation of museum collections. However, the stability and scope of the ontology is such that it can be successfully applied to other aspects of cultural heritage, such as the documentation of historical sites and architectural monuments, which are not prototypical museum collections.

The timeframe available for the realisation of the DPS prototypes was extremely short, and the problems involved relatively complex. The fact that is was possible to design and build a series of functional prototype applications in this time frame testifies to the value of the CRM as a basis for analysis and the creation of mediation tools. The CRM allows end-users and IT specialists alike to get a firm grasp on the complexities of cultural heritage information.

Finally, the results of the DPS prototypes demonstrate the immense potential value of bringing together and linking information from different sources: the end result is far richer and more valuable than the sum of the parts.

� "An instance of the fully-articulated path always implies an instance of the shortcut property. However, the inverse may not be true; an instance of the fully-articulated path cannot always be inferred from an instance of the shortcut property." Introduction to CIDOC CRM ver. 3.4 p 8





� "Of necessity, some concepts covered by the CRM are less thoroughly elaborated than others: “E39 Actor” and “E30 Right,” for example. This is a natural consequence of staying within the CRM’s clearly articulated scope in an intrinsically unlimited domain of discourse. These "underdeveloped" concepts can be considered as “hook-in” points for compatible extensions." Introduction to the CIDOC CRM ver. 3.4 p 9


� It is interesting to note that the use of XML was not received with enthusiasm by the CTI, due to the supposed fragility of this technology.
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