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ABSTRACT

Nowadays, logistic companies are dealing with the pressure of a highly competitive environment and trying to
reduce operational costs. At the same time, customers are requiring not to wait so long to get their delivery and
pickup demands satisfied. In this study, these two factors are considered with a-static-periodic solution strategy.
The problem is modelled as Dynamic Vehicle Routing Problem with Simultaneous Pickup and Delivery
(DVRPSPD) where delivery and pickup demands of customers continuously arrived in a planning horizon are
satisfied at the same time and by the same vehicle. Furthermore, we proposed a solution methodology based on
solving routing problems repeatedly for each time period by considering new and unvisited previous customers.
A well-known heuristic, the Nearest Neighbourhood Algorithm (NNA), is used to solve VRPSPDs in each time
period. Important real-life aspects such as demand fluctuations, different number of customers, and routing
periods are integrated into the problem. According to results, the average waiting times per customer
significantly increase whereas average travel times per visit notably decrease when the length of time period
increases. If routes are constructed 8 times in a day, each customer waits an average 5 minutes compared to 66
minutes if it is made 4 times in the day. More routing plans cause more than 7-minute average travel times per
visit. Different test settings are analysed and the results are explained to help decision makers find the best
solution for both companies and customers.

Keywords: Vehicle routing problem with simultaneous pickup and delivery, The nearest neighbourhood
algorithm, Dynamic customer arrivals, Decision making

0oz

Giiniimiizde lojistik firmalar yiiksek rekabet ortaminin getirdigi baskilarla miicadele etmekte ve operasyonel
maliyetleri diisiirmeye calismaktadirlar. Ayni zamanda miisteriler, dagitim ve toplama taleplerinin karsilanmasi
icin ¢ok beklemek istememektedirler. Bu ¢alismada, bahsedilen iki faktor statik periyodik ¢oziim stratejisiyle
beraber ele alinmistir. Problem, bir planlama dénemi iginde siirekli olarak gelen misterilerin, toplama ve
dagitim taleplerinin ayni1 zamanda ve aragla karsilandig: “Dinamik Es Zamanl Toplamali ve Dagitmali Arag
Rotalama Problemi (DEZTDARP)” olarak modellenmistir. Bununla beraber yeni ve ziyaret edilmemis eski
miisterileri goz Oniine alarak rotalama problemlerini her zaman periyodu i¢in tekrar tekrar ¢6zen bir ¢6ziim
metodu Onerilmistir. Literatiirde ¢ok kullanilan bir sezgisel olan En Yakin Komsu Algoritmast, her periyotta
EZTDARP’lerini ¢6zmek icin kullanilmistir. Talep dalgalanmasi, farkli sayida miisteri, farkli rotalama
periyotlar: gibi gergek hayatta karsilasilabilecek dnemli hususlar probleme entegre edilmistir. Sonuglara
bakildiginda, rotalama periyotlarinin siiresi arttig1 zaman miisteri basi ortalama bekleme siirelerinin ciddi
sekilde arttig1, ziyaret basi ortalama seyahat siirelerinin ise azaldig1 goriilmiistiir. Rotalama planlar1 giinde 8
sefer yapildiginda miisteri basi ortalama bekleme siiresi 5 dakika iken, plan sayist 4 oldugunda bekleme siiresi
66 dakikaya yiikselmektedir. Daha fazla rotalama ise ziyaret bas1 fazladan 7 dakika ortalama seyahat siiresine
neden olmaktadir. Karar vericilerin hem firmalar hem de miisteriler i¢in en iyi ¢6ziimii bulmalarina yardimci
olmak amaciyla farkli testler analiz edilmis ve sonuglar1 agiklanmistir..

Anahtar kelimeler: Es zamanli toplamali ve dagitmali arag rotalama problemi, En yakin komsu algoritmasi,
Dinamik miisteri gelisleri, Karar verme

This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License me
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A-Static-Periodic Solution Strategy for Dynamic Vehicle Routing Problem with Simultaneous Pickup and Delivery

1. INTRODUCTION

Vehicle Routing Problem (VRP) can be simply defined as finding the shortest route between a depot and geographically
scattered points by satisfying a set of constraints. VRP has attracted many researchers’ attention since the study of Dantzig
and Ramster (1959), “The Truck Dispatching Problem.” They aimed to satisfy demands of fuel stations when minimizing
total travel times of a given truck fleet. A linear programming approach was used to solve the problem. Since then, many
different types of VRP such as VRP with Time Windows, Stochastic VRP, Multi Depot VRP, Periodic VRP, Dynamic VRP,
and different combinations of these have been studied. Not only problem types are evolved, but also a variety of solution
methodologies have been developed. Exact solution methods, such as Branch-and-Bound Algorithms (Christofides & Eilon,
2006), Dynamic Programming (Columbus, 1972), Set Partitioning Formulations and Algorithms, and Commodity Flow
Formulations and Algorithms, and heuristic/metaheuristic solution methods, such as The Savings Algorithm, Cluster-First-
Route-Second Heuristics, Local Search, and Population Search algorithms, have been proposed over 50 years (Laporte,
20009).

VRP with simultaneous pickup and delivery (VRPSPD) is getting attention among other VRPs due to scarce resources,
environmental sensitivities, and regulations (Demirbilek, 2020). In VRPSPD, vehicles deliver as well as collect goods at the
same time. Each day in the planning horizon, a given number of vehicles start their travels from a depot, deliver and pick up
goods to/from customers by visiting them only once, and return to the depot at the end of the day. As classical VRPs, the
aim is to minimise total distances as well as to maximise total number of visited customers by considering the capacity of
each vehicle (Goksal et al., 2013; Chen & Wu, 2006). The online order system of grocery stores is a good example for
VRPSPD. Orders are distributed to customers while the same vehicles pick up undated goods or empty bottles. Because of
regulations, some companies are responsible for products during their whole life cycles (as in the disposal of laser printer
cartridges) (Montané & Galvao, 2006).

On the other hand, the dynamism issue that considers the arrival of customers over a planning time and assigns them to a
schedule as soon as possible is becoming a more and more important issue since the hectic business life and the unwillingness
of customers to wait for vehicles to get their packages delivered or picked up. Therefore, the number of studies about Dynamic
VRP as well as VRPSPD has significantly increased recently.

In this study, a static-periodic-resolution-based solution methodology for a Dynamic VRPSPD (DVRPSPD) is proposed.
The idea behind the solution methodology is to solve VRPSPD for a prespecified time period by covering new customers
and previous customers that are not served until that time period. Therefore, customer arrivals during a planning horizon
are taken into consideration in a dynamic fashion instead of optimizing routes with known customers before the planning
horizon starts as in static solution approaches in the literature. A well-known heuristic algorithm, the Nearest Neighbourhood
Algorithm (NNA), is used to solve VRPSPD in each period. The main contribution of the study is to examine relationships
between average travel times for vehicles and the waiting times for customers under consideration of different routing period
lengths and demand fluctuations.

In the next section, recent studies in the literature are reviewed. In Section 3, the mathematical formulation and NNA are
explained. In Section 4, experimental setting, necessary data, and results are described. In the last section, we conclude our

study and emphasize some assumptions and limitations.
2. LITERATURE REVIEW

Although many studies about DVRP and VRPSPD exist in the literature, it was observed that only the study of Aydogdu
and Ozyoruk (2020) considered a similar problem. Therefore, VRPSPD studies are first reviewed, and differences between
this study and the study of Aydogdu and Ozyoruk (2020) are discussed later in this section.

VRPSPD studies began with the study of Min (1989), “The Multiple Vehicle Routing Problem with Simultaneous Delivery
and Pickup Points.” He found optimum routes for vehicles that delivered library materials from a main library to 22 branches

and picked up the materials from branches to carry to the main library. Hezer and Kara (2013) developed a metaheuristic
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method, bacterial foraging optimization algorithm, for VRPSPD. The proposed algorithm ensured superior results for 24
out of 40 test sets compared to the heuristic solution method developed by Dethloff (2011). Nagy and Salhi (2015) developed
a heuristic solution method to be able to solve both VRPSPD and VRP with Mixed Pickup and Delivery (VRPMPD). They
also extended the solution method to solve the multi-depot VRPSPD. Dell’Amico et al. (2006) proposed a branch and price
algorithm to solve VRPSDP for 40 requests. Wassan et al. (2007) developed a reactive tabu search metaheuristic that could
control feasibility of predetermined moves quickly and acted on iterations to guide the search. Ai and Kachitvichyanukul
(2009) presented a particle swarm optimization method. Subramanian et al. (2010) presented a parallel algorithm based on
the sequential heuristics. They embedded the algorithm with a multi-start heuristic containing the VND integrated to an
iterated local search framework. Avci and Topaloglu (2015) proposed an adaptive local search algorithm for solutions of both
VRPSPD and VRPMPD. Li et al. (2015) considered Multi-Depot VRPSPD and developed an iterated local embedded adaptive
neighbourhood selection approach. Results showed that the proposed algorithm was superior than a large neighbourhood
search, particle swarm optimization, and an ant colony optimization approach. Zachariadis et al. (2016) considered two-
dimensional loading constraints beside simultaneous linehauls and backhauls. Kalayci and Kaya (2016) developed an ant
colony system empowered variable neighbourhood search algorithm, a hybrid algorithm that combines an ant colony system
and a variable neighbourhood approach. Experiments showed that the proposed algorithm provided better results compared
to the individual performance of two methods. Kececi et al. (2015) considered a heterogeneous vehicle fleet consisting of
different type of vehicles with costs. They proposed a mathematical model and an insertion-based heuristic for the solution.
Yazgan and Buyukyilmaz (2017) developed a greedy heuristic solution method and carried out a regression analysis to find
the relationship between travel distances and the number of customers and the capacity of vehicles. Goksal et al. (2013)
presented a discrete particle swarm optimization method and a variable neighbourhood descent algorithm for VRPSPD. The
algorithm kept swarm diversity by improving randomly selected solutions in each iteration. Montane and Galvao (2006)
modified a tabu search algorithm to become compatible with VRPSPD. They developed three types of movements to observe
inter-route adjacent solutions: the relocation, interchange, and crossover movements. Table 1 shows publications in terms of
problem types, years, and solution methods. The review study of Koc and Laporte (2018) in those VRPSPD studies were
classified in terms of models, solution methods, variants, and industrial applications, and case studies are advised to interested

readers.
Table 1
Publications in terms of problem types and solution method
Year Author Problem Solution Methods
1989 Min Book Delivery and Pickup Clustered Based Heuristic Method
2001 Dethloff VRPSPD Mathematical Model and Heuristic Method
2005 Nagy and Salhi VRPSPD, Multi-Depot VRPSPD Mathematical Model and Insertion-based Heuristic
2006 Montane and Galvao VRPSPD Tabu Search Algorithm
2006 Dell’ Amico et al. VRPSPD Branch and Price Algorithm
2007 Wassan et al. VRPSPD Reactive Tabu Search Algorithm
Ai and . N .
2009 Kachitvichyanukul VRPSPD Particle Swarm Optimization Algorithm
2010 Subramanian et al. VRPSPD Parallel Algorithm Based on the Sequential Heuristics
2013 Hezer and Kara VRPSPD Bacterial Foraging Optimization Algorithm
2013 Goksal et al. VRPSPD Discrete Particle Swarm Optimization
2015 Avci and Topaloglu VRPSPD and VRPMPD Adaptive Local Search Algorithm
2015 Lietal. Multi-Depot VRPSPD Adaptive Neighbourhood Selection
2015 Kececi et al. VRPSPD with heterogeneous vehicle fleet Mathematical Model and Insertion-based Heuristic
2015 Nagy and Salhi VRPSPD Mathematical Model and Variable Neighbourhood
Search
2016 Zachariadis et al. VRPSPD with two-dimensional loading constraints Local Search Algorithm
2016 Kalayci and Kaya VRPSPD Ant Colony Optimization
2017 ~ Yarganand Buyukyilmaz VRPSPD Insertion-based Heuristic
2020 Demirbilek VRPSPD Mathematical Model
2020 Aydogdu and Ozyoruk DVRPSPD Random Iterative Local Search Variable Neighbourhood

Descending
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Aydogdu and Ozyoruk (2020) considered two time periods for VRPSPD. Furthermore, they covered dynamic demands, 10%
to 50% of total daily demands. They developed the Random Iterative Local Search Variable Neighbourhood Descending
algorithm as a solution methodology and compared results to results of the mathematical model. Their aim was to minimize
total travel times. In our study, 2 to 8 time periods and 50% to 87.5% dynamism levels are considered. The relationships
between travel and waiting times based on the different lengths of routing periods and demand fluctuations are also examined.
On one hand, shorter planning horizons can provide shorter waiting times for customers. On the other hand, longer ones
ensure optimal routes as well as shorter travel times for vehicles and companies. Therefore, understanding the relationship
between waiting and travel times under different routing period lengths helps companies to decide the best period length
that establishes a trade-off between customer satisfaction and profit.

3. MATERIALS AND METHODS
In this section, the mathematical model for VRPSPD is first introduced. Next, the NNA is explained in detail.

3.1. Mathematical Model for VRPSPD

There are n customers that must be visited by £ homogeneous vehicles. Each customer has a certain amount of pickup and
delivery. When a vehicle visits a customer, the amount of pickup and delivery demands of a customer cannot exceed capacity
of the vehicle. Vehicles must start from and return to the depot. The mathematical formulation for VRPSPD is mostly taken
from the study of Montane and Galvao (2006). However, the maximum distance constraint is removed, and the maximum
daily working time for vehicles and service times for customers are added into the model. The following shows notations
and decision variables:

Notations:

V: set of customers

V,: set of customers and the depot

K: set of vehicles

Cy distance between locations of customers 7 and j
p; pickup demand of customer j, Vj € V

dj: delivery demand of customer j, Vj € V

Q: vehicle capacity

T: working time limit for vehicles

S: service time

Decision Variables:
X 1, if vehicle £k moves from customer i to ;. 0, otherwise.

V- Cumulative amount of pickup at node i and transported in arc (i, ;)

Z, Cumulative amount of delivery at node i and transported in arc (i, ;)
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The corresponding mathematical formulation is given by

Minimize:

Kk Yo Yo K Vo Vo

RDRTIEONHATES
ki ki

Subject to:

K Vo

szl’jk =1 vj €V )
ki

Vo Vo

injk - ijik: 0, Vj € Vo,Vk € K,i # j 3)
i i

v

Zxojk <1 vk € K @
j

Vo Vo

Zyij - Zyji = DPj vjev )

1 i

Vo Vo
ZZU —_ szi = d}, V] € V (6)
i i

K
yij + Zij < szijk' Vl,VJ eV (7)
3
Vo Vo Vo Vo
Z CijXiji + SZinjk <T, Vk € K,i #j ®)
i i
xijx € {01}, Vi,Vj € Vo,Vk € K, i # j ©)
Yij, zij =2 0, Vi,Vj € Vo, I # | 10)

The objective function (1) is to minimize total travel and service times. Constraints (2) make sure that each customer is
visited by exactly one vehicle. Constraints (3) ensure that the same vehicle arrives and departs from each customer. Constraints
(4) show the maximum number of vehicles allowed. Constraints (5) and (6) are flow equations for pick-up and delivery,
respectively; they guarantee that both are satisfied for each customer. Constraints (7) ensure that pickup and delivery demands
do not exceed capacity of the vehicle moving from customer i to j. Constraints (8) show travelling and service times for a
vehicle do not exceed the allowed working time. Constraints (9) and (10) demonstrate boundaries of decision variables.

3.2. The Nearest Neighbourhood Algorithm (NNA)

The NNA is one of the most popular heuristic solution methods to solve VRPs and variants in the literature. The main idea
behind it is to find the nearest neighbour in terms of the distance to a reference point (customer or depot) and insert it to the
schedule. This procedure is repeated until all customers are assigned or the schedule is no longer available. Since we deal
with VRPSPD, the pickup and delivery demands of customers as well as capacity levels of vehicles as constraints must be
considered. Therefore, when assigning customers in terms of seeking minimum distances, the demands of customers and
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the capacities of vehicles are taken into consideration. If the delivery and pickup demands of a customer violates the capacity
of a vehicle, the algorithm does not assign it to the schedule even though it has the minimum distance cost.

The other important factor is the waiting time. The NNA is originally designed to consider distances between customers
when assignment decisions are made. However, waiting times for customers must be considered since the arrival of customers
in different time periods causes significant waiting times. Let us assume that there are 3 vehicles, V|, V,, and V,, customers
are visited by these three vehicles as illustrated in Fig. 1. In this example, two time periods exist, at morning and noon, and
the rerouting activity must be made at noon. The last customers are visited at 11:00, 11:20, and 10:50 am by V , V,, and V3,
respectively. If the earliest time the first customer (red one) can be visited is 12:00, the algorithm checks waiting times,
basically the differences between the finish times of the previous services and the earliest starting times of the next customers.
It is assumed that waiting times, w,, W, and w,, are 60, 40, and 70 minutes for V|, V,, and V respectively and travel times
between the last customers visited, and the first customer after rerouting, d,, d,, and d,, are 20, 35, and 10 minutes. The
algorithm selects V, to visit the first customer if minimizing distances is considered as the objective function. However, the
vehicle must wait 60 minutes to be able to start the service. If V, is selected to visit the customer, the vehicle spends 40
minutes, 35 minutes during traveling and 5 minutes during waiting. Note that we refer the cost of the travelling and waiting
of vehicles as “average travel time per visit” in the remaining part of the study since fuel consumption of vehicles are ignored.

It is important to note that the NNA works for each time interval as a static fashion. In other words, the algorithm only
considers new and unvisited customers when routes are constructed at the beginning of an associated period. Customers
arriving after routes are constructed must wait till the next period. Therefore, each period in a day is actually a static VRPSDP.
However, considering many periods and inserting customers arriving during the planning horizon to the daily routes adds
a degree of dynamism to the problem.

Rerouting
12:00

11:00

Figure I. Illustration of the rerouting activity and the decision of customer visits

Fig. 2 shows the pseudocode for the NNA. First, the number of routing periods and vehicles are defined. In each period, a
static time interval, new and unvisited customers are added to the “Customers” list on Line 4. Between Line 5 and 25, NNA
works for the defined customers and vehicles. In each iteration, the cheapest insertion cost is calculated for each of the
customers by considering all vehicles. After insertion costs are calculated for each customer as between Line 7 and 22, the
customer with the cheapest insertion cost is assigned to the vehicle and removed from the list if the capacity and demand
constraints are not violated. This procedure continues till all customers are scheduled.

4. COMPUTATIONAL EXPERIMENTS AND RESULTS

Three time periods, 60, 120, and 240 minutes, are considered to be able to understand the effect of period length on waiting
and travel times for same customer sets. Since the daily working time of vehicles is defined as 480 minutes, there are 8§, 4,

and 2 routing periods that new customers can arrive and rerouting activities can be made. The expected number of customers

Acta Infologica, Volume 5, Number 1, 2021 6



Demirbilek, M.

for a day is divided by the number of periods to be able to calculate the number of customers scheduled for the current time
period. Let us assume that a 60-minute period length (8 periods) is considered and 48 customers for that day are expected.
Thus, the number of customers that arrived in each period is 6. For a 120-minute time period (4 periods), the arrival of 12
customers will be expected. In real life, it is hard to observe that same number of customers arriving to the system in each
time period, of course. By considering this possibility, period by period, demand fluctuations are also inspected. We randomly
increase or decrease the number of customers by 30% from the expected values. Based on the above example, between 8
and 16 customers in each 120-minute routing period are expected.

Algorithm 1 The Nearest Neighbourhood Algorithm

1: Initiate Periods (P)

2: Set Vehicles (V)

3: forp=1To P do

4: Set New and Unvisited Customers (C)

5: while Customers list is not empty do

6: MinCustomerCost + oo

7: forc=1To C do

8: MinVehicleCost + oo

0: for v=1To V do

10: Calculate insertioncost of Customers|c] for Vehicles|v]
11: if insertionCost =< MinVehicleCost then

12: if ¢ satisfies capacity and time constraints for Vehi-

cles[v] then

13: MinVehicleCost+insertionCost

14: Index¢—v

15: end if

16: end if

17: end for

18: if MinVehicleCost =< MinCustomerCost then

19: MinCustomerCost<MinVehicleCost
20: CustomerIndex+—c
21: end if
22: end for
23: Vehicles [Index]+— Customers[CustomerIndex]

24: Remove Customers/CustomerIndex] from Customers list
25: end while

26: Move Next Period

27: end for

28: Print Waiting and Travel Times

Figure 2. Pseudocode for NNA modified for DVRPSPD
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There are some methods that can be used to measure the degree of dynamism (DD) in the literature. The method of Lund et
al. (1996) is one of the most common methods. In this method, the DD is calculated by dividing the number of dynamically
arriving customers by the total number of customers. In this study, dynamism levels change according to the length of periods
since the algorithm starts with the number of customers arriving before the first period. Therefore, the first period in each
day begins with known customers, and the remaining periods contain dynamic customers. In this situation, the DD level
increases with the number of time periods accordingly. For example, if the 120-minute period length is considered, there are
four routing periods in the 480-minute day length. The first period is composed of known customers. Thus, the remaining
three contain dynamic customers, and the DD will be 0.75 (3/4). In this condition, there are three DD levels, 0.875, 0.75, and
0.5 for 60, 120, and 240-minute period lengths. Note that the case that all customers are known at the beginning is also
considered for the comparison purpose.

As it is mentioned before, the day length is 480 minutes. The service time for each customer is 5 minutes. To test both models
only for one customer set does not provide accurate results since results can significantly change for another customer set.
Therefore, 30 sets that include different customers’ data are taken into consideration. For each test, locations of customers
and pickup and delivery demands are changed. It can be considered as operations of a company for 30 days. Three customer
sets, 48, 96, and 144, are considered. Delivery demands of customers are assigned uniformly between 4 and 10 packages,
and pickup demands are assigned uniformly between 3 and 7 packages. There is a different number of vehicles depending
on the number of customers. Each vehicle capacity is 75 packages. A sufficient number of vehicles, as all customers can be
visited by satisfying their pickup and delivery demands, is defined. The total area size is 3600 km? (60 km X 60 km) and
represented, X € [0,60] and Y € [0,60], in the coordinate system. The depot is located at the middle of the service area. All
related data are shown in Table 2. Finally, NNA is coded with Python Programming Language, and all tests are conducted
on a PC with an Intel i5 7200U 2.5 GHz CPU and 8 GB Ram.

Table 2

Test settings

Daily working time (minute) 480
Service time (minute) 5
Service area X € [0,60]and Y € [0,60]
Number of customers 48,96,144
Demand fluctuation +30%
Vehicle capacity (package) 75
Pickup demand (package) Uniform (3,7)
Delivery demand (package) Uniform (4,10)
Time period (minute) 60,120,240
Degree of dynamism 0.875,0.75,0.5

Table 3 shows travel times (minute) per visit and waiting times (minute) per customer under the stable demand structure.
Confidence intervals with a 95% confidence level are also provided. For example, an average travel time per visit can be
between 33.85 and 34.95 minutes (34.40+0.55) with 95% confidence level if the 48 customers and 60-minute routing period
test set are considered. First, average travel times per visit decrease when the length of periods increases as expected. A
480-minute period demonstrates the case that all customers are known at the beginning. Compared to the 60-minute time
period (87.5% DD), average travel times per visit decrease by the least, more than 50%, if all customers are known before
optimizations start. This is called “Value of Information” and shows that the difference between fully static and dynamic
solutions for the same problem set. When the number of customers increases from 48 to 144, average travel times per visit
slightly decrease. However, once we know all customers at the beginning, average travel times per visit decrease by 11% and
18% when increasing the number of customers to 96 and 144. In this study, waiting times for customers that represent
differences (minute) between arrival times and starting times to services are also taken into consideration. Waiting times
for a fully static case (480-minute day length) are not calculated since we should know when each customer arrives on the
previous day for accurate calculations. This is a limitation for this study and discussed in the Conclusion Section. Although
average travel times per visit change between 9% and 23% period by period, waiting time sensitivity based on different time

periods is relatively enormous. If the period length increases 60 to 120, each customer must wait almost 62 minutes more to

Acta Infologica, Volume 5, Number 1, 2021 8



Demirbilek, M.

be serviced whereas vehicles spend 7 minutes less per visit during travelling. When the number of customers increases,

waiting times per customer increase whereas average travel times stay almost the same.

Table 3
Average travel times (minute) per visit and waiting times (minute) per customer under the stable demand structure (*CI: Confidence Interval +/-)
Customers Time Periods Travel Time (TT) *CIfor TT () Waiting Time (WT) *CI for WT ()
60 34,40 0,55 4,63 0,53
43 120 31,15 0,80 34,07 1,67
240 27,84 0,60 66,39 2,60
480 16,67 0,34
60 3431 0,55 5,42 0,39
9% 120 28,89 0,35 41,05 1,03
240 26,57 0,41 76,83 1,36
480 14,81 0,21
60 33,47 0,44 6,79 0,32
144 120 28,41 0,32 41,07 0,82
240 25,59 0,31 78,73 1,05
480 13,63 0,12

Table 4 shows average travel times (minute) per visit and waiting times (minute) per customer under demand fluctuations.
As mentioned, the number of customers arriving in each period changes +30% based on expected values. First, average travel
times per visit increase compared to the stable demand scenario. On the other hand, average waiting times per customer are
slightly less than average waiting times in the stable demand scenario. Similarly, average waiting times are very sensitive to
time periods. When the length of time periods increases, waiting times per customer sharply escalate. Overall, results under
demand fluctuations follow the same pattern with results under the stable demand condition. Although it sometimes seems
there are only several minute differences per customer between two results, it has a significant effect when considering all
customers. For example, the difference between the average travel time of a 60-minute period and a 240-minute period is
around 8 minutes per visit. If we consider 144 customers/visits, it costs 1152 minutes daily. It means that vehicles spend more
than 19 hours during daily travels if the 60-minute routing period is applied.

Table 4
Average travel times (minute) per visit and waiting times (minute) per customer under demand fluctuations (*CI: Confidence Interval +/-)
Customers Time Periods Travel Time (TT) *CI for TT (¢) Waiting Time (WT) *CI for WT (2)
60 38,99 0,76 3,67 0,37
43 120 33,76 0,72 32,00 1,27
240 29,60 0,95 68,40 2,55
480 16,67 0,34
60 35,65 0,44 5,73 0,56
96 120 31,27 0,54 35,41 1,24
240 27,34 0,85 74,77 2,61
480 14,81 0,21
60 35,65 0,50 6,23 0,46
144 120 29,72 0,45 40,34 1,12
240 27,23 0,74 82,07 2,29
480 13,63 0,12
5. CONCLUSION

Vehicle Routing Problem with Simultaneous Pickup and Delivery is getting more attentions day by day since optimal or near
optimal solutions significantly decrease operational costs of companies by delivering and collecting goods at the same time.
Although many studies that consider static problem settings where all customer information is known at the beginning exist
in the literature, the dynamism issue where customers arrive during a planning period and schedules are evolving dynamically
is rarely taken into account. In this study, we consider the dynamism issue as static routing periods when optimizations are
made. In other words, we find optimal routes for new customers and unvisited customers assigned from previous periods in

each routing period. The Nearest Neighbourhood Algorithm is used to solve optimization problems quickly. Some real-life

Acta Infologica, Volume 5, Number 1, 2021 9



A-Static-Periodic Solution Strategy for Dynamic Vehicle Routing Problem with Simultaneous Pickup and Delivery

aspects such as different numbers of customers, daily working times for vehicles, service times for customers, and demand
fluctuations for routing periods are considered as parameters and constraints. Moreover, different degree of dynamism (DD)
levels, 50% to 87.5%, are examined to observe how different DD levels affect results. Since results can significantly change
based on divergent data sets, 30 different data sets that include a variety of customers’ locations and pickup and delivery
demands are evaluated, and confidence intervals are calculated for average travel times per visit and waiting times per

customer to provide more accurate results for readers.

First, as expected, considering dynamic customer arrivals significantly increases average travel times per visit. On the other
hand, when the length of periods decreases, the average waiting times also sharply decrease. If routes are constructed 8 times
a day, each customer waits an average 5 minutes compared to 66 minutes if it is made 4 times a day. In this situation, each
vehicle must spend seven more minutes visiting each customer. When the demand fluctuation case is examined, longer
average travel times are observed. Furthermore, average travel times per visit decrease, and waiting times per customer
increase slightly when the number of customers goes up. Note that several minute differences among results per customer/
visit make a huge impact when considering the high number of customers. On one hand, companies try to avoid unnecessary
travel times to reduce operational costs. On the other hand, customers demand to be served as soon as possible. In this study,
we attempt to show the relationship between travel times and waiting times to help decision makers find the best solution
for both companies and customers.

There are some limitations and assumptions for this study as well. First, when calculating waiting times, it is assumed that
customers in the first period are ready to be serviced. However, these customers are supposed to arrive the previous day, so
waiting times can be higher than those calculated here. Although this can be achieved by defining interarrival times for
customers, we have a different number of customers visited scenario by scenario in this time, and it causes miscalculations
and miscomparisons for travel and waiting times. Furthermore, pickup and delivery demands and the capacity of vehicles
are considered the same, test by test. Testing a variety of demands and capacity levels can also be useful. However, the first

aim of this study is to examine how the length of periods affect waiting and travel times per customer/visit.

In future research, each customer can be considered as a decision point. Instead of considering a specific time period,
whenever a new customer arrives to system, the routing and scheduling activity is made to find the optimum visit time for
the customer.
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ABSTRACT

The aim of this study is to investigate the eye movements of participants during academic searching tasks.
Since the Web of Science, Google Scholar, and Council of Higher Education Thesis Center are among the
popular academic search platforms in Turkey, we focused on the usability of them. During the preliminary
analysis, we explored the most problematic tasks, and then analyzed the eye movements. The problematic
tasks were detected with respect to the unexpected differences of completion duration; the failure of
completion status; unexpected number of clicks; high number of fixations; high fixation duration; unrelated
fixation areas; and think aloud data. Tobii Studio 3.4.2 was utilized for both the collection and analysis of
eye-tracking data. 21 academicians participated to the study. The results of the analysis indicated that due to
interface design, the eye movements of participants tended to focus on unrelated parts of the screen. As a
result, certain parameters of eye tracking demonstrated how participants’ eye movements tended to generate
intense fixations, increased amount spent for unrelated areas, intense mouse clicks, and increased total
amount spent for tasks. In addition to those parameters, users’ satisfaction levels showed a decrease as a
result of unexpected experiences.

Keywords: Usability, Eye Tracking, Eye Movements, Online Search, Online Academic Sources

0oz

Bu calismanin amaci, ¢evrimi¢i akademik kaynak kullaniminda gdz hareketlerini incelemektir. Bu
kapsamda tilkemizde en yaygin kullanima sahip ¢evrimici akademik kaynaklardan olan Web of Science,
Google Akademik (Google Scholar) ve YOK Tez Merkezi web sitelerinin kullanilabilirlik testi esnasinda en
¢ok problem yasanan gorevler belirlenmis ve kullanicilarin bu gorevleri gergeklestirirken sergiledigi goz
hareketleri analiz edilmistir. En ¢ok problem yasanan gorevler, gorevlerin tamamlanmasi gereken siire ile
tamamlanma siireleri arasindaki farkin yiiksek olmasina, gérevlerin tamamlanma durumlarina, fare tiklama
sayilarina, sabit bakis sayilarina, sabit bakis siirelerine, sabit bakis yerlerine ve kullanici yorumlarina
bakilarak belirlenmistir. Bu islemler ig¢in Tobii Studio 3.4.2 programi kullanilmistir. Arastirma, ¢evrimici
akademik kaynaklar1 kullanma konusunda en az 2 y1l tecriibesi olan 21 akademisyen ile ger¢eklestirilmistir.
Calismada gegcerlilik icin veri ¢esitlemesi saglanarak nicel ve nitel veriler birlikte kullanilmigtir. Bulgular
sonucunda ara yiiz tasartmindaki sikintilardan dolay1 kullanicilarin yanlis yerlerde ve daha yogun sabit
bakis sergiledigi, bu durumun da sabit bakis siireleri, fare tiklama sayilar1 ve gorev tamamlama siirelerini
olumsuz etkiledigi ve memnuniyetlerini diisiirdiigii belirlenmistir. Bu problemlerin sebepleri incelenmis ve
¢Oziim i¢in onerilerde bulunulmustur.

Anahtar kelimeler: Kullanilabilirlik, Goz izleme, Goz Hareketleri, Cevrimici Arama, Cevrimici Akademik
Kaynaklar
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Online Academic Resources With The Focus of Eye Behaviors

1. INTRODUCTION

The concept of information searching has been transformed into different formats due to rapid changes in electronic and
digital sources. In the field of academia, the way to access any information has become easier in comparison to the past.
Traditional printed resources have certain limitations. For example, borrowing it from a library may not be possible, but
electronic or digital versions are accessible all the time. Searching for specific information within pages can be a challenging
task for printed sources, but it is much easier in digital versions. Such different dimensions introduced by e-sources facilitate
the effort spent by the researcher as well as the time spent (Kazan, 2017).

Rapidly increasing amounts of online information is expected to reach 35 zettabytes by the end of 2020 (Agrawal & Nyamful,
2016). Such an imbalanced increase in the electronic world is vulnerable to the quality of the information, i.e. not all information
in that world is valid and reliable. Since users deal with different types of user interfaces on the web, experiencing various
usability problems is very likely. These problems can result in frustrations for users. System performance such as response
time, availability of reliable and valid content, broken or outdated links, and inadequate web search results are some of the
things that affect user experience. (Brandt et al., 1996; Kovacs & Elkordy, 2000; Land, 2000). In addition, the design and
usability of user interfaces may affect the way people access and use online information. In typical software, 48% of codes
are related to interfaces (Myers & Rosson, 1992), which might be a reason why the design of appealing interfaces should be
achieved. According to Norman (1988), reducing the possibility of errors is an important mission of any computer programs
as well as making the recovery of errors possible. Similarly, in Nielsen’s heuristics, the importance of interface designs was
also emphasized. Since the online search is important for today’s computer users, the usability of available tools is quite

important.

Usability as a term is not very easy to define because the measurement of it is considerably hard and sophisticated, and
therefore defining it in a scientific framework took time and was not always accepted by everyone (Hertzum et al., 2009).
Nevertheless, in daily life, people generally use the semantic meaning of the term rather than the terminological one. For
example, in ads, one can come across slogans such as “easy cleaning”, “make your life easier”, “easy to connect”, “friendly
screen”. These are all examples of using the term in everyday meaning. From its semantic meaning, the term usability can

also be expressed in the following terms: “learnability”, “easy to use”,
2011).

user friendly”, and “transparent to users” (Cagiltay,

In the literature, the term usability can also be defined in various ways by different researchers. For example, according to
Nielsen (2012), usability is a qualified indicator showing how easy to use a system is in addition to consisting of methods
for designing usable systems. Shackel (2009) defines usability as the ability to complete the given tasks easily and effectively
within the given scenario providing support. In the International Organization for Standardization (ISO) standards book,
usability is located into two different parts. In the ISO 9241-11 (2018) part, the definition focuses on effectiveness, efficiency,
and satisfaction within a context. In the ISO/IEC 2510 (2011) part that covers a wide range of computer related systems, the
usability is associated with quality within effectiveness, efficiency, satisfaction, freedom from risk, and context coverage
characteristics.

Although there are clearly defined standards, the usability testing is not very easy to pursue because there are lots of elements
to be considered. Technical problems, calibration problems and ethical principles are some of these elements. The usability
tests can be designed upon users, experts, models, and design principles. Each approach has its own advantages and
disadvantages. Moreover, utilizing different test methods can generate varying results (Cagiltay, 2011). One of these approaches
is Eye-tracking methodology. This technique is a system that determines eye movements and focus areas of the eye (Almedia
et al. 2011). Eye-tracking methodology is a relatively objective technique used to collect data for user testing. As the user
interacts with the interface, his/her fixations can be viewed through this technique in a detailed way (Nakatani & Pollatsek
2004; Renshaw & Webb 2006; Scheiter & Van Gog 2009). Such a technique enables the researchers and designers to diagnose
the errors, misunderstandings, misguidance, and the most attractive locations on the screen (Pernice & Nielsen, 2009).
Moreover, the researchers or designers can save time by locating the exact issues related to usability.
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There are various studies investigating usability through the utilization of eye trackers. University web sites, e-libraries,
governmental sites, handbooks, educational multimedia environments, and online academic resources have been the popular
environments for usability studies. As a result of those, the researchers revealed many practical implications including
misguiding buttons, links, colors, and so on (Alemdag & Cagiltay 2018; Cetin & Sendurur, 2016; Lund, 2016; Yavuz et al.
2016; White, 2016). Eye tracking is a technique that has been used in many different areas of research other than usability.
Factors affecting web visits, the effects of visuals on online reading performance, behavior of children using the Internet,
web searching behavior and the quality of online ads are some of the other areas in which eye tracking is used(Beymer et
al., 2007; Buscher et al., 2010; Byerly, 2007; Cutrell & Guan, 2007; Pan et al., 2004). In addition, the eye tracking technique
has been used to examine the cognitive process of users on search engine results pages (Lewandowski et al., 2018).

Scholars and graduate students generally use online academic resources due to their convenience of accessibility and coverage.
Instead of searching among hardcopies of journals, searching with the help of e-databases, search engines, etc. is more
convenient for many researchers. Unlike general purpose online tools like Google search engine, the online academic tools
have specific user profiles, which are scholars. Nevertheless, the design of interfaces can hinder the search process. In the
literature, there are many usability studies, but they are mostly limited with library resources. In order to provide guidance
with the designers as well as publishers, this study aims to fill the gap with a specific focus of comparing the usability of
three popular online academic resources in a qualitative way: Web of Science, Google Scholar, and National Thesis Center

(NTS). The main research question of the study is as follows:
RQ: How do users’ eye behaviors change when the design of the interface has some usability problems?

2. METHOD

The research design of this study follows the simultaneous mixed methodology (Tashakkori and Teddlie 1998). During the
user test sessions, both qualitative and quantitative data were collected, and then they were analyzed and interpreted in a
complementary manner. Table 1 summarizes the design.

Table 1

Research design

Data Collection Method Data Analysis Method

Eye Tracking Record Quan — Descriptive Statistics (Tobii Studio 3.4.2)
Qual — Content Analysis

Observation Form Qual — Content Analysis

Satisfaction Form Qual — Content Analysis

2.1. Participants

In this study, the convenient sampling method was used to select participants because they have to travel to the human-
computer interaction laboratory, and spend time for the session. The participants of this study were selected according to
their experience on using online academic resources because the interface should be familiar to the users (Dumash and
Redish 1999). The subject area of researchers varied . According to Virzi (1992), 5 participants are enough for user tests.
However, researchers like Lindgaard and Chattratichart (2007) were against this idea. Nielsen and Landauer (1993), on the
other hand, made a classification depending on the scale of the research, and claimed that 7-15 could sometimes reveal the
majority of the errors. In reference to Nielsen and Landauer (1993), we included 21 users in this study. 9 of them were male,
and 12 of them were female. Detailed demographics were presented in Table 2.
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Table 2
Demographics of Participants

n Y%
Gender
Female 12 57.1
Male 9 42.9
Age
23-27 9 42.9
28-32 7 333
33-38 5 23.8
Experience of Online Academic Resources
2-3 years 10 47.7
5-6 9 429
7-10 2 9.4
Department
Civil Engineering 5 23.9
Computer Education & Instructional Technologies 4 19
Industrial Engineering 3 14.3
Electronic & Electrical Eng. 2 9.5
Chemistry 2 9.5
Computer Engineering 2 9.5
Geography 2 9.5
Informatics 1 4.9

2.2. Instruments & Apparatus

Before deciding on the tasks to be included in the experiment, the researchers talked to and observed the scholars around
them. As a result of those unstructured and informal interviews, a group of frequently performed tasks emerged and formed
the boundaries of our user tests. Finding a specific publication of a scholar, ordering the publications with regards to given
criteria, and accessing dissertations published on a given date were the initial tasks that we aimed to include. In order to
decide on the online academic resources, we delivered a questionnaire (Author(s), 2016). In the survey study, users were
asked about the online academic resources they use most frequently, the reasons for choosing this resource, and the most
common problems they encounter while accessing these resources. Since the detailed results are not the main concern of
this study, the detailed qualitative analysis of user experience of hard tasks is the emphasis of the current study. In a preliminary
study, Author(s) (2016) explored that the following two tasks were the most complicated ones according to users, and the
analysis of eye movement approved that claim which is why this study has a deep focus on the following two tasks:

Task 1: List the studies of which title includes “instructional design” keywords.
Task 2: Download the dissertation written by “* (removed for blind review)”.

The tasks were the main instruments, but in order to observe and record data, Tobii Studio 3.4.2 was utilized as another
instrument. Tobii Studio is an eye-tracking platform for the recording and analysis of eye gaze data. In addition to screen
recordings, participants’ voice recordings were also important for gaining insights into what they were thinking as they
moved on. There was a Tobii T120 eye tracker with 0.5 degree of sensitivity integrated into the desktop with a 17-inch monitor.
The screen resolution was 1024x768 during data collection. The room was surrounded by cameras to record gestures and
mimics. The participants were given wearable microphones for voice recording. The chair was adjustable and thus the height
variety of participants was not a problem. Although certain head movements were tolerated by the eye tracker, we advised
participants to keep an approximate 60 cm distance from the tracker (Tobii Studio 2008).
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2.3. Data collection & analysis

Before starting the test, the users were informed about the procedure and ethical issues. They were free to stop, leave or have
a break whenever they wanted. Then, the tasks were given in a written format and stayed in front of them during the test.
The calibration was run for each participant to increase the reliability of recordings. 9 point calibration was conducted. The
author(s) did not intervene in the sessions, i.e. users were encouraged to perform as if they were at home/library/office. They
were also encouraged to think aloud. An average session took about 45 minutes. The users were expected to complete each
task separately. No stimulus was presented at the beginning. In the beginning of the experiment the web browser was ready
to be used. At the end of each session , users were asked to complete the satisfaction questions. The experiment was implemented

in a public university’s human-computer interaction laboratory.

The usability criteria consist of three facets: effectiveness, efficiency, and satisfaction. In order to evaluate the effectiveness
of the chosen academic resources, we focused on the completion status of tasks and tried to investigate the reasons for failure.
Efficiency in the current user test was decided according to the following metrics: time to first fixation, first fixation duration,
total fixation duration, fixation count, time to first mouse click, time from first fixation to next mouse click, and mouse click
count. For the third dimension, satisfaction, we assigned each user a satisfaction questionnaire after the test. All data were
analyzed with the combination of both qualitative and quantitative analysis methods. Tobii Studio 3.4.2 program mostly
benefited from quantitative analysis. Think aloud data, observation notes, and satisfaction questionnaires were analyzed in
a qualitative way utilizing content analysis techniques. At the end of the analysis, the researchers diagnosed the two tasks
that were perceived as the most difficult ones. As a result, the eye movements of users were closely analyzed in this part of
the study.

3. RESULTS

When deciding on the most problematic tasks to be included in this study, we focused on the gap between expected and
observed task completion duration, the task completion status, number of mouse clicks and fixations, fixation durations and
locations as well as user comments. We examined gaze plots of users for detailed eye movements. As a result of that preliminary

analysis, we decided to include two tasks, which seemed problematic.

The critical screen parts, i.e. the related areas leading to the completion of tasks, consisted of areas of interest (AOI) in this
study. In the first task, locating and clicking the detailed search menu was a critical action for the task completion. In the
second task, locating where to download the dissertation was an important phase. That’s why the menu area was signed as
an AOI, and the eye movements to the first fixation to that AOI was analyzed in detail . Table 3 summarized the metrics of
those two tasks. Table 4 includes metrics of eye movements: time to first fixation to the target AOI, number of fixations on
the AOI, and time to first mouse click on the AOI.

Table 3
Expected vs. Found Results

Average TCD*  Shortest TCD* Longest Expected TCD* Average MC# Min Max Expected MC#
Tasks TCD* MCH# MCH#
Task 1 60.88 25 154 16 8 5 11 4
Task 2 529 13 126 15 8.5 7 15 6
*TCD: Task Completion Duration; #Mouse Clicks
Table 4
Average Fixations and Mouse Clicks
Tasks Time to First Fixation Number of Fixations Time to First Mouse Click
Task 1 9.81 11.06 8.58
Task 2 4.03 81.10 5.39
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The expected ones in Table 3 represent the optimum possible way to follow. For instance, one can complete the Taskl with
4 mouse clicks, but there is a considerable difference between minimum and maximum number of clicks, which may be a
sign of the design problem. Similarly, task completion duration for this task takes about 16 seconds, however, the gap between
participants’ performance was striking. For example, one user completed it in 25 seconds, which is close to the expected
one, whereas another user finished in 154 seconds. In addition, the average task completion duration is approximately four
times longer than the expected duration. Therefore, this task is a good candidate for deep focus with regards to eye movements.
Most of the users explained how they had difficulties finding the detailed search option. Most of the participants failed to
complete the task, and therefore gave up. As shown in Table 4, users fixated on the related AOI, but it took about 8.58 seconds
to associate it with the target task and to click on it. The following excerpts exemplifies the satisfaction status of users:

“...detailed search cannot be found. I thought that keywords of previous searches would appear when
1 click the arrow sign.” (K4)

“...1 think finding detailed search is hard for beginners.” (K5)
“It would be better if there is a hint for a detailed search option.” (K13)

“I really had difficulty finding the detailed search. The location of it does not make any sense. [ wouldn’t
think that it would be there.” (K16)

“...there are no visuals of detailed search, I couldn’t have completed the task.” (K20)

In the second task, users were expected to search and download the given dissertation. All users found it, but there were
gaps between expected and performed values of metrics. The average task completion duration was 52.9 seconds, which is
above the expected duration. Moreover, the shortest duration was almost ten times shorter than the longest task completion
duration. Besides the large gap among the performances of the users, the number of mouse clicks was above expectations.
There were too many fixations (N=81) on the target AOI, whereas it took 5.39 seconds to detect and decide to click. According
to users, the link did not seem to be clickable, and therefore they hesitated, which brought about a longer task completion
period. The following excerpt are some examples of users’ hesitations:

“Downloading the dissertation was very difficult. I found it incidental , I clicked the first clickable
place and downloaded.” (K1)

“...there was neither a hand sign nor any other sign to guide the downloadable area. I worked hard to
find the location of the dissertation to download.” (K6)

“I found the dissertation, but the button was hardly visible. One needs to click the dissertation number
to download. Incidentally, I clicked hoping that would be the right link.” (K19)

The Fastest vs. Slowest Users’ Eye Movements for Task 1: Examining the task completion processes of all users showed
difficulties in finding the detailed search option. An average user can complete the task in about 16 seconds. In this study,
the fastest duration was recorded as 25 seconds (K12). The gaze plot of user K12 was demonstrated on Figure 1. It can be
observed that the user detected the related field of the screen after a few fixations over the top left corner of the screen. On
the other hand, the longest duration was recorded as 154 seconds (K1). Since user K1 did not detect the menu part for the
detailed search, s/he first did a regular search, and then tried to access the detailed search menu on the results page, which

brought about a longer task duration. Figure 2 demonstrates the heat-map of K1.
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Figure 1. The gaze plot of K12 during Task 1
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Figure 2. Gaze plot of K1 during Task 1

User K1 spent a considerable amount of time on the left side of the page, then skimmed all pages around, and then due to
the lack of hints, s/he focused on the article links on the results page for a detailed search tool. Finally, despite fixations on
the target area, s/he did not locate/click the item. After spending too much time, s/he went back to the main search page and
found the detailed search tab. In short, realizing the existence of the option took about 103 seconds, which is quite long. As
pop-up appeared, user K1’ s examining the window, writing keywords, and searching processes took 51 seconds, which is
still longer than the shortest task completion duration. Figure 3 shows the first 7 seconds of user K1, after pop-up windows.
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Figure 3. The first 7 seconds of K1 on Task 1

Failures of Task 1: Users K13, K16, and K20 were not able to finish Task 1. The eye movements of those users show intense
fixations on the menus on both sides of the page. User K13 spent too much time focusing on the interval option of the menu,
but as soon as realizing the date specific facet of that part, s/he shifted the focus. Like user K13, user K16 tried to find the
detailed search on the both sides of the page . Despite shorter fixations, K16 spent too much time locating the correct menu
item. Although s/he saw the item on the settings button at the upper right corner, s/he did not associate it with the task, and
thus failed to complete. The longest fixations of that user were also on the target area. User K20 showed short fixations all
around the page, but could not have realized the target, and as a result of that s/he gave up the task. Figure 4 consists of the
eye movements of users who failed during Task 1.
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Figure 4. Eye movements of users who gave up the Task 1
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The Fastest vs. Slowest Users” Eye Movements for Task 2: An average user can complete the task at about 15 seconds, but
one of the participants (K9) was faster with 13 seconds. The slower performers generally got stuck on finding the download
link. User K9 first entered the keywords on the main page with necessary options. Once realizing the dissertation number,
s/he clicked and the downloading process started. That user had slight fixations on general information about the thesis, and
never got distracted by other items on the page. Figure 5 shows smooth eye movements of the user.
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Figure 5. Gaze plot of user K9 during Task 2

User K11 completed Task 2 within 109 seconds. As shown on Figure 6, s/he gazed around all over the page, fixated and
clicked each item one by one. Despite frequent fixations on that area, s/he did not click on the dissertation number, which
was the target area for downloading. It can be observed that the duration of fixations on that area increased towards the end
of the task. As the user was sure of the functions of other items, s/he decided to click on the correct link. Figure 7 shows the
first 6 seconds of the user. According to eye movements on that figure, s/he did not fixate on the correct place for 5 seconds.
After 6 seconds, s/he fixated on the right item, but did not click.
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Figure 6. Gaze plot of user K11 during Task 2
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Figure 7. The first 6 seconds of K11 on Task 2

Failure of Task 2: There was only one user who failed to complete the task (K1). The search patterns of K1 were very similar
to K11, the slowest user in Task 2. User K1 gazed all around the page with similar fixation durations, and fixated on the
dissertation number, but did not click due to lack of associations with the download link. As a result, s/he gave up the task.

Figure 8 demonstrates the eye movements of the user during Task 2.
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Figure 8. Gaze plot of K1 during Task 2

3. DISCUSSION AND CONCLUSION

It was observed that users’ gaze plots, efforts to complete the tasks, and task completion durations/status were very different
from each other during the two tasks, which caused problematic user experience. In both tasks, users generally focused on
both sides of the pages, where menu items are located. Although the majority of the users showed fixations at the correct
places, they kept searching for the target at different parts of the screen due to lack of associations. This situation led to
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increases in fixation counts, fixation durations, mouse clicks, and task completion durations. According to Rayner (1998),
long fixation durations are associated with intense cognitive effort along with longer thinking durations. This assumption
can explain the relation between long fixation durations and task completion duration. In addition, the failure of completion
may also be related to cognitive overload as a result of longer fixations everywhere accompanied by mouse clicks. Situations
having too many options can cause confusion , which can be a sign of cognitive overload (Murray 2001). For example, the
study conducted by Kilic and Karadeniz (2004) indicated that students, whose cognitive load is high, showed lower performance
and longer task completion durations in hypermedia. The current study showed that when the user fails to associate the target
design element, the number of fixations and mouse clicks increase, and thus the gaze plots exemplify the cognitive overload
resulting in either failure or longer task completion durations.

In the first task, users were assigned the task of making a detailed search on Scholar Google. Users generally tended to focus
on menu items, but failed to locate the targeted one. Providing users with flexible interfaces including freedom of choices
is an important part for usable designs (Nielsen 1994). Although the experienced users accessed the detailed search quickly,
the users who rarely used the details option had difficulties learning where to click. In the second task, the main problem
was the lack of cues about the existence of a download link, which can be overcome easily by defining the cursor hover style
as a pointer. According to Nielsen’s (1994) heuristics, consistency and standards should be taken into account for universal
designs. In this way, the designer can prevent misconceptions in the interface. In conclusion, the problems in the design of
two frequently used online resources resulted in negative user experiences. The users spent extra time and effort due to lack

of salient hints. The signals and cues are valuable in increasing the efficiency in learning (Clark et al. 20006).

Finally, the study has limitations in terms of certain issues, and therefore one should be careful when interpreting the results
of this study. First, the experiment is limited to assigned tasks. Because of the location of the human-computer interaction
lab, we only included the volunteers who were available around us in the study. In the beginning protocol, we encouraged
users to behave as if they were at home/office, but being in a controlled environment may have affected the overall performance

of the users.
The research implications can be summarized as follows:
e Since we utilized convenient sampling, the further studies can enlarge the number and variety of participants.
e One can provide alternative designs and compare them with the old ones.
e One can compare the resources based on the participants’ age or gender.
e The practical implications can be summarized as follows:

e Before eye tracking experiments, the researcher should make sure the physical and technical settings are all in good

condition.

e Having a plan-B is needed when planning data collection period, because the logistic issues may sometimes restrict
the number of accessible users. Scheduling according to users, and having extra users in advance may prevent possible
data collection problems.

e [Large data size can bring about freezing screens or slow performance. In order to have optimum performance, the
software enabling the analysis of eye tracker data should be installed on a high performance computer.

e In user tests, data collection with eye trackers is a considerably lengthy process, that’s why time management and
planning is necessary to increase efficiency.
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Bilgi sistemleri ve veri kullanimindaki sonsuz artis, bilgi giivenliginde tehlikenin dogusunu tetikledi. Son
yayinlanan raporlara gore askeri kuvvetler ve e-ticaret web siteleri disinda siradan kullanicilarda sistemleri
ve belgelerini korumak i¢in sifreleme teknikleri kullanmaya baslanmislardir. Alinana tedbirlere ragmen
cesitli gizleme tekniklerini kullanarak hazirlanan akilli saldirilar mevcut korunma yontemlerini atlatarak
hedef'sistemdeki parola ve kullanici adlarini ele gegirebilmektedir. Kurumsal firmalar ve siradan kullanicilar
verilerini gizlemek i¢in yeni nesil sifreleme yontemlerini yaygin olarak kullanmaktadir. Bu durum 6zellikle
adli olaylara konu olan bilgi sistemleri ve dosyalarin incelenmesinde biiyiik engeller olusturmaktadir. Eger
stipheli kisi kullanmis oldugu bilgi sistemi veya dosyalarini sifrelenmis ise delil elde etmek i¢in dnce bu
sifrelerin 6nceden bilinmesi ya da sifrenin kirilmasi gereklidir. Bu adimda siipheli kendi rizasiyla parola
kolluk kuvvetlerine vermemesi durumunda adli uzmanlar g¢esitli yonetmelerle sifreleri kirmaya ¢aligmakta
bu siire¢ genellikle zor olmakta ve bazi durumlarda siipheli sistemdeki sifreli verilere ulasilamamaktadir. Bu
caligma iki katk1 sunmaktadir. ik olarak en cok kullanilan sifre kirma yontemleri detayli olarak incelenmistir.
Ikincisi, “BitLocker” veri sifreleme yontemiyle sifrelenmis 6rnek bir adli vaka incelenerek sifreli verileri
kirilma adimlar1 incelenmistir. Sonuglardan sifrelenmis verilerin erismek i¢in kullanilan yontemin etkili
oldugunu ve sifrelerin kirildig1 géstermektedir.

Anahtar kelimeler: Sifre Kirma, Veri Sifreleme, Giivenlik Saldirilari, Analiz Yontemleri

ABSTRACT

The unending increase in information systems and data use has triggered the birth of danger to information
security. According to recently published reports, apart from military forces and e-commerce websites,
ordinary users have begun to use encryption techniques to protect systems and documents. In spite of
precautions, smart attacks prepared using a variety of concealing techniques overcome available protection
methods and can obtain the passwords and user names of on the target system. Corporate firms and ordinary
users commonly use new-generation encryption methods to hide their data. This situation creates large
obstacles forto the investigation of computer systems and files which are the subject of forensic events,
especially. If a suspect uses a computer system with encrypted files, to obtain evidence, firstly, it is necessary
to know these encryptions or to crack them. In this step, if the suspect does not give law enforcement the
encryptions willingly, forensic experts attempt to break the encryption with a variety of methods. This
process is generally difficult, and in some situations, the encrypted data on the suspect’s system cannot be
reached. This study provides two contributions. The first is that a detailed investigation of the most commonly
used encryption cracking methods are investigated in detail. Secondly, an example forensic case encrypted
with the “BitLocker” data encryption method is investigated and the steps to break the encrypted data are
investigated. The results show that the methods used to access the encrypted data is effective and that the
encryption was cracked.

Keywords: Password Cracking, Data Encryption, Security Attacks, Analysis Methods

QOB

This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License BY NC



Adli Bilisim Incelemelerinde Sifre Kirma Yéntem ve Teknikleri

1. GIRIS

[1k ortaya ¢iktigindan beri, veri sifreleme yontemleri bilgi sistemlerini ve verileri en iyi koruma tekniklerinden biri olarak
bilinmektedir (Guddeti vd. 2020). Bu giivenlik yaklasim1, kullanicinin korunan sistemlerin ve verilerin igerigini erisimi igin
bir sifre ¢ozme anahtari kullanilmasi olarak tanimlanir. Bu sekilde, yalnizca yetkili kisiler (anahtara erigimi olanlar) korunan
sisteme veya verilere erisebilmektedir (Bhanot vd. 2015). Bir agik metinin bir sifreleme algoritmasi vasitasiyla anlagilamaz
bir metin haline getirilmesi islemine sifreleme (Encryption) denir (Sekil 1) (Dass vd. 2020). Sifre Cézme (Decryption) islemi
ise bir sifreleme algoritmasi sifrelenmis veriyi ¢ozerek ilk haline getirme islemidir (Sekil 2) (Hur vd. 2019).

Diiz Metin ) $ifre|i Metin
$|fre|eme \
@ ‘

Sekil 1. Sifreleme adimlari.

Veri sifreleme yontemi, ticari igletmeler, resmi kurumlar, silahli kuvvetler, kisisel kullanicilar ve e-ticaret web sitelerinde
O0deme ayrintilarini korumak da dahil olmak iizere bir dizi farklt alanda kullanilmaktadir (Saracevi¢ vd. 2020). Giiniimiiz
teknoloji uygulamalarda veri sifrelemenin dogru bir sekilde yapilmasiyla, verilerin hemen hemen her tehdide karsi koruyabilecek
glice sahiptir. Bununla birlikte, birgok kurum ve kullanici (son derece hassas verilere sahip olanlar bile) heniiz bu yontemi
uygulamamaktadir (Kara 2019). Bu verilerin varligi siiphesiz siber suglular i¢in ilgi ¢ekici bir hedeftir ve korunmasiz olanlarda
ilk saldiriya ugrayanlar arasindadir.
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Sekil 2. Sifre olusturma-¢dzme siireci.

Kurumlar ve kullanicilar veri sifreleme yonteminin sunabilecegi giivenlik avantajlarinin farkinda olsa da, sifrelenmis veriler
adli incelemelerde birtakim zorluklarla karsilasilmasina neden olmaktadir. Adli bilisim uzmani, bilgi sisteminde ki veriye
ulasabilmesi i¢in bu sifreleme mekanizmalarini agmasi gereklidir. Cogu zaman yapilan adli incelemelerdeki siipheli bilgi
sistemlerinin sifrelemeyi agmalar1 ¢ok zor hatta imkansiz olabilmektedir. Glinlimiizde sug isleyenler veya siipheli durumda
olan insanlar kendilerini veya kisisel verilerini gizlemek amaciyla veri sifreleme yontemlerini kullanarak islerini kolaylastirirken

adli uzmanlarin islerini zorlastirmaktadir.

Ote yandan gelisen teknolojinin getirdigi avantajlardan faydalanan sifreleme yontemleri de giin gectikce gelismektedir.
Apple i0S 11°de, Firefox arama motorunda, Whatsapp mesajlasma uygulamasi gibi bircok uygulamasi giivenlik énlemlerini

artird1 ve “end-to-end” olarak bilinen sifreleme kullanilmaya baglamislardir. Microsoft Windows 8 siiriimde standart olarak
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sunulan hard disk sifrelemesi kolaylikla kullanicilar tarafindan uygulanabilmektedir. Siradan kullanicilar dahi iletigimlerini
ve kisisel verilerini gizlemek i¢in PGP, TrueCrypt, Microsoft BitLocker ve Tor gibi sifreleme uygulamalarini kullanmaktadirlar.
Hukuka uygun olarak kisisel verilerin korunmasi ve gizlilik politikalar kapsaminda kisisel veri sahibinin agik rizasinin
bulunmadan ikinci kisilerin erismemesi kanunlar ile koruma altina alinmis olmakla birlikte 6zgiirliikklerin ve kamu giivenlik

arasindaki bu dengeyi kanunlar ile kullanicilar arasinda kurmak gereklidir.

Bu calismada veri sifreleme yontemleri ve sifre kirma analizlerindeki yeni gelismeleri anlatilmaktadir. Calismanin odak
noktas1 da “BitLocker” veri sifreleme yontemiyle sifrelenmis gercek bir sifreleme vakasinin incelenmesi olacaktir. Bu
amagla “BitLocker” veri sifreleme yontemiyle sifrelenmis bilgisayardaki verilerin nasil kurtulabilecegini gdsteren uygulanabilir
bir yaklasim 6nerildi. Onerilen yaklasimda sifre kirma analizlerinde Windows tabanli bilgisayarlarda brute force sifre kiricist
olan “Passware Kit Forensic Version 2019.2.0 (Ucretsiz siiriimii)” yazilim1 kullanildi. Bu yaklagimla benzer yontemlerle

sifrelenmis bilgi sistemleri ve veriler igin uygulanabilir olmasini hedeflenmistir.
2. SIFRE KIRMA (PASSWORD CRACKING) YONTEMLERI

Sifre ve parolalar dijital diinyada siber saldirganlarin odaginda olmakta ve kirilan tek bir sifre ile tiim gilivenlik sistemleri
atlatilarak tiim sistem veya veriler ele gegirilebilmektedir. Sifreli verilere veya bilgi sistemlerine ulagmak saldirganlar kadar
siradan insanlarinda ilgisini ¢gekmekte bu durum sifre kirmak i¢in her gegen giin yeni yontemler gelistirmeye ¢alisiimaktadir.
Bu nedenle bu ¢alismada sifre kirmak i¢in kullanilan en popiiler yontemlere deginilmistir. Sifre kirma yontemlerini “aktif”
ve “pasif” yontemler olarak iki ana gruba ayrilabilir. Bunlar (Kaya vd. 2017):

* Aktif sifre kirma yontemlerinde; hedef bilgi sistemine veya veri dosyalarina ¢evrimigi (anlik) olarak sifre kirma saldirilari

gercgeklestirilmektedir.

* Pasif sifre kirma yontemlerinde; ise ¢gevrimdisi ortamlarda 6nceden hazirlanan tahmini sifreler hazirlanarak, incelemeler

sonucunda ele gecirilen sifreler denenerek veya olasi sifre tahminleriyle yapilan sifre kirma saldirilariyla gerceklesmektedir.

Aktifsifre kirma yontemi kullanilabilmesi i¢in bir sekilde hedef veri taban1 yada kullanici bilgilerinin (olast hesap kullanici
ad1 veya parolalar gibi) bilinmesi gereklidir. Bu durum disinda kalan senaryolarda pasif sifre kirma yontemleri kullanilmaktadir.

2.1. Sozliik Saldiris1 (Dictionary Attack)

Sozciik saldiris1 “sozliik dosyasinda” olusturulan olasi her kelimeyi otomatik sifre kombinasyonlar1 halinde sifrelenmis
sistem veya veri dosyasina karst deneyerek sifreyi kirma denemelerine denilmektedir (Bhanot vd. 2015). Sozciik dosyast
icerisinde kullanicilarin daha 6nce en sik kullandiklar sifreleri igceren bir dosyadan olugmaktadir. S6zciik saldirisi iiretilen
tek yonlii fonksiyon (Hash fonksiyonu) elde edilmis sifreler hedef sistemdeki parolay1 veri tabaninda karsilik gelen olasiliklari
tahmin etmesiyle sifre kirilmaktadir (Beskirli vd. 2019) (Sekil 3).

sEmmsmsssssssmmnmnn,

#

................

Sozelk Kitiiphanesi Tek Yanlil Fonksiyon Uretilen Hash Sifresi Sifre Deneme

Sekil 3. Sozciik saldir1 algoritmasi.

Sozciik saldirisinda iiretilen olasi hash sifreler ile hedef sistemdeki sifreyi kirmak mevcut parolanin biiyiikliigiine ve sifrelenme
teknigine (Gelismis sifreleme algoritmasi-AES, Asimetrik sifreleme algoritmasi-RSA gibi) gore islem siiresi degisiklik
gostermektedir (Beskirli vd. 2019). Bazen hedef sistemdeki algoritmanin ¢6ziilme olasilik siiresi yillar alabilmektedir (Bhanot
vd. 2015).
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2.2. Kaba Kuvvet Saldiris1 (Brute Force Attack)

Kaba Kuvvet saldirilar1 yontemi hedef sistemdeki parolay1 deneme saldirilariyla kirmak mantigiyla calismaktadir. Bu amacla
olusturulan harfler ve 6zel karakterler igeren bir liste (Pass List) hazirlanir (Kara 2019). Kaba Kuvvet saldirisinin basari
stiresi hedef sistemdeki parolanin karmasikligina ve saldirida kullanilan sistemimin donanim giicline gore degisiklik

gostermektedir (Sekil 4).
Saldlrgan Hedef
Coklu kullanici  gictem
saldirilar

Otomatik araclar

&HH

Sekil 4. Kaba kuvvet saldir1 algoritmasi.
2.3. Gokkusagi Tablosu Saldiris1 (Rainbow Table Attack)

Gokkusagi tablosu saldiris1 yonteminde hedef sistemdeki parolalar1 kirmak i¢in belirli dl¢iite gore segilen igerisinde diiz ve
hash fonksiyonlarini igeren bir sifre tablosu hedef sistemdeki parolay1 kirmak mantigiyla ¢aligmaktadir (Bhanot vd. 2015;
Beskirli vd. 2019). Kaba kuvvet saldirilarinda oldugu gibi hazirlanan sifre tablosu tek tek hedef sistemdeki parolay1 kirmak
icin kullanilmaktadir. Kaba kuvvet saldirisindan ayiran en 6nemli farki ise tiim parolalar1 denemeye dayali olmasidir. Dahasi
denenen parolalar1 belirli bir diizene dayali olarak segmektedir. Bu diizen ise diiz karsilig1 olan hash edilmis parolalari
bilgisayar sisteminde siirekli olarak denemekten gegmektedir (Beskirli vd. 2019).
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Sekil 5. Gokkusagi tablosu saldir1 algoritmast.

Gokkusagi tablosu saldirist yonteminde tablo hazirlanirken agik kaynak aramasi ile kullanicilarin en ¢ok tercih ettigi parola
ornekleri ve 6zel servilerin (rockyou wordlist gibi) hazirladig: listeler kullanilmaktadir (Bhanot vd. 2015).

2.4. Otalama (Phishing) Saldir1 Yontem

Oltalama saldirilari, kurbana ait sifrelerini ele gecirmek tizere yapilan saldirilardir. Oltalama saldirilari, sahte bir e-posta
(igeriginde; indirim, bedava iiriin ya da hediye ¢ekisi kazandigin1 belirten) ile kurbana ulasarak ilk bakista zararsiz gibi
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goriilen ekinde hedefkisiyi safta web sitelerine yonlendiren saldirgan kurban kigiden kullanici ad1 ve sifresini sisteme girmesi
iizerine kurulmustur (Sekil 6) (Kara 2019).
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Sekil 6. Otalama saldir1 algoritmasi.

2.5. Kotiiciil Yazilhm (Malware) Saldirilar:

Saldirganlar, sifre kirma yontemlerinde en ¢ok kotiiciil yazilim saldirilar tercih etmektedirler. Hedef bilgi sistemindeki
parolay1 kirmak ya da ele gegirmek igin 6nceden hazirlanmis kotiiciil yazilimlart (Viriis, tus kaydedici (keylogger), truva
at1, fidye yazilim gibi) kullanmaktadir (Kara 2019). Saldirgan bu tiir kétiiciil yazilimlar: sahte web siteleri, dnceden tahrip
edilmis sosyal medya platformlari, haber siteleri, ilan siteleri, sahte e-postalar ile hedef sisteme ulagmaktadir. Hedef sisteme
sizan kotiiclil yazilim sistemde kayitli olan tiim kullanici ad1 ve parolayi ele gecirerck saldirgana bir e-posta ile gondermektedir.
Boylece saldirgan amacina ulagsmis olup kurbana ait kredi karti bilgileri, sosyal medya hesaplarini, kimlik verileri, e-posta

hesap sifrelerini kolayca ele gegirmektedir.
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Sekil 7. Kotiiciil yazilim algoritmasi.
3. SIFRE KIRMA PROGRAMLARI

Giintimiizde farkl stratejilerle calisan birgok sifre kirma yazilimlar: vardir. Bunlardan en popiiler olanlari; Passware Kit
Forensic Version, Aircrack-ng, Hydra, Elcomsoft Distributed Password Recovery, Hashcat Password Recovery, John the
Ripper, fgdump, Medusa, Cain and Abel ve RainbowCrack’dir. Bu béliimde kisaca bu yazilimlar hakkinda bilgi verilecektir.
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a) Passware Kit Forensic (PKF): Ozellikle bilgisayarlardaki (Windows, Linux ve Amazon EC2(Amazon Web Services))
sifrelerin kirmak i¢in ve adli uzmanlarinda adli analizlerde tercih ettikleri etkili bir sifre kirma yazilimidir. PKF bilgisayardaki
tiim alanlar1 veya segilen 6zel dosyalar tizerindeki tiim sifre korumali 6geleri kaba kuvvet saldir1 tekniginle eksiksiz ¢6zebilme
yetenegine sahiptir. Yazilim 280°den fazla dosya tiiriinii tanir ve sifreleri kirmak i¢in toplu modda (ayn1 anda birkag sifreli

alan veya dosya lizerinde) ¢alisabilmektedir.

b) Aircrack-ng: Aircrack-ng yazilimi kablosuz iletisim WI-FI sahip oldugu WEP ve WPA-PSK (kablosuz aglar1 igin bir
glivenlik algoritmalar1) glivenlik algoritmalarini kaba kuvvet saldir1 teknigiyle sifrelerini kiran bu alandaki en popiiler

yazilim araglardan biridir.

¢) Hydra: Uzak erisim protokoliindeki sifreleri kaba kuvvet saldir1 teknigi kullanarak kirmaya yarayan ayrintili sifre kirma
programlardandir. Hidra programi HTTP, VNC ve TELNET ag protokollerini desteklemektedir. Linux isletim sisteminde

iicretsiz olarak sunulan programin Windows isletim sistemi stiriimii de bulunmaktadir.

d) Elcomsoft Distributed Password Recovery: Farkli dosya tiirlerinin (FAT, NTFS gibi) sifrelerini kirmaya yarayan Elcomsoft
sifre kirma programi resmi kurumlarda ve kisisel kullanicilar tarafindan siklikla tercih edilmektedir. Windows sisletim
sistemlerinde yaygin olarak kullanilmaktadir. Kaba kuvvet saldir1 teknigiyle ¢alisan bu program TrueCrypt, VeraCrypt,
Bitlocker, PGP Disk ve LUKS sifreleme programlari lizerinde basarili sonuglar vermektedir.

e) Hashcat Password Recovery: Hashcat, kolayca hash algoritma sifrelerini kirmaya yarayan bir sifre kirma programidir.
Calisma mantiginda kaba kuvvet saldir1 teknigini kullanan Hashcat’in Linux, OS X ve Windows isletim sistemleri i¢in

siriimler bulunmaktadir.

f) John the Ripper: John the Ripper 6zellikle hash algoritma sifrelerini kirma programidir. Linux igletim sisteminde yaygin
olarak kullanilan bu programin Windows isletim sistemi versiyonu da bulunmaktadir. Calisma mantig1 Hashcat programina
benzeyen John the Ripper, kaba kuvvet saldir1 teknigiyle sifre kirma saldirilar: diizenlemektedir.

g) fgdump: fgdump sifre kirma programi lokal veya diger kullanict hesap sifrelerini kirmak i¢in tasarlanmistir. Programin
ilk stirimii olan “pwdump” 2019 yilinda giincellenmesiyle programin adi “fgdump” olarak degistirilmistir. fgdump sifre

kirma programinin son siiriimiimde sifre ge¢gmislerini goriintiileme 6zelliginde eklenmistir.

h) Medusa: Uzak erisim sistemlerin sifrelerini kirmak tizerine gelistirilmis bir sifre kirma programidir. Medusa hedef
sistemdeki sifreleri kirmak i¢in kaba kuvvet saldir1 tekniklerini kullanmaktadir. Nisan 2018 y1linda giincellene son siiriimiiyle
giincellenerek HTTP, SQL, POP3, Telnet ve VNC gibi bir¢ok ag protokolleri desteklemektedir.

j) Cain and Abel: Microsoft Windows i¢in tasarlanmis bir sifre kirma programidir. Kaba kuvvet ve kripto analiz teknikleri
kullanan Cain and Abel programi, IOS, RDP ve PIX gibi ag protokollerini desteklemektedir. Ayrica son siiriimiinde getirilen

giincellemeler ile IP iizerinden ag parolast dinleme ve kayit konugma 6zelligide eklenmistir.

k) RainbowCrack: RainbowCrack sifre kirma programi kaba kuvvet saldir1 teknigi yerine gokkusag: tablolar1 tiretme
teknigiyle hedef sistemdeki sifreleri kirmak {izerine tasarlanmistir. Gokkusagi tablolar: olarak isimlendirilen bu tablolar
onceden planlanmis olarak hazirlanmastyla geleneksel yontemlere gore daha kisa siirede sifreleri kirabilmektedir. Agustos
2020 yilinda giincellenen RainbowCrack sifre kirma hizi ve yiiksek basari orantyla dikkat ¢ekici olmakla birlikte tablolarin
hazirlanmasindaki giicliikler ve sifreleme algoritmalarin karmasikliginin artmasi yontemin uygulanabilirligini olumsuz
yonde etkilemektedir.

4. LITERATUR TARAMASI

Sifre kirma saldirilarina bakildiginda kayitlara ge¢mis ilk olaylarin 90’11 yillarinda kaydedilmistir. 16 Temmuz 1998 yilinda
ABD’de, topluluk acil miidahale ekibi (Community Emergency Response Team (CERT)) 186.126 sifrelenmis verileri ait bir
parolalari bulundugunu bildirmistir (Madsen 1998). 2009 yilinda o giine kadar yasanmais en biiyiik sifre kirma saldiris1 (SQL
Injection) olan “Rockyou.com” web hizmeti 32 milyona yakin sifrenin kirilarak piyasaya siirtilmiistiir (Noorunnisa vd. 2016).
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2011 Haziran ayinda NATO (Kuzey Atlantik Antlasmas1 Orgiitii) iiyelerinin 11.000 kayitli kullanicilarinin meta-data bilgileri
ele gecirildi. Temmuz ayina gelindiginde Amerika Birlesik Devletlerinde gorev yapan 6zellikle Deniz Piyadeleri, Hava
Kuvvetleri personeli ve Ig isleri caliganlarina ait bilgiler ele gegirilerek teror orgiitlerine dagitildigi iddia edildi. Bu saldirilardan
sonra bir¢ok resmi kurum ve e-ticaret siteleri zayif sifre kullanimini (1234, abed gibi) yasakladi ve giiglii sifreleme algoritmasi
(Biiyiik harf simge igeren en az sekiz karakterden olusan gibi) standartti kullanimini zorunlu hale getirmistir (Thakur vd.
2019).

Gilintimiize kadar yapilan sifre kirma calismalarina bakildiginda halen en giivenli yontemlerinin sozliik saldirisina veya kaba
kuvvet yontemlerine dayandigini goriilmektedir (Oechslin vd 2003, Thing vd. 2009). Bununla birlikte, bu yontemlere ek
olarak Gokkusagi tablolart olusturmak igin ¢ok miktarda hesaplama siiresi ve ¢aba gerektirdiginden (Billet vd. 2006)

caligmalarda ¢ok tercih edilmedigi de goriilmektedir.

2009 yilinda Weir ve ark. (Weir vd. 2009, Weir vd. 2010) sifreli verileri metin yapisint kullanarak sifrelerin kirilmasini
saglayan yeni bir sifre kirma teknigi sunmuslardir. Bu ¢aligma sonuglarinin John the Ripper aracindan daha etkili oldugunu
gostermislerdir (Houshmand vd. 2017). Baska bir ¢alismada, Zhang ve ark. (Zhang vd. 2010). Weir’in 6nerdigi algoritmasinin
mevcut sifre kirma teknikleri arasinda en etkili oldugunu iddia etmislerdir. 2011 yilinda Kelley ve ark. (Kelley vd. 2012)
simiile edilmis sifreler olusturmak ve giiclerini degerlendirmek icin Weir’in algoritmasint ve Markov modelinin bir
varyasyonunu uyguladi. 2012 yilinda Castelluccia (Castelluccia vd. 2012) ve Narayanan (Narayanan vd. 2005), sifrelenmis
dosyalarin parolasint baglamsal sikligina dayandigi karakter tahminlerinden olusan bir model 6nermistir. 2017 yilina
gelindiginde Houshmand (Houshmand vd. 2017) yaptig1 calismada sifre kirmak i¢in sifreyi olusturan kullanici hakkinda

bilgileri kullanan bir yontem 6nermistir.

Adli bilisim sifre kirma incelemeleri, artan siber su¢ oranina bagli olarak incelenecek delil miktari ve boyutunun artmast,
sifre kirma siirecinin karmasikligina bagl olarak islem siireclerinin uzamasi ve kullanilan donanimin maddi boyutu gibi
bir¢ok zorluklar icermektedir. Bu siireg igerisinde sifre kirma yontemlerinin tanimlanmasi, delilerin kategorize etmek ve
uygun tekniklerin belirlenmesi yonelik ¢aligmalar yiriitiilmiistir. 2013 yilinda Al Fahdi ve arkadaslar1 yaptiklari ¢aligmada
adli incelemelerdeki dijital delilerdeki artis miktarina bagli olarak sifre kirma iglemlerinde belirgin 6l¢iide artacagini 6ngoéren
bir anket ¢aligmast adli tip uzmanlari lizerinde uygulamistir (Al Fahdi vd. 2013). 2016 yilina Harichandran ve arkadaglari
benzer bir ¢calismada adli tip uzmanlarinin sifre kirma iglemlerinde yasal zorluklar, teknik egitim gereksinimleri ve yeni
nesil karmasik sifre algoritmalarin zorluklarinin 6n goren bir anket yapilmistir (Harichandran ve ark., 2016). Diger bir
calismada Lillis ve arkadaslar1 adli incelemelerdeki zorluklari ii¢ ana kategoriye ayirmistir. Bunlar; teknik zorluklar, yasa

zorluklar ve kullanilan kaynak temininde yasanan zorluklar olarak belirlemiglerdir (Lillis vd. 2016).

Adli bilisim incelemeleri disinda bilgisayar sistemleri {izerinde penetrasyon testi veya hesap kurtarma islemlerinde sifre
kirma islemlerine ihtiyag duyulmaktadir (Lehto ve Neittaanmiiki. 2018). Ozellikle adli bilisim incelemeleri gergeklestirebilmek
icin Ozel sifre kirma programlar1 kullanilmaktadir (Hassan, 2019). Adli incelmelerde sifre kirmak icin en basit yontem
kapsamli bir deneme veya kaba kuvvet saldirist yontemi kullanmaktir (Raza vd. 2012). Bu ¢alismada secilen adli vaka
orneginde sifre kirma islemi kaba kuvvet saldir1 yontemi kullanan 6zel bir program kullanilmistir.

Adli incelemelerde sifre kirmak i¢in kullanilan baska bir yontem ise potansiyel sifrelerin olugan bir tablo (Hellman tablolar1
veya Gokkusagi tablolar1 gibi) kullanmaktir (Hellman, 1980; Wang vd.2013). Ik uygulamalarda basar1 orani yiiksek olsada
glinlimiizde kullanilan sifrelerin boyutu ve karmagikliginin artmasi dnceden hesaplanmis bir tablo ile sifre kirma igleminin
basarisini son derece diisiirmekte neredeyse imkansiz hale getirmistir. Diger bir yontem ise sozliik saldirilariyla sifreleri
kirmak tizerinedir. Bu yontemde de kullanicilarin egilimlerini (ad, soyad, memleket, futbol takimi vb.) test etmekten
olugsmaktadir. Bir 6nceli yontem olan tablo hazirlamasindaki zorluklar sozciik saldirist yonteminde de olmasi nediyle adli
bilisim incelemelerinde tercih edilmemektedir (Aggarwal vd. 2018). Modern sifre kirma yontemleri 6zellikle makine
o6grenmesi yonteminden faydalanarak hazirlanmis otomatiklestirilmis programlar vasitasiyla ger¢eklestirilmektedir (Diirmuth
vd. 2015). Bu yontemin temelinde sifre kirma programlarinin azalan olasiliklarla kaba kuvvet saldirist mantigin dayanmaktadir

(Hitaj vd. 2019). Giiniimiizde kaba kuvvet saldiris1 yontemini kullanan programlar adli bilisim incelemelerinde adli bilisim
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uzmanlar1 tarafindan sifre kirma incelemelerinde yaygin olarak tercih edilmektedir (Kanta vd. 2020). Benzer olarak bu
calismada segilen vaka ornegi incelemelerinde kaba kuvvet saldirist yontemini kullanan PKF programi araciligiyla
gergeklestirilmistir.

5. ORNEK OLAY INCELEMESI

Bu ¢alismada tiim analizler, Windows 10 Pro yazilima sahip 2xXeon Gold 5118 /32GB / 256GB M.2 SSD sahip Dell Precision
T7920 marka is bilgisayar1 ile yapild1. Sifre kirma analizlerde “Passware Kit Forensic (PKF) V. 2019.2.0 (Ucretsiz siiriimii)”
programlariyla yapilmistir. Segilen 6rnek adli bir olay olmasi (gergek bir saldir1 6rnegi) nedeniyle incelenecek siipheli
bilgisayarda bulunan verilere zarar vermemek ve delil biitiinliigiinii koruma i¢in 6ncelikle siipheli bilgisayarin imal kopyasi
almmistir. imaj kopyasi alam isleminde uluslararasi adli inceleme standartlarinda kullanilan Forensic Toolkit (FTK) Imager

(Ucretsiz siiriimii) programi tercih edilmistir.

Imaj kopyast alindiktan sonra analiz asamasina gegilmistir. Analiz asamasinda ilk adim olarak is bilgisayarinda analiz
ortaminin olusturulmasi gereklidir. Analiz ortami; incelenen delilerin olasi saldirilarindan is bilgisayarinin etkilenmemesi
icin gereklidir. Adli incelemelerde analiz ortam1 sanal makine tercih edilmektedir. Sanal makine modunda ¢aligtirilan is
bilgisayar1 incelemeler tamamlandiktan sonra ilk haline geri getirilebilmektedir. Bu ¢aligmada analiz ortami1 Virtual Machine
(VM) tercih edilmistir.

Analiz ortami kurulduktan sonra FTK Imager ile E02 formatinda alinan imaj kopyasi canlandirildiginda tiim béliimlerin
sifreli oldugu goriilmistiir (Sekil 8).

Dosyalarin BitLocker Kullanarak s

il  sifrelendigini Gosteren Not @
This evidence item contans one or more volumes that use Bitlocker encryption technology. To
process the data, for each encrypted volume you need to select the Brlocker boot key file, or enter
the recovery key or user password assodated with the volume.

Press Cancel to continue without decrypting any further enarypied volumes in this evidence item.
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" Recovery Key: |
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" User Password: ]
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Sekil 8. Dosyalarin “BitLocker” kullanarak sifrelendigini gosteren ekran goriintiisii.

Bitlocker, Windows isletim sistemlerinde kullanilan sistemde bulunan verileri ve dosyalar1 giivenli sekilde sifreleme
yontemidir. BitLocker, diger dosya sifreleme yontemlerinden farkl: olarak, sitemdeki siiriiciiniin tamamini sifrelemektedir.
Kullanici siiriicii igerisine bir veri ya da dosya eklendiginde BitLocker otomatik sifreleme islemini gergeklestirmektedir.
Boylece kullanici ag iizerinden ti¢iincii kisilere veriler ya da dosyalarini paylassa da sifreli sekilde iletilir ve sifreler ancak

yetkili kisi tarafindan parolasi girilerek agilmaktadir.

Acta Infologica, Volume 5, Number 1, 2021 34



Kara, 1.

Stipheli bilgisayardaki dosyalarin sifreli oldugu ve sifreleme tiirii tespit edildikten sonra sifre kirma asamasina gegilmistir.
Sifre kirmak i¢in sifreleme tiirii olan “BitLocker” hangi programlar ile kirilabilecegi yoniinde agik kaynak arastirmasi
yapilmistir. BitLocker, SHA-256 ve AES gibi oldukga karmasik sifreleme algoritmasina sahiptir (Milo vd. 2011; Beskirli
vd. 2019). 2019 yilinda Agostini ve Bernaschi, BitLocker yontemiyle sifrelenmis dosyalarin sifrenin kirilmasi ve erisim
saglanmasi {izerine vaka analizi ¢aligmasi yapmislardir (Agostini, Bernaschi. 2019). Calismada Windows isletim sistemine
sahip bilgisayarda BitLocker yontemiyle sifrelenmis dosyalarin sifrelerini kirmak i¢in gelistirdikleri “bitcracker” isimli bir
program onermiglerdir. Calisma sonuglari basarili olsa da 6nerilen kullanilan bitcracker sifre kirma programinin yeterliligi
konusunun tartigmali oldugu ve gelistirilmesi yoniinde daha fazla ¢alismalar yapilmasi gerekliligini belirtmiglerdir. 2015
yilinda Kumar yapmis oldugu ¢alismada adli incelemelerde siklikla karsilasan bir durum olan disk tizerinde veya bir
bolimiindeki dosyalarin sifreli olmasi halinde Passware Kit Forensic (PKF) programinin kullanilabilecegini dnermistir.

Yapilan arastirma sonucu adli analizlerde de siklikla kullanilan Passware Kit Forensic (PKF) ticretsiz siiriimii kullanilabilecegi
sonucuna varilmistir. Inceleme bilgisayarina PKF yiiklendikten sonra PFK’in “files” sekmesinden alinan imaj kopyasi
eklendi. Imaj kopyadaki sifrelerin kirilmasi igin “Combine Attacks” (igerisinde sozciik saldirisi ve kaba kuvvet saldirist
bulunan) sekme secilerek sifre kirma siireci baslatilmisidir. Analiz sonucunda “BitLocker” ile sifrelenmis siiriicli bagarili
sekilde sifresi kirtlmistir (Sekil 9).
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Sekil 9. Passware Kit Forensic (PKF) programiyla sifreli dosyalarin sifre kirilma islemi ekran goriintiisii.

Sekil 9°da PKF programiyla sifreli dosyalarin bagarili bir sekilde kirildigini gériilmektedir. Sifre kirma islemi sonucunda
kullanici tarafindan belirlenen parola “9569695696” tespit edilmistir. Ayrica sifreli dosyalarin kirilmasini saglayan kurtarma
anahtari ise “690184-169840-242803-302445-194590-605000-082236-477884” 48 haneden olustugu anlasilmistir. Bu sonug
BitLocker yontemiyle sifrelenen dosyalarida potansiyel sifrelerin olusan bir tablo (Hellman tablolar1 veya Gékkusagi tablolari
gibi) hazirlanmasi ve denenmesinin uygun bir yontem olmadig1 sonucuna varilabilir. Dahas1 PKF programi incelenen vaka

ornegindeki sifreyi (gegen siire: 2 saniye) oldukga kisa bir siirede bagariyla tamamladigi goriilmektedir.
6. SONUCLAR

Bilgi teknolojilerin kullanimi ve bilginin kullanilmasinin artmasiyla yeni sorunlarin da beraberinde getirilmis 6zellikle

bilginin giivenli olarak saklanmasi yetkisiz kisilerin erisimine gegmemesi i¢in giivenlik dnlemleri alinmasi zorunlu hale
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getirmistir. Bilginin 6neminin artmasiyla saldirganlarda bilgiyi ele ge¢irmek i¢in yeni yontemler gelistirmekte her gecen
glin yeni saldir1 tiirlerini piyasaya siirmektedir. Bu durum, e-ticaret sirketler, resmi devlet kurumlar1 ve kisisel kullanicilar
bu saldirilara engel olmak ve yetkisiz kisilerin erisimini engellemek i¢in yeni tedbirler alamaya zorlamaktadir. Alinan bu
tedbirler (yeni sifreleme yontemlerinin zorluk ve karmasikligi) bazi durumlarda sifreli verilere ulasilmasinin zorlagtirmakta
hatta kirilmasi onlarca y1l zaman alabilmektedir. Ozellikle sifrelerin unutulmasi ya da adli incelemelerde sifreli verilerin
incelemesi silirecine verilere ulasilmasinda biiyiik bir engel olusturmaktadir.

Bilgi sistemleri veya dosyalarin sifreleme yontemler ve kullanilan algoritmalar ¢ok ¢esitlilik gdstermekle birlikte karsilasan
olaylara yonelik herkes tarafindan kabul goren bir sifre kirma yontemi bulunmamakla birlikte bazi durumlarda sadece tek
bir olaya uygulanabilir bir yaklagim gelistirilmesi gerekebilmektedir. Bu durum sifre kirma siirecinin en bilyiik problemlerinden
birisidir.

Sifrelemis verilerin kirilmasi i¢in yontemler gelistirilmeye devam etse de mevcut uygulamalarin basari orani halen tartisma
konusudur. Kullanilan yontem ve sifre kirma programlari kadar sifre kirma i¢in kullanilan is bilgi ayarlarinin donanim
ozellikleri de stireci etkileyen dnemli bir etkendir. Bu ¢alismada sifreleme saldirilari, yontemleri ve kullanilan en popiiler
sifre kirma programlari ele alinarak gercgek bir adli inceleme 6rnegi tizerinde sifre kirma siireci detayl olarak incelenmistir.
Secilen adli vaka 6rnegi “BitLocker” yontemi kullanilarak sifrelenmis oldugu tespit edildikten sonra sifrenin kirilmasi igin
yapilan agik kaynak arastirma sonucunda PKF programi sifre kirma islemlerinde kullanilabilecegi 6ngoriilmiistiir ve PKF
sifre kirma programi tercih edilmistir. Yapilan sifre kirma islemleri sonucunda adli vaka drneginde basariyla sifrenin
kirilmasiyla sonuglanmistir. Segilen adli vaka drneginde kullanilan yontemin ve segilecek sifre kirma programinin tercih
edilirken adli uzmanlar1 ve diger arastirmacilar tarafindan tekrarlanabilir olmasi igin {icretsiz programlar kullanilmasina
ozellikle dikkat edilmistir. Sonug olarak ¢alisma sonuglariyla adli bilisim uzmanlarina ve bu alanda yapilacak akademik
caligsmalara katki saglayacagi diisiiniilmektedir. Adli vaka analizlerinde kullanilan sifre kirma yaklasimlari benzer olmakla

beraber farkliliklarda i¢erebilmektedir. Bu nedenle ¢aligmanin farkli 6rneklerle tekrarlanmasi faydali olacag diisiiniilmektedir.
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0z

Kablosuz ve mobil teknolojilerde yasanan gelismeler halka hizmet sunmada yeni bir kanal olan mobil devlete
(m-devlet) olan ilgiyi arttirmistir. Bu dogrultuda m-devlet uygulamasi iizerinden sunulan hizmetlerin
kullanicilar tarafindan benimsenmesi ve kullanilmasi kritik 6neme sahiptir. Bu ¢alismanin amaci, m-devlet
kullanimini etkileyen faktorlerin belirlenmesidir. Literatiir taramasi sonucu m-devlet kullanimini etkiledigi
diisiiniilen yedi faktorden (bilgi kalitesi, glivenlik algisi, giiven, hizmet maliyeti, kullanim kolaylig1, sosyal
etki, yararlilik) olusan kuramsal model ve ¢alismanin hipotezleri olusturulmustur. Veri toplama araci olarak
M-Devlet Kullanimi Olgegi (M-DKO) gelistirilmistir. Calismanin verileri Ocak 2020 tarihinde Ankara’daki
ti¢ devlet tiniversitesinde 6grenim goren 183 tniversite 6grencisinden toplanmistir. M-devlet kullanimini
etkileyen faktorlerin belirlenmesi igin hazirlanan 6lgeginin faktor yapist LISREL paket programi kullanilarak
analiz edilmistir. Olgegin yap1 giivenirligi ve yakinsama gegerligi dogrulayici faktor analizi (DFA) ile
gerceklestirilmistir. Analizler sonucu kuramsal modeldeki yedi faktoriin t degerleri, hata varyanslari,
standart katsayilar1 ve uyum indeksleri kontrol edilmistir. Calisma sonucunda kuramsal modeldeki yedi
faktorden biri olan hizmet maliyeti digindaki diger alt1 faktoriin m-devlet kullanimini etkiledigi goriilmiistiir.
Anahtar Kelimeler: M-Devlet, M-Devlet Kullanimi, Yapisal Esitlik Modeli, Tiirkiye

ABSTRACT

The developments in wireless and mobile technologies have increased the interest in the mobile government
(m-government), which is a new channel in providing services to the citizens. It is critical users adopt and use
the services offered through the m-government application.The purpose of this study is to determine the
factors affecting the use of m-government. As a result of the literature review, a theoretical model consisting
of seven factors (information quality, security perception, trust, service cost, ease of use, social impact,
usefulness) was created and hypotheses of the study were presented. M-Government Usage Scale (M-GUS)
was developed as a data collection tool. The data of the study was collected from 183 university students
studying in three public universities in Ankara in January 2020. The scale was prepared to determine the
factors affecting the use of m-government. The factor structure was analyzed by using the LISREL package
program. The construct reliability and convergence validity of the scale were performed by confirmatory
factor analysis (CFA). As a result of the analysis, t values, error variances, standard coefficients and fit
indexes of the seven factors in the theoretical model were checked. As a result of the study, it was observed
that six factors except the service cost, which is one of the seven factors in the theoretical model, affect the
use of m-government.

