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ABSTRACT: Evaluation of raw material suppliers by measuring their performance is an
important thing that must be done in order to support companies to meet consumer desires and
win market competition. In accordance with the development of the application of industry 4.0,
we need a model that is more reliable and able to utilize the available data. This study seeks to
design a supplier evaluation model in the food industry with case studies in the processed
cheese industry through techniques in data science. This research was conducted at a processed
cheddar cheese company, with the main raw material being young cheddar cheese imported
from 6 suppliers from Australia-Oceania and America. There were 5 supplier performance
criteria considering in the model, include price, customer care, quantity, and delivery. Data
Envelopment Analysis (DEA) was conducted for data processing in acquisition in supplier
performance. Two machine learning model, Decision Tree (DT) and Artificial Neural Network
(ANN) were developed to assess the supplier performance. The result show that machine
learning approach combined with DEA enable to monitor current supplier performance. The
result show that ANN had the fit accuracy for supplier evaluations with 92.8%.
KEYWORDS: Supply chain management, Supplier Performance, Evaluation Model, Data
Envelopment Analysis, Data Mining, Confusion Matrix

1

INTRODUCTION

The Facing the post-Covid-19 transition period,
the food industry is one of the strategic sectors that
is expected to increase, after the distribution of
vaccines. This is also reinforced with the fact that
food is a basic need of society, and with the opening
of shopping centers, tourist attractions, and
restaurants, all food companies are required to be
competitive in order to meet people's food needs
and satisfy consumer desires.
Competition in the food industry requires all
producers engaged in this field to always evaluate
and improve supply chain performance to be able to
maintain competitive advantages and survive in
winning the market. According to Masudin (2017)
supply chain management is a way to manage the
material flow and information as supporting
facilities between supply chain stakeholders,
including suppliers, sellers, product manufacturing
planning, product integration planning, warehousing
facilities, distribution centers, and retailers. In
addition, supply chain also implies integration and
coordination of “key business processes”, from
suppliers to end users through distribution networks
that add value to the availability of goods or
services to customers (customers).

Supply Chain Management (SCM) is an
approach to efficient integration between suppliers,
manufacturers, distribution centers, wholesalers,
retailers and end consumers. Through the SCM
concept, products can be produced and distributed
in the right quantity, to the right location and at the
right time in order to minimize costs and increase
the level of service satisfaction (Asrol et al., 2017).
In the supply chain concept, suppliers are one of
the most important parts and affect the continuity of
a factory's production. The factory as a system that
carries out production activities requires raw
materials that are met by suppliers. According to
Solihin (2012), suppliers are organizations that
provide inputs for companies such as raw materials,
services, and labor. In designing supply chain
systems, decision makers must engage in strategic
partnerships with potential suppliers. The problem
of supplier selection is a fairly complex problem,
because the problem of supplier selection is a
decision making with many criteria and obstacles.
The problem of supplier selection is always closely
related to the selection of the right supplier which
will make a decision that has broad implications in
a supply chain management. Suppliers play an
important role in achieving customer satisfaction
goals.
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All manufacturing companies have suppliers
who will supply products, either in the form of raw
materials, semi-finished products, or finished
products to support the production process in the
company. The food industry is no exception to
manage the supply chain in the right way. To ensure
the stability of production in food companies from
shortages of raw materials, the company has more
than one supplier for each item of goods, therefore
the criteria for measuring supplier performance are
needed to evaluate the performance of each
supplier. Many manufacturing companies develop
dynamic trading relationships (dynamic trading).
However, it requires a technique or model to select
potential suppliers with the capability of
continuously monitoring and assessing the
performance of their suppliers. According to
Pujawan and Mahendrawati (2010), supplier
selection and evaluation is a strategic activity,
especially if the supplier will supply items that are
in crisis or will be used in the long term as
important suppliers. The criteria used must reflect
the supply chain strategy and the characteristics of
the items to be supplied.
Currently, in accordance with the development
of the application of industry 4.0 and the
availability of supplier performance data, a reliable
model is needed and possible to utilize the available
data. In this study, the design of a supplier
performance evaluation model for a company that
produces processed cheddar cheese is presented by
comparing the Artificial Neural Network (ANN)
model with the Decision Tree.
The purpose of this study is to analyze the
criteria for evaluating supplier performance and
develop a machine learning model to evaluate
supplier performance at the food industry. We apply
supplier performance data based on reliable criteria
from 2018 to December 2020 obtained hedar cheese
industry.

