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Abstract

In this study, the growth and fruit characteristics of two species of maquis, one of the Mediterranean maquis, were determined. The
average individual height of Crataegus orientalis Pall. ex M. Bieb. subsp. orientalis individuals was 2.99 m, the average crown
diameter was 2.13 m, and the average number of branches was 2, the average individual height of the Crataegus monogyna Jacg. var.
monogyna individuals was 3.17 m, the average crown diameter was 2.35 m, and the average number of branches was 2.8. While the
number of fruits in C. orientalis species was 295.82 and fruit weight was 1.72-3.37 ¢, the number of fruits in C. monogyna species
was 4274.5 and fruit weight was 0.33-0.90 g. As a result of the analysis of variance applied to compare the growth characteristics of
the study according to the aspects, it was determined that there was no statistically significant (p>0.05) difference between the aspect
groups in terms of height, crown diameter, and the number of branches in C. orientalis. In C. monogyna, while there was no
statistically significant difference between the aspect groups in terms of height and crown diameter, there was a statistically significant
difference in the number of branches. As a result of the analysis of variance applied to compare the aspects in terms of fruit
characteristics, it was observed that there was a statistically significant difference (p<0.05) between the aspect groups in terms of fruit
number and fruit weight in C. orientalis. At the same time, there was no significant difference in C. monogyna. According to the
correlation analysis performed, it was determined that the relationship between the number of branches and the height character was
insignificant for both species, and all other characters were statistically positively correlated with each other at the 0.01 significance
level. Hawthorn species have an ethnobotanical feature used for various purposes such as food, medicinal, ornamental, etc. Local
people also benefit from these features in the region where the study area is located. They use their fruits to make jam, marmalade,
and vinegar, consume their leaves and flowers as tea, and use them for decorating their homes. It is thought that by studying the
growth and fruit characteristics of hawthorn species, the necessary data will be provided for easy cultivation of this species, and a base
for further studies will be formed by learning about their local uses.

Keywords: Crataegus, Fruit, Growth, Hawthorn, Isparta.

Isparta Kent Ormaninda Bulunan Crataegus Tiirleri

Oz

Bu ¢alismada, Akdeniz maki elemanlarindan biri olan alicin iki tiiriine ait biiyiime ve meyve 6zellikleri belirlenmistir. Crataegus
orientalis Pall. ex M.Bieb. subsp. orientalis bireylerine ait ortalama birey boyu 2.99 m, ortalama tepe ¢ap1 2.13 m ve ortalama dal
sayis1 2 adet olarak, Crataegus monogyna Jacg. var. monogyna bireylerine ait ortalama birey boyu 3.17 m, ortalama tepe ¢ap1 2.35 m
ve ortalama dal sayis1 2.8 adet bulunmustur. C. orientalis tiiriinde meyve sayisi1 295.82 adet ve meyve agirhigi 1.72-3.37 g bulunurken,
C. monogyna tiiriinde meyve sayisi 4274.5 adet ve meyve agirligi 0.33- 0.90 g bulunmustur. Bakilara gore ¢alismaya konu biiyiime
Ozelliklerinin karsilagtirilmasi amaciyla uygulanan varyans analizi sonucunda C. orientalis tiiriinde boy, tepe c¢ap1 ve dal sayisi
bakimindan baki gruplari arasinda istatistiksel bakimdan anlamli (p>0.05) fark olmadig: belirlenmistir. C. monogyna tiiriinde ise boy
ve tepe ¢ap1 bakimindan baki gruplari arasinda istatistiksel bakimdan anlamli fark bulunmazken dal sayis1 bakimindan istatistiksel
bakimdan anlamli bir fark oldugu belirlenmistir. Bakilarin meyve 6zellikleri bakimindan karsilastirilmasi amaciyla uygulanan varyans
analizi sonucunda C. orientalis tiirlinde meyve sayisi ve meyve agirligi bakimindan baki gruplari arasinda istatistiksel bakimdan
anlamli fark oldugu (p<0.05) ortaya ¢ikarken, C. monogyna tiirlinde ise anlamli bir fark olmadigi goriilmiistiir. Gergeklestirilen

* Sorumlu Yazar: mervenacakci@isparta.edu.tr
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korelasyon analizine gore, her iki tiir i¢in de dal sayis1 ve boy karakteri arasindaki iligskinin anlamsiz oldugu, diger tiim karakterlerin
istatistiksel agidan 0.01 6nem diizeyinde birbirleri ile pozitif yonde iligkili olduklar1 belirlenmistir. Ali¢ tiirleri, gida, tibbi, siis vb.
amaglarla kullanimi bulunan etnobotaniksel 6zellige sahiptir. Calisma alaninin bulundugu yorede de yore halki bu 6zelliklerinden
faydalanmaktadir. Meyvelerini regel, marmelat, sirke yapiminda kullanmakta, yaprak ve cigeklerini ¢ay olarak tiiketmekte ve
evlerinde dekorasyon amaglh kullanmaktadirlar. Alig tiirlerinin bilyiime ve meyve 6zelliklerinin ¢alisilmasi ile bu tiirtin kiiltiiriiniin
kolay yapilmasi icin gerekli olan verilerin saglanacagi, yoresel kullanimlarinin 6grenilmesi ile daha sonraki yapilacak caligmalar igin

altlik olusturulacag diisiiniilmektedir.

Anahtar Kelimeler: Alig, Biiylime, Crataegus, Meyve, Isparta.

1. Introduction

People have tried to treat many diseases with herbs from the
past to the present. Because the drugs produced with the
developing medicine and technology have many side effects and
benefits, some people try to treat their diseases primarily herbal.
Some people also refer to plants as a supplementary source of
supportive treatment in addition to the drugs they use. These
orientations of people show that plants have a significant place
today and in the past (Bulut, 2006). The Hawthorn plant is also
an important species with ethnobotanical features that have been
used for various purposes from past to present. However, this
species is often undervalued. This species, which is not planted
and planted much in our country, is mainly grafted and used as
rootstock for fruits such as apples and pears (Gokbunar, 2007).
Hawthorn fruits are one of the essential plants in the food
industry because they contain minerals such as calcium,
potassium, and magnesium and protein and oil values (Ozcan et
al., 2005). Besides being consumed as food, hawthorn fruits are
also used for medicinal purposes (Venskutonis, 2018; Wang et
al., 2015). Hawthorn fruits have antioxidant, antimicrobial, and
antibacterial properties, and there are many studies on this
subject (Guven et al., 2006; Ebrahimzadeh and Bahramian,
2009; Bahorun et al., 2003; Kirakosyan et al., 2003). It is also
known to treat diseases such as anti-aging, Alzheimer's, diabetes,
cancer, hyperglycemia, hypertension, and anxiety (Salehi et al.,
2009; Nazhand et al., 2020). In addition, hawthorn grows in
many regions of the world, such as North America, Europe,
North Africa, and Australia, due to its high plasticity. It is known
for its resistance to harsh climates and is one of the species we
need and will need in the future regarding climate change due to
global warming. Due to its widespread, it is possible to cultivate
it quickly (Hobbs et al., 1990). Hawthorn is under the Crataegus
genus of the Rosaceae family, and it is known that there are a
total of 1060 species in the world. In our country, 21 of these
species grow naturally, and only 2 of them are planted or planted
(Doénmez, 2003). The most common hawthorn species in our
country is C. monogyna, C. oxyacantha, C. orientalis, and C.
aronia species are also common (Gokbunar, 2007). The growth
and fruit characteristics of two of the most common hawthorn
species in Turkey (C. monogyna and C. orientalis) were
discussed in this study. In addition, it is aimed to raise awareness
about the importance of these species by mentioning their
ethnobotanical characteristics.

2. Materials and Methods

Isparta, the province where the study area is located 37° 45" 53"
North, 30° 33’ 24" East in the north of the Mediterranean Region
in the Lakes region (Figure 1). Afyon in the northwest of Isparta,
Burdur in the southwest, Antalya in the south, and Konya in the
southeast. Its altitude is on average 1050 meters. Since Isparta is
located in the transition zone between the Mediterranean and
continental climates, the characteristics of both climates are seen

e-1SSN: 2148-2683

in the region (Anonymous, 2021). The coldest months of the
year are January-February, and the hottest months are July-
August. The annual average precipitation in Isparta province is
569.4 mm, and the annual average temperature is 12.3°C
(MGM, 2021). In the province of Isparta, there are forests
consisting of trees such as red pine, black pine, cedar and,
juniper, oak, together with the maquis elements unique to the
Mediterranean.

Figure 1. Study area

Legend
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The study area is located in the city center of Isparta, within the
boundaries of the urban forest. In the study area, Crataegus
orientalis Pall. Ex M. Bieb. subsp. orientalis and Crataegus
monogyna Jacq. monogyna species were detected (Figure 2). C.
orientalis Pall. ex M. Bieb. subsp. orientalis are shrubs or shrubs
that can grow up to 3-5 m. The leaf margins are coarsely
toothed; the fruits are spherical yellow and reddish-orange.
Flowering occurs in May-June, while fruits ripen in September-
October. C. monogyna Jacg. var. monogyna are thorny shrubs or
trees that can grow up to 10 m tall. Its leaves are ovoid, divided
into 3-5 lobes, and its fruits are spherical red. Flowering occurs
in April-May, while fruits ripen in September-October. Within
the scope of this study, tree height, crown diameter, the humber
of branches, fruit number, and fruit weight characteristics of
individuals of these two Crataegus species were determined.
The local view was taken as the basis for the view of individuals.
As for the number of branches, the number of branches
emerging from the main trunk is taken as a basis. The measured
characters were first evaluated according to the aspect, and then
the relations of all the characters with each other were examined.
Analysis of variance was used to evaluate the characters
according to the aspect, and correlation analysis was used to
determine the relationship between the characters.
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Figure 2. Individuals in the study area (al-a2: C. orientalis, b1-
b2: C. monogyna)

3. Results and Discussion

3.1. Growth characteristics of C. orientalis subsp.
orientalis growth characteristics of individuals

It was observed that the measured height, crown diameter, and
the number of branches were highest in the south and lowest in
the individuals in the west (Table 1). The average individual
height was 2.99 m, the average crown diameter was 2.13 m, and
the average number of branches was 2. As a result of the analysis
of variance applied to compare the growth characteristics of the
study according to the aspects, it was determined that there was
no statistically significant (p>0.05) difference between the
aspect groups in terms of height, crown diameter, and the
number of branches.

3.2. Fruit characteristics of C. orientalis subsp.
orientalis individuals

In terms of fruit number and fruit weight characteristics, it was
determined that individuals in the south aspect were the best
(Table 2). It was determined that the lowest fruit number was in
the individuals in the west and the lowest fruit weight in the
individuals in the north. As a result of the analysis of variance
applied to compare the aspects in terms of the characteristics that

are the subject of the study, it was found that there was a
statistically significant (p<0.05) difference between the aspect
groups in terms of fruit number and fruit weight.

3.3. Growth characteristics of C. monogyna subsp.
monogyna individuals

The measured height values were found in the highest
individuals in the north and the lowest in the individuals in the
east (Table 3). In terms of crown diameter, it was determined
that the individuals with the largest diameter in the west, the
individuals in the east had the least. Regarding the number of
branches, it was determined that the individuals with the highest
number of branches were found in the south, while the
individuals with the least number of branches were found in the
west. The average individual height was 3.17 m, the average
crown diameter was 2.35 m, and an average number of branches
was 2.8. As a result of the analysis of variance applied to
compare the growth characteristics of the study according to the
aspects, it was revealed that there was no statistically significant
(p>0.05) difference between the looks in terms of height and
crown diameter. However, it was determined that there was a
statistically significant (p<0.05) difference between the view
groups in terms of the number of branches.

3.4. Fruit characteristics of C. monogyna subsp.
monogyna individuals

Regarding fruit number and fruit weight characteristics, the
highest values were observed in individuals from the south
aspect, while the lowest values were observed in individuals
from the west (Table 4). As a result of the analysis of variance
applied to compare the aspects in terms of the characteristics of
the study, it was determined that there was no statistically
significant (p>0.05) difference between the aspect groups in
terms of fruit number and fruit weight.

3.5. Relationships between characters

According to the correlation analysis performed on C. orientalis
individuals, it was determined that the relationship between the
number of branches and the height character was insignificant.
All other characters were statistically positively correlated at the
0.01 significance level (Table 5). According to the correlation
analysis performed in C. monogyna individuals, it was
determined that the relationship between the number of branches
and the height character was insignificant. All other characters
were statistically positively correlated at the 0.01 significance
level (Table 6).

Table 1. Height (H), crown diameter (CD) and number of branches (BN) values according to aspects (C. orientalis)

H CD BN
Aspect E W N S E W N S E W N S
Average 3.01 249  3.03 344  2.06 161 230 2.54 1.80 1.80 200 240
Min. 2.60 150 2.20 205 090 0.60 0.90 0.70 1.00 1.00 1.00 1.00
Max. 3.60 6.00 4.20 6.40 4.00 500 3.50 380 300 3.00 300 5.00
Std. Dev. 0.32 133 054 1.24 112 136 094 1.00 0.79 092 082 1.17
e-1SSN: 2148-2683 3
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Table 2. Number of fruits (FN) and fruit weight (FW) values by aspect (C. orientalis)

FN FW

Aspect E W N S E W N S
Average 263.0 222.9 216.9 480.5 530.6 535.46 492.82 1244.72
Min. 105.0 67.0 75.0 90.0 180.31 167.03 145.67 182.64
Max. 595.0 695.0 435.0 1125.0 1092.39  1346.95 964.9 2769.18
Std. Dev. 145.59 194.07  110.99 342.95 306.05 402.11 263.0 916.02

Table 3. Height (H), crown diameter (CD) and number of branches (BN) values according to aspects (C. monogyna)

H CD BN

Aspect E w N S E w N S E w N S
Average 288 307 369 303 226 242 242 231 260 190 250 4.20
Min. 240 19 180 180 110 170 120 120 100 100 1.00 2.00
Max. 375 420 650 520 450 310 370 420 6.00 3.00 4.00 7.00
Std. Dev. 051 081 138 102 102 044 087 097 184 074 08 175

Table 4. Number of fruits (FN) and fruit weight (FW) values by aspect (C. monogyna)

FN FW

Aspect E W N S E W N S
Average 4628.0 3269.0 41470 5054.0 2133.37  1967.13 2485.33  2595.21
Min. 1950.0 210.0 670.0 1750.0 1136.89  1020.60  545.57 972.86
Max. 11120.0  5120.0 8100.0 10760.0 3656.99 3145.14 5822.83 7581.00
Std. Dev. 2525.02 977.03 2260.48 3452.92 796.24 714.99 1552.35  2073.76

Table 5. Relationships between growth characteristics of C. orientalis Pall. ex M. Bieb. subsp. orientalis individuals and fruit yield

H CD BN FN
CD *x -
BN ns *%k _
EN *%k *%k *%k _
FW *%k *%k *%k *%k

*p <0.05, ** p <0.01

Table 6. Relationships between growth characteristics and fruit yield of C. monogyna Jacq. var. monogyna individuals

r | H CD BN FN
CD o -
BN ns *%* _
F N ** ** **% -
FW ** ** **% **%

In a study performed on red hawthorn, the average height,
crown diameter, and the number of branches in individuals were
found to be 2.34 m, 1.79 m, and 2.7, respectively (Baloglu and
Bilir, 2020b). In this study, the average height, crown diameter,
and number of branches were found to be 3.17 m, 2.35 m, and
2.8 in individuals, respectively, and showed similar results.
Ozderin (2014), in a study on Crataegus taxa, determined that
flower and fruit yields were higher in the south aspect. In this
study, flower and fruit yields of both species were found to be
high in the south. A study conducted on Rosa canina L. species
determined that there was a statistically significant and positive
relationship  between growth characteristics and fruit
characteristics (Baloglu and Bilir, 2020a). In this study, the
relationships between growth and fruit characteristics in both
species were positive and statistically significant. Bektas et al.
(2017), in a study they carried out, determined that the number
of branches emerging from the trunk of hawthorn genotypes
varied between 1-3. This study determined that the average
number of branches in C. orientalis species varied between 1-3,
and in C. monogyna species 1-7. The fruit weight of C. azarolus
L. species was between 0.81-2.14 g (Karadeniz and Kalkigim,

e-1SSN: 2148-2683

1996), fruit weight of hawthorn species was between 0.58-3.48 g
in a study carried out in Erzincan (Giindogdu et al., 2014). In the
study, fruit weight in hawthorn genotypes was between 1.54-
4.72 g (Balta et al., 2015), fruit weight was between 0.98-6.76 ¢
in natural hawthorn populations in a study conducted in Malatya
(Bektas et al., 2017), in another study conducted in Malatya. It
was determined that the fruit weight of hawthorn species varied
between 0.76-4.27 g (Ercisli et al., 2015). Similar results were
obtained in this study, and the fruit weight was found to be 1.72-
3.37 g in C. orientalis species and 0.33-0.90 g in C. monogyna
species.

4. Conclusions and Recommendations

As a result of the study, outputs on growth and fruit
characteristics of two naturally grown Crataegus species were
obtained. According to the result, it can be said that it is an ideal
view for the cultivation of southern persimmon for both species
in this and similar regions. If it is to be planted or planted, it is
thought that choosing the southern view will be more
advantageous in terms of both growth characteristics and fruit

4
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yield. It was concluded that growth and fruit characteristics were
positively related in both species. This shows that fruit yield
estimation can be made by looking at the growth characteristics.
In addition, knowing the growth and fruit characteristics and the
interaction between growth and fruit yield is essential for
cultivating this species. This study was carried out in a limited
area and with a limited number of individuals. In the case of
working in larger areas and with more individuals, more
comprehensive results can be obtained. The accuracy of
recommendations to be made can be made more precise. It is
thought that this and similar studies to be carried out both in
these two species and in other Crataegus species will reinforce
the importance of the Crataegus species and form a basis for
studies to investigate the use of Crataegus species for food and
medicinal purposes. With its flora and fauna, Isparta city forest
has particular importance to the people of Isparta. In addition to
hawthorn species, the urban forest is also home to many plant
species with ethnobotanical characteristics, such as rosehip, wild
plum, wild apple, and wild pear. Hawthorn species are also
found in large numbers in the area. According to the results of
our study, hawthorn species in the area can be collected and
consumed as food. According to the observations made in the
area, it has been seen that the local people who know the
hawthorn plant make jam, marmalade, and vinegar from the
hawthorn individuals here and collect them for decorative
purposes in their homes. They also stated that they boiled the
leaves and drank them for upper respiratory tract ailments and
cardiovascular health and boiled the flower to reduce blood
pressure. However, as a result of the interviews, it has been seen
that there are as many people who do not know as much as those
who know this plant. The use of this plant can be increased by
increasing the studies on hawthorn in these and similar regions
and introducing it to the local people. In addition, by providing
state incentives to the public to cultivate this plant, product
supply can be provided for the pharmaceutical industry.
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Oz

Biligsel yorgunluk, var olan bilissel performansi devam ettirebilmek i¢in siirekli olmayan bir yetersizlik durumudur. Biligsel yorgunluk
yapilan iste hatalarin artmasina, gesitli giivenlik zafiyetlerinin ortaya ¢ikmasina ve performans azalmasina sebep olmaktadir. Bu nedenle
biligsel yorgunlugun tespiti bazi meslek gruplari i¢in olduk¢a dnemlidir. Bu ¢aligmada, gelistirilen yeni hibrit biligsel gorev kullanilarak
yorgunluk tespit edilmeye ¢alisilmistir. Biligsel yorgunlugun tespiti amaciyla olusturulan paradigma kullanilarak toplam 8 katilimeiyla
deneyler gerceklestirilmis ve EEG sinyalleri kaydedilmistir. Kaydedilen EEG sinyalleri kullanilarak, beynin farkli bolgelerinin, farkli
frekans bantlarmin ve farklit EEG uzunluklarinin biligsel is yiikiiniiniin siniflandirmasi iizerine etkisi arastirilmistir. Yapay sinir agi
algoritmasiyla tiim elektrotlarin gama frekansina ait bant giicii ve 5 saniye uzunlugundaki EEG pargalar1 kullanilarak en yiiksek %99,49
simiflandirma dogrulugu ile biligsel yorgunluk tespit edilmistir.

Anahtar Kelimeler: Bilissel yorgunluk, EEG, Gama bandi, Siniflandirma, Yapay sinir aglart.

Detection of Cognitive Fatigue Based on Mathematical and Auditory
Tasks using Gamma Band of EEG Signals

Abstract

Cognitive fatigue is a discontinuous inability to maintain the existing cognitive performance. Cognitive fatigue causes an increase in
errors, the emergence of various security vulnerabilities, and a decrease in performance. In this study, fatigue was tried to be determined
by using the developed hybrid cognitive task. Experiments were carried out with a total of 8 participants using the paradigm created for
the detection of cognitive fatigue and EEG signals were recorded. Using the recorded EEG signals, the effects of different brain regions,
different frequency bands, and different EEG lengths on the classification of cognitive workload were investigated. In addition, band
power of EEG signals in situations with resting and cognitive workload were compared graphically. With the artificial neural network
algorithm, the highest 99.49% classification accuracy was obtained by using the band power of the gamma frequency of all electrodes
and the 5-second EEG segments.

Keywords: Cognitive fatigue, EEG, Gamma band, Classification, Artificial neural network.
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1. Giris

Y orgunluk, insan fizyolojisi, duygusal, davranigsal ve bilissel
bilesenleri olan ¢ok ¢esitli bir konudur. Cok yaygin, cesitli
sebeplere dayanan, kendine has ve ¢dziimlemesi zor bir olgudur.
Yorgunluk genelde fiziksel veya zihinsel ¢alismalardan dolay:
olusan genel gecer bir kavram degildir. Daha ziyade kisisinin
sergiledigi performans: karsilayamayan; dinlenmeyle gegmeyen
ve gerekgeleri olmayan bir durum olarak karsimiza ¢ikmaktadir
(Bjerheim ve ark., 2022). Yorgunluk oldukg¢a cesitli tanimlari
icinde barmndiran bir kavramdir ve her zaman kas sisteminden
kaynakli fizyolojik yorgunluklar olmamaktadir. Giinliik hayat
performansini etkileyen yorgunluk tiirlerinden biri de bilissel
yorgunluktur. Biligsel yorgunluk uzun siireli hareketler sonucu
meydana gelen psiko-biyolojik bir durumdur (Salankar ve ark.,
2022)

Biligsel yorgunluk giinliik hayatta birgok alanda etkilerini
gostermektedir. Fiziksel agidan gegici bir durum olarak kabul
edilse de cok ciddi ve tehlikeli sonuglara sebebiyet vermektedir
(Marotta ve ark., 2022). Literatiirdeki ¢alismalarda goriildiigi
iizere biligsel yorgunlugun herhangi bir is yapma durumunda hata
yapma oranint arttirdigt, 6zellikle yetiskinlerde siklikla rastlanan
norolojik rahatsizliklarin belirtisi oldugu belirtilmistir (Chaudhuri
ve Behan, 2004). Bunlarin yaninda biligsel yorgunlugun spor ve
egzersiz alaninda da performansin 6nemli bir belirleyicisi olarak
kabul edilmistir (Weinberg ve Gould, 2003).

Her ne kadar literatiirde bilissel yorgunlugun tespit
edilmesinde elektrodermal aktivite (Chiossi ve ark., 2022),
magnetoensefalografi, elektrokardiyografi ve fonksiyonel
manyetik rezonans goriintiileme gibi tekniklerde kullanilsa da
elektroensefalografi (EEG) (Abukhettala ve ark., 2022) kullanim
ulagim kolaylhigi, daha hizli tepki siiresi ve yiliksek zamansal
¢oOziinlirliik saglamasi nedeniyle biligsel yorgunlugun tespit
edilmesinde en sik tercih edilen yontemdir (Ansari ve ark., 2022).
Biligsel yorgunlugun tespit edilmesinde yapilan aragtirmalarin
biri, Dehais ve arkadaslarimin yapmis oldugu 32 kanalli EEG
sisteminin zihinsel yorgunlugu ve zihinsel asir1 yiiklenmenin
elektrofizyolojik etkilerinin &lgiilmesi olmustur. Gergek ucus
durumunu canlandiran simiilatérle 2 deney yapilmis, bilissel
yorgunlugun tespitinde alfa, teta ve beta bant giiglerinin etkisinin
oldugunu ortaya koymuslardir. SD %76.9 ve zihinsel yorgunlugu
ayirt etmede %89.1°e ulagsmislardir (Dehais ve ark., 2020). Bir
baska calismada Trejo ve arkadaslari 30 kanal iizerinden aldiklar1
EEG sinyalleriyle 16 kisiyle deney yapmuiglardir. Elde edilen EEG
sinyalleriyle Bayes smiflandirma algoritmasi kullamilarak 3
durumlu yorgunluk modeli gelistirilmistir (Trejo ve ark., 2007).
Bir bagka caligmada ise Sun ve arkadaslar1 26 kisiye 20 dakikalik
dikkat testi gerceklestirmiglerdir. Bu ¢aligmada kullanilan
algoritma capraz dogrulama yoluyla yorgunluk
siiflandirmasinda %81.5’lik bir dogruluk gostermistir (Sun ve
ark., 2014). Bir baska caligmada da Papakostas 19 kadin ve
erkekten olusan deneklere Winconsin Kart Siralama Testi ile bu
testin farkli bir versiyonunu kullanarak 76 oturumluk bir bilissel
deney gergeklestirilmistir. Deney sirasinda kaydettigi EEG
sinyalleriyle Destek Vektor Makinesi Algoritmasi kullanilarak

smiflandirma islemi yapilmig ve %67°lik bir dogruluk elde
edilmistir (Papakostas ve ark., 2019). Pires ve arkadaslar1 biligsel
yorgunluk sonrasinda frontal kortekste bir aktivite artis1 oldugu
EEG sinyalleriyle belirlemislerdir (Pires ve ark., 2018).

Yukarida oOzetlenen caligmalardan da anlasilacagi iizere
literatiirde biligsel yorgunlugun tespit edilmesi farkli deneysel
paradigmalarla tespit edilmeye calistlmigtir. Ancak hem
matematiksel hem de isitsel agidan Kkisilerin biligsel olarak
yorgunlugunu tespit eden bir ¢aligma raporlanmamustir. Her iki
yaklagimin beraber kullanilmasiyla daha etkili hibrit biligsel is
yikkii paradigmast elde edilmistir. Bu c¢alismada kisilerin
dinlenme durumunda, matematiksel islem yaptigt ve hem
matematiksel islem hem de isitsel bir gorev verildigi esnada
kaydedilmis EEG sinyalleri smiflandirilarak kisilerin biligsel
yorgunlugu sinyallerin gama band giigleri 6znitelikleri ve yapay
sinir aglart siniflandiricist kullanilarak siniflandirilmistir. Ayrica
farkli EEG bant giiclerinin biligsel is yiikii tespitinde nasil etkisi
oldugu aragtirtlmistir.

2. Materyal ve Metot
2.1. Veri Seti Tanitim

Bu ¢alisma alt1 alt adimdan olusmakta ve bu adimlar blok
diyagram ile Sekil 1'de gdsterilmektedir. Oncelikle bilissel is
yiikiiniin tespit edilmesini saglayacak paradigma bir LED ekranda
katilimerya  gosterilmektedir. Katilimcinin - deney boyunca
uyaranlara verdigi beyin elektriksel tepkisi kaydedilmektedir.
EEG kaydindan sonra 6n isleme asamasinda, EEG sinyallerinin
dogasinda yer almayan ¢ok yiiksek frekans bilesenleri giderilerek
giiriiltiiden temizlenir. Daha sonra EEG verileri dinlenme ve
bilissel is yiikiiniin oldugu bloklara boliiniir. Elde edilen bloklar
0.255,0.5s, 15,3 sveS5 s’lik alt bloklara ayrilir. Elde edilen her
bir alt veri bloklarindan Oznitelikler ¢ikarilarak smiflandirma
islemi gergeklestirilir. Veri setinin elde edilme bi¢imi asagida alt
basliklar altinda detaylandirtlmistir.

2.2. Paradigma

Bilissel is yiikiiniin tespiti i¢in hazirlanan paradigma Sekil
2’de gosterildigi gibi 4 bloktan olusmaktadir. {1k blokta katilimci
bilgisayar ekranindaki ‘+’ semboliine bakarak 5 dk boyunca
dinlenmistir. Ikinci blokta katilimci, bilgisayar ekraninda
gorintiilenen sorulart 5 dk boyunca zihinsel olarak ¢ézmiistiir.
Daha sonra 1 dk’lik dinlenme aras1 verilmistir. Dinlenme sonunda
ficiincii bloga gecilmistir. Ugiincii blokta da yine katilime1 5 dk
boyunca karsisindaki ekranda gorillen sorulart zihinden
¢ozmiistiir. Ugiincii bloktan sonra yine 1 dk’lik dinlenme arasi
verilmistir. Son olarak dordiincii blokta katilimci yine 5 dk
boyunca kargisindaki ekranda beliren sorulari zihinden ¢6zerken
ayn1 zamanda arka planda ¢alan haber kayitlarin1 da dinlemistir.
Deney baslamadan 6nce katilimeiya son blokta sorulari ¢6zerken
bir yandan da haber kaydini dinlemesi gerektigi hatirlatilmus,
deney sonunda haber kayitlariyla alakali sorular sorulacagi
sOylenmistir. Boylelikle katilimcilar dordiincii blokta sorulari
¢Ozerken bir yanda da haber kaydini dinlemistir. Deney sonunda
haberle ilgili sorular sorularak verilen cevaplar not edilmistir.

Oznitelik
Cikarma

Bloklarin Siniflandirma

Ayrilmasi

Sekil 1. Yiiriitiilen Calismanin Blok Diyagrami
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Dinlenme | Blok 2
(5dk) : | (5dk)

Zihinden gbziilebilen Zihinden gdzilebilen Zihinden ¢bzilebilen
sorular sorular Sorular
+
Haber kaydi dinletimi

Sekil 2. Deneyde Yer Alan Bloklar ve Siireleri

Biligsel is yiikiiniin olusturuldugu blokl, blok2 ve blok3’te
¢oktan se¢meli (A-B-C-D olmak iizere 4 se¢enekli) ve zihinden
¢oziilebilen sorular sorulmustur. Sorularin zorluk seviyeleri blok
1, blok 2 ve blok 3 i¢in miimkiin oldugunca esit ayarlanmistir. Bu
calismada olusturulan deney diizenegi Sekil 3’°te goriilmektedir.

Haber kayd:

Uyaran

Omek soru

L~

Klavye

Kayit bilgisayar

Sekil 3. Biligsel yorgunlugun tespiti icin olusturulan deney
diizenegi

2.3. EEG Kaydi

Biligsel yorgunlugu saptamak icin bes erkek (ortalama yas
30 + 6.05) ve ii¢c kadin (ortalama yas 30 + 5.29) olmak iizere
toplam sekiz katilimci ile deneyler gergeklestirilmistir.
Katilimeilarin herhangi bir gérme ya da ndrolojik bozuklugu
bulunmamaktadir.  Ayrica tim katilimcilar sag elini
kullanmaktadir. Katilimcilardan higbiri daha once benzer bir
deneye katilmamistir. Veri toplama islemi Atatiirk Universitesi
Saglik Bilimleri Enstitiisii Etik Kurulu tarafindan onaylanmustir.
Tim katilimcilar deney basglamadan o6nce kurul tarafindan
saglanan onay formunu imzalamislardir.

EEG verileri, actiCHamp (Brain Products GmbH, Gilching,
Almanya) cihazi kullanilarak, 32 kanaldan uluslararas1 10-20
standartina  gdre  yerlestirilmis  elektrotlar  kullanilarak
kaydedilmistir. Ornekleme frekans1 250 Hz olarak belirlenmis,
‘Fz’ referans elektrotu ve alin bélgesindeki toprak (ing. ground)
elektrotu kullanilarak veriler kaydedilmistir. Deneyler boyunca,
tim elektrotlarin empedanslarinin 5 kQ’un altinda olmasi igin
iletkenligi artirict jel kullanilmustir. Veri alinirken kullanilan
elektrot dizilimi Sekil 4’te goriilmektedir.

2.4. On isleme

On isleme adiminda katilimcilardan elde edilen EEG verisi
0.1-4 Hz (delta), 4-8 Hz (teta), 8-13 Hz (alfa), 13-30 Hz (beta),
30-100 Hz (gama) ve 0.1-100 Hz (tiim frekans bandi, TFB) olmak
iizere 6 farkli bant gegiren filtre uygulanmistir. Bu sekilde farkli
bant bilesenlerinin siniflandirma tizerine etkisi arastirilmstir.

Bu calisma kapsaminda 4. derece Butterworth sonsuz diirtii
yanitt (ing. infinite impulse response, IIR) bant geciren filtre
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kullanilmstir. Sayisal filtreler genel olarak IIR ve sonlu diirtii
yanti (ing. finite impulse response,FIR) olmak iizere iki sinifa
ayrilir (Karakas ve ark., 2022). Filtreye giden giris ve ¢ikis
sinyalleri, evrigim toplamu ile iliskilidir.

Burun
aa
e pat®
8 a g @ a ®
so @ @ @ @ M sa
R 6 2 @
@@
6 g @

Sekil 4. Veri alimirken kullanilan elektrotlarin dizilimi

y() = ) h(kx(n— k) ®
k=0

N-1

ym = ) ()i~ k) @
k=0

1. ve 2. esitlikler sirastyla IR ve FIR temsil etmektedir. x(n), y(n)
ve h(n) ise sirasiyla giris, ¢ikis ve filtrenin birim diirtii yanitini
temsil etmektedir, N ise filtrenin derecesini gostermektedir.

Pratikte, IIR filtresinin ¢ikigini Esitlik 1°deki gibi kullanarak
hesaplamak miimkiin degildir ¢linkii darbe yanitinin uzunlugu
¢ok uzundur (teoride sonsuzdur). Bunun yerine, IIR filtreleme
denklemi 6zyinelemeli bigimde Esitlik 3°te gosterildigi gibi ifade
edilmektedir.

=) N M
) =) hOx( =10 = Y b -k + ) a(x(i- k) (3)
k=0 k=0 k=0

Bu esitlikteki a; ve by filtre katsayilarini géstermektedir. Bant
geciren filtre tasariminda IIR filtre tiirlerinden Butterworth
kullanilmustir. Filtrenin transfer fonksiyonu;

[1 N (wﬂt)Zn]l/Z ()]

Burada n filtrenin derecesini gostermektedir.

B(w) =

Sekil 5. a’da birinci katilimcimin dinlenme blogunun 11.
kanalindan alinmis 4 s ham EEG verisi ve bu verinin 0.1-4 Hz
bant geciren ve delta bandi olarak adlandirilan EEG pargalarinin
iist iste ¢izdirilmis halleri goriilmektedir. Sekil 5. b, c, d, e, fise
sirastyla teta, alfa, beta, gama ve TFB bantlar1 ve ayn1 ham EEG
verisinin Ust {iste ¢izdirilmis halleri goriillmektedir. Sekil 6°da ise
bilesenlerine ayirilan delta, teta, alfa, beta ve gama bantlarinin
toplami ve ayni ham EEG verisi {ist iiste ¢izdirilmistir. Sekil 6’dan
frekans bilesenlerine ayirilan orijinal sinyal ile frekans
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Ham ve Delta EEG Verisi

Ham EEG
30 —Delta EEG

Genlik (uV)

0.5 1 1.5 2 25 3 3.5 4

Zaman (s)
a.
0 Ham ve Alfa EEG Verisi
Ham EEG
30 —Alfa EEG
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Sekil 5. Uygulanan bant gegiren filtreler sonucunda elde edilmis EEG verileri

bilesenlerinin toplamindan elde edilen yeni sinyalin yaklagik
olarak ayni oldugu goriilmektedir. Yani ele alman alt frekans

bilesenlerinin orijinal EEG sinyalini yaklasik olarak temsil ettigi
sOylenebilir Bdylelikle orijinal EEG sinyalini olusturan alt
frekans bilesenlerinin simiflandirma performansina dolayisiyla
biligsel is yiikiiniin tespit edilmesine etkisi aragtirtlmistr.

2.5. Bloklara Ayirma

Bloklara ayirma asamasinda, 6n isleme adiminda farkli
frekans bilesenlerine ayrilmig verilerin her biri dinlenme, blok 1,
blok 2 ve blok 3 gruplarina ayrilmigtir. Katilimcilardan deney
esnasinda veriler alinirken wuyaran sunumunun yapildig
bilgisayar, verilerin kaydedildigi bilgisayar ve beyin elektriksel
aktivitesinin alindig1 EEG cihazi arasindaki baglantilar Sekil 7°de
goriilmektedir. Uyaran sunumunun yapildig1 bilgisayarda hangi
blogun basladigina dair tetikleme bilgisi (ing. stimulus; S1, S2,
S3 vb.) LPT portu araciligiyla EEG cihazina 1 ms gecikme ile
gonderilmektedir. Elektrotlardan gelen beynin elektriksel
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aktivitesi ve bu tetikleme bilgileri EEG cihazinda birlestirilerek
kayit bilgisayaria zaman kilitli sekilde gonderilmektedir.

Ham EEG Verisi ve Tiim EEG Bantlarimin Toplami

Ham EEG
Delta+Teta+Alfa+Beta+Gama EEG

h ,
“ " W f\‘

0 05 1 15 2 25 3 35 4
Zaman (s)

60

40

Genlik (uv)

-60

Sekil 6. Tiim frekans bilegenlerinin toplami ve ham EEG
verisi
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Dinlenme blogunun basinda ‘S1’ tetikleme isareti, sonunda ise
‘S2°  tetikleme isareti LPT portundan EEG cihazina
gonderilmektedir. Benzer sekilde blok 1 baslangi¢ ve bitisi igin
sirastyla ‘S3’ ve ‘S4’ tetikleme isaretleri, blok 2 baslangi¢ ve bitisi
icin sirastyla ‘S5’ ve ‘S6’ tetikleme isaretleri ve son olarak blok3
baslangi¢ ve bitisi icin sirasiyla ‘S7’ ve ‘S8’ tetikleme isaretleri
gonderilmektedir. Bloklarin baslangi¢ ve bitis tetikleme isaretleri
Sekil 8’de goriilmektedir.

Kayitlarin Yapildig Bilgisayar

=

S1 S2
A )

TILX IS - - ‘
T s ot < < . 1
EEG Verisi + Tetiklemeler ( Tetikleme Isaretleri
] S S1 S2
S1 S2 Nde=s > :
o= EEG Verisi

Sekil 7. Deney baglantilar

Uyaran Sunumunun
Yapildi@: Bilgisayar

Bloklarin baglangic ve bitis tetikleme isareti arasinda 75000
zaman noktast bulunmaktadir. Ornekleme frekanst 250 Hz
oldugundan, 75000 zaman noktas1 300 s yani 5 dk ya karsilik
gelmektedir. Bu sekilde her bir blok (dinlenme, blok1, blok2 ve
blok3) 5 dk olacak sekilde boliinmektedir. Dinlenme-blok 1, blok
1-blok 2 ve blok 2-blok 3 ardigik bloklar arasinda 1 dk ara
dinlenme verilmis, katilimer bu siirede bir sonraki blok igin
dinlendirilmigtir

S1 Dinlenme s2 s3 Blo 54 55 : Blok 2 S6
Sekil 8. Bloklar ve tetikleme isaretleri

6 farkli bant gegiren filtre (Delta, Teta, Alfa, Beta, Gama ve
TFB) uygulanms ve dort farkli bloga ayrilmig (Dinlenme, Blok1,
Blok2 ve Blok3) EEG verisi sonucunda toplam 24 farkl
kombinasyon elde edilmistir ve bu kombinasyonlar Tablo 1°de
gosterilmigtir.

Her bir blok ve frekans bandi i¢in EEG verisi 0.25s,0.5 s, 1
s, 3 s ve 5 s uzunlugundaki alt parcalara ayrilmistir. Sekil 9’da
dinlenme blogunun delta bandi i¢in 1 s lik parcalara ayrilmis
temsili EEG pargalar1 goriilmektedir. Dinlenme blogu 300 s (5 dk)
uzunlugunda oldugundan, 1 s’lik parcalar sonucunda toplam 300
parca EEG verisi elde edilmistir. Ornekleme frekans1 250 Hz
oldugundan her bir parganin uzunlugu 250 zaman noktasindan
olusmakta, 32 kanaldan veri alindigindan toplam 32x250 boyutlu
matris elde edilmektedir. Sonug¢ olarak dinlenme blogu 1 s’lik
pargalara ayrildiginda her birinin uzunlugu 32x250 olan toplam
300 par¢a EEG verisi elde edilmis ve hiicre (ing. cell) tipi saklama
biriminde kaydedilmistir. Tablo 1°de yer alan tiim blok ve frekans
bantlar1 i¢in 0.25 s, 0.5 s, 1 s, 3 s ve 5 s uzunlugundaki parcalar
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ayr1 bir hiicre tipi depolama tiiriinde saklanarak 6znitelik ¢ikarma
asamasinda kullanilmistir.

12 e 300
—U 32x250 1
32250 32x250 2
32x250 3

anal

'H - 32x250 300
32250
Dinlenme (Delta) pargalan (300x32x250)

L] lo-
s1 Dinlenme g2
(Delta)
Sekil 9. Dinlenme blogu ve delta frekans bandt icin elde

edilen 1 s’lik EEG pargalari

Her bir blok ve frekans bandinda; 0.25 s i¢in her biri 32x62
uzunlugunda toplam 1200 adet (1200x32x62), 0.5 s i¢in her biri
32x125 uzunlugunda toplam 600 adet (600x32x125), 1 s i¢in her
biri 32x250 uzunlugunda toplam 300 adet (300x32x250), 3 s igin
her biri 32x750 uzunlugunda toplam 100 adet (100x32x750) ve
son olarak 5 s i¢in her biri 32x1250 uzunlugunda toplam 60 adet
(60x32x1250) veri pargasi bulunmaktadir. Dinlenme blogu i¢in
farkli frekans bilesenleri ve farkli EEG uzunluklari igin elde
edilen veri hiicreleri Tablo 2’de gosterilmistir. Benzer veri
hiicreleri blok 1, blok 2 ve blok 3 i¢in de elde edilmistir.

2.6. Oznitelik Cikarma

Oznitelik ¢ikarma asamasinda bant giicii Ozniteligi
kullanilmugtir. Bu 6znitelige ait ayrintilar asagida sunulmustur.
Frekans bantlarindaki giic hesaplanirken, bir zaman-frekans
sinyali ayrigtirmasi elde etmek icin Esitlik 5°te verilen
spektrogram yontemini kullanmaktir.

£ =) XG0P ©)

Bu esitlikte x(t) orijinal sinyali, X(f,t) orijinal x(t) sinyalinin
zaman frekans gosterimini, Ef ise frekans alamindaki enerji
marjinallerini  gostermektedir. Bant giici ise Ep ile
gosterilmektedir ve bantta yer alan enerji marjinallerinin
toplanmastyla elde edilir ve asagidaki esitlikte gosterildigi gibi
hesaplanmaktadir.

375250 el 4| | [ BamtGich

PR [—
Hesapla
32x250 2 12x250 -
32x250 3
325300
Dinlenme_Delta_1s_BantGdcl
(32x300)
32x250 @390 | |, [ BantGicd

Hesapla

325250 32x1

Sekil 10. Dinlenme blogunun delta frekans bandinda 1 s’lik
EEG pargalart i¢in bant giicii hesaplama

_ (6)
Ep = szB Ef
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Tablo 1. Dinlenme blogunda farkli frekans bilesenleri ve EEG uzunluklari i¢in veri hiicre boyutlari

Dinlenme 0255 05s 1s 3s 5s

Blogu

Delta  1200x32x62 _ 600x32x125  300x32x250 _ 100x32x750  60X32x1250
Teta 1200x32x62  600x32x125  300x32x250 _ 100x32x750  60x32X1250
Alfa 1200x32x62  600x32x125  300x32x250  100x32x750  60x32x1250
Beta 1200x32x62 _ 600x32x125  300x32x250  100x32x750  60x32x1250
Gama  1200x32x62 _ 600x32x125  300x32x250  100x32x750  60x32x1250
TFB 1200x32x62 _ 600x32x125  300x32x250  100x32x750 _ 60x32x1250

Daha 6ncede ifade edildigi gibi; 0.25s,0.5s,1s,3sve 5
s’lik EEG uzunluklart i¢in sirasiyla 62, 125, 250, 750 ve 1250
zaman noktasi elde edilmektedir. Farkli zaman noktasi
uzunlugundaki bu degerlerin bant gii¢leri hesaplandiginda bir say1
degeri elde edilmektedir. 32 kanaldan elde edilen bu zaman
noktalarinin her biri i¢in bant giicii hesaplandiginda sonucta
32x1’lik bir vektor elde edilmektedir. Tablo 2’de dinlenme
blogunda 1 s uzunlugundaki EEG sinyallerinin delta frekans
bandi i¢in uzunlugun 300x32x250 oldugu goriilmektedir. Burada
32 kanaldan alinan ve her birinin uzunlugu 250 zaman
noktasindan olusan 300 adet EEG verisi bulunmaktadir. Birinci
32x250 boyutlu matrisin bant giicii her kanal i¢in ayr1 ayri
hesaplandiginda sonugta 32x1°lik vektor elde edilmektedir. Bu
islem 300 adet ornek icin tekrarlandiginda sonugta 300x32
boyutlu matris elde edilmektedir. Bu matris dinlenme blogundaki
verinin delta frekans bandindaki 1 s’lik pargalarindan elde edilen
bant giicii degerlerini gostermektedir ve
Dilenme Delta_1s_BantGiicii matrisi seklinde isimlendirilmistir.
Aynt iglemler Tablo 2’de yer alan ve dinlenme blogu igin
olusturulan tim matris degerleri igin tekrarlanmistir. Yukarda
aciklanan adimlar Sekil 10°da detayl bir sekilde gosterilmistir.

Sekil 10’da dinlenme blogunda delta frekans bandinda 1
s’lik EEG pargalarinin bant giiclerinin hesaplanma adimlari
gosterilmistir. Bu islem sonucunda 32x300 boyutlu matris elde
edilmigtir. Tablo 2’de yer alan tiim matrisler i¢in ayni adimlar
tekrarlanarak elde edilen degerler Tablo 3’°te gosterilmistir. Yine
Tablo 3’te yer alan degerler blok 1, blok 2 ve blok 3 iginde elde
edilmigtir.

Bu calisma kapsaminda dinlenme ve is yiikiiniin oldugu
bloklarin karsilastirildig: yani dinlenme-blok 1, dinlenme-blok 2
ve  dinlenme-blok 3 ikili  smiflandirma  iglemleri
gerceklestirilmistir. Ornegin delta frekans bandi ve 0.25 s
uzunlugunda EEG parcalarindan ¢ikarilan bant  giicii
Oznitelikleriyle dinlenme ve blok 1 karsilagtirmasi igin

simiflandirilmistir. Bu amagla ayni uzunluk ve frekans bandinda
yer alan dilenme ve biligsel is yiikiiniin oldugu blok bir araya
getirilerek siniflandirilacak veri seti olusturulmustur.

2.7. Smiflandirma

Yukarda agiklanan adimlar sonucunda her biri Nx32
boyutunda veri matrisi ve Nx1 boyutundaki etiket matrisi elde
edilmektedir. Burada N kullanilan EEG par¢a uzunluguna gore
degismektedir. Ornegin 1 s’lik EEG pargalari kullanildiginda 300
adet ornek dinlenme blogundan, 300 adet Ornek ise is yiiki
blogundan (blokl veya blok2 veya blok3) geldiginden burada
N=600 olmaktadir. Benzer sekilde EEG uzunlugu sirastyla 0.25
S, 0.5 s, 3 s ve 5 s secildiginde N sirastyla 2400, 1200, 200 ve 120
ye esit olmaktadir.

EEG parca uzunluguna, frekans bilesenine ve kullanilan
Oznitelige bagl olarak elde edilen veri seti kullanilarak ii¢ farkli
smiflandirma algoritmasiyla siniflandirma islemi
gerceklestirilmistir. N adet Oznitelik vektorii her defasinda
rastgele bigimde %50 egitim, %25 dogrulama ve %25 test olmak
lizere {i¢ parcaya ayrilarak, toplamda 50 kez siniflandirma islemi
tekrarlanmustir.

Sonuglar kisminda bu 50 kez tekrarlanan siniflandirma
islemi sonucunda elde edilen ortalama test dogruluklar
gosterilmistir. 50 kez tekrarlanan siniflandirma islemi ve veri
setinin egitim, dogrulama ve test parcalarina ayrilmasi siireci
Sekil 11°de gosterilmistir. Buna gore her defasinda farkl 6znitelik
vektorleri egitim, dogrulama ve test grubuna dahil olmakta bu
sekilde yanli dogruluklar elde edilmemektedir.

Tablo 2. Dinlenme blogunda farkli frekans bilesenleri ve EEG uzunluklari igin elde edilen bant gii¢leri matrisleri

DmIeere 0.25s 05s 1ls 3s 5s

Blogu

Delta 32x1200 32x600 32x300 32x100 32x60
Teta 32x1200 32x600 32x300 32x100 32x60
Alfa 32x1200 32x600 32x300 32x100 32x60
Beta 32x1200 32x600 32x300 32x100 32x60
Gama 32x1200 32x600 32x300 32x100 32x60
TFB 32x1200 32x600 32x300 32x100 32x60
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600632 N\,

Sekil 11. Veri setinin egitim, dogrulama ve test kisimlarina
ayrilmasi

Siniflandirma agamasinda tek ¢ikis noronu ve tek gizli
katmant olan iki katmanli YSA modeli kullanilmistir. Gizli
katmandaki ndron sayist 50 olan YSA modeli asagida
gosterilmigtir.

M d
y= g(z le(Z) *g (Z Wji(l) * X+ Wj0(1)> +w;, @) (7)
j=1 i=1

(x;), i'inci girigi, (Wji)k k’inc1 katmandaki i’inci néronu j’inci
noron arasindaki katman agirhigim, (g) tanjant sigmoid
fonksiyonunu ve (§) lineer fonksiyonu gostermektedir. Ayrica,
(d) ise giris vektdriiniin boyutunu gostermektedir. Tiim veri seti
icin toplam hata;

1 N
Jw) = =5 > Dalogd + (1 = ylog(l = 9] (8)

n=1

Burada (N) sinyaldeki toplam 6rnek sayisim, () sinir ag

modeli tarafindan hesaplanan tahmini degeri ve (y;) ise 6rnegin
gercek etiket degerini gostermektedir. Olusturulan YSA modeli
Sekil 12°de goriilmektedir.
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Sekil 12. Yapay sinir aglart modeli

3. Sonuclar

Elde edilen deneysel sonuglarin daha  rahat
degerlendirilebilmesi  adina  radar  grafikleri  seklinde
gosterilmistir. Buna gore radar grafiklerin koselerinde EEG
bantlari, i¢ kisimda ise farkli uzunluktaki EEG uzunluklarina ait
smiflandirma  dogruluklart goéziikmektedir. Birinci siitunda
dinlenme ile blok 1’e ait ikili siniflandirma sonuglari, ikinci ve
liglincii stitunlarda ise sirasiyla dinlenme-blok2 ve dinlenme-
blok3 ikili siniflandirma sonuglari gdsterilmistir.

Tablo 3. Farkli EEG bantlar1 ve farkli EEG uzunluklari i¢in, tiim kanallar kullanilarak dinlenme ve is yiikii bloklarinin tiim kisiler i¢in

ortalama siniflandirilma dogruluklar

Dinlenme & Blok1l

Dinlenme & Blok?2

Dinlenme & Blok3

0.25s 05s 1s 3s 5s 0.25s 05s 1s 3s 5s 0.25s 0.5s 1s 3s 5s
Delta 66.26 66.38 67.51 69.44 71.23 67.57 67.91 67.84 68.77 68.70 69.59 70.09 70.97 72.86 72.82
Teta 74.37 76.83 82.50 86.39 87.90 79.83 83.27 85.90 92.02 93.60 80.72 84.26 85.60 91.26 92.98
Alfa 75.75 78.54 84.08 87.37 88.57 80.28 83.86 86.47 90.09 91.18 81.60 85.17 86.81 90.94 93.04
Beta 81.69 84.69 89.15 92.03 92.75 87.44 90.53 93.47 95.47 96.11 88.47 91.39 93.47 95.15 95.29
Gama 87.09 89.99 92.78 94.68 95.46 93.28 95.57 97.29 98.39 99.18 94.48 96.44 97.67 98.35 99.49
TFB 79.22 79.56 80.53 81.51 82.41 83.08 83.90 84.28 85.95 87.16 88.20 88.86 89.38 90.02 91.45
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Dinlenme & Blok3

Dinlenme & Blok2

Dinlenme & Blokl
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Sekil 13. Tiim kanallar kullanilarak 1, 2, 3 ve 4. kisiler i¢in elde edilen dogruluklar
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Sekil 14. Tiim kanallar kullanilarak 5, 6, 7 ve 8. kisiler icin elde edilen dogruluklar
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4. Bulgular

Sekil 13 ve 14’ten de goriilecegi lizere, tiim kanallar
kullanilarak elde edilen siniflandirma dogruluklari incelendiginde
gama bandmin dinlenme ve biligsel is yiikiiniin oldugu
bloklardaki EEG sinyallerini birbirinden ayirmada diger bantlara
gore daha etkili oldugu goriilmektedir. Ayrica dinlenme ve is
yiikii bloklarma ait EEG parcalarini birbirinden ayirmada 5 s’lik
EEG uzunluklarinin kullanilmasi da SD’unu artirmaktadir. Tablo
4’ten de goriilecegi lizere, dinlenme-blok 2 ve dinlenme-blok 3 de
yer alan EEG sinyallerini kullanarak elde edilen smiflandirma
dogruluklari, dinlenme-blokl de yer alan EEG sinyallerinden
daha da yiiksektir. Bu durumun deneyin blok!1 ile baglamasindan
ve zihnin heniiz blok2 ve blok3 deki kadar yorulmadigindan
kaynaklandig1 diisiiniilmektedir. Ayrica Tablo 4 incelendiginde
en yiiksek SD %99.49 ile gama band: ve 5s’lik EEG pargalart
kullanilarak dinlenme-blok3 EEG verilerinden elde edilmektedir.
Blok 3 de yapilan matematiksel islemlerin yaninda haber kaydinin
dinletilmesi de bilissel olarak kiginin daha ¢ok yorulmasina ve
dinlenme blogundan daha iyi ayrilmasina sebep oldugu
diigiiniilmektedir.
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Oz

Giivenlik kamera sistemleri genellikle sosyal ve kamusal alanlarda giivenli ortam kosullar1 olusturmak i¢in kullanilmaktadir. Gliniimiiz
giivenlik kamerasi sistemlerinde insan goriisii yerine yapay zeka tabanli bilgisayar goriisiinden yararlanilmaya baglanilmistir. Bu ¢aligma
da toplumsal ve kamusal alanlarda olabilecek silah ve bigak goriintiilerinin bilgisayarl gorii ile goriiliip tespit edilmesi amaglanmaktadir.
Caligmada yontem ve model olarak, goriintii isleme teknolojisi ve genellikle literatiirde oldukc¢a basarili sonuclar elde edildigi bilgisinin
mevcut oldugu YOLO algoritmalar1 kullanilmistir. YOLO algoritmalarindan YOLOv4, YOLOvS5, YOLOR ve YOLOX modelleri
kullanilmistir.  Caligmada veri seti olarak 5078 goriintii kullanilmis ve bu goriintiilerin 3000 adetini silah ve 2078 adetini bigak
goriintiileri olustumaktadir. Goriintiiler kullanilarak gergeklestirilecek deneysel ¢aligmalarda giivenilirligin saglanmasi i¢in goriintiilerin
seciciliginin zor olmast tercih edilmistir. YOLO algoritmalarinin karsilastirmali deneysel c¢aligmalart yapilmis ve sonuglart
yayinlanmustir. Goriintiilerde silah ve bigak tespitinde en basarili sonug %97,6 map@0,5 degeri ile YOLOR modelinde elde edilmistir.

Anahtar Kelimeler: Silah Tespiti, Bigak Tespiti, YOLO, Goriintii Isleme.

Automatic Weapon and Knife Detection System on Security Cameras:
Comparative YOLO Models

Abstract

Security camera systems are generally used to create safe environmental conditions in social and public spaces. In today's security
camera systems, artificial intelligence-based computer vision has started to be used instead of human vision. In this study, it is aimed to
see and detect images of weapons and knives that may be in social and public spaces with computer vision. In the study, image processing
technology and YOLO algorithms were used as methods and models, where there is generally information that quite successful results
have been obtained in the literature. YOLOv4, YOLOvS, YOLOR and YOLOX models from YOLO algorithms were used. In the study,
5078 images were used as a data set and 3000 of these images are weapons and 2078 knife images. In order to ensure reliability in
experimental studies to be performed using images, it was preferred that the selectivity of the images be difficult. Comparative
experimental studies of YOLO algorithms have been conducted and their results have been published. The most successful result in
detecting weapons and knives in the images was obtained with the YOLOR model with a map@0.5% value of 97.6.

Keywords: Weapons, Knife, YOLO, Image Proccesing.
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1. Giris

Silahli terdrizim, toplum tizerinde siddet, saglik, psikolojik
ve ekonomik olumsuzluklara sebebiyet vermektedir. Silah, sadece
atesli silahlar1 kapsamamakta her tiirlii insanlara ve diger canli
cansiz varliklara zarar verici aletlerde bu sinifta yer almaktadir.
Her yil binlerce insan silah terériiyle 6lmektedir. Ayrica silah
kullanimi toplumlarin sekillenmesinde biiyilk 6neme sahiptir.
Silahlarin yaygin kullanilmas1 toplumlarda c¢ocuk yaslarda
psikolojik ruhsal travmalara neden olmaktadir. Cocuklarin
ilerleyen yaslarinda kisilik bozuklugu veya silah 6zentisi gibi
olumsuz sonuglar gozlemlenmektedir. Toplumlarda silah
kullaniminin erken tespit edilmesi ve miidahale edilmesi bu tiir
insanlarda olusabilecek yikici etkilerin azaltilmasinda faydali
olabilecegi savunulmaktadir [1],[2].

Kamusal ve 6zel kisisel alanlarda giivenligin saglanmasi ve
silahli eylemlerin tespiti igin kisiler genellikle giivenlik
kameralarina ihtiyag duymaktadir. Olas1 bir tehlike durumlarinda
onceden tespit edilmesi veya olan olaylara aciklik getirilmesi igin
giivenlik kamerasi goriintiileri biiyiik 6neme sahiptir. Giivenlik
kameras1 sistemlerinde goriintiiler cogu zaman insan gori
ozellikleri kullamlarak analiz edilmektedir. Insanin duygusal bir
varlik olmast ve zaman zaman dikkat eksiklikleri olabilmesi
sebebiyle bazi olaylarin anlik olarak takibinde giivenlik
zaafiyetleri dogmaktadir. Son zamanlarda yapilan g¢aligmalar
incelendiginde, bu tarz goriintiilerin incelenmesi ve karar
verilmesi agamasinda insan goriisii yerine makine 6grenmesi alt
yapili bilgisayarli goriiniin kullanilmasinin daha basarili sonuglar
verdigi gézlemlenmistir [3-6].

Bu c¢alismada, akilli gozetim ve giivenlik kameralarmin
goriitiilerinde otomatik silah ve bigak tespiti calismasi
hedeflenmektedir. Bu ¢aligmasinin gerceklesmesi igin derin
O0grenme tabanli bilgisayarda goriintii isleme teknolojisine ihtiyag
duyulmaktadir. Bunun icinde daha onceleri yapilmig derin
O0grenme tabanli goriintii isleme modelleri incelenmis ve 6nceden
egitilmis derin 6grenme modellerinin basarili sonuglar verdigi
gozlemlenmistir. Literatiir incelemesinde giincel ve ¢ok basarili
sonuglar veren derin Ogrenme tabanli Yolo modelleri
orneklerinden bazilari incelenmistir. Bunlardan bazilari;

Warsi vd. (2019) calismasinda, YOLOvV3 algoritmasi
kullanarak silah algilamasi ¢alismasi yapmuslardir [7]. Narejo vd.
(2021) ¢alismasinda, akilli giivenlik sistemlerinde YOLOV3
algoritmasini kullanarak silah algilanmasi projesini yapmislardir
[8]. Ashraf vd. (2021) caligmalarinda, CNN ve YOLOvV5
algoritmalarin1  kullanarak giivenlik ve video gozetim
sistemlerinde silah algilanmasi uygulamasini yapmislardir [9].
Akbulut ve Halaf (2021) galismalarinda, YOLO algoritmalar1 ve
OpenCV  kiitiiphanelerini  kullanarak akilli  silah tespiti
uygulamasint  yapmiglardir [10]. Duran-Vega vd. (2021)
caligmalarinda, YOLOVS5 algoritmalarin1 kullanarak videolarda
gercek zamanli tabanca tespiti igin yar1 tekrarlayan sinir aglarina
dayanan bir zamansal YOLOvS dedektorii uygulamasini
yapmuglardir [11].

Calismada, akilli glivenlik sistemleri ve giivenlik
kameralarinda otomatik silah ve bigak goriintiilerinin anlik olarak
tespit edilmesi caligmasi yapilacaktir. Bu calismada makine
o0grenmesi temelli derin Ogrenme temelli daha Onceden
milyonlarca ImageNet goriintiisii ile egitilmis YOLO
algolaritmalar1 kullanilacaktir. Caligmada 5078 birbirine yakin
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sayida bigak ve silah goriintli kullanilacaktir. YOLO
algolaritmalarindan, YOLOv3, YOLOv4, YOLOvV5, YOLOX ve
YOLOR model tiirleri kullanilip sonuglart karsilastirmali olarak
sonuglar kisminda paylagilacaktir.

2. Materyal ve Metot

Bu calisma, makine 6grenmesi temelli derin 6grenme tabanl
daha oOnceden milyonlarca ImageNet goriintiisiiyle egitilmis
YOLO algoritmalarindan, YOLOv3, YOLOv4, YOLOVS,
YOLOX ve YOLOR modelleri kullanilacaktir. Sistem
uygulamalari i¢in Darknet ve PyTorch kiitiiphanesinden ve Tesla
P100 ekran karti ve 16 gb ram bellek donanimlarindan
yararlanilmistir.

2.1. YOLO Modelleri

Yolo, Joseph Redmon, Santosh Divvalai Ross Girshick ve Ali
Farhadi’nin 2016 yilinda tanitmast ve OpenCV’nin People
Choice Odiiliinii kazanmas: ile biiyiikk begeni toplayan bir
bilgisayarli gorii ailesinin iiyesidir. Yolo modeli, tek tek agamali
ag gecislerinden farkli olarak agmn tek gecisinde hem nesne
tanimlama hem de siniflandirma islemi yapabilmekte ve tek
asamal1 detektor olarak c¢alisabilmektedir. Bu model, tek tek
asamali modellere gore genellikle daha hizli ve daha giivenilir
dogruluk skorlar1 vermektedir [12].

Yolo algoritmast modeli milyonlarca resim iizerinden
egitilmis bir aga sahiptir. Her gecen giin gelistiricileri tarafindan
bu ag daha da biiyiitiilmiis ve bu biiyiitilme agsamalarinda farkli
matematiksel algoritmalarla farkli hizlarda ¢aligabilecek siiriimler
ortaya c¢ikarilmistir. Bu siiriimler sirastyla YOLO, YOLOV2,
YOLOvV3, YOLOv4, YOLOvVS, YOLOX ve YOLOR seklinde
olmustur. Literatiir ¢alismalar1 incelendiginde en yaygin
kullanilan versiyonlarin YOLOv3, YOLOv4, YOLOVS5 olduklar
gozlemlenmistir. Bu modellerden olduk¢a basarili sonuglar
almabilindigi gbzlemlenmistir. Bu ¢alismada da yaygin olarak
kullanilan versiyonlardan YOLOv4 ve YOLOVS versiyonlari ve
yeni heniiz az kullanilmis olan &nceki versiyonlardan daha hizli
olduklar1 iddaa edilen YOLOX ve YOLOR versiyonlar1 da
kullanilmast hedeflenmistir.

2.1.1. YOLOv4

YOLOvV4 modeli, darknet sinir ag1 ¢ercevesinde olusturulmus
bir nesne tespiti algoritmasidir. YOLOv4, hizli ve basarili
sonuglar vermesi nedeniyle bir ¢cok uygulamada kullanilmaktadir.
Derin evrigimli sinir aglarii  kullanarak nesneleri tespit
edebilmekte ve ayrica kutucuklar igerisinde gostermektedir.
Veriler egitilip YOLOvV4 agina aktarilmasindan sonra goriintiiler
iizerindeki nesnelerin hangi sinifa ait oldugunu gostermektedir.
Bu islem sonucunda bir giiven skoru olusturmaktadir. Giiven
skoru, tahmin dogrulugunu gdstemektedir. Giiven skoru 0 ile 1
arasinda olmaktadir [13]. Giiven skorunun ol¢liimii igin
gorlintiiniin Ortiisme 6l¢iitii olan ToU (Intersection over Union)
degerinin bilinmesi gerekmektedir. Goriintliler tizerinde analizler
yapilirken goriintiilerin en dip pikselinden baglanmak {izere
kesitler alinir ve kesitlerin biitiinii temsil ne kadar temsil ettiginin
belirlenmesi i¢in IoU degerine bakilmaktadir. IoU degerinin
hesaplanmasi1 formiilii denklem (2) de, Giiven skoru formiilii
denklem (1) de gosterilmistir.
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Giiven Skoru = Pr(Nesne) * loU 1)

Kesisim(Gercek—Referans N Tahmin
IoU = sim( ¢ ) (2)

Birlesim(Gercek—Referans U Tahmin)

Sekil 1. Gériintii Kesit Ortiismesi (IoU)
(Figure 1. Intersection Over Union)

Sekil 1 de goriintiide kesit Ortiigmesi Ornegi gosterilmistir.
YOLOv4 modelinde goriintiilerden alinan kesitin biitiinii temsil
etmesi olduk¢a Onemlidir. Ayrica YOLOv4 agi, ii¢ boliimden
olugmaktadir. Bu bélimler omurga, boyun ve kafadir. Omurga,
farkli goriintiiler {izerinden 6zellik ¢ikarip isleyen evrisimsel sinir
ag1 bolimidir. YOLOv4’de alt yap1 olarak CSPDarknet53 sinir
ag1 kullanilmaktadir [14]. Ayrica omurga boliimii iginde Bag of
Speacials ve Bag of Freebies bolimleri bulunmaktadir. Bu
boliimler verisetinin zenginletirilmesi i¢in kullanilmaktadir [13].
Boyun, nesnelerin farkli boyutlarda da algilanabilmesi igin
kullanilmaktadir. Kafa boliimii, YOLOV3 ile benzer yapiya sahip
Dense Prediction katmanidir. Kafa boliimiinde nesnelerin
koordinatlarini, etiketlerini ve giiven skorunu iceren bir vektor
olusturulmaktadir. Ayrica YOLOv4’te SAM, SPP, PANet
aglarida etkin olarak kullanilmaktadir [15],[16],[17].

[ ] Feature

YOLOv3~v5

2.1.2. YOLOvS

YOLOvVS5 modelinin mimarisinde de YOLOv4 modelinde
oldugu gibi omurga, boyun ve kafa yapilar1 kullanilmstir. Giris
goriintiileri omurga(backbone) yapisi sayesinde 6zellik ¢ikarma
islemine tabi tutulur. Omurga yapisi sayesinde elde edilen
ozellikler kullamlarak, bir 6zellik haritas1 olusturulur. Ozellik
haritalarini kafa (head) yapilarina aktaran boyun (neck) asagidan
yikartya, yukaridan agagi yoniinde bir ka¢ yoldan olusmaktadir.
Tek agamali nesne tespiti islemlerinde kafa yapilarinda yogun bir
sekilde giiven skoru ve basarim skoru sonuglari elde edilmektedir.

Darknet kiitiiphanesi  ilizerinde gelistirilen YOLOv4
algoritmasindan farkli olarak YOLOVS algoritmast Pytorch
Kiitliphanesi kullanilarak gelistirilmistir [18].

2.1.3. YOLOX

Yolox, ilk olarak Akis Alg1 Yarigmasi (CVPR2021) Otomatik
Stirlis Workshop’unda tanitilmistir. Darknet alt yapisi kullanan bir
modeldir. YOLOv4 ve YOLOVS asir1 optimize edilmis yapilar
oldugundan bu yapida YOLOvV3-SPP ag yapisi ile gelistirilmistir.
YoloV3-SPP, gelismis bir CSPNet omurgasin1 ve ek bir PAN
kullanilmisin1  benimseyerek YoloV5 mimarisi kullanilarak
gelistirilmis ag yapisidir [19].

