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Article Info Abstract

Article History: Meeting customer needs in a timely manner has a significant impact on

Received: 08.12.2021 customer satisfaction. For this reason, the planning process has successfully

Revised: 08.07.2022 influenced the success of sales activities. The crucial point for the success of

Accepted: 08.07.2022 the planning process depends on the sales forecasts. Sales forecasting
estimates the quantity required by the customer needs. It helps in
determining sales targets as campaigns, pricing, brand and product

Keywords:

Sales prediction,
Atrtificial neural network,

communication, and distribution channels are incorporated in the sales
forecast. In this paper, we use regression and artificial neural networks to
predict automobile sales in Turkey. The performance of regression is
compared with that of an artificial neural network, and it is shown which

Regression analysis network is able to predict. Thus, the result of the study, automobile sales in

Turkey, was predicted and compared with the actual sales for 2020. The
result is that the best prediction method will determine the automobile sales
in Turkey.

1. Introduction

The ability of companies to forecast sales helps them achieve top rankings in their sectors. Therefore, all companies
follow different strategies to stay ahead of the competition. Successfully predicting the future of sales not only
helps them to improve sales performance but also to manage the business effectively. In addition, it is important
to identify early warning signs and risks in the sales pipeline.

There are two primary methods of demand forecasting: qualitative and quantitative. Qualitative methods are
generally used for studies based on subjective thoughts and surveys. However, quantitative methods are very
suitable for sales forecasting. One of the quantitative methods is regression analysis. This method was selected in
this study to determine the relationship between the relevant independent variables. Artificial neural networks are
also used to predict sales volume because they are used in too many different fields.

Depending on the method of calculation, there are many methods of regression analysis that are also evaluated.
The best method selected to compare with the results is the artificial neural network. At the same time, the collected
data were processed using SPSS to find the best method for regression analysis. In addition, some of the
independent variables were eliminated because the regression analysis did not affect the results too much. The
study continued with six independent variables. The independent variables used in this study are consumer price
index, consumer price index (motor vehicle cost), Brent gasoline futures, dollar exchange rate, unit import index,
unit export index, industrial production index, economic confidence index, lending rates, deposit rates, total money
supply, and unemployment rate.

The choice of artificial neural network analysis method in MATLAB was related to the studies conducted

previously. According to recent studies, there is no particular relationship between the number of hidden networks
and the results and recommends a heuristic approach. For this reason, different iterations were created with
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different sets of neurons and a different ratio of validation to testing. All predictions were compared with the actual
results, and the iteration with the best error rate was selected.

The datasets were taken from TUIK (Turkish Statistical Institute) and the EVDS system (Turkish Central Bank).
They cover the data between January 2009 and December 2020. For each independent variable, the data are taken
as the average of the relevant months. In this way, peaks and troughs are eliminated.

In this paper, the best method is determined using linear regression and artificial neural network results. We have
chosen linear regression as one of the forecasting methods because of its popularity in recent studies. Moreover,
artificial neural networks are widely used in previous studies. When we compared them in terms of the time taken
to achieve prediction, linear regression seems to take a fast path to prediction. However, it was expected that ANN
could adapt to the nonlinearities in the dataset to outperform linear regression. Therefore, we decided to compare
them to see how the errors change. Moreover, the peaks of the error are interpreted to develop a systematic
prediction for automobile sales in Turkey.

2. Literature Survey

Herrera (2010) addressed the prediction of water consumption and demand in an urban area of a city in
southeastern Spain. Their models were built using time series data of water consumption. All the prediction models
such as artificial neural networks (ANN), Projection pursuit regression (PPR), Multivariate adaptive regression
splines (MARS), Support vector regression (SVR), Random forecast, and Weighted pattern-based model for
predicting water demand were evaluated using an experimental methodology, so this study is very important.

Yiicesoy (2011), in addition to the identification of artificial neural networks and demand forecasting, an
application was also created for this study. It is used to predict the annual sales volume of cleaning paper in Turkey.
The data used for this study are from 1981 to 2010, and independent variables are production volume, import
volume, the price index of the paper and printing industry, gross domestic product, population, urban population,
and literacy rate. In addition, the performance of simple regression, multiple regression, and artificial neural
networks is shown. In conclusion, the compared results show that artificial neural networks are an efficient tool
for forecasting.

Wu & Liu (2012) in this study, have worked on a car fuel consumption prediction system using radial basis
function network and backpropagation neural network. Mainly five kinds of engineering variables affect the fuel
consumption used for the calculations. The result of this study is that the proposed neural network system is
effective and satisfactory in predicting fuel consumption.

Kilig (2015), the researcher has worked on the study of predicting the daily food demand in the dining hall of PAU.
This study is different from the others in terms of data preparation. The intelligent identity database system
recorded all the data. They were processed using SPSS, and the relationship between the data was tested.
According to the relationship, the data is divided into two parts with the help of tests & training. Consequently,
the researcher obtained better results by artificial intelligence methods.

Akyurt (2017), this study aimed to predict the automobile production values of Turkey in 2023. The input value
of the study is the monthly sales figures between January 2011 and September 2015. A feed-forward neural
network model trained with a backpropagation algorithm was used to estimate demand for this time series - the
performance of the model was measured using MAPE and MSE.

Santoni (2020) aimed to create a neural network trained to predict the occurrence of kidney cancer in the US. Their
method chooses three layers for computation and changes the number of neurons of the hidden layer, starting with
five and increasing. Mean square normalized error performance and correlation coefficients for linear regression
were used to assign a value to learning performance. The results show that the prevention of hypertension has the
greatest impact on reducing the incidence of renal cell carcinoma. In contrast, preventing obesity and smoking
would have a smaller effect.

Yazicioglu (2010) has also worked with data from the automotive industry, but the main differences are the data
range used and the focused data set. In contrast, the searcher focused on predicting the value of automobile
production in Turkey. It can also be very useful in helping industrial companies manage their pre-production
phases. Another difference is the scope of data in this study. Most studies on these areas show that the data breadth
should be as large as possible.
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Wang (2011) has dealt with the prediction of automobile sales in Taiwan. The study used several independent
variables, such as the current number of automobile sales, coincidence indicator, leading indicator, wholesale price
index, and income. The first step of the study is a stepwise regression analysis to determine the main output
variables. Then select the variables, input, and output in adaptive network based fuzzy inference system (ANFIS).
The third step of the study is to compare this model with two forecasting models: autoregressive integrated moving
average model (ARIMA) and artificial neural network (ANN). Finally, better results were obtained with the
ANFIS method.

Loureiro (2018) This study investigates the use of a deep learning approach to predict sales in the fashion industry
to predict the sales of new individual products in future seasons. Five types of prediction methods are used:
Decision Trees, Random Forest, Support Vector Regression, Artificial Neural Networks, and Deep Neural
Networks. Also, work to determine the best method. Distinguish this from the other studies by diversifying the
independent variables for each method. The result of the study: if R? is used as a measure of accuracy, Random
Forest can be considered the best technique. When the decision is based on error related metrics, Random Forest
shares the lead with the deep neural network as each of these techniques gives the best results for two out of four
metrics.

This study differs from others, not only in terms of the subject but also in the elimination method used in the
regression analysis. The results of backward elimination of irrelevant independent variables were never used for
prediction. In addition, related studies primarily focused on predicting production quantity; however, the main
objective of this study is to explain the relationship between quantity-based sales and economic indicators. It aimed
to see the overall picture of the market.

3. Dataset

The source of the data used in this study is shown in Table 1. The data collected from EVDS and TUIK were
created as monthly averages, and the data collected from Investing show the first day of the month. The missing
cells were calculated using the simple moving average method and filled in yellow in Table 15.

Table 1. Variables

Independent Variables Source

X1 |Consumer Price Index EVDS

X2 |Consumer Price Index (Automobile expenses) EVDS

X3 |Brent Petrol futures Investing.com
X4 |Ratesof US Dollars EVDS

X5 |Unitimport index TUIK

X6 |Unit export index TUIK

X7 |Industrial production index EVDS

X8 |Economic confidenceindex EVDS

X9 |Interest ratesof loans EVDS
X10|Interest rates of deposits EVDS
X11|Total money supply EVDS
X12|Unemployment rate EVDS

Y1 |(AutomobileSalesin Turkey Otomotivanaliz.com
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4. Calculations

4.1 Regression Analysis

All independent and dependent variables are used in the first step of the regression analysis, as listed in Table 1.

Table 2. Variables Entered / Removed

Variables Variables
Model Entered Removed Method
1 X12, X7, X2, X9, . Enter
X6, X10, X8, X3,
X11, X5, X4, X1°

a. Dependent Variable: Y1

b. All requested variables entered.

Table 3. Anova
Model Sum of Squares df Mean Square F Sig.
1 Regression 19675786590,6 12 1639648882,55 9,360 ,000°
07 1
Residual 22949300526,9 131 175185500,206
73
Total 42625087117,5 143
80

a. Dependent Variable: Y1
b. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5, X4, X1

The regression model with automobile sales as the dependent variable and X1...X12 as the independent variables
is shown in Table 2 and the sig. level found below 0.01 (p < 0.01) was significant.

Table 4. Coefficients

Unstandardized Coefficients Standardized
Coefficients

Model B Std. Error Beta t Sig.

1 (Constant) -89880,006 67459,432 -1,332 ,185
X1 408,285 9501,614 ,042 ,043 ,966
X2 -1036,168 1138,106 -,291 -,910 ,364
X3 584,649 1461,084 ,130 ,400 ,690
X4 -131,866 118,371 -722  -1,114 ,267
X5 -76,567 109,360 -,425 -,700 ,485
X6 158,578 1168,062 ,017 ,136 ,892
X7 644,198 130,512 ,736 4,936 ,000
X8 -244,332 158,726 -373  -1,539 ,126
X9 471,667 260,917 ,194 1,808 ,073
X10 1,594E-5 ,000 ,714 ,651 ,516
X11 -665,305 567,664 -437  -1,172 ,243
X12 1562,385 906,837 ,686 1,723 ,087

a. Dependent Variable: Y1

The coefficients on Table 4 shows that the positive effect of X7 on the dependent variable is significant
(B=644.198, p < 0.01). In his way, the hypothesis is supported, and the main argument explaining the dependent
variable is X7.
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Table 5. Model Summary

Adjusted R Std. Error of

Model R R Square Square the Estimate
1 ,6792 ,462 ,412  9223,37203685

4777000
a. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5,
X4, X1

Found that the independent variables included in the model explained 41% of the variance in automobile sales.
Using the backward elimination method, a reanalysis was performed, eliminating variables that frequently affect
the dependent variable. The end of the seven steps shows that the most influential independent variables in the
model are X2, X4, X7, X8, X9, and X12.

Table 6. Variables Entered / Removed (Backward Elimination)

Variable
s
Remove
Model Variables Entered d Method
1 X12, X7, X2, X9, X6, . Enter
X10, X8, X3, X11, X5,
X4, X1°
2 . X1 Backward (criterion: Probability of F-to-remove >=,100).
3 . X6 Backward (criterion: Probability of F-to-remove >=,100).
4 . X3 Backward (criterion: Probability of F-to-remove >=,100).
5 . X5 Backward (criterion: Probability of F-to-remove >=,100).
6 . X10 Backward (criterion: Probability of F-to-remove >=,100).
7 . X11 Backward (criterion: Probability of F-to-remove >=,100).

a. Dependent Variable: Y1

b. All requested variables entered.

Table 7. Model Summary (Backward Elimination)

Change Statistics

Mod R Adjusted = Std. Error of the R Square

el R Square R Square Estimate Change F Change dfl df2  Sig. F Chal

1 ,679° ,462 ,412 9223,37 ,462 9,360 12 131

2 ,679 ,462 ,417 9223,37 ,000 ,002 1 131
b

3 ,679¢ 462 ,421 9223,37 ,000 ,020 1 132

4 ,679 ,461 ,425 9223,37 -,001 164 1 133
d

5 ,677¢ ,459 ,427 9223,37 -,002 ,490 1 134

6 ,676 457 429 9223,37 -,001 371 1 135

7 6728 452 428 9223,37 -,006 1,449 1 136

a. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5, X4, X1
b. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5, X4

c. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X3, X11, X5, X4

d. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X11, X5, X4

e. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X11, X4

f. Predictors: (Constant), X12, X7, X2, X9, X8, X11, X4

g. Predictors: (Constant), X12, X7, X2, X9, X8, X4
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Table 8. ANOVA (Backward Elimination)

Model Sum of Squares df Mean Square F Sig.

1 Regression 19675786590,607 12 1639648882,551 9,360 ,0(
Residual 22949300526,973 131 175185500,206
Total 42625087117,580 143

2 Regression 19675463123,871 11 1788678465,806 10,288 ,0(
Residual 22949623993,709 132 173860787,831
Total 42625087117,580 143

3 Regression 19672046376,856 10 1967204637,686 11,399 ,0(
Residual 22953040740,724 133 172579253,690
Total 42625087117,580 143

4 Regression 19643726600,779 9 2182636288,975 12,727 ,0(
Residual 22981360516,801 134 171502690,424
Total 42625087117,580 143

5 Regression 19559618579,500 8 2444952322,438 14,310 ,00
Residual 23065468538,080 135 170855322,504
Total 42625087117,580 143

6 Regression 19496187574,949 7 2785169653,564 16,377 ,0(
Residual 23128899542,631 136 170065437,813
Total 42625087117,580 143

7 Regression 19249758236,546 6 3208293039,424 18,803 ,0C
Residual 23375328881,033 137 170622838,548
Total 42625087117,580 143

a. Dependent Variable: Y1

b. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5, X4, X1
c. Predictors: (Constant), X12, X7, X2, X9, X6, X10, X8, X3, X11, X5, X4

d. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X3, X11, X5, X4

e. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X11, X5, X4

f. Predictors: (Constant), X12, X7, X2, X9, X10, X8, X11, X4

g. Predictors: (Constant), X12, X7, X2, X9, X8, X11, X4

h. Predictors: (Constant), X12, X7, X2, X9, X8, X4
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Table 9. Coefficients
L
Model Coeffici Coeffici t Sig.

B Std. Error Beta
(Constant) -89880,006  67459,432 -1,332 0,185
X1 408,285  9501,614 0,042 0,043 0,966
X2 -1036,168  1138,106 0,291 0,91 0,364
X3 584,649  1461,084 0,13 0,4 0,69
X4 -131,866 118,371 0,722 -1,114 0,267
X5 76,567 109,36 0,425 0,7 0,485
1 X6 158,578  1168,062 0,017 0,136 0,892
X7 644,198 130,512 0,736 4,936 o
X8 -244,332 158,726 0,373 -1,539 0,126
X9 471,667 260,917 0,194 1,808 0,073
X10 1,59E-05 4] 0,714 0,651 0,516
X11 665,305 567,664 0,437 -1,172 0,243
X12 1562,385 906,837 0,686 1,723 0,087
(Constant) -89000,202  64033,698 -1,39 0,167
X2 -1020,691  1075,519 0,287 -0,949 0,344
X3 584,896  1455,538 0,13 0,402 0,688
X4 -132,196 117,674 0,724 41,123 0,263
X5 75,301 104,921 0,418 0,718 0,474
2 X6 162,601  1159,892 0,017 0,14 0,889
X7 642,998 127,006 0,735 5,063 ]
X8 -242,991 155,038 0,371 -1,567 0,119
471,74 259,923 0,194 1,815 0,072
X10 1,67E-05 4] 0,748 1,003 0,318
X11 656,879 530,702 0,431 -1,238 0,218
X12 1543,544 790,787 0,677 1,952 0,053
(Constant) -83801,257  52008,267 41,611 0,109
X2 -1022,514 1071,47 0,287 -0,954 0,342
X3 587,401  1450,055 0,131 0,405 0,686
X4 -130,727 116,774 0,716 -1,119 0,265
X5 74,508 104,381 0,413 0,714 0,477
3 x7 634,704 111,967 0,725 5,669 o
X8 -243,041 154,465 0,371 -1,573 0,118
X9 461,703 248,944 0,19 1,855 0,066
X10 1,66E-05 4] 0,744 1,002 0,318
X11 654,294 528,424 0,43 -1,238 0,218
X12 1519,143 768,544 0,667 1,977 0,05
(Constant) -86116,972  51531,655 -1,671 0,097
X2 629,39 452,73 0,177 -1,39 0,167
X4 -111,47 106,326 0,61 -1,048 0,296
X5 72,811 103,971 0,404 0,7 0,485
P2 641,377 110,403 0,733 5,809 o
X8 -248,814 153,325 0,38 -1,623 0,107
X9 470,168 247,29 0,194 1,901 0,059
X10 1,43E-05 o 0,64 0,921 0,359
X11 -584,799 498,239 0,384 -1,174 0,243
X12 1441,544 741,963 0,633 1,943 0,054
(Constant) -86850,487 51423,679 -1,689 0,094
X2 -816,815 364,461 0,23 -2,241 0,027
X4 -120,674 105,312 0,661 -1,146 0,254
634,462 109,753 0,725 5,781 o
5 X8 -268,289 150,497 0,409 -1,783 0,077
441,72 243,47 0,182 1,814 0,072
X10 6,97E-06 4] 0,312 0,609 0,543
X11 -593,785 497,133 0,39 -1,194 0,234
X12 1506,341 734,78 0,661 2,05 0,042
(Constant) -94422,174  49784,137 -1,897 0,06
X2 915,508 325,734 0,257 -2,811 0,006
X4 -58,504 26,004 0,32 -2,25 0,026
- 612,097 103,194 0,699 5,932 ]
X8 -286,055 147,304 0,437 -1,942 0,054
X9 438,03 242,832 0,181 1,804 0,073
X11 -597,007 495,954 0,392 -1,204 0,231
X12 1558,288 728,128 0,684 2,14 0,034
(Constant) -87892,362 49568,756 -1,773 0,078
X2 975,386 322,441 0,274 -3,025 0,003
X4 60,376 25,999 0,331 -2,322 0,022
7 x7 625,64 102,747 0,715 6,089 ]
X8 -376,042 127,134 0,574 -2,958 0,004
X9 487,937 239,658 0,201 2,036 0,044
X12 935,725 513,373 0,411 1,823 0,071

. Dependent Variable: Y1

The equation indicating the number of vehicle sales according to the results of the regression analysis using the
backward elimination method;

-87893.392 + (X2)*(-975.386) + (X4)*(- 60.376) + (X7)*(625.64) + (X8)*(-376.042) + (X9)*(487.937) +
(X12)*(935.725).
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4.2 Artificial Neural Network

Artificial neural networks are flexible and nonparametric modeling tools. Artificial neural networks are known as
a method developed by simulating the brain's cognitive learning process. It is very effective in complex problems.
It can find solutions to many problems such as estimation, classification, clustering. The most important property
of neural networks is that they can solve the problem by learning based on the past knowledge of complex systems
by example.

Artificial neural networks consist of simple elements connected in parallel. These elements have a similar structure
to the biological nervous system. The large-scale connections between these elements make up the function of the
network. By adjusting the weighting values with which the elements are connected, the network is trained to
perform a particular function. In this way, a net output is produced in response to a given input.

With the help of artificial neural networks, many problems can be solved. Different network structures are used to
solve each problem. Which network is more suitable for which decision maker is determined by the nature of the
problem. In this study, the Multilayer Perceptron Model (MPM) was used because this network structure is
commonly used, especially in problems such as classification and estimation.

The MPM was developed by Rumelhart et al. in 1986. This model is also known as the error propagation model
or backpropagation network. The backpropagation algorithm is used in the MPM. This algorithm is a robust
learning algorithm used in artificial neural networks with middleware. This algorithm allows artificial neural
networks to be used to learn the relationship between complex, nonlinear, and process parameters. Artificial
neurons, created by mimicking the biological neuron, assemble to form the artificial neural network in Figure 1.
These layers are input, output, and intermediate layers. The input layer receives the external information and passes
it to the intermediate layer - the information processed in the intermediate layer is sent to the output layer.

Figure 1. Neural Network

Neural Network

T ael Bl

The output layer receives the output generated for the pattern set presented by the input layer. It facilitates the
learning process by classifying the data into itself. The weights of the network should be adjusted to get the correct
output in the learning process. The learning rule of the MPM network is a generalization of the delta learning rule
based on the least squares method. Therefore, the learning rule is also called as "generalized delta rule". The "delta
rule" used in the backpropagation algorithm is a rule based on the idea of constantly adjusting and improving the
input connections, i.e., weights, to reduce the difference between the actual output value of a neuron and the desired
output value.

In this rule, the optimal value for the weights is found by constantly changing the connection weights during
learning. In this network structure, the method of "instructive learning" is used. Each vector associated with the
target output values is presented to the network for learning in instructive learning. The weights are corrected
based on the established learning rule.

According to previous studies, we preferred to iterate because there is no linear relationship between the number
of hidden neurons and the error. The iteration table is as follows Table 10.
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Table 10. Iterations

Hidden neurons Training Validations Testing
1 4 60 20 20
2 8 60 20 20
3 12 60 20 20
4 16 60 20 20
5 4 70 15 15
6 70 15 15
7 12 70 15 15
8 16 70 15 15
9 4 80 10 10
10 80 10 10
11 12 80 10 10
12 16 80 10 10
13 12 65 15 20
14 12 65 20 15

5. Results and comparison

When the linear regression analysis was estimated using the backward elimination method with the coefficients
from Table 9, the error rate was 16.41%. Then, the error rate was recalculated with all iteration results, and the
improvements in the estimates were examined using the linear regression method. In the 13th iteration, 12 hidden
neurons were used. The distributions of the training, validation and test data were 65-15-20, respectively.
Compared with the linear regression method, the lowest error rate and the most significant improvement were
obtained.

Moreover, the success rates in the 13th iteration with 11 internal iterations with the best results can be seen in
Table 11-12-13-14.

Table 11. Results of Iterations

Hidden neurons|Training|Validations| Testing

1 4 60 20 20

2 8 60 20 20

3 12 60 20 20

4 16 60 20 20

5 4 70 15 15

6 8 70 15 15 24,04%

7 12 70 15 15 [12,58%

8 16 70 15 15 38,65%

9 4 80 10 10  [25,66%

10 8 80 10 10 25,87%

11 12 80 10 10 20,62%

12 16 80 10 10 12,95% 3,46%

13 12 65 15 20 |12,05% 4,36%

14 12 65 20 15 14,64% 1,77%
Lineer Regression - - - - 16,41%
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6. Discussion

The first estimate of ODD for 2021, which conducts the most detailed research on the automotive industry in
Turkey, was published in September 2020. With the data announced after this estimate, the estimate made with
the September 2020 data using the Ann method is shown in Table 12 below. As shown in the table, the absolute
error rate of ODD in the first eight months estimate was 28.28%, while the absolute error rate in the Ann method
used in this study was 5.4%.

For both estimates, the highest error rate was found in March. As the source of this error, the volatility of the dollar
exchange rate, the dependent variable that has the most significant effect on the independent variable, was further
examined in the regression analysis. It was found that March was the month with the highest USD/TRY volatility
at 17.63%. Moreover, in 2012, when the error rate was the lowest, it was found that the volatility was the lowest
among the 20-year data, and the relationship between the two factors was confirmed.

Therefore, it is expected that the success of this study will increase in future studies when the estimation of
USD/TRY rate is also investigated, and the estimation is improved in this direction.

Tablel2. Comparision of Estimations

Error (| y)

ODD Pred. By Sep '20 | Ann Pred. By Sep '20 [TUIK-2021| ODD Ann
Jan 27702 105186 97198 -71,5% | 8,2%
Feb 37217 54211 54574 -31,8% | -0,7%
Mar 57283 60517 98306 -41,7% |-38,4%
Apr 62065 63938 70182 -11,6% | -8,9%
May 55228 65476 48166 14,7% |35,9%
Jun 65139 52304 63703 2,3% |-17,9%
Jul 58312 74718 81399 -28,4% | -8,2%
Aug 48513 66384 60201 -19,4% |10,3%
Sep 58890 56046
Oct 64651 58353
Nov 76574 65370
Dec 119926 56447
Aug YTD 411459 542734 573729
Error (Aug YTD) -28,28% -5,40%

ODD: Automotive Di
TUIK: Statistical
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Figure 7. USD/TRY Exchange Rate
7. Conclusion

It was observed that the estimation ability increased with the increase in the number of hidden neurons. However,
beyond a certain point, the increase in this number began to affect the prediction. In particular, as can be seen in
the 13th and 14th iterations, the test rate was slightly higher than the validation rate, which had a significant impact
on the prediction success. Since the error rate increases rapidly as the training rate increases, diversifying the
iterations with the information obtained from this study will allow the system to make more accurate estimates.
As a continuation of this study, by automating the flow of data and transferring all results into the system BI,
creating dashboards, and controlling the data, management decision making is greatly facilitated.

Moreover, the success of the system is enhanced by periodically re-questioning the independent variables
identified and working with new independent variables according to the changing trend.
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Tarih X1
2009-01
2009-02
2009-03
2009-04
2009-05
2009-06
2009-07
2009-08
2009-09
2009-10
2009-11
2009-12
2010-01
2010-02
2010-03
2010-04
2010-05
2010-06
2010-07
2010-08
2010-09
2010-10
2010-11
2010-12
2011-01
2011-02
2011-03
2011-04
2011-05
2011-06
2011-07
2011-08
2011-09
2011-10
2011-11
2011-12
2012-01
2012-02
2012-03
2012-04
2012-05
2012-06
2012-07
2012-08
2012-09
2012-10
2012-11
2012-12

1,59
1,65
1,70
1,60
1,55
1,54
1,51
1,48
1,49
1,46
1,48
1,50
1,47
1,51
1,53
1,49
1,53
1,57
1,54
1,50
1,49
1,42
1,43
1,51
1,55
1,58
1,57
1,52
1,56
1,59
1,65
1,74
1,79
1,83
1,80
1,86
1,84
1,75
1,78
1,78
1,80
1,82
1,80
1,79
1,80
1,79
1,79
1,78

21,65
20,88
20,07
18,63
18,33
18,24
18,22
16,89
15,67
15,02
14,07
13,13
13,18
13,27
12,73
12,01
11,74
11,75
11,38
10,87
10,79
10,60
10,26

9,67
10,28
10,44
10,51
10,69
10,95
11,37
12,48
12,82
12,98
12,97
13,42
12,02
15,04
14,82
13,39
13,17
12,99
12,99
13,38
13,38
13,00
12,77
12,07
11,01

15,67
13,03
12,00
11,74
11,33
11,34
11,03
9,97
9,17
8,46
8,08
8,39
8,18
7,95
8,17
8,15
8,42
8,62
8,38
8,19
8,13
7,98
8,07
7,93
7,30
7,41
7,60
7,84
8,09
8,34
8,69
8,49
8,17
8,17
8,70
9,71
10,03
10,00
9,72
9,73
9,98
10,27
9,81
9,21
8,52
7,94
7,64
7,51

Table 13. Data Set (2009-01/2012-12)

X4

160,90
160,35
162,12
162,15
163,19
163,37
163,78
163,29
163,93
167,88
170,01
170,91
174,07
176,59
177,62
178,68
178,04
177,04
176,19
176,90
179,07
182,35
182,40
181,85
182,60
183,93
184,70
186,30
190,81
188,08
187,31
188,67
190,09
196,31
199,70
200,85
201,98
203,12
203,96
207,05
206,61
204,76
204,29
205,43
207,55
211,62
212,42
213,23

X5

109,32
111,74
104,82

99,75
100,90
104,82
107,37
107,99
108,13
113,70
115,19
113,19
115,11
115,06
115,63
115,92
116,20
115,53
115,86
115,50
114,82
115,23
114,34
112,91
114,60
118,84
119,99
121,66
121,96
122,75
122,77
125,79
129,67
130,95
130,49
130,35
132,71
132,40
131,80
132,34
132,32
132,39
132,32
132,23
131,31
131,36
130,25
129,92

X7

14,10
14,80
14,70
13,80
12,70
12,20
12,10
12,60
12,50
12,20
12,20
12,60
13,60
13,50
12,80
11,30
10,30
9,90
9,90
10,60
10,60
10,50
10,20
10,60
11,10
10,70
10,10
9,30
8,90
8,70
8,60
8,50
8,20
8,40
8,40
9,00
9,30
9,60
9,10
8,20
7,60
7,30
7,60
8,00
8,30
8,30
8,60
9,30

1457

52,52
50,45
56,90
57,79
61,00
65,20
65,79
61,84
61,49
69,97
63,65
69,58
56,84
57,51
68,08
66,12
69,05
72,17
72,69
70,04
67,70
77,30
70,03
85,12
70,72
68,54
79,03
76,03
79,55
82,98
81,88
78,88
80,91
89,86
80,14
92,09
74,98
73,39
83,77
80,30
86,81
86,15
85,43
76,45
87,10
84,84
91,38
91,67

X8

45,88
46,35
49,23
50,80
65,52
69,30
71,70
69,65
69,07
75,20
78,47
77,93
71,46
77,59
82,70
87,44
74,65
75,01
78,18
74,64
82,31
83,15
85,92
94,75

101,01

111,80

117,36

125,89

116,73

112,48

116,74

114,85

102,76

109,56

110,52

107,38

110,98

122,66

122,88

119,47

101,87
97,80

104,92

114,57

112,39

108,70

111,23

111,11

X9

65,57
69,00
71,44
85,54
84,97
86,67
87,45
86,46
85,61
85,21
84,48
85,68
90,22
89,80
94,07
98,02
95,02
95,38
95,41
96,60
99,04
98,15
100,17
101,14
104,80
103,09
102,54
102,23
102,42
103,33
101,96
99,07
101,94
97,47
98,68
98,60
92,50
93,80
93,19
88,71
91,93
91,42
92,50
90,28
89,02
84,87
89,88
89,07

X10

460587164,80
470279207,50
473549882,20
467303012,95
471327888,90
475738436,00
477200014,20
482703790,70
493154743,40
498127945,60
510997266,80
519002519,78
518304595,80
527424195,80
534197571,10
532706354,60
541863016,50
557691010,30
558998046,80
562595448,50
571710763,60
578725018,70
586342271,50
615442813,06
615214329,63
630657604,98
643048030,00
648847488,80
663763929,92
673338087,56
682778896,31
696129835,29
698058557,57
691402320,37
695623224,03
708766659,76
695782874,10
699951645,01
709526905,63
714190305,85
723723921,82
735844371,18
737187297,51
746358754,20
759423992,30
766222192,64
764900065,75
783455076,71

X11

92,42
90,63
90,17
89,61
86,36
89,46
90,15
92,27
93,34
96,94
98,68
97,39
97,83
97,83
98,53
100,66
98,98
96,66
97,03
98,41
99,51
104,43
105,19
104,94
107,67
110,71
113,52
117,49
116,83
116,68
116,88
118,70
116,29
116,30
114,74
112,86
110,98
112,66
114,57
115,21
112,56
110,31
108,78
109,72
111,85
111,88
111,70
112,69

X12

95,13
90,94
89,84
91,67
93,78
96,38
97,12
98,64
100,20
101,48
103,32
102,19
100,93
98,62
98,69
99,68
97,91
96,14
98,79
98,15
99,45
103,66
104,11
103,89
106,98
109,46
111,74
114,58
114,02
114,66
114,72
113,52
110,71
109,28
109,51
108,25
108,24
109,75
109,34
109,24
107,60
106,47
106,86
107,73
108,75
108,92
108,20
109,83

Y1

27391
12126
31679
34884
38006
41216
13728
25362
31699
29043
17363
22842
44988
21887
27523
38114
34581
32789
34895
57371
38459
45242
49096
50103
90685
34627
50775
50361
55731
42620
59196
42724
37919
43639
45550
38958
74749
27576
44347
42372
50904
37848
56119
44626
40021
46708
51959
42015
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2013-01
2013-02
2013-03
2013-04
2013-05
2013-06
2013-07
2013-08
2013-09
2013-10
2013-11
2013-12
2014-01
2014-02
2014-03
2014-04
2014-05
2014-06
2014-07
2014-08
2014-09
2014-10
2014-11
2014-12
2015-01
2015-02
2015-03
2015-04
2015-05
2015-06
2015-07
2015-08
2015-09
2015-10
2015-11
2015-12
2016-01
2016-02
2016-03
2016-04
2016-05
2016-06
2016-07
2016-08
2016-09
2016-10
2016-11
2016-12

1,76
1,77
1,81
1,80
1,82
1,89
1,93
1,95
2,02
1,99
2,02
2,06
2,22
2,21
2,22
2,13
2,09
2,12
2,12
2,16
2,20
2,26
2,23
2,29
2,33
2,46
2,58
2,65
2,65
2,70
2,69
2,85
3,00
2,93
2,87
2,92
3,01
2,94
2,89
2,83
2,93
2,92
2,96
2,96
2,96
3,07
3,27
3,49

11,06
10,91
10,48
10,30

9,88

9,61
10,10
10,60
11,46
11,81
11,28
10,99
12,84
15,09
15,21
14,91
14,29
13,31
12,79
12,84
12,72
12,37
12,38
12,60
12,91
13,06
12,58
12,79
13,14
13,44
13,60
14,14
15,20
15,82
15,62
15,18
15,82
16,32
16,33
15,92
15,54
15,30
15,31
15,45
15,01
14,74
13,71
13,86

7,17
6,87
6,55
6,41
5,95
6,14
6,95
7,56
7,99
7,78
7,58
7,87
8,20
9,98
10,62
10,43
9,96
9,58
8,92
8,53
8,60
8,76
8,91
9,15
9,15
9,03
9,26
9,49
9,62
9,78
9,94
10,11
10,34
10,56
10,45
10,70
10,85
11,02
11,01
10,81
10,50
10,25
9,95
9,93
9,88
9,79
9,65
9,57

Table 14. Data Set (2013-01/2018-12)

216,74
217,39
218,83
219,75
220,07
221,75
222,44
222,21
223,91
227,94
227,96
229,01
233,54
234,54
237,18
240,37
241,32
242,07
243,17
243,40
243,74
248,37
248,82
247,72
250,45
252,24
255,23
259,39
260,85
259,51
259,74
260,78
263,11
267,20
268,98
269,54
274,44
274,38
274,27
276,42
278,02
279,33
282,58
281,76
282,27
286,33
287,81
292,54

130,62
133,56
133,85
134,00
134,70
134,85
138,11
139,20
142,30
144,18
143,45
143,25
151,68
161,10
166,94
167,83
166,66
164,96
164,87
164,79
164,83
164,74
163,84
162,89
166,79
170,74
171,23
171,46
173,65
174,15
176,27
176,90
183,80
187,45
186,92
185,87
188,76
194,28
194,79
194,82
195,09
197,42
197,36
199,71
200,23
202,96
206,10
209,43

9,70
9,70
9,40
8,70
8,20
8,10
8,60
9,00
9,20
9,10
9,30
9,60
10,30
10,20
9,70
9,00
8,80
9,10
9,80
10,10
10,50
10,40
10,70
10,90
11,30
11,20
10,60
9,60
9,30
9,60
9,80
10,10
10,30
10,50
10,50
10,80
11,10
10,90
10,10
9,30
9,40
10,20
10,70
11,30
11,30
11,80
12,10
12,70

78,18
77,04
85,94
87,08
91,88
91,22
93,69
77,59
96,31
87,73
100,39
100,92
87,54
83,36
93,89
92,89
94,26
95,71
90,64
89,34
102,30
92,38
100,09
108,50
86,73
84,18
99,67
99,26
98,83
104,51
95,08
101,57
97,06
108,69
107,49
116,93
91,33
95,81
106,41
102,69
107,11
107,37
86,90
105,49
93,47
113,01
113,72
117,58

1458

115,55
111,38
110,02
102,37
100,39
102,16
107,70
114,01
108,37
108,84
109,69
110,80
106,40
109,07
107,76
108,07
109,41
112,36
106,02
103,19
94,67
85,86
70,15
57,33
52,99
62,58
55,11
66,78
65,56
63,59
52,21
54,15
48,37
49,56
44,61
37,28
34,74
35,97
39,60
48,13
49,69
49,68
42,46
47,04
49,06
48,30
50,47
56,82

91,52
91,76
92,06
92,71
95,53
94,70
96,54
95,29
91,43
93,34
96,78
94,16
91,54
89,21
92,43
97,37
95,11
93,50
93,73
93,65
94,02
91,43
90,87
90,15
89,35
88,80
86,49
87,42
86,80
89,63
88,24
85,20
82,15
86,04
95,15
93,34
91,95
89,68
89,87
91,25
91,70
92,01
89,66
95,17
94,78
95,02
91,41
87,01

786170788,19
794838821,03
806033273,52
814526896,79
835241603,74
849475857,57
870469348,87
889675766,98
903561042,43
909555599,18
918359122,88
948561344,63
965478573,89
964416666,72
965242047,59
970058514,76
966337733,23
985377927,18
1009206293,71
1014270568,80
1038568395,68
1028803573,71
1032143736,29
1060136918,03
1069329669,30
1095353011,66
1117361798,61
1144509086,80
1155360991,42
1165738112,40
1196001711,60
1219438469,62
1250247051,98
1233926306,11
1223676554,60
1232282824,94
1242984422,28
1251375149,27
1264541021,41
1268602052,89
1294245139,14
1305663140,39
1328208050,57
1327789036,34
1346519410,42
1366054775,37
1411438545,47
1452354420,01

111,89
114,00
111,99
111,09
109,33
108,80
107,53
108,89
108,83
110,36
108,80
110,16
108,86
109,62
110,24
109,48
107,99
108,48
108,17
107,43
105,69
103,90
103,05
100,78
96,26
95,23
93,96
92,66
92,57
92,23
90,39
88,74
86,68
86,41
85,21
83,58
79,80
79,81
80,53
80,86
82,68
83,57
82,64
82,48
82,52
83,59
82,39
82,99

110,80
111,03
109,29
108,36
108,12
108,60
107,53
108,16
107,44
107,47
107,46
108,16
109,25
108,26
107,58
107,95
108,02
108,71
109,52
107,31
105,50
104,84
104,12
103,13
101,67
100,24
97,91
97,64
98,93
98,44
97,37
95,67
94,95
93,94
91,91
91,90
90,90
91,62
91,67
92,70
93,07
93,36
93,01
93,26
93,03
92,33
91,41
91,47

74538
33957
50790
54717
75505
27951
75620
47741
51276
44319
60040
51840
80785
27807
35050
40128
42924
37497
62284
43463
45649
50974
55343
57916
87689
37327
60013
68259
61335
47768
85525
62114
45627
44740
55596
81423
67922
38656
59168
63985
70521
73343
54143
53937
45347
58882
87999
65042
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2017-01
2017-02
2017-03
2017-04
2017-05
2017-06
2017-07
2017-08
2017-09
2017-10
2017-11
2017-12
2018-01
2018-02
2018-03
2018-04
2018-05
2018-06
2018-07
2018-08
2018-09
2018-10
2018-11
2018-12
2019-01
2019-02
2019-03
2019-04
2019-05
2019-06
2019-07
2019-08
2019-09
2019-10
2019-11
2019-12
2020-01
2020-02
2020-03
2020-04
2020-05
2020-06
2020-07
2020-08
2020-09
2020-10
2020-11
2020-12

3,73
3,67
3,67
3,65
3,56
3,52
3,56
3,51
3,47
3,66
3,88
3,85
3,77
3,78
3,88
4,05
4,41
4,63
4,75
5,73
6,37
5,86
5,37
5,31
5,37
5,26
5,44
5,74
6,05
5,81
5,67
5,62
5,71
5,78
5,73
5,84
5,92
6,04
6,31
6,82
6,95
6,81
6,85
7,25
7,51
7,87
8,00
7,72

15,21
15,62
15,38
15,68
15,61
15,37
15,97
16,22
16,36
15,69
14,49
14,64
17,48
18,01
17,39
18,19
18,86
21,74
24,09
26,35
32,44
32,78
30,83
29,49
29,52
26,78
23,58
25,07
27,59
28,68
27,40
22,89
20,18
16,03
14,95
13,75
14,06
13,12
13,35
13,91
13,12
11,64
11,61
14,39
16,85
17,45
18,81
17,15

9,50

9,84
10,04
10,68
11,34
11,84
11,89
11,92
11,88
11,94
12,07
12,36
12,31
12,44
12,55
12,63
12,92
15,09
16,37
17,22
22,63
24,11
23,17
22,25
21,15
20,04
19,65
20,54
22,30
22,62
21,47
17,88
15,39
13,51
11,78
10,57

9,64

9,29

9,36

9,19

7,65

7,38

7,34

8,98
10,29
11,04
13,08
15,10

Table 15. Data Set (2017-01/2020-12)

299,74
302,17
305,24
309,23
310,61
309,78
310,24
311,85
313,88
320,40
325,18
327,41
330,75
333,17
336,48
342,78
348,34
357,44
359,41
367,66
390,84
401,27
395,48
393,88
398,07
398,71
402,81
409,63
413,52
413,63
419,24
422,84
427,04
435,59
437,25
440,50
446,45
448,02
450,58
454,43
460,62
465,84
468,56
472,61
477,21
487,38
498,58
504,81

213,34
223,43
232,01
236,01
235,32
231,73
234,39
239,66
241,58
250,09
256,56
265,56
268,55
273,28
277,24
289,99
296,08
307,72
312,05
330,34
375,35
364,56
316,80
313,82
311,52
311,41
307,04
310,25
321,85
325,18
358,13
348,48
345,80
348,34
348,83
352,18
354,12
353,58
359,25
371,05
380,98
395,43
404,73
410,30
426,34
439,53
481,33"
499,86

13,00 97,07
12,60 96,25
11,70 113,22
10,50 110,16
10,20 113,71
10,20 105,11
10,70 112,48
10,60 113,69
10,60 110,57
10,30 125,87
10,30 124,95
10,40 130,17
10,80 109,17
10,64 105,33
10,12 120,66
9,60 114,91
9,70 121,09
10,16 107,16
10,76 120,86
11,12 100,84
11,40 114,30
11,60 119,82
12,30 116,20
13,50 117,22
14,70 100,97
14,70 100,09
14,10 115,12
13,00 113,58
12,80 120,96
13,00 96,97
13,90 120,39
1400 99,12
13,80 119,55
13,40 123,14
13,30 121,01
13,70 128,88
13,80 108,70
13,60 111,49
13,20 113,93
12,80 78,12
12,90 84,11
13,40 114,03
13,40 119,57
13,20 115,16
12,70 133,22
12,70 134,94
13,08 131,54
13,027 126,88

1459

55,70
55,59
52,83
51,73
50,31
47,92
52,65
52,38
57,54
61,37
63,57
66,87
69,05
65,78
70,27
75,17
77,59
79,44
74,25
77,42
82,72
75,47
58,71
53,80
61,89
66,03
68,39
72,80
64,49
66,55
65,17
60,43
60,78
60,23
62,43
66,00
58,16
50,52
22,74
25,27
35,33
41,15
43,30
45,28
40,95
37,46
47,59
51,80

88,39 1471951172,76 84,89 91,45 84025
87,63 1452653321,82 85,68 91,32 37702
89,89 1494420502,19 85,92 90,91 53858
91,95 1521508812,51 86,87 91,48 53034
94,22 153627710591 87,36 92,26 63602
92,67 1562194354,17 87,27 93,47 57844
93,21 1569127150,34 87,60 93,85 74395
93,49 1594665339,79 88,60 94,63 62557
92,00 1613206675,90 89,88 95,83 45132
89,60 1665554306,58 90,35 95,09 64500
87,35 1684309646,48 91,19 9527 68489
87,81 1686379871,93 92,02 96,42 66526
92,38 1677943312,77 94,10 97,99 73036
92,97 1696368567,79 91,81 98,36 36356
92,28 174451534508 92,61 98,01 54721
91,65 1779939106,88 93,70 98,55 54289
90,95 1854602762,92 94,05 96,77 54914
91,05 187533744542 9327 97,06 33460
92,92 193914219558 92,74 95,80 55541
88,70 2166978696,48 92,41 94,06 36349
81,15 2077795641,62 92,18 93,69 20605
78,42 2007126254,07 93,38 92,84 18235
80,95 195103997528 92,75 92,46 45660
79,66 1994691011,65 92,07 92,37 37740
80,11 2010694312,22 91,19 92,71 43779
78,79 2059988823,40 90,70 92,26 17988
81,10 2172575702,83 91,03 91,91 32124
83,61 2243233092,37 91,12 91,54 29379
77,05 2262095362,26 90,42 91,56 26393
80,09 2254588885,64 89,80 92,44 17882
78,94 224348885535 89,11 92,24 37840
79,60 2347314405,55 87,61 90,71 18615
77,64 2354207337,02 87,33 90,52 28181
78,17 241564285824 87,01 90,25 42741
81,24 2453011972,26 86,68 90,65 43204
80,49 2554042031,75 86,39 91,38 40968
81,12 2574581601,47 86,64 92,01 64716
79,29 2669522364,49 85,17 90,93 31279
80,98 2794985768,35 8521 89,65 42633
78,18 3035274638,76 79,81 88,04 19231
82,85 3062952694,69 78,54 88,35 22509
82,98 3134025516,58 81,73 89,86 30876
82,82 3260026111,41 80,76 90,73 82221
79,77 3307055828,09 84,54 91,52 55879
81,91 3379105043,23 8550 90,63 53860
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Article History: Interventions after earthquakes are very important for saving human life and
Received: 14.11.2022 returning the survivors to their normal lives. Earthquakes are one of the most
Revised: 02.12.2022 devastating natural hazards and can have serious economic, social and
Accepted: 13.12.2022 environmental impacts. As a result of earthquakes from the past to the present,

millions of people have been affected and lost their lives. Being prepared for
disasters will provide an opportunity to prevent possible losses and will provide
an idea about how to act in case of disaster. In this paper, post-disaster response
and recovery situations in disaster management and rescue after earthquakes in
Turkey are discussed. Disaster management situations after the Golciik, Van,
Elazig, and Izmir earthquakes in Turkey were analyzed and presented in terms

Keywords of natural disaster and emergency management. As a result of the study, there

was an improvement in disaster relief and response situations depending on the
Natural disaster management, years of earthquakes in Turkey. However, the recent earthquakes show that
Earthquake, there is still a need to work on this issue.

Post-Disaster

1. Introduction

Today, the approach to the issue of disaster refers to the return of human life to old lives with quick and effective
recovery efforts, which cause people's life to go out of their daily lives with unexpected events. This approach
covers all recovery processes in the face of disasters and emphasizes the necessary steps for normalization. The
definitions made about disasters do not differ over time, and this also shows that approaches to disasters and
solution proposals have diversified (Mavi, 2020).

Natural disasters have caused the death of millions of people and great economic losses throughout the history of
civilization. Most of the world's population lives in cities rather than rural areas. Therefore, natural disaster risks
and losses are higher in urban areas. As our cities grow, the risks are increasing day by day. Therefore, it is an
inevitable necessity to reduce the risk of natural disasters and to develop effective disaster management policies
(Kemec et al., 2015).

People need shelter after major disasters. Victims may go to their second homes, if possible, or stay with a relative,
their neighbors, or in their choice of shelter. Depending on the possibilities, different types of vehicles, caravans,
containers, or tents can be converted into living quarters after a disaster. Assessing the shelter needs of survivors
after severe earthquakes is one of the foremost challenges that emergency response teams have to face. It is very
important to be able to estimate the number of victims who will require shelter temporarily according to the
magnitude of the disaster and why these people should be placed in tent cities as soon as possible (Cicekdagi,
2021).
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Therefore, in this study, Analysis and reviews of tents needed after the major earthquakes (Golcuk, Van, Elazig,
and Izmir Earthquakes) in Turkey are presented. The framework used in the study is given in Figure 1. The
conceptual framework of the paper is shown diagrammatically in Figure 1.
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Figure 1. Conceptual framework
2. Earthquakes in Turkey

Earthquakes are a potential threat to the social and economic stability of many communities (Hassan et al, 2020).
Turkey is one of the countries under significant earthquake risk. 95 percent of the total human population in Turkey
is in the earthquake zone. In addition, 92% of the dams and 98% of the industrial facilities in Turkey are in the
active earthquake zone. Due to their location, the buildings in these regions have been exposed to many
earthquakes. Many of these structures were damaged or completely destroyed during earthquakes. In the last
century, the number of earthquakes with a magnitude of 6 or more in Turkey is 56. The damages resulting from
these earthquakes are quite high, such that; 0.8% of our national income is used every year to cover the damages
after earthquakes (Usta and Bozdag, 2021). Earthquakes that have caused significant loss of life and property in
Turkey since 1990 are shown in Table 1.

Table 1. Earthquakes have caused significant loss of life and property in Turkey since 1990 (Platt and Drinkwater,
2016; Wikipedia, 2020).

Earthquake  Year Deaths Injured Homeless Affected Loss USD
Population million

Erzincan 1992 653 3850 95,000 250,000 750

Dinar 1995 94 240 40,000 120,000 100

Corum- 1996 0 6 9000 17,000 30

Amasya

Ceyhan- 1998 145 1600 88,000 250,000 500

Adana

[zmat- 1999 17,480 43,953 675,000 15,000,000 13,000

Marmara

Diizce 1999 763 4948 35,000 600,000 750

Afyon- 2002 42 327 30,000 222,000 96

Sultandagi

Bingol 2003 177 520 520 245,000 135

Elazig 2010 51 137 3477 56,000 6

Kiitahya- 2011 3 122 8390 22,000 260

Simav

Van 2011 644 2300 180,000 1,000,000 1000

[zmir 2020 119 1,053 15,000 807,762 400

3. Disaster management

Natural disasters such as earthquakes and floods are events that can have a significant impact on people. These
events can also have an influence upon the socioeconomic improvement of a region (Soulakellis et al., 2020).

If natural events cause human, socio-economic, cultural, physical, environmental, and political losses, it can be
called a disaster (Erkan et al., 2015). The severity of the disaster situation and the duration after the disaster are
closely related to the disaster management process (Alexander, 2012). If strong mitigation strategies are improved
for existing hazards before an event occurs, the impact will be less severe and response and recovery phases will
be smoother (Comfort and Haase, 2006).

Disaster management comprises four phases: response, recovery, mitigation, and preparedness are the phases of
this cycle. Although there are no definite boundaries between disaster stages, the time scope of these stages also
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varies according to disaster situations. The use of this cycle is effective in the development of disaster management
strategies (Kemec et al., 2015; Soulakellis et al., 2020). The stages are shown in Figure 2.
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Figure 2. Disaster management cycle [2].

Planning how to respond in the event of a disaster is called the Preparedness phase. Being prepared can be defined
as the state of being ready to respond to a disaster, crisis, or any other emergency in the field of emergency
management. Preparedness, as well as a state of preparedness, is also a theme throughout most aspects of
emergency management. The preparedness phase includes the following activities: (1) Planning, (2) Exercises,
and training.

The response is an action taken just before, during, or just after a disaster or major emergency. Saving lives,
minimizing property damage, and improving the onset of recovery from the incident is the goal of the responder.
Recovery phases are accomplished with (1) alerts; (2) evacuation; and (3) sheltering methods.

The mitigation phase contains all events that prevent an emergency, reduce the likelihood of an emergency
happening, or reduce the damaging effects of indispensable emergencies (Shaluf, 2008; FEMA, 2006).

The recovery phase aims to restore the life of the city, at the pre-destructive levels, as well as to reduce vulnerability
in the future and it has a variable, time range according to the length of the short-term and long-term phases
(Soulakellis et al., 2020). The recovery phase s achieved through the following ways: damage assessment; debris
removal; and disaster assistance centers.

4. Disaster management in terms of Temporary Shelter

Anatolia has faced disasters that caused much loss of life and property from past to present. Earthquake is the most
common disaster in our geography. Although our history of disaster management is quite old, the first regulation
in this field was on September 14, 1509. After the Istanbul earthquake, which took place on this date and in which
more than 13.000 lives were lost, the Ottoman Sultan of the period, Beyazit 11, issued an edict for disaster (Shaluf,
2008; Kemaloglu, 2015).

From the Ottoman to the present, the view of the administrations on disasters has always included the elimination
of the damage, compensation, or reconstruction after the occurrence of the event, and the pre-disaster measures
have not been given sufficient importance (FEMA, 2006; Aktel, 2010).

It can be said that Turkey is located in one of the most active earthquake and volcanic regions of the world. For
this reason, disasters frequently occur in Turkey from the past to the present. By being prepared for the disaster
situations in question, losses can be minimized. In this process, in addition to taking appropriate engineering
designs and construction measures, pre-disaster and post-disaster management have a great impact on reducing
losses (Kemaloglu, 2015; Aktel, 2010; Ural, 2001; Aksu, 2000).
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4.1 Golciik earthquake

The Izmit earthquake, which occurred on August 17, 1999, near the city of Izmit in northwestern Turkey, is
devastating. This earthquake is also called the Kocaeli earthquake or the Golciik earthquake. Thousands of people
died and many medium-sized towns and cities were destroyed by the earthquake.

The earthquake, which occurred on the northernmost strand of the North Anatolian fault system, occurred just
after 03:00 local time, Thousands of buildings collapsed or were severely damaged, more than 17,000 people were
killed and an estimated 500,000 people were left homeless. High casualty figures were reported in the Istanbul and
districts of Golciik, Derince, Darica, and Sakarya (Adapazari). The Turkish Red Crescent and the Turkish army
have participated in the Rescue and relief efforts led by many international aid organizations (Aksu, 2000).

The Golciik earthquake that occurred in 1999 first caused a moral and economic collapse, and then a nationwide
awakening (Aksu, 2000; Aslan and Ince, 2019). An important lesson learned after this Earthquake was the
importance of risk reduction and preparedness. To achieve this, new building regulations have been issued and the
relevant legislation has been amended. Since rapid and unplanned urbanization is also seen as a risk factor, many
new applications have been started in this area. There has been an increase in public and private sector disaster
awareness and recognition of the important role of civil society. In response to the needs of traumatized survivors,
gaps in health and medical services have also been filled through psychosocial support programs (Britannica, 2021;
UNDRR, 2021).

The government has picked up the shelter needs of the community in three phases: Emergency shelter, Temporary
housing, and Permanent housing. In the first phase, the need for shelter has been met by tents, and in the second
phase, 40000 prefabricated temporary houses were distributed to those harmed by the earthquake with this
allocation, the housing needs of 150000 earthquake victims were met. After the allocation, 30000 people continued
to live in tents while 70000 people met their shelter needs by their own needs (Aslan and ince, 2019; Gékmen and
Oymen, 2003).

Disaster management in Turkey is highly centralized and hierarchical encourages local initiatives oppositely,
restricts community participation, and occurs with ineffective communication and coordination. In the early days
of the 1999 Kocaeli/Diizce earthquake, the lack of coordination led to serious problems, and it was understood
that the rigid structure of the system was not a suited form. As a result, new operational attempts have been made
to correct this situation (UNDRR, 2021; Mizrak, 2017).

4.2. Van earthquake

The Van province which is in the eastern part of Turkey was shaken by an earthquake of about 25 seconds on
October 23, 2011, at 13:41 local time. (Gokmen and Oymen, 2003; Zare, 2014). In this earthquake, the sum of
injured was 4,182, the sum of destroyed buildings was 2,265, the sum of moderately damaged houses was 10,000
and the sum of slightly damaged houses was 52,000 (Mizrak, 2017; Afad, 20114).

Local administrations and disaster management team organizations are quite significant in the application of the
fastest and most active response to the district in disaster management. 2011 Van earthquake team organizational
composition is shown in Figure 3.
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Figure 3. The Van earthquake team organization structure (UNDRR, 2021; Mizrak, 2017).

On October 23, 2600 tents, 7500 blankets, 100 ovens, sleeping bags, heaters, and food were provided for the
earthquake victims. Turkish Red Crescent's crisis response groups set up two tent camps in a stadium in Ercis
District. Two hundred and sixty families were placed in these camps. In addition, two windbreaks and two storage
tents were set up to adopt individuals and store aid. Another tent camp with a capacity of 232 tents was established
in the city center of Van. Until 21 November, 18000 people were identified in 12 tent cities in Ercis and Van.
Turkish Red Crescent established three camps and a house in Ercis, four tent camps, and two Mevlana houses in
Van center, including a camp and a house. In addition, the distribution of tents and Mevlana houses to the village
residents continued. Red Crescent has placed 50,547 tents and 2,348 Mevlana houses and prepared shelters for
248,859 people and has planned contracts for 2,000 container houses (equipped with 21 m? bathroom, toilet and
kitchen) for Van and Ercis. AFAD has ordered 20,000 containers to be built and by 30 November 2711 containers
have been built, of which 2081 have been installed (Gokmen and Oymen, 2003; Zare, 2014).

4.3. Elaz1g earthquake

On January 24, 2020, a 6.8 magnitude earthquake occurred at 20:55 local time in eastern Turkey, close to the
Sivrice district of Elazig province, causing extensive seismic damage to buildings (Zare, 2014; Cheloni and Akinci,
2020).The Elazig earthquake caused damage in the southern provinces of Elazig and Malatya, 41 people died and
1600 people were injured due to the severe earthquake. This earthquake was recorded as the largest EAF
earthquake in more than a century (Afad, 2014; Pousse-Beltran et al., 2020).

After this earthquake, the earthquake victims were placed in mass shelters established in schools, sports centers,
dormitories, and nursing homes in the region. In line with the needs determined by the Turkish Red Crescent local
government center, 2,500 tents and Turkish Red Crescent teams 74,908 shelter materials were distributed. In
addition to the collective shelter centers established in public buildings in Sivrice, tents were set up in the recreation
area to create a capacity to accommodate more affected people (Cheloni and Akinci, 2020; Turkish Red Crescent,
2020).
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4.4. Izmir earthquake

On Friday, October 30, 2020, an earthquake with a magnitude of 6.6 - 7.0 occurred in the west of Izmir. In the
official statement of the Ministry of Interior Disaster and Emergency Management Presidency, it was stated that
1034 people were injured and 115 people lost their lives (Pousse-Beltran et al., 2020; IBC, 2020). A total of 3,020
tents have been set up in Izmir for the temporary housing needs of the victims (Turkish Red Crescent, 2020;
Milliyet Newspaper, 2020).

Collective tent areas were quickly established as temporary settlement areas in the earthquake zone. The temporary
settlement areas where the works were first started are the parks within the borders of Bayrakli and the collective
tent areas established in the green areas by the Izmir Metropolitan Municipality (Izmir Tabib odas1). Temporary
accommodation areas established in the region are shown in Table 2.

Table 2. Temporary accommodation areas in Izmir (IBC, 2020; Izmir Tabib Odasi, 2020).

Temporary Settlements Within Bayraklit Municipality Limits

Location Institution Tent
Ogretmenevi IBB, AFAD DENIZLI MERKEZ 64
EFENDIBEL.

Bilal Cakircali Park IBBBAYRAKLI 60

Bulent Kivanc Park IBB 38

Working Women's Park IBB 7

Back Of Tiirk Telekom IBB BAYRAKLI 0

Mill Cafe/ Migros Parking IBB 13

Emek Mah 7248 Street IBB 10

Martyr Hakan Unsal Park IBB 5

286stoakyesilalan IBB 9

Ahmet Taner Kiglali Park IBB 10

Semt Park IBB MUGLA BB 12

Zeki Muren Park IBB 21

Baris Manco IBB 10

Metin Oktay Park IBB 4

Mansuraydin IBB 2

Day Okgun Park IBB 10

Tiirkan Saylan Park IBB 15

Simrna Square AFAD Preparations Are
Continuing In A Wide
Area

Temporary Settlements Within Bornova Municipal Limits

Asik Veysel Recreation Area AFAD, IBB, Bornova, District 781

Gendarmerie Commander

Bornova Stadium AFAD,Bornova Municipality 210

Ege University Faculty Of Nursing AFAD 119

Parking Park

Temporary Settlement Areas Within Buca Municipal Limits

Sirinyer AFAD 220

Temporary Settlement Areas Within Konak Municipality

Kiiltiirpark Hall Number 1 IBB Housing Area For 150
People

5. Results

Considering the results of the recent earthquakes in our country and the world; especially in seismic regions, high
importance should be given to risk management and awareness. Each nation struggles to deal with disasters in its
way, relying on their help in their international community. But aid from their international community is geared
toward urgent needs. For this reason, there should be a consistent and correct strategy for vulnerable regions to
reduce risks in the region against potential repetitive disasters.

Although natural disasters are unpredictable, possible risks can be minimized by preparing cities and even
countries for disasters, taking necessary precautions together with laws and regulations, planning cities
accordingly, and correct planning of disaster management. In addition, with good disaster planning, crisis
management can be done easily in serious situations. This situation once again reveals the importance of studying
the issue of disaster management. As a result, the lessons learned from each earthquake enable the system to be
updated and create a safer and better living environment for the people affected by the disaster. Turkey has made
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good progress in this regard since 1999, but there are still many precautions that should be taken. For example, the
aftermath of the 1999 Earthquakes in disaster policies and management, Metropolitan Municipality Law No. 5216,
Municipal Law No. 5393, Local Administrative Unions Law No. 5355, Law No. 5302 on Special Provincial
Administration, Law No. 6306 on the transformation of Areas Under Disaster Risk and Public Financial
Management No. 5018 and Control Laws have been enacted and some regulations have been amended (Tercan,
2018).

That is clearly seen that disaster management studies have not reached a sufficient level in losses after earthquakes
in our country.

Studies have shown that earthquakes cannot be prevented, but the damage caused by earthquakes can be
minimized, in other words, risk reduction can also reduce possible damages. Successful disaster management for
earthquakes, like all disasters, is possible by establishing a disaster management systematic in which all stages are
applied correctly and meeting the social, modern, and economic needs of our society and sustainable building
targets.

In addition to all these, it is mentioned in the literature that one of the foremost factors in disasters crisis
management is the communication network. After the disaster occurs, the recovery and rebuilding process requires
arace against time, and in this process, social media is an important medium, especially for those who manage the
disaster process and the public. For this reason, it is important to actively use social communication networks in
disaster management.

