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Abstract

Traditional inventory classification approaches, such as ABC (Always Better Control), VED (Vital-
Essential-Desirable), and their matrix forms, typically account for a limited range of inventory
characteristics. Techniques like multi-criteria decision analysis, linear programming, and heuristic
algorithms, which can consider more characteristics, require technical knowledge and expertise.
However, the majority of small and medium-sized enterprises (SMES) lack the staff capable of applying
these methods. Therefore, a method that can accommodate numerous characteristics and is easy to use
is necessary. This paper introduces a classification approach that combines multiple inventory
characteristics using the BORDA method, specifically designed to assist SME managers with limited
technical expertise. A dataset containing 47 stock keeping units (SKUs), including the average cost,
annual cost, and lead time characteristics, is used to demonstrate the application of the proposed
approach. The implementation reveals that the BORDA method provides a comprehensive and unbiased
solution to inventory classification by systematically combining the rankings of various inventory
characteristics. This approach simplifies the classification process by integrating multiple characteristics
in a straightforward manner, making it particularly suitable for SMEs.
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ABC (Always Better Control), VED (Vital-Essential-Desirable) gibi geleneksel envanter siniflandirma
yaklagimlar1 ve bunlarin matris formlari envanterin siirli 6zelliklerini dikkate alabilir. Daha fazla
ozelligi dikkate alabilen ¢ok kriterli karar analizi, dogrusal programlama ve sezgisel algoritmalar gibi
teknikler ise teknik bilgi ve uzmanlik gerektirmektedir. Bununla birlikte, kiigiik ve orta olgekli
isletmelerin (KOBI'ler) biiyiik ¢ogunlugu bu yontemleri uygulayabilecek personele sahip degildir. Bu
durumda, ¢ok sayida 6zelligi kapsayabilen ve kullanimi kolay bir yonteme ihtiya¢ duyulmaktadir. Bu
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makale, KOBI'lerin vasifsiz yoneticilerine yardime1 olmak icin cesitli envanter dzelliklerini BORDA
yontemiyle birlestiren bir smiflandirma yaklasimi sunmaktadir. Onerilen yaklasimin uygulamasin
gostermek icin ortalama maliyet, yillik maliyet ve teslim siiresi Ozelliklerini igeren 47 envanter
kaleminden olusan bir veri seti kullanilmistir. Uygulama, BORDA yonteminin, ¢esitli envanter
ozelliklerinin siralamalarinin sistematik kombinasyonu yoluyla envanter siniflandirmasina tam ve
tarafsiz bir cevap verebilecegini ortaya koymaktadir. Bu yaklasim smiflandirma siirecini
kolaylastirmakta ve ¢ok sayida 6zelligi basit bir sekilde bir araya getirmektedir, dolayisiyla 6zellikle
KOBI'ler igin uygundur.

Anahtar Kelimeler: KOBI’ler, Envanter yonetimi, Envanter simiflandirma, BORDA yontemi, Sira
korelasyon

Jel Kodlar: C44, D81, M11
Introduction

Inventory management is the key factor in operational efficiency, customer satisfaction and cost control.
Technically, it is the procedure of purchasing the stock-keeping units (SKUSs) at the right quantity, time
and price (Singh, Rasania, & Barua, 2022). In this procedure, the decision-makers aim to maintain the
inventory at a desirable level between the trade-off of stock-outs and overstocking. Nevertheless, the
numerous SKUs and the fact that each SKU has different characteristics are the main problems of the
implementing an individually optimized inventory policy. The classifying of SKUs by prioritisation
makes it possible to solve this problem.

For this purpose, the traditional approaches commonly used in the literature are as follows: ABC, VED,
XYZ, HML, and FSN. These approaches classify SKUs according to a specific characteristic. For
example, the well-known ABC classification approach focuses on the monetary value of SKUs. In this
approach, SKUs in class A constitute a small part of the inventory but have a large share in value. SKUs
in class B are not as important as class A in terms of quantity, but are important in terms of value. SKUs
in class C make up the majority of the inventory but individually have little value. The ABC approach
guides decision makers on which SKUs they should focus more on based on their monetary value and
helps to utilise resources effectively. As can be recognised, the fact that only one characteristic is
considered when there are many others that can impact inventory management decisions is a weakness
of traditional classification approaches. In order to tolerate this, matrix approaches combining two
approaches are adopted in research. For example, the well-known ABC-VED matrix is a combination
of ABC and VED. Since the VED approach focuses on the criticality level of SKUs, the ABC-VED
matrix provides classification according to both the monetary value and the criticality level of SKUs.
Such combined approaches in matrix form provide decision makers with a more detailed analysis by
considering only two SKU characteristics. However, even the classification obtained by matrix
approaches is not sufficient to represent the large number of characteristics that need to be considered
in the complexity of inventory management.

In the inventory classification literature, advanced techniques such as multi-criteria decision analysis,
linear programming and heuristic algorithms are used to consider more than two SKU characteristics
(Xu, Fu, Chen, & Lai, 2022; Zhou & Fan, 2007; Saracoglu, 2022). These techniques enable the
classification of SKUs by reducing all their characteristics to a single score. In this respect, they
eliminate the disadvantages of traditional and matrix approaches. On the other hand, advanced inventory
classification techniques may involve complex mathematical models or algorithms. The parameter
tuning process required for an efficient classification is error prone. Since these processes require
technical knowledge, advanced techniques are more difficult to implement than traditional approaches.

