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Abstract— The problem of modeling and forming the value
chains in the Arctic zone, which has some critical features, is
considered in Industry 4.0. A rationale for concepts and a
review of approaches to modeling the business chains is given,
a systematization of groups of business chains is carried out,
and their characteristics are given. It is proposed to consider
the Arctic economic zone, for development purpose, as a
complex of value chains that form different values in the areas
of production, mining, logistics, social sphere, etc.

A generalized model of the logistic chain is described in
detail, a description of the parameters is given, and the
efficiency of the entire chain is evaluated, considering the local
effectiveness of the chain participants. To ensure marginal
efficiency, the task of managing the structure (composition) of
the logistics chain is considered, which allows participants to
vary in terms of their functionality, resource support and level
of local efficiency, considering the synergy of interaction in the
chain structure.

Keywords— Arctic zone, economic system, value chains,
logistics chains, supply chain model, management of the chain
structure

. INTRODUCTION

Modern development of the economic space of the Arctic
requires the use of sustainable development management
technologies which take into consideration environmental
requirements and norms that reflect the concept of sustainable
development. Along with production and mining enterprises
and technological processes [1], an important element of
development policy in this area are the logistic processes
which include the supply of production and population,
interaction between participants in supply chains, etc. [2-4]

In this regard, for the effective development of the Arctic
zone, it is necessary to form a well-thought-out logistic chain
that would be part of a single vector of strategic development
of the Arctic, taking into account the risks associated with the
development of the territories of the Arctic zone, the
requirements of ecology and social projects for indigenous
people. [5,6] The existing experience of developing the
Acrctic territories of circumpolar countries shows [7,8] the
need for high costs for the formation of infrastructure, also
logistics. In addition, the achievement of high efficiency of
the process of development of the Arctic requires:

- close cooperation of interested economic entities,
including those involved in logistics chains,
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- availability of the required resource development
potential for the formed chains,

- one of the leading resources for the development of
the Arctic in Industry 4.0 is the information - operational,
strategic, forecast, as well as information about the
dynamics of climate development, ecology, the use of
natural resources, production activities and the building up
the logistic schemes,

- the amount of financing necessary for ensuring its
own operational processes for each chain participant,

- a clearly developed and agreed plan-budget of the
activity of the logistic chain.

Only joint and coordinated actions of each participant in
the supply chain, the overall concentration of resources and
opportunities, the required size of the investment and
economic development potential can lead to positive results
and have a positive effect for the entire supply chain, and
therefore the income for each participant in such a chain.

However, despite the presence of high opportunities for
the economic development of the Arctic, the economic
prospects for such development are in their infancy and are
not yet taken into consideration in the strategy of the Arctic
development, although the result could have enormous
growth potential.

This is explained by the fact that the development of the
Arctic international territories requires the solution of
complex problems not only in the basic processes of
production and extraction, processing of resources, but also
better organization of information, transport support,
logistics and other logistical tasks.

A particularly important resource in the Arctic zone is the
time factor, due to the possible rapid climate change, which
can create significant logistics organization problems. In this
regard, the update, accuracy and completeness of information
on the dynamics of processes in the Arctic may reduce the
risks of the development of the Arctic zone. To do this, it is
necessary to form a distributed database of information (Big
Data) by each individual participant in the Arctic process on
the issues of their operating activities. This is possible with
the use of powerful distributed resources of Industry 4.0
technologies, involving the implementation of digital
technologies. This requires the interaction of the type of
information provided, the methodology of transformation,
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storage procedures, information security. The effectiveness
of a business chain without information interaction of its
participants can be significantly reduced. This is one of the
important conditions for the formation of the efficiency of
business chains.

Risk assessment of production and mining activities,
transport logistics and ecology are considered in the books
[9-11]. Expansion of international cooperation in the field of
production, information and logistics, the creation of
international logistics chains will contribute to improving the
development of the Arctic zone.

