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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 & Defense Industry’s needs and 
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implement ISS Spares and Logistics Support contracts..
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role as Engineering Operations and Configuration and Data Manager on the 
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Configuration Management, Data Management, Technical Compliance, and 
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National Defense Industry Association, The Program Management Institute, 
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the United States Marine Corps, David was a Force Reconnaissance 

Operator.
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Key Take-Aways

• Product lines affect positive business outcomes.

• Capability maturity models are key to sustained 

transformation.

• Product lines include all assets.

• Asset Management is a key building block.

• Deliberate reuse depends on revalidation.

• Model-based definition facilitates early 

validation.

• Models need to be deployable in different 

contexts.
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Patterns of Adoption

Innovation

•Conceive of a new thing

•Conceive of a new way of doing 

something

•Conceive of a way of doing 

something new, using a new thing

Adoption Rates of Consumer Products: http://www.asymco.com/
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Value Chain Evolution
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EvolutionGenesis Custom 

Built

Product Commodity

Chaotic Transitional Linear

Rare

Poorly Understood

Differential

Competitive Advantage

High Unit Value

Constantly Changing

Undefined Market

Commonplace

Well Understood

Efficiency & Operations

Cost of Doing Business

Volume Operations

Standardized

Define Market

High Profitability

High Total Value

High Total Variation

Listen to Customers

Evolving activity 

is perceived as a 

future source of 

Value and profit.

Evolving activity is 

perceived as becoming 

commonplace, cost of 

doing business, and of 

declining differential Value.

Herbert Simon 

Theory of Hierarchy: 

• The creation of a system is 

dependent upon the 

organization of its subsystems.

• 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 agility of 

systems built upon it.

Adapted from Bits & Pieces Blog

http://blog.gardeviance.org/2013/01/evolution-begets-genesis-begets.html
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RADAR Screen
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Supply Chain: Adapt

Change

Systems supplier 

Systems integrator

• Greater levels of integration

• New technologies

• Increased complexity

• Increased reliance on their 

own supply chain

Tier One Suppliers had to change from being a systems supplier to a 
systems integrator— arguably a tectonic shift —in the blink of an eye

FMI enables system 

integrators to perform virtual 

validation using subsystem 

models from their supply chain
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The production of Henry Ford’s Model T 

was the archetypal example of developing 

efficiency at the expense of adaptability.

In pioneering mass production, Ford 

produced more than 15 million Model T’s 

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.

Developing Efficiency at the Expense of Adaptability

Any customer can have a car painted any 

color that he wants, so long as it is black.

--Henry Ford
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Why Product Lines?

• Build a culture of commonality and variability to 

leverage common methods and infrastructure to 

enable improved execution.

• Deliberately harvest latent IP, through architected 

variability.

• Drive down instance cost, improved asset 

management and leverage.

• Improve the ability to engage and understand 

customer needs.

• Identify innovation opportunities through 

customer co-creation.

• Improved customer satisfaction through enhanced 

ability to meet customer commitments.

• Improve the ability to plan and estimate product 

development efforts.

• Enhance the way in which Risk and Opportunities 

are Identified, anticipated/planned for, and 

managed.

• Enable the successful execution of a larger 

number of increasingly complex product 

development projects while managing head-count.

Business Drivers

Implications of Complexity on Engineering Load

Time
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Product Line

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 

mission (scope) and are developed 

from a common set of assets in a 

prescribed way.

Hierarchical Product LineIllustrates Different Deployment Contexts
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Understanding Product Lines 

SEI provides good guidance on What Software Product Lines are NOT

It is instructive to understand what product lines aren’t.  

• fortuitous, small-grained reuse (e.g. 

libraries) 

• single-system development with reuse 

• just component-based or service-based 

development 

• just a reconfigurable architecture 

• releases and versions of single 

products 

• just a set of technical standards

Product 
Lines

Opportunistic 
Small Grained 

Reuse

Domain/ 
Application 
Based Dev.

Component/ 
Service-Based 

Reconfigurable 
Architecture

Standards
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What are the Key Product Line Organization Questions?

What is a Product 

Line?

What does a 

product line 

affect?

What is the scope 

of the first 

product line?

Why this scope?

How are product 

lines (Orgs.) 

Funded?

What does a 

mature product 

line look like?

How do you work 

with product

lines?

How do I 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 

asset doesn’t do

what I want it to?

What if no asset 

does what I want

it to do?

What is different

developing using 

product lines?

How does the 

product line meet 

customer needs?

What if customer

insists upon “X”?

