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Fractional calculus is a generalization of classical calculus, which provides an excellent tool to describe 

memory and hereditary properties of various materials and process. The field of the fractional differential 
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traditionally modelled by parabolic partial differential equations. Sometimes they can be better modelled by 
hyperbolic equations such as the telegraph equation, which have parabolic asymptotics. In particular
experimental data described in (Eckstein and  Ma, 2000
modelled by the telegraph equation than by the
for transmission and propagation of electrical signals and also used modeling reaction diffusion 
2005), (Yildirim, 2010). The different type solutions of the fractional telegraph equations have been discussed 
by Momani (Momani, 2005) by using decomposition method, Yildirim 
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A B S T R A C T 
The aim of this paper is to present an efficient numerical procedure for solving the 
Telegraph Equation of Space Fractional Order. We applied the operational matrix of 
fractional derivative for Legendre wavelets then this operational matrix has been 
employed to obtain the numerical solution of the above mentioned problem. The 
fractional derivatives are described based on the Caputo sense. Illustrative examples are 
 included to demonstrate the validity and applicability of the proposed technique. 

INTRODUCTION 

Fractional calculus is a generalization of classical calculus, which provides an excellent tool to describe 
memory and hereditary properties of various materials and process. The field of the fractional differential 
equations draws special interest of researchers in several areas including chemistry, physics, engineering, 

Podlubny, 1999). The analytical results on existence and uniqueness of solutions to 
fractional differential equations have been investigated by many authors (Bhrawy, 2014
differential equations do not have closed form solutions, thus approximation and numerical techniques must be 
used. Several techniques for numerical solution of fractional differential equations have been developed 

Bhrawy and Al-Shomranii, 2012(a)), (Tasbozan and Ucar, 2013
Uddin and  Haq, 2011), (Lin and Xu, 2007), (Debnath, 1997). 
by parabolic partial differential equations. Sometimes they can be better modelled by 

hyperbolic equations such as the telegraph equation, which have parabolic asymptotics. In particular
Eckstein and  Ma, 2000), (Orsingher and Beghin, 2004

modelled by the telegraph equation than by the heat equation. The telegraph equation is used in signal analysis 
transmission and propagation of electrical signals and also used modeling reaction diffusion 

The different type solutions of the fractional telegraph equations have been discussed 
by using decomposition method, Yildirim (Yildirim, 2010

 2008) by method of separable variables, Huang (Huang, 2009
Biazar and Eslami, 2010) by using differential transform method.
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Equation of Space Fractional Order by 

The aim of this paper is to present an efficient numerical procedure for solving the 
Telegraph Equation of Space Fractional Order. We applied the operational matrix of 

n this operational matrix has been 
employed to obtain the numerical solution of the above mentioned problem. The 
fractional derivatives are described based on the Caputo sense. Illustrative examples are
included to demonstrate the validity and applicability of the proposed technique. 

Fractional calculus is a generalization of classical calculus, which provides an excellent tool to describe 
memory and hereditary properties of various materials and process. The field of the fractional differential 

archers in several areas including chemistry, physics, engineering, 
. The analytical results on existence and uniqueness of solutions to 

, 2014). Most fractional 
differential equations do not have closed form solutions, thus approximation and numerical techniques must be 
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Tasbozan and Ucar, 2013) ,(Bhraw and  Al-

. Suspension flows are 
by parabolic partial differential equations. Sometimes they can be better modelled by 

hyperbolic equations such as the telegraph equation, which have parabolic asymptotics. In particular the 
Orsingher and Beghin, 2004) seem to be better 
The telegraph equation is used in signal analysis 

transmission and propagation of electrical signals and also used modeling reaction diffusion (Momani, 
The different type solutions of the fractional telegraph equations have been discussed 

Yildirim, 2010) by homotopy 
Huang, 2009) by Cauchy 

by using differential transform method. 
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In this paper, we present a direct computational technique for the space fractional telegraph equation of the 
form (Momani, 2005): ��α�(�,�)���α = a ��(�,�)�� + ���(�,�)��� + bu(x, t) + f(x, t);    t ≥ 0, 0 < � ≤ 1                                          (1) 

subject to the initial and boundary conditions as  following: 
 u(x, 0)  =  ϑ�(x),       0 < � < 1                                                                                             (2) u(0, t)   =  θ�(t),              t ≥ 0                                                   (3) u�(0, t) =  θ�(t),              t ≥ 0                                         (4) 
  