2

RELATED WORKS

2.1 Supplier relationship management
Suppliers are important partners in supporting
the company's strategy, managing suppliers requires
special negotiation skills, because they are not part
of the organization. Supplier performance
evaluations must be considered carefully, because
they can have a very positive impact or vice versa
can also be very detrimental to the overall
performance of the organization. Therefore, a
company must have a good relationship with
suppliers. This supplier relationship with the
company is known as Supplier Relationship
Management (SRM). In other words, SRM is a
comprehensive approach to managing interactions

between organizations with companies that supply
products and services used by organizations.
Supplier selection is one of the most important
issues of the company that must be considered
systematically by decision makers. A company that
decides to buy materials instead of making them
must choose a Supplier. In the process. Supplier
Selection takes into account several factors, such as
inventory and transportation costs, supply
availability, delivery performance, and supplier
quality.
Determination of supplier selection criteria is
important in the supplier selection process. The
criteria used must reflect the company's supply
chain strategy. In general, many companies use
general criteria such as quality, price and on time
delivery. But sometimes there are several other
considerations in choosing a supplier.
Supplier Selection is defined as the process of
finding a Supplier who is able to provide the buyer
with the right quality product or service at the right
price, in the right quantity and in the right time. The
selection of a Supplier for a partnership is perhaps
the most important step in creating a successful
alliance. Selection of the right supplier is an
important factor that affects the end of the buyersupplier relationship. If this process is done
correctly, a higher quality, longer lasting
relationship is more achievable.

2.2 Data envelopment analysis for supplier
evaluations
Data Envelopment Analysis (DEA) was first
developed by Charnes, Chopper, Rhodes (1978)
which is the development of the technical efficiency
concept created by Farrell (1957). DEA was created
as a tool for evaluating the performance of an
activity in an entity unit. In simple terms, the
measurement is expressed as a ratio between output
or input which is a unit of measurement of
productivity that can be expressed partially (for
example, output per hour or output per worker, with
output in the form of sales, profit, and so on) or in
total (involving all outputs and inputs), within an
entity into measurement.
The use of fixed weights for all inputs and
outputs of the evaluated entity is known as the
concept of Total Factor Productivity. This concept
is in contrast to the DEA method which uses
variable weights based on the best possible size for
each entity being evaluated. Data Envelopment
Analysis (DEA) is a mathematical programming
technique, which builds a linear program to identify
non-parametric production boundaries. DEA is a
management tool to evaluate the relative efficiency
level of a DMU (Decision Making Unit) which is
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non-parametric and multi-factor, both input and
output.
Every organization has varying levels of input
and also produces varying levels of output, DEA
has opened up opportunities to deal with cases that
cannot be approached by other methods because of
the complex nature of the relationship between the
many inputs and the many outputs involved. As
with other efficiency measures, the efficiency
measure in DEA is expressed as a ratio of output
divided by input, so that the maximum efficiency
value is one or one hundred percent. According to
Purwantoro (2004) the DEA model used as a tool to
measure performance at least has advantages
compared to other models, does not require the
assumption of a functional relationship between the
measured variables, input and output variables can
have different units of measurement, the equation /
inequality function of the DEA does not require
assumptions related to its input and output and the
measured units will be compared directly with the
units evaluated input and output can have different
units.

which utilizes a test set of classified records to
determine additional classes.
In this research, the company experienced
problems in evaluating suppliers based on criteria
that were in accordance with the company, and the
company needed a model of supplier selection so
that suppliers could carry out their obligations in
providing raw materials needed in the production
process in the supply chain. Therefore, there was no
delay in fulfilling consumer demand.

