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Background

 MBSE methods capture operational and system level functions, 
structures, and interactions
 Currently useful for initial design and assessment of user 

requirements and system designs 
– For both the actual system and related Modeling and Simulation (M&S) 

products

 MBSE artifacts can become easily disjoint to the product 
development activities they support
 Require specialized skills to use

 Methods to access and use MBSE data for activities not explicitly 
linked to model artifacts significantly enhances the utility of these 
products
 At both the technical and enterprise levels

Goal:  Make it easier for System and M&S Engineers and analysts to 
perform more difficult tasks



Overview

 Beginning
 Object-

orientation
 Model-based 

design
 M&S challenges

 Middle
 Generic-to-

specific 
structures and 
functions

 Access 
UML/SysML data

 Graph theoretic 
methods

 Interaction 
analysis

 End
 Enterprise 

structures and 
functions

 Link to product 
architecture

 Information 
management



Beginning



Atomic Approach



Fundamentals, Functions and Allocations



Beginning of
Enterprise Links
 Numbered nodes show starting 

point of a particular model’s 
execution.  Execution begins at 
these points by an external call 
(e.g., from the FLAMES kernel 
or from the Knowledge State 
Monitor model).

 Separate activity threads are 
colored differently.

 Numbered sequence shows 
general activity flow, based on 
proposed configuration of the 
Knowledge State Monitor.

 Communications model activity 
is abstracted from this diagram; 
black arrows are part of 
communications model activity 
flows.

 Crossing horizontal boundaries 
 model-to-model interface, via 
Knowledge State.

 Crossing vertical boundaries 
unit-to-unit interface, via kernel.



M&S Challenges

Source:  http://www.jhuapl.edu/techdigest/TD/td3201/32_01-Topper.pdf



Middle



System Architecting in support of M&S

 Established standard 
structures represented 
in a ‘Domain Model’
 Enables 

reconfiguration and 
reuse

 Partitions functions 
and functionality 
cohesively

 Enables identification 
of system/subsystem 
interactions
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Unit Domain SoS Packages 
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Signature 
Domain

Mission 
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Weapon 
Subsystem 
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Information 
Systems Domain

Platform 
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Sensor 
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Domain Model Map

Countermeasures 
Subsystem 
Domain

Communications 
Network Domain



Functional Modeling
uc Mission Loop Use Cases

Act

Decide

Orient

Observe

Plan Mission

Av oid

Collect Data

Locate and 
Classify

Correlate and 
Fuse

Select 
Preplanned COA

Dynamic 
Replanning

Finish

Find

Fix

Apply Effects

Dev elop Targets

Assess Effects

Communicate

«invokes»

«invokes»

«invokes»



act Establish Communications Networks

Network
Rqrts

Assign communications 
resoruces to specific 
nodes and networks

Complete Physical 
Network Design

Determine network 
Topology(ies)

Determine/Select 
Participants, Routing 

Schemas

Select Network Protocol
(s)

Assign Network Resoruce 
Management Responsibilities

End

Fixed network
configuration?

Monitor comm 
requirements

New
resource
manager
rqrd?

Comm resource
allocation rqrd?

[no]

[mission complete]

[New comm requirements]

[no]

[no]

[yes]

[yes]

[yes]

Develop Networks User/System Application Communications Systems/Network

Collaborate

Exchange 
Information

Generate 
Message

Send Message

Receive 
Message

Translate 
Message

Develop Comm 
Rqrts

Establish Comm 
Networks

Communicate

Requires Requires

depends on implementation details from

Dependant upon

Identifies
need for

Requires

«invokes»

Functional Modeling



Platform Sensor Mission System or Operator Communications Countermeasures Weapon
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Fnd|Measure 
operational 

env ironment w ith 
sensor(s).

En
ga

ge

Fnd|Classify entity from 
single sensor 
measurement.

Fnd|Make sensor 
resource allocation 

decision.

Fnd|Allocate sensor 
resources.

Fnd|Process 
measuerments into 

entity detections.
Fnd|Identify entity from 

single sensor 
measurement.

Fnd|Send sensor detection 
information to entity/subsystem.

Fnd|Send sensor resource 
allocation msg to 
entity/subsystem

Fnd|Receiv e information 
request.

Fnd|Receiv e sensor detection 
information.

Fix|Correlate information 
elements.

Fix|Fuse information elements

Fix|Determine sufficiency of info 
to support msn needs.