Where a and b are given constants, f(x, t) given function. Also 0 < � ≤ 1 and the space-fractional 

derivative is defined as the Caputo fractional derivatives. 
In the case of α = 1 the fractional equation reduces to the classical telegraph equation. 
The organization of the rest of this article is as follows. In section 2 we introduce some necessary 

definitions of the fractional calculus theory, in section 3 the shifted Legendre polynomials as well as its 
properties are introduced. While in section 4 we explain the basic formulation of Legendre Wavelets required 
for our subsequent development and in section 5 we illustrate how Legendre Wavelets with tau method may be 
used to replace problem (1)–(4) by an explicit system of linear algebraic equations. In section 6 we present some 
numerical examples to demonstrate the effectiveness of the proposed method, concluding remarks are given in 
the final section. 

 
2. Fractional derivative and Integration: 

In this section, we shall review the basic definitions and properties of fractional integral and derivatives, 
which are used further in this paper (Podlubny I., 1999). 

 
Definition(1): 

 The Riemann-Liouville fractional integral operator of order α > 0, is defined as 
 Iαf(x) = �

Γ(α) � (x − t)α �f(t)dt,    α > 0, � > 0.  �#                                                              (5) I#f(x) = f(x) 
 

Definition(2): 
The Riemann-Liouville fractional derivative operator of order α > 0, is defined as 

 D�αf(x) = �
Γ(% α) &'

&�' � (x − t)% α ��# f(t)dt,    α > 0, � > 0.#                                           (6) 

Where n is an integer and n − 1 < � < ). 
 
Definition(3): 

The Caputo fractional derivative operator of order α > 0,  is defined as 
 D�αf(x) = �

Γ(% α) � (x − t)% α � &'
&�'�# f(t)dt,   α > 0, � > 0*                                          (7) 

Where n is an integer and n − 1 < � ≤ ). 
 
Caputo fractional derivative has an useful property: 
 Iα D�αf(x) = f(x) − ∑ f (,)(0-% �,.# ) �/

,!*                                                                       (8) 

 
Where n is an integer and n − 1 < � ≤ ). 
Also, for the Caputo fractional derivative we have 
 

D* �αxβ = 10                     , β < � 
Γ(β-�)
Γ(β-� α) xβ α, β ≥ α 2                                                                                     (9)  

 
Recall that for α = 0,   the Caputo differential operator concides with the usual differential operator of an 

integer order. Similar to the integer-order differentiation, the Caputo fractional differentiation is a linear 
operator; i.e. 
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D* �α3λf(x) + μg(x)5 = λ D* �αf(x) + μ D* �αg(x)                                   (10) 
 

Where λ  and  µ  are constants. 

 
3. Shifted Legendre Polynomials: 

The well-known Legendre polynomials of the first kind L7(x) are defined on the interval (-1, 1) and can be 
determined with the aid of the following recurrence formulae (Saadatmandi and Dehghan, 2011) as 

 L8-�(z) = �8-�8-� zL8(z) − 88-� L8 �(z),      i = 1,2, …,   .                                                     (11) 

 
where L#(z) = 1 and L�(z) = z. We also define the so-called shifted Legendre polynomials on the interval (0,1) by using the change of variable z = 2x − 1. So Shifted Legendre polynomials L8(2x − 1) are denoted by P8(x).  Shifted Legendre polynomials of x can be determined with the aid of the formula: 
 P8-�(x) = (�8-�)(�� �)(8-�) P8(x) − 88-� P8 �(x),    i = 1,2, …   .                                              (12) 

 
where P#(x) = 1  and P�(x) = (2x − 1).   
 
The shifted Legendre polynomials denoted by P8(x) satisfying the orthogonality relation is 
 

� P8(x)P>(x) = ? ��8-�            , for  i = j,0               , for   i ≠ j.2�#                                                                             (13) 

 
The analytic form of the n-degree shifted Legendre polynomials given by 
 P8(x) = ∑ (−1)8-,8,.# (8-,)!(8 ,)!(,!)� x,,           i = 1,2, …   .                                                    (14) 

 
Note that P8(0) = (−1)8 and P8(1) = 1  for all integer i. 
 