Bu modelde, nesne algilama iglemlerinde ¢akismalara neden
oldugu bilinen ve dogrulugun azalmasmma neden olan
smiflandirma  ve  regresyon  gorevleri ayni  anda
gerceklestirilmektedir. Bu sorunun ¢6ziimii igin ayrigtirtlmis kafa
yapist olusturulmustur. Geleneksel yolo serilerinde omurga ve
Ozellik piramitleri hala klasik kafa yapilarilart ile elde
edilmektedir. Ancak Yolox modelinde ayrilmis bir kafa
kullanilmis ve daha yiiksek dogruluk skorlari elde edilmesi
hedeflenmistir.

1 I
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Sekil 2. YOLOX Modeli ile YOLOV3-v5 Modelinin Yapist Arasindaki Fark
(Figure 2. The Difference Between the YOLOX Model and the Structure of the YOLOV3-v5 Model
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Yukaridaki sekil2’de YOLOv3-v5 modellerinin yapisi ile
YOLOX modelinin yapis1 arasindaki fark gosterilmistir. Her bir
FPN seviyesi igin 6zellik kanalinin 256’ya doniistiiriilmesi igin
once 1x1 conv katmani benimsenmis ve iki paralel dal
eklenmistir. Sirasiyla siniflandirma ve regrasyon gorevleri igin
3X3 doniisiim katmani eklenmistir. Ayrica regresyon dalina loU
dal1 eklenmistir [20].

YOLOX, Mozaik ve karigtirma stratejileri kullanilarak giiclii
bir sekilde gii¢lendirilmis bir veri seti iizerinde egitilmistir.
2.1.4. YOLOR

YOLOR, YOLOVS5 modeline benzer sekilde Pytorch
kiitiphanesi kullanilarak gelistirilmistir. CSPNet, dogruluk

Analyzer

h;;;nh

skorlar1 iizerinde azalmaya sebebiyet versede yolo modellerinde
algilama hizin1 artirabilmek igin yiiksek verimli evrisimli
katmanlar uygulamistir. Scaled YOLOv4, kavramlar1 alip son
teknoloji {iriin bir detektor ailesine uygulamistir.

Giliniimiizde yapay zeka egitiminde kullanilan modeller, ag1
once genel bir gorev i¢in genel biiyiik veri seti ile egitmekte sonra
0zel gorevler icin veri setlerini ince ayarlarla diizenlemektedir. Bu
egitim sirasinda ince ayar islemleri ile modelin agirliklar1 da
ayarlanmaktadir. YOLOR, COCO veri setinde mevcut
gorevlerle, yani nesne algilama, 6rnek segmentasyonu, panoptic
segmentasyon, anahtar nokta algilama, malzeme segmentasyonu,
resim yazisi, ¢ok etiketli goriintli siniflandirmasi ve uzun kuyruk
nesne tanima ile ortiik bir bilgi agin1 6nceden egitmektedir [21].

Explicit Knowledge

Discriminator

L Unified
=» Representation =g W Output

cit Knowledge

Sekil 3. YOLOR Modelinin Calisma Yapisi
(Figure 3. The Working Structure of the YOLOR Model)

Sekil 3’de  YOLOR modelinin ¢aligma  prensibi
gosterilmektedir. ' YOLOR, COCO veri kiimesini optimize
ederken acik bilgiyi temsil edebilen bagka bir parametre kiimesini

de egitmektedir. Tahmin i¢in ise hem ortiik hem de agik bilgiyi
kullanmaktadir [21].

2.2.Veri Seti

Bu ¢aligmada, daha onceleri ¢aligmalara kaynak olmug veri
seti kullanilmistir. Veri seti iki ayr1 nesne grubunu igermektedir.
Bunlar silah ve bigak verileridir. Silah verisinde zengin igerige
sahip 3000 adet goriintii bulunmaktadir. Silah goriintiileri internet
goriintiileri ve giivenlik kameralarindan alinmigtir. Bu goriintiiler
daha onceleri Olmos vd. (2018), caligmalarinda kaynak olarak
kullanilmistir [22]. Bigak verisi igin ise 2078 adet goriintii
kullanilmigtir. Bu goriintiiler en az bir adet bigak goriintiisii
icermektedir. Bu goriintiilerde internet ortami, Youtube videolar1

ve giivenlik kameralari goriintiilerinden derlenmistir. Bigak
goriintiileri segilirlen bazi 6zellikler aranmistir. Bu 6zellikler
maddeler halinde asagida verilmistir.

Cesitli tiir, sekil, renk boyut ve farkli malzemeden yapilmasi
Kameralarin yakininda ve uzaginda olmasi

Bigaklarm elle kismen tutulmus olmast

Bigak goriintiisiine benzer ¢eldiricilerinde olmasi

Ic ve dis mekan goriintiilerinde bigak senoryolarinin
bulunmasina dikkat edilmistir.

Bigak veri setide daha oOnceleri Castillo vd. (2019),
calismalarina kaynak veri olarak kullanilmigtir [23].
Kullanilan veri setine ait 6rnek goriintiiler Resim 1. ve Resim?2.’de
verilmistir. Resim 1 ve resim 2 de gosterildigi gibi goriintiilerin
her tiirlii ag1 ve bakis agisindan olmasina dikkat edilmistir.
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Resiml. (")rnek.b.lgak verileri goriintiileri (Picture 1. Sample knife data images)
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Resim 2. Ornek silah verileri goriintiileri (Picture 2. Sample weapon data images)

Bigak ve silah veri seti lizerinde 6n isleme islemleri yapilmis
bazi goriintiilerin agilar1 degistirilerek goriintii sayis1 artirilmistir.
Calisma i¢in kullanilan goriintii sayis1 9253 goriintii olarak
kullanilmistir. Bu goriintiilerin 6600 adeti egitim, 1000 adeti test
ve 653-adet dogrulama verisi olarak kullanilmistir.

3. Onerilen Metodoloji

Bu calismada, giivenlik kamerast goriintiilerinde otomatik
silah ve bicak tespiti uygulamasi yapilmas: hedeflenmistir.
Onerilen modelin se¢iminde daha &nceleri yapilan galismalar
incelenmisgtir. Literatiirde YOLO modellerinin basarili sonuglar
verdigi gozlenmistir. Bu ¢alismada da YOLO modellerinden en
giincel ve en basarili sonuglar veren modellerinden YOLOV4,
YOLOvVS, YOLOX ve YOLOR modelleri kullanilmasi ¢aligma

icin metodoloji olarak Onerilmistir. Hem bu modellerin
performaslar1 arasindaki farklar gozlemlenecek hem de otomatik
silah ve bigak algilanmasi calismasi gerceklestirilmis olacaktir.

4. Analiz

Bu ¢alismada giivenlik kameras1 goriintilerinden otomatik
silah ve bicak algilanmasi i¢in literatiirdeki diger ¢alismalardan
farkli olarak popiiler ve basarili sonuglar veren daha dnceden
egitilmis model olan YOLO modelleri kullanilmig ve sonuglari
kargilagtirtlmistir. YOLO modellerinden YOLOv4, YOLOVS,
YOLOX ve YOLOR modelleri kullanilmustir.

Karsilastirma igleminin saglikli ve giivenilir olmast igin
benzer Epoch, Batch ve Image Size degerleri secilmistir.

Tablo 1. Calismada elde edilmis karsilastirmali yiizdesel skorlar (Table 1. Comparative percentage scores obtained in the study)

MODEL BATCH EPOCH Image Recall Precision | Map@0,5
Size
YOLOv4 8 50 416x416 | 0,91 0,90 0,9412
YOLOV5 8 50 416x416 | 0,816 0,86 0,864
YOLOX 8 50 416x416 | 0,89 0,894 0,9069
YOLOR 8 50 416x416 | 0,958 0,967 0,976
Calsmada uygulanan modeller arasinda en basaril modeline gore silah ve bigak tespiti islemi sonuglar1 recall degeri

sonuglarm  YOLOR  algoritmasinin  vermis oldugu
gozlemlenmistir. YOLOR modeli galigma siiresi olarakta diger
modellere gée ¢ok daha kisa siirede tamamlanmistir. YOLOR
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0,958, precision degeri 0,967 ve nesnelerin kesisiminin ortalama
hassasiyet degeri olan Map@0,5 0,976 olarak hesaplanmistir.
YOLOR modelinde hesaplanan diger degerlerde grafik halinde
sonuglari da agagida verilmistir.
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Sekil 4. Deneysel ¢alisma analizlerinin grafiksel gosterimi
(Figure 4. Graphical representation of experimental study analyzes)

Goriintiilerin analizler islemleri neticesinde tespit edilmesine dair nesnesel ve yiizdesel olarak sonuglarinin 6rnek
goriintiileri resim 3 ve resim 4 te gosterilmistir.

5. Sonug

Bu caligmada, goriintiilerdeki silah ve bigaklarin otomatik
algilanmast i¢in gilincel YOLO algoritmalar ile karsilastirmali
deneysel c¢aligmalar yapilmigtir. Literatiirde yaygin olarak
kullanilan YOLOv3 modeli yerine daha giincel daha hizh
performans sonuglart veren YOLOv4, YOLOvS, YOLOX ve
YOLOR modelleri tercih edilmistir. Modellerin
performanslarinin ~ dogrulugunun  kiyaslanabilmesi  i¢in
modellerde 8 batch, 50-epoch ve goriintiilerin boyutlarinin
416x416 ebatlarinda olmasi saglanmistir. Caligmada yapilan
deneysel ¢aligmalar neticesinde modeller arasindaki en basarili
performansi % 95,8 recall, 0,967 Precision ve %97,6 Map@0,5
degerleri YOLOR algoritmast ile elde edilmistirr YOLOR
algoritmasindan sonra ise en basarili sonuglar sirasiyla daha
onceki versiyon olmasma ragmen %94,12 map@0,5 basarim

Resim 3. Ornek silah bigak algilama nesnesel degeriyle YOLOv4 algoritmasindan, %90,69 map@0,5 degeriyle
(Picture 3. Example weapon knife detection objective) YOLOX ve %86,5 map@0,5 degeriyle YOLOVS5 algoritmasindan

BOFREnEs
- 8

elde edilmistir.
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Abstract

In this study, the fully developed velocity profile in magnetohydrodynamic (MHD) flow between microparallel plates was analyzed
analytically using all the second-order slipvelocity boundary conditions available in the literature. The heat flux is assumed to be
constant. The magnetic field acts perpendicular to the plate surface. The momentum equation is solved analytically using the quadratic
slip velocity boundary condition model in slip flow. The extent to which the second-order slip velocity boundary conditions affect the
slip flow at the center and at the wall is shown with both graphs and tables. In the study, it was emphasized how effective the magnetic
field is especially in the case of second order slip flow, and the percentage of the second order slip flow in the presence/absence of
magnetic field was calculated as a percentage.
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1. Introduction

In the 1980s, MEMS (micro-electro-mechanical systems), a
new field covering all aspects of science and technology, has
become the focus of attention of many researchers.

Magneto-hydrodynamics (MHD) plays a very significant role
in astrophysics, galactic magnetism, engineering, and controlled
nuclear fusion. As in nature, the magnetic field or MHD affects
the behaviour of fluid and flow in industrial processes. In addition
to micro electronic industry, medical industry, micro-device
technology, bioengineering and micro-scale heat exchanger
systems, simultaneous increase of technical applications at micro-
scale level in aviation, food, chemical, pharmaceutical and
automotive industries has led to a recent growth of importance for
fluids to determine the momentum and heat transfer
characteristics in magneto-hydrodynamics (MHD) flow at micro-
scale. The electrically conductive fluid is affected by the magnetic
field both in terms of heat transfer and flow. This makes magnetic
field important as a heat transfer recovery method.

With increasing dilution and dilution in the gas flow in
microchannels, more accurate boundary conditions were required
and a second-order slip velocity boundary condition was used.
The absence of a conventionally accepted second-order slip
boundary condition in the literature makes it difficult to use the
slip flow equations. Despite the studies, uncertainties remain on
the correct value of the second-order slip boundary condition
coefficient. Undoubtedly, in this case, it emerges as an important
problem extending to the Navier-Stokes equations in the
transition flow regime.

In the study, the second order slip velocity boundary
condition coefficients proposed by [1], [2], [3], [4], [5], [6], [7],
[8], [9],[10] how it affects the slip velocity was investigated.

The extent to which MHD flow affects heat transfer and flow
control was investigated for the first time by [11]. Depending on
the electrical conductivity and magnetization property, the flow
rates and speeds of fluids vary under the impact of a magnetic
field. If a magnetic field is applied to a fluid with electrical
conductivity, an electric current is induced in the fluid, and the so-
called Lorentz force is formed between the resulting electric
current and the magnetic field. Thus, emerging Lorentz force
affects the fluid flow, hence heat transfer. The generation of these
currents has also led to designing appliances such as MHD
generator devices, MHD pumps, accelerators and flow-meters.

In the literature where the second-order velocity boundary
conditions model for slip flow government was used for different
geometries, either merely slip flow regime or magneto-
hydrodynamics (MHD) was taken into account simultaneously
with slip flow regime. Those studies are summarized below.

The fully developed gas flow between parallel plates is
investigated in the work by [12] and the momentum and energy
equations are solved using both the slip flow and temperature
jump boundary conditions of the second order. In his work, [13]
has obtained the second-order slip boundary condition model
from the Kinetics Theory for the wall-bounded dilution (rarefied)
gas flow. The slip flow contains very close estimates to numerical
solutions of linearised Boltzmann equation for entire Knudsen
numbers. [14] have analysed the viscous fluid flow and heat
transfer through an isothermal, pervious and linear shrinking plate
that was exposed to constant absorption and placed in a stagnant
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medium, by using the second-order slip flow model previously
proposed by [13]. [15] has numerically studied some basic
parameters of fluid flow and heat transfer including slip
coefficient, magnetic parameter, Prandtl Nu with Eckert Nu and
the impact of viscous dissipation on the slip flow of electrically
conductive fluid moving through a permeable surface in two-
dimensional and steady regime. [16] has experimentally
examined gas flow through a rectangular micro-channel using the
second-order slip boundary condition whereas [17] has
numeriacally investigated the slip flow in a natural convection by
applying constant heat flux to the walls of a micro channel with
perpendicular parallel plates. Stagnation point flow from a
vertical plate with constant heat flux, in mixed convection under
a steady regime has been discussed by [ 18] using the second-order
slip flow model proposed by [13] whereas [19] have examined
heat transfer through a vertical, porous and expanding / shrinking
plate under a permanent regime referring to the same model by
[13]. The MHD was analyzed analytically by study [20] on how
the second-order slip flow affects heat and mass transfer. In the
studyy, MHD flow and heat transfer over a permeable
expanding/shrinking surface was discussed using the second-
order slip model. Another research by [21] has examined the heat
transfer of frictional Maxwell flow over MHD flow on a porous
medium while analysing the second order slip effect as well. [22]
have analysed the effect of second-order slip on the flow of a
Maxwell fluid with second-order friction while monitoring the
second-order slip flow between the wall and the fluid on it. [23]
have investigated the effect of magnetic field and second-order
slip flow on kasson flow through heat transfer, which is subject to
suction/injection and convective boundary condition. Their
analyses have depicted that friction on the surface was increased
by the progress of the second-order slip parameter, in the
existence of kasson flow parameter and Nusselt number. [24] have
theoretically discussed the combined analysis of entropy
generation and activation energy via modeling the second-order
slip velocity flow on a sloping parabolized surface.[25] have
monitored the MHD flow of nanofluids creating homogeneous-
heterogeneous reaction on a porous medium, influenced by the
second-order slip velocity. Under these conditions, the basic flow
equation has been entirely solved and the coefficient of surface
friction has been found to be significantly different from the
results of previous literature, in the presence of second order slip
rates. Another research by [26] has focused on joule heating, and
second-order the distributor flow at MHD stagnation on a
permeable medium with joule heating and second order slip
condition. They have numerically and graphically modelled the
effects of viscous diffusion, Joule heating and the second-order
slip on flow area by comparing various values of the basic
parameters.

Generally, the second-order slip velocity boundary
conditions are it is shown in equation (1).

0%u

oY
Us—Uy = Dq a_y 2o (1)
w w

are explained by this model. Here us slip velocity, uw wall
speed, by first order slip velocity boundary condition coefficients,
b, second order slip velocity boundary condition coefficents,
respectively.
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Table 1. b; and b, Slip velocity boundary condition
coefficients

Author b1 b
Cercignani and Daneri, (1963) |1.1466 0.9756
Cercignani & Lorenzani, (2010) |1.1209 0.2347
Deissler, (1964) 1 9/8
Hadjiconstantinou, (2003) 1.11 0.61
Hsia and Domoto, (1983) 1 1/2
Karniadakis & Beskok, (2002) |1 -1/2
Lorenzani, (2011) 1.1366 0.69261
Mitsuya, (1993) 1 2/9
Pitakarnnop et al., (2010) 1.1466 0.647
Schamberg, (1947) 1 ST /12

This study demonstrates ten models proposed by [1], [2], [3],
[41, [5], [6], [7], [8], [9], and [10] with authors' names and the
corresponding coefficients for each model, as tabulated in table 1.

The aim of this study is to reveal the extent to which the
coefficients of the second-order slip velocity boundary conditions
existing in the literature, when used together with the magnetic
parameter "M", affect the velocity profiles in the slip flow.

2. Material and Method
2.1. Formulation Of The Problem

The geometry and coordinate system is displayed in Figure
1. The magnetic Reynolds number is small and has been neglected
next to the magnetic field induced by the motion of the electrically
conductive fluid. At the same time, electric field strength, Hall
effect and Joule heating are neglected. The flow is two-
dimensional and the coordinate system is placed in the center of
the microplates. The x-axis is placed on the center axis and the y-
axis is perpendicular to it. Under these conditions, the basic
dimensional equations of the flow under the influence of magnetic
field, conservation of mass and conservation of momentum and
its equation are given below.

Bo, Qw

BO > Qw

Figure 1. Geometry and coordinate system.

Regarding the above assumption, equation (2) is momentum
equation, equations (3) and (4) define the quadratic slip velocity
boundary conditions;

d’u  1dp  oBjf

cu_z , 2
dy? udx+ W @
0o, o 0 3)
y: ] A = )
ayl,
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y =+H,

u=ug = —bjAi—

% )

y=+H y=+H

where o, p, 1, Bo represent electrical conductivity, pressure,
dynamic viscosity and magnetic field strength of the fluid,
respectively. Defining directly, us is the slip velocity, and A
symbolizes molecular mean free path.

Dimensionless quantities used in the analysis of the physical
phenomenon examined in the study

X y u Ug pH
X=— y== U=— Ug=— P=—

R 0 o S “um,(S)

It is defined as U dimensionless axial coordinate,

dimensionless velocity component in X direction, um dimension
average velocity, Us dimensionless sliding velocity, H half
distance between plates, Y dimensionless normal coordinate, P
dimensionless static pressure.

Dimensionless momentum equation in the X direction and
coupled boundary conditions;

d’u dp

el 2
32 = ax + M?U, (6)
Y=0 du =0 (7)
- Y dY Y=o - )
Y=1 U=Ug= 2b1<clU 4bK2d2U (8)
—h UsUemmEhingg], | T e
M is the Hartmann number described by the Eq. (5)
1
oB2H?\2
M= , €)]
n

The analytical solution of Eq. (6) which is dependent to the
boundary conditions in Eqgs. (7-8) is achieved;

U= C—l, (10)
G
¢, = MCosh(MY) — M Cosh(M) — 2b,; KnM?Sinh(M)
— 4b,Kn?M3Cosh(M), (11)
¢, = Sinh(M) — MCosh(M) — 2b,KnM? Sinh (M)
— 4b,Kn?M3Cosh(M), (12)

3. Results and Discussion

In this study, the results obtained for Knudsen numbers range
from 0 to 0.1, while for Hartmann numbers it is between 0 and 2.

The impact of first, second order slip boundary condition
model on the velocity field is displayed via different slip models,
as shown in Figures 2-4, concerning the variations of Kn number,
the basic parameter of slip flow, and M, the basic parameter of
magnetic field.

Figure 2 exhibits the effect of first and second order slip
boundary condition on velocity profile in various slip models, in
the absence of magnetic field influence (M= 0). At M = 0 and Kn
=0, non-sliding state occurs on the wall and axis with the first and
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second order slip boundary condition models. At M = 0, compared
to the first order slip boundary condition, as the Knudsen number
is increased by the second order slip boundary condition, slip
velocity on the plate wall also rises for all models except Model
[6] while a lowered effect is seen in axis velocity (maximum
velocity) varying by the mass position. In Model [6], checked to
the first order, the second order slip boundary condition for M= 0
decreases slip velocity on the plate wall with an increase in Kn
number while enhancing the velocity on axis (highest velocity) in
accordance with mass positioning.

The effect of magnetic field on velocity profile is shown in
Figure 3 and Figure 4. Furthermore, slip velocity on the wall is
much more increased by arising Knudsen number and magnetic
field parameter M in a contradictory effect to the reduced axis
velocity. The second order slip boundary condition accentuates
this effect even more for all models excluding the Model [6] while
making velocity profile more massive (flattened) and causing a
larger increase in velocity on the wall than does the first order slip
velocity boundary condition. In Model [6], an opposing situation
is observed. Here, the second order slip boundary condition model
is seen to lower slip velocity on the wall while raising it on the
axis, depending on an rise in magnetic field parameter and
Knudsen number.

In Figure 2-4, the dimensionless velocities intersect at the
same point against the Knudsen number and the slip boundary
condition model. This port indicates where the fluid velocity is
equal to the medium velocity (U=1). Due to the suppression of the
velocity profiles by the magnetic parameter M, the intersection
point moves away from the axis and approaches the wall surface.

The utilization of second order slip boundary condition
model is found out to increase velocity by 8.609% on the wall and
decrease it by 1.714% on the axis for model [1] at M = 0, Kn =
0.1. The increase rate for model [2] is 2.402% on the wall the
decrease on the axis is 0.378% ; for model [3], similar trends are
detected as 11.473% increase on the wall and 1.886% decrease on
axis. The results obtained for proceeding models are as follows:
5.929% increase on wall velocity and 0.978% decrease on axis for
model [4]; 5.684% increase on the wall and 0.868% decrease on
axis for model [5]; 6.959% decrease on wall velocity and 0.920%
increase on axis velocity for model [6]; an increase of 6.459% on
the wall and a decrease of 1.090% on the axis for model [7], an
increase of 2.647% on the wall whereas a decrease of 0.390% on
the axis for model [8], an increase of 5.996% on wall velocity
whereas 1.013% decrease on axis velocity for model [9] and
finally increasing rate of 12.972% on the wall with a decrescent
impact on the axis by 2.171% model [10].

This variation is triggered by arising magnetic field impact
o as to generate a velocity change at M = 2, Kn = 0.1 with the
following scores: An increase by 14.069% on the wall and
decrease by 2.638% on the axis for model [1], 4.352% increase
on the wall and 0.705% decrease on the axis for model [2];
11.473% velocity increase on the wall and 1.886% decrease on
the axis for model [3] with no change at M = 0 and M = 2. The
values appear as 10.164% increase on the wall and 1.764%
decrease on the axis for model [4]; 9.843% increase on the wall
and1.598% decrease on the axis for model [5]; 15.00% decrease
on the wall whereas 1.837% increase on the axis for model [6],
10.940% increase on the wall and 1.954% decrease on the axis for
model [7]; an increase of 4.838% in wall velocity whereas a
decrease of 0.739% in axis velocity for model [8]; an increase in
wall velocity by 10.233% with a decreasing value of 1.819% on
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the axis model for model [9], an increase on the wall by 20.162%
whereas a decreasing velocity of 3.767% on the axis for model
[10].

For models [1,2,4,5,7-10], the magnetic field fosters a
reducing effect on wall slip velocity whereas an enhancing impact
on the axis. The magnetic field is remarked to bring out a reverse
situation for model [6] with an increasing slip velocity on the axis
and decrescent one on the wall. Yet, no change is noted for model

[3].
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Figure 2. The impact of second order slip boundary
conditions coefficient for various slip models on fully developed
velocity profile (M= 0).
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Figure 3. The impact of second order slip boundary
conditions coefficient model for various slip models on fully
developed velocity profile (M= 1).
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Table 4. Comparison of slip velocities occurring in the axis at
different values of Kn number and M.

 Efccstsntinos M=2
e [ EZ:IE;‘:'EZEE*& Kn First order
- (11| [21 | [31 | [41 | [51 | [6] | [7] | 8] | [9] |[10]
0s] T P Y=0| Y=0 | Y=0 | Y=0| Y=0 | Y=0| Y=0 | Y=0| Y=0| Y=0
) . 0.00 |1.417(1.417|1.417|1.417|1.417|1.417{1.417|1.417|1.417|1.417
10 i 0.05|1.292|1.294|1.304|1.295|1.304|1.304|1.293|1.304{1.292{1.304
o0 02 04 06 0.8 1.0 1.2 14 1.6
010 |1.2251.227]1.239[1.228]1.239]1.2391.226| 1.239| 1.225 [ 1.239
Figure 4. The impact of second order slip boundary condition Kn Second order
coefficient for various slip models on fully developed velocity () (214 1314 141 4 [51 1 161 1 [71 1 [81 1 [91 1 [10]
file (M= 2 Y=0|Y=0]Y=0]Y=0]|Y=0]Y=0]Y=0]Y=0|Y=0]|Y=0
profile (M=2). 000 | 1:417[1.417|1.417[1.417|1.417(1.417|1.417|1.417|1.417|1.417
Table 2. Comparison of slip velocities occurring in the axis [ 5 15(1.277[1.290(1.286]1.285[1.295[1.313[1.282[1.300|1.282[1.283
at different values of Kn number and M.
) 0.10 |1.193|1.218]1.239]1.207|1.219{1.262|1.202|1.230{1.203|1.194
M=0
Kn First order
(1] | [21 | (31| [41 | [51 | (6] | [71 | 8] | [9] |[10]
Y=0|Y=0|Y=0|Y=0|Y=0]|Y=0|Y=0|Y=0|Y=0|Y=0
000 1.5 [ 1.5 | 1S5 |15 |15 |15 |15 1515 15
0.05 1.37211.374|1.384|1.375|1.384[1.384|1.372|1.384|1.372|1.384
) 0 2 6 1 6 6 9 6 0 6
010 1.296|1.298(1.312(1.300|1.312(1.312{1.294|1.312|1.296|1.312 Table 5. Comparison of slip velocities in the wall at different Kn
2 9 > ! > > 3 > 2 > numbers and M values.
Second order
Ko | [1] | [2] | [31 | [4] | [51 | [6] | [71 | (8] | [9] |[10] M=0
Y=0|Y=0|Y=0]Y=0]|Y=0]Y=0|Y=0]|Y=0]|Y=0]Y=0 First order
000 1.5 [ 15 | 1S5 |15 |15 |15 |15 1515 15 Kn
0.05]1.364|1.372[1.374]1.370]1.380|1.389|1.367| 1.382 [ 1.366 | 1.373 (1 1210 B4 141 181 ) 161 ) 171 | 181 | 191 | [10]
: : : : : : : : : : : Y=£1|Y=£1|Y=t1|Y=%1|Y=£1|Y=£]|Y=£]|Y=£]|Y=£1|Y=%1
0.10]1.277(1.294(1.288(1.287|1.301|1.324|1.283|1.307|1.283|1.284 0001 0 0 0 0 0 0 0 0 0 0
0.050.255(0.251{0.230(0.249{0.230|0.230{0.254|0.230{0.255]|0.230
Table 3. Comparison of slip velocities occurring in the axis at 0.10 0.407/0.402{0.37510.399(0.375|0.375|0.405|0.375|0.407{0.375
different values of Kn number and M. Second order
Ko | [1] | [2] | [3] | [4] | [51 | [6] | [71 | (8] | [9] | [10]
M=1 Y=£1|Y=£1l|Y=t1|Y=%t1|Y=%1|Y=%1|Y=£1|Y=£]|Y=£]|Y=¢£I
Kn First order 0.00 0O 0 0 0 0 0 0 0 0 0
(17 | 2] | [3) | [4] | [51 | [6] | [71 | [8] | [9] |[10] 0.0510.271]0.255]0.250/0.260[0.239]0.221{0.265]0.234|0.266|0.253
Y=0[Y=0]Y=0|Y=0|Y=0|Y=0]|Y=0|Y=0]|Y=0]|Y=0 0.10 {0.446(0.412|0.423|0.425|0.397/|0.350(0.433(0.385{0.433|0.430
0.00 |1.476(1.476]1.476|1.476|1.476/1.476|1.476|1.476|1.476|1.476
0.05 |1:348(1.350|1.360|1.351{1.3601.360|1.349|1.360{1.348 | 1.360
Table 6. Comparison of slip velocities in the wall at different Kn
0.10 |1-274|1.277|1.290{1.278{1.290|1.290|1.275|1.290(1.274 | 1.256
: numbers and M values.
Second order
Kn | [1] | [2] | (3] | [4] | [51 | [6] | [71 | (8] | [9] | [10] M=1
Y=0|Y=0|Y=0|Y=0|Y=0|Y=0|Y=0|Y=0]|Y=0]|Y=0 « First order
0.00 | 1476 1.476[1.476[1.4761.476|1.476| 1.4761.476|1.476 1.476 ST T T T BT o] 8 o0
Y=£1|Y=t1|Y=£1|Y=%1|Y=£1|Y=£1|Y=£]|Y=%1|Y=£1|Y=x£]
0.05 | 1:338(1.348|1.348|1.345/1.355|1.366|1.342|1.358|1.341|1.346 000l 0 0 0 0 0 0 0 0 0 0
0.10 |1-251|1.271|1.260{1.262{1.276|1.306|1.258|1.284|1.258 | 1.256 0.05 [0.268]0.263]0.242|0.261{0.242]0.242]0.266|0.242[0.268|0.242
0.10 [0.422]0.417]0.389/0.414{0.389{0.389|0.420(0.389[0.422|0.461
Second order
Ko | [1] | [2] | [3] | [4] | [51 | [6] | [7] | [8] | [9] | [10]
Y=£1|Y=£1|Y=£1|Y=£]|Y=£]|Y=£]|Y=£]|Y=%]|Y=%]|Y=2%]
0.00] 0 0 0 0 0 0 0 0 0 0
0.05 [0.289]0.269|0.268|0.275{0.254|0.229|0.281(0.247{0.282]0.272
0.10 [0.472]0.430/0.452(0.448{0.419|0.356|0.457(0.40310.456|0.461
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Table 7. Comparison of slip velocities in the wall at different Kn Table 11. Relative percentage changes of velocity depending on

numbers and M values. different Kn numbers and M values.
M=2 M=0
First order
Kn Usecondorder_Ufirstorder
(11 (21 | [3] | (4] | [51 | [6] | [7] | [8] | [91 | [10] Kn Usecond order x100
Y=t1|Y=£1|Y=£1|Y=£1|Y=t1|Y=t1|Y=£1|Y=£1|Y=t1|Y=xt] IR GG RECREC G
0.00] 0 0 0 0 0 0 0 0 0 0
0.05 [0.299]0.294]0.271]0.292]0.271|0.271]0.297]0.271]0.299[0.271 Y=l Y=ol V=il Y=l V=] V=] V=Rl Y=t ] Y=l Y=t
0.10 10.460[0.454[0.426/0.452]0.426]0.426]0.458|0.426]0.460{0.426 0.00, - - - - - - - - - -
0.05]5.809|1.564| 7.753 [3.9233.632]-4.057/4.290|1.661(3.977] 8.882
Second order 0.10/8.609(2.402(11.473(5.929|5.684[-6.959/6.459(2.647(5.996(12.972

Kn | [1] | [2] | [3] | [41 | [5] | (el | [7] | [8] | [91 | [10]
Y=£1|Y=41|Y=t1|Y=t1|Y=+]|Y=t1|Y=4]|Y=t1|Y=4]|Y=t]
000f] 0o fofoJofolof[o]o]o]o
0.05 |0.334/0.303{0.314/0.315{0.291{0.250{0.322(0.280{0.322|0.321

0.10 |0.535]|0.475|0.426(0.503{0.473{0.371|0.514|0.448(0.513]0.534

Table 12. Relative percentage changes of velocity depending on
different Kn numbers and M values.

M=1
. . . Usecond order —Ufirst order XIOO

Table 8. Relative percentage changes of velocity depending on Kn Usecond order
different Kn numbers and M values. [17 | [2] | [31 | [41 | [51 | [6] | [71 | [8] | [o1 | [10]
Y=£1|Y=£1| Y=%1 |Y=£1|Y=21|Y=£]|Y=%1|Y=£]|Y=%1| Y=£1

M=0 000 - | - | - | - | - -1 -1 -1-7T-

0.05] 7.360 |1.970] 9.765 [4.972]4.685|-5.306/5.431]2.142|5.030(11.123
Kn Usecond orderUfirst order y 1 ) 0.10{10.537|3.043]13.932|7.388|7.079|-9.218]7.983|3.371|7.463| 0.000

Usecond order

(11| 2] | (31 | [4] | [51 | [6] | [7] | 8] | [®] |[10]
Y=0|Y=0][Y=0|Y=0|Y=0][Y=0]Y=0|Y=0]Y=0]|Y=0

Table 13. Relative percentage changes of velocity depending on
different Kn numbers and M values.

0.00

0.05  1.0.57-0.145-0.705-0.372+0.318]0.323 |-0.4161-0.137-0.387}-0.822

M=2

0.101.1.711-0.378}-1.88610.97810.868(0.920 |-1.0901-0.390}-1.013}-2.171 Usecond order~Utirstorder 4 1 )

Kn Usecond order

(1] | [21 | 3] | [4] | [51 | [6] | [7] | [8] | [O] | [10]
Y=t1 |Y=41| Y=+1 | Y=£1 |Y=+1|Y=£]| Y=t1 [Y=41| Y=+] | Y=tx

Table 9. Relative percentage changes of velocity depending on m

different Kn numbers and M values.
0.05 10.529|2.934|13.763| 7.233 |6.833|-8.43 | 7.871 |3.210| 7.342 |15.561

M=1
0.10114.069]4.352] 0.000 |10.164]9.843|-15.010.940|4.838|10.233|20.164
Usecond order —Ufirst order %100
Kn Usecond order 4 C l . d R d t'
. Lonclusions an ecommendations

(1] | [21 | [31 | [4] | [5] | [6] | [7] | [8] | [9] | [10]

Y=0[Y=0|Y=0|Y=0|Y=0|Y=0|Y=0|Y=0|Y=0|Y=0 In the study, velocity distribution was obtained analytically
0.00] - - - - - - - - - - depending on magnetic field parameter M, first and second order

0.051-0.762]-0.185|-0.919]-0.483|-0.413|0.431 |-0.543|-0.184-0.506/-1.069|  slip velocity boundary condition coefficients b1, bo and Knudsen
0.10|-1 8941-0 4871-2.359-1 243-1 112/1.201 |-1.382-0.506]-1 2871-0.000| Number. The research is based on slip velocity boundary condition
coefficients proposed for second order velocity slip boundary
condition models by [1], [2], [3], [4], [5], [6], [7], [8], [9] and [10]
Table 10. Relative percen[age Changes Ofvelocity dependlng on as shown in Table 1. The results obtained for Knudsen number
different Kn numbers and M values. range between 0 and 0.1 whereas they scale between 0 and 2 for

magnetic field parameter referred as Hartmann number. Slip
M=2 velocity is analytically solved to accumulate Knudsen number
depending on the coefficients of first and second order slip
boundary conditions b; and b, as well as the magnetic field
parameter M.

Usecond order —Ufirst order x1 00
Kn Usecond order

(11 | [21 | (31| [4] | [51 | [6] | [7] | [8] | [9]
Y=0|Y=0|Y=0|Y=0|Y=0|Y=0| Y=0| Y=0| Y=0 Using the second order slip boundary condition coefficient, it
0.00] - - - - - - - is revealed that slip velocity at M = 0 and Kn = 0 in the first and
0.05]-1.150]-0.286|-1.407]-0.746|-0.640/0.670 |-0.826|-0.292|-0.771|-1.628|  gecond order slip velocity boundary conditions generate a non-
0.10]-2.638|-0.705] 0.000 |-1.764]-1.598| 1.837|-1.954|-0.739|-1.819|-3.767 slip state both on the wall and axis. At M = 0, compared to the
first order slip boundary condition, as the Knudsen nu is increased
by the second order slip boundary condition, slip velocity on the
plate wall also rises for all models except Model [6] while a
lowered effect is seen in axis velocity (maximum velocity)

<=
=
L=
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varying by the mass position. Furthermore, slip velocity on the
wall is much more increased by arising Knudsen number and
magnetic field parameter M in a contradictory effect to the
reduced axis velocity. The second order slip boundary condition
accentuates this effect even more for all models excluding Model
[6] while making velocity profile more massive (flattened) and
causing a larger increase in velocity on the wall than does the first
order slip velocity boundary condition.

For models [1,2,4,5,7-10], the magnetic field fosters a
reducing effect on wall slip velocity whereas an enhancing impact
on the axis. The magnetic field is remarked to bring out a reverse
situation for model [6] with an increasing slip velocity on the axis
and decreasing one on the wall. Yet, no change is noted for model

[3].
5. Acknowledge

[1] Cercignani, C. and A. Daneri, Flow of a rarefied gas between
two parallel plates. Journal of Applied Physics, 1963. 34(12):
p. 3509-3513.

[2] Cercignani, C. and S. Lorenzani, Variational derivation of
second-order slip coefficients on the basis of the Boltzmann
equation for hard-sphere molecules. Physics of Fluids, 2010.
22(6): p. 062004.

[3] Deissler, R., An analysis of second-order slip flow and
temperature-jump boundary conditions for rarefied gases.
International Journal of Heat and Mass Transfer, 1964. 7(6):
p. 681-694.

[4] Hadjiconstantinou, N.G., Comment on Cercignani’s second-
order slip coefficient. Physics of Fluids, 2003. 15(8): p. 2352-
2354.

[5] Hsia, Y.-T. and G. Domoto, An experimental investigation of
molecular rarefaction effects in gas lubricated bearings at
ultra-low clearances. 1983.

[6] Karniadakis, G.E., A. Beskok, and M. Gad-el-Hak, Micro
flows: fundamentals and simulation. Appl. Mech. Rev., 2002.
55(4): p. B76-B76.

[7] Lorenzani, S., Higher order slip according to the linearized
Boltzmann equation with general boundary conditions.
Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 2011.
369(1944): p. 2228-2236.

[8] Mitsuya, Y., Modified Reynolds equation for ultra-thin film
gas lubrication using 1.5-order slip-flow model and
considering surface accommodation coefficient. 1993.

[9] Pitakarnnop, J., et al., A novel experimental setup for gas
microflows. Microfluidics and Nanofluidics, 2010. 8(1): p.
57-72.

[10] Schamberg, R., The fundamental differential equations and
the boundary conditions for high speed slip-flow, and their
application to several specific problems. 1947, California
institute of technology.

[11] Hartmann, J. and F. Lazarus, Hg-dynamics II. Theory of
laminar flow of electrically conductive Liquids in a
Homogeneous Magnetic Field, 1937. 15(7).

[12] Kushwaha, H.M. and S. Sahu, Analysis of gaseous flow in a
micropipe with second order velocity slip and temperature
jump boundary conditions. Heat and Mass Transfer, 2014.
50(12): p. 1649-1659.

[13] Wu, L., A slip model for rarefied gas flows at arbitrary
Knudsen number. Applied Physics Letters, 2008. 93(25): p.
253103.

e-ISSN: 2148-2683

[14] Singh, G. and A. Chamkha, Dual solutions for second-order
slip flow and heat transfer on a vertical permeable shrinking
sheet. Ain Shams Engineering Journal, 2013. 4(4): p. 911-
917.

[15] Yazdi, M., et al., Slip MHD liquid flow and heat transfer over
non-linear permeable stretching surface with chemical
reaction. International Journal of Heat and Mass Transfer,
2011. 54(15-16): p. 3214-3225.

[16] Colin, S., P. Lalonde, and R. Caen, Validation of a second-
order slip flow model in rectangular microchannels. Heat
transfer engineering, 2004. 25(3): p. 23-30.

[17] Rahimi, B. and H. Niazmand, Effects of high-order
slip/jump, thermal creep, and variable thermophysical
properties on natural convection in microchannels with
constant wall heat fluxes. Heat transfer engineering, 2014.
35(18): p. 1528-1538.

[18] Rosca, A.V. and I. Pop, Flow and heat transfer over a vertical
permeable stretching/shrinking sheet with a second order slip.
International Journal of Heat and Mass Transfer, 2013. 60: p.
355-364.

[19] Rosca, N.C. and 1. Pop, Mixed convection stagnation point
flow past a vertical flat plate with a second order slip: heat
flux case. International Journal of Heat and Mass Transfer,
2013. 65: p. 102-109.

[20] Turkyilmazoglu, M., Heat and mass transfer of MHD second
order slip flow. Computers & Fluids, 2013. 71: p. 426-434.

[21] Aman, S., Q. Al-Mdallal, and I. Khan, Heat transfer and
second order slip effect on MHD flow of fractional Maxwell
fluid in a porous medium. Journal of King Saud University-
Science, 2020. 32(1): p. 450-458.

[22] Liu, Y. and B. Guo, Effects of second-order slip on the flow
of a fractional Maxwell MHD fluid. Journal of the
Association of Arab Universities for Basic and Applied
Sciences, 2017. 24: p. 232-241.

[23] Majeed, A., et al., Impact of magnetic field and second-order
slip flow of Casson liquid with heat transfer subject to
suction/injection and convective boundary condition. Journal
of Magnetics, 2019. 24(1): p. 81-89.

[24] Qayyum, S., et al., Modeling and theoretical investigation of
curved parabolized surface of second-order velocity slip
flow: Combined analysis of entropy generation and activation
energy. Modern Physics Letters B, 2020. 34(33): p. 2050383.

[25] Almutairi, F., S. Khaled, and A. Ebaid, MHD flow of
nanofluid with homogeneous-heterogeneous reactions in a
porous medium under the influence of second-order velocity
slip. Mathematics, 2019. 7(3): p. 220.

[26] Sayyed, S., B. Singh, and N. Bano, MHD Stagnation-Point
Dissipative Flow in a Porous Medium with Joule Heating and
Second-Order Slip, in Computing, Communication and
Signal Processing. 2019, Springer. p. 601-609.

30



European Journal of Science and Technology
Say1 41, S. 31-35, Kasim 2022 No. 41, pp. 31-35, November 2022
© Telif hakki EJOSAT a aittir / Copyright © 2022 EJOSAT

Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Avrupa Bilim ve Teknoloji Dergisi

"‘qA‘l

Digraph groups corresponding to digrahs with one more vertex than
arcs
Mehmet Sefa Cihan ¥

" University of Essex, Mathematical Sciences, Colchester, United Kingdom (ORCID: 0000-0002-4303-9023), mc16458@essex.ac.uk

(First received 16 September 2022 and in final form 20 October 2022)
(DOI: 10.31590/ejosat.1189983)

ATIF/REFERENCE: Cihan, M. S. (2022). Digraph groups corresponding to digraphs with one more vertex than arcs. European
Journal of Science and Technology, (41), 31-35.

Abstract

Cuno & Williams [1] examined digraph groups Gr(R) in which the undirected graph is triangle free and [V (I")| = |A(I")| (the number
of generators and realtors are equal). Cuno & Williams showed there are 6 cases to consider, and Cuno & Williams demonstrated that
the corresponding group Gr(R) is either infinite or finite cyclic in most cases. In this paper, we investigate the case |V(I") | =
|A (I)] — 1, which is next step, and we prove that there are 35 cases to consider.

Keywords: Digraph Groups, girth, finite, infinite, cyclic.

Koselerden bir fazla kenarlar olan graflara karsilik gelen
yonlendirilmis graf gruplari

Oz
Cuno ve Williams yonlendirilmemis grafinda iiggen bulundurmayan ve |V(I')| = |A(')| (ireteg ve iliski sayisi esit) olan
yonlendirilmis graf gruplarint Gr(R) incelemistir. Yapilan inceleme neticesinde, Cuno & Williams anlamli 6 durumun var oldugunu

ve bunlara karsilik gelen gruplarin ¢ogu durumda sonlu devirli ya da sonsuz oldugunu gostermistir. Mevzubahis c¢aligmanin bir
sonraki adimi olan |[V(I') | = |A (I')] — 1 durumu bu makalede incelenmekte ve anlamli 35 durumun var oldugu ispat edilmektedir.

Anahtar Kelimeler: Yonlendirilmis graf gruplari, en kiigiik daire, sonlu, sonsuz, devirli
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1. Introduction

Presentations with more generators than relators must define
infinite groups, as seen when the groups are abelianized [3, page
84]. Cuno & Williams [1] examined digraph groups Gr(R) in
which the undirected graph is triangle free (i.e., the girth g(I") >
4) and |V (I')| = |A(I")| (the number of generators and relators
are equal). Cuno & Williams showed there are 6 cases to
consider, and Cuno & Williams demonstrated that the
corresponding group Gr(R) is either infinite or finite cyclic in
most cases. The purpose of this present work is to prove that
there are 35 classes of digraphs in the case |V(I")| = |A(l)| —
1. We also state how the corresponding group for a digraph
present as a digraph group.

We first explain certain terms for digraphs before making
the theorem. A digraph whose underlying undirected graph is
connected is referred to as a weakly connected digraph. Sources
are vertices with positive outdegree and zero indegree, sinks are
vertices with positive indegree and zero outdegree, and leaves
are vertices whose indegree and outdegree total to one. Every
leaf is either a source or a sink.

We will use a remark when constructing the graphs.
Therefore, we state it here.

Remark [1. page 7]. “This statement introduces a
reflection principle: Let I" be any digraph, and R(a, b) be any
word. Then, the digraph I'" may be defined as being formed by
interchanging every arc with the opposite direction, and the
word R'(a,b) as the word that results from interchanging the
letters a and b and replacing every letter with its inverse, thus a
and B are also interchanged. Then, G-(R) = Gp(R')”.

2. Proving the main theorem

We need to refer to certain classes of digraphs, Therefore,
the graphs are created under the following conditions.

(i). I' is connected (Gr(R) = G, (R) * ...* GFN(R) if I"is
disconnected with components I3, I, ..., Iy. We can therefore
assume that I' is connected) [2, page 13].

@ii). |[VI)| = A | —1 (the group is infinite if
V()| > |A(D) | [3], and Cuno and Williams demonstrated
all possible digraphs for |V(I')| = |A(I") | in[1]).

(iii). 0 <0;<0<1and 0 <7<t < 1 where o,
0,,T,T; are the number of sources, source leaves, sinks, and
sink leaves, respectively (it is explained why we should search

between 0 and 1 in [1]).

(iv). ¢ = 7 and if

= o = 1, then g, = 1, (by reflection
principle).

Main Theorem:

There are 35 possible digraph families as indicated in Figure
3 and Figure 4 under above circumstances (i)-(iv).

Proof.

There are two options because the entire digraph is
connected. Think about the scenario when the graph has no
leaves at first. There are two options for the form of the
underlying graph. The first one is that two cycles are fused
together with a path connecting them to create the underlying

e-1SSN: 2148-2683

graph (as in I7); the other one is to connect two cycles using a
path that is shared by both cycles (as in I5). The graphs are
shown in Figure 1, where two specific vertices k and [ are
identified. Now, I; and I in Figure 1 need to be directed to
examine the possible digraph families.

Ly I i

S

[z
3
Figure 1: Two possible undirected graphs with [V | =|A| — 1

By conditions (iii) and (iv), we have (g, 7) = (0, 0), (1, 0) or
1,1).

Case 1: (0,7) = (0,0). Then (a4 ,71) = (0,0).
This case is with no source and no sink.

For I3, this is (i) in Figure 2: these 2 cycles do not have a
source or a sink and thus they are the directed cycles and the
path between them could be in any direction (basically from [ to
k or k to I, which do not matter since both cases are isomorphic
to each other.

For I, there are 2.2.2 = 8 possibilities to direct this
undirected graph because there are 2 possibilities in the first
cycle, second cycle and intersection part of the cycles for each
one (basically from k to [ or [ to k for each one).

(1) It is not feasible because k is a source, which is not
possible, if k to [ for the first cycle, the intersection part of the
cycles and the second cycle.

(2) The one that is isomorphic to (vii) in Figure 2 is
produced by converting the first cycle and the intersection part
of the cycles from k to [, and the second cycle from [ to k.

(3) The one that is isomorphic to (vii) in Figure 2 is
produced by converting the first cycle and the second cycle from
k to [, the intersection part of the cycles from [ to k.

(4) The one that is isomorphic to (vii) in Figure 2 is
produced by converting the first cycle from k to [, the
intersection part of the cycles and the second cycle from [ to k.

(5) The one that is isomorphic to (vii) in Figure 2 is
produced by converting the first cycle from [ to k, the
intersection part of the cycles and the second cycle from k to L.

(6) The one that is isomorphic to (vii) in Figure 2 is
obtained by converting the first cycle and the second cycle from
[ to k, and the intersection of the cycles from k to [.

(7) The one that is isomorphic to (vii) in Figure 2 is
obtained by converting the first cycle and the intersection part of
the cycles from [ to k, and the second cycle from k to L.

(8) It is not feasible because k is a sink, which is not
possible, if [ to k for the first cycle, the intersection part of the
cycles and the second cycle.

Case 2: (o,7) = (1,0). Then (g, ,7,) = (0,0) or (1,0).
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This case is with 1 source and the first possibility is that
there are 1 source and no leaves.

Case 2(a): (o,7) = (1,0) and (oy , ;) = (0,0)

For I3, this source could be on any of the cycles (it makes
no difference because they are isomorphic) or on the path that
connects the cycles. If the source is on the cycle (say on first
cycle), then k cannot be a sink because the path that connects the
cycles has to be from k to [ and the second cycle cannot have
one more sink or source since the entire digraph has 1 source
and no sink in total and this second cycle is a directed cycle
basically. Thus, this is result in (ii) in Figure 3.

If this source is on the path that connects the cycles (let t be
a source k <t < 1), then there is a path from ¢t to k and ¢ to .
These cycles cannot have one more sink or source since the
entire digraph has 1 source and no sink in total and these cycles
are directed cycles basically. Thus, this is result in (iii) in Figure
3.

For I, , this source can be on the first cycle, second cycle or
intersection of these two cycles. These three possibilities are
isomorphic to each other and so we will just consider the case
when this source is on the first cycle. Since there is a source on
the first cycle there is a path from the source to k and [. Now, to
direct the undirected graph, there are 2.2 = 4 possibilities (2
possibilities for each one both intersection part of the cycles and
second cycle, which are basically from k to | or | to k).

(1) It is not feasible because [ is a sink if k to ! for both
second cycle and intersection part of the cycles.

(2) The one that is isomorphic to (viii) in Figure 3 is
obtained by converting the second cycle from [ to k and the
intersection part of the cycles from k to L.

(3) The one that is isomorphic to (viii) in Figure 3 is
obtained by converting the second cycle from k to [ and the
intersection part of the cycles from [ to k.

(4) It is not feasible because k is a sink if [ to k for both
second cycle and intersection part of the cycles.

The second possibility is that there are 1 source and 1 leaf.
Case 2(b): (o,7) = (1,0) and (o7 ,71) = (1,0)

In addition to Case 2(a), there is now a source leaf. To
acquire the possible digraphs, we must add a source leaf to
Figure 1. Figure 2 depicts the possibilities by labeling three
vertices t, k, L.

" | '
¥
£

@y
I
ke
=00 Y
- — 0
I

Py by
Py &
2D B
£ ]
g,
CO-— "D

4
Figure 2: Possible undirected graphs with a source leaf for
[VI=14] -1
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It can be seen that [®; and ®,], [©, and Ds], [Dg, Py and
@,], [P, and D,,], are isomorphic. As a result, while assigning
directions to arcs, it is sufficient to evaluate the graphs ®,, ®,,
®;, d,, ©,. It should be highlighted that there cannot be one
more source or sink by (iii) since we already have a source leaf
in Figure 2.

There are 4.2.1 = 8 possibilities (4 possibilities for first
cycle-basically tto k or k tot for upper part of the cycle and
also for lower part of the cycle-), 2 possibilities for intersection
part of the cycles (basically k to [ or [ to k) and only 1
possibility for second cycle (it has to be a directed cycle) to
direct the undirected graph &, in Figure 2.

(1) The one that is isomorphic to (xii) in Figure 4 is
obtained by converting upper part and lower part of the first
cycle from t to k and intersection part of the cycles from k to L.

(2) It is not feasible because k is a sink, which is not
possible, if t to k for upper part and lower part of the first cycle [
to k for intersection part of the cycles.

(3) The one that is isomorphic to (xiii) in Figure 4 is
obtained by converting upper part of the first cycle from t to k,
lower part of the first cycle from k to t and intersection part of
the cycles from k to L.

(4) The one that is isomorphic to (xiv) in Figure 4 is
obtained by converting upper part of the first cycle from t to k,
lower part of the first cycle from k to t and intersection part of
the cycles from [ to k.

(5) The one that is isomorphic to (xiii) in Figure 4 is
obtained by converting upper part of the first cycle from k to t,
lower part of the first cycle from t to k and intersection part of
the cycles from k to L.

(6) The one that is isomorphic to (xiv) in Figure 4 is
obtained by converting upper part of the first cycle from k to ¢,
lower part of the first cycle from t to k and intersection part of
the cycles from [ to k.

(7) It is not feasible because k is a source, which is not
possible, if k to t for upper part and lower part of the first cycle
k to [ for intersection part of the cycles.

(8) It is not feasible because tis a sink, which is not
possible, if k to t for upper part and lower part of the first cycle [
to k for intersection part of the cycles.

When the graphs in Figure 2 are directed by using same
method, we have (xvii) and (xviii) for the graph ®,, (xv), (xvi)
for the graph @, (xxviii), (xxix), (xxx) for the graph @, and
(xxvi), (xxvii) for the graph @,.

Case 3: (o0,7) = (1,1). Then (oy,t,) = (0,0), (1,0) or
(1,2).

This case is with 1 source and 1 sink and the first possibility
is that there are no source leaves and no sink leaves.

Case 3(a): (o,7) = (1,1) and (o, ,71) = (0,0)

The resulting digraphs are (iv), (v), (vi) in Figure 3 after
directing the graphs I7 in Figure 1 and (ix), (x), (xi) in Figure 4
after directing the graphs I, in Figure 2.

The second possibility is that there is 1 source leaf and no
sink leaves.
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Case 3(b): (o,7) = (1,1) and (07 ,71) = (1,0)

The resulting digraphs are (xix), (xx) and (xxi) in Figure 4
after directing the graphs @, in Figure 2, (xxiv) and (xxv) in
Figure 4 after directing the graphs @, in Figure 2, (xxii), (xxiii)
in Figure 4 after directing the graphs @5 in Figure 2, (xxxiii),
(xxxiv), (xxxv) in Figure 4 after directing the graphs @, in
Figure 2 and (xxxi), (xxxii) in Figure 4 after directing the graphs
@, in Figure 2.

Case 3(c): (o,7) = (1, and (g;,71) = (1,1)

The last possibility is that there are 1 source leaf and 1 sink
leaf. Because there must be an arc between every source and
sink, it is impossible for this situation to exist. Otherwise, the
digraph with two vertices and one arc between them would have
more vertices than arcs.

O D
Lo o] R
e e D

Figure 3: Classes of digraphs without leaf

”CM%%{ijff
ps A=k

A BT TR

Figure 4: Classes of digraphs with leaf

3. Digraph groups

We will now specify how to construct a group presentation
from a digraph. Let T' be a finite digraph with vertex set V(I")
and (directed) arc set A(I"). The vertices v € V(I') correspond
to the generators x,, and the arcs (u,v) € A(T) correspond to
the relators R(x,, x,,) so that the group G-(R) is defined by the
presentation

Pr(R) =<x, (v € V(D)) | R(xy, %) ((w,v) € V(D)) >
A group is called a digraph group if it is isomorphic to Gr(R)
for some T and R [1].

Notational Convention 3.1 [1]. “We use a and S to represent
the exponent sums of a and b in a cyclically reduced word
R(a, b), respectively, and K is used to indicate a group defined

e-1SSN: 2148-2683

by the presentation <a,b|R(a,b)>. As far as cyclic
permutation is considered, the word R has the form
a®pbr...qupPrwitht > 1and a;, B € Z\{0}(1<i<t)”

Pride defined the following property in [4, page 246]. “If no
non-empty word of the form a*b~! (k,1 € Z)is equal to the
identity in that group, then a two-generator group with
generators a and b is said to have Property W; (with respect to a
and b). Under the hypothesis that the girth of the underlying
undirected graph of T is at least 4”. The conclusion that Gp(R) is
neither finite of rank 3 nor trivial cannot necessarily be drawn if
the underlying undirected graph of T', or the undirected graph
created from by replacing each directed edge with an undirected
edge, has a cycle of length 2 or 3. We therefore put forth the
hypothesis that the undirected graph of I" has a girth of at least 4
[1].

Corollary 3.2 [4, Theorem 4]. “Let ' be a non-empty finite
digraph whose underlying undirected graph has the girth
g = 4 and let R(a, b) be as in notational convention. If K
has Property W, then Gr(R) is infinite”.

Therefore, it is crucial to research groups that do not have
Property W;.

Proposition 3.3 [4, page 248]. If k,I € z\ {0} with a®* = b' in
K are present, then, a® = b? in K, where @ # 0,8 # 0.

Thus, @ # 0,8 # 0 and a® = b# in K if and only if K does not
have Property W;.

Now we know that our relator is a* = b#. We will explain how
it works in an example to understand how a digraph group can
present.

Example 3.4. Let A be a digraph as in Figure 5 (this is just one
of the possibilites for I3 in Figure 1), below.

3 > 11

Figure 5: An example of a diigraph

The small circles are the generators and the lines between them
are the relators. The corresponding digraph groups G, (R) can
present as

< xll le x3; X4_, xs; x6: x7l xBI x9l xlOI xll! | R(xll xz)’ R(x2: x3)!
R(x3l .X'4), R(x4l xS)l R(xSI x6)l R(xGI xl)! R(xlv x7)! R(x7! xB)!

R(xg, x9), R(xg, x10), R (%19, X11), R(x11, xg) >, where each
relator R(a,b) = a®b™F (@ # 0,8 # 0).

Now the question is whether the corresponding digraph group
write in terms of one generator. If yes, then we could say this

digraph group is finite cyclic (the author assures that this answer
and more is true).
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4. Conclusions and Recommendations

In this paper, we proved that there are 35 classes of digraphs to
consider in the case |V(I)| = |[A()] —1. We also
describe how a class of digraphs is represented by a
corresponding group, known as a digraph group.

Open question. When we think in general, the example 3.4
above is just one small case for one digraph family in 35
possible digraph families as we already show. Can this find a
way to show all of them are finite or infinite. If yes, then what
the order is for finite ones.
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Oz

Endiistri 4.0’ kritik bagar1 faktorlerini somutlagtirmasindaki literatiir ve ampirik ¢aligmalardaki eksiklik, bu alandaki ¢aligmalara olan
ihtiyaci ortaya koymaktadir. Calismanin birincil amaci, bugiiniin ve gelecegin iiretim alanlarinda etkili olan endiistri 4.0 i¢in gereken
anahtar bagsar1 faktorlerini belirleyebilmek ve dnceliklendirmektir. Ardindan belirlenen kriterlerle Endiistri 4.0 kapsaminda yatirim
tesvigi alan farkl sektorlerdeki isletmeler igin tesvik sonrasi durum degerlendirilmesi yapilmaktadir. Arastirmaya konu olan igletmeler,
Kocaeli’nde otomotiv, plastik ve aliiminyum sektoriinde faaliyet gosteren kiigiik dlgekli firmalardir. Caligmada birden fazla karar
vericinin, birkag alternatifin ve ¢ok kriterin yer almasi ve sezgisel degerlendirmelerin de hesaba katilmasi sebebiyle Cok Kriterli Karar
Verme Y ontemlerinden Aralik Tip-2 Bulanik TOPSIS kullanilmustir. Literatiirden sekillenen sekiz kriter ve tesvik almis ii¢ firma, yatirim
destegi sunan kurumun ii¢ uzman miihendisi tarafindan degerlendirilmistir. Calisma, bulanik TOPSIS yonteminin isletmelerin mevcut
durum degerlendirilmelerinde etkin bir ydntem olarak kullanilabilecegini gostermistir.

Anahtar Kelimeler: Kritik Basar1 Faktorleri, Aralik tip-2 Bulanik TOPSIS, Endiistri 4.0, Bulanik TOPSIS, Durum Analizi.

Determination of Critical Success Factors in the Implementation of
Industry 4.0 and Evaluation of the Situation of Firms Receiving
Investment Incentives with the Interval Type-2 Fuzzy TOPSIS
Method

Abstract

The lack of literature and empirical studies in concretizing the critical success factors of Industry 4.0 reveals the need for studies in this
field. The primary purpose of the study is to identify and prioritize the key success factors required for industry 4.0, which is effective
in the production areas of today and the future. Then, a post-incentive situation assessment is made for businesses in different sectors
that receive investment incentives within the scope of Industry 4.0 with the determined criterias. The businesses in the research are
small-scale firms operating in the automotive, plastic and aluminum sectors in Kocaeli. In the study, Interval Type-2 Fuzzy TOPSIS,
one of the Multi-Criteria Decision Making Methods, was used due to the presence of more than one decision maker, several alternatives
and multiple criteria, and intuitive evaluations. Eight criterias shaped from the literature and three firms that received incentives were
evaluated by three expert engineers of the institution providing investment support. The study has shown that the fuzzy TOPSIS method
can be used as an effective method for evaluating the current situation of the firms.

Keywords: Critical Success Factors, Interval Type 2 Fuzzy TOPSIS, Industry 4.0, Fuzzy TOPSIS, Situation Analysis.
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1. Giris

2011 y1li sonrasinda dijital teknolojilerin ve internetin {iretim
sistemleri i¢inde kullanim ihtiyacinin artmasi ile beraber kiiresel
diizeyde Endiistri 4.0 olarak adlandirilan bir dénem baglamistir.
Firmalarin gelismek, ¢agin gerisinde kalmamak ve doniisiimiin
faydalarindan yararlanmak gibi sebeplerinden dolay1r yeni
endistriyel siire¢ igin kritik adimlart dogru uygulamas: bir
gereklilik haline gelmistir. Uretimde karmasikligin ortadan
kaldirilarak daha sade i akislarinin gerekliligi, calisanlarin tiretim
stireclerine yiiksek derecede hakim olma istegi, biitiin bunlarla
beraber isletmelerin karliligini arttirma arzusu (Hofmann ve
Riisch, 2017) ve kentsel ¢evrenin ozellikle siirdiiriilebilir bir
yapiya doniisme gayreti yeni endiistriyel doniisiimii etkilemistir.

Teknolojinin gelecekteki yonelimleri belirsiz oldugundan,
firmalarm Endiistri 4.0 gibi bugiiniin endiistrisini takip ederek
uygun stratejiler belirlemeleri gerekmektedir (Ivanov vd., 2016).
Hem stratejik hem de teknolojik perspektiften Endiistri 4.0'a
gecis, tiretim tesislerinde tamamen dijital bir doniisiime giden ve
her adimi gorsellestiren kapsamli bir stratejik yol haritasina
duyulan 6nemi arttirmistir (Sarvari vd., 2018). Biiyiik dijital
doniisiim stirecinin bagarilt ve uzun vadede siireklilik saglamasi
icin kritik olan stratejik adimlarin dogru belirlenmesidir. Endiistri
4.0"n gerektirdigi bu siireg, sirketlerin yenilik yapma kapasitesini
zorlarken, diger taraftan yeni stratejiler ve organizasyon modelleri
ile fiziksel altyapi, liretim operasyonlar1 ve teknolojileri, insan
kaynaklart ve uygulamalart yonetiminde biyiik degisiklikler
gerektirmektedir (Gilchrist, 2016) ve biitlin bu siiregler igin
firmalarim biiylik yatirimlar yapmasi 6nem kazanmaktadir.

Endiistri 4.0’a dair uygulama eksikliginin mevcut olmasinin
yant sira, akademik agidan da durum benzerdir. Herman vd.
(2016)’nin ¢alismasinda, Endistri 4.0 ile ilgili akademik
caligmalarin  mevcut donem igerisinde yetersiz oldugu
vurgulanmigtir. Literatiirde Endiistri 4.0’ uygulanmasindaki
potansiyel kritik basar1 Olgiitlerine dair g¢aligmaya da az
rastlanmaktadir (Hoyer vd., 2020; Pozzi vd., 2020). Mevcut
literatiir incelendiginde arastirmacilar farkli boyutlar iizerinden
konuyu tartigmustir.

2015 yilinda Endiistri 4.0 Platformu bu yeni doniisiimiin 4
sekilde olusabilecegini ifade etmistir. Bunlar (Industrie 4.0
Platform, 2015): dikey biitiinlestirme (entegrasyon), yatay
biitiinlestirme, akilli iiriinler ve deger katan insan faktoriidiir.
Lichtblau (2015), Endiistri 4.0’in tiim potansiyelinden
faydalanmak iizere, dijital doniisiim siirecinde isletmelerin
basarili olabilmesi 6zellikle rekabet edebilmesi i¢in Readiness
Modelini  gelistirmigti. ~ Model, Almanya’nin  makine
miihendisligi endiistrisindeki 6nemli isletmelerin, Endiistri 4.0
stirecindeki hazirlik derecesini 6lgmek tizere tasarlanmigtir
(Lichtblau, 2015). Modeldeki boyutlar Endiistri 4.0 Platformu
tarafindan Onerilen dort boyutun gelistirilmis seklidir: strateji ve
organizasyon, akilli fabrikalar, akilly siirecler, akilli iiriinler, veri
odakly hizmetler ve ¢calisanlardir.

Bu calismanin amaci, Endiistri 4.0 siirecinin basarisinda
etkili olan kritik bagari kriterlerini belirleyebilmek ve bu kriterleri
uygulama sonrasi Onceliklendirerek agirlandirabilmektir. Diger
taraftan, Endiistri 4.0 doniisiimii i¢in yatirim tesvigi alan farkli
sektorlerdeki (otomotiv, plastik ve aliiminyum) ii¢ firma
iizerinden ilgili kriterler dogrultusunda potansiyel durumunlarinin
tespitinin yapilmasi da amaglanmaktadir. Ayrica bu doniisiim ve
degisim siirecinde olan isletmelerin de gergek durumlarinin
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analizi agisindan ¢aligma 6nemli goriilmektedir. Calismada ilgili
basar1 kriterlerinin uzmanlarin sezgisel degerlendirmeleri
sonucunda siralanmasinin literatiire katki saglamasi beklenirken,
uygulayacilar agisinda da endiistri 4.0 doniisiimiine hazirlanan
veya hazirlanacak isletmelerin potansiyel basarisi icin gerekli
kriterleri tespit ederek, kendi eylem planlarini olusturmalari
acisindan destekleyici olmasi beklenmektedir. Uygulamada
birden fazla kriterin olmasi1 ve sezgisel degerlendirmeleri hesaba
katmast agisindan ¢ok kriterleri karar verme yontemlerinden
Bulanik TOPSIS yontemi tercih edilmistir. Uygulama sonucunda,
Endiistri 4.0 kapsaminda yeni bilgi sistemleri ve gelismis
teknolojilerin isletmelere basarili uygulanmasi ile isletmelerin bu
doniisiime daha kolay ve basarili sekilde adapte olacag
belirlenirken, otomotiv sektoriinde faaliyet gosteren isletmenin
diger firmalara nazaran siireci daha basarili yonettigi seklinde de
sonuca ulagilmistir.

2. Literatiir incelemesi

Endiistri 4.0’1in kritik basar1 faktdrlerinin belirlenmesine
yonelik caligmalar 6zellikle 2016 yilindan sonra, hem literatiire
katk: saglayacak hem de uygulayicilara yon gosterecek sekilde
artmustir. Schumacher vd. (2016), yeni sanayi donemi i¢in kritik
basar1 faktorlerini;  strateji, liderlik, miisteri, iirtinler,
operasyonlar, kiiltiir, insanlar, hiikiimet ve teknoloji olarak
tanimlamistir. Roblek vd. (2016) Endiistri 4.0 siirecindeki kritik
faktorleri; akilli dirtinler, akilli fabrika, dikey entegrasyon, iiriin
kisisellestirme, nesnelerin interneti ve hizmetlerin interneti olmak
lizere 6 boyut {izerinden incelemistir. Gunasekaran, vd., (2016),
modiilerlik, kisisellestirme ve nesnelerin interneti olmak iizere 3
temel kritere odaklanmistir. Ayni yi1l Schumacher vd., Endiistri
4.0’1 destekleyen ve olgunlagma siirecinde etkili olan boyutlar1
strateji, liderlik, miisteriler, iiriinler, operasyonlar, kiiltiir,
insanlar, hiikiimet ve teknoloji olarak tanimlamustir.

