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Door #1: Models  

What is the smallest model of a system? 

The size of the smallest modelof a system (for purposes of science and engineering 
ƻǾŜǊ ǘƘŜ ǎȅǎǘŜƳΩǎ ƭƛŦŜ ŎȅŎƭŜύ ƛǎ ƛƳǇƻǊǘŀƴǘ ŦƻǊ both practical and theoretic reasons:

1. Practice: Redundant, incomplete, inconsistent, and overwhelming 
information in engineering is increasingly a concern. 

2. Theory:

ÅThe size of the smallest model required to represent a given system is one 
of the mathematical definitions of complexity of the system.

ÅtƘȅǎƛŎŀƭ ǎŎƛŜƴŎŜ Ƙŀǎ ƻŦǘŜƴ ŀǇǇƭƛŜŘ hŎŎŀƳΩǎ wŀȊƻǊ ǘƻ ŦƛƴŘ ǘƘŜ ǎƛƳǇƭŜǎǘ 
underlying explanation of phenomena.   

Seeking  the smallest system model has led to some surprising conclusions, in 
ŎƻƳǇŀǊƛǎƻƴ ǘƻ ά{9 ŎƻƴǾŜƴǘƛƻƴŀƭ ǿƛǎŘƻƳέ Φ Φ Φ

2

Nicolaus 
Copernicus  

Isaac
Newton



System Behavior: One part of the smallestmodel
ÅIn the perspective described here, by Systemwe mean a collection of interacting 

components:

ÅBy άƛƴǘŜǊŀŎǘƛƴƎέ ǿŜ ƳŜŀƴ ǘƘŜ ŜȄŎƘŀƴƎŜ ƻŦ ŜƴŜǊƎȅΣ ŦƻǊŎŜΣ ƳŀǘŜǊƛŀƭΣ ƻǊ ƛƴŦƻǊƳŀǘƛƻƴ 
(input-outputs) between  system components, . . .
Å. . . through which one component impacts the stateof another component. 
Å.ȅ άǎǘŀǘŜέ ǿŜ ƳŜŀƴ ŀ ǇǊƻǇŜǊǘȅ ƻŦ ŀ ŎƻƳǇƻƴŜƴǘ ǘƘŀǘ ƛƳǇŀŎǘǎ ƛǘǎ ƛƴǇǳǘ-output behavior 

during interactions.
Å{ƻΣ ŀ ŎƻƳǇƻƴŜƴǘΩǎ άōŜƘŀǾƛƻǊ ƳƻŘŜƭέ ŘŜǎŎǊƛōŜǎ ƛƴǇǳǘ-output-state relationships during 

interactionτǘƘŜǊŜ ƛǎ ƴƻ άƴŀƪŜŘ ōŜƘŀǾƛƻǊέ ƛƴ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ƛƴǘŜǊŀŎǘƛƻƴ.
ÅThe behavior of a system as a whole involves emergent states of the system as a whole. 
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The search ŦƻǊ ŀ άǎȅǎǘŜƳ ǇƘŜƴƻƳŜƴƻƴέ
ÅSpecialists in individual engineering disciplines (ME, EE, CE, ChE, etc.) sometimes argue 

that their fields are based on:

ïάǊŜŀƭ ǇƘȅǎƛŎŀƭ ǇƘŜƴƻƳŜƴŀέΣ 

ïǇƘȅǎƛŎŀƭ ƭŀǿǎ ōŀǎŜŘ ƛƴ ǘƘŜ άƘŀǊŘ ǎŎƛŜƴŎŜǎέΣ ŀƴŘ ŦƛǊǎǘ ǇǊƛƴŎƛǇƭŜǎΣ

Åsometimes claiming that Systems Engineering lacks the equivalent phenomena-based 
theoretical foundation. 

Å Instead, Systems Engineering is sometimes viewed as: 

ïEmphasizing process and procedure

ïCritical thinking and good writing skills

ïOrganizing and accounting for information

Å.ǳǘ ƴƻǘ ōŀǎŜŘ ƻƴ ŀƴ ǳƴŘŜǊƭȅƛƴƎ άƘŀǊŘ ǎŎƛŜƴŎŜέ4



The System Phenomenon
ÅPhenomenaof the hard sciences (Newton, Maxwell, et al) are in 
ŜŀŎƘ ŎŀǎŜ ƛƴǎǘŀƴŎŜǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ά{ȅǎǘŜƳ tƘŜƴƻƳŜƴƻƴέΥ
ïbehavior emergent from the interaction of behaviors (phenomena 

themselves) a level of decomposition lower.

ÅIn each such case, the emergent interaction-based behavior of 
the larger system is a stationary path of the action integral:

ÅReduced to simplest forms, the resulting equations of motion 
όƻǊ ƛŦ ƴƻǘ ǎƻƭǾŀōƭŜΣ ŜƳǇƛǊƛŎŀƭƭȅ ƻōǎŜǊǾŜŘ ǇŀǘƘǎύ ǇǊƻǾƛŘŜ άǇƘȅǎƛŎŀƭ 
ƭŀǿǎέ ǎǳōƧŜŎǘ ǘƻ ǎŎƛŜƴǘƛŦƛŎ ǾŜǊƛŦƛŎŀǘƛƻƴΦ
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The System Phenomenon

It is not Systems Engineering that lacks its own 
foundationτinstead, it has been providing the 
foundation for all the other άƘŀǊŘέ ŘƛǎŎƛǇƭƛƴŜǎ!
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A traditional view:
Our view:

ÅDistribution networks
ÅBiological organisms, ecologies
ÅMarket systems and economies
ÅHealth care delivery
ÅSystems of conflict
ÅSystems of innovation
ÅGround Vehicles
ÅAircraft
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ÅBiological Regulatory Networks
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Å! άƳŜǘŀƳƻŘŜƭέ ƛǎ ŀ ƳƻŘŜƭ ƻŦ 
other modelsτdescribing the 
framework (concepts, 
relationships) used to express 
those models. 