Fix|Request additional 
information.

Fix|Deterrmine time rqrts for 
tgt/activ ity response.

Fix|Nominate entity as a target

Fix|Receiv e entity/detection 
information

Fix|Send information request.

Fix|Send entity state information.

Fix|Send target nomination msg 
to entity/subsystem.

Trk|Establish track on entity.

Trk|Maintain track on entity

Trk|Designate entity as target.

Trk|Determine desired effect.

Trk|Determine resources rqrd 
and timeline to achiev e effect.

Trk|Determine sufficiency of info 
to support msn needs.

Trk|Request additional 
information.

Trk|Receiv e entity state 
information.

Trk|Receiv e tgt nomination 
information.

Trk|Send information request.

Trk|Send target information.

Fix|Receiv e info request

Tgt|Det COA(s) to achiev e 
effects.

Tgt|Det resources av ailable.

Tgt|Select COA(s).

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Request additional 
information.

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Determine sufficiency of 
info to support msn needs.

Eng|Receiv e entity state info.

Eng|Receiv e tgt assgmnt info.

Tgt|Send target assignment 
information.

Tgt|Receiv e entity state 
information.

Tgt|Receiv e target information.

Trk|Send entity state information.

Tgt|Send information request.

Fnd|Receiv e sensor allocation 
msg.

Eng|Release 
Weapon.

Eng|Apply 
Countermeasures 

Effects.
Eng|Execute tactical 

maneuv ers.

Eng|Det mov ement COA(s).

Eng|Select mov ement COA(s).

Eng|Execute mov ement COA(s).

Eng|Det effects COA(s).

Eng|Select effects COA(s).

Eng|Execute effect COA(s).

Eng|Cease effects application.

Eng|Send eng control msg.

Eng|Receiv e eng control msg.

Eng|Send information request.

Tgt|Send ack/nak msg.

Fnd|Send ack/nak msg.

Fix|Send ack/nak msg.

Trk|Send ack/nak msg.

Eng|Send ack/nak msg.

Ase|Send ack/nak msg.

Ase|Assess effects application. Ase|Determine sufficiency of 
info to support msn needs.

Ase|Request additional 
information.

Ase|Receiv e entity state 
information.

Ase|Send information request.Ase|Receiv e tgt assgmnt info.

Ase|Send effects assessment 
msg.

Eng|Receiv e tgt nomination info.

Functional Decomposition



Platform Sensor Mission System or Operator Communications Countermeasures Weapon
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Fix|Request additional 
information.
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tgt/activ ity response.

Fix|Nominate entity as a target

Fix|Receiv e entity/detection 
information

Fix|Send information request.

Fix|Send entity state information.

Fix|Send target nomination msg 
to entity/subsystem.

Trk|Establish track on entity.

Trk|Maintain track on entity

Trk|Designate entity as target.

Trk|Determine desired effect.

Trk|Determine resources rqrd 
and timeline to achiev e effect.

Trk|Determine sufficiency of info 
to support msn needs.

Trk|Request additional 
information.

Trk|Receiv e entity state 
information.

Trk|Receiv e tgt nomination 
information.

Trk|Send information request.

Trk|Send target information.

Fix|Receiv e info request

Tgt|Det COA(s) to achiev e 
effects.

Tgt|Det resources av ailable.

Tgt|Select COA(s).

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Request additional 
information.

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Determine sufficiency of 
info to support msn needs.

Eng|Receiv e entity state info.

Eng|Receiv e tgt assgmnt info.

Tgt|Send target assignment 
information.

Tgt|Receiv e entity state 
information.

Tgt|Receiv e target information.

Trk|Send entity state information.

Tgt|Send information request.

Fnd|Receiv e sensor allocation 
msg.

Eng|Release 
Weapon.

Eng|Apply 
Countermeasures 

Effects.
Eng|Execute tactical 

maneuv ers.

Eng|Det mov ement COA(s).

Eng|Select mov ement COA(s).

Eng|Execute mov ement COA(s).

Eng|Det effects COA(s).

Eng|Select effects COA(s).

Eng|Execute effect COA(s).

Eng|Cease effects application.

Eng|Send eng control msg.

Eng|Receiv e eng control msg.

Eng|Send information request.

Tgt|Send ack/nak msg.

Fnd|Send ack/nak msg.

Fix|Send ack/nak msg.

Trk|Send ack/nak msg.

