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Innovation is driving change

a& 2FFSNI LYy AYyONBFaay3ate FSt GdzN
2F06F NB O2YLJR y'égésﬁ"grén)(engineeringteams

required to accelerate time to
market; without compromising
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A Need to deliver more function meeting same quality and schedule . :
quality, safety and compliance.
A Meeting growing industry regulatory demands can be also time and resource
consumer 0
A Globalization drive competition requiring fast response for RFP/RFQs (
A Complexity and time to market challenge effective supply chain managemeniof CIO’s state their teams

need to release software

A Business environment requires effective support of ratiiants programs
even faster
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- Lack traceability, version & variance management, governance and testability

Expensive rework due to late discovery of issues
Slow response to bids and change requests
Inefficient supplier collaboration

Nonoptimal designs due to early design lock

High costs of regulatory compliance activities

The Science of engineering has evolved to
empower innovation, have you?
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Opportunity: Digital representation of the system
Model Based Systems Engineering (MBSE)

Precise: with standards based modeling Ianguage»efor S anncinscomn- SolucRMMII oo o 3 4G pme im0
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Verifiable: models are formal artifacts that can be A
verified against the requirements

Traceable: models are based on fine grain digital
artifacts traced to other essential lifecycle artifacts
such as requirements
and plans
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Models enable early verification of
complex systems

A
v

Finding design errors during physical
system integration is costly and inflicts

significant delays d ‘ J

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

Designs are elaborated and verified d
iteratively enabling adoption of agile

principles to systems engineering Early verification

—

Time

»
»

Cost of correcting an error found in integration may be two
orders of magnitude (100x) more expensive than identifying it
during specification! °
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Industry MBSE Vision: Digital
Engineeringadvocatecby US
Department of Defense

oconduct engineering in more integrated virtual environmerits

increase customer and vendor engagement, improve threat respon : Digital

engineering

timelines, [..], reduce cost of documentation and impact sustainmel
strategy

affordability.

Such engineering environments will allow DoD and industry partne!
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to evolve designs at conceptual phase, reducing the need for expel “Sform cutture | WO
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2018, the Office of the Under Secretary of Defense for Research and Engineering (USD(R&E)) ielesedrajineering
Strategybuilt on five foundational elements necessdoy a Digital Engineering Ecosystem to thrive.
1. DoD Digital Engineering Initiative: httpsuiw.acq.osd.mike/initiatives/init_de.html
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https://www.acq.osd.mil/se/docs/2018-DES.pdf
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Systems of the future -"AVWORLD IN

A Growing and diverse spectrum of needs

A Harness growing body of technology innovation : MOTION

Systems Engineering Vision « 2025

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

Maodeling, simulation, and visualization enable complex system understanding
that help us anticipate and verify solutions and their cost before building them. As

systems become more complex, understanding their emergent behavior due to
increasingly complex software, extreme physical environments, net-centricity, and f
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more integrated and powerful to cope with the systems
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Model-based Systems Engineering will become the “norm” for systems engineer-
ing execution, with specific focus placed on integrated modeling environments.
These systems models go "beyond the boxes’, incorporating geometric, produc-
tion and operational views. Integrated models reduce inconsistencies, enable

. . . . automation and support early and continual verification by analysis.
1 ¢ International Council for Systems Engineering

2 - https://www.incose.org/docs/default-source/aboutse/sevision-2025.pdf
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MBSEEssentiato Agile systems
development
i 2
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engineering practices that deliver the right
function with controlled risk and high quality

MBSE is part of the Scaled Agile Framework
(SAF¢ practice for large solutions

Leverage of verifiable models and collaborative
incremental cycles (sprints)

Enables test driven development of the design

Proven adoption practices with IBM industry
expertise
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Harmony aMBSE

Agile Model-Based Systems Engineering
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Harmony Agile Model Based Systems Engineeaid@SE is a
documented IBM practice
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MBE digital engineering

COLLABORATIVE ENVIRONMENT
A Engineering knowledge represented as a set of 3 3 ) =3
. % ) Z o Z z o)
models across lifecycle ® ° % 5 3
A Models are integrated with digital threads l
establishing the necessary traceability s oo - <« o> <€
0 0 0 AND STORAGE
A Supports virtual reasoning across lifecycle: Rocesses S _— S S S
. . . . Systems Engineering Design (Hardware) Software Engineering Physical Continuous I1&T Manufacturing Supply Chain
A Early verification of system integrity and KPIs | oy il = = || == s R
: : % X U | =N =
A Impact analysis when a requirement changes 299 = =

MBSE = Model-Based Systems Engineering MDSD = Model-Driven SW Development

Cove rage Of req u I re me nts down to hardware MBD = Model-Based Definition MBM = Model-Based Manufacturing
and software parts

o

As presented at IBM Agile Engineering Conferences
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A Pace of innovation challenges traditional Development Digital evaluation ~ roduction After Sales
mechanically centered engineering practices Gogiifhe b G i :
- . Virtual vehicle or power unit . Analys!s ofspeqﬁca‘tlons and links
A The key decisions for connected vehicles take o > Ahalysis of engineering cliangee

place during early systems engineering phases

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

A Establishing a muHiacet digital twin for
connected cars

| 4
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The Functional Prototype as the backbone for Model-based Systems Engineering | IT/D | Dr. Siegmar Haasis

As presented at IBM IoT Genius of Things
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MBSE: A keyommon
platform for MBDA

Business problemNeeded to improve complex
engineering design collaboration and cycle time
across geographical borders

Solution A modelbased systems engineering
platform across widely distributed design and
engineering teams to analyze and communicate modeling, testing and sharing highly complex designs &
software, mechanical and electrical design protocols

requirements

Reduced typical system
G2 SQONB y2¢ |6fS (2 RSTAYS | yR Y2RS¢hon £ £ GKS
requirements of a complex missile system very
early in the development process. This

differentiates our delivery capabilities in a highly 0
O2YLISGAGAGS It 201t YIFNJ]SGLI | OS d¢
T MBDA executive while enabling design team

collaboration across
12 geographies



Integratedautomotive control systems

Continental Automotive Body & Security Group

Business Problem

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

Enhanced driver experience with intelligent safety and
convenience features

Solution
Costoptimized flexible system solution

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

How IBM empowers

: nl BM Rati onal DOORS and R
Requirements management across development : : :
essentially helping us prevent fragmentation

teams and with vehicle manufacturers .
of our development environment and

Streamlined development environment with moeel enabling us to better manage the complex
driven systems and software development supporting architectures of our p
AUTOSAR
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Why Aerospace and Defense
companies adopting MBSE

A&D projects are typically complex system
of systems:

Aircrafts, UAVs, Warfare command and control systems
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 Dolj /
requiring frameworks likoDAFNAF, 2
and MoDAF as primary means of stakeholder
communication /
Accelerate compliance with A&D industry standards sHER
as DO178C and ARP 4754
Streamline collaboration with system suppliers
Improve interworking among mutdisciplinary design
teams




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
highly Competitive market

wSFEATS Iy SYyR G2 SYyR &
connected car era
Accelerate compliance with key industry standard AS

and 1S026262 which strongly endorse MBSE as a c¢
practice

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




