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6 Sections in ICTP

دکتر موحد - ICTPارائه 

http://facultymembers.sbu.ac.ir/movahed/index.php/courses/109-research-methods-course
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http://facultymembers.sbu.ac.ir/movahed/index.php/courses/109-research-methods-course


دکتر موحد - ICTPارائه 

http://facultymembers.sbu.ac.ir/movahed/index.php/courses/109-research-methods-course

ICTP Programs
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http://facultymembers.sbu.ac.ir/movahed/index.php/courses/109-research-methods-course


Suggested programs

Spring College on the Physics of Complex Systems 

Duration: About 4 weeks

Time to Apply: Around November

Poster: Optional

Grant: Yes!
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Suggested programs

Hands-On Research in Complex Systems School

Duration: 10 Days

Time to Apply: Around April

Poster: Optional

Grant: Yes!
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Suggested programs

The CODATA-RDA Research Data Science Summer School

Duration: 12 Days

Time to Apply: Around April

Poster: Necessary!

Grant: Yes!
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Suggested programs

The CODATA-RDA Research Data Science Advanced Workshops on 

Bio-informatics, 

Climate Data Sciences, 

Extreme Sources of Data and Internet of 

Things(IoT)/Big-Data Analytics

Duration: 4 Days

Time to Apply: Around April

Poster: Necessary!

Grant: Yes!
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Suggested programs

7th Workshop on Collaborative Scientific Software Development 

● Python / shell scripts as glue code

● Mixing programming languages

● Introduction to computer architectures and software optimization

● Modular, reusable software design

● Effective collaborative development with multiple co-authors

● Version control and release cycles

● Automated testing frameworks

● Structured documentation

● Systematic debugging

● Management of open source scientific packages

● Continuous integration & deployment

● Conversational development

Duration: 10 Days

Time to Apply: Around January

Poster: Optional!

Grant: Yes!

8



The world’s most valuable resource is no longer oil, but data,  The Economist, May 6th 2017
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Why ICTP ? 

1. Why not?!

2. Grants

3. Easy to get the visa

4. Designed for Developed Countries

5. Girls encourage to Apply

6. …..
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1. Self-Organized Criticality

2. Statistical Mechanics of Two Dimensional Critical Curves

3. Elements of Quantitative Finance

4. Randomness in Biology

5. Electrostatic Interactions in Soft and Biological Matter

 Deepak DHAR (IISER, Pune, India)

 Shahin ROUHANI (Sharif U., Tehran, Iran)

 Bence TOTH (Capital Fund Management, Paris, France)

 Mukund THATTAI (NCBS, Bangalore, India)

 Henri ORLAND (CEA, France)

Spring College on the Physics of Complex Systems(2019)
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http://www.iiserpune.ac.in/people/faculty-details/171
http://physics.sharif.ir/~web/shahin-rouhani/
https://sites.google.com/site/ecnebhtot/
https://www.ncbs.res.in/faculty/thattai
https://scholar.google.com/citations?hl=en&user=QA6AmkQAAAAJ&view_op=list_works&sortby=pubdate


Spring College on the Physics of Complex Systems(2019)

School Materials: http://indico.ictp.it/event/8644/other-view?view=ictptimetable

Videos : https://www.youtube.com/channel/UC3cvRkdfO-76JKosmx1tiXw
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http://indico.ictp.it/event/8644/other-view?view=ictptimetable
https://www.youtube.com/channel/UC3cvRkdfO-76JKosmx1tiXw


Deepak DHAR (IISER, Pune, India)

Self-Organized Criticality
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Self-organized criticality

In physics, self-organized criticality (SOC) is a property of dynamical systems that have a critical point as 

an attractor. Their macroscopic behavior thus displays the spatial and/or temporal scale-

invariance characteristic of the critical point of a phase transition, but without the need to tune control 

parameters to a precise value, because the system, effectively, tunes itself as it evolves towards criticality.

The concept was put forward by Per Bak, Chao Tang and Kurt Wiesenfeld ("BTW") in a paper published in 1987 in 

Physical Review Letters, and is considered to be one of the mechanisms by which complexity arises in nature. Its 

concepts have been enthusiastically applied across fields as diverse as geophysics, physical cosmology, 

evolutionary biology and ecology, bio-inspired computing and optimization (mathematics), economics, 

quantum gravity, sociology, solar physics, plasma physics, neurobiology and others.

SOC is typically observed in slowly driven non-equilibrium systems with a large number of degrees of freedom 

and strongly nonlinear dynamics. Many individual examples have been identified since BTW's original paper, but 

to date there is no known set of general characteristics that guarantee a system will display SOC. [1]

[1] Wikipedia 14

https://en.wikipedia.org/wiki/Critical_point_(physics)


Self-organized criticality

Fractals!

