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ABSTRACT

In the context of digitalization, some objectives and functions of logistics management can be transferred to digital
twins equipped with modern information technologies and tools. However, significant revision of theory and
methodology of management is needed to maximize the potential of these technologies and tools. The problem of
effective use of digital logistics management is complicated because some management objects are non-physical related
to human activity and difficult to digitize and algorithmize. In this article, based on terminological analysis, as well as
descriptive and faceted methods of qualitative research, following results are obtained: a typical structure of logistics
management of a supply chain link is developed; the place of logistics management of a focal enterprise in three-link
supply chain is determined; features of the structure of logistics management implemented at the junction of supply chain
links are clarified; a typical organizational structure of logistics management division is proposed; a system of binary
codes of logistics management objects has been developed for their correct transfer into the structure of instances and
aggregate of a digital twin. The value of the study lies in the creation of theoretical and methodological prerequisites for
the digitalization of non-physical objects of logistics management in order to develop rational management decisions
using the digital twin containing blocks: consumer value; management system; chain in statics and dynamics;
environmental factors.
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1. Introduction

In the context of global digitalization, in addition to people as main subjects of business management, a
new subject emerges: computer. Currently, they seem to play a subsidiary role in management. However,
this may be a temporary phenomenon. This aspect of business development is clearly seen in concepts of
managing systems and processes that are oriented towards digitalization. So, for example, if Industry 4.0
concept “marries physical production and operations with smart digital technology, machine learning, and
big data to create a more holistic and better-connected ecosystem for companies that focus on manufacturing
and supply chain management”[?], that Industry 5.0 concept “is changing paradigm and brings the resolution
since it will decrease emphasis on the technology and assume that the potential for progress is based on
collaboration among the humans and machines” 1,
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As a person is biological system and a computer is technical one, they process information in different
ways when making managerial decisions. The quantity and quality of information intended for humans and
computers differ significantly. Therefore, theory and methodology used by managers when making decisions
does not fully correspond to abilities of computers, so it needs to be adapted. At the same time, simply
converting paper documents into digital format is not enough. Instead, we need to measure quantitative
parameters and describe qualitative characteristics of management objects. We also need to formalize and
structure these objects, as well as standardize them by establishing logical relationships between them
according to goals and objectives of the study. In addition, it is important to develop standards and
algorithms that can be used in virtual environment. It is particularly challenging to process and digitize
non-physical management objects, such as human values®, management systems™ organizational
culture®¥ interpersonal relationships(®®, subjective factors of internal and external environment®?’ and
management decisionsf,

Due to the increased focus on the human element in Industry 5.0, the nature and content of a process
known as “unphysicalization” is changing. This can involve either the replacement or reduction of physical
flows*?, or the sharing of information, negotiation of costs, and listing of goods in virtual environment[46:561,
In this article, “unphysicalization” refers to processes of identifying, formalizing, structuring, and digitizing
non-physical management objects related to human activity, as well as integrating them with physical
management objects in order to create new software products. These processes include the creation of
prototypes, instances, and aggregates of digital twins? for logistics management (LM).

The process of “unphysicalization” requires a significant rework of the LM structurel*?, in aspects such
as: (a) delineating competencies of subjects (who manage?) and management objects (what or who is being
managed?), (b) structuring the LM, taking into account its relationships with comparable business processes
of supply chain management (SCM), (c) clarifying contents of logistics processes and operations carried out
in internal and external environments of the supply chain link, (d) developing a typical organizational
structure for the LM division, and (e) creating prerequisites for digitization, primarily of non-physical objects
within the LM based on a systematic approach.

The hypothesis of the study is that it is possible to create so-called identification series or digitized set
of qualitative features and dichotomies of LM objects and processes. This would allow the development of
algorithms and software products based on artificial intelligence, which could help make effective
management decisions with minimal loss.

A feature of the study is the development of logically sound LM structure organically integrated into the
structure of supply chain link, including the focal enterprisel, which allows form and reform of
organizational structures of SCM[2%¢ ysing instances and aggregate of digital twin created on the basis of
their prototype and, accordingly, technical specification developed by customer (user) interested in making
informed management decisions®,

The article structure is as follows. On the basis of terminological analysis, descriptive and faceted
methods, functions and structure of LM of local enterprise are substantiated. Further, these functions and
structure are refined and supplemented for the focal enterprise that directly interacts with suppliers and
consumers. Results obtained in this case make it possible to develop the organizational structure for
managing focal supply chain enterprise based on the theory and methodology of digitized LM. This type of
management includes hierarchically ordered objects, functions and processes adapted to capabilities of
information technologies used in the digital twin of SCM.
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2. Literature review