In this context, small enterprises such as SMEs, which do not employ professionals with sufficient
technical knowledge, are unlikely to utilise advanced inventory classification techniques that can take
into account many characteristics. On the other hand, matrix approaches, which can take into account at
most two characteristics, are not sufficient for effective inventory management of SMEs. This motivates
the need for an approach that allows numerous characteristics to be considered in the simplest possible
way.
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In this paper, a simple classification approach is proposed to fulfil this need. The rationale behind the
proposed approach can be briefly explained as follows. Traditional inventory classification approaches
first rank (prioritise) and then classify SKUs according to a characteristic. By combining the rankings
of traditional approaches, it is possible to obtain a composite ranking. The classification arising from
the composite ranking is not inferior to advanced classification techniques by taking into account many
characteristics, but also appeals to managers with limited technical expertise with a simple combination
procedure. Thus, the approach plays a pragmatic role in increasing operational efficiency and cost-
effectiveness by positioning itself between complexity and accessibility. On the other hand, the
disadvantages of the approach can be mentioned as follows. The simplicity of the rank combining
process may lead to missing the nuances inherent in SKU characteristics. And for the same reason, it
may lack the complexity needed to handle challenging inventory management scenarios, especially
those involving dynamic market conditions or diverse product portfolios. Considering the pros and cons
of the proposed approach, it can be stated that the benefits of the approach vary depending on the
business requirements and the level of technical knowledge of the decision makers. While it may be
attractive for small organisations due to its simplicity and ease of use, it may be inadequate for larger
and more complex organisations. Nevertheless, the adaptability of this method may be a perfect solution
for some companies. Thus, it is necessary for every organisation to evaluate the appropriateness of this
approach in relation to its needs and resources.

The rest of the study is organised as follows. Section 2 outlines inventory management and inventory
classification. Section 3 addresses the challenges of SMEs related to inventory management. Section 4
introduces the proposed inventory classification method, while Section 5 presents its implementation
with a well-known benchmark dataset. Section 6 contains the conclusions of the research.

A brief overview of inventory management

Inventory management involves controlling the flow of goods through the supply chain (Bathool, 2022).
The main objective is to ensure that the right amount of inventory is available at the right time, in the
right place and at the right cost (Singh et al., 2022). The advantages of good inventory management can
be listed as the maintenance of operational efficiency, the increase of customer satisfaction and the cost
control. These advantages can be described as the following. Operational efficiency can be achieved by
minimising stock-outs and overstocking by optimising inventory levels (Shin, Wood, & Jun, 2016).
Customer satisfaction can be achieved by maintaining adequate inventory levels so that demand can be
met quickly (Ayllon-Lorenzo, Cardenas-Maciel, & Cazarez-Castro, 2019). Conversely, out-of-stocks
have a negative impact on customer satisfaction through lost sales and disappointed customers (Li, Lu,
Lu, & Huang, 2023). By having the right products available at the right time, businesses can enhance
their reputation for reliability and responsiveness and encourage long-term customer loyalty (Hassan &
Zahran, 2023). Cost control is concerned with opportunity cost and waste. Excess inventory ties up
capital, incurring opportunity cost (Jones & Tuzel, 2011). And furthermore, it causes carrying costs such
as storage, insurance and obsolescence (Nnamdi, 2018). Effective inventory management aims to strike
a balance between stock-outs and overstocking.

Inventory Classification Approaches

Traditional inventory classification approaches are techniques that allow decision makers to sort and
prioritise SKUs into manageable groups (Qaffas, Ben HajKacem, Ben Ncir, & Nasraoui, 2023). Some
of the well-known ones are: ABC, VED, XYZ, HML, and FSN. ABC classifies SKUs based on their
importance, with Class A being very important, Class B moderately important, and Class C relatively
unimportant (Kaabi, 2022). VED, on the other hand, classifies SKUs as vital, essential, or desirable
based on criticality (Shah, Davda, Parikh, & Bala, 2015). XYZ focuses on the variability of demand,
with Class X having constant demand, Class Y having moderate variability, and Class Z having high
variability (Trubchenko et al., 2020). HML classifies SKUs as high, medium, or low based on their unit
price or value (Jadhav & Jaybhaye, 2020). FSN evaluates SKUs based on their movement speed,
classifying them as fast-moving, slow-moving, or no-moving (Tambunan, Syahputri, Rizkya, Sari, &
Cahyo, 2018). The strengths of these approaches are that they clearly identify the SKUs that should be
focussed on. However, the fact that each approach considers only one characteristic cause other
important characteristic to be ignored.
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Matrix approaches are the initial choice of researchers who aim to solve more than one attribute at the
same time. The main reason for the use of matrix approaches is the ability to conduct a more detailed
analysis by taking into account of the multiple SKU characteristics at the same time (Gizaw & Jemal,
2021). To illustrate, in the ABC-VED matrix, SKUs classified as "AV" are the high-value and critical
items and thus need to be closely monitored and the management has to be proactive to avoid stock-outs
or operational disruptions. On the contrary, SKUs that are labelled as "CD" may get less attention
because they are of lower risk or of lower values. Although matrix approaches are more inclusive than
the traditional categorisation approaches, they are still not enough to solve the problem of inventory
diversity.

