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}Independence at managerial and operational 
levels 

}Independent evolutionary paths, 

}Geographical displacement

}Portray emergent behavior

}Holistic purpose and goals

Maier, M.W. Architecting Principles for Systems-of-Systems, Systems Engineering, 

1(4): 267-284, 1998.

8/10/2015 4
Mittal, S. 



}Ashby: Emergent behavior is the lack of 
understanding of the current system

}Four schools of thought:
ƁComplex adaptive systems:

¶Macro - level patterns arising from interacting agents

ƁNon - linear dynamical systems theory

¶Concept of attractors

ƁSynergistic school

¶Concept of order parameter influencing macro - level

ƁFar- from - equilibrium thermodynamics

¶Concept of dissipative structures and dynamical systems
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}A macro - level phenomenon

}Largely an observer phenomenon
ƁIt has to be tagged first before it can be addressed

}Knowledge exists  at a higher level of abstraction 
than the system itself
ƁThis knowledge may be irreducible and non -

decomposable

}Primarily addressed in disciplines like Economics, 
Psychology and Sociology

}Now incorporating: System of Systems
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}Weak 
ƁTraceable through interactions and 

local individual behaviors

ƁNo causal powers

ƁStrictly Observer - based

ƁConsistently reproduced in 
reduced complexity models

}Strong
ƁNew knowledge, definitions, 

classification

ƁCausal behavior at multiple levels

ƁAdaptive individual agents

ƁConsistent with known properties 
but inconsistently reproduced in 
simulation

Open System
Å Scale- free topology and clustering
Å Upward/downward causation
Å Persistent environment

Closed system
Å Closure under coupling
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Mittal, S., Attention-Focusing in Activity-based Intelligent Systems, Activity-

based Modeling and Simulation, Zurich, Switzerland, 2014
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Mittal, S., Rainey, L.. Harnessing Emergence: The Design and Control of 

Emergent Behavior in System of systems Engineering, Summer Computer 

simulation Conference, 2015.
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}Characteristics
ƁDisplay strong emergent behavior

ƁHave positive - and negative - feedback loops

ƁLarge number of adaptive agents

ƁCausal emergent behavior at multiple levels

ƁOpen System
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Mittal, S., Emergence in Stigmergic and Complex Adaptive Systems: A 

Formal Discrete Event Systems Perspective, Cognitive Systems Research, 

2012


