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Outline of Presentation

 DoDAF Meta Model (DM2) pieces

 Formal ontologic foundation:  International Defence 
Enterprise Architecture Specification (IDEAS) overview

 Why we used IDEAS – benefits
• Simplification

• Quality

• Expressiveness

 The Physical Exchange Specification (PES)

 Active Configuration Management

 GFI Resources
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The DM2 Has Three Levels

DIV-1

DIV-2
(This is where 
almost all the design 
and analysis work is 
done)

DIV-3
(Auto-generated 
from the LDM)

Logical Data Model (LDM)
Reified and Formalized relationships

Conceptual 
Data Model 

(CDM)

Concepts and concept 
relationships

Physical Exchange Schema (PES)
XML encoding of LDM
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Conceptual Level is Simple

anything can have Measures

Guidance

Rule

Standard Agreement

Activity

Resource

Performer
System

Service

Organization

PersonRole

Materiel

Information

Data

Capability

Project

Location

GeoPolitical

Condition

Not shown but implied by the 
IDEAS Foundation:

• Everything is 4-D and so has 
temporal parts, i.e., states

• Everything has parts
• Everything has subtypes

is-performable-under

requires-
ability-to-
perform

achieves-desired-
effect (a state of a 

resource)

is-part-of

describes-
something

is-at

consumes-
and-

produces

has

is-the-
goal-of

constrains

is-
performed-

by

is-realized-
by
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IDEAS Foundation

overlap

superSubtype

Type

wholePart

Individual

beforeAfter

typeInstance

temporalWholePart

Thing

tuple

cou ple

Powertype

powertype Instance

IndividualType

supertype

before

whole

part
instance

subtype

type

after

*

places

2..*

*

1

*

1

0. .1

instance

1

powertype

«IDEAS:typeInstance»

«IDEAS:powertypeInstance»

http://www.ideasgroup.org or http://en.wikipedia.org/wiki/IDEAS_Group

 Four dimensionalist --
xyzt

 Extensional -- physical 
existence is the 
criterion for identity 

 Signs and 
representations are 
separated from 
referents

 Mathematics:
– Type theory ~ Set 

theory
– Mereology (wholes 

and parts)
– 4D Mereotopology 

(spatio-temporal 
relations)
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Why Formal Ontology for 
DoDAF 2

 Preface:  the general pattern of architecture 
data development and usage

 Benefits of IDEAS:

1. Model quality and simplification

2. Mathematical rigor

3. Expressiveness
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General Pattern of Architectural 
Description Usage

Create 
architectural 
descriptions

Use 
architectural 
descriptions

Create 
architectural 
descriptions

Create 
architectural 
descriptions

Create 
architectural 
descriptions

Create 
architectural 
descriptions

Create 
architectural 
descriptions

Create 
architectural 
description  JCIDS

 PPBE

 DAS

 SE

 Ops Planning

 CPM

The very reason for EA implies 
a need to look at data from 

multiple sources
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Simplification and Quality: Rigorously 
worked-out common patterns are reused

 Saved a lot of repetitive work – “ontologic free lunch”

 Concentration of rigor on common patterns results in 
higher quality and consistency throughout

 Model compactness -- DM2 is tiny compared to its 
predecessor by two orders of magnitude!

 Easier to learn -- a few hard concepts are easier to learn 
than thousands of conceptually intractable ones.

 Implementations get reuse too – same code, queries, … 
work for many datasets
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Mathematical Rigor:  Some 
Math Sources

 National Center for Ontologic Research (NCOR), 
http://ontology.buffalo.edu/smith/

 Direct Model-Theoretic Semantics for OWL 2, 
http://www.w3.org/TR/2009/REC-owl2-direct-semantics-20091027/
– Vocabulary
– Interpretations 

• Object Property Expressions
• Data Ranges
• Class Expressions

– Satisfaction in an Interpretation 
• Class Expression Axioms
• Object Property Expression Axioms
• Data Property Expression Axioms
• Datatype Definitions
• Keys
• Assertions
• Ontologies

