
processes

Article

Multi-Level Optimization Process for Rationalizing the
Distribution Logistics Process of Companies Selling Dietary
Supplements

Szabolcs Szentesi, Béla Illés, Ákos Cservenák, Róbert Skapinyecz and Péter Tamás *

����������
�������

Citation: Szentesi, S.; Illés, B.;

Cservenák, Á.; Skapinyecz, R.; Tamás,

P. Multi-Level Optimization Process

for Rationalizing the Distribution

Logistics Process of Companies

Selling Dietary Supplements.

Processes 2021, 9, 1480. https://

doi.org/10.3390/pr9091480

Academic Editor: Srinivas Palanki

Received: 25 July 2021

Accepted: 20 August 2021

Published: 24 August 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Institute of Logistics, Faculty of Mechanical Engineering and Informatics, University of Miskolc,
3515 Miskolc-Egyetemváros, Hungary; altszabi@uni-miskolc.hu (S.S.); altilles@uni-miskolc.hu (B.I.);
cservenak.akos@uni-miskolc.hu (Á.C.); altskapi@uni-miskolc.hu (R.S.)
* Correspondence: tamas.peter@uni-miskolc.hu

Abstract: The commission sales form is a very significant channel of sales today, which is especially
true in the field of dietary supplements. In parallel, the prevailing digitalization trends have opened
up further new opportunities for this form of distribution. The multi-level optimization process
presented in the publication makes it possible to optimize the distribution logistics processes of
companies producing food supplements at a high level by exploiting these new possibilities. The
operation of the procedure is also illustrated through a practical example.

Keywords: distribution logistics; multi-level optimization; inventory planning; transportation
planning

1. Introduction

Today, the proper development of supply chains plays an important role in maintain-
ing the competitiveness of companies. The development and operation of supply chains
is dealt with in detail in the international literature, but at the same time there are types
of supply chains whose development possibilities have been overshadowed. Since the
number of products offered by commercial companies and pharmacy offerings is now
significant, commission sales are one of the most permeable ways to get on the market.
Production and distribution companies are constantly competing with each other, resulting
in competition, so cost reduction has become vital.

The spread of commission sales was made possible by the development of the Inter-
net, the reduction of telecommunications costs and the development of IT applications.
Digitalisation is not only about technology, but also about the strategy companies have,
their ability to adapt to changed environmental conditions, the ability to adapt rapidly
to different technologies in order to remain competitive, and whether SMEs (small and
medium-sized enterprises) have learning skills [1]. In the past, the development of trans-
port enabled commission sales to start, whereas nowadays this is induced by information
communications technologies [2].

This publication focuses on the distribution side of supply chains of companies pro-
ducing commissioned dietary supplements as perhaps the most important sub-area for
commission sales. The main objective is to describe a multilevel optimisation process that
can make a significant contribution to increasing the efficiency of the distribution side in
the supply chains that are sold in a commissioned way through coordinated management
of inventory and transport aspects.

Following the introduction, the paper uses the method of systematic literary research
to explore scientific literature on existing supply chain operational strategies, supplemented
by a statistical summary of search results. Section 3, following the literature research,
presents the distribution models defined by the authors during the research, and then the
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fourth section describes the return models defined. In Section 5, the entire system model,
on which the optimization process is based, is presented. The multilevel optimisation
process itself is described in detail in Section 6 thereafter. Then, in Section 7, the method
is presented by solving a problem that is close to practice. Finally, Section 8 contains the
summary and the debate section.

2. Literature Research

The supply chain describes flow processes across organizations. Companies have
either an explicit strategy or an implicit strategy relevant to the manager. However, given
the increasingly widespread view that supply chains, rather than individual companies,
compete with each other, it is natural that these organizational strategies are coordinated
and that the objectives and the means assigned to them are also set at supply chain level [3].
The supply chain strategy should be formulated mainly for companies that play a guiding
role and operate as central companies in their supply chains, since because of their position
of power they will primarily shape the operational structure and processes of the given
supply chain. At the same time, it is also a limit for them to know in what environment,
under what conditions, and with what partners they can work.

Companies face a number of challenges in seeking to optimize and harmonize their
supply chain [4].

The starting point for literary research in the field is the definition of keywords related
to the topic. Since dietary supplements are considered food with a shelf life, research
focuses on supply chain strategies that are limited to food. In literature research, the
following keywords were used in search:

• supply chain
• operational strategy
• food

In order to delimit the literature more closely related to the research topic, it was
necessary to narrow the search for original keywords by searching for the keywords
“supply chain AND operational strategy” in combination. After that, the search results for
each keyword resulted in sufficiently relevant results, with 3080 publications aggregating
WoS, Scopus, and ScienceDirect search results. Adding the search keywords “supply chain
AND operational strategy” to the keyword “food” greatly reduced the search results set.
The evolution of the chronological volume of publications is shown in Figure 1, where there
is an increasing trend year after year, so it can be considered a relevant field of research:
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Figure 1. Number of publications related to the topic by year of publication (Source: Self-edit).

Figure 2 illustrates the weight of the different disciplines in the publication list of the
Scopus database based on data from the last 20 years. From this, it can be observed that the
delimited field of research also has a multidisciplinary character, since not only disciplines
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related to engineering activities can be observed, but research related to management and
decision support is also significant. The data show that few people from a logistical aspect
examine the area.
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Figure 2. The emergence of disciplines in publications (Source: Self-edit).

In the Scopus database, a complex search for the keywords “supply chain, operational
strategy” has been carried out on the basis of data from the last 10 years, as a result of
which the proportion of keywords not yet examined (Figure 3) has been examined for
1229 publications. It can be concluded that the terms green supply chain, cost, logistics,
and production also play a prominent role in the works.

