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Abstract — Industry 4.0 is the digital transformation
of business processes. In the process of modernization
of the enterprise in question, a new production factor is
gradually replacing the previous production factor. At
the same time, the value of the output of the old
production decreases to zero, and the limit value of the
output of the new production is steadily increasing.
The production functions for each production
component and the enterprise as a whole, based on the
results of a numerical solution of the Cauchy problem,
which describe the process of replacing one production
enterprise with another, are proposed.
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1. Introduction

A recent survey made by the University of North
Carolina found that in 2019 directors of companies
have moved away from digital euphoria and see
digital transformation (DT) as the main risk factor,
although last year it occupied only 10th place. The
growing concern is that universal recipes for
transformation do not exist and, as a result, 70% of
the “digital” initiatives that companies are trying to
implement do not reach their goals. This means that
$1.3 trillion that was spent on DT last year, it was
estimated that $900 billion went to waste.

In successful organizations, the introduction of
automation technology begins with an analysis of the
ways the employees work. Then using digital
technology, the results are put into practice. The
ability to extract information from text, images and
other unstructured data can be compared with the
work of the human eye, and the ability to correlate
the characteristics of repetitive tasks and perform
operations that require specialized knowledge, with
the work of the central nervous system, which
simultaneously processes various kinds of signals.

However, the digital transformation of business
processes is not limited only to the tasks of each
individual employee, but covers a huge amount of
different types of activities and processes within the
enterprise. Digitalization of the operational business
processes of each type of work will help the
company achieve better results.

Choosing an approach to digital transformation
within business processes, two main characteristics
have to be taken into account: the volume and the
uniqueness of the work. The first group includes
repetitive tasks performed in large volumes: these
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tasks are performed uniformly several thousand, or
even hundreds of thousands times a day. The second
group consists of unique single tasks: the number of
such tasks is much smaller, and their implementation
may require non-standard approaches.

By combining various technologies, enterprises
receive tools that allow them to increase the output of
products, reduce the level of rejects, reduce the
consumption of materials, and increase the
availability of equipment (Fig. 1).
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Figure 1. “Smart” connection — data circulation as a
part of the digitalization of business processes in the
supply chain

If we take these two characteristics as coordinate
axes, we get a diagram of the types of activities
depending on the volume and uniqueness of the tasks
performed in the organization. The benefits provided
by the digital transformation of business processes
depend on the type of activity (Fig. 2).
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Figure 2. Digitalization of available business processes of
all types of enterprise activities

= Repetitive tasks — this type of activity provides
for a very insignificant or even zero subjective
assessment, does not require special skills, but
plays a key role in doing business. Routine tasks
such as processing invoices and payments or
making standard decisions (for example,
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identifying additional agreements to an insurance
contract) can be digitalized using bots that help
empower employees and allow them to focus on
other tasks.

» Administrative tasks — these tasks belong to the
middle range they are moderately unique and not
numerous. These include everyday routine tasks
such as viewing and approving documents and
policies — processes that can be improved
through automation. In addition, we can
digitalize components of other administrative
tasks, such as enforcing policies to ensure
regulatory compliance.

= Enterprise level tasks — this group includes
different tasks both in terms of the volume and
the uniqueness of the work performed; these
tasks span multiple units within the organization.
Operations such as approving loan applications
involving various specialists in an enterprise can
also have a significant impact on profits.
However, with the growth of uniqueness, the
complexity and costs of performing such
operations manually increase. Digital
transformation of business processes would
accelerate processing and increase profits.

= Expert work — this category includes the most
unique and important tasks performed by experts.
But even highly skilled work can be improved
with  digitalization, increasing productivity
through faster and more scalable data collection
and interpretation.

