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Molibden Uygulamasinin Sakiz Fasulyesinin (Cyamopsis tetragonoloba L.)
Farkh Organlarinda Baz1 Besin Elementleri Miktarina Etkisi

Nuray Miicella Miftioglu'*, Yakup Cikili!, Cafer Tiirkmen!, Mevliit Akgura?

'Toprak Bilimi ve Bitki Besleme Boliimii, Ziraat Fakiiltesi, Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye
*Tarla Bitkileri Boliimii, Ziraat Fakiiltesi, Canakkale Onsekiz Mart Universitesi, Canakkale, Tiirkiye

Makale Tarihcesi Oz — Sakiz fasulyesi bitkisine farkli dozlarda uygulanan molibdenin yesil bitkide, yesil baklada ve
Génderim- 08.04.2021 tohumdaki toplam azot, demir, bakir, ¢inko, mangan ve molibden elementleri {izerine etkisinin belir-

lenmesi amaglanmustir. Bitki materyali olarak sakiz fasulyesi, uygulama materyali olarak molibden
Kabul: 12.10.2021 elementinin 5 farkli dozu (0, 50, 100, 150, 200 pgMo/kg) kullanilmistir. Yesil bitki, yesil bakla ve
Yayim: 10.03.2022 tohumda en yiiksek toplam azot miktar1 100 pgMo/kg uygulamasinda tespit edilmistir. En yiiksek top-

lam demir miktari bitki ve baklada kontrolde, tohumda ise 200 pgMo/kg uygulamasinda elde edilmis-
tir. En yiiksek toplam bakir miktar1 bitkide 200 pgMo/kg uygulamasinda, baklada kontrolde, tohumda
ise 50 ngMo/kg uygulamasinda tespit edilmistir. En yiiksek toplam ¢inko miktar1 bitkide ve baklada
50 ngMo/kg uygulamasinda, tohumda ise tanikta saptanmustir. En yiiksek toplam mangan miktari bit-
kide ve baklada 150 pgMo/kg uygulamasinda, tohumda ise tanikta elde edilmistir. En yiiksek toplam
molibden miktar bitkide ve baklada 150 pgMo/kg uygulamasinda, tohumda ise 200 pgMo/kg uygu-
lamasinda tespit edilmistir. Toplam azot miktarlar arasinda bitki ve bakla degerlerinde istatistiksel
olarak %1, toplam demir miktarlari arasinda tohumda istatistiki anlamda %5, toplam bakir miktarlar
arasinda istatistiki anlamda baklada %S5, toplam molibden miktarlar1 arasinda istatistiki anlamda bit-
kide, baklada ve tohumda %1 6nem diizeyinde fark elde edilmistir. Toplam mangan ve toplam ¢inko
miktarlar arasinda istatistiki anlamda bir fark tespit edilmemistir.

Arastirma Makalesi

Anahtar Kelimeler — Azot, Cyamopsis tetragonoloba, mikro element, molibden, sakiz fasulye

The Effect of Molybdenum Application on Some Nutrient Elements
Amount in Different Organs of Gum Bean (Cyamopsis tetragonoloba L.)

"Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Canakkale Onsekiz Mart University, Canakkale, Turkey
*Department of Fields Crops, Faculty of Agriculture, Canakkale Onsekiz Mart University, Canakkale, Turkey

Article History Abstract — Molybdenum applied in different doses to the gum bean plant, it was aimed to determine
Received: 08.04.2021 the effect on total nitrogen, iron, copper, zinc, manganese, molybdenum in green plant, green pod and

seed. Gum bean was used as plant and 5 different doses of molybdenum element (0, 50, 100, 150, 200
Accepted: 12.10.2021 ugMo/kg) were used as application material. The highest amount of total nitrogen was detected in 100
Published: 10.03.2022 ngMo/kg application in plant, pod and seed. The highest total iron amount was determined in control
in plant and pod, and in 200 pgMo/kg application in seed. The highest total copper was obtained in
the application of 200 pgMo/kg in plant, in the control in pod, and in the application of 50 pgMo/kg
in seed. The highest amount of total zinc was detected in 50 pgMo/kg application in plant and pod and
in control in seed. The highest total manganese was determined in the application of 150 pgMo/kg in
plant and pod, in the control in seed. The highest amount of total molybdenum was obtained in 150
ngMo/kg application in plant and pod and in 200 pgMo/kg application in seed. A statistically signifi-
cant difference of 1% was found between the total nitrogen in plant and pod, 5% was found between
the total irons in seed, 5% was found between the total copper in pod, 1% was found between the total
molybdenum in plant, pod and seed. A statistically significant difference of was not found between the
total zinc and total manganese amounts.

Research Article
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1. Giris

Atmosferdeki azotun topraga kazandirilmasinda en énemli rolii, baklagiller ile ortak yasamlar1 sayesinde
azot baglama yeteneginde olan bakteriler oynamaktadir. Baklagiller; ortak yasam sonucu baglamis oldukla-
r1 azotu vejetasyonu siiresince yasamsal olaylari i¢in kullanmakta ve vejetasyonu sona erdiginde bulundugu
ortama azot saglamaktadir. Sakiz fasulyesi (Cyamopsis tetragonoloba L.) bitkisi Fabaceae familyasinda
yer alan baklagil bitkisi olup, bitkiden elde edilen “guar gum” maddesi yiyeceklerde dogal katilagtirici ola-
rak kullanilmak i¢in ithal edilmektedir.

Khan ve Hedge (1989) tarafindan molibden uygulamasinin nodiilasyonu ve bitki biiylimesini artirmada
etkili oldugu bildirilmektedir. Mut ve Giiliimser (2001) tarafindan yapilan bir ¢aligmada, nohutta bakteri
agilamasi ile ¢inko ve molibdenin birlikte uygulanmasinin tanedeki P, Zn, Mn ve Fe seviyeleri lizerinde
etkili oldugu belirtilmektedir.

Benek (2005) tarafindan fasulyede yapilan bir ¢alismada, molibden giibre dozlar arttik¢a bitki boyu, bitki-
de tane verimi, bitkide tane sayisi, baklada tane sayisi, yiliz tane agirligi, tane verimi, biyolojik verim, hasat
indeksi, kok kuru agirligi, govde kuru agirligi, bitkide nodul sayisi, bitkide dal sayisi ve protein oraninda
artis oldugu belirtilmektedir. Molibden elementinin azot fiksasyonu iizerinde etkisini arastirilmasi amaci
ile Akkus ve Miiftiioglu (2010) tarafindan nohut, Vuralin ve Miiftiioglu (2012) tarafindan bakla bitkisinde
yapilan iki ayr ¢alismada en fazla azot kazancinin 0,15 ppm Mo uygulamasinda gercgeklestigi bildirilmek-
tedir. Gok (1993): Haktanir ve Arcak (1997): Durrant (2001) tarafindan demir ve molibden besin elementle-
rinin topraktaki miktari ve bitki tarafindan aliniminin baklagillerde simbiyotik azot fiksasyonunu dogrudan
etkilendigi bildirilmektedir.

Bu deneme; canlilarin beslenmesinde dnemli yeri olan protein kaynaklarindan biri olmasinin yani sira
yetistiriciliginin iilkemiz i¢in uygun olmasi, kullanim alaninin 6zellikle gida sektdriinde ¢ok genis olmast,
ithal edilmesi, molibden ve azot iligkisi iizerinde ¢ok az ¢alisma bulunmasi nedeni ile sakiz fasulyesi bit-
kisinde farkli dozlarda uygulanan molibden elementinin yesil bitkide, yesil baklada ve tohumdaki toplam
azot (N), toplam demir (Fe), toplam bakir (Cu), toplam ¢inko (Zn), toplam mangan (Mn) ve toplam molib-
den (Mo) elementlerinin miktarlari lizerindeki etkisinin belirlenmesi amaci ile yuriitiilmiistiir.

2. Materyal ve Yontem

Canakkale Onsekiz Mart Universitesi (COMU), Ziraat Fakiiltesi, Tarla Bitkileri Béliimii tarafindan yii-
riitiilmekte olan 1170068 No’lu TUBITAK 1001 projesindeki genotipler arasindan segilmis ve iilkemiz igin
yeni bir bitki olan tane tipi 12 nolu sakiz fasulyesi genotipi denemede bitki materyali olarak kullanilmustir.

Deneme alani olarak COMU Ziraat Fakiiltesi Arastirma ve Uygulama Ciftligi secilerek ekim yapilmadan
once parselasyon islemi yapilmis ve her parselden alinan toprak érneklerinde toprak verimlilik analizleri
yapilmigtir. Analizlerden pH ve elektriksel iletkenlik 1:2.5 oranindaki toprak:su karigiminda Richards
(1954) tarafindan bildirildigine gore, serbest karbonatlar Allison ve Moodie (1965)’e gore, organik madde
(%) Jackson (1958) tarafindan modifiye edilmis olan Walkley Black yas yakma yontemine gore saptan-
mistir.

Toprakta biinye hidrometre yontemi ile Bouyoucos (1951)’e gore, toplam azot (%) Bremner (1965a) tara-
findan bildirildigi sekilde yas yakilan toprak 6rneklerinde distilasyon sonrasi titrimetrik olarak belirlenmis-
tir. Toprakta amonyum (NH,") ve nitrat (NO,") belirlenmesi 2 M potasyum kloriir (KCl) ile ekstraksiyonu
sonrasi elde edilen stiziiklerde Bremner (1965b) yontemine gore distile edilerek, alinabilir fosfor (P, mg/kg)
0.5 M sodyum bikarbonat (NaHCO,) ¢ozeltisi ile ekstraksiyonu sonrasi elde edilen siiziiklerde mavi renk
yontemine gore (Olsen, 1954), alinabilir potasyum (K*) ve kalsiyum (Ca**) toprak érneklerinin 1 N amon-
yum asetat ¢cozeltisi ile ekstraksiyonu sonrasi elde edilen siiziiklerde fleymfotometrik olarak belirlenmistir

(Jackson, 1958).

Toprakta alinabilir elementlerden Fe, Cu, Zn, Mn ve Mo Soltanpour ve Workman (1979) tarafindan bildir-
digi sekilde, amonyum bikarbonat-dietilen triamin penta asetik asit (AB-DTPA) ekstraksiyonu sonrasi elde
edilen siiziikte Indiiktif Eslesmis Plazma-Optik Emisyon Spektrometresi cihazi (ICP-OES) ile belirlenmis-

tir (Kacar, 2014).
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Deneme alanindaki topragin genel verimlilik 6zellikleri Tablo 1’de verilmistir.

Tablo 1

Deneme alaninin deneme 6ncesi toprak verimlilik degerleri
Analiz Deger Derece
Toprak reaksiyonu (pH, 1:2.5) 7.71 £ 0.02 Hafifalkalin
Toprakta elektriksel iletkenlik (EC, pS/cm) 586 £+ 6.43 Tuzsuz
Toprakta karbonat (CaCO,, %) 16.2 =+ 0.20 Fazlakirecli
Toprakta organik karbon (%) 1.39 + 0.01
Toprakta organik madde (%) 240 £ 0.03 Orta
Kum (%) 51 + 1.14
Mil (%) 22+ 1.06 Kumlukilli tin
Kil (%) 27 + 027
Toprakta toplam azot (N, %) 0.106 + 0.00 Yeterli
Toprakta amonyum (NH,", mg/kg) 205 =+ 1.87
Toprakta nitrat (NO,", mg/kg) 208 + 1.65
Toprakta alinabilir fosfor (P, mg/kg) 11.7 = 0.79 Yeterli
Toprakta alinabilir potasyum (K, mg/kg) 177.8 += 9.04 Yeterli
Toprakta alinabilir kalsiyum (Ca, mg/kg) 1363 + 22.80 Yeterli
Toprakta alinabilir sodyum (Na, mg/kg) 31 £ 0.58
Toprakta alinabilir demir (Fe, mg/kg) 149 + 055 Yeterli
Toprakta alinabilir bakir (Cu, mg/kg) 24 £+ 0.05 Yeterli
Toprakta alinabilir ¢inko (Zn, mg/kg) 0.6 + 002 Az
Toprakta alinabilir mangan (Mn, mg/kg) 154 + 0.56 Yeterli
Toprakta alinabilir molibden (Mo, mg/kg) 0.013 £ 0.00

Tablo 1 incelendiginde deneme alani topraginin pH degerinin 7.71 oldugu goriilmektedir. Sakiz fasulye-
sinin optimum toprak reaksiyonu hakkinda ¢ok fazla bilgi bulunmamasina ragmen 5.5-8.5 pH araliginda
yetistirilebilecegi bildirilmektedir (Singh. 2014). Deneme topraginin tuzsuz grupta yer aldigi1 goriilmekte-
dir. Pakistan’in kurak ve yar1 kurak bdlgelerinden toplanan 15 yerel sakiz fasulyesi ¢esidinde farkl tuz se-
viyelerinde (3; 9 ve 15 dS/m) kok sistemlerinin degisimini belirlemek amaciyla yiiriitiilen bir arastirmada,
iyi kok sistemine sahip olan yerel gesitlerin yliksek tane verimi verdigi ve tuzluluga diger genotiplere gore
daha dayanikli oldugu belirlenmistir (Ashraf, Akhtar, Sarwar, ve Ashraf, 2005). Deneme alan1 topragi orta
derecede organik madde, yeterli diizeyde N, P, K, Ca, Fe, Cu, Mn ve az miktarda Zn igermektedir.

Sakiz fasulyesi ekimi, giibrelemesi ve molibden uygulamas1 29 Mayis 2020 tarihinde yapilmistir. Guar
bitkisinin farkli genotipleri ile ¢alisan Cebeci, Gokkus, ve Alatiirk (2016)’nin 20-40 c¢m sira arasi Onerileri
dikkate alinarak tarla sartlarinda sira {izeri 10 cm, sira arasi 40 cm olarak ayarlanmis mibzerle agilan ¢izi-
lere 2-4 cm derinlikte, ocakvari ve liger tohum olarak elle ekim yapilmistir. Yapilan bir arastirmada 3.3 kg/
da N’un sakiz fasulyesine yeterli oldugu (Buttar, Grover, Thind. ve Saroa. 2012), ekim yapilirken dekara 3
kg saf azot yani sira 6 kg saf fosfor verilmesi gerektigi (Batirca. Gokkus. Alatiirk, ve Birer. 2017) onerileri
ve deneme alaninin toprak verimlilik 6zellikleri dikkate alinarak ekimle birlikte 22.5 kg/da monoamonyum
fosfat (MAP; 12.61.0) giibresi siralara uygulanmistir. Bu giibre ile 2.7 kgN/da ve 5.9 kgP/da verilmistir.
Molibden kaynagi olarak amonyum molibdat [(NH,) Mo.O,,] kullanilmis, bu maddeden hazirlanan stok
cozeltiden 5 farkli molibden dozu (0, 50, 100, 150 ve 200 pgMo/kg) i¢in gerekli ¢ozeltiler alinarak 5 litre
hacim igerisinde seyreltilmis ve piilverizator yardimiyla ilgili parsellerin toprak yiizeyine ¢ozelti seklinde
uygulanmstir.
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Cikis gergeklestigi zaman seyreltme yapilarak her ocaktaki bitki sayisi teke diistiriilmiistiir. Bitkinin su ih-
tiyact damla sulama seklinde dort kez uygulama ve her seferde yaklasik 100 mm su verilerek karsilanmis,
cikistan iki hafta sonra bir kez ¢apa yapilmistir. Yabanci ot miicadelesi i¢in ekim oncesi ve gerektiginde
herhangi bir agir metal ve molibden icermeyen BONAFLAN® WG [%60 (w/w) Benfluralin] 250 g/da he-
sabiyla topraga uygulanmistir. Deneme 3 tekerriirlii ve 5 uygulama olarak planlanmistir.

Denemede elde edilen yesil bitki, yesil bakla ve tohum 6rnekleri i¢in ¢ikistan itibaren her parselde kenar
tesirleri disinda kalan bitkilerden, 3’er adet; tane verimlerini belirlemek icin de hasat olgunluguna kadar
bekletilmek iizere 6’sar adet bitki olmak iizere her parselden 9 bitki etiketlenerek isaretlenmistir. Deneme
alaninda toplam 135 adet bitki (5 parsel x 3 tekerriir x 9 bitki) etiketlenmistir.

Yapilacak olan yesil bakla ve bitki 6rneklemesi bitkinin toplam vejetasyon siiresinin yaklasik orta donemi-
ne rastlayan agustos ay1 basinda gergeklestirildigi bilgisi (Miiftiioglu, Ttrkmen, Akcura, ve Kaplan, 2019)
dikkate alinarak drneklemede etiketlenen her parselden 3 bitki olmak iizere toplamda 45 adet bitki (5 parsel
x 3 tekerriir x 3 bitki) bitki 28 Agustos 2020 tarihinde kdk bogazindan kesilerek baklalari ayrilmis, bitki ile
yas baklalar ayr1 ayr1 degerlendirilmistir. Ayrica sdz konusu 45 bitkiden her parsele ait olan 3 adet bitkinin
ogiitiilerek birlestirilmesi ile elde edilen 15 adet yesil bitki ve 15 adet yesil bakla (5 parsel x 3 tekerrtir)
ornegi elde edilmistir.

Hasat 11 Ekim 2020 tarihinde yapilmis, 6rnekleme icin parsellerde etiketlenen diger 6 bitki sokiilerek bak-
lalar1 ayrilmis, toplam 90 adet bitkiden (5 parsel x 3 tekerriir x 6 bitki) homojenize edilerek 15 adet tohum
(5 parsel x 3 tekerriir) 6rnegi elde edilmistir.

Denemeden elde edilen bitki 6rnekleri yikanarak 70 °C’de duragan agirliga gelinceye dek kurutma dolabin-
da kurutulmus, celik bigakli 6giitiicide 6gitiilmiis ve 6gitiilen bitki drnekleri yakilarak analize hazir hale
getirilmigtir (Kacar, 2014). Bitkide toplam N (mg/g) konsantre siilfiirik asit (H,SO,)-salisilik asit (C,H,0,)
karigimi ile yas yakilan bitki drneklerinde Nelson ve Sommers (1980) tarafindan bildirdigi sekilde tespit
edilmistir. Bitki 6rneklerinin kuru yakma metoduyla yakilmasi ile elde edilen ¢6zeltide toplam elementle-
rin (Fe, Cu, Zn, Mn, Mo, ng/g) miktarlar1 /ndiiktif Eslesmis Plazma-Optik Emisyon Spektrometresi cihaz
(ICP-OES) ile belirlenmistir (Kacar, 2014).

Arastirmada elde edilen toprak, bitki, bakla ve tohumlara ait olan verilere MINITAB 18.0 istatistik paket
programindan yararlanilarak tesadiif bloklari deneme desenine gdre varyans analizi yapilmis, veri ortala-
malar arasindaki farklar LSD testi ile ortaya konulmustur.

3. Bulgular ve Tartisma

Farkli dozlarda molibden uygulamasinin sakiz fasulyesinin vejetasyon ortasinda alinan yesil bitki ve
yesil bakla ile hasatta alinan tohumdaki toplam azot, demir ve bakir miktarlar1 Tablo 2'de verilmistir.

Tablo 2

Farkli dozlarda molibden uygulamas: yapilan sakiz fasulyesinin bitki, bakla ve tohumdaki toplam azot,
demir ve bakir degerleri

Uygulanan Toplam N (%) Toplam Fe (ng/g) Toplam Cu (png/g)
(Hlf\é/ilig) Bitki Bakla Tohum Bitki Bakla Tohum Bitki Bakla Tohum
0 127 A 191 BC 3.32 S5 129 220 AB 885 1101 A 8.61
50 1.13 B 1.81 3.33 51 115 217 AB 7.07 942 AB 9.49
100 128 A 220 A 335 53 107 180 B 7.94 8.61 B 7.24
150 1.11 B 1.83 BC 321 55 103 226 AB 8.31 9.71 AB 7.71
200 116 B 1.99 B 3.26 52 96 228 A 954 769 B 8.67
P 0.000** 0.001** 0.8759"  0.414%>  (.087°P 0.019* 0.588°P 0.011** 0.105°P

oP:Onemli degil, *: %5 diizeyinde énemli, **: %1 diizeyinde dnemli
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Tablo 2 incelendiginde farkli dozlarda molibden uygulamasinin toplam azot (%) miktarlarinda bitki ve
bakla degerlerinde istatistiki anlamda %1 6nem diizeyinde fark tespit edildigi, tohumda ise fark tespit edil-
medigi, en yliksek degerlerin bitki, bakla ve tohumda 100 pngMo/kg elde edildigi goriilmektedir. Molibden
elementinin azot fiksasyonu tizerinde etkisinin arastirildig1 nohut ve bakla bitkilerinde en yliksek azot ka-
zancima 0.15 ppm Mo uygulandiginda ulasildig: (Akkus ve Miiftiioglu, 2010: Vuralin ve Miiftioglu, 2012)
sonucu ile kiyaslandiginda sakiz fasulyesinde molibden elementinin daha diisiik miktarlarinin etkili oldugu
belirlenmistir. Akcura, Miiftiioglu, Kaplan, ve Tiirkmen (2020) tarafindan sebze olarak tiiketilen sakiz fa-
sulyesi iizerinde yapilan bir ¢alismada genotiplerin yesil baklalarindaki toplam N miktarlarinin %2.30-2.76
arasinda degistigi belirtilmistir. Bu denemede yesil baklalardaki toplam N miktarlart %1.81-2.20 arasinda

degistigi, sebze olarak tliketilenlere gére denemeye konu olan tane tipi 12 nolu sakiz fasulyesi genotipin N
degerinin daha diisiik oldugu saptanmaistir.

Toplam demir (pg/g) miktarlarinda sadece tohumda istatistiki anlamda %35 6nem diizeyinde fark tespit
edildigi, en yiiksek degerlerin bitki ve baklada tanikta, tohumda 200 pgMo/kg uygulamasinda elde edildigi
goriilmektedir. Akcura, Miiftiioglu, Kaplan, ve Tiirkmen (2020) tarafindan sebze olarak tiiketilen sakiz
fasulyesi genotiplerinin yesil baklalarindaki miktarlariin 88-124 pg/g arasinda degistigi belirtilmistir. Bu

denemede yesil baklalardaki toplam Fe miktarlar1 96-129 pg/g arasinda degistigi, sebze olarak yetistirilen-
lere gore denemeye konu olan tane amagch yetistirilen genotipin Fe degeri ile uyumlu oldugu belirlenmistir.

Toplam bakir (png/g) miktarlarinda istatistiki anlamda baklada %5 6nem diizeyinde fark tespit edildigi, en
yiiksek degerlerin bitkide 200 ngMo/kg, baklada tanikta, tohumda 50 pgMo/kg uygulamasinda elde edil-
digi goriilmektedir. Akcura, Miiftiioglu, Kaplan, ve Tiirkmen (2020) tarafindan sebze olarak tiiketilen sakiz
fasulyesi genotiplerinin yesil baklalarindaki miktarlar1 5.99-7.40 pg/g arasinda degistigi bildirilmistir. Bu
denemede yesil baklalardaki toplam Cu miktarlar1 7.69-11.01 ng/g arasinda degistigi, sebze olarak tiike-
tilenlere gore denemeye konu olan tohum amach yetistirilen genotipin Cu degerinin daha yiiksek oldugu

belirlenmistir.

Farkli dozlarda molibden uygulamasimin sakiz fasulyesinin vejetasyon ortasinda alian yesil bitki ve yesil
bakla ile hasatta alinan tohumdaki toplam ¢inko, mangan ve molibden miktarlar1 Tablo 3'te verilmistir.

Tablo 3

Farkli dozlarda molibden uygulamasi yapilan sakiz fasulyesinin bitki, bakla ve tohumdaki toplam ¢inko,
mangan ve molibden degerleri

Uygulanan Toplam Zn pg/g Toplam Mn pg/g Toplam Mo ng/g
( “1:/12 g) Bitki Bakla Tohum Bitki Bakla Tohum Bitki Bakla Tohum
0 32.27 38.77 41.97 27.14 12.76 10.38 062 B 391 C 3.12 C
50 34.21 39.45 41.88 28.19 14.53 10.29 1.07 B 653 BC 3.56 C
100 22.04 33.65 35.33 26.53 13.39 8.92 1.14 B 546 C 5.23 B
150 24.94 34.15 36.37 36.07 16.47 9.47 263 A 11.77 A 7.05 AB
200 27.54 33.20 41.29 28.63 14.42 9.65 261 A 830 B 8.61 A
P 0.0530D 0.1110D 0.1050D 0.0660D  0.0690D 0.1570D  0.001%** 0.000** 0.000%**

o0: Onemli degil, *: %S5 diizeyinde énemli, **: %1 diizeyinde énemli

Tablo 3 incelendiginde farkli dozlarda molibden uygulamasinin bitki, bakla ve tohumda toplam ¢inko
(ng/g) miktarlarinda istatistiki anlamda bir farka neden olmadigi, en yiiksek degerlerin bitkide ve baklada
50 ugMo/kg uygulamasinda, tohumda ise tanikta elde edildigi goriilmektedir. Akgura, Miiftiioglu. Kaplan,
ve Tirkmen (2020) tarafindan sebze olarak tiiketilen sakiz fasulyesi genotiplerinin yesil baklalarindaki
miktarlarin 8.25-16.55 ng/g arasinda degistigi bulunmustur. Bu denemede yesil baklalardaki toplam Zn

miktarlar1 33.20-39.45 pg/g arasinda degistigi, sebze olarak tiiketilenlere gére denemeye konu olan tohum
amacl yetistirilen genotipin Zn degerinin daha yiiksek oldugu belirlenmistir.
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Toplam mangan (ug/g) miktarlarinda istatistiki anlamda bir fark tespit edilmedigi, en yiiksek degerlerin bit-
kide ve baklada 150 pgMo/kg uygulamasinda, tohumda tanikta elde edilmistir. Akcura, Miiftiioglu. Kaplan,
ve Tirkmen (2020) tarafindan sebze olarak tiiketilen sakiz fasulyesi genotiplerinin yesil baklalarindaki Mn
miktarlarinin 17.68-20.99 pg/g arasinda degistigi saptanmistir. Bu denemede yesil baklalardaki toplam Mn

miktarlar1 12.76-16.47 pg/g arasinda degistigi, sebze olarak tiiketilenlere gore denemeye konu olan tohum
amagli yetistirilen genotipin Mn degerinin biraz daha diisiik oldugu saptanmaistir.

