UCME%ED http://www.nrt-ias.org/ MESALAB

Fractional Calculus View of
Intelligent Adaptive Systems

YangQuan Chen, Ph.D., Director,
(Mechatronics, Embedded Systems and Automation)
ME/EECS/SNRI/HSRI/UCSolar, School of Engineering,
University of California, Merced
E: yqchen@ieee.org; or, yangquan.chen@ucmerced.edu
T:(209)228-4672; O: SE2-273; Lab: CAS Eng 820 (T: 228-4398)

Oct. 19, 2017. Thursday 1:30-2:30pm
COB1-127



UCMEmED Slide-2/1024 MESALAB

74 Assignments: F17-ME 26 X 64 Search Results - Keyw X NRT - Intelligent Adaptiv % / & “intelligent adaptive syst X - X
< C O | & Secure https://www.google.com/search?q="intelligent+adaptive+systems"&rlz=1C1GGRV_enUS748US751&oq="intellige.. ¥r E3 * G 0D @ ® :
5 Apps [ Web Slice Gallery & Imported From IE @ YouTube datainsider @ TurboTax Home & Bt [ 3longsurvey papers p BifliEtRFaET— » Other bookmarks

"intelligent adaptive systems" $ Q I o ) @
All Shopping News Images Videos More Settings Tools

About 9,610 results (0.41 seconds)

Master Intelligent Adaptive Systems Intelligent <
www.master-intelligent-adaptive-systems.com/ v .
Intelligent Adaptive Systems. Intelligent systems and robots are expected to become an integral part of Adapthe tnD.':IFNT:\EIIEL!SGYESNTTE,'AS
our daily lives. In order to be accepted by, and interact ... SyStemSI An i e on e Ly g
Master of Science in Intelligent Adaptive Systems (IAS) + Universitét ... Interaction ) J
https://www.daad.de/go/kr3732/ ¥ Centered DESIQH .
Degree. Master of Science in Intelligent Adaptive Systems. Course language(s). Courses are held in .
English. Participants with German language skills have the .. PerSPECtlve e
Book by Catherine Burns, Ming Hou, and
Simon Banbury
NRT - Intelligent Adaptive Systems @ UC Merced - Home
www.nrt-ias.org/ v Preview book
Intelligent Adaptive Systems ... UC Merced's grant NRT: DESE on Intelligent Adaptive Systems was one
of 16 grants in this category funded across the nation.
seitod this page 3 times. Last visit: 10/18/17 Did you like this book? It "
Intelligent Adaptive Systems, M.Sc. - at University of Hamburg ... As ubiquitous as the atmosphere, intelligent adaptive
www.mastersportal.eu/studies/108180/intelligent-adaptive-systems.html v systems (IASs) surround us in our daily lives. ... -
I ctrw_v4.0 (1).zip ~ ' Homework 4.pdf ~ I dwe2017photos.zip ~ L 1-52.0-503784371..pdf ~ "X V009TO7A020-DET...pdf ~ Showall X

10:47 PM
Q) 7 ENG ]

10/18/2017

10/19/2017 NSF NRT of IAS @ UC Merced



UCMEK:ED Slide-3/1024 MESALAR

',::' Assignments: F17-ME 28 X 64 Search Results - Keyw X NRT - Intelligent Adaptiv % & “simple intelligent adapt % Nang@QUan -

a
X

= C O & Secure https;//www.google.com/search?rlz="1C1GGRV_enUS748US7518&q="simple+intelligent+adaptive+systems"&oq="s... vr | @ * o 0D @II © :

% Apps [ Web Slice Gallery & Imported From [E @ YouTube datainsider @ TurboTax Home & BL [ 3 long survey paper: ﬂ BREHEEEF— » Other bookmarks

"simple intelligent adaptive systems" I Q == 0 (,I-‘a

All Shopping News Images Videos More Settings Tools

About 1,050,000 results (0.81 seconds)

Scholarly articles for simple intelligent adaptive systems
Adaptive and intelligent web-based educational ... - Brusilovsky - Cited by 861
Micro-genetic algorithms for stationary and non- ... - Krishnakumar - Cited by 995
An architecture for adaptive intelligent systems - Hayes-Roth - Cited by 689

No results found for "simple intelligent adaptive systems".