As a further analysis of the delimited set of studies, the 10 most published persons on
the subject were selected (Table 1). The analysis shows that the number of authors involved
in the publication of five or more articles can only be estimated at eight people.

Table 1. The 10 most published authors in the Scopus scientific library for “supply chain, operational
strategy” keywords between 2010 and 2020 [Source: Self-editing].

Author Published Papers Author Published Papers

Chen, Z. 8 Jajja, M.S.S. 5
Smith, A.D. 8 Laosirihongthong, T. 5

Gunasekaran, A. 6 Sarkis, J. 5
Wang, X. 6 Ahmed, W. 4

Cannella, S. 5 Brun, A. 4

The following summary analysis was prepared, focusing on food authors and the
most cited publications, after processing 3080 works delimited as a result of systematic
literature research.

In 2015, Vlachos discussed the food supply chain of SMEs (small and medium-sized
enterprises) in a case study. The study notes that the majority of food companies are
small and medium-sized enterprises and develop a lean-based action plan based on a tea
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company. It develops a three-step action plan to highlight how cost-effective ‘slender’
thinking can be applied in the food sectors [5].

In 2019, Kambele and co-authors published one of the tools in Industry 4.0, the
Internet of Things (IoT) for small and medium-sized enterprises. They note that IoT can
provide significant assistance to SMEs in the supply chain in controlling food quality,
controlling their shelf life, and planning waste management and recycling logistics for
expired products [6].
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Afonso and Cabrita published about the lean supply chain in 2015. They argue that
lean supply chains are striving at the operational level to optimize supply chain processes,
seek simplification, reduce waste, and reduce non-value-adding activities. Their research
aims to develop a lean supply chain management conceptual framework for a food SME [7].

In 2017, Pariazar and his co-authors developed a two-step stochastic programming
model to explore trade-offs between costs and risk factors to establish a food supply chain.
They also present a number of calculation results in their article [8].

In 2020, Ortiz-Barrios et al. discussed the whiplash effect of the food supply chain.
Consequently, they wrote about delays in production schedules, poor customer contact,
excessive stockpiling, and misplaced capacity planning. In their paper, they proposed a
hybrid approach to a mixture of AHP, DEMATEL and TOPSIS methods [9].

Many publications are trying to find a solution from different approaches to how to
reduce or eliminate food losses within the supply chain [10–12].

In 2017, Sreedevi and Saranga discussed how companies are indulging in expanding
their product offerings in order to remain competitive, creating vulnerabilities in the supply
chain. Due to supply chain uncertainty, companies are facing increasing risks in terms of
production and distribution, which ultimately leads to poor operating performance. Their
empirical analysis concludes that supply and production flexibility helps to reduce the
risks to the supply and production process [13].

In 2015, Dobos and Gelei published about corporate inventory management for a
pharmaceutical company. They note that the company’s fundamental objective is to
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significantly reduce the level of inventory investment while maintaining an adequate level
of service. To achieve this, elements of classic stockpiling mechanisms are combined [14].

In 2018, Sabouhi and his co-authors will publish on the main goals of a pharmaceutical
supply chain, reducing risks and costs, maintaining market share and consumer satisfaction.
An integrated hybrid approach is presented to help planning supply chain flexibility [15].

In 2017, Li et al. developed a game theory decision-making method for production and
procurement in a decentralized supply chain consisting of a manufacturer and a retailer.
The demand for the product is random and the production yield of the manufacturer is
stochastic. An analysis was carried out on how these factors affect each other’s operational
strategies and performance [16].

Daniela A. and Maria G. studied some complex distribution design issues in 2005,
which include placement, warehousing, transportation, and inventory decisions. As one
possible solution to the problem, the Perl and Daskin models are proposed [17].

In 2008, Claassen and his team examined the benefits of VMI and the success factors
or prerequisites needed for effective application. The most important thing for the com-
missioner was assumed to be that its production could be carried out on the basis of real
customer demand, thereby being able to smooth out fluctuations and carry out its tasks
proactively in the light of accurate demand data [18].

In 2014, Zanoni, Jaber and Mazzoldi presented a unique supply chain model for
coordinated inventory supply decisions within the framework of the VMI system, which is
implemented on the basis of a two-tier supply chain system, with a commission transmitter
and a single commissioner [19].

In 2010, Chen and his co-authors addressed the problem of coordinating a vertically
segregated distribution system for commission sales in two-tier distribution chains. They
formulate the profit maximisation problem and carry out equilibrium analysis in coopera-
tive and non-cooperative conditions. An income-sharing scheme is then proposed [20].

Bieniek discussed commission sales in 2018, where market demand is additive, linearly
price-dependent, and uncertain. Taking into account uncertain return behaviour in a
commission contract, in an additive random demand framework, the risk analysis is
examined and an answer is sought as to how buyer yield uncertainty and other model
parameters affect decision variables [21].

In 2013, Hariga and his co-authors examined a supply chain consisting of a commission
tax and several commissions in a two-tier supply chain. The supply chain operates on
the basis of a VMI contract that sets limits on the stock level of retailers. The problem of
synchronizing the seller’s cycle time with unequal order cycles for buyers is addressed by
developing a whole number of nonlinear programmes that minimise common relevant
inventory costs, in addition to storage restrictions [22]. In 2017, Zahran and his co-authors
examined a three-tier supply chain model consisting of commissioning, commissioner
and customers, unlike the two-tier supply chain, which is found in large numbers in the
literature. It examines several coordination cases, but the possibility of direct material flow
between commissions and the relationship of the central company with customers are not
reflected here either [23].

