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PhD Advisor Assessment: Overall Reduction Logic

Assess John Doe as a potential

Is Doe expert in PhD advisor for Bob Sharp.
Bobb6s area of |

interest?, etc. e . .
: kNecessary conditions satisfied? Yes)

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

-

Professional reputation,
students learning
experience, etc.

Main criteria

Assess whether John Doe would e Assess whether John Doe would
be a good PhD advisor for Bob be a good PhD advisor for Bob
Sharp with respect to criterion 1. Sharp with respect to criterion n.
Reputation CSub-criteria of criterion 1
among
peers, etc.
Assess whether John Doe would é Assess whether John Doe would
be a good PhD advisor for Bob be a good PhD advisor for Bob
Sharp with respect to criterion 1.1. Sharp with respect to criterion 1.n.
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PhD Advisor Assessment: Overall Reduction Logic

Is Doe expert in

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

It is likely that John Doe would be a
good PhD advisor for Bob Sharp.

Bobd6s area of

interest?, etc.

/7 . L
KNecessary conditions satisfied? Yes)

A

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

Overall assessment
of John Doe

Professional reputation,
students learning
experience, etc.

Main criteria

Assess whether John Doe would || Assessment Assess whether John Doe would || Assessment
be a good PhD advisor for Bob based on be a good PhD advisor for Bob based on
Sharp with respect to criterion 1. || criterion 1. Sharp with respect to criterion n. || criterion n.
[~
Reputation (Sub-criteria of criterion 1
among
peers, etc.
Assess whether John Doe would || Assessment Assess whether John Doe would || Assessment
be a good PhD advisor for Bob based on be a good PhD advisor for Bob based on
Sharp with respect to criterion 1.1. | criterion 1.1. Sharp with respect to criterion 1.n. || criterion 1.n.
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Criteria and Sub-criteria

( Necessary conditions > 1. Whatis the reputation of the
director within the professional

community at large?

Professional reputation ) . . .
< P 11. How expert is the director in your
areas of interest?

Personality and compatibility _
with student 14. Does the director have a research

group, or merely a string of

R . individual students?
Studentso | earning experience
15. Is the director's research work
funded?

24. What is the quality of the

dissertation produced with this
( Support for students > \ director?

< Responsiveness to students>

( Quality of student results )
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Criteria and Sub-criteria

< Necessary conditions )

< Professional reputation >
Personality and compatibility
with student

<Studentsc“) IeaD<i

< Responsiveness to students>

( Support for students >

( Quality of student results )
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[ 12.

14.

19.
ng
20.

24.

Does the director publish with
students?

Does the director have a
research group, or merely a
string of individual students?

Do the director's students go to
eorfgiepaes?e n c e

Do the director's students make
presentations of their work at
conferences?

What is the quality of the
dissertation produced with this
director?



Problem Reduction based Question-Answering

General problem solving paradigm:
3 natural for the human user;

. ti
3 appropriate for the automated agent. Qgr? ‘:’h'gn
Question 1
problem
Answer 1.1 )[(Answer 1.3 solving
_ _ _ strategy to
The reductions and synthesis opera use
are guided by introspective questions
and answers. .
Question
) on how to
a.. - " ) apply the
| Keep Six Honest... (Questlon 2) CQueonn 2) (Questlon 2) problem
: : solving
| keep sSiX honest SennmeN (Answer 2 ) (Answer 2 )(Answer 2 >Strategy

(They taught me all | knew);
Their names are What and Why and

And How and Where and Who.
- Rudyard Kipling
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Detailed Reduction Logic

We need to \
_ Assess John Doe as a potential PhD advisor for Bob Sharp. E
Notice the | O
M - - - U
detailed (Is Bob Sharp interested in the area of expertise of John Doe?) o)
justification : 3
of the Yes because Bob Sharp is interested in Artificial T
Intelligence which is the area of expertise of John Doe. D
answers: o
nYes, J Therefore we need to %
becaus e |#sgssJohnDoe as a potential PhD advisor g
for Bob Sharp in Artificial Intelligence. ij
Is John Doe likely to stay on the faculty of George Mason
University for the duration of Bob Sharp 's dissertation?
|
Yes because John Doe has a tenured Necessary
position which is a long term position. conditions
| Therefore we need to satisfied
Assess whether John Doe would be a good PhD C')
advisor for Bob Sharp in Artificial Intelligence. /
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Detailed Reduction Logic

We need to

Assess whether John Doe would be a good PhD
advisor for Bob Sharp in Artificial Intelligence.

|
(Which is a PhD advisor quality criterion?)

