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1.0 INTRODUCTION

Consider the scenario of an executive in a commercial organisation, or in the administration of a university,  or even the strategic planning office of a research funding organisation. At his workstation he receives information from the finance system, the project system, the sales system.  Additionally, he receives 'feeds' from the financial markets and from the news reporting services (e.g. Reuters).  He has on‑line conventional relational database facilities and  full free‑text searching (possibly with multimedia and hypermedia facilities) over catalogues, technical standards, bibliographic information (library) and his electronic filing system for documents.  Furthermore, he has access to world-wide-web and so can receive information from many international sources.  Add to this a modern office workgroup and personal workstation environment with electronic mail, word‑processing, spreadsheet and local databases, telex and telefax services as well as telephone, with back‑up support in the form of on‑line directories.  The problem of database integration is the provision of timely and consistently correct information from these diverse sources in an appropriate form for this end‑user.

The scenario poses a multitude of problems to be solved by a systems engineer; however, it is helpful to split the problems into two areas; namely the integration of the information into a consistent and correct form and the integration of the information into the appropriate end‑user environment .

2.0 EXPLANATIONS, PROBLEMS AND SOME SOLUTIONS

This section explains what is generally understood by the relevant terms.  In particular, we discuss the infrastructure and architectural elements and the integration aspects  of campus wide information systems - CWISs.   We then continue with an explanation of Current Research Information Systems - CRISs using a similar structure.

2.1 Campus-Wide Information Systems (CWIS)

A CWIS should provide:


(a) uniform access to all relevant information for all users, subject only to security 
and access restrictions and privileges;


(b) facilities for the manipulation of that information within the preferred working 
environment of the end-user.

In practice, (a) implies integration of heterogeneous data sources, stored in different representations and using different models and paradigms, with varying degrees of accuracy and precision, distributed locally and remotely, accessed over various communications media, with varying degrees of reliability.  Similarly, (b) implies integration of the information from (a) into desktop and workgroup environments including wordprocessing, spreadsheets, local databases, calendars, directories.

2.1.1 CWIS: Basics

The CWIS is an information network.  The terminal nodes (leaves) are people using workstations.  These terminal nodes can be clustered together in workgroups; workgroups may be static (i.e. a given group of people work together all the time for a common purpose) or dynamic (a project team put together for a specific purpose during a limited time).  The information used commonly by users in a workgroup, or users across workgroups is stored on a server.  A server may also store workgroup application programs.  The nodes of the workgroup, and connections between workgroups, utilise a communications network.   Typically, within a workgroup or building a LAN (Local Area Network) is used while between physically separated parcels of real estate a WAN (wide area network) is used. 

This style of information processing leads naturally to a client-server architecture.  The modern client-server system has, for each business application:

(a) user-interface    

(b) user-specific applications and information   

(c) group applications and information  

(d) corporate applications and information  

(e) access to external information 

This logical architecture may be superimposed on a single workstation or on a complex network of clients and servers.  On this physical and logical architecture, information and business objectives are superimposed.  

2.1.2 CWIS: Integration of heterogeneous information

Perhaps the largest challenge to a useful CWIS is the integration for the end-user of heterogeneous information.  Different databases, information retrieval systems, document systems,  and sundry received information all present information in different formats, styles, languages and media.  There will be different character sets, symbols and objects.  The data may be in different units (e.g. currency), of varying accuracy and of indeterminate precision.  The recording of nulls is likely to differ greatly.  The attribute names may differ and there are likely to be subtle differences in meaning (semantics).  The domains may differ, and the attribute / domain  constraints will certainly differ.

There will also be structural inhomogeneity.  A hierarchic structure in one database will be represented by a network in another,  A recursive structure may be represented as a hierarchy.  The referential integrity constraints will differ, as will the semantics and syntax of structural key attribute values.

There are several possible solutions.  Purely syntactic matching will allow progress for databases of similar representational type and storing similar data domains.  Meta-translation techniques can provide a reusable link between databases.  The utilisation of a knowledge-based system with domain, application and user models of knowledge has been shown to provide a better solution, and is an area of active research.  The use of intelligent agents or translator / facilitators is an active research area.

2.1.3 CWIS: Integration into working environment

There are two major problems: maintaining a consistent, friendly and easy-to-use interface to the end-user and integrating information from databases into commonly-used desktop tools such as word processor, spreadsheet and local database, and in reverse placing into databases information from active documents (forms) from the desktop environment.

The emerging user interface solution is the WIMP (Windows, Icons, Mouse and Pull-down windows) desktop style and for information transfer, the desktop object metaphor and OLE in the Microsoft-dominated Windows, Windows for Workgroups and NT environments.

