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Ncose Recognizing a Solid Foundation

Study of Systems INCOSE
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SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIVITIES
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_ 21 Century Systems Engineering:
"""" A Practice in Transition

Traditional Future
Specifications
Interface requirements .:
-
:
System design
* Analysis & Trade-off

» Test plans

Moving from document-centric to model-centric

Reprinted from INCOSE Model-Based Systems Engineering Workshop, February 2010
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From Aerospace & Defence to
Broader Recognition

* From
o Complex expensive programs

o Long timescales conmer
° TO ﬂ
iomedical

o Variety of systems, including
consumer/mass market -

Disparate scales and lifespans

Adaptation

Diversification e

Sharing good practice ]

Increasing product focus

Requiring clear value proposition

+ But

o Often practiced under “another name”
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' From Electromechanical to
— Software-Intensive to Cyber-Physical




Technology Reach

From Stand-Alone to
Interconnected to IoT

TECHNOLOGY ROADMAP: THE INTERNET OF THINGS

Software agents and
advanced sensor
fusion

Miniaturization, power-
efficient electronics, and
available spectrum

Teleoperation and
telepresence: Ability to

monitor and control
distant objects

Ability of devices located

indoors to receive
geolocation signals Locating people and
everyday objects
Surveillance, security,
healthcare, transport,

food safety, document
management

Physical-World
Web

Cost reduction leading Ubiquitous Positioning

to diffusion into 2nd
wave of applications

Demand for expedited

logistics Vertical-Market Applications

RFID tags for
facilitating routing,
inventorying, and loss

prevention Supply-Chain Helpers

2000 2010 2020 Time

Source: SRI Consulting Business Intelligence
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Aspects of the New Reality
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Varjed-Lifespane .

=-=Medical

= Brown-Field
Model-centric
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Resetting the Problem:
A Systems Practice in Transition

= Credit: Steve Julyetson§2012.
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Mission complexity is growing faster than our
ability to manage it . . . increasing mission risk
from inadequate specifications and incom-
plete verification.

System design emerges from pieces, rather
than from architecture .. . resulting in systems
that are brittle, difficult to test, and complex
and expensive to operate.

Knowledge and investment are lost at project
life cycle phase boundaries . .. increasing
development cost and risk of late discovery
of design problems

Understanding Current SE
Practices and Challenges

Knowledge and investment are lost between
projects ... increasing cost and risk: dampen-
ing the potential for true product lines.

Technical and programmatic sides of projects
are poorly coupled ... hampering effective
project risk-based decision making.

Most major disasters such as Challenger and
Columbia have resulted from failure to recognize
and deal with risks, The Columbia Accident In-
vestigation Board determined that the preferred
approach is an “independent technical authority”.

SE Vision 2025. Copyright © 2014 by INCOSE. All rights reserved.
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8 Dimensions to Our Challenge

= A
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| CO E ) Electro-mechanical
T Implementation Cyber-physical
Technologies Cyber
Human
Policy
Precedence System Type
Unprecedented Product
Precedented Service
Product line Enterprise
Lifespan System Level
Months Component
Years System
Decades System of Systems
A Century+ The Problem
The Environment
Complexity Lifecycle Phase
Static Concept
Dyr)a.m!c Process compliance Develop_ment
Non-determlms..ﬂc Architecture Model Type / Purpose Regulatory compliance P"_"_’UCFW“
T . #;f c:omtalns Physics-based ypP P Analysis Utilization
‘eam size & structure .
Innovation Support 013
8 Di ' in Practi
Implementation
Technologies
Precedence System Type
Lifespan System Level
Complexity Lifecycle Phase
Model Type / Purpose
° ®14




N 8 Dimensions in Practice
|&;C(??$E Implementation

Technologies

-

Precedence System Type

Lifespan

System Level

Complexity Lifecycle Phase

Model Type / Purpose

TAILORED TO THE DOMAIN

B

215t Century
Problems
Demand
Adaptable
and
Scalable
Methods

SE Vision 2025.
e Copyright © 2014 by INCOSE.
All rights reserved.




Leveraging MBSE as a Stepping Stone
(but which do we choose?)

Recognizing and Addressing a
Disconnect in Our Roadmap

Institutionalized I

MBSE across Distributed & secure model repositories
Academia/Industry| crossing multiple domains
Defined MBSE theory, ontology, and formalisms
Well é.
e = ; o
Arch del d
Defined 2 | P 5 moc 3 ey
© with Si and
MBSE s

ePlanning & Support
Matured MBSE methods and metrics,
Integrated System/HW/SW models :IS{teas :;;:_Es Development

eProcesses, Practices, & Methods
Emerging MBSE standards *Tools & Technology Enhancements

Ad Hoc MBSE o] .
Document-Centric . *Outreach, Training & Education
2010 2020 2025
Reprinted from INCOSE MBSE Workshop, February 2010
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P, Enabling Communication,

Analysis, Learning, and More

- Moving from Data Capture to

D

It looks like you are
trying to write a
requirements
specification. Can I help?

Heuristics and Wizards

It looks like you are
trying to achieve .99999
reliability. Would you

like me to help?

