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Innovation is driving change
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¢ƻŘŀȅΩǎ ǎƳŀǊǘ ǇǊƻŘǳŎǘǎ ƻŦŦŜǊ ŀƴ ƛƴŎǊŜŀǎƛƴƎƭȅ ŦŜŀǘǳǊŜ ǊƛŎƘ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ŀƴŘ ŀǳǘƻƴƻƳƻǳǎ 
ŀŎǘƛƻƴ ŘƻƳƛƴŀǘŜŘ ōȅ ǎƻŦǘǿŀǊŜ ŎƻƳǇƻƴŜƴǘǎΧ

Å Need to deliver more function meeting same quality and schedule

Å Meeting growing industry regulatory demands can be also time and resource 
consumer

Å Globalization drive competition requiring fast response for RFP/RFQs

Å Complexity and time to market challenge effective supply chain management

Å Business environment requires effective support of multi-variants programs



ά5ƻŎǳƳŜƴǘ ŎŜƴǘǊƛŎέ ŜƴƎƛƴŜŜǊƛƴƎ ǇǊŀŎǘƛŎŜǎ ŀǊŜ ŎƘŀƭƭŜƴƎŜŘ ǘƻ ƪŜŜǇ ǳǇ
- Lack traceability, version & variance management, governance and testability
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Expensive rework due to late discovery of issues

Slow response to bids and change requests 

Inefficient supplier collaboration 

Non-optimal designs due to early design lock

High costs of regulatory compliance activities

The Science of engineering has evolved to 
empower innovation, have you?



Opportunity: Digital representation of the system
Model Based Systems Engineering (MBSE)
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Χa.{9 ǇǊƻƭƛŦŜǊŀǘŜǎ Ŧǳƭƭȅ ǘǊŀŎŜŀōƭŜΣ ǎŜƭŦ ŘƻŎǳƳŜƴǘƛƴƎ  ŀƴŘ ǾŜǊƛŦƛŀōƭŜ ǎȅǎǘŜƳ   

Precise: with standards based modeling language for 
systems engineering

±ƛǎǳŀƭΥ άŀ ǇƛŎǘǳǊŜΩǎ ǿƻǊǘƘ ǘƘƻǳǎŀƴŘ ǿƻǊŘǎέΣ 
simplifies communication

Verifiable: models are formal artifacts that can be 
verified against the requirements

Traceable: models are based on fine grain digital 
artifacts traced to other essential lifecycle artifacts 
such as requirements 
and plans



Models enable early verification of 
complex systems
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Finding design errors during physical 
system integration is costly and inflicts 
significant delays

System design models are testable virtual 
representations that identify design issues 
before anything physical is built

Designs are elaborated and verified 
iteratively enabling adoption of  agile 
principles to systems engineering
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Cost of correcting an error found in integration may be two 
orders of magnitude  (100x) more expensive than identifying it 
during specification!



Industry MBSE Vision: Digital 
Engineering advocatedby US 
Department of Defense
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άconduct engineering in more integrated virtual environmentsto 

increase customer and vendor engagement, improve threat response 

timelines, [..], reduce cost of documentation and impact sustainment 

affordability. 

Such engineering environments will allow DoD and industry partners 

to evolve designs at conceptual phase, reducing the need for expensive 

ƳƻŎƪǳǇǎΣ ǇǊŜƳŀǘǳǊŜ ŘŜǎƛƎƴ ƭƻŎƪΣ ŀƴŘ ǇƘȅǎƛŎŀƭ ǘŜǎǘƛƴƎΦέ 1

S
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2018, the Office of the Under Secretary of Defense for Research and Engineering (USD(R&E)) released aDigital Engineering 
Strategybuilt on five foundational elements necessary for a Digital Engineering Ecosystem to thrive.
1. DoD Digital Engineering Initiative: https://www.acq.osd.mil/se/initiatives/init_de.html

ά{ȅǎǘŜƳǎ 9ƴƎƛƴŜŜǊƛƴƎ ŦƻŎǳǎŜǎ ƻƴ ŜƴǎǳǊƛƴƎ ǘƘŜ 

pieces work together to achieve the objective of 

ǘƘŜ ǿƘƻƭŜέ

System Engineering body of knowledge (SEBoX)

https://www.acq.osd.mil/se/docs/2018-DES.pdf


MBSE: Referencedby 
INCOSE1 2025 vision2
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1 ςInternational Council for Systems Engineering
2 - https://www.incose.org/docs/default-source/aboutse/se-vision-2025.pdf

Systems of the future

Å Growing and diverse spectrum of needs

Å Harness growing body of technology innovation

Å Engineered by an evolving diverse workforce which, with 
increasingly capable tools, can innovate and respond to 
competitive pressures

άaƻŘŜƭƭƛƴƎΣ {ƛƳǳƭŀǘƛƻƴ ŀƴŘ ǾƛǎǳŀƭƛȊŀǘƛƻƴ ǿƛƭƭ ōŜŎƻƳŜ 
more integrated and powerful to cope with the systems 
ŎƘŀƭƭŜƴƎŜǎ ƛƴ нлнрέ