How do I change 

the product Line 

Asset?
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Product Line Capability Maturity Builds upon Others

Delivered Value 

• Depends on the Organizations 

Maturity Along Critical Dimensions

• Business, Architecture, Process, 

Organization.

• These build on capabilities and 

competencies in other areas.
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Strategic Product Development & Management

Expansion 

Strategy

Core 
Competencies

Innovation 

Strategy

Product Line 

Strategy

Resources

Platform

Strategy

Competitive Strategy

Differentiation 

Strategy

Pricing Strategy

• Time-Based

• Cannibalization

• Global Product

Supporting 

Strategies

Adapted From: PRTM High Technology Companies CSV Product Strategy

Strategic Balance

Technologies

Competitive

Integrated (Connected) Product Development

Business Model

Aligning the enterprise with the Core 

Strategic Vision (CSV) brings 

increased scrutiny down upon every 

facet.

One such area is product lines and 

the rigor with which they are 

managed.

Effective Execution and Management 

of Product lines depend on a 

deliberate architecture.

“There is no favorable wind for a rudderless ship.”

-- Hopley Yeaton, First Commodore of the USCG

 

Architecture

Assessments

Commonality/ 

Variability 

Assessments

Industry Best 

Practices

Business 

Goals

Product Line Strategy

- Product Scope

- Core Asset Scope

- Variation Strategy

- Evolution Model

- Metrics

Systems Arch. Strategy

SW Arch. Strategy

Product Line 

Maturity

(BAPO)

Product 

Roadmaps

Strategic Product Lines Credit Foliage (Hersey/Alfred) and Rolls-Royce
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Product Line Organizational Implications

Product 

Management

PL 

Requirements 
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PL Architecture PL Realization PL Testing
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& Planning
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System-Family Artifacts

Requirements Components TestsDesignCertification

Requirements 

Engineering
Architecture Realization Testing

Certification & 

Planning

Product Instance I

Requirements Components TestsDesignCertification

Product Instance II

Art based upon Frank Van der Linden Graphic

For Reuse

With 

Reuse

Instantiation, change control, and configuration management processes
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Domain Analysis “Latent IP”: Change Implications

Deployment Context A Deployment Context B

Change Scenario II

Change 
Scenario I

The process of identifying, collecting, organizing, and 

representing the relevant information in a domain.

The study of existing systems

 development histories, 

 knowledge-captured from domain 

experts, 

 underlying theory, 

 emerging technologies within the 

domain.

ATAM Matrix Credit Foliage and Rolls-Royce

Domain Analysis Example Engine Variants Credit PWC Web Site

Enables

Obstructs
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System Requirements Validation: “Reuse”

The reduced diversity impact of feature-oriented development

Requirements-Driven 

Fine-Grained Development

Feature-Driven 

“Chunky” Development

“There is a deep and fundamental mismatch between the information that 

requirements specifications contain and the information that architects need.”
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Product Value Chain including Change and Deliberate “Reuse”

C
er

ti
fi

ca
ti

o
n

 C
o

n
te

xt

ARP4754A—RValM (MATTERS)  ARP4754A/DO-178C—RVM (AIDT)

Includes Product Line Engineering (PLE) in a Regulated Context

Validation

Re-Validation

(Re) Verification

Implementation

New 

Product Change

New Product 

Line Context
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Product Line Features and Variability

Feature Modeling: 

• Low level implications at times 

need to be exposed at higher 

levels to afford decision making, 

the corollary is that high-level 

decisions can have low-level 

implications.

• The variation elements trace 

from the features to the 

architectures, requirements, and 

implementation.

• This includes related Models and 

other assets used for Validation, 

Implementation, and Verification.

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.
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Regulated Process

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.

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.

Systems and Software Lifecycle Information Exchange
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Core Assets – More than just code

• Requirements

• Architectures

• Components

• Modeling and Analysis

• Testing

• Planning

• Lifecycle Processes

• Program Tasks & CSA Roll-ups

• Earned Value

• People
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Introducing the System Digital Mock-Up (S-DMU)

Collaborative platform enabling systems 

architects and discipline experts to define 

and validate upfront the structuring systems 

matching requirements 

Maintain consistency between requirements 

(customers, business, regulation), Systems 

3D layout definition and Digital Mock-Up for 

preliminary & detailed design

S-DMU is a construct that is native to 

Dassault Systèmes’ 3DEXPERINCE platform 

which is composed of enabled organizational 

and activity archetypes (called Industry 

Solution Experiences) focused on the “Job to 

be done.”

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.

