T

@ Where Do Systems Come Frqt
=" and Where Do They Go?

S*Patterns in ModeBased Systems Engineering:
Emergencef Purpose, Fitness, Value, Resilience

S o

1ISSS2016 Plenary VIIl Panel:
Prospectdor Scientific System&ynthesis

(OICTT System Sciences Bill Schindel IN f
schindel@ictt.com



mailto:schindel@ictt.com

Contents

A Introduction: Sources of this Perspective

1. The S*Metamodelin Evolving Systems Engineering Practice
2. Interactionsand The System Phenomenon

3. Emergence of Value, Fitness, Purpose, and Resilience in a
Ecology of Interactions

4. Systenof Innovation Pattern
Where Systems Come From and Go: Trajectori8$3pace
6. Sciencaased Patterns for Soctechnical Systems

o1

A Conclusions and Invitation to Collaboration

A References



Al {@8a0GSY 9y IAYSSNRa A SOURCESOFTHISPERSPE#
I 40+ years in engineerexystems, founding multiple systerbssinesses.

I Aero, Telecom, Automotive, Health Care, Consumer Products, Advanced Manufacturing
Education, all manner of technologies, including liaystems.

I Last twenty years providing systems engineering assistance to Fortune 100 companie:
pioneering & introducing PatterBased Systems Engineering Methodology, based on
S*Metamodel, and recognizing engineering as a social enterprise.

I Many S*Patterns across madgpmains, informed by existing or emerging sciences.
A INCOSE (International Council on Systems Engineering)

I Cochair of INCOSE MBSE Patterns Wor&irogip.
I Member, INCOSKgile Systems DiscovePyoject lead team.
I INCOSE MBSE Transformation Lessain.

I INCOSE Chapter President, Crossroadsrica.
A 1ISSSNCOSE Connections and MOU:

I Through INCOSkystem Science Working Group (SSWi8) David Rousseau, John Kineme
Len Troncale, Jennif&Yilby.

I Memberof a201314 SSW®™IBSE Patterns Project, inspired by Teoncale.
A Academics:

I Applied Mathematic®ackground in engineeringpntexts.
i Short early stint as a young tenured faculty member, magmgineering, before businesses

I Justwrapped up 36 years as trusteancluding board academatffairs committee chair, twice
chairing successful presidential searches.

I ASEE series on teaching systems competencies for all engineering undergraduates.
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A A change of paradigm, toraodelbased foundation
i Even the INCOSE Board of Directors has recognized as a strategic obje

i Thetraditional engineering discipline@E, ChE, CE, etc.) weteser to
such a modebasis wherthey originatedasapplications of physical science
but SE originated in a different way.

I And, the 10,000 member INCOSE community is not all doing the same
systems engineering!

Includes premodeling, SE _ _
traditional SE methods of ~50 yrs (Systems Engineering)

MBSE
SE based on use of explig (Model-Based Systems Engineering)

system models (~10 yrs+)
MBSHEuy S*Methodology
MBSE based on S*Metamod@ (UsingS*Metamodel)
(~20 yrs+) PBSE

(S*PatternBasedSystems Engineering
SE based on configurabé€,

reusablesystemmodels (~20 yrs+)



The S*Metamodel in Systems Engineering

A Until recently,unlike the other, sciendgased engineering
disciplineswhat many SEs considered tllmelndatlonof MBSE
GaeausSyY YZRStaé¢ gt
I not based on natural phenomena from science,

I but instead the underlying data models of modellng languages &
toolsets (perspective contributed by IT world),

I which is not the same as underlying model of the world they descrik

I Today, still trailing the burden of some of that history, versus a stron
foundation.

I Not a good basis for a scienbased engineering discipline!

I Still in flux, but now starting to return to traditional scienloased roots
In nature and mathematics, and strengthening moedaked
foundations.

A The S*Metamodel figures into that foundation, as follows . . .
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A S* covers thesmallest model framework necessary for engineering & science purposes

A S*Modelsare system models that conform to the S*Metamodel.

A S*is agnostias to modeling language (e.g., SysML, UML, OPM, etc.) and modeling too
be used with potentially any of them, through profiling, and have mapped into many).