In several publications, it is mentioned that the growing product structure along
with increasing customer demands and expectations pose unexpected challenges to the
operating systems of company supply chains. Such challenges require the development of
new and innovative flexibility concepts and models [13,24–27].

It can be concluded that the operational strategy of the supply chains that sell commis-
sions is covered by a number of publications, but at the same time no commissioned supply
chain model has been developed that would take into account the possibilities of material
flow between commissioners and the recycling of materials generated by commissions,
while minimizing the stock levels and transport costs of the finished product.

3. Description of the Defined Distribution Models

For the distribution model variants developed (Figure 4), a uniform marking system
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has been applied to the markings, where:

• Vk: k buyer (k = 1, 2, . . . , o),
• R f : f warehouse ( f = 1, 2 . . . , d),
• Eh: h distribution group warehouse (h = 1, 2, . . . , g),
• EK: central distribution warehouse,
• Bizj: j commissioner (j = 1, 2, . . . , m).
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Figure 4 shows three types of arrows. Black arrows represent the material flow of the
base model, while other supplemented versions of which are marked with blue and green
arrows. In addition, an integrated version of all types can be formed.

• D1, D2, D3, D1–D3: For this type of distribution model, a unique warehouse is
assigned to each commission member and through it receives inventory replacements
from the central commissioner. The advantage of the model is that commissioned
workers can quickly get the necessary products from a separate warehouse reserved
for them, but the disadvantage of the system is that many warehouses have to be built
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and/or maintained and operated. In the D1 base model, commissioners do not have
material flow and commissioners have unique customers. With the addition of D2 to
the basic model, it is possible to implement the material flow among the commissions.
In addition to the base model D3, the customer relationships of commissioners can
be combined. The D1-D3 model contains all the material flow relationships of the D1
base model and its additions.

• D4, D5, D6, D4–D6: For distribution models of this type, some commissioners are
assigned to a specific warehouse based on certain criteria (location, product structure,
etc.), i.e., each warehouse has a specific group of commissions. In this case, several
commissions are supplied from a given warehouse. The number of warehouses was
less than for the D1-D3 models, which, overall, could mean cost savings during
operation. In the D4 base model, there is no material flow between commissions and
commissioners have unique customers. With the addition of D5 to the basic model, it
is possible to implement the material flow among the commissions. In addition to the
base model D6, the customer relationship system of commissioners can be combined.
Model D4–D6 contains all material flow connections of the D4 base model and its
additions.

• D7, D8, D9, D7–D9: For these distribution models, the logistics and production plant
which is the central commission delivers the products directly to the commissioners
through a central distribution warehouse. Since warehousing takes place in a distribu-
tion central warehouse, a complex material and information flow connection between
the central distribution warehouse and the commissions is necessary for the proper
functioning of the warehouse. The advantage is that only one central warehouse has
to be operated, but the disadvantage is that all commission and customer needs must
be handled from here. In the D7 base model, commissioners do not have material flow
and commissioners have unique customers. With the addition of the basic model D8, it
is possible to implement the material flow among the commissions. In addition to the
base model D9, the customer relationship system of commissioners can be combined.
Model D7–D9 contains all material flow connections of the D7 base model and its
additions.

• D10, D11, D12, D10–D12: For distribution models of this type, distribution is per-
formed directly from the logistics and production plant that delivers it to the central
commission. There is no excessive warehousing activity in the logistics and production
plant that is the central commission. Therefore, supplemented by the storage activity
in the commission distribution warehouses, it is necessary to store quantities that meet
the continuous commission and customer needs, which are often carried out in the
size of the storage space in the commission sales space. This requires a more advanced
material and information flow link, both between the logistics and production plant
in the central commission and between commissioners and customers. In the D10
base model, there is no material flow between commissions and commissioners have
unique customers. With the addition of the basic model D11, it is possible to imple-
ment the material flow among the commissioners. In addition to the base model D12,
the customer relationship system of commissioners can be combined. Model D10-D12
contains all material flow connections of the D10 base model and its additions.

• D13, D14, D15, D13–D15: Distribution models of this type are made up of mixed uses
of the previous four models. There are commissions who receive the products directly
from the commissioner, there are commissioners who receive the replacement products
directly in individual warehouses, and there are commissions that are assigned to
different groups and these groups receive the replacement products through a single
warehouse. In the D13 base model, there is no material flow between commissions
and commissioners have unique customers. With the addition of the basic model D14,
it is possible to implement the material flow among the commissioners. In addition
to the base model D15, the customer relationship system of commissioners can be
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combined. Model D13–D15 contain all material flow connections of the D13 base
model and its additions.

Overall, there are 20 distributional parent flow models on the commission and cus-
tomer side.

4. Description of the Defined Return Models

Figure 5 shows the return model variants, which have the following marking system:

• R f : f warehouse ( f = 1, 2, . . . , d),
• Eh: a h return group warehouse (h = 1, 2, . . . , g),
• EK: central return warehouse,
• Bizj: j commissioner (j = 1, 2, . . . , m).
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Figure 5 shows two types of arrows. Black arrows represent the material flow of the
base model, a further supplemented version of which is marked with a green arrow.

• V1, V2: For this type of return model, each commission is assigned to a separate
individual return warehouse and through it the return material flows to the central
commissioning plant. The advantages of the model are that commissioned customers
can handle return quantities in a unique warehouse assigned to them, but the disad-
vantage of the system is that many warehouses have to be operated. In the V1 base
model, there is no flow of material between commissions. With the addition of the
base model V2, it is possible to implement the material flow among the commissioners,
so that the centre can select a unique warehouse where it can store all the returned
products.

