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Abstract. The realization of the potential of the World Wide Web as a source of information as well as a platform for collaboration in engineering design calls for developing a new generation of design tools. We provide an overview of the Concept Database (Cdb)- a prototype framework for Web-based design information resources management. The implementation of the Cdb proposes an agent architecture for the coordination and delegation of tasks related to the support of the design process. The level of delegation of design process support from designer to agent is suggested as a measure of agent intelligence. Research directions with potential for enhanced agent effectiveness in engineering design tasks are presented.


1. Introduction


The World Wide Web or Web for short has rapidly established itself as a powerful platform for collaborative information sharing. Timely access to relevant information is of particular importance to engineers and designers especially during the early, conceptual stages of design. However, the availability of information in and of itself will not significantly impact current design practice unless accompanied by a new generation of design tools and methodologies that can leverage this information. This paper discusses issues relating to Web-based design information tools within the framework of the Concept Database - a knowledge based tool for delivering design information over the Web to support synthesis and concept formation at the early, conceptual stages of design.


	Increased emphasis on life-cycle considerations in product design mandates design support tools with intelligent filtering, archiving and information retrieval capabilities. The Concept Database is an engineering information system developed at the Berkeley Expert Systems Technology (BEST) lab at UC Berkeley to expand the information available to designers and builds upon an architecture integrating a Web interface, a relational database, engineering analysis software and electronic product-data access. Heuristic, deterministic, decision-analytic and case-based methods have been developed to provide diverse information navigation strategies to the designer seeking to incorporate life-cycle considerations into design decision-making.


	To distinguish the Cdb from other computer-aided design (CAD) projects, we divide computer-aided design tools into two categories:


Procedural support - This category encompasses the processes involved in generating the design artifact, such as geometric modeling, rapid prototyping and DFx analysis.


Strategic support - This role encompasses the design tasks not directly related to the generation of the artifact but rather the design process itself, such as version control, workflow management and information gathering.


The Cdb is tasked with the strategic support of designers, particularly the tasks of navigating through information resources relevant to the design of the product. The remainder of the paper deals with the strategic support and in particular information management support.


	Two issues relevant to the design and implementation of the Cdb suggest the application of design agents for information management:


The quantity of information available over the Web can be overwhelming. A systematic approach is needed that allows the designer to map design context to useful information. Agents can mediate this process or perform the mapping based upon known knowledge of the context of the designer’s situation.


Each new design project generates information, strategies and lessons that can be usefully applied to succeeding design tasks. Reuse of such design data requires an archival and retrieval mechanism that categorizes this information in a fashion amenable to reuse. An agent tasked with alerting the designer of related past experiences could significantly enhance the effectiveness and timely reuse of historical data.


	For the purpose of this paper, a design agent is defined as Òan autonomous and mobile software entity that acts on “behalf” of the designer to support both procedural and strategic design activities.” The agents in the Concept Database are design information agents which operate in a Web environment for accessing, analyzing and filtering information relevant to the designer and presenting it in manner that is easily understood by the designer. The level of delegation of tasks by the designer can vary from simple information collection activities to instructing intelligent agents ÒwhatÓ is to be done with the agent having acquired the knowledge to figure out ÒhowÓ. In Section 3, we present scenarios of different levels of agent intelligence in a Web-based design environment.


	We now proceed with a description of the Concept Database system. Next. some advantages and limitations of a structured design environment like the Concept Database are discussed. Finally we discuss three scenarios of designer-agent interaction with examples drawn from current lab research in engineering design tools.


2 Concept Database System Architecture 
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Figure 1 Concept Database System Architecture





The domain of application of the Concept Database is modeling and analysis support for electric motor selection. The user interacts with the Concept Database via a hypertext interface that supports both unstructured browsing as well as systematic, iterative refinement of the problem. A systematic refinement of the problem may occur with the user deciding to descend down a taxonomic hierarchy of motors and select dc brushless motors for further analysis and retrieve all system models applicable to such motors. Broad information-seeking queries such as Òretrieve information about brushless motors and their torque speed curvesÓ are parsed and mapped onto keywords and text annotations linked to various media elements in the Concept Database. Information retrieved may include pages of scanned textbooks relating to motor design, images of torque speed curves for the requested motor class as well as links to previous design cases associated with brushless motors. Beyond this point, navigation of information and judgment of relevance is left to the user.