Toplam molibden (pg/g) miktarlarinda istatistiki anlamda bitkide, baklada ve tohumda %1 6nem diizeyinde
fark tespit edildigi, en yiiksek degerlerin bitkide ve baklada 150 ngMo/kg (2.63 ve 11.77 pg/g), tohumda
200 pgMo/kg (8.61 pg/g) uygulamasinda elde edilmistir.

4. Sonuclar

Denemede; beslenmede nemli bir yer tutan protein kaynaklarindan biri olan sakiz fasulyesi bitkisine
farkli dozlarda molibden elementinin uygulanmasinin; yesil bitkide, yesil baklada ve tohumda toplam azot,
demir, bakir, ¢inko, mangan, molibden elementleri iizerine etkisinin belirlenmesi amaglanmistir. En yiiksek
toplam azot (%) degerleri bitki, bakla ve tohumda 100 pgMo/kg uygulamasinda; demir (pg/g) degerleri
bitki ve baklada tanikta, tohumda 200 pgMo/kg uygulamasinda; toplam bakir (nug/g) degerleri bitkide 200
pgMo/kg, baklada tanikta, tohumda 50 pgMo/kg uygulamasinda elde edilmistir. Toplam ¢inko (ng/g) de-
gerleri bitkide ve baklada 50 pgMo/kg uygulamasinda, tohumda tanikta, toplam mangan (png/g) degerleri
bitkide ve baklada 150 pgMo/kg uygulamasinda, tohumda tanikta; toplam molibden (pg/g) degerleri bitki-
de ve baklada 150 pgMo/kg, tohumda 200 ngMo/kg uygulamasinda elde edilmistir.

Tesekkiir

Bu ¢alisma, Canakkale Onsekiz Mart Universitesi, Bilimsel Arastirma Koordinasyon Birimi tarafindan
FBA-2019-3143 proje numarasi ile desteklenmistir. Projeye desteklerinden 6tiirii Canakkale Onsekiz Mart
Universitesi Rektérliigii’ne ve Bilimsel Arastirma Projeleri Koordinasyon Birimi ne tesekkiir ederiz.

Yazar Katkilar:

Nuray Miicella Miiftiioglu: Denemeyi planlamus, istatistiksel analizlerini yapmis ve makaleyi yazmistir.
Yakup Cikili: Denemeyi planlamis, verileri toplamis, analizleri tasarlamis ve uygulamistir.

Cafer Tiirkmen: Denemeyi planlamis ve verileri toplamistir.

Mevliit Ak¢ura: Denemeyi planlamis ve uygulamistir.

Cikar Catismasi

Yazarlar arasinda ¢ikar ¢atismasi bulunmamaktadir.

Kaynaklar

Akcura, M., Miiftiioglu, N.M., Kaplan, M., Tirkmen, C. (2020). Nutrient potential and mineral contents
of some vegetable cluster bean genotypes. Cereal Chemistry, 97: 1193—1203. https://doi.org/10.1002/
cche.10341

Akkus, E., Miiftioglu, N.M. (2010). Farkli dozlarda uygulanan molibdenin nohut (Cicer arietinum L.)
bitkisinin azot icerigine etkisi. Ege Universitesi Ziraat Fakiiltesi Dergisi Ozel Say1, s. 35-40, ISSN 1018-
8851. https://dergipark.org.tr/en/download/article-file/59403

Allison, L.E., Moodie, C.D. (1965). Carbonate. In: C.A. Black et al. (Ed.) Methods of soil analysis, Part 2.
Agronomy 9;1379-1400. Am. Soc. of Agron., Inc., Madison, Wisconsin, U.S.A.

Ashraf, M.Y., Akhtar K., Sarwar G., Ashraf, M. (2005). Role of the rooting system in salt tolerance poten-
tial of different guar accessions. Agronomy for Sustainable Development, 25(2), 243-249.

Batirca, M., Gokkus, A., Alatiirk, F., Birer, S. (2017). Giibrelemenin sakiz fasulyesinin (Cyamopsis tetra-
gonoloba (L.) Taub.) ot verimi ve kalitesine etkileri. KSU Doga Bil. Derg., 20 (Ozel Say1), 130-134.
https://doi.org/10.18016/ksudobil.349055.



https://doi.org/10.1002/cche.10341
https://doi.org/10.1002/cche.10341
https://dergipark.org.tr/en/download/article-file/59403
https://doi.org/10.18016/ksudobil.349055.

2022, Cilt 8, Sayt 1, Sayfa: 1-7 Journal of Advanced Research in Natural and Applied Sciences

Benek, R. (2005). Farkl: dozlarda uygulanan fosfor ve molibdenin fasulyede (Phaseolus vulgaris L.) verim
ve verimle ilgili karakterlere etkisi (Yaymlanmamus yiiksek lisans tezi). Yiiziincii Y1l Universitesi, Van,
Tirkiye.

Bouyoucos, G.J. (1951). 4 recalibration of hydrometer method for making mechanical analysis of soils.
Agronomy Journal, 43(9): 434-438. https://doi.org/10.2134/agronj1951.00021962004300090005x

Bremner, J.M. (1965a). Total nitrogen. Methods of Soil Analysis: Part 2 Chemical and Microbiological
Properties, 9.2: 1149-1178.

Bremner, J.M. (1965b). Inorganic forms of nitrogen. Methods of Soil Analysis: Part 2 Chemical and Mic-
robiological Properties, 9.2: 1179-1237.

Buttar, G.S, Grover, K., Thind, H.S., Saroa, G.S. (2012). N-sparing benefit of clusterbean (Cyamopsis
tetragonoloba) to Indian mustard (Brassica juncea) under semi-arid conditions of Northwestern India.
Vegetos. 25(2): 313-319.

Cebeci, G., Gokkus, A., Alatiirk, F. (2016). Farkl: ekim sikliginin sakiz fasulyesinde (Cyamopsis tetragono-
loba L. Taub.) ot verimi ve bazi verim 0zelliklerine etkisi. Alinteri Zirai Bilimler Dergisi, 30(1): 53-59.
https://dergipark.org.tr/en/download/article-file/224144

Durrant, M.C. (2001). “Controlled protonation of iron-molybdenum cofactor by nitrogenase: A structural
and theoretical analysis”, Biochemical Journal, 355 (3): 569-576. https://portlandpress.com/biochemj/
article-abstract/355/3/569/39436/Controlled-protonation-of-iron-molybdenum-cofactor

Gok, M. (1993). Soya, ticgiil, bakla ve fig bitkilerine ait degisik Rhizobium sp. Suslarinin ekolojik yonden
onemli bazi ozelliklerinin laboratuvar kosullarinda belirlenmesi. DOGA Tiirk Tarim ve Ormancilik
Dergisi 17/4, 921-930.

Haktanir, K., Arcak, S. (1997). Toprak biyolojisi (Toprak ekosistemine giris). Ankara Universitesi Ziraat
Fakiiltesi Yayinlar1 No: 1486, Ders Kitab1: 447. Ankara.

Jackson, M.L. (1958). Soil chemical analysis. p. 1-498. Prentice-Hall, Inc. Englewood Cliffs, New Jersey,
USA.

Kacar, B. (2014). Kolay uygulanabilir bitki analizleri. Nobel Akademik Yayincilik Egitim Danigmanlik
Tic. Ltd. Sti., Ankara Dagitim Kiiltiir Mah. Mithatpasa Cad. No: 74 B01/02 Kizilay/Ankara, ISBN 978-
605-133-812-5, 407s.

Khan, A.H., Hedge, S.V. (1989). Effect of molybdenum seed treatment on nodulation and growth of Pigeon
pea, Cajanus cajan (L) Millps. Indian Journal of Experimental Biology. (27) 919-920.

Mut, Z., Giiliimser, A. (2001). Bakteri asilamasi, ¢inko ve molibden uygulamalarinin damla 89 nohut gesi-
dinin bazi morfolojik dzellikleri ve tane verimine etkileri. Ondokuz Mayis Universitesi Ziraat Fakiiltesi
Dergisi (Anadolu Tarim Bilimleri Dergisi), 16(2): 1-10. https://app.trdizin.gov.tr/publication/paper/de-
tail/TWpiMUI16UTA.

Miiftiioglu, N.M., Tirkmen, C., Ak¢ura, M., Kaplan, M. (2019). Yield And Nutritional Characteristics
Of Edible Cluster Bean Genotypes. Turk J. Field Crops, 2019, 24(1), 91-97. https://dergipark.org.tr/tr/
download/article-file/722137.

Nelson, D.W., Sommers, L.E. (1980). Total nitrogen analysis of soil and plant tissues. J. Assoc. Off. Anal.
Chem. 63; 770-779.

Olsen, S.R. (1954). Estimation of available phosphorus in soils by extraction with sodium bicarbonate (No.
939). US Dept. of Agriculture.

Richards, L.A. (1954). Diagnosis and Improvement of Saline and Alkali Soils. United States Department of
Agriculture Handbook 60: 94.

Singh, R. (2014). Improved cultivation practices for clusterbean in kharif and summer season. Indian
Council of Agricultural Research). Jodhpur-342 003 Rajasthan. http://www.cazri.res.in/publications/
Guar_RajSingh.pdf.

Soltanpour, P.N., Workman, S. (1979). Modification of the NH HCO -DTPA soil test to omit carbon black.
Communications in Soil Science and Plant Analysis, 10(11), 1411-1420.

Vuralin, A., Miiftioglu, N.M. (2012). Farkli dozlarda uygulanan molibdenin bakla (Vicia faba L.) bitkisi-
nin azot icerigine etkisi. Ege Univ. Ziraat Fak. Derg., 2012, 49(1): 53-62, ISSN: 1018 — 8851._https:/
dergipark.org.tr/en/download/article-file/59403.



https://doi.org/10.2134/agronj1951.00021962004300090005x
https://dergipark.org.tr/en/download/article-file/224144
https://portlandpress.com/biochemj/article-abstract/355/3/569/39436/Controlled-protonation-of-iron-m
https://portlandpress.com/biochemj/article-abstract/355/3/569/39436/Controlled-protonation-of-iron-m
https://app.trdizin.gov.tr/publication/paper/detail/TWpjMU16UTA.
https://app.trdizin.gov.tr/publication/paper/detail/TWpjMU16UTA.
https://dergipark.org.tr/tr/download/article-file/722137.
https://dergipark.org.tr/tr/download/article-file/722137.
http://www.cazri.res.in/publications/Guar_RajSingh.pdf. 
http://www.cazri.res.in/publications/Guar_RajSingh.pdf. 
 https://dergipark.org.tr/en/download/article-file/59403.
 https://dergipark.org.tr/en/download/article-file/59403.

e-ISSN 2757-5195

TC.
CAIAKIALE GHSEKZ AT ONVERSITESD
LisAyETET EAN EnsTITTED

Canakkale Onsekiz Mart University
Journal of Advanced Research in Natural and Applied Sciences
Open Access

doi.org/10.28979/jarnas.953634 2022, Vol 8, Issue 1, Pages: 8-25 dergipark.org.tr/tr/pub/jarnas

Classification of Invoice Images By
Using Convolutional Neural Networks

Omer Arslan ',*, Sait Ali Uymaz>

! Kuveyt Tiirk Participation Bank Inc., Konya Research and Development (R&D) Center, Konya, Turkey
2Computer Engineering Department, Faculty of Engineering and Natural Sciences, Konya Technical University, Konya, Turkey

Article History Abstract — Today, as the companies grow, the number of personnel working within the company and
Received: 17.06.2021 the number of supplier companies that the company works with are also increasing. In parallel with

this increase, the amount of expenditure made on behalf of the company increases, and more invoi-
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higher in digitalizing invoices. In addition, as the number of invoices to be transferred to digital media
increases, the number of possible errors during entry becomes more. This paper aims to automate
the transfer of invoices to the digital environment. In this study, invoices be-longing to four different
templates were used. Invoice images taken from a bank system were used for the first time in this
study, and the original invoice dataset was prepared. Furthermore, two more datasets were obtained
by applying preprocessing methods (Zero-Padding, Brightness Augmentation) on the original dataset.
The Invoice classification system developed using Convolutional Neural Networks (CNN) archite-
ctures named LeNet-5, VGG-19, and MobileNetV2 was trained on three different data sets. Data
preprocessing techniques such as correcting the curvature and aspect ratio of the invoices and image
augmentation with variable brightness ratio were applied to create the data sets. The datasets created
with preprocessing techniques have increased the classification success of the proposed models. With
this proposed model, invoice images were automatically classified according to their templates using
CNN architectures. In experimental studies, a classification success rate of 99.83% was achieved in
training performed on the data set produced by the data augmentation method.

Arastirma Makalesi

Keywords — Deep Learning, Convolutional Neural Networks, Image Classification, Invoice, MobileNetV2

Introduction

Millions of financial transactions are made every day, depending on the work of the companies. Fi-
nancial transactions bring with them documents such as bank checks and invoices. It is crucial for these
documents to be transferred to the digital environment and then processed automatically in terms of both
security and time savings (Tang, Suen, De Yan, & Cheriet, 1995). Furthermore, financial documents cre-
ated after bank transactions have similar templates. Therefore, it is possible to establish a system that can
automatically recognize these financial documents, and document processing becomes easier and safer
with the established system.

It may take a long time to process the documents and then obtain the necessary information written on
documents. In their study, Casey, Ferguson, Mohiuddin, and Walach (1992 stated the cost of a company
employee to transfer a document to a computer environment as $2. Large companies process thousands of
financial documents per day. Since the information on the documents is transferred to the digital environ-
ment one by one, this process brings higher labor costs to the companies. Therefore, if the information on
the document is automatically transferred to the digital environment, huge companies get rid of a very high
labor cost.

12 omer_arslan@kuveytturk.com.tr

sauymaz(@ktun.edu.tr
*Corresponding Author

2


http://dergipark.org.tr/tr/pub/jarnas
mailto:omer_arslan%40kuveytturk.com.tr?subject=
mailto:sauymaz%40ktun.edu.tr?subject=

2022, Vol 8, Issue 1, Pages: 8-25 Journal of Advanced Research in Natural and Applied Sciences

Nowadays, it has become effortless to access computers with high processing power and storage capacity.
Physical storage of documents is a costly and less secure method. Keeping the documents in the digital
environment instead of physically storing them has become much easier and safer with today’s technolo-
gy. Subsequent access to documents stored in the digital environment is also much easier than physically
storing.

Deep learning, one of the subfields of artificial intelligence, has been successfully applied in many differ-
ent areas in recent years. CNNs are deep learning architectures inspired by the vision mechanism of living
organisms (Gu et al.. 2018). CNN architectures, which fall into the category of deep networks, are very
popular, especially in image classification and pattern recognition, and have many applications applications

(Liu, Fang, Zhao, Wang, & Zhang, 2015).

CNN architectures, which are widely used in image classification, have also been used in document classi-
fication studies. In the document classification study named DeepDocClassifier, a CNN architecture-based
document classification system was presented using the ImageNet data set, containing millions of sample
images. The system takes 3x227x227 size document images and consists of four convolutions and three
fully connected layers. The system, which has seven trainable layers in total, was established with the inspi-
ration of AlexNet (Krizhevsky. Sutskever. & Hinton, 2012) architecture. The presented system is compared
with a CNN-based method (Kang, Kumar, Ye, Li, & Doermann, 2014). In the classification study with only
20 images per class, 68.25% success was achieved. Based on the results obtained on the Tobacco-3428 data
set, the system presented an average of 77.6% success in training and validation with 100 images per class.
The previously proposed CNN-based approach (Kang et al., 2014) achieved an average success of 65.35%
(Afzal et al., 2015).

CNN architectures are also used directly in invoice classification studies. For example, in a study that au-
tomatically classifies invoice images into three groups as handwriting, computer printout, and receipt, the
CNN architecture named AlexNet (Krizhevsky et al., 2012) was used as a feature extractor. In the study,
after feature extraction, various machine learning algorithms such as K Nearest Neighbor (KNN) (Brown.
2017), Random Forests (Breiman, 2001), Naive Bayes were used in the classification stage. In addition,
different Cross-Validation approaches were also applied during the evaluation of the system. In the system,
1380 invoice images were used as data set, including 220 handwriting, 90 receipt, and 1070 computer
printouts. During the study, 5-layer, 10-layer Cross Verification and 66% / 34% training/test split approach-
es were applied, and the studies were carried out separately for KNN, Random Forests, and Naive Bayes
classifiers. The developed CNN-based system achieved the highest success with 98.4% if KNN was used as
a classifier with a 10-layer cross-validation approach. With this high success rate, it became possible to use
the established system in preprocessing stages in Optical Character Recognition(OCR) systems (Tarawneh,
Hassanat, Chetverikov, Lendak, & Verma, 2019).

In this study, we propose a CNN-based system that enables the classification of invoice images that fall into
financial documents. The data set used in the system was created with invoice images belonging to four
different classes, and the images were taken from a bank database operating in Turkey. Three different CNN
architectures, LeNet5_(LeCun, Bottou, Bengio, & Haffner, 1998). VGG19 (Simonyan & Zisserman, 2014)
and, MobileNetV2 (Sandler, Howard. Zhu, Zhmoginov. & Chen. 2018) were used in the study. In the first
stage of the study, CNN architectures were used as feature extractors, and in the second stage, invoices were
classified according to their templates by using the extracted features.

2. Materials and Methods

2.1. Convolutional Neural Networks(CNN)

CNN is a deep learning approach developed by taking inspiration from the visual cortex of living
organisms and is widely used. In recent years, CNN architectures, which were initially used in object
recognition studies, are also used in text detection, semantic segmentation and, object tracking (Aloysius
& Geetha, 2017). CNN architectures are similar to traditional artificial neural networks in that they consist
of neurons that self-optimize through learning. The most significant difference between CNN architectures
from classical artificial neural networks is that they recognize patterns in images (O'Shea & Nash, 2015).
Even if CNN architectures are built in different structures depending on the area of use, they generally
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consist of convolution and pooling layers grouped into pieces. Subsequently, they include one or more fully
connected layers in standard backpropagation neural networks (Rawat & Wang, 2017).

Three different CNN architectures were used in this study. LeNet-5, which was developed in 1998 mainly
for reading handwritten digits, was used as a first architecture. LeNet-5 is a simple and small architecture
that has been used to read bank checks and has achieved successful results. The other architecture used,
VGG, is a deep network developed in 2014 and achieved successful results. The VGG architecture used
small filters like 3x3 to extract features instead of the large filters like 9x9 and 11x11 used in previous ar-
chitectures. Since invoice images are similar due to their structure, a more detailed examination is required.
Small size filters allow a more detailed analysis of the images. The last architecture, MobileNetV2, is de-
signed for use on mobile devices and has a smaller model size compared to other architectures. Therefore, it
is essential to use small-size models in applications intended to work on mobile devices. For these reasons,
these three CNN architectures with different structures were used in this study.

The LeNet-5 architecture presented by LeCun et al. (1998) and developed to classify handwritten digits, can
learn directly from raw pixels and requires little preprocessing in images. LeNet-5 architecture with multiple
layers can be trained using the backpropagation algorithm (Gu et al., 2018). L.eNet-5 architecture is a CNN
architecture consisting of 7 layers with trainable parameters. The architecture includes two convolution layers,
two pooling layers, two fully connected layers, and an output layer. In the past, LeNet-5 was used to recognize
handwritten numbers on checks in many banks in the United States, and excellent recognition success was
achieved (Wang & Gong. 2019). In the architecture, 32x32 has been chosen as the input image size. The gen-
eral LeNet-5 architecture showing the recognition of the digit images is given in Figure 1.

VGG-19 architecture was presented by Simonyan and Zisserman (2014). The VGG-16 and VGG-19 ar-
chitectures are the main reason for the VGG (Visual Geometry Group) team to participate in the 2014 Im-
agenet competition. The team won first and second places in the localization and classification fields with
VGG-16 and VGG-19 architectures, respectively (Carvalho. De Rezende, Alves, Balieiro, & Sovat, 2017).
The VGG-19 architecture is similar to the VGG-16 architecture and differs from the VGG-16 architecture
in that it has three additional layers. The extra three layers in the VGG-19 architecture can learn more de-
tailed patterns from images for more effective training work (Reghunath. Nair, & Shah, 2019). As a result,
VGG-19 architecture, which is very popular due to its advantages such as simplicity and easy applicability,
has a very high performance in image classification studies. The VGG-19 architecture, like the VGG-16
architecture, takes 224 x 224 images as input (Xia et al.. 2019).

VGG-19 architecture consists of 5 convolutional layer blocks followed by three fully connected layers.
Convolutional layers use 3x3 filters and use 1 as the number of strides. Convolutional layers also use the
value 1 as padding to ensure that each activation map maintains the exact spatial dimensions as the pre-
vious layer. In the architecture, the ReLLU activation function is used after each convolution layer, and the
maximum pooling process is usually performed to reduce the spatial dimensions. The scheme of VGG-19
architecture is shown in Figure 1.
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Figure 1. LeNet-5 and VGG-19 architectures (a) LeNet-5 (b) VGG-19 (Shaha & Pawar, 2018)
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MobileNetV1 architecture is a CNN architecture developed for mobile devices, reducing network cost and
size. With the use of this architecture, image classification processes on mobile devices can be applied quite
easily. MobileNetV2 architecture was developed on MobileNetV1 architecture in 2018. The MobileNetV2
architecture was initially designed to recognize facial features but was later trained in Google’s in-house da-
taset (Saxen et al., 2019). Segmentation, classification, and object recognition operations can be performed
using the MobileNetV2 architecture. MobileNetV2 architecture has been developed with two new features
in addition to the previous architecture. The first feature is that bottlenecks can occur linearly between
layers. The second feature is the development of shortcuts between bottlenecks. The general architectural
scheme of the MobileNetV2 is shown in Figure 2 (Togacar, Coémert, & Ergen, 2021).

In deep learning algorithms, as the depth of the network increases, the gradient vanishing problem increas-
es. The inverted residual block in the MobileNetV2 architecture uses BN (Batch Normalization) to solve
the gradient problem. When ReLU is used as the activation function in architecture, the output value varies
between zero and infinity. Since such an extensive range of numbers cannot be defined using low precision
resolution, the ReLU6 function, an edited form of the ReLU function, is used in the MobileNetV2 (Zou.
Zhao, Qin, Pan, & Li, 2020).

| Add ‘ ‘ conv 1x1, Linear

L N |

conv 1x1, Linear

T Dwise 3x3,
stride=2, Relu6
Dwise 3x3, Relu6 ' T

Conv 1x1, Relug
( ir'|-r.-iut ‘) C_ input B
Stride=1 block Stride=2 block

Conv 1x1, Relub

Figure 2. General architectural scheme of the MobileNetV2 (Sandler et al., 2018)

2.2. Data Preprocessing

The invoice images used in the training phase of the system belong to transactions such as overtime and
travel performed by bank personnel. The invoices are scanned using a scanner or sent to the system without
preprocessing after the photograph is taken using the mobile device camera. Therefore, the data sets used in
this study were prepared by processing the invoice images that were taken from the system.

Detection of Images That Do not Contain Invoice Data

When the invoice images are scanned double-sided by the personnel using a scanner, two images are ob-
tained. One of the images generally does not contain any data that is related to the invoice. In addition,
images taken by users using a mobile device camera may sometimes have images that are not related to the
invoice.

First, the typical invoice terms were determined by applying OCR to all images. Then, by applying OCR
to the images for the second time, images containing no text or no invoice terms were determined and re-
moved from the data set. During the application of OCR to the images, an open-source OCR system called
Tesseract was used. Tesseract was developed by Hewlett Packard in the 1990s and became open source in
late 2005 (Sidhwa, Kulshrestha, Malhotra, & Virmani, 2018). Sample images automatically removed from
the data set after OCR application are shown in Figure 3.
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Figure 3. Sample images that were removed from the dataset as they do not contain meaningful data after
OCR

2.2.2. Correcting Of Oblique Angle Images

The images in the data set are taken from different angles by different users. Oblique images affect both
OCR performance and feature extraction performance made by CNN. To prevent these possible problems,
the angle of the texts in the images was calculated, and the tilt of the curved images was corrected. During
the tilt correction study, firstly, the images in the data set were converted to the black and white format.
Then, tilt calculation was made using the edge detection operator named Canny and Hough transform.

2.2.2.1. Canny Edge Detection Operator

The Canny operator was developed by John F. and is used to detect edges in images with its algorithm
consisting of multiple steps (Khan & Mufti. 2016). The Canny algorithm consists of four steps. In the first
step, noise reduction is performed using the Gaussian filter. In the second step, the gradient is calculated,
and in the third step, the pixels that are not edge candidates and are not the maximum pixels are eliminat-
ed. Finally, the last step decides whether the pixels are edge pixels or not (Ha & Shakeri, 2016). After the
invoice images were converted to black and white format, the edge detection process was carried out by
applying the Canny operator.

