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Preliminary notes

• This document contains a number of suggestions of topics for student presentations or 
modeling/development projects

• Each suggestion may include a reference to a scientific paper. That paper could be the 
starting point of an individual search. The presentation could be based on a different 
(but related) paper on the same topic.

• Some topics can be taken by more than one student (by coordinating presentations)!

• Scientific papers are available in a shared folder that will be made available by the 
teacher on request

• Sometimes scientific papers are full of technical/mathematical details. The student 
presentation doesn’t need to enter in all the details. Better to focus on main concepts 
and examples!

• Modeling/development projects do not require to make a public presentation at the 
end. The project can be discussed with the teacher privately.

• Ideas from students are welcome!



Mathematical models



Seminar: SIR models applied to COVID-19

Available here:

https://arxiv.org/abs/2003.14391

See also for other models:

https://scholar.google.it/scholar?q=sir+covid

https://arxiv.org/abs/2003.14391
https://scholar.google.it/scholar?q=sir+covid


Seminar/Project: Rock-Scissor-Paper 
evolution model

Available here:  https://doi.org/10.1098/rspb.2001.1670

In the seminar, you
can present the paper 
and also show some 
simulations you
performed using ODEs
and/or NetLogo

https://doi.org/10.1098/rspb.2001.1670


Seminar/Project: time series forecasting

• Several methods exist to forecast the future trend of a time series of 
measured values based by inferring a model (e.g. recurrence
equations or ODEs) from available observations
• Weather forecasts (time series of temperatures/humidity)

• Economic and market trends

• Growth of plants in agriculture

• ….

• See, e.g.: https://machinelearningmastery.com/time-series-
forecasting-methods-in-python-cheat-sheet/

• This can be the subject of a seminar or experimental project

https://machinelearningmastery.com/time-series-forecasting-methods-in-python-cheat-sheet/


Stochastic simulation



Seminar: Improvements to Gillespie’s
Stochastic Simulation Algorithm

Available here:

https://doi.org/10.1146/annurev.phys
chem.58.032806.104637

https://doi.org/10.1146/annurev.physchem.58.032806.104637


Project: A (modular) simulator of chemical 
reactions with external events
• Idea: develop (in any programming language) a stochastic simulator 

of chemical reactions that takes as input
• A set of chemical reactions
• An initial configuration (concentrations of molecules)
• A list of events (changes in concentrations), each scheduled at a precise time

• Simulation of the chemical reaction should be interrupted every time 
a scheduled event has to be executed. The state has to be updated in 
accordance with the event content. Then simulation can continue

• The source code should be modular: it should be easy to add a new 
simulation algorithm

• More details to be discussed…



Stochastic/probabilistic model 
checking



Seminar: Prism Games

See also: 
http://www.prismmodelchecker.org/games/

http://www.prismmodelchecker.org/games/


Petri nets



Seminar: Petri Nets modeling of Hospitals

Available here:

https://doi.org/10.1109/TSMCA.2012.
2217319

https://doi.org/10.1109/TSMCA.2012.2217319


Seminar: Process Mining

See also: http://www.processmining.org

http://www.processmining.org/


Discrete event simulation and 
Agent-based modeling



Seminar/Project: Experience with a Discrete 
Event Simulation tool
• The presentation may consist in a tutorial/demo/case study with one 

of the following tools for Discrete-Event Simulation
• SimPy (https://simpy.readthedocs.io)

• Arena (https://www.arenasimulation.com)

• FlexSim (https://www.flexsim.com)

https://simpy.readthedocs.io/
https://www.arenasimulation.com/
https://www.flexsim.com/


Project: Java DES engine prototype

• As a development project, take the DES engine prototype I have
described in this course and refine/extend it



Seminar/Project: Experience with NetLogo

• A seminar may consist in a tutorial/demo of one (or more) NetLogo
(https://ccl.northwestern.edu/netlogo/) models to be agreed with 
the teacher

• A project may consist in developing a NetLogo model of a complex 
system to be agreed with the teacher

https://ccl.northwestern.edu/netlogo/

