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8, The Method of Least Circles! (35

minimize squares of distances
E=) ald((xiyi), f(x o102, o))
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ot Argrumnients for «ourlt]huog(o»]nhalll regression R, ol

|.The shortest (orthogonal)
distance is the most natural
viewpoint on any fitting.

2.The sum of orthogonal
distances is invariant with
respect to the choice of the
system of coordinates.

The squares in non-Cartesian
coordinates have even less meaning. /

o Argrumnients for lOl]Flt]hl(ng(OHDlalu regression R, ol

3.There are no conjugate regression
lines, which appear after swapping
x and y, because in the case of
orthogonal regression the fitting
y = f(x) gives exactly the same line
as the fitting = = f ' (y).
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yotls, Argrunientts for «ourlt]huog(o»]nhalll regression R, ol

4. There are no problems with
causality (normally, determination
of what is an independent
variable and what is a dependent
variable is simply unclear or even
impossible; this is always
postulated).

5. Implementation of the
orthogonal fitting does not
depend on the number of
dimensions.

[d(P, Q)P =) (xi — y)™.
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b, “The ]Fll[ig]hnt of the Bumblebee” s

Fitting 3D data by a straight line in 3D
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we have two solutions:

y=a1+ bz, y =as + b byby =—1

Take that b that gives the smaller criterion value.

yodls, A MATILAB routine «3%%

function [Err, N, P] =
fit_3D_data (XData, YData, ZData,
etry, visualization, sod)

lock -- x: axis

lock -- y: axis

lock -- z: axis

approximation ('line','plane’)

(‘on','off') -- default is 'on’

nal distances (‘on’,'off)) -- default is "on’

imation - sum of orthogonal distances
[ r plane, direction vector for line
* P:point on plane or line in 3D space

Available at MATLAB Central File Exchange: http://www.mathworks.com/matlabcentral/fileexchange/

Let’s borrow an
2  ildea from the
control theory

% State space for economiies d&"?

State variables z(t),y(t), 2(¢):
e GDP rate
* unemployment rate
¢ inflation rate

State of economy at t =t,
is described by {z(t.),y(t.), 2(t.)}

The set of points{z(t),y(t), 2(t)}, t € [T, T]
is the trajectory of the economy.

88, Scandinavian countries 3%%

Classical representation of the data:

. GDP o

Unemployment

“ | Inflation

¥, Scandinavian countries 3%%

Trajectories of the economies:




¥, Scandinavian countries 3%

Characteristic planes

of the economies:
{7
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yools, V4 countries R, el

Characteristic planes
of the economies:

(a) Czech Republic (b) Hungary
13 (c) Poland (d) Slovak Republic 14
“Pl f i ll les” l
£
anes ol nattonal economnnies i, FIDEs + ILeast Curcles
ﬁ Economic Modelling
Country Centroid Normal vector | Ly norm| L. norm oo i v o
Sweden | [2.24,4.78, 4.56] | [0.56,0.36,0.73] | 1.67 | 0.73 ) )
Modeling of the national economies in state-space: A fractional calculus approach

Finland | [2.60, 3.89, 8.37] [[-0.02,-0.80, -0.59] 1.42 | 0.80 Wé‘ Tomas Skovrdnek, Igor Podiubay, o Petrds *

Denmark | [1.95,3.72,7.73] | [0.94,0.20, -0.26] | 1.41 | 0.94

Norway [3.02, 4.40, 3.76] |[-0.06, -0.25, -0.96]| 1.29 0.96 DX (1) = @31, (6) + @ (0) + ay3%3(8) + ¢4,

= DR () = i () + aa(0) + Ay 4, | e

Slovakia* |[13.87,4.55,9.14] | [0.67,0.71,-0.18] | 1.57 | 0.71 oD (1) = Gy, (0) + 05 (0) + Aty () 4 G5 | e
Czech Rep* | [5.77,1.84,7.61] | [0.76,0.45,0.46] | 1.67 | 0.76 g

Poland* | [-0.4,-0.9, 0.11] |[-0.40, -0.90, 0.11]| 1.42 | 0.90 H

Hungary* [[0.73, 0.67,-0.05] | [0.73, 0.67, -0.05] | 1.46 | 0.73 B
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¥, Conclusions 3%

® A new approach to description of national
economies has been presented.