The above-mentioned limitations have led researchers to the more advanced methodologies such as
multi-criteria decision making (Xu et al., 2022), optimisation (Zhou & Fan, 2007) and heuristic
algorithms (Saracoglu, 2022) which gives a better understanding of the inventory system and provides
a more stable solution. This is the main reason for the multi-criteria inventory classification literature
(Elevli & Dinler, 2023; Qaffas et al., 2023). Though these cutting-edge techniques solve the problems
of the traditional and matrix methods by bringing in many characteristics in the classification, they have
a number of drawbacks as well. The difficulties that are faced in this case are the huge computing power
that is needed to solve the large-scale optimisation problems (Cheng, Ting, & Yang, 2014).

Challenges for SMEs

SMEs have a number of challenges planning and implementing advanced inventory classification
techniques because of the limited resources they have at their disposal; they are also likely to lack the
specialized staff dedicated to inventory management (Drakeley & Perera, 2022; Kittisak, 2023; Serna-
Ampuero, Arias-Navarro, & Quiroz-Flores, 2022; Teerasoponpong & Sopadang, 2022). Traditional and
matrix methods, if utilised to some extent, may however not be enough to give way to successful
inventory management for SMEs. Traditional methods are likely to be overly simplistic, however,
matrix methods may risk losing the view of product dependencies in inventory. The problems SMEs are
facing are the complexity of inventory management software by that they need in a user-friendly manner,
training programmes and associations with consultants or experts in the field (Sabah Salih, Ghazi, &
Aljanabi, 2023). Through these capacities, SMEs can optimize their workflow and business performance
in an environment of ever-changing markets.

An SME dealing with inventory management issues is the point where the research, based on the
literature, shows different problems. The studies conducted have shown that SMEs often take a hard
knock when it comes to inventory control and may end up with either excess inventory of goods or stock
outs (Narayanapillai, 2010). Such problems could involve profitability directly and it has been
confirmed by the research of Gorondutse et al. (2016) that SMEs have a significant negative relationship
between profitability and the days of the inventory cash conversion cycle. In addition to the above, the
absence of focus on inventory optimization and the unprofessional way SMESs run their businesses or
managers cause make the situation worse (Drakeley & Perera, 2022; Panda, Nanda, & Panda, 2021).

The COVID-19 pandemic demands SMEs to revise their inventory management strategies which call
for re-adjustments of operations in the new circumstances (Abdelfattah, Malik, Al Alawi, Sallem, &
Ganguly, 2023; Zimon, Babenko, Sadowska, Chudy-Laskowska, & Gosik, 2021). Acquiring the real
issues that accompany inventory management and having alternative approaches available is vital for
SMEs in order to promote their performance (Muffee, 2021). Small firms should adopt the efficient
inventory management techniques to obtain the highest profitability and to increase the operability of
the business (Alam, Thakur, & Islam, 2024). Moreover, as SMEs it is difficult to cope with real-time
information which allows them to do inventory control properly that may definitely impact overall
business success rate (Sapry & Yusof, 2019). Implementation of costing procedures is usually hampered
by an absence of understanding which function plays the role of generating immediate profits (Johnson
& Ruankaew, 2017). To counter these problems, SMEs shall set lead times reduced, suppliers
collaboration, and workplace practices improvement among their supply chain management practices
(Thakkar, Kanda, & Deshmukh, 2009).

This literature underscores that optimal inventory management is very important for SMEs to increase
profitability, to overcome the challenges as for example the COVID-19 pandemic, and to optimize their
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whole business. Addressing inventory control, real-time information management, and supply chain
drivers in small businesses contribute to the improvement on competitiveness and sustainability of these
enterprises in the market.

Proposed Simple Classification Approach

The inventory classification approach proposed in this research aims to meet the needs of SMEs by
striking a balance between complexity and accessibility in inventory management. The rationale behind
this approach is to obtain a composite ranking by combining the rankings of different traditional
inventory management approaches, thus providing an uncomplicated but comprehensive and practical
tool for SMEs.
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Figure 1: Flow of the proposed approach

The flow in the proposed approach is diagrammed in Figure 1. In brief, the proposed approach involves
the decision maker obtaining information about the characteristics of each SKU and ranking them
according to these characteristics. These rankings are then combined using the Borda method, a
technique that aggregates individual preferences to create a composite ranking. The SKUs are then
classified according to this combined ranking.

The pros and cons of the suggested inventory classification method can be discussed as the following.
It gives the decision makers a complete picture by classifying SKU characteristics, thus, they can make
the right decision. Besides, the use of the BORDA method eliminates the possibility of the biases by the
systematic and unbiased combination of the individual SKU rankings. The SKU classification based on
the combination of the ranking makes the classification easier and simplifies the identification of the
high performing SKUs. On the contrary, the proposed approach could be a reason for the
oversimplification since it is based on the SKU characteristics ranking and thus, it might not be possible
to describe the interactions between different characteristics. The method is applicable to the easy
decisions, but may find it difficult in complex business issues. In particular, the specialized or niche
products, the proposed approach may not work, and it will result in the misclassification of the products
or the overlooking of the important factors. To sum up, although the suggested method is a
straightforward way of SKU classification, its oversimplification and lack of sophistication may be the
reason why it is not applicable in the complex business world.

BORDA method

The Borda method, named after Jean-Charles de Borda, is a voting system based on ranking candidates
according to preference. It is a technique used to produce the final ranking by considering the rankings
of alternatives in different preference lists (Ozkaya, 2022). This technique is the way to combine the
results of the ranking conducted by the decision-makers to find the final rankings (Mahindarta &
Wardoyo, 2019).