ÅS*Modelsare any models that 
conform to the S*Metamodel, a 
25 year-ƻƭŘ ŀƴǎǿŜǊ ǘƻ άǿƘŀǘ ƛǎ 
the smallest model necessary to 
represent systems for purposes 
of engineering & science, over 
ǎȅǎǘŜƳ ƭƛŦŜ ŎȅŎƭŜǎΚέ
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Design 
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Coupling A

Decomposition 
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Functional
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attribute
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Coupling D

S*Metamodel informal summary pedagogical diagram 

(formal S*Metamodel includes additional details.)

Class

Every S*Metaclass shown is 

embedded in both a 

containment hierarchy and an 

abstraction (class) hierarchy.

ÅINCOSE Patterns Working Group applies the S*Metamodel for MBSE Patterns. 

ÅIndependent/neutral of any specific modeling language of toolsτhas been 
mapped to many COTS tools, SysML®, other languages, information systems. 
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ÅSE guidance, procedures, 
standards tell us all the things we 
ǿƻǳƭŘ ƴŜŜŘ ǘƻ Řƻ ƛŦ ǿŜ ŘƛŘƴΩǘ 
already know anything about the 
system and domain in which we 
are engineering:
ÅBut how best to identify and 

use all that we already know?
ÅDo we really need to keep 

repeating the past learning 
(and mistakes) of others?  8

System of Innovation (SOI) Pattern Logical Architecture

(Adapted from ISO/IEC 15288:2015)
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Patterns
Å!ƭƭ άǇŀǘǘŜǊƴǎέ ŀǊŜ ǊŜŎǳǊǊŜƴŎŜǎΣ ƘŀǾƛƴƎ ōƻǘƘ ŦƛȄŜŘ ŀƴŘ ǾŀǊƛŀōƭŜ ŀǎǇŜŎǘǎΦ

Å¢ƘŜ ƘŜŀǊǘ ƻŦ ǇƘȅǎƛŎŀƭ ǎŎƛŜƴŎŜΩǎ ƭƛŦŜ-changing 300 year success in prediction and 
explanation lies in recognition, representation, exploitation of recurring 
patterns. 

ÅbƻŜǘƘŜǊΩǎ ¢ƘŜƻǊŜƳ ϧ IŀƳƛƭǘƻƴΩǎ tǊƛƴŎƛǇƭŜΥ aŀǘƘ ōŀǎƛǎ ŦƻǊ ŀƭƭ ǘƘŜ ǇƘȅǎƛŎŀƭ ƭŀǿǎΥ 
Newton, Maxwell, Mendeleev, Schrödinger, . . . 



S*Patterns
ÅAn S*Model is any model conforming to the S*Metamodel,

ÅAn S*Patternis any re-usable, configurable S*Model that can be configured 
to individual model cases for different applications, species, products, etc.    
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Every S*Metaclass shown is 

embedded in both a 

containment hierarchy and an 

abstraction (class) hierarchy.

Note the emphasis on S*Patterns of 
άǿƘƻƭŜ ǎȅǎǘŜƳǎέ όŜΦƎΦΣ ǾŜƘƛŎƭŜǎύ



Payoff: Rapidly Configuring Specific S*Models from S*Patterns
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COMPARATIVE ROI

QUALITATIVE ANALYSIS
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ÅGenerates high quality first draft models from patterns in 
мл҈ ƻŦ ǘƘŜ ǘƛƳŜ ŀƴŘ ŜŦŦƻǊǘ ǘƻ ƎŜƴŜǊŀǘŜ άǘǊŀŘƛǘƛƻƴŀƭέ ƳƻŘŜƭǎ 
of lower quality and completeness.

ÅMost planned S*Patterns take less than 90 days to generate 
to point of first ǳǎŜΣ Ǿƛŀ ά¦ƴŎƻǾŜǊ ǘƘŜ tŀǘǘŜǊƴέ ό¦¢tύ tǊƻƧŜŎǘ
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Thereafter, S*Pattern becomes the point of accumulation of future group learning--
ǘƘŜ άƳǳǎŎƭŜ ƳŜƳƻǊȅέ ǘƘŀǘ ƛǎ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ŎƻƴǎǳƭǘŜŘ ƛƴ ŜŀŎƘ ŦǳǘǳǊŜ ǇǊƻƧŜŎǘΦ



Cultural challenges

ÅEveryone / every project wants to build their own models:
ÅCondemned to learning the same lessons, making the same mistakes, 

low-grade learning curves
ÅInnovation with the brakes on

ÅIncommensurability of personal or local paradigms:
ÅT. Kuhn on incommensurable frameworks in technical communities
ÅReference frameworks, ontologies,  beliefs,  world views
ÅMy way or our way?
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ÅSystem 1:  Target system of interest, to be engineered or improved.

ÅSystem 2:  The environment of (interacting with) S1, including all the life cycle 

management systems of S1 (engineering, production é, including learning about S1.

ÅSystem 3:  The life cycle management systems for S2, including learning about S2.

System of Innovation Pattern
(Used in INCOSE Agile SE Life Cycle Model Discovery Project, descriptive, not prescriptive.) 

       3.  System of Innovation (SOI)

   2.  Target System (and Component)  Life Cycle Domain System
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 (Substantially all the ISO15288 processes are included in all four Manager roles)

OCM
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Increased Focus on the 
Dynamics of Trajectory in Configured Model Space
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