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Abstract. Appropriate implementation and organization of logistics activities greatly contributes
to the creation of a better business environment in companies. This is reflected in increased busi-
ness efficiency, cost rationalization, increased productivity and better overall quality. In order for
a company to achieve sustainability of its business and its competitiveness, the link between the
marketing logistics system and other logistics subsystems is particularly evident. Thereby, it is
necessary to lead proactive management with a focus on key resources. In this paper, two novel
integrated models in fuzzy form have been created. The first model includes the integration of
the fuzzy Full Consistency Method (fuzzy FUCOM) and the fuzzy Evaluation based on Distance
from Average Solution (EDAS) method for sorting 78 products regarding the following four
criteria: quantity, unit price, annual procurement costs and demand. The second model involves
the integration of the fuzzy FUCOM method and ABC analysis for the purpose of inventory
sorting considering different significance of criteria. A range of values has been formed for each
product category within the fuzzy FUCOM and fuzzy EDAS models, on the basis of which their
sorting has been performed. The advantages and verification of the developed integrated fuzzy
models have been performed through comparison with former traditional approaches. It has
been determined based on an extensive sensitivity analysis that the developed models have better
performance compared to the existing ones.
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Introduction

Logistics market according to Keller and Kotler (2006) includes planning the infrastructure
to meet demand, then implementing and controlling the physical flows of materials and final
products to meet customer requirements while making a profit. Increasing business efficiency
through cost rationalization and more economical use of all resources has become impera-
tive in every company in order to create the best possible basis for its management. Today’s
competitiveness, observing the global market, is at a high competition level, so it is very dif-
ficult to manage logistics activities in the right way, especially those related to financial flows.
Since according to Anthony et al. (2019), inventory management ratios have a significant
share in financial performance, it is necessary to reduce costs through all logistics activities
related to inventories. To achieve competitiveness is possible if the costs of internal logistics
activities are reduced, as evidenced by Stevi¢ et al. (2018a) who emphasize the necessity of
rationalization of logistics resources.

Given the impossibility of creating a just-in-time concept, stock-keeping is present on a
daily basis, whether it is a manufacturing or trading business. Accordingly, it is necessary to
create appropriate models for inventory classification and management. Optimal manage-
ment of business resources and processes requires a proactive way of managing and focusing
on key economic parameters. The importance of managing these systems can be seen from
the paper (ten Hompel & Schmidt, 2008) in which it is stated that storage systems and mate-
rial handling are the most important parts of goods flows since they link production and con-
sumption points. Considering the above, it can be concluded that the most important thing
is to establish efficient synchronization of warehousing activities, and this primarily refers
to inventory management. The essence of control over inventories, and thus over the alloca-
tion of funds in that part of short-term assets, is to maintain inventories at an optimal level.

Several goals can be set through the research. The first goal involves creating a novel fuzzy
Multi-Criteria Decision-Making (MCDM) model consisting of the fuzzy FUCOM and fuzzy
EDAS methods. The integration of these methods contributes to the field of treating multi-
criteria approaches. Additionally, the developed approach enriches the field of inventory
sorting because the developed fuzzy model is verified in the area of multi-criteria inventory
classification. Another goal is to create an integrated fuzzy FUCOM - ABC model, also
applied in the same field. This model involves performing ABC analysis with four criteria
whose weights are determined by the fuzzy FUCOM method. The third goal of the paper is to
increase business efficiency by rationalizing costs in inventory management. It is manifested
through sorting inventory into certain groups and the possibility of creating adequate mar-
keting logistics policies. The significance of this research and the defined goals can be seen
through the fact that the consideration of such a model in the literature is a rarity. Apart from
this, through described goals can be noticed novelty of this study that represents the main
contributions. The inventory management system according to van den Berg and Zijm (1999)
is one of the most important issues in logistics companies, i.e. their warehousing systems. It
is for this reason that such models that strive for intelligent inventory management through
increased business efficiency and reduced logistics costs have been formed in the paper.

