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Agenda
• Digital Engineering Models

• Enterprise Architecture using DoDAF

• Systems of Systems Architectures & Systems Development 

Life Cycle using SysML

• Complex Systems using MBSE in SE Processes

• Mapping Enterprise Architecture with Systems of Systems 

Models in MBSE UPDM

• Object-Oriented Systems Engineering Methodology Practice

• Auto-generating Interface Control Documents 

• Analyzing Performance Parametric
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Why does Digital Engineering matter?

From DoD Digital Engineering Strategy (June 2018): https://www.acq.osd.mil/se/docs/2018-DES.pdf
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Why does Digital 

Engineering matter?
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1. Digital Engineering Models

2. Enterprise Architecture 

Tracing Performance 

Parametric

3. Object-Oriented Systems 

Engineering Methodology 

Practice

From DoD Digital Engineering Strategy (June 2018): https://www.acq.osd.mil/se/docs/2018-DES.pdf



Why does Digital Engineering matter?

From NAVAIR Systems Engineering Transformation Industry Day (08MAR18): https://community.apan.org/cfs-file/__key/docpreview-s/00-00-05-00-16/SET_5F00_IndustryDayFinal-v3-
_2800_2_2900_.pdf
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• Digital Engineering 

Models

• Enterprise 

Architecture Tracing 

Performance 

Parametric

• Object-Oriented 

Systems Engineering 

Methodology Practice



MBSE Makes Systems Engineering Work
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From Defense Acquisition Guide, (2014): 

https://www.dau.mil/acquipedia/Pages/ArticleDetails.aspx?aid=9c591ad6-8f69-49dd-a61d-

4096e7b3086c

• Stop looking at the SE 

“Vee” model as linear

• Read Top to Bottom 

rather than Left to Right

• MBSE Effects a spiral 

approach toward SE



The proof in the pudding is in the eating!

www.incose.org/symp2018 7

• Not just Buzzword Bingo

• Tool-enabled Systems 

Engineering, not tools to 

replace Systems Engineering



Introduction
• The paper describes our digital modeling development to 

collaborate and interface information exchanging between 

Enterprise Architecture (EA) and Systems of Systems (SoS) 

on applying Systems Engineering (SE) concepts and employing 

MBSE methodology and tool. 

• The MBSE methods and techniques are used to create digitals 

models that change the ways SE is practiced proficiently but 

still correlates and bases with SE principles. 

• Utilizing the MBSE centralized database & digital engineering 

models can accomplish complex systems designs efficiently

in integrating with today’s high performance computing, 

networking technologies and digital infrastructure
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MBSE Application Objective
• We have an objective to transform 

– from “As-Is” document-oriented architecture and SE

– to “To-Be” MBSE to cope with trending Digital Infrastructure Agile 
Development from EA to SoS.

• The EA Framework uses the Department of Defense Architecture 
Framework (DoDAF) with the Unified Profile for DoDAF / MODAF 
(UPDM) modeling standard and SoS approach using the System 
Modeling Language (SysML) for the Systems Development Life Cycle 
(SDLC) & integration.  

• We apply this tactic to build modernized frigate warship equipped with 
SoS as Cyber, Combat, Communications, Control, Computers, 
Command, Intelligence, Surveillance & Reconnaissance (C6ISR).
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Digital Engineering Models



MBSE for EA UPDM and SoS SysML

EA UPDM Viewpoints/Views SoS SysML 4 -Pillars

OMG Specification
DoD 2012 http://dodcio.defense.gov/Portals/0/Documents/DODAF/DoDAF_v2-02_web.pdf
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Enterprise Architecture



CV-2

Operational Views

Capability Views

CV-6

OV-1

OV-3

OV-2

OV-5

SV-5

SV-4

SV-1



www.incose.org/symp2018 16

Systems of Systems Architectures & 

Systems Development Life Cycle



Gathering  MBSE SoS Domain Models
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Integrating The Four Pillars Models in SysML 
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STRUCTURES –

PARANETRICS

REQUIREMENTS

BEHAVIORS
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Complex Systems using MBSE in SE 

Processes



Engaging MBSE Methods in SE Process

The MBSE methods and 

techniques used to create 

artifacts changes 

• the ways SE is practiced but 

• still correlates and bases with 

SE principles
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Applying SE Process with MBSE in EA

• To correlate SE processes: Stakeholder Needs, 
Requirements Analysis, Functional Analysis 
and Synthesis,  

• The EA captures its 

– requirement baselines from CV, OV, SV & StdV; 