In order for the computer to understand what LM is, it is necessary to investigate the content of its terms
and prospects for their use in creating LM digital twin. This requires an assessment of real situation,
limitations in the physical world, and the possibility of measuring simulated datal®®. However, there is no
clear agreement in the literature on the LM term®!, which makes this topic relevant for study. The computer,
not recognizing the LM as clearly defined management object, is unable to identify specific management
situation and therefore cannot be helpful when this situation is described by qualitative characteristics. It is
sufficient, for example, to recall well-known Harris-Wilson formulal®l, This formula enables us to determine
the optimal size of a resource inventory for any enterprise. The result derived from this formula is
mathematically validated. However, this does not imply that this result will always hold true in practice.
Deviations between the theoretical (calculated) version and its practical implementation are determined by a
variety of interconnected factors due to the nature of non-physical management objects related to human
activity, which are part of the organizational structure. These deviations can cause lost profits in the supply
chain?,

That is why it is extremely difficult to form the content of Industry 5.0 concept®#364l. Moreover, so far
“the Supply Chain 4.0 methodology is still in its infancy in academia and is now being studied more
thoroughly by practitioners than academics™?. Therefore, there is an obvious priority of empirical SCM
research and some misunderstanding by specialists, primarily scientists, of the content of a theory of SCM
development based on Industry 5.0 concept, which includes not only supply chains, but also SCM.

A serious problem in creating the LM structure adapted to computer capabilities is the pronounced
imperfection of business management terminology. For example, terms “logistics” and “logistics
management” are unreasonably duplicated in the literaturel’-3+3%81 which, for some reason, are part of
SCMLel,

Apparently, there is no need to re-visit the issue of clarifying the relationship between these terms, as it
has been accepted as a given by most researchers. The computer can easily display, for example, steps
involved in assembling a bolted joint (bolt, washer, nut), but it seems unable to assemble SCM (which may
include logistics and LM, or both, in different combinations). One possible solution to this problem was
proposed by Tyapukhin (2024)5°, and it still deserves further discussion.

The most well-known and, if not the only, widely used term of LM is the following: “Logistics
management is that part of supply chain management that plans, implements, and controls the efficient,
effective forward and reverse flow and storage of goods, services, and related information between the point
of origin and the point of consumption in order to meet customers’ requirements ...”*1. An analysis of the
content of this term, in relation to the article topic, leads to following conclusions:

Firstly, the human element is implicitly present, including individuals who make and implement
management decisions. This is a crucial aspect of Industry 5.0 concept, as it can be challenging to formalize
and organize complex system like SCM;

Secondly, there are no prerequisites for formalizing or structuring an object like LM, which would help
clarify its role and relations with other parts of management. By the way, when justifying business processes
for SCM, LM is often ignored!6-%6611;

Thirdly, if the focus of LM is on flows, then terms of SCM, which are focused exclusively on flow
management, are not logically justifiable*344571. However, if authors still insist that the focus of SCM is on
resource flows, they need to make a distinction between terms “supply chain”*7 and “flow”;

3
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Fourthly, “plans, implements, and controls” functions have an impact on LM objects, and at the same
time coordinate and optimize all logistics activities, as well as integrated logistics activities with other
functions, including marketing, sales, manufacturing, finance, and information technology”, the structure of
which is diverse and therefore, it is insufficiently digitized, including in SCOR™® and DCORP! models, They
do not allow making managerial decisions with minimal lost profits and using processes to systematically
influence to enterprises, relationships and resource flows.

Currently, efforts are being made to expand upon above basic definition of LM, considering
possibilities offered by modern information technologies?!,

An important aspect of the problem under study is the justification of the transparent LM structure,
including logistics?%, perceived and modeled by the computer, which, as is known, includes elements and
relations between them® and is human-oriented, with a strong emphasis on environmental sustainability and
supply chain sustainability?>53],

Many variants of this type of structure have been proposed, but in relation to traditional (non-digital)
business management[310:14.26:32:3543475263] | these variants, functions and processes performed by subjects
and objects of the SCM are differentiated.

However, at the same time, firstly, the quantity and quality of enterprise management functions
performed by subjectst*®! and resource flows™*" do not coincide, although there is a close correlation between
them. Secondly, despite the fairly close alignment of authors’ perspectives on LM processes, there is a lack
of clear logical connections between these processes and other types of processes, such as procurement,
manufacturing, and sales; thirdly, authors did not give enough attention to processes that eliminate
cross-functional barriers in supply chains®?®; and, fourthly LM structures created so far do not allow an
organic transition into organizational structures for SCM or vice versal®®, even with the help of LM digital
twin or instances of the SCM of digital twin aggregate, benefits of using which are justified by specialists®.

