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Abstract. For the problem of ordering and transportation of raw materials in production enterprises,
a comprehensive score of supplier supply characteristics is established based on the entropy value
method, and a mathematical model reflecting the importance of guaranteeing the production of
enterprises is established. Firstly, based on the raw material suppliers' supply data, we get the better
60 suppliers according to the total supply; secondly, secondly, based on the supply and ordering
data, we excavate the indexes to measure the supply characteristics of each supplier, and carry out
the Pearson correlation analysis, and get the four indexes which are weakly correlated with the type
of materials supplied by the suppliers, order fulfillment, stability of supply, and enterprise purchasing.
Finally, the entropy value method is used to determine the weight of each indicator, to construct the
indicator system reflecting the importance of safeguarding the production of the enterprise, to obtain
the comprehensive score of the supply characteristics of the 60 suppliers after screening, and to
determine the top 50 suppliers such as S361, S218, etc. as the most important suppliers according
to the descending order of the score.
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1. Introduction

The procurement and transportation costs of raw materials directly impact a company's production
efficiency. To ensure normal production and operation, a company needs to quantitatively analyze
the supply characteristics of its suppliers and establish a scientifically sound mathematical model that
reflects the importance of safeguarding its own production. This will help in devising the best raw
material procurement and transportation plans tailored to the specific circumstances of the suppliers.

In this context, the question provides data for the past five years, including the order quantity and
supply quantity from 402 raw material suppliers, as well as the transportation loss rates from 8
transportation companies. The goal is to analyze the relevant data, taking into account practical
considerations such as the company's production capacity and production demands, and address the
following issue:

Considering factors such as the type of materials supplied and order fulfillment rates,
quantitatively assess the supply characteristics of the 402 raw material suppliers. Simultaneously,
establish a mathematical model that reflects the importance of safeguarding the company's production,
using this model as the basis to identify the top 50 most critical suppliers.

2. ldentification of Key Suppliers

2.1. Analysis of Approach

The first question requires data mining and processing of basic data, based on the order quantity
and supply quantity data from raw material suppliers. This involves a comprehensive evaluation of
supplier's operations, credibility, strength, and other aspects to derive four key indicators: material
types supplied, order fulfillment rate, supplier supply stability, and enterprise procurement ratio. The
reasonableness of these indicators is then validated through Pearson correlation analysis.
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Subsequently, the entropy method is used to determine indicator weights, leading to the
construction of an indicator system that reflects the importance of safeguarding the company's
production. This process results in a composite score for the supply characteristics of 60 selected
suppliers, which are then ranked in descending order to identify the top 50 most important suppliers.

2.2. Data Preprocessing

Due to long-term operational and transportation cost considerations, the company will not
establish long-term cooperation with suppliers with low supply volumes, thus based on the formulal.

G=3%2g (1)
Where: G is the total supply quantity from a single supplier; g_i is the supply quantity from a

single supplier for the i-th week. The calculation results in the ascending order of the total supply
quantity from 402 raw material suppliers over the past five years, as shown in Table 1.

Table 1: The total supply quantity from 402 raw material suppliers over the past five years

Supplier ID | Total Supply Quantity(m3)
5014 28
S015 28
5026 28
5056 28
5108 240950
5140 302047
S361 328080
5229 354887

Through the analysis, it was found that there was a significant gap of 1095 m"3 between the total
supply quantities of the 343rd and 344th suppliers when sorted by total supply quantity. Considering
long-term operational and transportation cost factors, and without being influenced by other factors,
the company tends to prefer suppliers with a larger total supply quantity. Therefore, based on the total
supply quantity data, 60 optimal suppliers were selected with total supply quantities falling in the
range of 1525 to 354,887 m”3, as shown in Table 2.

