Building an In teractiv e Multimedia Information System: The GeoMed Case Study

Nik os Karacapilidis and Thomas Gordon and Dimitris Papadias and Hans Voss^1

Abstract. Implemen tation of information systems has witnessed a movement towards data types of increasing complexity. This is widely facilitated by recent advances in computing and communication. At the same time, the user communit y does not only need access to existing information in various systems, but efficien t ways to contribute its own. This pap er discusses issues on the developmen t of an Interactiv e Multimedia Information System on the World-Wide Web. Rep orting work on GeoMed, a new EU-funded pro ject aiming at building a Geographical Mediation System, we indicate means of indexing, organization and managemen t of information. Multimedia information is represen ted in GeoMed within electronic documen ts and messages, not only as passive data but as graphical user interfaces to external Information Systems. Concepts discussed include Multimedia Information Management Systems, seman tics, annotation tools, knowledge representation structures and reasoning mechanisms.

1 INTR ODUCTION

During the last five years, implemen tation of information systems has witnessed a movement towards data types of increasing complexit y. The simple information expressed in numbers and character strings, while still importan t, has been joined by large numbers of multimedia “do cumen ts” and complex data forms [31]. This is widely facilitated by recent advances in computing (low-cost, high-sp eed hardw are comp onents) and communication (proliferation of World-Wide Web and Internet services). The related user communit y is also undergoing similar changes. It is expected that Internet access will reach very high numbers (according to some estimates, the 10% barrier of the US population has already been broken).

Simultaneously , the “information highway” becomes a twoway street; users should not only have impro ved access to existing information, but also the appropriate means to contribute their own. The distinction whether a user will be an expert or not becomes more and more unclear. For instance, in a city planning procedure where a variet y of organizations and individual users is involved, each participan t (including ordinary citizens) is eventually expert in his respective field or in expressing his own interests. As a result of the above, the core task of an Information System nowadays should become to simultaneously supp ort many users with the integration and represen tation of shared multimedia information.

1 GMD-FIT, German National Researc h Center for Information Technology , Artificial Intelligence Researc h Division, Schloss Birlingho ven, 53754 Sankt Augustin, German y, email: {karacapilidis,gordon,papadias,hvoss}@gmd.de

This pap er reports our work on the EU-funded GeoMed (Geographical Mediation) pro ject, addressing issues on the developmen t of an Interactiv e Multimedia Information System (IMIS) on the Web. Section 2 intro duces the pro ject and sketches the services that will be provided. Section 3 describ es in more detail features of the system. A framew ork for a Multimedia Information Managemen t System is given, and the concepts of seman tics, annotation tools, knowledge representation structures and reasoning mechanisms are presen ted. Section 4 discusses the importance of the users’ participation and interaction in such a system and highligh ts related work.

2 THE GeoMed PR OJECT

World-Wide Web provides an interesting platform for the implemen tation of certain types of MISs. Such an approac h will certainly become quite popular in various applications, ranging from scientific collab oration to politicial negotiation and from medical diagnosis to home shopping. However, special atten tion must be paid to indexing, organization and managemen t of information in the unstructured world of the Web.

GeoMed aims at impro ving both the accessibilit y of geographical information in heterogeneous, distributed Geographical Information Systems (GISs), and the users’ participation in related decision making processes, such as city, regional or environmen tal planning. Multimedia information is represen ted within electronic documen ts and messages, not only as passive data but as graphical user interfaces to external Information Systems. The GeoMed server is being written in Java, which will eventually allow it to be used with a variety of operating systems. GeoMed provides three types of services, namely information, documen tation and mediation services:

• Information services provide efficien t access to multimedia information in distributed databases over wide-area networks. This would include services for finding relevant multimedia data, converting proprietary data to standard formats for data interchange (by “wrapping” their appropriate objects), as well as ways of viewing and browsing multimedia information from within general purp ose hypermedia systems such as the Web.

• Documentation services provide a “shared workspace” for storing and retrieving multimedia documen ts. For this purpose, GeoMed uses the BSCW (Basic Supp ort for Cooperativ e Work) system [2], originating at GMD and being further developed in the CoopWWW EEC pro ject. The above workspace is actually a multimedia information repository

© 1996 N. Karacapilidis, T. Gordon, D. Papadias, H. Voss ECAI 96 Workshop. KRIMS 96 Edited by G.Vouros, W.Klas, T.Sellis, M.Vazirgiannis which stores and manages both data and metadata (the information about the structure of data).

