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Abstract: The article discusses an approach to solving the problem of the
structural construction of software by the example of intelligent humidity sensor, which
represents an information-measuring system (IMS). The optimal structure of positioning
of the developed algorithms used by IMS modules has been defined. The target function
is the aggregate function of the intercom feature system that was maximized. In order to
design the system with the required properties, we introduced the following limitations:
on the single shot inclusion of algorithm in to set of program modules, duplication of
memory by the information element, the complexity of the data interface between the
individual modules. The solution to the problem was found using genetic algorithms.
A similar approach was used for the design of software both of data measuring and data
control systems.

The possibility of practical solution to the problems of structural construction are
given in the theory of complexity of problems of selection, which show that the problem
of even moderate size belongs to the class of NP-complete problems, which can be
solved only approximately [3]. Therefore, most practical problems of structural
construction can be solved using approximate (or heuristic) methods. These methods
don’t guarantee an optimal solution, but they lead to results that are close to optimal,
with an acceptable expense of computing resources. Let’s consider the structural
construction of the software on the example of small Information-Measuring System
(IMS) — an Intelligent Humidity Sensor (IHS). IHS allows indirect measurement of
moisture of the material directly in the drying process in real time [1]. At the core of the
functioning of THS are neural networks.

An important step in designing IHS is creating of software systems that allows
information-measuring system to have the following properties: loose coupling of
elements (decomposition should be done such a way that the flow of information
through the communication was minimal); testability (the ability to determine whether
the proper functioning), diagnosability (the possibility of finding faults), ease of
maintenance and operation (the minimal requirements to qualification of personnel),
protection from unauthorized access, efficiency (economic efficiency in the operation),
modifiability, functional extensibility, the ability to change the configuration, the
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maximum duration of the life cycle (with no significant obsolescence), the minimum
time for start-up [2].

The following modules are used as core modules of IHS at designing of software
and information systems (Fig. 1): Intelligent Interface (II) module, supervisor module
(SV), interrogation of Sensors Module (IS) and a Module for Implementation of
Measurement Procedures (MIMP). Functioning of IHS is based on using of DataBase
(DB) and Knowledge Base (KB).

The II module includes:

— cognitive graphics, which enables to perceive the process and search results
visually, by establishing relationships between the images appearing on the screen and
the cognitive processes of creative thinking;

—integrated development environment, which allows developers to make
adjustments in the functional software modules and knowledge base;

— linguistic processor, which implements an intelligent dialogue of users with IHS
on a limited natural language. The important operation of intellectual dialogue is the
function of adding information which is necessary for IHS in the database.

Supervisor module is the main module of IHS, managing the processing,
transmission and storage of information in IHS, and also the working of hardware and
software tools.

The basic standard functional software modules of information-measuring
subsystem of THS include:

— interrogation of sensors module;

— implementation of measurement procedures module.

We used a series of algorithms for the implementation of IHS, which must be
placed in modules so that the IMS possesses the above mentioned properties.
We suggest solving optimization problem of structural construction using evolutionary
methods, in particular, genetic algorithms. A table of arrangement of algorithms
for the modules (Table 1) and the graph of interaction between algorithms through
the data elements (Fig. 2) are given as the input data. Table 1 shows the various variants
of distribution algorithms in modules. For example, the algorithm of preliminary
calculations of input values can be placed in following modules: 11, SV, IS, MIMP.

Input channel
————

Interrogation of

sensors module m
(1s)

II k=4 SV
Module for
implementation

of measurement
procedures (MIMP) —

N

Output channel
—

Fig. 1. Information model of IHS
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Table 1

Variants of distribution algorithms in modules

Number Name Name

of algorithm of algorithm of module
1 A preliminary calculation of input values 11, SV, IS, MIMP
2 Normalization of input values II, SV, IS, MIMP, DB, KB
3 Working with cognitive graphics 11
4 Denormalization of calculated output values 11, SV, IS, MIMP
5 Functioning of the database SV
6 Functioning of the knowledge base 11
7 Survey of sensors IS
8 Implementation of measurement procedures MIMP
9 Functioning of the linguistic processor I
10 Implementation of hardware tools SV, IS
11 Implementation of software tools SV, IS
12 Making decisions in the event of sensor failure II, SV, IS, MIMP, KB
13 Implementation of different models of KB, MIMP

measuring procedures

Fig. 2. Graph of the interaction of algorithms via information elements
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Fig. 3. Row vector P

We need to define an optimal placement of algorithms in modules using a genetic
algorithm.

The solution of the problem is proposed to conduct using the technique proposed
in [3].
1. We form the row vector P. These values are genes in the subsequent solution of
the problem using genetic algorithms.

2. We describe the connection matrix D, “1” at the intersection of row and column
of corresponding constructs means that there is symmetrical relationship between them.
The elements of the main diagonal are considered to be “0” (constructive not linked
with itself). The link is described only once for elements above the main diagonal
because of emerging duality, the other elements equal to zero.