	A relational database is used for storing establishing and representing information about the relationships of entities - in this case, information used to select and model engineering components. A relational mapping exists among the attributes through the variable relations in the engineering equations describing the system. Access to commercially available motors is provided through an electronic catalog built on the relational database. Engineering models comprising of equation sets have been stored as subsets of a comprehensive list of equations relating to electric motors. Hypertext design documents called templates provide a platform for representing useful problem solving processes or ÒconceptsÓ in the system. Templates provide integrated access to models, catalog components, preference models, objective functions, and text descriptions that are focused towards a well defined and potentially reusable problem solving methodology. System defined templates encode basic relationships that occur in motor selection applications like wire gauge based motor customization and it is expected that each user may appropriate instantiate these templates to suit his or her application.


2.1 Collaborative design within the concept database


�


Figure 2 Sample Template Schema





The primary entity for collaborative interaction is the template. Each user may identify segments of interesting templates that are judged relevant to a new design situation. Since templates simply provide selective, meaningful projections of system relations, variable values from an underlying database structure, they may be quickly cloned and adapted for a similar design situations. Models used for routine problem solving that may be simply re-instantiated with new input parameter values are referred to as Òsystem templatesÓ. Once a modified template is used to address a new design situation, it is automatically stored as a Òcase templateÓ with additional information that identifies the unique characteristics of the case. Figure 2 illustrates the interface of a typical template. Problem statement, design goals, etc. are made available as a hyperlinked text file. The link to the component catalog database retrieves the set of feasible components. A set of equations constitute the analysis model. Note that this set is picked out of a canonical set of relations that are applicable to the current level of component abstraction. Templates provide a structured way for a designer on the web to interact with the system. Within our system, a unified database structure ensures that a common, consistent vocabulary of design elements is maintained across all designers using it. This structure, however can also prove restrictive. The primary organization of data is via a type based component hierarchy. Unstructured text queries are parsed using Wide Area Indexing Service (WAIS) indexing and are compared to text annotations associated with design models, equations, description files etc. 
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The information structure of the Concept Database derives primarily from the design of the underlying relational database. A simplified schema showing the relationships between various entities is shown in Figure 3. This representation is effective for routine design activity with well defined problem solving processes. Matching of old templates with a new problem draws upon shared variables and models to establish similarity. Grouping of data by - say functional criteria is not explicitly supported by the system. This is understandably so since the richness of representation required for AI reasoning is usually at odds with the database objective of efficiency of data retrieval. The task of creating flexible ÒviewsÓ of structured knowledge bases like the Concept Database is thus likely to fall upon design agents.


3. Design Agents for Web Based Design


Web based design can occur based upon a variety of models depending upon how intelligent capabilities are embedded in the interacting players - the designer, the design agent and the knowledge base. A traditional model has been of a designer interacting with a database with the responsibility of interpreting retrieved information. During the early stages of design where only broad functional design descriptions exist, this typically results in the designer facing the task of sorting through masses of irrelevant or marginally relevant data. This implies that a more active role must be played by the design agent and the knowledge base in synthesizing useful information from low level data. Bandwidth considerations may exclude Web-based design agents from extensive embedded reasoning and inference capabilities. This stresses the need for flexible knowledge bases interfaces that can perform meta level inferencing and synthesize concepts from data stored in conventional static data structure. (Wood, 1994) We discuss three design activities supported by the Concept Database environment and cast them in a designer-agent interaction framework at increasing levels of delegation of roles from designer to agent.


3.1 Agents with routine information retrieval roles


The first scenario casts the design agent in a familiar Òshopping agentÓ role. Specific gaps in information are identified by the designer so that the function of the design agent is straightforward retrieval from a database in response to designer supplied specifications. In this role alone, design agents can significantly augment the designerÕs space of alternatives. Let us consider two examples from the domain of component selection from electronic catalogs.


3.1.1 Refining the State of Information


�


Figure 4 Simple Queries to Design Agent





Figure 4 illustrates a situation where the designer, despite being faced with uncertainty and/or incomplete information regarding the current design variables, is able to analyze the impact of any new information possibly retrieved by the design agent on critical decisions. The Intelligent Real Time Design approach developed by Bradley and Agogino (1991) provides a framework in which an Expected Value of Perfect Information (EVPI) metric may be used to identify useful variables to be searched over by the design agent. Catalog querying agents open the way for optimization based approaches to catalog selection where a designer may equip the design agent with a ÒgoodnessÓ or utility function maximizing or minimizing a set of performance attributes. A designer may be able to operate with significant uncertainty on a subset of parameter values constituting the objective function if an EVPI analysis determines that the decision regarding the current best catalog component is unlikely to change even with reduction in uncertainty over those parameters. In such a case, the design agent simply returns the component with the highest utility. 


	In another scenario, where a cumulative cost may be associated with the information seeking activities of the design agent, EVPI provides a threshold for the maximum resource it is worthwhile for the design agent to expend in improving the state of information. Such a decision-analytic approach implies a specific request by the designer regarding the nature of information sought and reduces the role of the design agent to carrying specific information requests that can be readily served by conventional knowledge bases. 


