Leo de Penning

Neural Symbolic Cognitive Agents
Training and Assessment in Simulators

TNO | Knowledge for business T-.




TNO Virtual Instruction Platform (VIP)

Integrating Users, Environments and Organizations for Training, Assessment and Research

Pedagogical \ 2N Technical
\‘%

* Simple and seamless integration of
learning with CBT and live or simulated
environments

« Standardized real-time performance

»
measurement and administration
* Interoperability of learning content

« Standardization of CBT and simulator Progress { B
didactics Conrol | * Improved reusability
 Automated assessment of low- and high- \ Uniform virtual instruction environment
order skills
N Saaadle

Response 1
Actlion |

Automated
Assessment?

+- Scenario
— Requests
Observations —

TNO TRINITY

Manager

Profile
Log

Results

Feedback

Organizational

 Content development independent of
training environment

» Cost reduction

« Standardized and reusable learning
content and results

J&8  seven Wonder of the World.
s

* Learning anytime, anywhere

2 Neural Symbolic Cognitive Agents for Training and Assessment in Simulators 2-8-2010 'l.l @



Automated Assessment!
The ingredients

1. Start with an agent with access to the simulator, task
and user

2. Add a Recurrent Temporal Restricted Boltzmann
Machine (RTRBM)

3. Use a Continuous Stochastic input layer to handle
continuous data

4. Encode and extract knowledge to/from RTRBM using
its energy function
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Virtual Instruction Platform
Configuration

- <SOAP-ENV:Envelope xmins:SOAP-ENV="http:/ /schemas.xmlsoap.org/soap/envelope/">
- <SOAP-ENV:Header=
<interval type="long" value="5" /=
<loglevel type="string" value="INFO" /=
- «childrenz
<simAgent class="org.tno.simscorm.simulation.hla.HLAgent" file="sim.xml" online="false" type="string" value="simAgent" /=
<coghgent class="org.tno.simscorm.assessment.ai.nsca.NSCAgent" file="cog.xml" online="false" type="string" value="cogAgent" /=
</childrenz
<agent class="org.tno.simscorm.instruction.Instructor" file="instruction.xml" online="false" type="string" value="VInstructor" /=
</SOAP-ENV:Header>
- <SOAP-ENV:Body=
- <Ccmiz
<launch_data type="string" value="destroy_tank123.xml" /=
<learner_name type="string" value="de Penning, Leo" />
<mode type="string" value="normal" /=
<progress_measure type="double" valus="0.0" />
<completion_threshold type="string" value="1.0" /=
<completion_status type="string" value="incomplete" />
<total_time type="string" value="PTOHOMOS" /=
<session_time type="timeinterval" value="1519459" /=
- <5cores:
<max type="double" value="100.0" /=
<raw type="double" value="100.0" />
«<scaled type="double" value="1.0" />
<min type="double" value="0.0" />
</score
<scaled_passing_score />
<success_status type="string" value="unknown" />
<exit type="string" value="suspend" />
- <objectives=
- <drive id="1">
<id type="urn" value="urn:tno:drive" /=
<description type="string" value="Drive for a while" /=
- <5Ccore:
<raw ref="world.student_car.RelativeSpatial.RPM" type="double" value="789.969630783632" /=
«<scaled type="double" value="-0.7742943912046766" />
<min type="double" value="0.0" /=
<max type="double" value="7000.0" /=
</score>
<success_status type="string" /=
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Virtual Instruction Platform
Presentation
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724 Welkom bij deze VIP Training. Het doel van de training is het
demonstreren van het TNO Virtuele Instructie Platform (VIP).
Hieronder staan een aantal leerdoelen vermeld welke tijdens de
raining geobserveert worden door VIP. VIP gebruikt SimSCORM
:echnologie om SCORM compliant leercontent te integreren met
rraining simulatoren op basis van standaarden zoals HLA en DIS.

Maak verbinding met de simulatie omgeving via de connect-knop
=2n start de training met de start-knop. Tussentijds kan de
nstructeur gestopt en weer gestart worden. Zodra u op Finish klikt
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1et LeerManagement Systeem (Moodle).
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Neural Symbolic Cognitive Agent
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Neural Symbolic Cognitive Agent
Recurrent Temporal Restricted Boltzmann Machine (RTRBM)
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Automated Assessment
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Neural Symbolic Cognitive Agent

Adaptive Training with Cognitive-based Feedback
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Neural Symbolic Cognitive Agent

Adaptive Training with Cognitive-based Feedback
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Neural Symbolic Cognitive Agent