• Mediation services provide a new kind of issue-based conferencing and group decision supp ort system. Users can propose and discuss alternativ e solutions to some problem or issue by sending electronic messages to a GeoMed server. While receiving these messages, the system builds up an issue-based information system on the Web by classifying the inputs according to their context. Users are able to use hyperlinks to access a structured proto col of the discussion, which is based on argumen tation elements such as issues, positions, constrain ts and argumen ts (pro and contra). Hyperlinks between these kinds of elements and the original messages allow quick and easy access to the original full contents of the cited messages.

In order to use GeoMed one requires only a Web browser and Internet access. Users’ messages may include any HTML hypermedia elements, such as links to other resources on the Web, images, movies and sound files. Many of these links may depend on the content. Thus, clicking on an object should lead to information related to that. Messages sent to the system are structured and indexed according to an argumen tation model. The above structure provides a view on the messages which substan tially facilitates the browsing and retriev al of the required past contributions to the discussion. As illustrated in Figure 1, this schema is more precise than the typical “thread” mechanism of newsgroups. The index is stored in a relational database, allowing messages and the argumentation elements within messages to be selected, filtered and sorted using standard SQL as a database query language.

The system aggregates the users’ preferences and, making use of reason maintenance and constrain t satisfaction techniques, prioritizes the alternativ e positions that have been prop osed (for more see [14]). A Web-based user interface provides a simple way for users to make common queries, eliminating the need of familiarit y with SQL. The use of established database technology also provides transaction control and impro ved securit y, with optional user accoun ts and password protection.

3 SYSTEM’S FEA TURES

Data managemen t in a multimedia information system (MIS) should be based on both Database and Knowledge Representation (KR) systems. The former are oriented towards the efficien t managemen t of large amoun ts of data, while the latter aim at providing a more structured represen tation of the universe of discourse. KR has been regarded as fundamen tal in the implemen tation of Intelligen t Information Systems for more than ten years. However, only recently researc h to establish connections between the theoretical foundations of it with database systems is taking place. KR-based applications will be largely enhanced by the implemen tation of the appropriate database interfaces. Furthermore, existing KR approac hes are not the most appropriate for multimedia data, and enhanced represen tations are needed. As a result, a number of represen tations has been prop osed to handle several types of information. For example, consider the 2D Strings for Iconic Indexing in Image Databases [4], [5].

Most of the curren t applications of MISs consist of both procedural and declarativ e (factual) knowledge. Depending on

Figure 1. Structure of the discussion in GeoMed.

the content of the multimedia information, knowledge representation has to be based on some traditional (e.g., rule-based, predicate-logic or object-orien ted schemata) or informationspecific (e.g., 2D Strings) represen tation. The resulting KR formalisms should enable these systems to fulfil the requirements of various user groups. More specifically, MISs should be robust enough to process advanced, content-based queries, and deal with information that exists in distributed multimedia repositories.

3.1 Multimedia Information Managemen t Systems

Each form of multimedia data type requires its own collection of first-class concepts (operations and functions), along with the implemen tation of the appropriate data structure and access metho ds. It would be impossible to cope with the explosion of multimedia information, unless it is organized such that we can retriev e it fast when needed. Past experiences with alphan umerical data advocate the design and implemen tation of the appropriate multimedia information managemen t systems (MIMSs). These systems should not merely be multimedia information repositories; instead, they should provide efficien t retriev al metho ds, based on the content of the multimedia information itself. Navigation and browsing in a MIMS are also importan t.

According to related researc h [18], it is not enough to extend the existing database technology in order to deal with multimedia information. What is needed is to consider the issues of multimedia information managemen t from the very beginning; multimedia information is not an app endix to a

KRIMS’96 Workshop 2 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss main, textual database. In the case of Spatial DBMSs, for instance, a number of alternativ e data structures has been prop osed for the manipulation of spatial data. In addition to being data-orien ted, data structures may also be queryspecific. Differen t structures may be used for differen t types of queries on the same data sets.