Besides, the Borda method is applied in other fields other than voting and decision-making. It is exactly
in the citation of academic journals, the analysis of the risk perception, and the economic operation
evaluation of active distribution networks which has been used in (Ma & Zhang, 2020; Qu, Wei, & Li,
2021; Zhao & Zhu, 2023). The Borda method is a very handy instrument that helps in the combination
of the rankings and preferences of different fields; thus, it is a systematic and structured way to the
aggregation of the information and the final ranking or decision.

The Borda method thinks that every ranking method is of the same weight. This technique is founded
on a scoring system in which the first of the m alternatives in each ranking is given a decreasing value
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of m — 1, the second m — 2 and the last alternative is given a value of 0. The last ranking is done by
putting the alternatives in the descending order of the scores obtained in all rankings.

Step 1: For each technique (k), the score of each alternative is calculated.
bf =M —r,

r; = Order of alternative i

M = Total number of alternatives

b¥ = The score of alternative i in the k technique

Step 2: The scores calculated for each technique of the alternatives are summed.

BS, =Zb{<
k

In this study, the BORDA method is favored for its simplicity and ability to combine multiple criteria
in an unbiased way. By systematically merging the rankings of various SKU attributes, it offers decision-
makers a more balanced and objective classification. For businesses with limited technical expertise,
like SMEs, this straightforward approach enhances the method's practicality, enabling effective
decision-making without the need for complex mathematical models. When compared to other
techniques, it becomes evident that methods such as linear programming or heuristic algorithms, often
used in the literature, can yield more sophisticated results. These methods rely on intricate models that
demand a high level of technical knowledge and computational power. In contrast, the BORDA method
integrates multiple criteria without requiring optimization processes, making it a more accessible and
user-friendly option—especially advantageous for SMEs with limited technical resources.

However, the simplicity of the BORDA method also introduces some limitations. It may not fully
account for the interactions between different attributes, potentially leading to inaccurate or insufficient
categorization of certain SKUs. In situations involving dynamic market conditions, extensive product
ranges, or highly specialized product categories, more advanced and detailed methods might be
necessary. Therefore, while the BORDA method provides a suitable solution under specific conditions,
it may not be sufficient for more complex inventory management needs.

Implementation

The implementation of the proposed inventory classification approach was carried out with the
benchmark dataset (Table 1) used in the inventory classification literature (Flores, Olson, & Dorai, 1992;
Hadi-Vencheh, 2010; Ng, 2007; Ramanathan, 2006; Torabi, Hatefi, & Saleck Pay, 2012).

Table 1: Data Set

SKUs Average Unit Cost Annual Cost Lead Time
S1 49,92 5840,64 2
S2 210,00 5670,00 5
S3 23,76 5037,12 4
S4 27,73 4769,56 1
S5 57,98 3478,80 3
S6 31,24 2936,67 3
S7 28,20 2820,00 3
S8 55,00 2640,00 4
S9 73,44 2423,52 6
S10 160,50 2407,50 4
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SKUs Average Unit Cost Annual Cost Lead Time
S11 5,12 1075,20 2
S12 20,87 1043,50 5
S13 86,50 1038,00 7
S14 110,40 883,20 5
S15 71,20 854,40 3
S16 45,00 810,00 3
S17 14,66 703,68 4
S18 49,50 594,00 6
S19 47,50 570,00 5
S20 58,45 467,60 4
S21 24,40 463,60 4
S22 65,00 455,00 4
S23 86,50 432,50 4
S24 33,20 398,40 3
S25 37,05 370,50 1
S26 33,84 338,40 3
S27 84,03 336,12 1
S28 78,40 313,60 6
S29 134,34 268,68 7
S30 56,00 224,00 1
S31 72,00 216,00 5
S32 53,02 212,08 2
S33 49,48 197,92 5
S34 7,07 190,89 7
S35 60,60 181,80 3
S36 40,82 163,28 3
S37 30,00 150,00 5
S38 67,40 134,80 3
S39 59,60 119,20 5
S40 51,68 103,36 6
s41 19,80 79,20 2
S42 37,70 75,40 2
S43 29,89 59,78 5
S44 48,30 48,30 3
S45 34,40 34,40 7
S46 28,80 28,80 3
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SKUs Average Unit Cost Annual Cost Lead Time
S47 8,46 25,38 5

The dataset consists of 47 SKUs and contains the average cost, annual cost and lead time characteristics
of each SKU. Table 2 shows the results of the implementation stages of the proposed approach. For each
characteristic, SKUs are ranked in descending order of importance for inventory classification (Rank
Column). Then, the scores of the SKUs were calculated for each of the characteristics (b Column). The
scores are summed to obtain Borda Scores (BS Column) which are the basis for the final ranking
(Combined Rank Column). In the classification process, the percentiles suggested by Igbal and Malzahn
(2017) were used. Accordingly, the first 7 SKUs were classified in class A (15%), the next 12 SKUs in
class B (25%) and the remaining 28 SKUs in class C (60%).

