NATIONAL DEFENSE INDUSTRIAL ASSOCTATION
STRENGTH THROUGH INDUSTRY & TECHNOLOGY

Systems Engineering Needs of the
DoD Architecture Framework

Report of the

Architecture Frameworks Working Group
Systems Engineering Division
National Defense Industrial Association

Co-Leads
Carl Siel, ASN-RDA CHSENG
Joe Kuncel, Northrop Grumman

NDIA SE Conference 2009, San Diego, CA, 29 October 2009 1
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AFWG Purpose and Products iNivERY

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
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 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

NATIONAL DEFENSE INDUSTRIAL ASSOCTATION

ENEVEEN

STRENGTH THROUGH INDUSTRY & TECHNOLOGY

Standard architecture modeling methodology

* Object-Oriented, UML, SysML, UPDM implementation of DM2

Standardized
Model ArchiteciureVeae’s

WEDN
sxransion of UNME/SysvIE

Meta-models

DEPAEVZ IMISERSYSVIE
Meta=Model NMoelalipe) Ezirjejiizie)e

M del Opjaci-Orjaptae] Parzeliej) &
eta-meta-mode Vlstz-Onjaat Fadjljny

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
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Recommendations
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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

- Existing DM2
Y Element
Recommended
super pe Element

TMTank System
T Automat&\_&al Netw ork System

~ |Nuclear PlanM& Execution System

Global Combat Support System

Activity

supe
Assem\{ﬂ\@s\lﬂfects on Ops Targets Activity
Provide Commanmqt\to Initial Courses of Action Activity |

Conduct Operational Ma

uver and Force Positioning Activity

Meta-Model:

Individual Type IndividualType Extended TaggedVvalue

<+

name: string
value: string

7N IR

. /] AR
«mstanqeOf»/ «ingtanceQfn

. «instancgOf» ; «instance®f» E Existing DM2
Profile-Extended «instanceOfp | «instanceOf» Element
_ . / [/ «instanceOfy \  \ o4
Meta-Model Example: S nsancet A «hstanceOfs Recommended
7 T T T \ \ \ Element
i TOW/Anti,lTank,l SysteM‘ \‘ \‘ \
System ) oy Profile Extension
- \
<}\ Automate({Dlgllal Networ‘\k S&ste?\q \ | Element
— / (Y \ \
\_ Nuclear Planping & Execution System \
- ¥ * v
— \ \ \
Global Combat Supp‘{)rt S)ﬁstem\ \
\ \ \
A} N 1
. \ \ oo\
ﬂ Assess Munitions Effects on Ops Targets Activity \
Activity <=

T
Provide Commander's Input to Initial Courses of Aé{ion Ac\{vity |

Protect Personnel From Biological Contamination Effects Activity

Q L N\
<< ]: Conduct Operational Maneuv er and Force Positioning Actjv ity
AN

—]

Protect Personnel From Biological Contamination Effects Activ ity
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Executable/simulatable architecture models

* Add behavioral semantics for state-machine ...

Meta-Model:
Existing DM2
Performer ® whole-part State Machine Element
Recommended
’ \ Element
whole-part \ wholepart
1.% \ 1.*
StateTransitionOverlap
T -
State TransitionStateOverlap Transition Event
whole-part \
\
N EnterStateActivilelOverlap / /7\ ‘ {,
\ DoStateActivityOverlap o -1 whole-part /
ExitSt{neActivit Overlap Tr&\nsnonAcnvnyo'yenap 1. //
\ \ ‘\ | -
\ i «instanceOf» ition/
\ Activity Condmo? ez - ———1
\ 1.* i /
- 7

\
\ A

1
Model Example:  «instanceOf» |

I «instanceOf»
1

1
1
1
I
!

C2 System State Machine

«instanceOf»

Off

N—

Initializing ailure

C2 System

Standingby

N —

aultCorrectionComplete
faultCorrected = true

4

owerOff

«instanceOf»

ShuttingDow n

)

_nimisom )

N

Operational

faultDetected

Fault Correcting

aultCorrectionComplete
faultCorrected = false

«instanceOf»
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Recommendations

STRENGTH THROUGH INDUSTRY & TECHNOLOGY

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

Meta-Model:
Activity
whole-part whole-part
/wyle-pan
Synch Join Wh0|e'Paﬂ|| Fork Action
=~
NodeSynchsed AN I /4
NodeSynchsEdges I\lodeJomsEdges Nod%ForlsEdges Y
|
Exising DM2 \:\ \ «|nstar;ce0f» ,
Element
: BeforeAfter II 1 // Condition
Recommended | \ /
Element | I /
| /I\ \ / ﬂ
\ I | / /
«instanceOf» i | «instanceOf» /
. | I | / /
Model Example: | h | Y ,

Obtain

Commanders

Guidance A

Create/Update .

COAs
Obtain b

Situation
Awareness

Obtain
Evaluate

Optimal?
COAs | / Commander's
Approv al
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Composable/decomposable architectures
« Add abstraction relationship...

