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Abstract – Imitation models of algorithms of identification of technical objects possess a high level of formalization and consequently are a universal mathematical apparatus that allows developing software for automated systems of control and diagnosis of aerospace objects. The structure of computer programs almost completely coincides with the structure of imitation models of algorithms for processing of flight information. It allows to offer new principles and methods for development of software for such automated systems. Programs are formed in a symbolical space of conditional addresses of allocation of results of measurements of flight information. The architecture of computer programs is coordinated with the structure of algorithms and can be flexibly adjusted depending on the character of the problem being solved. These principles have been used for development of programs realizing parallel modes for processing of flight information.
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I. Introduction
In the paper, the principles of programming of applied solutions for realization of automated computer systems for control and diagnosis of systems of aerospace objects are considered. In these systems, difficulties resulting from low information content of flight signals are characteristic, and, because of that, traditional computing algorithms are not capable to yield reliable estimates of dynamic characteristics of these objects. Due to restrictions on flight parameters and flight safety considerations, transients in the evolutions of aircraft and in flight control systems are considered undesirable [13], [14] and are smoothed by special damping systems. Therefore, recorded flight signals do not contain reliable data on derivatives above the first or second order, which are necessary for performing reliable system identification. In this case, the main stage of the computing algorithm – solving the system of difference equations and its decoding cannot be performed with the necessary accuracy. In the currently used algorithms that are based on recurrent computing procedures, sudden unpredictable surges of errors can occur, leading to non-reliable results. Their use in aerospace objects is connected to significant risks. The problem of identification remains important. It is necessary to search for its solution by mathematical studies of computing algorithms [9], [11]. In [10], some encouraging results in this area have been developed. However, their realization needs corresponding software generated on new principles, which, first of all, would be suitable for processing large amounts of information with high performance. This problem cannot be solved by improving hardware as such opportunities are practically already exhausted. However, there remain good prospects for its solution using software methods.
II. Programming Computing Algorithms on the Basis of Their Imitation Models
The specified problem is offered to be solved in close connection with computing algorithms. For this purpose, it is expedient to use imitation models of algorithms. Their symbolical form is directly connected to local addresses of allocation of information in operative memory of the algorithm. And, since recurrent calculations are not used, this connection has an obvious character, facilitating the process of formation of software.
The mathematical basis for variants of such new algorithms constitutes a method for solving a system of difference equations. For sampling the results of measurements of signals from the common array of records, re-addressing and its allocation in registers of operative memory of the computer, the graph address positional model formed on residue-difference principle on the basis of ordered numerical sequences that allows to realize combinatorial sets of elements of 
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 is used. Components of such sequences are generated from elements of an interval of natural series using a rule, which is programmed by a special program module and is easily programmed according to the parameters: the dimensions of the numerical interval and the parameter of the combinative operator 
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. The residue-difference principle is realized on the basis of Laplace theorem, with the help of which the fragments from 
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 coordinates, which are processed simultaneously independently from each other, are created. The architecture of parallel algorithm is determined by the parameter of partitioning of the matrix of system of difference equations [8], [11]. Sets of independent fragments are determined by the 
[image: image4.wmf]ims

 coordinates specified in columns of arrays 
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 are indices of bands, into which the matrix is separated. The algorithm of parallel processing is determined by parameters of partitioning of sub-matrices, for which the minors of the matrix [1] are calculated. Programming becomes simpler, if a regular grid of partitioning into independently processed fragments is given. As follows from [1], such grid can be generated on the basis of a graph, consisting of sections with identical widths. It is expedient to use an incomplete model of the base formula [1], containing reduced sets of elements of 
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 without specifying the permutations that are used in local imitation models [1] for expanding the determinants. According to it, programming is expedient to realize on information compressed form of the graph consisting of 
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 coordinates, supplementing it with local imitation models [9] realizing the formulas [1], which are programmed as identical formalized models consisting of local addresses of operative memory, in which the information sampled from the matrix 
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 is stored. It can be proved that such method of programming realizes the base formula of algorithm [1]. The number of branches in the primary generating graph is counted in view of its properties, determined by the residue-difference principle of its formation. Their symbolical description points to a possibility of achieving a high level of formalization of process of creation of computer programs, which has been used for realization of parallel modes of information processing.

