1.  EKCP Analysis Part 2: A Problem Solving Perspective

The draft EKCP shows several sample questions to illustrate the kinds of capabilities that they expect the end-to-end systems to have.  We analyzed the sample questions and we describe below the kinds of problem solving capabilities that we propose.

In this proposal, several problem solvers and reasoning capabilities will be offered by the system.  Notice that some component in the architecture will be responsible for coordinating the different problem solving components within the system.  

1.1  Problem Solving Capabilities for the EKCP 

The kinds of reasoning capabilities needed to address this challenge problem seem to follow under four major categories: 

· Inference within the knowledge server:  these are questions that can be answered by posing queries to the knowledge server.  Given the information available on the ontologies and specific data and observations about a case, the general-purpose reasoners within the knowledge server (deduction, theorem proving, classification, etc.) could generate the answers to these questions with no need for additional reasoners or more specialized problem solvers.

· Analogical reasoning: these are questions that inquire about similarities among example cases.  They may also require unification-type reasoning, for example a question about the degree of match between two models.

· Specialized problem solving (NOTE: This is probably a bad name to pick):  these are questions that require that the ontologies and the process models be extended with task-specific knowledge.  For example, to determine whether two activities are temporally close (SQ5), we would need a temporal reasoner AND we would need to provide the knowledge base with the information needed about the temporal dependencies among the activities within the models represented.  This combination of task-specific problem solving knowledge and task-specific ontology extensions makes these problem solvers different from the general reasoners that will appear in the KS.  There is many ways to implement these problem solvers, including specialized code, axioms that can be given to a general-purpose reasoner, or using a problem solving language such as EXPECT’s.  Some of the specialized problem solvers that will be needed are:

· Temporal reasoner.  See [Chaudri 99].

· Option evaluation and tradeoff assessment: this will use problem solving knowledge that evaluates and compares alternative ways to accomplish a given step in a process model.  Based on the evaluations of individual steps, the reasoner can evaluate and compare alternative process models, each involving many such steps.  See [Blythe and Gil 99].

· Compositional reasoner:  this is concerned with classification and elaboration of a newly defined activity within a process model.  See [Clark and Porter 97].

· Heuristic and uncertainty problem solving:  these are questions that require reasoners that have heuristic capabilities, can formulate hypothesis and make assumptions regarding facts that are unknown, and generally use inference mechanisms that do not strictly belong in the previous categories.  In our initial analysis based on our very limited knowledge of the domain, it seems that the kinds of inference structures used by heuristic classification systems may provide a useful framework for structuring the problem solving knowledge.  See [Stefik 95].  It is also possible that a plan recognition approach would support some of the kinds of heuristic reasoning that are required.  We will know more about the kinds of problem solving that we need to support as we learn more details about the EKCP and the BW production domain.  

Some of the questions will require the combination of these kinds of reasoning capabilities.

1.2  Analysis of the EKCP Sample Questions 

Below is a list of the SQs that seem (in principle) to fall under each category.  As we understand better the kind of answer that is expected, we will be able to assess more accurately the kind of reasoning that is necessary.  Comments in italics indicate the reasons to assign specific questions into each category.

INFERENCE WITHIN THE KNOWLEDGE SERVER

SQ4) What actors have {capability in, {facilities, personnel} for}

{<Process>, <Agent>}? 

Given the facts that are known about each actor, this becomes a query to the KS to find all actors that can satisfy the agent and process models.

SQ6) What are ways to perform <Process>?

Given the descriptions of process models, this is a query on those models. 

SQ9) Are the activities of <Model> consistent with 

<Non-threatModel>?  What threat model might <Model> be

consistent with?

It seems that it should be possible to answer this through inference in the KS.  It also seems that it could get much more complex than that depending on the information that is available.

SQ13) What {models, BW actors, facilities, process steps} does

{<Equipment>, <Individual>, <Facility>} contribute to?

SQ14) What {process steps, BW agents} does <Individual> have competence

or expertise in?

SQ16) What is the risk acceptance profile for <ActorType>?

SQ17) In <Model>, what {subactivities comprise, activities {precede,

follow}} <Process>?  % More process-related PQs from TKCP spec

SQ18) What actors have known BW programs [regarding <Agent>]?

This seems to ask about known facts, there is no need for heuristic or uncertainty reasoning here (although potentially there could be). 

ANALOGICAL REASONING

SQ7) Describe the similarities and differences between <Model1> and

<Model2> with respect to {<Attribute>, <Process>, actors, agents}.

SPECIALIZED PROBLEM SOLVING

SQ3) What is the overall <Attribute> of {<Model>, <Process>}?

SQ5) What actors' BW development activities are closely related

{spatially, temporally, supplier-consumer-wise}?
SQ11) Among <Model>*, which has the {highest, lowest} value for

<Attribute>? 

HEURISTIC PROBLEM SOLVING

SQ1) What can <Actor> do, given <Model>?

SQ2) Assuming <Actor>'s <Model1> is changed to or evolves to <Model2>,

what changes in <Actor>'s capability?

To answer this question we need to be able to answer question SQ1.  We may need to invoke analogical reasoning in order to do the comparison to find out what changes.

SQ8) Based on <Model>, what further steps must <Actor> take to reach

operational capability for <Agent>?

To answer this we need to call on the kinds of problem solving needed to answer SQ1.

SQ10) What associations between <Actor1> and <Actor2> should analysts

be alert for, what are likely to be good indicators of such

associations, and what are likely to be good potential sources of 

information regarding such indicators?

To answer this we need to call on the kinds of problem solving needed to answer 8. 

SQ12) What known models are possibly affected by <Evidence>?

To answer this we need to call on the kinds of problem solving needed to answer 1. 

SQ15) What known models are associated with <Actor>?

To answer this we need to call on the kinds of problem solving needed to answer 1. 