2.4 Previous Research
Literature review will be useful to determine
research gaps. The results of the literature review in
previous studies with the object of research in the
food industry can be seen in Table 1.
Table 1. Previous Research

2.3 Data science modeling for suppier
performance evaluation
Data science is a technology that combines
traditional analytical methods with sophisticated
algorithms to process large volumes of data. Data
science is a term used to find knowledge hidden in
databases. Data science is a semi-automatic process
that uses statistical, mathematical, artificial
intelligence, and machine learning techniques to
extract and identify potentially useful and useful
knowledge information stored in large databases.
(Turban et al. 2005).
Data mining is a series of processes to explore
added value from a data set in the form of
knowledge that has not been known manually. Keep
in mind that the word mining itself means the effort
to extract valuable bits of data from large amounts
of basic data. Because of that data mining actually
has long roots from fields of science such as
artificial intelligence, machine learning, statistics
and databases. Some of the techniques that are often
mentioned in the data mining literature include
association rule mining, clustering, classification,
neural networks, genetic algorithms and others.
Classification is a technique by looking at the
behavior and attributes of a group that has been
defined. This technique can classify new data by
manipulating existing data that has been classified
and by using the results to provide a number of
rules. These rules are used on new data to be
classified. This technique uses supervised induction,

N
o

Authors

Method

1

Suciadi (2013)

Fuzzy AHP

2

Rinawati et al. (2015)

ANP dan TOPSIS

3

Rosalina N. Aminata
et al. (2015)

Fuzzy AHP

4

Amorim et al. (2016)

Data Envelopment
Analysis (DEA)
dan AHP

5

Ramlan et al. (2016)

AHP

6

Candra et al. (2017)

AHP

7

Taherdoost et al.
(2019)

AHP, ANP, dan
TOPSIS

8

Adhiana (2019)

Fuzzy Promethee

9

Yupei Du et al.
(2020)

Fuzzy AHP

10

Merve Ikinci et al.
(2021)

AHP

Previous research studies or literature review
above, the research gap is formulated as follows:
1. Shows that there are several methods used
in supplier evaluation, and Analytical
Hierarchy Process (AHP) is the most
widely used technique for supplier
assessment by utilizing expert knowledge,
for researchers it is necessary to use other
techniques that are more efficient and in
accordance with developments and
implementation industry 4.0.
2. There is no use of data science techniques
that are used as a model for assessing or
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evaluating supplier performance in the food
industry.

3

RESEARCH METHOD

The research stage is depicted at Figure 1. This
research begins by collecting sample data obtained
from the company and then data pre-processing is
carried out. As the initial stage of data processing,
this research applies the Data Evolvement Analysis
(DEA) method. DEA is a mathematical
programming technique that builds a linear program
to identify non-parametric production boundaries.
DEA is a management tool to evaluate the relative
efficiency level of a DMU (Decision Making Unit)
which is non-parametric and multi-factor, both
input and output.
Furthermore, the results of the evaluation with
the DEA method will be used as a basis for
comparing the two classification techniques in data
mining. Data mining is a technology that combines
traditional analytical methods with sophisticated
algorithms to process large volumes of data.
According to Han J. et al. (2011) explains that data
mining is the selection or digging of knowledge
from large amounts of data. Data mining techniques
have the advantage that they can cover complex
problems and are full of uncertainty and have high
flexibility. The two techniques are compared with
the error rate and the accuracy of the model to
determine the best model for evaluating supplier
performance in the food industry.
Decision tree is the most popular classification
method because it is easy to interpret. A decision
tree is a flowchart structure resembling a tree,
where each internal node represents a test on an
attribute, each branch represents a test result, and a
leaf node represents a class or class distribution.
The path in the decision tree is traced from the root
node to the leaf node which holds the class
prediction for that example. Decision trees are easy
to convert to classification rules.