3. Let’s create a matrix of alternatives X. “1” is in relevant column on the
intersection with the row whose number is equal to the number of the module, which
construct belongs to a particular solution. The others elements are equal to “0”.
The values of the matrix are linked with vector P by logical functions. The limitations
of uniqueness of structural elements (the sum of the elements of columns is equal
to “1”) and volume limitations of modules (the sum of elements of the rows is not
greater than the capacity of a specific module which sets by the user) are superimposed
on this matrix in the problem-solving process.

4. We form the matrix Y =X x D and W =Y x X'. The number of internal links
equals to the sum of elements of main diagonal of matrix W. We need to increase the
number of internal links based on the problem, because it means reducing the number of
external links, i.e. to determine a more appropriate solution to the problem. This
function is targeted and subjected to maximization by genetic algorithm.

Let’s form the row vector P according to this method (Fig. 3), the number of its
elements corresponds to the number of distributable algorithms (i = 13). The immutable
cells are the result of the restrictions painted gray. The elements of P are genes, and
their values will be chosen in the solution process to achieve the optimum value of the
target function. The range of their changes is limited. The element values (number)
indicate that the corresponding algorithm belongs to the module with number, which is
contained in cell. The modules are numbered (Fig. 4).

Next we will form the matrix X (Fig. 5). It has size i x j, where i is the number
of algorithms, and j is the number of modules. If the i-th algorithm is included in the j-th
module, then cell , j is “1”, otherwise cell is “0”. The data come from Fig. 3. The table
is built in Excel automatically using logical functions (IF function). Cells, that are
constantly equal to “0” as a result of the restrictions, painted gray. The service row
“Sum” shows that the sum of the corresponding columns is equal to “1”, where 1 is the
restriction for the ownership of the algorithm to just

Jj Name of module one module. We can see and control (limit) the fullness
1 11 of modules via service column “Sum” (the sum of the
> SV corresponding rows).

3 IS Let’s fill the matrix D (i x /) which shows the
Z MIMP relationship between the algorithms (the relationship is
z B symmetric, non-directional) (Fig. 6). If the modules are

connected, then the intersection of the corresponding
6 DB row and column is “1”, otherwise — “0”. The matrix is
Fig. 4. Numbering of modules formed on the basis from the input data.
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Fig. 5. Ownership of the i-th algorithm to the j-th module
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Fig. 6. Relationship between the algorithms

We also use the service matrices P* and X', which are transposed matrices P
and X. Matrix Y is determined by multiplying of X on D

Y =X xD.
Matrix W is determined by multiplying of Y on X"
wW=Y xX"

The target function is the sum of the elements of main diagonal of the matrix W
and will be maximized by changing the values of the genes from vector P using genetic
algorithms

3
f=2 Wy, i=].
i=1
j=

—_

ISSN 0136-5835. Bectuuk TI'TY. 2014. Tom 20. Ne 2. Transactions TSTU 257



Table 2
Distribution algorithms in modules

Number Name Name
of algorithm of algorithm of module

1 A preliminary calculation of input values SV

2 Normalization of input values SV

3 Working with cognitive graphics II

4 Denormalization of calculated output values SV

5 Functioning of the database SV
6 Functioning of the knowledge base 11

7 Survey of sensors IS

8 Implementation of measurement procedures MIMP
9 Functioning of the linguistic processor II
10 Implementation of hardware tools SV
11 Implementation of software tools SV
12 Making decisions in the event of sensor failure 11
13 Implementation of different models of measuring procedures MIMP

We use the following settings for the implementation of the process of selecting a
suitable combination: population size is 50; length of chromosome is 8 bit; type of
chromosomes is continuous; probability of crossover is 0.9; mutation probability is
0.01; degree of renovation is 0.98; elitism strategy is on; diversity operator is on;
required to find is maximum of function f.

We use the following limitations to solve this problem:

— restriction of range for the chromosomes

1<P <6, i=1, 13;

— restriction of the uniqueness of the algorithms
6 —
> X =1, i=113
i=1

— placing restrictions for specific algorithms (from the condition):

1<P <4, 1<P;<4, 2<P,<3, 2<P <3, 1<P,<5 4<P;<5.

The solution to the problem of distribution of algorithms in functional software modules
as a result of optimization using a genetic algorithm is presented in Table 2.

The solution, not contradicting with common sense of placement algorithms in the
software modules, was found in the process of optimization of constructing of software
for ITHS using a genetic algorithm. Thus, we can conclude that this approach can be
applied to the design of information systems and software both for data measuring and
data control systems, which have a large number of modules and algorithms in its
composition.

This work was partially supported by grants from the Russian Foundation
for Basic Research No. 14-08-00198-A and No. 12-08-00352-A.
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ITocTpoeHne nporpaMMHOro odecneyeHust
HHTEJVIEKTYAJBHOI0 IaTYUKA BJIAKHOCTH

C. B. Apremosa, II. A. [loaxBatuiuy, P. O. lexyasakos

Kageopa «Koncmpyuposanue paouosnekmpoHHbIX U MUKDORPOYECCOPHBIX CUCTEM,
@FIOY BIIO «TI'TY»; sartemova@yandex.ru

KuaroueBble cjioBa 1 ¢ppa3bl: reHETHYCSCKHE ANTOPHUTMBI; ONITHMH3AIHS CTPYK-
TYPHOTO OCTPOSHHST; IPOrpaMMHOE o0ecTieueHue.

