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UC Merced

« Established 2005

o 1Stresearch university in
215t century in USA.

e 6,685 Undergraduates
o 448 Grads (most Ph.Ds)

e Strong Undergraduate
Research Presence (HSI,
MSI)
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UCMERCED
The MESA Lab

 Mechatronics, Embedded
Systems, Automation Lab

igonon MESALAB

» Lab Director: Prof. YangQuan Chen
—  Lab Manager: Brandon Stark
—  5Ph.D. Students
— 1 MSc Student
— 40+ Undergrads
— 9 Visiting Ph.D. Students
— 6 Visiting Professors/Scholars

 Unmanned Aerial Systems

o  Cyber-Physical Systems

* Renewable Energy Systems

*  Mechatronic Systems
 Applied Fractional Calculus
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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
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Some other books, almost touched FC

A deep and insightful book that is a joy to read. There are new idea

I t ¥ | every r.]ﬂf-'e. and none of them is obvious!” 1 ]( W Tl H_ W( '\[\l ) ] ['( AN ‘[' C( }l\llll E\
n ro u Ion 0 "DﬁN|EL["IlHEHT P ofe of Psycholo gy at Harvard University

Nonextensive "'[ [M[I";[N':[

Statistical Mechanics

APPROACHING A COMPLEX WORLD

Constantino Tsallis

How Common Sense

Fails Us

Duncan J. WaATTsS

JIMSUY 31 MOUY NOL 20U()
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Susanna C. Manrubia
Alexander S. Mikhailov
Damian H. Zanette

Emergence of
Dynamical Orde

Synchronization Phenomena
in Complex Systems

World Scientific

10/1/2015
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Duncan J. Watts
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Small Worlds
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The Hidden Role of Chance
in Life and in the Markets

SECOND EDITION
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THE BLACK SWAN

The Impact of the Highly Improbable ¢ \
HOW ORDER EMERGES FROM CHAOS IN

. . o) N D
Nassim Nicholas Taleb 8 /
L THE UNIVERSE, NATURE, AND DAILY LIFE

EXTREME
EVENTS IN

NATURE AND

SQCIETY

.

STEVEN STROGATZ &\ Springer

RANDOM HOUSE
TRADE PAPERBACKS
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Jason Sanders

Dynamics of the
Milky Way

—
Tidal Streams and Extended.. |
Distribution Func or the
ISSN 1062-8738, Bulletin of the Russian Academy of Sciences. Physics, 2015, Vol. 79, No. 5, Galactch L

Original Russian Text © V.V. Uchaikin, R.T. Sibatov, A.N. Byzykchi, 2015, published in
pp. 646—649,

E_! !prmger

Interpreting Data on Solar Cosmic Ray Fluxes N
via the Fractional Derivative Method

V. V. Uchaikin, R. T. Sibatov, and A. N. Byzykchi

Ulyanovsk State University, Ulyanovsk, 432017 Russia
e-mail: vuchaikin@gmail.com; ren_sib@bk.ru; azy.baza@gmail.com

Abstract—Solar cosmic ray propagation through the interplanetary magnetic field is considered as a random
process of particles traveling along magnetic lines at a finite velocity of free motion and with a free path dis-
tributed according to an inverse power law. The propagator is presented as a sum of direct (nonscattered) flux
(singular part of solution) and multiple scattered flux (regular part). In the long-time asymptotic, the regular
part is described by an equation with a fractional-order derivative. Using analytical expressions for the prop-
agator, we numerically calculate fluxes of energetic particles accelerated by shock waves generated by solar
flares. The presented model is in better agreement with Ulysses and Voyager 2 data than the Perri—Zimbardo
model and may therefore be recommended for use in interpreting the results of further experiments.

DOI: 10.3103/S1062873815050408

10
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“We may express our
concepts in Newtonian

terms If we find this (\,,,
convenient but, if we do [T TS
so, we must realize that ‘?,';r*gpb c;'l‘\’,g'
we have made a

translation into a
language which Is \
foreign to the system merandKWl_-
which we are studying.”  #
(1950)
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\What's-hey.ond? e

2000's

Map 1: The New Science of Complexity

1960's 1980's

James Yorke
(Fownder)

Edward Lorenz
< /" {Lorenz Attractor/Butterfly Effect)

Dynamic
Systems
Theory

. Mitchall Feigenbaum
fCheos Constant)
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.
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[ "\ Christopher Langton
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Walter Pitts
{Founder}

7 ol Wooldridge
Christopher Gol AAMAS)
{Complexity in Sil

f Artificial
Intelligence

" £
Warren MeCullg ’ Michael Berry and Gordon Linoff
(Found (Data Mining in Business)

From Brian Castellani & Frederic William Hafferty (Eds.). “Sociology & Complexity Science -A New Field of Inquiry.” Springer 2009.