Table 2: Ranking and Classification Results

SKUs ﬁxf{%gcfst éggt“a' Lead Time | BORDA Method
Rank b Rank b Rank b BS Combined Rank Class

S2 1 46 2 45 9 38 129 1 A
S13 5 42 13 34 1 46 122 2 A
S9 9 38 9 38 5 42 118 3 A
S14 4 43 14 33 9 38 114 4 A
S10 2 45 10 37 19 28 110 5 A
S29 3 44 29 18 1 46 108 6 A
S28 8 39 28 19 5 42 100 7 A
S8 19 28 8 39 19 28 95 8 B
S18 23 24 18 29 5 42 95 8 B
S23 5 42 23 24 19 28 94 10 B
S5 17 30 5 42 27 20 92 11 B
S31 10 37 31 16 9 38 91 12 B
S15 11 36 15 32 27 20 88 13 B
S19 26 21 19 28 9 38 87 14 B
S22 13 34 22 25 19 28 87 14 B
S20 16 31 20 27 19 28 86 16 B
S1 22 25 1 46 39 8 79 17 B
S3 41 6 3 44 19 28 78 18 B
S12 42 5 12 35 9 38 78 18 B
S39 15 32 39 8 9 38 78 18 C
S33 24 23 33 14 9 38 75 21 C
S40 21 26 40 7 5 42 75 21 C
S6 34 13 6 41 27 20 74 23 C
S16 27 20 16 31 27 20 71 24 C
S7 38 9 7 40 27 20 69 25 C
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KU C\r/]?tr?:goest ég'snt“a' Lead Time | BORDA Method
Rank b Rank b Rank b BS Combined Rank Class

S35 14 33 35 12 27 20 65 26 C
S38 12 35 38 9 27 20 64 27 C
S45 31 16 45 2 1 46 64 27 C
S27 7 40 27 20 44 3 63 29 C
S17 44 3 17 30 19 28 61 30 C
S21 40 7 21 26 19 28 61 30 C
S34 46 1 34 13 1 46 60 32 C
S37 35 12 37 10 9 38 60 32 C
S24 33 14 24 23 27 20 57 34 C
S26 32 15 26 21 27 20 56 35 C
S4 39 8 4 43 44 3 54 36 C
S43 36 11 43 4 9 38 53 37 C
S32 20 27 32 15 39 8 50 38 C
S36 28 19 36 11 27 20 50 38 C
S30 18 29 30 17 44 3 49 40 C
S44 25 22 44 3 27 20 45 41 C
S11 47 0 11 36 39 8 44 42 C
S25 30 17 25 22 44 3 42 43 C
S47 45 2 47 0 9 38 40 44 C
S42 29 18 42 5 39 8 31 45 C
S46 37 10 46 1 27 20 31 45 C
S41 43 4 41 6 39 8 18 47 C

Considering that a manager with limited technical expertise will make an inventory classification
decision with the traditional approach by considering only one of the SKU characteristics, ranking
correlation based on SKU characteristics is important. In addition, the correlation of BORDA ranking
with other characteristics provides information about the comprehensiveness of the proposed approach.
In this context, the Spearman Rank Correlation coefficients shown in Table 3 contain interesting
findings. Table 3 shows how the rankings obtained by BORDA method correlate with other rankings.
A high correlation indicates that the BORDA ranking is compatible with other methods and provides a
balanced classification by considering different characteristics. A low correlation, on the other hand,
shows that the BORDA method can work independently of rankings based on specific characteristics
and offers a broader perspective. This shows that the method provides an effective classification in
various scenarios by combining different criteria.
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Table 3: Ranking Correlation Results

Average Unit Cost Annual Cost Lead Time
Proposed Model 0,702 0,554 0,554
Average Unit Cost 0,143 0,177
Annual Cost -0,108

The first striking point is the low correlation between the SKU characteristics. There is a positive but
weak correlation between average unit cost and annual cost and lead time, while there is a negative and
weak correlation between annual cost and lead time. This finding indicates that the classification
determined by considering only one characteristic is insufficient to represent the other characteristics of
SKUEs.

The second striking point is that the BORDA ranking has a positive and moderate relationship with other
rankings. This finding indicates that the proposed approach creates a balance between SKU
characteristics. While this balance causes a weakness in capturing the superior performance of the SKUs
in other characteristics, on the other hand, it allows for the representation of other characteristics of the
SKUs according to the classification based on only one characteristic.

The ability of the proposed classification approach to balance and represent all features is also shown in
Table 4, which shows the comparison of the classifications. In addition, analysing the classes to which
the SKUs belong on the horizontal axis provides clues as to how considering a single characteristic may
mislead the decision maker. For example, while S28 is in class A in BORDA classification, it is in
different classes in classifications based on other characteristics. A similar example is S18. The main
reason for results such as these is the position of SKUs in the ranking. For example, if a SKU ranked in
class C in the ranking according to any characteristic is ranked in a position close to class B, it is possible
that it is ranked in class B in the BORDA ranking. This situation emphasises the consensus feature of
BORDA ranking.

Table 4: Classification Comparison of the Proposed Approach and Traditional Approaches

SKUs BORDA Average Annual Lead
Method Unit Cost ($) Cost ($) Time

S2 A A A B

S9 A B A

S10 A A B B

S13 A A B A

S14 A A B B

S28 A B C A

S29 A A C A

S1 B C A C

S3 B C A C

S5 B B A C

S8 B B B C

S12 B C B B

S15 B B B C

S18 B C B A
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Conclusion

Inventory management is concerned with managing the balance between stock-outs and overstocking.
Since itis difficult to implement an optimal inventory policy for all products in the inventory, inventories
are classified according to their importance. Inventory classification can be done with traditional
approaches by considering a single characteristic such as monetary value, and lead time. However, a
single characteristic is not sufficient to represent all the characteristics of the inventory. For this purpose,
multi-criteria inventory classification approaches are adopted. These approaches can process many
characteristics of the inventory with algorithms that require intensive calculation and expertise. SMES
have difficulty in employing personnel capable of applying multi-criteria inventory classification
approaches. This situation emphasises the need for an inventory classification approach that can handle
the multifaceted nature of inventory but is simple to use.