Keywords: M-Government, Usage Of M-Government, Structural Equation Model, Turkey
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Mobil Devlet Kullanimini Etkileyen Faktorlerin Belirlenmesi: Ankara {li Ornegi

1. GIRIS

Mobil teknoloji insanlarin teknolojiyi kullanma bigimlerini degistirerek sunulan hizmetlerinden her yerde ve her zaman
yararlanma firsat1 sunmaktadir. Bu nedenle mobil cihazlar kullaniciya hizmet sunmada yeni bir yontem olarak kullanilmaya
baglanmistir. Mobil teknolojilerde yasanan bu gelismeler mobil devlet (m-devlet) uygulamalarinin gelistirilmesine yol agmistir.
M-devlet, vatandas ve devlet arasindaki iletisimi kullanici hareket halinde dahi olsa hizlt bir sekilde saglayacak sekilde
uygulamalarin mobil cihazlar tizerinden kullanilmasi olarak tanimlanabilir. M-devlet kamu hizmetlerinin sunulmasinda
mobil teknolojiler kullanilarak e-devlet uygulamalarinin yayginlastirilmasi ve gelistirilmesi seklinde diisiiniilen yeni nesil
bir hizmet sunumu olarak goriilmektedir. E-devletin bir alt kiimesi ve tamamlayicisi olan m-devlet, e- devlet uygulamalarini
daha genis kitlelere ulastirabilmesi, kalitesini arttirmasi, zamandan tasarruf saglamasi ve kullanilabilirligini arttirmasi

ozellikleriyle e-devleti destekleyen 6nemli bir unsurdur (Alotaibi, Houghton & Sandhu, 2016).

Tiirkiye’de m-devlet uygulamasi 2012 yilindan beri kullanilmaktadir. M-devlet uygulamast icerisinde 2869 hizmet sunulmakla
birlikte e-devlet kapsaminda yer alan hizmetlerin tamami bu uygulama igerisinde bulunmamaktadir (E-Devlet Portali, 2021).
2019 y1li sonu itibart ile e-devlet portalina genel giris sayist 1.179.624.439 iken bu girislerin yaklasik %40’ 1nin mobil uygulama
iizerinden yapildig1 goriilmektedir (Onal, 2020). Bu oran 2012 yilinda sadece % 0,5 iken sonraki yillarda mobil uygulama
tizerinden e-devlet kullaniminin arttigini ve gelecek yillarda daha da artacagi ongoriilebilir. M-devlet uygulamasinin 6zellikle
geng niifus (18-24 yas) tarafindan kullanilmasi ve benimsenmesi uygulamanin amacina ulagsmasi ve gelecegi igin kritik bir
oneme sahiptir. Bu dogrultuda m-devlet kullanicisi olan tiniversite 6grencilerinin goriisleri alinarak m—devlet kullanimini

etkileyen faktorler arastirilacaktir.

Literatiir taramasi sonucunda farkli tilkelerde m-devlet kullanimini etkileyen faktorler ve engellerin neler oldugunu aragtiran
caligmalarin oldugu goriilmiistiir (Abdelghaffar & Magdy, 2012; Almarashdeh & Alsmadi, 2017; Abu-Shanab & Haider,
2015; Al-khamayseh, Lawrence & Zmijewska, 2006; Hung, Chang & Kuo, 2013; Ishengoma, Mselle & Mongi, 2019; Roubah,
Qurban, Al-Qirim & Tarhini, 2018; Shareef, Archer & Dwivedi, 2012; Saxena, 2017; Tan, Ooi, Sim & Phusavat, 2012; Wang,
2014). Tiirkiye’de ise m-devlet hakkinda yapilan ¢alismalarin ¢ok az sayida oldugu ve bu ¢alismalarinda m-devlet hizmetlerini
aciklamaya yonelik oldugu goriilmektedir (Arslan, 2012; Giiler & Dévertas, 2009; Giirses & Engin, 2016; Oztiirkcan, Kasap
& Eryaysoy, 2012; Uste & Giizel, 2012; Yildirim & Panayirci, 2012). M-devlet kullanimin etkileyen faktérleri arastiran
ulusal diizeyde bir ¢alismanin olmamasi bu arastirmanin motivasyon kaynagidir. Buna ilaveten bu caligma bilisim teknolojilerine
daha yatkin ve yogun kullanan 18-24 yas araligindaki kullanicilar ile gergeklestirildigi i¢cin de dnemlidir.

Bu ¢alismanin amaci, Ankara’daki tiniversite 6grencilerinin m-devleti kullanmalarini etkileyen faktorlerin belirlenmesidir.
Caligsma sonucunda m-devlet kullanimini etkileyen faktorlerin neler oldugunun belirlenmesi ve bu faktorlerin etki giliciiniin

ortaya ¢ikarilmasi hedeflenmektedir.

Calisma alt1 boliimden olusmaktadir. Tkinci béliimde literatiir taramasi sunulmustur. Ugiincii béliimde ise m-devlet kullanimini
etkileyebilecegi diisliniilen faktorler ve arastirmanin hipotezlerine yer verilmistir. Dordiincii béliimde yontem detayl bir
sekilde aciklandiktan sonra besinci bolimde ¢aligmanin bulgulari rapor edilmistir. Altinct bolimde calismanin sonucu ve

Onerilere yer verilmistir.
2. LITERATUR TARAMASI

Literatiir taramasi boliimii iki alt boliimden olusmaktadir. {1k olarak diinyadaki farkli iilkelerde m-devlet kullanimini etkileyen

faktorlerini arastiran ¢alismalar sunulmustur. Ikinci béliimde de Tiirkiye’de m-devlet hakkinda yapilan ¢alismalar incelenmistir.

Farkl1 iilkelerde m-devlet kullanimini etkileyen faktorlerin arastirildigi calismalar gorselligi arttirmak ve okunabilirligi
kolaylastirmak i¢in Tablo 1°’de sunulmustur. Caligmalar kronolojik olarak siralanmistir. Tablo 1’de goriildiigii gibi caligmalar
2006 ila 2018 yillar1 arasinda gerceklestirilmistir. Tablo 1’de bulunan tiim faktorler degerlendirildiginde 6zellikle kullanislilik,
kullanim kolaylig, risk, giiven ve giivenlik faktorlerinin diger faktorlere gore daha fazla ¢alismada m-devlet kullanimini
etkileyen faktorler olarak rapor edildigi goriilmektedir.
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Literatiir taramasinin ikinci boliimiinde Tiirkiye’de m-devlet konusunda yapilan ¢calismalar incelenmistir. Giiler ve Dovertag
(2009) tarafindan yapilan ¢alismada Tiirkiye’de sunulan m-devlet hizmetleri merkezi ve yerel yonetim diizeyinde incelenmistir.
Diger iki ¢caligmada da Tiirkiye’deki belediyelerin sundugu m-devlet hizmetleri kullanimi hakkinda oldugu gériilmektedir
(Arslan, 2012; Giirses & Engin, 2016). Tiirkiye’deki m-devlet uygulamalar1 hakkinda bilgiler veren bir ¢aligma da Uste ve
Giizel (2012) tarafindan gergeklestirilmistir. Ayni yil Yildirim ve Panayirc1 (2012) tarafindan gerceklestirilen ¢calismada
Tiirkiye’de mobil devlete gecisteki cabalar ve yeniliklere vurgu yapilmistir. Sadece Oztiirkcan ve digerleri (2018) tarafindan
yapilan ¢alismada m-devlet kullanict kabulii agisindan incelendigi goriilmektedir. Bu ¢aligmada veriler telefon goriismesi
ile toplanmistir. Calisma sonucunda kullanicilarin m-devlet ile aldiklar1 hizmetleri cep telefonu ile oy kullanmak, vergiyi
o6grenmek ve ddemek, emniyet hizmetlerine erigsmek, saglik hizmetleri almak, adres degisikligi yapmak seklinde rapor

etmislerdir.

M-devletin vatandas devlet iletisiminde biiyiik bir etkisi bulunmasina ragmen Tiirkiye’de m-devlet lizerine yapilan az
arastirma oldugu goriilmektedir. M-devlet kullanimini etkileyen faktorlerin kapsamli bir sekilde arastirildigi bir ¢alisma
ise bulunmamaktadir.

Tablo 1
Onceki ¢alismalarin ézeti
Yazar/lar Yil Ulke M-Devlet Kullanimin Etkileyen Faktorler
Alkhamayseh et al. 2006 Global Altyapi, .e—d.evletm kabulii, ng.ll.]lk ve giivenlik, kal}te, kullanici

ihtiyaclari, kullanilabilir uygulamalar, maliyet
Abdelghaffar & Magdy 2012 Maisir Farkindalik, kullanislilik, sosyal etki, yliz-yiize iletisim
Shareef et al.. 2012 Hindistan Empati, glivenlik, kullanim kolayligi, saglanan avantaj
Tan et al. 2012 Malezya Kisisel kurallar, kullanim kolaylig1, yararlilik
Hung et al. 2013 Tayvan Dissal etki, etkilesim, kullan1§ll<111k, kullanim kolayligi, kolaylastiric

osullar
Wang 2014 Cin Deger algisi, kullanighlik, giiven
Abu-Shanab & Haider 2015 Urdiin Cevap verme yetenegi, kullanislilik, kullanim kolayligt,
uygunluk
Alotaibi et al. 2016 Suudi Arabistan Deneyim, farkindalik, giiven, hoslanmak
Almarashdeh & Alsmadi 2017 Suudi Arabistan Hizmet maliyeti, kullamsllllk',.kulla}_mm kolayligi, sosyal etki,
teknolojiye giiven
Saxena 2017 Hindistan Giiven, kullaniglilik, kullanim kolayligi, tutum, 6z yeterlilik
Ara yiiz tasarimi, beklenti, bilgi kalitesi, deger algisi,
2018 Kuveyt farkindalik, hizmet kalitesi, gliven, tasarim, memnuniyet, risk ve
Roubah et al. o
gizlilik algisi

Tshengoma et al. 2019 Tanzanya Altyap, erigsim, giivenlik, Il;lzif}e,:; tfaktorler, kullanilabilirlik,

3. MOBIL DEVLET KULLANIMINI ETKiLEYEN FAKTORLER VE HiPOTEZLER

M-devlet kullanimini etkiledigi diisiiniilen yedi faktore yapilan literatiir taramasi sonucu ulasilmistir. Bu faktorler Bilgi
Kalitesi (BK), Giivenlik Algis1 (GG), Giiven (GU), Hizmet Maliyeti (HM), Kullanim Kolaylig1 (KK), Sosyal Etki (SE) ve
Yararlilik (YA) seklindedir. Asagida bu faktorler agiklanmis ve bu faktorler ile M-Devlet Kullanma Niyeti (KN) arasindaki

calismanin hipotezleri sunulmustur.

Bilgi kalitesi, m-devlette sunulan hizmetlerdeki bilgilerin dogrulugunu, eksiksizligini ve giincelligini g6z 6niinde bulundurur.
M-devlette sunulan bilgilerin dogru, dogrulanabilir, tam, ilgili ve zamaninda olmasi kullanicilar i¢in dnemli kriterlerdir.
Dolayisiyla, asagidaki hipotez 6nerilmektedir:

HI: Bilgi kalitesi (KK) m-devlet kullanma niyetini (KN) dogrudan ve olumlu etkileyecektir.

Giivenlik ise kullanicilarin bilgilerinin izinsiz veya yetkisiz bir bigimde erisim, kullanim, degistirilme, ortadan kaldirilma
ve hasar verilmesini dnlemek olarak tanimlanabilir. Gizlilik giivenligin alt bilesenlerinden biri olup bilginin yetkisiz kisilerin
eline gegmeme ve yetkisiz erisime karsi korunmasidir (Colak, 2020). Gizlilik ve giivenlik m-devletin uygulanmasi asamasinda

karsilagilan en 6nemli konulardir. Yapilan ¢aligmalarda da gizlilik ve giivenligin basarilt m-devlet i¢in ayirt edici 6zellikler
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oldugu vurgulanmistir (Kushchu & Kuscu, 2003; Sandy & McMillan, 2005; Wang, 2014). Buna ilaveten giivenlik algisinin
yiiksek olmast m-devlet kullanimini olumlu yonde etkiledigi ¢alisma sonuglarinda da goriilmektedir (Shareef et al., 2012;
Tan et al., 2012; Wang, 2014). Bu sonuglara gore, asagidaki hipotez 6nerilmektedir:

H2: Giivenlik algis1 (GG) m-devlet kullanma niyetini (KN) dogrudan ve olumlu etkileyecektir.

Diger bir faktor giiven olup bir tarafin beklentilerini karsilayacak sekilde karsi tarafin beklenen islemi gergeklestirmesi
yoniindeki 6znel degerlendirmesidir. Bu nedenle giiven, baskalarinin gelecekteki davranislart hakkindaki belirsizligin neden
oldugu emin olamamays1 igerirken karsi tarafin da kétii niyetli olmayacagina olan inancidir (Colesca, 2009; Tan et al., 2012).
Giiven yapilan birgok e-devlet calismasinda e-devlet kullanimini etkileyen faktorler arasinda yer almaktadir (Khasawneh,
Rabayah & Abu-Shanab, 2013; Wang & Lo, 2013; Rehman, Kamal & Esichaikul; 2012; Bannister & Connolly, 2011). Ayn1
dogrultuda m-devlet kullanimin1 da etkileyecegi agiktir. Bu dogrultuda asagidaki hipotez dnerilmektedir:

H3: Giiven (GU) m-devlet kullanma niyetini (BI) dogrudan ve olumlu etkileyecektir.

Hizmet maliyeti kullanicilarin m-devleti kullanma ve hizmet almak istemeleri sonucu karsilastiklart maliyettir. Kullanicilar
m-devlet uygulamasini kullanabilmek i¢in akilli mobil cihaza, cihaz {izerinde uygulamay1 indirebilmek i¢in alana, kablolu
ya da kablosuz internet baglantisina ihtiya¢ duymaktadirlar. Bu maliyet birimlerinin herhangi birisini tedarik edememe
durumu m-devlet kullanma niyetleri olumsuz etkileyebilecektir. Dolayistyla asagidaki hipotez 6nerilmektedir:

H4: Hizmet maliyeti (HM) m-devleti kullanma niyetini (BI) dogrudan ve olumsuz etkileyecektir.

Kullanim kolaylig1 bir sistemin kullanimi esnasinda kullanicinin minimum ¢aba ile basarabilecegine olan inancidir. Teknolojiyi
kullanmak kolay ise teknoloji 6niindeki engeller de kalkacaktir (Davis, 1989). Kullanim kolaylig1 inancinin derecesi yiikseldikce
kullanicinin sistemi kullanma niyeti de artacaktir. Caligma sonuglarinda kullanim kolayliginin m- devlet kullanimini etkiledigi
belirtilmistir (Shareef et al., 2012; Saxena, 2017). Bu nedenle asagidaki hipotez onerilmektedir:

HS5: M-devletin kullanim kolayligi (KK) m-devleti kullanma niyetini (BI) dogrudan ve olumlu etkileyecektir.

Sosyal etki kisilerin goriislerini dikkate aldigi kisilerin diisiinceleri sonucu davraniglarini degistirmesidir. Bagkalari tarafindan
kabul edilme ve beklentilerini kargilama arzusu sonucu kisiler m-devlet hizmetlerini kullanmaya baslamaktadirlar (Abu-
Shanab & Haider, 2015; Venkatesh & Davis, 2000). Buna dayanarak asagidaki hipotez 6nerilmektedir:

Hé6: Sosyal etki (SE) m-devlet kullanma niyetini (BI) dogrudan ve olumlu etkileyecektir.

Yararlilik, kullanicilarin m-devlet uygulamasini kullanmalar1 durumunda saglayacaklar1 faydalardir. M-devleti kullanmak
herhangi bir fayda ya da deger eklemedigi zaman kullanicilar m-devleti kullanmak istemeyeceklerdir. Buna dayanarak
asagidaki hipotez onerilmektedir:

H7: Yararlilik (YA) m-devlet kullanma niyetini (BI) dogrudan ve olumlu etkileyecektir. Sonug olarak ¢alismada yukarida
aciklanan yedi tane hipotez bulunmaktadir.

4. METODOLOJI

Bu calismada nicel aragtirma yontemi kullanilmistir. Bu boliimde sirasiyla arastirmanin ¢alisma grubu, kuramsal modeli,
veri toplama araci, verilerin toplanmasi ve verilerin analizi sunulmustur.

4.1 Calisma Grubu

Arastirmaya katilacak tiniversite 6grencileri segilirken seckisiz olmayan 6rnekleme yontemlerinden uygun 6rnekleme
yontemi kullanilmistir. Aragtirmaya hiz kazandirmasi ve erisilebilmesi kolay olan katilimcilara olanak sagladig i¢in bu
yontem tercih edilmistir. Bu aragtirmanin ¢aligma grubunu Ankara’da ti¢ devlet tiniversitesinde 2019-2020 6gretim y1l1 gliz
doneminde 6grenim goren 183 iiniversite dgrencisi olusturmaktadir. M-devlet kullanim1 konusunda yapilan benzer ¢alismalarda
da Rana ve digerleri (2019) 81, Abdelghaffer ve Magdy 100, Abaza ve Saif (2015) 120 ve Almarashdeh ve Alsmadi (2017)
468 katilimei sayilari ile caligmalarini gergeklestirmislerdir. Bu nedenle bu arastirmanin ¢aligsma grubunun sayisinin yeterli
oldugu diisiiniilmiistiir. Ayrica 6grencilerin mutlaka m-devleti kullaniyor olmalarina dikkat edilmistir. Universite 6grencilerinin
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secilmis olmasinin sebebi Tiirkiye Istatistik Kurumu 2019 y1l1 Hanehalki Bilisim Teknolojileri Kullanim Arastirmasina gore
18-24 yas grubunun bilgisayar ve interneti en yogun (%90,8) olarak kullanan yas araligi olmasidir (Bayrak, 2020). Ogrenciler
Endiistri ve Makine Miihendisligi, Fen Bilgisi Ogretmenligi ve Yonetim Bilisim Sistemleri béliimleri 6grencileri olup,
aragtirmaya goniillii olarak katilmislardir. Tablo 2°de arastirmaya katilan caligma grubunun demografik 6zellikleri goriilmektedir.

Tablo 2 incelendiginde katilimeilarin bilyiik cogunlugunun (%94) 18-24 yas araliginda oldugu goriilmektedir. Buna ilaveten
katilimcilarin %65°1 3. ve 4.sinif 6grencileridir. Buna ilaveten miithendislik ve yonetim bilisim sistemleri 6grencilerinin
¢ogunlukta (%60) olmasi bu 6grencilerin teknolojik gelismelere ve bilisim teknolojilerine daha ilgili olmalarindan dolay1
arastirma icin avantaj olarak degerlendirilebilir.

Tablo 2
Calisma grubunun demografik ézellikleri
Cinsiyet Say1 %
Kadin 109 59
Erkek 74 41
Yas Say1 %
18-20 40 22
21-23 130 71
24-27 13 7
Smmif Say1 %
1.Smif 22 12
2.Smif 41 22
3.Smif 46 25
4.Smf 74 41
Boliim Say1 %
Makine Miihendisligi 11 6
Endiistri Miihendisligi 26 14
Fen Bilgisi Ogretmenligi 73 40
Yonetim Biligim Sistemleri 73 40

4.2 Arastirmanin Kuramsal Modeli

Kuramsal modeli gelistirebilmek i¢in ilk olarak literatiir taramasi yapilmistir. Yapilan tarama sonucunda m-devlet kullanimini
etkiledigi diistiniilen faktorler tespit edilmigtir. M-devlet kullanimini etkiledigi diisiiniilen faktorler: bilgi kalitesi, giivenlik
algisi, giiven, hizmet maliyeti, kullanim kolaylig1, sosyal etki, yararliliktir. Kuramsal modelde yedi tane faktor gézlenemeyen
gizil degiskenler olup bir tane bagimli gdzlenemeyen degisken (m-devleti kullanma niyeti) bulunmaktadir. Bu ¢aligmadaki
yedi faktor gizil degiskenler olup bu degiskenler ile m-devlet kullanimi arasindaki nedensel iligkiler agiklanmaya c¢aligiimigtir.
Bu gizil degiskenler arasindaki iligkiler ve hipotezler Sekil 1’de sunulmustur.

Bilgi Kalitesi

HI {+})

Hdi-)

M-Dievlet
Kullanma

Kullanim
Kolavlig

Sekil 1. Kuramsal model ve hipotezler
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4.3. Veri Toplama Araci

M-devlet kullanimini etkileyen faktorleri belirlemek i¢in bir 6lgek hazirlanmistir. Hazirlanan 6lgekteki maddelerin belirlenmesi
icin kapsaml1 bir literatiir taramasi yapilarak farkli tilkelerin m-devlet kullanimini etkileyen faktorlerin arastirildig: arasgtirma
makaleleri incelenmistir. Olgekte yer almasi uygun gériilen maddeler igin arastirmacilarla elektronik posta araciliyla iletisime
gecilmis ve gerekli izinler alinmistir. Bu calismalar Ingilizce oldugundan &lgek maddelerinin Tiirkceye ¢evrilmesi siireci
iic asamada gerceklestirilmistir. Birinci asamada dilsel es degerliligi saglamak igin dlgek maddelerini Tiirkgeye ¢evirecek
kisiler belirlenmistir. Ceviri isleminde ii¢ kisi bulunmaktadir. iki kisi yiiksek lisans ve doktorasini yurt disinda tamamlamis
iki 6gretim iiyesi olup iigiincii kisi Ingilizce egitim verilen bir iiniversitedeki dgretim iiyesidir. Ug kisi 6lgek maddelerini
cevirdikten sonra bir araya getirilerek gerekli uyumlastirma galigmalar1 yapilarak diizeltmeler yapilmistir. ikinci asamada
Tiirk Dili ve Edebiyat1 boliimi 6gretim liyesi tarafindan dil bilgisi kurallari ve anlasilabilirligi dikkate alinarak degerlendirilmistir.
Oneriler dogrultusunda gerekli diizeltmeler yapilmistir. Ugiincii asama da on iiniversite 6grencisi ile dlcek maddeleri tartisilmis
ve dlgek maddelerinin son haline ulasilmistir. Veri toplama araci olarak 30 maddeden olusan M-Devlet Kullanim1 Olgegi
(M-DKO) gelistirilmistir. Tablo 3’de 6lgme aracindaki faktorler, madde sayilar1 ve maddelerin derlendigi kaynaklar
goriilmektedir. Olgekte 5°1i Likert dlcegi kullanilmis ve 1-5 seklinde (1. Kesinlikle katilmiyorum 5. Kesinlikle katiliyorum)
olgeklendirilmistir. Tablo 4’te dlgek maddeleri goriilmektedir.

Tablo 3
Olgme aracindaki faktorler ve madde sayilart
Faktor adi Madde sayisi Kaynaklar
Bilgi kalitesi 5 Abu-Shanab & Haider, 2015; Colesca, 2009
Gilivenlik algist 4 Colesca, 2009
Giiven 4 Almarashdeh & Alsmadi, 2017
Hizmet kalitesi 3 Almarashdeh & Alsmadi, 2017; Saxena, 2017
Kullanim kolayligi 4 Colesca, 2009; Saxena, 2017
Sosyal etki 3 Abu-Shanab & Haider, 2015; Saxena, 2017
Yararlilik 4 Almarashdeh & Alsmadi, 2017

3

M-devlet kullanma niyeti Almarashdeh & Alsmadi, 2017; Saxena, 2017

Tablo 4
M-Devlet kullanimi 6l¢egi maddeleri

1 M-devlet hizmetler hakkinda kapsaml: bilgiler sunmaktadir.

% 'z 2 M-devlet hizmetler hakkinda dogru bilgiler sunmaktadir.
E -% 3 M-devlet uygulamasindaki bilgiler giinceldir.
=< 4  M-devletin kullanimi geffaflik diizeyini artirmaktadir.
5  M-devletin kullanim1 vatandaslar arasinda bilgiye ulagim konusunda firsat esitligi saglamaktadir.
% 6  M-devlet hizmetlerini kullanmak igin gerekli akilli telefon ve benzeri mobil cihazlarin pahali oldugunu diistiniiyorum.
§ -%‘ 7  M-devlet hizmetlerine erisimin pahali oldugunu diisiiniiyorum.
T £ 8  M-devlet hizmetleri islem maliyetinin pahali oldugunu disiiniiyorum.
v 9  M-devlet gizliligimi korumaktadir.
T:: gn 10 M-devlet uygulamasinda kisisel bilgilerim korunmaktadir.
5= 11  M-devlet sisteminde kisisel bilgilerime benim disimda kimse ulasamaz.
o 12 M-devlet sistemi siber saldirilara karsi korunmaktadir.
13 Devletin mobil hizmetleri giivenli bir sekilde sunacagina inantyorum.
§ 14  M-devletin internet altyapisina giiveniyorum.
’5 15  M-devlet hizmeti alirken kullandigim mobil cihaza giiveniyorum.
16  M-devlet hizmeti veren kamu kurumlarina giiveniyorum.
= 17  Karar verme siireclerinde goriislerini dikkate aldigim kisiler m-devleti kullanmam gerektigini diistiniiyor.
? g 18 Cevremdeki 6nem verdigim insanlar, m-devleti kullanabilecegimi diisiiniiyor.
A 19  Cevremdeki 6nem verdigim kisiler, m-devleti kullanmamin faydali olacagini diisiiniiyor.
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£ 20  M-devlet hizmetlerinin sunuldugu uygulamalarin kullanimi kolaydir.

Ei 21  M-devlette sunulan yeni bir hizmet uygulamasinin kullanimini 6grenmek benim i¢in kolaydir.
= % 22 M-devlette sunulan hizmetler agik ve anlagilirdir.

2 23 M-devlette ihtiya¢c duydugum her hizmeti almak benim i¢in kolaylik olurdu.

e 24  M-devlet uygulamasindaki hizmetleri kullanmak, islerimi daha hizli yapmama yardimeci oluyor.
% 25  M-devlet uygulamasindaki hizmetleri alabilmek hayatimi kolaylastirtyor.

g 26 M-devlet uygulamasindaki hizmetleri glinlilk yasamim i¢in faydali buluyorum.

-~ 27  M-devlet uygulamasindaki hizmetleri kullanmak verimliligimi artirtyor.

28  Ihtiyacim oldugunda m-devlet kullanmay1 diisiiniiyorum.
29  Hizmet almak i¢in m-devlet uygulamalarini sik sik kullanmay1 diisiiniiyorum.

M-devlet
kullanma
niyeti

30 Firsat verildiginde m-devlet kullanmay: diistiniiyorum.

4.4. Verilerin Toplanmasi

Verileri toplama siirecine baslamadan 6nce Ankara Yildirim Beyazit Universitesi Sosyal ve Beseri Bilimler Etik Kurulu’ndan
(27.12.2019 tarih ve 53 karar no) onay alinmistir. Onaydan sonra verilerin toplanmasi1 Ocak 2020 yilinda Ankara’daki ti¢
devlet tiniversitesinde gerceklestirilmistir. Veri toplama siireci arastirmaci tarafindan gergeklestirilmistir.

4.5. Verilerin Analizi

M-devlet kullanimini etkileyen faktorlerin belirlenmesi igin hazirlanan dlgeginin faktor yapist LISREL 8.72 paket programi
kullanilarak analiz edilmistir. Olgegin gecerlik calismalar1 dogrulayict faktdr analizi (DFA) ile gergeklestirilmistir. Sekil
I’deki kuramsal model Yapisal Esitlik Modeli (YEM) yontemiyle analiz edilmistir. Verilerin analizi sonuglarinda maddelerin
t degerleri, hata varyanslari ve standart ytikleri kontrol edilmistir. Kuramsal modelin gercek verilerle uyumunu degerlendirmek
icin Yaklasik Hatalarin Ortalama Karekokii (Root Mean Square Error of Approximation, RMSEA), Normlandirilmis uyum
indeksi (The Normed Fit Index, NFI), Normlandirilmamis uyum indeksi (The Non-Normed Fit Index, NNFI), Karsilastirmali
uyum indeksi (Comparative Fit Index, CFI), Karsilastirmali Uyum Indeksi (Comparative Fit Index, CFI), Uyum iyiligi
indeksi (Goodness-of-fit index, GFI) ve Diizeltilmis Iyilik Uyum Indeksleri (Adjusted Goodness of Fit Index, AGFI) olmak
iizere alt1 uyum indeksi degeri kontrol edilmistir (Cole & Maxwell, 2003). Buna ilaveten ki-kare (%2 ) degeri 6rneklem
biiytikliigiinden etkilendigi ve genis 6rneklemlerde olumlu sonug verdigi i¢in analizlerde ki-karenin serbestlik derecesine
(y 2 /sd) oranina bakilmistir (Tabachnick, Fidell & Osterlind, 2007:506).

5. BULGULAR

Bu béliimde sirastyla 6lgegin giivenirlik ve gegerlik ile kuramsal modelin test edildigi YEM yontemi analiz sonuglari

sunulmustur.

Olgegin giivenirligi i¢in giivenirlik katsayis1 hesaplama tekniklerinden i¢ tutarlilik yontemi segilmistir. Bunun icinden de
Cronbach alfa i giivenirlik katsayis1 yontemi kullanilmistir. Olgek icin hesaplanan Cronbach alfa i¢ giivenirlik katsayist
(0=0,89) 0,89 olup bu deger 6lgegin yiiksek derecede giivenilir oldugunu gostermektedir. Her faktore ait Cronbach alfa i¢
giivenirlik katsayilar ise; bilgi kalitesi i¢in 0,88, glivenlik algisi ve giiven igin 0,83, sosyal etki i¢in 0,87, kullanim kolaylig1
icin 0,84, hizmet maliyeti ve yararlilik i¢in 0,73’tiir. Bilgi kalitesi, giivenlik algisi, giiven, sosyal etki, kullanim kolaylig1

faktorleri yiiksek derece giivenilir olup hizmet maliyeti ve yararlilik faktorleri ise oldukea giivenilirdir.

Verilerin analizi i¢cin YEM uygulanmis ve DFA LISREL 8.72 bilgisayar programinda gergeklestirilmistir. Verilerin hazirlanmasi
siireci ii¢ adimda gergeklestirilmistir. Birinci adimda veriler tanimlanmistir. Tkinci adimda DFA igin kovaryans matrisi
olusturulmustur. Ugiincii adimda da gergeklestirilecek her bir analiz icin sdzdizimleri LISREL programinda yazilarak

verilerin analizi stireci baglatilmistir.

Sekil I’de goriildiigii gibi bu ¢alismanin kuramsal modelinde sekiz dlgme modeli bulunmaktadir. {1k olarak her 6lgme
modelinin faktor yapist DFA ile test edilmistir. Yapilan analizleri degerlendirmek igin ilk olarak t degerleri kontrol edilmistir.

Her 6l¢gme modelindeki maddelerin tiimiiniin t degerinin 2,56’dan biiyiik oldugu i¢in 0,01 diizeyinde istatistiksel olarak
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anlaml1 oldugu sonucuna varilmistir (Cokluk, Sekercioglu & Biiyiikoztiirk, 2010:223; Nunnally, 1994). ikinci olarak hata
varyanslarina bakilmis ve hata varyanslarinin da diisiik (<90) oldugu goriilmiistiir. Son olarak her bir 6lgme modelinin
dogrulanip dogrulanmadigini test etmek i¢in uyum indeksleri (¥2/sd, RMSEA, NFI, NNFI, CFI, GFI, AGFI) degerlendirilmistir.
Degerlendirmeler sonucunda kuramsal modelde bulunan sekiz 6lgme modeli dogrulanmistir. Daha sonra Sekil 1’de goriilen

kuramsal modele DFA uygulanmuistir. Tablo 5’te kuramsal modelin DFA sonuglar1 goriilmektedir.

Tablo 5 incelendiginde tiim maddelerin hata varyanslarinin 0,23 ile 0,66 arasinda degistigi goriilmektedir. Bu durum yiiksek
hata varyansinin olmadig1 seklinde yorumlanip istenen bir durumdur. Diger incelenmesi gereken deger maddelerin path
katsayilar1 (standartlastirilmis faktor yiikleri) olup 0,64 ile 0,88 arasinda degismektedir ve bu path katsayilar1 parametrik
sinamada t degerlerine gore istatistiksel olarak anlamli bulunmustur. Diger taraftan Tablo da goriildiigii gibi alt1 madde
(BK1, GGI1, GUI, SEI, KK1 ve YAl) i¢cin t degeri hesaplanmamuistir. Buna ragmen diigiik hata varyanslar1 ve yiiksek path
katsayilarina sahip olduklari i¢in 6l¢gme modelinden ¢ikarilmamaiglardir.

Tablo 5’te goriildiigii gibi her bir faktoriin yap giivenirligi hesaplanmistir. Her bir faktdr igin yap1 giivenirligi 0,70°den biiytik
oldugundan bu degerler 6lgme sonuglarinin giivenilir oldugunu gostermektedir (Nunnally, 1994). Buna ilaveten yakinsama
gecerligi igin faktor yiikleri ve ortalama aciklanan varyans (OAV) degerleri incelenmistir. Faktor yiiklerinin ve OAV
degerlerinin hepsinin 0,50°den biiylik olmasi yakinsama gegerliliginin saglandigini1 géstermektedir (Fornell & Larcker, 1981).
Ayrica yapisal giivenirlik degerlerinin her biri de OAV degerlerinden biiyiiktiir ve bu durum da yakinsama gegerliliginin

bir diger kanit1 olarak gosterilebilir.

Fornel ve Larcker (1981), ayirt edici gegerlik i¢in kuramsal modelin faktorleri arasindaki korelasyonlardan ve OAV degerlerinin
karekokiinden yararlanilmasi gerektigini belirtmislerdir. Herhangi boyuttaki OAV’1in karekdkiiniin o faktoriin diger faktor
ile aralarindaki korelasyondan ve ayni zamanda 0,50 degerinden kiiclik olmamasi gerektigini vurgulamislardir. Kuramsal

modelin faktdrleri arasindaki korelasyonlar ve OAV degerlerinin karekdk degerleri Tablo 6°da goriilmektedir.

Tablo 5
Kuramsal modelin DFA sonug¢lart

Maddeler Hata Path Katsayilar1 t Degerleri' Yapi Giivenirligi Ortalama Agiklanan R?

Varyanslari Varyans

Bilgi Kalitesi
BK1 0,24 0,84 - 0,71
BK2 0,23 0,88 14,57%* 0,77
BK3 0,33 0,82 13,14%%* 0,80 0,56 0,67
BK4 0,54 0,69 10,26** 0,47
BKS5 0,49 0,71 10,83** 0,51
Hizmet Maliyeti
HM1 0,62 0,61 3,46%* 0,38
HM 2 0,26 0,86 7,08%* 0,82 0,60 0,74
HM 3 0,30 0,83 8,06%* 0,70
Giivenlik Algisi
GGl 0,24 0,87 - 0,76
GG2 0,23 0,87 13,49%* 0,75
GG3 0,33 0,63 9,07** 0.83 0.56 0,40
GG4 0,66 0,54 8,25%* 0,34
Giiven
GU1 0,46 0,74 - 0,54
GU2 0,29 0,84 10,78%%* 0,71
GU3 0,59 0,64 8,20%* 0.91 0,58 0,41
GU4 0,36 0,80 10,3 1%* 0,64
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Sosyal Etki

SEl 0,27 0,85 - 0,73

SE2 0,32 0,83 12,85%* 0,90 0,70 0,68

SE3 0,31 0,83 12,99%** 0,69

Kullanim Kolayligi

KK1 0,25 0,86 - 0,75

KK2 0,39 0,78 12,54%* 0,61

KK3 0,46 0,73 11,38%** 0.86 0.61 0,54

KK4 0,45 0,74 11,62%* 0,55

Yararlilik

YAI 0,36 0,80 - 0,64

YA2 0,24 0,87 13,48** 0,76

YA3 0,28 0,85 12,99%* 0.89 0,68 0,72

YA4 0,40 0,78 11,55%* 0,60

M-Devlet Kullanma Niyeti

KN1 0,36 0,30 12,72%* 0,64

KN2 0,37 0,79 12,66** 0,84 0,64 0,63

KN3 0,34 0,81 13,05%* 0,66
Standartlagtirilmis katsayilar (beta) t degerleri R?degerleri

BK — KN 0,69 8,93** 0,48

HM — KN -0,14 -1,70 0,02

GG — KN 0,62 7,93%* 0,38

GU — KN 0,80 6,95%* 0,64

SE — KN 0,71 9,18%* 0,51

KK — KN 0,89 12,18** 0,79

YA — KN 0,90 11,31%* 0,81

't-degerleri *p < .05 ; **p < .01diizeyinde anlamhidir.

Tablo 6

Faktorler arasindaki korelasyon ve OAV degerlerinin karekdkii

Faktorler Sembol [1] [2] [3] [4] [5] [6] 71

Bilgi Kalitesi [1] 0,75

Hizmet Maliyeti 2] -0,10 0,78

Glivenlik Algisi [3] 0,43 -0,09 0,75

Giiven [4] 0,55 -0,11 0,49 0,76

Sosyal Etki [5] 0,49 -0,10 0,44 0,57 0,84

Kullanim Kolaylig1 [6] 0,61 -0,13 0,55 0,71 0,63 0,78

Yararlilik 7] 0,62 -0,13 0,56 0,72 0,64 0,78 0,80

Tablo 6 incelendiginde korelasyon matrisinin kosegen elemanlart OAV 1in karekokiinii (koyu olan degerler) ve kdsegen dist
elemanlar ise boyutlar arasindaki korelasyon degerlerini gostermektedir. Tablo 6°da goriildiigii gibi her bir boyuttan hesaplanan
OAV degerlerinin karekokii diger alt faktorler ile olan korelasyon degerlerinden daha biiyiiktiir. Ornegin sosyal etki faktdriiniin
OAV karekokii 0,84 olup bu faktoriin diger faktorlerle olan korelasyonundan daha biiyiik oldugu goériilmektedir. Bu durum
diger tiim boyutlar i¢in de gegerli olup sadece kullanim kolaylig1 faktoriintin OAV degerinin karekokd ile yararhilik arasindaki
korelasyon degeri esittir. Bu sonuglar dogrultusunda dlgegin ayirt edicilik gegerligi sagladigi sdylenebilir.

Kuramsal model i¢in hesaplanan uyum iyiligi istatistikleri de Tablo 7°de goriilmektedir. Kuramsal model i¢in Tablo 7°deki
uyum Olgiitleri incelendiginde RMSEA indeksi sadece zayif uyum gosterirken, CFI, GFI ve AGFI kabul edilebilir uyum,
X?%/d, NFI ile NNFI iyi uyum gostermektedir. Sonug olarak modelin kabul edilebilir uyum gosterdigi sdylenebilir.
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Tablo 7
Kuramsal modelin uyum olgiileri
Uyum Olgiisii Degeri Uyum
X2/( d=398) 2,7 Iyi uyum
RMSEA 0,09 Zayif uyum
NFI 0,92 Iyi uyum
NNFI 0,94 Iyi uyum
CFI 0,91 Kabul edilebilir uyum
GFI 0,87 Kabul edilebilir uyum
AGFI 0,85 Kabul edilebilir uyum
[J \‘J -
0,62 -0,14
it l-—-l .0
0.80 0,89 Kullanm
(t=6,935) (t=12,18) Kolaylig

071
=918

Sekil 2. Arastirma modeli ve DFA sonuglar1

Sekil 2’de kuramsal modelde yer alan bagimli gizil degisken ve bagimsiz gizil degiskenler arasindaki nedensel iligkiler
goriilmektedir. Sekil 2 incelendiginde BK ile KN arasindaki katsayinin 0,69°dur. Ogrenciler igin bilgi kalitesi nemli olup
bilgi kalitesi arttiginda m-devlet kullanma niyetlerinde de artis olacagi yoniinde yorumlanabilir. Sonug olarak H1 hipotezi
desteklenmistir. Diger bir faktér olan GG ile KN arasindaki katsay1 0,62’dir. Ogrencilerin giivenlik algis1 olumlu arttiginda
m-devlet kullanma niyetleri artacak olup bu durumu ifade eden H2 hipotezi de desteklenmistir. Caliymanin H3 hipotezi GU
ile KN arasinda olup aralarindaki katsay1 degeri 0,80°dir. Bu deger 6grencilerin giivenlerinin artmasi durumunda m-devlet
kullanma niyetlerinin de artacagi seklinde yorumlanabilir. H3 hipotezi de istatistiksel olarak desteklenmistir. Diger taraftan
HM ile KN arasindaki katsay1 -0,14 olup manidar t degeri de (-1,70) vermediginden dolay1 H4 hipotezi desteklenememistir.
KK ile KN arasindaki iliski katsayis1 0,89 oldugu Sekil 2’de goriilmektedir. KK’daki bir puanlik artis KN’de 0,89 puanlik
yiikselise neden olacak olup H5 hipotezi de desteklenmistir. Calismanin altinct hipotezi SE ile KN arasindadir. Bu iki deger
arasindaki iliski katsayis1 0,71 olup H6 hipotezi de desteklenmistir. En yiiksek iliski katsayisinin 0,90 ile YA ile KN arasinda
oldugu goriilmektedir. Bu deger, 6grencilerin m-devleti kullanmalarinin yararli oldugunu diisiindiiklerinde kullanmalarinin
artacagini gostermektedir. YA’daki bir puanlik artis KN’de 0,90 puanlik yiiksek bir artisa neden olacaktir. Bu iligskinin ifade
edildigi H7 hipotezi de istatistiksel olarak desteklenmistir.

Sonug olarak H1, H2, H3, H5, H6 ve H7 hipotezleri desteklenirken H4 hipotezi desteklenememistir.

6. SONUC VE ONERILER

Bu caligmada tiniversite 6grencilerinin m-devlet kullanimini etkileyen faktorler aragtirilmistir. Calismanin verileri Ankara’daki
ii¢ devlet liniversitesindeki dgrencilerden toplanmistir. Verilere uygulanan DFA sonucu kavramsal modelde 6nerilen yedi
faktorden (bilgi kalitesi, giivenlik algisi, giiven, hizmet maliyeti, kullanim kolaylig1, sosyal etki, yararlilik) sadece biri hari¢
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(hizmet maliyeti) diger altisinin m-devlet kullanimini etkiledigi gértilmiistiir. Caligma sonuglarina gore faktorlerin m-devleti
kullanma niyetine etkisine gore biiylikten kiiclige soyle siralanmaktadir: Yararlilik, kullanim kolayligi, giiven, sosyal etki,
giivenlik algist, bilgi kalitesidir. Bu ¢alismanin belirleme katsayisi (R?) %69,4 olup bu alt1 faktor birlikte m-devlet kullanimini
etkileyen faktorlerin %69,4’tinii agiklamaktadir.

Caligma sonuglari literatiir ile paralellik gostermektedir. {1k {i¢ sirada m-devlet kullanimini etkiledigi goriilen faktorler
yararlilik, kullanim kolaylig1 ve giivendir. Mobil Hizmet Kabul Modeli’ne gore de yararlilik, kullanim kolaylig1 ve giiven
mobil hizmeti kullanma niyetini direk etkilemektedir (Gao, Krogstie & Gransather, 2008). Bir diger ¢caligma sonucunda da
bu ii¢ faktore ilaveten erisim, altyapi ve kullanilabilirlik de m-devlet kullanmay1 etkileyen faktorler olarak rapor edilmistir
(Ishengoma et al., 2019). Farkli tilkelerde yapilan aragtirma sonuglarinin bityiik cogunlugunda da bu ii¢ faktoriin etkili oldugu
Tablo 1’de goriilmektedir.

Cocuklarin ve genclerin ¢evrelerindeki kisilerden etkilenmeleri ve davranislarint bu dogrultuda diizenlemeleri siklikla
rastlanilan bir durumdur. Bu ¢alisma sonucunda da iiniversite 6grencilerinin ¢evrelerindeki insanlarin m-devlet kullaniminda
etkili oldugu goriilmiistiir. Literatiirde bulunan teknoloji ya da hizmet kabul modelleri (TAM2, UTAUT, TPB) icerisinde de
sosyal etkinin bulundugu gortilmektedir (Davis, 1989; Venkatesh & Davis, 2000; Venkatesh et al., 2003). Buna ilaveten
Almarashdeh ve Alsmadi tarafindan 2016 yilinda yapilan ve kullanicilarin m-devleti benimseme ve kullanma faktorlerini

arastiran ¢alisma sonucunda da en fazla etkili olan faktor sosyal etki olarak rapor edilmistir.

Giivenlik algisinin olumlu yonde olmast da m-devlet kullanimini olumlu etkilemektedir. Giivenlik algisinin m-devlet
kullanimini etkileyen faktorler arasinda besinci sirada olmasi dikkat ¢ekicidir. Bu durum giintimiizde bilisim sistemlerinin
glivenliginin saglanmasi kullanicilar tarafindan bir zorunluluk olarak goriildiigii seklinde yorumlanabilir. Literatiirle (Al-
khamayseh et al., 2006; Roubah, et al., 2018) paralellik gosteren bu sonu¢ ayni zamanda kullanicilarin Tiirkiye’de m-devlet
ile giivenli baglantilar kurduklari algisina sahip olduklarini da gostermektedir. Universite 6grencilerinin giivenlik algilarinin
olumlu olmast m-devlet i¢in bir basar1 olup gelecegini de olumlu etkileyecektir.

Bilgi kalitesi m-devlet kullanimini etkileyen bir diger faktor olup yapilan ¢aligsmalarda da bilisim sistemleri, e-devlet ve
m- devlet kullanici niyetini etkiledigi rapor edilmistir (Koivumaki, Ristola & Kesti, 2008; Veeramootoo, Nunkoo & Dwivedi,
2018; Wang, 2008).

Bu arastirmanin bulgularina gore hizmet maliyeti faktdrii m-devlet kullanimini etkilememektedir. Bu sonug degerlendirildiginde
ogrencilerin m-devlet hizmetine erigimi, erisebilecekleri cihazi ve islem maliyetini kolaylikla karsilayabildikleri sdylenebilir.
Literatiirde yer alan arastirma sonuglar1 degerlendirildiginde bazi ¢alisma sonuglarinda hizmet maliyetinin m-devlet
kullanimini etkiledigi goriiliirken (Al-Hadidi & Rezgui, 2010; Al-khamayseh et al., 2006; Ishengoma et al., 2019) bazilar1
da etkilemedigini belirtmektedir. (Abu-Shanab & Haider, 2015; El-Kiki & Lawrence, 2006; Hung et al., 2013; Rana et al.,
2019). Sonug olarak ¢aligmanin bulgular: etkili ve etkin bir m-devlet sistemi kurmaktan sorumlu olan birimler i¢in yol
gosterici olacaktir. Basarilt bir m-devlet uygulamasina tiim paydaslarin katkilartyla ulasilabilecegi unutulmamalidir. Bu
dogrultuda en 6nemli paydas olan kullanicilarin m-devleti kullanmalarini etkileyen faktdrlerin bilinmesi ve bu dogrultuda

caligsmalarin yapilmasi kritik 6neme sahiptir.

Her ¢alismanin oldugu gibi bu ¢aligmanin da bazi sinirliklart bulunmaktadir. Calisma Ankara ilinde ve devlet iiniversitelerinde
gergeklestirilmis nicel bir arastirmadir. Gelecekte buna benzer ¢alismalarin kapsami yiiksek lisans 6grencileri ile 6zel
iiniversitelerde okuyan iiniversitelerde okuyan 6grencilerle goriismeler yapilarak genigletilebilir. Bu ¢alismada m-devlet
kullanimini etkileyen yedi temel faktor degerlendirilmistir. Ayrica m-devlet kullanimini etkileyebilecek muhtemel araci
degiskenler arastirilarak sunulan modele eklenebilir.
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Kiresellesmenin etkisiyle Tiirkiye’de tiretim yapan isletmelerin sayis: giin gegtik¢e artmaktadir. Bu durum
perakende satis yapan isletmelerin segebilecegi tedarik¢i sayisinda artislara neden olmaktadir. Ancak bazi
isletmeler bulundugu bolgede satigini yaptiklar: tiriiniin markasi ile tanindiklari i¢in tedarik¢i degisikliginden
kaginmaktadir. Ilgili markanin tedarikgisi ile arasindaki isbirligi bozulursa isletmenin satislarinda da
diisiisler yasanabilmekte olup, tedarik¢i degisikligine sicak bakilmamaktadir. Isletme tedarikeisini
degistiremedigi icin tedarik¢isinin kendisini gelistirmesini istemektedir. Bu ¢alismada Burdur ilinde ev
tekstili tirinleri satis1 yapan bir igletme ele alinarak, isletmenin isbirligi yaptig1 tedarikgiler arasindan en
iyisinin belirlenmesi ve diger tedarikgilerin de kendilerini ne 6lgtide gelistirmesi gerektigi problemi tizerinde
durulmustur. Analitik Hiyerarsi Siireci ve TOPSIS kullanilarak en iyi tedarikg¢i belirlendikten sonra diger
tedarikgilerin hangi 6l¢iide kendilerini gelistirmeleri gerektigi ise sezgisel optimizasyon ile belirlenmistir.
Toplamdaki 11 kriter belirlenirken 8 adet tedarikei firma goriisii ile birlikte literatiirden de yararlanilmistir.
Caligmanin sonucunda agirligi en yiiksek olan kriter “iiriiniin kalitesi” olarak belirlenirken en iyi tedarik¢inin
tespiti ve diger tedarikgilerin optimum durumu da basari ile tespit edilebilmistir.

Anahtar kelimeler: Analitik Hiyerarsi Siireci, TOPSIS, Sezgisel Optimizasyon, Tedarikgi lyilestirmesi

ABSTRACT

The number of enterprises engaged in production in Turkey is increasing day by day with the impact of
globalization. This situation causes an increase in the number of suppliers that retailers can choose. However,
some businesses avoid changing suppliers because they are known for the brand of the product they sell in
their region. If cooperation between the suppliers of the relevant brand is disrupted, the enterprise’s sales
may also decrease and the change of the supplier is not looked upon favorably. Since the business cannot
change its supplier, it requests that its supplier improve itself. In this study, which focuses on an enterprise
selling home textile products in the province of Burdur, the problems of determining the best among the
suppliers with which the enterprise cooperates and the extent to which other suppliers should improve
themselves are emphasized. After determining the best supplier using the Analytical Hierarchy Process and
TOPSIS, the extent to which other suppliers should improve themselves is determined by heuristic
optimization. The literature and the opinions of eight suppliers are used to determine 11 criteria in total. As
a result of the study, while the criterion with the highest weight is determined to be “quality of the product,”
the determination of the best supplier and the optimum status of other suppliers are also successfully
determined.
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Tedarikgilerin TOPSIS ile Secilmesi ve Gelisim Durumlarmin Sezgisel Optimizasyon ile Belirlenmesi

1.GIRIS

Tekstil iirtinleri insanoglunun varolusundan itibaren 6nemli bir ihtiyac¢ olmustur. Eski zamanlara bakildiginda tekstil giyim
olarak baglangi¢ gosterir ancak zamanla degisen ihtiyaglar dogrultusunda ev tekstili alan1 olugsmustur. Ev tekstilinde farkli
ozelliklerde ve ¢ok sayida iiriin olmasi ve miisterilerin markalagmis tiriinleri tercih etmesi sebebiyle saticinin tedarikei
seciminde zorlandig1 durumlar ortaya ¢ikmaktadir. Tedarikgi se¢imi bir igletme i¢in karar verilmesi zor olan konulardan bir
tanesidir. Eger isletme tedarik¢i segiminde hata yaparsa bunun sonucunda satislarda azalma, kar oraninda diisiisler, miisteri
memnuniyetinde azalis ve maliyetlerde artis olma olasilig1 oldukga yiiksektir. Tedarik¢i segim problemi gerekli olan iiriin
veya hizmetleri saglayabilecek kapasitede olan tedarikgiler arasindan hangilerinin segilecegi sorunudur (Ozdemir, 2007).
Guntimiizde firmalar ile tedarikgileri arasindaki iliskiler degismis olup, artik alict ile satict firmalar aralarindaki iliskileri
gliclendirme yolunda ilerlemektedir. Tedarikg¢i secimine etki eden kriterler alici ve satict arasindaki iliskinin kazan-kaybet
modelinden kazan-kazan modeline doniismesine katkida bulunmaktadir (Vatansever, 2013). Bu noktada da isletmeyi en
uygun tedarik¢i veya optimum sonuca yonlendirecek AHP (Analitik Hiyerarsi Stireci), TOPSIS (Technique for Order
Preference by Similarity to Ideal Solution) ve optimizasyon gibi ¢dziimler gerekmektedir.

Gilinlimiizde tedarik¢i se¢imi konusu, son yillarda kapsamli bir sekilde incelenmekte olan popiiler bir sorun haline gelmistir.
Chai vd., (2013) karar verme tekniklerine dayali olarak 2008-2012 yillar1 arasinda yayinlanan tedarik¢i se¢im problemi
hakkinda 123 makaleyi inceledikten sonra tedarikgileri se¢mek i¢in kullanilan metodolojileri ii¢ grupta siniflandirmiglardir.
Incelenen bu makalelere gore tedarikgi se¢imi konusunda kullanilan yéntemlerin basinda %44,4 ile AHP, ANP (Analitik
Ag Siireci) ve TOPSIS yontemlerinin geldigi goriilmektedir. Dolayisiyla literatiirde tedarik¢i seciminde AHP ve TOPSIS
yontemlerinin birlikte kullanildig1 pek ¢cok ¢alisma bulunmaktadir. Ornegin Wang vd., (2009), tedarikgi secimi probleminde
bulanik AHP ve TOPSIS yontemlerini birlikte kullanmiglardir. Benzer sekilde Fazlollahtabar vd., (2011), arastirmalarinda
tedarikc¢i segiminde AHP, TOPSIS ve ¢ok amagcli lineer olmayan programlamayi kullandiklar1 goriilmektedir. Pramanik vd.,
(2017) makalelerinde, esnek bir tedarik¢i se¢me siireci gelistirmek igin bulanik-gok kriterli bir grup karar verme yaklagimi
tasarlanmiglardir. Onerilen yontemde, mesafe tabanli optimizasyon metodolojisi, yani bulanik sistem ile entegre TOPSIS
genel secim kriterlerinin dzelliklerini belirlemektedir. Benzer sekilde Giinay ve Unal (2016) telekomiinikasyon sektdriindeki
bir firmay1 ele almiglardir. Literatiir taramasindan ve uzman goriislerinden yararlanarak belirlenen kriterleri AHP yontemi
ile onem derecesine gore siralayip, TOPSIS yontemi ile de dort tedarike¢i firmadan en uygun olani belirlemislerdir. Agirlig:
en yiiksek olan kriter ‘{iriin kalitesi’ kriteri olarak belirlenmistir. Ozgakar ve Demir (2011) ise bir gida isletmesindeki karar
vericilerle yapilan miilakatlar sonucunda edinilen bilgilerden yararlanarak yapilacak tedarik¢i se¢cimini bulanik TOPSIS
yontemiyle gergeklestirmislerdir. Supgiller ve Capraz (2011) bir isletmenin tedarik¢i se¢imini AHP-TOPSIS yontemleriyle
yapabilmesi icin model énermislerdir. Onerilen modelde TOPSIS yoéntemi ile tedarikgiler siralanmis ve en iyi tedarikci
belirlenmistir. Tedarikgilerin degerlendirilmesinde kullanilan kriterlerden kalite, fiyat, teslimat ve hizmet kriterleri ana
kriterler olarak belirlenmistir. {lgili calismada 6nem derecesi en yiiksek kriter olarak ‘iiriiniin kalitesi’ kriteri belirlenmistir.
Vatansever (2013) tekstil sektoriinde ¢alisan biiyiik isletmelere fason liretim yapan bir firmanin tedarikg¢i se¢imini Bulanik
TOPSIS yéntemiyle degerlendirmistir. Oztiirk (2019) Ordu ili Organize Sanayi Bolgesinde bulunan bir hazir giyim isletmesinin
en uygun kumas hammadde tedarikgisi seciminde AHP-TOPSIS yontemlerini kullanmistir. Okwu ve Tartibu (2020) perakende
sektoriinde siirdiiriilebilir tedarik¢i se¢imi probleminin ¢éziimil icin TOPSIS ve ANFIS (Adaptive Neuro-Fuzzy Inference
Systems) yontemi kullanmislardir. Aver ve Cinaroglu (2018), 5 havayolu firmasinin 4 yillik siire i¢erisinde gostermis olduklari
finansal performanslart AHP ve TOPSIS yontemlerini kullanarak siralamislardir. Sahin ve Akyer (2011) ise ¢aligmalarinda
kamu kurumlarinda kullanilmak i¢in alinacak olan 4x4 arama kurtarma aract se¢imi i¢in AHP ve TOPSIS yontemlerini
kullanmiglardir. Literatiirde sezgisel optimizasyon yontemi ile ilgili ¢alismalar da yapilmistir. Akbel ve Kahraman (2020),
calismalarinda ¢ok amacli sezgisel optimizasyon algoritmalarini test etmek i¢in bir platform tasarlamiglardir. Literatiirde
bulunan 8 tane meta-sezgisel optimizasyon algoritmasindan faydalanarak 24 tane birbirinden farkli problem tizerinde
performans degerleri 6l¢iilmiis ve performans karsilastirmalart yapilmistir. Kaya Keles ve Keles (2017) ise ¢aligmalarinda
literatiirde son 5 yilda ingaat sektoriiniin temeli olan yapim yonetimi konusunda veri madenciligi ve sezgisel optimizasyon
algoritmalari ile ilgili ¢aligmalar1 inceleyip ayrintili olarak tablo tizerinde kronolojik olarak gdstermislerdir. Niranjan vd.,

(2021), galismalarinda farkli talep senaryolarinda ¢oklu iiriin akisi i¢in yesil tedarikei se¢imi ve siparis tahsisi igin bir model
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onerip ilgili problemi yeni bir meta-sezgisel algoritma kullanarak ¢dziim getirmislerdir. Ozcelik ve Giindiiz (2019)
arastirmalarinda bir otomobil fabrikasinda otomobil montajinda kullanilan pargalarin raflardaki yerlesimini optimum sekilde
kullanilmasini saglayacak sezgisel algoritmalar kullanarak en iyiye yakin raf yerlestirme iglemini gerceklestirilmistir. Firat
ve Alpaslan (2019) ise bir isletmede iiretim siirecindeki kesme ve paketleme sorununa iligkin alt sol dolgu, ilk uygun azalan
ve uygun olmayan ¢okgen sezgisel algoritmalart kullanarak iki boyutlu dikdortgen serit paketleme problemine ¢6ziim
sunulmaya calisilmistir. Tempelmeier (2002) arastirmasinda endiistriyel satin alma uygulamasryla ilgili varsayimlar altinda
dinamik siparis boyutlandirma ve tedarik¢i se¢cimi problemi igin yeni model formiilasyonlar1 ve sezgisel bir ¢6ziim yontemi
gelistirmistir.

Goruldiugi tizere literatiirde AHP ve TOPSIS yontemlerinin tedarik¢i se¢imi probleminin ¢6ziimii i¢in olduk¢a yaygin bir
sekilde kullanildiklar: goriilmektedir. Ancak AHP ve TOPSIS ile tedarik¢i se¢imi yapilan ¢aligmalarda tedarikgilerin
birbirleri ile durumlar1 hakkinda bir degerlendirme yapilmayip sadece en iyi tedarikg¢inin belirlenmesine odaklanilmistir.
Bu durum tedarikgilerin igletmeler i¢in nasil tercih edilebilir olabilecekleri ile ilgili dneriler sunmamaktadir. Bu ¢aligmada
ise literatiirde yer alan diger ¢alismalardan farkli olarak AHP ve TOPSIS yontemleri ile en iyi tedarikgi belirlendikten sonra
diger tedarikcilerin kendilerini en iyi tedarik¢iye gore ne dl¢lide gelistirmeleri gerektigi problemi sezgisel optimizasyon
kullanilarak gergeklestirilmistir. Bunun yaninda tedarikgilerin birbirleri ile kiyaslamalarinin yapilmasi ve arastirmanin ev
tekstili sektoriinde olmasi da ilgili galigmay1 diger calismalardan farkli kilmaktadir. Sonug olarak aragtirmada, Burdur ilinde
ev tekstil {irtinleri satig1 yapan bir firmanin tedarik¢i se¢imi sorunu ele alinmigtir. Amag isletmenin ¢alistig1 tedarikeileri
arasindan en iyiyi belirleyip diger tedarikgileri de en iyi tedarik¢i olma yolunda yonlendirerek hem tedarikgilere hem de
isletmeye fayda saglayacak adimlar atilmasini saglamaktir. Isletmenin tedarik¢i seciminde isletme sahibi ile goriisiiliip
tedarik¢i segiminde kullanilan kriterler belirlenip derecelendirilmistir. Kriterler ve agirliklar belirlendikten sonra en uygun
deger durum ise sezgisel optimizasyon ile tespit edilmistir.

2. YONTEM

Bu ¢alismada en uygun tedarik¢inin belirlenmesinde ¢ok kriterli karar verme modellerinden olup, kriter agirliklandirma da
kullanilan AHP ve siralama yapilirken kullanilan TOPSIS yontemlerinden faydalanilirken, optimum kriter ve degerlerin

belirlenmesi ise sezgisel bir yontem olan Kiimeleme Tabanli Global Optimizasyon (KTGO) ile gergeklestirilmistir.
2.1. Analitik Hiyerarsi Siireci

Thomas L. Saatly (1980) tarafindan gelistirilen ve ¢ok kriterli karar verme yontemlerinden biri olan AHP matematiksel bir
yontemdir. Bu yontemin tercih edilmesindeki en biiyiik etken birden ¢ok kriterin 6nem diizeylerinin belirlenmesine olanak
saglamasidir (Saatly ve Ozdemir, 2003). AHP karar veren kisilere 6znel degerlendirmeleri nicel kriterlere doniistiirme firsat1

sunar.

AHP yo6nteminin ilk adiminda modelin belirlenmesi islemi bulunmakta olup, bu adim karar vericinin amacina yonelik
kriterlerin, alt kriterlerin ve alternatiflerin belirlenmesi siirecini icermektedir. Alinacak olan kararin hatasiz olmasi i¢in
belirlenen kriterler iyi secilmelidir (Penge vd., 2017). Ikinci adimda, ikili karsilastirma matrisinin olusturulmasi asamas1
bulunmakta olup belirlenmis kriterler ve alternatifler kullanilarak kriterler ve alternatiflerin ikili karsilastirma matrisleri
1-9 6nem skalasi ile olusturulur. Ugiincii adimda ise, kriterlerin 6z vektdrlerinin hesaplanmasi asamast yer alip karar vericilerin
tecriibeleri ile belirledikleri matriste yer alan kriterlere gore 6nem derecesini ifade eden 6z vektdr hesabi gergeklestirilmektedir
(Supgiller ve Capraz, 2011). Doérdiincli adimda, ikili karsilastirmalarda kiyaslama yapilirken tutarlilik oranlarinin hesaplanmasi
yer almakta olup, tutarlilik oraninin 0.10 degerinden kiigiik olmasi gerekmektedir. Bu oranin 0.10 degerinden daha biiytik
olmasi ya AHP’deki bir hesaplama hatasini ya da karar vericinin ikili karsilastirmalarinin tutarlt olmadigi anlamina
gelmektedir (Saaty, 1980). Besinci ve son adim ise, sonug agirliklar: bulunup genel alternatifler ile siralama yapilmaktadir.
Ikili karsilastirmalar matrisinde bulunan degerler birlestirilerek en alt seviyedeki alternatiflerin sonug agirliklar1 bulunur.

Elde edilen sonuglarin siralanmasiyla karar verici en iyi alternatifi segebilir (Kerkhoff, 2018).
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2.2. TOPSIS Yontemi

TOPSIS yontemi 1981’de Hwang ve Yoon tarafindan gelistirilmis olan ¢ok kriterli karar verme yontemlerinden biridir. Bu
yontem pozitif-ideal ¢oziime en yakin mesafedeki ve negatif-ideal ¢6ziime en uzak mesafedeki alternatifleri bulmaya galigir
Shyjith vd., 2008). TOPSIS yonteminin uygulama adimlar1 su sekildedir;

1. adim: karar matrisinin olusturulmasi:

TOPSIS yonteminin ilk adimi, kriterlerin belirlenmesi ve sonrasinda karar matrisinin olusturulmasidir. Karar matrisinin
stitununda karar vermede kullanilacak degerlendirme faktorleri, satirinda ise iistiinliikleri siralanmak istenen alternatifler

yer almaktadir. Denklem (1)’de karar matrisini ifade eden A gosterilmektedir (Dumanoglu ve Ergiil, 2010).

a11 alz e aln
_ az1i a22 . aA2n

Ay =1 : M
Am1  Am2 e An

2. adim: karar matrisinin normallestirilmesi:

Olusturulmus olan karar matrisinin verilerinden yararlanilarak siitundaki her bir deger ayni siitundaki degerlerin kareleri
toplaminin karekdkiine boliinmesiyle normallestirme islemi Denklem (2)’ye gore gerceklestirilmektedir (Yayar ve Baykara,
2012).

T = — 2)
Y Xz, a?j
Denklem (2)’de yer alan i; 1.2.3...n kriter sayisin1 ifade ederken, j; 1.2.3....m ise alternatif say1sin1 gostermektedir.

3. adim: normalize edilmis karar matrisinin olusturulmast:

[lk olarak degerlendirme faktérlerine bagli agirlik degerleri hesaplanir, sonrasinda ise ikinci adimda olugturulan matrisin
her bir stitunundaki elemanlar bulunan agirlik degeriyle carpilarak normalize edilmis karar matrisini ifade eden V, Denklem
(3)’teki gibi belirlenir (Yayar ve Baykara, 2012).

U111 VUoliz o VpTin
U1T21 Uzrzz e UnTZn

Vij = : : 3)
U1iTm1 V2T o UnTinn

4. adim: pozitif ve negatif ideal ¢dziimlerin olusturulmast:

Ideal ¢oziim, agirlikli normallestirilmis karar matrisinin en iyi performans degerlerinden olusurken, negatif ideal ¢oziim
ise, agirlikli normallestirilmis karar matrisinin en kotii degerlerinden olusmaktadir. ideal ¢oziimler Denklem (4)’teki gibi
elde edilmektedir (Shyjith vd., 2008).

At = {(m?xv” |j e]),(miin v |je]’)}
A” = {(miinvij je]),(miaxvij |j6]’)} 4

5. adim: ayirim Slgiilerinin hesaplanmast:

Bu adimda alternatifler arasindaki ayirim hesaplanmaktadir. Pozitif ideal ¢6ziim kiimesinden sapma degeri hesaplanirken
Denklem (5), negatif ideal ¢oziim kiimesinden sapma degeri hesaplanirken ise Denklem (6) kullanilmaktadir (Ertugrul ve
Ozgcil, 2014).

St = |Xh, (i —v)? (5)
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Si = Xy —v;)? (6)

6. adim: ideal ¢ézlime goreli yakinligin hesaplanmast:

Bu adimda alternatiflerin ideal ¢6ziime goreli yakinligini ifade eden C* hesaplanmakta olup Denklem (7)’ de verilmistir.
Ilgili hesaplama yapilirken pozitif ve negatif ideal ayirim dlgiilerinden faydalanilmaktadir. Negatif ideal ayirim &l¢iisiiniin,
toplam ayirim dlgiisii igindeki pay1 yakinlik katsayist degerini vermektedir (Ertugrul ve Ozgil, 2014).

;== (7)

i — ot
S; +S;

2.3. Sezgisel Optimizasyon

Optimizasyon, matematiksel olarak herhangi bir fonksiyonu veya problemi minimize veya maksimize etmektir. Optimizasyon
temelinde her zaman en iyiye ulasmay1 amaglamaktadir. Giiniimiize kadar farkli problemlerin ¢6ziim i¢in birgok optimizasyon
yontemi gelistirilmistir (Cunkas, 2004).

Yapay zeka evrendeki varliklarin akilli davranislarini yapay olarak taklit eden bir siire¢ olup, biinyesinde kiimeleme ve
siniflandirma problemleri i¢in bir¢ok algoritma barindirmaktadir (Atalay ve Celik, 2017). Kiimeleme analizi birbirine
benzeyen verilerin ayni gruplarda olmasini saglamaktadir (Cakmak vd., 2005). Kiimeleme analizi veri madenciliginin yan1
sira diger alanlarda da kullanilmakta olup sezgisel optimizasyondaki kulanim alaninda KTGO yontemi 6n plana ¢gitkmaktadir.
KTGO yontemi popiilasyon elemanlarini kiimeleme islemi sonucunda gruplayarak ilgili kiimede yer alan elemanlara parabolik
egriler gegirmek suretiyle daha iyi noktalara ulasmasiyla 6n plana ¢ikan bir sezgisel optimizasyon yontemidir (Penge vd.,
2016).

KTGO ydnteminin en 6nemli adimlarindan olan kiime merkezlerinin belirlenmesi ve parabol uydurma islemleri Sekil ’de
goriilmektedir.

20 T T

Efx)

Sekil 1. KTGO yonteminin kiime belirleme ve parabol uydurma islemi (Penge vd., 2016)
KTGO yontemine ait algoritma ise asagida verilmistir.
KTGO Algoritmasi:

1. Onceden belirlenen popiilasyon biiyiikliigiine gére ilk popiilasyonu rastgele elemanlardan olustur ve popiilasyondaki her

elemanin hata degerini hesapla.

2. Popiilasyon-Hata oran1 ve 6nceden belirlenen kiime sayisina gore Bulanik C-Ortalamalar Kiimeleme yontemi ile kiimeleme
iglemi yap.
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3. Fonksiyon degerlerine gore kiimeleri sirala ve kiime sayisinin 1/3 oraninda en iyi kiimeleri seg.

4. Segilen her bir kiimeye ait elemanlar1 kullanarak her boyut i¢in ayr1 ayr1 parabolik egri uydurma gergeklestir ve olusan
egrilerin i¢ blikey veya dis biikey oldugunu tespit et.

5. I¢ biikey egrilerde minimum nokta hata degerinden daha kiigiik ise kiime merkezini bu minimum nokta ile degistir. D1s
biikey egriler i¢in ise kiime merkezini degistirmeden kullan.

6. Onceki popiilasyonun en iyi elemanlari ile birlikte kiime merkezi etrafindan rastgele segilen yeni elemanlarla yeni
popiilasyonu olustur. Cikarilan kiimelere ait bireyler yerine yeni noktalar ekle.

7. Yeni popiilasyondaki eleman degerlerini 6nceden belirlenmis sinirlarda tut.
8. Yeni popiilasyondaki her eleman i¢in hata degeri hesapla.

9. Hata degeri 6nceden belirlenen esik degerinden kiicilikse veya hedeflenen tekrara erisilmisse algoritmay1 sonlandir degilse
2. adima git.

Literatiirdeki diger baz1 yontemlere kiyasla KTGO yontemi hizl1 yapisi ve global optimuma ulasmadaki basarisi ile 6n plana
¢ikmaktadir (Penge vd., 2016).

3. DENEYSEL CALISMALAR

Arastirma Burdur ilinde ev tekstili iiriinleri satis1 yapan bir isletmede gergeklestirilmistir. Isletmede havlu, bornoz, battaniye,
perde, yastik, yorgan, hal1 gibi ¢cok fazla tiriin ¢esidi bulunmaktadir. Bundan dolay1 da igletme ¢ok sayida tedarikgi ile isbirligi
icindedir. Yillardir ayn1 tedarikgilerle ¢alisan igletme sahibi, tedarikei firmalarla arasindaki 6zel iliskilerden ve igletmenin
o tedarik¢inin markasi ile anilmasindan dolay1 tedarikg¢isini degistirmek istememektedir. Bunun yerine tedarikgilerine
kendilerini gelistirmeleri ve iliskilerinin daha karli olabilmesi i¢in yol gostermektedir. Isletme sahibinin tedarikgilerini
dogru yonlendirebilmesi i¢in daha bilimsel kararlar vermesi gerekmektedir. Bu ¢aligmada kullanilan yontemler isletme
sahibinin fikrini daha nesnel olarak belirlemesine yardimci olacak diizeydedir. Calismada isletmenin en ¢ok mal aldig1
tedarikgiler olan 8 firma incelenmistir. Bu firmalar Firma A, Firma B, Firma C, Firma D, Firma E, Firma F, Firma G, Firma
H olarak gosterilmistir. Tedarikei firmalar1 degerlendirmek ve matematiksel bir model ortaya koyabilmek i¢in igletmenin
sahibi ve yoneticisi pozisyonunda olan kisiler ile birlikte ilgili kriterler belirlenmistir. Kriterler belirlenirken literatiirden de
faydalanilmistir. Supgiller ve Capraz (2011), ¢alismalarinda gergeklestirdikleri literatiir taramasi sonucunda en uygun
tedarik¢inin degerlendirilmesi ve secilmesi i¢in karar vericiler tarafindan diisiiniilen kriterleri arastirmiglardir. Buna gore
en popiiler kriterler sirastyla kalite, fiyat, teslimat, servis, esneklik, teknoloji, teknik, uzaklik vb. olarak belirlenmistir. Bu
caligmadaki kriterler belirlenirken de igletmenin sahibi ve yoneticisi pozisyonunda olan kisilere bu kriterlerin igletme i¢in
uygun olup olmadig1 6nerilmis olup, bu kriterler ile isletmeye 6zgii kriterler birlikte degerlendirilip belirlenmistir. Bu
calismada yararlanilan kriterler ve agiklamalar1 Tablo ’de gosterilmektedir.

Tablo 1

Kriterler ve agiklamalart

Kriter No Kriter Adx Kriter Aciklamasi

1 Uriin kalitesi (UK) Alnan triiniin kalitesini gostermektedir.

2 Defosuz iiriin miktar1 (DUM) Alman {iriiniin ne kadarinin defosuz oldugunu gostermektedir.
3 Zamaninda teslimat (ZT) Teslimatin verilen siire i¢inde yapilip yapilmadigini gostermektedir.
4 Paketleme Yetenegi (PY) Uriiniin nasil paketlendigini gostermektedir.

5 Tletisim kolayligi (1K) Tedarikgi ile iletisimin nasil oldugunu géstermektedir.

6 Sorunlara yaklagim (SY) Tedarik¢inin sorunlara yaklasimini gostermektedir.

7 Sikayet politikalar1 (SP) Tedarikginin sikayetler karsisinda tutumunu gostermektedir
8 Uriin-fiyat uyguntugu (UFU) Uriiniin satis fiyatina uygunlugunu gostermektedir.

9 Iskonto miktar1 (IM) Tedarikginin sagladig: iskonto miktarini gostermektedir.

10 Odeme vadesi (OV) Yapilan 6demelerin vadesini gostermektedir.

11 Odeme sekli (0S) Yapilan 6demelerin seklini (kredi nakit) gostermektedir.

Acta Infologica, Volume 5, Number 1, 2021 58



0Oguz, C., Penge, 1., Cesmeli, M.S., Bozkurt, O.C.

Tablo 1’de yer alan kriterlerden [kriter no: 1-10] olanlar Supgiller ve Capraz (2011)’a ait calismada belirlenen kriterleri
olustururken OS kriteri ise isletme yoneticileri tarafindan énerilip calismaya dahil edilmistir. Calismanin amaci Tablo 1’de
verilen kriterlerden yararlanilarak tedarik¢i firmalar i¢indeki en iyi firmayi1 belirleyip diger firmalarin da bu firmaya gore
kendilerini ne yonde gelistirmeleri gerektigini tespit etmektir. Bunun i¢in ise en iyi firma AHP ve TOPSIS yontemleri ile
tespit edilmis, sonrasinda ise en optimum gelisim &zellikleri sezgisel bir optimizasyon yontemi olan KTGO ile belirlenmistir.
Ilgili optimizasyon gelistirilen tedarikci firmalar i¢in rekabet dinamigi ele alinmamastir.

4. BULGULAR
4.1. AHP Yonteminin Uygulanmasi

AHP’nin ilk asamasi olan karar matrisi olusturma adiminda Tablo 1’de yer alan 11 adet kriter ve alternatifler kullanilmistir.
Karsilastirma matrisinin olusturulmasi i¢in bu kriterlerin dnem derecelerinin belirlenmesi gerekmektedir. Bunun igin Saaty
(1980) tarafindan gelistirilen 1-9 6nem skalasi 6l¢egi kullanilmistir. Karsilastirma matrisi Tablo 2’de verilmistir.

Tablo 2
Kriterlerin karsilastirma matrisi

UK DUM VAN PY iK SY SP UFU im ov 0s
UK 1 3 5 6 6 6 3 4 5 5
DUM 0.33 1 3 4 5 5 5 1 3
VA\ 0.25 0.33 2 3 3 3 0.5 4 5 5
PY 0.2 0.25 0.5 1 2 3 3 0.25 0.33 0.5 0.5
iK 0.16 0.2 0.33 0.5 1 1 1 0.2 0.33 0.5 0.5
SY 0.16 0.2 0.33 0.33 1 1 1 0.2 0.33 0.5 0.5
SP 0.16 0.2 0.33 0.33 1 1 1 0.2 0.33 0.5 0.5
UFU 0.33 1 2 5 5 5 1 0.5 0.33 0.33
im 0.25 0.33 0.25 3 3 3 3 2 1 2 2
ov 0.2 0.25 0.2 2 2 2 2 3 0.5 1 1
0s 0.2 0.25 0.2 2 2 2 2 3 0.5 1 1

Karsilagtirma matrisinden sonra kriterlerin agirliklarinin belirlenmesi i¢in normalize edilmis karsilastirma matris
olusturulmustur. Normalize karsilastirma matrisi i¢in her siitun degeri ayni1 siitunun degeri toplamina boliiniirken, agirliklarin
belirlenmesi i¢in de normalize edilmis matrisin satir degerlerinin ortalamasi alinir. Kriterlerin agirliklar: Tablo 3’deki gibi
elde edilmistir. Agirliklar belirlendikten sonra tedarikgilerin siralamalarinin olugturulmasi igin TOPSIS yontemi kullanilirken
tedarikgilerin kendilerini iyilestirmeleri i¢inde yine bu agirliklardan yararlanilmistir.

Tablo 3
Kriterlerin agirliklar:

Kriter UK DUM 7T PY K SY SP UFU iM ov (o
Agirhk 0.255 0.163 0.124 0.047 0.027 0.026 0.026 0.107 0.086 0.065 0.065

Tablo 3’te belirtilen kriterlerin agirliklari hesaplandiktan sonra tutarlilik analizi uygulanmistir. Buna gore tutarlilik gostergesi
0.156 olarak hesaplanirken, bu degerin random gosterge degeri olan 1.51°¢ boliinmesiyle tutarlilik orani 0.10 olarak elde
edilmistir. Tutarlilik oran1 0.10°dan bilyiik olmadigi igin agirliklar tutarli kabul edilerek TOPSIS ve KTGO ig¢in kullanilmistir.

4.2. TOPSIS Yonteminin Uygulanmasi

AHP ile belirlenen alternatifler ve kriterler kullanilarak karar matrisi olusturulmustur. Olusturulan karar matrisinin satirlarinda
alternatifler yani tedarik¢i firmalar yer alirken siitunlarinda ise belirlenen kriterler yer almaktadir. Tedarik¢i firmalarin
degerlendirildigi karar matrisi Tablo 4’te gdsterilmistir.
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Tablo 4

Karar matrisi

UK DUM 7T PY iK SY SP UFU iM ov 0s
A 8 8 7 7 8 8 8 5 7 5 6
B 8 7 7 8 7 7 7 7 5 6 6
C 7 7 5 7 8 8 8 7 8 7 8
D 9 8 8 8 8 8 7 4 6 4 5
E 7 6 5 7 7 7 7 8 7 6 6
F 8 8 5 7 8 8 8 7 7 6 6
G 7 6 5 9 7 7 7 8 6 6 6
H 8 7 7 7 8 8 8 7 7 6 8

Tablo 4’te yer alan karar matrisinin normallestirme islemi ise siitundaki her bir degerin ilgili siitunun degerlerinin kareleri
toplaminin karekokiine boliinmesi ile yapilmaktadir. Elde edilen degerlerin, AHP ile Tablo 3’teki gibi tespit edilen kriter
agirliklart ile ¢arpilmasi ile de agirliklandirilmig karar matrisi bulunmustur. Son olarak agirliklar kullanilarak tedarikei
firmalar igin goreli yakinliklar Tablo 5’teki gibi elde edilmistir.

Tablo 5

Goreli yakinliklar

Firma A B C D E F G H
Yakinhk 0.52685 0.54295 0.44863 0.56199 0.40122 0.51681 0.39068 0.62103

Tablo 5’te de goriildiigii gibi, elde edilen sonuglara gore en iyi firma H olarak belirlenmis olup, bu firma optimizasyon igin
en optimum deger kabul edilip en az maliyetle diger firmalarin ¢abalar1 KTGO yontemiyle optimize edilmeye ¢aligiimistir.

4.3. Optimizasyon Yonteminin Uygulanmasi

KTGO yontemi ile TOPSIS’te bulunan en iyi tedarikgiyi temel alarak diger tedarikgilerin en iyiye olan uzakligi bulunmustur.
Burada yer alan karar matrisinde ilgili kriterin alt ve iist sinirlar1 kullanilmigtir. Bunun sebebi tedarikgilerin ayn1 kriteri
donem donem farkli seviyelerde saglayabilmeleridir. Kriterlerin etkinlik durumu mevsim degisikliklerinden, enflasyondan
ve ¢alisanlarin davraniglarindan etkilenebilmektedir. iskonto miktari, teslimat zaman1 ve 6deme vadesi gibi sik sik degisebilen
kriterler i¢in firmalar1 puanlandirmak ¢ok dogru bir degerlendirme kriteri olarak diisliniilmemektedir. Bu sebeple 1-9 6nem
Olgegi yerine isletme sahibinin kisisel goriislerinden yararlanilarak alt ve iist sinirlar belirlenmis ve Tablo 6’da gosterilmistir.

Tablo 6
Optimizasyon karar matrisi
UK pUM YA\ PY iK SY SP UFU iM ov 0s
A 7-9 7-9 7-8 6-8 8-9 8-9 7-9 4-6 6-8 4-6 5-7
B 7-9 6-8 7-8 7-9 6-8 6-8 6-8 6-8 4-6 6-7 5-7
C 6-8 6-8 4-6 6-8 8-9 8-9 7-9 6-8 7-9 7-8 7-9
D 8-10 8-9 7-9 7-9 8-9 8-9 6-8 3-5 5-7 3-5 4-6
E 6-8 5-7 4-6 6-8 6-8 6-8 6-8 7-9 6-8 6-7 5-7
F 7-9 7-9 4-6 6-8 8-9 8-9 7-9 6-8 6-8 6-7 5-7
G 6-8 5-7 4-6 7-9 6-8 6-8 6-8 7-9 5-7 6-7 5-7
H 7-9 6-8 7-8 6-8 8-9 8-9 7-9 6-8 6-8 6-7 7-9

Tablo 6°da yer alan optimizasyon i¢in olusturulan karar matrisinden ve Tablo 3’te belirtilen kriter agirliklarindan yararlanilarak
firmalarin kendilerini iyilestirme miktarlarini tespit edilebilecek matematiksel bir model Denklem (8)’de ki gibi olusturulup,
KTGO ile de optimize edilmistir.

max f(xq, Xg, ., X11) = 0.255x; + 0.163x, + 0.124x5 + 0.047x, + 0.027x5 + 0.026x4 + 0.026x, + 0.107x5 +
0.086x9 + 0.065x;, + 0.065x, ®)

Denklem (8)’de yer alan **‘ler belirlenen kriterleri ifade etmektedir. Firmalarin bir alanda iyilesme miktarlarinin gergegi
yansitmast ve diger firmalarin ortalama degerlerinin altinda kalmamasi i¢in optimizasyon problemi i¢in amag fonksiyonunun
kisitlar1 Denklem (9)’da ki gibi belirlenmistir.
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s.t. x5+ x5 + xg +x;, = 28.875 )
3 - 4

Kisitlar arasinda yer alan 28.875 degeri, X3 T X5 + X + X7 kriterlerinin her bir siitun toplaminin 8 tedarikgi firmaya
ortalamasina gore belirlenmistir. Ilgili kisitlar belirlenirken kriterler aralarindaki uyum durumuna gore kategorilere ayrilmistir.
“Uriiniin kalitesi, defosuz iiriin miktar1 ve paketleme yetenegi* birinci kategori, “iiriin fiyat uygunlugu, iskonto miktari,
6deme vadesi ve ddeme sekli” ikinci kategori, “zamaninda teslimat, iletisim kolayligi, sorunlara yaklasim ve sikayet
politikalar1” da ti¢lincii kategoriyi olugturmaktadir. Ayrica tedarikgi bir firmanin belirlenen kriterlerde yapacagi degisimin
2°den kiiglik olmasi sinir deger olarak onerilmektedir. Bunun sebebi de isletmede yapilacak biiylik degisikliklerin devasa
maliyetlere neden olmasidir. Burada degisimi asil isteyen tedarikc¢i degil mal sattig1 perakendeci olup biiyiik degisiklikler
yerine daha makul ve kolay degisiklikleri uygulama egiliminde oldugundan, kriter degisiminin en fazla 2 olmasi daha

uygundur.

TOPSIS yontemi kullanilarak bulunan en iyi tedarikgi olan Firma H ile diger tedarikgilerin kiyaslamast KTGO ile elde edilen

sonuglara gore yapilmis olup tedarik¢iler i¢in elde edilen en uygun degerler Tablo 7°de goriilmektedir.

Tablo 7

KTGO ile elde edilen sonuglar

KRIiTERLER Firma A Firma B Firma C Firma D Firma E Firma F Firma G
Uriiniin Kalitesi 8,23 8,53 8,27 9,02 10,00 8,31 10,00
Defosuz Uriin Miktari 8,03 7,26 7,03 8,00 9,00 8,09 9,00
Zamaninda Teslimat 7,95 7,94 5,08 8,03 9,00 5,41 9,00
Paketleme Yetenegi 7,00 8,03 7,29 8,03 9,00 7,08 9,00
[letisim Kolaylig 8,02 7,04 8,05 8,02 9,00 8,07 9,00
Sorunlara Yaklagim 8,01 7,08 8,00 8,02 9,00 8,15 9,00
Sikayet Politikalar 8,00 7,06 8,03 7,00 9,00 8,06 9,00
Uriin-Fiyat Uygunlugu 5,06 7,00 7,01 4,00 9,00 7,08 9,00
Iskonto Miktar1 7,06 5,00 8,01 6,12 9,00 7,14 9,00
Odeme Vadesi 5,02 6,01 7,01 4,03 8,00 6,05 8,00
Odeme Sekli 6,50 6,00 8,00 6,66 9,00 6,43 9,00

Tablo 7’de KTGO ile elde edilen sonuglar ile Tablo 4’teki degerler karsilastirildiginda; Firma A i¢in “zamaninda teslimat”
kriterini neredeyse 1 puan gelistirmesi gerektigi ve en biilyiik yatirimi bu alana yapmasi sonucuna ulasilmistir. Sonrasinda
ise “0deme sekli” kriterine yatirim yapmasi onerilmistir. Diger kriterlerden olan “paketleme yetenegi” ve “sikayet politikalarr”
kriterlerinde herhangi bir iyilestirmeye ihtiya¢ duyulmamustir. Diger kriterler i¢in de kiigiik miktarlarda yatirimlar yapmalidir.
Firma B i¢in ise en fazla yatirim “zamaninda teslimat” kriterine yapilmali olup, bunu “iirtiniin kalitesi” kriteri takip etmektedir.
“iirlin fiyat uygunlugu”, “iskonto miktar1” ve “6deme sekli” kriterlerinde bir degisim s6z konusu degildir ancak diger kriterlere
de yatirim yapilmasi gerekmektedir. Firma C’ye bakildiginda “iirliniin kalitesi” 1 puandan fazla arttirilmalidir. “Sorunlara
yaklasim” ve “0deme sekli” kriterlerinin arttirilmasina gerek duyulmamistir. Geri kalan kriterlerde az miktarda degisime
gidilmesi 6nerilmistir. Firma D’nin ise “6deme sekli” kriterini 1.5 puandan fazla arttirmasi ve “sikayet politikalar1” ile “iiriin
fiyat uygunlugu” kriterlerinde herhangi bir degisime gitmemesi onerilmistir. Diger kriterler i¢inde kii¢iik yatirimlar
yapilmalidir. Firma E igin ise, KTGO yontemi yatirim yapilacak kriterlerde maksimum degerleri 6nermektedir. Sinir deger
2 olarak belirlenmesine ragmen bu firma i¢in 2 puanlik bir yatirim yetersiz kalmaktadir. Daha koklii degisikliklere gidilmesi
ilgili firma i¢in dnerilmektedir. Firma F’ye bakildiginda ise bir kritere biiylik miktarda yatirim yapmak yerine tiim kriterlere
kiigiik miktarlarda yatirim yapilmasi 6nerilmistir. Firma G’nin de Firma E gibi maksimum degerlerde yatirimlar yapmasi

gerekip bu iki firma icin kii¢iik degisimler istenilen fayday1 saglayamamaktadir.
5. TARTISMA ve SONUC

Tiirkiye’de perakende satis yapan isletmelerin sayisi giin gegtikge artis gostermektedir. Bu durum tedarikei firmalar i¢in
zorlu bir rekabet ortami yaratmaktadir. Bundan dolayi tedarikei firmalar perakendeci isletmelerin isteklerini kolay kolay
reddedemezler. Perakendeci igletmeler bu durumun farkinda olmasina ragmen tedarikgisinden de iiriinii maliyetine satmasini

isteyemezler. Bunun i¢in iki tarafin da tatmin olabilecegi bir orta yol bulunup ilgili istekler makul dl¢iide olmalidir.
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Bu ¢aligmada hem isletmenin hem de tedarik¢inin optimum kar elde edebilmesi i¢in en uygun ¢6zliimii i¢eren, tedarikgilerin
yatirim yapmast gereken alanlarin optimizasyonu gergeklestirilmistir. ilgili calismada, Burdur ilinde perakende galisan bir
isletme ele alinmis olup bu isletmenin tedarikgilerinin yatirim alanlari ve oranlart bulunmustur. Calismanin sonucunda
agirhigi en yiiksek olan Firma H’nin muadili olarak Firma D gésterilebilmektedir. Uriin portféyii en genis olan Firma D ele
alinan tiim tedarikg¢ilerin muadili konumundadir. A, B, C, D, G firmalar1 birbirinin muadili iken E, D ve F firmalar1 da
kendi aralarinda birbirinin muadilidir Onerilen matematiksel model ve optimizasyon ile tedarikgiler kendilerini ne 6lgiide
gelistirmeleri gerektigini belirleyebileceklerdir. Bu durum sonucunda hem tedarik¢i firmalar hem de yonlendiren isletmeler
en optimum kazanci elde etmis olacaklardir. Tedarikgisini degistirmek istemeyen igletmelerin 6nerilen modeli kullanarak
tedarikgilerini gelistirmeleri 6nerilmektedir. Tedarikgilere ise agirlig1 en yiiksek olan “iiriin kalitesi’ konusunda kendilerini

gelistirmeleri nerilmektedir.

Giinay ve Unal (2016)’a ait bir telekomiinikasyon sirketinin hizmet alim1 yaptig1 dort tedarikgi firmanin siralamasi calismasinda
elde edilen agirlig1 en yiiksek olan kriter “kalite” kriteri olarak bulunmus olup, bu da bu caligmada elde edilen sonugla
paralellik gostermektedir.

Calismanin kisit1 olarak, gelistirilen modelin tek bir isletme igin olusturulmus olmasi gosterilebilir. Diger firmalarin modeli
kullanabilmeleri kendi belirleyecekleri tedarikgilerini ve gerekli gordiikleri kriterleri ele alarak modeli giincellemeleri
gerekmektedir. ileriki caligmalarda belirli bir sektérde yer alan bircok firma ele alinarak ortak bir model gelistirilebilir.
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ABSTRACT

Information Technology Governance (ITG) is important for enterprises in many respects. Acquiring better
outputs from Information Technologies (IT) investments and meeting various expectations in business can
be shown as primary examples. Another issue in this context is how an enterprise can manage its own IT
resources according to its business strategy and functions. IT Governance Practices (ITGP), which is also
described as best practices, are one of the main approaches that can be used to handle these issues. On the
business side, Critical Success Factors (CSF) and Key Performance Indicators (KPI) are amongst the other
tools used by enterprises for performance management. However, it is seen that there are not enough research
studies exploring ITGP implementation challenges, their effects on CSF, KPI, and their relationships. In this
paper, we present the findings of a qualitative research conducted according to the guidelines of Systematic
Literature Review and Systematic Mapping Methods. The research outputs are promising though there are
limitations that should be considered as well. Our study can be viewed as an initial attempt to the enhancement
of ITGP and enterprise performance knowledge domains.

Keywords: IT Governance Practice, Enterprise Performance, Critical Success Factors, Key Performance

Indicators
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Bilgi Teknolojileri Yonetimi (BTY) bir¢ok agidan organizasyonlar i¢in énemlidir. Bilisim Teknolojileri (BT)
yatirimlarindan daha iyi sonug¢ alinmasi ve isletmelerdeki ¢esitli beklentilerin BT tarafindan karsilasmasi
bunlara ornek gosterilebilir. Bu kapsamdaki bir diger konu ise isletmelerin BT uygulamalarina gore kendi
bilisim teknolojilerini nasil yonetebildikleridir. En iyi uygulamalar (best practices) olarak nitelendirilen
Bilgi Teknolojileri Yonetim Uygulamalar1 (BTYU), bu konulara ¢6ziim getirmek tizere kullanilan
yaklasimlarin basinda gelmektedir. Ote yandan, Kritik Basar1 Faktorleri (KBF) ve Anahtar Performans
Gostergeleri (APG) ise isletmeler tarafindan kurumsal performans yonetiminde kullanilan araglar
arasindadir. Ancak, alan yazin taramasi sonucunda BTY U’nin uygulama giicliiklerini, KBF ve APG’ne olan
etkilerini ve bunlar arasindaki iliskileri inceleyen yeterli sayida ¢alismalarin bulunmadig: gézlenmistir. S6z
konusu arastirma problemine yonelik olarak bu ¢alismada Sistematik Haritalama ile Sistematik Literatiir
Taramasi yontemlerinin biitlinlestirilmesiyle gergeklestirilen arastirmaya ait bulgular sunulmus, sonuglar
BTYU ve kuramsal temeller ¢ergevesinde tartisilmigtir. Arastirmamiz BTY U’nin iyilestirilmesine yonelik
bir girisim olarak nitelendirilebilir.

