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Necessary conditions satisfied? Yes

Main criteria

Assess John Doe as a potential PhD advisor 

for Bob Sharp in Artificial Intelligence.

Assess John Doe as a potential 

PhD advisor for Bob Sharp.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.1.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion n.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.n.

Sub-criteria of criterion 1

é

é

PhD Advisor Assessment: Overall Reduction Logic

Is Doe expert in 

Bobôs area of 

interest?, etc.

Professional reputation, 

students learning 

experience, etc.

Reputation 

among 

peers, etc.
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Necessary conditions satisfied? Yes

Main criteria

Assess John Doe as a potential PhD advisor 

for Bob Sharp in Artificial Intelligence.

Assess John Doe as a potential 

PhD advisor for Bob Sharp.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.1.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion n.

Assess whether John Doe would 

be a good PhD advisor for Bob 

Sharp with respect to criterion 1.n.

Sub-criteria of criterion 1

é

é

PhD Advisor Assessment: Overall Reduction Logic

Is Doe expert in 

Bobôs area of 

interest?, etc.

Professional reputation, 

students learning 

experience, etc.

Reputation 

among 

peers, etc.

Overall assessment 

of John Doe

It is likely that John Doe would be a 

good PhD advisor for Bob Sharp. 

Assessment 

based on 

criterion 1.

Assessment 

based on 

criterion 1.1.

Assessment 

based on 

criterion n.

Assessment 

based on 

criterion 1.n.



â2008, Learning Agents Center 5

Criteria and Sub-criteria

Necessary conditions

Professional reputation

Personality and compatibility 

with student

Studentsô learning experience 

Responsiveness to students

Support for students

Quality of student results

1. What is the reputation of the 

director within the professional 

community at large?

11. How expert is the director in your 

areas of interest? 

14. Does the director have a research 

group, or merely a string of 

individual students?

15. Is the director's research work 

funded? 

24. What is the quality of the 

dissertation produced with this 

director?
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Criteria and Sub-criteria

Necessary conditions

Professional reputation

Personality and compatibility 

with student

Studentsô learning experience 

Responsiveness to students

Support for students

Quality of student results

12. Does the director publish with 

students?

14. Does the director have a 

research group, or merely a 

string of individual students?

19. Do the director's students go to 

conferences?

20. Do the director's students make 

presentations of their work at 

conferences?

24. What is the quality of the 

dissertation produced with this 

director?
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M N P

B C D E F G H

Problem Reduction based Question-Answering  

Question 

on the 

problem 

solving 

strategy to 

use

Question 

on how to 

apply the 

problem 

solving 

strategy

Question 1

Answer 1.1

Answer 1.2

Answer 1.3

Question 2

Answer 2

Question 2

Answer 2

Question 2

Answer 2

OR 

node

AND 

nodes

General problem solving paradigm:

ƺnatural for the human user;

ƺappropriate for the 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

The reductions and synthesis operations 

are guided by introspective questions 

and answers.

A
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Is Bob Sharp interested in the area of expertise of John Doe?

Assess John Doe as a potential PhD advisor 

for Bob Sharp in Artificial Intelligence. 

Assess John Doe as a potential PhD advisor for Bob Sharp.

Detailed Reduction Logic

Yes because Bob Sharp is interested in Artificial 

Intelligence which is the area of expertise of John Doe.

Yes because John Doe has a tenured 

position which is a long term position.

Assess whether John Doe would be a good PhD 

advisor for Bob Sharp in Artificial Intelligence. 

Is John Doe likely to stay on the faculty of George Mason 

University for the duration of Bob Sharp 's dissertation? 

We need to 

Therefore we need to 

Therefore we need to 

Necessary 

conditions 

satisfied

Õ

P
ro

b
le

m
 R

e
d

u
c

tio
n

Notice the 

detailed 

justification 

of the 

answers:

ñYes, 

because éò
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Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to professional reputation.

Detailed Reduction Logic

Assess whether John Doe would be a good PhD 

advisor for Bob Sharp in Artificial Intelligence. 

We need to 

Which is a PhD advisor quality criterion?

professional reputation

Therefore we need to 

Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to reputation among peers.

