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ABSTRACT. In the present paper, we propose a heuristic for identifying the
key supplier of a company. In order to develop the supplier’s evaluation tool,
we use the multicriterial data analysis. The main statistical instrument here is
the principal component analysis. Using the data from all realized orders of a
chosen company in Slovakia from the year 2017, we identify its key supplier.
Hence, this study helps to close the gap between theoretical work on principal
component analysis and actual practice. The importance of the present work
underlines the fact that the company is planning to sign an exclusive contract
with the recommended supplier.

1. Introduction

Businesses of today are depending on strategic relations between customers
and their suppliers. According to [2], one of the most critical activities a firm
should focus on is suppliers’ selection, evaluation, and involvement. The effective
selection of business partners is one of the most important issues in business,
as the selection of the right suppliers that fit companies strategy may reflect
in drastic cost savings.

The enterprises are forced to make improvements in their supply chain man-
agement [4] due to competition in a global environment [12], in order to produce
low cost, but high-quality products that earn both customers and suppliers sat-
isfaction [2] and fulfill the market requirements efficiently and dynamic [I] with
all the respect to increased environmental asserts [7], [23].
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Mainly the suppliers are selected by companies based on three basic factors,
in particular: their ability to meet some quality standards, their delivery schedule
and the price they offer. However, in modern management, there are several
other factors that have to be taken into account in order to establish a long-
term relationship between suppliers and customers [21].

A lot of papers about supplier evaluation and selection process based on dif-
ferent multiple criteria have been published since 1960s [30]. In the past years,
this process has undergone a significant change due to increased technological ca-
pabilities and newly developed methodologies. The focus is concentrated on the
identification of selection criteria for suppliers’ evaluation by various businesses
in the marketplace. [15]

Hence, in the spotlight of many researchers (see, e.g., [0], [9], [13], [15], [18],
[20], [22], [30]) is the analysis of key performance indicators such as geographical
location of supplier; net price after discounts and charges; production facilities
and capacities; continuous improvement; ability to be flexible in changes of or-
dered volumes; delivery time; reasonable tenure; performance history of each
supplier or personal relationships that can result in mutual cost reductions.
Whereas the price seems to be the main and stable key factor from cost-saving
point of view [6], [I3], another factors such as the geographical location have
decreased in significance in the last years [I8]. On the other hand, the good
interaction between the purchasers and the technical staff of the company grown
in its importance [27]. It was observed that there is a correlation between the
supplier evaluation process and the supplier relationships [31]. Evaluation of the
existing suppliers brings benefits mainly in the form of better all-round service,
improved overall quality, delivery performance and relationships, not rarely sav-
ings in monetary and other measurable terms [8], [I9], [29]. Therefore, it is
imperative for a company to clarify what type of relationship is desired with
its suppliers [I6], clearly define the objectives of the company [24], [32], and
deduce the preferred key evaluation criteria for the particular company because
the results of various studies are different.

The most important factors according to [I0] are the quality, delivery, and
performance history. According to [30], these factors are the net price, delivery
time and quality. Results of another study [15] showed that the most important
factors are the attitude of the vendor towards the customer, supplier delivery
time, product quality and price. The first one is most surprising.

Weber in [29] demonstrates the use of data envelopment analysis as a tool
for measuring the performance of vendors on multiple criteria. He identifies
three main approaches for evaluation, namely: categorical, weighted point and
cost ratio.
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The first one influences the company to initially decide the evaluation pa-
rameters of their suppliers. Some form of the rating system such as neutral,
satisfactory or preferred should be assigned to these parameters. After the sum
of all parameters is calculated, the supplier with the highest score is chosen.
Each parameter is equally weighted. Although this could be considered as disad-
vantage of this method [I5], this method is preferred by companies with limited
resources. The implementation of this method is easy. The second approach is
known as the linear average of the weighted-point method. By Chen et al. [3]
it can be used by most firms. This method is more objective than the categor-
ical one. Here the factors are weighted according to their importance and each
weighting is multiplied by the assigned performance score. A sum consisting
of each criterion’s result defines the final rating of suppliers. The third approach
is the cost-ratio method in which the cost of each factor is calculated and it
is given as a percentage of total purchases. The supplier with the lowest net
adjusted cost is chosen as the key supplier of the company. This method is very
complex and requires a well-designed cost-accounting system. Therefore, it is
not the first choice approach of small firms. Since financial sources of companies
are limited, not all existing suppliers are evaluated.