Anahtar kelimeler: Bilgi Teknolojileri Yonetimi, Kurumsal Performans, Kritik Basar1 Faktorleri, Anahtar

Performans Gostergeleri
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Information Technology Governance Practices, Challenges and Effects on Enterprise Performance

1. INTRODUCTION

Enterprises have various goals and objectives, which are managed and organized with limited resources and usually dependent
on internal and external factors (Khudyakova et al. 2020). The resources, such as, human, capital and materials, should be
managed in an effective and efficient way in order to achieve strategic organizational goals. The ability to organize, plan,
manage and control enterprise or business functions for achieving these goals is called enterprise management (Blokdyk,
2020). Marketing and sales, accounting and finance, production and manufacturing, human resources are the core business
functions. In this context, Information Technologies (IT) and Information Systems (IS) have become the integral part of
organizational activities, which acquire, record, transform and distribute data and information. Thus, IT and IS (ITIS) together
add great value to enterprises by bringing innovative solutions to organizational problems (Rehm et al., 2015). It is possible
to state that there is an increasing and strong dependency between IT and enterprises. Not only are key, core and important
business processes conducted by ITIS, but also most of the daily processes are connected with digital networks, managed
by digital solutions and software applications. Consequently, IT has become a change agent for transforming businesses (Ash
and Burn, 2003).

Organizations usually invest in technology to develop or determine their ITIS-based strategies (Chen et al., 2011). It is hoped
that managers can make better decisions, increase organizational performance as well as business profitability. ITIS has
become an important instrument for realizing new products, services and business models (Arnold and Voigt, 2017). However,
effective use of ITIS requires a concrete and sound understanding of organization, management and technology. Changes
in strategy, organization, processes or operations may also require significant changes in IT, hardware, software and IT
infrastructure (ISACA, 2020). IT has become so important for enterprises that I'T Management (ITM) has already been
regarded as an important business service (ITIL, 2021).

Information Technologies Management (ITM) is defined as planning and managing ITIS, collecting, processing, recording
the information of businesses while transmitting them from one location to another when needed (AIS, 2020). It has a set of
strategies, methods, tools and principles for the use of IT in an organization. In other words, ITM determines the authority
and responsibilities in decision making processes related to ITIS. Increasing productivity, providing quality goods and
services to customers, reducing costs, developing new products, assuring competitiveness of enterprises are among the
important contributions provided by ITM. As a result, ITM has become one of the highest priorities for businesses and it is
one of the major factors affecting the overall state of any business.

Technology investments are not only costly but also, they carry significant risks that would affect the organizational situation
(Vincent et al., 2017; Okul et al., 2019). Therefore, it is of great importance to determine ITIS, not intuitively, but by following
purposeful and comprehensive ITM strategies, methods and techniques. One of the concerns of managers and boards is
naturally to expect a better return on investment (ROI), and therefore, they expect that ITIS will deliver what is needed to
enhance the organization (NCC, 2005). As in all sectors of the industry, there are regulatory requirements and control
frameworks for ITM to help enterprises manage, assess, monitor and improve their IT related processes (Barafort et al.,
2017). Enterprises seek to optimize the costs by driving these standardized approaches. Moreover, they need to assess how
they are performing against IT standards in view of organizational aspects (ITGI, 2020). Within this scope, it is necessary
to determine, manage and control the risks arising from the use of IT. They have to provide effective and efficient information
and knowledge management, which would meet business goals in an agile, continuous and secure manner (Al-Alawi et al.,
2007). ITM should be based on solid foundations in order for an enterprise to manage personnel and technology efficiency,
assure competitive advantage and better marketing position. Therefore, ITM has become important more than ever for

improving enterprise performance.

Performance is defined as the ability or level that may be achieved by a person, group, organization or process. Performance
Management (PM) provides a review of enterprise performance and contribution of business activities (Franceschini, 2007).
It also verifies the achievement of strategic goals set by an organization. However, this is not an easy task. PM and control
frameworks require the determination of certain areas and activities, which should also receive continuous attention from
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the management (Parmenter, 2015). Therefore, various methods, techniques and tools exist for measuring enterprise
performances. Critical Success Factors (CSF) and Key Performance Indicators (KPI) are well known techniques (Trkman,
2010). CSF are the areas, which may be the conditions, characteristics or variables that can have significant impacts on the
success of an organization (Samsonowa, 2012). KPI are the performance measure(s) associated with CSF, which also link

the activities and day-to-day organizational performances to their corresponding CSF.

In the same sense, effective IT performance management and measurement is also an essential and integral part of the
organizational success. To that aim, IT Governance (ITG) practices provide organizations with the required means to assure
that the investments in IT would generate expected business value. (Haes and Grembergen, 2009). These practices’ main
purpose is to develop and implement organizational strategies by defining well-defined roles for the responsibility of IT
processes, data, information, application and technical infrastructure (ITGI, 2020). While aligning IT with business objectives,
resource management, risk management and value delivery are the other key components of ITG practices. They ensure that
“IT related decisions and management are made and driven by the business and not vice versa (NCC, 2005).” Therefore,
there have been various attempts to use or adopt these practices, i.e., ITIL, COBIT, CMMI. This is widespread in IT businesses;
however, it often requires significant investments and has important impacts on enterprise performances. To be more concise
and formally representative, the aforementioned core concepts and our research claims are described by using the formal
methods as follows:

V x CSF (x1.n) = 3 x KPI(x1.) M
ITG (P; ) = CSF (x1.0) (2)
ITG (P1.n) =~ 3 x KPI (x1.) (3)

e E quation (1) indicates that for all performance measures x,..n included in the CSF function, there exists one or more
associated KPI;

e The equation (2) states that different types of ITG practices (P,..n ) should be in relation to the organizational CSF.

e Consequently, the equation (3) asserts that there should be one or more CSF-associated KPI that are also related with ITG
practices.

However, it is possible to state that there is not much work that is researching the effects of ITG best practices on enterprise
KPI and CSF (Haes and Grembergen, 2009). Therefore, the main purpose of this research is to explore the studies on ITG
practices, implementation challenges and their effects on enterprise performances (Cetinkaya, 2017). The study is conducted
by a systematic way to determine the research gaps and trends. A review protocol is developed after identifying the research
questions. This protocol covers keywords to be used, databases to be scanned, search statements, paper selection criteria,
methods and techniques for extracting and synthesizing data as well as research validity and reliability measures. The primary
research findings are presented and they are discussed according to the theoretical background that exists in ITG and PM
knowledge domains. The following sections contain the theoretical background, method, results and discussion and conclusion
parts of this paper.

2. THEORETICAL BACKGROUND
2.1. COBIT (Control Objectives for Information and Related Technology)

COBIT is one of the most widely used best practices adopted as an IT management and control framework (ISACA, 2020).
It plays a significant role in achieving the enterprises’ goals, supporting IT and business objectives, designing IT activities
using process models, determining IT resources and defining management control objectives. COBIT offers an IT management
framework, a control and governance system developed by obtaining a large number of expert opinions (Figure 1). It models
the IT processes that would ensure the management and control of IT resources necessary for enterprises to achieve their
strategic goals. In COBIT, IT activities are conducted by IT processes that exist in four main domains. These are Align, Plan
and Organize (APO), Build, Acquire and Implement (BAI), Deliver, Service and Support (DSS), Monitor, Evaluate and
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Assess (MEA). There are a total of 35 processes in these domains. APO provides a plan and organization of IT solutions and
services, BAI is responsible for the realization of this plan, DSS ensures that relevant IT solutions are implemented and made
available for enterprise users, and finally, MEA provides monitored and controlled IT services aligned with the plan.

Processes

Services,
Infrastructure
and
Applicatio

Organizational

Structures

Governance

People S o
; t

Skills and ystem Prlnglples,
Competencies Policies,
b Procedures

Culture,
Ethics and
Behaviour

Figure 1. COBIT Components of a Governance System (ISACA, 2020)
2.2. ITIL (Information Technology Infrastructure Library)

ITIL is an IT service management practice, which is used to align business processes and objectives with IT management
strategy that aims to provide efficient and effective IT services (ITIL, 2021). The bottom line and main purpose of IT service
management in ITIL is to provide and support I'T-based information services to meet business goals. It includes comprehensive
descriptions of 26 processes arranged along a service lifecycle: Service Strategy (SS), Service Design (SD), Service Transition
(ST), Service Operation (SO), Continual Service Improvement (CSI) respectively (Figure 2). SS determines the services that
an IT organization is to offer and the capabilities needed for developing them. SD includes the design of new services as well
as changes or improvements required for existing services. ST builds and deploys IT services while tries to make sure that
the changes to services and their management processes are carried out in a harmonized way. SO is responsible for operational
tasks and assuring that IT services are delivered efficiently and effectively. Finally, CSI improves the efficiency and
effectiveness of processes and services and it uses the methods of quality management. It is known that ITIL and COBIT

complement each other.
2.3. CMMI (Capability Maturity Model Integration)

CMMI is a process improvement framework developed by Software Engineering Institute (SEI) (CMMI, 2021). It includes
three different core models; CMMI for Development (CMMI-Dev), CMMI for Acquisition (CMMI-Aqc) and CMMI for
Services (CMMI-Svc). CMMI-Dev is used as a process model for management and improvement of processes in software
development organizations. CMMI-Aqc is a model for organizations, which have to manage and initiate the acquisition of
products or services. CMMI-Svc is, again, a process model for deploying and managing services. CMMI has two different
representation models for process improvement: A staged representation and a continuous representation. The staged
representation focuses on the overall organization and it provides a series of stages, which are also called as maturity levels
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indicating the maturity of an organization’s set of process areas. The continuous process model, however, focuses on an
individual process area and how it could be improved. It is different from the staged model in that it provides less guidance
on the order of implementation and improvement of process areas. The continuous representation of CMMI uses capability
levels to measure the process improvement. These levels are 0 for incomplete, 1 for performed, 2 for managed, 3 for defined,
4 for quantitatively managed and 5 for optimizing. On the other hand, the maturity levels are applied to various sets of process
areas. They are represented as 1 for initial, 2 for managed, 3 for defined, 4 for quantitatively managed, 5 for optimizing

respectively.

Continual Service Improvement

Service Design

ITIL Service
Strategy
Service Service
Operation Transition

Continual Service Improvement

Continual Service Improvement
JUSWIDAOIAW 9JIAIDG [BNUNUO))

Figure 2. ITIL v-3 Service Lifecycle
2.4. IT Governance

Information Technologies Governance (ITG) is a discipline that performs IT process, risk and value chain management to
ensure the effective and efficient use of I'T resources in achieving strategic enterprise goals (ITGI, 2020). To this end, COBIT
and ITIL are at the top of IT best practices used within the ITG knowledge domain. While COBIT sets out IT-related control
objectives and performance metrics, ITIL describes what needs to be done to achieve these goals. A large part of the research
related to ITG aims at the application of IT practices and standards to the organization and determining the skills and maturity
levels related to IT processes (Haes and Grembergen, 2009). In some of these applications, the general situation of organizations
regarding IT is determined, while in some others IT processes are explored. With the development of IT technologies,
information security and risk analysis are among the popular topics. In these studies; IT management models and applications,
performance, risk and security, strategic and organizational goals, IT performance measurements are examined at various

enterprise levels.
2.5. Enterprise Performance, CSF and KPI

Today, enterprises have intensive IT or IS-dependent processes, however, the most of strategic and operational decisions are
not fact-based and they are still made intuitively (Dimon, 2013). Thus, managers need performance management frameworks
for analyzing, designing and implementing such systems as well as aligning ITIS with their organizational performances
(Blokdyk, 2020). Therefore, CSF and KPI play an important role in this issue. CSF are the areas, which may be the conditions,
characteristics or variables that can have significant impacts on the success of an organization (Samsonowa, 2012). The core
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concept is based on the notion that a limited number of factors exist, which can make a significant contribution to any
enterprise’s success. They are actually the few such key areas where “things must go right” for any business. Otherwise,
business outcomes would be less than desired. In the IS domain, CSF are viewed as something that must happen if an IT-

related project, service, process or activity is to succeed.

KPIs focus on the aspects of performance that are the most critical for both the current and future state of organizations and
they measure what has happened in terms of organizational performance. They are actually the set of performance indicators
agreed on and selected upfront by management as the most representative of r indicators (De Sousa, 2004). KPIs are also the
measures that show how teams are performing daily and/or weekly. Thus, KPIs link the activities and day-to-day performance
in the workplace to the organization’s CSF that are associated with one or more KPI. While contributing to the ownership
of process improvement, they provide a basis for recognizing achievements, identifying problem areas and determining
organizational priorities. Parmenter (2015) suggests that KPIs may be non-financial, team-based, timely measures as well
as expressing what action needs to be taken to make a difference in the current situation. Therefore, performance measures

and KPIs have to be carefully developed from organizations’ CSF.
3. METHOD

The research goal is to search, find and synthesize the studies published in t the research area of ITG practices and to identify
the relationships between CSF, KPI and ITG practices. Therefore, the study is conducted by integrating the Systematic
Mapping (Petersen et al., 2008) and Systematic Literature Review (Kitchenham, 2004) methods and techniques. Figure 3

presents the research model.

S
g
2
:n Define Research Design a Evaluate the
E Questions Review Plan Review Plan
E
~
4 _\_ -
o Searching Forming a Pool Screening
E Related Studies of Papers Relevant Papers
E )
&
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'E 4 A
S Keywording . Mapping and
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= Using Abstracts ata bxtraction Reporting
=] &
@)

Figure 3. Research Model
3.1. Planning Review

The review process is a means of searching, identifying and interpreting available studies relevant to research questions.
Depending on research limitations and constraints, automated search in electronic databases and the use of digital resources

are determined as the main search strategy (Table 1).

Acta Infologica, Volume 5, Number 1, 2021 70



Uysal, M.P, Cetinkaya, E.

Table 1
Online databases
Database URL
1 Science Direct http://www.sciencedirect.com
2 Taylor & Francis http://www.tandfonline.com
3 CiteSeerX http://citeseer.ist.psu.edu
4 Google Scholar http://scholar.google.com

Asking experienced researchers and experts, checking the reference lists of primary or secondary studies, accessing other

web resources are determined as the ancillary search techniques. The research questions are formulated as below:
RQ-1: What are the CSF and KPI used in enterprises?

RQ-2: What are IT governance / management practices and their implementation challenges?

3.2. Conducting Review

The search strings and statements are developed according to the research questions along with the possible interventions,
methods and factors in the context of ITG practices, CSF and KPI (Table 2):

Table 2
Search Strings and Statements
Nu Search String and Statement
1 ORGANIZATION AND (PERFORMANCE OR IMPROVEMENT) AND INDICATOR
2 ORGANIZATION AND “CRITICAL SUCCESS FACTOR”
3 ORGANIZATION AND “KEY PERFORMANCE INDICATOR”
4 “KEY PERFORMANCE INDICATOR” AND (EFFECT OR IMPACT) AND ORGANIZATION
5 “CRITICAL SUCCESS FACTOR” AND (EFFECT OR IMPACT) AND ORGANIZATION
6 ((FACTOR OR VARIABLE) AND (EFFECT OR IMPACT) “ON” AND “KEY PERFORMANCE INDICATOR”)
7 ((“IT GOVERNANCE” OR “IT SERVICE MANAGEMENT”) AND (MODELS OR STANDARDS) AND
ORGANIZATION)
3 ((“IT GOVERNANCE” OR “IT SERVICE MANAGEMENT”) AND (ITIL OR COBIT OR ITSM OR “ISO/IEC 20000~
OR “ISO/IEC 38500” OR “CMMI”))
9 ((“IT GOVERNANCE” OR “IT SERVICE MANAGEMENT”) AND (“KEY PERFORMANCE INDICATOR” OR
“PERFORMANCE INDICATOR” OR “INDICATOR”))
10 ((“IT GOVERNANCE” OR “IT SERVICE MANAGEMENT”) AND (EFFECT OR IMPACT) AND “ON” AND

ORGANIZATION AND (PERFORMANCE OR IMPROVEMENT))

The downloaded studies formed the initial pool of papers in an online repository. It is the Google Drive Service, which is
both for paper storage and information exchange between the researchers. In the next stage, the inclusion-exclusion criteria
are applied for screening papers.

3.3. Screening Relevant Papers

The selection strategy consists of resource selection, application of the exclusion and inclusion criteria to screen relevant
papers. The research questions are the main determinant of these criteria. For example, the abstracts explicitly mention ITG
practices/models and KPI are directly included. The studies presenting the use of ITG for organizational improvement are
also included. However, these studies are carefully reviewed in the next iterations and screened for theoretical and practical
correspondence for the knowledge domain of ITG and KPI. Otherwise, they are excluded. Additionally, the papers lying
outside the intersected research domain of ITG, KPI are directly excluded.

3.4. Keywording and Data Extraction

Data extraction and keywording is a two-step process as a way to develop a classification scheme and ensure that the existing
studies were taken into account. The researchers read the abstracts and looked for similar concepts and keywords i.e. KPI,
IT Governance, IT Service Management, which also reflect the context and contributions of the reviewed studies. While
forming sets of keywords from the relevant papers, they were combined to establish a higher-level understanding. Then, the
final sets of keywords were clustered and used to create a classification scheme for forming the categories related to KPI
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and IT Governance. Therefore, these categories were useful for interpreting and classifying without evaluating each study
in detail. The data relevant to the research questions were extracted and uploaded to the online repository in addition to the
descriptive information about the papers.

4. FINDINGS AND DISCUSSION

We were initially able to reach 460 studies using the review protocol and consequently excluded 111 papers after a screening
process. The included studies were classified as 97 magazine papers, 124 journal papers, 68 conference papers, 55 research
reports, 3 technical reports and 2 books. Only major observations and textual data of review study are presented here due
to space constraints and research limitations. Research findings are as follows:

RQ-1: What CSF and KPI are used in enterprises?

Table 3 and Table 4 below present the number of CSF and KPI, which are classified according to business functions.

Table 3
The number of CSF classified according to business functions

Manufacturing &

Sales & Marketing Production

Finance & Accounting Human Resources

Allocation of sufficient
resources

Careful package selection Financial risk assessment Adequate resources

Education on new business

Operations and maintenance
processes

Partnership with vendor Financial risk planning

Employee empowerment and

Vendor support morale

Financial risk analysis Project management

Experienced project manager-

Internal customer satisfaction

Financial risk management

Design and engineering

leadership
Community partnership Responses to financial risk Research & development Knowledge and skills
External customer satisfaction - Energy management Leadership

Closer customer relationships

Community engagement and
partnership

Dedicated resources
Project management

Flexible Operations

Project Team Competence
Training

Team skills

ERP implementation strategy  Incentives

Formalized project plan Management expectations

Good project scope
management

Improve facility energy
awareness

5 Studies 2 Studies

Energy information -
4 Studies 4 Studies

As discussed in the introduction and theoretical background sections, KPI links organizational activities and daily performances
to the organizations’ CSF. Performance measures and KPI also have to be developed from these organizations’ CSF.
Consequently, CSF should be associated with both KPI and ITG practices. However, our findings indicate that only a few
studies explore and present the CSF (Table 3). On the other hand, most papers explore KPI (Table 4). This is not aligned with
the research claims and is also contrary to expectations. Table 4 presents the number of KPI classified according to the
business functions and sectors:
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Table 4
The number of KPI classified according to the business functions and sectors
lSB:cs:;l:sss Functions & Sales & Marketing ilcncz(‘)llllc:tif:g gzg‘;ﬁggrmg & Human Resources  Total
Finance 8 6 4 3 21
IT 3 18 2 61 84
E-Trade 6 2 35 1 44
Construction 12 14 14 6 46
Health 2 9 - 3 14
Telecom. 22 1 5 1 29
Retail 3 9 6 - 18
Production 20 34 83 17 154
Others 17 12 17 13 59
Total 93 105 166 105 469

In addition to these data, a set of CSF and KPI is presented in Appendix 1, which are grouped according to the business
functions referenced in the reviewed papers. As can be seen from Table 4 and Appendix 1, Manufacturing & Production and
Business Function have the highest number with 166 different KPI. The numbers of Human Resources and Finance &
Accounting KPI are equal. However, the Sales & Marketing Business Function has the least amount of KPI. As for the sectors,
the Production Sector is first with 154 different KPI. Then IT comes next as the second sector, in which 84 KPI are used
for performance measurement. Contrary to expectations, the Finance and Health Sectors have the least amount of KPI studied,
in which, in fact, the performance measurement should have a high priority when considering their mission critical roles
played in our society (Dede 2016; Koyuncu, 2016).

Figure 4 below presents this knowledge in the form of a scatterplot with bubbles in order to be more powerful in giving an
overview of business functions and KPI. The size of bubbles is proportional to the number of KPI that are in the pair of
categories, which also corresponds to the sectors and business functions respectively.

Finance L ® ® Py
T ° o . .
E-Trade @ . . .
Construction @ ) ) ®
Health . ® .
Telecom. . . ® .
Retail * @
Production . . .
Others . ® ®
Sales & Finance & Manufacturing & Human
Marketing Accounting Production  Resources

Figure 4. The Systematic Map for KPI classified according to the business functions and sectors
RQ-2: What are IT governance / management practices and their implementation challenges?

Table 5 presents each ITG practice found in the reviewed papers. As can be seen, there are 14 different practices, some of
which are used not only for ITG implementations, but also for software engineering process and IT management. Although
these are IT management frameworks competing for effective IT governance, ITIL, COBIT and ITSM have the highest rate
of an industry-wide implementation. ITIL focuses on the IT service delivery, continuous quality improvement and it provides
an IT service life cycle. COBIT, on the other hand, separates governance from management, applies a single integrated
framework and adopts a holistic approach. Although they are different in nature, they have great potential for complementing
each other (Uysal, 2012).
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Table 5
IT governance and/or management practices
IT Governance and Management Practice

1 ITIL: Information Technology Infrastructure Library 8 ISO/IEC 9000: International Standard for Quality Management
5 COBIT: antrol Objectives for Information and Related 9 SIX SIGMA: Quality Management
Technologies
3 CMMI: Capability Maturity Model Integration 10 PRINCE?2: Projects in Controlled Environments
ISO/IEC 20000: IT Service Management 11 PMBOK: Project Management Body of Knowledge
5 ISO/IEC 38500: International Standard for Corporate 12 TOGAF: The Open Group Architecture Framework

Governance of Information Technology

6 ISO/II_EC 27001: International Standard for Information 13 MOF: Microsoft Operations Framework
Security Management

7 ]IVS[O/IEC 31000: International Standard for Risk 14 SQUARE: Software Quality Requirements and Evaluation
anagement

Table 6 below gives the ITG implementation challenges facing organizations. Lack of sufficient management support and
commitment, ITG planning and its complexity and resistance to organizational change are among important challenges.

Table 6
IT governance/management practices and their implementation challenges
Nu. Implementation Challenge IT Governance Practice(s) ﬁ::ell‘::g::ier of Studies
1 Top management resistance to change in organizational culture ITIL, COBIT 3 studies
2 Employees’ resistance to change ITIL, CMMI 7 studies
3 Process complexity and lack of understanding ITIL, COBIT 8 studies
4 Lack of sufficient resources for implementation ITIL, COBIT, CMMI 9 studies
5 Lack of detailed guidelines and prescriptions ITIL 6 studies
6 Issues on communication between different types of employees ITIL 3 studies
7 Igj;l\}/)erreri);;sgrgzsc,ﬁr:: being ready to plan and implement IT COBIT 1 tudy
8 Not allowing the skipping of the implementation steps COBIT 1 paper
9 E(;; :?r(;\;ving how to use or implement process metrics and COBIT 1 $tudy
10 }rs;ljlle; n?:nggr;ﬁ(grlgfezrslgscontro111ng IT governance ITIL, COBIT 3 Gudics
11 Implementation issues stemming from regulatory environment ITIL, CMMI 3 studies
12 Improper implementation ITIL, CMMI, COBIT 4 studies
13 Issues on capability maturity levels of processes CMMI 1 study
14 Lack of knowledge and skills 12"{)})%’01’8(?0/1]5(% 38500, ISO/TEC 7 studies
15 Unclear definition of roles and responsibilities ITIL 3 studies
16 Lack of focus and priority during implementation ISO/IEC 20000 4 studies
17 Unrealistic expectations ITIL 2 studies
18 Lack of organizational support and employees ITIL, CMMI 4 studies
19 Unqualified personnel. ITIL 1 study
20 Event management. ITIL 2 studies
21 Lack of commitment ITIL 3 studies
22 Service desk ITIL 1 study
23 Lack of application tools and software ITIL 5 studies

IT governance is important in that organizations expect better and clear returns from IT investments to achieve strategic
goals. The regulatory requirements for IT management and control as well as performance measurement against various IT
standards also add much to the ITG’s significance. On the business side, CSF and KPI are the frequently referenced tools
for business performance management., we claim that the ITG practices should be in relation to both CSF and their associated
KPI. However, the literature on ITG cannot provide sufficient evidence exploring the relationships between ITG practices,
CSF and KPL

5. CONCLUSION

In this paper, we present the primary findings of a systematic research study. It is conducted according to the integrated
principles and guidelines of Systematic Mapping and Systematic Literature Review Methods. Our research purpose is to
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identify CSF and KPI used in organizations, ITGP and their implementation challenges. Consequently, the prominent findings
and noteworthy points are as follows:

e Although KPIs have to be related to one or more CSF, this is not the case according to the research findings.

e KPIs are mostly used in the Manufacturing and Production Industry, which are also associated with the CSF for different

organizations.

e There are approximately 14 types of ITGP practices and standards, together with various software engineering tools and
methods, however, ITIL and COBIT practices are the foremost.

e [Lack of top management support/sufficient resources, ITGP knowledge and skills, ITGP process complexity and resistance

to organizational change are considered as the main implementation challenges.

o Although there are various ITGP domain-specific IT-related KPI, such as for COBIT, there is no sufficient work presenting
the empirical evidence investigating the effects of ITGP on the business CSF and KPI at the time this paper was written

The findings are encouraging though there are limitations that should be considered as well. This research can be viewed as
an initial attempt to enhance ITGP, CSF and KPI knowledge and application domains. Therefore, our future research efforts
will focus on the research gaps and trends put forth by this paper. It is hoped that this study may help researchers to obtain
an overview of existing approaches to ITGP and enterprise performance.
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ABSTRACT

We present a comprehensive two level morphological analysis of contemporary Kazakh with implementation
and a disambiguation test data set on the Nuve Framework. Our study differs from the similar studies in a
number of ways: (i) Our study covers both derivational and inflectional morphology to a greater extend (ii)
Our implementation consisting of orthographic rules, morphotactics, a root lexicon of roughly 24 thousand
roots, a lexicon of roughly 150 suffixes is open source which can be downloaded, reviewed and tested. (ii)
Roughly 10 thousand manually disambiguated parses are available as a morphological disambiguation data
set. (iii) It is easily extensible meaning it can be modified or extended with new rules without any
programming. (iv) we are able to tackle emerging problems quickly and easily since Nuve is maintained by
our study group. (v) Our implementation can handle separately written morphemes or digraphs etc. directly.
(vi) We also have a Turkish morphological parser/generator in Nuve for morphology based machine
translation between Turkish and other Turkic languages since these closely related languages have a lot in
common from lexical, morphological, and syntactic aspects.

Keywords: Kazakh Morphology, Natural Language Processing, Computational Linguistics

0Z

Bu ¢alismada Cagdas Kazakg¢a’nin iki diizeyli kapsamli bir morfolojisini sunulmustur. Calisma Nuve Catisi
iizerinde gergeklenmis ve belirsizlik giderme veri seti ile test edilmistir. Calismamiz benzerlerinden bir kag
yonden farklilik gostermektedir:(i) Calismamiz hem yapim hem ¢ekim morfolojisini benzerlerinden daha
genis olarak ele almaktadur. (ii) Tki-diizeyli yazim kurallari, ek dizilim kurallar1, yaklagik 24 bin kelimelik
sozliik ve yaklasik 150 adetlik ek sozliglinden olusan ger¢eklememiz agik kaynak kodlu olarak paylasima
agilmistir. Ugiincii taraflarca indirilebilir, gozden gegirilebilir ve test edilebilir. (iii) Gergeklememiz var olan
kurallarin degistirilmesi veya yenilerinin eklenmesiyle kolayca genisletilebilir bir yapidadir. Programlama
gerektirmez. (iv) Nuve Catisi ¢alisma grubumuz tarafindan gelistirildigi igin ortaya ¢ikan yeni problemleri
kolay ve hizli bir sekilde ¢ozebilmekteyiz. (v) Gergeklememiz ayr1 yazilan ekler, iki sembolden meydana
gelen harfler gibi durumlar: kolayca ele alabilmektedir. (vi) Nuve Tiirk¢enin iki diizeyli morfolojisini de
icermektedir. Bu sayede kelime hazinesi, kelime yapist ve ciimle yapisi yonlerinden bilyiik benzerlikler
iceren Tirki dillerle Tiirk¢e arasinda morfoloji tabanli makina geviri yapilabilir.

Anahtar kelimeler: Kazak Morfolojisi, Dogal Dil Isleme, Hesaplamal1 Dilbilim
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Two Level Kazakh Morphology

1. INTRODUCTION

In this paper, a Kazakh two-level morphological description is given in detail. This description is implemented using an
open-source morphological analyzer and machine translation system, Nuve. In this description a root word lexicon consisting

of more than twenty thousand is used.

A number of morphophonemic processes take place during derivation or inflection of a word in Kazakh similar to those in
Turkish including vowel drops, consonant drops, vowel changes as in vowel harmony rules, consonant changes as in consonant
harmony rules, etc. These rules express the conditions in which these modifications occur. 22 two-level orthographic rules
are written to describe Kazakh’s morphophonemic processes in the system. Morphotactics is a sequence of rules that orders
suffixes in order to generate a logical and meaningful word. For nominal and verbal paradigms, morphotactics is encoded
as FSA.

Kazakh, belongs to the Turkic languages family, is spoken mainly in Kazakhstan as official language, and the other neighboring
republics of Kyrgyzstan, China, Tajikistan, Uzbekistan, Pakistan, Russia, and Turkey. Also, it is spoken by more than 16
million people. Kazakh is an agglutinative language like other Turkic languages producing affixations of derivational and
inflectional morphemes to root words. A number of morphophonemic rules help us to modify the surface realization of
morphological constructions. Vowels in the affixed morphemes have to agree with the preceding vowel in certain aspects
to achieve vowel harmony. Under certain circumstances, vowels in the root or affixes are deleted. Similar to vowel harmony,
consonants in the root words or in the affixed morphemes experience certain modifications, and sometimes may be deleted.

For example, the word aranapsiMbizan (atalarimizdan), can be broken into morphemes as follows:
aratjap+bpIMbI3TIaH

where + indicates morpheme boundaries. This word can be translated into English as “from our ancestors”.
2. BACKGROUND and RELATED WORK

Morphotactics are the rules governing the order of morpheme affixations and are expressed as a finite state machine (FSA)
using root words and suffixes. A two-level morphological model has been applied to a number of languages such as those
by Oflazer (1994) for Turkish, by Alam (1983) for Japanese, by Antworth (1990) for English, by Kim et al. (1994) for Korean,
Turkmen by (Tantug et al., 2006; Shylov,2010), by (Gormez et al., 2011; Yiner et al., 2016) for Kyrgyz, by (Orhun et al., 2009;
Keskin,2012; Ablimit et al.,2016; Abdukerim,2019), Crimean Tatar by (Altintas,2001; Sanl1,2018), Qazan Tatar by (Gokgoz,2011)

and so on.

Zafer et al. (2011) gives a brief two-level morphological description for Kazakh. In this description, the Kazakh phonological
system is described with 27 two level rules which describe the transformation between the lexical level and the surface level
of a word which is written in Latin (not original as in Cyrillic). And finite state machines to define nominal and verbal
morphotactics of Kazakh. Both orthographic rules and the finite state morphotactics are implemented on a language
independent framework which is Dilmag (Shylov,2010). Makhambetov et al. (2014) uses a data-driven approach to do
morphological analyzing and labels morphemes as transition labels testing on the Kazakh National Corpus (Makhambetov
et al., 2013). Their morphological analyzer model has two steps which are segmenting the given word and ranking each
candidate segmentation using HMM and Markov chain rules. They do not consider compound words and some phonological

rules which are important issues in a language.

Kessikbayeva & Cicekli (2014) gives a rule-based morphological analyzer using Xerox tools for the Kazakh language. This
study does not work widely due to the lack of tools for analyzing Kazakh. Also, in this study a Latin transcription of Cyril
text is used. Another lack of this study is not being able to handle separate written conjugations that is compound verbs.
They used 1000 words randomly selected from web for testing and get nearly 96% correct analyses. Then, in the extended
version of this study (Kessikbayeva & Cicekli, 2016), they use Foma which is an open source environment to implement a
rule based morphological analyzer. They get approximately 99% correct analyses on test corpora which is nearly 15000
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words written in Cyrillic. They use over 57 main alternation rules, including exception rules for each case separately, to
define language grammar on Foma. This study is very important in terms of scope compared to the previous studies of the
Kazakh language.

Bekmanova et al. (2017) proposes a uniform morphological analyzer both Kazakh (in Latin) and Turkish. But they give just
morphological features of Kazakh based on (Eryigit & Adali, 2004), no more information how their morphological analyzer
works. In (Washington, Salimzyanov & Tyers, 2014), an open-source finite-state transducer is proposed to get a morphological
analysis of three Turkic languages; Kazakh, Tatar, and Kumyk with a limited root/stem lexicon.

3. TWO LEVEL DESCRIPTION OF KAZAKH ORTHOGRAPHY

Two-level morphology of (Koskenniemi,1983; Karttunen,1983) is one of the practical models in computational linguistics
for morphological analysis of languages. In this model, for all languages rules and lexicons are combined with a parser for
analyzing any language. Publicly available tools like PC-KIMMO (Antworth,1990) can be used to implement a two-level
morphology. In the two-level morphology approach, both orthographic rules are defined using two-level rules and derivational/
inflectional morphotactics are defined using FSAs. A word has two different representations or forms in this model: lexical
and surface forms. The lexical form is a word structure or the representation of a word-formation, whereas the surface form
is the written form of the word in the text generated by affixing suffixes by the morphology as given in the lexical form. The
transformations from lexical to surface forms are defined with two-level orthographic rules as follows in (Oflazer, 1994).

The Kazakh alphabet has 23 consonants, 9 vowels (Biray, Ayan & Ercilasun, 2015). Table 1, Table 2, Table 3 shows Kazakh

alphabet, consonants and vowels respectively.

Table 1
Kazakh Alphabet
Cyrillic Latin Cyrillic Latin Cyrillic Latin Cyrillic Latin Cyrillic Latin Cyrillic Latin
aA a eE e kK q nll p b D f b
00 i ¢ yo nJl 1 pP T x X X b1 bI 1
6b b xK K ] MM m cC s hh h il i
BB v 33 z HH n TT t igh| c bb
r g nll i HH il yy w a4 ¢ 30 é
rF g it y 00 o vY¥Y u jiigii S 10 O yu
il d k K k XS] 0 YY i jitgiiy $$ s 51 ya
Table 2
Kazakh Vowels
Unrounded Rounded
Front e,3(e) i(i) o(0) y(i)
Back a(a),a(d) bI(1) 0(0) y(u)
Table 3
Kazakh Consonants
Labi-
Labial al-Den-  Dental Palato-Al- Fronto-Palatal Velar Glottal Stop
tal veolar
. voiced 6(b) n(d) (c) r(g)
stops plosive voiceless n(p) T(t) 4(¢) k(k)
. voiced M(m),y(w) H(n) n(1).p(r) H(fh)
. trill . . .
continuant fricative voiced B(V) 3(z) x(j) F(g),i(y)
voiceless o) c(s) i(s) x(x) h(h)
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In order to specify the two level morphology of Kazakh a subset of letters -called meta-letters — is used when expressing
orthographic rules. These meta-letters are given below with their Cyrillic transliterations:

C = {b’(;:daf7g’g:haxﬂj7k’q715m9n’ﬁ5p9r7SaS’t7V>y>Z}

= {65q7ﬂﬂq)7rﬂf7hﬂx’>x’K7K)H7M9H)H’H’p’cﬂm’T7Bﬂﬁ73}
= if.x,h,k,q,p,s,s,t,¢}={d,x,h,k,x,m,c,m,T,9}

= {b,d.g,g,j,l,m,n,f,r,v,y,z} = {6,1,r,F,5%,0,M,H,H,D,B,H,3}

= {a,e,1,1,0,0,u,li,4} = {a,e,5,1,0,0,¥,Y,9}

, = ta,1,0,u} = {a,w1,0,y}

< < < O 0O

= {e,i,6,i} = {e,m,0,y}
= {1,i} = {B1,i}

A = {a,e} = {a,e}

U= {ui} = {y.y}

K= {q.k} = {x,x}

N = {n,d,t} = {u, 1,7}

M = {m,b,p} = {m,6,n}
G = {g.k.q.8} = {r,x,K,F}
D = {d,t} = {n1}

L= {Ldt}= {1,171}

Above C, V, V,, V represent the set of consonants, vowels, back and front vowels. We use the following notation in the lexical
level of the two-level orthographic rules such as * for zero or more occurrence of the preceding letter, | for or (used to represent
alternatives), ? for zero or one occurrence of the preceding letter, 0 for nothing on the surface (represents the dropped symbols),
@ for the end of word (no more morpheme) and + for representing morpheme boundary (the beginning or end of a morpheme),

not to be confused with regular expression + sign.

In the examples below, the first column is written in Cyrillic script and the second column is written in Latin script. In the
third column (rightmost), we show the formulation in lexical form and the meanings of the root/words. The first line contains
the lexical form of a word, and the second line the intermediate form. We don’t show the surface form since it is almost
identical to the intermediate form (the O place holders in the intermediate level are automatically deleted on the surface form).

1. These three rules express the vowel harmony in Kazakh. Vowels in the affixed suffixes to a word are resolved with respect
to the previous vowel in the word. Back vowels are followed by vowels, and front vowels are followed by front vowels in a
word according to the vowel harmony in Kazakh in a similar fashion to Turkish vowel harmony. An A on the lexical level
in a suffix appended to a root is realized as a or e on the surface if the previous vowel in the root is (or is realized as) a back
or front vowel respectively. In other words, the lexical A occurring after a back vowel in a word turns into the back vowel a
on the surface:
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Aa=> V), C*+C*__

A => VIV .C*+C*__

atatLAp atatLAr N(ancestor) + NNI_PLU
ataOmap ata(lar Ancestors
xeptDA jer+DA N(ground) + NNI_LOC
xepOme jerOde on the ground

In some suffixes like Continuous tense suffix +A, verbal adjective suffix + Atln or verbal adverb suffix +A, this rule does
not provide the right changes for meta-letter +A. Thus, for these special cases, this rule works as below.

Aa=>VV C+C*__

Ae=>V:V.C+C*__

An=V+
TyT+A+MIH tut+tA+MlIn V(hold)+CONT+1PS
TyT0a0MBIH tut0a0min (I will hold)
OKBITATIH oqi+Atln V(read)+tJVD_ATIN
OKBIOUTEIH oqi0ytin reading (smt)
ken+ATIH kel+Atln V(come)+JVD_ ATIN
kenOeTin kelOetin coming

2. The lexical I in a suffix appended to a root is realized as 1 or i on the surface if the previous vowel in the root is (or is

realized as) a back or front vowel respectively:
Ler=>V:V C*+C*__

Li=>V.V,.C* + C*__

Ganma+NIg bala+NIn N(kid) + NNI_OBJ

0ana0HBIH balaOnin kid’s
ko3+LIK koz+LIK N(eye)+ NND LIK
ke30mik koz0dik Eyeglasses

3. This rule describes how the lexical U is resolved on the surface according to the Kazakh harmony rule. When a root is
affixed with a suffix containing lexical U, lexical U is realized as u on the surface if the last vowel in the previous morpheme

is a back vowel (V,), otherwise, it is realized as ii on the surface.
Uy=> V:VbC* +C*

Uy=>V.VC*+C*__

*b1ii+UB Jiy+Uv V(collect)+ JVD_GAN
Kb1ii0yB jiyOuv Collecting
keT+UB jet+tUv V(reach)+JVD GAN
xeTOyB jetOtv reaching
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4. When a suffix starting with lexical L is affixed to a root, L on the lexical level is realized as 1 on the surface if the last
letter of the root is a vowel. Lexical L is realized as d or t if the last letter of the root is one of C or C _ respectively:

Lon<=V+

Lin<=C +__

Lr<=C_ +__
akpuT+LI aqul+LI N(intelligence) + JND_LI
akb1I016I aqil0di Intelligent
mafiga+LI payda+LI N(benefit) + IND LI
naiga0mst paydaOli Beneficial
tam+LIk tas+LIk N(stone) + NND_LIK
Tam0ThIK tasOtik stone-filled

5. When a suffix starting with lexical N is affixed to a root, N on the lexical level is realized as n on the surface if the last
letter of the root is a vowel. Lexical N is realized as d or t if the last letter of the root is one of C, or C,_respectively:

NE<=V+
Nip<=>C + __
Nr<=>C_+__
6ama+NI bala+NI N(kid) + NNI_OBJ
6ama0HBI balaOn1 the kid
ke3+NI koz+NI N(eye) + NNI_OBJ
ke301y koz+dii (was the) eye
ni+NIu istNIn N(work) + NNI_GEN
nm0TUH is0tin of work

6. This rule which is quite similar to the previous rule deals with d and t transformations on the surface. The D on the lexical
level maps to d on the surface, if a suffix starting with lexical D is affixed to a root ending with a vowel or a C consonant,

otherwise D is resolved as a t on the surface:
Din<=[V[C]+__

Dr<=C_+__

nm+DA istDA N(work) + NNI_LOC
nmOTe isOte at work

*KbuT+DA Ji+DA N(year) + NNI_LOC
pasulic] jil0da in a year
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7. This rule which is quite similar to the previous rule deals with b and p transformations on the surface. The B on the lexical
level maps to b on the surface, if a suffix starting with lexical B is affixed to a root ending with a vowel or a C consonant,

otherwise B is resolved as a p on the surface:
B:6 <=>[VIC]+__
Bn<=C_+__

kep+GAH+BI3 kor+GAn+BIz V(see) + PAST+1PP
kepOren06i3 korOgenObiz I saw

8. This rule deals with the realization of lexical M on the surface. The lexical M corresponds to the surface p when a suffix
starting with lexical M is affixed to a root ending with a voiceless consonant C_. M is realized as b, if the root ends with z

or ¢. Otherwise, M is resolved as m on the surface:
M:m <=>[V|C-{z,c}] + __
M:6 <=> {z,c} +

Mm<=C_ +__

keptMACTAH kor+MASTAN V(see)+ AVD _MASTAN
kepOMecTeH koérOmesten without seeing
Ky3+tMAIi juz+tMAy V(swim)+ AVD MAY
Ky300eit jizObey without swimming
kectMAMIHA kestMAyInsA V(cut)+ AVD MAYINSA
kecOmneitinme kesOpeyinse without cutting

This orthographic rule of meta-letter M does not give the correct result on Question suffix +MA. For this suffix, orthographic
rule works as below:

MM <=> [V|Ct'{M9H5H73}] + J—
M:6 <=> { MB,H3} + __

M <=C_ +__

b6amatMA bala+tMA N(kid)+ QUES
6amaOma balaOma is it kid?
epTeH+tMA ertentMA Adv(tomorrow)+QUES
epren00e ertefi0be is it tomorrow?
JKOK+FMA jok+tMA Adj(absent)+QUES
xok0mna jokOpa is it absent?
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In some suffixes that comes after verbal stem like noun derivation from verb suffix +MA, lexical M is realized as m, b or p
again but in different circumstances:

M:m <=> { I,M,p,B,iL,HH } +__
M:6 <=> [V|C-{m,m,p,B,it,H,H}] + __

Mim<=>C_+__

xKa3tMACTAH jaztMAstAn V(write)JtAVD MASTAN
xaz00actan jazObastan without writing
kapatMAc qaratMAs V(look)+tAVD MAS
KapaOmac qara0mas does not look
6artMAK battMAK V(dive)tNVD_MAK
6arOmak batOpaq swamp

9. This rule defines the transformation of lexical G at the beginning of some suffixes to g, g, k, q letters on the surface. G at
the beginning of a suffix on the lexical level is realized as k and q on the surface when the last vowel of the affixed root is
a front vowel V,or back vowel V| respectively and the root ends with a voiceless consonant C . When the affixed root ends
with back V| or front V, vowel and an optional voiced consonant C,, then lexical G is resolved as § or g respectively:

Gr <=>[VV [VV C*+ _ _
Gr <= [VV|[VVC*+ __
Gk <=> VZV“CB* t__

Grk<=VV.C*+ __

ant+GAH al+GAn V(take)+ JVD GAN
anOran al0gan Taker
kep+GAH kor+GAN V(see)+ JVD GAN
kepOren korOgen Sighted
oT+GAH+MIH 0t+GAn+MIn
oTOKeHOMiH 5t0kenOmin V(pass)+ VVI_TPASTGAN + VVI_PERSIsl
I passed
mran+GAnl sap+GAII
manOKabl sap0qali V(run)+ AVD_GALI

running

10. When a root ending with the k consonant is affixed a suffix starting with a vowel, k at the lexical level is realized as g
on the surface.

kr=>__+VC?

ex+lnt+GAn ek+I1+GAn V(sow) + VVI PASSIL+JVD GAN
erOin0rex eg0il0gen sown

11. The p sound at the end of a root is realized as b on the surface when a suffix starting with a vowel is affixed to it.
mo=>__+VC?

Kansin+cl qalip+sl N(cast) + NNI_POSS3s
Kaab100061 qalib001 cast of
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12. When a root ending with the q consonant is affixed a suffix starting with a vowel, q at the lexical level is realized as g
on the surface.

KFr=>__+VC?

cok-+lm soqt+ Ip V(hit) + AVD_IP
corOpIn sog01p by hitting

13. A syllable contains exactly one vowel in Kazakh and two consecutive vowels can’t occur in a Kazakh word. This rule is
based on this fact- states that when two consecutive vowels occur during affixation of suffixes, the one at the beginning of
suffix is dropped. More precisely, when a root ending with a vowel takes a suffix starting with a vowel, then that vowel in
the suffix is deleted on the surface.

Vo=V~+

ap6a+Im ap6a+Im N(car) + NNI_POSSIs
ap6a00m arba00m my car

14. As an exception to the previous rule, in certain stems especially in the names of organs in the head such as (ayb13 /mouth),
(moiierH /neck), (mypera/nose), the last vowel in the stem is dropped instead of the vowel in the suffix. So when such a root
takes a suffix starting with a vowel, then the last vowel in the stem is deleted on the surface.

V0= C*+V

MOWBIH+M moyin+im N(neck) + NNI_POSSIs
MOMHOBIM moyOn0im My neck

15. When a suffix starting with a c (s) is affixed to a root ending with a consonant, the c at the lexical level in the beginning
of the suffix drops on the surface.

c0<=C*+ 1

yiitcl ly+sl N(home) + NNI_POSS3s
yi00y iy00i it’s home

16. When a stem takes a suffix containing K meta-letter, K meta-letter seems as k or q in surface form according to the last
vowels of a stem.

Kix=>V:V, C*+ C*__
Kix=>V:VC* +C*__

KeUT+HLIK JUHLIK N(year) + NND LIK
JKBIIT0IBIK jil0dik Annual

17. This rule is written for ablative case suffix +DAn when coming after 1PS, 2PS, 3PS, and 3PP possessive suffixes. Under

this circumstance, lexical D is realized as 1 on surface form.
D:u <=> Im[IH|c]|LATl + Amn

ke3+cl+DAH koz+sI+DAn N(eye)+3PS-POSS+ABL
k630010HeH k6z00i0nen From his/her eye
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18. Aorist tense suffix +Ap is realized as +c when it comes after negative suffix.

Apc<=>MA +
Oep+MA+Ap bertMA+Ar V(give)+tAORST+3PS
6epOme00c berOme00c It does not give

19. One type of Optative Moods in Kazakh is done with +GI suffix followed by a person suffix and auxiliary word _xemexmi.
If this auxiliary word keneni followed by past tense suffix eni, keneni will be realized as _kexerin in surface form.

antGI+Im+ kenenmit+ eni al+GI+Im+ keledi+ edi V(take)+OPT+IPS+AUX+NARR
an0re100M00keneTin00esi al0g100mO00keletin00edi I felt like taking

20. The lexical G in dative case suffix +GA is deleted on the surface if it comes after a personal suffix other than 3PS and
3PP. After 3PS and 3PP possessive suffixes, the lexical G in +GA is realized as u on the surface form.

G:0 <=> Im|Ig|LApIn|LApIHIz3 + A

G <=cl[LApl+ A

xon+LAp+HHFGA jol+Lar+Ia+GA N(path)+PLU+2PS+DAT
xon0napOsiH00a jol0dar01ii00a To your paths (singular)
6anatcl+GA bala+si+GA N(child)+3PS-POSS+DAT
6ana0cpi0Ha balaOsi0na To his/her child

This rule works differently while the dative case suffix +GA appended to 1st, 2nd and 3rd singular person pronouns, +GA
is seen as +GAH (+GAn). This rule works as below:

MeH+GA ment+GA P(i)+DAT
Ma0Orax ma00gan To me

21. Person pronouns can take case suffixes like nouns. This rule is written for transformation of 1 and 2 singular person
pronouns MeH (men), ceH (sen) when take case suffixes such locative, genitive, ablative and the others. If 1 and 2 singular
person pronouns take the Dative case suffix +GA, they are realized as magan and sagan in surface form respectively (this
transformation includes an orthographic rule for +GA suffix.). If they take the instrumental case suffix +men (+men), i vowel
epenthesis will occur between pronouns and suffix and they will be realized as meHiMeH (menimen), ceHiMeH (senimen).

cent+GA sent+GA P(you)+DAT
ca0Oran sa00gan To you
CEH+MEH sen+men P(you)+INS
cen0imMeH sen0imen with you

22. The last sound of ol 3rd singular person pronoun drops whenever it takes one of genitive, accusative, dative, locative,
ablative case suffixes. If this person pronoun takes instrumental case suffix, i at the end of pronoun is realized as HbI in
surface form.

on+NI ol+NI P(it)+ACC

000HBI 000n1 it (object pronoun)

OJI+MeH ol+men P(it)+tINS
orbpI0MeH oni0men with it

4. KAZAKH MORPHOTACTICS

Morphotactics in computational linguistics is a term for describing how the words in a natural language can be generated
or parsed as a sequence of morphemes by affixing suffixes to roots in certain orders as defined by the morphology of the
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language itself. The ordering of morphemes a nominal or verbal root takes in Kazakh is well defined and is strictly obeyed

during word-formation.

The complete description of morphotactics of a language is usually given as a finite state machine (FSA). The states and the
directed edges in an FSA represent the (subtypes of) Part-Of-Speech (POS or word class) of words and the affixed morphemes
respectively. The two initial states are usually labelled as nominal root and verbal root since these are basic word classes.
Nominal root includes nouns, adjectives, adverbs, etc. in our model. Final states represent the classes of words that take no
more morphemes. The other states are intermediate states where generation/parsing can either continue or stop. Parsing or
generation stops at the final states. The directed edges in an FSA are labelled with the lexical forms of morphemes (or
sometimes with 0 meaning a transfer without a morpheme) a word takes while going from the source to the target state.

Such an FSA is used in creating morphological parsers or generators. Parsers usually have four main components:
1. Orthographic rules for modelling the phonological processes during affixation

2. An FSA for representing the ordering of morphemes during word formations

3. A root lexicon of nouns, verbs, adjectives, adverbs, etc.

4. A suffix lexicon for nominal/verbal derivations and conjugations

We used the Nuve Framework to implement the Kazakh morphology. Our implementation consists of the above components
each specified in a separate file in the system. Thus we are able to parse (i.e. get the lexical form of a word from the surface
form) and to generate (i.c. get the surface form of a word from its lexical form). In this study our aim was to generate all the
words to avoid under generation at the expense over generation (generating invalid words).

4.1. Nominal Morphotactics

In this section, we present nominal morphotactics in the form of an FSA. Nominal morphotactics consist of nominal derivations

and nominal conjugations. Nominal conjugation can be given as a simple formula called basic nominal model:
Nominal + Plural + Possessive + Case + Relative

The basic nominal model above represents the ordering of morphemes for nominal conjugation in the general case which is
approximate and used for discussing morphology only. Comprehensive and precise nominal models are specified using FSAs
given in Fig. 1. The parsing of an ordinary nominal word starts at Nominal root state and follows through Plural state with
+LAp suffix, Possessive state with one of +Im, +IH, +cI, +LApIH, +LApIHI3, +LApI suffixes, Case state with one of +NIH,
+NI, +GA, +DA, +DAH, +MeHn, +Menen suffixes, Relative state with +GI suffix. Since it is possible to treat a nominal as
nominal verb (as in the case of a simple sentence with the nominal as the subject and “to be” as the verb), some nominal
words will continue through the nominal verb (past and past perfect tense, conditional and imperfect moods), negative and
question states shown in the lower part of the nominal FSA. The lexical form of xitranrapsimaars (one which is in my books)

is given below as an example basic nominal model:

Kitan +LAp +Im +DA +GI
Kitan Otap ObIM Oma OFBI
Book Plural Poss.1SP Case Relative

Nominal derivation which creates new stems is provided through following suffixes in Kazakh shown in Fig. 1: noun to noun
(+AB, +DAc, +LIK, +LIp, +AK, +cI3, +mlK, +mln, +mAK, +mAH, +mrA, +ml, +Taif, +LI, +¥eurt, noun to adjective (+LI,
+rpuT, +KBUIT, TDAGAH, +H11l, +NaH, adjective to noun (+mlK), noun to verb (+clu, +cl, +pA, +GAp,+LAT+LAc, +LAH,
+LA, +IK, +I, +DA, +Aii, +Ap, +Amn, +A), verb to noun (+tMA +Im, +lc, +GI, +IK, +AK, +lual, +Gim, +Im, +11, +MAK,
+GIr+MAI, +frAK)verb to adverb (+1m, +Mait, +GAHIA, +GAHIIA, +GAnl, +MAcTAH, +MA#IHIA, +A), adjective to
adverb (+tDAGAR).
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4.2. Verbal Morphotactics

In this section, we describe verbal morphotactics in the form of an FSA. Verbal morphotactics consists of verbal derivations
and verbal conjugations similar to nominal expressed as simple formulas called basic verbal model:

Verb + Negative MA + Tense + Tense | Mood + Person

Verb + Tense + Negative jok/emes + Person

There are two ways of creating negatives in verbal model one with Negative M A another with Negative jok/emes. kepmerenois
(kérmegenbiz, we did not see or we had not seen) and anmak emecmin (almaq emespin, I will not take) are given as verbal

model examples:

+AB,+DAc,+LIK,+LIp,+AK, .
+cIa,+mIK,+n1]_nl+mAK,+mA +cL+pA,+GAp,+LAT,+
. B,tmA,+ml,+raid,+L1+reur LAc,+LAm+LA +IK ],

+LAp, +0

Possessive

( Nominal Root ) +DA, AR AP FATLEA “'\ Verbal Root )

+Im, +In, +cl, +ImIz, +1ul3,
Apln, +LApInls, +LApI, +0

+ MEHEH
+GA, + _ ’
+NTu,+NI,+1, +DA,+0 GA, +DAR +DAi l T MemH
enitive Dative/ Instrumental
Objective/ Ablative

Conditional

+M, +H, +HI3,
+O: +K1 +HAP:
+HI3mAp

Locative

+ emec, +0

+ Oouca ‘

A,

Negative

+ exeH

Imperfect

+Mim, +uln,+clg, +DI,
+ml3, +clngAp, +cls,
+DI

Past Perfect

+ MA

+MiH,
+mln,+clg,
+DI, +nl3,
+cIanAp,
+cl3, +DI

Figure 1. Nominal morphotactics
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Kep +mA +GAH +BI3
Kep Ome Oren 00613
verb Negative Past Tense 1.Prsn Plural
al +MAK + emec +mlH
an Omax 00emec Omin
Verb Future Tense Negative 1.Prsn Sing

Verbal paradigm is described by using FSA in Fig. 2 and Fig. 3. It is given as two parts for easy reading. Voice suffixes
always come before tense suffixes. But it is not obligatory for the verbal root to take voice suffixes, it can take tense suffixes
directly. Person suffixes come after simple tense suffixes. If a verbal stem takes a narrative tense suffix, person suffixes will
come after narrative suffixes. There is not a specific order for negative verbal inflection. In some tenses, a negative suffix
comes before tense suffixes while others are taken as the last suffix before person suffixes. “+0’ means transition without a
suffix (empty transition).

+MA,+Im,+Ic,+GI,+I

+AJIA, +A, +ul, +1 K,+AK,+Iaal,+Glur,+
T, +Ta,+MAK,+GlH,
+MAI,+HIIAK [ )
Verbal Root J o Nominal Root
+Tu, +0 +lm, +0

Reflexive In Reciprocal I
+r +I
Causative t P

Causative (I)r

+0,+DI +DlIp, +0

Causative DIr

Causative Glz

+In, +0

Passive (I)1

+Im, +Mait, +GAHIA,
+GAHmA, +GAl,

Adjective Negative mA Positive +MACTAH, tMAMRIHIIA,
+A
+A,+Hi
At +0 Adverb
L #0 . Verbal Stem Infinitive
Adverb +DI, +GAH, +In, +ArtlH, +A, +In_oTsIp, +Us
+In_skar, +In_xyp, +lo_typ, +UBIA,
+GAnl_oreip, +GAnl_xarsip, +0
+GAnl_xyp, +GAnl_typ, tMAK, +Aiilm, +clm,
+MAKml, +Ap, +0 .
Simple Tense P +AHIK, +nls,
+HIAp, +RI31Ap, +0
+ emec, + KOK Negative Imperative
_emes/_joq
Figure 2. Verbal morphotactics first part
5. IMPLEMENTATION

An extensive description of Kazakh morphology is given above. We used Nuve for the implementation. Nuve [24] is an
open-source project for morphological parsing and machine translation. Nuve was primarily developed for Turkic languages
and includes an implementation of two level Turkish morphology.

The implementation in Nuve requires four distinct components each provided as a formatted text or XML file: root lexicon
(TXT), suffix lexicon (TXT), orthographic rules (XML), morphotactics (XML).
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Root Lexicon: There are approximately 24000 entries in the root lexicon. A few entries for the root lexicon are given in
Table 5 below. Each root entry is specified using surfaces (different surface forms of the root), lex, active, id (POS: Noun,
Adjectives, Verbs, Pronouns, Adverbs, Exclamations, Conjunctions, etc.), flags, rules (specific orthographic rules to apply
for this root entry) attributes in this text file in the CSV format. Lex and flags attributes are used for special cases.

Table 4

Root lexicon

root surfaces Id flags rules
abaxyp NOUN noun

abaiina VERB verb

abax abar NOUN noun MUTATION qg
6ap VERB verb, cnt

Ke VERB verb, cnt

Negative
_emes/ joq

+ eMec, + KOK

Negative .

+M, +H, +HI3, +cA
M, +0, +x. +rAD, *o, +veL  (Optive )
+mln,+cly, +HI31Ap +Iml3, +Iul3,
+DI, +uls, - +LAplg, +Tw, +Im, +cl,
+clrnAp, +cls, Conditional +LAplInu]l3, +Imls, +TxI3,
+DI +LApl +LApln,
¥ M, +H, a3, +0, Possessive +LAplnls,
Simple Tense +K, +tHAD, +LApl
ﬂson +HI3nAp +_ Kepek,+ Tedin,
+ TeHimTi,
- KeNMEeHTHu,+ Kelneman
+MA, +0
' +MA, +0
MMC-EDQ‘

(i ®
- econd Tense
+—e'[[l K—) +Ms +H: +HI-33 +0: +K1

+HAp, +Hl3mAp
e Y
+_EK6H SGCOI'ld
Tense-Past
Perfect +Min, +mlH,+clu, +DI,

+mlz, +clanAp, +cl3, +DI

1y
+ Boxca Second
= Tense-
+Mm, +H, +HI3, +0, +K,

Conditional

+HAp, +HI3n1Ap
Figure 3. Verbal morphotactics second part

Suffix lexicon: Derivational and inflectional suffixes in the suffix lexicon are defined using id (a descriptive label), lexical
(lexical form of the entry), type (suffix type: I: inflectional, D: derivational), suffix group (suffix category), rules (orthographic
rules specifically applied to this entry), surfaces (distinct surface forms of the entry) attributes in this text file in the CSV

format.
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Table 5
Suffix Lexicon
id lexical grup rules surfaces
ni_plural LAr LAp TRANSFORMATION_A, TRANS- nap,jep,aap,aep,Tep,Tap
FORMATION_L
ni_possesive_Isg_(I)m Im noun-possesive TRANSFORMATION_I, VOW- M,BIM,IM
EL_DROP
vi_tense_fut GAIL otir GAnl_oteip verb-tense TRANSFORMATION I, REMOVE  fanbl_OTHIp, T€lli_OTBIP, KaJIbl
UNDERSCORE, TRANSFORMA- OTBIP, KeIli_OThIP

TION_G, TRANSFORMATION_A

Morphotactics file: This file contains suffix groups and the FSA in XML format as shown in Fig. 4. Suffixes are grouped
into suffix groups for ease of use. The nodes and edges of the FSA are specified using source and targetGroup elements in

the file.

<morphology lang="Kz-KZ>

<suffixGroup name="NOUN_POSSESSIVE">
<suffix>NI_POSSESSIVE 1sg (I)m</suffix>
<suffix>NI_POSSESSIVE 2sg (I)i</suffix>

</suffixGroup>

<graph>
<source id="NOUN">
<targetGroup id="NOUN_POSSESSIVE” />
<targetGroup id&="NOUN_CASE” />
<targetGroup id="ND_ NOUN” />
<targetGroup id="ND_VERB” />

</source>

</graph>

Figure 4. Morphotactics XML file

Orthography file: Two-level orthographic rules are encoded in XML in this file shown in Fig. 5. The conditions and
transformations of the rules are defined using the transformation and conditions elements respectively. Complex logical
conditions can be formed using and, or or operands. Symbols or morphemes in the words can be accessed using previous
and next attribute values. Symbols can be deleted, inserted or replaced with action attribute of the transformation element.

 <rule id&="TRANSFORMATION_A” phase="2">
. <description>Rule for meta-letter A changing into (a or ¢) </description>
<transformation morpheme="This” action="Replace” operandOne="A" operandTwo="a" flag="all”>
<conditions flag="0r">
<condition morpheme="Previous” operator="LastVowelEquals” operand="aoéoysrtos” />
</conditions>

</transformation>
<transformation morpheme="This” action="Replace” operandOne="A" operandTwo="¢” flag="all”/>

</rule>

Figure 5. Orthography XML file
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6. DATA SET AND TEST

We tested two level description of Kazakh morphology on data set from Universal Dependencyl. The text of UD Kazakh
treebank (Makazhanov et al., 2015; Tyers et al., 2015) is collected from various sources such as Wikipedia, some folk tales,
sentences from the UDHR, news and phrasebook sentences. The tokenization and morphological processing in the Kazakh
UD treebank follow the principles of Turkic lexica in Apertium. Originally, the treebank is randomly split into training
(80%), testing (10%), and development (10%) sets. We gave data set to Nuve as input for morphological analysis. The data
set consists of over 1K sentences and more than 10K tokens. Over 8K tokens have only one morphological analysis. More
than 1500 tokens have two or more morphological analyses. While finding more than one morphological analysis for a word
is considered an advantage in terms of performance of a parser, it results in the problem of choosing right morphological
parsing among many (morphological disambiguation). Morphological disambiguation is important for many NLP applications
which depend on the accurate parsing of words, such as syntactic parsing, word sense disambiguation, spelling correction
and machine translation and so on. We plan to use this data set for an experimental study on the morphological disambiguation
of Kazakh in the future.

7. SPECIAL CASES AND EXAMPLES

While defining the morphology of the language, some special cases are encountered. In this section, these special cases are
presented.

1. There is a confusion about the noun to adjective +LI suffix and the accusative +NI suffix both applied to nouns. For
example, kypmetTi anam (kurmet+LI) kurmetti adam, respectful man, and xepcerker kypmetTi (kurmet+NI) >kakmmsr
kepai(kep+DI) korsetken kurmetti jakst kordi, s/he liked the respect shown to her/him. Our implementation is able to parse
both words.

2. Sometimes the negative +MA suffix and the verb to noun derivation +MA suffix may be confused since both are
affixed to verbs and have the same surface. For example, acia ac+tMA, aspa, hanging (nominal) or do not hang (verb).
However, this ambiguity can be resolved at the morphological disambiguation phase.

3. After possessive suffixes (except 15 and 2" plural person), ablative case suffix +DAH (+DAn) becomes +HAH (+nAn).
For example:

ata+(I)m+DAH, atamHaH, atamnan, from my father
yi+(D)imiz+DAH, yitimiznen, tyimizden, from our home

4. + seisused in the question form of Conditional Mood as a special case, in addition to the usual +MA question suffix.
For example, sxa3cam mie or sxa3cam 0a? jazsam se/be?, should I write, xencem mie? or kencem 0e? kelsem se/be?, should 1

come?.

5. In Kazakh some morphemes are written separately such as the question suffix +MA, or the continuous tense suffixes
+Ip otur, +Ip tur, +Ip jiir, +Ip jat. Our implementation is able to parse these separately written suffixes without difficulty as
shown below whereas other implementations either parse these suffixes as separate words or can’t parse at all.

kexin oteipesiH, ken(VERB)+Ip otir+2.PrsnSing

6. In the continuous tense, jatir auxiliary verb requires an extra +A suffix only if it is appended to kel- and bar- verbs.
This problem is handled with the cnt flag attribute in the root lexicon in the implementation. xex+e >kaTbIpMbIH, [ am coming

and Gap+a xarsIpce3nap,  am going/arriving.

7. In adjective clauses made with verbal adjective +GAn suffix, the possessive meaning is provided by a pronoun before

the clause. For example, meH sxa3ran xat, men jazgan hat, the letter [ wrote, ceH KYTKeH ap0a, sen kiitken arba, the car you

1 https://universaldependencies.org/treebanks/kk _ktb/index.html
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waited for. The person suffix normally attached to the verb, in this case, is replaced with a pronoun preceding the verb.
These types of adjective clauses are too complex to be properly parsed by any parser.

Oapma Oap+MA V(0ap) +NEG+2PS (Imperative)
do not go
bap+MA V(6ap) + VND(MA)
going
yiepin yiu+LAp+g N(y#) + PLU+2PS-POSS
your homes
yi+LAplg N(y#) + 2PP-POSS
your home (polite)
JKBLIIBI JKBLIBI Adj(xbLBI)
warm
JKBLITBI Adv(KBLITBI)
warmly
Kb+l N(xbL1) + 3PS-POSS
it’s year
KY3 KY3 Adj(xy3)
hundred
Ky3 N(xy3)
face
KY3 N(Cxy3)
tribe
6acTol bac+LI N(6ac) +NND(LI)
having (a) head
6ac+DI V(6ac)+ PAST+ 3PS
(s’he) stepped on

8. CONCLUSION

We have provided a comprehensive two level description of Kazakh morphology with an implementation on Nuve Framework
consisting of 22 orthographic rules for the definition of morphophonemic processes, the morphotactics for nominal and
verbal derivations and inflections using a large root lexicon and a suffix lexicon in which special or exceptional cases are
manually annotated for ease of use. Our study covers both derivational and inflectional morphology to a greater extend (ii)
Our implementation consisting of orthographic rules, morphotactics, a root lexicon of roughly 24 thousand roots, a lexicon
of roughly 150 suffixes is open source and free (https:/nuvestudio.com/downloads/kz KZ/kz KZ.zip) which can be
downloaded, reviewed and tested. (i) Roughly 10 thousand manually disambiguated word parses are available as a morphological
disambiguation data set. (iii) Our implementation is easily extensible meaning it can be modified or extended with new rules
without any programming, because all resources are encoded as XML/CSYV files and ready to use as soon as they are uploaded
into the system. (iv) We are able tackle emerging problems quickly and easily, since Nuve is maintained by our study group.
The original version of Nuve was developed in .NET. The current version is in PHP. (v) Our implementation can handle
problems such as separately written morphemes or digraphs etc. directly. No indirect methods are necessary to handle these
cases. (vi) We also have a Turkish morphological parser/generator in Nuve for morphology based machine translation between
Turkish and other Turkic languages (which is the next part of our project) since these closely related languages have a lot in
common from lexical, morphological, and syntactic aspects. (vii) Finally, we have Kazakh morphological parser and generator
available online to anyone who wishes to use.
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ABSTRACT

Textile companies must develop strategies to survive in today’s competitive and volatile world and flexibly
adapt these strategies to today’s conditions. In this competitive environment, audits conducted by an internal
or external auditor, especially at the request of the customer, enable companies to differentiate themselves
from other companies. Audits performed by companies can be classified in various ways. In this study, audit
types are classified into internal and external audits depending on the type of auditor. If the audit is conducted
by a person working in a company with a contract of pay, it is an internal audit, if not, it is an external audit.
The principles and benefits of the audit to the company are explained in the study. In this study, a simulation
was prepared to investigate the effect of audit frequency, internal interaction and number of employees in the
company on the improvement of the company. In the prepared simulation, relevant changes were processed
according to internal parameters on daily basis. As a result, it was found that with sufficient recovery of all
parameters within the company, the highest improvement success is achieved when the audit frequency is
conducted at least every 3 months. Future studies, information on how the developing information
technologies and artificial intelligence provide convenience and perspective for audits are presented.
Keywords: Audit, GMP audit, Quality management system, Environment management system, Remote
auditing, Online auditing

0z

Tekstil fabrikalar1 giiniimiiziin rekabet¢i ve degisken diinyasinda ayakta kalabilmek igin stratejiler
gelistirmeli ve bu stratejileri esnek bir sekilde giliniimiiz kosullarina uyarlamalidir. Bu rekabet ortaminda
ozellikle miisteri istegi lizerine i¢ veya dis denet¢i tarafindan yapilan denetimler isletmelerin diger
isletmelerden bir adim 6ne ¢ikmasini saglamaktadir. Sirketlerin aldig1 denetimler cesitli sekillerde
siniflandirilabilir. Bugaligmada denetim tiirleri denetgitiiriine gore i¢ ve dig denetim olarak siniflandirilmistir.
Denetim, bordro sozlesmesi olan bir sirkette ¢alisan kisi tarafindan yapiliyorsa, i¢ denetim, yoksa dis
denetimdir. Isletmeye yonelik denetimin ilkeleri ve avantajlari ¢alismada agiklanmistir. Bu ¢alismada
denetim siklig1 isletme ici etkilesim ve isletmedeki calisan sayisinin isletmenin iyilestirilmesindeki etkisini
incelemek amactyla bir simiilasyon hazirlanmistir. Hazirlanan simiilasyonda igletme i¢i parametrelere gore
ilgili degisimler giinliik bazda islenmistir. Sonugta eger isletme i¢i tiim parametreler yeterli bir bigimde
toparlanirsa denetim sikliginin en fazla 3 ayda bir yapilmast durumunda en yiiksek iyilesme bagarimi elde
edildigi goriilmiistiir. Gelecek donem ¢aligsmalari, gelisen bilisim teknolojileri yapay zekanin denetgiye
denetimler i¢in nasil kolaylik ve bakis acis1 sundugu konusunda bilgiler sunulmustur.

Anahtar kelimeler: Denetim, GMP denetimi, Kalite yonetim sistemi, Cevre yonetim sistemi, Uzaktan

denetim, Online denetim
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Audits in a Textile Company and Advantages

1. INTRODUCTION

In today’s world, the relationship between the customer and the producer is not only supply and demand, but also the two
elements develop each other according to constantly changing needs. For the development of companies and product quality,
every step from the source to the final product must be monitored and controlled. These monitoring and inspections can be
carried out by machines (Erdogan, 2019) and/or people. Control by machines is currently only at the data collection level.
The main workforce under human control. A Human audit is divided into two types as internal and external. These control
types are explained in detail in the second part.

Today, the phenomenon of globalization and the changes in the social sense that are reflected in business life and in the
product and consumer-oriented marketing periods of the old days are being replaced by the period of social responsibility.
It was during this period that the need for consumer decisions and needs and the interests of the economy and the interests
of society emerged. The relationships that companies establish with their social stakeholders are important, and they must
take into account both the interests of social stakeholders and their interests. Otherwise, the company’s reputation, and thus
the desired profit, will decline in the future. All segments of the company, such as employees, shareholders, society, suppliers
and customers, can be listed as the company’s social stakeholders. The concept of social responsibility is based on the
consideration of the interests of these social stakeholders and their interests in the company’s decisions. The changing world

order has led to a change in the wishes of consumers, employees and all other social stakeholders.

Consumers expect companies to produce high-quality products and show interest in social issues. While carrying out these
production activities, customers do not want to pollute the environment. They also want to contribute to the environment
(Delmas, 2001), produce recyclable products. We see that consumer demands have changed in Maslow’s hierarchy of needs
(Kula ve Cakar, 2015). While the society that initially focused on consumption with emotional elements in the early days
then took into account the rational elements in consumption, today’s consumer is increasingly realizing the consumer activity
by attaching importance to spiritual and moral values (Bozkurt, 2013).

Corporate social responsibility in a textile company must first begin at the workplace. Conditions must be created that should
be present in the workplace and employees must be valued. Then the company should be aware of its responsibility under
market conditions. Responsibility towards consumers should be known and there should be good relations with suppliers.
Finally, the company should pay attention to environmental and social issues. The company should minimize damage to the
environment and increase its contribution, be committed to human rights and be intertwined with society.

In the literature , it has been observed that it is beneficial to use big data analysis techniques in accounting and financial
auditing, in the measurement of financial crises in enterprises, in detecting financial frauds, in stock market predictions, but
the use of the technology is a little behind (Kilig, 2019). In the development of information technologies, it has been observed
that software programs and processes that take  days can be completed in a much shorter time. Problems with mathematical
calculations that require a lot of ~ effort , accumulated paperwork or notebooks could be avoided (Aslan ve Kizil, 2019).

The emergence of COVID-19, in addition to the existing audits that are already required by regulations, laws or urgent needs,
and the worldwide travel restrictions, has led to a focus on alternatives that can be used immediately instead of the traditional
face-to-face audits. Remote auditing can be a good saving alternative, especially given that most companies limit their travel
to business-critical functions and many countries around the world are temporarily closing their borders. Unlike on-site
inspections of records, remote audits do not allow simultaneous investigations. During the remote audit, the auditor should
take notes and write down questions to be asked during remote interviews. In addition, a video  telephone conference call
may be organized in which the responsible supervisor and the person responsible for the implementation of the revised
program can participate  so that questions can be asked simultaneously during the remote review. In this way, documents
can be exchanged and reviewed in real-time, and the feasibility of audits should be improved by asking questions and receiving
answers at the same time. In the last part of this article, a simulation has been prepared for the audit. For companies, the
effects of parameters such as audit frequency, internal communication and the number of personnel in the business have
been simulated. The study consists of 9 parts. Introduction in part 1, Audit definition and historical development in part 2,
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Audit purpose and process in part 3, Principles and characteristics of audit in part 4, Audit types in part 5, Points to be
considered by auditors in Covid-19 process in part 6, Audit simulation part 7, Audit simulation results and discussion in part

8, Conclusion and future work in part 9.
2. Audit

The origins of auditing are rooted in history, and when people start living in society, control proves to be an indispensable
phenomenon. An audit is an examination of the activities and operations of an organization to determine whether they are
in accordance with the objectives and rules set out in advance. It is a process in which findings are made and reports are
written as a result of the audit. Audit in general; setting standards to ensure that the results of the activity are as relevant as
possible to the plans, comparing the results with these standards and identifying corrective action where practices are separate
from the plan (Bozkurt, 2013).

Audit, which is one of  management’s functions, has important functions for the success of organizations. It follows the
planning, organizational, steering and coordination functions of management. Auditing provides an assessment of the results
of combining these four functions and reveals new strategies, policies and even a new management philosophy. In this way,
it is an important tool that provides feedback on management activity and contributes to the dynamic structure of the existing
organizational structure. In this respect, auditing is an activity that is the responsibility of management. Without a functioning

audit mechanism, organizations rarely perform their full duties. Therefore, the audit is a must. It comes from necessity.

In order for the audit, which is the responsibility of management to add value to management, it should be expected to operate
in accordance with established standards and criteria. The audit is part of the management process. Without the audit, the
management process is incomplete. The audit is an important requirement for institutions. If the audit is carried out correctly,

it is an important function for institutions, and if it is not carried out correctly, it can cause considerable damage.

Information of the approach of audit, the purpose of the audit and the development of the parties to the audit in history are
presented in Table 1 below from the pre-industrial revolution to post 1990.

Table 1
Development of Audit in History

Period

Approach Based on Auditing

The Purpose of The Audit

Related Party in Audit

Before the industrial revolution

Auditing of all documents and

Detecting mistakes and tricks

Operating owners

records
The 1900s Auditing of all documents and Detecting mistakes and tricks Partners and credit institutions
records
Auditing of all documents To determine the accuracy of Partners, credit institutions and the
1900-1930 and records /audit through financial statements government
samplingenetim
Auditing financial data by sampling Providing positive and negative Shareholders, credit institutions,
opinions about the accuracy of government, unions, consumers and
1930-1960 .
financial statements other related segments
Audit through sampling /The To determine the accuracy of Partners, credit institutions,
1960-1990 development of statistical sampling financial statements government, unions, consumers and
other related segments
Risk-oriented audit To determine the accuracy of Partners, credit institutions,
After 1990 Auditing of data processing systems financial statements government, unions, consumers and

other related segments

Reference: (International Standard On Auditing, adapted from 2009a).

When the above table which presents the development of the audit in history is examined, it is seen that the main purpose
of the audit is to reveal errors and tricks based on all documents and records regarding businesses and institutions. Also, in
these years auditing activities were made on behalf of business owners, partners and credit institutions. In the period from
the 1900s to the 1930s, the review of all documents and records was replaced by auditing financial data. In this period as in
the previous period, it was aimed to prove the accuracy of the information presented in financial statements and its annexes
and importance to create an audit report including the opinions of the auditors in this regard was gained. These audit reports
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created by the auditors provide information for shareholders, credit institutions, government, labour unions, consumers and
other interested parties. In the period between 1960-1990 audits provided a sampling of statistically selected noun needed
here from all data of businesses and institutions. In the post-1990 period, the adoption of risk-based auditing and information
processing systems can be observed. Despite this difference in audit understanding in both periods, in relevant periods the
main purpose of the audit is to determine the accuracy of the information presented in the financial statements and its annexes
and presentthe results of the audit activity to business-related interest groups.

In addition to this information presented in the table above, Independent Audit Regulation dated 26.12.2012 with Turkey
Auditing Standards including information systems auditing, it was decided to comply with international standards in the
field of independent auditing (Independent Auditing Regulation, 2012). Therefore, it is possible to say that the importance
of information systems auditing has increased in order to determine the accuracy of financial statements in accordance with
international auditing standards since 2012, when international auditing principles were adopted in auditing. In addition, the
parties in the information age where instant possibility access to today’s information includes not only business interest
groups but also other users of information outside the country.

3. Aim of Audit and Audit Process

It is concluded that the purpose of the audit is necessary to find what is better and more useful than the current situation, to
eliminate the differences in implementation, to detect the negative aspects and to make the right decisions (Kebeli, 2012;
Bozkurt, 2013).

The objectives of the audit are: to ensure continuity, prevention, and limitation, correction, reforming according to the
recommendations made as a result of the audit, to ensure efficiency and effectiveness, to make the various decisions, to seek
better and more useful than the current situation within the audited unit, to determine the differences between the
application, to take measures and  to reveal the negativity in practice (Kebeli, 2012; Bozkurt, 2013). Given the objectives,
the purpose of the audit is to provide a generally functional and accountable management approach.

In line with the objectives described above, the process that the inspection should follow can be compared to a building, as
shown visually in Figure 1 below. A solid structure must have a solid foundation. Establishing a solid structure in auditing
is possible with the determination of audit principles by the audit team on a solid basis. Customer acceptance procedures are
like a gate of the building in this structure. At the beginning of the audit process, the enterprise that will be subject to audit
first is required to collect  the necessary information about the business and assessment of the admissibility of the audit
in terms of risk. After that, the customer acceptance process studies are started by signing an audit contract between the
parties. In  the first stage of the audit process, it is proposed  to know  the business better by planning. In the following
process, evidence collection techniques for business and business operations are applied within the established planning.
After the evaluation of collected evidence about the business and completing the identified shortcomings the stage of reporting
the results is passed. In the reporting stage, which constitutes the last stage, the auditor’s report is prepared based on the
evidence found. The audit process in the company ends with the completion of the quality control procedures, which can be
likened to the roof of the building (Savli, 2012).
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QUALITY CONTROL
Completion Reporting
Responding to Risk Evidence Evidence
Collection Collection
Risk Assessment Audit Audit |
== Plan L Plan |

Figure 1. Audit Process (Savli, 2012).

4. Principles and Characteristics of Audit

In order for the audit to perform the functions expected of it and make a positive contribution to the functioning of the system,
the organization and operational view of the audit, which we can express as audit management, should be parallel to the
functions to which it is loaded (Kuluglu, 2006).

In order to achieve the expected benefit, the audit must have the following qualifications:
e The objectives of the audit should be clearly defined,
e There/It Must be a reliable and valid audit system (Akyel ve Kose, 2010).

Audit and audit reports should be appropriate for the period. When planning the audit period, the planning should be such
as to ensure that the personnel involved in the audit work to success with maximum efficiency in achieving the audit objectives
and targets. The duration of the audit should be kept as short as possible, but it should include sufficient time to achieve the

audit objectives. In addition, appropriate time should be scheduled for the audited entities.

Audit reports must be written within a short time after the audit to ensure that the non-conformities identified in the reports
are corrected by management and that the proposals are implemented. The audit should be flexible and should not restrict
the alternative solutions proposed by management. The audit process and the report produced at the end of the audit should
be understandable. If the audited service does not have a good understanding of the audit process, it cannot assist the auditors
at the expected level in assessing management risks and the effectiveness of controls to prevent those risks.

The fact that the audit reports are not understandable leads to the risk that the recommendations are not implemented due to
management’s lack of understanding of the findings and recommendations. The audit should have criteria. The absence of
criteria can lead to an inaccurate assessment of risk controls. The audit should be strategic. Instead of focusing on strategic
areas, it is a misunderstanding of the audit to remain in arbitrary areas based on random assessments or without criteria.
This leads to the idea that the audit is an unnecessary activity rather than the expected benefit. The auditor should be
constructive and anticipate corrective action. The audit should not only uncover and criticize nonconformities, but also

analyze the causes of errors and provide proactive solutions to prevent recurrence.
With the audit;

- It is used to determine the degree of success of organizations in system applications.
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- It ensures that non-conformities cannot be detected by the organization itself.

- Corrective and preventive activities of the organization should be strengthened and maintained more effectively.
- The status of the process is analyzed and the points to be optimized are determined.

- Process and organizational improvements are provided with the provided improvement suggestions.

- As aresult of all improvement activities, the efficiency of the organization is increased, costs are reduced, alternative costs
are determined, and better products/services start  to be offered.

- As a result of all these improvements, the organization gains prestige and trust in the market.
5. Audit Types

The types of audits can be classified according to various criteria. Within the study, audits are divided into two parts. These
are internal audits and external audits.

Figure 2. Audit types
5.1. Internal Audit

Internal audit is the examination of all business activities which are in the permanent status of the company or which offer
a continuous status as internal auditor from outside the company. In other words, it is a type of audit carried out by the people
who work in a company with a wage contract. Internal auditors are those who work within the organizational structure of
the company and generally present the information they receive to the management of the company. The main tasks of internal
auditors are to monitor the internal control structure of the institutions and organizations to which they are affiliated and to
make proposals. The internal audit is an important tool for companies to examine the effectiveness of their activities and to
show the extent to which the entity has achieved its objective. Internal auditors carry out their activities within the scope of
their responsibilities as defined by them under the Board of Directors. In addition to this information about internal audit
and internal auditors, it can be said that the number of internal auditors is also important to ensuring its effectiveness in the
internal audit. However, when table 2, in which the number of cadres allocated for internal auditing in public administrations
was presented in our country in 2018, is examined, although the number of staff assigned to internal auditors is 2.054, only
880 of this number are employed and the other 1,174 staff are not employed. Therefore, the occupancy rate of internal auditors
is only 43.03 percent. This rate in the number of internal auditors employed also negatively affects the effectiveness of internal
audit in our country ( Ministry of Treasury and Finance, 2021).
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Table 2
Internal Auditor Staff'in Republic Administration
Total Cadre Full Cadre Empty Cadre
2.054 880 1.174

Reference: (Ministry of Treasury and Finance, Number of Full-Empty Internal Auditors Cadre, 2021).

The duties of the internal auditor are listed as follows (Regulation on Working Procedures and Principles of Internal Auditors);
- “To evaluate the management and control structures of public administrations on the basis of an objective risk analysis.

- To conduct investigations and make recommendations with a view to effective, economical and efficient use of resources.
- To verify compliance with laws by expenditure.

- To monitor and evaluate the consistency of the administration’s expenditure, decisions and savings on financial transactions

with the objectives and policies, development plan, programs, strategic plans and performance programs.
- To audit the system of financial management and control processes and make suggestions on these matters.
- To make suggestions for improvement in the context of the audit results and follow up on them.

- To inform the highest superior of the respective administration if during the audit or after the audit a situation arises that

requires investigation.
- To verify the accuracy of the information produced by the public administration.

- Assist in establishing performance indicators when deemed necessary by the most senior manager and evaluate the
applicability of the established performance indicators.

- To inform the most senior manager of the findings of criminal situations “.
5.1.1. ISO 9001 Internal Audit

Considering the fact that consumers have quality, that their expectations of goods and services are increasing, and that they
are difficult and not easy to meet, it can be said that quality plays a strategic role in achieving competitive advantage. In this
respect it is a well-known fact that quality is one of the sines qua non of companies today. The literature shows that internal

audits contribute to the revitalization of corporate performance (Ali¢ ve Rusjan, 2010).

ISO 9001 Quality management System The aim is to record every process of the organizations published by the World
Standards Organization in the production or service sector and to ensure customer satisfaction at all levels of management
on the basis of continuous improvement. ISO 9001 internal audits are reviewed and reinforced by an internal auditor who
has ISO 9001 basic training and a certificate as an internal auditor ~ and knows whether or not he meets the requirements
of the quality management systems of companies. They prepare and implement the studies that prove the existence of the

substances of ISO 9001 standard in the company.
5.1.2. ISO 14001 Internal Audit

ISO 14001 Environmental Management System is the management system standard published by the international standards
organization which identifies and describes the studies to be done to minimize the damages to the environment as a result
of the interaction of the enterprises with the environment during their processes (Jiang ve Bansal, 2003). Because ISO 14001
Environmental Management System is a management system standard, a company can be established and applied alone, and
because it has common clauses with ISO 9001 Quality Management System standard, it can be installed and implemented
in integration with management system standards such as iso 9001 standard and OHSAS 18001 standard. Businesses that
establish and implement the ISO 14001 Environmental Management System should certify this standard with ISO 14001
certification. ISO 14001 internal audits are checked and reinforced by an internal auditor who has received ISO 14001 basic
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training and internal auditor certificate and checks whether or not the company meets the quality management system rules.
ISO 14001 standard in the enterprise shows that the existence of substances in the establishment of the documentation set
up and implement the application.

5.1.3. OHSAS 18001 Internal Audit

OHSAS 18001 is an international standard that determines the requirements for the occupational health and safety management
system (Fernandez-Muiiiz, Montes-Pedn ve Vazquez-Ordas, 2012). OHSAS 18001 has been developed in compliance with
ISO 9001 (QMS) and ISO 14001 (EMS) standards to enable organizations to integrate quality, environmental and occupational
health and safety management systems. Compliance with national health and safety standards is mandatory for all organizations.
Occupational Health and Safety Management System is a systematic and scientific way of identifying hazards and risks and
taking precautions against these hazards and risks to protect them from accidents and other effects that may cause health
damage due to various reasons and to provide a better working environment during the realization of work at workplaces.
The company is constantly monitored by the occupational safety advisor in terms of occupational safety who reports to senior
management.

5.2. External Audit

This is an audit conducted by audit staff and institutions ,which are not related to the functional and organizational hierarchy
of the audited company and which is independent of it, to express opinions on the legality, regularity of the operations of the
related company and efficiency, frugality and efficiency of management. The external audit may be the customer audit with
the customer request, International Organization for Standardization (ISO) 9001 and 14001 and others certificate audits and

public audits.
5.2.1. Customer Audit

Customer audit activities, which are performed by an auditor on behalf of the audit firm  whether or not for certification
purposes, at the request of customers. The audit is carried out by an impartial audit company to determine the system
implementation level of the organization, nonconformities, the effectiveness of corrective and preventive activities, the status
of its processes, and the points that need to be improved. In particular, audits made by customers of a third party; Social

compliance audits, security and safety audits, and Good manufacturing process (GMP) audits.

A social compliance audit is carried out under the name of social responsibility audit or social compliance audit to determine
and improve the working conditions of the manufacturers in the supply chains of big brands. The globalizing world and rising
consumer awareness are based on the determination and evaluation of large companies’ suppliers. International Labor
Organization, local and national units are published in the official newspaper. Laws, regulations, the rules and regulations
specified in the regulation are based on scoring the degree of compliance. Local statutory requirements are audits that are
assessed and reported in line with customer expectations. The Code of Ethics includes controls to ensure assurance to entities

requesting audit and having commercial relations with the audited entity.

In social compliance audits, the auditor checks the code of conduct of the company. These are;
e Forced labor,

e Payments,

e Working hours,

e Child labor,

e Discrimination,

e Employee Awareness,

e Prevention of Harassment and Abuse
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e Rest Days and Holidays
e Labor Discipline

Occupational Health and Safety: It considers human beings as the most valuable asset in all branches of activity and considers
it a primary goal to minimize any loss of life and property by providing a healthier and safer work environment. It organizes
pieces of training to ensure that all employees are aware of their responsibilities and provides the necessary personal protective
equipment for occupational health and safety. Occupational Health and Safety aim to comply with local laws and regulations
within the scope of which all personnel can work under the Occupational Health and Safety policy. Occupational health and
safety risks, environmental measurements, periodic checks, electrical internal installation compliance reports, and electrical
ground measurement and controls should be identified. It aims to keep these risks under control by reducing them to acceptable
levels.

An evaluation score is given to the company after the record controls. After the audit, the company is given a CAPA (Corrective
and Preventive) report in which nonconformities are written. The audited company sends a report to the impartial audit firm
with a description of the dates and activities for these nonconformities. Finally, the report is presented to the customer by
the audit firm.

GMP is a quality system that guides the manufacturers in terms of the conditions under which GMP standards should be
produced in many sectors with good manufacturing practices. The use of the GMP standard is used in particular in the United
States as cGMP. The letter “c” used at the beginning of the GMP standard stands for “Current”, meaning “dynamic. The
GMP standard is not a one-off system. It is a production technique that is continuously controlled and kept under control,
correcting the systemic or operational deficiencies that arise during these controls and developing based on the innovations
brought by today’s technology and sectoral studies. Topics covered in the GMP audit are Management commitment and
continual improvement, Risk management, Quality management, Site and facilities management, Product control, and
Personnel training. (Figure 3.)

Management
Commitment
& Continual

Improvement

Personnel
Training &
Competency

Figure 3. Topics examined in GMP audit

Particular points a GMP auditor pays attention to; how and where the records are kept, training procedure, whether adequate
training is provided, and the calibration of test devices.

5.2.2. Certification Audit

Certification audit is the process of issuing the certificate which is valid for 3 years as a result of the certificate renewal audit
after the expiry of the ISO 9001 and 14001 certificates issued for 3 years, provided that the enterprises carry out an audit

Acta Infologica, Volume 5, Number 1, 2021 107



Audits in a Textile Company and Advantages

every year in accordance with  the accreditation rules. Obtaining an ISO certificate is not a document norisit ~ sold on
the shelf. First of all, a company should establish the documentation showing the existence of the certificate standard in its
business as ISO 9001,14001. Upon this, the company must determine an accredited organization and apply for ISO 9001
Certification and remove any major or minor errors in the system that  occur as a result of this certification audit and as

a result, obtain ISO Certificate from the ISO Management system certification.
5.3. Independent Audit

An independent audit is an audit performed by independent auditors who are not affiliated with the institution it audits. The
concept of independent audit has been included in Law No. 6102 which entered into force on 01.07.2012 for the first time in
our commercial law. Independent audit =~ means the audit and evaluation of the financial statements and other financial
information following the financial reporting standards by applying the required independent audit techniques to obtain
sufficient and appropriate independent audit evidence, to provide reasonable assurance and to be evaluated and linked to the
report. Thus, a complete standard will be provided in the financial statements of the companies and the comprehensibility
of the financial statements will be increased. An independent audit is carried out by external auditors who are not loyal to
the institution they audit.

The following are the basic characteristics that the independent auditor should have (Comert ve Uzun, 2014);
- Impartiality, honesty and authority to the extent that the duty requires,
- Work independently and have reporting responsibilities,

- Evaluate internal controls, risk management processes, and corporate governance processes as they relate to the company,
and perform the audit of the financial statements,

- Comply with the requirements of laws and standards,

- Protect the interests of all stakeholders and interest groups associated with the Company,
- Serve the public interest (Comert ve Uzun, 2014).

