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The paper is devoted to the substantiation and the software implementation of the block method for the solving
of the multidimensional-matriz problems. For this purpose, the notion of the cell is introduced as the ordered set
of the multidimensional matrices. The two-dimensional block matrices are considered along with the cells as the
multidimensional-matrixz block constructions. It is shown that the multidimensional-matriz problem formulated
in terms of the cells is transformed in the natural way to the block two-dimensional problem. As an application,
the problem of the estimation of the coefficients of the multidimensional-matriz polynomial regression function is
considered. This problem is reduced to the numerical solution of the system of the multidimensional-matriz linear
algebraic equations. The two methods to the solution of the system are developed: the block Gauss method and the

block method of the matriz inverse. Both of them are realized programmatically as standard functions.

INTRODUCTION

A Dblock matrix is the ordinary (two-
dimensional) matrix consisting of other ordinary
matrices which are called the elements of the block
matrix [1-5]. It is possible to perform the oper-
ations on block matrices similar to operations on
the ordinary matrices. This circumstance led to
the emergence of the block methods for solving the
matrix problems. It is supposed that the matrices
of the initial problem divide into the blocks, after
that, the block solution methods are used. At the
same time, such problems as choosing the number
and nature of the blocks and the developing of the
divide algorithm occur. In addition, the benefits of
the block methods compared with the usual meth-
ods are not determined explicitly. In connection
with these disadvantages, the block methods are not
widely used in practice. As a consequence, there are
no standard programs for the block matrix methods
in the programming systems.

The situation changes radically, if the prob-
lem is generated initially in block form, i.e. if it is
known that the matrices consist of the given blocks.
The block approach is becoming the unique right
approach in this case. It turned out, that the block
form problems are generated in framework of the
multidimensional-matrix approach. The purpose of
this report is the statement of the natural connection
between the multidimensional-matrix mathematical
approach and block methods on the instance of the
multidimensional-matrix regression analysis.

I. CELLS AND BLOCK MATRICES

Let Ay, Ay, ..., Ay, be q1,42, - .., G — dimen-
sionality matrices respectively [6,7]. Let us call
this ordered by one index i = 1,2, ..., m set as one-
dimensional cell, in accordance with the data type
"cell array" of the Matlab programming system [8].
It is possible to order the set of the multidimen-
sional matrices by the set of indexes. The set of

the multidimensional matrices ordered by p indices
il,i27...7ip is denoted A = {Ail,ig,...,ip};
1,2,...my, a = 1,2,...,p, and is called p — di-
mensional cell.

The multiplication of the cells is determined
by analogy with the multiplication of the multi-
dimensional matrices [6, 7]. If A = {A; 4,...4,} =
{A}s.c} is the p-dimensional cell, where | =
(l1,l2, 1), 8 = (51,52,...,80), ¢ = (€1,€2, ..., Cp)
are multi-indices, Kk + A\ + 4 = p, and B =
{Aj, jo.....js} = {Be,s,m} is the g-dimensional cell,
where m = (mq,ma,...,$,), A+ p+ v = ¢, then
the (k + A + v)-dimensional cell D = {D; .} is
called the (A, p)-rolled product of the cells A and
B, if its elements are defined by the expression
Dism =, Ao (Ass,cBe,s,m). We will denote
the (A, p)-rolled product of the cells A and B as
ML ABY:

o =

D=2 {AB} = > M (ApscBesm)} = {Disim}

We will consider the two-dimensional block
matrices along with the cells. We will call them
simply block matrices. It is advisable to transform
the solution of the multidimensional-matrix prob-
lems to the solution of the two-dimensional-matrix
problems due to the fact that the last problems are
well developed. Such a transformation is performed
on the base of the theorem on the associated matri-
ces [6, 7] by replacing the multidimensional matri-
ces with the associated with them two-dimensional
ones. The received two-dimensional-matrix solution
is then transformed back into the multidimensional-
matrix solution. The forming of the associated ma-
trices and the back transformation are performed on
the program level. So the multidimensional-matrix
problem formulated in terms of the cells creates the
two-dimensional block problem.