Results for simple ystems (without quotes):

Master Intelligent Adaptive Systems
www.master-intelligent-adaptive-systems.com/ v

Master Intelligent Adaptive Systems. Intelligent systems and robots are expected to become an
integral part of our daily lives. In order to be accepted by, and interact efficiently and naturally with
humans, they have to adapt to changing environments as well as the users they interact with.

Master Intelligent Adaptive Systems : Studies : Universitdt Hamburg
https://www.inf.uni-hamburg.de » MIN > Department of Informatics » Studies ~ -

ctrw_v4.0 (1).zip ~ ' Homework 4.pdf ~ I dwe2017photos.zip A K 1.520-503784371..pdf A & V0O09TO7A020-DET...pdf A~ Showall X

10:50 PM |:.‘
10/18/2017

~ boE &) #Z [EE NG

10/19/2017 NSF NRT of IAS @ UC Merced



UCME%ED Slide-4/1024 MESA LAR
Question

* |Is “intelligent adaptive system’” complex?
— Yes
— ME280 “Fractional Order Mechanics”

* |s adaptive control system always nonlinear?
— Yes
— ME211 “Nonlinear Control”

10/19/2017 NSF NRT of IAS @ UC Merced
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Fractional Calculus
View of
Complex Worlds
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Outline

 What is fractional calculus
e \What Is considered as complex
 Fractional calculus view of complexity

e Conclusions

— Big data hype and fractional calculus
— A call for contributions
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Outline

 What is fractional calculus
e \What Is considered as complex
 Fractional calculus view of complexity

e Conclusions
— Big data hype and fractional calculus
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What Is “Fractional Calculus™?
« Calculus: integration and differentiation.

* “Fractional Calculus”: integration and
differentiation of non-integer orders.

— Orders can be real numbers (and even complex
numbers!)

— Orders are not constrained to be “integers” or even
“fractionals”

How this is possible?
Why should 1 care?
Any (good) consequences (to me)?

10/19/2017 NSF NRT of IAS @ UC Merced
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Riemann-Liouville definition

e -] (d]f f(1)dr
o Tn-o\dt) J(@—1)*

(n—1<0a<n)

G.F.B. Riemann J. Liouville
(1826-1866)  (1809-1882)

D™ 1 ()=—[|“’f()]=dt[(t ) 1) I (-a)

10/19/2017 NSF NRT of IAS @ UC Merced Slide credit: Igor Podlubny
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Grunwald—-Letnikov definition

AV. Letnikov |

A K. Grinwald

First Derivative:
fla) = hl—rﬁl) h ' Slide credit: Igor Podlubny
10/19/2017 NSF NRT of IAS @ UC Merced
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Example: sin (1)

Fractional derivatives of function y=sin(t)

=X

3 I 1 L 1 L 1 1 1 I 1 L 1 B 1 B 1 [l 1 B 1 B 1
0 | 2 3 i 5

The animation shows the
derivative operator oscillating
between the antiderivative (a=-1)
and the derivative (a=1) of the
simple power function y=x
continuously.

http://en.wikipedia.org/wiki/Fractional_calculus
10/19/2017 NSF NRT of IAS @ UC Merced
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Integer-Order Calculus Fractional-Order Calculus

Slide credit: Richard L. Magin, ICCC12
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“Fractional Order Thinking”

or, “In Between Thinking”

o For example
— Between integers there are non-integers;
— Between logic 0 and logic 1, there is the “fuzzy logic”;

— Between integer order splines, there are “fractional order
splines”

— Between integer high order moments, there are noninteger
order moments (e.g. FLOS)

— Between “integer dimensions”, there are fractal dimensions

— Fractional Fourier transform (FrFT) — in-between time-n-freq.

— Non-Integer order calculus (fractional order calculus — abuse of
terminology.) (FOC)

10/19/2017 NSF NRT of IAS @ UC Merced



UCME%EDRuIeSgefﬁi:ﬁﬂzfnb for e
“Fractional Order Thinking”

o Self-similar e Porous media
o Scale-free/Scale- * Particulate
invariant  Granular
» Power law * Lossy
e Anomaly

e Long range  Disorder

dependence (LRD) . ggj| tissue, electrodes.

e 1/f 2 noise bio, nano, network,
transport, diffusion,
soft matters (biox) ...