The rest of the paper is presented through four sections. In Section 1, a review of previous
studies with similar issues is performed. The second section of the paper refers to materials
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and methods presenting primarily the flow of the research. Within the proposed methodol-
ogy, a detailed overview of all used methods is given, as well as a description of a case study
with defined inputs. Section 3 involves the presentation of results with individual steps of the
calculation. The fourth section of the study refers to the verification of the developed inte-
grated fuzzy models through comparison with traditional approaches to inventory manage-
ment, i.e. inventory sorting. The last section briefly summarizes the results and contributions
of the paper with guidelines for the continuation of research.

1. Background

Inventory management according to Bozi¢ and A¢imovi¢ (2014) can be defined as a stra-
tegic function of the company and as one of the most important segments of operational
management. Today, many companies face certain problems that can significantly impede
the optimality of inventory management due to uncertain deliveries. Therefore, it is neces-
sary to form appropriate models of inventory classification as a prerequisite for their optimal
management. The most common analysis involves classifying materials or products into three
groups: A — represents very important items, B — represents moderately important items and
C - represents relatively irrelevant items (Kubasakova et al., 2015; Douissa & Jabeur, 2016;
Erceg et al., 2019). The purpose of applying this classification is to establish an effective sys-
tem in order to achieve greater cost-effectiveness and business success. This is also confirmed
by Liu et al. (2016) who state that such a classification has a significant impact on the struc-
ture of total inventory costs, and their rationalization (Oliveira & Vaz, 2017). The classical
ABC analysis that takes into account only one criterion can be said that due to its simplicity
is the most widely used analysis in determining the state of stocks. However, the biggest
disadvantage of classical ABC analysis is the acceptance of the single-criterion function, so
there are significant papers in the literature that take into account several criteria. This is
confirmed by Chu et al. (2008) according to whom one of the most important improvements
of ABC analysis includes the possibility of considering different classification criteria. The
study (Flores & Whybark, 1986) can be pointed out as the beginning of the consideration of
multi-criteria function and integration with MCDM models. In their later studies, the same
authors strived for the greatest possible application of multi-criteria optimization, emphasiz-
ing the importance of MCDM methods. One of significant studies is (Ishizaka et al., 2018), in
which the sorting of inventory is performed considering the following criteria: Annual Usage
Value (AUV), Frequency of Issue per year (FOI), Current Stock Value (CSV). It has been con-
cluded that in comparison with a classical analysis, this model achieves significant savings.
Mallick et al. (2019) in their conducted research have performed ABC analysis based on four
criteria: UP, Annual Consumption Cost, Annual Consumption Rate, and Average Inventory
Cost. They have implemented the modified similarity-based method for the ABC analysis.
The research (Hanafi et al., 2019) determined necessary items for the execution of the
economic order quantity by applying the ABC analysis. Cherif and Ladhari (2016) created
a hybrid model consisting of ABC classification using an evolutionary algorithm and the
MCDM method. This research minimizes inventory management costs and ensures accept-
able performance. A model that integrates different MCDM methods and ABC analysis was
performed in (Arikan & Citak, 2017) for the needs of an electronic enterprise. In a paper
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published by Erceg et al. (2019), it has been formed a multi-criteria model of inventory man-
agement in the storage system and cost rationalization related to activities and processes in
the storage system. Several techniques have been used to obtain a model that provides good
results and helps run an efficient business. At first, the products were classified according to
ABC analysis, based on data collected on an annual basis. Then, a list of potential suppliers
was formed for each group and the criteria to be used to evaluate alternatives were deter-
mined. Eraslan and IC (2020) have developed Improved Decision Support System (IDSS) as
tool which can help in decision-making related to inventory classification. They have used
two MCDM methods: AHP and ANP in combination with other approaches. The main task
that has been performed in their study decreasing the total time for inventory classifica-
tion. Combination of Entropy, TOPSIS (the technique for order preference by similarity to
ideal solution), and goal programming have performed in (Kheybari et al., 2019) in order
to make ABC analysis in a proper and quality way. In study (Kartal et al., 2016) have been
developed a hybrid model consisting of the integration of machine learning and MCDM
method for effectively conducting inventory analysis. Considering more than one criterion
in ABC analysis became strategic needs as have mentioned by Ishizaka and Gordon (2017)
in their study. They have proposed a new methodology MACBETHSort for sorting products
in groups A, B, and C.