Kogak ve Diyadin (2018) ise ¢alismalarinda, stratejik vizyon,
orgiitsel yapi, deger zincirinde yatay Dbiitiinlestirme, dikey
biitiinlestirme, teknolojik alt yapi, akilli fabrikalar, nitelikli ig
giicti yapisi, biiyiik veri yonetimi ve giivenlik olmak tizere 9 temel
kritere odaklanmistir. Akdil vd. (2018), Endistri 4.0
perspektifinde basari kriterlerini ger¢ek zamanli veri yénetimi,
ceviklik, hizmet baskinlik, entegre isletme siirecleri, birlikte
calisilabilirlik, sanallagtirma ve toplanan verilerin analizi olarak
aciklamistir. Son yillardaki ¢aligmalara bakildiginda ise Moeuf
vd. (2020)’nin kritik bagsar1 faktorlerini belirlemek istedikleri
calismada, ayni zamanda siirecin riskleri ve firsatlarina da
deginmis ve kapsamli bir ¢aligma ortaya koymuslardir. Ayrica
yazarlar sektorel bir daraltma yaparak KOBI’ler iizerinde ¢aligmis
ve U¢ kritik basar1 faktoriinl egitim, strateji ve veri kullanimi
olarak belirlemistir. Nwaiwu vd. (2020) de Moeuf vd.’nin yaptigi
calismaya benzer sekilde uygulama alanmi KOBI olarak
smirlandirmis ve strateji, insan kaynaklari, dijital teknolojilerin
uygunlugu ve uyumlu organizasyon yapisi kritik faktorler olarak
vurgulamistir. Hoyer vd. (2020), Endiistri 4.01 uyarlama ve
uygulanmasina iligkin yaptiklar sistematik literatiir incelemesi
sonrasinda belirledikleri faktorler; bulunan sektor ve sirket
biiyiikliigii, siyasi destek, BT standardizasyonu ve giivenligi,
kurumsal isbirligi, mevcut finansman durumu, bilgi ve egitim,
uyum saglama, algilanan faydalar, strateji, BT altyapusi, sirket ici
bilgi ve beceri gelistirme, yalin iiretim deneyimi, is saglhgi ve
giivenligidir. Calabrese vd. (2020), Endiistri 4.0'in teknolojik
olanaklarini, hedeflerini ve zorluklarimi arastirdiklar1 ¢alismada
kritik faktorleri; diretim hatti teknolojileri, akilly is¢i teknolojileri,
akiull ekipmanlar, bilgi islem teknolojileri, paylasim teknolojileri,
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akilly diriinler, veri analitigi, ag teknolojileri ve siber giivenlik
teknolojileri olarak tanimlamistr.

Bahsi gecen c¢aligmalarin modelleri ve diger literatiir
incelemeleri temel alinarak bu ¢aligmanin odagimi olusturan
basar1 faktor kriterleri asagidaki sekilde tanimlanmigtir.
Belirlenen faktorler, calismalarda en ¢ok tanimlanan ve dnerilen
kriterlerden olusturulmustur.

Strateji ve organizasyon (degisime ve doniisiime olan
durum): isletmelerin yeni bir endiistriyel doniisiime hazir olmasi
icin ilk olarak temel bir strateji benimsemeleri ve bu dogrultuda
i modelleri olusturmalart gereklidir. Endiistri 4.0’in birgok
isletme icin biiyilik bir degisim siireci gerektirmesi kisa donemli,
orta donemli ve uzun donemli planlarmi ayr1 ayr1 olusturma
ihtiyacin1 da dogurmaktadir. Her isletme, belirledigi amaclara
ulasabilmek igin igerisinde bir¢ok stratejinin barindigi yol
haritalarina sahiptir. Bu yol haritalar1 o amaclarin nasil
gercekleseceginin cevaplarini verir.

Belirlenen stratejilerin  ve modellerin  sirketin  genel
organizasyon yapisiyla uyumu ¢ok dnemlidir. Yeni yapilanmanin
sistemin biitiiniinii  etkileyecek o6zellikte olmasi, isletmenin
organizasyon yapist i¢indeki birimlerin ve genel isletme
kiltiriintin - bu degisime hazir olmasimi gerektirmektedir.
Isletmeler kiiltiir olarak yeniliklere acik, degisimi kabul
edilebilen, bilgi paylasimina agik, yiiksek is birligine dayanan ve
bu  dogrultuda calisanlar1  destekleyen  bir  anlayis
benimsemelidirler.

Esneklik: Giinlimiizde {iriinlerin yasam Omiirlerindeki
kisalma ve tiiketici ihtiyag ve isteklerinin farklilagmasinin sonucu
olarak isletmelerin farkli iirlin tasarimlart olusturma, inovatif
iriinler gelistirme ve {iiretim ydntemlerinde yenilikler yapma
ihtiyact dogmustur. Esneklik, Endiistri 4.0 siirecinde isletmelerin
basarisi i¢in bir tercih degil gereklilik olarak goriilmelidir. Alman
Bilim ve Miihendislik Ulusal Akademisi’nin Endiistri 4.0 igin
yayinlamis oldugu raporda, tiiketicilerin 6zel isteklerini ve
ihtiyaclarini karsilayabilmek i¢in esnek liretim sistemlerine olan
ihtiyactan bahsedilmistir (Kagermann Wahlster ve Helbig, 2013).

Akill iiriinler: Icerisinde cesitli sensérleri ve islemcileri
barindiran akilli {irlinler, {iretim tesisleri iginde bilgi tasimakta,
stire¢ hakkinda veri toplamakta ve sonraki etapta sisteme geri
bildirim saglamaktadir (Thames ve Schaefer, 2016). Akilli
fabrikalardaki iiriinlerin de ‘zeki’ yapida olmasi sistemi daha
kontrol edilebilir, takip edilebilir ve gerektiginde zaman
kaybetmeden 6nlem alinabilir kilmaktadir. Akilli fabrikalar iginde
yer alan akilli iirlinlerin de sistemle tam entegre sekilde ¢alismasi
gerektigi unutulmamalidir.

Derin birlesme: Yiiksek diizeyde biitiinlesme gerektiren bu
kavram, dordiincii endistri doneminin fabrikalarinda boliimler
arasl entegrasyonun saglanarak sistemin Dbiitin  olarak
calistirilmast  gerektigini ifade etmektedir. Bu fabrikalarda
nesnelerin interneti, bilgi teknolojileri ve kablosuz aglar birbirleri
ile biitiinlesik bir yapida ¢alismaktadir. Endiistri 4.0 her ne kadar
yeni teknolojileri, yazilimlar1 gerektirse de énemli olan mevcut
sistemlere bu yeni yapilanmanin diizgiin sekilde entegre
edilebilmesidir.

Endiistri 4.0 doniisiimiinde dikey, yatay ve ugtan uca olmak
iizere 3 sekilde gerceklesen biitlinlesme s6z konusudur (Wang,
Wan, Li ve Zhang, 2016). Yatay biitiinlestirme deger zincirindeki
tiim sirketler arasindaki is birligini saglamak tizere deger aglarinin
biitiinlestirilmesiyken (Foidl ve Felderer, 2015); dikey
entagrasyon fabrikada esnek ve yeniden yapilandirabilir bir
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iretim sistemini olusturmak i¢in hiyerarsik alt sistemlerin
entagrasyonudur (Sony, 2018). Boylesine bir yapilanmadaki amag
yiiksek esnekligin ve doniisiimiin organizasyondaki diger
birimlerle olan koordinasyonu sonucunda yeni bir sistem
olusturabilmektir. Uctan uca entagrasyon ise deger zinciri
boyunca kisisellestirilmis iiriin ve hizmetlerin olusumunu
saglamaktadir  (Stock ve Selinger, 2016). Literatiirde
biitiinlestirme kavrami ifade edildigi gibi iice ayrilsa da ¢alisma
icerisinde derin birlesme olarak biitiinlesik ve genel haliyle yer
alacaktir.

Bilgi sistemleri ve yeni teknolojik yapilanma: Endiistri
4.0’1n temel yapilanmasinda sanayi ve bilisim teknolojilerinin bir
araya getirilmesi, birbirine entegre edilmesi ve verimlilik ile
calismasi yer almaktadir. Yeni nesil yazilim ve donanim olarak
ifade edilen sistemler daha etkin ¢alisma esasina dayanan, ger¢ek
ve giivenilir siireclere sahiptir. Nesnelerin interneti, bulut
teknolojisi, arttirllmig gerceklik ve simiilasyon teknolojileri gibi
deger katabilecek bircok modern gelismis teknolojinin
isletmelerde  kullanilabilmesi ig¢in  gerekli alt yapinin
olusturulmas1 en énemli ihtiyaclardan biridir. Uretim tesisindeki
insanlar, makineler, iriinler ve bilgi sistemleri, gelismis ag
yapilari ile birbirine baglanmakta ve etkilesim kurmaktadir (Wang
vd., 2016).

Etkin veri kullanim: Bilgisayar destekli teknolojilerin gok
biiyiik hacimlerde veriyi iiretmesi ile bu verilerin islenmesi ve
analiz edilmesi kilit bir 6neme sahiptir. Cilinkii islenmis veriler
isletmenin genel stratejilerini olusturmasina, basarili rekabete,
driinlerini  ve hizmetlerini  gelistirmesine ve  siireclerini
iyilestirmesine yardimci olmaktadir. Ayrica biiyiilk miktardaki
verileri dogru algoritmalarla birlestirmek;  yiliksek kaliteli
iiriinlerin {iretilmesinde, isletmedeki bilgi paylasimlarini daha
hizli yiiriitmede, siireglerin diizenli islemesinde ve gelecege
yonelik kesifsel analizlerin yapilmasinda etkili olacaktir (Atzori,
2015).

Kalifiye is giicii: I¢inde bulunulan endiistriyel dénem, ileri
imalat teknolojilere olan baglilig: arttirirken daha az fiziksel is
gicline ihtiyag duyulmasini da saglamaktadir. Cinkii bu
teknolojik alt yapinin kurulmasmin bir sonucu olarak insanin
yapacag1 isler daha kisa siirede, daha az hatayla ve yiiksek
verimlilik ile makineler tarafindan gerceklestirilecektir. Uretim
tesislerinde emek giiciiniin yerine akilli makinelerin veya
robotlarm kullanilmasi, siire¢lerde nispeten daha az is giiciinii ve
daha yogun sermayenin kullanilmasina yol ag¢maktadir
(Brynjolfsson ve Mcafee, 2015). Bu siirecte emek giiciiniin yerini
akil ve beceri almugtir.

Fabrikalarda gereksinim duyulan is giicliniin niteligi; verileri
isleyebilmesinden, analiz edebilmesinden,
yorumlayabilmesinden ve bu dogrultuda stratejik ve
organizasyonel kararlari verebilmesinden kaynaklanmaktadir.
Potansiyel is giicii i¢in ¢aliganlar, yeni teknolojileri kullanan, bir
problemle karsilastiklarinda ¢oziim odakli yaklagan, siireci
aksatmayan, sistemi bilgisayarlar {izerinden kontrol edebilecek
yetkinlikte olan ve gerektigi durumlarda karar mekanizmasin
kendi elinde tutan kisiler olmaktadir.

Giivenlik: Endiistri 4.0’da derin ve kapsamli baglantiy1
saglayacak aglar araciligryla makinelerin, insanlarin ve iiriinlerin
birbiriyle siirekli iletisim halinde bulunmalar1 aym1 zamanda
isletmelerin bilisim yoniindeki biiyiik giivenlik dnlemlerini alma
ihtiyacin1 da dogurmaktadir. Ornegin; Endiistri 4.0’ kritik
ayaklarindan olan IOT’un isletmeler tarafindan siireclerin her
asamada kullanabilmesi giivenlik ve veri gizliligi sorunlarin1 da
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beraberinde getirmektedir ve giivenlik gereksinimini agiga
¢ikarmistir (Abidin vd., 2019). Oysaki stratejik kararlarin tamamu,
veriler tlizerinden alinmaktadir. Bu sebeple ihtiya¢ duyulan
doniisim ve gelisim siirecinde verilerin toplanma, takip etme,
islenme, analiz etme ve sonucunda yorumlama asamalarinin her
birinde siki giivenlik 6nlemlerinin alinmas1 mecburidir.

3. Metodoloji

Cok Kriterli Karar Verme (CKKYV) siirecinde degerlendirilen
calismalarda c¢ogu zaman bir veya daha c¢ok karar verici
bulunmakta ve bir¢ok kriter yer almaktadir. Karar vericiler kendi
kararlarin etkileyecek 6nemli kriterleri ele alarak, se¢imleri igin
bir siralama yapmak zorunda kalabilirler. Karar vericilerin birden
¢ok kriteri ve genellikle birbiriyle celisebilen ifadeleri
degerlendirme gerekliligi karar verme stirecini
zorlastirabilmektedir. Ayn1 zamanda CKKV’nin kullanilabilmesi
icin ilgilenilen kriter agirliklarinin belirlenmis (kesin) oldugu
kabul edilse de, her zaman kesin degerlerle ¢alisabilmek ¢ok da
miimkiin olmamaktadir (Kaya vd., 2019). Insan yargilarinin cogu
zaman net olmamasi ve kesin degerler ile ifade edilememesinin
sonucunda dogru modellemelerin  ve dogru secimlerin
yapilabilmesi zorlagmaktadir (Nadaban vd., 2016). Boyle
durumlarla karsilasildigi i¢in bulanik mantik dnerilmistir.

Bulanik TOPSIS

CKKYV yontemlerinden olan TOPSIS, ilk olarak Hwang ve
Yoon tarafindan alternatif kararlar arasindaki mesafeleri 6l¢en bir
teknik olarak onerilmistir (Calik, 2019). TOPSIS yonteminde
alternatiflerin pozitif ¢dziimlere olan yakinlig1, negatif ¢oziimlere
olan uzaklig1 hesaplanmakta ve ideal alternatif kararina bu sekilde
ulagilmaktadir. En yaygin kullanilan CKKV tekniklerinden biri
olan TOPSIS Yoéntemi, tedarik¢i se¢im kararlari, pazarlama
uygulamalari, finansal degerlendirmeleri, enerji ydnetim
durumlars, iiretim sistem problemleri (Ozdemir, 2018) gibi birgok
farkli amag i¢in tercih edilmektedir.

TOPSIS yontemi ile bulanik mantik yaklagimlarinin bir araya
getirilmesinin sonucunda Bulanik TOPSIS ydntemi ortaya
¢ikmugtir. Yontem, ¢esitli alternatiflerin 6nceliklendirilmesi igin
mevcut en uygun yontemlerden biri olan bir Cok Kriterli Karar
Verme teknigidir (Khambhati vd., 2021). Yontem ile 6zellikle
sozel belirsizligin oldugu ve karar vericilerin farkli kararlara sahip
olabilecegi durumlarda so6zel yargilari modele yansitarak
kriterlerin dogru degerlendirilmesi saglanabilmektedir. Bulanik
TOPSIS yontemi karar verilecek alternatiflerin degerlendirilmesi
ile ortaya ¢ikan siibjektifligin ¢oklu karar verme durumlarinda
olas1 problemleri yok etmekte ve kararlari kolaylastirmaktadir
(Ecer, 2007).

Bulanik TOPSIS yontemi diger birgok CKKV ydntemine
gore daha avantajlidir. Kargilagtirma ve siralama problemlerinde
Analitik Hiyerarsi Prosesi (AHP), Bulanik Analitik Hiyerarsi
Prosesi, Analitik Ag Prosesi (ANP), Bulanik Analitik Ag Prosesi
kullanilmasina ragmen belirsizlik altinda ikili kargilagtirma
durumlarinda Bulamik TOPSIS daha yararli bir yontem olarak
ifade edilebilir. Ciinkii yeni alternatiflerin modele dahil edilmesi
veya mevcut alternatiflerin ¢ikarilmasi ihtiyacina yontem daha
kolay yanit vermektedir (Junior vd., 2014).

Literatiirde yontem, makine techizat sec¢imi, performans
degerlendirmesi, kurulus yeri se¢imi, tedarik¢i sec¢imi, grup
kararlarinin verilmesi veya etkinlik analizi gibi bir¢ok farkli amag
icin kullanmaktadir ve Tablo 1’de farkli uygulama alanlarina yer
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verilmistir. Bulanik TOPSIS yonteminin kullanildigir birkag
calisma asagidaki tabloda gosterilmigtir. Tablo 6zellikle Bulanik
TOPSIS’in farkli caligma konularinda yer aldiginin gosterilmesi
i¢in olusturulmustur. Bir diger nokta ise daha giincel ¢aligmalara
yer verilme amactyla 2014 yili sonraki arastirmalar ifade
edilmigtir.

Tablo 1. Bulanik TOPSIS Yénteminin Farklt Amaclarda
Kullamildigi Calismalar

Table 1. Studies Using the Fuzzy TOPSIS Method for Different

Purposes

Yazarlar Yil Konu

Wang 2014 Lojistik sirketlerin finansal
performanslarini degerlendirmek

Ghazanfari vd. 2014 Liman topluluk sitemlerinin is zekas1
yeterliliklerini degerlendirmek

Majd vd. 2014 Petrol projelerinin risk analizini
¢ikarmak

Wanke vd. 2015 Havayolu isletmelerinin firma
performanslarini degerlendirmek,

Sagir ve 2016 Tiirkiye i¢in basarili enerji kaynaklarimi

Doganalp secmek

Yacan 2016 Egitim kalitesini belirlenmek

Esmer ve Bage1r | 2017 Banka performanslarinin
degerlendirilmek

Orgun ve Eren 2017 BIST’de yer alan teknoloji firmalarimin
finansal performansini degerlendirmek

Chauhan vd. 2017 Hava jetlerini kullanan kanalin enerji
performansini 6nceliklendirmek

Akbas ve Bilgen | 2017 Atik su aritma tesisi i¢in ideal gaz
yakitin1 segmek

Denizhan vd. 2017 Yesil tedarikei ile geleneksel
tedarikgiler arasindaki farklilig
belirlemek

Maghsoodi ve 2017 Insaat projelerinin kritik basar

Khalilzadeh, faktorlerini belirleyebilmek

Jain vd. 2018 Otomotiv sektdriinde tedarik¢i segmek

Khoshi vd. 2018 Tip bilimlerinde dgretmenlerin etkili
niteliklerine karar vermek

Heiadari vd. 2018 Tedarikei zinciri risklerini
degerlendirmek

Yildiz vd. 2018 Uriin se¢im kararimi1 vermek

(RFID Etiket okuyucu)

Han ve Trimi 2018 Sosyal ticaret platformlarinda ters
lojistigik performanslarini
degerlendirmek

Mi¢ ve Antmen | 2019 Tesis yer se¢imine karar vermek

Memari vd. 2019 ‘ Giivenilik tedarikei segmek,

Yurdakul ve Ic 2018 Performans 6l¢iim modeli gelistirilmek

Kiraz vd. 2018 ‘ Proje degerlendirmek

Zubayer vd. 2019 Tedarik zinciri risklerini
onceliklendirmek

Reddy vd. 2019 Malzeme se¢im kararini vermek
(stirdiiriilebilir bir yap1 malzemesi)

Rajak ve Shaw 2019 Mobil saglik (mHealth) uygulamalarini
degerlendirilmek

Solangi vd. 2019 Siirdiiriilebilir enerji planlamast igin
stratejileri degerlendirilmek

Mohsin vd. 2019 Riizgar enerjisi potansiyelini ekonomik
agidan degerlendirilmek

Park vd. 2021 Calisan siirekliligini saglamak igin
kriterleri dnceliklendirmek

Kekilli vd. 2021 Firma igin en uygun danigmani segmek
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Bulanik TOPSIS Yontemi Adimlar:

Bulanik TOPSIS yo6nteminde oOncelikle se¢im yapilmasi
amaclanan alternatiflerin, degerlendirme yapilmasini saglayacak
karar kriterlerin ve secimi yapacak karar verici(ler)nin
belirlenmesi gereklidir. Bulanik TOPSIS yonteminde birden fazla
alternatifin ve birgok kriterin agirliklandirilmasinda dilsel ifadeler
yer almaktadir. Bulanik TOPSIS, degerlendirilen alternatiflerin
ideal ¢oziime daha yakin olabilmesini ve ideal olmayan ¢oziime
de daha uzak olmasini saglamaktadir. Yonteme gore, pozitif ideal
¢Oziime en yakin ve negatif ideal ¢dziime en uzak mesafeye sahip
olan alternatif se¢ilmektedir (Khambhati vd., 2021).

Bulanik TOPSIS yontemi i¢in asagida belirli notasyonlar ve
onlarin ifade ettigi tanimlar yer almaktadir. Calismanin yontem
kismi  Chen  (2000)’in  ¢alismasindan  yararlanilarak
olusturulmustur.

Adim 1-2: Karar vericilerin, kriterlerin ve alternatiflerin
belirlenmesi ve karar vericiler tarafindan kriterlerin ve
alternatiflerin degerlendirilmesi

i: alternatifler; j: kriterler; k: karar vericiler (k=1,2..,k)

Wk k. karar verici tarafindan degerlendirilen j. kriterin 6nem
agirhgt

Xi*: k. karar verici tarafindan j. kriterine gére i. alternatifin

bulanik karsiligint gosteren kritik degeri (bulanik sozel
degiskenler)

Wi= 1k [Wj' (DW2 (H)... (HW#] (1)

Xi=(1k [Xii' (DX (... (DX (2)

Her Dbir kriter, farkli karar vericiler tarafindan

agirliklandirilmakta ve alternatiflerin her biri ilgili kriterlerce
degerlendirilmektedir. Karar vericiler tarafindan agirliklandirilma
isleminde dilsel degiskenler kullanilmakta, fakat ¢aligmalarda
dilsel degiskenler pozitif ti¢ggen bulanik sayilarla ifade
edilmektedir. Asagidaki tablo bu durumu gostermektedir.

Tablo 2. Dilsel Degiskenler ve Bulanik Sayr Karsiliklar
(Chen,2000)

Table 2. Linguistic Variables and Equivalents for Fuzzy Numbers
(Chen, 2000)
Alternatiflerin

Degerlendirilmesinde Referans
Almnan ifadeler

Karar Kriterlerinin
Degerlendirilmesinde Referans
Alman Ifadeler

Dilsel Degiskenler = Aralik Tip-2 Dilsel Arahk Tip-2
Bulamk Degiskenler Bulamk
Kiimeler Kiimeler
Cok Diisiik (CD) | (0.0,0.0,0.1) Cok Kotii (CK) (0,0,1)
Diisiik (D) (0.0,0.1,0.3) Kotii (K) (0,1,3)
Biraz Diisiik (BD) | (0.1,0.3,0.5) Orta Koétii (OK) (1,3,5)
Orta (O) (0.3,0.5,0.7) Orta (O) (3,5,7)
Biraz Yiiksek (0.5,0.7,0.9) Orta lyi (OI) (5,7,9)
(BY)
Yiiksek (Y) (0.7,0.9,1.0) Tyi (T) (7,9,10)
Cok Yiiksek (CY) | (0.9,1.0,1.0) Cok Iyi (CT) (9,10,10)
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Adim 3: Bulanik karar matrisinin olugturulmasi

Biitiin kriterlerin ve alternatiflerin tek bir deger elde edilmesi
sonucunda elde edilen matris:

Xqq Xi1 e Xjq
X331 Xzz - Xgp

D= iml Emz ™ Xmn 3)

Xi ve W; dilsel (ifadelerin bulamik sayilarla tamimlanma
ihtiyacindan kaynakli Wi= (W1, W1, W3) ve Xj= (ajj, bj;, cij) olarak
gosterilmektedir.

Adim 4: Normalize Edilmig Karar Matrisinin Olusturulmasi
R)
Bulanik karar matrislerinin olugturulmasindan sonraki

adimda matrisin normalize edilmesi gerekmektedir. Normalize
edilmis karar matrisi;

R=ti] m*n (4)
Esitlik (4)’deki gibi ifade edilir. Caligmada yararlanilacak
fayda kriteri:

. aij bij cij, .

b= JEB(S)

) . ) . b
cjx cJ*x CJ*
cii* = max cjj (6)

Adim 5: Agirlikli Normalize edilmis Bulanik Karar
Matrisinin Olusturulmasi (V)

Normalize karar matrisi tizerinden, her kriterin farkl
agirliga sahip oldugu gercegiyle (Adim 1-2°de hesaplanmis
olmal1) agirlikli normalize edilmis karar matrisi asagidaki
esitlikler neticesinde elde edilmelidir.

V =[Vjjlm*n, i=12,..m, j=12,...n(7)
Vi= T * W; (8)
Adim 6:Pozitif ve Negatif Ideal Coziimlerin Tanimlanmasi

V matrisine gore her i, j igin V;; elemanlari normalize edilmis
pozitif {iggen bulanik sayilardir. Vi degerlerinin her biri [0,1]
araliginda yer alan normalize edilmis iiggen bulanik sayilardir.
Bulanik pozitif ve negatif ideal ¢oziimleri igin;

A% =%, % V% Vi = maxi (Vi) (9)
A=V, VL, VsV = mind (Vi) (10)
hesab1 yapilmaktadir.

Adim 7: Pozitif ve negatif ideal ¢oziimden uzakliklarinin
hesaplanmasi

Her bir alternatif i¢in ayr1 ayr pozitif (di*) ve negatif (di-)
uzakliklar Esitlik (11) ve (12)’ye gore dlgiilmektedir.

di* =Y d(V;, V%), i=12,...m(11)
di- =Y d(V;, Vi), i=1,2,....m (12)

Adim 8: iki Bulanik Say1 Arasindaki Uzakligin Olgiilmesi
(dv(a,b))

Bu hesap icin vertex metodu kullanilmaktadir. Yapilacak
hesaplama;
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d(a,b)= \E (la — Ib)? + (ma — mb)?+(ua — ub)? d(ab) e
R+

Adim 9: Yakinlik Kat Sayilarinin Elde Edilmesi ve En
Uygun Alternatifin Segilmesi

Pozitif ~ve  ideal ¢Oziime olan  mesafelerin
hesaplanmasindan sonra  alternatiflerin secimindeki
siralamanin belirlenmesi i¢in yakinlik katsayilari hesaplanir.
Yakinlik katsayisinin 1’e olan yakinligi, o alternatifin segilme
durumunu daha yiikseltmektedir (Ecer, 20006).

cci=di/(di*+dy), i=12,...m(13)

4. Uygulama

Caligmada ilk olarak isletmelerin yeni sanayi doneminin
gerektirdigi yeniliklere adapte olmalarini saglayacak en temel
kritik basar1 faktorlerinin  Oncelikli olarak siralanmasi
amaglanmistir. Ardindan farkli sektorlerde iretim yapan
yatirnm destek tesvigi alarak endiistriyel doniisiim siireci
icerisinde bulunan ¢ firmanin, tesvik sonrasi durum
degerlendirmesinin  yapilmasi istenmektedir.  Arastirma
sonucunda, kriterlerin dnem sirasinin listelenmesinin literatiire
bir katkis1 olmasinin yan sira, ayrica uygulayicilar agisindan
siirecin agama agama anlatilmasi ve matematiksel esitliklerle
sonuglanmasi ¢alismayi daha somut ve uygulanabilir bir hale
getirecektir.

Uygulamada yer alan igletmeler Kocaeli’nde farkli
sektorlerde faaliyet gdsteren benzer 6zelliklere sahip (kiigiik
olgek biytikligiindeki (calisan sayilar1 40-49, yillik cirolar
ortalama 7-8milyon Euro)) ve Endiistri 4.0 yeni donemi igin
benzer yatirrm tesvigi almis olanlardir. Isletmelerin yatirim
tesvigine dair proje donemleri 2018-2020 yillar1 arasinda yer
alirken, ilgili projeler Nisan’in sonunda (2020) tamamlanmustir.

Bu firmalarin proje tesvigi neticesinde basart durumlari,
kritik faktorler dogrultusunda degerlendirilecek ve g¢aligma
sonrasinda hangi sektordeki firmanin daha 6nemli katkilar
yaptig1 tespit edilecektir. Ug firmadan ilki (I;) otomotiv yan
sanayi, ikincisi (I;) plastik ve iiciinciisi (f3) aliiminyum
sektoriinde faaliyet yiiriitmektedir.

Ikinci olarak uygulamada yer alan kriterler, literatiirden
saglanan bilgiler neticesinde “kritik faktorler” olarak
belirlenmistir. Belirlenen 8 kriter (ji) daha dnce de ifade edildigi
gibi;

ji: Strateji ve Organizasyon;

j2: Esneklik;

j3: Akall1 Uriinler;

j4: Derin Birlesme

js: Bilgi Sistemleri ve Teknolojik Yapilanma
je: Etkin Veri Kullanimi

j7: Kalifiye Is Giicii

js: Glivenlik seklindedir.

Uygulamada {i¢ uzman karar verici bulunmaktadir; karar
verici pozisyonundaki kigiler firmalara yatirim tesvigi veren
kamu kurumlarindan birinde ¢alisan ve 8-10 y1l tecriibeye sahip
proje milhendisleridir. Uzmanlar, daha ©nce benzer
projelendirmelerde bir¢ok kez bulunmuslardir. Caligmanin
uygulamasi i¢in ihtiya¢ duyulan degerlendirme, karar vericiler
ile projelerin tamamlanma siire¢lerinin ardindan Haziran, 2020
doénemi igerisinde gerceklesmistir.

Yontem olarak Aralik Tip 2 Bulamk TOPSIS
uygulanmaktadir. Bu yontemin kullanilmasindaki en temel
sebep, Aralik Tip 2’nin belirsizli§in nispeten ¢ok oldugu
ortamlarda daha etkili karar verebilmeyi destekliyor olmasidir.
Boylelikle belirsizlik durumlart altinda karar vericilerin daha
dogru sonuglara ulagabilmesi saglanmaktadir. Calismanin
adimlart Chen C.T. (2000)’in ¢alismasinda yer verdigi ve kabul
edildigi sekliyle uygulanmaktadir.

 bipsidanien
ve Teknolojik

Sekil 1. Calismadaki Kriterler ve Alternatifler Arasi Iliski Ag1

Figure 1. Network of Relationship Between Alternatives and
Criteria in the Study

Calismada belirlenen 8 ana kriterin ardindan, tiim kriterlerin her
karar  verici  tarafindan  degerlendirilmesine  ihtiyag
duyulmustur.

Tablo 3. Basar: Kriterlerinin Dilsel ve Bulanik Sayilarla Gosterimi

Table 3. Representation of Success Criteria with Linguistic and Fuzzy Numbers

Kriterler Karar Verici 1 (KV1) Karar Verici 2 (KV2) Karar Verici 3 (KV3) Kriter Agirliklar:
A\ Y (0.7,0.9,1.0)* 0 (0.3,0.5,0.7) Y (0.7,0.9,1.0) (0.57,0.77, 0.90)
|3 CY (0.9,1.0,1.0) 0 (0.3,0.5,0.7) CY(0.9,1.0,1.0) (0.70, 0.83, 0.90)
I 0 (0.3,0.5,0.7) 0 (0.3,0.5,0.7) BD(0.1,0.3,0.5) (0.23,0.43, 0.63)
Is Y (0.7,0.9,1.0) Y (0.7,0.9,1.0) CY(0.9,1.0,1.0) (0.77, 0.93, 1.0)
Js CY (0.9,1.0,1.0) CY(0.9,1.0,1.0) Y(0.7,0.9,1.0) (0.83,0.97, 1.0)
Jo Y(0.7,0.9,1.0) CY(0.9,1.0,1.0) Y(0.7,0.9,1.0) (0.43, 0.93, 1.0)
J; BD(0.1,0.3,0.5) 0(0.3,0.5,0.7) Y(0.7,0.9,1.0) (0.37,0.57,0.73)
Jg 0(0.3,0.5,0.7) CY(0.9,1.0,1.0) Y(0.7,0.9,1.0) (0.63, 0.8, 0.90)

e-ISSN: 2148-2683

41



Avrupa Bilim ve Teknoloji Dergisi

Uygulamanin ikinci adiminda basari kriterleri ve alternatifler
dilsel degiskenler ile degerlendirilmekte ve kritik agirliklan
hesaplanmaktadir. Bu asamada Tablo 2’den yararlanilarak dilsel
degiskenler, bulanik sayilara doniistiirilmiistiir. Ardindan Kriter
Agirliklarin Hesaplanmasi ile ilgili Esitlik (1) uygulanmistir.
Yapilan islemler sonrast sonuglar yukaridaki tabloda
gosterilmistir.

*QOrnegin, Strateji ve Organizasyon (J1) kriteri, birinci karar
verici (KV1) tarafindan Yiiksek (Y) onem diizeyinde olacak
sekilde degerlendirilmis ve bu dilsel degiskene karsilik gelen
bulanik say1 i¢in Tablo 2’den yararlanilarak (0.7,0.9,1.0) olarak
belirlenmigtir.

Tablo 4. Karar Vericiler Tarafindan Isletmelerin Degerlendirilmesi ve Bulanik Sayilarla Gésterilmesi

Table 4. Evaluation of Businesses by Decision Makers and Representation with Fuzzy Numbers

Ji isletmeler Karar Verici 1 Karar Verici 2 Karar Verici 3
I Isletme 1 (1) ‘ CI (9,10,10)* 1(7.9,10) 01 (5,7,9)
Isletme 2 (Iy) i(7,9,10)* Ci (9,10,10) 1(7,9,10)
Isletme 3 (I3) ‘ OK (1,3,5)* i(7.9,10) 0 (3,5,7)
J2 Isletme 1 0 (3,5,7) 1(7,9,10) OK (1,3,5)
Isletme 2 ‘ OK (1,3.5) Ci (9,10,10) i(7.9,10)
Isletme 3 OK (1,3,5) 0 (3.,5,7) 0I (5,7,9)
Js Isletme 1 ‘ K (0,1,3) OK (1,3,5) OK (1,3,5)
Isletme 2 1(7.9,10) 0i (5,7,9) 01 (5,7,9)
fsletme 3 ‘ 0i (5,7,9) i(7,9,10) i(7.9,10)
Js Isletme 1 01 (5,7,9) 0i (5,7,9) 1(7.9,10)
Isletme 2 ‘ OK (1,3,5) 0 (3,5,7) 0i (5,7,9)
Isletme 3 1(7.9,10) 0i (5,7,9) 0 (3,5,7)
Js fsletme 1 ‘ i(7,9,10) i(7,9,10) i(7,9,10)
Isletme 2 1(7.9,10) 0i (5,7,9) Ci (9,10,10)
Isletme 3 ‘ 0i (5,7,9) 0 (3,5,7) i(7,9,10)
Je Isletme 1 1(7.9,10) 0i (5,7,9) 1(7.,9,10)
fsletme 2 ‘ Ci (9,10,10) i(7,9,10) i(7,9,10)
Isletme 3 1(7.9,10) 1(7,9,10) 01 (5,7,9)
fsletme 1 Ci (9,10,10) i(7,9,10) i(7,9,10)
J7
Isletme 2 01 (5,7,9) 0 (3,5,7) 1(7,9,10)
Isletme 3 ‘ i(7.9,10) i(7,9,10) 0i (5,7,9)
Js Isletme 1 Ci (9,10,10) Ci (9,10,10) 1(7,9,10)
Isletme 2 ‘ OK (1,3,5) K (0,1,3) 0(3,5,7)
Isletme 3 1(7,9,10) 0 (3,5,7) 01 (5,7,9)

Ucgiincii adimda karar vericiler proje yatirim destegi alan
firmalari, ilgili kriterler baglaminda sozsel olarak degerlendirmis
ve bu dilsel ifadelere karsilik gelen degerler yine Tablo 2’den
yararlanilarak bulanik sayilara doniistiiriilmiistiir (Tablo 4).

*Birinci karar verici (KV1) tarafindan, Strateji ve Organizasyon
(J1) kriteri agisindan igletme 1’in yatirim destegi sonrasi durumu

Cok Iyi (CI) seviyede bulunurken, isletme 2’nin durumu Iyi (I) ve
son olarak Isletme 3’tin durumu Orta Ko&ti (OK) olarak
degerlendirilmistir. Bu dilsel degiskenlere karsilik gelen degerler,
Tablo 2 referans alinarak sirasiyla (9,10,10), (7,9,10) ve (1,3,5)
seklinde olusturulmusgtur.

Tablo 5. Bulanik Karar Matrisi

Table 5. Fuzzy Decision Matrix

J1 J2 J3 J4 Js Je J7 Js
i, | 7.87.97* | 37.57,73) | (0.7,23,43) | (57,97,93) | (7,9,10) | (7.3.83,97) | (1.7,93,10) | (8397, 10)
i, | (77.93.10) | (57.73.83) | (57.7.7.9.3) 3,57 (7, 87,97) | (1.7,93,10) | (5,7,8.7) (13,3,5)
iy | 37.57.73) (.57 (63,83,97) | (5,7.87) (,7,87) | (63,83,97) | (1.3,83,97) | (5,7.7,8.7)
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Tablo 3 ve Tablo 4’ilin elde edilmesi sonrasinda bulanik karar
matrisinin  olugturulmas1 gereklidir. Bu asamada “Bulanik
TOPSIS Yontemi Adimlar1” boliimi altinda Adim 3°de ifade
edildigi gibi biitiin kriterler ve alternatifler i¢in tek bir deger elde
edilmesi amacryla Esitlik (2), Tablo 4’tin verileri iizerinde
uygulanmis ve Tablo 5 elde edilmistir.

Tablo 6. Nomalize Edilmis

*[; (Isletme 1)’in J; kriteri (Strateji ve Organizasyon)
acisindan ii¢ karar verici tarafindan ayr1 olarak yapilan
degerlendirilmesi i¢in ilgili deger, 1/3 ([9 + 7+ 5]), [10 + 9 + 7],
[10 + 10 + 9]) = (7, 8.7, 9.7) seklindeki hesaplama ile
bulunmustur. Biitiin hiicreler i¢in gerekli islemler yapildiktan
sonra matrisin normalize edilmesine ihtiya¢ duyulmaktadir.

Bulanik Karar Matrisi

Table 6. Normalized Fuzzy Decision Matrix

J1 J2 J3 J4 Js J6 J7 Js
I, | (0.7,0.87,097)* | (0.45,0.69,0.88) | (0.07,0.23,043) | (0.58,1,0.96)  (0.7,0.9, 1) (0.73,0.83,097) | (0.77,093,1) | (0.83,0.97,1)
I, (044,071,090 | (0.69,0.88,1)  (0.57,0.77,0.93) @ (0.3,0.51,0.72) | (0.7,0.87,097)  (0.77,0.93,1) | (0.050.07,0.87) | (0.13,0.3,0.5)
iy (021,044,0.66) | (0.36,0.6,0.88) (0.67,0.83,097) (0.51,0.72,09)  (0.5,0.7,0.87)  (0.63,0.83,0.97) = (0.73,0.83,097) | (0.5,0.77,0.87)

Bu asamada Esitlik (5)’in uygulanmasiyla normalize edilmis
karar matrisinin gosterildigi Tablo 6’ya ulasilmustir.

*[1gili deger, Tablo 5’deki ilgili hiicrenin, siitiiniin maksimum
degerine (cj=10) béliinmesi ile elde edilmistir. Ilgili hiicrede yer

alan (7, 8.7, 9.7) degerlerinin her biri J1 kriterine ait en biiyiik
deger olan 10’a bolinmis ve (0.7,0.87,0.97) hiicre degerine
ulagilmistir. Biitiin hiicreler i¢in siire¢ tamamlandiktan sonra
agirlikli normalize edilmis karar matrisinin olusturulmasi
gerekmektedir.

Tablo 7. Agwrlikli Normalize Edilmis Karar Matrisi

Table 7. Weighted Normalized Decision Matrix

J1 J2 J3 J4 Js Je J7 Js
I, | (0.4,0.67,0.87)* | (0.32,057,0.79) | (0.02,0.1,027)  (0.45,0.93,096) @ (0.58,0.87,1)  (0.31,0.77,097) @ (0.28,0.53,0.73) | (0.83,0.97,1)
i, (0.43,0.71,0.9) | (0.48,0.73,0.9) | (0.13,0.33,0.59) | (0.23,0.47,0.72) | (0.58,0.84,0.97) | (0.32,0.86, 1) (0.02,0.04,0.64) | (0.13,0.3,0.5)
I, | (021,043,065 @ (0.25,0.5,079)  (0.15036,0.61) @ (0.39,0.67,0.9) (0.4,0.68 0.87) @ (0.27,0.77,097) | (0.27,0.47,0.71) | (0.5,0.77,0.87)

Bu adimda ise normalize edilmis karar matrisinden ve Tablo
3’den yararlanilarak Esitlik (8)’in uygulanmasiyla matrisin
agirliklandirilmasi yapilmig ve Tablo 7°ye ulagiimistir.

*[1gili deger, Tablo 6’daki ilgili hiicrenin Tablo 3’de ulasilan

her kritere ait agirlik degerleriyle ¢arpilmasi sonucunda elde

edilmistir. (0.4, 0.67, 0.87)=(0.7, 0.87, 0.97) * (0.57, 0.77, 0.90)

Agirlikli normalize edilmis karar matrisinin elde edilmesinin
ardindan, Bulanik Pozitif (BP) ve Bulanik Negatif (BN) ideal
¢Oziimlerine ihtiya¢ duyulmaktadir.

Tablo 8. BP ve BN Ideal Coziimleri
Table 8. FP and FN Ideal Solutions

ji d(ir, IY) d(iz, d(is, IY) d(I;, I d(Iz, I d(Is, I
I+
g 0.40* 0.)373 0.597 0.674%* 0.706 0.466
B 0.480 0.343 0.534 0.592 0.724 0.558
Js 0.876 0.676 0.654 0.167 0.354 0.418
J4 0.320 0.545 0.404 0.814 0.514 0.685
Js 0.253 0.260 0.400 0.835 0.813 0.678
Js 0.420 0.400 0.442 0.737 0.784 0.516
J7 0.513 0.818 0.547 0.545 0.025 0.516
Js 0312 0.758 0.465 0.747 0.298 0.604

Bu adimda n=8 olmak kosuluyla ilk olarak Esitlik (9)’u
ifade eden A™=[(1,1,1), (1,1,1), (1,1,1), (1,1,1), (1,1,1), (1,1,1),
(1,1,1), (1,1,1)] ile BP Iideal Céziimlerin hesaplanmasi
gerekmektedir. Ornegin; J; kriteri i¢in isletme 1’in pozitif ideal
¢Ozliimiliniin hesaplanmasinda Vertex Metodu'na ihtiyag
duyulmus ve Tablo 7°deki ilgili hiicrenin degerlerinden
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yararlamlarak; d(i;, iY): v (1/3) [(1-0.4)*+ (1-0.67)* + (1-
0.87)%]= 0.40 (*) sonucuna ulasilmustir.

Benzer sekilde n=8 olmak kosuluyla negatif ideal
¢oziimden uzakliginin Slgiilmesinde Esitlik (10)’u ifade eden
A" = [(0,0,0), [(0,0,0), [(0,0,0), [(0,0,0), [(0,0,0), [(0,0,0),
[(0,0,0), [(0,0,0)] ‘den vyararlanilarak Vertex Metodu’nun
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kullanilmasina ihtiyag duyulmustur. Ornegin; J; kriteri icin
isletme 1’in  negatif ideal ¢Oziimden uzakligimin
hesaplanmasinda Tablo 7°deki ilgili hiicrenin degerleri Vertex
Metodu’nda kullanilarak d(iy, i): V (1/3) [(0-0.4)*+ (0-0.67)* +

(0-0.87)?] = 0.674 (**) sonucuna ulagilmistir. Bu adimin
ardindan son olarak alternatiflerin pozitif ve negatif toplam
uzakliklarinin  hesaplanmasi ve yakinhik kat sayisinin
belirlenmesi gerekmektedir.

Tablo 9. Alternatif Isletmelerin Pozitif ve Negatif Mesafeleri

Table 9. Positive and Negative Distances of Alternative Businesses

dit
isletme 1 (iy) 3.574*
isletme 2(i5) 4.178
isletme 3(i3) 4.043

di- CG;

5.111%** 0.588
4221 0.502
4.441 0.523

*[sletme 1’e ait pozitif mesafe degerine, Tablo 8’den
yararlanilarak Y d(il, I') islemiyle ulagilmigtir. 3.574= (0.40 +
0.480 + 0.876 + 0.320 + 0.253 + 0.420 + 0.513 + 0.312).

**[sletme 1’e ait negatif mesafe degerine ise yine Tablo 8’den
yararlanilarak ) d(il, I') islemiyle ulasilmistir. 5.111= (0.674 +
0.592 +0.167 + 0.814 + 0.835 + 0.737 + 0.545 + 0.0.747).

Yakinlik katsayir degerlerine ise Esitlik (13)’de yer aldig
sekliyle dii/(din™+ dii) formiilasyonun uygulanmasi ile
ulasilmustir. Ornegin Isletme 1’in yakinlik kat say1 degeri 5.111/
(5.111+3.574) = 0.588 olarak belirlenmistir.  Bu degerler

5. Sonug¢ ve Degerlendirme

Caligmada ilk olarak “Endiistri 4.0 teknolojilerinin imalat
sirketlerinde uygulanmas: i¢in kritik basar1 faktorleri nelerdir?”
sorusuna cevap bulunmustur. Ug uzman karar verici tarafindan,
literatiirden  olusturulan  kriterler neticesinde Tablo 3’de
goriildiigii sekliyle en 6nemli kriter, daha etkin ve verimli tiretim
agin1 kurabilmelerine yardimci olan teknolojilerin ve nihayetinde
bu teknolojilerin temelini olusturacak bilgi sistemlerinin
kurulmasi olarak belirlemistir. Boylelikle karar vericilerin
degerlendirmeleri sonucunda igletmenin teknolojik ve bilisim alt
yapisinin, yeni  teknolojilerin  ve  sistemin  birbirine
biitiinlestirmenin, genel isletme yapisindan ve organizasyon
yapisindan daha 6nemli goriildiigii tespit edilmistir.

Diger 6nemli ve ikinci yiiksek diizeydeki basari kriteri, derin
birlesme olarak belirlenmistir. Siirecin dogru yiiriitiilmesi ve
isletmelerin yeni endiistriyel donemde basarili olmasi i¢in aym
amaca hizmet edecek sekilde tiim birimlerin birbiriyle
biitiinlesmesi  (entegrasyonu)  uzmanlarca ¢ok  Onemli
goriilmiistiir. Ciinkii birimlerin birbirlerini destekleyecek paralel
davranislarda bulunmasi siirecin basarist igin gerekli bir unsurdur.
Uciincii  basart  kriteri  olarak  belirlenen  esneklik,
organizasyonlarin  degisime olan yaklasimlarmi ve bu
dogrultudaki adaptasyonlarini gosteren itici bir giigtiir. Esnek
yapidaki igletmelerin alacaklar1 kararlara ve olasi yenilenme
ihtiyacina cevap verme noktasinda dogru adimlar disinda daha
hizli davranarak basarili olma potansiyelinin yiiksek oldugu
sOylenebilir. Arastirmada 6nem sirasina gore diger 5 basar1 kriteri,
etkin veri kullanimi, siber giivenlik, strateji ve organizasyon,
kalifiye is glicii ve akilli tiriinler olarak degerlendirilmistir. Bu
dogrultuda bilgi teknolojilerinin kullanimmin da artmasi ile
isletmeye dair binlerce belki de milyonlarca verinin iiretilmesi, bu
verilerin de alinacak kararlar i¢in etkin kullanimin saglanmasi ve
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¢alismanin nihai soncuna gotiiren ve alternatiflerden arasindan
karar vermeyi saglayacak olan degerlerdir.

Yakinlik katsay1 degerlerinin gosterdigi iizere, yatirim destek
tegvigi alan firmalardan potansiyel basarisi en yiiksek olan 0.558
katsay1 degeriyle Isletme 1 olarak belirlenmistir. Yani otomotiv
endiistrisinde faaliyet gosteren ve tesvik alan bu isletme,
belirlenen sekiz kriter dogrultusunda siireci daha basarili
yonetirken, siralamayr aliminyum sektoriinde faaliyet gésteren
isletme ve plastik sektoriinde faaliyet gosteren isletme takip
etmistir.

giivenlik 6nlemlerinin de alinma ihtiyaci karar vericiler tarafindan
énemli goriilmiistiir. Ozetle, yapilan islemler sonucunda ortaya
¢ikan kritik basart siralamasi, isletmelerdeki yeni teknolojik
yapitlanmanin  basarili  uygulanmasi ile sirketin = kendi
organizasyon yapisint daha kolay degistirebilecegi ve
stratejilerini belirli yonde kurabilecegi fikri hakim olmustur.
Sonug olarak karar vericiler tarafindan 6ncelik, teknoloji ve bilgi
sistemleri alt yapisina verilmistir.

Bir diger acidan firmalarin endiistri 4.0 siire¢ yapilanmasina
olan girigimleri ve bu konuda alacaklar1 tegvikler biiyiik 6nem
kazanmaktadir. Endiistri 4.0'in verimlilik, ¢esitlik, proaktiflik ve
yiiksek rekabet edilebilirlik gibi g¢esitli yenilikler getirebilmesi
sebebiyle isletmeler i¢in bdyle bir degisim ve doniigiim ihtiyag
haline gelmistir. Yeni sanayilesme doneminde ifade edildigi gibi
yiiksek teknolojiye olan gereksinim, firmalari yapacaklari
yatirimlar noktasinda zorlayabilmektedir. Bu sebeple alacaklari
tegviklerle olusturacaklart yol haritalar1 biiylik dneme sahiptir.
Buradan hareketle ¢alismada aymi olgekli {i¢ firmanin proje
stirecini tamamlamasiyla  tesvik  sonrasi durumlart
degerlendirilmek istenmistir. Calismada boyle bir
projelendirmenin isletmelerin siire¢lerine ne yonde olumlu etkide
bulundugu ve hangi isletmede daha fazla yol alindig
belirlenmistir. Calisma sonucunda otomotiv yan sanayi
sektoriinde faaliyet gosteren isletme (1) nin daha yiiksek yakinlik
katsay1 degerine (0.588) sahip olmasi sebebiyle aldig1 tesvigi
belirlenen kriterler cer¢evesinde daha basarili kullandigi ve
mevcut durumunun Endiistri 4.0 siireci i¢in daha iyi seviyede
oldugu belirlenmistir. Calismadaki diger iki isletme icinde de
aliiminyum sektdriinde yer alan isletmenin (I3), plastik sektoriinde
yer alana gore (1»), aldig1 tegvik sonrasi Endiistri 4.0 siirecinde
daha basarili oldugu goriilmiistiir. Uzmanlar tarafindan yapilan
degerlendirmelerle ulasilan bu yakinlik katsayr degerlerinin
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Chen- Tung vd. (2006)’nin ¢alismasinda yer aldig1 sekliyle 0.4-
0.59 araliginda olmasi nedeniyle tiim isletmelerin basarili oldugu
ifade edilebilir; ancak kat say1 degerlerinin 0.6 {izerinde olmasi
igsletmelerin bu siirecte daha basarili olacaginin bir gostergesidir.
Ayn1 zamanda sonuglar, igletmelerin bugiinkii mevcut durumlarini
gosteriyor olsa da ii¢ isletmenin arastirmada yer alan sekiz basari
kriteri dogrultusunda daha ¢ok gelismeye imkan verecek sekilde
hareket etmesi ile siirecin daha yiiksek seviyedeki basarisi da
kacmilmaz olacaktir. Ozellikle bu calismada yiiksek agirhikli
basari kriterlerinden olan bilgi sistemleri ve teknolojik yapilanma,
derin birlesme, esneklik ve bilgi giivenligine olan yaklagimlarin
daha ¢ok gelistirilmesinin sonucunda isletmelerin endiistri 4.0
stirecini daha iyi yonettiklerini gosteren yakinlik katsay1 degerleri
de artacaktir.

Ayrica aragtirmada kullanilan Aralik Tipi 2 Bulanik TOPSIS
yontemi sonucundaki verilerin benzer caligmalarda temel alinan
kritik faktorlere ve karar vericilerin sayisindaki artisa bagli olarak
degisebilme ihtimali s6z konusudur. Bu sebeple c¢aligmanin
benzer projelerde yer almis olan daha fazla sayidaki karar vericiye
uygulanmasinin ve olasi sonuglarin karsilastirilmasinin ¢alismayi
zenginlestirebilecegi diisiiniilmektedir. Diger acidan calismada
yer alan otomotiv yan parga, aliiminyum ve plastik sektorlerindeki
isletmelerin yaninda, ayni isletme 6l¢egindeki benzer tegvikleri
alan farkli tiretim sektorlerindeki isletmelerde de uygulamanin
yapilmasinin ve yer alan sektorlerin endiistri 4.0 siirecindeki
mevcut durumlarimin karsilastirilmasimin bu alandaki literatiire
katki saglayacagi beklenmektedir.
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Abstract

Vinyl ester resins are widely used as matrix materials in particle and fiber reinforced composites. Nowadays, particles are also preferred
in micron-sized microstructures to increase the mechanical properties of polymer matrix composites. In this work, vinyl ester matrix
composites reinforced with aluminum oxide particles of 1-3 micron dimensions were produced. Tensile, hardness, bending, wear, impact
strength properties of the specimens prepared at different ratios were investigated. Teflon mold was preferred in the preparation of test
samples. 50% active methyl ethyl ketone peroxide as initiator and 6% cobalt naphthenate as accelerator were used in the reaction. From
0.5% to 2% by weight of aluminum oxide was added to the vinyl ester resin. In the ultrasonic mixer, the formulation was stirred for 30
minutes by adding MEG (mono ethylene glycol) to 5 times the amount of particulate in order to ensure the distribution of the particle
in the mixture and to prevent agglomeration. The tensile and % elongation, impact, wear strength and hardness values increased by
1,5% by weight. A decrease in bending strength was observed.

Keywords: Aluminum oxide (Al,O3), Vinyl ester, Composite material, Mechanical properties

AlLO; Partikiil ilavesinin Vinil Ester Matrisli Kompozit Malzemenin
Mekanik Ozellikleri Uzerine Etkileri

Oz

Vinil ester regineleri, partikiil ve fiber takviyeli kompozitlerde matris malzemeleri olarak yaygin olarak kullanilmaktadir. Giiniimiizde
polimer matrisli kompozitlerin mekanik 6zelliklerini artirmak i¢in mikron boyutlu mikro yapilarda da partikiiller tercih edilmektedir.
Bu ¢alismada 1-3 mikron boyutlarinda aliiminyum oksit partikiilleri ile takviyelendirilmis vinil ester matrisli kompozitler tiretilmistir.
Farkli oranlarda hazirlanan numunelerin gekme, sertlik, egilme, asinma ve darbe dayanimu 6zellikleri incelenmistir. Test numunelerinin
hazirlanmasinda teflon kalip tercih edilmistir. Reaksiyonda baslatici olarak %50 aktif metil etil keton peroksit ve hizlandirici olarak %6
kobalt naftenat kullanilmigtir. Vinil ester reginesi icerisine agirlik¢a % 0,5'den % 2'ye kadar aliiminyum oksit ilave edildi. Partikiiliin
karigimdaki dagilimimi saglamak ve topaklagsmayi onlemek igin partikiil miktarmin 5 katt MEG (mono etilen glikol) eklenerek
formiilasyon ultrasonik homojenizatérde 30 dakika karigtirilmistir. Cekme ve % uzama, darbe, asinma mukavemeti ve sertlik degerleri
agirlikca %]1,5 oranina kadar artti. Egilme dayaniminda bir azalma gozlendi.

Anahtar Kelimeler: Aliminyum oksit (Al,O3), Vinil ester, Kompozit malzeme, Mekanik 6zellikler
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1. Introduction

Composites have become the dominant substitute for metals
and other engineering materials in nearly all engineering
applications. The reason behind the enormous growth of
composites is the wide range of applications they have found
themselves in. The most widely used type of composites is
polymer matrix composites. Polymeric matrix composites are
lightweight, economical, have low production costs, are resistant
to corrosion and have the ability to produce parts with complex
shapes. They are increasingly used in automotive, aerospace,
defense, construction and many other commercial applications

[1].

The mechanical properties of a polymer matrix composite can
be improved by the addition of particle reinforcements. These
properties can be designed by selecting the appropriate matrix and
reinforcement material [2]. In general, the mechanical properties
of particle-reinforced polymer composites depend on the shape,
size and distribution of the reinforcement, as well as the adhesion
between the matrix and the particles [3].

In addition to fiber reinforced composites, particle reinforced
composites are also widely used. Particles can be used to increase
ductility, reduce matrix modulus, and reduce the cost of
composites [4-5]. Among the micro-scale particles used
predominantly as filler/reinforcement, submicron particles have a
much higher specific surface area. This high specific surface area
drives the high surface interaction between the long-chain
polymer matrices and the reinforcement. It is well known that the
dispersion of submicron particles results in improved properties
in polymer composites. If a homogeneous distribution of these
submicron particles can be achieved, both the mechanical and
electrical properties of the composite can be improved [6-8].

Modification of the polymer matrix is one of the approaches
to developing new polymer materials. This modification can be
done by adding different ceramic powders of different sizes to
obtain the required mechanical properties [9]. Ceramics have
high-temperature resistance and electrical insulation properties.
Some ceramic materials have special properties such as magnetic,
piezoelectric and superconductivity at very low temperatures.
These properties are also preferred in composite materials [10].
There are many studies on the mechanical properties of particle-
reinforced polymeric composites in the literature.

McGrath et al. [11] studied the effect of alumina powder in
epoxy on mechanical properties. In this study, they found that the
change in particle size, shape, and size distribution of alumina
powder had little effect on the epoxy. However, resin crosslink
density and filler loading were the most critical variables that
could change all properties. Kardar et al. [12] studied the effect of
nano alumina particles on the physical-mechanical properties of
UV-cured epoxy acrylate via nano-indentation. In their studies, it
was observed that the scratch resistance and self-healing of the
film increased in the presence of nanoparticles. Hongxia Z. and
Robert K.Y.Li [5] studied the effect of water absorption on the
mechanical and dielectric properties of nano-alumina-filled epoxy
nanocomposites. They found that mechanical properties such as
the stiffness of the matrix increased with the addition of nano
alumina, and also improved dielectric properties due to the
increase in the total interfacial area. Zhao et al. [10] studied the
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mechanism leading to an improved mechanical performance in
nanoscale alumina-filled epoxy. Their observations revealed that
the improvement in tensile strength was due to the stronger
interface.

Ramesh et al. [9] added different micro-modifier particles
such as Al,O3, SiO; and TiO, separately at the rate of 10% into
the glass fiber/epoxy structure and conducted a comparative study
on the mechanical properties of the hybrid composites they
produced. It was observed that the mechanical properties of all
epoxy-modified composites were improved. It has been observed
that Al,Oj3 particles in epoxy composites increase the hardness and
impact energy compared to other ceramic particles. Iskender et al.
[13] investigated the effect of micro and nanofiller content on the
mechanical properties of epoxy composites. Micro-fillers are
Al O3, TiO; and fly ash added at rates between 10% and 30% by
weight; Nanofillers are Al,Os, TiO; and clay, which are added at
a rate of between 2.5% and 10% by weight. It was observed that
the tensile strength, flexural strength and elongation at break
values of the composites decreased, while the tensile modulus and
bending modulus increased with increasing micro and nanofiller
content ratio. Solmaz et al. [14] investigated the tensile properties
and wear behavior of composite materials obtained by adding
AlO; at different rates between 1% and 30% into the polyester
matrix. They stated that the tensile strength and elongation
amount decreased with the increase of Al,O3 ratio, and the wear
resistance increased with the decrease in weight loss. Wenyan et
al. [15] produced glass fiber reinforced vinyl ester resin
composites modified with nano-Al,O3 by VARTM method. They
modified the glass fiber surface with various contents of nano
Al,O3 particles by the solid-liquid separation method. They
examined the mechanical properties of the composite plates they
obtained, and as a result of this experimental study, they
determined that the tensile strength and bending strength
increased with the increase of nano Al,O; content, and the best
mechanical performance was obtained when the nano Al,Os ratio
was between 0.5% and 1% by weight.

In this study, vinyl ester resin was preferred as the matrix
material because it has properties between epoxies and
unsaturated polyesters and is easy to use at room temperature.
Vinyl ester resin has more hydroxyl terminal reactive double
bonds than other resins. It has reactive double bonds only at the
end of the chain, unlike unsaturated polyester resin, which has
fully reactive double bonds in the chain. In vinyl ester resins, both
the cure rate and the reaction conditions can be easily controlled.
Vinyl ester resins are one of the widely used thermosets and
provide excellent toughness, thermal stability and chemical
resistance [16].

2. Material and Method
2.1. Materials

The vinyl ester resin (Erco Resin-Coating, Turkey) was used
because it combines the properties of epoxies and unsaturated
polyesters as matrix material and is easy to use at room
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temperature. A,O3 particles were used with an average of 1-3
micron dimensions (PCT Plasma Ceramic Technology GmbH,
powder specific surface area 55 + 5 m%/g, weight loss < 2% after
2 hours at 700 °C). Teflon was used as a mold material to prepare
test samples. In the reaction, 50% active methyl ethyl ketone
peroxide (MEK - Aldrich) was used as the initiator and 6% cobalt
naphthenate (Aldrich) as the accelerator. MEG (mono ethylene
glycol - Dow Chemical) was used to ensure a homogeneous
distribution of the particles and to prevent agglomeration.

2.2. Preparing of Composite Specimens

The aluminum oxide was added (0.5, 1, 1.5, 2 % by weight)
to the vinyl ester resin. Since the resin could not wet the aluminum
oxide particles, it was not continued beyond 2%. In the sample
preparation process, Aluminum oxide particles were mixed with
an ultrasonic mixer for 30 minutes in MEG (mono ethylene
glycol) at a ratio of 5 times the particle amount to ensure
homogeneous distribution and prevent aggregation. Vinyl ester
resin was placed in a container and aluminum oxide dispersed in
MEG at the rate of 0.5% by weight of the total amount was added
into the resin and mixing was applied with a mechanical mixer for
10 minutes. Following this process, 3% MEK peroxide was added
as a hardener and mixed, then 1% cobalt naphthenate was added
as an accelerator and mixed again. After a homogeneous mixture
was obtained, the mixture was poured into the Teflon mold placed
on a smooth surface. The Teflon mold was kept at 85°C for 10

3. Results and Discussion

In this study, Al,O3 particles of 1-3 micron dimensions were
used as a reinforcement in vinyl ester matrix composites and their
mechanical properties were investigated. The test results of the
samples are given in the figures below.

Tensile test results are given in Figure 1. As can be seen in
Figure 1, the tensile strength increased with an increase in the
amount of aluminum oxide added to the vinyl ester up to 1.5%,
after which a decrease was observed in the tensile strength. It was
seen that the maximum % elongation was observed in the sample
containing 1.5% Al;O3 as in the tensile strength (Figure 2). The
non-homogeneous distribution of Al,Oj particles in the composite
structure and the formation of agglomeration caused the
expectation of higher tensile strength to not be met. It is seen that
the increase in strength in microparticle reinforcement is not
higher and the decrease in strength by 2% is due to
inhomogeneous distribution. It is seen that this is due to the stress
concentration that occurs by causing agglomeration.

In some studies, it is seen that silica nano particles are added
to epoxy resin for the purpose of toughening [8], and in another
study, boron nitride is added to vinyl ester resin for the same
purpose [17]. In these studies, it is stated that silica and boron
nitride increase toughness. In this study, adding aluminum oxide
to vinyl ester resin had the same effect on increasing toughness.
In the study of Latief F.H.. et al. [18], it is seen that the tensile
strength increases up to 5% with the addition of Al,O; into the
e-ISSN: 2148-2683

minutes and the hardened samples were removed from the mold.
These procedures were applied in the same way for the other
ratios.

2.3. Characterization

The tensile test of the samples prepared according to the ISO
527 standard was carried out in the Zwick Z010 universal tensile
device with a tensile speed of 5 mm/min. The 3-point bending test
was also performed on the Zwick Z010 device. The impact
strength of the unnotched samples prepared according to the ISO
180 standard was tested using a 5.4 J Izod hammer in the Zwick
B5113.30 impact device. Hardness measurements were made on
the Zwick Shore D instrument. The abrasion test of the samples
was carried out in a Pin On Disc Tester according to ASTM G-99
standard under 250 g weight load at 72 rpm. Weight measurement
was carried out by taking a measurement every 100 meters (100
m = 398 cycles), for a total of 500 m (total 1990 cycles). In the
wear test, an abrasive disc with a hardness of 63 HRC and a
surface roughness of 0.830 um was used. The weight loss was
determined by measuring with a Precision Balance with a
precision of 10-*, SEM examination of the fractured surfaces was
performed with the JEOL JSM-5910 LV device.

In the tests performed, 5 samples were prepared for each
group, the average of the resulting values was taken and the tests
were carried out at room temperature.

polyester resin, and after this rate, the tensile strength decreases
due to agglomeration. The same effect was observed in our study.
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Figure 2. The change in % elongation depending on the amount
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Figure 3 shows the three-point bending test results depending
on the addition of aluminum oxide. As the aluminum oxide
addition increased, the bending strength decreased. As expected,
the highest values were obtained in the pure vinyl ester sample.
Depending on the increase in the amount of Al,O3 particles, the
hardness increased and this caused the composite material to have
a brittle structure. The increase in hardness and the formation of
agglomeration caused a decrease in bending strength.

In the study of Iskender et al. [13], it is seen that the bending
strength decreases as the amount of Al,O3 added to the epoxy
resin increases. The same effect was seen in this study.
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Figure 3. The change in the three point bending strength of the
vinyl ester/Al,O3 composites

In Figure 4, the change in [zod impact strength depending on
the amount of aluminum oxide is given. In this study, the
maximum impact strength was obtained in the 1.5% Al,O;
reinforced sample. After this ratio, the impact strength decreased.
In the impact test, it was observed that the vinyl ester matrix
fracture in the brittle fracture mode without undergoing
significant plastic deformation. As it is known, as the particle size
decreases, the surface area increases and the adhesion between the
matrix and the reinforcement phase is better. On the other hand,
as the amount of particles increases, the probability of formation
of agglomeration also increases. In this study, the impact strength
increased with the addition of Al,Os3, which has a small particle
size of 3 microns. The maximum impact strength was observed at
arate of 1.5%.

Aynalem G.F. and Sirahbizu B. [19] added ALOs into the
linen/unsaturated polyester composite structure in their study.
They stated in their studies that the impact strength increased with
the increase of the amount of Al,Os. In our study, the impact
resistance increased with the increase in the amount of Al,O3
added to the polyester resin.
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Figure 4. The change in the izod impact strength of the vinyl
ester/Al,O3; composite

In Figure 5, hardness values are given depending on the
amount of aluminum oxide. Although the hardness value
increases with the increase of Al,Oj ratio, this increase is not a
serious increase. However, the slight increase in hardness caused
to have a brittle structure of the composite materials.

In the study of Latief F.H. et al. [18], it was observed that the
addition of A,Os increased the hardness of the polyester resin.
Al,O3 showed the same effect in vinyl ester resin.
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Figure 5. Hardness values depending on the amount of Al,O3

The weight losses obtained as a result of the wear test are
given in Figure 6. Weight loss decreased depending on the
increase in the wearing distance and the % aluminum oxide ratio.
While it is seen that the most wear is in pure vinyl ester resin (0%),
it is seen that the amount of wear decreases with the addition of
aluminum oxide, that is, the wear resistance increases. The wear
resistance of the 1.5% and 2% ALO; reinforced composite
materials is higher than the other samples. Due to the good
adhesion between vinyl ester and Al,Os, the wear resistance
increased as the amount of Al,O3 increased.

In the study of Solmaz et al. [14], the addition of Al,Os to the
polyester resin increased the abrasion resistance. In our study, the
addition of Al,O3 showed the same effect in vinyl ester resin.
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Figure 6. Wear test results of the vinyl ester/Al,O3 composites

A fractured surface view of vinyl ester composite with 2%
Al,O3 added is given in Figure 7. When the distribution of the
particles in the structure is examined, it is seen that particle
distribution is observed in some regions, while agglomeration
occurs in some regions. In other words, a heterogeneous
distribution was obtained. Despite adding MEG and mixing in the
ultrasonic homogenizer to prevent agglomeration, agglomeration
still occurred in some areas, which is due to the difficulty of
homogeneous distribution as the amount of Al,Oj3 increases. This
explains the reason for the decrease in the mechanical properties
of 2% Al>O3 reinforced composites. Figure 8 shows the result of
the EDS test and the Al and O peaks can be seen in the graph.