10/19/2017 NSF NRT of IAS @ UC Merced
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Outline

 What is fractional calculus
* What is considered as complex
 Fractional calculus view of complexity

e Conclusions

— Big data hype and fractional calculus
— A call for contributions
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Map 1: The New Science of Complexity
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From Brian Castellani & Frederic William Hafferty (Eds.). “Sociology & Complexity Science -A New Field of Inquiry.” Springer 2009.
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http://www.cafepress.com/thepowerlawshop

| WENT TO A PHYSICS
CONFERENCE AND ALL
| GOT WAS A LOUSY
POWER LAW.
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Empirical Power Laws

Discipline Law’s name Form of law Discipline Law’s name Form of law
Anthropology Physics
1913 [4] Auerbach Pr{‘city si‘ze rank r) oc l,f;r 1918 [70]  1/f noise Spectrum( f)oc 1/f
:322 [gg] Tjﬂrl\-‘[ . gr{mtensny = ”ft /1 2002 125]  Solar flares Pr(time between flares ) o 1;’:‘“ 14
[86]  Music pectrum(f) oc 1/f 2003 [69]  Temperature anomalies Pr(time between events 1) o l,r'r‘“ 4
Biology "
Physiology
1992 [87] DNA sequence Symbol spectrum(frequency f) oc 1/f% 15 15
2000 [49] Ecological web Pr(k species connections) oc 1/ k- 1959161]  Rall Neurons; dy~ = d, + d
. . 24 1963[76] M li lar network  Veins and art d d”ﬂf”
2001 [35] Protein Pr{k connections) cc 1/k= ammz‘l lan vascular networ ;:ms ag] a grles_ 2
2000 [34] Metabolism Pr(k connections) cc 1/k2-2 1963 [90]  Bronchial tree dy =di +d;
2001 [40] Sexual relations Pr(k relations) oc 1/k® 1973 [48] McMahon Metabolic rate(body mass M) oc M 0.75
Botany 1976 [103] Radioactive clearance Pr(isotope expelled in time £) oc 1/1
1'883 [64] da Vinci Branching; d% — d"‘ " d“ 1987 [93]  West—Goldberger Airway diameter(generation n) oc 1/ nl2
! - ; ; 0.90
1922 [101] Willis No. of genera(No. of species N) cc 1/N® :ggé [221 fia'“bm““;“ brf“;,r SN“"f“‘;eb“‘"C“h‘x_""l“mme o /216
1927 [51] Murray d& 5 d"’ 5 425 [77] nterbreat W‘El’la. 1 ity 0. of breaths(interbreath time ) oc 1/t
Ho , - 1993 [58]  Heartbeat variability Power spectrum(frequency f) oc f
onomics
‘ s 2007 [23] EEG Pr(time between EEG events) oc 1/¢16!
1897 [56] Pareto Pr(income x) oc 1/x" 2007 [13]  Motivation and addiction Pr(k behavior connections) oc 1/k%
1998 [24] Price variations Pr(stock price variations x) cc ],!x3
Geonhvsics Psychology
COPYSIES ) o 1957 [75]  Psychophysics Perceived response(stimulus intensity x) oc x%
1894 [35] Omori Pr(aftershocks in time 1) oc 1/1 . 1963 [71]  Trial and error Reaction time(trial N) or 1/N09!
1933 [67] Rosen-Rammler Pr(No. of ore fragments < size r) cc r 1961 [29]  Decision making utility(delay time 1) oc 1/1%
A - - I = g . o
1938 [44] Korcak Pr(island arca A > a) x l/a ) ) 1991 [3] Forgetting Percentage correct recall(time 1) oc 1/1%
1945 [31] Horton No. of segments at n/No. of segments at n + 1 2001 [20]  Cogniti Res = f 1/f@
constant 2 gnition ' esponse spcctrulm( requency f) o a,f f
1954 [26] Gutenberg-Richter  Pr(earthquake magnitude < x) oc 1/x% 2009 [37]  Neurophysiology Pr(phase-locked interval < 7)o 1/7
1957 [27] Hack River length cr (basin area)® Sociology
1977 [—14] Richardson ]_.C[]gth of coastline oc ]J{(I'UICI" SiZﬁ)Q 1926 [_11] Lotka PT[NO. of papers publlshcd rank -") oc Lfl-'"z
2004 [84] Forest fires Frequency density(burned area A) oc 1/41-38 1949 [104] Zipf Pr(word has rank r) o« 1/7
Information theory 1963 [16]  Price Pr(citation rank r) oc 1/r3
1999 [32] World Wide Web Pr(k connections) cc 1/k!%4 1994 [8] Urban growth Population density(radius R) cc 1/R®
1999 [19] Internet Pr(k connections) cc 1/k® 1998 [88]  Actors Pr(k connections) oc 1/k23

Complex Webs: Anticipating the Improbable, B.J. West and P. Grigolini, Cambridge (2011).

