
Welcome to the
2022 System of Systems Engineering Collaborators 

Information Exchange (SoSECIE)

We will start at 11AM Eastern Time

You can download today’s presentation from the SoSECIE Website:

https://mitre.tahoe.appsembler.com/blog 

To add/remove yourself from the email list or suggest a future topic or

speaker, send an email to sosecie@mitre.org

SoSECIE Webinar

https://mitre.tahoe.appsembler.com/blog
mailto:sosecie@mitre.org


NDIA System of Systems SE Committee

• Mission
• To provide a forum where government, industry, and academia can share lessons 

learned, promote best practices, address issues, and advocate systems 
engineering for Systems of Systems (SoS)

• To identify successful strategies for applying systems engineering principles to 
systems engineering of SoS

• Operating Practices
• Face to face and virtual SoS Committee meetings are held in conjunction with 

NDIA SE Division meetings that occur in February, April, June, and August

NDIA SE Division SoS Committee Industry Chairs: 
Mr. Rick Poel, Boeing
Ms. Jennie Horne, Raytheon

OSD Liaison: 
Dr. Judith Dahmann, MITRE



Simple Rules of Engagement

• I have muted all participant lines for this introduction and the briefing.

• If you need to contact me during the briefing, send me an e-mail at 

sosecie@mitre.org.

• Download the presentation so you can follow along on your own

• We will hold all questions until the end:

• I will start with questions submitted online via the CHAT window in Teams.

• I will then take questions via telephone; State your name, organization, 

and question clearly.

• If a question requires more discussion, the speaker(s) contact info is in the 

brief.



Disclaimer

• MITRE and the NDIA makes no claims, promises or guarantees about the accuracy, 
completeness or adequacy of the contents of this presentation and expressly 
disclaims liability for errors and omissions in its contents.

• No warranty of any kind, implied, expressed or statutory, including but not limited 
to the warranties of non-infringement of third-party rights, title, merchantability, 
fitness for a particular purpose and freedom from computer virus, is given with 
respect to the contents of this presentation or its hyperlinks to other Internet 
resources.

• Reference in any presentation to any specific commercial products, processes, or 
services, or the use of any trade, firm or corporation name is for the information and 
convenience of the participants and subscribers, and does not constitute 
endorsement, recommendation, or favoring of any individual company, agency, or 
organizational entity.



2022 System of Systems Engineering Collaborators 
Information Exchange Webinars

Sponsored by MITRE and NDIA SE Division

May 3, 2022
TBD

May 17, 2022
Mission-Level Optimization: A New Method for Designing Successful Systems 

Brian Chell 

June 14, 2022
Leverage Set-Based Practices to Make Agile Practices More Effective for System-of-Systems 

Engineering 
Brian Kennedy 

June 28, 2022
Model Based Systems Engineering in a Digital Environment: Creating a Virtual Testbed for Complex 

System Architectures 
Claudeliah Roze
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ISO/IEC 26580

• On April 20, 2021, it became official:

- ISO/IEC 26580, “Methods and Tools for the Feature-based 

Approach to Software and Systems Product Line Engineering”, 

was published as an international standard

- https://www.iso.org/standard/43139.html

• For the aerospace and defense industry:

- this powerful engineering approach, created to deliver 

unprecedented cost avoidance and quality, can now be readily 

and unambiguously mandated in RFPs and contracts,

- which can then be unambiguously provided by contractors,

- leveraging 26580 as the authoritative definition from the 

international engineering community
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https://www.iso.org/standard/43139.html
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Product Line Engineering (PLE) Defined
ISO 26580 Methods and Tools for Feature-based PLE

8

taking advantage of the commonality shared across the family

efficiently and systematically managing the variation among the products or systems

Product Line:

A family of similar products or systems with variations in features.

Product lines are ubiquitous — virtually all products and systems are built in the context of a family.

Product Line Engineering: 

the engineering of a product line using 

shared engineering assets,

a managed catalog of features, and

an automated means of production…
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Feature-based PLE is a Paradigm Shift 

away from Early Generation Complexity

9

Feature-based

Product Line Engineering

Complex Early Generation

Product Line Approaches

Independent Development
Systems are engineered 

independently, without taking 

advantage of commonality.  No 

reuse or sharing.

Clone-and-Own
Each new system created by 

cloning a copy of a similar 

system. 100% reuse on day one.  

0% reuse and sharing thereafter.

Reuse Repository

Collection of assets put into a 

repository for reuse by others. 

Opportunistic and ad hoc reuse, 

with no sharing.

1st Generation PLE

Collection of “core assets” for a 

product line in a repository, for 

clone-and-own reuse — no 

automation or sharing.

Variation Management Silo
Variation management 

techniques in a tool or discipline 

result in silos and dissonance 

across other tools and disciplines.

Branch-and-Merge
Each new system created by 

branching from a similar system. 

Maintenance reuse by manual N2

merging across branches.

?

?

?

?

?
?

?

?
?

In companies engineering products 

and systems, the number of product 

and system configurations is largely 

viewed as the top and growing 

source of complexity, which results in 

one of the top two business 

challenges, as identified in surveys 

of nearly 200 company leaders.

Michelle Boucher,

VP of Research for Engineering 

Practices, Tech-Clarity.