In the sequel, we discuss features of MIMSs which will be eventually provided in the GeoMed system. These features aim to address the user requiremen ts and industrial needs which have been brough t up through an earlier feasibilit y study .

3.2 Annotation to ols, seman tics and information retriev al

MIMSs should be able to answer advanced queries. Usually, multimedia information can be describ ed in many differen t ways. Thus, specification of the appropriate seman tics (such as keywords, and other meta-data) is of high importance. Domain experts may be the best annotation tool available for the specification of seman tics. Instead of trying to develop automatic annotation tools, we should rely on human expertise and intelligence, whenev er we can. Annotation can also be obtained from the usage of data. By observing how a particular image satisfies users, annotations may be modified and new ones assigned. Finally , annotations should be live rather than assigned just at the input time.

These seman tics should be used in content-b ased retrieval of multimedia information. Meta-data have an importan t role in content-based retriev al: they provide very importan t information for browsing data and can be used to reduce the search space. Techniques to intro duce and manage semantics play a primary role here. User queries require assignmen t of seman tics to data. However, the fact that seman tics are domain-dep enden t as well as sub jectiv e has to be tak en into accoun t. MIMSs should provide an environmen t in which data interpretation from differen t perspectives is facilitated.

The manipulation of multimedia information involves both machine-b ased activities, where a database or other information resource is used, and human-b ased activities, where a person or a group is required to interv ene, interacting with the information system. Most modern information retriev al systems are interactiv e. The user evaluates items, e.g. with regard to relevance, as he proceeds through the search, and may change the search strategy at any point in this process [34]. An efficien t MIMS should be able to exploit the above interaction. User acts, such as navigation, selection, and refinemen t of the search, help greatly in reducing the burden of the related algorithms. Furthermore, integration of multiple search modalities, like SQL, keywords or content-based retriev al, both at the level of algorithms and user interface will be increasingly essential in these systems.

Besides, multimedia data often require special interfaces that must be supp orted by the appropriate MIMS. For example, spatial data are often best queried through a displa y of the space, upon which the user can outline regions that may be hard or impossible to describ e as an SQL query.

Multimedia information repositories should maintain an evolving set of represen tations of the same or similar information (both for data and metadata). Relationships among these represen tations must be also maintained. In this way, changes to one represen tation of an object can be propagated to related represen tations. The concepts of versions and configurations are intro duced at this point. The former refers to snapshots of an element evolving over time, while the latter to specific collections of versions. Rep ositories should supp ort the evolution of the structure of information and its metadata prop erly.

Data conversion and integration is another basic requirement for the system. It is related to the interconnection of information resources having a wide variet y of formats and models. In general, some integrating notation and model must stand in the middle among all these sources. Each source is “wrapp ed” by a comp onent that translates between the viewpoint of the source and the shared, global viewpoint. Higherlevel products may then be built from these wrapp ed sources.

Wiederhold uses the concept of mediators as a means to combine disparate information sources [36]. He considers mediators to be tools able to perform customized integration of the information, perhaps with additional filtering or processing. According to him, we have to model information processing in future information systems as an interaction between data and knowledge. The term data describ es specific instances and events, while knowledge describ es abstract classes and each class typically covers many instances [37]. Data may be gathered automatically or clerically, while experts are needed to gather and formalize knowledge.

The above kind of partitioning is then mapp ed into information processing modules which are assigned to the nodes of distributed information systems. Of great importance are modules that mediate between the users’ workstations and data resources [36]. Their role is similar to that envisioned for agents in the AI communit y. In fact, they are views of many information sources, integrated to form a coheren t whole. They have the knowledge (e.g., administrativ e and technical expertise) to create the appropriate information for the decision making procedures.

In the next two subsections we describ e the knowledge representation structures and the inference and reasoning mechanisms involved in GeoMed’s information managemen t system. Due to the fact that the pro ject is mostly associated with spatial information, the concepts used are GIS-orien ted. However, generalizations towards a multimedia information system are quite straigh tforward (see also [22]).