4. Conclusions and Recommendations

Al,Os particles (1-3 micron) were used as a reinforcement in
vinyl ester matrix composites and their mechanical properties
were investigated. The tensile strength, % elongation, hardness
and impact strength properties of the composite material
increased with the addition of aluminum oxide. According to
these mechanical properties mentioned here, the best result was
seen at a rate of 1.5%. However, the flexural strength decreased
as the Al,Os ratio increased. As for the abrasion properties, the
mass loss was decreased as the content of Al,Os increased. In the
abrasion test, the ratio of 1.5% Al;O; gave the best abrasion
resistance result.

In this study, it was understood that the addition of Al,O3 had
a significant effect and improvement on most of the mechanical
properties of vinyl ester composites, but this effect reached the
optimum effect at the level of 1.5%. The addition of reinforcement
at high rates in micron-sized particles causes a weakness in the
adhesion force between the matrix and the reinforcement, while
on the other hand, it also causes agglomeration problems.
Therefore, a decrease in the mechanical properties of vinyl ester
composite occurred after 1.5% Al,O;3 ratio. The results of this
study are also consistent with the results of other studies in this
field.

Al,Os reinforced vinyl ester composite can be used in areas
where mechanical properties other than bending strength are
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Figure 7. SEM image of 2% Al>O; reinforced vinyl ester

composite
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Figure 8. EDS test of reinforced vinyl ester composite

important. In addition, this method is recommended for producing
parts with small dimensions and recessed protruding geometries,
in the independent direction. The
experimental results support that the successful addition of Al,O3
particles reinforced vinyl ester composites is possible to
fabrication.

which are reinforced

In terms of homogeneous distribution, non-agglomeration,
better adhesion of matrix and reinforcement, the use of particles
such as AlbO; in nano size will give better results in terms of
improvement of mechanical properties.
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Oz

Simple sequence repeats (SSRs) markorler, bitkilerde genetik ve genomik arastirmalarda yaygin olarak kullanilan 6nemli molekiiler
gereclerdir. Ancak ekonomik Oneme sahip serin iklim baklagil bitkilerinden mercimekte (Lens culinaris Medik.) bugiine kadar
gelistirilen SSR markorii sayist oldukca sinirli kalmistir. SSR markérlerin bu eksikligi, mercimek molekiiler 1slah ¢aligmalarimi
smirlayan baslica faktorler arasinda yer almaktadir. Bu ¢alismada, mercimek bitkisinde SSR markorii gelistirmek icin AC ve AG
tekrarlarinca zenginlestirilmis kiitiiphanelere ait 288 klon TG ve TC tekrarlarinca taranarak yeni 15 adet SSR markorii gelistirilmistir.
Polimorfizm gosteren markorlerden toplamda 18 allel tiretilmis ve Le-MCu54 markdrii en polimorfik markor olarak belirlenmistir.
Gelistirilen bu markdrler mercimek bitkisinde molekiiler temelli pek ¢ok caligmaya katki saglayacak niteliktedir.

Anahtar Kelimeler: SSRs, Mercimek, Markor gelistirme, Zenginlestirilmis kiitiiphane.

Development of New SSR Markers in Lentil by Scanning AG and AC
Enriched Libraries with TG and TC Repeats

Abstract

Simple sequence repeats (SSRs) markers are important molecular tools widely used in genetic and genomic research in plants. However,
the number of SSR markers developed in lentils (Lens culinaris Medik.) so far, which is an economically important cool season legume
plant, has been very limited. The lack of SSR markers is among the main factors limiting lentil molecular breeding studies. In this study,
288 clones belonging to the enriched libraries with AC and AG repeats were screened by TG and TC repeats to develop SSR markers
in lentil plants and 15 new SSR markers were developed. A total of 18 alleles were generated from markers showing polymorphism,
and the Lc-MCu54 marker was identified as the most polymorphic marker. These developed markers are capable of contributing to
many molecular-based studies in lentil plants.

Keywords: Keywords: SSRs, Lentil, Marker development, Enriched library.
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1. Giris

Kiiltiiri yapilan en eski baklagillerden biri olan mercimek
(Lens culinaris Medik) bitkisi (Bahl vd. 1993), diploid bir genoma
(2n =2x=14) sahip olup, kendine dollenen bir bitkidir
(Muehlbauer, 1992). Genom biiyiikligii yaklasik 4 Gb’dir ve tek
yillik serin iklim baklagilleri arasinda yer almaktadir
(Arumuganathan ve Earle, 1991). Kiiltiir mercimegi L. culinaris
Medik.’e ek olarak, Lens cinsi L. ervoides, L. lamottei, L.
nigricans olmak iizere 3 yabani tiirden olugsmaktadir (van Oss vd.
1997). L. culinaris Medik. ise hem kiiltiir L. culinaris subsp.
culinaris hemde yabani L. culinaris subsp. orientalis, L. culinaris
subsp. odemensis, L. culinaris subsp. tomentosus olmak lizere 4
alt tiir igermektedir (Ferguson vd. 2000). L. culinaris subsp.
culinaris’in L. culinaris subsp. orientalis’ten kiiltiire alindigi,
orijinin ise Yakin Dogu oldugu ileri siiriilmektedir (Zohari, 1972).

Mercimek diinyada 5,1 milyon hektar alanda tiretilmektedir
ve yullik tiretim 6,54 milyon tondur (FAO 2021). Kanada %44’liik
bir tiretimle lider mercimek {iretici durumundadir. Tiirkiye ise,
Hindistan ve ABD’den sonra 4. sirada yer almaktadir (FAO 2021).
Mercimek, yiiksek protein oramt (28%), yavas salinan
karbonhidratlar1 icermesi, lif, vitamin ve mineral igermesi ve ayni
zamanda sahip oldugu diisiik yag orami ile dnemli bir besin
kaynagidir (Muehlbauer vd. 2006; Ramdath vd. 2020). Aym
zamanda azot baglama ozelligi ile de toprak sagligina, azotca
zenginlestirilmesine ve tarimsal topraklarin zenginlestirilmesine
katki saglamaktadir (Singh vd. 2021). Bu nedenle, diger
baklagillerde oldugu gibi modern yogunlagtirilmis tarim
sistemlerinde ihtiya¢ duyulan g¢esitlilige, {irin rotasyonu, karma
ve birlikte ekim yoluyla katkida bulunma potansiyeline sahiptir
(Gan vd. 2015; Taha vd. 2018, Yolci, 2020).

Mercimek ekim alanlarinda son 10 y1l i¢erisinde kayda deger
Olciide bir artis olmasina ragmen (FAO 2018), iirtin miktarindaki
artis biyotik ve abiyotik faktorlerin neden oldugu kayip nedeni ile
ekim alanindaki artiga paralel bir artis gosterememistir (Rahimi
vd. 2016; Singh vd. 2017; Sehgal vd. 2017). Bu baglamda, yabani
tirlere ait gen havuzu olduk¢a Onemli bir genetik cesitlilik
kaynagidir ve mercimegin genetik gelisimi i¢in pek ¢cok 6nemli
potansiyel Ozellikleri (abiyotik ve biyotik stres faktorlerine
dayanikli, verim parametreleri vb.) i¢ermektedir (Sarker ve
Erskine, 2006). Yabani ve kiiltiir mercimegi gen havuzunda yer
alan arzu edilen bu dzelliklerin genetik olarak belirlenebilmesi ve
mercimek 1slah caligmalarinin ivme kazanmasi i¢in etkili
molekiiler markorlere ihtiya¢ duyulmaktadir.

Mikrosatelliteler veya SSR markdrler (Simple Sequence
Repeats), ko-dominant 6zellige sahip olmalari, lokus spesifik
olmalari, polimorfizm oraninin yiiksek olmasi, genomda bol
miktarda bulunmalart ve tekrar edilebilirliginin yiiksek olmasi
nedeni ile DNA markdrleri arasinda olduk¢a onemli bir yere
sahiptirler (Gupta vd. 1996). Mercimek bitkisinde bugiine kadar
toplamda 389 SSR markérii gelistirilmistir (Andeden vd. 2015;
Bakir ve Kahraman, 2019; Duran vd. 2004; Hamwieh vd. 2005,
2009; Saha vd. 2010; Verma vd. 2014). Gelistirilen bu markdr
sayisi, biliyik bir genoma sahip mercimek bitkisinde
gerceklestirilecek molekiiler 1slah c¢aligmalart i¢in oldukca
yetersiz kalmaktadir.

Bu ¢aligmanin amaci, “Mercimekte (Lens culinaris Medik.)
AG ve AC mikrosatellitlerince Zenginlestirilmis Genomik
Kiitiiphanelerden Yeni SSRs (Simple Sequence Repeats)

e-ISSN: 2148-2683

Markérlerin Gelistirilmesi (Proje no:2150088)” baslikli proje
kapsaminda olusturulan AC ve AG tekrarlarinca zenginlestirilmis
kiitiphanelerin, TG ve TC tekrarlarn ile taranarak yeni SSR
markorlerin - kesfedilmesi ve bu markoérlerin - polimorfizm
oranlarinin belirlenmesidir.

2. Materyal and Metod
2.1. Bitki materyal

Gelistirilen SSR  markorlerinin - polimorfizm oranlarini
belirlemek i¢in bitki materyali olarak GAP Uluslararas1 Tarimsal
Arastirma ve Egitim Merkezi Miidiirliigii tarafindan gelistirilen
Tigris, Seyran-9, Altin toprak ve Yerli Kirmiz1 ¢esitleri, Tarla
Bitkileri Merkez Arastirma Enstitiisii Miidiirliigii tarafindan
gelistirilen Kafkas, Ankara yesili, Ceren ¢esitleri, Dogu Anadolu
Tarimsal Arastirma Enstitiisii Miidiirliigii tarafindan gelistirilen
Erzurum-8 ve Emre-2, Gegit Kusagi Tarimsal Aragtirma
Miidiirliigii tarafindan gelistirilen Sazak-9 ¢esidi kullanilmistir.

2.2. DNA izolasyonu

Kontrollii kosullarda saksilara ekilerek 15 giin siire ile
gelisimleri saglanan bitkilerin toprak iistii kisimlar1 toplanarak
Lefort vd. (1998) tarafindan gelistirilen protokole gére DNA
izolasyonlar1 gerceklestirilmistir. izole edilen DNA’lar %1’lik
agaroz jelde gorsel olarak kontrol edilerek, Nanodrop ND-1000
spektrofotometre ile DNA'larin saflik ve konsantrasyonlari
belirlenmistir.

2.3. Mikrosatellitleri Iceren Dizilerin Analizi ve
Primer Dizayni

AG ve AC mikrosatellitlerince Techen vd. (2010)’a gore
zenginlestirilen toplam 288 klon TG/TC tekrarlar1 ile Bloor vd.
(2001) tarafindan gelistirilen koloni PCR kosullar1t modifiye
edilerek taranmigitr. Buna gore, PCR reaksiyonlari (15ul) stok
kiitiiphanelerden 1pul, Oligo TG, Oligo TC ve Oligo LIBF3 (5°-
CGGGAGAGCAACGAAGGAGT-3’)  primerlerinin  her
birinden 10 pM, her bir dNTP’den 0.2 mM, 1X DreamTaq
Green Buffer (2 mM MgCI2 igerir) (Thermo Scientific,
Waltham, MA, USA), and 0.5u DreamTaq DNA Polymerase
(Thermo Scientific, Waltham, MA, USA) kullanilarak
gerceklestirilmistir. Biitiin PCR reaksiyonlar1 Bio-Rad termal
dongii cihazinda yapilmistir. Amplifikasyon programi 94 °C de
3 dk ilk agsamayi takiben, 35 dongii 94 °C de 1 dk, 55 °C de 1
dk, 72 °C de 2 dk ve son uzama asamasi 72 °C de 10 dk olacak
sekilde uygulanmustir. PCR firiinleri %2’lik jelde yiiriitiilerek,
2 ve daha fazla bant verenler pozitif olarak belirlenmis (Sekil
1) ve ABI 3500 Genetic Analyzer (Applied Biosystems)
cihazinda BigDye® Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) kullanilarak kit protokoliine gore

dizilenmistir. Elde edilen dizilerden plazmid dizilerini
belirlemek ve temizlemek icin Vecscreen
(http://www.ncbi.nlm.nih.gov/tools/vecscreen/) programi

kullanilmigtir. Dizilerde yer alan mikrosatellit tekarlarinin
yerleri SSRFinder (http://www.fresnostate.edu/ssrfinder/)
programi ile belirlenerek, Primer3 programi
(http://bioinfo.ut.ee/primer3-0.4.0/) ile primerler tasarlanmistir
(Tablo 1).
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2.4. Gelistirilen SSR Primerlerinin Test Edilmesi

Gelistirilen markorleri en uygun baglanma sicakligi (Tm)
Firat-87, Tigris, Seyran-96 cesitleri kullanilarak optimize
edilmistir. Buna goére, PCR reaksiyonlar1 (15ul) stok
kiitiiphanelerden 1pul, her bir primerden 10 pM, her bir ANTP’den
0.2 mM, 1X DreamTaq Green Buffer (2 mM MgCI2 igerir)
(Thermo Scientific, Waltham, MA, USA), and 0.5u DreamTaq
DNA Polymerase (Thermo Scientific, Waltham, MA, USA)
kullanilarak gergeklestirilmistir. Amplifikasyon programi 94 °C
de 3 dk ilk agamay1 takiben, 35 dongii 94 °C de 1 dk, 50-66 °C de
1 dk, 72 °C de 2 dk ve son uzama asamasi 72 °C de 10 dk olacak
sekilde uygulanmistir (Bakir ve Kahraman, 2019). PCR f{irtinleri
%3’lik jelde yiritilerek kontrol edilmistir. Biitin PCR
reaksiyonlar1 Bio-Rad termal dongii cihazinda yapilmistir.

Baglanma sicakliklar1  optimize edilen primerlerin
polimorfizm oranlarini belirlemek amaci ile 23 adet mercimek
¢esidi Schuelke (2000) tarafindan gelistirilen M13 tail metodu
kullanilarak gergeklestirilmistir. PCR reaksiyonlarinda, 6-FAM,
HEX ve ROX florasan igaretli M13 tail (-21) universal primeri
(5’-TGTAAAACGACGGCCAGT-3") tercih edilmistir. Bunun
i¢in, her bir primere ait 0,5 pl PCR iiriinii, 9 pl Hi-Di formamid
ve 0,5 ul LIZ-600 size standart ile birlikte karigim olusturularak
termal dongii cihazinda 95 °C’de 5 dk denature edilmis ve ABI
3500 Genetic Analyzer (Applied Biosystems) sistemine
yiiklenmistir. Sonuglarin degerlendirilmesi i¢in GeneMapper
(version 5.0) software programi kullanilmis, her bir markore ait
pikler degerlendirilmis ve her bir markdr i¢in allel biiytikliikleri
belirlenerek istatistik analizleri i¢in hazir hale getirilmistir.

Sekil 1. Koloni PCR ile SSR motifi igeren klonlarin belirlenmesi (Figure 1. Screening of the SSR included clones by colony PCR)

Tablo 1. Gelistirilen primerlere ait bilgiler (Tablo 1. The detailed information of the developed primers)

Lokus Adi 5’3’ Tekrar motifi be Tm
(&)
Lc_MCu53_F AGAACCGATCGTGTTTGAGC (GA)s(GA)3(GA)3(GA)3(GA)4
(GA)s 250 | 55
Lc_ MCub53 R GGGTGGAAAACCCTAATTCC
Lc_MCu54 F GGAGTGTCTTCATGTGTAATGAATC | (GT)3(GT)3(AATT)3(GT)s
200 | 62
Lc_MCu54 R CACCAACAATGAATGCATGA
Lc_MCus5_F TGAAAGAGGGAAAAGCGAAC (GA)3(GA)4(GA)3(GA)3(GA)3
(GA)4(GA)s(GA)3 (GA)2(GA)s | 250 | 64
Lc_MCu55 R CACAAGGGTTTAAGAACCCAAA
Lc_MCus6_F CACATGCATGACATTGTTGAG (TA)3(ATT)s
200 | 62
Lc_MCu56_R CATCAACAAAGAAGGGGTGA
Lc_MCu57_F ATCTCCTCGCCTCCGTCTAC (TC)s(CAA)3(AG)2
250 | 52
Lc_MCu57_R TGCATCTTCTTCCTGTGACAT
Lc_MCus8_F TGAGATTTAAATGCATAATACCATGA | (TG)s(TG)a(GT)s(TAA)s(AT)s
(TG)(TTG)s 250 | 55
Lc_MCu58 R AAGGAGTACCACCCCAAAGG
Lc_MCu59a_F TTTCCTGAAAAATGGCGAAT (TC)«(TC)s
190 | 56
Lc MCub9%a R GGGAGAGCAACGAAGGAGTA
Lc_MCu60a_F CCCACAGGTGAACACGAAAT (CT)s(CT)s _ _
e-ISSN: 2148-2683 56
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Lc_ MCu60a R | ACGAAGGAGTTCGTCAATGG
Lc_MCu6la_F TGCAAGATTGGTATTGAGAAGAA (GA)(GA)s(AG)(AG)(TGA) | _ | _
Lc_MCubla R | TGATTTGTTTTCTCGCCACA A0k
Lc_MCu62_F CGTTGTTGTCTGTCAGGTTAGG (ATG)3(TG)s(TGT)3(TG)s
Lc_MCu62_R TCCAGTCATCACACATACACAAA B
Lc_MCu63_F GCCTTGAGGGTTAAATTGGTC (AAGA)3(GA)3(GA):(AG)s
(AGA) 250 | 55
Lc_ MCu63_R CAAGAAGTTGCCTTGCCCTA
Lc_MCu64_F GAGTCCTGAGTCTACGATCACC (GT)s(GA)s
Lc_MCu64 R CAACACCCAATCGAAACTCC 2
Lc_MCu65_F GTGTTGGAATCTTGGGCAAT (GA)3(GC)3(GT)3(GT)s
Lc_MCu65_R ACGCCCTCACCTTTCACACT -
Lc_MCu66a_F GAACGAGCACCCATCATTTT (GA)is
Lc_ MCu66a_ R | AGAGCAACGAAGGAGTGTGG St
Lc_ MCu67_F CGTATGGGCAGAAGTGTGATT (TGT)s(TAT)a(ATG)s(ATA)3(
AT)s(TG)3(TGT)s 300 | 66
Lc_MCu67 R ATGGGCTATGCACGCTAAAT

3. Sonuclar ve Tartisma

Bu calismada, AG/AC tekrarlart ile zenginlestirilmis 288
klon TG/TC tekrarlar ile taranmig ve bu kiitiiphanelerin 17
adedinin (%5,9) SSR motifi igerdigi tespit edilmistir. SSR motifi
iceren bu klonlar diziler ve bunlarin 15 (%88,2) adedinin 65 SSR
motifi icerdigi belirlenmisti. AG/AC tekrarlar1 ile yapilan
zenginlestirilmis kiitiiphanelerin yine AG/AC tekrarlar1 ile
taranmasi sonucu 350 klonun 68 adedinin (%19,4) SSR motifi
icerdigi ve bu klonlar dizilendiginde 53 (%79,1) adedinin 134
SSR motifi igerdigi tespit edilmistir (Bakir ve Kahraman, 2019).
Bu durum, zenginlestirilmenin yapilmis oldugu kiitiiphanelerin
farkli markorlerle taranmasi ile diisiik oranlarda da olsa yeni SSR
markorlerin - gelistirilebilecegini  gostermektedir.  Literatiirde
zenginlestirilen kiitiiphanelerin farkli tekrarlarla taranarak SSR
markorii gelistirilmesine yonelik bir ¢aligmaya rastlanmamakla
birlikte mercimek bitkisinde zenginlestirilmis kiitiiphanelerden
SSR markorii gelistiren diger arastiricilar ile karsilagtirildiginda
gelistirilen markor sayist Hamwieh vd. (2009) den daha yiiksek
ancak Verma vd. (2014) ve Andeden vd. (2015) den daha diisiik
bulunmustur.

Gelistirilen 15 SSR markoriiniin polimorfizm oranlar1 23
tescilli mercimek ¢esidinde test edilmistir. Bu markorlerden Le-
MCu53, Lc-MCu54, Le-MCuS6, Le-MCu57, Le-MCu58, Le-
MCu61, Lc-MCu62, Lc-MCu63, Le-MCu66, Lce-MCu67
markorleri  ABI 3500  Genetic  Analyzer sisteminde
degerlendirilmistir. Lc-MCu55, Lc-MCuS9, Lc-MCu60, Le-
MCu64, Le-MCu65 markorlerinin PCR iiriinleri agaroz jelde ¢ok
sayida nonspesifik bant verdigi i¢in amplifiye olmadig1 igin
fragment analizi c¢aligmalarinda kullanilmamistir. Kapilleri
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elektroforez yiiklemeleri sonrasinda her bir markdre ait pikler
degerlendirilmis ve Lc-MCu53, Lc-MCu54, Le-MCu62, Le-
MCu66 polimorfik bulunurken, Lc-MCu57, Lc-MCu58 ve Le-
MCu67 markdrlerinin ise monomorfik pik profili verdigi
goriilmiistiir. Le-MCu56 ve Lc-MCu63 markérleri ise karigik pik
profili gostermesi nedeni ile degerlendirilmemistir. Yapilan diger
caligmalar ile kargilagtirildiginda bu ¢alismada polimorfik markor
yiizdesi (%26,6), Verma vd. (2014) (%84), Bakir ve Kahraman
(2019) (%58,4) ve Hamwieh vd. (2009) (%32)’den diisiik,
Andeden vd. (2015) (23,5%) yiiksek bulunmustur.

Polimorfizm gosteren Lc-MCu53, Le-MCu54, Le-MCu62 ve
Lc-MCu66 markoérlerine ait allel sayilari sirasi ile 4, 10, 2 ve 2
olarak belirlenmistir. Toplamda 18 allel {iretilmis ve Lc-MCu54
en polimorfik markor olarak belirlenmistir. Tescilli 23 mercimek
¢esidinin  genetik  iligkisini  belirlemek i¢in  olusturulan
dendrogram mercimek ¢esitlerinin yeterli derecede ayrilmasini
saglayabilmigtir. Elde edilen sonuglarin, ayni mercimek
¢esitlerinin kullanarak olusturulan sonuglar (Bakir ve Kahraman,
2019) ve 8 tescilli mercimek c¢esidinin ortak kullanildig:
(Andeden vd. 2015) galigmalar ile benzer dagilim gosterdigi
gorilmiistiir.

Bu calismada, mercimek bitkisinde oldukca kisitli olan SSR
markorii sayisi var olan kiitiiphanelerin farkli oligo tekrarlari ile
taranmasit ve yeni markor gelistirilmesi stratejisi ile
genigletilmeye c¢alisgilmistir.  Gelistirilen bu SSR  markorleri
mercimek bitkisi molekiiler 1slah c¢aligmalari, haritalama
calismalari, genetik ¢esitlilik analizleri ve popiilasyon yapisi
¢alismalari i¢in yararl olacaktir.
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Oz

Dogal hiicre dist matris (HDM) bilesenlerinin roliinii taklit eden {i¢ boyutlu (3B) mikro ortamlarin gelistirilmesi ¢ok dnemlidir.
Kendiliginden yapilanan peptit (KYP) hidrojeller, hiicrelerin enkapsiilasyonu, ¢ogalmasi, 3B kiiltiirii, ve farklilasmasi i¢in ve ayrica
kikirdak dokusundaki kusurlart onarmak igin yap1 iskeleleri olarak kullanilmistir. KYP'ler, biyomimetik yap1 iskeleleri olusturmak
icin kisa peptit epitoplari ile biyofonksiyonellestirilebilir. Burada, KLD (KLDLKLDLKLDL) KYP, KLD-HM (KLDLKLDLKLDL-
EGDK) KYP hidrojeli iiretmek igin kisa bir biyoaktif motif olan EGDK ile islevsellestirildi ve kendiliginden yapilandirildi. Mevcut
calismada amag, gelistirilen KLD-HM KYP hidrojellerinin insan mezenkimal kok hiicrelerinin (iMKH'ler) canlilig1 ve proliferasyonu
iizerindeki etkisinin arastirilmasidir. KYP'lerin stabilitesini saglamak i¢in, tiretilen KYP hidrojellerin reolojik 6zellikleri ve bozunma
siiresi degerlendirildi. iMKH'lerin KYP hidrojelleri icerisine enkapsiile edilmesinden sonra, MTT ve Canl/Olii boyama tahlilleri
yapildi. Bu biyomimetik peptit hidrojel iskelelerinin, enkapsiile edilmis iMKH'ler i¢in uygun bir mikro ortam sagladigini ve
gelistirilen KYP hidrojellerinin iMKH'lerin yapismasini, canliligini ve ¢ogalmasii destekledigini gosterdik. Sonuglar, iretilen
biyoaktif SAP hidrojel iskelelerinin kikirdak dokusunun yenilenmesini tesvik etmek i¢in yararl olabilecegini diisiindiirmektedir.

Anahtar Kelimeler: Kikirdak doku miihendisligi, Heparin-mimetic, Mezenkimal kok hiicreler, Peptit, Kendiliginden yapilanan peptit
hidrojel.

Enhanced Proliferation of Human Mesenchymal Stem Cells by Self-
Assembled Peptide Hydrogel Modified with Heparin Mimetic Peptide

Abstract

The development of three-dimensional (3D) microenvironments that imitate the role of natural extracellular matrix (ECM)
components is very crucial. Self-assembling peptide (SAP) hydrogels have been utilized as scaffolds for encapsulation, proliferation,
3D culture, and differentiation of cells and also for repairing defects in cartilage tissue. SAPs can be biofunctionalized with short
peptide epitopes to form biomimetic scaffolds. Herein, KLD (KLDLKLDLKLDL) SAP was functionalized with a short bioactive
motif, EGDK, to fabricate KLD-HM (KLDLKLDLKLDL-EGDK) SAP hydrogel and self-assembled. In the current study, the goal
was to explore the effect of developed KLD-HM SAP hydrogels on the viability and proliferation of human mesenchymal stem cells
(hMSCs). For ensuring the stability of SAPs, the degradation time and the rheological features of produced SAP hydrogels were
assessed. After the hMSCs encapsulation in SAP hydrogels, MTT and Live/Dead staining assays were conducted. We showed that
these biomimetic peptide hydrogel scaffolds provided a proper microenvironment for encapsulated hMSCs and the developed SAP
hydrogels encouraged the adhesion, viability, and proliferation of hMSCs. The results suggest that produced bioactive SAP hydrogel
scaffolds might be useful for encouraging the regeneration of cartilage tissue.

Keywords: Cartilage tissue engineering, Heparin-mimetic, Mesenchymal stem cells, Peptide, Self-assembled peptide hydrogel.
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1. Introduction

Cartilage tissue repair and regeneration is a significant and
continuing challenge in regenerative medicine since cartilage is
a hypocellular and mostly an avascular, aneural, and alymphatic
type of tissue (Arslan, Ustiin Yaylaci, Giiler, & Tekinay, 2016;
Lim, Sardinha, & Myers, 2014). This characteristic of cartilage
restricts the ability of the tissue to self-repair. When the cartilage
tissue is damaged, the limited spontaneous-repair ability of
cartilage becomes inadequate and the regeneration could not
take place effectively (Wei et al., 2021). The defects that
occurred due to the restricted repairing may cause degenerative
arthritis problems (Arslan, Ustiin Yaylaci, et al., 2016).
Osteoarthritis (OA) is a type of common degenerative disorder
of joints, affecting mostly the articular cartilage and the
incidence of OA is anticipated to consistently rise over the next
decades increases depending on risk factors such as age, sports
traumas, obesity, unhealthy diet, and heredity (Chung &
Burdick, 2008). Moreover, OA affects both the articular cartilage
and the adjacent tissues including the subchondral bone,
tendons, ligaments, synovium, and meniscus. Therefore, there is
a need for improved treatments to protect, regenerate, and
function with full integrity of the cartilage. The current treatment
techniques for cartilage regeneration are arthroscopic methods,
drilling, microfracture, autologous chondrocyte implantation,
mosaicplasty, the implantation of matrix-induced autologous
chondrocyte, and osteochondral allograft transplantation (Chung
& Burdick, 2008; Wei et al., 2021). Since the disadvantages of
existing methods involve morbidity in the donor region, refusal
of graft material, complex surgical processes, infection
possibility, and the creation of temporary fibrocartilaginous
tissue, these techniques might be considered inadequate for long-
term tissue reparation, and novel and alternative approaches are
required for being capable of successful healing of the cartilage
defects (Vinatier & Guicheux, 2016). Tissue engineering
provides an alternative treatment method to conventional
treatments and offers excessive potential for the regeneration of
damaged cartilage by producing biological tissue substitutes
such as multifunctional scaffolds.

To imitate the unique structure of cartilage, the use of
scaffolds that can ensure structural support, and tissue
regeneration is required. Although natural materials are preferred
due to the adequate biological features, low cost, and their
resemblance to native cartilage extracellular matrix (ECM), their
properties such as limited mechanical strength and rapid
degradation make these materials disadvantageous (Lum &
Elisseeff, 2003). However, synthetic polymer materials which
are not bioactive as natural materials, can ensure some required
scaffold features such as having tunable physical and chemical
properties, producibility with distinct dimensions and forms,
having less immunogenic reactions and toxic effects (Arslan,
Ustiin Yaylact, et al., 2016; Lum & Elisseeff, 2003). Hydrogels
with high water content, biodegradable and biocompatible 3D
polymeric, and hydrophilic networks resemble natural tissues
(Vedadghavami et al., 2017). The hydrogels as scaffolds in
cartilage tissue engineering have attracted intense interest from
researchers due to the similarity to the original cartilage ECM
and their porous structure (M. Liu et al., 2017). Moreover,
hydrogels also offer minimally invasive features due to the
capability to fit into irregular-shaped damages (Vedadghavami et
al., 2017; Yang, Zhang, Yue, & Khademhosseini, 2017). Self-
assembling peptides (SAPs) are biomaterials that might be

e-1SSN: 2148-2683

turned into hydrogels by self-assembling which is a process that
provides disordered constituents or molecules spontaneously
organize into more regular via certain interplays between them
without a need for an outside action (Dikecoglu et al., 2018;
Nune, Kumaraswamy, Maheswari Krishnan, & Sethuraman,
2013). Furthermore, synthetic SAP hydrogels have been utilized
as the injectable form of biomaterials to repair tissues and
modified with bioactive factors or components which can
support cell-matrix interplays (Chung & Burdick, 2008). Kisiday
et al. encapsulated chondrocytes into designed KLD-12 peptide
(AcN-KLDLKLDLKLDL-CNH,, K: Lysine, L: Leucine, D:
Aspartic acid) and obtained a 3D hydrogel scaffold structure
where chondrocytes retain their morphology. Moreover,
cartilage-similar ECM that is rich in proteoglycans and collagen
type 1l content was observed in KLD-12 hydrogels (Kisiday et
al., 2002). In another work, KLD-12 hydrogel may work like an
injectable scaffold for the field of tissue engineering of the
intervertebral disc (Sun & Zheng, 2009). Moreover, Sun et al.
evaluated the biocompatibility of KLD-12 within animals for
tissue engineering of intervertebral discs and reported that KLD-
12 hydrogel structure possessed a good biocompatibility feature
to the host rabbit and MSCs (Sun et al., 2010). The lack of
biological cues on SAPs gives rise to the need for further
modification. To functionalize the KLD-12 hydrogels, the
incorporation of functional peptide sequences in KLD-12 SAP
might be a promising approach for directing and enhancing
cellular viability, activity, and functions (Lu & Wang, 2018;
Pérez et al., 2015). In recent work, Onak et al. modified KLD-12
peptide with functional glutamic acid peptides (EEGGC and
EEEEE) for producing KLD-EEGGC and KLD-EEEEE and
reported that produced bioactive SAP scaffold induced the
human mesenchymal stem cells (hMSCs) osteogenic
differentiation (Onak, GoOkmen, Yarali, & Karaman, 2020).
Furthermore, Li et al. mixed HAVDI which is the N-cadherin-
derived peptide, and SAP KLD-12 and stated that the self-
assembled hydrogel construct that was functionalized by N-
cadherin mimetic peptide increased chondrogenesis of the
hMSCs (Li et al., 2017).

In the ECM of articular cartilage, proteoglycans are
described as the hydrophilic protein molecules which possess
one or more chains of glycosaminoglycan (GAG) molecules
covalently linked to the protein core (Carballo, Nakagawa,
Sekiya, & Rodeo, 2017). GAGs are significant elements found
in ECM of natural cartilage, these molecules supply biological
cues to the chondrocytes and stem cells for cartilage tissue's
growth and effective regeneration (Yaylaci et al., 2016). Sulfated
GAG molecules, involving heparin and heparan sulfate,
stimulate the growth factors binding and also ease the growth
factor-mediated signaling (Kocabey, Ceylan, Tekinay, & Guler,
2013). Mammadov et al. explored the interplays among heparin-
mimetic peptide (EGDK) nanofibers and growth factors and
reported that heparin mimetic peptide nanofibers show better
binding profiles to vascular endothelial growth factor (VEGF),
hepatocyte growth factor (HGF), and fibroblast growth factor-2
(FGF-2) than the control group fibers (Mammadov, Mammadov,
Guler, & Tekinay, 2012). Herein, heparin-mimetic SAP
hydrogels which are able to imitate natural cartilage tissue were
developed and the influence of designed hydrogels on the
viability of hMSCs was evaluated. To the best of our knowledge,
heparin-mimetic peptide-functionalized KLD SAP sequences
have not been reported. In this study, first, KLD was modified
by heparin-mimetic peptide (EGDK) for obtaining KLD-EGDK
peptide and self-assembled for achieving peptide hydrogel
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formation. The rheological features and biodegradation analysis
of fabricated SAP hydrogels were determined. After the
encapsulation of human bone marrow mesenchymal stem cells
(hMSCs) in SAP hydrogels, the impact of developed hydrogels
on encapsulated cells was observed and evaluated by the MTT
test and Live and Dead assay. The results demonstrate that
heparin-mimetic SAP hydrogel promotes adhesion, viability, and
proliferation of hMSCs, and these biomimetic SAP hydrogels
ensured a proper microenvironment for encapsulated hMSCs.

2. Material and Method
2.1. Peptide Synthesis

Peptide synthesis was performed by the chemical agents
provided from AAPPTEC (Louisville, KY, USA) by using a
peptide synthesizer (AAPPTEC Focus Xi, Louisville, KY, USA).
4-methylbenzhydrylamine (MBHA) resin with a loading
capacity of 0.62 mmol/g was used for the synthesis of KLD (Ac-
Lys-Leu-Asp-Leu-Lys-Leu-Asp-Leu-Lys-Leu-Asp-Leu-NH>)
and KLD-EGDK (Ac-Lys-Leu-Asp-Leu-Lys-Leu-Asp-Leu-Lys-
Leu-Asp-Leu-Glu-Gly-Asp-Lys-NHy) peptides  via  9-
fluorenylmethoxycarbonyl (Fmoc) chemistry method (Onak et
al., 2018). First, the resin was mixed with N, N-
dimethylformamide (DMF) for 30 minutes for swelling the resin
and then rinsed with DMF. Fmoc-protected amino acids (2
equivalents), hydroxybenzotriazole (HOBLt; 2 equivalents), N, N-
diisopropylethylamine (DIEA; 4 equivalents), and O-
benzotriazole-N, N, N, N’-tetramethyluronium-hexafluoro-
phosphate (HBTU; 2 equivalents) inside DMF were used for
amino acids coupling for 3 hours. Then, 20% 4-methylpiperidine
in the DMF solution was used for removing the Fmoc-protecting
group for a period of 30 minutes. Ninhydrin test was applied to
monitor the reactions and to test for the presence of unreacted
amines at each stage. Whenever coupling of all the amino acids
to the intended peptide sequence was performed, for separating
the peptide from resin, trifluoroacetic acid (TFA): HO:
triisopropylsilane (TIPS) (95:2.5:2.5) was used. Then TFA was
evaporated, and the peptides were rinsed with ice-cold diethyl
ether. Next, we centrifuged the suspension for discarding the
supernatant part. In the last step, the freeze-drying method was
used for the lyophilization process of the resulting peptides
(Biobase Biodustry Bk-FD10P, Shandong, China).

2.2. Self-Assembled Peptide Hydrogel Fabrication
and Characterization

For producing SAP hydrogels, 2% wi/v of the KLD and
KLD-EGDK (hereafter denoted by KLD-HM where HM means
heparin-mimetic) peptides were mixed with deionized water.
The peptide solutions were self-assembled by mixing with 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES;25-mM)
including Dulbecco's Modified Eagle's Medium (DMEM) with

manufacturer’s instructions as it was beforehand explained in a
study (Onak & Karaman, 2019). In brief, after removing the cell
medium from hydrogels, 10% MTT dye in the culture medium
was transferred to hMSCs, and hydrogel structures were
incubated during 4 hours at 37°C and 5% CO.. It is important to
note that all MTT procedures were performed in the dark. Later
on, the medium was taken from hydrogels and then for
dissolving the formed formazan crystals, dimethyl sulfoxide was
given. After 10-15 minutes incubation period, a microplate
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no fetal bovine serum (FBS). After the solution was filtered with
a syringe filter with 0.2 um pore size, the solution was placed
inside the incubator for the process of self-assembly.

2.2.1. Rheology Analysis

To observe the mechanical features of produced hydrogels,
rheology analysis was carried out. Samples having disk shapes
were separated from the gel by utilizing a 20-mm cork borer tool
and then prepared hydrogels were placed onto discovery hybrid
rheometer-2 (HR2, TA Instruments, New Castle, DE). Then the
storage (G') and loss moduli (G") values of samples were
observed and noted with some certain parameters including
shear strain (1%), the distance (0.5 cm), and angular frequency
(0.1-10 rad/s), as beforehand defined (Barati, Moeinzadeh,
Karaman, & Jabbari, 2014).

2.2.2. In vitro Degradation Analysis

In vitro biodegradation analysis of peptide hydrogels was
carried out within simulated body fluid (SBF) at 37°C till the
specimens were fully degraded. Preparation of the SBF was
done via dissolving NaCl (136.8 mM), K;HPO4 (1.0 mM),
MgCl2.6H.0 (1.5 mM), NaHCO; (4.2 mM), KCI (3.0 mM),
CaCl; (2.5 mM), and NaSO. (0.5 mM) chemicals inside the
deionized water (Kokubo & Takadama, 2006). After the
preparation of SBF, NaHCO; (60 mM) was incorporated till the
pH 7.4. Then, hydrogel structures with disc shape were
continually shaken within an orbital shaker device at 110 rpm
inside SBF with 12 mm diameter. After that, hydrogel structures
were lyophilized and weighed at specific periods, then losses in
their mass were carefully obtained (Barati et al., 2014).

2.3. Cell Culture and Encapsulation in Peptide
Hydrogels

hMSCs (HMSC-AD-500, CLS cell lines Service, Lot#102,
Eppelheim, Germany) were cultivated in the basal medium
(DMEM containing 250 ng/mL fungizone, 10% FBS, 100 pg/mL
streptomycin, 50 upg/mL gentamicin, and 100 units/mL
penicillin). The medium was changed with fresh medium
regularly. Whenever cells reached 80-90% confluency, cells
were passaged by utilizing the solution of 0.25% trypsin/EDTA,
then hMSCs were taken into a novel flask containing fresh
culture media (K. Karaman, Kumar, He, & Jabbari, 2012; O.
Karaman et al., 2016; Sendemir-Urkmez & Jamison, 2007). For
the experiments, passage 3 cells were utilized for cultivation.
Then, hMSCs suspension was encapsulated within hydrogels (5
x 108 cells/mL) in basal medium. They were placed into the
incubator and incubated at 37 °C, 5% CO,, and cultured.

2.4. Cell Proliferation Assay

3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium
bromide (MTT) (Vybrant® MTT Cell Proliferation Assay,
Invitrogen, USA) assay was carried out at 1, 4 and 7 days of
cultivation, for assessing cell proliferation analysis, based on the
reader (Biotek Synergy HTX, Winooski, VT, USA) was used to
measure the absorbance values at 570 nm and values were
recorded.

2.5. Live and Dead Assay

For observing cell viability of hMSCs, Live and Dead
staining assay was assessed at 7. day. Evaluation of cell viability
was done via utilizing the Viability/Cytotoxicity Assay Kit for
Animal Live and Dead Cells (Biotium, Inc. Hayward, MN,
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USA) with respect to instructions of the manufacturer. Briefly,
first, the culture medium was removed from hMSC encapsulated
hydrogels. PBS was used to wash hMSCs for two times. Then,
the viability/cytotoxicity assay solution, including 5 pL Calcein
acetoxymethyl ester (Calcein AM;4 mM) and 20 pL Ethidium
homodimer Il (EthD-1Il; 2 mM) in 10 mL PBS, was added to
hMSCs. Then they were incubated in the incubator during 20-30
minutes at room temperature. Following the incubation, to create
fluorescent images of stained cells, well-plate was placed on a
fluorescence microscope (Olympus CKX41, Tokyo, Japan).
Lastly, live cells (green) and dead cells (red) were stained by
Calcein AM and EthD-III, respectively were imaged by the
microscope, and images were recorded.

2.6. Statistical Analysis

We conducted our experiments with at least three
repetitions. All the obtained data were statistically analyzed with
two-way analysis of variance (ANOVA) (SPSS 12.0, SPSS
GmbH, Germany) and the Student-Newman-Keuls method as a
post hoc test. Significant differences among groups were defined
at p values at least less than .05. (*p < .05, **p < .01, ***p
<.001).

3. Results and Discussion

3.1. Characterization of Self-Assembled Peptide
Hydrogels

The peptide of KLD and KLD-HM were synthesized and
KLD and KLD-HM SAP hydrogel groups were produced
successfully. Here, the addition of heparin-mimetic peptide at
the N-terminus of the KLD peptide did not influence the
solubility of SAP in water. Also, the addition of heparin-mimetic
epitope to KLD peptide did not influence the process of self-
assembly. Hydrogels were characterized based on the rheology
and degradation properties. Assessment of rheology
measurements was done for comparing the macroscopic features
of SAP hydrogels (Figure 1). KLD and KLD-HM SAP
hydrogels had similar rheological properties. The maximum
storage modulus was found under 1,000 Pa for both groups. It is
seen that G' and G" as a function of frequency have stayed
relatively constant. The storage modulus (G') of KLD hydrogel
was found among 400 and 500 Pa, loss modulus (G") was found
between 60 and 80 Pa, and the storage modulus (G") in KLD-
HM hydrogel was observed among 400 and 600 Pa, the loss
modulus (G") was observed among 40 and 85 Pa. KLD and
KLD-HM hydrogels have nearly the same storage and loss
modulus values with each other, and there is no significant
difference.
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Figure 1. Rheology analysis of KLD, and KLD-HM peptide
hydrogels. G' represent storage modulus and G" represent loss
modulus.

Sekil 1. KLD ve KLD-HM peptid hidrojellerinin reoloji
analizi. G' depolama modiiliinii ve G" kay1ip modiiliinii temsil
eder.

Every 7 days, we calculated the biodegradation analysis of
SAP hydrogels (Figure 2). The fully degradation time was found
as similar in KLD and KLD-HM hydrogels. Complete
degradation of KLD and KLD-HM peptide hydrogels occurred
after 63 and 56 days, respectively. There was no statistically
significant difference in the degradation time of KLD and KLD-
HM hydrogels. During tissue regeneration, for ensuring SAP
hydrogel stability, SAP hydrogels’ degradation rate, which is
defined by the environmental circumstances, should take place
in a similar period (Koch et al., 2018). Hydrogels as biomaterials
might be utilized in the form of injectable scaffolds and with this
form, they can fill any size and shape of defects, and also their
implantation might become in minimally invasive way (Chung
& Burdick, 2008). For developing a biodegradable hydrogel,
Parmar et al. combined a Streptococcal collagen-like 2 proteins
with hyaluronic acid (HA) or chondroitin sulfate (CS)-binding
peptides and after that cross-linked with a matrix
metalloproteinase 7 (MMP7)-sensitive peptide and after hMSCs
encapsulation, hydrogels showed enhanced viability and
remarkably increased chondrogenic differentiation as compared
with control which has not modified by GAG-binding peptides
(Parmar et al., 2015). Liu et al. utilized a collagen mimetic
peptide (CMP) with the sequence of GFOGER and modified
poly (ethylene glycol) (PEG) hydrogel by GFOGER for using
like a scaffold and reported that PEG-CMP hydrogels ensured
the native environment that supports hMSCs chondrogenesis and
also increases the cartilage-specific ECM secretion when
compared with unmodified PEG hydrogels (S. Q. Liu et al.,
2010). Moreover, Wu et al. intended to explore the
implementation of hyaluronan (HA) microenvironment for
human adipose-derived stem cells (hADSCs)-based regeneration
of articular cartilage tissue. They produced the HA-
enriched fibrin hydrogels and reported that the HA
microenvironment increases the hADSC-mediated cartilage
regeneration within chondral defects (Wu et al., 2018).
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Figure 2. Biodegradation of KLD, and KLD-HM hydrogels.
Error bars represent mean + SE (n = 3).

Sekil 2. KLD ve KLD-HM hidrojellerinin biyobozunumu. Hata
cubuklar ortalama + SE'yi temsil eder (n = 3).

3.2. Cell Proliferation of hMSCs in SAP Hydrogels

In current work, it was aimed to assess the influence of
heparin-mimetic SAP hydrogel on the viability and proliferation
of encapsulated hMSCs. Cell proliferation analysis of hMSCs
encapsulated within SAP hydrogels was done using the MTT
test on 1, 4, and 7 days of their incubation (Figure 3). In Figure
3, the number of cells on the day of cell encapsulation into
hydrogels was taken as 100% and cell viability was calculated as
a percentage according to the absorbance values obtained.
According to the results from the MTT assay, the cell number for
both KLD and KLD-HM increased with incubation time,
suggesting that cells encapsulated in peptide hydrogels were
capable of maintaining their viability and proliferate. However,
the cell number in KLD-HM hydrogel was remarkably greater
than in KLD hydrogel at 1, 4, and 7. days. Moreover, these
increased cell numbers in both of the hydrogel groups
recommended that the SAP hydrogels did not show a toxical
impact on hMSCs. These findings emphasized the importance of
adding peptides onto SAP hydrogels. Herein, the impact of
heparin-mimetic peptide on cell proliferation was assessed with
the MTT test and our findings revealed that KLD-HM hydrogels
facilitated the proliferation of encapsulated cells and hMSCs
were capable of adhering to hydrogel surface and there was
sufficient area for cell proliferation. Our results suggest that the
presence of heparin-mimetic peptide in KLD hydrogel induces
hMSCs proliferation. Molecular self-assembly has become a
novel area to develop scaffolds for use in the tissue engineering
field because of its ability to imitate the native ECM both
structurally and functionally (Nune et al., 2013; Webber, Kessler,
& Stupp, 2010). Biomimetic SAPs are important components as
building blocks to produce hydrogel scaffolds having 3D
network constructions, that might imitate the original ECM (Lu
& Wang, 2018). To produce biomimetic scaffolds, SAP
hydrogels can be functionalized utilizing bioactive components
to provide biological cues for cells, and in that way allow
guiding and controlling the cellular behaviors. For such a
modification, short peptide epitopes can be used to ensure
biofunctionality to SAP scaffolds. In a recent study, KLD SAP
was functionalized with bioactive peptide motifs for the
regeneration of bone tissue (Onak et al., 2020). Also in another
recent study, KLD SAP was modified with laminin-derived
peptides for investigating vasculogenesis (Onak Pulat, Gokmen,
Cevik, & Karaman, 2021) Cimenci et al. used N-Cadherin
mimetic peptide (HAV-PA) and self-assembling E-PA [Lauryl-
VVAGE] together and produced N-cadherin mimetic peptide
e-1SSN: 2148-2683

nanofibers supported the MSCs chondrogenic differentiation
with chondrogenic factors, like a synthetic ECM platform (Eren
Cimenci, Kurtulus, Caliskan, Guler, & Tekinay, 2019).
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Figure 3. Cell number analysis of hMSCs found in KLD, and
KLD-HM hydrogels and incubated in basal medium for 7 days.

Sekil 3. KLD ve KLD-HM hidrojellerinde bulunan ve bazal
ortamda 7 giin inkiibe edilmis iMKH'lerin hiicre sayis1 analizi.

3.3. Live and Dead Staining

Live and Dead assay was done for evaluating hMSCs
viability in KLD and KLD-HM hydrogels. Fluorescent
microscopy images that were obtained from Live and Dead
staining analysis are shown in Figure 4. In these images, live
cells are shown with green color and dead cells are shown with
red color. These images demonstrated that in both KLD and
KLD-HM hydrogels, there were both live and dead hMSCs.
However, the intensity of green color was greater for KLD-HM
hydrogels compared with that of KLD peptide hydrogels,
indicating that KLD-HM hydrogels have a greater number of
viable cells and cell viability was superior. Moreover, these
results show that our results from cell viability analysis are in
line with MTT assay results. Herein, we incorporated a heparin-
mimetic peptide epitope to KLD SAP to mimic the native ECM.
When their crucial role in tissue remodeling is taken into
account, incorporating the GAG-mimetic elements within the 3D
platform is a positive approach for osteogenic and chondrogenic
differentiation of stem cells (Arslan, Guler, & Tekinay, 2016).
Similar to integral constituents of proteoglycan molecules, GAG
molecules regulate cell behaviors, like differentiation, adhesion,
proliferation, and migration of cells by interplaying with various
GAG-binding proteins within ECM structure and also mediating
the cell signaling pathways (Jackson, Busch, & Cardin, 1991;
Wang et al., 2017). Also GAGs molecular chains include a lot of
carboxyl and sulfate groups, therefore negatively charged
macromolecules that interplay with proteins via electrostatic
forces are formed (Jackson et al., 1991; Wang et al., 2017).
Yaylaci et al. utilized peptide amphiphile nanofibers to imitate
the role of heparan sulfate GAGs found in ECM via adding
functional units of heparan sulfate such as hydroxyl,
carboxylate, sulfonate groups, to the peptide system for
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triggering MSCs chondrogenic differentiation. They reported
that MSCs found on GAG-mimetic nanofiber system created
cartilage-similar nodules and stored cartilage-specific matrix
elements by day 7 (Yaylaci et al., 2016).

> B
o .

Figure 4. Viability analysis of cells encapsulated in KLD (A),

and KLD-HM (B) hydrogels at day 7. Live cells and dead cells

are stained with Calcein-AM (green), EthD-I1I (red),
respectively (scale bar represents 50 pm).

Sekil 4. 7. giinde KLD (A) ve KLD-HM (B) hidrojellerinde
enkapsiile edilmis hiicrelerin canlilik analizi. Canli hiicreler ve
6li hiicreler sirastyla Calcein-AM (yesil) ve EthD-IIT (kirmizi)

ile boyanmustir (6lgek cubugu 50 pm 'yi temsil eder).

Sulfated GAGs like heparan sulfate are able to ease the
growth factors immobilization and release with negatively
charged sulfate and carboxylate groups of them (Yaylaci et al.,
2016). Kocabey et al. demonstrated that GAG-mimetic peptide
nanofibers having sulfonate and carboxylate groups ensure a
proper environment for regeneration and mineralization of bone,
and produced nanofibers interplay with bone morphogenetic
protein-2 (BMP-2) enhancing the osteogenic cell viability,
proliferation, and mineralization (Kocabey et al., 2013).
Furthermore, heparin-mimetic peptides have been used to
modify tissue engineering scaffolds, since heparin is considered
as one of the major integral unit of the GAG molecule.
Mammadov et al. developed a heparin-mimetic peptide
amphiphile molecule that was modified by some biologically
active groups to imitate activities of heparin. They reported that
these molecules self-assemble for creating nanofibers with the
capability for binding to growth factors and for supporting
angiogenesis with no requirement for using exogenous heparin
or growth factors (Mammadov et al., 2011). In another study,
Uzunalli et al. carried out a study and demonstrated a heparin-
mimetic peptide gel as efficient wound dressing material for
functional and also fast repairment of rat full-thickness
excisional wound models (Uzunalli et al., 2017). In our study,
we used heparin-mimetic peptide (EGDK) for investigating the
potential of a heparin-mimetic SAP hydrogel for cartilage
regeneration. Based on the performed assays, produced
hydrogels were biocompatible and functionalization of KLD
with heparin-mimetic peptide promoted the proliferation and
viability of hMSCs. Moreover, both MTT analysis and live and
dead staining analysis findings revealed that KLD-HM SAP
hydrogels provided a good interaction with encapsulated
hMSCs. The reason for promising results for KLD-HM
hydrogels might be attributed to the idea that these hydrogels
presented a better biomimetic surface structure of cartilage tissue
ECM, and hMSCs recognized the surface of developed
hydrogels due to the presence of heparin-mimetic peptide.
Encouraging cell viability and proliferation by the addition of
bioactive peptide motifs to synthetic SAPs might be a promising
strategy for developing functional scaffolds to be used for
cartilage regeneration. Altogether, obtained results propose that
heparin-mimetic peptide modified SAP hydrogel could be an
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ideal biomaterial for cartilage regeneration since they were able
to significantly induce cell proliferation and viability by a
biomimetic approach. Also, this in vitro study reveals
that designed KLD-HM hydrogel can be used to trigger cartilage
differentiation in future studies and improved further for in vivo
studies.

4. Conclusion

In summary, we were able to functionalize the KLD SAP with
the incorporation of heparin-mimetic peptide epitope, and
peptide hydrogel formation was achieved successfully. Heparin-
mimetic SAP hydrogel showed improved adhesion, viability, and
proliferation of hMSCs when compared against KLD SAP
hydrogel. Furthermore, developed KLD-HM SAP hydrogels
ensured a proper microenvironment for encapsulated hMSCs in
in vitro. Therefore, utilizing heparin-mimetic synthetic peptide
hydrogels to produce a good microenvironment for hMSCs
viability could be thought as a promising approach. The
outcomes of the current study reveal that the designed heparin-
mimetic SAP hydrogel might have promising potential for
mimicking the cartilage tissue and for usage in cartilage tissue
engineering applications in the future. Moreover, in the future, it
is planned and suggested to carry out chondrogenic
differentiation studies with the developed hydrogels. We
believed that this study will make a crucial contribution for
future cartilage regeneration studies and in the topic of
functionalization of biomaterials for promoting the repair and
regeneration of cartilage with stem cells.
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Oz

Sehir i¢i ve sehirlerarasi ulagimda yolcu ve yiik tagima faaliyetlerinde i¢ten yanmali ¢ogunlukla da motorinin yakit olarak kullanildigi,
dizel motorlu tasitlar kullanilmasi sonucunda karbon ayak izi olugmaktadir. Karayolu yolcu ve yiik tagimaciliginda kullanilan termik
motorlu tasitlarda kullanilan yakitin cinsine ve tiiketim miktarina bagli olarak atmosfere atilan karbondioksit gazi, sera etkisinin
olusumuna neden olan gazlardan bir tanesidir. Hava kirliligine neden olan egzoz gaz emisyonlarinin en dnemli kaynaklarindan biri
termik motorlu tasitlardir. Fosil yakitlarin kullanimi sonucunda giderek artan kentsel hava kirliliginin giinliik hayatimizin bir parcasi
olan toplu tasima araglarindan salinan CO? emisyonlari ile yakindan ilgisi vardir. Hava kirliligi ve iklim degisikligiyle miicadelede
toplu tasimadan kaynaklanan emisyonlarinin diisiiriilmesi bu nedenle 6nem kazanmaktadir. Tekirdag, Corlu sehir i¢i ulasiminda 7
numarali hatta kullanilan toplu tasima aracinin 2020 yil1 subat ayina ait yakat tiikketim ve yolcu tagima verileri toplanmistir. Bu hattin
55 duragi1 bulunmaktadir. Toplanan bu veriler kullamlarak toplu tagima aracina ait karbon ayak izi Hiikiimetleraras: Iklim Degisikligi
Paneli IPCC (Intergovernmental Panel on ClimateChange) Metodolojisi Tier-1 yaklagimi ile hesaplanmigtir. 2020 yili subat ayina ait
toplam yakat tiiketimi 3189,28 litre olup Tier-1 yontemi ile yapilan hesaplamada 0,0082 Gg CO? emisyonu hesaplanmustir. Bu da 8,2
ton CO? emisyonuna esittir. Taginan her bir yolcu basia 0,276 kilogram CO? karbondioksit emisyonu bulunmustur.

Anahtar Kelimeler: Karbon ayak izi, igten yanmali motorlar, Kiiresel 1sinma, CO? Emisyonu

A Study on the Calculation of the Carbon Footprint of Public
Transport in Corlu District of Tekirdag Province

Abstract

Carbon footprint is formed as a result of the use of internal combustion, mostly diesel engine vehicles, in passenger and freight
transport activities in urban and intercity transportation. Depending on the type of fuel used in road passenger and freight transport
vehicles and the amount of consumption, carbondioxide gas is emitted into the atmosphere. This gas is one of the gases that cause the
formation of the gren house effect. One of the most important sources of exhaust gas emissions causing air pollution is internal
combustion engine vehicles. Increasing urban air pollution as a result of the use of fosil fuels is closely related to the CO2 emissions
released from public transportation vehicles, which are a part of our daily life. For this reason, reducing gas emissions from public
transport gains importance in the fight against air pollution and climate change. This study was conducted to measure the CO?
emissions released from a selected public transport vehicle as an example. Fuel consumption and passenger transportation data for
February 2020 of the public transportation vehicle used on line 7 in Tekirdag, Corlu urban transportation were collected. This line has
55 stops. Using this collected data, the carbon footprint of the public transportation vehicle was calculated with the Tier-1 approach of
the Intergovernmental Panel on Climate Change (IPCC) Methodology. Total fuel consumption for February 2020 is 3189.28 liters,

* Sorumlu Yazar: ekilic@nku.edu.tr

http://dergipark.gov.tr/ejosat 67



http://dergipark.gov.tr/ejosat

Avrupa Bilim ve Teknoloji Dergisi

and 0.0082 Gg of CO2 emissions have been calculated in the calculation made with the Tier-1 method. This is equal to 8.2 tons of
CO2 emissions. It has been determined that 0.276 kilograms of CO2 carbondioxide emissions per passenger carried.

Keywords: Carbonfootprint, Internal combustion engines, Global warming, CO? emissions

1. Giris

Endiistrilesen diinyada kontrolsiiz olarak artan CO?
emisyonlart sera etkisi yaratarak bagta kiiresel 1sinma olmak
iizere bircok probleme neden olmaktadir. Kiiresel 1sinma
nedeniyle ortaya ¢ikan kiiresel iklim degisiklileri tiim diinyay1
etkilemektedir. Bu tehlikeye karsi tiim diinyanin duyarsiz
kalmas1 beklenemez. Yenilenebilir enerji teknolojisinin
kullanimint arttirip, fosil yakitlarin kullanimini azaltarak hava
kirliliginin  hafifletilmesi saglanip, iklim degisikliginin
insanlar iizerindeki olumsuz etkileri iyilestirilebilir (Haines
vd. 2006). Tiirkiye 1990 — 2012 yillar1 arasinda karbondioksit
seviyesindeki  artislar  nedeniyle = Kyoto  protokolii
hedeflerinden uzaklastigini, bu donemdeki yakit tiiketiminin
artisindan dolayr karbondioksit emisyonlarin %100 arttig
goriilmistiir (Isik ve Kilig, 2014).

Tiirkiye’de 10. Kalkinma Planinda ulasimda karayolunun
biiyiik pay1 oldugu, bu durumun gevresel sorunlara yol agtigi,
ulastirma sektdrii bazli sera gazlarimin enerji sektdriindeki
paymin %22, ulusal emisyondaki paymmn ise %15 oldugu
vurgulanmaktadir. Ulagimdaki yakit tiiketimini etkileyen
uygulamalarin sera gazi emisyonu miktarina ve kiiresel iklim
degisikligine etkisi olmaktadir. Son yillarda ulasim sektorii
dikkate alindiginda, sera gazi salinimlarmin ciddi bir artis
gosterdigi, bu artigta karayolu ulagiminin biiyiik bir paya sahip
oldugu aktarilmaktadir (Algedik vd., 2016)

Toplu tagimada kullamlan tasitlar diinyada CO?
emisyonlarinin artmasina neden olan hava kirliliginin
kaynaklarindan biridir. Tiirkiye’de CO? emisyonunun kiiresel
1sinmadaki paylarini inceledigimizde enerji sektoriinde %41,
sanayi sektoriinde %31, ulastirma sektoriinde %17 ve
konutlarda %11 olarak dagilmaktadir. Fosil yakitlarin
kullaniminin artmasi sonucu olusan sera gazlar1 diinyamizi
tehdit etmektedir (Diler, 2006). Diger sera gazlar ile
karbondioksit emisyonu Kkarsilastirildiginda karbondioksit
gazinin iklim degisikligi lizerine etkisi %50 ile en fazla paya
sahiptir (Kovancilar, 2001). Toplumun tim kesimlerinin,
kiiresel iklim degisikligi ile miicadelede basarili olunabilmesi
icin bilingle hareket etmesi ¢ok 6nemlidir. Akdeniz Havzasi,
Kiiresel iklim degisikliginden en ¢ok etkilenecek bolgelerden
biridir. Tirkiye’nin sera gazi emisyonlarmin yiikselme
egiliminden dolayr yasanacak c¢evre sorunlarina karsi
onlemlerin ¢ok hizli olarak alinmasi ¢ok 6nemlidir (Binboga
ve Unal, 2018).

Kiiresel 1sinmada &nemli etkisi olan fosil yakitlarin
kullanildigi termik motorlarin toplu tasimada kullanimi
sonucunda, ortaya ¢ikan sera gazi emisyonlarinin iginde, en
biiyiikk paya sahip olan CO? iizerinde o6zellikle durularak,
ulasimda  kullanilan  tasitlarin = karbon  salinimlarinin
belirlenmesi ve karbon ayak izlerinin hesaplanmas1 gereklidir.
Karbon ayak izi, birim karbondioksit cinsinden Oolgiilen,
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tretilen sera gazi miktart agisindan insan faaliyetlerinin
cevreye verdigi zararin Sl¢listidiir.

Karbon ayak izi, insanlarin barinma ve ulasimda
kullanilan  enerjinin elde edilmesinden kaynaklanan
karbondioksit emisyonlariin dl¢iisii olan birincil karbon ayak
izi ve insanlarin yasami boyunca hayatina giren her bir
unsurun yagam dongiisii boyunca sebep oldugu emisyonun
dolayli gostergesi olan ikincil karbon ayak izi olmak {izere iki
farkl kategoride incelenmektedir (IPCC, 2006). Ikincil karbon
ayak izinin, birincil karbon ayak izini kapsadigini
belirtebiliriz.

Diinya enerji tiiketiminin bir bolimiinii fosil yakitlarin
veya bunlarin sentetik tilirevlerinin yakilmasi sonucu elde
etmektedir. Fosil kokenli yakitlarin icten yanmali termik
motorlarda kullanilmasi ile olusan egzoz gazlari sehirlerde
hava kirliliginin 6nemli kaynagini olusturmaktadir (Kelen,
2014). Karbondioksit emisyonlarmin 2016 yilina kadar artis
gosterdigi bilinmektedir. Bu artista tasit sayis1 ve buna bagl
yakit tiiketiminin biiyiikk payr bulunmaktadir (Biyt ve
Civelekoglu, 2018)

Bu ¢alismada Corlu ilgesinde toplu tagimada kullanilan
tagitlarin karbon ayak izinin belirlenmesinden sonra toplu
ulasimdaki sera gazi azaltim hedeflerini ortaya koyarak, eylem
planlarini hazirlamasi amaglanmistir. Elde edilen sonuglarin
is18nda  CO?  emisyonlarini  azaltmak amaciyla eylem
planlarinda karar vericiler igin yol gosterici olarak “Toplu
tasima kaynakli, ne miktarda CO? emisyonu meydana
gelmektedir, ne oranda iyilestirme yapilmas1 gerekir? CO?
emisyonlarini azaltmak i¢in alternatif ¢dziimler neler olabilir?
” sorularina cevap bulunabilecegi diisiiniilmektedir.

2. Materyal ve Metot
2.1. Arastirma Alam

Marmara Bolgesi’nin Trakya boliimiinde yer alan Tekirdag
ilinin en biiyiik ilgesi olan Corlu, idari yonden 26 mahalleden
olusmaktadir. Tekirdag merkezine 38 km uzaklikta olan
Corlu, Ergene havzasinda ve Trakya’nin merkezi bir yerinde,
plato yiizeyinin iizerindeki diizliikte yer alir. Yiiz6l¢timii 409
km?’dir. Corlu’nun denizden yiiksekligi 193 m’dir. Adrese
Dayali Niifus Kayit Sistemi'ne gére TUIK tarafindan 2018
tarihi itibariyle agiklanan verilere gore ilgenin toplam niifusu
260.437'dir. Yapilan ¢aliymada verileri degerlendirilen
Tekirdag corlu ilgesi 7 nolu hat giizergahi uydu goriintiisii
Sekil 1°de sunulmustur.
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Sekil 1. Yapilan ¢alismada verileri degerlendirilen Tekirdag IPCC (Hiikiimetleraras1 Iklim Degisikligi Paneli) Metodolojisi
Corlu ilgesi 7 nolu hat giizergahi uydu gériintiisi. (Figure 1. Tier-1 hesaplama yontemi kullanilarak  karbondioksit
Satellite image of line route 7 in Corlu district of Tekirdag emisyonlarinin hesaplama islem siras1 asagidaki gibidir.
province.)

e Calismada Tekirdag Otopark Ulasim A.S. tarafindan
tutulan  kayitlardan tasitlarin - yakit  tiiketimi
belirlenmistir.

e Yakitlarin tiketim degerleri IPCC kilavuzunda
verilen doniisiim degerleri ile garpilarak enerji igerigi
hesaplanmistir. Doniistim degerleri, 22.07.2014 tarih
ve 29068 sayili Resmi Gazetede Yayinlanarak

= yiiriirliige giren Sera Gazi Emisyonlarmin izlenmesi
ve Raporlanmasi Hakkinda Tebligde yer alan ve
2 IPCC 2006 Kilavuzunda belirtilen degerlerdir. Bu

degerler, Tablo 2’de verilmistir.

A . Enerji Tiiketimi [TJ] = Yakat Tiiketimi [t] 10 3 x Doniisiim
2.2. Ol¢iim Yapilan Otobiis Hatti Faktorii [T)/Ge]

Caligma materyali olarak Tekirdag ili Corlu il¢esinde yer alan
7 nolu 55 duragi olan toplu ulagim hattinda faaliyet gosteren,
termik motorlu, dizel tasit incelenmistir. Tasit bilgileri Tablo

Tablo 2. Yakit ozellikleri (Table 2. Fuel specifications)

1’de verilmistir. =~ =
~ S ™ o
S = &% =
Tablo 1. Tagsit bilgileri (Table 1. Vehicle informations) = 2 ‘E ~| EV 8 =
o ~ o = on RIS Q=
Motor o E E’g” S i': 30 'E §
= E T2 Bl 22 £0
- 2 |2 T|5g2 ;
AB egzoz gazi emisyon Euro VI > * 5 E E *
*® -
standardi .
Motorin | 0,820 43 20,2 0,99
Azami gii¢c [KW] 220 * Kaynak: CSB, 2014:40. , **Kaynak: TUIK, 2013:16. , ***
Kaynak: TUIK, 2013:16.
Silindir hacmi [em’] 7.700
e [PCC kilavuzunda belirlenen karbon emisyon
Silindir sayis/diizeni 6/Siral1 faktorleri kullanilarak motorin igerigindeki toplam
karbon igerigi hesaplandi. Karbon emisyon faktorii
Dakikada azami tork [Nm] | 1200 (1600 dv/dk) ile ikinci islem sirasinda hesaplanan yakit tiiketimini
motorinin enerji igerigi degeri ile garparak, karbon
Yakat tipi Motorin icerigi miktar1 bulunmustur.

- Kaasitesi Karbon Igerigi [t C] = Karbon Emisyon Faktorii [t C/TJ] X
astma Kapasttest Enerji Tiiketimi [TJ]
Karbon igerigi [Gg C] = Karbon I¢erigi [t C] x 1073

Koltuk sayisi 26
e Oksitlenmeyen karbon miktart bulunarak, yanmaya
Ayakta durma yeri 75 katilan karbon miktar1 hesaplandi (Motorin i¢in yakit
oksitlenme yiizdesi IPCC'ye uygun olarak 0,99
Toplam 101 almmistir.) Ugiincii islem sirasinda belirlenen karbon

icerigi ile carpilarak ne kadarlik karbonun
oksitlendigi hesaplanmustir.

