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“Fractional Calculus” in Encyclopedia of Complexity and Systems Science, Second Edition

This volume in the “Encyclopedia of Complexity and Systems Science, Second Edition,” offers a detailed account of fractional calculus tools, signatures of complex systems, hidden connections to fractional calculus, and applications and case studies involving fractional calculus in complex signal analysis and complex system modelling, analysis and control (MAD). The authors document both the foundational concepts of fractional calculus in complexity science as well as their applications to, and role in the optimization of, complex engineered systems. Fractional calculus is about differentiation and integration of non-integer orders. Convenience has driven the use of integer-order models and controllers for complex natural or man-made systems, but these traditional models and tools for the control of dynamic systems may result in suboptimum performance and even “anomalous” phenomena. In contrast, the growing literature documents “more optimal” performance when fractional order calculus tools are applied. From an engineering point of view, new and beneficial uses of this versatile mathematical tool are both possible and important, and may become an enabler of new science discoveries.


· Presents the first comprehensive coverage of the fractional calculus role in complex systems.
· Discusses major existing signatures such as power law of complex systems with emphasis on the connections to the fractional calculus
· [bookmark: _GoBack]Includes a wide variety of real world case studies  in signal analysis and complex system modeling and control

Topic Areas (Table of Contents in preparation): 
· Fractional calculus: 
· definitions, history, basic properties
· Fractional order dynamic systems
· Fractional noises
· Signatures of complex systems and its fractional calculus connection
· Power law
· Long range dependence
· Long memory
· Long range interaction
· Heavytailedness
· Etc.
· Complex signal analysis using fractional calculus
· Complex system modeling using fractional calculus
· Complex system control using fractional calculus

