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Abstract. The distinctive paper is devoted to wavelet-based multilevel method of local 

numerical solution of boundary problems of elasticity three-dimensional theory. As it is 

known, effective qualitative multilevel analysis of local and structure global stress-strain states 

is normally required in various technical applications. Operational and variational formulations 

of the problem (particularly with the use of wavelet (Haar) basis) are presented. Computer-

oriented algorithms of fast direct and inverse discrete Haar transforms are described. Due to 

special algorithms of averaging within corresponding multigrain approach, problem reduction 

is provided. 

1. Basic formulas of fast direct and inverse discrete Haar transforms and averaging 

1.1. Algorithms of fast direct and inverse discrete Haar transforms 

Let us consider the three-dimensional rectangular domain  

   } 0,0   ,0   :),,( { 332211321 lxlxlxxxx          (1) 

where 321  , , xxx  are coordinates; 321  , , lll  are dimensions along 321  , , xxx . Let us divide   into 

)1( n  equal parts along 
1x , into )1( n  equal parts along 

2x  and into )1( n  equal parts along 
3x , 

where Mn 2 , M  is the number of levels in the Haar basis [1-12]. We have the following formulas 

for coordinates of mesh nodes: 

nihix i  ..., 2, ,1  ,)1( 111,1  ;   nihix i  ..., 2, ,1  ,)1( 222,2  ;   nihix i  ..., 2, ,1  ,)1( 333,3  ,     (2) 

)1/(11  nlh ;   )1/(22  nlh ;   )1/(33  nlh .      (3) 
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Haar mesh functions Mpiiip

jjjsss
 ..., ,1  ),,,( 321,,,,, 321321

 , 1 ,0 , ,  , ..., ,1 , , 321321  sssNjjj p  

(except 0 321  sss ) can be defined by formulas: 
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p  1   ,22        (7) 

Let ),,( 321 iiif  be an arbitrary mesh function. Consequently we have 
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where MpNjjjsssv p
p

jjjsss  ..., 2, ,1   , ..., 2, ,1,,   ,1 ,0,,   , 321321,,,,, 321321
  are Haar expansion 

coefficients, 
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Algorithm of fast direct discrete Haar transform is described below. 

njnjnjjjjfu jjj  ..., 2, ,1  , ..., 2, ,1  , ..., 2, ,1  ),,,( 321321
0

,, 321
 .     (10) 

We have (for all Mp  ..., ,1 , pNjjj  ..., ,1 , , 321  , 1 ,0 , , 321 sss  (except 0 321  sss )): 

321 )1(   ,)1(   ,)1( 321
sss

zzz  ;   pp   221 ;      (11) 
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where MpNjjju p
p

jjj
 ..., 2, ,1  , ..., 2, ,1 , ,  , 321,, 321

  are auxiliary quantities.  

Algorithm of fast inverse Haar transform is described below. 
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1.2. Algorithm of averaging. 
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Final formulas of averaging have the form: 
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 (44) 

8

2
1,0,00,1,00,0,1   ;   

16

2
1,1,01,0,10,1,1   ;   

32

2
1,1,1  .              (45) 

2. Multilevel wavelet-based numerical method of boundary problems local solution of elasticity 

three-dimensional theory  

2.1. Formulation of the problem 

Effective qualitative multilevel analysis of local and structure global stress-strain states is normally 

required in various technical problems. As it is known, defects and failures are mostly local in nature. 

However total load-carrying ability of the structure, associated with the condition of limit equilibrium, 

is determined by the global behavior of the considering project. Therefore corresponding multilevel 

approach is peculiarly relevant and apparently preferable in all aspects for qualitative and quantitative 

analysis of calculation data.  

Wavelet analysis provides effective and popular tool for such researches. After expansion of the 

solution with the use of local wavelet basis corresponding components are considered at each level of 

the basis.In accordance with the method of extended domain [13], the domain  , occupied by 

considering structure, is embroidered by extended one   of arbitrary shape, particularly elementary. 

