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1. Status
This document is still at draft stage and is presented as a discussion document. Further refinement will take place during the final year of the project to incorporate outcomes of further meetings the CODATA Working Group on Biological Collection Data Access (1) and to address further stabilisation of emerging standards. The Technical Advisory Group have identified the issues to be addressed. Alternative methodologies for handling these issues have been reviewed. Work required to implement a pilot network has been completed.
This document discusses technical issues involved in meeting the aims of ENHSIN. It has not been possible within the scope of the project, especially given the reduction in funding, to test each methodology experimentally. Some of the issues are matters for computing research; others can only be tested with very large numbers of data sources and amounts of data. However, ENHSIN partners have, between them, considerable experience of different approaches to accessing databases remotely and are in contact with researchers tackling these issues. This document should be read in conjunction to the Functional Specification for the pilot and the Standards & Priorities document.
2. Introduction
ENHSIN aims to propose a methodology to allow searching across databases of specimens, contributed by museums across Europe. The approach must produce a system that is both usable and sustainable. That is, it must be easy to access, support a useful range of features to query and retrieve information, and deliver responses in a acceptable time. If it fails in any of these, it will not get used! It should also be able to be implemented and maintained without the use of extensive resources, either by the data providers, or by a co-ordinating institution.
 

3. Data Sources
Before being able to compare the various possible methodologies, it is necessary to understand the nature of the data, and the data sources, that will be made available to ENHSIN. Data compiled by museums from their natural sciences holdings take many forms and are stored in a multitude of systems. Many museums maintain multiple systems, within different disciplines. Commercial Collections Management Systems, themselves, vary greatly in the way that they store specimen data. 
A survey conducted in 2000 by The Natural History Museum of databases used by UK museums with natural history collections, received replies from 87 institutions. 33 different products have been used and, in addition, 33 institutions (38% of total) used bespoke systems that they had created themselves (or had created for them), mainly in "desktop" database applications such as Microsoft Access, Filemaker Pro, Paradox and Cardbox. Five were storing specimen data in a spreadsheet application. Another fact to emerge from this survey is that most museums change their systems over time: ENHSIN will need to look at how to handle transitions between systems.
The BioCISE project also surveyed database systems in use in European institutions and found a very similar situation (2). They reported that 292 institutions who maintained collections databases were employing 60 different applications. Two-thirds of the applications were developed in-house. At the time of the survey in 1998/99, only 8% of institutions provided Internet access to unit-level collections data. access.
We have found data stored in flat-file, relational, nested-relational, hierarchic and object databases. Most are actively maintained but some are "legacy systems", perhaps compiled during a fixed-term project, and no longer being added to.
Data models required for systems designed to accommodate information about biological specimens can be very complex (3)

 HYPERLINK "http://puffin.nhm.ac.uk:81/iw-mount/default/main/Internet/STAGING/Web-Site/science/rco/enhsin/" \l "Ref4" (4). Collections Management Systems may comprise over 100 tables (in relational database management systems) and over 400 fields. Multiple values may be held for specimen identifications, persons(agents) associated with the specimen and derived material. Presenting complex data in the results of queries is challenging. 
4. Architectures
Clearly, the proposed architecture must take account of the nature and state of contributing collections databases. In this section we outline different methodologies, consider issues that must be addressed and look at some existing projects.
4a. Possible Approaches
Five different architectures were explored. It would be possible to develop a network using any of the five, but each has its own advantages and disadvantages.
1) Single client/server database used by all providers and users
In this model, institutions contributing to ENHSIN would be required to use common software. A single database would be sited on a server at a central institution with clients installed at provider institutions. General users would query the database using a, internet browser interface, but it would be possible to supply client software to high-need, paying customers.
At first sight, this approach may seem unwieldy and costly, as a special application would need to be built. However, given that so many institutions appear to be using what should be regarded as interim solutions for databasing their collections, the availability of a fully-featured collections management package might be welcomed. If momentum could be built up within the museum community, this solution would offer a high degree of standardisation together with benefits such as shared authority files.
This model might be the one of choice in an environment where many users were expected to contribute in submitting or verifying data - such as a network for recording field observations.
This model might also be adopted if surveys of user needs indicated that a more detailed interaction with data was required than could be readily delivered to a user's web browser. The specially-written client software that could be distributed to selected users could allow sophisticated querying and reporting functions, such as sorting on grouped fields. The client could also provide an interface to the data, similar or identical to that used by staff at the contributing institutions, which would allow sight of the data in full detail (which, as mentioned in the previous section, might comprise over 400 fields).
A variant would be if providers each had a copy of the server database software, but posted their data to a central server for public access. This would give participating institutions greater ownership of their data.
2) Central summary system
This differs from the first approach, in that contributing institutions maintain their own (different) collections management systems and send copies of core data to a centrally maintained database which services internet queries. There is no attempt to connect to (and query directly) the providers’ databases. The onus is on the providers to export their data and, if necessary, transform it to comply with the schema of the central database. This approach is the least demanding technically. However, providers would have to have mechanisms to track versioning so that, if new records were added to their databases, or if existing records were or amended, these could be identified and copied to the central system. This approach is called a summary system because it is assumed that, in order to be able to accept data from many different sources, only a subset of core fields (common to all systems) would be maintained in the central database. 
3) Central Gateway to distributed databases
In this approach there is no central database. There is, however, a centrally maintained "Common Access System" (CAS) which sends queries to the providers’ separate databases and collates and displays the data returned in response to the query. Technically, this approach is more challenging since wrappers must be constructed for each contributing database to relate the query to the underlying data structure and return a response in a form that the CAS can handle. The CAS may be given additional functionality - for instance, it could store metadata describing the contents of the source databases; which would make it possible to direct queries only to sources that contain records for the group of organism requested. 
Again, there is a variant to this approach. In this case, rather than require wrappers to ensure the provider databases conform to the requirements of the CAS, the CAS would store metadata on each contributing data source to know how to form queries that comply with the requirements of the data sources. Here, the CAS is limited to directing queries to data sources which already mount direct Internet access.
4) Peer-to-peer databases (multiple Z39.50 servers and clients)
Here, providers could, potentially, have access to other providers data. Each provider's database would be a Z39.50 server and they could also act as Z39.50 clients. As in the first approach, it should be possible for providers to work with shared authority files. There would probably also be a separate site acting as a Z39.50 client to provide public access to all participating databases, although, in theory, the network could be set up so that each node could act as a public gateway to other nodes. Z39.50 is a client/server based protocol for information retrieval in a distributed environment (further discussed in Sections 4c and 5a below). Access may be limited to databases whose vendors provide a Z39.50 connection.
5) Web directory pointing to data sources
This is essentially a portal: a resource discovery service which categorises and data sources and provides a link to the providers' web sites. However, if it contained sufficient metadata about the data sources, and maintained authority files and an efficient navigation system, it would be possible to provide direct links, at a unit level, to the distributed data sources. This approach might be regarded as a fallback position, allowing users to identify, and make contact with, data sources that (for various technical or political reasons) it was not possible to connect to in any other way.
4b. Issues to be addressed
The decision on which of the above approaches (or indeed, a combination of approaches) should be employed in setting up a network will be influenced by a number of issues, some of which are discussed here. Again, we need to keep in mind the likely nature of the available data sources.
· Wherever possible, solutions should be vendor independent, comply with existing standards and be platform independent. For instance; CORBA product from different vendors exhibit incompatibilities (5) and Java code is often browser specific. Solutions should be able to work against data sources mounted on Windows, Unix and Linux operating systems and client software should support both Windows and Apple Mac users. 

