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The article proposes an approach to developing the architecture of a service-oriented information processing sys-
tem, modeling and process control. The system, which is being developed, is a tool for identifying, predicting and con-
trolling discrete-continuous processes. Its mathematical apparatus is based on nonparametric algorithms of identifica-
tion and control. The software architecture includes the following main modules: the module for processing data, mod-
eling and forecasting output process variables and the process control module. The first module includes data preproc-
essing algorithms: normalization, centering and analysis of outliers and omissions. The modeling module is an algo-
rithm for research and recovery dependencies between process variables, process identification using nonparametric
estimation of the regression function from observations. The last module is an implementation of nonparametric dual
control algorithms. Control devices built on the basis of these algorithms perform functions of both object control and
its study.

The article discusses the application of architectural solutions based on two proven approaches in the field of soft-
ware development: the composite approach and the service- oriented approach.. The main principles of composite ar-
chitecture as a set of software systems with many characteristics that perform a specific task and service-oriented ar-
chitecture as a modular approach to software development are described. The advantages of the applied composite
service-oriented architecture over other variants of software architecture for control systems are shown, in particular,
monolithic software architecture is compared with composite service-oriented architecture. This means that a re-
searcher can use a single operation, which is a logically isolated, repeated task related to the production process of the
enterprise. At the same time, it is necessary to ensure positive results when integrating with existing software products
of enterprises which greatly complicates and requires the development of new components, as well as support for the
"inherited" parts of the system.

Keywords: service-oriented architecture, sofiware development, design of process control systems.

OCOBEHHOCTH OPTAHU3AIIMU ITIPOT'PAMMHOM APXUTEKTY-
PbI AJATITUBHBIX CUCTEM OBPABOTKHA NTH®OPMAILIUU,
MOJAEJIUPOBAHUSA U YITPABJIEHUA

A. B. Packuna, C. A. Buznenun, E. A. Wxan, P. P. IOcynosa

Cubupckuii henepanbHbIil yHUBEPCUTET
Poccuiickas denepanms, 660041, r. KpacHospck, npocn. CBoOoaHEIH, 79
E-mail: raskina.1012@gmail.com

B cmampbe npeonosicen nooxoo k paspabomre apxumekmypoi cepeuc-opUeHmMupOSaHHoU cucmemvl 00pabomKu um-
Gopmayuy, MOOETUPOBAHUA U YAPAGIEHUS MEXHOIo2uYecKkumMy npoyeccamu. Paspabamvisaemas cucmema npeocmas-
asiem coboti uHcmpymenmapuil 0N UOeHMUGUKAYUY, NPOSHOZUPOBAHUS U YNPABIEHUS OUCKDEMHO-HeNnpePbleHbIMU
npoyeccamu, MamemMamuieckuil annapanm Komopot OCHOBAH HA HENApAMEmMpPUHecKux aicopummax udeHmupurayuu
u ynpasnenus. [Ipocpammnas apxumexmypa coCmoum u3 HeCKOIbKUX OCHOBHBIX MOOYIel: MOOYIb 00pabomKu OAHHbIX,
MOOCTUPOBAHUSL U NPOSHO3A GbIXOOHBIX NEPEMEHHbIX Npoyeccda, MoOylb YNPAGIEHUS MEXHONOSUUECKUM NPOYECCOM.
Ilepsuiii M0Oyb 6KIIOUACm 8 Cebs aneopummbl npedodPAbOmKU OAHHbIX: HOPMATUZAYUS, YEHMPUPOBAHUE U AHATU3
8b160p0Cco8 u nponyckos. Moodyib mMooeruposanus npedCmasier AneoPUMMUYecKUM QYHKYUOHATOM OJisl UCCIe008AaHUs
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U 80CCMAHOBICHUS 3AGUCUMOCTEN MeANCOY NEPEMEHHbBIMU Npoyeccd, UOeHMU@DUKAYUU RPOYecca ¢ UCHONb308AHUEM
HenapamempuyecKkol oyeHku QynKyuu peepeccuu no Habarodenusm. Ilocnednuii modyns — amo peanusayus Henapa-
MEMPUUECKUX al2opummos 0yaibHO20 YNpasienus. Ynpagisowue ycmpoucmed, ROCMpoeHHble Ha 0CHOBAHUU OAHHbIX
An2OPUMMO8, 8bINOTHIONM PYHKYUU KAK YAPAGTEHUsL 00bEKMOM, MAK U €20 U3YUEHUSL.