– Models
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Examples of Improved 
Expressive Power
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Design Reification and 
Requirements Traceability

time

Thing

WorkerTechnicianEngineer
Architect

Strategic Executive

Architectural 
Description

Architectural 
Description

Pedigree
(requirements)

Op Rqmt             TLR                  SLR                A-Spec            B-Spec                 C-Specs       

IOC

Architectural 
Description

Architectural 
Description

Architectural 
Description

describes

describes

describes

describes

describes

Pedigree
(requirements)

Pedigree
(requirements)

Pedigree
(requirements)

Pedigree
(requirements)

Rules

constrain

Rules

constrain

Rules

constrain

Rules

constrain

Rules

constrain

CBA                     ICD                  AoA                Perf Spec        CDD                     CPD 
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Capabilities and Desired Effects

Desired Effect = 
state of some 
resource + desired 
by somebody, e.g., 

– State of enemy 
becomes neutral

– State of 
disastered 
peoples 
becomes healthy

Takes getting used 
to thinking 4-
dimensionally but 
most users have 
had an “aha” 
moment and seen 
great power in 
thinking so

Property

Capability

Property

Condition

IndividualType

Activity

Performer

Property

Measure

+ numericValue:  string

WholePartType

activityPartOfCapabili ty

OverlapType

activityPerformedByPerformer

WholePartType

desiredResourceStateOfCapabil ity

BeforeAfterType

OverlapType

activityProducesResource

propertyOfType

capabil ityOfPerformer

OverlapType

SetOfOverlappingTypes

activityPerformableUnderCondition

Capability

measureOfType

measureOfTypeCondition

IndividualType

Resource

MeasureOfEffect

effectMeasure

OverlapType

desiredEffect

MeasureOfDesire

IndividualTypeType

CapabilityType
OverlapType

activityMapsToCapabil ityType

RuleType

MeasureTypeUnitsOfMeasure

+ units:  string

IndividualTypeType

MeasureType

WholePartType

rulePartOfMeasureType

Guidance

Rule

desireMeasure

measureOfType

measureOfTypeActivity

superSubtype

ruleConstrainsActivity

measureOfType

measureOfTypeResource

BeforeAfterType

OverlapType

activityConsumesResource

whole

conformingActivities

desirer

desiredResourceState

desiredResourceState

producer

howMuchDesired

consumer

The ability to achieve a Desired Effect under specified [performance] standards and conditions through combinations of ways and means 
[activities and resources] to perform a set of activities.
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Service Descriptions as 
Modeled in DM2

 This means a Service Description can 
have all the structure of an 
Architectural Description, e.g., 

– Activities
– Before-After
– Rules
– Conditions
– Data structures
– Locations
– Dependencies
– Etc.

 Continuing work with OASIS and 
OMG (SoAML) on fine structure, e.g., 
for:

– Reification process for agreement 
for establishment of Execution 
Context for Joint Action

ServiceDescription

DomainInformation

describedBy

Data

Thing

tuple

Representation

Information

IndividualType

Resource

representedBy

couple

ArchitecturalDescription

description

thingDescribed

*
places

2..*

*

{subsets

places}

1

*

{subsets

places}

1
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“Fit for Purpose” Architecture 
Descriptions

 Based on DM2, the 
architectural description 
can support desired 
presentations for 
multiple purposes.