Thus, the literature review has allowed us to formulate following research questions in order to
effectively utilize computer capabilities:

RQ 1: What does the typical structure of LM of the supply chain link look like?
RQ 2: What should be the place of LM of focal enterprise in the three-link supply chain?
RQ 3: What are features of the LM structure implemented at the junction of supply chain links?

RQ 4: How is the typical organizational management structure of the LM division of supply chain link
formed?

RQ 5: How can LM objects be manually digitized at the stage of creating the digital twin prototype for
their accurate transfer into the structure of the overall LM digital twin?

3. Methodology

The required quality of management decisions in supply chains can be achieved if the computer
operates with precisely measured and unambiguously described management objects that ensure their
copying, modeling and transformation in accordance with precisely measured and unambiguously described
factors of internal and external environment. In addition, it requires the development and implementation of

'Structure. Cambridge Dictionary. - Available at: https:/dictionary.cambridge.org/dictionary/english/structure (accessed
08 February 2024).
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adequate methods and algorithms that provide for variety of management decisions, therefore, the
methodology of qualitative research is a priority to accomplish the objectives set.

Main stages of this type of study are: firstly, the determination of actual classification attributes of LM
objects and their dichotomies based on a descriptive method. Dichotomies refer to two measurement results:
(a) quantitative parameters, such as “more” or “less”; (b) states of the object of study, for example, such as
project or sample; and (c) stages of the process, such as, for example, preparation and fulfillment; secondly,
process of determining variants of management objects using a facet method, which involves logical
combinations of classification attributes, makes it possible to use binary matrices and corresponding cells,
such as binary codes with symbols “0” and “1”; thirdly, options for converting one management object into
another based on synthesis and analysis; fourthly, the formation of structure options based on induction and
deduction; and fifthly, choosing the specific structure of the object under study based on optimization
methods for the specific supply chain or link.

4. Results

In this section, following are consistently justified and developed: (a) the LM structure of the supply
chain link, (b) the LM structure of focal enterprise of three-link supply chain, as well as (c) organizational
structure of the LM of supply chain link division.

4.1. Structure of LM in supply chain link

A key role in creating the LM structure is played by a set of classifications, primarily qualitative
attributes and their dichotomies. The change in these attributes allows the computer to switch between
different management objects, thereby implementing principles of systematic approach. For example, based
on qualitative attribute such as “changes in geometric dimensions, mass, configuration, and composition of
resources” and dichotomies: “change” and “do not change”, it is possible to distinguish between two types of
supply chain activities: manufacturing activity (symbol “0”) and commercial activities (symbol “1”), which
form the basis for binary codes of their components.

Each type of activity, in turn, can be structured into components using following qualitative attributes
and dichotomies:

(a) for manufacturing activity: “a supply chain activity planning horizon”: current, symbol “0”, and
strategic (symbol “17), as well as “a type of supply chain link processes”: main (symbol “0"), and auxiliary
(symbol “17) (Figure 1);

Supply chain activity planning horizon

Current (0) Strategic (1)
. Technology Manufacturing preparation
Main (0) management (000) (001)
Type of supply chain link (integration and disintegration)
processes Movement of resources (010) Concentration / distribution (011)
Auxiliary (1) . .
LM in manufacturing (010.001)

Figure 1. Types of manufacturing (symbol “0”) activity of supply chain link.

(b) for commercial activity: “a supply chain activity planning horizon”: current (symbol “0”), and
strategic (symbol “17), as well as “a type of supply chain link”: consumer or supplier (symbol “0), and
intermediary (symbol “1”) (Figure 2).



Supply Chain Research | doi: 10.59429/scr.v2i1.6560

Supply chain activity planning horizon

Current (0) Strategic (1)
Trade (100) Marketing management
Consumer or supplier (0) (purchases and sales ) (101)
Type of supply chain link Movement of resources (110) Concentration / distribution (111)
Intermediary (1) .
LMin commerce (110.111)

Figure 2. Types of commercial (symbol “1”) activity of supply chain link.

The joint use of these attributes and dichotomies allows us to identify components (business processes):
(a) manufacturing activity: technology management (code “000”’), manufacturing preparation (code “001”),
movement of resources (code “010), and concentration / distribution (code “011”); and (b) commercial
activity: trade (code “100”’), marketing management (code “101”’), movement of resources (code “110”), and
concentration / distribution (code “1117).

