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Abstract

We present the development and applications of Disciple cognitive
agents that integrate three complementary capabilities:

(1) They are able to learn, directly from their users, their subject matter
expertise which currently takes years to establish, is lost when
experts separate from service, and is costly to replace;

(2) They can tutor new users in expert problem solving; and
(3) They can assist their users to solve complex problem in uncertain

and dynamic environments.

We first present how one can teach a Disciple agent to solve a familiar
problem: How to assess a PhD Advisor?

Then we discuss the development of a Disciple agent for the highly
complex domain of intelligence analysis, where it helps intelligence
analysts to discover and evaluate evidence and hypotheses, by
generating Wigmorean probabilistic inference networks that link evidence
to hypotheses in argumentation structures that establish and defend the

elevance, the believability, and the inferential force or weight of evidence
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Building Expert Systems (Cognitive Agents)

Building expert systems is hard because much of

expertos problem solving
of tacit knowledge which is very difficult to capture.
/Subject Matter\ /Knowledge\ SEE SysiEm
Expert Engineer s

Knowledge Base

Dialog ‘éli’l lIIIIIIIIIIIII'r
> _4 Programming >
L /

Results

)

C

fRarely does a technology arise that offers
such a wide range of important benefits of
this magnitude. Yet as the technology
moved through the phase of early adoption
to general industry adoption, the response
has been cautious
(rather than exponential) . 0

S

J
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Teaching as Alternative to Programming

Building an intelligent machine by
programming is too difficult.

(@

Nl nstead of tryl
program to simulate the adult

mind, why not rather try to produce Alan Turing
one which simulates the child's?

Bio d U

Computing
Machinery and

If this were then subjected to an .
Intelligence

appropriate course of education
one would obtain| t hMinded ul t
& J  433-460, 1950.
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Disciple Approach to Agent Development

Approach to develop learning and problem solving agents that can
be taught by subject matter experts to become cognitive assistants.

The expert The agent \
teaches the agent continuously
how to solve develops and

refines its
knowledge base to
capture and better
represent
knowledge and
problem solving

strategies. /

problemsinaway /&
that resembles  [{8 e 98
how the expert LS.
would teach a |
student,
an apprentice or
a collaborator.

4 Main ldeas Resulting agent capabilities )
Mixed-initiative problem solving Learning expert knowledge
Evidence-based reasoning Assisting experts and non-
Teaching and learning experts in problem solving

\_ Multistrateqy learning J U Teaching students )
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Disciple Shell and Disciple Cognitive Assistants

New paradigm for Cognitive Assistant = Cognitive Assistant Cognitive Assistant
system development [ for Center of Gravity  for PhD Advisor for Intelligence
and malnten ance : Determihation y LN Assessment_ y . AnaIYSis y i S Ci p |
Disciple Disciple Disciple

. . hell hell hell
Disciple Agent Shell e ; e ; e

Mixed-initiative Messages
Interaction . Al .

Learning 111 Tutoring %:
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o
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- F
P =
| 3g
N =)
P =3
“ - ]
. s | 3
r o Computer g
System Domain Pedagogical . Fl E

Knowledge Base ; ! A
Knowledge Repository and Knowledge Base Knowledge Base Operations




Sample Applications of the Disciple Agents

Intelligence Analysis and Evidence-based Reasoning

Strategic Center of Gravity Determination

Regulatory Compliance in Financial Services Industry

Collaborative Emergency Response Planning

Course of Action Critiquing

Workaround Reasoning in Planning

Inquiry-based Learning, Evidence-based Teaching Evaluation

PhD Advisor Assessment, Web Believability Evaluation

Medical Triage and Medical Diagnosis

Higher Order Thinking Skills in History and Statistics
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Vision: Evolution of Software Development and Use

Learning
[] Assistants
; Computers
Mainframe D
Computers

w
1 4 "
i

&
AN
| — \\;&‘ |
developed and used by

Software systems A
persons who are not
l \_ computer experts )
Software systems N
developed by computer -

| experts and used by
persons who are not o

Software systems \___Computer experts / BB
developed and used
by computer experts
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Vision: Use of Disciple Agents in Education

KB %

A subject matter expert teaches A student uses Disciple as an
Disciple similarly to how the assistant and learns from its
expert would teach a student. explicit reasoning.

¢

Disciple behaves as a tutoring
system, guiding the student through
a series of lessons and exercises.