Table 2: 60 Optimal Suppliers Selected Based on Total Supply Quantity

S129 | S023 | S314 | S150 | S123 | S266
S005 | S007 | S154 | S291 | S078 | S208
S189 | §292 | §273 | §114 | S074 | S003
S218 | 210 | $229 | S244 | S086 | S294
S080 | S346 | SO55 | S367 | S364 | S338
5S040 | S031 | S365 | S284 | S126 | S374
Supplier ID | S037 | S247 | S395 | S307 | S201 | S143
S352 | §348 | S194 | S306 | S268 | S356
S§330 | S308 | S131 | S139 | $329 | §275
5282 | S340 | S151 | S108 | S140 | S361

2.3. Model Formulation and Solution

2.3.1 Quantitative Indicator Selection and Numerical Processing

The core of influencing the company's raw material procurement and transportation plan is how to
select suppliers. The quantification of supplier supply characteristics is the first issue that needs to be
addressed. In actual transactions, for enterprises, the type of materials supplied by suppliers and
supply stability not only directly reflect the stability of the supplier's operations, but also indirectly
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depict the supplier's strength. Additionally, the credibility of the supplier and their influence among
similar suppliers are also important factors that cannot be ignored.

Based on the fundamental fact that companies will prioritize establishing cooperation with
suppliers who are strong in strength, high in credibility, and influential among their peers, combined
with the order quantity and supply quantity data of 402 raw material suppliers provided in Attachment
1 over the past five years, the main consideration is the four key indicators related to the supply
characteristics of the supplier: the type of materials supplied, order fulfillment rate, supplier order
stability, and enterprise procurement ratio.

1. The type of materials supplied.

As one of the primary factors for the selection of suppliers by the company, the type of materials
supplied by the supplier should be given priority. The materials supplied by the supplier are classified
into three levels: A, B, and C. The cost expenses for producing each cubic meter of product are used
as the standard for numerical processing, based on Formula 2

M=PxS )

Where: M represents the production cost per cubic meter of the product; P is the unit price of raw
materials; S is the quantity of various raw materials required to produce one cubic meter of the product.
The cost of producing one cubic meter of the product using only A, B, or C materials can be calculated
as shown in Formula 3.

M, =0.72
M, = 0.726 3)
M, =0.72

Given a certain supply volume from the supplier, the company will prioritize the purchase of Class
C materials with a lower unit price. The category of materials supplied by the supplier is denoted as
x; and is quantified as shown in Formula 4.

(1, A
x; =42, B 4)

3, C

2. Order Fulfillment

Based on the number of orders received from suppliers and the actual number of orders fulfilled,
not all suppliers are able to fulfill their commitments by transacting with the enterprise within the
specified time as agreed. Supplier order fulfillment is an important factor reflecting the credibility of
suppliers, and the higher the order fulfillment rate, the higher the trust the enterprise has in the supplier,
and the more willing the enterprise is to establish a stable cooperative relationship with them. Supplier
order fulfillment is represented by x2, as per Formula 5.

X2 =7 ®)

Whereas: z represents the total number of orders actually completed by the supplier; d denotes the
total number of orders received by the supplier, to calculate the indicator value of order fulfillment
for each supplier.

3. Supply Stability

Supplier supply stability reflects the operational stability of the supplier and is also an important
metric for quantifying supplier delivery characteristics within a company. Based on the supply
volume data from raw material suppliers, the supplier's supply stability is determined by considering
the difference between the average supply volume (m3week) and the maximum supply volume
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(m3week) of the raw material supplier. Supplier supply stability is represented by x5, as defined by
Equation 6.

x; = max(g;) — (©)

Where: G is the total supply volume from a single supplier; f is the total number of weeks where
the supplier's supply volume is not zero; g_i represents the supply volume of the individual supplier
for the i-th week. This calculation yields the indicator value for the supply stability of each supplier.

4. Enterprise Procurement Ratio

Procurement is a core component of enterprise management and represents a crucial resource for
profit generation. It holds a pivotal position in the normal operations of an enterprise. The ratio of the
number of times an enterprise purchases raw materials from a specific supplier to the total number of
procurement occasions not only reflects the supplier's influence among similar suppliers but also
demonstrates the frequency of interaction between the enterprise and that supplier. The enterprise's
procurement ratio is denoted as x, and can be calculated using formula 7.

