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Presentation ContentPresentation Content

Conceptual mapping betweenConceptual mapping between
the Effectsthe Effects--Based Approach to Operations (EBAO) Based Approach to Operations (EBAO) 
and classical Control Systems Engineering.and classical Control Systems Engineering.

Illustrations from C2 and analytical tools used in Illustrations from C2 and analytical tools used in 
Multinational Experiment 4 (MNEMultinational Experiment 4 (MNE--4), Feb4), Feb--Mar 2006.Mar 2006.

Suggested augmentation of current EBAO elements.Suggested augmentation of current EBAO elements.
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Definitions (I)Definitions (I)

The MNEThe MNE--4 EBO definition:4 EBO definition:
Operations that are planned, executed, assessed and adapted baseOperations that are planned, executed, assessed and adapted based d 
on a on a holistic understandingholistic understanding of the operational environment in order to of the operational environment in order to 
influence and change system behaviour or capabilities using the influence and change system behaviour or capabilities using the 
integrated integrated application of selected instruments of powerapplication of selected instruments of power to achieve to achieve 
directed policy aims, directed policy aims, (the desired end(the desired end--state).state).

The NATO EBAO definition:The NATO EBAO definition:
The coherent and comprehensive application of the various The coherent and comprehensive application of the various 
instruments of the Allianceinstruments of the Alliance, combined with the practical cooperation , combined with the practical cooperation 
along with involved nonalong with involved non--NATO actors, to NATO actors, to create effectscreate effects necessary to necessary to 
achieve planned objectives and ultimately the NATO endachieve planned objectives and ultimately the NATO end--state.state.

Key feature of EBO/EABO:Key feature of EBO/EABO:
-- The The systems approachsystems approach to the understanding of the operational          to the understanding of the operational          

environment for the planning and assessment of the operation.environment for the planning and assessment of the operation.
-- Explicit Explicit expansion of theexpansion of the dimensions of the operational environmentdimensions of the operational environment

to include nonto include non--military as well as military factors and means.military as well as military factors and means.
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EBAO Key ElementsEBAO Key Elements

Knowledge Base DevelopmentKnowledge Base Development

Effects BasedEffects Based
PlanningPlanning

Effects BasedEffects Based
ExecutionExecution

Effects BasedEffects Based
AssessmentAssessment

Operational AnalysisOperational Analysis

Initiating Initiating 
DirectiveDirective
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MNEMNE--4 Participants & Purpose4 Participants & Purpose

Coalition Task ForceCoalition Task Force
(CTF) HQ(CTF) HQ

NATO Response ForceNATO Response Force
HQ withHQ with

NRFNRF--7 Resources7 Resources

Suffolk, Va
Istanbul

Europe CFBLNet

Exploration of Concepts and Tools for EBAOExploration of Concepts and Tools for EBAO
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MNEMNE--4 Scenario4 Scenario

HERAT

FARAH

KABUL

Shindand Air Base

HERAT

AFGHANISTAN

CFC / ISAF / NATO
CTF JOA
AFFOR JOA

NATO Res
ponse

 Force
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Experimental Tools for EBAO in MNEExperimental Tools for EBAO in MNE--44

KB development

EB-Planning

Ops Analysis

EB-Execution

EB-Assessment

EB-TOPFAS

ONA Mind Manager

GAMMA JOANA PEPSI DMSCupol/Stratmas

EB-TOPFAS Web/Wise COP ! MS-Office !

EBAT ! MS-Office !
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Real World being 
modeled

Knowledge Base DevelopmentKnowledge Base Development

Reference 
Databases

Common Operational
Picture

Common 
Operational Picture
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System of Systems 
Modeling

System of Systems 
Structure Building
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System Elements and RelationshipsSystem Elements and Relationships

Political   Political   
InfrastructureInfrastructure

SocialSocial
InformationInformation

EconomicEconomic

MilitaryMilitary

Links:Links:
RelationshipsRelationships

Nodes:
System Elements
with attributes

Subsystems
(PMESII)
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Sample: Knowledge Base DevelopmentSample: Knowledge Base Development
(Mind Manager: Structural Diagrams) (Mind Manager: Structural Diagrams) 

© IABG 2006Source:
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Narrative
Description

Reference
Links

Systems
And System 

Elements Tree

Structural 
and Influence

Diagrams

Sample: Modeling of RelationshipsSample: Modeling of Relationships
(EB(EB--SAT: System Analysis Tool)SAT: System Analysis Tool)
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System Attributes System Attributes 
= State Variables= State Variables

Operational Operational ActionsActions
= = ControlControl VariablesVariables

Sample: Modeling of RelationshipsSample: Modeling of Relationships
(System Dynamics / Influence Diagrams)(System Dynamics / Influence Diagrams)

AntiAnti SubversionSubversion
EffortsEfforts

Taliban Social andTaliban Social and
Political Political EffortsEfforts

Transfer RateTransfer Rate Population Population SupportingSupporting
TalibanTaliban

Taliban
Strength

SuppliesSupplies andand
RecruitsRecruits

SupplySupply ControlControl
EffortsEfforts

MilitaryMilitary
ResponseResponse

+

+

+
+

+
+

Persuasion
Loop +

+/-
Compulsion

Loop +/-
Logistic
Loop +/-

Martin Valkysers,17.06.2005 - adapted from R. G. Coyle: 
„A Systemic Description of Counter Insurgency Warfare“, 
Policy Sciences 18 (1985), pp 55-78. Elsevier Science 
publishers B.V., Amsterdam. 