In this context, disaster risk and intensity maps of the cities of Turkey should be prepared for contribution to future
studies and disaster management. In addition, it is necessary to evaluate the risks in the country and to ensure
social participation in global disaster management issues.
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Isletmelerde ihtiyag duyulan pozisyonlar igin personel secim islemi dnemli bir
karar problemidir. Personel se¢imi, belirli kriterler altinda aday personellerin
degerlendirilip en uygun olanin segilmesi ile gergeklesir. Bu degerlendirme ¢ok
kriterli karar verme (CKKYV) yontemleri ile gergeklestirilebilir. Bu ¢aligmada, bir
mobilya iiretim tesisi i¢in iiretim gelistirme miihendisi se¢cim problemi ele
alinmistir. Uretim gelistirme miihendisleri; is siireclerini iyilestirmek, gerekli
iiretim takip modiillerini tasarlamak, kullanilan {iretim takip programlarma dahil
etmek veya ettirmek, 5S, KAIZEN gibi yalin iiretim metotlari firma kiiltiirtine
kazandirmak gibi gorevler iistlenirler. Calismanin 6rnek uygulamas: kapsaminda,
ii¢ kriter ve toplamda dokuz alt kriter altinda dort aday personel kiyaslanmistir.
Kriter agirliklart ANP yontemi ile bulunmus, VIKOR ve PROMETHEE yontemleri
ile alternatif personeller kiyaslanmistir. Uygulama sonucunda VIKOR ve
PROMETHEE yontemlerinin her ikisinin de ayn1 sonucu verdigi goriilmiistiir. En
uygun adayin A4 ile isimlendirilmis aday oldugu sonucuna varilmistir. Kriter
agirhiklarnt  degistirilerek  duyarlilik  analizi  gerceklestirilmis,  sonuglar
yorumlanmugtir.
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Personnel selection process is an important decision problem for enterprises. The
personnel selection is realized by evaluating the candidate personnel under certain
criteria and selecting the most appropriate one. This evaluation can be performed
with multi criteria decision making (MCDM) methods. In this study, a production
improving engineer selection problem for a furniture factory is discussed.
Production improving engineers assume tasks such as healing business processes,
designing the necessary production tracking modules in the production tracking
programs used and applying lean production methods such as 5S, KAIZEN.
Within the scope of the sample application of the study, four candidate personnel
were compared according to 3 main criteria and 9 sub-criteria. Weights of criteria
were found by ANP method, and candidate personnel were compared with
VIKOR and PROMETHEE methods. It was seen that both VIKOR and
PROMETHEE methods gave the same result. It was concluded that the most
suitable candidate was the candidate named with A4. Sensitivity analysis was
performed by changing the criterion weights and the results were interpreted.
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1. Giris

Birgok sektorde rakip firma sayisinin giin gectikce arttig1 giiniimiiz diinyasinda en etkin rekabet araci firmalarin
biinyelerinde barindirdiklar kaynaklari en verimli sekilde kullanabilmeleridir. Bu kaynaklarin en degerlisi insan
kaynaklaridir. Insan kaynaklarmin yonetim siireci genel olarak birka¢ asamadan olusur. Bu asamalar; isin analiz
edilmesi ve igin gerekliliklerinin olusturulmasiyla sekil alir, planlama ile baslar, personel bulma ve se¢me ile
devam eder. Personel tedariki ve se¢im siireci, insan kaynaklar1 yonetiminin en temel islevlerinden biridir. Bu
stireg, ilgili organizasyonun ihtiya¢ duydugu niteliklere sahip olan kisinin veya kisilerin bulunmasini, se¢ilmesini
ve istthdam edilmesini kapsar. Dogru yerde dogru insani bulundurmayi, goérevlendirmeyi amaglar. Gerekli
stireclerden gegip dogru bir sekilde secilen ve kurulus biinyesine dahil edilen personel; i taniminda belirtilen
gorevlerin en iyi sekilde yapilmasi, firmaya katilan degerin maksimize edilmesi ve isleyisin diizgiin bir bigimde
ilerlemesi agisindan olduk¢a donemlidir (Erenel, 2012). Personel se¢im siireci siibjektif sdzel ve sayisal kriterler
iceren bir ¢ok kriterli karar verme (CKKYV) siirecidir (Kusake1 vd., 2018).

CKKY problemleri belirli kriterler altinda alternatiflerin karsilastirildigi ve en uygun olanin bulunmaya galisildig1
problemlerdir (Ecer ve Diindar, 2009). Literatiirde CKKV yéntemleri ile yapilmis; personel se¢imi (Oztiirk ve
Kaya, 2020), giizergah sec¢imi (Sarimehmet vd., 2020), tedarik¢i se¢imi (Supgiller ve Deligdz, 2018) gibi birgok
alanda c¢aligma mevcuttur. CKKV yontemlerinden bazilari ANP, VIKOR ve PROMETHEE yontemleridir.
Literatiirde farkli problemler i¢in farkli CKKV yontemleri kullanilmaktadir. Baz1 problemlerde AHP-TOPSIS gibi
iki yontemin bir arada kullanildig1 da goriilmektedir (Sarimehmet vd., 2020).

Bu calismada bir mobilya iiretim tesisi i¢gin CKKV yontemleri ile iiretim gelistirme miihendisi se¢imi
gerceklestirilmistir. Uretim gelistirme miihendisleri; is siireclerini iyilestirmek, gerekli iiretim takip modiillerini
tasarlamak, kullanilan iiretim takip programlarina dahil etmek veya ettirmek, 5S, KAIZEN gibi yalin {iretim
metotlarint firma kiiltiiriine kazandirmak gibi gorevler iistlenirler. Bu ¢aligmadaki personel se¢im probleminde
dort aday personel arasinda CKKV ¢alismasi yapilmistir. Uzman goriisii ve literatiir aragtirmast sonucunda aday
personellerin degerlendirilmesi i¢in ii¢ adet ana kriter ve toplamda dokuz adet alt kriter belirlenmistir. Kriter
agirliklart ANP ile bulunmus, VIKOR ve PROMETHEE yontemleri ile aday personeller kiyaslanmustir.

Calismanm ikinci boliimiinde literatiirde yapilan calismalardan bahsedilmistir. Ugiincii boliimde kullanilan
yontemlerden bahsedilmistir. Dordiincli boliimde o6rnek uygulama gercgeklestirilmigtir. Besinci boéliimde
¢aligsmanin sonucu yer almaktadir.

2. Bilimsel Yazin Taramasi

Literatiirde CKKV yontemleri ile personel se¢im problemini ele alan bir¢ok ¢aligma mevcuttur. Ekin (2021) bir
calismalarinda PROMETHEE yontemi ile belirli bir ise en dogru personelin secilmesini amaglamislardir.
Uygulama, bankacilik sektoriinde faaliyet gosteren bir firma igin yapilmis, sonuglar yorumlanmistir. Tag ve
Karatas (2021) bir firmaya alinacak personel igin gerekli kriterleri belirlemis, AHP ve TOPSIS yontemleri ile
alternatif adaylar1 degerlendirmislerdir. Yazgan ve Agamyradova (2021) yaptiklar1 bir ¢alismada SWARA ve
MAIRCA yontemlerini birlikte kullanmiglardir. Bankacilik sektoriinde isleyisini siirdiiren bir firma i¢in personel
secimi c¢aligmast gergeklestirmislerdir. Ersoy (2021) AHP ve TOPSIS yontemleri ile miihendis se¢imi
gerceklestirmislerdir. Uygulama, tekstil sektdriinde isleyisini siirdiiren bir firma i¢in yapilmistir. Aygin (2020)
yaptiklar bir ¢alismada lojistik sektortinde faaliyet gosteren bir firmanin bilgi sistemleri departmani i¢in CRITIC
ve MAIRA yontemleri ile personel secim calismasi gerceklestirmislerdir. Ozcan vd. (2020) bir biiyiiksehir
belediyesi metrosu igin personel se¢im calismasi gerceklestirmislerdir. Calismada AHP ve gri iligkisel analiz
yontemleri kullanilmistir. Vural vd. (2020) yaptiklar: bir ¢aligmada orta 6lgekli bir isletme igin personel se¢im
problemini ele almislardir. Acer ve Inci (2020) AHP ve TOPSIS yontemleri ile Trabzon limani igin saha operasyon
eleman1 se¢imi gerceklestirmislerdir. Nabeeh vd. (2019) bir galismalarinda AHP ve TOPSIS yontemleri ile
Misir’da bir akillt bolge igin personel se¢im ¢aligmast gerceklestirmiglerdir. Yildirim vd. (2019) yaptiklart bir
calismada havayolu isletmeleri igcin ARAS yontemi ile destek personeli se¢imi gerceklestirmislerdir. Efe (2019)
bulanik AHP ve bulanik TOPSIS yontemleri ile is giivenligi uzmani se¢imi gerceklestirmislerdir. Nisanci vd.
(2019) yaptiklar1 bir ¢alismada VIKOR yontemi ile personel siniflandirmasi yapmislardir. Luo ve Xing (2019) bir
calismalarinda BWM, MABAC ve PROMETHEE yontemleri ile hibrit bir karar modeli kurup personel se¢im
calismasi gergeklestirmislerdir. Widianta vd. (2018) bir ¢alismalarinda CKKV yontemlerinin personel se¢im
problemlerindeki basarisin1 kiyaslamislardir. AHP, SAW, TOPSIS ve PROMETHEE yontemlerinin kiyaslandigi
bu calismada TOPSIS yontemi %95 dogrulukla birinci gelmistir. Kamble ve Parveen (2018) bir ¢alismalarinda
bulanik AHP ve bulanik TOPSIS yontemleri ile bir akademik kurum igin personel se¢imi gerceklestirmislerdir.
Tuan (2018) bir caligmalarinda personel se¢im problemi i¢in genellestirilmis bir bulanik model 6nermislerdir.
Ogretim iiyesi secim problemi icin bir érnek uygulama gerceklestirilmistir. Ilgaz (2018) yaptiklar1 bir ¢aligmada
lojistik sektoriinde personel se¢imi gergeklestirmiglerdir. Calismada AHP ve TOPSIS yontemleri kullanilmistir.
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Ulutas vd. (2018) bir otomobil pargasi {iretim tesisi i¢in personel se¢im ¢alismasi gerceklestirmislerdir. Coziim
yontemi olarak bulanik AHP ve bulanik gri iligkisel analiz yontemleri kullanilmustir. Celikbilek (2018) yaptiklar1
bir ¢aligmada personel se¢imi i¢in biitiinlesik AHP-MOORA yo6ntemini uygulamislardir. Kenger ve Organ (2017)
bir caligmalarinda ARAS yéntemi ile banka personeli segim ¢aligmasi gergeklestirmislerdir. Icigen ve Cetin (2017)
AHP ve TOPSIS yontemleri ile konaklama igletmelerinde personel se¢im problemini ele almislardir. Akin (2016)
yaptiklart bir ¢aligmada bulanik TOPSIS ile arastirma gorevlisi se¢im uygulamasi gergeklestirmislerdir. Eroglu
vd. (2014) ORESTE yéntemi ile personel secim uygulamasi gerceklestirmislerdir. Ozbek (2014) tarafindan
yapilmis bir ¢aligma bulanik AHP yontemi ile yonetici se¢imi iizerinedir. Yildiz ve Deveci (2013) ¢alismalarinda
bulanik VIKOR yo6ntemi ile bir teknoloji firmasi i¢in personel se¢im c¢aligmasi gergeklestirmislerdir. Literatiirde
personel se¢cimi konusunda birgok ¢alisma bulunmasina karsin, ¢aligmamizdaki gibi CKKV yontemleri ile {iretim
gelistirme miithendisi se¢imi {izerine yapilmig bir personel se¢imi ¢aligmasina rastlanmamigtir. Bu da galismanin
0zgiinliiglinii ispatlamaktadir. Tablo 1°de incelenen galigmalar 6zetlenmistir.

Tablo 1. Incelenen ¢alismalarin dzeti

Yazarlar Konu Kullanilan Yéntem
Akin (2016) Bulanik TOPSIS
Kamble ve Parveen (2018) Akademik personel se¢imi Bulanik AHP ve Bulanik TOPSIS
Tuan (2018) Genellestirilmis bulanik bir model
Nabeeh vd. (2019) Akall1 bolge i¢in personel segimi AHP ve TOPSIS
Kenger ve Organ (2017) ARAS
Y Ekin [§2021) a Bankacilik sektoriinde personel se¢imi PROMETHEE
azgan ve Agamyradova SWARA ve MAIRCA
(2021)
. o o - BWM, MABAC ve
Luo ve Xing (2019) Bilisim sektoriinde personel se¢imi PROMETHEE
Nisanct vd. (2019) Bir kahve isletmesinde personel VIKOR
siniflandirmasi
Ozcan vd. (2020) Bityliksehir belediyesi metrosunda AHP ve Gri liskisel Analiz
personel se¢imi
Yildirim vd. (2019) Havayolu isletmeleri i¢in personel se¢imi ARAS
Efe (2019) Is giivenligi uzmani segimi AHP ve Bulanik TOPSIS
Igigen ve Cetin (2017) Konaklama isletmelerinde personel se¢imi AHP ve TOPSIS
Illgaz (2018) _ e - AHP ve TOPSIS
Ayein (2020) Lojistik sektoriinde personel segimi CRITIC ve MAIRCA
Eroglu vd. (2014) Muhasebe ve pazarlama dfapgrtmanlarl igin ORESTE
personel se¢imi
Vural vd. (2020) Orta 6lcekli bir isletmede personel segimi AHP ve VIKOR
Ulutas vd. (2018) Otomobil pargasi liretim tesisinde personel Bulanik AHP ve Bullanlk Gri
se¢imi Iligkisel Analiz
g Personel se¢ciminde CKKV yontemlerinin AHP, SAW, TOPSIS ve
Widianta vd. (2018) performansinin kiyaslanmasi PROMETHEE
Celikbilek (2018) Saglik sektoriinde yonetici se¢imi AHP ve MOORA
Acer ve Inci (2020) Saha operasyon elemant segimi AHP ve TOPSIS
Yildiz ve Deveci (2013) Teknoloji firmasi i¢in personel se¢imi Bulanik VIKOR
Ersoy (2021) Tekstil sektoriinde personel segimi AHP ve TOPSIS
Tas ve Karatas (2021) Yazilim sektoriinde personel se¢imi Notrosofik AHP ve TOPSIS
Ozbek (2014) Yonetici se¢imi Bulanik AHP
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3. Kullanilan Yontemler

Karar analizi esnasinda genellikle birbiriyle ¢eliski igerisinde bulunan ¢ok sayida kriterle ve birbirlerine farkli
ozellikler ile istlinlik saglayan ama baskin ¢6ziim igermeyen alternatiflerle karst karsiya kalinir. CKKV
yontemleri bu durumlarda belirlenen kriterlere istinaden en uygun ¢6ziimiin bulunmasma yardimci olan
yontemlerdir (Hwang ve Yoon, 1981). Yontemler bir¢cok faktoriin ele alinmasit durumunda belirlenen karar
problemi igin; faktorlerin analizinin gergeklestirilmesine, elde edilmis sonuglara istinaden alternatifleri siraya
koymaya, karsilastirmaya, siniflandirmaya ve en iyi alternatifi bulmaya yardimci olur (Urfalioglu ve Geng, 2013).
CKKYV yontemleri literatiirde birgok farkli alanda uygulanmistir. Bu alanlardan biri de bu ¢aligmada oldugu gibi
personel se¢imidir. Bu c¢alismadaki CKKV uygulamasi ANP, VIKOR ve PROMETHEE yontemleri ile
gergeklestirilmistir.

3.1. Analitik Ag Siireci Yontemi

Analitik Ag Siireci (ANP), Analitik Hiyerarsi Siireci’nin (AHP) bir uzantist seklinde ortaya ¢ikarilmig CKKV
yontemidir. AHP yontemi ele alinan karar problemi i¢in bir hiyerarsik yap1 olusturur. Problem bu yapiya gore tek
yonlii bir sekilde modellenir. En iyi karara ulagsmaya etki eden faktorleri algoritmasina gore degerlendirir. Bu
sekilde ele alinan faktorlere ait oncelik siralarini ortaya koyar. ANP yontemi ise karar verme siirecinde problemin
faktorleri arasindaki iliskilerin dikkate alinmasina imkéan vermektedir. Bu yapis1 geregince ANP, problemi tek bir
yone bagli olarak modelleme sartin1 gerektirmemektedir. Bu durum da karar problemlerine daha etkin ve realist
bir sekilde sonuglar sunmaktadir (Aksakal ve Dagdeviren, 2010). ANP yonteminin adimlart Sekil 1°deki gibidir.

Adim 1: Karar verme probleminin belirlenmesi

Admm 2: Olgiitlerin birbirleriyle olan iliskilerinin belirlenmesi

Adm 3: Olgiitler arasinda ikili karsilastirma yapilmas1

Adim 4: Karsilagtirma matrislerinin tutarliliginin kontrol edilmesi

Sekil 1. ANP yonteminin adimlari

3.2. VIKOR Yontemi

VIKOR yontemi, Serafim Opricovi¢ tarafindan 2000’1i yillara gelmeden ortaya atilmis bir CKKV yontemidir.
VIKOR yontemi igerisinde birlestirme fonksiyonu bulunduran bir yontemdir. Bu fonksiyon ele aliman karar
problemi i¢in bir siralama endeksi olusturarak ¢dziimlerin en iyisine olan yakinligi analiz edebilmektedir. Bilhassa
karar vericilerin segimleri kolaylikla gergeklestiremedigi veya tercihlerini net bir sekilde ortaya koyamadigi
durumlarda VIKOR etkin bir yontem olmaktadir. Bu yontem, karar problemindeki biitiin alternatiflerin en iyi
(degerlendirme kriterleri baz alindiginda en iyi degeri alan) alternatife olan yakinligini dikkate alir ve bir siralama
dizini olusturur (Soba, 2016). VIKOR yo6nteminin adimlar1 Sekil 2°deki gibidir.

Adim 1: En iyi ve en kotii degerlerin belirlenmesi

Admm 2: Sj ve Rj degerlerinin hesaplanmasi

Adim 3: Qj degerlerinin hesaplanmasi

Adim 4: Qj ve Rj degerlerinin siralanmasi

Adim 5: Sonuglarin gegerliliginin test edilmesi

Sekil 2. VIKOR yonteminin adimlari
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3.3. PROMETHEE Yontemi

PROMETHEE yontemi, Brans (1982) tarafindan ortaya ¢ikarilan bir CKKV yontemidir. Bu yontem, problemin
karar noktalarinin 6nceligini ve siralamasini, Promethee I (kismi siralama) ve Promethee II (tam siralama) temel
asamalariyla olusturmaya dayanmaktadir. Yontem, problemin karar noktalarinin belirlenmis olan degerlendirme
kriterlerine gore ikili kiyaslamalara tabi tutulmasindan olusur. Yontemin diger CKKV yontemlerinden en bariz
farki, problemin degerlendirme faktorlerinin kendi igerisindeki baglantisini gosteren 6nem agirliklarini dikkate
almasina ek olarak biitiin degerlendirme faktorlerinin kendi igindeki iligkiyi de dikkate almasidir (Bedir ve Eren,
2015). PROMETHEE y6nteminin adimlar1 Sekil 3’deki gibidir.

Adim 1: Veri matrisinin olusturulmasi

Adim 2: Kriterler i¢in tercih fonksiyonlarmnin tanimlanmasi

Adim 4: Tercih indekslerinin belirlenmesi

Adim 3: Ortak tercih fonksiyonlarmin belirlenmesi

Adim 5: Alternatifler icin pozitif ve negatif iistiinliikler belirlenmesi

Adim 6: PROMETHEE I ile alternatifler icin kismi onceliklerin belirlenmesi

Adim 7: PROMETHEE II ile alternatifler icin tam 6nceliklerin belirlenmesi

Sekil 3. PROMETHEE yonteminin adimlar1
4. Uretim Gelistirme Miihendisi Se¢cimi

Calisma kapsaminda personel se¢imi konusunda bir 6rnek uygulama gergeklestirilmistir. Uygulamanin akis semasi
Sekil 4’de gosterilmistir.
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Firmadan alinan bilgi o Problemin

Tanimlanmasi

Uzman goriisii ve literatiir \l/
aragtirmasi R Kriterlerin

- Belirlenmesi

v

—> 3 ana kriter ve toplamda 9 alt kriter

Lisansiistii 6grenciler iflen
| Alte.rnatlﬂerl.n > 4 aday personel
Belirlenmesi
Uzman goriisii ve literatiir ‘l/ ANP
arastirmasi Y 6ntemlerin LS VIKOR
- Belirlenmesi PROMETHEE
\l/ ANP ile kriter agirliklarinin
Cozimiin bulunmast
Gerceklestirilmesi 3 VIKOR ve PROMETHEE yo6ntemleri
\l/ ile alternatiflerin kiyaslanmasi
Sonuglarin
Degerlendirilmesi

Sekil 4. Uygulama akis semasi

Uygulamanmn ilk adimi problemin tanimlanmasidir. ikinci adiminda uzman gériisii ve literatiir aragtirmas: ile
kriterler belirlenmistir. Devaminda personel se¢im problemi igin aday personeller se¢ilmistir. Adaylarin
belirlenmesinin ardindan kullanilacak CKKV yontemleri belirlenmistir. Bu yontemler kullanilarak aday
personeller kriterler altinda degerlendirilmis ve en uygun personel segilmistir.

4. 1. Problemin Tanimlanmasi

Uretim gelistirme miihendisleri {iretim siireclerindeki verimi, izlenebilirligi ve kontrolii artiran mithendislerdir. Kit
kaynaklarm en verimli sekilde kullanilmasi konusunda firmalar1 gelistirmektedirler. Uretim gelistirme
miihendisleri; is stireglerini iyilestirmek, gerekli iiretim takip modiillerini tasarlamak, kullanilan tiretim takip
programlarina dahil etmek veya ettirmek, 5S, KAIZEN gibi yalin liretim metotlarini firma kiiltliriine kazandirmak,
iretim kaybi risklerini analiz edip gerekli tedbirleri almak, iiretimdeki kritik pozisyonlar i¢in alternatif
personellerin olusturulmasini saglamak, departmanlarin {iretim siireci talimatlarini gerektigi sekilde giincellemek
ve uygulanisini kontrol etmek gibi gorevler iistlenirler.

Uretim gelistirme miihendisinin gerekli yetkinliklere sahip olmasi firmalar igin biiyiik onem tasimaktadir. Bu
calismada bir mobilya {iretim tesisi i¢in personel se¢imi uygulamasi gergeklestirilmistir. Uretim gelistirme
miihendisi pozisyonu igin dort aday personel arasinda CKKYV ¢alismasi yapilmustir.

4. 2. Kriterlerin Belirlenmesi

Uzman goriisii ve literatiir aragtirmasi 1s1ginda belirlenen kriterler ve alt kriterler Tablo 2’de gosterilmistir.
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Tablo 2. Kriterler ve alt kriterler

ALT KRITER ACIKLAMA
Lisans Not Ortalamasi 4’liik sistemdeki lisans not ortalamasini ifade eder.
BILGi Yazilim Bilgisi 100 tizerinden yazilim bilgisini ifade eder.

ingilizce Bilgisi 100 tizerinden ingilizce bilgisini ifade eder.

Gegmis Is Tecriibesi Ay cinsinden ge¢mis is tecriibesini ifade eder.
TECRUBE ERP Programi Kullanma Ay cinsinden ge¢mis ERP programi kullanma

Tecriibesi tecriibesini ifade eder.

KAIZEN - 5S Tecriibesi 100 tizerinden KAIZEN - 58 tecriibesini ifade eder.

Maas Beklentisi TI cinsinden maas beklentisini ifade eder.
MULAKAT Ozgiiven 100 tizerinden dzgiiven degerlendirmesidir.

Ekip Caligmasma Yatkmlik 100 tizerinden ekip ¢aligmasina yatkinlik

P s degerlendirmesidir.

Bilgi kriteri ii¢ alt kritere sahiptir. Bu kriterler; lisans not ortalamasi, yazilim bilgisi ve ingilizce bilgisidir. Tecriibe
kriteri de ti¢ alt kritere sahiptir. Bu kriterler; ge¢mis is tecriibesi, ERP programi kullanma tecriibesi ve Kaizen/5S
tecriibesidir. Miilakat kriteri; maas beklentisi, 6zgiiven ve ekip c¢alismasma yatkinlik alt kriterlerinden
olusmaktadir.

Lisans not ortalamasi kriteri 4’liik sistemdeki degeri almaktadir. Yazilim bilgisi, Ingilizce bilgisi, KAIZEN — 58
tecriibesi, 0zgiiven ve ekip ¢alismasina yatkinlik kriterleri 100 iizerinden puan degerini almaktadir. Ge¢mis is
tecriibesi ve ERP programi kullanma tecriibesi ay olarak deger almaktadir. Maag beklentisi ise tl cinsinden deger
almaktadir.

4.3. Alternatiflerin Belirlenmesi

Uretim gelistirme miithendisi pozisyonu igin dért aday miihendis ele alinmistir. Adaylarin isimleri A1, A2, A3 ve
A4 ile gosterilmis olup 6zellikleri Tablo 3’deki gibidir.

Tablo 3. Adaylarin 6zellikleri
Al A2 A3 A4 |

Lisans Not Ortalamasi 2,81 3,26 3,08 2,53
BILGI Yazilim Bilgisi 90 70 80 85
Ingilizce Bilgisi 50 60 60 60
Gegmis s Tecriibesi 23 0 15 36
TECRUBE ERP Programi Kullanma Tecriibesi 11 0 15 36
KAIZEN - 58S Tecriibesi 60 0 50 70

Maas Beklentisi 9500 6500 9000 8000

MULAKAT Ozgiiven 90 50 70 100
Ekip Caligmasina Yatkinlik 80 70 60 90

4.4. Yontemlerin Belirlenmesi
Uygulama igin belirlenen yontemler CKKV yontemleridir. Bu yontemler; ANP, VIKOR ve PROMETHEE

yontemleridir. ANP yontemi kriter agirliklarinin bulunmasinda, VIKOR ve PROMETHEE yontemleri aday
personellerin degerlendirilmesinde kullanilmgtir.

1475



Sarimehmet, Yumusak, Eren JTOM(7)1, 1469-1482, 2023

4.5. Coziimiin Gerceklestirilmesi

Problemin ¢oziimii, iiretim gelistirme miihendisi aday1 olan dort aday personelin belirlenen kriterlere gore
degerlendirilmesini ve kiyaslanmasini kapsamaktadir. ANP yontemi ile kriter agirliklar: bulunmustur. VIKOR ve
PROMETHEE yontemleri ile aday personeller kiyaslanmustir.

4.5.1. ANP Coziimii

Kriter agirliklarinin belirlenmesi i¢in ANP yontemi kullanilmistir. ANP ¢6ziimii esnasinda Super Decisions paket
programi kullanilmistir. Kurulan model Sekil 5’de gosterilmistir.

— —
g BiLGI 3] g TECRUBE [ [O][x]
Lisans Not Ortalamasi I Gecmis Is Tecrubesi I
Yazilim Bl\glsll < — ERP Programi Kullanma Tecrubesi I
Ingilizce BIlgISII KAIZEN - 58 Tecrubesi I

g MULAKAT g @ 8
Maas Beklermsll

Ozguvenl
Ekip Calismasina Yatkml\kl

Sekil 5. ANP modeli

Kurulan ANP modeli ile Super Decisions programinda olusan kriter agirliklar1 Sekil 6°da gdsterilmistir.

Here are the priorities. |
,W Name INormalized by ClusterILimiting
No Icon|Lisans Not Ortalamasi | 0.05781 |o.006286
No Icon|  Yazilim Bilgisi | 0.30112 Jo.032745
No Icon| Ingilizce Bilgisi I 0.64107 I0.069712
,m Gecmis Is Tecrubesi I 0.02979 I0.008980
,m ERP Programi Kullanma [ ooe066 [o:012255
ecrubesi
No Icon |KAIZEN - 55 Tecrubesi | 0.92955 Jo.280188
Nolcon| Maas Beklentisi | 0.16839 |0.099324
Nolcon| Ozguven | 0.42824 Jo.252590
,m Sap Calismasina [ oam [o237821

Sekil 6. ANP sonucu

ANP sonucu incelendiginde en 6nemli kriterin KAIZEN — 5S Tecriibesi oldugu goézikmektedir. Ardindan
Ozgiiven ve Ekip Calismasina Yatkinlik kriterleri gelmektedir. Tablo 4’de ana kriterlerin 6nem agirliklarina, alt
kriterlerin lokal ve global 6nem agirliklarina yer verilmistir.
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Tablo 4. Kriterlerin ve alt kriterlerin 6nem agirliklar:
Kriter Agirhk Alt Kriter Lokal Agirhk Global Agirhk

Lisans Not Ortalamasi 0,058 0,006

BILGI 0,109 Yazihim Bilgisi 0,301 0,033
Ingilizce Bilgisi 0,641 0,070

Gegmis Is Tecriibesi 0,030 0,009

TECRUBE 0,301 ERP Progranmi Kullanma Tecriibesi 0,041 0,012
KAIZEN - 5S Tecriibesi 0,930 0,280

Maas Beklentisi 0,168 0,099

MULAKAT 0,590 Ozgiiven 0,428 0,253
Ekip Calismasina Yatkinlik 0,403 0,238

4.5.2. VIKOR Coziimii

VIKOR yontemi kullanilarak aday personeller degerlendirilmistir. Problemin VIKOR yontemi ile ¢6ziimii
esnasindaki agirliklar, ANP yontemi ile bulunan kriter agirliklaridir. VIKOR yontemine gore alternatiflerin
degerlendirilmesi Tablo 5°deki gibidir.

Tablo 5. VIKOR yontemine gore alternatiflerin degerlendirilmesi

Agrlk 0,006 0,033 0,070 0,009 0,012 0280 0,010
S & %% s B 7 £
2 g~ 8. =3 g g S Z 5 A=
kie/ SE ZE SE z& ofEE. BE gE 2 gi:
Altematif §§ 8% BF o5 HgsE =8 S5S% R @EE
25 =% 20 82 &3¢ 35 2 O ks
v
Al 281 9 50 23 11 60 9500 90 80
A2 326 70 60 0 0 0 6500 50 70
A3 308 80 60 15 15 50 9000 70 60
A4 253 85 60 36 36 70 8000 100 90

VIKOR ¢oziimiinde oncelikle S; ve R;j degerleri bulunmustur. S; ve R;j degerleri j alternatifi i¢in ortalama ve en
kot grup skorlarini ifade etmektedir. Bu degerler kullanilarak Q; degerleri elde edilmistir. Tablo 6’da VIKOR
yontemi sonucunda bulunan S; degerleri, Rj degerleri ve Q; degerleri gosterilmistir.

Tablo 6. VIKOR S;, R ve Qj degerleri
[ Ssdeer | R doger | Qv |
o 0355 0,099 0,321
el 0,745 0,280 1,000
10,583 0,238 0,789
Sl 0,064 0,050 0,000

Bu degerlere gore alternatiflerin siralanmast Tablo 7°de verilmistir.

Tablo 7. VIKOR yontemine gore siralamalar

|| Sidegeri | R, degeri | Qdegeri_

Al 2 2 2
A2 4 4 4
A3 3 3 3
1 1 1
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Tablo incelendiginde VIKOR yo6ntemine gore iiretim gelistirme miihendisi pozisyonu i¢in en uygun adayin A4 ile
isimlendirilmis personel oldugu goziikmektedir.

4.5.3. PROMETHEE Coziimii

PROMETHEE yontemi kullanilarak karar problemindeki alternatiflerin kriterlere gore kiyaslanmasi saglanmaistir.
Coziim esnasinda Visual PROMETHEE programi kullanilmistir. Coztimde bulunan kriter agirliklart ANP yontemi
sonucunda bulunmus olan kriter agirliklaridir. PROMETHEE modeli Sekil 7°de gosterilmistir.

Scenariol Lisans Not O... | Yazilim Bilgisi | | Ingilizce Bilgisi| Gecmis Is Te... ERP Program... KAIZEN -5S ... Maas Beklentisi | Ozguven Ekip Calisma...

Unit unit unit unit unit unit unit unit unit unit
Cluster /Group 0 ’ ’ ‘ ’ 0 0 ’ ’
Preferences
Min/Max max max max max max max min max max
Weight 0,01 0,03 0,07 0,01 0,01 0,28 0,10 0,25 0,24
Preference Fn. Usual Usual Usual Usual Usual Usual Usual Usual Usual
Thresholds absolute absolute absolute absolute absolute absolute absolute absolute absolute
- Q: Indifference nja nja nfa nfa nja nja nja nfa nfa
- P: Preference nja nfa nfa nfa nfa nja nja nja nfa
- 5: Gaussian n/a nja nja nja nfa nfa n/a nja nja
Statistics
Minimum 2,53 70,00 50,00 0,00 0,00 0,00 6500,00 50,00 60,00
Maximum 3,26 90,00 60,00 36,00 36,00 70,00 9500,00 100,00 90,00
Average 2,92 81,25 57,50 18,50 15,50 45,00 8250,00 77,50 75,00
Standard Dev. 0,28 7,40 4,33 13,05 13,05 26,93 1145,64 19,20 11,18
Evaluations

Al El 2,81 90,00 50,00 23,00 11,00 60,00 9500,00 90,00 80,00

A2 I:l 3,26 70,00 60,00 0,00 0,00 0,00 6500,00 50,00 70,00

A3 |:| 3,08 80,00 60,00 15,00 15,00 50,00 5000,00 70,00 60,00

A4 D 2,53 85,00 60,00 36,00 36,00 70,00 8000,00 100,0¢ 90,00

Sekil 7. PROMETHEE modeli

Kurulan PROMETHEE modelinin sonucu Sekil 8’de gosterilmistir.

¥ PROMETHEE Flow Table — O X
action Phi Phi+ Phi-
1 a4 0,8529 0,9032 0,0503
2 A1 0,1174 0,5587 0,4413
3 A3 -0,4331 0,2602 0,6933
a4 A2 -0,5372 0,2082 0,7454

Sekil 8. PROMETHEE sonucu

PROMETHEE sonucu incelendiginde iiretim gelistirme miihendisi pozisyonu i¢in en uygun adaym A4 ile
isimlendirilmis personel oldugu goziikmektedir.

Uretim gelistirme miihendisi secimi siirecinde ANP yontemi ile kriter agirliklar1 belirlenmistir. En 6nemli ana
kriterin miilakat oldugu, en 6nemli alt kriterin de tecriibe ana kriterine bagli olan KAIZEN - 58 tecriibesi oldugu
goriilmiistiir. Aday personellerin kiyaslanmasinda VIKOR ve PROMETHEE yontemleri kullanilmigtir. Sonuglar
incelendiginde her iki yontemde de A4 personelinin birinci sirada geldigi goriilmistiir. Tablo 8’de sonuglarin
kiyaslanmasi gosterilmistir.

Tablo 8. Sonuclarin kiyaslanmasi

VIKOR Siralamasi1 PROMETHEE Siralamasi

A4-A1-A3-A2 A4-A1-A3-A2
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4.6. Duyarhhik Analizi

VIKOR ve PROMETHEE ¢oziimleri igin duyarlilik analizi ¢alismasi gergeklestirilmistir. Duyarlilik analizi
kapsaminda ana kriter agirliklart igin 5 farkli durum incelenmistir. Bu 5 durum igin her iki yontemin de sonucu
kiyaslanmistir. Uygulamada kullanilmis olan karar vericinin dnem agirliklar: ve diger 5 farkli durum Tablo 9’da
gOsterilmistir.

Tablo 9. Duyarlilik analizinde incelenen durumlardaki ana kriter agirliklar

KARAR
ANA KRITER ST DUI}UM DUl;UM DUI;UM DUl:UM DUl;UM
ONEM AGIRLIGI
1 0

0.11 0 0 033
TECRUBE 0,30 0 1 0 0,33 0,5
MULAKAT 0,59 0 0 1 0,33 0,5

Ana kriter agirliklarinin degistirilmesiyle yapilan duyarlilik analizinin VIKOR ve PROMETHEE ¢6ziimlerine
etkisi Sekil 9°da gosterilmistir.

VIKOR PROMETHEE
KARAR KARAR
VERIC VERIC
TERCIHI TERCIHI
4
3
DURUM 5 DURUM 5 4 DURUM 1 AL
L —A2
——A3
DURUM 4 DURUM 4 DURUM 2 —AM
DURUM 3 DURUM 3

Sekil 9. Duyarlilik analizi sonucu

Duyarlilik analizi sonucu incelendiginde her iki yontem i¢in biitiin durumlarda A4 aday personelinin birinci sirada
geldigi goriilmiistiir. Bu sonug, A4 aday personelinin diger adaylara gore biitiin durumlarda daha baskin geldigini
gostermektedir. Bu durumun sebebi, ana kriter agirliklart degisse bile alt kriterlerin en biiyiik 6nem derecesine
sahip olanlarinda A4 aday personelinin daha iyi degerler almasidir.

5. Sonuc¢

Calisma kapsaminda bir mobilya iiretim tesisi icin personel secimi uygulamasi gerceklestirilmistir. Uretim
gelistirme miihendisi pozisyonu i¢in dort aday personel arasinda CKKV ¢alismasi yapilmistir. Uzman goriisii ve
literatiir aragtirmasi sonucunda aday personellerin degerlendirilmesi i¢in ii¢ adet ana kriter ve toplamda dokuz adet
alt kriter belirlenmistir. Kriter agirliklar1 ANP yontemi ile belirlenmis, aday personellerin degerlendirilmesi
VIKOR ve PROMETHEE yontemleri ile gerceklestirilmistir. VIKOR ve PROMETHEE sonuglart incelendiginde
her iki yontemin de ayni siralamay1 verdigi goriilmiistiir. Bu siralama A4-A1-A3-A2 seklindedir. Yontemlerin
aynt sonucu vermesi Ornek uygulamanin sonucunu dogrulamaktadir. Elde edilen sonuca goére A4 ile
isimlendirilmis aday birinci gelmistir. Bu sonuca bakildiginda, iiretim gelistirme miihendisi pozisyonu i¢in en
uygun adayin A4 ile isimlendirilmis aday oldugu goriilmiistiir. A4 aday personelinin birinci sirada gelmesinin en
biiyiik sebebi, dnem agirliklar1 yiiksek olan KAIZEN — 58 Tecriibesi ve Ozgiiven kriterlerinden en iyi degerleri
almis olmasidir. Ayrica ana kriter agirliklari i¢in bes farkli durum degerlendirilerek duyarlilik analizi yapilmistir.
Ana kriter agirliklart degisse bile alt kriterlerin en biiyiik 6nem puanina sahip olanlarinda A4 aday personelinin en
iyi degeri almast biitiin durumlarda A4 aday personelinin birinci sirada gelmesine sebep olmustur. Gelecek
calismalarda iiretim planlama miihendisi, is saglig1 ve giivenligi uzmani, kalite kontrol uzmani gibi pozisyonlar
icin personel se¢im ¢aligmast gerceklestirilebilir. Ayrica mevcut personellerin performans degerlendirmeleri de
CKKYV yontemleri ile gergeklestirilebilir.
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Accepted: 08.02.2023 renewal function. Obtaining an explicit formula for renewal function
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function which cover a large number of existing results. Using their
Intuitive approximation, approach we were able to establish asymptotic approximations for
Inventory model of type (s, S), ergodic distribution of a stochastic process X (t). Obtained results can
Renewal reward process, be used in many situations where demand random variables have
Ergodic distribution, different distributions from different classes such as the I'(g) class.

['(g) class of distributions

1. Introduction

In areas like stock control, queuing, stochastic finance, and reliability, semi-Markov processes have been applied,
along with renewal theory. Through the use of these processes, many important stock control problems are also
expressed (see, Smith, 1959; Brown and Solomon, 1975; Gikhman and Skorohod, 1975; Borovkov, 1984; Chen
and Zheng, 1997; Csenki, 2000; Asmussen, 2000). For instance, it is typical to assume that the demand sequences
creates a renewal process when analyzing inventory processes. Also, common inventory systems use renewal
sequences to express stock replenishment times. The stochastic control model of type (s, S) is one of the inventory
models where in the formula of the ergodic distribution the renewal function is encountered. There has been a
substantial amount of research in the literature on the stationary characteristics of (s, S) type inventory models with
different modifications. These modifications are mostly given with some kinds of discrete interference of chances
or by using different distributions for inter-arrival times (see, Khaniyev et. al., 2011; Khaniyev et. al., 2013;
Kesemen et. al., 2016; Hanalioglu and Khaniyev, 2019). In recent years, these studies have moved towards
examining (s, S) type inventory models with heavy-tailed distributions and the literature on this subject has been
enriched considerably (see, Aliyev, 2017; Bektas et. al., 2018; Bektas et. al., 2019). But some important
distributions for example the gamma distribution and the exponential distribution are excluded from the heavy-
tailed situation. The I"(g) class is encountered in many applications, especially in extreme value theory. For more
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detail and representation theorems for the class of the I'(g) we refer to Geluk and de Haan (1981). Recently Mitov
and Omey (2014) studied asymptotic behavior of renewal function generated by the I'(g) distributed random
variables and provided intuitive approximations. We will provide a summary in preliminaries.

The stochastic control model of type (s, S) was previously investigated in the study by Bektas et. al. (2020) with
the I'(g) class of distributions. In the study by Bektas et. al. (2020) demand random variables were assumed to
have logistic distribution from the I'(g) class. But the findings of their study can be only used when demand
random variables have a logistic distribution specifically. However, in order to analyze the stationary
characteristics of such systems, it is more appropriate to use general formulas that cover as many distributions as
possible. Differently from previous literature, in this research it is assumed that random variables expressing the
demands could have any distribution from the I'(g) class and the process was examined under this assumption.
Growth models and a particular kind of regression known as the logistic regression have both employed the logistic
distribution. This distribution has numerous other applications, including in inventory management, geological
sciences, survival analysis, and population modeling. The logistic distribution is primarily employed across a
variety of disciplines since it closely resembles the normal distribution and has a straightforward cumulative
distribution formula. The normal distribution can be approximated by a wide variety of functions, however these
functions frequently have quite difficult mathematical formulations. Comparatively, the cumulative distribution
formula for the logistic distribution is substantially more straightforward.

In this study previous results were expanded here to include all random variables from the I"(g) class. First we
provided approximations for ergodic distribution of the model. As a result the formulas obtained for the general

case are applied to the special cases such as generalized extreme value distribution and generalized gamma
distribution. This approximation can be used in practice with ease, especially for large values of «.

2. Preliminaries

Before examining the primary problem, we offer the key notations and mathematical description of the considered
model.

Definition 2.1: A positive and measurable function h belongs to the class of I'(g) with auxiliary function g if
and only if every fixedy € R

lim h(x + yg(0)/h(x) = €. ()

Here the function g in (1) ought to satisfy g(x) = o(x), x = oo, where f(x) = o( g (x)) means:

For more detailed information about the I"(g) class and its asymptotic properties, see Mitov and Omey (2014). In
this study, we will consider the renewal function produced by the I'(g) class of distributions. Consider the renewal
process N (t); t = 0. The renewal function is defined as

E[N®)] = U(t) = ZF*”(t); t>0.

where F*™(t) is n-fold convolution of F(.) with F*1 = F(t). The intuitive approximation for renewal function
U(x) is denoted by U(x). Mitov and Omey (2014) suggested the following intuitive approximation for the renewal
function where F(x) = P{n, > x} € I'(g):
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U(x) = %+%—%g2(x)ﬁ(x). 2

Here u; = E(n,). When yy < oo, , = fooo(l - Fe(x))dx. The definition of equilibrium distribution F, is given
as follows:

F(x)—ifxﬁ( )d
e _#10 yay .

For p, < oo, then y, < oo and the statement (2) can also be expressed as:

O(x) = —+ 22 —izgz(x)ﬁ(x). A3)

Mo 28 pg
2.1. Model Formulation

Consider a stochastic process X (t) with an initial stock level S. Suppose the demands with random amount arrive
on the system at random times T3, T5,...,T,,. The system must respond to demands promptly. Therefore, we do
not want the system’s stock level to drop below a certain control level. On the other hand overstocking might be
costly so we also do not want the stock amount in the system to exceed a present stock level S. The stock level
decreases continuously in time starting from maximum stock level until it falls below a certain control level.
Demand random variables are independent and identically distributed (i.i.d.). Time intervals between two
successive demands are likewise considered to be i.i.d.. When the stock level falls below a predetermined control
level, the system is intervened and refilled with stock up to its maximum capacity. Here the system completes its
first period, starts its second period with an initial stock level S and proceeds similarly to the first period. Hence
stock level varies between S and s.

Notations:
X(t) : Stock level in the system at a random time ¢.
S : Maximum stock level.
{Nntnst : Demand random variables.
{T} s : Random times when demands arrive in the system.
F(x) : The distribution function corresponding to 7,.
{& st : Random variables that express time between two consecutive demands.
o(t) : The distribution function corresponding to ;.
s : Stock control level.
Tn : The time when the stock level falls below s for the n time.
Uu(t) : Renewal function of demand random variable .
Un : First three raw moments of 77,, for n=1,2,3.

By assuming that {£,,1,},n = 1 be a vector of i.i.d. random variables defined on (Q, F, P) their distribution
functions are defined as follows:

o) =P, <t}, Fx)=P{n, <x}, t=0, x=0.

Renewal sequences T,,, S,, defined as follows:

n n (4)
Tn=25i' Ynzzni'
i=1 i=1
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Since X (t) decreases by 11,7, ... , 1, the variation in stock level should be expressed as follows:
n

X(T)=X,=S—1n, X(T) =X, =S—Mm1+n3),... . X(T))=X,=8- n;-

=1
Defining a sequence of integer valued random variables {N,,}, n = 0 as:

Ny=0,Nyy; =inflk =N, +1: S— (¥, -V, )<s} n=0,

and letting
Ny

70=0,1, =Ty, = Z{i,n =1, vit) =maxfn=20:T, <t} t=0,
i=1

then for t € [7,, T,,1) the construction of the stochastic process X (t) will be as follows:
XO=S—(1+t+mwp)=S—Yp—Y,) n=012... (5)

A sample trajectory of the process X (t) is given with Figure 1.

Xt
S " H d ! o
—1j ! | ! !
| : — : —
—n : : :
-3 ! —
— | | t
| \ ! |
| \ : |
—n3 | ; |
oo o
| ! \
| —>
s ; :
i |
& & L i >
Tl T: T T2 t

Figure 1. A sample trajectory of the process X (t)
The primary goal of this study is to provide general approximation results for the ergodic distribution of the
stochastic process whose mathematical model was given above. We presume that F(x) = P(n, > x) € I'(g).

General definition of the I'(g) class is given with Definition 2.1. and this class covers many of the distribution
classes used in practice.

2.2. Ergodicity of the Process X(t) and Exact Formulas for Ergodic Distribution

Ergodicity of the process X (t) and exact formula for ergodic distribution is given in publication Nasirova et. al.
(1998) with the following proposition.
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Proposition 2.1: Let the initial sequences {&,} and {n,,},n = 1 satisfy the following conditions:
1) E(§) <o, 2) 0<E[®?) <o, 3)n, is non-arithmetic random variable,

then, the process X (t) is ergodic and the ergodic distribution function of the process X (t) has the following explicit
form:

Q) = fim PO < x) =1 - e, s<x<S, ©
where U(x) = Yoo F*™(x) and F (x) = P(n, < x). [

Let define the standardized process Wjp(x) = %(X (t) —s). Here B =S —s. Then the ergodic distribution
function of the process Wj (x) will be obtained as follows by using (6).

_U(p(1—x) )

QWB(x) =1 0 , x € (0,1).

As can be clearly seen by (7), an approximation of U(x) is essential to obtain an approximate expression for the
ergodic distribution of the process X (t). The asymptotic behavior of U(x) from various forms are the subject of
numerous research in the literature (we refer the reader to, Asmussen, 2000; Brown and Solomon, 1975; Chen and
Zheng, 1997; Csenki, 2000; Embrechts et. al., 1997; Feller, 1971; Geluk, 1997 and Levy and Taqqu, 2000). In
paper by Mitov and Omey (2014) they proposed a simple and intuitive approach to approximate U(x) which is
given with (2). They first discussed the case of regularly varying case in their work. But as they indicated classes
of distributions like the exponential or gamma distribution are not included in the regularly varying situation. For
this reason, they proposed an approximation method for the renewal function produced by the distributions from
the I'(g) class, which is a larger class and is frequently encountered in extreme value theory. Using the
approximation method proposed by Mitov and Omey (2014), we were able to approximate Qy, 8 (x). By using (2)

firstly asymptotic expansions for Qy, 8 (x) will be provided while demand random variables have I'(g) distribution

in the general case. We then consider the process X (t) with generalized extreme value distributed and generalized
gamma distributed (which are two important distributions from the I'(g) class) demand random variables
respectively.

3. Approximate Expressions for the Ergodic Distribution of the Standardized Process

To get approximate expressions for Qy, 8 (x), we will employ the approximate expression for U(x) given with (3).
First of all, we will need the Lemma 3.1 whose statement and proof are given below.

Lemma 3.1: Let the conditions of Proposition 2.1 be satisfied. Furthermore, let {n,},n = 1; be a sequence of
i.i.d. random variables and F(x) = P(n, > x) € I'(g). Here g2(x) is a constant or non-increasing function. In
this case for E(n1) = u,, n = 1,2 and each x € (0,1) the following approximation is true,as § = § — s = oo:

_ 1 . 1 _

0(p(1~x)) =--B1 =) +%_ng(3(1 —0)F(B1 - 1), x €[0,1), ®

(08) " =55 (14 g S BFB) @
B+ e B+ ue u? '
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Proof : By substituting § and (1 — x) for each x € [0,1) in expression (3), expressions (8) and (9) are easily
obtained.
Using Proposition 2.1 and Lemma 3.1, the following main result was reached.

Theorem 3.1: Let the conditions of Lemma 3.1. be satisfied. In this case for each x € (0,1) we propose following
approximation for Qy, p (x)asf=S—s > o0:

S Bx U i e BO=®) (10)
Q@) =5+ 92 (B0 =) F(BA =) = S5 BF ).
Here Qy, 4 (x) presents the approximation for ergodic distribution of the standardized process Wy (t), as
f=S—5—> 00
Proof: For each x € (0,1) we have
Upa-xo) [BA-2) wp 1 . ]
i | w2l Y (b1 =) (51 =)
U 1 1., =
) (ﬁ+ue) ! +u1(ﬁ#e)+o<ﬁg (ﬁ)F(ﬁ)> }
_[fA=0) g 1, — ) F —
- [FE2 e L (s - ) Fpa x))]
x|t L 2 BFB) + o P BFB) .
Frw TG PO\ e OFD) )i
Taking into account that
up -
Gy ) =1- 2800 (ﬁ)x))
for each x € (0,1) we obtain following asymptotic expansion for QWB (x),as f=S—5—> o0:
up@ -
0wy ) = 1- LE0—0) — )
_ px 1 , 3 _ 3
"Bt he  mBru? (b1 =) F(p - )
B(1—x) (12)

— 1 _
_ng(ﬁ)F(ﬁ) +0 (ng(ﬁu —x))F(p(1 - x)))_

On the other hand since f > 0 for 0 < x < 1, f(1 — x) < B. From the definition of the class of I'(g) we know
that g2(x) is constant or nonincreasing function and any F € I'(g) is monotone decreasing function hence;
g° ([J’(l - x)) F(ﬁ(l - x)) > g%(B)F(B). Hence desired approximation given with (10) is obtained from (12).

1488



Bektas Kamislik, Alakoc, Kesemen, Khaniyev JTOM(7)1, 1483-1492, 2023

Remark: Theorem 3.1 concludes that Wp (t) = % (X(t) — s) converges weakly to uniform distribution defined in

[0,1],as B8 =S — s — oo. This result provides consistency with previous studies on this subject.
3.1. Applications of Obtained Approximation for Special Distributions from I'(g) Class

In the previous section we examined the general form of an approximation for Q, 8 (x), when the demand

quantities have any distribution from the I'(g) class. In this section, we will consider at the scenario where two
special distributions from the I'(g) class are present for demand random variables. Thus, we will exemplify the
results we have obtained before.

3.1.1. Generalized Extreme Value Distribution of Type-I

In this section we suppose that 17; have a generalized extreme value distribution from the I'(g) class. In this case
we propose an approximation for Qy, 8 (x) with following corollary:

Corollary 3.1: Let the conditions of Theorem 3.1 be satisfied. Moreover suppose that n; have a generalized
extreme value distribution of type-1 from the I'(g) class. In this case as § — oo and for each x € (0,1) we propose
following approximation for ergodic distribution of the process Wy (t):

~ _ Bx 1 3 3 _ B
R TR (EaTH) (1= ew(-ew(-p01-2))
B(1 —x) (13)

A(ETA (1 — exp(—exp(—B))).

Proof: In the general case, the approximate expression of the renewal function produced by random variables from
the I'(g) class is given in (3). The cumulative distribution functions of random variables from this class are given
by F(x) = exp(—e™),x € R. Since f(x) = e *exp(—e~*),x € R, then according to the definition of the I'(g)
class F(x) € T'(1). In this case for E(n}) = u,;n = 1,2 we propose following approximation for U(x):

X ke L e (- (14)
Ulx) = m + R (1 exp(—exp( x))).
In this case for each x € (0,1) we have the following result as f — co:
08 =2+ _ L (1 exp(—exp(- (13)
up) = m Jrﬂ1 2 (1 - exp(=exp(=p)))
and
— 1- e 1
U(p(1-x) = % + % — (1 — exp(—exp(—B(1 - x)))), x € (0,1). (16)

Using (15) and (16) in (7) we have the following asymptotic expansion:

RUCICEE)))
u)

_ px N 1
B+ ue m(B+ue)

QWB x)=1

(1 - exp(—exp(-B(1 - 2))))
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B(1L—x) i 1 -
Gy (Lo )+ o (g (1= exv(-em(-pa =) )
From here desired result holds.

3.1.2. Gamma Distribution of Type-1

Similarly, now we will consider the demand random variable 1, have gamma distribution of type 1 from the I'(g)

class,
y(a, x)

IM'a) ’

P(n, <x)=F(x) = x € [0, ).

It can easily be seen that this distribution belongs to the I'(1) class, by definition of the I'(g) class. In order to
examine asymptotic behavior of Qy,, A (x) first we need to give definitions of some well known functions.

Definition 3.1: The following functions are defined as classical gamma function, lower incomplete gamma
function and upper incomplete gamma function respectively:
oo X

(oo}

I'(x) = f t*le~tdt,Re(x) >0, y(x) = f tsle~tdt,Re(s) > 0, I'(s,x) = f t5~le~tdt,Re(s) > 0.

0 0 x

Following corollary proposes an approximation for ergodic distribution of the process Wy (t) under the condition
that n; have a generalized gamma distribution from the I'(g) class using intuitive approximation approach.

Corollary 3.2: Let the conditions of Theorem 3.1. be satisfied. Moreover suppose the demand random variable
1,1, have a generalized gamma distribution from the I'(g) class. In this case as f = o0 and x € (0,1) we obtain
following approximation for Qy, B (x) as follows:

G, (== P41 (F(a.ﬁ(l—X))>_ B(l—x) I'(ap) (18)
Ve B+ue mB+u) I(a) mB+u)? I'@ -

Proof: For F(x) = y(a,x)/T(a), F(x) = T(a,x)/T(a). In this case for each x € (0,1) an approximation for the
renewal function generated from generalized gamma distributions becomes:

PN &_il‘(a,x) (19)
Y=t ui ra)

From here we get

gegy = B e 1T @p) (20)
wm_m+m pi r(’

i 1- e 1T(a,p- 71
U(B(l—x))=ﬁ(ﬂ—1@+%—#_%w_ @

Taking into account that

_u(B-x)

Qwﬁ(x) =1 UR)

we propose asymptotic expansion for Qy, 8 (x) using intuitive approximation approach as follows:
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o () =25 L 1 (F(a.ﬁ(l—x))>_ BUL-x) I'(@p)
Ve B+ue B+ pe) r(a) (B + pe)? T'(a)
) (F (@, - X))> 22)
pI(a) '

Desired result holds form (22).
4. Conclusion

In this study, intuitive approximations are suggested for ergodic distribution of a specific stochastic process which
characterize a stochastic control model of type (s,S). For demands belong to a broad class of distributions
satisfying the condition 1, < oo asymptotic results are obtained for ergodic distribution of the process X (t). Then
the approximate formula for the ergodic distribution of the process is obtained when the demand random variables
have a generalized extreme value distribution and gamma distribution of type-1, respectively. Many real-world
problems have lately been captured using heavy tailed distributions and the class of I'(g). Renewal functions
produced by these distributions and the use of these functions in different variations of the inventory models have
become a popular field of study (see for example, Geluk, 1997; Gaffeo et. al, 2008; Foss et. al., 2011; Embrechts
et. al., 1975). In literature the process X (t) has been specifically examined with logistic distributed demands from
the I'(g) class. In this study, however, the results obtained previously using a specific distribution were generalized
to cover all distributions from the I'(g) class. Therefore, the results obtained in this study are more general results.

We believe that our approximation results from using these distributions in inventory models will serve as a useful
guide for further research. Similar outcomes can be attained in the scenario where 1, = 0. Moreover, the semi-
Markovian random walk process can be studied in the future using similar approximation techniques. In addition,
examining similar processes using only moment-based approaches can be another suggestion for future studies.
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Makale Bilgisi Ozet
Makale Gecmisi:

Fabrika, depo gibi tesisler kurulduklar1 andan itibaren isletmeyi artik o
Gelis: 07.12.2022 bolgenin tiim kosullarina bagli kilmaktadirlar. Yanlis bir karar, uzun yillar
Revize: 19.01.2023 stirecek problemleri beraberinde getirebilmektedir. Bu nedenle, birgok
Kabul: 21.03.2023 kriteri igerisinde barindiran yer se¢imi siireci olduk¢a Onemlidir.

Makalemizde, kompozit pervane imalat1 gergeklestiren bir isletmenin,
yeni tesis yerinin belirlenebilmesi i¢in bir ¢alisma gergeklestirilmistir.
Kriter agirliklariin belirlenmesinde Gelistirilmis Bulanik Adim Adim
imalat sektoril, Agirlik Degerlendirme Oran Analizi (GB-SWARA), alternatiflerin
Tesis yeri se¢imi, degerlendirilmesinde ise Bulanik Birlestirilebilir Uzaklik Tabanl
Gelistirilmis bulanik SWARA, Degerlendirme Yontemi (B-CODAS) yontemleri kullanilmastir.

Bulanik CODAS

Anahtar Kelimeler:

Facility location selection with improved fuzzy SWARA and fuzzy CODAS
methods: An application in the manufacturing industry

Article Info Abstract
Article History:

Facilities such as factories and warehouses are now dependent on all the
Received: 07.12.2022 conditions of that region as soon as they are established. A wrong decision
Revised: 19.01.2023 can cause problems that last for years. As a result, this selection process,
Accepted: 21.03.2023 which includes numerous criteria, is critical. In our paper, we demonstrate

a study that was conducted to determine the new facility location of a
company that manufactures composite rotor blades. To determine criterion

Keywords: . . . . .
weights, an Improved Fuzzy Step-wise Weight Assessment Ratio Analysis

Manufacturing industry (IMF-SWARA) method was used, and Fuzzy Combinative Distance-

Facility location selection based Assessment (F-CODAS) methods were utilized to evaluate

Improved Fuzzy SW ARA alternative locations.

Fuzzy CODAS

1. Giris

Tesis yeri; isletmenin uzun donemde amagclarmni gergeklestirebilecegi, en diisilk maliyet ve en yiiksek kari
saglayabilecegi alan olarak ifade edilmektedir (Ar, Baki ve Ozdemir, 2014). Tesis yeri se¢imi, bir firmanin
operasyonlar1 gerceklestirebilmesi igin belirli kriterler dikkate alinarak, gerekli cografi alanin belirlenmesidir
(Nacar ve Erdebilli, 2021). Tesis yeri se¢imi problemi, igletmeler i¢in olduk¢a dnemli olan ve literatiirde en fazla
karsilasilan problemlerden birisidir (Pourrezaie-Khaligh, Bozorgi-Amiri, Yousefi-Babadi ve Moon, 2022). Yer
secimi sadece ilk defa kurulan isletmeler icin degil, yeni tesis kurmak karart veren firmalar i¢inde énemli bir
giindem maddesidir (Chithambaranathan, Rajkumar, Prithiviraj ve Palpandi, 2022). Tesis yeri bir kez se¢ildiginde
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ve tedarik zinciri kurgulandiginda miisteri hizmet seviyesini, kaliteyi, verimliligi ve maliyeti dogrudan
etkilemektedir. Tesisin uygun olmayan sekilde se¢ilmesinin telafi edilmesi zor olan sonuglar1 bulunmaktadir. Tesis
yeri olarak secilecek alternatiflerin, uygun yontemlerle dikkatlice incelenmesi, bilyiik ekonomik ve sosyal dneme
sahiptir (Liu, Huang ve Shao, 2022).

Cok kriterli karar verme (CKKYV), bir karar siirecine yardim etmek i¢in, ¢ok sayida nicel ve nitel kriterlerin
belirlenmesini saglayarak farkli agirliklardaki kriterlere gore, farkli 6zelliklere sahip alternatiflerden bir ya daha
fazla secenegi degerlendirmek, siralamak ya da siniflandirmak igin gerekli metotlar toplulugudur (Ozbek, 2019;
Yenilmezel ve Ertugrul, 2022). CKKV yontemleri; yoneticilere destek olabilecek ve segenekleri degerlendirme
stirecini kolaylagtirabilecek giivenilir ve birden fazla boyutu hesaba katabilen karar verme araglaridir. CKKV
yaklagimlari, dikkate alinacak kriterlerin 6nem derecelerinin belirlenmesi ve potansiyel alternatiflerin oncelik
stiralanmasi olmak iizere, genellikle iki kisimda karar verme siirecini kolaylagtirmaktadir (Torkayesh ve Simic,
2022).

