STATISTICAL MECHANICS FOR COMPLEXI'[Y
A CELEBRATION OF THE 80TH BIRTHDAY OF CONSTANTINO TSAELIS

= RIO DE JANEIRO, 6 TO 10 NOVEMBER 2023

—>» Characterizing Spatiotemporal Complex Patterns
with GPA & Tsallis Permutation Entropy

Reinaldo R. Rosa

Laboratério Associado de Computagdo e Matematica Aplicada
Coordenadoria de Pesquisa Aplicada e Desenvolvimento Tecnolégico-COPDT
Instituto Nacional de Pesquisas Espaciais-INPE

Rubens Sautter-CAP-INPE
Luan O. Baraina — CAP-INPE
Erico L. Rempel — ITA-CTA
Juan A. Valdivia — DF-U.Chile
Alejandro Flery — Un. Wellington, NZ

reinaldo.rosa@inpe.br

rrrosa.inpe@gmail.com
©) 55 12 98129-8988

A Qoveg 0 O

CAPES




[J 1.2 Escola Brasileira de Ciéncias Emergentes | Sdo José dos Campos - SP ‘JAPESP

Processo: 98/11624-3
Linha de fomento: Auxilio Organizagao - Reunido Cientifica
Vigéncia: 22 de novembro de 1998 - 26 de novembro de 1998
Area do conhecimento: Ciéncias Exatas e da Terra - Fisica - Areas Cldssicas de Fenomenologia e suas Aplicagdes

Pesquisador responsavel: Reinaldo Roberto Rosa @ rj]
Beneficidrio: Reinaldo Roberto Rosa 5 [}

L

-

- ” p
3 e
o

¥
~*.;

By

AN
\ \

NN

@\{\_\- ‘f;

)
¥
A

&

% ¥













21st IUPAP International Conference on Statistical Physics (STATPHYS 21)

15-21 July 2001. Cancun, Mexico (C01-07-15.1)

A. Mattedi
-. 2™ Secretary

Jrdkgn @

- Nonlinear Analysis: Theory, Methods &
| Applications

Volume 47, Issue 5, August 2001, Pages 3521-3530

Nonextensive thermostatistics
description of intermittency in
turbulence and financial markets

Fernando M. Ramos, Reinaldo R. Rosa, Camilo Rodrigues Neto,

Mauricio J.A. Bolzan, Leonardo D. Abren Sa

:,g. Physica A: Statistical Mechanics and its s |
. horiieali '
LSEY pplications

Volume 344, Issues 3—4, 15 December 2004, Pages 554-561

Value-at-risk and Tsallis statistics:
risk analysis of the aerospace sector

Adriana P. Mattedi ¢, Fernando M. Ramos °, Reinaldo R. Rosa ® 2 =,
b

Rosario N. Mantegna




(J Harry L. Swinney | University of Texas at Austin - Estados Unidos

Processo: 01/03488-7
Linha de fomento:
Vigéncia:

Area do conhecimento:

31 de maio de 2001 - 17 de junho de 2001

Pesquisador responsavel: Reinaldo Roberto Rosa @ ﬁ] iD)]
Reinaldo Roberto Rosa £ [§ @
Pesquisador visitante: Harry L. Swinney

Inst. do pesquisador University of Texas at Austin (UT) (Estados Unidos)
visitante:

Beneficiario:

Auxilio @ Pesquisa - Pesquisador Visitante - Internacional

Ciéncias Exatas e da Terra - Fisica - Areas Cldssicas de Fenomenologia e suas Aplicagdes

; Physica A: Statistical Mechanics and its ==
Applications

Volume 295, Issues 1-2, 1)June 2001, Pages 250-253

ELSEVIEE

Non-extensive statistics and three-
dimensional fully developed
turbulence

Fernando M. Ramos ® o =, Reinaldo R. Rosa ¢, Camilo Rodrigues Neto °,
Mauricio ].A. Bolzan ® Leonardo D.Abreu S °, Haroldo F. Campos Velho ®

for

‘comeurn

-
Generalized thermostatistics
description of probability densities
of turbulent temperature
fluctuations

Computer Physics Communications
Volume 147, Issues 1-2, 1 August 2002, Pages 556-558

Fernando M. Ramos ® o =, Reinaldo R. Rosa ¢, Camilo Rodrigues Neto °,
Mauricio J.A. Bolzan ®, Leonardo D.Abreu 56 °

Honorable Mention
the pioneering work

Applying Tsallis’'s Statistics
¥ in Turbulence

'@ Alamos

NATIONAL LABORATORY
EST.1943

JOURNAL OF GEOPHYSICAL RESEARCH
Atmospheres

AN AGU JOURNAL

Climate and Dynamics (3 Free Access

Amazon forest using Tsallis’ generalized thermostatistics

First published: 06 September 2002 | https://doi.org/10.1029/2001)D000378 | Citations: 24