Army Intelligence Center

Personalized Learning: Grand Challenge for the 215t Century
US National Academy of Engineering, 2008
10
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Reasoning Model: Divide and Conquer

A problem, s solved by:
Asuccessively reducing it to siemglesimpler problems;
Afinding the solutions of the simplest problems;

Asuccessively combining these sototiatsithe
solution of the initial problem.

"| Keep Six Honest . A bKiplinR u d

| keep six honest servimgn
] (They taught me all | knew);

AndHow and Where and Who

il Theinames are What and Why and Whe

Problem Reduction and
Solution Synthesis

possible components. We are good at |
good, we often forget to put the pieces
together again Alvin Toffle

¢,
Q P P#
Oneof the most highly developed skills i /\\ ‘
contemporary Western civilization is d @
the sphtp of problems into their smalles K _ITSWE

2
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PhD Advisor Assessment: Overall Logic

Assess whether John Doe is a
potential PhD advisor for Bob Sharp.

It is very likely that John Doe would be

Common area

l

a good PhD advisor for Bob Sharp.

A

ofinterestgtc. (Necessary conditions satisfied? Yes)

professional reputatia

learning experience €

Assess whether John Doe is
na good PhD advisor for Bob

Sharp in Artificial Intelligence.

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

gualityf studemesults

Main PhD advisor criteri

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

professional reputation.

(Sub-criteria of professionékreputation)\~

would be a good PhD

respect to reputation
among peers.

Assess whether John Doe

advisor for Bob Sharp with

It is almost certain that
John Doe would be a good
PhD advisor for Bob Sharp

with respect to reputation

among peers.

c

It is almost Assess whether John Doe | Itis very Y
certain that | @  |would be a good PhD advisor likely that Ves
John Doe for Bob Sharp with respect to| John Doe Kodratoff
would be ... quality of student results. |would be ... :
PhD Advisor

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

é

It is very likely that
John Doe would be a
good PhD advisor for

Bob Sharp with respect
to research funding.

c

Logic to assess John Doe based on elementary ciitegiorio assess John Doe based on elementary c
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Hybrid Knowledge Base = Ontology + Rules

Ontology: Problem reduction and Reasoning tree:
Hierarchical solution synthesis rules: Finding the
representation of the Specified with the concepts solution of a

domain concepts from the ontology specific problem

@iversity employeE

supdéoncept of

Gtaff membeb@culty me

ubcon

instructor profess

P S1
eston
.@
P1 st PL | St

n n
Question ‘
Answer

IF the problem to solveis

Except-When Conditio

A
stibcorjce| Except-When Condit
| 33
assistant associate THEN solve its syfiroblems ‘
professor professor Pl & rF Question
1 19 9 Answer @
instgnce of instance of  Iinste 5

@ohn Smith) (John Doe) (ane Austin) P3 (S3 e
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Partially Learned Rules and Evolving Ontology

Partially _ | PVS Condition :
eaEe IF the problem to solveis ondition
rules with PVS Condition
plausible
version W
ondition
Space
(PVS) THEN solve its sytroblems
conditions Pié P
P S empluyey SLUOUCITIC
S - ] 1of subconcept of
Question ™. Learned with an
Answer AlON ;
o eVOlVIng ontology student Gndergraduaﬁ
e pl| St Subof abcorcgphof StU(‘jent _
subcongept of
Question "} graduatﬁ teaching <B S student
Answer Igrn ;esss?satg:nt assistant .S. studen
P2[st) [palss
assistant associate Ph.D. student) (.S student)
Question - rofessor professor ]

Answer AOn
r

P3 |S3 P (s
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Agent Development and Maintenance Tasks

i Knowledge Subject
Programming [ Engineer ][Matter Expert) Very difficult and t+mmsum|ng

Define |l ( _
|| ===l Verify and
reasoning’| ===

1 ==== update rule
rules M
Instruct Import and Provide and Analyze :
expert to develop initial explain agenft os:
use mode ontology examples solution :
Develo Speci Learn Learn . .
iy e y . . Explain Refine
reasoning || instances|jontological | reasoning
errors rules
trees & featuregl elements rules

Teaching and |[Learning Subject Knowledge
Learning Agent J|Matter Expert|| Engineer

Claim: Mudatasier and fasts¥cause many tasks are
performed by the learning agent (cognitive assistant) i
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Modeling, Learning, and Problem Solving

[

Problem ]

d

-

\

MixedlInitiative
Problem Solvin

v :

Extend
Reasoning

Tre

Explain
Example

:

1

[ Rules Learnin

Reasoning Tree Ontology + Rul

Reject Refined Rules
Reasoning Steps I -
‘ Exa?nples Refined Ontology

t

P
<Reasoning Ste> Learn?d Rules

¢

Explain -
[ Examples}’[ Rules Refineme




Integrated Teaching and Learning

The subject matter expert helps the agent to learn (e.g. by
providing examples and explanations), and the agent helps
the expert to teach it (e.g. by asking relevant questions).