Theorem (3.1) (Mohammadi and Hosseini, 2011): 
Let P7(x) be the shifted Legendre polynomials into (0, 1) and P7′ (x)  be derivative of P7(x) with respect to x. Then we have 
 P7′ (x) = 2 ∑ (2k + 1)7 �,.#,-7 E&& P,(x)                                                                                   (15) 

 
4. Legendre Wavelets: 

Wavelets are family of functions constructed from dilation and translation of a single function called the 
mother wavelet. When the dilation parameter a and the translation parameter b vary continuously we have the 
following family of continuous wavelets as (Gu and Jiang,  1996)  

 

ϕF,G(t) = |a| I�ϕ Jt − ba K      a, b ∈ ℝ    a ≠ 0 

 
If we restrict the parameters a and b to discrete values as a = a# ,,   b = nb#a# ,,      a# > 1,   b# > 0,  where n and k are positive integers, the family of discrete wavelets are defined as  

ϕ%,,(t) = |a#|/�ϕ3a#,t − nb#5       
 
Where ϕ%,, form a wavelet basis for L�(ℝ). In particular, when a# = 2  and b# = 1, then ϕ%,,(t) forms an 

orthonormal basis. 
Legendre wavelets  ϕ%,,(x) = ϕ(k, n, m, x) have four arguments : k can assume any positive integer, m is 

the order for Legendre polynomials and x is the normalized time. They are defined on the interval (0,1) by  
 

ϕ%,7(x) = ?2/PI� Q7-I�   RS3�/PI� (�%-�)5      '�/ T � U 'PI�/      0                                   otherwise 2                                                (16) 
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where m =  0,1,··· , M and n =  0,1,··· , 2, − 1.  The coefficient  Qm + I�    is for the orthonormality. 

A function f(x) defined over L�(0,1) can be expanded in the terms of Legendre wavelets as 
 f(x) = ∑ ∑ c]^ϕ]^(x),∞^.#∞].#                                                                                            (17) 

 

Where c]^ = Jf(x), ϕ]^(x)K, in which (. , . ) denotes the inner product. If the infinite series in (17) is 

truncated, then it can be written as 
 f(x) = ∑ ∑ c]^ϕ]^(x) = C`Φ(x),â.#�/ �].#                                                                      (18) 

 
Where C and ϕ(x) are 2,(M + 1) × 1 matrices given by 
 C = (c#,#, c#,�, … , c#,a, c�,#, c�,�, … c�a, … , c3�/ �5,#, c3�/ �5,�, … , c3�/ �5,a)`                                  (19) 

Φ(x) = (ϕ#,#,ϕ#,�, … , ϕ#,a, ϕ�,#, ϕ�,�, … ϕ�a, … , … ϕ3�/ �5,a, ϕ3�/ �5,�, … , ϕ3�/ �5,a)`             (20) 

 
Similarly, an arbitrary function of two variables u(x, t) ∈ L�(ℝ × ℝ) defined over c0,1) × c0,1), may be 

expanded into Legendre wavelets basis as, 
 u(x, t) = ∑ ∑ c8>ϕ8(x)ϕ>(t) = Φ`(x)CΦ(t),7d>.�%d8.�                                                          (21) 

 

Where C = (c8>) and u8> = eϕ8(x), Ju(x, t), ϕ>(t)Kf, and C is unknown (ng × md ) matrix, and                       

ng = md = 2,(M + 1). 
 

Lemma (4.1):  
By using shifted Legendre polynomial P8(x) any component Φ](x) of Eq. (20) can be written as:  

Φh(t) = ϕ7,%(t) = 2/PI�  Q7-I� P732,x − n5χ( '�/,'PI�/ )                                                    (22) 

Where  s = nM + (m + 1), m = 0,1, … M, n = 0,1, … , 32, − 15 and χi '�/,'PI�/ j  is the characteristic function 

defined as: 

χi '�/,'PI�/ j(x) = ?1, �k i '�/, 'PI�/ j0, lmℎopqrso2  
 
Now we present an useful theorem about operational matrix of derivative for Legendre wavelets. 
 

