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Specific features of application of hybrid simutetiand control models in information systems
and system support for decision-making in solvimgcfical problems under conditions of
uncertainty, vagueness, inaccuracy, stochastidifyracesses of subject areas are considered.
To obtain reliable data, it is necessary to uselpdormalized operational and long-term data
on the state of the object of control, expert kremlgle information on the application of mathe-
matical programming methods with stochastic or yuzanstraints, as well as many cause-and-
effecr relations between processes that may bemext in the form of production rules: “con-
dition—action”. Based on research and analysis ofiptex decision-making problems using
hybrid simulation-control models in conditions ofirpal uncertainty, an estimate of their
complexity in terms of practical implementationdyigh did not exceed the quadratic depen-
dence on the number of operations is obtained.pHEuelliarities of their use in real develop-
ments are determined, which allowed us to incrélaseeliability of decisions in information
systems, to reduce development time to 12% in émelitions of fuzzy, stochastic character of
researched processes of real objects. The resdtsconfirm their effective use in solving
practical problems: an example of solving situaioanalysis using hybrid simulation-control
models in the information-analytical decision suppystem, are presented.

Keywords: hybrid simulation control model, decision-making process with fuzzy algorithmic
constraints, Petri net.

TTEPUIHI IMITAIIAHI MOJIEJI JIS1 3AJTAY TIPUMHATTS PINIEHB
B YMOBAX YACTKOBOI HEBU3HAYEHOCTI

B. O. ®inaros, A. JI. €Epoxin, O. B. 3oaoryxin, M. C. KyapsaBueBa
XapkiBcbKHii HaAlliOHAJLHMI YHIBepCHTET pajioeeKTPoHiku, XapkiB

IMpoaHai3oBaHO OCOOIMBOCTI 3aCTOCYBaHHS TiOPUIHHMX IMITALiHO-KEPYIOUHX MOJeNei B
iHpopManiiiHuX cucTeMax Ta CHCTeMax MiATPUMKH MPUHHATTSA PIilleHb JUI PO3B’ A3yBaHHS
MPAaKTHYHUX 337129 332 yMOB HEBH3HAYEHOCTI, HEYITKOCTi, HETOYHOCTI Ta CTOXaCTHYHOCTI IPO-
IeciB IpeMeTHUX Tary3ei. 11 oTpuMaHHs JOCTOBIPHUX JaHMX HeoOXimHi ci1abo dopmaiizo-
BaHi ONEPaTUBHI Ta JOBIOCTPOKOBI Pe3yJIbTaTH MPO CTAaH 00’ €KTa yNPaBIiHHSA, 3HAHHS EKCIIep-
TiB, iH(pOpMALIs PO 3aCTOCYBaHHS METOAIB MaTEMAaTHYHOTO NPOrpaMyBaHHS ITiJ| 9ac cToXac-
TUYHHX 200 HEYITKHX OOMEXeHb, a TAKOXK CIiJl ypaxyBaTH MHOXXHHHI IPHUYMHHO-HACIIAKOBI
3B’SI3KM MDXK TIPOILIecCaMH, sIKi MOXKHa MMOJATH Yy BUIJIAII MPOAYKIIHHUX MpaBHiI: “ymMoBa—misi’”.
Ha ocHOBI JOCHiIKEHHS Ta aHa3y CKJIAJHUX 3a7ad NPUHHATTA pillleHb 3 BUKOPUCTAHHAM
ribpuaHUX iMiTaliifHO-KepyUnX MOeneil B yMOBaX 4acTKOBOI HEBH3HAYCHOCTI OLHEHO iX
CKJIQIHICTh B yMOBaX NPaKTUYHHX peaiizaiii. BusHaueHo 0coOMMBOCTI BUKOPUCTAHHS OIepa-
il y peadbHUX po3poOKax, IO Jajo MOMKIUBICTD MiABUIIUTH JOCTOBIPHICTH pillleHb B iH(Op-
ManiffHuX CHCTeMax, CKOPOTHTH 4dac po3pobok 1o 12% B yMOBax HEUITKOTO CTOXAaCTUYHOTO
XapakTepy JOCIiUKyBaHHX IPOIECiB pealbHuX 00’ ekTiB. HaBeneHo pesynbraTy, Mo miaTBep-
JDKYIOTB iX e()eKTHBHE 3aCTOCYBAaHHS I1iJl Yac BUPIIIEHHS IPAKTHYHUX 3aBJaHb.