A Above is annformal summanof key subset; thdormal S*Metamodel is described in UI\éL.
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S*Pattern Hierarchy for S*Metamodel for
Pattern-Based Systems Model-Based Systems

Engineering (MBSE!

.........

or System Configurations

System Pattern
Class Hierarchy
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System Containment Hierarchy

S*Pattern construction and use ove
several decades, many domains,
technologies, multiple INCOSE WG

Medical Devices Patterns

Construction Equipment
Patterns

Commercial Vehicle Patterns

Space Tourism Pattern

Manufacturing Process

Vision System Patterns

Packaging Systems Patterns

Lawnmower Product

Patterns Line Pattern
Embedded Intelligence Systems of Innovation (SOI Multiple Consumer Orbital Satellite Pattern
Patterns Pattern Products Patterns
Product Service System | Product Distribution System Plant Operations & Oil Filter Pattern
Patterns Patterns Maintenance System Patterng
Life Cycle Management | Production Material Handling Engine Controls Patterns | Military Radio Systems
System Patterns Patterns Pattern

Agile Systems Engineering
Life CyclePattern

Transmission Systems Patter

Precision Parts Production,
Sales, and Engineering Pattel

Higher Education
Experiential Pattern

A Commercially applied acrossde range of domains and technologies for 20+ years.
A Usedby INCOSKEIBSEPatternsWorking Groupand its joint projects with other INCOSE
WGs, includind\gile Systems WG Product Line Engineering W& System of Systems WG




Two entirely different hierarchies are involved:

A
Stakeholder:
orld
M O re JRide Language
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Individual Product
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More

Specific

MBSE

What Is the Smallest Model of a System?

William D. Schindel
ICTT System Sciences
schindel@ictt.com

Copyright © 2011 by Willlam D. Schindal. Published and used by INCOSE with pernyssion.

Abstract. How we gepresent systems is fondamental to the history of mathematics, science.
and engineering. Model-based engineering methods shift the pature of representation of
systems from historical prose forms to explicit data structures more directly comparable to
those of science and mathematics. However. using medels does not guarantee simpler
representation—-indeed a typical fear voiced about models is that they may be too complex.

Minimality of system representations is of both thecretical and practical interest. The
mathematical and scientific interest is that the size of a system’s “minimal representation” is
one definition of its complexity. The practical engineering interest is that the size and
redundancy of engineering specifications challenge the effectiveness of systems engineering
processes. INCOSE thought leaders have asked how systems work can be made 10:1 simpler
to attract a 10:1 larger global community of practitioners. And so, we ask: What is the smallest
model of a system?

Technical
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Every S*Metaclass shown is
embedded in both a
containment hierarchy and an
abstraction (class) hierarchy.
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2. Interactions and the Systems Phenomen

Systems engineering has passed through a different
path than the other engineering disciplines which
were better connected to underlying phenomena
based physical sciences

26™ Annual INCOSE International Symposium (IS 2016)
Edinburgh, Scotland, UK, July 18-21, 2016

Got Phenomena? Science-Based Disciplines for
Emerging Systems Challenges

Bill Schindel
ICTT System Sciences
schindel@ictt com

Copyright © 2013 by Bill Schmdel. Publizhed and used by IVCOSE with permission

Abstract. Engineering disciplines (ME, EE. CE, ChE) sometimes argue their fields have “real
physical phenomena™, “hard science™ based laws, and first principles, claiming Systems
Engineenng lacks equivalent phenomenoclogical foundation. We argue the opposite, and how
replanting systems engineering 1n MBSE/PBSE supports emergence of new hard sciences and
phenomena-based domain disciplines.

Supporting  this perspective is the System Phenomenon, wellspring of engineering
opportunities and challenges. Governed by Hamilton's Principle, it is a traditional path for
derivation of equations of motion or physical laws of so-called “fundamental” phiysical
phenomena of mechanics, electromagnetics, chemustry, and thermodynamics.

We argue that laws and phenomena of tradifional disciplines are less fundamental than the
System Phenomenon from which they spring. This 15 a practical renunder of emerging lngher
disciplines, with phenomena, first principles, and physical laws. Contemporary examples
include ground vehicles, atreraft, marine vessels, and biochemical networks; ahead are health
care, distnibution networks, market systems, ecologies, and the IoT.