2.2.2.2. Hough Transform

Hough transform is a feature extraction technique used in digital image processing studies. Although Hough
transform is used to detect lines in images, it can also be used to detect the locations of random shapes in
the image. The Hough transform is designed to detect lines and uses the parametric representation of the
line as shown in Equation (2.1).

p=xcosO+ysinf 2.1)

The in the formula expresses the distance from the vector perpendicular to the line. denotes the angle be-

tween this vector and the x-axis (Chunhavittayatera, Chitsobhuk, & Tongprasert. 2006). The representation
of the Hough space belonging to the line is shown in Figure 4.
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Figure 4. Representation of the Hough space of the line (Duda & Hart, 1972)
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Invoice images were converted to black and white format, and edge detection was performed by applying
the Canny operator. Later, by applying the Hough transform, lines were drawn to the rows in the image, and
the tilt of each row was calculated and collected. After the correct tilts were collected, the image inclination
angle was calculated. Then the image was rotated by using a computed tilt angle. Conversion of a sample
invoice image in the data set to black and white format, Canny operator application, and Hough transfor-
mation implementation are shown in Figure 5.

(e} (L] 1) ik ¥l

Figure 5. Steps of applying the Canny Operator and Hough Transform to a sample invoice image. (a)
Original image. (b) Black and white image. (¢) Image with Canny operator applied. (d) The image containing
lines that drawn using Hough transform. (e) Corrected image by using the tilt angle obtained by taking the
average tilt of the lines.

2.2.3. Zero Padding Application

Since CNN architectures take fixed-size images as input, the images in the training set need to be re-
sized. However, while resizing images with very different aspect ratios, there is a loss of detail problem in
some images. To solve the aspect ratio problem, the images were resized to be equal in width and height
using the zero-padding method. According to the zero-padding process, the image is resized by placing
fixed-value pixels on the edges of the image. With this method, the spatial distribution in the image edges is
changed changed (Nguyen et al., 2019). The zero-padding process has two significant advantages. The first
advantage; if images resized using zero-padding are then resized again, the aspect ratio will be preserved, so
there will be no loss of features or deformation. Another advantage is that it speeds up calculation processes
and reduces calculation costs.

2.2.4. Data Augmentation

Raw invoice images belong to different users, and each was taken by different mobile cameras or trans-
ferred to digital media using a scanner. Therefore, the amount of light in each image is different. Therefore,
the proposed invoice classification system should be capable of recognizing the invoices with varying
values of light. So that, the system was trained on images that contain different amounts of light. For this
purpose, new images were obtained by changing the brightness values of the images in the dataset obtained
by applying zero-padding. With this image augmentation technique, the data set size was increased from
4000 to 12000 images. The image enhancement process was carried out by using the ImageDataGenerator
class in the library named Keras, and [0.2, 1] was used as the brightness range.

2.3. Datasets

Invoice images taken from a bank system were used for the first time in this study, and the invoice da-
taset was prepared. While preparing the dataset, some corrections (Hough Transform) were made on the
old invoice images in the system. This process has been applied to a small number of images in the bank
system. The bank system uploads new images by applying these processes. Furthermore, two more data-
sets were obtained by applying preprocessing methods (Zero-Padding, Brightness Augmentation) on the
original dataset.

In the data set created from invoice images, 4000 invoice images belong to four classes. Class names of
invoice images and invoice numbers for each class are given in Table 1.
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Table 1

Invoice classes and number of invoice images per class
Invoice Class Invoice Image Count
CardFilling 1000
Parking 1000
Taxi 1000
Meal 1000
Total 4000

Three different data sets were used in the project. The original data set was obtained by using images taken
from a private bank’s database. The correction process is applied while the images are saved in the bank
database. After the images were retrieved from the bank database, the Canny and Hough Transform pro-
cesses were applied on only a few old invoice images. Therefore, the images in the original dataset consist
of raw images taken from the bank. Moreover, Canny and Hough operations, which were used only while
generating the data set, are not used again during the operation of the system. Therefore, these processes do
not bring additional costs to the devices on which the application will run.

By applying the Zero-Padding process to the images in the original dataset, the image aspect ratios were
equalized, and thus, the BAFGV?2 dataset was obtained. BAFGV2 dataset was produced to avoid the loss
of detail problem when resizing images in different aspect ratios.

BAFGV3, the last data set used in the project, was obtained by augmenting the images of the BAFGV2 data
set based on the brightness values. Since real-world invoice images will have different brightness values,
the system needs to be prepared for this. Therefore, to make the system work stably on images of varying
brightness, the BAFGV3 data set was created.

2.3.1. Original Dataset

The Original dataset includes invoice images taken from a private bank’s database. An example invoice
image of each class in the Original dataset is given in Figure 6.
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Figure 6. Image samples of each class in the Original dataset. (a) CardFilling receipt. (b) Parking receipt.
(c) Taxi receipt. (d) Meal receipt.

2.3.2. BAFGV2 Dataset

The BAFGV?2 data set was created by applying the zero-padding process to the images in the Original
data set. The BAFGV2 data set was obtained by adding blue pixels around the images of Original to make
them square. Therefore, each image in the BAFGV?2 data set is square-shaped, and the aspect ratio is equal.
An example of an invoice for each class in the BAFGV2 data set is shown in Figure 7.
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(e}

Figure 7. Sample invoice images of the BAFGV?2 dataset. (a) CardFilling receipt. (b) Parking receipt. (¢)
Taxi receipt. (d) Meal receipt

2.3.3. BAFGV3 Dataset

By using the brightness-based data augmentation method, two more images with different brightness
values were obtained from each image in the BAFGV2 data set. Therefore, with this image augmentation
technique, the data set size from 4000 was increased to 12000 images.

An example process for obtaining two different images from each image by changing the brightness value
is shown in Figure 8.

I : I . .
() () ()

Figure 8. Sample images that were obtained with brightness-based image augmentation. (a) Original image
(b) First image obtained (c) Second image obtained

3. Results and Discussion

The proposed study performed feature extraction and classification on three data sets using LeNet-5,
VGG-19, and MobileNetV2 CNN architectures. In the studies, the invoice images taken from the database
of a bank operating in Turkey and containing Turkish data were used as the data set. 5-Fold cross-validation
technique was used in the training studies conducted on three different data sets using three different CNN
architectures, and a total of 45 training studies were carried out.

3.1. Experimental Studies on the Original Dataset

A total of 15 training studies were carried out on the Original data set. Success rates and success charts
of the training are presented in the rest of the section. The training and validation success rates stated in the
graphs represent the success rates achieved in the last training epoch.

The LeNet-5 architecture was used as a feature extractor on the Original data set using the 5-Fold cross-val-
idation technique. The results of the five training studies are presented in Table 2. The confusion matrix of
predictions made in the 1st layer during the test is shown in Table 3.
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Table 2
Success rates of studies that are using LeNet-5 architecture
Training Validation Test Training Time quel
Accuracy Accuracy Accuracy Size
Fold - 1 %94.22 %91.41 %93.500 12 minutes 22 MB
Fold - 2 %82.27 %86.09 %71.125 12 minutes 22 MB
Fold - 3 %93.24 %93.44 %90.625 12 minutes 22 MB
Fold - 4 %87.93 %93.12 %85.375 12 minutes 22 MB
Fold -5 %90.90 %86.87 %78.875 12 minutes 22 MB
Average %89.712 %90.186 %83.900 12 minutes 22 MB
Table 3
The confusion matrix of predictions made in the most successful layer using Lenet-5 architecture
Actual Values
CardFilling Parking Taxi Meal
- CardFilling 198 0 1 5
88  Parking 0 196 0 0
RS Taxi 0 0 165 6
= Meal 2 4 34189

As seen in Table 2, the average validation accuracy of the LeNet-5 model on the Original dataset is 90%,
and the test accuracy is 83.9%. According to Table 3. LeNet-5 achieved more success in detecting CardFill-
ing and Parking classes than other classes.

As a second architecture, VGG-19 architecture was used as a feature extractor on the Original data set by
using the 5-Fold cross-validation technique. The results of the five training studies are presented in Table
4. In addition, the confusion matrix of predictions made in the 5th layer during the test is shown in Table 5.

Table 4
Success rates of studies that are using VGG-19 architecture
Training Validation Test Training Time Mgdel
Accuracy Accuracy Accuracy Size
Fold - 1 %24.61 %25.00 %25.00 192 minutes 545 MB
Fold - 2 %25.16 %43.44 %25.00 192 minutes 545 MB
Fold - 3 %24.61 %25.00 %43.37 192 minutes 545 MB
Fold - 4 %24.57 %25.00 %38.25 192 minutes 545 MB
Fold -5 %23.83 %25.00 %62.87 192 minutes 545 MB
Average %24.55 %28.68 %38.90 192 minutes 545 MB
Table 5
Confusion matrix of predictions made in the most successful layer using VGG-19 architecture
Actual Values
CardFilling Parking Taxi Meal
- CardFilling 100 0 6 13
88  Parking 97 199 17 102
S Taxi 2 1 177 58
= Meal 1 0 0 27
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According to Table 4, the highest test accuracy of the VGG-19 architecture was achieved in Fold-5. Howev-
er, the average test accuracy is 38.9%. Thus, the experimental results of the VGG-19 model on the Original
dataset are lower than that of LeNet-5.

As a third architecture, MobileNetV?2 architecture was used as a feature extractor on the Original data set
using the 5-Fold cross-validation technique. The results of the five training studies are presented in Table 6.
The confusion matrix of predictions made in the 5th layer during the test is shown in Table 7.

Table 6

Success rates of studies that are using MobileNetV2 architecture

Training Validation Test Training Time quel
Accuracy Accuracy Accuracy Size
Fold - 1 9%99.65 %95.54 %41.87 58 minutes 18 MB
Fold - 2 %99.96 %95.63 %47.12 58 minutes 18 MB
Fold - 3 %98.96 %99.22 %25.25 58 minutes 18 MB
Fold - 4 %99.96 %83.28 %41.75 58 minutes 18 MB
Fold -5 %98.70 %88.45 %53.87 58 minutes 18 MB
Average %99.44 %92.42 %41.97 58 minutes 18 MB
Table 7
The confusion matrix of predictions made in the most successful layer using MobileNetV2 architecture
Actual Values
CardFilling Parking Taxi Meal
- CardFilling 44 1 24 162
28  Parking 152 198 30016
S Taxi 3 1 173 6
= Meal I 0 0 16

As shown in Table 6, the highest test accuracy was obtained in Fold-5. Although 53.87% test success is
achieved in this layer, validation and training accuracies are much higher. This success difference is be-
cause the Original dataset contains images that have variable aspect ratios. Furthermore, these aspect ratios
cause the loss of detail when resizing images before the CNN network. Since MobileNetV2 is much deeper
than the other two architectures, underachievement due to the loss of detail is more in the MobileNetV2
architecture. The confusion matrix of the studies carried out in Fold-5 is shown in Table 7. Accordingly, the
highest accuracy value was obtained in Parking images.

LeNet-5 CNN architecture achieved the highest accuracy rates in studies with the Original dataset. LeN-
et-5 architecture achieved 93.50% test accuracy in this dataset. Images with very different aspect ratios are
used in the Original dataset. While the images were sent as input to the CNN network, they were resized
to a standard size of 224x224, so some images lost detail, and the distinctiveness of the invoice images
decreased. For this reason, the deeper networks VGG-19 and MobileNetV2 architectures showed low test
accuracy because of the overfitting problem.

3.2. Experimental Studies on the BAFGV2 Dataset

By adding blue pixels to the images in the Original dataset, their aspect ratios were equalized, and the Orig-
inal dataset was obtained. The aim of the studies carried out in this section is to observe the success rates of
the training studies to be done with the images that have the same aspect ratio instead of the irregular aspect
ratio. Moreover, in this section, the sizes of the models formed after the training studies are also compared.
This comparison gives an idea about whether the resulting model is suitable for use in mobile devices.
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In the first studies, LeNet-5 architecture was used as a feature extractor on the BAFGV2 dataset by using
the 5-Fold cross-validation technique. The results of the five training studies are presented in Table 8. The
confusion matrix of predictions made in the 4th layer during the test is shown in Table 9.

Table 8
Success rates of studies that are using LeNet-5 architecture
Training Validation Test Trainine Time Model
Accuracy Accuracy Accuracy £ Size
Fold - 1 %92.51 %93.59 %89.226 14 minutes 22 MB
Fold - 2 %74.79 %79.11 %74.651 14 minutes 22 MB
Fold - 3 %78.24 %78.12 %75.285 14 minutes 22 MB
Fold - 4 %92.67 %095.89 %93.662 14 minutes 22 MB
Fold -5 %93.24 %92.60 %92.522 14 minutes 22 MB
Average %86.290 %87.862 %85.069 14 minutes 22 MB
Table 9

The confusion matrix of predictions made in the most successful layer using LeNet-5 architecture

Meal

Predicted
Values

CardFilling
Parking
Taxi
Meal

188
0
1

11

Actual Values
CardFilling Parking Taxi
0 0
198 0
0 188
2 8

6

3

19
165

According to Table 8, the highest test accuracy was obtained in Fold 4. The training and validation accuracy
values in this layer are also similar. Therefore, the training and test success difference problem did not oc-
cur in this section. This enhancement is because the BAFGV?2 dataset consists of images with equal aspect
ratios. In this way, no detail was lost during the resizing stage before the CNN network, and there was no
problem of low success.

As a second architecture, VGG-19 architecture was used as a feature extractor on the BAFGV2 data set by
using the 5-Fold cross-validation technique. The results of the five training studies are presented in Table 10.
In addition, the confusion matrix of predictions made in the 5th layer during the test is shown in Table 11.

Table 10

Success rates of studies that are using VGG-19 architecture

Training Validation Test Training Time M(?del

Accuracy Accuracy Accuracy Size
Fold - 1 %95.51 %96.22 %97.71 187 minutes 545 MB
Fold - 2 %98.36 %96.55 %96.07 187 minutes 545 MB
Fold - 3 %87.33 %98.19 %96.83 187 minutes 545 MB
Fold - 4 %75.95 %80.10 %74.77 187 minutes 545 MB
Fold -5 %97.23 %98.19 %97.71 187 minutes 545 MB
Average %90.87 %93.85 %92.62 187 minutes 545 MB
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Table 11

The confusion matrix of predictions made in the most successful layer using VGG-19 architecture

Meal

< CardFilling

5 Y Parking

E S Taxi
Meal

198
0
0

Actual Values
CardFilling Parking Taxi
0 0
199 0
0 190
1 6

2

1

3

5
184

According to Table 10, the average test accuracy was 92.62% in studies performed on BAFGV2 using
VGG-19. This success rate was 85.06% in LeNet-5. The training of the VGG-19 network took 187 minutes,
while the training of the LeNet-5 network took only 14 minutes. When Table 11 is examined, the results
support the values given in Table 10.

As a third architecture, MobileNetV2 architecture was used as a feature extractor on the BAFGV2 data
set using the 5-Fold cross-validation technique. The results of the five training studies are presented in
Table 12. In addition, the confusion matrix of predictions made in the 3rd layer during the test is shown
in Table 13.

Table 12

Success rates of studies that are using MobileNetV2 architecture

Training Validation Test Training Time quel

Accuracy Accuracy Accuracy Size
Fold - 1 %99.88 %98.19 %62.61 51 minutes 18 MB
Fold - 2 %100.0 %99.34 %61.21 51 minutes 18 MB
Fold - 3 %99.76 %95.56 %79.46 51 minutes 18 MB
Fold - 4 %99.24 %97.11 %67.42 51 minutes 18 MB
Fold -5 %99.84 %76.15 %75.79 51 minutes 18 MB
Average %99.88 %98.19 %62.61 51 minutes 18 MB

Table 13

The confusion matrix of predictions made in the most successful layer using MobileNetV2 architecture

Actual Values
CardFilling Parking Taxi Meal
< CardFilling 189 0 0 2
5 Y Parking 0 183 0 0
LS Taxi 0 0 64 0
= Meal 1 17 132 191

It can be seen in Table 12 that the highest test accuracy was obtained in Fold-3. However, the training and
validation accuracy values in this layer are much higher. This difference usually indicates that an overfitting
problem has occurred. Since the BAFGV2 dataset contains images with equal aspect ratios, there is no loss
of detail during resizing. However, since the MobileNetV2 architecture is much deeper than the other two
networks and the invoice images are similar, the overFitting problem occurred, and a lower test success was
achieved than the training success.

In the studies carried out on the BAFGV?2 data set, VGG-19 achieved the highest test success with 97.71%.
The BAFGV2 dataset contains images with an aspect ratio of 1. The zero-Padding application was used in
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arranging the aspect ratio as 1. Since the images in this dataset have a fixed aspect ratio, there was less loss
of detail when resizing at the CNN input, and much higher test success was achieved.

3.3. Experimental Studies on the BAFGV3 Dataset

The BAFGV3 dataset was obtained by augmenting the images in the BAFGV?2 dataset based on the
brightness values, and it consists of 12000 images. Processing and classifying images taken in environ-
ments with varying amounts of light is a challenging process. Therefore, training studies were also carried
out with the BAFGV3 dataset to ensure that the proposed invoice classification system works more stable
against images containing variable light amounts.

The LeNet-5 architecture was used as a feature extractor in the studies performed on the BAFGV3 data set,
and the 5-Fold cross-validation technique was used. The results of the five training studies are presented in
Table 14. In addition, the confusion matrix of predictions made in the 1st layer during the test is shown in
Table 15.

Table 14

Success rates of studies that are using LeNet-5 architecture

Training Validation Test Training Time Mgdel

Accuracy Accuracy Accuracy Size
Fold - 1 %96.44 %98.73 %98.944 42 minutes 22 MB
Fold - 2 %97.40 %98.68 %98.775 42 minutes 22 MB
Fold - 3 %98.18 %98.41 %98.479 42 minutes 22 MB
Fold - 4 %98.13 %98.41 %98.564 42 minutes 22 MB
Fold -5 %98.77 %98.52 %98.437 42 minutes 22 MB
Average %97.78 9%98.550 %98.640 42 minutes 22 MB

Table 15

The confusion matrix of predictions made in the most successful layer using LeNet-5 architecture

Actual Values
CardFilling Parking Taxi Meal
< CardFilling 599 0 1 3
8 g Parking 0 599 0 0
S Taxi 0 0 5135
= Meal I I 14 572

Table 14 shows that the training time of the LeNet-5 network on the BAFGV3 dataset is 42 minutes and
the model size is 22 MB. Training, validation, and test achievements are similar. An average of 98.64% test
success was achieved in the studies, and this success was the highest average success achieved with LeN-
et-5. Since the BAFGV3 dataset includes images augmented by varying amounts of light, and real-world
examples include images with different amounts of light, higher success has been achieved on this dataset.

As a second architecture, VGG-19 architecture was used as a feature extractor on the BAFGV3 data set by
using the 5-Fold cross-validation technique. The results of the five training studies are presented in Table
16. Moreover, the confusion matrix of predictions made in the 4th layer during the test is shown in Table 17.
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Table 16

Success rates of studies that are using VGG-19 architecture

Training Validation Test Trainine Time Model
Accuracy Accuracy Accuracy & Size
Fold - 1 %99.79 %99.63 %99.61 560 minutes 545 MB
Fold - 2 %99.81 %96.40 %97.00 560 minutes 545 MB
Fold - 3 %99.52 %99.47 %99.49 560 minutes 545 MB
Fold - 4 %99.77 %99.84 9%99.83 560 minutes 545 MB
Fold -5 %99.43 %99.52 9%99.61 560 minutes 545 MB
Average %99.66 %98.97 %99.11 560 minutes 545 MB
Table 17
The confusion matrix of predictions made in the most successful layer using VGG-19 architecture
Actual Values
CardFilling Parking Taxi Meal
o CardFilling 600 0 1 0
5 Y Parking 0 600 0 2
BRS Taxi 0 0 586 1
= Meal 0 0 0 577

According to Table 16, an average test success rate of 99.11% was obtained. In addition, it can be seen in
Fold-4 values that 99.83% test success was achieved. This value was the highest test success among all
studies. Therefore, the VGG-19 architecture has been the most successful network. However, training of the
VGG-19 network on the BAFGV3 dataset took 560 minutes, and the model size is 545 MB. Therefore, it
would not be advantageous to choose the VGG-19 network where model size and training time are essential
metrics.

As a third architecture, MobileNetV2 architecture was used as a feature extractor on the BAFGV3 data set
using the 5-Fold cross-validation technique. The results of the five training studies are presented in Table
18. In addition, the confusion matrix of predictions made in the 4th layer during the test is presented in
Table 19.

Table 18

Success rates of studies that are using MobileNetV2 architecture

Training Validation Test Training Time Mgdel

Accuracy Accuracy Accuracy Size
Fold - 1 %99.97 %100.0 %80.52 189 minutes 18 MB
Fold - 2 %99.99 %99.79 %82.63 189 minutes 18 MB
Fold - 3 %99.97 %99.95 %77.82 189 minutes 18 MB
Fold - 4 %99.96 %100.0 %95.98 189 minutes 18 MB
Fold - 5 %99.96 %99.79 %79.29 189 minutes 18 MB
Average %99.97 %99.90 %83.25 189 minutes 18 MB
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Table 19

The confusion matrix of predictions made in the most successful layer using MobileNetV2 architecture

CardFilling Parking Taxi

Meal

Predicted
Values

CardFilling
Parking
Taxi
Meal

584
0
12
4

Actual Values
13 15
578 0
0 568
9 4

37
0
1
542

According to Table 18, MobileNetV2 achieved the highest average test success of 83.25% in the BAFGV3
dataset. This success rate shows that the difference in success between training and test studies on the BAF-
GV3 dataset has decreased.

The BAFGV3 dataset was obtained by randomly changing the brightness values of the images in the BAF-
GV2 dataset. As a result, the BAFGV3 dataset is three times greater than the size of the other two datasets.
In the studies carried out, VGG-19 achieved the highest success with 99.83%. In addition, this success
achieved by VGG-19 is the highest success achieved in all studies within the proposed system.

In the studies, the best success rates were obtained in the BAFGV3 data set. The best results are shown in
Table 20 according to the CNN architectures used.

Table 20

Best success rates achieved

Training Validation Test

Accuracy Accuracy Accuracy
VGG-19 %99.77 %99.84 %99.83
MobileNetV2 %99.96 %100.0 %95.98
LeNet-5 %96.44 %98.73 %98.94

The model dimensions obtained in the studies were examined within the scope of the study. As the model
size, the value in MB of the space occupied in the memory is given. Model size does not change according
to the size of the data set, but varies according to the number of model parameters and the model working
structure. The model sizes and other training parameters are given in Table 21.

Table 21

Model sizes and other training parameters

Model = Number of Batch Learning Optim- .
. och . : Loss Function
Size Parameters Size Rate izer
VGG-19 545 MB 143,667,240 10 32 0.01 SGD  Categorical Cross
Entropy
LeNet-5 22 MB 60,815 10 32 0.01 SGD Categorical Cross
Entropy
MobileNetV?2 18 MB 3,538,984 10 32 0.01 SGD Categorical Cross

Entropy

The data set used in the present study was created using invoice images taken from a bank database and
was used for the first time in this study. Since a known data set in the literature is not used, the study is an
original study. However, there are some similar studies presented on the scope of invoice classification. For
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example, in a study that automatically classifies invoice images into three groups as handwritten, computer
printout, and receipt, a CNN architecture named AlexNet was used as a feature extractor. In this CNN-
based system, the highest success rate of 98.4% was achieved using KNN as the classifier with the 10-Fold
cross-validation approach.

4. Conclusion

In the study, a CNN-based system has been developed that classifies invoice images containing Turkish
data according to their templates. In the study, LeNet-5, VGG-19, and MobileNetV2 architectures were
trained using three separate data sets. Since the 5-Fold cross-validation technique was used during the
study, 45 training studies were carried out. Then, the most successful layers were selected based on the
data set and CNN architecture. Testing and validation success rates were taken into consideration while
comparing the layer successes.

The training studies obtained the lowest success rates were obtained on the Original dataset, which contains
images with different aspect ratios. The reason for this low success rate is the loss of detail on the images
during the resizing phase. The BAFGV2 dataset, which includes images with equal aspect ratios, achieved
higher successes because there is no loss of detail problem. The highest accuracy rates were obtained in the
BAFGV3 dataset, which was acquired by increasing the BAFGV2 dataset using variable brightness ratios.
The 99.83% success achieved by using the VGG-19 architecture in the BAFGV3 dataset is the highest test
success achieved throughout all studies.