· In building a system that will communicate with a whole range of types of data source, there is danger that it is determined by the lowest common denominator so that one ends up with a system which supports only the most basic functionality. User need will determine how many features of a full Collections Management System will be required to be supported by the network. Provision of features must be balanced against complexity of the system. The BioCISE user survey (2) reports that users want many features and high quality, complete and up-to-date data. In reality, it will not be possible to satisfy all these requirements - principally due to gaps in recorded data. 

· Where processing is to be done: on the server holding the source data, by the Common Access System, or by the client (browser). This decision will be influenced by relative computing power at each site, and network bandwidth. In a traditional client/server system, it is more efficient to carry out processing on the server since this is usually a more powerful machine than the client workstation, and this also serves to reduce the amount of data sent over the network. However, when a server is running an Internet service then it is best configured as a file server, rather than as an application server, particularly when a great deal of Internet requests need to be handled: this would indicate that processing should be passed to the client. Since the power of modern desktop computers has increased dramatically in the last few years, it is now quite feasible to shift much of the processing load to the client. Where processing is carried out on the client side then applets or scripts will need to be passed to, and probably stored, on the users' computers. Potentially, large amounts of data could also need to be passed for processing on the clients. With processing handled at the data source or by the CAS, only screen dumps (HTML or XML pages) would need to be sent to the users. When XML (6) is transmitted, it may more efficient to first compress it, in order to reduce Internet traffic, but this requires data provider and user to have compatible compression software. 

· As the network grows, issues of scalability will need to be addressed. Firstly there is the ease (or otherwise) of adding additional data sources to the network. This could impact on the need to grow authority files and possible also require structural changes if new data sets bring in new data elements. Scaling up to handle large amounts of data will depend both on the number of data source that are available for querying, and on the number of records that might be returned (Display of results sets is discussed in Section 5c). Both can affect performance, but they will also impact on the user interface, particularly in the displaying of results. It then becomes beneficial to resort to cacheing information in the CAS, both in terms of metadata that determines which data sources are relevant to a given query, and in terms of data held for further transaction processing (rather than re-transmitting a query). Concurrency in querying (processing queries in parallel rather than serially) will also help to speed up response times. Where metadata is held centrally, this raises the issue of version control and, potentially, they may be associated IPR issues. 

· Few systems managers would permit public Internet access to operational Collections Management Systems. Although there are Library systems (notably OPACs - Online Public Access catalogues) that are designed to operate on both sides of a firewall, the solution of choice will be to make a copy of the original data source which can be treated as "sacrificial data". This mirror of the original data will be mounted on a server outside of an organisation's firewall. It should be borne in mind that whenever a copy is made of the data, particularly when this is done by reporting or export tools (rather than through straight file copying), there is the possibility of transforming the structure of the data to conform with requirements of the CAS. When direct access to a databases is provided, it will be necessary to test the standard techniques of getting through firewalls present either implementation or performance problems. 

· Ideally, every data provider should be able to offer 24-hour, seven day per week, access. As things stand at present, many will not be able to do so. Indeed, many collections databases are not web-enabled and are designed for internal use only. Whilst Internet Service Providers (ISPs) generally provide for storage of files, it may be more difficult to find ISPs who will support databasing activities. In such cases it may be best for a data provider to copy their data to another partner in ENHSIN who is better equipped to provide Internet access. This could be a National Node, as proposed by the BioCASE project. Again, in copying data there is the possibility of transforming it by importing it into a different (perhaps central) database system. 

· So the technical demands upon data providers needs to be taken into account. Do they have the resources to: 

i. Maintain a local Internet Server. 

ii. Compile metadata (collections level or record level), such as that required to indicate quality of data. 

iii. Supply additional data (such as resolving localities to provide co-ordinate data, or providing elements of the higher taxonomy of specimens). 

iv. Maintain the quality of their datasets. 

v. Construct views of their data, or wrappers (which might involve CORBA orbs or cgi scripting) to handle transactions with the CAS. 

vi. Handle version control if copies of their data is made periodically to an ISP or central node. 

· In architectures where data, or metadata, is copied from a provider’s database there must be a mechanism to keep the copy abreast of additions or emendations made to the original. The copy could be kept up to date either by total replacement or by selective editing. In either case there should be a means of marking changed records with the date of the update. Some classes of user might wish to see previous versions of changed items: this would require maintaining an audit trail. 

· In any case, users would need to be alerted both to new records and changed records. To indicate to a user changes that have occurred since their last visit would require either some sort of user profiling, which in turn would require the user to log in and/or the use of "cookies". An alternative would be to alert users of updates by e-mail. 

· The choice of architecture will also be influenced by the management model. Such as the resources required to sustain a CAS or National Nodes. 

· It is useful, and in some cases, important, that institutions providing data sources receive proper acknowledgement of their contribution. Logos from the contributors can be positioned against returned records and, if the logo image files are stored on the contributor’s server, a hit against their site will be recorded every time a query references their records. A legitimate concern of contributors is that ENHSIN will be cited as the source of data rather than themselves who are the data owners. Copyright ownership and IPR must be made explicit to users. 

· Another way to help contributors is to provide regular statistics and other feedback on who is using the network and the amount of traffic that is generated. Although contributors can monitor calls to their own databases, the CAS should also have monitoring software installed. 

· Whatever architecture is employed, it must recover from failures gracefully. If no hits are returned, or the CAS fails to connect with a data source, or if a user or provider closes a session abnormally, then the user should be alerted, but should be able to continue working. In other words, the network must be fault-tolerant and robust. Mirror copies of data sources may be maintained in the case of persistent connection problems. 

· Metadata has already been mentioned, mainly with reference to information needed by the CAS to perform efficiently. Metadata should also be provided to aid in Resource Discovery. Search engines and agents need to identify content. Dublin Core can be used to good effect but cannot provide more than high-level terms. It is not obvious how comprehensive details of taxa, localities and people, that can be searched for using the system, can be communicated to search engines. One way to advertise the capabilities of the network is to obtain entries on relevant link sites, particularly portal sites, such as BIOME (7). 

4c. Existing projects
A number of initiatives already employ distributed querying of biological databases. The following list is not exhaustive but is illustrative of some of the different architectures mentioned in Section 4a.
Species Analyst
The Species Analyst (8) is a research project developing standards and software tools for access to the world's natural history collection and observation databases. It is based at the University of Kansas Natural History Museum and Biodiversity Research Center. According to the classification of architectures adopted above, it is a Type 4 with CAS.
The Species Analyst has served as an excellent demonstrator of how to retrieve data from distributed data sources, not only for display but also for analysis. It has been innovative in approach and it is to be hoped that a worthwhile network will become established.
The techniques employed to query distributed databases has relied heavily upon the fusion of the ANSI/NISO Z39.50 standard for information retrieval (ISO 23950) and XML. Z39.50 was considered to provide an excellent framework for distributed query and retrieval of information both within and across information domains although it was also thought that it's use was restrictive because of the somewhat obscure nature of it's implementation. All of the tools used by the Species Analyst transform Z39.50 result sets into an XML format for further processing, either for viewing or data extraction. There was a conscious decision to adopt a standards-based approach. 
The project has gone on to produce a Z39.50 client (known as ZX) which is a Z39.50 protocol handler for Internet Explorer version 5.0 and later. It provides a mechanism for a full Z39.50 search and retrieval to be specified in a single URL. 
Other tools developed by the project include:
· ZASP, which is a set of ASP pages that offer an alternative to a Z39.50 server for providing access to natural history specimens and observation data. The pages generate XML output in a format expected by Species Analyst clients in response to a PQN encoded query. IIS4.0 or later, or MS. 

