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Abstract

This article is devoted to questions regarding the analysis of the implementation of logistics and supply chain
management conditions in textile production. Based on delivery optimisation, the authors offer a model of
multimodal transportation of textile products produced in Uzbekistan. The importance of optimising the supply
chain of the logistics business processes in order to decrease costs is demonstrated in this article. A mathematical model of optimisation for placement textile enterprises to stimulate the reduction of supply chain costs is
recommended. However, this research would be beneficial for the textile and fashion industries. The approach
might be further extended to other similar industries.
Keywords: logistics, transportation management, multimodal transportation, optimisation, supply chain
management

Izvleček

V članku so obravnavana vprašanja, povezana z analizo pogojev izvedbe logistike in upravljanja dobavne verige
v tekstilni proizvodnji. Na podlagi optimizacije dostave avtorji predlagajo kombinirane prevoze tekstilnih izdelkov,
izdelanih v Uzbekistanu. V članku je dokazan pomen optimizacije dobavne verige logističnih poslovnih procesov za
zmanjšanje stroškov. Priporočen matematični model optimizacije plasiranja tekstilnih podjetij spodbuja zmanjšanje
stroškov dobavne verige. Raziskava se nanaša na tekstilno in modno industrijo, vendar je pristop mogoče razširiti na
druge podobne industrije.
Ključne besede: logistika, upravljanje prevoza, kombinirani prevozi, optimizacija, upravljanje dobavne verige

1 Introduction
The globalisation of the world economy, the development of information technologies, means and ways
of delivering products, the outsourcing of business

processes, and services have a considerable impact on
the way administrative decisions are adopted in all
components of the business processes of production,
marketing, commerce and logistics [1]. Adopting optimal administrative solutions in difficult economic
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situations has always been a constant in the practical
activities of textile sectors throughout the world [2].
Moreover, their role has increased considerably recently as the dynamism of the external and internal
environment has increased. The period required to
make decisions has been reduced. The development
of science and technologies has resulted in the emergence of many alternative options and interdependence. Different administrative decisions and their
consequences have been amplified. The labour input
required to adopt and implement challenging and
multi-criteria decisions has increased significantly
[3]. In these conditions, establishing rational and
optimal solutions is the main focus of developing
textile enterprises’ logistics and organisations’ business processes at the strategic and operational levels
to improve supply chain management and logistics
methods [4, 5]. The need for the high-quality growth
of Uzbekistan’s economy assumes that textile enterprise managers make better use of the entire range of
methods and models of adopting optimal solutions in
the supply, production and distribution of goods and
services in the logistics and supply chain.
A diagnostic analysis of the administrative decisions
made by the managers of textile enterprises and supply chain participants allowed us to establish that
adopting logistic decisions used in practice is characterised by utility and subjectivity, and a lack of
modern computer technologies (software products).
The conducted research can be deemed the further
development of the theory and methodical bases
of supply chain management, and an opportunity
for the broader application of mathematical models
and methods for adopting optimal logistic solutions
in the performance of management functions and
the business processes of production, distribution,
transportation and consumption of intermediate and
readymade products [6‒10].
Despite the extensive and practical application of
logistics and supply chain management in the organisation of the transportation and production of
goods, it is still not fully implemented in Uzbekistan.
There is a lack of exhaustive scientific research successfully carried out in these areas. The importance
of optimising logistics business processes to cut costs
is demonstrated in this article using a mathematical
model. Though different models have been proposed
for other industries, the textile and fashion industry
has not considered them. We have developed a method for optimising the business process of distribution
and sales (supply) of a textile enterprise’s finished

products based on an economic and mathematical
model for optimising the sales structure. Thus, this
research practically presents a practical solution for
both the textile and fashion industries.