The analysis of Figures 1 and 2 leads us to following conclusions:

(1) classification attributes and dichotomies allow us to create logically related definitions for basic
terms, such as:

(a) movement of resources is a type of commercial and/or manufacturing activity within a supply chain
aimed at the current transfer of resources (including finished products) to required destinations by agreement
between supply chain links and other objects in external environment through the use of intermediaries
(logistics providers);

(b) concentration is a type of commercial and/or manufacturing activity within a supply chain that aims
to design, form, and optimize flows, processes, and focus systems (enterprises and their relationships);

(c) distribution is a type of commercial and/or manufacturing activity within a supply chain, aims to
design, form, and optimize flows, processes, and dissipative systems (enterprises and their relationships).

2 ¢

(2) components “movement of resources”, “concentration” and “distribution” create the basis for the
formation of two types of LM: in manufacturing (code “010.001”’) and commerce (code “110.111”) and their
terms, the content of which is determined by the content of the LM objects. Based on two types of LM,
specialists can easily create a universal definition of LM as basic business process in SCM;

(3) Figures 1 and 2 are convenient because management decisions made, for example, by the marketing
management division (code “101”), are based on dichotomous choices: (a) “a consumer or supplier” extends
to trade functions (sales and/or purchases) (code “100”), and (b) “a strategic activity planning horizon” for
the concentration/distribution function (code “1117). In turn, these functions, through appropriate
dichotomies, affect the movement of resources and form chains of management decisions that aim to
minimize lost profits. This is achieved by eliminating cross-functional and interoperational barriers that
hinder activities of each link in the supply chain. In addition, the decision made by the marketing
management department based on the dichotomy of “a supply chain activity planning horizon” concerns
functions of manufacturing preparation (code “001”) (Figure 1), etc.;

(4) to facilitate the structuring and control of management decisions made by the supply chain links,
contents of Figures 1 and 2 can be combined. As follows from contents of Figure 3, if, on the qualitative
attribute “a complication or simplification of the resource structure”, technology management code (“000”),
is divided into integration (code “000.0”), and disintegration (code “000.1”), then together with LM in
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manufacturing, code (“010.001”), they form such types of manufacturing activities such as connection (code
“000.0.010.001”), and disconnection (code “000.1.010.001).

Similarly, using such qualitative attribute as “a transfer or receipt of ownership of a resource”, trade can
be divided into sales (code “100.1”), and purchases (code “100.0”). Together with the LM in commerce
(code “110.1117), they form such types of commercial activities in the supply chain link as procurement
(code “100.0.010.001”), and realization (code “100.1.010.001”). If in first case there are some problems with
the justification of positions of two deputy directors of manufacturing, then in second case, positions
of commercial deputy directorsshould include procurement and realization directors. It is also worth noting
that, depending on the type of market, there are two main concepts of manufacturing and commercial activity:
traditional and innovative SCM concepts. In first case, the organizational structure of link management does
not include a manufacturing preparation division (code “001”) (manufacturing focused on technology
management) and a marketing management division, code “101” (sales-oriented commerce). In second case,
when implementing the client-centric approach, it is not possible to do without these divisions.
Furthermore, each concept and each type of business process can be assigned specific binary codes. This
allows the developer of the digital twin prototype for the LM to take systematic approach to development,
improving the quality of instances and the overall quality of the digital twin.

Thus, the content of Figure 3, on one hand, provides the basis for designing organizational structure for
SCM that includes main divisions that create value for end consumers of products and services®l. On other
hand, it allows for the structuring of management decisions, the delegation of authority, and the allocation of
resources according to positions and levels within the organizational structure, as well as the monitoring of
their implementation.
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Manufacturing focused on manufacturing preparation

(000.0.010.001/000.1.010.001/001)

Manufacturing preparation (001) [ ——— -

Manufacturing focused on technology managem ent

T Commerce focused on sales (100.0.010.001/100.1.010.001)

|

|

|

= (000.0.010.001/000.1.010.001) !
| 1 J |
: Integration Disintegration |
| (000.0) (000.1) |
| * 2 |
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i 3 7 i
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| ¥ ¥ I
' |
|

|

Marketing management (101)

k4 L

Commerce focused on marketing managem ent

(100.0.010.001/100.1.010.001/101)

Figure 3. Main activities of supply chain link.