The CNN architectures used in the studies were also compared in terms of resource efficiency. The model
size must be small, especially in models intended for use in mobile devices. Considering the model dimen-
sions obtained in the training studies, the model produced by the MobileNetV2 architecture was the model
with the smallest model size with 18 MB, while the model size produced by the VGG-19 was 545 MB.
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Oz — Marul iilkemizde birgok bolgede iiretimi yapilan 6nemli bir sebze tiiriidiir. Marul iiretiminde
sorun olusturan ¢ok sayida patojen bulunmakta olup bunlardan biri de Marul mozaik viriisii (Lettuce
mosaic virus, LMV)’diir. Bu viriisiin tilkemizde ki varlig1 farkli bolge ve illerden bildirilmistir. Hasta-
ligin tanisi ve teshisine yonelik birgok ¢alig-ma yapilmis olmasina ragmen iilkemiz LMV izolatlarmin
tim genom dizilimlerinin belirlenmesine yonelik bir galisma yoktur. Bu nedenle bu calisma kapsa-
minda tilkemiz orijinli bir LMV izolatinin (LM V-CNK) tiim genom diziliminim ortaya ¢ikarilmasi he-
deflenmistir. Gergeklestirilen analizler sonucunda tiim genom dizilimi ortaya ¢ikarilan izolatin, diger
iilkelerdeki LMV izolatlari ile niikleotit seviyesinde, aminoasit seviyesinde sirastyla %82-98 ve %92-
99 oraninda benzerlikler gosterdigi saptanmistir. Yapilan filogenetik analizler sonucunda ise LMV-
CNK izolatmin genel olarak Fransiz ve Asya orijinli izolatlar ile yakin iliskili oldugu goriilmiistiir.
Bildigimiz kadariyla ¢alisma kapsaminda iilkemizde ilk kez bir LMV izolatinin tiim genom dizilimi
belirlenmis ve biyoinformatik ana-lizleri yiiriitilmustiir. Bundan sonra yapilacak c¢alismalarda ilke-
mizde daha fazla sayida ve farkli LMV izolatlari-nin tiim genom diizeyinde dizilenmesi ve analizinin
yapilmasi diisiiniilmektedir. Ayrica elde edilen izolatlarin popiilasyon diizeyinde genetik gesitliliginin
belirlenmesi de izolatlar arasindaki farkliliklarin ortaya ¢ikarilmasi agisindan 6nem tasimaktadir.
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Abstract — Lettuce is an important vegetable produced in many regions of Turkey. There are many
pathogen causing problems in lettuce one of which is lettuce mosaic virus (LMV). This virus has been
reported in several regions and provinces around the country. Although many studies have focused
on the detection and diagnosis of LMV, none have established its entire genome sequence of Turkish
LMYV isolates. Therefore, we aimed to determine the entire ge-nome sequence of LMV (LMV-CNK)
an isolate originated from Turkey. Analyses of whole genome sequence Turkish LMV isolates with
world isolates showed 82% to 98% and 92% to 99% similarities at the nucleotide and amino acid lev-
els, respectively. As results of phylogenetic analysis Turkish LMV isolate was closely related to LMV
isolates with French and Asian origins. To the best of our knowledge, this is the first bioinformatics
analysis of the complete genome sequence of an LMV isolate from Turkey. Whole genome sequences
of greater numbers of LMYV isolates from different hosts are being considered in the further studies.
It is also important to determine the genetic diversity of isolates at the population level to elucidate
differences between these isolates.
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1. Giris

Diinyanin hemen hemen biitiin {ilkelerinde yogun olarak iiretilen sebzeler insanoglunun temel besin
kaynaklarindan birini olusturmaktadir. Sebzelerin beslenmedeki 6neminin anlasilmasi ile birlikte diinyada
sebzelere yonelik arastirmalar hizla artmis ve sebze liretiminde de artis gdzlenmistir.

Tiirkiye’de onemli derecede yetistiriciligi yapilan sebzelerden bir tanesi de maruldur. Marul yetistiricili-
ginde 6zellikle fungal hastaliklar ve viriis hastaliklar1 ekonomik olarak kayba neden olmaktadir (Dinant ve
Lot. 1992) Viriislerin sebep oldugu hastaliklar, diinyada ekonomik getirisi olan tiriinlerde 6nemli kayiplara
yol acarak iiriinlerin kalitesini de olumsuz yonde etkilemektedir. Viriislerin tarimsal iiretimdeki zarar1 hak-
kinda net bir rakam sdylemek ¢ok zor olsa da, bitki viriisleri nedeniyle verim kayiplarinin diinya ¢apinda
yillik 30 milyar dolardan daha fazla oldugu tahmin edilmektedir (Sastry ve Zitter, 2014).

Marul tiretimini ¢ok sayida virlis hastalig1 etkilemektedir, yaklagik 15 marul hastaligina viriisler neden
olmaktadir (Dinant ve Lot, 1992). Marulun en yikic1 hastaligi ise LMV olarak kabul edilmektedir (Dinant

ve Lot, 1992).
LMYV potyviridae familyasinda olup potyvirus cinsine aittir ve etmen 750x13 nm uzunlugunda partikiillere

sahip olan ve esnek iplikg¢iklerden olusan bir viriistii. LMV 10.080 niikleotide sahip tek sarmal +ssRNA
dan olusmaktadir (Dinant ve Lot. 1992).

LMV marul yetistiriciligi yapilan yerlerde %50’ye varan biiyiik ekonomik kayiplara neden olmaktadir
(Dinant ve Lot, 1992). LMV ile enfekteli bitkilerde bazi simptomlar gézlemlenmektedir. Bu olusan simp-
tomlar oldukca degiskendir. Enfekteli bitkilerde ilk olarak damarlarda renk acilmalar1 goriiliir ve ilerleyen
zamanda bu agilmalar mozaik sekilli simptomlara doniisiir. Yapraklar kivirciklagsmaya baslar ve solar. Ay-
rica bitkilerde bodurlasma, bas baglamama, yapraklarda nekrotik lekeler ve sararmalar goriilen diger simp-
tomlardandir. Nekrozlar daha ¢ok yaz aylarinda goriilmektedir. Marulun erken donemde enfekte olmasi
durumunda yapraklarin tam gelisemedigi ve normal bitkilere gére bodur kaldig1 gézlemlenmistir. Iceberg
cesitlerinde ise mozaik simptomlar daha dikkat ¢ekici olup bodurlagsma ve yaprak deformasyonlar1 goriil-
mektedir (Pavan. Krause-Sakate, Silva, Zerbini ve Gall, 2008).

LMYV diger potyviriislerde oldugu gibi yaprak bitleri ile tasginmaktadir. Ozellikle Myzus persicae, Macro-
siphum euphorbiae, Acyrthosiphon scariolae, Aphis gossypii etkin olarak LMV ’yi tagiyan vektorler olarak
bilinmektedir. Yaprak bitleri ile viriis tasindiginda yaklasik bir hafta iginde bir tarla tamamen enfekte olabil-
mektedir. LMV, enfeksiyonlu geng bitkilerden elde edilen 6zsu ile bulasmaktadir, ancak yasl yapraklardan
elde edilen 6zsu ile bulagma, geng yapraklara gére daha zor oldugu bilinmektedir. Ayrica enfekteli tohumlar
ve yabanci otlar da hastalik etmeninin bir diger 6nemli inokulum kaynagi olup marul yetistiriciliginin yo-
gun yapildigi alanlarda biiyiik sorunlara neden olmaktadir (Nebreda vd.. 2004).

Genis bir konukgu araligina sahip olan LMV, 16 familya 60 cinse ait yaklagik 121 tiirii enfekte edebilmek-
tedir. Enfekte edilen bitki tiirlerinin ¢ogunlugunun Compositae familyasina ait oldugu bilinmektedir. Marul
LMV ’nin ana konukg¢usu olup 1spanak, aspir, bezelye, nohut da diger konukgular arasindadir. Ayrica LMV
Chenopodium album, C. murale, Senecio vulgaris gibi birgok yabanci otu dogal olarak enfekte edebilmek-
tedir (Horvath, 1980).

Ulkemizin farkl1 bolgelerinden de LMV enfeksiyonu ve izolatlarinin kismi molekiiler karakterizasyonla-
rinin belirlenmesine yonelik calismalar gergeklestirilmistir gergeklestirilmistir (Karanfil, Tuzlali ve Kork-
maz. 2015: Karanfil, Cevik ve Korkmaz, 2018). Ancak LMV izolatlarinin tiim genom dizilimlerinin belir-
lenmesine yonelik tilkemizde gerceklestirilmis bir ¢alisma bulunmamaktadir.

Bu ¢alisma kapsaminda daha dnceden Giiney Marmara Bolgesi’nden elde edilmis olan LMV izolatlarindan
bir tanesi segilmistir. Secilen izolatin genomu RT-PCR ile ¢ogaltilarak sekanslanmistir. Elde edilen sekans
verileri kullanilarak niikleotid ve aminoasit diizeyindeki biyoinformatik iligkileri tiim genom ve sahip oldu-
gu gen bolgeleri diizeyinde ortaya konmustur. Ayrica benzerlik ve filogenetik analizler sonucunda yapilan
karsilagtirmalar ile ileriki asamalarda yapilabilecek olan dayaniklilik calismalarina temel olusturabilecek
bilgiler elde edilmeye ¢aligilmistir.
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2. Materyal ve Yontem

Tiim genom dizilimi belirlenen izolat, Karanfil vd. (2018)’nin Balikesir, Canakkale ve Bursa’nin bazi il
ve ilgelerinden marul bitkilerinden topladiklari ve LMV ile enfekteli olan bitkilerden elde ettikleri izolatlar
arasindan tesadiifi olarak secilmistir. Se¢ilen izolattan Karanfil (2020)’nin belirttigi sekilde total niikleik
asit izolasyonu yapilarak, Lim vd. (2014)’un belirttigi primer citleri ile LMV tiim genomu amplifiye edil-
mistir (Tablo 1). cDNA sentezinde Thermo Fisher (Litvanya) firmasindan saglanan kitler, PCR asamasinda
ise Takara (Japonya) firmasindan saglanan kitler kullanilmigtir. Sekanslama ¢aligsmalari FicusBio firmasin-
dan hizmet alim1 yolu ile, biyoinformatik analizler ise CLC Genomic bench, CLC Main Workbench, SDT
ve MEGAX programlarindan yararlanilarak gergeklestirilmistir (Muhire, Varsani ve Martin, 2014: Kumar,
Stecher, Li., Knyaz ve Tamura., 2018).Calisma kapsaminda kullanilan materyal ve metot ayrintili olarak
Sekil 1’de verilmistir. Calismada kullanilan diinya LMV izolatlarina ait veriler Tablo 2’de verilmistir.

Tablo 1

LMYV tiim genom dizileme ¢aligmalarinda kullanilan primer ¢iftleri

Primer Kodu  Primer Dizilimi Uriin Biiyiikliigii (bc)
LMV IF AAAATAAAACAACCCAACACAACTC

LMV IR GTACATGCACGAAGCGTGGA 1700
LMV 2F ATACTCCATACCTGCACATC

LMV 2R AGTCGTGATTGAACCATATG 1215
LMV 3F CGAGATAGCAGTGAAACAGC 1260
LMV 3R GTGCGTATGCGCTTACGTAG

LMV 4F GGTCGGAGTGCAAGTGCAAG 1440
LMV 4R CCATTTTCTATGATGTTGGT

LMV 5F TGGAAGTAGAAACAGTAGGC

LMV 5R CTGTCTTTGCCGTTTACCTT 1250
LMV 6F CATGGATGATGTTTCAGAGC

LMV 6R GCTCTTCTGGTAGGCTCCCA 1550
LMV 7F CACAGTCAAGGGTAAGTGCA

LMV 7R ATCCCACTCTAGGATTGACA 1180
LMV 8F TGGTTCATGTCACATTGCGG 1430
LMV 8R GTCTCCGACTGAAAACCAGA

Filogenetik ve

Viriis Izolatmm
. Benzerlik Analizleri

Segimi___
-~
Total Niikleik Asit ?! Sekans
Izolasyonu | Anallzlerl
| -
\] &
Komplimentar DNA'larm ' Polimeraz Zincir Agaroz Jel
Sentezlenmesi | Y Reaksiyonu . Elektroforezi
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Sekil 1. Materyal ve metot semasi.
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Tablo 2

Biyoinformatik analizlerde kullanilan izolatlar

Orjin izolat Konukcu Erisim No
Fransa Strain_O Marul X97704
Fransa Strain E Marul X97705
Brezilya AF199 Marul AJ278854
Cin Yuhang Marul AJ306288
Giliney Kore  Muju Marul KF955619
Brezilya Br6 Marul KJ161174
Fransa FR25 Dimorphotheca sp. KJ161186
Fransa 13 Marul KJ161173
Sili CL574 Aci marul KJ161183
Sili CL246 Act marul KJ161177
Fransa 9 Marul KJ161172
Sili CL117 Dimorphotheca sp. KJ161175
Fransa LMVCr Catharanthus roseus KF268956
Ispanya ES16 Dimorphotheca sp. KJ161185
Yemen Yar Marul KJ161194
Tunus Tn51 Marul KY440645
Tunus KHamo6 Dimorphotheca sp. KJ161187
Tiirkiye TUR-CNK  Marul 0K086021

3. Bulgular ve Tartisma

Tiim genom diizeyinde molekiiler karakterizasyon ¢aligmalari temel alinarak gergeklestirilen ¢calismalar
kapsaminda bir LMV izolatinin (TUR-CNK) tiim genom dizilimleri, 8 farkli birbirinden bagimsiz primer
cifti ile 8 parga olacak sekilde Lim vd. (2014)’nin belirttigi sekilde PCR ile amplifiye edilerek belirlen-
mistir. Elde edilen LMV tiim genom sekans dizileri, benzerlik ve filogenetik iliskilerin belirlenmesinde
kullanilmastir.

TUR-CNK izolatiin tim genom sekans dizilimlerinin belirlenmesi amaci ile gergeklestirilen ¢aligmalar
kapsaminda RT-PCR analiz sonuglarinda kullanilan primerlerin ¢ogalttig1 bolgelere karsilik gelen ampli-
fikonlarin elde edildigi tespit edilmistir. LMV 1F ve 1R i¢in 1700 b¢ uzunlugunda, LMV 2F ve 2R i¢in
1215 b¢ uzunlugunda, LMV 3F ve 3R i¢in 1260 b¢ uzunlugunda, LMV 4F ve 4R i¢in 1440 b¢ uzunlugunda
bantlar elde edilmistir (Sekil 2).

5000bg
3000bg
2000bg
1500bg

1700bg

1260bg

1440b¢

1215b¢

1000bg
750bg

500bg

250bg

100bg

Sekil 2. RT-PCR calismalar1 kapsaminda elde edilen amplifikonlarin agaroz jel elektroforezinde elde edi-
len bant goriintiisii.
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LMYV S5F ve 5R i¢in 1250 bg uzunlugunda, LMV 6F ve 6R i¢in 1550 b¢ uzunlugunda, LMV 7F ve 7R i¢in
1180 b¢ uzunlugunda ve LMV 8F ve 8R i¢in ise 1430 b¢ uzunlugunda LMV tiim genomuna ait istenilen
bant biiyiikliikleri elde edilmistir (Sekil 3).

5000bg
3000bg
2000bg
1500bg

1550b¢
- = =Y . e —

1230be 1180be

1000bg
750bc W

500bg

250bg

100bg

Sekil 3. RT-PCR c¢alismalar1 kapsaminda elde edilen amplifikonlarin agaroz jel elektroforezinde elde edi-
len bant goriintiisii.

Niikleotid diizeyinde yapilan benzerlik analizlerinde kullanilan tiim diger iilke izolatlar1 dikkate alindiginda
genel olarak LMV izolatlarinin birbirleri ile %82-100 arasinda benzerlik tasidigi belirlenmistir. Tim ge-
nom dizilimlerine gére TUR-CNK izolatinin, diger iilke izolatlar ile iliskilerine bakildiginda ise izolatlarin
%82-99 araliginda benzerlik gosterdikleri tespit edilmigtir. TUR-CNK LMYV izolat1 X97704 erisim numara-
sina sahip olan Fransa izolat1 ile %99 oranla en yiiksek sekans homolojisine sahip iken, en diisiik benzerligi
ise %82 oranla KJ161194 erisim numarali Yemen izolat: ve KJ161194 erisim numarali Ispanya izolat1 ile
gosterdigi belirlenmistir (Sekil 4).

TURCNK
FR25
strain_0
Yuhang
Muju

13
AF1992013

CL574

CL246

cLMT Pairwise identity (%)

strain_E

9

Tns17
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LMvCr

ES16

ar
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S & B 3 Z o .
&

B
LMVCr
ES16

E

Sekil 4. Lettuce mosaic virus izolatlarinin tiim genom niikleotid dizilimleri seviyesinde birbirleri ile gos-
terdigi benzerlik matrisi.

Aminoasit temelli benzerlik analizlerinde tiim izolatlar incelendiginde %91 ile %100 arasinda benzerlik
orani oldugu goriilmiistiir. Tim genom dizilimlerine gére TUR-CNK izolatinin diger iilkelerin izolatlar
ile iligkilerine bakildiginda ise izolatlarin %92-99 araliginda benzerlik gosterdikleri tespit edilmigtir. TUR-
CNK LMYV izolat1 X97704 erisim numarali Fransa izolati ile %99 oranla en yiiksek benzerligi gdstermistir.
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Ikinci en yiiksek benzerligi ise AJ306288 erisim numarali Cin izolat: ile %99 oranla gosterirken, en diisiik
benzerligi ise %92 oranla KJ161194 erisim numarali Yemen izolati ve KJ161185 erisim numaral1 ispanya
izolat1 ile gdsterdigi belirlenmistir (Sekil 5).
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Sekil 5. Lettuce mosaic virus izolatlarinin tiim genom aminoasit dizilimleri seviyesinde birbirleri ile gos-
terdigi benzerlik matrisi.

Tao, Jiong ve JianPing (2002), , yaptiklari calismada Cin’in Yuhang sehrinde LMV nin marul bitkilerinde
onemli kayiplar olusturmasi nedeniyle sectikleri bir LMV izolatinin tiim genom dizi analizini ¢alismiglar-
dir. Bu izolatin niikleotid ve amino asit diizeyinde diinyanin diger iilkelerinden elde edilen ve gen banka-
sma yiiklenen LMYV izolatlari ile niikleotid diizeyinde %96.7 ile %98.8 ve amino asit diizeyinde %97.6 ile
%99.0 oraninda bir benzerlige sahip oldugunu bulmuslardir. Bir diger ¢calismada ise Revers vd. (1997),
LMV-E ve LMV-O izolatlarinin tiim genom dizi karsilastirmalar1 sonucunda izolatlarin niikleotid diize-
yinde %94 oraninda, aminoasit diizeyinde ise %97 oraninda benzerlik gosterdiklerini belirtmiglerdir. Bu
baglamda farkli ¢aligmalardan elde edilen sonuglar da bu ¢alismay1 destekler niteliktedir.

LMV izolatlarinin sahip oldugu gen bolgelerine gore gerceklestirilen benzerlik dizi analizleri sonucunda da
tiim genom diizeyinde elde edilen sonuglara genel olarak paralel sonuglar elde edilmistir (Tablo 3). P1 gen
bolgesine gore izolatlar niikleotid diizeyinde %78-98, aminoasit diizeyinde ise %74-98 oraninda birbirleri
ile benzerlik gostermislerdir. HC-Pro bolgesine gore izolatlarin niikleotid diizeyindeki benzerlik oranlari
%383-98 olarak belirlenirken, amino asit temelli benzerlik analizlerinde ise %95-99,5 olarak birbirleri ile
sekans benzerligi gosterdigi tespit edilmistir. P3 bdlgesine gore ise benzerlik oranlari niikleotid diizeyinde
%81-99,5, amino asit diizeyinde ise %87-100 olarak belirlenmistir. 6K 1 gen bolgesine gore niikleotid diize-
yinde izolatlarin birbirleri ile gosterdigi benzerlik orani %79-100, aminoasit diizeyinde ise %92-100 olarak
belirlenmistir. CI gen bdlgesine gore ise izolatlar niikleotid seviyesinde %84-99, aminoasit seviyesinde
ise %97-100 oraninda benzerlikler gostermislerdir. 6K2 gen bolgesine gore ise izolatlarin niikleotit diize-
yindeki benzerlik oranlar1 %77-100, aminoasit diizeyinde ise %83-100 arasinda oldugu tespit edilmistir.
VPG gen bolgesi temel alinarak gerceklestirilen benzerlik analizlerinde ise izolatlar niikleotid seviyesinde
%84-99, aminoasit seviyesinde ise %95-100 oraninda benzerlikler gostermislerdir. Nla gen bdlgesi igin
gergeklestirilen analizler sonucunda ise izolatlarin niikleotid diizeyinde %82-99, aminoasit diizeyinde ise
%95-100 oraninda benzerlikler gosterdigi belirlenmistir. NIb gen bolgesine gore gerceklestirilen analizler
sonucunda ise izolatlarmn niikleotid diizeyinde birbirleri ile %84-99, aminoasit diizeyinde ise %94-99.5 ora-
ninda benzerliklere sahip oldugu belirlenmistir. Son gen bolgesi olan CP genine gore ise izolatlar1 niikleotid
diizeyinde %90-100, aminoasit diizeyinde ise %93-99.5 oranlarinda birbirleri ile benzerlikler gosterdigi
belirlenmistir.
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Tablo 3

Tiirk lettuce mosaic virus izolatinin sahip oldugu gen bolgelerine gore diinya izolatlar1 ile sahip oldugu
sekans benzerlik oranlari

Benzerlik Orani (%)

Gen Niikleotit Amino asit
Max. Min. Max. Min.
P1 98 75 98 74
HC-Pro 98 83 99,5 95
P3 99,5 81 100 87
6K1 100 79 100 92
CI 99 84 100 97
6K2 100 77 100 83
VPG 99 84 100 95
Nla 99 82 100 95
NIb 99 84 99.5 94
CP 100 90 99.5 93

TUR-CNK izolatinm tiim genom niikleotid dizilimleri kullanilarak olusturulan filogenetik agac incelendigin-
de filogenetik agacin literatiire paralel olarak 4 gruba ayrildig1 goriilmektedir (Revers vd. (1997); Karanfil
vd.. 2018). Elde edilen filogenetik agagta Yar grubunda 1 izolat, Sp grubunda 1 izolat, Cr grubunda 1 izolat ve
RoW grubunda ise 15 izolat bulundugu goérilmektedir. Filogenetik aga¢ daha detayli incelendiginde ise; Yar
grubunda KJ161194 erisim numarali Yemen izolat1, Sp grubunda KJ161185 erisim numarali Ispanya izolati
ve Cr grubunda ise KF268956 Erisim numarali Fransa izolati bulunmaktadir. RoW grubunda ise KJ161174,
AJ278854 erisim numarali Brezilya izolatlari, KJ161187, KY440645 erisim numarali Tunus izolatlari,
KF955619 erisim numarali Giiney Kore izolati, KJ161186, KJ161173, X97704, X97705, KJ161172 erisim
numarali Fransa izolatlari, AJ306288 erisim numarali Cin izolati bulunmaktadir. Son olarak ise KJ161175,
KJ161177, KJ161183 erisim numarali Sili izolatlar1 ve iilkemizden elde edilen izolat bulunmaktadir.

Caligmada kullanilan LMV izolati olan TUR-CNK KJ161186 erisim numarasina sahip olan Fransa izolati
ile en yakin iligkiyi, ikinci en yakin iligkiyi ise X97704 erisim numarasina sahip olan yine bir Fransa izolati
ile gostermistir. TUR-CNK’nin KJ161194 erisim numarali Yemen izolat1 ile de en uzak iliskiyi gosterdigi
belirlenerek, RoW grubuna dahil oldugu tespit edilmistir (Sekil 6). Elde edilen bu sonuglar LMV izolat-
larinin filogenetik iliskilerinin arastirildig1 benzer ¢aligsmalar ile paralellik gostermektedir (Lim vd.. 2014;
Korkmaz ve Karanfil. 2017; Karanfil vd., 2018). Benzerlik analizlerinde oldugu gibi gen bdlgelerine gore
de gergeklestirilen filogenetik analizlerde tiim genom dizilimleri kullanilarak olusturulan filogenetik agaca
paralel sekilde izolatlarin genel olarak gruplandigi tespit edilmistir.

100) RoW

1000
9 -
el - LMV-Cr I Cr
® ES16 ¥ ogp
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Sekil 6. Lettuce mosaic virus izolatlarinin tiim genom niikleotid dizilimleri kullanilarak neighbour-joining

yontemi ile olusturulan filogenetik agag.
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4. Sonuclar

Bu ¢alisma kapsaminda ilk Tirk LMV izolatinin tim genom sekans dizileri belirlenmistir. Hastaligin
orijinine iligskin yeni bulgular elde edilmistir. Gen bankas1 olusturularak karakterize edilen izolatlar bundan
sonraki caligsmalara kaynak teskil ederek, elde edilen tiim bulgular ulusal ve uluslararasi alanlarda bilim
diinyasinin hizmetine sunulmustur. Ayrica ililkemiz LMYV izolatlarinin tiim genom diizeyinde farkli konuk-
cularda ve daha fazla sayida yapilmasi gerektigi diisiiniilmektedir. Elde edilen izolatlarin popiilasyon dii-
zeyinde genetik cesitliliginin belirlenmesi de izolatlar arasindaki farkliliklarin ortaya ¢ikarilmasi agisindan
Oonem tasimaktadir.
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algorithms, are used. By loading the train-ing and test data into the established algorithms, the system
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Written algorithms can produce different results each time they are run. However, in the graphs we

Research Article have taken as an example, the graph created with the ARIMA architecture has produced a more real-
istic result by specifying a range and making an upward forecast. The prediction chart we obtained
with the LSTM architecture did not create a much decrease or upward forecast. However, as a feature
of the LSTM algorithm, it clearly predicted the daily closing values, and did not specify an estimation
as a range and direction as in the study with the ARIMA architec-ture. It should not be forgotten that
these algorithms are dynamic and can give different results in predictions even when they are run with
the same data.

According to the results obtained in the research, although the LSTM architecture clearly stated the
daily closing values as numbers, the estimation study made with the ARIMA architecture produced a
result closer to the graph in terms of both interval and direction.

Keywords — Artificial intelligence, deep learning, financial forecasting, machine learning, silver

1. Introduction

With the introduction of computers into our lives, we have transferred many tasks from human power
to machine power. From the simplest calculator to assembly line production systems managed by robots,
machines and computers make our lives easier. With the foundations of artificial intelligence laid by Alan
Turing during World War II, computers became much more functional and began to perform some activities
similar to intelligent living things. There are many areas that artificial intelligence affects. recommender
systems; They are systems used in social media and online sites that offer new content suggestions based on
users’ past behaviour. There are systems that allow translation from one language to another, which is called
machine translation. Artificial intelligence is used in the field of signal processing, which performs tasks
such as sound and image processing and interpretation. Finally, regression analysis; It enables the formation
of predictive models for the future by evaluating the past data. In this regard, the consistency and sufficient
number of numerical data in economic, financial or any other field increases the reliability of the analysis.