Problem solving examples
Explanations

Hints and answeys

to agent

—— Attempted solutions
to problems

S

Questions

~ inputknowledge

" Bibfeitidanidofidance
a4
«LVF

" Problem solving behavior

" Explicit teaching guidance
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Rule Learning Method

Problen®,
g conditio

IF the problem to solve s IF the problem to solve js

Example

4 P ™ Explanation 20, is ob, Applicability conditio
Questloﬁg q /| ?0, is ob,
AnsweA f, ?0;
1 e P1 ?0; is obs

1 n

THEN solve its sdfiroble
Pllg CE

Problen®:

Problen!,
conditio

&

conditio
1. Ontology -based 2. Example and 3. Minimal and maximal
mixed-initiative explanation ontology-based generalizations
understanding reformulation guided by analogical reasoning
Knowledge Base @Iedge Base
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Modeling and Learning

The expert makes explicit how to solve a problem The agent learns reduction rules
=I||Assess whether John Doe is a potential PhD advisor for Bob Sharp. h ‘ |

Is Bob Sharp interested in the area of expertise of John Doe?
=~ Yes because Bob Sharp 1s interested in Artificial Intelligence which is the area of
expertise of John Doe.

p Assess whether John Doe is a potential PhD advisor for Bob Sharp in Artificial
- Intelligence. U
\ /

N/

Is John Doe likely to stay on the faculty of George Mason University for the
duration of the PhD dissertation of Bob Sharp?
\ Yes because John Doe has a tenured position which is a long-term faculty position.

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

-’
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Rule Learning
@
&

\ Problem Reduction

Example
.
Problem 3]

Assess whether John Doe is a potential PhD advisor for Bob Sharp.

Question

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

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

Sub-Problem (1) |E|

Assess whether John Doe is a potential PhD advisor for
Bob Sharp in Artifidal Inteligence.

a 2010, Gheorghe Tecuci, LearniAgents Center
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(
Assess whether 707 is a potential PhD advisor for 202 Problem Rule
MAIN CONDITION
Var Lower Bound Upper Bound
:Zj (PhD adws;z;ssn:at& ;}rufessor) Eacmr:; [ Reduction Rule ]
: student actor V
IF: Assess whether 701 is a potential PhD adwvisor for 202
Q: ||Is 702 nterested in the area of expertise of 7017
A Yes because 702 is interested in 703 which is the
area of expertise of 201
MAIN CONDITION
Var Lower Bound Upper Bound
> 201 || (PhD adwvisor, associate professor ) (person )
02 (PhD student ) (person )
f03 Artificial Intelligence (research area )

Var Relationship | Var

20l isexpertin || 203

202 ||is interested in || 703

THEN: || Assess whether 7017 is a potential PhD adwvizor for 7027 in 703,

Assess whether 01 is a potential PhD advisor for 702 in 703. ||| Problem Rule

MAIN CONDITION p
Var Lower Bound Upper Bound
701 |[(PhD advisor, associate professor ) (actor )
702 (PhD student ) (actor )
703 Artificial Inteligence (research area )

21



R u I e L ealrn | N g IIF: IAssess whether 701 is a potential PhD advisor for 202.

Q: ||Is ?02 interested in the area of expertise of 701?

Yes because 202 is interested in 203 which is the

A: area of expertise of ?01.

2. Example and
explanation Condition] ?01 is John Doe
g Is expertin  ?03
?02 is Bob Sharp
IS interested in?03

?03 is Atrtificial Intelligence

reformulation

@
-\

N

1-4

\\/ Problem ITHE\': IAssess whether 01 is a potential PhD advisor for 702 in ?03.