Kirouosi cnoBa: cibpuona imimayitino-xepyroua mooenv, npoyec nputiHaAmms piluens 3 Hedim-
KUMU AN2OPUMMIYHUMU 0OMenceHHAMU, Mepedca [Tempi.
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Introduction. The solution of practical problems in large-scatsteams, which,
first of all, should include decision-making profig, is often carried out under condi-
tions of uncertainty, fuzziness, inaccuracy, aratlsasticity of processes in subject
areas. To obtain reliable data, it becomes nece$sanse weakly formalized opera-
tional and long-term data on the state of the rebeabject, expert knowledge, mathe-
matical programming methods with stochastic or yuzanstraints, as well as to take
into account the set of cause-and-effect relatmata/een processes that can be repre-
sented in coordinates “condition—action” [1].

These processes include those that are implemémtprbvide many nomencla-
ture industries with material resources in small amedium-sized businesses. These
processes are laborious, subject to the influefieesabjective factor, risk, are charac-
terized by the presence of competitors with advdreehievements, informational,
resource and other advantages. The use of exidéoigion-making tools in such con-
ditions is ineffective, their possible extensiomsd been little studied. The solution of
such problems determines the relevance of the work.

The purpose of the research is to improve theieffty of decision-making pro-
cesses when processing data in information systéwerious classes based on the use
of hybrid simulation and control models that ensilme functioning of the system in
conditions of fuzzy, stochastic and inaccurate dathknowledge.

Statement of the problem. Let some set of decision-making processes be given
{A, w3}, as well as hybrid simulation and control modelsZJl. methods of mo-

deling and management of decision-making procd8seq in the conditions of fuzzi-
ness, inaccuracy and stochasticity of the procassasr study.

It is necessary to propose and justify:

— methods of modeling and management of decisidkifrggprocesses in auto-
mated information systems for decision-making suppseing hybrid simulation and
control models;

— assessment of the complexity of the implemematib decision-making pro-
cesses based on existing approaches.

Solutions should be oriented towards modern inféionaechnologies.

Applications of hybrid simulation control modelsin information systems. The
design and operation of automated decision sugystems operating under conditions
of severe resource constraints cause difficultes®eated with the need to ensure the
specified functional and operational propertiesha system. Existing diagnostic and
testing tools, as a rule, provide only monitorirfgtiee state of the system and, to a
lesser extent, control of the execution of tasksgmcific applications. The functioning
of the system based on serial software and hardatargely determined by the
quality of applications. The situation is complmétby the distributed nature of data
processing and the significant influence of thgestiive factor at the design stage.

Representation of the system model in the form @irgeted interaction of a net-
work of frames allows the implementation of compégstem tasks. However, the use
of frames has known limitations in their computaplementation. In this regard, it be-
comes necessary to develop and use an effectiveatpp for modeling and analyzing
the behavioral properties of the system in the ggef data processing. Considering
the significant costs for the design and operatibsuch systems, high requirements
for the quality of the solutions obtained, the peolb of modeling, complex analysis
and quality assurance of the behavioral propedfeautomated systems in specific
applications is quite relevant, and currently doeshave acceptable solutions.