Karbon Emisyonu (Gg C) = Karbon Igerigi (Gg C) x Karbon
Oksitlenme Orani

e (CO2in molekill agirliginin  karbonun molekiil

2.3. TIER-1 Yontemi agirligina orant olan 44/12 orani ile dordiincii islem
sirasinda elde edilen deger carpilarak yakitin yanmasi
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sonucu ortaya ¢ikan CO2 emisyonu degeri Tekirdag ili Corlu ilgesinde yer alan 7 nolu hat {izerinde
hesaplanmistir. calisan otobiise ait veriler Tekirdag Otopark Ulasim A.S.’den
almmigtir. IPCC Metodolojisi Tier 1 yaklagimi dogrultusunda

CO2 Emisyonu (GgCO? ) = Karbon Emisyonu (Gg C) x hesaplamalar yapilmistir. Belirtilen yontemle elde edilen
(44/12) veriler Tablo 3’te verilmistir. 2020 yili subat ayina ait toplam

yakat tiiketimi 3189,28 litre olup 0,0082 Gg CO? emisyonu
ag1ga ¢ikmaktadir. Bu da 8,2 ton CO? emisyonuna esittir.

3. Arastirma Sonuclar1 ve Tartisma

Tablo 3. Tier 1 yontemine gore Tekirdag Corlu ilgesinde 55 duragi bulunan 7 nolu hat iizerinde 2020 yili subat ayi sehir ici
ulasiminda kullanilan bir toplu tasima aracina ait CO? emisyonu hesabi sonuglart (Table 3. According to the Tier I method, CO2
emission results of a public transportation vehicle used in urban transportation in February 2020 on line 7 with 55 stops in Tekirdag
Corlu district)

Net Karbon
Tiiketilen 'Tiiketim Tiiketim Kalori Enerji Emisyon | Karbon Karbon Karbon Karbon Cco?

yakit Miktar: Miktar1 Degeri Tiiketimi | Faktorii Igerigi Igerigi Oksitlenme | Emisyonu | Emisyonu
Miktari (It) (Ton) (Gg) (TJ/Gg) (TJ) (t C/TJ) ((19) (Gg O) Oram (Gg O) (Gg CO» | ton CO?
107,26 0,0879532 | 0,000088 43 0,003782 20,2 0,076396 | 0,000076 0,99 0,000076 0,000277 | 0,277343
101,42 0,0831644 | 0,000083 43 0,003576 20,2 0,072237 | 0,000072 0,99 0,000072 0,000262 | 0,262243
110,21 0,0903722 | 0,000090 43 0,003886 20,2 0,078497 | 0,000078 0,99 0,000078 0,000285 | 0,284971
108,29 0,0887978 0,000089 43 0,003818 20,2 0,077130 | 0,000077 0,99 0,000076 0,000280 | 0,280007
117,83 0,0966206 | 0,000097 43 0,004155 20,2 0,083925 | 0,000084 0,99 0,000083 0,000305 | 0,304674
118,62 0,0972684 | 0,000097 43 0,004183 20,2 0,084487 | 0,000084 0,99 0,000084 0,000307 | 0,306717
104,8 0,085936 0,000086 43 0,003695 20,2 0,074644 | 0,000075 0,99 0,000074 0,000271 0,270982
116,66 0,0956612 | 0,000096 43 0,004113 20,2 0,083091 | 0,000083 0,99 0,000082 0,000302 | 0,301649
106 0,08692 0,000087 43 0,003738 20,2 0,075499 | 0,000075 0,99 0,000075 0,000274 | 0,274085
111,46 0,0913972 | 0,000091 43 0,003930 20,2 0,079388 | 0,000079 0,99 0,000079 0,000288 | 0,288203
110,71 0,0907822 | 0,000091 43 0,003904 20,2 0,078853 | 0,000079 0,99 0,000078 0,000286 | 0,286264
114,97 0,0942754 | 0,000094 43 0,004054 20,2 0,081888 | 0,000082 0,99 0,000081 0,000297 | 0,297279
111,28 0,0912496 | 0,000091 43 0,003924 20,2 0,079259 | 0,000079 0,99 0,000078 0,000288 | 0,287738
111,05 0,091061 0,000091 43 0,003916 20,2 0,079096 | 0,000079 0,99 0,000078 0,000287 | 0,287143
111,39 0,0913398 0,000091 43 0,003928 20,2 0,079338 | 0,000079 0,99 0,000079 0,000288 | 0,288022
106,3 0,087166 0,000087 43 0,003748 20,2 0,075712 | 0,000076 0,99 0,000075 0,000275 | 0,274861
116,8 0,095776 0,000096 43 0,004118 20,2 0,083191 | 0,000083 0,99 0,000082 0,000302 | 0,302011
106,1 0,087002 0,000087 43 0,003741 20,2 0,075570 | 0,000076 0,99 0,000075 0,000274 | 0,274344
119,43 0,0979326 | 0,000098 43 0,004211 20,2 0,085064 | 0,000085 0,99 0,000084 0,000309 | 0,308811
104,6 0,085772 0,000086 43 0,003688 20,2 0,074502 | 0,000075 0,99 0,000074 0,000270 | 0,270465
114,78 0,0941196 | 0,000094 43 0,004047 20,2 0,081752 | 0,000082 0,99 0,000081 0,000297 | 0,296788
119,5 0,09799 0,000098 43 0,004214 20,2 0,085114 | 0,000085 0,99 0,000084 0,000309 | 0,308992
105,61 0,0866002 | 0,000087 43 0,003724 20,2 0,075221 | 0,000075 0,99 0,000074 0,000273 | 0,273077
107,1 0,087822 0,000088 43 0,003776 20,2 0,076282 | 0,000076 0,99 0,000076 0,000277 | 0,276930
102,9 0,084378 0,000084 43 0,003628 20,2 0,073291 | 0,000073 0,99 0,000073 0,000266 | 0,266070
98,51 0,0807782 | 0,000081 43 0,003473 20,2 0,070164 | 0,000070 0,99 0,000069 0,000255 | 0,254718
108,36 0,0888552 | 0,000089 43 0,003821 20,2 0,077180 | 0,000077 0,99 0,000076 0,000280 | 0,280188
101,54 0,0832628 0,000083 43 0,003580 20,2 0,072322 | 0,000072 0,99 0,000072 0,000263 | 0,262553
115,8 0,094956 0,000095 43 0,004083 20,2 0,082479 | 0,000082 0,99 0,000082 0,000299 | 0,299425

ITiiketilen yakit miktar1 yakitin yogunluguyla ¢arpilarak ton cinsine gevrilmistir.
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Sekil 2. Veri toplanan tasita ait giinliik karbon ayak izi
dagilimi (Figure 2. Daily carbon footprint distribution of the
vehicle)
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Sekil 2’de goriildigii iizere Ornek toplanan aya ait
giinlerdeki karbon ayak izi dagilimi bazi dalgalanmalar
icermekle birlikte tekdiize bir yapi gostermektedir. Yapilan
ANOVA testinde giin i¢inde taginan yolcu sayisi ve tasitin giin
icinde yaptig1 yol (km)'un CO? emisyonu iizerinde istatistiksel

acidan p < 0.05 diizeyinde (p = 0.49) o6nemli bir fark
yaratmadiglr gézlenmistir. Veriler incelendiginde yapilan km
ve yolcu sayilarina gore yakit tilketiminde dnemli bir degisim
olmadig1 goriilmektedir. Tasitin giin icerisinde yaptigi yol 2.31
km, taginan yolcu sayist 146 kisi standart sapma gosterirken,
tiketilen yakit miktar1 sadece 5.87 1t standart sapma
gostermektedir. Hangi degiskenin yakit tiiketiminde ve
dolayisiyla karbondioksit emisyonunda daha etkili oldugunu
derinlemesine arastirmak icin anlik yolcu sayisi, ortalama hiz
vb. gibi kullanim 6zelliklerinin de takip edilerek incelenmesi
gerekmektedir.

Arastirma yapilan hat iizerinde tasitin glinlik yolcu
sayisinin ortalama 1031,7 kisi olarak tespit edilmistir (Tablo
4). Hafta sonlar1 yolcu sayisi ortalamanin altinda kalmaktadir.
Veri toplanan ay igerisinde toplam 29920 kisi tasinmis ve
6347 km. yol yapilmistir. Tablo 3’te hesaplanan toplam
karbondioksit emisyonu toplam yolcu sayisina boliinerek kisi
bagma 0,276 kilogram CO? karbondioksit emisyonu
hesaplanmistir. Giinliik kisi sayist ele alindiginda giinliik
ortalama 284,74 kg CO? emisyonu agiga ¢ikmaktadir.

Tablo 4.Tekirdag Corlu il¢esinde 55 duragi bulunan 7 nolu hat iizerinde 2020 yili subat ayi sehir i¢i ulasuminda kullanilan bir toplu
tasima aracina ait tammlayict istatistikler (Table 4. Descriptive statistics of a public transportation vehicle used in urban
transportation in February 2020 on line 7 with 55 stops in Tekirdag Corlu district)

Tiiketilen Yakit | CO? (ton) Giin icerisinde | Tasitin Giin icerisinde
Miktari (It) Tasinan Yolcu Sayisi Yaptig1 Yol (km)

Ortalama 109.88 0.28 1031.72 218.86

Ortanca 110.21 0.28 1080.00 219.00

Standart Sapma 5.87 0.02 146.00 2.31

Maksimum 119.50 0.31 1248.00 224.00

Minimum 98.51 0.25 678.00 214.00

4.8 O il salinimlarinin  azalmast kiiresel 1sinmaya olumlu Kkatkilar

- Sonu¢ ve Uneruer saglayacag gibi toplum ve cevre sagligi tizerindeki onemi de
Fosil yakitlar termik motorlu tagitlardaki enerji ~ bilyuktiir.

kaynagimizdir. Ulasim sektoriinde tasit sayilarinin artmasina
paralel olarak fosil yakit kullanimi1 da artmaktadir. Bu durum
atmosferde sera gazi salimimini artmasina ve iklim degisikligine
neden olmaktadir. iklim degisikligine etkisi olan toplu tasima
araglarinin neden oldugu karbon emisyonlarini azaltmak igin
¢esitli calismalar yapilabilir. Bunlardan en etkili olabilecek
yontem termik motorlarin yerine elektrik motorlu tagitlarin
kullanimina gegilmesidir. Bu arastirmada Tekirdag iline bagh
Corlu ilgesinde toplu tasima kaynakli karbon ayak izi IPCC
metodolojisi Tier-1 yontemi kullanilarak hesaplanmugtir.

Toplu tagima giizergahlar1 iyi analiz edilerek en az egzoz
emisyonu olusturacak gilizergahlar belirlenmelidir. Ulasim
sektorii alinan tedbir ve uygulamalarla karbon saliimini biiytik
oranda azaltabilecek sektdrlerden bir tanesidir. Karbon
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Tasit yiikiine bagl olarak yakit tiiketimi ve dolayist ile
tagitlarin karbon ayak izi artacagindan dolayr toplu tagima
araclart daha hafif ve dayanimi yiiksek malzemelerden imal
edilmelidir.

CO? bir sera gaz1 olmasi nedeniyle diinyamizin sicakliginin
yiikselmesine neden olmaktadir Havada karbon gaz olarak
(karbondioksit, CO?) bulunmakta ve okyanuslar ile agaclar ve
bitkiler tarafindan emilmektedir. Bu yiizden mevcut agach
alanlarin korunmast ve bu alanlarin artirilmast kiiresel 1sinma
acisindan biiyiikk 0nem arz etmektedir.

Yerel yonetimler, toplu tasima yollarima paralel bisiklet
yollar1 dizayn ederek, bisiklet kullanimimi yayginlastirip, toplu
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tasima yikiinii azaltarak toplu tasima kaynakl
emisyonlarin eliminasyonunu saglamak miimkiin olabilir.

egzoz

Toplu tagimada kullanilan dizel motorlarin emisyonlarini
azaltic sistemler, Karter havalandirma sistemi, Egzoz gazi geri
¢evrim sistemi (EGR), Dizel partikiil filtresi sistemi (DPF), SCR
(Selective Catalytic Reduction) katalitik indirgeme sistemlerinin
denetim ve kontrolleri sik sik yapilarak termik motorlarin
atmosfere saldigi emisyonlarin minimum seviyeye indirgenmesi
saglanmalidir.

Daha temiz ulagim icin eski teknolojiye sahip igten yanmali
motorlu tagitlarin karayollarinda kullanimina izin verilmemeli
yeni Euro Emisyon Standartlarina sahip tagitlar kullanilmalidur.
Egzoz emisyonlarint azaltacak sehir ulagtirma strateji ve
planlarinin hazirlanmasi iklim degisikligine iliskin miicadelede
biiyilik 6nem arz etmektedir.

Mevcut durumlart iyilestirmek fosil yakit kullanimini
azaltmak i¢in toplu tagima hatlarinda giinlik ve saatlik yolcu
sayilar1 analiz edilerek yolcu sayilarinin az oldugu durumlarda
kiigiik hacimli tasitlarin segilmesi karbondioksit saliniminin
azaltilmasinda 6nemli rol oynayacaktir.

5. Tesekkiir

Bu calismadaki verilerin temininde bizlere destek olan
Tekirdag Otopark Ulagim A.S.’e tesekkiirlerimizi sunariz.
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Oz

Bir cokkanalli ikincil kullanici (IK) ve cok sayida birincil kullanicilardan olusan bir bilissel radyo etkinlesmis aragsal ag
incelenmektedir. Veriyi gonderim amaciyla her birincil kullanici icin tahsis edilmis bir kanal vardir. IK’nin verisi birikmis ve iletisim
amaciyla kanallar segmektedir. Kanallarin durumlar ve evrimlerinin istatistikleriyle ilgili hicbir bilgiye sahip degildir. IK sectigi her
haberlesme kanalini onunla verisini iletip iletmeyecegine karar verme amaciyla algilamaktadir. Bu kanal durumunu algilama igin 1
zaman dilimi harcandig1 kabul edilmistir. Eger IK o zaman diliminde iyi durumda bir kanal1 segerse, o kanal iizerinden ikincil aliciya
paket iletir. Eger o zaman diliminde kotii kanal segerse o kanal iizerinden veri paketi gondermez ve bagka bir kanali segmek igin
sonraki zaman dilimini bekler. Ortalama verihacmi kriterleri gozetilerek, uygulanan politikanin genel kanal evrim siiregleri igin
eniyiye yakin oldugu belirtilmistir.

Anahtar Kelimeler: Kaynak tahsisi, firsatg1 spektrum erigimi, kablosuz aglar, bilissel radyo.

Near-Optimal Throughput Performance in Cognitive Radio Driven
Vehicular Networks

Abstract

A cognitive radio driven vehicular network with a multichannel secondary user (SU) and many primary users is considered. A
channel is allocated to each primary user for data transmission. SU is data backlogged and selects channels for transmission. SU
knows neither channel states nor statistics of channel evolution processes. SU senses each of its selected communications channels to
decide whether to use it for data transmission or not. It is assumed that sensing the channel takes 1 time slot. If SU senses that a good-
state selected channel is in good state, it sends data over that channel at that time. Otherwise, SU do not use that channel and make
another selection next time. Considering average throughput criteria, it is stated that the applied policy is near-optimal for general
channel evolution processes.

Keywords: Resource allocation, opportunistic spectrum access, wireless network, cognitive radio.
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1. Giris

Bu kisimda ilk once bu c¢aligmada ele almman problemin
giidiilenmesi ve amaci ilgili literatlr ile verilmektedir. Daha
sonra bu ¢aligmanin literature katkilar1 verilmektedir. Son olarak
da bu ¢alismanin teskili belirtilmistir.

1.1. Giidiilenme ve Tlgili Literatiir

Kablosuz araglar ile uygulamalar son yillarda ¢ok hizh
yayllmaktadir. Bu nedenle, son yillarda kablosuz radyo
spektrumu icin ihtiyac daha fazla hissedilmektedir. Bu ihtiyac,
son yillarda ortaya cikan Nesnelerin Interneti ve 5. Nesil
Haberlesme gibi teknolojiler ile daha fazla artmaktadir. Ama
lisansli spektrumun bilyuk bélim, var olan spektrumu kullanma
politikalarmin yiizinden olduk¢a az kullanilir (Reed ve digerleri,
2005) Biligsel radio (Mitola ve digerleri, 1999), spektrumun
verimli kullanilmasi problemi ¢6zme hususunda Umit verici
teknolojik paradigmalarin en 6nde gelenlerindendir. Bir biligsel
radyo agmnda (BRA), bir ikincil kullanici (IK), bir birincil
kullaniciya (BK) temin edilmis kablosuz spektrumunu yalniz
BK’nin kullanmadigin1 anladigi anlarda kullanabilmektedir.
IK’nin spektrumu bdyle kullanabilmesi, firsatc1 spektrum erigim
(FSE) seklinde isimlendirilir (Haykin, 2005).

Eldeki bildiride M birincil kullanicilar (BK), M birincil
alicilar, K kanalli bir ikincil kullanic1 (IK) ve K tane ikincil
alicilardan olusan biligsel telsiz aglarinda (BTA) meydana gelen
bir firsat¢1 spektrum erisim (FSE) problemi incelenmektedir. Her
anda, IK verinin génderimi amaciyla M kanallardan K tanesi
secilmektedir. IK bir kanalla verisini gonderim amaciyla
kullanip kullanamayacagina goére karar vermek igin algilar. O
zamanda IK tarafindan kanallardan iyi biri segilirse, o kanalla
ikincil alictya paketini gonderir. O zamanda dolu (IK’nin
iletimine uygun olmayan) kanallardan biri secilirse onun ile veri
paketi gonderilmez; diger kanalin se¢ilmesi i¢in sonraki zaman
dilimi beklenir. IK kanallarin durumlarina ya da onlarin
evrimlerinin siirecleri hakkinda hicbir bilgiye sahip degildir. IK,
ortalama verihacmini enylkseltmeyi hedeflemektedir.

Eldeki  bildiri,  verigelis  silirecini  Markov ile
smirlandirmamigtir. Diger yandan, verigelis siireglerini Markov
seklinde modellersek eldeki problem kismi gozlenebilir Markov
karar siireci (KGMKS) seklinde modellenebilir. Buradaki
sartlarda, takviyeli 6grenme (Watkins, 1989) veya dinamik
programlama (DP) (Bellman, 1957) en iyi ¢6zim olarak
uygulanmasi diigiiniilebilir. Ama DP ve takviyeli Ogrenme,
KGMKS’de durum uzayina gore iistel karmasikliga sahip olmasi
6lgeklenebilirligi sinirlandirmaktadir.

Pratik bakimdan genis Ol¢ekte biligsel radyo aglarinda,
eniyiye yaklasik az karmagikliga sahip bulussal ¢6ziimlerin
biiyiik karmasiklikta en iyiyi yakalayan ¢oziimlere nazaran daha
onemli olarak gordlebilir (Alsheikh ve digerleri., 2015). Bu
problem, (Whittle 1988) calismasinda Onerilen huzursuz ¢ok
kollu haydut problem olarak da modellenebilir. Problemin
geneline en iyi ¢dzim PSPACE-zorluga (Papadimitriou ve
digerleri, 1999) sahip oldugundan sade ¢6ziim amaciyla aggozlii
politika (AP) benzer problemler icin énerildi. Birgok makalede
(Mansourifard ve digerleri 2012, Quyang ve digerleri. 2014,
Wang ve digerleri 2015, Villar 2016, Wang ve digerleri Subat
2016, Wang ve digerleri Mayis 2016, Gul. Mart 2019 ve Gul.
Haziran 2021, 2.) BTA problemi ¢alisilmis ve 6zel kosullarda
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AP eniyi ¢6ziim olarak Onerilmistir. Ama AP, genelde
standardin altindadir (Hero ve digerleri.,, 2007, Johnston ve
digerleri 2013, Johnston ve digerleri 2017, Wang ve digerleri
2018, Gul ve Demirekler. 2017, Gul. Mart 2019 ve Gul. Haziran
2021, 2.).

1.2. Ana Katkilar
Bu ¢aligmanin ilgili literature ana katkilari su sekildedir:

e Bu c¢alismada haberlesme kanallariminda blok
gblgeleme distiniilerek FSE problemi incelenmis ve
¢dzum igin ilgili literatirde yaygin kullanilan
algoritmalar uygulanmistir.

e Eldeki probleme eniyi ve eniyiye yakin g¢evrimici
yaklagimlar ~ uygulanmistir.  Verim  performansi
literatirdeki aggozIi politika ile karsilastirtlmastir.

e Bu caligmada eldeki problem blok gdlgeleme modeli
altinda incelemis ve probleme ¢oziim igin farkh
algoritmalar (DRSP ve AP) uygulanmig ve verihacmi
performanslart incelenmistir. DRSP’nin eniyiye yakin
verimi basarirken AP eniyi alti performans gostermistir.

1.3. Teskil

Makalenin kalanmin kurgusu su sekildedir. Bolim 2
sistemin modelini vermektedir. Bolim 3’te daha énce bircok
caligmada uygulanan DRSP algoritmas: eldeki probleme
uygulamaktadir. B6lim 4 uygulanan algoritmanin verimini ilgili
literatiirdeki  algoritmalarin  verimleriyle beraber cesitli
gblgeleme modellerini  kullanarak degerlendirir. Bolim 5
makaleyi sonlandirir.

2. Sistem Modeli ve Problem Tanimi

2.1. Sistemin Modellemesi

M birincil alicilar, M birincil kullanicilar (BK), K tane
ikincil alicidan K kanalli bir ikincil kullanic1 (IK) olusan bilissel
radyo aglart (BRA) incelenmektedir. Incelenen haberlesme
sisteminde herbir BK bir birincil aliciya verisini gondermek
amactyla eslenmistir ve bu veri gonderimi igin ona kanal tahsis
edilmistir. Capraz kanal girisimi dikkate alinmayabilir; bu
sayede haberlesme kanallar1 birbirine ortogonal bigimde ele
almabilir. Gondericilerin alicilarla ayrik zamanli bigimde
haberlestigi diisiiniilmektedir. Herzaman diliminin baginda, 1K
verilerini gondermek amaciyla M kanaldan K tanesini
se¢gmektedir. 1K bir kanali verisini iletip iletmeyecedi kararmi
verme amactyla bircok makalede (Mansourifard ve digerleri.
2012, Quyang ve digerleri. 2014, Wang ve digerleri. 2015, Villar
2016, Wang ve digerleri. Subat 2016 ve Wang ve digerleri
Mayis 2016) kabul edildigi Uzere spektrumu mikemmel
algilamaktadir ama bu sekilde algilama yapmak bir zaman dilimi
siirmektedir. IK o zamanda segtigi kanal bossa (kanal iyi
durumdaysa), onu kullanarak ikincil aliciya paketini gonderir.
Eger o zamanda sectigi kanal bos degilse (kanal koti
durumdaysa) onu kullanarak ikincil aliciya paket gondermez ve
sonra zamanda baska kanallar1 segme amaciyla beklemektedir.
Makalemizde IK’nin herzaman gonderecek verisi oldugu kabulii
sahiptir ve 1 paketi gonderimi bir zaman dilimi sirer. S =
{1,2,---, M}, her kanalin endeksleri igeren kiimedir. Ayrica, 7(t),
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t zamaninda secilmis her kanalin endekslerini iceren kiimedir;
algoritma r ile degismektedir.

Haberlesme sisteminde blok golgelemenin gerceklesmesi
kabul edilmistir. BKlarin birincil alicilara verileri iletimi 6nceligi
vardir. Bu nedenle, veri gonderimi amaciyla kanal kazancinin
yiiksek (gblgelemenin az) oldugu zaman dilimlerini segmekteler.
BK’lar wverilerin gonderimi amaciyla zamanini se¢cme igin
golgelemenin etkiledigi kanallarin kazanglarinin {izerine esik
koymaktadir. Kanal kazan¢ katsayisin, esik degerden yiiksekse
BK birincil alictya o kanalla verisini gonderir (IK icin kotii
durum). Kanal kazan¢ katsayisin, esikten disiik olursa BK
birincil aliciya o kanal iizerinden verileri gondermez ve o kanali
bos birakir (/K icin kétii durum). 1K bir kanali secerse ve onu
uygun olarak algilar ise, bu kanalla verileri gonderir. Yoksa, IK o
kanalla verileri gdndermez.

Sm(t), m. kanalin durumunun belirten fonksiyondur. Kanal
m iyi durumdaysa S,,(t) = 1’dir. Yoksa, S, (t) =0.
Alicm kanalin durumu T2, kadar sire boyunca muhafaza
etmektedir; T2, kanal m’nin x. bagdasim zamaniyken T¢5,
bu bagdasim zamaninin ilk zaman dilimini gdstermektedir. m.
kanalin bagdagimin zamanini su sekilde kisitlanabilir.

x X — $x+1 _ 4x X
c,min < Tc,m - tm tm < Tc,max'vm

Burada TZqx Ve Ty ppin, bagdasim zamanlarinin T zaman

ufukunda alabilecegi en diisiik ve en yiiksek degerlerdir;
bunlar da ¢evresel kosullara baglidir.

2.2. Problemin Tanimi

Bir FSE problemini tanimlamak i¢in en yiikseltilecek 6diil
tanimlanmahdir. V™(t), IK’nin 7 algoritmasiyla t zamanina
kadar iletilen paketlerin sayilarini gosterir.

T

M
V™(T) = z Z I{mEn(t)}[{Sm(t)zl}

t=1m=1

burada X gergeklesirse Ix; =1 yoksa I = 0. Burada
literatiirde ¢aligmalarla uyumlu bigimde bu makalenin amaci,
T dilimlik zaman ufkunda IK’nin basardigi verihacmini en
yiiksege tasimaktir. Sonsuz veri birikimi kabull ve bu nedenle
problemin gecikmeye duyarsizligi nedeniyle ortalama o6diil
kriteri haberlesme problemleri i¢in indirimli ddiiller kriterlerine
kiyasla uyumlu bir 6l¢iit olmaktadir (Arapostathis ve digerleri,
1993). Sonsuz veri birikimi kabultyle, verihacmini en ylkseltme
problemi ortalama &diil (veri hacmi) kriteri baz alinarak sonlu
bir zaman ufkunda (P1) ile sonsuz zaman ufukunda (P2) su
bigimde el alinir:

V()
(P1) max
moYe, T
VH(T)
(P2) max lim

mOY, T T

Asagida verilen tanimlar, ¢alismanin kalan kisminda faydal
olacak.
Tamm 1: En iyi algoritma ile 1K verihacmini en iyiye en
yikseltir:

V()

n* = argmax
{Tf(t)}’tr:1
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Tamm 2: m politikamin verimi, n(m), bir zaman ufkunda
bu algoritmanin verihacminin en iyi algoritmanin verihacmine
oranidir:
V()

n(m) = )
Tanmim 3: Yogunluk, p, toplam spectrum bosluk sayisinin
MT’ye oranidir,

p=——3M_ H(t)

burada H(t), t zamaninda IK’nin iletimine miisait kanallarin
sayilaria oranidir.
Agiklama 1: Bu makalede eldeki problem esasen sonlu bir
zaman ufkunda (P1) olarak ele alinacak ve buna gore ¢oziim
uygulanacaktir. Diger yandan, uygulanan ¢6zimin zaman
ufkuna gore performansina bakarak sonsuz bir zaman ufkunda
(P2) problemine de getirecegi ¢6ziim de kestirebilir.

3. Eniyiye Yakin Firsat¢i Spektrum Erisimi

(Gul ve Uysal-Biyikoglu. 2014, Gul. 2014, Gul. 2017, Gul
ve Demirekler. 2018, ve Gul. Temmuz 2019) c¢alismalarinda
enerji hasatlayan kablosuz aglara (Gul. Aralik 2020, Gul.
Haziran 2021, 1., ve Gul. Mayis 2022) ve Sekil 1’de ifade edilen
Algoritma 1. Diizgiin Rastgele Sirali Politika (DRSP), (Gul.
Ekim 2021 ve Gul ve Kantarci. Ekim 2022) ¢alismalarinda farkli
biligsel radyo aglarinda FSE problemlerine i¢in uygulanmustir.

Algorithm 1 Diizgiin Rastgele Siralamali Politika (DRSP)

1: Baslama:

2. Ty BKIar ve birincil alicilar arasindaki kanallar rastgele
sirala ve bu swrayr hep koru. Bu swraya gore aktivasyon
vektorinii ilk K kanalla baglat IT = [1 2 ... K].
II{j). IT'nin j. elemamdir.

3 2) Sonraki diye bir pointer
Sonraki = K + 1.

4: Prosediir:

s:fort =1t T do

6

tammla. Baslangicta,

for j =110 i do
if Stiyit) =1 and Smiy(f — 1) = 1 then
&: IK kanal TI(;) iizerinden veri iletir.
9: else
10: if Sonraki @ 77571 then
11: I j) + Sonraki:

12: else

13: repeat

14: Next «— modyy(Sonraki + 1);
15: IL{j) + Sonraki;

16: until Sonraki & #PR5P(f)

17: end if

18: Sonraki <« mody (Sonraki + 1);
19: end if

20:  end for

21: end for

Sekil 1. Diizgiin Rastgele Sirali Politika (DRSP)

Sekil 2, DRSP kullanarak g¢izelgeleme yapan bir IK’nin
cizelgeleme tablosunu géstermektedir.
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Kanal11‘1‘1‘1-1‘1:1‘1 1‘1:1‘1:1‘1‘1‘1‘1‘1.1‘
Kanal 2 “2‘2‘2m2‘2i2m2‘2:2‘
SUNEEEE B DREEE B heee

Sekil 2.
kullamiciya (BK)

2 kanally ikincil kullanicimin (IK) 3 tane birincil
tahsis edilen 3 kanaldan 2sini DRSP

3
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algoritmasi kullanarak sectigi ilk 20 zaman dilimini gosteren bir
ornek ¢izelgeleme tablosu. Burada IK ve bir ikincil alict i
arasindaki kanal t zaman diliminde i numarasi ile etiketlenir.
Beyaz zaman dilimleri IK min veri iletimi icin uygun dilimleri
(spektrum bosluklari) gésterirken gri renkli dilimler IK nin veri
iletimi icin uygun olmayan dilimleri gdsterir. Burada secilen
kanalin durumunu algilamak igin 1 zaman dilimi harcanir ve bu
zaman dilimleri (kanalin durumu iyi de olsa kotii de olsa) kirmizi
renkle gosterilir. Ornegin, 1. zaman diliminde 1. ve 2. kanalin
durumunu algilar. Burada 1. Ve 3. Kanalin bagdasim zamani 5
zaman dilimi iken 2. Kanalin bagdasim zamami 4 zaman
dilimidir. DRSP eniyiye yakin performans sergiler.

Sekil 2’deki senaryoda 3*20=60 zaman diliminden olusan
bu senaryoda IK’nin iletimine uygun 20+12+10=42 tane zaman

dilimi vardir. Bu yiizden, Sekil 2°deki senaryoda yogunluk p =

42

Pt 0.7°dir. Bu senaryoda birincil kullaniciya tahsis edilen

Kanal 2 ve Kanal 3’iin ayn1 anda uygun olmadig1 4 zaman dilimi
vardir (6., 7., 8. ve 16. Zaman dilimleri). Bu durumda, kanal
durumunu algilama i¢in zaman dilimi harcamayan ¢evrimdigi en
iyi algoritma ile /K 2. Kanali iizerinden 16 paket gonderebilir.
IK’nin 1. Kanal Uzerinden 20 zaman diliminde 20 paket
gonderebildigini  diislinlirsek toplamda ¢evrimdist en iyi
algoritma ile IK, 20 zaman dilimi icerisinde 36 paket
gonderebilir. DRSP ile ise IK 20 zaman dilimi igerisinde 27

paket iletebilir. Bu durumda DRSP 'nin verimi, z—z = 0.75 tir.

Tabii ¢evrimici en iyi algoritmay1 diislinlirsek onun da her
kanal durumunu algilama ve kanal degistirme i¢in 1 zaman
dilimi harcayacagini géz Oniinde bulundurulmalidir. Bu
durumda, ¢evrimigi en iyi algoritma ile IK 20 zaman diliminde
36-5=31 paket iletebilmektedir. Bu durumda DRSP’nin verimi,

27— 0.85'tir.
31

4. Sayisal Sonuclar

Algoritmalarin = verimi M = 20 ve K = 4 kabul
edilerek farkli zaman ufuklarinda 0<T<1000 degerlendirilecektir
(Tanim 2’e gore n(zr+*) = 1 bu nedenle en iyi algoritmanin
performanst verim Kkarsilagtirmalarinda belirtmenin  geregi
yoktur. Oyleki, bir algoritmanin verimi, en iyi algoritmanin veri
hacmi  gozetilerek  ortaya ¢ikan  gorelice  verihacmi
performansidir). Her bir kanalda yavas golgelemenin meydana
geldigi kabullenilmistir (Rayleigh, Nakagami, Weibull, Rician
golgeleme modelleri en yaygin golgeleme modelleri oldugundan
burada da bu modeller kullanilmaktadir). O kanalin bagdagim
zaman siresince kanalin durumu korunmaktadir (Biglieri ve
digerleri, 2000). 50 % hiz, 2.4 GHz tasiyici frekans, 24 g veri
iletim hizi, 120 Byte paketin boyutu seklinde secildiginde bir
haberlegsme kanalinin bagdasim zamani yaklagik 110 zaman
dilimi olacaktir (Rappaport, 2002). Bu nedenle, Monte Carlo
simiilasyonlarinda T4, = 120 Ve T . =100 TS
alinmstr.

Sekil 3-6, Rician, Weibull, Rayleigh ve Nakagami gdlgeleme
modelleri altinda iki algoritmanin (DRSP ve AP) da
beklenen esik degeri altinda farkli zaman ufuklarina gore
performanslarini gostermektedir.
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Kanal kazancina bagli olarak esik degeri arttikga iki
algoritmanin verimi de artar ¢iinkii artan esik degerleri azalan
sayida uygun kanalin oldugunu kasteder. Bu yiizden, bu
calismada esik degeri olarak beklenen kanal kazanci diisiiniilerek
secilmig ve buna gore benzetimler yapilmistir. Beklenen kanal
kazanci degeri kadar esik degerinde belirli bir zaman sonra AP
ve  DRSP’nin  verimleri  nispeten  duragan  oldugu
g6zlemlenmektedir.

Rayleigh golgeleme modeli altinda Sekil 3’te DRSP 98.5%
alirken AP’nin verimi 61.4% tr. m = 1.5 ile Nakagami
golgeleme modeli altinda Sekil 4’te DRSP 97.9% alirken AP nin
verimi 57.8% tir. k = 1.5 ile Weibull gélgeleme modeli altinda
Sekil 5°te DRSP 98.4% alirken AP’nin verimi 61.1% tir. Rician
golgeleme modeli altinda Sekil 3°te DRSP 97.8% alirken AP nin
verimi 57.2% tir.
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Sekil 3. Rayleigh gélgeleme modeli altinda %’nin tamsayt oldugu
durumda DRSP ve AP nin zaman ufkuna karsi verimi. DRSP 'nin

M, . . .
performansi ¢ nin tamsay olmadig durumda da gosterilir.
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Sekil 4. m = 1.5 ile Nakagami golgeleme modeli altinda %’nin
tamsayt oldugu durumda DRSP ve AP ’nin zaman ufkuna karsi
verimi. DRSP 'nin performansi %’nin tamsayt olmadigr durumda
da gosterilir.
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Sekil 3-6’da DRSP’nin 1’e (eniyiye) yakin verimi ile AP’nin
yaklastk 0.6 veriminde yaklasik 60% fazla oldugu
goriilmektedir. Diger taraftan, DRSP’nin verimi baz1 gdlgeleme
modelleri latinda AP’nin verimine gore 70% fazla performansa
bile ulasabilmektedir.

Ayrica, M = 22 ile %’nin tam sayr olmadigi durumunda da
DRSP’nin verimini gozlemlenmigtir. Bu durumda da, DRSP’nin
verimi 1.0’a yakinsamaktadir. Bu DRSP’nin %’nin tam say1

olmadigi durumunda bile eniyiye yakin performansi basardigini
gOstermektedir.
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Sekil 5. k = 1.5 ile Weibull gélgeleme modeli altinda %’nin
tamsayr oldugu durumda DRSP ve AP ’nin zaman ufkuna karsi
verimi. DRSP 'nin performansi %’nin tamsayr olmadigi durumda
da gosterilir.
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Sekil 6. Rician golgeleme modeli altinda %’nin tamsayt oldugu
durumda DRSP ve AP nin zaman ufkuna karst verimi. DRSP nin

M, . . .
performanst ¢ nin tamsayt olmadigr durumda da gésterilir.

Sekil
acgiklanabilir. 1lk olarak, DRSP %’nin tam sayr olmadig:

3-6’1 g6z Oniinde bulundurularak, iki ek husus

durumunda %’nin tam sayl oldugu durumundakiyle ayni

performans1 gostermektedir. Ikinci olarak, Sekil 3 ve Sekil
6’daki algoritmalarin verimleri, Sekil 4 ve Sekil 5’e gore farkl
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bi¢imde esik degerine gore degismektedir. Cilinkii, Rayleigh ve
Rician golgelemeler igin olasilik dagilimlar: k = 1.5 ile Weibull
ve m = 15 ile Nakagami golgelemeye gore farklidir. Bu
durumda, tim gblgeleme modellerinin ayni1 esik degeri igin
kiyaslama yaptigimizda bu iki golgeleme modelinde uygun
kanallarin sayisini farklilagtirmaktadir.

5. Sonuglar ve Oneriler

Bu calismada, birincil kullanicilar, bir tane ikincil kullanici,
birincil ve ikincil alicilarinin biraraya geldigi bir bilissel radyo
aginda meydana gelen golgelenen kanallar kullanilarak yapilan
bir firsat¢1 iletisim problemini ve ona uygulanan c¢ozimler
incelenmektedir. 1K kanallarin durumlari ya da evrimlerinin
siiregleri hakkinda higbir bilgiye sahip degildir. IK kanallardan
bazilarin1 algilama amaciyla segip alicilara onlar iizerinden
verileri gonderip gondermemeye karar vermektedir; bunun icin
de 1 zaman dilimi harcamaktadir. Eger kanal durumu iyiyse
iletim i¢in 1 zaman harcamaktadir. Coziim igin farkli
algoritmalar (DRSP ve AP) uygulanmigs ve verihacmi
performanslar1 incelenmisti. DRSP’nin eniyiye yakin verimi
basarirken AP eniyi alt1 (yaklasik olarak eniyinin yarisi kadar)
performans gostermistir. Gelecek ¢alismalarda farkli gblgeleme
modelleri uygulanabilir. Bunun yaninda daha farkli kanal
modelleri de uygulanabilir.
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Oz

Dogada yabani bir bitki olarak yetisen alig, insan saglig1 i¢in 6nemli bir meyvedir. Bu ¢aligmada Malatya ili Hekimhan il¢esinden elde
edilen ¢ekirdeklerin kabuk ve i¢ tohumlarinin karakterizasyonu yapilmistir. Kabuklu biitiin ¢ekirdegin agirlik¢a % 14 i¢ ¢ekirdek, i¢
cekirdegin ise agirhikca % 49,40 yag icerdigi belirlenmistir. I¢ cekirdek agirlikca % 5,91 nem ve % 4,56 kil icermektedir. Ic
cekirdegin protein igerigi, kuru bazda agirlikga % 41,25 olarak belirlenmistir. I¢ ¢ekirdek yag asidi bilesimi incelendiginde doymus
yag asitleri oran1 % 11,67, tekli doymamus yag asitleri % 38,92 ve ¢oklu doymamis yag asitleri % 48,24 olarak tespit edilmistir. Ayrica
ali¢ tohum kabugunun yari kristal seliilozik bir yapiya sahip oldugu saptanmistir.

Anahtar Kelimeler: Alig, Cekirdek, Yag asidi, Karakterizasyon

Identification of Some Characteristic Features of Hawthorn
(Crataegus orientalis subsp.) Seed and Fatty Acid Component
Characterization of Seed Oil

Abstract

Hawthorn, which grows in nature as a wild plant, is a significant fruit for human health. In this study, the characterization of the
kernels' shell and inner seeds obtained from the Hekimhan district of Malatya province carried out. It was determined that the whole
kernel with the shell contains 14% inner weight core, and the inner seed contains 49.40% oil by weight. It was determined that the
inner core includes 5.91% moisture and 4.56% ash by weight. The protein content of the inner core was determined to be 41.25% by
weight on a dry basis. When the inner core fatty acid composition examined, it was determined that the saturated fatty acids were
11.67%, the monounsaturated fatty acids were 38.92%, and the polyunsaturated fatty acids were 48.24%. In addition, it has been
determined that the hawthorn seed shell has a semi-crystalline cellulosic structure.

Keywords: Hawthorn, Seed, Fatty acid, Characterisation
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1. Giris

Rosaceae familyasina ait Crataegus cinsi bitkilerin ortak adi
olan ali¢, 1liman iklime sahip bolgelere 6zgii, biiyiik ve dikenli
cali veya agag¢ gorliniimiinde, yabanil bir meyve cinsidir (Pan ve
ark., 2012). Ali¢ cinsinin diinya {izerinde yaklagik 280 tiirii tespit
edilmis olup, iilkemizde dogal olarak 17 tiirii ve ¢ok sayida
taksonu yayilis gostermektedir (Bayar & Deligdz, 2016).
Anadolu’da en yaygin bulunan ali¢ tirii C. monogyna olup,
beraberinde C. azarolus ve C. orientalis tirlerine de
rastlanmakta, Ozellikle, C. azarolus tiriine ait iri meyveli
genotiplerin  yetistiriciliginin  giderek yayginlastigi  rapor
edilmektedir (Caliskan ve ark., 2012). Ulkemizde ali¢ tiirleri,
genellikle sirke, meyve suyu, recel olarak islendikten sonra veya
sofralik tiikketimde meyveleri igin yetistirilmektedir. Ali¢ meyve,
yaprak ve ¢igekleri flavonoidler, oligomerik proantosiyanidinler,
triterpen asitler, organik asitler, steroller ve kardiyoaktif aminler
ve yiiksek flavonoid icerigi ile antioksidan 6zelik gosteren bir
bitkidir (Chang ve ark., 2002). Alig meyvelerindeki
flavonoidlerin kalpte oksijen kullanimini arttirarak metabolizma
enzimlerini aktive ettigi, kan basincim1 disiirdigl, toplam
plazma kolesteroliinii etkili bir sekilde azalttig, iltihap giderici,
antikanserojen ve antibakteriyel etki gosterdigi bildirilmektedir
(Zhang ve ark., 2001). Aligin antioksidan ve biyoaktif
bilesenlerinin saglik ve terapotik 6zelliklerinden sorumlu oldugu
one sirilmistiir. Cesitli epidemiyolojik ¢aligmalar, aliglarin
meyve ve bitki pargalarmin ekstraktlarinin tiikketiminin kan
basincim1 ve toplam plazma kolesteroliinii etkili bir sekilde
azalttigim gostermistir (Zhang ve ark., 2001).

Alig bitkisine ait tohumlar genellikle goz ardi edilmektedir.
Son ¢aligmalar, ali¢ tohumlarinin flavonoidler, fenolik asitler,
lignanlar ve diger bilesenler agisindan zengin oldugunu
gostermistir (Niu ve ark., 2020). Birgok farmakolojik calisma,
alig tohumunun antiinflamatuar, hipolipidemik, analjezik ve
antioksidan gibi gesitli farmakolojik 6zelliklere sahip oldugunu
kamitlamigtir (Can ve ark., 2010; Peng ve ark., 2016). Yapilan
¢aligmalar, meyve tohum yaglarinin, omega-3 ve 0mega-6 yag
asitleri, tokoferoller ve steroller gibi diger bazi biyolojik olarak
aktif fitokimyasallarin potansiyel bir kaynagi olarak hizmet
edebilecegini ortaya koymustur (Parry ve ark., 2005). Ayrica,
son ¢aligmalar diyetteki omega-3 yag asitlerinin kardiyovaskiiler
kalp hastalig1 ve kanser prevalansini azaltmada ¢ok 6nemli bir
rol oynayabilecegini gostermistir (Maillard ve ark., 2002; Parry
ve ark., 2005). Ali¢ meyvesi sirke iretimi basta olmak tizere
endiistriyel bir iiriin olarak islenmeye baglamistir. Bunun sonucu
olarak tohum, hem tohum kabugu hem de i¢ ¢ekirdek biiyiik
miktarlarda yan iirlin olarak agiga ¢ikmaktadir. Bu nedenle alig
meyvesi besleyici, tibbi ve antioksidan &zellikleri agisindan
arastirilmis olsa da, ¢ekirdeklerinin yag asidi profilleri {izerinde
¢ok az arastirma yapilmistir. Bu arastirmada Malatya’da yetisen
alig meyvelerinden elde edilen tohumlarin kabuk ve i¢
¢ekirdeklerinin  karakterizasyonu ve yag asidi Dbilesimleri
degerlendirilmistir.

2. Gerec¢ ve Yontemler
2.1. Hammadde
Alig meyveleri Malatya/Hekimhan/Giizelyurt Bdlgesinden

toplanmistir.  Tohumlar meyvelerden ayrilmig, distile su ile
yikanmig ve golgede oda sicakliginda kurutulmustur. Kurutulan
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tohumlar havanda ogitiilmis olup i¢ ¢ekirdek ve kabuk
kisimlarina ayrilarak ayri ayrn 4 °C’de hava gegirmez kapali
kaplarda muhafaza edilmistir.
2.2. Yag ekstraksiyonu
Alig tohumlart toz, kir ve diger yabanci maddeleri
uzaklagtirmak ic¢in elle temizlenmistir. Temizlenmis ve
kurutulmus tohumlar, &giitiiciide ogiitillerek  toz  haline
getirilmistir. Yaklasik 30 g 6giitiilmiis tohum 8 saat boyunca 45
°C’de Soxhlet ekstraktoriinde 0,5 L hekzan ile ekstrakte
edilmistir. Hekzan yogunlagsma hizi, tim siire boyunca 150
damla/dk olarak sabitlenmigtir. Ekstrakte edilen yag ornegi, agzi
kapali cam sisede 4 °C’de muhafaza edilmistir.

2.2.1. Ekstraksiyon verimi

Ekstraksiyon verimi, ekstrakte edilen yag miktarinin
ekstraksiyonda kullanilan 6giitiilmiis tohum miktarina boliiniip
100 ile ¢arpilmastyla elde edilmistir.

Verim (%) = WE/Wi = 100 (1)

Wf{: Ekstrakte yag agirligi
Wi: Ogiitiilmiis tohum agirhig:

2.3. Tohum karakterizasyonu
2.3.1. Kimyasal kompozisyon

Protein analizi Kjeldahl protein tayin cihazi kullanilarak
AACC metoduna (AACC International, 2000) gore yapilmistir
(AACC, 2000). Bu yontemle belirlenen azot miktar1 5,7 sabit
katsayis1 ile carpilarak ali¢c tohumundaki % protein miktarlari
hesaplanmigtir. Ali¢ tohumlarinin kiil tayini AOAC (1989)
metodu ile dnce 650 °C’de 8 saat ve ardindan 850 °C’de 8 saat
yakilarak tespit edilmistir (AOCS, 1989). Nem tayini AOCS
metoduna gore belirlenmistir. Element analizi Thermo Scientific
Flash 2000 cihaz1 ile gergeklestirilmis ve tohum bilesiminde
bulunan karbon (% C), nitrojen (% N), hidrojen (% H), kiikdirt
(% S) ve oksijen (% O) miktarlart belirlenmistir.

2.3.2. FT-IR analizi

FT-IR analizi i¢in 6giitilmis tohum (kabuk ve i¢ ¢ekirdek)
ornekleri potasyum bromiir (toz formunda) ile karistirilmis ve
pelet olusturmak iizere preslenmistir. Ornekler Fourier transform
kizilotesi spektrofotometre (Perkin Elmer Spectrum One, IR
1.10 versiyonlu FT-IR spektrofotometre) cihazi ile 400-4000
cm! araligindaki spektrumlar kullanilarak analiz edilmistir.

2.3.3. Taramal elektron mikroskopu (SEM)

Tohum orneklerinin (kabuk ve i¢ c¢ekirdek) yiizey
morfolojileri, goézenek boyutlar1 ve yiizeydeki dagilimlari
Taramali Elektron Mikroskobu (Leo EVO-40 VPX Carl Zeiss
SMT, Cambridge, UK) ile belirlenmistir.

2.3.4. XRD analizi
Alig tohumlarinin (kabuk ve i¢ ¢ekirdek) kristal yapilart
XRD analiz yontemi ve X-151n1 kirtnim (XRD) (Rigaku Miniflex

II) cihaz1 kullanilarak gergeklestirilmistir.
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2.4. Yag asidi bilesimi

Yag asidi analizleri i¢in 0,1 g yag 6rnegi iizerine 10 mL n-
hekzan ilave edilmis, hizlica ¢alkalanmis ve ardindan tizerine 0,5
mL 2 N metanolli KOH ¢ozeltisi ilave edilmistir. Ust faz
berraklasana kadar karanlik ortamda inkiibasyona birakilmistir.
Berrak iist faz viallere alinarak yag asidi kompozisyonu Alev
Iyonizasyon Dedektérleri (FID) ile donatilmis bir Gaz
Kromatografisi (GC) sistemi kullanimi ile belirlenmistir.
Analitik kosullar ise su sekildedir: Cihaz; GC-2010 Plus, Kolon;
TRCN-100 (100 m x 0.25 mm x 0.20 pum), Enjeksiyon sicaklig;
250 °C, Enjeksiyon modu; Split, Akis kontrol modu; pressure,
Basing; 250 kPa, Split orani; 100, Kolon sicaklik programi; 140
°C 5 dk, 4 °C/dk, 240 °C 15 dk, FID sicakligi; 250 °C,
Enjeksiyon hacmi; 1 pL.

3. Arastirma Sonuclar1 ve Tartisma

3.1. Tohum karakterizasyonu

Ekstrakte edilen ali¢ tohum yaglarinin ekstraksiyon verimleri
ve fizikokimyasal analiz sonuglar1 Tablo 1’de gosterilmektedir.

Tablo 1. Ali¢ tohumunun fizikokimyasal karakterizasyonu
(Table 1. Physicochemical characterization of hawthorn kernel)

Fizikokimyasal karakterizasyon % (wiw)
Tohum yag icerigi 49,40
I¢ cekirdek 14,00
Nem 5,91
Kiil 4,56
Protein (kuru bazda) 41,25
Kabuk kiil igerigi (650 °C) 0,65
Kabuk kiil igerigi (850 °C) 0,55

Calismada ali¢ i¢ ¢ekirdeginin yag verimi % 14 olarak tespit
edilmigtir. Ali¢ tohumunda toplam yag verimi ise % 49,4 olarak
belirlenmistir. ~ Sonuglarimiz,  ekstraksiyon  yontemindeki
farkliliklarin ekstraksiyon verimini etkileyebilecegini one siiren
onceki raporlarla benzerlik gostermektedir. Ozcan ve ark.,
(2005), yaptiklar1 ¢aligmada ali¢ tohumundaki yag igerigini %
0,9 olarak belirlemislerdir (Ozcan ve ark., 2005). Anwar ve ark.,
(2008) yaptiklar1 c¢alismada Giiney Alberta’da (Kanada)
yetigtirilen ali¢ tohumlarindaki yag oranmnin % 3,4 oldugunu
rapor etmislerdir (Anwar ve ark., 2008). Punjab’in hem kurak
hem de sulak bolgelerinde yetistirilen moringa (M. oleifera)
tohumlarimin ortalama yag igeriginin % 34,66 ile % 40,39
arasinda oldugu tespit edilmigtir (Anwar ve ark., 2008). Yag
asitleri, hem besinsel degeri agisindan hem de yapidaki gesitli
metabolik ve yapisal fonksiyonlarda gorev alan bilesenlerdir.
Hiicre zarlarinin vazgegilmez bilesenleri olan yag asitleri,
vitaminlerin tasimnmasindan ve plazmadaki lipid
konsantrasyonunun  diizenlenmesinden ~ sorumludur.  Alig
tohumuna ait yag asidi bilesimi Tablo 2’de gosterilmektedir.
Calismada alig tohumundaki ¢oklu doymamis yag asidi (CDYA),
tekli doymamis yag asidi (TDYA) ve doymus yag asidi (DYA)
miktarlar1 sirasiyla % 48,24, % 38,92 ve % 11,67 olarak
belirlenmistir. CDYA igerisinde en fazla linoleik asit (% 48,02),
TDYA igerisinde en fazla oleik asit (% 38,92), DYA arasinda ise
en fazla palmitik asit (% 8,10) ve stearik asit (% 2,03) tespit
edilmigtir.
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Tablo 2. Ali¢ tohumunun yag asidi bilesimi
(Table 2. Fatty acid composition of hawthorn kernel)

Yag asidi Yag asidi bilesimi (%)
C4:0 (Butirik asit) 0,08
C16:0 (Palmitik asit) 8,10
C18:0 (Stearik asit) 2,03
C18:1n9c (Oleik asit) 38,92
C18:2n6t (Linolelaidik asit) 0,03
C18:2n6¢ (Linoleik asit) 48,02
C20:0 (Arasidik asit) 1,14
C20:2 (Eikosadienoik asit) 0,19
C21:0 (Heneikosanoik asit) 0,21
C22:0 (Behenik asit) 0,10
DYA 11,67
TDYA 38,92
CDYA 48,24

DYA: Doymus yag asidi; TDYA: Tekli doymamis yag asidi; CDYA: Coklu
doymamus yag asidi

Ozderin ve ark. (2016) yaptiklar1 calismada ali¢ tohumu
yaginda en yiiksek linoleik (% 64,23), oleik (% 39,36) ve
palmitik asit (% 9,40) olmak iizere toplam 10 yag asidi
belirlemislerdir (Ozderin ve ark., 2016). Anwar ve ark., (2008)
yabani yetisen 4 farkli meyve tohumundan elde edilen yag asidi
kompozisyonlarini incelemis ve en yiiksek linoleik asit oranini
(% 65.55) alig¢ tohumu yaginda bulmuslardir (Anwar ve ark.,
2008). Viicudun iiretemedigi ve mutlaka besinler yoluyla
alinmast gereken esansiyel yag asitleri (EYA), insan ve diger
memeliler i¢in mutlak gerekli olan ¢oklu doymamis yag
asitleridir. Viicutta omega-3 (®-3) ve omega-6 (»-6) olmak
tizere iki tip EYA bulunmaktadir. -3 serisi a-linoleik asit (ALA)
ve ®-6 serisi cis linoleik asitlerden olusmaktadir. EYA’leri
sindirim, tireme ve bagisiklik sistemlerinin diizenlenmesi yani
sira dogrudan biyolojik aktivitede bulunan yapilardir. Son
yillarda yapilan insan ve hayvan c¢alismalarinda, yag asitlerinin
inflamatuvar belirtegler ve inflamatuvar siirecler ile iliskisi
oldugu gosterilmistir (Ozderin ve ark., 2016). Diyetle alian ®-6
c¢oklu doymamis yag asitlerinin inflamasyon, hiicre
membranindaki islevleri ve diger inflamatuvar belirtegleri
etkileme yolu ile etkinlik gosterdigi, oleik asitin ise kalp krizi ve
damar sertligi riskini dislirdiigli ve kanserden korunmaya
yardime1 oldugu bildirilmektedir (Uzdil & Saka, 2020).

Linoleik asit (LA), ¢ift bagli ¢coklu doymamus bir ®-6 yag
asididir. Avrupa Gida Giivenligi Otoritesi (EFSA), ¢ocuklarin
ortalama biiylime ve gelismesi i¢cin LA ve ALA’nin gerekli
oldugunu belirten bir saglik beyani yaynlamistir (Levik ve ark.,
2008). LA aliminin toplam kan kolesteroliinii ve diisiik
yogunluklu lipoprotein (LDL)-kolesterol konsantrasyonlarini
azalttigi bildirilmigtir (Djuricic & Calder, 2021). Yapilan
calismalarda, LA ile koroner kalp hastalig1 riski arasinda pozitif
bir iliski oldugu belirtilmektedir (Sacks & Campos, 2006).
Molekiiler mekanizmasi tam olarak bilinmemekle birlikte, LA
alimiin tip 2 diyabet riski ile ters orantili oldugu ve daha fazla
LA almanin insiilin direncini iyilestirdigi bildirilmistir (Hu ve
ark., 2001). LA, seramidlerin temel bir bileseni oldugu igin
cildin yapisal biitiinliigii ve bariyer islevinde 6zel ve benzersiz
bir role sahiptir (Djuricic & Calder, 2021). Cift bagl tekli
doymamis yag asidi olan oleik asit (18:1), organizmada yaygin
sekilde kullanilan ancak esansiyel olmayan bir yag asididir.
Oleik asidin diger tekli doymamus yag asitlerine gdre avantaji
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oksidasyona karst direng gostermesidir (Konukoglu, 2008).
Omega-3 yag asitlerinin, hiicre zarlarinin temel bilesenleri olan
fosfolipitleri olusturmaya yardimci oldugu rapor edilmektedir
(Alonso-Calderon ve ark., 2013). Tibbi ve epidemiyolojik
caligmalar, ®-3 yag asitleri acisindan zengin lipidlerin
tiketilmesinin koroner kalp hastaliklarina yakalanma riskini
azalttigim gostermislerdir (Alonso-Calderén ve ark., 2013).

Palmitik  asit,  vajinal inflamatuar ~ atrofi,  cilt
hiperpigmentasyonu veya vyaralar, enfeksiyonlar gibi cilt ve
mukus bozukluklar1 {izerinde belirgin bir klinik uygulamaya
sahiptir. Ek olarak, hiperkolesterolemi, diyabet ve karaciger
fonksiyon bozuklugunda bagka farkli olumlu etkileri de
gosterilmistir (Sola Marsifiach & Cuenca, 2019). Ali¢ meyveleri,
yapisinda barindirdigi yag asidi, steroller vb. kimyasallar
nedeniyle antioksidan ve antikanserojenik potansiyelleri ve
dejeneratif bozukluklar1 Onleme veya iyilestirme yetenekleri
nedeniyle bilimsel c¢alismalarda giderek ilgi odagi haline
gelmektedir (Chang ve ark., 2002; Orhan ve ark., 2007).

3.2. XRD analizi

Sekil 1.a ve 1.b’de ali¢ tohumunun kabuk ve i¢ ¢ekirdek
XRD sonuglar1 verilmistir.
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Sekil 1. Alig tohumunun kabuk (a) ve i¢ ¢ekirdek (b) XRD
sonuglart
(Figure 1. XRD results of the shell (a) and inner seed (b) of the
hawthorn fruit seed)

Alig tohum kabugunun XRD spektrumu incelendiginde
yapinin hem amorf hem de kristal yapilar igerdigi goriilmektedir.
Sert kabuklu ¢ekirdeklerin selilloz, hemiselilloz ve lignin
icerdigi ve bu yapida kristal ve amorf birimlerin varlig
bilinmektedir (Ferrer ve ark., 2016). Biyokiitle yapisinda seliiloz,
hemiselilloz ve lignin birimleri arasindaki hem amorf hem de
kristalin bolgeler, tiim yapinin mekanik mukavemeti ile biyolojik
ve kimyasal direncinde 6nemlidir. Bu tiir sert kabuklu meyve
tohumlarinin  i¢ tohumlarinin her kosulda binlerce yil
bozulmadan kalmasini saglayan birincil parametre seliiloz,
hemiseliiloz ve ligninin olusturdugu yapidir. I¢ gekirdegin XRD
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spektrumu incelendiginde oncelikle amorf olmasina ragmen
kabuk kadar olmasa da kristal birimler igerdigi goriilmektedir. I¢
cekirdek yapisinin yag, protein, karbonhidrat ve kiilden olustugu
diigiiniiliirse bu yap1 beklenmektedir (Ouilly ve ark., 2017).

3.3. SEM morfolojisi

Sekil 2.a ve 2.b’de ali¢ tohumunun kabuk ve i¢ tohumunun
SEM morfolojileri gosterilmistir.

Sekil 2. @) Ali¢ tohumu i¢ ¢ekirdeginin SEM goriintiisii, b) Ali¢
tohumu kabugunun SEM gériintiisii
(Figure 2. a) SEM image of hawthorn inner core, b) SEM image
of hawthorn seed kernel)

Tohum i¢ ¢ekirdek kisminin SEM goriintiileri incelendiginde
yag hiicrelerinin yaninda protein ve karbonhidrat birimleri
goriilmektedir. Yag hiicrelerinin farkli boyutlarda oldugu ve
dagilimlarinin homojen olmadigi gozlenmektedir. Kabuk SEM
goriintiisiinde ana yapiya ait olan seliiloz, hemiseliiloz ve
ligninin yapisal birimleri gozler éniine serilmektedir. Seliilozik
birimlerin lif seklinde oldugu, diger takimlarin rastgele dagildig:
gbzlenmektedir.

3.4. FT-IR analizi

Sekil 3.a ve 3.b’de ali¢ tohumunun i¢ ¢ekirdek ve kabuk FT-
IR sonuglar1 verilmistir.
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Sekil 3. Alig meyvesi tohumunun i¢ ¢ekirdek (2) ve kabuk (b) FT-
IR sonuclar
(Figure 3. FT-IR results of the inner seed (a) and shell (b) of the
hawthorn fruit seed)

Kabuk ve yagh i¢c c¢ekirdek icin FT-IR spektrumlari
incelendiginde, kabuk i¢in 3100-3500 cm? araligi, genis ve diiz
tepe seliilozik (seliiloz, lignin ve odunsu yapilar) yapilardaki O-
H gerilmelerine ait iken 2980-2929 cm? bélgesindeki
konsantrasyona bagli lglii keskin yiikselmeler simetrik ve
asimetrik CH ve CH2 gerilmelerine ve 1607 cm™’deki tepe ise
lignin yapisinda bulunan aromatik halkadaki C=C titresimine
aitti. 1320 cm? piki, seliiloz yapisindaki —OH diizlemi
biikiilmesine ve seliiloz ve hemiseliillozun C-H gerilmesine aittir.
1033 cm™°deki genis ve genis tepe, selilloz ve hemiseliilozdaki
C-O streslerini gostermektedir. Yagli i¢ c¢ekirdegin FT-IR
spektrumu incelendiginde 3100-3500 cm™ araligindaki diiz tepe
su yapisindaki OH stresleri ile protein ve karbonhidratlara
dairdir. 2854, 2927 ve 2980 cm™ iiglii tepe noktalar1 simetrik ve
asimetrik CH ve CH2 gerilmeleri ile iligkilidir. 1742 cm™*’lik
keskin tepe, karboksilik asit yapisindaki C=O titresimine ait
spesifik bir tepe noktasidir. 1461 cm™? tepe noktasi
karbonhidratlardaki C-H egilme stresidir. 1159 cm™ tepe noktast,
seliloz ve hemiseliilloz yapilarindaki C-O-C asimetrik koprii
gerilimidir. 1090 cm™’deki tepe, inorganik M-O ve M-O-M
gerilmelerine aittir.

3.5. Element analizi

Tablo 3’te alig tohumunun kabuk ve i¢ ¢ekirdek kisimlarinin
elementel analiz sonuglar1 verilmektedir. Ali¢ tohumunun kabuk
ve 1i¢ c¢ekirdek kisimlarinin elementel analiz sonuglari
incelendiginde, kabuk kismu tipik seliiloz, hemiseliiloz ve lignin
yapisina sahip olup i¢ c¢ekirdek yapisindaki yiiksek nitrojen

protein icerigi ile uyumludur.

Tablo 3. Ali¢ meyve ¢ekirdeginin kabuk ve i¢ ¢ekirdek
kistmlarinin elementel analiz sonuclart
(Table 3. The elemental analysis results of the shell and inner
core parts of the hawthorn fruit seed)

Ornek C%) H(®%) N©) S%) O%)*
Kabuk 41,74 5,56 0,45 0,09 51,15
Ic cekirdek 51,76 8,08 5,37 0,42 34,43

*Farklardan heaplanmistir.
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4. Sonuc¢

Endiistriyel olarak {iretilen biyokiitle atiklarinin ekonomiye
kazandirilmas1  giinlimiizde  6nem  kazanmustir.  Gida
endiistrisinde 6nemli bir yere sahip olan ali¢, dogrudan meyve
olarak tiiketilmekle birlikte ali¢ bitkisi, meyve olarak endiistriyel
bir iirlin olmaya adaydir. Bu calismada dogrudan gida olarak
tiketilen alic tohumlarinin, meyve et kismi uzaklastirildiktan
sonra kalan tohumlar1 tizerinde yogunlasilmistir. Boylece
tilketim sonrasi atik olarak degerlendirilen meyve tohumlarimin
yag asidi bilesimleri ve kimyasal kullanim agisindan yag
asitlerinin - miktarlar1  belirlenmistir. Sert kabuklu meyve
tohumlari ile karsilastirildiginda, i¢ ¢ekirdek veriminin nispeten
diisiik oldugu tespit edilmistir. Ancak i¢ ¢ekirdek, yag orani, kiil
miktart ve mineraller agisindan zengindir. Disg kabuk,
karbonlagtirtlmis bir {iriin olup 6nemli Olciide aktiflestirilmis
karbon olarak degerlendirilebilir. Ali¢ tohum yagi, insan sagligi
ile giiclii bir iliskisi olan yag asitleri agisindan ¢ok zengindir ve
bu nedenle insan saglig ile ilgili ¢esitli faaliyetlerde 6nemli bir
rol oynayabilir. Ali¢ tohum yaginin, yag asitlerinin gesitliligi ve
omega-3 ve omega-6 yag asitleri grup bilesimi nedeniyle
ozellikle kalp saglig1 i¢in iyi bir iiriin oldugu sonucuna varmak
miimkiindiir.
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Bu caligmada SHMYO Niikleer Tip 6grencilerinin uygulamada kullanilan radyofarmasétikler ve calisma ilkeleri iizerine bilgi
diizeylerinin incelenmesiyle ilgili olarak niikler tip okur yazarligi algisina doniik olan diigiinceler incelenmesi amaglanmustir.
Aragtirma nitel yontemle yliriitiilmiistiir. Arastirma sonucunda, niikleer tip 6grencilerinin, radyoaktivite konusunda bilgilerinin oldugu
goriilmektedir. Ogrencilerin hem kisisel hem de kurumsal tedbirleri bildikleri ve gerekli kurallara riayet etmektedir. Tiim dgrencilerin
Pet CT uygulamasinin 6zelliginde Flor 18 yiiksek aktivite oldugu ve Galyum 68 yiiksek doz oldugu igin 6zel hazirlanmasi gerektigini
ifade ettikleri bu yiizden kursun yelegin agir ve ise yaramadigini onun yerine hizli hareket konusunda hem fikir olduklar
goriilmektedir. Tim O6grencilerin Myocard ve kemik sintigrafileri yiiksek aktivite ile calistigi konusunda hem fikir olduklari
goriilmektedir. Ancak sadece 3 dgrenci dikkat edilmesi gereken kriter hakkinda kursun yelek giyilmesini, diger geri kalan gogunlugun
(10 6grenci) bu konuda bilgi sahibi olmadigi gériilmektedir. Radyasyonla yapilan tedavilerde hasta ve yakinlarina, 6grencilerin farkli
onerileri oldugu goriilmektedir. En dnemli 6neri ise ayr1 odada kalmalari, ayrt WC kullanmalari, ayr1 yemek yemeleri ve toplu tagima
kullanmamalari oldugu goriilmektedir.

Anahtar Kelimeler: Niikleer T1p, Radyasyon okuryazarligi, Radyasyon giivenligi

Evaluation of Radiation Literacy of Nuclear Medicine Students
Abstract

In this study, it is aimed to examine the thoughts about nuclear medicine literacy perception regarding the examination of the
knowledge level of Nuclear Medicine Students on radiopharmaceuticals used in practice and their working principles. The research
was carried out with the qualitative method. As a result of the research, it is seen that nuclear medicine students have knowledge
about radioactivity. Students are aware of both personal and institutional precautions and comply with the necessary rules. All
students stated that it should be specially prepared because the feature of Pet CT application is Fluor 18 has high activity and Gallium
68 is high dose. It is seen that all students agree that Myocard and bone scintigraphy work with high activity. However, it is seen that
only 3 students wear lead vests about the criteria to be considered, and the remaining majority (10 students) do not have knowledge
about this issue. It is seen that students and their relatives have different suggestions for treatments with radiation. It is seen that the
most important recommendation is to stay in a separate room, use separate WC, eat separately and not use public transportation.

