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AFWG Purpose and Products

Purpose

• Recommend changes and additions to the DOD 

Architecture Framework (DoDAF) and related 

standards that will improve support for DOD systems 

engineering, development, and acquisition.

Products

Final report and briefing of

• Analysis of DoDAF satisfaction of SE needs

• Conclusions

• Recommendations for improvement
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SE Needs of DoDAF

• SE Needs
• Standard architecture modeling methodology

for greater reuse/sharing, more efficient/standardized modeling

• Greater definition and standardization of architecture elements
incorporation of Services’ “architecture elements lists”

• Executable/simulatable architecture models
for early and inexpensive architecture verification and validation

• Composable/decomposable architectures
for multiple levels of abstraction for hierarchy of stakeholders

• More reusable architecture models
faster, more efficient, more standard architecture development

• Standard architecture alternatives analysis method
for continuous architecture improvement

• Standard architecture modeling notation and symbology
better architecture comprehension and communication

• Auto-generation of systems engineering artifacts
lowering costs by leveraging architecture model’s “authoritative data”
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Recommendations

Standard architecture modeling methodology
• Object-Oriented, UML, SysML, UPDM implementation of DM2

 

Object-Oriented Paradigm &

Meta-Object Facility

Object-Oriented Paradigm &

Meta-Object Facility

Greater Model..

• Reuse & Sharing

• Communication

• Comprehension

• Precision

• Mature Industry Standards

• Broadest Tool Support

• Widest Skills Base

• Most Academic Support

• Most Intuitive

• Greatest Model…

• Scalability

• Flexibility

• Adaptability

Model

Meta-models

Meta-meta-model

modeled by

UML & SysML

Modeling Language

UML & SysML

Modeling Language

modeled by

UPDM

Extension of UML/SysML

UPDM

Extension of UML/SysML

Standardized

Architecture Models

Standardized

Architecture Models

modeled by

DoDAF v2

Meta-Model

DoDAF v2

Meta-Model

includes

Object-Oriented Paradigm &

Meta-Object Facility

Object-Oriented Paradigm &

Meta-Object Facility

Greater Model..

• Reuse & Sharing

• Communication

• Comprehension

• Precision

• Mature Industry Standards

• Broadest Tool Support

• Widest Skills Base

• Most Academic Support

• Most Intuitive

• Greatest Model…

• Scalability

• Flexibility

• Adaptability

Model

Meta-models

Meta-meta-model

modeled by

UML & SysML

Modeling Language

UML & SysML

Modeling Language

modeled by

UPDM

Extension of UML/SysML

UPDM

Extension of UML/SysML

Standardized

Architecture Models

Standardized

Architecture Models

modeled by

DoDAF v2

Meta-Model

DoDAF v2

Meta-Model

includes
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Recommendations

Greater definition, standardization of architecture elements
• Integrate JFCOM’s standard architecture elements into the DM2

- by adding elements to meta-model OR

- by enabling user extension (profile) of meta-model

 

System

TOW Anti-Tank System

Automated Digital Network System

Nuclear Planning & Execution System

Global Combat Support System

superSubtype

Activ ity

Assess Munitions Effects on Ops Targets Activ ity

Prov ide Commander's Input to Initial Courses of Action Activ ity

Conduct Operational Maneuv er and Force Positioning Activ ity

Protect Personnel From Biological Contamination Effects Activ ity

superSubtype

:

:

Existing DM2 

Element

Recommended 

Element

 

Indiv idualType Indiv idualType Extended TaggedValue

- name:  string

- value:  string

System

Activ ity

Existing DM2 

Element

Recommended 

Element

Meta-Model:

Profile Extension 

Element

Profile-Extended

Meta-Model Example:

TOW Anti-Tank System

Automated Digital Network System

Nuclear Planning & Execution System

Global Combat Support System

Assess Munitions Effects on Ops Targets Activ ity

Prov ide Commander's Input to Initial Courses of Action Activ ity

Conduct Operational Maneuv er and Force Positioning Activ ity

Protect Personnel From Biological Contamination Effects Activ ity

«instanceOf» «instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»
«instanceOf»
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Recommendations

