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Ozet— Makine 6grenmesi ve 6zellikle derin 6grenme modellerinin gercek-zamanli saha uygulamalarinda operasyona
alinmast i¢in ii¢ ana kriterin ayn1 anda optimizasyonu gerekmektedir. Bunlar modelin tahmin dogrulugu, egitim-test
stireleri ile dosya boyutu olup ilgili ¢calismalarda sadece iki kriter (6rnek: dogruluk-siire) beraber géz oniine alinmustir.
Ancak, modellerin tahmin dogrulugunu artirmak i¢in olusturulan derin sinir aglarinin (DSA) egitim siiresi ve boyutunu
artirdigi, boyutunu kii¢iiltmek i¢in yapilan ¢alismalarin ise dogrulugunu diisiirdiigii gozlemlenmistir. Bu {i¢ kriter arasinda
bir 6diinlesme yapilmasi gerekmektedir.

Farkli optimizasyon tekniklerinin modelin performansina etkisini gostermek i¢in, bu makalede DSA aragtirma alaninda
siklikla kullanilan ResNet50, ResNet101, VGG16, VGG19 ve EfficientNet 6n-egitimli modellerini CIFAR10, CIFAR100
gorsel veri kiimeleriyle test ettik. Google Colab Pro ve Tensorflow sistemi tizerinde yaptigimiz basarim ¢alismalardan
elde edilen 6nemli sonuglarin arasinda agirlik quantizasyonun gok-boyutlu optimizasyonunda su ana kadarki en basarili
teknik oldugu, agirlik kiimeleme ve transfer 6grenimi tekniklerinin ise ancak 2-boyutta fayda sagladiklari soylenebilir.
Calismamizda ayrica, literatiirde ilk defa DSA’lar icin bir operasyonel skor ve modelden-modele katman aktarimi
metodunu tasarlayip, sinadik. Olusturulan gergevenin, yeni gelistirilen DSA modellerinin operasyona sokulmadan 6nce
¢ok-boyutlu degerlendirilebilmeleri i¢in bir referans teskil etmesi umuyoruz.

Anahtar Kelimeler— operasyonel makine 6grenmesi, derin 6grenme, derin sinir aglari, 6n-egitimli modeller, ResNet,
VGG, CIFAR, dogruluk, egitim siiresi.

Tradeoff Assessment of Deep Learning Models based on
Accuracy, Time and Size

Abstract— Machine Learning and especially deep learning models need to be optimized over three main criteria
concurrently, to be operationalized in real-time field applications. These criteria are model’s accuracy, training-testing
times and file size. Related work only considers two criteria (e.g. accuracy-time) together. However, it is observed that
deep neural networks (DNN) designed to improve model accuracy can increase training time and size, while efforts to
reduce model size can lead to lower accuracy. A trade-off needs to be made among these three criteria.

In this paper, to demonstrate the effects of different optimization techniques on model performance, we tested ResNet50,
ResNet101, VGG16, VGG19, EfficientNet pre-trained models with CIFAR10, CIFAR100 image datasets, which are
commonly utilized in the DNN research field. Important performance results obtained over Google Colab Pro and
TensorFlow system show that weight quantization is the most successful technique so far in multi-dimensional
optimization, while weight clustering and transfer learning techniques remain useful in 2-dimensions. In addition, we
designed and tested a new DNN operational score and model-to-model layer transfer method for the first time in literature.
We hope that our framework will constitute a multi-dimensional evaluation reference for DNN models before they are
operationalized.

Keywords— operational machine learning, deep learning, deep neural networks, pre-trained models, ResNet, CIFAR,
VGG, accuracy, training time.
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1. INTRODUCTION

Machine Learning (ML) models can be broadly
categorized as supervised or unsupervised: supervised
models are trained and tested over labelled data, whereas
unsupervised models depend on purely statistical
properties and patterns in the datasets. Classifier models
fall under supervised category, whereas clustering
algorithms are unsupervised. In this paper, we focus on
Deep Neural Network (DNN)-based classifier models,
which have a high potential for use in real-time
applications including autonomous vehicles [1], industrial
quality control & maintenance [2], automated financial
trading [3], IT security [4], Natural Language Processing
(NLP) [5] and many more [6].

In ML classifiers, three performance criteria that need to
be optimized simultaneously to achieve the highest
operational efficiency are model accuracy, training-testing
times, and file size. Figure 1 illustrates our framework for
Operational Machine Learning (OpML), where the
hypothetical optimal point for all three criteria would be
the <A:0, T:0, S:0> point, which represents the highest
accuracy ratio obtained (1.0-accuracy) with minimal
training—testing times (0.0 sec) and smallest model size (0
MB). For example, a random prediction that requires no
training or state-keeping, would meet the time and size
criteria, but have very low accuracy. As illustrated in
Figure 1 with dashed arrows, trying to improve model
accuracy usually results in increased model complexity
followed by more training and testing times. In addition,
trying to reduce the model size (e.g. by weight clustering
or quantization) reduces accuracy, if not handled carefully.
Finally, to improve model testing times researchers use
more data, which increases the corpus size as well as model
size, while also carrying the risk of model overfitting.
When designing new models and/or tuning pre-trained
models, the operational goal should be to stay within the
inner triangles in Figure 1, while pushing the limits on
either one of these criteria.

We can combine 3-dimensions into a simple, but efficient
operational score (OpScore) as shown in Equation 1:

OpScore = —log,o(1/(1 — Acc)) + log,, Time +
log,, Size(MB) Q)

where the optimal score is close to zero and between [0,5]
for most practical cases (see Sec.4). Note that, increasing
accuracy in Equ. 1 decreases the score, whereas increasing
model time and size values increase the score, denoting
increasing operational costs. The operational score can be
used separately for training and testing times, a weighted
average or total of both depending on the operational
scenario. We will discuss model training, testing (or
inference) and even pre-training (tuning & pruning) times
in this paper to understand their implications on real-time
field applications. While OpScore is directly applicable to
different DNN models, a value-based comparison is done
over the same dataset for fairness.
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1.0 - Accuracy
:

Figure 1. Dimensions of model performance criteria to be
optimized concurrently are model accuracy, time and size.
We use this scheme as a reference to compare novel DNN
models and optimization techniques in terms of their
operational efficiency.

Figure 2 illustrates the general structure and components of
a DNN classifier model. As an example, the image of an
animal such as a cat or a dog is passed through the DNN to
generate a correct classification “cat” in text format. The
depth of a DNN model is measured by the number of
hidden layers. As DNN models get deeper they contain
hundreds of convolutional layers as well as activation,
pooling, regularization, attention, normalization, and dense
layers that carry thousands of functions and millions of
weights. These facts are valid for Convolutional Neural
Networks (CNN), Recurrent Neural Networks (RNN), and
their hybrids called R-CNN.

J\ :C

Figure 2. DNN, CNN or RNN models have layered
structures containing millions of weights, which account
for 100s of millions of floating-point operations over
multiple epochs of training and testing.

After training, the models are serialized and saved in
storage systems using special Hierarchical Data Formats
(HDF) [7] or Open Neural Network Exchange (ONNX) [8]
file formats. ONNX is becoming the de facto standard for
easily converting and sharing pre-trained models. These
models can be uploaded to public model repositories called
“model zoo” [9] for online sharing. They are later
downloaded locally, possibly in edge or Internet of Things
(1oT) devices and operationalized by deserializing the
model file into the memory. Next, every input (e.g. image)
gets turned into a matrix of float-type variables by the input
layer and passed through model layers to deliver correct
classification results at the output layer. Convolutional
layers generate feature maps from the input. Pooling layers
(average or max pooling) down sample feature maps to
provide translational invariance. In between these two,
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there are activation functions (ReLU, Sigmoid, etc.) that
are used to introduce nonlinearity. It takes millions of
sample images to train accurate models. DNN models can
take days to train over traditional Central Processing Units
(CPU). Fortunately, massively parallel Graphical
Processing Unit (GPU) and novel Tensor Processing Units
(TPU) [10, 11] come to rescue to reduce these model
training times to hours and minutes.

One potential caveat in model training is over-fitting,
where the model strictly and only learns the training data.
To avoid over-fitting, techniques such as data cross-
validation and activation functions are used. Models may
need to be retrained with new data in the field for
continuous improvement, yet mobile edge devices [12] are
usually not as powerful as the central servers or cloud
resources. Therefore, field success depends on
optimization of model training time as well as its accuracy
and size, concurrently. Model testing does not require
weight updates and therefore it is faster than model
training. However, since inference time effects field
performance it must be measured and optimized carefully.

Contributions of our paper are as follows:

e We develop a 3D framework and a score for
evaluation and ranking of DNN model to be
operationalized in the field,

o  We present a detailed multi-dimensional evaluation of
commonly used DNN models including ResNet, VGG
and EfficientNet with different datasets,

e We calculate an OpScore and rank models using the
same unified metric,

o We evaluate the performance effects of modern CPU
accelerator chips, including GPU and TPU over DNN
training and testing times,

e  We quantify the cost of model optimization techniques
such as weight clustering,

e We report on sensitivity of model accuracy over
increasing number of dense & hidden layers
“unfrozen” to be retrained,

e  We test a new method that we call “model-to-model
layer transfer”.

The rest of the paper is organized as follows. Section 2
gives the background on DNN models and their Key
Performance Indicators (KPI) including model accuracy,
training and testing times as well as size reduction
techniques. Section 3 describes our methodology including
experimental setup, datasets and the concept of transfer
learning. Section 4 presents the detailed performance
assessment of several DNN models and optimization
techniques including model quantization and clustering
using proposed tradeoff assessment scheme. Most of the
contribution listed above are realized in this section.
Section 5 discusses related work on model optimizations in
comparison to our proposed framework and findings.
Section 6 concludes the paper also describing future work.
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2. BACKGROUND

In this section, we first give a quick background on KPI for
OpML (model accuracy, time, size). Next, we describe
properties of reference DNN models used in this research.

2.1. Model Accuracy

When a set of N inputs are fed into a classifier, the four
possible outcomes of the classification are True Positive
(TP), True Negative (TN), False Positive (FP), and False
Negative (FN), thus N=(TP+FP+TN+FN). Accuracy
(Eq.2) is simply measured as the ratio of “truly classified”
instances over N. Model’s accuracy, recall, precision and
F1-measure formulas are given below by Equations 2-5,
respectively.

Accuracy = (TP+TN)/N 2
Recall= TP/(TP+FN) 3)
Precision = TP/(TP+FP) 4)
F1-score = 2/(1/Precision+1/Recall) (5)

These are commonly used for model accuracy measures
but have small semantic differences and implications. In
cases where the items to catch are extremely rare (e.g., a
medical test to detect a rare cancer type) precision and
recall should also be employed. Recall (Eq.3) focuses on
model’s ability to correctly detect (i.e., “not miss” or make
“False Negative”) items that should be placed in the
selected class, while Precision (Eq.4) denotes model’s
ability “not to misplace or confuse” (FP) items belonging
to other sets into the selected class. F1-score (Eq.5) is the
harmonic average of recall and precision values, giving a
unified view of both success metrics.

2.2. Model Training and Testing Time

NN are difficult to deploy on IoT and embedded systems
with limited resources since they are both compute and
memory intensive. Most of the recent R&D efforts in
OpML focus on reducing model training and testing (a.k.a.
inference, serving) times. CPU-GPU manufacturers also
produce ML-accelerator chips such as Tensor Processing
Units (TPU) to speed up floating point operations in DNN.
In cases where a model contains mixed-precision values
(float16, float32, float64) together, chip-level support for
mixed-precision operations [13] is also crucial for high
performance. Otherwise, every arithmetic-logic operation
also requires a value conversion (among float16-32)
having a diverse performance effect.

2.3. Model Size Reduction Techniques

Modern pretrained DNN model files generally range
between 10 Megabytes (MB) to 1 Gigabytes (GB) in size.
We compared two techniques for model size reduction in
this paper, namely quantization [14, 15] and weight sharing
(a.k.a weight clustering) [16]. Quantization is a technique
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to reduce model size by reducing the number of bytes used
for each NN weight value. For example, if we use a float16
value (2-bytes) instead of float32 (4-bytes) the model size
should be approximately reduced by half. However, since
the weights are highly tuned to make accurate predictions
and reducing weight precision could also result in loss of
accuracy.

In weight sharing technique [16], all the weights in a model
are clustered using K-means algorithm (or alike) and
centroid values of each cluster are used as a single, shared
value for the weights that belong to that cluster. Thus, the
number of DNN weights to maintain is reduced from
millions to thousands. Potentially, this also results in
caching of weight values in L1-L2-L.3 caches, which could
speed up model training and testing times. However, like
quantization, replacing thousands of values with their
shared value also results in loss of model accuracy. We test
this hypothesis and present comparative results in Sec. 4.

2.4. Models: ResNet50-101, VGG16-19, EfficientNet

Most image classification DNN models including
ResNet50, ResNet101 and VGG were originally trained
over the ImageNet dataset [17], but they can be retrained
and used with other datasets. Table 1 shows their original
and quantized sizes as well as layer counts. We can
generally observe the 2x reduction in size due to float32 to
float16 type change over all models. ResNet50 consists of
176 layers, which are inside 50 blocks (hence the name
ResNet50) each consisting of a sequential group of <Conv-
2D, Batch-Normalization, RelLU> layers, whereas
ResNet101 consists of 346 layers inside 101 such
carefully-engineered blocks. ResNet50 original model file
is 103 MB whereas ResNet101 model is 180 MB, which is
approximately proportional to the number of layers. Since
we used the CIFAR datasets, which were different from the
ImageNet dataset that was originally used to pretrain
ResNet50-101 models, we had to retrain and test them.
This would be the case with any operational ML scenario
when pretrained models are employed in field applications.
Note that the architecture of models (blocks and layers) are
not affected by weight quantization techniques.

VGG16 was the winner of ImageNet classification
competition in 2014 [18]. While it doesn’t have as many
layers as ResNet, it has very wide convolutional layers that
carry a total of 138 Million parameters that reflect its
original model size of 528 MB. VGG19 model is very
similar in structure to VGG16 except 3 more convolutional
layers in the middle, which increases VGG19 size to
549MB for a slightly better accuracy. When we
downloaded models into Keras [19], we omitted the top-
layers of the pretrained models, therefore Table 1 reports
smaller model sizes without the top layers, obtained before
transfer learning.

EfficientNet [20,21] studies model scaling issues and
identifies that “carefully balancing network depth, width,
and resolution can lead to better performance”. They
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Table 1: Originally used and quantized model sizes (MB).

Model Name Original Size Quantized Number
(MB) Size (MB) | of Layers
ResNet50 103 48 176
ResNet101 180 86 346
VGG16 59 29 16
VGG19 80 40 19
EfficientNet-BO 16 8 238

proposed a method that uniformly scales all dimensions
using a compound coefficient using which they designed a
range of EfficientNet from BO->B7. They demonstrated
effectiveness of this method up to 6x in speed and 8x in size
over ResNet50-101-152. Table 1 shows the modest size of
BO compared to ResNets and VGG. We’ll compare their
time-accuracy performances in Section 4.

3. METHODOLOGY

This section describes our methodology for tradeoff
assessment of different DNN models over different
benchmark datasets. Compared techniques include
quantization, weight sharing (clustering), transfer learning
using top (dense + hidden) layer unfreezing (Top-1, Top-
10), and direct model-to-model layer-based reuse of
weights (e.g., from ResNet101 to ResNet50). We trained
each model for 10 Epochs, which allowed for accuracy
convergence.

3.1. Experimental Systems and Software

We used Google Colab Pro cloud system [10], TensorFlow
[11] Keras [19] and Scikit-learn [22] Python libraries to
calculate our model accuracies, training times and sizes.
Google Colab Pro provides Intel Xeon® CPU @ 2.30GHz
16-core 32GB DRAM machines with different GPU
generations: NVIDIA Tesla Pascal (P100) PCIE-16GB and
Volta (V100) SXM2-16GB. A major difference between
these two GPU’s is that the newer V100 supports mixed-
precision operations, while P100 does not. We will discuss
the effects of system differences in performance.

3.2. Datasets: CIFAR10 and CIFAR100

Canadian Institute For Advanced Research (CIFAR) has
published labelled image datasets that have become the de-
facto benchmark for image classification models.
CIFAR10 and CIFAR100 include 60,000 32x32 bit color
images, belonging to 10 different classes and 100 different
classes, respectively. Image contents exclusively show
animals (bird, cat, dog, horse, etc.), vehicles (automobiles,
planes, ships, trucks), flowers, vegetables, trees and
people. CIFAR10 has 6000 images from each of 10 class
types, whereas CIFAR100 has 600 images from each of
100 types. In both datasets, 50,000 images are used for
training and 10,000 for testing purposes. These datasets are
identically and independently distributed (1ID) [23],
basically having no label and quantity skews. Since we
compare models over a centralized system architecture in
this paper, having non-11D datasets would be equivalent to
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leaving some classes out of the question and render our
results incomparable with respect to other related work in
this domain. Yet, we included a sensitivity analysis having
different splits (Table 3: 50-50%, 70-30%, 90-10%) for
training and testing CIFAR datasets. In another study [24],
we currently tested models with non-1ID datasets with
respect to their impact on distributed, federated learning
scenarios.

3.3. Unfreezing Model Layers for Transfer Learning

Transfer learning allows a model, pretrained with a former
dataset, to be unfrozen and retrained with the new dataset
at hand. Top layers are the ones closer to the model output,
which are also the fully-connected, dense layers. Since the
input layers are the same for all models (ingesting 32x32
bit images), the output layer and the hidden layers are of
utmost importance in improving model performance.
Therefore, we start by retraining models’ weights from
Top-to-Bottom, where Top denotes the model output. We
used the term “unfreeze” to denote the number of layers to
be retrained. For example, when we "unfreeze” Top-1
(dense) layer the dense layer is retrained, but hidden layers
are not affected, whereas when we unfreeze Top-10 layers,
we update and adapt 1 dense layer + 9 hidden layers.
VGG16-VGG19 models we used had 2 fully-connected
(dense) layers [25] and 13-16 hidden layers, respectively.
For fairness, we unfroze and retrained the same number of
dense & hidden layers in each model type.

After downloading selected pretrained models into Keras
for transfer learning, we initialized models’ top layers with
Keras’ default Glorot (Xavier) uniform initializer. This
initializer is known to fix the exploding & vanishing
gradient problems associated with random initialization
[26]. We can regard our new model-to-model layer transfer
strategy as a coarse-granularity initialization technique
where the top-layers of successor models (e.g. ResNet101
to ResNet50) are transferred with the presumptions that (a)
there is an evolutionary relation between the two model
generations which guarantees input-output compatibility
(2) the successor model has higher accuracy and the
predecessor model has smaller size. We report the results
in Section 4.

4. RESULTS AND DISCUSSION

In this section, we first present comparisons of the baseline
ResNet50-ResNet101 models over selected datasets. We
start by comparing their accuracies and continue with
training-testing times over two different GPU systems.
Then, we compare different model optimization techniques
in terms of their impact on model accuracy, time, and size.
We fix both training and testing epochs at 10 for all
experiments for reference. While training models for 10
epochs provides weight wupdates and accuracy
convergence, testing models for 10 epochs serves a
statistical validation for accuracy and inference timing
measurements.
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4.1. Analysis and Comparison of Model Accuracies

Figure 3 shows the comparison of classification accuracies
for ResNet50-101 models over CIFAR10 and CIFAR100
datasets while retraining Top-1 (Dense) and Top-10 (1
Dense + 9 Hidden) layers. First, we observe in Figure 3a-
3b that retraining of even the last (Top-1) layer in both
ResNet50 and ResNet101 results in a significant
improvement of accuracy. Since original models were
trained using ImageNet, this case shows the immediate
benefits of transfer learning for both CIFAR10 (from
~0.78-t0-0.96) and CIFAR100 (from ~0.5-t0-0.95).

Second, training accuracies are always higher than testing
accuracies and the difference between them denotes the
amount of overfitting (since we have IID data). Third,
ResNet101 only has slightly higher training and testing

Accuracy CIFAR-10 (Top-1)

0,95

09 | I—
0,85

0,8

0,75

0,7
1 2 3 4 5 6 7 8 9 10

Res101-Train Res50-Train

(a) Accuracy with CIFAR10 dataset Top-1 retraining.

Res101-Test -+Res50-Test

Accuracy CIFAR-100 (Top-1)

09

0,8

0,7
0,6

0,5

0,4
1 2 3 4 5 6 7 8 9 10

Res101-Train

(b) Accuracy with CIFAR100 dataset Top-1 retraining.

Res50-Train Res101-Test -+Res50-Test

Accuracy CIFAR-100 (Top-10)

0,8

g g

AR
0,7
0,6

0,5

0,4
1 2 3 4 5 6 7 8 9 10

Res101-Train

(c) Accuracy with CIFAR100 dataset Top-10 retraining.

Res50-Train =+~Res50-Test Res101-Test

Figure 3. Comparison of accuracies for Resnet50 and
Resnet101 models with (a) CIFAR10 Top-1, (b)
CIFAR100 Top-1, and (c) CIFAR100 Top-10 layers
retraining.
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Table 2: ResNet50-101 accuracy values over CIFAR10-
100 datasets using Recall, Precision and F1 measures.

Model Dataset Recall | Precision | F1

CIFAR10 Res50-Top10 0.92 0.92 0.92
Res101-Topl0 0.99 0.99 0.99

CIFAR100 | Res50-Topl0 0.72 0.76 0.74
Res101-Topl0 | 0.73 0.77 0.75

accuracy compared to ResNet50. However, the dataset’s
image complexity has a bigger role in the final result, i.e.
CIFAR100 bheing more complex than CIFAR10 leads to
lower accuracies (0.7 vs. 0.9). Otherwise, ResNet50-101
models have very close validation accuracies in both
datasets. This proves that additional efforts and complexity
added to create ResNetl01 model did not contribute
significantly to higher accuracy while it caused 60-80%
increase in model training time and sizes. ResNet101 takes
1.6-1.8x the training time of ResNet50 (see Table3: P100:
470sec vs. 840sec, V100: 280sec vs. 470sec) and increases
model size by ~1.74x (see: Tablel: 103MB->180MB). We
therefore find that operationalizing models in the field to
train & test them over different datasets can be as important
as offline feature and model engineering.

In Figure 3b-3c, a comparison of models over retraining of
Top-1 vs. Top-10 layers with CIFAR100 shows faster
convergence in Top-10 layers (e.g., 0.9 point reached at 3
epochs in Top-10 vs. 5 epochs in Top-1) and a slightly
higher accuracy result with Top-10 at the end (Top-1: 0.95
vs. Top-10:0.98). Note that we refer to unfrozen layers and
not the probably of a class prediction being in Top-1 vs.
Top-5 lists, since Top-5 result in an unacceptably higher
accuracies for field applications.

In Table 2, we briefly report different accuracy measures
including Recall, Precision and F1 for ResNet50-
ResNet101 models over different datasets. Since these
benchmark datasets were 11D for all class types, all of the
measures gave similar accuracy results: ~0.9 for CIFAR10
and ~0.7 for CIFAR100. There are no label or quantity
skews to cause reductions in precision or recall. We tested
these issues in our recent work on distributed federated
learning [24] where non-l1ID datasets [27,28] can have
more impact on federated model performance [29].
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While not shown here for brevity, we also tested a
Random Model (i.e. naive reference) with CIFAR100
dataset for cross-examination and correctness control and
we obtained accuracy: 0.01 (1/100), recall: 0.01,
precision: 0.01, Area Under Curve (AUC): 0.50 as
expected.

4.2. Model Training-Testing Times and GPU Effects

In this part, we compare training and testing times of the
baseline ResNet50-ResNet101 models over CIFAR100
dataset and by unfreezing Topl10 layers. As a part of our
measurement and sensitivity analysis we run the
experiments over two different GPUs (P100-V100) and
change the ratio of training-testing datasets (50-50%, 70-
30%, 90-10%) to validate per mini-batch processing times.
We used TensorFlow Keras library and its evaluate()
function. The batch_size was 128 items for both training
and testing.

Table 3 shows that the training time for ResNet50 was 26.8
sec/30,000 images (~0.9 ms/image) and for ResNet101
42.7 sec/30,000 images (~1.4 ms/image). For example, if a
real-time application sets the inference time limit for the
DNN model to be 1ms, ResNet50 would be eligible for
field deployment whereas ResNet101 would not qualify.
Depending on the ratio of increase in training data the
training times increase and the testing times decrease, but
the total time remains consistent around ~53 seconds for
ResNet50 and ~84 second for ResNet101 over P100 GPU.
We observe that both training and testing times of
Resnet101 are 1.6-1.8x slower than ResNet50 for all data
sizes (e.g. Resl01/Res50 testing for 90-10%:
8.2/4.9=1.67), which is due to the model size and
complexity.

Training and testing times improved by ~45% for both
models when we used Volta (V100) GPU, since it has
~45% more GPU cores (+TPU cores), higher memory
bandwidth as well as memory capacity (32GB vs 16GB).
For example, Res50 50-50% was 14.5 sec vs. 26.8 sec. In
an offline analysis, we also compared Adam or SGD
optimizers and observed no performance impact on
training time. The total time was similarly ~29 sec. for
ResNet50 and ~47 sec. for ResNet101 with VV100.

Table 3: Effects of different GPU accelerators (P100,V100) on model training-testing time for different data ratios
(50-50%, 70-30%, 90-10%) using CIFAR100 dataset and Top-10 layers for retraining.

GPU Ratio (%) Train Time (sec) Test Time (sec) | Total Time (sec)

Res50 Res101 Res50 Res101 Res50 Res101

P100 (Pascal) 50-50 26.8 42.7 27.8 40.5 64.6 83.2
70-30 374 59.9 14.7 244 52.1 84.3

90-10 48.1 76.9 4.9 8.2 53.0 85.1

V100 (Volta) 50-50 14.5 23.7 15.0 22.7 29.5 46.4
70-30 20.3 33.1 8.1 20.6 28.4 53.7

90-10 25.9 425 2.7 5.2 28.6 41.7
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(b) Accuracies of models with CIFAR100 dataset.

Figure 4. Accuracy comparison of different pre-trained DNN models and their optimized (quantized, clustered,
transfer learning, model-to-model layer transfer) versions after retraining of Top-1 and Top-10 layers.

4.3. Comparison of Different Model

Techniques on Accuracy

Optimization

Figure 4 shows the accuracy results for the basic Resnet50-
Resnet101 models and their optimized (quantized, weight-
clustered, transferred) versions over CIFAR10 (Fig.4a) and
CIFAR100 (Fig.4b) datasets, respectively and in
descending order of their accuracy achievements. We
report the accuracies obtained after 10 epochs of retraining.

First, we observed that unfreezing Top-10 Layers resulted
in higher accuracy compared to unfreezing only Top-1
layer. For Res50-cluster and Resnet101-cluster models,
although we used a relatively large number of clusters
K=8192 to obtain high-precision weights, the accuracy
drop over the original model was significant (~6%)
compared to the quantization optimization. Finally,
transferring top layers directly from ResNet101 to the
ResNet50 model (Res50+101 model-2-model) resulted in
the lowest accuracy before retraining. However, this
strategy was still more promising than the Res50-Cluster
model after retraining with both CIFAR10 and CIFAR100.
This technique requires more investigation by careful
selection of the transferred blocks.

Also, accuracies of all unmodified (Res50-Res101) and
optimized (quantized, clustered, transferred) models are

higher for CIFAR10 (~0.85-0.92), then CIFAR100 (~0.65-
0.75). Surprisingly, quantized versions of Res50-Res101
from float32-to-float16 resulted in a very small decrease
(<2%) in the accuracy, although we gained a significant
size reduction (see Sec 4.5).

Based on this subtle, but important difference we decided
to conduct another sensitivity analysis of model depth over
Resnet ad VGG. Figure 5 shows that ResNet benefited
more as we unfroze more layers, whereas VGG did not.

Sensitivity to Layer Count for Unfreezing

“‘_ e,
—
0,8
0,6
0,4
0,2
0
2 3 4 5 10 ALL

—e—\/GG —e+—Resl01

Figure 5: Sensitivity of Resnet101 and VGG model
testing accuracy over different count of Top layers
unfrozen and retrained for 10 epochs.



372

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 15, SAYI: 4, EKiM 2022

Table 4: Training and testing times with different NVIDIA Tesla GPUs (P100-V100).

GPU Dataset-Layers Resnet50 Res50- Res50- Resnet101 Res101- Res101- Res50+101
Quant Cluster Quant Cluster

P100 CIF10-Topl 472 630 471 842 1062 847 838
CIF100-Topl 476 642 476 841 1048 861 841
CIF10-Top10 528 671 540 894 1108 892 896
CIF100-Top10 540 691 524 895 1121 898 902

V100 CIF10-Topl 286 226 286 474 329 470 477
CIF100-Topl 286 218 285 493 325 470 477
CIF10-Topl0 318 238 323 509 343 501 510
CIF100-Top10 319 238 319 509 343 507 514

Including dense (Top 1-3) classifier layers to transfer
learning is generally a good idea but moving further into
the hidden layers does not always guarantee accuracy
gains. This may be due to the fact that model architectures
are originally designed and fit for their initial datasets,
which is ImageNet dataset in this case.

4.4. Comparisons of Training-Testing Times

Table 4 shows the total times for 10 training + 10 testing
epochs with 50,000 training and 10,000 testing images
(ratio ~83-17%) of original ResNet50-101 models and
their optimized (quantized, clustered, transfer learned, and
model-2-model layer transfer) versions over P100 and
V100 GPUs. There are two main findings within these
results: (1) clustering does not change the train-test times,
but there is a preparation time cost for these models, (2)
quantization is highly-sensitive to GPU’s mixed-precision
support at the hardware level: if there is support (V100) the
resulting times are 25% faster, but if not (P100) the train-
test times can be 30% slower. Resnet50+101 model-to-
model layer transfer has similar time performance to
weight clustering.

4.5. 3D Comparisons Including Size Reduction

In Table 1 we showed that quantization can reduce model
sizes by 50% (or 2x). Note that the accuracies presented in
Figure 4 were comparable within 2% of original models.
Quantization with mixed-precision support leads to the
best results in multi-dimensional assessment. However,
edge nodes currently don’t have GPUs with mixed-
precision support. These high-end GPUs are powerful, but
expensive and energy-consuming devices. So, their
operational use at the edge for mass scale is currently not
feasible.

Figure 6 shows the model inference time (X-axis) vs.
model accuracy (Y-axis) and bigger bubble sizes refer to
the bigger model sizes. High accuracy, small inference
time and smallest model sizes are preferable. From Fig. 6
we can see that EfficientNet-BO Top-1-10 quant models
have the highest accuracy, smallest inference time and size.
In comparison, VGG19 models are at the outer rim of the
chart with lower accuracy, higher inference times and
relatively larger bubble sizes. Finally, Resnetl01 models
have relatively larger sizes and inference times compared
to EfficientNet-BO and Resnet50 models (respectively,
their quant versions) although their accuracies are also

high. For each model, we observe that quantization
increases the inference times while it makes the model
sizes smaller. While Fig 6. is illustrative, it cannot help us
make a final decision in model selection. Therefore, we use
a new operational score to combine conflicting dimensions
and rank our selected models. Table 5 shows the model
rankings based on OpScore. We added a fictitious MIN and
MAX model in the table, which picks the best and worst
values from among the analyzed models in the table. These
values can later be used for MIN-MAX normalization
purposes for each application. Theoretically, our OpScore
can take negative or relatively high values, but it will be
between [0,5] for almost all practical cases. For example, a
very poor performing model with <Acc:0,01; Size=1GB;
Time=100sec> has OpScore=5.0, whereas a relatively
good model with <Acc:0,99; Size=10MB; Time=10sec>
has OpScore=0.0. OpScore values of all the real pretrained
models for CIFAR10 are between [0,67-2,63] in Table 5.

Figure 7 shows the performance results of all models over
CIFAR100 dataset using a bubble chart for visual
comparison. Accuracy values have dropped for all the
models due to classification complexity of CIFAR100 as
expected. Yet, the general patterns and findings for
CIFAR10 reported in Figure 6 are still valid. Inference
times and model sizes are similar. Table 6 show the results
ranked by OpScore, respectively. Due to the decrease in
accuracy, OpScore values of all models with CIFAR100
are higher between [1,15-3,10]. There are only small
changes in the ordering of the models.

Figure 8 presents the sensitivity analysis of clustering
technique (K=512->16,384) on model accuracy. Note that
the accuracy drops from ~0.9 to ~0.6 for CIFAR10 and
~0.7 to ~0.3 as the number of weight clusters decrease from
K=8192 to K=1024. This is due to the immense loss of
information in NN weights. Table 7 presents the same
analysis for effects on model size and model clustering
time. Note that this clustering time is a “preparation” time
that has to be spent before the model is used for training
and testing. Therefore, it is an additional cost. Most of the
related work do not report their model preparation times,
which could become a significant limit in practice. The
main goal of clustering is to reduce model size. Table 7
shows that this goal is achieved (103MB->39MB), but at
the expense of accuracy loss and added clustering times.
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3D Evaluation of DNN Models over CIFAR-10
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Figure 6. 3D Bubble chart comparison of selected DNN models with CIFAR10.
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Table 5. Ranking of evaluated models based on 3D KPI and unified OpScore using CIFAR10 dataset. MIN-
MAX values are obtained by selecting the best and worst value for each column and generating a score for this
fictitious model as reference; this can be used for normalization. Note that best and worst OpScore values range

between 0-5.

Model Name Accuracy Size (MB) | Training Time (sec) | Inference Time (sec) | Score

MIN 0,93 8,10 27,72 6,06 0,54
B0 Quant Top-10 0,91 8,10 31,77 6,28 0,67
B0 Quant Top-1 0,89 8,10 27,98 6,27 0,75
B0 Top-10 0,93 16,60 29,92 6,07 0,86
BO Top-1 0,89 16,60 27,72 6,06 1,05
BO Cluster Top-10 0,40 11,00 29,34 6,07 1,60
Resnet-50 Quant Top-10 0,90 48,00 56,41 10,34 1,71
BO Cluster Top-1 0,21 11,00 27,75 6,07 1,72
Resnet-50 Quant Top-1 0,89 48,00 51,51 10,39 1,74
Resnet-50 Top-10 0,92 103,00 44,48 8,14 1,81
Resnet-50 Top-1 0,90 103,00 40,09 8,14 1,91
VGG16 Quant Top-2 0,88 29,50 136,00 28,00 2,00
Resnet-50 Cluster Top-10 0,75 61,00 44,48 8,14 2,09
VGG16 Cluster Top-3 0,86 39,90 118,00 23,00 2,11
VGG16 Cluster Top-2 0,85 39,90 114,00 23,00 2,13
Resnet-101 Quant Top-10 0,91 86,00 89,78 17,02 2,14
Resnet-101 Quant Top-1 0,90 86,00 84,29 16,92 2,17
Resnet-50 Cluster Top-1 0,70 61,00 40,16 8,15 2,17
VGG16 Top-2 0,88 58,90 114,13 23,00 2,22
VGG16 Top-3 0,88 58,90 117,78 23,00 2,22
VGG19 Quant Top-2 0,87 40,10 167,48 34,00 2,23
Resnet-101 Top-10 0,93 180,00 71,18 13,56 2,25
VGG19 Cluster Top-3 0,88 54,30 144,85 29,00 2,29
VGG19 Cluster Top-2 0,87 54,30 141,33 29,00 2,32
Resnet-101 Top-1 0,91 180,00 67,51 13,60 2,35
VGG16 Quant Top-3 0,73 29,50 140,00 28,00 2,35
VGG19 Top-3 0,89 80,20 144,80 29,00 2,42
VGG19 Top-2 0,87 80,20 141,23 29,00 2,48
VGG19 Quant Top-3 0,77 40,10 171,31 34,00 2,50
Resnet-101 Cluster Top-10 0,77 115,00 71,25 13,56 2,55
Resnet-101 Cluster Top-1 0,73 115,00 67,51 13,63 2,63
MAX 0,21 180,00 171,00 34,00 3,68
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3D Evaluation of DNN Models over CIFAR-100

0,85

0,80 Resnet-101 Top-10
Resnet-50 Top-10

esnet-101 Quant Top-10

0,75 BO Top=10
Resnet-50 Qu
BO Quant Top-1 Resnet-50 To:n
g 070 BO Top-1 Resnet- t T
o BO Quant Tops
=
[+ Resnet Top_ﬁf-‘sn er Top-10
< 0,65

0,60 Resnet-50 Cluster Top-Resnet-101 Cluster Top-1

0,35

0,50
0,00 5,00 10,00 15,00

VGG16 Cl

1 Quant Top-1

Vi
16 Top-3

VGGL Top-3

20,00 25,00

Inference Time (sec)

VGG19 Cluster Top-2

16 Quant T A -
! uan °§§8}3¥38-§ VGG19 Quant Top-2

VGG19 Cluster Top-3

30,00 35,00

Figure 7. 3D Bubble chart comparison of selected DNN models with CIFAR100.

Table 6. Table 5. Ranking of evaluated models based on 3D KPI and unified OpScore using CIFAR100 dataset.
MIN-MAX values are obtained by selecting the best and worst value for each column and generating a score for
this fictitious model as reference; this can be used for normalization. Note that best and worst OpScore values

range between 0-5.

Model Name Accuracy Size (MB) | Training Time (sec) | Inference Time (sec) | Score

MIN 0,75 8,10 27,28 6 1,08
B0 Quant Top-1 0,71 8,10 27,77 6,00 1,15
B0 Quant Top-10 0,71 8,10 30,94 6,00 1,15
BO Top-10 0,74 16,60 29,63 6,00 1,41
BO Top-1 0,71 16,60 27,36 6,00 1,46
BO Cluster Top-10 0,12 11,00 29,59 6,00 1,76
BO Cluster Top-1 0,05 11,00 27,28 6,00 1,80
Resnet-50 Quant Top-10 0,72 48,00 56,63 10,37 2,14
Resnet-50 Quant Top-1 0,70 48,00 51,05 10,27 2,17
Resnet-50 Cluster Top-10 0,66 61,00 44,61 8,22 2,23
Resnet-50 Cluster Top-1 0,63 61,00 40,50 8,22 2,27
Resnet-50 Top-10 0,74 103,00 44,47 8,11 2,34
VGG16 Quant Top-2 0,59 29,50 136,27 28,00 2,53
Resnet-101 Quant Top-10 0,73 86,00 88,43 16,87 2,59
VGG16 Cluster Top-2 0,56 39,90 113,84 23,00 2,60
Resnet-101 Quant Top-1 0,71 86,00 84,04 16,87 2,62
VGG16 Cluster Top-3 0,54 39,90 117,50 23,00 2,62
Resnet-101 Cluster Top-10 0,67 115,00 71,25 13,73 2,72
VGG19 Quant Top-2 0,60 40,1 167,37 34 2,74
VGG16 Top-2 0,59 58,90 113,92 23,00 2,74
Resnet-101 Cluster Top-1 0,64 115,00 67,50 13,65 2,75
VGG16 Top-3 0,56 58,90 117,63 23,00 2,77
Resnet-101 Top-10 0,75 180,00 70,18 13,58 2,79
Resnet-101 Top-1 0,74 180,00 67,3 13,58 2,80
VGG19 Cluster Top-2 0,58 54,3 1411 29 2,82
VGG19 Cluster Top-3 0,57 54,3 1445 29 2,83
VGG16 Quant Top-3 0,12 29,50 139,65 28,00 2,86
VGG19 Top-2 0,59 80,20 141,24 29,00 2,97
VGG19 Top-3 0,59 80,20 144,92 29,00 2,98
Resnet-50 Top-1 0,72 103,00 40,06 8,11 3,06
VGG19 Quant Top-3 0,07 40,1 171 34 3,10
MAX 0,07 180,00 167,37 29 3,69
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Figure 8. Accuracy comparison of clustered Resnet50-101 pre-trained models over different cluster counts.
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Table 7: Sensitivity of Resnet50-101 models per
number of clusters over size (MB) and time (sec).

Model Name - Size Clustering
Cluster# (MB) Time (sec)
Res50 — Original 103 -
Resnet50 -512 39 398
Resnet50 -1024 42 561
Resnet50 -2048 47 911
Resnet50 -4096 55 1556
Resnet50 -8192 61 2894
Res101 — Original 180 -
Resnet101 -512 76 1014
Resnet101 -1024 82 1560
Resnet101 -2048 93 2692
Resnet101 -4096 115 4808
Resnet101 -8192 130 7800

5. RELATED WORK

While increasing the depth in DNN, generally increases the
accuracy of image classification, this accuracy gets
saturated and then even drops as more layers are added. He
et al. [17] proposed to reformulate plain or stacked layers
as residual functions leading to deeper networks without
increasing the costs of training. These networks were
called Residual Networks or ResNet in short. The state-of-
the art DNN including ResNets [17], DenseNet [30],
SqueezeNet [31] and EfficientNet [19,20] addressed
models’ size, accuracy and inference time balance, but the
outcomes were not operationalized in real-time field
applications, because of resource limitations at the edge
and the need for continuous architectural adaptation.
Methods that only consider improvements in inference
time, assume that model training or tuning would be done
once at the beginning or infrequently. However, modern
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distributed [32] or decentralized scenarios teach us that
frequent model updates may be necessary. Our work
quantifies the evaluation and ranking of DNN’s for this
purpose.

DeepCPU [33] developed by Microsoft also focuses on
operational models, but only addresses model serving time
reduction. They denote, users can tolerate long training
times since this step is offline but improving serving time
is crucial since this makes the biggest difference between
shippable vs. non-shippable model. Models need to
conform to Service-Level Agreements (SLA) in real-time
and thus must make fast and accurate predictions.
DeepCPU proposes cache-aware partitioning to optimize
L2-L3 data movements and weight-centric streamlining.
Specifically, they demonstrate 10x-60x speedups in
serving time of different NLP models. There are other
researchers that address model performance issues at the
hardware level. HardNet [34] aimed to reduce the traffic to
DRAM by reducing the number of accesses to feature maps
in CNN. This operation reduced the number of floating-
point operations (flops) and inference latency.

In this paper, we evaluated the performance benefits and
potential hardware dependencies of quantization. While
our work is orthogonal to scalar and vector-based
quantization [35], it is still useful to summarize related
work in this group. Fixed scalar quantization of weights
stored in floating-point variables can reduce performance
as the amount of information is reduced. Researchers
analyzed resilience of DNN under quantization [36] and
effects of retraining models to alleviate this problem.
Zhang et al. [15] developed a strategy called Learned
Quantization Networks (LQ-Nets) that can change the
fixed point and adapt quantization level to balance the
tradeoff between size and accuracy. Han, et al. [16]
reduced model sizes further via deep compression while
also trying to address power issues. They designed a three-
stage pipeline of model pruning, trained quantization, and
Huffman coding to reduce the storage requirement of NN
without affecting their accuracy.

Nath, et al. [37] claim that most of these methods suffer
from two strict requirements, which hinder their
operational performance: (1) they require special hardware
to be effective or (2) they have to modify their model
structures and/or weights via pruning [38] and retraining
which is quite costly to handle during operation. In their
paper titled “better together” [37], they proposed “adjoint
networks” where a large DNN continuously acts as a
teacher to a smaller DNN. Their approach is orthogonal to
quantization and neural architectural search [32] methods.
A similar approach by Shen, et al. [39] called MealV2 uses
an ensemble of teachers for “knowledge distillation”
coupled with a good initialization of the student model. Our
model-to-model layer transfer method was inspired by
these approaches, but we wanted to further minimize the
cost of retraining by quick layer transfers and stitching
before retraining instead of weight initialization. We could
resemble our new approach to creation of a “Frankenstein”
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model, which borrows layers of the architecture model
different related models.

Other orthogonal but related work include model
generalization issues [40,41] and DNN performance
surveys [42,43]. Recht, et al. [40] performed a longitudinal
study for model generalization or robustness using
ImageNet classifiers using CIFAR10 and ImageNet
datasets. After creating a new labelled dataset called
CIFAR 10.1, they found that (1) there was a significant
performance drop in all models developed during 2013-
2018 (a very active 5 years for ML research), (2) drops
were due to models’ inability to generalize to slightly
harder images and not due to model adaptability to new
data (i.e. overfitting to old datasets). Zhang, et al. proposed
adversarial auto-augmentation [41] which is a data
augmentation technique to help target NN learn hard
features and improve model generalization

Li, et al. [43] gave a comprehensive survey of deep
learning (DL) compilers. They listed properties of DL
frameworks such as TensorFlow, PyTorch, Keras, etc. and
DL accelerator hardware (by Google, Intel, Amazon). It is
a useful survey for understanding general OpML issues.

6. CONCLUSION AND FUTURE WORK

We described a framework for multi-dimensional tradeoff
assessment of DNN model performances based on
accuracy, time, and size. Comparison of modern
quantization and weight sharing (clustering) techniques
revealed that quantization can provide size savings without
loss of accuracy, yet it needs GPU support for mixed-
precision float operations for achieving acceptable train &
test times. If this can be provided, then its operational
efficiency and viability is high. Yet, these high-end GPUs
are currently not feasible for use in edge devices, especially
at large-scale. NN weight sharing via clustering can save
sizes by up to 60%, but its accuracy is sensitive to number
of clusters used. While higher cluster counts give better
accuracy, they eventually lose benefit in size and time
dimensions. Finally, direct layer transfers among models
requires careful selection. Otherwise, their accuracy can be
lower than the original models.

In the future, we plan to extend our sensitivity analysis to
different models and model parameters. Specifically, we
are currently investigating the effect of decentralized, non-
IID and unbalanced datasets in distributed federated
learning settings [44,45,46]. Our work proposes a 3D
evaluation scheme for these and other comparable
techniques. We hope that DNN, Al, ML, OpML
researchers can repeat these assessments over different
DNN models and datasets.
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COVID-19 Salgimi Siirecinde Duygu Skorlarinin ve Teknik
Indikatorlerin Kullanilmasiyla BIST 100 Endeksi Trend
Tahmini
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Ozet— Duygu analizi, metinsel verilerin yansittig1 olumlu, olumsuz ya da nétr duygularm tespit edilme asamalarini
icermektedir. Farkli konular hakkinda yayinlanan metinsel verilerin yansittigi olumlu ve/veya olumsuz duygular,
insanlarin, kiiciik veya biiyiik 6lgekli sirketlerin karar alma siireglerini etkileyebilmektedir. Metinsel kaynaklarin
yansittigl duygular, duygu skorlari ile sayisal hale getirilebilmekte ve bu skorlar zaman serilerinin ileriye yonelik
kestirimlerinin yapilmasi agamasinda kullanilabilmektedirler. Bilindigi gibi 1 Aralik 2019 tarihinde Cin’in Vuhan
kentinde ortaya ¢ikan ve tiim diinyay1 etkisi altina alan koronaviriis kiiresel bir pandemiye sebep olmustur. Bu durum
uluslararasi ve yerel sermaye piyasalar1 lizerinde keskin diisiislere neden olmustur. Bu ¢alismada pandemi doneminde
toplanan haber metinlerinden elde edilen duygu skorlarinin Bist100 endeksi trendinin belirlenmesinde etkili olup
olmadiginin analizi yapilmistir. Analizlerde borsa endeksleri kestirimlerinde bilyiik 6nem arz eden teknik indikatorlerden
de yararlanilmistir. Boylece pandemi doneminde borsa endeksinin artma veya azalma yoniin belirlenmesinde duygu
skorlarinin ve teknik indikatorlerin etkisi goriilebilmistir. Yapilan analizler sonucunda, haber metinlerinden elde edilen
duygu skorlarinin borsa endeksi trend tahminlemesi iizerinde bazi periyotlar igin etkili oldugu gézlemlenmistir.

Anahtar Kelimeler— duygu skoru, borsa teknik indikatérleri, covid-19, Bist100, duygu analizi

Predicting BIST 100 Index Movement by using Sentiment
Scores and Technical Indicators during the COVID-19
Pandemic

Abstract— Sentiment analysis includes the stages of identifying the positive, negative or neutral emotions contained in
the text data. Positive and/or negative emotions reflected by the text data can affect the decision-making processes of
people, small or large-scale companies. Emotions reflected by documents can be vectorized with sentiment scores and
these scores could be useful to forecast time series models. As it is known, the coronavirus, which emerged in Wuhan,
China on December 1, 2019 caused a global pandemic all around the world. The Covid-19 pandemic has brought sharp
and sudden declines in global and domestic stock markets. Within the scope of our study, it was analyzed whether the
sentiment scores obtained from the Covid-19 related news documents were effective in forcasting the trend of the Bist100
index. Technical indicators that have great importance in estimating stock market indices, were also used in the analysis.
Hence, the effect of sentiment scores and technical indicators in determining the trend of the stock market index during
the pandemic could be observed. As a result of the study, it was observed that the sentiment scores were effective to
predict the price trend of stock market index for some periods.

Keywords— sentiment scores, technical indicators, covid-19, Bist100, sentiment analysis
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1. GIRIS (INTRODUCTION)

Sermaye piyasalarinda islem goren endekslerin getiri
yonlerinin tahmin edilebilmesi daha etkili yatirim
stratejilerinin  gelistirilebilmesine olanak saglamaktadir.
Fakat dinamik yapisindan otiiri borsa endekslerinin
degisim yoOniiniin pek ¢cok faktore bagli olmasi, endekslerin
getiri degerlerinin ya da hareket yonlerinin tahminini
zorlastirmaktadir. Beklenmedik bir sekilde ortaya ¢ikan
olaylar borsa endekslerinde dalgalanmalar yaratabilecek
faktorler arasindadir [1]. Bilindigi gibi 1 Aralik 2019
tarihinde Cin’in Vuhan kentinde ortaya ¢ikan ve tiim
diinyayr etkisi altma alan koronaviriis kiiresel bir
pandemiye neden olmustur. Pandemi nedeniyle ortaya
¢ikan belirsiz ortam ulusal ve uluslararasi mali piyasalar
iizerindeki dalgalanmalar1 arttrmistir. ABD, Ingiltere,
Ispanya ve Italya gibi gelismis ekonomiler bu ani
degisimden en cok etkilenen iilkeler arasina girmistir [2].
ABD borsalarinda islem goéren Dow Jones endeksi, 2020
yili Mart ayinda %12,94 diistisle 1987°de yasanan kara
pazartesiden bu yana en biyik kayb1 yasamustir.
Ulkemizde de 11 Mart 2020 tarihinde goriilen ilk vaka ile
iktisadi faaliyetler sinirlanmaya baslamigtir. Mart ay1
boyunca Borsa Istanbul’da hacmi en yiiksek 100 adet hisse
senedini kapsayan borsa endeksinde (BIST-100) %16,75
oraninda deger kaybi yasanmistir. Pandemi kosullarinin
Borsa Istanbul’da yer alan sektdrel endeksler iizerindeki
etkisini inceleyen bir calisma, salgin ile ilgili olaylar
karsisinda duyarliligi en yiiksek olan sektorlerin teknoloji,
ulastirma, turizm, KOBI ve bilisim sektorleri oldugunu
belirtmistir [1]. Calisma [3], salgin déneminde ulagtirma
ve turizm sektorlerinin de olumsuz etkilendigini ve bu
sektorlerin hisse senedi getirilerinin diistiglini ifade
etmistir.

Etkin piyasa hipotezi Farma tarafindan 1970 yilinda
gelistirilen ve finans alaninda en ¢ok arastirilan
hipotezlerden biri olmustur [4]. Bu hipoteze gore
yatirnmcilar rasyoneldir. Piyasalardaki fiyatlar mevcut
bilgiyi tam olarak yansitir. Ote yandan davranissal finans
yaklagimina gbére menkul kiymetlerin fiyatlarinin piyasa
aktorlerince “algilanan” fiyati yansitmaktadir [5]. Yani
yatirimcilar her zaman rasyonel olamayabilir. Bu iki
yaklasimin yakinlastitilmasiyla ortaya c¢ikan Adaptif
Piyasa Hipotezi'ne gore piyasalarin etkinligi olaylar ve
yapisal degisiklikler nedeniyle degisebilmektedir [6]. Bu
yaklagimlar dogrultusunda, son zamanlarda beklenmedik
bir sekilde gelisen olaylarm, finansal  haber
dokiimanlarinin/makalelerin, sosyal medya platformarinda
paylasilan kisa iletilerin yansitmis oldugu duygu durumlar1
ile sermaye piyasalar1 arasindaki iligki analizi 6nemli
aragtirma konular1 arasina girmistir.

Cetin c¢alismasinda [7], beklenmedik bir sekilde ortaya
¢ikan pandemi déneminde salgin oranmin yiiksek oldugu
bir donemde, Borsa Istanbul BIST-100 endeksinin kapanis,
acilig, en yiiksek ve en disiik fiyatlar1 ile COVID-19 vaka
sayilarinin pozitif yonde iligkili oldugunu belirtmistir. Atan
ve Cinar ¢alismasinda [8], finansal piyasalar ile ilgili haber
metinlerinin yansittig1 olumlu, olumsuz duygu degerleri ile
finansal degerler arasinda anlamli bir korelasyonun
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oldugunu vurgulamiglardir. Ates ve Giiran ¢aligmalari ile
[9], sosyal medyada paylasilan kisa iletiler ile BIST30
endeksi arasinda anlamli korelasyon iligkileri oldugunu
belirtmis ve tilkemiz adina 6nemli olaylarin oldugu bir
donemde duygu degerleri ve endeks arasinda Granger
nedensellik iligkine rastlandigini ifade etmislerdir. Pek ¢cok
caligmanin deneysel olarak elde etmis oldugu bulgular
neticesinde giiniimiizde haber kaynaklarinin beklenmedik
olaylar ile ilgili yansittig1 olumlu ve/veya olumsuz algilarin
finansal piyasalar etkileyebildigi goriilmektedir [10-15].
Bu caligmalarda, olumlu ve olumsuz haber sayilarinin
kullanilmasi ile elde edilen duygu degerlerinin, gerek borsa
endekslerinin gelecekteki degerlerinin 6n goriilmesinde;
gerekse endekslerin pozitif/negatif yonlii hareketlerinin
tahmin edilmesinde etkili oldugu belirtilmistir.

Duygu degerleri haber metinlerinde yansitilan olumlu,
olumsuz genel kaninin sayisallastirilmasint saglayan bir
Olgiimdiir. Duygu degerlerinin endeksler {izerindeki
etkinligini arastiran calismalarin ¢ogu yabanci sermaye
piyasalar1 hakkindadir. Bu c¢alismada 20.12.2019 -
16.02.2021 tarihleri arasinda koronaviriis hakkinda
yayinlanan haber dokiimanlari VADER kiitiiphanesi
yardimiyla olumlu, olumsuz ve nétr olarak etiketlendikten
sonra ¢ farkli duygu degeri elde edilmistir. Duygu
degerleri elde edildikten sonra aymi tarih araligindaki
BIST100 endeksleri ele alinmis ve endeks degerlerinin
giinlik bazda artis veya azalis durumlari, deger artisi
olduysa +1, tersi durumda O etiketleri ile belirtilerek analiz
edilen durum bir simiflandirma problemine
dontstiriilmistiir. Smiflandirma  probleminde endeks
trend tahmini i¢in haber metinlerinden elde edilen duygu
degerlerinin yam1 sira en sik kullanilan indikatorler
arasinda yer alan sekiz farkli adet teknik indikator de
kullanilmistir. Teknik indikatorler yatirim araglarinin
alimi/satim1 konusunda karar verilmesine veya gelecekteki
fiyatlarinin/fiyat yonlerinin tahmin edilebilmesine katki
sunmaktadirlar. Belirtilen 6zelliklerin kullanimiyla farkl
zaman periyotlarinin da baz alinmasiyla siniflandirma
algoritmasi olarak Rassal Orman (RO) topluluk 6grenmesi
algoritmasi kullanilmig ve elde edilen dogruluk degerleri
paylasilmistir. Analizler sonucunda haber verilerinden elde
edilen duygu degerlerinin ve borsa teknik indikatorlerinin
trend tahminlemesine oOnemli ol¢iide katki sagladig
gozlemlenmistir.

Calismamizin geri kalan1 su sekildedir. Bolim 2 ile
literatiir arastirmasi ele alinmig; B6liim 3 ile kullanilan veri
kiimesi tanitilmig; Bolim 4 ile simiflandirma probleminde
ele alman 6zellikleri ve RO algoritmasi sunulmus; Boliim
5 ile model parametreleri ve deneysel sonuglar paylasilmis
ve son olarak sonuglar baghigi elde edilen bulgular
yorumlanmustir.

2. LITERATUR TARAMASI (LITERATURE REVIEW)

Bu boliimiinde borsada islem goren hisse senetleri
getirilerinin tahmin edilmesine ya da getirilerin degigim
yoniiniin tespit edilmesine yonelik yapilan c¢aligmalar
incelenmistir.
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Pen ve ark. tarafindan hazirlanan ¢alismada hisse senedi
fiyatlarinin pozitif ya da negatif yonlii degisim durumu bir
siiflandirma problemine doniistiiriilmiistiir [10]. lgili
problemde derin aglar kullanilmistir. Algoritmaya girdi
olarak gecmis hisse senedi fiyatlarinin yani sira
haberlerden elde edilen BoK (Bag of Keywords), PS
(Polarity Score), CT (Category Tag) degerleri de
kullanilmistir.  Analizler sonucunda haberlerden elde
edilen degerlerin tahminlemede basarimi yiikselttigi
goriilerek en diigiik hata oraninin %43.13’liik bir deger ile
kapanis fiyatinin yani sira BoK, PS ve CT degerlerinin
beraber kullanilmasiyla elde edildigi goriilmiistiir.

Huynh ve ark. tarafindan gergeklestirilen analizde S&P
500 borsa endeksi Tlizerinde caligilmigtir. Yapilan
calismada finansal haberlerden elde edilen vektor degerleri
ve gecmis hisse senedi fiyatlar1 bir araya getirilerek hisse
senedi fiyatlar1 yon tahminlemesi yapilmistir [15]. Uzun
kisa stireli bellek (LSTM), kapili tekrarlayan hiicre (Gated
Recurrent Unit) ve makale tarafindan onerilen BGRU
(Bidirectional Gated Recurrent Unit) modelleri ilgili
veriler lizerinde uygulanmistir. Elde edilen sonuglara gore
BGRU modelinin diger modellerden daha yiiksek basarim
degerleri irettigi belirtilmistir.