LOGICAL ARCHITECTURE

REQUIREMENTS

FUNCTIONAL ANALYSIS & ARCHITECTURE

COMPONENTS SCHEMATICS

(Electical, Hydraulic …)

BEHAVIORS

The System-DMU is the 3DEXPERIENCE referential for MBSE. 
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Model-Based Requirements Validation & Verification
ARP4754A – MATTERS/AIDT

System Under 

Development

System Digital 

Mockup (SDMU)

System 

Requirements

Environment Model

Verification
The system is correct with regard to 

the specification.

Validation

System Requirements & Assumptions 
The  specification designates the correct system.

Environment Model Validation
The  environment model sufficiently 

reflects the environment.

Correct System 

Targeted & Accepted 

by all Stakeholders

Suitable System Model Types
The system Organization, Execution, Variation, & Evolution

Trace/Allocation
The  System Requirements Trace to Stakeholder Needs.

Verification
Qualification and Acceptance Testing

Validation Activities
Engineering Reviews & Test

Allocated

Feature Model

Environment
C A D I V M I RS V EO

Modeling Methods

Validation
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Pratt & Whitney Canada: Industry Case

Why?

How?

What?

Innovation

•Conceive of a new thing

•Conceive of a new way of doing 

something

•Conceive of a way of doing 

something new, using a new thing
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Modelica

• The LEGO analogy is frequently used when 

discussing reuse and Product Lines.

• Modelica: a programming language for 

modeling cyber-physical systems.

Modelica is vendor-neutral standard
• Multi-domain

• Object-oriented

• Non-causal and equation-based

• Consistent graphical and textual system representation

• Supported by many tools

Modelica is like LEGO for Physical Systems Modeling



Global Product Data Interoperability Summit | 2015

BOEING is a trademark of Boeing Management Company

Copyright © 2015 Boeing. All rights reserved.

Copyright © 2014 Northrop Grumman Corporation.  All rights reserved.

GPDIS_2015.ppt | 29

© Dassault Systemes & Modelon 

Architecture Contexts

Multiple Deployment Context Model-Based PLE Enablement 

Modelica Product Line Suitability
Inheritance

Abstract Types

Definition: Use: Occurence

Mechanical Problem Contexts

forward problem: 

compute positions from 

applied drive torques

inverse problem: Solve 

needed drive inputs to 

follow desired trajectory

estimation problem: 

compute friction 

parameters in joint from 

model + measured data.

Electrical Problem Contexts

acausal: Same model for 

voltage- or current sources

Inverse problem: to 

Design circuit to spec 

estimation problem: 

actual circuit parameters 

from data & model

Thermo-Fluid Problem Contexts

acausal: Same model pressure 

losses for given flow, or solve 

pump sizing problem

Inverse Problem: Solve sizing & 

interaction problem 

estimation problem: actual 

thermo-fluid parameters from 

data & model

Organization Use Contexts

xIL: Model, Software, Hardware 

in the loop leverage models 

across value-chain

tightly coupled model 

connectivity: FMI/FMU 

Exchange & Co-Simulation 

Interoperability

model creation & 

management: Domain 

Development, and application 

development Allocated Models
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Modelica Language Object Oriented Illustration

connector Pin

Voltage v; flow Current i;  

// Sums to zero

end Pin; 

partial model TwoPin

Pin p, n;   Voltage v; 

equation 

v = p.v - n.v;   

p.i + n.i = 0;   

end TwoPin;

V
s

emf

La=0.05

Ra=0.5

G

Jm=1.0E-3

model Resistor

extends TwoPin;

parameter Resistance R;

equation 

R*p.i = v;   // Ohm’s law end Resistor;
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MODELICA SYSTEM REFERENCE ARCHITECTURES

2015-06-02 © ModelonSAE Aviation Technology Forum 2015

31

Organization of model into 

interfaces and templates promotes 

broader applicability and reusability 

reducing modeling effort in a 

product line context for re-

validation.

Modelica language support for abstract typing; 

strong typing (informal, guarantees for plug-

compatibility of models) enables rigorous checks for 

subsystem compatibility and interface consistency  
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OCCURRENCE MODEL IN MODELICA

© Modelon Inc 32

• Occurrence is similar to Modelica components.  When you use it, it 

inherits the default values and definition but you can modify the 

exposed parameter.  The definition does not change.