From Momentum 2021
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Early Generation Product-centric Engineering
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…

Product B

Product C

Product D

Product E

Product N

Product A

• Duplication, branch-and-merge, 

clone-and-own, self-inflicted 

N2 complexity, …

• Informality introduces significant 

risks in the form of defects, errors, 

and omissions

• Leads to delays, budget overruns, 

recalls, system failures, and 

opportunity losses
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Product-centric Engineering Effort
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…

• Dominated by low-value, 

mundane, replicative work

• Deprives teams of time and 

energy better spent on high-value 

innovative work that advances 

business objectives
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Figure from ISO/IEC 26580

Copyright © ISO/IEC 2021

https://www.iso.org/standard/43139.html

Feature-based Product Line Engineering
ISO 26580 Methods and Tools for Feature-based PLE

• Provides a single authoritative 

source of truth for 

- feature variation

- engineering assets

• For all products, systems, and 

subsystems

• For all disciplines

https://www.iso.org/standard/43139.html
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Feature-based PLE Effort Avoidance

13

…

• What if your engineers could do 

their normal day’s work before 

lunch?

• What would you have them do in 

the afternoon?
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Strategic Business Benefits

Strategic Engineering Benefits

Benefit Hierarchy of Feature-based PLE
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Root-cause Engineering Effort Avoidance

Competitive Imperative

More competitive pricing, more wins, higher sales

Beat competitors to market with new innovations

Higher quality, better reviews, better perception, fewer recalls, happier customers

Higher engineering effectivity mitigates staff retention and hiring challenges

Higher productivity, shift from low value to high value effort

Higher quality, lower defect density

Faster time to market for new features and new products

Greater scalability of the product line
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The ISO/IEC 26580 standard is new, but Feature-based PLE is not

• Although the standard has just been finalized, Feature-based PLE has been in 

commercial practice in the A&D sector for nearly two decades

- compiling hundreds of millions of dollars in cost avoidance each and every year

• The approach is being adopted or is already in widespread use by most of the top 

ten US defense contractors

• Feature-based PLE has earned its stripes by rising to the practicalities and hard 

challenges that are emblematic of the A&D sector

15
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AEGIS Weapon System for US 

and International Navies

Live Training 

Transformation:

US Army, Air Force, Marines.  

Plus enterprise initiative.

One of the largest and most 

complex product lines, 

comprising millions of instances 

per year

Rapidly growing and evolving 

portfolio of the world’s most 

advanced missile systems

Helicopter engines for all 

configurations of the new US 

Army Future Vertical Lift (FVL) 

program 

High cost of old approach

threatened loss of 

entire contract

Innovative low-cost solution 

essential to win and retain 

major contracts

Significant challenges to provide 

suppliers with a family of complex 

specs for electronic controller unit 

families

Traditional methods of creating 

and testing prototypes are too 

slow, imprecise, expensive to 

meet mission demands

Demand to maximize sharing and 

reuse to prevent multiplicative 

costs for flight certification

Feature-based PLE Results with BigLever

Turned an at-risk program 

into an enthusiastic long-term 

relationship by eliminating 

low-value redundant effort

Grew a $2B+ business from 

scratch with the US DoD.  

Delivering 3x more capability 

within budget, to the delight 

of the customer

Digital transformation to a 

digital supply chain by 

applying PLE to MBSE

Using Feature-based PLE to 

proliferate best candidate 

simulations to find optimal 

solution within a trade space

Using a single Feature-based 

PLE Factory with a single 

collection of shared 

engineering assets for the full 

engineering lifecycle
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“Change is good.  You go first.”

• When it comes to Organizational 

Change, technology is easy and people 

are hard

• “Feature-based PLE sounds great, but 

we’re different — it won’t work here…”

• Engineering organizations are justifiably 

risk-averse

17

Organizational

Inertia
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Lowering the risk of organizational change by elevating 

Product Line Engineering to a standard practice in the industry

18
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Feature-based PLE in a multi-contract funding context

• In A&D, sharing often needs to occur across 

programs, contracts, and customers.  

• Can that happen?  It can.  

• Defense companies have worked out 

methods to pay for activities that benefit more 

than one program, using an approach that is 

compliant with acquisition regulations.

19
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Feature-based PLE and export control compliance

• A product line may have members destined 

for sale in countries where ITAR or export 

control restrictions apply.

• Lockheed Martin pioneered a PLE method 

to ensure that no product contains any 

content that is not allowed to be exported.

20
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Feature-based PLE in security-intensive settings

• Can PLE work in a case where some of 

the products’ content is classified, or 

classified at higher levels, than other 

parts? 

• Raytheon and General Dynamics have 

written about an effective approach to 

apply PLE in secure environments and 

in conjunction with System Security 

Engineering.

21
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Feature-based PLE and Agile

• As DoD follows industry trends in Agile 

development, can Feature-based PLE 

play effectively in these arenas?

• PLE is not applied in isolation.

• Raytheon, Lockheed Martin, General 

Dynamics, and (for good measure) 

General Motors have all shared their 

experience, which amounts to a 

resounding “yes.”   

22
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Feature-based PLE and Digital Engineering / Model-Based Engineering

• As DoD leads industry trends by 

mandating advanced digital engineering 

and model-based approaches, Feature-

based PLE becomes critical.

- “Nobody builds just one”

- Early generation product line engineering 

approaches are intractable for digital engineering

• Raytheon, Lockheed Martin, General 

Dynamics, and (for good measure) 

General Motors have all shared their 

experiences.

23
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Feature-based PLE in a V&V-intensive 

environment

• Few sectors come close to A&D in 

terms of the cost required to validate 

systems.

• Aerospace companies have reported up 

to 8-fold improvements in the time to 

generate a certification package, cutting 

the time from weeks to days.

• Lockheed Martin reports that V&V can 

in many cases be shared among 

multiple members of a product line, 

saving significant time and money.

24
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Summary

• The release of ISO/IEC 26580 is good news for the systems engineering community 

in general, and A&D in particular

- Can be readily and unambiguously mandated in RFPs and contracts

- Can be readily and unambiguously applied by contractors in their proposals and deliverables

• The better news is that Feature-based PLE does not need a break-in period for A&D 

to learn the ropes

- It’s been here all along, and continues to be ready to serve

25
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