2. Literature Survey

Brynjolfsson and McAfee (2014) in their book talk
about a new stage in business development, which is
characterized by  innovation [4].  Digital
transformation of the enterprise’s business processes
is able to replace people as much as possible with
machines based on “artificial intelligence”. In this
regard, Westerman et al. (2014) in their article
describe the cyclical nature of technological
innovations that affect the development of a business
and its transformation [19]. The authors focus on the
industrial revolution when it is based on the
introduction of new machines. Vogelsang (2010)
emphasizes that there were not many who wanted to
introduce IT innovations into the business processes
of their companies, the ones that did it were the first
to pave the way for technological innovations, which
created the time of digitalization [18]. It should be
noted that the term “digital divide” arose in
connection with the big increase in the introduction
of information technology in the 1990s. In recent
years, this term has been used to describe differences
in information inequality [21]. Frank et al. (2014)
discusses that society is at the intersection of the
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fourth and fifth technological revolution. The fifth
revolution (or as it is called in the literature “wave”)
already affects social, mobile, analytical and cloud
(hereinafter SMAC) technologies. It is predicted that
the number of companies that will digitalize business
processes will increase approximately tenfold with
each next technological revolution, which will lead to
the use of at least 25 billion digital tools by 2025 [8].
Many articles to date suggest that SMAC
technologies are the most influential tools for digital
transformation of business processes [7], [17].

At the macro level, affirm that the digital
transformation of business processes is basically a
complex organizational process. But in turn, it is
noted that digital transformation of business
processes offers a number of advantages: a stronger
experimental potential, more dispersed technological
innovations, a higher level of formation of innovative
business processes [15], [16].

At the micro level — one can consider the digital
transformation of business processes through
implementation: Big Data Analytics, Al, 5G,
blockchain, Internet of things, digital platforms [6],
[15]. As it already has been mentioned in several
studies, the digital transformation of business
processes (the introduction of digital innovations and
technologies) can change and unite industries, and
become intersectional [3], [14], and [20]. Besides,
the digital transformation of business processes has
the potential to bring together users and industries,
reprogramming products and, most importantly, to
digitize non-digital products and services. This is
especially true for industrial enterprises that produce
analog products [18]. Companies that, regardless of
size, focused on technological development and
digitalization of business processes, were able to
quickly adapt to changes in the external environment,
become market leaders, develop intersectoral
cooperation [5], [14].

Uber, the world's largest taxi service organization,
has no vehicles, and Airbnb, the world's largest non-
real estate provider. In the same way, companies
such as Facebook, Google or Amazon created entire
business processes based on digital innovation and
digitalization of their business models. Unlike Dell,
Nokia or Kodak wunderestimated innovative
technologies and changes in the external environment
[12] refused to digitalize business processes, which
led to the loss of the market. The general
understanding of digitalization has shifted from the
introduction of computer equipment in the enterprise
to the digital transformation of business processes
(B2B) and the orientation of the business client
(B2C), focusing on circumstances [13]. Companies
that are digitalizing their business processes are
facing a new paradigm of risk management [10].
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Today, most companies around the world are in the
process of transitioning from automation of
operations to digital transformation of business
processes as the formation of a new form of fixed
assets. The main reason for the relevance of digital
transformation of business processes in the enterprise
is associated with the rapid development of cloud
computing. This leads companies and private users to
own technologies, such as operating systems,
applications, cloud servers, in order to be an active
user. The digital transformation of business processes
is seen as an asset based on technological
modernization that affects organizational structures,
strategies and business processes [1]. However,
Baharun et al. argue that the increased amount of
data that we use in our companies transforms the
availability of information, thereby increasing the
overall performance of the company [2].

3. Methods

We can consider a manufacturing enterprise whose
capacities provide output by one resource in the form
of a certain volume of the production factor. If the
introduction of digital tools for the modernization of
technological equipment takyi place at this
enterprise, then a new digital production appears and
develops within the existing production. Both of
these productions work in parallel for a while, until
the new production completely displaces the old
production.

The old production of the enterprise spends a
certain set of resources in the form of the volume of
the factor of production O, and the new production of
the enterprise spends its set of resources in the form
of the volume of the factor of production P. These
factors of production Q and P are composed of fixed
capital, production assets involved in the production
of labor resources used in the production of
materials, applied technologies, various kinds of
innovations, etc.

The time variable ¢ is assumed to be continuous,
the unit of measurement is the so-called production
period (month, quarter, year). The functions Q = Q
(t) and P = P (t) are assumed to be continuous,
continuously differentiable, and bounded on the
numerical axis (0 <t <o)

Qo <Q(1)< Q.
F,<P(t)<P,.
0, =lm0(1). 0, =lmo(r).

P :l_m[}P[f].Px =lim P(r).