 The Physical Exchange 
Specification (PES) 
supports this

 Working on governance 
for FFPs in the DoD EA 
COI 
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Active Configuration 
Management

FAC – Voting – 23* votes
A

F

D
o

N

A
rm

y

M
a
ri

n
e

 
C

o
rp

s

D
IS

A

D
IS

A

D
IS

A

DoD 
CIO

D
N

I 
C

IO

A
T

&
L

P
&

R

U
S

D
(I

)

D
C

M
O

J
C

S
 J

6

S
T

R
A

T
C

O
M

J
F

C
O

M
N

S
A

COI Coordination 
Groups

• DoD MDR WG
• DoD COI Forum

Vendors
• EA/ITA Tool

• M&S
• Data Analysis

• Repository
• Data Integration

Data Exchange
• Pilots

• Early Adopters
• Federation

Framework & 
Ontology 
Groups

• OMG / INCOSE / NDIA
• IDEAS / NAF

• UCORE
• Enterprise Vocabularies

Framework 
Groups

• OMG / INCOSE / NDIA
• MODAF / NAF / TOGAF

• FEA / FSAM

Core Process 
Stakeholders

• CJCSI revs
• AT&L SoSE & Acq 

Reform
• Combatant Command 

architectures
• CPM Governance

• PA&E

DoDAF-DM WG – Collaborative – Agreed-upon business rules 
enable analysis of different opinions

• ~ 300 members
• Meets weekly

Monitors and redirects Monthly reports and new baseline decision briefs
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Resources

 DoDAF-DM2 WG

 Collaboration site

– Reference material

– IDEAS Bibliography

– Oracle and SQL Server DDL scripts

– Physical Exchange Specification (PES) XML 
generation queries

– DM2 in OWL

 DoDAF Journal

– DM2 PES XML examples
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Summary

 The basic structure of DoDAF / DM2 is holding up well.

 Refinements by the community are making it simpler, 
clearer, and more responsive to DoD’s needs.

 Pilots and early adopters – Government and vendors are 
very helpful.

 The GFI database scripts and PES queries are speeding 
adoption of DoDAF 2.

 Core process dataset requirements should lead to the 
end of “checklist architectures”.
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Questions
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Backup
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Capability

Condition DesiredEffect

IndividualDesiredEffect

MeasureType

+ units:  string

Activity

Project

Rule
Skill

Vision

Type

Thing

Individual

Measure

+ numericValue:  string

Location

RealProperty

Agreement

Constraint

Data

Facility

GeoFeature

GeoStationaryPoint

Guidance

Organization

Installation

Materiel

Site

GeoPoliticalExtent

System

OrganizationTypeService

ProducingPartOfActivity
Standard Name

+ exemplarText:  String

NamingScheme

Information

+ exemplarText:  String

IndividualType

ConsumingPartOfActivity

IndividualResource

IndividualPerformer

Performer

Resource

PersonType

IndividualActivity

InformationType

Address

DomainInformation

FunctionalStandard

Port

ServiceDescription

ServicePort

TechnicalStandard

Domain Class Hierarchy

SecurityAttributesGroup

CircularArea

Country

EllipticalArea

Line

PlanarSurface

Point

PolygonArea

PositionReferenceFrame

RectangularArea

RegionOfCountry

SolidVolume

Surface

AdaptabilityMeasure

EffectsMeasure

MaintainabilityMeasure

NeedsSatisfactionMeasure

OrganizationalMeasure

PerformanceMeasure

PhysicalMeasure

ServiceLevel

SpatialMeasure

TemporalMeasure

ProjectType

LocationType

PointType

LineType

SurfaceType

PlanarSurfaceType

GeoPoliticalExtentType

CountryType

RegionOfCountryType

InstallationType

FacilityType

RealPropertyType

SiteType

DataType

GeoFeatureType
SolidVolumeType

GeoStationaryPointType

CircularAreaTypeRectangularAreaType

EllipticalAreaTypePolygonAreaType

DoDAF Domain Concepts are 
Specializations so they Inherit

-- Enables reuse of common patterns

Thing 

Type Individual

Individual Type
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All Associations are Typed

