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Abstract. This paper analyses RPA technology and its place in management and decision-making
processes. The aim of this paper is to analyze various sources on the use and implementation of this
technology in order to assess the current state of research in this field, as well as to build a dynamics
model to further analyze the possibility of applying the technology in the future. This research analizes
research papers in the various fields of RPA technology research. Both English-language and Russian-
language sources were analyzed. Based on the analysis, conclusions were made about the current state
of research, as well as conclusions about the position of RPA in the field of automation and the risks
that are associated with the use of the technology in question. Further, the paper highlights indicators
and builds models of the process in question before and after implementation, as well as models of the
dynamics of the process using RPA technology. On the basis of the analysis conclusions are made about
the practical impact of RPA on the process, as well as conclusions about the possibility of transformation
and use of the model in the future. The result of the work is a grouped research on the topic of RPA with
conclusions about the status of RPA, the features of this technology, the possibilities of its application,
as well as process models and dynamics, based on which the conclusion about the possibility of using
RPA in management processes and decision-making is made.
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AnHoramus. B crathe npoBoautcs aHanus TexHosorun RPA u e€ Mecra B Iipolieccax yIpasiIeHNs U
npuHATHS perneHus. Llenpio jaHHOM paboThI SIBISIETCS aHAIU3 Pa3IMYHBIX MICTOYHUKOB 110 BOIIpOCaM
WCIIOJIb30BaHUS U BHEAPEHUS JaHHOM TEXHOJIOTMH IJISI OLEHKU TEKYIEeTro COCTOSIHUS HCCIeI0BaHUI
B IaHHOI cepe, a TakKe MOCTPOSHNUE MOACIU JMHAMMKY JUISI MOCJEAYIOIIero aHainu3a BO3MOXHOCTHU
MPUMEHEHUs] TexHoJIoruu B OyayiieM. [lepBast yacTh paGoOTHI TTOCBSIIIEHa aHAJIM3Y HaydyHBIX paboT B
pa3nMuHBIX cepax ucciaenoBanus texHonornu RPA. Belmu npoaHaamn3npoBaHbl KaK aHIVIOS3BIIHEIE,
TaK ¥ PyCCKOSI3bIYHBIC UCTOUYHMKM. Ha ocHOBe JaHHOI 9acTH paOOTHI ObUIM CAeIaHbl BEIBOOLI O TEKY-
IIeM COCTOSIHHME MCCJIEIOBaHUsI, a TAaKXKe BBIBOALI 0 TojtoxeHnu RPA B cdhepe aBTomMatusanum u pu-
CcKax, KOTOpbI€ CBSI3aHBI C MCIIOJb30BaHUEM paccMaTpuBaeMoi TexHo1oruu. Bropas yacTs paboThI 110-
CBsIIIIEHA BBIIEIEHUIO OKa3aTeleil M TOCTPOSHUIO MOIeIel Mpoliecca A0 U IOCJIe BHEAPEHMSI, a TAKXKe
MoOJeJId TMHAMUKM TIpoliecca ¢ UCIojib3oBaHueM TexHosoruu RPA. Ha ocHoBe naHHOI YacTu paboThI
OBLIV ceIaHbI BRIBOIBI O IMpakKTUYecKoM BimssHu RPA Ha xox mpoiiecca, a TakoKe BBIBOABI O BO3MOXK-
HOCTH IIpeoOpa30oBaHMs U MCIIOIb30BaHMS MOJCIN B OyayieM. Pe3yasratoM maHHOM paOOTHI SIBIISIIOTCS
CTPYIIIIUPOBaHHEIE HcciemoBaHms 1o TeMe RPA ¢ BeiBogamu o coctosiHun RPA, ocobeHHOCTSIME 3TOM
TEXHOJIOTMH, a TAK:Ke BO3MOXHOCTSIMU IS €€ MPUMEHEHHsI, a TakKe MOJIE/IU IIpoliecca U AMHAMUKU,
Ha OCHOBE KOTOPBIX CeJIaH BEIBOI O BOBMOXHOCTU MpuMeHeHrs: RPA B mpolieccax yrpaBieHUs U IPU-
HSITUSI peLIeHUs.