®20
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Moving from Custom-Built to
Composability and Integration

° e?2]

Enabling — not Inhibiting — Progress
with Process and Standards

INTERNATIONAL ISO/EC
STANDARD 26702
IEEE

° v o o seernsn 027
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Targeting the To-Be State:
Model-Based Engineering

rind
fact”
an¥ )
‘5ysiecturifeion
el
0,,.«6" at
s
rial
Maion
5ol is
1y’
pn?

al _ont
M"wﬂ;ﬂ""" uis "

ve! q
O 355!9"’" s‘,m’Aﬁrogram
r,,a'sy Management Test

Systems

Hardware

Software

Configuration <
Management MBE Enhances Affordability,
Shortens Delivery and Reduces Risk
Across the Acquisition Life Cycle
NDIA Model-Based Engineering Final Report, February 2011
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Systems Engineering and
Systems Engineers

° 24
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=  Practitioners in Transition: Systems
INCOSE . o
<" Engineers and Systems Engineering;

!3!@'?% Important Characteristics of Effective
0 Systems Engineers
1. Paradoxical Mindset 3. Flexible ComfortZone
— Big Picture Thinking and Attention to — Open Minded {
Detail

— Ratlonal Risk Taking
— Multidisciplinary
— Enjoys Challenges

— Strategic and Tactical
— Analytic ond Synthetic
— Courageous and Humble

— Methodical ond Creative
4. Smart Leadership SYSTEMS ENGINEERING IS BROADLY APPLICABLE
2 — Quick Learning and Abstraction

. Effective Communication -
— Modes joral and written; good speakers — Knowing when to stop

Systems thinking is used by many.

and listeners| — Focused on “Vision” for System

— Audience (bridge between problem — Ability to Connect the Dots Systems engineering is understood and em-
domain and sofution domain) _ Ppatience )

— Content fsocial, managerial, technical) braced by all engineers.

— Purpose (understanding needs,
h i ! i 5. Selfstarter

technical arbitration, driving consensus) — Curlosity

Systems

engineering
— Passionate and Motivated

Eager to Learn is a career for

afew.

Helin Warkehog, Washington DC July 73, 2014

° 25

= Advancing our Competency and

o Positioning our Value

Systems Engineering
Mathods and

+ Systems engineer is the oot

linchpin -
* Must lead/influence Enginsaring
decision-making -
* Balance hard & soft skills
+ “T-shaped” individual ——

+ Competency is key

o Specialist SE skills
o Wider general understanding
o Leadership and soft skills

13



Embracing Life-Long
Growth and Learning

027

Freeing Systems Engineers
to Contribute

° 28
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EAN ENABLERS
for MANAGING

ENGINEERING
PROGRAMS

aPil ek LAES

N Financial Business Success

A Perfi of “S ful” vs “Not $ P

M Successful Program [l Not Succassful Progiam

Cost

Product and/or Service
Performance & Quality

Schedule

Program Management
Process Quality & Efficiency

Leaming & Change
Enterprise Strategy
Alignment
Average
1 2 3 4
Completely Failed to Failed 1o Met Targets Exceaded Targats
Moat Targets Meet Targats {by = 10%) (by 10% - 30%)
(by more than 30%) (by 10% - 30%)

Average N: 54 progranis per category; al differences are statistically significant

®29

The Greater Motivation to Act

@ v AESS MDA

The Business Case for Sysi

Effectivencss Survey

Performance vs. SE Capability - All Projects

-03 02 01 00 01 02 03 04 05 06 07
L L L L L L L L
Total SE |
Project Planning 1
Req'ts Dev't & Mg't 1
Verification 1
Product Architecture |
Configuration Mg't ———
Trade Studies ———————
Monitor & Control —
Validation ———————
Product Integration ———
Risk Management —
Integ. Product Teams ———
Project Challenge ———————
Prior Experience ——

30
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INfc_:ﬁg,sf Unlocking Our Potential

Achieving SE potential is dependent upon
o Improving the practice of SE
o Improving the way we practice SE
o Improving the opportunity to practice SE

Our success depends on others
The decision to use SE in the first place
Understanding of SE logic and application
Enabling systems and advocacy
Adequate schedule and resources
Patience in the face of short-term delay
Learning from long-term results

Our success depends on our ability to
make the case
o Forsystems

o Forthe systems perspective
o Forsystems engineering and systems engineers

O O O O O O

Adapted from Randall C. Iliff, 2014
(] e3]

— A Practice in Transition:
INCOSE .
Transforming SE

* Value-driven practices e
+ Complex system understanding
* Leveraging technology for SE tools

+ Collaborative engineering across
all boundaries

« System design in a system of systems
context

* Architecting systems to address
multiple stakeholder viewpoints

« Architecting and design of
resilient systems

» Cyber security — securing the system
+ Leveraging information and analysis for

. .. . Source: SE Vision 2025.
effective decision making Copyright © 2014 by INCOSE.

All rights reserved.

+ Virtual engineering — part of the digital revolution

g Practice ® Practitioners ¢ Opportunity o




o Enabling the Transformation:
=" INCOSE's Five Year Objectives

Growth: INCOSE doubles its membership and embraces the healthcare,
mobility, and energy business sectors

Alliances: INCOSE amplifies its ability to achieve its mission through
diverse alliances

Education: INCOSE curricular recommendations are widely adopted
around the world, raising the quality of engineering education

Products: INCOSE produces and brokers the most impactful systems
engineering information in the world, grounded in effective practice and
research

Forums: INCOSE produces and supports the most impactful forums in the
world on systems engineering practice, policy, education and research

Competency: INCOSE teams with industry to raise systems engineering
competency across their supply chains

Transformation: INCOSE accelerates the transformation of systems
engineering to a model-based discipline

° Practice e Practitioners ® Opportunity 033

Responding to 215t Century Needs
with 215t Century Systems Engineering

Images from SE Vision 2025.
Copyright © 2014 by INCOSE.
All rights reserved.

g Practice ® Practitioners ® Opportunity o
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Questions

= INCOSE

lllllll oml Co\mul n Systems Engincering
«;ﬁ@
David Long www.incose.org
President david.long@incose.org
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