Which is a criterion for assessing professional reputation?

reputation among peers

Therefore we need to 

students learning experience

research funding

Õ

é

é

P
ro

b
le

m
 R

e
d

u
c

tio
n
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Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to research contributions.

Detailed Reduction Logic

We need to 

Which is a criterion for assessing reputation among peers?

research contributions

Therefore we need to 

research memberships

Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to reputation among peers.

Õ

research publications

é

é

P
ro

b
le

m
 R

e
d

u
c

tio
n
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Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to research contributions.

Detailed Reduction Logic

We need to 

Assess how cited John Doe is.

Which is a criterion for assessing research contributions?

citations in publications

Therefore we need to 

readings in courses

What publication cites John Doe?

Rice 2007 because it cites Doe 2000 which is authored by John Doe.

Therefore we conclude that 

John Doe is cited in Rice 2007.

Knox 2003 because it cites Doe 2001 which is authored by John Doe.

Therefore we conclude that 

John Doe is cited in Knox 2003.

é

Assess how many courses use publications by John Doe as readings.

Therefore we need to 

P
ro

b
le

m
 R

e
d

u
c

tio
n
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Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to research contributions.

Detailed Reduction and Synthesis Logic

We need to 

Assess how cited John Doe is.

Which is a criterion for assessing research contributions?

citations in publications

Therefore we need to 

readings in courses

Rice 2007 because it cites é

Therefore we conclude that 

John Doe is cited in Rice 2007.

Knox 2003 because it cites é

Therefore we conclude that 

John Doe is cited in Knox 2003.

é

Therefore we need to 

John Doe is cited in 250 publications.

250

How many publications 

cite John Doe?

Assess how many courses use publications by John Doe as readings.

What publication cites John Doe?

P
ro

b
le

m
 R

e
d

u
c

tio
n

S
o

lu
ti

o
n

 S
y
n

th
e

s
is
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Assess whether John Doe would be a good PhD advisor 

for Bob Sharp with respect to research contributions.

Detailed Reduction and Synthesis Logic

We need to 

Assess how cited John Doe is.

citations in publications

Therefore we need to 

readings in courses

Rice 2007 cites Doe 2000 ...

Therefore we conclude that 

John Doe is cited in Rice 2007.

Knox 2003 cites Doe 2001 ...

Therefore we conclude that 

John Doe is cited in Knox 2003.

é

Assess how many courses use 

papers by John Doe as readings.

Therefore we need to 

John Doe is cited in 250 publications.

250

How many publications 

cite John Doe?

5 courses use publications by 

Joe Doe as reading material.

John Doe would be a very good PhD advisor for 

Bob Sharp with respect to research contributions.

Very good because the publications by John 

Doe are highly cited and are used in courses.

What is the level of research contributions of John Doe?

S
o

lu
ti

o
n

 S
y
n

th
e

s
is

What publication cites John Doe?

Which is a criterion for assessing research contributions?
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Jane Austin

Ph.D. student

John Doe

faculty memberstaff member

professor

studentuniversity employee

person

Bob Sharp

instance of

direct subconcept of

instance of instance of

direct subconcept of

direct subconcept of
direct subconcept of

direct subconcept of

M.S. student

B.S. studentinstructor

graduate
student undergraduate

student

full
professor

associate
professor

assistant
professor

direct subconcept of

instance of

direct subconcept of

Joan Dean

instance of

PhD
advisor

John Smith

graduate
research
assistant

teaching
assistant

Knowledge Base = Object Ontology + Rules

The object ontology is a 

hierarchical description 

of the domain objects.
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The rules specify general problem solving steps 

described with the objects from the ontology. 

Knowledge Base = Object Ontology + Rules

RULE
REASONING

TREE S1

S1 S1

S2 S2P2P2

P1P1

P1

é

é

S3 S3P3P3 é

1 1 n n

1 1 m m

1 1 p p

ROi

SOj

IF

Assess?O1 as a potential PhD 

advisor for ?O2 

THEN

Assess ?O1 as a potential PhD 

advisor for ?O2 in ?O3

Condition

?O1 is PhD advisor

is expert in ?O3 

?O2 is PhD student

is interested in ?O3

?O3 is PhD research area

Question

Is ?O2 interested in the area of 

expertise of ?O1 ?

