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| am going to talk about:

© Balance Theory
© Molecular Biology
© Inference Problems (Inverse Stat. Phys.)

Results!



Balance Theory
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Balance Theory

Heider, Fritz (1958).The Psychology of Interpersonal Relations. John Wiley & Sons.

Abbas

imbalanced balanced
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Balance Theory

Heider, Fritz (1958).The Psychology of Interpersonal Relations. John Wiley & Sons.

Alice

imbalanced imbalanced
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GB AH

3 Emperor’s league 1872-81 Triple Alliance 1882

French—Russian Alliance 1891-94 Entente Cordiale 1904 British—Russian Alliance 1907

Evolution of the major relationship changes between the protagonists of World War | from 1872-1907.
GB = Great Britain, AH = Austria-Hungary, G = Germany, | = ltaly, R = Russia, and F = France.

T. Antal, P. L. Krapivsky, and S. Redner,
“Social Balance on Networks: The Dynamics of Friendship and Enmity,”
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Balance Theory

Heider, Fritz (1958).The Psychology of Interpersonal Relations. John Wiley & Sons.

Alice

imbalanced frustration
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The Energy Landscape of Social Balance

Seth A. Marvel, Steven H. Strogatz, and Jon M. Kleinberg
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The Energy Landscape of Social Balance

Seth A. Marvel, Steven H. Strogatz, and Jon M. Kleinberg

— E >0
E<0—

balanced imbalanced
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The Energy Landscape of Social Balance

Seth A. Marvel, Steven H. Strogatz, and Jon M. Kleinberg

ENet — Z EA

En = —Jijdipdii

JijER
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[International Networks
e | Hart, ). Peace Res., 11, 229, (1974).

e S. Galam, Physica A, 230, 174, (1996).
e A Bramson, K. Hoefman, M. van den Heuvel, B. Vandermarliere, and K. Schoors, Springer 108, (2017).

Sociology
e P Singh, S. Sreenivasan, B. K. Szymanski, & G. Korniss, Phys. Rev. E, 93, 042306 (2016).
e T Antal, P. L. Krapivsky, & S. Redner, Phys. Rev. E 72, 036121 (2005).
e T. Antal, P. L. Krapivsky, & S. Redner, Physica D 224, 130 (2006).
e M. Szell, R. Lambiotte, and S. Thurner, Proc. Natl. Acad. Sci. (USA) 107, 13636 (2010).

Ecology
e H. Saiz, ). Gmez-Gardees, P. Nuche, A. Girn, Y. Pueyo, and C. L. Alados, Ecography 40, 733 (2017).

Static Properties
e S. A Marvel, S. H. Strogatz, and J. M. Kleinberg, Phys. Rev. Lett. 103, 198701 (2009).

Discrete-time Dynamics
e T. Antal, P. L. Krapivsky, & S. Redner, Phys. Rev. E 72, 036121 (2005).
e T. Antal, P. L. Krapivsky, & S. Redner, Physica D 224, 130 (2006).

Continues-time Dynamics
e K. Kuakowski, P. Gawroski, and P. Gronek, Int. J. Mod. Phys. C 16, 707 (2005).
e S. A Marvel, . Kleinberg, R. D. Kleinberg, and S. H. Strogatz, PNAS, 108, (5) 1771 (2011).
e (. Altafini, PLOS One 7, 38135 (2012).
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Jammed states and paths towards it
e Hedayatifar, F. Hassanibesheli, A. Shirazi, S. V. Farahani, and G. R. Jafari, Physica A 483, 109 (2017).

Very large online social networks
e (. Facchetti, G. lacono, and C. Altafini, Proc. Natl. Acad. Sci (USA) 108, 20953 (2011).

Multiplex Network
e M. Szell, R. Lambiotte, and S. Thurner, Proc. Natl. Acad. Sci. (USA) 107, 13636 (2010).

The Memory Effect
e F. Hassanibesheli, L. Hedayatifar, H. Safdari, M. Ausloos, and G. R. Jafari, Entropy 19, 246 (2017).

Considered a role for nodes, disease-spreading process on the network
° M. Saeedian, N. Azimi-Tafreshi, G. R. Jafari, and J. Kertesz, Phys. Rev. E 95, 022314 (2017).