Machine learning and deep learning emerged after the idea of artificial intelligence. Machine learning is
considered as a kind of artificial intelligence that can output even unprogrammed results. In 1959, Arthur
Samuel defined machine learning as “the ability to learn outcomes for which machines are not specifically
programmed”. While machine learning processes in a single layer, deep learning processes in multiple lay-
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ers. In machine learning, you set the parameters so that an input can be defined. Deep learning, on the other
hand, creates its own rules by determining its own parameters. In this case, deep learning algorithms can
identify the differences in the entered data that cannot be perceived by human senses.

Deep learning started to make a name for itself in 2010 with the development of an artificial neural network
model called “AlexNet” by Alex Krizhevsky, Ilya Sutskever and Geoffrey E. Hinton from the University
of Toronto. Deep learning, to define simply, is the name we give to training multi-layer artificial neural
networks with an algorithm called “backpropagation”. (Krizhevsky. 2012) Deep learning models are based
on the data on which they are trained. It shows great success in applications such as classification, regres-
sion analysis and estimation in time series. By using these models, it is possible to make future financial
forecasts in many areas such as the stock market, precious metals and crypto markets. There are many deep
learning models used for this purpose, and the success rates of each differ according to many variables such
as the data set used, the time interval or the technique applied.

In today’s economic world, people want to increase their existing capital by evaluating different investment
areas. Metals such as gold, silver and platinum, which are accepted all over the world, experience fluctua-
tions in their prices globally and investors want to earn profits by evaluating these products. Technical and
fundamental analysis methods are used for graphical direction estimation of these products. In addition,
with the widespread use of deep learning methods, different methods have been put into practice for graph-
ical direction estimation.

Machine learning can be considered as a subset of artificial intelligence. Machine learning can be defined
as a model that can make decisions or make predictions even though it is not fully programmed to perform
a task using a sample dataset called “training data”. Deep learning can be considered as a subset of machine
learning. Although not very different from each other, the fields of study are the same, but artificial neural
networks used in deep learning have a structure that mimics a biological nerve cell. A nerve cell makes
an inference by comparing the information it has received with previous information. Deep learning algo-
rithms analyze information by labeling and assigning elements such as a human brain to various categories

(Jakhar & Kaur, 2009)..

There are basically 3 types of machine learning algorithms: Supervised, semi supervised and unsupervised. For
supervised learning, a training set with inputs and outputs is fed into the algorithm, accompanied by a supervi-
sor, so that meaningful results are obtained. Based on machine-learned relationships, it can make assumptions
for a sample that has never been introduced introduced (Mobhri et al, 2012). Support vector machines, linear
regression, logistic regression, naive bayesian classifiers, decision trees, k-nearest neighbor algorithms and
artificial neural networks are examples of frequently used supervised learning algorithms (Russell ve Norvig,
2010). In the training set used in the semi-supervised learning method, there are labeled and unlabeled data as
in both supervised and unsupervised learning methods. This method is used when labeling all data is difficult
and costly. Semi-supervised learning method can be used to solve problems such as regression, classification
and sequencing. Unsupervised learning is the algorithms in which only the inputs are given to the system as
a training set, and the output and labeling information is not given. It is not necessary to have a supervisor
during training to the system. The system using the data tries to perform operations such as classification and
clustering by examining the input-output relations itself (Mohri et al. 2012).

Deep learning algorithms can be considered as a sub-branch of artificial intelligence and machine learning
terms. Deep learning, inspired by the human brain structure and the working principle of nerve cells, is a
kind of machine learning. As with biological nerve cells, artificial neurons receive input signals, collect and
process them and transmit them to the outputs. (Sismanoglu et al.. 2019) Deep learning uses many layers
of nonlinear processing units for feature extraction and transformation. Each successive layer accepts the
output of the previous layer as input (Seker et al., 2017).

LSTM and ARIMA architectures are the most used algorithms to predict future of time series models.
ARIMA architecture is a type of statistical models for forecasting time series data (Box and Jenkins, 1970).
. Non-stationary time series is made stationary by using finite differencing of the data in ARIMA models.
ARIMA is an acronym that represents AutoRegressive Integrated Moving Average. LSTM deep learning
algorithm, developed by Hochreiter and Schmidhuber (1997) allows the preservation of the weights that
are forward and back-propagated through layers. The network can continue to learn over many time steps
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by maintaining a more constant error. Thus, the network can be used to learn long term dependencies. An
LSTM cell contains the forget and remember gates which allow the cell to determine what information to
prevent or pass based on its strength and importance (Kingma and Ba, 2018)

Bingol et al. has made similar study on gold price prediction and has found that ARIMA architecture has
better results among other future prediction models. Another research made a comparison between ARIMA
and LSTM architectures and had an estimation on stock market graphs. The study has shown that LSTM
architecture was superior to ARIMA (Namin and Namin. 2018). Alpay’s research article has also used
LSTM architecture to predict USD/TRY price for future. The study reveals that specific epoch and batch
size values can make a successful prediction (Alpay. 2020).

Most of the recent studies focus on the forecasting of the gold prices ignoring the forecasts of other precious
metals. For this reason, this study includes the forecasting of silver prices by using LSTM and ARIMA
methods. Employing the prices of silver, predictive power of the model rises to provide better results for
investors who aim to develop their portfolio and make more profitable investments.

In our study, first of all, silver/ounce parity data were obtained between 01.01.2018 and 12.04.2021. These
data were used for testing. The obtained data were normalized. These data were taught to the LSTM and
ARIMA deep learning algorithms used in the application. Then, the forecast values for the dates 13.04.2021
and 21.04.2021 were produced with two algorithms. Then, the performance of these estimations was eval-
uated using MSE and RMSE performance criteria.

2. Materials and Methods

In our study, firstly, data such as daily opening, closing, highest, lowest and silver/ounce parity val-
ues were obtained for the time period between 01.01.2018 and 12.04.2021. The source of the dataset is a
website and the link is as follows: https://eatradingacademy.com/software/forex-historical-data/. You can
use the following link to access the entire dataset: https:/raw.githubusercontent.com/SnnUntz/Data/main/
XAGUSD_D1.csv Only the 10-day portion of all data is shown in Table 1.

Table 1

Used silver/ounce data

Date Open High Low Close Volume
2013-01-01 30.294 30.337 30.178 30.203 60
2013-01-02 30.197 31.490 30.193 31.033 1527
2013-01-03 31.042 31.183 29.981 30.102 1495
2013-01-04 30.100 30.264 29.208 30.205 1646
2013-01-06 30.193 30.237 30.139 30.170 64
2021-04-07 25.154 25.266 24.843 25.145 1596
2021-04-08 25.142 25.608 24.951 25.389 1641
2021-04-09 25.394 25.492 24.971 25.191 1453
2021-04-11 25.170 25.253 25.154 25.235 118
2021-04-12 25.235 25.264 24.694 24.795 1552

After downloading the data, it is prepared for use in deep learning with LSTM and ARIMA algorithms.
During the preparation phase, the data were normalized to be between 0 and 1. After preprocessing, the
algorithms to be used for estimation were selected.

With its ability to remember both long term and short-term values, the LSTM models have proved financially
rewarding for the treatment of time series, thereby becoming the preferred Deep Learning tool for time series
analysis (Sadefo Kamdem et. al., 2020). For this reason, the LSTM algorithm was used in our study.
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The Autoregressive Integrated Moving Average (ARIMA) and its variants are the most used in the literature
for forecasting stock price series (Aamir and Shabri, 2018). These have indicated that the ARIMA model
has a strong predictive potential in the short term and has the ability to compete favorably with existing
stock price prediction tools (Ariyo et. al.. 2014). For this reason, the second algorithm used in our study
was chosen as ARIMA.

2.1. Prediction Model Developed Using LSTM Architecture

Long and Short Term Memory is a variation of RNN and are known to learn problems with long-range
temporal dependencies, so RNNs are sometimes replaced with LSTMs in MT networks_ (Hochreiter, S. and
Schmidhuber, 1997). LSTMs also have this chain-like structure, but the structure of the repeating module
is different from RNN. In place of a single neural network layer, there are four layers in a module. These
layers interact within the same modules as well as with other modules for learning (Saini and Sahula, 2018)
A typical structure of LSTM module is shown in Figure 1.

®
A ﬁj@ﬁ A

®

Figure 1. The repeating module in an LSTM contains four interacting layers (Saini and Sahula, 2018)

The algorithm, which obtains the data that needs to be processed through the link we have added, has only
used the data since 2018 and has been deemed sufficient. The loaded and processed data is shown at Figure 2.

Close

Date
2018-01-01 17.004
2018-01-02 17.191
2018-01-03 17.090
2018-01-04 17.166
2018-01-05 17.187

2021-04-07 25.145
2021-04-08 25.389
2021-04-09 25.191
2021-04-11 25.235
2021-04-12 24.795

1020 rows x 1 columns
Figure 2. Loaded data for the LSTM algorithm

As can be seen, the closing value was taken from the data and 1020 rows of data were loaded as of 1.1.2018.
Our normalized graph is as shown at Figure 3.
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Figure 3. Normalized silver/ounce graph for LSTM architecture

As training data, the last 30 days of data were processed for every 10-day chart. It is programmed to make
a 10-day forecast for the future.

In the algorithm we use, it is stated that the closer the loss values are to each other, the better the result will
be. In the model we applied, the loss and accuracy values are given as Figure 4.
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Figure 4. Loss and accuracy values for the LSTM algorithm

The forecast made from the test data and the actual data graph for the last 10 days are as Figure 5 It is seen
that mostly consistent results are given. After the test estimation, the algorithm is run for the actual estima-
tion.
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Price

Predicted vs Actual Closing Prices

—— Predicted
— Actual

Figure 5. Test prediction graph for LSTM algorithm

We want to create a forecast graph for 10 days ahead from the last day on the data fed into the system. The
daily closing values for the forecast graph made by the algorithm and the entire graph are as Figure 6 and

Table 2.

Table 2.

Daily closing values in the forecast made with the LSTM algorithm

Date Closing Price
2021-04-12 25.102
2021-04-13 24.966
2021-04-14 24.995
2021-04-15 24.859
2021-04-16 25.066
2021-04-17 24.874
2021-04-18 24.879
2021-04-19 24.804
2021-04-20 25.188
2021-04-21 24.782

Price

Forecasting the next 10 days

= Predicted Prices
—— Actual Prices

Figure 6. 10-day forecast model graph with LSTM algorithm

The details are not clear as the chart we obtained represents a long period of time. Figure 7 is the graphic
where we can see the details more closely.
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Figure 7. LSTM algorithm detail graph

2.2. Prediction Model Developed Using ARIMA Architecture

The time series model using the Box-Jenkins method was proposed by Box and Jenkins (1970). This
approach is widely used in the literature due to its simplicity and good results. Often this method is referred
to as the ARIMA method. The ARIMA method is quite different from other methods as the prediction series
does not contain explanatory independent variables. When creating an ARIMA model, the current series
must be stationary. If the series is not stationary, the difference of the series should be taken before using
the method (Gahirwal, 2013).

In order to construct the best ARIMA model for exchange rate time series, the autoregressive (p) and mov-
ing average (g) parameters are need to be identified for an effective model. We decided to determine the
best model based on Bayesian Information Criterion (BIC) for various orders of autoregressive (p) and
moving average (gq) terms keeping integrated term (d) as order 1 (Babu and Reddy. 2015). Since silver/
ounce parity time series was used in this study, the parameters in ARIMA were determined in the same way.

The data source we used for the LSTM architecture was also used for the ARIMA architecture over the
same link. Table 3. showing the last 5 days of the data fed into the system is as follows. It also extends from
01.01.2018 to 12.04.2021.

Table 3.
Data table fed into the system for ARIMA architecture

Date  Open High Low Close Volume
2566 2021-04-07 25.154 25266 24.843 25.145 1596
2567 2021-04-08 25.142 25608 24951 25.389 1641
2568 2021-04-00 25.394 25492 24971 25.19 1453
2569 2021-04-11 25.170 25.253 25.154 25235 118
2570 2021-04-12 25.235 25264 24.694 24.795 1652

The algorithm will perform training and testing operations on this table based only on the closing values.
The silver/ounce chart created according to the closing values of the system is as Table 4. Our graph that
expresses the daily change in price on the silver/ounce chart is as Figure 8.
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Plot of the Daily Changes in Price for XAG
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Figure 8. Silver/ounce daily price change chart for ARIMA architecture

Table 4.
Daily closing values in the forecast made with the ARIMA algorithm

Date Closing price
2021-04-12 25.121
2021-04-13 24.829
2021-04-14 24815
2021-04-15 24.840
2021-04-16 24.834
2021-04-17 24.852
2021-04-18 24.851
2021-04-19 24.866
2021-04-20 24.867
2021-04-21 24.880

3. Results and Discussion

Many architectures and algorithms are used for financial forecasting and they are developing day by day.
Based on the literature research, LSTM and ARIMA architectures, which are two of the architectures that
give the best results today, have been the main subject of our study and they were asked to make a 10-day
forecast by processing the training and test data on the silver / ounce graph. In this context, starting from
01.01.2018, daily opening, closing, low, high and volume values for the silver/ounce chart were obtained
and fed into the algorithms written for both architectures and the desired graphics were created.

Forecast values were produced by LSTM and ARIMA algorithms for the dates 12.04.2021 - 21.04.2021.
The relationship between the estimated values produced and the actual values was examined. It is known
that the algorithm that produces values close to the real values performs better. Many criteria can be used
as performance criteria.

Performance measure is forecast accuracy. The measures are Mean Absolute Error (MAE) and Root Mean
Squared Error (RMSE). The MAE is a measure of the difference between two continuous variables. The
MAE is the average vertical distance between each actual value and the line that best fits the data. MAE is
also the average horizontal distance between each data point and the best-fit line. Since the MAE value is
easily interpretable, it is frequently used in regression and time series problems. The formula expression of
MAE is as shown at 3.1 and 3.2.
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MAE == 57 ¢ 3.1

ef= (Actual; — Predicted;)’ (3.2)

It is a quadratic metric that measures the magnitude of error of a machine learning model, which is often
used to find the distance between the predicted values of the estimator and the true values. The RMSE is
the standard deviation of the estimation errors (residues). That is, residuals are a measure of how far the
regression line is from the data points; The RMSE is a measure of how widespread these residues are. The
formula expression of RMSE is as shown at 3.3.

n 2

RMSE = |2=2% (3.3)
n

Table 4.
MAE and RMSE values for LSTM and ARIMA algorithms

MAE RMSE
LSTM 733 870
ARIMA 811 920

As can be seen from the MAE and RMSE performance criteria, LSTM outperforms the ARIMA algorithm.
The LSTM algorithm is relatively 5.74% and 10.64% better than the ARIMA algorithm in terms of RMSE
and MAE, respectively.

4. Conclusion

Today, both financial markets and artificial intelligence gain importance day by day and both are affect-
ed by the world’s economic situation and technological developments and meet at a common point. In the
study we have done, it is aimed to predict which direction the graph will go by creating a forecasting model
on silver, which is the most popular commodity along with gold. In this study, we created a prediction mod-
el based on the silver/ounce graph using two deep learning architectures that are used for continuous time
series and that we see give the best results. In our study, the MAE and RMSE performance criteria are used
to compare LSTM and ARIMA algorithms. According to the performance criteria, LSTM outperforms the
ARIMA algorithm. The LSTM algorithm better than the ARIMA algorithm in terms of RMSE and MAE.
It is possible to obtain different results by making changes in the written coding. Again, the results will
change when we change deep learning layers or want to generate predictions for different time periods.
Since no artificial intelligence or deep learning algorithm can know the future one hundred percent, trying
to make predictions with high consistency has been the main subject of deep learning and financial forecast-
ing studies. Our study shows that it is possible to make financial forecasts for the future with appropriate
deep learning architectures as the main idea. In the future, it will be possible to make financial forecasts
with higher consistency by using more advanced programming languages or algorithms.
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to time discretization techniques, this simulator contains several space discretization methods such
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Published: 10.03.2022 techniques. It is observed that the use of UMIST or semi-implicit techniques in the different numer-

ical simulator decreases numerical errors. However, the combination of UMIST and semi-implicit
methods is not available in literature. The proposed numerical simulator is suitable for easily using
the different combinations of time and space discretization methods. Second objective of this study
is to present a novel combination that includes both semi-implicit time discretization technique and
UMIST space discretization method to minimize numerical errors namely numerical dispersion and
unphysical oscillation. Alt-hough UMIST method suppresses unphysical oscillation, it causes a small
and undesired oscillation at flood front for very large Courant number. Thirdly, this study proposes a
minor modification on the UMIST method to elimi-nate this unphysical oscillation. The novel com-
bination of modified UMIST method and semi-implicit technique decreases numerical dispersion sig-
nificantly and suppress unphysical oscillation effectively. Moreover, the numeri-cal result of proposed
model is very close to analytical solution.

Research Article

Keywords — Finite difference method, high-resolution scheme, explicit method, fully implicit method, semi-implicit method

1. Introduction

A great number of physical phenomena and many real processes are effectively modeled by partial
differential equations. One of the most widely used types of partial differential equations for describing
these physical processes is the unsteady convection-diffusion equation. The convection—diffusion equation
is used in simulating transport process (Peng et. al.. 2013), flow in oil and gas reservoirs (Kurganov &
Tadmor, 2000), non-isothermal injection techniques, chemical displacement, miscible displacement and
immiscible displacement (Kamalyar et. al., 2014), pollutant dispersion in a river estuary (Morton, 2019),
etc. Following Equation 1.1 shows one-dimensional form of convection-diffusion equation.

9°U  oU _aU

_, v _ou 1.1
oxz  'ox ot (1)

There are two basic way to solve convection-diffusion equation. While one of them is analytical solution,
the other is numerical techniques. Nowadays, there is no any analytical solution of multi-dimensional and
complex physical systems. Therefore, it is necessary to use numerical techniques for these complicated
problems. The finite difference method is one of the most commonly used numerical techniques for solu-
tion of convection-diffusion equation. This method has been used for many years due to its simplicity, prac-
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ticality and effectiveness. The finite difference method is applied for time discretization or space discretiza-
tion. There are a number of time and space discretization techniques in literature. However, some of them
stand out such as explicit, fully implicit and semi-implicit techniques for time discretization and first-order
upstream and UMIST (University of Manchester Institute of Science and Technology) methods for space
discretization. Although the explicit method is efficient for some simple conduction problems, it needs sta-
bility criteria. Otherwise, it is unstable especially for high Courant number and large time step size. When
using the explicit method, the time step size is chosen with care to get well-posed numerical solution. This
requirement sets a serious constraint for the explicit method because choosing small time step size causes
the simulation time to become quite long. Even though the implicit method is stable for large time step size
and high Courant number, it leads to numerical dispersion like the explicit method. On the other hand, sec-
ond-order accurate semi-implicit method significantly reduces numerical dispersion. One another method
to decrease numerical dispersion is to use higher-order space discretization techniques for example UMIST
method. However, the combination of semi-implicit and UMIST methods is not available in literature. The
objective of this study is to combine second-order accurate semi-implicit method and UMIST technique in
order to minimize numerical errors.

The analytical solutions of some one-dimensional systems exist in literature. They are used to validate the
reliability of numerical methods. After verification of numerical techniques with analytical solution for
simple and one-dimensional problem, proposed numerical techniques may be used for sophisticated and
multi-dimensional problems. All numerical methods used in this study are checked with the following an-
alytical solutions.

U(x,t) = %erfc (xZ\;Ditt) +%exp (vD_x) erfc <xZ\—/i_Ditt> (1.2)

If physical dispersion coefficient is zero, equation 1.2 (Peaceman. 2000) is undefined. The convection-dif-
fusion equation transforms to the transport equation for that cases (cancelling of first term in Equation 1.1).
The transport equation is used for convection-dominated fluid flow. The analytical solution of transport or
advection equation is described in following Equation 1.3 (Sarra, 2002).

U, t)=G(xp) =G(x—vt) (1.3)

In Equation 1.3, G(x,) refers to initial condition. The exact solution of transport equation depends mainly
on initial condition and it may be defined as propagation of all points on the initial condition with the same
speed that is constant velocity (Sarra, 2002).

2. Materials and Methods

The convection-diffusion equation is solved using time discretization and space discretization
techniques. While accumulation term (last term in Equation 1.1) is approximated by time discretization
methods, convection term (second term in Equation 1.1) and diffusion term (first term in Equation 1.1) are
estimated by space discretization techniques. Although there are a number of space and time discretization
methods, some of them lead to unacceptable numerical errors. One of the aims of this study is to select best
combination of space and time discretization techniques in order to minimize numerical dispersion and
suppress unphysical oscillation.

2.1. Time Discretization

Time discretization is applied to transient or unsteady problems and it is also called as temporal
discretization. Temporal discretization is the integration of diffusion and convection terms over each time
steps. Explicit, implicit and semi-implicit methods are the most widely used approaches to calculate the
integral over a time step. The explicit and the fully implicit methods are first-order time discretization
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methods and they leads to significant numerical errors namely numerical dispersion. The explicit method
gives stable results with numerical dispersion for small Courant number. However, it is not stable for large
Courant number. The coefficient of interested grid block central value for previous time step in numerical
solution of explicit method must be positive (Versteeg & Malalasekera, 2007) because next time step values
are calculated by adding to previous time step values. Following stability criteria must be provided for
numerical solution of convection-dominated fluid flow equation using explicit time scheme and first-order
upstream space discretization method.

Urtt = Ut — At <v#> 2.1)

The coefficient of at right-hand side in Equation 2.1 must be positive. The following inequality (Equation
2.2) is obtained to provide positive coefficient of.

Ax
At < - 2.2)
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Figure 1. Explicit scheme for first-order upstream method (dx=0.1).

Figure 1 shows numerical solutions of advection equation (physical dispersion is zero, D=0) using the
explicit time discretization method and first-order upstream space discretization technique for 0.55 and 1.03
Courant number (for both cases space interval are same, dx=0.1 and time step sizes are 0.055 and 0.103 for
green line with circle and red line with star, respectively). According to Figure 1, the explicit method for
small Courant number (Nc=0.55) is stable (there is no oscillation) with large numerical dispersion (green
line with circle). However, the explicit method is unstable (it has large unphysical oscillation) when Courant
number is greater than 1 (red line with star) due to the large time step size (dt=0.103). This numerical result
is far away from analytical solution and it’s not acceptable to model any physical system. This is the main
disadvantage of explicit time discretization methods that are not convenient for large time step sizes or
large Courant number. The implicit time discretization methods should be used to suppress unphysical
oscillation (red line) for large Courant number and higher-order space discretization method should be used
to diminish numerical dispersion (green line).
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Figure 2. Implicit scheme for first-order upstream method (dx=0.1).

Figure 2 indicates numerical results of fully-implicit scheme and first-order upstream space discretization
technique for 0.55, 1.03 and 1.7 Courant number (for both cases space interval are same, dx=0.1 and time
step sizes are 0.055, 0.103 and 0.17 for green, red and blue lines, respectively). According to numerical
results of Figure 2, increasing of the time step sizes leads to numerical dispersion without any oscillation.
The main advantage of fully-implicit method over the explicit scheme is stability. The implicit method
is unconditional stable and it can be used even for large time step size and high Courant number. The
small time step interval must be selected for explicit method in order to provide stability requirement and
obtain meaningful numerical results. The small time step size causes the numerical solution to take quite
long. Therefore, the fully-implicit method is used to reduce total simulation time. In spite of the stability
advantage of fully-implicit technique, the numerical results in Figure 2 are far from analytical solution due
to the numerical dispersion. When time step size or Courant number increases, the numerical dispersion of
implicit method becomes greater. Hence, higher-order methods are used to minimize numerical dispersion
like semi-implicit time discretization method.

The semi-implicit method called also as Crank-Nicolson technique (Crank & Nicolson, 1947) is second-
order accurate approximation and it reduces numerical errors effectively. Following equations show full
discretization of convection-diffusion equation using explicit, fully-implicit and Crank-Nicolson method
respectively. In Equation 2.3, superscripts n and n+1 refer to current time step and next time step. Subscripts
1,1-1/2, 1+1/2 are index for nodes, left face value and right face value, respectively. The face values are used
to numerically calculate the first derivative.

ut,—U",

pU —200 + UL, ey i UPT U7 2.3)
Ax? Ax At
n+1 n+1
pUBE — 207+ U e e ooy 2.4)
Ax? Ax At
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The left-hand side terms in Equations 2.3, 2.4 and 2.5 can be expressed as a function of time namely F(t).
The Figure 3 shows numerical integral of Equations 2.3, 2.4 and 2.5 respectively.

F(t F
-"H.] .-'[~.t ] MF(t)
(a) (b) (c)

/~ d

t

t" t".- t" t"""- t t-'| .t"'= t.r

Figure 3. Integral approximations for explicit method (a), implicit method (b) and semi-implicit method (c).