-- so their meaning is mathematically 
defined

beforeAfterType

overlapType

wholePartType couple

namedBy

powertypeInstance

Thing

tuple

typeInstance

describedBy

serviceEnablesAccessTo

activityPerformableUnderCondition

activityResourceOverlap

acti vityPartOfCapability

acti vityPerformedByPerformer

informationAssociati on
activityChangesResource

desiredEffectPartOfCapabili ty

desiredEffectDirectsActivity desiredEffectIsReal izedByProjectType

materialPartOfSystem
capabilityPerformerManifestation

personTypePartOfSystem portPartOfPerformer

ruleConstrainsActivity

ruleConstraintOfActivityVal idUnderCondition

ski llPartOfPersonType

visionIsReal izedByDesiredEffect

activityWholeConsumingPartOfActivity

acti vi tyWholeProducingPartOfActivity

wholePartPowertypeInstanceOfWholePartType

activityChangesResourceTypeInstanceOfMeasure

activityPartOfCapabil ityTypeInstanceOfMeasure

acti vi tyPartOfProjectType

activityPerformableUnderConditionTypeInstanceOfMeasure

activityPerformedByPerformerTypeInstanceOfMeasure

activityPerformedByPerformerTypeInstanceOfRule

acti vityResourceOverlapTypeInstanceOfMeasure

activityResourceOverlapTypeInstanceOfRule

activityTypeInstanceOfMeasureType

axesDescribedBy

conditionTypeInstanceOfMeasure

coordinateCenterDescribedBy
desiredEffectGuidesActivi ty

individualActivityPowertypeInstanceOfActivity

individualDesiredEffectPowertypeInstanceOfDesiredEffect

desiredEffectTypeInstanceOfMeasure

performerPerformsAtLocationType

individualPerformerPowertypeInstanceOfPerformer

individualResourcePowertypeInstanceOfResource

linePartOfPlanarSurface

locationNamedByAddress

pointTypeInstanceOfMeasure

measurePowertypeInstanceOfMeasureType

namePowertypeInstanceOfNamingScheme

organizati onPowertypeInstanceOfOrganizationType

pointPartOfLine

pointPartOfPlanarSurface

projectTypeTypeInstanceOfMeasure

regionOfCountryPartOfCountry

resourceTypeInstanceOfMeasure

rulePartOfMeasureType

serviceChannel

skillPartOfPersonTypeTypeInstanceOfMeasure

wholePartTypeInstanceOfMeasure

Foundation For Associations

facilityPartOfSite

sitePartOfInstallation

endBoundaryType

startBoundaryType

temporalBoundaryType

endBoundaryPowertypeInstanceOfEndBoundaryType

endBoundaryTypeInstanceOfMeasure

endBoundaryTypeTypeInstanceOfMeasure

startBoundaryPowertypeInstanceOfStartBoundaryType

startBoundaryTypeInstanceOfMeasure

startBoundaryTypeTypeInstanceOfMeasure

temporalBoundaryPowertypeInstanceOfTemporalBoundaryType

beforeAfterPowertypeInstanceOfBeforeAfterType

couplePowertypeInstanceOfCoupleType

individualPowertypeInstanceOfIndividualType

informationPowertypeInstanceOfInformationType

overlapPowertypeInstanceOfOverlapTypetuplePowertypeInstanceOfTupleType

temporalWholePartType

temporalWholePartPowertypeInstanceOfTemporalWholePartType

Type

TupleType

projectPowertypeInstanceOfProjectType

locationPowertypeInstanceOfLocationType

si tePowertypeInstanceOfSi teType

installationPowertypeInstanceOfInstallationType

countryPowertypeInstanceOfCountryType

regionOfCountryPowertypeInstanceOfRegionOfCountryType

pointPowertypeInstanceOfPointType

surfacePowertypeInstanceOfSurfaceType

planarSurfacePowertypeInstanceOfPlanarSurfaceType

l inePowertypeInstanceOfLineTypefaci lityPowertypeInstanceOfFacili tyType

geoPol iticalExtentPowertypeInstanceOfGeoPoliticalExtentType

realPropertyPowertypeInstanceOfRealPropertyType

wholePart

dataPowertypeInstanceOfDataType

rectangularAreaPow ertypeInstanceOfRectangularAreaType

solidVolumePow ertypeInstanceOfSolidVolumeType

polygonAreaPowertypeInstanceOfPolygonAreaType

geoFeaturePow ertypeInstanceOfGeoFeatureType

geoStationaryPointPowertypeInstanceOfGeoStationaryPointType

ellipticalAreaPowertypeInstanceOfEllipticalAreaType

circularAreaPow ertypeInstanceOfCircularAreaType

Whole-part for Types Overlap for Types Before-after for Types Before-after Description and 
naming 