Analysis of fine-scale canopy turbulence within and above an

Mauricio J. A. Bolzan, Fernando M. Ramos, Leonardo D. A. S, Camilo Rodrigues Neto, Reinaldo R. Rosa

LR 2
Go to Physica D: Nonlinear Phenomena on ScienceDirect ¥

e ﬁ" Physica D: Nonlinear Phenomena

—— . Volume 193, Issues 1-4, 15 June 2004, Pages 1-2
ELSEVIER =
Preface

Anomalous Distributions, Nonlinear
Dynamics, and Nonextensivity

o =, Constantino Tsallis ! =

~

Harry Swinney ®

9 Department of Physics, Center for Nonlinear Dynamics, University of
Texas at Austin, Austin, TX 78712, USA

b CBPF, Brazilian Center for Research in Physics, The Rio de Janeiro 22290-
180, R), Brazil

Physica D: Nonlinear Phenomena

S— Volume 193, Issues 1-4, 15 June 2004, Pages 278-291
ELSEVIER e

Atmospheric turbulence within and
above an Amazon forest

Fernando Manuel Ramos ® © =, Mauricio José Alves Bolzan b,

~

Leonardo Deane Abreu Sa @ ¢, Reinaldo Roberto Rosa °




Solar Physics & Space Weather

e Advances in Space Research
il Volume 32, Issue 6, September 2003, Pages 1175-1180

Nonlinear distribution of the
sunspot magnetic field during the
solar maximum

Reinaldo R. Rosa ! =, Encarnacion A.M. Gonzalez-Machado ?,

Heloisa M. Boechat-Roberty 2, Nandamudi L. Vijaykumar %,

Hanumant S. Sawant 3

Crignal Signal, Solar Wind, 2000 year
2 —
Ew A LT = 1691
N el ! ‘R
R N ER S S W T R & | / N
igh Frecuencies =}
[ /
| - “,\
o
£ oy -
£ £
« : - i ?
5 = h Low Froquencies . -

- , ) Journal of Atmospheric and Solar- -
SEVIER Terrestrial Physics

Volume 67, Issues 17-18, December 2005, Pages 1843-1851

Generalized thermostatistics and
wavelet analysis of solar wind and
proton density variability

Mauricio José Alves Bolzan ® 9 =, Reinaldo Roberto Rosa b,

Fernando Manuel Ramos P, Paulo Roberto Fagundes ¢, Yogeshwar Sahai ®

DOI:10.1126/sciencel235954

Ap.J 853,2018

PLUTO
PENCIL 9*"%

3D+1 ‘-'*V




Observational Cosmology = Cosmological Large Scale Structure Formation
(Millennium Simulation — Virgo Consortium)

Physica D: Nonlinear Phenomena
Volumes 168-169, 1 August 2002, Pages 404-409

Multiscaling and nonextensivity of
large-scale structures in the
Universe

F.M Ramos ® o =, C.AWuensche P, A.L.B Ribeiro ¢, R.R Rosa °

";“':;5&-,;' Physica A: Statistical Mechanics and its s
il

Applications

Volume 344, Issues 3—4, 15 December 2004, Pages 743-749

Nonextensivity and galaxy
clustering in the Universe

C.A. Wuensche @ g, A.L.B. Ribeiro ®, EM. Ramos ¢, R.R. Rosa © 0 =

Show more v

oV kW
Sq—k q—l '—q_lzi:(pi_pi)

r~1/a- 1 |

(g —1) ~ (1/r)"#, with 8 > 0.

log(2 +a(l —g(r)) a = 28,/k

Dy(r) =3
2(r) log 2

1+£(r)=13DyrP2-3)

10 —r——r———rr7 ——
- 1 p

\

1

\

. : ]
;J \ D Las Campanas |
\ O Stromlo-APM
L\ X A ESP 1

b
AN

1+ ¢(r)

10 100
r (h™" Mpc)



28.62

7=

T T

301

Q
= 1
-~
|m S
o = -
Lisssss s | PRI [T
— = b= > =
< = S = <
S = S o

o

Ar



f STATISTICAL MECHANICS FOR COMPLEXITY
/A CELEBRATION OF THE: BOTH BIRTHDAY OF CONSTANTINO TSALLIS

RO DE JANEIRO, 6 TO 10 NOVEMBER 2023"

Characterizing Spatiotemporal Complex Patterns
with GPA & Tsallis Spectral-Permutation Entropy

Reinaldo R. Rosa

Laboratério Associado de Computagdo e Matematica Aplicada
Coordenadoria de Pesquisa Aplicada e Desenvolvimento Tecnolégico-COPDT
Instituto Nacional de Pesquisas Espaciais-INPE