Bouktif ve ark. ¢alismasinda AMZN NASDAQ iizerinde
hisse senedi artma azalma yonii tahmin edilmistir [11].
Yapilan c¢alismada DVM, lojistik regresyon (LR), ileri
beslemeli sinir aglari (Feed Forward Neural Networks),
RO ve ekstrem gradyan artirma (Extreme Gradient
Boosting) modelleri kullamilmigtir. Algoritmaya girdi
olarak ise hisse senedi fiyatlarinin agili, kapanis gibi
ozelliklerinin yani sira Twitter’dan ilgili hisse senedi ile
toplanmis kisa iletilerden elde edilen duygu polarite
Ozellikleri, duygu skorlari, N-gramlar ve gecikmeli 6zellik
degerleri kullanilmigtir. Elde edilen sonuglarda en iyi
sonucun yaklasik %63 dogruluk oraniyla RO algoritmasi
ile alind1g1 gorilmistiir.

Mohan ve ark. calismasinda S&P500 endeksine ait bes
yillik giinliik endeks degerleri ve sirketler hakkindaki
265000 adet finansal makaleden elde edilen pozitif ve
negatif polarite degerleri kullanilarak endeks tahminlemesi
yapilmustir [13]. Caligmada, pozitif ve negatif polarite
degerlerinin modellere katildigt durumun, sadece hisse
senedi fiyatlariin degerlendirildigi durumdan daha iyi
sonuglar verdigi belirtilmistir. Model olarak Facebook
Prophet, ARIMA ve tekrarlayan sinir aglar1 (Recurrent
Neural Networks) kullanmilmistir. Sonug¢ olarak duygu
degerleri ile kapanis fiyatlarinin yonii arasinda korelasyon
oldugu goriilmiistiir.

Mehtap ve Sen caligsmasinda, ulusal Hindistan borsasinin
NIFTY 50 endeksi tizerinde ¢alisilmistir [19]. 2015 — 2018
tarihleri arasindaki giinliik borsa verileri Yahoo finance
web sitesi lizerinden elde edilmistir. Kapams fiyati
tahminlemesi ve trend tahminlemesi igin sekiz adet
regresyon, sekiz adet siniflandirma modeli kullanilmustir.
Modellere girdi olarak agilis, kapanis gibi elde edilen borsa
verileri kullanilmigtir. Siniflandirma modelleri igerisinde
en basarili sonuglart %74.91 hassaslik orani ile RO
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algoritmasinin, regresyon modelleri icerisinde ise
uygulamali evrisimsel sinir ag1 (Applied Convolutional
Neural Network) algoritmasinin sergiledigi goriilmiistiir.

Picasso ve ark. tarafindan sunulan ¢alismada
NASDAQ100 endeksindeki en degerli 20 sirketin borsa
verileri lizerinde caligilmistir. Calismanin amaci piyasa
egilimini  tahminlemektir [12]. Piyasa egilimini
tahminlemede algoritma oOzellik girdisi olarak Basit
Hareketli Ortalama (Simple Moving Average), Ustel
Hareketli Ortalama (Exponential Moving Average),
Hareketli Ortalama Yakinlagma Uzaklasma Gostergesi,
Goreceli Giig Endeksi, Bollinger Bantlari, Stokastik
Osilator, Gergek Aralik (True Range), Ortalama Gergek
Aralik, Williams %R Gostergesi ve CR  teknik
indikatorlerinin yaninda haberlerden elde edilen duygu
degerleri de isleme katilmistir. Model olarak RO, DVM ve
YSA kullanilmistir. En bagarilt sonuglarin yaklagik %70
dogruluk orani ile haberlerden elde edilen duygu degerleri
ve teknik indikatorlerin bir arada kullanilmasiyla elde
edildigi gorilmiistiir.

Li ve ark. tarafindan gergeklestirilen ¢calismada Hong Kong
borsasinda bes yillik bir veri kiimesi iizerinde, borsa trend
tahminlemesi i¢in calisilmistir [14]. Ozellik degeri olarak
duygu skorlar1 ve Hareketli Ortalama (Moving Average),
Hareketli Ortalama Yakinlasma Uzaklasma Gostergesi
(Moving Average Convergence Divergence), Goreceli
Giig Endeksi (Relative Strenght Index) ve Para Akis
Gostergesi (Money Flow Index) borsa teknik indikatorleri
kullanilmistir. Calismada uzun kisa siireli bellek (Long
Short Term Memory), ¢oklu ¢ekirdek 6grenme (Multiple
Kernel Learning) ve SVM modelleri karsilagtirilmstir.
Yapilan ¢aligmada uzun kisa siireli bellek algoritmasinin
yaklasik %83 dogruluk orani ile daha basarili bir bagarim
degeri iirettigi belirtilmistir.

Patel ve ark. tarafindan sunulan ¢calismada Hindistan borsa
hisse senetlerinin negatif/pozitif yonlii hareketleri bir
siiflandirma problemine doniistiiriilerek tahmin edilmeye
calistlmigtir [16]. Caligmada egitim veri kiimesi olarak on
yillik borsa verisi analiz edilmis ve yapay sinir aglari
(YSA), destek vektdr makineleri (DVM), RO ve Naive-
Bayes (NB) smiflandirma algoritmalar1 kullanilmigtir.
Siniflandirma probleminde dikkate alinan 6zellik degerleri
popiiler borsa teknik indikatorleridir. Kullanilan teknik
indikatorler, “Basit hareketli ortalamalar (Simple Moving
Average)”, “Hareketli ortalamalar (Weighted Moving
Average)”, “Stokastik K% (Stochastic K%)”, “Stokastik
D% (Stochastic D%)”, “Momentum”, “Goreceli giic

indeksi (Relative Strenght Index)”, “William R%
(William’s  R%)”, Toplam  Dagitim  Osilatorii
(Accumulation/Distribution  Oscillator)”, “Mal Kanal

Endeksi (Commodity Channel Index)” gostergeleridir.
Elde edilen sonuglarda RO algoritmasinin  %91.48
dogruluk degeriyle en iyi bagsarim degerine sahip oldugu
belirtilmistir.

Khaidem ve ark., Apple, Microsoft ve Samsung hisse
senetleri {izerinde c¢aligmistir [17]. Model olarak RO
algoritmas1 kullanilmistir. Modele girdi olarak Goreceli
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Gii¢ Endeksi, Stokastik Osilator, Hareketli Ortalama
Yakinlagma Uzaklagsma Gostergesi, Williams %R
Gostergesi, Fiyat Degisim Orami (Price Rate of Change),
Denge Islem Miktar1 (On Balance Volume) borsa teknik
indikatorleri sunulmustur. Hisse senetleri kapanig fiyati
artma azalma yonii tahminlemesi i¢in alinan sonuglarda
RO algoritmasi ile %85 ve %95 araliginda basarim
sonuglari elde edilmistir. RO algoritmasi ile daha 6nce
kullanilan ~ [18] referanst ile belirtilen DVM
algoritmasindan daha etkili basarimlara ulasildig:
belirtilmistir. Bununla beraber en yiiksek basarim degeri
%92.08 ile 10 giinliik kestirimler i¢in Apple hisse senedi
iizerinde elde edilmistir.

Di., Apple, Amazon, Microsoft hisse senetleri iizerinde
¢aligmistir. Siiflandirma algoritmasi olarak destek vektor
makinesi algoritmast kullanilmigtir [18]. Siniflandirma
probleminde ilgili hisse senetlerinin artma azalma yonii
tahminlemesi yapilmistir. Siniflandirma asamasinda borsa
degerlerinin yani sira Momentum, Hareketli Ortalama
Yakinlasma Uzaklagma Gostergesi, Goreceli Giig Endeksi,
Williams %R Gostergesi, Mal Kanali Endeksi (CCl), Fiyat
Degisim Orani, Ortalama Yénsel Gosterge (ADX), Uglii
Ustel Hareketli Ortalama, Denge Islem Miktar;, Zaman
Serisi Tahminlemesi, Ortalama Gergek Aralik, Para Akis
Gostergesi  borsa teknik indikatorleri  kullanilmustir.
Calismada teknik indikatorlerin trend tahminlemesindeki
basarili sonuglar1 paylasilmigtir. Belirtilen sonuglara gore
en yliksek dogruluk degerinin %77.125 ile Microsoft hisse
senedi i¢in 7 giinlik kestirimlerde elde edildigi
vurgulanmistir.

Kullanimlar1 1933°li yillara uzanan teknik indikatorler
hisse senetlerinin gelecekteki fiyat egilimlerini belirlemek
icin gecmis fiyatlari, islem hacimlerini ve diger mevcut
verileri kullanmaktadir [32]. Biz bu ¢alisamada 6zellikle
duygu analizinin de katilarak gerceklestirildigi hisse senedi
egilimlerini tahminleyen [12], [14], [16], [18]
caligmalarinda kullanilan yiiksek basarim degerlerine
ulagilmasini saglayan “Agirlikli Hareketli Ortalama”,
“Goéreceli Gii¢ Indeksi”, “Hareketli Ortalama Yaklasma
Uzaklagsma Gostergesi”, “Williams %R Gostergesi”,
“Stokastik %K”, “Stokastik %D”, “Chaikin Toplama-
Dagitim Osilatorii”, “Mal Kanal Endeksi” gostergelerini
kullandik. Bu teknik indikatdrlerin yanina duygu skor
degerlerini de ekleyerek Bist100 enkesinin trend
tahminlemesi iizerine bir ¢alisma gerceklestirdik. Boylece
finansal metinlerin yansitt1g1 duygu dururmlarinin Tiirkiye
piyasalari tizerinde etkili olabilecegini deneysel bir sekilde
gostermis olduk.

3. ONERILEN METODOLOJIi
METHODOLOGY)

(RECOMMENDED

Bu caligmada Sekil 1 ile belirtilen asamalar takip
edilmistir. Bundan sonraki alt boliimlerde her bir asama
detaylica anlatilmistir.
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Sekil 1. Onerilen Metot Cercevesi
(Suggested Method Framework)

3.1. Kullamilan Veri Kiimesi (Dataset)

Bu ¢alismada 20.12.2019-16.02.2021 tarihleri arasinda
farkli haber kaynaklari tarafindan Covid-19 ile ilgili olarak
yayinlanmig olan (“korona”, “koronaviriis”,
”coronavirus”,”’corona”,’kovid19”, “covid19”, “kovid-
197,”covid-19” vb. kelimeleri iceren) haber metinleri Java
programlama dili ile yazilan bir yazilim ile toplanmistir.
Veri kiimemiz bu tarihlerdaki 290 islem giiniinde
paylasilan 59313 haber dokiimanini icermektedir. Veri
kiimesi iizerinde duygu analizi asamalarini ugulamadan
once haber metinleri durak kelimelerinden armndirilmistir.
On islem asamasinin ardindan duygu analizinin
gergeklestirilmesi i¢in sozlikk tabanli bir duygu analizi
araci olan VADER yazilimi kullanilmistir. Bu arag ile -4
ile +4 arasinda bir 6l¢ekte kelimelerin duygu yogunluk
toplamlarina gore metinsel veriler olumlu, olumsuz ve nétr
olarak etiketlenebilmektedir. VADER yazilimindan
faydalanmak i¢in Tiirkge haber metinleri Google ceviri ara
yiizii (Google translate api) kullamlarak Ingilizce’ye
cevrilmigtir.  20.12.2019-16.02.2021 tarih aralifinda
toplam 290 islem giinii mevcuttur. Bu giinlerde duygu
analizi gergeklestirilen toplam haber sayis1 59313’tiir.
VADER yazilimi ile bu haber dokiimanlarindan 42892
tanesi olumlu, 15621 tanesi olumsuz ve 800 tanesi notr
olarak etiketlenmigtir. 290 is giinii boyunca yaymlanan
olumlu, olumsuz ve nétr haber sayilarinin yayilimi Sekil 2
ile belirtilmistir.

Giinlik bazda yaymlanan olumlu ve olumsuz haber
sayilarinin kullanilmasiyla Boliim 4.1°de belirtilen S, Sz
ve Sz olarak adlandirilan 3 farkli duygu degeri
olusturulmus ve bu degerlerin her biri simiflandirma
probleminde 8 adet teknik indikatdriin yaninda ayr1 ayri
birer 6zellik olarak kullanilmusgtir.
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Sekil 2. 290 is giiniinde paylasilan olumlu, olumsuz ve
ndtr haber dagilimi

(Distribution of positive, negative and neutral news shared in 290
working days)

Duygu degerleri disinda 6zellik degeri olarak kullanilan
sekiz adet teknik indikator “agirlikli hareketli ortalama”,
“goreceli glic indeksi”, “hareketli ortalama yaklasma
uzaklagma gostergesi”, “Williams %R gostergesi”,
“stokastik %K”, “stokastik %D”, “Chaikin toplama-

dagitim Osilatorii”, “mal kanal endeksi” gostergeleridir.

290 islem giinii i¢in Bist100 endeksi kapanis fiyatlarinin
belirli bir giine gore artma ya da azalma durumunu bir
smiflandirma problemi olarak degerlendirebilmek adina
BiST-100 endeksi kapanis degerleri giinliik olarak baz
almmustir. 290 islem giinii i¢in gilinlere ait siif etiketleri,
endekste belirli periyota gore artis meydana geldiginde +1,
azalis meydana geldiginde ise 0 etiketlerinin yaratilmast ile
belirlenmistir.  Boylece smiflandirma probleminde ele
aliacak ozellikler ve degisecek periyotlara gore belirlenen
smif etiketleri elde edilebilmistir.

3.2. Modelde Kullanilan Ozellikler (Features Used in the Model)

Bu boliimde siniflandirma problemi olarak ele aldigimiz
endeks egilimini 6ngérme problemimizde kullanilacak
olan ozellikler (duygu degerleri ve siklikla kullanilan 8
adet teknik indikatdr) anlatilacaktir. Bilindigi gibi teknik
indikatorler, yatinm araglarimin ge¢mis ve giincel fiyat
ve/veya hacim faaliyetlerine bagli olarak yatirim
araclarinin alimi/satim1 konusunda karar verilmesine veya
gelecekteki fiyatlarinin ve/veya fiyat yonlerinin tahmin
edilebilmesine olanak saglarlar. Calismamizdaki
amacimiz pandemi doneminde yayimlanan olumlu ya da
olumsuz haber sayilarindan elde edilen duygu skor
degerlerinin ve popiiler teknik indikatorlerin BIST-100
endeksi kapamis degerlerinin pozitif ya da negatif yonli
degisim durumlarinin  tahmini  {izerindeki basarim
degerlerini incelemektir. Calismamizda kullanilan duygu
skorlarina ve 8 adet teknik indikatore ait olan agiklamalar
sirasiyla asagidaki alt basliklarda verilmektedir:
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3.2.1. Duygu Skorlart (Sentiment Scores)

Duygu skorlarinin olusturulmasi ic¢in [9] ¢alismasi baz
alinmis ve VADER yazilimi ile olumlu ve olumsuz olarak
etiketlenen haber sayilari kullanilmistir. Bu kapsamda
S1, Sz, S5 olmak iizere ti¢ adet duygu skoru elde edilmistir.

Nolumlug— Nolumsuz
S1 = - - @
Nolumlug+Nolumsuz;
Nolumlus+1
2 = (2
Nolumsuzg+1

Nolumlu Nolumlug—
S3 = - - = 3)

- Nolumlug+Nolumsuz; Nolumlu¢_q+Nolumsuze_q

Bu denklemlerde Nolumlu, ve Nolumsuz, incelelen
giinlerde paylasilan olumlu ve olumsuz haber sayilarini
belirtmektedir. Nolumlu,_, , Nolumsuz,_, ise (t-1).
giinde paylasilan olumlu, olumsuz haber sayisini ifade
etmektedir.

3.2.2. Agwrlikly Hareketli Ortalama (Weighted Moving Average
—WMA)

Agirlikli ortalama, verilen periyotta sondaki kapanis
fiyatlarina daha ¢ok agirlik verilerek hesaplanan
ortalamadir. Yakin zamandaki fiyattan, ge¢mis verilere
dogru onemlilik dogrusal olarak azalmaktadir. Pek ¢ok
calismada kisa donem tahminlemelerinde 10 giinliik
periyot kullanildig1 i¢in bu ¢aligmada da 10 giinliik periyot
baz alimmustir [16], [20]. Agirlikli hareketli ortalama
mevcut trendi teyit etmektedir. C,,, endeksin n. giiniindeki
kapanis fiyati olmak tiizere agirlikli hareketli ortalama
formiilii denklem 4 ile belirtildigi gibidir.

(1)XCqy +(2)X C2 +(3)X C3 +-+(N)X Cp,
14243++4n

WMA =

4)
3.2.3. Goreceli Gii¢ Endeksi (Relative Strength Index — RSI)

Bu indikatdr endeksin biinyesi i¢indeki giiclinii kendisine
gore karsilastirir [21]. Endeksin geg¢miste yiikseldigi
giinlerle, azaldigi giinlerin karsilagtirilmasina yardimet
olur. RSI hesaplanirken genellikle kisa dénem analizleri
i¢in on dort gilinliik periyot kullamilmaktadir [22-24]. RSI,
istenen periyotlardaki artis ve azalis yasanan giinleri ve bu
giinlere ait ortalama degerleri alarak bu degerlerin
birbirlerine oranini bulmaktadir. C; ilgili giindeki kapanis
fiyati; n periyot olmak tizere, RSI hesabi denklem 5-8 ile
belirtilen ara asamalara bagli olarak denklem 9 ile
belirtilmistir [16-10]:

C—Ciq, CG>Ciy

PD; = {0, ¢, <Cy ®)
(0 ¢ > Ciy
ND; = {lci —Ci_ql, G =Ciy ©)
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OPD; = =17 (7)

OND; = Z=2t (8)

RSL = 100 — [0 9)
1+(0NDli)

3.2.4. Hareketli Ortalama Yaklasma Uzaklasma
Gostergesi (Moving Average Convergence Divergence — MACD)

Hareketli ortalama yaklagsma uzaklasma gostergesi,
belirlenen periyotlardaki iissel hareketli ortalamalarin farki
almarak elde edilir. Bu gosterge endekste olusabilecek
trendin diisiis mii ylikselis mi oldugunu anlamamiza
yardimct olur. Genellikle, on iki ve yirmi altt gilinliik
periyotlar icin {stel hareketli ortalama sonuglarinin
¢ikarilmasiyla bulunur [22], [25]. On iki giin, hizh
hareketli ortalama igin segilen periyot iken, yirmi alt1 giin
yavas hareketli ortalama i¢in seg¢ilmistir. MACD serisi
belirtilen {istel hareketli ortalamalarm birbirinden
¢ikarilmasiyla elde edilmektedir. Bu gosterge i¢in ayrica
MACD serisinin 9 dokuz giinliikk {istel hareketli
ortalamasinin  alinmasiyla MACD  sinyal degeri
hesaplanmaktadir. EMA, {istel hareketli ortalama; n,
periyot ve C, ilgili periyottaki kapams fiyati olmak iizere
gosterge formiili denklem 10 - denklem 12 ile

belirtilmisgtir.

2 -1
EMA, = (- Co) + o EMA, 1) (10)
Sinyal =S = EMAo(MACD) (12)

3.2.5. Williams %R Gostergesi (Williams %R)

Williams %R gostergesi, kapanig fiyatinin saptanan periyot
icerisindeki en diisiik ve yiiksek fiyatlara gore yerini tespit
edilebilmektedir. Bu gostergede hesaplamalar genellikle
14 giin Ustiinden yapilmaktadir [18], [22], [26], [27].
Ly t) » son n periyodun en diigiik degeri (t. giinde gorildigi
varsayilsin), Hp) son n periyodun en yiiksek degeri (t.
glinde goriildiigii varsayilsin) olmak {izere gosterge
formiilii denklem 13 ile belirtilmistir.

e Hy)— giincel kapanis fiyati
Williams %R = —0~9 pans fyatt

-100 (13)

Hnt)=Ln(
3.2.6. Stokastik Osilatér (Stochastic Oscillator — STOCH)

Stokastik Osilator, kisa donem i¢in iglem yapanlarin en ¢ok
kullandig1 alim satim gostergelerindendir [22], [28]. Bu
gosterge hesab1 %K ve %D degerlerine sahiptir. [26], [17]
caligmalarinda belirtildigi gibi %K i¢in on dort giinliik, %D
icin ise U¢ giinliik periyot ile calisilmigtir. Caligmamiz
kapsaminda uygulanan modelde bu indikatdrden gelen %K
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ve % D degerleri iki ayr1 teknik indikatoér olarak
kullanilmastir.

Lyt » sonn periyodun en diisiik degeri (t. giinde gorildugi
varsayilsin) ve H, ) son n periyodun en yiiksek degeri (t.
giinde goriildiigii varsayilsin) olmak {izere gostergenin
kapsadigi %K ve %D formiilleri denklem 14 ve denklem
15 ile belirtilmistir.

guncel kapanis fiyati—Lyt)

%K = x100

(14)

Hn (t)—Ln(o)

%D egrisi, yavaglatilmis %K’nin 3 giinliik hareketli
ortalamasinin alinmasiyla elde edilmektedir.

_ Zt=q %Ke

%D = (15)

3.2.7. Chaikin Toplama-Dagitim Osilatérii (Chaikin
Accumulation/Distribution Oscillator —- ADOSC)

Chaikin toplama-dagitim osilatérii fiyat ve islem hacminin
analiz edilmesiyle yonsel bilgi vermeyi amaglar ve toplama
dagitim endeksinin ii¢ giine ait listel hareketli ortalamasi ile
on giine ait iistel hareketli ortalamasinin fark: alinarak elde
edilir [22], [29].

CO, Chaikin Osilatorii; ADL, toplama dagitim ¢izgisi
(Accumulation-Distribution Line); ADL(EMA3), ADL'nin
3 giinliik iistel hareketli ortalamast;
ADL(EMA;y), ADL'nin 10 glinliik {stel hareketli
ortalamasi; MFM, para akist g¢arpani (Money Flow
Multiplier); MFV, para akist hacmi (Money Flow
Volume); n periyot; ¥, n. giindeki hacim; L,,, n. giindeki
distik fiyat; H,, n. gindeki yiiksek fiyati olmak iizere
indikatér formiili denklem 16 — denklem 21 ile
belirtilmistir:

CO = ADL (EMA,) — ADL (EMA,,) (16)

ADL(EMA,,) = [ADL, x k] + [ADL(EMA,_,) % (1 —

k)] (17)
k== (18)
ADL = ADL,_, + MFV, (19)
MFV, = MFM x V, (20)
MEM = Enbn)= (=) 21)

(Hn—Ln)
3.2.8. Mal Kanal Endeksi (Commodity Channel Index — CCI)

Mal kanal endeksi, fiyattaki dongiisel degisimleri belirtir
[18]. 1lgili indikatér icin kullanilan periyot [30]
calismasinda oldugu gibi on dort giin alinmistir. Gosterge
formiilii denklem 22- 25 ile verilmektedir [22].
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¢Cly = DAi;.:lis (22)

A ="l (23)
zn Hiy *+ Leiy* Cgpy

B == (24)

p, = ZizsHiBil (25)

n

4. MODEL PARAMETRELERI VE DENEYSEL

SONUCLAR (MODEL PARAMETERS AND
EXPERIMENTAL RESULTS)

Calismamzda BIST100 endeksi kapanis degerlerinin
artig/azalis yoni (trend) tahminlemesi i¢in Jupyter
Notebook gelistirme ortaminda Python dili kullanilmistir.
Yararlanilan kiitiiphaneler numpy, pandas, scikit-learn, ta-
lib  kiitiiphaneleridir.  Endeksin  artig/azalis  yonii
tahminlemesi i¢in ilgili giiniin simf etiketleri, endeks
degeri bir onceki periyoda gore arttiginda 1 ve diger
durumda 0 degerine sahip olacak sekilde olusturulmustur.
Boylece trend tahminlemesi problemi ikili siniflandirma
problemine doniistiirtilebilmistiir. Smiflandirma
probleminde ele alinacak &zniteliker haber metinlerinden
elde edilen duygu degerleri ve 8 adet teknik indikatordiir.
Tim oOzellikler min-max normalizasyona gore 0-1
araliginda deger alacak sekilde normalize edilmistir.
Ozniteliklerin de olusturulmasiyla beraber modelimizde
RO siniflandirma algoritmasi kullanilmigtir. Siniflandirma
algoritmasi olarak RO’nun se¢ilme sebebi, pek ¢ok ¢alisma
tarafindan bu alanda iyi basarim sonuglart elde ettiginin
belirtilmesidir [11], [16], [17], [19]. RO algoritmasi, egitim
asamasinda c¢ok sayida karar agaciin olusturulmasiyla
calisan bir topluluk 6grenmesi yontemidir. RO’da karar
agaclarinin insa edilmesinde de yeniden 6rnekleme metodu
ve bolme kriteri olarak ise Gini safsizlik (Gini Impurity)
yontemi temel alinmaktadir [17]. Caligmamizda RO
algoritmasinda aga¢ sayist olarak [17] caligmasinda
kullanildigr gibi 5 aga¢ kullanilmistir. Algoritmada
endeksin artma azalma yonii tahminlemesi i¢in mevcut giin
ile belirli periyottaki 6nceki giin karsilagtirmasinda [31]
caligmasinda oldugu gibi 20 giinliik periyoda kadar
tahminlemeler yapilmistir. Ele alinan her periyot icin
egitim veri kiimesi %75-%25 olarak boliitlenmis ve bu
kiimenin baz alinmasiyla algoritma bes kez ¢aligtirtlmistr.
Son olarak elde edilen dogruluk (accuracy) ve F-skor

degerlerinin standart sapma ve ortalama degerleri
hesaplanarak Tablo 1 ve Tablo 2 ile sonuglar
paylastlmistir.

Bir smiflandirma algoritmasinin tahmin degerlerini ve
orneklemlerin gercek sinif etiketleri hakkinda bilgi veren
asagida belirtilen dogrulama matrisindeki TP (True
Positive), TN (True neagtive), FP (False Positive) ve FN
(False Negative) degerleri kullanilarak dogruluk degeri ve
F-skor degeri denklem 26 - denklem 29 ile belirtildigi gibi
hesaplanmaktadir.
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Tahmini Durum
+1 -1
Gergek | +1 TP FN
Durum -1 FP TN
Sekil 3. Karmagiklik Matrisi
(Confusion Matrix)
Dogruluk degeri = (TP+TN)/(TP+FN-+FP+TN) (26)
P= TP/(TP+FP) (27)
R= TP/(TP+FN) (28)
F-Skor = 2PR/ (P+R) (29)

Tablo 1, farkli o6zellik kiimelerinin kullanilmasiyla
gerceklestirilen  deneylerin = dogruluk  degerlerini
gostermektedir.

Tablo 1’e ait ilk ii¢ kolon (Dogruluk Si, Dogruluk S, ve
Dogruluk S3) 6zellik degeri olarak sadece Si, Sy, Ss duygu
degerlerinin ayr1 ayri kullanilmasi ile elde edilen dogruluk
degerlerini gostermektedir. Endeksin artig azalis yoniiniin
belirlenmesini ele alan bu smiflandirma probleminde
sadece Si, Sz, Sz duygu degerlerinin bireysel olarak
kullanilmas1 20 farkli periyot i¢in sirasiyla ortalama (ilk {i¢
kolon ortalamalari) 0,5771; 0,5659 ve 0,5620 dogruluk
degerlerini tiretmistir. Bu sonugtan yola ¢ikarak S; duygu
degerinin daha iyi bir bagarim degeri {lirettigi soylenebilir.

Tablo 1’in “Dogruluk BTIOK” isimli dérdiincii kolonu 8
adet borsa teknik indikator 6zellik kiimesinin (BTIOK)
dikkate alinmasiyla elde edilen sonuglar1 paylagsmaktadir.
Buradaki sonuglardan da goriildiigii gibi, tiim periyotlar
icin borsa teknik indikatdrlerinin kullanimi, sadece S1, Sy,
Sz duygu degerlerinin kullanimina gdre daha yiiksek
basarim degerlerinin elde edilmesini saglamigtir. Ayrica bu
kolonun ortalamasi alindiginda elde edilen 0,8038 degeri
S1, S2, Sz duygu degerlerinin ortalama degerlerinden daha
yiiksek ¢ikmustir.

Tablo 1’in beginci (Dogruluk BTIOK + S1) kolonu, BTIOK
ve S;’in ayni anda kullanilmasi ile elde edilen dogruluk
degerlerini  gostermektedir.  Belirli periyotlar igin
(3,5,6,7,11,12,14,15,16,17,18,20) yani toplam 12 deneyde
BTIOK ve Si’in birlikte kullanilmas1t BTIOK ve S;’in
bireysel kullanimlarina gore daha yiiksek dogruluk
degerlerinin iiretilmesini saglamistir.

Benzer sekilde Tablo 1’in altinci kolonu (Dogruluk
BTIOK + S;) baz1 periyotlar igin (5,7,15,16,17,18,20),
BTIOK ve Sy’nin birlikte kullamlmas1 BTIOK ve Sz’nin
bireysel kullanimlarina gore daha yiiksek basarim degeri
iretmistir.
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Tablo 1. S, S,, S5, BTIOK, BTIOK+S;, BTIOK+S,, BTIOK + S; dogruluk degerleri
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(S1, S, S5, BTIOK, BTIOK+S,, BTIOK+S,, BTIOK + S; accuracy values)

Pe | Dogruluk S1 | Dogruluk Sz | Dogruluk Ss Dogruluk Dogruluk Dogruluk Dogruluk
r BTIOK BTIOK +S: | BTIOK+S2 | BTIOK + S3
(o

t

1 0,5126+0,0483 | 0,4952+0,0418 | 0,4638+0,0365 | 0,5579+0,0363 | 0,5557+0,0366 | 0,5499+0,0420 | 0,5422+0,0409
2 0,5357+0,0506 | 0,5138+0,0437 | 0,5153+0,0438 | 0,6142+0,0308 | 0,6067+0,0323 | 0,6100+0,0387 | 0,6085+0,0427
3 0,5801+0,0457 | 0,5538+0,0455 | 0,5291+0,0345 | 0,6709+0,0374 | 0,6755+0,0405 | 0,6602+0,0467 | 0,6656+0,0359
4 0,6068+0,0401 | 0,5894+0,0500 | 0,5707+0,0459 | 0,7248+0,0375 | 0,7188+0,0385 | 0,7147+0,0336 | 0,6959+0,0335
5 0,5978+0,0413 | 0,5906+0,0348 | 0,5456+0,0533 | 0,7412+0,0392 | 0,7521+0,0338 | 0,7595+0,0369 | 0,7532+0,0427
6 0,6018+0,0364 | 0,5761+0,0428 | 0,5256+0,0439 | 0,7935+0,0386 | 0,7938+0,0396 | 0,7795+0,0364 | 0,7862+0,0316
7 0,5992+0,0492 | 0,5694+0,0495 | 0,5612+0,0416 | 0,7981+0,0361 | 0,8022+0,0289 | 0,8023+0,0305 | 0,7886+0,0482
8 0,5571+0,0330 | 0,5559+0,0429 | 0,53154+0,0623 | 0,8216+0,0340 | 0,8042+0,0312 | 0,8047+0,0352 | 0,8201+0,0344
9 0,5696+0,0437 | 0,5657+0,0403 | 0,5681+0,0521 | 0,8232+0,0397 | 0,8161+0,0394 | 0,8177+0,0302 | 0,8314+0,0269
10 | 0,6087+0,0408 | 0,5844+0,0433 | 0,5537+0,0482 | 0,8368+0,0323 | 0,8306+0,0419 | 0,8292+0,0341 | 0,8251+0,0339
11 | 0,6017+0,0401 | 0,5778+0,0412 | 0,5283+0,0453 | 0,8495+0,0367 | 0,8502+0,0336 | 0,8375+0,0371 | 0,8315+0,0383
12 | 0,5901+0,0446 | 0,5911+0,0518 | 0,5635+0,0463 | 0,8699+0,0323 | 0,8703+0,0339 | 0,8556+0,0323 | 0,8587+0,0310
13 | 0,5710+0,0494 | 0,5597+0,0367 | 0,5814+0,0505 | 0,8766+0,0307 | 0,8530+0,0370 | 0,8645+0,0371 | 0,8546+0,0230
14 | 0,5836+0,0361 | 0,5699+0,0459 | 0,5542+0,0473 | 0,8627+0,0467 | 0,8628+0,0337 | 0,8647+0,0320 | 0,8546+0,0422
15 | 0,5735+0,0374 | 0,5614+0,0380 | 0,5802+0,0392 | 0,8702+0,0313 | 0,8736+0,0396 | 0,8733+0,0367 | 0,8620+0,0375
16 | 0,5774+0,0454 | 0,5744+0,0493 | 0,5900+0,0404 | 0,8704+0,0361 | 0,8717+0,0293 | 0,8788+0,0297 | 0,8698+0,0321
17 | 0,5458+0,0522 | 0,5882+0,0397 | 0,6384+0,0326 | 0,8817+0,0258 | 0,8852+0,0278 | 0,8913+0,0338 | 0,8740+0,0285
18 | 0,5559+0,0427 | 0,5595+0,0479 | 0,5811+0,0470 | 0,8613+0,0306 | 0,8764+0,0325 | 0,8680+0,0337 | 0,8651+0,0411
19 | 0,5868+0,0506 | 0,5612+0,0447 | 0,6351+0,0469 | 0,8756+0,0360 | 0,8718+0,0275 | 0,8729+0,0276 | 0,8689+0,0348
20 | 0,5865+0,0456 | 0,5810+0,0483 | 0,6233+0,0364 | 0,8767+0,0272 | 0,8782+0,0338 | 0,8810+0,0409 | 0,8749+0,0329

Son olarak Tablo 1’in yedinci kolonu (Dogruluk BTIOK +
S3) baz1 periyotlar igin (5,9,18), BTIOK ve S3’iin birlikte
kullanilmas1 BTIOK ve S3’iin bireysel kullanimlarina gore
daha yiiksek basarim degeri iretmistir. Genel olarak bu
deneylerde de en iyi dogruluk degerlerine S; duygu
degerinin katkisiyla ulagilmistir.

Tablo 2 yukarida da bahsi gegen deneylere ait F-Skor
degerleri sonuglarini yansitmaktadir. Elde edilen F-6l¢iim
skorlar1 sonuglarina gdre yine S; basarim degerlerinin
kullanim1 S; ve S; degerlerine gore daha verimli sonuglar
iretmistir. Koyu renkle gosterilen hiicre degerlerine denk
gelen periyotlarda borsa teknik indikatorleri ile birlikte
duygu degerlerinin de kullanilmasi basarim degeri daha
yiiksek sonuglarin goriilmesini saglamistir.

Tablo 1 ve Tablo 2’den edinilen sonuglara gére BIST100
endeksinin artig ve azalis yoOniiniin bir siniflandirma
problemi olarak ele alindigt bu g¢aliymada haber
metinlerinden elde edilen duygu skorlarinin problem
iizerinde pozitif bir etkiye sahip oldugu goriilmiistiir.

5. DEGERLENDIRME VE SONUC (EVALUATION AND
CONCLUSION)

Giliniimiizde metinsel haber kaynaklarinin farkli durumlar
ile ilgili yarattigi olumlu ya da olumsuz algilar metin
madenciliginin aragtirma alanlarindan biri olan duygu
analizi agsamalariyla yapisal hale

getirilebilmektedir. “Olumlu” veya “olumsuz” etiketler ile
etiketlenen haber sayilarina bagli olan duygu skorlari,
haber kaynaklarinin yarattig1 olumlu/olumsuz algimin pek
¢ok durum izerindeki etkisini analiz etmek igin
kullanilmaktadir. Ozellikle koronaviriis salgin1 ddneminde
yayinlanan  haber  metinlerinin  yansittigi  duygu
durumlarinin borsa {izerindeki bir etkiye sahip olup
olmadigi merak konusu olmustur. Bu ¢alismada
koronaviriis konulu haber metinlerinden elde edilen duygu
skorlarmin BIST100 endeksinin kapamis fiyatlarinin trend
tahmininde bir etkiye sahip olup olmadig: aragtirtlmistir.
Bdylece haber metinlerinde yansitilan olumlu ve olumsuz
duygularinin borsa gibi dinamik bir alanda gelecege dair
kestirimlerin yapilmas: igin kullanilan popiiler teknik
indikatorler gibi rol alip alamayacag: test edilebilmistir. Bu
amacla calismamizda 20.12.2019 — 16.02.2021 tarihleri
arasindaki bir dosnemde derlenen koronaviriis konulu haber
kiilliyatindan elde edilen pozitif ve negatif haber
sayillarimin  kullanilmasiyla i¢ farkli duygu skoru
hesaplanmustir. Ardindan BIST 100 trendin belilenmesi
icin kullanilacak olan popiiler 8 farkli teknik indikator
hesab1 gerceklestirilmistir. Boylelikle duygu degerlerinin
ve teknik indiktorlerin RO algoritmasinin kullanilmasiyla
smiflandirma problemine doniistiiriilen BIST100 endeksi
trend tahmini tizerindeki basarim degerleri
kiyaslanabilmistir.
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Tablo 2. S, S,, S5, BTIOK, BTIOK+S,, BTIOK+S,, BTIOK + S; F-Skor degerleri
(S1, S, S3, BTIOK, BTIOK+S,, BTIOK+S,, BTIOK + S; F-Score values)
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Pe F-Skor S1 F-Skor Sz F-Skor Ss F-Skor F-Skor F-Skor F-Skor
ri BTIOK BTIOK + S1 BTIOK + S2 BTIOK + S3
yo
t
1 | 0,5879+0,0491 | 0,5708+0,0466 | 0,5468+0,0353 | 0,6349+0,0360 | 0,6356+0,0411 | 0,6304+0,0436 | 0,6225+0,0443
2 | 0,6275+0,0471 | 0,6073+0,0446 | 0,6215+0,0423 | 0,6973+0,0326 | 0,6925+0,0359 | 0,6989+0,0373 | 0,6940+0,0432
3 | 0,6634+0,0500 | 0,6293+0,0370 | 0,6127+0,0399 | 0,7395+0,0366 | 0,7373+0,0396 | 0,7295+0,0440 | 0,7317+0,0332
4 | 0,7078+0,0359 | 0,6940+0,0473 | 0,6719+0,0423 | 0,8030+0,0316 | 0,7983+0,0328 | 0,7959+0,0288 | 0,7809+0,0285
5 | 0,7059+0,0346 | 0,6995+0,0311 | 0,6633+0,0491 | 0,8173+0,0311 | 0,8252+0,0289 | 0,8296+0,0302 | 0,8245+0,0342
6 | 0,7079+0,0354 | 0,6836+0,0457 | 0,6519+0,0413 | 0,8565+0,0299 | 0,8559+0,0300 | 0,8465+0,0264 | 0,8495+0,0254
7 | 0,7048+0,0515 | 0,6877+0,0472 | 0,6799+0,0391 | 0,8594+0,0280 | 0,8607+0,0246 | 0,8627+0,0226 | 0,8534+0,0367
8 | 0,6556+0,0350 | 0,6552+0,0410 | 0,6391+0,0591 | 0,8680+0,0282 | 0,8546+0,0259 | 0,8540+0,0266 | 0,8672+0,0306
9 | 0,6770+0,0393 | 0,6767+0,0388 | 0,6773+0,0485 | 0,8716+0,0309 | 0,8687+0,0317 | 0,8697+0,0218 | 0,8769+0,0218
10 | 0,7041+0,0387 | 0,6902+0,0402 | 0,6673+0,0455 | 0,8832+0,0246 | 0,8762+0,0340 | 0,8781+0,0278 | 0,8735+0,0249
11 | 0,6979+0,0372 | 0,6801+0,0473 | 0,6442+0,0425 | 0,8913+0,0289 | 0,8943+0,0250 | 0,8826+0,0288 | 0,8775+0,0324
12 | 0,6981+0,0462 | 0,7028+0,0491 | 0,6809+0,0401 | 0,9080+0,0255 | 0,9109+0,0248 | 0,8977+0,0249 | 0,8996+0,0228
13 | 0,6854+0,0451 | 0,6806+0,0342 | 0,6973+0,0487 | 0,9152+0,0219 | 0,8972+0,0297 | 0,9074+0,0283 | 0,8979+0,0192
14 | 0,6914+0,0333 | 0,6881+0,0386 | 0,6734+0,0503 | 0,9049+0,0331 | 0,9022+0,0267 | 0,9041+0,0246 | 0,8964:0,0309
15 | 0,6827+0,0401 | 0,6772+0,0320 | 0,6936+0,0353 | 0,9096+0,0242 | 0,9099+0,0317 | 0,9109+0,0289 | 0,9010+0,0294
16 | 0,6863+0,0470 | 0,6865+0,0450 | 0,7039+0,0338 | 0,9086+0,0275 | 0,9104+0,0223 | 0,9157+0,0228 | 0,9078+0,0237
17 | 0,6653+0,0503 | 0,7066+0,0317 | 0,7376+0,0265 | 0,9177+0,0184 | 0,9215+0,0198 | 0,9241+0,0232 | 0,9113+0,0217
18 | 0,6662+0,0366 | 0,6658+0,0475 | 0,6843+0,0446 | 0,9002+0,0240 | 0,9087+0,0270 | 0,9037+0,0251 | 0,9043+0,0303
19 | 0,6912+0,0497 | 0,6764+0,0405 | 0,7372+0,0405 | 0,9130+0,0263 | 0,9087+0,0203 | 0,9102+0,0230 | 0,9074+0,0263
20 | 0,6919+0,0385 | 0,6898+0,0445 | 0,7270+0,0306 | 0,9154+0,0200 | 0,9157+0,0254 | 0,9190+0,0293 | 0,9134+0,0252
Yapilan analizler sonucunda oncelikle popiiler teknik kaynaklarmin borsa analizlerinde kullanilabilecegi

indikatorlerinin  borsa degeri artma azalma yonii
tahminlemesi i¢in oldukga etkili oldugu gézlemlenmistir.
Koronaviriis konulu haber verilerinden elde duygu
skorlarmin trend analizinde tek bir 6zellik olarak
kullanilmasinin iyi bir smiflandirma dogruluk degeri

yoniinde bir bulguya erigilmistir.

Gelecek calismalarda 6zellik se¢im metotlar1 kullanilarak
siniflandirma asamasinda kullanilan teknik indikatorler ve
duygu skorlarinin degisik kombinasyonlarla kullanilmasi

urettigi - gorilmiistiir.  Duygu degerleri ve teknik  plaplanmaktadir. Ayrica tahminleme asamasinda derin
indikatorlerin  birlikte kullamldigr ~analizlerde bazi  a5larn (RNN, LSTM vb. gibi [33]) etkisi gdzlemlenecek
durumlarda, sadece teknik indikatSrlerin kullamldigi  ve geleneksel makine dgrenmesi metotlari ile kiyaslamali

durumlara gore daha iyi basarim degerlerin iretildigi
goriimiistiir. Boylece haber metinleri ile toplumda yaratilan
olumlu, olumsuz algilarin borsa {izerinde etkili olabilecegi
ve bu alanda gergeklestirilecek olan c¢aligmalarda duygu
skorlarmin incelenebilecek bir  6zellik olabilecegi
goriilmiistir. Bu c¢aligma ile elde edilen bulgular
literatlirdeki pek ¢ok caligma ile Ortiismektedir. Literatiir
taramast kisminda ele alinan yabanci sermaye piyasalari
icin  gerceklestirilen ¢aligmalarda ([16-19]), teknik
indikatorlerin trend tahmininde kullanilabilecek etkili
ozellikler arasinda oldugu bildirilmistir. Paralel bir sekilde,
bu calisma sonucunda da kullanilan teknik indikatorlerin
yiiksek basarim degerleri elde ettigi goriilmiistiir. Ayrica
literatlirdeki pek ¢ok ¢alisma, finansal makalelerden [13],
[15], borsa ve finans ile ilgili haber metinlerinden [10],
[12] ve popiiler sosyal medya platformlarinda paylagilan
kisa iletilerden elde edilen duygu skor degerlerinin [11],
[14]  borsa  endekslerinin  trend  analizlerinde
kullanilabilecegini belirtmistir. Bu calismada da bazi
periyotlar i¢in haber metinlerinden ele edilen duygu
degerlerinin BIST100 endeksi iizerinde etkili oldugu
gozlemlenmistir.  Sonu¢  olarak  finansal  metin

analizler sunulacaktir.
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Ozet— Giiniimiizde yollardaki arac saysi arttikca trafik giivenliginin dnemi de artmaktadir. Birden cok aracin karistig
trafik kazalari siiriicli ve yolcularin hayatini tehdit etmektedir. Takograf kullanimi zorunlu olan kamyon, otobiis gibi agir
vasita araclar, trafik kazalarinda daha fazla 6liim, yaralanma ve maddi kayiplara yol agmaktadir. Geleneksel takograflar
doniis ve serit degisiklikleri gibi yanal manevralarin siddetiyle ilgili herhangi bir bilgi vermemektedir. Agresif siiriicli
davranislarinin trafik kazalari1 ve yakit tiiketimine etkisi dnemli boyutlarda olabilmektedir. Bu ¢alismada ivmedlger ve
jiroskop verilerini kullanarak siiriicii davranisini tespit etmek ve derecelendirmek igin yeni bir algoritma tasarlanmis ve
yeni bir takograf cihazi gelistirilmistir. Bu amagla, yanal manevralarin algilanmasi igin takograf cihazina diisiik maliyetli
bir IMU (Inertial Measurement Unit) sensér modiilii eklenmistir. Saga-sola doniigler ve serit degisiklikleri manevralarini
yiiksek hassasiyetle tespit etmek i¢in dncelikle jiroskop-Z verileri ile olaylarin kenarlar1 yakalanir ve baslangi¢ ve bitis
noktalar1 belirlenir. Ardindan araliktaki ivmedlger-X, jiroskop-Z ve hiz verilerini bir formiille birlestirilerek yanal
manevralar1 puanlayan yeni bir algoritma Onerilmistir. Yapilan testlerde algoritmanin doniislerin algilanmasinda %100,
serit degisikliklerinde %88 dogruluga yaklastig1 gézlemlenmistir.

Anahtar Kelimeler: siiriis manevra algilama, agresif siiriis, siiriis puanlama, takograf, sensorler

Design and Implementation of a New Algorithm to
Tachographs for Driving Behavior Detection and
Classification

Abstract—Today, as the number of vehicles on the roads increases, the importance of traffic safety increases. Traffic
accidents involving more than one vehicle threaten the lives of drivers and passengers. Heavy-duty vehicles such as trucks
and buses, for which the use of tachographs is mandatory, cause more deaths, injuries and financial losses in traffic
accidents. Conventional tachographs do not provide any information on the severity of lateral maneuvers such as turns
and lane changes. The effects of aggressive driver behaviors on traffic accidents and fuel consumption can be significant.
In this study, a new algorithm was designed and a new tachograph device was developed to detect and rate driver behavior
using accelerometer and gyroscope data. For this purpose, a low-cost IMU (Inertial Measurement Unit) sensor module
has been added to the tachograph device to detect lateral maneuvers. In order to detect right-left turn and lane change
maneuvers with high precision, first the edges of the events are captured with the gyroscope-Z data and the start and end
points are determined. Then, a new algorithm that scores lateral maneuvers is proposed by combining the accelerometer-
X, gyroscope-Z and speed data in the range with a formula. In the tests performed, it was observed that the algorithm
approached 100% accuracy in detecting turns and 88% accuracy in lane changes.

Keywords: driving maneuver detection, aggressive driving, driving scoring, tachograph, sensors
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1. GIRIS (INTRODUCTION)

Gliniimiizde yollardaki ara¢ sayist arttikga trafik
giivenliginin nemi de artmaktadir. Ozellikle kamyon ve
otobiis gibi agir vasita araglarin sebep oldugu kazalardaki
kayiplar hem 6lim ve yaralanma hem de maddi hasar
bakimindan daha yiiksektir. Istatistiklere gore kazalar cok
yliksek oranda siiriicii kusurlarindan kaynaklanmaktadir
[1]. Karayollarinda yiik ve yolcu tagimaciligi yapan
araglarin biiyiik bir kisminda kullanilmasi zorunlu olan
takograflar, trafik gilivenligi icin siiriiciilerin hiz, arag
kullanma ve dinlenme siirelerinin denetlenebilmesini
saglayan cihazlardir [2]. Mevcut takograflar, trafik
kazalarinin ve fazla yakit tiikketiminin en 6nemli nedenleri
olan yorgunluk, dikkatsizlik, uykusuzluk, agresif siiriig ve
benzeri siiriicii davramiglar1 hakkinda herhangi bir veri
sunmamaktadir. Halbuki birgok kazanin sebebi tehlikeli
stirlis davraniglanidir. Trafik kazalar ve yakit tiiketimini
azaltmak amaciyla siirii manevralarin1 tespit ederek
diizeltmek i¢in bir¢ok ¢alisma yapilmistir [3-6]. Dogrusal
manevralarin tespitinde GPS veya aragtan alinan hiz bilgisi
yeterli olurken [7] yanal manevralarin tespitinde jiroskop,
ivmedlger ve manyetometre gibi sensorler kullanilmigtir
[8-12]. Artik hayatimizin vazgegilmezi haline gelen akill
telefonlar s6z konusu sensorlerin hepsini ihtiva ettigi i¢in
son donemde 6zellikle yanal manevra davranislariyla ilgili
¢aligmalarin ana unsuru haline gelmistir [5,6,13]. Bu
¢alismanin amact agir vasitalarda kullanimi zorunlu olan
takograf cihazlarina yonelik ivmedlger ve jiroskop
verilerini kullanarak siiriiciiniin yanal manevralarini tespit
etmek ve puanlamak i¢in yeni bir algoritma tasarlamaktir.

Calisma i¢in maliyet, boyut ve montaj kolaylig1 nedeniyle
iizerinde 3D ivme 6lger, 3D jiroskop, 3D manyetometre ve
basing sensorii iceren 10 DOF IMU sensor modiilii
takograf cihazina monte edilmistir. Bu sensorler
kullanilarak akilli telefonlar {izerinde yanal manevralari
algilamak icin yapilan c¢aligmalar bulunmaktadir. Bu
caligmalarin siiriciiyii uyararak siiriicii  davranislarini
diizeltme [3,4], siiriicii davramglarmi tespit ederek
strliciyii etiketleme veya puanlama [5,6,9,14-16,19],
yolculuklardaki manevralar inceleyerek siiriis 6zelliklerini
tespit etme [8,11,13,20,21], yolculuklardaki kaza riskini
algilama [7,10,17,19], yakat tiiketimini azaltmak i¢in siiriis
verilerini istatistiksel olarak inceleme [12] ve siiris
sirasinda siiriicli dikkat dagmiklig: tespit etme [22] gibi
¢esitli alanlara odaklandig1 goriilmektedir.

Revize edilerek sensor ve hiz verilerini yolculuklarda
hafizasina kaydetmesi saglanan test takografindan indirilen
veriler analiz edilerek yanal manevralar1 tespit edip
puanlayan yeni bir algoritma gelistirildi. Jiroskop-Z
verileri taranarak oncelikle kenarlar bulunur. Onceki
kenarlarin durumu da dikkate alinarak kenarin bir serit
degisikligi veya doniis manevrasina ait olduguna karar
verilir. Ardindan déniis manevralarina jiroskop, ivmedlger
ve hiz ortalamalarin1 igeren bir formiille, serit
degisikliklerine jiroskop egimi ve hiz ortalamasi ile puan
verilir.
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2. ILGILi CALISMALAR (RELATED WORKS)

Son yillarda siirlis davranisiyla ilgili ¢alismalar otonom
stiriig, stiriicii destek ve agresif siiriis tespiti konularinda
yogunlagmistir. Otonom siirlis ¢alismalarinda nesnelerin
ve yol ¢izgilerinin algilanmasinda genellikle kamera
gorilintiileri ve LIDAR doniisleri kullanilmis, goriintii
isleme tekniklerinden istifade edilmistir [27,28]. Siiriicii
davraniglarina odaklanan ¢alismalarim bir kisminda
biyomedikal sensorler ve goriintii isleme teknikleri de
kullanilmustir  [29-31]. Goériintlii  isleme  tekniklerinin
yiiksek iglem ve hafiza kapasiteli mikrodenetleyiciler veya
bilgisayarlar  gerektirmesi  maliyeti  artirmaktadir.
Biyomedikal sensorlerin de ¢ogunun maliyeti yiiksektir.
Ayrica birgogu siiriicli izerine monte edilme gibi kullanim
zorluklarina sahiptir.

Diisiik maliyetli sensorlerle yapilan yakin alandaki agresif
siiriis tespit calismalar1 daha ¢ok siiriis stilini, siiriicii
davranigin1 ve kaza riskini algilama ve yakit tiiketimini
azaltmaya yonelik yonlendirme ve bilgi vermeye
odaklanmustir. Literatiirdeki ¢aligmalarda virajlar, egimler,
serit degisiklikleri ve u donisleri algilanmaya ve tasnif
edilmeye calisilmistir. Sadece yanal manevralara
odaklanan caligmalar oldugu gibi dogrusal ve yanal
manevralara birlikte odaklanan ¢aligsmalar da mevcuttur.
Hiz bilgisi genellikle GPS kaynaklarindan alinmustir.
Doniisler, serit degisiklikleri ve u doniisleri jiroskop,
ivmedlger ve manyetometrelerle algilanmustir. Birgok
calismada sadece jiroskop verileri kullanilmistir. GPS’den
alinan hiz verileri yiiksek binalar nedeniyle yansimalarin
¢ok oldugu sehir merkezlerinde, tiinellerde ve sinyallerin
zayif oldugu durumlarda hatalara sebep olmaktadir. Diger
sensorler i¢in araca koordinatlar1 belirlenmis sekilde monte
edilmis bir cihaz yerine akilli telefonlarin kullanilmasi
caligmalarin pratikte uygulanabilirligini giiclestirmektedir.

Calismalarda manevralarin baslangi¢ ve bitis noktalarini
algilamada daha ¢ok belirli bir pencere i¢in basit hareketli
ve karesel ortalamaya dayanan ug nokta algilama sistemi
[23] veya standart sapma ve benzeri degerlerin esik degere

bagli kontrolii gibi yontemler kullanilmistir. Bazi
calismalarda kontrol edilen verilerin zamana baglh
dalgalar1 esik deger tizerinden incelenmistir. Bu

yontemlerle 6zellikle serit degisikliklerinin ¢cogunun ve art
arda gelen donilis manevralarm bir kismmin algilanmasi
zordur. Bu ¢alisma kapsaminda yapilan testlerde de bu
durum goriilmiistiir. Yanal manevralarin baslangig ve bitis
noktalarin tespitinden sonra manevranin tiiriiniin tespit
edilmesinde c¢oklu dalga (art arda gelen dalgalarin
yorumlanmasi) [3], bir desen eslestirme yontemi olarak
Dinamik Zaman Biikme (Dynamic Time Warping - DTW)
[4-6,8,13,20] ve K-En Yakin Komsu (K-Nearest
Neighbors — K-NN) [5,21] gibi yontemlerin yani sira
olasilik ve tahmine dayali Cok Katmanl ileri Beslemeli
Sinir Ag1 (Multilayer Feed Forward Neural Network -
FFNN) [23], Gizli Markov Modeli (Hidden Markov Model
- HMM) [14,19,20] ve Maksimum Benzerlik (Maximum
Likehood - ML) [6] gibi teknikler de kullanilmustir.
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2011 yilinda Johnson ve Trivedi tarafindan akilli telefon ile
olaylar jiroskopun doénme enerjisinin basit hareketli
ortalamasini kullanan ug¢ nokta algilama y6ntemiyle belirli
bir pencere i¢in tespit edilmistir [5]. Daha sonra her ii¢
sensorden (jiroskop, ivmedlger, manyetometre) her olay
icin 5 farkli sablon olmak fiizere toplam 120 sablon
olusturulmustur. Desen eslestirme teknigi DTW ve
smiflandirma ydntemi olarak K-En yakin komsular
yontemlerini kullanarak manevralart ayirt etmislerdir.
Calismada doniigler igin maksimum %93 dogruluga
ulasgtlmigtir. Bir¢ok farkli sablonun kullanilmasi akill
telefonun disinda bir cihaz s6z konusu oldugunda
gecikmelere ve hatalara sebep olabilecek bir durumdur.
Manevra puanlamasi normal ve agresif olarak iki
kategoride yapilmistir.

2015 yilinda Pholprasit ve arkadaglari tarafindan akilli
telefon ile dogrusal ve yanal manevralar algilanmaya
calistlmistir [4]. Ivmedlcer verilerinin standart sapmasi
esik deger kontroliine tabi tutularak olaylar algilandiktan
sonra DTW desen eslestirme ydntemi ile manevralar
ayristirilmis, sadece ivme Olger kullanilarak maksimum
%80 dogruluga ulasilmistir. Ivmeélger verileri jiroskop
verilerine gore daha fazla giiriilti igerdiginden standart
sapma hesabiyla 6zellikle serit degisikligi ve art arda gelen
doniis  manevralarmin  algilanmasinda  zorluklar
bulunmaktadir. Manevralarin puanlanmast normal ve ani
olmak iizere sadece iki kategori igin yapilmistir.

2015 yilinda Engelbrecht ve arkadaslari tarafindan akilli
telefon vasitasiyla yanal manevralar algilamak amaciyla
olaylar belirli bir pencere i¢in ortalama verilerini
kullanarak ug nokta algilama sistemiyle tespit edilip desen
eslestirme (DTW) yontemi ve bir olasilik yontemi olan ML
ile ayirt edilmistir [6]. Calismada iki yontemin sonuglari
kiyaslanarak ML’nin daha iyi sonuglar verdigi
gosterilmisti. ML yontemiyle maksimum  %89.1
dogruluga ulasilmistir. Agresif manevralarin siniflandirma
dogrulugu normal manevradan daha diisiiktiir. Agresif
manevralar igin ayri sablonlar bulundugundan bazi
manevralarin  kagirilmasi  veya yanlis  kategoride
degerlendirilmesi kagmilmazdir.

2015 yilinda Daptardar ve arkadaglari tarafindan akilli
telefon vasitasiyla jiroskop verileri Kalman filtresiyle
diizeltildikten sonra saniyelik egimler hesaplanarak
HMM’nin giris katmani olusturulmus, manevra
siniflandirmada %95 dogruluga ulagilmistir  [14].
Manevralarin ¢ogu bir saniyeden daha genis oldugundan
genisligi degisken egim modeliyle manevra kenarlarinin
daha iyi yakalandig1 bu ¢alismada gézlenmistir.