3.3 Kno wledge Represen tation Structures

GeoMed is mostly based on qualitativ e represen tation structures. Qualitativ e knowledge represen tation does not require an intermediate domain in which scale is defined, but comparisons are performed directly in the represen ted domain; in the domain of spatial knowledge, object locations are compared through spatial relations. Spatial relations have been classified in several types, including direction relations that describ e order in space (e.g., north, north-e ast), topological relations that describ e neighbourho od and incidence (e.g., inside, overlap ), and distanc e relations (e.g., near, far) [25]. The qualitativ e represen tation of spatial knowledge has certain advantages:

• users often communicate their requests using linguistic terms that corresp ond to spatial relations;

• the precision of quan titativ e represen tations is not always desirable;

KRIMS’96 Workshop 3 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss

• qualitativ e knowledge is usually cheap er to acquire, store

and process.

Most of the work in Artificial Intelligence concerned with qualitativ e spatial reasoning has focused on logic-based representations . Such represen tational systems permit the description of real-world knowledge into predicates and rules of inference. Randell et al. [29] developed a theory for top ological reasoning in 2D space expressed in a many-sorted logic. Sistla et al. [32] prop osed a set of rules for inference of direction and top ological relations in 3D images and proved soundness and completeness. A variet y of approac hes has been based on Allen’s temp oral reasoning approac h [1]; extensions of Allen’s interval algebra to higher-dimension spaces can be found in [24].

Related researc h has been carried out in the area of spatial constr aint networks . A spatial constrain t network is a graphbased description of a scene, where the nodes represen t objects and the arcs corresp ond to disjunctions of possible spatial relations between them. Inserting a new relation between two objects in the network affects not only the two objects, but the insertion might yield additional constrain ts between other objects (constr aint propagation ). Studies of constrain t propagation and consistency checking in networks of top ological relations can be found in [33] and [9]. Hernandez [16] studied constrain t networks of direction and top ological relations.

Egenhofer and Herring [8] have developed a system which deals with the binary top ological relations disjoint, meet, equal, overlap, contains (and the converse relation inside ) and covers (and the converse covered-by). In their notation, each object P is represen ted in 2D space as a point set which has an interior (P^0) and a boundary (∂P ). The top ological relation between any two objects (point sets) P and Q is describ ed by the four intersections of P ’s boundary and interior with the boundary and the interior of Q (based on the concepts of point-set top ology). Egenhofer [7] extended the system by intro ducing the 9-intersection matrices which also include objects’ exteriors.

Chang et al. [5] developed the two-dimensional string (2D string ) represen tation for encoding symbolic images , images where distinct objects are denoted by differen t symbols. A 2D string is a pair of one dimensional strings (u, v) that preserve direction relations on each axis. Although top ological relations are not explicitly represen ted, top ological information can sometimes be extracted from 2D strings. Several variations, such as the 2D-H strings and the 2D-G strings have been intro duced to extend the expressiv e power of the original 2D strings [4].

A hierarc hical variation of symbolic images, called symbolic arr ays, was used as the spatial working memory represen tation in the knowledge represen tation scheme for Computational Imagery [26]. Each arra y represen ts spatial relations (symbolic arra ys have been used primarily for direction relations) among the distinct parts of a complex spatial entit y. A part may be decomp osed in an arra y of simpler parts at the immediately lower level (aggregation hierarc hies). Direction relations between parts that exist in differen t regions are not explicitly represen ted but they can sometimes be retriev ed using appropriate inference mechanisms. Several functions which operate on symbolic arra ys have been developed.

These functions can be used to create symbolic arra ys from other represen tations that store spatial knowledge (such as a frame database of complex objects), to modify symbolic arrays (e.g., rotate an arra y or move an object within an arra y) or to extract information found in the arra y [11].

Qualitativ e represen tation structures offer an appropriate framew ork for the application of spatial inference mechanisms. Such mechanisms are very importan t for MISs such as GeoMed for two reasons: First for detecting inconsistencies that may occur by combining spatial knowledge from differen t sources. For example, consider a database of maps. If city A is northeast of city B in the map of region X , and B is north of C in the map of region Y, then the existence of A south of C in region Z would yield an inconsistency . Such inconsistencies may occur when data about the same or overlapping areas are collected from differen t sources such as images, topographic surveys, verbal descriptions etc. (for an extended discussion see [10]. GeoMed will involve multiple systems that store huge amoun ts of spatial data in various formats and of variable qualit y. Users will query the systems requiring fast and accurate results (and not answers of the form “ A is north and south of C”). Spatial inference mechanisms will play an importan t role for the detection of inconsistencies in the data and the integration of the differen t systems. Second, the spatial inference mechanisms are essential for facilitating collab orativ e spatial planning in GeoMed. During the process of planning a number of decision makers assert spatial constrain ts which may yield inconsistencies. The inference mechanism is responsible for detecting such inconsistencies and communicating them to the debate mediator (for an overall discussion on the issues involved in collab orativ e spatial decision making procedures with the use of qualitativ e constrain ts see [21]).

