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Abstract – Implementation of computing algorithms for problems of technical object identification is offered to perform in the space of symbolical address models. It allows to optimize the developed programs in order to reduce the amount of executed arithmetic operations and to reduce the time necessary for identification. The suggested models are mathematically formalized; they possess regular and recursive properties. It allows to automate the process of software creation depending on the character of the problem being solved. The method of monitoring allows to carry out imitation modelling of programs and to investigate the dynamics of computing process. In this case, it is possible to estimate the usability of algorithms, to reveal the character of arising singular situations and to prevent them. The developed structure of address models allows to realize parallel operating modes in computers and to increase the execution speed of algorithms. On the basis of such models, analytical expressions for algorithms can be derived and important theoretical results can be obtained.
Keywords – symbolical combinatory model, parallel algorithm, polynomial approximation, numerical stability
I. Problem Statement
The problem of creating efficient programs for identification of characteristics of dynamic objects is important because of the necessity to control and diagnose their functioning using computer systems. Application of such systems allows to solve identification problems which require processing large amounts of information in real time mode of object functioning. In [1] and [2], it has been shown that such modes should be used during flight tests of aerospace systems. Difficulties of their realization are connected to the deficiency of the processed dynamical signals. Because of the flight restrictions and flight safety considerations, the dynamism of such signals is limited by special onboard damping systems.

The usability of software that implements identification algorithms depends on the character of used mathematical operations. The problem of optimization of algorithms and software from here follows. This problem can be successfully solved by using symbolical combinatory computing models which were developed and enhanced by the author since 2003 (see [6], [8], [9], and [10]). This paper uses the notation of generating operators used in these works.

II. Use of Numerical Sequences for Formation of Address Positional Systems
Symbolical combinatory models have been used for mathematical description of computing algorithms in the space of address structures in which the processed information is placed. They are formed in the form of lexicographic fragments, but operators of arithmetic operations can be specified in them as well [12].
Such approach allows to present the dynamics of the computing process in the form of monitoring and information exchange between the address space and the arithmetic space. The procedures for optimization of software can be constructed on its basis. They are realized by controlling the architecture of address structures, which is determined by the parameters of the generating operator. To ensure that the address structures have properties of regularity and recursivity, which are useful from the point of view of programming convenience, it is offered to use numerical sequences.

As such, the sequences described in [8] – [10], which are formed by the following operator, are used:
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Their components have the following properties:
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In some cases, it is useful to use transformations of these sequences:
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The address structure is formed as a lexicographic product of matrices:
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Components (4) can be used for controlling the architecture of address systems. For this purpose they are represented in the form of partitions:
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Then we have:
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From [6], [8], [9], and [10] follows that:
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III. Formation of Address Systems Using the Principle of Monitoring
In the problems of identification, matrices of difference equations A are formed as Toeplitz matrices according to the rule of local address allocation by the operator:
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Here, the functions of local addresses are formed using the expression:
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Application of the operator 
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 allows to generate the address structure in the form of graph, the sections of which are defined by the parameters of numerical sequences:
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Here, the residue difference principle of formation of sections from sets 
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, described in [8] – [10], is used:
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The address structure gets transversal properties and it can be used in the operator 
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used in matrix operations:
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Then (14) can be written down as:
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Branches of the graph are expressed in the following form:
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Using (12), this expression is represented as:
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Here: 
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IV. Using the Principle of Monitoring for Optimization of Address Structures