3.1.2 Customization of Catalog Components


It is a common occurrence with electronic product catalogs that components matching exact retrieval criteria may not be available or sub-optimal. In the case of Electric motors selection, the component type implemented in the Concept Database, catalog components represent only a subset of possible specification sets and it is worthwhile to explore the option of customizing catalog components to near optimal specifications. Such a parameterization of the component description vastly expands the choices available to the designer by intelligently leveraging the information present in the component catalog. Figure 5 shows this process.
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A decision-making procedure like above allows the design agent to synthesize solution options for the designer. However, the delegation of tasks from designer to agent is the result of explicit coding of procedure by the designer. In this sense, the agentÕs action cannot be termed ÒintelligentÓ.


3.2 Agents with complex information requests


Complex information requests may be defined as those that are not directly expressible as straightforward queries for design agents. A designer expression of ÒwhatÓ needs to be translated into operational procedures by the design agent. For example, designer information requirements during the conceptual design stage are usually broad and open-ended. It is for the local design environment or remote knowledge base to evaluate the information request and serve the appropriate data. This situation is shown in Figure 6.
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Figure 6 Complex queries to design agent





Such information requests must be modified/elaborated in order to produce a query with increased probability of locating relevant data. A mechanism is needed that maps ambiguous designer statements to established contexts that can serve to provide the design agent with a better expression of what the designer needs. Explicit coding of designer intent into the design agentÕs inference mechanism can be cumbersome and difficult to express by the designer specially when dealing with an unfamiliar domain. A promising alternative is to employ machine learning techniques to help the design agent learn compiled descriptions of itÕs operating environment in advance. Dong and Agogino (1996) have used belief networks to learn associations between significant terms over a representative corpus of design documents. This network establishes contextual neighborhoods between significant design terms. Keywords parsed from the designerÕs query can be augmented closely related terms or replaced with related terms with a more appropriate context.
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In this fashion, a design agent may develop new representations of itÕs operating environment independent of the designer and in anticipation of future designer requests. 


	Analogously, knowledge bases can be equipped with intelligent interfaces that utilize both on-line and off-line machine learning techniques to generate compiled descriptions of the type and range of data contained. Building decision trees, conceptual clustering, deriving production rules and neural network learning all are approaches that generate concise representations of underlying information. Issues like speeds and complexity of learning and nature of representation used need to be considered to select the appropriate approach. Ideally an algorithm for a design agent would incorporate incremental, real-time learning as it queries itÕs environment so that itÕs performance in subsequent tasks can benefit from previously acquired experience. 


4. Conclusions and Observations


The emergence of the Web as a potential design environment has added a new urgency to formalize models of designer interaction in this medium and develop tools around this paradigm. We have speculated upon the role and type of Web-based agents for design against the background of our research into Web-based design tools. Finally we have presented three levels of agent-designer interaction based upon the level of task delegation and outlined some research directions that may be pertinent for future development.


	While agent-mediated interaction between designers at geographically dispersed locations is the goal of this research, the role of these design agents and the formal aspects of their conception is not yet fully understood. Regardless of the role and the design of these agents, however, a Web-based agent can be viewed as having three distinct components: (1) a communication interface; (2) a task definition interface; (3) and a transport interface. The schema for the task definition and transport interfaces are well-defined, through AI techniques and the HTTP protocol respectively, and are independent of the environment with which the agent may interact. However, the communication interface is environment dependent. The agent designer must consider the dynamic, plutocratic environment of the Web in the development of the communication interface. We propose the following categorization of communication interfaces based on the interaction between the agent and its environment which includes both the designer and the remote design Web-site and the representation of design information within its environment:


�
Structured Representation�
Unstructured Representation�
�
No Interaction�
Procedural Language�
WAIS�
�
Full Interaction�
SQL, KQML��
Learning�
�



The Concept Database project demonstrates the application of the various communication interfaces appropriate to the interaction between the designer and agent and the level of intelligence required of the agent to interact with its Web environment. Other larger open questions for defining the universe of discourse for �ÒWeb based DesignÓ may be :


1. What qualifies design processes or tools as ÒWeb basedÓ? Is a Web interface to conventional design tools all that is needed?


2. Do representation scheme underlying design tools  need to accommodate the fact that a tool is Web based? Should representation behind interfaces matter at all?


3. Will Web based design evolve into a model of multiple interactions between a small number of knowledge entities with locally agreed upon ontologies? Or do we foresee larger, unifying ontologies  that will allow design agents to traverse multiple sources of possible information until sufficient information is deemed to have been acquired?
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