• V3, V4: For this type of return models, commissioners are assigned to a specific
return warehouse based on certain criteria (location, product structure, etc.), i.e., each
return warehouse has a specific group of commissions. The capacity of a group
warehouse shall be distributed among several commissions in respect of returned
products. The number of warehouses is less than for V1 and V2 models. Overall, this
can mean cost savings for operation. In the V3 base model, there is no material flow
between commissions. With the addition of the V4 of the basic model, it is possible to
implement the material flow among the commissioners, so that the centre can select a
group warehouse where it can store all the returned products.

• V5, V6: For these return models, returned products from commissions are shipped to
a central warehouse. The central warehouse is used jointly by the commissions. In
order for the warehouse to function properly, a complex material and information
flow relationship is required between the central warehouse and the commissions.
The advantage is that only necessary to operate one warehouse, but the disadvantage
is that necessary to be able to manage all commission return stocks. In the V5 base
model, there is no flow of material between commissions. With the addition of the
V6 of the basic model, it is possible to carry out the flow of materials among the
commissions, so that the products intended for return can be grouped among the
commissions, even at a commission with a larger warehouse, up to a certain amount.

• V7, V8: For this type of return model, the return will be made directly to the logistics
and production plant that has delivered it directly to the central commission. This
requires a more advanced material and information flow link, both between the
logistics and production plant that provides the central commission, and between
commissioners and customers. In the V7 base model, there is no material flow between
commissions. With the addition of the V8 of the basic model, it is possible to carry
out the flow of materials among the commissions, so that the products intended for
return can be grouped among the commissions, even at a commission with a larger
warehouse, these products can be stored up to a certain amount.

• V9, V10: Distribution models of this type are made up of mixed uses of the previous
four models. There are commissions from whom products flow directly back, there
are commissions from whom products flow directly back from their own warehouse,
and there are commissions that are assigned to different groups and from each of these
groups they carry out the flow of return material using a warehouse. In the V9 base
model, there is no material flow between commissions. In addition to the V10 of the
basic model, it is possible to implement the flow of materials among the commissions,
so that the return capacities can be distributed to a unique, group, central warehouse,
or, when transferred to a commission, the products designated for return can be
returned directly to the centre.

From the commission side, 10 types of return material flow models can be distin-
guished. The main difference between these models from the general supply chain types is
that the recovery of products to be regrouped or expired is contrary to the general material
flow.
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For the previously explored model variants, 20 variants were discovered for commis-
sion distribution model variants and 10 variants for commission return model variants. In
addition, five different versions of the procurement model can be identified, but these have
not been detailed in the context of this publication. A combination of these variants can
describe 1000 different four-level commission supply chains.

Information flow links are extremely diverse. In general, there should be no informa-
tion flow relationship between the commissioner and the buyer, as well as between the raw
material supplier and the commission and the customer, but this may occur in the relations
of the other objects, depending on the case.

5. Understanding the Delimited System Model

Based on the models presented, commissioned systems can be extremely diverse
and specific, but it is essential to define a general test model for the development of test
methods that can be flexibly modified according to company needs, thus giving scope for
testing all variants if necessary. It can be said that the model described in Figure 6 meets
these requirements, as it also includes the possibility of transport between commissions
and the flow of materials related to the recycling of products with expired warranties. In
the light of this line of thought, the basic model D12, V8 was selected, coupled directly
with the supply to the logistics and production plant that provided the central commission.
The entire model is shown in Figure 6.
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The typical logistics process of the selected supply chain model can be summarized
as follows. Suppliers deliver the raw materials for production directly to the logistics and
production plant that delivers them to the central commission. The central logistics and
production plant providing the commission comprises the areas of raw material storage,
production, finished product storage, and picking, between which the flow of materials
and information is usually controlled by corporate governance systems (for example SAP,
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FOSS, etc.). In the case of distribution and return models, connections without direct
distribution storage have been established, the operation of which is described in the
model variants D12, V8.

6. Presentation of the Optimization Process Developed

Based on the model described in Figure 6 of the company producing and distributing
food supplements, an optimization process has been developed to minimize the level of
stock in the distribution logistics system and transport costs. In addition, the optimization
process focuses on reducing the volume of expired products and defining their recycling
system.

A procedure has been developed to meet all customer needs while minimizing the
stock level of the entire finished product, as well as the possibility of transport between
commissioned persons. As a result of optimization, transport relationships and related
transport quantities to minimize handling work are defined for each day. The detailed
process of optimization (Figure 7) is described below.
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Process description:
1. Determination of the investigation period: The time horizon of the study should

be determined in this step. It is assumed that during the designated future time horizon,
the stock fall mechanisms defined at the beginning of the time horizon may not change.
However, at the end of the period under review, they may be adjusted based on factual
data, the results of which can be taken into account in the next period.

2. Determination of the distance between objects in material flow relationship: The
length of the transport routes between the central commission warehouse (k = 1) and the
commission warehouses and the commission warehouses (k, k’) is included in the road
matrix (1).

UE =
[
uE

k,k′

]
, where k = 1, 2, . . . , p; k′ = 1, 2, . . . , p. (1)

3. Determination of the on-hand inventory level of commission warehouses: On the
current day of the examined time horizon, the inventory level data from the warehouse
management system of the given company must be uploaded to matrix (2), an element of
which shows the quantity of product stored in commission k warehouse from j product
type, z day.