Functions in (21) are linear, therefore, we have:
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On the basis of the principle of monitoring, this structure is mapped into space of arithmetic operations in which the joining operations can be done:
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Several cycles of such mapping can be made on the address structure to reduce its dimensions. From (15) and (21) follows that (22) can be represented by a set of fragments:
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Here the following components are used:
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The vector 
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is used as an argument of the operator forming the graph address system (15). Then the structures placed in the branches of the graph, will consist of the fragments:
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Let’s consider the case when the component 
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has the following expression:
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Introducing arithmetic operators [12], we shall derive the expression of address structure (24) after the use of the principle of monitoring [11]:
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Here the local address model has the following form:
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Here:
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Using (28), (29) and (30), we find:
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Then, the influence of the operator 
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on the set of associative matrices can be represented by the vector:
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After mapping, according to the principle of monitoring, the components (32) become:
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The address structure for the operator 
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is formed in the form of a graph. For the vector conjugate to the vector (32), the conjugate graph structure is used:
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In [3] – [5], the properties of the structure 
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 have been investigated and it was shown that it is formed on the basis of the graph (15) in which the local addresses of matrix G are used:
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Let’s consider one of the structures (34), generated on the address component
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Then, according to (33), we have:
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For the address component and the sets of elements q, defined by partitions
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the address structure is defined by the graph (15). Using the operation of monitoring, we get:
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Here the expressions located in the branches of the graph are formed taking into account (38) by the rule (28) using the residue difference principle. With the help of the parameters (m1, m2, …, mk), the architecture the graph is formed. For this purpose, it is possible to use partitions of the components of numerical sequences. In particular, for fragmentary representation, the vector (39) is used as:
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Let’s introduce expression of the functional which for (40) is defined by the address system:
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For Toeplitz matrices, there exists conjugate functional:
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In [3] – [5], it has been shown that for a set of associative Toeplitz matrices, it is necessary to use the lexicographic product of functionals:


[image: image83.wmf][

]

´

ï

þ

ï

ý

ü

ï

î

ï

í

ì

*

Þ

W

´

W

=

*

i

i

n

i

T

Sec

Sec

Minr

2

1

1

0

0

o

o

U

y




[image: image84.wmf][

]

ï

þ

ï

ý

ü

ï

î

ï

í

ì

*

´

=

j

j

n

j

Sec

Sec

Minr

2

1

1

0

0

o

U

y


(43)

Let’s notice that graph address structures can be constructed using hierarchical principle. For example, graphs with smaller dimensions can be put into branches (20):
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In particular, such graphs can express the results of application of operators:
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It is easy to notice that branches of address graph structures (20) represent independent fragments for computing algorithm. Therefore, they can be processed independently from each other in parallel mode. As they possess the regular and recursive properties, the process of implementing the computing algorithms can be automated. Efficiency of the developed address models has been proved by solving the problem of polynomial approximation. The inverse of the 25th order Hilbert matrix, which is used for smoothing experimental data, was found with 100% accuracy [7]. Previously it was believed that above the 10th order, this problem is impossible to solve. Thus, it is proved that the developed combinatory address models can find wide application in applied problems.

V. Conclusions

The developed address models for implementing computing algorithms possess a high degree of formalism, as well as regular and recurrent properties. It allows to use them for optimization of programs with the purpose of reducing the amount of necessary arithmetic operations. Such models allow to transform traditional computing algorithms into algorithms with parallel architecture. Depending on the character of the problem being solved, this architecture can be flexibly changed by controlling the parameters of the generating operators. Parallelization of algorithms allows to increase the execution speed and it is an important advantage since in the problems of identification, it is necessary to process large amounts of information in the modes of normal functioning of technical objects.
The developed address models allow to obtain the descriptions of computing algorithms in analytical form. Therefore, they have been used for the proof of some important facts in the theory of identification of dynamic objects. Such descriptions can be used for studying the properties of identification algorithms and the possibilities of their practical application. On their basis, conditions of occurrence of singular situations in algorithms can be investigated and methods for their prevention can be developed to exclude application of unreliable estimates of object parameters.
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G. Burovs. Skaitļošanas algoritmu programmēšanas optimizācija izmantojot simboliskās adrešu struktūras