The initial values of the production factors O, and
Py are considered known, the limiting values of Q.
and P, are to be calculated.
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Product releases from the old production facility at
Q V and the new production facility at P V are
provided by the two Cobb-Douglas manufacturing
functions.

I"Q = RQ Q" .V, =R,-P”.
(D

Here, Ry Rp is the cost of products produced per
unit volume of resources, power-law indicators of
production functions, ap ap are the elasticities of
output for the corresponding resources, with the
inequalities 0 < ap<1,0<ap <I.

To assess the dynamics of development of the
considered production enterprises, it is necessary to
draw up balance equations for the volumes of
production factors Q and P.

The wvalues of changes in the volumes of
production factors AQ and AP for a certain small
period of time At can be represented by the relations

AQ(1)= 0" (1)+A0" (1) +AQ° (1).

AP(1)=AP*(1)+ AP 1)+ AP° (1).
(2)

Here 404 (1), APA (t) are partial depreciation of
production factors, AQI (¥, API (t) are partial
recovery of production factors due to internal
endogenous investments in the enterprise in question,
A0G (1), 4 PG (t) — partial recovery of production
factors due to external exogenous investments in the
enterprise in question.

Here we restrict ourselves to the case of
proportional partial depreciation 404 (¢), APA (t) for
the time interval At

AQ*(1)==4y-6(1)-O(1)-At,
AP*(1)=—4,-0(1)-P(1)-Ar.

3)

Here, A9 Ap — depreciation ratios, the share of
volumes of factors of production disposed of per unit
time.

The increments of internal endogenous
investments AQ'(¢), AP’ (¢) for the period of time At

are written as
AQ" (1) =0()(Ig (1)+ 1s (1)) - At

AP (1) =0(1)(Ipg (1)+ Ipp (1)) - Ar.

w(f) By,
roll)=

I ( )‘[OP["Y}:BOP-V;’[I}*
I oo Vo (1) Lpp (1) = Bep V3 (1), )

— Investments made at time ¢, Boo, Bor, Bro, Brr—
norms of accumulation of internal endogenous
investments.

Thus, formulas (4) become
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AQ"(1)=0(t):(Byg -V ()4 Byp T (1))-At,
AP'(1)=06(r)-(B po Vo 1)+ Bep Vp(t))-At. )

The increments of external investments AQ (¢ ),
APY (t) for the period of time Az are determined by
the relations.

AQ° (1)=06(1)n, G (1) At

AP (t)=6(t)np -G (1) At.

(6)

Here G (1) is the total volume of external
investment; Oy, h,, are the shares of the volumes of
external investments G (7) attributable to the volumes
of factors of production Q and P. It should be noted
that the quantities, hy, hp are not independent, but
satisfy the condition.

f?g+f?p:1-

Substitution of formulas (3), (5) and (6) into
balance equations (2) gives.

AQ=0-(-4,-0+ By V) + By V1, G- A1,
AP=0(~Ay P+ Byy )+ By T +11,-G)- At -

Substituting expressions for production functions
into equations (7) and passing to the limit as At — 0,
we find a system of nonlinear differential equations.

do—a[ 4,-0+Byy R, 0%+ By, Ry P+ G]

p ‘
P-a( P4y Ry 0+ B Ry P 41,6,
(®)
Equations (8) form a system of normal nonlinear
coupled equations of the first order, and its initial
conditions are of the form.

0(0)
P(0)

%
R.

)

In the general case, the nonlinear Cauchy problem
(8), (9) can be solved only numerically. The structure
of balance equations (8) shows that the enterprise
will develop as long as the volume of internal and
external investments exceeds depreciation charges.
The limit values Qoo and Po of the volumes of
production factors Q () and P (¢) are found from
equations.

4,0+, R, 0 +B,, R, P* +,-G=0),
-4,:P+B, R 0B, R, P41, G=0.
P P o ¥ fi R Ip (10)
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The function O (t) describes the specific
development rate of the enterprise. At a constant and
unit speed 0 (t) = 1, the development of the enterprise
will be progressive and monotonically increasing.
Various values of deviations of the function 0 (t)
from unity will correspond to a deceleration of the
enterprise development process, its temporary stop
during the change of production technologies and
crisis phenomena. The forms of the integral curves of
equation (8) substantially depend on the form of the
function 6 (t), which determines the center of the
time interval, its length and the size of the deviation
from the unit value at which the enterprise operates
stably.