2016 yilinda Ouyang ve arkadaglar1 tarafindan akilli
telefon ile yanal manevralar algilamak i¢in MultiWave
ismi verilen yontemle jiroskop verilerindeki dalgalar igin
esik deger kontrolil yapildiktan sonra art arda gelen dalga
sekillerinden manevra tiirline karar verilmis, donislerin
algilanmasinda %92 dogruluga ulasilmistir [3]. Sifira gore
esik degere bakildigindan esik degere bagimlilik yiiksektir.
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Art arda gelen dalga formlarindan serit degisikliklerinin
algilanmasi yontemi ani yon degistiren veya saga-sola
doniis swrasinda  gerceklesen serit degisikliklerini
algilamada zorlanacaktir.

2016 yilinda Kumtepe ve arkadaglari tarafindan kameradan
alinan gorsel verilerle aracin CAN-bus (Controller area
network-bus) hattindan alinan verileri kullanarak belirli bir
zaman araliginda siirlicliniin serit takip ve dndeki araglarla
mesafesi ara¢ hiz1 ve devir hizina gore degerlendirilerek
davranigin agresif olup olmadig tespit edilmistir [29].

2018 yilinda Najim Al-Din ve arkadaglari tarafindan akilli
telefon vasitasiyla olaylar kisa siireli enerji ortalamalari
kullanilarak u¢ nokta algilama sistemiyle tespit edilip
FFNN yontemiyle ayirt edilmistir [23].

Tablo 1. Manevra algilama kullanilan yontem ve sensorler
(Methods and sensors used in maneuver detection)

Olay Manevra
. Manevra
Calisma Sensorler algilama  [siniflandirma uanlama teknisi
teknigi fteknigi P &
ohnson — ?Vféglggfk"p' Uc nokta [DTW, DTW-sablonlarla|
Trivedi [5] Manyetik algilama |[K-NN (Normal-agresif)
Pholprasit | °F > IMOSKOP iy jeserDTW, Desen  [E5iK deger
4] Ivmeolq_er, algilama  [eslestirme lkontrolii _
Manyetik (Normal-Ani)
. Hiz+jiroskop+
'[Esqge'brecm ?V':féglggfk"p'gzl‘l’;’;f DTW, ML fivme ile formiil
(Normal-agresif)
Daptardar  |GPS, Jiroskop, [Egim HMEI (Gizli DOgmsal. .
[14] lfvmedlger kontrolii  [arkov manevra igin
’ Modeli) formiil
GPS, Jiroskop, [Esik deger|Coklu dalga
Ouyang [3] livmedlger lalgilama [kontrolii Kullanilmamis
Goriinti Goriintii Oznitelik
Kumtepe[29]|Kamera, OBD ileme u isleme u lkiyaslama
$ $ (Sakin/Agresif)
Jiroskop,
Najim ivmeslger,  [Ug nokta
IAI-Din [23] [Manyetik, algilama FFNN Kullanilmamis
OBD

Tablo 1 c¢aligmalarda kullanilan sensor ve teknikleri
Ozetlemektedir. Bu c¢aligmada yapilan test sonuglarinda
ozellikle serit degisikliklerini algilamada manevra
desenlerinin manevradan manevraya ¢ok fazla degisiklik
gostermesi nedeniyle desen eslestirme yonteminin uygun
olmadig goriilmiigtiir. Bunun diginda ger¢eklesmis olan
veriler iizerinde inceleme yapildig1 i¢in bu g¢aligmada
tahmin ve olasiliga dayali ydntemlerin kullaniimasina
gerek goriilmemistir. Onceki calismalarda genellikle
dogruluk sonuglarinda yakalanan manevra sayilari dikkate
alinmistir. Bu caligmada yakalanan manevra sayisinin yant
sira  manevra siddet derecesi karsilastirilmast da
yapilmustir.
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3. PROTOTIiP TAKOGRAF TASARIMI (PROTOTYPE
TACHOGRAPH DESIGN)

Saha testleri i¢in piyasada kullanilan bir takograf iizerinde
donanimsal ve yazilimsal degisiklikler yapildi. Standart bir
takograf cihazi, siiriicii kimlik kartlar1 vasitasiyla araci
kullanan siirticiilerin hiz ve kullamim siire bilgilerini
kaydetmektedir [17]. Takografin i¢ine I2C haberlesme ara
yiizlinii kullanarak takografin islemcisiyle haberlesebilen
10 DOF IMU sensorii yere paralel olacak sekilde monte
edildi. Test takografinin blok semast Sekil 1°de
gosterilmistir.

Guo; Kaynag

Surucu Karti Aravuzu 1
Sirtici Karti Arevuzu 1

Ana Kuntrulor
&

Ekran & Gérsel Uyanlar

[¢———|10 DOF IMU Sensbi

=—=
Bluetooth

P
Meodiil

Sekil 1. Test takografi blok semasi
(Test tachograph block diagram)

RTC
T h

Haberlesme
Konnektéri

2
2
£z
o
&
=

Kullanicr Arayuzu
(Butonlar)

Test takografi araca titresim ve darbelerden etkilenmemesi
icin Sekil 2’deki gibi araca saglam bir sekilde monte
edilmistir. Ayrica Android bir uygulama ile manuel olarak
manevra baglangi¢, bitis ve manevra siddetinin takograf
kayitlarina eklenebilmesi igin bluetooth haberlesme
donanimi  seri port iizerinden takograf cihazina
baglanmistir. Takografin kayit kapasitesinin artirtlmasi
i¢in ilave hafiza modiili (EEPROM) eklenmis, bdylece
takografla ilgili donanimsal ekleme ve baglantilar
tamamlanmistir. Takografin yazilimi gelistirilerek her
saniye ivmeolcer ve jiroskop verilerinin hafizaya
kaydedilmesi saglandi. Hafiza kapasitesinin 256 kbyte’a
cikarilmasiyla 8 saat civarinda bir siirlis kayit kapasitesine
ulagilmugtir.

Sekil 2. Araca monte edilen takograf cihazi
(Mounted tachograph device to the vehicle)

IMU modiili i¢inde 3D ivmedlger ve 3D magnetometer
bulunan LSM303DLHC [24] entegresi ile 3D jiroskop
L3GD20 [25] entegresi ve BMP180 [26] basing sensoril
bulunmaktadir (Sekil 3). Ivmedlger saniyede 50 defa
ol¢tim yapacak sekilde, jiroskop saniyede 95 defa 6l¢iim
yapacak sekilde ayarlanmustir.
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Sekil 3. Takografta kullanilan 10 DOF IMU sensor
(10 DOF IMU sensors used in the tachograph)

Hiz sinyali test yapilan HYUNDAI Accent Blue model
aracin hiz gostergesinden 2400 pulse/km seklinde
alinmakta, hiz bu katsayiya gore hesaplanmaktadir. Hiz
dahil biitlin sensor verileri saniyede bir okunarak hafizaya
kaydedilmistir. Ivmedlgerin her bir ekseninin &lciim
hassasiyeti 12 mg/digit, jiroskopun 8.75 mdps/digit, hiz
dlglimiiniin hassasiyeti ise 1,5 km/h’dir.  Ivmedlcer
sensOriinden okunan ham veriler g’ye, jiroskop
sensoriinden okunan ham veriler dps (degree per
second)’ye ¢evrilmektedir.

Sekil 4’ten goriildiigii gibi ivmedlgerin Y ekseni dogrusal
ivmelenmeleri, X ekseni yanal ivmelenmeleri, Z ekseni ise
yercekimi veya tersi yondeki ivmelenmeleri tespit
etmektedir. Calismada yanal ivmelenmelerin tespiti i¢in X
ekseninin kullanilmigtir. X ekseninde saga doniis pozitif,
sola doniis negatif deger vermektedir.

Sekil 4. ivmedlger ve Jiroskop 3 eksen koordinatlar
(Accelerometer and Gyroscope 3 axis coordinates)

Saga veya sola doniis agilar1 jiroskopun Z ekseniyle tespit
edildiginden doniis agilart i¢in kullanilmigtir. Jiroskopun
pozitif doniis yonii saat yoniiniin tersi oldugu i¢in sola
doniisler pozitif isaretli, saga donisler negatif isaretlidir.

4. YANAL SOURUS DAVRANIS TESPiTi VE

PUANLAMASI iCiN YENi BiR ALGORITMA (A
NEW ALGORITHM FOR DETECTION AND SCORING OF
LATERAL DRIVING BEHAVIOR)

Bu bolim takograftaki hiz, jiroskop ve ivmedlger
sensorlerinden alinan verileri kullanarak siiriislerdeki yanal
manevralarin  agresiflik  siddetinin  belirlenmesindeki
algoritmay1 anlatir. Sensorlerden alinan veriler hiz dahil
senkronizedir. Hiz verisinin GPS yerine aragtaki hiz
sensorlerinden darbe seklinde alinmasi kesintisiz ve
gecikmesiz  olmasini  saglamaktadir.  Sekil — 5°te
algoritmanin asamalari gosterilmistir.
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Yanal M Manevra
Manevra anevra Siddeti
Algilama iniflandirma Puanlama

Sekil 5. Algoritma agamalar1
(Algorithm stages)

Sensorler

4.1. Onisleme (Preprocessing)

Manevralarin baslangi¢ ve bitis noktalarini tespit etmede
aracin saga-sola doniislerinin ivme Olgere gore daha
glriiltiisiiz olarak kaydedildigi Jiroskopun Z ekseni
kullanilmaktadir. G; verisinin kullanilmasi igin birgok
filtre denenmis, filtre kullanmanin serit degisikliklerini
yakalamay1 olumsuz etkiledigi ve saga-sola doniis
manevralarinin tespitinde filtrenin ¢ok fazla Onemi
olmadig1 gozlenmistir. Bu nedenlerle ¢alismada saniyede
bir kaydedilen G; verileri igin filtre kullanilmamustir.

Cihazin araca montaj pozisyonuna bagli olarak verilerde
kayma olabilmektedir. O nedenle ivmedlger-X ve jiroskop-
Z’in yolculuktaki genel ortalamalari hesaplanir (1)(3).
Ardindan ofset degerini sifira gekmek icin okunan verilere
asagidaki islem uygulanir (2)(4). Jiroskop Z ve ivmedlger-
X’in sifir ofset ayari

Ax-ort= %Zivzl Ax(i) (1)
Ax(i)ofset:Ax(i)'Ax—ort (2)
Gz-av= %Zivzl Gz(i) (3)
Gz(i)ofsetsz(i)'Gz-ort (4)
Burada,

Axort - Ortalama ivmeodlger-X, g
Gz-ort : Ortalama jiroskop-Z, dps

4.2. Olay Algilama Algoritmast (Event Detection Algorithm)

Gelistirilen yontemde baslangicta manevranin tamami
yerine kenarlara (edge) odaklanilmistir. Bir dalganin
(manevranin) Oncelikle kenarlarini bulup daha sonra bu
kenarin manevra baslangici, manevra bitisi veya miistakil
bir serit degisikligi olduguna karar verme yoluna
gidilmistir.

4.2.1. Kenar Algilama (Edge Detection)

Kenarlarim tespiti i¢in siirekli olarak belirli bir aralik i¢inde
maksimum ve minimum noktalar yakalanmaya
calistlmaktadir. Bahsi gecen belirli aralik olarak da
baslangicta 7 sn baz alinmaktadir. 7 sn bir kenar igin
olabilecek genis bir zaman olarak veriler incelenerek
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bulunmustur. Sekil 6.’da gercek verilerden algilanan
kenarlarin gosterimine ait bir boliim bulunmaktadir.

Kenarin baglangici
m—— Kenarin sonu

.Sekil 6. '-Algllanz‘m kenarhlar
(Detected edges)

7 sn iginde bulunan G; degerlerinin maksimum ve
minimum noktalari arasindaki fark i¢in bir esik deger
belirlenmistir. Esik deger olarak da yapilan testler sonucu
2 dps degeri kullanilmaya karar verilmistir. Bu esik deger
o kadar hassas degildir. Biraz daha azaltilirsa sadece
fazladan manevra tespiti yapilmig olur. Agresiflik
derecelendirilmesinde fazladan tespit edilen manevralar
elenecektir. Gy(t)ofiset (t = 1,2,..., T) zaman serisinin
tamamu olarak varsayarsak, t ekseni boyunca kenar bulmak
amaciyla T/k zaman serisi boliimlerine ayrilmistir. Her
boliimde bir k degeri vardir. Her bir kesit i¢in asagidaki
formiilde gosterilen E(n) degeri bulunur (5).

n: Zaman serisindeki kesit numarasi

E(n)=max G(t,n)ofset - Min Gz(t,N)ofset (5)
1<t<k 1<t<k

E(n)> Ust Esik Deger (Ts=2 dps)

1 Max G, |

Max G;——

.

Min G:—— L1 _MinG,

Fark > Esik Deger

Seki1‘7. Farvk (Méksimdm G-Minimum G,)
(Difference (Maximum G,-Minimum G,))

Maksimum ve minimum noktalar arasindaki fark E(n) esik
degerden biiyiikse ve maksimum-minimum noktalarin
isaretleri farkliysa veya en az biri esik degerden biiyiikse
ileri 3 saniye boyunca maksimum-minimum kontroliine
devam edilir. Boylece maksimum 9 saniye genisliginde bir
kenar1 yakalamak miimkiindiir. 7 sn’den daha kisa siirede
fark esik degerin iki katina ulagilirsa dongiiden erken
cikilir. Bdylece algoritmanin birinci agsamasi olan kenar
bulma tamamlanmis olur. Kenarlarin bulunmasinda sifira
olan mutlak uzaklik yerine maksimum-minimum
farklarinin  dikkate alinmasi manevralarin tespitinde
onemli bir avantaj saglamaktadir (Sekil 7).
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4.2.2. Kenar I¢i Nokta (In-edge Point)

Maksimum-minimum noktalar1 bulunduktan sonra bu
noktalar arasinda kalan sifira en yakin kenar i¢i noktanin
bulunmasinda sdyle bir yontem izlenmektedir. Kenarin
maksimum ve minimum noktalarindan mutlak deger
olarak daha yiiksek olandan daha diisiik olana dogru
ilerleyerek sifira en yakin nokta bulunmaktadir (6).

1, Edermin [G=(tn)osser [< Alt Esik Degier (Tlow=1
GS(&H)F?O*ED — { IE& k/ z( )a serf § g ( )
0, Diger

(6)

Sekil 8. Kenar ici nokta arama yonleri
(In-edge point search directions)

G, 'de kenarlari bul
Kenar igi nokta bul
(Sifir yakininda)
Onceki kenardan itibaren
ortalama G; hesapla

Gz esik degerden

Manevra
genisligi egik degerden
buiyiik ma?

Hayir

Onceki kenar ici
noktayi kontrol et

. eveut
manevranin bagl
mi?

‘ Evet
Onceki kenar igi nokta
icin serit kontrolu

‘ Onceki kenar
sola veya saga serit

dedisikligi desenlerine

uygun mu?

Hayir
Son ve Bneeki kenar ici
nokta igin serit kontrol

Onceki veya
sonkenar sola veya sada

uygun mu?

Onceki veya son

kenari sola veya
saga serit degisikligi
olarak kaydet

Onceki kenari sola veya
sada serit degisikligi
olarak kaydet

|
Son kenari manevra
basi olarak igaretle

erit dedisikligi desenlerine
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Manevra baginda ileriye dogru tarayarak sifira yakin nokta
bulundugunda titresimler nedeniyle kenar noktasinin
tespitinde hatalar olabilmekte, daha geride bir nokta
bulunabilmektedir. Bu nedenle Sekil 8’de gosterildigi gibi
kenar manevra basi ise geriye dogru, manevra sonu ise
ileriye dogru tarama s6z konusudur.

4.3. Manevra Siniflandirma (Maneuver Classification)

Sekil 9°da manevra smiflandirma algoritmasinin akis
diyagraminda gosterildigi gibi sifira en yakin olarak
bulunan kenar i¢i noktanin 6nceki degerlere bakilarak
manevra basi veya manevra sonu olup olmadigi incelenir.
Algoritma bulunan noktanin bir manevra kenari olmayip
serit degisikligi oldugunu tespit ederse serit degisikligi
parametresi olarak bulunan bu sifira en yakin noktay1 degil
kenarin baglangi¢ ve bitis noktalarim kaydeder. Dar (3 sn
ve alt1) manevralar ile 6ncesinde ve sonrasinda belirli bir
ortalama esik degerin iistiinde bir darbe olmayan kenarlar
serit degisikligi kategorisinde incelenmektedir.

Evet

Serit degisikligi desenleri igin
ison iki kenarin birlikte kontrolt

Onceki ve

Evet

veya sada serit degisikligi
desenlerine
uygun mu?

Onceki ve son kenarl

Sabaleraleos birlikte sola veya

donds manevras
olarak kaydet

saga serit degigikligi
olarak kaydet

Sekil 9. Manevra siniflandirma algoritmasi akis diyagrami
(Flowchart of maneuver classification algorithm)

Es zamanli olarak tespit edilen kenar i¢i sifira yakin
noktadan itibaren G, degerleri toplanmaktadir. Boylece
herhangi bir anda bir kenar i¢i noktaya ulasildiginda bir

onceki kenar i¢i noktadan itibaren toplam G, degeri ve
nokta sayisi (N) bilinmektedir. Bu sayede asagidaki
formiilde goriilen ortalama doniis agist (8or) bulunur (7)
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N,
Oort = Zi 62(tm) ;(l ") (7)
Ortalama doniis agis1 Oort belirli bir esik degerin altinda ise
kenar noktasi manevra basi, istiinde ise manevra sonu
olarak degerlendirilecektir (8).

_ { Manevra bast, 0, < Esik Deger (1.4)
~ |Manevra sonu, Diger

®)

—— Doéniis manevra baslangic

—— Ortak nokta
serit degisikligi baglangici

A Al |,|"‘||||J I’*HII I .
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Calismada manevralarin algilanmast i¢in Once kenar,
ardindan kenar i¢i nokta bulunduktan sonra iki kenarin
arasindaki ortalama degere bakilarak manevra tespit
edilmektedir. Saga ve sola serit degisiklikleri zamana bagl
G; degerlerinde en fazla 3-4 saniye i¢indeki bir degisiklige
yol agmaktadir. Serit degisiklikleri iki kenar1 olan
manevralar yerine herhangi bir manevraya ait olmayan
miistakil kenarlarin veya ¢ok dar olan (3 sn ve alti)
manevralarin incelenmesiyle tespit edilmektedir. Sekil
10’da yolculuk verilerinde algoritma tarafindan baslangi¢
ve bitis noktalart isaretlenen manevralarin bir bolimii
gosterilmistir.

Sekil 10. Manevra baslangi¢-bitis noktalarinin algilanmasi
(Detection of maneuver start-end points)

Serit degisikligi deseni (Lane Change Pattern): Manevraya ait
olmadig1 anlasilan bir kenarin serit degisikligi olup
olmadigint tespit i¢in baslangig ve bitis noktalarmin
Otesine bakilmaktadir. Yapilan incelemelerde saga ve sola
serit degisikliklerinin Sekil 11’daki gibi bir desene sahip
oldugu goriilmiistiir.

Sola serit degisikligi ~ Saga serit degisikligi

v

Sekil 11. Serit degisikligi desenleri
(Lane change patterns)

Kenarlar bulunduktan hemen sonra manevra kontrolii
yapilmadan oOnce kenarlarin 2-3 saniye devami da
kaydedilmektedir. Boylece kenarlara gore yapilan manevra
kontroliinden sonra miistakil oldugu anlagilan bir kenar
icin maksimum-minimum noktalarinin devamina bakilarak
serit degisikligi kontrolii yapilmaktadir. Sekil 12°deki G,
yolculuk grafiginde sadece serit degisikliklerinin
isaretlendigi bir boliim gorilmektedir.

v

| | |
700

260  z0 250

A AR PORNVY.PY S

Serit degisikligi baslangic

;;;;;;

2950

(Detection of lane change edge points)
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4.4. Agresif Siiriis Puanlama (Aggressive Driving Scaling)

4.4.1. Doniis Manevralarinin Puanlanmasi (Scoring Turn
Maneuvers)

Yanal doniis manevralarinin  agresiflik  derecesinin
saptanmasinda sadece jiroskop-Z verisinin yeterli olmadigi
gdzlenmistir. Ilave olarak yanal ivmelenme ve hiz
verilerinin de dikkate alinmasi dogrulugu artirmaktadir.
Hiz bilgisinin dikkate alinmasi konusunda herhangi bir
tereddiit yoktur. Ciinkii yanal manevra siddetinin yiiksek
hizlarda olusturdugu tehlike ile diisiik hizlarda olusturdugu
tehlike farklidir. Yapilan testler ivmedlger verilerinin
hesaba katilmasimnin da manevra siddetini belirlemede
dogrulugu artirdigini gostermistir. Bu amacgla her bir
manevrada jiroskop-Z, ivmedlger-X ve hizin ortalama
degerleri asagidaki formiille birlestirilerek manevranin
GAS (Gyro-Accelometer-Speed) degeri bulunmaktadir

(9).
GAS(n): (Gz-on(n)'D.Ax.ort(n)) . F.HlZort(n) (9)

n: Manevra indexi

Gz-ort(n): Tki kenar arasindaki manevranin ortalama G;
degeri

Axorn(n): Tki kenar arasindaki manevranin ortalama Ay
degeri

Hizon: iki kenar arasindaki manevranin ortalama hiz degeri

D: Manevranin ortalama Ay degerinin katsayisi.
Biyiikligi iki katina ¢ikarmak igin G, genel karekok
ortalamasinin Ay genel karekok ortalamasina (10) oranmi
olarak hesaplanmaktadir (11).

RMS (G,)= , RMS (A)= (10)

EAVE X7 Ax (D)2
n n

D= RMS (G;) / RMS (Ay) (12)

F: Manevranin ortalama hiz degerinin katsayisi.
Yolculuktaki genel ortalama hiz degeri dikkate alinarak
GAS degerini 100°e 6lgeklemek maksadiyla ortalama i¢in
50 degeri referans alinmak suretiyle F katsayisi asagidaki
formiille bulunur (12).

F= (1/Hizgen-ort)*50/(2* RMS(G,)) (12)
GAS formiiliinde G; ortalama degerleri ana referans olarak
alinmig, G;’ye gore ters isaretli olan Ay ortalama degerleri
eksi isaretli belirli bir katsayr ile ¢arpilarak G,
ortalamalarina eklenmektedir. Béylece yolculuktaki genel
ortalamalar dikkate alindiginda G, biiyiikliikleri iki katina
¢ikmaktadir. Her bir manevra ic¢in bulunan GAS
degerlerinin isareti yanal manevranin yoniinii, biiytikligi
agresiflik derecesini belirlemektedir. GAS degerinin isareti
pozitif ise sola doniis, negatif ise saga doniis manevrasidir.
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4.4.2. Serit Degisikliklerinin  Puanlanmas:
Changes)

(Scoring Lane

Serit degisikligi manevralarinin biiyiikliigi saga-sola
doniis manevralarindan farkli olarak bulunan kenarin
egimiyle tespit edilmektedir. Caligmada GSS (Gyro-Slope-
Speed) olarak adlandirilan biiyiiklikk egimin yiiksekligine
ve araligin ortalama hizina bagh olarak degismektedir (13).
Egim s6z konusu oldugu i¢in serit degisikliklerine ait
biiyiikliikler isaretsizdir.

GSS(H) _ max Gz(n)A—tmin Gz(n) F. leon(n)

(13)

n: Serit degisikligi indeksi

F: Manevranin ortalama hiz degerinin katsayist.

Serit degisikligindeki F katsayisi bulunurken biyiiklik
olarak maksimum  minimum  fark  degerleri
kullanildigindan uyumlu olmas: i¢in yolculuktaki G,
verilerine ait RMSD (G;) standart sapma degeri referans
alinmaktadir.

(14)

G, () - 2
RMSD (GZ): \/Zl (Gz() izgen,ort)
Yolculuktaki genel ortalama hiz degeri dikkate alinarak
GSS degerini 100’e 6lgeklemek maksadiyla ortalama igin
50 degeri referans alinarak F katsayis1 asagidaki formiille
bulunur (15).

F= (1/Hizgen-ort).50/(2.RMSD(Gy)) (15)
Serit degisikliklerinin yonii yukarida anlatilan saga ve sola
serit degisikligi desenlerinden bulunmaktadir. Algoritma
bir kenarin veya dar bir manevranin serit degisikligi
olduguna karar verdiginde saga veya sola hangi yone
olduguna da karar vermektedir. Algoritma tarafindan tespit
edilen yanal manevralar ve manevralarin puan aralig ii¢
kademe olarak Tablo 2’de verilmistir.

Tablo 2’de saga-sola donilis manevralari ve saga-sola serit
degisikliklerine ait biiyiikliiklerin aralig1 ii¢ kademe igin
verilmistir. Elde edilen GAS ve GSS biiyiikliiklerini daha
fazla kademelendirmek miimkiindiir. Algoritma ile yanal
manevralarin agresiflik derecesine odaklanildigindan U
dontisleri ayr1 bir kategori olarak degil, saga veya sola
doniis olarak kaydedilmistir.

5. DENEYLER (EXPERIMENTS)

Bu bolimiin amaci test takografinda kaydedilen sensor
verilerinin algoritmada denenmesidir.
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Tablo 2. Algilanan yanal manevralarin tasnifi
(Classification of detected lateral maneuvers)

TR [ TL LCR | LCL

Kull'a.mllan Jiroskop-Z, Ivme 6lger-X, Jiroskop-Z, Hiz
sensorler Hiz
Diisiik >-60 <60 <12
Orta <=-60 >=60 >=12

>-100 <100 <24
Yiiksek <=-100 >=100 >=24
Puanlama GAS GSS
birimi

TR : Saga doniis

TL : Sola doéniis

LCR: Saga serit degisikligi
LCL: Sola serit degisikligi
GAS: Donilis manevra puant
GSS: Serit degisikligi puani

5.1. Deneysel kurulum (Experimental Setup)

Igine 10-DOF IMU sensdr modiilii eklenen test takografi
HYUNDAI Accent Blue model araca Sekil 13’teki gibi
monte edilmis, hiz sinyali ara¢ gostergesinin de bagl
oldugu ABS miisirinden alinmustir.

Sekil 13. Araca monte edilen takograf cihazi
(Vehicle-mounted tachograph device)

Bluetooth haberlesme donanimi eklenen takograf, Android
uygulama ile haberlesmeye uygun hale getirilmistir. Sekil
14’te ara yiizii gosterilen uygulama ile aragta hareket
halinde iken bir manevra gergeklestirilecegi zaman
manevranin baslangicinda uygulamada ilgili tusa basilarak
takograf kayitlarina manevra baglangicinin, manevra
bittigi anda ise gerceklesen manevranin siddetine bagh
olarak normal, orta veya agresif olmak iizere {i¢ farkli
kademede bitis noktasinin etiketlenmesi saglanmustir.
Boylece siirlis sirasinda istenilen manevralarin insan
iradesiyle etiketlenebilmesi miimkiin hale getirilmistir.

Bu amagla Yalova-Sakarya arasinda 3833 saniyelik
(vaklasik 1 saat 5 dakika), 85 km’lik bir yolculuk giinesli
havada, asfalt yolda yapilmistir. Sekil 15°te gosterilen
giizergahta virajlarin ve trafik igiklarinin oldugu béliimler
de mevcuttur.
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*‘4 Keyboard mode

Rxd: 08 Running: 15
Received data area (Click show:Sent data area)

SOLA DONUS SAGA DONUS
SOLA SERIT SAGA SERIT
DEGISIKLIGI DEGISIKLIGI
NORMAL ORTA AGRESIF
BITiS BiTS BiTiS

1
1 (@] <
Sekil 14. Manevralarin etiketlendigi uygulama ara yiizii
(Application interface where maneuvers are labeled)

- S oA _—y
\__/-) \ ~—— . 2 e
- = ez ®

Sekil 15. Yalova-Sakarya yolculuk rotasi
(YYalova-Sakarya trip route)

Yolculukta hiz ile birlikte jiroskop ve ivmedlgerin 3 eksen
verileri her saniye hafizaya kaydedilmistir. Yolculuk
tamamlandiktan sonra bu veriler takograftan bilgisayara
aktarildiktan ve ham veriler uygun birimlere cevrildikten
sonra algoritmada denenmistir.

Yapilan testlerde saniyede bir kaydedilen ham veriler
filtrelenerek de denemeler yapilmig fakat o durumda
Ozellikle serit degisikliklerinin ¢ogunun kagirildigi
gozlenmigtir. Veriler iginde yolculuk sirasinda manuel
olarak kaydedilen manevralar da bulundugu igin
algoritmanin buldugu sonuglarla manuel olarak etiketlenen
manevralarin kiyaslanabilmesi miimkiin olmustur.

5.2. Sonuclar (Results)

Yapilan yolculukta uygulama iizerinden biitiin yanal
manevralar etiketlenmemis, belirli miktardaki bir manevra
icin etiketleme islemi yapilmstir. Yolculuk sirasinda erken
veya ge¢ basmadan kaynaklanan etiketlemedeki kaymalar,
bilgisayar ortaminda veriler incelenerek kolayca
diizeltilebilmistir.
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Tablo 3. Algoritmanin manevra sayisi tespit dogrulugu
(Maneuver count detection accuracy of the algorithm)

Yanal Manevra Sayilari

TR | TL LCR LCL
Manuel kaydedilen 22 20 12 18
Algoritmanin 22 20 8 13
yakaladiklari
Algoritma toplam 53 56 31 30
Yonii yanlis 0 0 0 2
Doniig algilanan seritler 3 4
Serit algilanan doniigler 0 0
Algilanmayanlar 0 0 0 2
Dogruluk (%) 100 | 100 | 66,66 | 72,22

Algoritma test sonuclarinin detayli verildigi Tablo 3’te
manuel serit degisikligi olarak etiketlendigi halde
algoritmanin saga-sola doniis olarak kaydettigi 7 manevra
bulunmaktadir. Bu manevralarin dalga genisligi limit
degerlerden fazladir. Dalganin genis olmasi serit
degisikligi manevralarinin agresif olmayacagi seklinde
yorumlanabilir. Kagirilan serit degisikliklerinin agresiflik
agisindan  diiglik  puanli  olduklar1  hesaplanmustir.
Dolayisiyla s6z konusu serit degisikliklerinin saga-sola
doniis manevralar1 olarak algilanmasi da dogru olarak
kabul edildiginde LCR i¢in dogruluk oran1 %100’e, LCL
icin ise %88.88’e ¢cikmaktadir. Fakat LCL sayilarindan iki
tanesinin yanlig bir sekilde LCR olarak kaydedildigini de
belirtmek gerekir. Tespit edilen manevra sayilar: agisindan
sonuglar degerlendirildiginde algoritmanin saga-sola
doniis manevralarinda olduk¢a basarili oldugu, serit
degisikliklerinde  biiyiik  oranda  basarili  oldugu
goriilmektedir. Yapilan o6nceki caligmalarda da yanal
manevralar algilanirken serit degisikliklerinde sorunlar
yasandig1 anlasilmistir.

Yalova-Sakarya yolculugunda algoritma tarafindan
yakalanan biitiin manevralarin puanlart hesaplanmustir.
Hesaplanan puanlara ait grafikler Sekil 16 ve Sekil 17°da
verilmistir. Doniis manevralarindaki GAS degerleri yonlii
olduklar igin grafikte eksenin st tarafindaki (pozitif)
cubuklar sola doniis biyiikliklerini, alt tarafindaki
(negatif)  ¢ubuklar saga  donlis  biytikliklerini
gostermektedir.

=——Uygulama ile isaretli
——Uygulama ile isaretli degil

|""|" ) ||‘.|\‘|“”|| b L b hlI“

ML | |I| ‘rll

Sekll 16. Algorltmamn yakaladlgl donus manevralarmm

GAS degerleri
(GAS values of turning maneuvers detected by the algorithm)
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——Uygulama ile isaretli
—Uygulama ile isaretli degil

Sekil 17. Algoritmanin yakaladig: serit degisikliklerinin

GSS degerleri
(GSS values of lane changes detected by the algorithm)

Serit degisikliklerindeki GSS degerleri egime bagh
olduklarindan yonlii degildir. Fakat algoritma serit
degisikliklerinde s6z konusu kenarlarin maksimum ve
minimum noktalarinin 6nce veya sonra olmasina gore yonii
tespit ederek kaydetmektedir.

Grafiklerden uygulama ile isaretlenmeyen mavi ¢ubuklu
manevra biiyiikliiklerinin genel olarak kirmizilardan daha
kisa oldugu goriilmektedir. Doniis manevralarinin ve serit
degisikliklerinin puanlarinin dogruluk degerlendirmesi
yapilirken olay bitiminde ¢ kademedeki siddet
etiketlemesi sirasinda ara¢ hizimin dikkate alinmadigina,
sadece hissedilen doniis sertligine gore karar verildigini
belirtmek gerekir. Bu durum Tablo 4’de gosterilen
sonuglara yansimaistir.

Tablo 4. Algoritmanin manevra siddet dogrulugu
(Maneuvering intensity accuracy of the algorithm)

Toplam Yanal Manevra Sayilari
TR TL LCR | LCL

Diisiik 41 37 42
Orta 11 16 14
Yiiksek 1 3 5

Manuel kayitlarda algoritmanin yakalama oranlari
Diisiik 11/14 8/10 5/14
Orta 5/7 417 217
Yiiksek 0/1 0/3 -
Dogruluk(%) 72,72 60 33,33
Puan birimi GAS GSS

6. DEGERLENDIRMELER (CONCLUSIONS)

Calisma ile karayollarinda insan ve yiik tasimacilig1 yapan
agir vasita araclarda kullanimi zorunlu olan takograflarin
stiriiglerle ilgili hiz ve siire denetiminin yan1 sira siiriisiin
nasil yapildigina dair agresiflik derecesi hakkinda bilgi
verilmesi saglanarak siiriicii kaynakli kazalarin ve yakit
tiketiminin  azaltilmasi  hedeflenmistir. ~ Calismada
stirictiniin inisiyatifinde olan akilli telefon yerine agir

vasita araglarda kullanimi zorunlu olan takograf
cihazlarimin  kullanilmas1t  c¢aligmaya pratik hayata
uygulanabilirlik  ozelligi  katmaktadir.  Literatiirdeki

manevra siiflandirma ¢alismalarinda genellikle olasilik,
desen eslestirme ve yapay zeka teknikleri kullanilmistir.
Bu yontemler cogunlukla yiiksek hafiza ve islem
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kapasitesine sahip cihazlar gerektirir. Bu c¢aligmada
geligtirilen algoritma disiik islem ve hafiza kapasiteli
takograf cihazina bile kolaylikla uygulanabilmistir.

Onceki calismalardan farkli olarak manevra baslangic ve
bitis noktalarinin daha yiiksek dogrulukla yakalanmasina
yonelik yeni bir kenar algilama yontemi sunulmustur.
Onceki caligmalardaki en énemli problemlerden biri serit
degisikliklerinin algilanmasindaki yetersizlikti.
Geligtirilen algoritma ile kenarlarin serit degisikligi
acisindan  Oncelikle incelenmesi  sayesinde  serit
degisiklikleri daha yiiksek oranda yakalanmaktadir. Serit
degisikliklerinin doniis manevrasi olarak kaydedilmesi
miimkiin olsa da kagirilma oram diisiiktir. Doniis
manevralari ¢ok yiiksek dorulukla yakalanmaktadir.

Yanal manevralarin agresif olmayanlart da algoritma
tarafindan yakalanabildigi i¢in manevra agresiflik puan
skalasinin  dogrulugu yiiksektir. Manevra agresiflik
derecesinin  puanlamasinda hiz da formiile dahil
edildiginden kaza riski daha gergekgi bir sekilde tespit
edilmektedir. Manevralarin  agresiflik puanlamasinin
yapilmasi, siirlislerin  puanlanabilmesinin, sonrasinda
stirlicliniin puanlanabilmesinin yolunu agacaktir.
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Ozet— Kiiresellesme etkisi altinda gdzlenen bilyiime siiregleri ve yogun niifus hareketliligi nedeniyle gittikce
karmagiklasan kentsel faaliyetlerin yarattigi sorunlara aligilagelen yontemlerin yanit vermedigi agik¢a ortadadir. Buna
ek olarak, hizli kentlesme siirecleri ve kiiresel iklim degisikligine bagli olarak yasanan afet olaylarindaki artig, zaman
icerisinde kentlerin temel hizmet alanlarinda (¢evre, saglik, egitim, altyapi, giivenlik, vb.) yasanan problemleri 6nemli
Ol¢iide tetiklemektedir. Dolayisiyla, coklu bir aga doniisen yasam alanlarinda toplumun refah diizeyinin siirdiiriilebilir
bicimde devam ettirilebilmesi ve etkin bir afet yonetim siirecinin ortaya konulabilmesi igin bilgi teknolojilerinin etkin
bicimde kullanilmasi artik bir zorunluluk haline gelmistir. Bu noktadan hareketle, ¢aligmada afet oncesi doneme
referans veren Risk Yonetimi alaninda olasi kayiplarin azaltilmasi ve/veya bertaraf edilmesi konusunda yapay zeka
kullaniminin &neminin vurgulanmasi amaglanmistir. Calismanin kapsamini yapay zekd uygulamalarinda risk
yonetiminin yeri, yapay zekd kullanimimin afet risklerinin azaltilmasi siirecindeki avantajlart ve dezavantajlari,
uygulama orneklerinin aktarilmasi gibi konular olusturmaktadir. Yontem olarak nitel arastirma yonteminin kullanildigi
calismada, yapilan arastirmalar sonucunda denilebilir ki, stirdiirtilebilir, uzun vadede etkin, ¢ok paydasl ve disiplinler
aras1 nitelige sahip Modern Biitiinlesik Afet Yonetim siirecinde Bilgi ve Iletisim Teknolojileri (BIT) kullaniminin karar
alma siireglerinin temel yapi taslarindan biri haline gelmistir ve kentsel direngliligin arttirilmasinda yapay zeka
uygulamalari Kkritik bir rol oynamaktadir.

Anahtar Kelimeler— afet risk yonetimi, yapay zeka, kentlesme, bilgi ve iletisim teknolojileri (BIT), kentsel direnclilik

The Role of Artificial Intelligence in Disaster Risk
Management

Abstract— It is clear that the usual methods do not respond to the problems based on urban activities which are
becoming increasingly complicated due to the growth processes observed under the influence of globalization and
intensive population mobility. In addition, due to the increase in the number of disasters associated with rapid
urbanization processes and global climate change, there has been a significant increase in the problems experienced in
the main service areas of cities (environment, health, education, infrastructure, security, etc.). Accordingly, the usage of
information technologies effectively become almost an obligation in order to sustain the level of well-being in
settlements which have turned into a multi-network in a sustainable manner and to put forward an effective disaster
management process. Fom this point, the aim of the study is to emphasize the importance of the usage of Artificial
Intelligence (Al) for reducing and/or eliminating possible disaster losses associated with Disaster Risk Management
(DRM) processes. The scope of the study includes the role of risk management in Al applications, the advantages and
disadvantages of the usage of Al in the disaster risk reduction process and also application examples. The method of the
study is the qualitative research method. As a result of research, it can be said that the use of Information and
Communication Technologies (ICT) is necessary for DRM which is sustainable, effective in the long term, multi-
stakeholder and inter-disciplinary. Moreover, Al plays a critical role in increasing urban resilience.

Keywords— disaster risk management (DRM), artificial intelligence (Al), urbanization, information and
communication technologies (ICT), urban resilience
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1. GIRIiS INTRODUCTION)

Kentsel alanlarda iligkisel sistemler (kentsel islevler,
ekonomik etki alani, iiretim — tiiketim iliskileri, kentsel
aglar, vb.) karmasik ve ¢ok katmanli bir yapiya sahiptir.
Kiiresellesme etkisi altinda gézlenen biiylime siiregleri ve
yogun niifus hareketliligi nedeniyle karmasa, sug, trafik,
saglik, atik, enerji, su ve hava kirliligi, carpik kentlesme,
kaynaklara ulasim gibi konularin yerel yonetimlerin
giindeminde Oncelikli konular arasinda yer aldig1
bilinmektedir ve bu konularin yol ag¢tigi sorunlarin
¢Oziimiine alisilagelen yontemlerin (kentsel doniisiim
uygulamalari, pargacil planlama uygulamalari, sosyo-
ekonomik diizeye goére hizmetlere erisim imkani, vb.)
yanit vermedigi gézlenmektedir. Hizli kentlesme siiregleri
ve kiiresel iklim degisikligine bagli olarak yasanan afet
olaylarindaki artig, zaman igerisinde kentlerin temel
hizmet alanlarinda (¢evre, saglik, egitim, altyapi,
giivenlik, vb.) yasanan problemleri Onemli Jlgiide
tetiklemektedir. Buna ek olarak, kirsal alandan kentsel
alana goglerin yasanmasi, bdlgeler arasinda sosyo-
ekonomik dengelerin bozulmasi, dogal kaynaklarin hizl
tiketimi, ¢evrenin tahribatt ve kentsel gelisme
stireclerinin planlama gergevesinde yiiriitilmemesi gibi
birgok olumsuz gelisme giiniimiiz kentlerini kaotik bir
ortama siiriiklemektedir [1, 2].

Dolayisiyla, ¢oklu bir aga doniisen yasam alanlarinda
toplumun  refah  diizeyini  yiikseltebilmek  ve
stirdiirtilebilirligini saglamak i¢in, niifus, kaynak, ¢evre ve
bilgi teknolojilerinin karsilikli olarak diizenlenmesi artik
bir zorunluluk haline gelmistir [3]. Vatandaglarin yasam
kalitesini yiikseltmek ve kamusal hizmetler hakkindaki
memnuniyetlerini artirmak i¢in Bilgi ve Iletisim
Teknolojileri (BiT)’nin yasanun her alanma entegre
edilmesi, yerel diizeyde iliskisel sistemlere dair uygulanan
yontemler konusunda eksen degisikligi yasandiginin
6nemli bir kanitidir [4].

EM-DAT (Emergency Events Database) raporlarina gore,
acil bir durumun afet olarak degerlendirilebilmesi igin
belli baslt kriterleri saglamasi gerekmektedir. Buna gore,
meydana gelen afette 10 veya daha fazla kisinin 6lmiis
olmasi, 100 veya daha fazla kisinin durumdan etkilenmis
olmast ve/veya ilgili devletlerin olaganiistii hal
bildirisinde veya uluslararasi yardim ¢agrisinda bulunmus
olmasi kriterlerinden en az birinin gergeklesmesi
beklenmektedir. 1965-2020 yillar1 arasinda farkli
cografyalarda meydana gelen dogal ve beseri afetlerde
diinya ¢apinda 4,5 milyon 6liime sebep olan 20.533 afet
meydana gelmistir. Bu afetlerin %62’ si dogal afet niteligi
tasirken, %381 ise begeri afetlerdir [5, 6].

Gecmis donemlerden giinlimiize kadar diinya g¢apinda
onemli kayiplara sebep olan afetler yaganmistir ve halen
devam etmektedir. Afetlerin bir¢ogu ¢ok kisa bir zaman
dilimi icerisinde ortaya g¢iktigindan dolayr basarili ve
etkin bir afet yonetim siirecinde hizli planlama, karar
verme ve dogru uygulamalarin hayata gecirilmesi kritik
bir 6neme sahiptir. Genel olarak, afet yonetimi siireci
karmagik ve dinamik bir yapiya sahiptir. Kontrolii zor
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olan bu yapt igin sistemlerden gelen verilerin
depolanmasi, islenmesi, haritalandirilmasi ve
degerlendirilmesi i¢in teknolojinin sagladigi olanaklara
ihtiyag vardir. Yenilik¢i teknolojilerden yararlanilmasi
ise, afet sonrasinda oldugu kadar, afet dncesinde de riskin
azaltilmast  adina  olduk¢a  O6nemli  kazanimlar
saglayacakutir [5, 7-9].

Diinya genelinde yogun niifus ve yapilasma pratiklerinin
gozlemlendigi gilinlimiizde, afetlerin sayisinin  ve
sikliginin her gegen giin artmakta oldugu ve kiiresel iklim
degisikligi sebebiyle farkli cografi bolgelerde gesitlenen
afet tiirlerinin gortldiigli acikca ortadadir. Kentsel
alanlarin afet riski s6z konusu oldugunda carpan etkisi
yaratmasi sonucunda, etkin bir afet yonetimi ihtiyact soz
konusu olmustur. Siirdiiriilebilir, uzun vadede etkin, ¢ok
paydasli  ve disiplinler arasi bigimde siirecin
yonlendirildigi Modern Biitiinlesik Afet YOnetimi
stirecinin hayata gecirilebilmesi igin diinya genelinde
kabul gormiis bir genel kami vardir: Afet yodnetimi
alaninda BIT’in kullaniminin gerekliligi [8, 10, 11].

Mekansal ve mekansal olmayan verilerden yararlanilarak,
afetler karsisinda olasi risklerin Ongoriilmesi, gerekli
analiz siireclerinin yiiriitiilmesi, hazirlikli olma, miidahale
ve iyilestirme agamalart icin gerekli eylem planlari,
politikalar ve uygulamalarin hayata gecirilmesi gibi tiim
asamalarda BIT’in avantajlarindan yararlanilmaktadir.
Kentlerde gozlenen karmasik yapidaki iliskisel sistemlere
dair problemlerin ¢oziilmesi ve afet riskinin minimum
diizeye indirgenebilmesi  i¢in  teknoloji  tabanh
uygulamalar  giiniimiizde sik¢a yararlanilan  temel
kaynaklar haline gelmistir [5, 12-14].

Bu noktadan hareketle, bu ¢alismada afet 6ncesi doneme
referans veren Risk Yonetimi alaninda olasi kayiplarin
azaltilmast ve/veya bertaraf edilmesi konusunda yapay
zeka kullaniminin 6neminin vurgulanmasi amaglanmistir.
Afet risklerinin azaltilmasi konusunda giincel teknolojik
uygulamalarin = genel ismi olan Yapay Zeka
uygulamalarinda risk yOnetiminin yeri, yapay zeka
kullaniminin afet risklerinin azaltilmasi siirecindeki
avantajlar1 ve dezavantajlari, uygulama &rneklerinin
aktarilmas: gibi konular ¢aligmanin genel kapsamim
olusturmaktadir.  Yontem olarak nitel arastirma
yonteminin kullanildign ¢alismada, yapilan arastirmalar
sonucunda denilebilir ki, stirdiiriilebilir, uzun vadede
etkin, ¢cok paydaslhi ve disiplinler arasi nitelige sahip
Modern Biitiinlesik Afet Yonetim siirecinde BIT
kullaniminin ~ karar alma siireglerinin  temel yap1
taglarindan biri haline gelmistir ve kentsel direngliligin
arttirtlmasinda yapay zekd uygulamalar1 kritik bir rol
oynamaktadir.

2. AFET RiSK YONETIMINDE YAPAY ZEKA

KULLANIMI (THE USAGE OF  ARTIFICIAL
INTELLIGENCE IN DISASTER RISK MANAGEMENT)

Etkin bir afet yonetim siirecinde, orgiitsel yapilanmanin
ve operasyonel kapasitenin hem merkezi diizeyde hem de
yerel diizeyde gittikce daha dnemli bir hale geldigi acik¢a
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ortadadir. Onceki dénemlerde uydu sistemleri, televizyon,
radyo, telsiz, SMS uygulamalar1 afet yonetiminde etkin
araglar iken; giiniimiizde Nesnelerin Interneti (IoT),
Yapay Zeka, robotlar, akilli sistemler gibi yeni
teknolojiler devreye girmistir. Afet yOnetimi siirecinde
taraflar arasinda iletisimin saglanmasi ve veri temini
konusunda kapasitenin artirilmasi bakimindan teknolojik
olanaklardan yararlanilmasi olduk¢a 6nemli ve tercih
edilen bir durum olmustur. Covid — 19 salgin siireci, kriz
yonetimi bakimindan bu tespite verilebilecek basarilt
orneklerden biridir [8, 15].

Afet Oncesi asamada afet risklerinin belirlenmesi ve
azaltilmas: ile afet sonrasi asamada hizli ve etkin bir
iyilesme siirecinin yiiriitiilmesinde yeni teknolojik
araglarin roli ve sagladigi firsatlar 6nemlidir. Modern
Biitiinlesik Afet Yonetimi kapsaminda ele alinan bu
konularin hayata gecirilmesi asamasinda Cografi Bilgi
Sistemleri (CBS), Sosyal Ag Servisleri (Social
Networking Services - SNS) ve BIT gibi uygulama
araglarindan yararlanilmaktadir [9, 11]. Afet Oncesi ve
afet sonrasi asamalarinda bagvurulan teknolojik araglarin
kullanim alanlar1 Tablo 1’de sunulmustur.

Tablo 1. Afet yonetim siireglerinde teknolojik araglarin

kullanim alanlar1 (Yazar tarafindan olusturulmustur) (The
usage areas of technological tools in disaster management processes)
(Prepared by the author)

Afet
Yonetim Evre Kullanim Alanlari
Siireci
Risk ve tehlike analizleri
Zarar Kirtlganligi 6l¢iilmesi
Azaltma | kentsel sosyal parametreler
Altyap1 ve erisim olanaklart
Afet
Oncesi Tahliye ve kagis planlar
Asama Tatbikatlar ve egitimler
Hazirhk Erken uyar sistemleri
Acil durum iletisim
sistemleri
Taraflar arasi koordinasyon
Yonetim platformlart
olusturulmast
Blok zincir tabanli izleme
Miidahale | Akilli ses ve goriintii tarama
Afet 5G teknolojisi
Sonrasi
Asama Big Data uygulamalari
Hasar tespit projeleri
fyilestirme | Yeniden insa projeleri
Veri analizleri
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Yapay zeka, insanin diislinme yetenegini ve beynin
calisma oOzelligini modellemeye ¢alisan, insan zekasini
bilgisayar araciligiyla taklit etmeye calisan, belirli bir
durum veya problem karsisinda gerekli bilgileri
kullanarak ¢ozlim iretebilen yontemin genel adidir.
1940’11 yillarda iizerinde ilk ¢alismalarin yapildig1 yapay
zeka kavrami, 1990’1 yillara gelindiginde insan bigimli
robotlarin yapilmasi gibi énemli bir noktaya taginmustir.
Veriye ulagmanin her zaman ve tamamen miimkiin
olmadig1 durumlarda Onerilen yapay zeka ¢oziimleri, veri
tabanlarinin  kullamm ve farkli uzmanlar tarafindan
gelistirilmesinde lokomotif gdrevi gérmesi bakimindan
oldukea avantajli bir tekniktir. Bu bakimdan denilebilir ki,
yapay zeka kullammmimin artan afet riskleri karsisinda
etkili bir risk yonetim siireci sunmasi ve karmagik iligkisel
sistemlerin  ¢6ziimiinde yardimci olmasi bakimindan
6nemli bir aragtir [7, 13].

Iklim degisikligine bagli olarak gdzlenen mevsimsel
anomaliler (deniz seviyesinde artig, asir1 ve saganak
yagislar, sicaklik degisimleri, afet olaylarimin artist, vb.)
sebebiyle pek cok agidan (fiziksel, ekonomik, sosyal,
cevresel, vb.) daha kirilgan hale gelen yapili ¢evrenin
afetler karsisinda hazirlikli olma ve uyum saglama hali
olarak tanimlanan kentsel direngliligin arttirilmasinda
yapay zeka kullanimlarimin temel olarak 3 6nemli islevi
vardir: (a) Afetlere iliskin tahminlerin yapilmasi, (b)
afetlere iligkin etki degerleme yapilmasi ve (c) afetler
karsisinda toplumsal direncliligin arttirilmasi. Bu islevler
dogrultusuna siklikla basvurulan yapay zeka araglari
arasinda Yapay Sinir Ag1 (Artificial Neural Network -
ANN), Tekrarlayan Sinir Ag1 (Recurrent Neural Network
- RNN), Konvoliisyonel Sinir Ag1 (Convolutional Neural
Network - CNN), iliski Ag1 (Relation Network - RN) ve
Makine Ogrenmesi (Machine Learning - ML) vyer
almaktadir. Bu araglarin uygulamada karsilik buldugu
alanlar incelendiginde ise, Yapay Sinir Agi’mmn sosyal
medya kullanmimiyla 6n plana ¢iktigi, Tekrarlayan Sinir
Agrnin degisikliklerin izlenmesi yontemiyle afet dncesi
ve sonrasimnin karsilagtirilmasi alaninda kullanildig,
Cografi Bilgi Sistemleri ve Bilgi ve Iletisim
Teknolojileri’nin ise afetlerin etkilerinin tahmin edilmesi
amaciyla kullanilmasi gibi Ornekler verilebilir [12, 16,
17].

Afet risk yonetimi alaninda yapay zeka kullanimina
yonelik uygulama ornekleri incelendiginde, afet tiirlerine
ve yapilmak istenen analize gore kullanilacak ydntemin
farklilastign goriilmektedir. Ornegin Makine Ogrenmesi
yontemi kullanilarak, ge¢misten bugiine kadar meydana
gelen afet olaylarina iligkin verilerin toplanmasi,
siniflandirilmast  ve  gelecek  Ongoriilerinin ~ ortaya
konulmasi adina modelleme c¢alismalari s6z konusu
olmaktaktadir. Bu yontem, yapay zeka kapsaminda en ¢ok
bagvurulan yontemlerden biridir. Bunun disinda,
modelleme calismalarint  yapabilmek adina Random
Forest (Rassal Orman - RF), Lazy, J48 Decision Tree (J48
Karar Agaci), Yapay Sinir Ag1 (YSA), Naive Bayes (NB),
Lojistik Regresyon (LR) gibi diger yontemlere de
bagvurulmaktadir  [16,17]. Bagimli ve bagimsiz
degiskenlerin belirlenerek afet tiiriine gore farkli tematik
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analizlerin yapilmasi bu yontemler kullanilarak miimkiin
olmaktadir. Afet risk yOnetimi alaninda yapay zeka
uygulamalarinin  kullanim1  ve kullanilan yontemlere
yonelik akis semasi Sekil 1’de sunulmustur.

Farkli dénemlere iliskin

et Sonerle meteorolojik veriler ve
mi'kr:!':el:lf et (?lay olay bazl kayiplara
iliskin istatistiklerin
toplanmas1 )
I 1
v
Veri tabam
olusturulmasi
ARACLAR
¢ Machine Leaming
Random Forest
Farkl1 yontemlerle _I,‘:;yn -
analizler yapilmasi Naive Bayes
Artifical Neural Network
¢ Logistic Regression
Analiz sonuclarinin
degerlendirilmesi
Karar destek
mekanizmalarinin
politika gelistirmesi
Kentsel direncliligin
arttiriimas

Sekil 1. Afet risk yonetimi alaninda yapay zeka
uygulamalarinin kullanimi (Yazar tarafindan

olusturulmustur) (The use of artificial intelligence applications in
disaster risk management) (Prepared by the author)

Farkli cografyalara 6zgili topografik, meteorolojik, dogal
ve yapili gevre kosullarina bagli olarak ortaya ¢ikan dogal
ve/veya beseri afetlere iligskin basarili yontem siire¢lerinin
ylriitillebilmesi adina yapilmakta olan risk azaltma
calismalarinda IoT, CBS, Uzaktan Algilama (UA),
sensorler, Radyo Frekans Tanimlama Sistemleri (RFID)
gibi pek cok teknolojik olanaktan yararlanilmaktadir. Bu
olanaklarin kullamim alanlar1 su sekilde siralanabilir [5,
55]:

e Nesnelerin interneti (Internet of Things) ve Uzaktan
Algilama (Remote Sensing): Afet senaryolarinin
yerlesimler 6zelinde belirlenmesi, olusturulan risk ve
tehlike haritalarina gore mikrobolgeleme
caligmalarinin  yapilmasi, yapisal risk durumunun
tespit edilmesi, olas1 afet durumlarma ilisgkin maliyet
tahminlerinin yapilmasi.

eRadyo Frekansi Taninlama Sistemleri (Radio
Frequency ldentification), Gériintii isleme (Image
Processing), Karar Destek Sistemleri (Decision
Support Systems) ve Sosyal Medya (Social Media):
Acil durum planlarinin olusturulmasi, gegici barinma
alanlarinin tespit edilmesi, ulagim — saglik — barmma —
teknik ekipman sorunlarinin ¢éziilmesi, kurumlar arasi
koordinasyon ve esgiidiimiin saglanmasi.

e Cografi Bilgi Sistemleri (Geographic Information
Systems):  Hasar  tespit  ¢alismalari, tahliye

koridorlarinin belirlenmesi, acil miidahale ekiplerinin
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sahada dogru yonlendirilmesi, karar destek sistemleri
olusturulmasi.

Buna ek olarak, dzellikle acil durum halinde Biiyiik Veri
(Big Data) ve Veri Analitigi yontemlerine bagvuruldugu
da bilinmektedir. Bu tiir durumlarda veri temini ii¢ farkli
sekilde yapilmaktadir [9]:

i. Direkt veriler (Kullanict bazl ve belirli bir bélgeden
toplanan veriler),

ii. Otomatik veriler (Sistem {izerinden pasif olarak elde
edilen veriler)

iii. Goniillii verileri (Sosyal medyada aktif kisilerin
paylastig1 veriler)

Her ne kadar son donemlerde diinya genelinde siklikla
gerceklesmekte olan  afetler  karsisinda  bilgi
teknolojilerinin ~ kullaniminin ~ gerekliligine  yonelik
farkindalik artmig olsa da, istatistiksel olarak bilgi
teknolojilerine ve yapay zeka uygulamalarina beklenen
diizeyde basvurulmadigi goriilmektedir. Diinya genelinde
bu ortalama %7 seviyesinde iken, afet temelli
uygulamalarin web sitesi iizerinden kullanimi ortalama
%20 ve akill telefonlar lizerinden kullanimi ortalama %7
olarak tespit edilmistir. Ulke &zelinde incelendiginde ise,
ABD ve Cin’de afet risklerinin azaltilmasi amaciyla
teknolojinin olanaklarindan yararlanma orant %14 — 15
seviyelerinde iken, pek ¢ok iilkede (Avustralya,
Yunanistan, Tayvan, Ingiltere, Almanya, italya, Japonya)
bu ortalamanin %3 — 5 civarinda oldugu goézlenmektedir
[12,19].