UCMEI:{:ED Slide-15/1024 MESALAB
My submission:

Fractional dynamics
point of view
of
complex systems for complexity
characterization and regulation
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Summary of the key messages

e Real worlds are complex

* \WWe human beings perceive the complexity via our
mental prism (lens)

e The prism (lens) is “IPL” (inverse power law) If
we use Integer order calculus, “Mittag-Leffer” if
we use fractional calculus

e Tail matters (X2 X %)
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http://en.wikipedia.org/wiki/The_Dark Side of the Moon#mediaviewer/File:Dsotm30.jpg
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Minus Lens Plus Lens
Basae Apa
Lignt Light
Focal phz" =" o Focal
Faint Treal Apax Ase Point
I.Inh.' l_ight HErE RN N R Ee e g
Base A s

10/1/2015 FSS15 Debate Lecture



UCME%ED Slide-19/1024 MESALAR
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/
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“fractional calculus” appeared once

10453 pages, p.1416

Robert A. Meyers
Editor-in-Chief

Encyclopedia of
Complexity and
Systems Science
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“fractional” appeared O times

Ted G. Lewis

Book of
_ Extremes

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

10/1/2015
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Dr. Chen’s theorem 1f not axiom

e “Power Law” should read “Mittag-
effler Law”

* When you talk about “power law”, you
are talking about fractional calculus.

e Corollary: When you talk about
“stretched exponential”, you are almost
talking about fractional calculus!
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From “bow tie” to “mental prism”

— e

Complex
systems.
phenomena,
behaviors, ...

Scale-Free,
Heavy-Tailedness,

Long Range Dependence,
Long Memory ...
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Complex Scale-Free,
systems. Heavy-Tailedness,
phenomena, Long Range Dependence,
behaviors, ... Long Memory ...
Mittag-Leffler Law
Fractional _
dynamic Fractional calculus

based models

10/1/2015 FSS15 Debate Lecture



UCME%ED Slide-26/1024 MESALAR
Integer Order Calculus

Exponential Law

X(t) = —bx(t), x(0) = X,

X =x€™)

eeeeeeeeeeeeeeeeeeeeeeeeeee
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Fractional Order Calculus

Power Law

x“Y(t)=c, «aeR

x®) =Y ra+ o)

(tk)(a): ['(k+1) k-
T(K—a+1)

note ['(k +1) =k!
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Fractional Order Calculus

Inverse Power Law
X' (t) = -bx(t),x“?(0)=x, a<(0])
X(t) = x,t“"E, , (—bt*)

Mittag-Leffler function in two parameters:

Dy : .t{'
X

Eqp(¥)= 3 =z (>0, B>0)

E, 1(X)=¢€"

10/1/2015 Ea(x) — Ea,l(x)
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G. M. Mittag-Leffler
(1846-1927)

10/1/2015
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Professor Donald E. Knuth,
creator of TEX:

“As far as the spacing In
mathematics is concerned...l
took Acta Mathematica, from
1910 approximately; this was a
journal in Sweden ... Mittag-
Leffler was the editor, and his
wife was very rich, and they had
the highest budget for making
qguality mathematics printing. So
the typography was especially
good in Acta Mathematica.”
(Questions and Answers with
Prof. Donald E. Knuth, Charles

University, Prague, March 1996)
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The Mittag-Leffler
function

mo i
_ B F
Eﬂ,.’?{z} = E—“: r{l‘:l'_'nli: _I_'S:I‘.' (ﬂl = l|:]‘.- '8 :} ﬂ}

= - {i} ” |ﬁ) Web www.mathworks.com/matlabcentral /fileexchange/8738-mittag-leffler-fu {t|

¥ MATLAB CENTRAL e

File Exchange

File Exchange Answers Newsgroup Link Exchange Blogs Trendy Cody Co

‘ File Exchange

Mittag-Leffler function

by Igor Podlubny 17 Oct 2005 (Updated 25 Mar 2009) 4.6 | 17 ratings

Rate this file
Calculates the Mittag-Leffler function with desired

47 Downloads (last 30 days)
accuracy.

File Size: 2.71 KB

% Watch this File File 1D: #8738
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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!
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Complex Scale-Free,

systems. Heavy-Tailedness,
phenomena, Long Range Dependence,
behaviors, . Long Memory ...