Figure 1. Research stages

Artificial Neural Network (ANN) is an
information processing paradigm inspired by the
biological nervous system that is similar to the
information processing in the human brain. The
structure of the ANN information processing system
consists of a large number of interconnected
processing
elements
(neurons),
working
simultaneously to solve certain problems. The way
ANN works is similar to how humans work, namely
learning through examples, storing information,
using information to draw conclusions, adapting to
new circumstances, and communicating with users.
The layers that make up the ANN are divided into
3, namely the input layer, the hidden layer, and the
output layer (Sutojo, 2010).
The model accuracy to comparing DT and ANN
is applying confusing matrix. Confusion matrix is
one of the predictive analytic tools that displays and
compares the actual value or the actual value with
the predicted value of the model. There are 4 values
generated in the confusion matrix table, namely TP
(True Positive) is the amount of data whose actual
class is a positive class with the prediction class
being a positive class, FN (False Negative) is the
amount of data whose actual class is a positive class
with the prediction class being a positive class.
negative class, FP (False Positive) is the number of
data whose actual class is a negative class with the
prediction class being a positive class, and TN
(True Negative) is the number of data whose actual
class is a negative class with the prediction class
being a negative class. The illustration of confusion
matrix is depicted at Figure 2 while the model
accuracy was calculated using Equation 1.
Model accuracy =
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input variables and output variables. The input and
output variables identified are the DMU's capability
and performance criteria. Determination of input
and output variables is generated through a
brainstorming process with the company.
Table 2. Criteria Relationship in the Food Industry
The relationship
N with the
o procurement of
raw materials

Figure 2. Confusion matrix

Supplier Performance Assessment
Criteria

P

4

RESULTS AND DISCUSSION

CC

Q

OTD

QTY

V

V

V

V

V

V

V

V

V

2 Quality meet to
RnD request

V

V

3 Availability

V

V

V

V

V

V

Company Vision and Mission
1 Raw materials
according to
standard formula

The availability of goods and the distribution
process are the most important things in the raw
material supply process, so it is very important to
carry out a performance assessment to all suppliers,
in order to maintain production quality, final
customer satisfaction and the sustainability of PT
ABC's company. Determination of supplier
performance assessment criteria is produced
through literature studies and field studies with the
company, so that companies can choose criteria that
are in accordance with standards according to their
field, namely food companies.

Availability of
raw materials

V

HALAL certified
Price is
competitive

4.1 Selection of Supplier Evaluation Criteria

V

Documentation
data can be
fulfilled

There are four supplier assessment criteria
according to Nydick and Hill (1992), namely price,
service, quality, and delivery. Meanwhile,
according to Surjasa et al. (2006), in evaluating
supplier performance there are five criteria, namely
price (P), customer care (CC), quality (Q), on time
delivery (OTD), and quantity (QTY). In
consideration of PT. ABC, five criteria are
considered more appropriate in the assessment of
supplier performance for those who are engaged in
the food industry, this is evidenced by the
relationship of the assessment criteria with the
company's vision and mission and the food safety
quality management system (ISO 22000), which is
shown in Table 2.

V

Food Safety Management (ISO 22000)

4 Good
communication in
the procurement
process

V

5 Good system
management
Documentation
management
6 Well packaged
Cooperative
suppliers in
providing
assistance and
solutions

4.2 Decision Maing Unit Determination for
DEA
The suppliers that will be analyzed are suppliers
who are suppliers of young cheddar cheese, the raw
material which is the main raw material, each
supplier is divided into a Decision-Making Unit
(DMU). The DMU that will be analyzed is a
supplier of young cheddar cheese from several
countries. DMU can be seen in Table 3.
Variables that affect the selection of suppliers of
PT. ABC is grouped into two categories, namely

Delivery of raw
materials is safe
from
contamination of
hazardous
materials
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Table 3. Distribution of DMU Suppliers to PT. ABC
Number

Decision
Making Unit
(DMU)

Supplier Name

1

DMU 1

NZ CHEESE A

2

DMU 2

NZ CHEESE B

3

DMU 3

AUS CHEESE

4

DMU 4

ARG CHEESE

5

DMU 5

USA CHEESE A

6

DMU 6

USA CHEESE B

The placement of input and output variables is
adjusted to the supplier conditions expected by the
company. Where the input variable is a resource
variable that can affect the performance of suppliers
in meeting the needs of orders, while the output
variable is the result that is expected to benefit the
company as a consumer. In this case it is chosen to
use input oriented or output maximization. This is
based on the consideration of the purchasing party
who prioritizes the criteria of quality, price,
delivery, and service. The results of the input
oriented may be able to recommend for increasing
output as well as reducing input at the same time.
The DEA Decision Model can be seen in Figure 3.

