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Abstract—The article substantiates the expediency of 

applying a process approach to ensure the effective 

management of the enterprise on the base of using 

digitalization. The key benefits of applying a process approach 

to enterprise management and actions that will ensure the 

effective implementation and quality of processes are 

identified. In order to ensure process efficiency, criteria, 

methods and stages of process optimization technology have 

been defined; modern methods of process formalization and 

process management systems are analyzed. A mathematical 

model of selecting the most effective alternative to process 

improvement was applied and the results of calculations were 

obtained by using a program product implemented in Python.  

Keywords— process approach, optimization, digitalization, 

efficiency, quality, mathematical model, competitiveness, Python 

I. INTRODUCTION  

Dynamic changes in the markets supply and demand 
trends of products and services, fierce competition, 
increasing requirements for quality and safety of production 
are factors that require enterprises to use modern 
management technologies. A modern enterprise is a 
complex emergent system that is constantly influenced by 
the environment in which it operates. The process 
management approach identifies the basic processes 
required to produce competitive products in complex 
management environments, along with defining their 
interaction and managing them. The advantage of the 
process approach is that it provides continuous control over 
the interconnections of individual processes within the 
process system, as well as their connection and interaction. 
To ensure effective interaction between processes, it is 
necessary to take into account a large amount of 
information, work with large amounts of data, consideration 
of all variables of environmental impact, which requires the 
use of a process approach in enterprise management on the 
basis of digitization. The process approach gives an 

opportunity to distinguish separate stages in the processes of 
production, maintenance, management. 

The process approach makes it possible to take 
advantage of the digitalization potential of management 
processes and to ensure their efficiency by quickly 
calculating the results of each alternative solution of the set 
task. 

Problems of the study of process management at the 
enterprise are addressed by foreign and Ukrainian scientists, 
in particular: J. Harrington, K. Esseling, H. Van Nimwegen 
[1], V. Repin, V. Eliferov [2], L. Shemaeva, K. Bezgin [3], 
G. Nikitenko [4] and others. 

Nowadays, the problem of digitalization and digital 
transformation is widely considered in the context of the 
implementation of the Industry 4.0 policy as a new stage of 
industrial revolution development [5], as well as in the 
international and national program documents defining the 
perspectives and priorities of modern economic 
development [6-12]. 

But the problem under study needs further attention, as 
advanced countries that are actively engaged in digital 
transformation not only provide the digitization and 
digitalization of processes, but also the change of processes, 
their interrelation, communications and other connected 
activities. New management concepts are being developed, 
and accordingly to these the technologies are changing that 
will ensure the efficiency of process management at the 
enterprise. 

II. THE PURPOSE OF THE RESEARCH   

Investigation of the relevance and importance of the 
process approach for structuring enterprise processes in order 
to enable them to be optimized on the basis of efficiency 
criteria digitalization. 
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III. THE RESEARCH METHODOLOGY  

To study the process approach on the basis of 
digitalization, we apply a mathematical model of 
justification of trade process efficiency and a program 
implemented in Python environment for two-criteria 
optimization of the process of competitiveness management. 
To determine the processes of effective management of 
enterprise competitiveness, we use the "quality loop". 
According to the standards (ISO 9000), for the effective 
operation of the company, each of the processes that form 
the loop and ensure their quality must be implemented. 
However, there is a need for economic justification for the 
implementation of each process, which requires certain 
financial costs that the company should take into account 
when deciding on the optimization of the management 
process. To solve this problem, we used a software product 
for calculating the cost-effectiveness of alternative options 
for improving processes based on the implementation of the 
"quality loop" on the criteria of average yield – risk [13-16]. 

During calculation the resulting indicators were used: 

NPV (L) – net present value of losses in the absence of 
process improvement;   

NPV (C) – net present value of total investment costs to 
improve the process;  

M (NPV (W
~

)) – the mathematical expectation of a 

random losses;  

 (NPV(W
~

)) – the standard deviation of the NPV of 

the random losses; 

kVaR
  

– three Sigma risk indicator. 