Net rakamlarla ifade edilmesi zor ve siibjektif 6zellikli kriterlerin var oldugu tesis yeri se¢imi problemlerinin
¢ozlimlenmesinde ¢ogunlukla dilsel terimlerle degerlendirmeye bagvurulmaktadir (Chithambaranathan ve dig.,
2022). Bu c¢aligmada tesis yeri se¢im probleminde dikkate alinacak kriterlerin agirliklar1 Geligtirilmis Bulanik
SWARA (GB- SWARA) yontemiyle tespit edilmistir. GB-SWARA; klasik SWARA yodnteminin bulanik mantik
ile biitiinlestirilerek, eksiklerinin giderildigi ve belirsizlik i¢eren karar problemlerinde kullanilacak bir hale
getirilmis versiyonudur. Yontem, karar vericilerin kriter degerlendirme siirecinde kendi 6nceliklerini
belirlemelerine olanak tanimaktadir (Akpinar, 2022). Goreceli yeni bir yontem olarak, daha az hesaplama iglemi
icerdigi ve maksimum diizeyde tutarli oldugundan, ek bir tutarlilik analizi gerektirmemektedir (Gorgiin, Zolfani
ve Canakcioglu, 2022). Alternatif lokasyonlarin degerlendirilmesinde ise Bulanik CODAS (B-CODAS) metodu
kullanilmigtir. CODAS metodu uzaklik bazli bir hesaplama sistematigi ile etkili bir analize imkén verebilmektedir
(Aro, Selerio, Evangelista, Maturan, Atibing ve Ocampo, 2022). CODAS ydnteminin bulanik uzantisi, belirsiz bir
ortamda ¢ok kriterli karar verme problemleriyle basa ¢ikmak igin ilk olarak Ghorabaee, Amiri, Zavadskas,
Hooshmand ve Antuchevic¢iené (2017) tarafindan gelistirilmistir. Bulantk CODAS yontemi ile alternatifler
degerlendirilirken, kesin uzakliklar yerine bulanik agirlikli Himming uzaklhigi ve bulanik agirlikli Oklid uzaklig:
dikkate alinmaktadir (Katranci ve Kundakei, 2020). Literatiirde her iki metodun birlikte oldugu ¢aligma sayisinin
sinirli olmasmin (Maghsoodi, Maghsoodi, Poursoltan, Antucheviciene ve Turskis; Ulutas, 2020) yani sira,
metotlarin bulanik mantik uzantilarin birlikte kullanildigi ¢ok az sayida calismaya (Gorcun, Senthil ve
Kiigiikonder, 2021; Keles, Ozdagoglu ve Isildak, 2021) rastlanilmugtir. Bu ¢aligma kapsaminda gergek diinyadan
bir tesis yeri se¢imi problemini ele alinarak, hem benzer problemleri olan isletmelere yol gostermek hem de
literatiire katki sunmak amaglanmustir.

2. Tesis Yeri Secimi

Tesis yeri secimi, bir isletmenin faaliyetleri ig¢in kullanmay1 hedefledigi cografi alani belirleme siirecidir
(Krajewski, Ritzman ve Malhotra, 2010). Endiistri firmalar igin tesis yeri; tedarik, iiretim, depolama, dagitim gibi
fonksiyonlar1 ve bunlara bagli ekonomik amaglarini gergeklestirebilecekleri en uygun yer olarak tanimlamaktadir
(Gtines, 2019). Tesis yeri se¢imi; sik tekrarlanmayan, fonksiyonlar arasi bir karar verme problemidir (Kumar ve
Kumanan, 2011). Ayn1 zamanda firmanin operasyonlar1 igin bir cografi alanin belirlenmesidir (Ertugrul ve
Karakasoglu, 2008). Alternatif yerler arasindan, en uygun olanmin segilmesi olarak da tanimlanmaktadir
(Soysekerci ve Erturgut, 2011). Tesis yeri se¢imi, firmalarin uzun vadeli stratejik kararlarindan biridir ve pazar
rekabetinde firmalarin basarisi iizerinde derin bir etkiye sahiptir. Bu nedenle tesis yeri se¢imi, ¢oklu kriterlerin
karsilanmasini gerektiren kritik ve karmagik bir stratejik karardir (Karande ve Chatterjee, 2018). Kotii bir tesis yeri
secimi; asir1 nakliye maliyetlerine, nitelikli is gilicii sikintisina, rekabet avantajinin kaybolmasina, yetersiz
hammadde tedarikine veya operasyonlara zarar verebilecek kosullara neden olabilmektedir (Gao, Yoshimoto ve
Ohmori, 2010). Bu durum firmalarin maliyet giderlerinin yiiksekligi sebebiyle diger firmalarla rekabet edemez
duruma gelmesine neden olmaktadir (Mucuk, 2018). Tesis yeri se¢imi, niceliksel ve niteliksel kriterleri iceren
CKKYV problemidir (Chakraborty, Kumar ve Athawale, 2010). Sec¢im siireci tipik olarak dort ana asamay1
icermektedir. Birinci asamada, yer alternatiflerini degerlendirmek i¢in kullanilacak kriterlere karar verilir (Gao
vd., 2010). Ikinci asamada, en uygun yeri bulmak igin alternatiflerin ayrintili bir incelemesi sunulur ve 6nemli olan
kriterler belirlenir (Chang, Parvathinathan ve Breeden, 2008). Ugiincii asamada; kriterlerin, sayisal temele gére
karsilastirilmast ve sayisal olmayan temele gore degerlendirilmesi gerekir (Giines, 2019). Dérdiincii ve son
asamada ise alternatifler degerlendirilip, bir se¢im yapilir (Ertugrul ve Karakasoglu, 2008). Tablo 1’de literatiirde
yer alan tesis yeri se¢imiyle ilgili ¢aligmalar 6zetlenmistir.

Tablo 1. Tesis yeri se¢iminde CKKV yontemleri kapsaminda literatiir 6zeti
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Sira

Yazarlar

Kullanilan Yontemler

Arastirma Konusu

Aydinoglu ve dig. (2005)

Sezgisel ag tabanli konum tahsis
analiz algoritmalar1

Itfaiye tesisleri yer segimi

2 Yong (2006) Bulanik TOPSIS Imalat sektériinde tesis yeri segimi

3 Chou ve dig. (2008) Bulanik AHP Uluslararasi turistik otel yeri se¢imi

4 Tuzkaya ve dig. (2008) ANP Atik tesisi i¢in yer se¢imi

5 Ertugrul ve Karakagoglu Bulanik AHP ve Bulanik TOPSIS | Tekstil sektorii igin fabrika yeri segimi

(2008)

6 Kuo ve Liang (2011) Bulanik ANP Dagitim merkezi yeri se¢imi

7 Dag ve Onder (2013) AHP ve VIKOR Etiket {ireticisi bir firmanin tesis yeri se¢imi

8 Arve dig. (2014) Bulanik AHP ve Bulanik VIKOR | Otel yeri se¢imi

9 Dey ve dig. (2016) Bulanik TOPSIS, Bulanik SAW Depo yeri se¢imi
Bulanik MOORA

10 | Yashioglu ve Onder (2016) AHP ve TOPSIS Plastik esya iireticisi bir firmanin fabrika

yeri se¢imi

11 | Hanine ve dig. (2016) Bulanik TODIM ve Bulanik AHP | Depolama alani yer se¢imi

12 | Sennaroglu ve Celebi (2018) AHP, PROMETHEE ve VIKOR Askeri havaalan1 yer se¢imi

13 | Cedolin ve dig. (2018) Bulanik Veri Zarflama ve Bulanik | Plastik enjeksiyon fabrikasi yer se¢imi
Hedef Programlama

14 | Aytekin (2018) Ikili Olgekleme ve AHP Kereste fabrikasi yer segimi

15 | Wang ve dig. (2018) Bulanik AHP — TOPSIS Riizgar santrali yer segimi

16 | Rahman ve dig. (2018) AHP Plastik imalat firmasinin tesis yeri se¢imi

17 | Yesilkaya (2018) AHP, TOPSIS ve PROMETHEE | Kagit fabrikasi yer se¢imi

18 | Yiicenur ve dig. (2019) SWARA ve COPRAS Biyogaz iiretim tesisi yer se¢imi

19 | Karagoz ve dig. (2020) Sezgisel Bulanik CODAS, Omriinii tamamlans araglar i¢in sokiim
WASPAS ve TOPSIS merkezi yer se¢imi

20 | Kaul ve dig. (2020) Bulanik AHP ve Bulanik TOPSIS | Imalat firmasinin tesis yeri segimi

21 | Seker ve Aydin (2020) Aralik Degerli Pisagor Bulanik Hidrojen enerjisi iiretim tesisi yer segimi
Entropi ve TOPSIS

22 | Karasan ve dig. (2020) Sezgisel Bulantk DEMATEL, Elektrikli arag sarj istasyonu yer se¢imi
Sezgisel Bulanik AHP ve
Sezgisel Bulanik TOPSIS

23 | Kannan ve dig. (2020) BWM, Gri Iliskisel Analiz, Glines enerjisi sitesi yer se¢cimi
VIKOR ve Monte Carlo
Simiilasyonu

24 | Tiirk ve Ozkok (2020) Bulanik AHP ve Bulanik TOPSIS | Tersane yeri segimi

25 | Nacar ve Erdebilli (2021) Katmanli CKKV ve TOPSIS Savunma sanayi firmasi yer se¢imi

26 | Karagoz ve dig. (2021) Aralikli Tip-2 Bulanik ARAS Omriinii tamamlans araglar icin geri

doniisiim tesisi yer se¢imi

27 | Simic ve dig. (2021) Bulanik (Picture) CODAS Arag parcalama tesisi yer se¢imi

28 | Kieuve dig. (2021) Kiiresel Bulanik AHP ve CoCoSo | Dagitim merkezi yer secimi

29 | Durak ve dig. (2021) AHP ve TOPSIS Teknopark tesisi yer se¢imi

30 | Tripathive dig. (2021) CBS Tabanli AHP ve Bulanik Hastane yeri se¢imi
AHP

31 | Suman ve dig. (2021) AHP ve Bulanik AHP Mobilya endiistrisi tesis yeri se¢imi

32 | Deveci ve dig. (2021) Hiyerarsik BWM ve Tip-2 Lityum iyon pili yeniden iiretim tesisi yer
Notrosofik CODAS secimi

33 | Kabaday1 ve Esen (2021) Gri TOPSIS Depo yeri se¢imi

34 | Nong (2021) ANP ve TOPSIS Dagitim merkezi yer segimi

35 | Fengve dig. (2021). DEMATEL, Entropi ve Geri dontistiirtilebilir atik tagima araci park
WASPAS merkezleri yer se¢imi

36 | Mig ve Antmen (2021) TOPSIS, WASPAS ve MOORA Universite yeri segimi

37 | Torkayesh ve Simic (2022) Hiyerarsik BWM, CoCoSo ve Saglik merkezlerinin plastik atiklarinin geri
WASPAS doniislim tesisi yer se¢imi

38 | Xuan ve dig. (2022) SWARA, WASPAS, COPRAS, | Giines enerjili hidrojen iiretimi tesis yeri
EDAS ve WSM secimi

39 | Effatpanah ve dig. (2022) SAW, TOPSIS, ELECTRE, Temiz enerji tesisi yer secimi
VIKOR ve COPRAS

40 | Terme ve dig. (2022) Bulanik AHP ve Bulamk VIKOR | Imalat firmasinin tesis yeri segimi

41 | Asorive dig. (2022) CBS tabanl1 WLC ve AHP Depolama alanlarina iliskin yer segimi
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3. Kullanilan Yontemler

3.1. Gelistirilmis Bulamk SWARA

SWARA metodu, kriterlerin veya alternatiflerin tercih sirasina dizilerek, arda arda gelen segenekler arasindaki
iliskinin goreceli 6nem degerlerinin belirlenmesine dayanmaktadir (KerSuliene, Zavadskas ve Turskis, 2010).
Uzman goriisleri kapsamindaki degerlendirmeler ger¢evesinde her bir kriterin nem agirliklarinin tutarli bir sekilde
elde edilebilmesi s6z konusudur (Moniri, Tabriz, Ayough ve Zandieh, 2021). Klasik SWARA metodu kullanilarak
kesin olmayan bilgileri igeren karar problemlerini ¢dzmek miimkiin olmadigindan, Bulankk SWARA metodu
kullanilabilmektedir (Mavi, Goh ve Zarbakhshnia, 2017; Ghasemian Sahebi, Arab ve Toufighi, 2020).

Bulanik SWARA yontemi, basit ve anlasilmasi kolay bir yontemdir. Ayrica AHP, ANP ve BWM yontemlerine
kiyasla daha az ikili karsilastirmaya sahip oldugu bilinmektedir (Alvand, Mirhosseini, Ehsanifar, Zeighami ve
Mohammadi, 2021). Bulantk SWARA yo6nteminin mevcut haliyle, karar vericilerin bazi kriterlere esit 6nem
vermesi miimkiin olamamaktadir. Ancak Vrtagi¢, Softi¢, Suboti¢, Stevi¢, Dordevic ve Ponjavic (2021) tarafindan
onerilen, Gelistirilmis Bulankk SWARA (GB-SWARA) ile degerlendirme 6lgegi sorunu ¢oziilmiis ve daha
gercekei sonuglar elde edilebilmistir. Uzman goriislerinin daha dogru yansitilmasin saglayan gelistirilmis yontem
heniiz az sayida ¢aligmada kullanilmistir (Singh, Upadhyay ve Powar, 2022; Vojinovi¢, Stevi¢ ve Tanackov,
2022). GB-SWARA kullanarak kriterlerin goreli agirliklarini hesaplama adimlar su sekilde ifade edilebilir
(Vrtagi¢ ve dig., 2021):

Adim 1-Kriterleri beklenen 6nemlerine gore azalan diizende siralama: Karar vericilerin dikkate aldigi
degerlendirme kriterleri, onem derecelerine gore siralanmakta ve en 6nemli kriter ilk siraya, en az 6nemli kriter
ise son siraya atanmaktadir.

Adim 2-Her bir kriterin goreceli énem oranimmin belirlenmesi: ikinci 6lciitten son olgiite kadar Tablo 2'de
gosterilen dilsel terimler kullanilarak, dnceki ol¢iit () ile ilgilij 6l¢iitii igin goreli dnem orani (S)) belirlenmektedir.
Tiim karar vericilerden “S;” degerleri toplandiktan sonra, aritmetik ortalama kullanilarak géreli 6nem oraninin ()

toplanmast ile elde edilmektedir. Burada §; = (5}1 87,8 ) olarak ifade edilmektedir

Tablo 2. GB-SWARA ig¢in dilsel ifadelerin tiyelik fonksiyon degerleri (Vrtagi¢ ve dig., 2021)

Dilsel ifadeler Bulanik Say:
Degerleri
Kesinlikle daha az 6nemli (ALS) (1,L,D)
Agirlikl olarak daha az énemli (DLS) (1/2,2/3,1)
Cok daha az 6nemli (MLS) (2/5,1/2,2/3)
Gergekten daha az 6nemli (RLS) (1/3,2/5,1/2)
Daha az 6nemli (LS) (2/7,1/3,2/5)
Orta derecede daha az 6nemli (MDLS) (1/4,2/7,1/3)
Zayif derecede daha az 6nemli (WLS) (2/9,1/4,2/7)
Esit derecede onemli (ES) (0,0,0)

Adim 3-Katsaymnin elde edilmesi: (1) numarali denklem kullanilarak her bir kriter i¢in karsilastirmali 6nem

katsayis1 (IE | ) hesaplanmaktadir.

~ 1 =1
g= 7 m
s+1 j>1

Adim 4-Bulanik yeniden hesaplanmis agirhiklarin elde edilmesi: (2) numarali denklem kullanilarak, yeniden
hesaplanan agirlik faktorleri olan q~j ” degeri bulunur.

I j=1

q]' = q/—] . )
' Z >1
P J

J
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Adim 5-Her j kriterinin nihai goreli bulanik agirhginin hesaplanmasi: Kriterlerin goreli nem agirliklari, (3)
numarali denklem kullanilarak hesaplanmaktadir.

4

no o
Ll

W= 3)

[T 1)

Kriterlerin goreli agirhiklarint \Z;j” sembolii temsil etmektedir. Kriter numarasi ise “n” semboliiyle
gosterilmektedir.

Adim 6-Bulanik goreceli 6nem agirhiklarim durulastirma: Alan merkezi yontemi kullanilarak; bulanik géreceli
onem agirliklar (W,-) , (4) numarali denklemde gosterildigi sekilde bulanik olmayan degere (net deger)

doniistiiriilebilmektedir (Ansari, Kant, Shankar vd., 2020).

= ()7 ) @

Wj=

W | —

Burada w, J kriterinin durulastirtlmig goreli bulanik agirliklarimi géstermektedir.

3.2. Bulanik CODAS

CODAS yontemi 2016 yilinda Ghorabaee, Zavadskas, Turskis ve Antucheviciene tarafindan gelistirilmistir.
Yéntemde bir alternatifin performans skoru, negatif ideal ¢dziime olan Oklid ve Taxicab uzakliklar1 kullanilarak
tespit edilmektedir. Hassas sonuglar elde edilebilmesini saglayan giiclii bir yontemdir (Ecer, 2020). Bulanik
CODAS (B-CODAS) yoénteminde CODAS yonteminden farkli olarak, bulanik tabanli Oklid ve bulanik tabanl
Hamming mesafeleri kullanilmaktadir (Yalgin ve Pehlivan, 2019). Ghorabaee ve dig. (2017) net mesafeler yerine
bulanik tabanli Oklid ve bulanik tabanli Hamming mesafelerini kullanarak B-CODAS yontemini gelistirmiglerdir.
Tablo 3°te B-CODAS ydnteminde kullanilan dilsel ifadeler ve liggensel bulanik say1 degerleri goriilmektedir.

Tablo 3. Bulanik CODAS yo6nteminde dilsel ifadelerin iiyelik fonksiyon degerleri (Chen, 2000)

Dilsel ifadeler Bulanik Sayi Degerleri

Cok zay1if (VP) (0,0,1)
Zayif (P) (0,1,3)
Orta zayif (MP) (1,3,5)
Orta (F) (3,5,7)
Orta iyi (MG) (5,7,9)
Iyi (G) (7,9,10)

Cok iyi (VG) (9,10,10)

Alternatiflerin “n”, kriterlerin “m” ve karar vericilerin “q” oldugunu ifade ettigimizde, B-CODAS ydntemi asagida
verilen dokuz adimda agiklanmaktadir.

Adim 1: Her bir karar vericinin bulanik karar matrisi (X;), (5) numarali denklemde gosterildigi sekilde olusturulur
ve ortalama bulanik karar matrisi (X) (6) numarali denklemde gosterildigi sekilde hesaplanir (Ghorabaee ve dig.,
2017).

X X Ximi
- % B e %
~ 211 221 2ml
X, [x'ﬂ :|n><m : : : : ®
'xnll anl xnml
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X X Xim
N % % -
~ 21 2 2
X=[x] = 2oL (©)
‘] nxm
xnl an xnm
q
= @ 3, (M
/=1

(7) numarah denklemde ¥;j;, i. alternatifin (ie{1,2,...,n}) J. kriter (j e {1, 2... ,m}) ve /. (l € {1,2,___,(]})
karar vericisine gore bulanik performans degerini, ¥;; isej. kritere gore i. alternatifin ortalama bulanik performans
degerini gostermektedir (Yalgin ve Pehlivan, 2019).

Adim 2: Her bir karar vericiden her bir kriterin bulanik agirliklari alinir ve ortalama bulanik agirliklar (8) numarali
denklemde gosterildigi sekilde hesaplanir (Ghorabaee ve dig., 2017).

Wl - [ﬂ}ﬂ ]lxm ®
W - [WJ :|1xm ©)
q
W= ® W, (10)
=1

Denklemlerde wy; , j. kriter’in /. karar vericiye gore bulanik agirhigmi gostermekte ve w; ise j. kriterin ortalama
bulanik agirligini belirtmektedir (Yalgin ve Pehlivan, 2019).

Adim 3: (11) numarali denklem kullanilarak her bir kriterin tipine gore, bulanik normallestirilmis karar matrisi
belirlenir (Ghorabaee ve dig., 2017).

Nz[ﬁiflxm D

%, /maxD(%)  jeB (12)
1—()Ey./mlfc1xD(i,-j)) jeC

(12) numarali denklemde B ve C, sirasiyla fayda ve maliyet kriterleri kiimelerini temsil etmekte ve fi;;
normallestirilmig bulanik performans degerlerini belirtmektedir (Yalgin ve Pehlivan, 2019).

Adim 4: Bu adimda bulanik agirlikli normallestirilmis karar matrisi hesaplanmaktadir. Bulanik agirlikli
normallestirilmis performans degerleri (;) , (13) numaral denklemde gosterildigi sekilde elde edilebilmektedir

(Ghorabaee ve dig., 2017).

R= [Fij ]nxm (2
ry=w, ®n, (14)
(14) numarali denklemde W) J. kriterin bulanik agirligini ve () < D(ﬂ/j) < 1’1 gostermektedir.
Adim 5: Bulanik negatif ideal ¢6ziimii, (15) numarali denklemde gosterildigi sekilde olusturulmaktadir.

(15)
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S = mmr] (16)

(16) numarali denklemde mmrl] {fk]- | D(f‘k ]-) =min (D(ﬁ- j)),k €{1,2, ...,n}} olarak ifade edilmektedir
L
(Ghorabaee ve dig., 2017).

Adim 6. Bu adimda bulanik negatif ideal ¢bziim kullanilarak alternatiflerin bulanik agirlikli Oklid (ED;) ve
bulanik agirlikli Hamming (HD;) uzakliklar1 hesaplanir. Bu degerlerin hesaplanmasi i¢in (17) ve (18) numarali
denklemler kullanilmistir (Yalgin ve Pehlivan, 2019).

ED; = Y7L, dg(#),75,) (17)

HD; =¥, dy(7;,7s;) (18)

Adim 7. (19) ve (20) numarali denklemler kullanilarak bagil degerlendirme matrisi (R4) belirlenir (Ghorabaee ve
dig., 2017).

RA = [pik]nxn 19)
x = (ED; — EDy) + (t(ED; — EDy) X (HD; — HD,)) (20)
Burada f e {1, 2,..., n} ve ¢ degeri esik deger olup (21) numarali denklem yardimi ile hesaplanmaktadir.

. _{1 if x| =8 N
)= ir x| <6 @D

Bu fonksiyonun esik degeri ( 6 ) karar verici tarafindan atanabilmektedir. Bu ¢aligmada literatiir baz alinarak
6=0,02 olarak hesaplanmustir.

Adim 8. (22) numarali denklem kullanilarak her bir alternatifin degerlendirme puani (4S;) hesaplanir (Yalgin ve
Pehlivan, 2019).

ASi = zpik (22)
k=1

Adim 9. En yiiksek degerlendirme puanina sahip alternatif, problemin ¢dzlimii kapsamindaki en uygun segenek
olarak ifade edilmektedir.

4. Uygulama

Imalat sektoriinde faaliyet gosteren bir firmanmn fabrika yerinin segilmesi, uygulamanin ana gercevesini
olusturmaktadir. Firma, seri liretime gegmek ve iiretim kapasitesini arttirmak istediginden dolay1 daha genis bir
alana ihtiya¢c duymakta ve bu nedenle fabrika kurmak istemektedir. Firma 2018 yilinda TUBITAK 1n teknogirisim
sermaye destegi ile kompozit pervane alaninda bes yildan fazla bir siireden beri faaliyet gdsteren ekibin bir araya
gelmesiyle ticari hayatma Istanbul’da baglamistir. Firma, geng ve hizli biiyiiyen bir start-up sirketidir. Savunma
sanayii, havacilik ve denizcilik sektdriinde modern teknolojiler tiretmek i¢in kurulmustur. Misyonu; yerli, milli ve
yenilikgi tasarim igeren projeler yapmaktir. Isletme mevcut iiretim tesislerinde; insansiz hava araglari i¢in karbon
fiber, ahsap ve plastik malzemelerden {iretilen pervaneler, havalandirma ve tekne pervaneleri, karbon levha ve
boru, 250-1500 milimetre gap araliginda hava araci pervanesi, 1-12 kW giiclerinde tekne pervanesi iiriinlerinin
iretimini yapmaktadir.

Caligma kapsaminda 6ncelikle, dokuz kisiden olugan uzman karar verme grubu kurulmustur. Grup tiyeleri ile yiiz
ylize goriismeler yapilmig ve literatiirde yer alan kriterlerin agiklamalari detaylica sunulmustur. Calisma igin
degerlendirilecek alternatifler ise firma yonetimi tarafindan belirlenmis olup Istanbul ve Kocaeli illerinde yer
almaktadir. Alternatifler; A1 (Bayrampasa), A2 (Esenyurt), A3 (Gebze), A4 (ikitelli), A5 (Teknopark Istanbul),
A6 (Tuzla) ve A7 (YTU-Teknopark) olarak tanimlanmustir.

Tablo 4’te karar verme grubu tiyelerinin meslegi, deneyimi ve uzmanlik alanlar1 detaylandirilmustir.
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Tablo 4. Karar vericilere ait bilgiler

Karar Verici  Deneyim (y1l) Meslegi Uzmanhk Alam

KV 8 Isletme Y®oneticisi Is!.e tm.e O rganizasyonu, Urlin Yasam
Dongilisii

KV; 8 Isletme Yoneticisi Uretim Planlama, Is Gelistirme

KV; 13 Isletme Yoneticisi Uretim Pl.?nla.l.m.?’ Kalite Kontrol, Uriin
Yasam Dongiisii

KVy 2 Mimar Uretim Planlama, Tedarik Zincirleri

KVs 35 Endiistri Miihendisi Personel Yonetimi, Kalite Yonetimi

KVs 2 Gemi Y. Miihendisi Urtin Yasam Dongsti, Uretim
Planlama

KV~ 6 Gemi Y. Mithendisi Pazarlama ve Satig, Personel Yonetimi

KVs 6 Mekatronik Y. Miihendisi Iedquk Zincirleri, Personel Yonetimi,
Uretim Planlama

KV, 7 Malzeme Y. Miihendisi Uriin Yasam Dongist, Kalite

Yonetimi, Personel YoOnetimi

Yer se¢iminde kullanilacak kriterler ise literatiir kapsaminda tespit edilerek, karar verme grubunun da goriisleri
dogrultusunda son halini almistir. Cografi, ¢evre, ekonomik, sosyal ve teknik olmak {izere bes ana kriter
kapsaminda yirmi bir alt kriter mevcuttur. Tablo 5’te degerlendirme kriterleri ifade edilmistir.

Tablo 5. Tesis yeri seciminde kullanilan degerlendirme kriterleri

Kriter

Kisa Tanim

Destekleyici Literatiir

Ci1-Cografi

Enerji kaynaklarina

Tesisin enerji kaynaklarina yakinligini ve
bu kapsamda enerjinin elde edilebilmesi

Yaslioglu ve Onder (2016).

yakinlik icin gerekli maliyeti ifade etmektedir.
C Hammaddeye Hammadde tedarikgilerine yakinlik Yaslioglu ve Onder (2016), Cedolin ve
" yakinlik vurgulanmaktadir. dig. (2018), Yiicenur ve dig., (2019).
C iklim Tesisin galigmasina etki edebilecek iklim Kaul ve dig., (2020), Seker ve Aydin
B sartlarini ifade etmektedir. (2020), Tiirk ve Ozkok (2020).
C Miisterilere Isletmenin miisterilerine olan uzaklig Yaslioglu ve Onder (2016), Suman ve
1 yakinlik temsil etmektedir. dig. (2021).
C Sanayi bolgelerine  Tesisin endiistriyel bolgelere yakinligim Dag ve Onder (2013), Tiirk ve Ozkok
" yakinlik ifade etmektedir. (2020).
C Ulasim aglaria Kara yolu, deniz yolu, hava yolu ve demir ~ Sennaroglu ve Celebi (2018), Durak ve
16 yakinlik yolu ulasimina yakinlig1 kapsamaktadir. dig. (2021).
Cz-Cevre
et 1 qi1ins Bolgedeki giiriiltii kirliligini ifade Karagoz ve dig. (2020, 2021); Simic ve
Cu  Guriltikirliligi = 2 dir. dig. (2021).
C»  Hava kirliligi Bolgedeki hava kirliligini ifade etmektedir. ]()zl(l)rzai() ve dig. (2021), Deveci ve dig.,
. Karbon ayak izi bakimindan avantajli bir .
C2;s  Karbon ayak izi cevreye sahip oldugunu ifade etmektedir. Torkayesh ve Simic (2022).
Cs-Ekonomik
Cs1 Devlet tegvikleri Dev}e.t d?Stek derecesi, st bvar.151y0.n1ar, Yaslioglu ve Onder (2016).
arazi imtiyazlar1 ve vergi tesvikleri.
C Isletme ve bakim Isletme maliyetleri ve bakim-onarima Yaslioglu ve Onder (2016), Cedolin ve
32 maliyetleri harcanmasi gereken toplam maliyet. dig. (2018), Yiicenur ve dig., (2019).
Css  Yatirim maliyeti Projenin uygulanmasiyla ilgili maliyetler. Yesilkaya (2018), Kaul ve dig., (2020),

Tiirk ve Ozkok (2020).

Cs-Sosyal
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Calisanlar igin

Sosyal yasam alanlarinin potansiyelini

Ca sosyal olanaklar ifade edilmektedir. Steyn ve Buys (2017), Aytekin (2018).
P .. Yeterli sayida is¢inin varligint (mavi, . .
Ca2 s giicii mevcudiyeti beyaz yakah vb.) ifade etmektedir, Simic ve dig. (2021).
Ortaya ¢ikabilecek is sayisini ve kent i¢in .
Cs  Topluluk yarar etkiyi ifade etmektedir, Seker ve Aydin (2020).
Seker ve Aydin (2020), Kannan ve dig.
Css Toplumsal kabul Toplumun isletmeye gosterdigi tutumdur. (2020), Karagdz ve dig. (2021),
Torkayesh ve Simic (2022).
Cs-Teknik
Csy Arazi gem;‘.leme Tesisin gsamsleyebﬂme potansiyelini ifade Sennaroglu ve Celebi (2018).
potansiyeli etmektedir.
Lokasyonun ilk etaptaki arazi
Cs2  Arazi gereksinimi gereksinimini ne 6l¢giide karsiladigim Torkayesh ve Simic (2022).
belirtmektedir.
. . Aday arazinin cografi uygunlugu olarak Karagoz ve dig. (2020), Karagoz ve
Cs:s  Arazinin uygunlugu tanimlanmaktadr. dig. (2021).
Firmanin; satig, tiretim veya kullanim igin .o e .
Css  Ek depolama alan1  {irlin vb. depolayabilecegi ek alan varligini Karagoz ve dig., 2020, Simic ve dig.,
. . (2021).
ifade etmektedir.
Css  Trafik yogunlugu Bolgedeki trafik yogunlugunu ifade Yaslioglu ve Onder (2016), Sennaroglu

etmektedir.

ve Celebi (2018).

4.1. GB-SWARA Yontemiyle Kriter Agirhiklarimin Tespiti

Oncelikle karar verme ekibinin kriterler kapsamindaki ayri ayri goriisleri alinmistir. Tablo 6’da birinci karar
vericinin ana kriterler ve alt kriterler kapsamindaki hesaplamalar1 sunulmustur. Ttiim karar vericiler igin benzeri
hesaplama sistemi uygulanmistir.

Tablo 6. Birinci karar vericiye ait hesaplamalar

ifade

S; k; q, Wi Wj
Cs 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,297 0,310 0,327 0,312
Cs WLS 0222 0250 0,286 1,222 1,250 1,286 0,778 0,800 0,818 0,231 0,248 0,268 0,249
Ci MDLS 0,250 0,286 0,333 1,250 1,286 1,333 0,583 0,622 0,655 0,173 0,193 0214 0,194
Cs LS 0286 0333 0,400 1,286 1,333 1,400 0417 0467 0,509 0,124 0,145 0,167 0,145
C: RLS 0333 0,400 0,500 1,333 1,400 1,500 0278 0,333 0,382 0,083 0,103 0,125 0,104
Ci3 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,267 0,280 0,296 0,281
Cii WLS 0,222 0,250 0,286 1,222 1,250 1286 0,778 0,800 0,818 0,207 0,224 0,242 0,224
Cie WLS 0,222 0,250 0,286 1,222 1,250 1286 0,605 0,640 0,669 0,161 0,179 0,198 0,179
Cis MDLS 0,250 0,286 0,333 1,250 1,286 15333 0,454 0,498 0,536 0,121 0,139 0,159 0,140
Cis LS 0,286 0,333 0,400 1,286 1,333 1400 0,324 0,373 0,417 0,086 0,104 0,123 0,105
Ciz RLS 0,333 0,400 0,500 1,333 1,400 1,500 0,216 0,267 0,312 0,058 0,075 0,093 0,075
Cn 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,404 0,413 0424 0414
Cai WLS 0,222 0,250 0,286 1,222 1,250 1286 0,778 0,800 0,818 0,315 0,330 0,347 0,330
Cz2 MDLS 0,250 0,286 0,333 1,250 1,286 1,333 0,583 0,622 0,655 0,236 0,257 0277 0,257
Cu 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,407 0,417 0429 0418
Ca: WLS 0,222 0,250 0,286 1,222 1,250 1,286 0,778 0,800 0,818 0,317 0,333 0,351 0,334
Cai LS 0,286 0,333 0,400 1,286 1,333 1400 0,556 0,600 0,636 0,226 0,250 0,273 0,250
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Ca 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,335 0,346 0,360 0,347
Csa WLS 0,222 0,250 0,286 1,222 1,250 1,286 0,778 0,800 0,818 0,261 0,277 0,295 0,277
Css MDLS 0,250 0,286 0,333 1,250 1,286 1,333 0,583 0,622 0,655 0,196 0,215 0,236 0,216
Cs LS 0,286 0,333 0,400 1,286 1,333 1,400 0,417 0,467 0,509 0,140 0,162 0,183 0,162
Cs3 0,000 0,000 0,000 1,000 1,000 1,000 1,000 1,000 1,000 0,297 0,310 0,327 0,312
Css WLS 0,222 0,250 0,286 1,222 1,250 1,286 0,778 0,800 0,818 0,231 0,248 0,268 0,249
Csi MDLS 0,250 0,286 0,333 1,250 1,286 1,333 0,583 0,622 0,655 0,173 0,193 0,214 0,194
Cs» LS 0,286 0,333 0,400 1,286 1,333 1,400 0,417 0,467 0,509 0,124 0,145 0,167 0,145
Css RLS 0,333 0,400 0,500 1,333 1,400 1,500 0,278 0,333 0,382 0,083 0,103 0,125 0,104

Yapilan hesaplamalar sonucunda her karar verici igin tiim ana ve alt kriterlerin 6nem dereceleri tespit edilmistir.
Karar vericilerin goriislerini biitiinlestirmek i¢in, ortaya ¢ikan degerlerin aritmetik ortalamasi alinmistir
(Ghorabaee, Amiri, Zavadskas, Turskis ve Antucheviciené, 2018; Alvand ve dig., 2021). Elde edilen sonuglar
Tablo 7°de gosterilmistir. Alt kriterlerin 6nem agirliklari, problemin bir sonraki asamasinda kullanilmak tizere
iicgensel say1 olarak da ifade edilmistir. Tesis yeri se¢imindeki ana kriterlerin ortaya ¢ikan onem agirliklar
incelendiginde en fazla 6neme sahip kriterin, ekonomik kriter oldugu ifade edilebilir. Alt kriterler biitiinlesik olarak
incelendiginde ise en dnemli bes kriterin; yatirim maliyeti, isletme ve bakim maliyetleri, devlet tesvikleri, karbon
ayak izi ve arazi genisleme potansiyeli kriterleri oldugu goriilmektedir.

Tablo 7. Kriterlerin Onem Agirliklart

Ana

Kriterin

Ana Kkriter kriter Alt Kkriterler Yerel agirhk genel Alt kriter
a M . a M . siralamasi
c, Cnetikaynaklarma 0,032 0,039 0047 0,039 12
yakinlik
Ci2 Hammaddeye yakinlik 0,042 0,049 0,058 0,050 6
Cl-u 0221 Ci;  Iklim 0,027 0,034 0,041 0,034 15
Cografi ’ Cis Miisterilere yakinlik 0,033 0,040 0,048 0,040 11
)5 Sanayi bolgelerine 0021 0,027 0034 0,028 21
yakinlik
Cis Ulagim aglarina yakimhk 0,025 0,031 0,039 0,032 18
Cy1  Giiriiltii kirliligi 0,037 0,045 0,055 0,046 9
Cz2-Cevre 0,149  C Hava kirliligi 0,038 0,047 0,057 0,047 8
Cy3  Karbon ayak izi 0,047 0,056 0,067 0,057 4
Cs1  Devlet tesvikleri 0,071 0,081 0,092 0,082 3
o 0292 Ca fﬁﬁryn;gfibak‘m 0093 0,102 0,114 0,103 2
Cs;  Yatinm maliyeti 0,098 0,107 0,119 0,108 1
c, SAlsanlariginsosyal o006 0033 0,041 0,033 16
olanaklar
Cs-Sosyal 0,138 Cs s giicii mevcudiyeti 0,036 0,044 0,054 0,044 10
C4s  Topluluk yarari 0,025 0,032 0,040 0,032 17
C44s  Toplumsal kabul 0,022 0,029 0,037 0,030 20
Cs5 Arazi genisleme 0,045 0,052 0,062 0,053 5
potansiyeli
Cs-Teknik Cs;  Arazi gereksinimi 0,028 0,034 0,043 0,035 14
0204 .. Arazinin uygunlugu 0,040 0,047 0,056 0,048 7
Css  Ek depolama alan 0,025 0,031 0,039 0,032 19
Css  Trafik yogunlugu 0,031 0,038 0,047 0,039 13
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4.2. Bulanik CODAS Yontemiyle Alternatiflerin Degerlendirilmesi

Caligmanin bu kisminda yedi farkli alternatif lokasyonun uygunlugu analiz edilmistir. Lokasyonlara ait veriler
1s121nda, mevcut karar verme grubu igerisinde alternatifler hakkinda da ileri diizeyde bilgi sahibi olan alt1 kisilik
bir alt grup, degerlendirmeler gergeklestirmistir. Karar vericiler tarafindan olusturulan sézel degerlendirmelerin
iicgensel bulanik say1 karsiliklari (Tablo 3’te yer alan) kullanilarak ortalama bulanik karar matrisi olusturulmustur.
Tablo 8’de aritmetik ortalama alinarak olusturulmus olan bulanik karar matrisi sunulmustur.

Tablo 8. Ortalama Bulanik Karar Matrisi

Alternatifler
Kriterler Al A2 A3 A4 AS A6 A7
! m w | m w | m w | m w | m wu | m u | m u
Cu 37 57 75|33 53 73|60 7,8 9,0/6,0 7,7 8,747 6,5 8,057 7,7 90(5,2 6,7 8,0
Ci2 67 83 92|35 53 70|57 7,5 88|60 7,8 92|47 6,5 7,8/6,0 7.8 92(6,3 8,0 9,0
Ciz 37 57 75|27 47 6,7|2,7 47 6,728 4,7 6,7{32 50 68(25 42 58(3,7 5,773
Cu4 43 62 78|1,3 3,0 50(2,8 45 63(4,0 6,0 80(43 6,2 7,7(40 58 7,5/60 7,7 88
Cis 40 55 68|28 45 62|42 6,0 7,7|6,7 83 92(3,0 50 7,0(45 63 7,8|3,8 53 6,7
Cis 6,7 85 95|30 50 7,0|4,7 6,7 82|57 7,7 93|53 72 8,740 60 7,8(6,7 82 9,0
Cau 25 42 58|33 52 686,77 83 92|43 6,2 7,8173 8,7 92(63 7.8 88|[6,7 8,0 8,7
Cy»n 37 55 72|40 58 7,5|60 7,8 9,0|43 6,2 7,8153 72 87|57 73 87|57 7,5 88
Caz 47 6,7 85|40 60 7,7|43 6,3 8,0(4,0 6,0 7,7|6,7 85 9,753 7,0 82|57 7,7 9,2
Cs1 1,3 30 50(23 38 57|22 3,5 53|30 47 65(83 9,5 9,8(28 42 58(83 9,598
Cs, 57 7,7 92|60 7,8 9,0|6,7 8,5 9,7|7,0 8,7 9,5/6,7 82 92|73 88 9,7[6,3 8,0 9,2
Cszs 53 72 85|73 88 9,7|6,7 83 9,5(53 7,2 85(48 63 7,5(63 82 95|53 7,0 82
Cyq 32 50 681,022 40(2,3 43 63(3,2 50 7,0(7,0 87 9,7(3,2 48 65|6,7 85 9,7
Cspr 63 80 90(40 58 7,5|3,7 5,7 71,7143 6,2 7,8(57 7,7 92(3,0 50 7,0(6,3 82 9,3
Cqs 18 3,7 57|1,8 33 52|38 53 6,7(3,0 5,0 68|57 7,5 8,.8[6,0 7,7 88(58 7,3 83
Cs 30 50 6,8/|3,7 57 73|40 58 7,5|43 6,2 7,7|6,7 83 9,3[50 68 83|60 7,8 9,0
Cs1 20 33 50(48 6,5 80|53 7,3 8,8(28 4,5 62(2,0 3,5 53|57 7,5 88(1,5 2,7 43
Cs, 18 3,7 57|53 72 87|50 6,8 83(2,0 3,7 55|1,2 2,5 43|57 7,5 88|28 43 58
Css 45 63 7,8|50 7,0 85|63 8,2 93|43 6,3 8,0(6,7 83 95|70 85 93|60 7,8 9,2
Csq4 3,0 45 6243 6,3 8,0(52 6,8 83(3,0 50 7,0(25 43 62|63 82 9,5|2,0 4,0 6,0
Css 27 43 6,232 50 6,853 7,3 9,0|3,7 5,5 72|63 82 93|53 72 87|57 7,590
Bulanik CODAS uygulamas: kapsaminda, c¢aligmamizdaki tiim kriterler fayda kriteri mantiginda
degerlendirildiginden (Katranci ve Kundakei, 2020), esitlik (10) kullanilarak normalize bulanik karar matrisi elde
edilmistir (Tablo 9) .
Tablo 9. Normalize bulanik karar matrisi
Kriterler
Alternatifler
n Ci2 Ciz Ciu Cis Cis Cua Cnn Ciz Gyt Gz Cs3
/0,50 095 0,63 0,87 0,65 095 0,43 0,51 0,61 0,27 0,62 0,71
Al m 0,77 1,19 097 1,23 0,89 1,21 0,71 0,77 0,87 0,60 0,84 0,96
v 1,02 1,31 1,29 1,57 1,11 1,36 1,00 1,00 1,11 1,00 1,00 1,13
[ 045 0,50 0,46 0,27 0,46 043 0,57 0,56 0,52 0,47 0,65 0,98
A2 m 0,73 0,76 0,80 0,60 0,73 0,71 0,89 0,81 0,78 0,77 0,85 1,18
v« 1,00 1,00 1,14 1,00 1,00 1,00 1,17 1,05 1,00 1,13 0,98 1,29
/082 0,81 046 0,57 0,68 0,67 1,14 0,84 0,57 0,43 0,73 0,89
A3 m 1,07 1,07 0,80 0,90 0,97 0,95 1,43 1,09 0,83 0,70 0,93 1,11
w123 126 1,14 1,27 1,24 1,17 1,57 1,26 1,04 1,07 1,05 1,27
A4 /082 0,86 049 0,80 1,08 0,81 0,74 0,60 0,52 0,60 0,76 0,71
m 1,05 1,12 0,80 1,20 1,35 1,10 1,06 0,86 0,78 0,93 0,95 0,96
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v 1,18 1,31 1,14 1,60 1,49 1,33 1,34 1,09 1,00 1,30 1,04 1,13
/064 0,67 0,54 087 049 0,76 1,26 0,74 0,87 1,67 0,73 0,64
AS m 0,89 093 086 1,23 0,81 1,02 1,49 1,00 1,11 1,90 0,89 0,84
v 1,09 1,12 1,17 1,53 1,14 1,24 1,57 1,21 1,26 1,97 1,00 1,00
/0,77 0,86 0,43 0,80 0,73 0,57 1,09 0,79 0,70 0,57 0,80 0,84
A6 m 1,05 1,12 0,71 1,17 1,03 0,86 1,34 1,02 0,91 0,83 0,96 1,09
v 1,23 1,31 1,00 1,50 1,27 1,12 1,51 1,21 1,07 1,17 1,05 1,27
/0,70 0,90 0,63 1,20 0,62 0,95 1,14 0,79 0,74 1,67 0,69 0,71
A7 m 091 1,14 097 1,53 0,86 1,17 1,37 1,05 1,00 1,90 0,87 0,93
v 1,09 1,29 126 1,77 1,08 1,29 1,49 1,23 1,20 1,97 1,00 1,09
Tablo 9 (devami). Normalize bulanik karar matrisi
Kriterler
Alternatifler

Ciz Cis Cy Csi Cs2 Csz3 Csqy Css

/090 035 044 046 042 0,57 0,50 0,43

Al m 1,14 0,71 0,73 0,77 0,85 0,81 0,75 0,70

v 1,29 1,10 1,00 1,15 1,31 1,00 1,03 1,00

/057 035 0,54 1,12 1,23 0,64 0,72 0,51

A2 m 0,83 0,65 0,83 1,50 1,65 0,89 1,06 0,81

v 1,07 1,00 1,07 1,85 2,00 1,09 1,33 1,11

/052 0,74 0,59 1,23 1,15 0,81 0,86 0,86

A3 m 0,81 1,03 0,85 1,69 1,58 1,04 1,14 1,19

v 1,10 1,29 1,10 2,04 1,92 1,19 1,39 1,46

[ 0,62 0,58 0,63 0,65 046 0,55 0,50 0,59

A4 m 0,88 097 090 1,04 0,85 0,81 0,83 0,89

v 1,12 1,32 1,12 142 1,27 1,02 1,17 1,16

/081 1,10 0,98 046 0,27 0,85 0,42 1,03

AS m 1,10 1,45 1,22 0,81 0,58 1,06 0,72 1,32

v 1,31 1,71 1,37 1,23 1,00 1,21 1,03 1,51

/043 1,16 0,73 1,31 1,31 0,89 1,06 0,86

A6 m 0,71 1,48 1,00 1,73 1,73 1,09 1,36 1,16

v 1,00 1,71 1,22 2,04 2,04 1,19 1,58 141

/090 1,13 0,88 0,35 0,65 0,77 0,33 0,92

A7 m 1,17 142 1,15 0,62 1,00 1,00 0,67 1,22

v 133 1,61 1,32 1,00 1,35 1,17 1,00 1,46

Bir sonraki asamada bulanik agirliklt normallestirilmis karar matrisi hesaplanmistir. GB-SWARA hesaplamasi
sonucu elde edilen kriter agirliklart da bu asamada kullanilmistir. Bulanik agirliklt normallestirilmis karar matrisi
Tablo 10°da sunulmustur.

Tablo 10. Bulanik agirlikli normallestirilmis karar matrisi

Ci1 Ci2 Ci3 Ci4 Ci5 Ci6 C21 C22 C23 C31 C32 C33 Cut Co2 Cy3 Ca4 Cs1 Cs2 Cs3 Csy4 Css

I 0,02/0,04/0,02|0,03/0,01/0,02|0,02|0,02|0,03|0,02|0,06/0,07|0,02/0,03|0,01/0,01|0,02|0,01{0,02|0,01|0,01
Al m  0,03/0,06/0,03/0,05/0,02/0,040,03|0,04/0,05/0,05|0,09|0,10|0,04|0,05|0,020,02|0,04|0,03/0,04/0,02|0,03
u 0,050,08/0,05/0,08/0,04/0,050,06/0,060,07/0,09/0,11]0,13/0,07]0,07/0,04/0,04/0,07/0,06/0,06/0,04 0,05
I 0,01]0,02/0,01/0,01/0,010,01|0,02|0,02|0,02|0,03/0,06/0,10|0,01/0,02|0,01/0,01|0,05|0,03|0,03|0,02|0,02
A2 m  0,03/0,04/0,03/0,02/0,02/0,02|0,04|0,040,040,06|0,09|0,13|0,02|0,04|0,020,02|0,08|0,06/0,04/0,03|0,03
u 0,050,06/0,05/0,05/0,03/0,040,06/0,06/0,07/0,10/0,11]0,15/0,04]0,06]/0,04/0,04/0,11/0,09/0,06/0,05]0,05
I 0,03/0,03/0,01/0,02/0,01/0,02|0,04/0,03|0,03/0,03|0,07|0,09|0,01|0,02|0,02/0,01/0,05|0,03/0,03/0,02|0,03
A3 m  0,04/0,05/0,03/0,04/0,03]0,03|0,06/0,05|0,05/0,06|0,09|0,12|0,04|0,04|0,03/0,02|0,09|0,05/0,05|0,04|0,05
u  0,060,07/0,05/0,06/0,04/0,050,09/0,070,07/0,10/0,12|0,15/0,07]0,06|0,05/0,04|0,13/0,08/0,07/0,05/0,07
A4 1 0,03/0,04/0,01/0,03]0,02/0,02|0,03|0,02|0,02|0,04/0,07/0,07|0,02/0,02/0,01/0,01/0,03]0,010,02/0,01|0,02
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m (,04/0,06/0,03/0,05/0,04/0,03/0,05/0,040,04|0,08|0,10/0,10/0,04|0,04/0,03/0,03|0,05|0,03|0,04|0,03|0,03
4 0,06]0,08/0,05/0,08/0,05/0,05/0,070,06/0,070,1210,12/0,13/0,07/0,06|0,05|0,04/0,09/0,05/0,06/0,05|0,05
I 0,02/0,03/0,01/0,03/0,01/0,02/0,05|0,03|0,04|0,12|0,07|0,06|0,04|0,03/0,03/0,02|0,02/0,01/0,03/0,01 0,03
AS m 0,03/0,05/0,030,05/0,02|0,03/0,07|0,05|0,06|0,15|0,09|0,09/0,07|0,05|0,050,04|0,04|0,02|0,05|0,02|0,05
4 0,05/0,07/0,05/0,07/0,040,05/0,09/0,07]0,08/0,18/0,11/0,12/0,10/0,07/0,070,05/0,08/0,04/0,07/0,04|0,07
I 0,02/0,04/0,01/0,03/0,02/0,01/0,04|0,03|0,03/0,04|0,07|0,08|0,02|0,02/0,03/0,02|0,06/0,040,04/0,03 0,03
A6 m  (,04/0,06/0,02|0,05/0,03]0,03|0,06/0,05/0,05/0,07|0,10/0,12|0,04|0,03|0,050,03|0,09|0,06|0,05 0,04 |0,04
4 0,06/0,08/0,04/0,07/0,04/0,04/0,08/0,070,070,1110,12/0,15/0,07/0,05]0,070,05/0,1310,09/0,07/0,06/0,07

I 0,02/0,04/0,02/0,04/0,01/0,02/0,04|0,03|0,03/0,12|0,06|0,07|0,04|0,03/0,03/0,02|0,020,02|0,03/0,01 0,03
A7 m 0,04/0,060,03/0,06/0,02/0,04/0,06/0,05/0,06|0,15(0,09/0,10/0,07(0,05/0,05/0,03|0,03|0,03|0,05|0,02|0,05
u 0,05/0,08/0,05/0,09/0,04|0,05|0,08/0,07|0,08/0,18/0,11|0,13/0,10/0,07|0,06|0,05/0,06|0,06|0,07|0,04|0,07

Olusturulan bulanik agirlikli normallestirilmis matristen (15) numarali denklem kullanilarak bulanik negatif ideal
¢Oziim degerleri (Tablo 11) olusturulmustur.

Tablo 11. Bulanik negatif ideal ¢6ziim degerleri

Kriterler / m u Kriterler / m u

Cu 0,0146 0,0282 0,0471 Css 0,0638 0,0915 0,1201
Cu 0,0211 0,0377 0,0584 Ca 0,0064 0,0178 0,0411
Cis 0,0117 0,0239 0,0412 Ca 0,0154 0,0315 0,0536
Cua 0,0088 0,0239 0,0482 Cs3 0,0088 0,0206 0,0403
Cis 0,0098 0,0198 0,0344 Ca 0,0098 0,0213 0,0371
Cis 0,0107 0,0222 0,0387 Csi 0,0155 0,0323 0,0619
Cau 0,0156 0,0324 0,0553 Cs 0,0074 0,0198 0,0426
Cn 0,0195 0,0361 0,0572 Cs3 0,0227 0,0380 0,0560
Cas 0,0244 0,0441 0,0672 Cs4 0,0082 0,0207 0,0390
Ca 0,0191 0,0491 0,0936 Css 0,0135 0,0268 0,0465
Cs2 0,0560 0,0838 0,1120

Takip eden adimda bulanik negatif ideal ¢6ziim kullanilarak alternatiflerin bulanik agirlikli Oklid (ED;) ve bulanik
agirlikli Hamming (HD;) uzakliklari hesaplanmistir. Oklid uzakliklar1 hesaplanirken (17) numarali denklem,
Hamming uzakliklar1 hesaplanirken (18) numarali denklem kullanilmistir (Tablo 12).

Tablo 12. Oklid ve Hamming Uzakliklart

Ciu Ci2 Ciz Cu Ci5 Cis Cua Cx Caz Csi Ca

Al ED 0,002 0,020 0,009 0,025 0,004 0,015 0,000 0,000 0,005 0,000 0,000
HD 0,002 0,020 0,009 0,024 0,004 0,015 0,000 0,000 0,005 0,000 0,000

A2 ED 0,000 0,000 0,004 0,000 0,000 0,000 0,008 0,002 0,000 0,013 0,002
HD 0,000 0,000 0,003 0,000 0,000 0,000 0,008 0,002 0,000 0,013 0,002

A3 ED 0,012 0,015 0,004 0,012 0,007 0,007 0,031 0,014 0,002 0,009 0,009
HD 0,012 0,015 0,003 0,012 0,007 0,007 0,031 0,014 0,002 0,009 0,009

Ad ED 0,011 0,017 0,004 0,024 0,016 0,012 0,016 0,004 0,000 0,026 0,011
HD 0,011 0,017 0,003 0,024 0,016 0,012 0,015 0,004 0,000 0,026 0,010

A5 ED 0,006 0,008 0,005 0,024 0,003 0,009 0,033 0,011 0,018 0,100 0,006
HD 0,006 0,008 0,005 0,024 0,002 0,009 0,033 0,011 0,018 0,100 0,005

A6 ED 0,011 0,017 0,000 0,022 0,008 0,004 0,027 0,012 0,007 0,019 0,013
HD 0,011 0,017 0,000 0,022 0,008 0,004 0,027 0,012 0,007 0,019 0,012

A7 ED 0,007 0,018 0,009 0,036 0,003 0,013 0,028 0,013 0,012 0,100 0,004
HD 0,007 0,018 0,008 0,036 0,003 0,013 0,028 0,013 0,012 0,100 0,004
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Ciz Cau Co Ci3 Cu Csi Cs2 Cs3 Css Css

Al ED 0,012 0,023 0,018 0,002 0,000 0,008 0,009 0,000 0,003 0,000
HD 0,012 0,022 0,018 0,002 0,000 0,008 0,009 0,000 0,003 0,000

A2 ED 0,035 0,000 0,005 0,000 0,003 0,045 0,036 0,004 0,012 0,004
HD 0,035 0,000 0,005 0,000 0,003 0,045 0,036 0,004 0,012 0,004

A3 ED 0,028 0,018 0,004 0,012 0,004 0,055 0,034 0,011 0,014 0,018
HD 0,028 0,017 0,004 0,012 0,004 0,054 0,033 0,010 0,014 0,018

Ad ED 0,012 0,024 0,007 0,010 0,005 0,022 0,009 0,001 0,005 0,007
HD 0,012 0,023 0,007 0,010 0,005 0,021 0,009 0,001 0,005 0,007

A5 ED 0,000 0,051 0,016 0,025 0,014 0,010 0,000 0,012 0,002 0,023
HD 0,000 0,051 0,016 0,025 0,014 0,010 0,000 0,012 0,002 0,022

A6 ED 0,026 0,021 0,000 0,026 0,008 0,057 0,038 0,012 0,021 0,017
HD 0,026 0,021 0,000 0,026 0,008 0,056 0,038 0,012 0,021 0,017

A7 ED 0,009 0,050 0,019 0,023 0,011 0,000 0,014 0,009 0,000 0,019
HD 0,009 0,050 0,019 0,023 0,011 0,000 0,014 0,009 0,000 0,019

Bir sonraki adim olarak goreli dnem matrisi hesaplanmustir. # degeri i¢in literatiirde de sik¢a kullanilan 6=0,02
olarak kabul edilip (21) numarali denklem kullanilarak hesaplanmistir (Ghorabaee ve dig., 2017). Degerlendirme
matrisi Tablo 13’te ifade edilmistir.

Tablo 13. Degerlendirme Matrisi
Al A2 A3 A4 AS A6 A7

Al 0,00 -0,02 -0,09 -0,05 -0,10 -0,10 -0,11
A2 0,02 0,00 -0,07 -0,04 -0,09 -0,09 -0,10
A3 0,09 0,07 0,00 0,03 -0,02 -0,01 -0,02
A4 0,05 0,04 -0,03 0,00 -0,05 -0,05 -0,06
AS 0,10 0,09 0,02 0,05 0,00 0,01 0,00
A6 0,10 0,09 0,01 0,05 -0,01 0,00 -0,01
A7 0,11 0,10 0,02 0,06 0,00 0,01 0,00

Son kisimda ise (22) numarali denklem kullanilarak alternatiflerin degerlendirme puanlari hesaplanmistir. Tablo
14’te B-CODAS yontemi ile hesaplama sonucunda alternatiflerin almis olduklari degerlendirme puanlar
goriilmektedir. Alternatifler igerisinde tesis yeri igin en uygun segenek, yedinci alternatif olan YTU-Teknopark
olarak karsimiza ¢ikmustir. ikinci siray1 yine baska bir teknopark bolgesi olan, Teknopark Istanbul almistir. Ugiincii
sirada ise Tuzla alternatifi bulunmaktadir.

Tablo 14. Alternatiflerin Siralamasi

Alternatifler ASi Sira
Al Bayrampasa -0,474 7
A2 Esenyurt -0,376 6
A3 Gebze 0,141 4
A4 Ikitelli -0,093 5
AS Teknopark Istanbul 0,269 2
A6 Tuzla 0,239 3
A7 YTU-Teknopark 0,294 1

4. Sonug

Tesis yerinin segilmesi isletmeleri uzun yillar boyunca, karar vermis olduklar1 lokasyonun kosullarina baglh
kalmaya zorlamaktadir. Bu nedenle yer se¢imi, iizerinde onemle durulmasi gereken bir karar problemidir.
Calismamizda Oncelikle kapsamli bir literatiir taramasi yapilarak, uzman karar verme grubunun
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degerlendirebilmesi i¢in net bir kriter seti tespit edilmistir. Kriterlerin 6nem agirliklarinin giincel ve kabul goérmiis
yontemlerden biri olan GB-SWARA ydntemiyle belirlenmesi sonrasi, isletme tarafindan 6ngériilen alternatiflerin
degerlendirilmesi s6z konusu olmustur. Bu noktada B-CODAS yontemiyle, en uygun secenegin tespiti
gergeklestirilmistir.

Calismamizda; yatirim maliyeti (C33), isletme ve bakim maliyetleri (C32), devlet tesvikleri (C31), karbon ayak
izi (C23), arazi genisleme potansiyeli (C51) en 6nemli degerlendirme kriterleri olarak karsimiza ¢ikmistir. Ortaya
¢ikan sonuglarin tamamen ayni sektdrde yapilan ¢alismalarla karsilastirilabilmesi, literatiirdeki bosluk nedeniyle
miimkiin olmadigindan, maliyet kriterinin daha fazla én plana ¢iktig1 gesitli caligmalarin (Yashoglu ve Onder,
2016; Rahman, Ali, Hossain ve Mondal, 2018) oldugu ifade edilebilir. Alternatiflerin siralamalarina iligkin
sonuglar irdelendiginde ise c¢alismamiz sonucunda, Teknopark tabanli alternatiflerin 6n plana ¢iktigt
goriilmektedir. Teknoparklarin belirtilen kriterler ¢ergevesinde avantajli kurulum imkanlar1 sunmast dolayistyla
ortaya ¢ikan sonuglar mantikli olarak degerlendirilebilir. Arslan, Durak ve Ozdemir (2021)’in yapmis oldugu yer
secimi calismasinda da YTU-Teknopark, alternatifler arasinda iist siralarda yer almistir. Durak, Arslan ve Ozdemir
(2022) tarafindan yapilan baska bir ¢caligma da YTU-Teknopark ilk ii¢ en iyi alternatif arasinda goze ¢arpmaktadir.