PhenomenaBasedengineering Discipline

A The traditional engineering disciplines have their technic
bases and guantitative foundations in the hard sciences:

Engineering

Phenomena

Scientific Basis

Representative Scientific

Discipline Laws
Mechanical Mechanical Phenomena | Physics, Mechanics, |bSé¢ 2y Qa [ |
Engineering Mathematics, ...

Chemical Chemical Phenomena Chemistry, Periodic Table
Engineering Mathematics.. . .

Electrical Electromagnetic Electromagnetic Theorfa | Eg Sf f Q& 9
Engineering Phenomena

Civil Structural Phenomena MaterialsScience, ... || 221SQa [ I &
Engineering
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The Traditional Perspective

A Specialists in individual engineering disciplines (ME, EE, CE, Ct
etc.) sometimes argue that their fields are based on:
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A sometimes claiming that Systems Engineering lacks the equivale

phenomena based theoretical foundation.
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A Instead, Systems Engineering is sometimes viewed as:
I Emphasizing process and procedure
I Critical thinking and good writing skills
I Organizing and accounting for information
A.dzi y20 oFaSR 2y Iy doyyRRS NifLaKAS



The System Phenomenon

A In the perspective described here, ystemwe
mean a collection of interacting components:

\ System
External . / |
rActorso.‘\ \\ [ State Interactlon
/
/ System
" - Component
Causesd hang

A Whereinteractioninvolves the exchange of
energy, force, mass, or information, . . .

A Through which one component impacts the
state of another component, . . .

A And in which the state of a component impacts
Its behavior In future interactions.




The System Phenomenon

A Phenomenaof the hard sciences are in each case
Avaul yoOoSa 2% U0KS T2ttt 2o0AY
I behavior emergent from the interaction of behaviors
(phenomena themselves) a level of decomposition lower.

A In each such case, the emergent interacttmased
behavior of the larger system is a stationary path of the
action integral:

External .-~

£a
y " fActorso.
S = / Lz,a,t)dt "
H

System
Component

A Reduced to simplest forms, the resulting equations of
motion (or if not solvable, empirically observed paths)
LINE A RS alLIKeaAOlt tlogac a




The System Phenomenon

A Instead of Systems Engineering lacking the kind c
0KS2ZNBUGAOIET F2dzyRIUAZ2Y
bring to other engineering disciplines, . . .

LG OdzaNy&a 2dzd0 GKFG FfEtf 0K
foundations are themselves dependent upon the
System Phenomenon.

I The underlying math and science of systems provides
the theoretical basis already used by all the hard
sciences and their respective engineering disciplines.

A Examples:
I Chemistry, arising out of electron & other interactions

I The gas laws, arising out of particle & other interaction




The System Phenomenon

A traditional view: Our view:
Emerging Engineering
Disciplines
S/stems Engineering '
1F Traditional Engineering
o - - Disciplines
Traditional Engineering
DEEIES Systems Engineering
t Discipline
CTraditional Physical Phenomen@ t
<The System PhenomenoD

I Itis not Systems Engineering that lacks its own
foundatiornt instead, itprovides what has been
viewed as thdoundation for the other disciplines!



3. Emergence of Purpose, Value
Fithess in an Ecology of Interactions

Fitness, Value,
Innovation, in
S*Feature Space

26" Annual INCOSE International Sympesinm (I3 2016)
Edinbusgh, Scotland, UK, July 18-21, 2016

Explicating System Value through First Principles:
Re-Uniting Decision Analysis with Systems Engineering

Bill Schindel
President
ICTT System Seiences
Teme Haute, IV 47803

Troy Petersen
Technical Fellow
Chief Engineer
Booz Allen Hamilton
Troy, MI 43084

Copyeight © T8 by Teoy A Pebersoes el Bill Selindel. Publishbed snd used by INOOSE with pesmicdon

