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Overview of presentation N\ 2

* [he authors are all PLE advocates within their respective
organizations, which include many of the world's largest
defense contractors

* We believe that Feature-based PLE plays, or should play,
an important role in many, if not most DoD acquisitions.

* We'll explain why and, more importantly, how Feature-
based PLE supports each of the acquisition pathways in
the DoD’s Adaptive Acquisition Framework (NDIA 2020).
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Overview el

* The Adaptive Acquisition Framework (AAF) is a DoD
effort to improve the business transactions between the
Defense Department and the defense industrial base.

* DoD Instruction 5000.2, titled, Operation of the
Adaptive Acquisition Framework was implemented on
January 23, 2020.

* |t comprises six acquisition “pathways,” plus a
Cybersecurity gateway.



Path
Selection

=
=
L
@
o
@
=
)

'E":"" et i Port

o™ A 0®
(€ 4511&,4-3"'*'3 "-Lﬂ"l.

Urgent
Capability
Acquisition
oD

N

—g 2 years—*
0D Rapid
Fielding

Prototyping

Middle Tier i
of Rapid
i +—— < 5 years——»

Acquisition
< Syears— * \,
w
MDD MS A MS B MS C 10C FOC
Major Materiel Technology Engineering and Production
Capability Solutions Maturation and anufacturing and
Acquisition Analysis Risk Reduction Development Deployment
0 1
Software hgﬁ @ {5 (5 EIE{UtIDI'I F"has&
. » o
Acquisition EEE QP QMW‘Q [:)MUCHO - O
t—«<¢lyear— *
ATP ATP ATP ATP
Defense Capabilit Functional Acquisition, .
Business Iﬂeed . 1'3'“'“0“ Heqﬁlrementa and TE:I[inE' and ‘-:;IJEIJIII?_
- : nalysis cquisition uppor
Systems ldentification Pﬁa nning Deployment
! psiness Capabilis Acauisiion e
PLAN DEVELOP EXECUTE
Acquisition 1 7 3 4 > b 7
ufgaruicas Form Review Perform Define Develop  Execute Manage
the Current Market Require- Acquisition Strategy Performance
Team  Strategy Research ments Strategy

OPERATIONS AND SUSTAINMENT




international symposium

!&

AN
/ ly 17 - 22, 2021
‘4.%’ July

31St Annual INCOSE

What is Feature-based Product Line Engineering?
(Paul Clements, BiglLever)

www.Incose.org/symp2021



Product Line Engineering (PLE) Defined g\,ﬂ

ISO 26580 Methods and Tools for Feature-based PLE

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

Product lines are ubiquitous — virtually all products and systems are built as part of a family.

Product Line Engineering:

International the engineering of a product line using
Organization for shared engineering assets,
Standardization

a managed catalog of features, and

an automated means of production...

-~ taking advantage of the commonality shared across the family

-~ efficiently and systematically managing the variation among the products or systems



PLE is a move away from the mismatch of point solution engineering —
duplication, branch-and-merge, clone-and-own, self-inflicted N> complexity

ProductC

ProductD



Point Solution Engineering Effort

100

* Results in low-value, B Effort Expended
mundane, replicative work.

75

* Deprives teams of time and
energy better spent on
high-value innovative work
that advances product and
business objectives.

50
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* Introduces significant risks
of defects, errors, and
omissions.
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Feature-based PLE Factory
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Feature-based PLE Effort Avoidance

M Effort Expended = PLE Factory Investment B Effort Avoided

Work Is done once.

Automation applies the
work to all products to
which it applies.
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Some of the companies applying Feature-based PLE“ -

Boeing, General Dynamics, Lockheed
Martin, Northrop Grumman, Raytheon,
General Electric Aviation, General Motors,
Stellantis (Fiat Chrysler), NetApp, ...