KmoueBble cioBa: RPA, yripasieHue rpoieccamu, aBTOMaTH3aLKs [TPOLIECCOB, POOOTHI, IIPOLECC
YIpaBJAeHUs, IPOLECC MPUHSTHUS PEIIeHU I, UICKYCCTBEHHBIN MHTEJIEKT, MOJENIb TUHAMUKU
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Introduction

The field of RPA (robotic process automation) technology is understudied, as the technology is new
to the automation market. However, it is worth noting that the increased interest in process automation
is allowing the technology to develop rapidly. This increases the number of scientific papers on the sub-
ject every year.

Let us characterize the technology. The original definition of the word "robot" was as follows: a uni-
versal automaton for performing mechanical actions similar to those performed by a human performing
physical work (Yurevich, 2018), but the modern concept of this definition is somewhat different from
the now obsolete ones. The first robots were created to replace humans in arduous and hazardous tasks,
thereby reducing risk to workers' lives and increasing efficiency in the work performed. Modern robots,
on the other hand, are capable of performing information tasks and have artificial intelligence, which
allows them to be used not only in heavy mechanical tasks, but also in process automation.

"Process" or "process" is a word that everyone is familiar with, but different sources give different
definitions of this concept. For example, GOST R ISO 9000:2008 defines process as "a set of interrelated
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or interacting activities that transform inputs into outputs” (“GOST R 9000-2008. Quality management
systems. Basic provisions and dictionary,” 2009, pp. 9000—2008).

"Automation"” is also a concept that is gaining traction in the current era of digitalization of enter-
prises. "Automation is the application of technologies and methods to partially or completely exclude
humans from participating in an automated process. The main purpose of automation is to improve
labour efficiency” (Fursenko et al., 2007). "Robotic process automation" or "robotic process automa-
tion" technology is a collection of images of virtual robots that perform various service tasks previously
performed by humans. In business processes RPA is software that performs the tasks of unloading and
transferring data from various systems used in the enterprise (CRM, ERP etc.), performing e-mail dis-
tributions, creating electronic documents and reports etc. (Madakam et al., 2019).

Some of the most popular vendors in the world in the RPA technology market include: IBM, UiPath,
WorkFusion, AUTOMATION ANYWHERE, openspan 5 and BluePrism (Lavrov and Petyuk, 2017).
Although it is difficult to identify a leader in such a dynamic market, many experts believe that UiPath
is the leader at the moment due to their awareness and financial capability.

Materials and Methods

First of all, articles that raise the issue of the prevalence of this technology both in Russia and in the
world at large, as well as examples of successful application of RPA technology were studied. It should
be noted in advance that the theoretical side of technology research is raised in most articles.

The article "Robotic Process Automation (RPA)" describes the essence of the technology, the basic
prerequisites for its use and diffusion, and also briefly describes and compares the current state of ro-
botic process automation in Russia and abroad. In Russia RPA is just emerging and there are several
problems associated with the technological state of the processes in organizations, low labour costs and
other factors. The author reports that the number of successful applications of this technology in Russia
is currently very low, however, one of the companies using this technology is X5. This information con-
trasts with the fact that RPA is already used in the public sector in some countries (Belomittsev, 2019).

The article "Utilizing robotic process automation technologies for streamlining the additive manu-
facturing design workflow" reveals an algorithm for selecting a framework for applying RPA technology
to manufacturing within an additive manufacturing model to improve the optimality of basic manufac-
turing processes. In this study, the framework was deployed in a real enterprise. The main goal was to
reduce the cost of production and to reduce the likelihood of human error (George et al., 2021). The
article "Applying robotic process automation (RPA) in auditing: A framework" describes the benefits of
using the developed framework. (Huang and Vasarhelyi, 2019) describes the benefits of using the RPA
solution developed in the course of the study in the field of auditing. The authors single out the follow-
ing as the main benefits: freeing auditors' time to perform more complex tasks, reducing human error in
auditing, increasing the quality of auditing by reducing outsourcing.