3.4 Inference and Reasoning mec hanisms

For the following discussion we assume that the database can be represen ted as a set of binary spatial constrain ts (relations) between distinct objects (even if the objects are represen ted by absolute co-ordinates the corresp onding qualitativ e representation can be easily derived). Since, as we mentioned above, data may come from differen t sources of variable quality, the database may contain inconsistencies. Spatial inference mechanisms should remove inconsistencies and provide a set of constrain ts that corresp onds to the actual configurations of objects in space. They may have multiple goals: find one solution that satisfies all constrain ts, find all possible solutions, a number of possible solutions etc. It is difficult to develop a model that can express all types of spatial constrain ts and is capable of performing efficien t inconsistency detection. Work on spatial constrain t satisfaction problems has concentrated mostly on homogeneous constr aints , that is constrain ts of the same form (only top ological or only direction relations). Even for such cases, a large class of problems is intractable [15].

The first step of an inference mechanism is path consistency checking using some comp osition table. Composition infers the relation between two objects A and C when their relation with a third object B is known. If, for example, A is inside B, and B is north of C, we can conclude that A is north of C. The path consistency algorithm explicates all constrain ts between every pair of objects and removes relations

KRIMS’96 Workshop 4 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss that yield inconsistencies. Work in the area of spatial reasoning has produced comp osition tables for homogeneous spatial constrain ts (e.g., top ological in [7], direction in [27]) and for combinations of several types of constrain ts (e.g., top ological and direction in [16], direction and distance in [10]).

Path consistency algorithms have a polynomial complexit y [33], [9] but in general do not suffice for achieving satisfiability. They reveal only local inconsistencies, and search-based constrain t satisfaction algorithms (such as backtrac king) have to be applied to locally consisten t networks in order to ensure global satisfiabilit y. Although such algorithms have a worst case complexit y exponential in the number of objects, efficient heuristics provide good results in most cases.

Satisfiabilit y does not necessarily imply realizabilit y in space. In graph theory it is known that we cannot draw a complete graph of more than four vertices in a way that no two edges intersect each other. This is called the planarity problem and a similar case exists for objects in 2D space; a set of spatial constrain ts may be satisfiable, but still there may not exist a planar model of arbitrary objects that satisfies the given constrain ts. Although checking planarit y belongs to NP- Hard, Grigni et al. [15] suggest that heuristics have very good chances of recognising planarit y problems. Figure 2 illustrates the parts of the spatial inference mechanism; the parts are in non-decreasing order of computational complexit y.

Figure 2. Spatial inference mechanism.

Although a large part of the spatial inference mechanism involves problems that are in general exponential, the specific structure of the Spatial Domain facilitates the developmen t of efficien t heuristics, and leads to polynomial algorithms for certain sub-cases.

4 DISCUSSION

As further discussed in [35], it is rather impossible to completely automate the processes describ ed in the previous section. Users involved usually have diverse and conflicting interests, authorities and positions. Nevertheless, the use of information technology may assist them in various ways. One importan t goal is to provide easy access to the curren t knowledge, at any time. Referring to GeoMed, this goal would be greatly facilitated if all relevant data and documen ts, including cartographic and thematic maps, decisions, minutes, evaluations, etc., would be made available and maintained in electronic form, in a well-structured and organized way. Another possibilit y, and this is our primary goal, would be to provide direct computer supp ort for the argumen tation, negotiation and mediation process. A computer network can be used as a medium for such a process, in which documen ts are structured and indexed according to their role and function, using a model of argumen tation.