Theorem (4.1) (Mohammadi and Hosseini, 2011): 
Let Φ(x) be the Legendre wavelet vector defined in Eq. (20),  and    α > 0, (t − 1 < � ≤ t) then we 

have 
 DαΦ(t) = HαΦ(t)                                                                                                              (23) 
 
Where Hα is the 32,(M + 1)5 × 32,(M + 1)5 operational matrix of fractional derivative of order α, in the 

Caputo sense and its (s, q)-th component is 
 

cHαwh^ = 1 0,                                                                                         1 ≤ s ≤ xαy,
2/PI� QSPI� e∑ ∑ Gz{|z}~S|}~ J8>K(�I)SP| (SP|)! �/z '|�z(SP|)! (|!)� f , xαy + 1 ≤ s ≤ 2,(M + 1)2            (24) 

 
In which b>^ are the qth coefficients of the Legendre wavelet expansion of the functions 
 f>(x)x>χi '�/,'PI�/ j,   j = 0, … , i .                
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Proof: 
By using Eq. (14) and Lemma (4.1) we have 
 

Φh(x) = 2/PI�  Q7-I�  ∑ (−1)8-7 78.# (8-7)! 3�/� %5|
(8-7)!(8!)� χ( '�/,'PI�/ )                                           (25) 

 

this function is zero outside the interval χi '�/,'PI�/ j. So by using Newton expansion for 32,x − n58
 into Eq. 

(25) we have  
 

Φh(x) = 2/PI�  Q7-I�  ∑ ∑ JijK (−1)7-8 (8-7)! �/z%|�z(8-7)!(8!)�8>.# x>78.# χ( '�/,'PI�/ )                                          (26) 

 
Let Hα be a fractional order derivative, so applying Hα for both sides of Eq. (26) we have: 
 HαΦh(t) = 2/PI�  Q7-I�  ∑ ∑ JijK (−1)7-8 (8-7)! �/z %|�z(8-7)! (8!)�8>.# Hα(x>78.# χ( '�/,'PI�/ ))                            (27) 

This equation can be rewritten as 
 HαΦh(t) = 2/PI�  Q7-I� ∑ ∑ JijK (−1)7-8  (8-7)! �/z%|�z(8-7)! (8!)�8>.# f>(x)78.#                                             (28) 

 
Where f>(x) = x8χ( '�/,'PI�/ ), j = 0, … , i and can be derived as follows: 

 

f>(x) = Hα J= x8χi '�/,'PI�/ jK = �
Γ(% α) � � �'��z����(� �)αPI��� dt χi '�/ ,�j  + �

Γ(% α) � � �'��z���'(� �)αPI����'�/ dt χi '�/,'PI�/ j
'PI�/'�/ , j = 0, … , i      (29)  

Here, by knowing that f>(x) is zero outside the interval i %�/ , %-��/ j it is consequence that Legendre wavelets 

expansions of this function have only components of basis Legendre wavelets Φh(x)that are non-zero in this 
interval that yields: 

 f>(x) = ∑ b>^Φ^(t),    j = 0, … , i�/(a-�)^.�                                                                            (30) 
 

Where  b>^ = �f>(x),Φ^(x)�. 
Substituting Eq.(30) into Eq.(28) and by changing the order of series we have, 
 

HαΦh(x) = 2/PI�  QSPI�  ∑ eJ∑ ∑ b>^8>.#78.# JijK ( �)SP|(7-8)!�/z%|�z(7-8)!(8!)� KfΦ^(x)�/(a-�)^.�                         (31) 

This leads to the desired results. 
It is useful to note that the functions  f>(x),   j = 0, … , i  defined in Eq.(28) can be calculated easily and their 

Legendre wavelet coefficients derived straightforwardly. 
 

Theorem (4.2) (Mohammadi and Hosseini, 2011): 
Let Φ(x) be the Legendre wavelets vector defined in Eq. (20). The derivative of this vector can be 

expressed by 
 &Φ(�) &� = DΦ(x)                                                                                                                       (32) 

 
Where D is the 2,(M + 1) operational matrix of derivative defined as follow 

D =
�
��

G 0 0 … 00 G 0 … 0
⋮0 ⋮0

G⋮0 G0 ⋮G �
��  
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In which G is (M + 1) × (M + 1) matrix and its (r, s)-th element is defined as follow 
 G�,h = �2,-�m√(�� �)(�h �) 0    otherwise 2   r = 2, … , (M + 1), s = 1, … , r − 1 and (r + s)odd  

 
Corollary(4.1)(Mohammadi and Hosseini, 2011):  

 By using Eq. (32) the operational matrix for nth derivative can be derived as 
 &'Φ(�) &�' = D%Φ(x)  

 
Where D% is the n�� power of matrix D. 
 