• At a higher level these new values become defaults but you can 

still modify them.
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BUILDING THE OCCURRENCE MODEL

Callahan, Sean, “Extended Generic Product Structure: An Information Model for Representing Product Families”, 

Journal of Computing and Information Science in Engineering, Vol 6, September 2006; ASME. 
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Modelica Deployment for Multiple Contexts

• Equation based: improved reuse of models for different purposes through 

all design phases

Robotics/Mechanics re-use 

examples (same model):

• Solve the forward 

problem: compute 

positions from applied drive 

torques

• Solve the inverse 

problem: Solve needed 

drive inputs to follow 

desired trajectory

• Solve an estimation 

problem: compute friction 

parameters in joint from 

model + measured data.

Electric/Electronic re-use 

examples (same model):

• Same model for voltage- or 

current sources

• Simulate model performance

• Design circuit to spec by 

embedding in optimization

• Estimate actual circuit 

parameters from data & model

Thermal management re-use examples 

(same model):

• Same model to compute pressure 

losses for given flow, or solve pump 

sizing problem

• Simulate model performance

• Solve sizing & interaction problem 

by embedding in optimization

• Estimate actual system parameters 

from data & model
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ECOSYSTEM LEVERAGE WITH MODELICA/DYMOLA

• Reusable models in standard Modelica language
• Off-the-shelf model libraries and components, focus on core 

knowledge, innovative systems from standard component models

© Modelon Inc

Commercial 

off-the-shelf

Consulting services

Free open source

Partners/suppliers/

customers/academia

In-house
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© Dassault Systemes & Modelon 

The Functional Mockup Interface: FMI

• FMI is a standard interface to enable the 

exchange of compiled models beween tools, 

and for co-simulation

• Has been adopted by ~ 70 CAE tools as 

a supported interface 

• Is propagated by several industrial 

consortia

• The FMI licensing model revolutionizes the 

business model for enterprise model

deployment

• Model content and execution can be 

shared freely within the extended

enterprise

• Model authoring is done on CAE tools 

suitable to the domain

• FMI is applicable to a much broader set of

tools than Modelica: FEM, CFD, Controls & 

Software development, … https://www.fmi-standard.org/tools
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FMI Use cases: Model Exchange

Overall goal of the FMI project in the Modelica 

Association

1. Model-in-the-loop

Software-in-the-loop

Hardware-in-the-Loop
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FMI Use Cases: Tool Interoperability

Overall goal of the FMI project in the Modelica 

Association Model-/Software-/

Hardware-in-the-Loop2. Co-Simulation &

Tool Interoperability

Landing Gear, 

FEA

Hydraulic 

System
Airframe

e.g. Abaqus

Structure

e.g. CATIA

Multi-Body Integration 

e.g. Dymola (Modelica)

Dynamics 

EAST ADL – SCADE/Simulink
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FMI Use Case: Enterprise Model Deployment

Domain Engineering

Mechanical
Control

Systems

Any Modelica tool

3. Standardized deployment of models

inside and in-between organizations

Simulink or SCADE
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FMI: A BUSINESS MODEL INNOVATION

1. Separate the model authoring tool from the model 

execution tool.

2. Free the model unit (FMU) from license restrictions

3. Make the standard widely accepted:

https://fmi-standard.org/tools

2015-10-13 40

FMI enables system-level validation through the connection of 

executable, connected models of subsystems and control software  

https://fmi-standard.org/tools
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Modelica & FMI Summary

• Modelica matches the requirements for efficient modeling of

product lines

• Modelica & FMI are already widely used in a number of competitive

industries: there are no competing standards

• FMI has a high potential being widely accepted in the CAE world:

• A cost-effective way to deploy models

• A standard way of model exchange and co-simulation

• Defined in close collaboration of different tool vendors.

• FMI can already be used with many CAE tools: several Modelica 

tools, Simulink, multi-body and more.

• A business model revolution, enabling the sharing and deployment 

and Management of analytic models across the enterprise.

With material from the official FMI 

presentation
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Conclusions

• Product line approaches have demonstrated delivery of key 

enterprise business values; such as improved nimbleness, 

efficiency, and reduced development cost of variants.

• Capability maturity models help to provide long-term guidance 

for  building key competencies.

• Full value delivery can only  be achieved by looking at more than 

just the delivered article as an asset.

• Improved management of all assets are important for successful 

product line.

• Deliberate reuse depends critically on the revalidation of the 

intended features in the new context.

• Descriptive & Simulation Models are increasingly relied upon for 

such early validation.

• Modelica’s architecture is well suited to supporting the product 

line approach.
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• Thank you for your attention.

• Please feel free to offer suggestion and thoughts

• If there are any questions we would be pleased 

to attempt to answer them.

• We can also forward to Hubertus if it is down his 

alley of expertise.