Another well-known formalism of the system, sitoatl analysis, which allows
one to generate and study various scenarios foroffegation of control systems,
simulate various (including conflict and undesigtdituations, study and evaluate the
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consequences of decisions on the behavior of adltent system, are Petri nets. Petri
nets allow simulating the parallel and distributgaeration of the algorithm. At the
same time, the use of Petri nets in modeling coatgmrithms makes it possible to use
the theory of Petri nets to analyze their semdbttavioral) properties.

In particular, many parallel control algorithms aimformation processing pro-
cesses are naturally modeled by graph-schemesgrapl-scheme of the algorithm is
a directed grapl =<V, E >, whereV is a set of peaks: is many arcs.

In works [1-4], some features of the use of hylkiidulation-control models for
solving various classes of applied problems aresidened. Modeling and management
of decision-making processes [3, 4] involves theplamentation of the following
functions:

— analysis and filtering of input data;

— formation and filling of databases;

— satisfaction of relevant requests and application

— formation and filling of knowledge bases;

— execution of inference algorithms;

— performing computational actions by means of ewattical programming;

— formation of the structure and state space oEtnetwork EM [4] as dynamic
objects;

— formation of conditions for performing networknisitions;

— formation of a set of allowed connections on ileéwork and exclusion from
consideration of a set of forbidden transitions amanections;

— determination on the model of a set of altermatithat meet the existing criteria
on a set of constraints of the subject area;

— formation of recommendations for decision-making.

Proceeding from the peculiarities of using hybrichidation-control models in
practical applications, we will consider some aspetthe proposed approach.

Formation and filling of the database. To work with objects and data characteris-
tic of a given subject area, it is advisable to ste@dard database management systems
(DBMS). This is due to the fact that an enterptisaally has some kind of DBMS that
is used to collect and process data related wwoits business. It may contain informa-
tion about suppliers, the range of goods and ttlgaracteristics, weather conditions,
etc. This data can be used to solve the problemaking decisions using tools for
modeling production processes and decision-makiaggsses.

Formation and filling of the knowledge base. A humber of modern enterprises
usually have some versions of decision-making syste@xpert systems. In this case, it
is advisable to adapt existing solutions to apply tonsidered approach. The know-
ledge base is filled with expert knowledge using khowledge acquisition subsystem
in a formalized language, taking into account tgeeaments adopted in the system.
Usually, the knowledge base is filled out througl input and editing of the parame-
ters of computational positions, and the definittdnmembership functions for linguis-
tic variables.

A production or rule-based model allows knowledgéé represented in the form
of sentences such as “if (condition), then (actiof)“condition” (antecedent) means a
certain sample sentence by which a search is daoriein a knowledge base, and an
“action” (consequent) means actions performed uposuccessful search outcome
(they can be intermediate, acting further as casmast terminal or target shutting down
the system) [5].

An important stage is the definition and specifmatof the type and parameters
of membership functions in fuzzy rules. For thisgmse, it is advisable to use analyti-
cal representations of the type [6]. For fuzzy iafee, algorithms proposed by Mam-
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dani are applicable [7]. The result of the infelpecocedures execution determines the
marking of the computational positions of the Ewwrk, as well as the value of algo-
rithmic constraints when solving mathematical pamgming problems.

I mplementation of computational solutions by means of mathematical program-
ming. According to the method proposed in [4] for solythe problem of optimizing
decision-making processes with fuzzy algorithmiostaaints, we will formulate the
goals and objectives of implementing the decisi@kimg processes:

— we determine the initial data, including thosat thre presented on a set of lin-
guistic variables;

— we form the goal function for the task, whictdefined in the work as a linear
programming task;

— we form constraints of two types: for the claakiapproach and fuzzy algo-
rithmic;

— for fuzzy algorithmic constraints, we form a kredge base based on rules,
linguistic variables and, thus, the knowledge has®nfigured;

— taking into account the complexity, nature andrabteristics of the problem,
the classical method of mathematical linear prognéng is determined and substan-
tiated; the linear programming problem is solvedthg classical method without
taking into account algorithmic fuzzy constraints.