Yapmis oldugumuz g¢alismanin, igletmelerin tesis yer se¢imi problemi konusunda bir ¢ergeve sunarak katki
saglayabilecegi ve uygulanan giincel yontemler agisindan da farklilik ortaya koydugu diisiiniilmektedir. ilerleyen
calismalarda, kriterlerin 6nem agirliklarinin belirlenmesi asamasinda, sektérden daha fazla firmaya veya uzmana
ulasilarak tesis yer se¢imi probleminde dikkate alinacak kriterler i¢in daha genis katilimla bir kriter kiimesi
olusturulabilir. Ayrica 6nem agirliklarinin hesaplanmas: agsamalarinda farklit CKKV yontemleri ile sonuglarin
karsilastirilmasi gergeklestirilebilir. Alternatif sayisi arttirilarak ve farkli bulanik uzantilar kullanilarak, secenekler
degisik perspektiflerde degerlendirilebilir. Belirtilmesi gereken diger husus ise sudur: Yazarlarin veya karar verme
grubu tyelerinin, herhangi bir alternatif lokasyonu digerine tercih etme noktasinda 6zel bir karar1 s6z konusu
degildir ve bireysel bir girisimleri olmamistir. Se¢eneklerden birinin, digerinden {istiin olduguna dair kisisel bir
yargilari bulunmamaktadir. Alternatifler arasinda yer alan tiim ilgelerde tesis kurulabilir. Yapmis oldugumuz
caligsmanin sonuglari, tespit edilen verilerin belirli yontemlerle hesaplanmasi neticesinde elde ettigimiz degerlere
dayanmaktadir. Buradaki siralama, sadece hibrit ¢ok kriterli karar verme uygulamasinin gergeklestirilmesi
neticesinde olusturulmustur. Yapilan hesaplama g6z oniinde bulundurularak, herhangi bir gergek hayat ortaminda,
su an i¢in somut bir karar alinmamustir. Tiirkiye’nin her ilgesi, tesis kurulumu agisindan incelenmeye ve yatirim
yapmaya degerdir.

Arastirmacilarin Katkisi

Bu arastirmada; Bilge Nur Peker problemin tanimlanmasi, literatiir taramasi, makale yazimi, analizlerin
gergeklestirilmesi ve yorumlanmasinda, Ali Gorener ise aragtirma cergevesinin yapilandirilmasi, analizlerin
kontrolii, metnin gézden gegirilmesi ve revizyonlarin gergeklestirilmesi konularinda katki saglamistir.

Cikar Catismasi

Yazar tarafindan herhangi bir ¢ikar ¢atismasi beyan edilmemistir.
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Tasit Paylasimi (TP), insanlarin genellikle saatlik olarak kisa siireler i¢in tasit
kiraladiklar1 bir tasit kiralama modelidir. Bu sistem sayesinde kullanicilar bir
tasit1 rezerve ederek kisa siireli kullanimina sahip olup, tasiti teslim alma ve
teslim etme asamalar1 kisinin kendisine aittir. Tagit Paylasim Sistemleri (TPS)
ise, nispeten biiyiik bir grup iiye tarafindan kullanilmak tizere bulunan kiiciik
ve orta dlgekli bir tagit filosunu igeren sistemlerdir. TPS’ler kullanilan tasitlara
gore Bisiklet Paylasgim Sistemleri (BPS), Araba Paylagim Sistemleri (APS),
Otonom Bagli Elektrikli Tasit Paylasim Sistemleri (OBET-PS), Elektrikli
Araba Paylasim Sistemleri (eAPS) ve Elektrikli Kiiciikk Tasitlar Paylagim
Sistemi (EKTPS) olarak bes gruba ayrilmaktadir. TPS’ler isleyis sekline gore
de tercih edilen seyahat tiirii, tasit dengesizlik yonetim stratejisi, fiyatlandirma
stratejisi, park organizasyonu olmak iizere dort alt baglik altinda incelenmistir.
Caligmanin devaminda APS igin stratejik, taktik ve operasyonel seviyelerde
karsilagilan karar problemleri belirlenmis ve bu konuda literatiirde var olan
caligmalar incelenmistir. Bu ¢alismalardaki APS’ler isleyis tiirlerine gore
smiflandirilmigtir.  Ayrica eAPS igin de literatiirde var olan ¢aligmalar
incelenerek ek karar problemleri tespit edilmis ve bu ¢aligmalardaki eAPS’ler
de isleyis tiirlerine gore smiflandirilmistir. Bu ¢aligmanin amact TPS ile ilgili
calismalar1 inceleyerek arastirmacilara konu ile ilgili genel bir bakis agist
sunmaktir.
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Vehicle Sharing (VS) is a car rental model where people rent vehicles for short
periods, usually hourly. In this system, users can reserve a vehicle and have a
short-term use, and the stages of receiving and delivering the vehicle belong to
the person himself. Vehicle Sharing Systems (VSS), on the other hand, are
systems that include a fleet of vehicles with small and medium sizes for use by
arelatively large group of members. VSS are divided into five groups according
to the vehicles used; such as Bicycle Sharing Systems (BSS), Car Sharing
Systems (CSS), Autonomous Connected Electric Vehicle Sharing Systems
(ACEV-SY), Electric Car Sharing Systems (eCSS), and Electric Small Vehicles
Sharing Systems (ESVSS). VSS's are examined under four sub-headings due
to how they operate: preferred travel type, vehicle imbalance management
strategy, pricing strategy, and parking organization. In this study, decision
problems encountered at strategic, tactical, and operational levels for CSS are
determined and the existing studies in the literature are examined. The CSSs in
these studies are classified according to their functioning types. In addition,
decision problems are determined by examining the studies available in the
literature for eCSS, and the eCSS in these studies are classified according to
their functioning types. This study aims to provide the researchers with a
general perspective on the topic by examining the studies on VSS.
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1. Giris

Son yillarda tasit paylasimi yenilik¢i bir ulasim segenegi olarak biiyiik ilgi gormeye baslamistir. Tasit Paylagim
(TP), genellikle kisa siireler i¢in bir tasit kiralama modelidir. Bu sistemde tasiti teslim alma ve teslim etme
asamalar1 kisinin kendisine aittir. Boylelikle tasitlar sehrin farkli bolgelerine dagitilarak paylasimli bir hareket
sistemi sunulur. Tagit Paylasim Sistemleri (TPS) ise, nispeten biiyiik bir grup tiye tarafindan kullanilmak iizere
bulunan kiiglik ve orta 6lgekli tagit filosunu iceren sistemlerdir (Shaheen, Sperling ve Wagner, 1999).

IIk TP fikri 1940’larin sonlarinda Isvigre’nin Ziirih sehrinde arabalarla faaliyete gecirilmistir. Fakat ekonomik
nedenlerden dolay1 ancak 1948 yilina kadar mevcudiyetini koruyabilmistir (Shaheen ve dig., 1999). 1980’lere
kadar kurulan TPS’ler basarili olamamustir. Bu siiregte basarisiz olan TPS’ler arasinda 1971 yilinda Fransa’nin
Montpellier kentinde Procotip olarak bilinen ve 1973 yilinda Amsterdam’da Witkar ismiyle kurulan sistemler
sayilabilir (Shaheen ve dig., 1999). 1980’lerde ise basarili olanlar arasinda Isvigre’deki Mobility Carsharing ve
Almanya’daki Stattauto gdsterilebilir (Jorge ve Correia, 2013). 1990’larmn baginda Bilgi ve iletisim
Teknolojilerinin (BIiT) gelisimiyle beraber ve 2000’lerde mobil servisler sayesinde basarili birkag TPS var
olabilmistir. Bu tiir bir sistemi uygulamak ve isletmek adina California Universitesinde pilot projeler
gelistirilmistir (Barth ve Todd, 2001). Bu projeler TPS de kullanict tepkileri hakkinda fikir vermistir. Son
zamanlarda BMW ve FCA grubu iirettikleri otomobilleri pazarlayabilmek i¢in TPS’ye dogrudan dahil olmuslardir.
Boylece otomobil tireticileri de dogrudan pazara dahil olabilmislerdir (Barth, Shaheen, Fukuda ve Fukuda, 2006;
Shaheen, Cohen ve Roberts, 2006; Shaheen ve Cohen, 2007; Shaheen, Cohen ve Chung, 2009; Shaheen ve Cohen,
2013). Giinlimiizde SHARE NOW adinda car2go ve DriveNow'un birlesmesinden olusan bir Alman otomobil
paylasim sirketi Avrupa’nin en biiyiik TPS’lerinden biridir. 900.000°den fazla tiye ve 11.000’den fazla arabayla
Avusturya, Danimarka, Fransa, Almanya, Macaristan, talya, Hollanda ve Ispanya’da faaliyet gdstermektedir.
Zipcar ise Amerika’da kurulmus olan Tiirkiye’de de hizmet gosteren en bilyiik TPS’ler arasindadir.

Sanayilesmis iilkelerde 6zel tagimaciligin artan kullanimiyla birlikte uzun vadede kirlilik ve trafik yogunlugu
problemleri asir1 enerji ve zaman tiiketimi gibi ciddi olumsuz etkilere yol agmistir. Ayrica kisisel tagit kullanimlar1
tasit satin alma ve sigorta maliyetlerinin yani sira kullanimdan kaynakli yakit, park yeri gibi maliyetlere de sebep
olmaktadir. Kisiler 6zel tasit sahibi olmak i¢in tiim bu maliyetlere katlanmaktadirlar fakat tagit kullanim oranlari
da ¢ok diisiiktiir. Ornegin Amerika’da otomobiller zamanlarinin %9011 park halinde gegirmektedirler (Jorge ve
dig., 2013). Toplu tagima kullanim1 bu olumsuz etkileri ortadan kaldirabilmek i¢in iyi bir alternatif olabilmektedir
fakat bazi eksiklikleri vardir. Iyi bir toplu tasima agima sahip olan iilkelerde bile vatandaslar evlerinin éniinden
toplu tasima araclart ile gitmek istedikleri yerlere ulasamazlar. Bunun i¢in mutlaka 6énceden belirlenmis olan
duraklara ulagim saglamalidirlar. Ayrica toplu tasima programlart esnek degildir, kisisellestirilemezler. Belirli
saatlerde toplu tasima araglarimin ¢ok yogun olup diger saatlerde bos kalmasi verimliligi diisiirtir. Tiim bu olumsuz
etkileri en aza indirecek bir sisteme ihtiya¢ duyulmustur. Ozel ve toplu tasima arasinda bir yerde olan TPS’ler
kisilerin toplu tasima ve yiiriiylis ile ulasamayacaklar1 yerlere ulagmalarini imkan saglarken vatandagslara 6zel
araba kullaniminin sosyal ve g¢evresel etkileri hakkinda da farkindalik saglamaktadir. Tasitlarin daha verimli
kullanilmasinin kentsel hareketlilik {izerinde olumlu bir etkisi oldugu gézlemlenmistir (Litman, 2000; Schuster,
Byrme, Corbett ve Schreuder, 2005). Bu tasitlar 6zel tasitlara gore daha yiiksek kullanim oranina sahiptir. Ciinkii
yolda daha fazla, park yerinde daha az zaman harcarlar. TPS’de tasitlar uzun siireli park yerlerini mesgul etmezler.
Bu da park i¢in daha az alana ihtiya¢ oldugu anlamina gelir (Mitchell, Borroni-Bird ve Burns, 2010). TPS’nin
kullanilmasiyla araba sahibi olan kisilerin oraninda diisiis olmustur bu da araba kullanimini azaltmstir (Celsor ve
Millard-Ball, 2007). Kisilere ek bir ulasim segenegi sunarak yakit verimliligi saglar. Kentsel emisyonlarin ve sehir
yogunlugunun azaltilmasina katki saglamakla birlikte daha siirdiiriilebilir bir gehir inga etmeyi destekler (Martin,
ve Shaheen, 2011). Bir Alman otomobil sirketi lizerinde yapilan bir ¢caligmaya gore kullanici basina karbondioksit
emisyonlarmin 146 ile 312 CO,/y1l arasinda azaldig1 gozlemlenmistir (Firnkorn ve Miiller, 2011). TP, Avrupa
Birligi’nde 6nemli sayida 6zel ve kamu tasitlarinin paylasimi ile desteklenmistir. Avrupa belediyeleri tarafindan
2020 yilina kadar tasit emisyonlarini %20 azaltmak adina APS tesvik edilmistir (Jorge ve dig., 2013).

Bu calisma mevcut literatiir taramalarini genisletmesi ve buna ek olarak TPS’leri igin potansiyel karar
problemlerini ortaya koymasi agisindan literatiire katki saglamistir. Bu ¢alismanin devaminda tasit paylasim
sistemlerinin siniflandirilmasina yer verilmistir. APS’ nin konfigiirasyonlar ti¢iincii boliimde agiklanmigtir. Bir
araba paylasim sistemi tasarlanirken stratejik, taktik ve operasyonel seviyede karsilasilabilecek karar problemleri
iizerinde boliim dortte durulmustur. Boliim beste bu karar problemlerini ¢6zmek i¢in yapilmig literatiirde var olan
caligmalar agiklanmugtir. Elektrikli araba paylagimi, ek karar problemleri ve var olan ¢alismalardan boliim altida
bahsedilmigtir. Son olarak da boliim yedide aragtirmanin sonuglari tartisilmastir.
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2. Tasit Paylasim Sistemlerinin Siniflandirilmasi

Tasit paylasiminin artan popiilaritesi ile, diinya capinda gesitli bicimlerde faaliyet gosteren tasit paylasim
kuruluglarinin (TPK) sayisinda ciddi bir artig olmustur. TPS’ler giiniimiizde genis bir kullanim alanina sahiptir.
Bu da bu sistemlerin ¢ok ¢esitlenmesine sebep olmustur. TPS’nin siniflandirilmasini gosteren diyagram Sekil 1°de
verilmistir. Bu siniflandirma literatiirdeki birkag tarama ¢aligmasi birlestirilerek olusturulmustur (Atag, Obrenovic
ve Bierlaire, 2021; Brandstitter ve dig., 2016; Ferrero, Perboli, Rosano ve Vesco, 2018; Golalikhani, Oliveira,
Carravilla, Oliveira ve Antunes, 2021; Jorge ve dig., 2013). Yapilan bu siniflandirmaya gére TPS 5 ana baglik
altinda toplanmistir. Bunlar Bisiklet Paylasim Sistemleri (BPS), Araba Paylasim Sistemleri (APS), Otonom Baglh
Elektrikli Tagit Paylagim Sistemleri (OBET-PS), Elektrikli Araba Paylasim Sistemleri (eAPS) ve Elektrikli Kiigiik
Tasitlar Paylasim Sistemi (EKTPS)’dir.

TPS
| | , | |
BPS APS OBET-PS eAPS EKTPS
| |
| | [ | |
P2P B2C SUEA DBEA HEA
[ | | |
eMPS SPS EHAPS PICAV-SS

Sekil 1. Tasit Paylagim Sistemlerinin Siniflandirilmasi

BPS, iicretli veya iicretsiz olarak kisa vadeli bisikletlerin belirli bir yerde bireylere ortak kullanim i¢in sunuldugu
ortak bir ulagim hizmetidir. Birgok BPS, insanlarin bir istasyondan bir bisiklet 6diing almasina ve ayni sisteme ait
baska bir istasyona iade etmesine izin verir. Istasyonlar, bisikleti kilitleyen ve yalmizca bilgisayar kontrolii ile
serbest birakan 6zel bisiklet raflaridir. Kullanic1 6deme bilgilerini girer ve bilgisayar bir bisikletin kilidini agar.
Kullanici, bisikleti yerine kilitleyen bolmeye yerlestirerek iade eder. ilk BPS 1965 yilinda Amsterdam’da Provo
sirketi tarafindan tanitilmistir. Sirket, sehir i¢inde kullanilmak {izere 50 bisikleti {icretsiz kullanim igin
vatandaglarin hizmetine sunmustur. Fakat kilitsiz olarak sehre dagitilan bu bisikletler orgiitiin ¢cevresel hedeflerine
ragmen vatandaslar tarafindan suistimal edilmis, hirsizlik ve hasarlar engellenememistir (Shaheen, Guzman ve
Zhang, 2010). Teknolojik ve operasyonel iyilestirmelerle kullanicilar tespit etmek ve bisikletleri giivenli hale
getirmek giiniimiizde daha kolaydr. Ik BPS girisimleri daha gok ekonomik ve gevresel nedenlere dayansa da kar
amaci giiden sirketler bu sistemdeki firsat1 gorerek yatirimlarini bu alana yonlendirmislerdir (Atag ve dig., 2021).
Giliniimiizde birgok sistem i¢in, akilli telefon haritalama uygulamalar1 yakindaki bisikletleri ve uygun bisiklet park
alanlarim gostermektedir. Temmuz 2020'de Google Haritalar, rota dnerilerine bisiklet paylasimlarini dahil etmeye
baslamustir.

APS, rezerve edildigi kullanicilar tarafindan konforlu ve esnek bir seyahat imkani saglayan sistemlerdir. P2P
(Peer-to-peer) ve B2C (business-to-consumer) araba paylagimi var olan iki modeldir (Kim, Rasouli ve
Timmermans, 2017; Miinzel, Boon, Frenken, Blomme ve Linden, 2020). P2P modelinde, araba sahipleri
arabalarini kisa siireligine baska kisilere kiraya verirler. Boylelikle araba sahipleri arabalarini kullanmadiklari
zaman,; onlar1 bagka kisilerin kullanimina sunarak ek kazang saglayabilirler. P2P ile paylasilan arabalar isleten
Turo (https://turo.com/) isminde bir araba paylagim sistemi vardir. Turo, 350.000'den fazla araba ve 850'den fazla
marka ve model ile on milyondan fazla tiyeden olusan bir topluluktur. ABD, Kanada ve Birlesik Krallik'taki yerel
ev sahiplerinden olusan bu topluluk, istenilen yerde, istenilen herhangi bir arabanin rezerve edilebildigi, bir araba
paylasim pazaridir. B2C modelinde ise, paylasimi yapilan tiim arabalarin sahibi kurulustur. Bu paylagim modelini
kullanan Zipcar (https://www.zipcar.com/) 2000 yilindan beri Kuzey Amerika bolgesinde hizmet veren en biiyiik
araba paylasim kuruluslarindan biridir. Kullanicilarin talebine gore sahip oldugu arabalarin kiralanmasini saglar.

OBET-PS ise, otonom elektrikli tasitlardan olusan tasit paylasim sistemidir. Otonom tasitlar, yapay zekanin
otomobili tamamen kendi basina siirdiigii ve siirlis gorevi sirasinda herhangi bir insan yardim1 olmayan tagitlardir.
Aslinda ilk siiriiciisiiz tasit uzaktan kontrollii olarak 1925 yilinda yapilmistir. Fakat bu alandaki énemli adimlar
Carnegie Mellon Universitesi’nden bir grup arastirmacinin 1995 yilinda direksiyonun otonom kontrol edildigi bir
tasit ile 5.000 km’ye yakin bir yol yapmasindan sonra atilmaya baslanmistir. 2002 yilinda DARPA (ABD fleri
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Savunma Projeleri Ajansi) yarigmalari ile hiz kazanmis, daha sonra ABD Otomotiv Miihendisleri Dernegi, SAE
“Otonom Tasit” kavramina agiklik getirmek icin sifirdan bese, 6 otonom tasit seviyesi tanimlamigtir. Son yillarda
“Otonom Tasitlar” stirekli konusulan bir konu haline gelmistir. Birgok {iiretici firma otonom tasitlarini piyasaya
¢ikarmaya hazirlanmaktadir. Ayrica OBET’ler trafikte birbirleri ile haberlesebilen tasitlardir. Bu durum da
OBET’lerin TPS i¢in iyi bir alternatif olmasi saglamaktadir.

eAPS, elektrikli arabalarin TPS’de kullanilmasidir. Elektrikli otomobil, elektrik enerjisi ile ¢alisan otomobillere
verilen isimdir. Elektrikli otomobillerin, otomotiv endiistrisinde ileride ©nemli bir etkisinin olacagi
diistiniilmektedir. Bu tiirdeki arabalarin yakit tasarrufu yaninda sehir kirliligini diislirecegi ve karbon emisyonunu
azaltacagi tahmin edilmektedir. Bu nedenle TPK’lar tarafinda elektrikli tasitlar daha g¢ok tercih edilmeye
baslanmistir. Elektrikli arabalar ii¢ baglik altinda incelenebilir. Bunlar Sebeke Uyumlu Elektrikli Arabalar
(SUEA), Degistirilebilir Bataryali Elektrikli Arabalar (DBEA) ve Hibrit Elektrikli Arabalar (HEA) dir. eAPS ile
ilgili daha detayli bilgiye Boliim 6’da yer verilecektir.

EKTPS igerisinde; Elektrikli Motosiklet (MOPED) Paylagim Sistemleri (eMPS), Skuter Paylagim Sistemi (SPS),
Elektrikli Hafif Tasitlar Paylagim sistemi (EHAPS) ve Tek Kisilik Akilli Sehir i¢inde Erisilebilir Tasit Paylagim
Sistemi (PICAV-SS) gibi diistik karbonlu tasit secenekleri mevcuttur.

Araba ve bisikletten farkl bir tagit kullanan ilk paylasim sistemi MOPED’lerle baslamistir. 2015 yilinda Italya’da
kurulmus olan Zig Zag Sharing sirketi 2019 yilinda GO Sharing ismi ile 500 tasitla eMPS hizmetine baglamistir.
GO Sharing su anda Hollanda, Belgika, Almanya, Avusturya ve Tiirkiye’de aktif olarak hizmet vermektedir. 2012
yilimin baginda Scoot sirketi San Francisco’da 10 tasitla MPS baslatmis ve yil sonunda tagit sayisi 50’°ye ¢ikmistir
(Lawler, 2012).

2017 yilinda ise ilk skuter kullanan paylasim sistemi Santa Monica, California’da piyasaya siiriilmiistiir.
Uygulamanin ilk yilinda 10 milyon siiriis yapildig1 agiklanmistir (Lawler, 2012).

EHAPS, 2018 yilinda ENUU isimli bir sirket tarafindan Isvigre’de yeni bir tiir tasit paylasim sistemi olarak
piyasaya siiriilmiistiir. Daha sonra 2019 yilinda Getaround adli baska bir sirket benzer tasitlar1 Rotterdam’da
piyasaya siirmiistiir (Atag ve dig., 2021).

PICAV tasit1 6zellikle yaslilar ve engelliler olmak iizere farkli nedenlerle hareket kabiliyeti kisitlanan kisiler i¢in
ozel olarak tasarlanmistir. Ergonomi, konfor, stabilite, destekli siiriis, eko-siirdiiriilebilirlik, park etme ve hareket
kabiliyetinin yani sira tagit/altyapi akilli ag iletisimi PICAV tasariminin ana 6zellikleri arasindadir. PICAV ulasim
sistemi, kentsel trafigin kisith oldugu alanlarda vatandaslara verimli ve akilci bir hizmet sunmak igin
tasarlanmigtir.

3. Tasit Paylasim Sistemlerinin Konfigiirasyonlari

TPS konfigiirasyonlar: dort ana baglik altinda incelenebilir (Atag ve dig., 2021). Bunlar;

* Tercih edilen seyahat tiirtine gore: Tek yonlii seyahat ve gidis doniis seyahat,

* Tasit dengesizlik yonetim stratejisine gore: Kullanic1 tabanli, sabit personel tabanli ve dinamik personel
tabanli,

* Fiyatlandirma stratejisine gore; Sabit ve dinamik,

* Park organizasyonuna gore; istasyon bazli ve serbest park alanli.

Geleneksel TPS olan gidis-doniis seyahat seceneginde kullanicilar tasiti teslim aldig1 yere birakmak zorundadir.
Burada her istasyon igin talebe gore istasyonun araba yogunlugu planlanabildigi i¢in operatorlerin isi daha
kolaydir. Ancak kullanicilar igin tasiti aldiktan sonra ayni istasyona getirme zorunlulugu her zaman uygun
olmayabilir. Kisisel ihtiyaclara daha uygun olan sistem tek yonlii seyahat segenegidir. Tek yonlii tasit paylagiminda
kullanicilar bir tagit1 bir istasyondan alip farkli bir istasyona birakabilirler. Daha sonra yeniden bir tasita ihtiyag
duyarlarsa bagka bir tasit alabilirler. Bu nedenle tek yonlil tasit paylasim sistemleri eglence, aligveris, sportif
faaliyetler i¢in kullanilabilen alternatif gidig-doniis sistemine gore daha fazla seyahatin yapilmasina olanak tanir
(Barth ve Shaheen, 2002). Hatta Almanya’da yapilan bir ankette tek yonlii araba paylasim sirketi olan car2go’nun
pazar talebinin Almanya’da gidis-doniis seyahat segenegi ile hizmet veren bagka bir araba paylasim sirketinden 25
kat daha yiliksek oldugu goriilmiistiir (Firnkorn ve Miiller, 2011). Yunanistan’da gergeklestirilen bir ankette ise
arabanin alindig1 yerden baska bir istasyona gonderme esnekliginin kritik bir faktdr oldugu sonucuna varilmistir
(Efthymiou, Antoniou ve Waddell, 2012). Gidig-doniis seyahat se¢enegi bulunan bir TPS’nin davranisi incelenmis
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ve seyahatlerin ¢ogunun bakkal ve diger ev aligverisleri i¢in yapildig1 goriilmiistiir (Costain, Ardron ve Habib,
2012). Bu da gidis doniis segeneginde seyahat nedenlerinin sinirli oldugu fikrini desteklemektedir.

Tek yonlii seyahat sistemlerinde park istasyonlarinda biriken tasitlar dengesizlige sebep olabilir. Tasitlar popiiler
lokasyonlarda birikme egiliminde olduklarindan bazi istasyonlarda park alani sikintisi, bazi istasyonlarda ise tagit
sikintis1 yasanabilir. Bu sorunu ortadan kaldirmak i¢in operatorler tasit filosunu yeniden dengelemelidir. Kullanici
tabanl1 bir dengelemede istasyonlar aras1 dengelemenin kullanicilar tarafindan yapilmasi amaglanmaktadir. Bunu
saglayabilmek i¢in kullanicilara bazi tesvikler verilebilir. Ayrica dengeleme her bir tasiti istenen yere gotiirebilen
personel tarafindan veya toplu olarak tasinmasimi saglayan daha biiyiik tasitlar ile yapilabilir. Personel bazli
dengeleme statik ve dinamik olmak iizere ikiye ayrilmaktadir. Statik yeniden dengeleme sistem kapaliyken yani
genellikle gece boyunca her giin sonunda yapilir. Dinamik yeniden dengelemenin ise ¢evrim i¢i ve ¢evrim dist
olmak iizere iki uygulamasi vardir. Cevrim dis1 olanda talep bilgisinin 6nceden bilindigi varsayilir ve giin boyunca
gerceklesecek yeniden dengeleme islemleri giin basinda bir kez yapilir. Daha fazla bilgi mevcut olsa bile giin
icinde giincellenmez. Diger taraftan ¢evrim i¢i yeniden dengeleme, giin igindeki degisen talep bilgilerine tepki
vererek yonlendirme kararlar1 degistirilebilir. Yeniden dengeleme tiirli, yeniden dengeleme operasyonlarinda
kullanilan stratejiyi ifade eder ve sistemde kullamilan tasitlarin tiiriiyle giiclii bir sekilde iliskilidir. Ornegin, bir
kamyonda diizinelerce araba tagimak miimkiin olmadigindan, bir APS’yi yeniden dengelemek igin biiyiik
kamyonlar1 kullanmak verimli degildir. Ote yandan, bir BPS igin, insan giiciinii kullanarak bisikletleri yeniden
dengelemek genellikle pratik ve istenen bir durum degildir.

Fiyatlandirma tegvikleri kullanici tabanli yeniden dengelemeyi tesvik etmek i¢in kullanilmaktadir. Bu tesvikler
genellikle dinamik fiyatlandirma stratejisi olarak uygulanir. Burada seyahatin fiyati sadece baslangig, varis
noktasi, seyahat uzunlugu ve siiresi gibi yolculugun 6zelliklerine bagli olmay1p ayni1 zamanda seyahatin yapilacagi
saat, filonun durumu, sikisiklik diizeyi gibi TPS’nin dinamiklerine de baglidir. Eger fiyat yalmizca yolculuk
karakteristigine bagli ise buna statik fiyatlandirma stratejisi denir.

TPS de kullanilan tagitlar birakilmasi gereken park istasyonlarina gore istasyon bazli ve serbest park alanli olmak
iizere ikiye ayrilir. Istasyon bazli modelde kullanicilar arabalar1 nceden belirlenmis olan istasyonlardan alarak
yine belirli olan istasyonlara birakmalidirlar. Serbest park alanli modellerde ise kullanicilar kiraladiklar arabalari
belirlenmis olan bolgenin igerisinde herhangi bir halka agik park alanina birakabilirler. Serbest park alanli sistemler
kullanici agisindan daha esnektir fakat operatdr i¢in daha karmasiktir. Buna 6rnek olarak car2go ve BMW
DriveNow verilebilir (Brandstitter ve dig., 2016).

4. Farkh Yénetim Seviyeleri I¢cin Karar Problemleri

Araba paylasim sistemlerinin artistyla beraber rekabetgi bir pazar olusmustur. Artan taleple birlikte sistemin daha
iyi anlagilmas1 ve kontrol edilmesi gerekmektedir. Aslinda AP sadece bir is veya filo optimizasyonu problemi
degil; vatandaslar, kamu yetkilileri, belediyeler ve sirketlerde dahil olmak iizere farkli aktdrlerin i¢inde oldugu
karmagik bir sistemdir. Sistem bu aktorler arasindaki gili¢lii baglarin yani sira mevcut toplu tasima agryla
entegrasyon halinde olma gerekliligini de beraberinde getirmektedir. Biitiin bu etmenlerden dolay1 tiim bir sehre
sunulan APS karmasik bir problem haline gelmektedir. Bu ¢alismada uygulanabilir bir tasit paylasim sistemi
tasarlanirken karsilasilabilecek bir¢ok karar problemi lizerinde durulmustur. Amag¢ AP’yi daha iyi tasarlayabilmek
icin sistemlerin talebinin ve arzinin dogru bir sekilde modellenebilmesidir.

Problemler stratejik, taktik ve operasyonel seviyede alimabilecek kararlar1 kapsamaktadir. Eger bu problemler
dogru bir sekilde ele alinmazsa sistem 6nemli bir kullanici kaybi, dolayisiyla da gelir kaybi yasayabilir. Stratejik
seviyede alinan kararlar bir yildan fazla uzun vadeli planlama i¢in alinan kararlardan olusur. Sistemin kapsami bu
seviyede alinan kararlar ile belirlenir. Taktik seviye alinan kararlar orta vadeli alinan kararlar icerir. Bu kararlar
4-6 ay icerisinde giincellenebilir veya degistirilebilir. Bu seviye stratejik ve operasyonel seviyeleri birbirine
baglayan bir ara seviye gibi diisiiniilebilir. Operasyonel seviyede ise sistemin mevcut durumu izlenir ve kisa
vadede (bir giin veya birkag saat) yapilmasi gereken fiziksel eylemler tanimlanir.

4.1. Stratejik Seviye Kararlar

Bu seviyede kullamlan veriler genellikle statiktir. Ornegin, sehrin cografi konumunu ve 6zelliklerini, park
yerlerini, bdlgenin ekonomik durumunu ve refah diizeyini igerir. Onemli bir girdi parcasi, giiniin saatine gore
diizenlenen, baslangig-varis noktast matrisleri bi¢imindeki toplam ge¢mis seyahat talebidir.
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Stratejik diizeyde talep modelleri, varis yeri se¢gim modellerini igerir. Bunlar, (i) kullanic1 segmentasyonu, yani
niifusun sistemi benimseme olasilig1 olan kesimlerinin belirlenmesi, (ii) reklam yatirimi ve (iii) pazara yerlestirme
ile ilgili is kararlar1 almak i¢in kullanilirlar (Atag ve dig., 2021).

Stratejik diizeydeki tedarik modelleri, arz/talep etkilesimlerinin bir simiilasyonu ile birlestirilmis bir ag tasarim
optimizasyon modelini igerir. Ag topolojisi, kullanilan tasit tiirii, yeniden dengeleme stratejisi ve sunulan hizmet
diizeyi ile ilgili kararlar1 desteklerler.

Ag tasariminin bir pargasi olarak, otopark tesislerinin optimal konumu ve biiyiikliigiine karar vermek, tasitlarin
hem fazla hem de yetersiz stoklanmasini dnlemek igin verilmesi gereken énemli bir karardir. Istasyon bazli
konfigiirasyonlarda bu kararlar sistem kurulumunun basinda verilir. Her park yeri sadece bir tasit kapasiteli
istasyon olarak degerlendirilebileceginden, serbest park alanl park segenegi i¢in durum degismez. Bu asamada
simiilasyon yontemi, operatoriin sistemi degerlendirmesine ve buna gore aksiyon almasina yardimeci olur.

Son olarak, operatdriin kullanicilara sunmak istedigi hizmet diizeyine bu seviyede karar verilmelidir. Operator
kullanict memnuniyetini {ist diizeyde tutmak isterse, strateji sehirdeki tasit sayisin1 ve/veya park yerlerini artirmak
olabilir. Ote yandan, isletmeci daha sermaye odakliysa, sistemin fiziksel bilesenlerine (tasitlar, park yeri vb.)
yapilan yatirim, hizmet seviyesinden daha énemlidir ve bu da kullanici memnuniyetini isletmeci i¢in ikincil bir
amag haline getirir.

Stratejik diizeyde, hedef sistemin karliligin1 veya kullanici memnuniyetini maksimize etmektedir. Coziim
metodolojileri; optimizasyon modelleri, simiilasyon tagitlart ve gesitli kesin ve sezgisel algoritmalari igerir (Atag
ve dig., 2021).

4.2. Taktik Seviye Kararlar

Bu diizeyde kullanilan veriler, orta vadeli zaman aralig1 ve mevsimsel 6zellikleri icermektedir. Alinan kararlar
kapsaminda mevsimsel hava tahmini, yagis, onemli olaylar/festivaller ve isgiicii maliyeti dikkate alinir. Stratejik
diizeyin aksine, bu diizey, ayristirilmig gegmis talep verilerini hesaba katar. Dagitilmis veriler, operatoriin orta
vadede talebi tahmin eden bir model gelistirmesine ve orta vadeli zaman araligim1 kapsamasini saglar. Bu
ayristirtlmis talep verileri; segilen zaman dilimi, baslangiclar ile varis yerleri gibi herhangi bir kritere gore ve
herhangi bir diizeyde toplanabilir.

Stratejik diizeyden aktarilan biitce ve hedef kitleye iliskin girdiler, orta vadeli talep tahmini igin veri olarak
kullanilir. Bu veriler (i) fiyatlandirma stratejisi (sabit veya dinamik) ve (ii) kullanicilara yonelik
teklifler/kampanyalar ile ilgili aksiyonlar1 almak i¢in kullanilirlar. Sabit fiyatlandirma durumunda, fiyatlandirma
degerleri de bu seviyede belirlenir.

Taktik diizeydeki tedarik modelleri, bir tasit filosu boyutlandirma modelini igerir. Sistemin filo biiyiikliigi,
personel sayisi, yeniden dengeleme stratejisinin siiresi (statik veya dinamik) ve olasi gecici istasyonlarla ilgili
kararlar1 igerir. Operator, sistemi izler ve filo boyutunu ayarlar. Filo biiyiikliigiinii kisa bir siire i¢in degistirmek
pratik degildir. Operatdr, bdyle bir ihtiyact makul bir siire iginde izleyebilmeli ve analiz edebilmelidir. Yeniden
dengeleme, rezervasyonlar ve fiyatlandirma gibi stratejilerin mevcut ve/veya gelecekteki olasi uygulamalarini
degerlendirmek i¢in, sistemi simiile eden bir bilesen de eklenebilir.

Statik yeniden dengeleme durumunda, operatdr yeniden dengelemenin giiniin hangi saatinde yapilacagina karar
vermelidir. Dinamik durumda ise operatdriin yeniden dengeleme islemlerinin sikligina ve ayrica bunu ¢evrim igi
veya ¢evrim dig1 yapmasina karar vermesi gerekir. Buna gore, sistemi yeniden dengeleyebilmek i¢in personel
sayisi belirlenmelidir. Son olarak, olas1 6nemli etkinlikler/festivaller i¢in gegici istasyon kararlar: da bu asamada
verilir.

4.3. Operasyonel Seviye Kararlar

Bu diizeyde kullanilan veriler ayristirilmis ve genellikle dinamiktir. Ornegin, giinliik hava tahmini, mevcut park
yeri miisaitligi ve varsa mevcut rezervasyonlari igerir. Gegmis seyahat talebi verileri ayr1 ayri konum ve zamanda
ayrintili olarak belirtilir.

Operasyonel seviyedeki talep modelleri, istasyon/bolge basmna kisa vadeli talep tahminini igerir. Dinamik
fiyatlandirma durumunda gergek fiyatlandirmaya karar vermek i¢in kullanilir.

1518



Akpinar, Kececi JTOM(7)1,1513-1530, 2023

Operasyonel seviyedeki tedarik modelleri, park mevcudiyeti ve tasitlarin bir sonraki zaman penceresindeki
konumu i¢in olan modelleri igerir. Yeniden dengeleme operasyonlar1 ve bakimla ilgili yonlendirme kararlarini
destekler. Bu operasyonlar i¢in yonlendirme iki durumda incelenebilir: yeniden dengeleme kamyonlari igin
yonlendirme ve personel yer degistirme. Bu seviyedeki simiilasyon bileseni, operatoriin kisa vadeli verileri
kullanarak yonlendirme stratejilerindeki degisiklikleri analiz etmesine yardimer olur.

4.4. Araba Paylasim Sistemleri icin Karar Problemleri

Literatiirde APS i¢in karar problemleri Golalikhani ve dig. (2021) tarafindan tanimlayici ve kurale1 ¢aligmalar
olarak simiflandirilmistir. Tanimlayici ¢calismalar daha ¢ok anket yontemlerine dayanir ve sistemin durumunu veya
ortaya ¢ikan sorunun dzelliklerini tanimlamaya ve arastirmaya odaklanmaktadir (Kothari, 2004). AP kapsaminda,
birgok tanimlayici ¢calisma, AP’ nin 6zellikleri, etkileri ve pazar potansiyelinin yan1 sira miisterilerin bir APS’ye
katilma ve onu seyahatler i¢in kullanma kararlarini etkileyen faktorler hakkinda bilgiler vermektedir. APS igin
verilecek olan tanimlayici kararlar; hizmet tiirleri, AP iiyeligini etkileyen faktorler, AP kullanimini etkileyen
faktorler, pazar egilimleri ile bakis agilar1 ve AP nin etkileri olmak iizere bes gruba ayrilmaktadir (Golalikhani ve
dig., 2021). Hizmet tiirleri baslig1 altinda yapilan ¢alismalarda APS’nin se¢ilen konfigilirasyonlarina gére miisteri
memnuniyetleri, APS verimliligi ve karlilig1 incelenmektedir. AP iiyeligini etkileyen faktorlerin degerlendirilmesi
ile AP hizmetlerinin benimsenmesini ve yayilmasini etkileyen arz yonlii 6nemli faktorler agiklanmaktadir. Bu
sayede APS’lerin daha verimli tasarlanmasi ve is basarisizlik risklerinin en kiigiiklenmesi saglanmaktadir. AP
kullanimimi etkileyen faktorler, sistemleri kullanicilarin davranislart agisindan degerlendirmektedir. Bu
degerlendirme sonucunda APS igin potansiyel talepler tahmin edilerek sistemler daha verimli hale
getirilebilmektedir. Ayrica kullanicilarin seyahat se¢im davranislari da incelenmektedir. Bu sistemler tasarlanirken
diger bir 6nemli tanimlayici karar da pazar potansiyellerini ve egilimlerini anlamaktir. Bu nedenle literatiirdeki
bir¢ok calismada APS’lerin gelisimi ve ortaya ¢ikan egilimleri arastirilmistir. Son olarak AP’nin etkileri de
literatiirde incelenen problemler arasindadir. Bu galismalar AP nin yayilma etkilerini tespit ederek, hiikiimetler,
politikacilar ve sistemin siirdiiriilebilirligini saglamanin yolunu arayanlar i¢in faydal bilgiler saglamaktadir.

Bu tanimlayici problemler igin yapilan ¢alismalar daha ¢ok anket yontemine dayanir ve bir APS’ nin durumu ile
karsilagilan sorunlar1 tanimlamaya yonelik problemleri igermektedir. Yapilan literatiir aragtirmasinda ise
optimizasyon yontemlerine dayanan stratejik, taktik ve operasyonel seviyelerdeki karar problemlerini ele alan
kuralci galigmalar incelenmistir. Tanimlayici ¢aligmalarin bizim i¢in 6nemi, ele alinan kuralci ¢aligmalar i¢in veri
saglamasi ve bir APS’nin 6zelliklerinin daha verimli bir sekilde belirlenmesi i¢in kaynak olusturmasidir. Kuralct
caligmalar i¢in karar problemleri bes baslik altinda incelenmistir (Brandstétter ve dig., 2016).

Istasyon ve Operasyon Alam Sorunlar:

Bir APS’nin uygulanmasinda uzun vadeli bir karar olarak, APS'ler is modelleri gerektiriyorsa, operasyon alaninin
yani sira istasyonlarin yeri, sayisi ve boyutu belirlenmelidir. Bu baglamda, APS’ler kullanict memnuniyetini ve
karmi en ist diizeye cikarirken, istasyon kurmaktan kaynaklanan maliyetleri en aza indirmenin yollarini
aramaktadir.

Filo Boyutlandirma ve Dagitim Sorunlar::

Orta vadeli taktik diizeydeki bu kararlarla, tasit paylasim sistemlerinin verimliligini artirmak icin esas olarak
optimal tasit sayisi (filo boyutu) ve istasyonlar arasindaki filo dagilimi belirlenmeye caligilir.

Talep Modelleme Sorunlar:

Kullanicilarin seyahat davranislarina ve araba paylagimi kullamimini etkileyen faktorlere odaklanan deneysel
arastirmalarin yani sira, kisa vadeli operasyonel kararlardan olan seyahat talebi tahmin modelleri de APS {izerinde
onemli bir etkiye sahiptir. Tanimlayic1 arastirmalarda uygulanan istatistiksel yontemler, otomobil paylagimi
talebini etkileyen faktorleri belirlemek i¢in esas olarak mevcut arzdan etkilenen gergek kullanim verilerini veya
anket sonuglarini analiz eder. Bu nedenle, tanimlayici arastirma, araba paylasim sistemlerinin planlanmasi ve
isletilmesi i¢in gerekli olan tiim potansiyel talebi modellemek i¢in 6nemlidir. Aslinda, hizmet seviyesini dogru bir
sekilde 6lgmek i¢in kritik olmakla birlikte, tasit paylasim sistemleri i¢in talep modellemesinde karsilanamayan
talepleri dikkate almak dnemlidir (Albinski, Fontaine ve Minner, 2018). Kuralc1 ¢aligmalar agiklayict olmayi degil,
esas olarak simiilasyon ve makine 6grenimi yontemlerini kullanarak tasit paylasim talebini modellemeyi ve tahmin
etmeyi amaglar.
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Daha 6nce de belirtildigi gibi, stratejik, taktik ve operasyonel kararlar arasinda bir iliski vardir. Yani istasyonlarin
say1s1, konumu ve biiyiikliigii ile filo biiylikliigii ve talep tahminleri, tasitlarin dagitimini etkiler. Bu nedenle Boyaci
ve dig. (2015), de Almeida Correia ve Antunes (2012) ve Nourinejad ve Roorda (2014), yer degistirme
operasyonlarini diger uzun vadeli ve orta vadeli kararlarla entegre etmistir.

Tasit Stok Dengesizligi Sorunlar:

Bir araba paylasim sistemindeki tasitlarin dengesiz dagilimi, esas olarak, kullanicilarin tagitlart yolculuga
basladiklar1 yerden farkli bir yere park etmelerine izin veren tek yonlii istasyon tabanli ve serbest park alanlt
hizmetlerde ortaya c¢ikar. Tasit stok dengesizliginin etkilerini azaltmak ve APS kullanicilarmin tasitlarin
kullanilabilirligini saglamak i¢in bu karar problemi kisa vadeli operasyonel diizeydeki bir karardir. Bu problemi
ortadan kaldirmak i¢in, optimal filo dagilimini yeniden saglayacak yaklasimlar gelistirmeye caligilir. Bu kapsamda
dengesizligi azaltmak i¢in kullanicilara bazi tesvikler verilerek yeniden dengeleme saglanabilir.

Literatiire gore, tasit dengesizliginin iistesinden gelmek i¢in yaygin prosediirler genel olarak {i¢ tiire ayrilabilir
(Jorge ve dig., 2013; Martinez, Correia, Moura ve Lopes, 2017; Santos ve Correia, 2015). {1k tip, APS personelinin
tasitlart fazla tasit bulunan istasyonlardan/bolgelerden eksik olduklar1 bir istasyona/bdlgeye tasimasinin
planlandig1 operatdr tabanli yer degistirmedir. Ikinci tiir, kullanicilarin genellikle fiyat tesviklerine dayali
mekanizmalar araciligryla APS tarafindan istenen alanlara tasitlarini yeniden yerlestirmeye tesvik edildigi
kullanic1 tabanli yer degistirmedir (6rnegin, toplam kiralama maliyetinde %20 indirim yapilmasi). Dinamik
fiyatlandirma ise kullanicilara asir1 stoklu alanlarda daha diisiik fiyatlara ve tasit sikintis1 olan bolgelerde daha
yiiksek fiyatlara yolculuklar sunar. Bu son tip, kullanicilarin sectikleri yolculuk secenegiyle tasit stok
dengesizliginin azaltilmas1 amaglanir. Yani dinamik fiyatlandirma ile yer degistirme yapilmadan 6nce kullanicilar
tarafindan yapilmak istenen yolculuklarin tasit stok dengesizligine sebep olup olmama durumu degerlendirilmekte
ve degerlendirme sonucuna gore gore yolculuklar kabul veya reddedilmektedir. Dinamik fiyatlandirma ile
dengesizlige sebep olan seyahatler i¢in kullanicilara daha yiiksek fiyatlar sunularak, se¢im kullanicilara
birakilmaktadir. Bu baglamda, tasit stok dengesizliginin etkilerini hafifletmek i¢in fiyatlandirma kararlarinin
onemi goz oniinde bulundurulmalidir.

Fiyatlandirma Sorunlari:

Kisa vadeli operasyonel seviyeye giren bu kararlar ile yolculuk iicretlerinin statik mi dinamik mi olacagi belirlenir.
Ayrica eger dinamik fiyat stratejisi kullanilacaksa yolculuklara gore fiyatlandirmanin nasil degisecegi karar1 da
onem arz etmektedir.

5. Araba Paylasim Sistemleri Literatiir Arastirmasi

Son yillarda yeni ve daha siirdiiriilebilir bir ulagim yolu olan araba paylasim sistemleri ile ilgili yapilmis olan
bir¢ok caligma vardir. Bu ¢alisma kapsaminda genellikle B2C araba paylasim sistemi ile ilgili olan ¢alismalar
incelenmistir. Yapilan inceleme sonucunda goriilmiistiir ki 4. Boliimde belirtilen stratejik, taktiksel ve operasyonel
seviye karar problemleri arasinda giiclii bir etkilesim vardir. Bu nedenle yapilan bu siniflandirmaya gore kesin bir
sekilde calismalar1 kategorize etmek miimkiin olamamustir. Incelenen makalelerin konfigiirasyon tiirlerine gore
siniflandirilmig hali Tablo 1°’de mevcuttur. Tabloda her bir ¢aligmanin ele aldig1 probleme ve ¢éziim yaklagimina
gore amag¢ fonksiyonu tiirii, seyahat tipi, park sekli, yeniden dengeleme stratejisi ve fiyatlandirma tiirii
isaretlenmistir. Bu siniflandirma agisindan net bir ifade bulundurmayan ¢alismalar i¢in isaretleme yapilmayarak
ilgili hiicreler bos birakilmistir.

Caligmalar amag fonksiyonlarina gore parasal tabanli (PT) ve hizmet diizeyi kalitesine (HDK) gore ayrilmistir. PT
amagclar en az maliyet veya toplam karm en biiyliklenmesini hedeflemektedir. HDK’de ise miisterilere saglanan
hizmet diizeyinin en biiyliklenmesi amaglanmigtir. Tablo 1’de de goriildigii gibi bazi ¢aligmalar her iki amaci da
saglamaya calismistir. Seyahat tipi, park sekli, yeniden dengeleme stratejisi ve fiyatlandirma tiirii kapsaminda
yapilan ayrimlarin kapsami Boliim 3’te agiklanmustir. Bu tabloya gore literatiirde var olan ¢aligmalar daha ¢ok
parasal tabanli amaglar i¢in olusturulmustur. Ayrica kullanicilar tarafindan daha ¢ok tercih edilen tek yonlii
sistemler ve uygulamanin kolaylig1 acisindan da daha kolay olan istasyon bazli sistemler {izerinde ¢aligmalar
yogunlagmustir.
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Tablo 1. APS i¢in siniflandirilmis makaleler

Yeniden Dengeleme Fiyatlandirma
Amag Fonk. Seyahat tipi Park Sekli o
Yazar Stratejisi Tiri
'PT HDK | °GD | *TY | °IB °SPA S 8D KT 105h D
Fan, Machemehl ve
v v v v v
Lownes (2008)
Nair ve Miller Hooks
v v v v v v
(2011)
de Almeida Correia
] v v v v v
ve dig. (2012)
Jorge, Correia ve
v v v v v
Barnhart (2014)
Jorge, Barnhart ve de
Almeida Correia v v v v
(2015)
Jorge, Molnar ve de
Almeida Correia v v v v v v N
(2015)
Santos ve dig. (2015) v v v v v
Nourinejad, Zhu,
Bahrami ve Roorda v v v v v
(2015)
Chow, Yu ve Pavone
v v v v v
(2015)
Rossi, Zhang, Hindy
v v v v v v
ve Pavone (2018)
Huang, de Almeida
v v v v v
Correia ve An (2018)
Sun, Tang, Chen ve
v v v
Zhang (2020)
Enzi, Parragh,
Pisinger ve v v v v
Prandtstetter (2021)
Nguyen, Hoang ve Vu
=Y s v v v v
(2022)

IPT: Parasal Tabanli, 2HDK: Hizmet Diizeyi Kalitesi, *GD: Gidis-Déniis, “TY: Tek Yon, *IB: Istasyon Bazli, °SPA: Serbest Park Alanli, S: Statik,
D: Dinamik, °KT: Kullanic1 Tabanli, 1°Sb: Sabit
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6. Elektrikli Araba Paylasim Sistemleri, Karar Problemleri ve Literatiir Arastirmasi

Bu boliimde elektrikli arabalarin kullanim avantajlari, gesitleri, ilk ne zaman kullanilmaya baslandig gibi temel
bilgiler verildikten sonra APS’de elektrikli arabalarin kullanilmasiyla birlikte degisen veya ortaya ¢ikan karar
problemlerinden bahsedilecektir. Son olarak ise eAPS ile ilgili literatiir taramasina yer verilmistir.

6.1 Elektrikli Araba Paylasim Sistemleri

Elektrikli araba, elektrik enerjisi ile ¢alisan otomobillere verilen isimdir. Bu arabalar, igten yanmali motora sahip
tiirdeslerinin aksine petrol ve tiirevi yakitlara ihtiyag duymamaktadir. Bunun yerine arabalarda bulunan lityum
iyon ve benzeri pillerden olusan setler vasitasiyla elektrik motoruna gii¢ aktarilir. Ayrica atmosfere herhangi bir
zararll gazin salmimini yapmadiklar i¢in periyodik olarak gergeklestirilen egzoz gazi muayenesinden muaf
tutulurlar. Ustelik diisiik yakit tiiketimi, bakim sikhiklarmin az olmasi ve ikinci el satiglarinda deger
kaybetmemeleri nedeniyle bu arabalar, ciddi oranda maliyet avantaji da saglamaktadir. Bu sayede elektrikli
arabalar yakit tasarrufu yaninda sehir kirliligini diisiiriirler ve karbon emisyonunu da azaltirlar. Bu nedenle APS’de
cevre dostu elektrikli arabalar giderek daha fazla kullanilmaya baslanmistir.

Elektrikli arabalarin SUEA, DBEA ve HEA olarak ii¢ baslik altinda incelendiginden B6lim 2°de bahsedilmistir.
SUEA prize takilarak sarj edilen elektrikli arabalardir. Kullanicilar sarj istasyonlarina geldiklerinde arabalar1 sarj
olana kadar beklemek zorundadirlar. DBEA ise pilli elektrikli arabalardir. Eger arabanin sarj1 biterse kullanicilarin
sarj istasyonuna giderek bos bataryalarini dolusu ile degistirmeleri yeterlidir. Yani arabalar1 sarj olana kadar
istasyonda beklemeleri gerekmemektedir. HEA da ise arabalar hem prize takilarak sarj olabilmekte hem de bos
bataryalar dolusu ile degistirilebilmektedir.

Barth ve Todd (1999), elektrikli arabalarin kullanimini araba paylasim sistemleri baglaminda ilk diisiinenler
arasindadir. Giiney Kaliforniya'daki bir tatil yerindeki bir vaka ¢alismasina dayanarak, miisteri bekleme siirelerini
karsilamay1 amaglayarak her 100 yolculuk i¢in 3-6 arabanin yeterli oldugu, ancak gerekli siireyi en aza indirmek
icin yaklagik 18-24 arabanin gerekli olacagi sonucuna varmiglardir. Calismada yolculuklarin ortalama 5 milden
daha kisa siirdiigii ve dolayisiyla da araba sarj durumunun higbir zaman yaklagik %70'in altina diismedigi
varsayilmistir. Yolculuk basina araba sayisinin yani sira, yer degistirme algoritmasinin ve kullanilan sarj semasinin
boyle bir sistemi basarili bir sekilde isletmenin ana faktorleri oldugu sonucuna ulagsmislardir.

6.2 Elektrikli Araba Paylasim Sistemlerinde Karar Problemleri

Elektrikli arabalarin kullanildig: tasit paylasim sistemlerinin tasarlanmasi ve isletilmesi, geleneksel yanmali
arabalarm kullanildig1 sistemlere gore ek zorluklar dogurmaktadir. Ornegin, belirli sarj istasyonlarinda arabalarin
giin boyunca sarj edilmesi zorunlulugu EA’larin kullanilabilirligini 6nemli 6l¢iide sinirlamaktadir. Ayrica, yliksek
maliyetli olmasindan dolay1 ¢ok fazla sarj istasyonu insa edilmemistir ve pahali hizli sarj istasyonlari olmadigindan
sarj stireleri olduk¢a uzun olabilmektedir. Son olarak, elektrik tiiketimi arabalarin giin i¢indeki sarj durumunu daha
iyi tahmin etmek i¢in dogru bir sekilde modellenmesi gereken siiriis ve ¢evre kosullarindan (6rnegin, hiz profili
veya dig sicaklik) 6nemli 6l¢iide etkilenir.

eAPS’de ortaya ¢ikan stratejik kararlar, esas olarak, operasyonel bdlge boyunca sarj istasyonlarinin konumlarim
ve boyutlarini (yani sarj yuvalarinin sayisini) planlamay1 igerir. isletmecinin temel amaci, istasyonlarin ingasindan
kaynaklanan maliyetlerini en aza indirirken, ayni zamanda isletme sirasinda memnun kullanic1 taleplerinden elde
edilen karm en iist diizeye ¢ikarilmasini saglamaktir. Kullanicilar, yalnizca istekleri nispeten yiiksek bir olasilikla
karsilanirsa bir tagit paylagim sistemi kullanmay1 diigiineceklerinden, bir operator, tasit paylasim sistemini kurmak
icin gerekli ilk maliyetler (uzun vadeli yatirim) ile tasit paylasim sistemini siirdiirebilmek i¢in gereken maliyetler
arasinda zor bir dengeyle kars1 karstya kalmaktadir (Brandstétter ve dig., 2016).

Taktiksel kararlar orta vadeli planlama kararlarryla ilgilidir. Bu zaman ufku iginde, eAPS ile ilgili olan ana
optimizasyon problemi, arabalarin sarj istasyonlarina tahsis edilmesidir. Boyle bir problem, esas olarak, arabalarin
ilk konumunun kritik oldugu ve talep dagilim modellerinde dnemli degisiklikler meydana geldiginde ayarlanmasi
gerekebilecegi iki yonlii modellerle ilgilidir (Brandstétter ve dig., 2016).

Operasyonel seviye kararlar ise APS iginde gecerli olan talep modelleme, tasit stok dengesizligi, fiyatlandirma
gibi daha kisa vadeli kararlar1 kapsayan karar problemleridir.
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Elektrikli arabalar Boliim 6.1°de belirtildigi gibi ¢evresel ve ekonomik agidan bir¢ok avantaji olmasina ragmen
yukarida belirtilen sebepler nedeniyle APS’de klasik tasitlara gore birka¢ ek planlanmasi zor karar problemleri
ortaya ¢ikarmaktadir. Bu ek karar problemleri agagida siralanmigtir.

6.2.1. istasyonlarin/Sarj istasyonlarinin Konumu

Yukarida bahsedildigi gibi, bir araba paylasim sisteminin performansini belirleyen 6nemli bir faktor, hangi
miisterilerin onu gercekten kullanabilecegini belirlediginden, su anda kullanilmayan her bir arabanin sistem
icindeki konumudur. Birgok araba paylasim sistemi istasyon bazli oldugundan (yani, arabalar her zaman araba
paylasim sirketinin sahip oldugu sabit park yerlerinden alinir ve oraya iade edilir), bu istasyonlarin konumu esit
derecede 6nemli hale gelir. Bu, 6zellikle elektrikli araba kullanan sistemler i¢in gegerlidir, ¢linkii genellikle giin
icinde belirtilen istasyonlarda sarj edilmeleri ve gece boyunca (tamamen) sarj edilmeleri gerekir. Bu problemlerde
temel amag tasit paylagim sirketlerinin toplam maliyetini minimize etmek veya toplam kéri maksimize etmektir.
Ek olarak, bazen miisterilerin yiirlime mesafesini en aza indirmek gibi kullanict memnuniyetine iligkin hedefler de
g6z oniinde bulundurulur.

6.2.2. Arabalarin Mevcut istasyonlara Tabhsisi

Arabalarin istasyonlar arasinda yerinin degistirilmesinin yani sira (sonraki boliimlerde agiklanacag: gibi), cogu
calisma arabalarin istasyonlara atanmasini agik¢a optimize etmemektedir. Arabalarin belirli bir talebin kaynagi
olarak kabul edilmesi ve istasyonlarin bu talebi karsilamak i¢in insa edilmesi ve boyutlandirilmasi da bu problemin
¢Oziimii igin farkli bir bakis agisidir.

6.2.3. Cok Istasyonlu Araba Paylasim Sistemleri icin Arabalarin Yer Degistirmesi

Son yillarda, tek yonlii seyahat segenegi, geleneksel veya elektrikli araba filolariyla tasit paylasim hizmetlerinde
giderek daha fazla tercih edilmeye baslanmistir. Tek yonlii tasit paylasim sistemleri, sabit park yerlerinin olmadig1
durumlarda serbest park alanli veya istasyon bazli olabileceginden daha 6nce bahsedilmisti. Serbest park alanli
sistemlere iligkin ¢aligmalar ¢ok az olmakla beraber, daha ¢ok istasyon tabanli sistemler iizerinde ¢alisiimistir.
Ancak, bu boliimde agiklanan birgok konu, serbest park alanli sistemler i¢in de gegerlidir. Tek yonlii seyahat
secenegi, APS’de potansiyel miisterilerin sayisinda 6nemli bir artis saglar. Bu gelismis esnekligin, servis saglayici
agidaki araba dagitimi iizerinde giiclii bir etkisi vardir. Gidis-doniis zorunlulugu olmadig: i¢in, araba park
alanlarinda bir dengesizlik durumu meydana gelebilir ve arabalarin yetersiz oldugu istasyonlarda araba
kullanilabilirligini saglama sorununu sistem saglayicist ig¢in énemli bir sorun haline getirebilir. Ayn1 APS’de
oldugu gibi araba paylasim sirketinin hizmet dis1 seyahatlerini kisitlamak ve ekonomik kayiplarini sinirlamak igin
iki tiir yer degistirme stratejisi uygulanabilir. Kullanici Tabanli (KT) stratejide yer degistirmeye miisterinin kendisi
karar verirken, Operator Tabanli (OT) stratejide yer degistirme kararlar1 personel operatorleri tarafindan merkezi
veya dagitilmis bir sekilde gergeklestirilir.

KT yer degistirme stratejilerinin su anda gercek potansiyelleri heniiz degerlendirilmemistir. Bununla birlikte,
gliniimiizde saglayicilarin is yiikiinii azaltmak i¢in kullanicilara bazi tegvikler onerilmektedir (6rnegin, car2go
kullanicilari, arabaya yakit doldururlarsa kullanicilarina {icretsiz siiriis siiresi vermektedir) (Brandstitter ve dig.,
2016).

Mevcut araba paylagim saglayicilari genellikle sistem kapandiktan sonra gece boyunca yer degistirme islemlerini
gerceklestirir. Literatiirde farkli pratik yer degistirme yontemleri mevcuttur. Bu tiir tekniklerin 6rnekleri Barth,
Todd ve Xue (2004) tarafindan asagidaki gibi siralanmustir:

* EA'larin bir kamyonla taginmas,
* Bir "servis" arabasi ile tek bir EA’nin ¢ekilmesi,
* Operatorlerin bir “servis” arabasi kullanarak yer degistirme pozisyonlarina taginmasi.