Dinamisku objektu identifikācija ir saistīta ar liela informācijas daudzuma apstrādi. Tā kā tradicionālie skaitļošanas algoritmi parasti izmanto secīgu informācijas apstrādi, ir grūti paaugstināt to ātrdarbību. Šie trūkumi ir īpaši nopietni veicot identifikāciju objekta funkcionēšanas reālajā laikā, piemēram, kosmisko aparātu lidojumu laikā. Paralēlu datoru radīšanas tehniskās problēmas šobrīd faktiski ir atrisinātas, tomēr skaitļošanas algoritmu paralelizācijas problēma joprojām ir aktuāla, jo nav formālu matemātisku metožu algoritmu pārveidošanai paralēlā formā. Šis raksts ir veltīts šai problēmai, balstoties uz 2003.gadā izstrādātajiem pamatprincipiem. To pamatā ir formālu kombinatorisku simbolisko modeļu izmantošana. Tika veikts darbs šo modeļu pilnveidošana to sarežģītības samazināšanai un precizitātes palielināšanai. Iegūtie rezultāti parādīja, ka šādi modeļi var tikt efektīvi pielietoti slikti nosacītu uzdevumu risināšanai. Pie šādiem uzdevumiem pieder sistēmu identifikācija un tēlu atpazīšana. Tas tika apstiprināts skaitliskā eksperimentā veicot 25.kārtas Hilberta matricas invertēšanu ar 100% precizitāti. Šādas matricas izmanto eksperimentālo datu aproksimācijā ar polinomu funkcijām. Ar tradicionālajām metodēm šo uzdevumu varēja atrisināt tikai matricām, kuru kārta ir mazāka par 10. Tas nozīmē, ka simbolisko kombinatorisko modeļu izmantošana ievērojami paplašina jaunu informācijas tehnoloģiju izmantošanas sfēru daudzās lietišķās nozarēs.

Uz izstrādāto modeļu pamata iespējams radīt pilnīgākas imitācijas modelēšanas metodes, jo tie ļauj iegūt teorētisko uzdevumu atrisinājumus analītiskā formā. Tā tika atrasta formula identifikācijas matricas, kas veidota no jebkādas kārtas dinamiska procesa mērījumiem, inversajai matricai. Izmantojot imitācijas modelēšanā datorprogrammas, kas realizē analītiskas formulas, iespējams risināt tehnisko objektu diagnostikas un vadības algoritmu optimizācijas uzdevumus.

Г. Буров. Оптимизация программирования вычислительных алгоритмов с использованием символьных адресных структур

Задачи идентификации динамических объектов связаны с обработкой больших объемов информации. Поскольку традиционные вычислительные алгоритмы, как правило, построены на основе принципов последовательной обработки поступающих данных, возникают проблемы с увеличением их быстродействия. Эти недостатки становятся особенно заметными, когда идентификация осуществляется в режиме реального времени функционирования объекта, например, в режиме полета космического аппарата. Технические вопросы создания параллельных компьютеров к настоящему времени в основном решены. Однако проблема распараллеливания вычислительных алгоритмов решена не до конца, поскольку отсутствуют формализованные математические методы их преобразования в параллельную форму. Их разработке посвящен данный доклад. Их основные принципы были разработаны в 2003 году. В их основе лежит использование формализованных символьных моделей комбинаторного типа. В дальнейшем происходило их усовершенствование в направлении минимизации их сложности и увеличения точности. Полученные результаты показали, что такие модели могут служить эффективным средством решения задач, близких к вырожденным. К ним относятся задачи идентификации и распознавания образов. Это было подтверждено вычислительным экспериментом на примере обращения со 100% точностью матрицы Гильберта 25 порядка. Такие матрицы используются в задачах аппроксимации экспериментальных данных полиномиальными функциями. Традиционными методами эта задача решалась только до 10 порядка. Это означает, что при использовании таких моделей значительно расширяются границы применения более совершенных компьютерных информационных технологий во многих прикладных областях. 


На основе разработанных моделей могут быть созданы более совершенные методы имитационного моделирования, так как на их основе могут быть получены в формульном виде решения теоретических задач. Так была найдена формула для обратной матрицы идентификации, сформированной по результатам измерений динамического процесса произвольного порядка. Имитационное моделирование с использованием компьютерных программ, построенных на основе формульных выражений, позволяет решать задачи оптимизации алгоритмов диагностирования состояния технических объектов и их управления.
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