Many years ago, Petri developed his theory of regulated and reasoned communication, mediated by information technology [28]. Related ideas about an “Issue-Based Information System” (Ibis ) were developed in the early seventies [23], [30]. Ibis was used in some pilot applications [38], [6], but was not widely adopted due to limitations of the state of technology at the time. One reason was the restricted availabilit y of computers and computer networks and their prohibitiv e cost. In addition, the lack of computing standards inhibited electronic communication in heterogeneous organizations and computing environmen ts. Finally , the user interfaces available at the time were too difficult for most people to use. For the developmen t of an efficien t system, the above observations implied three ma jor practical requiremen ts, which are almost ideally met by exploiting the Internet and, particularly , the World- Wide Web:

• the system must be available on all prominen t operating systems and hardw are platforms;

• it must provide relativ ely inexp ensive access to a broad public, and • it must have a very intuitiv e and easy user interface.

The qualit y and acceptabilit y of geographical planning decisions depends not only on the availabilit y and distribution of accurate information, but also on the fairness and openness of the planning procedure. When planning the path of a high-sp eed train through communities and natural spaces, or the location of a site for storing hazardous wastes, for example, the interests and perspectives of the affected communities and citizens, the responsible regional or federal governmen ts, environmen tal protection groups and industry represen tativ es are likely to be in conflict. Involving represen tativ es of these diverse interests in the planning process, at the earliest possible stage, can facilitate not only the extraction of a better, higher qualit y plan, but also of a plan more likely to be accepted by the affected communities, helping to avoid long, expensive delays or even legal battles.

As mentioned above, the messages sent to the GeoMed system are structured and indexed. Building on decision theory and a formal model of argumen tation [3], [12], [13], [19], [20], [14], the system offers intelligen t assistance to human mediators, facilitators, arbitrators or any kind of “trusted third parties” by providing an issue-based discussion forum or conferencing system. Typically, a human mediator will be responsible for indexing the documen ts according to this model, with some assistance from the system. In this way, such a system can be also used to open and demo cratize public decisionmaking and planning procedures, helping to impro ve the quality and acceptabilit y of decisions.

In line with the above, is the MIT’s “Op en Meeting” system [17] for asynchronous conferencing and collab oration. Recent experimen ts with it demonstrated that the World-Wide Web can supp ort productiv e, wide-area collab oration for policy planning and problem solving. The system’s architecture is built on a theory that identified the interactions needed for the above kinds of debates, and provided ways to reduce the impedimen ts to such interactions that arise with a dispersed, large group of participan ts. The system supp orted a

KRIMS’96 Workshop 5 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss large on-line meeting (more than 4000 participan ts) for the States’ vice-presiden t Al Gore on the National Performance Review and fully achieved its design goals.

5 CONCLUSIONS

Rep orting work on GeoMed, this pap er discusses issues on the developmen t of an Interactiv e Multimedia Information System on the World-Wide Web. The system focuses on impro ving both the accessibilit y of multimedia information in heterogeneous, distributed Information Systems, and the users’ participation in related decision making processes, such as city, regional or environmen tal planning. Multimedia information is represen ted in GeoMed within electronic documen ts and messages, not only as passive data but as graphical user interfaces to external Information Systems. Among the concepts discussed above are these of a Multimedia Information Managemen t System, seman tics and annotation tools, knowledge represen tation structures, and inference and reasoning mechanisms.

ACKNO WLEDGEMENTS

This work is partially funded by the Europ ean Commission (DG XIII, Information Engineering Program, Pro ject IE-2037). The GeoMed consortium consists of Intecs Sistemi (IT), GMD (D), Intrasoft (GR), Vrije Universiteit Brussel (B), TNO-FEL (NL), TNO-Bou w (NL), City of Bonn (D), City of Tilburg (NL), Tuscan y Region (IT), and the Technical Cham ber of Greece (GR). Dimitris Papadias is financed by the Commission of the Europ ean Comm unities through the ERCIM Fellowship Programme. The authors would also like to thank the referees for their valuable commen ts on various topics of the pap er.

REFERENCES

[1] Allen, J.F.: Main taining Knowledge ab out Temp oral Intervals. Communic ations of the ACM 26(11), 1983, pp. 832–843.

[2] Bentley, R., Horstmann, T., Sikkel, K., Trevor, J.: Supp orting

collab orativ e information sharing with the World-Wide Web: The BSCW Shared Workspace system. In Pr oceedings of the 4th International WWW Confer ence, Boston, Massac husetts, 1995, pp. 63–73.

