
MHRD Scheme on Global Initiative on Academic Network (GIAN) 
Explosive transitions in complex networks:

new opportunities, new dangers 

Overview 
Phase transitions in complex networks have been extensively studied since already long ago. In the
majority of cases,  these transitions are of the second-order type,  i.e.  continuous and reversible.
Recently,  however,  discontinuous and irreversible transitions  phenomena have  been reported in
complex networks’ structure and dynamics. Explosive percolation, discovered in 2009, corresponds
to an abrupt change in the network’s structure, and explosive synchronization generates a sudden
emergence of a collective state in the networks’ dynamics. The two phenomena have stimulated
investigations  and  debates, attracting  attention  in  many  relevant  fields,  which  have  provided
insights  on  what  structural  and  dynamical  properties  are needed  for  inducing  such  abrupt
transformations,  as  well  as  have  greatly  enhanced  our  understanding  of  phase  transitions  in
networked systems. The intention of this course intention is to offer here a overview of this subject,
with  the  twofold  aim  of present  the  existing  results  and  pointing  out  possible  directions  for
applications and future research. In this course we will introduce a variety of mathematical tools
based on algebraic graph theory, linear algebra and dynamics that constitutes a basis for the analysis
of large scale complex interconnected systems.

Objectives 
1) Providing a general introduction to the structure and dynamics in complex networks.
2) Offering the main concepts and tools for the study of phase transitions in complex networks.
3) Considering the special conditions that yield to the apparition of explosive transitions.
4) Updating the most recent developments in the subject, with a discussion of future applications.

• Module  A will  introduce  the  structure,  nature  and concepts  of  complex  network,  as  well  as  an
introduction to modelization:  random network and the small-world property,  the Barabasi-Albert
model, modifications and applications. The structure of real networks will be considered in this part.

• Module B will  board the processes  and phase transitions  in  complex networks.  The concept  of
percolation and giant component will be introduced. We will explain the explosive percolation under
Achlioptas rule and other algorithms.
In this part we will consider application of these concept to the study of robustness and efficiency  
in real networks as the case of catastrophic cascading in Power Grids. The module will finish 
with a tutorial on computer simulation of network percolation and the implementation  of  the  
Achlioptas process.

• Module C will be devoted to spreading and epidemics in complex networks. We will first consider
the homogeneous and heterogeneous epidemics models (SI SIR, SIS) and the main immunization
strategies. Then, we will explore the factors that can lead to explosive epidemic spreading or the
explosive  propagation  in  social  networks  and opinion behaviour.  The  module  will  close  with  a
tutorial in computer simulation of the SIR epidemic process and the study of the explosive effects of
reinfection.

• Module D will introduce the concept of synchronization in nature, and its modelization with the
Kuramoto model for full and complex networks. We will considered the different phase transition
paths  to  coherence  in  complex network: structure  vs.  dynamics.  We will  briefly  considered  the
analysis of general synchronization by means of the master stability function. As an application, we
will introduce the study of coherence in brain dynamics.

• Module E will be dedicated to the explosive synchronization in complex networks. The effect of
structure-dynamics correlations  will  be  studied.  We  will  consider  where  the  explosive
synchronization can be found in nature, social and technological networks, including applications,
prospectives  and future  work.  The module  will  finish with a  tutorial  in computer  simulation of
regular and explosive synchronization in the Kuramoto model.



Schedule January 15 – 19, 2018
Number of participants for the course will be limited to fifty.

You Should  
Attend If... 

• Undergraduate, Master or PhD level scholar  who would like to be 
introduced to the new and growing interdisciplinary area of 
Biomathematics  and Systems Biology.  

• Young and budding members  of the faculty at various Engineering and 
Computer Science departments wanting to learn develop research 
programs in the respective departments.  

• Scholars in governmental, industrial or consulting agencies interested in 
understanding the state of the  art in this area.

Fees The participation fees for taking the course is as follows:
Participants from abroad : US $500
Industry/ Research Organizations: Rs 10,000
Academic Institutions: Students Rs 3,000, faculty Rs 5,000
The above fee include all instructional materials, computer use for tutorials and 
assignments, laboratory equipment usage charges, 24 hr free internet facility. The 
participants will be provided with accommodation on payment basis

Registration • Participants are requested to register at the GIAN portal at 
http://www.gian.iitkgp.ac.in/GREGN/index and then based on their 
selection they can register at the GIAN portal of IIT Indore 
(http://gian.iiti.ac.in/register.php) 

• Alternatively, one can request for participation by sending an email to 
kumarvrahul16@gmail.com and CC to  sarikajalan9@gmail.com 
along with biodata. Selected participants can proceed to register at the 
GIAN portal of IIT Indore.

• Last date of Registration is December 15th, 2017.

Accomodation • The outstation participants who require accommodation should send a 
request to hostel@iiti.ac.in with the subject ‘Request for Accomodation’

• For accomodation participants can download the form from here 
http://www.iiti.ac.in/Hall of residence/Downloads

On each working day there will be a total of two lecture periods each of ninety minutes duration in 
the morning, and three tutorials in the afternoons. The time frame for each day will be the 
following:

First period: 9.00-10.30 am, Coffee break: 10.30-11.15 am, Second period: 11.15 am-12.45 pm.

Tutorials: 2:00-4:00 pm.

http://www.gian.iitkgp.ac.in/GREGN/index
mailto:hostel@iiti.ac.in


Course Location: 
Indian Institute of Technology, 
Indore

Duration:
January 15-19, 2018 

Course Coordinator:
Prof. Sarika Jalan
Complex Systems Lab
Discipline of Physics
Indian Institute of Technology 
Indore
Simrol-452020, India
E-mail: sarikajalan9@gmail.com