In "Robotic process automation at Xchanging" the authors describe features of using RPA-tech-
nology shortly after direct implementation on the basis of experience of company-vendor and business
process integrator Xchanging. Based on these experiences, the authors highlight the following features
of process automation using modern technology (Willcocks et al., 2015a). Continuous improvement,
which maximizes the benefits of implementing RPA technology. Voluminous repetitive tasks are better
performed by robots, as the possibility of human error is eliminated. A robot can outperform a human in
terms of quality, speed and error rate, but can only work at the pace at which the overall process allows it,
which means the following: the robot is still constrained by process conditions, just like a normal human
(Willcocks et al., 2015a). To maximize the efficiency of RPA implementation, both the IT architecture
and the processes themselves must be improved continuously. The authors of "Robotic process auto-
mation at Telefonica O2" describe the characteristics of RPA technology after direct implementation
based on the experience of a telecommunications company. The authors show the current effectiveness
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of RPA, as well as predictions that the use of RPA technology will bring even greater benefits to the
company.

The company's experience has shown that early adopters of RPA have to take a number of risks. For
example, the authors point out that it is necessary to make sure that the growth rate of the company's
own IT infrastructure is sufficient to match the growth rate of the level of automation in the enterprise.
The following situation has occurred in the enterprise. Initially the facility had only 20 robots, allowing
it to operate at optimum capacity, but as the number of robots increased the load on the mainframe be-
came too great, leading to a system crash. The authors of the article reflect: "It was like driving a Ferrari
with a lawnmower engine" (Lacity et al., 2015). The article "Robotic automation of auxiliary processes
of RF radioelectronic industry enterprises under pandemic conditions” was also reviewed. The purpose
of the authors' work was to solve the problem of task performer replacement in a pandemic environment
through the use of RPA-system at the enterprise of radioelectronic industry. The article describes the
peculiarities of the electronic industry enterprises, the list of tasks performed by robots in this enterprise,
which include: creating and moving files, emulating pressing buttons, filling and copying forms, down-
loading data from external and internal sources, comparing and checking data, performing mathemati-
cal operations, text recognition (Zherenakov et al., 2020).

In addition, works on the specifics of deployment and interaction of RPA with other automation
technologies in enterprises have been studied. The authors of "Robotic Process Automation" described
the stages of process automation in the enterprise using RPA technology. The main criteria for system
selection were also considered: functionality, configurability, scalability, infrastructure, and ease of use
by end users (Lavrov and Petyuk, 2017). In their paper "Robotic Process Automation and Artificial
Intelligence in Industry 4.0 - A Literature review" the authors consider the possibility of integrated
application of ML, Al and RPA technologies. The synergy of these technologies will allow to use RPA
more effectively and expand the area of processes in which this technology can be applied. The authors
also identified criteria for selecting a suitable RPA based on their objectives for the set of technologies
under investigation. These criteria included: recognition, level of optimization provided, classification,
information extraction, computer vision, fuzzy matching, neural networks, solver trees, fuzzy logic,
NLP (Ribeiro et al., 2021).

The paper "Early evidence of digital labour in accounting: Innovation with Robotic Process Auto-
mation" explores the features of RPA implementation. The author highlights that providing technical
capabilities is only part of the RPA implementation process, and that organizations benefit from au-
tomating structured, repetitive, rule-based processes with digital inputs. The author reports that along
with cost savings, organizations gain improved process documentation, fewer errors and better quality
reports (Kokina and Blanchette, 2019).

The article "Process Mining and Robotic Process Automation: A Perfect Match" presents an exam-
ple of joint use of process analytics technology and RPA. The authors point out that such combination
of technologies allows increasing company's efficiency indicators in case of correct implementation and
combination of technologies. The paper also proposes the author's approach for successful combination
of the technologies studied in the paper. Briefly, the approach can be described by the following points:
selection of a suitable use case; standardization of business processes of the enterprise to facilitate RPA
implementation; prioritization of use cases in the context of limited resources; creation of a central unit
of the organization to manage the RPA unit; constant monitoring of results and improvement of pro-
cesses and technologies (Geyer Klingeberg et al., 2018).

The author of the article "RPA - Modern Business Process Automation Technology" talks about the
different options for deploying RPA tools: auxiliary automation and full autonomy of the robot from the
employee. The article provides examples for each type of automation and presents descriptions of dif-
ferent types of RPA robots. The author identified the following robots: an assistant robot, which requires
human intervention to use; an autonomous robot that performs tasks without human control (Kuzmin,
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2020).