Temperature as a parameter of randomness or tension in society
e F. Rabbani, Amir H. Shirazi, and G. R. Jafari Phys. Rev. E 99, 062302 (2019).

Quartic Balance Theory
e A Kargaran, M. Ebrahimi, M. Riazi, A. Hosseiny, G. R. Jafari, arXiv:2001.01719 (2020)

19


https://arxiv.org/abs/2001.01719

What About
Biological Networks?
e.g. The GRN



Central Dogma of Molecular Biology

All the information needed to run a cell is
stored in a molecule called DNA.

A section of DNA that encodes the
information to make a protein (via mRNA)
is called a gene.

The amount of mRNA produced from a
given gene is called the expression of that
gene.
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Central Dogma of Molecular Biology

Central Dogma

—> —>
transcription translation
DNA RNA

Protein
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Gene Regulatory Network (GRN)

Regulatory effects

A up-regulation

¥ down-regulation
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Gene Regulatory Network (GRN)
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Data Set

© BRCA: Breast Invasive Carcinoma
© The Cancer Genome Atlas (TCGA)

© RNA Sequencing
(The state-of-the-art technology to measure mRNA)

© Expression Levels for 20532 Genes

© 114 Normal and 763 Cancerous Samples
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GRN Reconstruction

Image Copyright:
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004182

Reaction system reconstruction
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Inferring the Interactions

1. Fixing a Good Model!
2. Inferring the Parameters
Image Copyright:

http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004182

Reaction system reconstruction
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GRN Reconstruction

Statistical Physics

LR O Tk
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Inverse Stat. Phys.
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Ising Model in Statistical Physics

Microscopic Rules

b 44444

1<J

L .Fine—Grz'ained } PU{X;}) = —emp ZJZJX X
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Ising Model in Statistical Physics

Observables

L Coarse-Grained } {M = (X;)

L Fine-Grained } P{X;}) = —e;cp Z Jis Xe X5

Microscopic Rules i<j
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Inverse lsing Problem

Coarse-Grained
Observables

Fine-Grained
Microscopic Rules

to be inferred

P({X:}) = eap(y(TyXiX;

1<J
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GRN Reconstruction

1. Fixing a Good Model!
Undirected Pairwise Maximum-Entropy Probability Model

P({Xi}) = —eflrp D JiXiX]

1<J

2. Inferring the Parameters,

] =7
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GRN Reconstruction

maximize S = —J P(x)In P(x) dx

X

L = 20,532 and M = 764 + 114



GRN Reconstruction

P(x; (x),C) = (2n) *det(C) " exp

Inferring Pairwise Interactions from Biological Data
Using Maximum-Entropy Probability Models

Richard R. Stein, Debora S. Marks, Chris Sander

©PLOS

35



GRN Reconstruction

P(x; (x),C) = (2r) "*det(C) " *exp (—

P({X;}) = —e:cp ) Ji X X;]

1<J

[nferring Pairwise Interactions from Biological Data
Using Maximum-Entropy Probability Models

Richard R. Stein, Debora S. Marks, Chris Sander

©PLOS
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GRN Reconstruction

Image Copyright:
http://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1004182

Reaction system reconstruction
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GRN Reconstruction

Normal samples

Samples

nes

3
\I o1

Cancer samples
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Glasso (Graphical Least Absolute Shrinkage and Selection Operator)

X ~ N(0,X) A

X17X27°"7Xn

~——

A

O = *argming, | tr(50©) — logdet(©) + A Z 1O |
j#k

S: sample covariance

A: penalizing parameter
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Results
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Coarse-graining the Network

E > ‘ A node with energy EA
A
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Coarse-graining the Network

/E\ > ‘ A node with energy EA
A
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Results
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Results

(a) cancerous coarse-grained network

(b) normal coarse-grained network

35,984 units
27,239 units

E Gap ~ 10,000 units

normal

i \\,/\,/ \/\/ﬂv \,/ Snat cancerous

-

X

(c) energy levels and local minima
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Thank You

Abbas K. Rizi

abbas.sitpor.org/talks
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