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DEVELOPMENT OF A MATHEMATICAL MODEL FOR BUSINESS PROCESS AUTOMATION

Abstract: The article discusses the main elements of creating an ideal mathematical
model of the operating procedure of the budget department for IT enterprises. The main technical
problems arising in the context of deteriorating business conditions and economic instability are
analyzed from the point of view of strategy. The introduction of information technology and the
creation of specialized programs and modules are the primary methods for resolving the issues
associated with the automation of business processes. By using such systems in various functional
divisions, it is possible to reduce the amount of human factor and unneeded paperwork while also
making the information gathered at the organization clear, accessible, and organized. Business
process management modeling, which is a numerical optimization synthesis of the structure,
components, and parameters of a business process, is incredibly important yet is still in its infancy.
The cost of an IT project is the primary concern of the developed principles of mathematical
modeling of business process management. The baseline data for the generated model, as well as
its structure and the findings obtained, can alter dramatically throughout the simulation depending
on the nature and peculiarities of each specific project. The research under discussion is aimed at
increasing competitiveness in the market and maximizing the overall strategy of the organization.
When constructing a mathematical model, the author pays special attention to the methods of
mathematical modeling of a business process based on the principles of queuing theory. The
created model will allow budget departments of IT companies to evaluate and improve their
activities.

Key words: IT company, intelligent systems, financial planning, IT technologies,
mathematical model, business process automation.

Introduction

The administration of business processes needs to be given extra consideration in order
for the organization to be efficient. To achieve this, models and digital solutions are gathered,
audits are performed, and their efficacy is assessed. Due to automation, it is possible to reduce the
workload of employees aimed at supporting business — processes. It is possible to automate both
one process and several processes, while creating a single information space in the enterprise.
Employees of the enterprise, without whom it is impossible to produce any products, take direct
participation in the creation, maintenance, control of all processes, but the degree of human
participation in business processes can be reduced by automation. Automation, which exempts a
person from direct involvement in industrial processes, is the application of technology means,
procedures, and control systems [1].

Automation aims to boost labor productivity and efficiency, enhance product quality, and
create better working circumstances for people. Automating company operations is a task that is
getting more and more important. This is as a result of the analysis of business process
effectiveness and the identification of the root causes of the detected inconsistencies. Most often, it
turns out that the absence of automation and databases for systematizing acquired information is
the primary issue facing contemporary businesses. Routine tasks that require a significant amount
of manual entry, searching, and data analysis result in errors, wasted time, and generally lower
employee engagement [2].

The introduction of information technology and the creation of specialized programs and
modules are the primary methods for resolving the issues associated with the automation of
business processes. By using such systems in various functional divisions, it is possible to reduce
the amount of human factor and unneeded paperwork while also making the information gathered
at the organization clear, accessible, and organized.
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Key research findings

Tasks for automating business processes

The continual management of processes and their optimization constitute the primary
criterion for the success of the process approach. Three categories of business processes are
identified: 1) Main procedures. They act as the company's cornerstone. Processes give the
consumer more value. Manufacturing, logistics, marketing and sales, procurement, etc. are a few
examples. 2) Support techniques. They offer the primary processes' activity. For instance,
bookkeeping, hiring, staffing, upkeep of the equipment, etc. 3) Control procedures. The
management of the business is its primary duty. Consider financial planning, developing a strategy,
documentation [3].

All corporate business operations are covered by automation. Both local tasks at the level
of a single small business function and larger tasks encompassing an entire web of interconnected
business processes can be solved using it. The automation of accounting, client accounting, and
document management was the most prevalent since these processes are directly related to the
processing of massive amounts of data. Three categories, which are shown in Figure 1, can be
used to categorize business process automation procedures.

Creation of automated systems of an interconnected processes complex

Automation of several processes

Automation of a single process

Figure 1 — Types of business process automation

1) Automation of the process. In this instance, one department resolves one or two
specific tasks linked to streamlining work with individual papers. For instance, the creation of
software modules that display graphs, provide tooltips, format spreadsheet cells based on the
parameters entered, generate reports, archive files, instantly send emails, etc.