Adaptive Training with Cognitive-based Feedback
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Neural Symbolic Cognitive Agent

Adaptive Training with Cognitive-based Feedback
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Neural Symbolic Cognitive Agent

Continuous Stochastic Input
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Hsin Chen and Alan F. Murray. Continuous restricted Boltzmann machine
with an implementable training algorithm. In Vision, Image and Signal
Processing, IEE Proceedings, pages 153-158, 2003.
A
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Neural Symbolic Cognitive Agent

Symbolic Extraction and Encoding with Penalty Logic

Penalty Logic Well Formed Formula (PLOFF):

1000 N—R Nixon is a Republican

1000 N—-Q Nixon is also a Quaker

10 R — =P  Republicans tend not to be Pacifist
10 Q—P Quakers tend to be Pacifist

3000 N the person we reason about is Nixon

Gadi Pinkas. Reasoning, nonmonotonicity and
learning in connectionist networks that capture
propositional knowledge. In Artificial Intelligence
V.77 n.2, pages 203-247, September 1995.

Ay
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Neural Symbolic Cognitive Agent
Symbolic Extraction and Encoding with a RTRBM

R~ I (D=1
e—R™" 1 ()=0
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Neural Symbolic Cognitive Agent

From Penalty Logic to Temporal Logic

Conditions:
(Area = urban)

Scenario:
Approachingintersection A O(Approaching Traffic = right) [:@@
((Speed > 0) A (Headingintersection)) S (Distancelntersection < x)

— Approachingintersection

Assessment:
Approachinglintersection  (Distancelntersection =
(ApproachingTraffic = right) A o(Speed = 0) — (Evaluati

Trainee

Temporal Logic:
aSB: B — aSB
a A e(aSB) — asSe

Fuzzy Evidential Logic:
B=true > w>0, -B=true< w<0
0B =true & w=1, o-B =true & w= -1
OB =true & w= 0, 0-B =true & w=0

Luis C. Lamb, Rafael V. Borges, Artur S. d'Avila Garcez. A

Ron Sun. A neural network model of causality. In IEEE Connectionist Cognitive Model for Temporal Synchronisation and

;’;.e;njiit/o;vggc;n Neural Networks, Vol. 5, No. 4. pages 604- Learning. In Proceedings of the Conference on Association for the
-y ’ Advancement of Artificial Intelligence (AAAI), pages 827-832,
2007.
Ay
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Results

- <environment comment="Agent environment" type="org.tno.trinity.models.Model":
- «assessor interval="100" type="org.tno.trinity.agents.NSCAgent">
- <memory comment="Agent memory" type="org.tno.trinity.views.View">
- «<environment comment="Agent environment" type="org.tno.trinity.models.Model">=
- <brain comment="Assessment model" cost="2.0000000000000002E-7" epochs="1" momentum="0.5" rate="0.01" type="org.tno.trinity.views.CRTRBMView">
- <beliefs comment="Beliefs on the environment" type="double" value="0.1447801">
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" type="double" valus="90.0000000" /=
<speed bias="-54.9487688940324" id="1" max="7000.0" min="0.0" type="double" value="3014.6008232" /=
</beliefs=
- <rules comment="Rules for reasoning with beliefs" size="10">
- <rule_0 bias="4.2430946070335676" id="0" type="double" value="0.9555749">
- <prev_rules comment="Previous applied rules">
<rule_0D bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9938906" weight="0.8487069302943236" />

<rule_3 bias=
<rule_4 bias="4.5
<rule_E bias="4.2
<rule_6 bias="4.4
<rule_7 bias="4.5
<rule_8 bias="4.3
<rule_9 bias="4.4
=/prev_rules=
<zscore bias="0.361
zspeed bias="-54.¢

NSCA Prototype

198700954" /=
452327056" />
:586900216" /=
-6601093128" />
125091277" /=
278415648" /=
32260917" /=
756093129" /=
8752064891" /=

275" weight="0.418713272306781" />
10" weight="-9.057454322907315" />

<frule_0=
- <rule_1 bias="4.6006
- <prev_ru|es comme

<rule_0 bias="4.2
<rule_1 bias="4.6
<rule_2 bias="4.5
<rule_2 bias="4.4
<rule_4 bias="4.5
<rule_5 bias="4.2
<rule_6& bias="4.4
<rule_7 bias="4.5
<rule_8g bias="4.3
<rule_9 bias="4.4
=/prev_rules=

XML PLOFF

8701303594" /=
965825427" /=
977366996" /=
454964049" /=
4235958757" /=
957484513" />
125880919" />
46166499" /=