Meta-Model: Model Example:
Existing DM2 tuple Air Battle
Element Management
Recommended _ _-"
Element «instanceOf» abstraction
- - -
- - -
_ _ - _ - -~
P «|nstin9e0f» bstracteds_
- - abstracted abstracted
__cabstraction =
ivi abstraction . :
el elgl 1 Operation Air-to-Surface
abstracted Execution Weaponeering
|
llL________ «indanceOf»_ __ __ ___ _ _ J :
N «ingtanceOf»_ _ _ _ _ _ _ _ __ _ __ _ J
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Recommendations

More reusable architecture models

« Extend physical exchange standard (PES) to include diagrams exchange (XMl for
UPDM already includes diagram exchange)

« Standardize DARS on PES (prefer XMI)
« Add patterns and frameworks support to DARS

Domain Model Standardization

Model Reuse/Sharing

-
-
e

Models Repository
- federated
- standardized
- includes architecture
fragments
frameworks
patterns

Modeling

Model
+

Diagrams

shared

translated to/from

to/from

Artifact

Standard
Markup

UML/SysML/UPDM
<or>
Tool Specific Notation

Format

UML/SysML/UPDM XMl
<or>
DoDAF PES XML with
diagram extensions

UML/SysML/UPDM XMI Files
<or>

DoDAF PES XML Files
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Recommendations
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Standard architecture alternatives analysis method
» Extend meta-model with parametric analysis semantics
« Standardize on SEl's Systems and Software ATAM

Meta-Model: EI Existing DM2
Element
Performance Measure
E Recommended
L Element
Maintainability Measure~|

— % Measure Type Measure Computed Measure
Adaptability Measure
2 i - units: string <—-—-—= value: string <t—.

A «instanceOf»| computation: string

Physical Measure

7 A\\N 71
SOAR

7/ \ i
ov erlapfype Q_ measurQParameterOfComputedMéasure
1 /
Model Example: , -7 /
s

| /
}instanceOf» «instanceOf»

«instanceOf» \
'

Backup Forward
Surveillance System

/ Backup Base
Surveillance System

Mobile Surveillance +MobilleM LB Stationary Surv eillance

System MTBF System MTBF

Forward Surveillance value: int = 3000 +StqtionaryMTBF value: int = 2000 Base Surveillance
System / System
/

«instan9e0f»

/
/

Computation parsed and calculated by modeling tool.lﬁ

/

SystemMTBF

value = 1800

computation = “value = 1/((1/MobileMBTF.value * (1 + 1/2)) +
(StationaryMTBF.value * (1 + 1/2)))”
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Standard architecture modeling notation and symbology
» Establish UML/SysML/UPDM as standard notation ...

«valueType» / aStateMachine \

aMeasure
Statel
\ «block» State3

aPerformerMeasure aPerformer aPerformerStates—]
State2
><)

+ anActivity() : void anlinterface

7° U
)

«constraintBI... anActivity
aRule * aPerformerActivity
% \
superSubtype
wholePart \

aForl
/*
«interface» Actiont '
aninterface «block» «block» ction Action2
| aPerformerPart aSpecializedPerformer

aJain é|/

Notes:
Notation is notional only; actual notation would be specified by UPDM standard.
Only sampling of notation is shown.

(& v
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Recommendations

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

Meta-Model:
i place )
Thing couple Sign Integer
Representation
gy o b -
superSubtype
/]\/ supers|ubtype superSlubtype
; superSubType String
Performer representedBy | ePresentation | pepresentation P » Representation
Z% : superSubtype |
| Existing DM2 Symbol
System | Element Representation
I .
A «instanceOf» Recommended - exemplar: string
|
Element
| A\

|
«instanceOf» | |

I .
MOdQl\Example (sym blﬂklg_yl «|nstar|1ceOf»

~
~ N _ -
~ -
SBN System Submarine Symbo
BCA System DishAntenna
Symbol
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Recommendations BEEDES,
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Standard architecture modeling notation and symbology
« Establish DoD Metadata Registry-like standard symbology library

Model Example (notation):

«block» «block»
LF Comm System GIG System
] «block» [}
SUBOPAUTH

LF Coynm Interface GIG Interfac

comms ’
comms comms
comms has
«block» «block» «block»
SBN System LF Comm Interfake| Broadcast Control GIG Interface | Maritime Ops

Authority Syste Center System

—C

GIG Interface

LF Comm Interface

Model Example (symbology):
. E -i—-—j-,, GIG System
% SUBOPAl:ITH

LF Col , Amms
Sysjém has
comms | })mms

comms

[ a

| § Broadcast
Control
Authority

System
SBN System

Maritime Ops Center System
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Auto-generation of systems engineering artifacts

» Extend meta-model with user-definable extensions (tagging) ...
Meta-Model:

IndividualType

<+

User Extended Meta-Model Example:
|

L whole-part TaggedValue E
IndividualType
Extended ) .| - name: stiing
0% value: string
A\
' )\ ‘:‘
«instanceOf» «instanceOf»

«instalnceOf»

Acquisition Phase Tagged Value

N

Source Tagged Value

Budget Tagged Value

Existing DM2
Element

Recommended
Element

User Extension
Element

Model Example:

«block»
C2 System

tags
Budget = $520,000
Phase = SDD
Source = Contract #A3985720

- Budget: dollars

«instanceOf»

<_ ___________________

Document ID Tagged Values

- Document ID: string

System System
<] Extended
Activity Activity
ﬂ Extended
Port ] Port Extended

«instanceOf»

<_ ___________________

Standard Tagged Value

- Standard: string

«block»

Broad Area Surv eillance Activity

tags
Document ID = Doc #S8H89, 8 Feb 08

«block»
EMIO Comms Port

tags
Standard = DOD Directive 8100.2
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Recommendations BEEDES,
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Auto-generation of systems engineering artifacts (cont’d)
 Establish standard model reporting capability

Artifacts

Detailed Architecture
Model with Custom
Meta-model Extension
Information

Web-Based
Model Views

Interface
Specifications

Standard Standard Reporting
Model XML & Scripting Tools

Architecture
Descriptions

Test Procedures

Acquisition &
Program Plans

Architecture
Metrics

L Requirements
SEEEEES Y Trace Matrices

----------

Business Process
. Automation Scripts
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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
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