 Implementation Of The Method: 
Now to solve problem (1)–(4), we approximate f(x, t) by shifted Legendre wavelet and series as: 
 f(x, t) = Φ`(x)FΦ(t),                                                                                                           (33) 
 
Where F is Known (ng × md ) matrix and is obtained similarly to Eq. (21). 
Now we approximate u(x, t) by shifted Legendre wavelet and shifted as: 

 u7,%(x, t) = Φ`(x)AΦ(t),                                                                                                   (34) 
 
Where A = (a8>)%d×7d  is an unknown matrix which should be found and Φ(x) be the vector that defined in 

Eq. (20) and Using Eq. (23) and Eq. (34) we have  
 

��α
���α u7,%(x, t) = e &�α

&��αΦ`(x)f AΦ(t) ≃ Φ`(x)(H�α)`AΦ(t),                                   (35) 

 
Where H�α  is defined similarly to Eq. (24) 
 ��� u7,%(x, t) = Φ`(x)A J &&�Φ(t)K ≃ Φ`(x)AD�Φ(t),                                                   (36) 

��
��� u7,%(x, t) = Φ`(x)A e &�

&��Φ(t)f ≃ Φ`(x)AD�Φ(t),                                               (37) 

 
Employing Eqs. (33)- (37) the residual R7,%(x, t) for Eq. (1) can be written as R7,%(x, t) =  

Φ`(x)(H�α)`AΦ(t) − aΦ`(x)AD�Φ(t) − Φ`(x)AD�Φ(t) − bΦ`(x)AΦ(t) − Φ`(x)FΦ(t) = Φ`(t)EΦ(x)  (38) 
 
Where  E = (H�α)`A − aAD� − AD� − bA − F, 
As in a typical Tau method (Canuto and Hussainii, 1988) we generate (ng − 1)  × (md − 2) linear algebraic 

equations using the following algebraic equations 
 E8> = 0,      i = 0,1, … , ng − 1, j = 0,1, … , md − 2                                                            (39) 
 
Substituting Eq. (34) in Eq. (2) gets 
 

Φ`(x)AΦ(0) = ϑ�(x),                                                                                                         (40) 
 
Eq. (40) collocated at (ng − 1)  points. For suitable points we use the shifted Legendre roots x8, i =1,2, … , ng − 1 of P%d �(x). 
Also, substituting Eq. (34) into (3)-(4) we obtain: 
 

Φ`(0)AΦ(t) = θ�(t),                                                                                                           (41) 
Φ`(1)(H�)`AΦ(t) = θ�(t),                                                                                               (42) 

 
respectively. Esq. (41)-(42) are collocated at (md ) points. For suitable points we use the shifted Legendre 

roots t8, j =  1,2, . . . , md   of P7d (t). 
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The number of unknown coefficients a8> is equal to  (2,(M + 1))  ×  (2,(M + 1)) can be obtained from 
Eqs. (39)–(42). So u%,7(x, t) given in Eq. (34) can be calculated. 

 
6. Numerical examples: 

In this section, we present two numerical examples to demonstrate the accuracy and  applicability of the 
proposed method. 

 
Example 1: 

Consider the following homogeneous telegraph equation of space-fractional order, 
 ��α����α = ������ + ���� + u,      t ≥ 0,   0 < � ≤ 1.  
 
subject to the initial and boundary conditions: 
 u(0, t) = e �,   t ≥ 0  ��(#,�)�� = e �,   t ≥ 0  u(x, 0) = e�, 0 < � < 1.   
 where  0 < � ≤ 1, and a = b = 1. The exact solution to this problem is (Kumar, 2013)   
 u(x, t) = e� �.  
 
Figure.1 represent a comparison between the exact and numerical solution given by the proposed method 

for md = 8 (k = 1, M = 3). Comparison of exact when (α = 1) and approximate solutions for some different 
values of α and (x, t), with md = 6 are shown in Table 1. 

Also Table 2 represent the absolute error of the numerical results of Example 1 using our  method with md = 10(k = 1, M = 4) for different values of (x, t) and compares the errors that we have been obtained with 
result given in (Hariharan and  Mahalakshmi, 2012). 