The objective of this study is to identify the key supplier of a chosen company
based on the data of all company’s orders during the year 2017. The multicri-
terial data analysis is used here in order to develop a suppliers’ evaluation tool.
The main software used is Statistica 12 and the main statistical instrument here
is the principal component analysis. According to our knowledge, this method
for identification of exclusive supplier was not used in the same context before.
Moreover, this study helps to close the gap between theoretical work on principal
component analysis and actual practice. Its importance underlines the fact that
an exclusive contract will be subscribed with the identified key supplier in the
near future.

The remainder of this paper is divided into five main sections. The following
(second) section provides a brief explanation of the need of this study. The third
section outlines the methodology employed in this research. The way of data
processing is described in the fourth section. The fifth one shows the results and
provides the discussion about the key findings. Conclusions and recommenda-
tions can be found in the last section.

2. Case studies specification

In contrast to several studies dealing with the identification of the key crite-
ria for best supplier determination we are going more into individual business.
We introduce a strategy for identification of an exclusive supplier for a small
company in east of Slovakia dealing with the renovation of historical vehicles.
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The renovation of historical vehicles is a very specific field of business and
there are only few suppliers satisfying the requirements of the company.
Therefore, the list of suppliers is relatively small and their objectives are often
very different and incomparable. The more specific is the renovation business
(with conditions for the used parts for their originality, identity, adequacy...)
the greater is the challenge to identify the key partner of the company.

In a small firm, such as the chosen one, the selection of the supplier is subject
to 1-2 persons who have cumulative function of the purchaser, the decision-
maker, the authorizing officer, the guardian and, not rarely the user as well.
Since inventory management for the company is not their primary job, the
time perspective does not allow them to concentrate on time-consuming broad-
spectrum market research for each order. The prior experience with the supplier
plays a significant role in the purchase. Therefore, the company is interested
in identifying which supplier or suppliers out of the already existing partners
is/are exclusive for the entity in order to subscribe exclusive contract(s) with
it/them. The benefits of such contracts can be seen in the economic sphere—
—promising more favorable supply and pricing conditions as well as simplifying
the work process.

3. Methodology

In order to solve a practical problem like this, mathematical tools of multi-
criterial data analysis are of use and the principal component analysis (PCA),
see, e.g., [I4], [25] and [26], is worth for application. Based on the data collected
from all the orders from all the suppliers of the company in the year 2017, a
basic database was created. The obtained data were compared and analyzed on
monthly basis and for each month of the year 2017 individually the PCA was
used and the key factors were determined. Based on this, point scales were de-
termined for each criterion and the intervals of values reached by the individual
criterion in a given month were proportionally divided. According to the value
of the criterion in each month and its facility into the respective interval, the
points were assigned to each supplier on monthly basis. The cumulative score
of obtained points in the year 2017 determined the key suppliers of the com-
pany. With the first one in the list, the company is planning to sign an exclusive
contract in the near future.

Out of the four basic research techniques: study of documents, observations,
interviews and questionnaires [3] we have used the first three here. The study
of the available literature about known evaluation methods and criteria deter-
mined the framework of this paper. The observations were made after analysis,
selection and evaluation of collected internal company’s documents.
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Hence, the primary sources of information were obtained through research in the
chosen enterprise, secondary data through literature research. Both qualitative
and quantitative data were gathered.

4. Data processing

In order to identify the individual suppliers of the company, 12 basic tables
were prepared—each one for one month of the year 2017, see [28]. These ta-
bles show processed records about all executed orders for the company in 2017.
For each order the records include: supplier’s name, its scope of the assortment,
the type of ordered item, date of order and delivery, the total delivery time, the
price for one item, the number of ordered pieces, the total price for all ordered
pieces, package information, the price for delivery of one item and all the or-
dered items, the total price for all the ordered items inclusive delivery and the
identification of the envisaged usage of each item.