Cm
Xy = P (7)

Wherein, c,, representsthe number of times an enterprise purchases raw materials from a specific
supplier, and c, represents the total number of procurement occasions. These values are used to
calculate the enterprise's procurement ratio for various suppliers.

The results of numerical processing for the four indicators are shown in Table 3.

Table 3 Numerical Processing Results of the Four Indicators

supplier The type of _materials O_rder Sup_p!y Enterprise Pr_ocurement
D supplied Fulfillment Stability Ratio
X1 X X3 Xy
S$129 3 0.945812808 135.0572917 0.003465862
5023 3 0.83125 115.7368421 0.003706768
S314 3 1 32.89361702 0.003795403
S$150 2 1 559.475 0.004104489
5123 2 1 87.12916667 0.014656618

2.3.2 Indicator Validity Test

To further validate the rationality of quantitative indicator selection, an analysis was conducted on
the four correlated indicators provided, namely material type, order completion rate, supply stability,
and enterprise procurement ratio, in order to assess the degree of correlation between two of these
indicators. This was accomplished using Formula 8.

p =20 =D — ) + I (g — 02X, (0 — §)? (8)
The heatmap in Figure 1 displays the Pearson correlation coefficients calculated between the
indicators pairwise.
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Figure 1 Correlation Coefficient Heatmap

The correlation coefficient heatmap indicates that the maximum value of |p| is below 0.3,
suggesting a weak correlation between pairwise indicators. This implies that the four indicators,
namely material type, order fulfillment rate, supply stability, and enterprise procurement ratio, have
a quantifiable ability to characterize raw material supplier supply characteristics, and this finding is
reasonably justified.

2.3.3 Establishment of a Model Reflecting the Importance of Ensuring Enterprise Production
Based on the Entropy Weighting Method

Step 1: Standardization

= o ®
e (10)
Step 2: Calculating P-Values
Py =Xj; + ?lei*j (11)
Step 3: Calculating Entropy (e-Entropy)
ej = —k X1 (P X InPyj (12)
Step 4: Calculating d
d=1-¢ (13)
Step 5: Calculating w to Obtain the Weights of Each Variable
wj = d; + XL, 4 (14)
Step 6: Calculating the Score
Score = Z7=1(Wj X Xl*]) (15)

The weights of various indicators calculated using the entropy method and the composite scores
of the supply characteristics of the top 60 better-performing companies are shown in Figure 2 and
Table 4.
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Figure 2 The weights of each indicator
Table 4 Composite scores for supply characteristics of the 60 better firms

Supplier ID | Composite scores
S$361 0.981045379
5268 0.956582036
5306 0.95393836
5140 0.538586064
5348 0.449902366
5201 0.224329456

According to the comprehensive score of 60 better companies, the suppliers with high scores are
prioritized, so the top 50 are taken as the 50 most important suppliers, and the results are shown in
Table 5.

Table 5 50 most important suppliers

S$361 | §218 | §329 | S114 | §340
S$268 | §314 | §282 | §291 | S131
$306 | §284 | §352 | S151 | SO31
$194 | S086 | 210 | S189 | §346
$356 | S003 | 266 | S078 | §040
§247 | §129 | §123 | S005 | S364
8365 | S074 | S007 | S273 | §367
$294 | 5037 | §023 | 126 | S055
S080 | §229 | S150 | S307 | §338
5244 | 8275 | S§143 | §374 | §395

3. Summary

First of all, based on the original data raw material supplier supply data, according to the total
supply of high and low to get a better 60 suppliers; Secondly, based on the supply and order quantity
data mining to measure the supply characteristics of each supplier's indicators, and Pearson
correlation analysis, to get the degree of correlation between the suppliers of the type of material
supplied by the weaker degree of completion of the order of the four indicators; Finally, the use of
entropy method to determine the weight of each indicator, to build a reflective guarantee of the
importance of the enterprise's production of the indicator system, to get the screened 60 suppliers to
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supply the characteristics of the composite score, according to the score of the descending order of
the determination of the first 50 for the most important suppliers.
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