668209669" /=
0932719465" /=

<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" op="greaterorequal" type="double" value="56.9445477" weight="0.6595079032264266" /=
<speed bias="-54.9487688940324" 1d="1" max="7000.0" min="0.0" op="lessorequal’ type="double" value="7000.0000000" weight="-9.553719225414566" />

<frule_1=
- <rule_2 bias="4.505131823627538" id="2" type="double" value="0.9542151">

- «prev_rules comment="Previous applied rules">
<rule_0 bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9929133" weight="0.699327604961496" />
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal" type="double" value="0.9949409" weight="0.6808701223704264" />
<rule_2 bias="4.505131823627538" id="2" op="greaterorequal" type="double" value="0.9947669" weight="0.7423709632123091" />
<rule_3 bias="4.4602289442953211" id="3" op="greaterorequal" type="double" value="0.9951821" weight="0.8703549774488882" />
<rule_4 bias="4.5133254135314855" id="4" op="greaterorequal" type="double" value="0.9946559" weight="0.7130773368356851" />
<rule_5 bias="4.294075441783322" id="5" op="greaterorequal" type="double" value="0.9943501" weight="0.8763712983825316" />
<rule_6 bias="4.406469094358198" id="6" op="greaterorequal" type="double" value="0.9940962" weight="0.7197623194788468" />

e T Lio_ Na ranaannannenenal G100 o U e oW s~ DA L _l._ lm oAnsraaeal L iolr In s AnAsAnaTIaa ansnoal T
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esults

€ SIMNEC: SIWNEC - Windows [neemer Explorer 0 (N o] 5

@\J' https//localhost/mooadle/mod/scorm/player,php -] 42 ] x| 48 Googte £ -
¢ Favorites | ) SimMNEC: SimNEC 5 v B v [ & v Pagev Safety~ Tools~ @~ 2

Wednesday 10 June 2009

Je bent ingelogd als Administrator LT-lab (Log uit)
f&" TNO Learning Technology Lab # |

Home ssen Kalender Deelnemers Profiel

LTLDEMOM SimNECH SimNEC Stop
TNO SimSCORM Training
[ Destroy tanks T72 1, 2 and 3

SImNEC Training

[ Destroy tanks T72 4 Welkom byj deze SimSCORM Training. Het doel van de training is het
demonstreren van Virtuele Instructie platform SimSCORM. Hieronder staan
een aantal leerdoelen vermeld welke tijdens de training geobserveert worden
door SimSCORM. Deze training gebruikt SimSCORM technologie om
SCORM compliant leercontent te integreren met training simulatoren op basis
wvan standaarden zoals HLA en DIS.

Maak verhinding met de simulatie omeeving via de connect-knon en start de

E—

DEMO! =

Submit

Zompleted

Score 0| [ satisfied
Objectives

id description | score success_status completion_status progress_measure
[um tnozobjectivet Destroytank 772 1 10.0
| urn‘tnocobjective2 Destroytank 7722 |00
|urntnozobjective3 Destroytank T72 3 00

Simulation VR-Link20017-1 oms

Logging [] Record ] Playback ] Repeat
|

Learning

Connect

[] Learn

Finish

Done €& Local intranet | Protected Mode: Off f3 v ®105% -
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Future Work

- <environment comment="Agent environment" type="org.tno.trinity.models.Model":
- «assessor interval="100" type="org.tno.trinity.agents.NSCAgent">
- <memory comment="Agent memory" type="org.tno.trinity.views.View">
- «<environment comment="Agent environment" type="org.tno.trinity.models.Model">=
- <brain comment="Assessment model" cost="2.0000000000000002E-7" epochs="1" momentum="0.5" rate="0.01" type="org.tno.trinity.views.CRTRBMView">
- <beliefs comment="Beliefs on the environment" type="double" value="0.1447801">
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" type="double" valus="90.0000000" /=
<speed bias="-54.9487688940324" id="1" max="7000.0" min="0.0" type="double" value="3014.6008232" /=

- Readable represenation of XML PLOFF in temporal logic and
natural language

- Validation of Neural- Symbolic Cognitive Agent through validation

of extracted rules by Subject Matter Experts (SMES)

« Unsupervised learning of higher-order rules using Deep
Boltzmann Machines

ille_ie
- <rule_2 bias="4.505131823627538" id="2" type="double" value="0.9542151">
- «prev_rules comment="Previous applied rules">