3. YAPAY ZEKA KULLANIMIYLA ONE CIKAN

AVANTAJLAR VE DEZAVANTAJLAR
(ADVANTAGES AND DISADVANTAGES STANDING OUT
WITH THE USE OF ARTIFICIAL INTELLIGENCE)

Teknolojik yeniliklerin ¢esitlenmesi ve yapay zeka
kullaniminin yayginlagmasinin dogal bir sonucu olarak,
glinimiizde diinya g¢apinda ‘ikinci bilgi devrimi’
yagsanmaktadir. Bu devrimin zamanla kendini daha fazla
gosterdigi  alanlardan biri ise afet risk yOnetim
stiregleridir. Akademik yazinda ve giincel uygulamalarda
vurgulandig1 iizere, web ve bulut tabanli platformlar
iizerinden gerceklestirilen veri paylasimiyla afet riskinin
azaltilmas1 ve sakimim planlamas: siirecinin basariyla

yonetilmesi  saglanabilecektir. Bunun yam  sira,
stirdiiriilebilir kalkinma hedeflerine ulagilmasinin énemli
araclar1 arasinda Nesnelerin Interneti, blok-zincir

teknolojisi, gesitli agik kaynaklar, dronlar ve diger bir¢cok
teknolojik olanak sayilabilir. Bu noktadan hareketle,
denilebilir ki, yapay zeka dahil olmak {izere, pek c¢ok
teknolojik yenilige akilli kentlerin olusturulmasi ve bu
kentlerin siirdiiriilebilirliginin saglanmas1 icin ihtiyag
vardir [20].

Hem akademik yazinda vurgulanan hem de uygulama
alanlarinda tecriibe edilen bilgilerden yararlanilarak, afet
risk yonetim siirecinde yapay zekd kullaniminin
avantajlar1 ve dezavantajlari iizerinde durulmustur. Yapay
zekd uygulamalarma afet risk yonetim siireclerinde
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basvurulmasinin  sagladig: sekilde

listelenebilir [12, 55]:

avantajlar  su

e Afetin olas1 kayiplarimin minimize edilmesi igin
kapsamli ve sistematik bir yaklagim gelistirilmesi

e Afetin olas1 kayiplarimin minimize edilmesi igin
teknolojik olanaklardan yararlanilmasi

e Yerel ve merkezi yonetimlerin bilgi teknolojilerinden
yararlanarak afet planlama ve risk yonetimi alaninda
politika ve stratejiler gelistirmesi

o Afet siirecinde insan davramglar1 hakkinda daha fazla
bilgi edinilmesi

e Afet sonrasi arama ve kurtarma faaliyetlerinde ve
enkaz c¢aligmalart igin teknolojik olanaklardan
yararlanilmasi (Drone, insansiz hava tasitlari, vb.)

e Bilgi teknolojilerinin kentlesme siireglerine yeni bakis
acilart kazandirmasi

o Siirdiiriilebilir kentsel gelismeye katki saglamasi ve
kamu hizmetlerinin kolaylasmasi

e Kentin mevcut potansiyellerinin  ve
saptanmasi

e Biiyilk Veri (Big Data) yontemiyle afet oncesi ve
sonrasinda ulagim aglarina iligkin ger¢ek zamanli ve
anlik bilgiye ulasilabilmesi

e Kaynak atama ¢aligmalarinin afet dncesi ve sonrasinda
yapilabilmesi

o Oneri fayda — maliyet analizlerine olanak saglamasi

e Afet senaryolarinin olugturulmast ve olast hasar
tespitlerinin yapilabilmesi.

limitlerinin

Yapay zeka uygulamalarina afet risk yonetim stireglerinde
basvurulmasinin ortaya c¢ikardigi dezavantajlar ise su
sekilde siralanabilir [11, 20, 55]:

e Kentsel direngliligin tesis edilmesinde teknolojik
olanaklarin tek bagina yetersiz kalmasi

e Teknolojilerin ilerleme hizi ile politika gelistirme
hizinin ayni olmamasi

e Kiiresel Olcekte gozlenen gevresel sorunlara yerel
Olgekte ¢oziim bulunamamast

e Mekansal veri temini ve g¢evresel politikalar
konusunda yasal mevzuatin yetersiz kalmasi

eYapay zeka  uygulamalarinda  sinir  aglan
davranislarinin ve isleyigin tam olarak
aciklanamamasi

e Kullanici tecriibeleriyle siirlandirilan bu

uygulamalarin afet risklerinin 6ngoriilmesi konusunda
yetersiz kalmasi

eUygun parametre secimi yapilmadiginda saglikli
¢Oziime ulasilamamasi 6zelligi sebebiyle afet yonetim
stireglerinde  eksiklikler ve aksakliklar meydana
gelmesi.
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Bilindigi tiizere, acil durum ydnetimi, Onceden
kestirilebilen veya ani meydana gelen acil durumlarin
gelismesinden Once baglayan ve durumun eski haline
dondiiriilebilmesi i¢in yapilan caligmalar ile bunlarin
organizasyonunu kapsayan yonetim siirecidir. Biiyiik
6lgekte acil durum yonetimi dogal afetler, terdr saldirilart
ve bir¢ok insan1 maddi manevi yonden etkileyen olaylari
icine almaktadir. Dinamik bir siire¢ olan acil durum
yonetiminde birgok farkli agidan olast durumlar dogru ve
koordineli bigimde planlanmig olmali. Bagka bir deyisle,
iyi isleyen bir sistemin tasarlanmis olmasi acil durum
yonetimi i¢in kritik neme sahiptir.

Teknolojik olanaklarin kullanimi ve afet risklerinin
onceden tahmin edilerek olasi kayiplarin azaltilmasi, her
ne kadar yapay zekd uzmanlik alaninin konular1 arasinda
yer alsa da, listelenen avantaj ve dezavantajlar dikkatle
incelendiginde  birkag husus gbéze carpmaktadir.
Bunlardan ilki, afet yOnetim siireclerinin ge¢misten
gliniimiize kat etmis oldugu mesafe ile yapay zeka
uzmanlik alanimin kat etmis oldugu mesafe ayni degildir
ve bu fark birtakim sistemsel aksamalar1 beraberinde
getirmektedir. Bunun yami sira, 1990°li yillarda hiz
kazanan yapay zeka uygulamalarmim 30 yillik kisa bir
zaman diliminde afet riskinin azaltilmasi konusunda
yiriitilen c¢alismalara aktif ve etkin bi¢imde dahil
edilebilmis olmasit olduk¢a O©nemli bir kazanimdir.
Kentlesme pratikleri ile teknolojik uygulamalarin ortak
bir ozelligi olarak, siirecin isleyisi konusunda pek c¢ok
belirsizligin olmasi ve siirdiiriilebilir bir yap1 kurabilmek
icin ¢ok degiskenli siireclerin dikkatle izlenmesi ve
yonetilmesi 6n plana ¢ikmaktadir. Bu noktadan hareketle
denilebilir ki, risk yoOnetim siireglerinde yapay zeka
kullaniminin  avantajlar1  ve dezavantajlart  dikkatli
bi¢cimde ve karsilastirmali olarak izlenmelidir.

4. UYGULAMA ORNEKLERI (THE APPLICATION
EXAMPLES)

Literatiirdeki ¢aligmalar incelendiginde, giliniimiizde
bilgisayar teknolojilerinin ve donanimlarinin geligimine
paralel olarak, yapay zekd uygulamalarmin her alanda
kullaniminin yaygimlastigi goriilmektedir. Sistem analizi,
tip, savunma sanayi, haberlesme, iiretim, otomasyon, afet
yonetimi, ekonomi, karar destek sistemleri gibi pek gok
alan buna 6rnek verilebilir [13, 16]. Afet risklerinin dogru
ve etkin bigimde yonetilebilmesi konusuna odaklanan bu
calismada, risk yOnetimi siirecinde bir¢ok sistemin
(Nesnelerin Interneti, Uzaktan Algilama, Cografi Bilgi
Sistemleri, Radyo Frekans1 Tammlama Sistemleri,
sensorler, vb.) kullanildig ifade edilmektedir [5]. Calisma
kapsaminda, farklt igerikte {iretilen c¢alismalarda
teknolojik olanaklardan nasil ve ne 6lciide yararlanildig:
ortaya konulmustur. Buna ek olarak, Tablo 2’de afet
yonetimi asamalarina ait faaliyetler ve bu amaclara
yonelik  yapilan  uygulamalara  yer  verilmistir.
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Tablo 2. Afet yonetimi agsamalarina iligkin faaliyetler ve

uygulamalar (Yazar tarafindan olusturulmustur) (Activities
and applications related to disaster management process) (Prepared by

the author)

Ilgili Asama Kullanmilabilecek Sistemler ve
Faaliyetleri Uygulamalari
Zarar Azaltma Asamasi
Afet senaryolarinin
olusturulmasi
Afet durumunda

etkilenecek kisilerin ve
bolgelerin belirlenmesi

Uzaktan algilama teknolojisi ile

llgili bolgeler ve bu
bolgelerdeki  binalarin,
yapilarin risk analizinin
yapilmasi

hasarli veya yeterli dayanikliliga
sahip olmayan yapilarin
belirlenmesi

Afet senaryolarinin
iretilmesi ve ¢Ozliim
yollarinin gelistirilmesi

Nesnelerin interneti kullanimi ve
sosyal medya verileri ile afet
Oncesinde erken uyart

Olas1 bir afet durumu
icin gerekebilecek
biit¢enin belirlenmesi

sistemlerinin kurulmasi

Onceki afet kayitlar1 ve

goriintiilerinin iglenmesi ile hasar

E_rken . uyar | tahmin galismalarmim yapilmasi
sistemlerinin
gelistirilmesi
Bina, yol, yapilarin
giiclendirilmesi
Hazirhk Asamasi

Acil durum planlarmmn
olusturulmast

Acil tip merkezleri igin
yer tespitlerini yapilmasi

Gegici  acil  yardim
merkezlerinin yer
belirlemelerinin
yapilmasi

RFID etiketleme ile mevcut
malzeme bilgilerine ulasilmasi
ve malzeme yonetimi yapilmasi

Afet senaryolarina gore
gerekebilecek malzeme
ihtiyaglarinin
belirlenmesi

Gorintii isleme teknolojilerinin
kullanimu ile yol aglarimin
kontrol edilmesi

Afet senaryolarna gore

Ozel gelistirilmis karar destek
sistemleri ile ilgili tim
paydaslari bir araya getiren, bilgi

paylasimini saglayan platformlar
olusturulmast

Sosyal medya veri isleme sistemi
kurularak erken uyar1 ve yer
belirleme yapilabilmesi

Sosyal medya veri isleme sistemi
kurularak niifusun durumuna
gore kaynak atama

gerekebilecek insan
kaynaklarinin
planlanmast

Yarali tagima, kurtarma
operasyonlarinin
planlanmast

Afet  durumlart  icin
gerekecek iletisim agi
alt yapilarmin
gelistirilmesi

Gereken arag, ekipman,
teknoloji ~ sec¢imlerinin
yapilmast

Personel egitimleri,

toplum  bilinglendirme
caligmalarmin yapilmast

optimizasyonu yapilmast

Afet sonrasina iligkin insani
yardimlarmn tahminlerinin

Gerekli biit¢eleme
caligmalarmin yapilmast

yapilmasi igin karar agact
yontemi kullanilmasi ve karar

Siginak yerlerinin
belirlenmesi, ulagim
aglarmin olusturulmast

Devlet, kurum, kurulus
koordinasyon sisteminin

verme surelerinin kisaltilmasi

olusturulmasi
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Pefia-Mora vd. (2008), ¢alismalarinda afet yonetiminde
hazirlik ve miidahale agsamalarin1 dikkate alarak bina
degerlendirme  ¢aligmalar1  {izerinde  durmuslardir.
Calismalarinda collaboration for preparedness, response
and recovery (CP2R)’ sistemi ile belirledikleri ihtiyaglari
karsilayacak ve Dbina degerlendirme c¢alismalarini
destekleyecek bir bilgi sistemi dnerisinde bulunmuslardir
[21]. Alamdar vd. (2016) ¢aligmalarinda sensorlerin ve
onlarin verilerinin afet yonetiminde farkli
organizasyonlara nasil karar destegi saglayabilecegini
incelemektedir. Calisma Avusturya’da sel felaketini
dikkate alan 6rnek bir ¢aligma tizerinden iglenmisgtir. Afet
yonetiminde karsilasilan zorluklar1 iic maddeye ayiran
calismada sensor web tipine dayali yeni bir yaklasim
Onermislerdir [22].

Gill vd. (2016) ileri yastaki insanlar1 acil durumlarda
bilgilendirebilecek IoT 06zellikli, yonlendirmeli bilgi
sistemi yaklagimi Onerisinde bulunmaktadir. Caligmanin
amaci, acil durumlarin sik¢a rastlandigi Avusturya’ da
aragtirmacilar tarafindan ileri yastaki insanlar i¢in bu gibi
bilgilendiricilerin ~ dikkate  alinmasin1  saglamaktir.
Calismada farkli mimari yapilar Onerilmistir ve bir
ornekle beraber prototip ¢aligmast yapilmustir [23]. Ray
vd. (2017) calismalarinda afet yonetiminde IoT’nin
kullanilabilirligini aragtirmugtir. Afet tiirleri yonetim,
izleme, analiz ve tahmin agilarindan degerlendirilmistir.
Afet yonetiminde IoT destekli protokollerle ilgili genis
bilgi verilen ¢alismada birgok afet tiiriinii incelemis ve var
olan uygulamalardan o6rnekler vererek karsilagtirmalar
yapmuglardir. Afet tiiriine gore sistem tasarimiyla ilgili
bilgilerin verildigi calismada, afet yonetiminde IoT
kullaniminin  zorluklart ve gelecek yonelimleri ele
almmugtir [24].

Ray ve Turuk (2017), afet durumunda zamanin 6nemini
vurguladiklar1 ¢alismalarinda afet sonrasi iletisim i¢in bir

oneride  bulunmuglardir. Agm afet durumunda
karsilagabilecegi  zorluklar, kisitlamalar agiklanarak
Onerilen sistemin var olanlara gore karsilastirmasi

yapilmigtir [25]. Lv vd. (2017), ¢alismalarinda elektronik
hiikkiimet bulut hizmet modeli 6nerisinde bulunmuslardir.
Afet yonetimi i¢in kapsamli olarak tiim asamalar {izerinde
gelistirilmis karar destek sistemi 6nermislerdir. Onerilen
sistem teknolojik yapilar ve uygulamalar olarak farkl
katmanlar halinde ele alinip her katmanin ayrintih
agtklamasina yer verilmistir [26].

Landwehr vd. (2016) ve Ai vd. (2016) karar destek
sistemi Onerdikleri ¢alismalarinda tsunami durumu igin
zarar azaltma asamasini dikkate almistir. Calisma CBS ve
sosyal medya {izerinde yogunlagmustir [27, 28]. Chung ve
Park (2016), afet oldugu durumda hizli ve giivenli olarak
veri elde edip depolayabilecekleri bir IoT tabanlt ‘Peer to
Peer (P2P)’ bulut sistemi Onermislerdir [29]. Deak
vd.(2013), Yang vd.(2013) ve Wang vd.(2015) miidahale
asamasii dikkate almiglardir. Bu c¢aligmalarda IoT,
sensor ve CBS sistemlerinden yararlanilarak karar destek
ve iletisim ag sistemi dnerisinde bulunulmustur [30-32].
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Yao vd. (2017), calismada goniillii verilerinden
yararlanilarak sehir niifusunun binalara gore nasil
dagildigini farkli algoritmalar uygulayarak belirlemistir.
Caligmanin temel amaci niifus dagilimlarinin belirlenmesi
ile kaynak atama faaliyetlerinin optimizasyonunu
saglamaktir. Afet Oncesi, afet durumu ve sonrasi igin
yapilan c¢aligmalarda erken wuyari, afet durumunda
bolgelerdeki siddetin biiylkligii hakkinda bilgi, afet
sonrasinda kisilerin giivenligi, ihtiyaglar1 bilgilerinin
edinilmesinde sosyal medya verileri kullanilabilmektedir.
Elde edilen veriler veri analitigi ¢alismalari ile analiz
edilmektedir [27, 33, 34, 35, 36]. Landwehr vd. (2016),
atilan metin mesajlarinin (tweet) analizi ile tsunami icin
planlama ve erken uyar1 {izerine c¢alismislardir. Bu
mesajlardan anahtar kelimeleri yakalayarak
siniflandirmiglardir. Siniflandirma sonrasinda istatistik ve
makine 6grenmesi yontemlerini uygulamislardir [28].

Ma ve Zhang (2017), Biiyiik Veri yontemini kullanarak
isbirligi, koordinasyon, haberlesme igin karar destek
sistem Onerisinde bulunmuslardir [37]. Yeum vd. (2018),
caligmalarinda ge¢mis afet goriintiilerinden yararlanilarak
afet sonrasi arastirma c¢alismalarindan elde edilen
goriintiilerin islenmesi ve siniflandirilmasi i¢in ¢alisma
yapmiglardir. Caligmalarinda goriintii siiflandirma ve
hasar belirleme ¢alismasinda yapay sinir aglar1 yontemini
uygulamuglardir [38]. Reznik vd. (2017) ii¢ farkl bilgi
sisteminden alinan verilerin tarim alanlarinda acil
durumlarda nasil kullanilabilecegine dair bir calisma
yapmuslardir. Hazirlik ve miidahale asamalarinda edinilen
verilerin kullanimina dair degerlendirmede
bulunmuslardir [39]. Tak ve Soo (2017), farkli
sensorlerden alinan bilgilerin degerlendirmesi ve Cografi
Bilgi Sistemleri (CBS)’nin buna entegrasyonu ile gaz
hattt tizerinde degerlendirmeyi miimkiin kilan gercek
zamanli bir sistem Onermislerdir. Afet hazirlik asamasini
dikkate alan sistem i¢in risk degerlendirme faaliyetleri
tizerinde durulmustur [40].

faaliyetleri igin oneriler sunmuslardir. Internet {izerinde
istenilen konumlar1 dikkate alan harita olusturma ve Karar
Agac1 yontemleri ile karar ¢evrim siirelerini diisliren
sistem Onerisinde bulunmustur. Caligmada verilerin elde
edilebilecegi kaynaklar 6zellikle belirtilmistir [41]. Lele
ve Lhua (2016) kimya endiistrisi alaninda olusabilecek
acil durumlar i¢in Onleyici, tiim siire¢ igerisinde erken
uyart sistemini inceleyecek karar destek sistemi
Onermiglerdir [42].

faaliyetlerini  igeren literatir =~ caligmasinda  afet
operasyonlart  yonetimindeki trendler ve gelecek
calismalar icin Onerilerde bulunmuslardir [43]. Ozdamar
ve Ertem (2015) miidahale ve iyilestirme asamalari, Jain
vd. (2017) zarar azaltma asamasi icin literatlir ¢aligmasi
yapmiglardir. Bu c¢aligmalarda sistematik yaklagimlar
izlenmistir ve gelecege yonelik olarak caligilabilir
alanlarla ilgili onerilerde bulunulmustur [44, 45]. Chen
vd. (2017) afet yoOnetim siirecinin tamaminin dikkate
alindig1 calismada acil durum yonetiminde akilli sistemler
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lizerine literatiir ¢calismas1 yapmiglardir. Fosso vd. (2015)
afet yonetiminde Biiylik Veri uygulamalarini igeren
sistematik bir literatiir aragtirmasi yapmis ve konuyla
ilgili Onerilerde bulunmuslardir. Goswami vd.(2016)
dogal afetlerde Veri Madenciligi ve Veri Analitigi
yontemlerini dikkate alan bir literatiir calismasi
hazirlamiglardir. Calismada istatistiksel yontemler, yapay
sinir aglari, kiimeleme, metin madenciligi (text mining),
zaman serileri gibi yontemler 6n plana ¢ikartilmistir [46-
48].

Ohio kentinde (ABD) ve Hindistan’1n belirli bolgelerinde
yapay zeka destekli modellerin kurulmasi ve meteorolojik
verilerin kullanilarak Nesnelerin Interneti yontemiyle
yagis rejimlerinin izlenmesi ve tagkin tahminlerinin

yapilmasinin amaclandigi projeler halihazirda
yiriitilmektedir. Buna ek olarak, Google Acil Durum
Uyarilar1 programu aracilifiyla, Onceki donemlerde

meydana gelen taskinlarin sisteme islenmesi ve olasi
tagkin tahminlerinin yapilmasi i¢in Google firmasinin
yapay zeka kullanimina dair bir proje onerisi gelistirdigi
bilinmektedir. Yapay zekd uygulamalarmimn su ile
baglantili afetlerin yonetiminde kullanilmasina dair
gelistirilen bu projede belirlenen hedefler arasinda su
maddeler dikkat ¢cekmektedir [49]:

e Hava durumu ve yagis rejimlerinin izlenmesi

e Dinamik yapilt veri tabanlariyla periyodik risk
haritalarinin olusturulmasi

e Kentsel gelisme stratejilerine 6ngorii ve bulgularin
dahil edilmesi

o Risk planlama siireglerinde senaryolarin gelistirilmesi.

Akademik yazinda yer alan uluslararasi uygulama
orneklerinin yam1 sira, Tiirkiye’de hayata gegirilen
uygulamalar incelendiginde ise, ‘Dijital Doniigiim Ofisi’
catist altinda farkli uzmanlik alanlarinda yapay zeka
uygulamalarina Onciiliik etmek ve kamu hizmetlerinde
Biiyiik Veri kullanimimin yayginlastirilmasi gibi 6nemli
calismalar yiritiilmektedir. Ayrica, Cevre ve Sehircilik
Bakanlig1 tarafindan hazirlanan ‘2020 — 2023 Ulusal
Akilli Sehirler Stratejisi ve Eylem Plani’ kapsaminda
akilli sehir uygulamalarinin desteklenmesi planlanmustir.
Icisleri Bakanhgi Afet ve Acil Durum Yonetimi
Baskanligi (AFAD) tarafindan Cografi Bilgi Sistemleri
araclarindan yararlanilarak ‘Afet Yonetimi ve Karar
Destek Sistemi (AYDES)’ kurulmustur. Buna ek olarak,
AYDES-UZAL uygulamasinda ise Cografi Bilgi
Sistemleri ve Uzaktan Algilama teknolojilerinden birlikte
yararlanilmasi planlanmstir [50].

Teknolojik olanaklardan yararlanilarak hayata gegirilen
ve afet yOnetim sisteminin Onemli pargasini olusturan
uygulamalara ek olarak, Tiirkiye’de merkezi yonetimin
onderliginde yiiriitiilen projeler su sekilde siralanabilir
[50]:

e Kesintisiz ve Giivenli Haberlesme Sistemi (KGHS)
e Biitiinlesik Tkaz Alarm Sistemi (IKAS)
o Tiirkiye Deprem Tehlike Haritas1
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o Taskin Tahmini ve Erken Uyar1 Merkezi

e Tagkin Ariza Miidahale Bilgi Sistemi (TAMBIS)

e Meteorolojik Veri Bilgi Sunum ve Satig Sistemi
(MEVBIS)

e Sayisal Hava Tahmini (SHT)

e Kent Bilgi Sistemleri (KBS)

e Tiirkiye Ulusal Cografi Bilgi Sistemleri Altyapisi
(TUCBS).

Ayrica, mimari tasarim alaninda yapay zeka kullanimina
iliskin uygulamalar son donemde siklikla tercih
edilmektedir. Yapr tastyict sisteminin  kurgusunun
olugturulmas:1 amaciyla, Python ve Image Artificial
Intelligence (IAl) araglari kullanilarak goriintii tanima,
isleme ve derin 6grenme tekniklerinin gelistirilmesi ve 2
boyutlu ¢aligmalar iiretilmesi saglanmaktadir. Bina Bilgi
Sistemi  (BBS) uygulamasinda ise temel olarak
hedeflenen, 2 boyutlu vektorel ¢izimlerden ziyade
fotograf iizerinden hizlica degerlendirmeler yapma
olanagmin saglanmasi ve giincel veri tabanlarinin
olusturularak yapi envanterinin ¢ikartilmasidir. Diger bir
yenilikgi uygulama ise Diizensizlik Kontrol Asistani
(DKA) uygulamasidir. Deprem Yonetmeliginde yer alan
plan diizlemindeki diizensizliklerin ve proje tastyici
sistemine dair risk olusturacak diizensizliklerin uzmanlar
tarafindan incelenmesi i¢in bu uygulama gelistirilmigtir
[51].

Sehir planlama uzmanlik alani gibi, mimarlik ve ingaat
miihendisligi alanlarinda da yapay zekd kullaniminin
gittikce yayginlastigi gozlemlenmektedir. Bu alanlarda
yapay zeka kullanimina 6rnekler su sekilde siralanabilir
[51]:

e Binalarin tasarim siireglerinin erken asamalarinda
yapay zeka yontemleri kullanilarak  maliyet
tahminlerinin yapilmasi

e Ingaat siirecinde siire tahminin yapilmasi

e Geleneksel miihendislik yontemlerinin sinirlt kaldigi
yerde riski azaltmak adina karar optimizasyonu ve risk
analizleri yapilmasi

eimar Yonetmeligi’ne gore arsa igin en uygun bina
tasariminin belirlenmesi ve vaziyet plani tiretilmesi

eMimari Akilli Tasarrm (MAT) wuygulamasinin
gelistirilmesi ve kullanilmasi

eYapisal risk  degerlendirmelerinin
olanaklardan yararlanilarak yapilmasi.

teknolojik

5. SONUC VE DEGERLENDIRME (CONCLUSION AND
DISCUSSION)

Diinya genelinde yogun niifus hareketleri ve yapilasma
pratiklerinin ~ gozlemlendigi  giiniimiizde,  afetlerin
sayisinin ve sikliginin her gegen giin artmakta oldugu ve
kiiresel iklim degisikligi sebebiyle farkli cografi
bolgelerde ¢esitlenen afet tiirlerinin goriildiigi agikca
ortadadir. Kentsel alanlarin afet riski s6z konusu
oldugunda carpan etkisi yaratmasi sonucunda, etkin bir

BiLiSiM TEKNOLOJILERI DERGISI, CILT: 15, SAYI: 4, EKiM 2022

afet yonetimi ihtiyact s6z konu olmustur. Siirdiiriilebilir,
uzun vadede etkin, c¢ok paydashi ve disiplinlerarasi
bi¢imde siirecin yonlendirildigi Modern Biitiinlesik Afet
Yonetim siirecinin  hayata gegirilebilmesi igin diinya
genelinde kabul goérmiis bir genel kani vardir: Afet
yonetimi alaninda BiT’in kullaniminin gerekliligi [8, 10,
11].

Gecmis donemlerden glinimiize kadar diinya capinda
onemli kayiplara sebep olan afetler yasanmistir ve halen
devam etmektedir. Afetlerin bircogu ¢ok kisa bir zaman
dilimi icerisinde ortaya c¢iktigindan dolayr basarih ve
etkin bir afet yonetim siirecinde hizli planlama, karar
verme ve dogru uygulamalarin hayata gecirilmesi kritik
bir 6neme sahiptir. Genel olarak, afet yonetimi siireci
karmagik ve dinamik bir yapiya sahiptir. Kontrolii zor
olan bu yapt igin sistemlerden gelen verilerin
depolanmasi, islenmesi, haritalandirilmasi ve
degerlendirilmesi i¢in teknolojinin sagladigi olanaklara
ihtiyag vardir. Yenilik¢i teknolojilerden yararlanilmasi
ise, afet sonrasinda oldugu kadar, afet dncesinde de riskin
azaltilmast  adina  olduk¢a  O6nemli  kazanimlar
saglayacaktir [5, 7-9].

Giliniimiiziin hizli gelisme ortaminda verinin toplanmast,
derlenmesi, saklanmasi, giincellestirilmesi,
organizasyonu, analizi, ydnetimi ve sunumu amaciyla
uzay teknolojileri temelli sistemlerin ozellikle karar
verme siireclerinde tam entegrasyonlarinin saglanarak
kullanilmas1 gerekmektedir [1, 6, 52].

Afet risk degerlendirmesi, Risk Yonetim siirecinin temel
yapt taglarindan biri olup, ayni zamanda karar alma
stireglerinin temel dayanaklarindan biri sayilmaktadir.
Afetlere iliskin risklerin yonetilmesi konusu oldukga
zorlayic1  olabilmektedir. Bunun gerekgesi, afetler
gerceklesene kadar risklerin goériinmez kalmasi ve tam
anlamiyla olas1 etkilerinin 6ngdriilememesidir. Dogal bir
afetin gerceklesmesi durumunda, basarili bir risk yonetim
siireci ortaya koymak kavramsal, bilimsel ve teknik
acidan hem karar mekanizmalarimi hem de afetten
etkilenen tiim kesimleri zorlayict bir unsur haline
gelmektedir. Bu sebeple, ozellikle afet dncesi donemde
afet risklerine dair ortaya konulan tim gostergeler kentin
tiim paydaslarinin erisimine agik, seffaf, kolayca anlasilir
ve giivenilir olmak durumundadir [53, 54].

Afet yonetimi igerisinde riskin belirlenmesi ve olasi
hasarlarin  tahmininde genelde fiziksel faktorlerin
degerlendirmeye alinmasi ve sosyal faktorlerin devre dist
birakilmast 6nemli bir sorundur. Afet temelli ¢aligmalarin
verimliligi bu sebeple olumsuz yonde etkilenmektedir.
Niifus, istihdam, sosyal ve ekonomik yapi, gé¢ olgusu
gibi parametreler Yapay Sinir Aglar1 (YSA) yontemiyle
risk analiz caligmalarima dahil edilmektedir [5,15].
Yalnizca risk ve hasar tespitinde degil, ayn1 zamanda
mekansal ve mekansal olmayan bilgilerin afet 6ncesinde
zarar azaltma c¢alismalarinda kullanilmasi bakimindan
yapay zeka uygulamalarinin kritik bir rolii oldugu
sOylenebilir.
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Sonug olarak, teknolojik yeniliklerden yararlanilarak Risk
Yonetim siireclerinde modern yontemler gelistirilmesi ve
her tiirli kaynagin (zaman, biitge, nitelikli insan, teknik
destek vb.) temin edilmesi gerekmektedir. Buna ek
olarak, olast bir afet sonrasinda geleneksel yontemler
kullanilarak Kriz Yonetim siire¢lerine odaklanmak yerine,
olas1 bir afet oncesinde modern yodntemlerle Risk
Yonetim siireglerine odaklanmak yerel Olgekte karar
mekanizmalar1 i¢in 6nemli kazanimlar saglayacaktir.
Basgka bir deyisle, yogun niifus ve yapi stogunun
bulundugu  kentsel  alanlarda  afet  risklerinin
dogurabilecegi olumsuz sonuglari minimize edebilmek
ve/veya bertaraf edebilmek adina Onemli bir eksen
degisikligine ihtiya¢ vardir.

Kentsel planlama ve siirdiiriilebilir kalkinma hedeflerinin
gercgeklestirilmesi  silireglerinde  vatandaslarin = saglikli,
giivenli ve nitelikli  fiziksel c¢evrelerde ikamet
edebilmeleri adina, gliniimiiziin teknolojik olanaklarindan
(Yapay Zeka, Biiyiik Veri, sensorler, vb.) yararlanmak
yerel yonetimler tarafindan onceliklendirilmesi gereken
konulardan biridir. Yalnizca afet risk yonetim siirecleri
degil, ayn1 zamanda karmasik ve c¢ok boyutlu kentsel
planlama siireglerinin basarili bi¢cimde yonetilebilmesi
icin yerel Olgekte kentsel altyapiya yonelik bu
uygulamalarin hayata gegirilmesi Onemli, gerekli ve
acildir. BIT temelli uygulamalara agirhk verilmesi,
mevcut afet risklerinin azaltilmasi ve/veya bertaraf
edilmesi siirecinde gerekli politika ve eylemlerin
gelistirilmesine dnemli katkilar saglayacagi aciktir.
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Abstract—The purpose of lean thinking is to get rid of as much waste as possible. Eliminating wasteful activities such as
transport, overproduction, waiting, defects, overprocessing, inventory and movement is one of the most important
prerequisites in a successful company. This concept is an integral part of lean thinking, and it helps increase profitability.
Material picking costs constitute approximately 55%-60% of the total costs related to warehouse operations [1]. The
purpose of this article is to develop an information system that finds the shortest path for the responsible personnel to
collect the materials required for production from the stock addresses in the warehouse, determines the number of picking
boxes required for these materials, and provides the material sequences within the box (in-box sequences). With this
developed information system, it will be possible to reduce material picking costs by eliminating wasteful activities such
as transport, waiting and movement. The implementation of the developed information system is carried out in a company
that produces electromechanical products in Ankara. With the Material Picking Information Systems (MPIS) presented
in this article, up to 50% improvement has been achieved in terms of the distance and time spent by the personnel and the
model has been validated.

Keywords— information system, warehouse management, determining of material picking route, determining of material
picking box quantity

Bir Uretim Sisteminde Depo Operasyonlanm lyilestirmeye
Yo6nelik Bilgi Sistemi Onerisi

Ozet— Yalin diisiincenin amaci, miimkiin oldugunca fazla israftan kurtulmaktir. Tagima, asir1 iiretim, bekleme, uygunsuz
malzemeler, asir1 igsleme, envanter ve hareket gibi katma degeri olmayan faaliyetleri ortadan kaldirmak, basarili bir
sirketin en 6nemli 6n kosullarindan biridir. Bu kavram, yalin diisiincenin ayrilmaz bir parcasidir ve karlilig1 artirmaya
yardimer olur. Malzeme toplama maliyetleri, depo operasyonlar: ile ilgili toplam maliyetlerin yaklasik %55-60"mn1
olusturmaktadir [1]. Bu makalenin amaci, sorumlu personelin iiretim i¢in gerekli malzemeleri depodaki stok adreslerinden
toplamasi i¢in en kisa yolu bulan, bu malzemeler i¢in gerekli olan toplama kutusu sayisini belirleyen ve kutu igindeki
malzeme dizilimlerini saglayan bir bilgi sistemi gelistirmektir. Gelistirilen bu bilgi sistemi ile tagima, bekleme ve hareket
gibi israfli faaliyetler ortadan kaldirilarak malzeme toplama maliyetlerinin diigiiriilmesi miimkiin olacaktir. Gelistirilen
bilgi sisteminin uygulamas: Ankara'da elektromekanik iiriinler iireten bir firmada gergeklestirilmistir. Bu yazida sunulan
Malzeme Toplama Bilgi Sistemleri (MPIS) ile personelin harcadig1 mesafe ve zaman agisindan %50'ye varan iyilestirme
saglanmis ve model valide edilmistir.

Anahtar Kelimeler— bilgi sistemi, depo ydnetimi, malzeme toplama rotasinin belirlenmesi, malzeme toplama kutusu
miktarinin belirlenmesi
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1. INTRODUCTION

Reducing the cost provides an improvement in the product
price for the businesses and this provides an advantage in
the marketplace. Reducing the costs in storage and material
transfer movements reduces the product cost and this
provides a competitive edge.

Any organization or companies have one or many
warehouses. These warehouses considered most important
and complex part which responsible for:

e  Minimizing costs.
e Increasing the customer service level [2].

The warehouse management system purpose is the
materials arrangement, management and controlled.

The preparation and distribution of raw materials, parts,
semi-materials, and products for manufacture or sale is one
of the core business of warehouse management. Material
picking activities account for 55 percent to 65 percent of
total costs associated with warehouse operations [1]. Rapid
and accurate material preparation operations for the
production line or customers ensure that not only does the
production line or customer not have to wait for supplies,
but that warehouse labor is also used effectively. The
fundamental operation of a warehouse is the safe storage
(stocking) of materials and their transit (handling) from one
location to another. The warehouse activities for the
preparation of raw materials, parts, semi-materials, and
products for production or sale from the warehouse, which
is one of the handling operations, begin with the picking
activity of goods in the warehouse stock areas. This
procedure accounts for the majority of warehouse
activities. Improvements in material selection will have a
direct impact on the overall operation as a big
improvement.

In this article, a Material Picking Information System
(MPIS) has been developed for responsible personnel who
will collect the materials required for production from the
warehouse, which determines the number of picking boxes
(how many boxes are required for the materials), finds the
order in which the materials will be collected by the
shortest route, and lists how these materials are placed in
the boxes.

Determining the material picking order is expressed as a
Traveling Salesman Problem (TSP) problem and a solution
method based on evolutionary algorithms presented by MS
Excel Solver is used to find the shortest path (shortest
material picking order). CLP Spreadsheet Solver, which is
developed by Erdogan [3] and which solves the container
loading problem based on the large neighborhood search
algorithm, is used to find the number of the picking box,
calculate its size, and determine the material arrangement
within the box.
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The developed information system is implemented in a
company that produces electromechanical products in
Ankara. In the current system, the number of boxes, the
shortest material picking order and the arrangement of the
material in the box (in-box sequences) are realized with the
experience and intuition of the responsible personnel. With
the proposed MPIS, an improvement of approximately
50% has been achieved in the distance traveled and the
time spent by the personnel for material collection.

With the Material Picking Information Systems (MPIS)
presented in this article, up to 50% improvement has been
achieved in terms of the distance and time spent by the
personnel and the model has been validated.

Here, there are analytical models used by the information
system, but the study has not been called a decision support
system (DDS). A DSS usually deals with semi-structured
or unstructured decisions and often provides decision
support to tactical and operational level managers.
However, the reports produced in this study are daily
routine reports and reports at non-strategic levels. For this
reason, the developed system can be considered as a
management information system even though it uses an
analytical model.

2. WAREHOUSE MANAGEMENT

In the literature, storage issues are classified as warehouse
design and warehouse operations. Warehouses are an
essential component of any supply chain. Their major roles
include: buffering the material flow along the supply chain
to accommodate variability caused by factors such as
product seasonality and/or batching in production and
transportation; consolidation of products from various
suppliers for combined delivery to customers; and value-
added-processing such as kitting, pricing, labeling, and
product customization [4].

Warehouse design encompasses the overall structure,
scaling and dimensioning, department layout, equipment
selection, and operating strategy. Receiving and shipping,
as well as storage and order picking, are all part of the
warehouse operation.

Warehouse management encompasses the principles and
processes involved in running the day-to-day operations of
a warehouse. At a high level, this includes accepting and
organizing warehouse space, scheduling labor, managing
inventory and fulfilling orders.

2.1. Literature

Traditional discrete optimization issues such as the
traveling salesman problem (TSP) and the bin (box)
packing problem (BPP) are examples of warehouse
challenges. Due to their NP-hard nature, these two issues
are simple to formulate yet difficult to solve. BPP is
frequently used to determine where products should be
stored in a warehouse or on a pallet. Order picking is the
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most labor-intensive function in the warehouse. Many
studies on order selection policies have been published [5].

Armstrong, Cook, and Saipe (1979) devised an order
picking algorithm that uses a mixed integer linear
programming model to reduce overall picking time [6]. For
precise programming, they employed artificial orders.
Field picking procedures for the distribution center have
been studied. There are numerous published studies that
highlight the utility of the heuristic algorithm in warehouse
picking [7-9]. The goal of their study was to reduce the
overall material pickup route.

Ratliff and Rosenthal (1983) provided a picking route
algorithm for a warehouse system with two cross aisles,
front and back [10], that minimizes picking time. Using a
basic step structure, they created a reliable process for
selecting a picking route.

Daniels et al. (1998) formulated a model for
simultaneously  determining the assignment and
sequencing decisions, and compared it to previous models
for order picking. They discussed the complexity of the
order picking problem and established an upper bound on
the number of feasible assignments. They presented a tabu
search algorithm and experimentally tested [11].

De Kaoster et al. (2007) presented a literature overview on
typical decision problems in design and control of manual
order-picking processes. They focused on optimal layout
design, storage assignment methods, routing methods,
order batching and zoning [12].

Tsai, Liou, and Huang (2008) proposed a batch picking
model that considers not only travel cost but also an
earliness and tardiness penalty to fulfil the current complex
and quick response oriented environment and solved this
model using a multiple-GA method for generating optimal
batch picking plans [13].

Lin, Kang, Hou, and Cheng (2016) suggested a model that
incorporates order grouping and order choosing into one
model. They used the Particle Swarm Optimization (PSO)
technique to create a model for order grouping and
choosing [14].

Erdogan (2017) used the big neighborhood search heuristic
technique to create an MS Excel VBA macro. This research
aids in determining the quantity of each box type and the
method for placing them in the appropriate boxes [3].

As seen by the literature, efforts to identify the optimal
solution continue, as corporations seek the most
appropriate solutions in order to gain a competitive
advantage. There are many studies on warehouse
operations (material collection route, bin packing, etc.). In
this regard, especially review articles can be examined
[4,5,12,15]
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3. METHOD
3.1. Definition of the Problem and System Expectations

Preparing raw materials, parts, semi-finished products, and
finished items for manufacturing or sale, referred to as
stock materials, is one of the daily routine operations in the
warehouse system with parallel aisles and starting and
ending points in the same location. In these routine
activities carried out, the determination of the picking route
is based on the intuition and experience of the warehouse
personnel. For this reason, losses of time and wastes will
occur in material collection activities based on intuition
and experience. Due to the fact that the responsible
personnel cannot fully determine the amount and
dimensions of the picking box they need before starting the
picking activity, the warehouse personnel return to the
picking starting point many times during the collection
activity and take a new picking box or replace the existing
box with a different size box. These repetitive transactions
increase the time and labor losses of the enterprise.

3.2. Description of Current System and Limitations

In the company where the implementation is realized, the
existing storage (warehouse) system has a width of 26
meters (m) and a length of 16m. There are five parallel
lanes, four perpendicular aisles, and 72 designated stock
locations. Each warehouse consists of 6 floors (level) and
the warehouse has a total height of 5 m. Warehouse
corridors are 2 m wide. The width of the stock areas is 2x2
m. In the coding of stock adress, as shown in Figure 1, the
first subscript indicates the column number, while the
second subscript represents the shelf row number. The
sketch of the Warehouse System is given in Figure 2.

The shortest material picking path, number of picking
boxes x, and box positioning simulation are all scheduled
to function with 20 different materials to be picked from
stock regions in the warehouse system. The purpose for this
is to avoid the solution time being extended due to the MS
Excel Solver infrastructure that will be used in the
proposal. Different software infrastructures are anticipated
to be able to boost this variety and solution time. There will
be 72 different sorts of materials at each inventory location
in the system's infrastructure.

Xa2

’.- -.__‘

Column Shelf
Number Number

Figure 1. Stock address coding
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Figure 2. Warehouse’s map

Personnel who will begin picking materials from point (B)
given in top left corner in figure 2 will return to point (B)
once the picking is completed.

The required number of amount of boxes, the stuff of the
box, and how it will be positioned will be displayed to
warehouse personnel using simulation in proposed
information system.

The materials and quantities of the picking list will be
combined into a single lot, and the picking will be
completed. In other words, all quantities of a substance to
be selected should be in a single box. There are 3 types of
picking box used in the warehouse: (0.40m x 0.60m Xx
0.28m), (0.60m x 0.80m x 0.32m) and (0.61m x 0.81m x
0.52m). Values in parentheses represent width, length and
height, respectively. Pallets are used to convey materials
that do not fit into any of the picking boxes. There are 5
picking boxes for each type and a total of 15 picking boxes.
Figure 3 shows models of picking boxes.

Yakseklk,

080m LR olm

[

Figure 3. Picking boxes types

In the creation of the information system, Data Flow
Diagrams (DFD) are used. DFDs are a widely used tool in
the development of structural systems that gives a
graphical depiction of the system. Any complicated system
can be described using DFDs by utilizing four symbols:
external entity, data flow, data store, and process. DFDs are
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drawn as context diagram, 0-level diagram, and sub-level
diagrams [16].

3.3. Creating Context, O-level, and Sub-level Diagrams

The Context Diagram of the system given in Figure 4 was
designed with the system's constraints and expectations in
mind. Picking box types information, warehouse location
and distance between locations, material stock location
information, material size information, sequence
information according to pieces, required shipping box and
in-box layout calculation request, 3D in-box layout
request, and report are requests for the Material Picking
Information System. The sequence of picking materials
from stock locations, the number of boxes, the 3D in-box
layout list, and other reports that indicate the shortest path
are among the outputs of the MPIS. The external entities
are warehouse supervisors and warehouse operators. The
warehouse supervisor is the warehouse's administrative
officer and is in charge of the warehouse's operations. The
warehouse supervisor's key responsibilities include
planning and arranging the day's activities. Warehouse
operators are the employees who carry out the actions
outlined in the warehouse supervisor's plan.

0.0

Between Addresse:

Request to Create 30 layout

Material Stock Addr

Warehouse Management
Material Picking Information
System

./

Picking Order-
Number of Boxes-
Waterial lineup List

Materlal Size Information Report Request

Amaunts Li Other Reports

wo
Warehouse
Operator

Figure 4. Context diagram
3.4. Creating 0-Level (Overview) Data Flow Diagram

0-level or overview diagram is given in detail in annex (a).
The system has 9 processes and nine datastores. Sub-level
diagram of the process 2.0 is shown in annex (b).

3.5. Creating System Data Stores and Data Model

In order to provide data entries such as trasport/picking box
type data, material stock location data, material size data,
warehouse location-distance data, box sequence data, and
warehouse operator data, the user interface given in Figure
5 is designed.
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Warehouse Manager (Admin) Dashboard X

Material Picking Data System
Warehouse Manager (Admin) Dashboard

Data Input I Reports |

Define Transport Box Define Material Stock Defl_ne Ma_tenal
(Box Type) e Dimension
Data ress ba Data
Define Warehouse Define Quantity-Box -
Address-Distance Sequence Defln; V::arte‘:lruuse
Data Data P

Return to

Main Menu Exit

Figure 5. Data entry interface

The Entitiy Relationship (ER) Diagram and data model
created for MPIS are given in figure 6 and figure 7
respectively.

STOCK
ADDRESS

MATERIAL [——

Material - Picking Box

PICKING
BOX

Figure 6. ER Diagram of the system

. O
Material * Stock Address *
¥ Material No 9 Stock Address

Width_Material Other_Stock Address
Depth_Material Distance_Between
Height Material Material No
Quantity

? BoxType

: N

Material Box Width_Box
Material

Depth_Box

Box_Type
CIype Height_Box

Box *

Figure 7. Data Model of the system
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3.6. Solution Method

3.6.1. Calculating the Shortest Path

It is aimed to reach a solution by applying the the Traveling
Salesman Problem (TSP) model to find the shortest picking
path in the process 5.0 in the 0O-level DFD. Practical
applications of the TSP are in the field of distribution and
transport logistics. In addition to optimal solutions,
heuristic and genetic algorithms can be applied to solve
TSP. Although TSP is easy to formulate, it is among the
NP-hard natured problems.

The TSP can be formulated as an integer linear program.
Several formulations are known but two notable
formulations are the Miller-Tucker—Zemlin (MTZ)
formulation [17] and the Dantzig—Fulkerson-Johnson
(DRJ) formulation [18]. The DFJ formulation is stronger,
though the MTZ formulation is still useful in certain
settings.

Here, nodes (e.g.cities) are labeled with the numbers 1, ...,
n and define: X;je{0,1}: Xijj expresses whether to go from
point i to point j. It takes the value 1 in case of going, and
0 in the otherwise. Take C;;>0 to be the distance from city
i to city j. Then TSP can be written as DFJ formulation the
following integer linear programming problem [18]:

n n
minz Z CijXij (@D)]
i=1 j#i,j=1
s.t.
n
D xy =1 j=len (@)
i=1,i%]
n
Z x;=1 i=1..,mn 3)

I
=

j=1,j#i
Z Z x<10-1 vQc{l,.,n}l0l=2 (4

i€eQ j#i,jeQ

TSP; It is the problem of determining the least costly tour
that goes through n cities, passes through each one only
once and returns to the starting point, and the objective
function can be expressed as given in function (1)

Equation (2) and equation (3) are constraints to ensure that
each point is visited once.

The last constraint (Equation (4)) of the DFJ formulation
ensures no proper subset Q can form a sub-tour, so the
solution returned is a single tour and not the union of
smaller tours. Because this leads to an exponential number
of possible constraints, in practice, it is solved with delayed
column generations. There are many exact algorithms
(dynamic programming, branch-and-bound algorithm,
Integer programming, cutting plane, etc.) and heuristics
and approximation algorithms (greedy algorithms, Saving
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heuristics, meta heuristics etc.) for the TSP problem
[15,19,20,21,22,32].

In this article, MS Excel Solver was used to find the
material collection route in the TSP problem. The MS
Excel Solver that will be used to solve the problem includes
the "Evolutionary Solver" option. This solution method is
based on genetic or evolutionary algorithms. MS Excel
Solver offers a good or near-optimal solution for TSP in
possible conditions. MS Excel Solver was chosen because
it is a widely used freeware. However, Container/Cargo
Loading Problem (CLP) Spreadsheet Solver, which will be
used in planning the required number of boxes and in-box
placement, is based on MS Excel and works in harmony
with each other in both programs.

A distance matrix (Stock Locations Distance Matrix) of
73x73 size is created showing the distance between the
stock locations needed to find the shortest path. Using the
"Index" formula, which is one of the Excel formulas, the
distance between two stock locations is drawn from the
"Stock Locations Distance Matrix" with the help of the
formula. The "Index™ formula is applied in line with the
constraint given for the picking of 20 kinds of materials
specified within the system limitations. In the TSP to be
implemented in MS Excel Solver, an additional constraint
has been entered for the warehouse personnel to return to
the starting point. MS Excel Solver TSP application screen
is given in Figure 8.
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The user interface designed for the user to select materials
and run MS Excel Solver is given in Figure 9. This part
covers the 4.0 and 5.0 processes on the 0-level DFD.

Calculating Shortest Patn X

Material Picking Information System
Calculating Shortest Path
Material Part List

1. | Select Part Number

Le |
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Lo
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20. | Select Part Number

Led
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7. ‘ Select Part Number 14, ‘ Select Part Number

Return to A
L ‘ Main Menu ‘ =3 |

Figure 9. Shortest path calculation interface

As an example, a material picking list is created as in Table
1. The solution was reached in 70 seconds with a computer
with Microsoft Windows 10 operating system and Intel(R)
Core (TM) i5-8265U CPU @ 1.60GHz, 1800 Mhz, 4
Cores, 8 Logical Processors. A shortest picking route/path
has been found as a solution. The shortest picking route is
as follows.

A B C | J K L M N . AA  AB AC AD AE AF AG AH
1
2
3

Start Point oziict Parametreleri X
Queue|Address| Distance ars roin ¢
Kontrol
4
5 1 B 2 1 1 | Hedef Ayarla: 5K$7] x
6 2 X11 8
" '

7 3 X14 2 Total Distance {152 Hedef: (O Enpoyok @ Enkicik () Dederi 0
8 4 X15 6
9 5 X17 12 Degisken Hiicreleri Degigtirerek:
| *38 12 $A$5:54525 *
11| 10 X49 2
12| 13 X58 8 Kisitlamalara Baghdir:
13| 12 X55 0 $AS5:54525 = TamFark
14 9 | x5 12 e Ekle
15 14 X63 12
16 18 | x82 6 Degistir
17| 19 X84 10
18] 20 | xs8 2 i
9 21 X89 10
20| 15 X69 4 Tumand sifirla
21| 17 X77 6
22 16 X75 12 Yiikle/Kaydet
23] 11 X53 L .. .
2 8 xa1 2 Kisitlanmarig Degiskenleri Pozitif Yap
25 6 X22 10 Gézme Yontemi Agihm = Segenekler
26 1 Seqin:
27
28 GozOm Yontemi
29 Dizgin dodrusal olmayan Cézaca Problemleri igin GRG Dogrusal Olmayan altyapisini segin. Dogrusal
30 GozOch Problemleri igin Basit LP altyapisini segin ve diizgin olmayan Cozucd problemleri igin Agihim
31 altyapisini segin.
32
33
34 Yardim Coz Kapat
35
36

Figure 8. MS Excel Solver TSP application screen
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B > Xx15 > X17 > X38 > X29 > X36 > X45 > X46 > X66 > X76
> X714> B

The representation of the shortest path found on the
warehouse sketch is as in Figure 10.

Table 1. Material Picking List

Material Part Number Stock Address
P/N -5 X15
P/IN -7 X17
P/N - 18 X29
P/N - 24 X36
P/N - 26 X38
P/N - 32 X45
P/N - 33 X46
P/N - 51 X66
P/N - 58 X74
P/N - 60 X76

The result report screen created with the MS Excel Visual
Basic for the information system is given in Figure 11.
This report will be listed to the warehouse operators and
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they will perform material collection according to this list.
Total distance of this route is calculated as 90 m.

r ' * *
\h\\;\ Xa1 | Xa i X5y Xs1 I X5 X1 I
X2 Wh\ Xg Xs2 | Xe2 X72 | Xe
Xos Xsz | Xaz 5 Xs3 | Xz . X73 | Xes :
Xoa ! Xag | Xas ! Xsa | Xoa ; Xou | Xaa
- - Pt
X25 X5 | Xas : X55 Xﬁs 5 '85
- ! ;
X6 ‘Xas X Hesr—# X6~ 3 X6 | Xas =
* * . 4 4
X X X 3 X X X77 | Xe7 :
~<2_| 37 47 57 67
L I ‘ r
xzs/ Xag | Xag Xsg | Xes X7g | Xgg
g ¢ ; I‘
X" Xag | Xag Xsg | Xeo Xz9 | Xao

>
)
)
J

Figure 10. The shortest path on the warehouse sketch

Figure 11. The result report on the information system

Calculating Shortest Path X
- - - - = » - o
Material Picking Information System * * * *
v v ! i H
xll xll XS:[ X41 x51 xﬁl X71 Xsl
Calculating Shortest Path - I I I !
I Xll XZZ I XEE X42 XSZ Xﬁl I X?Z XSZ I
Material Picking Lineup Xig | Xz | 15| Xag | Xag | ) Xsa | Xea | Xos | Xaa |
1. Stock Place to Destination m 10. Stock Place to Destination | X76 18- Stock Place to Destination F ,'.. e L ‘. ,
ST & ‘ .
2. Stock Place to Destination| X15 11, Stock Place to Destination | X74  20- Stock Place to Destination ’7 ; Xiz | Xas : Xaa | Xaa | X, | A ; X7a | Xaa !
3. Stock Place to Destination| X17 12, Stock Place to Destination F 2l HrdiPEee(m DS F | Xis | Xos : Xas | Xas Xss | Xes X7s | Xas I
4, Stock Place to Destination| X38 13, Stock Place to Destination F Wi | Xig: | 3 o | o ! Xss | Xss b Xs6 | Xes ;
5. Stock Place to Destination| X29 14, Stock Place to Destination ’7 Return to * f‘ ", 7 %
6. Stock Place to Destination| X36  15. Stock Place to Destination ’7 Main Menu ; Xy | %o : Xsr | %o : Xs; | Xer ; e, | e ;
7. Stock Place to Destination| X45 16, Stock Place to Destination F Yoo | e 8 Xee | X b Xea | Yoo Xos | Xz :
8. Stock Place to Destination| X46  17. Stock Place to Destination F I w. | x 3 % | x iy % | x ! Yoo | X g
Exit ¥ 19 29 ;s 39 49 . '59 69 y, 7% 89 i
9. Stock Place to Destination| X66  18. Stock Place to Destination ’7 6~ . "‘ & - - by

3.6.2. Calculating Picking Box Requirement

The problem of placing items of various volumes in boxes
of various volumes in order to minimize the number of
boxes used is known as the container loading problem
(CLP)/3D bin packing problem. The another problem to be
solved in this study is to place the materials in the box by
minimizing the number of boxes.

CLPs belong to the NP-hard nature due to the dimensions
of the boxes and the varying capacities of the containers.
For this reason, it is not possible to solve the problem
optimally as the problem size grows, so it is a necessity to
use heuristic algorithms. The closed mathematical form of
the container loading problem is given below:;
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n
maXZvl-pi

i=1
S.t.
0<x;, <W-—w; €Y
0<y, <L-1 2
0<z,<H-h 3)

W,L,H,Wi,li,hl‘,n € Q+
Xi, Vi, Zj >0

pi € {0,1}

i=12,..,n

Here Q*: Positive integer, W, L, H: Container dimensions,
wi, li, hi: Box dimensions, n: Total number of boxes, pi:
Binary code showing whether box i satisfies the
constraints, vi= wi.li.h; : i Indicates the volume of the box.
In addition, the boxes will not overlap each other and will
be supported by the container floor or other boxes.

There are many studies on the CLP/3D bin packaging
problem in the literature. For some of these references, see
[23-31]. The MS Excel workbook “CLP Spreadsheet
Solver” is an open-source tool for representing, solving,
and visualizing the results of Container Loading Problems
developed by Erdogan [3] is used to calculate the amount
and size of the required picking box and to determine the
layout within the box. He implemented the Large
Neighborhood Search heuristic within the CLP
Spreadsheet Solver. An outline of the algorithm is given
below [14]:

e Step 1 (Initialization): Sort the items with
respect to their priority, size, and profit. Sort
containers with respect to their size and cost.

e Step 2 (Constructive step): Use the First-Fit-
Decreasing heuristic to pack the items into the
containers.

e Step 3 (Perturbation): Randomly remove items
from containers, and randomly empty a number of
containers. Sort the containers in decreasing order
of the volume packed into them.

e Step 4 (Reoptimization): Use a constructive
heuristic to repack the removed items into the
containers.

e Step 5 (Solution update): If the new solution is
better than the best-known solution, update the
best-known solution. Otherwise, revert back to
the best-known solution. If the time limit is not
exceeded, go to Step 3.

The large neighborhood search algorithm used in Excel
CLP Spreadsheet Solver is positioned as meta-heuristic in
the literature. Meta-heuristic is a high-level problem-free
algorithmic framework that provides a set of guidelines or
strategies for developing heuristic optimization algorithms
[32].
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In the system, it is necessary to combine the materials to be
collected on the basis of quantity so that they do not
separate from each other. For example; Suppose 30 pieces
of "P/N - 5" material are to be collected. We see that this
amount is factored into 2-5-3. For this reason, these 30
items have been made into a single lot with the 2-5-3
arrangement. Dimension properties of 72 Kkinds of
materials are recorded in meters as width-depth-height. An
interface is designed to select the materials to be collected
and enter their quantities. Within the limitations of the
system, a data entry has been developed for 20 types of
material selection. The interface design in accordance with
the 6.0 process shown on the O-level DFD is as in Figure
12.