I I Mittag-Leffler Law

Fractional Fractional calculus

dynamic based models
1071/2015 FSS15 Debate Lecture
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Complex
systems.
phenomena,
behaviors, ...

Scale-Free,
Heavy-Tailedness,

Long Range Dependence,
Long Memory ...
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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
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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

10/1/2015 FSS15 Debate Lecture
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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” kK 114 Z#A), 20/80 rule(= )\ )

10/1/2015 FSS15 Debate Lecture
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http://www.cafepress.com/thepowerlawshop

| WENT TO A PHYSICS T
CONFERENCE AND ALL ; /':o:\“
| GOT WAS A LOUSY N 197y O T gty
? .00
POWER LAW. Xl W
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Source:
https://www.flickr.com/photos/atheism_christian_apologetics/11
078762214/in/photostream/
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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!
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Complex Scale-Free,

systems. Heavy-Tailedness,
phenomena, Long Range Dependence,
behaviors, . Long Memory ...

I I Mittag-Leffler Law

Fractional Fractional calculus

dynamic based models
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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)

10/1/2015 FSS15 Debate Lecture
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omp

ex relaxation in NMR

http://en.wikipedia.org/wiki/Metastasis

Mast common sifes of

Cancer metastasis

and thair sympioms

Brain
= Hoadachas
= Seirures

- Varligo

Lymph nodes %
= Lymnphadenopathy

Respiratory
- Cough

= Hamoplysis
- Liyspnes

Liwer

- Hepatomegaty
- Jaundica

Skeletal =
- Pain

- Fracures j f

http://www.ispub.com/journal/the-internet-journal-of-radiology/volume-13-number-1/in-vivo-mr-measurement-of-refractive-index-relative-
water-content-and-t2-relaxation-time-of-various-brain-lesions-with-clinical-application-to-discriminate-brain-lesions.article-g08.fs.jpg
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Presenter
Presentation Notes
Figure.5 A Metastasis from ca lung in right occipital lobe in A. T2 map. B. T2 weighted image C.RI Map (selected portion) D Color coded map . E. Glioblastoma in T2 map. F.T2 weighted image G.RI map (selected portion) H. Color coded map overlay on background of T2 weighted image . I.Low grade Glioma – T2 weighted image J. RI Map and K. Color map of the of lesion, a false-color overlay on a background of the T2 weighted image. Highly malignant component is depicted in red and edema in blue. L. Primary Lymphoma (biopsy proven) - A.T2 weighted image. M.RI Map and N. Color map of the of lesion and surroundings colour and bright red to dark red as the RI increased indicating higher grade of malignancy. This RI mapping technique produces precise and highly reproducible images of brain lesions which easily discriminates between benign and malignant components of the lesions. Standardization of the images was performed prior to running the program, correcting mid tone and contrast manually particularly in a screen saved images.
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T2 relaxation in NMR

A

ion

100%

=

Cerebrospinal fluid

ray matter

——

White matter :

37% |

Transverse magnetizat

L R R .

1400
Time (ms)

http://hs.doversherborn.org/hs/bridgerj/DSHS/apphysics/NMR/T2.htm
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TE—|

47 67 “an e time

. =

1 i I I =
80° 180° 180° 180° 180°
pulse pulse pulse pulse pulse

Carr—Purcell-Meiboom-Gill
(CPMG) pulse sequence, as

shown in Fig. 1, is widely used to magnet,zat,g;;“decay data
measure spin-spin relaxation M(t) with poor SNR
time T2
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(E%mp ex relaxation: How to

characterize or model 1t?
| » Debye relaxation exp(—#/7)

1/(1+15)

|» Distributed-parameter
<4 (Infinite # of time constants)

.J f ( T] dr
0 s +1
(H. Frohlich, 1949)

12

M(t)
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Om%ICex relaxation: How to better

characterize or model 1t?
e Cole-Cole (1941)

'1/(1 + 75" )

| » Distributed-parameter
(infinite # time constants)

r f T)
J‘ a( dr
| e O™ +1

“o oz o 0s e (Hu, Liand Chen, IEEE CDC 2010)

12

M(t)
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More complex relaxation models

e Cole-Davidson « Havriliak-Negami
r f(7) r f(7)
H 5= dr H N5 )= dr
co(5) J” (1+7s)’ () J‘D (1+i:':_:.-“")’E

e Distributed-order case? Sure!