Il. BUSINESS CHAINS. MODELS AND SYSTEMATIZATIONOF
THEIR MODELING APPROACHES

In accordance with the concept of value chain developed
by M. Porter [12], business processes are divided into two
groups:

- the main (primary) business processes that form the
complex of consumer values. M. Porter includes in this
group: inbound logistics, operations, outbound logistics,
marketing and sales, services;

- supporting (support activities, secondary) business
processes that do not directly create value but are necessary
for the functioning of the main business processes. M. Porter
classifies them as: - procurement; - technological
development; - human resource management; - maintaining
the infrastructure of the company.

Later, in some papers, an addition to these basic business
processes is provided, which gives more detailed
identification of management and development functions. In
particular, the basic processes are complemented by the
following: - management processes, - development
processes.

When summarizing groups of business processes, their
characteristics can be systematize as following (Table 1).

TABLE I. SYSTEMATIZATION OF CHARACTERISTICS
OF BUSINESS PROCESSES GROUPS

Business Purpose of the business The results of
processes process operations of the
group business process
Main Creating customer value | Final or intermediate
value of the
consumer
Supporting Providing all kinds of | Production and
resources of the mainand | management
other business processes | resources for all
types of business
processes
Management | Management and | Formation of control
organization of all types | actions for making
of business processes management
decisions in all types
of business
processes
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Development | Sustainable and balanced | Organizational and
development through the | production changes

coordination of interests | for a balanced

of participants in | growth of
business processes participants and
directions of
business  processes,
through  improving

the efficiency of the
network of business
processes

All specified business processes should be formalized
and described in detail for the effective operation of
economic systems. Here is a brief description of possible
approaches for the description and modeling of business
processes.

In the paper [14], a generalization of approaches to the
description of value chains is given. The reference (typical)
and individual business processes are identified. For
modeling of those two types different approaches are used.

So, for the formation of reference models of business
processes, one can use the following approaches:

- universal Business Model (OBM) by Oracle;
- 8-process mode BKG;
- 13-process model - ISO/IEC/TO 15504;

- APQC model; quality management standard model 1SO
9000:2000.

In addition, there are ready-made typical industry models
of business processes, for example, for banks, manufacturing
enterprises [13], etc.). The advantages of such models are:

- reducing the cost of creating a business model, since
standardized process representations are used,

- the possibility of acquiring process models together
with a business modeling system, which requires only
refinement and adaptation of the reference model.

For modeling non-standard (single) business processes,
the following approaches are commonly used: functional
approach, when the analysis and selection of business
processes is carried out based on the functions performed by
the participants of the business chain; product approach,
highlighting the processes based on their results (specific
goods and services producing in the value chain; an approach
based on the analysis of value chains; matrix approach,
which is characterized by a matrix describing business
processes, each element of which a separate business process
is, reflecting the subsystems and stages of the life cycle of
the product produced; an adapted method for analyzing value
chains.

For example, the value chain approach requires the
submission of following tasks: identification of the
company's customers and their forecast in the market;
identification of priority products that customers consume,
and identification of customer value for customers;
identification of flows and operations, which result in the
products consumed by customers of the company.

The methodology of adapted method is based on the
transformation of resources into products with the required

287



£

ATLANTIS

PRESS

customer value and includes following components:
representation of the processes of functioning in the form of
a system of inputs and outputs of resources; the separation of
business processes by main, supporting, management and
development; considering the interests of participants in
business processes and key interacting objects.

I11. PREPARE MODEL OF LOGISTIC BUSINESS CHAIN

Let us consider a simple type of logistic chain, creating
logistic values in the form of a linear structure with a single
management center (MC). Such a structure can be described
for the organizational management of a hierarchical two-
level structure, the number of which is N > 1, and among the
participants {aix} there is a business chain management
center (MC).

We believe that X is the set of participants in the logistics
chain, among which there is a management center, MC,
which forms the objective function of activity (C) in the form
of a criterion of profitability H(C). In this chain, each
participant (the active element is AE), aij interacts with other
AE and external participants in the process of operational
activity through a set of interactions {R}. In the process of
operational interactions AE (aiay,...,qj...,an), (ai{R}a;) the
final product (consumer value) is formed, the effectiveness of
which is determined by goal C or yield H(C) [15] .