 

 
 
 
 

Fig. 1: Result of Example 1: (a) Exact solution, (b) Numerical solution  
  
  

 
Table 1: Comparison between the exact and numerical solutions for some different values of α and some points (x,t) for Example 1. 

x = t � =  . ¡¢ � =  . £¢ � =  . ¤ ¥¦§¨© ª«¬©®«¯ 

0.1 1.00445758817531 1.00445758817531 1.00535470014585 1.00000000000000 
0.3 1.00534679016524 1.00547865001454 1.01258700145632 1.00000000000000 
0.5 1.00536486715021 1.00654782541211 1.01114785014521 1.00000000000000 
0.7 1.00534217896013 1.00587415920012 1.01009654702134 1.00000000000000 
0.9 1.00314789546124 1.00415870012459 1.00657901458621 1.00000000000000 
1.0 0.99887546545241 0.99887546545239 0.99887546545244 1.00000000000000 
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Table 2: The absolute error for different values of (x, t) for Example 1. 

               t=0.1                            t=0.3                          t=0.5  

x Present 
method 

Method 
(Hariharan and  
Mahalakshmi, 
2012) 

Present method Method 
(Hariharan and  
Mahalakshmi, 
2012) 

Present method Method 
(Hariharan and  
Mahalakshmi, 
2012) 

1.0 2.541E-10 3.201E-10 1.432E-07 3.121E-07 2.108E-04 1.907E-03 
2.0 4.701E-10 4.809E-10 4.157E-07 4.209E-07 2.547E-05 9.218E-05 

3.0 4.774E-10 4.982E-10 8.308E-09 8.382E-09 5.648E-06 3.214E-06 

4.0 1.982E-10 2.774E-10 5.851E-10 9.234E-10 6.810E-08 1.263E-07 
5.0 1.004E-10 1.292E-10 2.346E-11 4.282E-11 3.681E-08 4.382E-08 

6.0 2.308E-10 2.398E-10 2.212E-12 2.398E-12 3.945E-08 5.127E-08 

7.0 3.603E-10 4.825E-10 3.612E-12 6.475E-12 2.382E-09 5.524E-09 
8.0 4.254E-10 6.281E-10 1.680E-12 3.455E-12 8.954E-10 3.342E-09 

9.0 1.268E-10 2.362E-10 2.115E-11 2.362E-10 4.363E-10 2.362E-10 

10.0 5.408E-10 8.745E-10 6.672E-11 8.745E-10 1.546E-10 3.342E-10 

 
 
Example 2: 

Consider the following non-homogeneous telegraph equation of space fractional order, �α���α = ������ + ���� − x� − t + 1,   t ≥ 0,   0 < � ≤ 2.  
subject to the initial and boundary conditions: 
 u(0, t) = t,   t ≥ 0  ��(#,�)�� = 0,   t ≥ 0  u(x, 0) = x�, 0 < � < 1.   
 
The exact solution to this problem is (Hariharan and  Mahalakshmi, 2012)   u(x, t) = x� + t. 
Following Figure.2 represent a comparison between the exact and numerical solution given by the proposed 

method for md = 8(k = 1, M = 3). 
Table 3 represent the comparison between the exact solution and numerical results for Example 2 using our 

method with md = 12(k = 1, M = 5) and for different values of (x, t) with α = 2, α = 1.8 . 
 

 
 

Fig. 2: Result of Example 2: (a) Numerical solution, (b) Exact solution 
 
 

 
Table 3: Comparison between the exact and numerical solutions for some different values of α and some points (x,t) for Example 2. 

 x    t � = ± � = ². ³ Exact solution 

0.5 0.5 0.7500000 0.83754216 0.75 
0.5 1.0 1.2500000 1.32876645 1.25 
1.0 0.5 1.4989988 1.59487123 1.5 
1.0 1.0 1.9999888 2.18456276 2.0 
1.5 0.5 2.7488999 2.88423517 2.75 
1.5 1.0 3.2488999 3.48201476 3.25 
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Conclusion: 
In this paper, we develop and analyze the efficient numerical algorithm for the Telegraph Equation of Space 

Fractional Order based on Legendre Wavelets Spectral tau Algorithm, the Legendre Wavelets are used to reduce 
the problem to the solution of a system of linear algebraic equations. From the computational point of view, the 
solution obtained by this method is in excellent agreement with the exact one. 
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