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Advanced Technology LaboratoriesAdvanced Technology Laboratories

 150 employees150 employees

 Innovate technologies for ready insertion intoInnovate technologies for ready insertion into
Lockheed Martin and other industry productsLockheed Martin and other industry products

 4 Laboratories4 Laboratories
-- Advanced Concepts,Distributed Processing,Embedded ProcessingAdvanced Concepts,Distributed Processing,Embedded Processing

-- Artificial IntelligenceArtificial Intelligence
 Department of DefenseDepartment of Defense

-- Basic and applied researchBasic and applied research

 Autonomy, Human Centered Interfaces, Situation UnderstandingAutonomy, Human Centered Interfaces, Situation Understanding

 Net-Centric Operations TechnologyNet-Centric Operations Technology

-- ContractsContracts

-- Internal Research and DevelopmentInternal Research and Development

 Agent LearningAgent Learning

Web address: http://www.atl.lmco.com  email:dcooper@atl…



January 27, 2006 3

Operational ProblemOperational Problem

     Operational Unit (OU)      Operational Unit (OU) 
     Supply Unit (SU)     Supply Unit (SU)
     Supply Ship     Supply Ship
     Supply Route (SR)     Supply Route (SR)
     Unit Route     Unit Route

KeyKey

Net-Centric LogisticsNet-Centric Logistics
Old way: Centralized,Old way: Centralized,
HierarchicalHierarchical
New way: IndividualNew way: Individual
Units decideUnits decide

Coordinated logistics among lower echelons form a complex systemCoordinated logistics among lower echelons form a complex system
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Technical ChallengesTechnical Challenges

     Operational Unit (OU)      Operational Unit (OU) 
     Supply Unit (SU)     Supply Unit (SU)
     Supply Ship     Supply Ship
     Supply Route (SR)     Supply Route (SR)
     Unit Route     Unit Route

KeyKey

 Persistent monitoringPersistent monitoring
and assistanceand assistance

 Dynamically changingDynamically changing
tactical environmenttactical environment

 A generalized solutionA generalized solution

Many factors to consider when changing plansMany factors to consider when changing plans
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Benefits of Solving Technical ChallengesBenefits of Solving Technical Challenges

     Operational Unit (OU)      Operational Unit (OU) 
     Supply Unit (SU)     Supply Unit (SU)
     Supply Ship     Supply Ship
     Supply Route (SR)     Supply Route (SR)
     Unit Route     Unit Route

KeyKey

 Fewer manuallyFewer manually
intensive tasksintensive tasks

 Exploit OpportunitiesExploit Opportunities

 Avoid Plan CollisionsAvoid Plan Collisions

Software Agents can be used for decision supportSoftware Agents can be used for decision support
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Technical Approach to Achieve AdaptationTechnical Approach to Achieve Adaptation

 People are good at adapting to changePeople are good at adapting to change

 Apply three elements from cognitiveApply three elements from cognitive
researchresearch
-- A system that interacts with its environmentA system that interacts with its environment

-- Mechanisms for adaptationMechanisms for adaptation

-- Mechanisms for stabilityMechanisms for stability
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InputInput ProcessingProcessing OutputOutput

DecisionDecision

OrientationOrientation DecisionDecision

Plan Plan 
BehaviorBehavior

ReflexReflex
 Behavior Behavior

AwarenessAwareness
ActionActionStimulusStimulus

ObservationObservation ActionAction

Technical Approach: Element 1Technical Approach: Element 1

Put modules for interaction into a software paradigm.Put modules for interaction into a software paradigm.
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Technical Approach: Element 2Technical Approach: Element 2
Adaptation MechanismsAdaptation Mechanisms  (Jean Piaget)(Jean Piaget)
 AssimilationAssimilation

-- Adapting the environment to world modelAdapting the environment to world model

 AccommodationAccommodation
-- Adapting self to environmentAdapting self to environment

 EquilibrationEquilibration
-- The stability mechanismThe stability mechanism
-- Finding balance between assimilation andFinding balance between assimilation and

accommodationaccommodation
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Technical Approach: Element 2Technical Approach: Element 2
Example: Children and AnimalsExample: Children and Animals
 KnownKnown

Dog:Dog:

 UnknownUnknown

???:???:

 AssimilationAssimilation

Dog:Dog:

 AccommodationAccommodation

Dog:Dog:

Cow:Cow:
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Operational Unit ExampleOperational Unit Example

OKOKOKOKLowLowLev.Lev.