12
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Cybersecurity Gateway

Cybersecurity

—s

-

~—+ Applies to all pathways

— Cyberspace defense
— Operational resiliency

~« PLE/SSE Opportunity

— Security work products

Inputs (example artifacts):
System/Mission State Diagram
External Interfaces Description

Critical Mission Threads with TPMs/MOEs
System Function Decomposition

Implement

— Design cyber secure/resilient PL architecture

— Secure the PLE factory

— Validate instantiated variants

Select
Architecture
Artifact for

Analysis

enhancements Repeat Cycle Identify Cyber
Attack Effects
to address For Concerns
gaps Each Selected
Architecture
Artifact
Identify
|dentify Gaps Resiliency
Capabilities
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Presenter
Presentation Notes
In the Adaptive Acquisition Framework graphic, the cybersecurity gateway is shown applying to all pathways.  

This doesn’t mean that security is applied in the same way in each pathway, however.  The cyber risk assessment for each system results in a prioritized select of techniques for effective cyberspace defense and operational resiliency to enable mission success in the face of a cyber-attack.

PLE offers a unique opportunity to address security once in the product line generating shared assets that include security work products.
Using the cyber resiliency wheel, the team develops a cyber secure and cyber resilient product line architecture.
Securing the PLE factory supports transferring the product line products to multiple programs.
Validating the instantiated variants confirms that the applied applications are cyber secure and cyber resilient.
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Urgent Capability Acquisition Pathway %

 Communication accelerated
using product features as the
common language
* Eliminates quality escapes

« Rapidly adapt to changes in
the warfighter's
environment
* From warfighter “I need”

to fielded product
capability in hours-to-
days

 80% MVP ~8 weeks
* Innovation thru adding to

field-proven shared asset « Continuous delivery of value

superset for contract period of
« Leverage pre-existing performance |
digital thread * Operations and sustallnment
rhythm based on warfighter
need
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Presenter
Presentation Notes
Feature-based PLE is ideally suited for the development and delivery of an 80% solution as a minimum viable product to the warfighter in as little as eight weeks, with subsequent continuous delivery of capabilities in collaboration with the DoD to the field
Using features as the common language (a.k.a. ubiquitous language) removes the communication impedence mismatch historically experienced in product acquisition, operations an sustainment.
Innovation thru adding to field-proven shared asset superset and using pre-existing digital thread (a.k.a. PLE Factory) rather than bare-ground factory development & green field system development
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Modular, Composable Products using DE e

Specialty Engineering Models

* Digital Engineering (DE)
 Model-based PLE — Feature model is the authoritative
Pl source of truth for product variation across the entire
. Management .
ll// Models digital thread
=  Feature-oriented scope, commonality and
ﬁ- 1./ variability analysis
&S ourcciorB _— +  MOSA Open System Architecture conformant

System 2 : _ ! P ), Design
\ Models

« Variants automatically composed from modular,
severable, reusable HW + SW components (Dev*Ops)
| * Product rule base (assertions) continuously verify
. 18 - Manufacturing : :

&Y' Models & validate variants
 Removes human-in-the-loop process delays and
qguality escapes

Key: Data qamnp

Feature model is the authoritative source of product variation truth accelerating life cycle activities
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Presenter
Presentation Notes
Model-based PLE – a subset of digital engineering, which in turn is part of the US DoD’s digital trinity of digital engineering + agile software (Dev*Ops) + MOSA Open System Architecture (OSA)
Feature-oriented scope, commonality and variability analysis captured as a feature model which is the authoritative source of product variation truth across the entire production, operations and sustainment thread
Product variants are automatically composed from modular, severable, reusable digital and non-digital (hardware) assets using models
Models are non longer merely diagrams but part of the factory tooling used to drive production including verification and validation
Part of Feature-based PLE is a rule base used to verify each member of the product line.  A rule base is obtained from subject matter experts and digitized as a set of rules.  A product rule is a system constraint represented in a rule base as an assertion.  For the systems engineer, the design and implementation of rule-based verification enables the capture of knowledge from subject matter experts; and then the tireless, error-free verification of each delivery to the field by the factory using the rule base
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Middle Tier of Acquisition Pathway i

 Development of new capabilities based on abillity to rapidly prototype demonstrable solutions

» |dentify feasible solution options through proliferation of modular design configurations (purple
dots) that fit within the cost and value ?performance) curve based on a portfolio of mature
technologies

— Fallon a LOWER cost curve than parametric solutions

— Performance evaluated in simulations using composed prototype solutions from reusable modular components with
purposeful variation