Eng|Send ack/nak msg.

Ase|Send ack/nak msg.

Ase|Assess effects application. Ase|Determine sufficiency of 
info to support msn needs.

Ase|Request additional 
information.

Ase|Receiv e entity state 
information.

Ase|Send information request.Ase|Receiv e tgt assgmnt info.

Ase|Send effects assessment 
msg.

Eng|Receiv e tgt nomination info.

Example - Find



Platform Sensor Mission System or Operator Communications Countermeasures Weapon
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Fnd|Receiv e sensor detection 
information.
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elements.

Fix|Fuse information elements

Fix|Determine sufficiency of info 
to support msn needs.
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information.

Fix|Deterrmine time rqrts for 
tgt/activ ity response.

Fix|Nominate entity as a target

Fix|Receiv e entity/detection 
information

Fix|Send information request.

Fix|Send entity state information.

Fix|Send target nomination msg 
to entity/subsystem.

Trk|Establish track on entity.

Trk|Maintain track on entity

Trk|Designate entity as target.

Trk|Determine desired effect.

Trk|Determine resources rqrd 
and timeline to achiev e effect.

Trk|Determine sufficiency of info 
to support msn needs.

Trk|Request additional 
information.

Trk|Receiv e entity state 
information.

Trk|Receiv e tgt nomination 
information.

Trk|Send information request.

Trk|Send target information.

Fix|Receiv e info request

Tgt|Det COA(s) to achiev e 
effects.

Tgt|Det resources av ailable.

Tgt|Select COA(s).

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Request additional 
information.

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Determine sufficiency of 
info to support msn needs.

Eng|Receiv e entity state info.

Eng|Receiv e tgt assgmnt info.

Tgt|Send target assignment 
information.

Tgt|Receiv e entity state 
information.

Tgt|Receiv e target information.

Trk|Send entity state information.

Tgt|Send information request.

Fnd|Receiv e sensor allocation 
msg.

Eng|Release 
Weapon.

Eng|Apply 
Countermeasures 

Effects.
Eng|Execute tactical 

maneuv ers.

Eng|Det mov ement COA(s).

Eng|Select mov ement COA(s).

Eng|Execute mov ement COA(s).

Eng|Det effects COA(s).

Eng|Select effects COA(s).

Eng|Execute effect COA(s).

Eng|Cease effects application.

Eng|Send eng control msg.

Eng|Receiv e eng control msg.

Eng|Send information request.

Tgt|Send ack/nak msg.

Fnd|Send ack/nak msg.

Fix|Send ack/nak msg.

Trk|Send ack/nak msg.

Eng|Send ack/nak msg.

Ase|Send ack/nak msg.

Ase|Assess effects application. Ase|Determine sufficiency of 
info to support msn needs.

Ase|Request additional 
information.

Ase|Receiv e entity state 
information.

Ase|Send information request.Ase|Receiv e tgt assgmnt info.

Ase|Send effects assessment 
msg.

Eng|Receiv e tgt nomination info.

Example - Fix



Platform Sensor Mission System or Operator Communications Countermeasures Weapon
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Fix|Send entity state information.

Fix|Send target nomination msg 
to entity/subsystem.

Trk|Establish track on entity.

Trk|Maintain track on entity

Trk|Designate entity as target.

Trk|Determine desired effect.

Trk|Determine resources rqrd 
and timeline to achiev e effect.

Trk|Determine sufficiency of info 
to support msn needs.

Trk|Request additional 
information.

Trk|Receiv e entity state 
information.

Trk|Receiv e tgt nomination 
information.

Trk|Send information request.

Trk|Send target information.

Fix|Receiv e info request

Tgt|Det COA(s) to achiev e 
effects.

Tgt|Det resources av ailable.

Tgt|Select COA(s).

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Request additional 
information.

Tgt|Determine sufficiency of info 
to support msn needs.

Eng|Determine sufficiency of 
info to support msn needs.

Eng|Receiv e entity state info.

Eng|Receiv e tgt assgmnt info.

Tgt|Send target assignment 
information.

Tgt|Receiv e entity state 
information.

Tgt|Receiv e target information.

Trk|Send entity state information.

Tgt|Send information request.

Fnd|Receiv e sensor allocation 
msg.

Eng|Release 
Weapon.

Eng|Apply 
Countermeasures 

Effects.
Eng|Execute tactical 

maneuv ers.