H(s)- [~ g,

078" +1

10/1/2015 FSS15 Debate Lecture
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An tllustration
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o
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 Distributed-parameter
(infinite time constants)

J‘I f(T) dr

0 5% +1

1a=0.75, T=1 sec.

flr)=1+21
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Scanning the “order” and fitting

10 ¢

|

10

- The order information
.| might be important in
- diagnosis of cancer,

- trauma etc. for

.| treatment responses ...

e L | S .= 1
(Order

The mean error

1O

10

10/1/2015 FSS15 Debate Lecture



UCMEK:-ED Sli-de—51/1024 MI-M]AB
Fractional noises / fluctuations

Brownian motion, or 2 _
A = persistent

anti- perS|stent )‘JJ Welner prOCGSS,ﬂ" o )
NN e AT fBm
H=0.25 H=0.50 H=0.75

NN Pt aain

Normal Gaussian noise
H=0.25 H=0.50 H=0.75

Log Power

http://www.frontiersin.org/Fractal_Physiology/10.3389/
fphys.2012.00208/full
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UCMEPI{:ED Spikiness/Burstiness
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A.-L. Barabasi. The origin of bursts and heavy tails in human dynamics. Nature 435 207-211 (2005).

http://seeingcomplexity.wordpress.com/2011/03/07/global-android-activations-and-the-power-law/
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Examples of the power law slope In a) a patient with
cardiac disease; and b) a healthy person.

o [ntercept s
T 7|
N 6 N
3 T o6
w1 wn
E 5 g
E B b6
o 4 %
A =¥
=21} B0 4
= Q
— 3~ Patient -l Healthy subject
Slope —1.33 gl Slope —-1.10
2 =t b
l | | | |
A =g w2 4 @~ -2
Log Frequency (Hz) Log Frequency (Hz)
(a) (b)

Phyllis K. Stein, Ph.D., Anand Reddy, M.D. “Non-Linear Heart Rate Variability and Risk Stratification in Cardiovascular Disease”
Indian Pacing and Electrophysiology Journal (ISSN 0972-6292), 5(3): 210-220 (2005)
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Stable Distributions

F(z) ~ (1 + Sgn(ﬂ:)ﬁ)ﬁiﬁiﬂf?ﬂ"(aJr 1)/ o

o=2: Gaussian
a=1, =0: Cauchy
a=1.5,p=1: Levy

http://academic2.american.edu/—~jpnolan/stable/stable.html
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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
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Heavy tall, fat tall
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Long jumps, intermittence

Brownian motion Levy flights
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7]

5

S. Stoev, and M.S. Taqqu,

"Simulation Methods for
Linear Fractional Stable

Motion and FARIMA
Using the Fast Fourier

Transtorm” . Fractals, 2004.
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dependence
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Long-range dependence

 History: The first model for long range
dependence was introduced by Mandelbrot and
Van Ness (1968)

e Value: financial data
communications networks data
video traffic
biocorrosion data
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Motivations: Long Memory or LRD

Concept of persistency — shot responses

ARMA(1,1) ARFIMA{0,0.45,0)
3 81
short long
o memaory o memaory

18

w

Xt
Xt

T T T 1 T 1 1 T T T T T T T
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Time Time
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SRD vs LRD

« Short-range dependent (SRD) processes are
characterized by an autocorrelation function

which decays exponentially fast;

e Long-range dependence (LRD) processes exhibit
a much slower decay of the correlations - their
autocorrelation functions typically obey some
Inverse power law.

http://en.wikipedia.org/wiki/Long-range dependency
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UCME%EDI\/Iathematically, |

« A stationary process Is said to have long-range
correlations If its covariance function C(n) (assume
that the process has finite second-order statistics)
decays slowly as n—oo, 1.e. for0 < a < 1,

C(n)

= (.

him

n—oo 179
where c Is a finite, positive constant.