PreferPrefer

No dataNo data33SU 3SU 3

No dataNo data22SU 2SU 2

No dataNo data11SU 1SU 1

ReliableReliableAmmoAmmoFuelFuelFoodFood

Food is low so order food from SU 1Food is low so order food from SU 1
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Accommodate

Failed to receive food; food is still low,
so order food from SU 2

Operational Unit ExampleOperational Unit Example

OKOKOKOKLowLowLev.Lev.

PreferPrefer

No dataNo data33SU 3SU 3

No dataNo data22SU 2SU 2

0% (0/1)0% (0/1)22SU 1SU 1

ReliableReliableAmmoAmmoFuelFuelFoodFood
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Accommodate

Operational Unit ExampleOperational Unit Example

OKOKOKOKOKOKLev.Lev.

PreferPrefer

No dataNo data33SU 3SU 3

100% (1/1)100% (1/1)11SU 2SU 2

0% (0/1)0% (0/1)22SU 1SU 1

ReliableReliableAmmoAmmoFuelFuelFoodFood

Received food from SU 2; Accommodate
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Operational Unit ExampleOperational Unit Example

OKOKLowLowOKOKLev.Lev.

XX

PreferPrefer

No dataNo data33SU 3SU 3

100% (1/1)100% (1/1)xx11SU 2SU 2

0%(0/1)0%(0/1)22SU 1SU 1

ReliableReliableAmmoAmmoFuelFuelFoodFood

SU 2 becomes preferred supplier;
fuel is low, so try SU 2

Assimilate
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StimulusStimulus

FrustrationFrustration

AssimilationAssimilation AccommodationAccommodation

Convert novelConvert novel
stimulus intostimulus into
most similar,most similar,
familiar  stimulus.familiar  stimulus.

Novel Novel 
StimulusStimulus

InadequateInadequate
AssimilationAssimilation

Modify behavior toModify behavior to
handle changes inhandle changes in

understanding of theunderstanding of the
environment.environment.

ObservationObservation OrientationOrientation DecisionDecision ActionAction

Goal Based Goal Based 
AdaptivityAdaptivity

Plan Plan 
BehaviorBehavior

ReflexReflex
 Behavior Behavior

AwarenessAwareness DecisionDecision ActionAction

ExpectationsExpectations

Adding Adaptation to the Decision ModelAdding Adaptation to the Decision Model
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Element 2 Re-Casts the StabilityElement 2 Re-Casts the Stability
ProblemProblem

 FromFrom
-- How can a system be both predictable andHow can a system be both predictable and

flexible?flexible?

 ToTo
-- Stability through equilibration of assimilationStability through equilibration of assimilation

and accommodation controlled by and accommodation controlled by ““consistentconsistent
intent?intent?””
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Technical Approach: Element 3Technical Approach: Element 3
Stability MechanismsStability Mechanisms
 Homeostasis according to AshbyHomeostasis according to Ashby

-- ““A form of behavior is adaptive if it maintains theA form of behavior is adaptive if it maintains the
essential variables within physiological limits.essential variables within physiological limits.””**

 ““Essential variablesEssential variables”” or Homeostatic Variables or Homeostatic Variables
((HVsHVs) represent intent of the system) represent intent of the system

 Goal becomes to maximize the margin from eachGoal becomes to maximize the margin from each
““physiological limitphysiological limit”” of each  of each ““essential variableessential variable””

* W. Ross Ashby, Design For a Brain, 2* W. Ross Ashby, Design For a Brain, 2ndnd ed. pg. 58 ed. pg. 58
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Technical Approach: Element 3Technical Approach: Element 3
Stability MechanismsStability Mechanisms
 Homeostatic Variables (Homeostatic Variables (HVsHVs))

-- A set of ideal levelsA set of ideal levels

-- Decisions motivated by variablesDecisions motivated by variables

Too HighToo High

Too LowToo Low

GoodGood

LowLow

HighHigh

Food LevelFood Level Fuel LevelFuel Level Ammo LevelAmmo Level
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Technical Approach: Element 3Technical Approach: Element 3
Example: Create Consistent IntentExample: Create Consistent Intent
 Example behaviorsExample behaviors

1.1. Order fuel => increased fuelOrder fuel => increased fuel

2.2. Target Practice => decreased ammoTarget Practice => decreased ammo

Too LowToo Low

GoodGood

LowLow

HighHigh

Food LevelFood Level Fuel LevelFuel Level Ammo LevelAmmo Level

1.1.