· The ZPortal is a set of Active Server Pages that provides a general purpose HTTP-Z39.50 gateway that provides access to Z39.50 resources and encapsulates the results in an XML document of the same format produced by ZX. 

One very useful feature provided by Species Analyst is the ability to return data from multiple databases as a single Microsoft Excel spreadsheet. A mapping function has also been demonstrated, although this involves a real-time link to a third-party site.
Arts & Humanities Data Service (AHDS)
The AHDS Gateway (9) is given as another example of Z39.50 usage. The Gateway, physically based in London, submits queries to five totally different databases containing information on archaeology (York), history (Colchester), the performing arts (Glasgow), the visual arts (Newcastle), and textual studies (Oxford). The databases describe different data types according to different cataloguing standards. They are driven by different database management software and run on a variety of hardware platforms. Nevertheless, despite these differences, the combination of Z39.50 and Dublin Core metadata elements is sufficient to enable meaningful searches across the five sites.
Species 2000
Species 2000 (10) will deliver a Common Access System allowing users to query a large number of distributed databases that hold global species databases. Each database will cover a defined group of organisms, without overlap. Seven core fields have been defined, although individual databases may contain (and deliver) richer data. The programme is, essentially, still in a prototype stage and a research project (SPICE for Species 2000 (11)) is investigating the methodologies and technologies that will underpin the delivery of the service. This project has already produced much useful information that is relevant to ENHSIN, as it sets out to investigate many of the same issues. The SPICE project involves the universities of Reading, Southampton and Cardiff, with test data being supplied by The Royal Botanic Gardens, Kew and The Natural History Museum.
Species 2000 will work by building a single browser-based interface that will post queries to remote databases that could vary greatly in structure and software. SPICE has adopted a distributed object approach rather than a gateway-based approach (such as Z39.50 systems would use); it conforms to the third type of architecture in Section 4a above. A Common Data Model (of only 7 defined fields) has been developed and this defines what information may be searched (and returned) in the contributing databases. The general SPICE architecture is based upon CORBA (Common Object Request Broker Architecture) and all communication between the SPICE Common Access System and the individual database wrappers must comply with this standard. CORBA was chosen as the means of providing interoperation across platforms and databases. Each contributing database must be wrapper to conform to the Common Data Model. In the experimental environment of the SPICE project, two types of database wrapper were investigated; one used full CORBA-based wrappers and the other was based upon the CGI/XML protocol. The CORBA client object communicates with server objects using the Internet Inter-ORB Protocol (IIOP). Where client-side firewalls only enable outgoing communication via the HTTP protocol, HTTP tunnelling is performed where the IIOP packet is transformed into HTTP so that it may pass through the firewall. In the CGI/XML approach a CGI form is sent by the CAS to the source database and the database wrapper returns an XML document. The XML Document is generated with reference to a document type definition (DTD). The XML document is then processed and localised by the CAS as CORBA objects. Wrapper building will be under the control of the data providers, although a wrapper-building toolkit is under development.

A characteristic of the CAS developed for the SPICE project is it performs other functions than just passing queries to source databases. A knowledge repository caches metadata which, among other things, allows the CAS to effectively route queries only to databases covering the group requested. The knowledge repository also includes internal databases will hold a copy of an annual checklist (that can act as a mirror for providers' databases that are currently offline), and a taxonomic hierarchy (that will act as a navigational aid).
 

Biodiversity on the Web (12) 
This is a project run by The University of East London to publish their fossil records database. However it also provides facilities for searching, and integrating data from, databases available on the Internet. The model conforms to the variant on the type 3 architecture in Section 4a.
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In the multiple database application model that is implemented in this project, each member database is registered to the translation layer with its metadata information, and the translation layer translates a global query to a set of native queries according the metadata of each member database. The translation layer also receives the data returned from the member databases in response to each native query and, again references the metadata to integrate the results. Since the results returned are mostly in HTML/XML, a multi-state parser (controlled by the metadata) is employed to break the returned content into records and fields. In the model proposed, database providers can register (and de-register) their database with the translation layer. The process of translating a global query into native query depends entirely on the metadata information provided by the member database. The implication here, is that contributing databases already have their own web interfaces, and it is the information on how these operate that is included in the metadata. The databases remain autonomous and no wrapper needs to be installed by the data provider.
All the work of interacting with the contributing databases is handled within the CAS, but once data has been returned to the CAS in response to a query. The project has also produced applications that, by means of applets, can be passed to the user's workstation. These integrate the returned data for further processing and analysis. One such application is an impressive "Global Plotter" which is a multiple database application program that can be used to plot and manipulate geographical data.
BIODIV
BIODIV ("Biodiversity Resources in Belgium") (13) is a far-seeing and highly developed initiative of the Belgian Federal Office for Scientific, Technical and Cultural Affairs, with the objective of delivering an inventory of resources concerning biodiversity research in Belgium. This includes projects, programmes, research institutes, biological collections, surveys, and experts. It conforms to a type 5 architecture in Section 4a. A web site gives access to catalogues of collections and collection information systems. In some cases, links are provided to unit-level information copied as lists to the BIODIV server. Where collections mentioned already maintain an online database, the entry in BIODIV will provide a hyperlink to the provider's site and will often also provide a search box which will pass a query direct to the provider database. This hybrid approach is a good example of how an overview of resources can be provided through collections level indexing together with direct links when available. It does not, however, permit simultaneous querying of multiple databases.
Palaeontology Collections Management System at The Natural History Museum, London
This has been included simply because it illustrates the feasibility of the first type of architecture above. It has been developed as a client/server system, using a nested-relational database at the back-end and clients written using software that communicates with the server via a telnet session (but with a Microsoft Windows interface). Connections between client and server have been tested offsite, and shown to perform well. It is a "thin client" system, with only data needed to populate a screen being downloaded at a time. Whenever a client starts a session, the version of each screen loaded is checked against the version stored on the server and, if the server version is later, it is automatically downloaded to the client. This allows client installations to be automatically updated. The bespoke application was written for Unidata database software in the SB+ application language. Both products are marketed by Informix (now part of IBM). Another product, called Redback, could be used to produce a Web interface to the application (not, as yet, implemented in this application).
National Biodiversity Network
The National Biodiversity Network (NBN) (14) is a federation of bodies that hold data on the biodiversity of the U.K. There is a large biological recording community in the U.K. and one of the services delivered by the NBN is a software package, called Recorder 2000, that is designed to collate field observations, together with associated locality, biotope, taxonomic and bibliographic data. The relevance to the issues being discussed is that this represents a model of how a scientific community is agreeing to use a single software package (as proposed in the first architecture in Section 4a). Recorder 2000 has several features that assist in its deployment in a network. Firstly, whilst there was a significant cost in developing the software, it is being sold at a very affordable price. Support for the product has been well-organised. A data exchange mechanism, employing XML is provided. Records in authority files (taxonomy, biotope, locality) are identified with codes which distinguish the source of the record. Thus if a user adds a new name to a taxonomic list in their copy of Recorder 2000 and, later, this name gets incorporated in regional or national lists, then it can be traced to a single copy of Recorder 2000.
 