19


Presenter
Presentation Notes
	Here is a list of phenomena covering 10 disciplines, whose regularity is captured by scaling laws and/or power law distributions. Such behavior has been the hallmark of complexity for many scientists and here I take it to be the harbinger of the fractional calculus. From the inverse power law tail of income first discovered by Pareto and now bears his name, to the distribution of airway diameters in the bronchial tree, to the rank ordering in the number of citations of published papers. The complexity of the underlying phenomena in each of these cases I maintain will lend itself to a fractional calculus description sooner or later.
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Other connectedness to FC? (hidden)

 Fractal, irregular, anomalous, rough, Hurst
— Multifractal, multi-scale, scale-rich

« Renormalization (?), Universality

o EXxtreme events— spikiness, bursty, intermittence
 Fluctuation in fluctuations; Variability,
 Emergence, Surprise, Black swan

* Nonlocality, Long term memory

o Complex (behavior, processes, network, fluid, dynamics,
systems ...)

* When the forest Is big, there are all types of birds ("It takes
all kinds” MR+ K 714 Z#A), 20/80 rule(= )\ )

10/19/2017 NSF NRT of IAS @ UC Merced
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MAGAZINE 18 Sep 1998

Forest Fires: An Example of Self-

Organized Critical Behavior
Bruce D. Malamud, Gleb Morein, Donald L. Turcotte
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20t Century’s 100 largest disasters worldwide

10° ¢
V Technological ($10B)
O Natural ($100B)
10" -
US Power outages = Slope = -1
(10M of customers) (a=1)
-2 -1 0
10 10 10

10/19/2017 NSF NRT of IAS @ UC Merced
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Complexity “bow tie”

T

— e

Scale-Free,
Heavy-Tailedness,

Long Range Dependence,
Long Memory ...

systems.
phenomena,
behaviors, ...

10/19/2017 NSF NRT of IAS @ UC Merced
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IPL In Different Contexts

Scale-free networks (degree distributions)
Pink noise (power spectrum)

Probability density function (PDF)
Autocorelation function (ACF)

Allometry (Y=a Xb)

Anomalous relaxation (evolving over time)
Anomalous diffusion (MSD versus time)
Self-similar

10/19/2017 NSF NRT of IAS @ UC Merced
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Outline

 What is fractional calculus
e \What Is considered as complex
* Fractional calculus view of complexity

e Conclusions
— Big data hype and fractional calculus
— A call for contributions

10/19/2017 NSF NRT of IAS @ UC Merced
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My submission:

Fractional dynamics
point of view
of
complex systems for complexity
characterization and regulation

10/19/2017 NSF NRT of IAS @ UC Merced
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Fractional Calculus
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Tomorrow's Science

- Bruce J. West
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Bruce J. West has been a research scientist and teacher for forty years.
He is one of a handful of scientists in the world that understands
complexity and who can explain its implications for modern society Bruce]

in everyday language. West

In Complex Worlds: Uncertain, Unequal and Unfair he uses his
understanding of complex networks to explain why the future
cannot be made certain, why the same people are always at the center
of controversy, and why only a sclect few get ahead. The emerging

contrast to how the greatest thinkers of the past and present believe
the world ought to be.

West explores the question: Is the dissonance between what is true
and what we believe ought to be true really that great? The answer is

0
properties of complexity so prevalent in society stand in sharp m
e
a resounding yes and he explains not only how but why. x

Dr. Bruce J. West, Ph.D., FAPS, FARL has

had three careers. The first was as an Industry W

Researcher in a small not-for-profit The La

Jolla Institute, 1971-1989. The second was as 0

a Full Professor and Physics Department

Chair_at the University of North Texas, I

| 1989-1999. The third is as Chief Scientist of 1

| Mathematics for the U.S. Army Research

Office, 1999-present. d
S

ISBN 974-1-k129k-130-9

51895 ]
Uncertain
Unequal
Unfair
9 1781612961309

S

10/19/2017 NSF NRT of IAS @ UC Merced
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“fractional calculus” appeared once

10453 pages, p.1416

Robert A. Meyers
Editor-in-Chief

Encyclopedia of
Complexity and
Systems Science

10/19/2017 NSF NRT of IAS @ UC Merced



UCMEK:ED Slide-32/1024 MESALAR
“fractional” appeared O times

Ted G. Lewis

Book of
_ Extremes

Why the 271* Century
__Isn't Like the 20™ Century

10/19/2017
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Complex
systems.
phenomena,
behaviors, ...

