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Å ! {ȅǎǘŜƳ 9ƴƎƛƴŜŜǊΩǎ ±ƛŜǿǇƻƛƴǘ: 

ï 40+ years in engineered systems, founding multiple systems businesses. 

ï Aero, Telecom, Automotive, Health Care, Consumer Products, Advanced Manufacturing, 
Education, all manner of technologies, including living systems. 

ï Last twenty years providing systems engineering  assistance to Fortune 100  companies, 
pioneering & introducing Pattern-Based Systems Engineering Methodology, based on 
S*Metamodel, and recognizing engineering as a social enterprise. 

ï Many S*Patterns across many domains, informed by existing or emerging sciences. 
Å INCOSE (International Council on Systems Engineering): 

ï Co-chair of INCOSE MBSE Patterns Working Group. 

ï Member, INCOSE Agile Systems Discovery Project lead team. 

ï INCOSE MBSE Transformation Lead Team. 

ï INCOSE Chapter President, Crossroads of America. 
Å ISSS-INCOSE Connections and MOU: 

ï Through INCOSE System Science Working Group (SSWG), met David Rousseau, John Kineman, 
Len Troncale, Jennifer Wilby. 

ï Member of a 2013-14 SSWG MBSE Patterns Project, inspired by Len Troncale. 
Å Academics: 

ï Applied Mathematics background in engineering contexts. 

ï Short early stint as a young tenured faculty member, math & engineering, before businesses. 

ï Just wrapped up 30+ years as trustee, including board academic affairs committee chair, twice 
chairing successful presidential searches. 

ï ASEE series on teaching systems competencies for all engineering undergraduates. 
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SOURCES OF THIS PERSPECTIVE 



мΦ  ! άtƘŀǎŜ /ƘŀƴƎŜέ ƛƴ {ȅǎǘŜƳǎ 9ƴƎƛƴŜŜǊƛƴƎ 

Å A change of paradigm, to a model-based foundation: 

ïEven the INCOSE Board of Directors has recognized as a strategic objective. 

ïThe traditional engineering disciplines (ME, ChE, CE, etc.) were closer to 
such a model-basis when they originated as applications of physical sciences, 
but SE originated in a different way. 

ïAnd, the 10,000 member INCOSE community is not all doing the same 
systems engineering! 
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SE   
  (Systems Engineering) 

MBSE  
   (Model-Based Systems Engineering) 

MBSE by S*Methodology 
   (Using S*Metamodel) 

PBSE 
   (S*Pattern-Based Systems Engineering) 

Includes pre-modeling, 
traditional SE methods of ~50 yrs 

SE based on use of explicit 
system models (~10 yrs+) 

MBSE based on S*Metamodel 
(~20 yrs+) 

SE based on configurable,        
reusable system models (~20 yrs+) 

(Most practitioners) 

(Most growth) 



The S*Metamodel in Systems Engineering 

ÅUntil recently, unlike the other, science-based engineering 
disciplines, what many SEs considered the foundation of MBSE 
άǎȅǎǘŜƳ ƳƻŘŜƭǎέ ǿŀǎΥ  
ïnot based on natural phenomena from science, . . .  
ïbut instead the underlying data models of modeling languages & 

toolsets (perspective contributed by IT world), 
ïwhich is not the same as underlying model of the world they describe. 
ïToday, still trailing the burden of some of that history, versus a stronger 

foundation. 
ïNot a good basis for a science-based engineering discipline! 
ïStill in flux, but now starting to return to traditional science-based roots 

in nature and mathematics, and strengthening model-based 
foundations. 
 

ÅThe S*Metamodel figures into that foundation, as follows . . . 
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System Containment Hierarchy

S*Metamodel for

Model-Based Systems 

Engineering (MBSE)

S*Pattern Hierarchy for 

Pattern-Based Systems 

Engineering (PBSE)

System Pattern 

Class Hierarchy

Individual Product 

or System Configurations

Product Lines or

System Families

Configure,

Specialize

Pattern

Improve 
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General 
System  
Pattern
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Every S*Metaclass shown is 

embedded in both a 

containment hierarchy and an 

abstraction (class) hierarchy.