In this research, we present a method that enables classification by the combined ranking that results
from the mixture of the rankings of the inventory characteristics used in the traditional approaches with
the BORDA method. The suggested way of doing things is a combination of the individual ranking in a
systematic and unbiased manner to eliminate the possible biases and at the same time, it helps the
decision makers to make the better decisions.

The proposed method is demonstrated using the benchmark dataset that is used in the inventory
classification literature. The relations of the combined ranking obtained by the BORDA method and the
rankings based on other features show that the proposed method can cover other methods but cannot
capture the extreme cases. Taking into account the fact that the objective of the proposed approach is to
be a functional and accessible tool for enterprises such as SMEs, it is clear that it meets the expectations
of it by combining a large number of features in a simple way.

The classification provided by the BORDA method can serve as a valuable tool for simplifying inventory
management decisions in SMEs. This approach can be easily integrated into processes like stock
management, reordering decisions, and optimizing inventory costs. Its simplicity enables SMEs to
develop effective inventory strategies, even with limited resources. The systematic and unbiased nature
of the classification process also promotes more efficient resource use.

The BORDA method is particularly well-suited for small businesses and environments with limited
technical expertise. It offers an ideal solution for SMEs by allowing SKUs to be classified without the
need for complex algorithms or extensive datasets. This method is especially effective in stable or less
volatile markets, where its simplicity helps speed up decision-making, saving both time and costs in
day-to-day inventory management.

However, the BORDA method may not be the best choice in every situation. It may fall short when
dealing with more complex SKU interactions or rapidly changing market conditions. For example, in
large enterprises with extensive product ranges or in dynamic markets, the simplicity of the BORDA
method may be inadequate. In such cases, more sophisticated methods that require detailed analysis
might be necessary to achieve better results in inventory management. Therefore, it's important to
carefully consider the specific circumstances before applying the BORDA method.
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Genisletilmis Ozet

Envanter yonetimi, operasyonel verimlilik, miisteri memnuniyeti ve maliyet kontrolii agisindan 6énemli
bir siiregtir. Teknik olarak bakildiginda dogru miktar, zaman ve fiyattan stok tutma birimlerinin
(SKU'larin) temin edilmesini igeren bir prosediirdiir. Bu prosediirde, karar vericiler stoksuz kalma ve
agir1 stoklama arasinda dengeyi korumaya cabalarlar. Bu her bir SKU i¢in optimal envanter politikasi
yluriitmekle miimkiindiir. Ancak, envanter sayisinin fazlaligi nedeniyle her SKU ig¢in ayr1 envanter
politikasinin takip edilmesi miimkiin degildir. Bu durumda envanter siniflandirma yoluyla SKU’lar
benzer dzelliklerine gére homojen az sayida siniflara ayirmak envanterin etkin olarak yonetilmesine
imkan tanimaktadir.

Envanter siiflandirmast literatiiriinde yaygin olarak kullanilan geleneksel yaklagimlar sunlardir: ABC,
VED, XYZ, HML ve FSN. Bu yaklagimlar, SKU'lar1 belirli bir 6zellige gére siniflandirir. Ornegin, ABC
siiflandirma yaklagimi, SKU'larin parasal degerine odaklanir. Bu yaklasimda, A sinifindaki SKU'lar
envanterin kiigiik bir kismmi olusturur ancak deger acisindan biiylik bir paya sahiptir. B sinifindaki
SKU'lar miktar acisindan A simifi kadar 6nemli degildir, ancak yine de deger agisindan énemlidir. C
sinifindaki SKU'lar envanterin ¢ogunlugunu olusturur ancak bireysel olarak az degere sahiptir. ABC
yaklagimi, karar vericilere SKU'larin parasal degerine gore daha fazla odaklanmalar1 gereken SKU'lar
belirlemesinde rehberlik eder ve kaynaklar1 etkili bir sekilde kullanmalarina yardimer olur. Ancak,
envanter siniflandirma kararim SKU’larin pek c¢ok &zelligi etkiliyor olmasina ragmen sadece bir
ozelligin dikkate aliniyor olmasi, geleneksel siniflandirma yaklagimlarinin bir zayifligidir. Bu durumu
tolere etmek icin, herhangi iki geleneksel yaklasimi birlestiren matris yaklagimlari arastirmalarda
benimsenmektedir. Ornegin, ABC ve VED yaklasimlarinin birlesimi olan ABC-VED matrisi. VED
yaklagimi SKU'larin kritiklik diizeyine odaklandigindan, ABC-VED matrisi SKU'lar1 hem parasal
degere hem de kritiklik diizeyine gore siniflandirir. Bu tiir birlesik yaklagimlar, matris formunda, sadece
iki SKU o6zelligi dikkate almarak karar vericilere daha detayli bir analiz sunar. Ancak, matris
yaklagimlarla elde edilen smiflandirma bile, envanter yonetimi karmasikliginda dikkate alinmasi
gereken ¢ok sayida 6zelligi temsil etmek i¢in yeterli degildir. Bu sinirlamalar, aragtirmacilari ¢ok kriterli
karar verme, optimizasyon ve sezgisel algoritmalar gibi daha gelismis tekniklere yonlendirmistir. Bu
teknikler ¢ok sayida SKU ozelligini ¢esitli algoritmalarla isleyerek karar vericinin siiflandirmasina
hazirlarlar. Ancak avantajlarina ragmen yogun teknik bilgi ve uzmanlik gerektirir. Bazi durumlarda bu
dezavantajlar bu teknikleri kullanilmasinda en biiyiik engeldir.