From the review of studies, as well as papers (Douissa & Jabeur, 2020; Abdolazimi et al.,
2020), it can be seen that quantitative and value analysis is most frequently used as a cri-
terion. When applying ABC analysis based on a multi-criteria function, two problems can
arise: how to select relevant criteria and how to determine their significance. The proposed
fuzzy MCDM model solves the stated problems. As another motive for creating this model,
it can be singled out the fact that the crisp EDAS method (Keshavarz Ghorabaee et al., 2015)
was created exactly for the purposes of multi-criteria inventory classification. Taking into
account the above, it can be concluded that ABC analysis is almost an indispensable tool
in the formation of inventory management models, but it is important to point out that in
itself is not enough. The authors of the paper (Arikan & Citak, 2017) also confirm the stated
above, considering the importance of this analysis, on the one hand, and the lack of taking
into account only one criterion, on the other hand. Thereby, it is necessary to develop various
multiphase integrated models in terms of differences of a specific case.

2. Materials and methods

Figure 1 shows the applied methodology in the paper. The overall flow of research can be
divided into four steps, and each of them consists of several activities.

The total number of steps in the proposed methodology is four, consisting of several ac-
tivities each, which makes a total of 11 activities. The following section of the paper describes
in detail all the steps with the presented methods that are applied.

2.1. The first step - defining inputs

In the first step, the criteria for inventory management are first defined considering all im-
portant parameters that have economic appropriateness and contribute to the optimization
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Figure 1. Research flow for inventory management

of the logistics system. A total of four criteria have been defined: quantity, unit price, annual
procurement costs and demand for products. Quantity is the amount ordered on an an-
nual basis and can be expressed in the following measuring units: pieces, bags, tons, square
meters. The unit price is an individual monetary expression of the cost of aforementioned
products. When the multiplication of the second criterion (unit price) is performed for each
product individually with the quantity of a certain product, the third criterion (annual pro-
curement costs) is obtained. The fourth criterion is defined as the demand for products,
which includes observing the annual level and the percentage of products ended up on the
market compared to the total quantity in stock. After that, the company in which the research
is to be conducted is defined. The logistics company that is the subject of the research was
founded in 1997 and is located on the territory of Bosnia and Herzegovina. According to
the classification, it is a medium-sized company that covers an area of 5.000 square meters.
The main activity of the company is of a commercial nature, but lately they have been invest-
ing additionally in their own manufacture. Regarding means of transport and handling, the
company owns four large trucks, two of which have a crane by which they unload material
from the truck, three smaller trucks with a closed trailer, two vans and two forklifts. They
also possess a manual low-floor forklift that is used for internal transport of goods. When it
comes to storage systems, they have their own closed-type warehouse of 1120 square meters.
In addition to the closed warehouse, there is also an open warehouse for goods that do not
change their properties under various weather conditions.

2.2. The second step - data collection and processing

The activities related to this step include data collection, their processing and the formation
of a fuzzy multi-criteria model. Data collection was performed on the basis of several visits
to the logistics company, interviews with managers, and insight into a detailed report on pro-
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curement and sales (marketing logistics) for the previous year. After that, the collected data
were processed, and it was determined that there were a total of 78 different products that
were the subject of marketing logistics. The collected data cover the whole period of 2019.
Product characteristics were systematized by: product code, quantity of purchased products,
purchase value per unit of product, total value of purchase by products and demand. As a
third activity, the formation of the fuzzy MCDM model, which includes 78 alternatives and
four criteria, was performed.