6.2.4. Pil Degistirme

Pil degistirme sorunu APS’lerden farkli olarak eAPS ile alakal1 bir sorundur. Bataryal elektrikli arabalarin genis
capta yayilmasi i¢in bir ana zorluk, sinirli menzilleri ve geleneksel arabalarin aksine, yeniden sarj islemlerinin
onemli miktarda zaman almasidir. Ozellikle uzun mesafeli seyahatlerde gece sarj1 yeterli degildir. Bu nedenle, pil
degistirme (sarj etmek yerine), pillerin bir sirkete ait oldugu ve kullanicilarin halihazirda kullanilmis (neredeyse
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Tablo 2. eAPS igin siniflandirilmis makaleler

Yeniden Dengeleme Fiyatlandirma
Amag Fonk. Seyahat tipi Park Sekli o
Yazar Stratejisi Tiri
'PT 2HDK | GD | *TY | %IB | °SPA ’S 8D KT 108h D
Kumar ve Bierlaire
v v v v
(2012)
Worley, Klabjan ve
v v v v
Sweda (2012)
Wang ve Lin (2013) v v
Almuhtady, Lee,
Romeijn, Wynblatt ve v
Ni (2014)
Cavadas, de Almeida
Correia ve Gouveia v
(2015)
Yang ve Sun (2015) v
Weikl ve Bogenberger
v v v v v
(2015)
Boyaci, Zografos ve
v v v v v
Geroliminis (2015)
Boyaci, Zografos ve
v v v v v v
Geroliminis (2017)
Xu, Meng ve Liu
v v v v v
(2018)
Zhao ve dig. (2018) v v v v v
Zhang, Liu ve He
v v v v v
(2019)
Xu ve Meng (2019) v v v v v
Boyac1 ve Zografos
v v v v v
(2019)
Miao, Jia, Li ve Qiu
v v v v v v v
(2019)
Lai, Chen ve Natarajan
v v v v v
(2020)
Li, Pantelidis, Chow ve
v v v
Jabari (2021)
Cai, Wang, Luo ve
v v v v
Liang (2022)

'PT: Parasal Tabanl, 2HDK: Hizmet Diizeyi Kalitesi, *GD: Gidis-Déniis, “TY: Tek Yon, *IB: Istasyon Bazli, °SPA: Serbest Park Alanli, ’S: Statik,
8D: Dinamik, °KT: Kullanic1 Tabanls, '°Sb: Sabit

1524



Akpinar, Kececi JTOM(7)1,1513-1530, 2023

bos) pillerini énceden tanimlanmis Pil Degistirme Istasyonlarinda (PDI) tam sarjl bir pille degistirdigi uygun bir
alternatif olarak kabul edilmistir. Bu islem birkag¢ dakika i¢inde yapilabilmektedir bu nedenle kullanicilar agisindan
¢ok daha avantajli bulunmaktadir (Yani geleneksel bir arabaya yakit ikmali yapmak i¢in gereken yaklasik ayni
zaman dilimini kapsamaktadir). Pillerde standardizasyon eksikligi ve sistemi kurmak igin gereken biiyiik
yatirimlar bu tiir bir teknolojik yaklagimi zorlastirsa da literatiirde bazi1 ilging ¢aligmalar bulunmaktadir.

Literatiirdeki yaklasimlar, esas olarak, pil degistirme istasyonlarinin kurulmasi (ve muhtemelen bakiminin
yapilmasi) i¢in toplam maliyetlerin en aza indirilmesi ile ilgilidir. Ayrica klasik araba rotalama uygulamalarinda
toplam rotalama maliyetleri de kismen dikkate alinmaktadir. ilgili ¢aligmalarin gogu, maksimum seyahat
menzillerini sinirlayan kisitlamalar1 (bir konum-yonlendirme sorunu disiiniildiigiinde) ve nispeten kiigiik
potansiyelli takas istasyonlar1 setlerine (genellikle yalnizca mevcut “geleneksel” benzin istasyonlart) yonelik
kisitlamalar1 dikkate alir. Ayrica, elektrik sebekesinin sinirlamalarindan kaynaklanan (6zellikle hizli sarj
kullaniliyorsa) konum basina pil sayisi {ist sinirlari dikkate alinmaktadir.

6.3. Elektrikli Araba Paylasim Sistemleri Literatiir Arastirmasi

Elektrikli arabalarin kullaniminin yayginlasmasi ile elektrikli araba paylasim sistemleri ile ilgili yapilmis olan
birgok ¢aligma vardir. Daha 6nce de belirtildigi gibi stratejik, taktik ve operasyonel seviyelerdeki karar problemleri
arasinda giiclii bir etkilesim vardir. Bu nedenle yapilan bu siniflandirmaya gore kesin bir sekilde ¢alismalari
kategorize etmek miimkiin olmamustir. incelenen makalelerin konfigiirasyon tiirlerine gore siniflandiriimis hali
Tablo 2°de mevcuttur. Bu tabloda da Tablo 1’de oldugu gibi her bir ¢caligmanin ele aldig1 probleme ve ¢6ziim
yaklasgimina gdre amag fonksiyonu tiirii, seyahat tipi, park sekli, yeniden dengeleme stratejisi ve fiyatlandirma tiirii
isaretlenmistir. Bu siniflandirma agisindan net bir ifade bulundurmayan g¢aligsmalar igin isaretleme yapilmayarak
ilgili hiicreler bos birakilmistir.

Caligmalar amag fonksiyonlarina gore parasal tabanli (PT) ve hizmet diizeyi kalitesine (HDK) gore ayrilmistir. PT
amagclar en az maliyet veya toplam karm en biiyliklenmesini hedeflemektedir. HDK’de ise miisterilere saglanan
hizmet diizeyinin en biiyliklenmesi amaglanmigtir. Tablo 2’de de goriildiigii gibi bazi ¢aligmalar her iki amaci da
saglamaya calismistir. Seyahat tipi, park sekli, yeniden dengeleme stratejisi ve fiyatlandirma tiirii kapsaminda
yapilan ayrimlarin kapsami Boliim 3’te agiklanmustir. Bu tabloya gore literatiirde var olan ¢aligmalar daha ¢ok
parasal tabanli amaglar i¢in olusturulmustur. Ayrica kullanicilar tarafindan daha ¢ok tercih edilen tek yonlii
sistemler ve uygulamanin kolaylig1 agisindan da daha kolay olan istasyon bazli sistemler iizerinde daha ¢ok
calistlmistir.

7. Sonug

Yakin zamanda TPS’nin daha ¢ok kullanilmasiyla birlikte bu konuda yapilan ¢alismalar da yogunlagmistir. Bu
calisma kapsaminda APS ve eAPS igin literatiirde var olan kuralci ¢alismalar igin bir g¢ergeve cizilmeye
calistlmistir. Yapilan arastirmalar sonucunda literatiirde bazi bogluklar tespit edilmistir. Bunlardan ilki APS ile
ilgili kuralc1 ve tanimlayici birgok ¢alisma olmasina ragmen aradaki baglantinin net olarak kurulamamasidir. Yani
tanimlayict c¢aligsmalardan elde edilen c¢ikarimlarin kuralei ¢aligmalarda kullanilmasiyla daha verimli ve
uygulanabilir APS’ler tasarlanabilecekken yapilan ¢aligmalarda bu net bir sekilde goriilmemistir. Bir digeri ise
APS’lerin genellikle tekil olarak ele alinmasidir. Literatiirde var olan ¢aligsmalarin bazilart ¢ok modlu yani diger
ulasim tasitlarini da APS planlamasina dahil etmistir ve miisterilere secebilecekleri daha fazla segenek
sunmuslardir. Bu sekilde yapilacak bir planlamanin giicliikleri olsa da daha uygulanabilir ve misteriler tarafindan
daha cok tercih edilebilir oldugu disiiniilebilir. Gelecekte yapilan ¢alismalar i¢in ¢ok modlu seyahat seceneklerinin
de APS’lere dahil edildigi modeller ¢ogaltilabilir. Geleneksel APS’de homojen bir filonun bulundugu
varsayilmistir. Halbuki gercek hayat problemlerinde bir filoda farkli tasitlar da bulunabilmektedir. Bu da goz
oniinde bulundurularak her bir degisen tasit tipine gore degisen fiyat ve talep bilgileri de modellere dahil edilebilir.
Serbest park alanli APS’nin yayginlagmasi ile kullanicilarin APS’lere olan taleplerinin artacagi ve kullanicilarin
tasit sahibi olmaktansa bu paylasim sistemlerini tercih edecegi diisiiniilmektedir. Bu nedenle literatiirde az sayida
calisilan serbest park alanli APS’ler i¢in daha fazla model gelistirilebilir. Ayrica TPS’nin konfigiirasyonlarina gore
yapilan ayrimda goriilmustiir ki yapilan ¢alismalar genellikle her bir alt basliktan sadece birine ait olma
egilimindedir. Yani bir APS ya gidis doniis ya tek yonlii seyahat secenegine izin vermekte veya ya istasyon bazli
park alanlar1 ya da serbest park alanlar1 icermektedir. Yapilacak calismalarda bu siniflandirmalar igin hibrit
calismalar Onerilerek daha opsiyonel modeller gelistirilebilir. APS’de miisteriler tarafindan son anda
rezervasyonlar iptal edilebilmekte veya degistirilebilmektedir. Talep modelleri ile ilgili yapilan ¢aligmalara bu
stokastik durum daha fazla dahil edilerek daha ger¢ek¢i modeller olusturulabilir.
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Bu calismada sayfa sinirlamasi nedeniyle kapsam daraltilarak sadece TPS siniflandirilmasinda belirtilen alt
basliklardan iki tanesi olan APS ve eAPS’ler igin karar problemleri {izerinde durulmustur. Gelecek ¢aligmalarda
BPS, OBET-PS ve EKTPS’ler i¢in de karar problemleri ayrintili olarak incelenebilir.
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Makale Ge¢misi: Diinya ticaret hacminin artmasiyla uluslararasi alanda hizmet veren liman ve
Gelis:  25.02.2023 terminallerin performansmin degerlendirilmesi de her gegen giin daha
Revize: 01.03.2023 onemli bir konu haline gelmistir. Bu kapsamda galigmanin amaci, konteyner
Kabul:  08.04.2023 terminallerinin performans degerlendirmesinde en ¢ok kullanilan kriterlerin

belirlenmesi ve bu kriterlere goére secilmis konteyner terminallerinin
performanslarinin  6lglilmesidir. Calismada ¢ok kriterli karar verme
yontemlerinden olan Entropi ve TOPSIS birlikte kullanilarak, 13 konteyner
terminalinin performansi, belirlenen kriterler ile degerlendirilmistir.
Aragtirma verileri T.C. Ulastirma ve Altyapr Bakanligi, Tiirkiye Liman

Anahtar Kelimeler:

Entropi, - Isletmecileri Dernegi ve konteyner limanlarinin internet sitelerinden alinmus
K_onteyner terminali, olup Entropi yontemi ile kriter agirliklar1 hesaplanmistir. Tiim kriterler
Liman performansi, konteyner terminal performans degerlendirmesi i¢in 6nem arz etse de
?ggosi‘gans, calisma sonucunda liman (terminal) sahasinin performansi etkileyen en

énemli kriter oldugu sonucuna ulasilmistir. Onemi en az olan kriter ise
rihtim maksimum derinligi olarak belirlenmistir. Daha sonra, Entropi
yontemiyle elde edilen agirliklar kullanilarak TOPSIS yontemiyle de 13
terminal siralanmigtir. Calismada konteyner terminallerinin performans
degerleri sirastyla; Mersin Limani, Terminal E, Terminal C, Terminal F,
Terminal A, Terminal B, Terminal D, Terminal L, Terminal G, Terminal H,
Terminal I, Terminal J, Terminal K olarak belirlenmistir. Elde edilen
bulgulara gore, performansi yiiksek ¢ikan terminallerin digerlerinden daha
aktif oldugu gozlemlenmistir. Yapilan degerlendirmeler sonucunda, Mersin
Limani’nin konteyner terminalleri arasindaki yeri goriilmis, rekabeti
saglayip saglayamadig1 belirlenmistir. Terminalde diisiik olan performans
kriter degeri saptanmis, terminalin diinya konteyner terminalleri arasinda da
daha iyi bir konuma gelebilmesi i¢in Oneriler sunulmustur. Literatiir
incelendiginde, konteyner konteyner terminali performans degerlendirmesi
icin bu ¢aligmada ele alinan kriterler ile Entropi ve TOPSIS yonteminin
birlikte kullanildig1 bir ¢alismaya rastlanmamistir. Yapilan ¢alismayla bu
eksikligin giderilecegi 6ngoriilmektedir.

! Bu ¢alisma, 2023 tarihinde birinci yazar tarafindan ikinci yazar damigmanliginda Kocaeli Universitesi Fen
Bilimleri Enstitiisii Deniz Ulastirma Miihendisligi Anabilim Dalinda Yapilan Yiiksek Lisans tezinden
iretilmistir.
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With the increase in world trade volume, the evaluation of the performance
of ports and terminals serving internationally has become a more important
issue with each passing day. In this context, the aim of the study is to
determine the most used criteria in the performance evaluation of container

terminals and to measure the performance of the selected container
terminals according to these criteria. Entropy and TOPSIS, which are multi-
criteria decision-making methods, were used together in the study, and the
performance of 13 container terminals was evaluated with the determined
criteria. Research data, The criteria weights were calculated using the
Entropy method from the websites of the Ministry of Transport and
Infrastructure, Republic of Turkey, Port Operators Association of Turkey
and container ports. Although all criteria are important for the container
terminal performance evaluation, it has been concluded that the port
(terminal) area is the most important criterion affecting the performance as a
result of the study. The criterion with the least importance was determined
as the maximum depth of the quay. Then, using the weights obtained by the
Entropy method, 13 terminals were ranked with the TOPSIS method. In the
study, the performance values of the container terminals are respectively;
Mersin Port is designated as Terminal E, Terminal C, Terminal F, Terminal
A, Terminal B, Terminal D, Terminal L, Terminal G, Terminal H, Terminal
I, Terminal J, Terminal K. According to the findings, it was observed that
the terminals with high performance were more active than the others. As a
result of the evaluations, the place of Mersin Port among the container
terminals has been seen and it has been determined whether it can provide
competition or not. The low performance criterion value at the terminal was
determined, and suggestions were made to improve the terminal's position
among the

world's container terminals. When the literature is examined, no study has
been found in which the criteria discussed in this study and Entropy and
TOPSIS methods are used together for container terminal performance
evaluation. It is foreseen that this deficiency will be eliminated with the
study.

Keywords:

Entropy,

Container Terminal,
Port Performance,
Performance,
TOPSIS

1. Giris

Deniz, iilkeleri birbirine baglayan en temel 6gelerden birisidir ve bu sebeple ge¢miste oldugu gibi giiniimiizde de
giiclii medeniyetler ticaret merkezlerini ¢ogunlukla deniz kiyisina kurmaktadir. Yiyecek ve enerji alani bagsta
olmak tizere, denizlerin kesfetmeye acik bir sekilde kaynak olarak diinya tlizerinde bulunmasiyla ayrica iilke
siirlarimi asan ticaretin yayginlagsmasi ve globallesmenin her gecen giin daha da artmasiyla beraber denizyolu
devletler icin zorunlu hale gelmektedir (Cetin, 2009). Denizyolunun bu denli artis1 gemilerin ve limanlarin
biiylimesini beraberinde getirmektedir. Her iilke digeri ile daha fazla rekabet edebilmek i¢in her gegen giin bu iki
kavramin gelismesine daha da 6nem vermektedir. Mega gemilerin de ortaya ¢ikmasiyla beraber daha donanimli
ve verimli limanlara olan ihtiyac her gegen giin daha da artmaktadir. Bu sebeple mevcut donanimi daha verimli
kullanmak anlamina gelen performansin limanlar i¢in degerlendirilmesi iilkeler agisindan 6nem arz etmektedir.
Ug tarafi denizlerle gevrili olan ve jeopolitik konumu sebebiyle énemli bir noktada bulunan Tiirkiye icin de
liman performans degerlendirmesi kavrami diger {ilkelerle ticarette rekabet edebilirligin en 6nemli unsurlarmin
basinda bulunmaktadir. Bu sebeple ithalatta ve ihracatta taginan yiikler bazinda 6nem arz eden ve ’yiikliik’” ad1
verilen standart kaplarin taginmasini ve ulasim modlarinin birbiri ile baglantisin1 saglayan konteyner
terminallerinin performans degerlendirilmesi de ililkede on plana ¢ikmaktadir.

Bu calismada; konteyner terminallerinde performans degerlendirmesi kavrami irdelenmistir. Konteyner

terminallerinin performans degerlendirmesinde en ¢ok kullanilan kriterlerin belirlenmesi ve bu kriterlere gore
secilmis konteyner terminallerinin performansinin 6lgiilmesi ¢alismanin amaglarindan bazilaridir.
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Literatiirde Yurdakul ve i¢ (2013)’in calismasinda otomotiv sektdriinde, Siiral (2016)’m calismasinda egitim
sektoriinde, Ceyhan ve Demirci (2017)’nin ¢aligmasinda finans sektdriinde, Ersoy (2018)’un ¢alismasinda beyaz
esya sektoriinde, Bayram (2019)’1n ¢aligmasinda turizm sektoriinde, Kurt ve Ayaz (2021)’1n ¢alismasinda insan
kaynaklar1 gibi daha pek ¢ok farkli alanda kullanilan Entropi ve TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution-ideal Coziime Benzerlik ig¢in Tercih Siralamasi Teknigi) yontemleri denizcilik
alaninda pek tercih edilmemistir. Ayrica konteyner terminallerinin performans degerlendirmesi igin de
uygulamasi bulunmamaktadir. Caligmasinin tamamlanmasiyla beraber bu yontemlerin bu alanda ¢esitlendirilip
baska calismalara 151k tutacagi ve literatiirdeki bu eksikligi dolduracagi 6ngoriilmektedir.

2. Literatiir taramasi

Literatiir taramasinin ilk bolimiinde ‘’Performans Degerlendirmesi” anahtar kelimesinden yararlanilarak yapilan
calismada goriilmiistiir ki performans degerlendirmesi ¢ok ¢esitli alanlarda kullanilmaktadir. Kullanildig1 alana
gore de girdi ve ¢iktilart degiskenlik gostermektedir. Kumru (2012)’nun g¢alismasinda kurumsal performans
yonetimi iizerinde durulmustur. Igerisinde yurt i¢i ve digt performans degerlendirme 6rneklerinin de yer aldigi bu
calisma bir derleme olarak olusturulmus ve literatiirde yerini almistir. Sen ve Tama (2015)’in galismasinda,
Basaksehir Belediyesi ile ¢aligilarak iletisim merkezlerinin kurumsal verimlilige etkisi arastirilmigtir ve ¢aligma
sonucunda iletisim merkezleri ile verimlilik arasinda pozitif yonlil bir iliski oldugu ortaya ¢ikmistir. Erkayman,
Kocadagistan ve Albayrak (2020)’nin ¢alismasinda, the decision making trial and evaluation laboratory
(DEMATEL) ve analytic network process (ANP) yontemleri hibrit olarak kullanarak ve bir ilimizdeki
belediyenin  performansini  degerlendirilmistir.  Erdogan  (2022), bankalarin finansal performans
degerlendirmesini yaparak hibrit bir ¢ok kriterli karar verme yontemi (CKKYV) ile bankalarin siralamalarini
yapmustir. Caligma sonucunda 6nemli kriterlerin yillara gore farklilik gosterdigi ve buna bagli olarak performans

stralamalarimin degistigi sonucuna ulagmustir.

Pek ¢ok alanda kullanilan bu kavram limanlar i¢inde 6nemini korumaktadir ve literatiir incelemesi yapildiginda
liman performans degerlendirmesi ile alakali pek g¢ok caligmayla karsilagilmaktadir. Literatiir, terminaller
bazinda incelendiginde ise genel kargo ve dokme yiik terminalleri i¢in performans degerlendirme ¢alismalarinin
sinirlt sayida kaldigr goriilmektedir. Konteyner terminalleri iizerine yapilan ¢alismalarda ise yazarlar bazi
faktorlere daha fazla 6nem veritken ve bazilarini kriter olarak kullanmamigstir. Caligmanin bu bdliimiinde
“’Konteyner terminali, Performans’’ anahtar kelimeleri kullanilarak ana kaynak olarak kullanilan ulusal ve
uluslararasi ¢aligmalara ulagilmigtir. Bu ¢alismalarda girdi kriterleri her ¢aligma igin degiskenlik gdsterirken,
performans ¢iktist olarak yazarlar tarafindan gogunlukla konteyner ¢iktis1 (TEU) tercih edilmistir. Literatiirde
yer alan ve incelenen konteyner terminali performans degerlendirme ¢aligmalari asagida belirtilmistir;

Roll ve Hayuth (1993) calismada sayisal veri kullanmayarak teorik bir ¢alisma gerceklestirmislerdir. Veri
zarflama analizi (VZA) yontemini kullanarak liman etkinligi ile alakali daha sonraki ¢alismalara 6rnek olacak bir
calisma olusturmuslardir. Martinez-Budria, Diaz-Armas, Navvaro-lbanez ve Ravelo-Mesa (1999) ise
belirledikleri 26 limanin karmagikliklarinin performansla olan iliskisini VZA yontemini kullanarak
incelemislerdir. Nottebomm, Coeck, ve Van Den Broeck (2000) ise ¢alismalarinda rihtim uzunlugu, terminal
boyutu, kreyn sayilarint girdi degiskeni olarak, konteyner sayisini ise ¢ikti degiskeni olarak kullanmuglardir.
Caligma stokastik smir analizi yontemi ile yapilmistir. Tongzon (2001) ise, VZA yontemini kullanarak
limanlarin etkinlikleri lizerine ¢alisma yapmustir. 6 degiskeni girdi olarak, 2 degiskeni ise ¢ikt1 olarak kullanarak
analiz yapmis Rotterdam, Yokohama, Melbourne ve Osaka limanlarimin daha etkin oldugunu saptamistir.
Cullinane, Song ve Gray (2002) calismasinda stokastik sinir analizi yontemini, Estache, Gonzalez ve Trujillo
(2002) ise VZA-malmquist yontemini kullanmay tercih etmislerdir. Itoh (2002), 1990-1999 yillar1 arasinda
rihtim uzunlugu ve konteyner rihtim uzunlugunu girdi degiskeni, konteyner sayisini ¢iktt degiskeni olarak
kullanarak VZA yontemiyle Japonya’daki 8 konteyner limaninin etkinligini 6lgmiistiir. Yokohama, Osaka ve
Kobe limanlarmin etkinlikleri ¢alisma sonucunda diisiik ¢ikmistir. Wang, Song ve Cullinane (2003) ise 57
terminalin degerlendirmesini Charnes Cooper Rhodes Modeli (CCR) ve Banker Charnes Cooper Modeli (BCC)
yontemi ile yapmuglardir. Wiegmans, Rietveld, Pels ve Van Woudenberg (2004) VZA, Song ve Han (2004) ise
regresyon analizi yontemi ile ¢alismalarini gergeklestirmiglerdir. Tongzon ve Heng (2005), stokastik sinir analizi
yontemi ile ¢aligarak terminal rthtim uzunlugunu, terminal alanini, rihtim kreyn sayisini, liman genisligini girdi
degiskeni, konteyner sayisin ise ¢ikt1 degiskeni olarak kullanmislardir. Cullinane, Wang, Song ve Ji (2006) ise
VZA yontemine ek olarak stokastik sinir analiz yontemini de ¢alismada kullanmiglardir. Rios ve Magada (2006),
VZA yontemini uygulamig, 5 girdi degiskeni kullanmis ve ¢ikt1 degiskeni olarak konteyner sayisina ek olarak
ortalama elleclenen konteyner sayisint da analize eklemislerdir. Al-Eraqi, Mustafa, Khader ve Barros (2008) ise,
22 terminalin etkinligini analiz ederek fiziki biyiikliigiin olumlu etki sagladigi sonucuna varmislardir. Cheon,
Dowall ve Song (2009), yanasma yeri uzunlugu, konteyner vinci sayist ve terminal alanini girdi degiskeni,
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konteyner sayisini ise ¢ikt1 degiskeni olarak kullanarak malmquist yontemi ile ¢alisma yapmislardir. Wu ve Goh
(2010), Cullinane ve Wang (2010), Hung, Lu ve Wang (2010) ve Trujillo, Gonzélez ve Jiménez (2013)
degerlendirme yapmak i¢in girdi ve ¢ikt1 degiskenlerini belirleyerek VZA yontemini tercih etmislerdir. Bichou
(2013), 420 konteyner terminali i¢in yaptig1 ¢alismada 6 girdi degiskeni ve 1 ¢ikt1 degiskeni kullanmistir. VZA
yontemiyle yapilan ¢alismada otomasyon sistemler ile donatilan ve dlgegi biiylik olan limanlarin etkinliginin
yiiksek oldugu belirlenmistir. Yuen, Zhang ve Cheung (2013) ise 2003-2007 yillar1 arasinda Cin’de bulunan 21
konteyner limaninin VZA, tobit, regresyon yontemleri ile degerlendirmesini yapmislar ve VZA analizinin
sonuglarinda farklilik oldugunu tespit etmislerdir. Scheyen ve Odeck (2013) ise, yine VZA yontemini kullanarak
Norveg konteyner limanlarinin etkinligini 6lgmiislerdir. Norve¢ limanlarmin yaninda 24 adet Ingiliz ve
Iskandinav limani ¢alismaya dahil edilmistir. Calismada fiziksel biiyiikliigiin etkinlige katkis1 oldugu sonucuna
vartlmistir. Rajasekar ve Deo (2014), VZA yontemi ile Hindistan limanlarinin etkinlik analizini yapmuslardir.
Calismada 3 girdi degiskeni, 2 ¢ikti degiskeni kullanilmustir. Fiziksel biyiikligiin etkinlige katki sagladigi
sonucuna vartlmistir. Song ve Cui (2014) VZA ve malmquist yontemlerini kullanarak rihtim uzunlugu, is giicii
sayisi, saha vinci sayisini girdi degiskeni olarak, konteyner sayisini ise ¢ikti degiskeni alarak caligmay1
tamamlamiglardir. Almawsheki ve Shah (2015), Kutin, Nguye ve Vallee (2017), Birafane ve El Abdi (2019),
Kalgora, Goli, Damigou, Abdoulkarim ve Amponsem (2019) VZA y6ntemini, Kammoun (2018) ve Hlali (2018)
ise VZA yontemine ek olarak stokastik sinir yaklagimi yontemlerini ¢aligmalarinda kullanmislardir.

3. Yontem

3.1. Entropi yontemi ve ¢6ziim asamalari

Entropi kavramu ilk kez Rudolph Clausius tarafindan 1865 yilinda termodinamik alaninda yapilan ¢alisma ile
ortaya atilmistir (Gezen, 2019). Daha sonra Shannon (1948) tarafindan bilgi teknolojisine uyarlanarak bu yontem
gelistirilmistir ve giinlimiizde en ¢ok kullanilan yontem haline gelmistir (Demirci, 2017).

Entopi diizensizlik anlamina gelmekte ve belirsizligi 6lgmeyi hedeflemektedir (Toprak ve Canakgioglu, 2019).
Bilginin igerisindeki belirsizlik olarak da tanimlanabilmektedir (Abdullah ve Otheman, 2013). Cok kriterli karar
verme problemlerinde kriterin diizensizligi ne kadar fazla ise Entropisi yiiksek ¢ikacak ve kriterin agirligi
artacaktir. Entropisi diislik olan kriterde ise tam tersi bir durum olusacak ve agirligi azalacaktir. (Ecer, 2020).
Kisisel yarg: ve diisiincenin yer almamasi ve objektif bir sekilde agirliklarin hesaplanmasi Entropi yonteminin en
onemli 6zelligidir (Toprak ve Canakgioglu, 2019). Bu yontem maximum belirsizlik ve minumum belirlilik amag
edinilerek karar vericiler tarafinda kullanilmaktadir. Yontem, son yillarda matematik, fizik gibi cesitli
disiplinlerde pek cok alanda kullanilmaya devam edilmektedir (Tunca, Omiirbek, Comert ve Aksoy, 2016, Ekin
ve Cesur, 2022).

Asagida Entropi yonteminin agamalart sirasi ile agiklanmistir (Shannon, 1948, Tunca ve dig., 2016, Acer ve
Kalender, 2020);

Asama 1; farkli birimlerinden olusan kriterlerin ve segeneklerin (alternatif) bulundugu karar degiskenleri
matrisinin normalize iglemi Denklem (1) ile beraber gerceklestirilir;

M

o= —
Uoosleap

i: Alternatif (secenek) degeri,

j: Kriter degeri,

rij: Normalize edilmis degerleri,

xij: 1 alternatif (segenek) i¢in, j kriter i¢in verilen fayda degerleri

Asama 2; Denklem (2)’nin yardimiyla e;’nin Entropi degeri hesaplanmaktadir.

(Denklem 2’de igerisinde yer alan “’k’’ Entropi katsayisini, “’rj;
degerini belirtmektedir);

€999

normalize edilmis degerleri ve “’¢;’” ise Entropi

€ = —kZE":l Tij In (T”ij) 2

Asama 3; bu asamada Denklem (3) kullanilarak w; kriterlerin 6nem derecesini belirten agirlik degerleri
hesaplanmaktadir. Bu asamada her kriter i¢in bir agirlik degeri belirlenmektedir;

W=t 3)

J xm 1-ej
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Hesaplanan tiim kriterlerin agirliklari toplami Denklem (4)‘te gosterildigi gibi her zaman 1’e esit olacaktir (Bu

€ .99

adimda kullanilan denklemdeki “’w;’’agirlik degerini, ‘’e;”” Entropi degerini belirtmektedir);
Xrwp=1 4)
3.2. TOPSIS yontemi ve ¢oziim asamalari

Cok kriterli karar verme yontemlerinden biri olan TOPSIS yontemi 1981 yilinda C.L. Hwang ve K. Yoon
tarafindan bilim ve mithendislige dair alanlarda kullanilmak tizere gelistirilmistir (Chen, Wang ve Deng, 2015).
Yontemin karar verme problemlerinde siklikla tercih edilmesinin nedeni az sayida girdi icermesi ve ¢iktilarinin
kullanici tarafindan anlagilabilir olmasidir (Eren ve Soba, 2011). Yontemde amag, belirli kriterler baz alinarak
alternatifleri siralama islemine tabii tutup en ideal ¢dziim noktasina en kisa mesafedeki ve negatif ideal ¢oziim
noktasina en uzak mesafedeki alternatifi belirlemektedir (Metin, Yaman ve Korkmaz, 2017). Yontem
uygulanirken kar ve fayda maksimizasyonu ile maliyet minimizayonu aranarak en uygun alternatif
belirlenmektedir (Eren ve Soba, 2011).

Asagida TOPSIS yonteminin asamalari ve agiklamalart sirasi ile yazilmistir;

Adim 1: Karar matrisinin olusturulmasi; karar verici tarafindan olusturulan matristir. Boyutu Denklem (5)’te
gosterildigi gibi (mxn) olan karar matrisinin satirlarinda alternatif karar noktalari, siitunlarinda ise karari
etkileyen kriterler bulunmaktadir. Karar problemlerinin ¢dziimiinde kullanilan baslangi¢ matrisidir (Sahin ve
Karacan, 2019);

A= 5)

Adim 2: Karar matrisinin normalize edilmesi; bu asamada A matrisinin elemanlar1 kullanilarak islem yapilir
(Dumanoglu ve Ergiil, 2010). Matristeki biitiin elemanlarin kareleri alinarak bu degerler toplanir. Siitun
toplamlar1 elde edildikten sonra karekdkii alinarak matrisin normal hale getirilmesi saglanir. Normalize karar

"n..n

matrisinin bir elemani "r;" ile gosterilir ve Denklem (6)’ da gosterildigi sekilde hesaplanir (Zelvi, 2019);

(lij

;= (i=1,....mvej=1,.....p) (6)

j
I aif?

Adim 3: Agirlikliklandirilmig normalize matrisin olusturulmasi; agirliklandirilmis normalize karar matrisi elde
edebilmek i¢in daha 6nceden bilinen ya da farkli teknikler kullanilarak hesaplanmis olan kriterlerin agirliklar
gerekmektedir. Agirliklar belirlendikten sonra bir 6nceki adimda elde edilmis olan normalize karar matrisinin
her elemani (Rjj), Denklem (7)’de gosterildigi gibi kriter agirligi (Wi) degeriyle carpilarak matris olusturulur
(Karaoglan, 2016);

Adim 4: Pozitif ve negatif ideal ¢6ziim noktalarinin olusturulmasi; agirliklandirilmis normalize karar matrisi
(Vy) olusturulduktan sonra ¢oziilmek istenen probleme gore her bir kolonda Denklem (8) ve Denklem (9)’da

gosterildigi gibi (amag, kar veya fayda maksimizasyonu ise her bir siitunun maksimum, amag¢ maliyet
minimizasyonu ise her bir stitunun minimum) degerler belirlenir (Yurdakul ve I¢, 2013);

A = {7, %7, ., 5t} (Maksimum Deger) ®)
A” ={x;7,%,7, .., x,” } (Minimum Deger) )
Adim 5: Pozitif ve negatif ideal noktalarina uzakliklarin hesaplanmasi; her bir alternatifin maksimum ideal ve
negatif ideal uzaklik hesaplamalar1 Denklem (10) ve Denklem (11) yardimi ile yapilir. Formiillerde pozitif ideal

¢oziim uzakligi (Si") ve negatif ideal ¢6ziim uzaklig1 (Si) olarak ifade edilir. Problem ¢6ziimiinde bulunacak Si*
ve Si” say1s1 karar noktasi sayisina esit olmalidir (Kallo, 2015);

St = | ¥ (v - V2 (10)
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Sim = | XV V)2 (11)

Adim 6: Ideal ¢dziime gore yakinligin hesaplanmasi ve alternatiflerin siralanmasi; Bu asamada alternatiflerin
pozitif ideal noktalarina ve negatif ideal noktalarina olan uzakliklarindan yararlanilir (Bakire1, Shiraz ve Sattary,
2014). Hesaplamalar i¢in Denklem (12) kullanilir;

¢ =L (12)

L Sim+8;t

Denklem (12)’ye gore negatif ideal ¢oziimden olan uzaklik degeri biiylidiik¢e, ideal ¢oziime yakinlik degeri
artmaktadir.

0 < Ci"< 1 arahiginda deger alir.
Ci*=1; alternatifin ideal ¢6ziime mutlak ¢6ziim yakmligmni belirtir
Ci"=0; alternatifin negatif ideal ¢dziime mutlak ¢6ziim yakiligm belirtir.

Hesaplamalar tamamlaninca degerlere bakilarak siralamalar yapilir. En biiyiik Ci* degerine sahip olan alternatif
en iyi karar olarak belirlenir ve kalan alternatifler biiyiikten kiigtige siralanir (Cetin, 2019).

3.3. Entropi ve TOPSIS yonteminin kullamldig1 calismalar

Caligmanin bu boliimiinde Entropi ve TOPSIS yontemlerinin beraber kullanildig1 performans ile alakali yapilan
caligmalar incelenmistir. “’Performans Degerlendirmesi, TOPSIS, Entropi” anahtar kelimelerini igeren 2012-
2022 yillart arasinda yapilmis ¢aligmalar veri tabanlarinda taranmis ve ulusal ve uluslararasi makalelere
ulasilmistir. Makalelerde, Entropi ve TOPSIS yontemlerinin tercih edildigi ¢alisma alanlar1 ¢ok genis olmakla
beraber denizcilik alaninda sinirli sayida caligmada yer almistir. Finans, gida, havacilik, spor da hibrit olarak
kullanildig1 alanlardan bazilaridir. Calismalar asagida kisaca detaylandirilmistir;

Ece (2019) caligmasinda finans alanmi tercih etmistir. Tiirkiye’de faaliyet gosteren ve BIST100 (Borsa Istanbul
100)’de iglem goren 15 holding sirketinin performansini degerlendirmistir. Uzman goriiglerini dikkate alarak
Entropi yontemi ile kriterleri agirliklandirmis, TOPSIS yontemi ile holdinglerin performans siralamasini
yapmugtir.

Yilmaz (2020)’de Entropi, TOPSIS ve VIKOR yontemini kullanarak gida alaninda ¢alisma yapmistir. Gida
sektoriinde yer alan 24 firmanin 2017-2019 yillar1 arasindaki performansini 20 kriter ile degerlendirmistir.
Yapilan degerlendirmede en 6nemli ana kriterin piyasa oranlari, en 6nemli alt kriterin ise fiyat/satig orani oldugu
gdzlenmistir.

Kirac1 ve Asker (2019), Entropi ve TOPSIS yontemi kullanarak yine hava yolu tagimacilig1 iizerine galisma
yapmislardir. Calismada hava aract kiralama sirketlerinin finansal performansi incelenmistir. 5 hava araci
kiralama sirketinin 2013-2017 yillar1 arasindaki performanst degerlendirilmigtir. Calismada 2013-2014
doneminde Capital Lease, 2015-2017 doneminde ise Air Lease’in performansinin yiiksek oldugu gézlenmistir.

Oztel ve Yavuz (2019), mobilya ve agac isleri alaninda calisma yapmuslardir. Calismada 10 finansal oran
kullanilarak sektoriin  2008-2016 yillar1 arasindaki performans degerlendirmesi yapilmistir. Tung (2020)
calismasinda otomotiv sektoriindeki 11 igletmenin finansal performansimi degerlendirmistir. 2017-2019 yillart
arasindaki verileri kullanarak ¢alismada Entropi, TOPSIS ve GIA yéntemlerinden faydalanmistir. 2017 yili igin
FMIZP, 2018 yili igin FMIZP ve EGEEN, 2019 yili i¢cin FMIZP ve DOAS finansal performansi en iyi olan
sirketler olarak belirlenmistir.

Temiir (2022) turizm alaninda c¢aligarak isletmelerin 2016-2020 yillart arasindaki finansal performanslarini
degerlendirmistir. Agirliklandirmada Entropi yontemini kullanmis, performans degerlendirmesinde ise Additive
Ratio Assesment (ARAS), Complex Proportional Assessment (COPRAS) ve TOPSIS yontemlerinden
faydalanmigtir. Caligmada 2020 yilindaki en basarili igletme MAALT olarak belirlenmistir.

Demirci (2017) ise, spor alaninda ¢alisarak ¢ok kriterli karar verme yontemlerini kullanip Tiirkiye’deki 4 futbol
takiminin performansini analiz etmistir.
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Sun ve Yu (2021) ise binalarin enerjisi ve enerji tasarrufu hakkinda ¢alisma yapmislardir. Calismada Entropi,
TOPSIS ve K-ortalama kiimeleme yontemleri kullanilarak Cin'in Tongling kentindeki 24 ofisin enerji
performansi siralamalar1 yapilmistir.

Santos, Godoy ve Campos (2019), mobilya endiistrisinde siirdiiriilebilirlik alaninda ¢alisma yapmislardir.
Caligmada 32 uzmanin goriisii alinarak Entropi yontemiyle beraber kriterler ve agirliklari belirlenmistir. TOPSIS
yontemi ile ¢alismaya devam edilerek yesil tedarikgilerin performanslarinin degerlendirilmesi yapilmis ve kendi
aralarinda siralamasi olusturulmustur.

Akandere (2021), Entropi ve TOPSIS yontemini kullanarak denizcilik alaninda ¢alisma gergeklestirmistir. Artan
gevre kirliligini ve enerji tiiketimini dikkate alarak limanlarin ¢evresel ve operasyonel performanslarini
degerlendirmistir. Kriterleri belirleyip Entropi ile agirliklandirdiktan sonra yesil sertifikali limanlarin
siralamasini gergeklestirmistir. Caligma sonucunda ¢evre dostu enerji kullanan limanlarin performansinin yiiksek
oldugu belirlenmistir ve liman alanlarinin dogal ¢evre kalitesinin artirilmasi, geri doniisiim uygulamalarina 6nem
verilmesi, ¢evreci enerji kullanimmin yayginlastirilmasinin limanlarin performansina olumlu katki saglayacagi
goriilmiistiir. Kisa, Celik ve Peker (2021), Tiirkiye Cumhuriyeti Demiryollar1 Isletmesi'ne ait olan ve 2007
yilinda sonra 6zellestirilen 5 liman iizerine ¢alisma gergeklestirmislerdir. Calismada kriterler Entropi yontemi ile
agirliklandirilmis ve Mersin, Samsun, Bandirma, Iskenderun ve Derince limanlarmin birbirlerine gore
performans siralamasi yapilmistir. Limanlarin siralanmasinda ise ARAS ve TOPSIS yontemleri kullanilmugtir.

4. Bulgular

4.1. Problemin belirlenmesi

Calisma, yaygin olarak kullanilan performans kriterlerini tespit etmek, tespit edilen kriterlerin agirliklarini
saptamak ve 13 konteyner terminallinin kendi aralarindaki performans siralamasini belirleyip Mersin Limani’nin
bu siralamadaki yerini gormek amaciyla yapilmustir.

4.2. Kriterlerin olusturulmasi ve verilerin elde edilmesi

Liman performans siralamasi yapmak i¢in en onemli asama girdi degiskeni olarak kullanilacak kriterlerin
belirlenmesidir. Caligmadaki girdi degiskenleri belirlenirken literatlir arastirmasi yapilmis ve konteyner
terminalleri performans degerlendirmesini konu alan makaleler incelenmistir. Yapilan ¢alismada literatiirde en
sik kullanilan degiskenlerin yer almasi amag edinilmistir. Caligmanin bu boliimiinde konteyner terminallerinin
performanslariin degerlendirilmesinde yaygin olarak kullanilan kriterler belirlenmis ve agiklamalari yapilmistir.
Liman/terminal sahasi alani, rihtim/ iskele uzunlugu, rihtim maksimum derinligi, ving/kreyn sayis1 kriterlerinin
on plana ¢iktig1 goriilerek ¢alismaya dahil edilmistir. Literatiirde az sayida ¢alismada yer almasina ragmen 6nem
arz eden teorik ellegleme kapasitesi de kriterlere eklenerek ¢alismanin farklilagmasi amag edinilmistir.

Teorik ellegleme kapasitesi; kullanim amaglarina gore teorik, pratik, olasi, atil, fiili ve optimum kapasite olmak
iizere 6’ya ayrilan kapasite kavrami faktorleri en iyi sekilde degerlendirip maximum iiretim miktarina ulagma
olarak tanimlanabilir. Calismada limanlarin teorik (teknik) kapasitesi analize dahil edilmistir. Limanlarda teorik
kapasite, terminaldeki mevcut istyap:, altyapt ve ekipmam kullanarak duraklama yapmadan
gerceklestirilebilecek ellegcleme kapasitesini  gostermektedir (Emecen, 2004). Atil kapasiteyi azaltmak,
performans artirmak ve operasyonel siirecleri gelistirmek i¢in 6nem arz eden bu kriter de ¢alismaya dahil
edilmistir (Esmer ve Cetin, 2013). Teorik ellegleme kapasitesi kriterinin birimi ¢alismada “’TEU/y1l’’ olarak
kullanilmastur.

Rihtun/iskele uzunlugu; kriter, ¢aligmanin literatiir taramasi boliimiinde konu edilen 30 adet makalenin 19
tanesinde ’rthtim/iskele uzunlugu’’, girdi kriteri olarak kullanilmistir. Rihtim uzunlugu aylik gelecek gemi
sayisini, ayn1 anda terminale yanagma sikligini, gemilerde kullanilacak ekipman sayisini, liman i¢i aktarma
araglarmin ve ellegleme ekipmanlarinin sayisinin olumlu yonde artmasini saglayacak ayni zamanda gemilerin
demirde bekleme siiresinin azaltarak performansa pozitif yonde katki saglayacaktir (Tiimis, 2008). Diinya
ticaretinin artmasi, tilkeler arasi rekabetin fazlalasmasi ve gliniimiizde mega gemi kavraminin ortaya ¢ikmasi her
gegen giin rihtim uzunluklarinin artmasimi gerekli kilmaktadir. Rihtimlara daha uzun gemilerin yanasabilmesi ve
rihtimlarda ayn1 anda birden fazla gemiye hizmet verilebilmesinin performans agisindan O6nemi sebebiyle
“rihtim/iskele uzunlugu’’ ¢alismaya kriter olarak dahil edilmistir. Kriterin birimi ¢alismada “’metre (m)’’ olarak
almmustir.
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Liman/terminal sahas1 alani; terminal alani biiyilk olan konteyner limanlar1 daha etkili ve verimli
kullanilacagindan bu kriter performansa olumlu katki saglayacaktir. Literatiirde pek ¢ok ¢alismanin igerisinde
kriter olarak alinan ‘’liman/terminal sahasi alani’” kavrami bu ¢alismanin analizinde de kullanilmigtir. Terminal
alaninin birimi “’metrekare (m?)’’ olarak ifade edilmistir. Bu ¢alismada liman/terminal sahasimnin tamaminin
konteyner operasyonu igin kullanildig1 kabul edilmektedir.

Rihtim maksimum derinligi; deniz ticaretinde mega gemilerinde ortaya ¢ikisiyla beraber biiyliyen kapasite ve
boyutlara uyum saglamak i¢in konteyner gemilerinin yanasacagi rthtim su derinliklerinin de gelisen gemilere
uyum saglamak icin artirilmasi gerekmektedir. Yeterli drafta sahip olmayan limanlar konum olarak merkezi
yerde olsa bile gemi boyutlar1 ve draftlart engel teskil edeceginden mega gemilere hizmet vermesi zorlagacak ve
aktarma limani olarak kullanilmasina olumsuz etki yaratacaktir (Acer, 2016). Bu nedenle literatiirde de pek ¢ok
calismada kriter olarak kullanilan “’rthtim maksimum derinligi’’ bu ¢aligmaya dahil edilmistir. Caligmada rihtim
maksimum derinliginin birimi *’- metre (m)’’ olarak ifade edilmistir.

Ving/kreyn sayisi; daha ¢ok gemiye ayni anda hizmet verebilmek ya da ayni gemide yapilan yiikleme ve
bosaltma siiresini azaltip hizin1 artirmak i¢in terminallerde daha fazla sayida ving/kreyn olmasi gerekmektedir.
Bu ving/kreyn sayisi fazlaligi da terminale yanasan gemilerin operasyonlarinin daha hizli bitirilip yerine
yenilerinin gelmesini saglacak, yiikleme ve bosaltma yapilan gemilerin sayisinda olumlu bir etki yaratacaktir.
Terminalin ellegleme kapasitesini artirarak da liman performansina olumlu etki saglayacaktir. Bu ¢alismada da
kriter olarak alinan “’ving/kreyn sayisi’’ literatiirde pek c¢alismada da girdi degiskeni olarak kullanilmistir.
Limanda bulunan ve konteyner elleglemesi i¢in kullanilan toplam MHC, MGC, STS, SSG sayilar1 analizde
kullanilmigtir ayrica ving/kreyn sayisi birim olarak ¢alismada “’adet’ alinmistir. Ving/kreyn kapasiteleri ve
operator performanslar ¢alismaya dahil edilmemistir (Acer, 2016).

4.3. Entropi yontemi ile kriter agirhiklarinin belirlenmesi

Caligmanin bu bdliimiinde konteyner terminallerinin performanslarinin degerlendirilmesinde yaygin olarak
kullanilan kriterlerin agirliklar1 belirlenmistir. Teorik ellegleme kapasitesi, liman (terminal) sahasi, rihtim
(iskele) uzunlugu, rihtim maksimum derinligi ve ving (kreyn) sayist kriterlerinin agirlik derecelerinin
belirlenmesinde Entropi yontemi tercih edilmistir. Ikincil kaynakl verilerle olusturulan baslangi¢ karar matrisi
Tablo 1.’de yer almaktadir.

Tablo 1. Baslangi¢ karar matrisi

Kriterler Teorik Liman Rihtim Rihtim Ving (kreyn)
. ellecleme (terminal) (iskele) maksimum ¢ y
Terminaller o . < s pese sayis1
kapasitesi sahasi uzunlugu derinligi
Mersin Liman 2.600.000 1.200.000 3.370 15,8 17
Terminal A 2.100.000 477.867 2.226 16,5 15
Terminal B 2.300.000 447.431 1.937 17 15
Terminal C 1.164.917 635.000 3.650 10,2 14
Terminal D 2.500.000 300.000 2.010 18 11
Terminal E 2.000.000 1250.000 2.050 36 14
Terminal F 1.000.000 1.000.000 1.652 15,5 6
Terminal G 1.300.000 460.000 922 16 8
Terminal H 1.000.000 310.337 1.455 30 8
Terminal I 1.500.000 420.000 850 16 3
Terminal J 855.000 265.000 1.286 18,5 9
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Terminal K 750.000 160.000 1.080 21,5 7

Terminal L 1.000.000 485.000 784 28 5

Denklem (1) kullanilarak baglangi¢ karar matrisinde normalize islemi yapilmistir. Ardindan Denklem (2)
kullanilarak normalize edilmis karar matrisiyle e; Entropi degeri hesaplanmistir. Tablo 2°de ej Entropi degerleri
gOsterilmistir.

Tablo 2. ¢j Entropi degerleri tablosu

Teorik Liman Rihtim Rihtim Ving (kreyn)
ellecleme (terminal) (iskele) maksimum ¢ y
o M R sayis1
kapasitesi sahasi uzunlugu derinligi
€j 0,967040709  0,935831924  0,956725701  0,978415918  0,963136233

Denklem (3) yardimiyla kriterlerin agirliklart tek tek hesaplanmustir. Her bir kriter igin hesaplanan agirlik
degerleri Tablo 3.’te gosterilmistir.

Tablo 3. Entropi yontemi kullanilarak kriter agirliklarinin belirlenmesi

Teorik Liman Rihtim Rihtim Vine (kreyn)
ellecleme (terminal) (iskele) maksimum ¢ y
o M o e sayis1
kapasitesi sahasi uzunlugu derinligi
VKmer 0,165749919 0,32269667 0,217623359  0,108544805  0,185385248
Agirliklart

Kriter agirliklari incelendiginde; liman (terminal) sahast (0,32269667) degeriyle liman performansi i¢in en
onemli kriter olarak kabul edilmistir. (0,217623359) degeri ile rihtim (iskele) uzunlugu, (0,185385248) degeri ile
ving (kreyn) sayisi, (0,165749919) degeri ile teorik ellecleme kapasitesi kriterleri bu siralamay1 takip etmektedir.
(0,108544805) degeri ile rihtim maksimum derinligi ise dnemi en az olan kriter olarak belirlenmistir.

4.4. TOPSIS yontemi ile alternatiflerin siralamasi ve analiz edilmesi

Caligmada 13 karar noktasi (terminal) yer almistir. Bu terminaller 5 kriter ile degerlendirilip TOPSIS yontemiyle
analize tabi tutulmustur. Yapilan analiz sonuglar1 agagida gosterilmistir;

Adim 1°de belirtilen satirlarda Mersin Limani, Terminal A, Terminal B, Terminal C, Terminal D, Terminal E,
Terminal F, Terminal G, Terminal H, Terminal I, Terminal J, Terminal K, Terminal L olmak iizere 13
terminalin, siitunlarda ise teorik ellegcleme kapasitesi, liman (terminal) sahasi, rihtim (iskele) uzunlugu, rihtim
maksimum derinligi, ving (kreyn) sayist olmak tizere 5 kriterin yer aldig1 (13x5) boyutlu baslangi¢ karar matrisi
Denklem (6)’nin yardimiyla Adim 2’deki islemlere tabii tutulmus ve normalizasyonu gerceklestirilmistir. Tablo
4.’te standart karar matrisi gosterilmistir.

Tablo 4. Standart karar matrisi

Teorik Liman Rihtim Rihtim

Terminaller ellecleme (terminal) (iskele) maksimum Ving (kreyn)
o M o e sayis1
kapasitesi sahasi uzunlugu derinligi
Mersin Liman 0,4315 0,5512 0,4826 0,2124 0,4326
Terminal A 0,3485 0,2195 0,3188 0,2218 0,3817
Terminal B 0,3817 0,2055 0,2774 0,2285 0,3817
Terminal C 0,1933 0,2917 0,5227 0,1371 0,3563
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Terminal D 0,4149 0,1378 0,2879 0,2419 0,2799
Terminal E 0,3320 0,5742 0,2936 0,4839 0,3563
Terminal F 0,1660 0,4593 0,2366 0,2083 0,1527
Terminal G 0,2158 0,2113 0,1320 0,2151 0,2036
Terminal H 0,1660 0,1425 0,2084 0,4032 0,2036
Terminal I 0,2490 0,1929 0,1217 0,2151 0,0763
Terminal J 0,1419 0,1217 0,1842 0,2487 0,2290
Terminal K 0,1245 0,0735 0,1547 0,2890 0,1781
Terminal L 0,1660 0,2228 0,1123 0,3763 0,1272

Tablo 5.’de yer alan kriter agirliklar1 Entropi yontemiyle hesaplanmistir. Adim 3’te yer alan agirliklandirilmis
normalize edilmig karar matrisi (V) nin olugsmasi i¢in normalize edilmis standart karar matrisinin siitun degerleri,
ilgili kriterlerin agirhik degerleri ile garpilmistir. Islem yapilirken Denklem (7) kullanilmugtir. Olusturulan V
matrisinin stitunlart Tablo 5.’de gosterilmistir. Adim 4’te yer alan Denklem (8)’den yararlanilarak ideal ¢6ziim
setinin olusturulmasi i¢in V matrisinin siitun degerlerinden en biiyiikleri se¢ilmistir. Negatif ideal ¢oziim setinin
olusturulmasi iginse Denklem (9)’dan yararlanilarak V matrisinin siitun degerlerinden en kiigiikleri segilmistir.
Secilen A" ve A~ degerleri Tablo 5.’de gosterilmistir.

Tablo 5. Agirliklandirilmis normalize edilmis karar matrisi

vKrlter 0,165749919 0,32269667 0,217623359  0,108544805  0,185385248
agirhklan
Teorik Liman Rihtim Rihtim Ving (kreyn)
Terminaller ellecleme (terminal) (iskele) maksimum ¢ y
o M o e sayis1
kapasitesi sahasi uzunlugu derinligi
Mersin Liman 0,0715 0,1779 0,1050 0,0231 0,0802
Terminal A 0,0578 0,0708 0,0694 0,0241 0,0708
Terminal B 0,0633 0,0663 0,0604 0,0248 0,0708
Terminal C 0,0320 0,0941 0,1138 0,0149 0,0661
Terminal D 0,0688 0,0445 0,0626 0,0263 0,0519
Terminal E 0,0550 0,1853 0,0639 0,0525 0,0661
Terminal F 0,0275 0,1482 0,0515 0,0226 0,0283
Terminal G 0,0358 0,0682 0,0287 0,0233 0,0377
Terminal H 0,0275 0,0460 0,0453 0,0438 0,0377
Terminal I 0,0413 0,0623 0,0265 0,0233 0,0142
Terminal J 0,0235 0,0393 0,0401 0,0270 0,0425
Terminal K 0,0206 0,0237 0,0337 0,0314 0,0330
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Terminal L 0,0275 0,0719 0,0244 0,0408 0,0236
A* 0,07153 0,18528 0,11376 0,05252 0,08020
A- 0,02063 0,02372 0,02444 0,01488 0,01415

Adim 5’te yer alan Denklem (10) ve Denklem (11)’den yararlanilarak pozitif (Si") ve negatif (Si) ideal
noktalarma olan uzakliklar1 hesaplanmistir. Adim 6’da yer alan Denklem (12) kullanilarak ideal ¢oziime goreli
yakinlik degerleri (Ci*) hesaplanmig ve terminaller kendi aralarinda siralanmistir. Tablo 6.’da terminal
siralamalar1 gosterilmektedir.

Tablo 6. Pozitif ideal ¢6ziim, negatif ideal ¢6ziim, ideal ¢6ziime goreli yakinlik degeri ve alternatiflerin

siralanmast
Terminaller Si* Si- Ci* SIRA

Mersin Liman 0,0316 0,1931 0,8593 1
Terminal A 0,1271 0,0944 0,4261 5
Terminal B 0,1339 0,0907 0,4039 6
Terminal C 0,1072 0,1656 0,6071 3
Terminal D 0,1547 0,0759 0,3291 7
Terminal E 0,0544 0,1815 0,7694 2
Terminal F 0,1038 0,1295 0,5551 4
Terminal G 0,1577 0,0534 0,2530 9
Terminal H 0,1670 0,0487 0,2258 10
Terminal | 0,1699 0,0446 0,2078 11
Terminal J 0,1764 0,0380 0,1772 12
Terminal K 0,1944 0,0267 0,1208 13
Terminal L 0,1616 0,0560 0,2572 8

Caligmada yer alan 13 konteyner terminalinin birbirlerine gore performans: sirastyla (0,8593) oranla Mersin
Limani, (0,7694) oranla Terminal E, (0,6071) oranla Terminal C, (0,5551) oranla Terminal F, (0,4261) oranla
Terminal A, (0,4039) oranla Terminal B, (0,3291) oranla Terminal D, (0,2572) oranla Terminal L, (0,2530)
oranla Terminal G, (0,2258) oranla Terminal H, (0,2078) oranla Terminal I, (0,1772) oranla Terminal J, (0,1208)
oranla Terminal K olarak belirlenmistir.

5. Tartisma ve sonuclar

Diisiik maliyet ile hacimce bilyiik yiikleri tasima kolaylig1 saglayan denizyolu ticaretinin 6nemi, denize kiyisi
olan fiilkeler i¢in her gegen giin daha da artmaktadir. Tasinmasinin kolay olmasi, tekrar kullanilabilme
ozelliginin bulunmasi, hasari en aza indirip yiikiin emniyetli tasinmasina olanak saglamasi gibi pek ¢ok avantaji
iceren konteyner yiikiiniin sayisinin siirekli artmasiyla konteyner tasimaciligi denizyolu ticaretinde daha da 6n
plana c¢ikmaktadir. Bu da konteyner terminallerin, siirekli kendini yenilemesini ve mevcut donanimini en iyi
sekilde kullanmasini zorunlu kilmaktadir. Kumru (2012)’nun da c¢alismasinda belirttigi gibi kurumsal
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performans yonetimi her gecen giin daha fazla 6ne ¢ikmaktadir ve liman performans degerlendirmesi kavrami da
ticaret yapan tiim tilkeler i¢in bu sebeple 6nem arz etmektedir.

Yapilan analizin sonucunda literatiirde de Estache ve dig. (2002), Wu ve Goh (2010), Schoyen ve Odeck (2013),
Kammoun (2018) ve Birafane ve El Abdi (2019) gibi ¢aligmalar basta olmak tizere daha pek ¢ok ¢alismada yer
alan liman (terminal) sahasi agirlig1 fazla oldugu icin en 6nemli kriter olarak karsimiza ¢ikmaktadir. Yapisal
olarak alani daha genis terminallerin olusturulmasi, performansi olumlu etkileyen en énemli unsurlardan biridir.

Rihtim (iskele) uzunlugu, énem sirasina gore ikinci kriter olarak belirlenmistir. Nottebomm ve dig. (2000),
Cullinane ve dig. (2002) ve Song ve Cui (2014)’nun iginde yer aldigi pek ¢ok calismada kriter olarak
kullanilmigtir.  Bir terminalin rihtim uzunlugunun fazlaligi, performansa olumlu bir etki yaratacaktir. Rihtima
ayni siire icerisinde daha fazla ya da tonaj1 daha yiiksek olan gemiler yanasacak ve ellecleme operasyonlaridaki
hareket sayisi o dl¢iide artacaktir. Musso ve Sciomachen (2020)’nin de belirttigi gibi mega gemilerin limanlarda
yer almasi performansa olumlu etki yaratacaktir. Al-Eraqi ve dig. (2008), Schoyen ve Odeck (2013) ve
Rajasekar ve Deo (2014)’ya gore de fiziki biiylikliikk liman performansini artiric1 bir etki yaratacaktir. Bichou
(2013)’ da olgegi biiyiik olan limanlarin performansinin yiiksek oldugunu belirterek ¢aligmasinda bu kriterin
onemini vurgulamistir.

Ving (kreyn) sayist da c¢aligmada {igiincii kriter olarak karsimiza ¢ikmaktadir. Bir terminalde ne kadar fazla
sayida calisan ving (kreyn) varsa, konteyner ellegleme verimi de bir o kadar artmaktadir. Ornegin 2 vincin 2 saat
calisarak yaptig1 konteyner ellegleme hareketini, 4 ving (kreyn) 1 saat igerisinde bitirilebilmektedir. Bu da
terminaldeki gemilerin operasyonel islerinin daha hizli tamamlanip rihtimdan daha kisa siirede ayrilmasini
saglayacaktir. Dolayisiyla bu kriter giinliikk, aylik ya da yillik limana yanasan gemi sayisinin artmasina yol
acacak ve Wang ve dig. (2003), Tongzon ve Heng (2005), Hung ve dig. (2010) ve Trujillo ve dig. (2013)’nin de
calismasinda belirttigi gibi performansa pozitif etki saglayacaktir.

Literatiirde daha az caligmada yer almasina ragmen Kalgora ve dig. (2019)’nin de ¢aligmasinda belirttigi gibi
performansa katki saglayan teorik ellecleme kapasitesi de c¢alismada dordiincii 6nem arz eden kriter olarak
karsimiza ¢ikmaktadir. Han (2018)’a gore de bu kriter 6nem arz etmekte ve liman kapasitesinin artirilmasi
performansa olumlu etki yaratmaktadir.

Almawsheki ve Shah (2015), Kutin ve dig. (2017) ve Hlali (2018)’in de ¢alismasina dahil ettigi ve tonaji daha
yliksek olan bu sebeple drafti daha fazla olan gemilerin terminallere giris ¢ikisini etkileyen rthtim maksimum
derinligi ise 6nemi digerlerine gore daha az olan kriter olarak ¢alismada belirlenmistir.