* The weakly-stationary time-series X(t) 1s said to be
long range dependent If its spectral density obeys
f(1) ~C,|A| 7 as A — 0, for some C; > 0 and some
real parameter g € (0, 1).
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Heavy tailedness and Long tailedness

e The distribution of a random variable X with
distribution function F is said to have a heavy

right tail If lim e Pr[X > 2] =00 for all A > 0.

o —+ A0

* The distribution of a random variable X with
distribution function F Is said to have a long right

tail if forall t>0lim Pr[X > 24+ ¢|X > 2] =1,

£+
NOTE: long-tailed distributions are if you know the situation
heavy-tailed, but the converse is false |is bad, it is probably
http://en.wikipedia.org/wiki/Heavy-tailed_distribution worse than you think.
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100+ years of LRD/HT research

« Distribution of wealth, income of individuals (20-80 rule — )\ &)
o City sizes vs. ranks - given the population, what is the city rank?

» Graphs of gene regulatory & protein-protein networks are scale free
* Long neuron inter-spike intervals in depressed mice

 Internet and WWW - scale free network (graph): fault tolerant, hubs
are both the strength and Achilles’ heels

e Scene lengths in VBR and MPEG video are heavy-tailed
o Computer files, Web documents, frequency of access are heavy-tailed
» Stock price fluctuations and company sizes

 Inter occurrence of catastrophic events, earthquakes - applications to
reinsurance

* Frequency of words in natural languages (often called Zipf’s law)

Ubiquity of Power Laws, Jankovic, 2007
10/1/2015 FSS15 Debate Lecture
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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)

h(t) = 2I'(2a)cosarx
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Running variance estimate 1S not

convergent!
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Noise - 1
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Extreme events

Statistics, Sociology, Natural Phenomenon, and Economics
Statistics

3, Rescaled Distrib

Sociology

Nature

_Errors_2012_Fluctuations

BBCs-coverage-Arab-Spring-sporadic-ignoring-uprisings
-failed-favour-big-stories-Libya-Egypt.html

+warming/search.html

Economics

!

(‘(1r'r)

http://blogs.swa-jkt.com/swa/10321/tag/economics/
10/1/2015
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http://cours-physique.lps.ens.fr/index.php/TD4
http://www.dailymail.co.uk/news/article-2164536/
http://www.shutterstock.com/s/global

UCMERCED  garemstvents e
Reality 1s More of a Levy Walk

EXTREME events are NATURAL. What are some causes??

\

2000 T T T T T T T T T 5(] %
1500 1

Fig. 2.8 Simulating the formation of flashmob
spontaneously formed by listening to neighbors
leads to a long-tailed size-distribution
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Wandering albatrosses flight search patterns

G.M. Viswanathan, et al. Nature 381 (1996) 413-415.
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I. Rhee, et al. IEEE INFOCOM 2008 Prceedings, Phoenix, Arizona: Curran Associates.
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e Real worlds are complex

* \We human beings perceive the complexity via our
mental prism (lens)

e The prism (lens) 1s “IPL” (inverse power law) If
we use Integer order calculus, “Mittag-Leffer” if
we use fractional calculus

Scale-Free,
Heavy-Tailedness,

Long Range Dependence,
Long Memory ...

Complex
systems.
phenomena,
behaviors, ...
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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

10/1/2015 FSS15 Debate Lecture
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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” kK 114 Z#A), 20/80 rule(= )\ )

10/1/2015 FSS15 Debate Lecture
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Root of long (algebraic) tail, or

Inverse power law
{1-x“/r(1+a) x—0*

x */T(1-a)

Ea,l(_xa)“"‘" X — o0

05F

0
0

x Tail MATTERS!
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G.W. Scott Blair (1950)

e “We may express our concepts In
Newtonian terms If we find this
convenient but, If we do so, we must
realize that we have made a translation
Into a language which Is foreign to the
system which we are studying.”

10/1/2015 FSS15 Debate Lecture



UCMEK:ED Slide-78/1024 MESALAR

Fractional Calculus: a response to more
advanced characterization of our more
complex world at smaller scale

1695 Uy
| —@

static models dynamical models fractional order

modeling
geometry, differential fractional calculus
algebra and integral
calculus
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Integer-Order Calculus Fractional-Order Calculus

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

e Self-similar e Porous media
- Scale-free/Scale- * Particulate

invariant * Granular
e Power law » Lossy

 Anomaly

* Long range e Disorder

dependence (LRD) . gl tissue, electrodes,
e 1/f 2 noise bi0, nano, network,

transport, diffusion,
soft matters (biox) ...
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A snap shot of discussion board of Igor Podlubny and YangQuan Chen in Sept. 2005
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http://220.178.124.24:8080/wbbbs/archiver/?tid-16226.html

New wisdom equipped with FC
. YA, JEHH, - {846 3 40 A AT

qunn

H
2

Non-normal way:
—ractional Calculus!