Answer

Yes, because ?O2 is interested 

in ?O3 which is the area of 

expertise of ?O1.
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A problem reduction rule is an 

IF-THEN structure that 

expresses the condition C 

under which a problem P1 can 

be reduced to the simpler 

problems P11 , P12, é , P1n. 

This means that one can solve 

P1 by solving P11, P12, é , P1n. 

P1

P1a

Problem Reduction Rules

P1

P11   P12   é  P1n

CC
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Partially Learned Problem Reduction Rule

Informal 

applicability 

condition

Formal 

applicability 

condition

(partially 

learned)
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Reduction Rule with Except When Conditions

IF

<problem>

THEN

<subproblem 1>

é

<subproblem m>

Condition

<condition 1>

Except when condition

<condition 2>

Except when condition

<condition n>

In addition to the regular 

rule condition that needs to 

be satisfied, a rule may 

contain one or several 

except when conditions that 

should not be satisfied for 

the rule to be applicable.
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Rule Application
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A solution synthesis rule is 

an IF-THEN structure that 

expresses the condition C 

under which the solutions 

S11, S12, é , S1n of the 

subproblems of P1 can be 

combined into the solution 

S1 of the problem P1. 

Solution Synthesis Rules

S1

S11   S12   é  S1n

C

S1

S1a

C



â2008, Learning Agents Center 21

Overview

Knowledge Base Organization

Reasoning Mechanisms

Disciple-COA: Critiquing as Expertise Problem

Disciple-WA: Workaround as Expertise Problem

Reading
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Ontology Matching

Ontology matching allows one to look for instances of 

complex concepts in the object ontology 

(i.e. ask questions about the objects in the ontology).

Is there a course that has as reading a publication by a 

professor?

Yes, Mason-CS480 that uses as reading Doe 2000 which 

is a journal article of John Doe who is a professor.

Example:
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Ontology Matching: Example

Is there a course that has as reading a publication by a professor?

publication

?O1

is

?O2
has as reading

?O3
has as author

professorcourse

is is

journal article

Mason-CS480

instance-of

Doe 2000

has as reading

John Doe
has as author

associate professor

professor

instance-of

subconcept-of
article

subconcept of

course

university course

instance-of

subconcept-of

publication

subconcept of

U Montreal-CS780

has as reading

Technique: Formulate the question as a general pattern to match with the 

object ontology.
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Ontology Matching: Example

Q: Is there a course that has as reading a publication by a professor?

publication

?O1

is

?O2
has as reading

?O3
has as author

professorcourse

is is

A: Mason-CS480 that uses as reading Doe 2000 which has John Doe as an author.

journal article

Mason-CS480

instance-of

Doe 2000

has as reading

John Doe
has as author

associate professor

professor

instance-of

subconcept-of
article

subconcept of

course

university course

instance-of

subconcept-of

publication

subconcept of

U Montreal-CS780

has as reading

Is this the only answer?
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Q: Is there a course that has as reading a publication by a professor?

publication

?O1

is

?O2
has as reading

?O3
has as author

professorcourse

is is

A: U Montreal-CS780 that uses as reading Doe 2000 which has John 

Doe as an author.

journal article

Mason-CS480

instance-of

Doe 2000

has as reading

John Doe
has as author

associate professor

professor

instance-of

subconcept-of
article

subconcept of

course

university course

instance-of

subconcept-of

publication

subconcept of

U Montreal-CS780

has as reading

Ontology Matching: Example
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Rule condition

?O1

is expert in

instance-of

PhD research area 

PhD advisor

?O3

is interested in 

?O2

instance-of

PhD student

instance-of

Illustration of the Problem Solving Process

?O1 ă John Doe

Assess John Doe as a potential PhD 

advisor for Bob Sharp.

?O2 ă Bob Sharp

IF

Assess?O1 as a potential PhD 

advisor for ?O2 

THEN

Assess ?O1 as a potential PhD 

advisor for ?O2 in ?O3

Condition

?O1 is PhD advisor

is expert in ?O3 

?O2 is PhD student

is interested in ?O3

?O3 is PhD research area

Question

Is ?O2 interested in the area of 

expertise of ?O1 ?