And since each member of the chain is an active element,
it has its own operating strategy as part of the chain (s(aj)),

consistent with the strategy of the MC (s°(s(g;)) € s°)C {S}.

Each participant forms his own operating income, h(a;) and
the level of local profitability is also determined by the
effectiveness of the previous participants in the chain, h(a)
=f(e(ai-1)). According to the results of activity, each element
forms the information i(h(a)).

For the whole chain, in the case of the interdependence of
the effect level on the preceding operations, we have the
following function of composition

h(amc) = f(e(a1)° e(az) °...c e(an)), 1)

or H(C) = h(amc) =f(en(en-1(e(@y)...)) (2)

Earlier, we determined that the participant’s profitability
(efficiency) function h(a;) depends on the selected types of
interaction of participants, (ai rj a), ri € {R}, where {R} is
the set of possible interactions of participants ensuring the
implementation of operations in the logistics chain.

When forming variable chain structures, in accordance
with possible strategies of structural organization, we assume
that participants can be streamlined for selection into the
chain structure, according to some priorities in creating
customer value in the form of a ranked list, for example, a1 <
a<...<an

The most important participant is the one that has higher
priority (lower rank) in an ordered sequence (ai). The
priority of the participant can be influenced by the content of
information i(h(a;)). In this case, one can determine the
information priority in the following scheme: i(h(ay))<
i(h(az))<. . . <i(h(an)). Therefore, when forming a new chain
structure, a priority participant, if the functional conditions
are fulfilled, can replace the participant already existing in
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the business chain. Considering the factors of formation of
the profitability function of the logistics chain, we define its
dependence, except for the system of interactions, by other
parameters:

- the role of the participant in the operational space of
the chain, s(a),

- the level of logistic resources available for the
participant a;, (P(ai)),

- synergy or risk in the process of interaction of the
participants, which can also lead to an increase / decrease in
the level of efficiency, AF.

To assess the effectiveness of the supply chain, you can
set the efficiency function (E), in this form:

E = flamc) ={f(s(a1)), P(a1), e(a1), (s(a2),
P(az),e(az), ..., (s(an), P(an),e(an)), 3)
{(@){RMa}ti(h(ai)), 4Es}-

At the same time, the function of efficiency (income) H is
variable and depends on the level of efficiency of each
participant in the logistics chain. Thus the function

H(C(ey,ey,...,em)) (4)

ensures the formation of a certain range of values of
profitability from the implementation of operations by
participants in the chain,

H(C(epey,....em) — [H(C) + H(C)],  (5)

where H"(C) is the marginal value of the income function
LC, with the most optimal (best) interaction options, Ho(C) is
the minimum value of profitability in the LC chain, with the
initial, non-best ways of interaction between the participants
in the logistics chain.

The value of return can be set as a difference of the index
of the effect of the chain’s activities (H(C)) and the total costs
of all chain participants (Z.c) in the form

(H(C(e1,8s....en) — Z10) (6)

During the implementation of the operating activities of
the chain, each participant chooses those interactions with
other participants from a variety of possible, subject to
resource constraints, which maximize the difference between
incentives for the logistic operation ((ai)) and its costs z(r;,a;),

[d(ai) - z(ri,ai)].

Since the profitability function is variable, to obtain the
maximum value of the profitability of the whole chain
structure, it is necessary to solve the problem

[6(a) — z(ry, a)] - m_aif E (7)

The solution of the problem is determined by the rule

Argmax [6(a) — z(r;, a)] (8)

S{ES

The chain management policy is defined through the
choice of a rational, efficient supply chain structure. At the
same time, each participant will choose such incentive
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functions, which, if the participant rationally sets his own
parameters of activities in the chain, get the maximum of the
mathematical expectation of his objective function.