Kiigiik ve orta dlcekli isletmelerin (KOBI'lerin) gelismis envanter simiflandirma tekniklerini planlama
ve uygulama konusunda bir dizi zorlukla karsilastiklar: bilinmektedir. Bu zorluklarin basinda, sinirli
kaynaklara sahip olmalar1 gelmektedir; ayrica genellikle envanter yonetimine odaklanmis uzman
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personel eksikligi problem vardir. Geleneksel ve matris envanter siniflandirma yontemleri, belirli bir
dlciide kullan1lmalarina ragmen, KOBI'ler icin yeterli degildirler. Geleneksel yontemler genellikle fazla
basit olabilirken, matris yontemleri yeterli dlgiide kapsayict degildir. KOBI'lerin karsilasti1 sorunlar
arasinda, kullanic1 dostu karmagik envanter yonetim yazilimlari, egitim programlar ve alaninda uzman
danismanlar veya uzmanlarla iliskiler bulunmaktadir. Ancak bu sayede, KOBI'ler pazarlarin siirekli
degisen ortaminda is akislarini ve is performanslarini optimize edebilirler.

Envanter yonetimi konusundaki sorunlar, KOBI'lerin karsilastig1 en dnemli konulardan biridir. Yapilan
aragtirmalar, KOBI'lerin genellikle envanter kontroliinde zorluklar yasadiklarini ve ya fazla envanter ya
da stok sikintilari ile sonuglanabileceklerini gostermektedir. Bu nedenle, KOBI'lerin bu zorluklarla basa
cikabilmeleri ve basarili bir envanter yonetimi stratejisi gelistirebilmeleri i¢cin uygun destek ve ¢oziimler
saglanmas1 6nemlidir. Bu durumda, bir¢ok 6zelligi kapsayabilen ve kullanimi kolay bir yonteme ihtiyag
duyulmaktadir.

Bu ¢aligma, KOBI'lerin vasifsiz yoneticilerine yardimer olmak amaciyla, BORDA yontemiyle gesitli
envanter Ozelliklerini birlestiren bir siniflandirma yaklasimimi tanitmaktadir. Onerilen envanter
siniflandirma yaklasimi, KOBI'lerin ihtiyaglarmi karsilamay: hedefleyerek envanter y&netiminde
karmasgiklik ile erisilebilirlik arasinda bir denge kurmay1 amaglamaktadir. Bu yaklagimin mantig1, farkl
geleneksel yaklasimlarin siralamalarini birlestirerek bir bilesik siralama elde etmektir. Boylece, ¢ok
sayida ozelligi dikkate alarak gelismis siniflandirma tekniklerinden asagi kalinmazken, ayni zamanda
basit bir birlestirme prosediirii ile karar vericilere hitap ederek karmagik matematiksel modellere veya
algoritmalara ihtiyaci ortadan kaldirir. Bu yaklagim, karmagiklik ile erisilebilirlik arasinda
konumlanarak isletmelerin operasyonel verimliligini ve maliyet etkinligini artirmada pragmatik bir rol
oynamaktadir. Onerilen yaklasimin avantajlarina ek olarak, dezavantajlar1 da bulunmaktadir. Siralama
birlestirme siirecinin basitligi, SKU 6zelliklerindeki ince detaylar1 gdzden kagirma riski tagiyabilir. Ayni
nedenle, Ozellikle dinamik pazar kosullarimi veya gesitli iiriin portfoylerini igeren zorlu envanter
yonetimi senaryolarini ele almak igin gereken karmasikhig: saglamada yetersiz olabilir. Onerilen
yaklagimin avantajlar1 ve dezavantajlar1 goz oOniine alindiginda, yaklasimin faydalarinin isletme
gereksinimlerine ve karar vericilerin teknik bilgi seviyesine bagli olarak degisebilecegi sdylenebilir.

Bu arastirmada oOnerilen envanter simflandirma yaklasimi, KOBI'lerin envanter yonetiminde
karmagiklik ve erisilebilirlik arasinda denge kurmayi amacglamaktadir. Bu yaklagimi mantigi, farklh
geleneksel envanter yonetimi yaklagimlarinin siralamalarini birlestirerek bir bilesik siralama elde
etmektir, boylece KOBI'ler i¢in karmasik olmayan ancak kapsamli ve pratik bir ara¢ sunmaktadir.
Onerilen yaklasimin akis1 sdyle oOzetlenebilir. Ik olarak karar vericinin her SKU'nun 6zellikleri
hakkinda bilgi edinmesini ve bu 6zelliklere gore siralamasini igerir. Bu siralamalar daha sonra Borda
yontemi kullanilarak birlestirilir; bu teknik, bireysel tercihleri birlestirerek bir bilesik siralama olusturur.
SKU'lar daha sonra bu birlesik siralamaya gore siniflandirilir.