Operational formulation of the problem in domain   normally has the form 

FLu  ,                                    (46) 
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where L  is the operator of boundary problem, which takes into account the boundary conditions; u is 

the unknown function; F  is the given right-side function. 

Directly from operational formulation we have variational formulation of the problem: 

),(),(5.0)( uFuLuu  ,      (47) 

Solution of (47) is the critical point of (41). ),( gf denotes dot product of functions f  and g . 

Discrete formulation of the problem has the form: 

fuA  ,        (48) 

where
glnjijiaA  ..., 2, ,1 ,, }{   is the difference approximation of operator L ; 

T
ngl

uuuu ]    ...       [ 21  is 

the unknown mesh function; 
T

ngl
ffff ]    ...       [ 21  is the given right-side mesh function; gln  is 

dimension of problem. Various methods can be used to form the matrix of the discrete operator. We 

recommend method of basis (local) variations [14]. Its major peculiarities include universality and 

computer orientation. We can use the following formulas for linear problems: 

)]0()()()( )()()()(
, ФeФeФeeФa jiji
ji  ; )]()([5.0 )()( ii

i eФeФf  ,      (49) 

glji
i
jgl

Ti

n

iii njenieeee
gl

 ... 2, ,1   ,   ; ..., 2, ,1   ,]    ...       [ ,
)()()(

2
)(

1
)(   ;     (50) 

gl
i nie  ..., 2, ,1  ,)(  are basis mesh vectors; 0  is the null function; ji,  is the Kronecker delta. 

2.2. Haar-based formulation of the problem 

Let us consider Haar-based formulation of the problem:  

),(),(5.0),(),(5.0),(),(5.0)( ** vfQvvLQQvQfvQvLQufuuAu  ,    (51) 

where Q  is transition matrix consisting from Haar basis vectors, located in rows. Thus, 

),(),(5.0)(
~ ** vfQvvLQQv  ,                                              (52) 

where v  is vector of Haar expansion coefficients of the vector u  [15]. Corresponding operational 

formulation of the problem has the form 

fvL
~~

 ,   LQQL *~
 ;   fQf *~

 .       (53) 

Further reduction of the problem is based on the averaging algorithm specified above. 

References 

[1] Arbabi S, Nazari A and Darvishi M T 2017 Appl. Math. Comp.292 33–46 

[2] Aziz I and Amin R 2016 Appl. Math. Model.  40 23–24 

[3] Aziz I, Siraj-ul-Islam and Asif M 2017 Comp. Math. Appl. 73 9 2023–034 

[4] Babaaghaie A and Maleknejad K 2017 J. Comp. Appl. Math. 317 643–51 

[5] Dai Q, Cao Q and Chen Y 2018 Appl. Math. Model. 57 603–13 

[6] Ezzati R and Sadatrasoul S M 2017 Fuzzy Sets and Systems 309 145–64 

[7] Hsia C-H 2015 Appl. Math. Comp. 265 928–35 

[8] Kaur H, Mittal R C and Mishra V 2014 Appl. Math. Model. 38 21–22 

[9] Prakash B, Setia A and Alapatt D 2017 J. Comp. Sci. 22 109–18 

[10] Shiralashetti S C, Deshi A B and Mutalik Desai P B 2016 Ain Shams Eng. J. 7 2  663–70 

[11] Wang L, Ma Y and Meng Z 2014 Appl. Math. Comp.227 66–76 

[12] Xie X, Jin G, Yan Y, Shi S X and Liu Z 2014 Composite Structures 109 169–77 

[13] Akimov P A and Mozgaleva M L 2014 Appl. Mech. Mater. 580-583 2898–902 

[14] Mozgaleva M L, Akimov P A, Mskhalaya Z I and Kharitonov V A 2016 Proc. Eng. 153 501–08 

[15] Mozgaleva M  L and Akimov P A 2015 Proc. Eng. 111 569–74 