Instance-of-type 

Instance-of-powertype 
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Example:  Assessment Pattern

Create 
architectural 
descriptions Submit for 

core process 
event

For example:
1. Capability solution 

proposal
2. Acquisition 

milestone review
3. Interoperability and 

supportability 
assessment 
checkpoints

4. Budget cycle 
(PPBE, IRB, CPM)

5. Ops Plan 
(contingency update 
cycle, actual)

Get and 
integrate 
relevant 
datasets

Analyze and 
assess

Present 
Results for 

core process 
decisions

For example:
1. Queries for 

disconnects, 
inconsistencies, …

2. Specialized tools (e.g., 
cost / risk / 
performance / 
sustainment models, 
interoperability 
assessment)

3. Process simulators 
(e.g., comms flow, 
workflow, Petri nets, 
state machines)

4. Campaign, mission, 
engagement, etc. 
simulators

register

Use SideCreate Side

All have high-
sensitivity to 

mis-
interpreted, 
erroneous, 
incomplete, 

incompatible, 
… data
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The Wide Range of EA Data Assets
DM2 is the neutral format for Interchange

DM2 DMM
User 

Props

PES
XMI 

w/DMM

XMI
SA 

Ency

XML XML ODBC

etc. etc. etc.

IDEAS, OWL, SUMO, …

EA / ITA 
Tools

EA
DBMS’

DM2 PES
XSD

neutral
implementation

M&S
Tools

Authoritative 
Data

Sources

Analysis 
Software

Federal, 
Coalition, and 

other EA 
exchanges

XMI / MOF 
Conversant (e.g., 
UPDM / SysML)

Reporting 
Tools and 
Formats

4
D

 M
e

re
o

lo
g

y

S
e

t 
T

h
e

o
ry

N
a
m

in
g

P
e

d
ig

re
e

Ontic Foundation

EA Domain Concepts

Common
Patterns

Interoperability 
Layers (notional)
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Semantic Precision for 
Heterogeneous Data Integration

Human-interpretable only

Human-interpretable 
but with a predictable 
organized arrangement

More structure than structured text
• Named records (or tables or classes) that are some 

sort of container for named fields (or attributes or 
columns).

• Associations and relationships, containers can point 
to information in other containers

• Because of the labeling, you can tie the information 
together and query them. A SQL query is just 
fundamentally a selection of the information.

• Referential integrity, data validation, cardinality 
rules, etc.

Database

Mathematically structured

• Applicable mathematics:
• Set or type theory
• Mereology
• Mereotopology
• 4 dimensionalism
• Predicate calculus
• Logics:  modal, Kripke, …

• Rules, operators:
• Commutative, reflexive, transitive, …
• Member-of, subset-of, part-of, …

Free-text

Structured document

Depends on near-universal mathematics and science that all learn very similarly

A spectrum of 
information 

sharing
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Simplification:  Compare DM2’s 
Predecessor, a classic E-R model

 CADM had 687 entities, 3,914 attributes, 11,911 domain values, and  
1,249 associations = 17,762 data elements!