2.2 Current Research Information Systems (CRIS)

A CRIS should provide information on current research (and development) projects (and possibly also on historical research projects as the information is accumulated).  The information required includes that defined in CERIF.  However, there are three major levels of detail which are needed:

(a) a level above that of CERIF to give an overview of the pattern of research by country, funding agency or institution in terms of subject areas and financial support;

(b) the CERIF level (project summary level) to be used for statistical purposes (to generate (a) above) and for contacting research teams;

(c) a level below CERIF so that the actual publications, experimental results, patents, spin-off businesses, team-members' CVs , the initial project proposal etc. associated with a project can be accessed.

Clearly there are customers for each (and all) of these levels, and access security, privileges and costs would require consideration.

2.2.1 CRIS: Basics

Existing CRISs usually utilise a structured database model (relational) or an information retrieval (free-text) model.  They certainly have the characteristic of requiring the ability to search for text stings, including wildcarding.  Most are centralised, possibly mainframe-based systems for historical reasons, accessed by relatively unintelligent workstations.  Many do not provide client-server facilities.  Many suffer from inaccurate data (due to the cost of update and its infrequency).  Most share many of the same attributes, but with different domains and constraints.  Many have keywords, but use different thesauri, thus preventing comparative statistics and analysis.   

2.2.2 CRIS: Integration of heterogeneous data

Integration of information from CRISs exhibits all the characteristics mentioned under CWISs above.  Worse, because CRISs usually utilise a lot of free-text, there are fewer structural clues or restricted thesauri to aid integration and so full semantic integration is required.  Moves to use restricted terms from a thesaurus for certain attributes is helpful to the retrieving user, but may force the updater or inputter to discard information which does not fit the restricted template.  The problems of language and character set (including symbols) can be overcome by agreeing a restricted attribute and domain set (like CERIF) but detailed project data will almost certainly remain in the native language, character set and utilise symbols appropriate to the subject area.

2.2.3 CRIS: Integration into working environment 

For the researcher searching for relevant projects, or teams with similar interests, the integration into his office environment is a clear requirement.  Such an integration would allow him to send an email, fax or make a telephone call from his workstation to one or a list of target projects retrieved from the various data sources..  The researcher, or the scientific administrator,  may wish to produce a document  extracted from the various information sources, and do comparisons (statistics, graphs) and summaries.  He may also wish to annotate some of the information and store the retrieved information with annotations in a local workgroup server for reuse.  

3.0 IMPACT

This section analyses the aspects of usage of a CRIS and highlights the areas where the technology of CWISs can impact a CRIS.  The main motivating factors are:

(a) relevant users have a workstation on their desk, connected in a CWIS

(b) relevant users  retrieve and contribute information, and so the value is appreciated

(c) relevant users can be connected in a given sequence of operations for a given task

3.1 Collection

A great impact on CRISs by CWISs can be in the area of data collection.  With a workstation on the desk, and the increasing use of wordprocessors for research project proposals and other information, data collection is improving.  The key technology for the CERIF-level of record is the active document, or proforma with logic.  This appears, on screen or when printed, like a proforma, but when activated it supplies the end-user (inputter) for each field or box to be filled-in with:

(a) online help and explanations

(b) domain and attribute constraints checking there and then, with appropriate error messages

(c) inter-attribute constraints checking there and then, with appropriate error messages

The result is data of higher quality; accurate, timely and relevant.  The input effort is reduced considerably if the data is collected at the time or project proposal.  

An experiment using SGML (Standard Generalised Markup Language) for this was performed in 1989 in UK, and was successful in meeting its technical objectives.  A more extensive utilisation of the system is now underway.

3.2 Utilisation

The initial collection of project proposal data is not the end of the requirement.  As the proposal is approved, modified or supplemented, additional information is available and should be captured.  This is a form of workflow  or case-based processing.  This technology provides an intimate relationship between a user working in an office system environment with active documents,  security, authorisation and audit and the use, reuse and input of data. 

3.3 Availability

The CWIS highlights the ready availability of heterogeneous information sources, and the problems of integration of CRISs discussed above.  The CWIS facilitates the analysis and utilisation of the information by the ready integration into statistical, graphical and modelling tools (e.g. spreadsheets) on the desktop.  The CWIS also facilitates the addition of information to the retrieved data by the user, for onward utilisation by others in the end-users' organisation via a server as a local database, document in a repository, spreadsheet that can be accessed by all or another appropriate medium.