<rule_0 bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9929133" weight="0.699327604961496" />
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal" type="double" value="0.9949409" weight="0.6808701223704264" />
<rule_2 bias="4.505131823627538" id="2" op="greaterorequal" type="double" value="0.9947669" weight="0.7423709632123091" />
<rule_3 bias="4.4602289442953211" id="3" op="greaterorequal" type="double" value="0.9951821" weight="0.8703549774488882" />
<rule_4 bias="4.5133254135314855" id="4" op="greaterorequal" type="double" value="0.9946559" weight="0.7130773368356851" />
<rule_5 bias="4.294075441783322" id="5" op="greaterorequal" type="double" value="0.9943501" weight="0.8763712983825316" />
<rule_6 bias="4.406469094358198" id="6" op="greaterorequal" type="double" value="0.9940962" weight="0.7197623194788468" />
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Neural Symbolic Cognitive Agent

Higher-order rules with Deep Boltzmann Machines

High-order Rules (T) — Hidden Layer

Symmetric
weighted

connections

Rules (T) — Hidden Layer

Symmetric Symmetric

weighted weighted

Connections connections
Rules (T-1) ’ [ Beliefs/Desires/Intentions — Visible Layer

T A
Context Data 0b$cript Learner data Measurements Feedback Scores Scores
jectives Instructions
Initial Conditions Scenario Learner Profile Measurement Data Feedback Low order High order
Assessments Assessments
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Neural Symbolic Cognitive Agent

Higher-order rules with Deep Boltzmann Machines

Rules (T) — Hidden Layer

Symmetric
weight_ed
Symmetric Symmetric connections
weighted weighted
Connections connections
‘ High-order Rules (T) — Hidden Layer
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Conclusions

- <environment comment="Agent environment" type="org.tno.trinity.models.Model":
- «assessor interval="100" type="org.tno.trinity.agents.NSCAgent">
- <memory comment="Agent memory" type="org.tno.trinity.views.View">
- «<environment comment="Agent environment" type="org.tno.trinity.models.Model">=
- <brain comment="Assessment model" cost="2.0000000000000002E-7" epochs="1" momentum="0.5" rate="0.01" type="org.tno.trinity.views.CRTRBMView">
- <beliefs comment="Beliefs on the environment" type="double" value="0.1447801">
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" type="double" valus="90.0000000" /=
<speed bias="-54.9487688940324" id="1" max="7000.0" min="0.0" type="double" value="3014.6008232" /=
</beliefs=
- <rules comment="Rules for reasoning with beliefs" size="10">
- <rule_0 bias="4.2430946070335676" id="0" type="double" value="0.9555749">
- <prev_rules comment="Previous applied rules">
<rule_0D bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9938906" weight="0.8487069302943236" />
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal’ type="double" value="0.9955558" weight="0.8110718198700954" />
<rule_2z bias="4.505131823627538" id="2" op="greaterorequal’ type="double" value="0.9941882" weight="0.6368960452327056" />

} Initial results are promising! ok,
- Experiments and validation ongoing - -

<ruie_b DIds="4.4U0409U94358198  10="0" vp="yreaierorequai iype=doubie vaiue= U.9931222 weighi=U.00008141£5880919" />
<rule_7 bias="4.59081292363604" id="7" op="greaterorequal" type="double" value="0.9945599" weight="0.6176915746166499" />
<rule_8 bias="4.395197504340316" id="8" op="greaterorequal" type="double" value="0.9945024" weight="0.8027390668209669" />
<rule_9 bias="4.4872190226728295" id="9" op="greaterorequal" type="double" value="0.9949347" weight="0.7930460932719465" />
=/prev_rules=
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" op="greaterorequal" type="double" value="56.9445477" weight="0.6595079032264266" /=
<speed bias="-54.9487688940324" 1d="1" max="7000.0" min="0.0" op="lessorequal’ type="double" value="7000.0000000" weight="-9.553719225414566" />
<frule_1=
- <rule_2 bias="4.505131823627538" id="2" type="double" value="0.9542151">
- «prev_rules comment="Previous applied rules">
<rule_0 bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9929133" weight="0.699327604961496" />
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal" type="double" value="0.9949409" weight="0.6808701223704264" />
<rule_2 bias="4.505131823627538" id="2" op="greaterorequal" type="double" value="0.9947669" weight="0.7423709632123091" />
<rule_3 bias="4.4602289442953211" id="3" op="greaterorequal" type="double" value="0.9951821" weight="0.8703549774488882" />
<rule_4 bias="4.5133254135314855" id="4" op="greaterorequal" type="double" value="0.9946559" weight="0.7130773368356851" />
<rule_5 bias="4.294075441783322" id="5" op="greaterorequal" type="double" value="0.9943501" weight="0.8763712983825316" />
<rule_6 bias="4.406469094358198" id="6" op="greaterorequal" type="double" value="0.9940962" weight="0.7197623194788468" />
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Questions?