5.3.1. Public audit

These are the audits carried out by the inspectors of public institutions to ensure public order and protection of public rights.
Public audits are carried out by auditors affiliated to the ministry and other public organizations based on the provisions of
the law (Korkmaz, 2007). Some ombudsmen performing ombudsman activities can be listed as follows (Independent audit
under international audit standards, 2009b).

e Ministry of Finance auditors,

e Ministry of Finance account experts,

e Capital Markets Board (CMB) auditors,

e Banking Regulation and Supervision Agency (BRSA) auditors,
e Social Security Institution (SGK) inspectors.

5.3.1. Economical audit

Financial statements are a type of audit in which compliance and performance audits are conducted and reported together.
Within the scope of the economic audit; on the one hand, it is determined whether the activities of the organization are carried
out under the legislation in force, and on the other hand, the compliance of the financial statements with the current financial
legislation and generally accepted accounting standards are  made through a detailed examination, taking into consideration
all operational functions of the resources allocated to the organization, efficiency, and is used following the principles
of frustration measures and makes recommendations in this direction.
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5.3.2. Financial Statements audit

The department that is directly related to the activities and results of an enterprise is not only the owner or partners of that
enterprise. The source of information about the activities and results of the enterprises are the accounting records and
documents of that enterprise and the financial statements prepared based on these enterprises. The purpose of the audit of
financial statements is to determine the irregularities that would prevent the realization of the objectives expected in these
statements or in other words, to determine the reliability of these statements by measuring the degree of compliance with
the principles, accounting procedures and principles, laws and all other predetermined criteria (Dalak, 2000). This audit is
performed by independent auditors and ombudsmen. In this context, the general elements of the financial statements audit

are presented in Table 2 below.

Table 2

Elements of the Financial Statement Audit

Aim Examination of the accuracy and reliability of the information presented in the financial statements
Content financial statements and annexes

Criterion Generally accepted accounting principles and other regulations affecting financial information

Reference: (Independent Audit Under International Audit Standards, 2009b).

5.3.3. Performance audit

This audit comprehends all levels of management in terms of their frugality, efficiency, and effectiveness in their programming,
implementation, and monitoring stages. It covers the review of the implementation of procedures and methods associated
with these activities to assess the efficiency and effectiveness of an organization’s activities (Kubali, 1999 ; Oztiirk, 2014).

The following are the purposes of performance auditing:

Kubali et.al explained that the primary purpose of performance auditing is to provide the state with information on the use
of resources and to make recommendations to managers by providing impartial and independent information. The second
purpose of performance auditing is to encourage the audited entity to take the necessary steps to improve its systems and
controls to achieve maximum efficiency with the resources spent. The main objectives of performance auditing announced

at the 12th Congress of SAI (Supreme Audit Institutions) in Sydney in April 1986 are as follows;

- Improving public administration,

- Providing reliable information to the legislature and the public on the results of the administration’s work,
- Encouraging the administration to evaluate its own performance,

- Ensuring that the chain of accountability is extended (Kubali, 1999).

6. Points to Be Consider By Auditors in the Covid -19 Period

During the Covid 19 pandemic, auditors need to access more information and documents about the company and its environment
to assess the impact of the 2020 financial statements on the economy. In this context, the following are the items that auditors
should focus more on during the Covid-19 process (Demir, 2020).

6.1. Risk Assessment and the determination of Material Misstatement Risks by knowing the company and its environment
“ISA 315 regarding the determinations to be given to the Assessed Risks and the valuation”

The Independent Auditing Standard (ISA) 315 governs the auditor’s responsibility to identify and evaluate the risks of material
misstatement in the financial statements in order to familiarize the auditor with the entity and its environment, including
the entity’s internal control (Independent Auditing Standard-315).

As part of this auditing standard, the auditor should assess how financial and operational actions should be taken as a result
of epidemics such as Covid-19. In this context, the auditor should also evaluate a possible disruption in the companies’
relationships with customers and suppliers and the risks that may be caused by a disruption (Tiirmob, 2020b).
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6.2. “ISA 500 Independent Audit Evidence” at Independent Audit Evidence

In disclosing audit evidence, ISA 500 addresses the auditor’s responsibility to plan and perform audit procedures to reach
appropriate conclusions. This auditing standard is also applicable to any audit evidence obtained during the audit (Independent
Auditing Standard-500).

During the Covid 19 epidemic process, constraints such as curfew and transportation should be considered by the auditor,
and in this direction, data sharing should be enabled by organizing meetings in a digital environment (Tiirmob, 2020b).

6.3 Regarding independent audit evidence, “ISA 540 Independent Audit of Accounting Estimates and relevant
disclosures, including those with fair value”

ISA 540 sets out the auditor’s responsibilities in relation to estimates and disclosures in the audit of financial statements. In
addition, there are provisions and explanations within this standard for assessing misstatements of accounting estimates and

indicators of potential management bias (Independent Auditing Standard-540).

Since the Covid 19 epidemic process creates a great predictive difficulty worldwide, it is of great importance that the auditor
uses his professional judgement during the epidemic process by reviewing all accounting estimates of the company (Tiirmob,
2020a).

6.4 Regarding the Use of Third Party Work “570 Business Continuity”

ISA 570 sets out the auditor’s responsibilities in relation to the continuity of the entity and the impact of going concern on
the auditor’s report (Independent Auditing Standard-570). In this context, the financial statements are prepared on a going
concern basis. Therefore, unless the manager intends to cease the economic activity of the entity, the manager is responsible
for acting on the going concern basis. However, financial statements prepared for specific purposes may or may not be
prepared on a going concern basis of accounting. Where it is appropriate to apply the going concern principle, assets and
liabilities are arranged on the basis that the entity will meet its assets and liabilities from which it will benefit (Independent
Auditing Standard-570).

It is understood that Covid-19 may have a significant destructive impact on the financial structures of companies. Therefore,
companies may have difficulty meeting their debt obligations. At this point, management should classify short-term and
long-term financial liabilities and determine which liabilities have been affected by the epidemic process and how this effect
affects the continuity of the company (PWC, 2019). However, the impact of sudden fluctuations in exchange rates during
the epidemic process on the financial statements and business continuity should be evaluated. If the auditor finds any
uncertainty about the continuity of the business during this process, he should not refrain from issuing a qualified opinion
(Ttrmob, 2020a).

6.5 Findings of Independent Audit and Reporting “Responsibilities of 720 Auditors in Relation to Other Information.”

ISA 720 addresses auditor’s responsibilities in relation to information other than the auditor’s opinion included in an entity’s
annual report. In this context, companies’ annual activity reports may consist of a single document or a combination of
several documents that serve the same purpose (Independent Auditing Standard-720).Under this auditing standard, a material
misstatement of financial statements is considered to exist when other information is materially inconsistent with the financial
statements or with information obtained by the auditor during the audit process. Therefore, in such cases, when the reliability
of the auditor’s opinion could be affected, the auditor is required to consider other information Independent Auditing
Standard-720). During the Covid-19 outbreak, the auditor should also assess whether the information in the annual report
prepared by management is consistent with the data presented in the companies’ financial statements, whether the annual
report provides explanatory information to the parties that require it, and whether the relevant report fully presents the
objectives and risks of the company’s future (Tiirmob, 2020a).
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7. Audit Simulation

Process changes in industrial facilities will cause both time and cost. These processes are first tested with simulations or
small-scale applications. In this part of the paper, the effect of the number of employees in a company, the frequency of audit,
the rate of interaction between employees on the company’s recovery time, the number of employees fired and the number
of employees recovered is examined. The simulation is prepared in Python programming language with the simpy library
(Matloff, 2008). The simulation works on a daily basis. Audit frequency is the period of audit of the company by internal or
external auditors. These parameter values were chosen as 4, 8, 13, 26 and 52 weeks. The number of employees working in
the company was chosen as 50 and 100. Interaction between employees refers to how much continuous employees in the
company interact with each other on a daily basis. This value states that when employees don’t conform , others see and
are affected by this nonconformity and spread the nonconformity. The spread of nonconformity is defined as a random
process and the probability of spreading nonconformity when two employees interact is assumed to be 50% in the simulation.
In the simulation, each employee is run as one thread. The probability of self-nonconformity of employees was set as 10%.
Nonconformist employees are detected and warned by the person responsible for the audit . The probability of an
unsuitable worker overlooked from the audit was set to 10%. The probability of recovery for the warned employees was
assumed to be 0.8. If the employee has not recovered after 2 inspections, they will be fired. Some screenshots taken during
the simulation are presented in Figure-4.
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Figure 4. Audit Simulation User Interface
8. Audit Simulation Results and Discussion

The first parameter examined was the duration of elimination of nonconformities in the firm by changing the audit frequency
in the simulation. The second parameter studied in the simulation was the impact of audit frequency on the employees in the
company. The number of employees who did not cover their compliance was determined by changing the audit frequency.
Finally, the simulation changed the interactions of the employees in the company and examined the effect of non-conformities
on closing time. The number of employees recovering is shown in Figure 5. Changing the frequency of the audit or changing
the interaction during the simulation generally did not significantly change the number of employees who recover. It can be
seen that the standard deviation is only larger when the audits are tightened.
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Figure 5. Audit Simulation on Number of Recovered Employee

Figure 6 shows the change in the number of fired employees. Increasing the frequency of audit or increasing the interaction
does not lead to a significant change in the number of fired employees . It can only be said that as the number of employees

increases, the number of firings also increases.
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Figure 6. Audit Simulation on Number of Fired Employee

Figure 7 shows the recovery times of the company. As can be seen, recovery from nonconformities is delayed as interaction
within the company increases. The company’s recovery time suggests that the interaction should be lower and the frequency
of audits higher. In 13-week audits in companies with fewer employees, it was observed that even with 75% interaction, the
nonconformities in the company can be eliminated. However, irrespective of the number of employees, similar behavior is
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observed when audits are conducted semi-annually or once a year. The graph shows that if audits are conducted at least every
3 months, success can be achieved even in companies with high employee interaction.
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Figure 7. Audit Simulation on Elimination of Non-conformity
9.Conclusion and Future Works

Textile companies need to develop competitive strategies and flexibly adapt these strategies in line with today’s conditions
to survive in today’s competitive and volatile world. The concept of the audit is evolving in many countries and the focus of
the audit approach is changing. The audit approach in Turkey is following a parallel course with global developments. The
importance and benefits of auditing in a textile company are becoming more and more noticeable. The audit, which may be
encountered in different ways in terms of its name, structure, and location, has an important function to achieve the goals
and objectives determined by the management. Changes in the audit approach to better fulfill this function are closely
followed in many countries and Turkey. In this study, a simulation was prepared to investigate the effect of audit frequency,
internal interaction and number of employees in the company on the improvement of the company. In the prepared simulation,
relevant changes were processed according to internal parameters on a daily basis. As a result, it was found that with sufficient
recovery of all parameters within the company, the highest improvement success is achieved when the audit frequency is
conducted at least every 3 months.

In a textile company, data storage and processing are carried out through computers by greatly reducing the labor force
benefiting from automation and digitalization. With technological advances, it is tried to facilitate information control at the
optimum level in the companies. Various artificial intelligence applications are available in textile enterprises (Shamey ve
Hussain, 2003; Karthikeyan ve Sztandera, 2010; Seckin, Se¢kin ve Coskun, 2019). Data processing in the computer
environment has given the information using a great opportunity to diversify the information. In this case, the data traffic
is more diversified and concentrated. The audit of this big data is becoming more difficult than before. At this point, the
auditor focuses more on analytical audit methods than before. As an auditor, if we look at the process of digitization  and
automation from another perspective, this can be a great advantage for an auditor. Since the records and documents are in
the digital environment and the algorithms are on the system, an audit can be performed with the support of artificial
intelligence and can increase the level of assurance (Mert ve Tas, 2019). Cognitive technologies can be considered to reduce
or possibly eliminate the need for auditors. Cognitive technologies have indeed enabled the automation of manual tasks such
as stock counting or drafting communications for decades. However, this will allow the auditor to focus more on focusing
on risky areas than on habitually focused areas. However, cognitive technologies can not only automate routine tasks but
can also enhance the professional judgment of the auditor by modeling thought processes that can be compared to the initial
results.
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With the developing information technologies, recently especially due to COVID 19, remote auditing can be a good saving
alternative, especially given that most companies limit their travel to business-critical functions and many countries around
the world are temporarily closing their borders. A video-telephone conference call may be organized in which the responsible
supervisor and the person responsible for the implementation of the revised program can participate, so that questions can
be asked simultancously during the remote review. In this way, documents can be exchanged and reviewed in real time, and

the feasibility of audits should be improved by asking questions and receiving answers at the same time.
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Kulak bolgesi bireyin yasina bagli olarak fizyolojik bakimdan ¢ok az degisiklige maruz kalan degerli
biyometrik bilgi igeren bir insan viicut bolgesidir. Biyometrik bilgi elde etmede kulak bélgesinin kullanimryla
ilgili cesitli yontemlerde kulak bolgesinin elle, yar1 otomatik veya tam otomatik olarak boliitlenmesi 6nemli
bir arastirma alanidir. Calismamizda, insan kulak bolgesinin goriintiiden tam otomatik olarak boliitlenerek
arka plandan ayristirilmasi i¢in siiperpiksel kiime bolgeleri, jeodezik bilgiye dayanan aktif ¢evrit tespiti ve
¢izge kesme yoluyla 6n plan ayristirma islemleri uygulayan bir yaklagim sunulmaktadir. Caligmamizdaki bu
yaklagim sayesinde kulak 6n plan maskesi programatik ve tam otomatik bi¢imde kulak gériintiisiinden
olusturulmaktadir. Kulak goriintiileri veri kiimesi ile yapilan deneylerde uzman tarafindan isaretlenen
referans kulak bolgesi maskesi otomatik olarak olusturulan 6n plan maskesi ile karsilastirilmistir. Jaccard
endeksi olgiitiine dayali benzerlik oranlari (birlesim kesisimi) dikkate alindiginda yiiksek basarim degerleri
elde edilmistir. Yaklagimimiz bu veri kiimesindeki goriintiiler i¢in %84 ila %92 araliginda oldukea iyi
basarim degerlerine sahiptir. Calismamizda, 6nerilen sinerjik yaklasimin bagarimi hem niteliksel hem de
niceliksel olarak deneysel sonuglarla ortaya konulmaktadir..

Anahtar kelimeler: Siiperpiksel, Aktif ¢cevrit, Cizge kesme, Goriintii boliitleme

ABSTRACT

The ear region is a region of the human body region containing valuable biometric information that is
subjected to a few physiological changes depending on the individual’s age. Manual, semi-automatic, or fully
automatic segmentation of the ear region in various methods related to the use of the ear region in obtaining
biometric information is an important area of research. In our study, we present an approach that applies
superpixel cluster regions, active contour detection based on geodesic information, and foreground separation
by graph cutting, to segregate the human ear region from the image by fully automatic segmentation from the
background. Thanks to this approach in our study, the ear foreground mask is created programmatically and
fully automatically from the ear image. In the experiments with the ear images data set, the reference ear
mask marked by the expert was compared with the automatically created foreground mask. It has been
obtained hHigh performance values were obtained, considering the similarity rates (i.e., intersection over
union) based on the Jaccard index metric. Our approach has quite good performance values (in the range of
84% to 92%) for the images in this dataset. In our study, the success of the proposed synergistic approach is
demonstrated both qualitatively and quantitatively with experimental results.

Keywords: Superpixel, Active contour, Graph cut, Image segmentation
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Siiperpiksel Kiime Bolgeleri Tabanl Aktif Cevrit Ve GrabCut Sinerjisini Kullanarak Insan Kulaginin Otomatik Béliitlenmesi

1. GIRIS

E-Saglik ve turizm alanlarinda bireylerin dogru olarak taninabilmesi, kimlik tanimlama (identification), yetkilendirme
(authentication) ve yetki gecerleme (validation) konularinda birgok ¢alisma mevcuttur. Bu alandaki ¢alismalar 6zellikle
bireylerin giinliikk yasantilarini aksatmamay1 amaglamaktadir. Temassiz olarak bireyin kim oldugunun tespit edilmesi ve
bireyin belirli slire zarfinda temassiz olarak takip edilmesine dayanan sistemlere olan ihtiya¢ giin gegtik¢e artmaktadir.
Biyometrik; genel olarak dlgiilebilen, fiziksel karakteristige sahip pratik uygulamaya yonelik, ayristirici, evrensel, kaliciligi
olan 6l¢iim ve dlciitleri icermektedir. Bu bakis agisiyla tanimlama ve yetkilendirme sistemlerinde; ses kayitlari, parmak
izleri, imzalar, el avug i¢i geometrisi, goz iris, yliz gorlintiileri, klavye tus bilgileri gibi bilgiler biyometrik alaninda tizerinde
calisilan uygun veriler olarak kullanilmaktadir (Tomczyk ve Szczepaniak, 2019). Biyometrik yetkilendirme sistemleri,
bireylerin fizyolojik ve davranigsal 6l¢iimlerini alarak bunlar1 bireyin tanimlayici (kimlik) bilgisini onaylamada kullanmaktadir.
Bu bilgilere dayanan karar verme, ¢ikarsama ve akil yiiriitme islemleri ile etiketleme (tagging), siniflandirma (classification)
ve tanima (recognition) sonuglarina yapilan deneylerle ulagilmaktadir (Schuckers, 2010). Bu bilimsel bir yoldan giinliik
hayattaki giivenligin (saglik, turizm, askeri, finansal, egitim ve benzeri) 6lgiilebilir, tekrar edilebilir ve siirdiiriilebilir bir
hale gelmesi anlamina gelmektedir.

Bilgi modeli olusturulurken kaynak, bu kaynaktan elde edilen 6zellikler ve bunlarin degerleri géz oniine alinmaktadir.
Ozellikle yiiz goriintiileri son yillarda derin 6grenme ve makine 6grenmesi tekniklerindeki gelismelerle birlikte oldukga
onem kazanmistir. Fakat yiiz bolgesinde yasa bagli olusan degisimler, sakal, gozliik, sapka (golge diisiiren basliklar) ve
benzeri tespit ve tanimay1 gliglestirici, drtiicii olan veya diger bireylerden ayristiriciligi bozan 6geler bulundugu durumlarda
biyometrik bilginin elde edilme kalitesi diismekte veya imkansiz hale gelebilmektedir. Bu agidan yas ile degisimle de olsa
fizyolojik yapisindaki oranlarin gorece sabit kaldig1 bilinen ve baska nesnelerle daha az drtiismeye maruz kalan fizyolojik

bir viicut bolgesinin islenmesi biyometrik a¢idan 6nem kazanmistir.

Insan kulagi igeren goriintiilerin elde edilmesi diger fizyolojik bolgelere gore nispeten daha kolaydir. insan kulaginin anatomik
bazi 6zellikleri yasa bagli olarak degisim gosterse de ayristirict olan i¢ ve dis kivrimlarinin geometrik oranlari biiyiik ¢apta
sabit kalmakta, yiiz ifadesindeki degisimden etkilenmemektedir. Ayrica, kulak geometrisinden kulagi ifade eden kenarlarin
(edge) elde edilmesine dayali yontemler ile giiglii bir tanimlamanin yapilabilmesi miimkiin olurken, kulagi kismen 6rten
sag, kiipe, taki ve kulakliklarin goriintiiden temizlenmesi de s6z konusu olmaktadir. Ozellikle, bu kulak kivrimlarinin
belirleyici kose noktalarina bazi gorsel isaret noktalarinin (landmark) yerlestirilmesi yoluyla (Cintas, Delriux, Navarro,
Quinto-Sanchez, Pazas ve Gonzalez-Jos¢, 2019), iki boyutlu (2D) veya ti¢ boyutlu (3D) kulak goriintiilerinde degisik
1siklandirma, kamera bakis agisi ve bireyin kafasinin konumu gibi ¢esitli durumlar bilgi modelinin olugturulmasinda olumlu
ya da olumsuz etki edebilmektedir. Bu isaret noktalari elle (manuel) veya otomatik olarak kulak {izerine yerlestirilmekte,
bu sayede kulak boliitleme (ear segmentation) ve kulak tespiti (ear detection) gerceklestirilebilmektedir. Ayrica, kulak tizerine
kulag1 kapsayan cevrit (contour) yerlestirilmesi yoluyla kenar tabanl boliitleme (edge-based segmentation) yapilabilmektedir.
Ozellikle literatiirdeki ¢alismalarda insan cilt rengi tespiti yoluyla ve kenar egim siddetinin (magnitude) artirilmasi yoluyla
(Chen ve Bhanu, 2005) ¢evrit esleme yapilabilmekte, bu sayede kulak tanima (ear recognition) sonucu elde edilebilmektedir.
Joshi ve Chauhan (2011) ¢alismasinda kulak tespiti i¢in iki farkli yaklagim onerilmistir. Buna gore; ilk yaklasim kenar
tespitine dayanmakta, ikinci yaklagimda ise sablon esleme (template matching) ile kulak tespiti yapilmaktadir. Yapilan
tespitlerin dogrulugu destek vektdr makineleri (support vector machine) araciyla kontrol edilmistir. Sablon eslemede ise
oklid mesafesi kullanilmistir. Literatiire daha genis acidan bakan Emersi¢ ve ark. (2017) calismasinda ve Pflug ve Busch
(2012) ¢aligmasinda da belirtildigi iizere; kulagin bigimine dayanan geometrik teknikler, kulagin genelini ele alarak kulak
temsiline (representation) dayanan biitiinciil (holistic) teknikler, yerel 6zniteliklerin elde edilmesiyle kulak ilgi noktalarinin
(point of interest) belirlenmesine dayanan yerel teknikler ve melez yaklasimlar mevcuttur. Ozellikle biitiinciil tekniklerle
kulak bi¢imini ortaya koymada kenar tespiti, ¢esitli filtreler ve kuvvet alani doniisiimlerinin de kullandig1 goriilmektedir.
Bu sayede kulak tespiti ve kulak tanima yiiksek dogrulukta yapilabilmektedir. Khattab ve ark. (2014) ¢caligmasinda, renkli
goriintiilerin boliitlenmesinde farkli renk uzayi1 modelleri igin ¢izge kesme (graph cut) teknigi ile otomatik yoldan goriintiiden
nesnelerin boliitlenebilmesi tizerine ¢alisilmistir. Bu sayede ¢esitli dogal goriintiiler lizerinden kiyaslama yapilarak ¢izge
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kesmenin otomatik goriintli boliitleme icin basariminin olduke¢a yiiksek oldugu kanitlanmistir. Bu yaklagimin renkli kulak
goriintiilerinde kullanilabilmesi fikrine dayanarak ¢alismamizda goriintiiden nesne (kulak bolgesi) boliitlemeye dair bir
sinerjik yaklasim olusturularak literatiire katki olarak sunulmaktadir. Buna gére renk uzay1 modelleri araciligiyla goriintiideki
cesitli kiime bolgelerinin geometrik yapisi belirlenerek biitiinciil bir teknikle aktif ¢evritin uygulanabildigi ve ¢izge kesmeye

dayanarak olusturulan bu sinerji sayesinde otomatik olarak kulak bolgesinin béliitlenmesi gergeklestirilebilmektedir.

Calismamizda makine dgrenmesi kapsaminda basit dogrusal iteratif kiimeleme (simple linear iterative clustering, SLIC)
yontemi yoluyla siiperpikseller ile olusturulan kiimelerin ifade ettigi bolgeler kullanilmaktadir. Bu yolla insan kulaginin
verilen goriintii igerisinde bulundugu konumunun en uygun dis gevritini tespit edecek morfolojik jeodezik aktif ¢evrit
(geodesic active contour, GAC) yontemi uygulanabilmistir. Bu sayede bu ¢evrit ile olusturulan maske goriintiisiine bagl
olarak cizge tabanli (GrabCut) bigimdeki iki seviyeli boliitleme (bi-level segmentation) yapilmaktadir. Bu boliitleme otomatik
olarak jeodezik terim kullanan aktif ¢evrit ile bulunan kulak dis ve i¢ bolgesine dair bilgiyle olusturulan maskenin GrabCut
yonteminde kullanilarak ¢izge kesme yaklasimiyla arka plan (background) ve 6n plan (foreground) olarak goriintiiden kulak
nesnesinin otomatik boliitlemesi seklinde gergeklesmektedir (Achanta, Shaji, Smith, Lucchi, Fua ve Siisstrunk, 2012; Banerjee
ve Mery, 2016; Marquez-Neila, Baumela ve Alvarez, 2014). Calismadaki deneyler, Esther Gonzalez-Sanchez tarafindan
olusturulan AMIDB (Mathematical Analysis of Images, AMI) isimli iki boyutlu (2D) insan kulak goriintii veri kiimesi
iizerinde gergeklestirilmistir (Gonzalez-Sanchez, 2008).

Literatiirdeki ¢esitli kulak goriintii veritabanlar1 ve veri kiimelerine bakildiginda; Tomczyk ve Szczepaniak (2019) ¢alismasinda
belirtildigi gibi farkli veritabanlar1 veya veri kiimeleri i¢in birbirinden farkli nesnel 6l¢iimler ve dl¢iitler (metric)
kullanilabilmektedir. Bazen basarim degerlendirmede tek pozdaki tek agidan gekilmis goriintii kullanilirken, sadece sol
kulak, sadece sag kulak veya her ikisi birden kullanilabilmektedir. Bu durum ¢aligmalarin birbirleriyle kiyaslanabilirligini
olumsuz yonde etkileyebilmektedir. Calismamizda AMIDB veritabanindaki yedi farkli poz agisindan (etiket) ve her iki
kulak birden degerlendirmeye alinmis, bdylece veritabani sayesinde daha tutarli bir deney ortami olusturulmustur.

Kulak tespitini goriintii igerisindeki nesne veya nesnelerin kenar tespitine dayanan kulak konumlandirma (ear localization)
dogrulugu veya tespit dogrulugu ile degerlendiren bir¢cok ¢aligmada cilt renginin ve bolgesinin de dikkate alindig1 goriilmektedir.
Bu tarz kulak tespiti ¢alismalarinda AWE veri kiimesi (Emersi¢, Struc ve Peer, 2017), UND (University of Notre Dame,
2015) ve USTB (University of Science and Technology Beijing, 2002) veritabanlar1 gibi gesitli veri kiimeleri kullanilmistir
(Emersi¢, Gabriel, Struc ve Peer, 2015). Bunlar olusturulurken; kosullu bir bigimde (sabit noktada duran bireylerin) veya
kisitli bir ortamda (kapalt i¢ mekan) goriintiiler elde edilebildigi gibi Internet ortamindan ve dis mekan dahil degisik
ortamlardan (in-the-wild) goriintiiler de elde edilebilmektedir. Kosullu ve genellikle kapali i¢ mekanda kisitlar altinda
olusturulan veritabanlarindaki biyometrik degerlendirme sonuglar1 kiyaslama (benchmarking) yapmaya daha uygun bir
Ol¢iim sinamast saglamaktadir (Wang, Yang ve Zhu, 2021). Calismalarda goriintii isleme, makine 6grenmesi veya derin
o6grenme yontemleri ile yapilan deneylerdeki bagarim dlgliimlerinde bilisim teorisinden (information theory) bilgi elde etme
(information retrieval) alanindaki bir¢cok nesnel 6l¢iit kullanilarak basarim degerlendirme sonuglar1 elde edilmektedir (EI-
Naggar, Abaza ve Bourlai, 2018). Genellikle, cilt rengi tespit edilerek kulak bolgesi igeren goriintiiden cilt bdlgesinin
ayristirtlmasinda gesitli renk uzaylari kullanilmaktadir. Bu sayede hem giiriiltii olarak goriintii boliitlemeyi etkileyecek
1siklandirma kosuluna bagh piksel parlaklik yogunluk farkliliklarinin 6niine gegilmeye hem de kulak dis ¢evritinin daha
baskin olarak goriintiiden elde edilmesine dair bir 6nislem (preprocessing) gergeklestirilmektedir (Jacob ve Raju, 2011).

Bu makale asagidaki sekilde organize edilmistir. Ikinci boliimiinde uygulanan yéntemlerin detaylarina yer verilmektedir.
Boylece verilen goriintiilere 6niglem yapilmasi ve iteratif kiimeleme yontemiyle siiperpiksel tabanli bolgelerin olugturulmasi
anlatilmaktadir. Bu bolgeler temel alinarak olusturulan kulak boélgesine dair aday ¢evritler igerisinden en uygun olarak en
distaki c¢evritin morfolojik jeodezik aktif ¢evrit yontemiyle belirlenerek ¢izge kesmeye dayanan iki seviyeli boliitlemede
kullanilmak {izere maske goriintiiniin olusturulmasi incelenmektedir. Bu yolla ¢alismadaki tam otomatik boliitlemeye dair
detaylara yer verilmektedir. Ugiincii boliimde, deneysel sonuglar ve tartismaya yer verilerek AMIDB veri kiimesi iizerinden
yapilan deneylerden elde edilen gorsel nitel ve nesnel nicel sonuglar sunulurken, bunun yani sira yaklasimimizdaki yontemlere
dair parametrik degerlere de yer verilmektedir. Dordiincii boliim olan sonug boliimiinde ise yapilan ¢aligmaya dair elde edilen
bilimsel bulgulara ve sonuglara dayanan tartigmaya yer verilerek, alanla ilgili ¢esitli 6nerilere deginilmektedir.
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2. YONTEM

Kulak bolgesinin boliitlenmesi konusu, 6ncelikle renkli goriintiilerden 6zellikle giinliik hayattan kosullu veya kosulsuz olarak
alinarak olusturulan bir goriintii veri kiimesinin toparlanmasi, bu veri kiimesinin tizerinde ¢esitli yontemlerin denenmesini
ve bunlar arasinda basarim kiyaslamasi yapilabilmesine olanak tanimaktadir. Farkli renk uzaylarinda goriintii boliitleme
yapilmasinda siklikla kiimeleme (clustering), esikleme (thresholding), bolge tabanli (region-based) veya kenar tabanli (edge-
based) boliitleme yaklagimlar: kullanilmaktadir. Ilgilenilen nesne (Object of Interest, OOI) igeren bolgenin arka plandan
ayrilarak on planda etiketlenmesi en sik uygulanan yaklasimdir. Bu sayede iki seviyeli boliitleme (bi-level segmentation)
islemi heterojen bolgelerin kenarlarla ayristirildigi, homojen veya benzer 6zellikteki bolgelerin ise belirli nesneler olarak
isaretlendigi bir siire¢ olarak karsimiza ¢ikmaktadir (Khattab ve ark., 2014).

Basit dogrusal iteratif kiimeleme (SLIC) yontemi k-ortalamalar (k-means) kiimeleme yonteminin siiperpiksel bolgeleri elde
etmeye uyarlanmis bi¢cimi olarak goriilebilir. Siiperpikselleri olusturan algoritmalar ya ¢izge (graph) tabanli ya da egimli
¢ikis (gradient-ascent) tabanli olabilmektedir. Bu algoritmalar goriintii igerisindeki pikselleri anlamli atomik bolgelere
gruplandirmakta, boylece boliitleme islemi daha hizli ve kaliteli hale gelebilmektedir. Cizge tabanli algoritmalar her bir
piksele bir ¢izgenin bir diigiimil olarak davranirken, egimli ¢ikis algoritmalari piksellerin ilk kiimesi ile baslay1p siiperpiksellerin
olusturuldugu nihai bicime karsilik gelen yakinsama kriterine kadar iteratif olarak kiimeleri olusturmaktadir. Stiperpiksellerin

olusturulmasinda goriintiideki nesne konumlarinin kaybolmamasina dikkat edilmesi 6nemli bir konudur.

SLIC yontemi, esit biiyiikliikte sliperpikseller tireten, k& adet kiimenin ilk merkez noktalarinin belirlenmesinin ardindan
goriintiideki pikselleri iteratif olarak arama alani igerisinde kaldiklar1 en yakin kiime merkezine iliskilendiren bir algoritmaya
sahiptir (Achanta ve ark., 2012). SLIC algoritmasinda, ilgili piksel ile ilgili kiime merkezi aras1 mesafe /abxy renk goriintii
diizlemi uzayinda bes boyutlu 6klid uzakligi olarak her adimda hesaplanir. Béylece piksellerin ilgili kiimeye dahil oldugu
bolge olusturulur. Giincelleme adimina kadar hata miktar1 hesaplanarak piksellerin en yakin kiime merkezine olan iligkisi
kurulur. Boylece giincelleme adiminda kiime merkezinin yeni konumu hata miktar1 degeri goz oniine alinarak belirlenir.
Bu islemlerin ¢izge tabanli algoritma ve bazi diger algoritmalara gore hesapsal karmasikligi oldukea diigiiktiir ve O(IV) olarak
islenmektedir.

Cevrit gelisim (evolution) yontemleri 6zellikle iki seviyeli boliitlemede kullanilmaktadir. Jeodezik aktif ¢evrit (geodesic
active contour, GAC) ve bunun bir ¢esiti olan morfolojik GAC, goriintiide ilgilenilen nesne (6n plan) ve arka plan olarak iki
bolgeyi ayristiran sinir ¢izgisi etrafina denk gelen bir ¢evriti bulmay1 amaglamaktadir. Bu yontemin parlaklik (intensity) ve
egim (gradient) gibi 6znitelikler kullanilarak bir gomiilme (embedding) fonksiyonunun kismi diferansiyel denklemlerinin
¢ozlimiine dayanan bir ¢alisma mekanizmasi vardir. Bu gdmiilme fonksiyonu sifir seviyesindeki kiimeyi ¢evrit olarak alir
ve ¢esitli nesne sinirlarini hesaplayarak her bir adimda gevriti giinceller. Bu giincelleme esnasinda goriintiideki parlaklik ve
egim farkli bolgeler igin hesaplanmakta fakat sinir bolgesinde genellikle hesaplama durdurulamamaktadir. Burada jeodezik
terim sayesinde egri gelisimi hesaplamasi durdurularak uygun sinir bolgeleri olusturulur (Banerjee ve Mery, 2016; Marquez-
Neila ve ark., 2014).

Acma (open) ve kapama (close) gibi ¢esitli matematiksel morfolojik islemler GAC yontemiyle enerji tabanli bir bigimde
uygulanmakta, minimum enerjili yiizey veya egri hesabi yoluyla hesaplanan bir jeodezik terim elde edilmektedir. Bilgi
icermeyen alanlara ¢evrit egrisinin takilip kalmamasi i¢in bir balon kuvveti terimi de morfolojik GAC ydnteminde mevcuttur
(Cohen, 1991). Marquez-Neila ve ark. (2014) calismasinda yilan (snake) olarak ifade edilen bir egrinin / goriintii igerigini
ifade edecek sekildeki bir enerji fonksiyonu bigeminde tanimlanan gevrit ile olusturulabildigi ifade edilmektedir. Buna dair
Esitlik (1) asagida verilmektedir. Burada z terimi yilan egrisini, C terimi ise enerji tabanli hesaplanan gevriti ifade etmektedir.

uzuniuk (C)

E(c) = J; gD (c(z) )dz
[ gt e lar ()

Burada, Esitlik (1) ‘deki 6klid uzakligi bigimindeki egri uzunlugu parametresi olarak dz = |C,.| ¢dr parametresi kullanilmistir.
Boylece goriintiideki kenarlarin belirlenmesinde Gauss filtresine dayanarak olusturulan ve Esitlik (1) esitliginde de verilen
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terim g(I): R¥ — R*, x — g(I)(x) olarak ifade edilmekte ve goriintii icerisinde ilgilenilen bolgenin segilmesini saglamaktadir.
Ayni caligmada morfolojik GAC kismi tiirevli denklemlerinin morfolojik balon, ¢ekim kuvveti ve morfolojik yumusatma
(smoothing) bilesenleri bu Esitlik (1) esitligine eklenip ¢oziimlenmistir. Buna gére ¢alismamizdaki morfolojik GAC yukarida
bahsedilen diger temel parametrelerin yani sira dort temel parametreye bagli ¢alismaktadir. Durdurma kriterinin (stopping
criterion) parametreleri olan alfa ve sigma parametreleri balon kuvveti terimi parametresi (genisleme kuvveti), bunlarin yani
sira balonun ve yumusatmanin esikleme (thresholding) parametresi ¢alismamizda goriintii igerisindeki kulak nesnesi i¢in
dis ¢evritin uygun bicimde gelisim hesaplamasinda kullanilmaktadir. Bu parametrelerin teknik detayina Marquez-Neila ve
ark. (2014) ¢alismasinda yer verilmistir.

GrabCut yontemi Gauss karigim modelleri (Gaussian mixture models, GMM) kullanarak renk uzayindaki parlakliklara
istinaden 6n plan ve arka plan bolgelerini 6grenmektedir. Cizge kesme yaklasiminda goriintiiddeki kenar ve bolgesel bilgilere
dayanarak bir enerji fonksiyonu olusturulur ve iteratif olarak eniyilemesi (optimization) yapilir. Cizge kesme siireci dncelikle
bir kullanicinin ilklendirme amaciyla yari interaktif (etkilesimli) bir yoldan ilgilenilen nesnenin etrafina ilgilenilen nesneyi
kapsayan bir dikdortgen (kapsayan kutu) ¢izmesi ile baglar, ayrica nesneye gore dista kalan ve icte kalan bolgeleri belirler.
Buna gore goriintii her bir pikselin etiketlenerek ¢izgede bir diigiime (node) atandig1 agirliklandirilmis bir ¢izge olarak
modellenmis olur. Kaynak (source) ve bitis (sink) terminalleri olarak iki diigiim olusturularak ¢izge tamamlanir.

Literatiirde min-cut ismi verilen yontem sayesinde bu yar1 interaktif yaklasima dayanan ¢izge, kaynak ile bitis terminallerinin
ayirdigi iki farkl diigiim kiimesine boliiniir. Bu islem kenar (edge) olarak ifade edilecek olan kismin komsu pikseller arasindaki
hesaba dayanan agirliklarin atanmasi sayesinde ¢izge kesme olarak yapilir (Banerjee ve Mery, 2016). Bu yolla bu dikdortgen
icerisinde kalan her bir etiketlenmemis piksel 6n plana veya arka plana ait olarak etiketlenerek yakinsama saglanana kadar
iteratif olarak slire¢ devam eder. Tushar (2018) calismasinda Hue-Saturation-Value (HSV) renk uzayinda GrabCut yontemini
kullanarak otomatik béliitleme yoluyla cilt lezyonu 6n plan goriintiisii elde etmeyi basarmistir. Onislemden gegirilen
goriintiilerde ayristirilmak istenen bdlge ile uzman tarafindan isaretlenmis referans bolge (ground-truth) benzerlik orani
Jaccard endeksi degeri olarak olglilmiistiir.

Caligmamizda GrabCut yonteminde otomatik ¢izge kesme yapilmasi i¢in gerekli olan arka plan ve 6n plan modellerinin
olusturulmasinda nesneyi ¢evreleyen kisitlayici kapsayan kutu (bounding box) seklindeki ilklendirme (initialize) dikdortgeninin
belirlenmesi yoluyla ¢izge kesme islemi veya belirli bir esik degerine gore kapali dolgu alani bigemindeki maske goriintiiniin
(0 ve 1 degerli piksellerden olusan siyah beyaz goriintii) elde edilmesinde morfolojik GAC yontemiyle belirlenen insan
kulagina dair en distaki ¢evritin kapsadig1 bolgeden yararlanilmistir. Buradaki kapsayan kutu, goriintii isleme alaninda
genellikle kullanilan digbiikey zarf (convex hull) yontemi temel alinarak olusturulmustur. Buna gore insan kulagina dair en
distaki ¢evritin azami ug degerli kdse noktalarina dokunan kenarlara sahip bir dikdortgen belirlenmistir. Bu ¢evriti kapsayacak
bi¢cimde kapsayan kutu otomatik olarak goriintiiye yerlestirilmektedir. GrabCut yonteminin ilklendirme kosulu i¢in belirli
bir esik degeri dikkate alinarak, bu maskeyle goriintiideki kapali dolgu alaninin m1 yoksa kisitlayici kapsayan dikdortgenin
mi segilerek isleme baslanacagi belirlenmektedir. Morfolojik GAC yontemi ise verilen goriintiiniin SLIC yontemiyle elde
edilen stiperpiksel kiime bolgeleri olarak elde edilmis kaba hatli bolgeler iizerinden calistirilarak kulak nesnesini kapsayan
uygun en dis gevriti ve buna dair kapali dolgu alanini olugturmaktadir. Maske ile ifade edilen nesneye dair bdlgenin (kapali
dolgu alani) disarisinda kalan alanlarin belirlenmesi ve bu yolla GrabCut yontemiyle iki seviyeli boliitlemenin tam otomatik
olarak yapilmasi da saglanmistir. Bu iki alternatife (kapali dolgu alani veya kapsayan kutu kullanimi) uygun 6n plan ve arka
plan modelleri otomatik olarak olusturulup kapsama durumlarina gére GrabCut yontemine gonderilmektedir. GrabCut
yonteminin gerekli iterasyon kadar calistirilmasiyla eniyilenmis 6n plan maskesi olusturulmaktadir. Asagidaki Sekil ’de

calismamizda Onerilen yaklagima dair akis semast verilmektedir.
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Sekil 1. Onerilen yaklasimin akis semasi.

Sekil 1’de gortilebilecegi gibi renkli RGB goriintii girdi olarak alinarak gerekli dniglemlerden gegirildikten sonra sirastyla
SLIC yontemine, oradan morfolojik GAC yontemine gegirilmektedir. En son olarak GrabCut yontemine bu iki yontemin
uygulanmastyla elde edilen ilgili maske goriintiisii gegirilerek nihai asamada 6n plan olarak isaretlemesi yapilmaktadir. Bu
sayede kulak bolgesinin arka plandan kesilmesiyle elde edilen nihai maske goriintiisii kullanilarak renkli goriintiiden kesilen
kulak bolgesini i¢eren ¢ikt1 goriintiisii elde edilmektedir. Yapilan deneylere ve yaklagimimizda kullanilan yukarida anilan

yontemlere dair ¢esitli parametrik detaylara sonraki boliimde yer verilmektedir.
3. DENEYSEL SONUCLAR VE TARTISMA

Calismamizdaki deneylerde Esther Gonzalez-Sanchez tarafindan olusturulan iki boyutlu (2D) insan kulag1 goriintiileri veri
kiimesi AMIDB kullanilmistir. Ispanya’daki bir iiniversitede yaslar1 19 ila 65 aras1 degisen 100 farkli bireyden kosullu bir
bicimde (sabit noktada duran bireylerin) alt1 farkli agida sag kulak ve sol kulak goériintiisii sabit 151k ve kamera uzakliginda
kaydedilmistir. Bu veri kiimesinde goriintiiler her birey i¢in yedi farkl etiket ile sunulmustur. Bunlar arka (back), n (front),
yukari (up), asagi (down), sol (left), sag (right) ve yakin (zoom) olarak verilmistir. AMIDB veri kiimesinde her biri 492x702
piksel ¢oziiniirliikte olan RGB renk uzayinda tanimli 700 adet JPEG formatinda goriintii yer almaktadir. Bu goriintiiler ilgili
deneye katilan ilgili bireyin tanimlayici numarasiyla ve ¢ekim sarti (arka, 6n, yukari, asagi, sol, sag ve yakin) olarak
etiketlenmistir. Veri kiimesi dort adet alt kiimeye (subset) boliinmiis olarak ilgili Internet adresinde sunulmustur (Gonzalez-
Sanchez, 2008).

Caligmamizda sag ve diger kulak harici nesnelerin tespit ve boliitlemeye etki etmemesi adina 6niglem agamasinda histogram
esitleme yoluyla 1siklandirma ve renk ton farkliliklarindan kaynakli boliitleme sorunlarini en aza indirecek bir yol izlenmistir.
Ayrica, literatiirde siklikla kullanilan Sobel kenar filtresi de goriintiiye uygulanarak kulak ¢evrit tespitine yardime1 olacak
cilt ila cilt olmayan bolgeler arasinda egimin olusmasi saglanmistir. Ardindan diger renk dagilimlarindan cilt rengini
ayristirmak icin HSV ve YCrCb renk uzaylarinda uygun maskeler elde edilerek orijinal RGB renkli resimdeki cilt bolgesi
elde edilmistir. YCrCb renk uzayinda parlaklik (¥), kirmizi renk (Cr) ve mavi renk (Cb) bilesenleri mevcuttur. Burada HSV
renk uzay1 kullanilmasi renk dagilimlarinin tepe noktasi (mode) tespitinde yararli olmaktadir. Bylece bu renk uzay1 modeli
renkli bolgelerin goriintii igerisinde daha belirgin olarak ayristirilabilmesine yardimer olmaktadir. YCrCb renk uzayindaki
yapilan islem sayesinde parlaklik (Y) bilesenin ayristirilmasiyla piksel bazli parlakliga bagli yogunluklarin renk bilesenleri
olan kirmizi renk (Cr) ve mavi renk (Cb) bilegenlerinin tizerindeki etkisi azaltilabilmektedir (Jacob ve Raju, 2011). Bu islem
cilt bolgesinin diger bolgelerden ayristirilmasinda oldukea iyi sonuglar alinmasina da yol agmaktadir. Bu islemin ardindan
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bu cilt bolgesinden olusan ve orijinal renkli RGB goriintiiden kesilerek elde edilen renkli goriintii dogrudan SLIC yontemine
gegcirilmistir. SLIC yontemiyle toplam en fazla yedi kiime merkezi olacak sekilde siiperpiksel kiime bolgeleri cilt bolgesini
igeren bu goriintiiden elde edilmistir. SLIC ¢iktis1t morfolojik GAC yontemine aktarilarak ¢evrit gelisimi jeodezik terime
uygun olarak ilerletilmis elde edilen kulak nesnesi kapsayan en uygun dis ¢evritin i¢erisinde kalan kapali egri alaninda dolgu
yapilmistir. Bu sayede maske goriintii olarak (siyah beyaz) bir goriintii elde edilmistir. Buna gore goriintiide arka plan siyah
renkli piksellerle 6n plan ise beyaz renkli pikseller ile ifade edilmektedir.

Deneylerde SLIC yontemi igin literatiirdeki Achanta ve ark. (2012) temel ¢alismasinda kullanilan parametrelerin belirtilen
araliklar1 goéz oniine alinmistir. Ayrica, Walt ve ark. (2014) ¢alismasinda belirtildigi haliyle Scikit-Image goriintii isleme
kiitiiphanesinin Python programlama dili paketinin goriintii boliitleme modiiliindeki SLIC yontemiyle ilgili parametreleri
dikkate alinmistir. Calismamizda olusturulan sinerjik yaklasima bu parametrelerin uygunlugu géz éniinde bulundurularak
deney parametrelerinin el ile belirlenen ilklendirilmis (initialize) degerleri olacak sekilde; Gauss yumusatmasi ¢ekirdek
biiytikliigii olarak sigma parametresi 4, renk yaklasiklig1 ve uzamsal yaklasiklik i¢in yogunluk (compactness) parametresi
4 ve azami kiime sayis1 7 olarak belirlenmistir. Buna gore SLIC ve siradiizensel ¢izge birlestirme yapilmasi sayesinde
stiperpiksel bolgeleri olusmaktadir. Bu kiime bdlgelerinden olusan gdriintii gri tonlamali hale getirilerek morfolojik GAC
yontemine verilmektedir. Bu morfolojik GAC yontemi i¢in alfa parametre degeri 2300, sigma parametre degeri 5,58 alinmuis,
balon kuvveti terimi 1 alinarak, esikleme degeri ise 0,41 olarak belirlenmistir. Buradan elde edilen dis ¢evrite dair (kulagi
kapsayan en dis ¢evrit) i¢ bolge kapali dolgu alant haline getirilmekte bdylece siyah beyaz renkte maske goriintiisii
olusturulmaktadir. Morfolojik GAC ile olusturulan maskenin kullanilmasiyla eger belirli bir esik degerinin altinda kaliyorsa
on plan ve arka plan modelleri otomatik bir bicimde olusturularak GrabCut yontemi calistirilmaktadir. Bu esik degeri
dolgunun kapladig1 alan biiytikligiiniin gériintiiniin %50’lik kismina denk gelip gelmedigini kontrol eder. Eger belirlenen
esik degerinden bu dolgu alan1 bityiikse dogrudan ilklendirme dikdortgeni kullanilarak otomatik bir bigimde 6n plan ve arka
plan modelleri olusturulup GrabCut yontemi ¢alistirilmaktadir. Bu islemde kulak nesnesinin i¢erisinde bulundugu icte kalan
bolge (6n plan modeli) i¢in morfolojik GAC yonteminin yukarida verilen parametrik degerlerle 355 iterasyon sonucunda
iirettigi bolge kullanilmaktadir. GrabCut yontemi iterasyon sayisi ise 5 olarak belirlenmistir.

Orijinal girdi goriintiisii ve bu maske goriintiisii kullanarak GrabCut ¢izge kesme yontemi ¢alistirilmaktadir. GrabCut
tarafindan yapilan kesme islemi sonucunda olusturulan yeni maske goriintiisii sayesinde 6n plan olarak isaretlenen kulak
bolgesi arka plandan kesilerek renkli ¢ikt1 goriintiisii olarak elde edilmektedir. Asagidaki Sekil 2’de AMIDB veri kiimesinden
rasgele secilen dort farkli goriintii i¢in sirasiyla Sekil 2 (a) orijinal renkli goriintii, Sekil 2 (b) SLIC siiperpiksel kiime bolgeleri,
Sekil 2 (¢) morfolojik GAC en dig ¢evritiyle olusturulan kapali dolgu alanina uygun maske goriintii, Sekil 2 (d) GrabCut i¢in
nesneyi kapsayan kutu olarak ilk dikdortgen bolge, Sekil 2 (e) GrabCut ile ¢izge kesme sonucu elde edilen yeni maske
goriintiisii, Sekil 2 (f) renkli ¢ikti goriintiisii olarak verilmektedir. Sekil 2°deki satir numaralart ile belirtilen sirasiyla 1)
“002_up ear”,2)“020 front_ear”,3)“056_zoom_ear” ve4)“090 zoom_ear” isimli goriintiiler ve bunlarin yukarida anilan
yontemlerle iglenmis halleri verilmektedir.
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Sekil 2. AMIDB deneysel sonuglar.

Deneylerde uzman tarafindan isaretlenmis referans (ground-truth) bolge maske goriintiisii ile programatik olarak tespit ve
boliitlemesi yapilmis bolgenin karsilastirilmasinda; birlesim kesisimi (Intersection over Union, JoU) olarak tarif edebilecegimiz
Jaccard endeks degerleri kullanilmistir. Bir siniflandirmada dogru olarak siniflandirilan veya yanlis olarak siniflandirilan
pikselleri ifade etmek i¢in biligim teorisinden bilgi elde etme (information retrieval) alanindaki dogru pozitif (true positive,
TP), yanlis pozitif (false positive, F/P), dogru negatif (true negative, 7N) ve yanlis negatif (false negative, F'N) dl¢timleri
kullanilmaktadir. Buna gore; TP degeri tespit edilmesi istenilen bolge piksellerinin kag¢ tanesinin dogru olarak programatik
bicimde bu bolgede tespit edilmis oldugunu gosterilmektedir. FN degeri tespit edilmesi istenilen bdlge piksellerinin kag
tanesinin yanlig olarak programatik bicimde bu bdlgenin disarisinda tespit edilmis oldugunu gosterilmektedir. FP degeri
ise tespit edilmesi istenilen bdlgenin disinda kalan piksellerin kag tanesinin yanlis olarak programatik bicimde bu tespit
edilmek istenilen bolgenin icerisinde tespit edilmis oldugunu gostermektedir. Bu dlgiimleri igeren Jaccard benzerlik endeksi
(katsay1si) ol¢iitii asagidaki Esitlik (2) ile ifade edilmektedir (Tushar, 2018). Bu 6l¢iit ile [0,1] arali§inda degerler elde edilmekle
birlikte literatiirdeki bazi ¢alismalarda ise bu degerler yiizdelik orana doniistiiriilerek de verilebilmektedir.

|TE|

accard = ———
I (|ITP|+|FBl + FNI) )

Elde edilen deneysel sonuglarda biiyiik oranda kulak bolgesinin dogru konumunda ve tam olarak boliitlendigi gériilmektedir.
Sekil 3’deki satir numaralari ile belirtilen sirasiyla 1) “002_up _ear”, 2) “020_front_ear”, 3) “056_zoom_ear” ve 4) “090 _
zoom_ear” isimli goriintiiler deneylerde kullanilan goriintiiler arasindan rasgele secilmistir. Bu dort goriintiiye ait Jaccard
benzerlik endeksi degerleri, asagidaki Sekil 3’te verilmektedir.
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Sekil 3. Jaccard benzerlik endeks degerleri.
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Sekil 3’te (a) orijinal goriintii, Sekil 3 (b) referans (ground-truth) gorinti, Sekil 3 (c) calismamizda onerilen yaklasimin
iirettigi cikt1 maske gortintiisti ve Sekil 3 (d) ilgili goriintii icin Jaccard endeks degeri verilmektedir. Referans (ground-truth)
olarak uzman tarafindan el ile isaretlenen arka plani (siyah) ve 6n plani (beyaz) ifade eden goriintii kullaniimistir. Bu referansla
yapilan kiyaslamada nesneye karsilik gelen programatik olarak ¢calismamizda tiretilmis ¢ikti maske goriintiistiniin benzerlik
orant (Ortiistimiin birlesime orani) veya birlesim kesisimi (Intersection over Union, JoU) olarak tarif edebilecegimiz Jaccard
endeks degerlerine bakildiginda (bu degerler yiizdelik orana doniistiiriildiigiinde) %84 i1a %92 arasinda bir birlesim kesigimi
(benzerlik orani) ile deneylerde referans veri ile karsilastirildiginda oldukga iyi sonuglar elde edildigi goriilmektedir. AMIDB
veri kiilmesinde sirasiyla subset-1, subset-2, subset-3 ve subset-4 isimli dort ayri alt kiime bulunmaktadir. Tiim bu alt
kiimelerdeki toplamda 700 adet goriintii izerinden ortalama Jaccard endeks degeri (loU) hesaplandiginda standart sapma
miktar1 da géz 6niine alinarak %86,32+0,6 oldugu goriilmektedir.

Literatiirde AMIDB veritabanindan farkl: veritabanlari i¢in bu dlgiitle veya farkli 6lgiitlerle deneysel sonuglar elde eden
calismalar da mevcuttur (Wang, Yang ve Zhu, 2021). Emersi¢ ve ark. (2015) ¢alismasinda belirli bir kosula bagli olmayan
ortamdan aliarak etiketlenmis ag kulak goriintiileriyle olusturulan AWE veri kiimesi (Emersi¢, Struc ve Peer, 2017) iizerinde
piksel capinda kulak tespitine dayanan kodlayict kod ¢oziicii (encoder-decoder) sinir ag1 ile yapilan deneylerle bazi Jaccard
endeksi (loU) degerleri elde edilmistir. Emersi¢ ve ark. (2015) ¢alismasinda AWE veri kiimesi i¢in ortalama Jaccard endeks
degeri olarak %55,7+25,0 elde edilmistir. AMIDB veritaban1 ile AWE veri kiimesi arasindaki temel fark ise AWE veri
kiimesinin AMIDB veritabaninin aksine kosula veya kisita bagli olmaksizin (in-the-wild) olusturulmus olmasidir. Boyle
goriintiilerde insanin kafa bdlgesinin yan profilden goriinmesi veya yiiz bolgesinin tamamen goriiniir olup olmamasi kulak
bolgesinin tespitini, boliitlenmesini veya taninmasinit daha farkli bir konu baglig: altinda incelenebilecek hale getirmektedir
(Wang, Yang ve Zhu, 2021).

Bir¢ok caligmada kulak béliitleme; kulak tespiti veya kulak tanimanin bir ilk adimi1 olarak goriilmekte, basit esikleme ile
boliitleme veya elle isaretlenen bolgeler izerinde aktif ¢evritin isletilmesiyle kulak konumlandirma (localization) yapilmaktadir.
Bu calismalarda yogunlukla, tespit dogruluk orani, yanlig tespit orani veya benzeri nesnel olgiitler tizerinden bir basarim
degerlendirme yapilmaya ¢alisiimaktadir. Dogruluk orani (accuracy) 6lgiitii Jaccard endeksi yani sira ¢alismalarda bagarim
degerlendirme igin kullanilmaktadir. Asagidaki Esitlik (3) ile dogruluk orani ifade edilmektedir (Emersi¢, Gabriel, Struc
ve Peer, 2015). Bu olgiit ile [0,1] araliinda degerler elde edilmekle birlikte literatiirdeki bazi ¢alismalarda ise bu degerler
yiizdelik orana doniistiiriilerek de verilebilmektedir.
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Dogruluk =

Yakindan bakildiginda Esitlik (2) ile Esitlik (3) arasindaki temel farkin dogru negatif (7N) terimi oldugu goériilmektedir. TN
degeri tespit edilmesi istenilen bolgenin diginda kalan piksellerin kag tanesinin dogru olarak programatik bicimde bu bolgenin
disarisinda tespit edilmis oldugunu gostermektedir. Buna gore, dogruluk orant ile Jaccard endeksi arasinda temel farklilik
ilgili bolgeler i¢in bakilan ortiisiim oranlarini ne ag¢idan degerlendirdikleridir. Dogruluk orani tiim goriintiide kag tane
pikselin dogru olarak siniflandirildigint gostermektedir. Calismamizda basarim degerlendirme yapilirken, goriintiideki
piksellerin kulak bolgesine ait olarak ne derecede dogru siniflandirilmis oldugunun oransal olarak 6l¢iilmesi hedeflenmistir.
Buna gore ¢alismamizdaki sinerjik yaklasimla elde edilen kulak bolgesi ve kulak bolgesi disinda kalan bolgelerdeki (sac,
cilt vb.) pikseller degerlendirmede dikkate alinmigtir. Dogruluk oran1 goriintii igerisinde dengesiz olarak dagilan piksellerden
olusan bolgeler i¢cin daha uygun bir 6lgiittiir. Kulak bolgesi disinda kalan bélgeler (cogunluk bolgesi) daha fazla pikselin
bulundugu alanlari, kulak bolgesi (azinlik bolgesi) ise daha az pikselin bulundugu alani ifade ettigi durumlarda dogruluk
orani daha kullanishi olmaktadir. Literatiirdeki ¢ogu veritabaninin aksine AMIDB veritabani kosullu, kisitlar altinda
olusturulmus ve bahsi gegen bu iki bolgenin veritabanindaki goriintiiden goriintiiye farklilik gosterdigi bir yapidadir. Bazi
goriintiilerde kulak bolgesi pikselleri ¢ogunluk sinifindayken bazilarinda ise azinlik sinifinda olabilmektedir. Bu agidan
Jaccard endeksi (IoU), cogunluk ve azinlik siniflar1 arasinda piksellerin dagilimindan daha az etkilenmesi nedeniyle daha
dogru bir 6lgiim yapmamizi saglamaktadir (Emersi¢, Gabriel, Struc ve Peer, 2015). Calismamizda nihai gizge kesme adimiyla
bolge tabanli bolitleme (region-based segmentation) yapildigt ve cogunluk ile azinlik siniflarina ait piksellerin AMIDB
veritabaninda ¢esitli alt kiimelerde (subset-1, subset-2, subset-3 ve subset-4) farkli bolgesel oranlara sahip goriintiilerde farkl
siniflara diismesi nedeniyle 6zellikle dogruluk orani yerine Jaccard endeksi (loU) tercih edilmistir. Bu agidan ¢alismamiz
AMIDB o6zelinde Jaccard endeksini kullanmasi nedeniyle literatiirdeki diger ¢caligmalardan farkli bir 6zgiin bakis acisina
sahiptir.

4. SONUC

Yapilan deneylerde elde edilen gorsel nitel (qualitative) sonuglarda da ayni zamanda nesnel nicel (quantitative) nesnel benzerlik
orani dlgiitli (Jaccard endeksi) degerlerinde de oransal olarak kulak bolgesinin konumunun dogru olarak bulunmasi ve
programatik yoldan olugan nesne sinirlar1 tarafindan tam olarak kapsanir olusu, kullanilan yontemlerin parametrik degerlerine
gore etkin sonuglar iiretmesi ve biyometrik alaninda otomatik kulak béliitlemenin popiiler bir aragtirma konusu olmasi
nedeniyle caligmamiz kendi kapsaminda e-saglik ve turizm alanlarinda bireylere uygulanacak biyometrik yetkilendirme ve
tanima ile alakali diger ¢caligmalara temel olusturabilecek bir yapidadir.

Calismamizdaki deneylerden anlagilacagi iizere uygun olmayan 6nisleme algoritmasinin olusturulan sinerjiyi olumsuz
etkileyebilecegi, boyle bir sinerjinin en ¢ok ilk adimlarda yapilan kiimelemeye bagimli olarak basariminin degiskenlik
gosterebilecegi anlasilmaktadir. Onerilen sinerjik yaklasimdaki aktif ¢evritin goriintiideki giiriiltii olarak tarif edebilecegimiz
cesitli piksellerden ve azinlik sinifina girmesi gerekirken ¢ogunluk sinifina giren veya tam tersi durumdaki piksellerden
etkilendigi goriilmektedir. Bu agidan olusturulan siiperpiksel kiimelerinin olabildigince homojen bdlgeleri ifade etmesine
dikkat edilmelidir. Buna gore SLIC ile elde edilebilecek kiimelerde bolge i¢i homojenlik olusmasi adina renk yaklasikligi
ve uzamsal yaklasiklik i¢cin yogunluk parametresi etki ettirilerek aktif ¢evritin isletilmesi saglanmistir. Bu esnada olusan
maskenin giiriiltii olusturacak piksellerden daha az etkilenmesi miimkiin olmustur. Bdylece daha uygun bir ¢evritin elde
edilmesiyle bolge tabanli goriintii boliitlemede daha uygun bir maske elde edilmesi i¢in GrabCut kullanan ¢izge kesmeye
verilecek kapali dolgu alaninin oldukga iyi bigimde belirlenmesi miimkiin olmaktadir. Bu olgular ¢ercevesinde yapilan

calismamizda deneysel sonuglar basarimi agik¢a ortaya koymaktadir.

Bu ¢aligma 6zelinde elde edilen sonuglara dayanarak, ileriki calismalarda daha fazla gesitte kulak goriintii veri kiimelerinin
iizerinde deneylerin yapilmasi, farkli kiimeleme ve aktif ¢evrit yontemlerinin denenerek 6n plan ve arka plan ayriminda
daha yiiksek oranda kapsama ve kulak harici bolgelerin kulaktan daha ytiksek dogrulukta ayristirilmasi sonuglarinin elde
edilmesi planlanmaktadir.
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0z

Bu ¢aligmada siiriim degerlendirme siirecini otomatiklestirmek i¢in formel metotlar kullanilarak bir yontem
gelistirilmistir. Stirlim degerlendirme siirecinde, bir sunucunun yeni ve eski siiriimleri benzer (veya ayni)
konfigiirasyonlarda galistirilir ve sistemlerin tirettikleri izler karsilastirilir. Bu karsilastirma grafik
incelenmesi, izlerin sabit 6lgiitler ile karsilastirilmasi veya regresyon analizi tabanli olabilir. Bu makalede
ise, yapilan 6nceki ¢alismalardan farkli olarak formel metotlar tabanli bir analiz yontemi sunulmaktadir. Bu
yontem karsilastirilacak sistemlerden verilerin toplanmast, her iki veri kiimesi i¢in bu kiimeleri tanimlayacak
Sinyal Zamansal Mantik (STL) formiillerinin iiretilmesi ve son olarak da yiiksek basarim ile kiimeleri
tanimlayabilen ayni yapiya sahip formiillerin karsilastirilmasi ile siiriim degerlendirme sonucunun
iiretilmesi adimlarindan olugsmaktadir. Bu yontem ile siiriim degerlendirmede kullanilmak iizere, 6lgiitlerin
STL formiilii olarak ifade edilmesi ve bu 6lgiitlerin sistem izlerinden otomatik olarak iiretilmesi saglanmistir.
Zamansal mantiklarin konugma diline benzerlikleri sayesinde bu formiiller agiklayicidir. Gelistirilen metot
ile degerlendirme siireci otomatiklestirilmektedir. Elde edilen sonuglar 6rnek veri kiimeleri iizerinde

incelenmistir.
Anahtar Kelimeler: Formel Metotlar, Stiriim Degerlendirme, Formiil Tliretme, Zamansal Mantik

ABSTRACT

In this paper, a formal method-based release evaluation method was developed. During the release evaluation
process, two versions of a server are run under similar (or the same) configurations and the system logs are
compared. This comparison can be based on graphical analysis, applying fixed rules over logs or regression
analysis. This paper presents a novel release evaluation approach based on formal methods. The proposed
method consists of three main steps. The first step is the collection of data from both versions of the server.
The second step is the synthesis of Signal Temporal Logic (STL) formulas for each dataset. The final step is
the generation of the release evaluation result by comparing the formulas that have the same structure and
that can represent both datasets with high accuracy. Thus, the proposed approach represents the release
evaluation rules as STL formulas and generates such formulas from system logs in an automated way. Due
to the resemblance of temporal logics to natural language, the resulting formulas explain the evaluation
result. The proposed method automates the release evaluation process. The findings of the paper are shown
over sample datasets.
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Formel Yaklagimlar ile Siiriim Degerlendirme

1. GIRIS

Glinlimiizde e-devlet, e-posta, e-aligveris ve e-gazete gibi kullaniciya dogrudan hizmet veren birgok servis elektronik ortamda
internet tabanli olarak sunulmaktadir. Bu tip servisler i¢in giivenilirlik ve ulasilabilirlik kritik neme sahiptir. Diger taraftan,
sunucu tabanli servis saglayan bu sistemler diizenli olarak giincellenmekte, yani sunuculara yeni versiyonlar siiriilmektedir.
Bu islem, siiriim yonetimi ile idame ettirilmektedir (Bays, 1999). Bir siiriim yonetimi dongiisiinde takip edilen ana adimlar
yeni versiyona eklenecek dzelliklerin belirlenmesi, gelistirme planinin yapilmasi, gelistirme ve test faaliyetlerinin yapilmasi,
stirlim degerlendirme ve son olarak biitiin sunucularin giincellenmesi olarak siralanabilir. Bu adimlar i¢inde, test ve siiriim
degerlendirme adimlar1 sistemin giivenilirlik ve ulasilabilirlik gibi 6zelliklerinin korunmasi i¢in ¢ok 6nemlidir (Sommerville,
2015).

Siirim degerlendirme isleminde hedef, sistemin biitiiniin veya bir bileseninin yeni bir versiyonu gelistirildiginde, bu versiyonda
yapilan degisikliklerin beklenmeyen etkilerinin olup olmadigini saptamaktir. Bu amagla, yeni siiriim ve eski siiriim benzer
(veya ayni) konfigiirasyonlarda galistirilir ve sistemlerin iirettikleri metrikler karsilastirilir (Howard, 2016). Bu degerlendirmede,
A ve B versiyonlar1 birbirleri ile karsilastirildig: i¢in “A/B testi” ad1 da verilmektedir (Chatterjee & Simonoff, 2013). Bu
degerlendirme etkilenen kullanici sayisina gore farkli seviyelerde yapilmaktadir. Bu siralamada amag, yeni versiyonun
stiriilmesini engelleyecek bir durumu olabildigince az kullaniciy: etkileyerek saptamaktir. Sekil 1’de drnek bir siiriim
degerlendirme siireci verilmistir. Burada kirmizi kutular ile gosterilen adimlarda, gergek kullaniciya hizmet eden sunucular
iizerinde degerlendirme yapilmaktadir. Siiriim degerlendirme siireclerinde, genel olarak en son degerlendirme, en son gegerli
stirlimiin bulundugu sunucularin konfigiirasyonuna benzer bir konfigiirasyona sahip sunucu tizerinde yapilir ve buna kanarya
testi ad1 verilir. Bu agamalardan herhangi birinde bir problem gozlendiginde ileriki agsamalara gecilmez, siirim geri ¢ekilir
ve sorun kaynaginin arastirilmasi stireci baglatilir. Sistemin 6zelliklerine ve siiriim giincelleme sikligina gére bu asamalardan

bir kism1 uygulanmayabilir veya farkli asamalar eklenebilir.

Test lkullamalen

Eazith zavda
kollamierya
hizmet veren

SUNCE

Gelistiriciler/test
mithendizler

Biti Orta zavida
v “ﬂ] Standart spnuen lollanieivya
Su 1 . {Fanarva tesh) hizmet veren

=

SUNCE

Sekil 1. Ornek bir siiriim degerlendirme siireci.

Her bir siirim degerlendirme adiminda, degerlendirilen yeni versiyon ve bir dnceki versiyonu calistiran iki yazilimin
iirettikleri metrikler belirli dlciitlere gore degerlendirilerek beklenmeyen durumlar saptanmaya calisilir. Yaygin olarak,
yazilimlardan zaman serisi verisi toplanir. Bu veri lizerinde 6lgiitler sinyal filtreleri (en biiylik deger/ en kiiciik deger gibi)
sonuglarinin karsilastirilmasi veya istatistiksel 6zelliklerin (ortalama, siiregelen ortalama, standart sapma gibi) karsilastirilmasi
olarak tanimlanir. Ornegin, bazi1 degisiklikler sonucu ortalama CPU kullaniminin artmasi (veya azalmasi) beklenmez. Bunun
yant sira sunucularin CPU kullanim miktarlar1 giin i¢cinde kullanici aktivitelerine gore degisebilmektedir. Bu nedenle, CPU
kullaniminda beklenmeyen bir degisiklik olup olmadigini kontrol edebilmek i¢in ‘iki sunucunun ortalama CPU kullanimi
arasindaki fark 5 dakika boyunca %5’in lizerine ¢ikmaz’ gibi bir 6lgiit kullanilabilir. Yapilan karsilagtirmalar sonucunda,
ulagilan fark dnceden belirlenen bir degerin iizerinde ise beklenmeyen bir durum olustugu sonucu ¢ikarilip kok neden analizi
adimina gegilir. Aksi durumda, siiriim degerlendirme siirecinin sonraki adimi ile devam edilir (bkz. Sekil 1).
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Olgiite dayali degerlendirme ¢ok hizli yapilabilse de 6lgiitlerin tanimlanmasi uzmanlik gerektiren zor bir istir ve olas1 hatalarin
maliyeti yiiksek olur. Ornegin siiriim degerlendirme adiminda yakalanamayan bir durum son kullaniciy1 etkileyebilir. Diger
taraftan fazla hassas olarak belirlenen dlgiitler aslinda geregi olmayan analiz ¢aligmalarinin yapilmasina yol acip, yazilim
milhendislerine zaman kaybettirebilir ve siirlim planinin aksamasina yol agabilir. Bir¢ok uygulamada siiriim degerlendirme
adimu ilgili miithendisler tarafindan manuel olarak yapilmaktadir. Bu yaklagimda, zaman serisi verisi olarak iiretilen
metriklerden olusturulan grafikler incelenmekte ve incelemeyi yapan kisi tarafindan sonug belirlenmektedir. Uzmanlar,
sadece bir metrikteki degisiklige gore degil, takip edilen biitiin metrikleri birlikte degerlendirerek ek ¢ikarimlar yapabilmektedir.
Ornegin bir uygulama sunucusu igin, sunucunun yeniden baslatildig1 durumlarda, diger metriklerin degerlerine bakilmayabilir
veya kullanic1 sayisinda anlik degisiklikler oldu ise diger metriklerdeki bazi degisiklikler i¢in hata degerlendirmesi
yapilmayabilir. Uzmanlarin yaptigi bu tip degerlendirmeleri, otomatik olarak yapabilmek i¢in birden fazla metrige dayali

oOlgiitler tanimlamak gerekmektedir. Diger taraftan uzman incelemesi hem kisi hatasina agik hem de zaman alan bir adimdir.

Basit dlciit fonksiyonlar1 yerine, siirtim analizinde kullanilan bir diger yaklagim ise regresyon analizidir (Chatterjee &
Simonoff, 2013). Burada da uygun analiz yontemini (dogrusal, ¢ok terimli), uygulanacak 6n islemi (ortalama alma, sapma
hesaplama gibi) ve sonucta elde edilecek degerler i¢in limitleri se¢gmek uzmanlik gerektirir ve bu adimlar her bir metrik icin
tekrarlanmalidir. Yukarida verilen 6rnekteki gibi birgok metrikteki degisikliklere gore ¢ikarim yapilmasi regresyon analizine
dogrudan eklenemez ve ikincil degerlendirmelerin tanimlanmasini gerekebilir. Siiriim degerlendirme problemi, yeni siiriimde
oncekine gore herhangi bir anomali var m1 seklinde ele alinarak, makine 6grenmesi tabanli metotlar da uygulanabilir. Fakat
bu yaklasim, regresyon analizinde oldugu gibi, metriklerin karakteristik 6zellikleri goz 6niinde bulundurularak, her bir
metrik i¢in farkli bir model gelistirilmesini gerektirebilir.

Bu calismada, stiriim degerlendirme ol¢iitlerinin formel dillerde ifade edilmesi ve bu 6dlgiitlerin, degerlendirme basarisini
en iyilestirecek sekilde otomatik olarak iiretilmesi amaglanmaktadir. Sistemlerin iirettikleri izlerin, ger¢ek zamanli ve gergek
degerli sinyallerin 6zelliklerini tanimlamak i¢in gelistirilmis olan Sinyal Zamansal Mantik (STL) formiilleri ile tanimlanmasi
(Donzé, 2013), formiillerin arasindaki farklar iizerinden siiriim degerlendirme sonucu yapilmasi hedeflenmektedir. Onerilen
yontem su temel adimlar ile 6zetlenebilir. Ilk adim, A ve B versiyonlarindan veri toplanmasidir. Ikinci adim her iki veri
kiimesi i¢in de bu kiimeleri en uygun sekilde tanimlayacak STL formiillerinin bulunmasidir. Ugiincii adim ise, bir énceki
adimda her iki veri kiimesini de basart ile tanimlayan formil yapilarinin belirlenip, optimize edilmis formiillerin parametrelerinin

karsilagtirilmasi ile sliriim degerlendirme sonucunun iiretilmesidir.

STL formiilleri ile sinyal 6zellikleri konusma diline yakin bir yazim ile ifade edilebilir. Ornegin F 10 formiili, takip
eden on zaman biriminden en azindan birinde x degerinin 10 lizerine ¢ikmasi gerektigini, x>0 Upigy=1 formiilii ise takip
eden on zaman biriminden birinde y’nin bir olmasi gerektigini ve bu ana kadar x’in 0’dan biiyiik olmas1 gerektigini ifade
eder. Zamansal ve Boole mantik operatdrlerinin i¢ ige kullanilmasi ile daha karmagik formiiller elde edilebilir. Fakat, formiil
yapisinin belirlenmesi (x > p, U[pzm] »y=p,) ve bu yapidaki parametrelerin veriye uygun bir sekilde tiretilmesi basli basina
zor bir problemdir.

Sistem izlerinden (zaman serisi verisi), bu izleri tanimlayacak STL formiillerinin iiretilmesi iizerinde yakin zamanda birgok
calisma yapilmistir (Aydin & Aydin Gol, 2020; Bartocci, Bortolussi & Sanguinetti, 2014; Bombara, Vasile, Penedo, Yasuoka
& Belta, 2016; Ergurtuna & Aydin Gol, 2019; Hoxha, Dokhanchi & Fainekos, 2018; Jha, Tiwari, Seshia, Sahai & Shankar,
2019; Jin, Donz¢, Deshmukh & Seshia, 2015; Ketenci & Aydin Gol, 2019; Kong, Jones, Ayala, Aydin Gol & Belta, 2014;
Mohammadinejad, Deshmukh, Puranic, Vazquez-Chanlatte & Donzé, 2020; Yoo & Belta, 2017). Bu galismalar, veri kiimesinin
yapist ve Uretilen formiil agisindan farklilik gostermektedir. Veri kiimesindeki biitiin izleri tanimlayacak bir formiil tiretilmesi
problemi gereksinim madenciligi olarak da tanimlanmaktadir: drnegin eski (legacy) bir sistemin sagladigi gereksinimin
otomatik olarak bulunmasi (Hoxha et al., 2017; Jha et al., 2019; Jin et al., 2015). Bu konudaki bazi ¢alismalarda, formiil yapisi
kullanici tarafindan belirlenmis ve belirlenen formiil yapisi i¢in parametre bulunmustur (Hoxha et al., 2017; Jin et al., 2015).
Iyi ve kotii olarak etiketlenmis sistem izlerinden, bu izleri dogru sekilde siniflandirabilecek bir formiil bulunmasi hem gergek
zamanli sistem izleme hem de siniflandirici tiretmek uygulamalari igin ¢alisilmistir (Aydin & Aydin Gol, 2020; Bartocci et
al., 2014; Bombara et al., 2016; Ergurtuna & Aydin Gol, 2019; Ketenci & Aydin Gol, 2019; Kong et al. 2014; Mohammadinejad
et al., 2020; Yoo & Belta, 2017).
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Bu caligmanin literatiire ana katkisi formel metotlara dayali bir slirlim degerlendirme sistemi tanimlamasidir. Bu sistemin
tamamen otomatik olmast, elde edilen sonuglarin kullanicilari i¢in agiklayici nitelikte olmasi ve ulasilan sonucun gegerliligine
dair nicel degerler saglanmasi, gelistirilen yontemin en 6nemli 6zellikleri arasindadir. Temel olarak, daha dnce bahsedilen
olgiit belirlenmesi, regresyon analizi veya makine 6grenmesi tabanli yaklagimlar, her bir metrik i¢in bir 6n ¢aligma ile siiriim
degerlendirmede uygulanacak olan modelin (6l¢iit sinirlari, regresyon parametreleri, anomali tanima modeli gibi) belirlenmesini
gerektirir. Diger taraftan, gelistirilen degerlendirme sistemi bu tip on ¢aligmalar gerektirmez. Sonuclar formiil tabanli
olusturuldugu i¢in, agiklayict niteliktedir. Bu da makine 6grenmesi tabanli metotlara kiyasla bir avantaj sunmaktadir. Ek
olarak, gelistirilen yontem, iki sistemin karsilastirilmasi tizerine formel yaklasimlar tabanli bir yontem olarak daha genis
bir pencereden degerlendirildiginde, siiriim degerlendirme disinda farkli problemlere de uygulanabilir (6rnegin enjeksyon/
koti niyetli sistem tespiti).

Makalenin yapisi. 2. Boliim’de STL formiillerinin s6z-dizim kurallar: ve semantigi verilmis, bu bilgiler 1s1¢1inda formiil
sentezleme problemi anlatilmig ve literatiirde bulunan yaklagimlar 6zetlenmistir. Takip eden kisimda ise, dnerilen formel
yaklagimlar ile siiriim degerlendirme yontemi anlatilmis ve bu yontemde izlenecek her bir adim detaylandirilmistir. 4.
Boliim’de, 6rnek veri kiimeleri tanimlanmig ve bu 6rnek durumlar {izerinde elde edilen sonuglar anlatilmistir. Son kisimda

ise, yapilan ¢alisma 6zetlenmis ve ileriki ¢alisma yonleri sunulmustur.

2. SINYAL ZAMANSAL MANTIK VE FORMUL SENTEZI

Bu kisimda gelistirilen siiriim degerlendirme sisteminde kullanilan araglara yonelik 6n bilgiler sunulmustur.
2.1 Sinyal Zamansal Mantik

Sonlu kesikli ve n-boyutlu bir sinyal x = x, x,,...,x,, dizisi seklinde gosterilir. Sinyalin i. degiskeni #-kesikli zamaninda x!

notasyonu ile gosterilir.

Gegmis zamanli sinyal zamansal mantik (past time Signal Temporal Logic - ptSTL) i¢in s6z-dizim kurallar1 Denklem (1)’deki
gibi tanimlanir (Donz¢, 2013; Gabbay, 1989).

¢ =T|x'~c|=pld A Dl V GldSian)b|Fiap|Glap® )
Bu denklemde 7 mantik sabiti “dogru”, x’ sinyal degiskeni, ~E{<, <, >, >} bir esitsizlik sembolii, ¢ sabit bir deger,~-degil,A-

Wy (0ldugundan beri), F

zaman) zaman araliklari [a,b] olan ge¢mis zaman operatorleridir.

ve, V-veya ise standart mantik operatorleridir. S 1] (gegmiste bir zaman) ve G (o] (gecmiste her

Bir ptSTL formiiliiniin semantigi bir sinyal ve belirli bir zaman iizerinde tanimlanmistir. Ozetle, T formiilii her zaman
saglanir; x'~c esitsizligi saglantyor ise sinyal # aninda x'~c formiiliinii saglar. Mantik operatérleri de standart semantiklerine
gore degerlendirilir: sinyal ¢ aninda ¢ formiiliinii saglamiyor ise, —¢ formiiliini saglar; ¢, ve ¢, formiillerini sagliyorsa,
¢, ¢, formiiliinii de saglar; ¢, ve ¢, formiillerinden en az birini sagliyorsa, ¢, V ¢, formiiliinii de saglar. Goriildiigii gibi
mantik operatdrlerinin anlamlandirmasinda i¢erdikleri formiillerin o andaki degerleri kontrol edilmektedir. Diger taraftan,

zamansal operatorler igin i¢erdikleri formiillerin belirli bir araliktaki degerlerinden anlamlandirma yapilmaktadir. . ¢ formiilii

[ab]
¢ formiilii # aninda saglanir. ¢, formiilii [ — b, £ — a] araliginda bir ' aninda saglanir, ve ¢’ formiili

[t — bt — a] araliginda her an saglanir ise, G , , ¢ formiilii # aninda saglanir. ¢ formiilii [z — b, ¢ — a] aralifinda herhangi bir

anda saglanir ise, F P

o andan itibaren, yani [¢',7] araliginda her an saglanir ise, ¢, S,

formiiliinii saglamasi x,¢ = ¢ seklinde gosterilir. Diger yandan, x sinyalinin ¢ aninda ¢ formiiliinii saglamamasi, diger bir

¢, formiilii 7 aninda saglanir. Bir x sinyalinin 7 aninda ¢

deyisle ihlal etmesi, x, 7 ¥ ¢ seklinde gosterilir.

Bir x sinyalinin bir ptSTL formiiliinii ne dl¢iide saglayip saglamadigina ise nicel degerlendirme ile karar verilir. Nicel
degerlendirme hesab1 Denklem (2)’de verilmistir. Bir x sinyali ve ¢ formiilii i¢in, # aninda nicel degerlendirme sonucu pozitif
ise, yani p (¢, x, ) > 0 ise, o anda sinyal formiilii saglar. Diger taraftan degerlendirme sonucu negatif ise, yani p (¢, x, £) <0
ise, o anda sinyal formiilii ihlal eder. Nicel degerlendirme sonucunun 0 oldugu durumlarda ise yukarida 6zetlenen nitel
degerlendirmeye bakilir.
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p(T,x,t)=T
p(xt>c,xt)=xi—c
p(xt <c,xt)=c—xi
p(=p,x,t) = —p(d, x,t)
p(py Ao, x,t) = min(p(¢1, x,t), p(¢2, x, t))

p(¢1 \ ¢2! X, t) = maX(P (¢1' X, t)! P(¢2: X, t)) (2)
p(d)ls[a,b]d)Z! X, t) = jE[P}lE},)t{—a] <p(¢2' x'j)! kEr[l}-iI-r},t] P(¢1: X, t))

p(Fipd %, t) = jepax p(¢,x,t)

p(Giandxt) = min_ (6,20

Nicel degerlendirme sonucu giirbiizliik olarak da isimlendirilir (Jin et al, 2015; Asarin, Donzé, Maler & Nickovic, 2012).
Nicel degerlendirme sonucunun mutlak degerinden kiigiik bir € degeri i¢in, (yani € < |p(¢, x, ?)|), sinyal € kadar sarsilirsa da
nitel degerlendirme sonucu degismez.

Esitsizliklerde (x'~c) veya zaman araliklarinda (/a,b]) sabit sayilar yerine parametreler kullanilmasi ile parametrik ptSTL
formiilleri tanimlanir (Asarin et al., 2012). Parametrik bir ptSTL formiiliiniin parametrelerine sabit degerler (p) atanarak bir
ptSTL formiilii (¢ (p)) elde edilir. Ornegin ¢=F _[0,p1] x’ > p, parametrik formiiliinden p = (p, < 5, p, « 6) degerleri ile
¢ (p) =F ,,,x"> 6 formilii elde edilir.

2.2 Formiil Sentezi

Formiil sentezi problemi, verilen sinyal kiimesini en iyi tanimlayacak zamansal mantik formiliiniin tiiretilmesi olarak
tanimlanir. Bu problem, kullanilan zamansal mantik (STL veya ptSTL), veri kiimesinin yapisi, parametrik formiillerin
problem girdisi olup olmamasi agisindan farklt bigimlerde c¢alisilmistir (Aydin & Aydin Gol, 2020; Bartocci et al., 2014;
Bombara et al., 2016; Ergurtuna & Aydin Gol, 2019; Hoxha et al., 2018; Jha et al., 2019; Jin et al., 2015; Ketenci & Aydin
Gol, 2019; Kong et al., 2014; Mohammadinejad et al., 2020; Yoo & Belta, 2017).

Verilen bir sinyal kiimesini en iyi sekilde tanimlayacak olan STL formiiliinii bulmay1 hedefleyen formiil sentezi problemi
gereksinim tiiretme olarak da adlandirtlmistir (Jin et al. 2015). Bu ¢alismada formiil sentezleme problemi, verilen parametrik
bir STL formiilii i¢in, veri kiimesini olabildigince siki sekilde tanimlayacak parametre degerlerinin bulunmasi olarak ele
alimmustir. Her bir sinyal i¢in degerlendirme sinyalin basinda yapilmis ve sinyal kiimesi iizerinde elde edilen en kiigiik sinyal
degerlendirmesini (giirblizlik degerini) sifira yakin pozitif bir deger yapan parametreler tiretilmistir. Bu sayede veri
kiimesindeki sinyallerin hepsini olabildigince net bir sekilde tanimlayan formiile ulasilmistir. Bu ¢caligmada goriilen en
onemli eksiklik, parametrik formiil yapisinin tanimlanmasinin gerekmesidir. Ek olarak, parametreler arasinda bir siralama
yapilmasi gerekmekte ve parametre optimizasyonu bu siralamaya gore yapilmaktadir. Siralamada 6nde yer alan parametreler
aldiklar1 degerler ile diger parametreleri kisitlamakta, standart alt1 (sub-optimal) sonuglar elde edilmektedir. Sadece pozitif
orneklerden formiil tiiretme tizerine yapilan diger bir ¢alismada bu kisitlarin tizerine gidilerek, nicel degerlendirme sonuglarina
dayal1 bir sikilik dl¢iitii tanimlanmis ve bu 6lgiit ile parametreler arasi siralama yapilmadan optimizasyon yapilmistir (Jha
et al., 2019). Ek olarak verilen bir parametrik formiil kiimesi i¢in optimizasyon yapilmis ve bu formiillerin en uygun
kombinasyonu iiretilmigtir. Bu ¢alismada (Jin et al. 2015)’de oldugu gibi tek bir parametrik formiil ile kisitl kalinmasa da

kullanicinin parametrik formiil kiimesinin tanimlamasi gerekmektedir.

Formiil sentezleme problemi, iyi ve kotii olarak etiketlenmis olan sinyalleri ayirt edebilecek bir formiil bulma olarak da ele
alinmistir. Bu alandaki ¢aligmalar da sinyal basina bir etiket olmasi (Bartocci et al., 2014; Bombara et al., 2016; Kong et al.,
2014; Yoo & Belta, 2017) ve her sinyalin her noktasi i¢in bir etiket olmasi, yani etiketlerin zaman serisi verisi olmasi, olarak
ayrismaktadir (Aydin & Aydin Gol, 2020; Ergurtuna & Aydin Gol, 2019; Ketenci & Aydin Gol, 2019). Bu ¢alismalar formiil
yapisinin belirlenmesini, yani parametrik formiil tanimlanmasini gerektirmemektedir. Formiil yapisinin iiretilebilmesi i¢in
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karar agaci tabanli sentez metotlar1 (Bombara et al., 2016; Ketenci & Aydin Gol, 2019; Yoo & Belta, 2017); yinelemeli formiil
birlestirme metotlar1 (Kong et al., 2014; Ergurtuna & Aydin Gol, 2019); genetik algoritma tabanli metotlar (Bartocci et al.,
2014; Aydin & Aydin Gol, 2020); ve parametrik formiil uzayinin siralanmasi ve her bir parametrik formiil i¢cin parametre
optimizasyonu yapilmasi yontemleri (Aydin & Aydin Gol, 2020; Mohammadinejad et al., 2020) bulunmaktadir.

Bu ¢aligmada amag, siiriim degerlendirme i¢in formel metotlara dayali bir yontem gelistirmektir. Bu amaca ulagmak icin
bir veri kiimesini en iyi sekilde tanimlayacak formiil sentezlenmistir. Bu adimda, (Jha et al., 2019; Jin et al. 2015) ¢alismalarinda
oldugu gibi sadece pozitif drnekler kullanilmistir. Fakat bu ¢alismalardan farkli olarak (Aydin & Aydin Gol, 2020;
Mohammadinejad et al., 2020) ¢alismalarinda oldugu gibi parametrik formiil uzay1 siralanmistir ve her bir formiil icin
parametre optimizasyonu yapilmistir. Ek olarak, formiiliin veri kiimesini tanimlamadaki basarisini dlgmek iizere nicel
degerlendirmeye dayali yeni bir dlgiit tanimlanmistir. Bu baglamda, pozitif 6rneklerden formiil sentezi i¢in parametrik
formiil tanimlanmasini gerektirmeyen 6zgiin bir yontem ortaya konmaktadir. Bu ¢alismanin sonraki agsamalarinda ise
formiillerin karsilagtirilmasi i¢in yeni bir formiil farki 6l¢iim metrigi gelistirilmistir. Bu metrik ile siiriim degerlendirme
sonuglar1 tiretilmistir.

3. ptSTL iLE SURUM DEGERLENDiIRME

Bu caligmada siiriim degerlendirme siirecini otomatiklestirmek igin formel metotlar tabanli bir yontem gelistirilmistir. Bu
yontemin ilk adimi, karsilastirilacak olan A ve B versiyonlarindan veri kiimelerinin olusturulmasidir (3.1. Béliim). Ikinci
adimda ise bu kiimeleri en uygun sekilde tanimlayan ptSTL formiilleri iiretilmistir (3.2. Béliim). Ugiincii adim ise, bir dnceki
adimda her iki veri kiimesini de basar1 ile tanimlayan formiil yapilarinin belirlenip, optimize edilmis formiillerin parametrelerinin

karsilagtirilmasi ile siiriim degerlendirme sonucunun iiretilmesidir (3.3. B6liim).
3.1 Veri Kiimesi Olusturma

Onerilen siiriim degerlendirme metodunun ilk adimi, her bir siiriim igin bir sinyal kiimesinin olusturulmasidir. Bu adim
i¢in, oncelikle takip edilecek olan metriklerin belirlenmesi gerekmektedir. Ornegin istek cevap siiresi (response time) ile
ilgili yapilacak bir degerlendirme i¢in, ayni sunucuya bir dakika i¢inde gelen istek sayisinin da (request rate) goz oniinde
bulundurulmasi gerekir.

Takip edilecek metrikler M = {1,..., n} kiimesi ile ifade edilir. Burada her bir indeks i € M bir metrik i¢in kullanilmaktadir
(CPU kullanim yiizdesi gibi). Metrik-i’nin alabilecegi degerler ' ile gosterilir. Bu metriklerin belirlenmesinin ardindan,
degerlendirme yapilacak uygulamanin A ve B versiyonlari, olabildigince ayn1 konfigiirasyonlarda calistirilir. Sistem
giinliiklerinden (loglar) belirlenen metriklerin anlik degerleri gikarilarak Denklem (3)’deki gibi veri kiimeleri elde edilir.
Burada N bir sinyalin uzunlugunu ifade eder. Bu uzunluk, degerlendirme yapilan sistemin 6zelliklerine gore bir saat veya
bir giin olarak secilebilir. Farkli versiyonlardan olusturulan veri kiimeleri D, ve D, ile gosterilir. Stiriim versiyonlar: digindaki
faktorlerin etkisini istatistiksel olarak azaltmak i¢in, bir veri kiimesi olusturulurken ayni konfigiirasyona sahip birden fazla

sunucudan izler kullanilabilir.

D = {x = x¢,%y, ..., xy| her bir j € M ve her bir i € {0, ..., N} icin xij €nl} 3)
3.2 Formiil Sentezi

Onerilen metodun ikinci adimu, ilk adimda iiretilen sinyal kiimelerini (D ), ve D)) eniyi sekilde tanimlayan ptSTL formiillerinin
iiretilmesidir. Bu amacla, 6ncelikle bir formiiliin sinyal kiimesine uyumunun tersini gosteren bir dl¢iit tanimlanmistir.
Parametrik bir ptSTL formiilii igin, bu 6lgiitii en kiigiiklestiren parametre degerleri 1zgara aramasi (grid search) metodu ile
hesaplanmistir. Veri kiimesini en iyi tanimlayan ptSTL formiillerinin bulunmasi i¢in ise, belirli bir operator sayisina sahip
ve degisken olarak takip edilen metrikler (M kiimesi) kullanilarak olusturulabilen biitlin parametrik formiiller tanimlanmis

ve her biri i¢in parametre optimizasyonu yapilmistir.
3.2.1 Optimizasyon Olgiitii

Bir formiiliin bir sinyale olan uyumsuzlugu, sinyalin belirli bir noktasindan (k) baslanarak elde edilen nicel degerlendirme

sonuglarinin mutlak degerlerinin ortalamasi olarak tanimlanmuistir.
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Siti | p(@xD)
C(¢, x) = kNT (4)
Bir formiiliin, bir sinyal {izerindeki uyumsuzluk degerinin diisiik olmasi, formiiliin sinyalin A-N araligindaki kismini her
noktada siki bir sekilde tanimladigini gosterir. Burada & sayisi, 0 alinabilecegi gibi formiilde gegen zaman araliklarina gore
de belirlenebilir. Ornegin, F _[0' MIG_[O’ 3]x” > 6 formiilii i¢in k=13 degeri, degerlendirmenin ilk yapildig1 noktada da sinyalin
uzunlugunun yeterli olmasini saglar. Gelistirilen metotta elde edilen uyumsuzluk degeri farkli formiillerin karsilastirilmasinda
kullanildigi igin, biitiin formiillerde ayni1 & sabiti kullanilmistir.