Assess whether John Doe i1s a potential PhD advisor for Bob Sharp.
1. Ontology-based

mixed-initiative Question
) Is Bob Sharp interested in the area of expertise of John Doe?
understanding po—
Yes because Bob Sharp is interested in Artificial Intelligence which is the area of
expertise of John Doe.

Explanation

Bob Sharb Explanations

) - ] John Doe —is expert in—> Artificial Intelligence <—is interested in— Bob Sharp =
IS exper is ipterested | . .

Femove

[Artificial Intelligenc]e

Sub-Problem [£3]
W Assess whether John Doe is a potential PhD advisor for Bob Sharp in

4 2010, Learningdgents Center Artificial I‘tl[E]JlgEﬂl: €. 22




Minimal and Maximal Generalizations

Var Lower Bound Upper Bound

#01 || (PhD advisor, associate professor ) (person )

Uliresearch area]

= =P | 02 (PhD student ) (person ) Qe
person UB 703 Artificial Intellizence (research area )
PhD Var Relationship | Var
research TQ = 701 isexpertin || 203 (@) =
[employee] ar‘(?a g o 202 |is interested in | 703 o
/T\ o 2 — o %
[universit emplo ee] =& =%
y EmpIoy Computer N 2 |?01is  John Doe o 3
Science = S is expertin ~ ?03 = g
[facult member] - O . - =
y graduate nstance of 2?02 is  Bob Sharp
SubConcdxt of \ Student is interested in 203
Artificial 2?03 is Artificial Intelligence
[ professor ] (PhD advisor E[IntelligenceJ >
B
subconcept oTL subcongcept of 703 FERulITE
eature
associate || [ PhD student |LB
professor 1
indtande of Instarjce of

R is interested @

[John Doe] [ Bob Sharp ]
701 202
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Solvin

g, Critiquing, and Refinement

| 1. Solvin

<

g | Applies learned rules to solve new problems {3. Refinement

(2.Critiquing EI

ﬁ\

\ / El University for the duration of the PhD dissertation of Bob Sharp?

=~
Assess whether Dan Smith is a potenfial PhD advisor for Bob _
Refines rule
Sharp. . »
; with positive
. Is Bob Sharp interested in the area of expertise of Dan Smith? example
= Yes because Bob Sharp is interested in Information Security > Ii; — |
which 1s the area of expertise of Dan Smith. .
Assess whether Dan Smith is a potential PhD advisor for Bob -
Sharp in Information Securty.
-

Is Dan Smith likely to stay on the faculty of George Mason

Yes because Dan Smith has a tenured posttion which 1s a

(/@C long-term facully position.

Aszess whether Dan Smith would be a good PhD advizor for
Bob Sharp in Information Security.
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Refinement Strategy: PVS Condition Refinement

Wledge ﬁ‘i

f'\\\

\/7‘

Learning by Analogy
and Experimentation

—
)

AV v

A

Learning from

‘ -

/\ Examples of problem

reductions generated by agent

.

/

Explanations

Learning from Examples
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Generalization with a Positive Example

Problem

Question

Answer

Explanations

Assess whether Dan Smith 1s a potential PhD adwvisor for Bob Sharp.

Is Bob Sharp interested in the area of experfise of Dan Snuth?

Yes because Bob Sharp is interested in Information Security which is
the area of expertise of Dan Smith.

Dan Smith —is expert in—3= Information Security <—is interested in— Bob 5

(]

professor

} Dan Smith
Refined Rule Dan Smith,

IF:

Assess whether 701 i1s a potential PhD advisor for 702

1 Q: |Is 702 interested in the area of expertise of 7017
Sub-Problem A Yes because 70. i1s inferested in 703 which 1s the
Assess whether Dan Smith is a potential PhD advisor for BoY area of expertise of 701
mn Information Secuntv.

— MAIN CONDITION
Positive example
?01 is l Dan Smi!b—. Var Lower Bound Upper Bound
is expertin ?03 - :
202 !S | Bob Shar_p #S4—p| (professor, PhD adwvisor ) (person )
Is interested PO3 202 (PHD student ) (person )
?03 is | Information Secursy
o (Computer Science ) | [| (research area )
Rul eds main condit] .
/6 Var Relationship | Var
Var Lower Bound L’Mnd
7 T > 201 isexpertm || 703
201 J(PhD advisor, associate professor ) (persw/
202 |l1s mterested m || 703
202 (PhD student ) /mm )
203 Artificial Intelligence K THEN: || Assess whether 701 is a potential PhD advisor for 702 in 703.