Fractional
dynamic

MESALAB

Scale-Free,
Heavy-Tailedness,

Long Range Dependence,
Long Memory ...

Mittag-Leffler Law

Fractional calculus

based models
NSF NRT of IAS @ UC Merced

10/19/2017
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Power Law

f(z) = az®

When kis negative: Inverse power law
Scale-free

Scale invariance /
f(ex) = a(ex)* = & f(z) x f(x).

o “Scaling laws in cognitive sciences” by CT Kello, GDA Brown, R Ferrer-i-
Cancho, JG Holden, K Linkenkaer-Hansen, T. Trends in Cognitive Sciences
14 (5), 223-232, 2010

10/19/2017 NSF NRT of IAS @ UC Merced
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Heavy tall, fat tall

PlX >z ,\:_,x—a

S (0,1,0) |

0.

A5 -0 -5 05 10 IS
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Eractional Calculus, ,

u(t)
White Noise

pa-L Ryy(r) =0
I'(ax)

y(t) is a Brownian motion when =1, i.e.,1/ * process.

1/ f2* noise (signal) generation via fractional dynamic system

Power laws In
Signal/Systems
*Probability distribution
*Random processes (correlation functions)

2I'(2ax) cosar

h(t) =

10/19/2017 NSF NRT of IAS @ UC Merced
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Root of long (algebraic) tail, or

Inverse power law
{1-x“/r(1+a) x—0*

x */T(1-a)

Eu'l(_xa)g X — o0

05F

0
0

x Tail MATTERS!

10/19/2017 NSF NRT of IAS @ UC Merced
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Connection to FC via PDF

* “Fractional Calculus and Stable Probability
Distributions” (1998) by Rudolf Gorenflo , Francesco

Mainardi http://arxiv.ord/pdf/0704.0320.pdf

O u o 0%u
— = Dla . oo <o < oo, t>0.
ot ) O] | |
with  wu(a,0) =d6(x) 0<a <2
0% AT
— = D3 —. x>0, t>0.
ot2P 2 Ox? ) -

with u(Uﬁf_) — é‘('f_) 0 < 4 < 1

10/19/2017 NSF NRT of IAS @ UC Merced
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Y

) )
S
It’s 3 It It’s an
It’s a || spear | doesn’t elephant
hose \ exist
A

Source:
https://www.flickr.com/photos/atheism_christian_apologetics/11
078762214/in/photostream/

10/19/2017 NSF NRT of IAS @ UC Merced
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Wandering albatrosses flight search patterns

G.M. Viswanathan, et al. Nature 381 (1996) 413-415.

10/19/2017 NSF NRT of IAS @ UC Merced
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Outline

 What is fractional calculus
e \What Is considered as complex
 Fractional calculus view of complexity

e Conclusions

— Big data hype and fractional calculus
— A call for contributions

10/19/2017 NSF NRT of IAS @ UC Merced
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Big Data

* VVolume
* Varlety
* Velocity
* Veracity
* Value

e S0, to be complex to have big data??

10/19/2017 NSF NRT of IAS @ UC Merced
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UCMERCED MESALAB
Fractional Order Data Analytics:

connecting dots of Drones, Big Data, and Fractional Calculus

YangQuan Chen, Ph.D., Director,
MEsA(Mechatronics, Embedded Systems and Automation)1AB
ME/EECS/SNRI/HSRI, School of Engineering,
University of California, Merced

E: yqchen@ieee.org; or, yangquan.chen@ucmerced.edu
T: (209)228-4672; O: SE1-254; Lab: CAS Eng 820 (T: 228-4398)

March 21, 2015. Saturday 2:00-2:15 PM
Robots & Ribs Day (@ MESA LAB Symposium (@ UC Merced

10/19/2017 NSF NRT of IAS @ UC Merced
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FODA: Fractional Order Data Analytics
o First proposed by Prof. YangQuan Chen last weeks.