—
Material Picking Information System
Number of Boxes Calculation

Material Part List Quantity Quantity Quantity
vlemt [ sfema 7 asfens ][5
2 [PN-4 12 o [em-3e 14 e [PN-6L ERET]
3, [em-s - [ 16 10, [Pm-39 ERE 17, | -85 - 20
4 [PN-7 20 ga P-4 - [16 s [PN-e7 d0s
s, [ Pm-11 A4 a2 em-aa [ 12 g9 [enN-71 A [ 12
6. | Pm-26 6 a3 pn-as [ 8 a0 [pm-72 ERET|
7. [ Pin-28 J [ 10 14 [PN-54 49

Run ‘ et o] Exit ‘

Figure 12. Number of boxes calculation interface

The solution was reached in 45 seconds with a computer
with Microsoft Windows 10 operating system and Intel(R)
Core (TM) i5-8265U CPU @ 1.60GHz, 1800 MHz, 4
Cores, 8 Logical Processors. After the solution, the result
report that will guide the user in the Material Picking
Information System has been created with an interface as
in Figure 13.

Picking Box: Result Form x
Material Picking Information System
Picking Box Result Form
Lineup

Material List Amount Width Depth Height Box Type

[en-zi [z [z [x [3[x [z [Boxt/Twpes
PIN - 59 [5  [s5[x [t [x 1 [Bxt/mpes  BoxTypel
PN -5 [16  [a [x [2 [« [2 [Boxt/Types
PIN - 48 [ [2[x [z [x 7Tz Box 1/ Type 3
PiN-4 [ [z [x [3 [« |2 Box 1/ Type 3 Box Type 2
P/N- 36 [1a [7[x [z [« [1 Box 1/ Type 3
PIN - 32 [ [z =t [xT2 Box 1/ Type 3
PIN- 28 [0 [5 [x [z [« |1 Box 1/ Type 3 Box Type 3
PIN- 26 [e  [3[x[z[x 1 Box 1/ Type 3
PN-1 [0 [5 [x [z [« |1 Box 1/ Type 3 Run
PIN-72 [16 [a [x [z [x |2 Box 2/ Type 3 Simulation
PiN - 61 [0 [s [x |2 1 Box 2/ Type 3
PIN - 54 [9 /TZ| 3 1 Box 2/ Type 3 N
PIN - 44 [12 [z [x[3[«]2 Box 2/ Type 3 Main Menu
PN - 11 [« [z2[x [z« |1 Box 2/ Type 3
PIN-7 [0 [s[x[z2[xT2 Transport with Paliet End
PN - 67 [15 [ [x [3 [« |1 Transport with Pallst Program
P/N - 65 [0 [s [x [z [« [2 Transport with Palist
PIN - 41 [16  [4 [x [2 [x [2 [ Treansport with Palist
PIN -39 [21 EAERERERE Transport with Paliet

Figure 13. Picking box requirement and in-box
placement result interface
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In MPIS, a 20-second simulation is performed that shows
the material sequences in the picking box (in-box
placement) one by one. The result is presented to the
warehouse operator as part of the 7.0 process in O-level
DFD. According to the Sample Report, 2 of the type 3
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material picking boxes (0.61m. x 0.81m. x 0.52m) are
found to be sufficient and the result is reached. The layout
image of the materials inside the box created by the
Information System is given in Figure 14.

Box 1 of type 3

|

°/N - 5o

P/N-1

P/N -48

Box 2 of type 3

Figure 14. The layout image of the materials inside the boxes

3.6.3. Sequential Calculation of Shortest Path and Picking
Box Requirement

The shortest path and the number of picking boxes
calculated separately in the previous headings are run
sequentially here, and it is aimed to meet the user
expectations by adding the shortest path function first and
then the picking box need calculation function. Even if the

use of this method increase the solution time, it can fully
meet the user's needs. It took 70 seconds to find the shortest
path, 45 seconds to calculate the required for the picking
box, and 20 seconds to simulate the box. Thus, the solution
could be reached in 135 seconds with approximately 25000
sub-problem solutions. The solution is presented to the
warehouse operator as shown in Figure 15. Thus, the user
can get information and waste can be prevented.

Report Form of Both of Method
Picking Box Quantities and Typies Results
Lineup
Material List Qty. width depth length Box No

W IT |2 |x 3 |x |2 |an1nype3
W '57 |5 |x |1 |x |1 |Bux1nype3
[pn-5 16 4 [x [z [x [2 [Box1/Type3
IW 'T |2 |x |2 |x |2 |Bux1nype3
[pn-4 [1z [z [x [3 [x [2 [Box1/Type3
W 'T |7 |x |2 |x |1 |an1nype3
[pn-32 [z [7 [x |1 [x [t [Box1/Type3
W IIT |5 |x |2 |x |1 |an1nype3
IPjN—zsi IS_ |3 |x |2 |x |1 |Bux1nype3
IP]N-li IlT |5 |x |2 |x |1 |an1nype3
IP/N—727 IT |4 |x |2 |x |2 |Bux2nype3
W Im_ |5 |x |2 |x |1 |an2nype3
W '97 |3 |x |3 |x |1 |Bux2nype3
[ein-as 1z [z [x [3 [x [z | Box 2/ Type 3
W '47 |2 |x |2 |x |1 |Bux2nype3
IP]N-?i IT [5 [x [2 [x [2 | Transport with
W 'T |5 |x |3 |x |1 |Tmnspnrt with
IP]N-SSi IT [5 [x J2 [x [z | Transport with
W IIT |4 |x |2 |x |2 |Tmnspnrt with
IP/N—T IT |7 |x |3 |x |1 |Tmnspurt with

The Shortest Path Result

Material Picking Route

1. Stock Place to Destination I_B 12. Stock Place to Destination IE
2. Stock Place to Destination | X11 13. Stock Place to Destination IE
3. Stock Place to Destination W 14. Stock Place to Destination IE
4. Stock Place to Destination W 15. Stock Place to Destination lﬁ
5. Stock Place to Destination | X17 16. Stock Place to Destination | X69
6. Stock Place to Destination lﬁ 17. Stock Place to Destination lﬁ

7. Stock Place to Destination | X49 18. Stock Place to Destination IE
8. Stock Place to Destination lﬁ 19. Stock Place to Destination IE
9. Stock Place to Destination IE 20. Stock Place to Destination lﬁ
10. Stock Place to Destination lﬁ 31. Stock Place to Destination lﬁ

11. Stock Place to Destination [ yg3

Box Type 1 Box Type 2 Box Type 3
Run Simulator Return to Main Exit
Menu

Figure 15. Result form interface for calculating shortest path and number of picking boxes

3.6.4. Reporting to the Warehouse Officer (Manager)

The “Warehouse Manager Interface” in the main menu of
the information system (MPIS) has been developed so that

the Warehouse Officer can manage the work and
information system during the day. With this interface,
many reports such as Box Type Report, Warehouse
Address Distance Report, Material Inventory Addresses
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Report, Material Dimension Report, Piece-Box
Arrangement Report, Warehouse Operators Report,
Materials to be Purchased and Quantity Report, Number of
Required Boxes and Placement Report and Shortest Path
Report, can be obtained. The visual of the Material
Dimension Report, which is one of these reports, is given
in Figure 16.

3.7. Validation of proposed MPIS

Implementation of the developed information system is
carried out in a company that produces electromechanical
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products in Ankara for the verification of the proposed
MPIS. In order to verify the MPIS and see its performance,
it is compared with the existing system where
warehouseoperations is traditionally done. The comparison
is made over 10 different material collection work orders.
The material collection processes performed by the
personnel without using MPIS, with their experience and
intuition, and the material collection processes using MPIS
for the same work order are compared in terms of number
of return to the starting point, total distance traveled (m)
and Total time spent (min). Comparison results are given
in Table 2.

Material Dimension Report X
Material Picking Data System
Material Dimension Report
1 Piece of Material 1 Piece of Material 1 Piece of Material
e e
Part No Stock Address (Widih) (Depth) (Height)
(metre) (metre) (metre)
PIN-1 i1 0,08 0,09 0,04 =
P/N-2 X12 0,07 0,08 0,03
P/N-3 X13 0,10 0,10 0,01
P/N-4 X14 0,21 0,07 0,21
PIN-5 X15 0,11 0,07 0,14
PIN-6 X16 0,27 0,04 0,30
PIN-7 X17 0,23 0,29 0,25
P/N-8 X18 0,27 0,16 0,34
P/N-9 X19 0,32 0,12 0,12
P/N - 10 x21 0,21 0,07 0,21
P/N - 11 X22 0,20 0,17 0,28
P/N - 12 x23 0,05 0,11 0,09 Return to Manager
P/N - 13 X24 0,60 0,04 0,20 Dashboard
P/N-14 X25 0,21 0,21 0,09
P/N-15 X26 0,03 0,01 0,23
P/N-16 x27 0,10 0,21 0,07
P/N-17 X28 0,21 0,08 0,03
P/N-18 X29 0,27 0,10 0,08
P/N - 19 X31 0,07 0,21 0,35 Return to Main
P/N - 20 X32 0,34 0,09 0,07
PIN-21 X33 0,05 0,21 0,18 Boad
P/N-22 X34 0,04 0,30 0,28
P/N-23 X35 0,27 0,14 0,27
P/N-24 X36 0,21 0,18 0,34
P/N-25 X37 0,60 0,10 0,32
P/N-26 X38 0,23 0,20 0,34
P/N-27 X39 0,03 0,23 0,16 Exit
P/N-28 X4 0,09 0,07 0,20
P/N - 29 X42 0,27 0,07 0,21 ~|

Figure 16. Material dimension report

Table 2. Comparison of Current and Proposed System

# of return to the Total distance traveled Total time spent (in
Work #_of material # of stocl_< _starting point _ (m) _ minute)
order ID | E€Ms o be | address point Without Using Without Using Without Using
collected to be visited Using MPIS Using R Using MPIS
MPIS MPIS MPIS
10455 11 11 0 0 124 74 83,6 45,1
10456 10 10 1 0 152 126 90,2 41
10457 20 20 1 0 196 126 166,2 82
10458 20 20 0 0 160 126 152 82
10459 3 3 0 0 48 148 22,8 12,3
10460 18 18 1 0 148 148 151 73,8
10461 16 16 3 0 220 48 164,2 65,6
10462 15 15 2 0 192 74 142,4 61,5
10463 17 17 1 0 160 74 143,4 69,7
10464 6 6 0 0 52 48 45,6 24,6
Total 136 136 9 0 1452 992 1161,4 557,6
Average value per unit| 10,68 7,29 8,54 4,10
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As can be seen in Table 2, 136 items of materials were
collected from 136 stock addresses. When MPIS was not
used, a total of 9 return to the starting point occurred during
the activity. When MPIS is used, this value is 0, meaning
that there was no return to the starting point. With the use
of MPIS, the total distance traveled has decreased from
1452m to 992m. When these values are proportioned to a
total of 136 items of material, 10,68m and 7,29m per item
are obtained, respectively. That is, the total distance
traveled decreased by 3,39m per unit. Similarly, the total
time spent decreased from 1161,4 min. to 557,6 min. When
these values are proportioned to a total of 136 items of
material, 8,54min and 4,10min per item are obtained,
respectively. That is, the total time spent decreased by
4,44min per unit. In summary, with the use of MPIS, it can
be seen that approximately 50% improvement has been
achieved in the material collection and preparation
activities of the company

4. CONCLUSION

Many businesses focus on reducing their costs because
they cannot raise their product prices to sustain the
economy of their businesses. Taking into account all the
costs carried out in the warehouse, the cost portion of 55%-

65% consists of the activities of collecting and preparing
the materials from the warehouse from the stock areas.
Reducing these costs means increasing profitability.
Reducing these costs means increasing profitability. This
is the main objective of the study carried out in this article.

In this article, Material Picking Information System
(MPIS) that finds the shortest path for the responsible
personnel to collect the materials required for production

from the stock addresses in the warehouse, determines the
number of picking boxes required for these materials, and
provides the material sequences within the box (in-box
sequences) is developed. With MPIS, it will be possible to
reduce material picking costs by eliminating wasteful
activities such as transport, waiting and movement.

Implementation of the developed information system
(MPIS) is carried out in a company that produces
electromechanical products in Ankara for the verification
of the proposed MPIS. In order to verify the MPIS and see
its performance, it is compared with the existing system
where warehouse operations is traditionally done (In the
current system, the number of boxes, the shortest material
picking order and the arrangement of the material in the
box (in-box sequences) were realized with the experience
and intuition of the responsible personnel). The
comparison is made over 10 different material collection
work orders. The material collection processes performed
by the personnel without using MPIS, with their experience
and intuition, and the material collection processes using
MPIS for the same work order are compared in terms of
number of return to the starting point, total distance
traveled (m) and Total time spent (min). With the proposed
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MPIS, an improvement of approximately 50% has been
achieved in the distance traveled and the time spent by the
personnel for material collection.
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Ozet— Pandemi siirecleri aylar hatta seneler siirebilir ancak olusumlara hizli yamtlar verilerek pandeminin iistesinden
gelinebilir. Internete baglanabilen cihazlar sayesinde ger¢ek zamanl ve anlik olarak veri toplanmasi ve yayimlanmasi
saglik hizmetlerinin daha iyi yiiriitiilmesine olanak tanimaktadir. Ornegin ates dl¢iimii, viriisiin sebep oldugu cesitli
semptomlarin gézlenmesi, sosyal mesafe 6l¢limii, sosyal mesafenin korunmasi ve hastalarda izlem yapan araglar ile mobil
uygulamalar, nesnelerin interneti altyapisi ile gelistirilmistir. Internet sayesinde birbiri ile gercek zamanli veri ve bilgi
transferi yapan cihazlar, tip alaninda da kullanilmasiyla birlikte saglik sektoriinde oldukga faydali hale gelmistir. Bu
calismanin amact COVID-19 siirecinde nesnelerin interneti kullanimi {izerine yayinlanan akademik arastirmalarin bir
bibliyografisini elde etmektir. Bu amagla Web of Science (WoS) veri tabaninda yayinlanan 922 ¢alisma bibliyometrik
olarak analiz edilmis ve bilimsel haritalama yapilarak incelenmistir. Bu aragtirma COVID-19un baslangi¢ yili olan 2019
yili sonundan dnlemlerin esnetilmeye baglandigi 2022 yilinin ilk ¢eyregine kadar olan siireci kapsamaktadir. Bulgular en
¢ok atif alan anahtar kelimeler, aragtirma alanlari, yazarlar, dokiimanlar, kurum/kuruluslar ve diilkeler 1s1ginda
degerlendirilmistir.

Anahtar Kelimeler—nesnelerin interneti, COVID-19, pandemi, bibliyometri, bilimsel haritalama

Use of Internet of Things in Detection of COVID-19: A
Review with Bibliometric Analysis

Abstract— Pandemic processes can take months or even years, but pandemic can be overcome by giving quick responses
to occurrences. Thanks to devices that can be connected to the Internet, real-time and instantaneous data collection and
publication enable better health services. For example, fever measurement, observation of various symptoms caused by
the virus, social distance measurement, social distance protection and monitoring tools for patients and mobile
applications have been developed with the internet of things infrastructure. Upon used in the field of medicine, devices
transfering real-time data and information with each other thanks to the Internet have become very useful in the health
sector. The aim of this study is to obtain a bibliography of academic research published on the use of the Internet of
Things in the COVID-19 process. For this purpose, 922 studies published in the Web of Science (WoS) database were
analyzed bibliometrically and examined by scientific mapping. This research covers the period from the end of 2019, the
beginning of COVID-19, to the first quarter of 2022, when the measures began to be stretched. The findings were
evaluated in the light of the most cited keywords, research areas, authors, documents, institutions/organizations and
countries.

Keywords—internet of things, COVID-19, pandemic, bibliometrics, scientific mapping
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1. GIRIS (INTRODUCTION)

[lk olarak Cin Halk Cumhuriyeti’nin Wuhan kentinde 2019
yilinda ortaya ¢ikan Koronaviriis (COVID-19) salgini,
kiiresel diizeyde tiim iilkeleri etkileyen dnemli bir glindem
haline gelmistir. Diinya Saglik Orgiitii (WHO) tarafindan
2019 yilimin sonlarinda pandemi olarak ilan edilen
COVID-19 salgmu tiim diinyay1 hizla etkisi altina almistir.
Pandemi, diinyanin hemen hemen her yerinde goriilen ve
etkisi ¢cok sayida insan tarafindan hissedilen salgin
hastaliklar olarak tanimlanabilir. insan saghigini oldukca
olumsuz etkileyen bu salgin nedeniyle diinya genelinde
¢ok sayida insan, yagsamimi yitirmistir. Hiikiimetler,
pandeminin yayilimimi azaltmak ve insan saglhgi
iizerindeki olast olumsuz etkilerini en aza indirebilmek igin
caba gostermektedir. Bu nedenle iilkeler, COVID-19
salginini 6nleyebilmek ve bulas riskini azaltabilmek igin
cok sayida 6nlem almig ve bu dnlemler pandemi siirecince
gecerliligini korumustur. Halen etkisi hafiflese de dnemi
devam etmektedir.

Bir pandeminin toplumlar {zerindeki koti etkileri
hiikiimetler tarafindan iyi hazirlanilarak azaltilabilir. Bu
stirecte hazirlikli  olma ve olabilecek degisimleri
ongorebilmek igin planlama, hasta sayisindaki artis
kapasitesinin tahmin edilmesi, iletigim, egitim G6gretim
faaliyetleri, tibbi yoOnetim, gbzetim ve organizasyonel
hazirlikli olma gibi ¢esitli basliklar altinda degerlendirme
yapilabilmektedir [1].

COVID-19 salgini etkisinin en ¢ok saglik alaninda oldugu
acikca bellidir. Saglik hizmetleri yonetimi, bir iilke i¢in
olduk¢a onemlidir. Saglik yonetimi alanindaki birimler,
iilkenin pandemi siirecinin takibi ve yonetimi, sonuglarin
degerlendirilerek ilgililerle seffaf bir bigimde paylasilmasi,
onleyici ¢alismalarin ve uyarilarin yapilmast ile tani, tedavi
ve siire¢ kontrolityle ilgilenmektedir [2]. Pandemi siireci,
uzun vadeli bir planlamay1 gerektirmektedir. Bu anlamda
pandemi siirecinde saglik sektoriinde yer alabilecek
adimlar [3];

* Pandemi siireci ile ilgili proaktif olabilme,

* Meydana gelebilecek olaylar i¢in hizli karar alabilme,

* Alinan kararlar1 uygulamayabilme,

* Ortaya ¢ikan sonuglar1 degerlendirebilme,

* Degerlendirmeler sonucunda gerekli dnlemler alabilme,
* Normallesme siirecini planlayabilme

seklinde belirtilebilir.

Genis kitlelere yayilabilen bir viriis s6z konusu oldugunda
gerek silire¢ takibi ve virlis bulasan hasta tespiti gibi
konularda gerekse istatistiksel olarak siire¢ analizi gibi
konularda ¢esitli cihaz ve araglardan yardim almak
kacinilmazdir. Hiikkiimetler agisindan salgin yonetiminde
biiyiik veri akiginin saglanmasi, ag yapilarinin belirlenmesi
ve siklikla giincellenmesi bununla birlikte salgin
yayitliminin senkron bir halde izlenmesi ve salgin
yaylliminin tahminlenmesi amaciyla gesitli uygulamalar
kullanmak fayda saglamistir. Benzer sekilde hastalar ve
toplum igin de yonlendirici ve bilgilendirici sistemlerin
kullanimi ve gerekli Onlemlerin alinmasi gibi c¢esitli
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uygulamalarim kullanimina olanak taniyan cihazlara
basvurulmustur. Bu verilerin gercek zamanli ve anlik
olarak siirekli toplanmastyla veri tabanlarinin olusmasi ve
yayinlanmasi internet sayesinde meydana gelebilmektedir.
Bu asamada internete baglanabilen cihazlar sayesinde
saglik hizmetlerinin yiirtitiilmesi calismalarinda ilerleme
kaydedilebilmektedir [4-6].

[lk olarak 1990’11 yillarin sonunda ortaya ¢ikan nesnelerin
interneti kavrami (Internet of Things — 10T), internet
ortaminda birbiriyle etkilesim halinde olan cihazlar veya
daha genel anlamda nesneler olarak tanimlanabilir [7, 8].
Yiiksek hacimli veri saglayan bir kaynaga doniisen
nesnelerin interneti, bliyiik verinin hem kaydedilmesi hem
de islenmesinde esas olusturmaktadir. Biiylk veri
teknolojileri kapsaminda hayatimiza giren bilgisayar
disindaki akilli nesneler de internete baglanabilme
ozelligiyle taninmaktadir. Teknoloji sayesinde birbiriyle
iletisim kuran, veri ve bilgi transferi yapan ve adeta internet
araciligiyla birbiriyle konusan nesnelerden bahsetmek
miimkiindiir. Artik giinliik hayatta dahi cep telefonlarindan
sonra akilli araba, saat, ev, buzdolabi, ¢amasir makinesi,
yiiziik, temizlik robotu hatta ¢ay ve kahve makineleri ve
daha birgok cihaz internete baglanabilme yetenegine
sahiptir. Hepsi bir g¢esit arayiiz sunarak kullanicilarin veri
aktarimma izin vermektedir. Her gecen giin bu tip
cihazlarin gesitliligi ve sayisi biiyiik bir hizla artiyor ve
bununla beraber tip alaninda da kullanilmasiyla saglik
sektoriinde de oldukga faydali hale geliyor. Giinlimiizde,
teknoloji  arastirmalari  yapan  Gartner  sirketinin
calismalarina gore diinya ¢apinda milyarlarca akilli nesne
internete ve dolayisiyla birbirlerine baglanmaktadir.
Nesnelerin interneti sayesinde teknolojinin kullanim
diizeyi artarak insan yasamu daha kolay hale
gelebilmektedir [9-11].

COVID-19 siirecinde nesnelerin interneti basta saglik
alaninda olmak tizere, {iretim, tikketim, aligveris, giivenlik,
tarim, akili gehircilik gibi  birgok alanda hizla
yayginlasmaya  baglanmistir.  Nesnelerin  interneti
sayesinde internete bagli cihazlar, COVID-19 salgmnin
Onlenmesine ve salginla bas edilmesine yonelik olarak
bagvurulan en oOnemli araglardan biri olmustur. Bu
baglamda, insanlarda ates Ol¢limii, hastaligin ¢esitli
semptomlarinin gdzlenmesi, sosyal mesafe Ol¢iimii ve
sosyal mesafenin korunmasi ve hastalarin izlemini yapan
araclar ile mobil uygulamalar, nesnelerin interneti altyapisi
ile gelistirilmistir [12]. Nesnelerin interneti araciligiyla
gelistirilen araglarin varligi, saglik yonetimindeki olasi
hatalarin en aza indirilmesinde Onemli bir rol
oynamaktadir.

Literatiir incelemelerinin sonucunda, bu aragtirmanin
motivasyonu literatiirde eksik oldugu goriilen COVID-19
pandemisi ve nesnelerin interneti iliskisinin daha detayli ve
genis kapsamli bir analizini yapmaktir. Bdylece pandemi
stirecinde COVID-19’un tespitinde nesnelerin internetinin
kullanimi  konusundaki bilimsel ilerlemeleri ortaya
koyabilmek i¢in bu konudaki yayin akisi yillar bazinda
karsilastirmali olarak incelenmektedir.
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Bu ¢aligmada bireylerde COVID-19 tespitinde, nesnelerin
/ saglik nesnelerinin internetinin kullanimu {izerine yapilan
arastirmalar ve yayinlar incelenmistir. Bu arastirmada
WoS veri tabaninda COVID-19’un baslangic yili olan
2019 yilindan giiniimiize bir literatiir taramasi1 yapilmistir.
Uluslararas1 dizinde ‘COVID-19 / Coronavirus’ ve
“‘Internet of Things / IoT”’ anahtar s6zciikleri ile tarama
yapilmigtir. Bu sozciikler topik igerisinde (¢alismanin
basliginda, Ozetinde, anahtar kelimelerinde) geciyorsa
ilgili caligmalar filtrelenmistir. Bu ¢aligmalar gozlem
birimi olarak kabul edilmis ve kiinyelerindeki bilgiler veri
olarak derlenmistir. Yeni tip koronaviriisiin etkisinin
azalmastyla 2022 yilinin ilk ¢eyreginden itibaren pandemi
onlemlerinin esnetilmeye baglanmasi sebebiyle analiz bu
zaman araligint kapsamaktadir. Boylece toplam 922
calisma incelemeye alinmistir ancak bulgular karsilastirma
amactyla yillar bazinda gruplanmistir. Bu c¢alismanin
amact toplum saglhigi acisindan Onemli olan hiikiimet
politikalarma dahi yon veren COVID-19 siirecinin
degerlendirilmesinin nesnelerin interneti ile olan ilgisi
lizerine akademik arastirmalarin  bir  istatistiksel
bibliyografisini elde etmektir. Bu amagla COVID-19
tespitinde nesnelerin interneti kullanimi iizerine yapilan
arastirma egilimlerini degerlendirebilmek icin
bibliyometrik bir inceleme gerceklestirilmistir. Veri setinin
olusturulmasinda  Bibexcel  yazilimi  kullanilarak
bibliyometrik analiz yapilmistir. Bu noktada son birkag
yilda COVID-19’un seyrinde akilli nesneler iizerine
calismalar yayinlayan gerek arastirmacilar gerek kurulus
veya {iniversiteler gerekse iilkeler bakimindan tanimlayici
istatistikler verilmigtir. Ayrica bdyle bir arastirmada
baglantilar arasinda Onemli fikirler verebilecek olan
anahtar sozciik ilgilerine de odaklanilmistir. Ayrica bu
olgular arasindaki atif iligkileri bilimsel haritalama ile
sergilenmek amaciyla bir sosyal ag uygulamas: olan
VOSViewer yazilimu ile haritalandirilmustir.

2. LITERATUR TARAMASI (LITERATURE RESEARCH)

Karanfiloglu ve Kara, 2020 yilinda yaptiklar1 ¢aligmada
Cin 6rnegi incelemesi yaparak enformasyon ve iletisimin
dijitallesmesinin COVID-19 pandemi siirecindeki 6nemini
yapilan literatiir ve c¢esitli kaynak taramasi ile ortaya
koymaktadir [13]. Aydin ve Karaarslan (2020), COVID-19
belirtilerini tespit etmek icin dijital bir saghk sistemi
onermektedir. Her bireyin dijital bir kopyasmin
olusturuldugu dijital ikiz tabanlt bir sistem tasarlanmigtir.
Bu kopya, bulut {izerinden bireyin tibbi bilgilerine sahiptir.
Verileri saglik nesnelerinin interneti (IoHT) gibi bir
Olgiimden elde etmektedir [14]. Yigitol ve Sar1 (2020),
kiiresel salginlarla miicadelede endiistri 4.0 telnolojilerinin
roliinii arastirmaktadir. Nesnelerin interneti, otonom
robotlar gibi yeni teknolojilerin, diinya iizerinde salginla
miicadelede ne sekilde yardimer oldugu, Orneklerle
aciklanmustir [15]. Cicioglu ve Calhan (2021), bulut
destekli medikal nesnelerin interneti tabanli uzaktan saglik
izleme sistem tasarlamistir. Kalp ritmi, kan basinci, oksijen
miktar, viicut sicakligt ve solunum orani verileri anlik
olarak birey ve saglik personeli arasinda paylasilmis olup
ozellikle pandemi siireglerinde kullanilabilecek bir uzaktan
saglik izleme sistemi kurulmustur [16]. Aydemir ve
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Arslan, 2021 yilinda yaptiklar1 ¢alismada COVID-19
pandemi siirecinde c¢ocuklarin el yikama aligkanliginin
nesnelerin interneti tabanli sistem ile izlemesi tizerine bir
aragtirma yapmustir. Bu kapsamda lavabonun bulundugu
yere yerlestirilen bir IoT diiglimii ile cocugun lavaboda el
hijyeni el ve ses tanima fonksiyonlari ile tespit edilmistir.
El yikanmiyorsa ebeveyne uyart maili gonderilmektedir
[17]. Dering6z vd. (2021), Covid-19 takibinde giyilebilir
saglik teknolojileri yontemleri ile degerlendirmektedir.
Covid-19 hastaligina yakalanmis veya yakalanma riski
bulunan kisiler i¢in en dnemli faktorlerden biri olan sosyal
izolasyon i¢in giyilebilir saglik teknolojileri ele alinmistir
[18]. Kilig ve Tosun (2021), akilli saglik ekosistemi ve
giincel uygulama Orneklerini incelemistir. Calisma
sonucunda mSaglik, teletip, robotik saglk, giyilebilir
saglik teknolojileri, biiyiik veri, nesnelerin interneti gibi
akilli saghk araglarimin Dbirbirleriyle etkilesimi ve
senkronize olmasiyla “Akilli Saglik Ekosistemi” olugsmaya
basladig1 tespit edilmigtir [19]. Kdse ve Kurtalan (2021),
saglik hizmetlerinde nesnelerin interneti uygulamalarimin
bibliyometrik ~ analizini  gergeklestirmistir. WoS
veritabaninda 2001-2019 yillar1 arasinda yer alan
makalelerin R programlama dili kullanilarak bibliyometrik
analizi yapilmistir. Yayinlar kategorize edilerek tiirleri,
yillara gore egilimleri incelenmis; iilkelerine, kurumlarina
ve yazarlarima gore degerlendirilmistir [20]. Tiitiincii ve
Esen (2021), COVID-19 salgin yonetiminde nesnelerin
internetinden hangi alanlarda faydalanildigini  bilim
haritalariyla tespit etmeyi amaglanmistir. Bu amagla
Sciencedirect ve Pubmed veri tabanlarinda Ocak 2020—
Ocak 2021 arasinda bir sene siirecinde yayinlanan 150
makale incelenmistir. Calisma sonucunda, nesnelerin
internetinin salgin yonetiminde 6nemli bir role sahip
oldugu gorillmiistir [21]. Misirlioglu, 2022 yilinda yaptigi
calismada saglik sektoriinde hizmet kalitesine iligkin yillar
icerisinde yeni uygulamalar, teknolojik geligsmeler,
standartlardaki degisimler, sosyal ve kiiltiirel faktorler,
kiiresel capta krizler vb. unsurlarin etkisiyle biiylik bir
revizyon yasandigt goriigiiyle WoS veri tabaninda 1991-
2022 yillar1 arasinda yer alan ve saglik sektoriindeki hizmet
kalitesine yonelik olarak yapilan 3825 makalenin
bibliyometrik analizini gergeklestirmistir [22].

3. METODOLOJI (METHODOLOGY)

3.1. Bibliyometrik Analiz (Bibliometric Analysis)

Bilimde ilerlemek isteyen her toplumun yapilan bilimsel
arastirmalar ve yayinlar gibi bazi belli bash olgiitlerle
niceligini ve niteligini artirabilecek girisimlerde bulunmasi
gerekmektedir. Bu konuda en iyi yol gdsterici iiretilen
yayinlarin istatistiksel yontemlerle incelendigi
bibliyometrik arastirmalar olmaktadir. Bibliyometrik
caligsmalar, hem ilgili konudaki en ¢ok atif alan arastirma
ve arastirmacilart belirlenirken hem de bunlarin arasindaki
etkilesimleri gosterdigi igin bilim diinyasina ve iilkelere
bilimsel ¢aligmalarin gelecegi hakkinda yon veren
aragtirmalardir [23]. Baslarda istatistiksel bibliyografi
olarak degerlendirilen bir kavram; Pritchard ile birlikte,
matematiksel ve istatistiksel tekniklerin yayinlanmis dergi,
kitaplar ya da diger bilgi paylasim ve iletisim yontemlerine
uygulanabilmesi yontemi anlaminda bibliyometri olarak



430

tamimlamustir [24]. Giincel literatiirde goriildiigii tizere
giiniimiizde disiplinleraras1 ¢aligmalarla bibliyometri
arastirmalarina olan ilgi oldukga artmistir.

Kitap (biblio) ve 0lglim (metric) sozciiklerinin
birlesiminden Bibliyometri kelimesi olusmustur. Boylece
bibliyometrinin  bilimsel dergilerin, makalelerin ve
arastirma kuruluslarinin etkilerini belirlemeye yarayan bir
Ol¢tim birimi oldugunu belirtilebilir. Ayrica yaymlarin
konu, yazar bilgisi, atif yapilan yazar/kaynaklar, kurum,
ilke gibi verilerin istatistiksel olarak incelenmesi ile
ilgilenmektedir  [25].  Bibliyometrik  aragtirmalar,
yaymlarin kaynakgalarinda bulunan referanslarin ayrintili
olarak  incelendigi  atif analizi  arastirmalaridir.
Bibliyometrik yontemlerle ilgilenilen konuda, hangi
iilkelerde ve hangi konu bagliklarinda ¢aligildigi, bu
konuyu ¢aligan yazarlar, yazarlar arasi ig birligi ve ortaklik
ve sayica ¢okluk belirlenmektedir [26, 27]. Bu ¢alismada
yapilan bibliyometrik analiz sonucunda yanit aranan
arastirma sorulari genel olarak su sekilde 6zetlenebilir:

e COVID-19 siirecinde nesnelerin interneti kullanimi
konusunda yayin yapan arastirmacilarin dagilimi nasil
olmaktadir?

e COVID-19 siirecinde nesnelerin interneti kullaniminin
yillara gére yayin sayilart nasil degismektedir?

e COVID-19 siirecinde nesnelerin interneti kullanimina
sagladiklari katki bakimindan iilkelerin durumu nedir?

e COVID-19 siirecinde nesnelerin interneti kullaniminda
hangi yazarlar ne a¢idan daha fazla katki saglamigtir?

e COVID-19 siirecinde nesnelerin interneti kullanimi
konusunda arastirma makaleleri, hangi dergilerde ne
Olciide yer almaktadir?

e COVID-19 siirecinde nesnelerin interneti kullanimi
konusunda kigi basmna atif sayist dagilimi nasil
degismektedir?

Bibliyometrinin ilgilendigi konularin basinda atif konusu
gelir. Atif verme, diisiincenin dayanagini agiklama bagska
bir ifadeyle atif yapan g¢aligma ile atif yapilan galigma
arasinda etkilesim ilgisi kurmaya dayanmaktadir. Bu
durum atif verilen calismanin igeriginden akademik
diisince olarak etkilenildigini gosterir. Orijinal kaynagin
tanitilmasi, c¢alisma konusuna saygi gosterilmesi, daha
once g¢alisma yapmis kisilere saygi, konuyla ilgili olarak
daha o6nce yapilmis yaymlarin okunmasinin saglamasi,
arastirmada kullanilan verinin dogruluk ve gergekliginin
ispatlanmasi vb. amaglarla atif yapilmaktadir [28].

3.2. Bilimsel Haritalama ve Sosyal Ag (Scientific Mapping and
Social Networking)

Sosyal ag, agdaki temel birim olan aktdrler ve onlarin
aralarindaki benzerlik, is ortakligi, arkadashk gibi sosyal
baglantilardan olusan aglar1 niteleyen, iliski sekillerini
ortaya cikaran bir ag analizi alt dalidir. Yani birbiri ile
herhangi bir sekilde iliski icinde olan aktorler sosyal ag
yapilart  ortaya ¢ikarmaktadir.  Veri  yapisindaki
karmagikligin anlagilmasi ve 6l¢iilerek sayisal olarak ifade
edilmesi gerekmektedir. Karmasikligin gorsellestirilmesi
ile ag yapilar elde edilmektedir. Gorsellestirme teknikleri,
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aglar1 daha sade ve acik, anlasilir hale getirmek i¢in
kullanilan bir ag analizi yontemidir [29]. Cesitli yazilimlar
yardimiyla elde edilen ag cizimlerinden sonra istatistiksel
Ozellikler belirlenerek diger aglarla karsilagtirmalar
yapilabilmektedir. Matematik, istatistik ve bilisim
teknolojilerinden yardim alan sosyal ag analizi de bu amac1
giitmektedir [30]. Agda aktorler, az sayida baglantiya sahip
cok sayida aktdr ve ¢ok sayida baglantiya sahip az sayida

aktér bulunmasi anlamina gelen ‘‘kuvvet yasasi’’
dagilimmna sahiptir. Bilimsel haritalama yontemi
bibliyometrik analiz yontemlerinden biridir.  Veri

tabanlarindan elde edilen yayn bilgilerine ait veri
kiimelerinin olusturulmasi, bibliyometrik verinin analiz
edilmesi, mevcut ag yapilarinin haritalandirilmasi ve
sonuglarin uzman kisiler tarafindan degerlendirilmesi
asamalarim  igerir  [31,32]. Analiz  sonuglarinin
gorsellestirilmesi avantajli bir sunum saglamaktadir ve
bibliyometrik bilimsel haritalandirma yontemi ¢esitli
yazilimlar  kullanilarak elde edilebilmektedir. Bu
calismada VOSViewer kullanilmistir. Bir Sosyal Ag
Analizi arac1 olan VOSViewer da analize dahil edilen veri,
calismalara ait kaynakca ve atif verisi oldugunda elde
edilen gorsel haritalar bilimsel haritalama olarak elde
edilmektedir. Bagka bir ifadeyle atif verisi ile sosyal ag
analizi yapildiginda elde edilen sonuglar bibliyometrik
(bilimsel) haritalama ile sonuglanmaktadir [33].

4. ANALIZ SONUCLARI (RESULTS)

A1. Veri Seti ve Tammlayict Istatistikler (Data Set and
Descriptive Statistics)

Veri seti olarak COVID-19 ile nesnelerin interneti iizerine
yayinlanan 2020 yili ve 6ncesi (2019 senesinde sadece 4
yayin) toplam 220 yaym, 2021 yili 585 yayimn ve 2022 yili
ilk g¢eyrekte (ocak, subat, mart) 117 olmak iizere 922
calisma incelemeye alinmistir.

Tablo 1. Dokiiman ¢esidi

(Document type)
Dokiimanlar 2020 yilt 2021 2022 yilt
ve Oncesi yilt ilk geyrek
Makaleler (Articles) 121 365 56
Konferans Bildirileri 57 97 10
(Proceedings Papers)
Inceleme Yazisi 19 57 16
(Review Atrticles)
Erken Erigim 12 55 29
(Early Access)
Editoryal Materyaller 10 9 6
(Editorial Materials)
Kitap Boliimii 1 1
(Book Chapters)
Toplam 220 585 117

Calismalarin sirasiyla en ¢ok makale (article), bildiri
(proceeding paper), inceleme yazisi (review), erken erigim
(early 430ccess: tamamlanmig ama heniiz bir cilt ve say1
bilgisi almamis makaleler) ve en az editoryal materyal ile
kitap bolimii (book chapter) oldugu Tablo 1. Ve Sekil
1.’de goriilmektedir. Ayrica dokiiman tiplerinin yillar
bazinda degisimi ve COVID-19 ile nesnelerin interneti
iizerine en ¢ok makale yayinlandig1 goriilmektedir. Tablo
2.’de COVID-19 ile nesnelerin interneti iizerine yapilan
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calismalarin ti¢ yil iginde ilk {licte bilgisayar bilimi
(computer  science), miihendislik  (engineering),
telekomiinikasyon  (telecommunications)  alanlarinda
oldugu goriilmektedir. Yayinlarin i donemde yaklasik
yarisinin bilgisayar bilimleri alaninda oldugu sdylenebilir.
Ayrica bu konuda saglik bilimleri (health care,
microbiology, medical) alaninda da yaym yapildig:
goriilmektedir. Ek olarak 2022 yilindan itibaren fizik
(physics) ve otomasyon kontrol sistemleri alaninda da bu
konuda yayinlarin iiretildigi goriilmektedir.

Erken Editoryal Kitap

80,00%
70,00%
60,00%
50,00%
40,00%
30,00%
20,00%
10,00%

0,00%

Oranlar

Makale Bildiri inceleme Erigim Materyal BSlimi

W 2020 yili ve 6ncesi 60,50% 26% 8,06% 5,04% 5% 0,50%

m2021yih 71,80% 16,60% 9,80% 9,40% 1,50% 0,60%
2022 yili ilk geyrek 72,70% 8,50% 13,70% 25% 5% 0

Sekil 1. Dokiiman ¢esidi
(Document type)

Tablo 2. Arastirma alani
(Research area)

Aragtirma Alani 2020 | 2021 2022 yil ilk
yilive | yili ceyrek
oncesi

Bilgisayar Bilimi %47.7 | %47.5 %40.1
(Computer Science)
Miihendistlik %34.5 | %40.6 %38.5
(Engineering)
Telekomiinikasyon %24.5 %27 %12.8
(Telecommunications)
Kimya (Chemistry) %6.4 %5.5 %10.3
Malzeme Bilimi %5.5 %3 %8.5
(Materials Science)
Is Ekonomisi %4.5 %4.1 %7.7
(Business Economics)
Saglik Bilimi %5 %1.7 %6
Servisleri
(Health Care Sciences
Services)
Enstriimantasyon %3.6 %5.6 %9.4
(Instruments
Instrumentation)
Biyoteknoloji %3.6 %2 Fizik %6
Uygulamali (Physics)
Mikrobiyoloji
(Biotechnology
Applied
Microbiology)
Tip Biligimi %3.1 %1.5 Otomasyon | %3.4
(Medical Informatics) Kontrol
Sistemleri
(Automation
Control
Systems)

Tablo 3.’te COVID-19 ile nesnelerin interneti {izerine
yapilan ¢aligmalarin hangi iilkelerce yaymlandig: bilgileri
ozetlenmigtir. 2020 yili ve Oncesinde Hindistan (India),
Amerika (USA), Cin (Peoples R China) ve Suudi Arabistan
(Saudi Arabia); 2021 yilinda Hindistan, Cin, Amerika ve
Suudi Arabistan; 2022 yili ilk ¢eyrekte Hindistan,
Amerika, Cin ve Suudi Arabistan yer almaktadir. 2022
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yilinda Onceki yillara nispeten Hindistan ve Suudi
Arabistan da ¢aligmalar artmigken Amerika ve Cin’de daha
az olmustur. Ayrica Tirkiye’nin de her gecen yil artan
oranda yayina sahip oldugu ve yeni iilkelerin de katildig1
goriilmektedir. Sekil 2.ye gore yaymnlarin genelde
Ingilizce olarak yayilandig goriilmektedir.

Tablo 3. Ulkeler

(Countries)

Ulke 2020 2021 yili 2022 yiliilk
yilt ceyrek
ve

once
Hindistan %19 %20 %25.6

(India)

Amerika %15.5 Peoples %14.5 USA %10.3
Birlesik R China
Devletleri
(USA)
Cin Halk %10.5 USA %13.5 Peoples %8.6
Cumhuriyeti R China
(Peoples R
China)
Suudi %8.6 %11.6 %18
Arabistan
(Saudi
Arabia)
Ingiltere %7.7 %8.5 %5.1
(England)
Ispanya %5.9 %3.2 %2.6
(Spain)
Avustralya %5 %5.8 %7.7
(Australia)
ftalya (ltaly) | %4.5 %6.2 %9.4
Romanya %4.5 - Norveg %6
(Romania) (Norway)
Malezya %3.6, %4.6, %6 %3.4, %3.4
(Malaysia), %3.6
Kanada
(Canada)
Brezilya %3.6, %2.5, %6.5 - -
(Brazil), %3.6
Giiney Kore

(South

Korea)

Japonya %3.2 - %6

(Japan)

fran (Iran) %2.7 Tayvan %3 fran %3.4
(Taiwan) (Iran)
Tiirkiye %2.7 %3 %6
(Turkey)
Pakistan %2.3 %6.5 %6.8
(Pakistan)
600
500 W 2020 yili ve 6ncesi
400
300 21
100 I 110 110 110 110
0 2022 yili ilk
_\-\\x& < 'z?‘@ q:)(’(? @\@ __\;\\e& ceyrek
& BN Q@Q o
&

Sekil 2. Yayin dili
(Publication language)
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Tablo 4. En ¢ok atif alan ¢alismalar
(Most cited works)
Baslik Yazar Yil Yayimci Atf
-The SARS, MERS and novel coronavirus (COVID-19) | Peerivd. [34] 2020 | INTERNATIONAL 602
epidemics, the newest and biggest global health threats: what JOURNAL OF
lessons have we learned? (SARS, MERS ve yeni koronaviriis EPIDEMIOLOGY
(COVID-19) salginlari, en yeni ve en biiyiik kiiresel saglk
tehditleri: Hangi dersleri aldik?)
-A comprehensive review of the COVID-19 pandemic and the | Chamola vd. [35] 2020 | IEEE ACCESS 250
role of 10T, Drones, Al, Blockchain, and 5G in managing its
impact (COVID-19 Pandemisinin Kapsamli Bir Incelemesi ve
Etkisini Yonetmede loT, Drones, Al, Blockchain ve 5G'nin Rolii)
-A drone-based networked system and methods for combating | Kumar vd. [36] 2021 | FUTURE GENERATION 57
coronavirus disease (COVID-19) pandemic (Drone tabanli ag COMPUTER SYSTEMS
baglantili bir sistem ve koronaviriis hastaligi (COVID-19)
pandemisiyle miicadele yontemleri)
-An intelligent framework using disruptive technologies for | Abdel-Bassetvd. [37] | 2021 | TECHNOLOGICAL 50
COVID-19 analysis (COVID-19 analizi igin yokedici FORECASTING AND
teknolojileri kullanan akilli bir ¢ergeve) SOCIAL CHANGE
-Internet of medical things (IoMT)-integrated biosensors for | Jain vd. [38] 2021 | BIOSENSORS & | 40
point -of -care testing of infectious diseases (Bulasici BIOELECTRONICS
hastaliklarin bakim noktas testi igin tibbi nesnelerin interneti
(loMT)-entegre biyosensorler)
-Realizing an effective COVID-19 diagnosis system based on | Abdulkareemvd.[39] | 2021 | IEEE  INTERNET  OF | 36
machine learning and IoT in smart hospital environment (4ki/l: THINGS JOURNAL
hastane ortaminda makine ogrenimi ve loT've dayali etkili bir
COVID-19 teshis sistemi gergeklestirme)
-A lightweight and robust secure key establishment protocol for | Masud vd. [40] 2021 | IEEE INTERNET  OF | 35
internet of medical things in COVID-19 patients care (COVID- THINGS JOURNAL
19 hasta bakiminda tibbi nesnelerin interneti i¢in hafif ve
saglam giivenli anahtar olusturma protokolii)
Tablo 5. Yaymci kurulus ve Masud vd.’nin COVID-19 hasta bakiminda tibbi
(Publisher organization) nesnelerin interneti igin giivenli anahtar olusturma ¢alisma
Yayinci 2020 2021 2022 yilv ilk lar1 ilgi ¢eken diger bazi ¢caligmalardandir. Bu ¢alismalarin
Kurulug yili ve yil geyrek yiikksek miktarda atif alan ¢alismalar olmalar1 sebebiyle
oncest diger caligmalar tarafindan en ¢ok etkilenilen ve en sik
IEEE %33.2 %27 %14.5 bagvurulan  bagyapit niteliginde igerikler oldugu
MDPI %12.3 %15.9 %19.7 . o , . . .
Emerald Group %73 %29 %43 sOylenebilir. Tablo .5. e gore 2020 yili ve Gncesi
Publishing calismalarin %33.2’si IEEE; 2021 yili %27°si IEEE,
Springer Nature %7.3 %10.1 %24.8 %15.9’u Multidisipliner Digital Publishing Institute
Elsevier %5.9 %15.6 %4.2 (MDPI) ve %15.6’si Elsevier; 2022 yili ilk ¢eyrek de
Wiley %27 %2.6 %43 %24.8°i Springer Nature, %19.7’si MDPI tarafindan
Il\i/leirg rtArI]:c %23 w11 Tecr;rs‘ezgence %8.5 yayinlanmistir. Bu konuya IEEE diginda da yayincilarin
105 Press %18 5 %17 ilgisinin artmaya basladig1 goriilmektedir.
Taylor & Francis %1.8 %1.2 %3.4
Sage %1.4 %1 Frontiers %2.6 4.2. Bulgular (Findings)
Media
o B . . Yillara gore degisim baz alinarak anahtar kelimelere,
WoS kategorilerine gére COVID-19 ile nesnelerin dokiimanlara, yazarlara, yaymer kurum/kuruluslara ve

interneti konusu iizerine yapilan ¢aligmalar arasinda en ¢gok
atif alanlar Tablo 4.’te detaylandirilmistir. Buna goére 2020
yilinda Peeri vd. tarafindan yapilan yeni ve biiyiik kiiresel
saglik tehdidi salgmlarin incelendigi ¢aligmanin bilimsel
katkist en yiiksek olmus ve Uluslararasi Epidemiyoloji
Dergisi’de  yaymlanmigtir.  Ardindan COVID-19’un
etkisini yonetmede nesnelerin interneti, Drones, yapay
zeka, Blockchain ve 5G'nin roliiniin incelendigi Chamola
vd. tarafindan yapilan IEEE ACCESS’de yaymnlanmis ve
calismaya ilgi yiiksek olmustur. 2021 yilinda Kumar vd.
tarafindan yapilan Drone tabanli ag baglantili bir sistemle
COVID-19 ile miicadele ¢aligmasi Gelecek nesil bilgisayar
sistemleri dergisinde yaymlanmig ve 2021 yilindan en fazla
atif alan yayimn olmustur. Burada son olarak deginilecek
olan IEEE nesnelerin internetiyle COVID-19 teshis sistemi

iilkelere gore yapilan bibliyometrik analizin sonuglari
sirastyla asagida paylasilmaktadir.

Tablo 6.’ya gére COVID-19 ve nesnelerin interneti gibi
kilit anahtar kelimelerin yaninda basta makine 6grenmesi
ve yapay zeka olmak fiizere blok zincir (blockchain),
gizlilik ve giivenlik, derin &grenme, saglik bakimi
(healthcare), bulut biligim (cloud computing), biyomedikal
izleme (biomedical monitoring), sensorler,
teletip/telesaglik, saglik nesnelerinin interneti, biiytik veri,
robotiks, as1 (vaccines), sosyal mesafe (social distancing)
gibi anahtar kelimeler en sik kullanilanlar listesine
girmistir.
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Tablo 6. Anahtar kelimelerin dagilimu
(Distribution of keywords)
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Kullanim | Toplam baglanti Kullanim | Toplam baglanti
Anahtar kelimeler siklig1 kuvveti Anahtar kelimeler siklig1 kuvveti
Bulut Bilisim
COVID-19 409 1065 (Cloud Computing) 47 184
Nesnelerin Interneti Biyomedikal Izleme
(Internet of Things) 201 581 (Biomedical Monitoring) 45 219
10T (Internet of Things) 217 508 Sensorler/Sinyal (Sensors) 43 157
Pandemic(s) 80 260 Coronavirus 39 129
Makine Ogrenmesi Telesaglik
(Machine Learning) 73 250 (Telemedicine/Telehealth) 36 117
Yapay Zeka Saglik Nesnelerinin Interneti
(Artificial Intelligence) 70 276 (Internet of Medical Things) 35 120
Blok Zinciri (Blockchain) 63 242 Biiyiik Veri (Big Data) 30 133
Gizlilik (Privacy) —
Giivenlik (Security) 61 278 Robotik (Rocotics) 57
Derin Ogrenme (Deep Learning) 59 218 As1 (Vaccines) 47
Sosyal Mesafe
Saglik (Healthcare) 51 203 (Social Distancing) 7 31
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Tablo 6.’daki toplam baglant1 giicii ile Sekil 3.’de verilen
sosyal ag analizi sonuglarinda aktorlerin (diigiim noktalari
veya birimler) birbirleriyle baglanti sayisindan elde
edilmektedir ve agdaki merkezi ve arasinda
konumlandirmada bu degerlere basvurulmaktadir. Ag
yapilanda COVID-19 anahtar kelimesinin  merkezi
konumu  diger  kelimelerle = kombinasyonlarindan
kaynaklanmaktadir. Yukardaki kelimelere ek olarak 2021
yilinda COVID-19 ve nesnelerin interneti konu ile ilgili
olarak eldeki verilerden yeni bilgiler elde etme amaciyla
kullanilan derin 6grenme (deep learning), akilli cihazlarin
iiretilen veriyi yerel noktalarda analiz etmelerini temel alan
sis bilisim (fog computing), medikal robotlar ve giivenlik
(security) daha cok calisilan kelimeler olmus ve agda da
gOriiniir olmustur. Benzer sekilde 2022 yili itibari ile
medikal nesnelerin interneti (internet of medical things)
gbze ¢arpmaktadir (Sekil 3 b. ve c.).

21202212020
(Zapa202i0,)
\ | _ahmad (2021b)
alsamhi (2021) | ‘
n (2020) zahedi (2021)
awais (20 AuRIRRIE0202)Y el zoz1y) - (SiERISEELY
(tripathy,(2020) f o 00510 \ ting (2020) 1
\7.‘(‘_‘/."‘ | v 32izy.(20
singh (2020) ‘ abu sufian (2020, ‘
"“[ garg (2020) L peeri (2020) }
/a e,

kolhar (2020) ya@ozzdp S 1Y St
wang (2021¢) T Prihades ==

rahman (2021b) ) h Hiﬁi m (2021a) |
(_rahman(20219). | (gingh 2020
; vafea (2020) |

!ussaln (2020)

| rasheed (2021) |

bayram (2020)

| kaushik (2020)

Sekil 4. Dokiimanlar arast atif ag1
(Co-document citation network)

Sekil 4.’deki analize gore COVID-19 ve nesnelerin
internetiyle ilgili olup en ¢ok atif alan dokiiman daha 6nce
de bahsedildigi iizere ilk yazari ile kisaltilmig olan ve
boyutu en yiiksek olan Peeri vd. (2020), [28]’dir. Bu eser
calisma konusu ile diger yazarlari etkilemekte ve atif
almaktadir. Bu analiz belgelerin kaynakgalarinda referans
verdileri diger kaynaklarla olan baglantilarindan ve diger
kaynaklardan aldiklar atiflardan hesaplanarak elde edilen
toplam baglanti1 sayilart tizerinden agda konumlandirma
yapmaktadir. Benzer renkler birbirine atif yapan
kiimelenme yapilarina bir atif yapar.

Sekil 5’teki analize gore (Tablo 7.’de goriilebilir) Haque,
Ubydul bu konuda en ¢ok atif alan fikir 6nderi yazardir.
Peeri (2020) calismasinda da ortak yazarlardan biri olup
ayrica bu konuda bagka bir yayina da sahiptir. Diger en gok
atifa sahip olan Aghamohammadi Nasrin, Baghbanzadeh
Mahdi, Bibi Saana, Peeri Noah yakin bir atif ag1 kiimesi
olusturuyorken; sonraki yiiksek atifa sahip olan Avaid
Mohd agda merkezi bir konumda yer alarak cevre
kiimelerle atif iligkisi i¢inde bulunuyor. Ardindan azalan
sirada Wong Tien; Guizani Mohsen; Hossain, M. Shamim,;
Gupta Deepak’in diger atif ag1 kiimelerini olusturduklar
goriiliilyor. Bu yazarlar bu konuda fikrine en g¢ok
basvurulan 6ncii yazarlar olarak anilabilir. En ¢ok yayina
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sahip olan yazar ise Hossain, Shamim (7)’dir. Hossain,
Shamim bu konuda yayin sayist en ¢ok olan yazar olmasi
sebebiyle gorece daha yiiksek baglanti sayisina sahiptir.
Toplam atif sayisi bakimindan ise heniiz ilk ona
girememektedir.

Tablo 7. Yazarlarin yaymn dagilimu
(Distribution of authors' publications)

Toplam

Dokiiman |  Atif baglanti

Yazar sayl1st sayisi kuvveti
Haque, Ubydul 2 641 168

Aghamohammadi,

Nasrin 1 602 77
Baghbanzadeh, Mahdi 1 602 77
Bibi, Saana 1 602 7
Javaid, Mohd 6 489 518
Haleem, Abid 5 454 504
Dzau, Victor 1 403 217
Khan, Ibrahim Haleem 2 303 208
Guizani, Mohsen 5 262 311
Chamola, Vinay 3 256 304
Hossain, M. Shamim 7 103 258
Chakraborty, Chinmay 5 83 121
Gupta, Deepak 5 79 92
Kumar','Adarsh 1 57 78

Sekil 6.’daki analize gore yaymci kurum/kuruluslar
arasindaki atif agt yapist ve ag lizerinde konumlanma
goriilmektedir. Tlgili konuda en ¢ok sayida yayina sahip
olan IEEE ACCESS’in yiiksek atif sayisindan dolay1 agda
merkezi konumda olmasi beklenen bir durumdur. Benzer
seklide gevrelerindeki diger yaymlardan oldukga atif alan
bes ana kiimeden (renkler: yesil, turuncu, mavi, kirmizi,
sar1) bahsedilebilir.

O halde atif sayismin ¢ok olusu bakimindan
degerlendirildiginde kiimelerin merkezinde (biiyiik aktor
noktalarini  temsil eden) International Journal of

Epidemiology, IEEE ACCESS, Diabetes & Metabolic
Syndrome-Clinical, Nature Medicine ve IEEE Internet of
Things Journal dergileri bulunmakta olup bu konuda basta
kiime elemanlar1 olmak {izere diger yayincilar tarafindan
en ¢ok bagvurulan kaynaklar olmuslardir. Bu konuda
IEEE’nin potansiyel olarak c¢alisma yayinlanabilecek
yerlerin basinda geldigi sdylenebilir.

flk 20 kurum/kurulusla smirlandirilan Tablo 8.’e gore
COVID-19 ve nesnelerin interneti konusunda yayin yapan
ve dokiiman sayis1 en yiiksek olan Kral Saud Universitesi
(28), Taif Universitesi (16), Kral Abdulaziz Universitesi
(14) (Suudi Arabistan) olup bu durum Sekil 7.a.’daki
dokiiman yogunlugu haritasinda da biiyiik boyutta olan ve
sar1 renkle merkezi yogunluga sahip olan analiz sonucunda
goriilmektedir.
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Sekil 6. Yayinci kurum/kuruluslar arasi atif agt
(Institutions/organizations citation network)

Auf sayisi en yiiksek olanlar ise Kuzey Texas (USA) ve
Malaya (Malezya) Universiteleri ardindan Jamia Millia
Islamia (Hindistan) Katar, Kral Saud, Deakin (Avustralya)
ve Kral Abdulaziz Universiteleri olup bu durum Sekil
7.b.’deki atif yogunlugu haritasinda da biiyiik boyutta olan
ve sart renkle merkezi yogunluga sahip olan analiz
sonucunda goriilmektedir. Sekillerde Kuzey Texas ve
Malaya Universiteleri iist {iste cakistigindan sadece Kuzey
Texas gorlilmektedir. Sekil 7.c.’de kurumlar arasi atif
sosyal ag1 goriilmektedir. Benzer renkler birbirine ve
digerlerine atiflar bakimindan birlikte kiimelenme
yapilarini temsil etmektedir. ilk 20 iilkeyle sinirlandirilan
Tablo 9’a gore COVID-19 ve nesnelerin interneti
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konusunda yayin yapan ve dokiiman sayisi en yiiksek olan
iilkeler Hindistan (191), Amerika (125), Cin (118), Suudi
Arabistan (108), ingiltere (73), Giiney Kore (South Korea)
(56), Avustralya (Australia) (54) ve Pakistan (51)’dur.