4.2. LM of focal enterprise in three-tier supply chain

In previous section, the supply chain link was considered as separate enterprise that locally implements
certain management concept, performs specific types of activities, as well as business processes and includes
divisions that form its organizational structure. At same time, this link can act as focal enterprise. In this case
it needs to perform additional integrated activities that make adjustments to its organizational structure. To
justify these integrated activities, it is recommended to use following previously used qualitative attributes
and dichotomies: “a transfer / acquisition of ownership of resources”: no (symbol “0”), and yes (symbol “17);
“changes in geometric dimensions, mass, configuration and composition of resources”: do not change
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(symbol “0”), and change (symbol “1”); as well as “options for processing batches of resources”: focusing
(symbol “0”), and dissipation (symbol “1”).

The joint use of these attributes and dichotomies allows us to justify 8 basic integrated activities of focal
enterprise, such as sourcing (code “000”), supply (code “001”), connection (code “010”), disconnection
(code “0117”), procurement (code “1007), (realization code “101”), consolidation (code “110”), and
unbundling (code “111”) (Table 1).

Table 1. Classification of integrated activities of focal enterprise.

Changes in geometric

S dimensions, mass, Options for processing
Transfer / acquisition of . .
. configuration and batches of resources: Integrated
ownership of . . A
. composition of resources: focusing (0); activities of focal
resources: . .
no (0): yes (1) do not change (0); dissipation (1) enterprise
4 change (1)
— 0 0 — ¢ 0 Sourcing
—* 0 -— 1 #— Supply
—* 0 —* 1 —* 0 Connection
—* 0 —* 1 1 *—  Disconnection
1 * ] 0 *+ * 0 Procurement
1 M 0 7 1 *1  Realization
- — = .
1 1 0 Consolidation
*— — *—
1 1 1 Unbundling
b ¥ L
Manfaeturing (00 Technology Entrance Exit
management

Commerce (1) Logisties

manzgement

al
'IFI
-+

As shown in Table 1, in addition to types of activities that were previously discussed (Figure 3), we
need to add activities such as sourcing and supply based on LM, as well as consolidation and unbundling
based on technological management. The second option is significant because, in the presence of commonly
produced and marketed resources, they can be customized according to preferences of end consumers of
products and services. This means that they can be changed in terms of their geometric dimensions, weight,
configuration, and composition. It also means that procurement can be transformed into consolidation and
realization can be transformed into unbundling, and vice versa. Additionally, we note that activities shown in
Figure 3 and Table 1 are coded differently. Therefore, when creating the digital twin prototype for the LM,
it is essential to address this issue by developing specialized software solution to resolve this problem.

In order to justify the position of the LM of focal enterprise in three-link supply chain, it is necessary to
clarify all of its core business processes again (previously, Figures 1-3). To address this issue, it is suggested
to use following two sets of qualitative attributes and dichotomies:

(a) “aprocurement activity section”: acquisition (symbol “0”), and delivery (symbol “1”°), as well as
“procurement activity stage”: preparation (symbol “0”), and fulfillment (symbol “17);
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(b) “arealization activity section”: deliverance (symbol “0”), and dispatch (symbol “17), as well as
“realization activity stage”: preparation (symbol “0”), and fulfillment (symbol “1”).

The joint use of attributes and dichotomies from each group allows us to justify following basic
business processes.

(a) procurement activities: purchases (code “100.00”), reception (code “100.01”), movement of
resources (code “110), and concentration (code “111.0”);

(b) realization activities: sales (code “100.10”), transfer (code “100.11”’), movement of resources (code
“110”), and distribution (code “111.17) (Figure 4).

These basic business processes make it possible to form following integrated activities: marketing
management of suppliers (code “101.0”), and marketing management of consumers (code “101.17); trade
from the buyer’s point of view (code “100.00”), and trade from the seller’s point of view (code “100.10”);
LM in procurement (code “110.111.0”"), manufacturing (code “010.001”"), and realization (code “110.111.1”);
sourcing (code “100.01.110.111.0”), and supply (code “100.11.110.111.1”); procurement (code
“100.00.100.01.110.111.0”), and realization (code “100.10.100.11110.111.1”); consolidation (code
“0.100.00.100.01.110.111.0”), and unbundling (code “1.100.10.100.11110.111.1”); and finally commerce
(code either “0.100.00.100.01.110.111.0.1.100.10.100.11110.111.1” or “1” by choice).

These business processes and integrated commercial activities make it possible to clarify the
organizational structure of focal enterprise and avoid logical errors in supply chains. For example, formally,
SCM is based on the concept of “pushing out” products and services®Y, in which main enterprise is the
supplier of next link in the chain (the consumer). Since modern management is based on the concept of
“pulling out” products and services, the logic of the study suggests abandoning the term SCM and replacing
it with the term “sourcing chain management” or SOoCM, in which the focus of the enterprise is on the
consumer who determines the behavior of suppliers.