 DM2 has 217 foundation and domain data elements, 37 IC-ISM's, and 4 
metadata for a total of 258 data elements – two-orders of magnitude 
smaller yet far more expressive
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The fundamental concepts of Entity-
Relationship and Class Models:

Enterprise Data Modeling --
Reconciliation and analysis method

 State of practice in data 
modeling:

– Noun and adjective 
analysis

– Similar to natural 
language written in a 
diagram

– Often laden with 
entrenched but 
obsolete technology 
considerations

subject object

predicate

Implicit, built-in, language 
features:

• predicate “has” (for attributes)
• Plural, singular notions 
(cardinality)

• Sufficiency and completeness 
notions (e.g., no-nulls)
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• Anti-Submarine Warfare (ASW) COI
• Blue Force Tracking (BFT)
• C2 Interoperability Group
• CBRN
• Coalition C2 Interoperabilty (Coal C2)
• Common Sensor
• GEOINT Standards COI (GWG COI)
• Global Force Management (GFM)
• GPS Based Positioning  Navigation Timing Service
• Integrated Fires
• Joint Air and Missile Defense
• Joint Air Track (JAT) 
• Joint Electronic Warfare Data Standardization
• Joint Targeting Intelligence (JTI)
• Maritime Domain Awareness
• Meteorology-Oceanography (METOC)
• Mine Warfare
• Symbology (SYM)
• Undersea Warfare XML (usw-xml)

One Result of this practice --
data model “wars”

UCORE 
model

CNDE 
model

MIEM

NIEM

GML
Sensor 

ML

Transducer 
ML

JC3IEDM 
(STANAG 

5525)

TADIL-J 
(MS 6016)

VMF
(MS 6017)

Cursor On 
Target

C2 Core

Users of these 
different 

models believe 
their model is 
the best for 

many 
purposes, in 
many cases 
overlapping 
purposes.

a smattering 
– see notes 
for short 
descriptions

Like diverse languages, there Like diverse languages, there 
is a high cost to learn
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Some real-world and costly 
results of this practice

 Cost and project risk 
– Developers and integrators must learn multiple proprietary “languages”
– Need to build many translators
– Over promised ability of “translation hubs”
– Context, interdependent, and value-dependent translations 

 Operational impact
– E.g., from “lossy” translations, mis-translations, …
– Difficulty in transitioning new technologies, e.g., automated processing 

tools
– Prohibits or impedes scaling and cross-domain integration and data 

sharing
– Impedes Net-Centricity / OA / SoA due to need for much human 

interaction
• Only unanticipated users of the same “language” can understand your data

The costs and risks – both project and The costs and risks – both project and 
operational -- are usually underestimated
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Dave

Ian

Reconciling Using IDEAS 
Analysis Technique:  BORO1

 Agreed-upon principles 
that provide a principled 
basis for issue analysis

Example 
decision process

1. Business Objects Reference Ontology, 
http://www.boroprogram.org/ or 
http://en.wikipedia.org/wiki/BORO_Method

Select a data
element or
instance

NO

Does it
represent

something with
spatial & temporal

extent?

Does it
represent

something with
members?

Add to
ontology

YES

Identify Things
related by the tuple
and feed back into

process

Identify exemplar
members and feed
back into process

NO

YES

Send
part Receive

part

Flow process

D
a
v

e
’s

 D
o

c
u

m
e
n

t,
 O

ri
g

in
a
l

Dave’s 
Document, 

Copy 1, in flow 
state

Copy

Copy and Send

D
D

, 
c
o

p
y
 1

D
D

, 
c
o

p
y
 1

tim
e

Example 
BORO 

analysis 
diagram
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Technical Term