– functional architecture from OV to SV and 

– physical architecture from OV to SV
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SE Process utilizing EA DoDAF view-models
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Applying SE Process with MBSE in SoS

• To correlate SE processes: SoS domain experts 
identify Needs via Requirements Analysis, 
Functional Analysis and Synthesis,  

• The SoS captures its 

– requirements from REQ, UC and PKG

– functional architecture & engineering from ACT, STM & SEQ

– physical architecture from BDD, IBD, PAR & PKG
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SE Process utilizing SoS SysML Models
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Systems Engineering V-Model
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SysML supports for 
requirements, functional 
and structural allocation 
tables facilitating 

• automated Verification and 
Validation (V&V) and 

• Gap Analysis
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Mapping Enterprise Architecture 

with Systems of Systems Models



Mapping EA to SoS

• The illustrations are the correlation on 

setting up the EA and SoS in UPDM

• We have used the mapping from 

– EA CV with SoS Requirement Diagram

– EA SV / SvcV with SoS Structural Diagram

– EA OV to SoS Behavior Diagram
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Enterprise Architecture – DoDAF View Models 

Systems of 

Systems 

- SysML 4 Pillars 

Models

Mapping MBSE EA-DoDAF with SoS-SysML



Respective EA-DoDAF mapping with SoS SysML

www.incose.org/symp2018 29



Customized Table: Needline-Operation 

Nodes vs Interface-System Nodes Table
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Object-Oriented Systems Engineering 

Methodology (OOSEM)



OOSEM Applying in our project

• We used MBSE tool utilizing automated relational database to keep all 

changes in ONE single place minimizing complexities with Object-

Oriented Systems Engineering Methodology (OOSEM)

• OOSEM employs SDLC activities for stakeholder needs and 
– system requirements analyses then 

– result with logical architectural definitions

• On analyzing specifications, we can derive, refine, satisfy, trace and 

verify a set of concerned artifacts from the requirements that can be 

evidenced with OOSEM

• With the aid from Use Case Diagram, we accomplished requirements 

traceability effectively.  
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MBSE SoS REQ Relationships Development
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All MBSE SysML Requirements Relationships
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OOSEM Activities
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Auto-generating Interface Control 

Document (ICD)



EA DoDAF SV-1 vs SoS SysML BDD
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EA DoDAF SV-2 vs SoS SysML IBD
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MBSE auto-generated ICD
• The diagrams below are simulated MBSE Interface Control

Document (ICD) that we have tried in our project to generate

– a Blackbox ICD table from BDD and

– a Whitebox ICD table from IBD automatically with MagicDraw
CAMEO 14.5.

• Due to ITAR limitations, we can only use the MagicDraw samples
to illustrate that we can complete an automatic ICD generation
starting from EA SV-1 mapping with BDD and flow down to ICD
of specific domain then complete the ICD.

• Actually, the BDD & ICD are structural models satisfied from the
requirements, originated from EA CV-2
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Blackbox ICD table from BDD
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https://blog.nomagic.com/model-based-interface-control-documents-icd/



Whitebox ICD Table from IBD
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https://blog.nomagic.com/model-based-interface-control-documents-icd/
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Analyzing Performance Parametric



Simulated-Simplified Frigate C6ISR Example
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Correlate CV-2 with OV-5a to Generate CV-6
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Lessons Learned 

• Data sharing from EA to SoS that can be globally distributed from Data 

Information View (DIV): DIV-1 Conceptual Model, DIV-2 Logical Model 

& DIV-3 Physical Model from DoDAF perspective in UPDM 

• The integrity of any complex systems on exchanging information 

from EA to SoS can be mapped.  

• Design Structure Matrix (DSM) and N2 chart that can be analyzed in 

MBSE tool to determine coupling and cohesiveness between 

components connectivity for modularity integration.  

• Regarding model usage, impact, coverage and gap analysis, trade 

studies, behavioral simulations, testing, code generation, and more 

can be performed for prototyping, live-virtual-constructive simulations,  

performance optimizations for decision analysis
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Future Directions
• Based on the results of this project study, we can apply Systems 

Engineering Principles: SE Processes and V-Model to accomplish 
modeling any complex systems with MBSE methodologies and 
INCOSE-OMG compliant MBSE UPDM-SysML tools effectively 
from As-Is to To-Be and Future Digital Engineering:  manufacturing 
integrated product, components and parts with digital twin, digital 
thread, Artificial Intelligence and Virtual Reality robotics.  

• Cloud data storing and distributing with quantum computing worth 
for future infrastructure improvement consideration. 