Reference:

© IABG 2006Source:
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Definitions (II)Definitions (II)

EffectsEffects are changes in the state of the attributes of are changes in the state of the attributes of 
the system elements caused by the mutual the system elements caused by the mutual 
relationships, disturbances (Acts of God) and relationships, disturbances (Acts of God) and 
operational actions designed to bring the system operational actions designed to bring the system 
to the desired endto the desired end--state.state.

ActionsActions are performed by the resources (are performed by the resources (““selected selected 
instrumentsinstruments”” including military forces) that have including military forces) that have 
been made available for the operationbeen made available for the operation
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Operational Dynamics (I)Operational Dynamics (I)
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I
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x = dx/dt = f {x(t), w(t), u(t), t}
.

DiplomaticDiplomatic

InformationalInformational

MilitaryMilitary

EconomicEconomic

PoliticalPolitical

MilitaryMilitary

EconomicEconomic

SocialSocial

InfrastructureInfrastructure

InformationInformation

Stochastic Disturbances
w(t)

Operational Actions
u(t)

System State
x(t)

A
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n 
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Notes:  1) Opposing forces and their actions are integral with the operational environment.
2) In NATO terminology DIME + PMESII = PMCE (Political, Military, Civil, Economic).
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x1

x(tx(t=t=t00))

Expected situational Expected situational 
development without development without 
NATO interventionNATO intervention

Expected situational Expected situational 
development according to development according to 
operational designoperational design

x(tx(t==ttff))
Region of StabilityRegion of Stability

x2

Desired EndDesired End--StateState

Current SituationCurrent Situation

Operational Dynamics (II)Operational Dynamics (II)

How to develop the operational designHow to develop the operational design
of synchronized  actions of synchronized  actions u(tu(t) ) 

to bring the system from its current stateto bring the system from its current state
to the desired endto the desired end--state state x(tx(tff).).
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Sample: EBSample: EB--Plan Hierarchical View Plan Hierarchical View 
(EB(EB--TOPFAS)TOPFAS)

Desired
End State

Effects

Actions

Resources
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Sample: Tool support for EBPSample: Tool support for EBP
(EB(EB--TOPFAS: Tool for Ops Planning Force Activation and Simulation)TOPFAS: Tool for Ops Planning Force Activation and Simulation)

Operational
Design 

Diagrams

Resource
Allocation 

Views

Synchronisation
Matrices

(Gantt Chart)

Map Views
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Monitoring the Operational EnvironmentMonitoring the Operational Environment
for Effects Based Assessmentfor Effects Based Assessment

Real-world Elements and Relationships
of the Operational Environment

… the measurement process
z(t) = h {x(t), v(t), t}

Models of …

… the dynamic relationships
x = f {x(t), w(t), u(t), t}
.

Real-world Observation of Events and Developments
in the Operational Environment

UncertaintyUncertainty
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Development, refinement and revisionDevelopment, refinement and revision
of the Planned Course of Actionof the Planned Course of Action

1. Based on the postulated system dynamics and the measurement 
process, define the best estimator for the state variable values.

2. From the state estimates, the desired end-state, the operational 
objectives, the restraints and the constraints, define the nominal 
Course of Action (COA).

3. In each operational decision cycle, reappraise the postulated 
relationships as well as the state variable estimates and the COA 
for the remainder of the operation.

Further details on the optimal control approach in the paperFurther details on the optimal control approach in the paper
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Operational Dynamics
(SoSA)

Equation 2.5 or 4.1

Measurment Process
(Observations/Intelligence)

Equation 3.1 or 4.2

Deterministic Controller
(Defining the Actions/Resources)

Equations 4.10 - 4.12

Optimal Filter
(Estimating the State)

Equations 4.5 - 4.8

System Identification and Monitoring

Operational Design and Management

xk

Effects

zk
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ns

uk+1

xk

Assessment
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ct
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ns

wk vkDisturbances Uncertainty

^

The optimal control representation of The optimal control representation of 
Assessment, Assessment, Planning and ExecutionPlanning and Execution
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The practical The practical vsvs the theoretical the theoretical 

• The theoretical optimal control formulation (in the paper) 
is  a framework for the analytical support; -

not a feasible method for the “calculation” of plans.

• Use of the System Dynamics quantitative relationships 
in a “what-if” stochastic simulation model

is a practical way-ahead.
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Sample: COA Sample: COA ““whatwhat--ifif”” AnalysisAnalysis
(GAMMA: Agent based modeling)(GAMMA: Agent based modeling)

Modeling
Assumptions Projected Operational ProgressProjected Operational Progress

from Alternative Actionsfrom Alternative Actions
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SummarySummary

EBAO in its current form needs to be augmented by:EBAO in its current form needs to be augmented by:
Postulated Postulated quantitative analytical dynamic relationshipsquantitative analytical dynamic relationships
between the elements of the operational environment between the elements of the operational environment 
and between the operational system elements and the and between the operational system elements and the 
observable factors.observable factors.
Explicit representation (modelling) of Explicit representation (modelling) of uncertaintiesuncertainties and and 
stochastic disturbances.stochastic disturbances.
Designated Designated group(sgroup(s) of ) of Operational AnalystsOperational Analysts for direct for direct 
support to the Effectssupport to the Effects--Based Assessment and Planning.Based Assessment and Planning.
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Point of ContactPoint of Contact
Håkon Thuve

Phone:

Postal address:
NATO C3 Agency
P.O. Box 174
2501 CD The Hague
The Netherlands

Telephone +31 (0)70 3743632
Fax +31 (0)70 3743069

thuve@nc3a.nato.int
E-mail:
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