Executable/simulatable architecture models
• Add behavioral semantics for state-machine …

 

C2 System State Machine

Performer State Machine

State Transition

Activ ity Condition

Existing DM2 

Element

Recommended 

Element

Initializing

+ do / initialize

Standingby

+ do / standby

Operational

+ do / operate

Off

Fault Correcting

+ do / faultCorrect

ShuttingDown

+ do / shutdown

C2 System

Ev ent

Meta-Model:

Model Example:

«instanceOf»

1..*

whole-part

StateTransitionOverlap

TransitionStateOverlap

1..*

whole-part

DoStateActivityOverlap

ExitStateActivityOverlap

EnterStateActivityOverlap

TransitionActivityOverlap

1..*

whole-part

1..*

whole-part

initialized

whole-part

«instanceOf»

«instanceOf»

operate

standby

faultDetected

powerOn

faultCorrectionComplete

[faultCorrected = true]

faultCorrectionComplete

[faultCorrected = false]

powerOff

«instanceOf»

«instanceOf»

«instanceOf»

failure
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Recommendations

Executable/simulatable architecture models (cont’d)
• And add behavioral semantics for activity definition … 

Activ ity

ActionJoin Fork

BeforeAfter

Synch

Existing DM2 

Element

Recommended 

Element

Dev elop Courses-of-Action

Join

Create/Update 

COAs

Ev aluate 

COAs

Obtain 

Commander's 

Approv al

Obtain 

Commanders 

Guidance

Obtain 

Situation 

Awareness
Optimal?

Condition

Meta-Model:

Model Example:

0..1
NodeSynchsEdges

whole-part

whole-part

0..1
NodeForksEdges

whole-part

0..1
NodeJoinsEdges

whole-part

0..1

1

whole-part

Yes

No

«instanceOf»«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»

Activ ity

ActionJoin Fork

BeforeAfter

Synch

Existing DM2 

Element

Recommended 

Element

Dev elop Courses-of-Action

Join

Create/Update 

COAs

Ev aluate 

COAs

Obtain 

Commander's 

Approv al

Obtain 

Commanders 

Guidance

Obtain 

Situation 

Awareness
Optimal?

Condition

Meta-Model:

Model Example:

0..1
NodeSynchsEdges

whole-part

whole-part

0..1
NodeForksEdges

whole-part

0..1
NodeJoinsEdges

whole-part

0..1

1

whole-part

Yes

No

«instanceOf»«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»
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Recommendations

Composable/decomposable architectures

• Add abstraction relationship…

Note: DM2 deemed to satisfy need for structural
composition/decomposition of architectures

abstractionIndiv idual

tupleExisting DM2 

Element

Recommended 

Element

Air Battle 

Management

Dynamic Planning Operation 

Execution

Air-to-Surface 

Weaponeering

Meta-Model: Model Example:

«instanceOf»

abstracted

abstracted
abstracted

abstraction

abstracted

2..*

abstraction

1

«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»
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Recommendations

More reusable architecture models
• Extend physical exchange standard (PES) to include diagrams exchange (XMI for 

UPDM already includes diagram exchange)

• Standardize DARS on PES (prefer XMI)

• Add patterns and frameworks support to DARS
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Recommendations

Standard architecture alternatives analysis method
• Extend meta-model with parametric analysis semantics

• Standardize on SEI’s Systems and Software ATAM
 

Measure Type

- units:  string

Performance Measure

Maintainability Measure

Adaptability Measure

Physical Measure

etc...

Computed Measure

- computation:  string

measureParameterOfComputedMeasureov erlapType

SystemMTBF

Stationary Surv eillance 

System MTBF

Mobile Surv eillance 

System MTBF

Backup Forward 

Surv eillance System

Backup Base 

Surv eillance System

Forward Surv eillance 

System

Base Surv eillance 

System

Existing DM2 

Element

Recommended 

Element

Meta-Model:

Model Example:

Computation parsed and calculated by modeling tool.