Bir formiiliin sinyal kiimesi lizerindeki uyumsuzluk degeri biitiin sinyaller iizerindeki uyumsuzluk degerlerinin toplamina
esittir.
C(¢, D) = 228D )
XED

Denklem (5)’de tanimlanan basarim 6l¢iiti, literatiirde sadece pozitif 6rneklerden formiil tiiretme ¢aligmalarinda kullanilan
oOlgiitlerden farklilik gostermektedir. Temel olarak, Jin et al. (2015) gelecek zamansal operatorlerini kullanmis ve sadece
sinyalin basinda degerlendirme yapmuistir. Ek olarak, bahsedilen ¢aligmada amag biitiin sinyallerin siki bir sekilde sagladigi
bir formiil tiretmektir. Bu nedenle, pozitif bir ¢ degeri igin, A _, p(@, x,0)>c kosulunu saglayan ve c degerini en kiigliklestiren
parametreler aranmistir. Bu caligmada ise, degerlendirme sinyalin her noktasinda yapilarak siiriim degerlendirmede kullanilmak
iizere sinyal karakterini tanimlayan bir formiil aranmistir. Ek olarak, nicel degerlendirme sonucunun pozitif olmasi kosulu
aranmamaktadir. Sinyalin giiriiltiilii olabilecegi de goz oniinde bulundurularak, Denklem (4)’de gosterildigi gibi, sinyal
boyunca bir¢ok noktada nicel degerlendirme yapilmis ve degerlendirme sonuglarinin mutlak degerlerinin ortalamasi
hesaplanmuistir. Bu sekilde tanimlanan dl¢iit, sinyali her noktada olabildigince siki sekilde tanimlayan formiiller i¢in kiigiik
degerler alacaktir.

3.2.2 Parametre optimizasyonu

Bu iglem, bir parametrik ptSTL formiilii ¢ i¢in, tanimlanmis parametre uzay1 P/ i¢inde, verilen 6l¢iitii en iyilestiren parametre
degerlerinin bulunmasini amaglar. Bu ¢alismada, parametre optimizasyonu, parametre uzayinin taranmasi, yani 1zgara
aramast metodu ile yapilmistir. Ornegin parametrik ¢:F[_0,m ]G[_(Lpz ) x! > p formiliivep,p,€{13, ....2m + I},p.€{1,2, ... .n}
parametre uzayi i¢in, m’ n adet parametre degeri bulunmaktadir. Izgara aramasi metodunda, her bir parametre degeri p € P?
icin bir ptSTL formiilii ¢(p) tanimlanir ve bu formiiliin veri kiimesi uyumsuzluk degeri C(@(p),D) Denklem (5)’deki gibi
hesaplanir. Bu hesap sonucunda, uyumsuzluk degerini en kiigiiklestiren parametre degeri p* secilir:

p* = argmin C(¢(p), D) (6)

PEP
3.2.3 Formiil Sentezi

Bir sinyal kiimesini en iyi sekilde tanimlayan ptSTL formiiliinii tiretmek i¢in, dncelikle sinyal degiskenleri (M kiimesi)
kullanilarak olusturulabilen parametrik formiiller tanimlanmaistir. Ardindan her bir formiil i¢in Denklem (6)’da belirtilen
parametre optimizasyonu yapilmistir. Temel olarak, operator limiti ¢ ve degisken kiimesi M olarak verildiginde, ¢ tane
operatdr iceren biitiin ptSTL formiilleri F* ile gdsterilmis ve 6zyinelemeli olarak Denklem (7)’deki gibi tanimlanmistir. Buna
dayali olarak, en ¢ok c operator igeren biitiin ptSTL formiilleri ise /= ile gosterilmis ve Denklem (8)’deki gibi tanimlanmistir
(Aydin & Aydin Gol, 2020).

FO={x ~plx €M, ~€{<,>}} (7

Fe={-¢lp e F<}u
{Xiapb|¢ € FoL X € (F- 67}

o

{¢1 op ¢2|¢1 EFL,p, e F " Lope {/\;V}}

1
1
1

a =~

{d)l S[a,b] ¢2|¢1 € Ti,d)z € TC—i—l}

=1

F= = Uiy F! (8)
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Formiil sentezi asamasinda oncelikle bir operator ist limiti (c) belirlenmistir. Ardindan, takip edilen metrikler iizerinde bu
limitten fazla operatdr igermeyen biitiin parametrik ptSTL formiilleri F=¢ tanimlanmistir (Denklem (8)). Her bir parametrik
formiil ¢ € F= igin, farkli versiyonlardan iiretilmis olan D, ve D, sinyal kiimeleri {izerinde parametre optimizasyonu
yapilmistir. Bunun sonucunda Denklem (9)'da verilen parametrik formiil ¢, D, kiimesine gore optimum parametre p}, ve D,

kiimesine gore optimum parametre py, iigliilerinden olusan bir kiime tanimlanmustir.

FP ={(¢,papp)l  pi =argminC($(p),Da), ps = argminC(¢(p),Dp), ¢ € F=} (€))
pep?® pep?®

Denklem (9)’da verilen kiimenin olusturulmasi i¢in, F= kiimesindeki her bir parametrik formiil i¢in Denklem (6)’da verilen
1zgara aramast islemi iki kere gergeklestirilmistir. 7~ kiimesinin boyutu takip edilen metrik sayisi (M kiimesinin boyutu)
ve operatOr Ust limiti (¢) ile Ustel olarak artmaktadir. Izgara aramasinda kullanilan parametre degeri sayis1 (P kiimesinin
boyutu), formiildeki parametre sayisi ile iistel olarak artmaktadir. Bir formiilde bulunan parametre sayisi ise formiiliin
operator sayist ile dogru orantilidir. Bu degerlendirme 1s1ginda, metrik sayisinin ve operatdr {ist limitinin arttirilmasinin
hesap stiresini ciddi 6l¢iide arttiracagi goriilmektedir. Bu siire kosegen taramasi (Ergurtuna & Aydin Gol, 2019) veya 1zgara

aramasinda bilinen en iyi sonuca gore aramanin erken sonlandirilmast gibi kesifsel metotlar ile kisaltilabilir.
3.2 Siiriim Degerlendirme Karari

Sunulan formel metotlara dayali siiriim degerlendirme siirecinin son agamasi, A ve B versiyonlarini tanimlayacak sekilde

iiretilen formiillerin ve parametrelerinin karsilastirilarak siirtim degerlendirme sonucunun tiretilmesidir.

Oncelikle, her iki versiyonu da en iyi sekilde tanimlayan bir parametrik formiil ile bu formiiliin D , ve D, sinyal kiimelerine

gore optimum parametreleri Denklem (10)’da verilen kritere gore secilir.

(¢%pipp) = argmin max(C(¢(p}),Ds), C(¢(p}), Dp)) (10)
(¢v4pp)EFP

Secilen parametrik formiil ve parametrelerden elde edilen formiiller ¢* (p3) ve ¢* (p;), sirasi ile D, ve D, sinyal kiimelerini
yiiksek basarim ile tanimlamaktadir. Bu formillerin yapist aynidir fakat esitsizlik sabitleri veya zamansal parametreler
farklilik gosterebilmektedir. Burada ortaya ¢ikan farkliliklara gore ise siiriim degerlendirme sonucu iiretilmektedir. Temel
olarak ¢* formiiliinde gegen her bir parametre p, i¢in, bu parametrenin optimize edilmis degerleri p;, (p) ve p; (p) karsilagtirilir.
Karsilastirma sirasinda zamansal ve metrik parametreler i¢in degerlendirme yapilan sisteme gore dnceden belirlenmis olan
sinirlar kullanilabilir. Bunun yani sira, sinirlarin otomatik olarak belirlenmesi gerektigi durumlarda ise, birbirlerine gére
bagil olarak kontrol edilebilirler. Ornegin, B versiyonu i¢in bulunan parametrenin, A versiyonu i¢in bulunan parametrenin
yiizde 10 yakininda olmasi gibi, p; (p) € [0.9p (p).1.1p; (p)]. Parametrelerden herhangi biri belirlenen sinirlarin disinda
bir deger almis ise siiriim degerlendirme sonucu olumsuz, biitiin parametrelerin belirlenen limitler i¢inde deger almasi
durumunda ise siiriim degerlendirme sonucu olumlu olarak tretilir. Bu yaklasim p,,...,p parametrelerini igeren ¢* formiilii

icin Denklem (11)’de 6zetlenmistir.
OLUMLU: Eger her biri =1, ...,n igin ps() € [(1 —Mpa(p), A +r)pilp)]  (11)
OLUMSUZ: Eger en azindan biri = 1, ...,n i¢in pr(p) € [(1 —1r)pilp), (1 + rpilp)]

Siirtim degerlendirme sonucunun olumsuz olmasi durumuna, ¢* (p}) ve ¢* (p;) formiilleri ile Denklem (11)’de verilen kosulu
saglamayan parametreler kullaniciya verilerek degerlendirmeye yonelik anlasilir bir analiz sunulur.

4. ORNEK SISTEM UZERINDE SONUCLAR

Bu boliimde gelistirilen siiriim degerlendirme sistemi merkezi islemci birimi (central processing unit) kullanim oranina
dayali stirtim degerlendirme yapilmasi amaci ile kullanilmistir. Cok ¢ekirdekli CPU’larda, her gekirdekteki kullanim orani
ayri1 bir metrik olarak tanimlanarak ¢ok boyutlu bir sinyal tizerinde degerlendirme yapilabilir. Bu ¢alismada ise sadece bir
metrik, birlestirilmis CPU kullanim orani, kullanilmistir. Belirlenen metrik iizerine iki deney yapilmistir. Deneylerde
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kullanilan veri kiimelerindeki sinyaller yapay olarak Gaus dagilimlarindan 6rneklemler alinarak olusturulmustur. Tim
sinyaller 100 birim uzunlugundadir. Bir sinyal 6rnegi Sekil 2’de goriilebilir. Deneylerde kullanilan sinyal kiimelerinde 50
adet sinyal bulunmaktadir. Biitiin uyumsuzluk hesaplarinda, degerlendirmenin basladigi noktay1 gosteren & sabiti (bkz.
Denklem (4)) 20 olarak alinmistir. Yani her bir ptSTL formiilii i¢in (100-20)x50=4000 adet nicel degerlendirme hesabi
yapilmistir.

1aa
a0
= F
0 lll N IIIIII| l[ | ||I|| M
"‘l"lﬁ I ) Py i M lll-"""' I III|| T I"r |I'|', f L
:z M\ |I"u ".,' \ LUMTLATRRY b/ UI LA A W |,,f'x-'| \
a 20 a0 1 a0 100

t

Sekil 2. CPU Sinyal kiimesinden 6rnek bir sinyal.

Ortalamasi m sapmasi s olan bir Gaus dagilimi1 G(m,s) ile gosterilmistir. Bir veri kiimesi iiretilirken iki adet Gaus dagilimi
kullanilmigtir: normal durum i¢in G(m",s") ve nadiren olusan (giiriiltiilii) durumu i¢in G(m¢,s¢). Buna ek olarak bir giiriiltii
orani parametresi g € /0,1) kullanilmistir. Sinyal iiretilirken, her bir zaman birimi i¢in /-g olasilik ile G(m",s" ) dagilimindan
ve g olasilik ile G(m#,s¢) dagilimindan 6rneklem alinmistir. Ek olarak, CPU kullanim oranini modelleyebilmek igin elde

edilen veriler /0,100] arasinda tutulmustur.

Yapilan deneylerde operator Gist limiti 1 olarak belirlenmistir. Bir metrik i¢in, toplam 8 parametrik ptSTL formiili tanimlanmigtir
(Denklem (8)). Izgara aramasi i¢in zamansal operatorlerin parametrelerin alt ve {ist limitleri {0,5,10,15,20} kiimesinden,
sinyal degiskeninin (CPU) karsilastirma esik degerleri ise {0,5,...,30} kiimesinden alinmaistir.

Yapilan ilk deneyde A ve B siiriimleri i¢in sinyal kiimeleri D, ve D, ayni profil ile olusturulmustur. Her bir sinyal kiimesi
icin G(20,10) dagilimi1 normal durumlar i¢in ve G(60,10) dagilimi giiriiltiilii durumlar i¢in kullanilmistir. Giiriiltii orani
parametresi ise g=0.02 olarak belirlenmistir. Sekil 2’de D kiimesinden bir sinyal gésterilmistir. Gelistirilen siiriim degerlendirme
metodunun uygulanmasi sonucunda, her iki veri kiimesini birden en iyi sekilde tanimlayabilen parametrik formiil
¢*:G_[p]’ py X Ds olmustur. Buna ek olarak, iki veri kiimesi i¢inde parametre optimizasyonu sonucunda ayni parametrelere
Dp;=p;=(0,15,5] ulagilmistir. Bu parametreler ile, veri kiimeleri iizerinde elde edilen uyumsuzluk degerleri C@* (p;),D,)=3.6907
ve C@*(p; ).D,)=3.6917 olmustur. Buradaki farklilik, veri kiimelerinin rastgele {iretilmig olmasindan kaynaklanmaktadur.
Bu degerler ile nicel degerlendirme degerinin (|p(¢,x,i)|) her iki veri kiimesi i¢in de ortalama 3.7 oldugu goriilmektedir. Sekil
2’de 6rneklendirilen /0,100] araliginda deger alabilen bir sinyal kullanildig1 da hesaba katildiginda, elde edilen formiillerin
veri kiimelerini sik1 bir sekilde tanimladigi goriilmektedir. Elde edilen formiiller tamamen ayni oldugu i¢in, Denklem (11)’de

Ozetlenen siiriim degerlendirme sonucu olumludur.

Ikinci deneyde ise A siiriimii normal durumu G(20,10) dagilimi ile B siiriimii normal durumu ise G(25,10) dagilimi ile
iiretilmistir. Her iki stirtim i¢in de G(60,10) dagilimu ile giiriiltiilii durumlar tiretilmis ve giiriiltii oran1 parametresi g = 0.02
olmustur. Yani, B siiriimii i¢in ortalama CPU kullanim oran1 bes birim artarak 20’den 25’e ¢gikmistir. Yeni siiriimde bu artist
tetikleyecek bir degisiklik yapilmamis ise bu beklenmeyen bir durum olarak goriiliir ve siiriim degerlendirme sisteminin bu

konuda bir uyar1 iretmesi beklenir.

Geligtirilen siiriim degerlendirme metodu uygulandiginda, ilk deneyde oldugu gibi ¢* :G_[p[’pzix > p, parametrik ptSTL
formiilii, her iki sinyal kiimesini de en iyi sekilde tanimlayabilen formiil olmustur. Fakat bu deneyde, parametre optimizasyonu
sonucunda p} = [0,15,5] ve p; = [0,15,10] parametrelerine ulagilmigtir. Parametrelerden bir tanesi (p,), B siiriimiinde A
stirimiine oran ile iki katina ¢ikmistir. Bu nedenle Denklem (11)’de 6zetlenen stiriim degerlendirme sonucu olumsuzdur.

Olumsuz degerlendirme i¢in kullaniciya verilen ¢** = G x>5vedtr =G x > 10 formiilleri de CPU kullanim

10,15] [0,15]

oraninda ciddi bir artis oldugunu net olarak gostermektedir.

Acta Infologica, Volume 5, Number 1, 2021 137



Formel Yaklagimlar ile Siiriim Degerlendirme

Deneylerde kullanilan sinyal kiimeleri iizerinde regresyon analizine dayal1 bir siiriim degerlendirme metodu da uygulanmistir.
Bu metotta, 6ncelikle benzetimli tavlama algoritmasi kullanilarak D  kiimesindeki sinyalleri tanimlayabilecek 3. dereceden
bir sinyal iiretilmistir. Uretilen tanimlayic1 sinyalin sinyal kiimesine uyumlulugunu élgmek i¢in ortalama artik kareler toplami
kullanilmistir (). Ardindan, tretilen bu sinyalin D, kiimesi tizerindeki ortalama artik kareler toplami 7, hesaplanmistir.
Bu metotta siiriim degerlendirme sonucu r, ve r, arasindaki farka gore iiretilir. i1k deneyde ', ver, degerleri, sirasi ile, 124
ve 125 olarak hesaplanmistir. ikinci deneyde ise r ', = 129 ve r, = 176 olarak hesaplanmistir. ilk deneyde birbirine yakin
degerler gozlenirken, ikinci deneyde r,’de goriilen artis olumsuz bir siiriim degerlendirme sonucu {iretilmesi gerektigini
gostermektedir. Gelistirilen metoda gore 6zetlenen regresyon analizi tabanli siiriim degerlendirme yaklasimi, kullanictya
iiretilen sonug ile ilgili agiklayici bir bilgi sunamamaktadir. Bunun yani sira, farkli karakterlerdeki sinyaller i¢in tanimlayici
sinyalin derecesi (3.) ve artik kareler toplamlar1 arasindaki farklar i¢in sinir belirlenmelidir.

5. SONUC

Bu calismada formel metotlara dayali bir siiriim degerlendirme metodu sunulmustur. Onerilen siiriim degerlendirme metodu,
takip edilen metrikler ile ilgili yazilabilecek biitlin parametrik ptSTL formiillerinin siralanmasi ve her bir parametrik formiil
icin A ve B versiyonlarindan iiretilmis olan sinyal kiimeleri {izerinde parametre optimizasyonu yapilmasi adimlarini
icermektedir. Son olarak da iki versiyonu da en iyi sekilde tanimlayabilen parametrik formiil i¢in tiretilen parametre degerleri
karsilastirilarak siiriim degerlendirme sonucu iiretilmistir. Onerilen metot ile siiriim degerlendirmede kullanilmak iizere
ptSTL formiillerinin otomatik olarak iiretilmesi saglanmistir.
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ABSTRACT

A brain tumor is a collection of abnormal cells formed as a result of uncontrolled cell division. If tumors are
not diagnosed in a timely and accurate manner, they can cause fatal consequences. One of the commonly
used techniques to detect brain tumors is magnetic resonance imaging (MRI). MRI provides easy detection
of abnormalities in the brain with its high resolution. MR images have traditionally been studied and
interpreted by radiologists. However, with the development of technology, it becomes more difficult to
interpret large amounts of data produced in reasonable periods. Therefore, the development of computerized
semi-automatic or automatic methods has become an important research topic. Machine learning methods
that can predict by learning from data are widely used in this field. However, the extraction of image features
requires special engineering in the machine learning process. Deep learning, a sub-branch of machine
learning, allows us to automatically discover the complex hierarchy in the data and eliminates the limitations
of machine learning. Transfer learning is to transfer the knowledge of a pre-trained neural network to a
similar model in case of limited training data or the goal of reducing the workload. In this study, the
performance of the pre-trained Vgg-16, ResNet50, Inception v3 models in classifying 253 brain MR images
were evaluated. The Vgg-16 model showed the highest success with 94.42% accuracy, 83.86% recall, 100%
precision and 91.22% F1 score. This was followed by the ResNet50 model with an accuracy of 82.49%.The
findings obtained in this study were compared with similar studies in the literature and it was found that it
showed higher success than most studies.

Keywords: Brain MRI Classification, Transfer Learning, Convolutional Neural Networks

0z

Beyin tiimorleri, beyin hiicrelerinin kontrolsiiz boliinmeleri sonucu meydana gelen kitlelerdir. Tiimorler
zamaninda ve dogru teshis edilmezlerse 6liimciil sonuglara neden olabilir. Beyin tiimorlerini tespit etmede
yaygin olarak kullanilan tekniklerden biri olan MRI’dir. MRI, sagladig: yiiksek ¢oziiniirliik ile beyindeki
anormalliklerin kolay tespitine imkan verir. MR goriintiileri geleneksel olarak radyologlar tarafindan
incelenip yorumlanir. Ancak teknolojinin gelismesi ile birlikte tiretilen ¢gok miktarda veriyi makul siirelerde
yorumlamak daha zor hale gelmektedir. Bu nedenle bilgisayarli yar1 otomatik ya da otomatik yontemlerin
gelistirilmesi 6nemli bir arastirma konusu haline gelmistir. Verilerden 6grenerek tahmin yapabilen makine
0grenmesi yontemleri bu alanda yaygin olarak kullanilmaktadir. Ancak makine 6grenmesi i¢in goriintii
ozelliklerinin gikarimi 6zel bir mithendislik gerektirir. Makine 6grenmesinin bir alt dali olan derin 6grenme,
veri igerisindeki karmasik hiyerarsiyi otomatik olarak kesfetmeye imkan saglar ve makine 6grenmesinin
sintrliliklarint ortadan kaldirir. Transfer 6grenme ise eldeki egitim verisinin az olmasi halinde ya da is
yiikiini azaltmak i¢in daha dnceden egitilmis bir derin sinir aginin bilgilerinin benzer baska bir modele
aktarilmasidir. Bucaligmada dnceden egitilmis Vgg-16, ResNet50 ve Inception v3 modellerinin siniflamadaki
performanslari degerlendirilmistir. Vgg-16 modeli %94.42 dogruluk, %83.86 recall, %100 precision ve
%91.22 F1 skoru ile en yiliksek basar1y1 gostermistir. Bunu %82.49 dogrulukla ResNet50 modeli izlemektedir.
Bu ¢alismada elde edilen bulgular literatiirdeki benzer ¢calismalarla karsilastirilmis ve ¢ogu ¢alismadan daha
yiiksek basar1 gosterdigi goriilmiistiir.

Anahtar kelimeler: Beyin MRI Siniflama, Transfer Ogrenme, Evrisimsel Sinir Aglar
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Performance Comparison of Different Pre-Trained Deep Learning Models in Classifying Brain MRI Images

1. INTRODUCTION

The brain is one of the most complex organs with billions of cells. A brain tumor is an abnormal group of cells that results
from uncontrolled cell division in the brain. If precautions are not taken in time, this abnormal group of cells leads to impaired
brain activity and damage to healthy cells. Brain tumors, like all other types of cancer, are a serious problem that threaten
human life and can be fatal if not diagnosed and treated in time. 24,000 new brain cancer cases were diagnosed in the United
States in 2019 (Cancer.Net, 2020). Accurate and rapid diagnosis of brain tumors is important for the effective treatment of
the disease. Computer Aided Diagnosis (CAD) assists neuro-oncologists in a variety of ways, and therefore CAD-based brain
tumor detection is a popular research topic (Kumar, Dabas, and Godara 2017). Diagnostic systems using machine learning
and deep learning are examples of CAD. CAD systems are based on magnetic resonance (MR) images.

Magnetic resonance imaging (MRI) is one of several techniques used in medical imaging and is widely used in imaging
abnormal brain tissues. Among other techniques, MRI is the most popular and risk-free one. MRI provides higher contrast
for soft tissues of the brain than CT images. MRI provides valuable information about the brain with high resolution. With
the help of MRI, abnormalities in the brain can be detected easily.

Advances in the field of medical imaging make it possible to extensively investigate human organs using a large number of
images produced. Traditionally, MR images are examined by radiologists, and abnormalities in the brain are detected.
However, with advances in medical imaging techniques and hardware acceleration, manual interpretation of large amounts
of data produced by MRI becomes a laborious task. For this reason, semi-automatic or automatic analysis of images with
computer-aided systems has become an important research topic (Bauer et al. 2013). As the issue is directly related to human
health, high accuracy and clarity are needed. At this point, computer-aided diagnostics help to obtain accurate results faster.

Brain tumor segmentation aims to detect the location and spread of tumors, active tumor tissue, and edema (Rajinikanth et
al. 2017). Segmentation and quantitative lesion assessment are vital for treatment planning methods, disease monitoring, and
control of disease progression. This is done by comparing abnormal tissues with normal ones. Brain tumor segmentation
from MR images is of great importance for advanced diagnosis and treatment planning. Current automated and semi-
automated brain tumor segmentation methods are generally categorized as either generative or discriminative model-based
methods (Menze et al. 2014). Generative models require knowledge of probabilistic image atlases of both healthy and tumor
tissues. Brain tumor segmentation based on probabilistic image atlases is an outlier detection problem (Prastawa et al. 2004).
Discriminative models require less information about the anatomy of the brain and instead use the basic features of the
image. These basic features are pixels, textures, local histograms (Kleesiek et al. 2014), region shape difference and symmetry
analysis (Tustison et al. 2013). The discriminative model methods classify MR images as either tumors or normal tissue
according to their characteristics, and the performance of the method depends on the image properties and the classification
algorithms used. In the discriminative model, machine learning algorithms are used, which handle handcrafted features.
Machine learning is a set of algorithms that allow computers to make predictions over big data. However, the extraction of
features that enable classification in these techniques requires special expertise (Akkus et al. 2017).

Different MR image classification techniques have been used in the literature to address brain abnormalities. In these studies,
the techniques which are typically used in the identification of normal and abnormal images are preprocessing, feature
extraction, and classification steps. These studies include various methods of supervised machine learning such as wavelet
transform (El-Dahshan, Hosny, and Salem 2010), Independent Component Analysis (ICA) (Moritz et al. 2000), Support
Vector Machines (SVM) (Chaplot, Patnaik, and Jagannathan 2006), Random Forest Classifier (RFC) (Reza and Iftekharuddin
2014) and productive Gaussian Mixture Model (GMM) (Domingues et al. 2018). Recent studies use advanced machine
learning techniques. Nayak et al. used Discrete Wavelet Transform (DWT) for feature extraction as well as the PCA for
feature reduction and the AdaBoost algorithm with the RFC (Nayak, Dash, and Majhi 2016). In another study, the same
researchers increased success by developing a model that uses the SVM with the AdaBoost (Ranjan Nayak, Dash, and Majhi
2017). Mohsen et al. used the properties obtained by the DWT and the PCA technique on segmented brain MR images to
train the neural network used for the classification of brain tumors (Mohsen et al. 2018). Zhang et al. developed a brain MRI
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classifier by combining the SVM and Particle Swarm Optimization (PSO) (Zhang et al. 2013). The same researchers used
the wavelet entropy method instead of SVM in another study (Zhang et al. 2015). Wang et al. used PSO, artificial bee colony
and feed-forward neural networks in their studies (Wang et al. 2015). Saritha et al. used probabilistic neural networks (PNN)
with wavelet entropy method (Saritha, Joseph, and Mathew 2013).

In most automated brain tumor segmentation studies, the detection process is carried out with the help of machine learning
classifiers using handcrafted features. However, traditional machine learning algorithms cannot make very good generalizations.
A machine learning technique called deep learning which has attracted great attention in recent years eliminates the limitations
of classical machine learning algorithms and enables automatic discovery of the features of MR images with its self-learning
ability. In deep learning, features are automatically extracted by various feature processing layers, and feature engineering

is less needed (LeCun, Bengio, and Hinton 2015). Deep learning techniques provide solutions to a wide range of problems.

Recent studies on computer-aided medical diagnosis show improved performances with the emergence of the concept of
deep learning, and the success of deep learning in feature extraction is expanding the research field (Cao et al. 2018). Deep
learning models were used in many biomedical applications such as diagnosis of lung cancer (Gu et al. 2018), breast cancer
(Yousefi, Krzyzak, and Suen 2018), skin cancer (Zuo et al. 2017), diagnosis of pulmonary nodules (Cheng et al. 2016) and
histopathological diagnosis (Litjens et al. 2016).

Recently, deep learning techniques have been used in the analysis of brain MRI images. Despite effortful studies on medical
image analysis, automated detection of brain abnormalities remains an unsolved problem due to variations in brain morphology,
imaging techniques and devices (Akkus et al. 2017). Studies mention that convolutional neural networks (CNN) perform
better in deep learning-based brain tumor segmentation methods (Kamnitsas et al. 2017). The advantage of CNN-based
systems is that they do not require manual segmentation and can perform fully automatic classification. In their study, Pashaei
et al. automatically extracted the features from brain MR images using a CNN architecture and the model achieved 81%
classification accuracy (Pashaei, Sajedi, and Jazayeri 2018). Charron et al. used a CNN-based model to track metastases
(Charron et al. 2018). Havaei et al. proposed a model that simultaneously detects both local and global contextual features
of brain tumors by trying a series of CNN architectures (Havaei et al. 2017). Agn et al. proposed a deep learning-based model
that adjusts the parameters in brain tumor radiotherapy planning to minimize the risk for healthy tissues (Agn et al. 2019).
Afshar et al. used a capsule neural network, a modified CNN architecture, to classify brain tumors, but the improvement in
performance was not sufficient (Afshar, Mohammadi, and Plataniotis 2018).

Examining MR images requires large amounts of data processing. For this data processing task, using the graphics processing
units (GPU) of computers provides higher performance than using the central processing unit (CPU). Another solution for
increasing performance in deep learning is using transfer learning method. Transfer learning is simply a matter of transferring
the knowledge of another pre-trained neural network to a new and similar model. Transfer learning has great potential for
computer-aided detection of medical problems. Zhou et al. used a pre-trained Inception v3 model to detect kidney tumors
(Zhou et al. 2019). Deniz et al. used VGG-16 and AlexNet model for breast cancer diagnosis and then they classified tumors
using SVM (Deniz et al. 2018). Hussein et al. proposed a transfer learning-based model for lung and pancreatic tumor
characterization (Hussein et al. 2019). Transfer learning also attracts attention in neurooncological studies. Kaur and Gandhi
conducted a study that showed that transfer learning is more effective in brain tumor classification than traditional machine
learning (Kaur and Gandhi 2020). Yang et al. used AlexNet and GoogLeNet in their study to determine the tumor grade with
brain MR images (Yang et al. 2018). Jain et al. used a pre-trained VGG-16 network to diagnose Alzheimer’s disease via MR
images (Jain et al. 2019). Deepak and Ameer used pre-trained GoogLeNet to distinguish three different types of tumors via
MR images (Deepak and Ameer 2019). Rehman et al. performed a study using GoogleNet, AlexNet and Vgg models for a
similar task (Rehman et al. 2020). Chelghoum et al. conducted a study demonstrating the effectiveness of transfer learning

with limited time and small number of epochs in brain tumor classification (Chelghoum et al. 2020).

In this study, three different pre-trained models were used to classify 253 brain MR images. The performances of the Vgg-16,
ResNet50 and Inception V3 models were evaluated in terms of accuracy, recall, sensitivity and F1-score measurements. With
a relatively limited dataset, the aim was to achieve high accuracy values in low epoch numbers, and a success of over 94%
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was achieved as a result of 30 epochs. The results obtained in this study were compared with similar recent studies in the
literature. It was revealed that the success achieved with the Vgg-16 model was higher than similar studies in the literature.
In this study, an alternative and successful solution for tumor detection on brain MRI images was presented.

In the following sections, transfer learning models used in the study, dataset, data processing method, deep learning techniques
used in the study, experiments and findings are presented .

2. MATERIAL AND METHOD

Most previous studies are based on manual extraction of tumor features before classification. This prevents them from being
fully automated. Only a small number of studies show solutions being produced if the available data are relatively small.

In this study, a fully automated classification approach for brain MRI images was presented, using the transfer learning
method in deep convolutional neural networks. A dataset consisting of 253 brain MRI images was used. Before the learning
process in deep neural networks, the images were preprocessed. The basic steps of the process are as follows:

1. Preprocessing: Raw MRI images were cropped and the borders of the brain tissue were determined with the help of the
OpenCV library.

2. Deep learning model implementations: Three different pre-trained models (Vgg-16, ResNet50 and Inception V3) were
used.

3. Data augmentation: Data augmentation technique was carried out during the training to increase learning success and
prevent overfitting.

4. Learning-rate optimization: The learning rates of the models were optimized using the adaptive momentum method.
5. The performances of the models were evaluated with accuracy, precision, recall, and F1 score metrics.

The workflow of the method used is given in Fig. 1.

Transfer

. Learning Output
Augmentation VGG-16, ResNet50, fumorornot

Inception V3, Xception

Raw MR Data

) Preprocessin
EEES P g

Figure I. Flowchart of the study
2.1. Dataset

The dataset used in the study consists of 253 brain MRI images collected and shared publicly by Chakrabarty at the Jalpaiguri
Government College of India (Chakrabarty, N. n.d.). 155 of these images were with tumor and 98 of them were without tumor.
The graph showing the tumor and non-tumor image distributions within the dataset is given in Figure 2.

= Tumor = Non-tumor

Figure 2. Image distributions within the dataset
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The dataset is imbalanced in terms of the class distribution of the images. As a result of the dominance of a particular class
in the dataset, the classifier becomes more prone to learning the dominant class. To eliminate this instability problem, the
number of instances of the dominant class should be reduced or the instances of the less data class should be increased. Since
the dataset used in this study was relatively limited, reducing the amount of data of the dominant class decreases the
generalizability of the classification success. For this reason, data augmentation was applied to the class with a small number
of samples.

Examples of MR images with tumors and without tumors in the dataset are given in Fig. 3. The dimensions of the images
in the dataset and the black frames around them are different. For this reason, preprocesses were applied to standardize the
images before the training.

Figure 3. Sample images from the dataset
2.2. Image Preprocessing and Data Augmentation

During the preprocessing process, using the OpenCV library with Python, the boundaries of the brain tissue over the frame
located around the image, namely, the endpoints in four separate poles, right, left, top, and bottom, were identified (Fig. 4).

Figure 4. Preprocessing stages

The image was cropped according to the boundaries and polar points. In this way, the boundaries of the brain tissue were
determined on the raw image and the part outside was discarded. This makes data processing easier. Images with different

width and length values were resized to 224x224 pixel size after cropping.

Working with a relatively small amount of data and an imbalanced dataset leads to overfitting. The model tends to learn the
dominant class and cannot generalize for other situations. Data augmentation technique is used to prevent this problem and
to diversify the data. The data augmentation technique enables the generation of new data by applying processes such as
zooming, reflecting, and rotating at varying rates on the existing dataset. The transformation methods and rates applied to
the original data are obtained empirically, depending on the dataset and process. In this study, augmentation over the current

dataset was done using 15% rotation, 5% shifting on the horizontal and vertical axis, 1/255 rescaling, and mirroring on the
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horizontal and vertical axis. The rotation, shifting, and scaling ratios used for this study were also obtained experimentally

in a way that maximizes the performance increase for the model.

Data augmentation was applied to reproduce tumor-free images with fewer samples to balance the dataset used. While the
number of images with tumor remained the same, the number of images without tumor was increased by 50%. As a result

of data augmentation, the number of images belonging to each class is given in Table 1.

Table 1

Number of images after data augmentation

Image class Image count
Images with tumor 155
Images without tumor 147
Total 302

2.3. Deep Learning, CNN and Transfer Learning

Deep learning refers to the learning process performed with multiple layer neural networks to extract a feature hierarchy
from raw input data. Contrary to manual feature extraction in classic machine learning, it is a popular technique that
automatically extracts features from images. With the advances in hardware technology, large amounts of data can be
processed quickly and high success and generalization can be achieved.

There are various deep learning techniques used for different purposes. CNN is a deep learning technique widely used in
image classification and segmentation. CNN has also been widely used in medical image analysis to achieve better results
(Belaid and Loudini 2020). CNN enables automatic extraction and definition of features through images. A typical CNN
includes convolution, pooling, activation and classification layers. Images that are classified with specific tags are transferred
to the CNN in pixels so that the trainable parameters in the network are optimized to increase the classification accuracy.
The convolution layer applies a kernel onto the input pixels, thereby revealing the features. The pooling layer reduces the
data by taking the largest or average of the data from previous layers. The fully connected layer enables the transition to the

1 Ao

prediction phase. The general structure of a CNN architecture is shown in Fig. 5.

pooling layer

convolution layer

|ﬁoooood’(666£5

|0000000000

predictions

-

| J
fully connected layer

Figure 5. CNN architecture

Transfer learning is to transfer the weights of a network previously trained with large amounts of data to another model
created to solve a similar problem. This method becomes important if there is not enough training data for the current problem.
With a relatively small amount of data, an overfitting problem may occur in the network and successful generalizations
cannot be made. If the data on which the pre-trained model was trained is comprehensive enough, the transferred network
parameters ensure the correct classification of a small amount of data. The calculated weights of the pre-trained model are
transferred to the new model and only the classifiers in the last part of the new model are trained.
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Studies on medical image analysis also reveal that transfer learning is useful when a limited number of images are available
(Deepak and Ameer 2020). In this study, a brain MR classification task was performed using pre-trained VGG-16, ResNet50,
Inception v3 transfer learning models, and then the success of the models was compared.

2.3.1. VGG-16 model

VGG network architecture is a CNN model introduced in 2014 by Simonyan and Zisserman (Simonyan and Zisserman 2020).
VGG-16 is a special VGG type with 16 weighted layers. Its layers are convolution, maxpooling, activation, and fully connected

layer. The general structure of the VGG-16 model is given in Fig. 6.

There are a total of 21 layers in the architecture: 13 convolution, 5 pooling, 3 dense layers. Only 16 of these are weighted

layers. There are 64 filters in Convolution 1 layer, 128 filters in Convolution 2 layer, 256 filters in Convolution 3 layer, 512
filters in each of Convolution 4 and Convolution 5 layers.

Pooling 2
Pooling 3
Pooling 4
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Convolution 1.1
Convolution 1.2
Convolution 2.1
Convolution 2.2
Convolution 3.1
Convolution 3.2
Convolution 3.3
Convolution 4.1
Convolution 4.2
Convolution 4.3
Convolution 5.1
Convolution 5.2
Convolution 5.3
Pooling 5

Figure 6. Structure of VGG-16 model

The VGG-16 network was trained on the ImageNet dataset containing more than 14 million images and 1000 classes and
achieved 92.7% accuracy.

2.3.2. ResNet-50 model

ResNet was introduced by He et al. in 2015 and the model became the winner of ImageNet competition with a 3.57% error
rate (He et al. 2016). Unlike traditional sequential network architectures, ResNet has a structure based on microarchitecture
modules. In theory, success is expected to increase as the number of layers in a model increases. However, increasing the
number of parameters makes training and optimization difficult. During training, neurons that do not have high activations

are ineffective in the deep neural networks, and in this case, residues appear in the network. ResNet is created by adding
blocks that feed residual values to the next layers (Fig. 7).

weight layer
weight layer

6(x) F(x)+x

weight layer
weight layer

Figure 7. Typical CNN and ResNet

In a normal CNN, the model that runs sequentially from input to output is represented by a nonlinear G (x) function. In
ResNet, by creating a shortcut from the input to the output, the input value (x) is added to the F (x) function arithmetically.
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Then F (x) + x is passed through ReLU. With the aim of conveying the values in the past layers to the next layers more
strongly, the input at the end of the 2nd layer in ResNet is added .

ResNet50 is a special version of the ResNet model with 50 weighted layers.
2.3.3. Inception v3 model

Inception networks constitute one of the important steps in the development of CNN architectures. There are 4 versions
with differences in performance and accuracy. Inception v3 was designed by Szegedy et al. and the model was successful
in ImageNet competition with a low error rate (Szegedy et al. 2016). The auxiliary classifiers used in the Inception architecture
did not contribute until the end of the training process in the second version. Inception v3 was designed with minor changes
in this version. Inception v3 consists of 42 layers. In addition to the previous versions, there are label smoothing, normalization

for auxiliary classifiers, 7x7 convolution, and RMSProp optimizer. The structure of the Inception v3 model is shown in Fig.
8.

. """'\
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Figure 8. Structure of Inception v3 model (Agravat and Raval 2018)
3. EXPERIMENTAL STUDY

In this study, a fully automated classification approach for brain tumors was presented. First, preprocessing was performed
on the raw MRI images, the boundaries of the brain tissue were determined automatically, and the images were cropped.
Then, the dataset was expanded by applying the data augmentation method. The transfer learning method was used to reduce

the processing load and achieve successful results with a small amount of data.
3.1. Performance Metrics

There are several metrics used to evaluate a classifier. Accuracy is the most widely used metric. Accuracy in classification
is defined as the ratio of the number of correctly classified samples to the total number of data (Eq. 1).

number of correctly classified samples )

accuracy =
4 total number of samples

Classification accuracy is an effective parameter to characterize performance if the test dataset contains an equal number
of samples from each class, i.e., it is balanced. However, when working with an unbalanced dataset, the system should be
evaluated with more performance metrics. For this purpose, confusion matrices are used. A confusion matrix gives true and
false classifications as a table. A confusion matrix contains values for four possible outcomes: When the original positive
data is correctly classified as positive it is called true positive (TP), when the original positive data is classified incorrectly
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as negative it is called false negative (FN), when the original negative data is classified correctly as negative it is called true
negative (TN), when the original negative data is classified incorrectly as positive it is called false negative (FP). With these
values obtained from the confusion matrix, different metrics are calculated to express the performance of the classifier.

Recall (sensitivity) which is calculated from these results is expressed in Eq. 2. Recall indicates the ability of the classification
to detect true positives.

TP @)

recall = m

Precision is calculated as shown in Eq. 3. Precision indicates the ability of the classification to eliminate false positives.

TP 3)

precision = W

The F1 score used to express the balance between recall and precision is the harmonic mean of these two metrics. The F1
score is calculated as expressed in Eq. 4.

recision * recall 4
Flscore=2*p “)

precision + recall
For each model used in this study, recall, precision, and F1 score values were evaluated along with the accuracy parameter.
3.2. Findings and Discussion

In this study, the dataset consisting of 253 brain MR images was classified using three different pre-trained models. All other
external parameters such as learning rate optimization, batch size, and number of epochs were the same for each model

applied. The dataset was divided into 80% training and 20% test sets. 20% of the test set was used as a validation set.

The accuracy and the loss graphs on epoch basis were given for each model. Besides, the performance of each model was
compared in terms of the specified metrics.

VGG-16 model: The accuracy and loss graphs obtained as a result of the training process are given in Fig. 9.
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Figure 9. Accuracy and loss graphs of the VGG-16 model
The accuracy obtained at the end of the 30 epochs is 94.42%. Recall is 83.86%, precision is 100%, F1 score is 91.22%.

ResNet50 model: The accuracy and loss graphs obtained as a result of the training process are given in Fig. 10.
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Figure 10. Accuracy and loss graphs of the ResNet50 model

The accuracy obtained at the end of the 30 epochs is 82.49%. Recall is 82.94%, precision is 100%, F1 score is 90.67%.

Inception v3 model: The accuracy and loss graphs obtained as a result of the training process are given in Fig. 11.
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Figure 11. Accuracy and loss graphs of the Inception V3 model

The accuracy obtained at the end of the 30 epochs is 68.13%. Recall is 50.48%, precision is 40.12%, F1 score is 44.70%.

The performance results of the three pre-trained models in the same number of epochs are given in Table 2.

Table 2

Performance measurements

Model Accuracy Recall Precision F1 Score
Vgg-16 94.42% 83.86% 100% 91.22%
ResNet50 82.49% 82.94% 100% 90.67%
Inception V3 68.13% 50.48% 40.12% 44.70%

When the models are compared in terms of metric values, it is seen that the most successful model on the dataset used is

Vgg-16 with an accuracy of 94.42%. The second successful model is ResNet50 with 82.49% accuracy. The Inception V3

model showed significantly lower success compared to these two models. The Vgg-16 and ResNet50 models are similar in

terms of their ability to detect the right positives (recall) and to eliminate false positives (precision). However, Vgg-16 model

was superior in terms of all metrics.

Since the dataset used in this study was imbalanced, we aimed to increase the success using the data augmentation technique.

In order to reveal the effect of data increment on prediction success, each model was re-run without applying data augmentation,
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keeping other parameters the same. The accuracy values obtained with and without data augmentation are comparatively

given in Table 3.

Table 3

Model accuracies with and without data augmentation

Model Without augmentation With augmentation
Vgg-16 85.92% 94.42%
ResNet50 72.59% 82.49%
Inception V3 53.14% 68.13%

According to the measurements obtained, it was observed that the application of data augmentation brought an increase of
up to 22% in the success of the model.

Most studies in the literature on the classification of brain MR images used machine learning techniques with handcrafted
features. The manual extraction of features is a burden and increases the error rate. Deep learning enables automatic discovery
of the features of MR images with its self-learning ability. A comparison of the findings obtained in this study with similar
recent studies that classify brain MR images using deep learning methods in the literature is given in Table 4.

Table 4

Comparison of the results obtained in this study with the literature

Reference Dataset Method The highest accuracy (%)
Shahamat and Abadeh 2020 140 MRI images Custom CNN 70
Zhang et al. 2020 361 MRI images R-CNN 79
Naser and Deen 2020 110 MRI images CNN-UNet 89
Zhou et al. 2019 192 MRI images InceptionV3 69
Saxena et al 2020 3064 MRI images Vgg-16 90
Mlynarski et al. 2019 285 MRI images CNN-UNet 80.92
- Afshar et al. 2019 3064 MRI images CapsNet 90.89
- Abiwinanda et al. 2018 3064 MRI images Custom CNN 84.19
Pashai et al. 2018 3064 MRI images Custom CNN 81.09
Yang et al. 2018 113 MRI images GoogLeNet 86.7
This study 253 MRI images Vgg-16 94.42

Table 4 shows that the accuracy of the studies performed using various CNN models on different sizes of datasets in the
literature varies between 70% and 90%. This study demonstrates that the best result of 94.42% obtained by using the Vgg-16
model was higher than similar studies in the literature and Saxena et al.’s study using the same model. Inception V3 was the
least successful model of this study with 68.13% accuracy. In the literature, results obtained in other studies using the
Inception V3 model in the classification of brain MR images were also between 55% and 69% (Saxena et al. 2020) (Zhou et
al. 2019).

4. CONCLUSION

Due to the high image resolution it provides, MRI helps detect abnormalities in the brain with greater ease . Traditionally,
MR images are interpreted by radiologists and tumors are diagnosed. However, with the advances in medical imaging
techniques, it has become difficult to interpret manually large amounts of data produced in reasonable periods. As deep
learning can effectively identify complex relationships, it has begun to attract great attention in the field of medical image
analysis. Recently, deep learning has been used in the analysis of brain MRI images, but automatic detection of brain tumors
is still a problem waiting to be solved due to variations in the morphological structure of the brain and differences in imaging
technology. CNNs are commonly used in the deep learning-based brain tumor segmentation problems. One of the methods
used to increase data processing performance is transfer learning. With the transfer of the learned parameters, high success
is achieved while reducing the workload of the new model. Besides, transfer learning ensures successful results in case of
low training data.

In this study, classifications were made using pre-trained Vgg-16, ResNet50, and Inception V3 models on a dataset consisting

of 253 brain MRI images with and without tumors. Raw MR images were preprocessed to reduce the workload in the training
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process. The boundaries of the brain tissue were determined over the raw image and the image was cropped and resized.
Data augmentation was applied to balance the dataset class distributions. The classification process with three different
models was evaluated with accuracy, recall, precision, and F1-score metrics. Vgg-16 model showed the highest success with
94.42% accuracy, 83.86% recall, 100% precision and 91.22% F1 score. This was followed by the ResNet50 model with an
accuracy of 82.49%. Inception V3 model showed the lowest success in this study as in similar studies in the literature.
Findings obtained in this study were compared with recent similar studies in the literature. The Vgg-16, which was the most
successful model in this study, was shown to be more successful than the peer studies in the literature. In this study, it was
shown that the transfer learning method provides successful results with a limited amount of data and fewer epochs. An
alternative support system solution was presented for experts that will facilitate tumor detection from brain MR images.
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ABSTRACT

Rising healthcare costs for countries and the long-term maintainability of this situation are at the center of
the political agenda. The steady increase in health spending puts pressure on government budgets, healthcare,
and personal patient financing. Policymakers would like to plan reforms to reduce these costs to adapt to
problems that may arise. This has led planners to decision support systems and forecasting models. In this
paper, three machine learnings algoritms, namely Support Vector Regression (SVR), Decision Tree
Regression (DT), and Gaussian Process Regression (GPR) are employed to design a forecasting model for
Health Spendings (HS) of Turkey considering various determinants. Gross domestic product per capita,
urban population rate, unemployment rate, population ages 65 and above, the life expectancy, the physicians’
rate, and the total number of hospital beds are used as inputs. The data set consists of 30 years between 1990-
2019, which splits as training and test sets. Developed models were compared considering performance
metrics, and the most accurate model was identified. The coefficient of determinations (R?) for SVR, GPR,
and DT models are 0.9929, 0.9989, and 0.9611 in the training phase, 0.9536, 0.8944, and 0.1166 in the testing
stage, respectively. Therefore, the SVR model has accurate prediction results with the highest R? and the least
root mean square error values in the testing phase. The study showed that the proposed SVR model reduced
RMSE value by 32.02% and 39.66% compared to the GPR and DT models, respectively. Consequently, the
Health Spendings of Turkey can be predicted by employing SVR with high accuracy.

Keywords: Health Spending, Gaussian Process Regression, Decision Tree, Support Vector Regression

0z

Ulkeler igin artan saglik maliyetleri ve bu durumun uzun vadeli siirdiiriilebilirligi siyasi giindemin
merkezinde yer almaktadir. Saglik harcamalarindaki siirekli artis, hiikiimet biitgeleri, saglik hizmetleri ve
kisisel hasta finansman1 {izerinde baski olusturmaktadir. Politika yapicilar, ortaya cikabilecek sorunlara
uyum saglamak ve bu maliyetleri diisiirmek i¢in reformlar planlamak isterler. Bu durum, planlayicilari karar
destek sistemlerine ve tahmin modellerine yonlendirmistir. Bu ¢alismada, Tiurkiye’nin Saglik Harcamasi
(HS) i¢in ¢esitli belirleyicileri dikkate alan bir tahmin modeli tasarlamak amaciyla Destek Vektor Regresyonu
(SVR), Regresyon Agaci (DT) ve Gauss Siire¢ Regresyonu (GPR) olmak iizere ti¢c makine 6grenme
algoritmasi kullanilmistir. Kisi basina gayri safi yurti¢i hasila, kentsel niifus orani, issizlik orani, 65 yas ve
iistii niifus, ortalama yasam siiresi, hekim orani ve toplam hastane yatak sayis1 girdi degiskenleri olarak
belirlenmistir. Veri seti egitim ve test verisi olarak ayrilmig ve 1990-2019 yillar1 aras1 30 yili kapsamaktadir.
Gelistirilen modeller performans 6lciitleri dikkate alinarak karsilagtirilmis ve en iyi model belirlenmistir.
SVR, GPR ve DT modelleri i¢in belirleme katsayist (R?) egitim agsamasinda sirastyla 0.9929, 0.9989 ve
0.9611, test agsamasinda sirasiyla 0.9536, 0.8944 ve 0.1166°dir. Ayrica, SVR modeli, test asamasinda en
yiiksek R? ve en diisiik kok ortalama kare hatasi degerleri ile en iyi tahmin sonuglarina sahiptir. Calisma,
onerilen SVR modelinin RMSE degerini diger GPR ve DT modellerine kiyasla sirastyla % 32.02 ve % 39.66
azalttigini gostermistir. Sonug olarak, Tiirkiye'nin saglik harcamalar1 SVR modeli kullanilarak yiiksek
dogrulukta tahmin edilebilir.

Anahtar kelimeler: Saglik Harcamasi, Gauss Siire¢ Regresyonu, Regresyon Agaci, Destek Vektor
Regresyonu
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Predicting Health Spending in Turkey Using the GPR, SVR, and DT Models

1. INTRODUCTION

People are living longer than ever before thanks to developing health technologies and improved living standards. According
to Turkstat statistics, Turkey’s life expectancy has increased in recent years (Turkstat, 2020). Therefore, healthcare expectations
have also increased due to the developments of technological advances. As a corollary result of the increasing expectations
for healthcare services, the expenditures of governments in this area will also increase. Determining the reasons for the

increase in expenditures is very important for the planning of health systems.

The existing service system must be operated optimally for healthcare services to provide the proper services to the right
person at the right time, the problems in the system must be identified, and solutions must be specific to these problems.
With developing technology, many methods and technologies can be used in health systems. However, it is not possible to
provide all of the technologies. For this reason, the concept of health economics is drawing attention today. Optimizing
available resources under constraints on variables such as productivity, patient safety, and clinical efficacy will be an efficient

tool for decision-makers.

Health and health services are in a reciprocal relationship with the economy. However, studies defining this relationship are
divided into two classes. The first is to investigate the links between health status and income distribution, and the second
is to identify the interrelation between health financing policies and economic outcomes (Martin et al., 2011). Health indicators
play an important role in determining the development of countries. Some previous studies, such as Bauer et al. (2006) and
Dalbokova and Krzyzanowski (2002), claim a positive correlation between countries’ health levels and their development.

Also, people’s welfare, labor productivity, demographic and human capital factors directly impact health spending.

The number of studies that investigate the determinants of healthcare spending and estimate the expenditures according to
related determinants is increasing day by day. In the light of previous studies, the determinants affecting health expenditures
can be classified as environmental, social, and economic. Gross domestic product, unemployment rate, physicians, urbanization
rate, and gas emissions were used frequently as determinants of health expenditure in previous studies. Also, most studies

investigated the effects of environmental quality on health expenditures (Martin et al., 2011).

Health spending in Turkey, primarily financed by the government, should be optimized to avoid the extra cost of public
spending and it is expected to increase in the coming years. This situation depends on ensuring financial efficiency in health
services. Excessive healthcare financed by the Turkish government and the advancement of technology in health services
negatively affect health expenditures, threatening the system’s financial sustainability. The optimization of the system is
possible with properly selected management strategies. For instance, the application of lean service tools in the health sector
will increase the efficiency of the system and decrease expenditures (Efe and Efe, 2016). Therefore, decision support systems
designed to manage health expenditures should predict health expenditure, determine the indicators of health expenditures
and optimize the resources (Ministry of Development, 2014).

As healthcare needs increase, health expenditures are expected to increase to meet these demands. In most industrialized
economies, healthcare spending is proliferating more than the growth of income. Figure 1 shows the average health spendings
for OECD countries and Turkey’s health spendings during the last fifteen years (OECD, 2021). According to this graph,
health expenditures increased between 2003 and 2019. Unfortunately, Turkey’s per capita health spending level remains
below the OECD average. According to OECD data, there was a 15.9% increase in health spendings from 2012 to 2018.
Although it is not valid for all OECD countries, some OECD countries with higher income and development levels spend
more on health services. Identifying the factors that lead to increased health spending is essential for policymakers and
scientists to control and plan the spendings.
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Figure 1. The annual health spendings of Turkey and OECD countries (OECD, 2021)

Improving the health status of citizens will have the potential to increase government spending on healthcare. As seen in

Figure 2, the trend in rate of health spendings in GDP has a risen and declined over twenty-nine years in Turkey.
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Figure 2. The change of HCE (% GDP) and HCE (Total, US dollars/capita) in Turkey (OECD, 2021)

Moreover, the government’s ability to manage health spendings depends on determining the main factors influencing health
spendings and selecting a suitable prediction model. With the development of machine learning methods, nonlinear relationships
between inputs and outputs can be modeled quickly, and variables that do not explain the target can be included in the model.
In previous studies, these relationships were mostly modeled using statistical models. Also, statistical methods widely used
in the literature require large data sets. It can show low predictive performance in small-volume data sets. Machine learning
models can overcome this problem and have better predictive results with smaller data sets. For this reason, Machine learning
models have been widely used recently.

Various methods were employed to predict health spendings in previous studies. These methods can be classified as statistical
methods and Al-based methods (Maksimovié et al., 2017; Cinaroglu, 2017; Ozcan and Tiiysiiz, 2018). It is impossible to

examine all previous studies. For this reason, some selected studies to reflect the literature have been reviewed.

Maksimovi¢ et al. (2017) used soft computing methods to estimate gross domestic product (GDP) using health spending
determinants. According to the obtained results, the SVR model has better estimation ability than the other employed methods
(Maksimovi¢ et al., 2017). Mladenovi¢ et al. (2016) used a hybrid artificial neural network and fuzzy system (ANFIS) to
examine health spending’s influence on economic growth. It has been shown that the GDP growth rate is the most useful
feature of health expenditures (Mladenovi¢ et al., 2016). Cinaroglu (2018) compared ML-based prediction models, namely
Lasso Regression, Random Forest, and Support Vector Regression for Turkey. The total health expenditure per capita was
selected as the dependent variable. The independent variables are: income, geographical region, total population over 65
years of age, life expectancy at birth, and total population. The different hyperparameters for each model were used in
determined intervals, and the results were compared. As a result, the Random Forest model had better estimation results
according to different hyperparameter values. Ozcan and Tiiysiiz (2018) used a Grey estimation model to estimate Turkey’s
per capita healthcare spendings. Since the grey prediction model’s performance depends on the model’s parameters, these
parameters were optimized using the genetic algorithm. Three different mechanisms have been developed to test the predictive

ability of the models. As a result, the Grey model’s prediction performance has increased with the genetic algorithm (Ozcan
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and Tiiystiz, 2018). Dritsakis and Klazoglou (2019) modeled the total health expenditure of the USA using the Box-Jenkins
method. The developed ARIMA (2,1,0) model is better than other employed models considering obtained performance
criteria (Dritsakis and Klazoglou, 2019). Ram et al. (2019) employed ARIMA to forecast health expenditure in Iran. The
ARIMA (1,1,1) model had the most accurate prediction results (Ram et al., 2019). Samah et al. (2020) aimed to observe health
spendings and CO, emissions during the COVID-19 outbreak in Malaysia. The dynamic panel data system GMM prediction
model was used. It was shown that health spendings and the growth in health services, inflation rate, and unemployment
rate significantly impact CO, emissions (Samabh et al., 2020). Shi et al. (2020) investigated the effects of urbanization on
healthcare spendings and behavioral changes. As a result of the study, it was found that increasing urbanization affects the
total treatment costs. Moreover, it has been observed that health spendings are affected by the urbanization rate and health
insurance level (Shi et al., 2020). Ceylan (2020) estimated Turkey’s health expenditures using greenhouse gas emission levels
as input variables via optimized support vector regression, feedforward backpropagation neural network, and multivariate
linear regression. The SVR model with Bayesian optimization has more effective health expenditure estimation results
(Ceylan, 2020). Ceylan and Atalan (2020) used artificial intelligence techniques to estimate health expenditures per capita
in Turkey. In the study, optimum determinants from the variables were selected using the genetic algorithm method. Random
Forest model with genetic algorithm feature selection had the superior performance among all used models (Ceylan and
Atalan, 2020). Cinaroglu (2020) presented a study comparing the predictive ability of logistic regression and random forest
models for households that will face catastrophic out-of-pocket (OOP) health expenditure. The dataset was obtained from
the household budget survey compiled by TURKSTAT for the year 2012. As a result, the developed random forest model
had superior performance in showing households facing catastrophic OOP health expenditure. Durmaz and Pabugcu (2020)
used the ANFIS method to investigate the relevance between public health spendings and labor productivity. G20 countries
data were used to analyze relations. The health spendings rate, trade gap, and GDP growth rate were used as input variables,
and labor productivity as an output variable. It was determined that the relationship between health spendings and labor force
productivity has different effects periodically, and there are linear and opposite relationships (Durmaz and Pabugcu, 2020).
Jia et al. (2021) developed a forecasting model using the gray system theory called the New Structure of the Multivariate
Grey Prediction Model. The main driving factors affecting China’s health sector were used as input variables, and health
expenditures were estimated. The input variables in the model were determined considering the economy, population, health
service utilization, and policy. The suggested NSGM (1, N) model provided good predictive results.

In the literature review, few studies used the SVR and DT methods for health spendings prediction. Ceylan (2020) and
Maksimovi¢ et al. (2017) employed an SVR model to estimate health spendings. Akca et al. (2017) developed a decision tree
model to identify features that have measurable effects on HS for OECD countries. In this study, GDP per capita (GDP),
population ages 65 and above (PO65), urban population (UP), unemployment rate (UR), life expectancy (LE), the physicians’
rate (PY), the total number of hospital beds (HB) were used as input variables to predict health spendings per capita (HS) in
Turkey. Some or all of these variables have been used as inputs in the HS estimation literature (Hékkinen et al., 2008;
Jakovljevic et al., 2020; Mladenovi¢ et al., 2016).

This study aims to contribute to the literature by developing forecasting models using machine learning methods. In this
study, SVR, GPR, and DT models were used to estimate health spendings. According to the authors’ knowledge, GPR has
not been used previously to model health spendings. The SVR and GPR models’ results were very close, so that GPR might
also be used to model health spendings. Furthermore, the SVR and GPR models provided a stable estimation in a short time.
The paper includes four sections. The materials and methods, evaluation of the model accuracy, and developed models’
structure are placed in Section 2. Section 3 and Section 4 contain the results of the developed models and the conclusion,

respectively.
2. MATERIAL AND METHOD
2.1. Data Collection Process

Turkey’s health spending per capita was estimated using GDP per capita, population ages 65 and above, life expectancy,
unemployment rate, the number of physicians, the total number of hospital beds, and urban population data in this case. The
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data set was gained from several data sources covering the period 1990-2019. Table / explains the definitions, abbreviations
(Abbr.), and units of the variables and shows the sources.

Table 1

Definition of the Variables

Variable Abbr. Unit Source
Health spendings per capita HS Total, US dollars/capita (OECD, 2021)
GDP per capita GDP Constant 2010 billion US$ (Worldbank, 2021)
Population ages 65 + PO65 % of the total population (Worldbank, 2021)
Urban population UPpP % of the total population (Worldbank, 2021)
Unemployment rate UR % of total labor force (Worldbank, 2021)
Life expectancy LE years (Worldbank, 2021)
Number of Physicians PY Per 1,000 people (OECD, 2021)
Number of Hospital beds HB Unit (Turkstat, 2020)

GDP, PO65, UP, UR, LE, PY, HB are inputs that affect the HS. Table 2 shows the descriptive statistics of inputs and output.

Table 2
The statistics of the data set

GDP PO65 UP UR LE PY HB HS
Mean 9991.31 6.55 67.54 9.26 71.71 1.44 171828 627.85
Std 2710.69 1.16 4.96 1.70 4.11 0.31 34337 360.03
Minimum 6709.09 4.61 59.20 6.49 64.26 0.9 120738 151.80
Maximum 15068.98 8.73 75.63 13.67 77.54 1.88 237504 1337.17
Kurtosis -0.97610 -0.96 -1.27 0.12 -1.17 -1.35 -1.12 -1.15
Skewness 0.60 -0.02 0.001 0.48 -0.28 -0.18 0.26 0.27

The input indicators were determined by examining the studies on health expenditures prediction in the literature. The change
in the HS is also related to GDP. Many studies investigate the relationship between HS and GDP. Jakovljevic et al. (2020)
and Rana et al. (2020) examined the relevance between HS and GDP. Since the elderly population is increasing, scientific
studies on the elderly population have increased. It is inferred that the elderly population will rise in the upcoming period.
There are many studies investigating the relationship between HS and PO65. Di Matteo (2005), Hékkinen et al. (2008)
investigated the effects of the elderly population on health spendings.

One of the crucial effects of urbanization is that healthcare services’ structure has changed from rural to urban. This situation
necessitated the transition from local institutions, where preventive health services are provided in rural areas, to hybrid
institutions, where more complex health services are provided in cities. Therefore, health expenditures are affected by the
rate of urbanization. Aliyu and Amadu (2017), Biadgilign et al. (2019) have investigated HS and UR relations. Improvements
in economic factors generally have positive effects on health services. Increasing household incomes facilitates the financing
of healthcare needs. Also, the decrease in family unemployment prevents the loss of employment-based health insurance
and provides an opportunity to meet healthcare needs. Several studies were conducted to analyze this relationship, particular
examples being Jakovljevic et al. (2020) and Papanicolas et al. (2019). Turkey’s life expectancy has increased from year to
year, as seen in Figure 3. Therefore, in parallel with this life expectation, the quality expectation in health services will affect
the expenditures. Some studies have investigated this relationship, for example, Anderson and Frogner (2008), Crémieux et
al. (1999). The number of hospital beds and physicians are the direct determinants of health spendings. Therefore, these
determinants are used to predict health spendings. The annual change of the indicators related to the health spendings of
Turkey is seen in Figure 3.
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Figure 3. Change of inputs and output between 1990-2019

Preprocessing data for the machine learning algorithms is necessary and time-consuming. Normalizing data aims to transform
variable values into a standard scale without disturbing the differences in value ranges. Normalization is only required when
features have different ranges. In this case, since the variables’ units are different, bringing the data into a standard scale
will return more accurate results. Normalizing variables in the range of 0.05- 0.95 will give better results to make more
meaningful comparisons in big data applications (Wang et al., 2015). The data set is divided into two, 70% used in the
training stage and 30% in the test stage.

2.2. Support Vector Regression (SVR)

Support Vector Machine (SVM) is a kernel-based machine learning tool to address classification and regression problems.
Although the support vector algorithm was initially employed for classification, it can be used in regression problems. The
ability of this method to be applied for two purposes provides the solution to data science. Support vector regression (SVR)
differs from SVM by having a single reference point. SVR does not scan to optimize the distance between two or more
reference points to find the optimal hyperplane. The model can be used for linear and nonlinear problems. A linear or
nonlinear range can be obtained when applying the SVR model according to the selected kernel function. It tries to find a
regression function for the used data set. The SVR architecture is formulated as follows, as seen in Eq. (1) (Quan et al., 2020).
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In Eq. (1), , and oi* are nonnegative multipliers for each observation. x; is current data, 1 is data size, the penalty coefficient

is depicted C, € is the penalty dimension, and the kernel function is presented K (x,, X)). Adjustthe o = [0, 0%, ..., 0, (x)j”‘]T

to get the optimum solution. The regression equation is formulated in Eq. (2) (Quan et al., 2020).
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2.3. Gaussian Process Regression (GPR)

Gaussian process regression (GPR) is a probabilistic model based on kernels. The inputs (x.) and the outputs (y,) are taken
from an unknown distribution. A GPR model searches for a solution for predicting the output variable via the input vector.
As seen in Eq. (x), the form is based on linear regression (Zhang et al., 2016).

y=x"f+ ¢

Where £ ~N(0,6?) and the error variance and  are predicted using the training data, considering the Gaussian process, p(f)
is zero; a matrix K depicts a kernel function.

p(f) =N(f]0,K) 3)
LetK, = K(x;x) . Eq. (4) shows the function of'y.

;D(y)pr(ylf)p(f)dsz(fIO,Ky) 4)

There is a hidden variable f (x.) calculated for each xi in the GPR model. Let 0. = [o(x.,X1),..., O(wau)]T and
0.. = k(x,.x,Jo.. = k(x..x.) Eq. (5) and Eq. (6) show the mean and variance of P (. ).

u(x.) = oK'y %)
o?(x.) = ow—o'fK}_,lo* + o2 (6)
2.4. Decision Tree (DT)

The Decision Tree algorithm is frequently used in machine learning literature and the business environment to provide
solutions to both classification and regression problems. The decision tree obtains the predictive value by asking a series of
questions to the data until each model reaches a single predictive value. The model determines the order and content of the
problem. During the training phase, the model is equipped with a historical data set of the relevant field. Thus, the decision
tree model learns the relationship between input data and target value. After the training phase, the decision tree builds a
tree and calculates the best questions, and nodes are sequenced to make the most accurate predictions. The developed model
can predict by providing the same data format as in the training phase. In the regression model, Let X = X, X, .... ,X  be
independent variables. Y|, Y, ..., Y_is defined as dependent variables, and n is the number of the observed values. The
candidate split can represent ¥=(f, th ), and node depicts t, feature, and threshold value present f and th, respectively. Eq. (7)
presents the dividing data into ¥ candidate, and the DT left side node is gained (Pekel et al., 2020).
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Q) = @yl < th 7)
Eq. (7) depicts the dividing data into ¥ candidate, and the right side of the DT is found.
Qr(») = (x,y)|x; > th, (8)
Also, Eq. (8) can be written as @ () =Q/Q, (¥). The predictive value is estimated based on the historical data.
2.5. Performance evaluation criteria

The model’s accuracy was measured using certain metrics - root mean square error (RMSE), the coefficient of determination
(R?), and mean absolute error (MAE). The comparison of these metrics is necessary to make relevant interpretations. The

performance criteria equations are given in Eq. (9) to Eq. (11), respectively (Guleryuz and Ozden, 2020).

n
1 :
MAE = EZ'HSI@SEWN _ HSIPremCtedl ©)
t=1
1 n
RMSE — EZ(HSIgbsgrved _ Hslpredictea)g (10)
t=1

?_I(Hslgbsgrpea _W) (Hspremctea _ Hsprealcted)
RZ = i 1

(1)

Trcobservedy dicted dicted
JZ?ZI(HSIgbserved _Hslobserved) (Hsipre icted HSIF’”? icte )2

n represents the number of observations, HSZ2¥¢™74 is the observed value of HS and HSI.premCtea is the estimated value of
HS at the time 1.

3. RESULTS
3.1. Results of SVR, GPR, and DT

The SVR model was established to define the relationship between seven inputs and the health spendings variable. The SVR
model includes hyperparameters, parameters which affect the predictive performance of the model. The developer usually
determines these values. There are studies on hyperparameter optimization in the literature. However, since three different
models were compared in this study, hyperparameter optimization of each model was not targetted. The developed model
was tested with different hyperparameters, and the parameters that led to the best prediction performance were selected.
Kernel function, box constraint, kernel scale, and epsilon are hyperparameters of the SVR model. Table 3 includes the
parameters of the SVR model.

The Gaussian process is a nonparametric Bayesian method that can model complex relationships by handling uncertainty.
Like SVR, a dataset that includes seven inputs and one output is used to develop a regression model. In this case, Matern 3/2
was employed as a kernel function among many kernels since its predictive ability is better than others. Other parameters
of the GPR model can be seen in Table 3.

The decision tree is an iterative algorithm that uses a tree structure that starts using a single node and splits branches to find
the current value. The input values move in a specific way considering the nodes. In this case, the decision tree starts with
a single node, then the fitness function is found, and the split is chosen with the best fitness function value. This step is
repeated until it reaches the stopping criteria. Table 3 shows the parameters of the developed DT model. Also, 3-fold cross-
validation was employed in the training phase to impede overfitting.
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Linear, Polynomial, Gaussian, and Sigmoid kernel functions were used in the developed SVR models. SVR with Gaussian
kernel function had the best accurate prediction result. Also, in the GPR model, various kernel functions such as Linear,
Polynomial, Squared Exponential, Rational Quadratic, Matern 3/2, and Matern 5/2 were used. The model with the lowest
prediction error among the developed GPR models was GPR with Matern 3/2 kernel function. The parameters of these models
are given in Table 3.

Table 3
The parameters of the developed models
SVR GPR DT
Kernel function : Gaussian Kernel function : Matern3/2 Minimum leaf size 01
Box constraints (C) 1 750.8097 Sigma :0.010018 Prune criterion : MSE
Epsilon, ¢ :0.00025521 Kernel scale : 0.15866 Minimum parent 110
Kernel scale 129917 Predictio:escl))eed (obs/ 12700 Number of nodes 27
Prediction speed (obs/ -2900 Training time (sec) . 67.691 Prediction speed (obs/ -2900
sec) sec)
Training time (sec) 1 85.414 Training time (sec) 126.236

3.2. Accuracy evaluations of the developed models

In this paper, the HS was a target value, and seven indicators related to HS were inputs for all developed models. The regression
functions that establish the relationship between inputs and output were obtained using the training data set. The developed
SVR, GPR, and DT models were tested using the test dataset to measure the predictability. The estimation results’ performances
were compared according to three metrics: MAE, RMSE, and R

The performance metrics values of all models are given in Table 4. When the dataset is small, there is much debate over
whether the coefficient of determination is a valid performance measure for tree-based models. In this way, developed models
are ranked according to their RMSE values. However, even if the models are ranked according to R? values, the developed
SVR model has the best predictive performance during the test phase.

Table 4
Performance metrics of the developed models
Models MAE R2 RMSE Rank
Traini SVR 0.0097 0.9929 0.0151 2
raining GPR 0.0049 0.9989 0.0060 1
Phase
DT 0.0292 0.9611 0.0350 3
Testi SVR 0.1452 0.9536 0.1520 1
esting GPR 0.1802 0.8944 0.2236 2
Phase
DT 0.2256 0.1166 0.2519 3

All models successfully estimated health spendings using determined indicators. The R? values of these three models changed
between 0.9611 and 0.9929 during the training phase. This situation confirms that the developed models had good predictive
performance. The predictive performance of the models depends on the relationships between inputs and outputs during the
training phase. If this relationship is modeled correctly, the machine learning algorithm will give satisfactory results during
the test phase.

For this reason, 30% of the data was reserved as the test data. Table 4 includes the prediction ability of the developed models
in the testing phase. The R? value of SVR, GPR, and DT were 0.9929, 0.9989, and 0.9611 in the training phase, with 0.9536,
0.8944, and 0.1166 in the testing phase. Machine learning models establish the relationship between inputs and outputs in
the training phase. Therefore, since this established relationship was evaluated during the test phase, the testing phase’s
performance metrics should be compared. Table 4 shows that the developed SVR model has stronger prediction ability than
the DT and GPR models. The developed SVR model found the R? and RMSE values to be 0.9536 and 0.1520, respectively,
in the testing phase. The computational results indicate that the SVR can use to predict HS, while meeting the least estimation
error. Figure 4 shows the comparison of developed models based on MAE, RMSE, and R2.
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Figure 4. The comparison of developed models
4. DISCUSSION

Prosperous countries have a healthier population, mainly because there is a positive relationship between health services
and economic power (Boyce and Brown, 2019). Since the problems related to countries’ health systems differ according to
the country, the main reasons that affect the health systems of many countries, such as the aging population and chronic
diseases, should be monitored carefully. Thus, problems that may arise in the health system can be easily identified. Data

science and machine learning techniques play an active role in solving these problems and can support decision science.

For countries that want to provide sustainable health services, it is essential to measure and compare the performance of
health processes reliably. Thus, it is crucial to obtain data on time to carry out the measurement and comparison process
effectively. This can help to provide high-quality services at optimum costs continuously and responsively (WHO, 2018).
This whole process requires more comprehensive analysis with new data. This situation opens the door to the use of machine
learning and deep learning models. In order to manage expenditures effectively in health systems, the indicators affecting
the system should be determined. Especially if a prediction model is developed to support the decision-maker, the variables
and the relationships between these variables affect the model considerably. Linear and nonlinear relationships between data
can be modeled with machine learning methods. In addition, higher accuracy prediction results can be obtained by using
less data than statistical methods with machine learning methods.

This study was conducted to model the effects of selected indicators, such as population ages 65 and above, life expectancy,
unemployment rate, the number of physicians, the total number of hospital beds, and urban population on health spending
via ML-based models. Three different ML methods were developed, and the developed SVR model outperformed GPR and
DT. Various models in the literature estimate health expenditures using various combinations of selected indicators with
different models. High accuracy was obtained via developed models in this study, and this result is in accordance with
Jakovljevic et al. (2020), Cinaroglu (2018), Aliyu and Amadu (2017), Hakkinen et al. (2008), and Anderson and Frogner
(2008).

5. CONCLUSIONS

The Health economy has become an essential field in recent years. In modern economies, health spendings occupy a central
place due to social policy. Health problems are considerably different for different countries. Thus, would be complicated to
tell countries how much they will spend on health services without knowing the problems faced by each of them. Also, the
indicators affecting the health expenditures of the countries should be appropriately determined. However, many different
administrative and logistic activities and sustainability indicators can change health spending efficiency. The availability,
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advantages, and disadvantages of each continuous improvement method differ by country. Health spendings are related to
certain social, economic, and environmental indicators. In this study, prediction models have been developed with machine

learning methods by selecting some of the indicators which are related to health expenditures.

Since GPR has not been used previously to model health spendings, this study contributes to the literature by developing
forecasting models. Machine learning-based prediction models were designed with determined indicators via Support Vector
Regression, Gaussian Process Regression, and Decision Tree architectures. The developed models were tested with test data,
and their prediction performances were compared. The developed SVR model’s prediction ability was better than GPR and
DT. The MAE, RMSE, and R? values of the SVR model were 0.1452, 0.1520, and 0.9536, respectively, in the testing phase.
Policymakers can benefit from these results to make healthcare spending plans. The study showed that the proposed SVR
model reduced the RMSE value by 32.02% and 39.66% compared to the GPR and DT models, respectively.

The choice of determinants as input is important for accurate estimation results. Although this is the main limitation of the
employed methods, good predictive performance has been achieved with this study’s selected inputs. This limitation could
be eliminated in future studies by combining the employed models with feature selection algorithms such as the genetic
algorithm, grey wolf optimization, and particle swarm optimization. Also, the hyperparameters of the models could be
optimized by heuristic or mathematical optimization methods.
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Veri madenciligi teknikleri, veriler arasinda gizli kalmis olan 6riintiileri ortaya ¢ikarmay1 amaglamaktadir. Bu
kapsamda, tip gibi birgok alanda yaygin bir bicimde kullanilmaktadir. Teshis ve tedavisi oldukga zor ve uzun
bir siiregten olusan otizm spektrum bozuklugu dogustan gelen ya da yasamin ilk yillarinda ortaya ¢ikan
karmasik bir noro-gelisimsel bozukluktur. Bu ¢alismada 292 ¢ocuktan toplanan gergek ve giincel otizm
spektrum bozuklugu verileri kullanilmistir. Veri seti 20 girdi 6zniteligi ve 1 ¢ikt1 dzniteligine sahiptir. Cikt
Ozniteligi otizmin bulunup bulunmadigini ifade etmektedir. Calisma da oncelikle veri seti tizerinde eksik
verilerin tamamlanmasi, kategorik verilerin sayisallastirilmasi, normalizasyon gibi veri 6n isleme asamalar1
gergeklestirilmistir. Devaminda ise 6znitelikler yapay sinir aglari ve dilsel kuvvetli sinir-bulanik siniflayici ile
siniflandirilmis, k-means ve x-means ile kiimelenmistir. Her bir yontemin sonuglar1 degerlendirilmis ve
performanslar karsilastirilmigtir.

Anahtar kelimeler: Tip Alaninda Veri Madenciligi, Hastalik Teshisi, Otizm Spektrum Bozuklugu,
Simiflandirma, Kiimeleme

ABSTRACT

Data mining techniques aim to reveal hidden patterns in data. They are widely used in many fields, such as
medicine. Autism spectrum disorder, whose diagnosis and treatment are difficult and lengthy, is a complex
neurodevelopmental disorder that is congenital or occurs in the first years of life. Actual and current autism
spectrum disorder data collected from 292 children were used in this study. The data set has 20 input attributes
and | output attribute. The output attribute expresses whether autism is present or not. In the study, data pre-
processing stages, such as completing missing data on the data set, digitizing categorical data, and normalization,
were first carried out. Subsequently, the features were classified by artificial neural networks and linguistic
strength neuro-fuzzy classifier and clustered with k-means and x-means. The results of each method were
evaluated and the performances were compared.

Keywords: Data Mining in Medicine, Diagnosis of Disease, Autism Spectrum Disorder, Classification,
Clustering
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Cocuklar f¢in Otizm Spektrum Bozuklugunun Veri Madenciligi Yontemleri ile Analizi

1. GIRIS

Veri madenciligi, bilgiyi kesfetme yolculugudur (Hong ve Wu, 2011). Veri madenciligi ile var olan ama daha kesfedilmemis
oriintiiler aranmaktadir. Yani veri madenciligi; ham halde iken sadece y1gin seklinde duran ve bir anlam ifade etmeyen
veriler arasindan, amaca uygun olarak anlamli ifadeler olusturulmasina olanak tantyan yontemler biitiintidir. Veri madenciliginin

en temel amacina bakildigi zaman cevher madenciligi ile ayni oldugu goriilmektedir (Diler, 2016).

Teknolojik gelismeler her alanda oldugu gibi tip alaninda da oldukg¢a kullanilmaktadir (Moskov, 2016). Giiniimiizde gelisen
bu teknoloji ile birlikte hastanelerde kullanilan cihazlar ve uygulanan tedavi yontemleri de gelistirilmektedir. Donanimsal
ve yazilimsal olarak siirekli gelisen bu yontemler sayesinde teshis ve tedavilerin daha profesyonel sekilde uygulanmasina
olanak taninmaktadir (Tsumoto vd., 2017).

Tip alaninda s6z konusu insan sagligi oldugu igin Ar-Ge ¢aligmalarinin olabildigince fazla olmasi ve desteklenmesi 6nemlidir
(Reddy vd., 2012). Birgok tedavide erken teshis biiyiik bir oneme sahiptir. Tedaviye ge¢ kalindig1 zaman hastalik daha fazla
ilerleyebilmekte ve tedavisi daha zor olabilmektedir. Hatta bazi durumlarda geri doniisiimii miimkiin olmayacak kayiplara
sebep olabilmektedir. Bu gibi sebeplerden dolayi teshis ve tedavi noktasinda doktora yardimci olmasi igin kullanilan veri
madenciligi yontemlerine literatiirde sikca rastlanmaktadir (Akdemir, 2016).

Tip alaninda yapilacak olan teknolojik ¢alismalar bircok farkli disiplinin bir araya gelmesi ile olusturulmaktadir. Ciinki
hastalik ve teshis noktasinda uzman olan bir ya da birka¢ hekim olmadan hastadan gerekli bilgiler alinamayacak ya da
muayene sonucunda elde edilen bulgular degerlendirilemeyecektir. Hastalik ile ilgili olarak elde edilen bulgularin
degerlendirmesini alaninda uzman olmayan kisilerin yapmasi miimkiin degildir. Her bir hastalik ayr1 uzmanlik gerektirir
ve hastaligin kiside olup olmadiginin tespit edilmesi i¢in spesifik detaylarin uzman tarafindan biliniyor olmasi gereklidir.
Aksi taktirde teshis yanlis konulabilmekte ve tedavi aksayabilmektedir (Budak ve Bozkurt, 2013). Bu durum hastanin daha
ciddi sorunlar yagamasina sebep olabilmektedir. Sonug olarak teshis konusunda bilisim teknolojileri kullanilarak yapilacak
bir ¢alismada, bilgilerin alaninda uzman kisilerden alinmasi gereklidir. Kullanilan parametreler dogrulugu uzmanlar
tarafindan kabul gormiis hali ile toplanmis olmalidir ve analizler daha sonra gerceklestirilmelidir. Bu analizleri gergeklestirmek
i¢in de bilisim sistemlerini kullanabilen, uzmanindan aldig1 verileri isleyerek anlamli bilgilere doniistiirebilecek kisilere
ihtiya¢ duyulmaktadir. Sonug olarak basarili bir ¢aligma yiiriitmek i¢in farkli disiplinlerin bir arada ¢aligmasi oldukca
onemlidir (Nilashi, 2017).

Otizm, Tiirkiye de ve diinyada oldukga fazla goriilen bir rahatsizliktir (Kiling ve Sogiit, 2018). Otizm spektrum bozuklugu,
dogustan olabilen ya da dogumdan sonra bir kag y1l igerisinde ortaya ¢ikabilen karmasik bir noro gelisimsel bozukluktur
(Torun ve Iseri, 2018). Ozellikle gocukluk déneminde gériilmektedir (Ugur vd., 2018). Beynin yapisini ya da isleyisini
etkileyen bazi sinir sistemi sorunlarindan kaynaklanmaktadir (Torun ve Iseri, 2018). Otizm spektrum bozuklugu gézlemlenen
hastalarda sosyal ve biligsel olarak gelismelerin normalden daha yavas oldugu goriilmektedir (Ugur ve Géker, 2018). Ornegin
cevrelerinden gelen uyarilara karsi tepkileri yeterli diizeyde degildir (Giils6z ve Cikili, 2018). Birgok hastalikta oldugu gibi
otizmde de erken tedavi ve egitim ¢ok dnemlidir. Bunun i¢inde erken teshis dnem kazanmaktadir. Ciinkii cocuklarin hayattan
uzak kalmadan, topluma kazandirilmalar1 gerekmektedir (Akman, 2018). Literatiirde otizm spektrum bozuklugu konusunda
bir¢ok galisma yer almaktadir. Bu ¢alismaya da Thabtah (2017) tarafindan gergeklestirilen bilimsel ¢aligma yon vermistir.
Yazar ¢aligmasinda otizm bozuklugu ile ilgili veri madenciligi ¢calismalarini degerlendirmistir. Yapilan arastirma ile son
dénemde otizm verileri ile gergeklestirilen veri madenciligi ¢alismalarinda verilerin giincelligini yitirdigi ve yeni
Olceklendirmelerle toplanan verilere ihtiya¢ duyuldu vurgusu yapilmistir (Thabtah,2017). Devaminda ise Thabtah ve
arkadaslar1 (2018) tarafindan gerceklestirilen bilimsel ¢alisma ile giincel olarak olusturulan 6l¢ekten faydalanilarak, ihtiyag
duyulan yeni veriler toplanmis ve sonuglar yayinlanmistir. Tarama testi ASDTests isimli bir mobil uygulama ortaminda
gergeklestirilmistir. Uygulamanin iginde yas gruplarina gore ayr1 kategoriler mevcuttur. Her kategoride on soru bulunmaktadir
ve her biri kullanicilarin uygun cevabi dikkatlice segmelerini saglamak igin bir resimle iligkilendirilmistir. Katilimcilara,
bilgilerinin isimsiz tutulacagi ve sadece arastirma amaciyla paylasilacagi bildirilmistir. Degerlendirme tamamlanmadan

once, katilimeilardan arastirmanin amacini, gizlilik politikasini ve verilerin kullanimini agiklayan bir bilgilendirme
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yapilmigtir. Kullanilan veri setinde girdi olarak kullanilan 6znitelikler arasinda otizm spektrum bozuklugu’nu dl¢imleyen
on sorunun yaninda demografik 6zellikleri igeren bilgilerde mevcuttur. Cikti parametresi ise teste giren bireyin otizm
spektrum bozuklugu olup olmadigini belirtmek i¢in kullanilan evet ya da hayir anlami tagiyan sinif degiskenidir. (Thabtah
vd., 2018).

Otizm spektrum bozuklugu i¢in Thabtah ve arkadaslarin olusturdugu giincel verilerin ¢ocuklar igin olan alt kiimesi kullanilarak
yapilan ¢aligsmalar incelendigi zaman logistic regression, naive bayes gibi yontemlerin kullanilmasi ile gergeklestirilen
siniflandirma islemleri olmakla birlikte yapay sinir aglari ve dilsel kuvvetli sinir-bulanik siniflayict ile yapilan bir
siniflandirmaya ve herhangi bir yontem ile kiimelemeye rastlanmamistir. Bu sebepten dolay1 bu ¢aligmada 6ncelikle eksik
verilerin tamamlanmasi, normalizasyon isleminin gerceklestirilmesi gibi veri dnigleme yontemleri uygulanmis devaminda
ise bu konuda literatiirde eksikligi goriilen kiimeleme isleminin gergeklestirilmesi ve siniflandirma islemi i¢in denenmedigi
fark edilen iki yontemin veri seti lizerinde uygulanmasi saglanmistir. Literatiire katkis1 olmasi agisindan ¢aligmada denenen
yontemlerin tahminliginin dogrulugu Dogruluk, Duyarlilik, Belirleyicilik, F-Olgiitii gibi bircok parametre ile verilmis ve
yontemlerin bagari oranlari karsilagtirilmistir. Kiimeleme iglemi i¢in k-means ve x-means yontemleri, siniflandirma islemi
icin ise yapay sinir aglar1 ve dilsel kuvvetli sinir-bulanik siniflayicit yontemleri kullanilmistir. Sonuglara bakildigi zaman
tahminleme dogrulugu bakimindan otizm spektrum bozuklugu’nun ¢ocuklar i¢in olan verilerinde, siniflandirma yontemlerinin
kiimeleme yontemlerinden daha basarili oldugu goriilmektedir. Ozellikle dilsel kuvvetli sinir-bulanik siniflayici yonteminin
tiim verileri dogru siniflandirarak literatiirdeki bir¢ok yontemden daha yiiksek bagar1 oranina sahip oldugu i¢in tercih

edilebilecek yontemler arasinda en iyi yontemlerden bir tanesi olabilecegi sonucuna varilmaktadir.

2. KAVRAMSAL CERCEVE
2.1. Veri Madenciligi

Veri madenciliginin literatiirde birgok farkli taniminin olmasinin yaninda, en temel anlamina bakildiginda elde edilen
verilerin veri madenciligi yontemleri ile analiz edilerek anlamlandirilmaya caligildigi siirectir. Veri madenciligi adindan da
anlasildig1 tizere bir madenciliktir. Madencilik isinin g¢esitli yontemler yardimi ile verilere uygulanmasini saglamaktadir
(Akdemir, 2016). Boylece veriler lizerine uygulanan madencilik ile bilgi kesifleri ger¢eklestirilmektedir. Yani var olan
bilgiler, toplu halde duran ve ayrigtirilmamis olan veri yiginlari igerisinden bulunarak kesfedilmektedir (Hong ve Wu, 2011).

2.2. Veri Madenciliginin Tip Alaninda Kullanimi

Tip alaninda hastalik teshisi yapilirken dikkate alinmasi gereken bir¢ok kistas vardir. Hastaligin ciddi olabilecegi ve alinacak
yanlisg bir karar ile ¢ok daha biiyiik problemlere yol agilabilecegi goz 6niinde bulunduruldugunda teshis konulurken hizli ve
dogru karar verilmesi oldukca dnemlidir (Celik, 2020). Bu noktada veri madenciligi yontemlerinden faydalanmak gereklidir
(Reddy vd., 2012). Tip alaninda, veri madenciligi hastalikli dokularin tespit edilmesi ve tani1 konulmasinda ya da tedavi

edilmesinde destek olacak sistemlerin tasarlanmasinda kullanilabilmektedir (Brossette vd., 1998).
2.3. Otizm Spektrum Bozuklugu

Otizm spektrum bozuklugu (OSB) diinya ¢apinda oldukca hizli biiyiiyen gelisimsel sakatlik tanisindan biridir (Thabtah,
2017). OSB, dogustan gelen ya da yasamin ilk yillarinda ortaya ¢ikan karmagik bir néro-gelisimsel bozukluktur (Thabtah,
2018). Sosyal iliskilerde, iletisim kurmada, 6grenmede ve konusma yeteneklerinde sikintilar yasanmasina sebep olmaktadir
(De Campos Souza ve Guimaraes, 2018). OSB’de ilgi duyulan seyler sinirlidir ve bunun yaninda kendini yineleyen
davranislarda ve hareketlerde bulunulmaktadir (Akyol ve Karaci, 2018).

OSB’nin teshis ve tedavisi olduk¢a uzundur. Ayni zamanda teshisin erken konulmasi ve tedaviye baslanilmasi ¢ok 6nemlidir
(Sabuncuoglu vd., 2015). Bu hastaligin erken fark edilmesi ileride yasanacak saglik sorunlarini dnemli 6lgiide azaltabilmekte
ve ¢ocugun genel zihinsel sagligini iyilestirici yontemlerin uygulanmasina imkan tanimaktadir (van den Bekerom, 2017).
Teshis i¢in en giincel olarak Amerikan Psikiyatri Birligi’nin yayimladig: kilavuz (DSM-V) kullanilir (Olgay Giil ve Tekin
Iftar, 2012).
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2.4. Otizm Spektrum Bozuklugu Konusunda Cocuklardan Toplanan Veri Seti ile Yapilan
Calismalar

Literatiir incelendigi zaman OSB konusunda veri madenciligi veya yapay zeka tekniklerini igeren, OSB veri setinin farkl
altktiimelerini kullanan ¢ok fazla ¢alisma oldugu goériilmektedir. Bu sebepten dolay1 literatiirii sinirlandirabilmek igin OSB
veri setinin ¢ocuklar i¢in olan alt kiimesini kullanan ¢alismalara yer verilmistir. Bu ¢alismalarin temelini topladig1 verileri

paylasarak Thabtah (2018) olusturmustur.

Thabtah (2018)tarafindan, detayli olarak literatiir degerlendirilmis, daha dnceki ¢alismalara yer yerilmistir. Verilerin nasil
toplandig1 anlatilmis ve uygulama aract olarak kullanilan ASDTests tanitilmistir. Veriler arasindaki iligki incelenerek grafikler
olusturulmustur. ASD i¢in olusturulan veri seti i¢in {i¢ alt kiime olarak belirlenen ¢ocuk, ergen, yetigkin gruplar1 i¢in Logistic
Regression ve Naive Bayes algoritmalari ile analizler gergeklestirilmistir. Elde sonuglara gore ¢ocuklar igin elde edilen
dogruluk Logistic Regression igin % 97.94, Naive Bayes i¢in ise % 92.80 olmustur.

Akyol ve Karaci (2018), Thabtah’in ¢aligmasi ile olugturulan giincel veri setinin ¢ocuklar i¢in olan alt kiimesini kullanarak
oznitelik se¢imi gergeklestirilmis ve ardindan siniflandirilma yapilmistir. Calismada 6ncelikle 6nisleme agsamalari
gerceklestirilmis ve bos degerler iceren 6rnekler veri setinden atilmistir. Boylece toplamda 292 6rnekten olusan veri seti
247 ornege indirilmistir. Veri setindeki kategorik veri tiiriine sahip 6znitelikler sayisal degerlere ¢evrilmistir. Bu 6n isleme
asamasindan sonra siniflandirma gergeklestirilmistir. Siniflandirma i¢in Lojistik Regresyon ve Bulanik Kuralli Lojistik
Regresyon kombinasyonu kullanilmistir. Kullanilan yontemlerin basar1 oranina bakildig1 zaman Lojistik Regresyon %92.00,
Bulanik Kuralli Lojistik Regresyon kombinasyonu %97.33 oraninda dogruluga sahiptir. Sonug olarak bu ¢alisma igin lojistik
regresyonun bulanik kurallar ile birlikte caligtirildiginda daha dogru bir tahminleme yaptig1 gosterilmektedir (Akyol ve
Karaci, 2018).

De Campos Souza ve Guimaraes (2018), Thabtah’in ¢alismast ile olusturulan giincel veri setinin ¢ocuklar i¢in olan alt
kiimesini kullanarak bir siniflandirma gergeklestirmistir. Siniflandirma islemi gergeklestirilmeden 6nce veriler 6nigleme
agsamasindan ge¢irilmis ve kategorik olan veri tiirleri sayisal ifadelere doniistiirtilmiistiir. Yontem olarak Bulanik Sinir Ag1
Mimarisi kullanilmistir ve bulanik kiimelerin sayisinin performansa etkisi degerlendirilmistir. Modelin bagar1 oranini test
etmek icin veriler %70 egitim %30 test verisi olarak ayrilmistir. Sonuglara bakildig1 zaman en diisiik performansin bulanik
kiime sayisinin 3 olarak kullanildig: test verisinde %59 olarak, en yiiksek performansin da bulanik kiime sayisinin 9 olarak
kullanildig: test ve egitim setinde %100 olarak goriilmiistiir (De Campos Souza ve Guimaraes, 2018).