B cmamve obcyscoaromes 60npochl npUMEHeHUs apXUMeKmypHbIX PeuleHuil, OCHOBAHHbIX HA O8YX 3APEeKOMEHO0-
aswiux cebsi 6 obracmu paspabomKu NPOSPAMMHO20 o0becneuenus nooxoo0ax — KOMHOSUMHOM U CePUC-
opuenmupogannom. Onucvl8aiomcst OCHOGHbIE NPUHYUNGL KOMROZUMHOU aApXumeKkmypvl KaK HAbopa npocpammubix
cucmem ¢ MHONCECMBOM XAPAKMEPUCMUK, KOMOPbLE BbINOHSIOM ONPEOeieHHYIO 3a0ayy, U CEPEUC-OPUESHMUPOBAHHOU
apxumekmypul Kak MOOYJIbHO20 N00X00a K paspabomie npoepammuozo obecneyenus. Ilokazanvl npeumyuecmea npu-
MEHEHHOU KOMNO3UMHOU CEePEUC-OPUCHMUPOSAHHOU aApPXUMEKmYpbl neped OpyeUMU SaApUAHMAamMu apXumexkmyp npo-
2PAMMHO20 0becneyeHust Ol CUCeEM YNPAGIeHUS, 8 HACMHOCMU, 8 pabome CPAGHUBAENCS MOHOIUMHASL NPOSPAMMHASL
apxumekmypa ¢ KOMRO3UMHOU CepeUC-OPUeHMUPOBAHHOU apXumekmypolil. Beibpannoe apxumexmypHoe peuieHue npe-
00Cmasasiem 603MONCHOCHb BLICHPOUMb CUCIEMY U3 HAOOPA He3A8UCUMbBIX MOOYEl, KAXCObLL U3 KOMOPbIX peanusy-
em OmOeNbHYI0 ONepayuio, KOmopas seusemcs lo2udecku 000COONeHHOU, Nosmopsouelics 3a0ayetl, AeIAuencs
COCMABHOL YaACMbio NPOU3BOOCMBEHH020 npoyecca npeonpusimus. Mcnonv3oeanue onucannozo 6 pabome nooxooa
NO360AULO OOCHUYD NOTOICUMELbHBIX PE3YIbMAMO8 NPU UHMESPAYUU C CYUECTNEYIOUUMU NPOSPAMMHBIMU NPOOYKMA-
MU nPeOnpUsmutl, 3HAYUMENIbHO COKPAMUMb CJIONCHOCHb U CHIOUMOCb PA3PAOOMKU HOBLIX KOMHOHEHMOS, d MAKICe
N000EPIHCKU «VHACIEO08AHHBIXY YACMell CUCTEeMbL.

Kniouegvie cnosa: cepsuc-opueHmuposantas apxumexmypa, papabomka npocpammHo2o obecneueHus, npoexmu-
posanue cucmem ynpagieHus: mexHoI02UYecKUMU npoyeccamu.

Introduction. Today, to solve a complex of tasks re- The data processing module imports data of various for-
lated to the management and modeling of complex tech-  mats, converts data into a single format with which the
nological processes in various industries, the aerospace  system works. Also, this module implements data pre-
industry in particular, software and algorithmic tools are  processing algorithms: normalization, centering, analysis
used to provide identification and process control func- of omissions in the observation sample. The result of the
tions. One example of this type of tool is adaptive process module operation is an internal database of the system,
control systems, the operation of which is carried out us-  which contains the converted data in a single format.

ing nonparametric theory [1-5]. The use of nonparametric The process identification module implements the fol-
identification and control algorithms allows modeling, lowing nonparametric identification algorithms [10].
forecasting, and process maintaining within the frame- In this paper, we consider the classes of control proc-

work of technological regulations in conditions of priori  esses that can be described by equations of the form:
information lack, when the parametric structure of the

. =F .o . 1

model of the process under study remains unknown from i (X ¥ 8)) M
priori information [6-9]. This situation is quite common Here F — unknown functional; k — order of the differ-
in the development of computer control systems, since in  epce equation that is bounded k <k, ; u, — input vari-

most cases a researcher has to work with poorly studied
processes for which it is not possible to reasonably choose ] i ) )
the parametric structure of the model. At the same time a  dex ¢ —discrete time; E(#) — vector accidental hindrance.

able of the object; x,— output variable of the object; in-

number of requirements are imposed on the developed Let us introduce the following designations:

control system, which include: data synchronization from

various control points; the ability to work with heteroge- &= (Zl ""’Zk+1) = (X5 e X Uy ) 5 @
neous data (the system independently converts the data  then

into a single format); the possibility of both autonomous ¥ = F( 2 ) 3)
operation of the control system and correction of the con- ' '

trol actions of the system by an expert technologist; secu- Taking into account redesignations (2), the model of

rity by encrypting and backing up data. Thus, the main  the technological process under consideration can be re-
task of this study is to develop and design the architecture ~ duced to the model of the dynamic system in discrete
for software and algorithmic support that allows optimal  time, when not only variables u, enter the input of the
operation of the system. ' ' latter but also x,_;,x,_,...,x,_, and so on.

