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ABSTRACT
In this study, it is aimed to minimize the cost and waste by estimating the number of people who eat food in places where
mass food is produced. In this study, support vector machines, one of the regression methods, were used and the results
were compared with the regression methods used in the previous studies. Used data set was obtained from the university
refectory. The data set was trained and tested with the support vector machine method and the number of people eating was
estimated. In the study, prediction models, linear, quadratic, cubic, fine gaussian, medium gaussian and coarse gaussian
support vector machine models were used. When these models and other regression models used previously were compared,
the best results were obtained in the fine gaussion support vector machine model.
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computational burden on the SVM training process.
Therefore, SVM can perform its tasks with a simple
learning algorithm even in the most complex nonlinear
learning processes (Çomak, 2008).
The data set used in the research was divided into two
groups as test and training data sets, and after the model
was trained with training data estimates were obtained
with test data. These operations were performed in
MATLAB software environment.
Six different SVR models were designed in this
study. These are Linear SVR, Quadratic SVR, Cubic
SVR, Fine Gaussian SVR, Medium Gaussian SVR and
Coarse Gaussian SVR models.

1. INTRODUCTION
Today, the food sector; with the developing industry,
the globalizing world, the growth of large and small
enterprises, the opening of various educational
institutions and new shopping spaces, it is growing day
by day. With this growth, food companies are gaining
momentum. In continuous works and organizations
catering companies, in shopping centers restaurants and
in schools and workplaces refectories come to the
forefront. As the food market continues to develop, cost
is the most important problem affecting companies.
Every company that produces food wants to minimize its
cost. In this case, the most important role in the costs is to
determine the exact number of people eating. With the
error in the number of people who eat food, there may be
an increase in costs and wastes, as well as problems such
as lack of food.
The aim of this study is to estimate the number of
people who will eat that day according to the meal to be
prepared by using data from the university refectory.
Accordingly, it is aimed to prevent the problems that may
arise if too much or less food is produced. Various
regression methods were used to solve the problem. Data
were trained with support vector regression (SVR)
models for estimation using supervised machine learning
with the Regression Learner App in MATLAB's statistics
and machine learning toolbox.
Support vector machines (SVM); are training
algorithms used for learning, classification, clustering,
prediction and finally generating regression rules from
data. The theoretical foundations of the SVM were first
laid by V. Vapnik in the 1960s and then proposed for
classification (Çomak, 2004).
The SVM-based model is called SVR for regression.
SVR uses the principle of minimizing structural risk,
which is aimed at reducing not only the experimental
measurement error, but also the upper limit of the
generalization error, compared to conventional
supervised learning methods of neural networks (Karal,
2018).
Basically, a SVM creates a hyperplane or a series of
hyperplanes in a high or infinitely dimensional field to
solve classification or regression problems. With the help
of the hyperplane located between the maximum distance
to the nearest data points of each class, the given data set
is distinguished (Demren, 2011).
SVMs have become a subject of intense work. It has
been successfully applied to classification tasks and more
recently as regression (Müller et al., 1997).
In theory, SVM is a learning algorithm based on
statistical learning theory suitable for small sample.
Converts the problem of solving optimal classification
margin to the problem of optimal hyperplane research
between two classes (Zhiwei et al., 2009).
The basic idea in the SVM regression method is that
there is a linear differential function that reflects the
character of the educational data at hand as close to reality
as possible and fits the statistical learning theory. Similar
to classification, the kernel functions are used to process
nonlinear states in regression. With the use of kernel
functions, SVM becomes a linear model in high
dimensional attribute space. Since all the necessary
calculations are performed in the input space, the
mapping to the higher dimensional property space from
the input space does not impose an additional