If, taking into account the fuzzy algorithmic caénts, the results are satisfac-
tory, then we mark the computational positionshaf E-network. Otherwise, we carry
out the reverse fuzzy logical conclusion of Mamdamil specify the constraints on the
objective function. The result of the subsequetitsm gives us new conditions for
marking the computational positions of the E-nekwvor

Formation of the structure in the state space eh#twork EM is determined on
the model of alternatives from a set of possibleitems that satisfy the formulated
criteria on a set of constraints of the subjecaamed can be implemented in the form
of a set of targeted actions.

When developing the method [3], the concepts ofadyin objects [3, 8] were
introduced and used. Dynamic objects define théces, state space and connections
of the E-network, formats and attributes are defife them, which can be modified
during the modeling process or, if necessary, takito account the peculiarities of the
subject area. For some computing positions, stédichstseaming networks are additio-
nally introduced, which complement dynamic objexftthe “computing position” type
M (RcN —-Cy). This allows us, in fact, to consider the E-netwat the level of inter-
acting dynamic objects of a given subject area.

Features of the use of hybrid simulation and control models in decision-
making problems. In practical implementations of systems operatmgeial time, it is
important to estimate the required computing antetresources for solving applied
problems, taking into account the complexity ofveny problems depending on the
dimension of the hybrid simulation-control model.

In this regard, we will consider the problem of iempenting decision-making
processes based on the proposed hybrid modelshwialtide:

— data at the input of the systen®} { i},JM — a lot of data about objects;
— many rulesif / then (D) — deterministic rulesif /then (Pr) — probabilistic rules,
if /then (F) — fuzzy rules;

— means of mathematical programming with fuzzy atgmic constraints;
— network models with a managed structure;
— a decision-maker.
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The complexity of identifying data at the input the system and a set of data
about the objects of researgiR}, i0M is determined by means of the applied

DBMS [9], used by software and hardware. The coripleof decision-making pro-
cesses by means of mathematical programming igrdieied by existing software
implementations.

In this regard, we will consider the assessmerthefcomplexity of fuzzy infe-
rence procedures and procedures for performingthetwork.

Assessment of the complexity of fuzzy inference procedures based on production
rules. In some special cases, questions of complexitseséarch for network models
were presented in a number of works, in particutafl0]. Note that inference based
on fuzzy production rules is used both in inferepoecedures and in problems of for-
ming fuzzy algorithmic constraints of decision-makiprocedures by means of linear
programming of the model [4].

Thus, in [4], a special case was considered urdeassumption that there were a
limited number of rules that define algorithmic straints. This somewhat reduces the
universality of the results obtained and requidditional research.

Let there be many fuzzy rules like if / then ... y&u know, a direct fuzzy infe-
rence can be represented in the form [7]

if Xis py(X) theny isp, ()
X is i (x)
y is Ha(y)
where py(X), H,o(y) are the corresponding membership functiqrgx) is the known

value of the membership functiop,(y) is the required value of the membership

function.
The calculation of the values of the membershigtions for (1) are calculated as
folows:

, 1)

Mo (Y) = E[u'l(X) ap(x y)l. )

wherep(x, y) is the membership function of a known relatig(x, y) ...

Statement 1. If some set of fuzzy rules is givelW (1), then the upper bound for
the complexity of solution (2) fojw |= 1 is equal to

C= k1p2 ’ (3)
where k; is some coefficient determined by the featurethefalgorithm implementa-
tions,p is the number of discretes when displaying someloeeship functioru(x) .

Indeed, solution (2) includes a set of minimax afiens for the vectopy (x) di-
mensionsp and the membership function of the relatjofx, y), which is represented

by a matrix of dimension:p2 ... Then the number of operations for comparingies
and finding the resulting vectar,(y) is p2 ... Coefficientk; is scalable.