In Figure 3, it’s assumed that black curved line is a continuous function. The objective in numerical inte-
gration is to determine the area under the continuous function between t" and t™' time intervals. According
to Figure 3, the integral approximations of explicit and fully-implicit methods have significant numerical
errors at lower side and upper side of the function. Therefore, these techniques lead to numerical disper-
sion. However, numerical integration of semi-implicit method is closer to analytical integration. Hence,
it reduces numerical dispersion seriously (see the pink line in Figure 4). The numerical results in Figure
4 are designed for large Courant number (Nc=1.7) in order to indicate the effect of large time step sizes.
It’s assumed that space (dx=0.1) and time (dt=0.17) intervals are same for both cases to compare different
types of time discretization. In Figure 4, blue line is first-order time discretization method and it causes
large numerical dispersion. It has large numerical errors due to ineffective numerical integration technique.
However, the pink line is second-order method and it decreases numerical errors significantly. That’s why
it’s closer to analytical solution compared to first-order technique.
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Figure 4. Implicit and semi-implicit scheme for first-order space method (Nc=1.7, dx=0.1 and dt=0.17).
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2.2. Space Discretization

The space discretization techniques are applied to convection and diffusion terms. The diffusion term
is discretized using second-order central difference method and only grid block or node central values
are required to calculate numerical result of diffusion term. On the other hand, space discretization of
convection term depends on grid block face values. However, there is no any exact knowledge about face
values in numerical calculation. It may be predicted using some techniques. Therefore, the numerical errors
arise from these approximations. Equations 2.6 and 2.7 show first-order upstream method (Ertekin et. al..
2001) and TVD (Total Variation Diminishing) technique (Harten, 1984, Sweby. 1984) respectively.

n_oo~yn

V1= U 2.6)
n n 1 n n

Ui~ Ul +59MIUT — Ul 2.7)

2

The second term at right-hand side in Equation 2.7 is anti-diffusive term. It decreases numerical dispersion.
The flux limiter for UMIST (University of Manchester Institute of Science and Technology) technique is
described by following Equation 2.8 that is an extension of the Quick method (Leonard. 1979).

2.8)

3r+1 r+3>

@) =min (2, 2r, YR

In Equation 2.8, r is gradient ratio and it is defined as following Equation 2.9 (Wolcott et. al.. 1996).

n n
_ Ui+1 - Ui

Ur - U,

4

2.9)

The UMIST technique reduces numerical dispersion effectively because it’s higher-order space discretization
method. The first-order upstream space discretization method and the UMIST space discretization technique
with the implicit time discretization method has been used in Figure 5. It is assumed that space interval is
0.15 (dx=0.15), time interval is 0.1 (dt=0.1) and Courant number is 0.67 (Nc=0.67). According to Figure
5, the UMIST method gives sharper flood front than first-order upstream technique and it is closer to
analytical solution. The use of higher-order technique (UMIST) decreases the space discretization errors.
However, the numerical solution using UMIST method (third-order in space discretization) and implicit
scheme (first-order in time discretization) still has numerical dispersion due to the time discretization
errors. The combination of the semi-implicit method (second-order in time discretization) and the UMIST
technique may bring the numerical solution closer to the analytical solution.

3. Results and Discussion

In this study, the importance of the use of higher-order finite difference technique is investigated.
Nowadays, the explicit scheme (Lundgren & Mattsson, 2020) is still used to solve partial differential
equation. However, it is unstable for large Courant number and large time step sizes (see red line in Figure
1). The small time step sizes must be used for the explicit scheme to obtain stable numerical results (see
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Figure 5. First-order upstream and UMIST methods for implicit scheme (Nc¢=0.67, dx=0.15 and dt=0.1).

green line in Figure 1). The use of small time step sizes causes quite long simulation time. Therefore, the
higher-order techniques in space and time discretization for large time step sizes and large space intervals
must be used to decrease total simulation time and obtain more accurate numerical results. It is observed
that the application of UMIST space discretization method (third-order in space discretization) to the semi-
implicit time discretization technique reduces numerical errors because semi-implicit method is second-
order scheme. Moreover, proposed model is very stable and it is very close to analytical solution (see red
line in Figure 6). This proposed model works properly for moderate Courant number (lesser than 1) and it
diminish numerical dispersion impressively. Nevertheless, the novel combination of the UMIST method
with the semi-implicit technique causes to a small unphysical oscillation at the flood front (see red line in
Figure 6). In this study, it was observed that reducing the upper limit of the UMIST flux limiter function
suppresses these undesired oscillations. In Figure 6, it is assumed that space interval is 0.1 (dx=0.1), time
interval is 0.13 (dt=0.13) and Courant number is 1.3 (Nc=1.3). Figure 6 shows UMIST method with 2.0 and
1.3 upper limits for semi-implicit time discretization method. The proposed model (blue circles) minimizes
numerical dispersion without any unphysical oscillation even for large Courant number.

Itis important note that please use Supplementary material 1 and Supplementary material 2 or Supplementary
material 3 in order to obtain all figures in this study.

4. Conclusion

This study has presented a numerical simulator for convection-diffusion equation. This simulator includes
explicit, fully-implicit and semi-implicit time discretization techniques. It has been observed that explicit
method requires the stability criteria and it is unstable for large Courant number. The time step size must
be reduced to provide stability criteria for explicit scheme. However, decreasing time step size causes
long simulation time. The fully-implicit method has been used because it is stable even for large Courant
number. Despite the stability advantage of fully-implicit method, it is first-order accurate scheme like
explicit method. Thus, the implicit method leads to numerical dispersion for large time step size. The
second-order accurate semi-implicit or Crank-Nicolson time discretization method has been selected to
minimize numerical dispersion. The proposed numerical simulator has also several space discretization
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Figure 6. Application of UMIST methods to semi-implicit scheme (Nc=1.3, dx=0.1 and dt=0.13).

methods. The first-order upstream method is a scheme without any unphysical oscillation. Nonetheless,
it is first-order method and it has large numerical dispersion. Although the higher-order UMIST method
decreases numerical dispersion successfully, it has been noticed that the combination of UMIST method
with semi-implicit technique causes a small unphysical oscillation at flood front. In this study, it is proposed
to decrease upper limit of UMIST flux limiter function in order to suppress this undesired oscillation. The
proposed model has minimized numerical dispersion without any unphysical oscillation. In this study, it is
observed that this novel combination of modified UMIST method and semi-implicit technique minimizes
the most important numerical errors namely numerical dispersion and unphysical oscillation and it is
very close to analytical solution. Moreover, the novel combination method can be easily applied to all
type of convection-diffusion problem especially for most recent physical problems such as the simulating
miscible displacement, immiscible displacement, chemical displacement and non-isothermal injection, the
contaminant and sediment movement in the rivers, lakes and groundwater aquifers, simulating transport
and flow in oil and gas reservoirs, particularly in two-phase flow. Finally, all Matlab codes related to the
numerical simulator have been added to Supplementary Materials in order to facilitate other researchers’
work.
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Symbols

U = concentration or interested value
D = physical dispersion

Nc = courant number

dt = timestep

dx = space interval

v = velocity
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Subscripts
i = index for nodes in the x direction
i-1/2 = index for left face values

i+1/2= index for right face values

Superscripts
n = old timestep

n+[ = current timestep
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Supplementary Materials

Supplementary material 1. Sub-function to run the numerical simulator.

function y=TVD (x)

% Select Space Discretization Method (SDM)
$For First Order Upstream Method->SDO=1
$For UMIST->SDO=30

SD0=30;

if SDO==1%First Order Upstream

y=0;

elseif SDO==30%UMIST 1.3

y=max (0, min ([2,2*x, (3*x+1) /4, (x+3)/41));
end

end

Supplementary material 2. The numerical simulator.

Note: In order to run Matlab codes in Supplementary material 2, it’s required to get °TVD.m’’ Matlab
file. It can be obtained using Supplementary material 1 The name of the Matlab file must be “TVD”’
without quotes. Secondly, designed TVD.m Matlab file and the numerical simulator mfile (in
Supplementary material 2) must be at the same path. Thirdly, if you don’t want to use Supplementary
material 1 and Supplementary material 2 in order to run Matlab file, you can use Supplementary material
3.

tic; clc; clearvars;

%$$SINPUT DATA

t=7.7;%Total simulation time
dt=0.13;%Time interval

I=120+1; %$Number of points at i-direction
dx=0.1;%Space interval
X=dx/2:dx:I*dx-dx/2; %*Distance

W=1;%W=1 (upstream) W=0.5(mid-point) W=0 (downstream)
0=0.5;%0=1 (implicit) Q=0.5(CN) Q=0 (explicit)
vi=1;%Velocity* (df/du)
L=vf*dt/dx;%Courant Number

D=0; %$Physical dispersion
K=D*dt/2/dx"2;%Diffusion term coefficient
U00=0.5; Ui0=0;%Initial Condition

U0On=1; UIn=0;%Boundary Condition
Ucc=0.00001; %$Convergence Criteria
dU=107-8;$NRI interval

%$$OUTPUT DATA

Up (1)=U00;

Up(2:1)=Ui0;

Un (1)=U0n; Un(2:I-1)=NaN; Un(I)=UIn;

for n=1:t/dt%Time iteration

if 0==0%Explicit solution

for i=2:I-1

if i==2

rf=Up(i); 1f=Up(i-1);



else

rf=Up (i) +0.5*max (0, TVD ( (Up (i+1) -Up(i))/(Up (i) -Up(i-1))))* (Up(i)-Up(i-1));
1£=Up (1-1)+0.5*max (0, TVD ( (Up (1) ~Up (i-1)) / (Up (i-1) -Up (i-2)))) * (Up (i-1) -Up (i-2)) ;
end

Un (i)=dt* (D* (Up (i+1)-2*Up (1) +Up (i-1))/dx*2-vE* (rf-1f) /dx)+Up (1) ;

end

Up=Un; %End of explicit solution

else%Implicit solution

Uv=Up;

it=1;

vUv=Ucc;

while vUv>=UccS%NR iteration

1U=Uv+dU;

%$Determination of A and B Matrices

%A matrix

f(1:1I)=NaN;

for ii=1:1

if ii==1

f(ii)=K* (Uv(ii+1)-2*U0n+UOn+Up (1i+1)-2*Up (ii)+Up (ii))-L* (Q* (UOn-UOn)+ (1-Q)* (Up(ii) -
Up(ii)))-UO0n+Up(ii) ;

elseif ii==

f(ii)=K* (Uv(ii+1)-2*Uv (1i1)+U0n+Up (1ii+1)-2*Up(ii)+Up (ii-1))-L* (Q* (Uv (ii)-UOn)+ (1-
Q) * (Up (11) -Up (i1-1))) -Uv (ii) +Up (ii) ;

elseif ii==

rvi=(Uv (ii+1)-Uv(ii))/(Uv(ii)-Uv(ii-1)); 1lfvi=max (0, TVD(rvi)):;
ADTvi=0.5*1fvi* (Uv (ii)-Uv(ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-U0n);

1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-UOn);

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

f(ii)=K* (Uv(ii+1)-2*Uv(ii)+Uv (ii-1)+Up(ii+1)-2*Up(ii)+Up (ii-1))-L*(Q* (Uv (ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+(1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-Uv(ii)+Up(ii);

elseif 3<ii && 1i<I-1

rvi=(Uv (ii+1)-Uv(ii))/(Uv(ii)-Uv(ii-1)); 1lfvi=max(0,TVD(rvi));

ADTvi=0.5*1fvi* (Uv(ii)-Uv (1ii-1)); rvi_l=(Uv(ii)—Uv(ii—l))/(Uv(ii—l)—Uv(ii—2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max (0,TVD(rpi 1)); ADTpi_1=O.5:lfpi_1*(Up(ii—l)—Up(ii—Z));

f(ii)=K* (Uv(ii+1)-2*Uv(ii)+Uv (ii-1)+Up(ii+1)-2*Up(ii)+Up (ii-1))-L*(Q* (Uv (ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-Uv(ii)+Up(ii);

elseif ii==I-1

rvi=(UIn-Uv(ii) )/ (Uv(ii)-Uv(ii-1)); 1lfvi=max(0,TVD(rvi)):;

ADTvi=0.5*1fvi* (Uv(ii)-Uv(ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));
f(ii)=K*(UIn-2*Uv (ii)+Uv (1i-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv (ii)+ADTvi-Uv (ii-
1) -ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up (ii-1)-ADTpi_ 1))-Uv (ii)+Up (ii);

elseif ii==
£f(ii)=K*(UIn-2*UIn+Uv(ii-1)+Up(ii)-2*Up(ii)+Up(ii-1))-L*(Q* (UIn-Uv(ii-1))+(1-
Q) *(Up (ii) -Up(ii-1)))-UIn+Up(ii);

end

end

A=f"';

$B matrix

B=zeros (I,I);

fiU(1:1I)=NaN;

for ii=1:1I

if ii==1

$for east



fiU(11i)=K* (1U (11i+1)-2*U0n+U0n+Up (ii+1)-2*Up (ii)+Up(ii))-L* (Q* (UOn-UOn)+ (1-Q) * (Up (ii) -
Up (ii)))-U0n+Up (ii);

B(ii,1i41)=(£fiU(ii)-f£(i1))/dU;

elseif ii==2

$for center

fiU(11i)=K* (Uv (1ii+1)-2*iU(ii)+UOn+Up (1ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (iU (ii)-UOn)+(1-
Q) * (Up (ii)-Up (ii-1)))-iU(ii)+Up (ii);

B(ii,ii)=(fiU0(ii)-£f(idi))/duU;

$for east

fiU(11i)=K* (1U(1ii+1)-2*Uv (ii) +UOn+Up (1i+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)-UOn)+(1-
Q) * (Up (ii)-Up (ii-1)))-Uv (ii)+Up (ii);

B(ii,1i+1)=(fiU(ii)-f(ii))/dU;

elseif ii==

$for west

rvi=(Uv (ii+1)-Uv(ii))/(Uv(ii)-1U(ii-1)); 1lfvi=max(0,TVD(rvi));

ADTvi=0.5*1fvi* (Uv(ii)-1U0(ii-1)); rvi 1=(Uv(ii)-1U0(ii-1))/(iU(ii-1)-UOn);

1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(iU(ii-1)-U0On);

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(1i1)=K* (Uv (1i+1)-2*Uv (1ii)+1iU0(1ii-1)+Up (ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)+ADTvi-
iU(ii-1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up (ii-1)-ADTpi 1))-Uv(ii)+Up(ii);
B(ii,ii-1)=(fiU(ii)-f(ii))/dU;

$for center

rvi=(Uv(1ii+1)-1iU(ii))/ (iU (ii)-Uv(ii-1)); 1lfvi=max (0, TVD(rvi)):;

ADTvi=0.5*1fvi* (iU (ii)-Uv(ii-1)); rvi 1=(iU(ii)-Uv(ii-1))/(Uv(ii-1)-U0n);

1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-UOn);

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(11)=K* (Uv (1i+1)-2*iU(ii)+U0v(ii-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (iU (ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+(1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-1iU(ii)+Up(ii);
B(ii,ii)=(fiU(ii)-f(ii))/duU;

$for east

rvi=(iU(1ii+1)-Uv(1i))/(Uv(ii)-Uv(ii-1)); 1lfvi=max(0,TVD(rvi));

ADTvi=0.5*1fvi* (Uv(ii)-Uv(ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-U0n);

1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-U0On);
rpi=(Up(ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(11i)=K* (1U (11+1)-2*Uv (ii)+Uv (ii-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv (ii)+ADTvi-
Uv(ii-1)-ADTvi_ 1)+ (1-Q) * (Up (ii)+ADTpi-Up (ii-1)-ADTpi 1))-Uv(ii)+Up(ii);
B(ii,1i+1)=(£fiU(ii)-£(i1))/dU;

elseif 3<ii && 1i<I-1

$for west-west

rvi=(Uv (ii+1)-Uv (ii))/(Uv(ii)-Uv(ii-1)); 1lfvi=max(0,TVD(rvi));

ADTvi=0.5*1fvi* (Uv(ii)-Uv(ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-1iU(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-1iU(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(1i1i)=K* (Uv (1i+1)-2*Uv (ii)+U0v (ii-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-Uv(ii)+Up(ii);
B(ii,ii-2)=(fiU(ii)-£f(ii))/dU;

$for west

rvi=(Uv (ii+1)-Uv(ii))/(Uv(ii)-1U(ii-1)); 1lfvi=max(0,TVD(rvi));

ADTvi=0.5*1fvi* (Uv(ii)-1iU(ii-1)); rvi I1=(Uv(ii)-1iU0(ii-1))/(iU(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(iU(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max(0,TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(11i)=K* (Uv (1i+1)-2*Uv (ii)+1iU0(1ii-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)+ADTvi-
iU(ii-1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up (ii-1)-ADTpi 1))-Uv(ii)+Up(ii);



B(ii,1i-1)=(£fiU(ii)-f(ii))/dU;

$for center

rvi=(Uv (ii+1)-1U(1i1))/(iU(i1)-Uv(ii-1)); 1lfvi=max(0,TVD(rvi));
ADTvi=0.5*1fvi* (iU (ii)-Uv(ii-1)); rvi 1=(iU(ii)-Uv(ii-1))/(Uv(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max(0,TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/ (Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(11i)=K* (Uv (11i+1)-2*1U(ii)+U0v(1ii-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (iU (ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up (ii-1)-ADTpi 1))-iU(ii)+Up (ii);
B(ii,1ii)=(fiU(ii)-£(1i1))/dU;

$for east

rvi= (iU (ii+1)-Uv(ii))/(Uv(ii)-Uv(ii-1)); lfvi=max(0,TVD(rvi));
ADTvi=0.5*1fvi* (Uv (ii)-Uv (ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(11)=K* (iU (1i+1)-2*Uv (1ii)+U0v(ii-1)+Up (ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)+ADTvi-
Uv (ii-1)-ADTvi 1)+(1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-Uv(ii)+Up(ii);
B(ii,ii+1)=(fiU(ii)-f(ii))/duU;

elseif ii==I-1

$for west-west

rvi=(UIn-Uv(ii))/ (Uv(ii)-Uv(ii-1)); lfvi=max(0,TVD(rvi)):;
ADTvi=0.5*1fvi* (Uv (ii)-Uv(ii-1)); rvi 1=(Uv(ii)-Uv(ii-1))/(Uv(ii-1)-1iU(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-1U(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(ii)=K* (UIn-2*Uv (ii)+Uv (ii-1)+Up (1i+1)-2*Up(ii)+Up (ii-1))-L* (Q* (Uv (ii)+ADTvi-Uv (ii-
1) -ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up (ii-1)-ADTpi 1))-Uv (ii)+Up (ii);
B(ii,1i-2)=(£fiU(ii)-f£(i1))/dU;

$for west

rvi=(UIn-Uv(ii))/(Uv(ii)-1iU(ii-1)); 1lfvi=max(0,TVD(rvi)):;

ADTvi=0.5*1fvi* (Uv(ii)-iU0(ii-1)); rvi 1=(Uv(ii)-iU(ii-1))/(iU(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(iU(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi));

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi_1=O.5:lfpi_1*(Up(ii—l)—Up(ii—Z));

fiU(1i1i)=K* (UIn-2*Uv (1ii)+iU0(1i-1)+Up(ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (Uv(ii)+ADTvi-iU(ii-
1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-Uv(ii)+Up(ii);
B(ii,ii-1)=(fiU(ii)-f(ii))/duU;

$for center

rvi=(UIn-iU(ii))/ (iU (1ii)-Uv(ii-1)); lfvi=max(0,TVD(rvi)):;
ADTvi=0.5*1fvi* (iU (ii)-Uv(ii-1)); rvi 1=(iU(ii)-Uv(ii-1))/(Uv(ii-1)-Uv(ii-2));
1fvi 1=max(0,TVD(rvi 1)); ADTvi 1=0.5*1fvi 1*(Uv(ii-1)-Uv(ii-2));

rpi=(Up (ii+1)-Up(ii))/ (Up(ii)-Up(ii-1)); lfpi=max (0, TVD (rpi)):;

ADTpi=0.5*1fpi* (Up(ii)-Up(ii-1)); rpi 1=(Up(ii)-Up(ii-1))/(Up(ii-1)-Up(ii-2));
1fpi 1=max(0,TVD(rpi 1)); ADTpi 1=0.5*1fpi 1*(Up(ii-1)-Up(ii-2));

fiU(1i1i)=K* (UIn-2*iU(1ii)+Uv(1i-1)+Up (ii+1)-2*Up(ii)+Up(ii-1))-L* (Q* (iU (ii)+ADTvi-Uv(ii-
1)-ADTvi 1)+ (1-Q)* (Up(ii)+ADTpi-Up(ii-1)-ADTpi 1))-iU(ii)+Up(ii);
B(ii,ii+1)=(fiU(ii)-f(ii))/duU;

elseif ii==1

$for west

fiU(1i1i)=K* (UIn-2*UIn+iU(1ii-1)+Up (ii)-2*Up (ii)+Up (ii-1))-L*(Q* (UIn-iU(ii-1))+(1-

Q) *(Up (ii)-Up(ii-1)))-UIn+Up (ii);

B(ii,ii-1)=(fiU(ii)-£(ii))/dU;

end

end

B(:,1)=[]; B(:,end)=[];%End of the Determination of A and B Matrices

v=sparse (B) \sparse (A); vX=Uv(2:end-1)'-v; Uv=[UOn vX' UIn];
vUv=max (abs (v)); it=it+1;
end %End of NR iteration



Un=Uv; Up=Un;%End of the implicit solution

end%End of the numerical solution

$Analytical Solution

i=1; Ua(1l:I)=NaN;

for x=X

if D==

Ua(i)=1-heaviside (x-vf*dt*n); %Analytical Solution with Method of Characteristics
else

Ua(i)=0.5*erfc ((x-

vE*dt*n)/ (2* (D*dt*n) ~0.5))+0.5*exp (vE*x/D) *erfc ((x+vEf*dt*n) / (2* (D*dt*n) ~0.5)) ;
end

i=1i+1;

end

$Plot Solution

set (gcf, 'Units', 'Normalized', 'OuterPosition', [0 0 1 17]);
plot (X/I/dx,Un, 'gv-"', 'markerfacecolor','qg');

hold on

plot (X/I/dx,Ua, 'k=", "linewidth',2);

xlabel ('Dimensionless Distance', 'fontsize',12)

ylabel ('Concentration', 'fontsize',12)

legend ('Numerical Solution', 'Analytical Solution')

hold off
pause (0.001)
end

toc

Supplementary material 3. Google Drive link.
In order to reach Matlab files, please use following Google Drive link:
https://drive.google.com/drive/folders/1JCkZgNRVqzAFGR8M3wgQMsGMDtgKuamx?usp=sharing
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of diseases. Analyzing the imag-es with accurate image processing methods is very important for
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Published: 10.03.2022 The images containing cancer cells (tumoroid) used in this study were obtained from the mini-Opto to-
mography device that creates 3D images by reconstruction of 2D imag-es taken from different angles.
It is an electronic, mechanical, and software-based device capable of 3D imaging of tumoroids up to 1
cm in diameter in size. Observing an entire tumor spheroid that has the size of several centi-meters in
size in a single square image with a microscope is not possible, but with mini-Opto tomography it is
possi-ble. In our study, a few layers of 3D images of the tumoroid produced by MCF-7 breast cancer
cells obtained on the different days from the mini-Opto device were used. Image thresholding offers
many advantages at the seg-mentation stage in order to distinguish the target objects. In this study, the
determination of the most appropriate thresholding method for detecting the main tumor masses in
the layered images was investigated. Moreover, the contours of the tumoroid were determined in the
original images based on applying the outcomes of thresholding. While various thresholding methods
have been applied on diverse images in the literature, we have applied a few thresholding methods to
small tumors up to 2 mm in size. As a result of the qualitative assessment based on the results of the
contour drawings on the thresholded images, the global thresholding and adaptive thresholding meth-
ods gave the best results.
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1. Introduction

In the world, women with breast cancer are deprived of early diagnosis and treatment of the disease
because of many reasons such as social, economic, and geographic reasons, and these women pass away
due to lack of intervention. When breast cancer is detected early depending on its type and with the right
intervention at the right time, a significant increase in the life span of patients has been observed. There are
different treatment methods for breast cancer in women, and choosing the best treatment method depends
on the nature of the tumor, the cancer stage, and the preference of the patient (Waks & Winer, 2019)). In
order to develop effective treatment methods, tumorous structures must be screened using various imaging
methods. Although X-ray imaging has been used for many years to diagnose the disease, many new meth-
ods have been developed up to date (Alarabeyvat & Alhanahnah, 2016). Another method of detecting breast
cancer is that women regularly check their breast areas. The mammography method is an imaging method
used to view cancer by sending low-dose X-rays to the breast and it is widely used (Kulkarni, Bhagyashree.

& Udupi. 2010).
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The images used in our study are the images obtained from the mini-Opto tomography device, which is
formed by blending the digital breast tomosynthesis which has the ability to view the breast organ in three
dimensions and the microscope device that displays the microscopic cells in two dimensions. Mini-Opto
tomography device is an electronic, mechanical and software-based program that creates a new three-di-

mensional image by reconstruction method from images taken from different angles in two dimensions
(Polat, et al., 2019a).
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Figure 1. Basic structure of mini-Opto tomography device. A) Optical structure. B) Mechanical structure.

Figure 1 shows the basic structure of the mini-Opto tomography device. After the sample is placed in the
holder, the light-camera system takes various images by moving at different angles around the sample to be
imaged. These images go through a series of processes in the Matlab environment using (3D total variation
(TV) regularized algebraic reconstruction technique (ART)) and finally, a new three-dimensional layered
image is created (Polat, Matela, Dinler, Zhang, & Yildirim. 2019b). Since it is difficult to apply image
processing techniques on to 3D images, these images must be converted into 2D layered images. Figure 2
shows the 2D images of 3 different days obtained from the 3D layered image.

3D Layered Image
2nd day layer .