DEA method, with the data displayed as an
illustration of the last two data (November and
December 2020).
Table 4. Distribution of DMU Suppliers
Status

Value

Efficient

0.950 - 1,000

Not efficient

0.000 - 0.949

Table 5. Results of Efficiency Values with the DEA
Method
Efficiency
Input
Output
Score
Supplie Perio
r
d
C
QT OT DE
P
Q
Status
C
Y
D
A
NZ A

Nov9
20
73 82 4 98

90

1.00
0
Efficient

NZ A

Dec20

9
73 85 3 99

90

1.00
0
Efficient

NZ B

Nov9
20
76 82 5 95

90

0.96
8
Efficient

NZ B

Dec20

9
76 85 5 98

90

0.96
1
Efficient

AUS

Nov9
20
75 82 5 94

90

0.97
6
Efficient

AUS

Dec20

9
75 78 2 94

90

0.99
2
Efficient

ARG

Nov9
20
78 85 6 91

90

0.94 Not
6
efficient

ARG

Dec20

9
78 85 3 97

90

0.94 Not
5
efficient

Nov9
USA A 20
79 73 2 94

80

0.99
0
Efficient

4.3 Performance Training Data Set Based
on Data Envelopment Analysis (DEA)

DecUSA A 20

9
79 73 0 92

1.00
100 0
Efficient

After knowing the results of the assessment of
each criterion, DMU, input and output variables,
then we can use the dataset as an evaluation
material to examine supplier performance with the
DEA method using DEAP software Ver 2.1.
Based on the results of dataset processing using
DEAP 2.1 software, the efficiency value will be
known. The calculation of the status to be efficient
and inefficient refers to the standards made by PT.
ABC with values range in Table 4.
The sample data to be processed is 216 data,
with details of each DMU having 5 criteria each
with an assessment time span of three years, namely
from January 2018 to December 2020. Table 5 will
show the results of the efficiency value with the

Nov8
USA B 20
78 80 9 91

0.96
100 8
Efficient

DecUSA B 20

80

Figure 3. DEA decision model

9
78 80 1 89

0.96
0
Efficient

4.4 Decision Tree Modelling
A Decision tree or decision tree is a
classification technique in data mining that is used
to see the relationship between each sub-criteria
which in the model applied with the criteria in
determining the supplier selection model. Decision
tree is a popular classification technique that easy to
understand and interpretate by human thinking.
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The decision tree model is a flowchart structure
as a tree model which in the model interpretate class
in the database. In this research, making a supplier
selection model using a decision tree is done using
the Orange Data Mining application. There are
several features used in it, namely the tree model
feature which is visualized with a tree viewer to see
the classification results, and the confusion matrix.
The structural flow of the decision tree modelling
for supplier evaluation in this research is depicted in
Figure 4.

Figure 4. Illustration of the decision tree

The decision tree modelling with the training data
produces 13 rules to evaluate the supplier
performance, as showed as follow:
1. If price score ≤ 77.5, then supplier
performance is efficient
2. If price score is > 77.5 and ≤ 79.1667,
customer care is ≤ 80.0 then supplier
performance is efficient
3. If price score is > 79.1667, customer care is ≤
80.0, quantity score is ≤ 97.0833, nilai kriteria
kualitasnya ≤ 87.3737 then supplier
performance is efficient
actual
4. If price score is > 79.1667, customer care is ≤
80.0, quantity score is ≤ 97.0833, quality
score is > 87.3737 then supplier performance
is efficient
5. If price score is > 79.1667, customer care is ≤
80.0, quantity score is > 97.0833 then the
supplier performance is efficient
6. If price score is > 77.5, customer care is >
80.0, quantity score is ≤ 98.7755, on time
delivery score is ≤ 90.0 then supplier
performance is not efficient
7. If price score is > 77.5, customer care is >
80.0, quantity score is ≤ 98.7755, on time
delivery score is ≥ 90.0, nilai kriteria quality
≤ 90.5063 then supplier performance is not
efficient
8. If price score is > 77.5 dan ≤ 78.3333,
customer care is > 80.0, quantity score is ≤
95, on time delivery score is ≥ 90.0, quality
score is ≥ 90.5063, then supplier performance
is not efficient
9. If price score is > 78.3333, customer care is >
80.0 quantity score is ≤ 95, on time delivery