Hutchinson ve arkadaslar1 (2019), Thabtah’in ¢alismasi ile olusturulan giincel veri setinin ¢ocuklar i¢in olan alt kiimesini
kullanilarak siniflandirma yapmislardir. Siiflandirmayi gergeklestirmek i¢in yontem olarak Weka hazir paket programi
kullanarak J48 Decision Tree ve Naive Bayes algoritmasini kullanmislardir. Iki yontem ile ede edilen sonuglar accuracy,
sensitivity ve specificity degerleri olarak verilmis ayrica iki yontemin basarilar1 karsilastirilmistir. Caligmanin sonuglarina
bakildig1 zaman; J48 Decision Tree i¢in accuracy degerinin %92.8, sensitivity degerinin 0.901 ve specificity degerinin 0.934
oldugu Naive Bayes i¢in ise accuracy degerinin %96.2, sensitivity degerinin 0.972 ve specificity degerinin 0.954 oldugu
goriilmektedir. Bu sonuglar kapsaminda kullanilan veri setini Naive Bayes algoritmasinin J48 Decision Tree algoritmasindan

daha dogru siiflandirdigi gériilmektedir (Hutchinson vd, 2019).
3. YONTEM

3.1. Simiflandirma Yontemi

3.1.1. Yapay sinir aglar

Yapay sinir aglart (YSA), insan beyninin ¢aligma sekli ilham alinarak olusturulmus bir algoritmadir (Deb vd., 2018).
Temelinde norofizyologlarin ve psikologlarin sinir aglarinin nasil ¢alisti§1 konusunda ortaya koydugu biyolojik bulgular
kullanilmaktadir (Kiigiikkocaoglu vd., 2005). Bu biyolojik bulgular yapisal ve islevsel olarak sistemlestirilerek matematiksel
bir model olusturulmaya calisilmistir. Olusturulan bu modele sinir aglart modeli denilmistir (Akkaya vd., 2009). Diger bir
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ifade ile YSA insan beyninin ¢alisma sistemini taklit ederek (Mehmet ve Akpinar, 2018), bilgisayarli sistemlere karar verdirme
becerisini kazandirmay1 amaglamaktadir (Kalantar vd., 2018). YSA, Insan beyninin ezberleme, 6grenmeye, anlam ¢ikarma,
bilgiler arasindaki iliskileri ortaya koyma gibi bir¢ok islemini yapabilme amaciyla tasarlanmistir. (Ozsoy ve Firat, 2004)
(Akyilmaz ve Ayan, 2006). YSA ortadaki durumdan bir 6grenme gerceklestirebildigi ig¢in yeni durumlara adapte olabilme
yetenegine sahiptir.

3.1.2. Dilsel Kuvvetli Sinir-Bulamik Simiflayici

Dilsel kuvvetli sinir-bulanik siniflayict (DKSBS), verileri siniflandirmak i¢in kullanilan yontemlerden bir tanesidir. En
temel 6zelligi siniflandirma yapmadan dnce 6zniteliklerin énem derecelerinin belirlenmesidir (Penge vd, 2013). Ozniteliklerin
onem dereceleri belirlenirken bulanik ¢ikarsama yapilmaktadir. Boylece siniflandirma sirasinda, 6nem derecesi yiiksek

olan 6znitelikler segilirken, nem derecesi diisiik olan 6znitelikler devre dist birakilmis olmaktadir (Cetisli, 20006).

Klasik mantikta ile bulanik mantigin en temel farki; klasik mantikta siniflandirmalarin kesin olmasi, bulanik mantikta ise
bir elemanin birden fazla kiimeye ait olabilmesi durumudur. Bulanik mantiktaki elemanlar kiimelere belirli oranlarda {iye
olabilmektedir. Yani eleman1 olma durumunu 1, olmama durumunu 0 ile temsil edersek 0.3, 0.5 derecelerde eleman1 olama
durumu ortaya ¢ikabilmektedir. Bunun yani sira elemanlar tek bir kiimede olmak zorunda da olmadig: i¢in bir elaman 0.3
oraninda bir kiimeye, 0.5 oraninda baska kiimeye dahil olabilmektedir. Bu durum klasik kiimelerdeki siyah beyaz seklindeki
keskin ayrimin ortadan kaldirilarak gri alanlarin meydana gelmesine olanak tanimaktadir. Boylece bulanik yaklagim ile
daha esnek davranilarak kismi tiyelikler olusturulabilmektedir (Tiryaki ve Kazan, 2007).

Bulanik ¢ikarsama ile 6zniteliklerin 6nem dereceleri belirlendikten sonra siniflandirma i¢in YSA kullanilmaktadir. YSA
egitilirken, bulanik ¢ikarsama ile secilen 6znitelikler kullanildig1 i¢in basari orani oldukea yiiksektir (Celik vd., 2018). Ayni
zamanda kiimeleri birbirinden ayristirmayan 6znitelikler kullanilmadig1 i¢in bellekten de tasarruf saglanmaktadir. Bu durum

hizin artmasinin yaninda, maliyetlerin de azalmasina yardime1 olmaktadir (Cetisli, 2006).

Siniflandirma yapilirken bazi 6znitelikler ¢ikarildiginda siniflandirma basarisi diigmiiyor ise o dzniteliklerin siniflandirmada
kullanilmasina gerek yoktur (Huang ve Chow, 2005). Ciinkii gergek hayat problemlerinde de ¢dziime gidilirken olusturulan
alternatiflerin etki diizeyi farkli olabilmektedir. Onemli olan problemi ¢dziime gotiirecek olan daha hizli ve daha dogru
alternatifleri bulmaktir (Liu vd., 2005). Bu a¢idan bakildigi zaman dilsel kuvvetli sinir-bulanik siniflayicida da gergek hayat
problemlerinin ¢ozlimiine yakin bir ¢dziim yolu izlenmektedir. Veri madenciligi acisindan izlenen yol ise iki asamada
gergeklestirilmektedir. Oncelikle 6n isleme asamasi olarak sayilan dzniteliklerin énem derecesinin belirlenmesi islemi
gerceklestirilmektedir. Daha sonra belirlenen bu 6nem diizeylerine gore yapay sinir agi1 egitilerek siniflandirma islemi
gergeklestirilmektedir (Celik vd., 2018). Boylece dilsel kuvvetli sinir-bulanik siniflayicr’y1 diger siniflandirma yontemlerinden
ayiran en onemli 6zelligi bulanik ¢ikarsama ile dznitelik tespiti gergeklestirmesidir (Firat, 2008).

Dilsel kuvvetli sinir-bulanik siniflayici, 6zniteliklerin énem diizeyini hesaplarken bulanik kurallar1 kullanmaktadir.
Oznitelikler, bulanik kurallar ile asamali olarak belirlenmektedir (Caglar vd., 2010). Bulaniklik, sistemi evet hayir gibi kesin
cevaplarin kisitlarindan kurtarmaktadir (Kogyigit ve Koriirek, 2010). Yani bir 6zniteligin sonug iizerinde etkisinin olup
olmadig1 var ya da yok seklinde kesin olarak nitelendirilmek yerine, “az var”, “var” yada “cok var” gibi asamal1 olarak
nitelendirilmektedir. Boylece bulanik ¢ikarsamalarin insan ¢ikarsamalarina benzerligi arttirilmis olmaktadir (Cetisli ve

Kalkan, 2011).
3.2. Kiimeleme Yontemi

3.2.1. K-Means

Kiimeleme yontemi, bir dizi elemani1 benzer gruplarda toplama islemidir. Kiimeleme yontemi veri setlerini gruplara ayirmak
ve verilerdeki 6nemli ve gizli kalmis bilgileri aciga ¢ikarmak i¢in en ¢ok kullanilan yontemlerden bir tanesidir (Cinaroglu
ve Bulut 2018). Kiimeleme yonteminin, diger bir veri madenciligi yontemi olan siniflandirmadan farki sudur; siniflandirmada
siniflar 6nceden bellidir ama kiimelemede siniflar 6nceden belli degildir (Dogan vd., 2018). K-means en eski kiimeleme

algoritmalarindan bir tanesidir (MacQueen, 1967) ve hiyerarsik olmayan kiimeleme yontemleri arasinda yer almaktadir
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(Yavuz vd., 2011). 1967 yilinda J.B. MacQueen tarafindan gelistirilen algoritma (Istk ve Camurcu, 2007), yillardir birgok
alanda kullanilmaya devam etmektedir (Bradley vd., 1998). K-means’in tercih edilmesinin en temel sebebi yapisinin sadeligi
yaninda model basar1 oraninin oldukga yiliksek olmasidir. K-means, kiimeleri esit biiyiikliikte ve homojen olarak olusturma
egilimindedir (Isik ve Camurcu, 2011) ve her elemani bir kiimeye atamaktadir. Bdylece her eleman bir kiimeye ait olmakta
ve kiimeler birbirinden kesin olarak ayrilmaktadir. Kiimelemenin kullandig1 6grenme teknigi gozetimsiz 6grenmedir
(Sariman, 2011). Yani kiimeleme yapilirken 6nceden belirlenmis kistaslar yoktur. Kiimeler, kiimeyi temsil eden merkez
noktalarin belirlenmesi fikrine dayali olarak olusturulmaktadir (Giiner vd., 2018). Kag kiimenin olacagi k parametresi ile
ifade edilmektedir (Khaled vd., 1998). K parametresi ayn1 zamanda kag tane kiime merkezinin olacagi bilgisini tasidigi i¢in,
K-means algoritmasi kullanilirken k parametresinin dnceden girilmesi gerekmektedir (Bilgin ve Camurcu, 2005). Kiimeler
belirlenirken; grup elemanlarin grup i¢i benzerliklerin en fazla ve gruplar arasi benzerliklerin en az olmasit hedeflenmektedir
(Demiralay ve Camurcu 2005). Benzer olan kiimeler olusturulurken veriler arasindaki uzakliklara bakilmaktadir. Bunun
icin eldeki veri kag kiimeye ayrilmak isteniyor ise o kadar kiime merkezi belirlenmektedir ( k parametresi) ve her elemanin
bu belirlenen kiime merkezlerine olan uzakliklar1 tek tek hesaplanmaktadir. Hesaplamama sonucu her bir veri, kendine en
yakin olan kiime merkezine dahil edilmektedir. Olusan yeni kiimelerin, kiime merkezleri yeniden hesaplanmaktadir ve her
bir elemanin yeni kiime merkezlerine olan uzakliklar1 da yeniden hesaplanmaktadir. Bu islem higbir elemanin dahil oldugu
kiime degismeyinceye kadar devam etmektedir. En sonunda higbir elemanin dahil oldugu kiime merkezi degismiyor ise o
zaman hesaplama durdurulmaktadir ve her eleman en son bulundugu kiimeye atanarak algoritma bitirilmektedir (Tekin vd.,
2011).

Algoritmada uzaklik hesaplamalarindan sonra birbirine en yakin olan elemanlar en ¢ok benzerlik gésteren elemanlardir ve
aralarinda benzer olduklari tespit edilen elemanlar bir kiimede toplanmaktadir (Caliskan ve Sogukpinar, 2008).

K-means’in en biiyiik eksigi verilerin kag¢ kiimeye ayrilacagini, yani k parametresinin kag olacagini tespit edememesidir.
Bunun igin, eger verilerin kag kiimeden olustugu biliniyorsa k parametresi olarak bilinen kiime sayis1 girilebilmekte ya da

farkli k parametreleri girilerek en uygun olan1 tespit edilebilmektedir.
3.2.2. X-Means

K-means, kiimeleme algoritmalar1 arasinda oldukca popiilerdir. K-means’in ¢ok fazla tercih ediliyor olmasinin sebebi kolay
anlagilabilir bir yapiya sahip olmasinin yaninda model bagarim oraninin oldukga yiiksek olmasidir. Diger bir agidan popiiler
olmasinin yaninda bazi eksikleri mevcuttur (Ak¢apinar vd., 2016). Bu eksiklerden en belirgin olani; kiime sayisini ifade
eden k parametresinin kullanici tarafindan sabit bir deger olarak saglanmasi gerektigidir. Kiime sayisinin sabit bir k degeri
ile sinirlandirilmasi kiime sayisi i¢in daha iyi olabilecek diger alternatiflerin goz ardi edilmesi anlamina gelmektedir (Pelleg
ve Moore, 2000). X-means’te veriler bir kd-tree’ye yerlestirilerek her agsamadaki istatistiksel veriler depolanmaktadir.
Depolanan istatistiksel veriler iginde, belirli bir bolge i¢in gdz dniinde bulundurulmasi gereken merkezlerin listesi de
tutulmaktadir (Pelleg ve Moore, 2000). Boylece tiim alternatifler degerlendirilerek en iyi olanin se¢ilmesi imkan1 saglanmis
olmaktadir (Muhr ve Granitzer, 2009). X-means algoritmasi, K-means algoritmasinin gelistirilmis hali olarak (Tsai ve Chiu,
2008) 2000 yilinda Pelleg ve Moore tarafindan gelistirilmis bir kiimeleme (béliitleme) algoritmasidir (Pelleg ve Moore,
2000). Temelinde K-means algoritmasinin ¢alisma seklini kullanmasinin yani sira eksik goriilen yoniiniin tamamlanmasi
amaciyla olusturulmustur (Kalogeratos ve Likas, 2012). X-means ile K-means’in eksikligi olarak goriilen kiime sayisinin
algoritma tarafindan belirlenememesi sorununa ¢éziim sunulmaktadir (Ak¢apinar vd., 2016). X-means’te kiime sayis1 i¢in
sabit bir deger belirtilmek yerine makul olabilecek bir aralik belirtilmektedir. Bdylece X-means belirtilen bu araliktaki
degerlerden (Steinley, 2006) en dogru oluguna karar verdigi kiime sayisin1 kendisi belirleyebilmektedir (Bholowalia ve
Kumar, 2014). X-means yapisi igerisinde asamali olarak K-means algoritmasi ¢aligtirilmaktadir (Feng ve Hamerly, 2007).
Alt kiimelerin daha dogru olusturulmast i¢in K-means her ¢alistiktan sonra, hangi merkezlerin kendilerini bélmeleri gerektigi
konusunda yerel kararlar olusturularak ilerlenmektedir. Bu boliinme kararlar1 bayesin bilgi kriteri (BIC) hesaplanarak
verilmektedir (Jain, 2010; Hamerly ve Elkan, 2004). Her asamada mevcut merkezlerin (ebeveyn) ve yeni olusturulan yavru
(¢ocuk) merkezlerin en iyi sonuglar1 blaclisting’e kaydedilmektedir. Kayitlar tutulurken kiime merkezlerinin yaninda her k
parametresi icin model se¢im kriterini puanlamak igin kullanilan degerlerde tutulmaktadir (Pelleg ve Moore, 2000). Boylece
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merkez konumlarinin dikkatlice analiz edilmesine imkan saglanmaktadir (Tucker vd., 2010). Temelde, algoritma verilen
araligin alt sinirina esit k ile baslamakta ve {ist sinira ulasilana kadar asamali olarak yeni merkezler eklemeye devam
etmektedir. Bu islemler sirasinda, en iyi puani elde eden centroid seti kaydedilmektedir. Bir sonraki islemde elde olan puan,
sistemde kayitli olan puandan daha yiiksek ise yeni puan listeye eklenmektedir. Boylece liste siirekli olarak giincellenmektedir.
Giincelleme prosediirii 6zyinelemelidir ve bir bdlge i¢indeki noktalar i¢in olasi centroidlerin listesini tutmaktadir. Gorevi,
s6z konusu bolgelerin merkez noktalarini uygun degerler ile giincellemektir. ilk olarak, girilen k parametre listesinin en
kiiciik degerindeki say1 kadar rasgele olusturulan merkez noktalarinin yazilmasi ile baslamaktadir (Pelleg ve Moore, 2000).
Yeni degerler hesaplandiktan sonra daha iyiler bulundukga giincellenmektedir. En sonunda en yiiksek degere sahip merkezler
¢ikt olarak kullanilmaktadir (Bholowalia ve Kumar, 2014).

3.3. On Isleme Teknikleri

Veri madenciligi yontemleri ile analiz edilmek i¢in toplanan veriler eksik olabilmektedir. Bu gibi durumlarda analizleri
eksik veri ile ger¢eklestirmek miimkiindiir. Ayni zaman da veri setinin kalitesini artirmak i¢in eksik verilerin diizeltilmesi
de tercih edilmektedir. Analizlerin eksiksiz veri izerinde gerceklestirilmesi kullanilan yontemin basar1 oranini arttirmada
da oldukga 6nemli bir paya sahiptir. Eksik verinin diizeltilmesi veri 6n isleme asamasinda yer almaktadir. Eksik veriyi
diizeltmek i¢in eksik verinin oldugu kayitlarin ¢ikarilmasi (Sezgin ve Celik, 2013), veya ¢esitli yontemlerle tamamlanmasi
miimkiindiir (Aydin, 2007). Eksik olan verilerin tamamlanmasi i¢in literatiirde kabul gérmiis birgok tamamlama yontemi
mevcuttur. Eksik degerler tamamlanirken disardan genel bir sabit deger kullanilabilmekte, diger verilerin 6zellikleri dikkate
alinarak bir deger atanabilmekte ( ortalama, mod ya da medyan gibi) (Aydin, 2007) ya da tahminlemeler sonucu bulunan
degerler kullanilabilmektedir (Regresyon analizi, Hot Deck, Naive Bayes ile Deger Atama, Son Gozlemi Ileri Tasima, Karar
Agaclar, Beklenti Maksimizasyonu, Coklu atama gibi) (Sezgin ve Celik, 2013). Bu ¢alismada eksik verilerin tamamlanmasi
icin diger verilerin 6zellikleri dikkate alinarak bir deger atamas1 yapilmistir. Veri seti igerisindeki her bir 6zniteligin
frekansina bakilmis ve eksik olan veriler tamamlanirken frekansi en yiiksek olan deger kullanilmistir.

Giiniimiizde, veriler icinden anlam ¢ikarmak i¢in veri madenciligi yontemleri oldukga fazla kullanilmaktadir. Veri madenciligi
ile bilginin kesfi stireci; veri se¢imi ve toplanmasi, veri 6n isleme, veri doniistiirme, veri madenciligi yontemlerini uygulama
ve en sonunda sonuglari degerlendirme seklinde gergeklesmektedir (Sebik ve Biilbiil, 2018). Elde edilen verilerin kalitesi
kullanilan yontemin basar1 oranini arttirmada ¢ok biiyiik bir paya sahiptir (Oguzlar, 2003). Verinin kalitesinin arttirilmasi
icin kullanilan birgok veri 6n isleme teknigi vardir (Mackinnon ve Glick, 1999). Veri setindeki eksik verilerin tamamlanmasi
(Sezgin ve Celik, 2013), giiriiltiilii verilerin diizeltilmesi veya ¢ikarilmast (Akgobek ve Cakir, 2009), 6zniteliklerin 6nem
derecesinin belirlenmesi (Cetisli, 2006), baz1 dznitelikler iizerinde normalizasyon isleminin yapilmasi (Jayalakshmi ve
Santhakumaran, 2011) kullanilan 6n isleme tekniklerinden bazilaridir. Bu ¢aligmada 6n isleme tekniklerinden eksik verilerin
tamamlanmasi ve normalisazyon kullanilmistir. Literatiirde kabul gdérmiis bir¢ok normalizasyon ¢esidi mevcuttur. Z-Score
Normalizasyonu, Min-Max Normalizasyonu, Medyan Normalizasyonu, Sigmoid Normalizasyonu kabul géren normalizasyon
yontemlerinden bazilaridir (Yavuz ve Deveci, 2012). Normalizasyon yontemlerinin biri ya da birkag¢i ayni anda
kullanilabilmektedir. Bu ¢alismada Min-Max normalizasyon yontemi kullanilmaistir.

4. UYGULAMA
4.1. Otizm Spektrum Bozuklugu Veri Seti

Bu caligmada giincel ve ger¢ek OSB verilerinin ¢ocuklar igin olan alt kiimesi kullanilmistir. Verilerin ana kaynagi http://
fadifayez.com/autism-datasets/ internet sitesidir. Ayni zamanda Fadi Thabtah’in 2017 y1ilinda yaptig1 bilimsel yayinla birlikte
UCI machine learning repository sitesinde paylasilmis ve kullanmak isteyenler i¢in erisime a¢ilmistir. Kullanilan veri setinin
ad1 Autistic Spectrum Disorder Screening Data for Children Data Set’tir. Veri seti, OSB’nin teshisi i¢in literatiirde kabul
goren son parametrelere gore hazirlanan sorularin cevaplart ile olusturulmustur. Cevaplar ASDTests uygulamasi ile toplanmustir.
Uygulamanin iginde yas gruplarina gore ayr1 kategoriler mevcuttur. Her kategoride on soru bulunmaktadir ve her biri
kullanicilarin uygun cevabi dikkatlice se¢gmelerini saglamak i¢in bir resimle iligkilendirilmistir. Katilimeilara, bilgilerinin
isimsiz tutulacagi ve sadece arastirma amaciyla paylasilacagi bildirilmistir. Degerlendirme tamamlamadan 6nce, katilimcilardan
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arastirmanin amacini, gizlilik politikasini ve verilerin kullanimini agiklayan bir bilgilendirme yapilmistir. Kullanilan veri
setinde girdi olarak kullanilan &znitelikler arasinda otizm spektrum bozuklugunu dlgiimleyen on sorunun yaninda demografik
Ozellikleri i¢eren bilgilerde yer almaktadir. Toplamda 1100 kisiye uygulanan bu test, {i¢ alt grup verilerini igermektedir.
Gruplar ¢ocuk, geng ve yetiskinler seklindedir. Bu gruplarin olusturulmasinin sebebi ise OSB’nin teshisi i¢in sorulan bazi
sorularin gruplar arasinda farklilik gostermesidir. Olusturulan veri setinin ¢ocuklar i¢in olan alt kiimesinde toplamda 292
ornek vardir ve bu ¢alismada yalnizca ¢ocuklar i¢in olan kiime kullanilmistir. Veri seti sayisal ve kategorik veri tiirlerini
icermektedir. Veri seti igerisindeki bazi 6rneklerde eksik veriler bulunmaktadir. Toplamda 21 6znitelikten olusan veri setinde;
20 dznitelik bireylerin genel ve saglik durumu ile ilgili bilgiler icerdigi icin girdi olarak kullanilmais, 1 6znitelik ise bireyin
otizmli olma durumunu i¢erdigi i¢in ¢ikti olarak kullanilmistir. Girdi olarak kullanilan 6znitelik parametrelerinden biri olan
‘tarama yoOnteminin tiirii’ bireyin yas araliginin hangi grupta oldugunu ifade etmektedir. Yani otizm tarama testini
gercgeklestiren bireyin ¢ocuk, geng ya da yetiskin gruplarinin hangisine dahil oldugu bilgisini gostermektedir. Bu ¢calismada
sadece ¢ocuklar i¢in olan alt kiime kullanilmistir. Tiim veri seti gocuklara ait oldugu igin grup bilgisine ihtiya¢ duyulmamaisgtir.
Bu sebepten dolay1 veri seti icerisinden bu dznitelik ¢ikarilmistir. Boylece girdi parametresinin sayist 19 a diistiriilmistiir.
Ozniteliklerin tiirii ve sorularin detaylar1 Tablo 1’de detayli olarak verilmistir.

Tablo 1
Veri setindeki ézniteliklerin detaylart
Oznitelik Oznitelik Veri tiirii Aciklama
numarasi
1 Soru 1’in cevabi Binary (0, 1) Digerleri duymadiginda genellikle kiigiik sesler fark eder.
2 Soru 2’in cevabi Binary (0, 1) Genelde kiigiik detaylardan ziyade resmin tamamina odaklanir.
3 Soru 3’in cevabi Binary (0, 1) Bir sosyal grupta, birkag farkli insanin konusmasini kolayca takip edebilir.
4 Soru 4’in cevabi Binary (0, 1) Farkl: etkinlikler arasinda gidip gelmeyi kolay buluyor.
5 Soru 5’in cevabi Binary (0, 1) Adaylarla sohbete nasil devam edecegini bilmiyor.
6 Soru 6’in cevabi Binary (0, 1) Sosyal sohbetinde iyidir.
7 Soru 7’in cevabi Binary (0, 1) Bir hikaye okudugunda, karakterin niyetlerini veya duygularini ¢6zmekte zorlanir.
8 Soru 8’in cevabi Binary (0, 1) Okul 6ncesi egitimindeyken, diger ¢ocuklarla oyun oynamay1 sevmekten zevk alir.
9 Soru 9’in cevabi Binary (0, 1) Birinin ne diisiindtigiinii veya hissettigini, sadece yiizlerine bakarak kolayca anlayabilir.
10 Soru 10’in cevabi Binary (0, 1) Yeni arkadaslar edinmekte zorlaniyor.
11 Yas Number Bireyin y1l olarak kag yasinda oldugu bilgisi.
12 Cinsiyet String Bireyin erkek ya da kadin oldugu bilgisi.
13 Etnik koken String Bireyin hangi etnik kokene sahip oldugu bilgisi.
14 Sarilik ile dogmus olmak Booﬁ?:;r()e vet- Bireyin sarilik ile dogup dogmama bilgisi.
15 PDD’li aile tiyesi Boof:;r(; vet- Bireyin herhangi bir aile iiyesinin PDD’sinin olup olmadig bilgisi.
16 Ikamet edilen iilke String Bireyin ikamet ettigi tilkenin bilgisi.
17 Daha énce tarama Boolean (evet- Kullanicinin daha 6nce bir tarama uygulamasi kullanip kullanmadig bilgisi.
uygulamasinin kullanilmasi hayir)
18 Puanlama sonucu Integer Nihai puan, kullanilan tarama yonteml'nm.pl'lanlama algoritmasina dayanarak elde
edilmistir.
19 Testi kim tamamliyor String Bireyin testini kimin gergeklestirdigi (Veli, kendisi, bakici, saglik personeli, klinisyen,

vb.) bilgisi.
Boolean (evet-

20 Otizmli olma durumu (Cikt1) hayir)

Bireyin otizmli olma durumunun bilgisi

(Thabtah vd., 2018)

Veri setinde bulundugu halde veri setinin hangi yas kategorisine uygulandig: bilgisini tastyan ve tiim bireylerin ¢ocuk
oldugunu ifade etmek icin 1 ile doldurulmus olan “tarama yontemi tiiri” 6zniteligi veri setinden ¢ikarilmistir. Boolean

tiiriinde olan bireyin otizmli olup olmama durumu ise sinif etiketi olarak kullanilmistir.

Calismada oncelikle oncelikle tiim 6znitelikler sayisal degerlere cevrilmistir. Bir sonraki agamada veri seti izerinde daha
etkin analiz yapabilmek i¢in eksik verilerin tamamlanmasi, verilerin O ile 1 arasinda normalize edilmesi gibi veri 6nisleme
asamalar1 gerc¢eklestirilmistir. Daha sonra veriler yapay sinir aglar1 ve DKSBS ile siniflandirilmig, k-means ve x-means ile
kiimelenmistir. Tasarlanan ileri beslemeli YSA i¢in kullanilan néron sayilarinin basar1 oranina etkisi incelenmis ve farkli

yapida diigiimleri olan modeller test edilmistir. Siniflandirma yontemlerinin model basarim oranini test etmek igin veriler
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%70 egitim, %30 test olacak sekilde ayrilmistir. Sonuglara bakildig1 zaman veriler hem yapay sinir aglar1 hem de DKSBS
ile siniflandirildiginda basari oranini hem test hem de egitim setinde %100 oldugu goriilmiistiir. Kiimeleme yontemleri 6n
Ogreticisiz yontemlerdir. Dolayisi ile kiimelenen veriler egitim ve test olarak ikiye ayrilmamistir ve verilerin tamami egitim

icin kullanilmigtir. Kiimelenen verilerin basar1 orani k-means de % 89,73, x-means de %388,0 seklindedir
4.2. Bulgular ve Degerlendirme

Literatiir incelendiginde otizm konusunda veri madenciligi yontemleri kullanilarak gergeklestirilen ¢ok fazla ¢alisma oldugu
goriilmektedir. Thabtah (2017), calismasinda bu konuya dikkat ¢ekmis, ger¢eklestirilen ¢alismalarda oldukea giizel sonuglarin
elde edilmis olmasiyla birlikte kullanilan verilerin giincelligini yitirdiginden bahsetmistir. Bu sebepten dolay1 da giincel
verilerle ¢alisilmasi gerektigini vurgulamistir. Devaminda ise Thabtah (2018), yeni bir ¢alisma ile giincel dlgege uygun
sekilde toplanan verileri paylagsmistir. Bu ¢calismada da Thabtah (2018), tarafindan giincel 6lgege uygun sekilde toplanan ve
yapilan bilimsel yayin ile paylasilan verilerin ¢ocuklar i¢in olan alt kiimesi kullanilmistir. Kullanilan veri seti 292 6rnekten
olusmaktadir ve veri setinde toplamda 21 6znitelik mevcuttur. Veriler ¢ok eski olmadigindan bu veriler ile yapilan ¢aligmalarda
sinirlidir ve bu ¢aligsma ile elde edilen bulgular diger caligsmalarla karsilastirilmistir.

Veri setinin orijinal hali sayisal ve string ifade tiirtinde degiskenler igermektedir. Bu ¢alisma kapsaminda kullanilan
normalizasyon iglemi ve siniflandirma islemi i¢in kullanilan yontemler ise string ifadelerle galistirilamamaktadir. Bu sebepten
dolay1 oncelikle tiim veri seti sayisal degerlere doniistiiriilmiistiir. Bu doniisiim yapilirken string ifadelerle etiketlenmis olan
kategorik veriler, sayisal ifadeler ile etiketlenecek sekilde degistirilmistir. Ornegin bayan ya da erkek olarak etiketlenen
kategorik veriler 0 ve 1 ile degistirilmistir. Etnik koéken, ikamet edilen iilke gibi degerler de ayni1 sekilde 1’den baslanarak
sirali olarak etiketlenmistir.

Tim veriler sayisal hale getirildikten sonra her bir 6zniteligin kendi arasinda frekansi ¢ikarilmistir. Veri seti icerisindeki
bos degerler frekansi en yiiksek olan deger ile doldurulmustur. Devaminda ise birgok normalizasyon yontemi denemis en
yiiksek basar1 oranina sahip literatiirde de oldukea fazla kullanilan Min-Max normalizasyon yontemi ile elde edilen degerler
olusturulmustur. Yontemlerin basarilarinin karsilastirilmasi igin veri setinin bir kismi egitim bir kismui test verileri olarak
ayrilmistir. Bu oranin yiizde kag olarak ayrilmasi gerektigi konusunda literatiir incelendiginde ¢ok farkli oranlarin kullanilmis
oldugu goriilmekle birlikte, en yaygin oran %70 egitim verisi, %30 test verisi olarak ayrildigi goriilmektedir. Genel yaklasima
uymasi agisinda bu ¢aligmada da %70’e karsilik gelen ve rastgele olarak belirlenen 205 6rnek egitim, %30’a karsilik gelen
ve rastgele olarak belirlenen 87 6rnek ise test icin kullanilmistir. Veriler YSA ve DKSBS ile siniflandirilmis, K-Means ve
X-Means ile kiimelenmistir.

4.2.1. Yapay Sinir Agi ile Elde Edilen Sonuclar

Tasarlanan ileri beslemeli YSA ile kullanilan néron sayilarinin basar1 oranina etkisi incelenmis ve farkli yapida diigiimleri

olan modeller test edilmistir. YSA’nin performansi Tablo 2 de verilmistir

Tablo 2

Yapay Sinir Aginin performansi

Giris katmanindaki 1.Gizli katmandaki  2.Gizli katmandaki Ka tm(z:llnklle daki Egitim verisindeki Test verisindeki

noron sayisi noron sayisi noron sayisi .. dogruluk oram dogruluk oram
noron sayisi

20 1 | 2 %91.21 %90,80

20 10 10 2 %100 %97,70

20 5 5 2 %100 %98,85

20 30 30 2 %100 %96,56

20 15 15 2 %100 %96,56

20 50 50 2 %100 %97,70

20 20 20 2 %100 %96,56

Tasarlanan modellerin basar1 oranina bakildigi zaman oldukga yiiksek oranda basariya ulasildigi goriilmistiir. Farkli néron
sayilart ile tasarlanan modeller icerisinde en yliksek performans giris katmanin da 20, iki gizli katmanda 5 ve ¢ikis katmaninda
2 noron kullanilarak tasarlanan modelde goriilmiistiir. Egitim setinde %100 test setinde ise %98.85 oraninda dogrulukla
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basar1 elde edilmistir. Bu durum egitim setindeki tiim 6rneklerin dogru siniflandirildigi, test veri setinde ise yalnizca bir
ornegin yanlis siniflandirildigi anlamina gelmektedir. Tablo 4’de goriildiigii gibi gizli katmandaki néron sayisini arttirmak
basari oraninin artmast ile dogru orantili degildir. Noron sayisin arttirmak bazi veri setleri i¢in modelin basar1 oranini
arttirmakla beraber, bazi veri setleri icin modelin basar1 oranini diisiirmektedir. Dolayisi ile her zaman néron sayisinin ¢ok
fazla ya da ¢ok az kullanilmasi ile alakalr sabit bir yaklagimi benimsemek yerine birkag alternatif belirlenerek en basarili
olan modelin tercih edilmesi basar1 oranini arttirabilmektedir. Basar1 oraninin en yiiksek olarak goriildiigii YSA modeli
Sekil 1de gosterilmistir.

Meural Network

Layer Layer Layer

Input

20

Sekil 1. Basar1 oraninin en yiiksek olarak goriildigi YSA modeli

Egitilen agin test verisi i¢in ¢izdirilen ROC egrisi (Receiver Operating Characteristic) Sekil 2 de verilmistir.

AUC =0.99839

True positive rate
© © © © © = o ©
n (=3 - (5] (=1 =~ = w -

=

o

0 0.1 02 03 04 05 06 07 038 0.9 1
False positive rate

Sekil 2. Egitilen agin test verisi i¢in ¢izdirilen ROC egrisi

Sekil 2 de goriildiigi iizere ROC egrisi altinda kalan alan (AUC) degeri 1’e ¢cok yakin ¢ikmistir. Bu durum, test verisinde
yapilan siniflandirmada oldukea yiiksek bir basar1 saglandigini gostermektedir. Egitilen agin test verisi igin ¢izdirilen hata
matrisi Sekil 3 de verilmistir.

True class

Predicted class

Sekil 3. Egitilen agin test verisi i¢in ¢izdirilen hata matrisi

Acta Infologica, Volume 5, Number 1, 2021 176



Celik, S., Cesmeli Siseci, M.

Sekil 3 de goriildiigii gibi egitilen agin test veri seti icin gergeklestirdigi siniflandirmanin ¢ok yiiksek bir kismi1 dogru
tahminlenmis, yalnizca bir 6rnek yanlig siniflandirilmistir. Bu durum test verisi igin olduke¢a yiiksek bir basari anlami
tasimaktadir. Agin test verisi i¢in lirettigi hata degerlerine detayli olarak bakildiginda MSE degerinin 4,822¢-04; RMSE
degerinin ise 0,022 oldugu goriilmektedir. Egitilen agin egitim verileri i¢in MSE ve RMSE degerlerinden de anlasildig: gibi
agin hata degerleri oldukea diisiiktiir. Egitilen agin, test verileri igin gergeklestirdigi Dogruluk, Duyarlilik, Belirleyicilik ve
F-Olgiitii degerleri sirasi ile 0,989 0,974 1 0,987 seklindedir. Bu durum egitilen agin test verileri i¢inde oldukca basarili
sonuglar verdigini gostermektedir.

4.2.2. Dilsel Kuvvetli Sinir-Bulanik Siniflayici ile Elde Edilen Sonuglar

DKSBS ile dncelikle 6znitelik se¢imi gergeklestirilmis devaminda ise siniflandirma iglemi yapilmistir. Yapilan siniflandirmada
veriler %70 egitim, %30 test verisi seklinde ayrilarak gerg¢eklestirilmistir. Siniflandirma sonuglarina bakildigi zaman egitim
ve test verilerinde %100 oranda basar1 elde edildigi goriilmiistiir. Yontemin egitim verileri i¢in hesaplanan hata degerlerine
bakildigi zaman MSE degerinin 3,099¢-32, RMSE degerinin ise 1,760e-16 oldugu goriilmektedir. Gergeklestirilen dznitelik
secimi, 6zniteliklerin &nem diizeyine bakilarak belirlenmistir. Ozniteliklerin DK SBS tarafindan belirlenen nem diizeyleri
Sekil 4 de verilmistir.

Feature selection criteria

18

16

14

12

08

06 -

total linguistic hedge values

0.4 r

02r

2 4 6 8 10 12 14 16 18
features

Sekil 4. Ozniteliklerin DKSBS tarafindan belirlenen énem diizeyleri

Sekil 4 de numaralandirilmis 6zniteliklerin sirast Tablo 1 deki sira ile ayni olacak sekilde 1’den 19°a kadar sirali olarak
ilerlemistir. Dilsel kuvvetli sinir-bulanik siniflayicr’nin siniflandirma igin 6znitelikler iizerinde belirlemis oldugu énem
derecelerine bakildig1 zaman bes farkli 6nem diizeyine sahip gruplarin olustugu goriilmektedir. Bu gruplar1 en biiyiik 6neme
sahip onlar1 5 olacak gekilde, 5 den 1’e kadar derecelendirilecek olursa; 5 6nem diizeyine sahip 6znitelikler 1,2,3,5,6,7,10,18
numarali olanlar, 4 6nem diizeyine sahip 6znitelik 4 numarali olan, 3 6nem diizeyine sahip 6znitelikler §,9,11,12,13,14,15
numarali olanlar, 2 6nem diizeyine sahip 6znitelik 16 numarali olan ve 1 énem diizeyine sahip olan 17 numarali olan
Ozniteliktir. 19 numarali 6zniteligin ise 6nem derecesi 0 olarak belirlenmistir. Dilsel kuvvetli sinir-bulanik siniflayici’nin

ifade ettigi dzniteliklerin katki dereceleri Sekil 5 de goriilmektedir.
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Sekil 5. Dilsel kuvvetli sinir-bulanik siniflayicr’a ait bulanik kurallarin modeli

Tablo 1 de yer alan 1,2,3,5,6,7,10 ve 18 numarali 6znitelikler olan ¢cocugun; digerleri duymadiginda genellikle kiiciik sesleri
fark edip etmedigi, genelde kiiciik detaylardan ziyade resmin tamamina odaklanip odaklanmadigi, bir sosyal grupta, birkag
farkli insanin konusmasini kolayca takip edebilip edemedigi, adaylarla sohbete nasil devam edecegini bilip bilmedigi, sosyal
sohbetinde iyi olup olmadigi, bir hikaye okudugunda, karakterin niyetlerini veya duygularini ¢6zmekte zorlanip zorlanmadigi,
yeni arkadaglar edinmeyi zor bulup bulmadigi ve kullanilan tarama yonteminin puanlama algoritmasina dayanarak elde
edilmis nihai puanin yer aldig1 6znitelikler siniflandirma tizerinde en ¢ok etkiye sahip olan 6znitelikler olarak belirlenmistir.
Ikinci en etkili 6znitelik olarak 4 numara ile ifade edilen; farkli etkinlikler arasinda gidip gelmeyi kolay bulup bulmadig1
durumu belirlenmistir. Uglincii en etkili 6znitelikler 8,9,11,12,13,14,15 numaralariyla ifade edilen; okul dncesi egitimindeyken,
diger ¢ocuklarla oyun oynamayi sevip sevmedigi, birinin ne diisiindiigiinii veya hissettigini, sadece yiizlerine bakarak kolayca
anlayabilip anlayamadigi, bireyin yil olarak kag¢ yasinda oldugu bilgisi, bireyin erkek ya da kadin oldugu bilgisi, bireyin
hangi etnik kokene sahip oldugu bilgisi, bireyin sarilik ile dogup dogmama bilgisi ve bireyin herhangi bir aile {iyesinin
PDD’sinin olup olmadigi bilgisi’dir. Dordiincii en etkili 6znitelik 16 numara ile ifade edilen; bireyin ikdmet ettigi tilkenin
bilgisidir. Besinci en etkili 6znitelik 17 numara ile ifade edilen; kullanicinin daha 6nce bir tarama uygulamasi kullanip
kullanmadig bilgisidir. Dilsel kuvvetli sinir-bulanik siniflayic’nin egitim performasi Sekil 6 da gosterilmistir.

Performance evaluation
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Sekil 6. Dilsel kuvvetli sinir-bulanik siniflayicr’nin egitim performansi

Seki 6 da goriildigii gibi dilsel kuvvetli sinir-bulanik siniflayici’nin hata degerleri oldukga diisiiktiir. Dilsel kuvvetli sinir-
bulanik siniflayici’nin egitildikten sonra test verisi i¢in ¢izdirilen hata matrisi Sekil 7 de verilmistir.
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True class

Predicted class

Sekil 7. Test verisi i¢in ¢izdirilen hata matrisi

Sekil 7 de goriildigi gibi egitilen dilsel kuvvetli sinir-bulanik siniflayic’nin test veri seti ig¢in gergeklestirdigi siniflandirmanin
tamami1 dogrudur.

Egitilen dilsel kuvvetli sinir-bulanik siniflayict’nin, test verileri icin gerceklestirdigi Dogruluk, Duyarlilik, Belirleyicilik ve
F-Olgiitii degerleri ise sirast ile 1,1,1,1 seklindedir. Bu durum egitim verilerinin tamaminin dogru siniflandirildigin
gostermektedir.

4.2.3. K-Means ile Elde Edilen Sonuclar

Kiimeleme algoritmalar1 6n 6greticisiz yontemlerdir ve verilerin siniflar1 6nceden belli degildir. Bu sebepten dolay: veliler
egitim ve test verisi olarak ayrilmamis, tamami egitim i¢in kullanilmistir.

K-means algoritmasinda k parametresi ile ifade edilen kiime say1st 6nceden belirlenmeli ve ¢alistirilmadan dnce algoritmaya
verilmelidir. Bu ¢alismadaki verilerin OSB olup olmadigini gosterecek sekilde iki sinif1 vardir. Dolayist ile kiimeler
olusturulurken iki kiime olmasi istendiginden k parametresi iki olarak girilmis ve veriler ikiye kiimelenmistir. K-means
algoritmast ile kiimelenen verilerin siniflari, gergek kiime siniflari ile karsilastirildiginda toplamda 292 veriden 262’°si dogru
siniflandirilmis ve siniflandirmanin dogruluk orant % 89,73 olmustur. Gergek siniflar ve K-means ile elde edilen siniflar
Sekil 8 de verilmistir.

il il T =T ™

1| o Gergek Kiime 7
L | - Tahminlenen Kiime 2
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16— a1
150 -+
14— —
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Sekil 8. Gergek siniflar ve K-means ile elde edilen siniflar

K-means algoritmasi ile elde edilen sonuglar i¢in ¢izdirilen hata matrisi Sekil 9°da verilmistir.

Acta Infologica, Volume 5, Number 1, 2021 179



Cocuklar f¢in Otizm Spektrum Bozuklugunun Veri Madenciligi Yontemleri ile Analizi

True class

Predicted class

Sekil 9. K-means algoritmasi ile elde edilen sonuglar igin ¢izdirilen hata matrisi

Sekil 9°da goriildiigi gibi K-means algoritmasi ile kiimelenen verilerin siniflar1 ¢ogunlukla dogru tahminlenmis olup,
toplamda yanlig tahminlenen 6rnek sayisi 30 olmustur. K-means algoritmasi ile kiimelenen verilerin Dogruluk, Duyarlilik,
Belirleyicilik ve F-Olgiitii degerleri siras1 ile 0,897 0,821 0,979 0,892 seklindedir.

4.2.4. X-Means ile Elde Edilen Sonuglar

X-means algoritmasi K-means algoritmasinin gelistirilmesiyle olusturulmus daha giincel bir kiimeleme yontemidir. X-means,
K-means’in ¢aligma yapisini kullanmasinin yaninda K-means’in gelistirilmis halidir. Kiime sayisinin sabit bir deger olarak
belirlenmesinin yerine bir aralik belirlenmesi ile ¢alismaktadir. Bdylece veri seti i¢in en uygun olan kiime sayisi algoritma
tarafindan belirlenebilmektedir. Kiime sayisi belirlenirken, en iyi kiime sayisin1 belirlemek i¢in Bayesin bilgi kriteri
kullanilmaktadir. Bu ¢alismada, sinif aralig1 2 ile 4 arasinda girilerek caligtirilan X-means algoritmasinda kiime sayisi
algoritma tarafindan 2 olarak belirlenmistir. X-means algoritmasi ile ikiye kiimelenen verilerin siniflari, gercek kiime siniflar1
ile karsilastirildiginda toplamda 292 veriden 257’si dogru siniflandirilmis ve siniflandirmanin dogruluk orani %88,02

olmustur. Gergek siniflar ve X-means ile elde edilen siniflar Sekil 10°da verilmistir.
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Sekil 10.Gergek siniflar ve X-means ile elde edilen siniflar

Acta Infologica, Volume 5, Number 1, 2021 180



Celik, S., Cesmeli Siseci, M.

X-means algoritmasi ile elde edilen sonuglar i¢in ¢izdirilen hata matrisi Sekil 11°de verilmistir.

Predicted class

Sekil 11. X-means algoritmasi ile elde edilen sonuglar i¢in ¢izdirilen hata matrisi

Sekil 11°de goriildiigii gibi X-means algoritmasi ile kiimelenen verilerin siniflar1 ¢ogunlukla dogru tahminlenmis olup,
toplamda yanlis tahminlenen 6rnek sayisi 35 olmustur. X-means algoritmasi ile kiimelenen verilerin Dogruluk, Duyarlilik,
Belirleyicilik ve F-Olgiitii degerleri sirasi ile 0,880 0,781 0,986 0,871 seklindedir.

4.2.5. Farkh Yontemler ile Analiz Edilen Cocuklar icin Otizm Spektrum Bozuklugu Verilerinin
Tahminleme Basarilarimin Karsilastirilmasi

Bu calismada OSB veri setinin ¢ocuklar igin olan alt kiimesi YSA ve DKSBS ile siniflandirilmis, K-means ve X-means
yontemleri ile kiimelenmistir. Kullanilan yontemlerin performans degerleri Tablo 2°de verilmistir.

Tablo 2

Kullanilan yontemlerin performans degerleri

Yontem Egitim setinde dogruluk oram Test setinde dogruluk oram
Yapay sinir aglari %100 %98,85

Dilsel kuvvetli sinir-bulanik siniflayic %100 %100

K-Means %89,73 Tiim veriler egitim i¢in kullanilmigtir
X-Means %88,02 Tiim veriler egitim i¢in kullanilmigtir

Tablo 2’de gortildiigii gibi YSA ile siniflandirma basar1 orant olduke¢a yiiksek olmasina ragmen en yiiksek bagari orani
DKSBS ile elde edilmistir. DKSBS ile yapilan siniflandirma da egitim ve test verisi i¢in %100 oraninda dogruluk
gerceklestirilmistir. Bu durum dilsel kuvvetli sinir-bulanik siniflayicinin veri setindeki tiim drnekleri dogru siniflandirdigi
anlamini tagimaktadir. Kiimeleme yontemlerinin basar1 oranlar1 incelendigi zaman genel anlamda siniflandirma yontemlerine
gore daha az basarili oldugu ve K-means yontemi ile elde edilen sonuglarin, X-means yontemine gére daha basarilt oldugu
goriilmektedir. Kullanilan Yontemlerin Egitim veri setleri icin Dogruluk, Duyarlilik, Belirleyicilik ve F-Olgiitii degerleri

Tablo 3’de verilmistir.

Tablo 3

Kullanilan yontemlerin egitim veri setleri i¢in Dogruluk, Duyarhilik, Belirleyicilik ve F-Olgiitii degerleri

Yontem Dogruluk Duyarhhk Belirleyicilik F-Olgiitii
Yapay sinir aglari 1 1 1 1
Dilsel kuvvetli sinir-bulanik siniflayict 1 1 1 1
K-Means 0,897 0,821 0,979 0,892
X-Means 0,880 0,781 0,986 0,871

Tablo 3’de siniflandirma ve kiimeleme yontemlerinin egitim verisi i¢in hesaplanan Dogruluk, Duyarlilik, Belirleyicilik ve
F-Olgiitii degerleri goriilmektedir. Goriildiigii iizere siniflandirma yontemlerinde hesaplanan tiim degerler 1'dir. Kiimeleme

yontemlerinde ise ortalama olarak K-means i¢in hesaplanan degerler X-means’ten daha yiiksektir.
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Kullanilan Yéntemlerin test veri setleri icin Dogruluk, Duyarlilik, Belitleyicilik ve F-Olgiitii degerleri Tablo 4’de verilmistir.

Tablo 4

Kullanilan yontemlerin test veri setleri igin Dogruluk, Duyarlilik, Belirleyicilik ve F-Olgiitii degerleri

Yontem Dogruluk Duyarhhk Belirleyicilik F-Olciitii

Yapay sinir aglari 0.989 0.974 1 0.987

Dilsel kuvvetli sinir-bulantk 1 1 1 1

siiflayict

K-Means Tim veriler egitim igin Tim veriler egitim igin Tim veriler egitim igin Tiim veriler egitim igin
kullanilmistir kullanilmistir kullanilmistir kullanilmistir

X-Means Tim veriler egitim igin Tiim veriler egitim igin Tiim veriler egitim igin Tim veriler egitim igin
kullanilmigtir kullanilmigtir kullanilmigtir kullantlmistir

Tablo 4°de goriildiigii gibi test verisi icin DKSBS ile yapilan siniflandirmanin Dogruluk, Duyarlilik, Belirleyicilik ve F-
Olgiitii degerleri 1 olarak hesaplanmistir. Bu durum dilsel kuvvetli sinir-bulanik siniflayicinin test verisinin tamamini dogru
siiflandirdigi anlami tasimaktadir. Test verisi icin YSA ile yapilan siniflandirmanin Dogruluk, Duyarlilik, Belirleyicilik
ve F-Olgiitii degerleri de 1’e oldukca yakan degerler ¢ikmistir. Bu durum test verisi icin dilsel kuvvetli sinir-bulanik
siniflayicidan daha basarisiz olmakla birlikte kullanilabilecek bir yontem oldugunu ortaya koymaktadir. K-Means ve X-
Means ile kiimelenen verilerin tamamui egitim i¢in kullanilmis, dolayist ile test verisi i¢in hesaplanan Dogruluk, Duyarlilik,
Belirleyicilik ve F-Olgiitii degerleri bulunmamaktadir. Calismanin performans degerleri ve ayn1 veri setini kullanan diger
caligmalardaki performans degerleri Tablo 5’de verilmistir.

Tablo 5

Calismanin performans degerleri ve ayni veri setini kullanan diger ¢alismalardaki performans degerleri

Calisma Yontem Performans
Thabtah, 2018 Logistic regression %97.,94
Thabtah, 2018 Naive bayes %92,80
Akyol ve Karaci, 2018 Lojistik regresyon %92,00
Akyol ve Karaci, 2018 Bulanik kurali lojistik regresyon kombinasyonu %97,33
De Campos Souza ve Guimaraes, 2018 Bulanik sinir ag1 mimarisi %100
Hutchinson vd., 2019 J48 decision tree %92,80
Hutchinson vd., 2019 Naive bayes %96,20
Bu calisma Yapay sinir aglar1 %98,85
Bu ¢alisma Dilsel kuvvetli sinir-bulanik smiflayici %100
Bu c¢alisma K-Means %89,73
Bu calisma X-Means %88,02

Tablo 5°de goriildiigii gibi ayn1 veri seti farkli calismalarda farkli yontemlerle siniflandirilmistir ama bu ¢aligma diginda bir
kiimeleme iglemine rastlanmamugstir. Yapilan ¢alismalardaki sonuglar incelendigi zaman genel olarak basari oraninin %90’ 1n
iizerinde oldugu goriilmekle birlikte %100 olan bir caligma da bulunmaktadir. Bu calisma ile elde edilen sonuglar ile diger
caligsmalarda elde edilen sonuglar karsilastirildigi zaman ise verilerin DKSBS ve YSA ile siniflandirildiginda siniflandirma
basarisinin logistic regression, naive bayes, bulanik kurali lojistik regresyon kombinasyonu ve j48 decision tree ile siniflandirilan
calismalardaki siniflandirma basarisindan daha yiiksek oldugu goriilmektedir. Bulanik sinir ag1 mimarisi ile gergeklestirilen
siniflandirma ve bu ¢alisma kapsamin da DK SBS ile gerceklestirilen siniflandirmanin basari oranlar1 ise aynidir. Tki yontem
ile siniflandirilan verilerdeki dogruluk ayni orandadir ve bu oran %100 seklindedir. Bu durum iki yonteminde tiim 6rnekleri
dogru siniflandirdigi anlamina gelmektedir. Bu ¢aligma kapsaminda gerceklestirilen kiimeleme islemi sonuglari incelendigi
zaman ise kiimeleme yontemlerinden K-means yonteminin X-means yontemine gore daha basarili oldugu ve iki kiimeleme

yonteminin de basar1 oraninin siniflandirma yontemlerine gore daha diisiik oldugu sonucuna ulasilmaktadir.
5. TARTISMA, SONUC ve ONERILER

Bu ¢aligma ile OSB konusunda veri madenciligi, yapay zeka gibi teknikleri kullanarak ger¢eklestirilen caligmalar incelenmistir.
Bu konuda oldukga basarili sonuglara ulasan bir¢cok ¢alismanin oldugu goriilmektedir. Bunun yani sira bilimsel bir yayin
ile son dénemde gergeklestirilen ¢alismalarda giincelligini yitiren veri setlerinin kullanildig: elestirisi dikkat cekmektedir.
Yayinin detaylar1 incelendigi zaman giincel ve basarili yontemlerin kullanilarak teknolojik gelismelerden faydalanildig:
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fakat deneysel calismalarda kullanilan verilerin giincelligini yitirdigi vurgusu yapildig1 goriilmektedir. Caligmanin devaminda
ise eksiklik olarak goriilen giincel olmayan veriler, gelistirilen son dlgege dayali olarak toplanmis ve bir takim islemler
gergeklestirildikten sonra paylagilmistir. Veri seti ¢ocuk, geng, yetiskin seklinde gruplandirilmak tizere toplamda 1100 6rnek
icermektedir. Bu ¢aligmada ise ayn1 veri setinin 292 6rnek igeren ¢ocuklar i¢in olan alt kiime kullanilmistir. Toplamda 20
girdiden olusan fakat tiim 6rneklerde ayni oldugu i¢in ¢ikarilan bir 6znitelikten sonra 19’a diisiiriilen girdiler sonucunda
bireyin otizmli olma durumunu ifade eden ¢iktinin tahminlenmesi igin veri setine veri madenciligi yontemlerinden olan
siniflandirma ve kiimeleme iglemleri uygulanmistir. Siniflandirma ve kiimeleme islemleri uygulanmadan dnce oncelikle
tamamen numeric degerlere doniistiiriilen veri seti iizerinde 6zniteliklerin frekansina bakilarak eksik veriler tamamlanmig
ve normalizasyon islemleri ger¢eklestirilmistir. Yontemlerin ¢alistirilmasi i¢in hazir hale getirilen veri seti son olarak %70
egitim, %30 test verisi olmak {izere ayrilmistir. Siniflandirma islemi igin veriler test ve egitim verisi olacak sekilde ayrilarak
siniflandirilmis, elde edilen sonuglar birgok parametre ile ifade edilmistir. Siniflandirma islemi i¢in kullanilan yontemler
YSA ve DKSBS olmustur. Kiimeleme yontemleri 6nogreticisiz yontemler oldugundan dolay1 veri seti egitim ve test olarak
ayrilmamis tamami egitim verisi olacak sekilde kiimelenmistir. Kiimeleme islemi i¢cin K-means ve X-means yontemleri
kullanilmistir. Elde edilen sonuglar birgok parametre ile ifade edilmis olmakla birlikte tiim yontemlerde ortak paydada
karsilastirma yapilabilmesi igin temel olarak Dogruluk, Duyarlilik, Belirleyicilik, F-Olgiitii kullanilmistir.

Siniflandirma sonuglarina bakildigi zaman egitim veri seti igin YSA ve DKSBS olmak iizere iki yonteminde basar1 oraninin
%100 oldugu goriilmiistiir. Dolayist ile iki yontemin egitim veri seti i¢in hesaplanan Dogruluk, Duyarlilik, Belirleyicilik,
F-Olgiitii degerleri 1 olarak hesaplanmistir. Bu durum iki yonteminde egitim verilerinin tamamini dogru siniflandirdigi
anlamina gelmektedir. Test seti i¢in elde edilen sonuclara bakildig1 zaman bagar1 oranlarinin birbirinden farkli oldugu
goriilmektedir. Dilsel kuvvetli sinir-bulanik siniflayici’'nin test verisi i¢in ger¢eklestirdigi basarit orani egitim verisindeki
basar1 orani ile ayn1 olmustur. Dolayisi ile test seti i¢in hesaplanan Dogruluk, Duyarlilik, Belitleyicilik, F-Olgiitii degerleri
1 olarak hesaplanmigtir. Bu durum test verilerinin DKSBS tarafindan tamaminin dogru siniflandirdigi anlamina gelmektedir.
YSA’nin test verisi i¢in gergeklestirdigi basari orani ise %98.85 olmustur. Test seti i¢in hesaplanan Dogruluk, Duyarlilik,
Belirleyicilik, F-Olgiitii degerleri siras1 ile 0,989 0,974 1 0,987 olarak hesaplanmustir. Bu sonuclar YSA ile yapilan siniflandirmanin
test verisinde 87 drnekten yalnizca 1 tanesini yanlis siniflandirdig geriye kalan 86 drnegi dogru siniflandirdigini anlamini
tasimaktadir. Siniflandirma yontemlerinin bagarilarina bakildig1 zaman iki yonteminde olduke¢a bagarili oldugu ve veri
setini siniflandirmak i¢in kullanilabilecegi goriilmekle birlikte, tiim verileri dogru siniflandirdigindan dolayi dilsel kuvvetli
sinir-bulanik siniflayicinin daha basarili oldugu sdylenebilmektedir.

Kiimeleme sonuglarina bakildigi zaman egitim ve test verisi olarak ayrilmadigi tiim verilerin egitim i¢in kullanildig:
goriilmektedir. Dolayisi ile K-means ve X-means yontemi ile kiimelenen verilerde yalnizca egitim verisi i¢in sonuglar
bulunmaktadir. K-means ile kiimelenen verilerin basari orani %89,73 olmustur ve verilerin hesaplanan Dogruluk, Duyarlilik,
Belirleyicilik, F-Olgiitii degerleri sirasi ile 0,897 0,821 0,979 0,892 seklindedir. Bu sonuglar K-means ile kiimelenen verilerin
262 tanesinin dogru, 30 tanesinin yanlis siniflandirildigi anlamina gelmektedir. X-means ile kiimelenen verilerin basari
orani ise %88,02 olmustur ve verilerin hesaplanan Dogruluk, Duyarlilik, Belirleyicilik, F-Olciitii degerleri sirasi ile 0,880
0,781 0,986 0,871 seklindedir. Bu sonuglar X-means ile kiimelenen verilerin 257 tanesinin dogru, 35 tanesinin yanlis
siiflandirildigi anlamina gelmektedir. Bu ¢alisma kapsaminda elde edilen sonuglara gore kiimeleme yontemlerinin basarilarina
bakildig1 zaman sonuglarin genel anlamda yiiksek oldugu fakat siniflandirma yontemlerine gore daha diistik kaldig1 goriilmekle
birlikte bu ¢aligmadaki veri seti i¢in K-means yonteminin X-means yontemine gore daha basarili sonuglar verdigi tespit
edilmistir.

Bu ¢alismada elde edilen sonuglar ile ayni1 veri seti ile yapilan diger calismalardaki sonuglar karsilastirildigi zaman Thabtah
(2018), logistic regression ile yaptig1 siniflandirmanin basar1 orant %97,94 naive bayes ile yaptig1 siniflandirmanin basari
orani %92,80 bulmustur. Akyol ve Karaci (2018), lojistik regresyon ile yaptiklari siniflandirmanin basari orant %92,00
bulanik kurall1 lojistik regresyon kombinasyonu ile yaptiklar1 siniflandirmanin basar1 orant %97,33 olarak elde etmislerdir.
De Campos Souza ve Guimaraes (2018), bulanik sinir ag1 mimarisi ile yaptiklart siniflandirmanin basari oran1 %100 olarak
tespit etmislerdir. Hutchinson ve arkadaglar1 (2019), j48 decision tree ile yaptiklar1 siniflandirmanin basar: oranini %92,80
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naive bayes ile yaptiklar1 siniflandirmanin basar1 oranini %96,20 olarak bulmuslardir. Bu durum genel olarak veri setinin
siniflandirmaya uygun bir veri seti oldugunu gostermektedir. Aynt zamanda bu ¢aligsma ile %100 oraninda basariya ulasan
DKSBS yonteminin kullanilan veri seti igin literatiirdeki birgok yontemden daha bagarili sonuglar elde ettigini de géstermektedir.
Elde edilen basari oranlarinin yiiksek olmasi dnemli olmakla birlikte gergek hayat problemlerinde %100 oraninda basarinin
var olmasi gergeklesmesi zor bir ihtimaldir ve hata payinin her zaman olabilecegi ihtimalinin géz 6niinde bulundurulmasi

gerekmektedir.

Bu ¢alismanin literatiire olan katkilar1 ise sdyledir; 6ncelikle ayni1 veri seti ile yapilan ¢alismalar incelendigi zaman logistic
regression, naive bayes, bulanik kurall lojistik regresyon kombinasyonu, bulanik sinir ag1 mimarisi, j48 decision tree gibi
yontemlerin kullanilmasi ile yapilan siniflandirma islemleri olmakla birlikte ¢ocuklar i¢in olan alt kiimede herhangi bir
yontem ile kiimeleme isleminin gergeklestirildigi bir ¢alismaya rastlanmamis olmakla birlikte, YSA ve DKSBS ile yapilan
bir siniflandirmaya da rastlanmamistir. Sonuglara bakildigi zaman tahminleme dogrulugu bakimindan OSB’nin ¢ocuklar
i¢in olan verilerinde, siniflandirma ydntemlerinin kiimeleme yontemlerinden daha basarili oldugu goriilmektedir. Ozellikle
DKSBS yonteminin tiim verileri dogru siniflandirarak literatiirdeki birgok yontemden daha yiiksek basari oranina sahip
oldugu i¢in tercih edilebilecek yontemler arasinda en iyi yontemlerden bir tanesi olabilecegi sonucuna varilmaktadir. Dolayisi
ile bu ¢aligma ile kullanilan veri seti i¢in farkli yontemlerin denenmesine imkan taninarak literatiirdeki bir¢ok ¢aligmadan
daha basarili sonuglar elde etigi goriilen bir yontem ile siniflandirilma yapilmasina imkan tanimaktadir. Bunun yani sira
elde edilen sonuglarin degerlendirilmesi i¢in kullanilan parametreler bircok ¢alismadan daha detayli olarak verilmistir. Bu

durum elde edilen sonuglarin daha detayli yorumlanmasina imkan tanimaktadir.

fleriki galismalarda ise veri setinin farkli alt kiimeleri kullanilarak veya tiim alt kiimeleri ayn1 anda kullanilarak bir takim
analizler gergeklestirilebilir. Yapilacak calismalarda karar destek sistemleri, uzman sistemler, goriintii isleme teknikleri gibi
daha farkli teknolojiler ile desteklenen daha genis kapsamli veri setlerine uygulanan ¢alismalar gerceklestirilebilir. Verilerin
yeniden giincel olarak toplanmasi i¢in alaninda uzman hekim veya hekimler ile birlikte ortak olarak yeni ¢aligmalar
yiriitiilebilir. Devaminda ise elde edilen bulgular ile siireli 6grenmeye devam eden ve normal hayatta da kullanilabilen somut

tirlinler ortaya konulabilir.
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Giintimiizde giderek artan rekabet kosullar1 ve pazarda kalici olabilme gibi dis faktorler firmalarin sistemlerini
daha verimli kullanmaya, maliyetlerini azaltmaya, yiiksek kalite diizeyinde iiriin iiretmeye yonlendirmektedir.
Firmalarin yaptiklar1 bu ¢alismalarda proses iyilestirme adimlar1 6nem tasimaktadir. Bu ¢alismada tiretim
siiregleri kesifsel yolla analiz edilerek darbogaz olusturan istasyon tespit edilmistir. Kesifsel veri analizi ile
kaliplar1 kesfetmek, anormallikleri tespit etmek, 6zet istatistikler ve grafik gosterimler yardimiyla varsayimlari
kontrol etmek igin veriler lizerinde ilk arastirmalar1 gergeklestirmek miimkiin olmustur. Vakum test
istasyonunun katma degersiz test siiresi belirlenerek proses siiresi azaltilmistir. Belirlenen yeni test siiresi ile
tiretim kapasite artist ve hattin daha verimli ¢alismasi saglanmistir. Bu sayede giinliik tiretim adedi 136’dan
188’¢, hat verimliligi %55’ten %77’ye artmis ve istasyonlarin birbirini beklemesi %35’ten %10’a dismiistiir.
Ayni zamanda hattin y1llik tiretim kapasitesi %27 artarak 58K dan 79K adede ulasmistir.

Anahtar kelimeler: Kesifsel Veri Analizi, Grafiksel Teknik, Tanimlayici Istatistik, Verimlilik, Kapasite
Artist, Plant Simulation

ABSTRACT

Nowadays, external factors such as increasing levels of competition and having a permanent place in the market
are directing companies to use their systems more efficiently, to reduce their costs, and to produce higher
quality products. Process improvement steps are important in studies of these companies. In this study, the
vacuum test station that created a bottleneck was determined by analyzing the production process in an
exploratory way. Through exploratory data analysis, it was possible to perform an initial data investigation to
discover patterns, spot anomalies, test hypothesis, and check assumptions with the help of summary statistics
and graphic representations. By determining the value-added test time of the vacuum test station, the process
time was reduced. Using the new test period, production capacity increased and a more efficient operation of
the line was achieved. The number of daily production increased from 136 to 188, line efficiency increased from
55% to 77%, and the stations waiting for each other decreased from 35% to 10%. At the same time, the annual
production capacity of the line increased by 27%, reaching from 58K to 79K.

Keywords: Exploratory Data Analysis, Graphical Technique, Descriptive Statistics, Productivity, Capacity
Increase, Plant Simulation
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Kesifsel Veri Analizi Kullanarak Vakum Sarj Test Siiresinin Azaltilmasi

1. GIRIS

Kesifsel veri analizi, analitik endiistrisinde EDA olarak kisaltilan temel bir veri analizi teknigidir ve analitik projesinin ilk
agsamasinda uygulanan ¢esitli kavramlar ve en iyi uygulamalarla iligskilendirilir. EDA, veri modellerini ve karsilastirmali
veri analizini tanimlamak i¢in grafik gorsellestirme teknikleriyle iliskili olup veri bilimi projeleri igin 6zellik mithendisligi
ve Ozellik se¢im siireglerinde tercih edilen bir tekniktir (Martinez vd., 2017; Sahoo vd., 2019). Yaygin olarak kullanilan EDA
tekniklerinden bazilar1 tek degiskenli analiz, iki degiskenli analiz, ¢ok degiskenli analiz, ¢ubuk grafik, kutu grafigi, pasta
karat, ¢izgi grafik, frekans tablosu, histogram ve sa¢ilma grafiklerdir (Eken, 2020a; Eken, 2020b). EDA, makine 6grenimi
modellerini tamamlayacak olan veri hazirlama asamasi i¢in ¢ok kullanislidir ve ekonomiden (Cleff, 2014) ¢cevreye (Velleman,
1981), sagliktan (Tummers vd., 2020) iiretime (Chiarini vd., 2020) birgok alanda kullanilmistir.

Mevcut durumda vakum test istasyonunda buzdolabina uygulanan vakum test siiresi 7 dakikadir. Cevrim siiresi en yiiksek
istasyon olan vakum test istasyonu, test siiresi iiretim kapasitesini belirlemekte ve dar bogaz olusturan nokta olarak tespit
edilmektedir. Dar bogaz olusturan istasyonun test siireleri analiz edilerek optimum test siiresinin ka¢ dakika oldugu belirlenmek
istenmistir. Bu calismada her bir cihaza uygulanan vakum test siireleri EDA ile incelenerek farklit modellerdeki dolabin
istenen optimum basing degerine kaginci siirede ulastigi arastirtlmistir. Test siiresi verileri ile yapilan analiz sonucunda
vakum test siiresinin azaltilmast amaglanmistir. Takip eden paragraflarda vakum teknolojilerini i¢eren literatiirdeki bazi

caligmalara deginilmistir.

Oztiirk vd. (2011) vakumlu sogutma teknolojisinin; yaprakli sebzelerin, mantarlarin, firinlanmis iiriinlerin ve pismis
yiyeceklerin 6nceden sogutulmasinda yaygin olarak uygulanmasini anlatmiglardir. Vakumlu sogutma, nemli ve gézenekli
iriinler i¢in hizl1 bir buharlasmali sogutma teknigidir. Bu ¢aligmanin amaci, vakumlu sogutma teknigini semizotunun
sogutulmasinda uygulamak ve basing etkisini (0,7 kPa, 1 kPa, 1,5 kPa i¢in) sogutma siiresi ve sicaklik diisiisii izerindeki
etkisini gostermektedir. Caligmanin diger bir amaci, geleneksel sogutmay1 (buzdolabiyla sogutma) vakumlu sogutma ile
karsilastirmaktir. Geleneksel sogutmanin, 0,7 kPa basingta vakumlu sogutma ile 6 °C’lik ortam sicakligi ile karsilastirilmasi
ve vakumlu sogutmanin, semizotu i¢in geleneksel sogutmadan yaklasik 10 kat daha hizli oldugunu gostermektedir. Vakumlu
sogutma i¢in kiitle kayb1 orani, geleneksel sogutmaya gore daha yiiksektir. Bununla birlikte vakumlu sogutma i¢in sogutma

siiresi, geleneksel sogutmaya gore daha kisadir.

Rennie vd. (2000) marulun vakumla sogutulmasi i¢in {iriin sogutma yiikii ile vakum hiz1 arasindaki iliskiyi anlatmislardir.
Basing fonksiyonunun suyun buharlasma sicakligina ve vakumlu sogutucudaki basincin diistiigli orana dayali teorik bir
iligki gelistirilmistir. Farkli vakum oranlarindan toplanan veriler kullanilarak, sicaklik-zaman verilerinin maksimum egimi
belirlenmis ve maksimum iiriin sogutma yiikiinii hesaplamak i¢in kullanilmistir. Vakum uygulama hizi diistiigiinde gecikme

azalirken vakum hiz1 yiiksek oldugunda 1s1 transfer gecikmesi oldugu goriilmiistiir.

Zhao vd. (2020) siklopentan yalitimli iki 6zdes buzdolab, biri iki yan duvarda vakum yalitim paneli (VIP’ler) ve digeri
olmadan karsilastirma yaparak incelemislerdir. Bulgular VIP’lerin, daha diisiik ortalama gii¢ girisi ve daha uzun kompresor
ile kapal1 kalma siiresi nedeniyle buzdolabinin kararli hal enerji titkketimini % 12,4 oraninda azalttigin1 gostermektedir.
Sonug olarak, yalnizca dondurucu bdlmesi siiresi artar ve taze yiyecek bolmesi sontimleme siiresindeki azalmayi telafi eder.
Bu da genel olarak benzer bir kompresdriin agik kalma siiresi ile sonuglanir. Termal yiik aktarim isleminin tam bir goriinimiinii
elde etmek igin her iki durumda da buharlastirict araciligiyla 1s1 transfer isleminin simiilasyon sonuglar1 saglanir.

Gang ve Xianping (2005) vakumlu termal izolasyon plakanin konfigiirasyonunu ve kullanim 6zelliklerini analiz etmislerdir.
BCD-186CHS tipi buzdolaplarinda kullanilan vakumlu 1s1 izolasyon plakasi ve izolasyon tabakalar1 dagilimi anlatilmas,
ayrica politiretan ve bilesik 1s1 izolasyonu, 1s1 kayb1 ve uygulanan bu iki malzemenin enerji tiiketimi karsilastirilmistir.
Deneysel olarak, bilesik izolasyon kullanildiginda 1s1 kaybinin %12,6 ve enerji tiiketiminin %11,4 oraninda tasarruf saglandigi
goriilmiistiir. Bu calismada, uygulama modlari, uyarilar1 ve vakumlu 1s1l yalitim levhasinin buzdolabina etkisi ortaya
koyulmustur. Vakumlu 1s1l yalitim levhasi olasilig1 agiklanmuistir.

Tao vd. (2004) vitrinli buzdolabinin enerji verimliligine iliskin her zamankinden daha kati diizenlemelere yanit olarak enerji

kullanimini en aza indirmek igin bir prototip tasarlamistir. VIP’ler ve vakumlu cam (VG) kullanilarak yalitim iyilestirmeleri
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gibi secenekler, vitrinli buzdolabinda 1s1 kaybi 6l¢iilerek incelenmistir. Sonuglar, vitrinli buzdolabina VG ve VIP’lerin ayni

anda monte edilmesiyle enerji verimliliginin %30’a kadar artirilabilecegini gostermektedir.

Chen vd. (2010) harici 1s1 transferli vakumlu termiyonik buzdolabt modeli incelenmistir. Sogutma yiikii ve performans
katsayist (COP) i¢in genel ifadeler, sonlu zaman termodinamigi ve dengesiz termodinamigin kombinasyonu kullanarak
tiiretmislerdir. Optimum sogutma yiikii ve COP bdlgeleri ile 1s1 rezervuar sicakliginin cihazin optimum performansina etkisi
detayli sayisal 6rneklerle analiz edilmistir. Is fonksiyonunun termiyonik cihazin sogutma yiikii ve COP performanslar1
iizerindeki etkileri de incelenmistir. Burada elde edilen sonuglar, harici 1s1 transferini dikkate almadan geleneksel analiz
kullananlarla karsilastirildiginda mevcut analizin ger¢ek vakumlu termiyonik cihazlar i¢in daha pratik oldugu gosterilmistir.
Sonuglar, pratik termiyonik buzdolaplarinin tasarimi ve uygulamasi i¢in kilavuzlar saglayabilecek sekilde agiklanmistir.

Misra vd. (2013) mikroskobun, kanal yogunlugu haritalarini alabilen ve seyreltik buzdolab1 sicakliklarinda ve yiiksek (14
T) manyetik alanlarda atom alt1 uzaysal ¢oziintirlik durumlarinda uygulanabilen bir tarama formundaki yapisi ve performansini
anlatmiglardir. Tamamen ultra yiiksek vakum sistemi, alttan yiiklemeli seyreltme buzdolabinin sonunda iki numune
mikroskobu asamasina gorsel erisim saglar ve yerinde uglarin ve numunelerin transferini kolaylastirir. ki numuneli asamanin
incelenen numunenin en iyi alanini sagladigi ve testin dmriinii uzattig1 goriilmiistiir. Ayrintili olarak anlatilan mikroskobun
basarili termal ankraji, 250 mK’lik 6lgiilen elektron sicakligi ile 20 mK’lik bir temel sicaklik okumasi ile dogrulanmistir.
Tamamlayici titresim Sl¢iimleri ile birlikte atomik olarak ¢dziilmiis goriintiiler, bu cihazdaki titresim izolasyon semasinin
etkinligini dogrulamistir. Son olarak mikroskobun, uygulanan bir manyetik alanda hem sifir alaninda hem de taban sicakliginda
spektroskopik haritalar1 6l¢iilerek daha fazla sogutmali tipik makinelerle ayni seviyede performans gosterebilecegi
agiklanmaktadir.

Sukumar vd. (2015) ¢alismalarinda giiniimiiz sogutma ve iklimlendirme sistemlerinin insanlar i¢in gerekli hale geldigi ve
sogutma sistemlerinin sogutma etkilerini saglamak i¢in farkli sogutucu akiskanlarin kullanildigini belirtmislerdir. Dolayl
olarak bu sogutucular g¢evreye zararli gazlar yayarak birgok etkiye neden olurlar. Kloroflorokarbon gibi gazlarin atmosfer
ve ozon tabakasi tizerindeki etkileri incelenmistir. Bu nedenle ¢evre dostu sogutma sistemlerine ihtiya¢ duyuldu. Geleneksel
sogutma sistemlerinin neden oldugu kirlilik, buhar jetli sogutma sisteminin ve mevcut sistemin ¢alismasini etkilemistir. Bu
nedenle vakum pompasi flag odasi ve flas odast igerisindeki toplam hava ile ¢ikarilabilir bir vakum sisteminin olusturuldugu
aciklanmigtir. Vakum sistemi sayesinde su, gizli 1s1y1 kendisinden alarak kaynama noktasini diisiirdigiinde su buharlasmaya
baslar. Burada su diisiik sicakliklara kadar sogutulur ve bu sogumus suyun iklimlendirme i¢in kullanilmasi anlatilir.

Thiessen vd. (2016) buzdolabinin termodinamik davranisi deneysel olarak incelenmislerdir. Buzdolabi igerisindeki vakum
yalitim paneli (VIP) kapsama alan1 degistirilerek kabinin etrafina yerlestirilmistir. Caligmalar sonunda farkli VIP diizenlemeleri
ile ayn1 buzdolabt modelinden 16 6rnek olusturulmus ve kapsamli ters 1s1 kacagi (RHL) ve enerji tiiketimi testleri uygulanmigtir.
Gozlenen sonuglarla enerji titketiminin hem kapsama alanina hem de konuma bagli oldugu belirtildi. Toplanan veriler statik
olarak analiz edilerek panellerin montaji igin en uygun alanlarin belirlenmesi saglanir. Kapilara ve arka duvara sirasiyla %6
ve %11 enerji tasarruflu paneller monte edilmistir. Genel enerji tiiketim analizinde VIP panellerin %56 kapsama alaninin

enerji tiiketimini %21 azalttig1 goériilmiistiir.

Buzdolabinin sogutma ¢evriminde kullanilan elemanlar; kondansator, ¢ergeve 1siticisi, arka duvar 1siticist, kurutucu, stop
valf, manyetik valf, kilcal boru, esanjor ve kompresordiir. Kompresdr, kilcal boru igerisinde basing farki yaratmay1 saglar.
Kompresoriin iginde nem kagagi olmamasi amaciyla basingli azot bulunmaktadir (Sekil 1’e bakiniz). Kompresoriin igerisindeki
nem kacagini 6nlemek i¢in kompresdr ucundaki bakir kilcal boruya valf takilarak vakumlama islemi yapilir. Mevcut ¢aligma
Fridge ve Freezer iki sogutma kompartimanina sahip buzdolaplarinin kompresore uygulanan vakum test siiresinin azaltma

calismasini kapsamaktadir.
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(@ (b)
Sekil 1. Vakum sarj test cihazi (a) genel goriiniim (b) daha yakin bir goériinim

Vakum test siiresinin azaltilmasi ile vakum test istasyonun bir vardiyada test edebilecegi maksimum dolap sayis1 arttirilarak
vardiyalik tiretim kapasite artisinin saglanmasi amaglanacaktir. Elde edilen analiz sonucu ile belirlenen yeni vakum test
stiresine gore vardiyalik test edilen toplam cihaz sayisi, Plant Simulation' programi ile simiile edilerek hesaplanmistir. Yeni
test siireleri ile simiilasyonda belirlenen vardiyalik toplam cihaz sayisi, hattin tiretebilecegi maksimum adet sayisini
belirleyecektir. Calismanin geri kalani su sekilde organize edilmistir: 2. boliimde elde edilen veriseti hakkinda bilgi verilmis,
kullanilan yontemler ve verimlilik ¢iktilar: sunulmustur. 3. boliimde ise tartismalara, sonuglara ve gelecek ¢aligmalara yer

verilmistir.
2. MALZEME VE YONTEMLER
2.1. Veriseti

Veriseti, buzdolaplarinin 12760 vakum testi verilerini icermektedir. Test verilerine ait bilgiler tarih, saat, cihaz modeli, hangi
kompartimana ait oldugu, cihazin sicaklig1, kilcal borudaki basing degeri ve ortam kosuluna ait bilgileri igermektedir. Model
siitunu in¢ bazli Miele, Thermador, Gagganeu, Bosch, Siemens markalarini igermektedir. Ortam kosulu olarak yaz, kis
mevsimi ve bakim oncesi, bakim sonrasi test verileri degerlendirilmistir. Sekil 2’de Gagganeu markasina ait bir test sonucunu
yansitan 6l¢iim bilgileri gosterilmistir.

2.2. Vakum Sarj Test Siireleri icin EDA

Bu kisimda, veri setinde hangi cihaz modellerinden ne kadar var oldugu, yaz ve kis mevsimleri bazinda vakum sarj test
stirelerinin arastirilmasi gerceklenmistir. Vakum testlerinin analiz sonucuna gore hedeflenen 0,06 bar basing degerine Sekil
3’te de belirtildigi gibi 0-5 dakika arasinda ulasildig: tespit edilmistir. Yaz ayina ait bir test verisinin sadece 5. dakikanin
iizerinde istenilen bar degerine ulastig1 goriilmiis ve bu veri sira dist durum olarak degerlendirilmistir. Sonug olarak maksimum
vakum test siiresi de 5 dakika olarak belirlenmistir. Sekil 4 ise yaz ve kis aylarinda 0,06 bar degerine kag adet cihazin kaginci
dakikada ulagtigini gostermektedir.

1 https://www.dex.siemens.com/plm/tecnomatix/plant-simulation
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|Barcode: J220060626225001055
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Sekil 4. Vakum zaman araligina gore 0,06 bar i¢in toplam cihaz sayis1
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Python programi kullanilarak yapilan vakum test siireleri EDA ¢alismasina gore, yeni test siiresi 5 dakika olarak belirlenmistir.
Buzdolabi cihazlarina 5 dakika vakum test siiresi uygulandigi durumda test sonuglarindaki degisim Sekil 5’te gosterilmistir.
Verisetine ve analiz dosyalarina su linkten erisilebilmektedir:

https:/github.com/suleymaneken Vacuum-Charge-Test-with-EDA

EU Test Results U5 Test Results.
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Sekil 5. (a) EU modeli (b) US modeli i¢in 5 dakika test uygulama sonuglari
2.3. Plant Simulation ile Vardiya Verimlilik Analizi

Yeni test siiresinin, 5 dakika olarak belirlenmesi ile vardiyalik iiretim adedinin Sekil 6’da goriildiigii Plant Simulation
programi kullanilarak simiile edildiginde 68’den 94°e ¢iktig1 gézlemlenmistir.

Sekil 6. Plant Simulation programi uygulama gorseli

Vardiyalik liretim adetinin 94’¢ ¢ikmasi ile istasyonlarin birbirini beklemesi ve bloke etme durumunun azalmasi ile hat igi
istasyon calisma verimliligi arttirilmistir. Sekil 7°de simiilasyon gorselinde ve grafikte hat i¢i istasyon verimliligindeki
degisim anlatilmistir. Sekil 8’de goriildiigii gibi giinliik iiretim adedi 136°dan 188’¢, hat verimliligi %55’ten %77’ye artmis
ve istasyonlarin birbirini beklemesi %35’ten %10’a diismiistiir. Ayn1 zamanda hattin yillik tiretim kapasitesi %27 artarak
58K dan 79K adede ulagmuistir.
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Sekil 8. Degisim grafikleri (a) Griin verimlilik (b) kapasite
3. TARTISMA VE SONUCLAR

EDA, bir veri setine iligkin i¢goriiyli en iist diizeye ¢ikarmak, altta yatan yapiy1 ortaya ¢ikarmak, 6nemli degiskenleri
¢ikarmak, aykirt degerleri ve anormallikleri tespit etmek, temel varsayimlari test etmek, aggozlii modeller gelistirmek ve
optimum faktor ayarlarini belirlek igin gesitli teknikler (cogunlukla grafiksel) kullanan bir veri analizi yaklagimi ve felsefesidir.
Bu calismada yaygin olarak kullanilan EDA tekniklerinden ¢izgi grafik, histogram, ve 6zet istatistik (tanimlayicr) bilgisinden
yararlanilmigtir. Kaginci saniyede kilcal borudaki basing degeri istenilen basing degerine ulasildiginin takibi yapilmistir.
Bu ¢alismada EDA yontemleri kullanilarak vakum test siiresi azaltilmig, hattin daha verimli ¢aligmasi saglanmis ve iiretim
kapasitesi arttirilmistir. Vakum siiresi azaltilmasaydi hattin talep edilen adette iiretim yapabilmesi i¢in 24K€ degerinde
yatirim yapilarak ek bir istasyon kurulmasi ile saglanacakti. Bu ¢alisma sayesinde 24K€ yatirim yapilmadan hedeflenen
iiretim adedine ulagilmistir.

Tablo 1’de ise farkli kriterler altinda onerilen ¢alismanin diger ¢aligmalarla karsilastirilmas: verilmistir. Enerji tiiketimi
agisindan incelendiginde dnerilen ¢alisma enerji tiiketimine odaklanmamaistir. Vakum sarj test siliresini optimize ederek
iiriin verimliligi ve kapasiteye odaklanilmistir. Dolayisiyla vakum test zamaninda bir iyilesme ile odak saglanmistir. Vakum
yalitim paneli kullanim yiizeyi ¢aligmada yan, alt ve iist panellere yerlestirilmis olup ¢evresi tamamen kapama veya sadece
yan duvar panellerine yerlestirmenin vakum sarj siiresine etkisi bakilmamistir. Bu da test ortamindaki VIP kullanim
yiizeyinin standart olusundan kaynaklanmaktadir. Kompartiman olarak buzdolab: ve dondurucu kismi ele alinmistir. Is1

kayb1 ve kompresor esanjor kaynak tipi agisindan diger ¢alismalarla benzerlik gostermektedir.
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Tablo 1

Farkli kriterler altinda énerilen ¢calismanin diger ¢alismalarila karsilastiriimasi

Karsilastirma Kriteri Onerilen ¢ahsma Thiessen vd. (2016) Zhao vd. (2020)

Enerji tiketimi Degismedi %21 azaltild %12,4 azaltild1

Vakum yalitim paneli (VIP) Yan, alt ve {ist panellere Kabinin etrafina yerlestirilmis Yan duvar panellerine yerlestirilmis

kullanim yiizeyi yerlestirilmis

Vakum test zamani 7 dk’dan 5 dk’ya diistirildi Degismedi Degismedi

Incelenen sogutma bdlmesi Buzdolab1 ve dondurucu bélmeleri  Buzdolabi, dondurucu ve tam esnek ~ Buzdolabi ve dondurucu bélmeleri
bolmeleri

Is1 kayb1 Azaltildi Azaltildi Azaltildi

Kompresor ve esanjor kaynak tipi Lokring kaynak Gaz alt1 kaynak Lokring kaynak

Calismanin iyilestirilme adimlarinda ise hatta devam eden %10’luk beklemenin sebebi arastirilacak ve hat igi %27’lik
verimlilik kaybinin nedenleri sorgulanacaktir. Boylece iiriin verimliligi ve kapasitenin daha da artmasi beklenmektedir.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catismasi: Yazarlar ¢ikar ¢atismasi bildirmemistir.

Finansal Destek: Yazarlar bu ¢aligma i¢in finansal destek almadigini beyan etmistir.

Yazar Katkilari: Calisma Konsepti/Tasarim- T.D.K.; Veri Toplama- T.D.K., S.E.; Veri Analizi/Yorumlama- T.D.K., S.E.; Yazi1 Taslagi- T.D.K., S.E.; igerigin Elestirel incelemesi-
S.E.; Son Onay ve Sorumluluk- T.D.K., S.E.

Tesekkiir: BSH Ev Aletleri Sanayi ve Ticaret A.$.’ye ¢alismanin yapilmasindaki katkilarindan dolay1 tesekkiir ederiz.
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ABSTRACT

Healthcare systems comprise the most crucial factors affecting countries economically. In this study, the
infrastructure and economic structure of healthcare systems belonging to the Organization for Economic
Co-operation and Development (OECD) countries are discussed to evaluate the healthcare expenditures
(HE) and healthcare expenditures per capita (pcHE) of OECD members. We have identified factors related
to healthcare economics and analyzed the significance ratios of these factors to calculate the feasible values
of the factors affecting the healthcare systems in the OECD members by statistical optimization analysis.
Within the feasible values obtained by using a multi-objective optimization model (MOOM) because of
statistical analysis, the HE of OECD countries was minimized, and an improvement of 29.13% was achieved.
The second objective function aimed to maximize the pcHE that was estimated to be at least $5,282.37 for
the OECD members. Consequently, in countries that do not have a social healthcare system, it is perceived
that HE amounts are excessive. The fundamental reason for this situation represents the healthcare sector’s
perception as a business in those countries.

Keywords: OECD Countries, Healthcare Expenditure, Healthcare Expenditure Per Capita, Multi-Objective
Optimization Model, Statistical Analysis

0z

Saglik sistemleri, lilke ekonomilerini etkileyen en onemli faktdrlerden birdir. Bu ¢alismada, OECD
iiyelerinin saglik harcamalarini (SH) ve kisi basina diisen saglik harcamalarini (kbSH) degerlendirmek i¢in
Ekonomik Isbirligi ve Kalkinma Teskilat1 (OECD) iilkelerine ait saglik sistemlerinin altyapisi ve ekonomik
yapist tartisiimagtir. Istatistiksel optimizasyon analizi ile OECD iiyelerindeki saglik sistemlerini etkileyen
faktorlerin uygulanabilir degerlerini hesaplamak i¢in saglik ekonomisi ile ilgili faktorleri belirlenerek, bu
faktorlerin 6nemlilik oranlarini analiz ettik. Istatistiksel analiz araciligiyla ok amagli optimizasyon modeli
(MOOM) kullanilarak elde edilen uygulanabilir degerler i¢erisinde OECD iilkelerinin SH’si minimize
edilmis ve % 29,13 oraninda iyilesme saglanmistir. ikinci amag fonksiyonu ise OECD iiyeleri igin kbSH’yi
maksimize etmek amaciyla en az kbSH degeri 5.282,37 dolar olarak tahmin edilmistir. Sonug olarak sosyal
saglik sistemi olmayan iilkelerde SH miktarlarinin asir1 oldugu algilanmaktadir. Bu durumun temel nedeni,
saglik sektoriiniin o tilkelerdeki bir isletme olarak algilanmaktadir.

Anahtar kelimeler: OECD Ulkeleri, Saglik Harcamalari, Kisi Basina Diisen Saglik Harcamalari,
Cok Amagh Optimizasyon Modeli, istatistiksel Analiz
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Evaluation of Healthcare Economics of OECD Countries: Multi-Objective Statistical Optimization Model

1. INTRODUCTION

The OECD aims to develop policies to increase the economic and social well-being of people living in the world (OECD
2017e). The 35-member organization is a platform for cooperation between governments to seek solutions to common problems
(OECD 2017d). The most critical issue among the issues of these countries is the healthcare-related challenge (Atalan 2018).
In today’s world, the importance of the healthcare field is increasing. The main reason for this is that people want to live in
more developed economies. This shows that the economic development and progress in healthcare are directly proportional.
OECD countries have spent about $6.02 trillion in healthcare expenditures in 2017 (Atalan 2020).

Several studies have been conducted on the healthcare systems of OECD members. Relations between healthcare economics
and economic dimensions of the countries have been sought in these studies. In 1992, a study of 19 OECD countries covered
the aggregate gross domestic product (GDP) and socio-demographic factors affecting HE (Gerdtham et al. 1992). The OECD
countries’ PC and GDP data have been used to obtain unit root test results due to time series. In this study, the method used
was a panel of OECD data (McCoskey and Selden 1998). In the panel data models, the correlation was developed in which
the factors affecting the model are specified in the time-series dimension (Albouy, Davezies, and Debrand 2010). Another
study directly examined the long-term economic relationship between HE and GDP as a panel data of the 20 members of
OECD for the period 1971-2004 (Baltagi and Moscone 2010).

Using data from OECD countries, some studies have been carried out on the performance that showed the healthcare quality
of those countries (Arah et al. 2006). Surveys or verbal dimensions examined in most of these studies were done without
using any quality tools. However, to obtain quantitative and tangible findings in healthcare economics, some statistical and
engineering techniques were applied in the mentioned studies related to healthcare costs. In particular, generalized linear
models were used as the conventional method for reducing the skewness of the data (Malehi, Pourmotahari, and Angali
2015). Furthermore, regression methods were used to find the relationship between the factors and the response variables
related to healthcare systems (Carides, Heyse, and Iglewicz 2000; Gregori et al. 2011; Jones, Lomas, and Rice 2015; Mihaylova
etal. 2011). This study’s goas was to determine the factors affecting healthcare economics and calculate these factors” optimum

values using a statistical optimization approach.

Another method used in health studies was the optimization technique (Atalan 2019). Optimization techniques are the required
methods used in management, engineering, and business applications. The purpose of using optimization or operation
research techniques is to provide maximum benefits (such as revenue, production, etc.) and minimize loss (such as costs,
waiting time, etc.). Optimization applications have been widely used in energy, automotive, manufacturing, transportation,
and healthcare. It is common for optimization models related to waiting times to be applied in the healthcare field (Atalan
and Donmez 2019). Likewise, in other health care issues, for example, the number of patients treated in hospitals, length of
hospital stays, hospital resources utilization rates, etc. optimixation methods have been tried to solve these areas of concern
(Ajami, Ketabi, and MahmoodAbadi 2013; Iii, Hwang, and Nagarajan 2001).