—(professional reputation)

lTherefore we need to

Assess whether John Doe would be a good PhD advisor

for Bob Sharp with respect to professional reputation.
[

@Vhich Is a criterion for assessing professional reputation’D

—(reputation among peers)

+Therefore we need to

Assess whether John Doe would be a good PhD advisor
for Bob Sharp with respect to reputation among peers.

—{ research funding )
—'Cs}ydents learning experience)
C
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Detailed Reduction Logic

We need to

Assess whether John Doe would be a good PhD advisor
for Bob Sharp with respect to reputation among peers.

1
<Which Is a criterion for assessing reputation among peers?)

—(research contributions)

lTherefore we need to

Assess whether John Doe would be a good PhD advisor
for Bob Sharp with respect to research contributions.

—><re,search publications)

—><re’§earch memberships)
C
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Detailed Reduction Logic

We need to

Assess whether John Doe would be a good PhD advisor

for Bob Sharp with respect to research contributions.
|

(Which Is a criterion for assessing research contributions’?)

—(citations in puincations)

vTherefore we need to

Assess how cited John Doe is.
|

(What publication cites John Doe?)

—(Rice 2007 because it cites Doe 2000 which is authored by John Doe)

J Therefore we conclude that
John Doe is cited in Rice 2007.

e

—'@nox 2003 because it cites Doe 2001 which is authored by John Doe)

—

Therefore we conclude that
John Doe is cited in Knox 2003.

—>< readings in courses )

vTherefore we need to

Assess how many courses use publications by John Doe as readings.
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Detailed Reduction and Synthesis Logic

We need to

Assess whether John Doe would be a good PhD advisor

for Bob Sharp with respect to research contributions.
|

(Which is a criterion for assessing research contributions?)

—(citations in publications)

"Therefore we need to

Assess how cited John Doe is. | | John Doe is cited in 250 publications.
[

(What publication cites John Doe?) 250

'(Rice 2007 bec@“@owmanypublicaﬁoﬁé

| Therefore we conclude that cite John Doe?
John Doe is cited in Rice 2007.

e

—
—(KnonOOSbecause i)t cites| é

Therefore we conclude that
John Doe is cited in Knox 2003.

—>< readings in courses )

JTherefore we need to
Assess how many courses use publications by John Doe as readings.

Qogmnpea wa|go.id
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Detailed Reduction and Synthesis Logic

We need to

Assess whether John Doe would be a good PhD advisor
for Bob Sharp with respect to research contributions.
[

John Doe would be a very good PhD advisor for
Bob Sharp with respect to research contributions.

(Which is a criterion for assessing research contributions’?) <Very good because the publications by JohD

Doe are highly cited and are used in courses.

—(citations in publications> :
What is the level of research contributions of John Doe?
J Therefore we need to ( )
Assess how cited John Doe is. || John Doe is cited in 250 publications. >
[
(What publication cites John Doe?) 250 / \
—(Rlce 2007 cites Doe 2000 ) How many publications g
| Therefore we conclude that cite John Doe? =
John Doe is cited in Rice 2007. ‘;
-, € N
c
—’Q(nox 2003 cites Doe 2001 ) o
4=
Therefore we conclude that =
John Doe is cited in Knox 2003. UO)
—»( readings in courses )
Therefore we need to
Assess how many courses use 5 courses use publications by >
papers by John Doe as readings. || Joe Doe as reading material.
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Knowledge Base = Object Ontology + Rules

The object ontology is a
hierarchical description
of the domain objects.

person

direct subconcept 0

@niversity employ@

direct subconcept of

student Gndergraduaté
direersmonent of student

direct subgoncept of

graduate teaching
rese_zarch assistant @.S. studenD
assistant

assistant
professor

associate
professor

instdnce of insty

nce of  instance of instanice of instapce of

@John Smith) (John Doe) (Jane Austin) Bob Sharp (Joan Dean)
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Knowledge Base = Object Ontology + Rules

The rules specify general problem solving steps
described with the objects from the ontology.