AE =
[

aE
k,j,z

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m, z = 1, 2, . . . , y. (2)

4. Determination of warranty periods for finished product inventories: The expiry date
of stocks held in warehouses shall be fixed in structure (3). An element of the matrix shows
the quantity of product for the warranty period f of j product type in the k commission
warehouse. The f warranty period typically varies between 0 and 24 months for companies
producing food supplements, where 0 represents products with expired warranties.

SZE =
[
szE

k,j, f

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m, f = 1, 2, . . . , 24. (3)

5. Definition of stocking mechanisms for commission warehouses: For the type of
company under investigation, the most used finished product inventory mechanism is
the mechanism for replenishment to the maximum stock level (S) when the given stock
level is reached [8,28,29]. Of course, if required, the model can be extended to additional
stockpiling mechanisms. Matrix (4) contains the signalling stock level (s) for the finished
product of commission j k, and matrix (5) indicates the maximum inventory level (S). The
values of these two matrices clearly describe the stocking mechanisms (s, S). The pairs of
values are reviewed at the end of the test time horizon on the basis of historical data.

KEs =
[
kEs

k,j

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m, (4)

SES =
[
sES

k,j

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m. (5)

6. Recording of resupply times: In this step, the lead time for filling the inventory
shortage is recorded according to data structure (6). An element of the matrix shows how
the supply time for the j product of the k commission warehouse develops between the
central commission warehouse and the other warehouses. In the developed model, there is
no relevant correlation between the replacement time and the amount to be replaced, so it
is not taken into account.

WE =
[
wE

k,j

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m. (6)

7. Recording customer needs: Actual customer demand for j product type of k
commissioned product on the z day of the investigation period. Matrix values (7) are
recorded on a daily basis by the investigating company.

ME =
[
mE

k,j,z

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m, z = 1, 2, . . . , y. (7)
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8. Recording of replacement needs: The given daily replacement demand is recorded
in data structure (8), which is recorded in the data structure (9)–(12) is determined on the
basis of a correlation with regard to the date z of product type j.

OE′′′
k,j,z =

[
oE′′′

k,j,z

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m; z = 1, 2, . . . , y. (8)

OE
k,j,z = aE

k,j,z − szE
k,j,0 −mE

k,j,z, (9)

OE′
k,j,z =

{
1, if oE

k,j,z < kEs
k,j ,

0, else.
, (10)

OE′′
k,j,z = oE

k,j,z·o
E′
k,j,z (11)

OE′′′
k,j,z = sES

k,j −OE′′
k,j,z. (12)

9. Definition of delivery offer: The daily stock level that can still be used, the inventory
mechanism, and the relevant daily customer order data are determined, i.e., if the quantity
of the daily inventory level of product type j k is greater than sES

k,j ., in the case of the quantity
of delivery of the product type (13) k commissioned, j is the quantity of delivery of the
product type (14)–(16) which can be determined on the basis of a relationship

∆E′′
k,j,z =

[
∆E′′

k,j,z

]
, where k = 1, 2, . . . , n; j = 1, 2, . . . , m, z = 1, 2, . . . , y. (13)

∆E
k,j,z = aE

k,j,z − szE
k,j,0 −mE

k,j,z − sES
k,j . (14)

When determining the supply of supply to the distribution network, it is necessary
to set a β delivery minimum when examining commission stocks, i.e., in the case of the
j finished product of k commissioning, only the number of products above β may be
transferred.

∆E′
k,j,z =

{
1, if ∆E

k,j,z > β

0, else.
, (15)

∆E′′
k,j,z = ∆E

k,j,z·∆
E′
k,j,z. (16)

Products which have expired due to a expiry date at commissions shall be returned
to the logistics and production plant which has delivered them to the central commission,
where the minimum delivery quantity is indicated by α. Matrix (17) shows the quantity of
products stored on the z day, with expired warranty, and can be transported in the case of
the j product of k commissioning. To determine the values of the matrix, see (18) and (19),
based on correlations.

CE′
k,j,z =

[
cE′

k,j,z

]
, where k = 1, 2, . . . , p; j = 1, 2, . . . , m, z = 1, 2, . . . , y. (17)

CE
k,j,z =

{
1, if szE

k,j,0 > α ,
0, else.

(18)

CE′
k,j,z = cE

k,j,z·szE
k,j,0 (19)

OE+
k,j,z =

[
oE

k,j,z

]
OE

k,j,z = aE
k,j,z − szE

k,j,0 −mE
k,j,zOE′

k,j,z =

{
1, if oE

k,j,z < kEs
k,j ,

0, else.
OE′′

k,j,z

= oE
k,j,z·o

E′
k,j,zOE+

k,j,z = sES
k,j −OE′′

k,j,z

10. Definition of optimised delivery plan: The delivery plan is defined using data from
replacement needs and delivery supply matrices. The objective function of optimization is
material handling work [30], which is aimed to be minimized by implementing the nearest
neighbour [31] method in the examined area, on condition that the stock requirements
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of the central commission warehouse are met directly by production. The relationship
(20) shows that among k and k’ commission warehouses, the quantity of products to be
delivered from j product type on the z day. The method of determining the values of matrix
(20) is described in Figure 8.

EE =
[
eE

k,k′,j,z

]
, where k = 1, 2, . . . , p; k′ = 1, 2, . . . , p; j = 1, 2, . . . , m; z = 1, 2, . . . , y. (20)
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11. Fulfilment of an optimized delivery plan: Based on the values of the result matrix
determined as a result of the algorithm described in step 10, the delivery activity is ordered
and then fulfilled.
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12. Examination of the completion of the period under review: If the period under
consideration is completed, the inventory mechanisms will be reviewed and then used in
the next time horizon using step 13. Otherwise, the study continues by determining the
inventory levels for the current day (Step 3).