(research area )
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Solving,

Critiquing, and Refinement

1. Solving | Applies learned rules to solve new problems

{3. Refinement

=~
Assess whether Dan Smith is a potenfial PhD advisor for Bob _
|Isharp Refines rule
— with positive
. Is Bob Sharp interested in the area of expertise of Dan Smith? example
< = Yes because Bob Sharp is interested in Information Security >~ Ii; I |
‘5 which 1s the area of expertise of Dan Smuth. .
Td .
{2_ Criti uing] E 15115151355_ wlltl;ﬂmr I;an SSmll:h _1:1- a potential PhD advisor for Bob — |
in Information Security. :
fﬁfé} : P - » Refines
S /\ Is Dan 5mith likely to stay on the faculty of George Mason rule W_|th
N\ El University for the duration of the PhD dissertation of Bob Sharp? >_negat|ve
Yes because Dan Smith has a tenured position which is a _ example
(/%\i long-term faculty position. F' =
Incorre Azsess whether Dan Smith would be a good PhD advizor for
because | | ™ Bob Sharp in Information Security. L
Dan Smith = 1
plans to
\__retire /

a 2010, Learningdgents Center
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Refinement Strategy: Except-When PVS Condition

@Iedgeﬁ

:%Experimentation

Learning by Analogy

X

((@_\,, N N

xplanatio

K

Learning from
Explanations

Failure <\7\)
e n
|| | Incorrect Correct
example example

/\xample of problem reductiona
generated by the agent

AR

o %

Learning from Examples
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IF we have to solve
<Problem>

Main
PVS Condition

Except-When
PVS Condition

THEN solve

gSub-probIem 1>

<Sub-problem m>
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Rule Specialization with a Negative Example

Rule

I]I: |Asscss whether 701 is a potential PhD advisor for 702 in 703. |

Negative Example

g i likely to stay on the faculty of 7O for the duration of the PhD dissertation o
Q: Is 701 f; f 70 fi f f
Problem (] ©||rox
Assess whether Dan Smith is a potential PhD advisor for Bob Sharp in Information A: ||Yes because 701 has a/an 7035 which is a long-term faculty position.
Security.
MAIN CONDITION
Question = =
Is Dan Smith likely to stay on the faculty of George Mason University for the Var Lower Bound Upper Bound
duration of the PhD dissertation of Bob Sharp? 0! || (PhD advisor, assoctate professor ) (person )
Answer 202 (PhD student ) (actor )
Tes because Dan Smith has a tenured position which is a long-term faculty
position 203 Artificial Intelligence (research area )
— 204 (universiry ) (actor )
Xplanauons
tenured position <—has as position— Dan Smith —has as employer—s George Mason Univer « 2035 tenured position (long-term faculty position )
tenured position is long-term faculty position - : : : =
‘| s | b Var Relationship | Var
&l 01 || has as position | PO
Sub-Problem
2 s 25 emplover || A
Assess whether Dan Smith would be a good PhD advisor for Bob Sharp in JOI A e aploer ) 104
Information Security. EXCEPT WHEN CONDITION 1
Fal I ure EX p | an atl on ) {\G Var Lower Bound ‘b-PF'Er Bound
: : \ r, full
Dan Smith plans to retire from ct 5pe’ o0 @D adisor, Rl pafefSor) | (person)
. . . a e .
George Mason University WO A 104 Sl e,
. G(\ Var Relationship | Var
Rewrite as 9
v 201 || plans to retre from | 704
7\

Except When Condition 1

?01 is Dan Smith
plans to retire from 2?04 oe®

?04 is George Mason University

a 2010, Learningdgents Center
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Solving, Critiquing, and Refinement

L. Solving | Applies learned rules to solve new problems
r

_|}Assess whether Jane Austin is a potential PhD adwisor for Bob
| |Sharp.