AHHOTaUMsA: PaccMOTpeH MOAXOM PEIICHUS 33a49i CTPYKTYPHOTO MOCTPOCHHS
MPOrpaMMHOT0 oOecrieueHHs Ha npuMepe HH(OPMAIIMOHHO-HU3MEPUTEIBHON CHCTEMBI
(MUC). OmpeneneHa onTUMaibHAs CTPYKTypa pa3MElICHHs pa3paOOTaHHBIX aarOpUT-
MOB 110 uctoib3yeMbiM Moayiisim MU C. B kadecTBe 11eneBOM NCIOJB30BaHa CyMMapHast
(hyHKIMS BHYTPEHHUX CBSI3¢H CHUCTEMBI, KOTOpas MaKCUMHU3HPOBaHA. UTOOBI MPOEKTH-
pyemas cucteMa o0xiagana TpeOyeMBbIMU CBOMCTBAMH, BBEICHBI CIICIYIOIINE OTpaHUye-
HUS: OJHOKPAaTHOCTh BKITIOYECHHUS aJTOPUTMAa B COBOKYITHOCTH MPOTPAMMHBIX MOJIYJIEH,
IyOnupoBaHUE 3aHMMAaeMOW MaMATH HH(OPMAIIMOHHBIM 3JIEMEHTOM, CIO0KHOCTH WH-
(hopmaroHHOTO MHTEpdeEiica MeXITy OTIACTBHBIMH MOYJISIMH. Pemenne 3amadn Haii-
JICHO C UCIIOJIb30BAHNEM ICHETHYECKUX aIropuTMOB. [10100HBIN OAXO01 IPUMEHEH ISt
MPOCKTHUPOBAHUS MH(OPMAIIMOHHOTO M MPOrPAMMHOTO 00ECIICYCHHsT KaK B MH(pOpMa-
[THOHHO-U3MEPHUTENBHBIX, TaK ¥ HH()OPMAIIMOHHO-YIIPABIIAIOIINX CHCTEMAX.
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Konstruktion der Software des intellektuellen Sensors der Feuchtigkeit

Zusammenfassung: Es ist das Herangehen der Loésung der Aufgabe der
strukturellen Konstruktion der Software am Beispiel des Informationsmesssystems
(IMS) betrachtet. Es ist erforderlich, die optimale Struktur der Unterbringung der
entwickelten Algorithmen nach den verwendeten Modulen vom IMS, zu bestimmen.
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Als zweckbestimmte Funktion wird die summarische Funktion der inneren Beziehungen
des Systems, die maximisiert wird, verwendet. Damit das entworfene System {iiber
die geforderten Eigenschaften verfiigte, werden die folgenden Beschrinkungen
eingefiihrt: auf die Einmaligkeit des Einschlusses des Algorithmus in die Gesamtheit
der Programmmodule, auf das Dublieren des eingenommenen Geddchtnisses vom
informativen Element, auf die Komplexitit des informativen Interfaces zwischen
den abgesonderten Modulen. Die Losung der Aufgabe befindet sich unter Ausnutzung
der genetischen Algorithmen. Das é&hnliche Herangehen kann man fir die
Projektierung der Informations- und Software, wie der Informationsmef-, als auch
Informationssteuersysteme verwenden.

Construction du logiciel du capteur intelligent de I’humidité

Résumé: Est examinée I’approche de la solution du probléme de la construction
structurelle du logiciel a I’exemple du systéme informationnel de mesure (SIM). 11 est
nécassaire de définir la structure optimale du placement des algorithmes suivant les
modules SIM employés. Est utilisée la fonction sommaire des liaisons du systéme qui
est maximisée. Sont introduites les limitations sur I’insertion des algorithmes dans
I’ensemble des modules, sur le doublage de la mémoire par un élément informatique,
sur la complexité de I’interface entre les modules. L’approche pourrait étre utilisée pour
la conception du logitiel des sytémes informationnels de mesure et ceux de commande.

ABTOpBI: Apmemoea Ceéemnana Banepveena — XaHAWIAT TEXHWYECKUX HAYK,
qoueHT Kadeapel «KoHCTpyupoBaHHE paJMO3ICKTPOHHBIX W MHUKPOIPOIECCOPHBIX
cuctem»; Ilooxeamunun Ilasen Anexcanopoeuu — crypnent; Illenyoakoe Poman
Onezoéuy — MaructpanT kadeapsl « KOHCTpyHpOBaHUE PATUOIICKTPOHHBIX U MHUKPO-
npoueccopHbix cucrem», GI'bOY BIIO «TT'TY»

Peuensent: Mypomues /Imumpuii FOpveeuu — NOKTOpP TEXHUUECKUX HAYK, MPO-
teccop, 3aBenyrommii kadenporr «KoHCTpyHpOBaHHE pPaTUO’NEKTPOHHBIX U MHKPO-
mporeccopHbx cuctem», DIBOY BITO « TTTY».
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