2 Methods
2.1 Analysis of conditions in the textile
industry in Uzbekistan

Uzbekistan is one of the largest global cotton-fibre
suppliers, while it also pays a great deal of attention
to the deep processing of raw cotton [11]. For instance, the current coefficient of processing is 40%.
The adopted modernisation programme of the textile
industry is expected to bring the processing volume
to 70% by 2020 [5]. In the modern world, the textile
industry possesses a high rating among the other
exports. It has the broadest range of exported goods’
nomenclature, from yarn to readymade goods (apparel and knitted products; see Figure 1).
The textile industry is an essential, versatile and
innovatively attractive sector of the economy of
Uzbekistan. Its role is a macroeconomic complex that
can be assessed from the following data: the textile industry accounts for 2.7% of Uzbekistan’s GDP, 26.2%
of industrial output in terms of volume, and more
than 34% of the production of non-food consumer
goods. Four hundred textile companies equipped
with modern conditions are included in the UZTEX
Group. Of those, 130 are joint ventures created with
the participation of foreign partners from the world’s
leading countries. The group records annual increases in production and exports of more than 18% and
10%, respectively. The annual combined output of
group companies is around 480 thousand tonnes of
yarn, 290 million square meters of cotton fabrics, 101
thousand tonnes of knitted cloth, 275 million pairs
of stitched-knitted products, 53.1 million pairs of
socks and hosiery, and 2.1 thousand tonnes of raw
silk threads. Group companies also make products
for medical use, nonwoven fabrics, batting products,
uniforms and fashion apparel, and eiderdown products. Companies operate continuously using modern and efficient equipment. More than 1.6 million
spinning spindles and 100 thousand cabinets are
commissioned for operation, accounting for 89.3%
of existing technological equipment. Products produced by the textile industry are exported to more
than 50 countries, including European countries,
China, the Commonwealth of Independent States,
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Figure 1: Structure of exports of textile products of Uzbekistan
Latin America, the Republic of Korea, Singapore,
Israel, Iran, the USA and others. In this regard, textile enterprises’ supply chain management issues are
crucial today.
The formation of textile supply chains has some sophisticated and distinctive influencing factors. They
include the need for technological associativity based
on a material stream that defines the contractors’
choice, providing the delivery of and ability to render additional services. They also include the physiCotton plant

cal characteristics of a material stream that define a
means of transportation and storage conditions, with
the choice of the transport scheme and the warehousing method, respectively (refer, Figure 2).
One of the primary operating conditions of a textile enterprise’s supply chain management is its interconnected system, which streams of goods and
services and the labour force, and moves within the
market system under the influence of market stimulus [12‒17].
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Figure 2: Formation of supply chains in a textile complex
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2.2 Model formulation

An analysis of scientific literature over the last ten
years regarding developments and the functioning of
supply chains allowed us to formulate the following
basic principles for carrying out the optimisation of
supply chains and logistics business processes [18]:
I.
The purposes of optimisation must be measurable and correspond to the optimality criteria of the
actual logistic decision. This must be reflected in the
statement of the corresponding task (the administrative decision). The following optimality criteria can
be sued to create the general economic-mathematical
model of optimisation of the sales of a manufacturer’s
finished goods: to maximise sales and profit, while
minimising used resources and costs. Thus, various
statements of problems of optimisation and the implementation of the associated economic-mathematical models can be developed. Thus, if the global purpose of business management lies in the hierarchy,
then its purpose is about maximising overall profit,
while the optimisation of supply is carried out for
commodity groups of finished goods. To that end,
the economic regulations of the sales dynamics of
finished goods in natural units of measurement (O),
proceeds from the sales of finished goods (R) and the
dependence of price on sales of finished goods are
used (C) in the implementation of these tasks. The
graphs of these dependencies are shown in Figure 3.
𝐶𝐶 = 𝑎𝑎 − 𝑏𝑏 × 𝑂𝑂 → 𝑂𝑂 × 𝐶𝐶 = 𝑎𝑎 × 𝑂𝑂 − 𝑏𝑏 × 𝑂𝑂* (1)
𝑂𝑂 × 𝐶𝐶 = 𝑅𝑅 → 𝑅𝑅 = 𝑎𝑎 × 𝑂𝑂 − 𝑏𝑏 × 𝑂𝑂*

(2)