Solution Space w/o Feature-Based Portfolio Increasing Solution Space With Feature-Based
—_ Py Portfolio
3 N Best Value Curve (Pareto Edge) D 4
- o ® E New Best Value Lo
g Capability e @ | Solution Possibilities , * « Specific Composed Solution
= | Desired o ¢ . = & v, * Concepts (Purple dots)
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g . ° Cost Constrelnt (>g s o ¢ Some not viable

Cost Cost

Composing Disruptively-Lower-Cost Solutions
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Presenter
Presentation Notes
This pathway is intended for the development of new capabilities based on a level of maturity that allows for rapid prototyping and/or rapid fielding within a 5-year time frame. Level of maturity indicates the  availability of mature reusable modular and composable component solutions that can be used across product families. The rapid prototyping path provides for use of these proven technologies to field production quality new or upgraded systems with minimal development required. 

Lets consider for example composing a missile product solution. We want to lower the cost and time to develop a product variant without sacrificing performance.

We want to leverage reuse – and identify the missile system solutions provided by reuse. On the left side the graphic shows the Solution space where the blue dots represent the possible combinations of all parameterized missile concepts.  What we try to do is find those solutions that fit within the cost and value in terms of performance curve as depicted by the red line and aim for those solutions that fit within that blue square area.
On the right side the graphic shows the result of expanding the solution space using FBPLE and composability concepts. As depicted in the graphic, we are trying to move the red line to the left which will result in a lower cost solution with the same performance capabilities.
By identifying the possible composed solutions (large purple dots in the right illustration) using the modular components designed within the missile architecture with purposeful variation, new options may pop out, that are forcefully constrained by reuse.  These reusable components often exhibit a huge cost and schedule advantage, and, therefore, disruptively lower cost and time to market solutions are found!


Features, Rules, and Automated Configurator Identifies Trade Analysis @
Options Providing Input to Performance Simulation Environments “ Z

 Feature-based Product Line Engineering approach manages the portfolio of
common and variant reusable components

* Features and rules are used to automatically proliferate through the product
portfolio design space characteristics

* Feasible design solution prototypes are rapidly identified within a virtual trade
space and input into simulation environments

Digital Library of
modular reusable
components

Knowledge

Unrestricted Content
This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations. 20


Presenter
Presentation Notes
Using FBPLE methods and tooling in a digital ecosystem containing a library of reusable components, a virtual trade space analysis can quickly be achieved using features and rules to proliferate through the product portfolio design space characteristics to compose prototype solutions.
The Feature-based PLE approach captures existing and future feature variants defined as capabilities, and performance and design characteristics associated with product assets and their components within the product line portfolio. Knowledge-based rules are captured to specify constraints and dependencies among features.  Rules, for example, may be defined in terms of missions, platforms, interfaces, and physics.
Having a product line portfolio of products with their common and managed variant reusable components reduces the risk by using these already designed, manufactured, and tested components.
Less risk and cost is associated with adding new or upgraded technology solutions reducing the time and cost to rapidly prototype a physical fieldable prototype solution.  Features associated with reusable product components can also be linked to managing the identification and use of:
Production test equipment needed to perform rapid hardware in the loop testing
Supply chain vendors for purchasing off-the-shelf components
Manufacturing facilities and processes to manufacture new or upgraded solution products
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Defense Business Capability - Functional Acquisition, .
Systems Need iﬂ;lt';.r; Requirements and Testing, and Capability —
Identification Y Acquisition Planning Deployment Support
DoDl 5000.75
Includes ongoing BuNpess Capabiljly Acquisition Cycle
governance for product

portfolio of shared
capabilities

|dentification of
features for
generating a variant
product to narrow
scope to only
necessary changes

Identify prior existing
capabilities that can be
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and schedule y

Requirement's variation
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sharing of prior solutions
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for future development

PRODUCT ASSET INSTANCES
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Acquisition Cycle PLE Considerations
Phase 3 S

Capability Need  Capability need is based on the desired end state in Create feature model based on known ,
Identification a business mission area, the problem(s) preventing differences. Composition of teature required
it, and the future capabilities required to achieve it. for new product Bill-of-Features.