[3] Brewk a, G., Gordon, T.: How to Buy a Porsche: An Approac h

to Defeasible Decision Making. In Working Notes of the 12th AAAI Workshop on Computational Diale ctics , Seattle, 1994, pp. 28–38.

[4] Chang, S.K, Jungert , E., Lie, Y.: The Design of Pictorial

Database up on the Theory of Symbolic Pro jections. In Buchmann, A., Günther, O., Smith, T., Wang, T., (eds.) Pr oceedings of the First Symposium on the Design and Implementation of Large Spatial Datab ases (SSD) , LNCS, Springer- Verlag, 1989.

[5] Chang, S.K., Shi, Q.Y., Yan C.W.: Iconic Indexing by 2-D

String. IEEE Transactions on Pattern Analysis and Machine Intel ligence, PAMI-9(3), 1987, pp. 413–428.

[6] Conklin, E.J.: Capturing Organizational Memory . In D. Coleman (ed.) Groupwar e 92, Morgan Kaufmann Publishers, 1992, pp. 133–137.

[7] Egenhofer, M.: Reasoning ab out Binary Topological Relations. In Günther, O. and Schek, H.J. (eds.) Advanc es in Spatial Datab ases, Second Symposium, (SSD) , LNCS, Springer- Verlag, 1991.

[8] Egenhofer, M., Herring, J.: A Mathematical Framew ork for the Definitions of Topological Relationships. In Pr oceedings of the 4th International Symposium on Spatial Data Hand ling (SDH) , Zuric h, Switzerland, 1990.

[9] Egenhofer, M., Sharma, J.: Assessing the Consistency of Complete and Incomplete Topological Information. Geographic al Systems 1, 1993, pp. 47–68.

[10] Frank, A.U.: Qualitativ e Spatial Reasoning ab out Distances and Directions in Geographic Space. Journal of Visual Languages and Computing 3, 1992, pp. 343–371.

[11] Glasgo w, J.I., Papadias, D.: Computational Imagery . Cognitive Scienc e 16, 1992, pp. 355–394.

[12] Gordon, T.: Computational Dialectics. In Pr oceedings of Workshop on Kooperative Juristische Informationssysteme , Wien, Austria, 1994, pp. 25–36.

[13] Gordon, T.: The Pleadings Game: An Exercise in Computational Dialectics. Artificial Intel ligence and Law 2(4), 1994, pp. 239–292.

[14] Gordon, T., Karacapilidis, N.: The Zeno Argumen tation Framew ork. In Pr oceedings of FAPR’96 Workshop on Computational Diale ctics , Bonn, German y, 1996.

[15] Grigni, M., Papadias, D., Papadimitriou, C.: Topological Inference. In Pr oceedings of the 14th International Joint Confer ence on Artificial Intel ligence (IJCAI-95) , Montreal, Canada, 1995, pp. 901–906.

[16] Hernandez, D.: Qualitative Representation of Spatial Know ledge. LNAI, Springer-V erlag, 1994.

[17] Hurwitz, R., Mallery , J.C.: The Op en Meeting: A Web-Based System for Conferencing and Collab oration. In Pr oceedings of the 4th International WWW Confer ence, Boston, Massachusetts, 1995.

[18] Jain, R., Pentland, A., Petkovic, D.: Rep ort on the NSF- ARP A Workshop on Visual Information Managemen t Systems, Cam bridge, Massac husetts, June 1995.

[19] Karacapilidis, N.: Planning under Uncertain ty: A Qualitative Approac h. In C. Pin to-F erreira and N.J. Mamede (eds.) Pr ogress in Artificial Intel ligence, LNAI 990, Springer-V erlag, 1995, pp. 285–296.

[20] Karacapilidis, N., Gordon, T.: Dialectical Planning. In Pr oceedings of the 14th IJCAI Workshop on Intel ligent Manufacturing Systems , Montreal, Canada, 1995, pp. 239–250. Also in Pr oceedings of the 10th Planen und Konfigurier en Workshop (PuK 96) , Bonn, German y, 1996.