Caligmada Entropi yontemiyle kriter agirliklart belirlendikten sonra 13 liman TOPSIS yontemiyle siralamaya
tabii tutulmustur. Yontem uygulanirken Tirkiye Limancilik Sektorii 2022 yili verilerinden yararlanilmistir.
Mersin Limani, liman sahasi ve rihtim uzunlugu ile 2. sirada yer alsa da en fazla ving (kreyn) sayisina sahip
olmasi ve ellegleme miktarinin fazlaligi ile rihtim maximum derinliginin de diger terminallere gore iyi durumda
olmasiyla performansi en yiiksek liman olarak belirlenmistir. Terminal E ise, en biiyiik liman sahasi olmasina
ragmen diger girdi kriterlerinin degerleri Mersin Limani’nin gerisinde kalmasiyla birlikte performans
siralamasinda ikinci sirada yer almistir. Terminal C {igiincli, Terminal F dordiincli, Terminal A ise besinci
siradadir. Terminal K ise en diisiik liman sahasi bilyiikliigli, en kisa rihtim uzunlugu ve en az ving (kreyn)
sayistyla performansi en diisiik terminal olarak analiz edilmistir.

Mersin Limani ise kriterler bazinda incelendiginde 13 konteyner terminali igerisinde liman sahasinda ikinci
sirada, rthtim uzunlugunda ikinci sirada, ving sayisinda birinci sirada, ellecleme kapasitesinde birinci sirada,
rihtim derinliginde ise onbirinci sirada yer almaktadir. Bahse konu olan liman Tiirkiye’de denizyolu ticareti i¢in
yiiksek bir potansiyele sahiptir. Bolge ekonomisine katkisi yadsinamaz bir gergektir. Verilere gore 2018 yilinda
1.722.711 TEU, 2019 yilinda 1.939.029 TEU, 2020 yilinda 2.009.724 TEU, 2021 yilinda 2.097.349 TEU
ellegleyen Mersin Limani’nin diger limanlar igindeki pay1 her gegen yil daha da artmaktadir (TURKLIM, 2022).

Caligmada; Tiirkiye’deki konteyner terminallerinin performanslari Entropi ve TOPSIS yontemlerinin hibrit
olarak kullanimi ile karsilastirilmaktadir. Calismada, literatiirde konteyner terminallerinin performansini
degerlendirmek icin en g¢ok kullanilan kriterlerin belirlenmesi, bu kriterlerin agirliklandirtlmas1 ve kriter
agirliklandirmast sonunda bu terminallerin performans siralamasimin yapilmasi amag¢ edinilmistir. Calisma
bulgularina gére Wanke (2013)’nin de ¢aligmasinda belirttigi gibi alt yapi ve iist yapinin, performansa katkisinin
fazla oldugu ortaya ¢ikmis, ayrica siralamasi yiiksek ¢ikan terminallerin yapisal ve donanimsal olarak diger
terminallerden daha iyi oldugu gbzlenmistir. Ayn1 sekilde Woo ve dig. (2011)’nin de ¢aligmasinda belirttigi gibi
liman performansinin ¢ok yonlii oldugu sonucuna varilmigtir. Caligmaya gore, rihtim uzunlugu, rihtim maximum
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derinligi, liman sahasi alan1 gibi yapisal 6zelliklerin degistirilmesi zor olsa da eldeki mevcut kaynaklarin ve
donanimin en iyi sekilde kullanilmasi limanlarin iyi bir performans sergilemesini miimkiin kilmaktadir.
Performans analizleri yapilirken de tek bir yonteme bagli kalmak dogru degildir. Pek ¢ok yontem birbiri ile
birlikte analizlerde hibrit olarak kullanilabilmektedir. Ulusal ve uluslararasi literatiir incelendiginde liman
performans degerlendirilmesi ile ilgili yapilan ¢aligmalarda (Roll ve Hayuth, 1993, Martinez-Budria ve dig.,
1999, Tongzon, 2001, Itoh, 2002, Wiegmans ve dig., 2004) VZA’nin en ¢ok tercih edilen yontem oldugu
goriilmektedir. Bu ¢aligma ise konteyner terminallerinin performans analizi yapilirken CKKV yontemlerinden
olan Entropi ve TOPSIS yontemlerinin beraber kullanilabilecegini gosteren bir ¢alismadir. Calismada, TOPSIS
yonteminin uygulanabilmesi i¢in dncelikle Entropi yontemi ile kriter agirliklar1 belirlenmistir. Belirlenen bu
agirliklar TOPSIS yontemine dahil edilerek konteyner terminallerinin performans siralamasi yapilmistir.

Denizcilik alani ile ilgili yapilacak ¢aligmalar i¢in konteyner performans degerlendirmesinde kullanilmak iizere
bu caligmanin literatiire katki saglayarak diger ¢aligmalara ornek teskil edecegi ongoriilmektedir. Literatiirde
lojistik ve isletme alaninda yaygin olarak kullanilmasina ragmen denizcilik alaninda bu iki yontemin az sayida
calismada yer aldig1 goriilmektedir. Yapilan ¢alismaya uygunlugu, avantajlarinin dezavantajlarina gore daha
fazla olmasi ve denizcilik alaninda tercih edilirligini de olumlu yonde etkilemek amaciyla ¢alismada hibrit olarak
kullanilabilen bu ¢ok kriterli karar verme yontemleri se¢ilmistir. Limanin daha aktif kullanilmasi, iilke olarak
deniz ticaretine Oonem verilmesi ve deniz ticaretini engelleyen risklerin azaltilmasina yonelik biirokratik
girisimlerin olmas1 performans: yiiksek olan Mersin Limani’na daha da olumlu bir katki saglayacaktir. Yeni
teknoloji ving (kreyn) sistemlerinin sayisinin ¢ogaltilmast liman performansini artirict bir etki yaratacaktir.
Mersin Limani, Tirkiye’deki diger konteyner limanlarina gore iyi bir yerde olsa da diinya limanlar1 ile rekabet
edebilmek i¢in yapisal olarak gelistirilmelidir. Yanagma yeri uzunluklart artirilmali ve mevcut liman sahasi
genisletilmelidir. Yiiksek tonajli gemilerin ugrak yapabilmesi i¢in mutlaka diger limanlara gore daha sig olan
rthtim maksimum derinligi iyilestirilmelidir. Performansi diisiikk ¢ikan limanlarin giiniimiiz teknolojisine
ulagmasi i¢in siirekli kendini yenilemesi alt yap1 ve iist yap1 6zelliklerini stirekli giincellemesi gerekmektedir.
Daha fazla yiik ellegleyebilmek i¢in ekipmanlarmi artirmak ve fiziki olarak da yapilandirmaya gitmesi
gerekmektedir. Ayrica yonetimle alakali yeni kararlar alip, bu kararlar1 uygulamaya gegirmek limanlara fayda
saglayacaktir.

Bu ¢alisma sonucunda performans degerlendirme yontemleri i¢in daha yaygin olarak kullanilsa da VZA’nin tek
yontem olmadigi gosterilmistir. Bu caligma ile ¢ok kriterli karar verme yoOntemlerinden olan TOPSIS ve
Entropinin de denizcilik alaninda konteyner terminali performans degerlendirilmesinde kullanilabilecegi
gosterilerek literatiire katki saglanmustir.

Limanlara ait liman/terminal sahasinin tamaminin konteyner operasyonu i¢in kullanildiginin varsayilmasi ise bu
calismanin kisitlarindan biridir. Literatiirdeki calismalarda yer alan diger kriterlere ait verilerin ¢alismada
kullanilamayip bazilarinin yer almamasi, ayrica ving (kreyn) sayist kriterini olustururken operatoriin ne kadar
verimli ¢alistigini ve vinglerin 6zelliklerini dahil etmemek de ¢alismanin bir diger kisitidir. Mevcut ¢alismada da
her ¢alismada oldugu gibi kisitlar bulunsa da metodolojisinin diger ¢aligmalara 151k tutacagi ongoriilmektedir.
Yapilacak diger calismalarda da kullanilmak iizere segilen limanlar ve girdi degiskenleri c¢esitlilik
gosterebilecektir fakat caligmalarda performans endeks degerinin dogru bulunabilmesi igin kriterler kabul
gormiis olmali ve agirliklar ise bilimsel yontemler ile hesaplanmalidir. Calisma daha farkli bolgelerde daha farkli
limanlar i¢in de uygulanabilir, ayrica dogrudan liman isletmelerinden veriler elde edilebilirse diger kriterler ile
calisma cesitlendirilebilir. Glinlimiizde jeopolitik konumuyla avantaja sahip olan Tiirkiye’nin konteyner
terminalleri, ithal ve ihrag mallarin aktariminin yapildigi limanlar olarak islev gostermekte ve bu sebeple
konteyner tasimaciliginda onemli bir konuma hala gelememektedir. Yapilacak caligmalar sadece Tiirkiye
limanlari ile sinirl kalmayip diinya limanlarini da igerirse konteyner terminallerinin performans olarak konumu
daha genis bir bigimde goriilebilecektir. Gelecek calismalarda farkli CKKV yontemleri kullanilarak, bu
¢alismada ele alman performans kriterleri ile degerlendirme yapilmas1 miimkiindiir.

Arastirmacilarin katkisi

Bu arastirmada; Yeliz CELIK, arastirmanin tasarlanmasi, verilerin toplanmasi, analizlerin yapilmasi, bulgularin
degerlendirilmesi ve makalenin hazirlanmasi; Murat YORULMAZ arastirma siirecinin tasarlanmasi, izlenmesi,
kontrolii, degerlendirilmesi ve makalenin hazirlanmasi kisimlarina katki saglamistir.

Cikar catismasi
Yazarlar tarafindan herhangi bir ¢ikar ¢atigsmasi beyan edilmemistir.
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Insaat sektorii, is kazalarinin yasanma siklig1 ve sonuglarmin agirlig: sebebiyle
is saghig1 ve giivenligi agisindan en yiiksek riske sahip sektorlerden birisidir.
Bu nedenle sektorde yer alan isletmelerin risk faktorlerini diizenli olarak
gbzden gegirerek gerekli Onlemleri almasi biiyilk onem tasimaktadir. Bu
calismada, risklerin kategorize edilerek, etkin Onlemlerin alinabilmesi
amactyla biitiinlesik bir risk degerlendirme yaklasimi énerilmistir. Onerilen
yontem ile bir ingaat firmasinda belirlenen 32 adet risk, siddet, olasilik ve fark
edilebilirlik kriterlerine gore degerlendirilmistir. Caligmada grup karar verme
yaklasimi  kullamilmis ve ii¢ farkli karar vericinin degerlendirmeleri
birlestirilmistir. Belirlenen ii¢ risk faktoriiniin 6nem dereceleri entropi
agirliklandirma  yontemiyle elde edilmistir.  TOPSIS-Sort B  yontemi
kullanilarak riskler, dnceden belirlenmis ii¢ risk sinifina atanmistir. Sonuglar
incelendiginde, 11 riskin yiiksek risk sinifina, 10 riskin orta risk smnifina ve 11
riskin diisiik risk sinifina atandig1 goriilmiistiir.

Classification of occupational safety risks with entropy-based TOPSIS-Sort
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The construction sector is one of the sectors with the highest risk in terms of
occupational health and safety due to the frequency of occupational accidents
and the significance of their consequences. For this reason, it is of great
importance for the enterprises in the sector to regularly review the risk factors
and take the necessary precautions. In this study, an integrated risk assessment
approach is proposed in order to categorize risks and take effective measures.
With the proposed method, 32 risks determined in a construction company
were evaluated according to severity, occurence and detectability criteria.
Group decision making approach was used and the evaluations of three
decision makers were combined. The importance degrees of three risk factors
were obtained by the entropy weighting method. Using the TOPSIS-Sort B
method, risks were assigned to three predetermined risk clusters. When the
results were examined, it was seen that 11 risks were assigned to the high risk
cluster, 10 risks to the medium risk cluster and 11 risks to the low risk cluster.
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1. Giris

Son yillarda, is saghgi ve giivenligi (ISG) konularma olan farkindaligin artmasi sonucu ¢alisma ortaminda is
giivenligi ile ilgili akademik ve uygulamali ¢aligmalarda onemli bir artis olmustur. Isletmeler faaliyetlerini
stirdiiriirken bu sosyal farkindalig1 ve ¢esitli yasal kisitlama ve dnlemleri g6z 6niinde bulundurmak durumundadir.
Ciinkii is kazalar1 sadece yaralanmalara ve saglik sorunlarina neden olmakla kalmamakta, ayni zamanda firmalarin
giivenilirligine ve marka imajina da 6nemli 6lciide zarar vermektedir. Bu nedenle isletmelerin ISG risk diizeylerini
diizenli olarak gozden gecirmesi ve dnleyici tedbirler almasi gerekmektedir.

ISG risklerinin dogru sekilde degerlendirilerek gerekli dnlemlerin alimasi her ne kadar tiim isletmeler icin artik
bir zorunluluk haline gelmis olsa da, 6zellikle ingaat sektoriinde konunun dikkatle ele alinmasi gerekmektedir.
Insaat yapim siirecinin her asamas riskli calisma kosullarina sahiptir. is kazalarinin gerceklesme olasiligmin
yiiksek olmasinin yani sira, bu kazalarin sonuglarinin da agir olmasi nedeniyle ingaat sektdrii ISG agisindan en
tehlikeli sektdrlerin basinda gelmektedir. Bu nedenle calisanlarin santiye ortaminda maruz kaldiklar1 ISG
risklerinin diizglin bir sekilde belirlenmesi i¢in gerekli kontrol ve olglimlerin yapilmasi kritik bir 6nem
tagimaktadir.

ISG risklerinin degerlendirilmesi i¢in en ¢ok kullanilan metotlardan biri hata tiirii ve etkileri analizidir (HTEA).
Ancak klasik HTEA nin bazi dezavantajlar1 ve degerlendirme konusundaki eksiklerinin goriilmesi neticesinde,
son yillarda ISG risk analizi icin farkli yontemler 6nerilmistir (Golciik, Durmaz, ve Sahin, 2023). Onerilen ¢6ziim
yaklagimlart arasinda 6zellikle ¢ok kriterli karar verme (CKKV) yontemlerinin 6n plana ¢iktig1 goriilmektedir.
CKKYV yontemleri, bir grup alternatifin birden fazla 0lgiite gore degerlendirilmesinde kullanilan analitik
yontemlerdir. Bu yontemler, yapilan degerlendirme sonucu, alternatiflerin siralanmasini, derecelendirilmesini
veya aralarindan en iyisinin se¢ilmesini saglamaktadir.

Son zamanlarda, geleneksel CKKV yontemlerinin genislemeleri {izerinde ¢aligmalar yapilmis olup bu yontemlerin
siiflandirma amaciyla kullanilmasimi saglayan ¢oziim yaklagimlari gelistirilmistir. Cok kriterli siniflandirma
problemlerinde amag, karar alternatiflerini, kriterlere gore degerlendirerek, onceden tanimlanmis bir grup
kategoriye veya siifa atanmalarini saglamaktir. Bu atama, her bir alternatif yalnizca bir sinifa yerlesecek sekilde
gerceklestirilmektedir. S6z konusu siiflar ele alinan problemin ve verinin yapisina gore tanimlanmakta ve tercih
edilirliklerine ve Onemlerine gore siralanmaktadirlar. Bu durumda, en ¢ok tercih edilen smifa yerlesen
alternatiflerin diger smiflardaki alternatiflere gore daha iyi alternatifler oldugu sodylenebilir. Bu yaklagim
degerlendirildiginde, ISG risklerinin analizinde CKKV tabanli siniflandirma ydntemlerinin kullanilmasinin uygun
oldugu goriilmektedir.

Literatiirde ISG risk degerlendirme ¢alismalarinda CKKV yontemleri arasinda TOPSIS yonteminin uygunlugu
ispatlanmig, yontem ve farkli versiyonlar1 pek ¢ok calismada kullanilmistir. Ancak, yeni bir yontem olan
smiflandirma temelli TOPSIS yonteminin iSG risk yonetimi calismalarinda kullanildigi sayili caligma
bulunmaktadir (Giil, 2021). Bu ¢alismalar incelendiginde, TOPSIS-Sort-B yonteminin uygulandig: bir makale
bulunmadig1 goriilmiistiir. Bu calismanin literatiire temel katkisi, ISG risk yénetiminde ilk kez TOPSIS-Sort-B
yonteminin kullanilmasi, yontemin entropi agirliklandirma ydntemiyle entegre edilerek bir gercek hayat
probleminde uygulanmasi ve gecerliliginin gosterilmesidir. Bu yontemle, isletmeler riskleri dnceliklerine gore
siiflandirabilecek ve bu yaklagim isletmelerin hangi risk gruplarina odaklanarak onlemler almasi gerektigine
karar vermelerine destek olacaktir.

Bu calismada ISG risklerini énceliklendirmek icin entropi agirliklandirma yontemi (Wang ve Lee, 2009) ve
TOPSIS-Sort-B (de Lima Silva ve de Almeida Filho, 2020; Sabokbar, Hosseini, Banaitis, ve Banaitiene, 2016)
yontemini entegre eden bir yaklasim onerilmistir. Entropi agirliklandirma yontemiyle risk faktdrlerinin 6ncelik
degerleri belirlenirken, TOPSIS-Sort B ile de risklerin sirali siniflara atamasi gergeklestirilmistir. Kullanilan her
iki yontem de son yillarda arastirmacilarim ilgisini gekmektedir. Onerilen modelin temel avantaji, anlasilmasiin
ve gercek hayat problemlerini ¢dzmek icin kullaniminm kolay ve pratik olmasidir. Onerilen ¢dziim yontemi,
Tiirkiye'de faaliyet gosteren bir insaat firmasinda 32 riski, siralanmig 3 adet sinifa atamak i¢in kullanilmaktadir.
Bu makalenin 6n ¢aligmasi 6. International Conference on Engineering Sciences’ta sunulmustur (Golciik ve
Durmaz, 2023). Sunulan 6nciil ¢aligma grup karar verme yaklagimina genisletilmis ve dnerilen model kapsamli
bir sekilde tartisilmistir. isletmede gorev alan 3 farkli uzman tarafindan gergeklestirilen degerlendirmeler 6nerilen
yontemin girdisini olugturmaktadir.

Makalenin ilerleyen boliimleri su sekilde diizenlenmistir: 2. boliimde literatiirde CKKYV ile gergeklestirilen ISG
risk degerlendirme ¢aligmalarinin bir 6zeti sunulmustur. 3. boliimde 6nerilen entegre ¢o6ziim yaklagiminin adimlari
aciklanmustir. 4. boliimde ydntem bir ingaat firmasinda ISG risk degerlendirmesi icin uygulanmis ve sonuglar
sunulmustur. 5. boliimde ise ¢alismada elde edilen sonuglar degerlendirilmistir.
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2. Literatiir Taramasi

Literatiirde ISG risklerinin analiz ve etkileri iizerinde calisan ¢ok sayida teorik ve uygulamali yaym bulunmaktadir.
Farkli sektorleri inceleyen bu ¢alismalarda yontem olarak genellikle hata tiirli ve etkileri analizi, L tipi ve X tipi
matris yontemleri, sebep-sonug analizi, hata agaci analizi gibi ¢esitli risk analiz metotlar: kullanilmistir. Bunlarin
yani1 sira son yillarda ¢ok kriterli karar verme (CKKYV) yaklasimlarini kullanarak risk analizlerinin
gerceklestirildigi calismalarda artis oldugu gozlenmektedir. Bu boliimde, ISG risklerinin degerlendirilmesinde
CKKYV yontemlerinin kullanilmasi hakkinda bir literatiir taramasi yapilarak, caligmalarda 6nerilen yontemler
Ozetlenmistir.

Makin ve Winder (2008) iSG’yi ¢alisan, fiziksel cevre ve yonetim agisindan ele alarak risk degerlendirmesinde
uygulama kolaylig1 saglayacak kavramsal bir gergeve olusturmuslardir. Chen, Feng, Zhang, Yuan, ve Pan (2008)
termoniikleer deneysel reaktdr test modiilii tasariminda karsilasilan giivenlik riskleriyle ilgili HTEA’ya dayali
sistematik bir metodoloji gelistirmislerdir. Grassi, Gamberini, Mora, ve Rimini (2009), insan davranisi ve gevresel
faktorlerin risk diizeyine etkisini de g6z oniinde bulunduran yeni risk unsurlari tanitmiglar ve risk degerlendirmesi
igin bulanik TOPSIS yontemini kullanmiglardir. Onerdikleri yontemin uygulanabilirligini ve etkinligini bir vaka
calismasi iizerinde gostermislerdir. Chen, Wu, Chuang, ve Ma (2009) baski devre kart1 sektdriinde yer alan
isletmeler iizerinde bir inceleme yaparak ISG yonetim sistemleri uygulamalarinda yasanan zorluklar ve kritik
basar faktorleri lizerinde durmuslardir. Liu ve Tsai (2012) ingaat sektdriindeki ISG uygulamalarina odaklandiklari
calismalarinda, iki agsamal1 bir kalite fonksiyon go¢erimi (QFD) yaklagimini kullanarak tehlike tiirleri ve nedenleri
arasindaki iligkileri ortaya koymuslardir. Bulanik ANP ile 6nemli tehlike tiirlerini ve nedenlerini belirleyerek,
bulanik ¢ikarim yaklagimi temelli bir HTEA ile tehlike nedenlerinin risk degerlerini hesaplamislardir.

Feili, Akar, Lotfizadeh, Bairampour, ve Nasiri (2013) HTEA yaklasimiyla jeotermal enerji santrallerinde risk
degerlendirme ¢aligmast gergeklestirmiglerdir. Mahdevari, Shahriar, ve Esfahanipour (2014) bulanik TOPSIS
yontemini kémiir madenciligindeki 1SG risklerinin analizi ve degerlendirmesinde kullanmislardir ve Iran’da
bulunan ii¢ kdmiir madeninde bir uygulama ¢aligmasi yapmislardir. Mizrak Ozfirat (2014), HTEA’da kullanilan
risk faktorlerinin agirliklarii bulanik 6nceliklendirme yontemi ile hesaplatan entegre bir yontem Onermis ve
onerilen yontemin madencilik sektoriinde bir uygulamasini ger¢eklestirmistir. John ve dig. (2014) liman
operasyonlarinda karsilasilan riskleri analiz etmek igin, faktor agirlik hesaplamasinda bulanik AHP kullanan ve
bir kanitsal sonuglama (evidential reasoning-ER) yaklasimi ile risk sonuglarini birlestiren bir ydntem
onermislerdir.

Sousa, Almeida, ve Dias (2015) insaat projelerinde uygulanmak iizere ISG risk azaltma segeneklerinin fayda-
maliyet analizine yardime1 bir ISG potansiyel risk yonetimi yaklagimi1 dnermislerdir. Djapan, Tadic, MacUzic, ve
Dragojovic (2015) kiigiik ve orta 6lgekli isletmeler igin hiyerarsik yapiya sahip ti¢ grup risk faktorii tanimlamis ve
bu risklerin degerlendirilmesinde bulantk AHP yaklasimimi kullanmiglardir. Gul, Ak, ve Guneri (2017) saghk
personeli i¢in risk degerlendirmesi yapmak amaciyla iki asamal1 bir yaklasim 6nermislerdir. Bulanik AHP yontemi
ile risk parametrelerini agirliklandirarak bulanik VIKOR yaklasimiyla tehlike tiirlerini 6nceliklendirmislerdir.
Yilmaz ve Senol (2017) metal sektdriinde ISG igin risk degerlendirmesinde bulanik AHP ve bulanik TOPSIS
yontemlerini entegre etmislerdir. Risk faktorlerinin agirliklarini bulanik AHP yontemiyle elde etmisler ve bu
agirliklart kullanarak tehlikelerin ve ayni zamanda 6nlemlerin dnceliklendirilmesini bulanik TOPSIS yaklagimiyla
gercgeklestirmislerdir.

Adem, Colak, ve Dagdeviren (2018) yeni bir mesleki risk skorlama yontemi 6nermislerdir. Bunun i¢in dncelikle
bir SWOT analizi yapilarak belirlenen riskler uzmanlar tarafindan puanlanmistir ve risklerin degerlendirilmesinde
kararsiz bulanik dilsel terim setleri kullanilmustir. Onerilen yontem riizgar tiirbinlerinin {iriin yasam dongiilerindeki
ISG risklerinin degerlendirilmesinde uygulanmistir. Ersoy, Celik, Yesilkaya, ve Colak (2019) mermer ocaginda
gerceklestirdikleri calismalarinda ISG risk analizi icin ilk olarak Fine-Kinney metodunu kullanmislardir.
Sonrasinda igletmedeki iiretim siireglerini ve kaza tiirlerini Borda Sayim yontemiyle agirliklandirilmiglar ve Gri
[liskiler Analizi (GRA) yéntemi yardimiyla degerlendirilmislerdir.

Korkusuz ve Inan (2020) saglik sektdriinde ISG performans 6l¢iim calismasinda AHP ile agirhiklarim belirledikleri
performans gostergelerini PROMETHEE ve GRA yontemleri ile ayr1 ayri degerlendirerek, iki yontemi
karsilastirmislardir. Giil (2021), aliiminyum sektériinde gerceklestirdikleri ISG risk degerlendirme ¢aligmasinda
TOPSIS-Sort-C yontemini kullanarak, degerlendirdikleri 28 riski 5 grupta smiflandirmistir. Adem (2022)
tarafindan yapilan ¢alismada isletmelerde kullanilacak risk analizi tekniklerinin dogru bir sekilde belirlenmesinin
onemine deginilerek, en uygun teknigin segilebilmesi i¢in bir yontem Onerilmistir. Risk analizi teknigi i¢in se¢im
kriterleri belirlenerek, kriterlerin 6nem dereceleri AHP yontemiyle elde edilmistir. Golciik ve dig. (2023)
caligmalarinda bulanik ¢izge teorisi-matris yontemi ile bulantkk FUCOM yontemini entegre eden bir yontem
dnermislerdir. Mobilya sektoriinde ¢alisan bir firmada ISG risklerinin degerlendirilmesi amaciyla kullandiklari bu
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entegre yontemi diger bulanik CKKV yontemleriyle karsilagtirarak yontemin avantajlarint degerlendirmislerdir.
Konuyla ilgili detayli bilgi almak i¢in Gul (2018) tarafindan yazilan derleme makalesi incelenebilir.

3. Yontem

Calisma kapsaminda ISG risklerinin degerlendirilmesi icin biitiinlesik bir yaklasim dnerilmistir. Bu yaklagimin ilk
asamasinda kriterlerin dnem derecelerinin tespitinde entropi agirliklandirma yontemi kullanilmaktadir. Kriterlerin
agirhik degerleri elde edildikten sonra, TOPSIS-Sort B yontemiyle alternatiflerin 6nceden belirlenen smiflara
atanmasi gergeklestirilmektedir. Yontemin asamalarina ait detayli anlatim ilerleyen alt basliklarda verilmistir.

3.1. Entropi agirhklandirma yontemi

Calisgmada  kriterlerin ~ 6nem  derecelerinin  belirlenmesinde  entropi  agirliklandirma  yonteminden
faydalanilmaktadir. Entropi kavramu, fizikten istatistige, miithendislikten sosyal bilimlere kadar pek ¢ok alanda yer
alan bir kavramdir. Termodinamikte entropi, bir sistemin mekanik igse doniistiirilmeyen ve evren boyunca dagilan
termal enerjisini temsil eder. Olasilik teorisinde ise entropi, bilgideki belirsizligin bir dl¢iistidiir. Shannon (1948)
tarafindan gelistirilen entropi kavramima dayanarak olusturulan entropi agirliklandirma yontemi, CKKV
problemlerinde kriter agirliklarinin hesaplanmasinda siklikla kullanilmaktadir. Entropi degerinin yiiksek olmasi
kriterin 6nem derecesinin de yiiksek oldugunu gostermektedir. Yontemin adimlari asagidaki gibi 6zetlenmistir
(Deng, Yeh, ve Willis, 2000):

Adim 1: Karar matrisi, satirlari ve siitunlari sirastyla alternatifleri ve kriterleri temsil edecek sekilde olusturulur.
m sayida alternatif ve n sayida kriter oldugu varsayimiyla olusturulan karar matrisi (1) numarali esitlikte
gosterildigi gibidir. Bu matrisin elemanlari i. alternatifin j. kriter agisindan degerlendirilmesi sonucu elde edilen
performans skorunu gostermektedir.

C G C,
x11 “ee x1] CERY xln
: : |
Xzl o oxy o xm (1
xml “ee xm] CERY xmn

Adim 2: Degerlendirme kriterlerinin farkli 61¢tim birimlerine sahip olmasinin etkisini engellemek ve karar matrisi
elemanlarini ayn1 islemlere tabi tutabilmek i¢in dncelikle normalizasyon islemi yapilmasi gerekmektedir. Entropi
agirliklandirma yonteminin normallestirme adiminda genellikle toplama veya en iyi degerlere dayali dogrusal
normalizasyon kullanilir. Bu adimda, karar vericinin tercihi ve ¢alisilan verinin yapis1 dikkate almarak uygun bir
normalizasyon tekniginin uygulanmasi onemlidir. Calisma kapsaminda, normalizasyon islemi (2) numaral
denklem kullanilarak gerceklestirilmektedir.

Py = g2 @

YL ixij

Adim 3: Her bir kritere ait E; ile ifade edilen entropi degeri (3) numarali esitlikte goriildiigii sekilde hesaplanir.

E: = _(Zl?glpl‘jlnpij) (3)

7 Inm

Adim 4: Her bir kriterin agirlig1 (wy), (4) numaral esitlik kullanilarak belirlenir. (/-E;) ifadesi kritere ait bilginin
farklilagsma derecesini temsil etmektedir. Bu degerin yiiksek olmasi, o kriterin éneminin de yiiksek oldugunu
gostermektedir. Son adimda, kriter agirliklar1 bu degerin normalizasyonu ile hesaplanir.
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1-E;

i = G E) @

3.2. TOPSIS-Sort

TOPSIS, ilk olarak Hwang ve Yoon (1981) tarafindan 6nerilen bir CKKV yo6ntemidir. Yontem, homojen bir
alternatifler kiimesini sonlu bir karar kriteri kiimesine gore degerlendirerek en iyi alternatifin segilmesini
hedeflemektedir. TOPSIS’in temel ilkesi, pozitif ideal ¢dzlime en kisa mesafeye ve negatif ideal ¢oziime en uzak
mesafeye sahip olan karar alternatifini belirlemektir. Basit, rasyonel ve anlagilir bir konsepte sahip olmasi ve
hesaplama kolaylig1 sebebiyle, onerildigi tarihten itibaren gesitli alanlarda CKKV problemlerinin ¢dziimiinde
siklikla kullamilmistir. TOPSIS’in yaygin kullanimi ve kolay uygulanabilir yapisi sayesinde, farkli CKKV
yontemleriyle kolaylikla entegre edilirken, yillar i¢inde farkli genisletmeleri ve varyasyonlart da gelistirilmistir.
TOPSIS yénteminin sik kullamlan ve etkinligi kanitlanmis bir yontem olmasi nedeniyle, bu c¢aligmada ISG
risklerinin siniflandirilabilmesi i¢in TOPSIS temelli bir siniflandirma yontemi kullanilmasina karar verilmistir.

Caligma kapsaminda ele alinan, TOPSIS tabanli bir siniflandirma y&ntemi olan TOPSIS-Sort, ilk kez Sabokbar ve
dig. (2016) tarafindan ¢ok kriterli siniflandirma problemlerinin ¢6ziimii ig¢in dnerilmistir ve uygulama c¢alismasi
olarak Tahran sehrindeki bolgelerin gevresel performanslarinin degerlendirilmesinde kullanilmistir. Sonrasinda
yontemin avantaj ve dezavantajlarini inceleyen arastirmacilar TOPSIS-Sort B ve TOPSIS-Sort C varyasyonlarini
gelistirmiglerdir (de Lima Silva ve de Almeida Filho, 2020). TOPSIS-Sort B sinir profillerini, TOPSIS-Sort C
karakteristik profilleri siniflandirma siirecinde kullanan siralama yontemleridir. TOPSIS-Sort B, yalnizca sinif
sayisi-1 sayida sinir profili tanimlanmasini gerektirmektedir. Temel TOPSIS-Sort algoritmasinin gelistirilmis bir
versiyonu olmasimin yani sira daha az yapay alternatif eklenmesini ve dolayisiyla daha az islem yapilmasini
gerektirmesi, hesaplama basitligi ve anlama kolaylig1 nedeniyle alternatifleri siralamak i¢in adimlar asagida
sunulmus olan TOPSIS-Sort B yontemi kullanilmistir (de Lima Silva ve de Almeida Filho, 2020):

Adim 1: Karar problemindeki kriterler ve alternatifler belirlenir. (1) numarali esitlikte verildigi gibi X karar matrisi
olusturulur.

Adim 2: Alternatiflerin atanacagi g adet sinif'i¢in p=g-1 adet sinir profili belirlenir. k, toplam siur profili sayisini
gosterdigi varsayimiyla k=1,...,p olacak sekilde S ; profil matrisi olusturulur.

Adim 3: Her bir kriter i¢in en az maksimum ve minimum degerlere esit deger alacak sekilde iki yapay alternatif
belirlenir. Karar matrisi (X) ve profil matrisi (S) olusturulduktan sonra, yapay alternatifleri igeren yeni bir Y matrisi
olusturulur.

Adim 4: S matrisi ve Y matrisi, H karar matrisini olusturmak i¢in ilk karar matrisi X'e (5) numaral1 esitlikte
goriildigii sekilde eklenir.

H = [hij](m+p+2)><n (5)

Adim 5: (6) ve (7) numarali denklemler kullanilarak A matrisi normalize edilir.

h..
Tij = y—? (6)
h.._y._
Tij = —ylii_yil- (7

Adim 6: Normalizasyon isleminden sonra, normalize karar matrisi /"nin elemanlari, (4) numaral: esitlikte verilen
wj kriter agirliklari ve (8) numaral esitlik kullanilarak agirliklandirilir.
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=1 X W,

Vij = Tij j (3

Adim 7: Agirlikli normallestirilmis karar matrisi /”nin elemanlar1 kullanilarak (9) ve (10) numarali denklemler
yardimiyla ideal ve anti-ideal ¢6ziim vektorleri elde edilir. Denklemlerde yer alan Jve J' sirasiyla fayda ve maliyet
kriterlerini temsil etmektedir.

At ={f, -, v} = {maksl-vl-]- |j € J,min; vl-]-|j E]’} )
A" =, -, v} = {minivi]- |j E],maksivl-]-|j E]’} (10)
Adim 8: Alternatiflerin pozitif ve negatif ideal ¢dziimlere olan Oklid uzakliklari (11) ve (12) numaral denklemler

yardimiyla hesaplanir. Benzer sekilde, (13) ve (14) numarali denklemler ile profillerin ideal ¢oziimlere olan
uzakliklart elde edilir.

af = | £ (vy - 47’ (an

di = | X (v = 47)? (12)
=
d;k=W.k=l,2.m,p;i=k+m (13)
j=

dpy. = i(vij—A,-_)z,k= 1,2,,p;i=k+m (14)
j=1
Adim 9: Alternatiflerin ideal ¢oziime yakinligi (15) numarali esitlik ile hesaplanir.

u(x) = (15)

~ (a7+af)
Benzer sekilde, sinir profillerinin ideal ¢6ziime yakinligi (16) numarali esitlik yardimiyla hesaplanir.

ok (16)

u(pk) = (d_k+d+k)

Adim 10: Alternatiflerin yakinlik degerleri u(x;) ve profillerinin yakinlik degerleri u(pj,) smiflandirma isleminde
kullanilir. Alternatiflerin siniflara atanmasi (17-19) numarali denklemlerle gergeklestirilir.

x; € Sy, if u(x) = u(py) (17)

x; € Sk! if u(pk) < u(xi) < u(pk—l)r k=2, (q - 1) (18)
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X; € Sq, ifulx;) < u(pq_l) (19)

4. Uygulama

Onerilen entegre ¢oziim yontemi Tiirkiye’de faaliyet gdsteren bir ingaat firmasinda tespit edilen ISG risklerinin
smiflandirilmast amaciyla kullamilmistir. Oncelikle isletmede uygulanan ISG performans ¢aligmalari incelenerek,
isletmenin bir ISG risk ¢aligmasi gerceklestirmeye istekli oldugu gériilmiistiir. Bunun iizerine farkli kademelerde
calisan 3 karar verici belirlenmistir. 3 karar vericinin tecriibelerinden ve isletmenin halihazirdaki ISG
caligmalarindan faydalanilarak, ingaat sektoriinde farkli siireglerde meydana gelen is kazalar1 degerlendirilmis ve
32 adet risk kalemi ortaya koyulmustur. Bu risklerin olasi etkileri karar verici 3 uzman tarafindan belirlenmistir.
Ele alinan risklerin tanimlar1 ve etkileri Tablo 1°de goriilmektedir. Onerilen yaklasimda karar alternatiflerinin
yerine risk kalemleri yer almaktadir. Risklerin degerlendirilecegi kriterler olarak ii¢ risk faktorii dikkate alinmuigtr.
Calismada kullanilan {i¢ risk faktorii siddet (S), olasilik (O) ve fark edilebilirliktir (F). Bu faktorler, literatiirde
FMEA ile risk skorlarinin hesaplanmasinda ve CKKV yontemleriyle gergeklestirilen iSG risk degerlendirme
uygulamalarinda en ¢ok kullanilan risk faktorleri oldugu igin caligma kapsaminda ele alinan risklerin
degerlendirilmesi amaciyla segilmistir. Siddet, potansiyel bir istenmeyen kaza olayinin gergeklesmesi durumunda
olas1 sonucu ve zararin biiylikligiinii ifade eder. Olasilik, tehlikenin meydana gelme siklig1 olarak tanimlanir. Fark
edilebilirlik ise, riskin ger¢eklesmeden once, istenmeyen sonuglara yol agmadan dnce tespit edilebilme derecesini
gosterir. Uygulama ¢aligmasinin adimlart agagida verilmistir.

Tablo 1. Ele alinan riskler ve etkileri

No Risk tanimi Risk etkisi

R1 Tozlu ortamda ¢aligma sonucu toza maruziyet G0z rahatsizliklart

R2 Beton dokiimiinde kullanilan pompanin patlamasi Yaralanma

R3 Acil durumlara miidahale edememe Uzuv kaybi ve yaralanma
R4 Calisma ortaminin ergonomik olmamasi lel(lz%czfz‘llfkll(;rsl sistemi

RS Santiye ve sosyal tesislerde trafik kazasi Yaralanma

R6 Cati islemleri sirasinda ¢alisanlarin diigmesi Yaralanma ve 6liim

R7 Ele demir batmasi Yaralanma

RS ziiﬁmkisrelggiesgleer?iir baglanmasi sirasinda asagida ¢aligsanlarin {izerine Siddetli yaralanma

R9 Agir boru ve demirin galigsanlarin {izerine diismesi Uzuv ezilmesi

R10 Depolardaki malzemelerin ¢aliganlarin iizerine diismesi Yaralanma ve 6liim

RI11 }]/)aeé)gollrilﬁlzggls?nan yanic1 ve kimyasal malzemeler sebebiyle Varalanma ve 8liim

R12 Malzeme ve ekipmanin yanlis sekilde kullanilmasi Yaralanma

R13 Personelin gerekli 6nlemleri almadan ¢aligmast Is kazas1

R14 Elin matkap ile temasi Yaralanma ve uzuv kayb1
R15 Calisanlari elektrik carpmasi Yaralanma
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R16

R17

R18

R19

R20

R23

R24

R25

R26

R27

R28

R29

R30

R31

R32

Iskele gdgmesi, devrilmesi

Iskele kurulumu sirasinda asagida calisanlarin iizerine malzeme

diismesi

Tehlikeli kimyasallarin uygunsuz kullanimi veya depolanmasi

Kalip sokiimii sirasinda yiiksekten diisme

Kalip malzemelerinin is¢ilerin iizerine diismesi
Kaynak 1gmlarinin gbze zarar vermesi

Kaynak iglemi sirasinda yangin ve patlama

Kazi ¢aligmalarinda su baskini

Kazi ¢aligmalarinda toprak kaymasi

Celik malzemelerin galisanlarin tizerine devrilmesi

Merdivenin kaymasi

Siddetli riizgar sebebiyle malzemelerin ¢alisanlarin iizerine
devrilmesi

Saglik kontrolii yapilmamis ¢aligsanlarin hastalanmasi
Santiye giivenliginin saglanamamasi
Caliganlarin sinirli hava hacmi olan ortamlarda ¢aligmasi

Caligsanlarin giiriiltii ortamlarda galigmasi

Asindirict malzemelerle temas

Siddetli yaralanma ve 6liim

Siddetli yaralanma
Zehirlenme, cilt ve goz

komplikasyonlari, solunum yolu
hastaliklar1

Yaralanma ve 6liim
Yaralanma ve 6liim

G0z rahatsizliklart

Siddetli yaralanma ve 6liim
Bogulma

Yaralanma

Yaralanma

Yaralanma

Siddetli yaralanma

Mesleki hastaliklar ve
yaralanma

Is kazas1
Solunum yolu hastaliklar1
Isitme kayb1

Alerjik solunum yolu
rahatsizliklari, dermatit

Oncelikle, degerlendirme kriteri olarak belirlenen ii¢ risk faktérii ile 32 risk degerlendirilerek her bir karar verici
tarafindan karar matrisi olusturulmustur. Her bir risk kaleminin, faktorler agisindan aldigi degerler karar verici 3
uzman tarafindan ayri ayri belirlenmistir. Her bir risk maddesi 1-10 arasi puanlar {izerinden degerlendirilmis ve en
riskli madde 10 ile gosterilmistir. Karar matrisi elemanlart uzman degerlendirmelerinin birlestirilmesiyle son
haline getirilmistir. Bu asamada, uzman karar vericilerin degerlendirmeleri aritmetik ortalama yontemiyle
birlestirilerek tek bir karar matrisi elde edilmistir. Karar matrisi olusturulduktan sonraki adim entropi yonteminin
ikinci adiminda gergeklestirilen normalizasyon islemidir. (2) numarali esitlikle karar matrisi normalize edilmistir.
Hesaplanan p; degerleri Tablo 2’de verilmistir.

Tablo 2. Hesaplanan normalize p; degerleri

R1 R2 R3 R4 RS R6 R7 R8
S 0.022  0.022 0.020 0.013 0.052 0.022 0.020 0.048
0.024  0.014 0.028 0.035 0.031 0.028 0.031 0.035
F 0.039  0.037 0.024 0.037 0.015 0.039 0.026 0.019
R9 R10 R11 R12 R13 R14 RI15 R16
S 0.022  0.050 0.048 0.020 0.022 0.025 0.023  0.052
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0.035 0.035 0.035 0035 0035 0.031 0.031 0.035

F 0.022  0.037 0.035 0.039 0.039 0.039 0.039 0.039

R17 R18 R19 R20 R21 R22 R23 R24
S 0.023  0.048 0.050 0.050 0.020 0.023 0.023  0.050
(0] 0.031  0.031 0.035 0.035 0.031 0031 0.031 0.031
F 0.039  0.039 0.039 0.024 0.037 0.039 0.019 0.026

R25 R26 R27 R28 R29 R30 R3] R32
S 0.023  0.022 0.023 0.047 0.022 0.022 0.022 0.054
(0] 0.024  0.035 0.031 0.031 0031 0031 0.028  0.031
F 0.032 0.039 0.035 0.017 0.019 0.024 0.022  0.028

Tablo 2°de verilen degerler ve (3) ve (4) numarali esitlikler kullanilarak risk faktorlerine ait entropi (£) ve agirlik
(w) degerleri entropi agirliklandirma yontemiyle elde edilmistir. Bu degerler Tablo 3’te goriilmektedir. Elde edilen
degerlere gore, en dnemli risk faktorii siddet, ikinci 6nemli risk faktori ise fark edilebilirlik olmustur. En az 6nemli
risk faktorii ise olasiliktir.

Tablo 3. Risk faktorlerine ait entropi (E) ve agirlik (w) degerleri

S O F
E 0.973 0.997 0.989
w 0.663 0.075 0.262

Risk faktorlerine ait agirlik degerleri elde edildikten sonra, 6nerilen yontemin TOPSIS-Sort B agamasina gegilir.
[lk olarak, yapay degiskenleri (y+, y-), siur profillerini (p/, p2) ve 32 adet risk birimini igeren biitiinlesik karar
matrisi (H), (§) numaral esitlikte gosterildigi sekilde olusturulmustur. Daha sonra (6) ve (7) numaral esitlikler
kullanilarak bu matris normalize edilmistir. Normalize edilmis A matrisi Tablo 4’te goriildiigi gibidir.

Tablo 4. Normalize karar matrisi

y+ y- RI R2 R3 R4 R5 R6 R7 RS R9 R10
S 1.00 0.00 040 040 037 023 097 040 037 090 040 093
O 1.00 0.00 023 013 027 033 030 027 030 033 033 033
F 1.00 0.00 0.60 0.57 037 0.57 023 0.60 040 030 033 0.57
RI1 R12 RI3 R14 RI5 R16 R17 RI18 RI19 R20 R21 R22
S 090 037 040 047 043 097 043 090 093 093 037 043
033 033 033 030 030 033 030 030 033 033 030 0.30
F 053 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.37 0.57 0.60
R23 R24 R25 R26 R27 R28 R29 R30 R3] R32 pl p2
S 043 093 043 040 043 087 040 040 040 1.00 0.75 045
030 030 0.23 033 030 030 030 030 027 030 025 0.15
F 030 040 050 0.60 0.53 0.27 030 037 033 043 045 0.27
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(8) numaral1 esitlik yardimiyla, Tablo 4’te verilen degerler, risk faktorlerinin agirlik degerleriyle carpilarak
agirlikli normalize karar matrisi (V) olusturulur. Bu degerler Tablo 5°te sunulmustur.

Tablo 5. Agirlikli normalize karar matrisi

y+ y- RI R2 R3 R4 R5 R6 R7 RS R9 R10
S 0.66 000 027 027 024 0.15 0.64 027 024 060 027 0.62
0.08 0.00 0.02 0.01 002 0.03 0.02 0.02 0.02 0.03 0.03 0.03
F 026 000 0.16 0.15 0.10 0.15 0.06 0.16 0.10 0.08 0.09 0.15
RI11 RI2 R13 RI4 RI15 RI6 R17 RI8§ R19 R20 R21 R22
S 0.60 024 027 031 029 064 029 0.60 062 062 024 0.29
O 0.03 003 003 002 002 003 0.02 0.02 0.03 003 0.02 0.02
F 014 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.10 0.15 0.16
R23 R24 R25 R26 R27 R28 R29 R30 R31 R32 pl p2
S 029 062 029 027 029 057 027 027 027 066 0.50 0.30
0.02 0.02 0.02 003 002 002 0.02 0.02 0.02 002 0.02 0.01
F 0.08 0.10 0.13 0.16 0.14 0.07 0.08 0.10 0.09 0.11 0.12 0.07

(9) ve (10) numarali esitlikler kullanilarak, oncelikle ideal ve anti-ideal ¢oziim vektorleri elde edilmistir.
Sonrasinda (11-14) numarali denklemler ile alternatiflerin ve sinir profillerinin ideal ¢oziimlere olan uzakliklar
Tablo 6°daki gibi hesaplanmustir.

Tablo 6. Alternatiflerin ve sinir profillerinin pozitif ve negatif ideal ¢oziimlere olan uzakliklar1

R1 R2 R3 R4 RS R6 R7 R8
dit 0415 0419 0455 0523 0209 0415 0451 0.201
di- 0309 0304 0262 0216 0.644 0309 0.266  0.602
R9 R10 R11 R12 R13 R14 R15 R16
dit 0437 0.132 0.148 0436 0414 0373 0394 0.118
di- 0.280  0.637 0.613  0.291 0309 0348 0.328  0.660
R17 R18 R19 R20 R21 R22 R23 R24
dit 0394 0.135 0.124 0.179 0438 0394  0.421 0.172
di- 0328 0.617 0.639 0.627 0.286 0328 0.299  0.628
R25 R26 R27 R28 R29 R30 R31 R32
dit+ 0402 0414 0399 0218 0441 0434 0438  0.157
di- 0316 0309 0320 0.579 0278 0.283  0.280  0.673
pl p2
dit+ 0.227 0417
di- 0.511 0.307
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Son olarak karar alternatiflerine ait (15) ve (16) numarali esitliklerle hesaplanan yakinlik degerleri Tablo 7°de
Ozetlenmistir. Yakinlik degerleri sonuglara gore en yiiksek yakinlik derecelerine sahip riskler R16 iskele
goemesi/devrilmesi, R19 kalip sokiimiinde yiiksekten diigme, R10 depolarda uygunsuz istiflenen malzemelerin
calisanlarin lizerine devrilmesi, R18 tehlikeli kimyasallarin uygunsuz kullanimi ve depolanmasi, R32 asindirici
malzemelerle temas ve R11 depolardaki yanici ve kimyasal malzemeler sebebiyle olusan yangin olarak ortaya
cikmustir.

Tablo 7. Yakinlik degerleri

R1 R2 R3 R4 RS R6 R7 R8
YD 0426 0421 0366 0292 0.755 0427 0.370  0.750
R9 R10 R11 R12 R13 R14 R15 R16
YD 0.391 0.829 0.806 0.400 0427 0483  0.455 0.848
R17 R18 R19 R20 R21 R22 R23 R24
YD 0.455  0.821 0.837 0.778 0395 0455 0415 0.785
R25 R26 R27 R28 R29 R30 R31 R32
YD 0440 0427 0446 0.727 0386  0.395 0.390  0.810
pl p2
YD 0.693 0424

Algoritmanin siralama asamasinda, sirali siniflara alternatifler atamak i¢in Tablo 7’de verilen yakinlik degerleri
ve (17-19) numaral1 ifadeler kullanilir. Sinir profillerine gore riskler 3 kategoriye ayrilmistir. Atama sonuglari
yakinlik degerlerine gore sirali olarak Tablo 8’de verilmistir. Sonuglara gore 11 risk, risk puani en yiiksek risk
faktorlerini iceren 1. smifa atannustir. Ote yandan, 10 risk, orta seviyede risklerin bulundugu 2. smifa atanmistir.
Son olarak, en az riskli maddeler olan 11 risk, 3. sinifta yer almigtir. Sonuglara gore karar vericiler yiiksek risk
grubu olan 1. risk smifindaki maddelere odaklanmali ve risk etkilerini azaltmak igin aksiyon planlari
hazirlanmalidir. Yiiksek risk sinifindaki riskler incelendiginde, 6zellikle siddetli yaralanma ve dlim gibi agir
sonuglara yol agan risklerin bu sinifa girdigi goriilmektedir.

Tablo 8. Risklerin siniflara atanmasi

Smif 1 | R16, R19, R10, R18, R32, R11, R24, R20, R5, RS, R28
Smif2 | R14, R15, R17, R22, R27, R25, R6, R13, R26, R1
Smif3 | R2, R23, R12, R21, R30, R9, R31, R29, R7, R3, R4

Elde edilen her bir sinif igin ayrica siralamalar da elde edilebilmektedir. ilk smifta yer alan riskler igerisinde en
onemli risk iskele gd¢mesi ve devrilmesi (R16) olarak bulunmustur. Bu riski sirasiyla kalip sokiimii sirasinda
yiiksekten diisme (R19) ve depolardaki malzemelerin galisanlarin iizerine diigmesi (R10) takip etmektedir.
Tehlikeli kimyasallarin uygunsuz kullanimi1 veya depolanmasi (R18) ile asindirict malzemelerle temas (R32)
riskleri sirasiyla dordiincli ve besinci sirada yer almaktadir. Tehlikeli kimyasallarin uygunsuz kullanimi ve
depolanmasi riskinin 6n plana ¢ikmasinin 6nemli nedeni kimyasal maddelerin yutulmasi veya solunmasinin
zehirlenme, cilt ve goz tahrisi, soluma problemleri gibi pek ¢ok rahatsizliga yol agmasidir. Ayrica uzun dénemde
ireme ve gelisimsel problemler ile viicut sistemlerinde hasara yola agmasi gibi faktdrler sebebiyle karar vericilerin
yiiksek siddet degerleri atadig1 goriilmiistiir.

Ote yandan, ikinci smifta yer alan riskler incelendiginde yakinlik degerlerinin 0,42 ve 0,48 arasinda oldugu
goriilmedir. Orta riskli olarak nitelendirilen bu grupta 6n plana ¢ikan riskler elin matkap ile temas: (R14),
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calisanlar elektrik ¢carpmasi (R15), iskele kurulumu sirasinda asagida ¢alisanlarin iizerine malzeme diismesi (R17)
ve kaynak iglemi sirasinda yangin ve patlama (R22) seklindedir. Son olarak az riskli olan tiglincii sinifta yer alan
kriterlerin yakinlik katsayilar1 0,29 ve 0,42 arasinda olup en dnemli risklerin sirasiyla beton dokiimiinde kullanilan
pompanin patlamas1 (R2), kazi g¢alismalarinda su baskini (R23) ve malzeme ve ekipmanin yanlis sekilde
kullanilmasi (R12) seklinde oldugu goriilmiistir.

Calismada elde edilen sonuglar, karar vericilerin subjektif goriislerine dayanmaktadir. Bu nedenle, sektore 6zgii
genel ¢ikarimlar yapmak dogru sonuglar1 vermeyecektir. Karar vericilerin verdikleri puanlar, riskin firma 6zelinde
ne Olciide tehlikeli olarak degerlendirildigini ortaya koymaktadir. Buna ek olarak, firmanin aldig: tedbirler ve 6zel
durumlar firmanin riskler hakkinda yaptiklar1 degerlendirmeleri etkilemektedir. Boylece, baz riskler ytiksek risk
siifina atanirken, ayni riskin farkli bir firma i¢in daha az risk puanina sahip olmas1 miimkiindiir. Dolayistyla,
karar vericiler ve politika yapicilar firmanin kosullarin1 dikkate alarak diizenli bir bigimde risk analizi ¢alismalari
yapmalidir. Onerilen ¢ok kriterli siniflandirma modeli, risk analizi ¢alismalarinda karar vericilere destek olacak
onemli bir arag olarak hizmet edecektir.

5. Sonug

Bu caligmada isletmelerde ISG risklerinin degerlendirilmesi icin biitiinlesik bir yaklasim gelistirilmistir. ki
asamali bu ¢6ziim yaklasiminin ilk asamasinda, degerlendirme kriteri olarak belirlenmis olan 3 risk faktdriiniin
onem derecelerinin tespiti igin entropi agirliklandirma yontemi kullanilmistir. Yontemin ikinci asamasinda ise,
bulunan faktor agirliklari g6z Oniine almarak, bir ¢ok kriterli siniflandirma ydntemi olan TOPSIS-Sort B
yaklagimiyla risklerin belirlenen sirali siniflara atanmasi gergeklestirilmistir.

Calisma kapsaminda ISG agisindan oldukga riskli bir sektor olan insaat sektdriinde bir uygulama yapilmistir.
Tiirkiye’de faaliyet gosteren bir insaat firmasinda g¢alisanlarin maruz kaldiklari 32 adet risk tanimlanmistir.
Uzmanlar tarafindan bu risklerin, belirlenen 3 risk faktoriine goére degerlendirilmesi yapilarak bir karar problemi
olusturulmustur. Calismada grup karar verme yaklasimi kullanilmustir. isletmede farkl diizeylerde ¢alisan iic karar
vericiden alman degerlendirmeler entegre edilerek kullanilmistir. Entropi agirliklandirma yontemiyle en 6nemli
risk faktorliniin siddet oldugu bulunmustur. Diger kriterler sirasiyla tespit edilebilirlik ve olasilik olarak
siralanmustir.

Degerlendirilen 32 adet riskin, 6nem derecelerine gore siralanmis olan 3 risk sinifina atanmasi TOPSIS-Sort B ile
gergeklestirilmis olup, karar vericilerin ve yoneticilerin etkin onlemler alabilmesi i¢in odaklanilmas: gercken
riskler ortaya koyulmustur. Sonuglara gore RS, R8, R10, R11, R16, R18, R19, R20, R24, R28 ve R32 birinci risk
sinifinda yer almaktadir. R1, R6, R13, R14, R15, R17, R22, R25, R26 ve R27 ikinci risk sinifinda ve R2, R3, R4,
R7,R9, R12, R21, R23, R29, R30 ve R31 iigiincii risk sinifinda bulunmaktadir.

Calismadaki en biiyiik smurlilik, Onerilen yaklasimda karar verici uzmanlarin bilgi ve tecriibelerinden
faydalanilmasi ve sonuglarin s6z konusu karar vericilerden alinan bilgilere dayali olmasidir. Bu nedenle sonuglar,
bahsedilen karar vericilere 6zeldir ve diger ingaat isletmeleri i¢in genellenmesi uygun olmayacaktir. Gelecek
caligmalarda, karar vericilerin degerlendirmelerindeki belirsizliklerin daha iyi bir sekilde ifade edilerek kullanilan
yonteme yansitilabilmesi amaciyla, Onerilen yontemin bulamik mantik yaklasimlariyla ele alinabilecegi
diistiniilmektedir. Burada 6nerilen CKKV yaklagimi, farkli bulanik kiime uygulamalari ile genisletilebilir. Ayrica,
onerilen entegre ¢oziim yaklasimi, farkli sektorlerde gerceklestirilecek ISG risk degerlendirme calismalarinda
kullanilabilir.

Arastirmacilarin Katkisi

Bu arastirmada Esra Duygu DURMAZ, problemin tanimlanmasi, literatiir aragtirmasi, yontemin belirlenmesi ve
uygulanmasi, sonug¢larin analizi, makalenin yazimi; Ilker GOLCUK problemin tanimlanmasi, yontemin
belirlenmesi ve uygulanmasi, sonuglarin analizi, makalenin incelenmesi konularinda katki saglamiglardir.

Cikar Catismasi

Yazarlar tarafindan herhangi bir ¢ikar ¢atigsmasi beyan edilmemistir.
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Users nowadays in environments with fog computing require
applications that respond quickly to their requests for everything they
want to access and work quickly and require to increase in the Quality
of Service metrics such as minimum energy consumption, bandwidth
efficiency, and reduction latency in a fog network, resulting in an
improvement in the system's performance, that is done by getting to
know the workload on the network and how to deal with it. In this paper,
the various fog computing workloads are described, along with where
each one should be executed, in addition, discuss the load-balancing
techniques and strategies count as a very important issue and one of the
important challenges in the fog computing environment, that play a
significant role in resource management like resource provisioning, task
offloading, resource scheduling, and resource allocation this will be
done based on reviewing previous research and discussing the most
important concepts in it.

1. Introduction

Globally, the number of Internet of Things (IoT) devices is constantly growing day by day worldwide and is
forecast to almost triple from 9.7 billion in 2020 to more than 29 billion IoT devices in 2030 (Vailshery 2022) as
shown in figure 1. Each IoT device has sensors that gather information about the environment in real time. At the
IoT layer, huge amounts of data are produced and for processing, this data is sent to a cloud computing system.
However, in some applications that are sensitive to time such as health, military operations, and fire control
systems a quick response is essential and latency is a major factor. So, to get over this restriction, fog computing
is placed between the two layers (the cloud and the end-user layer). In this case, only necessary data will go to the
cloud after being quickly processed and responded to by fog computing. fog computing uses edge devices for
computing, communication, and storage (Lyu et al. 2018).
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Figure 1. No. of [oT Devices (Vailshery 2022)

In the fog computing layer, the fog nodes receive data that IoT devices have sensed, and with the increased rate of
data production, some fog nodes get overloaded. Due to this, processing tasks (data processing) take longer to
compute, which affects delivery times. To resolve this problem, fog nodes must successfully collaborate to offload
tasks to less overloaded nodes, and the workload should also be distributed through an algorithm of load balancing
or approach to the less overloaded nodes. This decreases response time, reduces resource consumption, and
improves resource utilization. The load balancing function of fog nodes spreads the workload over all of their
resources. It is used to increase resource usage and user satisfaction while ensuring that no single node is
overloaded, which enhances system performance as a whole.

The remaining sections are arranged as follows: Section 2 describes fog computing (Characteristics, Architecture,
Services), and describes the Challenges with fog computing. Computing workload and Classification of workloads
in the cloud and fog are presented in section 3. Section 4 of the paper reviews techniques and strategies of load
balancing used in fog computing.

2. Fog computing

A brief description of the fog computing environment, its characteristics, architecture, and the services it provides
will be given in this section:

2.1 The Characteristics of Fog Computing

As a compute layer that is located closer to the user layer, where the [oT devices are placed, fog computing provides
computing, networking, and storage capabilities. The following features and characteristics of the fog computing
layer are presented compared to the cloud computing and edge-network layers to provide these services and
achieve the requirements of IoT systems (Costa et al. 2022) (Tim Mell 2009) (Rahul and Aron 2021) (Kumari,
Singh, and April 2017):
e  Geographical Distribution: Unlike cloud computing, fog computing architecture requires geo-
distributed deployment and administration of services and applications (He et al. 2018).
e low latency: In comparison to activities performed by a cloud service, since fog computing nodes are
located closer to the users, they can analyze and respond to generated and requested data more quickly
(Shi et al. 2018).
e Heterogeneity: The ability to collect and process data from various sources and through a variety of
network connection methods.
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Real-time interactivity: Unlike cloud computing, where batch processing is the norm, real-time
interactions are possible due to the proximity of devices and fog nodes.

Scalability: supports resource flexibility by enabling quick detection of changes in network and device
conditions and variations in workload response times.

Support for mobility: Many fog applications demand direct communication with mobile devices;
therefore, they must support mobility techniques.

Improved service quality (QoS): When compared to cloud computing numerous parameters including
reliability, bandwidth, and connection health fared better in fog computing (Mahmud et al. 2019). As a
result, the fog computing technique hence improving the Quality of Service (QoS).

Increased security: fog computing offers increased security. It is possible to create policies and
procedures to safeguard the network's fog nodes (P. Zhang et al. 2018).

