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Source: http://nagsma.nato.int/images1/AGS2_large.jpg 

Example: NATO Alliance Ground 
Surveillance (AGS) System 

What Does it Mean to an 
Individual Acquisition? 

PROBLEM STATEMENT 
STOVEPIPED ACQUISITIONS IN COMPLEX SYSTEM OF SYSTEM ENVIRONMENTS 

http://nagsma.nato.int/images1/AGS2_large.jpg


PROBLEM STATEMENT 
CHALLENGES OF STOVEPIPED ACQUISITIONS (CONT’D) 

Source: http://panteres.com/2015/09/12/bundeswehr-new-machine-gun-mg5-makes-problems 

Source:  http://www.spiegel.de/politik/deutschland/bundeswehr-neues-maschinengewehr-mg5-macht-probleme-a-1052458.html 

New MG5 Does Not Fit MG3 Gun-Mount 
(Interface with Existing Tanks & ATVs) 

http://panteres.com/2015/09/12/bundeswehr-new-machine-gun-mg5-makes-problems
http://www.spiegel.de/politik/deutschland/bundeswehr-neues-maschinengewehr-mg5-macht-probleme-a-1052458.html


PROBLEM STATEMENT 
CHALLENGES OF STOVEPIPED ACQUISITIONS (CONT’D) 

Source: http://archive.defensenews.com/article/20130514/DEFREG01/305140015 

Equivalent (in %) of ca. $10 Billion 
Compared to US DoD Budget 

German Euro Hawk 
Drone Cancelled 

Lack of Anti-Collision System 
(Interface with Civilian Air Traffic Control) 

http://archive.defensenews.com/article/20130514/DEFREG01/305140015


SYSTEM OF SYSTEMS 
THE BASICS 

Hierarchy within a System 
(Source: ISO/IEC 15288) 

“Systems-of-Systems” (SoS) 
are systems-of-interest whose 
system elements are 
themselves systems, typically 
these entail large-scale inter-
disciplinary problems 
involving multiple, 
heterogeneous, distributed 
systems. These interoperating 
collections of component 
systems usually produce 
results unachievable by the 
individual systems alone. 
(Source: SE Handbook 3.2.2, Section 2.5 
Systems-of-Systems). 
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PROBLEM STATEMENT 
NATO AGS SYSTEM PRESENTED AS A SYSTEM OF SYSTEMS 

Constituent Systems 
& System Elements 

System of Systems (SoS) 



CHALLENGES OF SYSTEM OF SYSTEMS ENGINEERING (SoSE) 
SoS CHALLENGES AS DEFINED BY JOHN CLARK 

Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 

John Clark 



CHALLENGES OF SYSTEM OF SYSTEMS ENGINEERING (SoSE)  
SoS CHALLENGES AS DEFINED BY INCOSE 

* Source: Excerpted from Systems Engineering Handbook 3.2.2, Section 2.5 Systems of Systems 

SoS Challenges* Description* 

System elements are 
operated independently 

 Each system element within SoS likely to operate independently 

System elements have 
different life cycles 

 SoS involves more than one system element 
 Some system elements are possibly in development life cycle, while others 

are being deployed and operated, or in extreme cases even scheduled for 
disposal 

Initial SoS requirements 
are likely to be ambiguous 

 Requirements for system element are maturing during development, even 
more so for SoS under development 

Complexity is a major 
issue 

 Complexity of system interaction grows in non-linear fashion if system 
elements are added 

 Conflicting or missing interface standards can make it hard to define data 
exchange across system element interfaces 

Management can 
overshadow engineering 

 Each system element may have own project/product office 
 Coordination between requirements, budget constraints, schedules, 

interfaces, upgrades, etc. further complicates SoS development 

Fuzzy boundaries cause 
confusion 

 Definition and scope of SoS, management of boundaries are typically not 
controlled by one entity 

 Results in non-definition of external interfaces 

SoS engineering is never 
finished 

 Even after successful SoS deployment, management of various system 
element life cycles need to be managed due replacements, improvements, 
etc. 



UNDESIRABLE OUTCOMES 
RESULTS OF STOVEPIPING OR SILO ENGINEERING 

Source: http://i81.photobucket.com/albums/j236/dimitri_the_pirate/RedneckCarAirConditioner.jpg 

http://i81.photobucket.com/albums/j236/dimitri_the_pirate/RedneckCarAirConditioner.jpg
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OBJECTIVES 
GETTING IT RIGHT FROM THE BEGINNING 

Source: http://www.dau.mil/homepage%20documents/JCIDS_Primer_ver_%204_02162012.pptx 

Joint Capabilities Integration 
Development System (JCIDS) 

