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Dr. Thurston is the North America
Aerospace & Defense Strategy Director
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At Dassault Systemes Dr. Thurston works with Clients
to maximize their derived value, and shorten the value
realization time resulting from their investments.

Key focus areas include regulated context Systems
and Software product lines, Model-Based Enterprise.

He has worked at Textron, ISI/Windriver, Hamilton
Sundstrand, in various roles and led the Aerospace,
Defense, & Security P&L at a Boston-based Product
Consulting and Development firm.

His Doctoral Dissertation was developing a distributed
parameter control system in support of a DARPA
program. He also has a MS in Engineering, and a BS
in Chemistry.
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Dr. Tummescheit is the Chief Executive
Officer of Modelon Inc., and one of the
founders of Modelon AB

He has been involved in the Design of the Modelica
language and the FMI standard from the beginning.
In 2003 he worked as a research scientist at United
Technologies Research Center and returned to
Sweden in 2004 to start Modelon AB, the first
company fully dedicated to tools and services based
on Modelica and FMI.

Dr. Tummescheit has served as the CEO of Modelon
in Sweden and moved to the United States in 2013
to establish Modelon as a lead player in system
simulation here.

Dr. Tummescheit has an MSc in Mechanical
Engineering from Germany, and a PhD in Automatic
Control from the University of Lund, Sweden.
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David Guzinsky

Vice President, A&D Industry Solution Experience
Aerospace and Defense

C Following the 2013 acquisition of his company, Strategic
Business Solutions, Inc. (SBS) David Guzinsky joined
Dassault Systéemes as Vice President of Aerospace &
Defense Industry Solution Experiences, focused on
business development and portfolio strategy.

C As President and CEO of SBS, Dave led the company from
1998 through 2013 in its mission to provide
multidisciplinary service and solutions to the aerospace
commercial and defense segments as well as to provide
general engineering expertise. With deep domain
knowledge the Aerospace
best practices, David led his R&D team through the
ideation, development, and deployment of many market-
leading solutions -- including the ENOVIA A&D
Accelerator, ENOVIA IP Export Classification and ENOVIA
IP Enforcement solutions, and ENOVIA Program Cost and
Budgets for Earned Value Measurement -- part of the
Dassault Systemsdéd portfolio

C An internationally-recognized executive within the A&D Industry, David
wor ks with most of the worl dobés preemir
powerhouses including: The Boeing Company, Northrop Grumman,
Lockheed Martin, Sikorsky Aircraft Corporation, Boeing Helicopter, as well as
major equipment manufacturers and suppliers such as Pratt and Whitney,
Honeywell, Raytheon, Orbital Sciences, and Harris among others. He also
Interfaces with industry associations and government personnel i in both the
Department of Defense (DOD) and the National Aeronautics Space
Administration (NASA) -- on topics related to progressive industry
methodologies and interrelationships including, but not limited to: Systems
Engineering, Configuration Management, Data Management, Technical and
Contract Compliance and Earned Value Methodologies.

C Da v i wuhiyge visibility into all tiers of the A&D industry as well as its
diverse business processes allows him rare insight into the best ways to
integrate processes and tools across functional organizations. David has
decades of experience architecting business transforming enterprise
business applications in the Product Lifecycle Management (PLM)
environment.

C Priorto SBS, David was Program Manager of Spares and Logistics Programs,
International Space Station (ISS), which allowed him to manage, develop, and
implement ISS Spares and Logistics Support contracts..

C Another highlightof histen-p|l us years at The Boeing

& Def e n sreeadEngahegring Opexatipres anthCGandigdrationand Rhta Manager on the

V-22 EMD, Ther e, he was responsible for
Configuration Management, Data Management, Technical Compliance, and
Engineering Cost and Schedule activities for the company.

C David is amember of multiple industry-specific associations such as the
National Defense Industry Association, The Program Management Institute,
and the National Contracts Management Association. A Combat Veteran of
the United States Marine Corps, David was a Force Reconnaissance
Operator.
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Key Take-Aways
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PProduct lines affect positive business outcomes.

b Capability maturity models are key to sustained
transformation.