Statement 2. If some set of fuzzy rules is givav (4.10), then the upper bound
for the complexity of solution (2) fdW |> 1 is equal to

C=kp* W], 4
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wherek, is some coefficient, determined by the peculiesiof the implementation of
the algorithm,p is the number of discretes when displaying someineeship func-
tion p(x)...

Indeed, solution (2) includes a set of minimax afiens for each pair of matrices
of dimensionsp2 membership functions of relationgx,y), u(y,z) some neighbo-
ring rules. Then the number of operations for cangavalues and finding the resul-
ting ratio matrix p(x, z) for these rules isp3... Given that the rules in this cap/ |,
then the validity of (4) is obvious. Coefficiek} is scalable.

Consequence. Then, taking into account the results of statemént2, the value
of the upper bound for the complexity of the altfori is proportional to

C' = kyp® +kop® W |, (5)

Comment. The complexity of defuzzification procedures [9hsvnot taken into
account in (5), which is a fairly well-studied pesture and does not require additional
research.

For (5), the problem arises of choosing the sargpliequencyay, i.e. select
value p, as well as identifying stationary points for whiit is necessary to set the
value of the membership function. As follows frol],[analytical dependences of
membership functions can be represented by a sogiggm of linear functions
(straight lines, triangles, trapezoids, etc.), esrof the second and higher (Gaussians,
sigmoids) orders. For the first case, it is enot@ldisplay characteristic points when
constructing relations [9]: mutual intersection antersection with coordinate axes.
For the second case, it is hecessary to displaheltharacteristic sections of the func-
tion, including the stationary points of findingetextrema and inflection points.

Let some membership function be givp(x) ... Then, at least some of the statio-

nary points can be determined by finding the ex&rexhthe functioqu(x)and inflec-

tion points by calculating derivatives of the fist higher order and examining their
roots. The validity of the position is obvious iEvake into account that, excluding the
trivial case,u(x) =1, membership functions [6, 7] usually have a cleddfined extre-

mum (maximum), and, for example, Gaussians areactenized by the existence of
inflection points.

The very same sampling rate, is largely determined empirically, and as follows
from the above, for some special cases it can rrdimed from the appropriateness
of the number of discretp<10.

Assessment of the complexity of implementation of procedures for performing
modeling processes on the E-network. Consider a network for whichH P Em,
|T En... Then, to assess the complexity of the network ei@mtuwe must take into

account that for objects of the “position” and fis#ion” types, it is necessary to per-
form a certain number of operations, which are prpnal to the number of nonzero
components of the incidence function.

Statement 3. If there is an E-network, then the number of ardiduring the exe-
cution of the network is proportional to the numbénonzero components of the inci-
dence functionF =1 0O . E-network and can be represented as

C" =kymn, (6)
where k; is determined by the sparseness of the incidemaetion, i.e. fractions of
nonzero components of the functién...
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The validity of the statement directly follows fraime conditions for performing
transitions, marking positions during the operatbthe E-network.

Conseguence. Taking into account (5) and (6), the required claxipy
Cs =C'+C", 7)
or
Cs =komn+ kip® +kyp® [W |, ®)

The theoretical results are confirmed on test exasnm the implementation of
decision-making procedures for complex productiomcesses, which allows the effec-
tive software implementation. In this case, menttpréunctions of both the first and
the second types were used. The time spent onnipkementation of the proposed
version of the algorithm does not exceed theoretiependences, which is confirmed
on real objects. This makes it possible to use #Litomated real-time systems.

Example. Consider the tasks most frequently encounterederistbn support
systems.

Objective 1. Resource type is provided with information support and stored in

database files, for example .dg; 4, Byy, ...B4,,NON, where N is the number of

databases. The search condition for the consideagginent of the decision-making
system is formulated as follows: determine a gienount of a resource of type

A= A{ on the se{B;;, By, ...By}, NN ... The search for a solution is carried out
in two types of actions — at the first step SEARiOHhe databasd, if the condition
is not met, the DATABASES JOIN is performds] + B, and the search is repeated
[11, 12].