Heavytailedness

%ﬁ 1|mbm;$ AL

by non-norma

be explained

could
The nature’s rule (of complexity)
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http://220.178.124.24:8080/wbbbs/archiver/?tid-16226.html

New wisdom equipped with FC
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Root of long (algebraic) tail, or Non-normal way.
inverse power law
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New wisdom equipped with FC

e "God Is In the detall”
e “The Devil i1s In the detail”

e "God Is In the tail”
e “The Devil 1s In the tail”

10/1/2015 FSS15 Debate Lecture


http://en.wikipedia.org/wiki/The_Devil_is_in_the_detail
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Conclusions

e 7/13/1865 - “Go west, young man. Go West and grow up
with the country. ” — Horace Greeley (1811-1872)

http://upload.wikimedia.org/wikipedia/commons/1/12/American_progress.JPG

« “Go Fractional. It’s urgent!” — YangQuan Chen
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Thank you for your attention!

* Q/A

10/1/2015 FSS15 Debate Lecture



UCMERCEI

10/1/2015

Fractional Calculus
View of Complexity

Tomorrow's Science

- Bruce J. West

RS e
"

*. ] Taylor &Ffancis Grodp + "
-, D _ _ Bge.r
*'."  FSCIENCEPUBLISHERS BOOK ;- *



	FSS 2015 Debate Lecture�Better Understanding Complexities via Fractional Calculus: from Extreme Events to Taoism
	Acknowledgements
	Skip Ad in fractional minutes
	University of California, Merced
	UC Merced
	The MESA Lab
	Slide Number 7
	Slide Number 8
	Some other books, almost touched FC
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	My submission:��Fractional dynamics �point of view�of�complex systems for complexity characterization and regulation
	Summary of the key messages
	Slide Number 17
	Slide Number 18
	Slide Number 19
	“fractional calculus” appeared once�10453 pages, p.1416
	“fractional” appeared 0 times
	Dr. Chen’s theorem if not axiom
	From “bow tie” to “mental prism”
	Slide Number 24
	Slide Number 25
	Integer Order Calculus�Exponential Law
	Fractional Order Calculus�Power Law
	Fractional Order Calculus�Inverse Power Law
	G. M. Mittag-Leffler�(1846-1927)
	The Mittag-Leffler function
	Root of long (algebraic) tail, or �inverse power law 
	Slide Number 32
	Slide Number 33
	Power Law
	In Different Contexts
	Other connectedness to FC? (hidden)
	http://www.cafepress.com/thepowerlawshop
	Slide Number 38
	Root of long (algebraic) tail, or �inverse power law 
	Slide Number 40
	“Fractional Order Thinking” �or, “In Between Thinking”
	Slide Number 42
	Complex relaxation in NMR
	T2 relaxation in NMR
	Slide Number 45
	Complex relaxation: How to characterize or model it?
	Complex relaxation: How to better characterize or model it?
	More complex relaxation models
	An illustration
	Scanning the “order” and fitting
	Fractional noises / fluctuations
	Spikiness/Burstiness
	Slide Number 53
	Stable Distributions
	Connection to FC via PDF
	Heavy tail, fat tail
	Long jumps, intermittence
	Slide Number 58
	Slide Number 59
	Long-range dependence
	Motivations: Long Memory or LRD
	SRD vs LRD
	Mathematically,
	Heavy tailedness and Long tailedness
	100+ years of LRD/HT research
	Fractional Calculus, LRD, Power Law, 
	Running variance estimate is not convergent!
	Noise - 1
	Statistics, Sociology, Natural Phenomenon, and Economics
	Reality is More of a Levy Walk
	Slide Number 71
	Slide Number 72
	Recap – key msg
	In Different Contexts
	Other connectedness to FC? (hidden)
	Root of long (algebraic) tail, or �inverse power law 
	G.W. Scott Blair (1950)
	Slide Number 78
	Slide Number 79
	Rule of thumb for �“Fractional Order Thinking”
	Slide Number 81
	New wisdom equipped with FC
	New wisdom equipped with FC
	New wisdom equipped with FC
	Conclusions
	Thank you for your attention!
	Slide Number 87