Eng|Det mov ement COA(s).

Eng|Select mov ement COA(s).

Eng|Execute mov ement COA(s).

Eng|Det effects COA(s).

Eng|Select effects COA(s).

Eng|Execute effect COA(s).

Eng|Cease effects application.

Eng|Send eng control msg.

Eng|Receiv e eng control msg.

Eng|Send information request.

Tgt|Send ack/nak msg.

Fnd|Send ack/nak msg.

Fix|Send ack/nak msg.

Trk|Send ack/nak msg.

Eng|Send ack/nak msg.

Ase|Send ack/nak msg.

Ase|Assess effects application. Ase|Determine sufficiency of 
info to support msn needs.

Ase|Request additional 
information.

Ase|Receiv e entity state 
information.

Ase|Send information request.Ase|Receiv e tgt assgmnt info.

Ase|Send effects assessment 
msg.

Eng|Receiv e tgt nomination info.

Example - Track
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Eng|Request additional 
information.
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Ase|Send ack/nak msg.

Ase|Assess effects application. Ase|Determine sufficiency of 
info to support msn needs.

Ase|Request additional 
information.

Ase|Receiv e entity state 
information.

Ase|Send information request.Ase|Receiv e tgt assgmnt info.

Ase|Send effects assessment 
msg.

Eng|Receiv e tgt nomination info.

Example - Target
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Example - Engage



Edges and Vertices – using model data

Source:  http://www.jhuapl.edu/techdigest/TD/td3201/32_01-Topper.pdf



Functional
Decomposition

 Data queried from 
UML/SysML 
relational database
 O-O to RDBMS 

data integrity
 Assessment of 

functional threads
 Trace to 

requirements
 Executable models

Source:  http://www.jhuapl.edu/techdigest/TD/td3201/32_01-Topper.pdf



Graph Theoretic Approach
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Stochastic Methods
Equation Description of probability

P  H  = P  A  P  D|A  P  L|D  P  I|L  P  H|I  
a – e Prob. the aircraft is hit in the scenario

P  K  = P  H  P  K|H  
f  Prob. the aircraft is killed in the scenario (by a hit)

P  F  = P  A  P  D|A  P  L|D  P  I|L  P  F|I  
g Prob. the HE warhead on the propagator fuzes in the 

scenario

P  K  = P  F  P  K|F  
h Prob. the aircraft is killed in the scenario (by a 

proximity‐fuzed detonation)

P  E|A  = P  D|A  P  L|D  Prob. the aircraft is engaged by an active weapon

P  E  = P  A  P  E |A  Prob. the aircraft is engaged in the scenario

P  E (single shot) = P  SS  = P  A  P  E |A  Prob. a single shot is fired at the aircraft in the scenario

P  H|SS  = P  I|L  P  H |I  Prob. the aircraft is hit, given a single shot

P  F|SS  = P  I|L  P  F|I  Prob. of fuzing, given a single shot

P  K|SS  = P  SSK  = P  H|SS  P  K|H  Prob. the aircraft is killed (by a hit), given a single shot

P  K|SS  = P  SSK  = P  F|SS  P  K|F 
Prob. the aircraft is killed (by a prox‐fuzed det.), given 
a single shot

P  K  = P  SS  P  K|SS  Prob. the aircraft is killed in a single‐shot scenario

P  S  = 1 − P  K  Prob. the aircraft survives the single‐shot scenario

P  E 
Prob. the aircraft is engaged in the scenario with one or 
more shots

P  Ki 
Prob. the i th shot kills the aircraft, given a shot at a live 
aircraft

P  Si 
Prob. the i th shot does not kill the aircraft, given a shot 
at a live aircraft

P  K  
(i ) = P  S1  P  S2  … P  Si −1 P  Ki 

Prob. the aircraft is killed by the i th shot in the 
scenario

P  K|E  = P  K  
(1) + P  K  

(2) … + P  K  
(n ) Prob. the aircraft is killed in the engagement consisting 

of N shots
P  S|E  = P  S1  P  S2  … P  SN  = (1 − P  K1  ) × 

(1 − P  K2  ) … (1 − P  KN  )
Prob. the aircraft survives the N  (different) shot 
engagements

P  S|E  = (1 − P  K|SS  )
 N  = 1 − P  K|E 

Prob. the aircraft survives the N  (identical) shot 
engagements

Aircraft survival in a single‐shot scenario

Aircraft survival in a multiple, independent‐shot scenario

Source:  The Fundamentals of Aircraft Combat Survivability Analysis and Design, Ball, 1985