Rubens Sautter-CAP-INPE
Luan O. Baraina — CAP-INPE
Erico L. Rempel — ITA-CTA
Juan A. Valdivia — DF-U.Chile
Alejandro Flery — Un. Wellington, NZ

reinaldo.rosa@inpe.br

rrrosa.inpe@gmail.com
©) 55 12 98129-8988

A Qoweg 0O

CAPES




Physica A: Statistical Mechanics and its e m—

Applications Acknowledgements
Volume 283, Issues 1-2, 1 August 2000, Pages 156-159

A.ES. acknowledges support from the Brazilian Agency CNPq. R.R.R. is very
grateful to the Brazilian Agency FAPESP under PROC 97/13374-1 and PROC

Gradient pattern analySiS of Swift- 98/03104-0, and to .M. Ramos, C. Rodrigues-Neto and C. Tsallis for discussions
HOhenberg dynamics . phase diSOl‘der and valuable suggestions. L.S.R. acknowledges financial support from Luppa

. - Engenharia e Sistemas and the Swedish Research Council for Engineering
Chal‘acterlzatlon Science. E.V. is very grateful to support from the Danish Natural Science
Research Council, the Carlsberg Foundation, Director...

R.RRosa® O ,] Pontes®, C.I Christov! 9 EM Ramos ° C.Rodrigues Neto °,

E.L Rempel 9, D Walgraef © a0 | G
1 1

Gradient pattern analysis applied to galaxy
morphology @

R R Rosa ™, R Rde Carvalho ™, R A Sautter, P H Barchi ™, D H Stalder, T C Moura,
S B Rembold, D R F Morell, N C Ferreira

Fregquency Dessity

Monthly Notices of the Royal Astronomical Society: Letters, Volume 477, Issue 1, June RCLTITIATEE SEpey / ‘j,j_. g
2018, Pages L101-L105, https://doi.org/10.1093/mnrasl/sly054 , X .';s.\*-"j.-'if‘ SELEE] et o8 3
SRR o3 B z g
::Aﬁ-:- ;::-) ) {\ :”:"/ -’:'; :i
; SRR %, =il €
i ;‘“'n\ vl ,"”f“t.ﬂ\'
R LA G_n—m
', 17y
g A z
J s
(b) a
7
- }
( \I \v £ 2
— A . w
allod G VA 1— |2aj=ovx
— R o 2Ty v,
“\ v < 2"izo il A
(7 "3

© @




STP1

STP2
{b)
— G
— G
—
20 40 50 80 100 120 140

Time



The Analytical Challenge

STP1
sea | | gy
|77 A7 O(NlogN)
TB Data | = |STP3 - sTP2
T[X
T (?)
MCO
RESEARCH ARTICLE | JUNE 07 2021
1 Physicanstatistical Mechanics and its == | Ordpy: A Python package for data analysis with permutation
s Applications } entropy and ordinal network methods 0¥

Volume 523, 1 June 2019, Pages 10-20

Arthur A. B. Pessa & @ ; Haroldo V. Ribeiro
Multiscale Tsallis permutation entropy
analysis for complex physiological time

") Check for updates

. =+ Author & Article Information
SEries Chaos 31, 063110 (2021)

https://doi.org/10.1063/5.0049901  Article history &

(http://github.com/arthurpessa/ordpy)

Chaoli o =, Pengjian Shang




GPA

G, =% P(v;).log(—)

B Complex Ginzbul
. PENCIL
® PLUTO
CAMELIA

rg-Landau

'.’/"‘ \ Pley) i -
—_ \ b\ C — G, —> Output | ¢
WS A
: o I : R . B P B Bandt & Pompe
g [N NARY :
2N /SH:_kZPilogpi
,\ N D! -
E’J/.‘ I "l (=3, D=9) | " Pi
L= \‘ 11 pf
l Sq — k( i=1 Fi )
qg—1
1D Vector (4096)
W Shannon
T /v SH = _k; pilog pi Spectral
PSD | » p,;
ORDpy , E}ll p? Tsallis
(sautter) Sq =¥ QT Spectral

