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Bilateral Asymmetry Patterns:
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Canonical Symmetric Patterns

Gradient Pattern Analysis (GPA
Starting from
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Background = Segmentation = Resampling = star masking =2 stamp = analysis

« Color and Magnitudes
 Sersic Parameters

| CAS + H+ GPA

« Geometrical Moments

« Luminosity Profile

G, r iy ¢l Gradient Pattern Analysis Applied to Galaxy Morphology
ol [E 3 L ‘ | R.R.Rosa et al. MNRASL, 2018.
Ut || Bes ‘Jf '7 | https://doi.org/10.1093/mnrasl/sly054
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1 G, [H 4| | Lo © Parameter Saus(%) (t) (s) P(s71)
Al 1 |
S P ’ B | Jfﬂ | L‘w\ GPA (G3) 90.4 1.840 491
Y L N R Entropy (H) 86.9 2.035 427

U TN T GPA (G1) 82.3 1.916 429

l u " | s Concentration (C) 78.9 2.262 349
2 4 | 1 IH" D: i Asymmetry (A) 49.6 1.854 26.8
I Hl N ﬂf L Smoothness (S) 427 1852 231
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e Discriminant Analysis from Big Data § 1

Tao Li, Shenghuo Zhu, and Mitsunori Ogihara. Using Discriminant Analysis for Multi-Class Clas-
sification: An Experimental Investigation. Knowledge and Information Systems 10, no. 4 (2006):
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Astronomy and Computing
Volume 30, January 2020, 100334
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Full length article

Machine and Deep Learning applied to
galaxy morphology - A comparative study

P.H.Barchi *® 2 & @ R.R.de Carvalho “ 9 R.R. Rosa? R.A. Sautter®, M. Soares-Santos ®, B.A.D.
Marques &, E. Clua &, T.S. Gongalves f, C. de Sa-Freitas f, T.C. Moura

Show more

https://doi.org/10.1016/j.ascom.2019.100334




« Why Gx Morph is so important?

From large surveys we need to know more about ...

. : Hierarchical Merging? Dark halo?
Ga axy formation mechanisms Gas Infall? Isothermal spheres?

Galaxy evolutionary paths Nongaussianity?

Galaxy morphology at different environments

Galaxies dynamics f(r,v,t)

) _ Physical size x redshift
@ Galaxy and Universe evolution Angular size x redshift
Age x redshift

@ spheroid x disc dispute over z Morphology x redshift

e Elliptical galaxies

@ Hubble time

Dynamical time

Cooling time

Q
")
e Star formation time (rate)
@ Merging time

o

Dynamical friction time

adapted from Sparke & Gallagher 2007







COSMOLOGY

HAvailable onling al www, sclencedirect.com
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Grradient pattern analysis of cosmic structure formation: Norm and phase
statistics
A PA Andrade®™*. AL B. Ribeiro®, R.R. Rosa"
AL aborasdrio de Asiroflsica Tedrica e Observacional, Deparsamenso de Cidrcios Exaras ¢ Teeroldgicas, Universidade Esadual de Samea Crig,
Rodovia lThéus-Trabuna b 16, 453662000, [héus, Braz!
b aborawdinio Asseciado de Compprtapdo eMatemduca Aplicada, Tnstineo Nacieral de Pesquesas Espaciais, 12200-970, S8 José dos Campos, Brazi
Raoived 9 Decembar 2005; received in evised form 9 August 2006; acosptad 16 Avgust 2006
Communicatzd by CE.RT. Jones
Abstract