SrcName SrcSubsystem Interaction SnkSubsystem SnkName Operation
F‐16‐1 MMC Send_msg_info Link 16 F‐16‐1 process_msg
F‐16‐1 MMC Send_cmd_info Link 16 F‐16‐1 process_cmd

«platform»
F-16-1 :Vehicle_air

«information system»
F-16_MsnSys :Information 

System

«communications terminal»
Link 16 :Datalink

«platform»
AIM-120_A/A :Weapon

«platform»
AIM-9_A/A :Weapon

«RF sensor»
AN/APG-80 :RF Sensor

«countermeasures»
AN/ALQ-131 :RF 

Countermeasures

Weapons

«IS Component»
MMC :Processor

«IS Component»
F-16_Cntls :Input 

Device

«IS Component»
F-16_Displays :Output 

Device
«Message»

J2.2 :Comm 
Message

«network»
L16_Net :Network

«communications»
Link 16-R :Receiver

«communications»
Link 16-T :Transmitter

«Message»
J13.2 :Comm 

Message

«Message»
J12.0 :Comm 

Message

«Message»
J12.6 :Comm 

Message

SrcName SrcSubsystemName Interaction SnkSubsystem SnkName
F‐16‐1 Link 16 process_info ‐ internal MMC F‐16‐1

SrcName SrcSubsystem Interaction SnkName SnkSubsystem
F‐16‐1 F‐16_Cntls send_info F‐16‐1 MMC
F‐16‐1 F‐16_Cntls send_cmd F‐16‐1 MMC
F‐16‐1 MMC display_info F‐16‐1 F‐16_Displays

Interaction Generation (Internal - between subsystems)



End (?)



Enterprise Architecting
bdd [Package] Product  Structure [Product Tree Artifacts]     

«dataType»
Accreditation::Accreditation

«dataType»
Operations::Operations

«dataType»
Development::Development

«dataType»
ModSim Enterprise

«dataType»
Business Operations::Business 

Operations

«dataType»
Stakeholders

 Domain structure for M&S
 Products
 Functions

 Transferable to file system (Windows, Unix, etc.)
 Links mode/model database and file systems



Enterprise Architecting

 Developed comprehensive reference set of use cases which 
define tasks required to complete simulation development, 
accreditation, and execution activities

 Enable specific workflow generation
 Identify required skills

and product outputs
 Database/graph

techniques combined
with simulation product
tree data enables 
generation of detailed
work breakdown
structures (WBS)

 WBS models can be 
tagged with cost/schedule
information and linked to
MS Project files

uc [Package] UseCases [UseCases]     

UseCases

+ Assessment
+ Development
+ Governance
+ Operations

(from Product Functions)

Assessment

+ Analyst
+ Acquire Data
+ Assess Issue/Risk/Problem
+ Develop Analysis Plan
+ Develop Reports
+ Perform Analysis
+ Report Results

Dev elopment

+ Developer
+ Collect Data
+ Create Product
+ Deliver Software Product
+ Develop Detailed Design
+ Develop Reports and/or Documentation
+ Develop Requirements
+ Develop Software
+ Integrate Software
+ Test Software

Gov ernance

+ Manager
+ Scheduler
+ Systems Engineer

Operations

+ Tester
+ User

Tester

+ Tester
+ Collect Test Data
+ Conduct Test Operations
+ Develop Test Plan
+ Develop V&V Plan
+ Execute Test Plan

(from Operations)

User

+ User
+ Develop Operational Requirements
+ Identify Intended Use

(from Operations)

Liaison

+ Liaison
+ Facil itate Coordination and Reporting
+ Identify Coordination and Reporting Responsibil i teis
+ Perform Liaison Activities
+ Report Liaison Results

(from Systems Engineer)

Manager

+ Manager
+ Assess
+ Control
+ Direct
+ Organize
+ Develop and Oversee Plan Execution

(from Governance)

Scheduler

+ Scheduler
+ Assess Schedule
+ Develop Schedule Reports
+ Develop/Maintain Master Schedule
+ Update Schedule

(from Governance)

Systems Engineer

+ Systems Engineer
+ Liaison
+ Develop/Support Mitigation Strategies
+ Ensure Compliance with Contract Specifications
+ Maintain Enterprise Architecture
+ Monitor Product Development Progress
+ Perform Systems Engineering Functions