2.3. The third step - forming and application of integrated fuzzy MCDM model

As the third step of the proposed research methodology, it stands out one of the largest
contributions of the paper, which includes the integration of the fuzzy FUCOM (Pamucar &
Ecer, 2020; Pamucar et al., 2020) and fuzzy EDAS (Keshavarz Ghorabaee et al., 2016; Stevi¢
et al., 2018b) methods. Using the Fuzzy FUCOM method, the significance of criteria is de-
termined through the quantification of their values. The algorithm of this method is given
in the following section.

2.3.1. Fuzzy FUCOM method

Step 1. Defining a set of criteria.

Step 2. Determining the ranking of criteria based on experts’ preferences according to the
importance of the criteria: _ _ _
Cia) >Cj@) >...> Cjx). (1)

Step 3. Comparisons of the criteria — fuzzy comparative significance @y, is determined
by applying Equation (2): . ; " ;
o (@, of o )
= _ jk) Q) (k) j(k) 2)
Priksr) = = @ JETTR— >
Citksn) Citks1)” Cjtkrn)” ™ Cjiksny

Thus, a fuzzy vector of comparative significance of evaluation criteria is obtained, Equa-
tion (3): o
D = (12 Bay35- B ) (3)
where @) represents the significance of the criterion of c j(k) rank compared to the cri-
terion of Ej(k+1) rank.

Step 4. Calculation of the optimal fuzzy weights that should satisfy the conditions defined
by Equations (4) and (5): =

k p—
— =Pk} (4)
Wi
w _ _
= Op/k1) @ Pke1)(kr2)- (5)
k+2

where @y, represents the comparative significance of the criteria Cjk) and Cjk+1)
Based on the previous equations, it can be set the final nonlinear model for calculatlng the
optimal fuzzy values of the weight coeflicients of evaluation criteria (wl,wz, oW, ) :
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miny
- Opsk+)|S % Vi === Opsks1) @ Piesny k) | S %o Vi
k+1 Wis2 (6)

— - (e
where w; =(wj,wi",w) and Q1) = (P k11)> O)ksn) o)

2.3.2. Fuzzy EDAS method

Step 1: Forming the average decision matrix (X):

X= [xij]nxm; 7)
_ 1 _
X = ;@’;:1 xlf, (8)

where 3_65 denotes the performance value of alternative A; = (1 <i< n) with respect to crite-
rion ¢; = (1 <j< m) assigned by the pth decision-maker (1 <p< k).

Step 2: In this step, in the original method, the weights of the criteria are formed by apply-
ing the averaging of experts’ preferences. Since the fuzzy FUCOM method used to obtain
the criterion weights has been previously described in this paper, there is no need for this
step from the original fuzzy EDAS method.

Step 3: Forming the matrix of average solutions:

AV:[avj]lxm; )
n

av, :l@zﬁ, (10)
ni=1

where av; represents the average solutions with respect to each criterion.

Step 4: Positive distance from average (PDA) and negative distance from average (NDA)
solution should be obtained using Equations (11) and (12) respecting a type of criteria
(benefit or cost):

V(% @) if jeB
PDA:[ﬁ'} = pday = k(ﬁj) J ; (11)
Y dnxm y av .—x. ’
k(av;)
V(@) if j B
NDA=| nday | = nday = k_(mi (12)
o v, if jeC
K@)
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Step 5: Obtaining the weighted sum of positive and negative distances for all alternatives:

@, =§(;j®ﬁij); (13)
pos :é(E@%ij). (14)

Step 6: The normalization of ;i and sn; values for all alternatives:

nsp, = —— P, (15)
max(k(spi ))
sy =——" (16)
max(k(sni ))
Step 7: Determination of the appraisal score (as;) for all alternatives:
JE— 1 —_— —_—
asi =5(nspl. ®nsni). (17)

Step 8: Ranking the alternatives according to the decreasing values of appraisal scores.