If in some temporary quarters with a center at a
given point in time t = t *, the enterprise makes full
or partial replacement of technological equipment,
then the function 0 (t) will have the form

(an

Here w is the maximum size of the deviation of the
function 0 (¢) from unity, o is the radius of the time
interval (t * -o, t * + 6) on which the deviation of the
function 0 (t) from unity occurs.

In the process of modernization of the enterprise
under consideration, the new production factor P
gradually displaces the previous production factor Q.
At the same time, the value of output of old
production VQ decreases to zero, and the limit value
of output of new production VP is steadily
increasing. Such a process can be described by the
kinetic relation

{0)= (10T, (1™ 4T3 (-7
(12)

Here, W (t) is the total value of the output of the
enterprise as a whole; WQ (t) and PW (t) are the
values of output by manufactures when transferring
old capacities to new ones.

4. Results

Figure 3 shows graphs of the production functions
of each production component and the enterprise as a
whole, constructed by the results of a numerical
solution of the Cauchy problem (8), (9), which
describe the process of replacing one production
enterprise with another in the context of digital
transformation of business processes m = 0.
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Figure 3. Graphs of production functions of each
production component and the enterprise as a whole
describing the process of replacing one production
enterprise with another in the context of digitalization of
business processes w = 0

A numerical analysis of the model shows that in
the case of an evolutionary modernization process,
the maximum output of an enterprise occurs in that
limited period of time when both manufactures work
effectively in parallel. Then the old production is
dismantled and the enterprise as a whole switches to
a stable output in the new conditions.

Figure 4 shows the graphs of the production
functions of each production component and the
enterprise as a whole, constructed according to the
results of a numerical solution of the Cauchy
problem (8), (9), which describe the process of
crowding out one production of an enterprise with
another production, which is accompanied by a
change in technological structures with a complete
temporary shutdown of the enterprise ® = 1, t * = 15,
c=75.

A
4
2| ()
W, (1)
w, (1) ,
0 - —
0 20 el

Figure 4. Graphs of production functions of each
production component and the enterprise as a whole
describing the process of crowding out one production of
an enterprise with another production, which is
accompanied by a change in technological structures with
a complete temporary shutdown of the enterprise w = 1, t
*=]150=5

A numerical analysis of the model in this case
shows that in the case of a change in the
technological structure of the enterprise, its
maximum output occurs after a period of stagnation

TEM Journal — Volume 9 / Number 4 / 2020.
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in a limited period of time, when the old production
is still intensively operated. Then it is displaced, and
the enterprise as a whole again switches to stable
output in the new conditions.

Figure 5 shows graphs of the production functions
of each production component and the enterprise as a
whole, constructed by numerically solving the
Cauchy problem (8), (9), which describe the process
of crowding out one production of an enterprise with
another production, which, in addition to changing
technological structures, is accompanied by
temporary crisis phenomena and elements temporary
degradation of the enterprise @ =1, 2; t *=15; 6 =5.

A
4
2 w(r)
7, ()
Wo(t) t
0 e
0 20 Tl

Figure 5. Graphs of production functions of each
production component and the enterprise as a whole
describing the process of crowding out one production of
an enterprise with another production, which, in addition
to changing technological patterns, is accompanied by
temporary crisis phenomena and elements of temporary
degradation of the enterprise w = 1, 2; t *=15; 0=

Here, a numerical analysis of the model shows that
in the case of a change in the technological structure
of an enterprise accompanied by temporary crisis
phenomena and elements of degradation, its
maximum output occurs in a very limited period of
time, after which the enterprise as a whole reaches a
stable output in new conditions.

Estimated values: Ry = 1,0; Rp = 1,5; O, = 0,35; ap
= 0,45, AQ = 0, 20, AP = 0,12, BQQ = 0, 20, BQP =
0,19; Bpp =0, 21; Bpp=0,18; L = 0,10.

The resource limits Qoo = 4.6948 and Poo = 7.7067
were calculated as a result of a numerical solution of
the system of equations (10).

5. Discussion

Most companies now understand the need to
digitize certain processes, but are not able to
objectively evaluate first-rate steps and conduct an
analytical and sociological study of the future
implications for the company [1].

