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ABSTRACT 
    In this paper, the problem of finite time stabilization is studied for a class of fractional order neural networks (FONNs) with interval time-varying delay. A sufficient condition for the problem is derived by using linear matrix inequality technique combined with Laplace trasform. A numerical example and its simulation result are given to illustrate the effectiveness of the effectiveness of our result. 
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1. Introduction 
    Over the past decades, stability theory of fractional order systems with delay has become one of the most fundamental issues in the qualitative theory of dynamical systems [Krol, 2011; Wang et.al.,2015; Cermak et.al, 2016]. Recently, there have been some advances in stability analysis of fractional differential equations with delay such as Lyapunov stability [Liu et al.,2017], finite-time stability [Rakkiyappan et al.,2014]. Some of them are related to the stability of the nonlinear fractional order systems using Lyapunov function method and linear matrix inequality (LMI) techniques. It is well known that the Lyapunov function method provides a very effective approach to solve the stability problem of nonlinear fractional differential equations. Some different approaches, without using Lyapunov–Krasovskii function method to analyze stability for linear fractional order systems, were proposed in [Liu et.al., 2012] based on an extension of Mittag-Leffler matrix functions, or in [Thanh et.al.,2022; Niamsup et al.,2022] based on Laplace trasform. The main difficulty in these investigations is either in constructing the time-varying Lyapunov-Krasovskii functional and calculating its fractional derivatives w.r.t. Lyapunov stability theorem or in estimating the delay solution by using Laplace trasform. Note that most of the mentioned papers deal with linear fractional order systems without delays. To the best knowledge of authors, the finite-time stabilization problem has not been investigated for FONNs with delays. This inspires us for the present study.
    In this paper, we study finite-time stabilization problem for a class of FONNs subjected to time-varying delay. Based on Laplace trasform, we establish new delay-dependent sufficient conditions for finite-time stabilization of such systems. 
2. Preliminaries 
Notations.
· 
denotes the set of all real positive numbers
· 
denotes the transpose of A
· 


is positive semi-definite if 
· 


is positive definite if 
· 

means
· 
  denotes the set of all eigenvalues of A
· 


· [a] denotes the integer part of a number a
· “*” denotes the symmetric terms in a matrix.
    We first introduce some basic concepts about fractional order calculus. 



Definition 1[ Kilbas et al., 2006]. For  and  the fractional integral; the Riemann derivative and the Caputo derivative of order , respectively, as 




              

where 
    Consider a functional order neural network with time-varying delay as follows.
  

                                                                                           (2.1)





where is the state; the delay  satisfies  is the control vector; is the initial condition; the variation functions

                  


satisfying and for all 

                                                                                                       (2.2)





and  are the connections of the neuron to the  neuron at time t.



Definition 2. For given positive numbers  system (2.1) without a controller, i.e u(t)=0) is finite-time stable w.r.t.  if the following relation holds

      



Definition 3. For given positive numbers c1, c2, T, system (2.1) is finite-time stabilizable w.r.t.  if there exists a feedback control  such that the closed loop system 

                                                                                            (2.3)

is finite-time stable w.r.t. .

  Here, the objective of this paper is to develop a procedure to design the feedback controller
u(t) for the system (2.1) such that the closed-loop system (2.3) is finite time stable.
 


Lemma 4. [Thanh et al.,2022]. Let and let x(t) be a continuous solution of system (2.1). Then, 




Lemma 5 [Thanh et al.,2020]. Let  and  If function  is non-decreasing and satisfies




for some  then 

3. Main results

This section devotes to design a controller  for finite time stability of the system (2.1).








Theorem 6. Given The system (2.1) is finite time stabilizable with respect to 


if there exists a symmetric positive definite matrix and a free weight matrix such that the following conditions hold:

                                                              (3.1)


                                                                                                                                 (3.2)

Moreover, the feedback stabilizing control is given by  
    Proof.
Let us consider the following non-negative quadratic functional

                                                          
By using Lemma 4, we obtain



            

            



                



            ,                                                                               (3.3)                                                           



where  


             

From  and LMI (3.1), we have 

   

which leads to                                                                                                                                (3.4)                                                                                                                  


Since  (3.1), it follows that  or   
Consequently, 




                         



and due to (3.3) and (3.4).
Hence, using Laplace trasform gives



                    

              	

               

               

               




Because the increasing of  andwith respect to for all 

                     
Applying Lemma 5 for the above inequality, we have 



                     

where 


For the conditions (3.2) show that if  then 

                        

                                   

which shows that system (2.1) is FTS with respect to 


Remark 1.  Note that the numbers  do not involve in the LMI (3.1), we find the solutions by solving LMI (3.1) and the condition (3.2) can be easily verified.