2.4. The fourth step - results and sensitivity analysis

In the fourth step, the results and sensitivity analysis through three activities are presented.
Primarily, based on the obtained results, the products are sorted by groups A, B and C, tak-
ing into account different ranges of results and the basic settings of ABC analysis presented
in the following section of the paper.

2.4.1. ABC analysis

ABC analysis in inventory management is an almost indispensable tool since efficient inven-
tory classification can be a vital activity for companies, especially when it comes to a large
amount of inventory. ABC analysis is a simple stochastic method. The goal of this analysis is
the possibility of achieving the highest possible economy and productivity, and thus increas-
ing efficiency and economy of business. It is particularly suitable for usage in companies that
have a diverse range of products, as is the case in this study. One of the primary purposes
of applying this analysis is to establish a functional control and management system within
marketing logistics and inventory management. ABC analysis is based on the most impor-
tant products that are of the greatest benefit. The percentage of costs of individual product
categories in relation to the total procurement costs should satisfy the condition shown by
Equation (18):

A =40 -80%, B=15-41%, C=5 - 20%. (18)

The percentage of the number of individual product categories out of the total number
of all product types should satisfy the condition shown by Equation (19):

A =5-25%, B=20-40%, C =40 - 75%. (19)

The 3rd condition shows the relation of the number of products by the category A <B <C.
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2.4.2. Comparison analysis

In the last two activities of the fourth step of the developed methodology, the obtained results
are compared with the classical ABC analysis and with the novel integrated fuzzy FUCOM-
ABC model. When it comes to the comparison with the classical method, it is based on the
comparison of obtained results with the results of single-criterion ABC analysis. Each of the
four criteria is observed individually and ABC analysis is created. A novel integrated fuzzy
FUCOM-ABC, which takes into account the different significance of criteria, has shown
good characteristics, but slightly worse than the developed fuzzy FUCOM-fuzzy EDAS in
terms of a specific case.

3. Results - application of developed integrated fuzzy MCDM
model to inventory management

This section presents the results of the research referring to individual steps of the calcula-
tion in the proposed methodology. Based on the implementation of the first two steps of the
previously described methodology, the calculation of the weights of the criteria is approached
first, and then the classification of products. The calculation of criterion weights using the
FUCOM method is performed as follows. The first step of this method is the formation of
a set of criteria, which is performed in the first step of the developed methodology and ex-
plained in Section 2.1. After that, they are ranked according to the assumed significance by
managers in the company. The ranking of the criteria in the second step is as follows: C3 >
C4 > C1 > C2. The comparison of the criteria is shown in Table 1.

Table 1. Fuzzy assessment of the criteria for classification of products

Criteria C3 C4 C1 C2
(1.00, 1.00, 1.00) (1.10, 1.20, 1.30) (1.30, 1.40, 1.50) (1.50, 1.60, 1.70)

By applying Expression (4), the comparative significance of the criteria is defined:
Besica = Bes /By =(1.10,1.20,1.30) /(1.00,1.00,1.00) = (1.10,1.20,1.30);
Beacr =Bcr /By =(1.30,1.40,1.50) /(1.30,1.20,1.10) = (1.00,1.17,1.36);
Beycr =By /By =(1.50,1.60,1.70) /(1.30,1.40,1.50) = (1.00,1.14,1.31).

The values obtained by comparison represent the first limitation of the model. After that,
applying Equation (5) in the following way, another limitation of the model is obtained.

Wes | Wey =(1.10,1.20,1.30) ®(1.00,1.17,1.36) =(1.10,1.40,1.77);
Wey | Wey =(1.00,1.17,1.36) ©(1.00,1.14,1.31) =(1.00,1.33,1.78).