A
V

-1

A
V

-2

O
V

-1

O
V

-2

O
V

-3

O
V

-4

O
V

-5
a

O
V

-5
b

O
V

-6
a

O
V

-6
b

O
V

-6
c

S
V

-1

S
V

-2

S
V

-3

S
V

-4

S
V

-5
a

S
V

-5
b

S
V

-6

S
V

-7

S
V

-8

S
V

-9

S
V

-1
0
a

S
V

-1
0
b

S
V

-1
0
c

S
v
c
V

-1

S
v
c
V

-2

S
v
c
V

-3
a

S
v
c
V

-3
b

S
v
c
V

-4

S
v
c
V

-5

S
v
c
V

-6

Activity n o n n n n o n n n n n n n o n o o o o n n n n n n n o n

activityChangesResource o o o o o o o

activityChangesResourceTypeInstanceOfMeasure o o o o o o o

activityPartOfCapability o o

activityPartOfCapabilityTypeInstanceOfMeasure o

activityPartOfProjectType

activityPerformableUnderCondition o o o o o o o o o

activityPerformableUnderConditionTypeInstanceOfMeasure o o o o o o o o o

activityPerformedByPerformer o o o o o o o o o o o o o o o o o o o

activityPerformedByPerformerTypeInstanceOfMeasure o o o o o o o o o o o o o o o

activityPerformedByPerformerTypeInstanceOfRule o o o o o o o o o o o

activityResourceOverlap n n n o n n n n n n n o n n n n n n n

activityResourceOverlapTypeInstanceOfMeasure o o o o o o o o o o o o o o o o o o

activityResourceOverlapTypeInstanceOfRule o o o o o o o o o o o o o o o o o o

activityTypeInstanceOfMeasureType o o o o o o o o o o n n o o o o o o o n

activityWholeConsumingPartOfActivity n n o n o n n n n n n n o n n n n n n n

activityWholeProducingPartOfActivity n n o n o n n n n n n n o n n n n n n n

AdaptabilityMeasure o o o o o o o o o o o o o o o o o o o o o o

Address o o o o o o o o o

Agreement o o o o o o

axesDescribedBy o o o o o o

beforeAfter f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f

beforeAfterPowertypeInstanceOfBeforeAfterType f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f

beforeAfterType f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f f

Capability o o

The PES schema is auto-generated 
from the Logical Data Model

 The PES has 
three parts:

– Reference 
to the 
IDEAS and 
DM2 
structures

– The data

– Indicators of 
what 
DoDAF 
Models (AV-
DIV) this 
data 
pertains to

(see Data Dictionary to read entire 
matrix)

DM2 elements (~ 300) DoDAF models 
(52)

Legend:
– “n” = Necessary data for this DoDAF model
– “o” = Optional
– “f” = Foundational
– Blank = cannot be included in this DoDAF model
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Improved ability for analysis: 
Mathematical Foundation
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Type Theory Math Examples

 

Commutative and anti-commutative, e.g., 

Reflexive and irreflexive, e.g., A A, A A

Associative, e.g., ( ) ( ) ;    ( ) ( ) ;     

Transitive, e.g., A B B C A C

others:

if  foi

A B B A

A B C A B C A B C A B C

a A A B a B

A

  



         

    

    



rms a partition of  then j ka A a A j k     
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Mereotopologic Math Examples

 Overlaps, spatial relationships (mereotopology)

 Behaviors -- Sequences, before-after (4D mereotopology)

Parthood       

Proper part x is a proper part of y 

P and P  are transitive :

;  

P is antisymmetric :

Overlap proposition  

Overlap o

xPy x is a part of y

x P y xPy yPx

xPy yPz xPz

aPb a b bPa

xPy yPx x y

xOy z zPx zPy



  

 

   

  

   

perator :  ,

Underlap     

 and  are reflexive, symmetric, and intransitive

Overlap Associative ( ) ( )

o o o i o i i i ox y z z Px z Py z z z Px z Py z PPz

xUy z xPz yPz

xOy xUy

aO bOc aOb Oc

       

   





Before  is transitive :    

Proper before is irreflexive   

Properbeforeisanti-commutative 

xBy xBy yBz xBz

u B u

a B b b B a

 




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Representation Pattern

Links:
–Information and 
Data (in the 
DIV’s) with the 
Things being 
described, e.g,. 