» Metrics based on using fractional order signal
processing techniques for quantifying the generating
dynamics of observed or perceived variabilities.

— Hurst parameter, fGn, fBm, ...
— Fractional order integral, differentiation

— FLOM/FLOQOS (fractional order lower order
moments/statistics)

— Alpha stable processes, Levy flights
— ARFIMA, GARMA (Gegenbauer), CTRW ...

10/19/2017 NSF NRT of IAS @ UC Merced
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The Vegetation Spectrum in Detail

> i< >

. * Water Content
Pigments Cell Structure
0.6p= Leaf Pigme Leaf Biochemicals

Frotein Lignin, Cellulose

J1sible

0.5
High Reflectance
0.4 of Vegetation in Atmosphernic Water
' the Near-IR Absorption Bands
0.3

Chicrophyll
0.2 f™=Absorption

) \

0.5

\ Red Edge

01

1.0 1.5 2.0

https_ WWW.eXEIsSVIS.cu srs VWhitepapersbelta an10/80 27 ATIVITDT 26 Ar

ticlelD/13742/Vegetation-Analysis-Using-Vegetation-Indices-in-ENVI.aspx
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Signal transduction
(cthylene-ABA-JA)

http://www.intechopen.com/books/responses-of-organisms-to-water-stress/water-stress-and-agriculture
1071972017 NSF NRT of IAS @ UC Merced
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NDVI vs. water stress??

NDVI vs. SWP (with shaded region) NDVI vs. SWP (without shaded region)
08 0.7
0.7 -, v=-00008x+04407 05 | e v=-0.0012x+ 0 4562
o0& o 05 +*

: 05 > * 5 o ..—*\h,ﬁ"

“ E-: ‘e %o ¥e ¢ NDVIvs SWP Z 03 W L 28 ¢ NDVIvs. SWP
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Drones as “Tractor 2.0” for Farmers

* RRR or SSM of water, fertilizers, pesticides etc.
 Fractional Calculus may save the world one day.

e Drones create big data and demand FODA due to
“complexity” thus variability, inherent in life
process.
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Encyclopedia of
Complexity and

Systems Science

2nd ed. 2020, 16000 p. 5600 illus., 3000
illus. in color. In 15 volumes, not available
separately.

SPRINGER
REFERENCE

Print (Book)

» approx. 6.709,00 € | approx. £6,036.50 |
approx. $9,050.00

» *approx.7.178,63 € (D)

| approx.7.379,90 € (A) |

approx. CHF 8'924.50

eReference

» approx. 8.039,00 € | approx. £5,978.00 |
approx. $9,050.00

» *approx. 9.566,41 € (D)

| approx. 8.039,00 € (A) |

springer.com

SSALAB

R.A. Meyers (Ed.)
Encyclopedia of Complexity and Systems Science

» Substantially updated from the groundbreaking first edition

» Assembles for the first time the concepts and tools for analyzing
complex systems in a wide range of fields

» Reflects the real world by integrating complexity with the
deterministic equations and concepts that define matter, energy, and
the four forces identified in nature

» Benefits a broad audience: undergraduates, researchers and
practitioners in mathematics and many related fields

This reference work provides an authoritative single source for understanding and
applying the concepts of complexity theory together with the tools and measures for
analyzing complex systems in all fields of science and engineering. The science and tools
of complexity and systems science include theories of self-organization, complex systems,
synergetics, dynamical systems, turbulence, catastrophes, instabilities, nonlinearity,
stochastic processes, chaos, neural networks, cellular automata, adaptive systems, and
genetic algorithms. Examples of near-term problems and major unknowns that can be
approached through complexity and systems science include: The structure, history

and future of the universe; the biological basis of consciousness; the integration of
genomics, proteomics and bioinformatics as systems biology; human longevity limits;

the limits of computing; sustainability of life on earth; predictability, dynamics and

extent of earthquakes, hurricanes, tsunamis, and other natural disasters; the dynamics

of turbulent flows; lasers or fluids in physics, microprocessor design; macromolecular
assembly in chemistry and biophysics; brain functions in cognitive neuroscience; climate
change; ecosystem management; traffic management; and business cycles. All these
seemingly quite different kinds of structure formation have a number of important
features and underlying structures in common. These deep structural similarities can be
exploited to transfer analytical methods and understanding from one field to another. This
unique work will extend the influence of complexity and system science to a much wider
audience than has been possible to date.