The following formulas were used to find these 
quantities: 
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A generalized characteristic of investment effectiveness 
in improving management processes in the surveyed 
enterprises is the Net Present Value (NPV) 
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where r  – effective interest rate. 

The mathematical expectation and variance of the 
magnitude of investment efficiency is calculated by the 
formulas: 
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The relative value of NPV of conditionally saved funds 
has been introduced in investing in process improvement: 

)(/)
~

(
~

LNPVFNPVf  ,  (4) 

where: 

 
0 (1 )

T
t

t
t

L
NPV

r




L    (5) 

Based on the formulas given above, we have determined 
the mathematical expectation and standard deviation of this 
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Output data: project duration – T = 5, interest rate r = 
0.14, k – risk factor over a specified period k = 3. The 
calculations were implemented in Python. 

With help of packet Numpy there was generated Object 

and calculated  


M

m mijij sr
1  

probability of losing one 

of the process improvement alternatives. 

IV. STATEMENT OF THE BASIC MATERIAL 

The expediency of applying the process approach in 
management is laid down in the international standards ISO 
9000: 2015, IDT: SSTC (ДСТУ) ISO 9000: 2015, which are 
harmonized with international normative documents. It 
states that “The organization has processes that could be 
identified, measured and improved. These processes interact 
to deliver results that are consistent with the goals of the 
organization and cross its functional boundaries. Some 
processes may be critically important, while others may not. 
Processes are interconnected work with inputs to convert 
them to outputs” [17]. Therefore, it is important for each 
enterprise to identify all the process, necessary for effective 
work. In addition, the application of the process approach 
should be considered as a continuous interaction of related 
management functions, each of which is a separate process 
consisting of the implementation of specific sequential or 
parallel unit operations. To manage processes effectively at 
the enterprise, it is necessary to differentiate properly and 
improve the following elements of the process approach: 

 Core processes that are end-user oriented and 
generate revenue; 

 Processes that provide basic processes with 
resources; 

 The processes that implement management 
functions. 

There are also separate processes of development 
(innovation) [3]. 
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Therefore, the process approach in management requires 
the identification of processes, their owners, a documented 
description of processes, the definition of indicators of 
evaluation and monitoring of processes. 

The performance and interconnectivity of processes at 
the enterprise is defined by ISO 9000: 2015, which states 
that “Consistent and predictable results are achieved more 
efficiently and effectively if activities are understood and 
managed as interrelated processes that function as a 
coherent system. Understanding how this system delivers 
results enables the organization to optimize the system and 
its performance” . 

The application of the process approach gives the key 
benefits that are provided in the standards of ISO 9000: 
2015 [1] namely: 

 Increasing the ability to focus efforts on key 
processes and opportunities to improve them; 

 Achieving consistent and predictable results in a 
system of agreed processes; 

 Optimizing efficiency through efficient process 
management, efficient use of resources and reduction 
of cross-functional barriers; 

 Ensuring that the organization builds stakeholder 
confidence in its consistency, effectiveness and 
efficiency. 

To effectively implement and ensure the quality of 
processes in accordance with the standards of SSTC 
(ДСТУ) ISO 9000: 2015, the following actions are required: 

 To identify the goals of the enterprise and the 
processes required to achieve them; 

 To establish process management powers, 
responsibilities, and obligations; 

 To analyze the capabilities of the enterprise and 
identify resource constraints; 

 To determine the interdependence between the 
processes and the enterprise management system, to 
analyze the impact of changes in individual 
processes on the activity of the enterprise as a whole; 

 To ensure that processes and their relationships are 
managed as a single system, in order to achieve goals 
efficiently; 

 To ensure the availability of information necessary 
for the functioning and improvement of processes; 

 To monitor, analyze and evaluate the efficiency and 
effectiveness of processes; 

 To provide risk management that can affect the 
outputs of processes and the overall performance of 
the enterprise; 

 To ensure standardization in approaches to process 
structuring and management; 

 To ensure the link between technology and staff; 

 To define regulations, job descriptions, organization 
of training of personnel, decision of tasks on 
automation of management processes. 