• The full spectrum of MBSE is model-centric to complete from 
Enterprise Architecture framework, via the Systems of Systems 
engineering life cycle, systems / network on-a-chip until product 
lifecycle management using Product Lifecycle Management (PLM).
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Conclusions
• During this project, engaging MBSE has provided proficient methodologies with 

less risk, MBSE tool provides dynamic relation maps, dependency matrices, 
generic tables and model metrics. 

• MBSE also generate decision analysis output including model reviews, live 
document generation, impact analysis, coverage analysis, automated 
requirements verifications, trade studies, behavioral simulations, testing, UI-Mock-
ups as well as  code generation. 

• Design decisions are made by modelers based on iteratively changing 
management situations, tightening project status tracking, and meticulously ensuring 
specification completeness and consistency helped to highlight defects in early 
phases of product development.  

• In summary, digital engineering models of complex systems using MBSE tool 
and methodology allows EA structures to be treated as SoS architectures and 
SDLC models

• Our project is demonstrated to be an effective and cost efficient  achievement 
without abandoning proven SE principles
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Back Ups
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The System Development Process in 

MBSE EA – DoDAF views



MBSE SoS – SysML
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The System Development Process in MBSE SoS
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Production, Integration & Evaluation with MBSE

Williamson, R., INCOSE (MBSE) Integration and Verification Scenario, INCOSE 

IW 12 MBSE Workshop, Jan 21-22, 2012
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160413141522/95/2016garrettthurstonmodelbasedenterprisecoepresentation-28-

638.jpg?cb=1460557108





EA using DoDAF 
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MBSE SoS/Enterprise Meta Model





Architecture Meta Model



Viewpoint Relationships



DoDAF CORE Model Originality
• Essential Part of an Integrated Architecture originally prescribed by 

DoDAF 
– Essential dynamic dimension: 

• Capability, 

• Activity, 

• Event, 

• System, 

• Service

– Drives other dimensions: data

• Exact list of models depends on the scope and purpose of 
architecting 
– Enterprise Level

– Segment / Capability Level

– Solutions Level



Architectural Elements in CORE Models
Certain Types of Models represent key problem and solution dimensions



Baseline Core Model Required Viewpoints
• AV-1  Overview and Summary

– To provide a context for your architecture

• AV-2  Integrated Dictionary
– To provide the meaning of the architecture elements and to resolve integration issues

• OV-1  Concept Graphic
– To provide a concept of operations in a graphical way for your audience

• OV-2  Operational Resource Flow Description
– To describe the internal and external key operational Performers and abstract lnkages that connect resource 

flows (information flows) between them

• OV-3  Resource Exchange Matrix
– Detailed Resource Exchanges to elaborate on the OV-2

• OV-5a  Activity Node Tree
– To sketch out the decomposition activities 

• OV-5b  Activity Model
– To provide a context as well as detail on the activity orchestration

• SV-1 Systems Interface Description  
– To provide an overview of the external and internal Systems that are in scope

• SvcV-1  Services Description
– To provide an overview of the external and internal business/software services that are in scope

• StdV-1  Standards Profile
– To enumerate the standards that are in scope



Supporting Views Categories

• Sequence & Timing 
Models:
– OV-6a, b, c

– SV-10a, b, c

– SvcV-10a, b, c

• Data Models:
– DIV-1

– DIV-2

– DIV-3

• Other: 
– OV-4

– SV-2, SvcV-2

– SV-4, SvcV-4

– CV-1, CV-2, CV-4

• Planning Views:
– SV-7, SvcV-7

– SV-8, SvcV-8, CV-
3,

– PV-2

– SV-9, SvcV-9, StdV-
2

• Matrix Views:
• SV-3, SvcV-3a, b

• SV-5a, b, SvcV-5

• CV-5, 

• CV-6, 

• CV-7

• PV-1, PV-3

• SV-6, SvcV-6



Data Models



All Viewpoint



Capability Viewpoint



Project Viewpoint



Data and Information Viewpoint



Operational Viewpoint



System Viewpoint



Services Viewpoint



Standards Viewpoint



OOSEM – Use Case
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OOSEM – Requirements
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OOSEM – Trace Req
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OOSEM – State Machine
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OOSEM – Structure in BDD
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OOSEM – Structure in IBD
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OOSEM – Parametrc
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OOSEM – Test Cases 
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Tracing EA KPP, KSA with SoS MOE, MOP
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CAMEO UPDM 2 DODAF 2.0 Content 

Diagram