score is > 90.0, quality score is > 90.5063,
then supplier performance is not efficient
10. If price score is > 77.5, customer care is >
80.0 quantity score is > 98.7755 dan ≤ 95, on
time delivery score is > 90.0, quality score >
90.5063 then supplier performance is efficient
11. If price score is > 77.5, customer care is >
80.0 quantity score is > 98.7755 dan ≤
99.1837 then supplier performance is efficient
12. If price score is > 77.5, customer care is >
80.0 quantity score is > 98.7755, quality score
≤ 91.9028 then supplier performance is
efficient
13. If price score is > 77.5, customer care is >
80.0, quantity score is > 99.1837, quality
score > 91.9028 then supplier performance is
not efficient
The level of model accuracy is calculated
through the confusion matrix as shown at the Table
4.5. It is illustrated that there are 24 class with
misclassification in the model compared to the
actual data. Confusion Matrix of Decision Tree
Model can be seen in Table 6.
Table 6. Confusion Matrix of Decision Tree Model
Predicted
EFFICIENT

NOT
EFFICIENT

Ʃ

EFFICIENT

70

12

82

NOT
EFFICIENT

12

58

70

Ʃ

82

70

152

4.5 Artificial Neural Network Modeling
Artificial Neural Network (ANN) or artificial
neural network is an information processing
technique or approach inspired by the workings of
the biological nervous system. Neural Network
consists of neurons that adjust the value of the
weights that exist in each connectivity from input,
neuron, output. In this ANN processing uses 100
neurons. Illustration of ANN process using
ORANGE can be seen in Figure 5.

Figure 5. Illustration of ANN modelling
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industry, the criteria assessed consider the
company's vision and mission and food quality
safety standards (ISO 22000 and HACCP).

Table 7. Confusion Matrix of ANN
Predicted

actual

EFFICIENT

NOT
EFFICIENT

Ʃ

EFFICIENT

77

5

82

NOT
EFFICIENT

6

64

70

Ʃ

83

69

152

The level of model accuracy is calculated
through the confusion matrix. Confution matrix
results from the ANN model using ORANGE.
Confusion matrix of ANN model can be seen in
Table 7.

4.6 Artificial Neural Network Modeling
After the decision tree and ANN assessment
models have been evaluated using ORANGE Data
Mining, the evaluation results will be compared to
find out which model is the most accurate and will
be chosen as the best model for supplier
performance assessment. The comparison results
can be seen in Table 8.
Based on the comparison of the data in the table
above, it can be concluded that the ANN model
with an accuracy value of 92.8% has a higher
accuracy rate than the decision tree model with an
accuracy value of 84.2%. Therefore, from this
comparison, it can be concluded that the ANN
model is the best model in the process of evaluating
the performance of processed cheddar cheese
suppliers, by evaluating the model using ORANGE
Data Mining.
Table 8. Comparison of hybrid model accuracy

5

Model

Accuracy

Decision Tree

84.2%

ANN

92.8%

CONCLUSION

Based on the research that has been done
regarding the design of the supplier performance
evaluation model in the processed cheddar cheese
industry, the following conclusions can be drawn:
1. Based on the comparison results of the supplier
performance evaluation model, the Artificial
Neural Network classification method is better
than the Decision Tree model. From the
Artificial Neural Network classification method
obtained rules and supplier selection models
that can classify suppliers into efficient and
inefficient supplier categories.
2. design supplier performance evaluation in the
supply chain of PT. ABC is engaged in the food

6
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