The main criteria for process management should be 
their customer orientation and effectiveness of their 
implementation by optimizing the use of resources.  

The process of using financial resources should have:  
clear definition and direction of use of resources; limits of 
use are established; control of target use and compliance 
with established limits. 

The process of using human resources requires:  a clear 
definition of functional responsibilities; use of personnel in 
accordance with functional responsibilities; identifying 
features that require outsourcing and more. 

The process of using material resources includes: 
rationing, order of exploitation, repairs, prevention and 
more. 

 Information resources related to consumer research and 
satisfaction related to the processes of collecting and 
processing large volumes of information 

Therefore, it is important for small and medium-sized 
enterprises in Ukraine to use inexpensive universal 
information processing systems and methods, and to be able 
to quickly and reasonably choose the best options for 
implementing the relevant processes. 

The following methods are used to optimize process 
management: analytical; digitization; formal-universal; 
based on experience; Benchmarking; teamwork 
technologies. 

Each of these methods has some limitations in 
application (Table 1) 

TABLE I.  FEATURES AND LIMITATIONS OF USING 

METHODS  

Method Specifics Limitations 

analytical formalization of 
processes 

availability of software 
and qualified staff  

digitization Knowledge of 
digitization 
methodology, large 
amounts of 
information 

availability of technical 
capabilities 
 
 

formally 
universal 
 

system structuring, 
logical approach, 
experiment 
modeling 

lack of qualified 
specialists, software 

based on 
experience 

having your own 
experience, knowing 
someone else's 
experience 

effective process 
structuring, speed of 
realization of knowledge 
and skills 

benchmarking 
 

access to best 
practices 

possibilities to introduce 
new approaches: 
financial, competent, 
technological   

teamwork 
technologies 

qualified 
management at the 
enterprise 

availability of qualified 
management staff and 
technical resources 

To implement the process approach, it is advisable to use 
modern methods of the process description formalization. 

 Workflow Management – Workflow management 
that uses a graphical representation of the flow of 
tasks in the process associated with the sub 
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processes, including specific jobs, information 
dependencies and the sequence of decisions and 
work. To depict the flow of work, use a block 
diagram, a dragon diagram, or a graph consisting of 
operations (works), logic symbols, and arrows. 

 BPM business process management – answers the 
question of where, when, why, how and what work is 
performed and who is responsible for its execution 

 BPMN Business Process Model and Notation – a 
system of notation for process modeling. 

 EPC diagram, event-driven process chain – process 
flowchart used for business modeling and others. 

Also, enterprises use ready-made systems for managing 
certain types of processes, namely: 

 ERP – production resource management systems, 

 WMS – Warehouse Process Automation Systems, 

 TMS – automation systems for transport and traffic 
management, 

 CRM – systems for collecting and analyzing 
information on the market and supply and others. 

Each of these management concepts focuses on speed, 
quality, numerical management and organizational 
flexibility. However, it should be noted that the 
implementation of such systems is time-consuming and 
costly for the enterprise. 

The feasibility of using each of the methods depends on 
the specific activity of the enterprise and the structure of the 
management process. As noted above, it is advisable to 
consider the process approach to enterprise management as 
a system of interrelated processes. Each process needs to be 
constantly monitored and optimized. Optimization of all 
processes at the enterprise should be carried out taking into 
account the peculiarities and interrelationships of all 
involved in the implementation of the tasks set processes. 
Identifying, monitoring and evaluating the execution of 
processes and their efficiency and optimization capabilities 
require formalization and mathematical representation. 
Digitization significantly improves the process of working 
out large amounts of information to perform the necessary 
mathematical calculations [18, 19]. 