2) Automation of several processes. This kind of automation involves two or more
processes, and it is accomplished through specially created programs. These programs typically
include a database for gathering and storing data, forms for data entry and exchange, reports for
analyzing this data, and databases for gathering and exchanging data. For order administration,
procurement, internal audit documentation, statistical data processing, production planning, etc.,
businesses separately design client-server programs.

3) Automation that involves designing and putting in place specialized systems to handle
a complex network of interconnected business activities. Such automation technologies enable us
to fully automate all business activities, track the status of production in real time, and effectively
manage the company for maximum profit [4].

Some heads of design institutes consider the business process of drawing up estimates
as a time-consuming and complex process. Evaluation engineers involved in implementing this
process are dealing with a huge amount of data that cannot always be processed quickly, and
consequently, they make the best use of the application software products that ensure the success
of this process. However, such software products are just an engineering tool, but the quality of the
process is not always ideal. If we analyze these actions, collect modeling data and find optimal
solutions, then all this together will serve as a powerful tool for rational management and
implementation of this process

Materials and methods

Mathematical modeling and optimization are necessary for high-quality design of business
processes. While business process modeling typically takes the shape of texts, tables, diagrams,
and other tools (notations) to explain work processes and information, it is descriptive in nature.
Business process modeling in this context is understood to be the control of processes, their
documentation, and the associated paperwork, whereas the optimization of business processes,
according to various ITcompany manuals, entails the implementation of specific actions aimed at
their coordination and partial improvement. It is not possible to refer to the adoption of such
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organizational activities for the management and operation of the business as optimization. All
these steps do not provide the best management of specific business processes, according to a
recent study. It is impossible to optimize and automate business processes using descriptive
modeling using well-known designations like IDEFO, DFD, and BPMN. The business process
should be mathematically modelled so that optimization can be done while the business process is
being explicitly investigated and given in the form of a model. All the relevant criteria for the
business process model's optimization will also be added. The scientific community does not pay
much attention to mathematical modeling [5].

The major objective of any business process is to optimize the estimate documentation,
which includes evaluating the amounts of resources and output (estimates, tariffs, and services) at
each step of the process and across the whole business process (production, maintenance,
service, distribution, etc.). A suitable optimization business process must be carried out under
conditions of future uncertainty due to the uncertainty of prospective demand for the final product
(because of which the business process is organized), uncertainty of future sales and purchase
prices for production resources, uncertainty of investments and their effects, and more.
Establishing criteria that reflect future uncertainty and probable business process outcomes is
important in order to construct a mathematical model of business process optimization. Only in the
future, both in terms of the financial outcomes and the end result of the entire procedure, should all
these criteria be updated [6].

The evaluated business process's model structure and its mathematical
interpretation

The researched business process' structural model takes into account every part of the
work involved in this form of activity. The model is built on process links (each distinct operation)
and has two input flows for resources, requirements, and other regulatory elements: Z= {X;Y}. Flow
vector X={x1, X,...,Xn} at the input to the i-process link includes the flows of production factors or
external requirements; flow vector Y={y1, ¥2,...,yk} includes products, services, and operations
performed within the previous i-process links, which serve as input production resources within the
given i-link. Within the model, such flows of resources are expressed as circles, process production
links as rectangles, service links as rhombuses, influx of resources and/or products as arrows (Fig.
2a).
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Figure 2 — (a) business process structural model (sample); (b) process link model

The production function (PF) may serve as the mathematical model of production activity
on resource processing, which occurs within a production link at its input to the output product [7].
For process link i with X and Y resources at the input and one product made within the i-link at the
output (Fig. 1b), the mathematical model represents a multiple-factor PF:

Fi = fi{(X1, X2, ... Xn; Y1, Y2,.--, YK)}. @)