III. Principles of Programming of Algorithms for Processing Flight Information

Due to the discrete character of signal processing, models of identification are formed not on the basis of the differential equation of the object, but on the basis of its approximation by a system of difference equations. Since because of the stated reasons, the final differences of signals are comparable to noise, the conditionality of such systems worsens, and computing algorithms perceive it as an occurrence of singular situations. It leads to a sharp increase in their sensitivity to the influence of various kinds of noise.

In conditions of the specified peculiarity of aerospace objects, traditional algorithms based on recurrent computing procedures of the method of elimination are especially strongly subject to influence of singular situations, the occurrence of which cannot be predicted. 

The estimation of the vector of dynamic parameters 
[image: image10.wmf]x

 is found by solving the system of difference equations
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where the elements of 
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 are formed from results of measurements of the output signal of the object during discrete moments of time:
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Here, 
[image: image14.wmf]x

 is the vector of coefficients of the characteristic polynomial of discrete operator
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Due to the discrete character of signal processing, the vector 
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 is related by a nonlinear dependence to the poles of the transfer operator of analog object
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Since 
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 has an abstract character, which is visible from the relation
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, it should be decoded – mathematically transformed into the parameters of the operator (4). As it has been stated above, because of smooth character of signals (2) in the matrix 
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 there can be a strong linear dependence and the operation of inversion of 
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becomes numerically unstable and sensitive to influence of various kinds of noise. It is especially large in algorithms that use recurrent procedures, for example, the method of elimination.

Therefore in [1] the algorithm for calculation of 
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 with use of the adjugate matrix has been developed:
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Here 
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 is the adjugate matrix consisting of minors of 
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, while the determinant 
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 can be found using a separate algorithm.

The elements 
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 can be found using the direct formula 
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in which recurrent procedure is not used. Expression (7) has a combinatorial character: the sum of products of all possible permutations of values of 
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with signs that are determined by the parity of permutations. It should satisfy the following condition: there should be no identical permutations. Therefore, programming such sets is extremely difficult. For this reason, the algorithm (7) in practice of calculations is not used. However, it possesses a number of advantages that are important for practical applications. The summation sign points to an opportunity of parallelization of algorithms, which is important from the point of view of increasing the performance of processing of flight information. Second, in (7), operations of division by small numbers, which is a source of unpredictable error surges, are not used. The formation of combinatorial sets is offered to be realized using software methods, using the principle of imitation: the combination of values of 
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 is offered to replace by combinations of values of indices of rows and columns of matrix
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, where the elements 
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 are stored. The problem becomes simpler because their set represents a regular difference grid from discrete time units (2). Then the combinatorial set can be imitated by a model – the operator of matrix formation 
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 from the coordinates of an index matrix grid 
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 in which the matrix of values of process (2) is stored. In its rows, the components of permutations of column indices are stored. Such imitation model can be represented in a lexicographic form where the operator of formation of permutations 
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is introduced: 
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The model (8) realizing the formula (7) for finding the determinant of a 3rd order matrix in an unwrapped form is
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Here, the operator 
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forming the permutations from elements of set of column indices is introduced, and signs that take into account the character of permutations in (7) are added. Equation (9) can be written as lexicographic positional system, in which 
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The convenience of imitation model is that its mapping from the symbolical area into the area of real algorithms, where concrete arithmetic operations are specified, is realized simply enough – the local addresses are replaced by the values of the process (2) that have been stored in these addresses. Products in the base formula (7) are replaced with products of these values, while the sum in (7) is replaced with the sum of values of products of 
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 in rows of (9). The result of such transformation is written as
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or as a reduced formula
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of algorithm for finding the determinant from elements of the first row of the matrix. Imitation models can be constructed using the hierarchical principle. Model (10) is used as a component in the model based on Laplace theorem. According to it, the determinant of a 6th order matrix can be calculated through determinants of 3rd order matrices located in the poles of its partitions determined by sets of row indices 
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 sets for 3rd order sub-matrices are allocated, the imitation model of which is
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Arrays of column indices 
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 are also formed according to the conditions of Laplace theorem [15]:
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Applying the model (9) and formulas (13) and (14), vectors of values of determinants of sub-matrices contained in partition bands can be found:
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The vector of signs is introduced:
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The determinant of the initial matrix is found as a product (16), (17) using the operation of a vectorization: 
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Any matrix can be separated into an arbitrary number of bands for application of the algorithm (18) according to Laplace theorem.