IV. TASKS OF MANAGING THE STRUCTURE OF THE SUPPLY
CHAIN

This section discusses the possible tasks of managing the
supply chain composition (LC). There is no doubt that the
basic efficiency of logistics chains, including international
ones, depends on the objective functions and the typology of
the logistics chain. An important feature of logistics chains
in Industry 4.0 is the generalization of the information
support of the results of the activities of each participant into
a single information pool (J) of a distributed type ((i(h(a1)),
i(h(az), ..., i(h(an)) c {3}

And further, the chain structure, chain participants'
consistency, logistics resources, etc. will influence the
chain's efficiency. The composition and structure of the
chain undoubtedly affect the overall efficiency, and in this
regard, for each type of chain, it is necessary to solve the
problems of LC composition and management of LC. In the
paper [1] it is shown that the task of managing the
composition of the chain can be reduced to the problem of
optimal stimulation of the chain participants. Consider the
possible formulation of the model of the logistics chain, for
which we introduce the following notation.

We consider a separate logistics chain linking several
participants with various operating activities. We consider
the participants of the chain as active elements (AE), having
their own interests and possessing some required amount of
logistic resources, the number of which is N.

To achieve the objective function of operating the
logistics chain, C (LC), it is possible to form several variants
of the chain structure, including different participants with
different operational and resource capabilities. And it is quite
possible that one or several variants of the chain structure can
have maximum efficiency (Emax).

Consider the task of managing the structure of the
logistics chain. If Io= {1,2, . . . ,N} is the actual (initial)
composition of the chain LC, consisting of N participants of
AE, |log] = N > 1. Igis the final, most effective composition of
the LC chain, which is the result of solving the task of
composition management, le — max E. M — initial set of
potential (actual and possible bidders) participants in the
supply chain LC, N € M.

The following types of chain structure management exist.

1.1f the following condition is satisfied I, € Iz < M,
then the management task is reduced to expanding the
original structure.

2.1f the condition is met Iz < |, <€ M ,then the task of
the management of diversification (separation from the
structure) of the chain participants is performed.

3.If the condition is met I, & Iz & N, (the content
characteristic of the chain changes, with a permanent
structure - replacing one participant with another with more
efficient operations), then the management task of replacing
participants is performed.

Atlantis Highlights in Computer Sciences, volume 1

Characteristics of the degree of integration and
diversification can be estimated through the ratio of
performance indicators of the initial and the target structure
of the supply chain as an increment of efficiency AE,

AE = (E(Ie) — E(l0))\E(lo) 9

The task of managing the chain structure of the LC
requires the development of a chain management process that
ensures maximum efficiency of the logistics process (Emax)-
The task of forming the logistic chain structure can be
formulated as the task of finding such an admissible LC
structure on the set of possible variable chains of the {LC;}
structure, for which the chain efficiency (E) would be
maximum, with restrictions on the functional composition of
participants in the chain structure (F}; > F4) and the level of
economic potential of the chain participants (P; > P¥).

E(P{LCi}, lo, le, M, N) — max (10)

under restrictions (F; > F¥), (P > P¥).

We believe that each potential participant in the logistics
chain i € M should have capital, competencies, logistics
resources and other parameters for activities in the logistics
value chain. At the same time, we believe that there is a
unified policy for managing the composition of the chain,
which should include the following elements:

- the presence of common development goals by
participants of the chain;

- priority of common goals over their own goals of
activity among participants;

- coordination of operational processes in the chain
by participants;

- the possibility of integration of individual members
of logistics resources;

- ensuring a balance of interests of the participants in
the logistics chain.

V. CONCLUSION

The paper considers the tasks of modeling and forming
an effective structure of logistic value chains in the Arctic
zone. The Arctic has many critical features that should be
considered when forming economic systems of production,
mining and service types there. A review of approaches to
modeling business chains is given their systematization
according to typology and characteristics is given.
Considering the features of the Arctic zone and international
interest in this zone not only for circumpolar countries but
also for other states, it is proposed to consider the Arctic
economic zone as an international corporate economic zone
with a system of international corporations, within which
chains and value networks are formed, including areas of
production, mining, logistics, ecology, social sphere, etc.

The task of forming a generalized model of the logistics
chain is considered, its parameters are described, and a
function of the efficiency of the business chain is formed
considering the local effectiveness of the participants. To
obtain the maximum level of efficiency, the task of managing
the structure of the logistics chain is formed and determined,
which allows participants to vary in terms of their
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functionality, resources and level of local efficiency, taking
into account the synergy of interaction in the chain structure.
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