
Prof. Rudolf Gorenflo, Free University of Berlin

Seminar - October 21, 2010 - Industrial Engineering School

11:00 - 11:45 - Power laws, Mittag-Leffler waiting time and continuous time random 
walk

We discuss some applications of the Mittag-Leffler function and related probability 
distributions in the theory of renewal processes and continuous time random walks. In 
particular we show the asymptotic (long time) equivalence of a generic power law 
waiting time to the Mittag-Leffler waiting time distribution via rescaling and 
respeeding the clock of time. By a second respeeding   (by rescaling the spatial 
variable) we obtain the diffusion limit of the continuous time random walk under 
power law regimes in time and space. Finally, we exhibit the time-fractional drift 
process as a diffusion limit of the fractional Poisson process and as a subordinator 
for space-time fractional diffusion. This lecture is a result of joint work with 
Francesco Mainardi.

12:00 - 12:45 - Fully discrete random walks for space-time fractional diffusion

For space-time fractional diffusion a theory of discrete-space discrete-time random 
walk, analogous to the theory of continuous time random walk is presented. The 
essential assumption is that that the probabilities of waiting times and jump widths 
behave asymptotically like powers with negative exponents related to the orders of 
the fractional derivatives. Properly scaled passage to the diffusion limit then leads to 
the space-time fractional diffusion equation. Illustrating examples are given, numerical 
results and plots of simulation are displayed. This lecture is a result of joint work 
with Alessandro Vivoli.

Conference - October 22, 2010 - Industrial Engineering School

12:00 - 12:45 - A general introduction to fractional calculus

After recalling historically early ideas we introduce Riemann-Liouville fractional 
differentiation as inversion of fractional integration, id est as solving Abel's integral 
equation of first kind. Then we consider a few other concepts of fractional 
differentiation. After defining the Caputo fractional derivative we discuss equations of 
fractional relaxation and fractional oscillation as solutions of fractional differential 
equations. In this context we meet the Mittag-Leffler function and look at its most 
relevant properties.


