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Representing and modeling complex systems

. Node degree Connectlwty
Visualization

Measurements
Clustering coefficient

Features

Comin, C. H.; Peron, T. K. DM.; Silva, F. N.; Amancio, D. R.; Rodrigues, F. A.; Costa, L. da F.
Complex systems: features, similarity and connectivity (https://arxiv.org/abs/1606.05400)
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Representing and modeling complex systems

Informative features for nodes?

Connectivity Features

Global vs local measurements

Dependence with the size of networks is not desirable
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Quantifying the interdisciplinarity of scientific journals
and fields

F.N. Silva®*, F.A. Rodrigues®, O.N. Oliveira Jr?, L. da F. Costa?

 Institute of Physics of Sdo Carlos, University of Sdo Paulo, Brazil
b Institute of Mathematics and Computer Sciences, University of Sdo Paulo, National Institute of Science and Technology for Complex
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Journal  Hiy

Nature 8.61

Science 8.38
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3 PNAS  7.22
4 Journal of Biological
5
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The New England
Journal of Medicine
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PRL 4.08

Journal of the American
Chemical Society 3.52

The Lancet 3.43
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Using network science and text analytics to produce surveys @Cmm
in a scientific topic

Filipi N. Silva?, Diego R. Amancio*, Maria Bardosova¢, Luciano da F. Costa?,
Osvaldo N. Oliveira Jr.*

* Sdo Carlos Institute of Physics, University of Sdo Paulo, Sao Carlos, Brazil
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Using network science and text analytics to produce surveys in a scientific topic
Filipi N Silva, D.R. Amancio, M Bardosova, L. da F. Costa and Osvaldo N Oliveira Jr.
Journal of Informetrics. Volume 10, 487-502 (2016)
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Survey structure



Bibliographic summarization )
Applications

Photonic crystals Complex networks

Filipi N. Silva, Diego R. Amancio, Maria Bardosova, Luciano da F. Costa, Osvaldo N. Oliveira Jr.,
12 Using network science and text analytics to produce surveys in a scientific topic, Journal of Informetrics, v. 10, 2, May 2016
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Photonic crystals
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Complex networks

“ synchronization, coupling, delay, lyapunov, dynamical network
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density functional theory, electronic, molecule, kondo/ entaglement, qubit, photon, cavity, quantum state

/ laser pulse, intense, attosecond, laser field, electron

\ /

gravity, cosmological, universe, dark energy, inflation ultracold, bose-einstein condensate, optical lattice

N
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— qgcd, quark, heavy-ion collision, hadron
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/ nucleus, reaction, isotope, neutron, mev, neutron-rich
lhc, dark matter, mass, higgs boson, gev, fb, search

meson, decay, quark, form factor, mass, pi pi, gev



Dynamics of scientific disciplines
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Complex networks + visualization
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Networks 3D
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Networks 3D
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Networks 3D
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(¢)Spectral layout (d)Force-directed layout

Complex systems: features, similarity and connectivity
C. H. Comin, T. K. DM. Peron, F. N. Silva, D. R. Amancio, F. A. Rodrigues, L. da F. Costa
30 https://arxiv.org/abs/1606.05400
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Layout A

Configuration after dynamics
stabilization.

Random Initial Configuration

Molecular
Dynamics
Simulation

//
@ - > Repulsive Force

Node degree

<«— Attractive Force N e M s
Attractive Force Viscosity can be used to cool down
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* Molecular dynamics simulation is
O(N2) .

* \We can use multipole expansion:

ri B =
2 F_Fr- VLE /;>,| ~Vo(R)

IGV( /GV

- N :Ouv _’j
®(Ry) o +
IE’I R

N —

3 3 QUV ( )
gzj W5 '

n

* Where Ny, puyv € Quyv are the
monopole, dipole and quadrupole
moments on box (u,v).

e Quadrupole is OK for most of
networks.
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Wiki Medicine and Mathematics

Visualizing Complex Networks (CDT-5)
Silva, F. N. and Costa, L. da F.
http://dx.doi.org/10.13140/RG.2.2.21310.74567/1



WS model

Visualizing Complex Networks (CDT-5)
Silva, F. N. and Costa, L. da F.
http://dx.doi.org/10.13140/RG.2.2.21310.74567/1



Waxman model

T
B 5%,

Visualizing Complex Networks (CDT-5)
Silva, F. N. and Costa, L. da F.
http://dx.doi.org/10.13140/RG.2.2.21310.74567/1



European Powergrid

Visualizing Complex Networks (CDT-5)
Silva, F. N. and Costa, L. da F.
http://dx.doi.org/10.13140/RG.2.2.21310.74567/1