6th day layer

Figure 2. 2D layer images of the fifth day obtained for three different days from the 3D layered image.
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There are many important studies in the literature for the thresholding process used in the segmentation
step, which is an important step in breast cancer detection. Badawy et. al., applied the double thresholding
method on mammogram images in breast cancer segmentation. It was concluded that the applied method
not only made significant contributions to the detection of breast cancer in mammogram images but also
had significant advantages in the processing time and storage area (Badawy. Hefnawy, Zidan, & GadAl-
lah. 2017). Fuzzy entropy with a level set (FELs) thresholding method using on various cancer images is
promising in medical image segmentation and can be used to classify cancer types according to the clinical
diagnosis method (Maolood. Al-Salhi, & Lu. 2018). Kumar et., al. concluded that multilevel thresholding
is more efficient than classical thresholding methods, according to the results obtained from analysis of
metrics in the segmentation of digital mammogram images (Kumar, Kumar, Bajaj. & Singh, 2018). Jian et
al. proposed the color thresholding method for image segmentation of blood cells. As a result of the perfor-
mance analysis of the color thresholding method, the qualitative and quantitative evaluation of this method
was made and as a result, they concluded that the method was effective in the segmentation of blood cells

(Jian, Nazahah, Yusoff, & Shakir, 2019).

2. Materials and Methods

The following algorithm was used to separate the main tumor masses from the image background in the
layered images obtained from the mini-Opto tomography device.

Layered
images

Selection of
one layer

Color

Filtering Transformation

Otsu's Adaptive Global
binarization thresholding thresholding

Figure 3. The general representation of the image segmentation process and the decision of the appropriate
thresholding method.
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Looking at Figure 3, after the layered images are obtained from the mini-Opto tomography device, the im-
ages are pre-processed in order to make these images ready for the segmentation step. In the pre-processing
process, images are converted into color tones between 0-255, that is, color tones between black and white,
which have less intensity information than color images. Another important step in pre-processing is the
filtering process, which enables the images to be further developed. In this process, unwanted objects such
as unnecessary details and noises on the images are eliminated and a more advanced image is obtained.
After the pre-processing step, the thresholding process, which is the basis of the work, is performed in the
segmentation step. In the thresholding step, the pixels in the image are divided into two different groups,
namely 0 and 1, so we are one step closer to the main tumor mass. In order to distinguish the main tumor
mass in the image from the image background, an appropriate thresholding method should be chosen. In
our study, global thresholding, adaptive thresholding and Otsu’s binarization methods were applied, respec-
tively, for images that passed through the preprocessing stage.

The global thresholding method is the simplest thresholding method and since the difference between the
object and the background in the image is significant, a single threshold value is used to separate the object
from the background (Senthilkumaran & Vaithegi. 2016). In the global thresholding operation, the value is
calculated by the following formula.

(1, src(x,y) > T(x,y) 2.1)
90ey) = {0, sre(x,y) < T(x,y)

In 2.1, value is the pixel value of the source image, is the threshold value determined to separate the object
in the image from the image background, and is the binary image obtained as a result of the thresholding
process. When the pixel value with coordinate is greater than the threshold value, the result is 1 and a value
of 1 represents the object in the image. Otherwise, the result is 0 and a value of 0 represents the background.
In our study, the main tumor structure in the cancerous image represents the object and other parts in the
image represent the background.

In another thresholding method, the adaptive thresholding method, when the objects in the image have dif-
ferent light intensities, a single threshold value will not give accurate results in image segmentation (Sujji.
Lakshmi, & Jiji, 2013). Therefore, different threshold values are used in different parts of the image. In
other words, the image is made binary by using more than one threshold value instead of a single thresh-
old value. In the adaptive thresholding method, there are two methods that determine how to calculate the
threshold value, mean adaptive and gaussian adaptive. In the mean average weighted adaptive thresholding
method, the threshold value is the average of the areas of neighboring pixels, while in the gaussian weighted
adaptive thresholding method, the threshold value is the weighted sum of the neighborhood values where
the weights are a Gaussian window (Mapayi. Viriri, & Tapamo. 2015: Mordvintsev & Abid, 2017).

Normally, a threshold value is determined to convert a gray image to a binary form, and image pixels are
grouped into object and background to this threshold value. However, in some cases, fixed threshold values
may not give accurate results on all images. It is based on the approach of minimizing the weighted sum of
the object and the background pixels in the image in order to create an optimum threshold value in the Otsu
method, which is based on threshold selection according to statistical criteria (Al-Tarawneh, 2012). Otsu
method has a value that will maximize the variance between these two classes by accepting that there are
two separate classes on the image (Liu & Yu, 2009). The interclass variance is calculated by the following
formula.

as = 0 — 0p = wy (Owy () (1 () — p2(2))? (2.2)

Here, variables are class intensities and variables are weighted class averages. Weighted class averages
are calculated as follows.
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255

w() = ) P} HE) 2.4)
i=t+1

In Equations 2.3 and 2.4, gives the histogram value belonging to the th color level, and the value, which
gives the maximum variance value by calculating the variance for each value from 0 to 255, is accepted as
the threshold value. The results obtained by applying the global, adaptive and Otsu’s thresholding methods,
which are mentioned in Chapter 2, on cancer images of the second, fourth and sixth days are discussed in
the third section.

Computer-aided image processing systems are used to detect suspicious lesions on cancerous images, and
these systems can produce output about the type of cancer in addition to detecting suspicious areas. Thus,
radiologists make detailed analyzes using these outputs and interpret the images (Yassin, Omran, El Houby.
& Allam, 2018). In our study, a qualitative analysis of the thresholding methods that can best distinguish
the main tumor masses from the image background in the images was performed. Python programming
language and OpenCV library were used as computer-aided diagnostic systems on the images.

Our python code consists of three main steps. The first step is to upload the images. In the second step,
which is the preprocessing, it was aimed to enhance the images and make them ready for the segmentation
step. In the third step that is the segmentation part, various thresholding processes were applied to separate
the main mass from the background of the image. The pseudocode of the process is presented below.

Installation OpenCv library packages
- Import Numerical Python package
- Import Image read package
- Import image processing functions
Step 1. Uploading raw images
>> for i = each image
importing image [i]
>>end
Step 2. Pre-processing
Step 2.1. Convert colored image to gray type image
Step 2.2. Apply filters to the converted image
>> for k = each filter
>> for i = each image
apply filter[k] filter to gray image[i]
>>end
>>end

Step 3. Segmentation
Step 3.1. Apply thresholding methods to images
>> for m = each thresholding methods
>> for n = each filtered image
apply thresholding[m] to filtered image[n]
find counter image[n]
draw counter image[n]
Find the main tumor mass contour and delete the other contours in the image[n]
>>end
>>end
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3. Results and Discussion

Figure 4, 5 and 6 show the results obtained when different thresholding methods are applied to the fifth
layer images belonging to the second, fourth, and sixth days in the segmentation stage. On day 2, the main
tumor mass was separated from the image background as a result of the global thresholding method, one of
the thresholding methods, and this method gave the best result. Selecting a single threshold value on the
raw image was successful in separating the main tumor mass from the image background.

Original Binary Contoured
Image Image Image

Global
thresholding

Adaptive
thresholding

Otsu’s
binarization

Figure 4. The result images obtained when different thresholding methods are applied to the fifth layer on
the second day.

Figure 5 shows the result images when 3 different thresholding methods are applied to the fourth-day im-
age. The global thresholding method detected a region close to the main tumor mass. But, as can be seen
from the figure, the adaptive thresholding method gave the most successful result in separating the main
tumor mass from the image background. Because the main tumor mass has different light intensity, more
than one threshold value was determined rather than a single threshold value to separate the main tumor
mass from the image background.

Looking at Figure 6, the global thresholding and adaptive thresholding methods gave the most successful
results in revealing the main tumor mass on the sixth day image. Since the main tumor structure has differ-
ent light intensity, the adaptive thresholding method gave more successful results than the global thresh-
olding method.

Since the pixel distributions between the object and the background in the second, fourth and sixth day im-
ages are very different from each other, the correct threshold value could not be calculated exactly. There-
fore, the Otsu’s binarization method did not give successful results on the images.
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Figure 5. The result images obtained when different thresholding methods are applied to the fifth layer on
the fourth day.
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Figure 6. The result images obtained when different thresholding methods are applied to the fifth layer on
the sixth day.
60



2022, Vol 8, Issue 1, Pages: 54-62 Journal of Advanced Research in Natural and Applied Sciences

When our study is compared with similar studies in the literature, it was seen that there are some simi-
larities and differences. In a study which conducted by Badawy et. al., a double thresholding has been
proposed for the segmentation of mammogram images (Badawy, et. al., 2017). Because the detection
of scattered details in mammogram structures was necessary. However, we used the global thresholding
method, which consists of a single threshold value, since there was a significant difference between the
color tone of the main tumor structure and the ones of the image background in our image on the 5th day.
Another study, the reference (Kumar., et. al.. 2018), claimed that multi-level thresholding method yields
better results than the classical thresholding method, as more density is used to represent objects in a
breast cancer image. Unlike in our study, the global thresholding method which is a classical threshold-
ing method applied to the second-day image gave a more successful result than the multi-level thresh-
olding method. The biggest reason for this situation is that although the color levels are similar when
the image is examined in its entirety, the pixel density of the main tumor mass is significantly different
from the rest of the image. In a study conducted by Joseph et. al., while K-means clustering which is an
unsupervised and clustering algorithm followed by morphological filtering has been proposed to detect
tumor structure in brain MRI images (Joseph. Singh. & Manikandan, 2014). In our study, we were able
to detect the tumor structure without the need for further operation by using the thresholding method at
the segmentation stage.

4. Conclusion

Breast cancer is the second most common type of cancer in the world and the first among cancer types
seen in women. Therefore, early detection is vital for the patient’s life. There are various medical imaging
methods for early detection of diverse types of cancer. In our study, the mini-Opto tomography device was
used to analyze breast cancer cells that build tumors up to 2 mm in size. Image processing methods were
used on the two-dimensional images of the tumor spheroid produced in the laboratory, obtained with the
device. We focused on some thresholding methods to separate the main tumor structures in the images
from the image background. Among these thresholding methods we used in the study, the global thresh-
olding and the adaptive thresholding methods gave the best results. The results showed that the threshold-
ing method alone without a requirement of additional operation could be sufficient to separate the main
structures in an image from the background of that image. The biggest limitation of the study is the low
resolution of the images obtained from the mini-Opto tomography device. Considering this limitation, es-
pecially in tumor-background border crossing regions, the cells that cover border pixels of the main tumor
structure could not be distinguished clearly. Therefore, in the future, by strengthening the technological
infrastructure of the mini-Opto tomography platform, high-resolution images would be obtained and the
image processing techniques to be applied to these images would yield results that are more superior. In
future studies, it is aimed to diversify more thresholding methods used in the segmentation step of image
processing methods to detect cancerous cells in images. Moreover, thresholding methods could be com-
bined with various morphological operations to analyze the developments of the detected tumors in their
own habitat.
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1. Introduction

Hybrid Organic-Inorganic Perovskites (HOIPs) have been attracting a considerable amount of scientific
attention due to their potential for photovoltaic, optoelectronic, and electronic applications in the last quar-
ter. Power conversion efficiency in photovoltaics can be increased up to 24.2% by using HOIPs as active
materials in photovoltaic (PV) productions processes. Therefore, a great many scientists have intended to
research mechanical and electronic properties of HOIPs over the last decades (Kooijman, Muscarella, &
Williams, 2019). Perovskites whose general formula is ABX is a member of HOIPs (Breternitz & Schorr,
2018). This type of HOIPs has a well-defined multiple quantum well, which can be altered by optimizing
the organic-inorganic layers (Kawano et al.. 2014). Thanks to these properties, HOIPs make a great mate-
rial for photovoltaic applications, light-emitting diode, and light detectors (Bandiello et al., 2016; Fang et
al., 2015; Khadka, Shirai, Yanagida, Ryan, & Miyano, 2017; Qin, Dong, & Hu, 2015). Recently, 2D (two
dimensional) HOIPs are reported to have excellent stability under ambient conditions (Dou et al..2015:
Yang et al., 2017). (C.H,CH,NH,),Pbl, (shortly; (PMA),Pbl)) is a good example of 2-D HOIPs, which
exhibit multiple phase transitions under pressure at ambient temperature. Tian et al. have carried out X-ray
diffraction (XRD) experiments to investigate the crystal structure in (PMA) Pbl, and the change of opti-
cal properties at various pressures. They have obtained that all the Bragg diffraction peaks yield slightly
high values with the increasing pressure as expected, while they report an additional peak at 4.6 GPa and
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splitting peak at 7.7 GPa. They have attributed these anomalies to a possible phase transition (Tian et al.
2020). These pressure-induced phase transitions are associated with Pbca to Pccn at 4.6 GPa and Pcen to
Pccen (isostructural) at 7.7 GPa. Although there is no explicit emerging peak in the XRD pattern at 7.7 GPa
in the research by Tian et al (2020), the literature incorporates works reporting by considering the splitting
of peak in XRD pattern that similar HOIPs exhibit isostructural phase transitions (Wang, Wang, Xiao,
Zeng, & Zou, 2016). Apart from the operationalization of pressure as a good tool to provide more effective
properties by lattice contraction without the involvement of composition change, there are various other
efforts, e.g., chemically manipulating dimensionality and introducing additional properties into HOIPs,
(Mao, Chen. Ding, Li, &Wang. 2018: Ren et al..2020). The first study about pressure induced transition
was carried on CH,NH,PbBr, perovskite by Wang et al. in 2015 (Y. Wang et al., 2015). After this work, the
amount of research related to the behaviors of HOIPs under pressure has substantially increased, and thus
many structures of HOIPs have been discovered, which are applicable in PV, photoluminescence (PL), and
optoelectronics (Ou et al., 2019;: Ou etal., 2018; Ren et al., 2019; [.. Wang et al., 2017: Yuan et al., 2019).
The main goal of the studies on administering high pressure on HOIPs has been to adjust the band gap
with the recovery of metastable phase in industrial applications. Although many experimental studies have
been carried out to explain adequately the pressure dependency of mechanical and electronic properties of
HOIPs, there has been a need for a theoretical approach to account for these macroscopic thermodynamic
parameters without making expensive and grueling experiment.

In this study, I calculated the pressure dependency of the Griineisen parameter (), compressibility (k)
and the bulk modulus (B) values of (PMA),Pbl, for 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ f3
(C-H), 1212 cm™ §(C-H), 1496 cm™* §(NH,"), 2903 cm™' v (CH,"), and 3068 cm™ v (NH,") modes at ambient
temperature by using the experimental volume data and Raman frequencies. Besides, the IR wavenumbers
of (PMA),PbI, were calculated for 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ B (C-H), 1212 cm
6(C-H), 1496 cm™ 6(NH,"), 2903 cm™ v (CH,"), and 3068 cm™ v (NH,") modes in (PMA) Pbl, through the
calculated Griineisen parameters of these IR modes and experimental volume data in the literature (Tian et
al., 2020). Moreover, the calculated bulk modulus was discussed in consideration of the available literature
for all the IR modes in (PMA),Pbl,.

2. Materials and Methods

The Griineisen parameter, slightly altered with the volume of a crystal lattice as a function of pressure
and/or temperature is dimensionless. Changed temperature and/or pressure affect the size or dynamics of
a crystal lattice; thus, familiar macroscopic thermodynamic properties, such as heat capacity and thermal
expansion, tend to change, leading to slight shifts in the vibrational frequencies of atoms in a molecular
crystal. It is almost impossible to determine the Griineisen parameter experimentally. Because of that,
investigating macroscopic parameters necessitates a detailed knowledge of the phonon distribution spec-
trum of the material, while researching microscopic parameters entails experimental measurements of the
thermodynamic properties at high pressure and temperature. This duality can be resolved by associating
the Griineisen parameter with the vibrational frequency of the atom in the molecular crystal. In 1912, Grii-
nesien indicated in his original article that the Griineisen parameter (denoted by vy) is related to the volume
dependence of mode frequency by regarding the quantum harmonic oscillator of Einstein’s theory as a
mode of crystal vibration (Griineisen. 1912)(Griineisen, 1912)(Griineisen, 1912);

Yy = aKr/pCy 2.1

a, K, p, and C,, are volume expansion coefficient, isothermal bulk modulus, density, and specific heat at
constant volume, respectively. Despite quantum mechanics begin with Planck’s theory of blackbody radia-
tion in 1900, Boltzmann’s identification about the quantization of thermally excited atomic energy level and
transition between these levels was a crucial for definition of transition probabilities between these levels.
The relation between the quantized energy of radiation and its frequency is explained by Planck’s theory
(Planck, 1901);
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AE = hv (2.2)

where / is Planck constant and v is the frequency of photon. Planck’s theory explains the spectral density
of electromagnetic radiation emitted by a black body in thermal equilibrium at a constant temperature T.
Planck’s theory is valid for not only the radiation but also the energies of oscillatory phenomena at the
atomic energy level. The probability of transition between two atomic states (from 1° to 2™ state) in a mol-
ecule or an atom driven by temperature is referred to as the Boltzmann factor, which is characterized only
by these two states’ energy difference:

AE
Pa =e kT (2.3)
P1

where AE=E -E , k is the Boltzman constant and T is ambient temperature. In generally, the probability of
transition from the n™ state relative to the ground state (n=0) can be defined by integrating the Planck’s
formula into the Boltzmann factor;

nhv

p(n) =p(0)e *T (2.4)

where p(n) is the probability of occupation of state n, p(0) is the probability of occupation of ground state,
n is the state of atom. If the n state in an atom is filled with electrons, the energy of the state (n4v) is added
to the total energy of atom by multiplying the probability of the state energy;

AE(n) = nhvp(n) = p(0)nhve—nhv/kT) (2.5)
Adding the contributions by all the states, the average total energy in an atom can be defined as;

E—OOE — ad 2.6
_; () = Texp (/) — 1] (2.6)

This energy corresponds to the thermal energy of a single mode in crystal oscillation with a natural frequen-
¢y v, which is function of volume, as in Einstein’s theory (Einstein, 1907). The Einstein model, represented
by Eq. (2.60), is the starting point for Griineisen’s theory (Stacey & Hodgkinson, 2019). Each mode of the
frequency v, in the crystal has its own Griineisen parameter value;

o (alnvi) 2.7
i alnV ), '

where v, is the frequency of the i mode, and V is the volume (Stacey & Hodgkinson. 2019). Differentiating
Eq. (2.7) with respect to pressure (P), the isothermal Griineisen parameter is reduced as;

_V(@vi/oP),

v (aV/0P), 2:8)

Y=
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the frequency (v) and the volume (V) in Eq.(2.8) are dependent only on pressure (P) and T is ambient tem-
perature and constant. The experimental volume data of (PMA),Pbl, show a parabolic change with pressure
(Tian et al., 2020), so it was assumed that the function of the crystal volume is a second-order polynomial
function of pressure as reported in my previous study (Kurt, 2020);

Vy(P) = a, + a, P + a,P? (2.9)

a,,a, and a, are the constants under isothermal condition. In order to determine these constants, Eq. (2.9)
was fitted to the experimental data in the literature (Tian et al., 2020) for the orthorhombic Pbca (0<P<4.6
GPa), orthorhombic Pccn (4.6<P<7.7 GPa) and orthorhombic Pccn(isostructural) (7.7<P<20 GPa) phases,
as shown in Fig. 1 and given in Table 1. The frequencies of the IR modes in (PMA),Pbl, were also ex-
pressed as the second-order polynomial function with pressure, like volume data, and the relation of the
frequencies was assumed as a function of pressure,

vr(P) = b, + byP + b, P? (2.10)

b, b, and b, are the constant coefficients for each mode. The coefficients were determined by fitting Eq.
(2.10) to the experimental data (Tian et al.. 2020) for v (C-N), B(C-H), 8(C-H), 8(NH,"), v (CH,"), and
v (NH,") IR modes for each phase in (PMA),Pbl,, as presented in Table 2. Then, by using the calculated
volume data through the obtained coefficient from the experimental volume data, the isothermal Griineisen
parameter as a function of pressure was determined for 794 cm™ v (C-N), 970 cm™ B (C-H), 1212 cm’
6(C-H), and 2903 cm™ v (CH,") IR modes (Fig. 2).
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Figure 1. Observed and calculated volume data for Pbca, Pcen, and Pcen(isostructural) phases.
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Table 1

a,,a,,and a, values from Eq. (2.9) for Pbca, Pccn, and Pcen (isostructural) phases of (PMA),Pbl, at room
temperature.

(PMA),PbI, a, (A —a,(A"/ GPa)  a,((A"/ GPa?) V(A%
Pbea 2291.61 31.79 0.98 2291.61
Pcen 2271.55 30.68 -1.81 2271.55
Peen(Isostruc. ) 2085.83 28.95 0.46 2085.83

By integrating Eq. (2.7), the frequency value as a function of pressure for each mode can be calculated as
follows:

vr(P) = voexp[—yr In(Vy(P)/V,)] + Const. (2.11)

The vibrational frequencies of 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ B (C-H), 1212 cm™
0(C-H), 1496 cm™ 6(NH,"), 2903 cm™ v (CH,"), and 3068 cm™ v (NH,") IR modes were calculated as func-
tions of pressure by excluding the constant term for each phase through the indicated Griineisen parameter
(Eq. 2.8) and the volume value (Eq. 2.9). The calculations for the vibrational frequencies of each IR mode
did not, however, correspond to the observed frequencies. Hence, Eq. (2.11) had to be corrected with a
pressure-dependent second-order polynomial, which is a constant term. In order to calculate exactly the
IR frequencies of v (C-N), B(C-H), 6(C-H), 6(NH,"), v (CH,"), and v (NH,") modes, the constants of the
additional pressure-dependent polynomial had to be determined.
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Figure 2. Griineisen parameter of isothermal mode (Eq. 2.8) vs. pressure for Pbca, Pccn, and Pcen(isostruc-
tural) phases.
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¢, ¢, and c, are the constants of the additional polynomial. The coefficients were determined by iterating
Eq. (2.12) to the experimental frequencies data at room temperature (Tian et al., 2020) (Table 3). Hence, the
predicted IR frequencies of the v (C-N), B(C-H), 8(C-H), 8(NH,"), v (CH,"), and v (NH,") modes with the
observed data as functions of pressure for (PMA),Pbl, were plotted in Fig. 3, 4, and 5.
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Figure 3. IR wavenumbers of 794 cm'! v(C-N), 931 cm!, 970 cm’!, B (C-H), modes as function of pressure for Pbca,
Pccen, and Peen(isostructural) phases.

vr(P) = ¢g + ¢1 P + ¢ P? + voexp|—yr In(Vr (P) /Vy)] (2.12)
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Figure 4. IR wavenumbers of 1045 cm™ 8 (C-H), 1212 ¢cm™ §(C-H), 1496 cm™ §(NH,")modes as function of pressure
for Pbca, Pccen, and Pcen(isostructural) phases.
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Bulk modulus is a constant used to describe the elasticity of a solid under pressure. In other words, this
constant is a measure of a substance’s capability of resisting volumic changes under high pressure and
sometimes named as incompressibility. If a material has a high bulk modulus constant, the reduced volume
under high pressure grows back to its initial volume when the pressure is removed. Bulk modulus is de-
rived from compressibility and inverse of this parameter. In this study, the pressure-dependent isothermal
compressibility and bulk modulus (PMA),Pbl, were determined for the Pbca, Pccn and Peen(isostructural)
phases as well. In thermodynamics, the isothermal compressibility is calculated by the following relation;

1 (BV) (2.13)
kr ="y \ar/; '

By inserting Eq. (2.8) and Eq. (2.12) in Eq.(2.13), the isothermal compressibility can be deduced as a
function of IR wavenumber shift. In this way, one can calculate the isothermal compressibility through the
Raman frequencies shift and the Griineisen parameter by using the below relation;

1170
Ky = ——(—v) (2.14)
yrV\dP/¢

Fig. 6 shows the calculated pressure dependence of the isothermal compressibility for all the phases. Ad-
ditionally, the bulk modulus was determined for all the phases in (PMA),Pbl, by making linear regression
to the inverse of the calculated isothermal compressibility (Fig. 7). The slope and intercept of the linear
regression of the calculated bulk modulus are shown in Fig. 7.

3. Results and Discussion

Pressure, potentially causing changes in interatomic distance and molecular bond length, can be used to
control the mechanic and electronic properties of solids in thermodynamics. Shrinkage in length not only
affect mechanical properties but also electronic structure in an atom or molecules. From the viewpoint of
mechanical properties, high pressure may cause a conversion from weak van der Waals (m), and hydrogen
bonds to strong covalent or ionic bonds, as a result of which the coordination number increases. In terms
of electronic properties, one of the most remarkable effects of pressure is a fast increase in the kinetic en-
ergies of electrons than in their potential energies. As a result of these alterations, a general trend occurs
toward electron delocalization, which leads to pressure-induced energy band expansion, gap closure, and
metallization (Zhang, Wang, Lv, & Ma. 2017). The pressure-induced mechanical and electronic changes
lead to small changes in macroscopic properties, such as compressibility and bulk modulus. It is possible to
produce and develop new types of HOIP structures by advancing pressure under room temperature. Further,
the phase transition mechanisms of HOIPs can be managed by controlling pressure. In this study, firstly Eq.
(2.9) was fitted to the experimental volume data available in the literature (Fig. 1) (Tian et al., 2020), and
then the coefficients of Eq. (2.9) were determined for all the phases in (PMA),Pbl, (Table 1). Subsequently,
the IR frequencies of 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ B (C-H), 1212 cm™' 6(C-H), 1496
cm' 8(NH;"), 2903 cm™ v (CH,"), and 3068 cm™ v (NH,") modes were calculated as functions of pressure
through the calculated volume and Griineisen value for the ((PMA),Pbl -1, Pbca), ((PMA),Pbl -II, Pccn),
and ((PMA),Pbl -1II, Pccn isostructural) phases at room temperature. Lastly, the compressibility and bulk
modulus of the studied HOIPs were determined with Eq. (2.14) for all the phases.
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Table 2

Values of the b,,b,, and b, from Eq. (2.10) for Pbca, Pccn, and Pcen(isostructural) phases of (PMA),Pbl,
at room temperature.

