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What do they have in common?
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We are all familiar with powers

of a number

What about powers (integer, and real) of 
an operator?

.

Fractional Order Derivative :

Fractional Calculus 101
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Fractional Calculus 101

Integer Calculus Approximation Fractal Calculus
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time series denoted as 𝑥[𝑘] ∈ ℝ𝑛

Complex Fractional Dynamical Networks 
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Fractional order model with spatial component

Complex Fractional Dynamical Networks 



16

Control of Frac. Order Dyn. Net. (FODN) 

fractal model 
parameters
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FODS “Behind the scenes”

Algebraic representation of the FODS as LTI switching system
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FODS “Behind the scenes”

Algebraic representation of the FODS as LTI switching system
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Minimum Actuation Requirements

NP-hard but submodular

Apply greedy algorithms with optimality guarantees
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Artificial Complex Networks
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Minimum Actuation Requirements

Real Complex Network

Skull-level electroencephalographic (EEG) data in resting state [100 channels ]

LTI FODN

n=100
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Minimum Actuation Requirements

We can use actuation capabilities to assess if the model is 
inherently LTI or FODN by considering  the minimum 
actuation capabilities required for the FODN. In other words,
if we can steer the system towards a desired state with the 
minimum actuation capabilities required for the FODN then
it cannot be an LTI.
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Minimum Actuation Requirements

We can use actuation capabilities to assess if the model is 
inherently LTI or FODN by considering  the minimum 
actuation capabilities required for the FODN. In other words,
if we can steer the system towards a desired state with the 
minimum actuation capabilities required for the FODN then
it cannot be an LTI.

Notice that actuation spectra across artificial and real networks
are different, which implies that we need generative models 
capable of capturing the actuation spectra of real networks

ER AB WS EEG
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Network

Research and Open questions

Fractional order dynamical networks are modeled by nonlinear systems
parametrized by a small number of temporal and spatial parameter with
a high description power. Although there is a strong analysis foundation
for the numerical approximations schemes from its continuous counterpart
it is missing a sound control theory.

The promise of a solid control theory lies in the fact that these are not 
arbitrary nonlinear systems (i.e., they exhibit a lot of structure).

Problems that are required to be addressed: (i) resilient-robust state 
estimation; (ii) computationally efficient system id with guarantees; 
(iii) robust control; (iv) decentralized control; and (v) MPC and its variants.
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