• Imagery
• Formatted data
• Messages

–One level of 
reification to 
another –
describing the 
same Thing

–Architectural 
descriptions to 
the Thing that 
has the 
architecture*

Thing

namedBy

Name

Resource

Information

describedBy

Naming and 
Description Pattern

Representation

- exemplar:  variant

representedBy

tuple

couple

NamingScheme

RepresentationScheme
typeInstance

representationSchemeInstance

DescriptionScheme

descriptionSchemeInstance

namingSchemeInstance

IndividualType

SignType

SignTypeType

RepresentationType

Individual

Sign

NameType

ArchitecturalDescription

SecurityAttributesGroup

InformationType

thingNamed

1

name

nameSpace

thingDescribed

description

*
{subsets

places}

1

*
{subsets

places}

1

scheme

instance

scheme

representation

nameInstance

instance

* Consistent with ISO/IEC 42010 / IEEE Std 1471-2000
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Information Pedigree Model

 Workflow model, e.g., 
Open Provenance 
Model (provenance = 
linked together 
pedigrees)

– ~ Activity model 
(OV-5 + 6c)

representedBy

describedBy

Thing

Representation

Information

Guid ance

Rule

informatio nPedigree

IndividualType

Resource

IndividualType

Activity

Performer

Property

Measure

+  numericValue:  string

Overla pType

activityResourceOverlap

Overla pType

activi tyPerformedByPerformer

measureOfType

measureOfTypeResource

measureOfType

measureOfTypeActiv ityResourceOverlap

superSubtype

activityResourceOverl apSuperSubtypeOfRule

OverlapType

ruleConstrainsActivityPerformedByPerformer

measureOfType

measureOfTypeActivi tyPerformedByPerformer

IndividualType

LocationType

WholePa rtType

resourceInL ocationType

producer

descri ption

consumer

thingDescribed

wholeType
activityResource OverlapDescribed

partType
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Service Descriptions

From OASIS SoA RAF, Figure 27, 
“Service Description”

A mechanism to enable access to a set of one or more capabilities , where the 
access is provided using a prescribed interface and is exercised consistent with 
constraints and policies as specified by the service description.  The mechanism is 
a Performer.  The "capabilities" accessed are Resources -- Information, Data, 
Materiel, Performers, and Geo-political Extents. 
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Diagram and XML Examples 
are Available!
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DoD CIO 
Executive Board

Direct Reporting  
Compliance/Coordination

CIO/C4

Architecture & Standards 
Review Group 

Chairs: Dir, Enterprise 
Architecture & Standards 

& DISA CSE (GES-E)

Enterprise Guidance Board
Chair: DoD DCIO

IA Enterprise 
Review Group

Chair: PD 
DASD CIIA 

Information Assurance 
Senior Leaders

Chair: DASD (CIIA)

DoD CIO

• IA Architecture approval and 
engineering guidance 

• IA Standards and configuration 
management 

• Assure integration and 
compliance of capabilities & 
solutions 

• ES strategic planning, policy & 
implementation

• Data/Service strategies coord
• Solution synchronization
• Information sharing
• Service registries
• Interoperability 
• ES to tactical edge  

• Compliance/Enforcement of Net 
Ops/Operational IA (policy, 
guidance)

• GIG certification & accreditation 
• Compliance/Enforcement of 

sustained operations through:
- Configuration management
- Architecture
- GIG Waivers
- Operational connections process
- Test & integration
- Interoperability and supportability

• Architecture approval at the 
enterprise level

• Manage architecture federation
• Define architecture compliance 

criteria
• Maintain authoritative sources of IT 

standards and implementation-level 
specifications

Enterprise Operations 
Oversight Committee

Chairs: Dir, Enterprise 
Operations & STRATCOM 

Rep

• Vision high level interpretation & compliance
• “Top cover”
• Recommends directly to the DoD CIO
• “Tie breaker”
• Escalated problem resolution

•DoD CIO vision interpretation,
strategies & policies

•Capability architectures approval
•Acquisition oversight 
(Non-MAIS & MDAP)
•DBSMC Cert/IRB
•Issue adjudication • IA policy and 

guidance
• GIAP guidance

Enterprise Services 
Review Group

Chairs: DISA (PEO 
GES); Dir, 

Enterprise Svcs
Integration; DNI 

DCIO

CIO Governance Framework


