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Question:
What can we learn from a complex system
whose network representation is noisy and/or
extremely dense?
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o Motivation:

% Taxonomy of filtering
*

* Results

e Take home messages

e Questions
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Taxonomy of filtering
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Thresholding
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Thresholding
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Thresholding
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Disparity/Polya Filter

Proceedings of the
National Academy of Sciences
of the United States of America

Articles Front Matter News Podcasts Authors

NEW RESEARCH IN Physical Sciences Social Sciences

Extracting the multiscale backbone of
complex weighted networks

M. Angeles Serrano, Marian Boguiid, and Alessandro Vespignani

PNAS April 21, 2009 106 (16) 6483-6488; https://doi.org/10.1073/pnas.0808904106

e Serrano M.A., Boguia M., & Vespignani A. Proc. Natl. Acad. Sci. (USA) 106 6483 (2009). J ty of
s Lo L OL




Disparity/Polya Filter
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Disparity/Polya Filter

Not Maxent

e Comparison with
null-hypothesis

Local hypothesis
e Easy to implement

No unique p-value

e Computationally fast Bias towards heavier

connections

e Serrano M.A., Boguna M., & Vespignani A. Proc. Natl. Acad. Sci. (USA) 106 6483 (2009). J
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Disparity/Polya Filter
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Nature Communications 10, Article number: 745 (2019)  Download Citation
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PHYSICAL REVIEW E

covering statistical, nonlinear, biological, and soft matter physics

Highlights Recent Accepted Collections A Referees Search

Information filtering in complex weighted networks

Filippo Radicchi, José J. Ramasco, and Santo Fortunato
Phys. Rev. E 83, 046101 — Published 1 April 2011

e Radicchi F.,, Ramasco J.J., & Fortunato S. Physical Review E, 83 046101 (2011).
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e Comparison between real e Not Maxent
network and a null-model

e Hard/strict constraints
e Unique p-value assigned (topology + weight distro.)

to edges e Very aggressive

(limitations on p-value)

e Radicchi F., Ramasco J.J., & Fortunato S. Physical Review E, 83 046101 (2011). J
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Dianati Filter

PHYSICAL REVIEW E

covering statistical, nonlinear, biological, and soft matter physics

Highlights Recent Accepted Collections  Authors FEEIEES SEEe Press  About

Unwinding the hairball graph: Pruning algorithms for weighted
complex networks

Navid Dianati
Phys. Rev. E 93, 012304 — Published 11 January 2016

o Dianati, N. Phys. Rev. E, 93, 012304 (2016). )
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Dianati Filter

e Comparison between real e Maxent based on
network and a null-model conservation of {s;}

based on Maxent

e Two versions: global and
local

o Dianati, N. Phys. Rev. E, 93, 012304 (2016). }
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The ECM-filter




ECM-filter
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ECM-filter

Main Features
1. Based on the comparison between the observed network
and a null model one.
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ECM-filter

Main Features
1. Based on the comparison between the observed network
and a null model one.
2. Null model: maximum-entropy canonical ensemble of
networks satisfying given constraints.
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ECM-filter

Main Features
1. Based on the comparison between the observed network
and a null model one.
2. Null model: maximum-entropy canonical ensemble of
networks satisfying given constraints.

3. Constraints: {k;} and {s;} preserved (on average).
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ECM-filter

Main Features

1. Based on the comparison between the observed network
and a null model one.

2. Null model: maximum-entropy canonical ensemble of
networks satisfying given constraints.

3. Constraints: {k;} and {s;} preserved (on average).

4. Two versions: local (focus on links) and global (focus on
entire network).
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ECM-filter

1. Generate the null model ensemble and compute:

(%) ° (yiy)"™ (1 = yiny)
1 —yiyj + XiXiyiy;

qij(w)
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ECM-filter

1. Generate the null model ensemble and compute:

(%) ° (yiy)"™ (1 = yiny)
1 —yiyj + XiXiyiy;

qij(w)

2. Compute the probability:

w*—1

pi(w) =1-"Y" gj(w).
w=0
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ECM-filter

1. Generate the null model ensemble and compute:

(%) ° (yiy)"™ (1 = yiny)
1 —yiyj + XiXiyiy;

qij(w)

2. Compute the probability:

w*—1

pi(w) =1-"Y" gj(w).
w=0

3. Associate for each link a p-value, v, such that P(w; > wj).
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ECM-filter

1. Generate the null model ensemble and compute:

(%) ° (yiy)"™ (1 = yiny)
1 —yiyj + XiXiyiy;

qij(w)

2. Compute the probability:

w*—1

pi(w) =1-"Y" gj(w).
w=0

3. Associate for each link a p-value, v, such that P(w; > wj).
4. Select a threshold 7 and remove all the links with ~; > 7.
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ECM-filter

1. Find the subgraph X' with L’ links that minimizes the
likelihood of being generated by chance.
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ECM-filter

1. Find the subgraph X' with L’ links that minimizes the
likelihood of being generated by chance.

2. Minimize the function:

P(2) = [T [ai(wi)]™ .

i<j
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ECM-filter

1. Find the subgraph X' with L’ links that minimizes the
likelihood of being generated by chance.

2. Minimize the function:

P(X) =TT [ai(wi)]™ -

i<j

3. Rank edges upon their g;;(w) and add the L’ smallest ones.

<
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Results




Comparison among methods
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Comparison among methods

Hub and Spoke

Point to Point
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A “serious” example . ..
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A “serious” example . ..

A long time ago in a galaxy far,

far away....

e http://evelinag.com/blog/2015/12-15-star-wars—social-network/
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http://evelinag.com/blog/2015/12-15-star-wars-social-network/

A “serious” example . ..
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A “serious” example . ..
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...and a less “serious” one

International Trade Network 1998 — 2011 )
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..and a less “serious” one
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...and a less “serious” one
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...and a less “serious” one
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...and a less “serious” one
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Local vs Global
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Local vs Global

Jaccard Score
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Local vs Global
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ECM and Multiplex
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ECM and Time-varying networks
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The structured backbone of temporal
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Teruyoshi Kobayashi, Taro Takaguchi &Alain Barrat ™

Nature Communications 10, Article number: 220 (2019)  Download Citation &
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Conclusions




Take home messages

Filtering is becoming a more and more
step to continue using networks to study
complex systems.
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Take home messages

7 ”‘g’g = ‘§\

ECM filter overcomes limitations of previous

approaches, and retrieves non trivial features. J
\
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Filtering & Multiplexity
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Trade: other commodities
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Trade: other commodities

FUEL — IRON in 2011
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