Generally, there is one objective function in optimization models for applications. A model is created by creating a single
objective function in MOOM and transforming the remaining objective functions into constraints (Ngatchou, Zarei, and
El-Sharkawi 2005). For this reason, developed optimization models are not tempting to use the single-objective function of
optimization models for such problems. Among the most important elements that complicate problems are the multi-objective
functions (Mason, Duggan, and Howley 2017). It is inevitable to use MOOM to overcome economic complexity. The application
of MOOM has not been addressed much in the field of healthcare. MOOM has been used to increase the population homogeneity
and diversity of the small regions’ medical services and minimize the distance between the micro-regions visited by patients
(Steiner et al. 2015). In this study, two objective functions were formulated with the economic aspects of the healthcare
systems of OECD members. The first objective function was to maximize the amount of pcHE in OECD countries (Atalan

2018). Secondly, attention was paid to minimizing the HE of OECD members.

In the research carried out so far, healthcare economics factors are considered to be demographic or social justice in nature
(Dukhanin et al. 2018). However, the fact that the factors are quantitative and correct according to their values provides
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convenience in statistical analysis. During the economic crisis in Europe in 2010, the healthcare systems belonging to
European countries were affected (Atalan, Cinar, and Cinar 2020). European governments tended to reduce health expenditures
during the crisis, but in some countries, which did not provide healthcare insurance policies, healthcare pocket payments
increased. In support of this action, we advocate that healthcare economics should not be affected by the economic fluctuations
of countries. Moreover, it has been stated that healthcare expenditures are increased by reducing the number of healthcare
workers and hospitals in the healthcare systems in the time of economic crisis (Palasca and Jaba 2015).

This study examined the healthcare infrastructure of OECD members and applied the multi-objective statistical optimization
method needed in order to have a better healthcare system. The five input variables (or factors) and two output variables
(defined as objective functions of the multi-objective optimization model) that affect healthcare systems were expressed for
this study. There were two stages of statistics and mathematical programming used in the present study. First, the variables
of the healthcare system were statistically analyzed and then included in the optimization process. The reason for using
MOOM in this study is that there are pcHE and HE variables defined as two different objective functions. The optimum
values of decision variables and objective functions were calculated for OECD members to have a better healthcare system.

The present study consists of four sections. A literature review explaining about healthcare systems and healthcare economics
is in the first section. The second part includes the factors affecting the healthcare systems of OECD members that form the
methodology of this study. The results of the numeric example are considered in the third section. The conclusion of the
study is discussed in the last section.

2. METHODOLOGY
2.1. Defining Variables of Independent and Responses

In terms of economy, many factors are influential in the healthcare system level headedly. Before determining the factors
of healthcare economics, it is necessary to examine healthcare systems worldwide. There are two types of healthcare systems
worldwide: private and state healthcare systems (Liu et al. 2018). Social countries have more health expenditures than non-
social countries (Muyl, Dumas, and Herbert 2004). However, private healthcare systems have developed in non-social states
such as the U.S. healthcare system. This is because most of the HE is covered by patients or those with health insurance in

these countries.

This part of the research contains information on the data and methods to be used for healthcare economics. The healthcare
economics of OECD members along with seven fundamentals: gross domestic product (GDP), gross domestic product per
capita (pcGDP), life expectancy (LE), the total numbers of healthcare employments (E) of a member of OECD, and
pharmaceutical expenditure (PE) were defined as a factor or independent variables and healthcare expenditure (HE) and
healthcare expenditure per capita (pcHE) were assigned as a response or dependent variables in this study. The statistics
optimization analysis calculates the significance ratings and feasible values of these factors. The responses and factor variables
are examined one by one in Table 1.
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Table 1
Indicators of OECD’s healthcare systems
Variables Status Notations Description
HE (% of GDP) of OECD countries was considered (Bichay 2020; OECD 2016a). The
Response . s . . R N
. general belief, as people’s quality of life and their willingness to live increases, HE also
Healthcare Expenditure (Output) Y, : L . . L S
Variable increases. .The optlmlzatlon model is provided to minimize the amount of HE, which is
the objective function.
Healthcare Expenditure Response The second response, v&'/hifzh i§ influenced by the factors considered, is the PCHE (OECD
Per Capita (Output) Yie 2016b). The second optimization model stated that the pcHE should be maximum, and the
Variable feasible values of the factors constituting the constraints should be in this study.
Factor (Input) The GDP factor is assumed to affect an economy on HE and pcHE (WBG 2017). Countries
Gross Domestic Product Variable X, with large GDP ratios can be thought of as determining the proportion of their budget for
their healthcare systems.
Gross Domestic Product | Factor (Input) Among the factors that can affect healthcare economics, it is considered the pcGDP factor
Per Capita Variable %pe (WBG 2017).
Pharmaceutical Factor (Input) PE is thought to be particularly effective in HE (OECD 2017c¢). The average of OECD
Expenditures Variable % countries’ PE is 1.4 % of GDP.
Life Expectancy Factor (Input) « LE data of OECD countries have been taken into consideration (OECD 2017a). The
Variable ! average LE is 80/65 in OECD countries (C. and B. 1977).
Total number of Health Factor (Input) Total Health and Social Employment of countries are considered in OECD members
and Social Employment | Variable % (OECD 2017b).

The method used in this study is an improved linear regression equation with multiple independent variables. The healthcare
economies involved are expressed by the following general eq. 1 to measure the contribution of the HE and pcHE for OECD

countries.
Y =B, B, x'+e, M

where; the value of y, represents the response value, the constant values estimate the parameters 3, the fitted values estimate
the parameters B, the parameter X;; describes the factors, i={defined independent or input variables} and
j = {countries or OECD members }.

2.2. Multi-Objective Optimization Models (MOOM)

The MOOM is often used with common constraints and applied to find the best balance between two different objective
functions (To be minimized or maximized). Mathematical explanations (a general formulation) of MOOM are as follows
(Deb and Kalyanmoy 2001);

Min or Max fJ x),j=1,2,...,J

g 0>0,a=12,..,A

h, (x) =0.k=1,2,....B )
xW<x V), i=1,2,..,n

where; L represents the lower bound, and U expresses the upper bound. In single-objective optimization models, the superiority
ratios of a solution are compared to those of other solutions. That is, the values of the target function can be easily reached.
However, in a multi-objective optimization problem, a solution is feasible determined by dominance. This optimization
model is used to produce the Pareto boundary of the two objective functions most effectively. The feasible solution range is

created by expressing the nonlinear line in which the max-max, min-min, or max-min in the Pareto graph is best described.

There are two different responses at the center of healthcare economics by examining the data in the study. In the mathematical
optimization models created, there are two objective functions. For this reason, a MOOM was applied in this study. These
objective functions are to maximize the HE and minimize the pcHE. The same constraints of factors are used for both
objective functions.
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As aresult of the regression analysis, there are some constraints related to the derived objective functions. These constraints
are composed of the factors affecting healthcare economics, and these factors have upper and lower limits (see equations 5,
6, and 7). The generated optimization models (see equations 3 and 4) are expressed as follows:

Maximizeyh B, B, xgj+[32 chj+[33 xlj+B . xpj+B5 X, te 3

Minimizeypc B,+B, xgj+[32 chj+[33 x1j+[3 . xm.+[35 x,te (@)
subject to

I<x, ®)

u>x, ©6)

0<x. (7)

3. RESULTS AND DISCUSSIONS

The correlation of the data used with each other was examined in Table 2. The correlation values demonstrate factors that
strongly correlate with which factor or which responses. The results obtained from the correlation calculations need to have
a value between -1.00 and 1.00—the closer to 0, the less correlated between the data. However, if the value obtained is close

to 1.00 or -1.00, it is understood that there is a strong relationship between the data.

Table 2

Correlation relationship among variables

Variables X, X, X, X, X, Yoe
" 0.162

X, -0.023 0.598

X 0.793 0.089 0.103

X, 0.376 -0.408 -0.252 0.365

Yoo 0.528 0.883 0.500 0.376 -0.120

Yy 0.681 0.480 0.431 0.540 0.244 0.794

The effect of data used in this analysis on the response was measured. The primary purpose of using this analysis was to
determine which regression analysis was appropriate for the data used. Thirty-five countries are members of the OECD, i.e.,
fitted regression analysis was required to measure the data from five different factors and two response variables with
appropriate analysis. The statistical analysis accuracy was 72.16 % of the R? value and 67.36 % of the adjusted R? value for
HE and 93.95 % of the R? value and 92.90 % of the adjusted R? value for pcHE. The results obtained by the regression analysis
were rated as necessary (see Table 3).

Table 3
Analysis of variance of regression analysis for HE and pcHE
HE pcHE

Factors

Probability Status Probability Status
X, 0.001 Significant <0.05 0.002 Significant <0.05
X, 0.071 Provisional Significant <0.05 0.005 Significant <0.01
X, 0.010 Significant <0.05 0.566 Insignificant <0.1
X, 0.444 Insignificant <0.1 0.052 Insignificant <0.1
X, 0.057 Significant <0.05 0.079 Provisional Significant <0.1

The effect of 3 out of 5 factors were compared to the others on the response variable HE. In short, LE and E factors were
less affected by HE. Especially the effect of the GDP (M) and pcGDP factors of the OECD countries on the healthcare
economy seemed to be excessive. Another factor influencing healthcare economics was the amount of expenditure for the
pharmaceutical sector. In the regression analysis, except for the factors used for HE, except LE, the others affected the HE

Acta Infologica, Volume 5, Number 1, 2021 201



Evaluation of Healthcare Economics of OECD Countries: Multi-Objective Statistical Optimization Model

variable. E was added to the model even though the effect is small. Although the p-value of PE is close to 0.05, the value of
the model’s impact is 49225. Besides, as the factors are handled one by one, their interaction needs to be considered. In
particular, the interaction of the factors GDP and E has been shown to affect response (p-value is 0.013) significantly. Likewise,
the value of the interaction of the factors GDP and PE is close to 0.05, which is embedded in the model. However, the
interaction of the pcGDP factor itself with the regression equation’s nonlinear model has been removed from the model due
to its weakness (p-value is 0.071; we can accept this factor as conditional).

According to the statistical analysis, pcHE was defined as a second objective function, GDP, and pcGDP factors have a
significant effect on the response variable. The E factor impact on pcHE is based on substantial evidence, but it is accepted
that if the significance level ratio is close to 0.05. PE has a significant effect, even if it has weak evidence. Negatively, the
LE factor has not counted any effect on the response variable. The regression coefficients of all factors except factor E have
a positive value. The constant number, called the regression coefficient (known as the constant coefficient that gives the
regression slope), has a negative value, which is -0.233.

The two regression equations obtained at the same time constitute the objective functions of this study. The first objective
function was evaluated for HE (see equation 8). The second regression equation (defined as the second-objective function)
belongs to pcHE (see equation 9). The equations were defined as follows:

Maximize, [-2363+0.000250*x +0.07974 *x +30.1 *x,- 0.000024 *x + 49225 *x ] )
Minimize, = [-0.233+0.000012 *x_+0.000010 *x_+0.00358 *x,- 0.00001 *x + 1.334 *x ] 9)
x;,> 0.00; i={g,pc.,l,e,p}, ={OECD members} (10)

The same constraints were used for the objective functions (see equations Table 4). A limit was established by calculating
the maximum (upper limit) and minimum (lower limit) values of the results of these constraints. Finally, these factors that
make up decision variables that need to be greater than zero (see equation 10).

Table 4

The constraints of the objective functions

Variables Lower Limits Upper Limits

Xy $17,180.0 $18,624,475.00
X $8,209.00 $100,573.00

X, 74.60 83.90

X, 5.00 (% of GDP_j ) 22.00 (% of GDP _j)
X 20944 20076000

jul

The values to be taken by the factors must satisfy the objective functions. The most crucial factor to be considered for this
is the desirability values of the objective functions. The desirability value ranges from 0 to 1. In this study, the desirability
value obtained to satisfy both objective functions are 0.5552. This value is the average of the desirability values of the objective
functions. The values show the data required for an OECD country to have a quality structure in the healthcare economy in
Table 5. Countries with OECD members must have a minimum GDP of $1,737,253,440.00 and a pcGDP of approximately
$54,000.00. Among findings, members of OECD with these values were also required to reduce pharmacy spending.

Table 5

Feasible values of objective functions and factors

Definitions Status Variables Desirability Feasible Values
Constraints 1 X, - $1,737,253,440
Constraints 2 X - $53,970.24

Decision Variables Constraints 3 Xy - 79.46

or Input Factors Constraints 4 X, - 306207.90 ~ 306208
Constraints 5 x‘;i - 1.190 %

Maximize Objective Functions 1 Yo 0.4768 $5,282.38

Minimize Objective Functions 2 Ya 0.6394 8.970 %
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The OECD members must set a budget of at least $5,282.38 to maximize the pcHE value. The objective function of HE,
which is required to be drawn to the minimum level, requires members of OECD to allocate approximately 9.00 % of their
GDP budget. For possible values for both objective functions and constraints, the feasible HE of OECD member countries
for healthcare have been recalculated with the new method. Under this calculation, some countries spend unnecessarily
excessive expenditures. Some countries have found that the percentage of HE in the amount of GDP they have is required
to be increased. Seventeen out of 35 OECD member countries spend more on HE. The HE amounts in the U.S. are unusually
excessive. Approximately 47.89 % of the HE amounts are seen to pay more. Turkey is experiencing just the opposite in this
case. Turkey appears to be insufficient, and it was found that HE should increase at least 107.16 % (It is necessary to spend
as much as the current HE).

The feasible HE PC value deducted by the new method developed is calculated as $5,282.38 (threshold) on average. It is
recommended that pcHE values be maintained or increased in countries (France, Ireland, Luxembourg, Netherlands, Norway,
Sweden, Switzerland, and the U.S.) where HE PC values are above feasible. Because HE PC is the best measure of the quality
of the health system. According to computational results, 27 out of the 35 OECD countries need to increase the pcHE amount
significantly. Otherwise, they will not have a good health system in the future. Especially in two countries, Mexico and
Turkey are required to provide an increase of approximately $4,000.00.

The resulting feasible values and an improvement in the health economics of OECD countries have been achieved with this
study. The budget allocated by members of the OECD for healthcare services is approximately $6.02 trillion. The total amount
that OECD members will spend on the healthcare sector is about $4.3 trillion within the feasible results obtained with this
developed application. Within the scope of the targeted values in health economics, HE has been minimized, and an
improvement of approximately 29.13% has been achieved. This improvement will result in wasted expenditure on other
investments in the healthcare field. The most crucial incentive factor for this situation is an overpayment in the pharmaceutical
sector. The workplace created for the pharmaceutical industry causes people to turn from healthcare services to economic
competition in developed and developing countries. The most active component in healthcare systems is the governments at
the center of healthcare systems as a rule-maker in healthcare (Atalan and Donmez 2019). For this reason, governments
should not allow the pharmaceutical industry to put people’s lives at risk.

The second indicator of the healthcare economy is the pcHE. An increase in the amount of pcHE in world countries is
requested. The main reason for this is that people want to live under health insurance. The size of the pcHE amount also
indicates the quality of the healthcare systems that the countries have. It shows that countries with high HE PC amounts have
an advanced healthcare system (technology, quality, adequate resources, etc.). With this method developed, the amount of
pcHE in countries should be over $5,000.00. It is a known fact that people in countries that do not have a social healthcare
system spend too much money on treatment. For this reason, people want to get quality healthcare services if they have
certain state or public healthcare insurance (the amount paid or the amount cut off by the government for the insurance
premium). However, to provide quality healthcare, members of the OECD need to have the feasible values obtained.

4. CONCLUSIONS AND FUTURE PERSPECTIVES

Healthcare systems are one of the main elements that constitute countries’ infrastructures, although the healthcare systems
have a complex structure. The healthcare sector is among the largest sectors after the manufacturing industry in the world.
In countries with economic developments, it is not surprising that developed healthcare systems exist. The fact that people
have a high financial advantage in healthcare has opened the way to get quality healthcare services. There will inevitably
be large investments economically to create quality healthcare services. However, to achieve this desired situation, the
healthcare economy needs to be appropriately managed.

This study’s central theme was to determine feasible results by selecting the effects of the factors that may be effective in
healthcare economics on HE and pcHE. To manage healthcare economics, governments need to use the budgets they allocate
efficiently. Consequently, in countries that do not have a social healthcare system, the HE is excessive. The main reason for
this situation is the perception of the health sector as a business. With this study, approximately 29.13% improvement was
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achieved in HE, thereby eliminating waste that occupies the healthcare budget. The other goal of this study was to ensure
that the pcHE amount is high in countries that are members of OCED. On average, the pcHE amount was $ 4,002.68. However,
it was determined that the pcHE amount of OECD countries should be over $5,200.00 with this advanced method. Thus, we

have underlined that the quality and infrastructure of healthcare should be improved in these countries.

The applicability of optimization models with statistical analysis has been shown by contributing to the literature with this
study. Additionally, this study emphasizes how to solve MOOM as opposed to single-objective optimization models.
Researchers generally think that MOOMs are difficult to solve, and they come up with a solution by converting optimization
models with multiple objective functions into a single objective function. As the future scope of this study, it is proposed to
integrate statistical analysis with optimization models to find the optimal economic and social parameters for countries,
cities, or institutions.
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0z

Glinlimiizde yapay zekanin kullanildig: alanlar her gegen giin artmakta olup, bu alanlardan biri de saglik
sektoriidiir. Ozellikle goriintii islemede olduk¢a basarili sonuglar vermesi sebebi ile yapay zekanin bir alt
dali olan derin 6grenme, tibbi goriintiilerin islenmesinde ve yorumlanmasinda sikga tercih edilmektedir. Her
ne kadar tibbi goriintiileme teknolojilerinin geligsmesi ile hastalik tanisi ve teshisi gibi islemlerdeki dogruluk
orani artsa da bu goriintiilerin uzmanlar tarafindan dogru bir sekilde yorumlanmasi zaman agisindan
maliyetli ve tedavi siireci agisindan da olumsuz bir durum sergilemektedir. Bu sebeple, yapay zeka
kullanilarak otomatik tani sistemleri olusturulmakta ve bu sistemler gelisen teknoloji ve algoritmalar
sayesinde her gecen giin ilerleme kat etmektedir. Caligmanin amaci, tibbi goriintiillemede yapay zeka
kullanim: konusunda tiim bilesenlerin ele alinarak bilgi verilmesi ve bu alanda ¢alisma yapacak
arastirmacilara bir temel teskil edecek bir alt yap1 olusturmaktir. Bunun saglanmasi i¢in yapay zeka ve tibbi
goriintiileme konusu oncelikle ayr1 bir sekilde ele alinmis, tibbi goriintiileme teknolojileri kapsamli bir
sekilde anlatilmis ve tibbi goriintiilemede yapay zeka kullaniminin meveut durumu, gelecegi, sorunlar: ve
¢ozlimleri agik bir sekilde belirtilmistir. Son olarak yapay zeka teknikleri ile tibbi goriintiilerin islenmesine
dair ¢alismalar verilerek ¢alismanin teorik anlam biitiinligii saglanmistir.

Anahtar kelimeler: Tibbi goriintiileme teknolojileri, Yapay zeka, Bilgisayar destekli tan1 sistemleri

ABSTRACT

Nowadays, the use of artificial intelligence is increasing steadily, particularly in the health sector. Deep
learning, which is a sub-branch of artificial intelligence, is frequently preferred in the processing and
interpretation of medical images, because it provides fruitful outcomes in image processing. Despite the
development in medical imaging technologies and the increasing accuracy rate of disease diagnosis, accurate
interpretation of these images by experts is time consuming, and unfavorable conditions may arise during
treatment. For this reason, automated diagnostic systems are created using artificial intelligence, and these
systems are improving gradually, owing to the evolution of several technologies and algorithms. This study
aimed to provide information on the use of artificial intelligence in medical imaging with due consideration
of all factors and create a base infrastructure for researchers in this field. To achieve this, previously artificial
intelligence and medical imaging were discussed separately, placing more emphasis on medical imaging
technologies. However, at present, potential problems and solutions in the use of artificial intelligence in
medical imaging are clearly stated. In conclusion, by conducting more studies on the processing of medical
images using artificial intelligence, the theoretical integrity of this field will become possible.

Keywords: Medical imaging technologies, Artificial intelligence, Computer-aided diagnosis systems
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Yapay Zeka ve Tibbi Goriintiileme Teknolojilerine Genel Bakis

1. GIRIS

Giiniimiizde, yapay zekanin kullanim alanlar1 gittikge genislemekte ve bu alanlarda yapilan calismalar da artmaktadir.
Ozellikle goriintii isleme alaninda yapay zekanin alt disiplinlerinden biri olarak karsilagilan derin 6grenme ve tibbi gériintii
formatlarinin dijitallesmesi sayesinde yapay zekanin saglik sektoriinde kullanimi oldukca dikkat ¢ekici konular arasinda

yer almaktadir.

Her y1l milyonlarca insanin 6liimiine neden olan kanser (Bray ve ark., 2018) vb. hastaliklarin 6nceden tespiti, siniflandirilmasi
ve bunlarin otomatiklestirilmesi ile ilgili ¢aligmalar (Kiani ve ark., 2020; Ghoneim, Muhammad ve Hossain, 2020; Dandil
ve Serin, 2020; Oztad, 2020), tibbi goriintiilemede yapay zeka kullaniminin ihtiyacini ve dnemini ortaya koymaktadir. Yapay
zekanin bu alandaki kullanimi tiim taraflarin yani hastalarin, doktorlarin, klinisyenlerin vd. saglik ¢alisanlari ile yapay zeka
gelistiricilerinin katilimi ile ilerleyen bir siirecten ibaret olarak goriilebilir (Al-shamasneh ve Obaidellah, 2017; Greenspan,
Van Ginneken ve Summers, 2016). Tibbi goriintillemede yapay zeka kullanimi sadece dijital tibbi goriintiilerin yapay zeka
teknikleri ile 6n islenmesinden ibaret degildir. Burada asil amag, elle islenmesi zaman ve maliyet agisindan oldukga pahaliya
mal olan bir siireci hastalarin, saglik ¢alisanlarinin ve aragtirma gérevini ytiriiten tigiincii taraf kisi ya da kurumlarin lehine
dontistiirmektir. Gelistirilecek uygulama ve/veya modellerin, radyolog, patolog gibi isin uzmanlarina danisilarak tiim siireg
boyunca karsilikli bilgi alisverisinde bulunularak hem saglik calisanlarinin bilgilerinden faydalanilip onlarin tecriibesinin
olusturulacak modele yansitilarak en basarili modelin ortaya konulmasi hem de elde edilecek verilere erisimde kolaylik
saglanmasi ve bunlar yapilirken kisisel mahremiyetin ihlal edilmemesi, giiniimiizde tibbi goériintiilemede yapay zeka
kullaniminda en sik karsilasilan sorunlar arasindadir (Litjens ve ark., 2017; Fotin, Yin, Haldankar, Hoffmeister ve Periaswamy,
2016).

Bu ¢alismada yapay zeka ve onun alt disiplinleri ile tibbi goriintiileme teknolojilerine ait kavramlar agiklanmakta, yapay
zekanin tibbi goriintiileme alaninda kullanimi ve bu alanda yapilan ¢alismalarin basar1 durumlari, sonuglari ve gelistirilen
modeller hakkinda bilgi verilmektedir. Bu ¢alismanin amaci, yapay zekanin tibbi goriintiillemede kullanilmasi ile ilgili
yapilacak ¢alismalara temel teskil edecek bilgilerin verilmesi, literatiirde agik bir sekilde ele alinmayan tibbi goriintiillemede
yapay zeka kullaniminin mevcut durumu, farkli enerji tiirleri kullanan tibbi goriintiileme teknolojileri alaninda yapilmis
basarili ¢caligsmalara ait bilgi ve sonuglarin sunulmasidir. Calismada ele alinan konular kapsamli ve agiklayici bir sekilde
birlikte ele alan bir calismanin bulunmamasi ve 6zellikle niikleer tip goriintiileme konusundaki ¢calismalarin yetersiz olmasi

bu ¢aligmanin dnemini ve 6zglinliigi ortaya koymaktadir.
2. GENEL KAVRAMLAR

Bu boliimde, ¢aliymanin amacinin anlasilmast ve misyonunun yerine gelmesini saglamak amaciyla yapay zeka ve tibbi

goriintiillemeye dair temel ve iliskili kavramlar agiklanmaktadir.
2.1. Yapay Zeka

Zeka, Arapga bir kelimedir ve Tiirk Dil Kurumu’na (TDK) gore zeka: “Insanin diisiinme, akil yiiriitme, objektif gergekleri
algilama, yargilama ve sonu¢ ¢ikarma yeteneklerinin tamami, anlak, dirayet, zeyreklik, feraset” olarak tanimlanmaktadir
(https:/www.sozluk.gov.tr).

Yapay zeka ve ondan tiiremis diger kollara ait kavramlarin tek bir tanim1 yoktur. Ancak yapilan tanimlamalarin &zeti olarak

asagidaki gibi bir kavramsal gergeve ¢izilebilir.

Yapay Zeka, farkli eylemleri ve gorevleri zeki bir canli gibi yerine getiren makine ve sistemlerin meydana getirilmesi ile
ilgilenen genel bir teknolojidir. Bir terim olarak yapay zekay: tanimlayan ilk kisi John McCarthy’dir. McCarthy’e (1955)
gore yapay zekanin amaci, “zeki gibi davranan makineler gelistirmektir.” (Ertel, Black ve Mast, 2017).

Makine Ogrenmesi, bilgisayarlarin veriden (data) kurallar ¢ikararak kendi kendilerine 6grenmelerini ve bu siirecin gelismesini
saglayan bir yaklagimdir (Kubat, 2018).
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Derin Ogrenme, 2012 y1linda ImageNet ad1 verilen ¢ok biiyiik sayidaki etiketli bir veri setini igerisinde yer alan gorsellerin
igerigini (siniflandirilmasini) tahmin etmek i¢in ImageNet 2012 yarismasinda (challenge) (Deng, ve ark., 2012; https:/www.
kdnuggets.com/) AlexNet (Krizhevsky, Sutskever ve Hinton, 2012) ad1 verilen bir derin 6grenme modelinin %15.3 hata orani
elde ederek gorselleri dogru bir sekilde siniflandirmasi ile tekrar giindeme gelmis bir kavramdir (https:/www.economist.
com).

Derin Ogrenme, -ilk ortaya cikis1 ve gelistirilmesi itibari ile- dzellikle gorseller arasindaki ériintiilerin taninmasinda,
Ozniteliklerin ¢ikariminda, siniflandirilmasinda vb. islemleri igin gelistirilmis bir yaklasimdir ve yapay zekanin bir alt
dalidir (Gulli, Kapoor ve Pal, 2019). Ancak son yillarda derin 6grenmenin kullanim alanlari, konusma sinyallerinin yok

edilmesinden genlerin kiimelenme modellerinin kesfine kadar farkli alanlara yayilmistir (Wang ve Raj, 2017).

Giiniimiizde ImageNet veri seti ile yapilan ¢alismalarda, gelistirilen yeni modeller sayesinde Top-1 dogruluk (accuracy)
orani (siniflandirma ¢iktisinin en yiiksek olasiliga sahip tek ¢ikt1 ile eslesmesi) %88.5 ve Top-5 dogruluk (accuracy) orani
(smiflandirma ¢iktisinin en yiiksek olasiliga sahip 5 ¢iktidan biri ile eglesmesi) %98.7 oranina ulagmistir (https:/paperswithcode.

com).
2.2. Tibbi Goriintiileme

Tibbi goriintiileme (medical imaging), viicudun igyapilarinin (doku, organ) analiz ve miidahale i¢in farkli enerji tiirleri ile

goriintiilenmesini saglamak amaciyla kullanilan teknikler ve yapilan islemler biitiiniidiir (Bankman, 2009).

Insan viicudunun tibbi agidan goriintiilenmesi icin enerjiye ihtiya¢ duyulmaktadir. Farkl1 goriintiileme tekniklerinde farkli
enerji tiirleri kullanilmaktadir. Ornegin; endoskopi, gastroenteroloji ve 151k mikroskopisi olarak da adlandirilan patolojide
enerji tiirli olarak goriiniir 151k (visible light) kullanilmaktadir. Radyoloji tabanli goriintiileme teknikleri olan mamografi,
bilgisayarli tomografide (BT) enerji tiirii olarak X-1sinlar1 kullanilmaktadir. Manyetik rezonans goriintiilemede (MRI) enerji
tiirii olarak radyo frekanslari kullanilmaktadir. Niikleer tip goriintiilemede enerji tiirii olarak gama 1sinlar1 kullanilmaktadir.
Ultrason goriintiilerinde ise enerji tiirii olarak yiiksek frekansli ses dalgalar1 kullanilmaktadir (Bushberg, Seibert, Leidholdt
Jr, Boone ve Goldschmidt Jr, 2011).

Niikleer tip gortintiilemenin aksine diger biitiin tibbi goriintiileme tekniklerinde goriintiileme isleminin ger¢eklesmesi,
enerjinin viicuda niifuz etmesi ile miimkiindiir. Viicuda génderilen madde, viicut tarafindan emilim ya da sagilma yoluyla
kabul edilir. Viicudun icerisine giren bu madde ile viicudun igyapist goriintiilenebilir. Niikleer tip goriintiilleme de ise ajan
olarak adlandirilan bir radyo aktif madde viicuda enjekte edilir veya agiz yolu ile yutulur. Daha sonra goriintiileme islemi
gergeklestirilir. Goriintii elde edildikten sonra, tibbi goriintiiniin tanisal bir fayda saglamasi yani hastalik veya kisinin mevcut
durumu hakkinda nitelikli bilgi vermesi goriintiiniin teknik kalitesi ve goriintiiniin elde edilme stireci ile dogrudan iliskilidir.
Daha uzun siire ve hastanin daha ¢ok radyasyona maruz kalmasi ile daha kaliteli bir tibbi goriintii elde edilebilir ancak bu
durum hem uzmanlar hem de hasta agisindan pek de kabul gérmeyen bir durumdur. Bu sebeple tibbi goriintiilemede eger
enerji tiirli radyasyon ise radyasyona maruz kalma siiresi ile tibbi gériintiiniin kalitesi arasinda bir denge gozetilmektedir
(Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011; Webb ve Flower, 2016).

2.2.1. Tibbi Goriintiileme Teknikleri

Tibbi goriintiileme, birgok hastaligin tani, tedavi yontemi ve teshis gibi asamalarinda kullanilmaktadir. Tibbi goriintiileme,
yillardir kanserin erken teshis, tan1 ve tedavi asamalarinin ¢ok dnemli bir parcasi haline gelmistir. Tibbi goriintiileme sadece
kanserin teshisinde degil tedavi asamasinda hastaligin ne denli ilerledigi ve nasil bir yayilim izledigi ile de ilgili bilgiler
vermektedir.

Enerjilerin tiirleri ve elde etme teknolojileri degistirilerek farki tibbi goriintiiler elde edilebilir. Farkli goriintii yapma yontemleri
literatiirde “yontem (modalities)” olarak adlandirilmaktadir (Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr,
2011).
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2.1.1.1. Radyografi
Radyografi, Alman fizik¢i Wilhelm Conrad Rontgen tarafindan 1895 yilinda icat edilen ilk tibbi goriintiileme teknolojisidir.

Rontgen, bir laboratuvar calismasinda yiiksek gerilimli elektrik akimini “Crooks” adi verilen tiipten gecirdigi zaman bir
cam kavanoz igerisindeki kristallerde pariltilar gézlemlemistir. O zamana kadar kesfedilmemis bu pariltilara sebep olan
1sinlara ise bilinmeyen 1sin anlamina gelen “X-1sinlarr” adi verilmistir. Crooks tiiplerinden yiiksek gerilimli elektrik akimlari
gectiginde bir ekranda pariltilar meydana getiren X 1ginlarinin, farkli cisimleri farkli derecelerde ge¢me 6zelligi oldugunu
ve bu pariltilarin (goriintiilerin) kursun levhalar ile depolanabildigini fark eden Rontgen eliyle tuttugu kursun levhalardan
ekrana yansiyan golge de kendi parmaklarinin goriintiisii gdrmiistiir. Daha sonra esinin elini fotograf plagi bulunan bir
kasetin iizerine yerlestirerek iizerinde esinin yiiziigiiniin de bulundugu ilk réntgen goriintiisiinii elde etmistir (Ehrlich ve
Daly, 2008; Arslan, 2010). Rontgen sayesinde insan anatomisi ilk defa radyogram olarak goriintillenmistir. Sekil 1°de ilk

radyogram goriintii olan, Wilhelm Conrad Rontgen’in esinin elinin radyografik goriintiisii gosterilmektedir.

Radyografi teknolojisi sayesinde radyoloji alani olugmus ve bu alanda uzman olan radyologlar yetismistir. Radyografi,
hastanin bir tarafinda X-1g1n1 kaynagi ve hastanin diger tarafinda bir X-1s1n1 detektorii ile yapilir. X-1s1n1 tiipii tarafindan
cok kisa siireli (0.5 saniyeden az) bir nabiz atim1, X-1s1nlarinin ¢ok biiyiik bir bolimii hasta iizerinde etkilesir ve rontgenlerin
bir kism1 hastadan gegerek radyogram goriintiiniin olustugu detektore ulasir. Hastaya isabet eden X-1sinlarinin homojen
dagilimi, X-1sinlarinin dokulardaki sagilma ve sogurma yoluyla 1sindan ¢ikarilma derecesi ile degistirilir.

Sekil 1. Wilhelm Conrad Rontgen’in esinin eline ait radyogram goriintiisii (https:/www.winally.com)

Hastanin viicudunun icerisindeki yumusak doku, kemik ve hava gibi 6zellikleri de birbirlerinden farkli olduklar1 i¢in hastadan
¢ikan X-1s1nlariin hetorojen dagilimda farklilik goriiliir. Radyogram goriintii bu rontgen dagiliminin bir nevi bir resmi
olarak ifade edilebilir. Radyografide kullanilan detektdr, bir fotograf filmi olabilir. Radyogram goriintiiler, akciger kanseri,
kemik kirilmalarinda teshis konulmasi, kardiyovaskiiler bozukluklar vb. alanlarda siklikla kullanilmakta ve ¢esitli tibbi
endikasyonlarda da oldukea faydalidir (Hou, Zhang, Wei, Guo ve Zhang, 2020).

2.2.1.2. Floroskopi

Floroskopi, zamana bagli olarak bir dizi X-1g1n1 goriintiisiiniin, aslinda hastanin ger¢ek zamanli bir X-1s1n1 filminin siirekli
bir sekilde elde edilmesidir. Floroskopi, gercek zamanli bir radyografi tiiriidiir. Floroskopi kalp veya yemek borusu (6zafugus)
gibi anatomik hareketlerin rontgen filmlerinin yapiminda kullanilmaktadir (Bushberg, Seibert, Leidholdt Jr, Boone ve
Goldschmidt Jr, 2011).

Floroskopi ile X-1s1nlar1 tipki bir film gibi (zamana bagli anlik goriintiilerin serilestirilmesi) ekrana yansitilmaktadir.
Floroskopi iglemi esnasinda viicudun goriintiilenmek ve incelenmek istenen 6zel bir bolimii (organ) i¢inden siirekli bir

Acta Infologica, Volume 4, Number 2, 2020 210



Atlan, F., Penge, 1.

bigimde X-151n1 demetleri gecirilmektedir. Bu goriintiiler daha sonra ilgili organin durum ve hareketinin uzmanlar tarafindan
degerlendirilmesi i¢in ekrana yansitilmaktadir (Larson, Lionhart, Roh ve Colglazier, 2018). Sekil 2°de bagirsak organinin
floroskopi yontemi ile goriintiilenmesi gosterilmektedir.

Sekil 2. Hastanin bagirsaklarinin floroskopi ile goriintiilenmesi (https:/www.news-medical.net)
2.2.1.3. Mamografi

Mamografi, meme kanserinde kullanilan bir gériintiileme teknigi ve memenin bir radyografisidir. Mamografide, memedeki
kontrast1 vurgulamak i¢in klasik radyografiden ¢cok daha diisiik seviyede X-151n1 enerjisi kullanilmaktadir. Mamografi
goriintiileme teknolojisinde kullanilan X-1g1n1 ve detektor sistemleri sadece meme goriintiilerine 6zel olarak tasarlanmis
spesifik bir tekniktir. Mamografinin baslica 2 kullanim amaci vardir. Bunlar, meme kanseri ile ilgili herhangi bir belirti
gostermeyen kadinlarin kanser taramasinda (tarama mamografisi) ve yumru varlig1 gibi meme kanseri belirtisi gosteren
kadinlarda teshise (tan1 tomografisi) yardimci olmasi amaciyla kullanilmasidir (Pisano ve Yaffe, 2005). Sekil 3’te meme
kanseri tanisi i¢in bir memenin mamografi yontemi ile 2 boyutlu ve 3 boyutlu goriintiilemesi gosterilmektedir.

Sekil 3. Kanserli bir memeye ait Mamografik goriintii A) 2 Boyutlu, B) 3 Boyutlu (https://www.wakerad.com/)

Sekil 3’te gosterilen mamografi goriintiileri ayni hastaya ait ayn1 goriintiilerdir. Sol tarafta gosterilen (A) goriintii, memeye
ait 2 boyutlu mamografi goriintiisii ve sag tarafta gosterilen (B) goriintiisii ise memeye ait 3 boyutlu mamografi goriintiistidiir.

Sekil 3’te (B)’de yer alan 3 boyutlu mamografi goriintiisiinde isaretlenen kisim, memedeki kanserli kism1 gostermektedir.
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2.2.1.4. Bilgisayarh tomografi

BT, 1970’1erin basinda kullanim1 miimkiin héle gelen ve bir bilgisayar tarafindan tibbi gériintiilemenin saglandigi ilk
yontemdir. BT goriintiileri, X-1sinlarin1 viicuttan ¢ok sayida gegirmek suretiyle X-1s1n1 tliplinii viicut etrafinda dondiirerek
iiretilmektedir. Rontgen kaynaginin karsisinda bir detektor dizisi iletim projeksiyon verilerini toplar. Bu bicimde toplanan
cok sayida veri noktasi bir bilgisayar yardimi ile hastanin tomografik goriintiilerine sentezlenir. Tomografi terimi iki kelimenin
birlesimden olusmaktadir. Tomo, dilim ve graphy ise resim olarak ¢evrilmektedir. Yani tomografi, bir dilimin bir resmini
gosterir. BT, hastaya ait miinferit doku levhalarinin goriintiilerini veren bir iletim teknigi olarak diislintilebilir. Giiniimiiz
teknolojisinin getirdigi yenilikler diistiniildigiinde BT nin radyografiye gore iistiinliigi, ilgili anatominin 3 boyutlu dilimlerini
gosterebilme, anatomik yapilarin birbirlerinin tistiine binme sorununu ortadan kaldirma ve bu sayede doktorlara anatominin
ayrintilt ve kusursuz bir gériiniimiinii sunma 6zelligidir (Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011;
Szabo, 2004; Sluimer, Schilham, Prokop ve Van Ginneken, 2006).

BT teknolojisi, kesif cerrahisi ihtiyacint 6nemli 6lglide azaltarak tip diinyasinda dnemli bir ¢igir agmistir. Modern bir BT
tarayicisi 5 saniye gibi ¢cok kisa bir zaman diliminde bir hastaya ait 50 cm uzunlugunda (800 goriintiiye esittir) ve 0.50 ila
0.62 mm kalinliginda tomografik goriintiileri elde edebilecek kapasiteye sahiptir (Szabo, 2004).

Sekil 4’te BT nin farkli organlarda kullanimina ait bir 6rnek igeren, farkli organlara ait 6 farkli BT goriintiisii gdsterilmektedir.
Her bir goriintii bir harf ile temsil edilmektedir.

Sekil 4. Farkli organlara ait BT goriintiileri, Karin-pelvis BT Taramasi Sonucunda Sagital (A), Koronal (B) ve Eksenel (C)
goriintiiler ile fyotlu Madde Enjeksiyonu Sonucunda Bas (D) Bolgesi, inme (E) Degerlendirmesi Yapilan bir Hastaya ait
Renk Kodlu Kan Hacim Haritas1 ve BT Verilerinden Goriintii Isleme ile Anatominin Sahte Renkli bir 3 Boyutlu Temsili

(F) (Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011)

2.2.1.5. Manyetik rezonans goriintiileme

MRG tekniginde kullanilan tarayici cihazlarin yararlandiklari manyetik alan, diinyanin manyetik alanindan yaklasik 10.000
ila 60.000 kat daha gii¢liiddiir. MRG tekniginde ortam olarak genellikle protonun niikleer manyetik rezonanslari tercih
edilmektedir. Yani biyolojik dokularda olduke¢a fazla sayida bulunan hidrojen atomunun ¢ekirdegini kullanirlar. Proton,
manyetik bir momente sahip olup 1.5 T (1.5 T = 10° Gauss) manyetik alana yerlestirildigi zaman proton ekseni etrafinda
ilerler ve radyo dalgasi enerjisini saniyede yaklasik 64 milyon devir rezonans frekansinda (megahertz-MHz) emer (Huettel,
Song ve McCarthy, 2004; Arslan, 2010).
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MRG’de goriintiileme prosediiriiniin baslatilmasi i¢in hasta manyetik bir alan icerisine yerlestirilir. Daha sonra hastanin
etrafina dizilmis olan radyo antenleri aracilig1 ile radyo dalgalari iiretilir. Viicutta bulunan protonlar radyo dalgalarini absorbe
eder. Sonrasinda ise hasta, bu radyo enerjisini dokunun manyetik 6zelliklerine bagli olarak bir siire sonra tekrar salgilar.
Hastadaki protonlarin yaydigi1 radyo dalgalar: ise hastanin etrafina yerlestirilmis olan antenler tarafindan tespit edilir.
Hastanin bulundugu manyetik alanin giicii ¢ok hafif bir sekilde degistirilerek proton rezonans fonksiyonu degistirilir. Bu,
frekans ve manyetik alan kuvvetinin dogru orantili olmasindan kaynaklanmaktadir. MRI’da hastadan MRI cihazina gonderilen
her bir sinyalin konumunun tespit edilebilmesi, geri donen radyo dalgalarina ait frekans ve faz bilgileri ile miimkiin olmaktadir.
MRG’nin ¢ok sik kullanilan ¢alisma yontemlerinden biri “spin eko (spin echo)” goriintiileme olarak isimlendirilmektedir
[(Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011; Huettel, Song ve McCarthy, 2004; Buxton, 2009).

MRG, goriintiideki her noktanin o noktaya karsilik gelen dokunun mikro manyetik 6zelliklerine bagl bir dizi tomografik
goriintli tretir. Beyinde yer alan yag, gri ve beyaz madde, beyin omurilik sivisi ve kanser gibi farkli doku tiirlerinin hepsi
birbirlerinden farkli yerel manyetik 6zelliklere sahip olduklarindan dolay1 MRG ile iiretilen goriintiiler anatomik varyasyonlara
karst ¢ok biiyiik bir hassasiyet gosterir. Bundan dolay1 da goriintiilerin kontrast1 oldukga yiiksektir. MRG, noérolojik
goriintiilemede (bas-omurga gibi), yaralanma ve sakatlanma gibi durumlarda diz goriintiileme gibi kas-iskelet yapilarinda
olaganiistii bir fayda gostermistir (Huettel, Song ve McCarthy, 2004; Buxton, 2009).

MRG’de farkli nabiz dizileri kullanilmasi sayesinde, MRG cihazi viicuttaki farkli doku 6zelliklerini ortaya ¢ikarabilmekte
ve doku tiirlerini de ayirt edebilmektedir. Bir futbol miisabakasinda dizinden sakatlanan bir futbolcu diislintildiigiinde, dize
ait MRG sayesinde futbolcunun ¢apraz baglarinin yirtilip yirtilmadigi ya da ne kadar hasar aldigi tespit edilebilmektedir.
Eger hasar ciddi ise futbolcunun sahalardan ne kadar uzak kalmasi gerektigi bilinebilir ya da normal bir hastanin beyin
MRG’si sayesinde beyindeki gri madde ile beyaz madde arasindaki farkin 6l¢iilmesi miimkiindiir. Ayrica; timdrler, kemik
hasarlar1, damarlarda meydana gelen anormal durumlar igin 6zel hassas goriintiiler elde edilmesini saglayan farkli nabiz
dizilerinin olusturulmasi da MRG sayesinde ger¢eklestirilebilmektedir (Huettel, Song ve McCarthy, 2004). Sekil 5’te MRI

ile insan viicudunun goriintiilenmis farkli organlar1 ve bunlara dair agiklamalar verilmektedir.

Sekil 5. MRI yontemi ile goriintiilenmis organlar, (A) Beynin T1 agirlikli kontrast; (B) beyin enfarktiisii bolgesinin
FLAIR goriintiisii; (C) dizlerin T1 agirlikli kontrast; (D) dizlerin T1 agirlikli kontrast ile yag doygunlugu; (E) maksimum
yogunluk projeksiyonu; (F) Gadolinyum kontrastli karin goriintiisii (Bushberg, Seibert, Leidholdt Jr, Boone ve
Goldschmidt Jr, 2011)
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Sekil 5’te verilen farkli organlara ait MRG goriintiileri bir harf ile temsil edilmekte ve agiklanmaktadir. Buna gore; (A)
Beynin Sagittal T1 agirlikli kontrast goriintiisiinii, (B) beyin enfarktiisii bolgesini gosteren eksenel sivi ile zayiflatilmis
inversiyon geri kazanimi (FLAIR) goriintiisiinii, dizlerin sagital gériintiisii olarak; (C) T1 agirlikli kontrast ve (D) T1 agirlikli
kontrast ile “yag doygunlugu”, (E) ugus zamani MR anjiyo graminin eksenel tomografik goriintiilerinden {iretilen maksimum
yogunluk projeksiyonunu, (F) ise Gadolinyum kontrastli karin goriintiisiine karsilik gelmektedir.

MRG, viicut igerisindeki doku ya da organlar1 radyo frekansi kullanarak goriintiillemektedir. MRG teknigi radyasyon
kullanmamakta ve yaymamaktadir.

2.2.1.6. Ultrason

Bir cisim yukaridan asagiya bir nesnenin {izerine diistii zaman etki basing dalgalarinin (ses) havada belirli bir mesafeden
duyulacak sekilde yayilmasini saglar. Yiiksek frekansli (ultra) ses formundaki mekanik enerji, hastaya ait anatomik goriintiileri
olusturmak i¢in kullanilabilir. Kisa siireli bir ses darbesi, goriintiilenen dokular ile dogrudan fiziksel temas halinde olan bir
ultrason doniistiiriicti aracilig ile tiretilmektedir. Ses dalgalar1 doku igerisine girerek viicutta yer alan i¢ yapilar sayesinde
yansitilir ve bu sayede yanki olusturulur. Viicut igerisindeki i¢ yapilar ile yansitilan ses dalgalari bir doniistiirticiiye ulagir.
Dontistiiriicli, yansitilip geri donen sesi kaydeden bir mekanizmadir. Ultrason cihazinin bu sekilde ¢alisan modu “darbe
yanki goriintiileme (pulse echo imaging)” olarak adlandirilmaktadir (Leighton, 2007).

Ses dalgasi, dikddrtgen seklinde taranan bir alan olugturmak i¢in bir dogrusal dizi ¢ok elemanli doniistiiriicti kullanilarak
ya da bir sektor kullanilarak taranan alan iiretmek i¢in asamali bir dizi ¢ok elemanli doniistiiriicii ile artan agilar yoluyla
hastanin hizas1 tizerinde satir satir kaydirilir. Ultrason hatlarindan alinan her bir yanki kaydedilir ve goriintiilenmek istenen
dokularin tomografik bir pargay1 simgeleyen gri seviyede kodlanmis olan ses sinyalleri araciligi ile bir parlaklik modu
goriintiisiiniin elde edilmesi amaciyla kullanilmaktadir (Szabo, 2004; Shung, 2015).

Ozellikle karin bélgesindeki organlarin yiizeyleri ve i¢ yapilari ultrason ydntemi ile ¢ok giiclii bir sekilde yansitilir ve
goriintiilenir. Ultrason, 6zellikle iyonlastirict radyasyondan daha az zararli oldugu i¢in bu durum biiyiiyen bir fetiisiin
goriintiillenmesinde ve gebe kadin (obstetrik) hastalarin goriintiilenmesinde Sekil 6°daki gibi kullanilmaktadir.

Sekil 6°da verilen dort farkli (A, B, C, D) goriintii arasinda ilk ti¢ goriintii (A, B, C) anne karnindaki bir bebege ait goriintiilerdir.
Zira bu goriintiiler obstetrik hastalara ait goriintiilerdir. Sekil 6’da verilen farkli goriintiiler arasindaki son goriintii (D) ise

ultrason goriintiilemenin farkli bir versiyonu olan Doppler Ultrason goriintiisiidiir.

Sekil 6. Anne karnindaki bebegin goriintiisii, (A) 2.5 aylik bir bebek; (B) bebek yasi tahmini i¢in bir fetiisiin kesitsel
beyin ultrason goriintiisii; (C) Ses goriintii verilerinin 3 boyutlu goriintiisii; (D) Doppler renk akist goriintiileme yontemi
ile vaskiiler (damar) degerlendirme (Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011)
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2.2.1.7. Doppler ultrason

Doppler ultrason, Doppler etkisinin kullanildig1 6zel ve gelistirilmis bir ultrason ¢esididir. Doppler etkisi aciklanirken
genellikle ¢ok bilindik bir fenomen kullanilmaktadir. Ornegin; ¢ok hizli bir sekilde yol alan ve istasyonda bekleyen birine
yaklasan bir tren diigtiniilsiin. Tren istasyona yaklastikca ¢ikardigi sesin yiikselmesi, istasyondan gectikten sonra da bu sesin
azalmasinin sebebi yani sesin frekansinda meydana gelen degisiklik, Doppler etkisinin bir sonucudur (Maulik ve Zalud,
2005).

Doppler etkisi, ses dalgasinin kaynagi ile bunu gozlemleyen veya maruz kalan kisi arasinda bir hareket gerceklestiginde,
enerjinin bir dalga olarak iletiminde frekansta meydana gelen degisiklikleri kapsayan bir siirectir (Maulik ve Zalud, 2005).
Sekil 7°de Doppler etkisinin gergek hayatta goriilebilecegi bir 6rnek goriilmektedir.

Diisiik Ses Alan1 Yiiksek Ses Alam

Doppler Etkisi

Sekil 7. Polis sireni ile Doppler etkisinin agiklanmasi (Maulik ve Zalud, 2005)

Sekil 7°de de goriildiigii gibi bir kaynak (polis sireni) ve iki goézlemci (polisler) vardir. Polis sireni Sekil 7°de sol tarafta
bulunan polisten uzaklasip sag taraftaki polise dogru yaklasmaktadir. Bu sirada Doppler kayma sesi (siren sesi) ile sol
taraftaki polis arasindaki dalga boyu artmistir; yani frekans diisiik seviyedir. Ancak sag taraftaki polis ile siren arasindaki
dalga boyu azalmistir; frekans yiiksek seviyededir. Siren sesi, hangi gozlemciye dogru hareket ederse, frekans yiiksek

seviyeye ulasacaktir, arkasinda biraktigi gozlemci de ise frekans diisiik seviyede olacaktir.

Normal bir ultrason ses dalgalari ile organlarin durumunu gosterir ve radyasyon yaymaz. Doppler Ultrasonun normal
ultrasondan farki ise damarlardaki kan akisini kontrol etmek amaciyla yiiksek frekansa sahip ses dalgalar1 kullanmasidir.
Doppler Ultrason sayesinde kan hiicreleri tespit edilebilmekte ve renkli bir sekilde goriintiilenebilmektedir. Doppler Ultrason
ile viicudun farkli organlar1 ve dokular1 goriintiilenebilmektedir. Sekil 8’de Doppler Ultrason teknigi ile rahim agzindaki
kist bolgesindeki kan akis1 goriilmektedir.

Sekil 8. Doppler Ultrason ile rahim agzindaki kistlerde kan akisinin goriintiilenmesi (Mettler ve Guiberteau, 2012)
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Sekil 8’de verilen Doppler Ultrason teknigi ile goriintiilenen bolgedeki farkli renkler, o bolgedeki kan akisi seviyeni
gostermektedir.

2.2.2. Niikleer tip goriintiileme

Niikleer tip, radyoaktif izotop barindiran bir kimyasal ya da bir baska maddenin hastaya oral, enjeksiyon ya da havay1 i¢ine
¢ekme (inhalasyon) yoluyla verilen radyoloji dalina verilen isimdir. Niikleer tip goriintiillemede (NTG) oncelikle materyal,
hastanin fizyolojik durumuna gore dagitilir. Burada materyal ile kastedilen, diisiik seviyede bir radyoaktif maddedir. Bu,
radyoaktif madde “ajan” olarak da isimlendirilmektedir. Ajan, incelenmek istenen dokuya ulasir ve orada yerlesir. Ajanin
yerlestigi dokunun goriintiilenmesi i¢in bir radyasyon dedektorii kullanilmaktadir. Daha sonra ajanin radyoaktif bozulma
esnasinda yayilan X-151n1 ya da gama iginlarindan projeksiyon goriintiileri olusturmak igin bir radyasyon detektori kullanilir.
Niikleer tip, emisyon goriintiilerini tiretir (Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt Jr, 2011).

NTG, bir fonksiyonel goriintiileme bigimidir. Niikleer tip goriintiileri sadece hastaya ait anatomik yap1 hakkinda bilgi
vermekle kalmaz bunun yaninda hasta ile ilgili fizyolojik durumlarla alakal1 bilgi de verir. Ornek verilecek olursa talyum,
normal kalp kasinda konsantre olma egiliminde olmasina ragmen infarkte (dolagim yetmezligi sebebiyle ger¢eklesen doku
oliimii) olan ya da iskemi (kan akisinin azaldig1 ya da kesildigi) olan bdlgelerde talyum da konsantre olmayacaktir. S6z
konusu bolgeler bir niikleer tip goriintiisiinde “soguk noktalar (cold spots)” bigiminde goriintiilenmektedir. Ote yandan
niikleer tip goriintiileri kalbin fonksiyonel durumunun goriintiilenmesinde kullanilmaktadir. Tiroid dokusu iyot i¢in biiyiik
bir ¢cekim (afinite) giiciine sahip oldugu icin tiroid dokusuna radyoaktif iyot uygulandiginda bir niikleer tip goriintiisii olarak
tiroid goriintiilenebilmektedir. Eger tiroid kanseri, hastada metastaz yapmissa (yayilmissa) iste o zaman niikleer tip
goriintiilerinde yerlerini gosteren “sicak noktalar (hot spots)” olabilir. Bu 6zellikleri diistiniildigiinde fonksiyonel goriintiileme
niikleer tibbin kalbi sayilabilmektedir (Mettler ve Guiberteau, 2012; Bushberg, Seibert, Leidholdt Jr, Boone ve Goldschmidt
Jr, 2011).

2.2.2.1. Niikleer tip diizlemsel goriintiileme

NTG yontemi ile incelenmek istenen hastanin viicuduna bir ajan olarak radyoaktif madde enjekte edilir. Niikleer tip diizlemsel
goriintiileme (NTDG) sayesinde viicuda enjekte edilen bu ajanin ilgili doku ya da organ tizerindeki dagiliminin gériintiilenmesi
diizlemsel (planar) bir X-131n1 taramasi gibi diigiiniilebilecek bir 2 boyutlu goriintii ile goriilebilmektedir. NTDG genellikle
timor tespiti amaciyla kullanilmaktadir. NTDG’nin 6zellestirilmis bir kullanim1 ise kemik ve yayilmaci (metastatik)
timorlerin tespitinde viicudun tamaminin taranmasi ile saglanmaktadir (Smith ve Webb, 2010).

NTDG yontemi ile olusturulan goriintiiler birer projeksiyon goriintiileri olarak diistiniilebilir. Ciinkii goriintiide yer alan her
bir nokta, hastanin {izerine yansitilan bir ¢izgi boyunca radyo izotop aktivitesini temsil etmektedir. Diizlemsel niikleer
goriintiiler bir nevi 3 boyutlu radyo izotop dagilimina ait 2 boyutlu haritalar olarak diisiiniilebilir. Bu durum birgok bozuklugun
degerlendirilmesinde yardimci olmaktadir (Buck ve ark., 2008). Sekil 9°da NTDG ile kemik taramas1 goriintiileri goriilmektedir.
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Sekil 9. NTDG ile kemik taramasi (Buck ve ark., 2008)

Sekil 9°da kemik taramasi i¢in hastanin tiim viicudu NTDG ydntemi ile taranmaktadir. Elde edilen NTDG goriintiisii ayn1

hastaya ait olup oniinden ve arkasindan ¢ekilmistir.
2.2.2.2. Tek foton emisyonlu bilgisayarli tomografi

Tek foton emisyonlu bilgisayarli tomografi (SPECT), fizyolojik aktivitenin kesit ve 3 boyutlu goriintiilerini elde etmeye
yonelik diizlemsel sintigrafinin mantiksal yolu olarak tanimlanabilir. Boylelikle SPECT, BT ve MRI ile iiretilen yapisal
goriintiileri tamamlama imkanina sahip olur. “Anger” olarak adlandirilan bir kamera, herhangi bir anda radyoaktif bozulmaya
ait projeksiyon goriintiisiinii kameranin agist boyunca ¢eker. Kamera dondiigiinde projeksiyonlar BT de kullanilan ayni
rekonstriiksiyonun elde edilmesini saglayan farkli agilardan toplanabilir. Tiim bunlara ragmen, BT ile SPECT karsilastirildigi
zaman SPECT cok daha ytiksek bir giiriiltii seviyesine ve daha diisiik bir uzaysal ¢oziintirliige sahiptir (Haidekker, 2013).

X-1g1nlari ile goriintiilemede bir organin viicudun i¢ yapilarinin ne durumda oldugu yani nasil goriindiigii goriintiilenirken,
SPECT ile goriintiilemede ise o organin nasil ¢alistig1 goriintiilenebilmektedir. Ornegin, beynin hangi bolgesinin aktif hangi
bolgesinin daha az aktif oldugu SPECT ile goriintiilenebilmektedir. Sekil 10’da beynin SPECT ile goriintiilenmesi sayesinde
Alzheimer Hastalig1 teshisinin yapilmasi goriilmektedir.

Sekil 10’da SPECT yontemi kullanilarak 3 farkli beyin goriintiisii gdsterilmektedir. Soldan saga dogru ilk beyin goriintiisii
Normal, ikinci beyin goriintiisii Hafif Biligsel Bozukluk ve {igiincii beyin goriintiisii ise Alzheimer Hastas1 olan ti¢ farkl
hastaya aittir. SPECT yontemi sayesinde beynin sadece yapist degil ayni zamanda nasil ¢alistig1 da goriintiilenebildigi icin
beyin goriintiilenmesinde beyin ile ilgili hastaliklar da teshis edilebilmektedir.
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Normal Hafif Bilissel Alzheimer
Bozukluk

Sekil 10. SPECT ile beynin aktif bolgelerinin goriintiilenmesi (https:/www.pinterest.co.uk)
2.2.2.3. Pozitron emisyon tomografi

Pozitron emisyon tomografi (PET) goriintiileme, niikleer tibbin neredeyse tiim etkisini ve roliinii degistirecek sekilde
gelistirilmistir. Clinkii SPECT gibi geleneksel tek foton goriintiilemeye ait tiim iglevleri daha iyi yapmanin yaninda hizli bir
sekilde biiyiiyen teshis uzmanligi ve halkla iligkiler 6zelliginin etkisini de barindirmaktadir. PET yontemi su ana kadar en
iyi radyo farmasdtik kullanilan giiclii bir metabolik goriintiileme teknigidir. Ayrica PET, niikleer olmayan tip klinisyenleri
tarafindan 6nemi takdir edilecek bir¢cok ¢aligmada gosterdigi miikemmel kalitede goriintiiler vermektedir (Bailey, Maisey,
Townsend ve Valk, 2005).

PET, damar yolu ile viicuda enjekte edilen metabolik radyoaktif ajanlarin biriktigi normal veya patolojik dokular1 gériintiileme
imkan1 saglayan bir cihazdir. Sekerin bir tiirevi olan ve pozitron 1s1masi yapabilen flor-18 ile isaretlenmis “fdg” molekiili
damar yolu ile enjekte edilmek suretiyle hastaya verilir (Buck ve ark., 2008). PET goriintiilerinin islenmesinde zayiflama
diizeltmesi kullanilmaktadir. Zayiflama diizeltmesi ile beyin merkezinden salinan fotonlarin beyin ¢evresinden salinan
fotonlardan daha fazla azaltilmasinin 6niine gecilmektedir (Lameka, Farwell ve Ichise, 2016). Sekil 11’de flor-18 ile isaretlenmis

ve zayiflama diizeltmesi uygulanan ve uygulanmayan bir beynin PET ile goriintiilenmesi goriilmektedir.

Sekil 11. Bir beynin PET ile goriintiilenmesi, A) Zayiflama diizeltmesi uygulanan, B) Zayiflama diizeltmesi

uygulanmayan (https://www.newyorker.com)

Sekil 11’de goriildiigii gibi zayiflama diizeltmesi uygulanmayan bir beynin PET goriintiilenmesinde yogunlugu yaklasik
%350 oraninda azalmakta olup bu durum uzmanlarin ve gelistirilen sistemlerin daha basarili degerlendirmesinde yararh

olmaktadir.
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3. TIBBi GORUNTULEMEDE YAPAY ZEKA KULLANIMI

Son yillarda 6zellikle derin 6grenmenin popiilerligi ve gelisimi sayesinde yapay zeka teknolojisinde ¢ok ciddi ilerlemeler
goriilmektedir. Yapay Zeka teknolojisindeki gelismelerden faydalanan konulardan biri de tibbi goriintiilemedir. Tibbi
goriintiileme alaninda radyolojide goriilen gelismeler ve yapay zekanin bu alandaki kullanimindan elde edilen basarili

sonuglar, bu alandaki radyolog ve teknisyenlerin bu teknolojiyi ne denli benimsediklerinin iyi bir 6rnegidir (The, 2018).

2019 yili itibari ile yapay zeka destekli bir¢ok saglik ¢aligmasi aragtirma ve gelistirme agamasinda olup, tibbi goriintiileme
alaninda yapay zeka kullanimu ile ilgili ¢aligmalarin klinik degeri biiylik oranda spekiilasyona acik ve hala ¢ok giiglii klinik
bulgularla desteklenmemektedir (The, 2018; Morra, Delsanto ve Correale, 2019).

Tibbi goriintiilemede yapay zeka tabanli uygulamalar gelistirmenin en zorlu yanlarindan ve hatta en bilyiik dezavantajlarindan
biri veri kiimesine erisim ve veri kalitesinin istenen diizeyde olmasidir. Son yillarda tibbi goériintiilemenin tamamen
dijitallestirilmesinin beraberinde getirdigi sorunlardan biridir veriye erismek. Basarili sonug veren bir yapay zeka modelinin
ortaya konulmasi i¢in egitim ve test verileri olmazsa olmazlar arasindadir. Bu nedenle bu sorunlar yakin gelecekte acilen
¢Ozlim bulunmasi gereken en dnemli konuyu teskil etmektedir yani veriye erisim konusu (Morra, Delsanto ve Correale,
2019).

Veriye erigim sorununun kismen ¢dziilmesi i¢in tibbi goriintiileme alaninda yapay zeka kullaniminin gelistirilmesini
amaglayan arastirmacilar tarafindan 6nerilen yollardan biri de, yapay zeka igerisindeki 6grenme stratejilerinin gelistirilmesi
ve veri artirma (data augmentation), transfer 6grenme (transfer learning) ve aktif 6grenme (active learning) gibi konulara

yatirim yapilarak veri bagimliliginin en aza indirgenmesidir (Sahiner ve ark., 2019).

Yine veriye erisim ile ilgili sorunlarin ¢6zimili noktasinda dnerilen bir bagka yol daha mevcuttur. Bu da, kisisel verilere
erisimin diizenlenmesine yonelik yeni bir etik anlayisidir. Kisisel verilere erisimde mahremiyet kuralarinin ihlal edilmemesi
sadece tibbi alanda arastirma yapan kisi ya da topluluklarin degil ayn1 zamanda teknoloji devi sirketlerin de karsilastigi ve
hatta yargilandig1 bir sorundur (Hutton ve Henderson, 2017). Bu sorun, 6zellikle Avrupa’daki arastirmacilarin, Cin gibi
kisisel verilere erisimde daha genis haklar taniyan iilkelerin bu alanda yapacaklari ¢alismalar ile biyiik bir avantaj
saglayacaklarini diistinmelerine neden olmaktadir (https:/www.wired.com/ ; https:/www.wsj.com/). Veriye erisimdeki
mahremiyet ihlallerinin dniine gegilmesi ve tibbi goriintiileme alaninda yapilacak ¢alismalarin da sekteye ugramamasi igin

Avrupa’da biyo bankalar konusunda bir farkindalik gelismeye baslamistir (ESR, 2015; Neri ve Regge, 2017).

Son yillarda 6zellikle derin 6grenme alaninda bilgisayarli gorii konusu sayesinde farkli sektdrlerin yapay zekaya olan ilgisi
bir baska boyuta ulagmistir. Tip bilimi kendi igerisinde bir¢ok disiplini barindirmaktadir. Hasta psikolojisini diigiinme,
mahremiyeti ihlal etmeme, empati kurma gibi etik ve insani konular elbette ki otomatiklestirilemez. Béylesi durumlar
insanidir. Yapay zekanin tibbi goriintiilemede kullanim1 konusu sadece doktorlara ve diger saglik personellerine ve bu
alandaki uzmanlara yardimci olabilecek uygulamalar gelistirilmesinden ibarettir. Bu durum hem saglik ¢alisanlarinin hem
de hastalarin menfaatine olacaktir. Tibbi goriintiilerin yorumlanmasi ve bu dogrultuda konulacak bir teshisin en kisa siirede
ve biiyiik bir dogruluk ile konulmasi, hasta durumunun takibi vb. konularda yapay zeka sayesinde hem zamandan tasarruf
edilecek, hem maddi kaynaklar en az diizeyde kullanilacak hem de yapilacak ¢aligmalara olan giiven ve dolayisi ile yatirim
artacaktir (Ranschaert, Morozov ve Algra, 2019).

3.1. Bilgisayar Destekli Tan1 Sistemleri

Medikal goriintiilerin manuel olarak analiz edilmesi, degerlendirilmesi ve siniflandirilmasi gibi islemler hem maliyet hem
de zaman agisindan oldukga biiyiik bir yiik teskil etmektedir. Ozellikle bdylesine hassas goriintiiler degerlendirilecegi zaman
analiz eden kisi ya da kisiler tarafindan 6nerilen yanlis bir yorum ya da degerlendirme, hasta agisindan hayati derecede bir
hataya sebebiyet verebilmektedir. Ayrica, goriintiilemeyle ilgili tibbi bakim maliyetleri de ¢ok hizli bir sekilde artmaktadir
(Cheng, Cai, Chen, Hu ve Lou, 2003). Bu sebeplerden dolay1 yeni teshis yontemlerine ihtiya¢ duyulmaktadir. Giiniimiizde
bilgisayar destekli tan1 (CAD), tanisal radyoloji ve tibbi goriintiilemede ¢ok sayida dnemli aragtirma konularindan biridir

(Murino, Puppo, Sona, Cristani ve Sansone, 2015; Al-shamasneh ve Obaidellah, 2017).
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CAD yaklagimi, doktorlarin muayene siiresini ve maliyetini en aza indirirken gereksiz biyopsi prosediirlerinden kaginmanin
haricinde hastaliklar1 daha yiiksek bir verimlilik ile teshis etmelerinde biiyiik fayda saglamaktadir. CAD, gliniimiizde BT,
MRI, X-Isin1 ya da mamogram goriintiilerinin uygulanmasi ile birincil kanser teshisi i¢in ¢ok daha uygun bir yontemdir
(Doi, 2007; Al-shamasneh ve Obaidellah, 2017). CAD, medikal giris goriintiileri ile uzman (radyolog) arasinda bir ara katman
gorevi gormektedir. Burada dikkat edilmesi gereken nokta CAD ¢iktisinin bir sonug olarak kabul edilemeyecegidir. Fakat
elde edilen ¢ikti, ilgili alanda yapilan ek testler i¢in referans olarak kullanilabilir (Al-shamasneh ve Obaidellah, 2017).

CAD, kanserin erken ve daha kesin tespitinde doktorlara yardime1 olmaktadir. CAD sistemi yapay zeka, dijital goriinti
isleme, tibbi bilgi isleme, goriintii analizi ve Oriintli tanima gibi alanlarda birden fazla bilim dali ile iliskili olarak
gelistirilebilmektedir (Murino, Puppo, Sona, Cristani ve Sansone, 2015; El-Baz ve ark., 2013).

CAD sistemi ¢ogunlukla beyin, akciger, meme ve baska kanser tiirleri i¢in faydalidir. CAD giiniimiiz teknolojisi sayesinde
oldukga ilerlemis ve yiiksek diizeyde dogruluga ulagmistir. CAD sisteminin baslica parametreleri de 6zgiilliik (specifity),
hassasiyet (sensitivity) ve mutlak tespit oranini (absolute detection rate) igermektedir (Al-shamasneh ve Obaidellah, 2017).

Sekil 12°’de akciger kanseri igin BT goriintiilerinin giris olarak kullanildig1 bir CAD sistemi yapisi verilmektedir.

(TTa ramalan .
Auli ﬂ
Akel Nodiil iil Biiyime | i
w':%::w Tespiti 8egmnuqm)i>{ ?::;li:lll Tan

g | iy

CT Taramalan

Sekil 12. Akciger kanseri i¢in CAD sistemi diyagrami (El-Baz ve ark., 2013)

Sekil 12°de goriildiigii gibi bir CAD sisteminin girisi, uygun bir yontem kullanilarak elde edilen tibbi goriintiilerdir. Akciger
nodiillerinin arama alanin1 azaltmak i¢in bir akciger boliitlenmesi (segmentasyonu) adimi kullanilir. Nodiil tespiti, akciger
nodiillerinin yerlerini belirlemek i¢in kullanilir. Tespit edilen nodiiller segmentlere ayrilir. Daha sonra hacim, sekil ve
gdriiniim 6zellikleri gibi bir dznitelik seti gikarilir ve tan1 igin kullanilir (E1-Baz ve Suri, 2019). Oznitelik verilerinin tani

icin kullanilmasinda yapay zeka tekniklerinden siklikla yararlanilmaktadir.
4. LITERATUR CALISMASI

Literatiir igerisinde Tibbi goriintiileme ve yapay zeka teknolojilerini birlikte ele alan, yapay zekanin tibbi goriintiilemede
kullanimini inceleyen bir makale ¢alismast bulunmamaktadir. Var olan caligsmalarin hemen hepsi, bir tibbi goriintiileme
teknolojisinden elde edilen tibbi bir gériintiiniin analizini yapan ¢aligmalardir. Bu ¢aligmanin en 6zgiin yani, yapay zeka ve
onun alt disiplinlerini agiklayip ve aralarindaki farki ortaya koymasi, farkli enerji tiirlerini kullanan tibbi goriintiileme
teknolojilerini bir arada vermesi ve en 6nemlisi tibbi goriintiilemede yapay zeka kullaniminin mevcut durumu hakkinda

acik ve kapsamli bilgiler vererek tiim bunlari kavramsal olarak ortaya koymasidir.

Tibbi goriintiillemede yapay zekanin kullanimina dair birgok ¢aligma bulunmakta olup, bu ¢aligmalar hastaliklara ait tani
konmasinda ve uzmanlara yardimei bilgiler vermeleri acisindan 6énemlidir. Bunun yaninda ileride yapilabilecek diger
caligmalara da 1s1k tutmaktadirlar. Giincel ¢aligmalara iliskin problem tanimlari, yontemler ve elde edilen sonuglar Tablo
I’de verilmistir.
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Tablo 1

Tibbi goriintiilemede yapay zekd kullanimu ile ilgili yapilmis ¢calismalar

Yazar(lar) GorT'é::;l;;me Arastirma Konusu Yontem* Sonug¢
. [T Transfer Ogrenme ile
Talo (2019) Radyografi  /keiger radyografi goriintiilerile o \pr )55 Eyrigimsel Dogruluk (Accuracy) = 0.974
pnomoni hastaliginin teshisi ST
Sinir Ag1
Chow ve ark C:c{(rihel hi?‘fsdaﬁsggrt:ﬂ?régfgi;clin Yumusatilmis Floroskopi goriintiilerine ait
' Floroskopi < ve ortt Uiz . op k-En Yakin Komsu 3 boyutlu haritalama hatas1 %94.2 ve %95.7
(2020) goriintiilerinin kendi kendini
. . Regresyonu oraninda azaltilmistir.
kalibre etmesi
Kitleli ve kalsifikasyonlu
Tiryaki (2020) Mamografi mamografi goriintiilerinin Yapay Sinir Aglari Dogruluk Orani1 = %85.74
smiflandiriimast
BT goriintiilerinde karaciger Boliitleme ortalama
Budak (2019) BT bolgesinin boliitlenmesi SegNet basaris1 = 67.41
Beyin tiimorlerinin Dalgacik tabanli Dogruluk = %99.3
Sarhan (2020) MRI siniflandirilmast igin yeni bir Evrisimli Sinir Ag1 Duyarhilik = %97.4
Bilgisayar Destekli Tespit teknigi (WCNN) Ozgiilliik = %95.5
Vakanski ve Meme ka}.m seriin t.es.hISI.l.lde lekat Bloklart . Zar Benzerlik Katsayist (DSC) = %90.5
ark. (2020) Ultrason ultrason goriintiilerinin gorsel eklenmis U-Net Modeli Dogruluk = %95 7
’ belirginliginin artirilmasi (U-NET-SA-C) g o7
Shia ve Chen Iyi huylu ve kdtii huylu timor Derin Ogrenme (Deep Duyarlilik = %77.08
(2020) Doppler Ultrason siiflandirmasi Learning) Ozgiilliik = %91.07
Cai ve ark. Ust"ufte .P1“m1$ olan NTDG ResNgt tab?“.l ! ugtap . Onerilen modelde geleneksel yontemlere gore
NTDG gortntiilerinin tek ¢ekim uca derin Evrisimli Sinir . LS
(2018) haritalamas: A daha basarili haritalama sonucu elde edilmistir.
Model uygulanmadan 6nce;
Derin Osrenme véntemleri ile SPECT goriintiileri arasindaki Normallestirilmis
. Srenme ¥ ! o . Ortalama Mutlak Hata (NMAE) = %3.60 iken,
Shi ve ark. zayiflama haritalarmm tahmin Derin Evrigimsel Sinir .
SPECT : [, ~ Model uygulandiktan sora;
(2020) edilerek SPECT goriintiilerinin Ag1 R . lestirilmi
dogrulugunun artirilmas SPECT goriintiileri arasindaki Normallestirilmis
Ortalama Mutlak Hata (NMAE) = %0.26 olarak
bulunmustur.
Dong ve ark PET gorintilemede zvfiama P aslandignda i yogunluk
& ’ PET diizeltmesi i¢in Derin Ogrenme & & & Y & ¢ yo&

(2020)

tabanli model gelistirilmesi

Cekismeli Uretici Aglar

(CycleGAN)

degisiklikleri %3 ten daha diisiik bir oranda
farklilik gosterdigi goriismiistiir.

*: Tablo 1’de verilen yontemler, 4.1. Yontemler bolimiinde kisa ve genel bir sekilde agiklanmaktadir.

4.1. Yontemler

Calismanin bu bolimiinde Tablo 1’de verilen yontemlerin klasik mimarileri agiklanmaktadir. Bu sebeple, ilk olarak derin

o0grenme alaninda bilgisayarli goriiniin temeli olan Evrisimli Sinir Aglar1 anlatilmaktadir. Bilgisayarli gorti alaninda Evrigimli

Sinir Aglari’'ndan sonra gelistirilen tiim aglar ondan esinlendigi i¢in bu aglarin en temel katmanlari agiklanmaktadir.

4.1.1. Evrisimli Sinir Aglar1 (Convolutional Neural Network)

Derin 6grenmenin bir alt dali olan Evrisimli Sinir Aglar1 (LeCun, Bottou, Bengio ve Haffner, 1998), 6zellikle ¢ek-senet ve

sokak tabelalar1 iizerindeki rakamlarin taninmasi amactyla olusturulmus bir agdir. Genel itibari ile bir Evrisimli Sinir Ag1

(ESA) 4 katmandan olusur. Bunlar: Evrisim katmani, ortaklama katmani ve diizlestirme katmani1 ve tam baglanti katmandir.

Evrisim Katmani (Convolutional Layer), bilgisayarlar i¢in goriintiiler, satir ve siitunlardan olusan matrisler ile ifade edilir.
Goriintiiniin en kiigiik birimi ise piksel olarak ifade edilir (Gonzalez ve Rafael, 2018). ESA’da bir goriintiiniin siniflandirma,

boliitleme veya baska bir islem i¢in kullanilmast igin filtre matrisi denilen 6znitelik ¢ikarim matrislerinden faydalanilir.

Filtre matrisi, resim (goriintli matrisi) tizerinde satir satir (stride) kaydirilarak goriintii matrisinden 6znitelikler ¢ikarir. Bu

islem aslinda basit bir carpma ve toplama islemi olarak distiniilebilir. Sekil 13’te evrisim isleminin nasil gerceklestigi

gosterilmektedir.
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Gorinti Matrisi Filtre Matrisi Evrizim Islemi
1 2 3 1 2 1
_ 3
4 5 6 v 0 0 T
™3 Orta . -
7|1 81|09 -1 |2 [ 1 Nokta 7| 8| 9
Evrisim

Sekil 13. Filtre matrisinin orta noktasinin goriintii matrisinin ilk pikseli lizerine yerlestirilerek evrisim isleminin
baslatilmasi

Sekil 13’te gosterilen evrisim isleminin sonucunda elde edilen yeni goriintii matrisi Sekil 14’te gosterilmektedir.

= 0:140-2+0-1 -13
3 4+0-0+1-0+42-0 =
] +0-(=1)+4-(=2) +5-(-1)
=-13
7| 8| o9

= Hs14+8+-24+0:1 =13 | =20 | =17
+8:-0+9-0+0-0 —
+0:(-1)4+0-(-2)+4+0-(-1)

= 17 13 | 20 | 17

(b) (©

Sekil 14. Gorilintii matrisinin; (a) ilk degerinden baslanarak, (b) son degerine ulasincaya kadar filtre matrisi ile evrigim
islemine girmesi sonucunda olusan (c) yeni goriintii matrisi.

Ortaklama Katmani (Pooling Layer), klasik ESA’da alt 6rnekleme (subsampling) olarak ifade edilmektedir (LeCun, Bottou,
Bengio ve Haffner, 1998). Ortaklama katmani, goriintiiniin boyutunu azaltmak i¢in kullanilir. 2 tiir ortaklama vardir: ortalama
ortaklama (avarage pooling) ve maksimum ortaklama (maximum pooling). Ortalama ortaklama, giris goriintiisiinde » adet
pikseli toplayip n sayisina boler. Maksimum ortaklama, goriintli matrisi izerindeki en yiiksek piksel degerini baz alir. Sekil

15’te ortalama ortaklama ve maksimum ortaklama gosterilmektedir.
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Maksimum Ortaklama

20 30

Goriintii Matrisi
oriintii Matrisi 112l 37

12201 30| O
8 (121 2| 0O

Ortalama Ortaklama

Sekil 15. Goriintii matrisinin maksimum ortaklama/ortalama ortaklama ile boyutunun azaltilmasi (https:/
towardsdatascience.com/)

Sekil 15°te gosterilen drnekte 4x4°liik 16 pikselden olusan 2 boyutlu bir gériintii matrisi, ortaklama islemi sonucunda 2x2’lik
4 piksellik bir goriintii haline getirilmistir.

Diizlestirme Katmani (Flattening Layer), ESA’daki bu katmanin gorevi, goriintiiyili yapay sinir agina (YSA) iletmek i¢in
vektor (tek siitunluk dizi) haline getirmektir. Sekil 16’da tam baglant1 katmaninda vektor haline getirilen bir goriintii matrisi

gosterilmektedir.
1
1
111]08 2
4
a2t —>
2
o 1
1
0
2
1

Sekil 16. Diizlestirme katmani sayesinde 3x3’liik bir goriintiiniin 1x9’luk bir vektore doniistiiriilmesi

Tam Baglanti Katmani (Fully Connected Layer), ESA'nin son katmanidir ve diizlestirme katmaninda vektor haline
getirilen verileri YSA ile 6grenme isleminin gergceklesmesini saglar.

4.1.2. Artik Aglar (Residual Networks)

Derin 6grenme, biiyiik verilerle ugrasmaktadir. Bilgisayarli gorii alaninda yapilan ¢alismalarda genellikle 6nceden egitilmis
aglar (pre-trained) kullanilmaktadir. Bunun sebebi, bir problemin ¢éziimiinde yeniden bir ag kurmak yerine, benzer bir
problem i¢in olusturulmus ve kullanilmis bir agin transfer edilerek kullanilmasi hem zaman acisindan hem de maliyet

acisindan oldukea kazangl bir fikirdir. Transfer 6grenme, bu tiir sorunlar i¢in ¢ok iyi bir secenektir.

Artik aglar (ResNet), 2015 yilinda diizenlenen “The ImageNet Large Scale Visual Recognition Challenge (ILSVRC)”
yarismasinda %3.57 hata oran1 ve %95.51°lik basar1 orani ile birinciligi kazanan bir Derin Noral Ag (Deep Neural Network)
mimarisidir (He, Zhang, Ren ve Sun, 2016).
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Ozellikle ESA’larin gelismesi ile aglar, genislemeye degil derinlesmeye basladi. ResNet, artik degerlerin (residual value)
yani 6grenme sirasinda 6grenme isleminin tam basarili olamadig1 degerlerin mevcudiyeti durumunda, bir 6nceki katmandan

gelen ¢ikt1 degerinin bu degere eklenerek 6grenme islemine katkida bulunmasini miimkiin kilan bir mimaridir.
4.1.3. K-En Yakin Komsu

Denetimli 6grenmede siklikla kullanilan bir makine 6grenmesi teknigidir. Diger denetimli 6grenme yontemlerinin aksine
egitim kismi1 yoktur. Bu algoritmada egitim ve test neredeyse birbirine benzerdir. Siniflar1 zaten belli olan 6rnek bir veri
setinden faydalanarak kullanilir. Veri setine eklenmek istenen yeni verinin, diger verilere olan uzakligi, kullanilan uzaklik
tlirtine gore hesaplanir. K sayidaki en yakin komsulara bakilir ve elde edilen sonug¢ hangisine yakinsa o veri grubuna gore
etiketleme yapilir. Tiim olasiliklar hesaplandigi i¢in donanim agisindan olduk¢a maliyetlidir. Yiiksek bellek gerektirir (Cover
ve Hart, 1967).

4.1.4. Yapay Sinir Aglar1 (YSA)

Yapay Sinir Aglar1 (YSA), insanlara ait gergek beyin fonksiyonlarinin iiriinii olan érneklerden yola ¢ikarak 6grenebilen ve
bu dgrenmenin sonucunda kendi karsilastigi sorunlar karsisinda nasil ¢éziimler iiretilecegini belirleyebilen sistemlerdir
(Oztemel, 2006). YSA’lar insan beyninin calisma prensibinden yola ¢ikilarak gelistirilmistir. Yapay sinir hiicreleri bir araya
gelerek yapay sinir agini olustururlar. Bu hiicrelerin bir araya gelmeleri tesadiifi degildir. Belli katmanlara ayrilip, katmanlarin
icerisinde paralel bir sekilde dizilerek sinir agin1 meydana getirirler. Bir YSA’da genel olarak 3 tip katman bulunmaktadir:

Girdi Katmam (Input Layer): Cevreden alinan bilgileri bir sonraki katmana (ara katmana) iletmekle gorevlidirler. Bu
katmanda herhangi bir bilgi isleme s6z konusu degildir.

Ara Katman (Hidden Layer): Girdi katmanindan alinan bilgiler bu katmanda islenmektedir. Bir YSA’da birden fazla sayida
ara katman bulunabilir. Bilgi isleme sonrasi, bilgiler bu katmandan ¢ikt1 katmanina gonderilir.

Cikt1 Katmani (Output Layer): Bu katmanda yer alan hiicreler, ara katmandan gonderilen bilgileri isleyerek girdi katmaninin
cevreden aldig bilgilere 6rnek teskil etmesi gereken ¢iktilart iiretir ve gevreye (dis diinyaya, kullanictya) génderir (Oztemel,
2006).

YSA’larda girdi katmanindan alinan bilgiler, agirliklar (weights) ile ¢arpilarak bir sonraki katmana (ara katman) aktarilir
ve bir toplama fonksiyonundan gegirilirler. Bu durum, girdi katmaninin tiim néronlarindan gelen bilgilerin ilgili agirliklar
ile garpilarak toplanmasidir. Daha sonra ¢ikis katmanina varincaya dek her ara katmanda bu iglem tekrar edilir ve buna “ileri
besleme (feed forward)” denilir. Cikt1 katmanina gelindiginde ise bu degerler bir aktivasyon fonksiyonundan gegirilirler ve
nihai ¢ikti elde edilir. Elde edilen son ¢ikti (tahmin edilen ¢ikti) ile olmast gereken ¢ikt1 arasindaki fark “hata” olarak
adlandirilir ve bu hata, istenen diizeye indirgenmek igin geriye doniik olarak tiim aga yayilir. Hatanin tiim aga yayilmasi ise
“geriye yay1lim (back propagation)” olarak isimlendirilir. Burada amag, agirliklarin giincellenmesidir. Ileri besleme ve geriye

yayilim ile 6grenme islemi ger¢eklesmis olur. Sekil 17°de YSA hiicrelerinin yapist gosterilmektedir.

Agirhk 1

Cikt
Toplam AKktivasyon -1

Fonksiyvonu Fonksiyvonu $

(INET) FNET)

Sekil 17. YSA’n1in yapist
4.1.5. SegNet

SegNet, anlamsal bir boliitleme (segmentasyon) modelidir. Kodlayici (encoder) ve kod ¢6ziicii (decoder) katmanlardan olusan

Acta Infologica, Volume 4, Number 2, 2020 224



Atlan, F., Penge, 1.

bir yapiya sahiptir. SegNet tizerindeki kodlayicilar evrisim ve y1gin normalizasyon (batch normalization) islemleri uygular.
Bu islemlerden sonra her ¢ergeveden ¢ikardigi indeks degerini saklar ve bu islemlerin sonucunda elde ettigi sonug lizerinde
maksimum ortaklama islemini gergeklestirir. SegNet tizerindeki kodlayicilar mimari agidan VGGI6 agi ile aynidir. Kod
¢oziictiler ise diisiik ¢oziiniirlige sahip kodlayici 6znitelik haritalarini piksel temelli siniflandirma yapmak i¢in eksiksiz bir
¢oziiniirliiklii 6znitelik haritalarina esler. SegNet’in en 6nemli 6zelligi diisiik ¢oziiniirliige sahip olan giris goriintiilerinin
ozniteliklerini yliksek 6rnekleme (upsampling) ile artirmaktir (Badrinarayanan, Kendall ve Cipolla, 2017). Sekil 18°de SegNet

mimarisi ve yapilan igslemler sonucunda araglarin ve ¢gevrenin anlamsal boliitleme ¢iktisi verilmektedir.

Evrisimsel Kodlayici - Kod coziicii

Cikta

Ortaklama Indeksleri

RGB Goriintiisii B Evr + Yigm Nommalizasyon + ReLu Boliitleme
I Ortak [ Yukar: Omn** Softmax

Sekil 18. SegNet mimarisi (Badrinarayanan, Kendall ve Cipolla, 2017).
Not: *=Evrisim, **=Yukar1 6rnekleme
4.1.6. Dalgacik Doniisiimii (Wavelet Transform)

Dalgacik doniisiimil, sinyallerin zaman-frekans gosteriminin saglanmasi i¢in kullanilan matematiksel bir doniisiim tiirtidir
(Alp, Akinct ve Albora, 2008). Dalgacik doniisiimii esnasinda ana dalgacigin muhtemel biitiin 6lgekleri ve sinyalin biitiin
zaman aralig1 kullanildiginda hesaplanmasi gereken katsayilar oldukga biiyiik veri yiginlarina neden olur. Bu sebeple, belirli
baz1 6lgek ve konum araliklarinda doniisiim gergeklestirilir. Bu doniisiim isleminin ¢ok hizli bir sekilde gergeklesmesini
saglamak icin dlcek ve konum verileri 2’nin iisleri olacak sekilde secilir (Oner, Yesilyurt ve Yilmaz, 2017; Alp, Akinci ve
Albora, 2008; Coskun, 2019).

4.1.7. U-net

Derin dgrenme, genellikle ok sayida veri ve bunlarin etiketlenmesi gibi siiregleri gerektirir. Ozellikle elde edilmesi zor
goriintiilerde (tibbi goriintii, uydu goriintiisii gibi) hem bu goriintiilerin elde edilmesi hem de piksel bazli konum verilerine
ihtiya¢ duyulmaktadir. Bu durum bazen sorunlara yol acabilir. U-net mimarisi, ESA katmanlarindan olusan ve YSA katmani
barindirmayan yapist ile piksel bazli goriintii boliitleme konusunda oldukga basarili sonuglar vermektedir. Sekil 19°da U-net
model mimarisi verilmektedir.
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Sekil 19. U-net mimarisi (Ronneberger vd., 2015)

U-net modeli, Sekil 19°dan da goriilecegi lizere adini model mimarisinden alir. U-net, agag1 yonde bir biiziilme yolu (contracting
path) ve yukari yonde bir agilma yolundan (expansive path) olusur. Biiziilme yolunda, klasik ESA katmanlarinin islemleri
meydana gelir. Bunlar sirastyla iki defa 3x3’lik bir evrisim islemi, geri doniistimlii dogrusal birim fonksiyonu (ReLu) ve 2
adimlik (stride) bir 2x2’lik maksimum ortaklama islemleridir. A¢ilma yolunda ise 6znitelik kanallarini yariya indiren 2x2’lik
evrisim iglemi, biiziilme yolundaki es katmanlara karsilik gelen kirpilmis 6zellik eslesmesi ile birlestirme islemi ve 3x3’liik
evrisim isleminin iki defa tekrarlanmasi iglemleri gergeklesir (Ronneberger vd., 2015).

4.1.7. Cekismeli Uretici Aglar (Generative Adversarial Networks)

Derin 6grenme alaninda, goriintii siniflandirmasi, boliitleme, kiimeleme vb. islemler yapilmasina olanak saglayan birgok
model, mimari gelistirilmistir. Cekismeli Uretici Aglar (CUA), ilk defa gériintii {iretebilen bir model ortaya koymustur
(Goodfellow ve ark., 2014). Klasik ESA’lardan farkli olarak CUA, kendi icerisinde bir iiretici (generative) ve bir ayirict
(discriminator) olarak adlandirilan 2 farkl1 derin ag barindirmaktadir. CUAn1n isleyisi oldukga basittir. Uretici, veri setindeki
goriintiilerden yola ¢ikarak gercek goriintiilere benzeyen sentetik (sahte) goriintiiler iiretir ve ayiriciy1r kandirmaya calisir.
iki ag arasinda da bir nevi paralel bir rekabet (¢ekisme) vardir ve buna gore egitilirler. Uretici ag, belirli bir asamadan sonra
ayirict agin ayirt edemeyecegi derecede yani gergek goriintiilere cok benzeyen goriintiiler iiretene kadar bu iglem devam
eder. CUA’lar son yillarda {izerine en fazla galigma yapilan derin 6grenme konularinin baginda gelmektedir (Goodfellow ve
ark., 2014). Goriinti iiretiminden video tiretimine, ¢oziiniirliik artirimindan doku sentezine varincaya dek oldukga genis bir
yelpazeye ve basarili sonuglara sahiptir (Celik ve Talu, 2019; Wu, Xu, Hall, 2017).

4.2. Yontemlerin Degerlendirilmesi

Caligmanin onceki alt boliimiinde, Tablo 1’deki literatiir caligmalarinda kullanilan yontemlerin genel itibari ile yapisi
anlatilmistir. Bilgisayar donanimlarinin giiciiniin gelismesi ile beraber derin 6grenme alaninda yapilan ¢aligsmalarin sayisi
artmis ve igerigi oldukca zenginlesmistir. Gerek makine 6grenmesinde gerek derin 6grenmede bir problem alaninda kesin
ve en iyi sonucu veren sabit bir ydntem ve parametre bulunmamaktadir. Elde edilen basarili sonuglara ragmen her gegen

glin yapilan ¢aligmalar da bu degerlendirmeyi desteklemektedir. Ancak derin 6grenme alaninda belirli goriintii veri setleri
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iizerinde siniflandirma, boliitleme gibi amaglarla gelistirilen modellerin parametre sayist o modellerin tercih edilmesinde
etkili olabilir. Ciinkii bu parametreler dogrudan donanim giicii ile iliskilidir. Ele alinan sorunun igerigine, yapilmak istenen
isleme ve calismanin amacina gore bir model ve parametre se¢imi yapilabilir. Bu ¢alismada verilen yontemler birbirlerinden
farkli sorunlara, amaglara ve metriklere yonelik oldugu i¢in bu yontemlerin kiyaslanmasi eksik ve hatali olacaktir. Burada
asil odaklanilmasi gereken nokta, genel itibari ile yapay zekanin tibbi goriintiileme alaninda ne denli genis bir yelpazede
kullanildigidr.

5. TARTISMA ve SONUC

Glintimiizde yapay zekanin kullanim alanlar1 artmaktadir. Tibbi goriintiilemede yapay zekanin kullanimi sayesinde uzmanlarin
farkl1 tibbi goriintiileme teknolojilerinden elde edilen goriintiileri daha iyi yorumlamasi, hastalik tanisi konulmasi gibi
islemler zaman ve maliyet agisindan daha ekonomik kullanilmakta ve bu islemlerin otomatiklestirilmesi saglanmaktadir.
Kullanilan enerji tiirline gore tibbi goriintiileme teknolojileri ve bunlardan elde edilen goriintiiler ile bu goriintiilerin
yorumlanmast da farklilik gostermektedir. Bu durum, uzmanlarin isini zorlagtirmaktadir. Bu nedenle tibbi goriintiileme

alaninda yapay zekanin kullanimu ile ilgili ¢aligmalar giin gegtik¢e artmakta ve gelistirilmektedir.