(from Governance)            Note:
Click on any Package 
containing Actors to 
view Detailed Use Case 
Diagrams



Business Process Example – VV&A Workflow

Source:  http://sites.nationalacademies.org/cs/groups/depssite/documents/webpage/deps_068593.pdf

act [Package] Accred_Baseline [Accreditation Workflow]     

Define Component 
Intended Use: Identify 

Intended Use

Intended Use 
Statement: 

Accred_Product

Identify Impact/ 
Consequence aspect of 

Risk for M&S: Identify 
Risks

Prelim Risk Report: 
Accred_Product

Develop VV&A Plans: 
Develop and Oversee 

Plan Execution

Accreditation Plan: 
Accred_Product

V&V Plan: 
Accred_Product

V&V Report: 
Accred_Product

Accreditation 
Report: 

Accred_Product

Risk Assessment 
Report: 

Accred_Product

Mod or Hi Risk
Asmt?: Make
Decisions

Satisfactory or
available info
for final risk
asmt?: Make
Decisions

Gather more info from 
M&S experts: Acquire 

Data

Acceptable for
Accred Auth?:
Make Decisions

Conduct Risk 
Assessment: Perform 

Analysis

Mil -STD 3022: 
Accred_Product

Complete Detailed M&S 
Characteriatic Asmt: 

Perform Analysis

Develop Accred 
spt/Risk Mitigation 

Plan: Develop 
Analysis Plan

ASP/Risk Mitigation Plan: 
Accred_Product

Review ASP/Risk 
Mitigation Plan with 
Accred Authority: 

Accred_Event

Implement ASP/Risk 
Mitgation Plan: Make 

Decisions

Start V&V
Effort

Recommend 
Conditional 

Accreditation: Make 
Decisions

Develop Reports: 
Report Results

Submit Reports to 
Accreditation 

Authorties: Report 
Performance VV&A Effort

Complete

Legacy
M&S?

Send/Receive VV&A Risk 
Assessment Questionaire 

to/from M&S experts: Acquire 
Data

Update Characteristic 
Assessment of the Mitigation V&V 

Activities: Develop Reports

No

Yes

«flow»

[yes]

NoNo

Yes

«flow»

[no]

Yes



Workflow Data
Model Name StartObjName StartObjType EndObjName EndObjType Product

Define Component Intended Use Activity Intended Use Statement Object Accred_Product
Intended Use Statement Object Identify Impact/ Consequence aspect of Risk for M&S Activity
Identify Impact/ Consequence aspect of Risk for M&S Activity Prelim Risk Report Object Accred_Product
Prelim Risk Report Object Legacy M&S? Decision
Develop VV&A Plans Activity Accreditation Plan Object Accred_Product
Develop VV&A Plans Activity V&V Plan Object Accred_Product
Develop VV&A Plans Activity V&V Report Object Accred_Product
Develop VV&A Plans Activity Accreditation Report Object Accred_Product
Accreditation Plan Object Satisfactory or available info for final risk asmt? Decision
V&V Plan Object Satisfactory or available info for final risk asmt? Decision
V&V Report Object Satisfactory or available info for final risk asmt? Decision
Accreditation Report Object Satisfactory or available info for final risk asmt? Decision
Conduct Risk Assessment Activity Mod or Hi Risk Asmt? Decision
Mod or Hi Risk Asmt? Decision Acceptable for Accred Auth? Decision
Satisfactory or available info for final risk asmt? Decision Gather more info from M&S experts Activity
Satisfactory or available info for final risk asmt? Decision Conduct Risk Assessment Activity
Mil ‐STD 3022 Object Develop VV&A Plans Activity
Gather more info from M&S experts Activity Complete Detailed M&S Characteriatic Asmt Activity
Complete Detailed M&S Characteriatic Asmt Activity Satisfactory or available info for final risk asmt? Decision
Acceptable for Accred Auth? Decision Develop Accred spt/Risk Mitigation Plan Activity
ASP/Risk Mitigation Plan Object Review ASP/Risk Mitigation Plan with Accred Authority Activity
Develop Accred spt/Risk Mitigation Plan Activity ASP/Risk Mitigation Plan Object Accred_Product
Review ASP/Risk Mitigation Plan with Accred Authority Activity Implement ASP/Risk Mitgation Plan Activity
Start V&V Effort StateNode Define Component Intended Use Activity
Acceptable for Accred Auth? Decision Recommend Conditional Accreditation Activity
Mod or Hi Risk Asmt? Decision Develop Reports Activity
Recommend Conditional Accreditation Activity Develop Reports Activity
Develop Reports Activity Submit Reports to Accreditation Authorties Activity
Submit Reports to Accreditation Authorties Activity VV&A Effort Complete StateNode
Legacy M&S? Decision Develop VV&A Plans Activity