Airport network of direct flights

Visualizing Complex Networks (CDT-5)
Silva, F. N. and Costa, L. da F.
http://dx.doi.org/10.13140/RG.2.2.21310.74567/1
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Network dimension and symmetry

Network dimension




Network dimension and symmetry

Definition of dimension on networks

® o @) ® N r

DAQING, L.; KOSMIDIS, K.; BUNDLE, A.; HAVLIN, S. Dimension of spatially
45 embedded networks. Nature Physics, v. 7, n. 6, p. 481--484, Jun 2011.
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Network dimension and symmetry

IMension

Validating the multiscale d

3D region

=4.

|_ocal dimension r

SILVA, EN.; COSTA, L. da. F. Local Dimension of Complex Networks. arXiv:1209.2476 [cond-mat.stat-mech].
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Network dimension and symmetry

Validating the multiscale dimension
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Network dimension and symmetry

Wrapping effect of networks
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Network dimension and symmetry

Wrapping effect of networks
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Network dimension and symmetry

(r=3)
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Local dimension d
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Wrapping effect of networks
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SILVA, F. N. Dimension and symmetry in complex networks: a multiscale approach. 2015. Ph.D. Thesis - Institute of Physics at Sdo Carlos, University of Sdo Paulo
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Network dimension and symmetry
Results

[ ®ER

B * Concentric symmetries
- Do not correlate with traditional network measurements.
.  Discriminate between a diverse range of models and real

networks.
 Allowed us to rank networks by their "average"
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"EN. Silva, C.H. Comin, T.K.DM. Peron, FA. Rodrigues, C.Ye, R.C. Wilson, E. Hancock, L. da F. Costa
54 Concentric network symmetry. Information Sciences, v. 333, p. 61 — 80, 2015. doi: 10.1016/}.ins.2015.11.014.



Network dimension and symmetry
Dimension and symmetry

WS - Wattz-Strogatz 2D (k)= 8
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Symmetry in word adjacency networks

Symmetry SVM MLP KNN NBY
Merged h = 2 75.0% 72.5% 55.0% 42.5%
Merged h = 3 70.0% 62.5% 65.0% 40.0%
Merged h = 4 82.5% 82.5% 57.5% 42.5%
Backbone h =2 | 32.5% 32.5% 20.0% 20.0%
Backbone h =3 | 70.0% 72.5% 57.5% 27.5%
Backbone h =4 | 70.0% 82.5% 57.5% 42.5%

Accuracy rates found
for the authorship
detection task.

Pearson correlation coefficients
between symmetry and other
traditional network measurements
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Symmetry applied to the financial market network

o o =
© © O

o ©
o N

Merged symmetry h=2
O O o O
NN W b~ O

o O
o 4

%\0 %\

. ol o o

-] SN O
= 30 ¢ 4« 3¢ e
& N \O S P O A
© ,\fb’ 866 ) A O\ O«\ & ot
ok @ & ol % RS . o°
?° © o° ) < d v O <
Vo) o o = A P o o © o
N} S o Q{\O‘a & o o o o
)\gg (\656 O\(\“ﬁe »\gg \QOO '
yo® e




Financial market networks
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SILVA, F. N.; COMIN, C. H.; PERON, T. K. D.; RODRIGUES, F. A.; YE, C.; WILSON, R. C.; HANCOCK, E.; COSTA, L. da E
On the modular dynamics of financial market networks. 2015 <http://arxiv.org/abs/1501.05040>
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Time evolving network during crisis

Network t,

Network properties

— Crisis Reorganization
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Time

SILVA, F. N.; COMIN, C. H.; PERON;, T. K. D.; RODRIGUES, F. A.; YE, C.; WILSON, R. C.; HANCOCK, E.; COSTA, L. da I
59 On the modular dynamics of financial market networks. 2015 <http://arxiv.org/abs/1501.05040>
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Time evolving network during crisis

Network t,

Network properties

— Crisis Reorganization
_| Healthy Organism Disease Chronic Disease
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SILVA, F. N.; COMIN, C. H.; PERON;, T. K. D.; RODRIGUES, F. A.; YE, C.; WILSON, R. C.; HANCOCK, E.; COSTA, L. da I
62 On the modular dynamics of financial market networks. 2015 <http://arxiv.org/abs/1501.05040>



Other applications
Gene co-expression Nnetworks
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VIPS/Hubs Network
Classification Visualization

BANDO, S. Y;; SILVA, I N.; COSTA, L. da E; SILVA, A. V;; PIMENTEL-SILVA, L. R.; CASTRO, L. H. M.; WEN, H.-T’;
AMARO JUNIOR, E.; MOREIRA-FILHO, C. A. Complex network analysis of CA3 transcriptome reveals pathogenic and

compensatory pathways in refractory temporal lobe epilepsy. PLoS ONE, v. 8, n. 11, p. €79913, 2013.
MOREIRA-FILHO,C.A.;BANDO,S.Y.;BERTONHA,F.B.;SILVA.EN.; COSTA, L. da F. Methods for gene coexpression network

visualization and analysis. In: PASSOS, G. A. (Ed.). Transcriptomics in health and disease. Berlin: Springer, 2014. cap. 4, p. 79-94.