Then, a model defined by Equation (6) is set up and solved in the Lingo program to
obtain fuzzy values of the criteria:
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w¥ wh wi wy
— 130 |<y| =2 -1.00 [<y; ——117 <y ——136 <y
wh wy' wi w|
wl win wh wh 2% w§

L_1.00 s%-ir414sx;—nglsx;—quosx,———lw <y -1.77 |<%
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1 m u
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wl wy'
——1 10 (S| ——1.20 |<y;
wy wy'

w; 2
(W§+4-w§” +w’3‘)/6+(wi+4‘wfl”+w2)/6=1;

wh<wit <wiwh <wit <wiswh <wit <w

l m Il wl
wy Swi Swiw,wh,ws, 420.

By solving this model, the fuzzy values of the criteria are obtained, w; = ((0.20 1,0.226, 0.239),

(0.170,0.183,0.223),(0.287,0.333,0.336),(0.245,0.261,0.286))Tand % = 0.10. By applying de-
fuzzification, crisp values are obtained: w, = 0.224, w, = 0.188, w3 = 0.326, w, = 0.263. After
determining the weights of the criteria using the fuzzy FUCOM method, the calculation with
the fuzzy EDAS methodology is further approached. First, an initial matrix with linguistic
values is created (Table 2), after which the transformation into trapezoidal fuzzy numbers is
performed in order to be able to classify inventory.

Then, the transformation into fuzzy trapezoidal numbers and the calculation of the ma-
trix of average values are performed. Applying Equation (11), a PDA matrix is formed, and
applying Equation (12), an NDA matrix is obtained. It is important to note that all criteria
in the model are set as criteria that belong to the benefit group because the classification
of inventory is performed on the basis of maximization. To obtain the final results shown
partly in Table 3, the fifth step of the fuzzy EDAS method should be apphed which is the

sum of the weighted matrices for positive sp and negative distance sn; for all inventory

items. After that, in the sixth step, the values from the previous matrices, nspi and nsn;,
are normalized. In the last two steps, an appraisal score (as;) and defuzzification appraisal
score (as;) are determined, and product categories are defined.

Table 2. Initial decision-making matrix with linguistic values

Al A2 A3 A4 A5 A6 A7 A8 A9 | A10 | All | A12 | A13

Cl1 L VL L VL | VL M VL | ML L VL | MH | ML | VL
C2 | ML M H VH | ML | ML | ML M VH H ML | VH | MH
C3 | ML | ML M ([MH| ML | ML | VL | ML | VH M | MH | VH | ML
C4 H VH H M H H H H VH | MH | VH H H

A66 | A67 | A68 | A69 | A70 | A71 | A72 | A73 | A74 | A75 | A76 | A77 | A78
C1 L VL H M VL | VL | ML | VL | ML L L VL | VL
C2 M M ML L MH | ML M ML M M M M M
C3 | ML | ML | VH | ML | ML L M ML M ML | ML | ML | ML
C4 | MH H H | MH | VH H | MH H VH H MH | MH H
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Table 3. The results of novel integrated Fuzzy FUCOM - fuzzy EDAS model

P s nsp,
Ay (-0.05, 0.01, 0.03, 0.10) (-0.30, 0.04, 0.29, 0.66) (-0.06, 0.02, 0.04, 0.13)
A, (-0.09, 0.05, 0.12, 0.23) (-0.26, 0.08, 0.36, 0.66) (-0.12, 0.06, 0.15, 0.29)
A, (=0.13, 0.17, 0.26, 0.55) (=0.54, -0.20, -0.07, 0.31) (=0.16, 0.20, 0.32, 0.68)
A (=0.08, 0.00, 0.02, 0.09) (~0.34, 0.00, 0.21, 0.59) (=0.10, 0.00, 0.02, 0.12)
Ay (-0.08, 0.00, 0.02, 0.09) (-0.26, 0.08, 0.36, 0.66) (-0.10, 0.00, 0.02, 0.12)
Asg (-0.13, 0.01, 0.05, 0.20) (-0.26, 0.08, 0.36, 0.66) (-0.16, 0.01, 0.06, 0.24)