A separate item worth highlighting are papers whose main idea is to investigate the risks of RPA im-
plementation and to identify and solve possible problems that may arise during the implementation of
RPA. For example, the paper "Main Problems in the Implementation of Robotic Process Automation
(RPA) Solutions" examines the problems encountered during implementation, the main reasons for
their occurrence, methods for solving problems, as well as ways of developing RPA technology in light of
the possibility of new difficulties in implementation and development and ways to overcome them. The
author identifies the following problems. Firstly, a lack of understanding of the process and its steps by
implementers. As a solution to this problem, it was proposed to engage consultants to help analyze the
process and provide professional commentary on it.

The second problem was the lack of understanding by the key users of the technology and how it
would be used in their process. The solution to this problem is to educate the end users of the future
RPA system and related technologies in advance, which will prepare staff for the changes in the process
and information infrastructure of the enterprise (Belomittsev, 2019). The authors of other articles also
highlight other problems. For example, the article "Main aspects and challenges of robotic process au-
tomation" highlights challenges such as the lack of a clear vision of the end goal of automation. It is be-
lieved that these difficulties could be overcome by the previously described method of training personnel
to better understand the purpose of automation and its place in the process to be automated. Another
problem highlighted by the authors is problems with defining the steps for implementing RPA and ne-
glecting already proven techniques for implementing the technology. This problem is not unique to RPA
technology, but is encountered in almost any enterprise process automation. One of the reasons for this
problem is the testing of automation on a small business process and the desire to automate individual
tasks that are not linked, resulting in patchwork automation (Arkhipov, 2019).

Another paper that describes the risks and problems of RPA implementation is "Risks of implement-
ing RPA technology in a knowledge-intensive enterprise”. The following risks are highlighted: the prob-
lem of process analysis; employee adaptation; the direct development of RPA; the cost of implementa-
tion; and maintenance. Solutions to some of the problems presented have already been proposed, but
it is worth highlighting the problem of maintenance and RPA development (Badmayeva and Pererva,
2020). These problems can be solved by outsourcing RPA development and support. This solution will
be most relevant for small and medium-sized enterprises. One source of information on the potential
challenges that need to be addressed in the implementation of RPA is the paper "Robotic Process Au-
tomation: Contemporary themes and challenges". The paper describes the latest RPA technology at the
time of writing, and provides a research programme on RPA applications in the form of solutions to
15 practical problems that need to be solved during implementation. Examples of such challenges are:
infrastructure evaluation mechanisms, methodological support for implementation, socio-technical
implications, allocation of sufficient benefit indicators, etc. (Syed et al., 2020).

The issue of internal problems with miscommunication of company structures when developing and
implementing RPA is addressed in depth in the article "The IT function and robotic process automa-
tion". The authors describe and answer questions about one of the major problems that can arise when
implementing RPA - a misunderstanding between the I'T department and the client department. The
authors answer questions that can arise from unfamiliarity with basic technology terms. For example,
the first starting point is that customers are not dealing with a physical robot. However, it is a software
robot, not ordinary software. The authors draw the following analogies.

"The RPA 'developer' customises the RPA software, whereas the IT 'developer’ writes the software
code.

"Analyst” RPA is a process expert who actively seeks automation opportunities and usually writes de-
tailed RPA requirements, whereas the typical "business analyst" serves as a link between user needs and
IT requirements (Willcocks et al., 2015b).
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Results and Discussion

First of all, we would like to note the low level of development of RPA technology and the prevalence
of its application in Russia. This fact is confirmed as the texts of the articles analyzed in the data, namely
the paragraphs relating to the analysis of the domestic market and comparing it with foreign, and the
extremely difficult process of finding information and scientific sources on the subject. It should also be
noted that there are very few voluminous scientific papers on the topic.

Based on information from Russian-language scientific papers, it was concluded that the low preva-
lence of this technology is related to the risks entailed by the implementation of this technology, as well
as the difficulties in its implementation. For example, many companies are just beginning to move to a
high level of digitalisation, and for the application of RPA technology, this is one of the key factors. It has
been noted that all the features and complexities are well understood by researchers in research papers
related to the problems I have described above, which shows that RPA technology is slowly starting to
penetrate the domestic market as well. More and more vendors of this technology are appearing among
Russian and CIS companies.

