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Transcript 



Engineering Complex Systems
Dr. Julio Ottino
Dean, McCormick School of Engineering and Applied Science
Northwestern University
UVM Lecture: Wed., Sept. 13, at 4 pm
Billings North Lounge
Scientific breakthroughs occur at the edges of disciplines. Often ideas originating in one
field find successful applications in other fields, sometimes leading to revolutionary
shifts. Complexity is regarded by many to be such an example. Complex systems can be
identified by what they do — display organization without a central organizing principle
(emergence) — and also by how they may or may not be analyzed — decomposing the
system and analyzing subparts does not necessarily give a clue as to the behavior of the
whole.
Various aspects of these ideas appear in sociology, physical, biological and chemical
sciences, computer science, mathematics and many branches of engineering. Complexity
represents a sort of convergence and the idea of “emergent and complex behavior” can
serve as a focal/unifying point across disciplines and create awareness of techniques and
problems shared by disciplines. It also brings the potential of generating new crossboundary ideas. The extended toolkit includes statistical mechanics, nonlinear dynamics,
network theory and agent based modeling.
Yet the transitions among domains are far from trivial. Consider engineering. The
hallmarks of complex systems are adaptation, self-organization and emergence. No single
designer designed the web or the metabolic processes within a cell. Engineering,
however, is not about letting things be: engineers engineer. Engineering is about making
things happen, about consistency of design, about convergence.
Engineering has typically dealt with complicated as opposed to complex systems. The
most elaborate mechanical watches are called très compliqué. They are, as their French
name implies, complicated. A Star Caliber Patek Philippe has 103 pieces. A Boeing 747400 has, excluding fasteners, 3x106 parts. In complicated systems, parts have to work in
unison to accomplish a function. One key defect (in one of the many critical parts) brings
the entire system to a halt. This is why redundancy is built into designs when system
failure is not an option (e.g., a nuclear submarine).
Yet engineering can undoubtedly benefit by the adoption of complex systems tools to its
standard toolkit. Changes can be profound. Ecological systems, supply chains and
materials self-assembly can be seen in a new light and such expansion has the potential of
transforming, of even creating entirely new disciplines (e.g., security engineering).
But what one understands by modelling and prediction needs to be amplified, and most
especially, what one means by “understanding.” If modelling is defined as “all happens
as if...,” we define understanding as “not being surprised or making sense of outcomes.”
The choice for engineering is not between designing everything at the outset and letting
systems design themselves, it is in attacking the most pressing problems facing us today.
Ideas along all these lines will be presented at Dr. Ottino’s lecture, starting with a review
of the material that prompted his incursion in this domain: granular matter, quite possibly
the simplest physical example of a complex system.













Related documents 















[image: Software Engineering]


Software Engineering










[image: integrated marketing communication]


integrated marketing communication










[image: Distinctions Between Computing Disciplines]


Distinctions Between Computing Disciplines










[image: Visual Expression in the Discipline of Words]


Visual Expression in the Discipline of Words










[image: Document]


Document










[image: `Max Weber and the many disciplines of Public Administration`]


`Max Weber and the many disciplines of Public Administration`










[image: complexity - Environic Foundation International]


complexity - Environic Foundation International










[image: Network hunt - Barefoot Computing]


Network hunt - Barefoot Computing










[image: fundamentals of organizational behavior]


fundamentals of organizational behavior










[image: Marketing Basics - Ron R. Kelleher]


Marketing Basics - Ron R. Kelleher










[image: abs]


abs










[image: Job Description Director, Event Production We are looking to add a]


Job Description Director, Event Production We are looking to add a










[image: General School Presentation]


General School Presentation










[image: 6 Free Play]


6 Free Play










[image: 7 Pitfalls - Clover Sites]


7 Pitfalls - Clover Sites










[image: Fine and Performing Arts Commission Executive Summary Fall 2000]


Fine and Performing Arts Commission Executive Summary Fall 2000










[image: Document]


Document










[image: Ways of Studying Religion]


Ways of Studying Religion










[image: Spiritual Transformation]


Spiritual Transformation










[image: AllScience_is_Comput.. - Buffalo Ontology Site]


AllScience_is_Comput.. - Buffalo Ontology Site










[image: Presentation - Week 2 - History and Theory in International Relations]


Presentation - Week 2 - History and Theory in International Relations










[image: PPT Slides -- January 30 - Peace and Conflict Studies]


PPT Slides -- January 30 - Peace and Conflict Studies




















	

studyres.com © 2024


	

DMCA 

	

Privacy 

	

Terms 

	

Report 












[image: ]