2.2 Fog Computing Architecture

Fog computing expands on cloud computing by offering computational resources to execute services closer to the
end users or the end device layer (IoT). Architecture with three layers is one of the common architectures which
include (IoT or end device layer, fog computing layer, and cloud computing layer), where the fog layer comprises
everything between the cloud and the end users (Habibi et al. 2020) (Rahimi, Songhorabadi, and Kashani 2020):

Tier 1: In this lowest level layer (End devices layer) you can find all IoT devices that can store and
communicate unprocessed data to its upper layer.

Tire 2: It's the middle layer (fog layer), is made up of numerous network devices that can process and
temporarily store data, including computing devices, switches, and routers, these units are linked to the
cloud network and will keep sending data there regularly.

Tire 3: The top layer (cloud layer) has numerous servers and data centers. which are capable to handle a
high amount of data and capacity to store it too. Figure 2 shows the fog computing architecture with its
three layers.

Cloud Layer

[
Q
)
©
-l
()]
(o]
w

loT Layer

Figure 2. Fog Computing Architecture
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2.3 Services in Fog Computing

The fog computing layer, being close to the Internet of Things-IoT layer, is used to provide many services that are
an extension of cloud computing services, this section offers a summary of several services at the fog layer, which
are divided into three categories: processing, storing, and network services(Negash et al. n.d.):

e Storage Services

The sensor nodes can produce enormous amounts of data. When you take into account the rate of data
generation, the storage space offered by the devices at the perception layer is frequently insufficient to retain
even a day's worth of data. As was previously mentioned, it is not required to transmit all data directly to the
cloud, especially when there are redundant or irrelevant data. In these situations, it would be prudent to filter
the data and temporarily store it in the intermediate fog layer (Rahmani et al. 2017).

e Computing services

The advent of remote processing techniques is a result of the computing capabilities of the devices in the
perception layer being constrained. Processing at the fog layer is motivated by the need to better meet system
requirements and maintain energy efficiency, as well as to provide local processing and a faster response, that
reduces processing available in the cloud can be brought down into the fog computing layer (Hu et al. 2016)
(Datta, Bonnet, and Haerri 2015).

e Communication Services

Wireless nodes are largely responsible for communication in the Internet of Things (IoT), because of resource
limitations in the IoT layer these wireless protocols are optimized for low power operation, narrowband
transmission, or greater range of coverage. The market currently offers a wide variety of alternative protocols
(Sheng et al. 2013).

2.4 Challenges

Fog computing still faces numerous difficulties in its early stages, even though it brings cloud computing services
closer to the user and offers several extra advantages over cloud computing. The following issues face fog
computing, according to (Hao et al. 2017) (Singh et al. 2019):

e Heterogeneity: because fog computing nodes are made up of a variety of devices, including sensors,
laptops, mobile phones, and desktop computers, heterogeneity is a challenge with how different devices
communicate with one another to execute tasks(Cinzia Cappiello 2018).

e Load balancing: is an expression in cloud and fog computing that is essential to achieving a time- and
energy-efficient system., we will discuss this in the next sections.

e Resource management: to enhance resource scheduling, resource management may require to be
properly planned (Yi et al. 2016). where the performance of fog computing applications depends on
resource discovery and sharing. For maximizing resource availability and reducing energy consumption,
resource-sharing optimization algorithms can be developed (Yi et al. 2016) (Dastjerdi and Buyya 2016).

e The policy of connection: additional difficulties include how the fog nodes are interconnected and how
to use the fog nodes that are available to handle the workload (Aazam, Zeadally, and Harras 2018).

e Strategy for deployment: The deployment plan is the largest obstacle. How are the workloads
distributed across the fog nodes that make up the fog network? (Lin and Yang 2018).

e Offloading of tasks: Offloading of tasks is the process of carrying tasks from the cloud and fog nodes to
another node. This choice of execution is based on several factors, such as the amount of computing
power required for the task, which is offloaded to the cloud for execution, and the amount of computing
power needed for the task, which is handled on the fog nodes. Task offloading can also take into account
latency, with latency-sensitive tasks running on fog nodes and non-latency-sensitive tasks being sent to
the cloud (Qiao et al. 2018) (G. Zhang et al. 2018).

1567



Nafea, Khaleel JTOM(7)1, 1564-1578, 2023

3. Comparison between Fog and Cloud Computing Workload

Any program or application that is active on a computer is considered a workload in the field of computing. A
workload can be as simple as a contact app running on a smartphone or as complex as an enterprise application
that runs on one or more servers and communicates with several client systems over a large network. The workload
can also be used to describe how much amount of work puts on the underlying computational resources. The
amount of time and computing power needed to complete a certain activity or create an output from given inputs
is generally referred to as an application's workload. A light workload uses few computing resources, such as
processors, CPU clock cycles, storage I/O (input/output), and other components, to complete its specified tasks or
performance objectives. Significant amounts of computing resources are needed to handle a big workload. It is
challenging to group all workloads into a single set of consistent criteria because workloads are intended to execute
a myriad of distinct jobs in a multitude of various ways, Workloads, for instance, could be classed as static or
dynamic. An operating system (OS) is an example of a static workload that is constantly active. A dynamic
workload is transient and only loads and runs when necessary. Numerous new workload classifications have been
created as a result of the enormous diversification of software development (Bigelow n.d.).

3.1 The Workload in Cloud Computing

"Cloud workload" is the term used to describe the amount of work produced by a variety of apps and services
deployed on cloud infrastructures. Or is a particular program, service, function, or amount of work that can be
executed on a cloud resource? cloud workloads include virtual machines, databases, containers, and applications.
The cloud computing paradigm has recently seen a substantial increase in popularity due to virtualization
technologies. However, due to the heterogeneity and varying needs for resources in cloud applications, new
difficult problems with workload allocation and scheduling solutions have emerged. cloud computing workload
can be characterized by focusing on (Calzarossa, Maria Carla, Luisa Massari 2016):

° Virtual data centers
. cloud infrastructures
. Services for computers and storage

3.2 Classification of Workloads in The Cloud

Workloads must be categorized according to their design, resource requirements, and usage patterns to determine
whether private, public, or hybrid cloud environments are the most appropriate for them. So, according to their
resource requirements, cloud workloads can be divided into the following categories(Stephanie Vozza 2022):

. Workloads that don't require specialized computation and run on the cloud's default setup are referred to
as general computing. Web servers, distributed data stores, common web programs, and containerized
microservices are some of them.

. Workloads that require a lot of processing power and can manage several users at once are referred to as
CPU-intensive. Deep learning applications and massively multiplayer online games that require
processing-intensive tasks like video encoding, large data analytics, 3D modeling, etc. fall under this
category.

. Workloads that require a lot of memory and processing capacity to execute, are referred to be memory-
intensive. Caches, distributed databases, and real-time streaming data are examples.

. Some workloads that need GPU-accelerated computing, including seismic analysis, self-driving cars,
navigation systems, and speech recognition, have extremely high processing demands. Do real-time
operations, that require the strength of GPUs in addition to CPUs.

. Workloads like in-memory databases are storage optimized.

Workload availability and the Volume of traffic are more significant. So, the following patterns can be used to
categorize cloud workloads:
e Static Workload: In general, the requirements for resources, demand, and uptime are well defined. These
include crucial enterprise services including CRM, ERP, and email.
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e Periodic workloads: During specific hours of the day, week, month, or year, these see an increase in
traffic, such as payment for bills or using accounting and tax software. The workloads that serverless
computing, in which clients do not pay for flawless instances, is most suited to handle.

e Unpredictable workloads: Popular platforms and apps like online multiplayer games, video streaming
websites, social networks, etc., might experience a rapid rise in traffic. clouds' auto-scaling capabilities
can manage these spikes by dynamically adding instances as needed.

3.3 Fog Computing Workload

The workload is helpful when assessing a system's performance, the system's capacity to handle the burden can be
translated into evaluating performance. A single computer or a network of computers can make up the system. The
time it takes between a user request and the system's response is one way to evaluate the performance of such a
system. The system's throughput, which shows how much work can be done each time, is another critical metric.
Similar measurements like availability, reliability, etc. However, the user's needs are the factor that should be taken
into account when choosing performance measures. There is no accurate definition of workload in the literature
because different researchers have described and used different definitions to depict it. The workload has been
popularly referred to as a task or a job. From the literature, it may be assumed that a workload can be viewed as
an application or service that has been deployed to the cloud or fog. As a result, the workload could range from a
simple single service to one that is enormous and made up of hundreds of micro-services cooperating.

The distribution of computing tasks among the available resources determines the effectiveness of the system as a
whole. The workload itself affects the relationship between the job and the resources Thus, according to the task's
requirements, workload classification plays a crucial part in identifying the proper resource allocation, which
enhances QoS. As a result, in the fog and cloud computing environments, a systematic and structured approach to
workload classification may aid in an accurate prediction of incoming resource requests that comply with QoS
criteria. (Singh and Chana 2016).

According to Z. Raza, et al. (Raza and Jangu 2022) to understand the workload, it was divided into three
classifications, according to their characteristics:

e Quantitative attributes: refer to the characteristics of request/workload that determine the number of
resources required by them. These resources may include the computing, networking, or storage
requirements necessary to finish or properly manage requests.

e Qualitative attributes: refer to the non-quantifiable characteristics that a workload holds, such as a
deadline, sensitivity to delay, tolerance to latency, priority, and many more that specify the characteristics
of a workload.

e Non-functional requirements: like performance, security, availability, and privacy that are connected
to (SLA) and improve QoS.

4. Load Balancing

In computing networks, some nodes can occasionally carry all of the network's load while others can occasionally
remain underloaded. The servers' uneven load may cause problems such as system failure, energy consumption,
network failure, and longer execution times (Mishra, Sahoo, and Parida 2020) (Sultan and Khaleel 2022), as a
result, Load-balancing becomes crucial to managing the load on computational nodes.

In general Load Balancing is a technique for evenly distributing incoming requests among several servers, so the
workload is distributed equally(Kaur and Aron 2021). The employment of load Balancing methods helps to prevent
overloaded servers. The load balancer is used to monitor traffic between servers and user requests as a traffic
monitoring program. Incoming requests will be routed to the remaining available servers whenever a server goes
offline, according to the load balancer, the load balancer will instantly forward requests to any new servers when
they are introduced(Talaat et al. 2020). Utilizing Load Balancing methods has the following benefits: reduce
waiting times; reduce response times; maximize resource use; boost throughput; enhance reliability; and improve
performance.

The process of workload load-balancing in fog computing and the most important related algorithms will be the
main topic of the next section.
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4.1 Balancing Workload in Fog computing

As previously mentioned by the researchers, load balancing is required to control or to evenly spread the workload
equally in computing nodes according to their capability, which leads to making effective use of all available
resources, this guarantees that are no over-utilized or underutilized resources(T¢llez et al. 2018) (Velde and Rama
2017). Among the few properties of load balancing, the Workload is evenly distributed across all nodes, resources
are efficiently used, the system performs better, less energy is consumed, the user is more satisfied, and the
response time is sped up (Sumathy and Manju 2019).

In a fog environment, load balancing enhances the throughput of task processing at fog nodes. fog nodes contain
resources from both the network and end users and have distributed geographical locations; they preprocess the
work before forwarding it to a cloud data center. It is the responsibility of the service broker to route user requests
to the appropriate data centers, where they must be handled by their priority and related processing expense, The
network resource at each location in this manner is the service broker (Chiang and Zhang 2016). While some
applications need to complete the work at the lowest possible cost, others need to respond quickly regardless of
the cost of processing. The data center nearby becomes overcrowded when a large number of requests originate
from the same geographic region, hence load balancing measures are required to distribute the workload to prevent
overload at the same data center, the same scenario in the fog environment, to evenly distribute the load, correct
load distribution rules must be implemented whenever a user's work at a specific location becomes overwhelmed
due to a particular fog cluster. The ultimate goal in a fog environment is real-time computing and fast response,
thus the load-balancing strategy shouldn't take too long. A load balancing technique in a fog environment must be
adaptive for any changes in resources of the fog computing environment (Sumathy and Manju 2019). Although it
is possible to apply the load-balancing strategies used in the cloud to the fog computing environment, they must
be changed to take into consideration the resources and tasks that are available there. fog networking and its
architecture have drawn more scholarly attention as the number of Internet of Things devices has increased (Mao
et al. 2017).

Figure 3 shows how a load balancer distributes workload to the compute servers by taking it from various users.
The available servers on the network are routinely observed by a load-balancer, when it receives workload from
several users, it first checks to see if resources are available before distributing the workload between all the
computing resources to minimize network overload.
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Figure 3. Load-Balancing in fog network

The load was separated into several categories, including CPU load, storage device load, and network load. Load
balancing is the process of identifying overloaded and lightly laden nodes and then distributing the workload
evenly across them all. System performance can be enhanced by using fog resources effectively. Resources used
in fog can be physical (hardware) or virtual(Milani and Navimipour 2016). according to (Kaur and Aron 2021)
The procedure of load balancing used in fog is shown in the flow diagram in Figure 4.
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Figure 4. Load Balancing Flow Diagram in a fog Environment.

4.2 Load Balance Techniques in Fog Environment

The load balancing has a few objectives, such as traffic optimization, response time reduction, throughput
maximization, reduction request processing times, optimize server-side resource consumption, and increase
scalability in distributed environments(Adhianto et al. 2017), this led to improving the pace at which programs
executed on resources due to the unpredictability of their execution times at runtime. In fog computing, load
balancing is utilized on both virtual machines and physical nodes (fog nodes), and all of the processing nodes
receive an equal share of the load. In fog networks different load balancing techniques can be used or done in two
ways static and dynamic(Neghabi et al. 2018) (Verma, Bhardawaj,Yadav 2015):

static techniques (Singh et al. 2020) (Baek et al. 2019): In fog computing, the load is balanced by
splitting the traffic into equal amounts and distributing them among the servers. The equal distribution of
load among the servers in static load balancing provides prior knowledge of the applications, statistical
data, and the system's resources that will be used. This kind of load balancing is not movable as soon as
the process starts, it cannot be transferred to another machine while it is in operation because the tasks
are not assigned to the processor until they have been created.

Dynamic techniques(Singh et al. 2020) (Baek et al. 2019): In the case of dynamic balancing, the server
that manages the least amount of load is checked for and chosen for load balancing. These algorithms
make use of real-time network communication and consider the current system state to be in control of
the network load. The dynamic load balancing method finds out how to look for servers that aren't
overloaded before assigning the right amount of work to them. Real-time load balancing occurs between
unused and overused fog nodes. The workload is distributed across the processors during operation.
Although the algorithms used in this method are thought to be complex, their fault tolerance and overall
performance are superior.

We will provide a brief review of load balancing techniques done by several researchers given as follows:

M. Verma et al. (Verma 2016) developed a real-time efficient scheduling (RTES) load balancing
algorithm in a fog computing environment, that has been suggested and implemented in the cloudSim
tool. In comparison to other algorithms used in the fog computing environment, such as FCFS, Priority,
and Multi-Objective Tasks Scheduling Algorithm, the results obtained after implementing the proposed
architecture and algorithm are good. They have provided minimal execution time, quick response to client
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requests, and completion of real tasks ahead of schedule, while maintaining data consistency and proper
resource and bandwidth utilization. the suggested algorithm is 90% effective, and in the future, it can be
further enhanced by adding other QoS aspects like security, etc.

e S. Hamrioui et al. (Hamrioui, Lorenz, and Grtc 2017)The suggested technique, known as “LBA-Ie (Load
Balancing Algorithm for IoT Communications inside e-Health Environment)”, is based on the integration
of IoT communication characteristics in the flow management process provided by TCP. “LBA-Ie” is a
self-organizing and adaptable algorithm that takes into account network changes, link conditions, and
object properties. Energy efficiency and QoS (Quality of Service) are measured when evaluating “LBA-
Ie”. The simulation's output is contrasted with three alternative solutions' findings. By enhancing data
reliability, “LBA-Ie” raises the quality of service (QoS) of IoT communications, which enhances e-health
applications. LBA-Ie enables objects to use less energy overall, extending their typical lifespan in the
process.

e D. Puthal, et al. (Puthal et al. 2018) suggested a novel load-balancing approach for “EDCs” (Edge Data
Centers) in a fog computing environment. It is secure and long-lasting. The suggested load-balancing
technique is essentially split into two parts, the first of which focuses on the secure authentication of the
region's EDCs using cloud-initiated credentials, and the second of which focuses on the sustainable load
balancing architecture by obtaining load information from the destination EDCs. Utilizing both
theoretical analysis and experimental evaluation, the suggested solution has been assessed in two distinct
methods. According to the performance evaluation and comparison results, the suggested method is safe
and tenable because it uses the destination EDC's load during authentication.

e Q. Fan et al (Fan, Member, and Ansari 2018) suggested the load balancing “(LAB)” scheme for the fog
network, to reduce the average latency of data flows from IoT devices, By connecting IoT devices to
appropriate Base stations BSs/fog nodes, LAB accounts for both the distribution of computation and
traffic loads. The IoT device association concentrates on balancing the traffic loads among BSs when the
network's traffic demand is greater than its processing load. Similarly, to this, compute latency becomes
the dominant factor in the average latency ratio when the network's computing demand is high, making
the fog nodes the bottleneck. However, LAB may still lower the average latency by modifying the IoT
device association to balance the traffic load and computation load simultaneously, this is accomplished
by creating a distributed algorithm that iteratively finds the best solution.

e M. Jimeno et al. (Jimeno et al. 2018)suggested a “Tabu” Search method for the optimal load balancing
across cloud and fog nodes that takes into account resource constraints. For job scheduling and execution,
the suggested design supports the integration of fog and cloud Nodes. The architecture can be modified
to support more coordinator nodes. Adopting the Tabu Search Method has the primary benefit that certain
layers’ online calculations are efficient, and jobs should be handled as they come in.

e H. Zhuang, et al. (Zhuang et al. 2018) present “SSLB”, a self-similarity-based load balancing strategy for
large-scale fog computing. It fully exploits the benefits of both centralized and decentralized systems.
Even as the fog increases in size, load balancing overhead may be kept to a minimum with this structure.
We suggest an adaptive threshold strategy that properly and dynamically determines the load threshold
on each node to ensure SSLB's efficiency. Furthermore, work distribution and task grasping are two
proposed scheduling techniques. Results from experiments indicate that SSLB performs better than
conventional systems, particularly when the fog scale is quite large.

e A mathematical search optimization method called the HCLB (Hill Climbing Load Balancing) algorithm
was proposed by K. Hassan, et al (Hassan et al. 2019). Finding accessible VMs relies on a random
solution. This algorithm depends on the repetition of execution until the ideal answer to a problem is
discovered. The loop in HCLB is increased until the closest available VM is identified. The best VM is
then chosen and given the task of processing requests.

e According to S. Sumathy et al. (Sumathy and Manju 2019) the main objective is to divide the workload
across available fog devices, with task processing being minimized reaction time. The min-min method
was applied to each cluster with success. A few of the many variables that the authors take into account
include the distance between the cloud server and the closest cluster node and the capacity of each cluster
to manage a waiting queue of work. The efficiency of the framework is higher and better for smaller
cluster nodes. In the future, the proposed framework might be used in conjunction with an appropriate
cloud computing environment.

e The priority-based request serving at fog computing centers was discussed by G. Chowdhary, et al.
(Chowdhary and Rathod 2019), by focusing on the scenario in which a fog node in a fog computing center
(FCC) is overloaded with the workload. the increased workload is transferred to nearer fog nodes instead
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of the distant cloud. The originality of the suggested method is demonstrated by the ability to reduce the
offloading of high-priority requests to other nodes by 11%.

M. Maywood et al. (Mohd, Maswood, and Alharbi 2020) addressed load balancing strategies by
proposing a novel Mixed-Integer Linear Programming (MILP) based optimization model in a three-tire
cloud-fog computing system. The major goals of this work were to balance workloads (CPUs’ processing
capacity) and reduce bandwidth costs (network resources) in a “three-layer cloud -fog computing
environment”. Utilizing simulation tools, the suggested method's efficacy was assessed.

F. Algahtani (Algahtani and Amoon 2021) suggests a dependable scheduling approach using the
resources in cloud-fog environments, To better allocate requests to resources, the Load Balanced Service
Scheduling Approach (LBSSA) classifies requests into three categories: real-time, important, and time-
tolerant. The recommended approach also considers the resource failure rate when scheduling requests
to ensure high reliability for requested services. To handle different requests, the approach provides
several algorithms. cloudSim simulation tests are run to assess the LBSSA approach's performance in
terms of computing resources available, how well they are being used, how load balance varies, and how
long it takes to operate.

M.Kaur, et al. (M.Kaur and Aron, R. 2021) proposed a load-balancing model for scientific workflow
applications in the fog computing environment, the proposed algorithm Tabu-GWO-ACO combines the
three algorithms Tabu search, Grey Wolf Optimization (GWO), and Ant Colony Optimization (ACO)
into one hybrid form. The underloaded and overloaded fog nodes are identified using the Tabu search
algorithm, and the fog nodes are subsequently optimized using GWO and ACO. This paper also suggested
fog computing architecture of load balancing (FOCALB), a fog computing framework based on load
balancing. This study takes into account scientific process applications to evaluate the effectiveness of
the suggested strategy. The performance of Tabu-GWO-ACO is compared to that of other existing
techniques to outperform them. By effectively balancing the load in the setting of fog computing, the
suggested approach primarily seeks to improve resource usage.

Table 1: Provides a summary review of load balancing technique done by several researchers.

Author Year | Algorithm Main Focus
M. Verma et al. 2016 Real-time efficient scheduling
“(RTES)”
S. Hamrioui et al. 2017 | “The Load-Balanced Service | Reduce latency and
Scheduling Approach (LBSSA)” improve service
quality.
D. Puthal, et al 2018 novel load balancing approach for | Improved quality of
“Edge Data Centers (EDCs)” service and energy
efficiency, but low
scalability and specific
to e-health.
Q. Fanetal 2018 | Load Balancing (LAB) Increasing security is

More effective but
with limited
scalability.

strategy for large-scale fog computing
(SSLB)”

M. Jimeno et al 2018 | “(Tabu)” Search technique for the best | Reduce latency in
load balancing across cloud and fog | computing and
nodes communications but
don't take energy
efficiency, cost, and
bandwidth into account
H. Zhuang, et al 2018 | “A self-similarity-based load balancing | Reduce the amount of

memory used and the
cost of computing,
however, complexity is
great and scalability is
not being considered.
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K. Hassan, et al 2019 “(HCLB) Hill Climbing Load | Low Overhead and
Balancing algorithm” High Scalability, but
Energy consumption
and Throughput
research are needed.
S. Sumathy et al. 2019 | Centralized load balancing algorithm Reduced response and

processing time and
decreased network
delay, however,
security concerns are
not taken into account.
G. Chowdhary, et al 2019 | The priority-based request serving at | Reduce task processing
fog computing centers response times and
costs, however,
centralized approaches
use more energy.

M. Maswood et al. 2020 | “Mixed-Integer Linear Programming | Minimize offloading
(MILP)” but need to work on
modeling techniques.
F. Algahtani 2021 | “The Load-Balanced Service | Reduce bandwidth
Scheduling Approach (LBSSA)” costs but the energy

consumption is not
taken into account.

M.Kaur, et al. 2022 | “The proposed algorithm Tabu-GWO- | efficient resource load
ACO” balancing and
scheduling but it is
high Complexity.

5. Conclusions

Fog and the cloud have both been included in a computing environment. In this article, we look at the fog
computing environment's traits, architecture, and services. fog computing is used as a system with a quick response
time. Therefore, it should be used before cloud computing to get a quick response. The architecture of fog
computing is described, which is three-layer: cloud computing, fog computing, and the Internet of Things. A fog
computing environment is different from a cloud and according to this difference between both fog and cloud, to
get the most out of fog architecture, it is crucial to intelligently distribute the workload by choosing the resources
that are most appropriate for the task's characteristics. By dividing the workload between the two tiers (the cloud
and the fog), a well-defined characterization and classification increase system performance and raise the
attainable QoS. We also demonstrated the load-balancing strategies and methods currently employed in fog
computing.
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1. Introduction

The scheduling problem or job shop problem is considered one of the most important and well-studied
combinatorial optimization problems that can be modeled as an integer programming (IP) problem. Its applications
cover many industrial cases such as manufacturing and resource allocation (Kis, 2002). In this work, different
instances of the scheduling problem are being solved to study the correlation between optimality gap or the results’
quality on one hand and the required solving time or computational resources on the other hand. We considered
various optimality gaps during the solving process of each problem and analyzed the required time to reach the
considered optimality gap (solution quality) to meaningfully describe the worthiness of reaching optimal solution.
The gaps are chosen based on their applicability in real-life situations. Most of the time, from the industry point of
view, reaching the 5%, 10%, or even 20% of optimality gap can save huge number of resources for the company.
Under those conditions, from the managerial point of view, it will not be worthy for the company to spend huge
amount of computational power and time, to reduce the optimality gap while by implementing the near-optimal
solution the tasks can be scheduled and the saved computational time then would be used for more profitable
activities. In plain language, we want to answer this critical question: “Is it worth it to reach the optimal schedule
while we can implement partial schedule, start doing the jobs, and making money?” To this end, understanding
the behavior of the solvers in solving different sizes of scheduling problems is important. We designed a Monte
Carlo simulation to achieve a better statistical understanding and trustworthy rates of time in solving different
instances of the problem.

The remainder of this work is organized as follows. After a brief review of the related works in the literature in
Section 2, we first describe the problem by providing the considered mathematical model for the problem in hand.
In addition, we also explain the process of randomly generating instances of selected problem size in Section 3.
We then explain the solving approach and the obtained results while a comprehensive analysis of the results of
various instances of the problems with various sizes, as well as statistical approaches to interpret the results toward
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estimating the effect of gap will be explained in Section 4. We then conclude this work by providing next potential
steps in this research and recommend future works in this area.

2. Literature Review

The scheduling problem, (a.k.a. job shop problem, permutation flow shop problem) involve determining the
optimal order and timing of processing a set of jobs on a set of machines, considering various constraints such as
machine availability, job precedence, and processing times (Garey, 1976; Chankong and Haimes, 1983). Integer
Programming (IP) has been widely used for modeling of scheduling problems where these problems are well-
studied in operations research literature. The objective would be the minimization of some forms of cost, such as
completion time, tardiness, makespan, or it can be the maximization of some form of benefit, such as profit,
earliness, or number of jobs done by due date or even target-defense and chemical ionic properties of a mixture
(Belotti, 2013; Taha, 2013; Sattarkhan, 2023; Pourghorban et al, 2022; Mokhtari et. Al, 2022).

Using IP allows for a comprehensive and more accurate modeling of the problem, as integer variables are often
required to model constraints such as machine availability and job precedence (Linderoth and Wright, 2005). IP
models have proven to be a useful tool for solving scheduling problems in various industries, including
manufacturing, project management, and logistics (Pferschy and Stanek, 2017). Computation time is a critical
aspect of job shop problems modeled as IPs, which can vary significantly based on several factors, including the
size of the problem, the complexity of the constraints, the presence of integer variables, and the implemented
solution method.

In the theory of computing and operations research community, the concept of NP-hardness is used to explain the
correlation between the size of problem in one hand and the required solution time of the other hand. An NP-hard
problem is one for which no known algorithm exists that can solve the problem in polynomial time, meaning that
the amount of time required to solve the problem increases exponentially as the size of the problem increases
(Garey and Johnson, 1979). Scheduling problems (there exist various versions of scheduling that consider different
specification of the system) are NP-hard. For instance, NP-hardness of identical parallel machines scheduling
problem with sequence-dependent setup times is studied where the objective is to minimize the maximum lateness
of jobs has been proven (Mohabbati-Kalejahi and Yoon, 2015). The complexity of the constraints can also impact
the computation time, as constraints that are more complex or involve more variables will (most of the time) require
more computational power to be solved (Engin and Isler, 2022). The presence of integer variables in the model
increases the computation time, as the feasible region of the IPs generally are not convex (Fischetti and Monaci,
2020). Branch-and-bound based solvers then must consider both the continuous and integer components of the
problem, which makes the problem more difficult to solve (Zhou et. Al., 2022). Despite these challenges,
researchers and practitioners continue to develop new methods and algorithms to reduce the required computation
time and improve the efficiency of methods in solving the scheduling IP problems. Some of the most used solution
methods include branch-and-bound algorithms, linear programming techniques, and heuristic methods (Belotti,
2013; Gharbi et al., 2019; Liu, 2023).

Required computational time, then, is a crucial factor in determining the efficiency of various solution processes
for scheduling IP problems. With the advancement of computer technology, the computational time for solving
large-scale scheduling problems has been significantly reduced (Vaisi et. Al., 2023). However, the question of
whether these measurements of computational time are trustworthy and consistent, remains open. In recent years,
research has been conducted to compare the computational time for job shop problems solved by different
algorithms and on different computational setups. These studies aim to determine the relative performance of
algorithms and the impact of computer hardware as well as the solution approach on the difficulty of finding the
solution combined with determination of the computational times (Fowler and Monch, 2022; Yavary et al., 2018;
Winston, 2022). Some researchers have also focused on the impact of the size and the complexity of the problems,
known as “curse of dimensionality”, suggesting new heuristic methods for optimization problems which otherwise
need significantly long computational time (Toragay and Silva, 2021; Shirneshan et. Al., 2022; Soleimani et al.,
2023). For instance, (Qaio et al., 2018) studied the computational time required by various algorithms for solving
scheduling problems with time windows and found that there is a direct relation between required computational
time and the size of the problem in hand. The study of Baker and Keller (2010) concluded that the choice of
algorithm and availability of the computational resources are key factors in determining the computation time for
scheduling problems. The trend in this type of recent studies is towards developing more efficient algorithms to
reduce the computational time. However, although there have been many significant improvements toward
reducing the required computational time, accurately estimating these times is still a challenging research topic,
especially with the advancement in technology and the increasing computational power (Jen-Shiang, 2006;
Grigoriev, 2007).

On the other hand, in recent years, notable improvements have been observed in the development of modern
heuristic approaches towards solving these problems almost completely (zero percent optimality gap) as well as

1580



Toragay, Pouya JTOM(7)1, 1579-1590, 2023

new approximation methods that tend to reduce the consumption power (Gharibi, 2021; Ahmadinejad et. Al,
2020). Although recently, solving different types of IP as well as any other optimization approaches combined
with simulations such as Monte-Carlo simulation have found many new applications in diverse research areas such
as construction smart buildings (Fatehi, 2023), social networks (Shahparvari, 2022) or even prompt usages such
as COVID-19 pandemic (Kazemzadeh, 2023); still a significant amount of effort are directed towards solving the
classic glitches. Even in some cases a problem as big as 400 jobs and 20 machines has been successfully solved
using heuristic approaches (Alba et al, 2022).

The research area that has not received attention in this field is the measurement of relative computational time in
solving IPs based on different optimality gaps. Aiming to highlight the mentioned gap in the research in this field,
this work involves comparing the computational time required to solve a job shop problem with a 0% gap (to
optimality) with the time required to solve the same problem with a given gap, for instance 10%.

3. Methodology
3.1. Monte Carlo simulation

A Monte Carlo simulation is a computational technique that uses random sampling and probability distributions
to model and analyze complex systems or processes. In a Monte Carlo simulation, a problem or scenario is
simulated multiple times using random input variables. Each simulation, also known as a trial or iteration, involves
sampling values from probability distributions associated with the variables in the model. By running a large
number of trials, the simulation can generate a range of possible outcomes and their associated probabilities
(Mooney, 1997). In this study as a Monte Carlo Simulation a number of 1200 of instances of the problem have
been created and solved to have enough significance for the results. Although this number could have been higher,
for the sake of time limitation, the recorded times in 1200 runs is considered as the main source of data analysis.
Of course, for future studies, more data points can be generated by using the created code (which is publicly
available) to randomly generate and solve the problem instances.

3.2. Mathematical model

While there are many different versions of the scheduling problem and particularly the job shop scheduling
problem, one of the main models that have been worked on in the scheduling literature, is the type of job shop
problem that is addressed in this study with certain number of machines, jobs, and a schedule for each job that
contains various working hours on different machines (Waller 1973). The mathematical model of this problem and
our approach in solving it are illustrated below:

Assume that we have m machines to work on # different jobs. For each job the machine order is fixed. Without
loose of generality, we assumed that for each job we have m tasks to be done on different machines. For the
mathematical model of this system, the goal is to determine the work schedule for the machines, such that the sum
of completion times is minimized. The objective function is defined as follow:

n

minz tamjj @)

j=1
Where am;is the m™ machine that will work on job j (Integer Parameter). #; is defined as the times when machine
i finishes working on job ; (Integer Variable). ¢, i is the time when the m” machine is finished working on job j
(Integer Variable). Also, we define variables s;;and pj; as the start time and processing time of machine i working
on job j (both Integer Parameters). And finally:
(1 if job j is done before job k
Yijle = { 0 if job j is done after job k
Other assumptions of the system are that a machine can only process one job at a time, each job must be processed

to completion, i.e., once started on a machine it cannot be interrupted, and each job can be processed in one machine
at a time. The constrains of this problem are listed below:

Sapjj = tag_qj vj€{1,2,..,n} and k €{2,3,..,m} )
tij = Sij T Dij vi,je{1.2,..,n} (3)
Sik 2 tij — Vi * M Vi jke{l2..mn} 4)
sij = tue— (1 —yie) * M vijk€e{l12..,n} (5)
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Sij > 0, tl] > 0 Vl,] S {1:2’ In} (6)
Sij» tij. Pij € L Vijr €{0,1} (7)

This big M or disjunctive approach has been developed and reviewed several times in the literature and still is
considered as one of the main solutions to job shop problems. (Garey et al., 1976; Taillard, 1993; Kis, 2002).

3.3. Coding in python

All the codes that are explained here are publicly available at https://github.com/oguztoragay/SchedulingGAP.git
address. The coding and implementation of all the problems have been done in Python. We specifically explain
the packages that we used for the coding stage, in particular the main Algebraic Modeling Language (AML) that
we applied. One of the most important aspects that needs to be considered even before starting to code the
mathematical models, is to decide about the algebraic modeling language to be used in the coding step of
optimization problem. In this regard we first code the model in Pyomo (AML package for python) (Bynum et al.,
2021) but early attempts to solve the models revealed that using Pyomo, it is not straight forward to collect
necessary data about the times that the solvers reach the predefined optimality gap during the solving process.
Gurobi solver (Gurobi Optimization, 2023) is one of the commercial solvers which has its own library to be used
in Python (this library is called gurobipy and can be installed via python package managers).

Using the callback functions defined in gurobipy library, we could extract the required solving times to be later
used in the statistical analysis. Moreover, some complementary packages such as NumPy, pandas, and strings were
also used to randomly generate the problem instances, preprocessing of the gathered data from the solutions, and
store the results. An “instance generator” function is defined to get as input three numbers, i.e., number of
machines, number of jobs, and number of instances to be generated. On each iteration this function generates a
random instance from the given size, solves it, and stores the results. In this function jobs are identified as a range
of integers (job 1, job 2, etc.), and the machines are identified as a range of letters (machine A, Machine B, etc.).
After creating a shuffled list of machines, an identical list of orders of machines is created and with defining the
needed sets the random orders for each job could be simulated. The instance generation is summarized in the
following pseudocode.

Pseudocode for Instance generator

Get the number of machines as m and number of jobs as n:
For all jobs:
For tasks in job n:
Shuffle list of machines,
Generate machine — task combinations,
Assign random processing time ¢ to the combination,
Save all in lists
Return the lists
Generate an optimization problem instance using the lists
Solve the instance
Save solutions and collected data

Note that, the processing time, t, that is randomly assigned to the machine-task combinations is an integer number
in [1, 10]. As an example of the pseudocode output, if we feed the function with m = 3 and n = 4, we will have:

Work order: {(1,0):E, (2,0):B, (3,0):L, (1,1):L, (2,1):E, (3,1):B, (1,2):E, (2,2):B, (3.2):L, (1,3):L, (2,3):B, (3,3):E}
Process time: {(B,0):9, (E,0):3, (L,0):7, (B,1):1, (E,1):3, (L,1):5, (B,2):3, (E.2):3, (L.2):8, (B.3):9, (E,3):5, (L,3):6}

In this example, the machines are named: E, B, and L while the jobs are 0, 1, 2, 3. For instance, for job 1, the order
of tasks are using machines: L, E, B respectively and the process (working) time for each of them are 5, 3, 1
respectively. After the data is generated (creation of one random instance of the scheduling problem), the data is
reshaped from dictionary and formed as an IP to be solved by Gurobi solver.

3.4. Solving

As stated before, the Gurobi solver is used in this work. To keep track of the times needed for different gaps, the
callback functions are used which allows the solver to continue the solving process without interruption while
collecting the required data. Accordingly, the setting of the solver would be to solve the problem to 20% gap and
report the consumed time for that solution, continue solving the problem for 10% gap and report the consumed
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time for solution and do the same process for 5% and 0% (optimum solution) again. For each instance of the
problem, four different times are reported that represent the needed time to solve that instance of the problem for
20%, 10%, 5% and 0% gaps.

The main reason for choosing these four gaps is to be as close as possible to the real-life applications of solving
this type of problem. It is assumed that, when a similar problem needs to be solved in a real organization, the gaps
of more than 20% are not viable to be implemented due to being far from optimal solution. In addition to the 20%
gap, 10% and 5% were chosen due to their simplicity and the sole assumption that in industry, there is negligible
difference between 80% and 85% accuracy while 90% generates more accurate feeling in the user.

It is considered that if a user tries to run the scheduling problem in real life and allocate jobs to machines, a better
knowledge about the anticipated times to reach these “easy to understand” gaps could create a huge benefit. Data
storage is the last step in the code that records the four solution times related to reaching 20%, 10%, 5%, and 0%
gap into a list. This list of various instances then stored in a file for later analysis.

The computer setup that we run the experiments has the following configuration: a desktop computer working on
a Microsoft Windows operating system with Core 19 processor and 64 GB of ram on which Gurobi 10.0.0 has been
installed. This system was not used for any other computational application while working on the designed
experiments for this work.

4. Results and Analysis

In this section we first provide the results for all the instances that we solved for different combinations of machine
and job numbers. Then we analysis different aspects of the solutions and provide the observations that we found
interesting.

4.1. Design of experiment

To determine the problem sizes, we considered two aspects, on one hand, if the problem is small-scale (being
solved in less than a fraction of a second) then the main consumed time would have been related to the computer’s
internal calculations and problem definition rather than the consumed time for the branch and bound tree generation
and in this case the recorded times could have had high bias. On the other hand, if the problem is large-scale, the
running time can exceed weeks of calculation time.

Accordingly, the selection of the number of machines and jobs are for specific solution times that are not very
small (less than a second) and not very large (more than 5 hours) which leaded to number of machines between 5
to 8 and number of jobs between 8 to 10). The largest problem in this study was with 8 Machines and 10 Jobs
which is not considered a large problem at the moment with new methods and solutions and computational powers
(Alba et al, 2022). Moreover, there are other numbers that could generate calculation times in the desired range
which also could be addressed in the future studies. Table 1 shows the summary of all experiments for all the
selected problem sizes.

Table 1. Summary of all instances in the designed experiment
Number of Number Number of Average calculation Total calculation

Experiment Machines of Jobs  Instances time (sec) time (min)
1 5 8 100 2.53 4

2 5 9 100 49.34 82

3 5 10 100 5368.16 8947
4 6 8 100 2.31 4

5 6 9 100 43.90 73

6 6 10 100 5585.48 9309
7 7 8 100 2.61 4

8 7 9 100 73.12 122
9 7 10 100 3454.67 5758
10 8 8 100 5.54 9

11 8 9 100 73.70 123
12 8 10 100 2657.05 4428
Total - - 1200 17318.4 28864

We solved in total 1200 instances from 12 different problem sizes, which took around 500 hours of calculation
time. The main reason for limiting the number of instances to 100 in each problem size is basically the limitations

1583



Toragay, Pouya JTOM(7)1, 1579-1590, 2023

in the total available calculation time. One immediate interesting observation is that, although we expected the
calculation time for the problems with 8 machines to be significantly higher than those with 5 machines, the
calculation time is decreased when we increase the number of machines. While explaining the reason behind this
observation is beyond the scope of this study, the advancements in applying sophisticated heuristic approaches
that the commercial solvers equipped with to solve this type of combinatorial problems, is one of the effective
reasons behind this observation.

4.2. Distribution of the solving times

One of the biggest targets of this study is to find a trend in the calculation time while solving the IP problems
specifically scheduling IP problems. Since the value of solving time in this study cannot be understood solely, in
most of the graphs a relative time is used. We define the following two concepts to illustrate the relative time.

Relative time for a gap: For each instance, defined as the time to reach specific gap divided by the total calculation
time (time to reach 0% gap) to solve that instance. For example, if the time to reach 10% gap (i.e., solving the
problem with 90% accuracy) in a problem instance is 60 seconds and the total solution time (i.e., finding the
optimal solution) is 120 seconds, then for that instance, the relative time for 10% gap is 50%.

Considering the number of instances in the experiment and the variety of solution times (from seconds to hours),
it cannot be easy to distinguish the meaning of time as a scalar value, without comparing the solution times to each
other, i.e., there will not be meaningful comparison of the long or short solution times. Accordingly, for this study,
a relative measure of time is considered for a better understanding of the results.

Relative percentage of total solution time: For each instance this value calculated as the total solution time
(reaching optimality gap of 0%) for that instance divided to the largest solution time in all 100 instances from the
same problem size. For example, if the total solution time for an instance is 250 seconds and the longest recorded
solution time for all instances in that problem size is 1000 seconds, then the relative percentage of total solution
time for that instance is 25%. The distributions of the relative time for 20%, 10%, 5% and 0% gaps are given in
Figure 1. This distribution is the frequency histogram for each gap for all the 1200 instances. The distribution of
solution times in 20% gaps is flatter than the one for 0% gap where it becomes more logarithmic. In the 20% gap,
less than 50% of the problems were solved in 0 to 10% of their relative time (to the biggest 20% gap solution time
for their similar instance of the problem) while this percent for 0% gaps goes up to more than 80%. Considering
the differences on relative times for each gap, as the computer tries to solve the problem, the beginning of solutions
seems to have a more even distribution. This issue is clearer in the below graph and combines all four data together.
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Figure 1. Solution time distribution for various optimality gaps

Moreover, Figure 2 shows that in all four different gaps, most of the time, the solution time is a fraction of time
the solver needs to spend on solving the problem. This issue will be addressed in more detail in the following

sections.
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Figure 2. The distribution of the relative times.
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4.3. The relation between size of the problem and different gaps

As reported in Table 1, the average solution times for different instances of the scheduling problem varies between
2.31 to 5585.5 seconds based on the number of machines and jobs. This simply illustrates that the solver requires
more solving time to solve a larger problem instance in terms of parameters (number of machines and number of
jobs), which is an expected observation.
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Figure 3. Percentage of Total solution time based on each instance of problem.

On the other hand, as shown in Figure 3, the size of the problem also affects the ratio of time to reach different
gaps. For example, it takes on average 85% of total solution time to reach the 5% gap when solving an instance
with 5 machines and 8 jobs while the same rate is 24% when solving an instance with 8 machines and 10 jobs.
This trend can be observed for every recorded gap in this study while the criteria to order the instances in this
graph is the complication of the problem and not the average calculation time. Table 2 shows the details for all the
problem sizes in the designed experiment. It can be inferred that the number of jobs has a greater impact than the
number of machines on the solving time in this type of scheduling problem.

Table 2. Summary of relative times for gaps in all problem sizes (ascending order based on calculation time)

Machines  Jobs  Total calculation time (min)  Gap 20 Gap 10 Gap 5
=6 8 4 8% 46% 80%
7 8 4 5% 35% 73%
5 8 4 13% 54% 85%
8 8 9 4% 27% 65%
6 9 73 4% 24% 60%
5 9 82 6% 27% 66%
8 9 123 1% 13% 44%
7 9 122 2% 15% 50%
8 10 4428 1% 6% 24%
7 10 5758 1% 6% 28%
5 10 8947 2% 10% 40%
6 10 9309 2% 10% 36%

An interesting trend can be observed when comparing Table 2 data to Figure 3, which suggests the time-gap rates
also follow the complication of the problem rather than just the solution time. It is worth mentioning that this order
assumes that a more complicated problem takes more solving time. The general expectation is that, as the number
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of machines increases, the problem gets more complicated; and consequently, more calculation time should be
expected. Whereas based on Table 2 this correlation does not exist.

The odd behavior behind the lack of correlation between the number of machines and average solution time could
be interpreted because of the limited number of instances for each size of the main problem (100 instances).
Although this could be the only logical explanation behind this behavior, the number of instances were high enough
to see other trends. Considering the central limit theorem, and the total number of experiments, these complications
should be addressed in future studies.

4.4. Probabilistic view on the solution times

Table 3 lists the distribution of Relative percentage of total solution time for all the runs combined. Considering
the total number of 1200 instances of the scheduling problem, approximately 95% of the total instances have been
solved in a time less than 30 percent of the longest solving time among all the instances in that size category.
Additionally, more than 80% of the cases have Relative percentage of total solution time less than 10%. These
rates are illustrated in Figure 4.

Table 3. Distribution of Relative solution times
) 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Relatfve percentage of total to to to to to to to to to to
solution time 10% 20% 30% 40% 50% 60% 70% 80% 90% 100

Number of cases in that segment 964 135 36 19 10 7 6 4 4 15
Percentage of total runs 80 11 3 2 1 1 1 0 0 1
Cumulative percentage 803 916 946 962 970 97.6 98.1 984 98.8 100

Based on the above observation, there is a slight chance (5%) for an instance to be solved in a significantly long
time while more than 80% of the instances need a fraction of that long solving times (less than 10%) to be solved.

5. Conclusion and Future Work

In this work, we designed an experiment to study the correlation between problem size on one hand and the required
solving time on the other hand, for the specific scheduling problems that is mathematically modeled as IP problems
using Big M method. Solving 1200 randomly generated various instances of a problem in around 500 hours, we
conclude that most of the optimization problems could have an acceptable part of the result in a small fraction of
the total solution time. Also, this fraction gets smaller when the problem gets larger. Accordingly, organizations
and industries could benefit from this phenomenon to save an enormous amount of time and resources just with
allocating jobs with a small proximity until the results of the optimization is finalized. If a company uses a time
schedule which is in 10% gap to the final schedule (and since we know the allocation between 10% gap and 0%
gap could be identical in Integer Programming) as a primary solution and gives the tasks based on that; the
company would save days of waiting annually.
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Figure 4. Distribution and Cumulative frequency of Relative solution times

Correspondingly, we concluded that the number of jobs in the problem is a more effective factor than the number
of machines when we study the length of the required time to solve the problem. In addition, we did not observe
the expected correlation between the required solving time on the one hand and the problem’s complicatedness on
the other hand. We noted that this odd behavior can be related to the complex process that commercial solvers
have behind the scenes. Looking at the effect of the solvers’ heuristic steps in solving the problem is an area that
needs further study.

The effect of applying heuristics, generated various cuts, branch-and-bound node selection criteria and many other
parameters of Gurobi on the required solving time for scheduling problems are planned to be studied in future
works of the authors. We aim to analyze the required solution time for this type of scheduling problem in order to
help schedulers make better business decisions. Moreover, this study acknowledges that its findings and
conclusions are not universally generalizable to all types of job shop scheduling problems, highlighting the
imperative need for future academic research to address the unexplored dimensions and complexities specific to
those particular problem variants.
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Unsupervised machine learning affords a general idea about complicated data
using a graphical representation of networks by nodes and edges to provide a
better and easier understanding of the data. The existence of an edge between
two entire nodes is determined by their relationship in terms of any kind of
dependence 1i.e., conditional dependence, linear and non-linear, directed or
undirected. This study tries to show the accuracy of a non-parametric approach
i.e., mutual information (MI) on a real data set named by the Rochdale data that
is composed of eight factors effected on women’s economic activity by
comparing with some methods such as reversible jump Markov Chain Monte
Carlo (MCMC) and birth-death MCMC those tried to detect the conditional
dependence between the variables. As a result, MI is not only a very simple

but also a very accurate method in the inference of data with complexities.

1. Introduction

Unsupervised machine learning is a powerful tool that discovers patterns and relationships in data without the need
for labeled training data. A common approach in unsupervised learning is to use mutual information, a measure of
statistical dependence between two variables, to detect patterns and structure in data. By analyzing the mutual
information between different features or variables in a dataset, the hidden relationships and dependencies can be
detected that may not be immediately apparent. On the other side, the structure of complex systems is frequently
shown and analyzed using graphical representations of networks. While edges in a network reflect the connections
or links between nodes, nodes in a network represent entities or objects. Networks can be graphically represented
in a variety of ways, such as with node-link diagrams, adjacency matrices, and force-directed layouts.

As an explanation of the node-link diagrams, suppose a (n X p)-dimensional data set where p is the number of
columns (variable) and n is the number of rows (sample). This data will be represented graphically as a network
with p nodes to embody the variables. Let's call E the set of edges that can be written as a set of
{(i,j);i,j = 1,...,p } which Y; and Y; are connected by a un/directed edge. In the directed graphs, the relationship
matric is not symmetric means that the existence of an edge between Y; to ¥; does not imply an edge from ¥; to Y;.
The study of directed networks, also known as directed graphs, has a long history in mathematics, computer
science, and other fields. There are more than six thousand papers that scrutinized the directed edges between the
variables since 1953 started by Harary and Norman (1953). There are still many unanswered topics in the study of
directed networks today, and new applications are constantly being developed. On the other side, undirected graphs
are a type of graph in which the edges between nodes are not directed, meaning that they do not have a specific
direction associated with them means if there is an edge from Y; to ¥; , there is also an edge from ¥} to ¥; . Undirected
graphs have been studied extensively in graph theory and have many applications in various fields, such as
computer science, social network analysis, and transportation planning. They are often used to model relationships
between objects or entities where the direction of the relationship is not important, such as in a social network
where the connections are bidirectional. There are around three thousand recorded articles based on undirected
graphs started by Borowiecki, (1947). Among these studies, some researchers investigated conditional dependence
when each variable is written as a regression equation based on another variable given the remaining variables.
(Dobra and Lenkoski, 2011, Mohammadi and Wit, 2015, Farnoudkia and Purutcuoglu, 2019). In continuation, the
undirected and directed graphs are implemented in the presentation of time-related data, as well. (Abegaz and Wit,
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2013). The adjacency matrix, on the other hand, is a binary matrix with the dimension of p X p where p is the
number of variables (nodes) in which 1 stands for the related and 0 for non-related corresponding variables.
Apart from all discussed until here, there is a very general and non-parametric tool that can measure the strength
of the connection between two variables called mutual information (MI) shown by I(X;, X;) introduced by McGill
in 1954. This measure is a non-negative entity with zero value for the independence case. MI is a symmetric
measure like a correlation coefficient and is able to catch the dependence even in a non-linear case, unlike the
correlation coefficient. The definition and details of MI will be stated in Section 2. Furthermore, two alternatives
are explained briefly in Section 3. Finally, the accuracy of MI will be stated by two accuracy measures and
compared with two alternatives in the Application section for a real data set to detect the symmetric (undirected)
reletionship between every two variables.

2. Mutual information
Mutual information is a function of the univariate and bivariate Shannon entropy (Sahnnon ,1949)shows the
common information of two processes or variables as below:

1(X,X;) = H) + H(X;) — H(X., X;) = H) — H(X,|X;) = H(X;) — HX;1X) (1)
Where H stands for Shannon entropy.
For discrete cases, if variable X; takes the value of {x;q,...,%; } with the probability of p;, ..., p, that is a
multinomial distribution which is the mother of the discrete distributions, then the Shannon entropy is defined by
H(X;) = —Yk_, p,log (p,) shows the uncertainty corresponding to X;.
For the bivariate case, suppose there is another variable X; taking the values of {le, ...,le} with the joint
probability function with X; as Py, x (%, X;s) for r = {1,..,k} and s = {1, ..., [}. The definition of the joint
Shannon entropy of X; and X is

H(Xi'Xj) = - 2115:1 Zé=1 Px;x; (Xirs xjs)log (pxi,xj (xirs xjs)) (2)
For the dependent case, H(XL-,X]-) =H(X;) + H(X]-) and then I(XL-,X]-) =0.
MI is a symmetric measure that assures us to use it in the inference of undirected networks.
To use it in directed networks some other measures are introduced like transfer entropy (TE) (Schreiber, 2000)
(XX )

that is for time data and also K-dependence coefficient defined as K(X;: X;) = ——= € [0,1] (Kong, 2007).
J H(X})

3. Some Alternatives

As mentioned before, this study aims to provide a very simple way to detect the dependent variables to create an
undirected graph of the data. We employ the MI on a real data set composed of binary values due to its better
definition for discrete random variables. To compare MI accuracy, some alternatives such as Reversible Jump
Markov Chain Monte Carlo (MCMC) and Birth-Death MCMC try to estimate the inverse covariance matrix to
determine the conditional dependence between the variable after transforming the data into Gaussian by Copula.
The details can be found in the study of Farnoudkia and Purutguoglu (2017). In this section, the two alternatives
will be explained in detail that try to construct an undirected graph for the data set.

3.1 Reversible Jump Markov Chain Monte Carlo

The Bayesian approach is a very well-known method provides a more accurate estimation of the parameters, where
the estimation most of the time can be written in terms of the prior estimator and maximum likelihood estimator.
On another side, MCMC methods can offer an estimation of the parameters based on an iterative algorithm in
which, the estimation of each iteration is not worse than the previous one. The precision matrix is responsible for
the conditional dependence between two normally distributed variables, where the number of non-zero elements
can change in each iteration when the precision matrix is estimated by MCMC method. That is why RIMCMC is
proposed as a suitable algorithm that is compatible with the dimension-varying problem. The values of the
estimated precision matrix from this method are responsible for the conditional dependence between
corresponding normally-distributed variables in which the zero elements indicated the conditional independence.

If the data is not normally distributed, the copula can transform the data into a normally distributed one using the
inverse of the empirical cumulative distribution of the variables in the Gaussian Copula function. More details are
referred to in Kojadinovic and Yan (2010).

3.2 Birth-Death Markov Chain Monte Carlo

BDMCMC is another method based on the continuous-time approach which estimates the precision matrix when
the data is normally distributed and the parameter dimension is varying like RIMCMC. In this algorithm, both
birth rate and death rate are calculated by the Poisson process. So in each iteration, the zero elements of the
precision matrix are born with a birth rate and the non-zero elements would die by the death rate. Then, the
precision matrix is updated at the end of each iteration. The choice of the birth and death rates determines the birth-
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death process and is made in such a way that the stationary distribution is precisely the posterior distribution of
interest. Contrary to the RIMCMC approach, the moves between models are always accepted, which makes the
BDMCMC approach extremely efficient and fast. More details can be found in Mohammadi and Wit (2017).

4 Application

The only data that is used in this study is a real set named the Rochdale data. To calculate the accuracy of the
proposed method and some alternatives the adjacency matrix is estimated and evaluated by two measures as
follows.

e F,-score which is equal to 1 for the best case and 0 for the worst with the following formula.
2TP

2TP+FP+FN 3)
where TP stands for true positive edges, FP for the false positive edges, FN for the false negative, and

TN for the true negative edges. These are the four elements of the confusion matrix where the estimation
is binary that is suitable fort his study.

e  Mathew correlation coefficient (MCC) lying between -1 and +1, one for the most accurate case and -1
when there is a complete disagreement between the prediction and observed values and zero for the
random case as follows.

F,-score=

(TPXTN)—(FPXFN)
(TP+Fp)(TP+FN)(TN+FP)(TN+FN)

MCC= 4)

4.1 The Rochdale data

The Rochdale data is a set of eight binary economic factors which is firstly modeled by the log-linear model in the
study of Whittaker (2009). The data is gathered by 665 persons answering eight YES/NO questions. The questions
(variables) are labeled by letters as a: 1 for economically active wife, b: 1 if the wife is older than 38, c: 1 if the
husband is unemployed, d: 1 if the family has more than 4 children, e: 1 of the education level of the wife is more
than high school, f: 1 if the education level of husband is more than high-school, g: 1 for the Asian origin, and /:
1 of other household member is working. The data is represented conveniently in Table 1. where each cell
represents one of the 28 the possible combination of 0 and 1. For instance, the first cell shows that 5 persons out
of 665 answered all eight questions as zero. For instance, the 9th row and the 13th column which is 57 mean that
57 persons out of 665 answered the questions by,a = 0,b =0,c =0,d =0,e=1,f=1,g=0,h=0.

Table 1. The Rochdale data

5 060 2 1 5 1 0 0 4 1 0 O0 6 0 2 0
& o0 11 0 13 0 0 O 3 O 1 O0 26 O 1 O
5 60 2 0 0 0 OO0 O O 0 0 0 o0 1 O
4 0 8 2 6 0 1 0 1 O 1 0 O O 1 O
17 10 1 1 16 7 0 0 O 2 0 O 10 6 0 O
! 6 2 0 0 0 0 O I O O O O O 0 O
4 7 3 1 1 1 2 0 1 O OO 1 O O O
o o0 3 o0 0 0 OO0 O O 0 0 0 o0 0 O
18 3 2 0 23 4 0 0 22 2 0 0 57 3 1 1
5 1 0 o0 1 0 1 0 11 0 0 0 29 2 0 O
30 0 0 4 0 OO 1 O 0 0 0 0 0 O
! 1.0 o0 O O O O O O O 0 o o0 0 O
41 25 0 1 37 26 0 0 15 10 0 O 43 22 0 O
o o0 o0 o0 2 0 OO0 O O 0 0 3 0 0O
2 4 0 0 2 1 00 0 1 00 2 1 0 O
0o 0 0 0 0 0 00 0 O 00 0o 0o o000

The true network is composed of 14 edges as ac, ad, ae, ag, bd, be, bh, ce, cf, cg, dg, dh, ef, fg. To verify the
accuracy of the proposed method, the adjacency matrix (an 8 X 8 — dimensional binary matrix) is estimated by
MI for this study and the other two methods from the study of Farnoudkia and Purutcuoglu (2017). Table 2 shows
the accuracy of different methods in two measures.

Table 2. F; -score and MCC measures of three differenet methods

True Network MI RJMCMC BDMCMC
TP 14 14 12 11
TN 14 14 14 10
FP 0 0 0 4
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FN 0 0 2 3
F,-Score 1 1 0.92 0.76
MCC 1 1 0.87 0.50

S. Discussion and Conclusion

This study aims to suggest the use of the MI of two variables as criteria for any relationship between them which
is one of the main aspects of unsupervised machine learning methods. MI is a non-parametric measure and easy
to apply but the point is that this measure is designed for discrete random variables. Mutual information can be
used in stock market analysis to identify the relationships between different variables and their impact on stock
prices. By calculating the mutual information between various economic indicators and stock prices, we can
determine which variables have the strongest influence on the market (Farnoudkia and Purutcuoglu, 2020).
However, for continuous random variables, the method of binding should be implemented first. There are some
other methods like Gaussian Copula transformation as well. The application section proves the high accuracy of
MI for the binary data set by comparing it with the true network and also by two alternative methods’ accuracy.
In this study, the graph is an undirected graph and the true graph is determined by conditional dependence which
does not necessarily coincide with dependence. In the future study, other types of data will be used as well as other
types of relationships. In a nutshell, MI is superior to be used at least for the independent variables because a zero
MI implies linear and non-linear independence.
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rate. In this study, we tried to obtain generalized closed formulas to calculate the future
value of the capital investment although interest rate is fuzzy variable. Generalized closed
Keywords: formulas of the future value of the capital investment have been obtained by expected value

function. And we applied credibility theory for determining the expected value function.

Fuzzy logic,

Credibility theory,
Compound interest rate,
Investment

1. Introduction

The idea of investment is one of the issues that have been considered since the existence of humankind. Since the
first days of human history, people have wanted for the valuation of their tangible assets for investment purposes
and utilized interest methods in various ways. Today, due to the fluctuating course of national economies;
components of investment decisions also include uncertainty, such as interest rate, investment life. Moreover, since
these uncertainties are not predictable; components cannot be expressed as stochastic or deterministic variables.
One of the important points to be overcome in real life investment models is the estimation of interest rate. In most
of the studies in the current literature, it is assumed that the interest rate is fixed to make an appropriate approach
regarding the interest rate (Jaimungal and Wang,2006; Hespos and Strassmann,1965; Mulvey and
Vladimiriou,1989) However, due to the current economic fluctuations; even stochastic estimation of interest rates
may not be possible. Therefore, in the evaluation of investment analyzes; the use of deterministic or stochastic
data may not give very accurate results. In such cases, for the analysis of investment projects; it would make sense
to use fuzzy set theory. In recent years, studies on investment decision have been made by using fuzzy set theory.
So, we tried to obtain generalized closed formulas to calculate the future values of the capital investment although
interest rate is fuzzy variable. Generalized closed formulas of the future value of the capital investment have been
obtained by expected value function. And we applied credibility theory proposed for determining the expected
value function.

Kim (2002), made of pricing performance under a number of interest rate. One choice pricing model under a
special stochastic interest rate does not notably outperform another choice pricing model under an alternative
stochastic interest rate.
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Korn and Kraft (2001), considered investment problems where a financier can invest in an investments account,
stocks, and bonds and tries to maximize her efficiency from terminal wealth. And they suppose the interest rate as
a stochastic variable.

Zhao (2009), investigated the long-time performances of two groups of stochastic interest rate models.

Wang et al. (2017), proposes a Monte Carlo simulation-based methodology for measuring Value-at-Risk of a
portfolio consisting of alternatives and bonds. A benefit of this study is that its implementation does not need
knowledge of the joint distribution or other statistical characteristics of the related risk factors.

Kahraman and Kaya (2010) used fuzzy parameters in stochastic investment decision and then alternative
investment analysis is studied by using fuzzy event probability.