Keywords: Nuclear Medicine, Radiation Literacy, Radiation Safety
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1. Giris

Niikleer ve radyasyon teknolojisi, bir {iilkenin sosyo-
ekonomik kalkinmasinda hayati bir rol oynamaktadir. Tip,
endiistri, tarim, giivenlik ve arastirma alanlarinda radyasyon ve
niikleer teknolojinin gelismekte olan uygulamalarina sahip bir
iilke olarak Tirkiye, gelecekteki olasi ¢abalara dnciililk edecek
Ogrenciler arasinda radyasyon okuryazarligmmi  arttirma
konusunda ulusal bir gereksinime sahiptir. Ulkenin radyasyon
giivenligi ve giivenlik gereksinimlerini karsilarken, iiniversite
programlarinda insan kaynaklar1 gelistirme adina orgiin egitim
verilmektedir (Palaci, 2018). Programlarin amaci, yetismis insan
kaynagi eksikligi giderilerek, niteligin artirilmasi
amaglanmaktadir.

T1bbi radyasyon bilimi (MRS) uygulamasi, tibbi ve cerrahi
patolojik durumlarin teshisi, tedavisi ve takibinde eser miktarda
radyoniiklid ve iyonlastirict radyasyon enerjisinin uygulanmasini
icermektedir (Cherry, Sorenson, & Phelps, 2012; Gunay vd.,
2019). Elektromanyetik radyasyonun kullaniminda tanisal
radyoloji ve klinik radyasyon tedavisi olmak {iizere iki baslica
tibbi  radyasyon alt bolim  bulunmaktadir.  Yapay
radyoniiklidlerin kesfi, niikleer tibbin (NM) gelismesine yol
acmustir (Adefuy, Adeola, More, & Mohamed, 2020; Gunay vd.,
2019). Temel bi¢ciminde, NM uygulamasi, radyofarmasdtiklerin
enjeksiyonunu igermektedir. Tan1 amaciyla viicuda gama 1simi
yayan veya pozitron yayan radyoniiklid ile ifade edilen
bilesiklerdir. Bu farmasétikler ayrica ¢esitli iyi huylu ve koti
huylu kosullarda hedeflenen radyoniiklid tedavisi icin alfa veya
beta yayan radyoizotoplarla ifade edilmektedir. Niikleer tip,
hastalik yOnetiminin hem tanisal hem de terapdtik yonlerini
kapsamakta ve bu nedenle diger klinik tibbi ilaglardan farkli
olmaktadir. NM'nin hastalik durumlarinin tanisinda kullanilmasi,
morfoloji ve anatomideki degisikliklerden ziyade biyolojik ve
fizyolojik siireclerdeki degisiklikleri tespit etme yeteneginde
bulunmaktadir (Gyorke, Duffek, & Bartfai, 2000).

Cok sayida calisma, pratisyen hekimler ve mezun tip
ogrencileri  arasinda  yiiksek  diizeyde  goriintiileme
okuryazarliginin olmadigimi bildirilmistir (Dauda, Ozoh, &
Towobola, 2019). Bu, hasta sevkinin olmamasi, diisiik kalite ve
yetersiz sevk, rutin goriintiileme i¢in radyasyon dozlarinin
yetersiz bilgisi ile iligkilendirilmistir.

NT goriintiileme prosediirlerinin yaygin klinik kullanimi
1950'lerin basinda basladi. Teshis araglar1 olarak kullanilan
niikleer tip teknikleri arasinda radyoaktif iyot taramalar1 (veya
99mTc perteknetat taramasi); oktreotid taramalari;
endokrinopatiler i¢in metaiyodo-benzil-guanidin (MIBG) ve
paratiroid goriintiileme. 2-[18F] floro-2-deoksiglukoz (18F-
FDG) kullanan pozitron emisyon tomografisi/bilgisayarli
tomografi goriintiilleme de gelismistir ve onkolojik, enfektif,
vaskiiler ve norodejeneratif bozukluklarda kullanilmaktadir
(Boellaard, Delgado-Bolton, & Oyen, 2015). Kullanilan diger
PET farmasotikleri arasinda [68Ga] bulunmaktadir. DOTA-
NOC, noroendokrin  timorlerde  somatostatin  reseptor
goriintiilemede, 68Ga Prostat Spesifik Membran Antijeni
(PSMA), prostat kanserinde ve 18F-Dihidroksifenilalanin
(DOPA), motor bozukluklarda, néroendokrin tiimoérlerde (NET)
dopaminerjik  yollarin  goriintiilenmesinde ve  konjenital
hiperinsiilinizm kullanilmaktadir (Chondrogiannis, Marzola, &
Al-Nahhas, 2013).
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NT gorintiileme prosediirleri bu nedenle ¢ogu tibbi
uzmanlikta hasta bakimimin 6nemli bir pargasidir (Brink, 2013;
Gunay ve Abamor, 2018)). Daha yakin zamanlarda, peptit
reseptor radyoniiklid tedavisinin (PRRT) ortaya ¢ikmasiyla
birlikte, tedavide Lutesyum 177(177Lu) gibi beta yayicilara
bagli radyofarmasotikler néroendokrin tiimoérler ¢ok fazla ¢ekis
kazanmisti. Bununla birlikte, klinik tipta iyonlagtirici
radyasyonun tanisal ve terapdtik uygulamasinin, ALARA (makul
olarak elde edilebilecek kadar diisiik) ilkesine gore giivenli bir
siir iginde tutulmalidir (Ostensen, ve digerleri, 2004). Bu
nedenle, kendilerini radyasyon giivenligi konusunda giincel ve
uygun bilgilerle donatmak tiim saglik hizmeti saglayicilarin
sorumlulugundadir.

Yillar icinde, klinik tip ve cerrahi uygulamalari, tanisal
testlere olan giivenin artmasiyla ¢arpict bicimde degisti.
Gelismis radyolojik goriintiileme tekniklerinin (niikleer tip dahil)
mevcut ¢agl, artan bir taleple radyasyon tibbin1 modern tibbin 6n
saflarna yerlestirdi. Bu nedenle, tip pratisyenlerine, tip
uzmanlarina ve tip Ogrencilerine klinik  goriintiileme
prosediirlerine iliskin temel bir bilgi ve anlayis saglanmasi
esastir. Tip pratisyenleri, hasta sonuclarini iyilestirmede
kullanimlarini optimize etmek igin bu teknolojilerin degerlerini,
prosediirlerini,  endikasyonlarmi, faydalarini ve ayrica
kontrendikasyonlarini ve mali sonuglarin1 anlamalidir (Pascual,
Chhem, Wang, & Vujnovic, 2011). Radyolojik goriintiilleme
onemli degisikliklere ugramis olsa da bu degisiklikler hala tip
fakiiltesi lisans miifredatina tam olarak dahil edilmemis ve
uygulanmamistir. Radyolojik ve NM egitimi, tip fakiiltesi
miifredatinda “temel” bir konu degil, klinik modalitelere ek veya
yardimct bir konu olarak kabul edilmektedir. 77 Avrupa
iilkesinden olusan bir calismada, Lass ve Scheffler, lisans
egitiminin klinik modiillerden birine entegre edildigi ve bazi
durumlarda Klinik fizyolojide sunuldugu, iilkeler arasinda
niikleer tip lisans Ogretiminde yiiksek diizeyde farkliliklar
oldugunu bildirmistir (Lass & Scheffler, 2003). Benzer sekilde,
Avrupa Radyoloji Dernegi (ESR) tarafindan ESR Egitim
Komitesinin 38 ulusal delegesine dagitilan lisans Ogretimi
uzerine bir elektronik anketi kullanarak, Kourdioukova ve
digerleri miifredat igerigi ve dgretim yontemlerinde ¢ok sayida
farklilik oldugunu ortaya ¢ikarmustir (Kourdioukova, Valcke,
Derese, & Verstraete, 2011). Ayrica, Moloney ve arkadaslari, tip
ogrencilerinin ABD'deki son tip yili boyunca radyolojik
arastirma talep etme bilgilerinde minimal bir gelisme oldugunu
bildirmistir ve bu, klinik ortamda nispeten kisa bir dgrenme
stiresine baglanmistir (Moloney, ve digerleri, 2017). Moloney ve
meslektaglar1 ayrica, egitim ve uygunluga verilen Onemin

radyoloji hizmetlerinin kullaniminda bir gelisme
saglayabilecegini ve hasta bakimimi iyilestirebilecegini
Onermislerdir.

Bu arastirmanin amaci Saglik hizmetleri meslek yiiksek
okulu Niikleer Tip programina kayith Onlisans &grencilerinin
uygulamada kullanilan radyofarmasétikler ve calisma ilkeleri
iizerine bilgi diizeylerinin degerlendirilmesidir. Bu amagla farkli
hastanelerde niikleer tip ve pet ct initelerinde staj yapan
ogrencilerin radyasyon okur-yazarhigmin degerlendirilmesi
hedeflenmistir. Bu amag¢ dogrultusunda asagidaki sorulara cevap
aranacaktir:

1. Staj yaptigimiz klinikte en sik kullandiginiz radyoaktivite
hakkindaki goriisiiniiz nedir?
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2.Uygulama yaptiginiz klinikte radyasyondan korunma ile
ilgili alinan tedbirler hakkinda diisiinceniz nedir?

3. PET-BT de ugulanan radyofarmasdtiklerle c¢aligirken
nelere dikkat ediyorsunuz?

4. Yiksek dozla calisilan radyofarmasotikler hangileri?
Dikkat edilen kriterler nelerdir?

5. Radyasyonla yapilan tedavilerde hasta ve yakinlarina

2. Materyal ve Metot

Aragtirmada nitel arastirma tekniginden yararlanilmistir.
Caligmada amagli Ornekleme yontemi kullanilmistir. Bazi
durumlarda orneklem evrenin 6zellikleri hakkindaki bilgiye
dayanilarak ve arastirmanin amacina gore secili. Bu tip
orneklemeye amacsal 6rnekleme adi verilir (Turhanoglu-Kogak,
Sugur, Gong-Savran, & Cetin, 2013, s. 156). Amach
orneklemede Ornekleme secilen kisilerin ya da objelerin
aragtirmacinin amaglarina en uygun yaniti verebilecek birey ve
objeler arasindan seg¢ilmesi amaglanmir. Amacglh ¢alisma grubuna
secim kriteri olarak, palyatif bakim verenlerden arastirmaya
goniillii katilmak istemeleri dikkate alinmistir. Calisma grubuna
6 devlet, 3 Ozel, 2 vakif hastanesi ve 1 goriintiileme merkezinde
olmak {iizere toplamda 13 kisiden olugmaktadir. Arastirmaya
katilanlarin 12’si (% 92) erkek ve 1’1 (% 8) kadindir.

Caligmada veri toplama yontemi olarak yari yapilandirilmis
goriisme  tekniginden yararlanilmistir.  Yari  yapilandirilmis
goriismede goériisme formunun yarist yapilandirilmis yarisi
yapilandirtlmamis bir bigimde hazirlanir. Goériismecinin goriisme
esnasinda verecegi tepkilere dayali olarak acik uglu gériisme
formu esnek bir bigimde hazirlanmig olur (Aypay, ve digerleri,
2014, s. 151). Katilimcilardan elde edilen veriler yari
yapilandirilmig formlara yazili olarak alinmigtir. Her bir veri
formuna numara verilmistir.

Nitel aragtirmada gegerlilik ve giivenirligi temin etmek i¢in
seffaf bir prosediir olusturmak (bir baska arastirmacinin ne
yapildigin1 bilmesi ve kontrol edebilmesi), ifade edilebilir olmak

(hem katilimcilar hem de onlar1 kullanmak isteyen diger
aragtirmacilar  i¢in kategoriler olusturmak) ve tutarlilik
(kategoriler es zamanli olarak tutarli olmali ve bireysel
farkliliklar1 ve kiiltiirdeki gergek tutarsizliklart yansitmali) gibi
ozellikler g6z 6niinde bulundurulmalidir (Rubin & Rubin, 1995).
Kullanilan goriigme formunun gecerliligini temin etmek igin
alaninda uzman altt Ogretim  iiyesinin  goriislerinden
faydalanilmis ve Ogretim iiyelerinin goriisleri dikkate alinarak
yart yapilandirilmis goriisme formu olusturulmustur. Pilot
uygulamalar yapildiktan sonra alinan tiim bu sonuglara gore
gorigsme formlart uygulama i¢in uygun hale getirilmistir.
Niikleer T1p Ogrencileri ile yapilan goriismelerde veri toplamak
i¢in aragtirmanin amacinin ve nasil yliriitileceginin agik bir
sekilde belirtildigi yazili goriisme formu kullanilmis olup
uygulamalar yaklasik 30-35 dakika almistir. Arastirmaya 15
Niikleer T1p Ogrencisi katilmis olup bunlar arasindan 13’iinden
elde edilen veriler degerlendirmeye alimmustir. Katilimcilarin
kimliklerinin sakli kalacagi dnemle vurgulanmistir

Verilerin analizinde icerik analizi teknigi kullanilmustir.
Icerik analizi uygulanirken goz éniinde bulundurulmas: gereken
prensiplerden biri analiz kategorilerinin agik ve kesin bir sekilde
belirtilmesidir. Kodlama yapilirken arastirmanin amaci ve
gorisme sorulart dikkate alimmistir (Creswell, 2013, s. 232). Bu
calismada ilgili literatiir gz 6nlinde bulundurularak elde edilen
goriisler 151¢inda, katilimcilarin Radyoaktivite Bilgi Durumu,
Radyasyon Korunma Tedbirleri, Pet CT’de Korunma Onlemi,
Yiiksek Doz Kriteri ve Hasta ve Yakinlara Oneriler olmak {izere
5 tema belirlenmistir. Daha sonra bu temalar kategorilere
ayrilmis, bu kategoriler ile ilgili katilimc1 goriislerine tablolarda
yer verilmigtir.

3. Arastirma Sonuclari ve Tartisma

Niikleer T1ip Ogrencilerin kendi gboriislerinden elde edilen
verilere gore 5 tema belirlenmistir (Radyoaktivite Bilgi Durumu,
Radyasyon Korunma Tedbirleri, Pet CT Onlemi, Yiiksek Doz
Kriteri ve Hasta ve Yakinlara Oneriler). Bu bes tema daha sonra
kategorilere ayrilmistir. Her bir kategori ile ilgili goriislere yer
verilmistir. Temalar, temalarla ilgili kategoriler, kategorilere
iliskin goriis bildiren bakimverenlerin 6rnek goriisleri, tablo 1 de
ayrmtili olarak verilmistir.

Tablo 1. Radyoaktivite Bilgi Durumu Temast, kategoriler ve 6rnek goriisler (Table 1. Radioactivity Facts Theme, categories and
sample comments)

Temalar Kategori

Ornek Goriisler

“Tc 99 jeneratdr her hafta geliyor. Kullanimi kolay gérintiisii iyi oldugu i¢in en
cok tercih edilen radyoaktivite....” (O11)
“Tc 99 yar1 hazir radyoaktivite kullaniliyor. Hem ucuz hem goriintii kalitesi

Tegg  Viksek” (O13)

“En ¢ok kullanilan radyoaktif madde Tecnesium 99 kullaniliyor. Goriintiileme
net oldugu i¢in tercih edildigini diisiiniiyorum. Devlet hastanesinde Tc99 tercih

Radyoaktivite ediliyor.” (O1)
Bilgi
Durumu

“Niikleer tipta Tc 99 kullaniliyor. yarilanma émrii en kisa radyoaktif madde...
kullanimi kolay,ucuz ve goriintii kalitesi yiiksek” (O5)

“Pet Ct’de uygulama yapryorum. En fazla flor 18 kullaniyoruz. Haftada 1 veya
2 kez galyum 68 kullaniliyor.” (O2)

Pet Ct

“Pet Ct’de uygulama yapryorum. En fazla flor 18 kullaniyoruz. Niikleer tipta Tc

99 kullaniliyor. Muhtemelen diger radyoaktif maddelere gore daha
ucuz...goriintiilemeside iyi” (03)
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Radyoaktivite Bilgi Durumu Temasi igerisinde “Tc 99” ve
“Pet Ct” alt temalar1 yer almaktadir.

Devlet, 6zel hastaneler ile goriintiileme merkezindeki tip
ogrencileri; en ¢ok kullanilan radyoaktif madde Tecnesium 99
kullanildigimi  belirtmektedir. Bunun nedeni olarak da
goriintiileme net oldugu i¢in tercih edildigini ifade etmektedirler.
Diger yandan devlet hastanelerinde Tc99 ikiside aym
radyoniiklid tercih edildigini ifade ediyorlar (01, 04, 05, 06,

010) ve genel olarak memnun olduklarini ve kullaniminin kolay
oldugunu belirten (O11) niikleer tip teknikerleri dgrencileridir.
Diger bir ifade ile dikkate deger cevaplar memnuniyet yoniinde
oldugudur. Vakif hastanelerinde ise Pet Ct ile islem yapildigim
belirten (02, O3) niikeeer tip teknikerleri dgrencileridir. Genel
olarak tim Ogrencilerin uygulama yaptiklari, Radyoaktivite
konusunda bilgilerinin oldugu goriilmektedir. Radyasyon
Korunma Tedbirleri Temasi igerisinde “Kurumsal Tedbir” ve

Tablo 2 . Radyasyon Korunma

“Kisisel Tedbir” alt temalar1 yer almaktadir.

Tedbirleri Temas, kategoriler ve 6rnek goriisler (Table 2. Radiation Protection Measures Theme,
categories and sample comments)

Temalar Kategori) Ornek Goriisler
“Dozimetreler diizgiin takip ediliyor. Radyasyonla ilgili uyarici tabelalar var.
Hamileler igin...bir de havalandirmalar galisiyor siirekli” (O1)
Kurumsal ~ “Kursun kapli kabin, koruyucu ekipmanlar yeteri sayida var” (03)
Tedbir “Fiziksel tedbirler duvar ve kapilarin kursun olmasi, havalandirma olmasi, nem
dlger olmas1.” (O8)
“fiziksel tedbirler duvar ve kapilarin kursun olmasi, havalandirma olmasi, nem
olger olmas1” (09)
Radyasyon “kisisel korunma onlemi ¢alisanlarin aldig1 6nlemler kursun yelek, troid koruyucu
Korunma v.s dikkat kullanimi, zaman mesafe zirhlama korunma énlemlerinn alinmasi gibi”
Tedbirleri (oY)
.. kisisel korunma 6nlemi ¢alisanlarin aldigi 6nlemler kursun yelek, troid
Kigisel . ’ ey
Tedbir koruyucularin kullanilmasi kullanimi, zaman mesafeye dikkat edilmesi” (O8)

“kursun yelek, troid koruyucu v.s dikkat kullanimi, zaman mesafe zirhlama
korunma dnlemlerinn alinmasi gibi. Alara prensibine uygun ¢alisiimasi” (09)
“Kisisel dnlem olarak koruyucu onliikler ve troid koruyucuar kullaniliyor. Zaman
mesafe ve zirhlama 6nlemlerinin yanisira ALARA prensibine dikkat ediliyor”
(012)

Tip 6grencileri; Niikleer tip teknikleri dgrencileri; en ¢ok
kurumsal tedbirler konusunda agirlikli olarak duvar ve kapilarin
kursun olmasi, havalandirma olmasi, nem Olger olmasini
belirtmislerdir (01, 03, 08, 09, O7) kisisel tedbir olarak ise
kursun yelek, troid koruyucu v.s dikkat kullanimi, zaman mesafe
zithlama korunma Onlemlerin alinmasinin yani sira ALARA
prensibine dikkat edilmesini belirtmislerdir (07, 08, 09, 012).
Ancak tedbirler konusuna emin olmadig: belirten &grencilerin

olmas1 dikkat cekici olmustur (02, 06). Bu 6grenciler vakif
hastanesi ve 0Ozel hastanede calisan kisilerden olusmaktadir.
Genel olarak tiim 6grencilerin hem kisisel hem de kurumsal
tedbirleri  bildikleri ve gerekli kurallara riayet ettikleri
sOylenebilir.

Pet CT Onlemi Temas: igerisinde “Kursun Yelek” ve
“Zaman ve Mesafe” alt temalar1 yer almaktadir.

Tablo 3. Pet-CT Onlemi Temast, kategoriler ve 6rnek gériisler (Tabie 3. Pet-CT Precaution Theme, categories and sample

reviews)

Temalar  Kategori)

Ornek Goriisler

Kursun
Yelek

PetCT

“Pette kullanilan radyofarmasdtikler niikleer tibba gére daha ¢ok 1sin yayiyor. En
¢ok F18 kullaniyoruz. Hastalara hastaligini1 511 kv enerji yaydigi i¢in kursun yelek
etkili olmuyor” (O1)

“Flor 18 yiiksek aktivite oldugu i¢in kursun 6nliik korumuyor hareket kisitliligi
yaratt1g1 icin giymiyoruz” (03)

“511 kev enrjisi olan F18 ile ¢alistigimiz i¢in kursun yelek ige yaramiyor o nedenle
giymiyoruz.” (07)

“511 kev enrjisi olan F18 ile ¢calistigimiz i¢in kursun yelek ise yaramiyor o nedenle
giymiyoruz” (09)

Onlemi

Zaman ve
Mesafe

«Zaman ve mesafeye dikkat ediyoruz” (01)

“Genellikle zaman ve mesafeye dikkat ediyoruz. Ilk 1 saat i¢inde hastadan uzak
durmaya ¢ahistyoruz” (02)

“Hizl1 hareket etmek gerekiyor. En kisa siirede uygulamak gerekiyor” (O3)
“Galyum 68 yiiksek doz, 6zel hazirlanmasi gerekiyor. Zaman ve mesafeye dikkat
etmek gerekiyor” (05)

“Genellikle zaman ve mesafeye dikkat ediyoruz. ilk 1 saat iginde hastadan uzak
durmaya calistyoruz” (06)
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Tip Ogrencileri; en ¢ok kursun yelek konusunda
hareketlerini yavaglattigini o yiizden ise yaramadigimi ifade
ediyorlar. Bunun nedeni olarak ta 511 kev enerjisi olan F18 ile
caligtiklarin1 beyan ediyorlar (01, 03, 07, 09). Diger yandan
zaman mesafenin énemine vurgu yaparak hizli hareket edip
radyoaktif madde hazirlama ve uygulama islerini hizli yaparak
stireyi kisaltmamiz gerekiyor. O nedenle kursun yelek
hareketimizi yavaglatiyor. Cekim sirasinda hasta ile mesafeye

dikkat ediyoruz ifadelerini kullanmislardir (Ol, 02, 03, 05,
06). Genel olarak tiim o&grencilerin Pet CT uygulamasinin
6zelliginde Flor 18 yiiksek aktivite oldugu ve Galyum 68 yiiksek
doz oldugu i¢in 6zel hazirlanmas: gerektigini ifade ettikleri bu
yiizden kursun yelegin agir ve ise yaramadigini onun yerine hizl
hareket konusunda hem fikir olduklar1 goriilmektedir.Yiiksek
Doz Kriteri Temasi igerisinde “Myocard sintigrafisi” ve kemik
sintigrafi” alt temalar1 yer almaktadir.

Tablo 4. Yiiksek Doz Kriteri Temasi, kategoriler ve 6rnek goriisler (Table 4. High Dose Criteria Theme, categories and sample

comments)
Kategori
Temalar  ve Goriis Ornek Goriisler
Sayist (N)
“Niikleer tipta en ¢ok mibi ile myocard sintigrafisi ve” (O1)
“En yliksek doz myokard sintigrafisi ¢linkii hem rest hem stres uygulamasinda 2 ayr1
Myocard  doz kullanilmaktadir.” (O4)
sintigrafisi  “Myokard sintigrafisi yiikek doz.” (06)
“En yiiksek doz myokard sintigrafisi ¢ilinkii iki sekilde uygulama gerekiyor ve dozlar
artryor” (O5)
Yiiksek “Kemk sintigarfisi yiiksek doz” (010)
Doz “Yiiksek doz, kemik sintigrafisi” (04)
Kriteri “Kemik sintigrafisi yiiksek doz, pet ct de staj yaptigimda ise galyum ve flor 18
kemik ~ Yiksekdoz”(03) - o o
sintigrafi “kemik sintigrafileri yiiksek aktivite ile ¢alisiliyor. Bu sintigariflerde kursun

yeleklerimizi giymemiz oldukca énemli” (09)

“kemik sintigrafileri yiiksek aktivite ile ¢alisiliyor. Bu_sintigariflerde kursun

yeleklerimizi giymemiz oldukc¢a dnemli...kemik sintigrafisi de yiiksek dozla
calisihiyor hasta fazla ise dahada dikkatli olmak gerekiyor” (07)

Niikleer Tip teknikleri programi 6grencileri; yiiksek doz
kriteri temasinda en ¢ok Myocard sintigrafisi oldugunu beyan
ediyorlar (01, 04, 05, 06, 07, O13). Diger yandan kemik
sintigrafileri yiiksek aktivite ile calisiliyor. Bu sintigariflerde
kursun yeleklerimizi giymemiz olduk¢a 6nemli kriter oldugunu
ifade etmislerdir (07, O8, 09). Genel olarak tiim dgrencilerin
Myocard ve kemik sintigrafileri yiiksek aktivite ile calistigi
konusunda hem fikir olduklar1 goriilmektedir. Ancak sadece 3

ogrenci dikkat edilmesi gereken kriter hakkinda kursun yelek
giyilmesin, diger geri kalan ¢ogunlugun (10 6grenci) bu konuda
bilgi sahibi olmadig1 gériilmektedir.

Hasta ve Yakinlara Oneriler Temas: icerisinde “Odalarin
Ayr1 Olmasr”, “Farklih WC kullanimi”, “Toplu tasimaya
binmemesi” ve “Kursun Odada Bekletme” alt temalar1 yer
almaktadir.

Tablo 5. Hasta ve Yakinlara Oneriler Temasi, kategoriler ve drnek goriisler (Table 5. Recommendations to Patients and Relatives
Theme, categories and sample comments)

Kategori
Temalar ve Gorlis Ornek Goriisler
Sayist (N)
“Hasta yakinlarina ve hastalara odalarmin ayri olmas gerektigi” (O1)
Odalarin v g8
Hastanin ayr1 odalarda tutulmasi..” (O4)
Ay « ) o
Olmasi Hastaya yaklagilmamasi ve temas edilmemesi oneriliyor.” (O5)
“Hastadan uzak durmasi konusunda uyariliyor” (O6)
Farkli WC  “Miimkiinsa farkli wc kullanilmasi énerildi” (O1)
kullammi 10 giin ayr1 evde ve ayr1 WC kullanilmasi gerektigi sdyleniyor” (04)
Hasta ve “Tedavi sonrasi toplu tagimaya binmemesi ve hamile ve ¢ocuklardan ayr1 tutulmasi
Toplu o . . v
Yakinlara gerektigi konusunda bilgilendirme yapiliyor.” (O5)
- . tasimaya b . . AU . ..
Oneriler - . “Hasta yakinina toplu tasimaya binmemeleri gerktigi sdyleniyor. Halk maruziyeti
binmemesi o . s
konusunda bilgilendirme yapiliyor..” (O7)
“Iyot 131 tedavisi yapiliyor. Hiper troidi tedavileri ayaktan yapiliyor. Uygulama
Kursun sonrast hasta 30-50 dk kursun odada bekletiliyor sonrasinda evine gonderiliyor.”
Odada  (07)
Bekletme  “Uygulama sonrasi hasta 30-50 dk kursun odada bekletiliyor sonrasinda evine

gonderiliyor” (09)
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Niikleer Tip teknikleri programi ogrencileri; Hasta ve
Yakmlara Oneriler Temasi igerisinde Odalarin Ayri Olmasi
gerektigini (O1, 04, 05, 06), Farklh WC kullanimi olmas1
gerektigini (O1, O4), Toplu tasimaya binmemesi gerektigini (O3,
07 ve Kursun Odada Bekletilmesi gerektigini (07, O19) ifade
etmiglerdir. Genel olarak farkli 6grencilerin hasta ve yakinlarina
onerileri oldugu goriilmektedir. En 6nemli oneri ise ayr1 odada
kalmalar1 oldugu goriilmektedir.

4. Sonug

Bu cahigmada Nikleer Tip Ogrencilerinin uygulamada
kullanilan radyofarmasdtikler ve caligma ilkeleri iizerine bilgi
diizeylerinin incelenmesiyle ilgili olarak niikler tip okur yazarlig
algisina doniik olan diigiinceler incelenmeye caligilmigtir. Buna
gore su sonuglara ulagilmigtir.

Radyoaktivite konusunda bilgilerinin oldugu goriilmektedir.
Ogrencilerin hem kisisel hem de kurumsal tedbirleri bildikleri ve
gerekli kurallara riayet etmektedir. Tiim &grencilerin Pet CT
uygulamasinin ozelliginde Flor 18 yiiksek aktivite oldugu ve
Galyum 68 yiiksek doz oldugu icin 6zel hazirlanmasi gerektigini
ifade ettikleri bu yilizden kursun yelegin agir ve ise yaramadigini
omun yerine hizli hareket konusunda hem fikir olduklar
goriilmektedir. Tim Ogrencilerin Myocard ve kemik
sintigrafileri yiiksek aktivite ile ¢alistigi konusunda hem fikir
olduklar1 goriilmektedir. Ancak sadece 3 dgrenci dikkat edilmesi
gereken kriter hakkinda kursun yelek giyilmesini, diger geri
kalan ¢ogunlugun (10 6grenci) bu konuda bilgi sahibi olmadigi
goriilmektedir.

Radyasyonla yapilan tedavilerde hasta ve yakinlarina,
ogrencilerin farkli dnerileri oldugu goriilmektedir. En 6nemli
oOneri ise ayr1 odada kalmalari, ayr1 WC kullanmalari, ayr1 yemek
yemeleri ve toplu tasima kullanmamalar1 oldugu goériilmektedir.

Tirkiye’de SHMYO Tibbi Goriintilleme, Radyoterapi ve
Niikleer Tip programlarinda Ogrenim goren  Onlisans
ogrencilerinin ~ radyasyon  okur-yazarliginin  &grenimini
gelistirmek i¢in uygulanabilir Oneriler asagidadir:

1. Tirkiye’de sahada radyasyon gorevlisi sayilmayan,
saglik bilimlerinde diger saglik alanlarinda 6grenim
goren (hemgsire, ebe, fizyoterapist ve diger saglk
ogrencileri) lisans egitiminde radyasyonla
(iyonize/iyonize olmayan) ilgili egitimlerin verilmesi
diger saglik ogrencilerinin de dogru bilgiye sahip
olmalari agisindan 6nemlidir. Bu konudaki yanlis ya da
eksik bilgi saglik calisanlar1 arasinda gereksiz korku
veya kaygilara neden olmaktadir. Bazi durumlarda ise
tam tersi olabilmekte, radyasyon konusunda oldukca
rahat davranis sergileyebilmektedir. Bu nedenle saglik
egitiminde  diger Ogrencilerinde  dahil  oldugu
radyasyonla ilgili tetkikler, calisma prosediirleri gibi
bir¢cok konuda bilgi sahibi olmalar i¢in egitimde birlik
olusturulabilir. Boyle bir ¢aligma, lilkedeki ¢esitli saglik
bilimleri 6grencilerinin, egitimcilerinin, miifredat
planlayicilarinin ve dekanlarinin bakis acilar1 elde
edilebilir. Yapilan tavsiyeler, iilke capinda kilavuz
ilkelerin gelistirilmesi konusunda bilgi verebilir.

2. Tirkiye’de saglik egitiminde radyasyon konusunda
Ogrenme ve korunma konusunda iilke capinda

e-1SSN: 2148-2683

yonergeler gelistirilebilir. Universite
programlarina konulabilir

3. Niikleer Tip Ogrencileri igin Vaka Tabanli Ogrenme
modiilleri gelistirilmelidir. Gelistirilen modiller tip
Ogretimi miifredatina entegrasyonu saglanabilir. Tip
ogrencileri i¢in niikleer tip konusunda etkilesimli bir

sekilde 6grenme firsat1 saglayabilir.

egitim

5. TesekKkiir

Caligmada fikir olarak destek veren
arkadaslarima tesekkiir ederim.

tim ¢alisma
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Abstract

In this work, a new organic carbazole-based donor—n—acceptor (D—n—A) sensitizer, C3, comprising carbazole core as an electron donor,
phenyl units as a n-conjugated bridge, and fluoro groups as an electron acceptor, has been synthesized and used for dye at ZnO based
dye-sensitized solar cells (DSSCs). 3,6-di(2,4-difluorophenyl)-N-octyl carbazole (C3) was synthesized with halogenation and alkylation
reaction and Suzuki-Miyaura cross-coupling reaction with good yields. Synthesized C3 sensitizer was characterized by FT-IR, 'H NMR,
and *C NMR. In addition, the optical (UV-Vis and fluorescence) and thermogravimetric properties of this compound were investigated.
The hydrothermally synthesized ZnO nanopowder crystal structure was scrutinized by X-ray diffraction spectroscopy (XRD) and
determined to belong to a hexagonal wurtzite structure. Scanning electron microscopy (SEM) images have shown that ZnO nanopowder
has a highly dense and uniform leafy-like morphology. ZnO-based DSSC devices were fabricated using C3 and N719. The power
conversion efficiencies (PCE) and open circuit photovoltage (V) of metal-free organic dye (C3), ruthenium dye (N719) and mixture
dye (C3-N719) was measured 0.006% - 0.28 V, 0.461% - 0.44 V and 0.893% - 0.53 V respectively. Because of the increasing efficiency
of N719-based DSSCs with C3, it was determined that C3 reduced dye aggregation so it could be used as a co-sensitizer.

Keywords: Carbazole, Suzuki-Miyaura Cross-Coupling Reaction, Organic Semiconductor, DSSC.

Karbazol Temelli (D-n—A) Duyarlastirici: Sentezi, Karakterizasyonu
ve DSSC Uygulamasi

Oz

Bu caligmada, elektron dondrii olarak karbazol ¢ekirdegi, n-konjuge koprii olarak fenil birimleri ve elektron alicisi olarak flor gruplarini
iceren yeni bir organik karbazol bazli donor-n-alici (D—-n—A) duyarlastirict bilesik C3 sentezlenmis olup, ZnO bazli boya duyarl: giines
pillerinde (DSSC'ler) boya olarak kullamlmstir. 3,6-di(2,4-diflorofenil)-N-oktil karbazol (C3), ilk olarak halojenasyon ve alkilasyon
reaksiyonu ve ikinci olarak Suzuki-Miyaura capraz kenetlenme reaksiyonu ile iyi verimlerle sentezlenmistir. Sentezlenen C3
duyarlastiric, FT-IR, 'H NMR ve ¥C NMR ile Kkarakterize edilmistir. Ayrica bu bilesigin optik (UV-Vis ve floresans) ve
termogravimetrik 6zellikleri incelenmistir. Hidrotermal yontemlerle sentezlenen ZnO nanotozlarinin kristal yapist X-1s1m1 kirinim
spektrokopi (XRD) yontemiyle incelenmistir ve hekzagonal wurtzite yapiya sahip olduklari belirlenmistir. Taramali electron mikrokobu
(SEM) goriintiileri ZnO nanotozlarin olduk¢a yogun ve diinglin yapraksi bir yapiya sahip olduklarini gdstermistir. C3 ve N719
kullanilarak ZnO tabanli DSSC cihazlarmin fabrikasyonu yapilmistir. Metal igermeyen organik (C3), rutenyum (N719) ve karigim
duyarlastiricilarinin (C3-N719) gii¢ doniisiim verimleri (PCE) ve agik devre fotovoltajlart (Vc) sirastyla %60,006-0,28, %0.461-0.44 ve
%0.893-0.53 olarak ol¢iilmiistiir. N719 bazli DSSC'lerin C3 ile artan verimi nedeniyle, C3'iin boya kiimelesmesini azalttig1 ve boylece
yardimci duyarlastirict olarak kullanilabilecegi belirlenmistir.

Anahtar Kelimeler: Karbazol, Suzuki-Miyaura Capraz Kenetlenme Reaksiyonu, Organik Yariiletken, DSSC.
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1. Introduction

The design and synthesis of organic electronic molecules
have played an important role in the effectiveness of many
optoelectronic materials (Mullekom et al., 2011) such as organic
photovoltaics (OPV) (Hirade et al., 2013; Mishra & Bauerle,
2012), dye-sensitized solar cells (DSSC) (Barea et al., 2010;
Kumar et al., 2014; Srinivas et al., 2009), organic thin-film
transistors (OTFT) (Han et al., 2015), organic light-emitting
diodes (OLEDs) (Cias & Slugovce, 2011). Increasing demand for
environmentally friendly energy sources has increased the interest
in solar energy conversion devices. Since the realization of dye-
sensitized solar cells (DSSCs) by Regan and Gritzel (O’regan &
Gritzel, 1991), DSSCs have come to the fore as competitor
alternatives compared to conventional silicon-based photovoltaic
devices (Golgalves et al., 2008) due to their relatively high
performance, low production costs (Gritzel, 2009; Giines &
Sariciftci, 2008) and simple manufacturing procedures (Gritzel,
2001).

The metal-free organic dyes having push-pull skeletons have
gained importance due to their low cost (Yang et al., 2011), easy
synthesis (Cui et al., 2011; Pushkara & Jen, 1994), and ease of
structural modifications (Giribabu, et al., 2012) as well as their
semiconductor properties and excellent thermal properties
(Zhang, et al., 2009). These push-pull compounds have a donor-
n-acceptor (D-n-A) structure and all parts of the compound have
an important role in the determination of photovoltaic
performance in DSSC (Patil, et al., 2018; Shen et al., 2011; Yang,
et al.,, 2015). Many studies have modified the donor group to
improve the power conversion efficiency (PCE) of DSSCs
(Fischer et al., 2010; Kadam, Patil & Sekar, 2018). Carbazole (Lin
et al., 2008; Marotta et al., 2013), coumarin (Hara et al., 2001),
anthracene (Huang et al., 2011), cyanine (Ehret, Stuhl & Spitler,
2001), indole (Liu et al., 2014), triphenylamine (Wang et al.,
2014), a phenothiazine (Hua et al., 2013) and phenoxazine (Tan
et al., 2013) are among the donor groups in DSSCs. In addition,
when long-chain alkyl groups are attached to donor groups, both
dye aggregation can be reduced (Liu et al., 2012) and the electron-
donating ability of donors can be increased (Namuangruk et al.,
2012). The modification of carbazoles through the 2,7-positions
provides an extension of m-conjugation, while the modification
through the 3,6- positions boosts the electron donor ability
(Zassowski et al., 2017). Carbazole, which is used as a donor
group in molecules with a D-nt-A structure, attracts attention as an
important component of organic materials for multiple
optoelectronic  applications (Karon & Lapkowski, 2015);
Sathiyan et al., 2016). Electron-rich carbazole groups are widely
used in the design of electroactive compounds (OTFTs [7],
OLEDs (Su, Cai & Kido, 2011), and organic solar cells (Heredia
etal., 2010; Lu et al., 2012; Tu et al., 2010) due to their excellent
photoconductivity, luminescence (Thomas et al., 2001) strong
intramolecular electron transfer and hole-carrying properties
(Gupta et al., 2011), effective charge transfer, good thermal
stability, high triple energy, glass formation capability, emission
efficiencies (Dierschke, Grimsdale & Muellen, 2013). Carbazole
derivatives can be easily modified at 3-, 6- and 9-positions
(Kadam, Patil & Sekar, 2018). Carbazole's blue
photoluminescence is not affected by the alkyl groups at the —-N
position (Zhang, Fujiki & Tang, 2002; Zheng et al., 2002).
Transition metal-mediated crosslinking, ie. Suzuki-Miyaura, is a
powerful method for the formation of C-C bonds such as Hiyama,
Stille, Heck, Negishi, Kumada, and Sonogashira reactions. These
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commonly used methods have practical synthetic ways for direct
formation of the C-C bond in coordination chemistry, catalysis,
polymer synthesis, material science, and biological, medical, and
supramolecular chemistry.

Metal oxides such as ZnO, SnO,, and Nb,Os are also used as
porous semiconductors instead of the TiO, semiconductor, which
is mostly used in DSSCs (Fukai et al., 2007; Memarian et al.,
2011; Sayama, Sugihara & Arakawa, 1998; Wang et al., 2004;
Zhang et al., 2010). Although its electronic structure is very
similar to TiO,, the ZnO semiconductor, which has higher
electron mobility and potentially faster kinetics (Quintana et al.,
2007), has become prominent due to its lighter weight, lower cost,
and ease of synthesis in various sizes and morphologies (Anta,
Guillen & Tena-Zaera, 2012; Li et al., 2012; Vayssieres, 2003;
Zhang & Cao, 2011). However, the use of ZnO in DSSCs results
in a relatively low open-circuit voltage (Vo) and fill factor (FF)
(Keis et al., 2000; Westermark et al., 2002). The main reason for
this disadvantage is that many commercially available Ru-based
dyes form aggregates rather than single layers on the ZnO surface
(Chou, Zhang & Cao, 2007). A lot of work has been done to solve
many of these problems and advance to ZnO-based DSSC device
performance, such as designing core-shell structures to suppress
electron-hole recombination, increasing the surface area, and
improving oxide-dye binding (Kang et al., 2007; Law et al.,
2006).

DSSC is a device that absorbs light from the sun with a layer
of organic molecules and converts it directly into electrical
energy. For the first time in 1991, DSSCs were developed by
O'regan and Gritzel, a new technology emerged that left the
fashion of silicon technology behind (O’regan & Grétzel, 1991).
Dye sensitizer, one of the main components of DSSCs, absorbs
sunlight and plays a significant role in solar energy conversion
efficiency. In addition, the energy range of the dye used must be
compatible with metal oxide films. Ruthenium polypyridine-type
sensitizers have an effective efficiency of greater than 11%.
However, ruthenium dye-based DSSCs suffer from the limitation
of ruthenium sources and some environmental issues. In recent
studies, many works have been conducted on the synthesis of new
organic dyes as sensitizers in DSSCs. Molecules with donor-m-
acceptor (D-mn-A) structure were synthesized and these molecules
were provided to have inter-molecular load transfer structures
after absorbing light. Organic dyes/sensitizers have recently
gained popularity and have replaced metal-based dyes due to their
high absorbance values, easy structural design, and low cost
compared to the expensive Ru metal. (Li et al., 2008).

The fluorine atom can improve electron mobility and the
ability to adjust molecular energy levels (lower the LUMO level)
(Chen et al., 2010; Cho et al., 2014; Pack et al., 2012; Roy et al.,
2017). The small atomic radius of the fluorine atom and its high
electronegativity makes it possible to use fluorine group-
containing molecules as efficient light-collecting materials in
DSSCs (Ashraf et al., 2020; Yu et al., 2013). The presence of
fluorine groups on the aromatic ring in a molecule plays an
effective role in the formation of more efficient photosensitizers
for DSSCs (Ashraf et al., 2020). It is known that with the increase
of fluorine groups in a molecule, the efficiency of conversion
from the sun to electricity is also increased (Huang et al., 2013).
T. Siodla et al., in their study in 2014 (Siodla et al., 2014), showed
that the resonance effect of -F and -CF3 groups in the phenyl ring
can shorten the lengths of C-F bonds. According to this study, as
a result of the calculations, it was found that the C-F bond length
of these substituents in the para position tended to decrease and
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the resonance increased twice. In addition, it is seen in the
literature that compounds with at least one carbazole derivative
attached to the benzene ring and at least one electron-withdrawing
group in the ortho position are more easily conjugated with the
substituents on the benzene ring (Chang 2010) (Kremser et al.,
2008). Therefore, within this scope mentioned above, the
presence of fluorine groups in the ortho and para positions is
thought to play an important role in the observed efficiency value
in the present compared to the previous study (Siodla et al., 2014;
Kremser et al., 2008; Derince, Gorgun, Caglar & Caglar, 2022).

Herein, we report the carbazole derivatives characterized by
FT-IR, 'H NMR, and *C NMR. Optical and thermogravimetric
properties of the newly synthesized carbazole-based sensitizer
(C3) were determined using UV-Vis, fluorescence spectroscopic
and TGA-DTA analysis methods. The target compound (C3) was
used as a dye in the ZnO-based DSSC. Photovoltaic parameters
of ZnO-DSSCs were determined from current-voltage
measurements. As far as authors are concerned, a similar structure
has not been done so far in the literature. Therefore, the present
study introduces how this newly synthesized carbazole-based
sensitizer (C3) affects the cell performance of ZnO-based DSSCs
in the literature for the first time.

2. Material and Method

2.1. Chemicals

All chemicals and solvents were used HPLC grade purity
purchase from Sigma Aldrich (Turkey) or used purified by
standard procedures. In addition, Milli-Q grade water (18.2 MQ
cm) was used for all experiments.

2.2. Synthesis
2.1.1. Synthesis of 3,6-dibromo-9H-carbazole (C1)

Carbazole (1 eq.) and N-bromosuccinimide (2 eq.) were
dissolved in DMF at room temperature. The reaction mixture was
cooled to 0 °C, then stirred for 2h and poured into pure water.
After the filtration of the crude product, the solid recrystallized
from ethanol to afford 3,6-dibromo-9H-carbazole as pale yellow
crystals (Derince, Gorgun, Caglar & Caglar, 2022).

2.1.2. Synthesis of 3,6-dibromo-9-octyl-9H-carbazole
(2)

The reaction of 3,6-dibromo-9H-carbazole with 1-
bromooctane in DMSO under basic conditions (50% NaOH
solution) gave the 3,6-dibromo-N-octylcarbazole. The reaction
mixture was washed with diethyl ether and water. The white
product was purified with column chromatography using n-
hexane (Derince, Gorgun, Caglar & Caglar, 2022).

The data of the C1 and C2 molecules that we synthesized and
characterized, is given in our previous article (Derince, Gorgun,
Caglar & Caglar, 2022).

2.1.3. Synthesis of 3,6-bis(2,4-difluorophenyl)-9-octyl-
9H-carbazole (C3)

Reaction of Suzuki—Miyaura cross coupling (Miyaura, 2004) of
3,6-dibromo-N-octylcarbazole (1 eq.) with 2,4-difluorophenyl
boronic acid (2.2 eq.) catalyzed with Pd(PPh3)s (2%) and K>COs
(5.5 eq.) was carried out in a 2:1, DME/H,0, v/v solvent mixture.
The mixture was stirred at 80 °C for 5 h. After the crude product
was washed withdichloromethanee and water, the target product
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(C3) was obtained by purification with column chromatography
usingan n-hexdichloromethanetane (10:1) mixture. Molecular
Formula: C3HxF4N, MW: 503.57 g/mol, Yield: 65%, mp. 61-
63°C. FT-IR vmax (cm™"): 2926, 2856, 1606, 1594, 1480, 844, 799.
"H NMR (500 MHz, CDCls) (8 ppm): 8.29 (s, 2H, H4, H5), 7.66
(dt, 2H, J=8.48 Hz, “J=1.69 Hz, H5'), 7.55 (m, 2H, H2, H7), 7.50
(d, 2H, J=8.51 Hz, H6"), 6.96-7.06 (m, 4H, H1, H8, H3"), 4.34 (t,
2H, J=7.25 Hz), 1.94 (m, 2H), 1.24-1.53 (m, 10H), 0.93 (t, 3H,
J=6,97 Hz). 3C NMR (125 MHz, CDCls) (8§ ppm): 140.58,
131.66, 127.13, 126.02, 123.20, 121.24, 111.48, 108.85, 104.48,
43.17,31.87,29.50, 29.03, 27.27, 22.75, 14.23.

2.3. Fabrication of ZnO-DSSC

Firstly, fluorine-doped tin oxide (FTO) substrates were kept
in an ultrasonic acetone solution bath for 15 minutes to clean and
then rinsed with distilled water. They were dried at nitrogen
ambient. Hydrothermally sensitized ZnO nanopowder was used
as a photoanode. In the first step in the preparation of ZnO
photoanode, ZnO paste was formed by mixing ZnO nanopowders
with Triton-X 100 and acetylacetone. The obtained pastes were
then coated with FTO glass using the doctor-blade method. The
ZnO films were annealed for 1 h at 400 °C in air and then cooled
at room temperature. The electrodes were immersed in three
different dye solutions which are 0.5 mM N719 (ruthenizer 535
bis-TBA, Solaronix), 1.2 mM C3 dye, in a mixture of N719 and
C3 dye (Vn719:Vez=1:10) for 24 hours. Subsequently, it was fixed
with a Pt counter electrode using dye-loaded electrodes on the
FTO substrate to rm a sandwich-type DSSCs. Finally, iodine
solution [iodide/triiodide (I/1"%) (Iodolyte, Solaronix) was injected
into the sandwich-type DSSC.

2.4. Characterization

All compounds were characterized by '"H NMR and '3C NMR
spectra. These spectra were recorded with a JEOL ECZ500R
UltrashieldTM 500 MHz and 125 MHz spectrometers,
respectively, at 298 K (Japan) in ppm units with TMS as the
internal standard. Thermal analyzes were carried out at the Central
Research Laboratory Application and Research Center (ARUM)
using the Perkin Elmer STA 8000 (25 °C-1600 °C) device. The
FT-IR spectra of all compounds dispersed in KBr pellets were
obtained with Bruker FT-IR Spectrophotometer (4000-400 cm™).
UV-Vis absorption and photoluminescence spectra of the C3
were obtained with SHIMADZU UV2450 UV-Vis scanning and
Perkin—Elmer LS-55 spectrophotometers, respectively. The
current-voltage characteristics of the DSSCs were made with the
FYTRONIX OPTOSENSE solar cell measurement system using
a voltage sweep rate of 0.01V/s under AM1.5G conditions.

3. Results and Discussion

According to the '"H NMR spectrum taken in CDCls, there are 29
protons in the structure and these protons are individually marked
by calculating match constants in the '"H NMR spectrum. The 'H
NMR spectrum of the synthesized 3,6-bis(2,4-difluorophenyl)-9-
octyl-9H-carbazole (C3) compound is given in Figure 1. In the 'H
NMR spectra of compound C3, the peaks at 8.14 ppm (s, 2H),
7.66 ppm (d, 2H), 7.55-7.60 ppm (m, 2H), 7.02 ppm (d, 1H), 7.50
ppm (d, 2H), 6.98-7.04 ppm (m, 4H) are assigned to be H4, HS,
H5’, H2, H7, H6', H1, H8, H3', respectively, as aromatic protons.
In addition, the presence of alkyl groups of this compound, the
peaks at 4.24 ppm (t, 2H), 1.82 ppm (m, 2H), 1.20-1.30 ppm (m,
10H), 0.85 ppm (t, 3H) are assigned to be octyl-protons, as
aliphatic protons.
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Figure 1. '"H NMR and '3C NMR spectrum of the CDCl; solutions of the C3 compounds

Synthesis and characterization of molecules C1 and C2 have
been reported previously (Derince, Gorgun, Caglar & Caglar,
2022). The *C NMR spectrum of the synthesized 3,6-bis(2,4-
difluorophenyl)-9-octyl-9H-carbazole (C3) compound given in
Figure 1. In the 3C NMR spectra of compound C3, the peaks at
140.58, 131.66, 127.13, 126.02, 123.20, 121.24, 111.48, 108.85,
104.48 are assigned to be as aromatic carbons. In addition, the
peaks at 43.17, 31.87, 29.50, 29.03, 27.27, 22.75, and 14.23 are
assigned to be aliphatic carbons.

The UV-Vis absorption and emission spectra of C3 were
measured in different solvents (n-hexane, toluene, THF, DCM,
DMSO, and DMF) at 1x10 M, 25 °C (Fig. 2a-b). Maximum
wavelengths which belong to the carbazole-based peak of n-m*
transitions were observed between 252 nm and 259 nm, in n-
hexane, THF, DCM, DMSO, DMF, and also carbazole-centered
n-n* transitions indicating difluorophenyl fragments which
dominate the lowest excited states were observed between 283 nm
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and 289 nm in these six different solvents. Furthermore, it was
observed that the bathochromic effect increased with solvent
polarity while the hypochromic effect was detectethe d in toluene
solution. The effect of solvent polarity on the fluorescence
properties of the carbazole-centered molecule was studied. As
shown in Fig. 2(b), the emission peaks of C3 were observed in the
blue region between 379 nm and 390 nm in all solutions. The
longest wavelength emission mawerea was observed at 390 nm in
DMSO and the shortest wavelength emission mawerea was
observed at 379 nm in n-hexane. So, C3 observed an increasing
m-conjugation in DMSO.

As seen from the thermogravimetric analysis (TGA-DTA) in
Figure 3, the synthesized C3 exhibited great thermal stability at
351 °C with a 5% weight loss.

XRD pattern of ZnO nanopowder is shown in Figure 4. This
figure confirmed that ZnO nanopowder is polycrystalline in
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nature. The diffraction planes (100), (002), (101) (102), (110)
(103), and (112) are in good consent with JCPDS card no. 36-
1451 and belong to the hexagonal wurtzite structure. The
morphology of the ZnO film has been studied using field emission
electron microscopy (FESEM). The highly dense and smooth-
leaf-like morphology of the ZnO powder is seen in this Figure 4.
The length of the rods formed a leafy-like structure is about 2 nm
and its diameter is 200 nm.
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Figure 2. a) Absorbance spectra and b) Emission spectra of
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Figure 5 shows the current density-voltage (J-V) graphs for
DSSCs under AM1.5G simulated solar light (100mW/cm?). The
Fill factor (FF) and conversion efficiency (n%) values are
estimated using Equations (1) and (2) (Fonash, 2012),

n(%) = 2= x100 (1)
VinaxXImax
FF(%) = leoo (2)

where V. is the open-circuit voltage at zero current density, I is
the short circuit current at zero voltage, Vmax is the maximum
voltage, Imax is the maximum current density, and Pi, is the
intensity of the incident lightresultingsulted values are
summarized in Table 1.

Table 1. Photoelectrochemical parameters of the DSSCs with
different dyes

DSSC Je Voc FF n
(mA/cm?) V) (%)
N719 3.40x107 0.44 0.077 0.461
C3 7.64x107 0.28 0.073 0.006
N719+C3 | 4.42x1073 0.53 0.095 0.893

As seen in Table 1, C3 has improved the cell performance of
DSSCs. C3 used as a co-sensitizes showed an enhancement in the
efficiency of N719-based DSSCs up to ~94%. The reason for this
enhancement can be attributed to a decrease in dye aggregation.
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4. Conclusions and Recommendations

In this present work, a new organic dye carbazole-based
donor—n—acceptor (D—n—A) sensitizer was synthesized (C3) via
Suzuki-Miyaura cross-coupling reaction with good yields and
used in ZnO dye-sensitized solar cells (DSSCs). The molecule
structure of synthesized C3 was confirmed by FT-IR, '"H NMR,
and '3C NMR. Furthermore, optical (UV-Vis and fluorescence)
and thermogravimetric propertieof s this compound were studied.
The UV-Vis and carbazole derivative fluorescence spectra
properties were measured for 1x107° M in n-hexane, THF, DCM,
DMSO, DMF, and toluene solutions. In the UV-Vis spectra, it was
observed that the bathochromic effect increased with solvent
polarity while the hypochromic effect was detected in the solution
of toluene. In addition, Cs emitted the longest wavelength
emission maxima in DMSO at 390 nm and the shortest
wavelength emission maxima in n-hexane at 379 nm. It was
indicating that the maximum absorption was strongly influenced
by the solvent polarity and n-conjugation in DMSO. On the other
hand, C3 wahibited good thermal stability and also a
decomposition temperature at 351 °C with a 5% weight loss from
the thermogravimetric analysis (TGA-DTA). After ZnO-DSSCs
were fabricated, power conversion efficiencies (PCE) of metal-
free organic dye (C3), ruthenium dye (N719), and mixture dye
(C3-N719) were measured as 0.006%, 0.461%, and 0.893%
respectively. C3 was used as a co-sensitizer and exhibited an
enhancement in the efficiency of N719-based DSSCs up to ~94%,
mainly due to a decrease in dye aggregation.
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Oz

Perakendeciligin en karmasik yonlerinden biri olan perakende raf alan1 yonetimi, {irlinlerin hangi miktarlarda ne zaman ve nerede
teshir edilecegini belirlemek ve degisen piyasa sartlarini dikkate alarak belirlenen sergilemeyi dinamik olarak giincellemek olarak
tanimlanabilir. Onemli bir problem olmasina ragmen fiiriinlerin dikddrtgensel yerlesimini maksimum kir amaciyla gergeklestiren
caligmalar simirlidir. Bu ¢alismada raf alani tahsisi ve sergileme problemi i¢in iriinlerin dikdortgensel sergilenme adetlerinin
belirlenmesi iiriin kalinliklar1 da dikkate alinarak gerceklestirilmis ve kdrin maksimizasyonu amaglanmistir. Iki boyutlu raf alani
tahsisi problemi ¢dziimii i¢in tamsayili programlama ile genetik algoritma (TP-GA) ve tamsayili programlama ile ates bocegi
algoritmas1 (TP-ABA) meta-sezgiselleri birlikte kullanilarak iki matsezgisel algoritma gelistirilmistir. Bir kitabevinden alinan gergek
veriler kullanilarak olusturulan veri seti ile matsezgisellerin performanslar1 kargilastirilmistir. TP-GA ve TP-ABA matsezgiselleri ile
sirasiyla ortalama %4,47 ve %4,57 optimale yakin ¢oziimler elde edilmistir. Gelistirilen matsezgiseller ile 900’e kadar triinli
problemler ¢oziilebilmistir. Iki boyutlu raf atama probleminde basarili olan bu matsezgisel yontemler, kitabevinde kitaplarin
yerlesimi, perakendecilikte iiriin ailelerinin yerlesimi veya Internet sitelerinde reklamlarin gosterimi gibi benzer dzellik tasiyan
problemlerin ¢dziimiinde de kullanilabilir.

Anahtar Kelimeler: iki boyutlu raf alani tahsisi problemi, Tamsayil1 programlama, Genetik algoritma, Ates bocegi algoritmasi,
Matsezgisel algoritmalar.

Meta-Heuristic Algorithms based on Integer Programming for Shelf
Space Allocation Problems

Abstract

Retail shelf space management, which is one of the most complex aspects of retailing, can be defined as determining when, where and
in what quantities products will be displayed and dynamically updating the display considering changing market conditions. Although
it is an important problem, research papers that study rectangular arrangement of products to optimize profit are limited. In this paper,
we determine rectangular facing units of products to maximize profit for shelf space allocation and the display problem. To solve our
two-dimensional shelf space allocation problem, we develop two matheuristic algorithms by using integer programming and genetic
algorithm (TP-GA) and integer programming and firefly algorithm (TP-ABA) meta-heuristics together. The performances of the
mathheuristics were compared with a real-world dataset from a bookstore. TP-GA and TP-ABA methods were able to generate near-
optimal solutions with an average of 4.47% and 4.57% GAPs, respectively. We can also solve instances up to 900 products. These
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matheuristic algorithms, which are successful in the two-dimensional shelf assignment problem, can also be used to solve similar
problems such as allocation of books in a bookstore, allocation of product families in a grocery store, or display of advertisements on

websites.

Keywords: Two-dimensional shelf space allocation problem, Integer programming, Genetic algorithm, Firefly algorithm,

Matheuristic algorithms.

1. Giris

Perakendeciligin en karmasik konularindan biri olan
perakende raf alami yonetimi, sinirhh raf alanlarinin, {iriin
gesitliligindeki  hizli  artisa ve miisteri taleplerindeki
dalgalanmalara yanit verecek sekilde dogru bir sekilde
yonetilmesi halinde yogun rekabet ortaminda avantaj saglayacak
bir aractir. Perakendecilerin, hangi iirlinlerin sergilenecegine
(iriin yelpazesi) ve bu iriinlerin tahsis edilecegi raf alanlarina
siklikla karar vermeleri gerekir (Chen ve Lin, 2007). Uriin
cesitliligi ve raf alani tahsisi, perakendecilikte miisterilerin satin
alma kararlarin1 etkileyebilecek iki 6nemli konudur. Yapilan
arastirmalar, raf alani tahsis ve sergileme konumu gibi magaza
ici etkenlerin miisterilerin satin alma davraniglar1 ve talepler
tizerinde dnemli bir etkisi oldugunu gostermektedir (Chen, Chen
ve Tung, 2006; Nafari ve Shahrabi, 2010). Miisterilerin planh
satin alma davraniglarinin yani sira planlanmamig satin alimlart
da oldukga yaygindir (Bai, 2005). Uriinlerin cazip, ilgi ¢ekici bir
sekilde yerlestirilmesi plansiz satin almalari arttirabilir. Yapilan
arastirmalar, bircok perakende satis magazasinda plansiz satin
almalarin biitiin satin almalarin {igte birini olusturdugunu
gostermektedir (Buttle, 1984). Dolayisiyla, etkili bir raf alam
yonetimi ile perakendeciler satis oranlarimi ve kir marjini
artirabilir, stok devir hizini iyilestirebilir ve elde bulundurmama
durumlarin1  azaltarak miisteri memnuniyetini arttirabilirler
(Ozcan, 2010a; Yang ve Chen, 1999). Raf alam1 ydnetiminde
verilmesi gereken kararlar {irlin ¢esitliligi planlamasi, raf alam
tahsisi, raf alani yerlesimi ve raf alami stok miktarlarinin
belirlenmesi seklinde gruplandirilabilir (Hiibner, 2017; Ozcan,
2010b). Bu calismada, dikdortgensel yerlesim gibi spesifik
ozelliklere sahip bir raf alan1 tahsisi problemi ele alinmustir.

Literatiirdeki c¢aligmalar raf alani yonetim problemlerine
gore siniflandirilabildigi gibi bagka bir siniflandirma ise raf alani
tahsisi problemlerinde 6nemli bir yer tutan alan esneklik (space
elasticity), konum esneklik (location -elasticity) ve c¢apraz
esneklik (cross elasticity) kavramlarinin dikkate alinmasi ile
gerceklestirilebilir.  Raf alami tahsisi problemlerinde birim
satiglardaki goreli degisimin raf alanindaki goreli degisime orani
alan esnekligi katsayisi ile temsil edilir (Curhan, 1972; Hansen
ve Heinsbroek, 1979). Konum esnekligi, iriinlerin raflardaki
yatay ve dikey konumlarinin {iriinlerin talebi {izerindeki etkisini
temsil eder. Literatiirdeki ¢aligmalar, {ist ve orta raf konumlari
(g6z ve el seviyesi) ile koridor baglarinda yer alan konumlarin
diger konumlara gore daha etkin oldugunu gostermektedir
(Chandon, Hutchinson, Bradlow ve Young, 2009). Raf alam
tahsisi probleminde dnemli bir diger kavram ise ¢apraz esneklik
katsayisidir (Bianchi-Aguiar, 2015; Corstjens ve Doyle, 1981).
Belirli bir iriiniin sergileme alani degisiminin ikame veya
tamamlayici Uiriiniin talebi lizerindeki etkisini 6lgmeyi esas alan
capraz esneklik katsayisi, ikame mallar i¢in negatif, tamamlayici
mallar i¢in pozitif deger almaktadir (Corstjens ve Doyle, 1981).
Bu caligmada ele alinan raf alani tahsisi probleminde talebin alan
esnekligi ve konum esnekliginden etkilendigi varsayilmistir.

Raf alam1 tahsisi kararlarinin  alinmasinda iriinlerin
raflardaki diizeninin grafiksel gosterimleri olan planogramlar
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kullanilabilir. Dinamik talep ve kit raf alani ile {iriin tahsisini
ayarlamak icin etkili bir arag olan planogramlar, her bir {irliniin
tam (dikey ve yatay) konumunu ve {iriiniin raflardaki gdsterim
adetlerini (alan atamasi) igerirler (Frontoni, Marinelli, Rosetti ve
Zingaretti, 2017; Geismar, Dawande, Murthi ve Sriskandarajah,
2015; Van Nierop, Fok ve Franses, 2008). Ancak planogramlarin
olusturulmasi zor ve zaman alicidir ¢iinkii {liriin konumu diginda
NP-Zor olarak siniflandirilan ¢oklu sirt cantast probleminin
¢ozlilmesini icermektedir (Martello ve Toth, 1990; Yang ve
Chen, 1999). Planogramlarin olusturulmasinda {iriin se¢imi, alan
atamast ve {rlinlerin diizenlenmesi kararlar1 alimmaktadir
(Hiibner, Schifer ve Schaal, 2021). Bu ¢alismada iirlinlerin yatay
ve dikey gosterim adetleri belirlenerek alan atamasi ve belirli
diizenleme kisitlamalar: ile driinlerin dikddrtgensel yerlesimi
saglanarak {irlin diizenlemesi kararlar1 alinabilmekte ve se¢ilmis
tirlin kiimesi igin planogramlar iiretilebilmektedir.

Bu makalede, raf alani tahsisinde firlinlerin iki boyutta
(yatay ve dikey) gosterim adetlerinin (rafin  Oniindeki
miisterilerin gorebildigi birim sayisi - facing units) belirlenmesi
ve {rlinlerin dikdortgensel yerlesimlerinin maksimum kar
amactyla optimum sekilde saglanmasi problemi ele alinmistir.
Gosterim adetlerinin tamsay1 olmasi ve bir {irliniin biitiin
gosterim adetlerinin dikdortgen seklinde yerlestirilmesi gibi
belirli 6zelliklere sahip bir problemi klasik raf alani tahsisi
problemlerinden ayirt edebilmek igin ele alinan problem 2BRAP
(2 Boyutlu Raf Atama Problemi) olarak adlandirtlmistir. 2BRAP,
kitap perakendecilerinde goriilen raf atama ve sergileme
problemine benzer Ozellikler tasidigi gibi aymi zamanda
marketlerde {iriin kategorilerinin (iiriin ailelerinin) dikdortgen bir
diizende dagilimi problemi veya son yillarda gittikce Onem
kazanan Internet sayfalarinda reklamlarin gosterimi problemine
de benzemektedir.

Literatiirdeki ¢ogu ¢aligmada iirlinlerin tek boyutta atanmasi
gibi basitlestirici varsayimlar kullanilmaktadir. Bu varsayimlarla
uygun ¢oziimler elde edilse de konum esnekligi faktorii goz ardi
edildiginden elde edilen ¢oziimler pratik yerlesimleri temsil
edemeyebilirler. Diger taraftan, triiniin gésterim adetleri talebi
etkileyen faktorlerdendir. Literatiirdeki ¢aligmalarin ¢ogu yatay
gosterim adetlerini dikkate alirken dikeydeki gosterim adetlerini
g6z ard1 etmektedir (Bianchi-Aguiar, Hiibner, Carravilla ve
Oliveira, 2021) ve sabit sergileme gosterim adedi oldugunu
varsaymaktadir. Literatiirde raf alani tahsisinde iki boyutta
(yatay ve dikey) gosterim adetlerinin belirlenmesi ve bu
adetlerin  dikdortgensel  yerlesimi  saglayacak  sekilde
yerlestirilmesi ¢aligmalar1 ¢ok simirhdir (Caglar Gengosman ve
Begen, 2022; Geismar ve digerleri, 2015; Hiibner ve digerleri,
2021). Ote yandan, bu calismada gelistirilen algoritmalarla
optimale yakin ¢oziimler bulunabilmekte ve biiylik iiriin sayili
problemler c¢oziilebilmektedir. Dolayisiyla calismada onerilen
¢Oziim yaklasimlari ile literatiire katk1 saglanmisgtir.

2BRAP ¢6ziimii igin ilk olarak Caglar Gengosman ve Begen
(2022) bir tamsayili programlama modeli (MIP1) ve iteratif bir
matematiksel programlama modeli (IP1/1P2) gelistirmistir. Bu
caligmada ise tamsayili programlama (TP) ile meta-sezgisel
algoritmalarm  gilicli  yonleri  birlestirilerek  matsezgisel
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algoritmalar  gelistirilmistir. ~ Onerilen  yaklagimlarda TP
modeliyle dikdortgensel gosterim igin gerekli yatay ve dikey
gosterim adetleri belirlenmis ve sonrasinda meta-sezgisel
yontemler ile dikdortgensel gosterimi saglayan yerlesimler elde
edilmistir. Tamsayili programlama ve genetik algoritma ile TP-
GA ve tamsayili programlama ve ates bocegi algoritmasi ile TP-
ABA matsezgiselleri ile optimale yakin uygun ¢dziimlerin kabul
edilebilir siirelerde elde edilmesi hedeflenmistir.