The CWIS also allows the end-user to contact easily the target research team(s) identified from the information sources to initiate discussions on the project or  future collaboration.  The ease of such communication - including the ability to embed documents, data files etc. - makes available access to a wide community.

4.0 FUTURE

4.1 CRISs: Problems and Solutions

The problem facing providers of CRISs is:

(a) to ensure data accuracy and availability: this implies adoption of workflow technology with active documents;

(b) to ensure data availability: this implies providing network access and an easy-to-use interface so that:


(1) remote clients can access the information server over conventional networks;


(2) the database intension (extended schema) is available to assist the end-user in 
integration with other information sources;


(3) both the extension (data instances) and intension are available via a standard 
application programming interface so that the information from the server can be 
accessed by intelligent clients running applications software with embedded remote 
requests for information

(c) to provide more information using a variety of media (multimedia) including graphics, image, video, sound in order to ensure the information is attractive to customers;

(d)  to provide - for non-intelligent clients - a basic user application and interface permitting retrieval and some manipulation capabilities, such as found today - but including the ability to handle (c) above;

(e) to provide summary information by country or organisation, and detailed project information, as outlined above;

(f) meantime, to standardise the 'output schema' from each database to CERIF standard to permit instances from all CRISs to be seen from outside to be in the same form, so that the initial integration problems are avoided, while the real problems are tackled.

4.2 An Example Elsewhere

As an example of what is being done elsewhere, and perhaps to provide some encouragement, we provide a brief description of a relevant ESPRIT project to provide end-user multimedia access to heterogeneous distributed databases.  The toolkit being developed is customisable, and can be instantiated for any application domain.  

The MIPS (Multimedia Information Presentation System) project is an ESPRIT III project started in May 1992.  The application domain is tourism; the major standards concern SGML, HYTIME, SQL, RDA and various representation standards for graphics and image.  A KBS provides the reconciliation facilities, the system accesses heterogeneous distributed DBSs and the end‑user utilises a multimedia workstation.  The project thus investigates many of the problems discussed above.

The user interface will consist of the usual widgets of the Motif / X toolkit, and MS Windows namely windows with the usual scale / move / iconise operations and within the window, buttons and data fields.  Under this uniform 'look and feel' each window will be application / medium specific ‑ for example, a video clip of a tourist resort beach.

Queries will be initiable in one of two ways:

(a) from within a HYTIME document ‑ by instantiation of a query skeleton stored within the document structure ‑ this implies a predetermined query requirement;

(b) from a query window, where the user can utilise a query‑by‑forms (assisted by a clarification dialogue with the KBS) or a raw SQL interface (for the expert).  The query in each case will be handled in conjunction with the KBS which will choose appropriate target DBSs, set up the communications required, partition the query into fragments, make any semantic changes required in each fragment (e.g. attribute name change), add any required constraints and despatch the query fragments.

The responses to the query will be screened by the KBS for consistency and accuracy, and then amalgamated into a single form report within a HYTIME document structure, to allow hyperlinked browsing of a multimedia document (or group of documents).

Perhaps one of the most novel features of this proposed system is the utilisation of several advanced technologies together.  The utilisation of an advanced HCI ‑ with a KB assist for user requirement elicitation and for explanation ‑ is novel, although will utilise some of the concepts from ESPRIT II project MMI2.  The use of a KB assist to refine, fragment and optimise queries in a heterogeneous distributed DBS environment is innovative.  The use of a proposed standard (HYTIME) to provide a framework for interaction with an office system environment is also novel.

5.0 CONCLUSIONS

(a) CWISs will impact CRISs strongly in several ways:


(1) by making information available;


(2) by stimulating user demand for accuracy and timeliness;


(3) by encouraging information provision as well as retrieval;

(b) The exposure of CRISs in this way will create a demand for integrated information;

(c) The CERIF standard will provide syntactic (and limited semantic) integration of data for information at the project summary level.  There is a need for information at other levels.  The effectiveness and efficiency of CERIF needs to be tested;

(d) General syntactic and semantic integration requires the use of a KBS assist with user, task and domain models of knowledge;

(e) The exposure of CRISs will also create a demand for integration into the working environment of the end-user:


(1) by providing workflow and active document facilities;


(2) by providing manipulation facilities for modelling and graphics;


(3) by facilitating integration of the information into the office environment including 
documents, electronic mail, fax, telephone, diary etc.;

There is a requirement, and a market, for CRISs out there.  The problem is to shed the rather old-fashioned, monolithic, information retrieval technology image with teletype-style user interface and become part of the 'desktop with connection' culture, including the notebook computer with cellular telephone connections for the European executive on the move.