Functional diagram of the system. The information
processing, modeling and control system is a set of sub-
systems which includes the following modules shown

Under these conditions the following nonparametric
estimation of the regression function based on observa-

tional data {x,,u,,i =1,_s} [11] can be used as a nonpara-

in fig. 1.
Process variables are monitored over a time interval — metric model of the object:

At . The input and output of the process are represented s k

. . T o U, —u; 10 XS*./' _xiil'
by measurements forming a sample of the {;,x;},i=1,s Zx,- ) o H T

. . ¢ =l s Jj=1 s
form, where s is the sample size, u;,x; are the measure- Xe =7 k . . ) Q)
L . . U, —u s=j =)
ments of the object input and output at a time £ . This ZCD[ — l]H(D U J
i=1 s Jj=1 s

sample is contained in the “Enterprise database” block.
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where @(-)— bell-shaped function, c*,c}/! — core blur

coefficients that are found in the presence of a training
sample from the task of minimizing the object output and
model output correspondence index based on the sliding
exam method, when the nonparametric model (4)
excludes the g-e observation of the variable presented
for the exam by index i:

R(c!.cW,.ey =
2 . )
xq,k)—xq) —Cucxg]un [k],q;tz,

5965 Toenls

S’S

S
=Z(xs(uq,xq,l,...,
g=1

where the index i appears in the nonparametric model (4).
The non — gradient method of multidimensional optimiza-
tion, the Nelder-Mead method, is implemented as an op-
timization algorithm, since this method is effective
at a low calculation speed of the minimized function.
To select the initial vertices of the deformable polyhe-
dron, a range of possible values of the nuclear function
blur coefficients ¢, €[0.01,4] was specified, from which

an n + k + 1 point was arbitrarily selected, where n is the
number of input variables, & is the order of the difference
equation, which form a simplex of n + k-dimensional
space .

The process control module implements the following
control scheme (fig. 2).

The nonparametric dual control algorithm has the
form [12]:

*
us+l = us + AusH H (6)

* . .
where u, — component that accumulates information

about the object of research, and Au,,, =&(x,,,

—x,) —
“learning” search steps.

The dualism of algorithm (6) is as follows. At the
first control steps the main role in the formation

of control actions is played by the summand Au,, from
formula (6).
But during the accumulation of information about the

object the role of the summand u: increases.

In this case, the following expression can be taken as a

summand u: from equation (6):

B
Sl e

The process control algorithm is constructed as fol-
lows.

Based on the rule for selecting significant variables,
the order of the differential equation of the dynamic proc-
ess model & is determined, which is later used for calcu-
lating control actions in (7) where only those variables
that were selected by the algorithm are present.

(7

u

Input and output
variables control

Enterprise
database

Data processing
module

Technological
process

A

Process control

Internal database

Process
identification

module

Expert

module

Fig. 1. Functional scheme of the developed adaptive information system
for data processing, modeling and control

Puc. 1. ®ynknuonansHas cxema paboThl pa3pabaTeiBacMOif aTaNTUBHON CHCTEMBI
06paboTky NHGOPMAIIMH, MOACIMPOBAHNS U YIIPABICHHS



Cubupckuil scypHan Hayku u mexvoaoaui. Tom 21, Ne ]

The quality of control is assessed by two characteristics:

1. Control time #,— the time from the start of control
to the moment when the output value differs from the task
no more than a certain set value o. Usually: a= 0,05y,

2. A relative control error Wp equal to the total
deviation of the actual output of the process from the
setting effect during the entire time of regulation in
relation to the setting effect, expressed in relative values,
in %

1 S

;
2 TN
1
-

s~
— =
W,="i
X

The calculated values of control actions u,,, are

available for correction by an expert technologist. Thus,
the developed system is a tool that includes the following
main modules : the data processing module, modeling and
forecasting of output process variables, and the process
control module.

Software architecture of the system. When design-
ing the software architecture, we took into account the
fact that each of the modules can be easily replaced with a
new implementation in case of changes in the technologi-
cal process, as well as be supplemented with new ones
when expanding the system's functionality.