r?s\n/i ;svi k@ Group
A, (-0.36, 0.42, 0.92, 1.62) (-0.21, 0.22, 0.48, 0.87) 0.338 C
A, (-0.35, 0.26, 0.84, 1.54) (-0.24, 0.16, 0.50, 0.91) 0.334 C
Aj (0.36, 1.13, 1.40, 2.09) (0.10, 0.67, 0.86, 1.39) 0.752 B
Ay (-0.20, 0.58, 1.00, 1.70) (-0.15, 0.29, 0.51, 0.91) 0.387 C
Ay, (-0.35, 0.26, 0.84, 1.54) (-0.23, 0.13, 0.43, 0.83) 0.292 C
Asg (-0.35, 0.26, 0.84, 1.54) (-0.26, 0.14, 0.45, 0.89) 0.307 C

Since it is impossible to show the results for the classification of the whole assortment of
inventory, only individual results are shown in Table 3. The product A68, which is in the first
place, has the maximum value of 1.751. The product A36 has a minimum value of 0.027. The
classification of inventory into groups A, B and C is performed in a range according to the
following restrictions: group A all values >= 1.00, group B >= 0.50 < 1.00, group C < 0.50.
This classification of inventory is fully in compliance with the limitation presented in ABC
analysis. The total number of products classified in group A is 18, which is 23.08%. The prod-
ucts of group B account for 26.91%, i.e. a total of 21 products. The largest number of products
belongs to group C and is 39, which is 50%. Thus, the limitation A < B < C is satisfied.

4. Sensitivity analysis and discussion

Since the integrated fuzzy FUCOM - fuzzy EDAS model has been presented for the first time
in this research, it is necessary to verify the obtained results and show why the developed
model is applicable and better compared to traditional ones. This is particularly important
and necessary, as it addresses the sensitive issue, inventory management, which is essentially
very rarely viewed as a multi-criteria model. In this section of the paper, a comparison of the
developed model with a classical ABC analysis is performed. It has been created four ABC
analyses which are based on a single-criterion function, taking into account each criterion
individually. After that, as another contribution of this research, a comparison with a model
also presented for the first time, the fuzzy FUCOM - ABC model, which takes into account
all four criteria, but instead of ranking inventory with the fuzzy EDAS method, ABC analysis
has been performed taking into account the weights of the criteria obtained with the fuzzy
FUCOM method.
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Figure 2 shows a comparative analysis of the developed integrated fuzzy FUCOM - fuzzy
EDAS model with ABC analysis based on the following criteria: quantity (Q), unit price
(UP), demand (D), annual procurement cost (APC); and fuzzy FUCOM-ABC based on the
presence of inventory by categories A, B and C.

Figure 2 shows the numerical and percentage value of the product category in the com-
parative analysis in accordance with the limitation defined (19). In terms of quantity (Q),
a great unevenness can be noticed in the classification of inventory since there are only 10
products of category A, while 52 are of category C. In other models, there is a more even
share of the amount of products. According to this comparative analysis, the fuzzy FU-
COM - fuzzy EDAS model shows the most similarities with the ABC analysis regarding
annual procurement cost (APC).