Answer

Yes, because ?O2 is interested 

in ?O3 which is the area of 

expertise of ?O1.

Rule selection based on matching:

When is the rule applicable?
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Let us now see how the agent uses the rules in problem solving.

Let us suppose that the current problem is:

Assess John Doe as a potential PhD advisor for Bob Sharp.

The agent will look into its knowledge base for a rule that has this type of 

problem in the IF part. Such a rule is shown in the right hand side of the slide. 

As one can see, the IF problem becomes identical with the problem to be 

solved if ?O1 is replaced with John Doe and ?O2 is replaced with Bob Sharp.

Next the agent has to check that the condition of the rule is satisfied for these 

values of ?O1 and ?O2. 

The left hand side of the slide shows what condition needs to be satisfied by 

?O1 (John Doe), ?O2 (Bob Sharp) and ?O3.

This condition is satisfied if there is any instance of ?O3 in the object ontology 

that satisfies all the relationships specified in the left hand side of the slide.

Explanation
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Ontology Matching 

subconcept-of

Object ontologyRule condition

John Doe

is expert in

instance-of

PhD research area 

PhD advisor

?O3

is interested in 

Bob Sharp

instance-of

PhD student

instance-of

John Doe

is expert in

instance-of

Computer Science 

PhD advisor

Artificial Intelligence

is interested in 

Bob Sharp

instance-of

PhD student

instance-of

PhD research area 

?O1 ă John Doe

?O2 ă Bob Sharp

?O3 ă Artificial Intelligence

How is this matching performed?

Is it efficient?
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The partially instantiated condition of the rule, shown in the left hand side 

of the previous slide, is matched successfully with the object ontology 

fragment shown in the right hand side of the slide.

?O3 matches Artificial Intelligence.

Both ?O3 and Artificial Intelligence are PhD research areas. Indeed, 

Artificial Intelligence is an instance of Computer Science, which is a 

subconcept of PhD research area.

Both ?O3 and Artificial Intelligence are the values of the features:

John Doe is expert in Artificial Intelligence (?O3)

Bob Sharp is interested in Artificial Intelligence (?O3)

As the result of this matching, the ruleôs ?O3 variable is instantiated as 

follows:

?O3 ă Artificial Intelligence

Explanation
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?O1 ă John Doe

Assess John Doe as a potential PhD 

advisor for Bob Sharp.

Assess John Doe as a potential PhD 

advisor for Bob Sharp in Artificial 

Intelligence.

Is Bob Sharp interested in the area of 

expertise of John Doe?

Yes, because Bob Sharp is interested 

in Artificial Intelligence which is the 

area of expertise of John Doe.

?O2 ă Bob Sharp

?O1 ă John Doe

?O2 ă Bob Sharp

?O3 ă Artificial Intelligence

Application of a Rule in Problem Solving

IF

Assess?O1 as a potential PhD 

advisor for ?O2 

THEN

Assess ?O1 as a potential PhD 

advisor for ?O2 in ?O3

Condition

?O1 is PhD advisor

is expert in ?O3 

?O2 is PhD student

is interested in ?O3

?O3 is PhD research area

Question

Is ?O2 interested in the area of 

expertise of ?O1 ?

Answer

Yes, because ?O2 is interested 

in ?O3 which is the area of 

expertise of ?O1.

How is the rule applied in problem solving?
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As shown, the ruleôs condition is satisfied for the following instantiations 

of the variables:

?O1 ă John Doe

?O2 ă Bob Sharp

?O3 ă Artificial Intelligence

Therefore the IF problem

Assess John Doe as a potential PhD advisor for Bob Sharp.

is reduced to the following THEN problem:

Assess John Doe as a potential PhD advisor for Bob Sharp 

in Artificial Intelligence.

Disciple also instantiates the Question/Answer pair of the rule:

Is Bob Sharp interested in the area of expertise of John Doe?

Yes, because Bob Sharp is interested in Artificial Intelligence which is the area of 

expertise of John Doe.

