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Abstract- This paper aims to apply a new modification of the Bernstein polynomials method called Multistage Bernstein 
polynomials method (MB-polynomials) to solve stiff systems of ordinary differential equations. The MB-polynomials is a 
simple reliable modification based on the adaptation of the standard Bernstein polynomials method. The results of the MB-
polynomials are compared with traditional Bernstein polynomials method and several other methods that solve stiff system 
of ordinary differential equations. The results revealed the accuracy of the proposed method. 
 
 
I. INTRODUCTION 
 
Stiff problems have been studied in many areas of 
chemical engineering, non linear mechanics, 
biochemistry and life sciences. Since 30 years ago, 
there have been many respected work focusing on the 
development of more advanced and efficient methods 
to solve stiff problems. BDF is formula that has been 
based on backward differentiation, and many 
modifications have been introduced by different 
authors to extend backward differentiation. The first 
modification of the formula is (EBDF) formula 
introduces by [6]. A-EBDF is also a modification of 
(BDF) and was applied to also solve stiff system of 
ordinary differential equations [9]. Homotopy 
perturbation methods (HPM) are well addressed in 
[8] are used for solving functional equations. 
Modification of the Homotopy perturbation methods 
which is called Rational Homotopy perturbation 
method (RHPM) is used likewise to obtain an 
analytic approximation of stiff system of ordinary 
differential equations [5]. However one of the most 
important analytic method for solving linear and 
nonlinear equations is Bernstein polynomials (B-
polynomials) which is well addressed in [4, 1, 11, 3, 
10, 2]. 
This paper presents a new modification of Bernstein 
polynomials which is called multistage Bernstein 
polynomials MB-polynomials, and it will overcome 
the error found in the results of stiff system which can 
be solved by the standard Bernstein polynomials 
method. The solution achieved by MB-polynomials is 
valid in larger x values than the standard B-
polynomials. The results of MB-polynomials are 
compared with B-polynomials, BDF, EBDF methods, 
and A-EBDF, to illustrate that MB-polynomials are 
able to obtains more accurate results. This research 
paper is organized as follows: In Section 2, some 
basic definitions of the stiff system of ordinary 
differential equations are presented. Section 3 is 
devoted to describe the standard B-polynomials and 
the MB-polynomials. Section 4 illustrates that 

numerical comparisons with several other methods 
prove that the MB-polynomials method is a simple, 
yet powerful that provides method to give the 
approximate solutions for stiff system of ordinary 
differential equations. The final section presents the 
conclusions and recommendations for future work 
and the paper is deduced in Section 5 with a 
presentation of various deductions and 
recommendations for future work. 
 
II. STIFF SYSTEM OF ORDINARY 
DIFFERENTIAL EQUATIONS 
 
Consider a stiff system of ODEs: 

 (1) 
subject to the initial conditions 

 (2) 
where αj are constants, (j = 1, 2, . . . n). 
First, the system is written (1) in the form of 

 (3) 
subject to the initial conditions (2). Presented below 
are the approaches to find the solution for (1) 
based on the standard B-polynomials and MB-
polynomials respectively. 
 
3 Solution by Bernstein polynomials (B-polynomials) 
The Bernstein polynomials of degree m are defined 
by  

 
where the binomial coefficient is 
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There are m+1 nth-degree Bernstein polynomials. For 
mathematical convenience, the equation Bi;m = 
0, if i < 0 or i > m is often used. 

In general, any function yj(x) with the first (m + 1) 
Bernstein polynomials is approximated as 

 (4) 
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III. SOLUTİON BY MULTİSTAGE BERNSTEİN 
POLYNOMİALS (MB-POLYNOMİALS) 
 
The approximate solution (10) is generally, as will be 
shown later, not valid for large x. For this reason, this 
method (MB-polynomials) is presented below, which 
is a simple way of ensuring validity of the 
approximation for large x to treat (10) as an algorithm 
for approximating the solutions of (1) in a sequence 
of intervals. 
The initial approximation is chosen as 

 
where x∗ is the left end point of each interval. Now, 
the unknowns yj;k(x), (j = 1, 2, . . . , n, k = 0, 1, . . .), 
are solved by applying the collocation method in (9). 
In order to carry out the iteration in every 
subinterval of equal length ∆x, [0, x1), [x1, x2), [x2, 
x3) . . . [xk−1, x), it is necessary to know the values 
of the following: 
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IV. NUMERİCAL EXPERİMENTS 
 

To illustrate the effectiveness of the presented 
method, the following examples of stiff systems of 
ODEs have been provided. 

 
Table 1: Absolute error on [0, 5] with m = 14 for Example 1. 

 
 
 
 
 

 
Table 2: Absolute error on [0, 20] with m = 14 for Example 2. 
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CONCLUSİONS 
 
In this paper, the MB-polynomials method is 
considered a simple modification of the standard B- 
polynomials. MB-polynomials method was applied to 
solve stiff system of ODEs. Comparison between 
MB-polynomials and other methods such as B-
polynomials, BDF, EBDF, and A-EBDF indicates 
that MB-polynomials can solve stiff problems more 
accurately with less iterations. MB-polynomials 
method gave more accuracy for large x than the 
standard B-polynomials. 
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