Solution Analysis  Future capabilities are based on reengineering the Identify new requirements that fill the

high-level future business processes that will deliver missing need, and tailor existing
the capabilities. requirements using variation

Functional Describes how the business system will achieve the Share common content from prior efforts,

Requirements and future business processes. ensure governance address need for shared
development teams. New capabilities

Acquisition _
Planning development can be centralized.
Acquisition, Detailed fit-gap analysis follows solution selection  Analysis includes the direction for high level
Testing, and based on the acquisition strategy. Fit-gap analysis  tailoring of the Government-Oft-the-Shelf
Deployment will be based on the known capabilities of the capabilities.
Commercial-Off-the-Shelf/Government-Off-the-Shelf
(COTS/GOTS) software in the selected business
system solution.
Capability Support This phase provides support for the business Combine sustainment efforts based on
capability, including continued cybersecurity superset capabilities to ensure all teams

readiness and enduring support for and appropriate b?fnftfit f?rThthe _Coi‘;inue?t fd?velopment
upgrades to the business system. efforts of others in the portrolio.
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Software Acquisition Pathway
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Presenter
Presentation Notes
Planning Phase
Decisions are made about technology reuse that accelerate new capability development through the Feature Catalog
Active User Engagements are used to refine features, bill-of-features and provide feedback on Minimum Viable Products (MVPs)
Execution Phase
Rapid iterative process for speed and agility throughout development
Maintain low cost through PLE Factory single baseline management that allows features and issues to be fixed once rather than duplicated
Design and Architecture
Feature Catalogue and Bill-of-features refinement based on software architecture, interoperability, DevSecOps pipeline and enterprise services, and cybersecurity 
Increasing reusability with architectural modularity, extensibility and configurability using open standards: FACE, SOSA, and OMS
Eliminate non-essential and restricted capabilities from baselines through feature visibility and auditing


[P Strategy Balance

* Intellectual Property Strategy

 Maximum extent delivery of product line superset assets erodes the
product line

* Beneficial private investment into product line optimization may be
avoided, increasing costs passed on to the government

 These forces are at odds when creating products that are more
efficiently developed and managed as variations within a common
baseline

* Tension dealing with ownership of IP inside the PLE factory vs.
generated instances

e Potential Solution

* Balanced IP considerations enabling Government and Industry
partnership success

* Delivery of generated Product Asset Instances rather than PLE
Factory internal IP
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Major Capability Acquisition Pathway
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Navigating Change — Major Capability Acquisition

Key Ingredients

Benefits

Agile practices and mindset Ability to adapt

Composable architecture Modularity

Open architecture principles Modifiability

Standards-based interfaces Interoperability of systems &

vendors

Feature-based PLE Holistic variation & Bill-of-

Feature management
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~__ Rapid capability insertion = Desired variation
* Approach as deltas to Bill-of-Features Portfolio
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Presenter
Presentation Notes
Variation will be introduced to your architecture and product families, perhaps faster than ever before.  One key to resilient architecture, sustainable in the long-term, is a rigorous approach to handle architecture variation.  
Architecture planned during a major capability acquisition anticipates a given rate of architecture change, which can be disrupted by the need to rapidly insert new capability developed in other acquisition tiers (yellow circles), (from-to example). Desired product variation poses many of the same challenges as unplanned, accidental, uncoordinated variation.  
Without a comprehensive plan for handling variation in a family of systems that spans engineering disciplines, clone and own approaches to handle variants can take hold and force teams down the road of ad-hoc, best-effort reuse.

As the title of the presentation/paper suggests feature-based PLE is a key ingredient to successfully navigate adaptive acquisition and resultant changes in product families.

Rapidly introduced capability can be handled as deltas to the Bill-of-Features with variation points and associated logic instrumented in the applicable engineering work products.  The new capabilities impact in work products is now defined and well-understood.  Pre-requisites or incompatibilities related to the new capability across the product line are captured as assertions.  Product family variants with or without this capability can be actuated from the new, enhanced super-set.


Conclusions -
* Feature-based PLE has an important role
to play in increasing the effectiveness of

each of the acquisition pathways of the
AAF.

e Questions?
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