Consequently, a textile enterprise’s profit as the difference between revenue and total costs (I) takes
the form of a second-degree polynomial (P), which
should be reflected in the profit maximisation problem statement.
Therefore, the profit of a textile enterprise, as a variety
of procedures and general costs, has the aspect of
a second-degree polynomial that must be reflected
in a problem statement of maximising profit. The
development of an economic-mathematical model
for optimising the delivery of finished goods to commodity groups is based on the textile UZTEX Group.
Optimality criteria result in the statement and solution of optimising the sales structure and delivery
of finished goods to maximise a textile company’s
profit. Thus, the regression dependence of the profit
of in one thousand US dollars from sales of t-shirts in
one thousand pieces has the following aspect:
𝑓𝑓 (𝑥𝑥 ) = 612.5𝑥𝑥 − 12.25𝑥𝑥 ,

(3)

The regression dependence of the profit of in one
thousand US dollars from sales of sportswear in one
thousand pieces has the following aspect:
𝜑𝜑(𝑥𝑥 ) = 82.2𝑥𝑥 − 1.1𝑥𝑥 +

(4)

The regression dependence of the profit of in one
thousand US dollars from sales of hosiery in one
thousand pieces has the following aspect:

𝜔𝜔 (𝑥𝑥 ) = 38.9𝑥𝑥 − 0.42𝑥𝑥 .

Figure 3: Dependence of the profit of a textile enterprise on product sales

(5)
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Figure 4: Regression dependences of profit from sales of finished products
The graphs of these regression dependences of profit
from sales are shown in Figure 4. Graphical modelling allows us to conclude that there are maximum
profit values at the optimal sales of the indicated types
of finished products of a textile company. It is possible to optimize the structure of its sales and supply.
The economic-mathematical modelling of the sales
structure of finished goods of three main types
consists of the formation additive function, which
maximises the general profit from sales of t-shirts,
sportswear and hosiery. The statement and solution
of the optimising task are given below:

46 thousand piecesfor hosiery. The UZTEX Group’s
overall maximum profit will be equal to $10.17 million.
II. Models of optimisation must be adequate,
and accurately illustrate the logistics business processes and functions of supply chain management.
Economic-mathematical optimisation models must
be designed using concrete figures for logistics business processes and contain quantitatively measurable
conditions for their implementation. They must be
expressed in a system of restrictions of the model in
terms of the size of used resources and reasonable
assumptions on the scope of variation. In these terms,
the
research of operations
applied in optimising lo'
'
𝐹𝐹 = (𝑥𝑥% , 𝑥𝑥' , 𝑥𝑥( ) = 612.5𝑥𝑥% − 12.25𝑥𝑥%' (6)
+ 84.2𝑥𝑥' − 1.1𝑥𝑥gistics
( − 0.42𝑥𝑥
' + 38.9𝑥𝑥
(
business
processes
should be supplemented
= 612.5𝑥𝑥% − 12.25𝑥𝑥%' + 84.2𝑥𝑥' − 1.1𝑥𝑥'' + 38.9𝑥𝑥( − 0.42𝑥𝑥('
with mathematic-statistical characteristics that take
into account the probability of realisation under the
(7) established law of parameter distribution of these
𝑥𝑥" = 1; 𝑥𝑥' = 1; 𝑥𝑥( = 1
processes as random sizes.
Given 𝑥𝑥" > 24 𝑥𝑥' > 32 𝑥𝑥) > 35
III. The external conditions and parameters of the
internal environment of supply chains and logistics
business processes vary. While carrying out the opti25
(8) misation, it is necessary to consider possible changes
𝑀𝑀𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝐹𝐹, 𝑥𝑥+ , 𝑥𝑥, , 𝑥𝑥- ) = 0387
46
in the external conditions and parameters of logistic
decisions. Similar changes are made periodically or
𝐹𝐹 (25, 38, 46) = 10170
(9) in the process of detection to the developed economic-mathematical models of optimisation. Previous
Thus, an optimal volume of the sale and supply of practice with optimising models shows that they can
t-shirts to consumers is 25 thousand pieces, while be applied in an imitating form [19]. This assumes
that figure is 38 thousand pieces for sportswear and the automatic recalculation of optimisation results
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when there is a change of factorial signs and system
parameters of the restrictions imposed on the used
resources in supply chains.
IV. Data regarding the parameters of supply chains
must be exact, timely and quick. This requirement is
due to the use of that data in optimisation models,
whose results significantly vary depending on the
values of factorial signs and system of restrictions.
Testing the results of the optimisation parameters
of supply chains is obligatory. Such testing is carried
out by verifying developed models and the results
obtained via other economic-mathematical processing. The large number of records regarding supply
chain parameters requires the preliminary analysis
of those records, in a subsequence of integration and
the use of new software products for optimisation by
the chosen optimality criteria.
V. Optimising calculations of supply chain parameters must be presented in a form convenient for
use. The form of representing results of optimisation
must facilitate the adoption and implementation of
administrative decisions by managers. The development and application of unique decision-making
algorithms are needed where applied supply chain
optimisation parameters are one of the key factors
[20]. Though it is still an essential element, the algorithm used to develop the optimal solution in supply
chains must be flexible, adaptable and confirmable.
This will facilitate the implementation of management decisions regarding supply chains.
VI. Optimisation requires the qualified professionals of companies to search for the best logistics
decision [21]. This principle and requirement provide scientific and almost reasonable optimisation
objectives, including intentional function, optimality criteria, a system of restrictions of the economic-mathematical model of the logistics decision,
and modern software. It is not necessary to assume the correct objective definition of optimisation
and the effective use of computer programs. This is
particularly true for workers who do not posses the
necessary knowledge in this area or experience in
optimising calculations.
VII. Monitoring supply chains and logistics business processes subject to optimisation. The business processes for which optimisation is carried
out must be supported according to goals and
developed algorithms. However, this does not exclude their continuous improvement by managing
changes and the emergence of more effective software products.