5. Data Retrieval
Having discussed possible architectures, this Section focuses on the transport mechanisms (protocols) suitable for delivering data (Section 5a), on the nature of the data, at an atomic level (Section 5b) and on how the user interacts with the system (Section 5c). This chapter is written with the assumption that the methodology adopted will be based upon having a common data model with defined fields. Contributing data sources would either build views of their data to conform to the model, or would build wrappers to interpret their data, or would copy and transform their data.
5a. Protocols
The actual mechanism of communicating with remote databases will depend on protocols and transport mechanisms. Some candidate protocols are outlined below. Some of the protocols are still emerging as standards and a choice must be made on whether to adopt "tried and tested" technology, or whether to try and guess which are likely to become the method of choice. There is, however, no doubt that XML will come to play a major role in dealing with the sort of rich data held in Collections Systems, whilst HTTP remains the transport mechanism of choice. Most of the protocols still rely on the source databases to comply with SQL (Structured Query Language) and ODBC (Open Database Connectivity) standards. Each of the protocols mentioned could be used within ENHSIN. Whatever protocol is chosen, it must effectively handle session management and error handling.
Z39.50
Z39.50 (15)

 HYPERLINK "http://puffin.nhm.ac.uk:81/iw-mount/default/main/Internet/STAGING/Web-Site/science/rco/enhsin/" \l "Ref16" (16)

 HYPERLINK "http://puffin.nhm.ac.uk:81/iw-mount/default/main/Internet/STAGING/Web-Site/science/rco/enhsin/" \l "Ref17" (17) is an ANSI/ISO standard for computer to computer information retrieval which allows client applications to query databases on remote servers, retrieve results, and perform other retrieval related functions. The protocol is stateful and connection-oriented. The standard includes a query language, record syntax options for transferring data records, a language for constructing records to be transferred, and several defined query types (18). It is widely used in the Library Community and by the Government Information Locator Service (GILS) (19) in the US. Z39.50 operates against "profiles" which support a particular application or community. Examples of profiles are the Bath Profile for interoperability between library and cross-domain applications and Darwin Core; developed by the Z39.50 Biology Implementers Group for specimen and species data classes. Z39.50 is particular good at utilising metadata.
CORBA
The Common Object Request Broker Architecture (CORBA) (20) is an emerging open distributed object computing infrastructure being standardized by the Object Management Group (which comprises about 800 companies). Other standards for distributed objects are DCOM (which is specific to Microsoft) and RMI (which is specific to Java), whereas CORBA provides interoperation across hardware, operating systems and programming language. In practical terms of building an ENHSIN network, CORBA could be useful middleware, but could also make demands on the data providers who would have to build wrappers to their databases. The SPICE project has encountered problems in interoperability of ORB (Object Request Broker) software supplied by different vendors, which typically only implement a subset of the CORBA standard.
CGI
Common Gateway Interface (CGI) is the original method for server side programming and is identified in the HyperText Transfer Protocol (HTTP) specification. CGI programs provided a relatively simple way to create a web application that accepts user input, queries a database, and returns some results back to the browser. A CGI program can be written in just about any language: C++ and Perl (Practical Extraction and Report Language) probably being the most popular. In a web application infrastructure, the web server plays the role of a gateway between the web browser and the CGI application. The biggest disadvantage of CGI programming is that it does not scale well.
JSP (Java Server Pages)
Java Server Pages are an alternative to CGI for developing interactive web pages. JSP makes it possible to embed Java code fragments into special HTML tags. A JSP engine automatically creates, compiles, and executes servlets to implement the behaviour of the combined HTML and embedded Java code. It can communicate with any ODBC (or JDBC) compliant database through the JDBC API. Servlets facilitate the development of database applications by providing a set of useful mechanism such as connection pools, session objects to keep state, and request/response model of HTTP. Access database access with JSP is achieved either writing specific code, or by using one of the available database connectivity tags.
JSP is attractive as it provides a more flexible solution than Microsoft ASP (Active Server Pages). Whilst JSP technology is designed to be both platform and server independent, ASP, because it uses ActiveX controls for its components, cannot work on platforms other than Windows, or Web servers other than Microsoft IIS & PWS, without third-party porting products.
DSML (Dynamic System Mark-up Language)
DSML is an XML to HTML converter, which provides, as standard, XML tags for database access. This is a non-proprietary system, developed and owned by David Gee (using PERL), that enables access to any data source independent of platform. It is extensively used at The Natural History Museum to build web interfaces and search mechanisms for a variety of data sources. One of the main functions of DSML is to insert SQL statements into web pages. This allows web pages to access and manipulate ODBC databases directly. It can be set up to search across a number of databases simultaneously. Using DSML, it is possible for people with no programming experience and only limited experience of mark-up to build web pages which access databases (although some knowledge of SQL will be needed). DSML is a CGI tool which parses and processes the stored pages, to provide a straightforward HTML output, which gives it some similarities to JSP, although direct processing code is not useable in the web pages themselves, which helps to keep the boundary between the code and the web interface separate.
SOAP (Simple Object Access Protocol)
SOAP (current version 1.2 is a W3C working draft) (21) is a lightweight protocol for exchange of information in a decentralised, distributed environment. It is an XML based protocol that consists of four parts: an envelope that defines a framework for describing what is in a message and how to process it, a set of encoding rules for expressing instances of application-defined data types, a convention for representing remote procedure calls and responses and a binding convention for exchanging messages using an underlying protocol. SOAP can potentially be used in combination with a variety of other protocols; although it will mainly be used combination with HTTP. SOAP therefore provides a way of transmitting XML over HTTP. SOAP offers several benefits over a proprietary XML vocabulary as SOAP is an open standard with a growing body of developers and vendors supporting it. As more vendors offer SOAP products and services, the advantages of using SOAP will become more pronounced and it may well turn out to be the preferred protocol for and ENHSIN network.
5b. Sorts of data
It is possible to structure information about biological specimens in many different ways. At the gross level, this is determined by the database architecture but, in this section, we are concerned with the atomic level: the units of information and the syntax that will need to be handled by query mechanisms. Work Package 2 (MNHN, Paris) will determine what are the appropriate elements to be included as search criteria, and the elements that should be returned; the present section is concerned simply with the technical aspects.
Two examples of where elements of data may be stored in different ways will suffice to demonstrate the issues that must be surmounted:
Personal names can be stored in a single field (often in an inverted form) as e.g. "Name: Smith, A.C., Prof." or the elements may be separated, e.g. "Surname: Smith, Initials: A.C., Title: Prof.". Initial may be expanded to include forenames and the Title may be given in full or abbreviated/contracted. And then there are such names to contend with as : "Barbara, Marchioness of Hastings", or "The Maharajah of Kush Behar".
The geographic co-ordinates (latitude and longitude) can also pose difficulties for storage and extraction, since they may be recorded as degrees, minutes and seconds, decimal degrees, or degrees and decimal minutes. Poles and Direction (North, South, East, West) are usually abbreviated, but are replaced but South and East are represented as negative values when degrees are in decimal. Co-ordinates can be stored in a single field or the elements can be separated (when stored in a single field, diverse characters may be used to denote the degree symbol).
When seeking matches to search strings, one also has to take account of variants in spelling and language (including accented characters, transliteration, foreign scripts multi-byte character encoding). In due course, Unicode values will help with foreign characters and scripts but otherwise this is best handled by creating thesauri which map between related words and terms. Thesauri can also deal with synonyms as related terms, and can order terms in a hierarchy of broader and narrower search terms. Names of higher taxonomic rank are often not recorded in collections systems (but are useful for searching) and because of both the effort and expertise required, are unlikely to be created retrospectively by curators. Here, then, lies a challenge. A thesaurus is best built, and maintained at a central point in the network. The obvious place would as part of the CAS, but it would also be possible for the CAS to access a nameserver site elsewhere to validate terms and return related values. It would also be possible to produce a programme which checks for new terms as they appear in contributing databases and automatically add them into the central thesaurus. Wherever it may be constructed, much work is required to construct a thesaurus and an added complexity, as far as taxonomic names are concerned, is that alternate classification schemes are current for some groups. A consensus on terminology would be of great benefit and help and should be encouraged amongst the data providers and, through the work of standards groups such a the Taxonomic Database Working Group (22) and CODATA, amongst the wider community.
The suggested way of coping with the potentially heterogeneous data sources that will contribute to the network is to develop a Common Data Dictionary (CDD) and require that all data providers are able to transform their data to match. The Common Data Dictionary would define core elements: those that users would wish to search, and those which would get returned to the CAS following a successful search. Keeping the number of elements within a reasonable range (below 40 elements) avoids making the interfaces over complex and possibly reducing performance. It would be possible to permit contributing databases to return more fields (of their own choosing), but in that case consistency between data returned from the various sources would be lost. It is suggested that, at least initially, only the elements defined in the CDD are returned and, if users require more detailed data, then they are directed to the data provider’s own site.
Data providers would achieve conformance with the CDD, not by altering the structure of their operational systems, but by either creating a view of their data (which is possible using SQL) that mimics the structure or by making a copy of their dataset, using reporting or exporting tools, and transforming the data in the process. It is anticipated that providers would experience problems where elements that they employ would need to be split to conform to the CDD. For instance, some providers might have chosen to place a taxonomic identification in a single field, rather than providing separate fields for genus, subgenus and species, etc. To cope with this. the CDD has additional elements for accommodating less structured information (for the instance cited, there is an element in the CDD called "Taxon text").
The elements comprising the Data Dictionary for the ENHSIN pilot were arrived at by consensus between ENHSIN partners from London, Paris and Berlin. It has been based upon the element set known (of 24 elements) as Darwin Core (23), developed by the ZBIG Group (Z39.50 Biology Implementers Group) in North America as a profile describing the minimum set of standards for search and retrieval of natural history collections and observation databases. Determination of what elements should be included was influenced by the user surveys conducted by ENHSIN and BioCASE (2).
There is some information that the results from the user survey indicated would be very important or desirable to a majority of users that it has not been thought feasible to include in the initial version of the CDD. These items are listed in the following table, together with the reasons why they have been excluded.
	Reference to original description 
	Not usually recorded in specimen databases. Would be best collated centrally as part of a taxonomic index (such as ITIS (24)) 

