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The Old Days
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The New Reality
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• Specifications

• Interface requirements

• System design

• Analysis & Trade-off

• Test plans

Moving from document-centric to model-centric 

Future

Systems Engineering:

A Practice in Transition

Reprinted from INCOSE Model-Based Systems Engineering Workshop, February 2010

Traditional
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Models and

Model-Based Systems Engineering

5

A graphical, mathematical (symbolic), physical, or verbal representation 
or simplified version of a concept, phenomenon, relationship, structure, 
system, or an aspect of the real world.

www.businessdictionary.com

A physical, mathematical, or otherwise logical representation of a 
system, entity, phenomenon, or process.

DoD5000.59-M 1998
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Model-based systems engineering (MBSE) is the formalized application 

of modeling to support system requirements, design, analysis, 

verification and validation activities beginning in the conceptual design 

phase and continuing throughout development and later life cycle 

phases. 

“INCOSE Systems Engineering Vision” 2020 INCOSE-TP-2004-004-02 September, 2007 



Minimum Turn Radius: 24 ft.

Dry Pavement Braking Distance at 

60 MPH : 110 ft. 

Automatic Cruise 

Control <FAULT>

Thermal/Heat 

Dissipation: 780°

Ergonomic/Pedal 

Feedback: 34 ERGS

Hydraulic Pressure: 

350 PSI

Sensor MTBF:

3000 hrs

Power Rating:

18 Amps

Hydraulic Fluid:

SAE 1340 not-

compliant

Minimum Turn Radius: 24 ft.

Dry Pavement Braking Distance   

at 60 MPH : 110 ft. 90 ft

Casting an Initial Vision

INCOSE MBSE Initiative, February 2012
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Solution Attempt #1: Adopt UML
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Solution Attempt #2: Leverage SysML
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Four Fundamental Problems

Syntax

vs.

Semantics
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Notation vs. 

Communication
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A Disconnect in Our Roadmap

Reprinted from INCOSE MBSE Workshop, February 2010

2010 2020 2025

M
a
tu

ri
ty

MBSE Capability

Ad Hoc MBSE
Document Centric

2010

Well 
Defined 
MBSE

Institutionalized
MBSE across 
Academia/Industry

Reduced cycle times Design optimization across broad trade space
Cross domain effects based analysis

System of systems
interoperability

Distributed & secure model repositories
crossing multiple domains

Defined MBSE theory, ontology, and formalisms

Emerging MBSE standards

Matured MBSE methods and metrics,
Integrated  System/HW/SW models

Architecture model integrated 
with Simulation, Analysis, and Visualization

•Planning & Support

•Research

•Standards Development

•Processes, Practices, & Methods

•Tools & Technology Enhancements

•Outreach, Training & Education
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Recalling History: SREM (early 1970s)

and AP233 (early 2000s)
SREM automation features

– Executable design language and 

repository

– Design methodology

– Report generator

– Graphics generator

– Automatic simulator 

AP233AP233 – exchanging 
information within  
systems engineering 
and across the 
engineering lifecycle
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Differentiating Views and Models
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MODEL

VIEW

Views DO NOT Equal A Model
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Fit-for-Purpose 

Tools, Techniques, and Representations

Reprinted from DoDAF 2.0
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Communications & Connection 

Requires Semantics and Syntax
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Begin with the End in Mind: Putting the 

Systems Thinking and Engineering Back into SE

AP233
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Achieving Vision 2025: 

Architecting

Systems to

Address

Multiple

Stakeholder 

Viewpoints
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Source: SE Vision 2025.
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Achieving 

Vision 2025: 

Adaptable 

and Scalable 

Methods
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Source: SE Vision 2025.
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Cloud-based high performance 

computing support high fidelity 

system simulation

Advanced search query, and analytical 

methods support reasoning about 

systems

Immersive technologies support 

data visualization

Net-enabled tools 

support collaboration

Achieving Vision 2025: Leveraging 

Technology for Transformation
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Source: SE Vision 2025.
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Achieving Vision 2025: Transformation 

Requires a Community

Government 
Agencies

Industry 
Practitioners

Standards 
Bodies

Professional 
Organizations

Academic Institutions Tool Vendors
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To-Be State for Model-Based Engineering

MBE Enhances Affordability, 

Shortens Delivery and Reduces Risk Across 

the Acquisition Life Cycle

Configuration 

Management

Program

Management Test

Manufacturing

Hardware

Systems          

Customer

Logistics

Software

Hardware Models

Q

QSET

CLR

S

R

System 

Models

Component 

Models

∫
G(s)U(s )

Analysis Models

Operational 

Models

System 

Models

Operational 

Models

Component 

Models

System 

Models

∫
G(s)U(s)

Analysis Models

Operational 

Models

NDIA Model-Based Engineering Final Report, February 2011
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MBSE: The Path to the Future
Community

Vision

SysML as a 
systems / 

software notation

SysML as 
implemented and 

understood

Sufficient and 
timely standards

Premature
standards or 
standards 

proliferation

Changes in the 
systems domain

Expanded 
vehicles for 
research and 
innovation

Contractual 
boundaries

Models and 
languages

Communication

Advancing 
technology

Keeping our eye on 
the target
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For Additional Information
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