PProduct lines include all assets.

P Asset Management is a key building block.

PDeliberate reuse depends on revalidation.

PModel -based definition facilitates early
validation.

PModels need to be deployable in different
contexts.
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ABSTRACT

A Cost Model i5 a model of a project or business and represeats
a formal, mathematical understanding of what bappens on &
project - albeit at some abstract level. Clearly. such 2 model can
be used fo estimate but they can offer a business far more
undesstanding than simply the cost or schedule of a project. A
Cost Model can be wsed to denve improvements ("Which cost
dnivers can we ifluence?), denve measurement programs
(“Whar's important to measure?”) aad derive nisks ("Where are
the uncertanties in key factors?").

A Softwase Product Line is clearly complicated, strategic in
natue and 15 probably beyond the capability of most people o
sumply guess at what is the nght approach and strategy. At Rolls-
Royce, we saw the Cost Model as ceatral to decision-making - the
better the quality of the model the better the quality of the

greater than the sum of its pasts. any Cost Model is greater then
the sum of its data There were many emergent observations that
come from an integrated Cost Model that could not be understood
simply from its pasts

This paper describes the philosophy and approsch taken by
Rolls-Royce in developing the model and shares some of the
emergent findings from its usage.

2 Rous-Rovce
Rolls Royce provides power systems and services for use on
fand. at sea and in the axr. and operates m four global markets
cavil acrospace, defence acrospace, manne and energy.
Rolls-Royce products serve masket segments that are
characterised by long service hfe, highly dependable. safety or

Unfortunately, adopting an integrated pl
risky and costly migration. However, inds
shows that some benefits of an integrated

achieved by properly managing a set of cloned variants.

vasive PLE adoption strategy called virtual platform. Virtual
platform covers a spectrum of sirategies between ad-hoc clone
and own and PLE with a fully-integrated platform divided
into six levels, Tt toa

level requires some effort and it provides some incremental

dectsions we make.

KEYWORDS: SOFTWARE PRODUCT LINES, COST MODEL
ESTIMATING, ROLLS-ROYCE, AEROSPACE

In this paper, we propese an incremental snd minimally in-

mission critical systemss. Increasingly these systems are software
caabled

In all the business sectors in which Rolls-Royee operates. there
are demands for improved capability and effectiveness of the

s Acrospace

products. Existing incremental PLE adoption strategies
6] discourage relying on cloning due to msintainsl
However, as shown by industrial practice, eliminat
and adopting the integrated platform i not always desirab)
nor heneficial as it requires high-risk migration processes
In this paper, we present an ineremental and minimali
invasive strategy for adoption of product-line engineerin
called virtual platform. Virtual platform allows organizatio
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ABSTRACT KR ot e ol comanic s el piodic divlogment R to reduce the proportional cost of control systems relative to the engine, and to field
Cloning is widely used for creating new S e applications in timescales that preclude traditional “clone-and-own” approaches. The goalis to
While it hes low adoption costs, it often leay seduction in cost of purchase and'or cost of ownership. o develop reusable control system and evidence, which
problems. Long term reliance on cloning 1 INTRODUCTION & Bundesministerium can be used on a variety of applications. Key include ing military and
favor of systematic reuse offered by produ TNGSgh o eveicar sl gl SO DR B s RS S firBildung commercial constraints with the same architecture, designing in flexibility for future
(PLE] with a central platform integrating % : und Forschung applications, and leveraging global company capability in processes, tools, and supply chain

Systems: Systems Engineering Challenges

Shawn T. Collins
Systems & Program Engineering
Rolls-Royce
PO Box 420, Indianapolis, IN 46206
shawn collins@alumni.purdue.edu

Malvern . Atherton
Control Systems Engineering
Rolls-Royce
PO Box 420, Indianapolis, IN 46206
malvern.j.atherton@rolls-royce.com

Copyright © 2013 by Rolls-Royee Corporation. Permission granted to INCOSE to publish and use.