® Gross domestic product, inflation, and
unemployment rates were taken as state variables.

® The trajectory of the economy of each of the
considered countries lies approximately in one
plane.

® Economic development of each country can be
associated with a corresponding plane in the state
space (characteristic plane).

® Obtaining trajectories of national economies
allows it classification as stable, unstable, or cyclic
dynamical systems.

¥, Software: ]D>[UHFe]rihnnt@grallt[honnl R, ol

Digital {{ der di and i

new IIR type by ivo Petras

A new IR type of the fractional-order differentiator and integrator. (tustin
rule, digital diferentiato..., digital integrator)

S sysdfod=dfodd(n,T,r)

Digital F i Order Dif i i -FIR
type. by Ivo Petras

General FIR digital differentiator/integrator. (filter design, filter analysis,
fractional calculus)

S sysdfod=dfod2(n,T.1)

Digital F i Order Di i i -1IR
type by Ivo Petras

General IIR digital differentiatorfintegrator. (filter design, flter analysis,
fractional calculus)

S sysdfod=dfod1(n,T,a,r)

[o] i pproximation for F

Order Differentiators by YangQuan Chen
Oustaloup-Recursive-Approximation for fractional order differentiator. (filter
design, filter analysis, fractional order dif...)

X [sys_foc)=ora_foo(r,N,w_L,w_H)

B ora_foc_demo.m




s 86, Software: Miiltltavg=]LeiHﬂl<elr related 3%% s b, Software: M[ﬁltltaug=]L<eiHﬂl<er related 3%%

Mittag-Leffler function by igor Podiubry
Calculates the Mittag-Leffler function with desired accuracy. (mittaglefler
functio..., fractional calculus, special functions)

& Lot sotc. )

N

Fitting data using the Mittag-Leffler function by gor
Podlubry

Fittng data using the Mittag-Leffler function. (mitagleffr unctio..., data
fitting, fractional calcuius)

X miffiti(XNodes, YDataPoints, mifcoeffs0, Precision)
I miitidemo.m
fX miffit2(XNodes, YDataPoints, mifcosffs0, Precision)

updated 3 months ago

updated 21 days ago

Generalized Generalized Mittag-Leffler function v,
YangQuan Chen
= Generalized Generaiized Mittag-Leffler function in four parameters
= (mittaglefier functio..., generalized mittaglf..., math)
Mittag-Leffler random number generator by Guido
Germano
= Mittag-Leffler pseudo-random number generator (statistics, mittagleffler
— distrb..., probabilty)

S t=ggmi_fun(a.b,c,0,x,0ps0)

Mittag-Leffler function, M-file, cmex DLL, and S-
function by Sheyok Mukhopadnyey
Mitag-Leffler function, M-, cmex DLL, and S-function (mittag leffler,
ml, fractional calculus)
%3l example
ey a— X f=mi_fun(a,bx.n,eps0)

B paamm

S mimd(peta, gamma_t, m, n)

¥, Software: Other tools for FDEs 35%

Predictor-corrector PECE method for fractional
differential equations by Roberto Garrappa.

Solves inital value problems for fractional differential equations
(mathematics, fractional differenti..., predictor corrector)

s, Software: Matrix aqpqpnr@muc]ht R a1

Matrix approach to distributed-order ODEs and PDEs —
by Igor Podlubny
— Basic functions for using matrix approach for distributed-order differential
equations, and demos. (differential, discretization, distributedorder syst...)

X fde12(alpha,fdefun, 0, tfinal,y0, h, param,mu, mu_tol)

B dovagleytorvik.m
fx doban(phi, alphaFromTo, alphaStep, tN, tStep)
B dodiffusionwave.m

F C Method for variable
and random i order i ion by
Hongguang Sun

Predictor-Corrector Method for fractional VO and RO equation (self_rating,
fractional calculus v...)

L Jfx sunpredictorcorrector
nost s ago
almost 2 years ag F petractPcay

Matrix approach to discretization of ODEs and PDEs
of arbitrary real order by igor Podlubny

Functions illustrating matrix approach to discretization of ODEs / PDEs with
fractional derivatives. (differential, discretization, fractional differenti...)

