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Abstracts of Talks

Report 1:

Optimal way to optimize using optimized randomness and
its connection to fractional calculus
Yangquan Chen

University of California, Merced

In this talk, first I will show
1) in swarm based search (such as PSO—particle swarm optimization) using
randomness with different heavytailed distributions, the search performance
can be further optimized beyond Levy;
2) the connection of heavytailedness and fractional calculus.
It is hoped that this talk will open new investigations in new optimal ways to
optimize using optimized randomness with the help of fractional calculus in this

bigdata and machine learning era.



Fractional-order Modeling of Real Materials
Igor Podlubny

Technical University of Kosice ,Slovakia

Modeling of real materials (elastic, viscoelastic, porous, granular, etc.) will be
considered from various viewpoints: modeling of the geometric structure of materials,
modeling of their physical properties, some approaches to classification of materials
based on their structure and properties, modeling of dynamical processes in materials
based on their geometric and physical models, and some other aspects. Methods for
identification of parameters of mathematical models of real materials will be
discussed, as well as some approaches to performing experimental measurements for
that purpose. The use of integer-order models, fractional-order models, numerical
approaches and models, computational methods, and other currently available

approaches in relation to modeling of real materials will also be explored.



Report 3:

Modelling, Dynamics and Control of Fractional-Order
System
Yongjun Shen

Shijiazhuang Tiedao University

As an effective mathematical tool, fractional-order calculus (FOC) is becoming
more and more attractive. This presentation provides simple introduction about the
origination and development of FOC at first. Then our recent works on FOC are
introduced in detail based on three sections. The first section is modelling of two
typical devices with viscoelasticity in vibration engineering, i.e. magnetorheological
damper and air spring. The nonlinear dynamics of fractional-order Duffing oscillator
is studied, and the effects of the fractional-order terms on dynamical properties are
analyzed in section 2. Section 3 is focused on two examples of fractional-order
control, i.e. fractional-order PID controller in dry-fraction oscillator and
fractional-order time delay control in Duffing oscillator. In the end, some open

questions and possible developing directions in the future are discussed.
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Shanghai JiaoTong University
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Report 5:

Modulating functions based non-asymptotic and robust
fractional order differentiators
Dayan Liu

INSA Centre Val de Loire, France.

For cost and technological reasons, there always exist some variables and
parameters, which cannot be measured. Moreover, the measurements usually contain
noises. Sometime, fast estimations with convergence in finite-time are required in
on-line applications. For these reasons, the modulating functions method originally
introduced by Shinbrot in 1954 for system identification has been applied and
extended in signal processing and automatic control, such as parameter estimation and
numerical differentiation, etc. This method has the following advantages. Firstly, the
obtained estimators are exactly given by integral formulae of the observation signal.
Thus, they are algebraic and non-asymptotic. Fast estimation can be provided using
sliding integration window with finite length. The knowledge of initial conditions is
not needed and the derivatives of noisy signals don not need to be calculated.
Moreover, thanks to the integrals in the formulae, they are robust with respect to
corrupting noises without the need of knowing in priori their statistical properties. In
this talk, it will be shown how to extend the modulating functions method to design
fractional order differentiators in different situations by introducing the adapted

modulating functions.



Report 6:

Stability assessment of fractional-order systems
Dingyu Xue

North eastern University

Stability is the most important issue for all systems. Limitations are addressed in
the conventional stability assessment methods in fractional-order systems or even
integer-order systems — Matignon’s method only applies to commensurate-order
linear systems, and for other systems, Lyapunov’s function is in general too difficult
to construct.  Critical comments on Lyapunov based methods are proposed. For

real systems or systems models, non-pure-mathematical methods will be proposed.



Report 7:

Caputo-Hadamard fractional differential equations: analysis
and computation
Changpin Li

Shanghai University

In this talk, the existence and uniqueness of solution to Caputo-Hadamard
fractional differential equation (FDE) are studied. The continuation theorem is
established too. Then, Euler and predictor-corrector methods are built up to solve this
kind of FDEs. The stability and error analysis of the derived numerical schemes are
investigated as well. At last, a numerical example is carried out to verify the

numerical algorithm.
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Report 8:

Aging transition in mixed active and inactive
fractional-order oscillators
Zhongkui Sun and Yuanyuan Liu

Northwestern Polytechnical University

Coupled systems consisting of a population of oscillators may be partially damaged
as a result of environment and individual factors. As the number of damaged
oscillators gradually increases, the oscillation of the entire system decreases and
vanishes at a critical ratio, announcing the appearance of aging transition. Recently, a
mass of recent studies have been concentrated on aging transition, however, which
have so far been restricted to coupled integer-order oscillators. Here, we report the
first study of aging transition in mixed active and inactive fractional-order oscillators.
It has been demonstrated that while the heterogeneity is caused by the distance
parameter, both the coupling strength and the fractional-order derivative can impact
modulate the critical ratio. And a small fractional-order derivative may ruin the ability
of oscillation, thus reduce the critical ratio in globally coupled fractional-order
Stuart-Landau oscillators. Remarkably, the larger natural frequency is, the more easily
aging transition occurs in coupled fractional-order oscillators. Further studies have
shown that, being diverse from an integer-order Stuart-Landau oscillator, the natural
frequency may induce Hopf bifurcation in a fractional-order Stuart-Landau oscillator,
accordingly, introducing a new heterogeneity in the coupled fractional-order
Stuart-Landau oscillators. Therein, a counterintuitive phenomenon has been found
that the critical ratio depends unmonotonously on the coupling strength, which
implies that the coupled fractional-order Stuart-Landau oscillators possess the

weakest robustness of oscillation at a certain level of coupling strength.
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Report 9:

State estimation of fractional-order delayed memristive
neural networks

Haibo Bao

Southwest University

This talk presents the algorithms for state estimation of fractional-order memristive
neural networks. Different initial conditions might cause parameter mismatch problem
between system states and estimator states, since fractional-order memristor-based
neural networks are state-dependent systems. We will design suitable estimators to
guarantee the estimation error system is asymptotically stable. Moreover, the state
estimator gain is given by solving linear matrix inequalities. Finally, numerical

simulations are provided to demonstrate the efficiency of the theoretical results
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Report 10:

Short memory fractional differential equations
Guocheng Wu

Neijiang Normal University

The memory effects of several fractional derivatives are revisited. Then a concept
of short memory fractional differential equation is proposed in this talk. New
variable-order fractional chaotic systems are defined and chaos is numerically
illustrated. Furthermore, this idea is extended to fractional chaotic maps.
Variable-order image encryption is considered as one application. The result shows
that the encryption speed and the encryption space are improved greatly in

comparison with the standard fractional differential equations.
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Report 11:

Quasi-projective and complete synchronization of
fractional-order complex-valued neural networks with time
delays

Hongli Li

Xinjiang University

This paper studies quasi-projective synchronization (QPS) and complete
synchronization (CS) for a class of fractional-order complex-valued neural networks
with time delays by designing suitable controllers. To realize QPS and CS, linear
feedback controller and adaptive controller are designed, and a novel fractional-order
differential inequality is built by means of Laplace transform and properties of
Mittag-Leffler function. By utilizing Lyapunov method, our proposed inequality,
fractional-order Razumikhin theorem and some complex analysis techniques, some
effective criteria are derived to ensure QPS and CS of the considered networks.
Furthermore, the error bound of QPS is obtained. Finally, some numerical results are

given to demonstrate the effectiveness of the presented theoretical results.
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