
Practical Modeling Concepts for Engineering
Emergence in Systems of Systems

An Overview for the SoSECIE Webinar

Kristin Giammarco, Ph.D.
NPS Department of Systems Engineering

20 March 2018



Why Engineer Emergence?

• Stakeholders desire their designed systems to 
exhibit “positive” emergent behaviors, and to 
suppress or exclude “negative” emergent 
behaviors

• How do we know what behaviors need to be 
suppressed or excluded from the design, before 
they actually emerge?
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How do we “steer” behaviors in 
our complex systems?
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is to… as… is to…

“prune” objectionable behaviors

leave behind only the desired behaviors



Positive emergence
is what remains after thoroughly 

exposing and removing 
Negative emergence. 
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How do we do that?



Lesson 1: 
Relax control over 
system interactions 
before restricting 

control.
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Employ these modeling 
concepts



1. Separate behaviors and interactions
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2. Model system behaviors and 
environment behaviors
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3. Formalize models for automatic 
execution
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4. Properly allocate each task to a 
human or to a machine
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Without interaction constraints: 224 scenarios at scope 3
With interaction constraints: 6 scenarios at scope 3



5. Use abstraction and refinement to 
manage large models
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Way Ahead

• These concepts were distilled from modeling 
with Monterey Phoenix (firebird.nps.edu)

• Experiment with using these concepts in other 
behavior modeling languages (e.g., SysML, 
LML)

• Use MP to expose and prune away negative 
emergence in behavior models

19
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Questions?
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Monterey Phoenix and Related Work:  

https://wiki.nps.edu/display/mp

firebird.nps.edu

kmgiamma (at) nps.edu

https://wiki.nps.edu/display/mp
http://firebird.nps.edu
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