REASONING
TREE

a 2008, Learning Agents Center

\/

Assess?0l1 as a potential PhD
advisor for 702

Question
Is 202 interested in the area of
expertise of 701 ?

Answer

Yes, because ?02 is interested
in 703 which is the area of
expertise of ?01.

Condition
?01 is PhD advisor
is expertin ?03

?02 is PhD student
is interested in ?03
?03 is PhD research area

THEN
Assess ?01 as a potential PhD
advisor for 702 in ?03

15



Problem Reduction Rules

A problem reduction rule is an
IF-THEN structure that
expresses the condition C

under which a problem P, can
be reduced to the simpler
problemsP,,P,, €& ,. P

This means that one can solve
P, by solving P, P,, €& ..
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Partially Learned Problem Reduction Rule

| £:| Rule Viewer

o |

e

REDUCTION RULE DDE.00000 FORMAL DESCRIPTION

IF: Assess 701 as a potential PhDD adwisor for 200,
Q: |Is 702 interested in the area of expertise of 7017
A: || Yes, because 702 is interested in 703 which is the area of expertise of 701
MAIN CONDITION
Var Lower Bound Upper Bound
201 ||(PhD adwisor, associate professor ) (person )
02 (PhD student ) (person )
703 {computer science ) (PhD research area )
Var Relationship | Var
202 ||is interested in || 703
201 i5s expertin || 703
THEN: |Assess 701 as a potential PhD adwisor for 702 in 703,

a 2008, Learning Agents Center

Informal
applicability
condition

Formal
applicability
condition
(partially
learned)
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Reduction Rule with Except When Conditions

IF
<problem>

In addition to the reqular
rule condition that needs to
be satisfied, a rule may

Condition
<condition 1>

Except when condition contain one or several
<condition 2> ..

except when conditions that
Except when condition should not be satisfied for
<condition n> the rule to be applicable.

THEN
<subproblem 1>
é

<subproblem m>
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Rule Application

H Reasoning Step | Reasoning Hierarchy | Repart | izraphical 'ﬂewer|

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

o

[s Bob Sharp interested in the area of expertise of John Doe?
Tes, because Bob Sharp is interested in Artificial
Inteligence which is the area of expertise of John Doe,

~ Assess John Doe as a potential PhD advisor for Bob Sharp
in Artificial Intelligence.

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

EI University for the duration of Bob Sharp 's dissertation?
Tes, because John Doe has a tenured position which is a
long tertn position.

Assess whether John Doe would be a good PhD adwis)

Bob Sharp in Artificial Intelligence.

~ Which is a FhD adwisor quality criterion?
professional reputation

»

m

Assess whether John Doe would be a good PhC
Bob Sharp with respect to professional reputatic

Which is a PhD adwvisor quality criterion?

-
+ personality and compatibility with student

Which is a PhD adwvisor quality criterion?

quality of student results

Which is a PhD adwvisor quality criterion?
responsiveness to students

TIMninds i;m o THATH mddrrin ;s canamlidr s b —ard a7

T I
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| £| Rule Viewer

[

REDUCTION RULE DDR.00000 FORMAL DESCRIPTION
IF: Assess 70T as a potential PhD adwvisor for 702,
Q: Is 2002 interested in the area of expertise
" ||of 7017
A Yes, because 702 15 interested in 7003
" ||which is the area of expertise of 701,
MAIN CONDITION
Var Lower Bound Upper Bound
201 (PhD adwvisor, associate o
professor )
202 (FhD student ) (person )
203 (computer scietice ) (PhD research
area )
Var Relationship | Var
202 ||is interested in || 703
201 is expertin || 203
THEN: iﬁ;;ess #0171 as a potential PhD advisor for 702 in
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Solution Synthesis Rules

A solution synthesis rule is

an IF-THEN structure that S,
expresses the condition C

under which the solutions

S, S, € [, pfth8

subproblems of P, can be Si1 S1p € 1S
combined into the solution

S, of the problem P,.
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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).