Other applications
Gene co-expression Nnetworks

Vips High Hubs

Grau concéntrico (h=1)

Grau Hubs

MOREIRA-FILHO, C. A.; BANDO, S. Y.; BERTONHA, F. B.; IAMASHITA, P; SILVA, E N.: COSTA, L. da F; SILVA, A. V;

CASTRO, L. H. M.; WEN, H.-T. Community structure analysis of transcriptional networks reveals distinct molecular pathways for
early- and late-onset temporal lobe epilepsy with childhood febrile seizures. PLoS ONE, v. 10, n. 5, p. e0128174, 2015.

BANDO, S. Y.; BERTONHA,EB.; SILVA, E N.; COSTA, L. da F; FERREIRA, L.; FURLANETTO, G.; CHACUR, P;
ZERBINI, M. C.; CARNEIRO-SAMPAIO, M.; MOREIRA-FILHO, C. A. Modular Transcriptional Repertoire and MicroRNA
64 target Analyses Characterize Genomic Dysregulation in the Thymus of Down Syndrome Infants. Submetido a Oncotarget.




Other applications
Gene co-expression Nnetworks

DE Networks of CA3 Transcriptome
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Other applications
Gene co-expression Nnetworks

microorganisms ™ DPI

Article

Dynamic Gene Network Analysis of Caco-2 Cell
Response to Shiga Toxin-Producing Escherichia
coli-Associated Hemolytic-Uremic Syndrome

Silvia Y. Bando "', Priscila lamashita '*, Filipi N. Silva %, Luciano da F. Costa ? Cecilia M. Abe
%, Fernanda B. Bertonha ', Beatriz E. C. Guth ¢, André Fuijita °, and Carlos A. Moreira-Filho '*



Other applications

Gene co-expression Nnetworks
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Mesoscopic representation of texts as complex networks
H. F. de Arruda, F. N. Silva, V. Q. Marinho, D. R. Amancio, L. da F. Costa
https://arxiv.org/abs/1606.09636
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Mesoscopic representation of texts as complex networks
H. F. de Arruda, F. N. Silva, V. Q. Marinho, D. R. Amancio, L. da F. Costa
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Classification using mesoscopic representation
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Mesoscopic representation of texts as complex networks
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Other applications
Patterns of authors contribution in scientific manuscripts

Contributions

Analyzed data
Authors

-----------------------------

Collected data

1st author

: Conceived experiments
. 2nd author
: Performed experiment

© 3rd author
: Wrote paper

----------------------------

Revised manuscript

Edilson A. Correéa Jr., Filipt N. Silva, Luciano da F Costa, Diego R. Amancio.
81 Patterns of authors contribution in scientific manuscripts. 2015 arXiv:1609.05545 [cs.DL]



Other applications
Patterns of authors contribution in scientific manuscripts
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Edilson A. Correéa Jr., Filipt N. Silva, Luciano da F Costa, Diego R. Amancio.
892 Patterns of authors contribution in scientific manuscripts. 2015 arXiv:1609.05545 [cs.DL]



Other applications

Patterns of authors contribution in scientific manuscripts
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Edilson A. Correéa Jr., Filipi N. Silva, Luciano da E Costa, Diego R. Amancio.

83 Patterns of authors contribution in scientific manuscripts. 2015 arXiv:1609.05545 [cs.DL]



Topological structure of world cities

Domingues, G. S., Silva, F. N., Comin, C. H., & da F Costa, L. (2018). Topological characterization of world cities.
Journal of Statistical Mechanics: Theory and Experiment, 2018(8), 083212.



PCA2 (Explained variation: 17%)

I Anglo-Saxon America
. Oceania

Zamboanga'g;

6 -4 -2 0 2
PCA1 (Explained variation: 59%)




Locality vs Diversity (Sznajd dynamics)

Diversity
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Can Spatiality Promote Diversity?
B Messias, FN Silva, CH Comin, LF Costa
arXiv preprint arXiv:1809.00729



Social Bubbles dynamics using Sznajd Model
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