	Time of Collection 
	Data not usually available. 

	Biological Information 
	Taxa facts are not really part of ENHSIN remit (which focuses on specimens. However links could be provided to external sites via the "URL" element. 

	Location (Storage area) 
	Most Collection owners would be reluctant to release this information. 

	Sex 
	Possible, where recorded. Format could be variable (i.e. single or separate fields, or repeating fields. sometimes combined with number of each gender). Best handled by link to provider's database. 

	Developmental Stage 
	Possible, where recorded. Possible confusion with biological age. Best handled by link to provider's database. 

	Images 
	May not be feasible to present in first return of data, due to bandwidth limitations. Best handled by link to provider's database. 

	Synonyms 
	Will not be recorded by all data providers. Relate to taxa rather than specimens, so should be handled centrally through a thesaurus. 

	Changes to identification 
	Difficult to handle due to underlying differences in structure of databases. Current determination will be default value returned. Best handled by link to provider's database. 

	Availability for Loan 
	Probably best handled by a statement from each contributing institution rather than on a per specimen basis. 

	Availability for Study 
	

	Conditions for use & charges 
	


It is expected that the CDD will get modified based upon experience gained during the evaluation of the pilot. It is also likely to be influenced by the outcome of CODATA Working Group meetings (1).
Elements whose value remain the same for all records (such as InstName) are created in a view or held in a relational table. 
The resulting set of 34 elements, that comprises the CDD, is presented as Appendix A
A Document Type Definition (DTD) of the element set is presented as Appendix B. This is utilised by the pilot. Ii is likely, in due course, that the DTD will be replaced by an XML Schema. The main advantage of using a schema, in this context, is that they support data types. This will help with data validation. Being able to specify number and date types makes it possible to perform calculations and search more specifically on dates (or range of dates) without writing detailed code.
5c. User Interfaces
User expectation
The features to be provided in the user interface to the CAS will (and should) respond to user requirements, and may be expected to evolve over time. Taking the prime criterion as "usability", the system must provide a simple and intuitive way to navigate through the features, and the results sets returned by queries. The CAS will also have to cope with scaling up as more and more databases become available.
There is a problem in matching user expectations (they appear to want so much!) with the current variable state of specimen databases. Undoubtedly, it will be best to keep the system as simple as possible to start with: If it is too difficult or too slow to respond, then it will not get used. 
It will be essential to list the different contributing datasets, together with information (metadata) describing the content of each dataset, and administrative details concerning the provider institution. This amounts to collection level descriptions and could be expanded to cover all known collection: marking the ones that may be queried through ENHSIN, those that provide their own Internet access, and those which may only be accessed by a personal visit. Whilst ENHSIN exists to prove the ability to query distributed specimen databases directly, there is no reason why a operational version of the ENHSIN network, should not also provide this collections level information ( such as the BIODIV project does) and, indeed also supply interpreted data and general biological facts (as requested in the user survey). It must however be made clear to users when they are searching for datasets and when they are searching for information contained within datasets.
There should, ideally, be a way of tailoring information to the user's needs. This would be achieved through a mixture of deploying "cookies" and having the user register and log onto the site. Besides assisting with customising information, logging in would also facilitate access control (which is covered in Section 7) and evaluation of use of the site. It is not envisaged that the site is set up, at least initially, to provide a chargeable service. If a login system is instituted, their should still be a basic service offered to all-comers. A well-organised site providing user registration can be found at Florabase offered by the Western Australian Herbarium (25).
As indicated in Section 4b, there should be a "What’s New" Section (which could be individualised if there was user login ).
Search facilities
There is a balance to be struck between empowering the user; giving them freedom to search at will, against constraining them to available choices and presenting default options. Once again, the guiding principle should be simplicity. The key to successful searching is knowing what there is to search (having knowledge of the content of data sources) and having a good on-line help system to guide and prompt at relevant points. Some degree of automation is possible (such as the "intelligent" CAS in the SPICE project that "knows" to which data sources to direct a taxonomic query (11).
The most basic query form presents the user with empty boxes in which the user enters the text string (or partial string) to search on. Clear instruction must be given on the scope of the search: whether the programme can only handle an exact match, whether a partial string is acceptable and, if so, whether this is taken to be a "starts with" or "contains" and whether partial strings need to be terminated with wildcards. Worked examples will help with this. "Fuzzy" searching may be employed to widen the scope and trap terms which differ only slightly (such as through transliteration or with accented/non-accented characters.
Miss-spelled names, whether in a query string or in the data, will cause the search to fail. There are various options for validating the user entry.:
1. Radio Buttons: for very limited choices i.e. gender 

2. Drop-down lists. A very effective way of choosing from available choices. It is even more so if it incorporates incremental searching where, each letter keyed in moves the user to the point in the list corresponding to that letter combination. With very large lists there should be a means to pre-filter: for instance by having radio buttons or hyperlinks against sections of the alphabet (A-E, F-H, etc). 

3. Hierarchies. These are another way of filtering terms; suitable for taxonomic and geographical names. 

4. Background lists. These are not visible to the user but help by mapping non-preferred terms to preferred terms and help formulate the search parameters. They can also act as a query expansion tool – adding synonyms or foreign-language equivalents to the search automatically. 