Example:

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.

a 2008, Learning Agents Center
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Ontology Matching: Example

Is there a course that has as reading a publication by a professor?
( course ) (pu tion)
ist '
2

blica

IS
’?O_\ has as reading ~6_(‘)_\
201 »?02)

publication
( course )

subconcept of

5
- : (professor)
subconcept-of Article p ‘
; subcomcept-of

has as author

y
Qniversity cours@ subcorjcept of
@ssociate professob
@urnal artic@ 3
instance-of 7 instange-of
Instanpce-of

has as reading

has as author ,~——
(Mason-CS480} Doe 2000} » John Doe )

as as reading

(U Montreal-CS780

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?

( course >

A

ist

has as reading

(publication)
is]
o

E ........ ’)O—l\

( course >

4

subconcept-of

Qniversity coursa

instance-of

has as reading

b
<

has as author

professor

ti
» D
(?02)

publication

subconcept of

article

A

subcorncept of

(professor)
subco ;cept-of

@urnal artic@

instapce-of
~ has as author

@ssociate professob
Y .

instange-of

5--(Mason-CS480}

(U Montreal-CS780

Doe 2000 Jas

as as reading

»| John Doe )4.........5

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

Is this the only answer?

a 2008, Learning Agents Center
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Ontology Matching: Example

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

( course >

A

ist

has as reading

(publication)
is]
o

E ........ ’)O—l\

( course >

4

subconcept-of

Qniversity coursa

instance-of

has as reading

b
<

has as author

professor

ti
» D
(?02)

publication

subconcept of

article

A

subcorncept of

(professor)
subco ;cept-of

@urnal artic@

instapce-of
~ has as author

@ssociate professob
Y .

instange-of

(Mason-CS480}

T >® Montreal-CS780

Doe 2000 Jas

as as reading

»| John Doe )4.........5

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

a 2008, Learning Agents Center
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lllustration of the Problem Solving Process

Rule selection based on matching:
advisor for Bob Sharp.

?01a John Doe
?02a Bob Sharp

Rule condition IE

Assess?01 as a potential PhD
advisor for 202
PhD advisor \ Question
instan|ce-of

Is 2702 interested in the area of
expertise of 701 ?

Answer
@hD research area)
A

Yes, because ?02 is interested
is exaert in in 203 which is the area of
instange-of > expertise of 201,

Condition
?01 is PhD advisor
Is expert in ?03

?02 is PhD student

IS interested in 7?03
/ j ?03 is PhDresearch area

CPhD studenD
A

is intergsdted in

instgnce-of

\C

THEN
When is the rule applicable? vior for20p 908 e
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Explanation

Let us now see how the agent uses the rules in problem solving.

Let us suppose that the current problem is:
AssesgohnDoeasa 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 ?01 is replaced with John Doe and ?02 is replaced with Bob Sharp.

Next the agent has to check that the condition of the rule is satisfied for these
values of ?01 and ?02.

The left hand side of the slide shows what condition needs to be satisfied by
?01 (John Doe), ?02 (Bob Sharp) and ?03.

This condition is satisfied if there is any instance of ?0O3 in the object ontology
that satisfies all the relationships specified in the left hand side of the slide.
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Ontology Matching

Rule condition

ﬁ\D advisor

instance-of

(PhD student)
A

IS intere

instdnce-of

Qob Sharp

is exypert in

~

@hD research area)
A

instang¢e-of

gted in

/

How is this matching performed?

Is it efficient?

a 2008, Learning Agents Center

Object ontology

AD advisor

instanjce-of

John Doe

(PhD student)
A

IS i
instance-of

Q)b Sharp

expertin

@hD research arg

A

subconlcept-of

CComputer Science)
A

instang¢e-of

Artificial Intelligence )

erested in

/

?01a John Doe
?02a Bob Sharp
?03a Artificial Intelligence

28



Explanation

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.