4.3. Structure of LM implemented at the junction of supply chain links

An important aspect of the study, which involves activities of logistics provider, is to understand basic
business processes that take place at the interface between two adjacent links within supply chain. One of
these links is focal enterprise.

The study of this aspect involves a transition from the term “chain” to the term “front”[8land further
study of business processes of the sourcing front “Xhj — i” (Figure 5) and the supply front “i — Xkj”
(Figure 6) of focal enterprise “i”.

Figure 5 shows the sourcing front of focal enterprise “i”, assuming that this enterprise acquires the
necessary resources from three suppliers “h” (in this case, business process “purchases” is not taken into
account, since it does not relate to LM, but to trade). After the transfer of ownership of resources and before
performing the business process “technology management”, code “000”, the enterprise “i” with the help of
the business process “concentration” designs, forms and further optimizes the quantity and quality of such
management objects as enterprises, relationships, processes and flows, the result of which is a specific plan
for effective interaction of the sourcing front of links “Xhj — i”.

10
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Marketing management
of suppliers (101.0)

Marketing management of

consumers (101.1)

Buyer’s trade (100.00) Seller’s trade (100.10)

N ] > Focal N »
Supplier enterprise IoTpebuTens
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(100.00) (100.01) 10) a11.0) a1LD) (110) (100.11) | (100.10)
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Procurement (100.00.100.01.110.111.0) Realization (100.10.100.11110.111.1)

Consolidation (0.100.00.100.01.110.111.0) Unbundling (1.100.10.100.11110.111.1)

Y

LM in manufacturing (010,001)

Commerce (0.100.00.100.01.110.111.0.1.100.10.100.11110.111.1) or (1)

Figure 4. Basic business processes and integrated commercial activities of focal enterprise.
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Figure 6. Main types of resources dissipation (disconnection).
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This plan provides for the implementation of business processes “reception”, code “100.01”, and
“movement of resources”, code “010”. Business processes listed above allow following hierarchically
ordered, integrated activities to be formed: focusing LM, code “010.011.0”, focusing process, code
“010.011.0.000” and “connection of resources”, code “010.011.0.000.100.01”. Similarly, business processes
performed by the supply front “i — Xkj” can be distinguished (Figure 6).

The information presented in Figures 5 and 6 creates prerequisites for clarifying the structure of LM, as
well as organizational structure of SCM. It ensures a rational distribution of positions by observing norms of
management, delegating authority, and structuring and implementing management decisions.

4.4. Organizational structure of LM of supply chain link

The use of computers in management activities involves not only the creation of virtual copies and
models of management objects, but also the development, structuring, formalization, and implementation of
managerial decisions at positions and levels within the organizational structure of the enterprise or supply
chain. To address this challenge, it is essential to develop the hierarchical LM structure (Figure 7).

LM in commerce (011.0.110.111.1.110)
LM in procurement LM in realization
(110.111.0) (111.1.110)
— 1 Concentration (011.0) Movement of resources (110) Distribution (111.1) -
Movement of material resources Movement of intangible resources
(110.0) (110.1)
Transpor- Ware- Storage (of Movement Movement of
tation housing inventory) af financial Service
(110.0.000 ||(110.0.01) (110.0.10) information resources (110.1.10
(110.1.00) (110.1.01)
L 4
i LM in manufacturing (011.0.110.111.1) -

Figure 7. LM structure.

Figure 7 shows four levels of LM development. First level is based on the business process called
“movement of material resources” (code “110.0”), which includes transportation (code “110.0.00”),
warehousing (code “110.0.01”") and storage (code “110.0.10”). Recall that warechousing ensures the transition
of transportation to storage and vice versa. The movement of material resources, code “110.0”, and the
movement of intangible resources, code “110.1”, which includes the movement of information, code
“110.1.00”, financial resources, code “110.1.01”, and services, code “110.1.10”, form second level of the
LM. As follows from contents of Figure 7, LM in manufacturing (code “011.0.110.111.1”) includes the
concentration (code “110.111.0”), distribution (code “111.1”), and movement of resources (code “110”)
within supply chain. And finally, fourth level of development includes LM in commerce, implemented in
external environment of this link with the code “011.0.110.111.1.110”, which includes LM for procurement
with code “110.111.0”, and LM for realization with code “111.1.110”. One or another level of LM can be
used in the link or supply chain, depending on external and internal factors. The identification of these
factors is the objective of future study.
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Unfortunately, the information in Figure 7 does not provide a complete picture of the LM structure,
therefore it is necessary to clarify the content of such types of its activities as concentration / distribution
(codes “111.0.111.1” or “011.0.011.17), as well as “movement of resources” (codes “110” or “010”)
(Figure 8).