13. Review of stockpiling mechanisms: After recording the facts of the historical time
horizon (P) under review, the inventory mechanism data recorded in matrices KEs and
SES will be reviewed. Basically, the specific inventory consumption data for the period
under review are used using a Λ correction factor (21) and (22) that characterized the future
period. The corrected stocking mechanism values are set only once at the beginning of
the test time horizon and reviewed at the end. This should also be done mainly because
customer needs may vary for each test time horizon for future periods [32].

kEs′
k,j =

∑
y
z=1 mE

k,j,z

P
·wE

1,k·Λk,j, (21)

• kEs′
k,j : the value of the modified stocking mechanism (s) for j. product of k commission,

• P: length of the examined past period,
• wE

1,k′: the supply time between the central commission warehouse and the other
warehouses,

• Λ1
k,j: the correction factor to take account of future changes for j product of k commis-

sion (e.g., pandemic periods, seasonality).

sES′
k,j =

∑
y
z=1 mE

k,j,z

P
·lE

k,j·Λk,j + kEs′
k,j , (22)

where:

• sES′
k,j : value of the modified stocking mechanism (S) for j. product of k commission,

• lE
k,j: planned replenishment interval for j product of k commission.

In connection with the optimisation method developed, the possibilities were analysed
for applying the sensitivity test, during which it was established that since the method
works to a significant extent with daily factual data, the development of which is not
influenced by the investigating body, so that the study is not carried out in these cases.
At the same time, it can be concluded that, in relation to the β transfer minimum, the
performance of the sensitivity test can provide the tester with a decision support tool that
can be used to determine the ideal β value (β development of the value affects the optimal
transport plan and the related handling work). This sensitivity test can be performed in
addition to steps 9 and 10, based on the following steps:

1. Determination of the minimum and maximum values of the test range for the β

transfer minimum in step 9 and the step of the sensitivity test.
2. Select the first β value (minimum value) based on the test range specified in the

previous step.
3. Determination of the values of the delivery supply matrix for the β value as described

in step 9.
4. According to step 10, the optimal transport plan and the related handling work are

defined.
5. Recording of the β value tested and the value of the related handling work.
6. Repeat steps 3–5 based on the β value increased by a specified increment until the

last test of the test range is carried out.
7. Determination of the ideal β value based on the pairs of values obtained because of

the test.
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7. Application of the Developed Procedure

The company selling the commission under investigation is present on the market
with four types of finished product (j1 . . . j4). Its network consists of three commissioned
sales outlets and 1 central commission warehouse (k1 . . . k4).

The time horizon of the example to be presented is three days, which is the last day of
the study on the 3rd day of the period (z = 3). Data from the past period have been stored
(z = 1, 2).

Step 1: Determine the investigation period
The time horizon of the study was determined in three days.
Step 2: Determine the distance between objects in a material flow relationship

k′1 k′2 k′3 k′4

UE =

k1
k2
k3
k4


−

150
170
200

150
−

120
60

170
120
−
10

200
40
10
−

 [km] (23)

Step 3: Determine the on-hand inventory level for commission warehouses

j1 j2 j3 j4

AE
k,j,3 =

k1
k2
k3
k4


280
42
17
72

198
22
32
60

365
55
41
20

412
74
13
37

 [pcs] (24)

Step 4: Define warranty times for finished product sets

j1 j2 j3 j4

SZE
k,j,0 =

k1
k2
k3
k4


0
5
2
6

0
2
1
4

0
10
1
2

0
4
2
3

 [day] (25)

Step 5: Define stocking mechanisms for commission warehouses

j1 j2 j3 j4

KEs =

k1
k2
k3
k4


200
20
20
10

150
20
10
30

300
20
10
30

300
30
10
10

 [pcs] (26)

j1 j2 j3 j4

SES =

k1
k2
k3
k4


0
30
50
30

0
30
20
50

0
30
20
50

0
50
20
20

 [pcs] (27)

Step 6: Record resupply times

j1 j2 j3 j4

WE =

k1
k2
k3
k4


0
2
2
2

0
2
2
2

0
2
2
2

0
2
2
2

 [pcs] (28)
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Step 7: Record customer needs

j1 j2 j3 j4

ME
k,j,1 =

k1
k2
k3
k4


10
6
8
2

25
5
4
1

6
3
8
9

10
8
8
3

 [pcs] (29)

j1 j2 j3 j4

ME
k,j,2 =

k1
k2
k3
k4


14
4
1
3

22
4
9
6

30
9
8
9

18
7
3
3

 [pcs] (30)

j1 j2 j3 j4

ME
k,j,3 =

k1
k2
k3
k4


0
2
1
2

0
1
3
0

0
1
1
0

0
6
3
4

 [pcs] (31)

Step 8: Record replacement needs

j1 j2 j3 j4

OE′′′
k,j,3 =

k1
k2
k3
k4


0
0

44
0

0
29
0
0

0
0
0

38

0
0
0
0

 [pcs] (32)

OE
k,j,3 =


280
42
17
72

198
22
32
60

365
55
41
20

412
74
13
37

−


0
5
2
6

0
2
1
4

0
10
1
2

0
4
2
3

−


0
2
1
2

0
1
3
0

0
1
1
0

0
6
3
4



=


280
35
14
64

198
19
28
56

365
44
39
18

412
64
8

30



OE′
k,j,3 =

{
1, if oE

k,j,3 < kEs
k,j

0, else.
(33)