II. EQUATION FOR THE COEFFICIENTS OF THE
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MULTIDIMENSIONAL-MATRIX POLYNOMIAL
REGRESSION

It is assumed that the hypothetical regression
function y = ¢(x) is polynomial of the degree m [9,
11]:

m m
z) = Z 07kq(cp,kqu) = Z O’kq(xkckq,p%
k=0 k=0

where x is the ¢-dimensional matrix input vari-
able, y is the p-dimensional-matrix output variable,
xF =00 2F is the (0,0)-rolled k-th degree of the ma-
trix @, C(p rq) are the (p 4 kg)-dimensional matrices
of the coefficients,

prkq = (Cijk)vi = (ilv "'72.10)’316 = (jla “~ajk),
satisfied the conditionals
H B,
Clpkg) = C(kZJ;k)q e s Clrap) = C(pf/?,r;)q e

Hy kg kg and Bpypq kg are transpose substitutions
of the type "back" and "forward" respectively [6],
and OF(C, p2®) =0F1 (2%Cy,)) are (0,kq)-
rolled productions of the multidimensional matri-
ces. It is necessary to find the estimations C'(p 0)s

C(p Q) ,C(pﬁmq) of the unknown coefficients C(, o),

Cip.q)s-Clp,mq) on the base of the observations
(w1, yo,l)a (2, y0,2)7 ey (T, yo,n)-

The following system of the linear algebraic
equations for the coefficients C(o ), Cq.p)s-sClma.p)
is obtained in the work [10]:

Z O,kQ(le+kC(kq7p)) = szyo,l =0,1,....m (1)

k=0

where

(yo 1,/L) (ila-'-aip)'

;E Yo Z I,uyo,/u yo,,u.
Let us note that the analytical (formula) solution
to the system (1) is received for the constant, affine
and square regression functions only [10].

The coeflicients s+« of the system (1) form
the cell

A= {al,k},al,k :5x1+k,l,k:0,1,...,m (2)
which elements a;, = su+ are (lg + kq)-
dimensional matrices, the terms s,:, form the one-

wlyo
dimensionality cell

B = {bl} bl = Sgly, ,le,l,...,m, (3)
which elements b; = 5,1, are (lg + p)-dimensional

matrices, and the unknown variables C(,,,) form

the one-dimensionality cell
7 = {Zk}, ZE = C(k‘q,p), k‘ = (4)

which elements z;, = C(j4 ) are (kq+p)-dimensional
matrices.

The multidimensional-matrix system (1) can
be written in form of one equation in terms of cells

A, B, Z (2), (3), (4):

0,1,...,m,

“{AZ} =B, (5)

i.e. as (0,1) — rolled product of the cells, particu-
larly, 1 {AZ} =3, kom (ar,k2r). We will solve the
equation (5) and propose two algorithms for the
solution.

III. BLOCK ALGORITHMS

The first algorithm to the solution of the equa-
tion (5) consists of use the block (generalized, in
terminology of the work [1]) Gauss elimination al-
gorithm. The equations (5) is equivalent, in accor-
dance with the theorem on the associated matrices,
to the following system of the equations in terms of
associated two-dimensional matrices:

0,1

Z ((gzl+’°)(lq707kq) (é(kq,p))(quoyp))

k=0"

(841 yo)(lq 0,p)>

(6)
where [ = 0,1,...,m, (814%)(1q,0,kq) is the two-
dimensional matrix (lg, 0, kq)-associated with the
(lq + kq)-dimensional matrix s i+x, (é(kq,p))(kq,o,p)
is the two-dimensional matrix (kq, 0, p)-associated
with the (kg + p)-dimensional matrix C(zq ), and
(8414, )(19,0,p)) is the two-dimensional matrix (Ig,0, p)-
associated with the (lg+p)-dimensional matrix s,1,, .
The system of the equations (6) is represented by

one equation o ~
“1[AZ] = B (7)

with two-dimensional block matrix of the coefficients

A = [dl,k]a al,k = (gxl‘*'k)(lq,&kq)v la k= 0,1,...,m,

(8)

one-dimensional block matrix of the constant terms

( ZUo)(l% ,P) 1=0,1,...m, (9)

and one-dimensional block matrix of the unknown
variables Z = [Z],2r = (C(kqp Y(ka,00)) k=
0,1,...,m,. The product ®'[AZ] in (7) means the
block multlphcatlon of the matrices. The received
equation (7) is solved by Gauss elimination algo-
rithm [1].

The second algorithm to the solution of the
equation (7) uses the block inversion of the ma-
trix A. The block solution of the equation (7) is
Z =%' [A~'B], where A~! is the matrix block-
inverse to the matrix A.

The forming of the associate block matrices
and back transfer to the cells are performed in ac-
cordance with the definition of the associate matrix
[6, 7].

B=b]b =
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The block inversion algorithm is programmed
as the block variant of the ordinary matrix inversion
by the Gauss elimination [11]. The block multiplica-
tion follows the known rule [1]. All of the programs
have the algorithmic generality, i.e. they allow solv-
ing the arbitrary order systems of the equations.

IV. CONCLUSION

It is showed that the block methods receive
the new impulse for their application in the frame-
work of the multidimensional-matrix mathematical
approach. The problem of the numerical calculation
of the coefficients of the multidimensional-matrix
regression function is solved as the important appli-
cation. The block methods can be used in other ap-
plications, for instance, in the problem of calculation
of the coefficients of the orthonormal polynomials
of the vector variable [7, 12].
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