?03 matches Atrtificial Intelligence.
Both 7?03 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 ?0O3 and Artificial Intelligence are the values of the features:

John Doe IS expert in Artificial Intelligence (?03)

Bob Sharp IS interested in Artificial Intelligence (?03)
As the result of this matching, the
follows:

?03 a Artificial Intelligence
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Application of a Rule in Problem Solving

How is the rule applied in problem solving?

?01a John Doe

“ IF
: ?
Assess John Doe as a potential PhD ?02a Bob Sharp Assess?01 as a potential PhD
Question
Is Bob Sharp interested in the area of Is 702 interested in the area of
expertise of John Doe? expertise of 701 ?

A 4

y

Answer

Yes, because ?02 is interested
in 703 which is the area of
expertise of ?01.

Yes, because Bob Sharp is interested
in Artificial Intelligence which is the
area of expertise of John Doe.

a

Condition
?01a John Doe ?01 is PhD advisor

?02a Bob Sharp IS expert in ?03
?03 a Atrtificial Intelligence ?02 is PhD student

is interested in 7?03

?03 is PhDresearch area

Assess John Doe as a potential PhD THEN

Assess 7?01 as a potential PhD
advisor for 702 in ?03

advisor for Bob Sharp in Artificial
Intelligence.

a
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Explanation

As shown, t he rul eds condition 1 s ¢
of the variables:

?0l1a John Doe

?02a Bob Sharp

?03a Atrtificial Intelligence

Therefore the IF problem
AssesgohnDoeasa potential PhD advisor for Bob Sharp.
IS reduced to the following THEN problem:
Assesslohn Doasa 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 a
expertise of John Doe.
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Successive Rule Applications

Assess John Doe as a potential PhD

advisor for Bob Sharp.

|

| Rule x |

Gs Bob Sharp interested in the area of expertise of John Doe’?J<

Yes, because Bob Sharp is interested in Artificial \4
Intelligence which is the area of expertise of John Doy

Assess John Doe as a potential PhD advisor |,

for Bob Sharp in Artificial Intelligence.

y

Ruley |

=ﬁs John Doe likely to stay on the faculty of George Mason
\University for the duration of Bob Sharp 's dissertation?

|

‘/ 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.

a 2008, Learning Agents Center
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Solution Synthesis

e D)
NOne of the most high d e Vv e
contemporary Western civilization is dissedtio
the sphtp of problems into their smallest passil
components. We are good at it. So good, we 0
forget to put the pi| e

Alvin Toffler, Science and Change, ForyaRigogine :
and Isabelfetengera Or der Out of Cha o'AéIV:In legqé

GDiangue with Natur eo, jBantam Boo
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Problem Reduction

et D) G2 D)

<Question 1/Answer1>a,b)

Problemia(H

a 2008, Learning Agents Center

Problem12(h

Problem1ja

<Quest|on1/Answer1>a,c)

N

N

Problem1a(q

Problem12(9

<Quest|0n2/Answer2>a,d)
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Solution Synthesis

Problem1j¢ Solution(a,b,c|d)

AN

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

Problen] !
level |!

synthgﬂs

_________ <Y [ SRS
i i [ , <Quest|on1/Answer1>a C) <Question2/Answer2>a,

i b oo /\ - Partiat selutioa}l§ - - - ir ——————————— -Partial selutiemdig------------ : ————————— -Partial selutioa?
! — of Problemlja i i of Problem1ja i — of Problem1ja
i AN N\ i
i Question3/ Answer3>a§ li)) Question3/Answer3>a,c) i

| \ 1 i Reduction

i i \\ - level
/ | | synthesis

' |Problem1a(b Problem12a() i ' | Problem14a(9 Problem12a(g i

i Solution11(a/b) Solution12(a i):) Solution11(a;c) Solution12(a é:)

—
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Explanation

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

Let us further assume that there are two reduction rules, Rulel(x, ¢ ) Rute®2(x, ), t hat ar e
reduce this problem as follows:

1) An instance of Rulel(x, ¢ ) r eRfrablenel&) to Probleml1l(a,b) and Problem12(a,b).
2) Another instance of Rulel(x, ¢ ) r eRfrablenel&) to Probleml1l(a,c) and Problem12(a,c).
3) An instance of Rule2(x, € ) r eRrablenel&) 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, € ) swnithéslze (compose) Solutionl1l(a,b)
and Solution12(a,b) into Partial solutionl(a,b) of Problem1(a). We associate this partial solution with
Questionl/Answerl(a,b).