ÅaŜǘŀƳƻŘŜƭΥ !ƴ ǳƴŘŜǊƭȅƛƴƎ ǊŜƭŀǘƛƻƴŀƭ ŦǊŀƳŜǿƻǊƪΣ άƳƻŘŜƭ ƻŦ ƳƻŘŜƭǎέΦ 
Å S* covers the  smallest model framework necessary for engineering & science purposes. 
Å S*Models are system models that conform to the S*Metamodel. 
Å S* is agnostic as to modeling language (e.g., SysML, UML, OPM, etc.) and modeling tools (can 

be used with potentially any of them, through profiling, and have mapped into many). 
Å Above is an informal summary of key subset; the formal S*Metamodel is described in UML. 

MBSE: Model-Based Systems Engineering PBSE: Pattern-Based Systems Engineering 

Explicit S*Patterns vs.  
Informal or ά5ŀǊƪέ Patterns 
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Extracts from Terrestrial Vehicle S*Pattern 
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embedded in both a 
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Å Commercially applied across wide range of domains and technologies for 20+ years. 
Å Used by INCOSE MBSE Patterns Working Group and its joint projects with other INCOSE 

WGs, including Agile Systems WG,   Product Line Engineering WG, & System of Systems WG. 

Medical Devices Patterns Construction Equipment 

Patterns 

Commercial Vehicle Patterns Space Tourism Pattern 

Manufacturing Process 

Patterns 

Vision System Patterns Packaging Systems Patterns Lawnmower Product 

Line Pattern 

Embedded Intelligence 

Patterns 

Systems of Innovation (SOI) 

Pattern 

Multiple Consumer  

Products Patterns 

Orbital Satellite Pattern 

Product Service System 

Patterns 

Product Distribution System 

Patterns 

Plant Operations & 

Maintenance System Patterns 

Oil Filter Pattern 

Life Cycle Management 

System Patterns 

Production Material Handling 

Patterns 

Engine Controls Patterns Military Radio Systems 

Pattern 

Agile Systems Engineering 

Life Cycle Pattern 

Transmission Systems Pattern Precision Parts Production, 

Sales, and Engineering Pattern 

Higher Education 

Experiential Pattern 

S*Pattern construction and use over 
several decades, many domains, 
technologies, multiple INCOSE WGs. 
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System Containment Hierarchy
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System Pattern 
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Individual Product 
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Configure,
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General 
System  
Pattern
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Every S*Metaclass shown is 

embedded in both a 

containment hierarchy and an 

abstraction (class) hierarchy.

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

Interactions:  Model  (state dependent) 
objective technical behavior, as physical 
exchanges of energy, force, mass, 
information, resulting in change of state. 



2. Interactions and the Systems Phenomenon 

Systems engineering has passed through a different 
path than the other engineering disciplines which 
were better connected to underlying phenomena-
based physical sciences . . .  
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Phenomena-Based Engineering Disciplines 

ÅThe traditional engineering disciplines have their technical 
bases and quantitative foundations in the hard sciences: 
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Engineering 
Discipline 

Phenomena Scientific Basis Representative Scientific 
Laws 

Mechanical 
Engineering 

Mechanical Phenomena Physics, Mechanics, 
Mathematics,  . . . 

bŜǿǘƻƴΩǎ [ŀǿǎ 

Chemical 
Engineering 

Chemical Phenomena Chemistry, 
Mathematics. . .  . 

Periodic Table  

Electrical 
Engineering 

Electromagnetic 
Phenomena 

Electromagnetic Theory  aŀȄǿŜƭƭΩǎ 9ǉǳŀǘƛƻƴǎΣ ŜǘŎΦ 

Civil  
Engineering 

Structural Phenomena Materials Science, . . .  IƻƻƪŜΩǎ [ŀǿΣ ŜǘŎΦ 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://commons.wikimedia.org/wiki/File:Boltzmann_Ludwig_01.jpg&ei=a--bVYnaEI3GogTix4GIBQ&bvm=bv.96952980,d.cGU&psig=AFQjCNFBS66_OAjbF1UFVUTyvaya8VrnLg&ust=1436369122723747
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://commons.wikimedia.org/wiki/File:Boltzmann_Ludwig_01.jpg&ei=a--bVYnaEI3GogTix4GIBQ&bvm=bv.96952980,d.cGU&psig=AFQjCNFBS66_OAjbF1UFVUTyvaya8VrnLg&ust=1436369122723747


The Traditional Perspective 
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 ǎŎƛŜƴŎŜέ ŀƴŘ άǇƘŜƴƻƳŜƴŀέΦ 
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The System Phenomenon 

ÅIn the perspective described here, by system we 
mean a collection of interacting components: 

 

 

 

ÅWhere interaction involves the exchange of 
energy, force, mass, or information, . . .  