- <environment comment="Agent environment" type="org.tno.trinity.models.Model":
- «assessor interval="100" type="org.tno.trinity.agents.NSCAgent">
- <memory comment="Agent memory" type="org.tno.trinity.views.View">
- «<environment comment="Agent environment" type="org.tno.trinity.models.Model">=
- <brain comment="Assessment model" cost="2.0000000000000002E-7" epochs="1" momentum="0.5" rate="0.01" type="org.tno.trinity.views.CRTRBMView">
- <beliefs comment="Beliefs on the environment" type="double" value="0.1447801">
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" type="double" valus="90.0000000" /=
<speed bias="-54.9487688940324" id="1" max="7000.0" min="0.0" type="double" value="3014.6008232" /=
</beliefs=
- <rules comment="Rules for reasoning with beliefs" size="10">
- <rule_0 bias="4.2430946070335676" id="0" type="double" value="0.9555749">
- <prev_rules comment="Previous applied rules">
<rule_0D bias="4.2430946070335676" id="0" op="greaterorequal" type="do
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal” type="do
<rule_2z bias="4.505131823627538" id="2" op="greaterorequal" type="doub
<rule_3 bias="4.460228944295311" id="3" op="grg@erorequal’ type="doub
<rule_4 blas—"4 5133254135314855" id="4" op="grgiterorequal" type="doub!

/=
128" />

<ru|e g b|as—"4 395197504340316" |d ="8" 5 al" type="double" ve:"0.9936395" welght "0.65606?0?56093129" /=
<rule_9 bias="4.4872190226728295" | pe="double" value="0.9953095" weight="0.8702908752064891" />
=/prev_rules=
zscore bias="0.361527418024024 Q
<speed bias="-54.9487689 — - 2 type="double" value="7000.0000000" weight="-9.057454322907315" /==
<frule_0=
- <rule_1 bias="4.600620290 4
- «prev_rules comment="Previo
<rule_0 bias="4.2430946070 e" value="0.9940046" weight="0.8676618701303594" />
<rule_1 bia ole" value="0.9947784" weight="0.6490951965825427" /=
<rule_2 bias="4. =" value="0.9952739" weight="0.8447893977366996" /=
<rule_2 bias="4.4602289< value="0.9940826" weight="0.6626945454964049" /=
<rule_4 bias="4. value="0.9957662" weight="0.9470814235958757" /=
<rule_5 bias="4.29 3 lue="0.9945492" weight="0.9124484957484513" />
<rule_6 bias="4.4 1 lue="0.99312232" weight="0.5660814125880919" />
<rule_7 blas—"4 292, 2="0.9945599" weight="0.6176915746166499" /=
<rule_8 bias="4. 6 p e="0.9945024" weight="0.8027390668209669" />
<rule_9 bias="4. 21 id=" qual" t doub lue="0.9949347" weight="0.7930460932719465" />
=/prev_rules= ’
<score bias="0.36152741802402305" id="0" max="100.0" min="0.0" o, re qual” type="double" value="56.9445477" weight="0.6595079032264266" /=
<speed bias="-54.9487688940324" 1d="1" max="7000.0" min="0.0" op="less _al" type="double" value="7000.0000000" weight="-9.553719225414566" />
<frule_1=
- <rule_2 bias="4.505131823627538" id="2" type="double" value="0.9542151">
- «prev_rules comment="Previous applied rules">
<rule_0 bias="4.2430946070335676" id="0" op="greaterorequal" type="double" value="0.9929133" weight="0.699327604961496" />
<rule_1 bias="4.600620292672413" id="1" op="greaterorequal" type="double" value="0.9949409" weight="0.6808701223704264" />
<rule_2 bias="4.505131823627538" id="2" op="greaterorequal" type="double" value="0.9947669" weight="0.7423709632123091" />
<rule_3 bias="4.4602289442953211" id="3" op="greaterorequal" type="double" value="0.9951821" weight="0.8703549774488882" />
<rule_4 bias="4.5133254135314855" id="4" op="greaterorequal" type="double" value="0.9946559" weight="0.7130773368356851" />
<rule_5 bias="4.294075441783322" id="5" op="greaterorequal" type="double" value="0.9943501" weight="0.8763712983825316" />
<ru|e 6 bias="4.406469094358198" id="6" op="greaterorequal" type="double" valus="0.9940962" weight="0.7197623194788468" />
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