— Tittp://mechatronics.ucmerced.edu/fccs

Print + eReference

» approx. 12.049,00 € | approx. £8,960.00

| approx. $13,575.00
» *approx.13.369,57 € (D)

approx. 13.494.88 € (A) |
EB.OO
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Order online at springer.com » or for the Americas call (toll free) 1-800-SPRINGER » or email us at:
customerservice@springer.com. » For outside the Americas call +49 (0) 6221-345-4301 » or email us at:
customerservice@springer.com.

The first € price and the £ and $ price are net prices, subject to local VAT. Prices indicated with * include VAT for books; the €(D) includes 7% for
Germany, the €(A) includes 10% for Austria. Prices indicated with ** include VAT for electronic products; 19% for Germany, 20% for Austria. All prices
exclusive of carriage charges. Prices and other details are subject to change without notice. All errors and omissions excepted.



UCMEI

10/19/2017

Call for chapters for a new volume
“Fractional Calculus for Complex Systems” 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.
e Presents the first comprehensive coverage of the fractional calculus role in complex systems.
e Discusses major existing signatures such as power law of complex systems with emphasis on the
connections to the fractional calculus
e 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):
e Fractional calculus:
o definitions, history, basic properties
o Fractional order dynamic systems
o Fractional noises

e Signatures of complex systems and its fractional calculus connection
o Power law
o Long range dependence
o Long memory
o Long range interaction
o Heavytailedness
o elc.
o Complex signal analysis using fractional calculus
e Complex system modeling using fractional calculus

e Complex system control using fractional calculus

Key parameters: Minimum number of chapters 30 to 50 (no upper limit); 9,000-12,000 words (plus
figures and references) per chapter (or 10-12 published pages); delivery date 12/31/2018; submission via
online system only at https://meteor.springer.com

If you are interested in contributing a chapter in this new volume “Fractional Calculus for Complex
Systems”, please visit hitp://mechatronics.ucmerced.edu/fees for Guidelines and background information.
Send me a chapter proposal (one page) with title/authors/affiliations/contact info/synopsis/keywords to
email: ygchen(@ieee.org with FCCS on email subject title for easy search. Thank you! 6/24/2017

o — W
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o Kecal Cao, YangQuan Chen, Daniel Stuart. A
Fractional Micro-Macro Model for Crowds of
Pedestrians Based on Fractional Mean Field
Games. IEEE/CAA Journal of Automatica Sinica,
2016, 3(3), 261-270
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https://www.youtube.com/watch?v=QWvDPe6GaSA&feature=youtu.be
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« Jiacal Huang, YangQuan Chen, Haibin LI, Xinxin
Shi. Fractional Order Modeling of Human
Operator Behavior with Second Order Controlled
Plant and Experiment Research. IEEE/CAA
Journal of Automatica Sinica, 2016, 3(3), 271-280
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https://www.youtube.com/watch?v=o8XoMMFdLyE&feature=youtu.be
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* Cheng et al. "Study on Four Disturbance
Observers for FO-LTI Systems.” IEEE/CAA
Journal of Automatica Sinica (2016).
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https://www.youtube.com/watch?v=iNuyigyidR8
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Malgorzata Turalska, Bruce J. West,
US Army Research Office

e 2016 Conference on Complex Systems titled
“Fractional calculus: new language of
complexity”. The satellite session Is scheduled to
be held on September 21%t, 2016 in Amsterdam,
Netherlands.

o https://fractionalcalculus2016.wordpress.com/
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UCME%ED Slide-56/1024 MESA1AR
"Individuality, Imitation and Influence"

e Bruce J. West 2013 @ UC Merced

10/19/2017 NSF NRT of IAS @ UC Merced


https://vimeo.com/75511143
http://mechatronics.ucmerced.edu/events/bruce-j-wests-invited-seminar-individuality-imitation-and-influence

@UCMEP{ZED MESALAB

Of what use Is fractional calculus?