OE′′
k,j,z = oE

k,j,z·o
E′
k,j,z (34)

j1 j2 j3 j4

OE′′
k,j,3 =

k1
k2
k3
k4


0
0

16
0

0
19
0
0

0
0
0
22

0
0
0
0

 (35)

OE′′′
k,j,3 = sES

k,j −OE′′
k,j,3. (36)



Processes 2021, 9, 1480 18 of 27

Step 9: Define the shipping offers

j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280
0
0
34

198
0
8
0

365
14
19
0

412
14
0
10

 [pcs] (37)

∆E
k,j,3 =


280
42
17
72

198
22
32
60

365
55
41
20

412
74
13
37

−


0
5
2
6

0
2
1
4

0
10
1
2

0
4
2
3

−


0
2
1
2

0
1
3
0

0
1
1
0

0
6
3
4

−


0
30
50
30

0
30
20
50

0
30
20
50

0
50
20
20


=


280

5
−36
34

198
−11

8
6

365
14
19
−32

412
14
−12
10



∆E′
k,j,3 =

{
1, if ∆E

k,j,3 > 8
0, else.

, (38)

∆E′′
k,j = ∆E

k,j,3·∆
E′
k,j,3. (39)

Inspection of products that have expired due to warranty periods:

j1 j2 j3 j4

CE′
k,j,3 =

k1
k2
k3
k4


0
2
2
6

0
0
0
4

0
10
0
0

0
4
0
0

 [pcs] (40)

szE
k,j,0 =


0
5
2
6

0
2
1
4

0
10
1
2

0
4
2
3

 (41)

CE
k,j,3 =

{
1, if cE

k,j,3 > 3 ,
0, else.

(42)

CE′
k,j,3 = cE

k,j,3·szE
k,j,0 (43)

j1 j2 j3 j4

OE+
k,j,3 =

k1

k2

k3

k4


0
0
34
0

0
11
0
0

0
0
0

28

0
0
0
0

 OE
k,j,3 =


280
42
19
72

198
22
32
60

365
55
41
20

412
74
23
37

−


0
5
2
6

0
2
1
4

0
10
1
2

0
4
2
3

−


0
2
1
2

0
1
3
0

0
1
1
0

0
6
3
4



=


280
36
16
64

198
19
28
54

365
44
39
22

412
68
18
30

OE′
k,j,3 =

{
1, i f oE

k,j,3 < kEs
k,j

0, else.
OE′′

k,j,z = oE
k,j,z·o

E′
k,j,z

j1 j2 j3 j4

OE′′
k,j,3 =

k1

k2

k3

k4


0
0

16
0

0
19
0
0

0
0
0
22

0
0
0
0

OE+
k,j,3

= sES
k,j −OE′′

k,j,3
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Step 10: Define an optimized shipping plan

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [pcs] (44)

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [pcs] (45)

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

29
−
0
0

0
0
−
0

0
0
0
−

 [pcs] (46)

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

0
8
−
10

0
0
0
−

 [pcs] (47)

Total material handling work at β = 8 : 14150 [km·kg]

11. Fulfilment of an optimized delivery plan: Based on the values of the result matrix
determined as a result of the algorithm described in step 10, the delivery activity is ordered
and then fulfilled.

12. Examination of the performance of the investigation period: At the end of the
investigation period, step 13 was used to review the stockpiling mechanisms, which were
then used in the next time horizon.

13. Review of stockpiling mechanisms: Due to the expected sales for the future period,
the values of Λ = 1.05 were calculated with a correction factor of +5%. The planned supply
interval is set at six days for all commissioned products.

j1 j2 j3 j4

KEs′ =

k1
k2
k3
k4


9
9
7
5

17
7

12
5

13
10
12
13

10
11
10
7

 [pcs] (48)

j1 j2 j3 j4

SES′ =

k1
k2
k3
k4


51
50
42
30

99
42
68
30

76
2
72
76

59
63
59
42

 [pcs] (49)

Sensitivity Test

To perform a sensitivity test, as described in Section 5, increments: 1; test range:
1 ≤ β ≤ 20.

β = 1, 2, 3, 4
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j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280

5
0

34

198
0
8
6

365
14
19
0

412
14
0

10

 [db] (50)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

5
5
−
34

0
0
0
−

 [db] (51)

Material handling work for product 1 : 3740 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [db] (52)

Material handling work for product 3 : 3250 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

15
−
8
6

0
0
−
0

0
0
0
−

 [db] (53)

Material handling work for product 2 : 4370 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

0
8
−
10

0
0
0
−

 [db] (54)

Material handling work for product 4 : 1760 [km·kg].

Total material handling work at β = 1, 2, 3, 4 : 13, 120 [km·kg];

β = 5

j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280
0
0

34

198
0
8
6

365
14
19
0

412
14
0

10

 [db] (55)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (56)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [db] (57)
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Material handling work for product 3 : 3250 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

15
−
8
6

0
0
−
0

0
0
0
−

 [db] (58)

Material handling work for product 2 : 4370 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

0
8
−
10

0
0
0
−

 [db] (59)

Material handling work for product 4 : 1760 [km·kg].

Total material handling work at β = 5 : 13, 370 [km·kg];

β = 6, 7

j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280

0
0

34

198
0
8
0

365
14
19
0

412
14
0
10

 [db] (60)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (61)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [db] (62)

Material handling work for product 3 : 3250 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

21
−
8
0

0
0
−
0

0
0
0
−

 [db] (63)

Material handling work for product 2 : 4910 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

0
8
−
10

0
0
0
−

 [db] (64)

Material handling work for product 4 : 1760 [km·kg].