It leads to formation of imitation address model as a graph in form of a branching tree in which the sections correspond to the bands into which the matrix is partitioned:
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Here operators 
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 forming in sections the arrays of column indices 
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 such as (15) are used. The combinative character of these operators and the formation of sets in sections using the residue-difference principle guarantee the observance of conditions of Laplace theorem (14). Using the model (9), it can be shown by introducing an operator of calculation of determinants of local matrices in graph sections:
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It can be proven that graph (20) is an imitation model of the basic formula (7). The number of branches in graph (20), taking into account the character of components in its sections is
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The rule of their generation can be written down in the lexicographic form [8], [12] as

[image: image70.wmf]).

1

(

)]};

),...,

2

(

),

1

[(

*

)

(

{

1

1

)

(

,

-

-

=

+

+

=

=

=

=

v

n

k

n

i

i

v

Kc

i

A

A

k

i

k

i

n

i

i

j

i

U

U

o

j

.
(22)

The subsets of components in the (j+1)-th section are formed from the sets that remain after the formation of the previous sections, therefore 
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the number of branches is counted in view of the values of arguments of operators 
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Taking into account the number of permutations formed by operators 
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Accordingly, it is equal to the number of permutations specified in the basic formula (7). For programming, it is more appropriate to apply an information compressed form of imitation model (19). The auxiliary model (9) that realizes the operator 
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 will be same, and it will have a formalized form, suitable for application of 
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The architecture of imitation model (19) for parallel modes of processing of information can be determined by the vector of arguments 
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Besides the higher performance of processing of large amounts of information, parallel algorithms have also another advantage – the operation of calculation of determinants for low-order matrices is carried out more precisely than for high-order matrixes.
From equation (15), it is visible that components 
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For programming, it is appropriate to use the model (19) for allocation of sub-matrices, the 
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 of which are specified by components in graph sections that generated from columns of readdressing array 
[image: image103.wmf]1

B

; the definition of determinant of this sub-matrix is found using a formalized program module built on the basis of the model (9) using formulas (11) and (12). From this follows that the program of parallel algorithm can be optimized by adjusting graph sections (its architecture), when feasible, so that the program modules of readdressing in all sections were identical. Introducing the model (9) into the graph is inexpedient; it is better to use its program module separately because the program creation is more convenient on the basis of an information compressed model. For example, for finding the elements of the minor matrix for 10-th order 
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 (6, 7), it is expedient to build the parallel algorithm by partitioning the allocated 9-th order sub-matrices into three sections containing 3-rd order sub-matrices. In this case, in the 1st section, there are allocated 
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 sub-matrices. Their total number in the graph is equal to 
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. If the graph contained the model (9) then the number of graph components would increase 216 times, which would considerably complicate the formation of the parallel algorithm.