1. Scale invariant

2. Steady state (overall properties are roughly unchanged over the time scale of observation )

[2] Wikipedia

Fractal simulation[2]

Fractal simulation[2]
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Self-organized criticality

1.Scale invariant

2.Steady state (overall properties are roughly unchanged over the time scale of observation )

3.Non-Equilibrium! (they are open and dissipative systems which require input of energy 

from outside at a constant rate to offset the dissipation)

[3] Theoretical studies of self-organized criticality, Deepak Dhār, Physica A, DOI: 10.1016/j.physa.2006.04.004 16



Self-organized criticality

1. Individual events must be statistically independent spatially and 

temporally distributions leading to random white time distributions.

2. Size or occurrence frequency distribution must be scale-free and be 

characterized by a power law function over some size Range.[3]

3. Seeing Power low without any fine-tuning of parameters during its 

dynamics.

4. It must be such that the systems under their natural evolution are driven 

to a state at the boundary between the stable

and unstable states.[4]

[3] Self-Organized Criticality, https://www.youtube.com/watch?v=KnOkkC4QND8

[4] Theoretical studies of self-organized criticality, Deepak Dhār, Physica A, DOI: 10.1016/j.physa.2006.04.004
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https://www.youtube.com/watch?v=KnOkkC4QND8


Simple Example:

Sandpile Model

[5] Theoretical studies of self-organized criticality, Deepak Dhār, Physica A, DOI: 10.1016/j.physa.2006.04.004 18



Self-organized criticality

Sandpile Model

[6] Self-Organized Criticality, https://www.youtube.com/watch?v=KnOkkC4QND8 19

https://www.youtube.com/watch?v=KnOkkC4QND8


Self-organized criticality

Sandpile Model

Sand added to system by constant small rate

BUT! It leaves the system in very irregular 

manner.

square lattice of size 100 x 100

SOC ideas have been applied, e.g. models of

forest fires, biological evolution, brain activity, etc.

[7] Theoretical studies of self-organized criticality, Deepak Dhār, Physica A, DOI: 10.1016/j.physa.2006.04.004 20



Simulation of Sandpile Model

Add a grain Reach the threshold

Then Topple!

Threshold = 4 grains

Reach the threshold

Then Topple!

Steady State!

Four Topples

Three steps!

[8] Theoretical studies of self-organized criticality, Deepak Dhār, Physica A, DOI: 10.1016/j.physa.2006.04.004 21



Simulation of Sandpile Model

[9] Self-Organized Criticality, https://www.youtube.com/watch?v=KnOkkC4QND8 22

https://www.youtube.com/watch?v=KnOkkC4QND8


Self-organized criticality

Sandpile Model

Distribution of avalanche sizes[10]

http://doc.sagemath.org/html/en/thematic_tutorials/sandpile.html

Slope = 1.14

[10] Self-Organized Criticality, http://doc.sagemath.org/html/en/thematic_tutorials/sandpile.html 23

http://doc.sagemath.org/html/en/thematic_tutorials/sandpile.html
http://doc.sagemath.org/html/en/thematic_tutorials/sandpile.html


Randomness in Biology

Dr. Mukund Thattai | NCBS
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What is randomness ? 

Input Output

Even if your input is steady your output has fluctuations

?!?!?

This fluctuations are unavoidable 
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A cell as physical system

A cell has very very small size, around Nano meter!

THEN! A little fluctuations has big impact on your system.

Biological systems are such system that you can see obviously  statistical fluctuations == Stochastic Process

26



What is stochastic process?
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What is stochastic process

Is that curve a stochastic process ? 

If we see similar that curve would it be a stochastic process ?

NO!

If you run a system for several times with same initial conditions, 

and you get different final results it means final results in not 

reproducible, 

This is a stochastic process  

Like Temperature in room, particles with Brownian motions.
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A simple chemical reaction:

n = total number of molecules

k = creation rate 

γ = destruction rate 

Suppose a specific molecule x created by k and destroyed with γ

[11] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
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How to get distribution function

If we ran several 

experiments of this kind, 

recording the number of 

molecules present after 

some fixed time had 

elapsed, we would find a 

distribution of possible 

values.

[12] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
30



Probabilistic formulation of reaction kinetics: the Master Equation 

[13] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 

r = reaction occurrence rate

T = large time interval 

Number of reaction occurrence in average = r *T

T

N

The chance that the reaction occur is 
𝑟 ∗𝑇

𝑁
= 𝑟 ∗ 𝑑𝑡

The probability of reaction with rate r occurring in a small time interval dt is just r*dt .

31



consider an ensemble of identical systems, each having the same initial conditions 

Master equation 

𝑃𝑛(𝑡)
the number of these systems which have precisely n 
molecules at time t. 

Master equation 

[13] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
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Moments of the probability distribution 𝑷𝒏(𝒕)

The mean molecule number still obeys the deterministic equation. 

[13] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
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Steady state 

The Poisson distribution 

[13] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
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Fluctuation can be neglected as the number of molecules involved increases

The limit of large numbers

[13] The origin and consequences of noise in biochemical systems, A. van Oudenaarden and Mukund Thattai , MIT– October 2004 , 

7.81/8.591/9.531 Systems Biology 
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Thanks!
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