Measure

- value:  string

v alue: int = 3000 v alue: int = 2000

v alue = 1800

computation = “v alue = 1/((1/MobileMBTF.v alue * (1 + 1/2)) +

                                         (StationaryMTBF.v alue * (1 + 1/2)))”

1..*

«instanceOf»«instanceOf»

+MobilleMTBF

+StationaryMTBF

«instanceOf»

«instanceOf»

«instanceOf»
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Recommendations

Standard architecture modeling notation and symbology
• Establish UML/SysML/UPDM as standard notation …

 

aPort

«block»

aPerformer

+ anActivity() : void

aPort

«valueType»

aMeasure

anActiv ity

anAction

Action1 Action2

Action3

«interface»

anInterface
«block»

aSpecializedPerformer

«block»

aPerformerPart

«constraintBl...

aRule

aStateMachine

State1

State2

State3

Notes:

Notation is notional only; actual notation would be specified by UPDM standard.

Only sampling of notation is shown.

anInterface

aFork

aPerformerRule

* aPerformerActivity

aPerformerStatesaPerformerMeasure

*

superSubtype

*

wholePart

aJoin
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Recommendations

Standard architecture modeling notation and symbology
• Extend meta-model with symbolic representation semantics ….

Representation

Symbol 

Representation

- exemplar:  string

representedBy

coupleThing

Existing DM2 

Element

Recommended 

Element

Meta-Model:

Integer 

Representation

String 

Representation

LF Comm System

SBN System

BCA System

LF Comm Symbol

Submarine Symbol

DishAntenna 

Symbol

etc......

Model Example (symbology):

Sign

Performer

System

superSubtype

representation

superSubtype

place

superSubtype
superSubtype

«instanceOf»

«instanceOf»

«instanceOf»

superSubType
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Recommendations

Standard architecture modeling notation and symbology
• Establish DoD Metadata Registry-like standard symbology library 

«block»

LF Comm System

«block»

SBN System

«block»

SUBOPAUTH

«block»

Broadcast Control 

Authority System

«block»

GIG System

«block»

Maritime Ops 

Center System

Model Example (notation):

LF Comm Interface

LF Comm Interface

LF Comm Interface

GIG Interface

GIG Interface

GIG Interface

comms comms
hascomms

comms
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Recommendations

Auto-generation of systems engineering artifacts
• Extend meta-model with user-definable extensions (tagging) …

 

Acquisition Phase Tagged Value

- Phase:  enumerated

Indiv idualType Indiv idualType 

Extended

TaggedValue

- name:  string

- value:  string

«block»

EMIO Comms Port

tags

Standard = DOD Directive  8100.2

«block»

C2 System

tags

Budget = $520,000

Phase = SDD

Source = Contract #A3985720

«block»

Broad Area Surv eillance Activ ity

tags

Document ID = Doc #S8H89, 8 Feb 08

Port Extended

Standard Tagged Value

- Standard:  string

System 

Extended

Activ ity 

Extended

Document ID Tagged Values

- Document ID:  string

Port

System

Activ ity

Source Tagged Value

- Source:  string
Budget Tagged Value

- Budget:  dollars

Existing DM2 

Element

Recommended 

Element

Meta-Model:

User Extension 

Element

User Extended Meta-Model Example:
Model Example:

«instanceOf»«instanceOf»

«instanceOf»

«instanceOf»

«instanceOf»

0..*

whole-part
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Recommendations

Auto-generation of systems engineering artifacts (cont’d)
• Establish standard model reporting capability
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Summary

In summary…

DoDAF v2 improves on satisfaction of SE needs, but 
systems engineers need greater definition and 
standardization of  semantics and methods that are 
important to them.

Comments, questions, feedback are solicited. Contact…
Joe.Kuncel@ngc.com, 402-682-4772