The procedure for searching and merging databasebe performed in terms of
structured SQL query language using the SELECTIH®&ERT options.

For example:

Select sum ([A1]), from bl.dbf;

Insertinto b1... Select b2... .From b2.
We represent a fragment of the problem considebbedein the form of a modi-

fied predicate Petri ne® (Fig. 1). Many positiong py, pj interpret, respectively, the
input and output conditions for the execution @& #ttion, which is represented on the
network by the transitiony , many positiong p;, pg interpret, respectively, the input

and output conditions for the execution of the actt;... Initial marking vector
My =(1,0,0)defines the initial state space of the network.

Po Zo P 4 P2

Fig. 1. Petri ne&.
Description of the main constraints are shown . B whereVIOkI is the input
condition for the transitiort; T, kUK, Vpko is the exit condition of the transition
t,. If the preconditionVIOkI performing the transitiort; is not satisfied:vpk. A

then for this transitiort; 0T, kOK a slave networkS' is generated where position
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p, is a metaposition. Fig. 2 shows an extended n&w®il S'... Initial marking
vectorMy =(1,0,0,0,0 defines the initial state space of the network.

Po Zo P i P>
. tll e e <\~ ~
Extension of S
the network S’ . AN
/ P2 \
—_—

Fig. 2. Petri neBwith extensiors.

In order to solve the problem, a netwogk... is formed. Position marking,;
and performing the transitiofj; marks metapositiorp, which triggers the execution
of the networkS... If the desired solution is not feasible by ne&11 S', then the
search for solutions is done from the{&kt, B, ...By}, NON by combining data-
bases and expanding the netwd@k.. Consider a modification of Problem 1 and the
decision support procedure.

Objective 2. Resource typed is provided with information support and is stored

in files of two databases, for example .di;, B;,, ...Bhl ,N{ONLNON; By,

B2, ...Ba, ;N200N 2, N0 N, where N is the number of databases. The search con-

dition for the considered fragment of the decisioaking system, by analogy with the
condition of problem 1, is formulated as followstermine the given amount of re-

source of the type = AI on sets{B;4, By ...Bhl}, NN, and{Byy, Boy ... Bmz}-
n, ON,.

The search for a solution is carried out for twéatlase systems by two types of
actions — at the first step SEARCH in the databBséf the condition is not met, the

DATABASES JOIN is performedB, + B, and the search is repeated. The procedure

for searching and merging databases can be perormésrms of structured SQL
guery language using the SELECT and INSERT optidhe. desired solution is deter-
mined by the optimal choice from the existing dassglutions that satisfy the condi-

tion of providing a resource of the typg = AI and some additional restrictions.

CONCLUSIONS

The features of solving practical problems in lasgale systems, which, first of
all, should include decision-making problems, oftanried out in conditions of uncer-
tainty, fuzziness, inaccuracy, and stochasticitproicesses in subject areas are discus-
sed. To obtain reliable data, it becomes necessarge weakly formalized operational
and long-term data on the state of the control aibjthe knowledge of experts, the
mathematical programming methods with stochastifumzy constraints, as well as to
take into account the set of cause-and-effectioglatbetween processes, which can be
presented in the form of production processessrttmndition—action”.

Based on the study and analysis of complex decisiaking problems using
hybrid simulation and control models under condii@f partial uncertainty, an esti-
mate of their complexity in the conditions of pieat implementations was obtained,
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which did not exceed the quadratic dependence emtimber of operations perfor-

med. The features of their use in real developmesi® determined, which made it
possible to increase the reliability of decisiorsde in information systems, to reduce
the development time to 12% in the conditions dfizzy, stochastic nature of the
investigated processes of real objects. An exawipelving the problem of situational

analysis using hybrid simulation-control modelsam information-analytical decision

support system is given.
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