In Figure 3, the trend of product classification into groups can be observed, consider-
ing all approaches in sensitivity analysis. The products are presented with codes from the
company’s annual report. It can be observed that there are significant differences in the
classification of inventory by different approaches in sensitivity analysis. Additionally, a de-
tailed classification for each product is shown in Figure 3 where the advantage of the newly
developed fuzzy MCDM model can be seen. A detailed inventory structure in relation to
all approaches is presented. It can be seen that in the classification of inventory, the devel-
oped fuzzy FUCOM - fuzzy EDAS (FFUCOM - FEDAS) model is the best solution since,
compared to all the others, it has shared characteristics and the smallest deviations. The
developed FFUCOM - FEDAS model compared to all other approaches, FFUCOM - ABC -
APC - D - UP - Q has one shared feature. FFUCOM - FEDAS - FFUCOM ABC - APC -
D - UP has three shared products that have the same classification, i.e. have been classified
in the same group. FFUCOM - FEDAS - FFUCOM ABC - APC - D has 17 products that
have the same product category. FFUCOM - FEDAS - FFUCOM ABC - APC shows that
54 products are in the same category, while most products, 83.33%, i.e. 65 products have a
shared category in FFUCOM - FEDAS - FFUCOM ABC, which is understandable given
that both models represent a classification of inventory based on a multi-criteria function.
Furthermore, comparing the developed model with other individual analyses, it has most
shared products (63) with APC. It is important to emphasize that APC contains UP and Q.
The created fuzzy model with ABC analysis based on Q has 58 products classified in the same
groups, while that number with FFUCOM - FEDAS - D and FFUCOM - FEDAS - UP is
23 and 22, respectively. That it is the best model (FFUCOM - FEDASY) is also indicated by
the fact that there is only one product that does not have a shared group with some of the
other approaches in the comparative analysis. The FFUCOM - ABC model, which has only
two products without shared groups compared to other models, stands out as a very good
solution, representing also a contribution of this paper.

Marketing logistics through coordinated and synchronized activities should provide an
efficient way to deliver value to the customer. The marketing logistics department, ie the
instruments through which it performs business management are customer service, demand
forecasting, communication in the distribution channel, inventory control, material manage-
ment, the process of receiving orders, etc.
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Figure 3. Comparative analysis of fuzzy FUCOM - fuzzy EDAS model with other approaches
in terms of inventory classification

The following limitation of the study can be singled out as managerial implications. Fuzzy
FUCOM - The Fuzzy EDAS model involves a rather complex mathematical technique, as
it relies on fuzzy theory and operations with TFNs. If there is an increase in the number of
products or decision-makers in the model, if it is group decision-making, the model be-
comes even more complicated. However, solving this limitation can be achieved through the
development of an application that will automate this process. The authors have created an
application in Microsoft Excel through this study.



Technological and Economic Development of Economy, 2021, 27(2): 386-401 399

Conclusions

In this paper, two novel integrated fuzzy inventory management models have been developed
in order to achieve a more rationalized and economical business. Based on the reports of
marketing logistics subsystems and the organization of warehousing systems, multi-phase
models of sorting and inventory management have been formed, taking into account the
multi-criteria function. Based on the following criteria: quantity, unit price, annual procure-
ment costs and demand, the classification of inventory has been performed primarily with
the novel integrated fuzzy FUCOM - fuzzy EDAS model. The developed integrated model
has shown exceptional characteristics for solving the problem of inventory classification and
management. In this particular case, the classification of inventory into groups A, B and C
has been performed in a range according to the following restrictions: group A all values
>=1.00, group B >=0.50 < 1.00, group C < 0.50. In addition, it has been developed a novel
fuzzy FUCOM - ABC model that can be used to sort inventory for all multi-parameter in-
puts. The greatest contributions of the research are the newly developed fuzzy models that
provide a better insight into inventories, which is causally related to the cost function of the
entire company. The developed integrated models have been verified through a comparative
analysis with traditional ABC analysis approaches, taking into account the single-criterion
function since they showed significantly better performance.

Future research may relate to the creation of a universal fuzzy MCDM model or a fuzzy
MCDM - ABC model treating a larger number of criteria that would be appropriate for a
larger number of companies. Moreover, the inclusion of demand factors, but through the
definition of variation coefficient, can be one of important parameters for sorting inventories.
Additionally, for this purpose can be performed XYZ analysis and created some inventory
management policies that include strategies about supply materials. Also, a combination of
fuzzy MCDM methods, ABC, and XYZ analysis can be one way of future research for precise
inventory management.
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