Fig. 3 shows an example of the same system built on
two different architectures. The classic version of the sys-
tem is a single monolithic application within which you
can identify a number of closely related subsystems built
around specific large business processes. Although the
architecture of such system is a three-layer architecture,
its high connectivity significantly complicates the mainte-
nance and implementation of new functionality in such
system. In addition, the implementation of a new business
process leads to the development of a new subsystem,
most of the source code duplicates the code of existing
subsystems.

| cu I
| |
|

Aux+l
|
| |
X*(t) + Z | |
— |
— |
L, ot

The selection of basic elements from the system
as well as the division of business processes into atomic
operations and their transfer to a set of services that are
independent of the implementation of other components
of the system, allow us to build a more flexible system
based on composite architecture. At the same time, the
access to data is carried out through a single interface, and
any subsystem can easily access services. Moreover, such
separation of the system allows to divide the system into
several parts with less effort: a data server, a service
server, client applications.

Our architectural solution is based on two proven ar-
chitectural approaches in the field of software develop-
ment: composite and service-oriented. Composite archi-
tecture is a set of software systems with multiple charac-
teristics that perform a specific task developed in the es-
tablished order and based on a common set of basic tools.
At the same time, integration and testing operations re-
place design and coding operations.

Service-oriented architecture is a modular approach to
software development based on the use of distributed,
loosely coupled interchangeable components equipped
with standardized interfaces for interaction over standard-
ized protocols.

The main difference and advantage of composite ar-
chitecture over SOA is that the composite architecture
provides flexibility on all layers (levels) of the applica-
tion, while SOA provides flexibility only on one layer —
the application layer (business logic) [13]. Since the com-
posite architecture is essentially a further development of
the service-oriented architecture and, accordingly, has all
the advantages of the service-oriented approach in the
software development. Composite applications are usually
a further development of an already developed group of
individual applications, from which basic sets of compo-
nents and containers are allocated for their further integra-
tion with each other.

x(9)

Dynamic object

Fig. 2. Scheme of dual control of a dynamic object

Puc. 2. Cxema nyansHOTO yHpaBlieHHS AUHAMUYIECKAM OOBEKTOM
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DB

Monolithic

Service Service

DB

a8

Service - Oriented

Fig. 3. Architecture Comparison

Puc. 3. CpaBHEHHE apXUTEKTYP

Currently, the idea of building service-oriented ap-
plications based on composite architecture is widely
used in various areas of software development and is
the subject of study in many research centers. One
of the largest organizations is Software Engineering
Institute (SEI) [14].

At the moment, the Institute is a recognized interna-
tional leader in the study of building composite service-
oriented applications. Composite service-oriented archi-
tecture is an approach to designing software systems to
organize existing software products so that disparate sets
of complex, distributed systems and applications can be
turned into a network of integrated, simple, and flexible
resources.

Based on SEI's methodological recommendations, we
designed and applied a hybrid architectural approach and
thus obtained a composite service-oriented software sys-
tem, which is a set of services, service components, and
data access components that can be designed and de-
ployed in a single application [15]. Interaction between
services and various components is carried out by ex-
changing messages.

In our service-oriented composite architecture service
components, which are the building blocks of our soft-
ware system modules, play an important role. Each com-
ponent is placed in a specific service container. Messages
are sent to service containers and then redirected to the
corresponding service components within them. In addi-
tion, service containers can interact with each other. For
example, a message intended for a process is first sent to
the container of that process, and then the service con-
tainer processes the received information and redirects the
messages to the corresponding service components within
itself. Service components in the developed hybrid archi-
tecture solve the following tasks:

25

— describe and implement domain operations;

— define the rules of operations;

— transmit messages between system components.

The services themselves provide interaction between
the composite application and its consumers. Communi-
cation with the service is performed using the specified
protocols (for example, SOAP/HTTP). Data access com-
ponents are used to retrieve and modify data based on
messages sent from service components. The links de-
scribe how information is exchanged between services
and service components, between different service com-
ponents, or between service components and data access
components.

The applied composite service-oriented architecture
makes it possible to build a system from a set of inde-
pendent modules, each of which implements a separate
operation, which is a logically separate, repetitive task
that is an integral part of the enterprise's production proc-
ess. Moreover, services can be implemented independ-
ently of programming languages and other technical
features of the implementation, which makes it possible to
use different technologies.

Also, services can be written independently of other
services in the system, you only need to know the inter-
face of the services used, that is, the services will be
loosely connected. The use of the architectural approach
described in this paper also allowed us to achieve positive
results when integrating with existing enterprise software
products, significantly reducing the complexity and cost
of developing new components, as well as supporting
“inherited* parts of the system.

Conclusion. The work is devoted to the integrated de-
velopment of the system designed for data preprocessing,
modeling and control of multidimensional discrete-
continuous processes. The core of the system is nonpara-
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metric algorithms. Two basic algorithms are presented
for modeling the process of unknown structure and
control under conditions of incomplete data about the
object. The developed system architecture is flexible — the
replacement of key modules does not have irreversible
consequences during the functioning of the system as a
whole.
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