2. DATASET AND MODELS
2.1. Dataset
The data set consists of 241 rows and 9 columns.
Before these values were used, the text in it was converted
to numeric values. In addition, a grouping operation was
performed for similar data. In this way, the learning
ability of the network is increased. The dataset has 9
properties. 8 of them are input data (weekdays, salary
days, soups, main course, side meal, Ramadan, holiday
and exam week) and 1 (number of people) output data.
Table 1 shows an example of the attribute content. An
example of a dataset converted to numeric values is given
in Table 2.
Table 1. A sample of dataset content
Attribute
Days of the Week (A)
Salary Day (B)
Soups (C)
Main Courses (D)

Range
1-5
0-1
0-9
0-14

Side Meal ( E)

0-5

Ramadan (F)
Holiday (G)
Exam Week (H)
Number of People (I)

0-1
0-1
0-1
0-9

Description
Monday,Tuesday, etc.
Salary day or not
Chicken, Lentil, etc.
Beef meal, Chicken
meal, etc.
Rice, pasta with sauce,
etc.
Ramadan or not
Holiday or not
Exam week or not
Number of people eating
at the dining hall

Table 2. A sample of dataset
A
3
4
5
1
2
3
4
5
1
3

B
0
0
0
0
0
0
0
0
0
1

C
3
3
5
0
3
3
5
3
3
3

D
3
12
2
5
10
5
14
3
8
2

E
1
0
4
4
1
1
5
2
1
1

F
0
0
0
1
1
1
1
1
1
1

G
1
1
1
1
1
1
1
1
1
1

H
0
0
0
1
1
1
1
1
0
0

I
1
2
2
0
0
0
0
0
0
0

2.2. Regression Learner
The concept of regression was first introduced by a
British statistician named Francis Galton in the 19 th
century, during a biological study. Francis Galton
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developed regression as a concept and method during
these researches. Karl Pearson, R.A. Fisher and Udny
Yüle developed this method by adapting it to more
general statistical fields. The Least Squares Method,
which was found by Adrien Marie Legendre in 1805, is
the first form of regression method. Then in 1809 C.F.
Gauss explained the same method. These two scientists
discovered the Least Squares method while making
astronomical observations to determine the orbits of the
satellites around the Sun. Regression Analysis; is a
method used to investigate the numerical relationship
between dependent and independent variables. The
dependent variable (the variable described, the response
variable, also called the result variable) is the variable that
is considered to be affected by the independent variable.
The independent variable (descriptive variable, also
called the active variable) is the variable that is thought to
affect the dependent variable. In Regression Analysis; if
there is one dependent and one independent variable,
Simple Regression Analysis method is applied. If there is
one dependent variable and more than one independent
variable multiple regression analysis method is applied. If
there is more than one dependent variable, Multivariate
Regression analysis method is applied. If the relationship
between the variables is linear, it is called Linear
Regression Analysis, otherwise it is called Curvilinear
Regression Analysis (Deniz and Koç, 2019).
The Regression Learner application included in
MATLAB's toolbox contains many models. These
models train the data appropriate to the problem, put it
into the test process and perform estimation. It gives the
user the results of the transaction in the form of graphs
and error rates. It is possible to reduce error rates and
improve performance due to its advanced features.