Tablo 8. Kurum/Kuruluslarin yayin dagilimi
(Publication distribution of institutions/organizations)

Toplam
Dokiiman | Atif baglanti
Kurum/Kurulug sayl1st sayisi kuvveti
Kuzey Texas Uni. 5 687 2
Malaya Uni. 8 673 4
Jamia Millia Islamia U. | 6 457 2
Katar Uni. 7 263 3
Kral Saud Uni. 28 235 16
Deakin Uni. 9 193 3
Kral Abdulaziz Uni. 14 106 19
Melbourne Uni. 8 85 1
Maharaja A.Tekn.Ens. |5 79 8
Vellore Tekn. Ens. 10 75 1
Taif Uni. 16 72 20
Salamanca Uni. 5 65 3
Asia Uni. 7 59 12
Mansoura Uni. 6 59 5
Petr Uni. Energy Aras. | 6 59 8
Zagazig Uni. 6 59 3
Lovely Profess Uni. 6 58 10
Kennesaw Devlet Uni. |5 52 1
Brno Tekn. Uni. 5 51 4
National Tekn. Ens. 10 47 2

Tiirkiye (31)’de bu listeye girmistir. Atif sayist en yiiksek
olanlar arasinda ise Amerika, Hindistan, Cin, Pakistan,
Malezya (Malaysia), Banglades (Bangladesh), Iran ve
Singapur (Singapore) gelmektedir.
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Sekil 7. Kurum/Kuruluslarin atif sayilarina gére sosyal ag
(Social network according to the number of citations of institutions /
organizations)

Tablo 9. Ulkelerin dagilimi
(Distribution of countries)

Toplam
Dokiiman Auf baglant:
Ulkeler Sayisl Sayisl kuvveti
Amerika Birlesik
Devletleri (USA) 125 1897 174
Hindistan (India) 191 1597 174
Cin Halk
Cumhuriyeti
(Peoples R China) 118 1373 146
Pakiskan
(Pakistan) 51 822 108
Malezya
(Malaysia) 39 779 56
Banglades
(Bangladesh) 18 683 28
Iran (Iran) 22 682 33
Singapur
(Singapore) 14 613 28
Suudi Arabistan
(Saudi Arabia) 108 584 172
Ingiltere
(England) 73 543 121
Avustralya
(Australia) 54 528 100
Giiney Kore
(South Korea) 56 292 86
Katar (Qatar) 13 291 22
Kanada (Canada) 47 290 76
Japonya (Japan) 24 203 39
italya (Italy) 56 201 64
Misir (Egypt) 26 146 34
Tayvan (Taiwan) 27 130 40
Ispanya (Spain) 35 126 46
Tiirkiye (Turkey) 31 114 38

Sekil 8.’de yillara gore iilkeler arasi sosyal ag yapilar
atiflara  gore olusturulmustur. Sekil 8. a. b. ve c.
karsilagtirlldiginda dokiiman sayis1 2021 yilinda daha fazla
oldugu i¢in yogun bir ag ile karsilagilmaktadir. 2020 yilina
gore hem 2021 hem de 2022’de iilkeler arasi atif ag1
yogunlugu, karsilikli is birligi ve referans gdsterme
siklasmigtir.  Benzer renklerden olusan  kiimeler
belirginlesmis ve ilgili konuda iilkeler arasi bilimsel
etkilesim ¢ogalmistir. Sekil 8. d.’de verilen tiim yillar i¢in
atif yogunlugu haritas1 {izerinde sar1 renkli kisim en ¢ok
atif alan ftlkelerin oldugu USA ve Hindistan’a (India)
dikkat ¢ekmektedir. Ayrica ag yapilar1 iizerinde
Tirkiye’nin  konumu isaretlenmistir. Tirkiye’nin ag
iizerinde yakin konumlandig: tilkelerle daha fazla atiflasma
yaptig1 sdylenebilir.
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5. SONUCLAR VE TARTISMA (CONCLUSIONS AND
DISCUSSION)

Anahtar kelimelere, dokiimanlara, yazarlara, yayimnci
kurum/kuruluslara ve iilkelere gore yapilan bibliyometrik
analizin sonuc¢larini asagida 6zetlenmistir.

e Pandemi siirecinde yayinlanan yayinlarin anahtar
kelimelerinde; COVID-19 ve nesnelerin interneti ana
kelimelerinin yaninda basta makine 6grenmesi ve yapay
zeka olmak iizere blok zincir, gizlilik ve giivenlik, derin
Ogrenme, saglik bakimi, bulut bilisim, biyomedikal izleme,
sensorler, teletip/telesaglik, saglik nesnelerinin interneti,
biiylik veri, robotiks, asi, sosyal mesafe gibi anahtar
kelimeler en sik kullanilanlar oldugu goriilmiistiir. Ek
olarak 2020’den 2021’e gegince sosyal ag iginde goze
garpan derin 6grenme, sis bilisim, medikal robotlar ve
giivenlik kelimeleri olmustur. 2022 yil1 itibari ile medikal
nesnelerin interneti ile ilgili ¢aligmalar goriilmektedir.

e COVID-19 ve nesnelerin internetiyle ilgili olup en ¢ok
atif alan dokiiman ilk yazari ile kisaltilmis olan Peeri
(2020)’dir. Bu ¢aligmanin bu konuda &nemli bir eser
oldugu diger yayinlara 6ncii oldugu séylenebilir.

e Haque, Ubydul bu konudaki ¢aligmalari ile en ¢ok atif
alan yazardir. Ayn1 zamanda Peeri (2020) galismasinda da
ortak yazarlardan biri olup ayrica bu konuda baska yayima
da sahiptir. Bu yazarin bu konuda basyazar oldugu diger
yazarlari etkiledigi sdylenebilir. Bu konuda en ¢ok ¢aligma
yapan, en c¢ok yayma sahip olan yazar ise Hossain, M.
Shamim (7 dokiiman) olmustur.

e Yayimct kurum/kuruluglar arasinda bu konuda en ¢ok
dokiimani yayimlayan IEEE ACCESS iken en ¢ok atif alan
ise International Journal of Epidemiology dergisidir. Bu
dergilerin bu konuda bagvurulan temel dergiler oldugu
sOylenebilir.

o Dokiiman sayisi en yiiksek olan kurumlar Kral Saud, Taif
ve Kral Abdulaziz Universiteleridir (Suudi Arabistan). Bu
kurumlari bu konuda en ¢ok ¢alisma saglayan kurumlar
oldugu séylenebilir.

o Atif sayisi en yiiksek olan kurumlar ise Kuzey Texas
(USA) ve Malaya (Malezya) Universiteleri ardindan Jamia
Millia Islamia (Hindistan) Katar, Kral Saud, Deakin
(Avustralya) ve Kral Abdulaziz Universiteleridir.

e Dokiiman sayist en yiiksek olan iilkeler Amerika,
Hindistan, Cin, Suudi Arabistan, Ingiltere, Giiney Kore,
Avustralya ve Pakistandir. Tiirkiye de ilk yirmilik listeye
gitmistir.

o Atif sayisi en yiiksek iilkeler ise Amerika, Hindistan, Cin,
Pakistan, Malezya, Banglades, Iran ve Singapur
gelmektedir.

e Dokiiman sayist pandeminin en yogun oldugu 2021
yilinda daha fazla oldugu igin yaymnlanan akademik
calismalar arasindaki ag yapis1 da yogunlagmistir. 2020
yilina gére hem 2021 hem de 2022°de iilkeler arasi atif ag1
yogunlugu, karsiliklt is birligi ve referans gdsterme
siklagmistir.  Benzer renklerden olusan  kiimeler
belirginlesmis ve ilgili konuda iilkeler arasi bilimsel
etkilesim cogalmistir. Ayrica ag iizerinde Tiirkiye nin
konumu ve bu alanda caligmalar yayinladig1 da gozle
goriilmektedir.
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Pandemi siirecinde nesnelerin internetinin  kullanimi
konusu oldukca yeni ve giincel olmasina ragmen
disiplinleraras1 bir alana yayilmig oldugu goriilmektedir.
Bu durum bu konuda bilimsel aragtirma ve ¢aligma yapma
sayisinin da giin gectikge artmasina olanak tanimaktadir.
Oyle ki 2020°den 2021°e yaym sayisi iki katindan daha
fazla yiikselmistir. Pandemi siirecinde edinilen tecriibeler
bu tiir siireglere hazirlikli olmay: gerekli kilmaktadir.
Dolayistyla bu durum da bu tiir arastirmalarin ve bilimsel
gelismelerin devam edebilecegini gostermektedir. Konu
hakkinda hizli okumalar yaparak bilgi sahibi olmak isteyen
aragtirmacilar, yapilan incelemeler sonucunda alan
literatiiriic  genel itibariyle 0Ozetlendiginden ve konu
hakkinda arastirma yapilirken takip edilebilecek anahtar
kelimeler, yazarlar, iilkeler, yayin ve yayincilara yer
verildiginden dolayt bu c¢alismaya kaynak olarak
bagvurabilirler. Yeni ¢aligmalarda COVID-19 siirecinin
diger biiyiik veri teknolojileri (makine &grenmesi, derin
6grenme, bulut biligim vb.) ile iliskisi incelenebilir.
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Ozet—Klasik duygu analizi yontemlerinden farkli olarak hedef tabanli duygu analizi (HTDA), birden fazla kategorinin
oldugu karmasik yapidaki ¢evrimigi tiiketici geribildirimlerini degerlendirmede daha basarili bir performans ortaya
koyabilmektedir. Nitekim bir platformda yer alan tiiketici geri bildirimleri bir iiriine iliskin birden farkli hedefe
atfedilebilmektedir ve standart duygu analizleri bu geribildirimleri analiz etmede yetersiz kalmaktadir. Literatiirdeki
gelismeler gozden gegirildiginde, HDTA ¢alismalarinin, duygu analizine odaklanan diger ¢alismalar iginde oldukca
popiiler oldugu anlagilmaktadir. SemEval ABSA-2016 yarismasinda, HTDA i¢in 8 farkli dilde veri setleri yayinlanmis
ve ekipler duygu analizi i¢in yarigsmislardir. Yarigsmada hedef terim, kategori ve duygu sinifi tespit etmek gibi farklr alt
gorevler bulunmaktadir. Bu alt gorevlerin i¢indekilerden biri, hedef terimin tespit edilmesidir. Tiirk¢e dili icin HTDA
caligmalar1 oldukga sinirlidir. Farkli diller ve farkli kelime temsil yontemleri kullanan ¢aligmalar vardir. SemEval Absa
2016 yarigmasi Tiirkce veri seti i¢in kelime temsil yontemlerinin etkisini inceleyen ¢alisma bulunmamaktadir. Bu ¢alisma,
miisteri yorumlarindaki hedef terimlerin tespitinde farkli kelime temsil yontemlerinin basarisinin incelenmesi amaciyla
gergeklestirilmigtir. Word2Vec, Glove ve Fasttext kelime temsil yontemleri analiz kapsaminda incelenmis ve hedef terimi
en basarili tespit edebilen yontemin Fasttext kelime temsil yontemi oldugu gorilmiistir. Calismada ayrica F-1
smiflandirma 6l¢iitii agisindan %77 basari orani ile Tiirkge veri seti igin literatiirdeki en yiiksek siniflandirma basarisi
elde edilmistir.

Anahtar Kelimeler— hedef tabanli duygu analizi, hedef terim, kelime temsil yontemleri, miisteri geribildirimleri, Tiirkce
metinler, Word2Vec, Glove, Fasttext.

The Effect of Word Representation Methods on Aspect-
Based Sentiment Analysis

Abstract—Unlike classical sentiment analysis methods, Aspect-Based Sentiment Analysis (ABSA) can demonstrate a
more successful performance in evaluating complex online consumer feedbacks including more than one category. As a
matter of fact, consumer feedbacks on a platform can be referred to more than one aspect regarding a product, and standard
sentiment analysis method is insufficient to analyse these comments. When the developments in the literature are
reviewed, it is understood that HDTA studies are very popular among other studies focusing on sentiment analysis. In the
SemEval ABSA-2016 competition, datasets were published in 8 different languages for HTDA and the teams competed
for sentiment analysis. There are different subtasks in the competition, determining sub-categories such as aspect term,
category and sentiment class. One of these subtasks is to determine the aspect term. HTDA studies for Turkish language
are quite limited. There are studies using different languages and different word representation methods. There is no study
examining the effect of word representation methods for the Turkish data set of SemEval Absa 2016 competition. This
study was carried out to examine the success of different word representation methods in identifying aspect terms in
customer comments. This study was carried out with the aim of examining the success of different word representation
methods in identifying target terms in customer comments. Word2Vec, Glove and Fasttext word representation methods
were examined within the scope of the analysis and it was seen that the method that could detect the aspect term most
successfully was the Fasttext word representation method. The highest classification success for Turkish dataset in the
literature with a success rate of 77% in terms of the F-1 score was also achieved in the study.

Keywords— aspect based sentiment analysis, aspect term, word representation methods, consumer feedbacks, Turkish
texts, Word2Vec, Glove, Fasttext
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1. GIRIS (INTRODUCTION)

Web 2.0 ve Endiistri 4.0 kapsaminda yasanan degisimler,
kullanic1 temelinde degisen igerigin iiretildigi bir yeni bir
diinya olusturmustur. Eski diinyadan farkli olarak, sadece
seckin bir ziimre degil artik her ziimreden insanin kendini
ifade edebildigi ve milyonlarca insana ulasabildigi bir
ortama gecilmistir [1]. Bu ortam bireylerin duygularini ve
ruh hallerini 6zgiirce ve kendilerince ifade edebildigi bir
mecra halini almistir. Hatta normal hayatlarinda gercek
duygu ve diisiincelerini paylasamayan kisilerin, sosyal
medya lizerinden kendilerini rahat¢a ifade edebilmeleri,
sosyal medya ve diger ortamlari, bireylerin diisiince, tutum
ve davraniglarinin 6l¢iilmesinde daha gergek¢i sonuglar
verebilecek bir veri kaynagina doniistirmistir [2].
Dolayisiyla burada iiretilen igerikler ve paylasilan goriisler,
isletmelerin tutmus olduklar1 biyiik verilere eklenerek
isletmelerin  karar verme  siireclerine  katilmaya
baslanmugtir [3].

Zaltman ve Zaltman [4], tiiketicilerden gelen geri
bildirimlerin altin1 kurcalamanin, onlar1 daha net anlamada
yardimct olacagini vurgulamistir. Giiniimiizde sosyal
medya, bunu gerceklestirebilmenin en az maliyetli yolu
olarak diisiiniilebilir. Ayrica Westerman vd. [5], sosyal
medyanin sagladig: verilerin, tiiketici ve isletme {izerine
yapilan caligmalar acgisindan giivenilir bir veri kaynagi
olusturdugunu saptamuslardir. Isletmeler (kir amaci giitsiin
ya da giitmesin) iiriin ve siireglerle ilgili yorum ve goriisleri
internet ve sosyal medya ortamindan toplamakta, bunlari
inceleyerek elde ettikleri bilgileri pazarlama ve diger
isletme birimlerine yonelik strateji olusturmada bir
argiiman olarak kullanmaktadir [6]. fletisim imkanlarinin
karsilikli hale gelmesi, tiiketicilerin anlik geribildirimlerini
firmaya iletebilecekleri kosullarin saglanmasina neden
olmustur. Gerek fiziki triinlerin gerekse hizmetlerin
tiketiciyle bulusturulmasindan hemen sonra tiiketiciler
sosyal medya ve internet platformlarini kullanarak {iriin ya
da hizmete iligkin geribildirimlerini paylasmaktadir.
Dahasi yapilan paylasimlar, sosyal medyadaki yogun
etkilesimden dolay1 hizli bir sekilde yayilabilmektedir.
Isletmeler bu viral etkinin ve satislara olan katkisinin
farkinda oldugundan hem tiiketicilerin geribildirimlerini
hizli isleme hem de islenen geribildirimlerden elde edilen
gostergeleri hizli bir sekilde potansiyel miisterilerle
paylasilabilmeyi amaglamaktadir [7]. Sedanter egilime
sahip [8] ve zaman yonetiminde zorlanan [9] gliniimiiz
tiiketicisi, yogun sekilde kullandig1 internet ortamini daha
yaygin etkilesimli bir pazar haline getirmektedir. Ayrica
artan ¢evrimici firma-miisteri etkilesiminden dogan s6zel
miisteri verilerinin anlik analiz edilmesinin gerekliligi,
herhangi bir {irin ya da hizmeti ve bunlarin alt
bilesenlerine iliskin miigteri goriislerini 6zet bir sekilde
ortaya koyan uzman sistemlere olan ihtiyaci artirmaktadir

[10].

Miisteri odakli yaklasgimin bir sonucu olarak igletmelerin
siirdiiriilebilirlik diizeyleri ve rekabet giicleri, miisterileri
ile olan iletisimlerine ve onlardan gelen geri bildirimleri
degerlendirme kapasitelerine baglidir [11]. Bu kapasite
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ayn1 zamanda bir iiriin ya da hizmetin kalitesine miisteri
dokunusunu saglamanin da bir yoludur [12]. Dolayisiyla
gliniimiiz  tiiketicileri, sosyal medya ve internet
platformlariyla inga siirecine katildigi {irlin, hizmet ve
bilgiye daha yogun ilgi gostermektedir [13]. Bu noktada
Tuna vd. [14] bu geri bildirimleri bilgisayar ve teknoloji
destekli siireglerle hizli bir sekilde analiz edebilme
kapasitesini miigteri sadakatini saglamada etkin bir yol
olarak degerlendirmiglerdir. Bu durum isletmeler
tarafindan da bilindiginden isletmelerin sosyal medya
gonderilerine gosterdikleri nemi artirmistir. Nitekim tiriin
ya hizmetleriyle alakali geri bildirim alan ve bunlar1 dogru
sekilde degerlendiren kurumlar giiclii sayilmaktadir [15].
Bugiin Uber*, Amazon**, TripAdvisor*** firmalari, ilgili
alanda faaliyet goOsteren isletme ve saticilara iligkin
yorumlarla sirasiyla 100 milyon*, 300 milyon** ve 450
milyon*** civar1 kullanicinin yogun iletisim ve iliski
kurmasina imkan tanimaktadir [16].

Bu konjonktiirde isletmelerin metinsel ifadelerden olusan
bu verileri olabildigince hizli ve detayli bir sekilde analiz
edebilmesi gerekmektedir ki insan giicli ile glinlimiiz
isletmelerinde bu ilave maliyet ve zaman kaybi anlamina
gelmektedir [1]. Ayrica yorumlarin nicel olmayis1 ve
sayisinin fazlaligi, klasik analiz metotlarinin etkinligini
azaltmaktadir.  Bahsedilen = durumlarmm  gerektirdigi
yontemlerden biri duygu analizidir. Diger bir adi fikir
madenciligi olan duygu analizi, metinsel verinin igindeki
ifadenin tamaminin ya da bir kisminin i¢erdigi duygunun
metin analizi, dogal dil isleme, hesaplamali dilbilimle
islenmesidir [17]. Duygu analizi yapilirken belirli bir alana
0zgii ve igerisinde farkli unsurlart konu edinen metin
derlemi (corpus) kullanilmakta, derlem igerisinde bir test
ve egitim veri seti olugturulmaktadir. Analiz sonucunda
metinsel ifadeler temelde pozitif ve negatif olarak
ayristirilabilmektedir. Olusturulan bu veri seti genellikle
makine 6grenmesi teknikleriyle bir biitiin dokiiman olarak
(document-based) analiz edilebildigi gibi konu tabanli
(topic-based), ciimle tabanli (sentence-based) ve hedef
tabanli (aspect-based) olarak da incelenebilmektedir. Bu
calismaya konu olan hedef tabanli duygu analizinin ilk alt
gorevi olan hedef terimin tespitidir. Al-Smadi vd. [18]'ne
gbre bu analiz tipinde bir metinsel verinin temasinda yer
alan farkli hedef terimlere yonelik duygu yonelimi ve
siddetine odaklanilmaktadir.

Hedef tabanli duygu analizinde hedef terimin neyle ilgili
oldugunun anlagilmasi, baska bir ifadenin icerdigi
duygunun hangi kapsamda oldugunun tespit edilmesiyle
miimkiin olabilmektedir [19]. Ince taneli yontemlerden
biri olan bu analize iligkin Wang vd. [20] tarafindan verilen
ornek, duygulardaki hedeflerin belirlenmesinin anlagilir bir
Ornegini  olusturmaktadir. Buna gore, bir restoran
yorumunda gecen “sehirdeki en hizli teslim zamanlarindan
birine sahip olduklarimi séylemek zorundayim” seklinde
bir ifadede hedef terimin “teslim zamanlar™, fikir
teriminin ise “en hizli” oldugu anlasilabilmektedir.
Nitekim teslim zamanlar1 ifadesi en hizli sifatiyla
nitelendirilmektedir [21].
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2. LITERATUR TARAMASI (LITERATURE REVIEW)

Literatiir incelendiginde, ilk duygu analizi ¢aligmasinin
Pang vd. [22] tarafindan yapildig1 goriilmektedir. Klasik

duygu analizi kullanarak  yapilan c¢alisma ve
uygulamalarin; metin analizinde yeterli derinlige
inemedigi  [20], ince  taneli  duygu  analizi

gerceklestirebilecek kapasiteye sahip olmadigr [23] ve
biitiin bir metnin igerisindeki baskin duygu simifim
belirlemek iizerine odaklandig: [1] goriilmektedir. Ayrica
bir iirin ya da hizmetin farklilastigi esas noktalar
belirlemede klasik duygu analizi tiirlerinin yeterli olmadig1
sav1 lizerinde goriig birligi saglandigi goriilmektedir [15],
[24].

Hedef tabanli duygu analizine temel teskil eden ¢aligmalar,
hedef derecelemesi [25] ve hedef tarama [26] konulariyla
baslamistir. Hedef tabanli duygu analizine yapilan devam
calismalarinin; elektronik friinlere [27], filmlere [28],
otellere [14], [29] ve restoranlara [30] yonelik yorumlari
kapsayacak sekilde gelistirildigi goriilmektedir. Literatiir
incelendiginde, hedef tabanli duygu analizine iligkin
caligmalara 2014 yili itibariyle rastlanmaktadir. Bu
alandaki ¢alismalardan birinde Blinov ve Kotelnikov [31],
diziistii bilgisayar ile restoranlara iliskin Ingilizce
yorumlardan olusturulan iki farkli veri seti {izerinde
calismislardir. Semeval-2014  yarigmasinin  verilerini
kullandiklari ¢alismalarinda, hedef terim ¢ikarimi ve hedef
terim duygu polaritesine iligkin yontem Onerisinde
bulunmuslardir. Bu ¢aligmanin  sonucunda kategori
tespitinde %50,51; kategori polarite tespitinde diziistii
bilgisayar ve restoran veri setleri i¢in sirastyla %37,38 ve
%43,34 seklindeki F-1 degerlerine ulagsmuslardir.

Literatiirde ¢esitli dillerde hazirlanan veri setleri iizerinde
yapilmig ¢alismalar bulunmaktadir [18, 32]. Ayrica LSTM
tabanli farkli kelime temsil yontemlerini kullanan
caligmada bulunmaktadir [16]. Bununla birlikte bu
calismada Tiirk¢e veri setleri {izerinde ¢alisilacagindan
otiirli, Tiirkge veri setleri iizerinde hedef tabanli duygu
analizi yliriiten ¢aligmalara odaklanilacaktir. Farkli dillerle
birlikte Tiirkge veri setinin de birlikte konu edinildigi bir
calismada Pontiki vd. [33], SemEval-2016 yarigmasinin 5
numaralt goérevini yerine getirmek icin ¢ok katilimli bir
hedef tabanli duygu analizi g¢aligmasi yiirlitmiislerdir.
Calismalarinda Ingilizce, Arapga, Cince, Hollandaca,
Fransizca, Rusca, Ispanyolca ve Tiirkge dillerindeki
restoran ve otel veri setleri iizerinde ¢aligmislardir. Hedef
tabanli duygu terimlerini ¢ikardiklari  ¢aligmanin
sonucunda, kullandiklar1 dillerden Tiirk¢e dili igin
ulastiklar1 en yiiksek F1 performans ol¢iim degerinin
%41,86 oldugu ortaya konulmustur.

Kama vd. [34], online arama motorunu kullanarak frekans
tabanli nitelik ¢ikarma performansini artiracak denetimsiz
bir model kullanarak hedef tabanli duygu analizi
gerceklestirmiglerdir. Donanimhaber isimli  teknoloji
forumunu kullandiklar1 g¢alismalarinda 6nerdikleri web
arama tabanli nitelik ¢ikarma (WSBFE) yonteminin hedef
terim ¢ikarmada performansin F1 degerinin %69,79
oldugunu iddia etmislerdir.
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ABSA 2016 yarigmasinda sunulan Tiirk¢e restoran veri
setinin kullanildigi bir calismada Cetin ve Eryigit [1];
hedef kategori belirleme, hedef terim belirleme, hedef
kategoriyle terimi ayni anda belirleme ve duygu siifi
belirleme seklinde yarismaya acilan dort gorevi
gerceklestirmeyi amaglamiglardir. Bu dort gorev icin
sirastyla %66,7; %53,2; %46,7 ve %76,1 F1 degerleri elde
edilmistir. Calismada kullanilan duygu analizi bir lineer
siiflandirma ile gergeklestirilmistir.

Istatistiksel, linguistik ve kural tabanl yaklasimlar1 (gizli
dirichlet atamasi1 “LDA”, c-degeri, WSBFE) bir arada
kullandiklar1 ¢aligmalarinda Bayraktar vd. [35], ABSA
2016°da yayimnlanan restoran verilerini kullanmislardir.
Calismanin  sonucunda performans elde etmenin
amaglandigi hedef terim ¢ikarimi ve hedef-duygu
eslesmesine iligkin F1 degerleri sirasiyla %56,28 ve
%52,05 olarak hesaplanmustir.

Ozyurt ve Akgayol [36], yapmis olduklari galismalarinda
tirtinlere iligkin hedef terimlerin ¢ikarilmasinda ve iiriin
terimlerinin ¢ikarilmasinda hedef tabanli duygu analizi
kullanmislardir. Semeval-2016 yarismasindaki goérevlerin
tamamlanmasi i¢in climle segmentasyonu ve LDA
yontemlerinin birlikte kullanildigi calismada, hedef
terimlerin ¢ikarilmasi ve triin terimlerinin ¢ikarilmasi
gorevlerine iliskin F1 6l¢im degerleri sirasiyla %62,25 ve
%82,39 olarak hesaplanmustir.

Salur ve Aydin [37], Giineydogu’daki turistik merkezlere
iliskin ziyaret¢i yorumlarina hedef tabanli duygu analizi
uygulamuslardir. Turistik merkezlerin hedef terimlerini
cikartildigi caligmada Tiirkge etiketlenmis bir veri setini de
kullanicilarin erigimine sunmuslardir. TF-IDF ve LDA
yontemlerini  kullandiklar1 ¢alismalarinda F-1 06l¢iim
degerini 0,5931 olarak hesaplamiglardir.

Salur vd. [15], ABSA 2016 yarigmasinda sunulan Tiirk¢e
restoran  yorumlarini  kullandiklar1  ¢aligmalarinda
yorumlarindan hedef terimlerini ¢ikarmak igin istatistiksel
(TF-IDF), konu modelleme (LDA ve NMF) ve Kkural-
tabanli denetimsiz yontemleri bir arada kullanan bir
simiflandirma yaklasimi  Onerilmistir.  Onerdikleri
‘ensemble’ yaklasimimim %61,08’lik bir F1 degerine
ulastigini ileri stirmiislerdir.

3. YONTEM (METHOD)
3.1. Veri seti (Data Set)

Calismada  SemEval ABSA 2016  kapsaminda
olusturulmus ve bir¢cok calismada da kullanilmis olan
Tiirkge Restoran yorumlarmmi igeren bir veri seti
kullanilmigtir. Bu veri setinde 1415 tane cilimle
bulunmaktadir. Bu climlelerden 148 ciimle bir duygu
durumunu icermemektedir. Veri setinde yer alan
climlelerde hedef terim barindirmayan (‘Null’) ctimleler
degerlendirmeye alinmamustir. Veri setinde en ¢ok yer alan
hedef terimler Sekil 1°de verilmistir.
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Sekil 1. Veri setinde en ¢cok gegen hedef terimler [15]
(Most common target terms in the dataset)

Sekil 1°de en ¢ok gegen hedef terimlerin mekan, servis, yer
ve fiyatlar oldugu goriilmektedir. Restoran ile ilgili
olabilecek ifadelerin hedef terim olarak one ¢iktig1
goriilmektedir.

3.2. Onerilen Yontem (Proposed Method)

Bu c¢aligmada ABSA 2016 yarismast kapsaminda
gorevlerden birisi olan hedef terimin tespit edilmesi i¢in bir
model onerilmistir. SemEval ABSA yarismasinda 3 temel
gorev oldugu belirtilmistir. Bunlar; Sentence-level ABSA,
Text-level ABSA ve Out-of-domain ABSA olarak
belirlenmistir. Sentence-level ABSA gorevi 3 alt boliime
ayrilmistir. Bunlar; hedef terimin belirlenmesi, hedef
kategorinin belirlenmesi ve duygu smifinin belirlenmesi.
Burada tespit edilen tiim tahminler ciimle diizeyinde
olmaktadir. Text-level ABSA kategorisinde ise analiz bir
yorum fizerinden yapilmaktadir ki bu yorum genellikle
birden fazla ciimle igerebilir. Out-of-domain ABSA
kategorisinde ise ekiplere daha dnce hi¢ gérmedikleri bir
alanda egitim verisi saglanmadan sistemlerini test etme
imkan1 verilmektedir. Yarigsma sonuglari
degerlendirilmesinde 2 asama s6z konusudur. Ik asamada
hedef terim, hedef kategori ¢iftinin bulunmasi, diger
asamada ise duygu sinifinin bulunmasi yer almaktadir.
Sonuglar F-1 siiflandirma oOl¢iitline gore
degerlendirilmektedir.

Onerilen modelde kelimenin kendisi ve kok bilgisi
ciimleden elde edilerek onceden egitilmis modellerden
elde edilen gomiili kelime temsil vektorleri ile
desteklenmesi sonucunda hedef terimin yiiksek basari ile
tespit edilebilecegi hipotezi test edilmek istenmistir. Ozetle
bu arastirma, ABSA 2016 yarismasinda ciimle-diizeyi
(sentence-level) ABSA  Kkategorisinin  hedef terim
ifadesinin tespit edilmesi alt gorevine odaklanmustir.
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Bu hipotez oOnerilirken daha 6nce ayni veri seti iizerinde
yapilan hedef terim tespiti caligmalarinda onerilen
modeller incelenmistir [1, 37]. Bu ¢aligmalarda kelime kok
bilgisi, morfolojik analiz, kelimenin kendisi, komsgu
kelimeler, baglilik ayristirici, LDA analizi ve kural tabanlt
olmak iizere farkli yaklagimlar dnerilmistir. Fakat dnerilen
yontemler hem veri setinden ¢ekilecek o6zellikler
bakimindan karmasik hem de bu verilerin elde edilmesi
icin kullanilacak sistem ve programlar agisindan
zahmetlidir. Bu c¢alismada ise sadece kelime kok
bilgisinden elde edilecek gomiilii vektor temsilleri
yardimiyla bdyle bir zorlu goérevin basarilabilecegini
gostermektir.

Ciimle kelimslers balintr, noktalams igsretler] shli, kbetk
harfe danigtirilir, stopwords kelimeler stilir

r
Eelime kdklen Fambersk il bulunur, Kelims kdklerine karz
gelen worddvee, glove ve fastext pimild vektor temeilleri elde
edilir. Bu veltdrler vardmmylz 3 farkh veri zeti olugtumlur

v
FlugturulanE farkl veriseti makine Gfrenmesi ile]

test edilir

Y

[ Modellerin simflandimma bazan dlgiitlen karslaztinlr, ]

Sekil 2. Caligmada Onerilen islem adimlar1 (Suggested steps
in the study)

Sekil 2°de verildigi gibi hedef terimi elde etmek in 6nerilen
model Oncelikle ilgili ciimlenin kelimelere boliinmesi,
sonrasinda  kiiciik harfe doniistiiriilmesi, ardindan
noktalama ve durak(stopwords) kelimelerin atilmasi gibi
bir takim metin 6n isleme adimlarin uygulanmasi ile
baslamaktadir.

Daha sonra her bir kelimenin kokii Zemberek Kiitiiphanesi
yardimi ile elde edilerek bulunur. Zemberek kiitiiphanesi
ile veri setindeki bir 6rnek ciimle i¢in kok bulma iglemi
sekil 3’de verilmistir.

Kelime kokleri elde edildikten sonra her kelimenin
Word2Vec, Glove ve Fasttext yontemleri ile daha 6nce
hazir olarak egitilmis modellerden sirasiyla 400, 300 ve
300 boyutlu gomiilii vektor temsil modelleri elde
edilmistir. Bu sayisal vektorler veri seti igin giris bilgisini
olustururken, ilgili terimin hedef terim olup olmadig
bilgisi ise ¢ikis bilgisini olusturmaktadir. Olusturulan veri
setinden ilk ciimle i¢in 6rnek Sekil 3°de verilmistir.
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<sentence id="1000:0">

<text>Manzara sahane evet ama servis rezalet.
<[text>

<Opinions>

<Opinion target="servis"
category="SERVICE#GENERAL"
polarity="negative" from="24" to="30" />
<Opinion target="Manzara"
category="AMBIENCE#GENERAL"
polarity="positive" from="0" to="7" />
</Opinions>

</sentence>

(a)

dfveriseti son = pd.DataFrame{veriseti son)
print{dfveriseti son.head())
print{dfveriseti son.shape)

g 1 2 3 4
8 manzara manzara 1 AMBIENCE#GEMERAL positive
1 sahane sahans @ yok yok
2 evet evet @ yok yok
3 servis  servis 1  SERVICE#GEMERAL negative
4 rezalet rezalet @ yaok yaok
(8138, 5)

(b)

Sekil 3. ABSA veri setinde bulunan 6rnek ciimle. (a).
Xml formatindaki veri  (b). Python ve Zemberek ile

islenmesi (Example sentence found in the ABSA dataset. (a). Data in
xml format (b). Processing with Python and Zemberek)

Tablo 1. Veri setinin yapist 6rnek ciimle gosterimi
(Structure of the dataset example sentence representation)

Kelime Kelime Vektorii Hedef terim
Manzara (0.43,0.47,0.01 ........0.22) 1
Sahane (0.12,0.41,0.59 ........0.45) 0
Evet (0.15,0.52,0.07 ........0.74) 0
Servis (0.59,0.48,0.02 ........0.36) 1
Rezalet (0.92,0.14,0.85 ........0.62) 0

Word2Vec kelime temsillerini elde etmek igin daha
onceden egitilmis bir modelden yararlanilmistir. Tiirkge
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Wikipedia derlemi kullanilarak egitilen modelde Chow
yontemi tercih edilmis, kelime vektor uzunlugu 400,
pencere boyutu ise 5 olarak belirlenmistir [38]. Glove
yontemi ile olusturulan diger model ise 21 GB boyutundaki
Commoncrawl verileri ile egitilerek, 300 uzunlugundaki
kelime vektorleri ile olusturulmustur [39]. Fasttext vektor
temsillerini elde etmek i¢in daha 6nce Grave vd tarafindan
yapilmig bir ¢aligmada kullanilan ve Tiirkge i¢in egitilmis
300 uzunluklu kelime vektoriine sahip bir modelden
yararlanilmistir [40].

4. BULGULAR (RESULTS)

Makine 6grenmesi algoritmalart uygulanmadan veri setine
5 fold capraz gecerlilik uygulanmigtir. Veri seti 5 parcaya
boliinerek 4 pargasiyla egitim 1 parcasiyla test islemi
gergeklestirilmis. Bu iglem her seferinde test igin
kullanilan birim degistirilerek 5 kere tekrar edilmis ve elde
edilen test skorlarmin ortalamast modelin genel
performanst olarak hesaplanmistir. Boylelikle veri setini
egitim ve test kiimelerine ayirma iglemi sirasinda dogacak
avantajli durumlarin 6niine gegilerek model performansini
gosteren metriklerin daha giivenilir bir sekilde elde
edilmesi saglanmigtir. Tablo 2’de belirtilen makine
6grenme yontemleri kullanilarak analizler
gerceklestirilmis, F-1 metrikleri yardimiyla algoritmalarin
basarimlari kiyaslanmistir. Tablo 2’dende goriilecegi lizere
model performanslart kullanilan algoritmadan bagimsiz
olarak birbirine yakin F-1 skoru degerleri elde edilmistir.
Bu nedenle F-1 skoru en yiiksek olan lojistik regresyon
yonteminin kullanilmasina karar verilmis analiz detaylari
bu yonteme goére verilmistir.

Lojistik Regresyon yontemi kullanirken verilerin dengesiz
bir dagilim gostermesi sebebi ile ‘class weight’
parametresi kullanilarak bu durumun 6grenme sirasinda
g0z Oniinde bulundurmasi saglanmustir.

Tablo 2. Algoritmalarin F-1 basar1 dlgiitleri (F-1 scores
criteria of algorithms)

Word2Vec Glove Fasttext
KNN 72 74 75
Lojistik Reg. 73 75 77
Destek Vektor 72 73 75
Rassal Orman 74 74 76

Lojistik Regresyon yoOnteminin egitim ve test kiimesi
tizerindeki karmagiklik matrisleri Sekil 7-9’da verilmisgtir.
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Sekil 4. Word2Vec veri seti hedef terim tespiti
karmasiklik matrisi (a) egitim asamast , (b) test asamasi
(Word2Vec dataset aspect term detection confusion matrix (a) training

phase , (b) testing phase)
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Sekil 5. Glove veri seti hedef terim tespiti karmagiklik

matrisi (a) egitim asamasi , (b) test asamasi (Glove dataset
aspect term detection confusion matrix (a) training phase , (b) testing
phase)
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Sekil 6. Fasttextveri seti igin hedef terim tespiti

karmasiklik matrisi (a) egitim asamast , (b) test asamasi
(Aspect term detection confusion matrix for fasttext data set (a) training
phase, (b) testing phase)

Tablo 3 Word2Vec test veri kiimesi siniflandirma
Olciitleri (Word2Vec test dataset classification scores)

Siniflar
0 1 Ortalama
Kesinlik 0.92 0.52 0.72
Duyarlilik 0.87 0.66 0.765
F-1 0.90 0.58 0.74

Tablo 4. Glove test veri kiimesi siniflandirma 6lgiitleri
(Glove test dataset classification scores)

Siniflar
0 1 Ortalama
Kesinlik 0.96 0.48 0.72
Duyarlilik 0.81 0.82 0.815
F-1 0.88 0.61 0.745
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Tablo 5. Fasttext test veri kiimesi siniflandirma 6lgiitleri
(Fasttext test dataset classification criteria)

Siniflar
0 1 Ortalama
Kesinlik 0.96 0.51 0.735
Duyarlilik 0.82 0.86 0.84
F-1 0.90 0.64 0.77

ABSA yarigmasinda F-1 o6lgiitii kullanildigr igin ¢alisma
sonuglar1 da bu dl¢iit izerinden degerlendirilmekle birlikte
diger olgiitler de Tablo 3-5’de verilmistir.

Tablo 3-5’de verilen degerler kullanilarak modelin test
kiimesi {iizerinde F-1 olcliti bakimindan sirastyla
Word2Vec igin ortalama %73, Glove i¢in ortalama %75 ve
Fasttext icin ortalama %77 bagar1 elde edilmistir.
Sonuclardan da anlasilacagi {izere en iyi basar1 0.77 F-1
skoru ile Fasttext vektor temsili kullanilmasi durumunda
elde edilmistir. Caligmada kullanilan veri setinin dengesiz
dagilmasi goz 6niinde bulundurularak ¢alisma sonug¢larimin
giivenirliginin tam olarak yansitilabilmesi igin ROC
(Receiver operating characteristic) egirisi ¢izdirilerek egri
altinda kalan alan AUC (Area under curve) degerleri de
hesaplanmistir.
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Sekil 7. ROC egrisi grafigi (a). Word2Vec (b). Glove

(c). Fasttext (ROC curve graph (a). Word2Vec (b). Glove (c).
fasttext)
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Sekil 7°de verilen ROC egrileri Onerilen her ii¢ kelime
temsil yonteminin hedef terim tespitinde basarili bir
sekilde kullanilabilecegini gostermektedir. ROC egrisi
altinda kalan alani temsil eden AUC degerleri sirasiyla
Word2Vec i¢in 0.83, Glove i¢in 0.86 ve Fasttext i¢in ise
0.88 olarak bulunmustur.

Caligmanin son agsamada ise 3 farkli kelime vektorii
yonteminden elde edilen vektorler birlestirilerek hedef
terim tespiti yapilmistir. Her ii¢ yontemden elde edilen
kelime temsillerinin birlestirilmesiyle 1000 boyutlu bir
kelime vektorii kullamlmistir. Fakat farkli kelime temsil
vektorlerinin  birlestirilmesinin ~ siniflandirma  basarisi
iizerinde bir iyilestirme saglamadigi tespit edilmistir.

Calisma kapsaminda her ne kadar hedef terim tespiti
problemi ele alinmis olsa da kelime vektorlerinin hedef
kategori ve duygu sinifin1 belirlenmesi problemleri de test
edilmigtir. Fakat elde edilen sonuglar literatiir de kullanilan
yontemlere oranla daha yiiksek bir basar1 saglayamamustir.
Bu durum kategori siniflarindaki 6rnek sayisinin dengesiz
olmasindan kaynaklanmaktadir. Bazi kategoriler ¢ok
sayida ornek ciimle igerirken bazi kategorilerdeki 6rnek
climle sayist oldukg¢a sinirlidir.

5. TARTISMA (DISCUSSION)

Bu calisgmada ABSA yarismasinda olusturulmus olan
Tiirkge restoran veri kiimesi {izerinde hedef terim tespiti
icin yeni bir model Onerilmistir. Onerilen modelde
kelimenin sadece kokii kullanilarak hedef terimi basarilt
bir sekilde tespit edebilecegi hipotezi arastirilmistir. Ayni
veri kiimesi iizerinde daha dnce farkli yontemlerle yapilan
¢aligma sonuglar1 Tablo 6°da verilerek karsilastiriimistir.

Tablo 6. Literatiirdeki hedef terim tespiti yapilan ¢aligmalar ile
kiyaslama (Comparison with studies on aspect term detection in
the literature)

Kaynak Yontem F1 (%)
[33] Sozliik tabanli 41,86
[34] WSBFE 69,79
[1] CRF 53,12
[35] Kural-Tabanli Yaklagim 56,28
[36] SS-LDA 62,25
[37] TF-IDF+LDA 59,31
[15] Ensemble Yaklagimi 61,08
Onerilen yontem Lojistik Regresyon 77

Tablo 6 incelendigi zaman hedef terim tespitine yonelik
Tiirkce Restoran veri seti ilizerinde farkli ¢aligmalarin
yapildig1 goriilmektedir. SemEval ABSA tarafindan hedef
terim tespiti i¢in temel bir yontem zaten Onerilmis ve
yarisma ekiplerinden daha basarili sonuglar beklenmistir.
ABSA tarafindan 6nerilen temel modelde kategoriler igin
bir sozlik olusturulmustur. Kategorilerde gecen terimler
bu sozlik i¢ine konulmus ve bir terim ilgili kategori
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sozliiginde yer aliyorsa  hedef terim  olarak
smiflandirilmistir. Bu yontemin bagarist ise %41.8 olarak
belirtilmistir. Yarigmada Tiirkge verisi ile ilgili olarak
baska basvuru olmamistir. Bu calisma kapsaminda
Onerilen modelin hedef terim tespit etmede ABSA temel
yontemine gore oldukc¢a bagarili oldugu goriilmektedir.

Hedef terim tespit edilmesi igin literatiirde farkli yontemler
[1,33-35] ve farkli yontemlerin birlikte kullanildigi
ensemble yontemler [15,36,37] onerilmistir. Onerilen
yontemlerin siniflandirma basarisinda o6zellikle ABSA
temel  yOntemine  gore iyilestirmeler  yapildigi
gosterilmigtir. Bu ¢alismalar temel yonteme gore basari
gostermis olsalar da bu caligmada Onerilen kelimelerin
farkli gomiilii temsillerinin  hedef terim tespitinde
kullanim1 diger yontemlerden daha basarili sonuglar elde
etmistir. Hedef terim tespitinde dnceden egitilmis gomiilii
vektor temsillerinin kullanilmast siiflandirma
algoritmasindan bagimsiz olarak literatiirde onerilen diger
yontemlerden daha iistlin performans gostermistir. Sonug
olarak gomiilii temsil yoOntemlerinin hedef terim
belirlemede siniflama algoritmalarindan bagimsiz olarak
iyi bir Oznitelik belirleyici olarak kullanilabilecegini
gostermektedir.

6. SONUC (CONCLUSION)

Miisterilerden gelen geribildirimlerin analizi, onlarin
zihinlerinde bir {irtin ya da hizmete yonelik olusacak
algilarin temel belirleyicileri konumuna yiikselmistir.
Hedef tabanli duygu analizi, sadece bir {irlin ya da hizmete
degil ayni zamanda iiriin ya da hizmetin alt boyutlarina
yonelik kullanici yorumlarii kategori bazinda resmetmeyi
saglayan bir aragtir. Bu analizi etkin kullanmay1 basaran
firmalar, daha onceki tiiketicilerin deneyimlerini garpici
bicimde potansiyel miisterilerin bilgisine sunmanin
alternatif bir yoluna da sahip olmaktadir. Nitekim
glinimiiz pazarlama ¢abalar1 biiyiik 6lgiide miisterilerden
gelen geri bildirimlere dayandigi gibi, bu geri bildirimler
miisterilerin karar verme siireclerinde vazgecilmez bir
referans noktasi halini almistir. Deneyimsel pazarlamanin
bir getirisi olarak kabul edilebilecek bu durum,
tiketicilerden gelen s6zel geri bildirimlerin igerdigi
duygulari tespit etmenin isletmeler agisindan neden elzem
olduguna isaret etmektedir. Bu durum, tiiketicinin ziyade
kullanicinin deneyimine ve deneyim sonrasindaki geri
bildirimlere iiretici ya da saticinin anlatilarindan daha fazla
gilivendigine de isaret etmektedir. Dolayisiyla ¢caligmanin,
isletmelerin alt hizmet kalemlerine iliskin miisteri
duygularinin  siniflandirilmasinda  ve ilgili kalemlere
yonelik 06zet duygu gosterimlerinde gerek isletme
sahiplerine gerekse bu alanda akademik g¢alisma yapan
arastirmacilara efektif ve yiiksek performansh yontem
teskil edecegi diisiiniilmektedir. Ilerleyen calismalarda
hedef terimin tespit edilmesine ek olarak, kategori ve
duygu smifinin ayr1 ayr1 ve birlikte tespit edilebilecegi
farkli gomiilii kelime temsil yontemlerini tek tek ya da
hibrit sekilde kullanan yeni modeller gergeklestirilebilir ve
bu modellerin basarimlar1 farkli veri setleri iizerinde test
edilebilir.
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Abstract— ORM tools are frequently used in projects developed by object-oriented programming paradigm. Software
developers generally look at the performances of these tools when they select an ORM tool. Most of the performance
studies on ORM tools are limited to processing time and RAM usage information, and CPU usage information is not
included. Moreover, no ORM performance study has been found in the literature, conducted in .NET 6, which is an open-
source and platform-independent new generation .NET platform. In this study, to close the mentioned gap in the literature
and guide the software developers, we conduct research for analyzing performances of certain ORM tools in .NET 6. Our
study includes CPU usage information as well as processing time and RAM usage information. We develop a software
for measuring processing time, RAM and CPU usage while performing read, insert, update, delete, search and sort
operations with Dapper, NHibernate and Entity Framework Core (EF Core) ORM tools. As a result, while Dapper is best
in terms of processing time for read, delete, search and sort operations, EF Core has the best results for insert and update
operations. We conclude that Dapper has the best performance in terms of resource usage, while the rankings of EF Core
and NHibernate vary among themselves according to the number of records and operation type.

Keywords— orm, .net 6, dapper, nhibernate, entity framework core

Nesne-Iliskisel Esleme (ORM) Araclarmim .NET 6
Ortaminda Performans Analizi

Ozet— Nesneye yonelik programlamada, Nesne-Iliskisel Esleme (Object-Relational Mapping — ORM) araglari siklikla
kullanilmaktadir. Yazilim gelistiricilerin ORM secimi yaparken en Onemli se¢im kriterlerinden birisi bu araglarin
sagladig1 performanstir. ORM araglar1 lizerine yapilan performans aragtirmalarinin ¢ogu islem siiresi ve Rastgele Erisimli
Bellek (Random-Access Memory — RAM) kullanim bilgileriyle smirlt kalmis, Merkezi Islem Birimi (Central Processing
Unit — CPU) kullanim bilgilerine yer verilmemistir. Ayrica literatiirde, platform bagimsiz ve agik kaynak olarak iiretilen
yeni nesil .NET platformu olan .NET 6 ortaminda yapilmig bir ORM performans caligmasina rastlanilmamigtir. Bu
calismada, belirtilen eksikligi gidermek ve yazilim gelistiricilere yol gostermek ig¢in .NET 6 ortaminda belirli ORM
araglarmin performans analizi gergeklestirilmistir. Calismada, islem siiresi ve RAM kullanim bilgilerinin yaninda CPU
kullanim bilgileri de yer almaktadir. Bu ¢aligmada baglica ORM araglarindan Dapper, NHibernate ve Entity Framework
Core (EF Core) ile kayit okuma, ekleme, giincelleme, silme, arama ve siralama islemleri gerceklestirilerek, islem siiresi,
RAM ve CPU kullanimimin dlgiilebilecegi bir yazilim gelistirilmistir. Yapilan 6l¢timler sonucunda iglem siiresi agisindan;
okuma, silme, arama ve siralama iglemleri igin Dapper; ekleme ve giincelleme iglemleri igin EF Core en iyi sonuglari
vermistir. Kaynak kullanimi agisindan Dapper’in en iyi performansa sahip oldugu, EF Core ile NHibernate araglarinin

siralamalarinin ise kayit sayisi ve islem tiiriine gore kendi aralarinda degistigi sonucuna varilmstir.

Anahtar Kelimeler— orm, .net 6, dapper, nhibernate, entity framework core


https://orcid.org/0000-0002-4882-9307
mailto:egvrcn@gmail.com
mailto:bavenoglu@gmail.
https://orcid.org/0000-0003-4762-0680

454

1. INTRODUCTION

Object-oriented programming paradigm is frequently used
for developing software. When using this paradigm, Object
Relational Mapping (ORM) tools are indispensable for
converting structures in relational model to object-oriented
model. There are many ORM tools developed for different
platforms, and each offers different advantages and
disadvantages.

The performance of ORM tools is the most important
criteria for developers when they need to select one of these
tools. There are several studies ([1-3]) which analyze the
performance of ORM tools on different software platforms
and databases. These studies make comparisons based on
operation processing times. Zmaranda et. al [4], measures
the RAM usage besides processing times. A study by Balct
[5], which is not performance comparison research on
ORM tools but examines the performance analysis of the
Entity Framework ORM tool on different databases,
included all of the processing time, RAM and CPU usage
information. There is a need to make performance
comparison research on ORM tools by including not only
processing times and RAM usage, but also the CPU usage.

Moreover, existing studies such as [6,7] perform
comparisons on previous versions of NET Framework by
using Microsoft SQL Server database. Microsoft has a new
.NET 6 environment which is a new generation, open-
source, and cross-platform software development
framework. Besides the framework, PostgreSQL database
has gaining popularity and it has not been used in
performance studies. These discussions show that, there is
also a need for ORM tools comparison study on .NET 6
environment with PostgreSQL database.

In this study, we try to find the best performant ORM tools
in .NET 6 environment with PostgreSQL database. We
develop a software for measuring processing times, RAM
usage, and CPU usage. We measure these for read, insert,
update, delete (CRUD) [8], search and sort operations. We
use Dapper, NHibernate and EF Core ORM tools in
comparisons. These measurements will be analyzed to
show the performance statistics of ORM tools in .NET 6
environment. The results may offer a guideline to
developers for selecting the best ORM tools suitable for
different operations.

2. CONCEPTUAL FRAMEWORK

There are two major methods for accessing to the databases
from different programming languages or environments.
The first one, which is the traditional one, is to use database
providers’ libraries to connect and execute operations. This
method is fast since the libraries are generally optimized
by the database providers to their databases. However, the
application is bound to a specific database, and it is hard to
switch between different databases. Moreover, the code for
converting relational model to object-oriented model or
vice versa must be written manually. This may need a lot
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of work. The second method is to use an ORM tool for
enabling modularity and decreasing the workload. Using
an ORM tool may decrease the performance of the
application. Joshi and Kukreti [9] compare ORM tools and
traditional library access methods and they found that the
complex code produced by ORM tools decreases the
performance. They also indicate that when the advantages
of using ORM tools are considered, the performance loss
can be negligible.

Since ORM tools decrease the total performance of the
applications, the importance of the performance of the
ORM tools is paramount. There are some performance
comparison studies in the literature. In a study
implemented by Cvetkovic and Jankovic [7], the two ORM
tools, NHibernate and Entity Framework are compared.
Zmaranda et. al. [4] compare Dapper, EF Core and
NHibernate tools. These studies shed the light on the
performances of different ORM tools. However, these
studies use Microsoft SQL Server as database, and they do
not measure the CPU performance. Additionally, these
studies don’t analyze search and sort operations directly
without the effects of other database structures. In another
study [10], authors compare eight ORM frameworks with
four different programming languages. Yousaf [11]
evaluates the performance of Java-based ORM tools
(Hibernate, EclipseLink, OpenJPA and Ebean) and his own
GlycoVault lightweight persistence tool. In these studies,
authors only compare read operations and Dapper is not
included in ORM lists. For these reasons, we make a
performance comparison of popular ORM tools which are
Dapper, NHibernate and Entity Framework in .NET 6
environment by using a popular database which is
PostgreSQL. We also compare read, insert, update, delete,
sort and search operations. This study does not include a
performance comparison of ORM tools and traditional
library access methods. Colley et al. [12] has such a study
which compares the effects of Entity Framework with SQL
Server 2014 database and lists the negative behaviors of
ORM tools.

Before describing the performance comparison
methodology, we give general information about ORM
technique and specific information about the ORM tools
we use in this study.

2.1. Object Relational Mapping

An ORM tool is a bridge between a relational database and
object-oriented programming language. It allows
developers to work directly on the object-oriented
programming concepts without thinking the details of the
conversion of the components to relational tables or
constraints. ORM tools have some advantages:

e They allow developing applications without being
tied to a specific database. Different databases can be
used with the same source code.

e Developers may execute database operations without
writing SQL statements.
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e Developers can easily concentrate to the OOP
concepts.

e  They decrease the time for writing database code.

e They increase the code readability.

Besides these advantages ORM tools have also some
disadvantages:

e Writing direct SQL statements allows better
performance.

e It is hard to write complex queries with ORM.
Writing them with SQL may be easier.

2.2. ORM Tools

There are many ORM tools for object-oriented
programming: Hibernate, TopLink and OpenJPA are used
with Java; Django, Peewee, and SQLAIlchemy are used for
Phyton; and RedBeanPHP, Doctrin, and Propel are used for
PHP. In .NET environment, Dapper, NHibernate and EF
Core are highly used and, in this study, performances of
these ORM tools are compared.

Dapper: Dapper is an open-source micro ORM tool
developed for .NET environment. The main aim of Dapper
is to provide performance to applications and to allow
developers to decrease the effort of mapping operations.

Entity Framework Core (EF Core): EF Core is an open
source and cross-platform ORM tool for ADO.NET data
access library. It is a new version of Entity Framework
ORM tool which has been distributed within .NET
Framework. Starting from the Entity Framework version 6,
Microsoft decided to deliver EF Core separately [13].
Because of this, EF Core, a more modern and sustainable
ORM tool, is used in this study.

NHibernate: NHibernate is a .NET version of Hibernate
which is frequently used ORM tool in Java environments.
NHibernate is an open-source tool and includes almost all
features of current Hibernate.

ORM tools are classified as full-featured ORM tools and
micro ORM tools based on the features that they support.
Micro ORM tools have limited capabilities according to the
full-featured ones but they perform faster. A micro ORM
tool may not support some caching capabilities, e.g.,
second level cache. Moreover, when a query is executed
and an object is loaded from the database, other objects
which are in relationship with this object are not
automatically loaded. The programmer has to write special
queries to load related objects. Besides these, micro ORM
tools generally do not have graphical modelers and
automatic database object creation capabilities [14].

ORM tools apply caching techniques for repetitive
database  operations. These techniques provide
performance gains. EF Core has three types of caching:
object caching, query plan caching and metadata caching.
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Obiject caching is known as first level caching and it stores
objects retrieved from database to memory. Query plan
caching is used for storing queries executed more than
once. This allows skipping the parsing and compiling
operations of the query for later executions. EF Core
supports metadata caching which is used for different
connections to share the type and mapping information.
NHibernate also supports first level caching to maintain
objects in memory when they loaded first time. NHibernate
has a second level cache for storing query plans and query
results. EF Core and NHibernate, since they are full-
features ORM tools, provide first level cache by default.
However, Dapper only caches information for queries to
materialize objects and process parameters quickly [15].