LM (011.0.110.111.1.110011.0.110.111.1)
v v
Concentration / distribution Movement of resources (1107 or (010}
— (111.0111. ) or (011.0.011.13
e . Transportation - Disintegration
e Design ! of flows (00) ! (000 (1007
(11101111000  |-= !
011.0.011.1.000 : :
: ! Warehousing n Sorting
! of processes (01) ! (001} " (101)
R Formation | |
(111.0111.101) ™ 5 -
(011.0.011.1.01) ! ! Storage —> Labeling
! of enterprises (10) ! (010 (110}
— Optimization i E
(1110111.110) -+ A i Integration . Packaging
(011.0011.1.10) | ofrelationships (11) | (011) > (111)

Figure 8. Structure, functions, and operations of LM.

As shown, concentration / distribution provides for design (codes “111.0.111.1.00” or
“011.0.011.1.00”), formation (codes “111.0.111.1.01” or “011.0.011.1.01”), and optimization (codes
“111.0.111.1.10” or “011.0.011.1.10”) of flows (code “00”), processes (code “01”), enterprises (code “10”),
and relationships (code “11”’). Accordingly, logistics operations of movement of resources should include
transportation (code “000”), warehousing (code “0017), storage (code “010”), integration (code “0117),
disintegration (code “100”), sorting (code “101”), labeling (code “110”), and packaging (code “111”).

Before designing the organizational structure of LM division of supply chain link, it is necessary to
show its place and relations with other divisions within the link. A solution to this problem can be found in
Figure 9.

Personmnel Manufacturing Marketing
division (00) preparation management
division (001} division (101}
W e ————
S Purchases division Technology Sales division |
& (100.0) ::; division j (100.1) B
s L [T oo 47 r

T.M division (010 001 ar (110 1010

|
v | v ! v ! i

Service Financial Information
division division division

Figure 9. Place of the LM division within the organizational structure of the supply chain link.
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Features of this Figure include the separation:

(a) of main divisions of the supply chain link, such as purchases division (code “100.0”), technology
management division (code “000”), and sales division (code “100.1”") (Figures 1 and 2), functioning on the
basis of a process approach;

(b) of related divisions of the supply chain, such as service division, financial and information divisions
that manage their respective resource flows;

(c) of support divisions such as manufacturing preparation division, code “001” (Figure 1), marketing
management division, code “101” (Figure 2) and personnel division, code “00”.

It follows from contents of Figure 9 that the main objective of the LM division is to eliminate
cross-functional barriers to managing business processes in supply chains and inter-operational barriers
within each business process, thereby ensuring the smooth flow of resource flows.

Thus, basic prerequisites for the development of organizational structure of LM division of supply chain
link are formulated (Figure 10).

General director
¥ v
Director of Director of commerce
manufacturing
Y v
Director of procurement Director of realization
L 4 4‘ *
Director of LM (0)
¥ v
Concentration / distribution sector Resource movement sector (01)
(00)
o Transport facilities (0100)
—»| Strategic development department
ool s
( ) i Warehouse facilities (0101)
|| Department of operational management ., Service facilities (0110)
(0010)
., Information and analyfical e Dispatching department (0111)
department (0011)

Figure 10. Typical organizational structure of LM division of supply chain link.

Figure 10 shows that the director of the LM, symbol “0”, reports, at a minimum, to three other directors:
procurement, manufacturing, and realization. Therefore, the structure of LM division exhibits signs of matrix
organizational structure. In turn, director of LM influences concentration / distribution sectors (code “00”)
and resource movement (code “01”). The concentration/distribution sector (code “00”), includes strategic
development department (code “00017), department of operational management (code “0010”), and also
information and analytical department (code “0011”). At same time, the strategic development department is
engaged in the design (selection) of enterprises, relationships, processes and flows. The department of
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operational management is responsible for the formation and optimization of various processes, while the
information and analytical department provides necessary information, methodological tools, and
recommendations to specialists in areas of concentration and distribution. The resource movement sector
(code “017), consists of transport (code “0100”), warehouse (code “0101”), and services (code “01107)
facilities, as well as dispatching department (code “0111”).