5. Map-based searching. Useful for gathering area rather than point-based data is only effective when the underlying datasets have full and precise co-ordinate information 

A entire (and effective) navigation system, based on available choices has been developed at the Laboratoire Informatique et Systématique at the University of Paris 6 for the Computer-aided Identification of Phlebotomine sandflies of America (CIPA) project (26).
Whilst options 3, 4 & 5 provide an effective means of navigation for the user, they require a database application to be maintained centrally (normally within the CAS, but conceivably by an external site which acts as a taxonomic nameserver or a gazetteer). A continual effort is required to keep the lists up to date as additions to the contributing databases may contain new terms. However, if proper handling of synonyms and translation between different terminologies and between languages is to be effected, such a system of lists and thesauri must be built up and maintained.
It is probable that a combination of these search options will appear on the site and, indeed it could be worth giving the user a choice of method (as people do have preferred methods – some would rather type text, others prefer picking from a list). The end result of search construction is usually an SQL statement. This is usually hidden from the user, but it could be made accessible to advanced users to edit by hand. If this is allowed, then care must be taken, both to parse the statement for accuracy, and to ensure that it is handled by the application as some software only implements a subset of SQL.
A final feature that might be offered to regular users (and it would depend on there being user registration and login) is the ability to save queries for re-use. This is only really worth the effort when the underlying databases are expected to change in content fairly continuously.
Whatever search construction options are employed, it would be prudent to build in safeguards against a user performing a global search or one that requests such large numbers of records are requested as to severely tax the computing and transmission resources. Should performance be slow (for whatever reason) there is a possibility that the user becomes dissatisfied and terminates the query (or the session). The application must be designed in such a way that it can tolerate abnormal closure
Since any network set up as the result of ENHSIN is expected to by pan-European, it would be extremely useful for screens to be available in a choice of languages. This is now made easier through XML & XHTML. An example can be seen at the ITIS North America site (27), where the user can switch between English, French and Spanish. Terms in select lists would also need to be translated.
Displaying results
It must be borne in mind that results may be drawn from many data sources and constitute many hundreds or records. How this is displayed and manipulated on screen will clearly influence the ease of use of the application. As mentioned above, there must be mechanisms to limit impossibly extensive queries. The presence of a progress bar should also be of help to the user. 
When the query is sent to a number of data sources and one or more take too long to return data, there should be a timeout mechanism that closes those connections and displays the data only from the remaining sources.
It would be a useful feature to display the number of hits (from each data source + total number of hits) returned by a query, before the full results are displayed. This gives the user the opportunity to refine their query to further filter the response, in the case of an overwhelming number of hits, or, if hardly any hits are reported, the opportunity to broaden the search parameters. It is good practice to perform a series of simple queries rather than one complex one, and the ability to refine the query parameters by iteration, and to back up a level when a query fails.
Where large sets of data are returned, it will be necessary to sub divide them in some way. This may be limited at the outset by restricting the number of hits returned. Even if the user is given a selection of say 10, 50 or 100 records, this could be frustrating to those who need to see a whole dataset and is only really appropriate where results are sorted and ranked by relevance. The normal way of handling the display of large data sets is to divide them into separate pages and provide "Next" - "Previous" navigation buttons. Sometimes the user can allowed to specify the number of records to be displayed per page.
Data will normally be displayed in simple tabular form with columns generated with HTML. Data may also be returned with XML markup. There are difficulties in displaying data returned from sources with richer structure - such as those which handle multiple values within a field. It may be necessary to present only summary data and refer the user to the provider's own site for the complete picture.
Whilst it is possible to have background translation, through the use of thesauri, to help search across data sources in foreign languages, it is anticipated that results will be displayed in their native language.
Further manipulation of results
Sorting of results by column is possible to achieve and could be a desirable feature. Thought needs to be given as to what the appropriate default sort order should be.
Another feature that can easily be provided is check boxes against each record returned that allows the user to mark records, by visual inspection, that they may want to filter for further action, such as printing.
In addition to displaying results on screen, there should be facilities for saving the results in a variety of formats (such as XML, RTF, CSV). Providers may, however, wish to place constraints on the downloading of complete datasets (although this may be provided as a facility for certain classes of registered users). Complete datasets may legitimately be required in order to perform further analysis.
Searches will only operate against the elements defined in the Core Data Dictionary, which also specifies which elements are returned. To go beyond these core elements will require access to the providers' databases. Many of the protocols proposed would allow parameters to be passed to open a direct link to a web-enabled database and find more details about a specific specimen record.
 

6. Quality Control 
From our own experience with migrating data, we have found that it is usual for there to be errors and inconsistencies in most data sets. Systems developed "in-house", in particular, often lack proper data validation mechanisms. Natural Science collections fall behind many other museum disciplines when it comes to standards for terminology control. Quality management is an exacting task; the best-maintained systems are often found in smaller institutions where databasing is the responsibility of only one or two individuals. Larger institutions may fail to properly assign responsibilities for regular checks and maintenance of data quality.
Many of the issues of data quality are reviewed by Olsvig-Whittaker & Berendsohn (2000) (28), especially the effort to verify existing data. they state that: "Additional information on performed data validation becomes crucial, especially where datasets from a number of different sources are combined in a common access system".
If an entry differs from a search term by only one character, then it will fail to be picked up. Whilst "fuzzy" search techniques can help in this area. Consistency of data is vital. 
There is a general lack of terminology control within and amongst specimen databases. Partly this is due to the lack of suitable standards and greater effort (at a European and international level) is needed. Bodies such as The Taxonomic Databases Working Group (TDWG) (22) and CODATA have an important role to play. There have already been some useful initiatives, such as the Taxonomic Authority Files workshop held in 1998 (29). Standards developed in other disciplines, such as GML - the Geography markup language may be relevant (30).
It is a fact of life that most specimen databases will contain "gaps" in their data. These can take various forms:
· There are still parts of the collection that have not been databased. 

· The collection is not suitable for databasing at specimen level (some large entomological collections) 

· Insufficient foresight has led to design of database which inadequate number of elements (e.g. Collection Date, which is in the ENHSIN element set, may not have been recorded by a provider). Alternatively information may have been recorded but placed in a "Remarks" or "Notes" field which is not easily searchable. 

· Data is not available for specimens (such as date of acquisition) 

· Fields require information to be resolved. Examples are geographical co-ordinates and higher taxonomy. A named locality may be given, but co-ordinates would need to be determined by reference to maps and gazetteers: this requires major effort and is unlikely to be undertaken retrospectively by curators. Similarly, unless a collections management system is programmed to "backfill" higher taxonomic ranks once a genus name has been entered in a record, the amount of effort required is considerable. Since classifications are changeable there is also a maintenance effort required. 

Terminology control and validation against authority files has already been mentioned in Section 5c. The issue here is whether consistency can be achieved across providers, either by co-ordinating authority files used with providers' own systems, or through referencing external authority lists.
It would be particularly useful to have a system of scoring both records and datasets for quality (completeness and accuracy). This requires consensus on what is a workable system. As a fallback position, indication of when a record was entered, or last updated may assist in determining quality. Expert users can be enlisted to help spot errors in data, and suggest corrections. This is usually achieved providing a feedback form on the website. Fishbase (31), IPNI (32) and Florabase (25) provide this facility. Another way of assessing quality (also through user feedback) is to ask "did you find this resource useful". It may also become possible to open up the network to become a truly collaborative venture within different providers, and users, assisting each other in supplying "missing" data, correcting errors and building authority files. In this scenario, but also as general good practice, data within records should be attributable; with both the author and date on entry/change noted. 
It is also good practice (but needs a sophisticated system to achieve) to preserve changed data and maintain an audit trail. This is seen more as a matter for individual providers, than for the network as a whole.
If a scoring system for data quality is in place, users can be given the option of choosing to include or exclude data below a certain quality. Some data providers may wish to supply only high quality data sets, but users may wish to have access to all available data and decide, for themselves, on its relevance.
 