Onerilen envanter siniflandirma ydnteminin avantajlar1 ve dezavantajlari su sekilde tartisilabilir. SKU
ozelliklerini siniflandirarak karar vericilere tam bir resim sunar, boylece dogru karar1 almalarini saglar.
Ayrica, BORDA yo6nteminin kullanimi, bireysel SKU siralamalarinin sistematik ve tarafsiz bir sekilde
birlestirilmesiyle Onyargi olasiligim1 ortadan kaldirir. Siralamanin birlestirilmesine dayali SKU
siiflandirmasi siniflandirmay1 kolaylastirir ve yiiksek performans gosteren SKU'larin belirlenmesini
basitlestirir. Bununla birlikte, onerilen yaklagim, SKU o6zellikleri siralamasina dayandigi i¢in asiri
basitlestirme nedeni olabilir ve bu nedenle farkli 6zellikler arasindaki etkilesimleri agiklamak miimkiin
olmayabilir. Yontem, kolay kararlar i¢in uygundur ancak karmasik is problemlerinde zorluk yasayabilir.
Ozellikle, uzmanlasmis veya nis iiriinlerde, onerilen yaklasim g¢alismayabilir ve {iriinlerin yanlis
smiflandirilmasina veya 6nemli faktorlerin goz ardi edilmesine neden olabilir. Sonug olarak, énerilen
yontem SKU siiflandirmast igin basit bir yol olmasina ragmen, asir1 basitlestirme ve sofistike olmamasi
kompleks is diinyasinda uygulanabilir olmamasinin nedeni olabilir.

Borda yontemi tercihe gore adaylar1 siralayan bir oy verme sistemidir ve farkli tercih listelerindeki
alternatiflerin siralamalarim dikkate alarak final siralamay1 olusturan bir bilgi birlestirme teknigidir.
Borda yontemi, karar verenler tarafindan yapilan siralamalarin sonuglarini birlestirmek igin kullanilan
bir tekniktir. Bu yontem, sadece oy verme ve karar alma alanlarinda degil, ayn1 zamanda akademik
dergilerdeki alintilarda, risk algisimin analizinde ve aktif dagitim aglarmin ekonomik isletme

1677



Simsek, A.B.,1661-1678

degerlendirmesinde de kullanilmistir. Farkli alanlardaki siralamalart ve tercihleri bir araya getirerek
bilgiyi yapilandirmak ve nihai siralamay1 veya karari olusturmak i¢in sistematik ve yapilandirilmis bir
yol sunan Borda yontemi, ¢ok yonlii ve kullanigh bir aractir.

Borda yontemi, her siralama yonteminin ayni agirliga sahip oldugunu diistinmektedir. Bu teknik, her bir
siralamadaki m alternatifin birinci sirasina m — 1 azalan bir deger, ikinci sirasina m — 2 ve son alternatife
0 degeri verilerek bir puanlama sistemine dayanmaktadir. Tiim siralamalardan elde edilen puanlara gore
alternatiflerin azalan siraya konulmasiyla son siralama yapilir.

Borda yontemi, farkli siralamalarin birlestirilmesi ve tercihlerin yapilandirilmasi konusunda etkili bir
arag¢ olup, karar verme siireclerinde kapsamli ve dengeli sonuclar elde etmek i¢in kullanilmaktadir. Bu
yontem, karar vericilerin farkli tercihleri ve siralamalar bir araya getirerek nihai bir karar verme
mekanizmasi olusturmalarina yardimci olmaktadir.

Onerilen envanter simflandirma yaklasimmin uygulamasi, envanter simiflandirma literatiiriinde test
verisi olarak kullanilan bir veri seti ile gosterilmistir. Veri seti, ortalama birim maliyet, y1llik maliyet ve
teslim siiresi gibi 6zelliklere sahip 47 SKU’yu kapsamaktadir. Ilk asamada, SKU'lar bu dzelliklere gore
siralanmis ve puanlanmistir. Daha sonra, bu puanlarin toplanmasiyla Borda Skorlar1 elde edilmis ve
nihai birlesik siralama olusturulmustur. SKU'lar, literatiirde onerilen yiizdelikler temel alinarak A, B
veya C siniflaria ayrilmistir. Buna gore en tstteki %15'lik dilim A sinifina, sonraki %25 B sinifina ve
geriye kalan %60 C siifina yerlestirilmistir.

Birlestirilmis siralama ve 6zellikler bazindaki siralamalarin korelasyonu incelenmistir. Spearman Rank
Korelasyon katsayilari, 6nerilen yaklagim hakkinda ilging bulgular ortaya koymaktadir. SKU 6zellikleri
arasinda diisiik bir korelasyon oldugu goriilmiistiir; bu durum, yalnizca bir 6zellik temel alinarak yapilan
siniflandirmanin yetersiz oldugunu gdstermektedir. Ancak Borda siralamasi, diger siralamalarla pozitif
ve orta derecede bir iliski géstermektedir. Bu da Borda yonteminin gesitli 6zellikleri temsil etmede daha
basarili oldugunu gostermektedir. Simiflandirmalarin karsilastirilmasi, Borda yonteminin farkli SKU
ozelliklerini dengeleyen bir uzlasma siralamasi sagladigini vurgulamaktadir. Bu yaklagim, yalnizca bir
ozelligi dikkate alarak yapilabilecek potansiyel yanlis siniflandirmalar1 6nleyebilir. Borda yonteminin
tiim 6zellikleri dengelemesi ve temsil etmesi, KOBI'ler igin envanter simiflandirmasinda etkinligini
gostermektedir.

Bu calisma, Borda yontemini kullanarak onerilen envanter siniflandirma yaklasimmin KOBI'lerdeki
vasifsiz yoneticiler i¢in degerli bir ara¢ oldugunu ortaya koymaktadir. Siniflandirma siirecini
basitlestirerek ve ayni anda birden fazla 6zelligi dikkate alarak, bu yaklasim, kii¢iik ve orta ol¢ekli
isletmelerde envanter yonetimi igin pratik ve etkili bir ¢6ziim sunmaktadir.
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