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Overview: Design Principles

Knowledge Base Structuring for Knowledge Reuse

User Tutoring in Problem Solving

Mixed-Initiative Modeling, Learning and Problem Solving

Multistrategy Learning

Integrated Teaching and Learning

Agent Architecture for Generality-Power Tradeoff

Plausible Reasoning with Partially Learned Knowledge

Learning with an Evolving Representation Space

Spiral Development with SMEs and End-Users

Multi-Agent and Multi-Domain Problem Solving

Problem Solving Paradigm for User-Agent Collaboration
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Learning

Agents

Research

Disciple Working closely 

with end users to 

receive crucial 

and timely 

feedback

Development and 

application of 

Disciple agents

Army War College

Air War College

George Mason University

Working closely 

with subject 

matter experts to 

model their 

reasoning

Development of 

systematic approach to 

expertproblem solving

Intelligence analysis, Center of gravity determination, 

Course of action critiquing, Emergency response 

planning, Workaround reasoning, PhD advisor 

selection, Teaching higher order thinking skills.

Development of the Disciple 

theory for agent teaching by 

non-computer experts

P1. Spiral Development with SMEs and End-Users

DISCIPLE

Integration of many areas of Artificial Intelligence
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Knowledge Base Structuring for Knowledge Reuse

User Tutoring in Problem Solving

Mixed-Initiative Modeling, Learning and Problem Solving

Multistrategy Learning

Integrated Teaching and Learning

Agent Architecture for Generality-Power Tradeoff

Plausible Reasoning with Partially Learned Knowledge

Learning with an Evolving Representation Space

Spiral Development with SMEs and End-Users

Multi-Agent and Multi-Domain Problem Solving

Problem Solving Paradigm for User-Agent Collaboration

Overview: Design Principles
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Develop a general problem 

solving paradigm which is:

ƺnatural for a human user;

ƺappropriate for an 

automated agent.

"I Keep Six Honest..."

I keep six honest serving-men

(They taught me all I knew); 

Their names are What and Why and When 

And How and Where and Who.

Rudyard Kipling

P2. Problem Solving Paradigm for User-Agent Collaboration
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Question 
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problem 

solving 

strategy to 

use
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problem 

solving 
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Problem Reduction Guided by 

Introspective Questions and Answers
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Solution Synthesis

ñOne of the most highly developed skills in 

contemporary Western civilization is dissection; 

the split-up of problems into their smallest possible 

components. We are good at it. So good, we often 

forget to put the pieces back together again.ò 

Alvin Toffler, Science and Change, Forward to IlyaPrigogine 

and Isabelle StengersñOrder Out of Chaos: Manôs New 

Dialogue with Natureò, Bantam Books, 1984.

Alvin Toffler
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A problem P1 is solved by:

Ásuccessively reducing it to simpler problems through 

the application of the reduction operators; 

Áfinding the solutions of the simplest problems; 

Ásuccessively combining these solutions through the 

application of synthesis operators until the 

solution of the initial problem is obtained.
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The reduction representation of a class of problems is a 

quadruple (P, S, RO, OS) where:

P - class of problems;

S - solutions of problems;

RO - reduction operators, each reducing a problem to  

sub-problems and/or solutions, 

SO - synthesis operators, each synthesizing the solution 

of a problem from the solutions of its sub-problems.

ROi

SOj

Problem-Reduction/Solution Synthesis Paradigm
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Analytic Assistance
Empowers the analysts through mixed-initiative reasoning for 

hypotheses analysis, collaboration with other analysts and experts, 

and sharing of information.

Learning
Rapid acquisition 

and maintenance 

of subject matter 

expertise in 

intelligence 

analysis which 

currently

takes years

to establish,

is lost when 

experts separate 

from service, and 

is costly to 

replace.

Tutoring
Helps new 

intelligence 

analysts learn 

the reasoning 

processes 

involved in 

making 

intelligence 

judgments

and solving 

intelligence 

analysis 

problems.

Sample Agent: Analystôs Cognitive Assistant
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1) A complexhypothesisanalysisproblem

is successivelyreduced to simpler

problems that either have known

solutionsor can be solved through

evidenceanalysis.

2) Potentiallyrelevantpiecesof evidence

fortheunsolvedproblemsareidentified.

3) Thepiecesof evidenceareanalyzedto

obtain solutions for the unsolved

problems.

4) Thesolutionsof the simplestproblems

aresuccessivelycombinedto obtainthe

solutionoftheinitialproblem.
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Hypothesis Analysis through Problem Reduction

Assess whether 

Al Qaeda has 

nuclear weapons.

It is likely that

Al Qaeda has 

nuclear weapons.

National Intelligence Councilõs standard estimative language
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Demo: Analytic Assistance

Disciple

Agent KB
collaborate

Disciple -LTA Demo:

Analytic Assistance
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Main problems Reduction of a main problem to its main subproblems

Abstract tree Detailed tree

Problem Reduction: Abstract and Detailed Reasoning
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Problem Reduction and Solution Synthesis

Detailed evidence 

and source analysis

EVD-Dawn-Mir-01-01c



â2008, Learning Agents Center 14

Solution Synthesis: Illustration

Disciple-LTA makes very clear: 

The analysis logic; What evidence was used and how; 

What assumptions have been made; What is not known.

Analyzed problem

Synthesized solution

This is only an example ðnot to be 
taken as a current analytic estimate