This paper presents the preliminary results of the characterization of pattern evolution in the process of cosmic structure formation, We ar
applying to N -body cosmological simulations data the technique propossd by Rosaet al. [R.R. Rosa, A5, Sharma, 1A, Valdivia, Int. J. Modern
Phys, © 1001999 147] and Ramos et al. [EM. Ramos, et al.. Physica & 283 (20003 171] to estimate the time behaviour of asymmetries in the
gradient fizld. The gradiznt pattern analysis is a well tested tool. used to build asymmetrical fragmentation parameters estimated over a gradient
field of an image matriz able to quantify a complexity measure of nonlinear extended systems In this investigation we work with the high
resolution cosmological data simulated by the Virgo consortium, in different time steps, in order to obtain a diagnostic of the spatio-temporal
dizorder in the matter density fizld. We perform the caleulations of the gradient vectors statistics, such as mean, variance, skewness, kurtosis, and
corrzlations on the gradient fizld. Our main goal is to determine different dynamic regimes through the analysis of complex patterns ansing from
the evoluticnary process of structurs formation. The results shoow that the gradiznt pattern technique, specially the statistical analysis of second
and third gradient moment, may represent a very u=e ful tool to describe the matter clustering in the Universe.

Ty 2006 Elsevier B.W, All rights regerved.

Kepwords: Patlem formation; Gradient maments; Cozmic structue formation




GRADIENT PATTERN ANALISYS IN STRUCTURE FORMATION




Gradient Asymmetry
Andrade, Ribeiro, Rosa, Physica D 223(2006)139-145
Rosa & Zaniboni, Nonlinear Analysis (in press)

Random Patterns: > 90%
Typical range for Turbulence Patterns: 60-85%
Quasi-Symmetric Patterns: 1-40%
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Concluding Remarks

Theory & Applications
Santiago, 2018




Part A: Reminiscences & Theory G PA

. . Theory & Applications
* The G; Matrix Operation Santiago, 2018

Rosa, R.R.; Sharma, A.S.and Valdivia, J.A. Int. J. Mod. Phys. C, 10, 147 (1999), doi:10.1142/50129183199000103.
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(d)

(c)

(b)

(a)

(f)

Ne=17

NC=1 6

(e)

(16-9)/9=0.778 =0.78 | (17-9)/9=0.889 =0.89




| 4= [(G-9+E-5)2= 1

d=[(5-2)+(8-9))2=3
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In this case, the difference (I — L) will increase with L as follows:

lim (I — L) ~2L. (1)

L— oo
Therefore, given a n X n size matrix, for which L ~ n?, the (I — L)/L ratio for a
big n, tends to 2. This asymptotic regime implies a very high accuracy of the value
(I — L)/L to compare different matrices of the same size for L > 100.



Gradient Pattern Analysis
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Background = Segmentation = Resampling = star masking =2 stamp = analysis

« Color and Magnitudes
 Sersic Parameters

| CAS + H+ GPA

« Geometrical Moments

« Luminosity Profile
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sification: An Experimental Investigation. Knowledge and Information Systems 10, no. 4 (2006):
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PHYSICA '

Physica A 257 (1998) 509-514

Characterization of localized turbulence in plasma
extended systems

R.R. Rosa**, A.S. Sharma®, J.A. Valdivia®
* Lab for Computing and Applied Mathematics [ LAC), National Institute for Space Research-INPE,
S J. Campos, SP, 12201-970, Brazil
® University of Maryviand, College Park. MD 20742-2421 USA



Part A: Reminiscences & Theory G PA

* The Need for Spatiotemporal Analytic Tools (Matrix Operation) The‘;‘g’nﬁ‘a’;gpz“ocfgions
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Examples for Modeling Validation




EX. de Sistema Simples

*  Spatiotemporal Data:
from simple to complex
Equacé&o da Membrana

(Coordenadas Polares) Att = (]_/C2) (Arr + rl Ar + 2 AQQ)

A(t,r,0) € um deslocamento =» uma solucao (EDO) para a variavel radial

Prova-se, analiticamente, que existe uma familia de fungdes que admitem
Solucdes do tipo:

Snk (L6 = J,(b,,) cos(NAX) (Funcdes Especiais de Bessel)

Onde n indica a quantidade de diametros nodais e k a ordem da funcao.




