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Cooan Door #1: Models &, Newton

Copernicus
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What I1s the smallest model of a system?

Thesize of the smallest modetf asystem(for purposes of science and engineer
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1. Practice Redundant, incomplete, inconsistent, and overwhelming
iInformation in engineering is increasingly a concern.
2. Theory:
AThe size of the smallest model required to represent a given system is
of the mathematical definitions of complexity of tlsgstem.
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underlying explanation of phenomena.

Seeking the smallesystem modehas led to some surprising conclusions, In
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System Behavior: One parttbé smallestmodel

Aln the perspective described heby Systemwe mean acollection of interacting

components
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(Input-outputs) between system components, . . .
A . . . through which one component impacts tstate of another component.
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during interactions.
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AThe behavior of a system as a whole involves emergent sthtbe system as avhole.
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A Specialists in individual engineering disciplines (ME, EE, CE, ChE, etc.) sometimes ar

that their fields are based on:
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A sometimes claiming that Systems Engineering lacks the equivalent phendrasad

theoretical foundation.
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A Instead, Systems Engineering is sometimes viewed a:

I Emphasizing process and procedure

Periodic Table of the Elements
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I Critical thinking and good writing skills
I Organizing and accounting for information
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The System Phenomenon

A Phenomenaof the hard science@Newtgn, Maxwell, et al) arm
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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 q

the larger system is stationary path of the actlon mteqra
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A Reduced to simplest forms, the resultlng guations of motion _
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The System Phenomenon

It Is not Systems Engineering that lacks its own |,
foundationt instead, it has been providing the E
foundationfor allthe othera K NR€ RA a O
Our view: =
A traditional view: §
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<The System PhenomenorD

[ A Distribution networks

A Biologicabrganisms, ecologies

Market systems and economies
Health caradelivery
System®f conflict
Systems oinnovation
GroundVenhicles
Aircraft
M

arine Vessels
Biological Regulatory Networks
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AS*Modelsare any models that '
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AINCOSE Patterns Working Group applies the S*Metamodel for MBSE Pattel

Alndependent/neutral of any specific modeling language of todias been
mapped to many COTS tools, SysML®, other languages, information systen
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Hamilton Door #2: Patterns®
Mu st we T ep eanings (bdenrstaldaes)?

= Emmy
Q/ Noether

System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)

Project Processes

Technical Processes

ASE guidance, procedures,
standards tell us all the things w
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already know anything about the
system and domain in which we
are engineering:

ABut how best to identify and
use all thatwe already know

ADo we really need to keep
repeating the past learning
(and mistakes) of others? .
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explanation lies imecognition, representation, exploitatioof recurring
patterns.
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S*Patterns

AAn S*Modelis any model conforming to the S*Metamodel,

AAN S*Patternis any reusable, configurable S*Model that can be configured
to individual model cases for different applications, species, products, etc.
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Payoff. Rapidly Configuring Specific S*Models from S*Patt

COMPARATIVE ROI
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Most planned S*Pafterns take less than 9Q days to enerate
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Cultural challenges

AEveryone / every project wants to build their own models:

ACondemned to learning the same lessons, making the same mistake
low-grade learning curves

Alnnovation with the brakes on

Alncommensurability of personal or local paradigms:
AT.Kuhnon incommensurable frameworks in technical communities
AReference frameworks, ontologies, beliefs, world views
AMy way or our way?
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System of Innovation Pattern
(Used in INCOSE Agile SE Life Cycle Model Discovery Project, descriptive, not prescriptive.)

3. System of Innovation (SOI)

Learning & Knowledge 2. Target System (and Component) Life Cycle Domain System
Manager for LC Managers

of Target System Life Cycle Manager of
% @ LC Managers
Learning & Knowledge ‘ﬁ
! ;- ﬁ Manager for Target

> Systems LC Manager of Jﬁ
@ Target System

;T % 1. Target System
OCM — —

(Substantially all the 1ISO15288 processes are included in all four Manager roles)

A System 1: Target system of interest, to be engineered or improved.

A System 2: The environment of (interacting with) S1, including all the life cycle
management systems of S1 (englineering,

System 3: The life cycle management systems for S2, including learning about S2.
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Process &
Procedure |
Life Cycle
Management
Process (Iterative)
1 > |
Traditional SE ~_ 1
Emphasizes Process ~_ ! :
. < ‘(o Transformation
ntormation H H ntormation
Consumed Enlzgrlg(:eee;;ng Produced
- Information Passing
|
(Iterative) _-t” Through Life Cycle
ol Processes
Information Passing Through
_ . Engineering Process
PBSE Increases -~
Relative Emphasis Information
on Information
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Increased Focus on the
Dynamics of Trajectory in Configured Model Space



