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Complexity in Systems

ÅSystem of Systems

ÅCollaborating Systems

ÅMechatronic Systems

ÅEmbedded Systems

ÅCyber Physical Systems

ïComplexity, Ambiguity, Creativity, Emergent, 

ïAutonomous, Self-Aware, 

ÁThird level (Arial 16 pt)

o Fourth level (Arial 16 pt)

» Fifth level (Arial 16 pt)
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Understanding Systems

Understanding empowers innovation

Å "Scientists investigate that which already is; 

engineers create that which has never been."

Albert Einstein

The essence of a system - Interactions 

Å Systems Engineering is an interdisciplinary 

approach and means to enable the realization of 

successful systems.  

INCOSE
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Expanding System Domain Boundary Increasing  Interactions

Increased Density of System External Elements & Interactions
Increased Interactions Between External Elements

Increased Density of System Elements & Interactions

System External Elements & Interactions

System Elements & Interactions

Interactions Complexity

Interaction Density
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Internet of Things
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Complexity ïIs this all new?

ñToday more and more design problems are reaching 

insoluble levels of complexity.ò

ñAt the same time that problems increase in quantity, 

complexity and difficulty, they also change faster than 

before.ò

1. Christopher Alexander, ñNotes on the Synthesis of Formò Harvard University Press, Cambridge Massachusetts, 1964

Christopher Alexander, 

Notes on the Synthesis of Form1, 

ñTrial-and-error design is an admirable method.  But it is 

just real world trial and error which we are trying to replace 

by a symbolic method.  Because trial and error is too 

expensive and too slow.ò

5



Copyright © 2015 by Troy Peterson. Published and used by NDIA with permission.

Rethinking System Conceptualization

ÅInterconnectedness and the rise of Cyber Physical Systems

ÅThe National Science Foundation (NSF) describes Cyber-Physical 

Systems (CPS) as ñengineered systems that are built from, and 

depend upon, the seamless integration of computational algorithms 

and physical componentsò

ÅThey tightly intertwine computational elements with physical 

entities across domains

ÅThe rapid increase in Cyber-Physical Systems is changing the way 

we develop, manage and interact with systems. 

ÅThe NSF notes that CPS challenges and opportunities are both 

significant and far-reaching. To address these challenges the NSF 

is calling for methods to conceptualize and design for the deep 

interdependencies inherent in Cyber-Physical Systems.  
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Systems Engineering Transformation

ÅWhile complex systems transform the landscape, the Systems 

Engineering discipline is also experiencing a transformation - to a 

model-based discipline. 

ÅWhile Model Based Systems Engineering (MBSE) shows significant 

promise, itôs still in a formative stage and very few subject matter 

experts understand formalized systems languages or have ready 

access to MBSE related tools. 

ÅKey enablers to managing system complexity

ïApplying MBSE to provide explicit integrated system models

ïExpressing system models to deepen our understanding

ïLeverage methods to reach the larger community of stakeholders
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Model Based Systems Engineering

ÅModel Based Systems Engineering (MBSE) provides organizations a 

timely opportunity to address the rapid growth in complexity

ÅINCOSE defines Model-Based Systems Engineering (MBSE) as ñthe 

formalized application of modeling to support system requirements, 

design, analysis, verification and validation activities beginning in the 

conceptual design phase and continuing throughout development and later 

life cycle phaseséò INCOSE SE Vision 2020

ÅThe Object Management Groupôs MBSE wiki notes that ñModeling has 

always been an important part of systems engineering to support 

functional, performance, and other types of engineering analysis.ò  

ÅThe application of MBSE has increased dramatically in recent years 

enabled by the continued maturity of modeling languages such as SysML

and significant advancements made by tools vendors
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Model Based Systems Engineering

ÅMBSE is often discussed as being composed of three 

fundamental elements ïtool, language and method. 

ïWhile there are differences between tools most are very capable and 

can be used to make significant improvements in managing the 

complexity of systems today.   

ïMany modeling languages also exist to express system 

representations.  MBSE practitioners often use the System Modeling 

Language (SysML). 

ïThe third element, method, has not always been given proper 

consideration, because the language and tool are relatively method 

independent, it is methodology which further differentiates the 

effectiveness of any MBSE approach.

Content ïProcess ïAutomation 
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MBSE: Pattern Based Systems Engineering

ÅAs a Model-Based Systems Engineering (MBSE) methodology, 

Pattern-Based Systems Engineering (PBSE) is tool and language 

neutral and offers a strong underlying ontology and metamodel.

ÅAt the heart of the PBSE metamodel is a focus on interactions 

which are also at the heart of complex systems and the basis of the 

physical sciences. 

ÅPBSE can address 10:1 more complex systems with 10:1 reduction 

in modeling effort, using people from a 10:1 larger community than 

the ñsystems expertò group, producing more consistent and 

complete models sooner.   These dramatic gains are possible 

because projects using PBSE get a ñlearning curve jumpstartò from 

an existing pattern 
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MBSE: Pattern Based Systems Engineering

ÅPBSE is leveraged as the MBSE methodology due to the impact it has had in 

helping teams focus on interactions, improve platform management as well as its 

data compression characteristics and strong underlying metamodel. To increase 

awareness of the PBSE approach, INCOSE has recently started a Patterns 

Challenge Team within the INCOSE MBSE Initiative and it is a recognized 

methodology on INCOSEôs MBSE wiki.

INCOSE PBSE Content: http://www.omgwiki.org/MBSE/doku.php?id=mbse:patterns:patterns

A summary view of the S* metamodel and Pattern Hierarchy and Process
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