Explanation
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Rule x

Rule y

Successive Rule Applications

Is Bob Sharp interested in the area of expertise of John Doe?

Assess John Doe as a potential PhD advisor 

for Bob Sharp in Artificial Intelligence.

Assess John Doe as a potential PhD 

advisor for Bob Sharp.

Yes, because Bob Sharp is interested in Artificial 

Intelligence which is the area of expertise of John Doe.

Yes because John Doe has a tenured 

position which is a long term position.

Assess whether John Doe would be a good PhD 

advisor for Bob Sharp in Artificial Intelligence.

Is John Doe likely to stay on the faculty of George Mason 

University for the duration of Bob Sharp 's dissertation?
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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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Problem1(a)

Question1/Answer1(a,b)

Rule1(x,é)

Problem11(a,b) Problem12(a,b)

Question2/Answer2(a,d)Question1/Answer1(a,c)

Problem11(a,c) Problem12(a,c)

Rule2(x,é)

Problem Reduction
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Problem1(a)

Question1/Answer1(a,b)

Rule1(x,é)

Solution(a,b,c,d)

Problem11(a,b) Problem12(a,b)

Question2/Answer2(a,d)

Solution11(a,b) Solution12(a,b)

Partial solution2(a,d)

of Problem1(a)

Partial solution1(a,b)

of Problem1(a)

Question1/Answer1(a,c)

Problem11(a,c) Problem12(a,c)

Solution11(a,c) Solution12(a,c)

Partial solution1(a,c)

of Problem1(a)

Rule2(x,é)

Rule3(x,é)

Rule4(x,é)

Question3/Answer3(a,b)
Question3/Answer3(a,c)

Question4/Answer4(a,b,c,d)

Solution Synthesis

Reduction-

level 

synthesis

Problem-

level 

synthesis
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Let us consider Problem1(a), an instance of a general problem Problem1(x).

Let us further assume that there are two reduction rules, Rule1(x,é) and Rule2(x,é), that are applicable to 

reduce this problem as follows:

1) An instance of Rule1(x,é) reduces Problem1(a) to Problem11(a,b) and Problem12(a,b).

2) Another instance of Rule1(x,é) reduces Problem1(a) to Problem11(a,c) and Problem12(a,c).

3) An instance of Rule2(x,é) reduces Problem1(a) to Problem13(a,d).

Each such reduction will lead to a partial solution of Problem1(a), as explained in the following.

Let us assume that Problem11(a,b) has the solution Solution11(a,b) and Problem12(a,b) has the solution 

Solution12(a,b).

Let us also assume that the solution synthesis rule Rule3(x,é) will synthesize (compose) Solution11(a,b) 

and Solution12(a,b) into Partial solution1(a,b) of Problem1(a). We associate this partial solution with 

Question1/Answer1(a,b).

Let us further assume that the same rule Rule3(x,é) will synthesize (compose) Solution11(a,c) and 

Solution12(a,c) into Partial solution1(a,c) of Problem1(a). We associate this partial solution with 

Question1/Answer1(a,c).

Similarly, let us assume that we also obtain Partial solution2(a,d) associated with Question2/Answer2(a,d).

The solution of Problem1(a) will be obtained by composing all its partial solutions, Partial solution1(a,b), 

Partial solution1(a,c) and Partial solution2(a,d), based on another synthesis rule.

Explanation
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Thus we distinguish two types of solution syntheses (compositions):

1) A reduction-level synthesis which is associated with a specific reduction and leads to a partial solution of 

a problem.

2) A problem-level synthesis which synthesizes the partial solutions of a problem into its complete solution.

Consequently, there are two types of synthesis rules:

1) Reduction-level synthesis rules which are associated with reduction rules.

2) Problem-level synthesis rules which are associated with the problems.

There may be several reduction-level synthesis rules associated with a reduction rule. They may lead to 

several partial solutions of the IF Problem from the reduction rule. All of them will need to be composed to 

produce the complete solution of the IF Problem.

There may also be several Problem-level synthesis rules associated with a given Problem. They will lead to 

alternative complete solutions of the Problem.

The following slides illustrate this process.