Let us further assume that the same rule Rule3(x, € ) swnthéslze (compose) Solution1l(a,c) and
Solution12(a,c) into Partial solution1(a,c) of Problem1(a). We associate this partial solution with
Questionl/Answerl(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.
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Explanation

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.
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Problem Reduction: Example

Problem1ja

Assess wheth&r Qaedaonsiders self defense
as a reason to obtairtlear weapans

Is there any potentially releva

Is there any potentially releva . .
piece of eviderce piece of eviderkce
EVDDaweMir0101cwhich EVDReuter®1-01cwhich
mentions that Qaedwould use IEMIOME firiel QEECLIOUIL LS
nuclear weapotesdefend itself.

nuclear weapotwsdefend itself.

Problem14(H Problemla@|

Y
Assess to what extenfoileee of Assess to what extenfoileee of

evidenc&VDDawrMir0101csupporis evidenc&VDReuter€1-01csupport
the hypothesis thdtQaedaonsider the hypothesis tBdtQaedaonsider
self defense as a reason to obtain self defense as a reason to obtain

nuclear weapans nuclear weapans

[72)

Ul
[7)
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Solution Synthesis: Example

Problem1j

Solution(a,b,c

Assess wheth&rQaedaonsiders self defe
as a reason to obtairtlear weapans

The likelihood tdtQaedaonsiders self defense
reason to obtainclear weapoissnedium

Problenrteve

N

synthesis

Which is the likelihood of the hypothesis?

If anypiece of evidengrvides very strong support to the hypothesis,
then the likelihood of the hypothesis is very high. Therefore we
estimate the likelihood of the hypothesisiagwhich is the

maximuriikelihhottom the lisupport(iediunandlow).

Partial solutiom]l
of Problemlja

Is there any potentially relevar\
piece of eviderite
EVDDawrMir0101cwhich
mentions that Qaedwould use

Based o&VVDDawrAMir0i01g
the likelihood tdtQaeda

considers self defense asa

reason to obtainclear
weapons medium

nuclear weapotwsdefend itself.

Problemla(H il

Reducticlevel
synthesis

Solution11(a/b)

Partial solutioa]d
ofProblemlja

n

Is there any potentially releval\
piece of eviderkce
EVDReuter®1-01cwhich
mentions that Qaedwould use

nuclear weapotosdefend itself.

Based o&VDReuter91-01¢
the likelihood tdtQaeda
considers self defense as

reason to obtainclear

weapons|ow

Problem1a(q ]

A

Solution11(a;c)
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Explanation

Let us consider the problem
AAssess AlvQaedahoesiders self defense as a reason to obtain nuclear weapons. 0

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 solutionl1(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 solutionl(a,b) and Partial
solutionl(a,c).

The following two slides illustrate the definition of these compositions (syntheses) using the modeling editor
of Disciple.
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Reduction-level Synthesis
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Huestion
Is there any potentially relevant piece of evidence?

Answer

Sub-task

Qaeda considers self defense as a reason to obtain nuclear weapons.

(%) Default Wiewer

Rl
L

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

EVD-Dawn-Ilir01-01c which mentions that Al Qaeda would use nuclear weapons to defend itself

|

Azsess to what extent the piece of evidence EVD-Dawn-IvIir01-01c supports the hypothesis that Al

() Advanced Wiewer

Reduction Solution
Based on EVD-Dawn-Wir1-01c, the likelihood that Al Oaeda considers self defense as a reason to
obtain nuclear weapons is

Cornposition Question

Composition Answer

Sub-solution 3]
Based on EVD-Dawn-Wir01-01c, the likelihood that Al Qaeda considers self defense as a reason to
obtain nuclear weapons is

options
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