Using the regressive econometric method and available statistical data pertinent to both
the IT product process and the applicable technology in this link, a specific PF type is established
for each link and operation (activity). Physical transformation of production factors getting into the
input of a process link to the output product is simultaneously followed by a cost increase of the
input flow by the costs of work performance in a link (further costs are understood as the so-called
average costs or unit costs [8]. Considering that the resources coming to i-link in volumes xi,
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X2,...Xn @and vyi, Yo,..., Yk have costs (per unit volume) p1, p2,...,pn and qi, gz,...,qk respectively, it is
possible to get the overall cost of resources incoming to i-process link:

Ly PGt Iy )

In each i-link of a business process, the cost (2) of the input flow will be transformed into
the cost at the output flow caused by expenses Ag;i incurred by production within the i-link. Then,
the overall cost of the output flow of an i-link can be presented as follows

w P:‘%‘"‘E:{:l q;v; + 4qF; (3

When modeling a business process for further optimization, the best requirements for
production inputs must be taken into account in order to get the desired result. Demand for
production factors and their pricing are unpredictable and unknown in advance [9]. The actual
source data will comprise aspects of the financial and economic situation, as well as the developed
market circumstances required for price and cost estimate documentation ci,c»,...Ci for production
factors xi, Xz,...Xn and sales prices c¢; of the final product received at the output of final i-process
link, known quantity of financial resources j assigned for the business process. In the assumption
that the structure of a business process and the structure of the corresponding organizational units
are chosen, the following optimization problem is solved: to define the optimal cost of the final
product — cost estimate F; at the output of the final i-link and optimal volumes of production factors
X1, X2,...Xn Maximizing the profit of the entire business process. The corresponding mathematical
model is as follows:

Ci*Fi(X1, X2,...X) — (CixatCaXot...+CX) ->  max

To ensure optimization, the output of final product F; shall be preliminary expressed
through PF of all previous links of a business process and contain finite dependence on volumes of
production factors xi, Xo,...Xn . This is achieved through the composition (inclusion of one into
another) of PF of the previous links into PF of final link Fj X1, X2,...xn ) Iin the sequence, which
begins with PF of the last process link and ends with PF of the first link.

Conclusion

The optimization of the business process should be carried out as a system for the
complete structural model of the process as a whole since this business process is meant to
achieve a global goal that encompasses the release of the final product (cost estimate).
Additionally, the owner of the business process controls variables that are used in the
mathematical model's optimization, such as the output volume, selling price, and volume of factors
purchased for the IT product. Economic theory and the process management framework are both
included in this mathematical understanding of business process management. If specific
technological connections are met, all values obtained will be applicable. It should be mentioned
that when researching this topic, it is important to consider both the economic aspects of business
process management and the overall efficiency of all process divisions.

Business process management modeling, which is a numerical optimization synthesis of
the structure, components, and parameters of a business process, is incredibly important yet is still
in its infancy. The cost of an IT project is the primary concern of the developed principles of
mathematical modeling of business process management. The baseline data for the generated
model, as well as its structure and the findings obtained, can alter dramatically throughout the
simulation depending on the nature and peculiarities of each specific project.
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BU3HEC-NPOLIECTI ABTOMATTAHAbLIPY YLWUIH MATEMATUKAJbIK MOAEJb XXACAY

Makanada AT KocinopbiHOapbl ywiH 6rodxemmik 6eniMHiH XyMbiC rpouedypacbiHbIH
udeandbl Mamemamukasibik MoOeniH KypyObiH Heaidei anemeHmmepi Kapacmabipbiiadsl. busHec
JardalblHbIH Hawapriaybl XoHe 3KOHOMUKaribIK mypakcbi30bik xardalibiHda mybiHOalmbIH Heaisai
mexHukanblk  npobrnemanap  cmpameaus — mypfbicbiHaH — mandaHaldbl.  AKnapammbiK
mexHonoausinapobl eHaidy xoeHe MmamaHOaHObIpbiniraH bardapnamarniap mMeH mMoOynbdepdi Kypy
busHec-npouecmepdi asmomammaHdeipyra 6alnaHbicmbl macenenepdi wewyoiH Heezizai
adicmepi 6osbin mabbinadbl. MyHOau Xylenepdi spmypni pyHKUUOHanObIK bipnikmepde KorndaHy
apkbinbl adaM Kamersiai MeH Kaxemci3 Kara3bacmblinblK KeneMiH asalimyra, coHOal-aK yubimoa
JKUHanfad aknapammbl MmyCiHikmi, KormkemimOi xeHe XxylerneHzeeH emyee 6onadbl. busHec-
rnpouecmiH KypbiribiMbiH, Kypamdac bernikmepiH xeHe napamempriepiH caHObiK oHmalnaHObIpy
cuHme3si 6onbin mabbinamesiH 6udHec-ripouecmepdi backapydbl moderibOey eme MaHbi30bl, bipak
ani 0e bacmarikbl cambICbIHOA.