Fractional calculus can help physical, life and social scientists to
understand problems that are otherwise too;

* Big (the bio- and social-spheres)

e Small (molecular structure, individuals)

o Slow (macroevolution of species, societies..)
o Fast (photosynthesis, phase transitions)

* Remote in time (early extinctions, genetics, memory)
* Remote in space (life at extremes, heterogeneity)

o Complex (human brain, 10BT)

» Dangerous or unethical (infectious agents, cyber fog)

Credit: Bruce West


Presenter
Presentation Notes
	Fractional calculus can help the scientific disciplines formulate and solve problems that violate the underlying assumptions of their traditional models. Phenomena that are too big, too small, depend on behavior that is remote in space or time, that is explicitly too complex or too dangerous.
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Credit: Bruce West

Complexity-induced barriers to understanding

Heterogeneity in space
Non-locality in time

No characteristic time scales (fractals, scaling)

 Geometrical, statistical, dynamical
Dynamics
* Strange attractors
* Non-integrable Hamiltonians
» Fractional differential equations
Trajectories are chaotic
 Ensembles of chaotic trajectories
» Scaling ensemble probability distribution functions
* Fractional probability calculus

How do we begin to build a coherent picture?

58


Presenter
Presentation Notes
	The various ways complexity is manifest as a research barrier are indicated. Much of this was anticipated by the late Benoit Mandelbrot in his generalization of Brownian motion to fractional Brownian motion, where he used the fractional calculus to incorporate memory into statistical time series.
	The scale-free aspect of fractal processes makes them unsuitable to be represented by analytic function. Such non-analytic functions have diverging integer-order derivatives, but have finite fractional derivatives. Consequently, the fractional differential equations are the natural representation for the equations of evolution of fractal phenomena that evolve over time.
	However, even nonlinear dynamic systems that have chaotic trajectories, have ensemble distribution functions that satisfy fractional kinetic equations. Leading to a fractional probability calculus.
	How do we make a coherent picture out of all of this?
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Credit: Bruce West
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Presenter
Presentation Notes
	Lest you be lulled into a false sense of security, let me present some additional mathematical models that have unique complexity properties. The complexity of chaos in nonlinear dynamical systems, with its sensitive dependence on initial conditions, is very different from the feedback behavior of homeostasis in systems theory, which shares some characteristics with collective intelligence of networks, that is unlike reactive-diffusive systems.
	The short answer to the question is no. But let us take a step back to Newton and his version of the differential calculus, fluxions. No where in the Principia is there any mention of fluxions, all the argument are geometrical. Unless one looks very closely and behind those arguments are the differential we know. Thus, the differential calculus is not entailed by classical mechanics, but it is certainly a more natural description than geometry.
	In the same way the fractional calculus is not entailed by complexity, but is certainly the more natural way to describe the behavior of complex phenomena.
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Regional Sensing & Actuation of Fractional
Order Distributed Parameter Systems

YangQuan Chen, Ph.D., Director,
(Mechatronics, Embedded Systems and Automation)
ME/EECS/SNRI/HSRI/UCSolar, School of Engineering,
University of California, Merced
E: yqchen@ieee.org; or, yangquan.chen@ucmerced.edu
T:(209)228-4672; O: SE2-273; Lab: CAS Eng 820 (T: 228-4398)

October 21, 2016. Friday. 11am-12noon

A Workshop on Future Directions in Fractional Calculus
Research and Applications, MSU, East Lansing, MI.
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Two questions

e So what? / Why bother?
e \What else I/you/we can do?
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So what? / Why bother?

e Three answers
— Complexity
— Better than the best
— XXX

10/19/2017 NSF NRT of IAS @ UC Merced
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Better than the best, “more optimal”

+
More Optimal Image Processing by Fractional

Order Differentiation and Fractional Order
Partial Differential Equations

Fractional Order
Motign Controls

Dali Chen, Dingyu Xue,

___, xuedingvu@ise.neu.edu.cn,

: chen(a_.uet:*.e.ot't_r‘,_‘ 'Shen53({:.::.‘u‘cmerce(l.e(lu chiendalifafer neaedica

] .,M MEP‘("MSNR”U('E'(_)lar ] Information Science and Engineering
MESA LAB, School of Engineering, S T e

University of California, Merced, USA Shenyang 110004, P R China

2012
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So what? / Why bother?

e Three answers
— Complexity
— Better than the best
— XXX
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is like sex: sure,
it may give some practical
results, but that's not why

we do it."

TI

Richard Feynman
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