The survey, which comprises employees and
business owners, show that the preparation for the
digitalization is too long, which is explained by the
lack of knowledge of the staff and the lack of experts
and staff (Figure 6).
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Figure 6. The results of an in-house survey on the future
level of digital penetration and the level of business
preparation for this process

In addition, the wuse of individual digital
technologies does not mean a digital transformation
of the organization. The formation of an enterprise
on the path to digital must necessarily go through the
following steps (Figure 7):

The use of
a digital technology

Becoming
a digital enterprise

nsition to
digital technology

& Eiploring eisting
digital technologies

Figure 7. Stages of becoming a digital enterprise

At the same time, at the stage of studying digital
technologies, traditional technologies are mobilized
by attracting existing automation capabilities. Next,
the most successful digitalization methods and tools
are determined and digital technologies are applied.
Then, after successful testing of the implemented
digital technologies, they are introduced directly into
the business processes of the enterprise. By gradually
introducing business processes into the operating
system and digital technologies in each operation, the
enterprise becomes digital, which is, such an
implementation provides an efficient and diverse use
of operating models and business models for
digitalization in future periods [11].

But leaders are now only at the stage of building
up the necessary digital competencies and
implementing of pilot projects. 89% of the largest
industrial enterprises surveyed by KPMG said they
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started pilot projects or implemented solutions based
on machine learning and artificial intelligence on a
limited perimeter of processes. According to the
OECD average, only 12% of enterprises in Western
Europe already use big data analytics.

The digital transformation of business processes is
a long process, and in order to bear fruit from the
first steps, you need to "create a" road map "in
accordance with the developed plans for technology
implementation and changes in organizational

processes.
This roadmap should be created jointly by
specialists from different departments of the

organization. The roadmap should help determine the
basis of transformation, contain key objectives and
justification of the structural elements of digital
transformation in the enterprise (Figure 8).
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Figure 8. The basis, tasks and structural elements of
digital transformation in the enterprise
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The most important is the participation of the
information technology department, which plays a
decisive role in the determining of the solution
architecture, and in the future will be responsible for
the joint work of the implemented systems and
programs.

Thus the serious role is played by the level of
development of corporate culture in the enterprise,
for the reason that digitalization of business is
impossible without integration of innovations in the
corporate culture. This is because, depending on the
level of development of corporate culture at the
enterprise, the speed of perception of innovation by
all staff will occur [9]. There is also a correlation
between the level of development of an enterprise, its
time in the market and the timeliness of innovation
implementation: the faster the organization develops,
the more democratic the management style and the
clearer the responsibilities shared between employees
and the value of work for each employee based on
collaboration, the easier it is to work with staff and
convince them of the need for enterprise digital
adoption (Figure 9).
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Figure 9. Integration of innovations in corporate culture

Solving of organizational issues is one of the most
significant obstacles for digit al transformation
business processes. In a recent Emerson survey,
nearly two-thirds of digital technology and
technology directors surveyed cited “different
business ideas” as a major obstacle to the smooth
operation of IT services and manufacturing units. At
the same time, almost 80% of respondents noted that
cooperation between these two areas is essential for a
successful digital transformation. In general, this will
allow us to move from the application of individual
processes to the construction of a digital DNA code
of an organization. The combination of innovation,
flexibility and continuous updating throughout the
digitalization of business processes will look as
follows (Figure 10):

IT services and manufacturing units are
responsible for safety and high efficiency. As part of
business applications, IT professionals work with
larger information systems and support the corporate
data processing environment. Whether it is offices or
industrial sites, such as power plants or offshore
platforms, the IT service deals with functional and
safety issues, supporting the system’s uptime.
They’re masters of standards and scalability, said
Peter Zornio, Chief Technology Officer, Emerson
Automation Solutions.

TEM Journal — Volume 9 / Number 4 / 2020.
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Figure 10. The combination of innovation, flexibility and
continuous updating throughout the digital transformation
of business processes

6. Conclusions

Companies that want to enter the digital zone have
to do four things. First, they have to understand, in
fact, what the value of digital transformation is in the
automation of operations or a combination of all the
constituent elements. Secondly, they need to
prioritize. There is always too much to do in a digital
portfolio, and it is important to prioritize. Thirdly,
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