7. Access Control
Issues of access control have been highlighted in Work Page 2. Here we are concerned with solutions. The simplest option is not to include sensitive data in the source. If certain classes of user want (or are entitled) to see everything then they should negotiate directly with providers.
There is a need is to exclude both sensitive fields and records. Fields are relatively easy to control as they are simply excluded from the view created onto the dataset. Sensitive records need marking in the source database and a "NOT" statement incorporated in queries sent from the CAS.
Constraints will be needed to protect Intellectual Property rights (IPR) and other legislation affecting data protection and personal information. This will normally require both copyright and "Use of Data" statements to be displayed prominently on any access site and possibly by requiring users to sign a declaration before allowing registration to use the site.
Access and security issues could also affect the ability for the CAS to query providers' databases. Depending on local arrangements, there made need to be a way of authenticating the CAS (possible as a "virtual user") to permit access.
There is another class of "virtual user" of the network that must be taken into account. This is search engines and agent software that garner information for indexing. Whilst the best way of advertising the services offered by the network may be through placing links on selected portal sites, metadata should be provided in page headers. Dublin Core is useful in this respect, but the level of detail that would be necessary to show the full extent of data that can be provided is probably unachievable through this means. Some sort of summary pages presenting (in clear text form) the scope of the network would be useful, both to real and virtual users.
 

8. Interoperability
Interoperability; the ability to connect across different data domains, is beyond the present scope of the ENHSIN project. The desirability of accessing external sites such as nameservers that can validate taxonomic names has already been mentioned. Undoubtedly, the ability to link to bibliographic sites, climatological, sites, and others would be desirable: user surveys would give an indication of priorities. 
The development of open systems and standards will be a necessary preliminary. Much will depend on the owners of the sites to be linked to, to provide the necessary "hooks" to their resources.
At this stage, the most pragmatic approach would seem to be for the CAS to allow users to download the results of searches. The onus then falls upon the user how they further analyse the data.
 

9. Pilot implementation
The functional specification for the pilot is provided as a separate document.
The pilot is merely a proof of concept. The Technical Advisory Group (Work Package 2) has been in close touch with the Technical Implementation Group (Work Package 6) in order to determine what was achievable. It was originally hoped that two iterations would be possible but this was excluded when funding was reduced. It was therefore necessary to be entirely pragmatic and produce a working system within the available resources, and not indulge in a research exercise to explore different options. The pilot had to be produced within 50 working days.
Naturally, a fully operational network will provide many additional features. These will need to be developed and tested before an operational network goes live.
It seemed desirable to use an existing solution and an initial decision was made to base the pilot upon the work of David Vieglais with Species Analyst and Z39.50 (8).it turned out difficult to implement this solution and a novel system was eventually built, utilising the skills existing within the Technical Implementation Group.
The selection of data sources to contribute to the pilot was determined as much by practical as technical requirements. The political aspect of obtaining agreement from data owners was perhaps the main determiner. At a technical level, the ease of providing connection was important as it was seen not to be feasible for members of the Technical Implementation Group to visit individual data providers to assist in connecting up their databases. Data providers were selected who could build views of their data using SQL. The element set defined for use in the pilot does, however, provide more general elements to accommodate data from systems which do not have atomic fields.
One possible disadvantage of the approach adopted for the pilot is that, at present, it requires Microsoft technology (NT server + IIS + ASP) to be used both for the CAS and by the providers. Many data providers may have placed their data on servers with UNIX or LINUX operating systems and there are know security issues with ASP.
Some constraints within the element set are already becoming apparent; for instance the altitude element need to be expanded to handle ranges and the way that geographical co-ordinates are recorded may make it difficult to analyse data extracted from ENHSIN in Geographic Information and mapping systems. It may also be desirable to specify a precise syntax to be used for personal names.
The initial indications are that performance is adequate. There will, of course, need to be proper evaluation. It is not possible to properly test scalability with the amount of data available to the pilot.
 

10. Conclusions
The eventual aim of ENHSIN, and follow-on projects will be to create a single, virtual, resource; with distributed data management combined with the equally valuable benefits of unified data access.
This report demonstrates that there are a number of possible ways of going about things. A battery of suitable technologies exist and have been already tested in various existing projects. Some technologies are still emerging and have not yet become subject to standards. 
It is possible that the best approach may be a hybrid one, and one providing substantially more than a simple gateway to collections databases: one that will include collections-level descriptions (as in the BIODIV project (13)) and act as a portal to external sites (through URI links).
Whether the network operates through a single "Gateway" site or as a series of distributed objects will depends on how much "knowledge" held is required to be held centrally to enable navigation of the resources. The basic underpinning technology, however, clear: users will access the system through web browsers using HTTP to transport XML. Whilst it is not yet possible (at the time of writing this report) to be able to be firm about the ultimate solution (partly as standards are still developing - although this is always going to be true!), a start must be made somehow; and the pilot is the first step. We must, however, be prepared for technology to evolve, and for the developing network to embrace those changes.
It is important that, regardless of where the network may head in the future, initial solutions must take account of the current state of collections databasing activities in European museums. Therefore the possibility of developing and supplying a low-cost Collections Management System might be considered. 
For a network to take off, it has to be made exceedingly simple for data providers to contribute their data. Nor can you expect technical support to be provide through site visits. The simple expedient of mounting a copy of providers' data in a central system is achievable, but could be prone to versioning problems. Any network requires content to succeed, and their must be perceived benefits to provides to sign up to the network.
The approach adopted by Species 2000 (10) is probably not appropriate as it requires too much technical expertise of the data providers (even with the provision of toolkits). The University of East London (12) approach may be more suitable. Here potential providers can register their database and, provided it is already web-enabled, do not have to build an additional wrapper. Extending the approach developed for the ENHSIN pilot also offers a great deal of promise.
It is expected that the final model will differ, in a number of respects from the pilot (as the pilot has been determined by expediency, available skills and budget). The final model might need to link to name-server (possibly external) to resolve taxonomy.
In the future, the network should be prepared to accept (and be able to consolidate) "new" datasets – data culled from different sources (say a number of Collections Management Systems, whether or not they are part of the network and possibly including personal research data or field observations) which have been compiled/analysed/augmented by a researcher and then fed back into the system. This is already possible on The University of East London’s site (12). Identifying the source and accurate version control then becomes very important.
Also, in the future, the network might be made accessible not just through personal computers but to PDAs, WAP devices and home entertainment systems. This will require user-agent negotiation to handle the alternative file formats (e.g. WML - Wireless Macro language, the HTML equivalent for wireless applications). Already content management should be in place to ensure that appropriate content can be delivered to different versions of Internet browsers (and the application should degrade gracefully if the browser does not support a particular feature).
It is our intention of indicating whole-lifetime costs associated with different options, which will assist decision making and help support bids for funding. Presently this is difficult to do with any accuracy. Costs which need to be addressed include:
· Commercial Software: for operating systems, databases, development languages, indexing and content management software. Costs will include both licenses support costs and the cost of upgrades). 

· Software development: costs can vary greatly depending on whether is undertaken in-house of through professional programmers (who can charge between 400 and 1400 pounds sterling per day). 