Abstract

Rolls-Royce is developing a Full Authority Digital Electronic Control (FADEC)
product line for helicopter and light turboprop applications. This is driven by market demand
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Value Chain Evolution
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>

Evolving activity
is perceived as a
future source of
Value and profit.

Value Chain

Evolving activity is
perceived as becoming
commonplace, cost of
doing business, and of
declining differential Value.

7\ A
7 14
Genesis Custom Product Commodity Evolution
Built

Chaotic = == == == = = Transitional == == == = = = =) |inear
Commonplace
Poorly Understood Well Understood
Differential Efficiency & Operations

High Profitability Cost of Doing Business

High Total Value

Competitive Advantage

High Unit Value Volume Operations

[ Standardized ]
Define Market

Constantly Changing High Total Variation

Undefined Market

Listen to Customers

Herbert Simon
Theory of Hierarchy:

A The creation of a system is
dependent upon the
organization of its subsystems.

ﬁ As an activity becomes \
increasingly commoditized and
provided as ever more
standardized components, it not
only allows for increasing speed

of implementation but also rapid
change, diversity and aqility of
systems built upon it. /

© Dassault Systemes & Modelon

Adapted from Bits & Pieces Blog
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Supply Chain: Adapt
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Tier One Suppliers had to change from$ystegesupplierto a
systemdntegraton arguably a tectonic shift the blink of an eye

AGreater levels of integration

ANew technologies

Alncreased complexity

Alncreased reliance on their
own supply chain

FMI enables system
integrators to perform virtual
validation using subsystem
models from their supply chain

BOEING is a trademark of Boeing Management Company
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Developing Efficiency at the Expens&daiptability
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Any customer can have a car painted any
color that he wants, so long as it is black.
--Henry Ford

The production of Henr
was the archetypal example of developing
efficiency at the expense of adaptability.

In pioneering mass production, Ford
produced more than 15
over 19 years.

By 1927, the car had fallen behind its
competitors, because production had been
geared toward efficiency rather than
flexibility.

The company was forced to close all its
factories down for six months in 1927 to
retool for the Model A, perhaps the most
costly model changeover in history.
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Why Product Lines?
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Business Drivers

A Build a culture of commonality and variability to
leverage common methods and infrastructure to
enable improved execution.

A Deliberately harvest latent IP, through architected
variability.

A Drive down instance cost, improved asset
management and leverage.

A Improve the ability to engage and understand
customer needs.

A Identify innovation opportunities through
customer co-creation.

A Improved customer satisfaction through enhanced
ability to meet customer commitments.

A Improve the ability to plan and estimate product
development efforts.

A Enhance the way in which Risk and Opportunities
are Identified, anticipated/planned for, and
managed.

A Enable the successful execution of a larger
number of increasingly complex product
development projects while managing head-count.

Cumulative Costs

Current Practice

PAYOFF POINT

-—
-—
-
-

With Product Line
Approach

| I 1 |
Numbers of Products

Weiss. D.M. & and Lai, C.T.R..
Software Product-Line Engineering: A Family-Based Software Development Process
Reading, MA: Addison-Wesley, 1999.

Implications of Complexity on Engineering Load

Time
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Product Line
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lllustrates Different Deployment Contexts

C-130 Hercules Aircraft Platform Configurations
Satisfying Profoundly Different Mission Objectives

ﬂ@

JC-130

AC-130 AC-130A EC-130E JC-130
Gunship Airborne Airborne Battlefield Maritime & Mid-Air
Ground Attack Drone Control ~ ©ommandand Control, 0 poayo

& Electronic Warfare

Retrieval /

A product line is a set of systems,
software, and hardware assets that
share a common, managed set of
features satisfying the specific needs
of a particular market segment or
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Understanding Product Lines
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|t I s 1T nstructive to understa
SEIl provides good guidance on What Software Product Lines are NOT

Afortuitous, small-grained reuse (e.g. Component/

. . Service-Based
I|brar|es) Reconfigurable

' i Architect
Asmgle-system development with reuse (SIS

Ajust component-based or service-based

development Opportunistic

Product
Ajust a reconfigurable architecture smap Srained (Srest R standards

Areleases and versions of single
products

Ajust a set of technical standards

© Dassault Systemes & Modelon
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What are the Key Product Line Organization Questions?