Solution of Fractional Optimal Control Problems vy
Christophe Tricaud

Solution of Fractional Optimal Control Problems using Rational Approximation
(control design)

X sys_Dhineq,t.x,u)

X sys_Dg(neq,t.x0,xf)

X sys_activate

X ranort(alpha,N, )

g/ Matrix approach to discretization of ODEs and PDEs of arbit...
Jx eliminator(n, ROWS)

"

updated 3 years ago

s, Software: Fractional-order control 35 s, Software: Fractional-order control 5%

Impulse resp invariant discretization of
fractional order low-pass filters by YangQuan Chen
Discretize [1/(ttau s +1)}*r with "" a real number (ilter design, filter
analysis, fractional calculus)

Discrete Fractional-Order PID Controller b, i perss
Provides a ransfer function o thefactionsl-oxdar PID controler for gven
parametes. (i, factonalcontroler, nonintoger ordr con...)

Step response invariant discretization of fractional
order integrators/differentiators t, vagaun chen
Compte a dscret.tie fte mensiona (z) ansfr uton o

it %, 1= e e (e e, e sy, Fctons
sty —
a1 S To,poder) pummm—

upeted 4 yeors go X (sr)=irid_folpf(tau,r, Ts, norder)

i DFOGK, T, T, m, 0, T n, method)
T —

Impulse response invariant discretization of

Impulse response invariant discretization of
fractional order low-pass filters by vengauan Cren
Disceize (1/(tau s +1) vith ** a rea rumber (e cesin, itr
anaysis, fractona caculs)

e tsr1=d_olf(au,rTsnorder)

Step response invariant discretization of fractional
order integrators/differentiators o vangauan chen
Compue a discree-time finte Gmensiona (s)transfe fucton o
aoproximate 3,1 = realnumber (fiter desin. fte anlysis, fctonal
cacuue)

i s S o e

Impulse response invariant discretization of
fractional order integrators/differentiators b vargaun
Chen
computo a discrota-imo fite dmensional (2) tansfr function to

ato 7, s oal umbe (it dasgn, fter analysis, ractoral
caluls)

f [s11110_todr T norsr)

fractional order integratorsidifferentiators oy Yangousn
Cren

computa 3 iscrsta-tms firks dmensors (z) ansar fnction to
acproimato £, i ol b (ior dosi, e srayas, fctora
calua)

Ir e —

ninteger o Dure vaso
Tooko o lp vl fchora e cotclr s ssns
petamance, (rctar. et s, oo o)

fx vosstem

i conton 1)

B contrcens 3. 6.1)

updated 4 year

updated 4 ye

Step response invariant discretization of fractional
order integrators/differentiators by YangQuan Chen
Compute a discrete-time finite dimensional () transfer function to
approximate sAr, r = real number (filter design, filter analysis, fractional
calculus)

X [sr)=srid_fod(r, Ts,norder)




b, Software: Least Circles related 3%

Orthogonal Linear Regression in 3D-space by using
Principal Components Analysis by Ivo Petras

N s Orthogonal Linear Regression by using PCA (pca, orthogonal regression,
total least squares)

JX fit_3D_data(XData, YData, ZData, geometry, visualization, s...

updated 11 months ago

5 Total Least Squares Method by Ivo Petras
] Mathematical method known as total least squares or orthogonal regression
or error-in-variables. (total least squares, svd, errorinvariables)

=
X corindex(XData, YData, YDataM, par_number)
B demo3Dplane.m

updated 12 months ago B cemoldent.m

o, Software: Fractional-order chaos 3%5%

Fractional Order Chaotic Systems by Ivo Petras

) Numerical solutions of the fractional order chaotic systems. (numerical
solution, attractor, chaos)
B pemo_Fochs.m

fx [T, Y]=FO3CNN(parameters, orders, TSim, Y0)
updated 10 months ago fx [T, Y]=FOAmeodo(parameters, orders, TSim, Y0)

http://www.mitpressjournals.org/toc/desi/28/2

s, Homework 3%%

Why did | arrange a picture of us
at this particular place in Ravello?
. P

s, Homework 3%%

Why did | arrange a picture of us This should help you
at this particular place in Ravello? .
RS

#, Thank you! 35

Lecture slides, videos, lecture notes,
and other related material and links:

http://people.tuke.sk/igor.podlubny/ravello2012/