Remark 2.  It should be pointed out that the advantage of our paper was proposing an approach based on the Laplace transform to study stability of FONNs with interval time-varying delay without using the fractional Lyapunov stability theorem.
Example 1. Consider FONNs (2.1) with the following system parameters

                                            

                                        

It can be show that 
We use the LMI algorithm in MATLAB to find solutions of (3.1) as 

                                         
In this case, it can be computed that

                                         

For we can check the condition (3.2) as

                                          

Hence, by Theorem 6, the system (2.1) is finite time stabilizable with respect to  with the feedback stabilizing control is given by 

                                          


Figure 1 demonstrate the time  of the system with initial condition 
[image: Graphical user interface

Description automatically generated]


Figure 1: Time history of  of the system 
4. Conclusions
In this paper, the finite-time stabilization problem for a class of FONNs with interval time-varying delay has been addressed. Based on a novel analytical approach, delay-dependent sufficient conditions for finite time stability are proposed. The conditions are presented in the form of a tractable LMI. Finite-time stability analysis of FONNs with unbounded time-varying delay may be interesting topics to study in the future, and an extension of this study to non-autonomous FONNs with delays is an open problem.
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TÓM TẮT
Ổn định hữu hạn của hệ neural cấp phân số có trễ biến thiên


Nguyen Truong Thanh1
1 Đại học Mỏ - Địa chất
    Trong bài báo này, bài toán ổn định hóa hữu hạn được nghiên cứu cho một lớp hệ neural cấp phân sốcó trễ. Một điều kiện đủ cho bài toán này được đưa ra dựa vào bất đẳng thức ma trân tuyến tính và biến đổi Laplace. Một ví dụ số và hình ảnh minh họa cho các kết quả chính của bài báo 
    Từ khóa: Đạo hàm cấp phân số; Hệ neural; ỔN định hữu hạn; Biến đỏi Laplace
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simulation


 


result are given to illustrate the effectiveness of the effectiveness of our result.
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1.


 


Introduction


 


 


    


Over the past decades, stability theory of 


fractional order systems


 


with delay has become one of the 


most fundamental issues in the qualitative theory of dynamical systems


 


[


Krol, 2011; Wang et.al


.


,2015; 


Cermak et.al,


 


2016


]. Recently, ther


e have been some advances in stability analysis of fractional 


differential equations with delay such as Lyapunov stability [


Liu et al.,2017


], finite


-


time stability 


[


Rakkiyappan et al.,2014


]. Some of them are related to the stability of the nonlinear 


fracti


onal order 


systems


 


using Lyapunov function method and linear matrix inequality (LMI) techniques. It is well known 


that the Lyapunov function method provides a very effective approach to solve the stability problem of 


nonlinear fractional differential equat


ions. Some different approaches, without using Lyapunov


–


Krasovskii function method to analyze stability for linear 


fractional order systems


, were proposed in [


Liu 


et.al.,


 


2012


] based on an extension of Mittag


-


Leffler matrix functions, or in [


Thanh 


et.al.,2022;


 


Niamsup 


et al.,2022


] based on 


Laplace trasform


.


 


The main difficulty in these investigations is either in constructing 


the time


-


varying Lyapunov


-


Krasovskii functional and calculating its fractional derivatives w.r.t. 


Lyapunov stability theorem 


or in estimating the delay solution by using Laplace trasform. Note that most 


of the mentioned papers deal with linear fractional order systems without delays. To the best knowledge 


of authors, the finite


-


time stabilization problem has not been investigate


d for FONNs with delays. This 


inspires us for the present study.


 


    


In this paper, we study finite


-


time stabilization problem for a class of FONNs subjected to time


-


varying 


delay. Based on Laplace trasform, we establish


 


new delay


-


dependent sufficient cond


itions for finite


-


time 


stabilization of such systems. 


 


2.


 


Preliminaries


 


 


Notations.


 


·


 


R


+


denotes the set of all real positive numbers


 


·


 


T


A


denotes the transpose of A


 


·
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is positive semi
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definite 


(0)
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³


if 
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0;
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denotes the set of all eigenvalues of A
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