Therefore, the study employed the systematic approach to clarify the structure of LM system at various
levels, including: (a) supply chain links, (b) three-link chains, (c) intersections between these chains, (d)
resource movement, and (e) interactions with other parts of the supply chain. Based on these findings, type
organizational structure for the logistics department is proposed.

Obtained results provide theoretical and methodological foundations for digitalizing activities and
business processes in supply chains. They also enable the modeling of the organizational structure and
structure of the LM division, as well as the structuring and formalizing of management decisions according
to positions and levels within this structure.

5. Discussion

The implementation and development of Industry 5.0 requires solving many problemstt7:21221,
Additionally, some of these challenges cannot be overcome when implementing Industry 4.0 concept®l. They
need to be addressed within a new framework that combines information technology with human creativity
and intuition in order to create a more collaborative and flexible manufacturing process!®2. The main source
of these problems is a weak development of theory, methodology, and techniques for identifying,
formalizing, structuring, and digitalizing intangible management objects related to human activities. This is
because it is extremely challenging to measure and optimize results, due to the lack of suitable scales and
tools. In addition, the existing theory and methodology for managing objects in business are based on
peculiarities of how humans perceive information, and, in their current form, they are not compatible with
computers.

The way out of this situation is to use descriptive and faceted methods of qualitative research on
non-physical management objects. This allows us to create standards (virtual objects) that can be modeled
and transformed based on their actual classification attributes and dichotomies. Thus, it seems quite feasible
to develop digital twin for managing physical and non-physical LM objects, the purpose of which are
management decisions that minimize the lost profits of supply chain links compared to competitors.
Moreover, with the help of digital twins of this type, it is possible to structure these decisions by positions
and levels of organizational management structure, eliminating possible inter-functional and
inter-operational barriers in scalar management chains.

This article presents results of adapting traditional theory and methodology of LM to capabilities of the
computer operating with a set of interconnected codes of physical and non-physical management objects that
form channels for processing large amount of information in accordance with effects of the user of LM
digital twin.

Practice shows that the author’s approach to justifying study results often raises many questions and
leads to partial misunderstandings about the methodology used. Therefore, in order to solve urgent problems
with implementing Industry 5.0 concept in SCM, a number of key aspects of managing non-physical LM
objects will need to be discussed, among which are: creating a set of actual classification attributes and
dichotomies characterizing LM objects; creating standards (virtual objects) of the LM; development of a
methodology for identifying real LM objects and achieving the required level of accuracy; developing
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capabilities of artificial intelligence and self-learning systems capable of optimizing LM objects, using
their qualitative attributes and dichotomies for this goal; adapting previously gained experience in the field of
LM and creating on this basis an empirical block for making rational management decisions, etc.

6. Conclusion

The study we conducted has yielded results that show signs of scientific significance. These include:
typical structure of the LM supply chain link, the place of focal enterprise in the three-link supply chain,
features of the LM structure implemented at the junction of supply chain links, typical organizational
structure of the LM supply chain division, and the system of binary codes for correctly transferring LM
objects into the structure of instances and aggregates of the digital twin.

The contribution to the theory comes from the development not only of the link structure of the LM, but
also of three-link supply chain, in which the link acts as focal enterprise that is adapted to computer
capabilities and software. This allows for the development of methods and algorithms to support and make
managerial decisions aimed at minimizing supply chain profit losses.

The contribution to practice lies in the ability for customers to develop the LM digital twin, followed by
technical specification for developing instances and aggregate of this digital twin. In addition, this article
raises the issue of creating artificial intelligence systems that operate with qualitative attributes and
dichotomous, and are focused on making optimal management decisions based on factors from external and
internal environments.

Creators of future LM digital twin implemented in SCM should take into account a number of
fundamentally important limitations, which are as follows: very high labor intensity, as well as significant
time and resources spent on creating logically linked terms of objects and processes of LM based on a set of
relevant classification attributes and dichotomies; lack of methodology for integration and sharing both
physical and non-physical objects of LM, the lack of methods and tools for the development of LM
algorithms available for the use of artificial intelligence as essential component of digital twin, designed to
develop innovative management decisions, etc.

Further study is expected to refine the structure of typical activities and business processes in
manufacturing and commerce related to LM. This will create necessary prerequisites for the creation of
digital twin prototype for logistics provider servicing links of “N”- link supply chain. It will also explore
possibilities of creating the LM structure that takes into account not only economic aspects, as suggested by
Xu et al. (2021)"%, but also social and environmental considerations related to Industry 5.0 concept.
Furthermore, it will investigate the potential for adapting technologies of Industry 4.0 concept to meet needs
and values of individuals in digital society.
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