Afterwards, the data from these tables were arranged into another 12 ta-
bles processed on a monthly basis, where only the data relevant for PCA were
outlined, namely:

Supp. No.: identification of the supplier by its preassigned number;

ADT: average delivery time in days;
TP: total price for all ordered items in EUR,;
API: average price for an item in the order in EUR;
TD: total price for delivery in EUR,;
AD: average price for delivery of one item of the order in EUR;
NP: the number of ordered pieces;

ANPI: the average number of ordered pieces per item;

NOR: the number of orders realized.

These key performance indicators for evaluating the suppliers were chosen after

the interview with forwarding agents of the enterprise. Table 1 shows a part
of the processed data related to January 2017.

Since it is difficult to determine which of the key performance indicators has
a greater influence on the supplier’s exclusivity, before assigning some weights
in the form of point’s intervals to each indicator, we used the principal compo-
nent analysis. PCA became the main statistical instrument used in this study.
It has been chosen in order to transform the original variables into a smaller set
of linear combinations. Here the principal components are arranged according
to their relevance, by the decreasing variance. The first one accounts as much
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TABLE 1. Processed data related to January 2017.

Supp. No. | ADT | TP | API| TD | AD | NP | ANPI | NOR |

1 3.22 | 196.79 | 7.57 |29.40 | 1.13 | 2148 | 82.60 10
2 3.00 | 214.71 | 10.74 | 20.25 | 1.01 | 42 2.10
3 6.42 | 102.95 | 14.71 | 11.81 | 1.69 | 39 5.57
20 27.00 | 21.93 | 21.93 | 3.00 | 3.00 3 3.00 1

of the variability in the data as possible, the second one has the orthogonal po-
sition to the preceding component and has the highest variance among all rest
orthogonal components and so on. Clearly, it is possible that there are several
principal components reciprocally not correlated [17].

There are several ways how to determine the number of components that best
describe the relationship among the variables. One of them is Kaiser’s criterion
according to which it is enough to investigate only factors with an eigenvalue
greater or equal to 1 [26]. The other approach uses the fractional residual vari-
ance plots for PCA, where the theoretical values are the contribution from the
residual eigenvalues. Here we search for the greatest V-cut of the curve after
which it reaches a flat plateau. The number of factors before this V-cut defines
the required number of principal components. [11]

We have used the second approach thanks to which it was possible to decrease
the original space of variables into 2—-3 dimensional one, see Figure 1. As the
number of determined key performance indicators of suppliers was relatively
small, we come to a decision for the 2-dimensional space. From the projection
of the key performance indicators into the factor space, see Figure 2, we could
order them according to the importance in every month of the year 2017. Factors
located closer to the center of the circle had smaller importance that those with
greater distance from the center. The numeric values of the coordinates of the
key performance indicators in the 2-dimensional factor space for each month
of the year 2017 can be found in [2§].

The smaller was the angle between the key performance indicator, the center
of the circle and another key performance indicator, the greater was their cor-
relation. In the case that this angle was close to 90°, there was no correlation
between the variables, and in the case it was close to 180°, the correlation was
negative. By using the software Statistica one can easily get a table of correla-
tion of the key performance indicators with remarkable correlations highlighted.
In [28], it can be find for each month of the year 2017.
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FIGURE 1. The fractional residual variance plots for PCA related to data
from January 2017.

Based on the observed importance of the key performance indicators, point
scales were assigned to each of them as follows: For each month of the year
2017 the key indicators were ordered according to their importance that is di-
rectly proportional to their distance from the centre of the circle in Figure 2.
Those indicators, that attained first place in this ordering for the year 2017 most
often, were considered as most important ones, and therefore, the widest scale
of points was assigned to them. The lesser importance of the indicator was de-
termined, the tighter was the scale of points assigned to the respective indicator.
Therefore, a scale of 1-10 points was assigned to the indicators with the greatest
importance, namely, the number of realized orders (NOR) and the total price for
the items (TP). From 8 down to 1 points were assigned according to indicator
total delivery price (TD). Within the indicator number of ordered pieces (NP)
and average number of ordered pieces per item (ANPI) it was possible to earn
1-6 points and for average price for item in order (API) 1-4 points. The aver-
age delivery price (AD) and the average delivery time (ADT) were of the least
importance, therefore the assigned (indirect proportional) scales in these cases
were 1-2 points.
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FI1GURE 2. The projection of the key performance indicators into the factor

space related to data from January 2017. (The graph corresponds to all
suppliers.)