Explanation
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Assess to what extent the piece of 

evidenceEVD-Dawn-Mir01-01csupports 

the hypothesis that Al Qaedaconsiders 

self defense as a reason to obtain 

nuclear weapons. 

Assess to what extent the piece of 

evidenceEVD-Reuters-01-01csupports 

the hypothesis that Al Qaedaconsiders 

self defense as a reason to obtain 

nuclear weapons. 

Assess whether Al Qaedaconsiders self defense 

as a reason to obtain nuclear weapons. 

Is there any potentially relevant 

piece of evidence? 

EVD-Dawn-Mir01-01cwhich 

mentions that Al Qaedawould use 

nuclear weaponsto defend itself.

Is there any potentially relevant 

piece of evidence? 

EVD-Reuters-01-01cwhich 

mentions that Al Qaedawould use 

nuclear weaponsto defend itself. 

Problem1(a)

Problem11(a,b) Problem11(a,c)

Problem Reduction: Example
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Assess to what extent the piece of 

evidenceEVD-Dawn-Mir01-01csupports 

the hypothesis that Al Qaedaconsiders 

self defense as a reason to obtain 

nuclear weapons. 

Based on EVD-Dawn-Mir01-01c, 

the likelihood that Al Qaeda

considers self defense as a 

reason to obtain nuclear weapons

is medium. 

Assess to what extent the piece of 

evidenceEVD-Reuters-01-01csupports 

the hypothesis that Al Qaedaconsiders 

self defense as a reason to obtain 

nuclear weapons. 

Based on EVD-Reuters-01-01c, 

the likelihood that Al Qaeda

considers self defense as a 

reason to obtain nuclear 

weaponsis low. 

Which is the likelihood of the hypothesis? 

If any piece of evidenceprovides very strong support to the hypothesis, 

then the likelihood of the hypothesis is very high. Therefore we can 

estimate the likelihood of the hypothesis as medium, which is the 

maximum likelihhodfrom the list support (mediumand low). 

Assess whether Al Qaedaconsiders self defense 

as a reason to obtain nuclear weapons. 

Is there any potentially relevant 

piece of evidence? 

EVD-Dawn-Mir01-01cwhich 

mentions that Al Qaedawould use 

nuclear weaponsto defend itself.

The likelihood that Al Qaedaconsiders self defense as a 

reason to obtain nuclear weaponsis medium. 

Based on EVD-Dawn-Mir01-01c, 

the likelihood that Al Qaeda

considers self defense as a 

reason to obtain nuclear 

weaponsis medium. 

Is there any potentially relevant 

piece of evidence? 

EVD-Reuters-01-01cwhich 

mentions that Al Qaedawould use 

nuclear weaponsto defend itself. 

Based on EVD-Reuters-01-01c, 

the likelihood that Al Qaeda

considers self defense as a 

reason to obtain nuclear 

weaponsis low. 

Problem1(a)

Solution11(a,b)

Partial solution1(a,b)

of Problem1(a)

Solution11(a,c)

Partial solution1(a,c)

of Problem1(a)

Solution(a,b,c,d)

Problem11(a,b) Problem11(a,c)

Solution Synthesis: Example

Problem-level 

synthesis

Reduction-level 

synthesis
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Let us consider the problem 

ñAssess whether Al Qaeda considers self defense as a reason to obtain nuclear weapons.ò

To facilitate the correspondence with the general case we have annotated the elements of this illustration 

with the labels from the general case.

Notice that, in this illustration, there is only one rule that reduces Problem1, but there are two reductions, 

each corresponding to a different instantiation of the reduction rule.

Notice also that this rule reduces Problem1 to a single problem, Problem11. However, we still need to have a 

reduction-level synthesis to obtain Partial solution1(a,b) of Problem1(a) from Solution11(a,b). In many 

cases these solutions are identical. However, sometimes one may wish to define Partial solution1(a,b) as 

a reformulation of Solution11(a,b). In this illustration there is no question/answer pair associated with the 

reduction-level synthesis.

Finally, notice that Solution(a,b,c,d) is obtained as a composition of Partial solution1(a,b) and Partial 

solution1(a,c).

The following two slides illustrate the definition of these compositions (syntheses) using the modeling editor 

of Disciple.

Explanation
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