Appropriate optimization technology should be applied 
to determine the optimal process, taking into account the 
following steps. 

 Selection of optimization criteria. 

 Ranking of key processes at the enterprise by a 
certain criterion. 

 Characterization of the set goals for optimization and 
determination of its criteria. 

 The clarity of the description of the business process 
to determine the type of optimization. 

 Taking into account ambiguity of optimization by 
different criteria. 

 Availability of information on process optimization 
[2, p. 119, 20]. 

Practical implementation of the mathematical model 
presented above to select the most effective variant of the 
process of ensuring competitiveness by the criteria average 
yield - risk, conducted on the basis of the software created in 
Python environment. For the optimization selected and 
formalized individual processes (Table 2), which influence 
the competitiveness of the wholesale trade enterprises. In 
our view, the processes in Table 2 are most closely related 
to the process management criteria we choose: customer 
orientation and resource optimization. Profitability indicates 
how much the company is focused on the consumer, risk - 
how much optimally used resources. 

Wholesale is selected for the study that directly interacts 
with both consumers and manufacturers of finished products 
and are most likely to respond to changing supply and 
demand in the market. 

TABLE II.  FORMALIZATION OF COMPETITIVENESS 

ASSURANCE PROCESSES 

Process number The content of the process 

1 Marketing 

2 Development and design of services 

3 Purchase of goods 

4 Process planning and development 

5 Provision of services 

6 Control, analysis 

7 Packing and storage 

8 Sales and service 

9 Delivery 

10 Technical assistance and service 

11 Utilization 

Source: formed on the base of quality loop elements 

Eight alternatives to process improvement (API) have 
been considered, listed below. Each process includes an 
appropriate set of operations to ensure its implementation: 

API 1 – 1, 5, 6, 7, 8, 9, 10, 11; 

API 2 – 1, 4, 6, 7, 8, 9, 10; 

API 3 – 2, 5, 6, 7, 8, 9, 10;  

API 4 – 3, 5, 7; 

API 5 – 1, 4, 6, 7, 8, 9;  

API 6 – 3, 4, 6, 7, 9, 10, 11; 

API 7 – 3, 4, 6, 7, 8, 9, 11; 

API 8 – 1, 4, 6, 7, 8, 9, 10. 

The results of the calculations in the criterion space are 
shown in Fig. 1. 

It can be seen from Fig. 1 that only variants of API 1 and 
API 6 are unsubstantiated. They form many Pareto-optimal 
solutions. It should be noted that the best profile of the 
process according to the criterion of "three sigma" is API 6.  

Therefore, the best alternative to the criteria of 
profitability-risk is to improve the process of API 6. The 
proposed model is versatile and can be used to select the 
most effective option for implementing any process by the 
criterion of efficiency. 
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So, the further development of process management 
modeling has been achieved on the base of a mathematical 
model application with using of digitized data on the 
activities of wholesale companies. 
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Fig. 1. Alternative options for improving the competitiveness process in 

the space of medium-risk-yield criteria.  

This has allowed optimizing the choice of alternatives 
for process improvement according to the criterion of 
economic efficiency "profitability-risk". 

V. CONCLUSION 

As a result of the conducted research the obtained results 
allow to summarize: 

 The expediency of using the process approach in 
enterprise management based on the standards of  
ISO 9000: 2015 was established in order to improve 
the efficiency of the enterprise as a whole; 

 Identified the key benefits of applying a process 
approach on the base of digitalization in enterprise 
management; 

 Identified the actions necessary for the effective 
implementation and quality assurance of processes; 

 Criteria and methods of process optimization are 
selected; 

 The stages of technology of process optimization, in 
particular on the basis of digitalization, are indicated; 

 Modern methods of process formalization and 
process management system are analyzed; 

 Mathematical model of choice of the most effective 
alternative variant of process improvement is applied 

 The results of the calculations were obtained with the 
help of a program implemented in python 
environment. 
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