Makalenin ana hatlart su sekildedir: Bolim 1.1.’de raf
atama problemi ile ilgili literatiirdeki ¢alismalara deginilmistir.
Boliim 2°de problem tanimi, deneylerde kullanilan veri setleri ve
problem ¢6ziimil i¢in gelistirilen yontemler anlatilmistir. Boliim
3’te deney sonuglari, bulgular ve tartigma yer almaktadir.
Sonrasinda sonu¢ ve tesekkiir bolimleri ile ¢alisma
tamamlanmigtir.

1.1. Literatiir Taramasi

Raf alami tahsisi probleminde farkli amaglar ve farkli
karakteristikler ele alinarak, ¢oziimii i¢in kesin, sezgisel, meta-
sezgisel ve hiper-sezgisel yontemler gelistirilmistir (Bai ve
Kendall, 2008; Hwang, Choi ve Lee, 2005; Lim, Rodrigues ve
Zhang, 2004; Ozgelik ve Giindiiz, 2019; Yalginer ve Can, 2019;
Yang, 2001). Bu calismalar farkli aragtirmacilar tarafindan
derlenmis ve yontemlerin karsilagtirmalar1 yapilmistir (Bai,
2005; Bianchi-Aguiar, 2015; Bianchi-Aguiar ve digerleri, 2021;
Hansen, Raut ve Swami, 2010; Hiibner ve Kuhn, 2012; Ozcan,
2010a). 1960'lh yillardan itibaren caligilan raf alani tahsis
problemlerine (Cox, 1970; Kotzan ve Evanson, 1969) iliskin
onemli bir literatiir vardir, ancak bu caligmada dikey atama
ve/veya yatay konumlandirmayi dikdortgen atama ile ele alan
¢aligmalara yer verilmistir.

Van Nierop ve digerleri (2008), raf alan1 ve raf yerlesiminin
satiglar tizerindeki etkisini 6lgmek igin istatistiksel bir model
gelistirmisler ve bir siipermarket zincirinde kar1 maksimize eden
raf yerlesimlerini bulmak i¢in tavlamaya dayali bir sezgisel
optimizasyon teknigi 6nermislerdir. Hwang, Choi ve Lee (2009),
dikdortgen raf alaninda sergilenen cesitli marka {iriinlerle raf
alan1 tasarimi ve {irlin tahsisi problemini ele almislar ve kar
maksimizasyonunu  hedefleyen  dogrusal olmayan  bir
programlama modeli ile genetik algoritma tabanli sezgisel
yontemler gelistirmiglerdir. Hansen ve digerleri (2010)
¢aligmalarinda dogrusal olmayan kar fonksiyonu, konum etkileri
ve lriin ¢apraz esneklik katsayilarinmi dikkate alarak yeni bir
dogrusal model 6nermislerdir. Dogrusal programlama modeli ile
daha kiigiik problemler ¢6ziilebildiginden, biiyiik boyutlu
problemler i¢in genetik algoritma tabanli bir meta-sezgisel
algoritma gelistirmislerdir. Russell ve Urban (2010) iiriin
ailelerini, iiriinlerin yatay ve dikey konumlarini da géz oniine
alarak matematiksel model 6nermisler ve biiyiik problemler igin
raf pargalama yaklagimina dayali bir alternatif sezgisel algoritma
gelistirmislerdir.  Ozcan ve Esnaf (2013) bir Kitap
perakendecisinde yerlesim problemini ele almislar ve karisik
tamsayili matematiksel model ile birlikte yasak arama ve genetik
algoritma sezgisellerini kullanarak bir ger¢ek hayat problemine
¢oziim dretmiglerdir. Bai, van Woensel, Kendall ve Burke (2013)
iki boyutlu bir raf alani tahsisi problemi ¢6ziimii i¢in bir
tamsay1ll dogrusal olmayan programlama modeli
gelistirmislerdir. Dogrusal olmayan programlama modeli ile orta
biiyiikliikteki ornekleri ¢ozememisler ve sezgisel yaklasimlara
yonelerek tavlama benzetimi algoritmasi ile bir hiper-sezgisel
o6grenme mekanizmasi1 gelistirmislerdir. Geismar ve digerleri
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(2015) bir DVD Kkiralama firmasinda DVD’lerin maksimum
getiri amaciyla raflara yerlesimi problemini ele almiglardir. iki
boyutlu gdsterim problemi ¢éziimii i¢in dogrusal tamsayili bir
matematiksel model Onermisler ancak tek boyutta ardisiklig:
saglamiglardir. Dikdortgensel yerlesim icin ise tamsayili
programlama ve agirliklandirilmis bagimsiz kiime problemi
kombinasyonunu kullanmiglar, sonrasinda ise bir sezgisel
yontem ile alfabetik siralama saglamiglardir. Zhao, Zhou ve
Wahab (2016), her bir iirline olan talebin sadece diger iiriinlere
ayrilan raf alanina ve gorlintiilenen konumlarina degil, aym
zamanda Uriinler arasindaki mekansal iligkilere de bagh
oldugunu kabul etmisler ve ortak optimizasyon modelini ¢6zmek
icin ¢ok asamali tavlama benzetimi tabanl bir hiper-sezgisel
algoritma  Onermiglerdir.  Rabbani, Salmanzadeh-Meydani,
Farshbaf-Geranmayeh ve Fadakar-Gabalou (2018)
calismalarinda c¢apraz esneklik, konum esnekligi ve raflarin
yatay ve dikey yiikseklikleri ile derinligini dikkate almislardir.
Gosterim yoniini de dikkate aldiklari problem ¢6ziimii icin raf
yiiksekliklerini degisken alarak karigik tamsayilt dogrusal
olmayan bir matematiksel model gelistirmigler ve biiyiik boyutlu
problemlere de genetik algoritma uygulamiglardir. Bianchi-
Aguiar, Silva, Guimaraes, Carravilla ve Oliveira (2018) gosterim
yonii yaninda iirlin ailelerini de g6z oniinde bulundurarak raf
atama problemini ele almislar ve matematiksel programlama
tabanli bir sezgisel yontem gelistirmiglerdir. Hiibner ve digerleri
(2021), Geismar ve digerleri (2015) calismasini genisletmis ve
2BRAP i¢in stokastik bir matematiksel model gelistirmislerdir.
Biiyiikk boyutlu problemler i¢in genetik algoritma tabanli bir
sezgisel onermisler ve sezgisel ¢oziimlerin kalitesini tek boyuta
gevsetilmis matematiksel model ile Olgmislerdir. Caglar
Gengosman ve Begen (2022) calismalarinda 2BRAP’1 ele
almiglar ve problem ¢6ziimii i¢in mantik-tabanli Benders
algoritmasit gelistirmislerdir. Sonrasinda ayrigtirma yontemleri
ile gergek boyutlu problemlerin optimal ¢dziimlerine
ulagmiglardir. Bu ¢alisma ise Caglar Gengosman ve Begen
(2022) calismasinin devamu niteligindedir. Caglar Gengosman
ve Begen (2022) c¢aligmasindaki tamsayili matematiksel
modeldeki (MIP1) ardisiklik kisitlart gevsetilmis ve amag
fonksiyonu kaldirilarak sadece uygun c¢oziimlerin elde
edilebildigi yeni bir tamsayili matematiksel model (TP)
onerilmigtir. TP modeli ile meta-sezgisel yontemlerden genetik
algoritma (TP-GA) ve ates bocegi algoritmast (TP-ABA) bir
arada kullanilarak iki adet matsezgisel algoritma gelistirilerek
daha biiyiikk problemlerin  ¢6ziilmesi  hedeflenmis ve
basarilmisgtir.

Literatiirde iki boyutlu raf alani tahsisi problemi i¢in farkli
¢oziim yontemleri gelistirilmis olsa da tamsayili programlama ile
genetik algoritma ve ates bocegi algoritmasi meta-sezgisel
yontemlerinin  bir arada kullanildigi matsezgiseller smirh
sayidadir ve bilindigi kadariyla ates bocegi algoritmasi ile
desteklenen bir matsezgisel 2BRAP i¢in heniiz gelistirilmemistir.
Genetik algoritma ile desteklenen matematiksel modeller ise
dogrusal olmayan yapidadir (Hiibner ve digerleri, 2021).
Dolayistyla, caligmada gelistirilen yenilik¢i ¢oziim ydntemleri
ile de literatiire katki saglanmustir.
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2. Materyal ve Yontemler

2.1. Iki Boyutlu Raf Atama Problemi (2BRAP)

Bu calisma, bir kitabevinde maksimum kar amaciyla
kitaplarin raflara dikdortgensel yerlestirilmesi problemini
¢ozebilmek amaciyla gergeklestirilmistir. Kitabevi yonetimi,
kitaplarin goriiniirliiglinii ve erisimini artirmak amaciyla bir
kitaptan birden fazla adette ve dikdortgen diizenleme ile
yerlestirmektedir. Bu asamada kitabevi dikddrtgensel yerlesimi
saglasa da raf alanlarimin se¢iminde sistematik bir yaklasim
uygulamamaktadir ve yerlesim kararlari ge¢mis deneyimlere ve
onceki tahsis yerlerine gore verilmektedir. Kitabevinin, satislar
ve dolayisiyla kér1 arttiracak dikdortgensel yerlesimleri
belirleyebilen, bir diger ifade ile iki boyutlu raf alani tahsisi
(atama) olarak siniflandirilan bu problemi ¢dzebilen yontemlere
ihtiyact vardir.

iki boyutlu raf atama problemi; iiriinlerin kalinliklarinin da
dikkate alindig1 iki boyutta (x-boyutu / genislik ve y-boyutu /
yiikseklik) gosterim adetlerinin (facing units) maksimum kar
amacityla belirlenerek bitisik dikdortgensel yerlesimi saglayacak
sekilde raflara atanmasi problemidir. D adet iiriin farkli sekil ve
boyutta olabilir ve bunlar K adet kabinde sergilenebilir. K
kabininin Ry adet satir1 ve Cy adet siitunu vardir; dolayisiyla bir
kabin Rg*Cy adet hiicre Kkapasitelidir. Gosterim  adetleri
baslangigta bilinmemekte ve iriinlerin kari géz Oniine alinarak
gelistirilen ¢ozliim algoritmalari tarafindan belirlenmektedir. Raf
i¢i stoklama yapilmamaktadir, dolayisiyla ¢oziim asamasinda
belirlenen adetlerde raf hiicrelerine yalnizca bir birim {irlin
atanmaktadir. Uriinler bos hiicre kalmayacak sekilde smirli raf
alanina yerlestirilirler ve raflardaki satirlarin etki degerleri orta
raflarda yiiksek iken, yukar1 ve asag1t raflara gidildikce
azalmaktadir. Bir {rlinlin biitlin gdsterim adetleri ayni kabine
atanmalidir. Bir d tirGni birden fazla satira atanirsa, bu satirlar
ardigitk olmalidir ve bu {riinlin gosterim adetleri ardisik
satirlarda ayni olmalidir (wg). Ayrica, eger iriin birden fazla
siituna tahsis edilmisse, bu siitunlarin ardisik olmasi ve ardisik
stitunlardaki tiriniin gosterim adetlerinin (hg) esit olmasi gerekir.
Bu sekilde, bir {irline ait biitiin birimler bitisik bir dikdortgen
seklinde kabinde yerlestirilebilir. Bir satirda yer alacak iiriin
sayisini belirlemede 6nemli olan iiriin kalinliklari ile hiicre sayisi
netlesir. Hiicrelerin adetleri minimum kalinliktaki tiriin dikkate
almarak belirlenir. Kalinlig1 farkli olan firiinlerin kaplayacagi
hiicre sayis1 ise minimum kalinlik ile oranlanarak hesaplanir.
Dolayisiyla atanan iiriinlerin  kalinliklarina bagli  olarak
satirlardaki uygun yerlesim hiicre adetleri degiskenlik gosterir.
Uriin kalmliklarin hesaplanmasi ve bu degerlere gore siitun
sayilarinin  belirlenmesi ile ilgili detayli bilgiye Caglar
Gengosman ve Begen (2022) ¢alismasindan ulasilabilir.

Bir d {riinliniin bir gosterim adedinden elde edilen gelir
Vg’dir ve her k kabinindeki i sirasinin gosterim etkinligi A;’dir.
Dreze, Hoch ve Purk, (1994) caligmalarinda gbz hizasindaki
raflarin/satirlarin digerlerinden daha 6nemli oldugunu ve kar
maksimizasyonuna etki ettigini gostermislerdir. Her kabinde
sabit olan sekiz satir i¢in etki degerleri, géz hizasindakiler
(4.satir ve S.satir) en yiiksek etki degerine ve ug siralar en diigiik
etki degerine (1.satir ve 8.satir) sahip olacak sekilde Ai= (a1, a,
as, a4, as, as, a7, a8) = (5, 6, 7, 8, 8, 7, 6, 5) belirlenmistir.

Daha o6nce de bahsedildigi gibi ele alinan iki boyutlu raf
atama probleminde talebin alan esnekligi ve konum
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esnekliginden etkilendigi kabul edilmis ve dikey etkiler ve
capraz-esneklik etkileri dikkate alimmamustir. Literatiirdeki
calismalar da bu kabuliin gegerli oldugunu desteklemektedir
(Bianchi-Aguiar ve digerleri, 2018; Chandon ve digerleri, 2009;
Dreze ve digerleri, 1994; Kok, Fisher ve Vaidyanathan, 2015;
Yang ve Chen, 1999). Talep fonksiyonu Quik(naix) esitlik (1) deki
gibi tamimlanmugtir. Bir d driiniiniin k kabininde i satirindaki
gosterim adedi nNgi,, d Uriiniiniin bir gosterim adedine olan
minimum talebe esit (bu problemde 1'dir) degistirilmemis temel
talep aq, ve alan esnekligi Baik terimleri ile temsil edilmistir.

Quix = ag * ndﬁ%k 1)

Karin maksimizasyonunu hedefleyen amag¢ fonksiyonu,
driinlerin  konumuna baghdir ve {rlinlerin  satirlardaki
konumlarmi1 (dikey konumlarini) ve gosterim adetlerini
degistirerek kar1 maksimize etmeyi amaglar. Uriin d’den elde
edilen kérin Vg oldugu goz oniine alindiginda, amag¢ fonksiyonu,
esitlik 2'deki gibi dogrusal olmayan S-sekilli Gompertz biiylime
modeli kullanilarak modellenebilir (Dreze ve digerleri, 1994).

z=Vyxay* ngﬁé" )

Yang ve Chen (1999) calismalarinda amag¢ fonksiyonunu
dogrusal hale getirmek igin fgik tahmininin miimkiin olmadig
durumlarda yaklasikliin gegerli olmasini saglamak amactyla
gosterim adetlerinin iist ve alt sinirlarin1 kullanmay1 dnermisler
ve iriin karinin az sayida gosterim adedi oldugunda dogrusal
oldugunu varsaymuglardir. Bu ¢alismada da d iriinii gdsterim
adetlerinin st smrv/alt st Ud/lLg ile temsil edilmekte ve
kitabevi tarafindan belirlenmektedir. Dolayisiyla bu varsayim
2BRAP ig¢in kullanildiginda, amag¢ fonksiyonu esitlik (3)'de
oldugu gibi dogrusal hale gelebilir ve dikey konum etkisi, her i
satirt i¢in tanimlanan A; satir etkinligi ile fonksiyona yansitilir.

z=VgxA;p*ag*ngy 3)

Bir k kabininde i satirindaki d iiriinii i¢in potansiyel kar z, d
triiniinden elde edilen kar (Vqg), i satinmmin etkinligi (Ai) ve d
iriiniin bir gosterim adedi igin olan minimum talep (ag =1) ve k
kabininde i satirinda d tiriintiniin gosterim adedi (ngix) ¢arpilarak
hesaplanir. Bu amag fonksiyonu ¢aligmada gelistirilen yontemler
tarafindan bulunan ¢Oziimlerin degerlendirilmesinde
kullanilmustir.

iki boyutlu sirt gantas1 problemleri sinifina ait olan 2BRAP
bir NP-Zor problemdir. iki boyutlu sirt ¢antasi problemlerinde,
belirli bir genislige (S#"**) ve derinlige (S% k) sahip iki
boyutlu dikdoértgen bir S alanina bir dizi r € R dikdortgenin
atanmast saglanir (Hiibner ve digerleri, 2021). Ele alian
problemde kitabevindeki bir kabin, belirli bir genislik (Ci) ve
yiikseklige (Rk) sahip, kapasiteli, iki boyutlu dikdortgen bir K
alamdir. Bir r dikdortgeni, 6genin kendisini degil, genislik ve
yiikseklik olmak tizere iki boyutu olan gdsterim alanini temsil
eder. Kabinde bulunan raflarin yiikseklikleri/sinirlar1 géz ardi
edilebilir c¢linkii bu siirlar r dikdortgenlerin  dagilimini,
yerlesimini ve boyutlari kisitlamaz. Ayrica ¢6ziim igin
gelistirilen matematiksel modeller, raf i¢ yiiksekligi ile ilgili
herhangi bir kisit barindirmamaktadir. Bu nedenle kabinler, i¢
raflarin sinirlarindan bagimsiz olarak, belli bir kapasiteye sahip
iki boyutlu dikdortgen bir alan haline gelirler. Bununla beraber
2BRAP iki boyutlu sirt ¢antasi problemine kiyasla bir diger
zorlayict yami da dikdortgenlerin boyutlarinin  baslangicta
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bilinmemesi ve Onerilen ¢oziim ydntemlerinin riinlerin
genisligini ve yiiksekligini belirlemesi gerekliligidir. Sonug
olarak 2BRAP ¢oziimii igin gelistirilen yontemler iki boyutlu sirt
cantas1 problemlerinin ve literatiirdeki benzer problemlerin
¢oziimiinde kullanilabili. 2BRAP ¢oziimii icin gelistirilen
yontemler sonraki boliimde detaylandirilmustir.

2.2. Coziim Yontemleri

Bu ¢alismada ele alinan 2BRAP ¢6ziimii i¢in Caglar Gengosman
ve Begen (2022) tarafindan bir tamsayili matematiksel
programlama modeli gelistirilmistir (MIP1). MIP1 modeli ile
iiriinlerin gosterim adetleri satirda ve siitunda ardisik olarak
yerlestirilmektedir. Ancak satirda ve siitunda ardisiklik
kisitlarinin  eszamanlt degerlendirilmesi biiyiik problemlerin
kabul edilebilir siirelerde ¢oziilmesini zorlastirmistir. Bu sebeple
bu makalede meta-sezgisel yontemler kullanilmig ve problem
¢Oziimii i¢in genetik algoritma ve ates bdcegi algoritmasi tabanli
matsezgisel yaklagimlar 6nerilmistir.

Popiilasyon tabanli olan meta-sezgisellerden genetik
algoritma ve ates bocegi algoritmasinda popiilasyonu olusturan
bireylerin uygun c¢oziimler olmasi gerekmektedir. Coziim
baslangicinda driinlerin satirdaki (Wq) ve siitundaki adetleri (hq)
belli olmadigindan bu degiskenlerin meta-sezgisel algoritmalar
tarafindan belirlenmesi gerekmektedir. Ancak bu algoritmalar ile
uygun ¢oziimil saglayan geniglik ve ylikseklik degerlerine sahip
bireyleri iiretmek olduk¢a zordur. Bu sebeple baslangic
popiilasyonu olusturma asamasinda tamsayili programlamadan
yararlanilmis ve EK-A’da detaylar1 verilen tamsayili
programlama (TP) modeli gelistirilmistir. TP modelinde satirda
ve siitunda ardigikligi saglayan kisitlar kullanilmamistir. TP
modelinin bir optimal ¢éziim bulmas: yerine ilgili problem i¢in
biitiin uygun ¢éziimleri bulmasi ve kaydetmesi saglanmistir. Bu
¢oziimler daha sonra kural tabanli bir algoritma (KTA)
kullanilarak popiilasyon bilytikliigii adedince farklilastirilarak
cogaltilmistir.  Meta-sezgisel algoritmalar, TP tarafindan
belirlenen ve KTA tarafindan ¢ogaltilan popiilasyon ile ¢dziime
baslamis ve her birey igin satir ve siitun ardisiklarinin saglandigi
¢Oziimleri elde ederek esitlik (3)’de verilen amag fonksiyonu ile
kart hesaplamiglardir. Amag fonksiyonu degerlerine gore meta-
sezgisel algoritmalarin adimlari uygulanmistir. Algoritmalarin
adimlari sonraki boliimlerde detaylandirilmstir.

2.3. Tamsayih Programlama ve Genetik Algoritma
Tabanh Matsezgisel: TP-GA

Meta-sezgisel algoritmalar sinifina dahil olan genetik
algoritma, Holland (1975) tarafindan tanitildig1 giinden bugiine
kadar bir¢cok kombinatoryal optimizasyon problemi ¢oziimiinde
basariyla kullanilmistir. Biyolojik organizmalarin  genetik
islemlerine dayanan ve popiilasyon tabanli bir sezgisel olan
genetik algoritmada popiilasyondaki bireylerin her birinin uygun
¢O6ziim olmast gerekir. 2BRAP ¢oziimiinde popiilasyondaki
bireylerin ardisiklik kisitlar1 dikkate alinarak iiretilmesi ve her
birinin  uygunlugunun  kontrolii,  genetik  algoritmanin
performansimi diislirmiistiir. Tek basina ¢oziim i¢in kullanilan
genetik algoritmaya alternatif olarak matematiksel programlama
ve genetik algoritma tabanli bir matsezgisel yaklagim (TP-GA)
gelistirilmisgtir.

TP-GA matsezgiselinde, problem EK-A’da verilen TP
matematiksel modeli ile ¢6ziiliip kural tabanli bir algoritma ile
(KTA) popiilasyon bityiikligii adedince uygun ¢6ziim tiretilmesi
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saglanir. Sozde kodu Tablo 1’de verilen KTA ile uygun
¢oziimlerdeki d tiriintiniin atandigi kabin (Xq), gosterim genisligi
(Wg) ve gosterim yiiksekligi (hg) belirlenir. Sonrasinda uygun
¢ozlimii saglayan bu degerler genetik algoritmaya gonderilir ve

algoritma tarafindan drinlerin  atamasi  yapilir. TP-GA
matsezgiselinin ~ s6zde  kodu  Tablo 2’deki  gibidir.
Matsezgiseldeki  genetik  algoritma (GA)  parametreleri

(caprazlama orani P, mutasyon orani Py, popiilasyon biiyiikligii
P, maksimum iterasyon sayisi Imax) tanimlanir ve uygunluk
fonksiyonu (kar maksimizasyonu) belirlenir. TP modelinden elde
edilen uygun ¢oziimler ve KTA’dan yararlanarak popiilasyon
biiyiikliigii kadar birey tiretilir. En iyi ¢6ziim 6nceden belirlenen
maksimum iterasyon sayisi (Imax) kadar degismeyene kadar P
oranina gore ¢aprazlama ve P oranina gére mutasyon iglemleri
sirastyla uygulanir.

Tablo 1. KTA sozde kodu (Table 1. KTA Pseudo Code)

S= 9, V j=1,...,.D (maksimum firiin adedi) (Sj=atanan {iriinler
kiimesi)

Ap=j iiriiniin kapladig alan (satir*stitun)

Aci= 1 kabinin kalan alan1 (satir*siitun)

Tyi=1, 1 kabininin y satirmin k siitununa {iriin atanmigsa; eger
atanmamigsa =0.

1. Begin

2.While (biitiin iiriinler kabinlere atanana kadar) (s(Sj)=liriin
adedi)

3. Her j liriinlinii yiiksekliklerine (h;) gore sirala.

4.  For i=1: kabin sayis1

5. For j=1: iiriin say1s1

6. If (Apj<Ac)AND (j ¢ S))

7. j Urlinlinil y = rand(1, satir sayisi+1) satirina ata.

8. For k=1: i kabininin siitun sayis1

9. If (hj+y < i. kabinin siitun sayisi) AND (w;+k<=i.

kabinin satir say1s1)

10. If isAssigned(y,hj,k,w;,i)<>0
11. Si=SU {j}

12. Aci = Aci — Api

13. Break;

14. End For k

15.  End Forj

16. End For i

17. End While

18. End

19. Metot: isAssigned (y, h;, k. wj, i)
20. Fora=y: y+h;

21.  For b=k: k+w;

22. If Tabi:O

23. Return 1

24, Else break and return 0

Gelistirilen TP-GA matsezgiselindeki GA isleyisi ile ilgili
detaylar asagida belirtilmistir.

Kromozom Gésterimi: Kromozomun genlerinde sirasiyla
her {irlin igin sergileme yiiksekligi, sergileme genisligi,
sergilendigi X konumu degeri, sergilendigi Y konumu degeri,
atandigr kabin numarasi ve uygunluk fonksiyonu degerleri
tutulmaktadir. Sekil 1’de kromozomun ilk geninde 1 numarali
iirlinlin, 1 numarali kabinin sol iist kosesinden X koordinatinda 5
birim, Y koordinatinda 0 birim wuzaklikta konumunun
baglayacagi bilgisi yer almaktadir. 1 numarali {iriin bu konumdan
itibaren saga dogru 8§ birim genislikte ve 1 birim yiikseklikte yer
kaplamaktadir.
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Tablo 2. TP-GA sézde kodu (Table 2. TP-GA Pseudo Code)

1. Begin

2. Parametreleri tanimla ve uygunluk fonksiyonu (amag

fonk.) belirle.

3. TP ile biitiin uygun ¢6ziimleri bul, U={Uy,...,Umax}-

4. Her U kiimesindeki her d firiinii i¢in X4, Wd, hg

degerlerini elde et.

5. Xg, Wy, hg degerlerini kaydet.

6.  Fori=1: Uma

7. KTA ile uygun birey q; tiret.

8. Her g; bireyinin Xq, Wy, hg degerleri ile kabindeki satir

ve siitun baglangiclarini belirle.

9. gi uygunluk degerini hesapla.

10. P=PuUq;, yeni bireyi popiilasyona ekle.

11. EndFori

12. If (Umax<P) -Uygun ¢o6ziim adetleri popiilasyon

biiyilikligiinden kiigiik oldugunda;

13.  For i=Umax: P

14, U kiimesinden rastgele bir ¢éziim sec.

15. KTA ile uygun birey q; tiret.

16. Her qi bireyinin Xq, Wg, hg degerleri ile kabindeki
satir ve siitun baslangiclarin belirle.

17. gi uygunluk degerini hesapla.

18. P=P U @i, yeni bireyi popiilasyona ekle.

19. EndFori

20. End If

21. Nesil iyilestirmek i¢in Turnuva Se¢im Yontemi uygula.

22.  While (t<Maksimum iterasyon sayist (Imax))

23. Rastgele secilen iki birey qi1 ve (2 icin Pe
caprazlama oranina gore caprazlama operatorii
uygulayarak g:’ ve g2’ yavrularini elde et.

24. Rastgele secilen birey i¢cin Py mutasyon oranina
gbre mutasyon operatdrii uygula ve yeni bireyin
uygunluk degerini hesapla.

25.  Yeni nesilde en iyiyi (qpes:t ) bul.

26. If Qbestt_1 < qbestt then

217. t=t+1

28. End If

29. End While

30. Eniyi bireyi (qpes:) belirle.

31. End

UrinNo | 1|2 34|56 78 9|10

Genislik 8 |8 | 81 4|5 |8 8|8 ] 4] 3

Yiikseklik 1 1 1 1 1 1 1 1 1 1

Y Konumu 51714126103 ]1]2]6

XKonumu | 0 [0 | 0O 4 [3]0][]0]0]0]O0

Kabin No 1 | 1 1 1 1 1 1 | 1
(0,0) X

Sekil 1. Ornek kromozom ve kromozomun ¢dziimlenmesi
(Figure 1. A sample of chromosome and the analysis of the

chromosome)
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Baglangi¢ Popiilasyonu: Baslangi¢ popiilasyonu, kullanici
tarafindan belirlenen adette (P) TP modelinden gelen
sergilenecek kabin, sergileme genislik ve sergileme yiikseklik
degerlerine gore kabine atamasi yapilmis bireylerden olusur.

Uygunluk Fonksiyonu: Kromozomda saklanan bilgileri
kullanarak amag fonksiyon degeri, kabinde bulunan her bir rafin
etki degeriyle, iriiniin kar degerinin ¢arpilmasiyla elde edilir.
Her bireyin amag¢ fonksiyon degeri hesaplanir. Uygunluk
fonksiyonu olarak amag fonksiyonu degeri tercih edilmistir.

Kromozom secimi: Mevcut popiilasyondan bir grup birey,
secim asamasinda iireme basamagi icin eslesme havuzu
olusturmak tiizere secilir. Secimin amaci, iyi bireyleri tutmak ve
kot bireyleri  bir nesilden digerine gecerken ortadan
kaldirmaktir. Popiilasyon biyiikliigiince (P adet) birey olana
kadar turnuva se¢im teknigi uygulanir. Boylece, yiiksek amag
fonksiyonu degerine sahip olan kromozom, diisiik amag degerine
sahip olan kromozomdan daha fazla secilme sansina sahip
oldugundan nesil iyilesmektedir. Kromozomlar iireme igin
secildikten sonra, gaprazlama ve mutasyon operatdrleri yavrulari
tiretmek i¢in uygulanir.

Caprazlama Operatérii: Caprazlama operatorii, gelecek
nesillere eklenecek iki yeni kromozom iiretmek i¢in segilen iki
kromozomun genlerini yeniden birlestirir. Her ebeveynin en iyi
ozelliklerini almayr ve kalan ozellikleri yavrulart olusturma
agsamasinda karigtirmayr amaglar. Tek noktada ¢aprazlama,
triinin ~ kabindeki  yiikseklik ~ ve  geniglik  genlerine
uygulanmaktadir. Toplam {iriin sayis1 D adet oldugunda k € [2,
D-1] tamsay1 pozisyonunda diizgiin dagilim ile rastgele bir
caprazlama noktas: iiretilir. ilk ebeveyndeki 1'den k'ya kadar
olan kisim, birinci yavruya kopyalanir ve daha sonra bu yeni
par¢a dizilerinin kalan kismui, ikinci ebeveynde goriildiigi gibi
ayni sirada tamamlanir ve simetrik islem ile ikinci yavru iretilir.
Sekil 2’de c¢aprazlama islemine Ornek verilmistir. Diizgin
dagilim ile rastgele tiretilen ¢caprazlama noktasi (k=3) siyah ¢izgi
ile belirtilmistir. 1.yavrunun bu K noktasina kadar olan siralamasi
ilk ebeveynden ve kalan gen siralamasi da ikinci ebeveynden
gelmektedir. Benzer sekilde, 2.yavrunun da bu k noktasina kadar
olan siralamasi ikinci ebeveynden ve kalan gen siralamasi da ilk
ebeveynden gelmektedir. Daha sonra ilgili genislik, yiikseklik
degerleriyle atamalar yapilir. Caprazlama sonucunda uygun
¢Oziime uymayan yavrularin olugsmamasi i¢in, yavrularin {iretimi
asamasi takip edilir ve gerekli diizenlemeler yapilir. Kabindeki
bos hiicrelere kalan iiriinler sigmiyorsa yeniden atama yapilir. Bu
asamada, lirlinlerin X konumu ve Y konumu sabit olan genislik
ve yikseklik degerleriyle yeniden hesaplanir. Daha sonra,
iiretilen yavrulardan amag fonksiyonu degeri ebeveyninkinden
bliyilk olan yavru, ebeveynin yerine geger. Caprazlama
operatoriinii  uygulama olasiligi, ¢aprazlama orami P¢ ile
belirlenir.

Mutasyon Operatorii: Mutasyon islemi, bireylere rastgele
genler ekleyerek veya bireylerin kromozomlarini degistirerek
daha genis bir ¢ozlim alaninin taranmasini amaglar. Sekil 3’te
gorildiigii gibi rastgele secilmis bir bireyin, aymi boyutta
sergileme alani kaplayan triinlerinin yerleri degistirilmektedir.
Bu omnekte Uriin-3 ve Uriin-7 yer degistirmistir. Mutasyon
operatoriiniin  uygulama olasiligi, Onceden tanimlanmis
mutasyon oram Pp, ile belirlenir.
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Sekil 2. Caprazlama operatorii (Figure 2. Cross-over operator)
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Sekil 3. Mutasyon operatorii (Figure 3. Mutation operator)

Durdurma Kriteri: Durdurma kriteri, algoritmanin
performansini etkiledigi ig¢in genetik algoritmanin tasariminda
onemli kararlardan biridir. Onerilen genetik algoritma, énceden
tamimlanmis bir maksimum iterasyon sayisina kadar en iyi
¢Oziim degismediginde durmaktadir.

TP-GA algoritmasina alternatif olarak popiilasyon tabanl ve
son yillarda popiilerligi hizla artan ates bdcegi algoritmas: da
degerlendirilmistir. Benzer sekilde TP-ABA algoritmasi
gelistirilmis ve sonraki boliimde detaylandirilmastir.

e-1SSN: 2148-2683

2.4. Tamsayih Programlama ve Ates
Algoritmasi Tabanh Matsezgisel: TP-ABA

Bocegi

Ates bocegi algoritmasi (firefly algorithm) Yang (2008)
tarafindan ates boceklerinin sosyal davraniglarinin benzetimine
dayanarak gelistirilmis giiclii ve etkili bir siirii tabanli meta-
sezgisel algoritmadir. Ates boceklerinin parlakliga duyarli sosyal
davraniglarini ele alarak gelistirilmistir. Literatiirdeki ¢alismalar
ve deneysel karsilagtirmalar, ates bocegi algoritmasinin yiiksek
basar1 oranlar ile global optimum degeri bulmakta ¢ok etkili
oldugunu ve hem pargacik siirii optimizasyonu hem de genetik
algoritmadan {istiin oldugunu gostermektedir (Yang 2009).
Ayrica literatirde 2BRAP’ne benzer problemlerde (2 boyutlu
kesme problemi, paketleme problemi vb.) atesbocegi algoritmasi
ile basarili sonuglar elde edilmistir. Bu nedenle c¢alisma
kapsaminda ele alinan problem ¢6ziimii i¢in matematiksel
programlama ve ates bocegi algoritmasi tabanl bir matsezgisel
yaklasim (TP-ABA) gelistirilmis ve sozde kodu Tablo 3’de
Ozetlenmigtir. TP-ABA’daki ates bocegi algoritmasinin (ABA)
isleyisi ile ilgili detaylar asagida belirtilmistir.

Coziim Gosterimi: Bolim 2.3’de detaylandirilan genetik
algoritmada kullanilan ¢6ziim yaklasimi bu algoritmada da
kullanilmigtir. Kromozomlarin genleri, ates boceklerinin de
parametre boyutlari olarak tanimlanmaigtir.

Baslangi¢ Popiilasyonu: 11k popiilasyonun Kkalitesi, bir
algoritmanin performansi iizerinde biilyiikk bir etkiye sahiptir.
Baslangi¢ popiilasyonunda hem problemin 6zelligini hem de
¢Oziim kalitesini dikkate alarak, TP modeli ¢6ziilmiis ve uygun
¢oziimlerin kabin, geniglik ve yiikseklik degerleri elde edilmistir.
Daha sonra bu degerlere gore firiinler Tablo 3 adim 3’de
gosterildigi gibi uygun boyutlarda kabinlerine atanarak baglangi¢
popiilasyonu (P) kadar ates bocekleri {iretilmistir.

Uygunluk Fonksiyonu: Ates boceginde saklanan bilgileri
kullanarak amag fonksiyon degeri, kabinde bulunan her bir rafin
etki degeri ve iiriiniin kdr degeri carpilarak elde edilmistir.
Uygunluk fonksiyonu olarak amag¢ fonksiyonu degeri tercih
edilmigtir.

Coziim Giincelleme: ABA’da oOlusturulan her bir ates
bocegi diger tiim ates bdceklerini kontrol eder ve kendinden
parlak olan ates bocekleri i¢in formiile bagli olarak onlara dogru

hareket ederken eger parlak degilse rastgele hareket
gerceklestirir.
Uzaklik _hesabi: 1ki ates bocegi arasindaki mesafe (r)

bulunurken, her iki ates bocegi (i ve ) arasindaki, sirasiyla x; ve
x; konumlarindaki mesafe, Hamming uzakhigi kullanilarak
Olciilmiistir. Hamming uzakligi, bilgisayar bilimlerinde ayni
uzunluktaki iki dizginin birbirine doniisebilmesi i¢in gerekli olan
yer degistirme sayisidir (Hamming, 1950). Ornegin [100011101]
ile [100101101] dizgileri arasindaki Hamming uzakligy,
benzemeyen hane sayilar1 toplami, yani 2 olacaktir.

Isik yogunlugu: Isik kaynaginin belli bir uzakliktaki siddetidir.
Ates boceginin uygunluk degeri 151tk yogunlugu olarak
belirlenmistir.

Cekicilik: Bir ates boceginin ¢ekiciligi, 151tk yogunluguyla
belirlenir. Her ates bocegi, diger ates boceklerini ne kadar giigli
cektigini  belirten kendine o6zgli ¢ekicilige (B) sahiptir.
Gelistirilen algoritmada, ates bdceginin gekiciligi esitlik (4) ile
hesaplanmistir (Karthikeyan, Asokan ve Nickolas, 2014).
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Formiilde yer alan y, sabit emilim katsayisin1 ifade ederken f3,,
ates boceginin parlakligi yani uygunluk degeridir. Fakat daha
hizl1 bir ¢6ziim igin S,=1 olarak alinmustir.

Tablo 3. TP-ABA sézde kodu (Table 3. TP-ABA Pseudo Code)

1. Begin

2. Parametreleri tanimla ve uygunluk fonksiyonu belirle.

3. TP ile biitiin uygun ¢oziimleri bul, U={Uy,...,Unax}.

4. Her U kiimesindeki her d firiinii i¢in X4, Wd, hg
degerlerini elde et.

5. Xd, Wq, hg degerlerini kaydet.

6. For i=1: Umax

7. KTA ile uygun ates bocegi p; iiret.

8. Her pi ates boceginin x4, Wg, hg degerleri ile

kabindeki satir ve siitun baslangiclarin belirle.
9. pi igin 151k yogunlugu (I;) hesapla.
10. P=P U pi, yeni ates bocegini popiilasyona ekle.
11. EndFori

12. If (Umax<P) -Uygun ¢o6ziim adetleri popiilasyon
biiyilikligiinden kiigiik oldugunda;

13.  For i=Umax: P

14, U kiimesinden rastgele bir ¢6ziim seg.

15. KTA ile uygun ates bocegi p; iiret.

16. Her pi ates bocedinin x4, Wg, hg degerleri ile

kabindeki satir ve siitun baslangiglarini belirle.
17. pi i¢in 151k yogunlugu (I;) hesapla.
18. P=P U pj, yeni ates bocegini popiilasyona ekle.
19. EndFori
20. End If
21. Sabit emilim katsayisim (y) belirle.
22. While (t<Maksimum iterasyon Sayisi (Imax))
23. For i=1:P

24. For j=1:P
25. If (I; > I;) then
26. Ates bocegi pi ve pj’yi ¢ekiciliklerine gore

hareket ettir. Hareket
Adim 2, Adim 3) uygula.

adimlarmi (Adim 1,

27. pi ates bocegini Adim 3’de olusturulan aday
¢oziimle giincelle ve  1s1k  yogunlugunu
hesapla.

28. End If

29. End For j

30. End For i

31. Mevcut en iyiyi (ppes:) bulmak icgin ates boceklerini

sirala.
32. [0,1] araliginda rassal say1 (rand) iiret.
33. If rand<0,5 then

34. Rastgele secilen bir ateg bocegine komsuluk arama
algoritmasi (KAA) uygula.

35. KAA ile iiretilen ates bocegi ile rastgele secilen
ates bocegini degistir.

36. End If

37. Ates bocekleri iginde en iyiyi bul ve pp,'i giincelle.

38. If pbestt—1 < pbestt then

39. t=t+1

40. Else t=0

41. End If

42. End While

43. En iyi ates bocegini (ppese) belirle.

44, End

e-1SSN: 2148-2683

Hareket: Secilen i ates bocegi, j ates boceginin parlaklik
degerine gore hareket eder. Boylece ates bocegi her zaman bagka
bir ates bocegine yaklastirilir yani mesafeleri azalir. Bunun igin
uygulanan adimlar soyle dzetlenebilir:

Adim 1. Iki ates bocegi arasindaki sergileme genislik ve
sergileme  yiikseklik degerleri icin Hamming
uzakliklar1 ayr1 ayri bulunur ve sirasiyla ri, r, olarak
saklanir. Yapilmas: gereken degisiklikler de sirasiyla
ds, d2 olarak listede tutulur.

Adim 2: Cekicilikleri r1 ve r; i¢in ayr1 olarak esitlik (4) ile

hesaplanir ve (0,1) arasinda rassal say1 {iretilir.

Adim 3: Aday ¢6ziim olusturulurken;

- Eger iretilen rassal sayi, f(r;)’den ve B(ry)’den
kiiciikse ilgili iiriin igin sergileme genislik degerleri
d; iginden segilir. Sergileme yiikseklik degeri ise
dz’den gelir.

- Eger {iretilen rassal say1, sadece f(r;)’den kiigiikse
ilgili drtin i¢in sergileme genislik degerleri di
icinden segcilir. Sergileme yiiksekligi degismez.

- Eger tretilen rassal say1, sadece f(r,)’den kiigiikse
ilgili {irtin i¢in sergileme yiikseklik degerleri d»
i¢cinden se¢ilir. Sergileme genisligi degismez.

Daha sonra bu genislik, yiikseklik ve atanan kabinlerle X

ve Y konumlart iretilir.

Her iterasyonda olusturulan aday ¢oziim, EK-A’da verilen TP

modelinde belirtilen kisitlar1 yerine getirmek zorundadir ve bu

nedenle, ¢6ziimiin uygulanabilirligi kontrol edilir ve saglanir.

Komsuluk Arama Algoritmast (KAA): Coziim alaninda
aramay1 genisletmek icin yerel komsuluk arama algoritmasi
kullanilmistir.  Olusturulan ates boceklerinin - her  birinin
sergileme geniglik ve sergileme yiikseklik parametrelerine
sirayla bu gelistirmeler uygulanir. Bu sekilde nesilde iyilesme
saglanmaktadir. Rasgele secilen bir ates boceginin ayni kabinde
yer alan rasgele se¢ilmis iki Urlinii i¢in mevcut sergileme
geniglik ve ylikseklik degerleriyle kaplanan alan biiyiikligiini
saglayan yeni genislik ve yiikseklik degerleri iiretilir. Daha sonra
bu yeni degerlerle X konumu ve Y konumu parametreleri tekrar
olusturularak komsu ¢6ziim tiretilmisg olur.

Durdurma Kriteri: ABA 06nceden
maksimum iterasyon sayisina
degismediginde durmaktadir.

tanimlanmig  bir
kadar en iyi ¢Oziim

Tablo 4’te ABA igin bir giincelleme 6rnegi verilmistir. ki
ates bocegi p1 ve p2 i¢in amag¢ fonksiyonu degerleri
hesaplanmistir.  Farkli elemanlar se¢ilmis ve Hamming
uzakliklar1 hesaplanmustir. Ates bocegi p2’nin p:1 ates boceginden
farkli elemanlarin1 belirten liste olusturulmustur. Parantez
icindeki ilk deger {iriin numarasini, ikinci deger p: ates
boceginin elemanint gostermektedir. Daha sonra esitlik (4)’e
gore gekicilikleri hesaplanir. (0,1) arasinda iiretilen rassal sayiya
gore Adim 3’te belirtildigi sekilde hareket gerceklestirilir. X ve
Y konumlar1 da elde edilen yeni ¢6zliime gore giincellenir.

TP modeli ile {iretilen uygun ¢oziimler bu bdliimde
detaylandirilan meta-sezgisellerin baglangi¢ popiilasyonlari
olusturmus ve meta-sezgisel yontemler bu uygun bireylerle
¢Oziime baglayarak belirlenen durdurma kriterleri iginde en iyi
¢ozlimii bulmay1 hedeflemislerdir. Yontemlerin test edilmesi ve
kargilagtirilmasinda kullanilan veri setleri sonraki bolimde
detaylandirilmistir.
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Tablo 4. Ates bocegi algoritmast ¢oziim giincellemeSi 6rnegi
(Table 4. An example of Firefly algorithm solution update)

Cozim Sergileme | Sergileme X Y Kabin
Vektorii Yiiksekligi | Genisgligi Konumu Konumu No
Mevcutates | [L11211] | [21432] | [30103] | [00012] | [111
bocegi (p;) 11]
p; i¢in amag Z=131
fonksiyonu
Mevcutates | [22121] | [21232] | [20203] | [00212] | [111
bocegi (p,) 11]
p; i¢in amag Z=107
fonksiyonu
Farkli {1.1), @ | {34}
elemanlar 1), (3, 2),
(d) 4. 1}
Hamming 4 1
Uzaklig1
Cekiciklikler 0,38 0,91
B
(0,1) arast {0,27; {0, 3}
tiretilen say1 0,41; 0,5;
rand() 0,72}
Hareket (1;1) (3;2) - - -
Hareket [12121] | [21432] | [30203] | [20010] | [111
sonrasl ates 11]
bécegi(pyem)
Dy i6IN Z=115
amag
fonksiyonu

2.5. Veri Seti Ozellikleri

Geligtirilen modelleri test etmek ve performanslarini
degerlendirebilmek amaciyla Caglar Gencosman ve Begen
(2022) calismasindaki bir veri seti (Ger¢ekVeri | RealisticData)
kullamlmistir.  Gergek veri seti  (GergekVeri), yerel bir
kitabevindeki ¢ok satanlar kabini verilerinden elde edilen olasi
parametre degerlerinin frekanslar1 kullamilarak tiretilen ampirik
veri setidir. Parametrelerin  frekans dagilimi  Tablo 5°te
verilmistir. Farkli gosterim adetleri ve farkli kalinliklarin oldugu
10-250 tip kitaptan olusan 48 test problemi vardir. Problemlerin
hepsinde kabinlerdeki satir sayist 8 olarak alinirken siitun sayisi
problemin biiyiikligiine gore 8-160 arasinda degismektedir.
Biitlin problemlerde 8 raf i¢in etki degerleri A4;, sirasiyla 5-6-7-8-
8-7-6-5 agirliklarmi  almisti.  Bu  veri  seti  Mendeley
(https://doi.org/10.17632/zy6bm4nrow.2) sitesinde
paylasilmistir.

2.6. TP-GA Parametre Analizi

TP-GA matsezgiselinde kullanilan GA parametreleri igin
analizler yapilmigtir. GA popiilasyon biyiikligi (P), mutasyon
oranit (Pm), ¢aprazlama orani (P¢) ve maksimum iterasyon orani
(Imax) kullanici tarafindan belirlenen parametrelerdir. Bu
parametrelerin optimum degerlerinin belirlenmesinde ana etki
grafikleri incelenmis, ANOVA analizi yapilmig ve son olarak
%GAP ve ¢oziim siiresi ¢iktilar1 i¢in Cevap Yiizeyi Metodu
(Response Surface Method) ile en iyi degerler tespit edilmistir.
Tablo 6’da analizde faktorler ve seviyeler goriilmektedir. Bu
degerlerin  seg¢iminde  literatiirdeki ~ benzer  ¢aligmalar
incelenmistir.
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Tablo 5. Kitabevi verilerinde parametrelerin ampirik dagilimi
(Table 5. Empirical distribution of data parameters of the

bookstore)
Uriin Uriinden Elde
Kalmhgi Ok Egilenkar ~ Olasilik
1 0,072 3-5 0,074
2 0,530 5-7 0,214
3 0,264 7-9 0,206
4 0,106 9-11 0,199
5 0,020 11-13 0,235
6 0,004 13-15 0,057
7 0,005 15-17 0,007
17-19 0,002
19-21 0,002
21-24 0,004

Tablo 6. GA faktorleri ve seviyeleri (Table 6. GA factors and

their levels)
Faktorler
Seviye P Pm Pc | max
1 25 0,15 0,65 500
2 50 0,25 0,75 1000
3 75 0,35 0,85 1500

Faktor analizi MINITAB programinda gergeklestirilmis ve
tam faktoriyel tasarim olusturularak 3% adet (81 adet) deney
gerceklestirilmigtir.  Deneyler 30 iriinlii bir problem ile
gerceklestirilmis ve deney sonuglari matematiksel modelin
optimal sonucu ile karsilastirilarak %GAP hesaplanmistir.
%GAP degeri GA’nin optimale ne kadar yakin sonug elde
ettigini gostermektedir ve esitlik (5) ile hesaplanmaktadir. Bu
esitlikte z” degeri GA ile elde edilen ama¢ fonksiyonu degeri ve
z* degeri optimal degerdir.

Zx=2ZI

%GAP = (5)

Z*

Deney sonuglarinda %GARP ile birlikte siire de ¢ikti olarak
kaydedilmis ve analizlerde kullanilmistir (EK-B). Ele alinan
¢oziim yontemi sezgisel bir yontem oldugundan optimale yakin
¢oziimler elde etmek birinci Onceliktir. Ancak biiyiik
problemlerde hizli sonuglarin iiretilmesi de dnem kazanmaktadir.
Iki ¢iktiyr da goz oniinde bulundurarak cevap yiizeyi metodu
kullanilmig ve parametrelerin optimal degerleri belirlenmistir.
Bu analizlerin detaylart EK-B’de verilmistir. GA i¢in optimal
degerler Tablo 7°deki %GAP & Siire minimizasyonu igin elde
edilen degerler olarak secilmistir. TP-GA matsezgiseli ile
gerceklestirilen tiim deneylerde bu parametreler kullanilmustir.
Cevap yilizeyi metodu, TP-ABA matsezgiselinde ABA’nin
parametre degerlerinin belirlenmesinde de kullanilmig ve analiz
sonuclar1 sonraki boliimde anlatilmisgtir.
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Tablo 7. GA i¢in cevap yiizeyi metodu ile belirlenen optimal
parametre degerleri (Table 7. Optimal parameter values
determined by the response surface method for GA)

Minimum Faktorler
Amag
Fonksiyonu P P Pe Imax
%GAP 25 0,15 0,65 1005
Siire 25 0,15 0,75 500
%GAP&Siire 25 0,15 0,65 500

2.7. TP-ABA Parametre Analizi

TP-ABA algoritmasinda kullanilan ABA parametreleri i¢in
analizler yapilmigtir. ABA popiilasyon biiyiikligi (P), ¢ekicilik
(f), sabit emilim katsayist (y) ve maksimum iterasyon orant
(Imax) kullanici tarafindan belirlenen parametrelerdir. ANOVA
analizi ile ana etki grafikleri incelenmis ve cevap yiizeyi metodu
ile %GAP ve ¢oziim siiresi ¢iktilar1 i¢in parametrelerin en iyi
degerleri belirlenmistir. Tablo 8’de analizde kullanilan faktorler
ve seviyeleri goriilmektedir.

Tablo 8. ABA faktorleri ve seviyeleri (Table 8. ABA factors and

their levels)
Faktorler
Seviye P B Y I max
1 25 0 0,1 25
2 50 0,5 5 50
3 75 1 10 100

Onceki analizde de oldugu gibi, ABA faktdr analizinde de
tam faktoriyel tasarimla (81 adet) deneyler gergeklestirilmistir.
GA’nin parametre analizindeki 6rnek problem, ABA parametre
analizinde de kullanilarak (30 {iriin) deneyler gergeklestirilmis
ve esitlik (5) ile matematiksel modelin optimal sonucu
kullanilarak %GAP degerleri hesaplanmistir. Benzer sekilde
deney siireleri de kaydedilmistir ve analizlerde kullanilmigtir
(EK-B). Cevap yiizeyi metodu ile parametrelerin minimum
%GAP ve silirede ¢oziim iiretebilen optimal degerleri
belirlenmistir. EK-B’de detaylandirilan cevap ylizeyi metodu ile
bulunan optimal degerler Tablo 9°da verilmistir.

Tablo 9. ABA i¢cin cevap yiizeyi metodu ile belirlenen optimal
parametre degerleri (Table 9. Optimal parameter values
determined by the response surface method for ABA)

Minimum Faktorler
Amag
Fonksiyonu P p i Imax
%GAP 25 0 0,1 99,97
Siire 25 0,014 0,101 25
%GAP&Siire 25 1 0,1 44

Onerilen matsezgisel algoritmalar ve yapilan parametre
analizleri sonucunda elde edilen degerler ile veri setindeki

problemler  kullanilarak  deneyler  gergeklestirilmis  ve
matsezgisellerin performanslari sonraki boliimde
karsilagtirilmisgtir.
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3. Sonugclar ve Tartisma

Onerilen iki matsezgisel TP-GA ve TP-ABA yontemleri C#
ortaminda gelistirilmistir. Yo6ntemlerin TP modeli i¢in IBM
ILOG CPLEX Optimization Studio programinin OPL
kiitiphanesi Visual Studio programma eklenmistir. Deneyler,
Intel Core 17 2.59 GHz iglemci ve 8 GB RAM ozelliklerine sahip
bir Dbilgisayarda caligtinlmistir.  Yontemlerin  sonuglari
birbirleriyle karsilastirilmis ve asagidaki tablolarda verilmistir.
Matsezgisellerde kullanilan TP modelinin ¢éziim siiresi 1800 sn.
ile smirlandirilmigtir.  Meta-sezgiseller i¢in ise maksimum
iterasyon sayisi sinir olarak kullanilmistir ve deneyler ti¢ tekrarli
yapilarak ortalamalar1 alinmistir. Tablolardaki MIP1 siitunu ve
degerleri Caglar Gengosman ve Begen (2022) caligmasinda
gelistirilen tamsayili matematiksel modelin 1800 sn. siire sinir
icinde buldugu degerlerdir. Biitiin problemlerde satir sayisi 8
olarak alinmigtr.

Tablo 10°da GergekVeri veri setindeki kiigiik boyutlu
problemlerin ¢oziimleri verilmistir. Bu tabloda MIP1 modeli R1-
R8 problemlerinde optimal sonucu bulabilmistir. MIP1 optimal
degerleri kullanilarak TP-GA ve TP-ABA matsezgisellerin
performanslart karsilastirilmigtir. R9 probleminde 1800 sn.
icinde MIP1 optimal sonucu bulamazken Onerilen matsezgisel
algoritmalar ile daha kisa sirede daha iyi c¢ozlimlere
ulasilabilmistir. Tablo 10 kullanilarak TP-GA ve TP-ABA
matsezgisellerin hizlar1 ve optimale yakin sonug iiretmeleri Sekil
4(a) ve Sekil 4(b)’de gorsellestirilmistir.

Tablo 11’de matsezgisellerin biiyiik boyutlu problemlerin
¢oziimiindeki performanslari  verilmistir. Biiyilk boyutlu
problemlerde matsezgisellerin performans: Caglar Gengosman
ve Begen (2022) calismasinda Onerilen iteratif tamsayili
matematiksel model (IP1/1IP2) ile Kkarsilastirilmig  ve
matsezgisellerin optimal ¢6ziime ne kadar yakin sonuglar elde
ettikleri %GAP siitunlarinda belirtilmistir. Problemlerdeki “Uriin
sayis1” situnu gosterim adetlerini degil, essiz iriin tiplerini
gostermektedir. Ornek olarak 250 farklh {iriin barindiran R46
probleminde 8 satir ve 148 siituna matsezgiseller 1184 adet
gosterim yiizeyi yerlestirmiglerdir. Gosterim adetleri biiyiik
boyutlu problemlerde {irlin sayisindan olduk¢a farkli ve
biiyiiktiir.  Sekil 5’de Tablo 11°deki %GAP siitunlari
gorsellestirilmistir. Matsezgisellerin biiyilik boyutlu problemlerde
bile optimale yakin sonuglar iiretebildikleri ve birbirlerine yakin
performans gosterdikleri gézlenmistir. GergekVeri veri setindeki
biitin problemler dikkate alindiginda TP-GA matsezgiselinin
ortalama %4,47 GAP ile ve TP-ABA matsezgiselinin ortalama
%4,57 GAP ile optimale yakin sonuglar elde edebilmislerdir. Bu
sonuglar da matsezgisellerin basarisini géstermektedir.

Matsezgisellerin  performanslarmi test etmek i¢in wveri
setindeki Orneklerin sayist arttirilmig ve 300-900 iiriine sahip
problemlerin  raf atamalari  gerceklestirilmigtir.  Caglar
Gengosman ve Begen (2022) calismasinda gelistirilen iteratif
matematiksel yontem ile 250 iiriine kadar problemler optimal
¢oziilebilirken, onerilen TP-GA ve TP-ABA matsezgiselleri ile
900 {irtine sahip  problemlerin  uygun  ¢dziimlerine
ulagilabilmigtir. Sezgisellerin performanslart Tablo 12°de
verilmistir. Tabloda ilk ¢ siitun problemlerin 6zelliklerini
belirtmektedir. Biitiin deneylerde 1 kabin ve 8 satir alinmstir.
Siitun sayilart problemin boyutuna gore degismektedir. Bu
deneylerde iki matsezgisel ile bulunan uygun ¢oziimlerin kalitesi
birbirine olduk¢a yakindir.
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Tablo 10. GergekVeri kii¢iik problemlerde matsezgisellerin optimal sonuglar ile karsilastiriimas: (Table 10. Comparison of
matheuristics with optimal results for GercekVeri small problems)

MIP1 TP-GA TP-ABA

Prob. Uriin Satir Siitun Kabin Amag - % Amag - %  Ama¢ . %
S S S
No. Sayis1 Sayis1 Sayist  Sayis1  fonk. ure GAP  fonk. ure GAP  fonk. ure GAP

R1 8 8 1 2260 2,0 0 2256 29,7 0,002 2260 16,2 0
R2 10 8 8 1 1996 3,2 0 1996 193 0 1996 10,5 0
R3 8 8 1 1652 411 0 1652 62,9 0 1652 234 0
R4 8 8 1 2241 155,8 0 2215 143,00 0,012 2218 1138 0,010
R5 20 8 8 1 2316 242 0 2297 59,6 0,008 2303 60 0,006
R6 8 8 1 2432  300,3 0 2405 56,4 0,011 2406 40,7 0,011
R7 8 12 1 3646 3149 0 3521 485 0,034 3563 526 0,023
R8 30 8 12 1 2965 3381 0 2903 207,8 0,019 2840 54 0,032
R9 8 12 1 2596 1800 7,54 2719 137,9 -0,047 2710 167,3 -0,044
Ortalama 331,07 85,01 0,004 59,83 0,004
GercekVeri kiigiitk problemlerde matsezgisellerin GergekVeri kijq:i‘xk.p.roblemlerde matsezgiseller
hiz1 icin % GAP
250 0,04
* 0,04 *
200 . 0,03
150 002 ;
*;—7 “ ‘ ¢ % 0,02 ®
@ 100 : * 002
! o
w ‘_0 . v 0,01 .
.. ‘ 0,01
e [
0 0,00
0 2 4 6 8 10 0 2 4 6 8 10
Problemler -+ #--- TP-GA(Siire) Problemler <@ TP-GA[%GAP)
TP-ABA(Stire) TP-ABAIGAP]
(a) (b)

Sekil 4. GergekVeri veri setindeki kiigiik boyutlu problemlerde (a) Matsezgisellerin ¢6ziim siireleri karsilastirmasi ve (b)
Matsezgisellerin optimal ¢6ziime yakinliklar1 kargilagtirmasi (Figure 4. For small size problems in GercekVeri; (a) Comparison of
solution times of matheuristics and (b) Comparison of matheuristics’ solutions to optimal solutions)

Tablo 11. GergekVeri seti biiyiik boyutlu problemlerde matsezgisellerin performans: (Table 11. Perofrmance comparison of
matheuristics with GercekVeri large size problems)

Prob. Uriin  Siitun  Kabin TF:;/SA TP;ﬁJ‘BA Prob. Uriin Siitun Kabin TF:,'/SA TP;QBA
No. Sayis1  Sayis1 Sayisi GAP GAP No. Sayisi Sayis1 Sayisi GAP GAP
R10 24 1 2,20 2,20 R28 64 1 3,60 3,00
R10 12 2 3,00 3,10 R29 100 64 1 4,60 4,80
R11 40 24 1 3,40 3,10 R30 64 1 3,00 3,90
R11 12 2 3,60 3,50 R31 76 1 5,30 4,20
R12 24 1 2,90 4,50 R32 125 76 1 4,40 4,10
R13 32 1 3,50 2,80 R33 76 1 4,20 490
R13 16 2 3,70 3,60 R34 92 1 4,60 4,70
R14 50 32 1 2,80 2,80 R35 150 92 1 4,70 4,60
R14 16 2 2,50 2,10 R36 92 1 4,00 4,20
R15 32 1 3,60 3,50 R37 100 1 4,30 3,80
R16 40 1 3,20 3,00 R38 175 100 1 5,00 5,50
R16 60 20 2 2,20 2,70 R39 90 1 4,90 4,80
R17 40 1 4,00 3,60 R40 120 1 5,20 4,90
R18 40 1 3,00 4,10 R41 200 120 1 3,90 5,00
R19 40 1 11,50 11,60 R42 120 1 4,10 4,60
R20 40 1 11,70 11,40 R43 140 1 5,10 4,60
R20 70 20 2 3,50 3,40 R44 225 140 1 430 4,70
R21 40 1 11,00 12,80 R45 140 1 2,50 2,70
R22 50 1 3,10 2,70 R46 148 1 4,80 4,90
R23 80 50 1 3,40 4,00 R47 250 148 1 5,60 5,50
R23 20 2 3,90 6,30 R48 160 1 5,80 6,60
R24 50 1 3,40 4,40 Ortalama 447 4,57
R25 52 1 10,80 11,40
R26 90 52 1 2,00 3,50
R27 52 1 4,30 4,20
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GergekVeri seti problemlerinde TP-GA ve TP-ABA %GAP dagilimlan

Sekil 5. GergekVeri veri setindeki biiylik boyutlu problemlerde
matsezgisellerin optimal ¢6ziime yakinliklar1 karsilastirmasi
(Figure 5. Comparison of matheuristics’ solutions to optimal
solutions for large-size problems in GercekVeri)

Tablo 12. 300-900 iiriin boyutlu problemlerde matsezgisellerin
performanst (Table 12. Performance of matheuristics on
problems with 300-900 products)

Prob. Uriin Siitun TP-GA Amag fonk. TP-ABA Coziim
no sayisl  sayisl fark: (%) stiresi farki (%)

R49 300 160 0,75 274,49

R50 400 180 0,04 537,70

R51 500 200 -0,01 382,35

R52 600 240 0,25 79,99

R53 700 280 0,59 109,33

R54 800 320 0,04 496,26

R55 900 380 -0,01 163,13

Omek olarak R49 deneyinde TP-GA durdurma Kriterleri
icinde %0,75 daha kaliteli bir ¢dziime ulagsmustir. Diger taraftan
R51 probleminde TP-ABA daha iyi bir ¢6ziim elde etmistir.
Coziim siireleri karsilastirildiginda ise iki algoritma arasindaki
fark ortaya ¢ikmaktadir. TP-ABA algoritmasi durdurma kriterleri
icinde ¢oziimlere daha hizli ulagmistir. RS54 probleminde
%496,26 oraninda, diger bir deyisle neredeyse 5 kat daha hizli
calisarak TP-GA ile elde edilen ¢6ziimden sadece %0,01 farkli
bir ¢6ziime ulasabilmistir Bu sonuglar, biiylik boyutlu
2BRAP’lerin matsezgisellerle basarili sekilde ¢oziilebildigini
gosterdigi gibi ayn1 zamanda TP-ABA algoritmasinin ¢6ziim hizi
acisindan TP-GA’ya istiinliigiinii de gostermektedir. Tablo
12°deki yiizdeliklerin elde edildigi deney sonuglari Sekil 6(a) ve
Sekil 6(b)’de gorsellestirilmistir. Sekil 6(a)’da TP-GA ve TP-
ABA algoritmalarinin ¢ézlim siireleri ve Sekil 6(b)’de belirlenen
durdurma kriterleri sonrasinda bulduklar1 amag¢ fonksiyonu
degerleri karsilastirilmistir. Sekil 6(b)’den de anlasilacagi {izere
¢ozliim kalitesi neredeyse ayni iken, TP-ABA algoritmasi ¢dziim
stiresi bakimindan TP-GA’ya gore olduk¢a hizlidir. Dolayisiyla,
hizli ¢oziimlere ihtiyag duyulan problemlerde TP-GA yerine TP-
ABA algoritmas1 kullanilarak ¢6ziim kalitesinden 6diin
vermeden problemlerin ¢oziimleri elde edilebilir.

4. Sonug¢

Bu c¢aligmada, raf alani tahsisi problemi olarak
smiflandirilan, maksimum kar amaciyla bitisik dikdortgen
sergileme alanlarinin optimum sekilde tahsis edilmesi problemi

e-1SSN: 2148-2683

ele alnmugtir. iki boyutlu sergileme problemi olarak da
smiflandirilabilen bu problem; kitabevlerinde raflarin yerlesimi
ornegi ile ele almsa da biitiin perakendecilerde goriilen {iriin
ailelerinin raf alam tahsisi ve sergileme problemine de benzer
ozellikler tasimaktadir. Ayrica son yillarda gittikce Onem
kazanan Internet sayfalarinda reklamlarin gdsterimi veya
Internet sayfasi tasarimlarinda da karsilasilan alan tahsisi ve
sergileme problemine de benzemektedir. Perakendecilik
sektoriinde iiriin ailelerinin, kitabevlerinde kitap listelerinin ve
Internet sayfalarinda reklam alanlarinin dinamik bir sekilde
gincellenmesi  gerekliligi, problem  ¢oziimiinde  hizli
algoritmalarin geligtirilmesi ihtiyacin1 dogurmustur. Bu nedenle
literatiirde de  basarllart  kanitlanmig meta-sezgisel
algoritmalardan genetik algoritma ve ates bdcegi algoritmasi
secilmigtir.

Secilen meta-sezgisel algoritmalar popilasyon temelli
algoritmalardir ve bu algoritmalarda uygun ¢oziimlerin oldugu
bir popiilasyondaki bireyler ile ¢oziime baslanarak, bireylerin
farkli operasyonlar sonucu iyilestirilmesi ile en iyi sonucu iireten
birey/coziim elde edilmeye c¢alisili. 2BRAP igin uygun
¢oziimlerin elde edilmesi, gosterim adetlerinin karar degiskeni
olmasindan ve dikddrtgensel yerlesimin zorunlulugundan dolay:
oldukc¢a zordur. Gelistirilen tamsayili programlama modeli ile
elde edilen uygun ¢o6ziimler kullanilarak meta-sezgisel
algoritmalarin popiilasyonlar1 olusturulmustur. Bu asamada
uygun ¢oziimlerin popiilasyon biiyiikliigline getirilmesi igin
kural-tabanli  bir algoritma da kullamlmistir. Tamsayili
programlama ile desteklenen meta-sezgisel algoritmalar
matsezgiseller olarak adlandirilmistir.

Gelistirilen matsezgisel algoritmalarin performanslari Caglar
Gengosman ve Begen (2022) g¢alismasinda detaylandirilan veri
setlerindeki problemlerle karsilagtirtlmigtir. Yapilan
karsilagtirmalar sonucunda matsezgisel algoritmalarin %4,47 -
%4,57 GAP ile optimale yakin sonuglar elde edebildikleri
gorilmiistiir. 2BRAP probleminde ilk defa bu c¢aligma ile
kullanilan matsezgisel algoritmalar olduk¢a basarili performans
gostermislerdir. Matsezgisellerin ilk asamasinda TP kullanilmasi
¢Oziim siiresine olumsuz yansisa da optimal sonuca yakin
¢ozlimlerin elde edilmesine katki saglamistir. Son olarak
matsezgisel algoritmalar biiyiik problemler i¢in kullanilmis ve
900 iiriine kadar olan 6rnek problemler i¢in uygun ¢dziimler elde
edilebilmistir. Iteratif matematiksel model ile 250 iiriin ve 8x140
alan i¢in problemler ¢o6ziilebilirken matsezgisellerle 900 {iriin
8x380 alan oOrnegi ¢oziilerek yaklagik dort kati biyiik bir
problemin uygun ¢odziime erigilebilmistir. Bu ¢alisma ile biiyiik
boyutlu gergek hayat raf atama problemlerinin uygun
¢ozlimlerinin elde edilebilecegi gosterilmistir. Ayrica, tamsayili
programlama destekli genetik algoritma ve ates bocegi
algoritmas1 matsezgiselleri raf atama problemlerine ve benzer
yapidaki atama problemlerine de basarili bir sekilde
uyarlanabilir ve NP-Zor yapidaki problemlerin optimale yakin
¢oziimlerine kabul edilebilir siirelerde ulasilabilir.