Bi and Wang (2009), assumed that the net present value (NPV) of cash flow, the costs of investment and interest
rate are fuzzy numbers and then suggested the fuzzy-real options evaluation model. After that, they demonstrated
the validity of model using a numerical example.

Kahraman and Ugal (2009), suggested a hybrid model advised by Carlsson and Fuller before and they examined
the discrete compounding. They applied this model to an oil field investment and in conclusion the loss of
information caused by early-defuzzification has been determined.

Dimova et al. (2006), proposed a new method for generalization of aggregation schemes based on level-2 fuzzy
sets. And theoretical consideration is proved by simple numerical examples.

Ustundag et al. (2010), suggested an economic analysis for RFID investment. The elements of cost and benefits
are determined to measure the value of an RFID investment. The expected net present value of investment is
determined by using Monte-Carlo simulation.

Kahraman et al. (2006), developed the formulas for the analyses of project-investment analyses techniques on
fuzzy environment and some numeric examples are demonstrated. After that, the cash flows are expanded to
geometric and trigonometric cash flows. Finally, a fuzzy versus stochastic investment analysis is examined by
using the probability of a fuzzy event.

Karsak and Tolga (2001), proposed a fuzzy decision algorithm to select the most suitable advanced manufacturing
systems alternative. The fuzzy discounted cash flow analysis is used for the evaluating the economic aspects of
the advanced manufacturing systems alternative. Also, they demonstrated the results of the analysis using
comprehensive numerical example.

Some of the studies investigated in this subject are shown in table 1.

Table 1. Interest rate studies

References Year Interest rate variable
Y.J. Kim 2002 stochastic
R.Korn and H. Kraft 2001 stochastic
Juan Zhao 2009 stochastic
X.Wang et al. 2017 stochastic
C. Kahraman and I. Kaya 2010 fuzzy
X. Bi and XF. Wang 2009 fuzzy
I. Ucal and C. Kahraman 2009 fuzzy
L. Dimova et al. 2006 fuzzy
A. Ustiindag et al. 2010 fuzzy
C. Kahraman et al. 2006 fuzzy
E.E. Karsak and E. Tolga 2001 fuzzy
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It can be seen that; the works on fuzzy interest rate are more limited than those in deterministic or stochastic ones.
Therefore, we think that study, which will deal with fuzzy interest rate, may contribute to the literature. In this
study, we tried to obtain generalized closed formulas in order to calculate the future value of the capital investment
although interest rate is fuzzy variable. Generalized closed formulas of the future value of the capital investment
have been obtained by expected value function defined by Xue et al (2008). And we applied credibility theory
proposed by Liu et al. (2002), for determining the expected value function.

The rest of this paper is structured as follows. In the second part, definitions related to fuzzy set theory and
credibility theory are mentioned. And the third part, we describe the present value of the capital, interest rate and
the future value of the capital. Section 4 develops the formulas of the future value of the capital investment on
fuzzy environment. And numerical examples of the proposed formulas in the section 4 are illustrated and
sensitivity analysis has been obtained in the section 5. Then in the last section, we mentioned the conclusions and
future studies.

2. Interest and the time value of money
As we all know, money has a time value. So, a hundred liras in yesterday are not a hundred pounds in today;
because they have different purchase values. It is called as the time value of money. The factor that maintains this
balance is interest. Thus, the interest rate is a function of capital, time, and interest rate. The function of the interest
is:

Interest = f(Capital, Interest rate, Investment life)

The notations of the interest function are shown in Table 2:

Table 2. Interest function notations

Interest
Capital
Interest rate
Investment life

S|~ |ol™

Interest is calculated in two ways: simple interest and compound interest.

Simple interest is calculated only on the capital amount and no interest is calculated on interest during the interest
period. With the simple interest formula, interest is calculated as follow:

F=Px (14+ixn) (1)

Compound interest is calculated over the sum of the capital and interest in the previous period for each period.
With the compound interest formula, interest is calculated as follow:

F=Px (1+)" 2)
In real life problems, compound interest is used in the calculation of interest, including time value.

3. Fuzzy set theory, credibility theory and expected value of a fuzzy variable function

In real life, there is not only randomness but also much uncertainty. For instances, a “large” house is not a clear in
most cases. To identify such a situation, fuzzy set theory which was first proposed by Zadeh (1965), is used.

The characteristic function of a crisp set gives either 1 or 0 to each individual in the universal set, thereby belonging
to or not belonging to the set. This function can be generalized as follows: a value which determines the degree of
membership of the element is assigned to each element in a specific range in the universal set. This function is
called as the membership function and the set is defined as a fuzzy set (Klir and Yuan, 1995).

A fuzzy set can be mathematically expressed as 4 = (x, pz(x)), Vx € X where X is the universal set and pz(x) is
the membership function Zadeh (1965). Moreover, Zadeh proposed possibility measure to measure a fuzzy event.
For a measure, the self-duality property is very important. But possibility measure is not self-dual. In order to
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define a measure which has self-dual property, Liu et al. (2002), suggested the credibility measure. Recently,
credibility theory has been used in many fields (Huang,2010).

Definition 1: Let O be a nonempty set, and P(®) the power set of O, i.e., the largest c-algebra over ©. Each
element in P(®) is called an event. The set function Cr is called a credibility measure if

a. (Normality) Cr(®) =1;

b.  (Monotonicity): Cr(A) < Cr(B) whenever A C B;

c. (Self-duality) :cCr{A4}+ Cr{A‘} =1 for any event 4;

d. (Maximality) 1 Cr{u; A;} = sup; Cr{A;} for any events {A;} with sup; Cr{4;} <0,5.

The value of Cr{A} indicates the level that the event A will occur (Liu,2007).

Definition 2: Let O be a nonempty set, and P(®) the power set of O, and Cr a credibility measure. Then the triplet
(O,P(®),Cr) is called a credibility space (Liu,2007).

Definition 3: A fuzzy variable is defined as a function from a credibility space (©, P(®), Cr) to the set of real
numbers.

Definition 4: Let € be a fuzzy variable with membership function p. Then for any set A of real numbers, we have
Liu et al. (2002);

crie ey =2( et @+ 1- 20 o) ©

Definition 5: Let ¢ be a fuzzy variable with membership function u. Then it follows from equation (3) that the
following equations hold (Huang,2010):

Crie =t} = %(y(t) +1- ys’fty(y)) VEER )
Crie<ty=1 (ys T +1- ys’f’tu(y)) VtER )
Crie>t} =1 (ys P +1- ys’ftu(y)) VtER ©)

Example: Let u(x) be the membership function for the generalized L-R type fuzzy number expressed by equation
(7); the credibility measure of this variable is shown in equation (8);
L(x) a<x<b

n_J)1 b<x<c

He () = R(x) c<x<d )
0 other
(0 x <l
| 2 l<x<

Cr{)?Sx}z{i m<x<n (8)
|1—¥ <x<u
kl >

Definition 6: The expected value of a fuzzy number is defined as the center of the expected interval
(Heilpern,1992). Moreover, most of the ranking methods used for fuzzy numbers are used to find the expected
value of a fuzzy number (Yager,1981; Campos and Gonzalez,1989; Gonzalez,1990).

Let ¢ be a fuzzy variable with the membership function p(x) and r be a real number, the expected value of a fuzzy
variable E[¢] can be calculated as in (9) (Liu et al. ,2002):

E[§] = [ Cr{g = rydr — [0, Cr{g < r)dr ©)

Let ¢ be a fuzzy variable with the membership function u;(x), and f: R — R is a strictly monotonic function. If

the Lebesque integrals, | 0°° Cr{¢ = r}dr and f_ow Cr{¢é < r}dr are finite, then the expected value of a function of
a fuzzy variable E[f(§)] can be calculated as in (10) (Dimova et al. , 2006);
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E[f(©)] = [, f(dcr{g <7} (10)

Let & be a fuzzy variable whose support is [a, b] and f: R — R is a strictly monotonic function. If the Lebesque
integrals, f0°° Cr{¢ = r}dr and f_ooo Cr{¢ < r}dr are finite, then the expected value of a function of a fuzzy
variable E[f(f)] can be calculated as in (11) (Xue et al., 2008);

E[f(©)] = f f@ydcr{§ <r} (11)
4.  The time value of money with fuzzy interest rate

The idea of investment is one of the issues that have been considered since the existence of humankind. Since the
first days of human history; people have wanted for the valuation of their tangible assets for investment purposes
and utilized interest methods in various ways. Today, due to the fluctuating course of national economies;
components of investment decisions also include uncertainty; such as interest rate, investment life.

Let consider an investment of P is made. This amount of P will not be equivalent to the amount after n years.
Therefore, interest is applied to the capital at the rate of i for the n year. In real life problems; compound interest
is used in the calculation of interest, because of including time value.

We consider the interest rate(i) as a trapezoidal fuzzy variable. A trapezoidal fuzzy number is represented as 7 =
(k,I,m,n) where k <l < m < n. Here k and [ are the most possible values of the fuzzy interest rate and k and n
are the minimum and maximum values. The membership function of a trapezoidal fuzzy number is illustrated as
shown in Equation (7).

Because the interest rate (i) is a fuzzy variable; the function of the interest is also become a fuzzy function since
it contains fuzzy variable. And we used the analytical method based on credibility theory. Xue et al. (2008), has
developed this theory to find the expected value of a function of a fuzzy variable. Credibility theory is based on
credibility function which has the property of self-duality. Therefore, the credibility function shows characteristics
like those of probability measure.

The fuzzy compound interest is calculated as follow:

F=P+« (1+4+D"
By using equation (11); the expected values of the fuzzy compound interest rate represented as, E[F] can be
formulated as following;

=[P+ @+rderii<ri+ [P A+rndCr(i<r) (12)

For the computational convenience; the defuzzification of interest rate (i) can be calculated in this stage and then
for the value of the defuzzified value of it; we can calculate the interest value using Equation (12). Different
defuzzification methods can be applied for changing fuzzy numbers to the crisp numbers. In this study we used
GMIR (Graded Mean Integration Representation) defuzzification method (see Yager,1981; Campos and
Gonzalez,1989; Gonzalez,1990) for numerical analysis. The defuzzified value using GMIR defuzzification method

for a trapezodial fuzzy number X = (a; b; ¢; d) can be calculated as;
a+2b+2c+d

Xemir = e (13)

Here there will be three cases to be analyzed for the value of i discussing the credibility value of interest rate;
Situation 1(a < i < b)

E[F(D)] = f(l +r)"dCr{l<r}+f(1 +r)tdCr{i <r}

+f(1 +r)"dCr{i <r}

=P
[ bn+1 _ an+1 dn+1 _ Cn+1

>I<2>|<(b—a)>|<(n+1)+2>l<(d—c)*(n+1) (14)
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Situation 2(b < i < ¢):

b i
E[F(D)]=P* f(1 +r)tdcr{i < r}+f(1 +r)dCr{i <r}
a b

+f(1+r)”dCr{iSr}

i
da

+f(1+r)”dCr{i <r}
Cn-lc:l — an+1 dn+1 _ Cn+1

2*(b—a)*(n+1)+2*(d‘—6)*(n+1) (15)

Situation 3(c <i < d):

b i
E[F()] =P * f(l +r)”dCr{iSr}+f(1+r)”dCr{i <r}

d
+f(1+r)”dCr{iSr}

i
p [ bn+1 _ an+1 dn+1 _ Cn+1
=P x

T h-a)m+D 2 d-0+m+D (16)

The workflow of the study can be shown as shown in figure 1:

Investment parameters are
determined.

A4

Interest is calculated according
to Equation 15.

v

If necessary, for sensitivity
analysis the fuzzy interest rate
is chosen as (t-At, t+A)

v

Interest is calculated according
to Equation 15.

5.  Numerical illustrations

In this section; numerical examples are given for the demonstration of the proposed models. Firstly; we examined
the proposed model in the previous section. After that, we focus on the fuzziness aspect of the interest rate.

In numerical analysis; we consider that a firm wants to make an investment according to interest rate which is a
fuzzy variable.
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Table 3. Investment parameter values

Parameters Values
P Capital $10.000
i Interest rate (0.1;0.6;0.65;0.7)
n Investment life 5

The interest is calculated as in Equation (15); the interest value is obtained as $781,6.

One of the important points in investment decision is to obtain the interest rate value. When there is not enough
historical data, interest rate variant can be shown using fuzzy set theory. Therefore, in this section; we focus on
the fuzziness aspect of the interest rate uncertainty. As a numerical example, we suppose that the fuzzy interest
rate is a trapezoidal fuzzy variable. The interest rate per year of the investment is determined with trapezoidal
fuzzy number as (i = 0.6 —4,0.6,0.6 + 3,0.6 + @) with A>=0, § =0and a =0and also a = . And the
parameter values are the same as the parameter values used in the previous analysis.

The interest values obtained by changing the interest rate variance are shown in Table 4.

Table 4. The Interest Values Obtained by Changing the Interest Rate Variance

Interval a b c d F

0.1 0.6 0.65 0.7 782

1 0.1 0.6 0.64 0.7 757
0.1 0.6 0.63 0.7 734

0.1 0.6 0.62 0.7 712

0.1 0.6 0.65 0.8 1115

) 0.1 0.6 0.64 0.8 1085
0.1 0.6 0.63 0.8 1056

0.1 0.6 0.62 0.8 1028

0 0.6 0.65 0.7 769

3 0 0.6 0.64 0.7 744
0 0.6 0.63 0.7 721

0 0.6 0.62 0.7 699

0 0.6 0.65 0.8 1102

4 0 0.6 0.64 0.8 1072
0 0.6 0.63 0.8 1043

0 0.6 0.62 0.8 1015

It is seen from the tables that in the case of diminishing interest rate fuzziness, the value of interest is also
decreasing. Because the interest rate is uncertain; people also experience uncertainty in their investment decisions.
Interest values in the second interval are higher than interest values in the third interval because the interest rate in
this interval is also higher.

6. Conclusions, discussions, and future studies

The idea of investment is one of the issues that have been considered since the existence of humankind. Since the
first days of human history; people have wanted for the valuation of their tangible assets for investment purposes
and utilized interest methods in various ways. Today, due to the fluctuating course of national economies;
components of investment decisions also include uncertainty; such as interest rate, investment life. Moreover,
since these uncertainties are not predictable; components cannot be expressed as stochastic or deterministic
variables. One of the important points to be overcome in real life investment models is the estimation of interest
rate.

It can be seen from the literature; the works on fuzzy interest rate are more limited than those in deterministic or
stochastic ones. Therefore, we think that study, which will deal with fuzzy interest rate, may contribute to the
literature. In this study, we tried to obtain generalized closed formulas in order to calculate the future value of the
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capital investment although interest rate is fuzzy variable. Generalized closed formulas of the future value of the
capital investment have been obtained by expected value function. And we applied credibility theory for
determining the expected value function.

Numerical examples are given for the demonstration of the proposed models. Firstly; we examined the proposed
model. After that; we focus on the fuzziness aspect of the interest rate.

It is seen from the study that in the case of diminishing interest rate fuzziness, the value of interest is also
decreasing. Because the interest rate is uncertain; people also experience uncertainty in their investment decisions.
Interest values in the second interval are higher than interest values in the third interval because the interest rate in
this interval is also higher.

For the future studies; not only the interest rate is fuzzy variable; but also, the other parameters of the interest
calculation formula can be fuzzy variables. Also, the valuation methods of the investment decision can be
examined in the fuzzy environment.
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Article Info Abstract

Multi-criteria decision making (MCDM) techniques are among the methods used by the
decision maker in the decision phase in practice, as in the literature. MCDM problems are

ﬁ;(t;cilveeglstor)zi:o 07.2022 grouped as classifications and sorting problems according to the type of inclusion or
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Revised: 23.12.2022 ranking in existing classes. Inverse multi-criteria sorting problem, a new topic in recent

years, is defined as choosing among existing actions in order to improve the status of
alternatives. In this study, in order to find out which action plan should be chosen for
providing the minimum cost fort he improvement of public transportation vehicles in case
the boundaries of the classes to be assigned are uncertain, the inerse multi-criteria ranking
problem is used. Because the boundaries of the classes to be assigned are fuzzy, fuzzy
Keywords: linear programming method will be used to solve the problem.
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1. Introduction

Multi-criteria decision making (MCDM) techniques are among the methods used by the decision maker in the
decision phase in practice, as in the literature. These techniques are used for solving complex problems. MCDM
problems are grouped as classifications and sorting problems according to the type of inclusion or ranking in
existing classes (Aires et al., 2018; Arikan and Citak,2017; Parreiras et al., 2019; Hasan et al. 2019).The multi-
criteria sorting problem can be described as, the assignment of alternatives under multiple criteria to the predefined
classes. For example, rating the hotels according to star and classifying the students according to grading notes are
a multi-criterion sorting problem (Ozpeynirci et al., 2020).

Inverse multi-criteria sorting problem, a new topic in recent years, is defined as choosing among existing actions
in order to improve the status of alternatives (Wolters and Mareschal,1995). In this problem, the decision makers
know the initial classes of the alternatives. By performing some of the existing actions, the decision makers can
improve the classes of the alternatives. The main goal is to replace the class with more alternatives at minimal
cost.

In multi criteria decision making literature, a few researchers considered the effects of the actions to the alternatives
according to criteria. Wolters and Mareschal (1995) studied a sorting problem and they presented three sensitivity
analysis examples: The first example is the investigating the changes in the criteria values. The second and the
thirds ones are respectively a criterion’s object value changes effect and the minimum required change for an
object to get to the best class.

Wang (2015) presented the first study about the inverse multiple criteria sorting problem. He investigated the
actions and the effects of the actions on alternatives. And he proposed a model which could be applied for resorting
the alternatives according to these actions.

Mousseau et al. (2018) suggested a study on the inverse multiple criteria sorting problem. They used the UTADIS,
MR-sort and cumulative value function for classifying the alternatives. They studied two types of problems: firstly,
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they wanted to find the action plans which supply the least cost and after they assign the objects under a limited
budget. Also, they propose a mathematical programming model for each case.

Ecer et al. (2020) investigated a goal programming model of an inverse multi criteria ranking problem. The goals
of this study are the improvement at least cost and the number of alternatives assigned to a particular class. And
they tested the model on a real-life problem.

Ecer et al. (2022) aimed an extension of inverse multiple criteria sorting problem with fuzzy parameter with a
proper solution approach on area of building energy.

This study proposes a combination of inverse multiple criteria sorting problem and fuzzy linear programming. As
it can be seen in the literature research, fuzzy linear programming has never been used in inverse multi-criteria
sorting problem. With this aspect, this study has expanded the application of inverse multi-criteria sorting problem
and made an important contribution to the literature. Also, there are a few studies about inverse multi-criteria
sorting problem in the literature.

The organization of the article is as follows: We define the inverse multi-criteria sorting problem in section 2.
After that in section 3; we describe the fuzzy inverse multi-criteria sorting problem and the solution of this problem
by using fuzzy linear programming. The next section: we present the application of the proposed approach in real
life problem. Finally, we propose the future research areas in this subject in the last section.

2. Inverse Multi-Criteria Sorting Problem (IMCSP)

Inverse multi-criteria sorting problem (IMCSP) is defined as choosing among existing actions to improve the status

of alternatives (Mousseau et al., 1995). The purpose of this choosing process is to determine which actions are

appropriate to achieve the desired ranking.

The stages of inverse multi-criteria sorting procedure are presented in detail as below:

e  The first stage of inverse multi-criteria sorting problem is sorting the alternatives to the predefined ordered
classes on several criteria.

e Decision maker can modify the alternatives to the better classes by obtaining a subset of predefined actions.

e  The objective of decision maker is finding the best subset of actions with minimal cost or under a given budget.

In this section, the model for the situations in which we know the sorting method and the parameters used to assign
the alternatives to classes is illustrated. The objective of this model is cost minimization. The cost minimization is
defined as finding the best combinations of actions which is required to achieve the desired classification of the
alternatives at minimum cost.
We use the notations of Ozpeynirci et al. (2020) and modify if necessary. Let consider the set of alternatives A =
{A1,4,,.... A;} evaluated on a set of criteria K = {K;, K5, ....K;}. The set of ordered classes is denoted by € =
{C;,C,,....C.} where C, is the best class of this set. In inverse sorting model; it is possible to change the class of
alternative by obtaining the actions from set of actions E = {E, E,,.... E}}.
The parameters of the model are as shown in Table 1.

Table 1.The Parameters of The Inverse Multi-Criteria Sorting Problem Model

Parameter Notation

Cy The cost of action Ej,

0;j The score of alternatives A; on criterion K;

0. The new score of alternatives A; on criterion K; after
Y performing the selected actions.

5. The impact of action Ej, on the score of alternatives
Yk A; on criterion j

w; The weight of criterion j;w; € [0,1] and Z§=1 w; =1

b/ Upper bound of class C, for criterion j

The decision variable of the model is;

{1, if the action k is selected
Xk = .

0, otherwise

The constraints of this model are shown as below (Mousseau et al., 1995);

minimize YX_, ¢, * x;, (D
subject to
0;;' = 0;; + Xk=1 O jic * X, Vi, j )
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Xjoawy * 0 2 bf vi 3)
x, € {0,1} vk 4
In equation (1) shows the objective function; the objective of this model is minimizing the total cost of selected
actions. In equation (2), the new scores of alternatives A; on criterion K; after performing the selected actions are
calculated. Equation (3) ensures that all alternatives are assigned to their required classes. The decision whether to
choose the actions or not, which is the decision variable of the model, is a binary integer variable and is restricted
by Equation (4).

3. The Fuzzy Inverse Multi-Criteria Sorting Problem (FIMCSP)

This study proposes a combination of inverse multiple criteria sorting problem and fuzzy linear programming. In
this section, we discuss the inverse multi-criteria sorting problem with the fuzzy parameter. So the model transform
to the fuzzy linear model. The model is shown as below:

minimize Yn_q ¢ * Xy 5)
subject to

0ij' = 045 + Xz 8ijc * X Vi, j ©)
Z§=1 W] * oij, > bjh Vi (7)

In the Equation 7, the right-hand side parameter bjh is a fuzzy variable with (bjh - D b}l). Since it is a minimization
model with a constraint containing fuzzy right-hand side value, we will adopt mathematical model proposed by
H.J. Zimmermann’s membership function (Zimmermann,1985). The membership function for the constraints
containing fuzzy right-hand side value is written as in Equation 8:

J ’ h
1 ¢ X jo1Wj *0i; > b;
o Di~(Sfeywirol)) J ’ h 3
Hiy) = 1_p—z b —pe < Xj wj*x 0y S b +py
J / h
0 YW * 0 < bj
The membership function for the objective function is written as in Equation 9:
1 c(x) <z
c(x)-z
e ={1=7 50 Zsc) <z )
0 c(x) =z,

We will write the fuzzy inverse multi-criteria sorting mathematical model shown as below:
maksimize a

aSl—C(x)—_z“ vk

Z1-Zo

Di=(2]_, wj*olj)

a<l1l- Vi

Pi
0;;' = 05 + Xk=1 i * X, Vi, j
x, € {0,1} vk

With the solution of the new model transformed to fuzzy model, the actions to be carried out will be determined.

4. The Application of The Transportation Vehicle Improvement

In this study, a problem for the improvement of trams used for public transportation in a company in Turkey has
been addressed. Company managers were asked to determine actions on trams and improve them in order to meet
the increasing demand.
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Eight trams (A1, A2, As, ... ,As) used by the company for public transportation has been used. And they are classified
into the predefined classes (A, B, C, D and E) according to 5 criterions. The criteria stated by the decision makers
as important in the classification of the trams and the weights of these criterions are as shown in Table 2.

Table 2. Criteria Used in Evaluation

Criterion Description Weights
i’;s;,enger Capacity Shows the seated passenger carrying capacity of the vehicle. 0,23
1

It shows the numerical value in the range of 0-1 given by the decision
makers for all the factors such as ergonomics of the seats, ventilation of the

Comfort (K;) vehicle, ease of use of the handles. It is calculated as passenger 0,06
capacity(sitting)/passenger capacity(standing).

Air Conditioner (K3) It shows the power of air conditioner. 0,18

Door Number (K,) iteililggs the total number of doors that passengers can get on and off in the 0.25

Engine Number (K-:) It shows the total number of engines used in the trams. 0,28

Performance values of the trams at the beginning of the application are as shown in Table 3.

Table 3. Current Scores of Trams

Passenger Comfort Air Door Engine

Capacity Rate Conditioner | Number Number
Trams Ki K2 K3 K4 Ks
A1 24 22 21 23 19
Az 33 25 30 28 29
A3 26 29 19 25 18
As 38 36 18 22 17
As 23 11 11 12 12
As 32 23 20 25 20
A7 22 29 26 27 15
As 25 26 21 17 17

It is thought that the efficiency of the trams (ET) decreases as the initial performance values given in the Table 3
increase. While “0” means the best performance for each criterion; “40” represents the weakest performance.

The efficiency values of trams (ET) are calculated as in Equation (10):
ET; =Y3_,05*w;; VI (10)
In this problem, the trams are classified into 5 classes called A, B, C, D and E where the best class is A. Fuzzy
boundaries belonging to these classes are as given in Table 4.
Table 4. Fuzzy Boundaries Belonging to Tram Classes
Fuzzy Boundaries of Classes
(b1 +p;. ")
0+1<ET<8
8+3<ET<13
13+2<ET <18
18+ 3 <ET <24
24+3<ET <30

Classes

esllwii@]lveli

The current efficiency classes of the trams calculated according to the intervals given in Table 4 are given in Table
5.

1608




Canbulut JTOM(7)1,1605-1611, 2023
Table S. Initial Efficiency Classes of Vehicles
Al A2 A3 A4 AS A6 A7 A8
ET 21,69 29,61 22,43 24,4 14,29 24,19 22,43 20,1
Classes D E D E C E D D

The improvement actions can be listed as:

nk v =

Adding air-conditioner

Increasing engine power

Increasing the number of effective doors

Improving the air conditioner in front of the doors

Updating the power of engine power on the air conditioner

With the assumption that the improvement actions will increase the tram efficiency, the effects of the actions on
the tram performance are expressed with negative values. Some actions can affect more than one criterion at the
same time. The effects of the actions on the trams and the cost of each action are shown in Table 6.

Table 6. Effects of Actions on Trams Efficiency

Vehicle E1l E2 E3 E4 ES
Ki | K2 | K3 | K2 | K4 | Kl | K4 | KS | K2 | K3 | KS§ | KI | K3 | K4
Al -4 -10 | -14 | =20 | -10 | -2 -5 -13 | -18 | -13 | -12 -8 | -19 | -15
A2 -11 | -10 | -18 -3 -7 | -15 -3 -8 -6 | -17 -7 -8 -7 | -10
A3 -16 | -18 -2 | -11 | -18 -6 -8 | -10 | -12 | -16 | -18 | -14 | -17 | -14
A4 -1 -9 | 20 | -17 -5 -2 -1 -1 -6 | -10 | -7 | -17 | -17 -2
AS -11 | -17 2| -12 | -13 -3 -5 -3 -19 | -9 | -13 9 | -11 | -12
A6 -15 | -14 | -4 9 | -15 -2 -3 -13 4 | -12 | -19 | 4 | -17 -5
A7 -5 -10 | -9 | 20 | -16 | -2 -14 | -18 | -17 | -17 | -19 | -7 | -15 | -16
A8 -1 -19 | -1 -16 | -17 -9 -19 | -14 | 4 -5 -14 | -18 -7 1 -19

Cost 20 30 40 80 10

The results obtained when the right-side values of the model constraints are solved as if they are at the lower and
upper bound are as in the Table 7.
Table 7. The Results of Models

The Right-Side Values of The Model Constraints | In the Lower Bound (z,) | In the Upper Bound (z,)
Objective function 10 30
Decision Variables
Xq 0 1
X, 0 0
X3 0 0
Xy 0 0
X5 1 1

According to these data; the membership function of the fuzzy model’s objective function can be written as in Eq.

9):

1 c(x) <10
Moy =1 -2 10 < c(x) <30
0 c(x) =30

The new fuzzy model created according to this objective function can be written as follows:

maksimize a

c(x)—10
20

a<l1l- vk
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Di=(2]_, wj*olj)

a<l1l- o Vi
0;;' = 0;; + Xk=1 Oijic * X Vi, j
x, € {0,1} vk

The obtained fuzzy model has been solved by using Excel Solver and the optimum values of the problem are
obtained as in Table 8.

Table 8. The Solution of the Fuzzy Model
Objective function

—

Decision Variables

X1

X3

X3

X4

— o |o oo

X5

According to the results of fuzzy mathematical model, it was decided to choose the fifth action. And this action
will allow improving the passenger capacity (K1), air conditioner (K3) and number of doors (K4) criteria of the
trams.

5. Conclusions

Inverse multi-criteria sorting method is used to determine the actions that will improve the status of the alternatives
in the problems with ordered classes. Therefore, it can be used in many areas.

In this study, the inverse multi-criteria ranking method was used for the selection of alternatives that can improve
the determined criteria in the trams belonging to the urban public transportation company. In the problem, the
lower boundaries of the classes to which the trams are assigned are considered to be fuzzy and the inverse multi-
criteria sorting method has been extended to solve a fuzzy mathematical model. There are five possible actions in
the study which is carried out by considering five criteria in company with eight alternative trams. Then one of
these possible actions are selected to improve the trams situations according to criteria.

The model proposed in this study can be developed by using different classification approaches or by determining
different purposes. In addition, in the study only the lower boundaries of the classes were accepted as fuzzy
variables. The model can be expanded if other parameters are also fuzzy variable.
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The importance of performance measurement for organizations has been
identified and it plays an important role in many of them; Because it is one of
the most important ways to obtain information for decision making in
organizations. A performance evaluation method should be able to present the
overall situation of the organization in relation to the organization's goals at any
moment; Also, the position of the organization in relation to the surrounding
environment is also an indicator of the effectiveness of the activities carried out
in the organization. The current research is among descriptive survey and
correlational research; It is also descriptive in nature. The present research was
conducted in the period of 2017-2018. The statistical population of this research
is the customers of Iran Khodro dealerships. information in the form of quality
indicators; after-sales service; Technology; equipment and machinery;
Manpower and management methods should be investigated to investigate the
performance of Iran Khodro dealerships. Based on the results of the hierarchical
analysis, the variables of quality and management style were determined as the
most important factors affecting the performance of agencies; Also, the results
show this fact in all the scenarios examined by the quality indicators; after-sales
service; Technology; equipment and machinery; Manpower and management
methods have a positive and significant effect on the level of customer
satisfaction and loyalty.
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risk analysis technique that is a powerful method for identifying
and managing potential failures that may arise from products,
processes, services and systems. In this study, FMEA method
was applied in the coating process of the supplier producing
sealing elements in the automotive industry. Three risk
evaluation methods which AIAG FMEA Handbook fourth

edition 2008, VDA-4 standard and new generation AIAG &
VDA FMEA handbook, 2019 were used in FMEA risk analysis
in the study. Using these methods, the risks of the coating
process were determined and the automation of the processes
that were initially carried out manually by the operators was
automated. With this improvement, the risk was reduced by
69.8%. In addition, differences and up-to-date information on
FMEA assessment methods used in the automotive industry
have been brought to the literature.

1. Introduction

Today, it is very important to identify potential failures in manufacturing businesses while the product is still in
the design phase and to analyze and manage the risks that these failures will create. Customer’s perception and
expectation have gained a different dimension with technological developments and have become more complex
and difficult to manage. In order to hold on to the market, product and process reliability must be ensured. There
are many methods used to achieve this. That led to the emergence of these methods; there are increasing market
demands, customer focus, cost, time constraints and intense competitive pressure, laws/regulations that must be
fulfilled in product responsibility, technological developments and globalization. Quality management systems
that ensure that production activities are standardized; making these methods mandatory is among the reasons for
widespread use.

There is a need to increase product reliability in the process from the emergence of the new product to the delivery
of the product to the customer and then to the warranty stage. In order to do this, potential risks must be revealed
and resolved during the design and process stages. Failure Mode and Effects Analysis (FMEA), which is very
powerful in this respect, stands out among the risk analysis methods used to increase the reliability of the product
and the customer. FMEA studies are also a requirement according to IATF 16949:2016 Quality Management
Systems Standard and customer specific request for automotive companies. In the studies carried out by Luczak
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and Wolniak, 99% of the automotive industry suppliers determined that FMEA was required from the customer
request, 78% from the ISO/TS 16949 requirement, and 62% in terms of the organization's own culture and
problem-solving technique (Luczak and Wolniak, 2015).

FMEA can be defined as a systematic set of activities that aim to identify and evaluate the possible failures of a
product/process and their effects, causes, identify actions that can eliminate or reduce the likelihood of possible
failures, and document the process. It defines what a design or process must do to satisfy the customer
(SAE J1739, 2008). The FMEA was first developed in the US Army and started to be implemented in 1949 with
the military standard MILSTD-1629A (Procedures for Performing A Failure Mode Effects and Criticality
Analysis) (Narayanagounder and Gurusami, 2009). Afterwards, it started to be applied in the aerospace industry
(NASA's Apollo project), nuclear, automotive, aviation, food and many other industries (Bertsche, 2008). First
application in the automotive industry in 1977 Ford Motor Company implemented the method followed by the
other two major groups of the automotive industry; used by General Motors and Chrysler (Gilchrist,1993).

FMEA; It is a collection of systematic activities established to identify and evaluate the potential defects of a
product or process and the effects of these defects, to define actions to reduce or eliminate the possibility of
potential failures occurrence, and to document all activities (AIAG, 2008). In the FMEA methodology, there are
mainly types of FMEA, which are Design and Process FMEA. FMEA has been applied and continuously
developed for more than 40 years in many industries from the first years to the present day. FMEA is a widely
used analysis in the manufacturing industry. It is used as an important risk analysis method especially in the
automotive industry.

The aim of this study is to diversify the literature by using the action prioritization matrix as well as the RPN
evaluation, which is used as a traditional method in FMEA method. In addition, by applying P-FMEA in a new
process of the sub-industry, the risks of the process were defined. It has been presented that the risk measure that
the business may encounter can also be determined with the traditional risk assessment and the assessment matrix
used as a new generation. Considering that this method will become widespread in the coming days, it has been
evaluated that the business can make the transition more comfortable. The measures to be taken against the risks
of the new process were determined and transferred to the top management. Afterwards, with the support of the
top management, the necessary measures were invested in this study. RPN approach is seen as a traditional method
in FMEA and has some disadvantages. In this context, other alternative approaches were used instead of RPN in
this study. What these approaches can be and how they will be used are among the original points of the study.

We organized the sections of this article as follows: Section 2, we describe FMEA in the literature review and
some of the previous studies. Section 3, definitions used in FMEA studies as well as alternative analyzes used in
risk assessment are given. In Section 4, the implementation and analysis of the FMEA study is described in detail.
Risks were evaluated by considering the manually managed process of a company producing sealing products in
the automotive supplier company, and actions that could be developed were defined and implemented. Finally, in
Section 5, we present the results and recommendations for future work.

2. Literature Review

Failure Mode and Effects Analysis (FMEA) is a popular technique used to improve the reliability of products,
services and manufacturing processes by analyzing potential failures and causes of failures before they occur them
to avoid to customers (Liu et al., 2019a). There are many studies on FMEA both in practice and theory.

Eubanks et al. (1997) applied a different approach to the product behavior model to make the design phase more
effective. Advanced Failure Mode Effects Analysis (AFMEA); It is a system that is used to catch failures escaping
the traditional FMEA method and captures the failure modes more broadly, which defines the cause-and-effect
relationship. Based on the example of an automatic ice machine from a household refrigerator, FMEA has been
studied in a non-automotive industry. Cornes and Stockton (1998) emphasized that FMEA is applicable in many
industries and must be defined at the beginning of the design. Emphasizing the importance of the timing of FMEA,
they revealed that it is a necessity of the design phase. Scipioni et al. (2002) applied the FMEA method in the food
industry and revealed its interactions with HACCP (Hazard Analysis at Critical Control Points). By applying
FMEA in an industry other than automotive and nuclear, they have led the way that FMEA can be applied to other
industries very easily.

Pantazopoulos and Tsinopoulos (2005) applied design and process FMEA in the metal forming industry. They
emphasized that it is a potential tool that can be used widely in different sectors as well as the reliability of complex
electrical-electronic parts in the automotive and space industry. The aim of this study is to determine the weak
points of the system and to determine the studies that will minimize the incidence of failures. Yeh and Hsieh (2007)
propose an FMEA for the fuzzy theory approach. They stated that the subjectivity in RPN evaluation can be
eliminated with the fuzzy theory approach. Segismundo and Miguel (2008) defined FMEA as a standard that can
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be used as a technical risk management method for decision-making optimization in the new product development
process by applying FMEA work in the automotive industry. As a result of the study, the number of prototypes
required was reduced, resulting in a reduction in project and test plans. Zhao (2011) combined SPC (Statistical
Process Control) and FMEA methodology and stated the importance of FMEA in the statistical controls of
operators.

Chen (2013) revealed the risks of autonomous maintenance by applying FMEA analysis in maintenance activities.
It has determined the equipment and operator failure types in autonomous maintenance activities. Shishebori
(2015) has worked to reduce production waste in a production facility by using FMEA, DOE and Six-Sigma
methods together. As one of the waste reduction methods, the importance of FMEA has contributed to the
literature. Vahdani et al. (2015) determined the RPN calculations using the TOPSIS method to improve the risk
assessment process. It has added a different dimension by removing RPN calculations from the classical
calculation method. According to Jamshidi et al. (2015) uses prioritization with fuzzy FMEA method to decide
the best strategy for security standards. They made an application that included medical equipment such as baby
incubators, infusion pumps, and computed tomography scanners.

Ristic et al. (2016) developed a dynamic maintenance cost model for the components of a power transformer to
save on maintenance costs with a small initial investment. Bao et al. (2017) proposed an approach based on the
FMEA method and a modified AHP technique to assess occupational disease risk in the Chinese mining industry.
In their approach, the modified AHP method was used to calculate the weights of occupational disease risk factors.

Pazireh et al. (2017) adopted the FMEA approach to design and implement a quality control system in apparel
production lines, identify and rank potential challenges, and finally give the right commands to quality control
stations. The data were collected from a medium-sized textile factory and implemented by FMEA, and then the
improvement of production efficiency was analyzed using simulation-based optimization technique. The results
of the simulation showed a significant reduction in product defects, rework and total cost of production. Madzik
and Shahin (2020) proposed an approach that could help segment customers more accurately using the FMEA
study, they have classified customers by their loyalty priority number (LPN). LPN is designed as the main
segmentation criterion consisting of customer loyalty rate, product or service purchase frequency and purchase
value. Using the proposed approach allows dividing customers into four broader groups based on their loyalty and
values to the organization: random, bronze, silver, and gold.

FMEA is a team work that can be defined as a multi-criteria decision-making problem and carried out by a
multidisciplinary team (Carpitella et al., 2018). FMEA is the collaborative effort of a multidisciplinary team to
identify potential failure modes, evaluate them, and create corrective actions to reduce risk (Stoll, 1999). However,
consensus among experts has been ignored in most of the current research. Therefore, it will be important to
introduce the different approaches used in manufacturing sectors to the literature in order to encourage
communication between experts and help them reach consensus.

Maisano et al. (2020) reviews the traditional P-FMEA approach and is intended to allow distributed experts to
individually formulate their judgments through Thurstone's Law of Comparative Judgment and Generalized Least
Squares method, a new addition technique based on combination with the ZMII technique. The dP-FMEA method
is presented as a method that allows many experts to be managed without the need for physical work. Also
supported by an application example in a plastic injection molding process

FMEA has some limitations discussed in the literature Liu et al., (2014), The most important among these
limitation is that the same RPN (risk priority number) index may arise from different values of severity, occurrence
and detection criteria, and in these cases it may become unclear which risk will take priority; RPN comparison
alone will not be enough. For this reason, FMEA studies of the AIAG standard operating in the automotive industry
and the VDA standard were combined in 2019 and a standard was published (AIAG & VDA FMEA, 2019). What
makes this study unique is to solve a current problem of a supplier industry company operating in the automotive
sector, as well as to bring to the literature how to use the FMEA method combined in 2019.

3. Method

3.1. Failure Mode and Effect Analysis (FMEA)
Before starting FMEA study it is necessary to have a clear understanding of the concepts. Defining the terms used
in a traditional FMEA approach is critical to the FMEA method.

Customer: There are three types of customers in FMEA. Internal customer, assembly line, end user. The severity
of a failure mode is defined for these three customers and the highest severity is taken and defined as the severity
of the failure mode (Koomsap and Charoenchokdilok, 2018). In FMEA studies, the customer may be the end user
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the product or service reaches, the assembly line or the next process. The point that the product coming out of a
business reaches in the market is the external customer. At the stage where that product circulates between the
processes related to the business, each department will be the internal customer of the previous department. In the
FMEA study, the customer is considered as the person or department affected by any potential failure that may
occur (Stamatis, 2003).

Functions, Requirements, Steps: These are the expected purposes of a process or product. For Process FMEA,
the functions that the relevant process step must fulfil are defined in this step. Then the failure types are revealed
(Matzler et. Al., 2004). A function is the purpose expected to be achieved by a product or process. It is the desired
characteristics of a product or service. A failure that may occur may prevent some features of the product or service
from working, as well as cause all features to not work. When the function of the product or process is clearly
defined, the detection of failure modes will also become clear. Numerical data and specifications should be
specified in this cell when defining the function. The requirements part is the machinery, equipment, materials,
etc. needed for the product or service to fulfill this function. Defines the list of in steps, the steps belonging to the
flow of the process are expressed (Chemweno et al., 2016).

Potential Failure Modes: All failures that may occur during the use and production of the product must be
identified. It is not expected that failures have occurred. Failure can also be considered. A failure occurs when a
product or process fails to fulfill the required function and customer expectation. Failure modes are defined as
potential failures. Every situation that is likely to happen is taken into account. Failure modes are defined by
experiencing from previous failures (Rezaee et al., 2018). FMEA uses the term failure modes to refer to the ways
in which something fails to function as required. Failures can be identified either generically or specifically.

Failure Effects: This is the stage where the effects/results of the failure that will occur when the failure modes are
not prevented or eliminated, on the product and process are investigated. It is important for the team to be well
aware of what failures the customer can accept/tolerate and what they will not.

Potential Root Causes: All possible root causes of the failure should be investigated. There is a direct relationship
between the failure and the root causes. The occurrence of the root cause means that the failure mode has occurred.
A failure can have more than one root cause. Various problem-solving techniques are used to uncover root causes
such as global 8D, 5 Why, Ishikawa etc. (Hekmatpanah, 2011).

Controls: It includes preventive and detection controls. Controls should be accessible to product design and
process. Controls should primarily focus on preventive controls to prevent the failure from returning. If preventive
controls cannot be provided, detection controls should be defined. All controls that can prevent the failure from
escaping to the customer should be evaluated (Stamatis, 2003).

Risk Assessment: The most important step of FMEA is the assessment of the risk. For this, three factors are taken
into account; severity, occurrence and detection (Stamatis, 2003). The scores needed for risk assessment may differ
from industry to industry.

* Severity: Assessing the effect of the failure on the customer. Considering the worst-case scenario, the severity
should be given according to that score, which has the most impact on the customer. Severity score can only change
with design changes. The severity score cannot be changed by an action taken outside of that. Because severity is
the effect on the customer, the effect of a failure is always considered the same.

* Occurrence: How often the root cause of the failure and failure may visible. If there is no data on the probability
of a failure, a similar score is made using previous experience. Occurrence score in FMEA study can sometimes
be for root cause and sometimes for failure mode. Because even if any simulation work is done, root causes for
some failures may not be revealed.

* Detection: Comprise preventive and detection controls that detect root cause or failure mode (Chao and Ishii,
2007). If there is more than one control, the best case with the lowest detection score is taken into account. Scoring
is utilized according to the evaluation tables' used in which industry.

3.1.1 AIAG FMEA Methodology
3.1.1.1. Risk priority number (RPN)

In failure modes and effects analysis (FMEA), the failure occurrence, severity and detection scores are used to
calculate risk priority number (RPN). The RPN values are utilized to rank failures (Geramian et al., 2019). FMEA
assesses each risk factor on three scales — Severity (S), Occurrence (O) and Detection (D) (Shaker et al., 2019).
Each of these factors can be assessed on a scale from 1 to 10. Different approaches have been proposed to improve
FMEA analysis. (Sankar and Prabhu, 2001). RPN calculation is one of them. The result of the assessment is a list
of all the risk factors and their calculated risk priority number (RPN).
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Severity x Occurrence x Detection = RPN - Risk Priority Number

The numerical equivalent of each factor (severity, occurrence, detection) varies between 1 and 10. Teams give this
score using tables. The RPN value is an integer between 1 and 1000. Preventive actions are planned by sorting the
obtained RPN values in descending order (Shi et al., 2019). In the traditional FMEA approach, RPN analysis is
used to measure the extent of risk. However, in recent years, such a stand-alone evaluation of RPN is not accepted
in the automotive industry. Because the RPN evaluation can sometimes be misunderstanding.

Item Severity | Occurrence | Detection | RPN
A 9 2 5] 90
B 6 3 6| 108

Figure 1. Rpn sample

In this example, the RPN is higher for characteristic B, but the priority should be to work on A with the higher
severity of 9, although the RPN is 90 which is lower and below the threshold. Especially for this reason, some
automotive manufacturers use a matrix rather than RPN. Failure mode severity loses its importance when RPN is
evaluated only (Hettiarachchi et al., 2021). In 2019, FMEA was updated and evaluations were made according to
action prioritization.

3.1.1.2. VDA FMEA Methodology

This matrix is able to analyze every aspect of the severity, occurrence capability of failures. Automotive
manufacturers utilizing VDA (Verband der Automobilindustrie that means that standard rules for Supplier
Company) such as BMW, Audi, VW, Mercedes, Daimler. RPN value consist of the severity and occurrence scores
are in FMEA study. In this matrix system, the importance of detection does not have a major impact on assessing
the magnitude of the risk. Because the important and valuable thing is to prevent the occurrence of failure. The
negative effect of this approach is that the detection criterion is not taken into account at all (Kok and Yildiz,
2017a).

Occurrence

Severity
(VDA 4, 2012).

Figure 2. Severity & occurrence evaluating matrix

1. Green zone: No action needed. The current risk level of the process is acceptable.

2. Yellow zone: Taking action is not mandatory but recommended. Company decide whether to take
action by evaluating its resources.

3. Red zone: Action is mandatory. Action should be taken as resources allow. If action cannot be

taken, the reasons should be stated.

Recommended Actions and Results: The trend of actions should be to reduce all risks and reduce the possibility
of failure. Actions should be determined in order of priority to reduce severity, then occurrence and, if not,
detection. In addition, the risk should be re-evaluated after the action and scoring should be done. (Subriadi and
Najwa, 2020).
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Table 1. Process FMEA study form

PFMEA Number: OEM: PFMEA Prepared by:
System: Department: PFMEA Key Date:
Subsystem: Group: PFMEA Original Date:
Supplier: PFMEA Last Revised:
q . Current Current After Actions Taken
P Process Potential M xPotentlaI potential|_ |Process Process
FOCesS I ocess Function/Require |Failure a Effect(s)of |S |Class otentia (o] oce D |RPN|Recommendation |Responsibility|Date %
Number S |, Cause Controls Controls s 0 |D|RPN
ment Modes Failure Reduction

(Prevention) |(Detection)

(FMEA software)

FMEA format accepted in the automotive industry is given in Table 1. The columns can be arranged according to
the needs, expectations and wishes of the company. Companies manage this format as excel or special package
software for FMEA method. The company where the application is made has improved its processes by using a
software for FMEA studies. Using a software has benefits in terms of time and effective management.

3.1.1.3. AIAG & VDA FMEA Methodology

The ATAG FMEA Handbook 2008 fourth edition method, which has been used for many years, mainly in the
automotive industry, was combined with VDA standards in 2019 and FMEA AIAG & VDA Handbook was
published. In the AIAG & VDA new FMEA method, the assessment of risk is provided by a matrix An AP (Action
Priority) analysis is performed, which is similar to the VDA standard, but in which the detection factor is also
taken into account (AIAG & VDA FMEA, 2019). According to the AIAG VDA FMEA, 2019 standard, there are
7 steps in FMEA (Gueorguiev et.al., 2020, Plinta, et.al., 2021).

System Analysis Failure Analysis and Risk Mitigation | Risk Communication

Step 1: Planning and Preparation Step 4: Failure Analysis Step 7: Results and Documentation
Step 2: Structure Analysis Step 5: Risk Analysis

Step 3: Function Analysis Step 6: Optimization

Figure 3. AIAG&VDA FMEA 7 step

According to AIAG & VDA FMEA handbook, the biggest change in the risk analysis part applied in step 5 is
action priority. The new FMEA handbook contains more specific criteria to be used to rank Severity, Occurrence
and detection levels. Verification of the effectiveness of existing prevention and detection controls, product and
process experience, and maturity of defect detection methods are additional criteria and will be considered in the
FMEA study. In addition, the AP (Action Priority) has replaced the RPN Risk Priority Indicator. S-Severity, O-
occurrence and D-Detection ratings can be singular or combined with three factors, and are evaluated as High,
Medium and Low to determine the risk reduction action priority (Gueorguiev et.al., 2020). A high priority risk
means a request for mitigation action to develop controls to prevent or detect, or an action that justifies why
existing controls are deemed appropriate (Subriadi and Najwa, 2020).

4. Implementation

This study was carried out in a company that produces sealing products in the automotive industry. It manufactures
sealing products for OEM’s called the main industry. It has production locations in various parts of the World.
The company, which has a total of 8500 employees, aims to be the leading supplier in its industry. The company's
customers include major automotive manufacturers such as VW, Audi, BMW, Mercedes, Ford, Renault, Fiat,
Nissan, Toyota and Hyundai. Sealing products are defined as a key part in vehicle manufacturing. The quality of
the sealing products is very important in terms of the functional, comfort and visual comfort of the vehicle. It is
very difficult for supplier industries to achieve and maintain this quality level. Companies carry out high-level
quality activities in order to stay in the market and not to lose their automotive main industry customers.

In order to produce sealing products, first of all, rubber raw materials must be processed with certain formulas and
turned into a rubber mixture. Afterwards, this mixture is turned into semi-finished products by molding and
vulcanization techniques in extrusion processes. Produced semi-finished products are made ready to be shipped to
the customer in processes called finishing. There is a coating as chemically mixed on the surface of the product
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due to the sealing of the sealing equipment and the minimization of the energy that may occur in the interaction of
the part with the case.

The preparation of this chemical coating mixture, which is used in both extrusion and finishing processes, is a
serious and critical process. The type of coating varies according to the demands of the customers on the products
and the place where the sealing equipment is used. In order to obtain these chemical mixtures separately, five
components are mixed with a specific formula. The mixing process is done in the mixture preparation room. After
the mixture is prepared, it is supplied to the extrusion and finishing processes and sprayed on the surface of the
products by means of guns online-offline. It is applied online in the extrusion process and off-line in the finishing
process. In order for the coating on the product surface, not to be scraped and to create a thickness suitable for
customer specifications, the preparation of the mixture must be produced in accordance with the defined recipes.
Minimizing and eliminating the risks by foreseeing the failures in advance is critical and valuable in terms of the
importance of the process. In this process, there is a need to identify potential risks and offer optimum solutions
against these risks.

In this study, FMEA methodology was used for the coating preparation process. Scoring is made by evaluating the
risks of each step in the coating process. Instead of traditional risk assessment, risk analysis was carried out in
accordance with the German VDA method. In addition, specially developed FMEA software was used for risk
analysis. There are advantages to using the software in FMEA method. It provides a practical and fast FMEA study
for the team. Pareto analysis was used to evaluate the effect of actions against RPN. A multifunctional team
participation is required for an effective FMEA study. In this study, responsibilities including all departments were
determined and relevant persons were invited as Core Team.

For the traceability of the FMEA study, the number of the FMEA, by whom it was prepared, when it was updated,
is defined as the header. The revised date must be changed with FMEA update. The original date defines when
FMEA study is started, and the key date defines when the study is matched to serial conditions. The last revision
date indicates the last update date of the study (Wang et.al. 2012). Each FMEA must be tracked with a traceability
number. When any change is made in the process, the revision date must be updated. The core team identifies the
preventive and detection controls in the current state of the process by identifying the type of failure and root
causes that may arise in the related process through brainstorming.

4.1. AIAG FMEA Method
Table 2. PFMEA study

PFMEA Number: 0001 PFMEA Prepared by: Nesimi KOK PFMEA Original Date: 05.05.2019
PFMEA Key Date: 23.09.2019 PFMEA Last Revised: 11.06.2020

Core Team Members:

FMEA Coordinator; Laboratory Responsible; Process Engineer; Quality Engineer; Production Responsible

) Potential Current Current After Actions Taken
Process R Max |Potential Effect(s) Cause/ Process Process Respon
Process |Function/Requi [Failure f S Class q RPN |Recommendation| .~ %
rement Modes of Failure Mech_amsm Controls_ Control§ sibility slo b RPN |Reduc
of Failure (Prevention) |(Detection) tion
1. Measut. Improper |1.Wrong Process Effect: Material None None Control plan was |Quality
ing receipt Material mixture may be selecting is defined
unusable. 7 manual by
operator
10 (350 726 84 [76%
Internal Effect: % Automatic system|Process
100 Scrapped 7 was implemented |[Enginee
ring
7
Customer Effect: Wrong label | [None None Using tracker IT
Functional on raw- 3 10 [210 [system 713 15 105 |50 %
Problem material
7 \Wrong None Returning method|Producti
Iabellipg for s |110 [vas defined on 7o 6 l8a |25 %
returning
material

Core teams analyzed this study by applying the brainstorming technique. The team's technical assessments were
adapted to the FMEA global format, accompanied by a moderator. It was formed by taking into account the
experience of the team in the process. AIAG FMEA manual handbook was used for scoring tables.
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While giving the severity score, 7 points were given for the effect on the customers as process effect, internal
effect, and customer effect. Since there is no special characteristic in this process, the class column is left blank.
For the occurrence score, a scoring was made by evaluating the statistical probabilities of the root causes. Failure
cards and realization rates of these root causes were kept in the process, and these data were used in the FMEA
study. If there is no control in FMEA, it is important to write none so that that column is not skipped. The main
problem here is that the operations made in the process depend on the operator, and as a result, failures are
constantly experienced during the operations of the operator. Therefore, automation systems were evaluated in the
actions column for root causes or failure modes determined by the team. The top management's ability to allocate
a budget for the improvement of this system and what the system will cover have been determined in the FMEA
study.

In Table 2, the risk assessment was repeated after the actions and scores were evaluated again. When the specified
actions are completed, RPN reductions in percentages are shown in the rightmost column of the form as % RPN
reduction compared to the classical approach. Process steps are measurement, preparation, packaging and transfer.
Failure modes, root causes, controls and RPN values of these four processes were calculated. Table 2 shows only
the risk assessment of the first process step. In which activities it is absolutely necessary to take action and when
it is desired to reveal risky areas.

12000 10823

10000
8000
6000

3268

4000

2000

RPN1 RPN2

Figure 4. Coating RPN (Before- After)

In the traditional approach, the size of the risk can be seen after the actions in the study by looking at the RPN
scores. The reduction in the size of the risk can also be given by the total RPN assessment. The sum of the RPN
values determined by the evaluation of the failure modes of the coating process was determined separately as
before and after the action. In the analysis of whether the actions were effective or not, it was observed that the
RPN value decreased by 69.8%. RPNI1 pre-action RPN2 post-action risk assessments in Figure 4. For the 34
failures identified according to the risk assessment criteria, the risk was reduced from RPN1: 10823 to RPN2:
3268. These values were calculated from the full study. To specify how the calculation method is according to
Table 2; RPN1: 350+210+112= 672; RPN2: 84+105+84=273. When the action was taken and risk reduced by 69.8
%. It is most appropriate to analyze all the risks separately, but here it is done in this way to see the change in the
performance of the total risk of the all process and to present it to the company. It is important to make such a
calculation in terms of making the risk numerical and measurable.
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4.2. VDA-4 FMEA Method

Occurrence

Severity
Figure 5. Severity & occurrence evaluating matrix

If the German group is assessed according to the VDA-4 standard, Figure 5. Matrix of severity&occurrence
evaluated. The matrix was created by looking at the severity and occurrence scores of all failure types in the
Process FMEA Study Form. When using this matrix, severity and occurrence are evaluated. Because the use of
the detection factor after the failure occurs is not very valuable for the VDA standard. In order to use and report
this approach, after the severity and occurrence scores, it is determined in which region the relevant failure mode
falls. Todays, it is possible to do this work automatically with a simple excel formulation or FMEA software. In
FMEA studies where there are multiple failure modes, it may be difficult to simply determine which failure
corresponds to which column. This matrix is very simple to use. The severity score on the horizontal axis is
determined by taking into account the occurrence score on the vertical axis. When all risks are evaluated together
with the team in the FMEA study, the 1 failure in the green zone, 5 failures in the yellow zone and 34 failures in
the red zone. Action requirements for 34 activities should be determined according to the standards. Actions for
activities specified in the study are defined in the "Recommendations" column of the Process FMEA Study Form.
The risk level of the process has been minimized by taking action for the risks indicated by red.

4.3. AIAG& VDA FMEA Method (Action Priority)

In the FMEA study, the scoring made before and after the action was defined according to the FMEA AIAG& VDA
standard. In the evaluation prepared by using the automotive industry AP matrix, the high-risk activity was brought
to the medium level after the action. The risk was re-evaluated according to the new method, taking into account
the scores in Table 2. It can refer to AIAG& VDA FMEA, 2019 handbook AP table to find out which scores are
action prioritized. High risk necessary to take action and reduce risk. In Medium, it is recommended to reduce the
risk by taking action (Maisano et al., 2020). When the risk is re-evaluated before and after the action, it is seen that
the high risk mitigation into the medium risk. This is a critical improvement for the process and company.

Current Status After actions

Severity Occurrence Detection AP Severity Occurrence Detection AP
7 5 10 High 7 2 6 Medium
7 3 10 Medium 7 3 5 Medium
7 2 8 Medium 7 2 6 Medium

Figure 6. AP evaluation

Integration of the automation system performed manually by the operators in the coating process has changed the
magnitude of the risk from high to medium. Figure 6 shows the scoring and AP of the activities defined in the
Table 2.When the operator's failure in using the wrong material is analyzed, it is seen that the root causes are
manual material selection by the operator, wrong labelling on the raw material, wrong labelling for the returned
material.. Scores of these three root causes are given in Figure 6.
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5. Conclusion

FMEA is the pre-detection and analysis of potential failures. Although it is widely used in the automotive industry,
many industries carry out FMEA studies. FMEA is a risk assessment method. The assessment of risk varies from
industry to industry and from customer to customer. By determining and analyzing the risks of both designs and
processes, many risks will be eliminated and reliable products will be produced. FMEA is a very powerful tool as
it can detect potential failures in advance. After identifying and analyzing the risk, there are different approaches
to determine the magnitude of the risk. Following and applying the up-to-date ones of these approaches gives
businesses an advantage over customers.

In the beginning, relying on the operators, the manually operated coating was converted to a system for automatic
process with this FMEA study. With this application, companies will reduce both operating costs and contribute
to the country's economy in the context of continuous improvement. In addition, such studies within the scope of
innovation will provide competitive advantage to businesses by providing serious positive contributions to the
future point of industrial systems. The new system has allowed the operator to be managed completely
automatically with a closed system without handling. The operator only selects the recipe and the system carries
out all other operations (measurement and preparation) within the recipe itself. Images for automation are available
in the Figure 7. Coating process before — after.

In the traditional risk analysis approach, RPN is used, but in recent years, RPN has been replaced by different
methods and different matrix evaluations. With this study, the evaluation matrix used by the automotive German
group and AIAG& VDA FMEA, 2019 version were used as a different approach for a problem in an automotive
supplier company. The intended method specific to the industry and company can be preferred.

When the analysis was made according to the potential failures that may occur in the process, there was a 69.8%
decrease in the total RPN values before and after the actions. In the coating process, it was observed that the risk
was reduced by 69.8% by enabling the operator to perform the manual operations with automation. Analyzes were
performed using traditional RPN evaluation as well as new methods. After the improvements made, all failures
that were in the red area according to the VDA standard are now in the green and yellow areas. According to the
AITAG VDA FMEA, 2019 version standard, high-risk activities have been reduced to medium or low. With this
improvement, Industry 4.0 studies were also leaded and communication between machines (prescription-based
preparation, mixing, measuring) was ensured.

As a result, Failure Mode and Effects Analysis (FMEA) has a structure that evaluates risk. It requires a certain
experience and knowledge for businesses to determine and manage possible risks in advance. In order to obtain
maximum benefit from FMEA studies, determining the scope of the study, following the suggested actions and
supporting the management are among the important elements. Companies that systematically implement FMEA;
It gains a competitive advantage in the industry by designing high reliability and quality products with low costs
and producing them in a short time. It is possible to give priority to the efforts to reduce the risk by informing the
Senior Management about the extent of the risk. In FMEA studies, new technology and innovation studies are
brought to the fore. FMEA and digitalization can be considered together for the new studies to be done in the
coming years.

Before After

Figure 7. Coating process before -after
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6. Limitations and Further Research

FMEA types are available as process FMEA, design FMEA, system FMEA, machine FMEA, service FMEA,
logistics FMEA. In this study, only the process FMEA was evaluated. Other FMEA types have not been evaluated
within the scope of this study. FMEA study was prepared for the sub-process of the supplier company which is
operating in the automotive sector. These risks may change in other companies. As well as the risk assessment
criteria of different OEM’s vary as indicated in the literature section of the study. The VDA standard used by the
German group and AIAG& VDA standard were used in this study. It appears as customer requests in automotive
and other sectors where FMEA studies must now be managed with software. Therefore, studies can be made by
integrating with software and the relation of digitalization with FMEA.
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