IT-)x06aHbIH KyHbl busHec-ripouecmepdi backapydbiH MamemamukarbiK Modesiboey
83iprieH2eH NPUHUUNMEPIHIH Heaidai miHO0emi 6onbin mabbinadsl. XKacanFaH Modesnb ywiH Kipic
Oepekmepi, coHOal-aK OHbIH KYpblibiMbl XOHE aribiHFaH Hemuxenep opbip Hakmbl x0baHbIH
curnamsl MeH curnammamarnapbiHa batnaHbicmbl ModesnbOey rpoueci Ke3diHOe Kypm e3z2epyi
MyMKiH. TankblnaHFaH 3epmmey Hapbikmarbl 6acekeze Kabinemminikmi apmmbipyfa XoHe
YUBIMHBIH XXanmnbl cmpameausicbiH bapbiHwa apmmbipyra b6arbimmarnfaH. Mamemamukarnbik
modenbdi Kypy kesiHOe asmop ixarnnal Kbi3Mem Kepcemy meOopUSIChIHbIH MNPUHYUNMEepPIHe
HeeisddernieeH bu3Hec-npouyecmi Mamemamukarnblk ModenbOey odicmepiHe epekwe Ha3sap
ayOapaolbl. KypbinraH modenb AT-komnaHusnapObiH 600xemmik 6eniMwenepiHe 63 Kbi3MemiH
baranayra xoHe xemindipyae mymkiHOik 6epeoi.

TyliH ce30ep: AT KomnaHusiCbl, UHMernnekmyanobl Xxylenep, KapXbifblK Xocrnapnay,
am mexHorsoausinapbl, MamemamukarbiKk Modesb, busHec-rnpoyecmepdi asmomammaHObIpy.
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PA3SPABOTKA MATEMATUYECKOW MOAENN OANA ABTOMATU3 ALK
BU3HEC-NPOLIECCA