· Training: data providers in particular may need training to build wrappers to databases. 

· CAS running costs: Sustainability will require continuing adapting to new versions of (database) software and browser capabilities. Undoubtedly new features will be requested by users 

All this implies that a continuing source of funding will need to be secured to keep a network operational.
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(29) A Workshop on The Compilation, Maintenance, and Dissemination of Taxonomic Authority Files (TAF) June 22 - 23, 1998; Washington, DC http://research.calacademy.org/taf/
(30) Geography Markup Language (GML) http://www.opengis.org/techno/specs/00-029/GML.html
(31) Fishbase http://www.fishbase.org/
(32) The International Plant Names Index (IPNI) http://www.ipni.org/
Appendix A
Provisional element set for the ENHSIN prototype
	No 
	Element Name 
	Mandatory 
	Type 
	Format 
	Remark 
	Example 

	1 
	SetDescrText 
	
	STRING 
	
	Information that is not covered by elements 2-5 or can not be structured as required 
	

	2 
	InstName 
	X 
	STRING 
	
	
	Botanic Garden & Botanical Museum Berlin-Dahlem 

	3 
	CollName 
	X 
	STRING 
	
	
	Fruit and Seed Collection 

	4 
	Adr 
	
	STRING 
	
	
	Königin-Luise-Str. 6-8, 14191 Berlin, Germany 

	5 
	ContInf 
	
	STRING 
	
	Information needed to receive additional information from the information/collection holder. This can be a telephone number or an email address. 
	name@mailserver.tg 

	6 
	Id 
	X 
	STRING 
	
	Unique (at collection level) identification number or code for collection object. Can be used to receive additional information from the collection holder and to express relations (with element 11) between units. At the global level the triple (InstName, CollName, UnitId) is unique. 
	1234 

	7 
	UnitText 
	
	STRING 
	
	Information that is not covered by elements 8-31 or can not be structured as required 
	Gift from Botanic Garden xyz 

	8 
	Shape 
	
	STRING 
	
	Type (format) of collection object 
	boxed, dried and pressed, photo 

	9 
	RelationText 
	
	STRING 
	
	Information that is not covered by elements 10-11 or can not be structured as required 
	Cultivated from seeds from Willdenow collection 

	10 
	RelationType 
	
	STRING 
	
	Type of relation to another collection unit 
	Is_derived_from 

	11 
	IsRelatedToId 
	
	STRING 
	
	Pointer to existing unit Id 
	937 

	12 
	TaxonText 
	
	STRING 
	
	Information that is not covered by elements 13-17 or can not be structured as required 
	Lecanora hageni var. saxifragae Anzi 

	13 
	Kingdom 
	
	STRING 
	
	
	Plants 

	14 
	Family 
	
	STRING 
	
	
	Pinaceae 

	15 
	Genus 
	
	STRING 
	
	
	Abies 

	16 
	Spepi 
	
	STRING 
	
	Specific epithet 
	alba 

	17 
	Infrepi 
	
	STRING 
	
	Rank + infraspecific epithet 
	var. alba 

	18 
	Author 
	
	STRING 
	
	String with name of author(s) or author team(s) 
	Miller 

	19 
	Determ 
	
	STRING 
	
	Person who made the determination 
	Smith 

	20 
	SiteText 
	
	STRING 
	
	Information that is not covered by elements 21-27 or can not be structured as required 
	IRELAND, Co. Mayo. VC 27. Clare Island. Alt. c. 1 m. Grid ref. 02/68. Coastal sandstone rocks W of the harbour 

	21 
	Country 
	
	STRING 
	ISO3166-1 
	
	IRELAND 

	22 
	Place 
	
	STRING 
	
	Free text description of collection site 
	2 km in the north of Santorin airport 

	23 
	Lat 
	
	FLOAT 
	Decimal Degrees 
	
	43.6544 

	24 
	Long 
	
	FLOAT 
	Decimal Degrees 
	
	72.5561 

	25 
	Rad 
	
	FLOAT 
	km 
	Representation of the co-ordinates uncertainty with a radius. 
	0.7 

	26 
	UtmZone 
	
	STRING 
	
	
	56J 

	27 
	Alt 
	
	INT 
	metres 
	Altitude 
	1000 

	28 
	Collectors 
	
	STRING 
	
	Collector(s) in the field 
	Miller; Smith 

	29 
	DateText 
	
	STRING 
	
	Information that is not covered by elements 30-32 or cannot be structured as required. 
	In winter 1966 

	30 
	Day 
	
	INT 
	{1…31} 
	
	5 

	31 
	Month 
	
	INT 
	{1...12} 
	
	12 

	32 
	Year 
	
	INT 
	4-digit 
	
	1966 

	33 
	Type 
	
	STRING 
	
	A statement on specimen type status 
	holotype 

	34 
	URL 
	
	STRING 
	http://...  
	A URL pointer to further unit level information 
	http://www.abc.def/collectionDB?UnitID=1234 


Appendix B
Document Type Definition
<?xml version = '1.0' ?>

<!-- 
DTD for biological collection information
European Natural History Specimen Information Network (ENHSIN)
Author: Anton Güntsch
Botanic Garden and Botanical Museum Berlin-Dahlem
7/2000
-->

<!ELEMENT collection (setdescr?, setofunits?)> 
     <!ELEMENT setdescr (text?, instname, collname, adr?, continf?)>
          <!ELEMENT instname (#PCDATA)>
          <!ELEMENT collname (#PCDATA)>
          <!ELEMENT adr (#PCDATA)>
          <!ELEMENT continf (#PCDATA)>
     <!ELEMENT setofunits (unit*)>
          <!ELEMENT unit (id, text?, shape?, relation?, taxon?, site?, collectors?, date?, type?, url?)>
               <!ELEMENT id (#PCDATA)>
               <!ELEMENT shape (#PCDATA)>
               <!ELEMENT relation (text?, type, isrelatedtoid)>
                    <!ELEMENT relationtype (#PCDATA)>
                    <!ELEMENT isrelatedtoid (#PCDATA)>
               <!ELEMENT taxon (text?, kingdom?, family?, genus?, spepi?, infrepi?, authors?, determ?)>
                    <!ELEMENT kingdom (#PCDATA)>
                    <!ELEMENT family (#PCDATA)>
                    <!ELEMENT genus (#PCDATA)>
                    <!ELEMENT spepi (#PCDATA)>
                    <!ELEMENT infrepi (#PCDATA)>
                    <!ELEMENT authors (#PCDATA)>
                    <!ELEMENT determ (#PCDATA)>
               <!ELEMENT site (text?, country?,  place?, lat?, long?, rad?, utmzone?, alt?)>
                    <!ELEMENT country (#PCDATA)>
                    <!ELEMENT place (#PCDATA)>
                    <!ELEMENT lat (#PCDATA)>
                    <!ELEMENT long (#PCDATA)>
                    <!ELEMENT rad (#PCDATA)>
                    <!ELEMENT utmzone (#PCDATA)>
                    <!ELEMENT alt (#PCDATA)>
               <!ELEMENT collectors (#PCDATA)>
               <!ELEMENT date (text?, day?, month?, year?)>
                     <!ELEMENT day (#PCDATA)>
                     <!ELEMENT month (#PCDATA)>
                     <!ELEMENT year (#PCDATA)>
               <!ELEMENT type (#PCDATA)>
               <!ELEMENT url (#PCDATA)>
<!ELEMENT text (#PCDATA)>
 

Note: This DTD has been defined as elements and child elements. Attributes have not been implemented, but could be to enforce terminology control.