Legacy M&S? Decision
Send/Receive VV&A Risk Assessment Questionaire 
to/from M&S experts

Activity

Send/Receive VV&A Risk Assessment Questionaire to/from 
M&S experts

Activity Complete Detailed M&S Characteriatic Asmt Activity

Conduct Risk Assessment Activity Risk Assessment Report Object Accred_Product

Implement ASP/Risk Mitgation Plan Activity
Update Characteristic Assessment of the Mitigation V&V 
Activities

Activity

Update Characteristic Assessment of the Mitigation V&V 
Activities

Activity Complete Detailed M&S Characteriatic Asmt Activity

Ac
cr
ed
ita
tio

n 
W
or
kf
lo
w

SELECT t_diagram.Name, t_object.Name AS StartObjName, t_object.Object_Type AS StartObjType, t_object_1.Name AS EndObjName, 
t_object_1.Object_Type AS EndObjType, t_object_1.Classifier AS EndObjClass, t_object_2.Name
FROM ((t_object RIGHT JOIN ((t_diagram LEFT JOIN t_diagramlinks ON t_diagram.Diagram_ID = t_diagramlinks.DiagramID) LEFT JOIN t_connector ON 
t_diagramlinks.ConnectorID = t_connector.Connector_ID) ON t_object.Object_ID = t_connector.Start_Object_ID) LEFT JOIN t_object AS t_object_1 ON 
t_connector.End_Object_ID = t_object_1.Object_ID) LEFT JOIN t_object AS t_object_2 ON t_object_1.Classifier = t_object_2.Object_ID
WHERE (((t_diagram.Diagram_ID)=138));



Example Data Entry Form

Standardized forms are easily developed to interact 
with MBSE/database and other program artifacts



Architecture Data Model
Used to describe all products, activities, and data
dm GenericDataModel

t_connector

«column»
 PK Connector_ID: Counter
 Name: Text(255)
 Direction: Text(50)
 Notes: Memo
 Connector_Type: Text(50)
 FK Start_Object_ID: Long = 0
 FK End_Object_ID: Long = 0
 ea_guid: Text(40)
 Object_ID: long

«index»
+ Connector_ID(Counter)
+ IXFK_t_connector_t_object(Long)
+ IXFK_t_connector_t_object_02(Long)
+ Connector_Type(Text)
+ DiagramID()
+ End_Object_ID(Long)
+ Start_Object_ID(Long)

«FK»
+ FK_t_connector_t_object(Long)
+ FK_t_connector_t_object_02(Long)

«unique»
+ IDX_GUID(Text)

«PK»
+ PrimaryKey(Counter)

t_diagram

«column»
 PK Diagram_ID: Counter
 FK Package_ID: Long = 1
 ParentID: Long = 0
 Diagram_Type: Text(50)
 Name: Text(255)
 ea_guid: Text(40)
 Notes: Memo

«index»
+ Diagram_ID(Counter)
+ IXFK_t_diagram_t_package(Long)
+ Diagram_Type(Text)
+ Package_ID(Long)
+ ParentID(Long)

«FK»
+ FK_t_diagram_t_package(Long)

«unique»
+ IDX_GUID(Text)

«PK»
+ PrimaryKey(Counter)

t_diagramlinks

«column»
 DiagramID: Long
 ConnectorID: Long
 FK Connector_ID: long
 PK Instance_ID: Counter
 FK Diagram_ID: long
 Notes: Memo

«index»
+ ConnectorID(Long)
+ IXFK_t_diagramlinks_t_connector(Counter)
+ IXFK_t_diagramlinks_t_diagram(Counter)
+ DiagramID(Long)

«FK»
+ FK_t_diagramlinks_t_connector(Counter)
+ FK_t_diagramlinks_t_diagram(Counter)