B cmambe paccmampuearomcsi OCHOBHble  3arieMeHmbl co30aHusi  udearsibHOU
Mamemamudeckol modenu rnpouedypbl pabomsi 6rodxemHo20 omoena 0nsa UT-npednpusmud.
OcHosHble mexHu4eckue npobrieMbl, 803HUKaOWUE 8 yCrio8UsIX yXyOweHus ycroguli eedeHus
busHeca U 3KOHOMUYECKOU HecmaburbHOCMU, aHasu3upyromcs C MOYKU 3PeHUsT cmpameauu.
BHedpeHue uHopMayUuoOHHbIX mexHosio2ull U co3daHue creyuasu3upoBaHHbIX rpoepamMm U
MoQynel 58M15110MCcsi OCHOBHbIMU MemodaMu peuleHUs1 80MpPOCO8, C8s3aHHbIX C asmomamu3ayuel
busHec-npoyeccos.  Mcronb3yss makue  cucmembl 8  Pas/luYHbIX  QQYHKUUOHAsIbHbIX
rnodpas0esieHUsIX, MOXHO YMEHbLUMb KOJIUYECMBO YEsI08€4YECKO20 ¢hakmopa U HEHYXHOU
bymaxkHol pabomsbi, a makxe cOenamb UHGbopMaUUro, cobupaemyto 8 opaaHu3ayuu, MOHIMHoU,
docmynHolu u cucmemamu3upoeaHHou. ModenuposaHue yripasneHuss 6u3Hec-rpoueccamu,
npedcmasrisrouwiee cobol YUCeHHbIU onMUMU3ayUOHHbBIL CUHME3 CMPYKMypbl, KOMIIOHEHMO8 U
napamempos busHec-rnpouyecca, He8EPOSIMHO B8aXHO, HO 8Ce ewe Haxodumcs 8 3a4amo4yHOM
cocmosiHuu. Cmoumocmb UT-nipoekma sensemcsi rnepeocmereHHol 3adadell paspabomaHHbIX
MPUHUUNo8 MamemMamuyecko2o ModesiupogaHusi yrpaeneHuss busHec-ripoyeccamu. MIcxo0Hbie
OaHHbIe Onisi caeHepuposaHHOU MoOenu, a makxe ee cmpykmypa U rosly4eHHble pe3ysibmamel
Mo2ym pe3KO MEeHSImbCS 8 rpouecce MoOenuposaHusi 8 3asucuMocmu Om xapakmepa u
ocobeHHocmell Kaxd3020 KOHKpemHoz0o rpoekma. Obcyxdaemoe uccriedosaHUe HarpaeneHo Ha
roBbILEHUE KOHKYPEHMOCNIOCOBHOCMU Ha pPbIHKE U Makcumusauuro obwel cmpameauu
opeaHu3ayuu. lNpu nocmpoeHuu mamemamu4yeckol Mmodesnu asmop ydesnsiem ocoboe eHUMaHUe
MemodamM Mamemamuyecko2o ModesnuposaHusi busHec-rpouecca, OCHOBAHHbIM Ha MPUHYUNax
meopuu  maccogo2o  obcnyxueaHusi.  Co30aHHass ~ modenb  no3eonum  6r0OKEemMHbIM
rnodpasodesneHusm UT-komrnaHul oyeHUs8amp U CO8EPLIEHCMB08aMb C80H 0esmesibHOCMb.

Knrouyeeblie cnoea: WT-koMmnaHus, UHMenneKkmyarsbHble cucmembl, ¢uHaHCo80e
nnaHuposaHue, WT-mexHonoauu, Mamemamu4yeckass MoOesnib, asmomamusayusi busHec-
npouyeccos.

ABTOpnap Typanbi MmanimeTTep
O.M. Tackapa — MarucTpaHT, aknapaTTblk TexHonorvsinap dakynbTeTi, Xanbikapanbik
aknapaTtTblk TexHonornanap yHusepcuteTi; e-mail: taskaradinal@gmail.com.
B.K. CuHuyeB — Xanbikapanblk aknapaTTblk TEXHONOrMsNap YHUBEPCUTETI, aknapaTTblK
Xymenep kadpegpacbl TexHMKa fbibIMAApbIHbIH, - KaHAuAaTbl, npodeccop, AoueHT; e-mail:
sinchev@mail.ru. ORCID: https://orcid.org/0000-0001-8557-8458.

CBepeHua o6 aBTopax
0.M. Tackapa, marucTpaHT rpynnbl ITPM-214 kadeapbl MHDOPMaLMOHHBLIX TEXHOMNOMU,
MexxgyHapogHoro yHmsepcuteTa MHGOOPMAaLMOHHBIX TEXHOSOTMA.
B.K. CuHuyeB - KaHOMOaT TEXHUYECKMX HayK, [OOUEHT, npodeccop Kadeapbl
WHOPMAaLMOHHBbIX cucteM MexayHapoOHOro yHusepcuteTa MHOPMAUMOHHBIX TEXHOMNOrun; e-
mail: sinchev@mail.ru. ORCID: https://orcid.org/0000-0001-8557-8458.

Information about the authors
D.M. Taskara" — master's student of the Department of Information Technologies,
International University of Information Technologies; e-mail: taskaradinal@gmail.com.
B.K. Sinchev — PhD, professor, Information Systems Department, International
Information Technology University; e-mail: sinchev@mail.ru. ORCID: https://orcid.org/0000-0001-
8557-8458.

ISSN: 2788-7995 [IokopiM yHHBEPCUTETIHIH XabapIubichl. TexHUKaTBIK FhutbiMIap Ne 3(7) 2022 38