2.2.
Too HighToo High
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Adding Stability Mechanisms To TheAdding Stability Mechanisms To The
Decision ModelDecision Model

 DamasioDamasio’’s s Somatic Markers (   )Somatic Markers (   )
-- Given an HV level, create a marker that links toGiven an HV level, create a marker that links to

a behavior that moves the level towards thea behavior that moves the level towards the
““GoodGood”” area. area.

-- Learning is invoked whenLearning is invoked when
the behavior fails to movethe behavior fails to move
in the intended direction.in the intended direction.

-- Behaviors have an expectedBehaviors have an expected
impact on impact on HVsHVs.. Too LowToo Low

GoodGood

LowLow

HighHigh

Too HighToo High
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Adding Stability Mechanisms To TheAdding Stability Mechanisms To The
Decision Model: Evaluating ActionsDecision Model: Evaluating Actions

 Expectation vs. observationExpectation vs. observation

 Role of ExpectationsRole of Expectations
-- Used to choose actionsUsed to choose actions

-- Used to evaluate actionsUsed to evaluate actions

-- Used to guide adaptationUsed to guide adaptation

-- Can be learned from experience.Can be learned from experience.

ActionAction ExpectationExpectation

StimulusStimulus ObservationObservation
EvaluationEvaluation

AwarenessAwareness

KBKB

HVsHVs
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Current StatusCurrent Status

 Adaptive, Cognitive Agent ArchitectureAdaptive, Cognitive Agent Architecture
-- Implements PiagetImplements Piaget’’s adaptation model:s adaptation model:

assimilation, adaptation, equilibrationassimilation, adaptation, equilibration
 Applies Reinforcement Learning TechniqueApplies Reinforcement Learning Technique

-- Controls Learning with Controls Learning with DamasioDamasio’’s s SomaticSomatic
Marker modelMarker model
 Stable in most casesStable in most cases
 May have trouble with large number of May have trouble with large number of HVsHVs

-- Demonstration/Experimentation on simplifiedDemonstration/Experimentation on simplified
Sense and Response Logistics scenarioSense and Response Logistics scenario
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ConclusionsConclusions

 Realization of PiagetRealization of Piaget’’s and s and DamasioDamasio’’ss
theories provides competent, adaptivetheories provides competent, adaptive
behaviorbehavior

 Achieves general-purpose (not domain orAchieves general-purpose (not domain or
task specific) machine learning andtask specific) machine learning and
adaptationadaptation

 Actual Deployment will require strongerActual Deployment will require stronger
stability resultsstability results
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Future WorkFuture Work

 Formalize the Stabilization ProcessFormalize the Stabilization Process

-- Ashby Ashby ––  Polystable Polystable systemsystem

 Change more than one parameter if theChange more than one parameter if the
parameters donparameters don’’t interactt interact

-- Keep track of interactionsKeep track of interactions

-- Keep track of what changes causeKeep track of what changes cause
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Backup SlidesBackup Slides
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Evaluation CapabilityEvaluation Capability

 What is VariedWhat is Varied
-- Supply Units(Supply Units(SUsSUs))

 Number of assetsNumber of assets

-- Operational Units(Operational Units(OUsOUs))
 Rates of supply useRates of supply use

-- Geographical positionGeographical position

-- CapacityCapacity

-- SpeedSpeed

-- Initial ConditionsInitial Conditions

 Two PerspectivesTwo Perspectives
-- OUs OUs Request SuppliesRequest Supplies

-- SUs SUs Supply Supply OUsOUs

 Performance FactorsPerformance Factors
-- Operational AvailabilityOperational Availability

-- Well-being of AgentsWell-being of Agents

-- Time to Adapt to aTime to Adapt to a
ChangeChange
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Environmental EffectsEnvironmental Effects

 Food consumptionFood consumption

 Burning fuelBurning fuel

 TheftTheft

 Supplies found by unitSupplies found by unit