Total material handling work at β = 6, 7 : 13, 910 [km·kg];

β = 8, 9
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j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280

0
0

34

198
0
0
0

365
14
19
0

412
14
0

10

 [db] (65)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (66)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [db] (67)

Material handling work for product 3 : 3250 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

29
−
0
0

0
0
−
0

0
0
0
−

 [db] (68)

Material handling work for product 2 : 5150 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

0
8
−
10

0
0
0
−

 [db] (69)

Material handling work for product 4 : 1760 [km·kg].

Total material handling work at β = 8, 9 : 14, 150 [km·kg];

β = 10, 11, 12, 13

j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280
0
0

34

198
0
0
0

365
14
19
0

412
14
0
0

 [db] (70)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (71)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

5
14
19
−

 [db] (72)
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Material handling work for product 3 : 3250 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

29
−
0
0

0
0
−
0

0
0
0
−

 [db] (73)

Material handling work for product 2 : 5150 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

4
14
−
0

0
0
0
−

 [db] (74)

Material handling work for product 4 : 2960 [km·kg].

Total material handling work at β = 10, 11, 12, 13 : 15, 350 [km·kg];

β = 14, 15, 16, 17, 18

j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280
0
0

34

198
0
0
0

365
0

19
0

412
0
0
0

 [db] (75)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (76)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

19
0

19
−

 [db] (77)

Material handling work for product 3 : 5490 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

29
−
0
0

0
0
−
0

0
0
0
−

 [db] (78)

Material handling work for product 2 : 5150 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

28
0
−
0

0
0
0
−

 [db] (79)

Material handling work for product 4 : 5360 [km·kg].

Total material handling work at β = 14, 15, 16, 17, 18 : 19, 990 [km·kg];

β = 19, 20
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j1 j2 j3 j4

∆E′′
k,j,3 =

k1
k2
k3
k4


280

0
0

34

198
0
0
0

365
0
0
0

412
0
0
0

 [db] (80)

k′1 k′2 k′3 k′4

EE
k,k′,1,3 =

k1
k2
k3
k4


−
5
0
6

0
−
0
0

10
0
−
34

0
0
0
−

 [db] (81)

Material handling work for product 1 : 3990 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,3,3 =

k1
k2
k3
k4


−
10
0
0

0
−
0
0

0
0
−
0

38
0
0
−

 [db] (82)

Material handling work for product 3 : 7750 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,2,3 =

k1
k2
k3
k4


−
0
0
4

29
−
0
0

0
0
−
0

0
0
0
−

 [db] (83)

Material handling work for product 2 : 5150 [km·kg]

k′1 k′2 k′3 k′4

EE
k,k′,4,3 =

k1
k2
k3
k4


−
4
0
0

0
−
0
0

28
0
−
0

0
0
0
−

 [db] (84)

Material handling work for product 4 : 5360 km·kg.

Total material handling work at β = 19, 20 : 22, 250 [km·kg];

Based on the sensitivity test carried out, it can be concluded that the minimum transfer
value should be reduced from 8 to 4 in order to minimise handling work, as can be seen in
the Figure 9.

8. Summary

As the article, including literature research, has confirmed, supply chains for commis-
sion sales represent an important area in the field of logistics, the development of which has
accelerated particularly thanks to today’s digitalisation trends. This is why it is particularly
important to develop and apply innovative optimisation processes in the field that allow
the use of large amounts of information generated by dynamically evolving technological
solutions in the optimisation of distribution processes.

In line with the foregoing, the aim of the research was therefore to develop a method
that could achieve significant efficiency gains in the distribution logistics of companies pro-
ducing commissioned dietary supplements through integrated management of customer
needs, available stocks, and distribution processes. This first required the identification of
the relevant aspects of the supply chains in question, in particular as regards the typical
distribution and return models. Using the basic models thus defined, a general system
model was defined, on which it was already possible to develop the planned multilevel
optimization process. The initial level of the procedure is the determination of the initial pa-
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rameters derived from the system model (especially for determining the distance between
objects in the material flow relationship), followed by the determination of the on-hand
inventory level of warehouses. One of the most important features of the established
procedure is that, at the point feedback is made, after taking into account the needs of the
customers and then establishing the delivery plans, it may be necessary to re-modify the
stock levels, which necessitates the re-implementation of the other steps, i.e., the redesign.
This redesign process will continue until the optimised allocation process allows for the
completion of distribution tasks due on the last day of the time horizon under review. As
the method is used continuously in parallel with the distribution, the next cycle of the
process will be reviewed after the optimization has been completed, on the basis of which
the next cycle will be restarted.
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Figure 9. Delivery minimum sensitivity test.

The application of the method was presented through an example close to practice,
in which the initial parameters specific to the given problem were first defined, and then
the method was fully applied as described. It is important that sensitivity testing was also
used in the example, which made it possible to better outline the practical application
possibilities of the procedure. At the same time, it may be necessary in the future to
implement the procedure for further application problems in order to accurately identify
the dynamics of the interaction of the different parameters, thereby clearly identifying the
application possibilities for which the application of the method may result in the greatest
increase in efficiency. At the same time, further extensive testing of the procedure may also
be necessary to fine-tune the definition of the initial parameters.

In the future, further decision support methods will be included in the optimisation
process. In line with this, it may be possible to integrate AI-based solutions into the
process, the main advantage of which would presumably be a more accurate anticipation
of future needs. The aim is to develop a widely applicable optimisation process that takes
into account even more aspects and keeps a close pace with the future development of
information technology.
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