It is also worth noting that Russian-language sources provide a number of examples of the use of
technology in various areas of industry and services. Based on the analysis of English-language sources,
it was concluded that among English-speaking researchers the problem is more elaborated. As in Rus-
sian-language sources, foreign researchers in their works often analyse the features of implementation
and problems that may arise in the implementation and use of RPA technology. In some papers, authors
describe a comparison of automation technologies, e.g. BPM and RPA. However, authors also cite ex-
amples of combined use of BPM and RPA technologies, as well as complementing RPA with AI, ML,
CI and other technologies, which demonstrate a high level of RPA development potential and potential
synergies with other technologies. Examples of the use of the technology in various fields, from banking
to telecommunication, are also given.

English-language studies pay a lot of attention to the problem of optimising RPA algorithms and ro-
bots. Researchers create methodologies for choosing decision-making frameworks in various industries
and services, and create mathematical models to optimize RPA by reducing the number of robots used
in the work, which markedly reduces the cost of enterprises when using this technology. The authors
also focus not only on the technical challenges of implementing the technology. For example, there are
studies focusing on the linguistic problem of implementation, namely the problem of overlapping the
terms RPA and IT in general.

The growing interest in RPA is also noted in many articles. For example, one article reports that ac-
cording to Google Trends, interest in robot-assisted process automation has increased more than 5-fold
in the last 5 years (Jovanovic et al., 2018). Based on the data collected from various sources, a study was
conducted on the feasibility of RPA technology. To better understand the problem, a small case study
was compiled in the form of models of the document management process before and after the imple-
mentation of RPA technology in the enterprise. These models are presented in Figures 1 and 2.

As can be seen from the model, the processes of obtaining signatures and processing documents are
performed manually, which can entail both the risk of human error and increase the duration of rather
simple sub-processes.
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Fig. 1. Model of a document management process “as is”

As you can see from the model in Figure 2, the machine now solves these sub-processes, freeing the
office manager from these tasks. These models are just a small example of the benefits of using RPA in
enterprises.

Preparation of > Signing of the =2 Signing by the > Registration of = Maintenance >
the contract contract —_— counterparty —_— the contract —

Finance > Legal o> H ;

> Y. Y
approval approval Counterparty's Contract
signature
3 L)
Email O @M O : Chatbot O
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Fig. 2. A model of the “to be” document management process

A system dynamics model was also drawn up as part of the study. The purpose of this model is to pre-
dict and visualise the effect of RPA on the execution of the company's key processes. For this purpose,
process cumulators and an accumulator demonstrating the overall work performed were generated. Fig-
ure 3 shows an example of model formation for 1 process. Figure 4 shows the complete model for all
core processes of the company.

(@ ManageTimeBoost

ManageProcess figw / work_done

m S| =X >0

(# NormalProcessTime
(@ BasicRPAProcessTimeBoost

Fig. 3. Example of a model for a single process

35



ManageF‘roc;ess
995.422

@ I;\lorm?NPrbces'?aTime
@ DBgﬁjCRPAﬁmcessﬁmBoost -

ITProcess
99A.A92

HRProcese
Q0T

@ ManageTimeBoost
0.0%
flow
=, ‘1%9
- R SO
e work_done
(& 1TTimeBoost 17 662
0.2§
flow1
e fowz
- o= NV
=15 flow3
7 119
/ —-,:;,: 1
)
(% HRProcessBoost
01 /
/
/ PRSalesProcess
! 995.002
@ gﬁSSa\esTimeBoost

Fig. 4. Model of the impact of RPA on the speed of execution of a company's core processes

This model demonstrates the impact of the application of RPA technology on the speed of execution
of a unit of process work. Table 1 will provide a list of variables with their descriptions.