The formal addresses formed in the j-th section using the array 
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Here 
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 is the width of the j-th section, k – the dimension of the set which have arrived from the (j – 1)-th section. Accordingly, the columns of 
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IV. Imitation Model for Increasing the Accuracy of Products of Values of Dynamic Processes
Since there is a filtration in models (9), it is necessary to calculate the products in rows with increased accuracy. The factors – the values of dynamic processes can be long numbers and their lowest-order digits, into which the information on dynamic characteristics is moved, can fall outside the limits of numerical accuracy of the computer and become lost. It is perceived by the algorithm as a structural error of identification. Preservation of this information by improving the hardware is expensive and such opportunities are almost exhausted. It is more expedient to achieve this by improving the software using imitation model of multiplication of polynomials [12], with which the factors can be represented:
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or
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The program can be made on the basis of imitation model used in the proof of  filtration in [1]:
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It is represented in symbolical combinatory form [1, (eq. 40)]:


[image: image116.wmf][

]

[

]

.

*

)

(

*

~

;

)

.

1

(

*

)

(

*

)

(

)

.

1

(

1

n

Part

Perm

m

KC

Arang

m

i

i

i

i

i

n

n

j

j

q

n

j

q

j

=

=

Þ

Y

å

=


(33)
Here, there are no alternating signs; there will be no filtration, and, consequently, it is necessary to take into account all components in the sum:
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Here the method for programming of algorithm on the basis of imitation model (33) is considered, using multiplication of five values of dynamic process in rows (9) as an example. It corresponds to the problem of calculation of elements of matrix 
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To the matrix columns there correspond numbers that are written as in (30). For example, for the first column, it is possible to write 
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Such decompositions are transferred to the local models corresponding to the addends (34), which are formed by the operators 
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Since the basis of the model (33) is a Cartesian power of set 
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For example, 
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This uses a positional system, according to which the sampling of information from initial matrix Ch5 is realized. In the program, a procedure of accumulation of calculation results from components of imitation model (34) is used, sending them to the accumulating arrays; storing them in cells with corresponding parameters of powers (36).

On a first step,  the decomposition for BC1 is 
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The cycle of calculations on all addends of model (34) is formed. They are accumulated by the following program module:
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The final result is written in the form of polynomial decomposition (30) on powers in the final array Bsu5:
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The sum of components of this decomposition is equal to
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The model (33) has preserved all digits and has given a correct result. It can be verified by multiplying the numbers represented in the matrix (35) in the normal form:
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V. 
Programming of Analytical Descriptions of Algorithms on the Basis of Imitation Models
The practical need for algorithms of identification and the corresponding software is especially great at the flight test stage of airplanes, where it can be used for obtaining additional information about the characteristics of aircraft and its onboard equipment. It allows to reduce the duration of flight test stage [13].
Imitation modelling allows to use in a mathematical way the aprioristic information that has been accumulated during the design state and previous test flights for creation of efficient identification models.

There still remains a need of using mathematical modelling accompanying the period of tests. Practice has shown that due to mathematical modeling, the duration of flight test cycle can be reduced by 30% and also material expenses can be considerably reduced [14]. Especially important is testing of parallel modes of processing of flight information with the help of onboard computers. But, for this purpose, it is necessary to have analytical descriptions of used algorithms, derivation of which is possible using symbolical imitation models that use the property of filtration, to which it is possible to add the property of equivalence:
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For example:
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The determinants of both matrices are equal; the property of equivalence is observed. The expression (44) allows to find an analytical description of elements of matrix of minors (6) through functions that are dependent on the products of differences of discrete poles: 
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(45)

Since the discrete poles are less than one, with the increase of model’s order and reduction of the sampling period T of dynamic processes [2], [4], these functions decrease, which leads to the decrease of noise tolerance of algorithms. Therefore, on the basis of analytical expressions using imitation modeling, it is possible to test the serviceability of identification algorithms and the corresponding software in various modes of object functioning.
For finding analytical descriptions of elements of the matrix of minors of 
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, it is expedient to use the expression (43), using which the minors can be found as determinants of a product of two rectangular matrixes by using the Cauchy–Binet formula [15, p. 29]. In this case, the solution is a product of vectors made of values of functions 
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 (45). This method has been applied for finding an analytical expression for elements of the inverse of the matrix of system of normal equations in the method of least squares (МLS) [8] that is used for processing of arrays of flight information. There it has been shown that the smoothing properties of MLS worsen because of the influence of functions 
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