3 Results and discussion
The monitoring of optimised supply chains is supplemented with an assessment and analysis of optimisation costs. The maintenance of and changes to
initial optimised parameters, as the improvement of
supply chains, demand considerable technology and
personnel costs. Also necessary are the assessment of
the total costs of optimisation and the comparison
of a previous decision with control alternatives. The
definition of the impact of the optimisation of technology on the economic indicators of an organisation
requires benchmarking. This might relate to crucial
indicators of efficiency before technological implementation, the comparison of optimisation results
with control indicators and the performance of regular audits of optimised business processes.
A critical place in supply chain management is taken
by the optimisation of the arrangements of a warehouse chain in the territory served. The optimisation of a logistics chain includes analysing data and
logistics strategy elements for the definition of quantity and delivery volumes, and the arrangement of
distribution centres to achieve an optimum balance
between the level of service and logistics costs. The
optimisation of a chain allows us to increase service
quality and achieve significant efficiency in terms of
the maintenance costs of a warehouse, the transportation of goods and investment. Growing interest in
the optimisation of chains among professional logistics providers has caused significant growth in the
software market for optimisation over the last five
years. However, many companies mistakenly carrying out optimisation based only on the analysis
of data. By paying too much attention to economic-mathematical modelling, companies miss the strategic and practical contexts of optimisation, which
may lead to a severe reduction in their client base.
The characteristics of the shipment of goods through
optimisation software may consider these critical, but
less operational factors.
The optimisation possibilities of software have improved considerably over the last five years and now
allow us to carry out complex factorial analysis [22].
However, logistics specialists must rely not only on the
modelling instruments of decision-making support,
but also on the defining factors of creating a distributive chain. The best approach consists of the optimum
combination of these tools that facilitate the economic-mathematical modelling of a distributive chain. This
includes practical questions regarding a logistic chain’s
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arrangement and objective statements, and the development of the corresponding strategy.
Initially, it is necessary to consider the shortcomings of the specific optimisation of a chain. It is then
possible to offer a modern approach to carrying out
similar optimisation. This considers the strategic
and practical questions regarding the placement of a
logistic chain and their integration with optimisation
results. Companies wishing to optimise logistics networks spend most of the time collecting and developing accurate operational estimates of costs to satisfy
data software package requirements. Considerable
efforts are necessary for processing, analysing and
verifying data to accurately understand their general
corporate strategy with regard to their impact on the
supply chain. Meetings with clients to plan future
service parameters of the chain using data serve as
secondary sources for analysis. A company can afford or delay optimising a chain or consider potential
supply chain harmonisation without optimising the
needs of its supply chain participants due to the high
probability of the need to purchase assets for the development and optimisation of the chain. This is not
less important than the practical strategic objective
of achieving logistics chain optimisation.
Support for the adoption of the logistics decision
to optimise a network is provided using modern
software [18], which gives significant assistance for
assessing collected data regarding the quantitative
and qualitative parameters of a network and the productive parameters obtained from economic-mathematical modelling.