Abstract. Svstem complexity contmues to grow, creatms many new challsnges for engmeers
and d.ecuou makers. To maximize value delivery, hoth S\stem ng‘mearmg and DECLS on
2 essential. The systems eng ing ha:
improving systems engineering processes. While process plays
process was often zt the expenss of formdational enginesting =
system value. As a consequence, 5}'::9115 Engmeers were viewed as proci
manzagers versus technical leaders with a deep understanding of how system interactions are
linked to stakeholder value. With the recent shift toward X inesn
(WMBSE), Systems Enzmeering is “getting back to basi
principles, using established laws of engineermg and sc . This paper deserzbes how Pattern
Basad Systems :ngj_em_z (FBSE), as outlined withm INCOSE's Model Basad Sy
Engmeermz (MBSE) imitiative, explicates system value through modeling of first prin
re-uniting Systems Engineermg and Decision Analy=is capabilities.

joms and their cuntnbutlo“ to
s developers and

focusing on value delivery via first

Figure

T: 5*Agile Sysf

)

gener

hs Engineering Life Cycle Pattern extract, highlightin
via interactions - the first principles of engineering an

System Value Space
(Trade Space, Fitness Landscape)

Stakeholder

Functional
Role

First Principles- Bas 2
Selection Interaction Sp

st Principles-Based
Interaction Space

ystem Value which is
Ecience

System

Performance
Interaction

System Selection
(or De-Selectior)
Interaction
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S*Patterns EmphasiZeomplete
SakeholderFeature Models

A Features: Model system Purpose, Value, Fitness, from the perspect
(often subjective, conflicting) of Stakeholders.

A Scope of S*Model included! system stakeholders, and therefore all tl
values / fitness measures of all of thameven when they conflict.

ACSIGdzNBS { LI OS Aa GKS GaoO2NBoz2l
concerning the subject systeAncluding ethical and other aspects.
A2 KIFIi aeaasSya SyYyaaAySSNaR OFff ai
A S*Patterns: Features expresslectableoptions/partitions, configuring

system based on capabillities, challenges, situations.
A Features form the basis of system selectiand are formed by it.
A Features also express all riskihie only risks are stakeholder risks.

A And, Featureslso expressall KS oy S3l 8X 08 &a9FfF
of Failure Modes, Effects, and Criticality Analysis (FEMCA), risk ane




4. The System of Innovation (SOI) Pattern

This pattern models Innovation itself, not just the innovats
thingt and it is highly notiinear, iterated, & exploratory.

Includes Purpose
Discovery Loop

Systems of Innovation Il:

The Emergence of Purposel

=TT =~ lecy;
- eSSy, ~
~
-~
~
~
s
.,
Y
“
~
S
~
~
“
\
\
\
A
Component A
\
Purpose .
\
Identify Define Define System Synrh_esnze Synrhgsnze Decampase 'Dptl.mIZE Salect
Stakeholders [ Stakeholder Reguirements —= Logical —= Physical —= andAllocate ——s{ Attribute ——| (Deselect)
Requirements Architecture Architecture Requirements Values Solutian
Tuning
Iteration Loop
Architecture
Iteration Loop
Purpose
Iteration Loop

William D. Schindel
ICTT System Sciences

schindel@ictt.com
Copyright @ 2013 by Witam D. Schinde!. Pubished and used by INCOSE with permission.

Abstract. Engineers design mindful of the purpose of a system So. engineenng conceptual
definitions of the concept of “system™ frequently include the 1dea of purpose.

However, we also use “system” to describe things not human-designed. We might refer to
purpose m living systems, as in the immune system, but biologists use “function” to avoid this.
What about inanimate natural systems? Do Saturn’s rings have a purpose, or function? And
what about pathologies, when systems don't work as they “should™? Do all these “systems™
terms and concepts serve us well across these different domains, or are some force-fit?

Using the language of Model-Based Systems Engineering (MBSE) and Pattern-Based Systems
Engineering (PBSE), this paper describes a framework in which “system” and “purpose”
emerge at different levels, apply uniformly, naturally, or not at all, and inform. The framework
is the Systems of Innovation (SOI) Pattern. Practical benefits include insights into the nature of
innovation across these domains, improving ability to perform innovative systems engineering.

@ AG20AYy 3£
for entrepreneurs.
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The System of Innovation (SOI) Pattern:
Feedback Signaling Path in Logical Architec

Similar to Final Cause

Similar to Formal Cause

Similar to Material Cause

Similar to Efficient Causé
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