5. Tesekkiir

Bu calisma, TUBITAK tarafindan 3001 Program
kapsaminda 217M920 numarali proje ile desteklenmistir.
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300-900 iriinli problemlerde TP-GA ve TP-ABA
¢oziim siiresi karsilagtirmasi
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300-900 irinli problemlerde TP-GA ve TP-ABA
amag fonksivonu degeri karsilastirmasi
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Sekil 6. 300-900 iiriinlii problemlerde (a) Matsezgisellerin ¢dziim siireleri karsilastirmast ve (b) Matsezgisellerin amag fonksiyonu
degerleri karsilastirmasi (Figure 6. (a) Comparison of solution times of mathheuristics and (b) Comparison of objective function

values of mathheuristics in problems with 300-900 products)
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EK-A Tamsayih Matematiksel Model: TP

iki boyutlu raf atama problemi ¢oziimii i¢in gelistirilen mat-
sezgisellerde kullanilan TP matematiksel modeli notasyonu
Tablo 13’deki gibidir. Bir d iriiniin gdsterim adetlerinin {ist ve
alt siirt Ug ve Lq parametreleri ile temsil edilir. Her iiriiniin
kalinliklart farklidir ve Tq ile gosterilir. Karar degiskenleri Xq,
Ydik Ve tgijk lrlinlerin konumunu gosterir. Bu degiskenler ile
driinlerin  dikdortgensel gdsterimi  saglanir. Dikdortgensel
gOsterimin boyutlar1 ise Wg, hg, Mg Ve ngik tamsayili karar
degiskenleri ile belirlenir. Bir d d{riniiniin  dikdortgensel
gosterimindeki dikdortgenin genisligi ve yiiksekligi sirayla wg ve
hg degiskenleri ile temsil edilir. Bir d driiniiniin bir satirdaki
gosterim adetleri wy ile temsil edilir ve iiriin birden fazla satira
atanirsa gosterim adetleri bu satirlarda ayni olmalidir. Bir d
rliiniiniin stitunlardaki gosterim adetleri tiriiniin yiiksekligi hq ile
temsil edilir ve {irlin birden fazla siituna atanirsa gosterim
adetleri bu siitunlarda aymi olmalidir TP  modelinde
satirlara/siitunlara atanan trlinlerin ardigik yerlesimi zorunlu
degildir. Uygun ¢oziimii saglayan Wy ve hg degiskenlerinin
belirlenmesi yeterlidir.

113



Avrupa Bilim ve Teknoloji Dergisi

Tablo 13. TP notasyonu (Table 13. Notation of TP)
Kiimeler:
D: Uriinler kiimesi. D={1,2, ..., Drax}.
K: Kabinler kiimesi. K={1,2,..., Knax}.
I: Satirlar kiimesi. I={1,2, ..., Imax}-
J: Siitunlar kiimesi. J={1,2, ..., Jmax}-
Indisler:
d: Yerlestirilen {irtin indisi, d € D.
k: Kabin indisi, k£ € K.
i: Satir indisi, i € I.
J: Stitun indisi, j € J.
Parametreler:
Ri: k kabinindeki satir sayisi.
Cx: k kabinindeki siitun sayisi.
Ai: 1 siitunu etkisi.
Vg: d tirtiniiniin kar1.
Lg: d iirlind alt sinir.
Ug: d tiriinii tist sinir.
Tq: d tirlinii kalinlig1.
Karar Degiskenleri:
) {1, eger d Urini k kabinine atanirsa
ak* 0, aksi halde

_(1,eger d Urini k kabininde i satirina atanirsa
Yaik: {0, aksi halde
(1, eger d urtni k kabininde i satirt ve j sitununa atar
dijk {0, aksi halde
Mgy k kabininde d Grtniiniin toplam gosterim adedi
Ngix: k kabininde i satirinda d iriniiniin gésterim adedi
wg : d Uriniinin satirdaki genisligi
hg @ d Uriniinin siitundaki yliksekligi

TP modeli kisitlar1 asagidaki gibidir:

YkekXak =1;Vd €D 1)
Yaeptaijk =1; Vi €1, Vj €], Vk €K )
Yiestaijk = NaixTa; VAED, Vi €1, Vk €K 3)
YieiNMgixk =Mgx; VA ED, Vk €K (4)
Xaglg <mge ;VAED, Vk €K )
XgUg =My, ; VAED, Vk €K (6)
YaepNaiwTa =Cx; Vi €1, Vk €K (7
Yiel Laep taijk = Rk; VJj €], Vk €K (8)
wg — Mg Ty < C(1—yu) ;5 VAED, Vi €1, Vk €K
9)
NgixTa < CiVaix; VAED, Vi €1, Vk €K (10)
Ngixlg <wy; Vd€D,Viel, Vk €K (12)
YierYaik =ha; Vd €D, Vk €K (12)

xdk,ydik,tdijk S {0,1}, VdED,VLEI, V]E], Vk €K
(13)

Mak » Naik »Wa, hd € {0,Z+}, VdED,VlEI, V]E

], Vk €K (14)
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Kisit (1) ile her iiriiniin sadece bir kabine atanmasi saglanir.
Kisit (2), her hiicreye sadece bir gosterim adedinin yerlegsmesini
saglar. Kisit (3) ile d iirtiniintin i satirndaki ngix gosterim adedi
hesaplanir. Kisit (4) ile d Uriniiniin k kabinindeki toplam
gosterim adedi mgc hesaplanir. Kisit (5) ve (6), iriinlerin
gosterim adetlerini alt sinir (Lg) ve st sinir (Uqg) degerleri ile
smurlandirir. Kisit (7) ve (8) ile bir k kabinine atanan toplam
gosterim adetleri, kabinin toplam siitun (Cy) adedi ve toplam
satir (Ry) adedi ile simrlandirilir. Kisit (9) ve (10) ile eger d
iriinii bir satira atanmigsa bu satirdaki gdsterim adetlerinin
toplamimin Wy adet olmasi saglanir. Kisit (11) ve (12) ile bir d
driiniinin  geniglik degiskeni wy ve yiikseklik degiskeni hg
hesaplanir. Kisit (13) ve (14) ile degiskenlerin ¢6ziim uzaylari
tanimlanir.

EK-B. Parametrelerin Detayh Analizi

B.1. TP-GA Parametre Analizi

TP-GA matsezgiselinde kullanilan GA igin parametre
analizi gergeklestirilmistir. Analizlerde kullanilan popiilasyon
biiyiikligii (P), mutasyon orant (Pm), ¢caprazlama orani (Pc) ve
maksimum iterasyon orant (Imax) faktorleri ve seviyeleri Tablo
14°de goriilmektedir.

Tablo 14. GA faktorleri ve seviyeleri (Table 14. GA factors and

their levels)
Faktorler
Seviye P Pm Pc Imax
1 25 0,15 0,65 500
2 50 0,25 0,75 1000
3 75 0,35 0,85 1500

Bu degerlerle faktor analizi yapabilmek i¢in MINITAB
programinda tam faktoriyel tasarim olusturularak 3“4 adet (81
adet) deney gerceklestirilmistir. Deney sonuglari matematiksel
model optimal sonucu ile karsilastirilarak %GAP hesaplanmis ve
¢Oziim siiresi de ¢ikt1 olarak kaydedilmistir. %GAP ve siire igin
faktorlerin ana etki grafikleri Sekil 7(a) ve 7(b)’deki gibidir.
Ortalama %GAP degerleri incelendiginde en diisiik degerlerin
25 popiilasyon, 0,35 mutasyon orani, 0,85 ¢aprazlama orani ve
1500 iterasyon ile elde edildigi goriilmiistiir. Mutasyon oranin
ortalama %GAP’e etkisinin diisiik oldugu tespit edilmistir.
Parametrelerin %GAP’e etkisini daha detayli incelemek igin
ANOVA analizi gerceklestirilmis ve bulgular Tablo 15°de
verilmistir. Tablo 15 incelendiginde P ve Pn parametrelerinin
anlaml bir etkiye sahip olmadig1 ve diger taraftan Pc ve Imax
parametrelerinin p degerleri 0,05 degerinden kii¢iik oldugu igin
istatistiksel olarak anlamli oldugu gorilmektedir. Imax ile
ortalama siire arasinda dogrusala yakin bir iligki vardir.
Maksimum iterasyon sayist arttik¢a ¢6ziim siiresi de artmaktadir.
Ilging olan iliski ise beklentinin aksine popiilasyon sayisi
arttikca ortalama ¢oziim siiresinin azalmasidir. Ortalama siire
ciktist ve parametreler arasindaki iligki varyans analizi
(ANOVA) ile daha detayli incelenmis ve Tablo 16°da belirtildigi
gibi mutasyon oram disindaki parametrelerin anlamli oldugu
gorilmistiir.
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%GAP icin Ana Etki Grafikleri

0.0228 Popsize Pm

0.0216

0.0204 " - .

0.0192 — e
§ 0.0180
'E 25 50 75 0.15 0.25 0.35
8 Wi Pc Maxiter
g 0.0216 \

0.0204 /\

0.0192 - .

0.0180

T T T T T T
0.65 0.75 0.85 500 1000 1500

Sure icin Ana Etki Grafikleri

Popsize

Pm

50

40

h\_\

30 '\\_‘

20

25 50 75

0.15 0.25 0.35

Pc

Maxiter

Mean of Sure

50

40

/

30 \'/’

20

o

T T T
0.65 0.75 0.85

T T T
500 1000 1500

(@)

(b)

Sekil 7. GA parametreleri i¢in (a) %GAP igin ana etki grafikleri ve (b) Siire i¢in ana etki grafikleri (Figure 7. (a) Main effect graphs of
%GAP and (b) Main effect graphs of solution time for GA parameters)

Tablo 15. GA’da %GAP igin varyans analizi (Table 15. Analysis of variance for GAP% of GA)

Kaynak Kareler Toplami ~ Ortalama Kare F Degeri P Degeri
P (Popsize) 5.94E-05 2,97E-05 1,83 0,168
Pm 1.22E-05 6,1E-06 0,38 0,688
Pe 0,000123 6,13E-05 3,77 0,028
Imax 0,000356 0,000178 10,93 0
Hata 0,001171 1,63E-05

Toplam 0,001721

Tablo 16. GAda siire i¢in varyans analizi (Table 16. Analysis of variance for solution time of GA)

Kaynak Kareler Toplam1  Ortalama Kare F Degeri P Degeri
P (Popsize) 1846,7 923,3 4,47 0,015
Pm 140,9 70,5 0,34 0,712
Pc 2259,8 1129,9 5,47 0,006
Imax 15261,8 7630,9 36,94 0,00
Hata 14874,6 206,6

Toplam 1846,7 923,3 4.47 0,015

Ele alinan ¢o6ziim yontemi sezgisel bir yontem oldugundan
optimale yakin ¢oziimler elde etmek birinci Onceliktir. Ancak
biliyiik problemlerde hizli sonuglarin fiiretilmesi de Onem
kazanmaktadir. 1ki ¢iktiyr da gdz 6niinde bulundurarak cevap
yiizeyi metodu kullanilmis ve parametrelerin optimal degerleri
belirlenmistir. Sekil 8’de cevap ylizeyi metodu ile bulunan
optimal degerler verilmigtir. Cevap yiizeyi metodunda Once
%GAP ve siire ciktilart icin  ayr1t ayri parametrelerin
optimizasyonu yapilmistir. %GAP i¢in amag fonksiyonu
minimizasyon secilmis ve hedef sifir ve iist deger bir olarak
belirlenmistir. Siire igin benzer sekilde ama¢ fonksiyonu
minimizasyon se¢ilmis ve hedef sifir ve iist de§er mevcut
deneylerdeki en wuzun silire dikkate alinarak 500 olarak
belirlenmistir. Cevap yiizeyi optimizasyonu parametrelerin
minimum  degerlerinden  baglatilmistir.  Cevap  yiizeyi
optimizasyonunda minimum %GAP i¢in optimal degerler Sekil
8(a)’da, minimum siire i¢in optimal degerler Sekil 8(b)’de ve iki
ama¢ fonksiyonu minimizasyonu ic¢in optimal degerler Sekil
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8(c)’de verilmistir. Optimale yakin sonuglarin elde edilmesi
¢oziim siiresinden daha Onemli oldugu igin cevap Yyiizeyi
yonteminde 6nem derecesi %GAP i¢in 1 alinirken siire i¢in 0,2
alinmis ve %GAP’in minizasyonunun ¢6ziim siiresinden 5 kat
daha 6nemli oldugu durum igin optimal degerlerin bulunmasi
saglanmistir. Tablo 17°de GA i¢in belirlenen optimal
parametreler verilmistir.

Tablo 17. GA igin cevap yiizeyi metodu ile belirlenen optimal
parametre degerleri (Table 17. Optimal parameter values
determined by the response surface method for GA)

Minimum Faktorler
Amag
Fonksiyonu P P Pe Imax
%GAP 25 0,15 0,65 1005
Stire 25 0,15 0,75 500
%GAP&Siire 25 0,15 0,65 500
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Sekil 8. GA’da (a) Min. %GAP igin optimal parametreler, (b) Min. siire i¢in optimal degerler, (c) Min. %GAP ve siire i¢gin optimal
degerler. (Figure 8. In GA; (a) Optimal parameters for min. GAP%, (b) Optimal values for min. time, (c) Optimal values for min.
%GAP and time)

B.2. TP-ABA Parametre Analizi

TP-ABA matsezgiselindeki ABA parametreleri i¢in
analizler yapilmigtir. ABA popiilasyon biiyiikligi (P), ¢ekicilik
(), sabit emilim katsayis1 (y) ve maksimum iterasyon orani
(Imax) kullanici tarafindan belirlenen parametrelerdir. ANOVA
analizi ile ana etki grafikleri incelenmis ve cevap yiizeyi metodu
ile %GAP ve ¢oziim siiresi ¢iktilart i¢in parametrelerin en iyi
degerleri belirlenmistir. Tablo 18’de parametre analizinde
kullanilan faktérler ve seviyeleri goriilmektedir.

Tablo 18. ABA faktirleri ve seviyeleri (Table 18. ABA factors
and their levels)

Faktorler
Seviye P B Y Imax
1 25 0 0,1 25
2 50 0,5 5 50
3 75 1 10 100

Faktor analizinde tam faktoriyel tasarimla (81 adet)
deneyler yapilmigti. GA’nin parametre analizinde kullanilan
problem (30 {riin), ABA ig¢in de kullanilarak deneyler
gerceklestirilmis ve matematiksel modelin optimal sonucu ile
kargilastirilarak %GAP degerleri hesaplanmistir. Benzer sekilde
deney siireleri de kaydedilmis ve analizlerde kullanilmistir. Sekil
9(a) ve 9(b)’de %GAP ve siire i¢in faktorlerin ana etki grafikleri
verilmistir. Ortalama %GAP degerleri incelendiginde en diisiik
degerlerin P=75, p=1, y=0,1 ve Ina=100 ile elde edildigi
goriilmiistiir. Cekicilik (f) oraninin ortalama %GAP’e etkisinin
diisiik oldugu tespit edilmistir. ANOVA analizi ile parametrelerin
daha detayli etkisi incelenmis ve sonuglar Tablo 20°de
verilmistir. Cekicilik ve sabit emilim katsayilarinin anlamli bir
etkiye sahip olmadigi ancak popiilasyon biiyikligii P ve
iterasyon sayisinin Imax %GAP degeri lizerinde anlamli bir etkiye
sahip oldugu gorilmektedir. Sekil 9(b)’de verilen ortalama
stireye etki eden parametreler incelendiginde popiilasyon

e-1SSN: 2148-2683

biiyiikliigii ve iterasyon sayisinin dogal olarak etkili oldugu
goriilmektedir. Tablo 21°de de bu etkiler agikca goriilmektedir.

Cevap yiizeyi metodu ile parametrelerin minimum %GAP
ve siirede ¢Oziim {iretebilen optimal degerleri belirlenmistir.
Sekil 10°’da cevap yiizeyi metodu ile bulunan optimal degerler
verilmistir. Cevap yiizeyi metodunda 6nce %GAP ve siire
ciktilar1 i¢in ayr1 ayri1 parametrelerin optimizasyonu yapilmistir.
%GAP i¢in amag¢ fonksiyonu minimizasyon secilmis ve hedef
sifir ve st deger bir olarak belirlenmistir.

Siire igin benzer sekilde amag¢ fonksiyonu minimizasyon
secilmis ve hedef sifir ve iist deger mevecut deneylerdeki en uzun
stire dikkate almmarak 500 olarak belirlenmistir. Cevap yiizeyi
optimizasyonu  parametrelerin ~ minimum  degerlerinden
baslatilmistir. Cevap yiizeyi optimizasyonunda minimum %GAP
icin optimal degerler Sekil 10(a)’da, minimum siire i¢in optimal
degerler Sekil 10(b)’de ve iki ama¢ fonksiyonu minimizasyonu
icin optimal degerler Sekil 10(c)’de verilmistir. Optimale yakin
sonuglarin elde edilmesi ¢éziim siiresinden daha 6nemli oldugu
icin cevap yiizeyi yonteminde onem derecesi %GAP igin 1
almirken siire igin 0,2 alinmig ve %GAP’in minizasyonunun
¢Ozlim siiresinden 5 kat daha 6nemli oldugu durum igin optimal
degerlerin  bulunmasi saglanmigtir. Tablo 19°da analizler
sonucunda belirlenen ABA icin optimal parametre degerleri
gorilmektedir.

Tablo 19. ABA i¢in cevap yiizeyi metodu ile belirlenen optimal
parametre degerleri (Table 19. Optimal parameter values
determined by the response surface method for ABA)

Minimum Faktorler
Amag
Fonksiyonu B i Imax
%GAP 25 0 0,1 99,97
Stire 25 0,014 0,101 25
%GAP&Siire 25 1 0,1 44
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Sekil 9. ABA parametreleri i¢in (a) %GAP i¢in ana etki grafikleri ve (b) Siire i¢in ana etki grafikleri (Figure 9. () Main effect graphs
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of GAP% and (b) Main effect graphs of solution time for ABA parameters)

Tablo 20. ABA’da %GAP i¢in varyans analizi (Table 20. Analysis of variance for GAP% of ABA)

Kaynak Kareler Toplami Ortalama Kare F Degeri P Degeri
P 0,000412 0,000206 18,02 0

B 2,57E-05 1,29E-05 1,13 0,33

Y 1,41E-05 0,000007 0,62 0,543
Imax 8,25E-05 4,13E-05 3,61 0,032
Hata 0,000822 1,14E-05

Toplam 0,000412

Tablo 21. ABA da siire i¢cin varyans analizi (Table 21. Analysis of variance for solution time of ABA)

Sekil 10. ABA’da (a) Min. %GAP i¢in optimal parametreler, (b) Min. siire i¢in optimal degerler, (c) Min. %GAP ve siire i¢in optimal
degerler (Figure 10. In ABA,; (a) Optimal parameters for min. GAP%, (b) Optimal values for min. time, (c) Optimal values for min.
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Kaynak Kareler Toplamm ~ Ortalama Kare F Degeri P Degeri
P 697856 348928 139,77 0
B 8 4 0 0,998
y 425 212 0,09 0,919
Imax 322598 161299 64,61 0
Hata 179742 2496
Toplam 697856 348928 139,77 0
e B = = e B 5 B
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Oz

Bu calismada, kablosuz aglarda ¢oklu gélgelenen kanallar {izerinden bir radio kaynak tahsisi problem ele alinmaktadir. Bu problem
iki yonlii incelenmektedir. ilk olarak, problemi tiim golgelenen kanallar1 diisiinerek ele almmaktadir. Cevrimdisi su-doldurma
algoritmasini diislinerek bu problemin en iyi ¢dziimiinii sunulmustur. Daha sonra bu probleme ge¢mis-temelli ¢evrimici su doldurma
algoritmalar1 onerilmistir. Bu ¢evrimigi algoritma, ge¢misin bir kismina bagli bir su-doldurma seviyesine karar vermek amaciyla
geemisi kismu olarak kullanmaktadir. Daha sonra, bu ¢evrimigi algoritma problemin zaman ufkunda veri iletmek i¢in bu ge¢mis-
temelli su-doldurma seviyesini uygulamaktadir. Cevrimic¢i ve ¢evrimdisi politikalarin goreli performansi, ¢esitli tiplerde (Rayleigh,
Rician, Nakagami, Weibull) gélgelenen kanallar i¢in ¢esitli zaman ufuklarinda degerlendirilmektedir. Sayisal sonuglar, 6zellikle daha
uzun zaman ufuklari i¢in ve daha uzun geg¢misin daha uzun kisimlarini kullanildiginda, bu ¢evrimigi su doldurma algoritmalarinin
¢evrimdist su doldurma algoritmalarina yakin performansi oldugunu géstermektedir.

Anahtar Kelimeler: Su-Doldurma, Takviyeli Ogrenme, Coklu Erisim Haberlesmesi, Cevrimici Politika.

Performance of History-based Water-Filling Algorithm for Energy-
Efficient Data Transmission over Different Fading Channels

Abstract

In this paper, we tackle a resource allocation problem over multiple fading channels in wireless networks. This problem is
investigated in two ways. First, we consider the problem over the whole multiple fading channels altogether with no power constraint.
We look for an optimal solution for this problem by considering an offline waterfillling algorithm. Then, we also propose history-
based online waterfilling algorithms for this problem. This online algorithm uses the history partially in order to determine a
waterfilling level based on that part of history. Then, the online policy applies this history-based determined waterfilling level to
transmit data over the time horizon of the problem. The relative performance of the online and offline policies is evaluated for various
types of fading channels (Rayleigh, Rician, Nakagami, Weibull) over various time horizons. The numerical results demonstrate these
online waterfilling algorithms shows close performance to offline waterfilling algorithms especially for longer time horizons and by
using larger portions of history.

Keywords: Water-Filling, Reinforcement Learning, Multi-access Communications, Online Policy.
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1. Introduction

1.1. Motivation and Related Work

With negligible latency, superior reliability, and high
speeds, the fifth generation (5G) communication is expected to
expand mobile ecosystems into new directions. It impacts most
of the industries, by providing digitized logistics, remote
healthcare, precision agriculture and safer transportation as
explained in Qualcom’s website (last reached in 2022). One of
the key technologies for 5G is direct communications. In mobile
strategies, developing period transportation and pervasive
mobile services result in consuming considerably much energy
under energy constraints, which prevents D2D communications.
Due to small range, data transmission will enable new mobile
applications and industry models as in Nazir et. Al (2021).

Water-filling algorithms are very essential for optimizing
data transmission in communication systems. They affect design
of wireless communications systems, network optimization,
resource allocation, so on, which can be seen in Boyd et. Al
(2004), Cover et. al (2006), Goldsmith et. Al. (2005), Goldsmith
et al. (1996), Tse et. al (2005), Teletar et. Al. (1995), Yang et al.
(1994), Dai et. Al. (2014), Gai et. Al. (2012). They are generally
needed for resource allocation for multidimensional
communications systems. Different physical constraints and
performance requirements emerges with the evolution of
wireless systems over past decade. This results in various
waterfilling policies from single to multi waterlevel solutions,
from perfect channel state information(CSI)-based to robust
solutions Xing et. Al (2020).

The work authored by Qi et. Al. (2012) presents a low-
complexity waterfilling algorithm to allocate power at OFDM-
based cognitive radio systems by using power-increment or
power-decrement waterfilling process in order to overcome
power limitations emerged with cognitive radio, which cannot be
dealt with basic waterfilling algorithms. Numerical results
demonstrate they can succeed in allocating power optimally and
more quickly than iterative waterfilling algorithms.

The work authored by He et. Al. (2013) proposes a low-
complexity geometric waterfilling approach for weighted and
unweighted radio resource allocation problems by solving a
nonlinear system from Karush-Kuhn-Tucker conditions of these
problems. This work proves optimality of proposed waterfilling
algorithm. Numerical results demonstrate proposed approach is
robust, insight-seeing and easy to follow.

The work authored by Ajitsinh et. Al. (2017) investigates
power allocation algorithms like uniform, waterfilling,
suboptimal and optimal algorithms for OFDM-based cognitive
radio systems in simulation environment. Numerical results
demonstrate the proposed algorithms can achieve higher
transmission than uniform and classical waterfilling algorithms.

The paper authored by Hu et. Al. (2017) proposes a power
allocation technique for achieving optimum energy efficiency in
Massive MIMO. It develops a new technique for computing
optimum power allocation technique based on that simplified
expression and it was compared with the conventional scheme.
For maximizing energy and spectral efficiency, the paper
proposes and embeds an improved waterfilling technique in the
power allocation algorithm. Simulation results demonstrates that
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compared with conventional schemes, energy efficiency and
spectral efficiency are improved much at downlink transmission.

Many recent works propose water-filling policies for
channel resource allocation problems. As an example study, Shi
et al. (2016) proposes an improved power allocation waterfilling
policy, which avoids iterative calculations in conventional
waterfilling policy, simplifies the policy effectively so decreases
calculations. Chaeriah et al. (2017) proposes an OFDM-based
power allocation method. Then, it applies water flooding
technique over fading channels in cognitive radio network. This
policy can boost channel performance of the network effectively.
Moreover, waterfilling policy can be applied for resource
allocation problems in multicarrier uplink NOMA systems in the
work authored by Zeng et. Al (2019).

The paper authored by Elgarhy et. Al. (2018) investigates a
highly-complex weighted throughput maximization problem
which can be solved by MLFP-bAsed PowEr allocation
(MAPEL) algorithm presented in the work authored by Qian et.
Al. (2009). The paper uses several methods to reduce
computational times of MAPEL, especially by considering the
constraint of minimum rate in that optimisation problem.
Moreover, the water filling principle is introduced in the
optimization for respecting maximum available power for each
user if in more resource blocks, the allocation need to be made.

The work authored by Kim et. Al. (2018) proposes a
principled technique to decide optimal nonuniform bitline
swings by formulating convex optimisation problem. Under the
constraints on mean squared error of retrieved words, it
considers criterion for maximizing speed, minimizing energy,
and energy-delay product. The studied optimization problems in
this paper can be interpreted as classical waterfilling,
groundflattening&waterfilling, and sandpouring& waterfilling.
Greedy algorithms are proposed for obtaining optimized discrete
swings by leveraging these interpretations.

The work authored by Gursadani et. Al. (2021) analyzes bit
error rate performance of STBC, Orthogonal-STBC and channel
capacity enhancement frameworks of MIMO systems by
applying waterfilling algorithms with equalization techniques of
ZF, ML and MMSE.

The paper authored by Song et. Al. (2021) proposes an
improved waterfilling algorithm where the signum function is
used for optimizing temperature limit of transmission
interference. This advances flexibility of channel screening and
optimises the communication network capacity effectively.

In the related literature, many different waterfilling policies
are proposed for different problems in different systems whereas
these policies have generally high computationally complexity.
Therefore, more robust and efficient waterfilling algorithms are
needed for this problem especially in the practical manner. To
the best of our knowledge, the effect of using partial history to
decide future waterlevel for data transmision has not studied yet.

1.2. Main Contributions

In this paper, we tackle a resource allocation problem over
multiple fading channels in wireless networks. This problem is
tackled in two ways. First, we consider the problem over the
whole multiple fading channels altogether in offline manner. We
look for an optimal solution for this problem over each fading
channel by considering an offline waterfillling algorithm. Then,
we consider the problem over the multiple fading channels in
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online manner. We propose a history-based online waterfillling
policy which benefits from partial history information.

1.3. Organization

The rest of the paper is organized as follows. In Section I,
we gave our system model and then defined our problem. In
Section 11, | gave a brief background on waterfilling approach.
Section 1V, we proposed optimal offline waterfilling algorithms
and then we proposed history-based online algorithms for the
problem at hand. In Section V, we presented the numerical
results under different fading scenarios for various time
horizons. In Section VI, we concluded our work.

2. System Model and Problem Formulation
2.1. System Model

In this paper, we consider energy-efficient data tranmission
problem over multiple fading channels in wireless networks.

In this system, a transmitter with K channels transmits data
to K single-channel receivers. We assume that channels are
orthogonal to each other, so interference is neglected.

Figure 1 shows an example scenario with 4 fading channels.

hiln] wi[n]
5 N

x1[n] NS 4 y1[n]
hz[n] wz[n]
L i

x2[n] X Gt yz[n]
ha[n] win]
J )

xa[n] > X re > yan]
ha[n] wia[n]
V) J

xa[n] > X > > yan)]

Figure 1. System model with K=4 fading channel scenario
(Sekil 1. K=4 golgelenen kanalli senaryo ile Sistem Modeli)

The data tramsmission over each channel is modelled as,

Kin=1,..,N (1)

where yi[n], x,[n], and wy[n] are output, input and noise
signals in the k" subchannel in nt* time slot, respectively.
h, [n] is channel gain for each subchannel.

Yilnl = he[n] - xie[n] + wie[n] k=1, ...,

Assuming the transmit power in each subchannel is Py [n], the
maximum rate of reliable communication over OFDM channel is

o (1  Pelnl i)

C =B
k [n] A

) bit /symbol 2)

where N, is power density of noise.

By allocating transmission powers P, [n] optimally, we aim to
maximize total transmitted data over the time horizon.

2.2. Problem Formulation

The problem at hand is investigated in both offline and
online manner in the paper.First, the problem is given as follows.
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N K
CK,N) =Zch[ 3)

=1k=1

From Equation (2), the power allocation is the solution to the
optimization problem:

:{PkmaﬁIZZB log(1+ []l lnll ) (4)

s.t. Zﬁ:@’:ﬁ:
and P [n] =0,k =1,...,

C(K,N)

1 P¢[n] < E where E is total transmission energy;
K,n=1,..,N.

3. Brief Background on Waterfilling Policy

In this section, we give a brief background on waterfillling
policy which is optimal for the problem in Equation (4). In the
waterfilling scheme, all optimal power levels can be obtained as:

+

N K
1 1
_ _ 2
Peln] = —K-N<E * ZZ—lhk[nW) (G| ‘ ®)
n=1k=1
where [A]T = A if A > 0. Otherwise, [A]T = 0if4 < 0.

As single-channel examples, Figure 2a and Figure 2b
illustrate two different waterfilling schemes with E=50 units and
E=25 units, respectively. In Figure 2a, data is transmitted in all
TSs whereas data is not transmitted in TS 6 in Figure 2b.

“:lChannel noise -Alloca(ed power‘

.
X2 X6

Y (Stacked) 6.02032
Y (Segment) 2.11562

Y (Stacked) 6.02032
Y (Segment) 4.44111

Power

X2
Y (Stacked) 1.57921
Y (Segment) 1.57921

Time Horizon

Figure 2a.Waterfilling with E=50 on K=10 fading channel (Seki!
2a. K=10 golgelenen kanal iizerine P=50 ile Su-Doldurma)

In Figure 2a, X, Y(Segment) and Y(Stacked) represent the
time, the channel gain level and the allocated transmission
power times channel gain, respectively. In Figure 2b, Y (Stacked)
equals to Y (Segment) in TS 6 when there is no transmission.

“:|Channe| noise [l Allocated power‘

X6
Y (Stacked) 3.9047

X2 Y (Segment) 3.9047

Y (Stacked) 3.47761
Y (Segment) 1.8984

X2
Y (Stacked) 1.57921

Y (Segment) 1.57921
2

1 2 3 4 5 6 7 8 9 10
Time Horizon

Figure 2b. Waterfilling with E=25 on K=10 fading channel
(Sekil 2b.K=10 golgelenen kanal tistiine P=25 ile Su-Doldurma)
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4. Proposed Waterfilling Algorithms

In this section, we consider the problem in both offline and
online manner. Firstly, an optimal solution is proposed for this
problem by considering an offline waterfillling algorithm. Then,
we propose a history-based online waterfillling algorithm.

4.1. Offline Waterfilling Algorithm

In this subsection, we consider the problem in the offline
manner. We present the conventional offline waterfilling
algorithm which is omniscient and so optimal by using bisection
method for the problem as an optimal solution (Please see Figure
3). It will be used in the section of numerical results as a
benchmark policy with which the online policy is compared.

Algorithm 1 Offline Waterfilling Policy
Input: D(K. N) is the number of data packets to be transmitted
via all K channels over a time horizon N.
hi[n] is the channel gain & in the time slot n.
Initialize: WFL,,.,, WFL,,;, and ¢ are maximum waterfilling
level, minimum waterfilling level and the tolerance, respectively.

1) Let’s initiate K x N Water-Filling Level Matrix as
WEL « (YELmar tWhEmind opeq(K, N)

2) Let’s initiate K x N Channel Gain Matrix  such that
c(k._n)—.ﬁ, vke {1,...K},vne {1,...N}

3) Define K x N data rate matrix from channel capacity
theorem C'(K,N) 2 B.logs (1+ 10" ¥F=9) hy Eq. (2)
Procedure:

# Comment: The loop is terminated only if the difference
between channel capacity and the number of data packets to
be transmitted is very little (less than the ¢ value).

while (|C(K,N)— D(K,N)|>¢) do

if C(K.N)< D(K,N) then
W FLpin %

else
W F Loy  WELmax tWFLusin

end if

WFL + (%) .ones(K, N)

# Comment: We calculate channel capacity value for each
channel in each time slot by checking whether the difference
between waterfilling level and channel gain is positive or not

(‘f(f\’l\) — B_!ng (1 + lum.in[l-\'}' L—G.[J:I)

endwhile
Output: Return WFL

Figure 3. Omniscient, Offline Waterfilling Algorithm (Sekil 3.
Herseyi bilen, Cevrimdist Su Doldurma Algoritmast)
4.2. History-based Online Waterfilling Algorithm

In this subsection, we suggest a history-based online waterfilling
policy by using the history for the problem. Figure 4 shows three
different 10-TS scenarios with 1-TS, 2-TS, 3-TS long histories.

-1 01 2 3 45 6 7 8 910

1.2 3 4 5 6 7 8 910

'
h*]
i
-
—— O

3-2-10 123 456 7 8 910
Figure 4. In T=10 TS time horizon, white-color TSs show online
scenarios while dark-colored ones show the histories. (Sekil 4.

T=10 TS zaman ufkunda agik renkli zaman dilimleri ¢evrimigi
senaryolari gosterirken koyu renkli olanlar gecmigleri gésterir.,)
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The history-based online algorithm uses the history partially in
order to determine a waterfilling level based on that part of
history. Then, the online policy applies this history-based
determined waterfilling level to transmit data over the time
horizon of the problem. Thus, the online policy aims to make as
efficient data transmission as the offline policy by making
inference from the channel conditions in the past time slots.

Algorithm 2 History-based Online Waterfilling Policy
Input: D(K, N) is the number of data packets to be transmitted
via all K channels over a time horizon of N TSs.
hi[n] is the channel gain & in the time slot n.
Initialize: WF' L, ..., WFL,,;, and ¢ are maximum waterfilling
level, minimum waterfilling level and the tolerance, respectively.

1) Let’s initiate K x M Water-Filling Level Matrix as
WFL  (MlmectWELnin) opes(K, M)

2) Let’s initiate K x N Channel Gain Matrix & such that
G(k,n) = ﬁ vke{1,..,K},vne {1,..,N}

3) Define K x N data rate matrix from channel capacity
theorem C(K.N) £ B.log, (1 + 10WFL=C)) by Eq. (2)
Procedure:

# Comment: The loop is terminated only if the difference
between channel capacity and the number of data packets to
be transmilted is very little (less than the ¢ value).

while (|C(K, M)~ D(K,N)= M| ¢) do

if C(K,M) < D(K,N) = % then

W F Ly 4= WP Loaa t W Lot
else
WE Ly e H'}-‘L,,m:,.ﬁz»ii'l-‘L.,,‘,,

end if

WFL (W maat WhEmin) ones(K, M)

# Comment: We calculate channel capacity value for each
channel in each time slot by checking whether the difference
between waterfilling level and channel gain is positive or not

C(K,M) « B.logs (1 + 10m™WFL=G.0))

endwhile

# Comment: For obtaining a robust algorithm, we need to
consider a history of the past M time slots instead of waiting
for all N time slots (M < N ). Therefore, the WFL obtained
from all time slots will be applied more comfortably.
Output: Return WFL

Figure 5. History-based Online Waterfilling Algorithm (Sekil 5.
Gegmis-temelli Cevrimici Su Doldurma Algoritmast)

5. Numerical Results

In this paper, we consider energy-efficient data tranmission
problem over multiple fading channels in a communications
system [7]. In this section, the relative performance of the
history-based online waterfilling policy to offline waterfilling
policy is evaluated in two ways: 1) Various Time Horizons,
namely, T = 1000 TSs and T = 10000 TSs. 2) Different fading
channels, namely, Rayleigh fading, Nakagami fading with m =
2, Rician fading, Weibull fading with k = 1.5.

We investigate the ratio of total transmission energy by
History-based Online Waterfilling Policy to that of Optimal
Offline Waterfilling Policy.

The history of Online Waterfilling Policy is given in terms
of time slices each of which longs 10% of time horizon. For
example, for T=1000 TS, 4 time-slice history has a length of
4*10%*1000 TSs= 400 TSs whereas 4 time-slice history has a
length of 4*10%*10000 TSs= 4000 TSs for T=10000 TSs.

5.1. Time Horizon

In this subsection, the relative performance of the online and
offline policies is evaluated for various fading channels over the
time horizons of T = 1000 TSsand T = 10000 TSs.
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5.1.1. Rayleigh Fading Channel

In this subsubsection, the relative performance of the online
and offline policies is evaluated for Rayleigh fading channels
over various time horizons, namely, T = 1000 TSs and T =
10000 TSs.

Figure 6 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy for Rayleigh
fading channel.Table 1 shows more precise results than Figure 6.
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Figure 6. Ratio of total transmission energy by History-based
Online Waterfilling Policy to Offline Waterfilling Policy for
Rayleigh Fading Channel. (Sekil 6. Rayleigh Golgeli kanal igin
Gegmis-temelli Cevrimici Su-doldurma Politikasi’nin toplam
iletim enerjisinin Cevrimdisi Su-doldurma Politikasi ’'na orani.)

From Figure 6, it can be observed that the difference between
total energy consumption of history-based online waterfilling
policy from offline waterfilling policy becomes nearly 3 times
more in case of T = 1000 TS than the case of T = 10000 TS.

Table 1. This table presents ratio of total transmission energy by
History-based Online Waterfilling Policy to that of Optimal
Offline Waterfilling Policy for Rayleigh fading channel. C=1
shows T=1000 TS case wheras C=2 shows T=10000 TS case.
(Tablo 1. Bu tablo, Rayleigh golgeli kanal i¢in Gegmis-temelli
Cevrimi¢i Su-doldurma Politikasi’nin toplam iletim enerjisinin
Cevrimdist Su-doldurma Politikas: 'minkine orami. C=1, T=1000
TS durumunu gosterirken; C=2,T=10000 TS durumunu gésterir).

5.1.2. Nakagami Fading Channel

In this subsubsection, the relative performance of the online
and offline policies is evaluated for Nakagami fading channels
with m = 2 over various time horizons, namely, T = 1000 TSs
and T = 10000 TSs.

Figure 7 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy for Nakagami
fading channel.Table 2 shows more precise results than Figure 7.
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Figure 7. Ratio of total transmission energy by History-based
Online Waterfilling Policy to Offline Waterfilling Policy for
Nakagami Fading Channel(Sekil 7. Nakagami Golgeli kanal igin
Gegmis-temelli Cevrimici Su-doldurma Politikasi’nin toplam
iletim enerjisinin Cevrimdisi Su-doldurma Politikasi ’'na orani.)

From Figure 7, it can be observed that the difference between
total energy consumption of history-based online waterfilling
policy from offline waterfilling policy becomes nearly 4 times
more in case of T = 1000 TS than the case of T = 10000 TS.

Table 2. This table presents ratio of total transmission energy by
History-based Online Waterfilling Policy to that of Optimal
Offline Waterfilling Policy for Nakagami Fading Channel. C=1
shows T=1000 TS case wheras C=2 shows T=10000 TS case.
(Tablo 2. Bu tablo, Nakagami galgeli kanal i¢in Gegmis-temelli
Cevrimigi Su-doldurma Politikasi’nin toplam iletim enerjisinin
Cevrimdist Su-doldurma Politikast 'minkine orani. C=1, T=1000
TS durumunu gosterirken; C=2,T=10000 TS durumunu gosterir).

C | 04T | 02T | 0.3T | 04T | 0.5T | 0.6T | 0.7T | 0.8T | 0.9T | 1.0T

C | 01T | 0.2T | 0.3T | 0.4T | 0.5T | 0.6T | 0.7T | 0.8T | 0.9T | 1.0T

1 125118 | 115|114 ) 111 | 110 | 120 | 1.10 | 1.10 | 1.09

1 110 | 1.08 | 1.07 | 1.06 | 1.05 | 1.04 | 1.04 | 1.04 | 1.04 | 1.03

2 1.07 | 1.06 | 1.05 | 1.04 | 1.04 | 1.04 | 1.04 | 1.03 | 1.03 | 1.03

2 1.03 [ 1.02 | 1.02 | 1.01 | 1.01 | 1.01 | 101 | 1.01 | 101 | 1.01

From Table 1, by using a history of 1 time slice, (10% of time
horizon,i.e.,0.1 T), the online policy consumes 25% more energy
than the offline policy in T = 1000 TS whereas it consumes just
7% more energy than the offline algorithm in T = 10000 TS.

By using a history of 5 time slices, (half of time horizon,i.e.,0.5
T), the online policy consumes 11% more energy than the offline
policy in T =1000 TS whereas it consumes just 4% more
energy than the offline algorithm in T = 10000 TS.

Using a history of larger than 6 time slices does not make a big
difference (just 1%) for neither the online and offline policies.
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From Table 2, by using a history of 1 time slice, (10% of time
horizon,i.e.,0.1 T), the online policy consumes 10% more energy
than the offline policy in T = 1000 TS whereas it consumes just
3% more energy than the offline algorithm in T = 10000 TS.

By using a history of 5 time slices, (half of time horizon,i.e.,0.5
T), the online policy consumes 5% more energy than the offline
policy in T =1000 TS whereas it consumes just 1% more
energy than the offline algorithmin T = 10000 TS.

Using a history of larger than 6 time slices does not make a big
difference (just 1%) for neither the online and offline policies.
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5.1.3. Rician Fading Channel

In this subsubsection, the relative performance of the online
and offline policies is evaluated for Rician fading channels with
over various time horizons, namely, T = 1000 TSs and T =
10000 TSs.

Figure 8 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy for Rician fading
channel.Table 3 shows more precise results than Figure 8.
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Figure 8. Ratio of total transmission energy by History-based
Online Waterfilling Policy to Offline Waterfilling Policy for
Rician Fading Channel. (Sekil 8. Rician Golgeli kanal igin
Gegmis-temelli Cevrimici Su-doldurma Politikasi’nin toplam
iletim enerjisinin Cevrimdisi Su-doldurma Politikasi 'na orani.)

From Figure 8, it can be observed that the difference between
total energy consumption of history-based online waterfilling
policy from offline waterfilling policy becomes nearly 2 times
more in case of T = 1000 TS than the case of T = 10000 TS.

Table 3. This table presents ratio of total transmission energy by
History-based Online Waterfilling Policy to that of Optimal
Offline Waterfilling Policy for Rician Fading Channel. C=1
shows T=1000 TS case wheras C=2 shows T=10000 TS case.
(Tablo 3. Bu tablo, Rician gélgeli kanal icin Gegmis-temelli
Cevrimi¢i Su-doldurma Politikasi’nin toplam iletim enerjisinin
Cevrimdist Su-doldurma Politikas: 'minkine orami. C=1, T=1000
TS durumunu gosterirken; C=2,T=10000 TS durumunu gésterir).

5.1.4. Weibull Fading Channel

In this subsubsection, the relative performance of the online
and offline policies is evaluated for Weibull fading channels
with k = 1.5 over various time horizons, namely, T = 1000 TSs
and T = 10000 TSs.

Figure 9 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy for Rayleigh
fading channel. Table 4 shows more precise result than Figure 9.
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Figure 9. Ratio of total transmission energy by History-based
Online Waterfilling Policy to Offline Waterfilling Policy for
Weibull Fading Channel. (Sekil 9. Weibull Goélgeli kanal igin
Gegmis-temelli Cevrimici Su-doldurma Politikasi’nin toplam
iletim enerjisinin Cevrimdisi Su-doldurma Politikasi 'na orani)

From Figure 9, it can be observed that the difference between
total energy consumption of history-based online waterfilling
policy from offline waterfilling policy becomes nearly 2 times
more in case of T = 1000 TS than the case of T = 10000 TS.

Table 4. This table presents ratio of total transmission energy by
History-based Online Waterfilling Policy to that of Optimal
Offline Waterfilling Policy for Weibull Fading Channel. C=1
shows T=1000 TS case wheras C=2 shows T=10000 TS case.
(Tablo 4. Bu tablo, Weibull golgeli kanal icin Gegmis-temelli
Cevrimigi Su-doldurma Politikasi’nin toplam iletim enerjisinin
Cevrimdist Su-doldurma Politikast 'minkine orani. C=1, T=1000
TS durumunu gosterirken; C=2,T=10000 TS durumunu gosterir).

C | 01T | 0.2T | 0.3T | 04T | 0.5T | 0.6T | 0.7T | 0.8T | 0.9T | 1.0T

C | 01T | 0.2T | 0.3T | 0.4T | 0.5T | 0.6T | 0.7T | 0.8T | 0.9T | 1.0T

1 125 121 ]120 | 118|117 | 116 | 1.16 | 1.16 | 1.16 | 1.15

1 1.07 | 1.06 | 1.05 | 1.04 | 1.04 | 1.03 | 1.03 | 1.03 | 1.03 | 1.03

2 112 {110 | 110 | 110 | 1.09 | 1.09 | 1.09 | 1.09 | 1.08 | 1.08

2 1.03 | 1.02 | 1.02 | 1.02 | 1.02 | 1.02 | 1.02 | 1.01 | 1.01 | 1.01

From Table 3, by using a history of 1 time slice, (10% of time
horizon,i.e.,0.1 T), the online policy consumes 25% more energy
than the offline policy in T = 1000 TS whereas it consumes just
12% more energy than the offline algorithm in T = 10000 TS.

By using a history of 5 time slices, (half of time horizon,i.e.,0.5
T), the online policy consumes 17% more energy than the offline
policy in T =1000 TS whereas it consumes just 9% more
energy than the offline algorithm in T = 10000 TS.

Using a history of larger than 6 time slices does not make a big
difference (just 1%) for neither the online and offline policies.
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From Table 4, by using a history of 1 time slice, (10% of time
horizon,i.e.,0.1 T), the online policy consumes 7% more energy
than the offline policy in T = 1000 TS whereas it consumes just
3% more energy than the offline algorithm in T = 10000 TS.

By using a history of 5 time slices, (half of time horizon,i.e.,0.5
T), the online policy consumes 4% more energy than the offline
policy in T =1000 TS whereas it consumes just 2% more
energy than the offline algorithm in T = 10000 TS.

Using a history of larger than 6 time slices does not make a big
difference (just 1%) for neither the online and offline policies.
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5.2. Different Fading Channels

In this subsection, the relative performance of the online and
offline policies is evaluated over the time horizons of T = 1000
TSsand T = 10000 TSs under various fading channels, namely,
Rayleigh fading, Nakagami fading with m = 2, Rician fading,
Weibull fading with k = 1.5.

5.2.1. T=1000 TS Time Horizon

In this subsubsection, the relative performance of the online
and offline policies is evaluated for T = 1000 TSs time horizon
under Rayleigh, Nakagami with m = 2, Rician, Weibull with
k = 1.5 fading channels.

Figure 10 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy over the time
horizons of T = 1000 TSs.
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Figure 10. Ratio of total transmission energy by History-based
Online Waterfilling Policy to that of Optimal Offline Waterfilling
Policy for T=1000 TS. (Sekil 10. T=1000 TS i¢in Gegmis-temelli
Cevrimi¢i Su-doldurma Politikasi 'nin toplam iletim enerjisinin
Cevrimdis1 Su-doldurma Politikasi 'ninkine orani.)

From Figure 10, it can be observed that the difference of total
energy consumption of history-based online waterfilling policy
from that of offline waterfilling policy becomes close to each
other under Nakagami with m=2 and Weibull with k=1.5.
Except 0.1-T history case, the difference is less than 0.02 (equals
to 2% of total energy consumption of offline waterfilling
policy). The consumed energy difference of online policy from
the offline policy becomes nearly 25% less under Weibull fading
than that under Nakagami fading if the history has a length less
than 0.4T=400 TSs. With a T=1000-TS-length history, the
difference of the online policy from the offline policy becomes
equal to each other (3%) under both Nakagami with m=2 and
Weibull with k=1.5.

Online Waterfilling Policy with a history of 0.1 T=100 TSs
(10% of the time horizon) achieves the same performance (25%
more energy consumption than the optimal offline policy) under
Rayleigh and Rician fading channels. On the other hand, the
consumed energy difference of online policy from the offline
policy becomes nearly 40% less under Rayleigh fading than that
under Rician fading if the history has a length greater than
0.5T=500 TSs (half of the time horizon).

e-1SSN: 2148-2683

5.2.2. T=10000 TS Time Horizon

In this subsubsection, the relative performance of the online
and offline policies is evaluated for T = 10000 TSs time
horizon under Rayleigh, Nakagami with m = 2, Rician, Weibull
with k = 1.5 fading channels.

Figure 11 represents the general trends of ratio of total
transmission energy by History-based Online Waterfilling Policy
to that of Optimal Offline Waterfilling Policy over the time
horizons of T = 10000 TSs.
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Figure 11. Ratio of total transmission energy by History-based
Online Waterfilling Policy to that of Optimal Offline Waterfilling
Policy for T=10000 TS. (Sekil 11. T=10000 TS i¢in Ge¢mis-
temelli Cevrimi¢i Su-doldurma Politikasi’min  toplam iletim
enerjisinin Cevrimdist Su-doldurma Politikasi 'ninkine orani.)

From Figure 11, it can be observed that the difference of total
energy consumption of history-based online waterfilling policy
from that of offline waterfilling policy becomes close to each
other under Nakagami with m=2 and Weibull with k=1.5. The
difference is less than 0.01 (equals to 1% of total energy
consumption of offline waterfilling policy). The consumed
energy difference of online policy from the offline policy
becomes same under both Weibull fading and Nakagami fading
if the history has a length less than 0.4T=4000 TSs or greater
than 0.7 T=7000 TSs. With a history longer than 0.8T=8000
TSs, the difference of the online policy from the offline policy is
subtle (1%) under Nakagami with m=2 and Weibull with k=1.5.

The consumed energy difference of the Online Waterfilling
Policy from the offline policy becomes nearly 50% less under
Rayleigh fading than that under Rician fading.

5.3. Further Remarks

The performance of the online waterfilling policy become close
to the optimal offline policy under Weibull fading with k=1.5.
The second best performance of the online policy is achieved
under Nakagami Fading. The maximum energy difference of the
online policy from the offline policy occurs under Rician fading.
The performance difference mainly occurs due to the difference
between stochastic distributions of the fading models.

Another remark is that as the time horizon increases, the length
of history increases. Even if the ratio of history length to time
horizon length is same (for example 0.1 T), the online policy
achieves better performance for larger time horizons.
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6. Conclusions and Future Works

In this paper, we consider a resource allocation problem
over multiple fading channels. This problem is investigated in
both offline and online manner. Firstly, we consider the problem
over the whole multiple fading channels altogether in offline
manner. We search for an optimal solution for this problem by
considering an offline waterfillling algorithm. Then, we consider
the problem over the whole multiple fading channels altogether
in online manner. We look for an optimal solution for this
problem over all fading channels. Then, we propose a history-
based online waterfilling algorithm.

The numerical results demonstrate the history-based online
waterfilling algorithm shows close performance to offline
waterfilling algorithm especially for longer time horizons and by
using larger portions of history.

In the future work, the problem can be investigated by
adding different constraints such as delay, jitter, etc. These
variations of the problem will require different perspectives to
obtain an efficient and robust solution so different approaches
should be applied for these variations of the problem.
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Abstract

Aflatoxins produced by Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius and Penicillium and Rhizopus molds are a
mycotoxin derivative and are harmful to human health. In this study, the aflatoxin B1, B2, G1 and G2 types sold in Kayseri street market
were determined in red flakes pepper samples by high performance liquid chromatography (HPLC). Firstly, the aflatoxin types were
extracted by shaking technique. A mixture of methanol and water (80:20 v/v), at the 30 °C temperature. The chromatographic separation
was conducted on ODS-2 with Fluorescence Detector, ex: 360 nm, em: 440 nm at 30 °C for 30 min. For the determination of aflatoxin
B1, B2, G1 and G2, standard solutions of analytes at known concentration were prepared according to the official method AOAC
999.07. The calibration line was prepared according to the standards and the results were given according to the calibration line. The
detection limit was determined as 0.216 pg L' for B1 and G1 and 0.0648 ug L' for B2 and G2. While the highest concentration was
analyzed for AFB1 as 7.32, for AFB2 as 2.39 and for AFG1 as 1.23 ug L', it was observed that the concentration for AFG2 remained
below the quantification limit in samples. The quantification limits were 0.720 pg L' for aflatoxins B1 and G1, and 0.216 ug L' for B2
and G2. Recovery studies are in the range of 90-104%. The %RSD was calculated as < 5% (n=11).

Keywords: Aflatoxin B1 (AFB1), Aflatoxin B2 (AFB2), Aflatoxin G1 (AFG1), Aflatoxin G2 (AFG2), Red Pepper Flakes, HPLC

Kirmizi Pul Biber Orneklerinde HPLC ile Aflatoksin Tiirlerinin
Analizi

Oz

Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius ve Penicillium ve Rhizopus kiiflerinin Urettigi aflatoksinler bir
mikotoksin tiirevi olup insan sagligina zararlidir. Bu ¢alismada, Kayseri semt pazarinda satilan kirmizi pul biber 6rneklerinde aflatoksin
B1, B2, G1 ve G2 tiirleri yiiksek performansli s1vi kromatografisi (HPLC) ile belirlenmistir. Oncelikle aflatoksin tiirleri 30 °C sicaklikta
metanol ve su karisiminda (80:20 v/v) calkalama teknigi ile ekstrakte edilmistir. Kromatografik ayirma, Floresan Dedektorii ile ODS-2
kolonu iizerinde, ex: 360 nm, em: 440 nm, 30 °C'de 30 dakika boyunca gergeklestirildi. Aflatoksin B1, B2, G1 ve G2'nin tayini i¢in,
bilinen konsantrasyondaki analitlerin standart ¢ozeltileri, resmi yontem AOAC 999.07'ye gore hazirlandi. Kalibrasyon dogrusu
standartlara gore hazirlanmis ve ¢alisma araligina gore sonuglar verilmistir. Gozlenebilme sinirt B1 ve G1 igin 0,216 pg L™ ve B2 ve
G2 icin 0,0648 pg L olarak belirlendi. En yiiksek konsantrasyon AFB1 icin 7,32, AFB2 icin 2,39 ve AFG1 i¢gin 1,23 pg L olarak
analiz edilirken, 6rneklerde AFG2 konsantrasyonunun gézlenebilme sinirinin altinda kaldigi belirlendi. Tayin sinirlari, aflatoksin B1
ve G1 icin 0.720 ug L' ve B2 ve G2 i¢in 0.216 pg L idi. Geri kazanim ¢alismalar1 %90-104 araligindadir. Calismanin bagil standart
sapmasi %RSD < %5 (n=11) olarak hesaplandi.

Anahtar Kelimeler: Aflatoksin B1 (AFB1), Aflatoksin B2 (AFB2), Aflatoksin G1 (AFG1), Aflatoksin G2 (AFG2), Kirmizi Pul Biber,
HPLC
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1. Introduction

It is possible for the food to be contaminated in the stages
starting from the harvest period until it reaches our table. This risk
is less in fruits and vegetables consumed fresh. Accumulation of
aflatoxins in foods can be caused by environmental factors such
as humidity, temperature and insects, on the other hand, aflatoxin
accumulation may occur during plant growing, harvesting,
drying, processing and storage processes. Aflatoxins produced by
Aspergillus flavus, Aspergillus parasiticus, Aspergillus nomius
and some Penicillium and Rhizopus species are a mycotoxin
derivative. They are metabolites with toxic properties in humans
and animals, can have acute hepatoxin effective,
immunosuppressive and carcinogenic effects. In addition,
aflatoxins can cause developmental disorders and hereditary
disorders (Moss et al., 1992).

Aflatoxins are mostly found in spices, legumes, shelled and
unshelled nuts, oil seeds, dried vegetables and fruits. In addition
to these products, aflatoxins can be found in meat, meat products,
milk and dairy products (Goldblatt, 1969; Heperkan, 2014). In
order to preserve the nutritional quality of foods for a long time,
it is necessary to limit enzymatic and microbiological changes.
This long time that lasts in a short time in determining the period,
in the cold such as preservation, freezing, drying, preservative
addition various maintenance trainings and cause deterioration
Maintaining quality by minimizing the speed of reactions (Topdas
et al.,, 2011). Drying technique is one of the methods used to
prevent enzymatic and microbiological spoilage of foods. Drying
technique is important in the formation of aflatoxin. Some
producers carry out drying in the field without harvesting the crop.
This situation (Roberts & Patterson 1976; Romer 1973) may
cause soil-borne fungal contamination and aflatoxin formation. In
red pepper production, dried unopened fungal colonization of
peppers a suitable environment for aflatoxin formation
(Demircioglu & Filazi 2010). Techniques such as natural
convection drying, microwave and hot air drying methods are
used in the drying process (Yildiz & izli 2020). However, this
technique may not be sufficient in terms of food safety. Analysis
of aflatoxins is important in terms of food safety of many foods
such as nuts, legumes, spices and dried fruits and vegetables that
we consume dry. Aflatoxins are generally divided into six main
compounds, namely B1, B2, G1, G2, M1 and M2. The dihydro
derivative of aflatoxin B1 is B2, and the dihydro derivative of
aflatoxin G1 is G2. Apart from these four aflatoxins, aflatoxins
M1 and M2 were isolated from the milk and urine of lactating
mammals fed with aflatoxin feed. Plant-based foods contain the
most aflatoxin B1, B2, G1 and G2 types (CAST 2003; Oner et al.,
2022; Sevdin et al., 2021). It has been determined that aflatoxin
M1 and M2 species are found in directly consumed animal
products such as meat, milk and eggs (Desjardins et al., 2003;
Magan & Olsen 2004). Aflatoxin-containing products are of great
importance not only in terms of health but also in economic terms.
Turkey is one of the important countries exporting nuts, legumes,
spices, fruits and vegetables. The amount of aflatoxin in these
products should not exceed the desired limits. Otherwise, the

e-ISSN: 2148-2683

rejection of the products causes economic damage. The Rapid
Alert System for Food and Feed (RASFF 2022), which belongs to
the member states of the European Union community, sends
notifications to the commission in case any risk that threatens
human and animal health is detected. RASFF has given our
country a limit refund for aflatoxin in 2018, with 14.56 pug kg™! for
aflatoxin B1 type and 21.44 pg kg™! for total aflatoxin in peanut
kernels, as it exceeded the upper limit. The upper limit accepted
by RASFF is 5 pg kg™! for aflatoxin B1 type (RASFF 2022; FAO
1987a; FAO 1987b). Routine analysis of aflatoxin derivatives in
foods is very important for both human health and national
economy. Aflatoxins are present in trace amounts in real samples.
Therefore, many analysis methods have been developed to obtain
results with high sensitivity and precision. In the determination of
aflatoxins, thin layer chromatography (Turner et al., 2009), gas
chromatography (Trucksess 1984), liquid chromatography (Zhao
et al., 2017), high performance liquid chromatography (Hamed et
al., 2017), enzyme bound many analysis methods such as
immunosorbent analysis (Li et al., 2016) and biosensor (Pagkali
et al., 2018) have been used.

In this study, the extraction of aflatoxin types B1, B2, G1 and
G2 in red pepper flakes products sold in Kayseri street markets
was done by shaking technique. Then, the amount of aflatoxin
species was determined by HPLC device. The AOAC Official
Method 999.07 was used for aflatoxin analysis (AOAC 2007).
Three parameters were studied from each sample.

2. Material and Method

2.1. Chemical Materials and Standard Solutions

All chemicals used are of analytical grade and supplied by
Merck, Darmstadt, Germany. The aflatoxin standards used were
obtained from Sigma Aldrich, Steinheim, Germany, in analytical
purity suitable for HPLC equipment. The solutions in the
experiment were prepared with deionized water.

2.1.1. Instruments and General Procedure

Samples were taken from 20 different Kayseri street markets,
they are homestead production. All samples were preserved in
their original packaging at 4°C until analysis date. The samples
were pulverized with a hand blender (Arzum Ar1025 Smart Max
hand blender) and homogenization of the samples was achieved.
50 g of the red pepper flakes sample was taken into 500 mL flask.
5 g of NaCl and 200 mL of methanol/water (8+2, v/v) mixture
were added on samples and were added to it and placed in a shaker
at room temperature (n=3), shaken at 100 rpm for 30 minutes.
Samples were filtered through Whatman filter paper blue ribbon.
It was taken from the extraction solution by autosampler and
injected into the high performance liquid chromatography
column. Agilent 1260 series HPLC device was used for the
determination of aflatoxin types. The fluorescence detector was
operated at excitation wavelength of 360 nm and emission
wavelength of 420 nm. The run time and the retention times were
30 min. Table 1 shows the chromatographic conditions.
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Table 1. The chromatographic conditions

Instrument

Mobile Phase

Detector
Column

Flow rate

Derivatization

Column Temperature

Injection Volume

Agilent 1260 series HPLC

Water: acetonitrile: methanol (600 mL + 200 mL + 200 mL) 120
(mg/L mobile Phase) KBr + 100 (uL/L mobil faz) %65 HNOs3

Floresans Dedector, ex: 360 nm, em: 440 nm

ODS-2 (4.6 mm x 25 cm x 5pm)

1 mL min?

with bromine produced by post-column electrochemical cell
30°C

100 pL

Table 2. The concentration of standard solutions of aflatoxin Bl, B2, GI1 and G2

Injection Quantities obtained for injections of 100 uL (ug LY)

Official method AOAC 999.07

B1 B2 G1 G2
1. Standard 0.720 0.216 0.720 0.216
2. Standard 2.160 0.648 2.160 0.648
3. Standard 3.600 1.080 3.600 1.080
4. Standard 5.040 1.512 5.040 1.512
5. Standard 6.480 1.944 6.480 1.944

2.1.2. Experimental

For the determination of aflatoxin B1l, B2, GI and G2,
standard solutions of analytes at known concentration were
prepared according to the official method AOAC 999.07 (Table
2). The calibration line was prepared according to the standards
and the results were given according to the calibration line. The
detection limits (LOD) of device were determined as 0.216 ng L~
! for B1 and G1 and 0.0648 pg L' for B2 and G2. In Figure 1
shown The chromatogram from a standard mixture of aflatoxin
B1, B2, G1 and G2 respectively.

Standard solutions of known concentrations were given to the
HPLC device. The retention times of aflatoxin B1, B2, G1 and G2
were determined. Concentrations of analytes in real samples were
calculated according to these retention times. The retention times
were determined as 22.108 for aflatoxin B1, 18.154 for B2,
14,464 for G1, and 12,733 min for G2, respectively.
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2.1.3. Calculation of accuracy of the method

Additional samples studies were carried out to determine the
accuracy of the applied method. In order to calculate the accuracy
of the method, the model samples were prepared at the known
concentrations of aflatoxins. Samples were analyzed by the
applied method. Recovery studies were carried out by adding
sample 1 and sample 3. Aflatoxins were determined by HPLC. It
was found that recovery is in the range of 85 - 93%. The working
ranges were set in 0.720-6.480 pg L* for aflatoxin B1 and G1 and
in 0.216-1.944 ug L for aflatoxin B2 nad G2. The detection
limits (DL) of device were determined as 0.216 pg L* for B1 and
G1 and 0.0648 ug L for B2 and G2. The results of the additional

samples studies are shown in Table 3.
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Figure 1. The chromatogram from a standard mixture of aflatoxin B1, B2, G1 and G2 respectively.

Table 3. The additional samples studies (n=3)

Red pepper flakes Bl
samples (ng L?)

Samples 1 1.2416 £0.22
Added 1
Found 2.2238+0.3

Recovery % 99

Samples 3 2.1410+£0.2
Added 1
Found 3.2842+0.4

Recovery % 104

B2 Gl G2
0.2649 £ 0.03 -b -
1 1 1
1.2740 £ 0.1 0.93+0.1 1.02+0.2
101 93 102
1.3908 £ 0.1 - -
1 1 1
22716 £0.1 0.90 £ 0.1 98 +0.2
95 90 98

2 Average + standard deviation; ® Below detection limit.

3. Results and Discussion

The official method AOAC 999.07 was applied to red flakes
pepper samples purchased from 20 different Kayseri street
market. As shown in Table 4, while the minimum value of the
aflatoxin B1 amount was found as 1.242 pg kg™ in the sample 1
and the maximum value of its was found as 7.320 pg kg'! in the
sample 5. The amount of aflatoxin B2 was calculated in the range
0.265 - 0.321 ug kg'! in the samples. In addition that, the amount
of aflatoxin G1 1.228 pg kg! in sample 2, 1.124 pg kg! in sample
3,0.980 pg kg™ in sample 4, 1.937 pg kg in sample 8. As in Table
4, the highest G1 concentration is seen in sample 8. The aflatoxin
G2 was not observed in any of the samples. No aflatoxin residue
was found in 12 red flakes pepper samples.

Demircioglu and Filazi (Demircioglu & Filazi 2010),
aflatoxin analysis was performed on pepper varieties grown in
various regions of Turkey. Aflatoxin analyzes in red peppers were
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measured semi-quantitatively by Thin Layer Chromatography.
Demircioglu and Filazi found no mycotoxin residues in 7 types of
red pepper, fine pepper, isot and chili pepper, while silk pepper,
leaf pepper, sweet and hot ground pepper were not found.
Approximately 28.6%, 57%, 28.6% and 57% of aflatoxin residues
were found, respectively. They found the amount of aflatoxin B1
in leaf pepper as 3.5, B2 as 12.5 and G1 as 8 ppb. Kanbur et al.
(Kandur et al., 2006), presented to consumption in Kayseri. They
determined that AF B1 was detected in the range of 1.48-70.05
ppb in all red pepper samples by ELISA method, and only 3 of
them were not in compliance with the Turkish Food Codex
Regulation. Kanbur et al. results were lower than the results
obtained from this study. Ardic et al. (Ardic et al. 2008) analyzed
aflatoxin and aflatoxin B1 by ELISA method on 75 red pepper
powder samples sold in the city of Urfa. Aflatoxin B1 was found
in the range of 0.11-24.7 ppb in the samples. They determined
that it was above the legal limit used in the European Union and
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Table 4. Amounts of aflatoxin types (ug kg™) in the real samples taken from Kayseri street markets (n = 3).

Red pepper ﬂakj:s Bl G1 G2 Total (ng kg™)
samples, (ug kg™)
1 1.2416 £ 0.2° 0.2649 + 0.03 - - 1.5065
2 42564 +£0.6 2.1804 +0.2 1.2284 +0.01 - 7.6652
3 2.1410+0.2 1.3908 £ 0.1 - - 3.5318
4 5.2064 £0.4 2.3903 +0.1 1.1242 +0.01 - 8.7209
5 7.3200+£0.5 2.1898 +0.3 0.9803 +0.02 - 10.4901
6 - - - -
7 - - - -
8 - - - -
9 0.820 +0.02 - - - 0.820
10 3.0508 +0.1 0.3212 £0.01 - - 3.372
Turkey in 11 samples. Aydim (Aydin et al, 2007) and his  References

colleagues carried out Aflatoxin B1 analysis by ELISA method on
100 red pepper samples collected from markets in Istanbul. In 18
samples, acceptable contamination levels were determined to be
above the maximum tolerable limit (5 ppb) according to the
Turkish Food Codex and the European Commission.

4. Conclusions and Recommendations

In this study, aflatoxin analysis was performed and the results
were evaluated, considering the importance of the contamination
values of red flakes pepper, one of the most popular spices in the
daily diet of Turkish people, in terms of public health, food safety
and quality. While the highest concentration was analyzed for
AFB1 as 7.320, for AFB2 as 2.390 and for AFG1 as 1.937 pg L,
it was observed that the concentration for AFG2 remained below
the quantification limit in samples. The quantification limits were
0.720 pg L' for aflatoxins B1 and G1, and 0.216 ug L' for B2
and G2. Accordingly, we see that the amount of aflatoxin B1 in
samples 4 and 5 exceeds the limit specified in the Turkish Food
Codex Regulation. It is below the maximum limit in other
examples. When we look at the total amount of aflatoxin, we see
that only exceeds the maximum limit value in sample 5.
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