3.1 Application and implication of the model

In the integrated supply chain management world,
the textile companies seek to optimise supply chains
and the functional area of logistics, and the business
processes of transportation, warehousing and distribution to achieve the maximum results while optimising current costs and resources [23]. In order
to optimise economic streams at companies and in
supply chains, the managers of foreign textile companies use well-known methods and ways that might
include six sigma, economical production, integrated quality control, complicated computer modelling
instruments, and the planning of deliveries, the use
of modern technologies of management, and other
numerous optimisation methods [24].
In the broadest terms, optimisation means balancing
several factors to achieve the best overall result. In
planning, for example, optimisation means balancing
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the use of transport and operational costs, i.e. the
reserve rate, including customer service. The prices of
finished goods and raw materials, outputs or a combination of business processes are balanced to achieve
cooperation. In the processing mode, transaction
optimisation means using modern software to choose
the best alternative processes, such as the routing of
shipment or distribution of production [25].
We must, however, take into account the best possible
decision that provides the maximum result in each
specific situation. This is impractical as its achievement requires high implementation costs. For example, textile companies develop an optimal distributive
chain variant. Computer modelling can build an optimum chain of similar distribution on several markets and place the distributor’s primary distribution
centre on several markets. From a practical point of
view, however, a better approach is to implement a
decision on only one market. In other words, instead
of looking for the ideal decision, it is better to choose
the practical decision for each specific situation.
We can add to the central questions of optimising
logistics business processes and supply chain management the definition of its purpose, optimality criteria, and the corresponding restrictions regarding
time and resources. In strict economic-mathematical terms, optimisation represents the process of
searching for parameters, such as economic streams,
logistics business processes and supply chain management. By using them, the extreme (minimum or
maximum) value of the indicator (vector) chosen by
the optimality criteria is achieved [18].
Companies took a huge step forward in data processing automation, deliveries connected with a particular chain and logistics operations. While these
innovations reduced costs due to decreased labour
skills, their most significant impact is expected in the
future. The automation of data processing is an essential subsystem of optimising the supply chain, and
allows most textile companies to reduce their costs
and increase efficiency significantly. There is an opportunity to reduce costs by 10 to 40% through more
effective logistics decisions for many supply chains.

4 Conclusion
Findings
This research suggests that optimising and managing
the supply chains of textile producers requires the
optimisation of other costs and transport expens-
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es, including optimal placement when establishing
new textile enterprises. Thus, the satisfaction of the
need for the effective control and management of all
logistic chains, i.e., supply, production, transportation and textile production will lead to positive results when penetrating the organisational structure
of a new business that is technologically adjacent
to an existing production and marketing chain. It
was also highlighted that optimisation models must
be adequate and correctly illustrate the logistics
business processes and functions of supply chain
management.
Limitations
This research focused on only one country, i.e.,
Uzbekistan, and thus might not apply to some other
countries. This research deals with well-established
models and lacks the latest statistical or mathematical
models. More care should be taken to ensure that
data regarding logistics, supply chains and business
processes are exact, timely and quick due to their use
in optimisation models, which results in a significant
variation depending on the values of factorial signs
and system of restrictions.
Future suggestions
The purposes of optimisation must to be measurable and correspond to the optimality criteria of the
actual logistic decision that it has to be reflected in
the statement of the related task. For example, the
economic-mathematical model of sales optimisation
of finished goods can be carried out using the optimality criteria to maximise sales and profit, while
minimising used resources and costs. The use of
artificial neural networks and artificial intelligence
might be applied in the future.
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