Getting it Right 
from the Beginning 

http://www.dau.mil/homepage documents/JCIDS_Primer_ver_ 4_02162012.pptx


Source: http://cimsec.org/wp-content/uploads/2015/08/atl_wall_chart.jpg 

OBJECTIVES 
COMPATIBLE WITH EXISTING DEFENSE ACQUISITION PROCESSES 

http://cimsec.org/wp-content/uploads/2015/08/atl_wall_chart.jpg


OBJECTIVES 
ADDRESSING THE SoS CHALLENGES 

* Source: Systems Engineering Handbook 3.2.2, Section 2.5 Systems of Systems 

Be Aware of and Mitigate the 
Risks of the Seven Challenges 

Focus on Controlling the Interfaces between 
Systems Elements and External Systems 

Verification and Validation 
Processes Play a Critical Role 

Ensure Interfaces are still Operational 
when replacing Element Systems 

Requirements Management 



OBJECTIVES 
CREATE SIMPLE MODEL USEFUL FOR SoS ENGINEERING 

Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 

Based on Existing Systems Engineering Process 



DUAL-V MODEL (FOR COMPARISON) 

Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 

Kevin Forsberg 
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CREATING THE MAIN BUILDING BLOCK 
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SoS-VEE Model 
CREATING THE MAIN BUILDING BLOCK (CONT'D) 
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*Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 



OBJECTIVES 
APPLY ITERATION AND RECURSION PRINCIPLES 

Source: Systems Engineering Handbook , Fourth Edition, Figure 3.5, Garry Roedler 

Apply to  
SoS-VEE Model 

Garry Roedler 

Iteration and Recursion 
by Garry Roedler 
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SoS-VEE Model 
CREATING AN SoS-VEE (ENTITY) LAYER 
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*Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 

Entity V-Model by  
Dr Kevin Forsberg* 



SoS-VEE Model 
ASSIGN REVIEW AND AUDIT MILESTONES 
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SoS-VEE Model 
BUILDING THE HIERARCHY 

Dual V-Model Backplane 
by Dr Kevin Forsberg* 

*Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 
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SoS-VEE Model 
IMPLEMENTING SYSTEM ELEMENTS 
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Dual V-Model by Dr 
Kevin Forsberg* 

*Source: "SoSE from the SE Standards, INCOSE SE Handbook, and Dual V-Model Perspective", INCOSE Webinar 72, Feb 18, 2015, John Clark 
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SoS-VEE Model 
SYSTEM WITH SEVERAL SYSTEM ELEMENTS 

System 

System Elements 



SoS-VEE Model 
DANSE SoS LIFE CYCLE vs. SoS-VEE 

System of Systems 
Engineering 

Constituent 
Systems Engineering 

Source: “DANSE – Final Report on SoS Methodology and Tools”, INCOSE SoS WG Series, June 26, 2015, Eric Honour 

Eric Honour 

DANSE SoS Life Cycle* 
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SoS-VEE Model 
INDIVIDUAL SYSTEM LIFE CYCLE NEEDS 
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INDIVIDUAL SYSTEM LIFE CYCLE NEEDS 
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SoS-VEE Model 
SYSTEM VS. SYSTEM OF SYSTEMS ENGINEERING 
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SoS-VEE Model 
REVIEW AGAINST OBJECTIVES 
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SoS-VEE Model 
REVIEW AGAINST OBJECTIVES (CONT’D) 
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PROOF OF CONCEPT 
APPLICATION TO OTHER INDUSTRIES 



PROOF OF CONCEPT 
PROJECT MANAGEMENT 
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Source: SE Handbook, Fourth Edition, Figure 4.4 and Section 3.2.2 



PROOF OF CONCEPT 
PROJECT MANAGEMENT 
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PROOF OF CONCEPT 
APPLICATION TO CONCEPTUAL MBSE 
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System Requirements 
Definition (SR) 

Architecture Definition 
Process (AD) 

Actor(s) 

Use Case(s) 

Sequence Diagrams 

Track 02, Modeling & Simulation 
October 29, 2015 4:05PM 
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SUMMARY 
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SoS-VEE Model 
FINAL WORD: START SoSE EARLY 

Sources: https://upload.wikimedia.org/wikipedia/commons/9/98/2015_Chevy_Corvette_Stingray_Z06_Debut_at_Detriot_Auto_Show_7.jpg, http://i81.photobucket.com/albums/j236/dimitri_the_pirate/RedneckCarAirConditioner.jpg 

https://upload.wikimedia.org/wikipedia/commons/9/98/2015_Chevy_Corvette_Stingray_Z06_Debut_at_Detriot_Auto_Show_7.jpg
http://i81.photobucket.com/albums/j236/dimitri_the_pirate/RedneckCarAirConditioner.jpg


SoS-VEE MODEL 
QUESTIONS & ANSWERS 

Thank You for 
Your Attention! 

Oliver Hoehne, PMP, CSEP, CSM 
Senior Professional Associate & Project Manager 

Parsons Brinckerhoff 
hoehneom@pbworld.com 

Tel.: (973) 353-7617 
Cell: (862) 371-7314 
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