«PK»
+ PrimaryKey(Counter)

t_diagramobjects

«column»
 FK Diagram_ID: Long = 0
 FK Object_ID: Long = 0
 PK Instance_ID: Counter
 Notes: Memo

«index»
+ DiagramID(Long)
+ IXFK_t_diagramobjects_t_diagram(Long)
+ IXFK_t_diagramobjects_t_diagramlinks(Long)
+ IXFK_t_diagramobjects_t_object(Long)
+ ObjectID(Long)

«FK»
+ FK_t_diagramobjects_t_diagram(Long)
+ FK_t_diagramobjects_t_object(Long)

«PK»
+ PrimaryKey(Counter)

t_object

«column»
 PK Object_ID: Counter
 Object_Type: Text(255)
 Diagram_ID: Long = 0
 Name: Text(255)
 Alias: Text(255)
 FK Package_ID: Long = 0
 Stereotype: Text(255)
 Classifier: Long
 ea_guid: Text(40)
 ParentID: Long
 Classifier_guid: Text(40)
 Notes: Memo

«FK»
+ FK_t_object_t_package(Long)

«unique»
+ IDX_GUID(Text)

«index»
+ IXFK_t_object_t_diagramobjects()
+ IXFK_t_object_t_object(Long)
+ IXFK_t_object_t_package(Long)
+ Package_ID(Long)

«PK»
+ Object_ID(Counter)

t_package

«column»
 PK Package_ID: Counter
 Name: Text(255)
 Parent_ID: Long = 0
 Notes: Memo
 ea_guid: Text(40)
 Diagram_ID: long
 Object_ID: long

«unique»
+ IDX_GUID(Text)

«index»
+ IXFK_t_package_t_diagram(Counter)
+ IXFK_t_package_t_diagram_02(Counter)
+ IXFK_t_package_t_object(Counter)
+ Package_ID(Counter)
+ ParentID(Long)

«PK»
+ PrimaryKey(Counter)

+FK_t_diagramlinks_t_diagram

+PrimaryKey

+FK_t_diagramobjects_t_diagram
+PrimaryKey

+FK_t_diagram_t_package+PrimaryKey

+FK_t_connector_t_object+Object_ID

+FK_t_diagramlinks_t_connector

+PrimaryKey

+FK_t_object_t_package

+PrimaryKey

+FK_t_diagramobjects_t_object

+Object_ID

+FK_t_connector_t_object_02

+Object_ID



Documentation Development and Configuration Control

 Developed methods to create representations of documents 
using SysML
 Use both product and, where needed, document-specific SysML models

 Developed relational database methods to input/output 
document data and produce formal documents (e.g. statement 
of work (SOW), System Software Specification (SSS), etc)

 Extraction of all or a portion of a given document for review and 
editing is possible
 Imposes configuration control
 Captures change rationale and 

history
 Facilitates rapid impact assessment 

of changes on the architecture

uc [Package] 2_Edit_Doc [2_Edit_Docs]     

2.2 Retriev e 
Document TOC from 

Database

2.3 Select 
paragraph for 

rev iew/edit

2.4.1 Edit paragraph 
text

2.6 Submit update

2.4.3 Delete 
Paragraph

2.4.4 Merge 
paragraphs

Document Editor

2.4.2 Add paragraph

2.4 Make changes 
to section 2.4.2.1 Re-number 

paragraphs

2.2.2 Select section 
of document

2.2.3 View  section 
of document

2.1 Select 
Document

2.5 Rev iew  
Changes

2.5.1 Rev iew 
document with 

current Document 
Editor's inputs

2.5.2 Rev iew 
document with all 
current changes

2.2.1 Rev iew 
Document Version

2.0 Edit Document

«include»

«extend»

«include»

«extend»

«include»

«extend»

«extend»

«extend»

«extend»

«include»

«extend»

«extend»

«include»

«extend»

«include»

«include»

«include»

«include»



Data-Centric MBSE

 Standardized Domain Model enable specification of system 
configuration and their functions cohesively
 Facilitates link between real and M&S architecture
 Trace functions/requirements
 Done right it works across many programs and systems

 Accessing UML/SysML data enables analysis
 Functions/functionality
 Fidelity requirements
 Interactions

 Domain/Graph techniques also apply to the Enterprise/Business 
architecture
 Links business processes to the product architecture
 Enables cost/schedule assessments
 Standard data structure enables link between business and technical 

architectures
– Reduces tool dependencies, enables simple app development, increases ROI


