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Abstract: - In this work, the multi-step differential transformation method (MSDTM) is applied to approximate a 

solution of the hyperchaotic Rossler system. MSDTM is adapted from the differential transformation method 

(DTM). In this method, DTM is implemented in each subinterval. Results are compared with a fourth-order Runge 

Kutta method and a standard DTM. The results show that the MSDTM is an efficient and powerful technique for 

solving hyperchaotic Rossler systems and this method is more accurate than DTM. 
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1. Introduction 

The behavior of dynamical systems such as circuits, 

mechanical devices, population growth, fluid 

dynamics, and weather are studied in a field of 

mathematics known as chaos theory. A chaotic 

system shows sensitivity to any tiny change in the 

initial conditions, so it has unpredictable behavior. In 

other words, it is impossible to predict the future 

behavior of a chaos system unless the initial 

conditions are entirely known and accurate. The first 

chaotic system, known as the Lorenz system, was 

discovered in 1963 by Lorenz for solving equations 

describing atmospheric flows [1]. Inspiring from 

Lorenz, Otto Rossler proposed a chaos system, 

known as Rossler system or Rossler attractor, 

resulted from studying a chemical reaction system[2]. 

This system contains three prototype first-order 

diferential equations with three dynamical variables 

in defining the phase space and three parameters. 

This system has been thoroughly studied by many 

researchers; (see [3, 4, 5] for more details). 

Continuing his work, In 1979 Rossler proposed 

another dynamical system which was made of four 

first order differential equations as following (see 

[6]). 

Hyperchaotic Rossler system is the first four 

dimensional hyperchaotic system. This system 

contains four prototype ordinary differential 

equations as the following 

 

 

Where x, y, z, and w are state variables and a, b, c, 

and d are positive parameters. It is well-known that 

this system exhibits hyperbolic behaviour when a = 

0:25, b = 3, c = �0:5, and d = 0:05. Here, with 

respect to these values of constants a, b, c, and d, 

Rossler system is studied by differential 

transformation method and multi-step differential 

transformation method in order to find its 

approximate solutions. see [7, 8, 9] for more details. 

This paper is organized as follows: Section 2 presents 

some basic concepts of differential transformation 

method, facilitating the understanding of the ideas 

presented in this work. The multi-step differential 

transformation method and some important details 

pertaining to MSDTM will be addressed in section 3. 

Section 4 is devoted to showing the efficiency and 

the accuracy of the proposed method by applying 

MSDTM, R.K. and traditional DTM on the Rossler 

system and the results are presented in some tables. 

So, the results can be compared. Some conclusions 

are drawn in section 5. 

 

2. Differential transformation method the basic idea 

of differential transform method (DTM) is addressed 

in many papers such as [2, 7]. So, knowing the 

important properties of this method which are 

implemented to achieve our goals are outlined in this 

section. Let 

 

where y(x) is the solution of differential equation and 

Y(k) is the differential transformed of y(k). 

Differentian inverse transformation of Y(k) is defined 

as follows 

 

Therefore, by combining (2) and (3), the following 

equation will be obtained. 
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In fact, the concept of differential transformation is 

gaind from the Tylor series expansion. In order to 

understand how this method is implemented in 

Rossler system, it’s enough to know some essential 

properties of DTM [9]. 

 

3. Multistep Differential Transform Method 

According to the knowledge one learns from section 

2, DTM determines a series solution,by a recurrence 

relationship, over the whole domain. This 

approximate solution is valid in the neightborhood of 

a fixed point t0. Therefore, the series solution always 

converges in a small region and this is a drawback of 

DTM. In order to enhance the efficiency of DTM,the 

idea of MSDTM is introduced. see [7] for more 

details and examples. Consider the following system 

of differential equations 

 

subject to the following initial conditions 

 

Where D is the first order differentiation operator. 

Let [0;T] be the whole interval in which the solution 

of considered initial value problem (5)-(6) is going to 

be find. In the multi-step differential transform 

method (DTM), the initial interval [0;T] is divided 

into M subintervals [tm�1; tm] , of equal step size h= 

T M , by using the nodes tm =mh, m = 1;2; _ _ _ ;M. 

After that, the DTM will be applied in each 

subinterval. 

For example, in the first step, the DTM is applied to 

the initial value problem (5)-(6) over the first 

subinterval [0; t1]. Then, using the initial condition 

yi(0) = Li, for i = 1;2; _ _ _ ;n, the approximate 

solution yi�1(t), t 2 [0; t1] will be found. For m_2 

and at each subinterval [tm�1; tm]; initial condition 

yi;m(tm�1) = yi;m�1(tm�1) will be used. This 

process is repeated and it will generate a sequence of 

approximate solutions yi;m(t); m = 1;2; _ _ _ ;M, for 

i = 1;2; _ _ _ ;n. So, the MSDTM finds the solution 

as follows 

 

4. Application 

Applying the differential transformation method to 

the hyperchaotic Rossler system (1) gives 

 

where X(k), Y(k), Z(k), and W(k) are the differential 

transformations of the corresponding functions x(t), 

y(t), z(t), and w(t), respectively. The initial conditions 

are given by 

 

Applying the pertinent inverse differential 

transformation procedure, the solutions will be as 

follows. 
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Implementation MSDTM results in a polynomial 

approximation for each state variables, in different 

subintervals. 

 

Table 1: Table 1. Differences between 10-term DTM 

and RK4 solutions 

 

Table 2: Table 2. Differences between 10-term 

MSDTM and RK4 solutions 

 

 

5. Conclutions 

In this paper, both differential transformation method 

(DTM) and multi-step differential transformation 

method (MSDTM) have been succesfully applied to 

compute an approximated solution of hyperchaotic 

Rossler system. In spite of requiring more 

computations in MSDTM, because DTM is applied 

on a thousand subintervals,but more accurate results 

are obtained. These results also show that the 

approximate solutions obtained by MSDTM are valid 

for a long time interval, while DTM fails to achieve 

this accuracy. 
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