The point values related to the key performance indicators were assigned to
suppliers on monthly basis using interval sorting. These points were summarized
for each month of the year 2017, see the last column of Table 2. The total amount
of the earned points in the year 2017 determined the required order of suppliers.

TABLE 2. Counting the total points achieved by the suppliers of January 2017.

Supp. No. H ADT‘TP \ API‘TD \ AD \ NP \ ANPI‘NOR‘ ) \

1 2 10 1 1 2 6 6 10 38
2 2 10 1 3 2 1 1 8 28
3 2 ) 1 ) 2 1 1 3 20
20 1 1 1 8 2 1 1 1 16
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5. Results and discussion

We found out that during the year 2017 the company was cooperating with in
total 40 different suppliers. These have earned in total from 12 up to 412 points
in our evaluation model. Table 3 shows the form of the obtained results. Clearly,
it is reduced.

The highest score 412 points was earned by the Supplier No. 1. The second
highest score was assigned to the Supplier No. 2: 286 points. Supplier No. 11
earned 190 points, what was the third highest value. The gap between the
fourth and the fifth place was very tight. Supplier No. 7 achieved 141 points and
Supplier No. 8 got 140 points. The average earned score was 65,95 points.

TABLE 3. Reduced table of counting the total points achieved by the sup-
pliers in each month of the year 2017.

‘S.NO.HI‘II‘III‘IV‘V‘VI‘VII‘VIII‘IX‘X‘XII‘XII‘ 2‘

1 38 37| 32|29 |27 38 | 31 40 29 | 33| 38 40 | 412
28119 24 |30 23] O 27 24 30 | 28| 24 29 | 286
2000|281 0 0 0 17 0 19 1 0 19 0 103

7 18114 17 | 23 | O 0 15 0 0 |22 18 14 | 141
17 | 14 | 16 0 |24 15 0 16 0 |23 15 0 140

11 23|17 0 | 20 |16 | 32 | 23 0 0 | 17| 20 22 | 190

20 16| 0 0 0 0 0 0 0 0 0 0 0 16

21 0(121] 0O 0 0 0 0 0 0 0 0 0 21
22 0 (18] 16 | O 0 0 0 0 201 0 0 0 54
34 010 0 0 0 0 0 0 12 1 0 0 0 12
40 010 0 0 0 0 0 0 0 0 0 21 21
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According to our supplier’s evaluation, we suggest the firm to subscribe an
exclusive contract with the Supplier No. 1. Although the highest earned point
score determined very clearly this key supplier of the company, all the 5 suppliers
mentioned above can be considered as strategic partners for the firm.

The presented way of supplier’s evaluation does not fit in detail to any of the
three main approaches for supplier’s evaluation identified by Weber [29] and
mentioned in the introduction of this paper. It has the most in common with the
second mentioned approach—the linear average of the weighted-point method.

The basis for the difference between the method mentioned by Weber [29]
and the method presented in this paper can be find in the fact that we are
going more into individual business and react on the needs of one concrete firm.
The key performance indicators for evaluating the suppliers were also not chosen
according to results of some general research study, but after the interview with
forwarding agents of the entity.

The processed data were original data from all the orders of the firm during
the year 2017, the real data. Hence, the results of this study are both valuable
and sensitive for this company. Therefore, naturally, its name, as well as the
names of its suppliers is not highlighted in this paper.

6. Conclusions

In this paper, we proposed a model framework for supplier’s evaluation and
a heuristic for company’s key supplier identification based on point’s assigna-
tion. In order to decide about the range of point’s scales assigned to every spot-
ted factor of exclusivity, we have used one of the multicriterial data processing
methods—the principal component analysis.

The PCA together with the appropriate heuristic gives an evaluation tool.
We agree with [I5] that the tool itself does not lead to improvements per se.
It is the practical use of the tool that closes the gap between theoretical work
and practice and lies one step towards a better cooperation with the suppliers.

Therefore, the suggested way of an exclusive supplier’s identification was
applied on the internal data of a chosen company in east of Slovakia dealing
with a specific kind of business—the renovation of historical vehicles. An exclu-
sive supplier of this company as well as its key partners was identified.

The company is planning to subscribe an exclusive contract with the identified
exclusive supplier in the near future. This fact underlines the importance of the
presented work.
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