What is a Product
Line?

Define

What does a
product line
affect?

What is the scope

of the first Why this scope? mature product

product line?

What does a

line look like?

How are product
lines (Orgs.)
Funded?

How do you work

with product
lines?

How do | create
products from
product lines?

Who Leads

Product Lines?

How do we
organize around
product lines?

What is an asset?

What is a product

line asset?

What if a core What if no asset What is different
asset doe does what | want developing using

what | want it to? it to do?

product lines?

Operationalize

How does the
product line meet

K customer needs?

What if customer

i nsi sts

(4

How do | change
the product Line
Asset?

/

© Dassault Systemes & Modelon
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Product Line Capability Maturity Builds upon Others
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E Lo %’ﬁ - "/ Delivered Value \

ADepends on the Organizations
Maturity Along Critical Dimensions

ABusiness, Architecture, Process,
Organization.

AThese build on capabilities and

competencies in other areas.
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Strategic Product Development & Management

Product Line

AiThere is no favorabl e wi ndAlfgmngthaenl &ixo [mtheeCere | s hi
-- Hopley Yeaton, First Commodore of the USCG Strate
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Product Line Organizational Implications
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N IChange tntplichti®s:

The process of identifying, collecting, organizing, and
representing the relevant information in a domain.
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v underlying theory,
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System Requirements Val i da
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Thereduced diversitypact of featuneented development

A T higardeep and fundamental mismatch between the information that
requiremengpecifications contain and the information that architegts need
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Product Value Chain inclwding
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ARP4754ARVaIMMATTERS) ARP4754A/D1Y8@ RVM (AIDT)
Includes Product Line Engineering (PLE) in a Regulated Context
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Product Line Features and Variability
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Product lines need to be considered at any number of abstraction
levels; in A&D, frequently the entry point is at the platform level or
at the Systems & Software level which includes safety.

Feature Modeling:

A Low level implications at times
Marketing need to be exposed at higher

—t Q . § levels to afford decision making,
l\lz 3 the corollary is that high-level
Product = decisions can have low-level
| T\ "2 > implications.
\4 Y %‘; A The variation elements trace
System 5 = from the features to the
A g‘ architectures, requirements, and
7 ¥ § implementation.
Software “ A This includes related Models and
other assets used for Validation,

Implementation, and Verification.
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Regulated Process
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Product lines fit into the regulated process. The business process demands increased
emphasis on the architecture since it is the architecture that has to support the expected
product line scope and deployment contexts. This means the architecture is vetted across
more than one product or program.

Integral Processes
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It is the regulated process and the intended avoidance of technical debt that results in the creation of many

assets to support process planning, adherence, and assurance through the creation of objective evidence.
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Core Assets I More than just code
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Introducing the System Digital Mock-Up (S-DMU)
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Collaborative platform enabling systems

architects and discipline experts to define

and validate upfront the structuring systems

matching requirements FUNCTIONAL ANALYSIS & ARCHITECTURE BEHAVIORS

Maintain consistency between requirements
(customers, business, regulation), Systems
3D layout definition and Digital Mock-Up for

preliminary & detailed design 2 | —_ O

S-DMU is a construct that is native to \ =

Dassault Syst mesb 3DEXPERI NCE P& ‘ m &
EQUIREMENTS f

which is composed of enabled organizational ... , COMPONENTS SCHEMATICS

and activity archetypes (called Industry ———— - (ElecticaHydraulié )

Solution Experiencelshto .. d on the

be done. 0

Operationally, the S-DMU is initiated in
Winning Program and consumed (&
transformed, translated & matured) by Co-
Design To Target, Test to Perform, Licensed
to Fly & Keep Them Flying.

The System-DMU is the 3DEXPERIENCE referential for MBSE...: systemes & vodeion
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Model-Based Requirements Validation & Verification

ARP4754A T MATTERS/AIDT
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reflects the environment.
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Pratt & Whitney Canada:

Industry
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