[21] Karacapilidis, N., Papadias, D., Egenhofer, M.: Collab orative Spatial Decision Making with Qualitativ e Constrain ts. In Pr oceedings of the 3rd ACM International Workshop on Advances in Geographic Information Systems , Baltimore, Maryland, 1995, pp. 53–59.

[22] Kemp, Z.: Multimedia and Spatial Information Systems.

IEEE Multime dia 2(4), Win ter 1995, pp. 68–76. [23] Kunz, W., Rittel, H.W.J.: Issues as Elemen ts of Information Systems. Working Pap er 131, Univ ersit¨at Stuttgart, Institut für Grundlagen der Plann ung, 1970.

[24] Muk erjee, A., Jo e, G.: A Qualitativ e Model for Space. Technical Rep ort TAMU 90-005, Texas A&M Univ ersit y, 1990.

[25] Papadias, D., Sellis, T.: Qualitativ e Represen tation of Spatial Knowledge in Two-Dimensional Space. Very Large Data Bases Journal, Special Issue on Spatial Datab ases 3(4), 1994, pp. 479–516.

[26] Papadias, D., Glasgo w, J.I.: A Knowledge Represen tation Scheme for Computational Imagery . In Pr oceedings of the 13th Annual Confer ence of the Cognitive Scienc e Society , Chicago, IL, Lawrence Erblaum Associates, 1991.

[27] Papadias, D., Frank, A., Koubarakis, M.: Constrain t-Based Reasoning in Geographic Databases: The Case of Symbolic Arra ys. In Pr oceedings of the 2nd ICLP Workshop on Deductive Datab ases , Santa Margherita Ligure, Italy , 1994.

KRIMS’96 Workshop 6 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss

[28] Petri, C.: Komm unikation mit Automaten. Ph.D. Dissertation, Univ ersit y of Darmstadt, German y, 1962.

[29] Randell, D. A., Cui, Z., Cohn., A.: A Spatial Logic Based on

Regions and Connection. In Pr oceedings of the 3rd International Confer ence on Principles of Know ledge Representation and Reasoning , Morgan Kaufmann, 1992.

[30] Rittel, H.W.J.: On the Planning Crisis: Systems Analysis of

the “First and Second Generations”. Bedrifts¨okonomen 8, 1972, pp. 390–396.

[31] Silberschatz, A., Stonebrak er, M., Ullman, J. (eds.): Database

Researc h: Achievemen ts and Opp ortunities into the 21st Century . Rep ort of an NSF Workshop on the Future of Database Systems Researc h, May 26-27, 1995.

[32] Sistla, P., Yu, C., Haddad, R.: Reasoning ab out Spatial Relationships in Picture Retriev al Systems. In Pr oceedings of the 20th VLDB Confer ence, Santiago, Chile, 1994.

[33] Smith, T., Park, K., (1992) Algebraic Approac h to Spatial

Reasoning. International Journal of Geographic Information Systems 6(3), 1992, pp. 177–192.

[34] Tague-Sutcliffe, J.M.: Some Persp ectiv es on the Evaluation

of Information Retriev al Systems. Journal of the Americ an Society for Information Scienc e 47(1), 1996, pp. 1–3.

[35] Voss, H.: Dimensions of KBS Applications. In Fr. Maurer (ed.)

Pr oceedings of the 2nd Know ledge Engine ering Forum , Karlsruhe, German y, 1996, Univ ersit¨at Kaiserslautern, SFB 501 Beric ht 01/96.

[36] Wiederhold, G.: Mediators in the Architecture of Future Information Systems. IEEE Computer 25, Marc h 1992, pp. 38– 49. [37] Wiederhold, G.: Knowledge versus Data. In Bro die, Mylop oulos and Schmidt (eds.) On Knnow ledge Base Management Systems: Inte grating Artificial Intel ligence and Datab ase Technolo gies, Springer Verlag, 1986, pp. 77–82.

[38] Yakemovic, K.C.B., Conklin, E.J.: Rep ort on a Developmen t

Pro ject Use of an Issue-Based Information System. In F. Halasz (ed.) Pr oceedings of CSCW 90, Los Angeles, CA, 1990, pp. 105–118.

KRIMS’96 Workshop 7 N. Karacapilidis, T. Gordon, D. P apadias, H. Voss