MBSE: Essentialto Agile systems 
development

Å !ƎƛƭŜ ǇǊƛƴŎƛǇƭŜǎ ŀǊŜ ǘƻŘŀȅΩǎ ōǳƛƭŘƛƴƎ ōƭƻŎƪ ŦƻǊ 
engineering practices that deliver the right 
function with controlled risk and high quality

Å MBSE is part of the Scaled Agile Framework 
(SAFe)  practice for large solutions

Å Leverage of verifiable models and collaborative 
incremental cycles (sprints)

Å Enables test driven development of the design

Å Proven adoption practices with IBM industry 
expertise
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Harmony Agile Model Based Systems Engineering (aMBSE)  is a 
documented  IBM practice 



MBSE: Integralǘƻ wŀȅǘƘŜƻƴΩǎ 
MBE digital engineering 
roadmap
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Å Engineering knowledge represented as a set of 
models across lifecycle 

Å Models are integrated with digital threads 
establishing the necessary traceability

Å Supports virtual reasoning across lifecycle:

Å Early verification of system integrity and KPIs

Å Impact analysis when a requirement changes

Å Coverage of requirements down to hardware 
and software parts

As presented at IBM Agile Engineering Conferences
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MBSE: Building block for 
5ŀƛƳƭŜǊΩǎ ǾŜƘƛŎƭŜ ŘƛƎƛǘŀƭ ǘǿƛƴ

Å Pace of innovation challenges traditional 
mechanically centered engineering practices 

Å The key decisions for connected vehicles take 
place during early systems engineering phases

Å MBSE integrate systems engineering with 
physical implementation models enabling end to 
end reasoning

Å Establishing a multi-facet digital twin for 
connected cars

As presented at IBM IoT Genius of Things



MBSE: A key common
platform for MBDA

modeling, testing and sharing highly complex designs and 
design protocols

60+ months

Reduced typical system 

design time from

18 months
to

Business problem: Needed to improve complex 
engineering design collaboration and cycle time 
across geographical borders 

Solution: A model-based systems engineering 
platform across widely distributed design and 
engineering teams to analyze and communicate 
software, mechanical and electrical 
requirements

ά²ŜΩǊŜ ƴƻǿ ŀōƭŜ ǘƻ ŘŜŦƛƴŜ ŀƴŘ ƳƻŘŜƭ ŀƭƭ ǘƘŜ 
requirements of a complex missile system very 
early in the development process. This 
differentiates our delivery capabilities in a highly 
ŎƻƳǇŜǘƛǘƛǾŜ Ǝƭƻōŀƭ ƳŀǊƪŜǘǇƭŀŎŜΦέ

τMBDA executive while enabling design team 

collaboration across 

geographies12
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Business Problem

ÁPassive start and entry systems, remote keyless entry, 
and more - in one integrated system

ÁEnhanced driver experience with intelligent safety and 
convenience features

Solution

ÁCost-optimized flexible system solution

ÁReduced development costs based on use of 
standardized hardware and software components

How IBM empowers

ÁRequirements management across development 
teams and with vehicle manufacturers

ÁStreamlined development environment with model-
driven systems and software development supporting 
AUTOSAR

Integratedautomotive control systems

ñIBM Rational DOORS and Rhapsody are 

essentially helping us prevent fragmentation 

of our development environment and 

enabling us to better manage the complex 

architectures of our products.ò

Automotive | Software and systems development | Germany
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Continental Automotive Body & Security Group



Why Aerospace and Defense 
companies adopting MBSE
A&D projects are typically complex system 
of systems: 
Aircrafts, UAVs, Warfare command and control systems ς
They leverage all the general benefits 
of MBSE

MBSE supports A&D specifically: 
Effectively Implement INCOSE and ISO Systems 
engineering practices
Support collaboration with government agencies like DoD 
requiring frameworks like DoDAF, NAF, 
and MoDAFas primary means of stakeholder 
communication
Accelerate compliance with A&D  industry standards such 
as DO-178C and ARP 4754
Streamline collaboration with system suppliers
Improve interworking among multi-disciplinary design 
teams
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Why automotive OEM and 
suppliers adopting MBSE

Establish an effective systems engineering 
practice to manage rapidly increasing complexity 
of car functions

Accelerate introduction of new features and changes in a 
highly Competitive market

wŜŀƭƛȊŜ ŀƴ ŜƴŘ ǘƻ ŜƴŘ άŘƛƎƛǘŀƭ ǘǿƛƴέ ƛƴ ǘƘŜ 
connected car era

Accelerate compliance with key industry standard ASPICE 
and ISO26262 which strongly endorse  MBSE as a core 
practice

As a result,  more and more Automotive OEMs and 
suppliers adopt  MBSE as a mainstream practice!
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