Another performance concern with ORM tools is loading
related data with queries. This concern generally known as
related data loading or fetching. Different ORM tools have
different default characteristics for related data loading.
Some ORM tools such as EF Core support eager loading
by default [16]. Eager loading allows loading all the
required entities with one query. Objects in relation with
the parent object are also automatically loaded. Some
ORM tools, such as NHibernate use lazy loading by default
[17]. In this method, related objects are not loaded unless
they are really needed. Dapper uses a multi mapping
technique which is almost similar with eager loading [18].
However, because Dapper is micro ORM tool, third party
libraries are needed for adding lazy loading property.

ORM tools use different mapping techniques between
objects and tables and fields. Using an XML file, inserting
annotations to source code or writing code to generate
mappings are examples of metadata mapping. EF core and
Hibernate support variety of these methods as shown in
Table 1. In Dapper queries, we execute SQL statements by
passing parameters. Beside the metadata mapping, ORM
tools have capabilities for reflecting structure changes in
object models to databases. If object model frequently
changes, then these changes can be reflected to the
database by executing a loading procedure. Executing a
loading procedure frequently can be tedious. Because of
this, some ORM tools use a reflection technique for the
objects at runtime to reflect the changes. In this technique,
the mapping between the object and table is stored in cache
and upcoming calls use this mapping. Change reflection is
only applied on first call [19].

Table 1. Properties of ORM Tools

EF Core | NHibernate Dapper
Code .HBM, SQL
based, XML, Statement
Mapping for | Attributes | Code
Metadata based based,
Attributes
based
API ADO.NET | ADO.NET | ADO.NET
Model Automatic | With 34 | -
Change party tools
Reflection
Type
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Another concern with the ORM tools is transaction
support. In EF Core, all the changes are tracked and
handled in memory and when the “SaveChanges” method
of “DbContext.Database” class is called the changes are
applied to the database. This operation is atomic and all the
changes are either committed or rollbacked. We call this
method after inserting, updating and deleting all the
records. NHibernate has the similar methods. We use the
“Save” method of “ISessionFactory” class in NHibernate
API to save the changes permanently. However, Dapper
has a different technique. Because Dapper, does not use
object caching, it directly applies SQL statements through
the classes of the related database. EF Core and NHibernate
also have support for locking mechanisms for concurrent
operations since they have object caches. However, our
evaluation does not include concurrent access of the data
and we have not utilized locking mechanisms.

2.3. .NET 6

.NET Framework is a software development environment
produced by Microsoft and supports many languages like
C#, Visual Basic, and F#. .NET 6, the latest version of this
framework, is a platform for unifying web, mobile,
desktop, games and loT applications under a single
framework. .NET 6 is released in November 2021 and
targets cross-platforms from iOS, Mac OS, Windows,
WatchOS, Android, tvOS etc. Programs written with
different .NET compatible languages are compiled to
platform-neutral Common Intermediate Language (CIL).
Common Language Runtime (CLR), a platform specific
runtime environment for .NET, compiles CIL to machine
readable code.

2.4. PostgreSQL

PostgreSQL is an object-relational database management
system developed by the University of California at
Berkeley [20]. It is assumed that, PostgreSQL is the most
advanced open-source relational database system [21].
This claim is supported by statistics of usage of
PostgreSQL in high-level projects implemented by public
and private organizations.

2.5. BenchmarkDotNet

BenchmarkDotNet is an open-source performance
measurement library supported by .NET Foundation.
BenchmarkDotNet, creates an isolated project for each
method which are to be measured and executes them
without other side-effects. By this way, processing time
and resource consumption of each method can be measured
precisely within their private processes [22].

! https://github.com/egvrcn/ORMPY
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2.6. Chinook Database

Chinook database is a sample database that can be created
by a sample script file. It can be used by different databases
such as, PostgreSQL, Oracle, SQL Server, and MySQL.
The Chinook database has a data model which includes a
digital media store, including tables for artists, albums,
media tracks, invoices, and customers. In this study, we use
the “Track” table from this model in performance
measurements since it includes almost 3,500 records. We
also use “Album” table for join operations.

3. METHODOLOGY

In this study, we get measures for read, insert, update,
delete, sort and search operations. We test a one table select
statement and a join statement for read measurements. We
measure the processing times, RAM usage, and CPU usage
of these operations by different ORM tools in .NET 6
environment. Dapper 2.0.123, EF Core 6.0.6 and
NHibernate 5.3.12 versions are used for performance
comparisons. Version 14.1 of PostgreSQL database is
used. The records of the “Track” table of Chinook database
are used in measurements. Additionally, we join “Album”
table to “Track™ table for measuring read operations of
joined tables.

3.1. Architecture

We develop a software, ORMPY, for measuring
processing times, RAM, and CPU usages of ORM tools in
.NET 6 environment. We make the software open-source
and publish it in GitHub'. The software is developed by a
layered architecture including a model layer (Entity Layer),
a persistence layer (Data Access Layer) and two
application layers. Business layer is integrated within the
application layer for executing the operations in isolation
to get most accurate results.

There are two application layers in ORMPY. The first
application layer measures processing times and RAM
usage by BenchmarkDotNet library. In this application,
each method is executed 100 times iteratively by
BenchmarkDotNet, and averages are calculated. The
second application layer measures CPU usage by
Microsoft Diagnostics library [23]. Even though the
methods are run in isolation, CPU usage is very fluctuating
due to operating system processes. We execute each
method 500 times and calculate the averages to normalize
the CPU usage times. Moreover, we take the test computer
in airplane mode and close the internet connections and all
other applications. Measurements are implemented by
using the computer with hardware properties given in
Table 2. The detailed architecture of ORMPY software is
given in Figure 1.


https://github.com/egvrcn/ORMPY
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Figure 1. ORMPY Architecture

Table 2. Hardware/software information of test computer

Hardware/Software Property
Intel Core i5-7300HQ CPU
CPU 2.50GHz (Kaby Lake), 4 logical
and 4 physical cores
RAM 16 GB
Disk Samsung SSD 860 Evo 250GB
Operating System | Windows 10 Pro

3.2. Data Collection

ORMPY is designed to execute read, insert, update, delete,
search and sort operations. These operations are applied on
the “Track” and “Album” tables of Chinook database for
three ORM tools. The total number of records used for a
process can be different depending on the process. The
following list shows the total number of records used in
different operations.

o Read operation is executed by 10,000, 50,000, and
100,000 records.

e Insert operation is executed by 1,000, 10,000, and
25,000 records.

e Update operation is executed by 1,000, 10,000, and
25,000 records.

e Delete operation is executed by 1,000, 10,000, and
25,000 records.

e Sort operation is executed by 10,000, 50,000, and
100,000 records.

e Search operation is executed by 10,000, 50,000, and
100,000 records.

e Read operation from joined tables is executed by
10,000, 50,000, and 100,000 records.

We store the results of processing times, RAM, and CPU
usage data for each ORM tool into files after executing
each operation. In addition, we extract the execution plans
of the queries for understanding the background database
operations triggered by ORM tools.

4. RESULTS

We implement 7 operations and measure processing times,
RAM usage, and CPU usage. Totally, we collect data from
21 test scenarios. Each scenario includes measurements for
three ORM tools and three different record count groups.
We measure processing times through calculating the
seconds needed for completing the tasks. RAM usage is
measured by total MBs or KBs consumed by ORM tools.
CPU usage is measured by getting the percentage of the
total CPU usage throughout the process.

4.1. Read Operation

Read operations are executed by reading 10,000, 50,000
and 100,000 records on Dapper, EF Core and NHibernate
ORM tools. The results of these operations are given in
Table 3.

Table 3. Results of “Read” operations

ORM Tool | Record | Processing | RAM | CPU

Count | Time (sec) | Usage | Usage

(MB) | (%)

Dapper 0.063 4 1.34
EF Core 10,000 0.091 12 2.09
NHibernate 0.097 12| 314
Dapper 0.143 19 4.76
EF Core 50,000 0.265 60 | 7.79
NHibernate 0.400 64 | 11.64
Dapper 0.245 37 8.21
EF Core 100,000 0.465 121 | 11.87
NHibernate 0.803 128 | 16.6

Figure 2.a shows the processing time results of 10,000,
50,000, and 100,000 record reading operations of different
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ORM tools. This figure shows that, Dapper is the fastest
ORM tool for reading operations, whereas NHibernate is
the slowest. These results are similar for 10,000, 50,000,
and 100,000 record reading operations.

Figure 2.b shows that Dapper uses the least amount of
memory, whereas NHibernate uses the highest. The
difference between NHibernate and EF Core is small
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according to the difference between them in processing
times.

Similarly, Figure 2.c shows that Dapper uses the least CPU
percentage, whereas NHibernate uses the highest. The
difference between ORM tools for CPU usage is more
significant according to the difference between them in
RAM usage.
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Figure 2. Results of “Read” operations

4.2. Insert Operation

Insert operations are executed by inserting 1,000, 10,000
and 25,000 records on Dapper, EF Core and NHibernate
ORM tools. The results of these operations are given in
Table 4.

Figure 3.a shows that EF Core is the fastest ORM tool in
all the record count groups for insert operation. However,
Dapper is the slowest one. According to Figure 3.b, ORM
tools show quite the opposite performance in terms of
RAM usage. Dapper uses the smallest amount of RAM
whereas EF Core uses the largest amount of RAM. CPU
usage performance of ORM tools in Figure 3.c, shows
interesting results. EF Core performs better than
NHibernate for 1,000 records. However, for 10,000 and
25,000 records NHibernate performs better than EF Core.
Dapper has the best performance for CPU usage in all
record counts.
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Table 4. Results of “Insert” operations

ORM Tool | Record | Processing | RAM | CPU
Count | Time (sec) | Usage | Usage
(MB) | (%)
Dapper 0.207 2 1.75
EF Core 1,000 0.110 15| 275
NHibernate 0.174 9 3.89
Dapper 2.023 20 4.35
EF Core 10,000 1.012 146 | 9.35
NHibernate 1.642 94 8.84
Dapper 5.249 49 4.43
EF Core 25,000 2.483 362 | 11.23
NHibernate 4.283 236 | 9.93
C.12
10
S
10.000 25,000 1,000 10,000 25,000
EFCore === NHibernate essess Dapper EFCore essess NHibernate

Figure 3. Results of “Insert” operations
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4.3. Update Operation

We test Dapper, EF Core and NHibernate ORM tools for
update operation by updating 1,000, 10,000, and 25,000
records. The results are shown in Table 5.

According to Figure 4.a, EF Core is the fastest ORM tool
in all record count groups for update operations. Dapper
shows the worst performance in terms of processing times.
This shows that, while Dapper has a very good
performance for reading operation, it doesn’t have good
performance for insert and update operations. However,
Dapper is the best tool for RAM usage of update
operations. NHibernate also consumes almost similar
amount of RAM with Dapper. On the contrary to the
performance on processing time, EF Core uses much
memory, especially for 10.000 and 25.000 records (Figure
4.b). EF Core shows the worst performance in terms of
CPU usage. Dapper is very efficient in CPU usage for all
record count groups (Figure 4.c).

Table 5. Results of “Update” operations

ORM Tool | Record | Processing | RAM | CPU

Count | Time (sec) | Usage | Usage

(MB) | (%)

Dapper 0.244 2 1.50
EF Core 1,000 0.126 14 2.49
NHibernate 0.175 3 2.45
Dapper 2.398 22 2.98
EF Core 10,000 1.310 127 7.44
NHibernate 1.726 25 6.56
Dapper 6.186 54 3.21
EF Core 25,000 3.130 313 8.56
NHibernate 4514 64 7.4
a.7 b. 350

- w (=

RAM Usage (MB)
S

Processing Time (sec)
(%) LA

—

& 200

] 100

I 50

[ —— 0

1.000 10,000

EFCore w=NHibemate

o

25,000 1,000

m Dapper = Dapper

EFCore ===@==NHibemate

459

4.4. Delete Operation

Dapper, EF Core and NHibernate ORM tools are used for
deleting 1,000, 10,000 and 25,000 records. Table 6 shows
the results of these delete operations.

According to the results in Figure 5.a Dapper is very fast
in all record count groups. Even though EF Core is the
slowest for 1,000 records, NHibernate performs worst with
10,000 and 25,000 records. The processing time of
NHibernate for 25,000 record deletion is almost five times
higher than deleting 10,000 records. Dapper is also the best
ORM tool in terms of RAM usage for 10,000 and 25,000
records. Interestingly, for 1,000 records NHibernate uses
less RAM than Dapper and EF Core (Figure 5.b). It is
beyond any doubt that Dapper is the best tool in terms of
CPU wusage (Figure 5.c). However, EF Core and
NHibernate tools produce different results for RAM usage
and CPU usage. While NHibernate is better than EF Core
for RAM usage, EF Core performs better in terms of CPU
usage. NHibernate shows a drastic change in CPU usage
when record count increase from 1,000 to 10,000.

Table 6. Results of "Delete" operations

ORM Tool | Record | Processing | RAM | CPU

Count | Time (sec) | Usage | Usage

(KB) | (%)
Dapper 0.005 30| 033
EF Core 1,000 0.091 6.5| 0.99
NHibernate 0.030 1.9 1.29
Dapper 0.040 3.0 0.33
EF Core 10,000 0.789 61.4 3.92
NHibernate 1.841 19.1 | 19.31
Dapper 0.112 3.0 0.35
EF Core 25,000 1.820 | 150.8 5.2
NHibernate 11.567 47.6 | 23.58
c. 10

\

10000 25,000 1,000

el D apper

10,000
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Figure 4. Results of “Update” operations
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Figure 5. Results of “Delete” operations

4.5. Search Operation

Table 7. Results of "Search” operations

ORM Tool | Record | Processing | RAM | CPU
We measure search operations with Dapper, EF Core and Count | Time (sec) | Usage | Usage
NHibernate ORM tools by using 10,000, 50,000, and
100,000 records. We search “Song” word in the “Track” (KB) (%)
table. The results are shown in Table 7. Dapper 0.003 34 0.36
The results in Figure 6.a shows that Dapper implements the | EF Core 10,000 0013 | 136 | 038
fastest search in all record count groups. The slowest ORM NHibernate 0.005 115 0.40
tool is EF Core. Dapper is also better in RAM usage ' ' '
(Figure 6.b). However, for RAM usage, EF Core and Dapper 0.009 154 0.38
NHibernate are close to each other. EF Core and
NHibernate tools use RAM almost 3-4 times higher than EF Core 50,000 0.021 492 0.44
Dapper depending on the record counts. On the contrary to NHibernate 0.011 493 0.46
processing time and RAM usage, Dapper, even though it is
still the best, uses CPU time almost similar with the EF Dapper 0.016 307 0.44
Core and NHibernate. EF Core is slightly better than EF Core 100,000 0.032 952 0.52
NHibernate in terms of CPU usage (Figure 6.c). .
NHibernate 0.019 979 0.52
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Figure 6. Results of “Search” operations

4.6. Sort operation

We test Dapper, EF Core and NHibernate ORM tools for
sorting 10,000, 50,000 and 100,000 records. A descending
(from Z to A) sort operation is applied to “Name” field of
the “Track” table. The results are shown in Table 8.

Figure 7.a shows that the fastest ORM tool is Dapper.
NHibernate and EF Core show almost similar processing

time performance for 10,000 records. However, for 50,000
and 100,000 records EF Core is faster than NHibernate.
Dapper is still better for RAM usage (Figure 7.b) and CPU
usage (Figure 7.c) according to EF Core and NHibernate.
Dapper’s RAM usage 3-4 times lower than EF Core and
NHibernate. EF Core and NHibernate show similar
performances for RAM usage. This is not the case for CPU
usage, because EF Core has significantly lower CPU usage
than NHibernate.
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Table 8. Results of "Sort" operations Table 9. Results of “Join” operations
ORM Tool | Record | Processing | RAM | CPU ORM Tool | Record | Processing | RAM | CPU
Count | Time (sec) | Usage | Usage Count | Time (sec) | Usage | Usage
(MB) | (%) (MB) | (%)
Dapper 0.115 4 1.20 Dapper 1.449 5 0.42
EF Core 10,000 0.144 12 | 2.06 EF Core 10,000 1.456 5| 034
NHibernate 0.146 12 2.83 NHibernate 1.511 14 1.1
Dapper 0.401 19 3.14 Dapper 1.478 25 2.04
EF Core 50,000 0.539 60 | 5.65 EF Core 50,000 1.535 23| 1.18
NHibernate 0.638 64 | 8.96 NHibernate 1.618 68 | 5.88
Dapper 0.884 37| 4.62 Dapper 1.594 50 | 3.88
EF Core 100,000 1.097 121 | 7.50 EF Core 100,000 1.610 46 | 2.25
NHibernate 1.407 128 | 11.76 NHibernate 1.945 137 | 10.27
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Figure 7. Results of “Sort” operations

4.7. Read operation from joined tables

We test Dapper, EF Core and NHibernate ORM tools for a
join operation by reading 10,000, 50,000 and 100,000
records. We execute an inner join between “Track” and
“Album” tables based on the album identifier attribute. The
results are shown in Table 9

According to the results shown in Figure 8.a all ORM tools

show similar performances for the processing time of
a.2s b. 160
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10,000 and 50,000 record readings. However, NHibernate
reading operation takes longer than others for 100,000
records. Dapper and EF Core use almost similar RAM
resources as shown in Figure 8.b. NHibernate consumes
much memory especially for 50,000 and 100,000 records.
CPU usage results are almost similar to the RAM usage.
While NHibernate has the worst performance, EF Core is
a little bit better than Dapper which is shown in Figure 8.c.
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Figure 8. Results of “Join” operation
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4.8. Background operations

We examine the execution plans of the queries for
understanding the background database operations
triggered by ORM tools. We extract these execution plans
by using the Session Manager of Dbeaver and Server
Monitor of Navicat (see Table 10). We successfully access
the execution plans for read, sort, search and reading from
joined tables operations. However, for insert, update and
delete operations we are able to access only to the
execution plans of Dapper. For EF Core and NHibernate,
we are able to catch only commit/rollback operations. In
reading from one table operation, all ORM tools apply
sequential scans. Similarly, for search operation, all ORM
tools apply sequential scan by adding conditions. In sorting
operation, all ORM tools first apply sorting and then apply
sequential scan. For reading from joined tables operation,
all ORM tools apply a nested loop first. Then, a sequential
scan is applied on “Track” table. After then, “Momoize”
operation, which is an optimization technique for making
efficient computation, is applied. The plan is completed
by applying index scan on “Album” table. The analysis of
execution plans shows that the difference between ORM
tools is not due to the operations at the database side. The
techniques applied by the ORM tools such as mapping,
caching etc. make the difference.

5. CONCLUSION AND DISCUSSION

In this study, we implement a performance analysis of
specific ORM tools in .NET 6 environment. We measure
the processing time, RAM usage and CPU usage for 7
operations including read, insert, update, delete, search,
sort and a read from joined tables. We develop a software,
ORMPY, for implementing these measurements. We give
results of 21 different scenarios implemented with Dapper,
EF Core, and NHibernate ORM tools and discuss the
results with graphics.

According to performance analysis results, Dapper shows
the best performance in terms of processing times for read,
delete, search and sort operations. EF Core performs best
for insert and update operations in terms of processing
times. The worst performance for processing times is
handled by NHibernate on read and sort operations and
Dapper on insert and update operations. The ORM tools
that complete the delete operation in the longest time differ
according to the number of records. EF Core performs the
worst for 1,000 records, and NHibernate for 10,000 and
100,000 records based on delete operation processing time.
For reading from joined tables operation, Dapper, again,
has the best results while EF Core and NHibernate come
later. However, the gap between ORM tools for reading
from joined tables operation is very small according to
reading from one table operation. According to the RAM
usage results of ORM tools, Dapper performed the best by
consuming the lowest RAM resources in all operations
except reading from joined tables operation. NHibernate
showed almost similar performance with Dapper in terms
of RAM wusage in update operations. The worst
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performances of RAM usage are handled by NHibernate
for read, search, sort and reading from joined tables
operations and by EF Core for insert, update, and delete
operations. In RAM usage, Dapper has not been the worst
performing ORM tool for any operation. NHibernate uses
less RAM than Dapper for only deleting 1,000 records.
Interestingly, EF Core outperforms other tools for reading
from joined tables operation. This means that, if the query
becomes more complicated, EF Core starts performing
better than others in terms of RAM usage. This may occur
due to advanced coding techniques of the EF-Core. We
examined the logs produced by BenchmarkDotNet for the
Garbage Collector (GC) operations. GC executes to release
the memory for objects that are no longer used by the
applications. If the memory is not used efficiently, GC
performs frequently. Logs show that, for EF Core
operations GC performs less than other ORM operations.
According to the CPU usage results of ORM tools, Dapper
performs best for all operations except the reading from
joined tables operation. The worst performances of CPU
usage are handled by NHibernate for read, delete, and sort
operations and by EF Core for update operation. For insert
operation, while EF Core is better than NHibernate for
1,000 records, NHibernate is better than EF Core for other
record counts. For search operation, while EF Core is
slightly better than NHibernate for 10,000 and 50,000
records, NHibernate and EF Core show the same
performance for 100,000 records. EF Core uses less CPU
for reading from joined tables operation. Again, this means
that, if the query becomes more complicated, EF Core
starts performing better than others in terms of CPU usage.
This result may also be related with the GC operations.
When GC starts, it suspends the application, releases the
unnecessary objects and resumes the application. Less GC
execution means less suspension and faster execution times
for EF Core.

Itis very hard to compare the results of our study with other
studies. The test environments, databases that are used and
operations are not standard within these studies. For
example, in [4], one of the insert scenarios includes three
insert operations to the tables in one-to-one relationship. In
this scenario NHibernate performs better in terms of
processing time with all record count groups including 500,
1,000, 2,000, 5,000, and 10,000. On the contrary to our
insert operation results, the results of [4] may show that for
complex scenarios, NHibernate may have better
performances. Similarly with processing times, memory
usage statistics in [4] are not coherent with our study.
While Dapper is the best tool in terms of memory usage in
our study, it is not the case in [4], especially for complex
operations. We can also compare our joined reading
operation with the get operation of [4]. In our one-to-many
joined select statement, Dapper is the fastest tool while
NHibernate is the fastest in [4]. Because of these test
environment and operation structure differences, we
mostly use simple queries and don’t apply any
configuration parameter changes to ORM tools and
PostgreSQL database to get results without any side
effects.
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Table 10. Execution plans of the operations

Execution Plan
Oper. ORM _ _ _
Node Type Entity Cost Rows Time (ms) Condition
Dapper Seq Scan track 0.00 - 271836.60 100000 | 1.505.325 [NULL]
Read EF Core Seq Scan track 0.00 - 271836.60 100000 | 1.495.283 [NULL]
NHibernate Seq Scan track 0.00 - 271836.60 100000 | 1.472.832 [NULL]
Dapper ModifyTable track 0.00 - 0.01 0 0.030 [NULL]
Insert Result [NULL] 0.00 - 0.01 1 0.006 [NULL]
No accessible data for EF Core and NHibernate
ModifyTable track 8.43-12.44 0 0.033 [NULL]
Bitmap Heap track 8.43 - 12.44 1 0.016 [NULL]
Update Dapper _ Scan
Bitmap Index | pk_Track 0.00 - 8.43 1 0009 | (track_id = 1)
No accessible data for EF Core and NHibernate
ModifyTable track 11.51-15.53 0 0.074 [NULL]
Nested Loop [NULL] 11.51 - 15.53 1 0.058 [NULL]
Aggregate [NULL] 3.08 - 3.09 1 0.038 [NULL]
Subquery Scan [NULL] 0.00 - 3.08 1 0.034 [NULL]
Limit [NULL] 0.00 - 3.07 1 0.029 [NULL]
Dapper Seq Scan track 0.00 - 271836.60 1 0.028 [NULL]
Delete Bitmap Heap
track 8.43-12.44 1 0.010 [NULL]
Scan
Bitmap Index (track_id =
PK_Track 0.00-8.43 1 0.007 | "ANY_subquery".
Scan .
track_id)
No accessible data for EF Core and NHibernate
Dapper Seq Scan track 0.00 - 272058.00 742 | 1507.293 (&‘gg’negtygeﬁ;{)’
(strpos((name)::te
Search EF Core Seq Scan track 0.00 - 272279.40 742 | 1.549.108 | xt, 'Song":text) >
0)
NHibernate |  Seq Scan track 0.00 - 272058.00 742 | 1533.420 (&‘gomneéty;e’g;t;
Dapper Sort [NULL] 283051.24 - 283272.64 100000 | 2.381.069 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.610.319 [NULL]
Sort EF Core Sort [NULL] 283051.24 - 283272.64 100000 | 2.212.061 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.486.284 [NULL]
NHibernate Sort [NULL] 283051.24 - 283272.64 100000 | 2.188.023 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.471.869 [NULL]
Nested Loop [NULL] 0.16 - 274098.82 100000 | 1.497.240 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.453.257 [NULL]
Dapper Memoize [NULL] 0.16 - 0.18 1 0.000 [NULL]
Index Scan album 0.15-0.17 1 0001 | (@lbum.id=
t.album_id)
Nested Loop [NULL] 0.16 - 274098.82 100000 | 1.619.155 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.577.679 [NULL]
Join EF Core Memoize [NULL] 0.16 - 0.18 1 0.000 [NULL]
Index Scan album 0.15-0.17 1 0.001 (album_id =
t.album_id)
Nested Loop [NULL] 0.16 - 274098.82 100000 | 1.537.926 [NULL]
Seq Scan track 0.00 - 271836.60 100000 | 1.496.500 [NULL]
NHibernate Memoize [NULL] 0.16 - 0.18 1 0.000 [NULL]
Index Scan album 0.15-0.17 1 0.001 traéli!)tieg?ﬁb(:n:i d)

In terms of processing time, Dapper gives the best results  the NHibernate  ORM tool doesn’t have the best
in 5 of 7 operations including read, delete, search sort and  performance for any operation. As a result, Dapper ORM
reading from joined tables. However, Dapper could not win  tool should be used to get the fastest results in applications
the feature of being the best ORM tool in processing times ~ where operations such as reading, searching, and sorting
due to the worst results in insert and update operations. EF  will be done intensively. In applications which adding and
Core gives the best result in all record count groups to the  updating operations will be carried out intensively, the EF
nearest ORM tool, with a margin of about 70% for inserts  Core ORM tool should be used to get the fastest results.
and about 40% for updates. In terms of transaction times,
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In terms of RAM usage, Dapper gives the best results in 6
out of 7 operations while EF Core performs better only in
the reading from joined tables operation. However, in
reading from joined tables operation, there are very close
consumption results between EF Core and Dapper in terms
of RAM usage.

Dapper gives the best results in terms of CPU usage in all
operations except reading from joined tables operation.
Moreover, it performs 2 times or better than other ORM
tools in many operations. However, from these results, we
can infer that when queries become more complicated, EF
Core outperforms others in terms of CPU and RAM usage.

If we evaluate the RAM usage and CPU usage results
together, Dapper is still the ORM tool that gives the best
results in terms of resource usage. Dapper ORM tool
should be preferred in software projects developed with
.NET 6 where resource consumption is higher.

As a result of our research, Dapper provides the best
performance within the ORM tools in .NET 6 environment,
considering the processing time, RAM usage, and CPU
usage. When choosing Dapper, it should be considered that
some of its features are clipped as a micro ORM tool. If a
full-featured ORM tool needs to be used, the ORM tool that
we can get the best performance is EF Core.

According to the execution plan results, the differences
between ORM tools are not due to the operations at the
database side. Databases apply almost similar execution
plans for simple operations. The main reason for the
differences is the techniques applied by the ORM tools
such as mapping, caching etc.

Different conclusions about different ORM tools can be
obtained by doing similar research to ours. The following
list can be given as research recommendations in this
regard:

e Analysis studies can be done with different or new
ORM tools.

e Performance analyzes can be made with different
databases other than PostgreSQL.

e ORM tools performance analysis can be performed for
different software development environments.

e Abenchmark suite can be developed by standardizing
operations, software configuration parameters and
hardware characteristics of the test computers.
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Abstract— In this study, a proposal on how software license assets should be managed with an enterprise risk
management approach has been put forward. The study examined licenses, which mean software usage rights, and various
license models with a complex structure. Within the scope of the study, the risks that might arise concerning software
licenses were determined and these risks were categorized. Considerable risks prioritized by senior management in
businesses were identified and responses and strategies were set out for each risk factor that needs to be kept under control.
The method suggested in the study was applied in a large-scale enterprise acting in the telecommunications sector. As
part of this application, the enterprise’s current situation in software asset management was revealed. The outcomes of
the application are expected to be beneficial in determining the risk models of the enterprises. The study presents the
study's management of software assets, determination of risks, and solutions to be applied to risks.

Keywords—audit, enterprise, risk, risk management, software, license

[sletmelerde Yazilim Lisanslarinin Ydnetiminde Risklerin
Incelenmesi ve Fayda-Maliyet Analizi

Ozet— Bu calismada, yazilim lisans varliklarinin kurumsal risk yonetimi yaklasimiyla nasil yonetilmesi gerektigine dair
bir oneri ortaya konmustur. Calismada yazilim kullanim haklar1 anlamina gelen lisanslar ve karmasik bir yapiya sahip
cesitli lisans modelleri incelenmistir. Caligma kapsaminda yazilim lisanslarina iligkin olusabilecek riskler belirlenmis ve
bu riskler kategorize edilmistir. Isletmelerde iist yonetimin énceliklendirdigi dnemli riskler belirlenmis ve kontrol altinda
tutulmasi gereken her bir risk faktorii ig¢in yanitlar ve stratejiler olusturulmustur. Calismada Onerilen yontem
telekomiinikasyon sektoriinde faaliyet gosteren biiyiik dlgekli bir isletmede uygulanmistir. Bu uygulama kapsaminda
isletmenin yazilim varlik yonetimindeki mevcut durumu ortaya ¢ikti. Uygulama sonuglarinin isletmelerin risk
modellerinin belirlenmesinde faydali olmasi beklenmektedir. Calisma, ¢alismamin yazilim varliklarinin yonetimini,
risklerin belirlenmesini ve risklere uygulanacak ¢éztimleri sunmaktadir.

Anahtar Kelimeler— denetim, kurumsal, risk, risk yonetimi, yazilim, lisans

1. INTRODUCTION human resources, operational, and particularly

information technology risks of the organizations
Risk management has become one of the areas that gain ~ holistically. With the development of technology and the
importance day by day and requires focus. As a result of ~ rapid increase in internet access, the expectations of
the shift from traditional risk management to enterprise ~ customers have also changed, and companies have
risk management, the risks are no longer limited to increased their investments in information technologies to

financial risks but have expanded to address the strategic, ~ keep pace with these expectations. A considerable part of
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the investments made by companies undergoing digital
transformation in this context consists of software.
Therefore, institutions now need to pay more attention to
the management of software assets, whose share is
increasing compared to other budget items.

Today, we hear the concepts of digitalization and digital
transformation frequently. We often witness that it is not
only heard but also it is in our daily lives. So what does
this concept mean? Let's try to explain the difference
between the two concepts thanks to a few examples.
When you enter the office restroom in your workplace,
the lighting is an example of digitalization, which detects
you through sensors and turns on automatically. The
lighting will automatically turn off after a certain period
when you stand still and have not come out of yet.
However, if you have not left yet, you will be in the dark
and you will have to move somehow to make the lights
come on. This is an indicator of the fact that digital
transformation has not started yet. Whenever the
aforesaid sensors recognize you and estimate the duration
of the lights according to your age and gender and turn
them off accordingly, then we can say that digital
transformation has begun. To set another example of
digitalization, being able to control an air conditioner
running in your home through remote control and
stabilizing the ambient temperature can be cited. When
your air conditioner automatically informs you or the
technical service by sending a text message when the gas
is running out of, or when it calculates the energy
consumption of the surrounding air conditioners,
considers that it consumes more energy and informs you
that there must be a problem in the engine, we can say that
the digital transformation process has started. Thus,
digital transformation is a process that starts with the
customer (user) [1].

Institutions are increasing their technology investments
day by day to adapt to the digital transformation process
and not to stay behind it. Particularly, largescale
companies have already begun to position themselves as
technology companies. For instance, the CEO of
Goldman Sachs, a multinational investment bank,
describes his company as a technology company. In the
headline of an article published in MIT Technology
Review, expressions are drawing our attention that the
Walmart Company has turned into a technology company
[1]. In advertisements for the bank industry after 2015 in
Turkey, now, we see that emphasis is placed on customers
making their conversations with robot assistants.

Digital Transformation Office established under the
Presidency of the Republic of Turkey in 2018, enables our
country to follow its adaptation to this transformation
process in a more institutionalized structure. In the
Information and Communication Security Guide released
by the Office on 24 July 2020, the obligations are
included, which makes software asset management
mandatory for public institutions and private companies
providing critical infrastructure. A 2-year schedule has
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been planned for the institutions to adapt to this transition
[2]. Durdu and Eren worked on integrating information
security with information systems. The software has been
proposed so that institutions can carry out and maintain
their continuity by transferring all the processes required
by 1SO 27001, which is the information security
management system standard, to the digital environment

3.

It is software, which is one of the most fundamental
elements that constitute the infrastructure of products
produced by companies for digital transformation in
terms of information technologies. Bill Gates highlights
that the software development business is the closest
profession to magic in the world [1]. Companies take
advantage of software-based platforms while introducing
their products to their customers in different media
(websites, social media, mobile applications, etc.). These
software are procured either by in-house coding with the
help of their own human resources or by acquisition from
outside. Just as an artist demanding a certain fee for the
lyrics s/he writes or a poet demanding fee for the poetry
s/he composes, as it is subject to copyright, individuals
and institutions that generate a work (software) by coding
also demand a certain fee and copyright. The fee required
is called the copyright license [4].

Table 1. Worldwide information technology spending
forecast (S:Spending, G:Growth %)[5].
2019 [2019] 2020 [2020| 2021 |2021

s G s G s G
Datacenter |\ 514053 | 06 | 188365 | ... | 200094 | 62
systems 10.3

Enterprise

T erise | 476,687 | 117 | 449506 | 5.7 | 482,666 | 7.4
Devices | 711525 | -03 | 596914 | o, | 611,303 | 2.4
IT services | 1,040,263 | 4.8 | 969,438 | -6.8 | 1,023,179 | 55
Commun.

o | 1,372,236 | -0.6 [ 1,326,492 | -33 | 1,366,419 | 3.0

Overall IT | 3,810,764 | 2.3

Manufacturer

Product Family

3,530,714 | -7.3 | 3,683,661 | 4.3

T X PLAN Ataxy
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Figure 1. An example of product use rights [6].

Information as to how much companies invest in
information technology across the world and how much
these investments are expected to increase in the long
view is available in Table 1. This table illustrates the trend
of worldwide information technology expenditures
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between the years 2019-2021, which was published by
Gartner in July 2020. Realizing in particular that
corporate software expenditures will increase at a greater
rate in 2021 compared to other investment items reveals
the fact that it is a demanding area for companies.

The concept of license defines the complexity and limits
of the authorization to use the software owned by the
licensee. When you buy software, you have a license that
means the right to use it. With exceptions, the software
itself always belongs to the software vendor. No price is
paid for free software, open-source software or software
for a definite period of use. Our research will not cover
this type of software. There may be differences in
licensing models of software purchased on the basis of a
certain contract for a fee. In the research we performed in
a telecommunication company, more than 1000 different
software purchased from more than 100 different
companies were encountered. Considering the licensing
models of this software, it is seen that there are more than
100 different license models. Some of these licenses are
user-based, earning-based, per central processing unit
(CPU), per seat, usage-based etc. These models are
changed by software vendors at certain periods and differ
in terms of the infrastructures they are installed on. User
licenses are commonly installed on client hardware. To
set an example, laptop or desktop computers, mobile
phones, tablets, etc. devices can be specified. Moreover,
there is hardware such as servers or storage devices in
data centers. Many different operating systems and
software such as virtualization run on this hardware. A
large-scale telecommunications company has more than
20,000 clients, 10,000 servers, and devices such as
storage. Considering the software traces coming from
these devices, it was observed that over 1 million data
were received.

Apart from the variety and different software license
models, it is also significant for companies to clearly
define the right to use the purchased software in the
contract. An example of product usage rights is given in
Figure 1. In the example in Figure 1, a water order is
received from a company that produces water and fruit
juice. Some of the water is sparkling water and some is
normal water. But some water is packaged in 1-liter, some
in 0.5-liter bottles. Some of them are packaged in 6 pieces
and they contain 3 normal and 3 sparking water bottles,
each of which is 0.5 liters. Even though it seems that only
water has been ordered, the fee and usage rights paid for
each product are different

The points that demonstrate how important it is for
organizations to manage assets effectively are the
following: the product variety in the above-mentioned
software licenses, the differences in licensing models, the
change of usage rights according to the contract, and the
fact that it constitutes an important expenditure item in the
budget. The underlying idea of this study is what kind of
risks organizations will face in case they cannot
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effectively manage these complex assets in a manner and
how these risks should be managed.

In addition to the lack of a mere explanation agreed on the
concept of risk, it is considered as a threat or opportunity
that may have an impact on the achievement of the
company or institutions' goals [7]. This concept was first
used in the field of insurance in the 1950s. While the
traditional understanding of risk management focused
more on financial risks in the 1970s and 1980s, we can
observe that organizations also focused on operational
risks as of the early 1990s and switched to an enterprise
risk management approach. After 2004, the risk was not
only deemed as a threat but also as an opportunity that
could be turned into an advantage [8].

In traditional risk management, silo-based risk
management was adopted. Every single unit within the
company focused on its own risks. Financial risks were
mostly prioritized, and hedge transactions were
performed using derivative instruments in order to avoid
these risks. While shifting to enterprise risk management,
a holistic approach to risks was adopted. Not only
financial risks but also operational and strategic risks
came to the fore. In addition to financial risks, the
following risks also started to be managed in
coordination: supply chains, distribution systems,
corporate management, information technologies, and
human resources [9].

Especially with the emergence of the enterprise risk
management approach, that is, after the 1990s, the number
of studies and publications on risk management has
increased significantly. As can be seen in Figure 2, we can
say that since the second half of the '90s, the rate of
increase of publications on enterprise risk management
has increased significantly compared to the increased rate
of publications on internal control and internal audit.

Figure 2. Publications on risk management, internal
control, and internal audit [10].

The outbreak of the Enron crisis in 2001 and the Worldcom
scandal at about the same time heralded a new era in
financial circles and particularly in the enterprise risk
management discipline. In the Enron crisis, thanks to the
manipulation of the company's accounting records, a
company that was indeed at loss was depicted as profitable
for years. Following this crisis, the Public Company
Accounting Reform and Investor Protection Act, known as
the Sarbanes-Oxley Act, was enacted in the United States
in 2002 [11]. With this act, it was obligatory for public
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companies to adopt the risk management principles, and to
document and evaluate the controls related to the identified
risks. Moreover, the major responsibility for these
processes is given to top executives [11].

In 2004, the COSO (Committee of Sponsoring
Organizations of the Treadway Commission) put forth the
Enterprise Risk Management Framework. Normally, in
1992 COSO introduced the Internal Control Framework,
but especially following the Sarbanes-Oxley Act, it tried
to clarify which methods and how should be employed in
risk management and internal control issues during the
implementation phase of this act [11].

Along with the COSO framework, many different
organizations issued guidelines on risk management [12].
In 2009, ISO (International Standards Organization)
published a guide that includes the application of risk
management principles well-accepted in international
standards known as ISO 31000 [11].

The proliferation of risk management in the course of
time, its being subject to laws and its continuous
improvement are the indicators demonstrating the fact
that it has become more important for organizations. It has
been criticized in the literature that there are few empirical
studies evaluating the contributions that enterprise risk
management (ERM) makes to organizations [11]. In
general, there are studies on the following subjects:
practices that measure the maturity levels of companies in
different sectors in enterprise risk management, the
effects of enterprise risk management on company
performance, and its interaction with internal audit and
internal control. For instance; to measure the impact of
ERM on the financial performance of companies, samples
were taken from publicly traded companies in the Istanbul
Stock Exchange, which is among the largest 500
industrial companies published by the Istanbul Chamber
of Industry (ISO) in 2014 [8]. In a study performed on 62
companies selected from the first 250 companies in Bursa,
it was observed that the level of ERM implementation was
positively affected by the increase in the turnover and
degree of centralization of the companies [13]. 25
companies operating in the energy sector, which are
among the 1SO 500 companies in Turkey, were selected
as samples, and with the surveys carried out, it was tried
to reveal the maturity level and profile of enterprise risk
management practices in our country [14].

Apart from the above-mentioned examples, many studies
were also discussed in terms of managing software
development project risks. A bank ATM project was
taken as an example and an approach was put forward on
how to identify and analyze risks in software development
projects, plan risk response strategies, and design control
activities [15]. There are also studies in which smart
methods are employed in order to manage costs and risks
in software projects. The software data between 2007 and
2014 of a company acting in the telecommunications
sector were compiled. Thanks to these data, an approach
was suggested that can predict how a software project will
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result when it starts using the fuzzy logic method [16]. In
parallel, artificial intelligence-based risk management
studies became apparent. In the study conducted on 467
software project data collected from 774 different
software companies, a web-based model that performs
risk management based on artificial intelligence was
produced. Using this model, the project budget, time plan,
and deviations from achievements can be estimated as per
the risk levels [17]. Fuzzy methods were used in the
selection and evaluation of enterprise resource planning
[18].

On the management of software assets, a thesis study was
conducted in 2018 within the University of Twente,
School of Management and Governance MBA (Business
Administration) program in the Netherlands. Within the
scope of this thesis, Thales Huizen, a large technology
company, was chosen as a case study. In the study, it was
mentioned that the purchasing costs cover 50 to 80
percent of the operations of the companies and the place
of software costs in this cost was emphasized.
Suggestions were put forward on how to improve the
software acquisition and asset management process and
what should be done in order to minimize the risks. The
study is based on three main questions. Answers to the
following questions were sought: Is software asset
management applied in Thales company and similar
companies acting in the same industry? What are the risks
and problems in the current software sourcing and
management process? Finally, what are the requirements
for developed software procurement and management
process in order to minimize risks and problems? A
descriptive qualitative research method was adopted by
using process modeling and semi-structured interviews
[19]. In terms of software asset management, it can be
argued that it is the most comprehensive academic study
we encountered.

In a thesis study performed within the MBA program of
Helsinki Metropolia University in Finland, the current
situation of software asset management of a large telecom
operator in Finland was analyzed. Using the results of the
current situation analysis, improving the company's
software asset management was set as the objective. As in
the example of Thales, in terms of its method, it was
qualitative research where interview workshops were
performed. Participants representing the entire company
were carefully selected in these interviews. In the study,
it was revealed that there were positive developments in
software asset management within the company, but the
process remained isolated and the whole company should
become organized. It was particularly emphasized that a
tool (system) should be used in order to manage software
asset management effectively and a program should be
initiated within the company to improve the competencies
[20].

Academic studies and private companies' surveys contain
important examples regarding the prevalence of
enterprise risk management in the world and the level of
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maturity achieved by the institutions in Turkey [19]. Also,
rapidly developing and transforming technology tools
have a serious impact on institutions. One of the key
components of these technology tools, the software
licenses, are complicated and expensive, thus it's vital to
manage them systematically.

Licenses for software assets are very complex for
businesses and useless licenses are created if not managed
effectively. In the report published by Gartner in July
2020, it was emphasized that it should be realized that
especially enterprise software expenditures in enterprises
will increase more than other investment items in 2021.
Therefore, it has been clearly stated that the management
of software licenses is an important risk for businesses to
be managed. With the holistic perspective of enterprise
risk management, companies need to focus on financial
and technological risks.

In this study, it has been tried to start an application for
the effective management of software licenses used by
companies by adopting the enterprise risk management
approach and to analyze the profit-benefit analysis
provided to the institutions by discussing the post-
implementation results. In the second part of the study,
information is given about the methods to be used within
the scope of the study. The methods used in the study
were applied to a private company operating in the
telecommunications sector and the details of the risks
identified after the application were given. In the third
part, current risks are given. In the fourth chapter, current
risks are answered and suggestions are made. In the
conclusion part, information was given to the institutions
for the purpose of advice.

2. METHODS USED IN THIS STUDY

During the implementation phase, a company was
selected as a pilot company acting in the
telecommunications sector in Turkey. Having over 30
thousand employees and serving over 40 million
customers, the company is among the leading companies
in terms of its size in its sector. In this respect, it is
expected that the application made specific to the selected
company provides an advantage in terms of being
inclusive for other companies implementing software
license management.

Two different methods were employed in order to identify
risks in information technology (IT) software license
management. One-on-one interviews and focus group
meetings were held. Moreover, in order to take advantage
of the enterprise risk management approach, risk classes
mentioned in the Public Internal Audit Manual were
utilized [21].

2.1. Current situation (One-to-one interviews)

In order to determine the maturity level of software
license management in the pilot company, the existing
inventory was revealed. 166 units were contacted one-on-
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one and a set of 25 questions was delivered. These
questions were: the name of the software, the number of
licenses, license metric, contact information, validity
periods, whether the measurement was made or not
(Annex-1).

As a result of the study, it was revealed that there are more
than 1600 different types of software licenses in the
inventory of the company. These licenses were observed
to be obtained from more than 100 different
companies/vendors. Also, it was seen during the
examinations that there were 132 different license models
(Annex-2). The sub-category licenses given in Annex-2
are the licenses under the main category licenses. For
example, "User" based license is determined as the main
category, but there are "User" licenses in many different
subcategories such as "concurrent" or "named user". It
was stated that the licenses in the inventory run by around
15,000 servers and approximately 21,000 client devices.
According to the declaration of the relevant teams, it was
understood that 15% of the software licenses in their
inventory were not managed effectively. 65% of the
software in the inventory was observed to be in the IT
category and 35% in the Network/Access category. When
the contract prices are considered, it was seen that an
annual total investment and maintenance budget of more
than 100 million TL was allocated.

2.2. Focus group meetings

The main purpose of this study is to determine the risks
with one-to-one and group meetings in order to manage
software licenses and make profit-benefit analysis in
businesses. As a result of one-on-one interviews, the
current inventory was revealed. Data revealing the
complexity of license management was obtained. As the
second stage, focus group meetings were held. Five
competent experts in their fields, who engage in contract
and license management, attended these meetings.

At the meetings held, the current software inventory was
examined and the possible risks that might be encountered
by the company in this regard were determined. The
probability of occurrence and possible effects of the
identified risks scored between 1-5. Risk scores were
determined by multiplying the obtained impact-
probability scores and prioritized considering the risk
appetite of the company. The strategies to be adopted by
the company against these risks, the responses to the risks
and the controls to be applied were determined.

3. RISKS

A focus group can be broadly defined as a type of group
discussion on a topic under the guidance of a trained
group moderator [22]. As stated in the literature, one of
the main purposes of the research is to manage software
licenses and to identify risks with group meetings in order
to make profit-benefit analysis in businesses. To
summarize the picture that emerged as a result of the
interviews; keeping the asset inventory up-to-date, which
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includes software running on thousands of servers and
clients in physical and virtual environments and with
hundreds of complex license models, is a necessity and is
of great importance. It is believed that the evaluation of
this area, for which a remarkable amount of budget has
been allocated, from an enterprise risk management
perspective will be beneficial for the members of the
board of directors and shareholders of the companies.
Details of the 12 risks identified in focus group meetings
are illustrated in Table 2.

Table 2. Risks identified in focus group meetings.
No Risks

Risk causes

Risk of financial loss that may occur

Inactive (ldle) due to the failure in pursuing the

! software cost risks issues regarding the existing software:
necessity, benefits and use cases
Risk of duplicate procurements and

2 Duplicate possible financial loss due to the lack

procurement risks of existing inventory control in new

software requests.

Loss of reputation and financial risks
that may arise as a result of the audits
performed by the software suppliers

3 | External audit risks

Security and business continuity

Failure in being up to interruption risk that may occur due to

4 date with the versions the lack of support by th_e relevant
vendors for the old version software
used

A Workforce loss risk due to repeating of
Ineffective inventory | . -
5 inventory work during contract
control -
renewal periods
Deficiency in Risk of financial loss due to not using
6 | alternative product more cost-effective or open source
analysis products having the same functions
The risk of loss of workforce and
Long procurement bargaining power due to prolonged
7 10CESSES procurement processes caused by not
P keeping track of the software
inventory up to date.
The risk of financial and business loss
Inadequate contract -
8 due to software contracts not being
control . .
concluded in favor of the enterprise
Business continuity interruption risk
9 Ineffective contract | that may occur due to the inefficient

tracking tracking of software license contract

periods

Possible risk of loss of workforce in
the internal audit process due to
inefficient software inventory
management

10 | Internal audit risks

Financial loss risk that may arise due
to delays in adapting to licensing
models that have changed as a result

Inefficiency in
11 | following the license

model .
ode of the strategies of the vendors
The risk of financial and business loss
Risks from that may arise in case the software

12 incomplete feasibility | requirement request is not analyzed

properly during the planning phase.

After the risks were determined, the impacts of these risks
on the company were evaluated. While performing this
assessment, the risk analysis model (risk map) was
utilized. In the light of the scores obtained as a result of
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the focus group meetings, the dangers that will be
encountered by the company were evaluated through the
risk analysis model.

The information on the impact range of the scored risks
as a result of the creation of the risk analysis model is
available in Table 3. According to the scores, it can be
seen that 3 risks marked with dark grey are determined as
high level, 5 risks marked with grey as medium level, and
4 risks marked with light grey as low-level risks. How the
Company's top management plans to respond to these
risks considering the risk appetite is also illustrated in the
relevant table.

Table 3. Effects of risks and responses (I: Impact, P:
Possibility, S: Score, R: Responses, C: Controls, CT:
Control Type).

No Risks 1| P S R C CT

Inactive
(ldle)
software
cost risks

Semi-

Check it automatic

Preventive

Duplicate
2 | procurement| 4 | 4 | 16
risks

Semi-

Check it .
automatic

Preventive

External Semi-

3 | audit 5| 2 | 10 | Checkit | Detective | automatic
risks / Strict

Failure in
being up to
date with
the versions

Semi-

Check it .
automatic

Preventive

Ineffective

5 | inventory 11 4] 4
control

Admit it - -

Deficiency
in

6 |alternative | 3 | 2 | 6
product
analysis

Admit it - -

Long
7 | procurement| 2 | 3 | 6
processes

Admit it - -

Inadequate
8 | contract 4121 8
control

Check it | Directing | Manual

Ineffective
9 | contract 5| 31| 15
tracking

Check it | Preventive| Automatic

10 Internal 2| 9 4

audit risks Admit it - _

Inefficiency
in

following Check it | Corrective PEM~
the automatic
license

model
Risks from

12 %22?.?.‘?.'?;9 4 |3 |12 [Checkit

11

Directing [Manual
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4. RESPONSES AND PROPOSALS TO RISKS

It was determined that the 3 risks, which are considered
as higher level among the 12 risks illustrated in Table 3,
are the ones that primarily need to be taken precautions.
How the company will respond to these risks (risks 1, 2
and 9) and what kind of controls should be applied are
clarified. These 3 risks were evaluated collectively.

Three different proposals were put forward in order to
keep under control the High-Level Risks (1,2,9), which
are Inactive (ldle) Software Cost Risks, Duplicate
Procurement Risks and Ineffective Contract Tracking
risks, and to minimize their impacts.

4.1. 1st proposal; team building (SAM team)

To build a license inventory management-focused team,
referred to as the Software Asset Management (SAM)
Team. This is the team that centrally creates and manages
the software license inventory. It can obtain information
from relevant users, request contract details from
purchasing teams, and follow up updates. The team to be
built is positioned as the internal control team. It is of
importance to be in a strong position within the
technology organization, with equal measure to each unit.
Otherwise, it will have problems in reaching the necessary
information quickly and its power of sanction will be
limited. Considering the size of company, where the pilot
application is performed, the team is recommended to
consist of at least 5 people. The team can be expanded
according to the number of software vendor companies to
be managed. In order to ensure an effective inventory
management in light of the best practices, 1 expert should
be allocated per 10 vendors.

4.2. 2nd proposal; SAM system setup

It is recommended to provide a license inventory
management system (Software Asset Management Tool)
in order to manage license management with actual data.
The following information about the software procured
by the company should be kept regularly: what the license
models are, number, right of use, duration of use, etc.
What's more, actual usage and installation data are of vital
importance. Within the scope of usage data, it is necessary
to access real data through automation by scanning
servers and clients rather than statements of individuals.
Due to the size of the organization, different units can
perform installations unaware of each other within the
company. By ensuring a central control, possible under
licensing or over licensing information can be monitored
in an effective manner. In the light of this information,
duplicate procurements can be prevented thanks to
analyzing new license requests by checking current uses.
By monitoring less frequent usage, savings can be
achieved by excluding the related products from the scope
of the contract during maintenance times. It is possible to
be reminded about the renewal of license contracts by
automatically delivering the usage periods to the teams
responsible for the system.
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4.3. 3rd proposal; software life cycle process

During the phases of team building and establishment of
license inventory management system, it is of vital
importance to write the software life cycle process, which
determines roles and responsibilities, and to be
implemented after approval by top managers. If an
approved process is not initialized, the responsibility
areas of the SAM team will not be clear. Therefore, the
established system will become dysfunctional in the
course of time.

If these three proposals are put into practice effectively in
the organization of the company, the impacts of risks 1, 2
and 9 will be minimized as far as possible. For risks 1 and
2, automatic and manual controls will be provided with
the help of both system and process support. Automatic
controls will be ensured for the number 9 risk. As a result
of the market researches, it was estimated that the cost of
the first investment (CAPEX) that the company has to
bear for these controls will be around 2 and 3 million TL.
The annual operational (OPEX) cost for the team (5
people) was calculated to be 0.75 million TL. It can be
suggested that this cost is acceptable in terms of effective
management of assets for a company that spends more
than 100 million TL on license annually.

In an analysis released by Gartner in 2016, it was stated
that companies that built the SAM system could save up
to 30% in license expenditures [23]. In another analysis
of Flexera company released in 2011, it was stated that
companies that built the SAM system would make annual
savings of up to 10% in license expenditures [24].

4.4. External audit risks

In software license contracts notedly owned by largescale
international corporate companies, the relevant vendor's
right to audit is included as standard. The products of 5
big companies, referred to as “Top 5 Vendors”, are
commonly used across the world. These big 5 companies
are known as Oracle, Microsoft, IBM, SAP and Micro
Focus (formerly HPE). As a matter of course, there are
other companies that include the audit article in the
contracts they made. However, these 5 companies have
higher audit risks. Because the business volume with
these companies is higher, the products used are directly
related to critical infrastructure and business processes.
As a priority, it is recommended to follow the licenses of
these companies. No matter how many precautions are
taken, the contractual request of the vendor for an external
audit will not be prevented legally. However, once the risk
occurs, some actions can be taken in order to minimize
the possible impact. Especially, thanks to the building of
the SAM system, license usage can be tracked
automatically. Furthermore, resolutions should be
released and it should be ensured that the software
licenses, which are used within the company with the
ethical license model, are not used over the amount of
product (under licensing) purchased. If the problems that
may arise after the audit are known, negotiations can be
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made with the relevant vendor accordingly and the
audited company can overcome this process with the least
damage.

4.5. Failure in being up to date with the versions

SAM system is thought to be used in order to control the
license versions of software products. With the automatic
discovery, software licenses coming from data sources to
the SAM system can come together with version
information. However, it will not be enough to get this
information alone. It should be compared with an
information repository that checks the up-to-dateness of
the incoming version information and whether it is
supported by the vendor. This information repository is
formed by the shares of vendors who openly share license
information with the public. When a catalog, referred to
as the "Master Catalog", is included in the SAM system,
automatic checks can take place. Products referred to as
"End of Support” or "End of Life" can be reported to
responsible users at certain periods.

Version information of companies whose license
information is not openly disclosed can be added to the
system manually and reported. Reports must also be
delivered simultaneously to cyber security teams.
Through implementing these controls, it can be targeted
to minimize the risk impact by preventing possible
security gaps and interruptions in business continuity.

4.6. Inadequate contract control

In the technical specifications (RFX) and administrative
contracts to be issued when purchasing software products,
arrangements regarding license models or source code
ownership of the software must be made in favor of the
company. Especially in purchases by tender, in projects
for which the solution is not yet clear, the license model
may be requested to be perpetual. Making the preference
not dependent on a variable metric such as the number of
users, the number of processes and subscribers is
important in terms of preventing additional costs that may
arise after the project. Also, if possible, requesting the
source code of the software to be procured will reduce the
dependency of the company. In order to take these
measures, the claimant technical units, procurement units
and legal teams must be informed in writing in advance.
In addition, obtaining consultancy from the SAM team
during the technical specification preparation phase by the
claimant teams and checking the documents by the SAM
team are directing manual controls that will minimize the
risk.

4.7. Inefficiency in following the license model

It is known that software license models are changed over
time by the vendors. They make this change sometimes to
simplify complex license models, sometimes to increase
their revenues, and sometimes due to the developments
and changes in technology. Many manufacturing
companies announce these changes to their customers and
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the public in advance. Companies, on the other hand, need
to take necessary precautions beforehand for these
changes. With respect to these changes, the "Master
Catalog" information repository working with the
aforementioned SAM system can be utilized
automatically, and it will be possible for the SAM team to
follow up these changes manually. SAM team can analyze
the impacts of license model changes that may be
encountered in the future on the company and report them
to the relevant parties. In this way, the company will be
least affected by this risk. One point that should be kept
in mind is that in order for the license model and metric
change to occur, this change must be registered with a
new contract.

4.8. Risks from incomplete feasibility

The needs analysis should be performed accurately for the
software that are planned to be procured at the stage of
making a new investment decision. If the need is not
determined accurately, there may be a risk of higher costs
than the initial investment for the company. In order to
minimize these risks, the SAM team can be included in
the feasibility processes. Predictions and
recommendations can be added to the checklist as to what
the software model should be, which will be created
without feasibility approval.

The responses to be given by the company for 8 risks out
of the 12 identified risks and proposals regarding the
controls are summarized above. For the remaining 4 risks,
the company is not considering any control; these risks
are (risks 5, 6, 7 and 10): Ineffective Inventory Control,
Deficiency in Alternative Product Analysis, Long
Purchase Processes, Internal Audit Risks. Due to the fact
that the probability and possible impacts of the risks will
be low, these risks are among the acceptable risks. It is
expressed as the residual risk in the literature.

5. CONCLUSION AND DISCUSSION

We can also consider the old quotation of "if you can't
measure it, you can't manage it" attributed to Peter
Drucker as a principle for license inventory management
[25]. It is the ability to measure, the precondition for the
discipline of software products tracking purchased by
companies for millions of liras. Only then can
forwardlooking strategic decisions be made easily.
Otherwise, it will continue to be the bleeding wound of
companies as an uncertainty.