ÅThrough which one component impacts the 
state of another component, . . .  

ÅAnd in which the state of a component impacts 
its behavior in future interactions. 14 
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The System Phenomenon 
ÅPhenomena of the hard sciences are in each case 
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 (or if not solvable, empirically observed paths) 
ǇǊƻǾƛŘŜ άǇƘȅǎƛŎŀƭ ƭŀǿǎέ ǎǳōƧŜŎǘ ǘƻ ǎŎƛŜƴǘƛŦƛŎ ǾŜǊƛŦƛŎŀǘƛƻƴΦ 
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The System Phenomenon 

ÅInstead of Systems Engineering lacking the kind of 
ǘƘŜƻǊŜǘƛŎŀƭ ŦƻǳƴŘŀǘƛƻƴ ǘƘŀǘ ǘƘŜ άƘŀǊŘ ǎŎƛŜƴŎŜǎέ 
bring to other engineering disciplines, . . .  

ïLǘ ǘǳǊƴǎ ƻǳǘ ǘƘŀǘ ŀƭƭ ǘƘƻǎŜ ƻǘƘŜǊ ŜƴƎƛƴŜŜǊƛƴƎ ŘƛǎŎƛǇƭƛƴŜǎΩ 
foundations are themselves dependent upon the 
System Phenomenon. 

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

ÅExamples: 

ïChemistry, arising out of electron & other interactions 

ïThe gas laws, arising out of particle & other interactions 
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The System Phenomenon 

ïIt is not Systems Engineering that lacks its own 
foundationτinstead, it provides what has been 
viewed as the foundation for the other disciplines! 
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3. Emergence of Purpose, Value, 
Fitness in an Ecology of Interactions 
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System 
Performance 
Interaction 

System Selection 
(or De-Selection) 

Interaction  

Fitness, Value, 
Innovation, in 

S*Feature Space 



S*Patterns Emphasize Complete 
Stakeholder-Feature Models 

ÅFeatures: Model system Purpose, Value, Fitness, from the perspective 
(often subjective, conflicting) of Stakeholders. 

ÅScope of S*Model includes all system stakeholders, and therefore all the 
values / fitness measures of all of them τ even when they conflict. 

ÅCŜŀǘǳǊŜ {ǇŀŎŜ ƛǎ ǘƘŜ άǎŎƻǊŜōƻŀǊŘέ ŦƻǊ ŀƭƭ ŘŜŎƛǎƛƻƴǎΣ ŀŎǘƛƻƴǎΣ ƧǳŘƎŜƳŜƴǘǎ 
concerning the subject system--including ethical and other aspects. 

Å²Ƙŀǘ ǎȅǎǘŜƳǎ ŜƴƎƛƴŜŜǊǎ Ŏŀƭƭ άǘǊŀŘŜ ǎǇŀŎŜέΣ ƳƻŘŜƭ ƻŦ ǾŀƭǳŜ ŎƻƴŦƭƛŎǘǎΦ 

ÅS*Patterns: Features express selectable options/partitions, configuring 
system based on capabilities, challenges, situations. 

ÅFeatures form the basis of system selection, and are formed by it. 

ÅFeatures also express all risksτthe only risks are stakeholder risks. 

ÅAnd, Features also express all ǘƘŜ όƴŜƎŀǘƛǾŜύ ά9ŦŦŜŎǘǎέΣ ƻŦ a.{9 ǾŜǊǎƛƻƴ 
of Failure Modes, Effects, and Criticality Analysis (FEMCA), risk analysis. 

19 



4. The System of Innovation (SOI) Pattern:  
This pattern models Innovation itself, not just the innovated 

thingτand it is highly non-linear, iterated, & exploratory. 

20 

άtƛǾƻǘƛƴƎέ ƛǎ ƴƻǘ Ƨǳǎǘ 
for entrepreneurs. 

Includes Purpose-
Discovery Loop 



The System of Innovation (SOI) Pattern: 
Feedback Signaling Path in Logical Architecture 
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Similar to Material Cause 

Similar to Formal Cause Similar to Final Cause 

Similar to Efficient Cause 