Table 1. Variables and drivers of the model

Variable Value Description
. Describes the base rate of completion of a unit of
NormalProcessTime 1 . \
work during the company's processes.
A measure of the acceleration of a unit of work that is common
BasicPRAProcessTimeBoost 0.04 . .
to all processes. It was obtained through peer review.
ManageTimeBoost 0.05 Shows the process unit of work acceleration for management processes.
Shows the impact of using RPA in the IT processes in the
ITTimeBoost -0.25 company. This is due to the increased workload on the IT
department due to the need to support the new system.
HRProcessBoost 0.1 Shows the process unit of work acceleration for HR processes.
PRSalesTimeBoost 0.15 Shows the process unit of work for acceleration for sales processes.
Shows the number of work units of management processes.
Examples of processes are strategic initiative management
ManageProcess 100000 P . p & L. g
process, business plan management, organizational development
management, quality management, inventory control, etc.
Number of work units of IT processes. Examples of processes are RPA system
ITProcess 100000 support and management, information systems support and management,
database support and management, technical support, maintenance, etc.
Number of work units of HR processes. Examples of processes
HRProcess 100000 are processing resumes and applications, HR analytics, personnel
records, training and development of personnel, recruitment
Number of units of work of sales processes. Examples of
PRSalesProcess 100000 processes are processing applications, finding clients, attracting
clients, processing, and creating documentation, etc.
The total number of completed units of work for all processes represented in
work_done 0
the model. Examples of such processes would be all the above examples.

The drives are affected by 2 types of variables: variables common to all processes; process-specific

variables.

The common variables are NormalProcessTime and BasicPRAProcessTimeBoost. A value of 1 was
chosen for NormalProcessTime because this variable describes the basic process execution speed against
which the effect of RPA failure is viewed. For BasicPRAProcessTimeBoost, a value of 0.04 (Fursenko et
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al., 2007; “GOST R 9000-2008. Quality management systems. Basic provisions and dictionary,” 2009)
was selected based on the sources analysed earlier in this paper. These variables are shown in Figure 5.

(PHormatProcessTime——
(PHasicRPAProcessimeBoost

Fig. 5. Common variables

As can be seen from the figure, there are a large number of links from these variables to all the flows
present in the model.

For specific variables, an analysis of sources was also carried out to select the most accurate parameters
according to expert opinion (Asquith and Horsman, 2019; Flechsig et al., 2022; Lacity et al., 2015; Will-
cocks et al., 2015a). The values of these variables are presented in Table 1. Visually, these variables are
presented in Figure 6. The relationships of the variables in question are highlighted in red.
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Fig. 6. Visualisation of relationships of specific variables
The impact of the variables on the respective drive streams is presented in Table 2.

Table 2. Influence of variables on drive streams

Aggregator Influential variables
ManageProcess NormalProcessTime, BasicPRAProcessTimeBoost, ManageTimeBoost
ITProcess NormalProcessTime, BasicPRAProcessTimeBoost, ITTimeBoost
HRProcess NormalProcessTime, BasicPRAProcessTimeBoost, HRProcessBoost
PRSalesProcess NormalProcessTime, BasicPRAProcessTimeBoost, PRSalesTimeBoost
work_done There are no influencing variables because this is the end of the process

Based on the results of this model, it can be concluded that the impact of RPA on the core processes
of the company fully covers the risks associated with the implementation and use of this technology.
The visual component of the model qualitatively reflects the impact on speed when the model is run in
parallel with ManageTimeBoost, ITTimeBoost, HRProcessBoost, PRSales and TimeBoost parameters

37



: -

"zeroed". In this case, the only parameter affecting the model remains NormalProcessTime. Thus the
model will run in a simulation where RPA is not used. The execution speed of processes in such a system
will be baseline. If the results of expert evaluation of RPA impact change (for example, in case the sys-
tem is augmented with new functions), the expert may change the coefficients of variables and compare
the old model with the new one.

Conclusions

Various scientific sources related to RPA and other technologies which facilitate the automation and
operation of RPA systems have been reviewed in this paper. From the information obtained the follow-
ing conclusions about the technology have been made. It is a developing technology worldwide, and in
Russia many companies are sceptical about this innovation.

RPA-systems are extremely demanding not only on the infrastructure of the company, but also on its
financial resources, as well as the management, which must be clearly aware of the purpose of the tech-
nology. The technology is suitable for any kind of enterprise and can be used there, from banking and
public sector to heavy industry and small business. The implementation of the technology contributes
to the IT development of the company, because as the number of robots used in RPA increases, so does
the quality of the company's IT infrastructure.

The technology has great synergy potential with other emerging technologies: machine learning and
neural networks. In the course of this work, a system dynamics model of the impact of RPA systems on
the speed of execution of company processes was built. From this model it can be concluded that this
technology is a powerful tool in the hands of a skilled manager. However, this technology requires seri-
ous IT support.
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