2.2.3. Regression tree
Tree-structured classification and regression are nonparametric, computationally intensive methods that have
greatly increased in popularity in recent years. It can be
applied to data sets that contain both multiple cases and
multiple data. They are highly resistant to variables and
outliers (Sutton, 2005).
The classification and regression tree method is
referred to by different names according to the
characteristics of the analyzed data. If the dependent
variable is categorical, the Classification Tree is used and
in case of continuous variable, the Regression Tree is
used (Kayri and Boysan, 2008).
Decision trees (DT) form classification and regression
models as a tree structure according to the structure of the
data sets that constitute a problem. The comprehensibility
of the decision rules used in the construction of these tree
structures made the use of the method widespread. DT
performs a simple decision making process by
transforming complex data into a staged state with a
multi-step and sequential approach in solving the
classification and regression problem. If the target
attributes to be predicted as a result of classification or
regression process by DT method consists of discrete data
or certain categories, the model called as classification
tree. If the attribute data consists of continuous variables,
the model is called as regression tree
2012).
Regression trees are a special type of decision tree
that deals with a continuous target variable. These
methods perform induction through an efficient recursive
partitioning algorithm. The test selection in each node of
the tree is usually guided by the least squares error
criterion. Binary trees think that each tree node has a twoway division (Torgo, 1997).
DT forms a classification and regression model as a
tree structure depending on the structure of a given
problem. Tree structures consist of rules. The fact that the
rules are understandable makes the use of the method
easy and practical. DT, in solving a problem, performs a
simple decision-making process after multi-stage and
sequential processes. While the attributes to be estimated
in the classification tree consist of discrete data, the
attribute data in the regression tree consist of continuous
variables. A simple regression tree structure is shown in
Figure 1. In this structure, each attribute is represented by
a node. The top part of the tree structure consists of roots

2.2.1. Support vector regression
SVM is an educated learning method developed by
Vapnik and is used for classification and regression. This
method is much better in performance and ability to solve
nonlinear problems compared to other traditional learning
methods. The adaptation of SVM for regression,
commonly used for classification problems, was
proposed by Smola et al. This method is called SVR (Aci
et al., 2017).

2.2.2. Gaussian process regression
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and the bottom part consists of leaves; relations between
roots, leaves and nodes are defined as branches. While
constructing DT structure, decision rules are formed by
asking some questions to the data. Questions are asked at
the root node, branching of the tree continues until the

Fine Tree
Medium Tree
Coarse Tree

1.0664
1.2196
1.6752

0.7348
0.8162
0.9326

0.9165
0.90
0.8660

Figure 1-13 shows the performance graphs of SVR,
GPR and regression tree models. The X-axis of the graph
shows all data consisting of 241 rows, and the Y-axis
represents the result data. The fields shown in black
represent the actual values and the fields shown in gray
represent the estimated values. Fine Gaussian SVR,
Exponential GPR and Fine Tree models achieved the best
performance results.

3. RESULTS AND DISCUSSIONS
All prediction models were evaluated in terms of three
performances measured, (1) R value is used for
measuring the correlation between target and predicted
values, (2) MSE measures the average of the squares of
the errors, (3) MAE measures the closeness of the
predictions to the target values (Witten and Frank, 2005).
Equations of these performance measures are given in
equations (1), (2) and (3), respectively.
(1)
(2)
(3)
where n is the number of data points used for testing, Pi
is the predicted value, Oi is the observed value and Om is
the average of the observed values.
According to the results given in Table 3, 4 and 5, the
following results are obtained:
In the SVR model, the best results were obtained with
Fine Gaussian SVR. MSE was calculated as 0.7082,
MAE was calculated as 0.5590 and R was calculated as
0.9433.
The best results were achieved with Exponential GPR.
In this model, 1.2613 value was obtained for MSE,
0.8772 for MAE, and 0.90 for R.
In Regression Tree model, the best result was achieved
with Fine Tree. The values for MSE, MAE and R were
calculated as 1.0664, 0.7348 and 0.9165, respectively.
According to all results, SVR is the most successful
model among the regression models used.

Fig. 1. Response graph of linear SVR model

Table 3. The results obtained with the SVR model.
Models
Linear SVR
Quadratic SVR
Cubic SVR
Fine Gaussian SVR
Medium Gaussian SVR
Coarse Gaussian SVR

MSE
2.2707
1.8078
1.5947
0.7082
1.0607
2.2172

MAE
1.1765
1.0279
0.8802
0.5590
0.9396
1.1702

Fig. 2. Response graph of quadratic SVR model

R
0.8124
0.8544
0.8717
0.9433
0.8717
0.8124

Table 4. The results obtained with the GPR model.
Models
Rational Quadratic GPR
Squared Exponential GPR
Matern 5/2 GPR
Exponential GPR