Bu ¢aligma, tibbi goriintiilemede yapay zekanin kullanimi ile ilgili yapilacak ¢aligmalara dair bir teorik bir temel inga etmek
ve genel bir bakis agist sunmak i¢in amaciyla hazirlanmistir. Literatiirde 6zellikle niikleer tip goriintiilleme basta olmak tizere
tibbi goriintiileme teknolojilerini kapsayan, bu teknolojileri agiklayan ¢alismalarin yetersiz olmasindan dolay1 s6z konusu
eksiklik bu ¢alismada bir biitiinliik i¢erisinde giderilmistir. Ayrica, tibbi goriintiilemede yapay zeka kullaniminin mevcut
durumu, gelecegi, bu alanda karsilasilan sorunlar ve bunlarin ¢éziimleri gibi hususlarin agik bir sekilde ele alinmasi,
calismanin literatiire olan katkisini gostermektedir. Tibbi goriintiilemede yapay zeka kullanimi tartigma ve sonug boliimiinde
ele alinmamast, bu durumun bir baslik altinda 6zel olarak incelenmesi ve hemen arkasindan tibbi goriintiilemede yapay zeka
kullanimin popiiler ve islevsel bir 6rnegi olan bilgisayar destekli tan1 sistemlerinin verilmesi, ¢aligmanin anlam biitiinligiini
saglamaya yonelik 6zel bir tutumdur. Tibbi goriintiilemede yapay zeka kullanimina iliskin olarak Bilgisayar Destekli Tani
Sistemlerinin ve diger gelismelerin, saglik ¢alisanlarinin ve bilhassa doktorlarin rakibi olmayip aksine onlarin yorum-teshis
gliclinii artirmaya yonelik yardimct uygulamalar olmasi hususuna deginilmistir. Caligmada sadece tibbi goriintiileme
teknolojileri agiklanmamais bu alanda yapay zekanin kullanimu ile ilgili her bir tibbi goriintiileme teknigi igin yapilmig giincel
ve basarili caligmalar da sonuglari ile birlikte verilmistir. Dolayistyla literatiirdeki tibbi gériintiileme teknolojilerinin kapsayici,
aciklayici ve yapay zeka ile iliskisinin net bir sekilde ortaya konulmas ile ilgili bosluk, bu ¢alisma ile doldurulmaya
calisilmugtir.

Ileriki calismalarda tibbi gériintii formatlar1, bu gériintiilerin &n isleme ile nasil kullanima hazir hale getirildigi ve tibbi
goriintii veri setleri gibi konularda da caligmalarin gerceklestirilmesi faydali olacaktir. Ozellikle gergek tibbi goriintiilere
erisim, bu alanda calisan arastirmacilar i¢in ciddi bir zorluktur. Bu sebeple, tibbi goriintiileri agik erisime sunan hastaneler,
vakiflar, kliniklerden elde edilen goriintiileri bir araya toplayan kisi ya da kurumlarin olusturduklar1 agik veri setlerinin
tanitilmasi, tibbi goriintiilerin yapay zeka ile islenmesi ve ¢alisilmasi, ilgili konularda galigsan arastirmacilara biiyiik kolaylik
saglayacaktir.
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0oz

Giintimiizde artan kronik hastaliklar, Covid-19 pandemisi gibi salginlar, ortalama insan dmriiniin uzamasina
bagli olarak artan yaslh nifusun evde bakim hizmetlerine olan ihtiyacinin artisi ve saglik okuryazarliginin
gelismesine paralel olarak bireylerin saglik hizmetlerinden beklentilerindeki degisiklikler; saglik hizmetleri
ve yonetiminde de degisimi beraberinde getirmektedir. Saglik hizmetleri ve yonetimi, saglik sektorii ve
diger sektorlerin isbirligi ile genis kitlelere hitap etmektedir. Saglik profesyonelleri ile birlikte diger meslek
gruplarinin bir arada koordineli bir sekilde ¢alisabilmesi gerekmektedir. Bunun yaninda hastaliklarin tani,
tedavi, rehabilitasyonunda ve toplum sagliginin gelistirilmesinde saglik hizmetlerinin yonetiminde saglik
bilgi teknolojilerinin kullanimina ihtiya¢ vardir. Tiim bunlar dikkate alindiginda, artan is yilikii yaninda
yetersiz sayidaki saglik insan giicii sebebi ile saglik hizmetleri ve yonetiminde yapay zeka uygulamalarinin
kullanilmasi1 kaginilmazdir. Saglik alaninda ve teknolojide giincel gelismeler dogrultusunda hasta odakl
dijital bir saghik ekosistemi yaratilmaya baslanmistir. Umut vaat eden ¢dziimleriyle yapay zeka
uygulamalarinin kullaniminda gerekli yasal diizenlemelerin yapilmas: 6nerilmektedir.

Anahtar kelimeler: Saglik Hizmetleri, Saglik Hizmetleri Yonetimi, Yapay Zeka

ABSTRACT

Increasing chronic diseases and epidemics, such as the Covid-19 pandemic, shows a greater need in home
care services of the elderly population due to the prolongation of the average human life span and changes in
the expectations of individuals from health services in parallel with the development of health literacy. It also
brings about change in health services and management. The cooperation of health services and management,
the health sector and other sectors would benefit a wide audience. Health professionals and other occupational
groups should be able to work in coordination. In addition, there is a need to use health information
technologies in the diagnosis, treatment, rehabilitation of diseases and in the management of health services
for the development of public health. Considering all of these, it is inevitable to use artificial intelligence
applications in healthcare services and management due to the increasing workload and insufficient number
of health workers. A patient-oriented digital health ecosystem is being created in line with current
developments in healthcare and technology. It is recommended to make the necessary legal regulations in the
use of artificial intelligence applications with promising solutions.

Keywords: Healthcare, Healthcare Management, Artificial Intelligence
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Saglik Hizmetleri ve Yo6netiminde Yapay Zeka

1. Giris

Saglik hizmetleri ve yonetimi, saglik sektort ile diger sektorlerin isbirligi sayesinde genis kitlelere hitap etmektedir. Saglik
profesyonelleri ile birlikte diger meslek gruplarinin koordineli bir sekilde ¢alismasini gerektirmektedir. Bunun yaninda
hastaliklarin tani, tedavi, rehabilitasyonunda, toplumun saglik diizeyinin gelistirilmesinde ve saglik hizmetlerinin yonetiminde
cesitli teknolojik yontemlere ve araglara ihtiyag¢ vardir.! Glinlimiizde artan kronik hastaliklar, Covid-19 pandemisi gibi
salginlar, ortalama insan émriiniin uzamasina bagli olarak artan yasli niifusun evde bakim hizmetlerine ihtiyacinin artist
ve saglik okuryazarliginin gelismesine paralel olarak bireylerin saglik hizmetlerinden beklentilerindeki degisiklikler; saglik
hizmetleri ve yonetiminde de degisimi beraberinde getirmektedir. Tiim bunlar dikkate alindiginda artan is yiikii yaninda
yetersiz sayidaki insan giicii sebebi ile saglik hizmetleri ve yonetiminde yapay zeka uygulamalarinin kullanilmasi kaginilmazdir.?

Yapay zeka, insan beyninin fonksiyonlarini temel alarak, insana 6zgii diisiinme, yorum yapabilme, ¢oziimleme, karar verme

gibi yetilerin bilgisayar, robot, program gibi sistemlere aktarilmasi olarak tanimlanabilir.?

Saglik yonetiminde yapay zeka uygulama alanlar1 oldukga genis kapsamlidir. Diinyada pek ¢ok iilkede yapay zeka uygulamalari,
ulusal ve bolgesel saglik kurum/kuruluslarinin genel idari kararlarin tespit edilmesinde, alinmasinda ve yiiriitiilmesinde
kullanilmaktadir.

Tirkiye’de Saglik Bakanligi; Microsoft, Oracle gibi teknoloji firmalarinin tirtinlerini kullanmaktadir. Bakanligin sahip
oldugu yapay zeka uygulamalari; MHRS (Merkezi Hekim Randevu Sistemi) kullanim oranlari, Aile hekimligi performans
raporlari, hastaneye yatig, ameliyat, tan1 vb. raporlar, eNabiz degerlendirme raporlaridir.*

Saglik hizmetleri ve yonetiminde yapay zeka uygulamalari giin gegtikce popiilerlik kazanmaktadir. Saglik hizmetlerinde
yapay zeka uygulamalarinin kullanilmasi i¢in diinya genelinde pek ¢ok bilimsel ¢alisma yapilmaktadir. Gliniimiizde geleneksel
saglik hizmetlerinde yapay zeka uygulamalar1 kullanilmasi yoniinde adimlar atilmaktadir.

Saglik hizmetlerinde ve yonetiminde yapay zeka uygulamalari, siire¢lerde maliyetlerin azaltilmasi, kalitenin arttirilmas,
insan kaynakli hatalarin azaltilmasi ve performansin arttirilmast amaciyla kullanilmaktadir. Covid-19 pandemisinin
baslamasiyla birlikte diinya saglik sistemi 6ngoriilemez bir talep ile karsilagmistir. Bu noktada hastanelerin kapasitelerini
ongormek giiclesmektedir. Yapilan bir ¢alismada makine 6grenmesi tabanli bir Covid-19 kapasite planlama ve analiz sistemi
gelistirilmistir (Capacity Planning and Analysis System (CPAS)). Bu sistem Ingiltere’de belirli hastanelerde kurulmus olup
NHS (National Health Service) tarafindan onayli sekilde kullanilmaktadir.® Saglik yoneticilerinin ve saglik profesyonellerinin
ig siireclerinde yapay zeka uygulamalarini kullanabilmeleri i¢in gerekli yasal diizenlemelerin yapilmasi 6nerilmektedir.

Bu ¢alismada, iilkemizden ve diinyadan saglik hizmetleri ve yonetiminde kullanilan/kullanilabilecek yapay zeka uygulamalarina

ornekler verilerek, saglikta yapay zekanin kullanilabilecegini belirtmek amaglanmistir.
2. SAGLIK HIZMETLERI SUNUMUNDA VE YONETIMINDE YAPAY ZEKANIN ONEMI

Saglik hizmetlerinin sunumunda ve yonetiminde meydana gelen hatalar ve olumsuzluklarin giderilmesinde, saglik hizmetlerinde
kalitenin gelistirilmesinde ve verimliligin arttirilmasinda yapay zeka uygulamalarinin kullanilmasinin gerekliligi ortaya

cikmistir. Bu gereklilikler asagidaki basliklarda verilmistir ¢
2.1. Diinyada 65 Yas ve Ustii Niifustaki Artis

Diinyada yaslanan insan sayisinin giderek artisi, artan yasl niifusa yonelik uzun siireli tedavi ve bakim gerektiren saglik
hizmeti stireglerinin de yonetimini gerektirmektedir. OECD verilerine gore 2017 yilinda Finlandiya’da 65 yas ve {isti niifusun
toplam niifusa orani 2000 yilina gore %6,1 artmistir. 2017 yilinda Tiirkiye’de 65 yas ve {istii niifusun toplam niifusa orani
2000 y1lina gore %2,9 artmistir.” OECD verilerine gore hem lilkemizde hem de diinyada niifusun yaglandig1 anlagilmaktadir.
Tiirkiye’de TUIK 2013-2015 y1llar1 arast Hayat Tablolar1 istatistigine gore dogusta beklenen yasam siiresi 78 yil iken, TUIK
2017-2019 yillar1 aras1 Hayat Tablolar1 istatistigine gore dogusta beklenen yasam siiresi 78,6 yila yiikseldigi belirtilmektedir.?
Oniimiizdeki 30 yil igerisinde diinyada 65 yas iistii niifusun 1.6 milyar olacagi tahmin edilmektedir.’
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2017 OECD verilerine gore Tirkiye’de 100 bin kisiye 187 doktor diismektedir.!® 2017 OECD verilerine gore 1,4 milyarlik
niifusa sahip olan Hindistan’da 100 bin kisiye 78 doktor diismektedir.” Artan yagh niifusa karsilik saglik personeli istihdami1
oldukga zordur. Bir doktorun ya da saglik profesyonelinin istihdam edilebilmesi i¢in hem insan kaynagi, egitim i¢in zaman
ve gerekli ¢alisma ortaminin olugturulmasi gerekmektedir. Sinirli kaynaklarla saglik hizmeti talebinin karsilanabilmesi igin

akilcr teknolojiler kullanilmasi artik bir gerekliliktir."!
1.2 Saghg Tehdit Eden Hastaliklar

DSO’niin 2019 yilinda agikladigi raporda kiiresel anlamda insan sagligini tehdit eden 10 biiyiik tehlikeye dikkat gekilmistir.'2
Bu raporda sanayinin ve teknolojinin gelismesiyle artan hava kirliligi ve salgin hastaliklara neden olan viriisler, yetersiz
saglik hizmeti sebebiyle hastalik yaparak topluma yayilmasina neden olmaktadir. Bunun yaninda sosyal, ekonomik ve
kiiltiirel nedenlerden dolay1 temiz igme suyuna, besine ve saglikli yasam ortamlarina sahip olunmamasindan kaynakli saglik
sorunlar1 artmaktadir. Glinlimiizde yasanan Covid-19 pandemisi de bugiin tiim diinyada miicadele edilen dnemli bir halk
saglig1 sorunudur. Ayni raporda kalp hastaliklari, kanser, diyabet gibi bulasict olmayan kronik hastaliklarin diinyadaki
6limlerin %70’inden fazlasina sebep oldugu belirtilmektedir.'”” Kronik hastaliklarin uzun siireli tedavi stireclerini gerektirmesi
sebebi ile hem maddi kaynaklar daha fazla harcanmakta hem de daha fazla sayida is giicli kaynagina ihtiya¢ duyulmaktadir.

1.3. Diisiik Kalite Yasam Standartt1

Saglig1 tehdit eden bulasici olan ya da olmayan hastaliklara insanlarin maruz kalmasinin en 6nemli sebeplerinden biri de
diisiik kalite yasam standarttidir. Ozellikle, tiim diinyada 30-69 yas aras1 dliimlerin nedeni tiitiin ve alkol iiriinlerinin
titketiminin artigidir. Ayrica, sagliksiz beslenme, fiziksel hareketsizlik, hava kirliligi de erken 6liimlere neden olabilmektedir.!?
Sosyo-ckonomik yonden yetersiz olan iilkelerde alim giicii diisiik oldugundan ya da savaslar, catismalar sebebi ile besin
maddelerine, igme suyuna ve hijyen tirtinlerine ulagim oldukca sinirlidir. Sonug olarak, artan saglik hizmeti talebine karsilik

verilmesi iilkelerin saglik sistemlerini zorlamaktadir.
1.4. Maliyetlerin Artmasi ve Rekabet

Diinya genelinde 65 yas iistii bireylerin yagsam siirelerinin artmasi beraberinde uzun siireli tedavi siirecleri ve yiiksek maliyete
neden olmaktadir. Her iilkenin, mevcut saglik politikalarinin uygulanmasi kiiresel diinyada oldukga gii¢ hale gelmistir. Bunun
baslica sebeplerinden biri aniden ¢ikan salgin hastaliklar ¢ok sayida bireyin hastalanmasina ve saglik hizmeti talebi yaratmasina
neden olmasidir. Sinirli sayida istihdam ve kabiliyeti olan saglik kurumlari talebi karsilamakta yetersiz kalabilmektedir. Ozellikle
agl, ilag gibi tedavi ve korumaya yonelik ¢aligmalar olduk¢a maliyetli ve uzun yillar gerektirmektedir.!> 415

Saglik hizmeti sunun devlet kurumu ya da 6zel kurumlar belli bir hizmet kalitesinin tizerinde saglik hizmeti sunmak zorundadir.
Saglik isletmesinin varligin1 devam ettirebilmesi i¢in pazardaki rakiplerinden farkliliklar, tistiinliikleri olmalidir. Saglik
kurulusunun kapasitesi diistiniildiigiinde insan istii ¢alismalar doktor ve saglik profesyonellerinden beklenilmektedir. Boyle

bir durumda artan hasta sayisina karsilik kisitli insan giicii yaninda yapay zeka teknolojilerinden yararlanilmasi kaginilmazdir.!
2.5. Bilisim Teknolojilerindeki Gelismeler

Internetin gelismesi ile birlikte pek cok sektorde oldugu gibi saglik sektoriinde de dijital bir déniisiim gerceklesmektedir.
Bu siiregte yapay zeka uygulamalari bir ¢ok alanda oldugu gibi saglik hizmetlerinde ve yonetiminde de meydana gelen
problemlerin ¢oziilmesinde, hastaliklarin teshis ve tedavisinde, hastaliklarin tahmin edilmesi ve daha bir ¢ok konuda

kullanilmaya baglamigtir. Saglikta bilisim teknolojilerinin en 6nemli uygulama alanlarindan biri de yapay zeka uygulamalaridir.*
2. Saghik Hizmetleri ve Yonetiminde Yapay Zekanin Uygulama Alanlar:
3.1 Yapay Zekdnin Yonetim Amach Uygulama Alanlart

Genel saghik yonetimi: MHRS kullanim oranlari, eNabiz verileri vb. gibi veriler kullanilarak hastaneye bagvurular tahmin
edilebilir, acil servislerde bekleme siireleri azaltilabilir, ambulans ulasim siireleri standardize edilebilir, bebek/cocuklarin
asilamalar1 takip edilebilir.
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Dokiimantasyon yonetimi: Elektronik Saglik Kayit Sistemleri ile saglik profesyonellerin bilgilerinin diizenlenmesi,
saklanmasi ve yeniden kullanilmasi saglanabilir. NLP (Dogal Dil Isleme) araglartyla doktor ve saglik profesyonellerin sesli

kayitlar1 ile raporlar yapay zeka tabanli uygulamalarla ¢ok kisa siire yazdirilabilir.

Maliyet ve kalite yonetimi: Saglik kuruluslar1 diger isletmelerin aksine, saglik hizmeti sunarken hastay1 miisteri olarak
gormemelidir. Saglik kurulusunun varligini idame ettirebilmesi igin katlanmasi gereken maliyeti azaltip, sundugu hizmetin
kalitesini arttirmasi1 gerekmektedir. Centerstone Arastirma Enstitiisli yaptig1 bir arastirmada yapay zeka kullanarak tani
koymanin, geleneksel tan1 koymaya gore daha az maliyetli oldugunu gostermistir. Bu ¢alismada, rastgele se¢ilmis 500 hasta
bireyin fiziksel performanslari, hastaliklari ile ilgili sonuglari yapay zekanin algoritmasina gore karar verme modelleriyle
kiyaslanmistir. Sonug olarak, birim basina maliyetler arasinda anlamli bir farklilik oldugu ortaya ¢ikmistir. Yapay zeka
algoritmalar1 189 dolar maliyet ¢ikarirken, geleneksel yontemlerin maliyeti 497 dolar1 buldugu goriilmustiir.'® Saglik
igletmesinin maruz kalabilecegi risk ve maliyetleri 6nceden tespit edebilen yapay zeka uygulamalar1 kullanilmaktadir.

Saghk kurumlarinin kapasitesinin akile1 kullanimi: Bos yatak kapasitesinin anlik olarak kontrol edilmesinde kullanilabildigi
gibi taburcu edilen hastalarin tekrar yatis yapma olasilig1 da hesaplanabilmektedir. Ozellikle, son yillarda acil servislerde
hasta sayis1 ve bu servislere talebin artmasi yogunlugun 6nceden hesaplanabilmesi igin bir gereksinim dogurmustur. Yapilan
bir calismada, Long Short-Term Memory (LSTM) derin 6grenme modeli kullanilarak zamana bagli acil servis yogunlugunu
hesaplayan, ilerleyen giin ve aylar i¢in giinliik hasta sayilarin1 6nceden hesaplayan bir uygulama yapilmistir.'”” Covid-19 gibi
salginlarda sinirli sayida yatagin efektif bir sekilde kullanilmasi agisindan oldukca faydali kullanim alani olabilir.

Saghik hizmeti ve yonetimindeki olumsuzluklarin iyilestirilmesi: Hasta kayitlarinin arsivlenmesinde yasanan sikintilar
ve siber saldirilar gibi sebeplerden meydana gelen olumsuzluklarin giderilmesinde kullanilabilir. Her gegen saniye diinyanin
bir ucundan saglik ile ilgili veriler insanlarin giydikleri cihazlar, kullandiklar1 uygulamalar, elektronik saglik kayitlar1 olarak
iiretilmektedir. Saglik verilerinin olusturdugu biiyiik verileri analiz edebilmek, arsivlemek, gerektiginde kullanabilmek
maliyetli ve insan giicli gerektirmektedir. ABD’de bulunan Montefiore Health System, Intel ile igbirligi yaparak ¢esitli hasta
popiilasyonuna daha etkili bir hizmet sunabilmek iizere ¢ok biiyiik miktardaki hasta verilerindeki ortak modelleri gérmek
icin yapay zeka ¢oziimlerini ve analizlerini devreye almistir.'® Bu sekilde, insan kaynakli hatalarin azaltilmast, ilag dozu
hesaplamalarindaki yanlisliklardan kaynaklanan ilag israfi ve hastaya uygulanan yanlis tibb1 tedavi sonucu olusan zararlarin

engellenmesini miimkiin olabilmektedir.

Uzaktan onleyici ve tamamlayici saghik hizmeti sunumu: Saglik hizmeti sunumu yaninda bireyin sagligini1 korumasi,
hastalanmasinin 6nlenmesi olduk¢a 6nemlidir. Sagligin gelistirilmesinde ve takibinde hastaneye gitmeden uzaktan takip
edebilen sistemler sayesinde sinirli kaynaklarda %60 oraninda tasarruf saglanabilir. Dijital saglik ortaminda karar destek
sistemleri ve makine 6grenmesi dnemli rol oynamaktadir. Yapilan bir ¢caligmada, ¢ocuklarda obezitenin engellenmesi i¢in
makine 6grenmesi tabanli bir karar destek sistemi dnerilmistir. Yapilan incelemede makine 6grenmesi tabanli karar destek

sisteminin yapay sinir aglar1 ile kullanilmasi: durumunda obezite riski olan ¢ocuklar1 6ngorebildigi tespit edilmistir.!
3.2 Yapay Zekdnin Klinik Amach Uygulama Alanlart

Yapay zekanin klinik amagli kullanilmast ile ilgili diinya genelinde pek ¢ok ¢caligsma mevcuttur. Cok genis kapsamli olmasina
ragmen asagidaki bashiklar ile kategorize edebiliriz.*

Halk saghg1 yonetimi: yapay zeka uygulamalari, bireylerin, hastaliklar hakkinda bilinglendirilmeleri, ¢ok sayida hedef
kitleye ulasarak tarama testleri yapilmasi ve degerlendirilmesi gibi konularda kullanilabilmektedir. Covid-19 pandemisi
nedeni ile kisilerin kendilerini riskli goriilen bdlgelerden korumasi, hastaneye gitmeden mevcut saglik durumunun

degerlendirilmesi ile glinimiizde yapay zeka uygulamalar1 kullanilmaktadir.

Covid-19 pandemisi siirecinde FITAS (Filyasyon ve izolasyon takip sistemi) ile filyasyon yapilan alanda veriler anlik olarak
sisteme kaydedilerek, hizlica analiz edilmesinde kullanilmaktadir. Ulkemizde ilk Covid-19 vakasindan sonra tespit edilen
vakalar i¢in filyasyon calismalar1 yapilarak, Covid-19 pandemisi yayilim haritasi ¢ikarilmaktadir. FITAS ile elde edilen
veriler dogrultusunda alinan tedbirle birlikte vaka artis hizinin diigiiriilmesi amaglanmaktadir.?
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Erken tani ve acil miidahale: Ozellikle kanser hastaliklarinin erken teshisi ve tedavisi son derece énemlidir. Hastalik gozle
gorilir belirtiler vermesini beklemeden hastaligin baslangi¢ evresinde teshis edilmesi hayat kurtaricidir. Cesitli makine
O0grenmesi algoritmalar1 hastaliklarin 6nceden tahmin edilmesinde kullanilmaktadir. Parkinson, erken taninin ¢ok dnemli
oldugu bir hastaliktir. Yapilan bir calismada EEG (elektroansefalogram) sinyalleri, fotograf simiilasyonlari, PDC (partial
directed coherence) verilerini makine 6grenmesi teknikleri kullanilarak hasta kisiler, ila¢ kullanmas1 gerekenler ve saglikli
bireyler olarak siniflandirilmistir. Calismada testlerde %99 oraninda dogruluk gozlemlenmistir.?!

Diinyada yaygin olarak bilinen yapay zeka saglik hizmetleri destek sistemlerinden biri de IBM Watson’dur. Makine 6grenimi
ve dogal dil isleme yetenekleri ile bu sistem, doktorlarin hastalarin elektronik saglik kayitlarinin incelemelerine ve aramayla
ilgili tibbi aragtirma yayinlarini ve kilavuzlarini incelemelerine yardimcei olmak i¢in tasarlanmistir. Cift kor bir calismada,
bir timdr kurulu tarafindan alinan kararlarla Watson Onkoloji Sistemi (Watson for Oncology) tarafindan alinan kararlari
karsilastirmistir. Sonuglar, sistem tarafindan yapilan onerilerin %90’1inin tiimdr kurulu tarafindan yapilan 6nerilere uygun
oldugunu gostermistir.?

Radyoloji goriintiilerinin degerlendirilmesi: Radyoloji goriintiilerinin incelenmesi, raporlanmasi, raporlarin hastanin
doktoru tarafindan degerlendirilmesi, uzun bir siirectir. Yapay zeka uygulamalar1 kullanilarak, radyoloji goriintiilerinde
cesitli nodiillere/lezyonlara rastlananilar hastalarin doktorlarina goriintiilerin gonderilmesi hem zamandan hem de is yiikiinden
tasarruf saglayabilmektedir. Zamaninda teshis konulmasi igin hastaya kaliteli bir saglik hizmeti de boylece sunulabilmektedir.
Yapay zekanin radyoloji alaninda kullanimu ile ilgili yapilan bir caligmada kemik yasini degerlendirmek i¢in Evrisimsel
Sinir Aglar1 (CNN) kullanilmistir. Caligma sonucunda CNN ile pediatrik el radyografilerin yas degerlendirmeleri, radyologlarin
degerlendirmelerine benzer dogrulukta ¢ikmigtir.?

Test sonuclarinin takibi: Bir ¢ok hastaligin tekrardan ortaya ¢ikmasi ya da baska bir hastaliga sebep olmasi gibi nedenlerden
otlirli hastaligin takibi son derece dnemlidir. Hastaya yapay zeka tabanlt mobil cihazlar giydirilerek, diinyanin neresinde
olursa olsun hasta, doktoru tarafindan takip edilebilmektedir. Hastanin yaptirdig: test sonuglar1 hastanin izni ile sisteme
kayi1t edildigi i¢in doktor yer/zaman fark etmeksizin hastasinin verilerine ulasabilmektedir.

Tedavi: Olasi tedavi protokollerinin olusturulmasinda ve hangisi kullanildiginda hastaya ne gibi yarar/zarar saglayabilecegini
yapay zeka tabanli sistemlerle tahmin etme yaparak doktora destek olunmaktadir. Hindistan’da bir Kanser Merkezi’nde
onkologlar tarafindan meme kanseri hastalari i¢in uygulanan tedaviler; geriye doniik gozlemsel bir ¢alismada “Watson for
Oncology” adindaki yapay zeka sistemi kullanilarak karsilastirilmistir. Sistem, genel olarak kanser evresi ve yasina gore
%93’lik (%80-%97) uyum gostermistir.* Yapilan bagka bir calismada; birden fazla hastaneden dogumsal kataraktlarla ilgili
veriler elde edilmistir. Yapay zeka tabanli kullanilan sistem ile ¢ercevenin tanimlama aglarinda % 98,25 dogruluk ve tedavi
onerileri i¢in % 92,86 dogruluk gosterdigi belirlenmistir.>> Yapay zeka, oftalmolojide mitkemmel bakim saglama amacina
hizmet edebilecek ¢esitli kullanimlar géstermistir.?®

Yapay zeka destekli robotik ameliyat: Gliniimiizde baz1 hastanelerde kullanilmaya baslamistir. Yer/zaman farki olmaksizin
anlik diinyanin herhangi bir ucundan doktor destekli yapay zeka destekli ameliyatlar yapilmaktadir. Robotlar yardimci cerrah
olarak ameliyatta da kullanilmaktadirlar. Da Vinci Cerrahi Sistemi (The da Vinci Surgical System), en ¢ok tercih edilen
robotik cerrahi sistemlerden biridir.”’ Bunun yaninda otonom ameliyat yapabilen yapay zeka destekli robotlar i¢in ¢alismalar
devam etmektedir.

Patoloji sonuclarinin degerlendirilmesi: Cok nadir goriilen hiicre goriintiilerinin varligi, boyamadan kaynakli hatalar,
patologun yorgun olmasindan kaynakli hatalarin azaltilmasi amaciyla kullanilmaktadir. Sepsis, 6liim oran1 yiiksek bir
hastalik olup hastalarda ilgili patojenin tespiti zor bir siirectir. Yapilan bir ¢alismada klinik-metabolik sepsis vakalarini iceren
bir veri tabani kullanilarak farkli makine 6grenmesi teknikleri ile bir siniflandirici model olusturulmustur. Veri tabaninda
100 hastaya ait veri kullanilarak 29 klinik ve metabolik 6zellikler paneline bakilmistir. Elde edilen en iyi AUC degeri (area
under cure) 0,94’tiir. Calisama sonucuna gore se¢ilmis panel ile, sepsisli hastalari ayirt etmek i¢in giiglii biyobelirtegler
olabilecegi ortaya konulmustur.?
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Mlac tedavisi takibi: Hasta bireylerin ilaglarini dogru dozda, dogru zamanda, dogru yontemle almasi 6nemlidir. Yapay zeka
uygulamalari, Alzheimer gibi kronik hastaliklarda ilaglarin takip edilmesi i¢in kullanilmaktadir. Yiiz tanima teknolojisi ile
yapay zeka tabanli sistemler kullanilarak, hastanin yiizii taninmakta, hastanin almak istedigi ilacin dogru olup olmadig1
tespit edilebilmektedir.

Gelisen teknoloji Parkinson hastaliginin tedavisinin uzaktan takibi i¢in yeni yontemler sunmaktadir. Yapilan bir calismada
hastalarin motor sinir davraniglari gelistirilen bir cihazda tuslara basis sekil ve siirelerine bakilarak 6 ay siire ile gézlemlenmistir.
Elde edilen veriler iizerinde gelistirilen yeni bir derin 6grenme algoritmast ile hasta durumlari siniflandirilmistir. Bu calisma

kullanilan gbzetimsiz motor sinir verilerinin, ilaglara verilen tepkinin takibi ve gézetiminde kullanilmasina bir 6rnektir.?

flac gelistirme: lag gelistirme pahal1, zaman alan ve yogun emek isteyen siirecleri kapsamaktadir. Yapay zeka teknolojileri
kullanilarak molekiiler diizeyde ilag gelistirme ¢alismalarina katki saglanmaktadir. Ornegin, pek ¢ok ilag veya besin takviyesi
gibi maddeler insan viicudunda hiicre bilesenlerine oksidatif zararlar verebilmektedir. Bu tip maddelerin verebilecegi
zararlarin 6n goriilmesinde hidrojen atom transferi kullanilmakta ve sonuglarin degerlendirilmesi i¢in kuantum bilgisayarlar
gerekmektedir. Bu etkinin simiile edilip, tahmin etmesi i¢in makine 6grenmesi kullanilarak bir model dnerilmistir. Bdylece,

bu hesaplamanin yapilabilmesi i¢in donanim ve zaman maliyeti ciddi 6l¢lide optimize edilmigtir.*°

Kisiye 6zel tedavi: Giiniimiizde baz1 hastaliklar1 tedavi etmede geleneksel tedavi yontemleri yetersiz kalmaktadir. Genetik
yapi, bagisiklik sistemi, yasam tarzi gibi farkliliklar sebebiyle kisiye 6zel tedavi yontemleri gelistirilmesi gerekmektedir.
Kisiye 6zgii tedavi yontemleri gelistirilmesinde, yapay zekad uygulamalarindan yararlanilmaktadir. Kore’de yapilan bir
¢alismada Technology Acceptance Model (TAM) kullanilarak hastalarin davranislari nelerden zevk aldiklari, birlikte yasadigi
kisi say1s1 ve karakterleri gibi parametreleri goz oniinde bulundurarak kisiye 6zel evde bakim hizmeti saglayan bir robot
onerilmektedir. Bu ¢alismada 403 hasta ve hastanin ailesine ait bilgiler gozlemlenmistir. Robotlar ile birlikte gegirdikleri
siire degerlendirilip, saglikli yasam konusundaki katma degeri incelenmistir. Ozellikle robotun kisiye 6zel davranmasi ve
kullanim kolaylig1 kullanicilarin en begendigi faktorler olmustur.!

Tedavi sonrasi klinik karar destek: Klinik karar destek sistemleri doktorlara tedavi sonrasi komplikasyonlar ile uygulanan
tedavinin devam ettirilip/ettirilemeyecegi konusunda destek olmaktadir.

Hastaya evde bakim: Bilindigi {izere ortalama yasamdan beklenen yagam siiresi artmistir. Buna bagli kronik hastaliklari,
Alzheimer ve bunama gibi rahatsizlig1 olan birey sayis1 giin gegtikce artmaktadir. Bunun yaninda evde yalniz basina yasayan
yasli birey sayis1 azimsanmayacak sayidadir. Ornegin evde bakim hizmetleri ile ilgili Finlandiya’da 2018 yilinda 68,400
hasta i¢in saglik kontrolleri evden sanal olarak gerceklestirilmistir. 250 hasta igin belirli testler 60 adet medikal robot
kullanilarak yapilmistir.** Yapay zeka tabanli robotlar ile hastalarin evlerinde temel saglik verilerinin, ilaglarinin takibi,

gerekli durumlarda acil saglik ekiplerinin gelmesini saglamaktadir.
4.Saghk Hizmetleri Ve Yonetiminde Yapay Zeka Uygulamalarinin Avantajlari/Dezavantajlari
1.1 Saglhik Hizmetleri ve Yonetiminde Yapay Zeka Uygulamalarinin Avantajlart

Saglik hizmetleri ve yonetiminde yapay zeka uygulamalari ile ilgili ¢aligmalarda, yapilan islerin yeniden tanimlandigi, kalite
ve verimliligin arttig1, maliyetlerin azaldig1, insan/sistem kaynakli hatalarin azaltildig1 belirtilmistir. Yapay zeka uygulamalarinin

sagladig1 baz1 avantajlar asagidaki gibi siralanabilir: 3%3

- Doktorlardan gelen girdiler koordineli olarak gelistirilirse, girdiler ve ¢iktilar uygun sekilde tanimlanabilirse, yapay
zeka sayesinde hastalik karakterizasyonu, hastalik tespiti ile raporlamada bir standardizasyon saglanabilir.

- Siirekli galigmalar yapildig1 i¢in problemlerin ¢oziim Onerileri gelistirilmeye ¢alisilmaktadir. Birden fazla algoritma
birlestirilerek ortaya daha iyi bir algoritma ¢ikarilarak (tlimlestirme yontemi) yeni ¢oziim dnerileri sunulabilmektedir.

- Nitel ve nicel veri gruplarinda bagar1 saglar. Ornegin, tahlil sonuglarinin degerlendirilmesi, kanser tanisinin konmasinin
tahmin edilmesinde kullanilabilir.
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Farkli klinik alanlardan (radyoloji, biyokimya, mikrobiyoloji, patoloji vb. gibi) veriler kullanilarak ¢esitli bilgiler elde
edilebilir. Bu elde edilen bilgilerin yapay zeka teknolojileri kullanilarak anlamli bilgilere doniistiiriilerek ¢esitli
hastaliklarin teshisinde kullanilabilir.

Zaman tasarrufu saglar.

Emek isteyen, maliyetli ve zaman alan isleri otomatiklestirerek isleri daha yapilabilir hale getirir.
Verimliligi artirarak, goriintiilerin daha hizli ve giivenilir raporlanmasini saglar.

Arsivlemede fiziksel alan sikintisi yaratmadan depolamay1 saglar.

Manuel ve beceri isteyen birgok isi otomatize ederek standardize edilmesini saglar.

Is yiikiinii azaltir.

Goz taramasi yapay zeka teknolojileri kullanilarak yapildiginda, doktora bagvuru yapacak hastalar 6nceden filtrelenir.
Bu sekilde, hasta olmayanlarin saglik kuruluslarina bagvurmalar1 6nlenirken, hastalik tespit edilen kisilerin daha
hizl1 doktora yonlendirilmesine yardimci olur. Dolayli olarak, saglik maliyetlerinin hem hesaplanmasinda hem de

maliyetlerin azaltilmasinda 6nemli rol oynar.

4.2 Saghk Hizmetleri ve Yonetiminde Yapay Zekd Uygulamalarinin Dezavantajlari

Yapay zeka uygulamalarinin dezavantajlarindan bazilar1 asagidaki gibidir: 33

Algoritmay1 gelistiren miithendislerin yeterli tibbi bilgiye sahip olmamasi, radyologun is akisinin anlasilmamasina
bagli olusabilecek hatalar. Bununla birlikte, algoritmay1 kullanacak radyologun konuya hakim olmamasi yanlis
kullanim ve yorumlamaya bagli hatalara sebep olabilir. Bu yiizden multidisipliner bir ekip ¢aligmasi gereklidir.
Radyolog ve algoritmay1 gelistiren mithendis is birligi iginde olmalidir. Goriintiilerin egitimi sirasinda mutlaka

radyolog goriintiileri incelemelidir.

Gortintii analizi i¢in dogru ve yeterli sayida veri seti gereklidir. Veri setlerinin olugmast i¢in belli bir zaman gerekmektedir

ayrica, veri setlerinin dogruluklarinin kontrol edilmesi siiregleri de olduk¢a zahmetlidir.
Kullanilan veri seti cok énemlidir. Iyi egitim gerceklesmezse giivenilir olmayan sonuglar verebilir.
Veri seti yeterli sayida 6rnek icermiyorsa yaniltict sonuglar verebilir.

Sadece goriintiilerin kullanilmasi yeterli sonug vermeyebilir. Tant i¢in dogru 6zellikler hekim ile birlikte karar
verilmesi gerekir.

Klinik ilag tedavisi uygulamalarinda heniiz ¢cok somut drnekleri yoktur.
Sorumluluk ve etik acisindan risk teskil etmektedir.

Cok sayida goriintiiniin arsivlenebilmesi i¢in dijital goriintii haline getirilmesi gerektiginden, biiyiik bir is yiikiine de
sebep olmaktadir.

Teknolojinin ilerlemesiyle birlikte yapay zeka tabanli daha giiglii modeller gelistirilmelidir.

Sistemin kurulumu i¢in gerekli cihazlarin ve malzemelerin yetersizligi ve mali yetersizlikler i¢in gerekli 6nlemler

alinmalidir.

Ahlaki ve etik boyutu ile ilgili birgok soru cevapsiz kaldig1 i¢in belirsizlik mevcuttur.
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5. Tartisma

Yapay zeka uygulamalar1 uzay, askeri, pazarlama, turizm vb. gibi pek ¢ok sektorde kullanim alani bulmaktadir. Gliniimiizde
saglik hizmetleri ve yonetiminde de yapay zeka uygulamalari kullanilarak erken tani, tedavi, rehabilitasyon, sagligin
gelistirilmesi vb. gibi stireclerde uygulama alanlari mevcuttur. Sinirl kaynaklarla, genis bir kitleye kaliteli ve diisiik maliyetli,
etkili, zamaninda ve cografi bolge ayrim1 yapmaksizin saglik hizmeti sunmak oldukga zordur. Artan saglik hizmeti ihtiyaci
karsisinda sinirli saglik insan giicii nedeniyle yapay zeka uygulamalarinin kullanilmasi kaginilmazdir. Bu dogrultuda
bireylerin yasam kalitelerinin arttirilmasi, saglik maliyetlerinin azaltilmasi, yerinde ve zamaninda ve yeterli saglik hizmeti

sunumu agisindan siireglerin optimize edilmesi ve siireclere yapay zeka teknolojilerinin entegre edilmesi artik bir gerekliliktir.

Kiiresel boyutta saglik sektorii diger sektorlerde oldugu gibi diinyadaki teknolojik gelismeleri takip etmektedir. Bu sektoriin
paydaslari olan sigorta sirketleri, ilag ve medikal cihaz lireten firmalar, hizmet sunumunda yer alan kurum/ kuruluglar saglik
sektoriiniin biiylimesi ve gelistirilmesi icin biiyiik 5nem arz etmektedir.>* Ulkelerin uyguladig1 saglik politikalarinin temelini
maliyeti diisiik, kaliteli ve erisilebilir saglik hizmeti basliklar1 olusturmaktadir. Saglik sektdriinde pazardan pay almak ve
sektordeki varliginin devam ettirmek isteyen paydaslar artan niifus, kronik hastalik ve salginlar, yasam standartlarindaki
degismeler, saglik okuryazarliginin artist ve kriz ortamlarinda siirdiiriilebilir saglik hizmeti i¢in yeni yollar aramaktadirlar.
Geleneksel yontemlerin sebep oldugu dezavantajlar1 avantaja ¢evirecek ¢6ziim Onerilerinin basinda yapay zeka uygulamalari

gelmektedir.

Giliniimiizde saglik alaninda ve teknolojide meydana gelen gelismeler dogrultusunda hasta odakli dijital bir saglik ekosistemi
yaratilmaya baglanmistir. Umut vaat eden ¢ozlimleriyle yapay zeka uygulamalarinin kullaniminda gerekli yasal diizenlemelerin

yapilmasi 6nerilmektedir.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catismasi: Yazarlar ¢ikar ¢atigmasi bildirmemistir.

Finansal Destek: Yazarlar bu ¢alisma icin finansal destek almadigini beyan etmistir.

Yazar Katkilari: Calisma Konsepti/Tasarim- B.A., U.V.; Veri Toplama- B.A., U.V.; Veri Analizi/Yorumlama- B.A., U.V.; Yazi Taslagi- B.A., U.V.; Igerigin Elestirel incelemesi-
B.A., U.V.; Son Onay ve Sorumluluk- B.A., U.V.

Peer-review: Externally peer-reviewed.

Conlflict of Interest: The authors have no conflict of interest to declare.

Grant Support: The authors declared that this study has received no financial support.

Author Contributions: Conception/Design of Study- B.A., U.V.; Data Acquisition- B.A., U.V.; Data Analysis/Interpretation- B.A., U.V.; Drafting Manuscript- B.A., U.V.; Critical
Revision of Manuscript- B.A., U.V.;Final Approval and Accountability- B.A., U.V

Kaynaklar/References

Veranyurt U, Deveci AF, Esen MF, Veranyurt O. (2020). Disease Classification By Machine Learning Techniques: Random Forest, K-Nearest Neighbor
and Adaboost Algorithms Applications. Usaysad Derg. 2020; 6(2):275-286.

Hayran O. (2012). Saglik Yonetimi Yazilar1. Ankara: Sage Yayincilik.

Elmas C. 2018. Yapay Zeka Uygulamalari. 4. Baski. Ankara: Seckin Yayincilik, 25-45.

Akalin B. 2020. Saglik Hizmetleri ve Yénetiminde Yapay Zeka. Istanbul: Hiper Yayicilik, 125-132.

Qian, Z., Alaa, A. M., & van der Schaar, M. (2020). CPAS: the UK’s National Machine Learning-based Hospital Capacity Planning System for
COVID-19.

Jiang F, Jiang Y, Zhi H, et al. (2017). Artificial intelligence in healthcare: past, present and future. Stroke and Vascular Neurology;2: e000101. doi:10.1136/
svn-2017-000101.

OECD. Organisation for Economic Co-operation and Development. (2019). Health at a Glance 2019: OECD Indicators. Paris: OECD Publishing; 2019.
doi:10.1787/4dd50c09-en.

TUIK. Tiirkiye Istatistik Kurumu. https://www.tuik.gov.tt/ (Erisim Tarihi: 01.11.2020).

Ocal H., Dogru 1. A. ve Barisgi N. (2019). Akilli ve geleneksel giyilebilir saglik cihazlarinda nesnelerin interneti. Politeknik Dergisi, 22(3): 695-714.

T.C. Saglik Bakanlig1 Saglik Istatistikleri Yillig1 2018. https://dosyasb.saglik.gov.tr/Eklenti/36134,siy2018trpdf.pdf?0 (Erisim Tarihi: 01.11.2020).

Coban, H. (2009). Saglik Ekonomisi ve Tiirkiye’de Saglik Hizmetlerinin Yeniden Yapilandirilmast. Dokuz Eyliil Universitesi, Doktora Tezi, [zmir.

World Health Organization (WHO). “Ten threats to global health in 20197, https://www.who.int/emergencies/ten-threats-to-global- health-in-2019 (Erisim
Tarihi: 01.11.2020).

Acta Infologica, Volume 5, Number 1, 2021 238


https://dosyasb.saglik.gov.tr/Eklenti/36134,siy2018trpdf.pdf?0

Akalin, B. ve Veranyurt, U.

Fleming, N. (2018). How Artificial intelligence is changing drug discovery. Naature, 557(7707), ss 55-57. Doi: 10.1038/d41586-018-05267-x.

Hecht, D. (2011). Applications of Machine Learning and Computational Intelligence to Drug Discovery and Development. Drug Development Research,
72: 53-65.

Gavin, B., Hayden, J., Adamis, D., & McNicholas, F. (2020). Caring for the psychological well-being of healthcare professionals in the Covid-19 pandemic
crisis. Ir Med J, 1134), 51.

Mesko, B. (2017). Yapay Zekayla Tibbi Karar Almak. B. Mesko iginde, Tibbin Gelecegine Yolculuk (s. 174-183). Istanbul: Optimist Yayin Grubu.

Kadri, F., Baraoui, M., & Nouaouri, I. (2019, September). An LSTM-based Deep Learning Approach with Application to Predicting Hospital Emergency
Department Admissions. In 2019 International Conference on Industrial Engineering and Systems Management (IESM) IEEE. (1-6).

Intel. (2018). Saglik Déniisiimii. https://www.intel.com.tr/content/www/tr/tr/healthcare-it/healthcare-overview.html (Erisim Tarihi: 01.11.2020).

Triantafyllidis, A., Polychronidou, E., Alexiadis, A., Rocha, C. L., Oliveira, D. N., da Silva, A. S., Freire, A. L., Macedo, C., Sousa, I. F., Werbet, E., Lillo,
E. A., Luengo, H. G., Ellacuria, M. T., Votis, K., & Tzovaras, D. (2020). Computerized decision support and machine learning applications for the
prevention and treatment of childhood obesity: A systematic review of the literature. Artificial Intelligence In Medicine, 104.

T.C. Saglik Bakanlig1 Saglik Bilgi Sistemleri Genel Miidiirliigii, FITAS (Filyasyon ve izolasyon Takip Sistemi). https:/sbsgm.saglik.gov.tr/TR,73584/
fitas.html (Erisim Tarihi: 01.11.2020).

Yan, Y. (2020). MCI progression classification for early diagnosis of Alzheimer’s disease using machine learning and deep learning methods. Res. Biomed.
36:311-331.

Curioni-Fontecedro, A. (2017). A new era of oncology through artificial intelligence. ESMO Open; 2(2): ¢000198.

Larson, D.B., Chen, M.C., Lungren, M.P., Halabi, S.S., Stence, N.V., Langlotz, C.P. 2018. Performance of a deep-learning neural network model in
assessing skeletal maturity on pediatric hand radiographs. Radiology 287, 313-322.

Somashekhar, S.P., Sepulveda, M.J., Puglielli, S., Norden, A.D., Shortliffe, E.H., Rohit Kumar, C., Rauthan, A., Arun Kumar, N., Patil, P., Rhee, K.,
Ramya, Y. 2018. Watson for Oncology and breast cancer treatment recommendations: agreement with an expert multidisciplinary tumor board. Ann.
Oncol. 29, 418—423.

Long E, Lin H, Liu Z, et al. 2017. An artificial intelligence platform for the multihospital collaborative management of congenital cataracts. Nat Biomed
Eng;l. Article number 24.

Ting, D. S. W,, Pasquale, L. R., Peng, L., Campbell, J. P., Lee, A. Y., Raman, R., ... & Wong, T. Y. (2019). Artificial intelligence and deep learning in
ophthalmology. British Journal of Ophthalmology, 103(2), 167-175.

Guo J, Li B (2018) The application of medical artificial intelligence technology in rural areas of developing countries, Health Equity 2:1, 174—181.

Zheng, L., Lin, F., Zhu, C., Liu, G., Wu, X., Wu, Z., Zheng, J., Xia, H., Cai, Y., & Liang, H. (2020). Machine Learning Algorithms Identify Pathogen-Specific
Biomarkers of Clinical and Metabolomic Characteristics in Septic Patients with Bacterial Infections. BioMed Research International, 1-11.

Pedrosa, T. I., Vasconcelos, F. F., Medeiros, L., & Silva, L. D. (2018). Machine Learning Application to Quantify the Tremor Level for Parkinson’s Disease
Patients. Procedia Computer Science, 138, 215-220.

Muraro, C., Polato, M., Bortoli, M., Aiolli, F., & Orian, L. (2020). Radical scavenging activity of natural antioxidants and drugs: Development of a
combined machine learning and quantum chemistry protocol. Journal of Chemical Physics, 153(11), 1.

Thadatritharntip, W., & Vongurai, R. (2020). Artificial Intelligence Healthcare: An Empirical Study on Users’ Attitude and Intention to Use toward a
Personal Home Healthcare Robot to Improve Health and Wellness Conditions in Bangkok, Thailand. UTCC International Journal of Business &
Economics, 12(1), 3-25.

Itkonen, P. (2019). Artificial intelligence in Home Care Settings in South Karelia Social and Healthcare District in Finland. 2019 IEEE World Congress
on Services (SERVICES), 2642-939X, 238-239.

Sensu S, Erdogan N, Giirbiiz, YS. 2020. Patolojide Dijital Cag ve Yapay Zeka: Temel Bilgiler. Tiirkiye Klinikleri J Med Sci; 40(1):104-12.

Oral, C. 2011. Sayisal Mamografi Gériintiilerine Yapay Zeka Yontemlerinin Uygulanmasi. Doktora Tezi, Ondokuz Mayis Universitesi, Samsun,
35-56.

Thinktech STM. Ileri Saglik Teknolojileri I - Akilli Saglik Uygulamalar1 Ve Veri Analizi ile Saglik Sorunlarini Tanimlamak (Arastirma Raporu 2019).
http://thinktech.stm.com.tr (Erisim Tarihi: 01.11.2020).

Acta Infologica, Volume 5, Number 1, 2021 239


https://sbsgm.saglik.gov.tr/TR,73584/fitas.html
https://sbsgm.saglik.gov.tr/TR,73584/fitas.html
http://thinktech.stm.com.tr




YAZARLARA BiLGIi

TANIM

Acta INFOLOGICA (ACIN), istanbul Universitesi Enformatik Boliimii’niin yaymidir. Acik-erigimli, bilimsel ve hakemli bir dergi olarak
yilda iki defa Haziran ve Aralik aylarinda yayinlanir. Derginin baslangig tarihi 2017’ dir.

AMAC VE KAPSAM

ACIN, veri-enformasyon-bilgi kavramlarini, bilgi- iletisim teknolojileri ve uygulamalarini temel alarak gerek enformatik alaninda gerekse
disiplinler arast ger¢eklestirilen ¢aligmalar i¢in bilimsel bir yaym ortami sunmayi, yayinlanan ¢aligmalar ile bu alanda ¢alisan, alana ilgi
duyan arastirmacilar ve ilgililerin gelisimine katki saglamay1 amaglamaktadir.

ACIN’1n ¢aligma alanlar1 agagida listelenmistir. Bu alanlarda ya da bu alanlarla ilgili oldugu diisiiniilen alanlardaki tiim ¢aligmalar derginin
kapsamindadir.

Akilli Sistemler

Bilgi Giivenligi ve Hukuk

Bilgi Yonetimi

Bilgisayar Aglar1

Bilgisayar Mimarisi

Bilisim Sistemleri

Biyoenformatik

Cografi Bilgi Sistemleri
E-Uygulamalar

Internet Teknolojileri

Karar Destek Sistemleri ve Is Zekasi
Mikro Denetleyici ve Uygulamalari
Mobil Sistemler

Modelleme ve Optimizasyon
Sosyal ve Dijital Medya

Veri Madenciligi

Veri Tabani Sistemleri

Yapay Zeka ve Makine Ogrenmesi
Yazilim Mithendisligi

Yonetim Biligim Sistemleri
EDITORYAL POLITiKALAR VE HAKEM SURECI
Yayin Politikasi

Dergiye yaymlanmak iizere gonderilen makalelerin igerigi derginin amag¢ ve kapsami ile uyumlu olmalidir. Dergi, orijinal aragtirma
niteligindeki yazilar1 yaymlamaya 6ncelik vermektedir

Genel ilkeler

Daha 6nce yaymlanmamis ya da yaymlanmak {izere bagka bir dergide halen degerlendirmede olmayan ve her bir yazar tarafindan onaylanan
makaleler degerlendirilmek iizere kabul edilir.

On degerlendirmeyi gecen yazilar iThenticate intihal tarama programindan gegirilir. Intihal incelemesinden sonra, uygun makaleler Editor
tarafindan orijinaliteleri, metodolojileri, makalede ele alinan konunun 6nemi ve derginin kapsamina uygunlugu agisindan degerlendirilir.

Bilimsel toplantilarda sunulan 6zet bildiriler, makalede belirtilmesi kosulu ile kaynak olarak kabul edilir. Editor, gonderilen makale
bicimsel esaslara uygun ise, gelen yaziy1 yurticinden ve /veya yurtdisindan en az iki hakemin degerlendirmesine sunar, hakemler gerek
gordiigii takdirde yazida istenen degisiklikler yazarlar tarafindan yapildiktan sonra yaymlanmasina onay verir.
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Makale yaymlanmak iizere Dergiye gonderildikten sonra yazarlardan hicbirinin ismi, tiim yazarlarin yazil izni olmadan yazar listesinden
silinemez ve yeni bir isim yazar olarak eklenemez ve yazar sirasi degistirilemez.

Yayina kabul edilmeyen makale, resim ve fotograflar yazarlara geri gonderilmez.
ACIK ERISIM ILKESI

ACIN’in tiim icerigi okura ya da okurun dahil oldugu kuruma fiicretsiz olarak sunulur. Okurlar, ticari amag¢ haricinde, yayinct ya da
yazardan izin almadan dergi makalelerinin tam metnini okuyabilir, indirebilir, kopyalayabilir, arayabilir ve link saglayabilir.

ACIN makaleleri agik erisimlidir ve Creative Commons Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) (https://creativecommons.org/
licenses/by-nc/4.0/deed.tr ) olarak lisanshidir.

islemleme Ucreti

Derginin tiim giderleri Istanbul Universitesi tarafindan karsilanmaktadir. Dergide makale yayin1 ve makale siireglerinin yiiriitiilmesi iicrete
tabi degildir. Dergiye gonderilen ya da yayn icin kabul edilen makaleler i¢in islemleme iicreti ya da gonderim ticreti alinmaz.

Hakem Siireci

Daha 6nce yayinlanmamis ya da yayinlanmak iizere baska bir dergide halen degerlendirmede olmayan ve her bir yazar tarafindan onaylanan
makaleler degerlendirilmek tizere kabul edilir. Gonderilen ve 6n kontrolii gecen makaleler iThenticate yazilimi kullanilarak intihal igin
taranir. Intihal kontroliinden sonra, uygun olan makaleler bas editor tarafindan orijinallik, metodoloji, islenen konunun énemi ve dergi
kapsamu ile uyumlulugu agisindan degerlendirilir. Bas editor, makaleleri, yazarlarin etnik kdkeninden, cinsiyetinden, cinsel yoneliminden,
uyrugundan, dini inancindan ve siyasi felsefesinden bagimsiz olarak degerlendirir. Yayina génderilen makalelerin adil bir sekilde ¢ift taraflt
kor hakem degerlendirmesinden gegmelerini saglar.

Secilen makaleler en az iki ulusal/uluslararasi hakeme degerlendirmeye gonderilir; yaym karari, hakemlerin talepleri dogrultusunda
yazarlarin gergeklestirdigi diizenlemelerin ve hakem siirecinin sonrasinda bas editdr tarafindan verilir.

Hakemlerin degerlendirmeleri objektif olmalidir. Hakem siireci sirasinda hakemlerin asagidaki hususlari dikkate alarak degerlendirmelerini
yapmalari beklenir.

- Makale yeni ve 6nemli bir bilgi igeriyor mu?

- Oz, makalenin igerigini net ve diizgiin bir sekilde tanimliyor mu?
- Yontem biitlinliiklii ve anlagilir sekilde tanimlanmig mi?

- Yapilan yorum ve varilan sonuglar bulgularla kanitlantyor mu?

- Alandaki diger ¢aligmalara yeterli referans verilmis mi?

- Dil kalitesi yeterli mi?

Hakemler, gonderilen makalelere iliskin tiim bilginin, makale yayinlanana kadar gizli kalmasini saglamali ve yazar tarafinda herhangi bir telif
hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar. Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da zamaninda
geri doniis saglamast miimkiin goriinmiiyorsa, editére bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini istemelidir.

Degerlendirme siirecinde editor hakemlere gézden gegirme i¢in gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu ve bunun imtiyazl
bir iletisim oldugunu agikga belirtir. Hakemler ve yayin kurulu iiyeleri baska kisilerle makaleleri tartisamazlar. Hakemlerin kimliginin gizli
kalmasina 6zen gosterilmelidir.

TELIF HAKKINDA

Yazarlar Acta INFOLOGICA (ACIN) dergisinde yaymlanan ¢alismalarinin telif hakkina sahiptirler ve ¢alismalari Creative Commons
Atif-GayriTicari 4.0 Uluslararasi (CC BY-NC 4.0) olarak lisanslidir. Creative Commons Atif-GayriTicari 4.0 Uluslararas1 (CC BY-NC 4.0)
lisansi, eserin ticari kullanim disinda her boyut ve formatta paylasilmasina, kopyalanmasina, ¢ogaltilmasina ve orijinal esere uygun sekilde
atifta bulunmak kaydiyla yeniden diizenleme, doniistiirme ve eserin iizerine inga etme dahil adapte edilmesine izin verir.
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YAYIN ETIiGi VE ILKELER

Acta INFOLOGICA (ACIN), yayin etiginde en yiiksek standartlara baglidir ve Committee on Publication Ethics (COPE), Directory
of Open Access Journals (DOAJ), Open Access Scholarly Publishers Association (OASPA) ve World Association of Medical Editors
(WAME) tarafindan yayinlanan etik yayincilik ilkelerini benimser; Principles of Transparency and Best Practice in Scholarly Publishing
baglig1 altinda ifade edilen ilkeler igin: https://publicationethics.org/resources/guidelines-new/principles-transparency-and-best-practice-
scholarly-publishing

Gonderilen tiim makaleler orijinal, yaymlanmamis ve baska bir dergide degerlendirme siirecinde olmamalidir. Her bir makale
editorlerden biri ve en az iki hakem tarafindan ¢ift kor degerlendirmeden gegirilir. Intihal, duplikasyon, sahte yazarlik/inkar edilen
yazarlik, arastrma/veri fabrikasyonu, makale dilimleme, dilimleyerek yayin, telif haklari ihlali ve ¢ikar catigmasinin gizlenmesi, etik
dis1 davranislar olarak kabul edilir.

Kabul edilen etik standartlara uygun olmayan tiim makaleler yayindan ¢ikarilir. Buna yayindan sonra tespit edilen olast kuraldisi,
uygunsuzluklar iceren makaleler de dahildir.

ARASTIRMA ETIiGi

Acta INFOLOGICA (ACIN) arastirma etiginde en yiiksek standartlar1 gozetir ve asagida tanimlanan uluslararasi arastirma etigi ilkelerini
benimser. Makalelerin etik kurallara uygunlugu yazarlarin sorumlulugundadir.

- Arastirmanin tasarlanmasi, tasarimin goézden gegirilmesi ve arastirmanin yiiriitiilmesinde, biitlinliik, kalite ve seffaflik ilkeleri
saglanmalidir.

- Aragtirma ekibi ve katilimcilar, aragtirmanin amaci, yontemleri ve 6ngoriilen olast kullanimlari; aragtirmaya katilimin gerektirdikleri
ve varsa riskleri hakkinda tam olarak bilgilendirilmelidir.

- Arastirma katilimeilarinin sagladigi bilgilerin gizliligi ve yanit verenlerin gizliligi saglanmalidir. Arastirma katilimcilarin 6zerkligini
ve saygimligini koruyacak sekilde tasarlanmalidir.

- Aragtirma katilimcilari goniillii olarak arastirmada yer almali, herhangi bir zorlama altinda olmamalidirlar.
- Katilimcilarin zarar gérmesinden kaginilmalidir. Arastirma, katilimcilari riske sokmayacak sekilde planlanmalidir.
- Aragtirma bagimsizlhigiyla ilgili agik ve net olunmali; ¢ikar ¢atismasi varsa belirtilmelidir.

- Deneysel ¢aligmalarda, arastirmaya katilmaya karar veren katilimcilarin yazil bilgilendirilmis onay1 alinmalidir. Cocuklarin ve vesayet
altindakilerin veya tasdiklenmis akil hastalig1 bulunanlarin yasal vasisinin onay1 alinmalidir.

- Calisma herhangi bir kurum ya da kurulusta gergeklestirilecekse bu kurum ya da kurulustan calisma yapilacagina dair onay alinmalidir.

- Insan 6gesi bulunan calismalarda, “yéntem” béliimiinde katilimeilardan “bilgilendirilmis onam” alindigmin ve calismanim yapildig
kurumdan etik kurul onay1 alindig: belirtilmesi gerekir.

YAZARLARIN SORUMLULUGU

Makalelerin bilimsel ve etik kurallara uygunlugu yazarlarin sorumlulugundadir. Yazar makalenin orijinal oldugu, daha dnce baska bir
yerde yayimnlanmadig1 ve baska bir yerde, baska bir dilde yaymlanmak tizere degerlendirmede olmadig1 konusunda teminat saglamalidir.
Uygulamadaki telif kanunlari ve anlagsmalari gozetilmelidir. Telife bagli materyaller (6rnegin tablolar, sekiller veya biiyiik alintilar)
gerekli izin ve tesekkiirle kullanilmalidir. Baska yazarlarin, katkida bulunanlarin ¢aligsmalari ya da yararlanilan kaynaklar uygun bigimde
kullanilmali ve referanslarda belirtilmelidir.

Gonderilen makalede tiim yazarlarin akademik ve bilimsel olarak dogrudan katkist olmalidir, bu baglamda “yazar” yayinlanan
bir arastirmanin kavramsallastirilmasina ve tasarimina, verilerin elde edilmesine, analizine ya da yorumlanmasina belirgin katki
yapan, yazinin yazilmasi ya da bunun igerik agisindan elestirel bigimde gézden gegirilmesinde goérev yapan birisi olarak goriiliir.
Yazar olabilmenin diger kosullari ise, makaledeki ¢alismay1 planlamak veya icra etmek ve / veya revize etmektir. Fon saglanmasi,
veri toplanmast ya da arastirma grubunun genel siipervizyonu tek basina yazarlik hakki kazandirmaz. Yazar olarak gosterilen tiim
bireyler sayilan tiim oOl¢iitleri karsilamalidir ve yukaridaki ol¢iitleri karsilayan her birey yazar olarak gosterilebilir. Yazarlarin isim
siralamasi ortak verilen bir karar olmalidir. Tiim yazarlar yazar siralamasini Telif Hakk: Devir Formunda imzali olarak belirtmek
zorundadirlar.

Yazarlik i¢in yeterli 6lgiitleri karsilamayan ancak ¢alismaya katkisi olan tiim bireyler “tesekkiir / bilgiler” kisminda siralanmalidir. Bunlara
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ornek olarak ise sadece teknik destek saglayan, yazima yardimci olan ya da sadece genel bir destek saglayan, finansal ve materyal destegi
sunan kisiler verilebilir.

Biitiin yazarlar, aragtirmanin sonuglarini ya da bilimsel degerlendirmeyi etkileyebilme potansiyeli olan finansal iliskiler, ¢ikar ¢atismasi ve
cikar rekabetini beyan etmelidirler. Bir yazar kendi yaymlanmis yazisinda belirgin bir hata ya da yanliglik tespit ederse, bu yanligliklara
iligkin diizeltme ya da geri ¢ekme i¢in editor ile hemen temasa gegme ve isbirligi yapma sorumlulugunu tasir.

EDITOR VE HAKEM SORUMLULUKLARI

Bas editor, makaleleri, yazarlarin etnik kokeninden, cinsiyetinden, cinsel yoneliminden, uyrugundan, dini inancindan ve siyasi felsefesinden
bagimsiz olarak degerlendirir. Yayina gonderilen makalelerin adil bir sekilde ¢ift tarafli kor hakem degerlendirmesinden gegmelerini saglar.
Gonderilen makalelere iliskin tiim bilginin, makale yayinlanana kadar gizli kalacagini garanti eder. Bas editor icerik ve yaymnin toplam
kalitesinden sorumludur. Gereginde hata sayfasi yayinlamali ya da diizeltme yapmalidir.

Bas editor; yazarlar, editorler ve hakemler arasinda ¢ikar ¢atigsmasina izin vermez. Hakem atama konusunda tam yetkiye sahiptir ve Dergide
yayinlanacak makalelerle ilgili nihai karar1 vermekle yiikiimliidiir.

Hakemlerin arastirmayla ilgili, yazarlarla ve/veya arastirmanin finansal destekgileriyle ¢ikar ¢atismalar: olmamalidir. Degerlendirmelerinin
sonucunda tarafsiz bir yargrya varmalidirlar. Gonderilmis yazilara iligkin tiim bilginin gizli tutulmasini saglamali ve yazar tarafinda herhangi
bir telif hakki ihlali ve intihal fark ederlerse editore raporlamalidirlar. Hakem, makale konusu hakkinda kendini vasifli hissetmiyor ya da
zamaninda geri donilis saglamast miimkiin goriinmiiyorsa, editdre bu durumu bildirmeli ve hakem siirecine kendisini dahil etmemesini
istemelidir.

Degerlendirme siirecinde editor hakemlere gézden gegirme icin gonderilen makalelerin, yazarlarin 6zel miilkii oldugunu ve bunun imtiyazlt
bir iletisim oldugunu agikca belirtir. Hakemler ve yaym kurulu tiyeleri bagka kisilerle makaleleri tartisamazlar. Hakemlerin kimliginin gizli
kalmasma 6zen gosterilmelidir. Bazi durumlarda editoriin karariyla, ilgili hakemlerin makaleye ait yorumlar: ayni makaleyi yorumlayan
diger hakemlere gonderilerek hakemlerin bu siiregte aydinlatilmasi saglanabilir.

YAZILARIN HAZIRLANMASI

DiL

Derginin yayn dili Tiirk¢e ve Amerikan Ingilizcesi’dir.
Yazilarin Hazirlanmasi ve Yazim Kurallar

Aksi belirtilmedikce gonderilen yazilarla ilgili tim yazigsmalar ilk yazarla yapilacaktir. Makale gonderimi online olarak ve http://acin.
istanbul.edu.tr adresinden erisilen http://dergipark.gov.tr/login iizerinden yapilmalidir. Gonderilen yazilar, makale tiirlinii belirten ve
makaleyle ilgili detaylari iceren (bkz: Son Kontrol Listesi) kapak sayfasi; editdre mektup, yazinin elektronik formunu iceren Microsoft
Word 2003 ve iizerindeki versiyonlart ile yazilmis elektronik dosya ve tim yazarlarin imzaladig: Telif Hakki Devir Formu eklenerek
gonderilmelidir.

1. Microsoft Word 6.0 ya da iistii bir versiyon kullaniyorsaniz ACIN Makale Sablonunu kullanabilirsiniz. Aksi halde, bu dokiiman bir
yonerge olarak kullanilabilir.

2. Makale basliklari biiyiik harf ve kiigiik harflerden olugsmali, biitiin harfler biiyiik olmamalidir. Basliga formiil yazmaktan kaginilmalidir.
Baglikta “(Davetli)” ya da benzeri ifadeler yer almamalidir.

3. Oz 150-250 kelime arasinda olmaldir, bir paragraf olarak yazilmali ve matematiksel denklem ya da tablo icermemelidir. Oz,
okuyucunun kolaylikla bulabilmesi i¢in, {i¢ ya da dort anahtar kelime ya da ifade icermelidir. Oz iyi okunabilir ve de dilbilgisi agisindan
dogru olmalidir.

4. Oziin altinda galismanin icerigini temsil eden ii¢ anahtar kelime olmalidir. Anahtar kelimelerin, “TR Dizin Anahtar Terimler Listesi”,
“Medical Subject Headings”, “CAB Theasarus”, “JISCT, “ERIC” vd. tarafindan tanimlanmis olmasina 6nem verilmelidir.

5. Calismalarin baslica su unsurlari igermesi gerekmektedir: Tiirkge baslik, 6z ve anahtar kelimeler; ingilizce baslik 6z ve anahtar
kelimeler; ana metin bdliimleri, kaynaklar, tablolar ve sekiller.

6. Yaymlanmak iizere gonderilen makale ile birlikte yazar bilgilerini iceren kapak sayfasi gonderilmelidir. Kapak sayfasinda, makalenin
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baslig1, yazar veya yazarlarin bagl bulunduklar1 kurum ve unvanlari, kendilerine ulasilabilecek adresler, cep, is ve faks numaralari,
ORCID ve e-posta adresleri yer almalidir (bkz. Son Kontrol Listesi).

7. Referanslar APA 6 stiline uygun olarak hazirlanmalidir.

KAYNAKLAR
Referans Stili ve Formati

Acta INFOLOGICA (ACIN), metin i¢i alintilama ve kaynak gosterme i¢in APA (American Psychological Association) kaynak sitilinin 6.
edisyonunu benimser. APA 6.Edisyon hakkinda bilgi i¢in:

- American Psychological Association. (2010). Publication manual of the American Psychological Association (6™ ed.). Washington, DC: APA.
- http://www.apastyle.org/
Kaynaklarin dogrulugundan yazar(lar) sorumludur. Tiim kaynaklar metinde belirtilmelidir. Kaynaklar agagidaki 6rneklerdeki gibi gosterilmelidir.

Metin i¢inde Kaynak Gosterme
Kaynaklar metinde parantez i¢inde yazarlarin soyadi ve yayin tarihi yazilarak belirtilmelidir. Birden fazla kaynak gosterilecekse kaynaklar
arasinda (;) igareti kullanilmalidir. Kaynaklar alfabetik olarak siralanmalidir.

Ornekler:

Birden fazla kaynak;

(Esin ve ark., 2002; Karasar 1995)
Tek yazarl kaynak;

(Akyolcu, 2007)

Tki yazarl kaynak;

(Sayner ve Demirci, 2007, s. 72)
Ug, dért ve bes yazarl kaynak,
Metin iginde ilk kullanimda: (Ailen, Ciambrune ve Welch, 2000, s. 12—13) Metin iginde tekrarlayan kullanimlarda: (Ailen ve ark., 2000)
Alti ve daha ¢ok yazarli kaynak;
(Cavdar ve ark., 2003)

Kaynaklar Boliimiinde Kaynak Gosterme
Kullanilan tiim kaynaklar metnin sonunda ayr1 bir boliim halinde yazar soyadlarina gore alfabetik olarak numaralandirilmadan verilmelidir.
Kaynak yazimu ile ilgili 6rnekler asagida verilmistir.

Kitap

a) Tiirkge Kitap

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8.bs). Ankara: 3A Egitim Danismanlik Ltd.

b) Tiirk¢eye Cevrilmis Kitap

Mucchielli, A. (1991). Zihniyetler (A. Kotil, Cev.). Istanbul: iletisim Yayinlar1.

¢) Editorlii Kitap

Oren, T., Uney, T. ve Célkesen, R. (Ed.). (2006). Tiirkiye bilisim ansiklopedisi. istanbul: Papatya Yayincilik.

d) Cok Yazarh Tiirkce Kitap

Tonta, Y., Bitirim, Y. ve Sever, H. (2002). Tiirk¢e arama motorlarinda performans degerlendirme. Ankara: Total Bilisim.

e) Ingilizce Kitap

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

) Ingilizce Kitap Icerisinde Boliim

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures in theory (pp.
220-237). Edinburgh, UK: Edinburgh University Press.

g) Tiirk¢e Kitap Igerisinde Boliim

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme yonetimi ve liderlikteki 6nemi. M. Zencirkiran (Ed.), Orgiit sosyolojisi
kitabi iginde (s. 233-263). Bursa: Dora Basim Yayn.
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h) Yayimcimin ve Yazarin Kurum Oldugu Yayin

Tiirk Standartlar1 Enstitiisii. (1974). Adlandirma ilkeleri. Ankara: Yazar.

Makale

a) Tiirk¢e Makale

Mutlu, B. ve Savaser, S. (2007). Cocugu ameliyat sonras1 yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma girisimleri. Istanbul
Universitesi Florence Nightingale Hemgirelik Dergisi, 15(60), 179-182.

b) Ingilizce Makale

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society, 10(2), 149-173.
http://dx.doi.org/10.1177/0957926599010002002

¢) Yediden Fazla Yazarli Makale

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman, T. C. (2015). Efficacy of
an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372, 2087-2096. http://dx.doi.
org/10.1056/NEJMoal501184

d) DOI'si Olmayan Online Edinilmis Makale

Al, U. ve Dogan, G. (2012). Hacettepe Universitesi Bilgi ve Belge Yonetimi Béliimii tezlerinin atif analizi. Tiirk Kiitiiphaneciligi,
26, 349-369. Erigim adresi: http://www.tk.org.tr/

e) DOI'si Olan Makale

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical Services
Quarterly, 27, 261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Olarak Yayimlanmis Makale

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online publication. http://dx.doi.
org/10.1037/a45d7867

g) Popiiler Dergi Makalesi

Semercioglu, C. (2015, Haziran). Siradanligin rayihasi. Sabit Fikir, 52, 38-39.

Tez, Sunum, Bildiri

a) Tiirkge Tezler

Sar1, E. (2008). Kiiltiir kimlik ve politika: Mardin’de kiiltiirlerarasilik. (Doktora Tezi). Ankara Universitesi Sosyal Bilimler Enstitiisii, Ankara.

b)Ticari Veritabaninda Yer Alan Yiiksek Lisans Ya da Doktora Tezi

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available from ProQuest Dissertations
and Theses. (UMI No. 9943436)

¢) Kurumsal Veritabaninda Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Yaylali-Y1ldiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cultural practices in
Ege University (Doctoral dissertation). Retrieved from: Retrieved from http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali

d) Web’de Yer Alan Ingilizce Yiiksek Lisans/Doktora Tezi

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of California, Berkeley).
Retrieved from http://yunus.hacettepe.edu.tr/~tonta/yayinlar/phd/ickapak.html

e) Dissertations Abstracts International’da Yer Alan Yiiksek Lisans/Doktora Tezi

Appelbaum, L. G. (2005). Three studies of human information processing: Texture amplification, motion representation, and figure-
ground segregation. Dissertation Abstracts International: Section B. Sciences and Engineering, 65(10), 5428.

f) Sempozyum Katkist

Krinsky-McHale, S. J., Zigman, W. B., & Silverman, W. (2012, August). Are neuropsychiatric symptoms markers of prodromal
Alzheimer’s disease in adults with Down syndrome? In W. B. Zigman (Chair), Predictors of mild cognitive impairment, dementia,
and mortality in adults with Down syndrome. Symposium conducted at American Psychological Association meeting, Orlando, FL.

g) Online Olarak Erisilen Konferans Bildiri Ozeti

Crnar, M., Dogan, D. ve Seferoglu, S. S. (2015, Subat). Egitimde dijital araglar: Google smif uygulamasi iizerine bir degerlendirme [Oz].
Akademik Bilisim Konferansinda sunulan bildiri, Anadolu Universitesi, Eskisehir. Erisim adresi: http://ab2015.anadolu.edu.tr /index.
php?menu=>5&submenu=27

h) Diizenli Olarak Online Yayimlanan Bildiriler

Herculano-Houzel, S., Collins, C. E., Wong, P., Kaas, J. H., & Lent, R. (2008). The basic nonuniformity of the cerebral cortex. Proceedings
of the National Academy of Sciences, 105, 12593—-12598. http://dx.doi.org/10.1073/pnas.0805417105

i) Kitap Seklinde Yayimlanan Bildiriler

Schneider, R. (2013). Research data literacy. S. Kurbanoglu ve ark. (Ed.), Communications in Computer and Information Science: Vol.
397. Worldwide Communalities and Challenges in Information Literacy Research and Practice iginde (s. 134—140). Cham, Isvicre:
Springer. http://dx.doi.org/10.1007/978-3-319-03919-0
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) Kongre Bildirisi
Cepni, S., Bacanak A. ve Ozsevgeg T. (2001, Haziran). Fen bilgisi dgretmen adaylarmin fen branslarina karsi tutumlari ile fen
branslarindaki basarilarinn iliskisi. X. Ulusal Egitim Bilimleri Kongresi’nde sunulan bildiri, Abant izzet Baysal Universitesi, Bolu

Diger Kaynaklar

a) Gazete Yazist

Toker, C. (2015, 26 Haziran). ‘Unutma’ notlart. Cumhuriyet, s. 13.

b) Online Gazete Yazisi

Tamer, M. (2015, 26 Haziran). E-ticaret hamle yapmak i¢in tiiketiciyi bekliyor. Milliyet. Erisim adresi: http://www.milliyet

c) Web Page/Blog Post

Bordwell, D. (2013, June 18). David Koepp: Making the world movie-sized [Web log post]. Retrieved from http://www.davidbordwell.
net/blog/page/27/

d) Online Ansiklopedi/Sozliik

Bilgi mimarisi. (2014, 20 Aralik). Vikipedi i¢inde. Erigsim adresi: http://tr.wikipedia.org/wiki/Bilgi mimarisi

Marcoux, A. (2008). Business ethics. In E. N. Zalta (Ed.), The Stanford encyclopedia of philosophy. Retrieved from http://plato.stanford.
edu/entries/ethics-business/

e) Podcast

Radyo ODTU (Yapimecr). (2015, 13 Nisan). Modern sabahlar [Podcast]. Erisim adresi: http://www.radyoodtu.com.tr/

) Bir Televizyon Dizisinden Tek Bir Béliim

Shore, D. (Senarist), Jackson, M. (Senarist) ve Bookstaver, S. (Yonetmen). (2012). Runaways [Televizyon dizisi boliimii]. D. Shore (Bag
yapimc1), House M.D. i¢inde. New York, NY: Fox Broadcasting.

g) Miizik Kaydi

Say, F. (2009). Galata Kulesi. Istanbul senfonisi [CD] iginde. Istanbul: Ak Miizik.
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DESCRIPTION

Acta INFOLOGICA (ACIN) is the publication of Informatics Department of the Istanbul University. It is an open access, scholarly, peer-
reviewed journal published biannually in June and December. The journal was founded in 2017.

AIM AND SCOPE

ACIN aims to contribute to the scientific community interested in the field of informatics and aims to provide a platform for researchers
exploring issues based on the concepts of data-information-knowledge, information and communication technologies and applications. The
journal welcomes multidisciplinary studies regarding the field as well.

The areas of study covered in the scope of ACIN are in below;
Intelligent Systems

Information Security and Law

Knowledge Management

Computer Networks

Computer Architecture

Information Systems

Bioinformatics

Geographic Information Systems

E-Applications

Internet Technologies

Decision Support Systems and Business Intelligence
Microcontroller and Applications

Mobile Systems

Modeling and Optimization

Project Management

Social and Digital Media

Data Mining

Database Systems

Artificial Intelligence and Machine Learning

Software Engineering
EDITORIAL POLICIES AND PEER REVIEW PROCESS
Publication Policy

The subjects covered in the manuscripts submitted to the Journal for publication must be in accordance with the aim and scope of the
journal. The journal gives priority to original research papers submitted for publication.

General Principles

Only those manuscripts approved by its every individual author and that were not published before in or sent to another journal, are
accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After plagiarism check, the eligible ones
are evaluated by editor-in-chief for their originality, methodology, the importance of the subject covered and compliance with the journal scope.

Short presentations that took place in scientific meetings can be referred if indicated in the article. The editor hands over the papers matching
the formal rules to at least two national/international referees for evaluation and gives green light for publication upon modification by the
authors in accordance with the referees’ claims. Changing the name of an author (omission, addition or order) in papers submitted to the
Journal requires written permission of all declared authors. Refused manuscripts and graphics are not returned to the author.
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OPEN ACCESS STATEMENT

Acta INFOLOGICA (ACIN) is an open access journal which means that all content is freely available without charge to the user or his/her
institution. Except for commercial purposes, users are allowed to read, download, copy, print, search, or link to the full texts of the articles
in this journal without asking prior permission from the publisher or the author.

The articles in ACIN are open access articles licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC 4.0) license (https://creativecommons.org/licenses/by-nc/4.0/deed.en )

Article Processing Charge
All expenses of the journal are covered by the Istanbul University. Processing and publication are free of charge with the journal. There is
no article processing charges or submission fees for any submitted or accepted articles.

Peer Review Process

Only those manuscripts approved by its every individual author and that were not published before in or sent to another journal, are
accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After plagiarism check, the
eligible ones are evaluated by Editor-in-Chief for their originality, methodology, the importance of the subject covered and compliance
with the journal scope. Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual
orientation, citizenship, religious belief or political philosophy of the authors and ensures a fair double-blind peer review of the selected
manuscripts.

The selected manuscripts are sent to at least two national/international referees for evaluation and publication decision is given by Editor-
in-Chief upon modification by the authors in accordance with the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is responsible for final decision for
publication of the manuscripts in the Journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected while conducting the review.

- Does the manuscript contain new and significant information?

- Does the abstract clearly and accurately describe the content of the manuscript?
- Is the problem significant and concisely stated?

- Are the methods described comprehensively?

- Are the interpretations and consclusions justified by the results?

- Is adequate references made to other Works in the field?

- Is the language acceptable?

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report to the editor if they
are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible should notify the
editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction. The reviewers
and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees is important.

COPYRIGHT NOTICE

Authors publishing with Acta INFOLOGICA (ACIN) retain the copyright to their work, licensing it under the Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) license that gives permission to copy and redistribute the material in any
medium or format other than commercial purposes as well as remix, transform and build upon the material by providing appropriate credit
to the original work.
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PUBLICATION ETHICS AND PUBLICATION MALPRACTICE STATEMENT

Acta INFOLOGICA (ACIN) is committed to upholding the highest standards of publication ethics and pays regard to Principles of
Transparency and Best Practice in Scholarly Publishing published by the Committee on Publication Ethics (COPE), the Directory of Open
Access Journals (DOAJ), to access the Open Access Scholarly Publishers Association (OASPA), and the World Association of Medical
Editors (WAME) on https://publicationethics.org/resources/guidelines-new/principles-transparency-and-best-practice-scholarly-publishing

All parties involved in the publishing process (Editors, Reviewers, Authors and Publishers) are expected to agree on the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not under the review of any other
publication synchronously. Each manuscript is reviewed by one of the editors and at least two referees under double-blind peer review
process. Plagiarism, duplication, fraud authorship/denied authorship, research/data fabrication, salami slicing/salami publication, breaching
of copyrights, prevailing conflict of interest are unnethical behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the publication. This also contains any possible
malpractice discovered after the publication. In accordance with the code of conduct we will report any cases of suspected plagiarism or
duplicate publishing.

RESEARCH ETHICS

Acta INFOLOGICA (ACIN) adheres to the highest standards in research ethics and follows the principles of international research ethics
as defined below. The authors are responsible for the compliance of the manuscripts with the ethical rules.

- Principles of integrity, quality and transparency should be sustained in designing the research, reviewing the design and conducting the
research.

- The research team and participants should be fully informed about the aim, methods, possible uses and requirements of the research
and risks of participation in research.

- The confidentiality of the information provided by the research participants and the confidentiality of the respondents should be
ensured. The research should be designed to protect the autonomy and dignity of the participants.

- Research participants should participate in the research voluntarily, not under any coercion.
- Any possible harm to participants must be avoided. The research should be planned in such a way that the participants are not at risk.
- The independence of research must be clear; and any conflict of interest or must be disclosed.

- Inexperimental studies with human subjects, written informed consent of the participants who decide to participate in the research must
be obtained. In the case of children and those under wardship or with confirmed insanity, legal custodian’s assent must be obtained.

- If'the study is to be carried out in any institution or organization, approval must be obtained from this institution or organization.

- In studies with human subject, it must be noted in the method’s section of the manuscript that the informed consent of the participants
and ethics committee approval from the institution where the study has been conducted have been obtained.

AUTHOR RESPONSIBILITIES

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical standards and rules. And authors must ensure
that submitted work is original. They must certify that the manuscript has not previously been published elsewhere or is not currently being
considered for publication elsewhere, in any language. Applicable copyright laws and conventions must be followed. Copyright material
(e.g. tables, figures or extensive quotations) must be reproduced only with appropriate permission and acknowledgement. Any work or
words of other authors, contributors, or sources must be appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the manuscript. The author(s) of the
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original research articles is defined as a person who is significantly involved in “conceptualization and design of the study”, “collecting
the data”, “analyzing the data”, “writing the manuscript”, “reviewing the manuscript with a critical perspective” and “planning/conducting
the study of the manuscript and/or revising it”. Fund raising, data collection or supervision of the research group are not sufficient roles
to be accepted as an author. The author(s) must meet all these criteria described above. The order of names in the author list of an article
must be a co-decision and it must be indicated in the Copyright Transfer Form. The individuals who do not meet the authorship criteria
but contributed to the study must take place in the acknowledgement section. Individuals providing technical support, assisting writing,

providing a general support, providing material or financial support are examples to be indicated in acknowledgement section.
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All authors must disclose all issues concerning financial relationship, conflict of interest, and competing interest that may potentially
influence the results of the research or scientific judgment.

When an author discovers a significant error or inaccuracy in his/her own published paper, it is the author’s obligation to promptly
cooperate with the Editor to provide retractions or corrections of mistakes.

RESPONSIBILITY FOR THE EDITOR AND REVIEWERS

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual orientation, citizenship,
religious belief or political philosophy of the authors. He/She provides a fair double-blind peer review of the submitted articles for
publication and ensures that all the information related to submitted manuscripts is kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages or make corrections
when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the full authority to assign
a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.

Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report to the editor if they
are aware of copyright infringement and plagiarism on the author’s side.

A reviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible should notify the
editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged interaction. The reviewers
and editorial board cannot discuss the manuscripts with other persons. The anonymity of the referees must be ensured. In particular
situations, the editor may share the review of one reviewer with other reviewers to clarify a particular point.

MANUSCRIPT ORGANIZATION

LANGUAGE

The language of the journal is both Turkish and American English.
Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript is to be submitted online via http://
dergipark.gov.tr/login that can be accessed at http:/acin.istanbul.edu.tr and it must be accompanied by a title page specifying the article
category (i.e. research article, review etc.) and including information about the manuscript (see the Submission Checklist) and cover letter
to the editor. Manuscripts should be prepared in Microsoft Word 2003 and upper versions. In addition, Copyright Transfer Form that has to
be signed by all authors must be submitted.

1. Use ACIN article document as a template if you are using Microsoft Word 6.0 or upper versions. Otherwise, use this document as an
instruction set.

2. The first letters of words in the article title should be written in uppercase; the entire title should not be capitalized. Avoid writing
formulas in the title. Do not write “(Invited)” or similar expressions in the title.

3. The abstract must be between 150-250 words and written as one paragraph. It should not contain displayed mathematical equations
or tabular material. The abstract should include three or four different keywords or phrases, as this will help readers to find it. It is
important to avoid over-repetition of such phrases as this can result in a page being rejected by search engines. Ensure that your abstract
reads well and is grammatically correct.

4. Underneath the abstracts, 3 keywords that inform the reader about the content of the study should be specified. Keywords must
be defined by taking into consideration authorities like “TR Dizin Anahtar Terimler Listesi”, “Medical Subject Headings”, “CAB
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Theasarus”, “JISCT, “ERIC”, etc.
The manuscripts should contain mainly these components: title, abstract and keywords; sections, references, tables and figures.

6. Atitle page including author information must be submitted together with the manuscript. The title page is to include fully descriptive
title of the manuscript and, affiliation, title, e-mail address, ORCID, postal address, phone, mobile phone and fax number of the
author(s) (see The Submission Checklist).

7. References should be prepared as APA 6th edition.

REFERENCES
Reference Style and Format

Acta INFOLOGICA (ACIN) complies with APA (American Psychological Association) style 6th Edition for referencing and quoting. For
more information:

- American Psychological Association. (2010). Publication manual of the American Psychological Association (6™ ed.). Washington, DC: APA.
- http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references should be cited in text. Reference list must be in alphabetical order. Type
references in the style shown below.

Citations in the Text
Citations must be indicated with the author surname and publication year within the parenthesis.
If more than one citation is made within the same paranthesis, separate them with (;).

Samples:
More than one citation,
(Esin, et al., 2002; Karasar, 1995)
Citation with one author;
(Akyolcu, 2007)
Citation with two authors;
(Saymer & Demirci, 2007)
Citation with three, four, five authors;
First citation in the text: (Ailen, Ciambrune, & Welch, 2000) Subsequent citations in the text: (Ailen, et al., 2000)
Citations with more than six authors;
(Cavdar, et al., 2003)

Citations in the Reference
All the citations done in the text should be listed in the References section in alphabetical order of author surname without numbering.
Below given examples should be considered in citing the references.

Basic Reference Types

Book

a) Turkish Book

Karasar, N. (1995). Arastirmalarda rapor hazirlama (8" ed.) [Preparing research reports]. Ankara, Turkey: 3A Egitim Danigmanlik Ltd.

b) Book Translated into Turkish

Mucchielli, A. (1991). Zihniyetler [Mindsets] (A. Kotil, Trans.). Istanbul, Turkey: iletisim Yaynlari.

¢) Edited Book

Oren, T., Uney, T., & Colkesen, R. (Eds.). (2006). Tiirkiye bilisim ansiklopedisi [ Turkish Encyclopedia of Informatics]. Istanbul, Turkey:
Papatya Yayincilik.

d) Turkish Book with Multiple Authors

Tonta, Y., Bitirim, Y., & Sever, H. (2002). Tiirk¢e arama motorlarinda performans degerlendirme [Performance evaluation in Turkish
search engines]. Ankara, Turkey: Total Biligim.

e) Book in English

Kamien R., & Kamien A. (2014). Music: An appreciation. New York, NY: McGraw-Hill Education.

1) Chapter in an Edited Book

Bassett, C. (2006). Cultural studies and new media. In G. Hall & C. Birchall (Eds.), New cultural studies: Adventures in theory (pp.
220-237). Edinburgh, UK: Edinburgh University Press.
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g) Chapter in an Edited Book in Turkish

Erkmen, T. (2012). Orgiit kiiltiirii: Fonksiyonlari, 6geleri, isletme y&netimi ve liderlikteki dnemi [Organization culture: Its functions,
elements and importance in leadership and business management]. In M. Zencirkiran (Ed.), Orgiit sosyolojisi [Organization sociology]
(pp- 233-263). Bursa, Turkey: Dora Basim Yayin.

h) Book with the same organization as author and publisher

American Psychological Association. (2009). Publication manual of the American psychological association (6" ed.). Washington, DC: Author.

Article

a) Turkish Article

Mutlu, B., & Savaser, S. (2007). Cocugu ameliyat sonrast yogun bakimda olan ebeveynlerde stres nedenleri ve azaltma girisimleri
[Source and intervention reduction of stress for parents whose children are in intensive care unit after surgery]. Istanbul University
Florence Nightingale Journal of Nursing, 15(60), 179-182.

b) English Article

de Cillia, R., Reisigl, M., & Wodak, R. (1999). The discursive construction of national identity. Discourse and Society, 10(2), 149-173.
http://dx.doi.org/10.1177/0957926599010002002

¢) Journal Article with DOI and More Than Seven Authors

Lal, H., Cunningham, A. L., Godeaux, O., Chlibek, R., Diez-Domingo, J., Hwang, S.-J. ... Heineman, T. C. (2015). Efficacy of
an adjuvanted herpes zoster subunit vaccine in older adults. New England Journal of Medicine, 372, 2087-2096. http://dx.doi.
org/10.1056/NEJMoal501184

d) Journal Article from Web, without DOI

Sidani, S. (2003). Enhancing the evaluation of nursing care effectiveness. Canadian Journal of Nursing Research, 35(3), 26-38.
Retrieved from http://cjnr.mcgill.ca

e) Journal Article wih DOI

Turner, S. J. (2010). Website statistics 2.0: Using Google Analytics to measure library website effectiveness. Technical Services
Quarterly, 27, 261-278. http://dx.doi.org/10.1080/07317131003765910

f) Advance Online Publication

Smith, J. A. (2010). Citing advance online publication: A review. Journal of Psychology. Advance online publication. http://dx.doi.
org/10.1037/a45d7867

g) Article in a Magazine

Henry, W. A_, I1I. (1990, April 9). Making the grade in today’s schools. Time, 135, 28-31.

Doctoral Dissertation, Master’s Thesis, Presentation, Proceeding

a) Dissertation/Thesis from a Commercial Database

Van Brunt, D. (1997). Networked consumer health information systems (Doctoral dissertation). Available from ProQuest Dissertations
and Theses database. (UMI No. 9943436)

b) Dissertation/Thesis from an Institutional Database

Yaylali-Yildiz, B. (2014). University campuses as places of potential publicness: Exploring the politicals, social and cultural practices
in Ege University (Doctoral dissertation). Retrieved from Retrieved from: http://library.iyte.edu.tr/tr/hizli-erisim/iyte-tez-portali

¢) Dissertation/Thesis from Web

Tonta, Y. A. (1992). An analysis of search failures in online library catalogs (Doctoral dissertation, University of California, Berkeley).
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