The aim of this study is to reveal the risks or opportunities
that companies face while managing their IT software
license assets and the measures to be taken against these
risks with an enterprise risk management approach. While
revealing these risks, one of the largest companies in
terms of sample size was chosen as a pilot. The results are
expected to be a guide for companies using software. The
emergent results as a recipe are particularly advisory for
companies managing complex and diverse software assets
in their inventory. Moreover, it is thought to make a
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contribution to the literature in terms of demonstrating
whether the application of enterprise risk management
adds value to companies.

Among the possible gains to be achieved with the study,
the following can be listed: prevention of duplicate
software procurement, optimization opportunities that
may arise as a result of reducing maintenance costs by
tracking the usage of purchased software.

As proposals, the following can be stated: to be prepared
against vendor audits (external audit) while managing
software assets, to protect against both reputational loss
and business continuity risks thanks to the detection of old
version software that may cause security vulnerabilities.

Companies need to create their own software inventories
as a priority step. When starting the inventory conduct,
taking a certain starting date as a baseline will make the
process run more effectively. Otherwise, searching for
very old-dated contracts will lead to both a waste of time
and will not make any additional contribution. Also, it
may not always be possible to access very old-dated
contracts and information. There may be no detailed
information in the contract documents, the contracts may
be missing in the archives, the responsible persons may
have quitted the job or the owner of the vendor may have
changed.

Following a software inventory conduct based on a
certain date, priority should be given to the software
licenses of the most used and risky vendors. Building a
SAM system according to the size and complexity of the
companies is recommended.

In future academic studies, new risks can be added to the
aforementioned risks, and the responses to be given
according to the risk appetite, strategies and controls of
the companies can be changed. Moreover, the maturity
levels of companies regarding their information
technology units in our country in their license inventory
management can be questioned. The following issues can
be examined: How many companies have set up and
operated the SAM system and how many companies have
not centrally managed any software license inventory.
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Annex 1. Questions

1 Licenses

2 Product/license description
3 Application/system name where the license is used
4 License model (category)

5 License model (sub-category)
6 Declared license model

7 Current quantity

8 Activation date

9 Expiration date

10 Contact person

11 Department name

12 Directorate name

13 Cost center

14 Supplier name

15 Manufacturer name

16 Purchase order number

17 Price per unit

18 Renewal price

19 Remarks

20 The licenses are managed?
21 Is there any unlicensed position?
22 The license can be replaced?
23 What are the alternatives?
24 Is the meeting completed?
25 Operation contact
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Annex 2. License models
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Category

Category
Description

Sub Category

RVU
(Resource
Value Unit)

User

Licensing is
based on users
directly using
the application

User

Non Employee
User

UVU (User
Value Unit)

VUH (Virtual
User Hour)

Active User

Concurrent
User

Active
Concurrent
User

Authorized
User

Profile-based
User

Named User

Virtual User

Floating User

Admin User

GUI User

Retail User

Professional
User

Limited
Professional
User

Employee
Self-Service
User

Manager Self-
Service User

Employee User

Developer
User

Expert User

Business
Information
User

Process
Control User

Partner User

MSS User

ESS User

Agent

Concurrent
Agent

Seat

Site

CPU

Licensing based
on CPU and
components

CPU

Processor

Socket

Core

PVU
(Processor

Device

Licensing is
based on using
all kinds of
device and
device concepts
(port, IP,
instance)

Device

Device
(Concurrent)

Network
Device

Mobile Device

Agent

Disk Drive

Probe

Point

Instance

Operating
System
Instance

Home
Gateway

Rack

Cabin

Station
(Concurrent)

Phone

Mobile Phone

Server

Application
Server

Exchange
Server

Virtual Server

Database
Server

Client

PC

IP

Port

Node

Platform

Host

Hardware

RAM

Named Host

Environment

Terminal

Firewall

Access Point

Active
Concurrent
Access Point

Router

Switch

Installation

Value Unit)

Transaction /
Traffic

Licensinis g
based on using
metrics

TPS
(Transaction
Per Second)
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containing
transaction/traffi
¢ information of

the service
provided by the

application

MBPS (Mega
Bit Per
Second)

GBPS (Gigabit
Per Second)

Gigabyte Per
Day

Personnel

Mailbox

Subscription

(Inter)Connecti
on Per Day

Call

Conference

Concurrent
Call

Concurrent
Conference

Call per Month

Call per
Second

EPS (Event
Per Second)

MSU
(Message
Signal Unit)

MPS (Message
Per Second)

Query per
Month

Application
Customers
Mobile
Customers
All Subscribers
Licensing based ?IL MQE'IE
on indicators not ubscribers
- related to the Budget
Indirect service provided
by the Emplo_yee
application Full-Time
Equivalent
Spend Volume
Flat Fee
Revenue
Situations that Freeware
Freeware do not require Inhouse
any payment
Bundle

MMS per Day

CDR per Day

Concurrent
Session

Log per Day

CAL (Client
Access
License)

Capacity /
Activity

Licensing is
based on using
metrics
containing
transaction/traffi
¢ information of
the service
provided by the
application

Subscribers

Mobile
Subscribers

Prepaid
Subscribers

Gigabyte

Concurrent
Video Stream

VoD (Video
on Deman)
Content

Concurrent
VoD (Video
on Deman)

Connection

Concurrent
Connection

Process

Scenario

Channel

Object

Data Objects

Master Data
Objects

HAVE

Payroll

Engine

Document
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Ozet— Giiniimiiz gelisen teknolojisiyle birlikte yapay zeka kullanimi artnustir. Bu durumun gogunlukla faydalari iizerine
konusulsa da kisisel veri mahremiyetine ve giivenligine olumsuz etkisi géz ardi edilmemelidir. Ciinkii yapay zeka i¢in
ham madde olan veriler, kisilerin mahremiyet haklarina aykir1 durumlara neden olabilmektedir. Bu dogrultuda ilgili
caligmada; genel olarak yapay zekanin kisisel veri mahremiyeti agisindan olusturdugu risklere, bu risklerin giderilmesi
icin Onerilen bazi yontemlere ve bu yontemlerden biri olan federe 6grenme metodu ile ilgili detaylara yer verilmistir.
Ayrica glinimiizde ¢esitli sektorlere ait uygulamalarda siklikla kullanilan yapay zeka iiriinii, sohbet robotlar1 (chatbot) ile
ilgili bir inceleme ve anket ¢alismasi yapilmistir. Bu anlamda; sohbet robotlarinin kullanimi ve yapisinin kisisel veri
giivenligine uygunlugu ile ilgili detaylara ve onerilere yer verilirken anket ¢alismasinda ise kisilere yoneltilen dort adet
soru ile kisilerin, sohbet robotu kullanma boyutunu ve sohbet robotu kullaniminin kisisel verilere etkisine yonelik
farkindaligin1 6l¢gmek amaglanmistir. Anket sonuglari, sohbet robotlarinin en fazla bankacilik islemleri i¢in kullanildigin
ve bireylerin %62,1’inin ise bu servislerin kisisel verileri kaydedip isleyebilecegini bilmedigini géstermistir.

Anahtar Kelimeler— yapay zeka, kisisel veri giivenligi, KVKK, GDPR, federe 6grenme, sohbet robotlari.

The Impact of Artificial Intelligence-Based Systems on
Personal Data Privacy: A Study on Chatbots

Abstract— Use of artificial intelligence has increased with the developments in technology. Although the benefits of this
situation have mostly been discussed, its negative impacts on personal data privacy and security shouldn’t be overlooked.
Artificial intelligence-based systems can cause antithetical situations in terms of the privacy rights of individuals because
of the fact that data is the raw material for artificial intelligence. Accordingly, the risks posed by artificial intelligence,
some methods recommended to overcome these risks, and one of these methods, federated learning, were covered in the
current study. Moreover, a study and survey were conducted on chatbots which are artificial intelligence products and are
frequently used in applications applied on various sectors. In this sense, some details and recommendations regarding the
use of chatbots and the compatibility of their structure with personal data security were included. In the survey with four
questions, it was aimed to understand the extent of using chatbots and the awareness on the effects of chatbot using
personal data. The survey results showed that chatbots are mostly used for banking transactions and 62.1% of individuals
do not know that these services can save and process personal data.

Keywords— artificial intelligence, data privacy, KVKK, GDPR, federated learning, chatbots.

1. GIRIS (INTRODUCTION) insan giiciinden daha kisa siirede daha hizli analiz etmeleri

ve bu verileri islerken 6grenme siirecine girmeleridir. Tim
Giiniimiiziin teknolojik gelisimiyle birgok alanda yer bulan ~ faydalar diistinildigiinde; son yillarda yapay zeka ve
yapay zekanin en dnemli faydalarindan birkagi; verileri, ~ yapay zekdmmn alt dallarina ait kollarda, literatiire yeni
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algoritmalar ve yontemler kazandirilmis ve kazandirilmaya
devam etmektedir.

Bu gelismeler yapay zeka diinyasi i¢in yeni ongdriilerin ve
yeni kapilarin agilmasina olanak saglamaktadir. Yapay
zeka uygulamalarina; tahmin, ses ve/veya goriintii tanima,
Oneri ve tespit sistemleri, sohbet robotlari, vb. gibi bir¢ok
uygulama ve sistem ornek olarak verilebilir [1].

Yapay zekdnin hammaddesini olusturan kaynak biiyiik
veridir ve yapay zeka teknolojisini kullanan sistemlerde,
toplanan biiylik miktarda verinin islenmesi durumu soz
konusudur [2]. Bu anlamda, kisisel veriler ve yapay zeka
iki tarafli ve birbirini besleyen bir iligski icindedir. Bir
yandan kisisel veriler yapay zeka teknolojilerini beslerken
ote yandan yapay zeka teknolojileri de ¢ikarimlar yaparak
daha fazla kisisel veri tiretir [3].

Biiyiik veri ihtiyact karsilanirken toplanan verilerin
mahremiyeti, dikkat edilmesi gereken 6nemli konulardan
biridir [1]. Bu durum, yapay zekanin sahip oldugu faydalar
yaninda ¢esitli riskleri de Dbarindirdigt anlamina
gelmektedir. Ornegin; hastalik teshisi i¢in kullamlan yapay
zeka sistemlerinde, veri olarak kullanilan kan testlerinin
islenmesi kisisel veri mahremiyeti ilkesine aykir
durumlara sebebiyet verebilmektedir. Ote yandan,
doktorlarim elinde bulunacak biiyiik miktardaki 6rnek test,
derin Ogrenme yoOntemleri ile hastalik teshisini
kolaylastirabilmektedir [1]. Anlasildig lizere yapay zeka,
bahsedilen riskler disiiniildiigiinde vazgecilen bir alan
olmamali; tam aksine gerekli ve dogru bir sekilde
kullanilarak faydasindan en dogru sekilde istifade edilen
bir alan olmalidir.

Tiim bu agiklamalardan yola ¢ikarak; bu ¢alismada, genel
olarak yapay zeka tabanli sistemlerin kisisel veri
giivenligine olan olumsuz etkileri, kullanicilarin karsi
karsiya kalabilecegi riskler ve bu risklerin nasil
asilabilecegine yonelik oneriler anlatilmistir.

Belirtilen amag ile ilgili yapilan literatiir taramasinda,
yapay zeka tabanli sistemlerin hangi Onlemler alinarak
tasarlanmasi gerektigi ve bdylece kisisel veri giivenliginin
nasil saglanabilecegi ile ilgili hem akademik hem de ulusal
ve uluslararasi otoriteler tarafindan yapilan caligmalar
incelenmistir. Bu baglamda calismada; Genel Veri Koruma
Yonetmeligi’ne (General Data Protection Regulation -
GDPR) ve 6698 sayil1 Kisisel Verileri Koruma Kanunu’na
(KVKK) da yer verilmistir.

Incelenen galismalar neticesinde, gizlilik prensibine uygun
sistemler tasarlamaya imkan saglayan Federe Ogrenme
yonteminin son birkag yildir literatiirde yer etmeye
basladig1 goriilmiistiir. Yapay zeka tabanli sistemlerde,
federe 6grenme yontemi kullanarak kisisel verilere saygili
tasarimlar yapmanin miimkiin olabilecegi anlatilmistir.
Ayrica yine yapay zekd tabanli bir sistem olan ve
giiniimiizde 6zellikle elektronik ticaret sektorii basta olmak
lizere bir¢ok sektorde siklikla kullanilan sohbet robotlari
(chatbot) hakkinda inceleme ¢alismasi yapilmis ve bu
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calismaya ait detaylara yer verilmistir. Kisisel verileri
koruma hakkinda yayimlanan kanun ve yonergelere uygun
sohbet robotlari tasarlamak i¢in hangi sartlarin saglanmasi
gerektigi anlatilmistir.

Calisma kapsaminda; literatiir taramasina, oncelikli olarak
insanlarin kigisel veri mahremiyeti farkindaligma ve
bilincine ne diizeyde sahip oldugunu arastiran bir ¢aligma
incelenerek baglanmigtir. Bu kapsamda; Eroglu [4]
tarafindan yapilan c¢alismada, giinlik hayatlarinda
cogunlukla dijital ortam ile etkilesim icinde olan
ogrencilerin farkindaligt analiz edilmistir. Bunun igin 34
sorudan olugan web tabanli bir anket yapilarak 280
Ogrenciye gonderilmis ve ilgili anket 151 &grenci
tarafindan yanitlanmistir.

Calisma sonucunda ise Ogrencilerin 72’si kisisel veriyi
bildigini, 19°u ise kigisel veri kavramini bilmedigini
belirtmistir. Ayrica, &grencilerin  ¢ogunlukla kimlik
numarasini kigisel veri olarak nitelendirdigi goriilmiistiir.
Bunun diginda; kredi karti bilgileri, ad, soyadi ve dogum
tarihi verilerini igeren Kimlik bilgileri ve ev adresi
verilerinin de Ogrenciler tarafindan kisisel veri olarak
nitelendirildigi gortilmiistir.

Kisisel veri ve yapay zeka birlikteligine gelindiginde ise
Mitrou yaptigr calismada [3], yapay zeka ve makine
Ogrenmesi kavramlarina yer vermis ve bu kavramlarin
kisisel veriler stiindeki etkilerine deginmistir. Mitrou,
kisisel veri ve yapay zeka arasinda cift tarafli bir yol
oldugunu, kisisel verilerin yapay zekay:1 besledigini ve
buna karsilik yapay zekanin da daha fazla kisisel veri
rettigini belirtmistir.

Kamarinou ve arkadaglari [5], GDPR’a goére veri
sahiplerinin  profillenmesi  igin makine Ggrenimi
algoritmalarmin kullanilmasinin etkilerinin bir analizini
sunmuglardir. Veri koruma hak ve yikiimliliklerini,
makine  Ogrenmesi  sistemlerinin  gelistirilmesinin
sonuglarimi ve kisisel verilerin nasil toplandigini ve
kullanildigini arastirmiglardir.

Li ve arkadaglari [6], endiistriyel alanlar ve bilisim diinyast
uygulamalar1 agisindan federe O0grenmeyi incelemis ve
mobil cihazlar, saglik uygulamalari, sektér uygulamalari
alaninda federe 6grenme yontemini kullanan uygulama
ornekleri ile ilgili bir aragtirma ¢aligmasi yapmiglardir.

Chandiramani ve arkadaslar1 [7], 2016 yilinda Google
tarafindan Onerilen federe 6grenme modeli {izerine bir
calisma yapmustir. Calismada; klasik makine 6grenmesi,
dagmik 6grenme modeli ve federe 6grenme yaklagimlari
iizerine analiz ve karsilastirmalar yapilmistir. Ug modelin
dogruluk oranlarinda 6nemli bir fark olmadigi ancak
modellerin olugturulmasi igin gegen siirede fark oldugu
goriilmistiir. Temel makine 6grenimi siniflandiricisinin
egitilmesi 25,4 saniye siirerken federe Ogrenme
smiflandiricisinin 16,7 saniye; dagitilmis makine 6grenimi
simiflandiricisinin ise 14,1 saniye stirdiigii gézlemlenmistir.
Boylece en kisa siireye federe 6grenme modeli ile erisildigi
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gozlemlenmis ve fazla veriyle calisirken verileri
dagitmanin ve kiiciilk gorevlere ayirmanin performans
artirimi igin bir avantaj oldugu goriilmiistiir. Bu nedenle;
iic model arasindan federe 6grenmenin, modelleri egitirken
gizliligi korumak icin en iyi model oldugu anlagilmustir.

Wang ve arkadaglart [8]; kullanic1  goriiglerinin,
duygularinin ve e-postalarin yer aldigi ti¢ farkli hazir veri
seti lizerinde metin madenciligi yontemini uygulamistir.
Model, federe 6grenme yontemi ile birlestirilen Gizli
Dirichlet Ayirimi (Latent Dirichlet Allocation) algoritmasi
kullanilarak egitilmis ve kullanicilarin veri gizliliginin
korundugu goriilmiistiir.

Ulkemizde de son yillarda dzellikle 6698 sayili KVKK ile
birlikte mahremiyet kavramina verilen 6énem artmis ve bu
alanda yapilan ¢alismalara biiylik ilgi oldugu
gozlemlenmistir. Siizen ve Kayaalp [1] yaptiklar
calismada; klasik makine O0grenmesi uygulamalari igin
federe 6grenme yontemini incelemis ve federe 6grenmenin

gizlilik agisindan faydalar1 olsa da problemlere
uygulanmasi  sirasinda  karsilasilacak  zorluklarinin
oldugunu  belirtmislerdir. ~ Bununla  birlikte  yeni

algoritmalar ve bu alandaki aragtirma ¢alismalarmin
artmast ile bu zorluklarin agilabilecegi ve gizlilik ve
giivenlik ilkelerine uygun sistemler gelistirilebilecegi
belirtilmistir.

Siizen ve Simsek [9], saglik alaninda yapilan uygulamalar
icin  makine Ogrenmesi modellerinin uygulanigini
incelemiglerdir. Saglik verilerinin islenmesinde, gizlilik
ilkesine uyumu yakalamak adina model igine federe
O0grenme yoOntemlerinin entegre edilmesi gerektigini
belirtmislerdir.

Sagiroglu ve Canbay [10] yapmis olduklart ¢aligmada,
bliyiik veride yapay zekd teknolojilerini kullanirken
mahremiyet ihlallerinin 6niine gegmek amaciyla yeterli
onlemlerin alinmasi gerektigini belirtmiglerdir. Bunun igin,
KVKK ve GDPR gibi yasal mevzuatlara uygunlugun
onemli oldugunu belirtmisler ve mahremiyeti yakalamak
icin kullanilan anonimlestirme konusunun {stiinde
durmuslardir.

Tiim bu c¢aligmalarin yami sira Tiirkiye’de yapay zeka ve
kisisel veri mahremiyeti konusunun kamu idareleri
tarafindan da Onemli Ol¢iide dikkate alindigin1 gdsteren
orneklerle karsilagmak miimkiindiir. Tiirkiye Cumhuriyeti
Cumhurbasgkanligi Dijital Doniisiim Ofisi tarafindan
yapilan “AcikVeri” projesinde [11], federe Ogrenme
yontemi gibi yenilik¢i yontemler ile gizliligi korunan
kisisel veriler konusuna vurgu yapilmistir. Ayrica, Kisisel
Verileri Koruma Kurumu tarafindan Eyliil 2021 tarihinde
“Yapay Zekd Alaninda Kigisel Verilerin Korunmasina
Dair Tavsiyeler” [12] isimli rehber ¢alismasi yayimlanmig
ve bu caligmada Onemli tavsiyelere yer verilmistir. Bu
tavsiyeler;  yurirlikte bulunan yasal mevzuatlar
dogrultusunda, yapay zeka sistemini gelistiren, lireten, bu
sisteme servis saglayan gercek veya tiizel kisiler ile karar
alicilar1 kapsamistir. Bu duruma ydnelik benzeri 6nerilerin
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bulundugu caligmalar her gecen giin artmaktadir. Hem
akademik diizeyde hem de kamu eli ile desteklenen bu
alan, yenilikci yontemlerin kesfi ile gelecek vadeden
alanlardan biri haline gelmistir.

2. YAPAY ZEKA VE

MAHREMIYETI (ARTIFICIAL
PERSONAL DATA PRIVACY)

KiSiSEL  VERI
INTELLIGENCE AND

Bu béliimde; kisisel veri kavraminin ne oldugu ve hangi
tirlerden olustugu, yapay zekanin kisisel verilerle olan
iligkisi ve bu sistemlerin veri toplama ve igleme
faaliyetlerinde kisisel veri giivenligi agisindan ne tiir riskler
olusturabilecegi anlatilmstir.

Kisisel veri kavrami, 6698 sayili KVKK Madde-3/1’de
“Kimligi belirli veya belirlenebilir ger¢ek kisiye iliskin her
tirlii bilgi...” [13] olarak tanimlanmistir. Bu tanimdan
hareketle kisilere ait, ad, soyad, telefon numarasi, adres,
banka hesap numarasi, resim, vb. gibi kisiyi tanimlayabilen
ya da kisi ile iliskilendirilebilen [14] tiim verilerin kisisel
veri oldugunu sdylemek miimkiindiir. Tiim bunlarin yani
sira, KVKK’da “Ozel Nitelik Kisisel Veri”; GDPR’de ise
“Hassas Veri” olarak ifade edilmis olan veriler
bulunmaktadir. Bu veriler, bir bagskas1 tarafindan
Ogrenildiginde kisinin magduriyet yasayabilecegi veya
ayrimciliga maruz kalabilecegi [14] durumlara neden
olabilecek verilerden olugsmaktadir. KVKK Madde-6/1’de
Ozel nitelikli kisisel veriler, “Kisilerin wki, etnik kokeni,
siyasi diigiincesi, felsefi inanci, dini, mezhebi veya diger
inanglari, kilik ve kiyafeti, dernek, vakif ya da sendika
tyeligi, saghgi, cinsel hayati, ceza mahkiumiyeti ve
giivenlik tedbirleriyle ilgili verileri ile biyometrik ve
genetik verileri...” olarak ifade edilmis ve kanunda bu
verilerin isleme sartlar1 ayr1 bir madde ile (Madde-6) ele
almmustir.

Gelisen diinya ile yapay zeka gibi veriye ihtiya¢ duyan ve
veri ile beslenen teknolojiler ortaya ¢ikmistir. Yapay zeka,
makinelere insansi Ozellikler kazandirarak karmagik
problemlere  ¢oziim iretmeyi amaglayan Onemli
konulardan biridir. Bir insanin karar verebilme giiciini
taklit etmeyi amaglayan bu sistemler, ¢esitli algoritmalar
aracilig1 ile modellenir. Boylece, insan giicii ile yapilacak
isler daha kisa siirede daha basarili bir sekilde ¢6ziime
ulagir [15].

Yapay zeka teknolojisinin giiniimiiz kullanim alanlarina
bakildiginda; yapay zekanin sagliktan elektronik ticarete,
ulasimdan pazarlamaya degin bir¢ok alanda kullanildigini
gormek miimkiindiir. Hastaliklari, bilisim sistemlerine
yapilan saldirilar1 [15], seri iiretim bandi hatalarini,
dolandiriciligr tespit edebilen sistemler ile kisisel
asistanlar, su¢ analizi, duygu analizi, fikir tespiti, vb. gibi
calisma alanlar1, yapay zekd konusunun birer {irliniidiir.
Yapay zeka teknolojisi ise tiim bu islemler icin yiliksek
miktarda veriyi islemekte ve kendini egitmektedir.
Goriildiigli tizere yapay zekdnmin hemen her alanda
hayatimizin i¢inde olusu verilerin de ayni oranda yaygin
bir sekilde islenmesi Sonucuna neden olmaktadir.
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Veri ve yapay zeka ise birbirinden beslenen kavramlardir.
Bu durumu somutlastirmak icin giindelik hayatta siklikla
karsilagilan durumlardan 6rnek vermek gerekirse; arama
motorunda daha 6nce aradigimiz kelimelerle ilgili olan
reklamlarin daha sonra karsimiza ¢ikarilmasi, aynm sekilde
onceden izledigimiz bir videoyla benzer konulari
barindiran videolarin 6neri listemize gelmesi veya sosyal
medya platformlarinin arkadas listemiz veya begendigimiz
sayfalardan yola ¢ikarak kigi veya sayfa onermesi yapay
zekanin verileri isleyerek {irettigi durumlardan sadece
birkagidir [2]. Kisacast; ¢dzmek istenilen probleme yonelik
uygun veriye sahip olan sistemler, akilli yaklagimlar
tiretebilmektedir. Yapay zeka igin bir nevi besin olan bu
veriler, her alanda her tiirlii sektér veya kurumdan elde
edilebilmektedir.

Yapay =zekanin bircok probleme basarili ¢oziimler
iiretmesinin yan1 sira tim bu islemleri gergeklestirirken
kaynag1 olan veriyi ne sekilde aldigi, nasil kullandigt ve
korudugu sorular1 da {izerinde diisiinilmesi gereken
onemli konulardandir. Tiim bunlar son yillarda 6nem
verilen konular olsa da maalesef yapay zekanin
faydalarinin yaninda gorece goz ardi edilmektedir. Bu
durum ise zamanla yapay zekayi; kisisel verileri, kanunlara
aykir bir sekilde isleme potansiyeli olan platformlar haline
getirmektedir. Kisisel verileri kanunlara aykir1 toplayan,
isleyen ve saklayan uygulamalar; kotii niyetli kisilerce veri
sahiplerini zor durumda birakacak sekilde
kullanilabilmektedir.

Dolayisiyla bir yapay zeka sisteminin veri isleme gorevini
yerine getirirken veri mahremiyeti ilkesini gdzetmesi i¢in
bazi zorunluluklara uymasi gerekmektedir. Aksi halde
islenen wveriler; veri sahibi konumundaki kisi veya
kurumlari, kisisel verilerin ifsa edilmesi, yetkisiz ligiincii
kisilere aktarilmasi, fidye amaciyla kullanilmas: ve daha
bir¢ok sekilde zor duruma diisiirebilmektedir.

3. ONERILEN YONTEMLER (PROPOSED METHODS)

Yapay zekd veriden bagimsiz diisiiniilemez. Ozellikle
giinimiiz gelisen teknolojisiyle adeta yenidiinya diizeni
olusturan teknolojiler, hayatin her alanina ve her sektore
girmisken bundan kagmak imkansiz ve yanlistir. O halde,
yapilmasi gereken yapay zekadan kagmak degil; yapay
zekdyr en etkili sekilde kullanip hizmetlerinden en
maksimum faydayr elde etmek ve ancak bunu
gerceklestirirken veri koruma ilkesine sadik kalarak kisisel
verilerin korunmasini saglamaktir.

Kisisel verilerin otomatik islenmesi ile ilgili ¢aligmalar
yapan Avrupa Konseyi, 108 numarali Kisisel Verilerin
Otomatik Isleme Damsma Komitesi (Consultative
Committee of The Convention for the Protection of
Individuals with regard to Automatic Processing of
Personal Data) tarafindan Ocak 2019°da hazirlanan rehber
calismasinda [16]; yapay zekd teknolojisine dayanan
sistemlerde, kisisel veri isleme faaliyetinde bulunurken
hangi hususlarin goz 6niinde bulundurulmas: gerektigi ile
ilgili bilgilere yer verilmis ve agagida belirtilen hususlara
deginilmistir:
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Verilerin islenmesi ve teknolojinin gelisimi asamasinda
veri koruma ilkeleri esas alinmalidir. Ayrica, ilgili kisi
haklar1 gozetilmelidir.

- Veri isleme faaliyeti sirasinda gerekli risk analizleri
yapilmali, bu analizler yapay zekd teknolojisinin
Ozellikleri g6z Oniine alinarak hassas bir sekilde
yapilmalidir.

- llgili kisilere, acik, dogru ve anlasilir bir sekilde gerekli
bilgilendirmeler yapilmalidir.

- Veri minimizasyonu ilkesi gozetilmeli, gereksiz ve
agir1 veri igleme faaliyetinden kaginilmalidir.

- Amag dis1 veri igsleme faaliyetinde bulunulmamalidir.

Bahsi gecen bazi temel veri isleme politikalar1 GDPR
Madde-5 ve 6698 sayii KVKK Madde-4 ile
diizenlenmistir. KVKK Madde-4’te yer alan hiikiimler
asagida bulunmaktadir [13]:

“...(1) Kisisel veriler, ancak bu Kanunda ve diger
kanunlarda ongériilen usul ve esaslara uygun olarak
islenebilir. (2) Kisisel verilerin islenmesinde asagidaki
ilkelere uyulmasi zorunludur:

a) Hukuka ve diiriistliik kurallarina uygun olma.

b) Dogru ve gerektiginde giincel olma.

¢) Belirli, actk ve mesru amacglar icin islenme.

¢) Islendikleri amacla baglantili, sinirli ve 6l¢iilii olma.

d) Ilgili mevzuatta éngoriilen veya islendikleri amag icin
gerekli olan siire kadar muhafaza edilme...”

Bu hiikiimler i¢inde belirtilen amagla sinirlt olma ilkesi,
kisisel verilerin belirli, agik ve mesru amaglarla toplanmast
gerektigini; veri minimizasyonu prensibi ise kisisel
verilerin isleme i¢in gerekli oldugu kadar, amagla ilgili ve
oOlgili bir bigimde islenmesi gerektigini ifade etmektedir
[17]. Bu duruma 6rnek vermek gerekirse; seyahat igin bilet

alinmak istendiginde, kisiden kan grubu bilgisinin
istenmesi  verinin amagla ilgili olmadigi anlamina
gelmektedir.

Norve¢ Veri Koruma Otoritesi tarafindan Ocak 2018°de
hazirlanan yapay zekd ve gizlilik raporunda [18],
GDPR’de yapay zekad ile veri islemenin hususlarina
deginilmistir. Temel olarak yasallik, seffaflik, amagla
sinirli  kalma, veri minimizasyonu, amaca baglilik
ilkelerinden s6z edilmistir. Bunun yani sira veri
sorumlularmin, ilgili kisi konumundaki veri sahiplerine
kars1 hesap verilebilirlik ilkesi geregince hareket etmeleri
gerektigi belirtilmistir. Bu bilgilendirmeler 15181inda; bahsi
gecen raporda ilgili otorite, kigisel veri mahremiyetine
onem veren yapay zeka tabanli sistemlerin teknik alt
yapilar1 hususunda bazi ¢6ziim 6nerilerinden bahsetmistir.
Bu ¢6ziim dnerileri Sekil 1”7 de belirtilmistir.

Belirtilen ¢6ziim Onerilerine kisaca deginmek gerekirse,
Cekismeli Uretici Sinir Aglar1 (Generative Adversarial
Networks) modeli, 2014 yilinda Google arastirmacisi lan
Goodfellown tarafindan gelistirilmistir. Bu modelde,
uretici ag ve ayirt edici ag olmak lizere iki tiirli ag
bulunmaktadir. Uretici ag gercege yakin veriler iiretirken
ayirt edici ag, verinin gercek mi sahte mi oldugunu
anlamaktadir [18].
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_Cekismeli
Uretici Sinir
Aglar

Matris
Kapsiil

_Federe

Coziim

Ogrenme Onerileri

Diferansiyel
Gizlilik

Sekil 1. Otoritenin ¢6ztiim 6nerileri [18]
(Solutions of the authority)

Matris kapsiil yontemi ise sistemi egitmek i¢in kullanilan
yapay sinir aglar1 temelli bir modeldir [18]. Diferansiyel
Gizlilik (Differential Privacy) modelinde ise veriye giiriiltii
ekleme iglemi yapilmaktadir [19, 20].

Bu calismada, Onerilen yontemlerden biri olan federe
o6grenme konusu ile ilgili detaylara yer verilmistir.

o e

Model-1

e

_KuIIan|C|-1
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3.1. Federe Ogrenme (Federated Learning)

Federe oOgrenme, kullanicilarin verileri paylagsmadan
sistemi egittigi bir makine O6grenmesi bigimidir. Bu
o6grenme metodunda her kullanict kendi verileri ile yerel
modelini olusturur ve tiim model agirliklar1 birlestirilerek
federe sunucuda bulunan ana modelin agirliklar
olusturulur [21]. Federe 6grenme, makine dgrenmesindeki
egitim  sirecinin  sistemdeki  kullanicilar  arasinda

paylastirildigi isbirlikgi bir yontemdir [18].

Federe 6grenmede, koordinator roliine sahip bir sunucu
[22] ve sunucu tarafindan belirlenen kullanicilar
bulunmaktadir. Koordinatdr roliindeki federe sunucu bu
kullanicilari, kullanicinin erisilebilir olup olmadigt ve
model egitimine izin verip vermedigi gibi kistaslar1 goz
onlinde  bulundurarak  belirlemektedir. ~ Belirlenen
kullanicilar verilerini paylasmadan kendi modellerini
olusturup agirliklar1 federe sunucuya aktarirlar. Sekil 2°de
[7, 18, 23] goriildugii gibi federe sunucu koordinatér roli
ile tim kullanicilardan gelen agirliklar: birlestirir ve nihai
modeli olusturur [21].

Federe 6grenmede mevcut durumda egitilmis bir model
bulunuyorsa bu modelin agirliklar1 ve parametreleri, bahsi
gegen kriterlere gore secim yapilarak Dbelirlenen
kullanicilar ile paylasilir. Her kullanici, gelen modeli kendi
verisi ile olusturdugu yerel modelin agirliklari ile giinceller
ve giincellenmis agirliklar1 federe sunucuya iletir.

Model-2

V\f\fl

i

Kullanici-3

@_

Model-3

——{a—

i

FEDERE SUNUCU

Sekil 2. Federe 6grenme [7, 18, 23]
(Federated learning)
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Veri Toplama

Model Egitimi

Merkezi Sunucu

Sekil 3. Klasik makine 6grenmesi modeli [7]
(General machine learning model)

Klasik makine 6grenmesi modelinde Sekil 3’te goriildigi
iizere kullanicilarin verileri paylagmasi séz konusudur.
Merkezi sunucu roliindeki koordinatér, kullanicilardan
gelen verileri toplayarak modeli egitir [7] ve sonrasinda
geleneksel makine 6grenmesi adimlari izlenir. Ik asamada
veri, On islemeden gegirilerek yapisal formata
doniistiiriiliir. ikinci asamada, makine dgrenmesi modeli
olusturulur. Bir sonraki agamalarda ise model egitilir ve
test edilir.

Federe ogrenmenin kullanildigi ¢esitli alanlara ait
uygulama ve sistemler bulunmaktadir. Bunlardan biri olan
Google Klavye (Gboard),kullanicinin yazdiklarina eriserek
kullanic1 icin otomatik metin diizeltme, bir sonraki
kelimeyi tahmin etme ve kelimeyi tamamlama gibi
Ozellikler iceren sanal bir klavyedir [24] ve federe
o0grenmeyi kullanarak kullanici gizliligi onem vermistir.

Cin’de Google’un yasaklanmasiyla birlikte Baudi sirketi,
yapay zeka trinlerine dahili olarak uygulamak amaciyla
federe  ogrenme  teknigini  kullanarak  PaddleFL
platformunu gelistirmistir [25].

Bir bagka ornek olarak Owkin isimli bir Fransiz tip-
biyoloji sirketi hastalik tanilar ile ilgili etkili bir ¢calisma
yapmak amaciyla saghik kurumlar1 ve ila¢ firmalariyla
ortaklik yiirtiterek federe Ogrenmeye dayali bir makine
O0grenmesi modeli  olusturmustur. Boylece, hasta
mahremiyeti korunurken kuruluglar ve arastirmacilar
arasinda veri paylasimi yapilmgtir [1].

NVIDIA sirketi, GDPR’de hassas nitelikli kigisel veri
olarak da ifade edilen (6698 sayili Kisisel Verileri Koruma
Kanunu’nda da 6zel nitelikli kisisel veri) saglik verilerinin
hastane iginde kalmasini saglayan ClaraFL gelistirmigtir
[1]. Baz1 st diizey saglik hizmeti sunan kurumlarda
bulunan radyologlar tarafindan kullanilmaya baglanan
ClaraFL, onceden egitilmis modelleri kullanmaktadir.
Ogrenme tekniklerini aktarirken radyologlara etiketleme
konusunda yardimci olmaktadir.

Intel sirketi, Mayis 2020°de Pensilvanya Universitesi ile
yaptig1 isbirligi neticesinde beyin tiimorlerini tespit eden
yapay zeka teknolojisi iizerine galismaya basladiklarini
aciklamigtir [26]. Gelistirilecek sistemde, 29 tip
merkezinden alinacak hasta verileri i¢in kisisel veri
gizliligini saglamak adina federe Ogrenme yoOnteminin
kullanilacag: belirtilmistir.

Federe 6grenme, yapay zeka sistemlerinde kisisel veri
mahremiyetini korumak i¢in uygun bir ¢oziimdiir ancak
yaninda getirdigi baz1 teknik zorluklar ve riskler
bulunmaktadir. {lki, tasarlanacak federe &grenme
sisteminin karmagikligidir. Sistemi iyi tasarlamak ve
karmagikligi azaltacak ¢oziimler iizerine ¢aligmak
gerekmektedir. Bir diger zorluk, federe sistem
koordinasyonundan sorumlu olan sunuculara is yiki
yiklemektir. Bu  durumun  sunuculari  yoracagi
diistintildigiinden sistemin, bu dezavantaj diisiiniilerek
insa edilmesi gerekmektedir.
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4, SOHBET ROBOTLARI (CHATBOTS) UZERINE
INCELEME CALISMASI (STUDY ON CHATBOTS)

Bu boéliimde, yapay zeka tabanli uygulamalarin ne siklikla
ve cogunlukla hangi islemler i¢in kullanildigiyla ilgili
genel yargi ¢ikarimi yapmak amaciyla yapay zeka tabanli
uygulama olan sohbet robotlar1 6zelinde deneysel bir
calisma yapilmigtir. Yapay zekd tabanli uygulama olan
sohbet robotlarimin ne oldugu, nerelerde kullanildigi, hangi
tir verilere ihtiya¢ duydugu ve veri toplama faaliyetini
yiriitiirken barindirdig1 riskler anlatilmugtir. Kisisel veri
mahremiyeti ve buna yonelik kanun, yonerge ve rehberlere
uygun sohbet robotlar1 tasarlamak i¢in nelere dikkat
edilmesi gerektigi konular1 listiinde durulmustur.

4.1. Sohbet Robotu (Chatbot)

Chatbot kellimesi, sohbet anlamina gelen Chat ve robot
anlamma gelen Bot sozciiklerinin birlesiminden meydana
gelmistir  [27]. Sohbet robotu olarak bilinen bu
uygulamalar, kullanici ile birebir etkilesimde bulunarak
daha oOnceden belirlenmis bazi durumlar iizerine
kullanicinin  istegine gore cevaplar iireten ve bunu
kullaniciya ileten yapay zeka triinleridir [28]. Yapay zeka
teknolojisi ile gelistirildiklerinden dolay1 ile kullanici ile
yaptiklar1 her ikili konusma neticesinde bir dgrenim
stirecine  girerler. Bu durum; sohbet robotlarina,
karsilastiklar1 yeni durumlar igin kullanici istegine cevap
iretme imkan saglamistir [29].

Sohbet robotlarinin; kesintisiz erigebilir olmalari, basit
sorunlar i¢in kisa siirede ¢Oziimler olusturmasi, siparis
islemlerini yonetmesi, zaman ve maliyet anlaminda etkin
sonuglar dogurmasi, vb. gibi birgok faydasi bulunmaktadir
[28]. Tiim bu faydalar1 ile her sektoriin kullanmak istedigi
bu interaktif arag, miisteri deneyimine yeni bir bakis agisi
kazandirmig; her an her yerde kullanici kargisina ¢ikmaya
baslamustir.

KendiniZi tanltln & sonhe' edin! “

Merhaba,‘ I' I hos

geldiniz.

Adiniz* Sagliginiz bizim igin kiymeti!
Temassiz yagamamiz gereken bu
gunlerde teknolojilerimizle

yaninizdayiz

‘ Il I Mobil ile; ATM'ye

dokunmadan QR kodla para gekip
yatirabilirsiniz. NFC'li cihazinizla
mobil édeme yapabilirsiniz. POS'ta
QR kodla 6deme ile kartinizi
kullanmadan ¢deme yapabilirsiniz.
Aracta 6deme ile Opet
istasyonlarinda aracinizdan
inmeden ddeme yapabilirsiniz

Telefon numaraniz*
E-posta adresiniz*

Mesajiniz*

Sekil 4. Ornek sohbet robotu uygulamalari
(Examples for the chatbot apps)

Mesajinizi yazin
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Telefonlarda kullanilan kisisel asistanlardan bankalarin
kisisel asistanlarina ve elektronik ticaret sitelerinin gevrimici
destek servisine kadar her alanda hizmet verebilir nitelige
ulagsmustir. Her sektorde boy gosteren yapay zekanin ve
bunun bir yansimasi olan sohbet robotlarinin, kullanici
deneyimi icin arttk bir devrim niteliginde oldugu
yadsinamaz bir gergektir. Sekil 4’te iilkemizde, bankacilik
ve elektronik ticaret sektdriinde hizmet veren iki firmanin
web sitelerinde kullandiklar1 sohbet robotlarina ait
ornekler verilmistir.

Sohbet oturumu sonrasinda robot; elde ettigi verileri, CRM
(Customer Relationship Management) adi verilen miisteri
iliskileri yOnetimi veya benzer teknolojilerle baglantili
duruma getirmek icin saklamaktadir. Béylece bu durum;
cikarim yapmak, gelecek stratejileri belirlemek veya satis
raporlari olugturmak igin firma tarafindan kullanilmaktadir
[30].

Tim bu 6zellikler ve toplanan veriler, sohbet robotlarinin
kullanim 6zeline gore (hangi uygulama ve hangi sektdrde
oldugu) degisiklik gosterse de temel olarak yukarida
anlatilan prensibin kullanildigimi séylemek miimkiindiir.
Goriildiigii lizere bir sohbet robotu uygulamasi, miisteri
verilerini toplamakta biiyiik bir potansiyele sahiptir. Her ne
kadar kullanici ile etkilesimli sistem olusumu i¢inde onlara
efektif bir hizmet sunmay1 amaglasa da amag dis1 sonuglara
da sebep olabilmektedir.

Kisiler; soz konusu bu uygulamadan faydalandiklar sirada
paylastiklar1 kisisel verilerin kaydedilmesi, islenmesi ve
aktarilmasi gibi sonuglarla kars1 karsiya kalabilmektedirler
[31]. Oyleyse bu uygulamalarim, bireyin kisilik haklarina
aykirt  bir  durum teskil etmeden tasarlanmasi
gerekmektedir. Bunun yani sira veri sahibi konumundaki
kisiler de yasal haklarini bilerek hareket etmelidirler.

4.2. Deneysel Calisma (Experimental Study)

Bu calisma kapsaminda, Gazi Universitesi Etik
Komisyonunun 27.01.2022 tarih ve E.274489 sayili yazisi
ile etik kurul izni alinan bir anket ¢aligmasi yapilmustir.
Yapilan anket caligmasinda; kisilerin, sohbet robotu
kullanma boyutunu ve sohbet robotu kullaniminin kisisel
verilere  etkisine  yonelik  farkindaligim  dlgmek
amaglanmigtir. Bu amagla, Google Formlar [32] araci ile
kisilere Tablo 1°de belirtilen dort adet soru yoneltilmistir.

Anket sorular1 ve soru seceneklerinin belirlenmesinde,
kisilerin; sohbet robotlarmi kullanimi ve kisisel veri
farkindaligi  bilincini  6lgmek igin temel olarak
nitelendirilebilecek, cevaplamasi fazla zaman almayan ve
katilimcilar1  yormayan 6z metinlerin belirlenmesi
amaglanmigtir.
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Tablo 1. Katilimcilara yoneltilen anket sorulari ve segenekleri
(Questions and options)

Sorular Anket Sorulari Secenekler
Soru-1 Web sitelerinde bulunan online destek servisini | e Evet
(sohbet robotu-chatbot) kullaniyor musunuz? e Hayir
e Bankacilik Islemleri
Soru- Kullantyorsaniz ¢ogunlukla hangi islemleriniz igin | e E-ticaret (siparis islemleri)
oru-2 T .
kullanirsiniz? o Miisteri Hizmetleri/Destek
o Kisisel Asistanlar
o Kullanmiyorum
. Lo e Evet, giiveniyorum
Soru-3 Bu servislere giiveniyor musunuz? « Emin degilim
e Hayur, asla glivenmiyorum
Bu servislerin  kisisel verilerinizi kaydedip
Soru-4 isleyebilecegini biliyor musunuz? * Evet
e Hayir

Tablo 1°de belirtildigi lizere; Soru-1 ile sohbet robotlarinin
kullanilma diizeyi; Soru-2 ile hangi islemler igin
kullanildigt, Soru-3 ile kullanilan uygulamalara olan giiven
ve Soru-4 ile sohbet robotu uygulamasmin kisisel veri
islediginin ne diizeyde bilindigi Sl¢lilmiigtiir. Soru-2’nin
secenekleri belirlenirken fazlaca kisisel veri isleyen
uygulamalarin seceneklerde yer almast hususu géz 6niinde
bulundurulmustur.

Yapilan anket calismasi 100 katilimer tarafindan
yanitlanmigtir.  Sekil 5°te goriildiigii gibi Soru-1 igin
verilen cevaplarda, katilimecilarin  %57,5°i  sohbet
robotlarini kullandigini; %42,5°i ise kullanmadigini ifade
etmis ve sohbet robotlarmin kullanim  oraninin
azimsanmayacak boyutta oldugu sonucuna varilmistir.
Katilimeilarin - Soru-2’ye vermis olduklart yanitlarda,
%21,4 oram ile sohbet robotu uygulamalarmin en fazla
bankacilik iglemleri igin kullanildig1 goriilmiistiir. Banka
faaliyetlerinde bulunan, kimlik dogrulama, kisisel
bankacilik hizmetleri, vb. gibi operasyonlarda sohbet
robotlarinin  kullammm  oranminin  fazla olmasi, bu
uygulamalarin kisisel veri giivenligi konusunda hassas
olmast gerektigi sonucunu dogurmustur. Sekil 6 ile
bankacilik islemlerini sirastyla, e-ticaret ve miisteri
hizmetleri iglemlerinin takip ettigi gorlilmektedir. Anket
sonuglarma ait Sekil 7°de verilen grafiksel 6gede ise
Soru-3 i¢in katilimcilarin verdigi yanitlara ait sonuglar
goriilmektedir. Buna gore, katilimcilarin  %45’i bu
uygulamalarin giivenilirligi konusunda emin olmadigin
diistiniirken, %26°s1 bu uygulamalara giivendigini, %131
ise glivenmedigini belirtmigstir. Soru-3 i¢in ulasilan bu
yanitlar  ile  katiimcilar, ¢ogunlukla  bankacilik
islemlerinde kullandiklar1 sohbet robotu uygulamalarina
biiyiik oranda giivenmediklerini ifade etmiglerdir.

Web sitelerinde bulunan online destek servisini (sohbet robotu-chatbot) kullaniyor musunuz?
@ Evet
@ Hayir

Sekil 5. Soru-1 igin katilimci yanitlar
(Responses to Question-1)

Kullaniyorsaniz gogunlukla hangi islemleriniz igin kullanirsiniz?

q s

@ Bankacilik islemleri

@ E-ticaret (siparig verme, siparig takib
vb.
Milgteri HizmetieriDestek

@ Kigisel Asistanlar

@ Kullanmiyorum

- 4

Sekil 6. Soru-2 i¢in katilime1 yanitlar

(Responses to Question-2)

Bu servislere guveniyor musunuz?

Evet kesinlikle gliveniyorum 26 (%29,9]

45 (%51,7)

Emin degilim

Hayr asla glivenmiyorum 13 (%14,9)

Sekil 7. Soru-3 igin katilimci yanitlar
(Responses to Question-3)
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Bu servislerin kisisel verilerinizi kaydedip isleyebilecegini biliyor musunuz?

@ Evet
@ Hayr

<&

Sekil 8. Soru-4 icin katilime1 yanitlar
(Responses to Question-4)

Sekil 8’e gore ise kullanicilarin %62,1°1 bu servislerin
kigisel wverileri kaydedip isleyebilecegini bilmedigini;
%37,9’luk kesim ise bildigini belirtmistir. Bu sonuglardan
anlagildigr tizere katilimcilarin biiyiik bir kismi sohbet
robotu uygulamalarini bankacilik hizmetleri, vb. gibi veri
giivenligi ve mahremiyetin 6nem arz ettigi operasyonlarda
kullanirken bu uygulamalara giivenmedigini ifade etmistir.

Yapilan anket c¢alismasi, yapay zekd tabanh
uygulamalardan sadece biri olan sohbet robotlar1 temel
almarak gergeklestirilmistir ve anket sonuglarindan da
anlagilacagi iizere yapay zeka tabanli uygulamalar siklikla
kullanilmaktadir. Hatta bu uygulamalarin kisisel verileri
isledigini  bilmeyen ve/veya bu  uygulamalarin
giivenilirliginden emin olmayan kisiler tarafindan da
kullanildig1 goriilmektedir. Dolayisiyla yapay zeka, insan
hayatina deger katmayi amaclasa da ¢ikt1 {iretmesi i¢in
islemesi gerekli olan veriyi en dogru sekilde ve kisisel veri
mahremiyeti ve veri giivenligi ilkelerine bagl kalarak
kullanmalidir.

Federe 6grenme modeli, bir onceki boliimde detaylica
anlatildigi  gibi mahremiyet korumali yapay zeka
uygulamalar1 gelistirmek i¢in kullanilabilecek 6nemli
yontemlerden biridir. Bununla beraber bir sonraki baglikta
onerilen ozelliklerin de yapay zeka uygulamalarini veri
mahremiyeti konusunda giiglii kilacagi diigiiniilmektedir.

4.3. Oneriler (Recommendations)

Sohbet robotlarinin, kisisel veri mahremiyeti ilkesine
uygun gelistirilmesi, tasarlanmasi ve kullanilmasi igin
gerekli 6nlemlerin alinmasi1 gerekmektedir. Bununla ilgili
olarak yasal mevzuatlarla ve tavsiye niteligindeki bazi
rehberler ile kisisel veri mahremiyetine uygunluk
saglanabilecegi gorilmiistiir.

- Privacy by Design ilkesi ile sohbet robotu uygulamalari
gizlilik prensipleri diistiniilerek tasarlanmalidir.

- Amaca Baghlik ilkesi geregince kisilere, verilerinin
hangi amagla alindig1 kaydedildigi ve islendigi agik ve
dogru bir sekilde agiklanmali ve amagla bagdasmayan
tiirden veriler toplanilmamalidir.
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- Veri Minimizasyonu ilkesi ile kigisel bilgilerin
toplanmasi, yasal olarak belirtilen amagclar i¢in gerekli
olan kadari ile sirli kalmalidir. Kisisel olarak
tanimlanabilir bilgilerin toplanmasi Kkesinlikle asgari
diizeyde tutulmalidir [33].

- Silme hakk: geregince; veri sahipleri, islenen verilerini
silme talebinde bulanabilirler. Bu talepler karsilanmali
veya silinmesi talep edilen veriler, yasal dayanaklarda

belirtilen uygun yontemler ile anonim hale
getirilmelidir.
- Ac¢ik riza ilkesi ile sohbet robotunu kullanacak

kullanicinin agik rizast alinmalidir. Kullaniciya, kisisel
veri toplandigina, islendigine ve bunun hangi amagla
yapildigina iligkin bilgilendirmeler 1s1ginda agik riza
istegi sorulmalidir [13].

- Aydwmmlatma metni ilkesi geregince veri sahipleri, hangi
verilerinin hangi amagla ve ne kadar siire islenecegine
dair bilgilendirilmelidir.

4.4. Privacy by Design

Privacy by Design ilkesi, gelistirilmesi planlanan
uygulamanin tasarim ve mimari agamasi dahil olmak iizere
iriiniin  tim yasam dongilisii boyunca veri koruma
kurallarinin  dikkate alinmasidir. Bu ilke kapsaminda
Kanada Ontario Bilgi ve Gizlilik Kurulu Baskani Ann
Cavoukian tarafindan yedi temel prensip yayimlanmistir
[33]:

- Calismalarin  onleyiciligi  ilkesi  geregince  bir
uygulamanin kullanimi esnasinda ¢ikabilecek mimari
veya teknik veri koruma sorunlarinin dnceden tespit
edilmesi ve ortaya c¢ikmalarinin engellenmesi
hedeflenmelidir.

- Privacy by Default ilkesi geregince uygulamalarin
standart varsayilan ayarlart kullanici  gizliligini
koruyacak sekilde yapilandirilmalidir.

- Gizlilik ilkesi tasarima entegre edilmelidir. Gizlilik
prensipleri, uygulamanin tasarlanmasi asamasinda
dikkate alinmali ve uygulama tasarimi bu temel tizerine
inga edilmelidir.

- Kullanici, gizlilik prensibi ¢ergevesinde estetikten
mahrum birakilmamalidir.

- Verinin, uygulama i¢inde toplandigi andan itibaren
gecirdigi tim yasam donglisli siiresince giivenligi
saglanmalidir.

- Uygulamada, veri
hakkinda seffaf
bilgilendirmelidir.

islemi sirasindaki
olunmali  ve

her asama
kullanicilar

- Kullanic1 ¢ikarlar1 en ist seviyede tutulmali ve
kullaniciya saygi ilkesi geregince hareket edilmelidir.
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5. SONUCLAR (RESULTS)

Yapay zeka ve veri birbirinden beslenen iki &nemli
kavramdir. Yapay zeka igin kaynak olan veriler, yapay zeka
teknolojilerine sahip sistemler i¢in bir malzeme islevi gortir.
Son yillarda hem tilkemizde hem de diinyada kisisel veri
mahremiyetine verilen 6nemin artmasiyla birlikte yapay
zekd konusu da kigisel verilerin mahremiyeti agisindan
onemli bir olgu haline gelmistir. Insanlarin kisisel veri
mahremiyeti iistiindeki bilinci ve farkindalik diizeyi artinca
bu teknolojilerin mahremiyete etkisi iistiinde daha kapsamli
calismalarin karsimiza ¢ikacagi ise yadsinamaz bir
gercektir.

Bu calisma kapsaminda, genel olarak yapay zeka tabanli
sistemlerin  kigisel veri mahremiyeti iizerine etkisi
anlatilmigtir. Yapay zekanin veri ile olan iligkisine ve veri
islemenin kisileri magdur edebilecek riskler tasidigina
deginilmistir. Bu riskleri ortadan kaldirmak ve yapay zekay1
risklerinden arindirarak kigisel verilere saygili sistemler
haline  donistirmek i¢in  ulusal ve uluslararasi
diizenlemelerde ve kanunlarda iistiinde durulan ilkelere ve
Onerilere yer verilmistir.

Yapilan literatiir taramasinda, bu alandaki c¢alismalarin
biiyiikk bir kisminin uygulama tabanli galismalardan ¢ok
aragtirma seklinde oldugu goriilse de son yillarda uygulama
calismalarina yonelik biiyiik bir artis yasandigi da
gozlemlenmistir. Yapay zekanin kisisel verileri suiistimal
etmesine engel olmak amaciyla O6zellikle veri koruma
otoriteleri tarafindan sunulan ¢6ziim Onerilerden en dikkat
ceken ve iistiinde durulan &nerinin ise Federe Ogrenme
yontemi oldugu goriilmiistiir. Federe 6grenmenin karmasik
bir sisteme sahip olmasi, sunucular1 yormaya yatkin olmasi
gibi dezavantajlari olsa da bu dezavantajlar, iyi tasarlanan
sistemlerle ortadan kaldirilarak daha giivenli sistemler
tasarlanabilecegi goriilmiistiir.

Ayrica ¢alisma kapsaminda, bir yapay zeka iiriinii olan ve
kullanim1 her sektorde gittikge artan sohbet robotlari
lizerine bir inceleme c¢alismast yapilmistir. Sohbet
robotlarinin uygulamalarda kullanim yayginligt ve bir
sohbet robotunun kullanici verilerini ne sekilde topladigt ve
isledigi ile ilgili detaylara yer verilmistir. Bu baglamda;
iilkemizde hem sohbet robotlarinin kullanimmi hem de
kisilerin veri glivenligi ve mahremiyeti farkindaligim
Olemek i¢in bir anket ¢aligmas1 yapilmistir. Yapilan anket
caligmast 100 kisi tarafindan yanitlanmis ve bunlarin
%357,5’1 sohbet robotlarin1 kullandigimi;  %42,5°1 ise
kullanmadigim ifade etmistir. Kullanicilarin ~ sohbet
robotlarint %21,4 orani ile en fazla bankacilik islemleri i¢in
kullandig1 goriilmiistiir. Ayrica, kullanicilarin %45°i bu
uygulamalarin giivenilirligi konusunda emin olmadigini
diistiniirken, %26’s1 glivendigini, %13’ ise giivenmedigini
belirtmistir. Bunun yani sira kullanicilarin %62,1°1 bu
servislerin  kigisel wverileri kaydedip isleyebilecegini
bilmedigini; %37,9’luk kesim ise bildigini belirtmistir. Bu
durum bir bakima, kisisel veri gilivenligi farkindaligi
konusunda toplumda eksikler oldugunu gostermektedir.
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Tim bunlarin yaninda, sohbet robotlarini kigisel veri
giivenligini saglayarak kanunlara uygun duruma getirmek
icin uygulanmas1 gereken onemli ilkeler anlatilnus ve
Kanada Ontario Bilgi ve Gizlilik Kurulu Baskani Ann
Cavoukian tarafindan yayinlanan ve bugiin bircok kesim
tarafindan kabul edilen Privacy by Design ilkesi ve buna ait
yedi temel prensip anlatilmstir.

Sonug olarak, yapay zekddan faydalanilmasi ve bu
teknolojiler araciligryla cesitli verilerin islenmesi her ne
kadar ticari ve sosyal agidan onemli bir gelisme olarak
kabul edilse de veri giivenligi agisindan 6nemli riskleri
icinde barindirmaktadir. Ancak, yapay zeka riskleri
diistiniildiigiinde vazgegilen bir alan olmamali; tam aksine
gerekli ve dogru bir sekilde korunmus ve gizlenmis verilerle
beslenerek gelistirilmeli ve kullanilmalidir.
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