MSE
1.8657
1.8657
1.8464
1.2613

MAE
1.0723
1.0723
1.0680
0.8772

R
0.8485
0.8485
0.8485
0.90

Table 5. The results obtained with the Regression Tress
model.
Models

MSE

MAE

Fig. 3. Response graph of cubic SVR model

R
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Fig. 4. Response graph of fine gaussian SVR model

Fig. 7. Response graph of rational quadratic GPR model

Fig. 5. Response graph of medium gaussian SVR model

Fig. 8. Response graph of squared exponential GPR
model

Fig. 6. Response graph of coarse gaussian SVR model

Fig. 9. Response graph of matern 5/2 GPR model
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Fig. 10. Response graph of exponential GPR model

Fig. 13. Response graph of coarse tree regression model

4. CONCLUSION
In this study, different regression models were
designed to predict the number of people who eat
according to the food to be prepared using the data
obtained from the university refectory and the results
were compared. It has been concluded that exponential
GSR, fine tree and fine gaussian SVR methods are more
successful than the other methods among the three models
and a total of 13 methods. Among the regression models,
the support vector regression model was found to be the
best model. Successful results show that existing methods
can be improved and better results can be obtained by
using different methods / models.
Fig. 11. Response graph of fine tree regression model

ACKNOWLEDGEMENTS
This study was supported by Mersin University Scientific
Research Projects Unit with Project Number 2019-1TP2-3215.

REFERENCES
simulation duration of carbon nanotube using support
Journal of the Faculty of
Engineering and Architecture of Gazi University, Vol.32,
No.3, pp.901-907.
Çomak, E.(2004). Proposals to solve support vector
machines multiclass problems, MSc Thesis, Selcuk
University, Konya, Turkey.
Fig. 12. Response graph of medium tree regression model

Çomak, E.(2008). New approaches for effective training
of support vector machines, PhD Thesis, Selcuk
University, Konya, Turkey.
Demren, D.(2011). Electrical load demand forecasting
application using support vector machines, MSc Thesis,
Istanbul Technical University, Istanbul, Turkey.
economic growth and some macro variables in turkey :
Journal of
Business Research, Vol.11 No.1, pp.101-113.
Fairbrother, J., Nemeth, C., Rischard, M. and Brea, J.

6

2nd Cilicia International Symposium On Engineering And Technology
10-12 October, 2019, Mersin / TURKEY

(2018). GaussianProcesses. jl: A nonparametric bayes
package for the Julia Language. arXiv preprint
arXiv:1812.09064.
Journal of the Faculty of
Engineering & Architecture of Gazi University, Vol.33,
No.2, pp.746-747.
sment of relation
between cognitive vulnerability and depressions level by
H.U.
Journal of Education, Vol.34, No.34, pp.168-177.

Journal of
Map, Vol.147, No.3, pp. 21-33.
Müller, R. K., Smola, A. J., Ratsch, G., Scholkopf, B.,
Proc.,
International Conference On Artificial Neural Networks,
ICANN, Berlin, Germany, pp.1327.
s
grade point average by using the data mining
Journal of Information Technologies, Vol. 6
No.3, pp.7-16.
ICML, Porto, Portugal, pp. 385-393.
Witten, I. H., Frank, E., Hall, M. A. and Pal, C. J.
(2016). Data Mining: Practical Machine Learning Tools
and Techniques, Morgan Kaufmann, Burlingon, USA.
least squares support vector machine for regression to
Chinese Journal of Aeronautics,
Vol.22, No.2, pp.160-166.
Zhang, N., Xiong, J., Zhong, J. and Leatham, K. (2018).
for highIn 2018 Eighth International Conference on Information
Science and Technology (ICIST), pp. 358-363.
Zha

-

In International Conference on Neural Information
Processing, Washington, USA, pp. 519-529.

7