Shannon
Pemutation

Tsallis
Pemutation




200177
i
B0 il
g i
Sk B
" H
wf i BN Complex Ginzburg-Landau
T
° I
PENCIL
Statistical Shannon - N '
c
§ ® PLWTO
c
:? 1040 eee ‘
w
il e CAMELIA
§ ] MELI
E 0.8 ’
5074 .
08 0.9
< 1.00 || g o0 S 2
£ :
B 0.75 8 075 z 20
£ 0.50 - T 0,501
2 ’ g / LRy
8 0.25 1 LIPS L
& o a0
HES L ] T T
0.8 0.9 0.8 10 0.5 10
Statistical Per h Spectral Shannon
1.82 4 | 182 - 1821 @ - ey N
8 » L} [r ' :
= . = 3 400 - i
B 180 B 180 B 180 g i :
ERET 1 : Eira Z i i
B * ki H 200 i i
=1 =1 =1
2 176 S 176 21 i H
(T . . : oI H
08 0.9 0.8 10 0.5 10 175 1.80
Statistical h Spectral Shannon Statistical Tsallis
n - @ -
Froqe 4 319 r gLre 7 FELE L )
5 —— s ’ s s ~— 2607
B 18 %18 ® 13 %18 § 40
s - -] s
E I E / £ / £ I 20
& 174 &7 & 174 &7 ;
08 0.9 0.8 10 0.5 10 175 180 17 18 19
Statistical Sh Per on Spectral Shannon Statistical Tsallis Permutation Tsallis
3 3 | - Ip
2 18 218 @ 184 218 @ 184 H
" = ™ = o ]
2 16 / & 1.6-/ & 16- il & 16- / & 1.5-/ !
E 14 E 14 g 14 E 14 E 14 i
44 =, e =1, .4 |
4 |
g 129, < § 12 . g 12 b .;,' 129, b g 124 N |
K LI | M - [ 2 i
08 0.9 0.8 10 0.5 10 175 1.80 17 18 19 15 2.0
Statistical ion Sh Spectral Shannon Statistical Tsallis Permutation Tsallis Spectral Tsallis
. . . . . “H H
wof B4
. . o . . o I |
5 121 3 12 512 g 121 5 124 5 121 230 ! !
2F S S S S S 2 i i
& g 3 3 & 3 %20 i i
101 101 10 2 10 1.0 10 ” 10 | |
. p— . — 7z fk i
T 0 :
0.8 0.9 08 1.0 05 10 175 1.80 17 18 19 125150 1.75 0 12
Statistical Sh ion Spectral Shannon Statistical Tsallis Permutation Tsallis Spectral Tsallis R(GA)
0.4 044" f 0.4 ) 04 R ) 0.4 4 04 {
40
0.2 02 0.2 0.2 0.2 0.2
o = -~ - s - - . 23
3 00 3 o0 “ & o0 3 oo 1 3 oo . & o0 2
A o ® = cm— A = | . c— = - ~| 7 2 20
-024° -0.2 ¢ -0.2 -0.21° ’ -0.2 -0.2 i 10
-0.4 . 0.4 . 0.4 . 0.4 4, 0.4 . -0.4 . 0
08 0.9 0.8 10 0.5 10 175 1.80 17 18 19 1.25 1.50 1.75 10 12 -0.250.00 0.25

Statistical Shannon Permutation Shannon Spectral Shannon Statistical Tsallis Permutation Tsallis Spectral Tsallis RIGE) G4



1.8 A

Spectral Tsallis

1.2 4

=
o
L

=
»

1125

1075

1050 I Random
W Complex Ginzburg-Landau
Em PENCIL

1025
® PLUTO
® CAMELIA

1000

009 010 ol 012 013 014 0as 016 o ols
0.2 0.4 0.6 0.8 1.0

Spectral Shannon

1814

Spectral Tsallis

12

RTX4090 (<O>)
1GB/3.2x1073
1GB/6.5x101
1GB/1.2x10-3

|

(GPA)

=
o
i

=
Iy
L

B Random

B Complex Ginzburg-Landau

B PENCIL
® PLUTO
@ CAMELIA

175

1.&0 l.éS
Permutation Tsallis

190

195




reinaldo.rosa@inpe.br

rrrosa.inpe@gmail.com

Future Work @ +55 12 98129-8988

* Massive Application Criteria
« Explicitly Marking Dynamics
 Labels for Deep Learning

| have learning on Non-additive Tsallis Fundamental Physics: Tear and Shear Processes

-

-_—

Y

Constantino!!

S o







Article
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Abstract: Complexity measures are important for understanding and analysing time series and
one-dimensional profiles. However, the extension of these methods to two-dimensional data is still
lacking. In the scope of physics, the problem of classifying complex 2D patterns is fundamental to
some theoretical and applied fields, from quantum mechanics to cosmology. To achieve this objective,
different tools can be used depending on the knowledge of the system and the quality and quantity
of accessible data. In this work we selected different classes of structural patterns arising from 2D
and 3D turbulent and chaotic processes to test the performance of Tsallis permutation entropy (TPE)
as a classifier of complex textures. The results show that TPE is a valuable technique for analysing
complex 2D patterns and that it is computationally faster than other techniques such as BPPE and
GPA.

Keywords: spatiotemporal patterns; complexity measure; Tsallis permutation entropy; gradient
pattern analysis