\__nove J/

a 2010, Learningdgents Center

Refines
Is Bob Sharp mterested in the area of expertise of Jane Austin? rule with
<& Yes because Bob Sharp 15 mterested in Information Secunty positive
which 1s the area of expertise of Jane Austin. example
Correct ~ — _ ~
Critiquil Asscs; whether J gnc Auan 15 a potential PhD adwvisor for Bob
. Sharp in Information Secunty.
=
Is Jane Austin likely to stay on the faculty of George Mason Refin_es
| University for the duration of the PhD dissertation of Bob Sharp? >ru|e W_|th
| Yes because Jane Austin has a tenured position which is a negative
long-term faculty position. example
Incorrect ssess whether Jane Austin would be a good PhD advisor for
because ob Sharp m Information Secuntv
Jane _ — —
Austin
plans to

30



Assess whether 701 is a potential PhD advisor for 702 in ?03._

Rule Specialization

Q: ||Is 701 likely to stay on the faculty of 70+ for the duration of the PhD dissertation of 202?

A: || Yes because 201 has a‘an 705 which is a long-term faculty position.

MAIN CONDITION
Probl
romEn L . . . . & Var Lower Bound Upper Bound
Assess whether Jane Austin is a potential PhD advisor for Bob Sharp in Information
Security. 201 |(PhD adwisor, associate professor ) (person )
- 202 (PhD student ) (actor )
Question
Is Jane Austin likely to stav on the faculty of George Mason University for the 203 Artificial Intelligence (research area )
duration of the PhD disserfation of Bob Sharp? 204 (Gaiversity ) (actor)
Answer
Yes because Jane Austin has a tenured position which is a long-term faculty position. 205 tenured position (fong-term faculty position )
Explanations Var Relationship |Var

tenured position <—has as position— Jane Austin —has as employer—= George Mast = | Remove

e N 201 || has as position |?205
tenured pasition is long-term faculty position

Except when: 20] |has as emplover | 204
Jane Austin —plans to retire from—3 George Mason University -
1| m | F EXCEPT WHEN CONDITION 1
Sub-Problem M Var Lower Bound Upper Bound
Assess whether Jane Austin would be a good PhD advisor for Bob Sharp in 201 |(PhD adwvisor, full professor ) | (person)
Information Secuity. 704 (university ) (organization )

Var Relationship |Var

Failure Explanation

Jane Austin plans to move to
Indiana University

Rewrite asl

201 |plans to retire from | 204

EXCEPT WHEN CONDITION 2

)S‘ Spec'\“c Var__|__—» Lower Bound Upper Bound

r\era\'\Za\'\O\" 201 |(®PhD adW
Jm—/(mx-«si:y )

(organization )

e

S
Except When Condition 2 _/g

?01 is Jane Austin = genera\ Var | Relationship |Var
plans to move to 2?04 [ —| 0
?06 is Indiana University

nene"a\‘\za“on 201 |plans to move to | 206
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Solving, Modeling, and Learning

Applies
learned

Assess whether Jill Knox is a potential PhD advisor for
Peter Jones.

rules to

solve new|
problems

. Modeli
W,
a2

\

Extends the
reasoning tree
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Is Peter Jones interested in the area of expertise of Jill
Knox?

Yes because Peter Jones is interested in Information
Security which is the area of expertise of Jill Knox.

f

Assess whether Jill Knox is a potential PhD advisor for
Peter Jones in Information Security.

Is Jill Knox likely to stay on the faculty of George Mason
University for the duration of the PhD dissertation of

= Peter Jones?
Yes because Jill Knox has a tenure track position and it is
almost certan that Jill Knox will get a tenured position.

Learns a
new rule

Assess whether Jill Knox would be a good PhD advisor
for Peter Jones in Information Security.

32



Rule Learning

-
[£| Rule Viewer M

EEDUCTION RULE DDE.00028 FOEMAL DESCRIPTION

IF: Assess whether 707 is a potential PhD advisor for 702 m 703,
REDIL_J%'?I\_T(ID\:\IIEEU LE Q: Is P17 likely to stay on the faculty of ?O4 for the
duration of the PhD) dissertation of 7027
2 ‘an A3 it 15 7, 7
REDUCTION EXAMPLE ] A E;ci:ég;hasaxm.ﬂa and it is 2577 that 701 i
MATIN CONDITION
Var Lower Bound Upper Bound
01 (assistant professor ) (professor )
02 (PhD) student ) (actor )
203 Information Security (research area )
04 (university ) (actor )
05 tenure track position tenure track position
206 tenured position tenured position
#5311 || [almost certain - almost certam] || [no possibihiy - certam)
Var Relationship Var
J01 has as posttion || 705
201 has as emplover || 704
701 || lkelihood of tenure || 2571

THEN: | Assess whether ?0J would be a good PhD advisor for 702 n 703,
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