2871

2838

Lﬁ-\\

1‘0 1‘5 2‘0
P (GPa)

2805

(PMA),PbI, Pbca Phase
v (P) (c]ﬁi'-l) (cm-BbPa) (cm"l/)(z}Paz) (crvx'i-l)
784(cm™) v (C-N) 783.34 1.50 9.61x10 783.34
931(cm™) B(C-H) 931.27 1.34 6.97x10! 931.27
970(cm™) B(C-H) 970.50 -0.78 3.57 x10? 970.50
1045(cm™)B(C-H) 1044.75 1.27 -1.86 x10! 1044.75
1212(cm™)3(C-H) 1211.14 2.26 3.36 x10! 1211.14
1496(cm™)5(NH,") 1495.75 2.36 -1.07 x10? 1495.75
2903(cm™)v (CH,") 2903.89 -3.16 -6.19 x10! 2903.89
3068(cm™) v (NH,") 3067.60 -1.49 1.48 x10! 3067.60
Pccen Phase
784(cm™) v (C-N) 787.85 -5.58x10! 2.66 x10! 787.85
931(cm™) B(C-H) 962.47 -5.83 7.32 x10°! 962.47
970(cm™) B(C-H) 962.74 2.87 3.44 x10 962.74
1045(cm™)B(C-H) 1027.61 6.13 -3.41 x10! 1027.61
1212(cm™)3(C-H) 1245.60 -8.89 9.58 x10! 1245.60
1496(cm™)5(NH,") 1484.24 6.98 -4.42 x10! 1484.24
2903(cm™)v (CH,") 2877.58 1.49 -8.99 x10! 2877.28
3068(cm™) v (NH,") 3062.40 1.73 x102 -7.97 x102 3062.40
Pccen(Isostructure) Phase
784(cm™) v (C-N) 782.25 1.92 -1.76 x10? 782.25
931(cm™) B(C-H) - - - -
970(cm™) B(C-H) 959.65 3.98 -1.05 x10! 959.65
1045(cm™)B(C-H) 1056.81 -1.28 1.13 x10! 1056.81
1212(cm™)3(C-H) 1207.60 3.11 -3.48 x10? 1207.60
1496(cm™)5(NH,") 1486.22 4.22 -1.16 x10! 1486.22
2903(cm™)v (CH,") 2855.09 -1.72 -4.19 x107? 2855.09
3068(cm™) v (NH,") 3055.68 0.51 -6.54 x107? 3055.68
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Figure 5. IR wavenumbers of 2903 cm™ v (CH,"), and 3068 cm™' v (NH,") modes as function of pressure for
Pbca, Pccn and Pcen(isostructural) phases.
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Figure 6. Isothermal compressibility x,. vs. pressure from Eq. (2.14).

The Griineisen parameter is used to correlate microscopic variation of materials with measurable macro-
scopic parameters in thermodynamics, as stated above. In order to correlate between pressure and me-
chanical, electronic structure in the studied HOIPs, the Griineisen parameter as a function of pressure was
calculated for 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ B (C-H), 1212 cm™ §(C-H), 1496 cm
0(NH,") modes of (PMA),Pbl, in the Pbca, Pcen, and Pcen(isostructural) phases at room temperature (Fig.
2). The parameter was observed to increase with increasing pressure for all the modes except for B (C-H)
modes (Fig. 2). It is clear from Fig. 2 that there is a discontinuity in the Griineisen parameter at 4.6 GPa and
7.7 GPa for all the modes. Although the crystal volume of (PMA),Pbl, varied very slightly with pressure
and the structural phase transition could not be seen explicitly at the volume data and Raman frequency
data, substantial changes were observed between 0 and 20 GPa and an explicit discontinuity in the Griinei-
sen parameter at phase transition pressure (Fig. 2). Liu et al. too report a sharp rise in the band gap at 7.7
GPa, caused by inorganic layer structure distortion (Liu et al.. 2018). The discontinuity in the Griineisen
parameter and the sharp rising in the band gap in (PMA),Pbl, at 7.7 GPa was showed to be a isostructural
phase transition due to the changes in the electronic structure of the studied HOIPs at this pressure. Tian
et al. have inferred from high-pressure X-ray diffraction (XRD) measurements that a structural phase tran-
sition between Pbca and Pccn has occurred at 4.6 GPa (Tian et al.. 2020), which was also detected in the
Griineisen parameter calculations in the present study. Although Tian et al. could determine no noticeable
peak from the XRD measurements of (PMA),Pbl, at 7.7 GPa, the Griineisen parameter calculation in this
research paper proved the occurrence of this phase transition.

The IR frequencies of the internal modes in HOIPs shifted slightly due to the pressure-induced variations
in length and bend of atomic bond. In general, the bond length between atoms shrank, while the bending
angle of Pb-I increased with the increasing pressure. Fig. 3 and 4 show that the wavenumbers (frequency) of
B(C-H) and v (C-N) modes in (PMA),Pbl, tend to increase with pressure, and this behaviour is completely
associated with the vibrations of organic ligand (PMA) in (C.H,CH,NH,) Pbl,. It is known that the distinc-
tive internal IR modes in PMA, e.g., 784-1045 cm™ B(C-H) bending mode in the benzene ring, 970-1212
cm’, v (C-N) and §(C-H) in the stretching mode, emerge at high frequencies (Cai. Lv. & Feng. 2012). The
observed data and performed calculations too indicated this behavior. 1496 cm™ IR mode (§(NH,) mode)
corresponding to the N-H bending mode showed similar characteristic with B(C-H), v (C-N) modes and
exhibited blueshift as the pressure was increased. This behaviour can be ascribed to the enhancement of
the inter-molecular interaction, specified the strengthening of pressure induced hydrogen bonds. v (CH,)
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Table 3

Values of the € ,C,, and ¢, from Eq. (2.12)

(PMA),PbI, Pbca Phase

cO cl c2
v, (P) (cm™) (cm/GPa) (cm/GPa?)
784(cm™) v (C-N) -6.19 x10° -5.64 x107 -1.76 x10°!
931(cm™) B(C-H) -3.91 x107 2.91 x10! -9.59 x10!
970(cm™) B(C-H) 0 0 0
1045(cm™)B(C-H) 9.20 x1073 -5.81 x10? -2.00 x10!
1212(cm™)d(C-H) -2.73 x10 1.69 x10°! -5.19x10!
1496(cm™)3(NH,") 1.36 x1073 -8.31 x107 -5.91 x10?
2903(cm™)v (CH,") 3.46 x10? -2.81 x10! 9.25 x10!
3068(cm™) v (NH,") -7.29 x10° 3.11 x107 -1.43 x10!

Pccn Phase
784(cm™) v (C-N) 2.27 -1.36 7.72 x1073
931(cm™) B(C-H) 7.48 -4.43 -8.29 x10
970(cm™) B(C-H) -9.77 x10°! 6.32 x10! 6.26 x10?
1045(cm™)B(C-H) -4.59 2.81 9.06 x102
1212(cm™)6(C-H) 9.83 -5.87 -1.50 x10°!
1496(cm™)3(NH,") -5.44 3.37 1.05 x10!
2903(cm™)v (CH,") -7.48 4.48 -3.03
3068(cm™) v (NH,") -6.78 x10°! 3.96 x10! -6.98 x10°3
Pcen(Isostructure) Phase

784(cm™) v (C-N) -12.73 2.42 -1.34 x10!
931(cm™) B(C-H) - - -
970(cm™) B(C-H) -4.79 -3.20 2.86 x10!
1045(cm™)B(C-H) -54.93 10.24 -6.03 x10!
1212(cm™)d(C-H) -9.25 1.80 -8.74 x10?
1496(cm™)5(NH,") 14.77 -2.89 2.29 x10
2903(cm™)v (CH,") 36.75 -6.95 4.09 x10!
3068(cm™) v (NH,") 29.88 -5.61 3.39x10!

(C-H stretching) and v (NH,) (N-H stretching) internal modes in (PMA),Pbl, appeared at 2903 cm™' and
3068 cm™, respectively (Fig. 5). These modes exhibited redshift unlike (C-H), v (C-N), and 8(C-H) modes
with the increasing pressure. The reason for the redshift is that the electronegativity of a nitrogen atom is
greater than that of a carbon atom. Due to this difference in charge, the distance between N and I atoms in
(PMA),Pbl, is shorter than the C-I atoms in the orthorhombic (Pbca) phase. Caused by these short bond
lengths, the bond energy in the halide part of (PMA),Pbl, reduces with the increasing pressure. As a result
of the weakening in the bonding energy of the halide part, the IR frequency of v (NH,) and v (CH,) modes
decrease owing to the increasing pressure, as observed experimentally and as evident in the calculations in
Fig. 5. The mechanical and electronic structure of HOIPs and the order of molecules in (PMA) Pbl, were
slightly altered by the inducing pressure. It can be concluded that the shifts in the IR wavenumber of the
modes in the studied HOIPs are directly related to these alterations.

72



2022, Vol 8, Issue 1, Pages: 63-75 Journal of Advanced Research in Natural and Applied Sciences

Table 4
Bulk modulus value (intercept (K,), slope ( K )).

(PMA),PbI, K, (GPa) K, vV, (A% Pressure Interval (GPa)
Pbca 71.65 438 2291.61 0<P<4.6

Pcen 61.09 -3.72 2271.55 4.6<P<7.7
Pcen(Isostr.) 29.90 6.07 2085.83 7.7<P
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Figure 7. Isothermal Bulk modulus vs. pressure calculated from isothermal compressibility value ( ) for
Pbca, Pcen, and Peen(isostructural) phases of (PMA),Pbl,. Straight line corresponds to linear fit with coef-
ficients (K) and (K, ) as in Table 4.

Isothermal compressibility coefficient of a solid is a measure of the relative volume change in response to a
pressure change at a constant temperature. This parameter is very important in the fabrication of perovskite
as is the case for all solid materials. The materials with large compressibility are desired in manufacturing
processes because their crystal structure can be adjusted very effectively by compression. In this study,
the pressure dependence of the isothermal compressibility for the orthorhombic-Pbca (0-4.6GPa), orthor-
hombic-Pccn (4.6-7.7 GPa), and orthorhombic-Pccn(isostructural) (7.7-20 GPa) phases were calculated
through the Griineisen parameter and the calculated IR frequency in (PMA),Pbl, (Fig. 6). When pressure
was increased, the compressibility ordinarily decreased for the Pbca and Pcen(isostructural) phases, but it
abnormally increased for the Pccn phase. In addition, a sharp change in the compressibility was detected at
4.4 and 7.7 GPa in (PMA),Pbl, (Fig. 6) due to the reordering of molecules in the vicinity of the phase tran-
sition pressure. The abnormal behaviour of (PMA),PbI, in the Pccn phase can be attributed to a weak van
der Waals interaction between ligand (PMA™) and metal halide framework. Crystals with a layered structure
as in (PMA),PbI, mostly exhibit anisotropic behaviour under pressure owing to the various interactions
between these layers (Tian et al.. 2020). Another important parameter for fabrication processes of bulk ma-
terials is the bulk modulus, which refers to the inverse of the isothermal compressibility. Moreover, this pa-
rameter was calculated by using the calculated isothermal compressibility for all the phases in (PMA),PbI,,
as shown in Fig. 7 and Table 4. Tian et al. have determined the Bulk modulus value by fitting the third-order
Brich-Murnaghan (BM) equation to the observed pressure-cell volume data (Tian et al.. 2020). For the
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Pbca phase (0-4.6 GPa), the current study’s results (K, =71.65 GPa, K; =4.38) and Tian’s findings (
K,=73.57 GPa, K, =4) are almost the same. However, the results in this study are notably different
from Titan et al’s findings for the Pccn and Pcen(isostructural) phases (Table 4). The BM equation includes
only the volume data, which are macroscopic parameters in thermodynamics (Birch. 1947), so the micro-
scopic changes in the molecular structure cannot be analyzed explicitly. In the calculations, the microscopic
changes through the Griineisen parameter were taken into account, by which the isothermal compressibility
and the bulk modulus were determined accurately.

4. Conclusion

In this study, the mechanical properties of (PMA) Pbl,, a good candidate for optoelectronic and photovol-
taic applications, were analyzed in terms of pressure-induced phase transitions. The IR wavenumbers were
calculated for the 794 cm™ v (C-N), 931 cm™, 970 cm™ and 1045 cm™ B (C-H), 1212 cm™ §(C-H), 1496 cm!
0(NH,"), 2903 cm™ v (CH,"), and 3068 cm™' v (NH, ") modes as the functions of pressure at room temperature
in the Pbca, Pccn and Peen(isostructural) phases of the (PMA), Pbl, through the Griineisen parameter. The
calculated IR wavenumbers congruent with the observed data proved that the theoretical approach adopted
for the purpose of this research study is practicable to calculate the pressure dependency of the IR wave-
number at room temperature. Besides, the isothermal compressibility and bulk modulus were calculated
depending on pressure through the isothermal mode-Griineisen parameter for the Pbca, Pccn and Peen(iso-
structural) phases in (PMA),Pbl,. The results for the bulk modulus were in accord with those by Tian et al.
(2020) only for the Pbca phase; however, the result for the Pccn and Pcen(isostructural) phases did not cor-
roborate those of Tian et al.. One can adjust desirable mechanical and electronic properties of (PMA),Pbl,
by stretching or compressing in optoelectronic applications thanks to this small bulk modulus value.
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0.32-25.68 g, respectively. LWR and K values were estimated for all specimens as W=0.017xSL3!'¢
(r=0.988) and 2.04 (+0.28), respectively. F:M sex ratio was calculated as 1:1.33 with no significant
difference from the ratio of 1:1 (X?>=0.02; p>0.05). Diet of the species comprised of ten different food
items. Plant (63.6%) was the most preferred food item from the point of frequency of occurrence (F%),
pursued by Diptera (31.8%) and Odonata (12.7%). According to IRI (%) values of food items, Diptera
was the dominant food item in all seasons. B and B, values were estimated as 3.18 and 0.24, respec-
tively. The results showed that P. borysthenicus was more selective on conveniently accessible food
materials in the environment and its food preference was affected by seasonal food supply.
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1. Introduction

A fish species’ body size is the result of evolutionary processes such as speciation, genetic drift, and
natural selection, and it is correlated with a remarkable array of morphological, physical, physiological,
and behavioural characteristics that allow it to adapt to its environment (Woodward & Warren, 2007: Albert
& Johnson, 2012). Small-bodied fish species predominate in freshwater systems, particularly in tributaries
of running waters or lakes. These fish, unlike marine species, are generally not preferred as human food
and are not subject to fishing pressure. Growth, which is linked to natural longevity, age at maturity, and
reproductive efficiency, as well as feeding behaviour, which determines their ecological niche, are gener-
ally overlooked in these small-scale fish due to their lack of commercial value (Kottelat & Freyhof, 2007).
Bio-ecological studies and biographical characteristics of small-scale freshwater fish species, on the other
hand, are critical for understanding the ecological role of species, as well as evaluating their position and
continuity in ecosystems, when it comes to ecosystem management and species conservation status assess-
ment (Chrisafi et al., 2007; Sac & Ozulug, 2020a).

Petroleuciscus borysthenicus (Kessler, 1859) is the only species of the genus Pefroleuciscus in continental
Europe with a wide range and is known from the west, north and east of Black Sea and Azov Seas, the
Aegean Sea, and north/northwestern Turkey (Kottelat & Freyhof, 2007; Oztiirk & Kiiciik. 2007: Saygun
et al., 2017: Sa¢c & Ozulug, 2019: Sari et al.. 2019). This small-bodied fish prefers shallow areas with
slow currents and a wide range of habitat tolerance, from montane streams to marshes and lakes (Kottelat
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& Freyhof, 2007: Sa¢ & Ozulug, 2017). This fish was assessed as Least Concern (LC) species according
to the IUCN criteria due to it has been widespread and abundant (Freyhof & Kottelat, 2008). However,
limited information is available on the life history and bio-ecological characteristics of P. borysthenicus.
Some previous studies available on the species are mainly focusing on length-weight relationships (LWRs)
(Koutrakis & Tsikliras, 2003; Tarkan et al., 2006, 2009; ilhan et al. 2012) whereas the only data on growth,
age and reproductive traits of P. borysthenicus from Turkey are reported by Serezli (2017) for the popula-
tion inhabiting the streams flowing into Sapanca Lake.

Because of their unique traits and vulnerabilities, island ecosystems are of great significance for the long-
term biological diversity conservation (Balzan et al., 2018). Thus, these unique ecosystems support a high
level of biological diversity as well as privatized flora and fauna (MacArthur & Wilson, 1967). Because
insular ecosystems are remote from the mainland, they can be used as natural experimental research areas
to track changes in fauna and flora and understand the effects on habitat (Velmurugan, 2018).

Gokgeada, which is located near Canakkale in the northwestern zone of the Aegean Sea, is the largest island
of Turkey. The island covers an area of 290 km?, with a 95 km coastline and the presence of P. borysthenicus
was recently recorded from this island (Bakac, 2018). The distribution of the species on the island is very
limited; it inhabits only Cikirim Stream and Sahinkaya Reservoir, which was built on this stream for irri-
gation purpose in the 1980s. Considering the current insufficient knowledge, there is a need to identify the
life-history traits and bio-ecological characteristics of P. borysthenicus. The goal of the present study was
to identify some growth patterns, feeding habits, and diet of P. borysthenicus living in Sahinkaya Reservoir.

2. Materials and Methods

Specimens of P. borysthenicus were collected seasonally from May 2020 to January 2021 from Sahinkaya
Reservoir (40.1134000 N, 25.7721278 E; Gokg¢eada, Turkey) using electrofishing (SAMUS 1000 portable
electroshocker; frequency 50-55 Hz). It is a shallow reservoir that was established for irrigation purposes
on the Cikirm Stream. Fish were sampled from approximately 100 m of shoreline with a max. depth of
1 meter in the reservoir’s south region (Figure 1). Fish specimens were anaesthetized with clove oil and
transferred to laboratory on ice. Total length (TL), fork length (FL) and standard length (SL) were all meas-
ured with a precision of 0.1 c¢cm in the laboratory. On digital scales with a sensitivity of 0.01 g, total body
weight (W) was weighed. Fish were sexed using a microscopic or macroscopic examination of the gonads.
Observed sex ratios (female to male) were compared to the theoretical 1:1 ratio using the test of chi-square
(Zar, 1999).

Aegean Sea

Google Earth

Figure 1. Map of sampling location in Sahinkaya Reservoir (Gokgeada Island, Canakkale, Turkey)
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The following equation was applied to estimate the LWR: W=aL’, where W represents total weight, L
represents standard length, and a and b represent parameters of regression (Le Cren. 1951: Froese, 2006).
Equation(W=aL?) was converted to natural logarithmic form (InW = [na + binL), and the regression anal-
ysis calculated the parameters a (regression section) and b (slope). Equation was applied to estimate the
confidence intervals (95%) for parameters a and b 95%Cl=x+(t, ,(n-2)xSE) (x: a and b; t: table value of
t (t-test, 95% confidence); SE: standard error value of @ and b; see King 2007). To be comparable to the
results of several research utilizing different length measures, the LWR was determined using linear re-
gression analyses. The calculation of condition was performed using the Fulton’s Condition Factor K=(W/
L3)x100, where W represents total weight (g) and L represents standard length (cm) (Ricker. 1975).

Fish were dissected and their digestive tracts (DTs) were removed for the diet analyses. Before examina-
tions, all DTs were fixed in formaldehyde solution (4%). The index of vacuity (VI) was calculated as a
percentage of empty DTs to identify seasonal changes in feeding intensity; VI%=(N /N )x100, where N_
denotes point of empty DTs and N, denotes total point of DTs (Sarkhanizadeh et al.. 2014). Food objects
were determined and classified to lowest probable taxonomic level by binocular microscope. After drying
at 80°C for 2—4 hours, countable objects were counted and all food items were weighted (nearest 0.0001 g).

Each prey item’s dietary value was determined by calculating its frequency of occurrence (F%) and relative
importance index (IR1%, see Hyslop 1980) to identify the species’ feeding habits: IRI%=[((N%+W%)xF%)/
Y((N%+W%)xF%)] x 100, where F% denotes frequency of occurrence percentage [(point of DTs involving
a food object/total points of DTs with food)x100], N% represents the quantitative percentage of DTs includ-
ing a specific food item in comparison to the total point of DTs, and W% is the gravimetric percentage of a
specific food object in connection with the total weight of all consumed taxa. The significance of uncount-
able prey objects (e.g. plant materials) was assessed by taking their F (%) values into account. IRI (%) was
used for only countable objects.

Schoener’s Index (a; see_Schoener 1970) was used to calculate the overlap in diet between seasons; o=1-
O.S(E(Pxi—Pyi)), where P . and P, denote points proportions of food category i, in diets group x and group y.
F (%) and IRI (%) values of food objects were used as point proportions for the index, respectively. Index
values from 0O to 1, with overlap values of a=0.6 or larger considered biologically relevant from the point of
prey objects ingested by groups of x and y (Macpherson et al., 2010).

Costello’s (1990) modified procedure was applied as a visual test to understand the significance of prey in
the diet data and to evaluate the species’ feeding strategy (Amundsen et al., 1996). Prey-specific abundance
(P.%) was figured against the F,% in this procedure. The estimation of the prey-specific abundance; Pi=(Z-
S/ES )x100; where P, denotes prey-specific abundance of prey i, S, represents the DT content (numerical)
composed of prey i, and S, denotes total DT content in only those predators with prey 7 in their DT.

Levins’ measure of niche breadth (Levins. 1968) and Levins’ standardized (Hurlbert, 1978) index were
used to calculate the species’ dietary niche breadth; B=1/Z(Pj)2 and B,=(B-1)/(n-1), where B denotes Lev-
ins’ measure of niche breadth, P. represents the numerical proportion of individuals discovered using source
J» B, denotes Levins’ standardized and 7 is the point of probable source states. When all specimens consist
of only one source state, B and B, are minimal (maximum specialization and minimum niche breadth). B
values range from 1 to n, where n is total point of source states and B, values range from 0 to 1.0 (Krebs.
1998). B, values are specified higher when they are higher than 0.6, medium when they ranged from 0.4
and 0.6, and lower when they are less than 0.4 (Novakowski et al., 2008).

3. Results and Discussion

A total of 163 P. borysthenicus specimens were caught from Sahinkaya Reservoir. Specimens’ SL and W
ranged from 2.6 to 10.0 cm and 0.32 to 25.68 g, respectively (Table 1). The sex ratio was estimated to be
1:1.33, with no significant difference from the ratio of 1:1 (2 = 0.02; p > 0.05). The LWR of P. borys-
thenicus was calculated as W=0.017xSL*!* (r=0.988). For all individuals, the slopes of relationships (b
values) pointed out a positive allometric growth (b>3). Table 1 shows the SL and W distributions, as well
as the calculated parameters of LWRs for both sexes. The LWR results are SL=0.801xTL+0.076(r=0.996),
SL=0.870xFL+0.099(r=0.996) and FL=0.919xTL-0.018(r=0.998), respectively.
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Table 1

Distribution of SL and W and calculated values of LWRs of P. borysthenicus inhabited in Sahinkaya Res-
ervoir

SL. em W, g Regression
Sexes n Parameters 95% CLofa 95% CL of b r
Min.-Max. Min.-Max. a b
Female 54 3.8-10.0 1.01-25.68 0.012 3.304 0.015-0.019 3.160-—3.449 0.988
Male 72 39-90 097-16.12 0.017 3.088 0.013-0.024 2917-3.259 0.974
Allind. 163 2.6-10.0 032-25.68 0.017 3.114  0.014-0.019 3.038-3.190 0.988

Average K (£SD) values for female, male and all individuals were 2.09 (£0.25), 2.04 (£0.30) and 2.04
(£0.28), respectively. For both sexes and all specimens, seasonal variation in K value was calculated (Table
2). The K value increased to maximum values for both sexes in the summer.

Table 2

Seasonal variations of SL and W distribution and K values (+SD) for female, male and all ind. of P. borys-
thenicus inhabited in Sahinkaya Reservoir

Spring Summer
Sex SL, cm W, g SL, cm W, g
) ) K+SD n ) ) K+SD
Min.-Max. Min.-Max. Min.-Max. Min.-Max.
Female 15 4.4-1231 149-1231 208=+0.15 12 56-100 4.65-2568 241+0.13
Male 22 4.0-72 146 -8.00 2.11+0.21 13 5.1-8.0 347 -12.00 2.38+0.22
Allind. 44 35-83 091-1231 208+020 26 3.6-10.0 120-2568 2.40+0.18
Autumn Winter
Sex SL, cm W, g SL, cm W, g
n ) ) K+SD n ) ) K+SD
Min.-Max. Min.-Max. Min.-Max. Min.-Max.
Female 16 6.0-8.6 4.78-1224 208+0.13 11 38-63 1.01 —4.61 1.76 £0.13
Male 21 63-90 6.00-16.12 2.05+0.19 16 39-6.6 097-497 1.67+0.16
Allind. 57 2.6-90 032-16.12 2.07+0.17 36 34-6.6 0.72-497 1.71+0.14

Among 163 investigated individuals, only 110 fish had stomach contents. Vacuity index (VI, %) has dif-
fered by seasons: it was calculated as the highest in autumn (42.1%) and the lowest in summer (3.8%; see
Table 3). The B and the B, values were estimated as 3.18 and 0.24, respectively. The results showed that
P. borysthenicus mainly fed on a limited range of prey. B and B, in the diet of the species are indicated in
Table 2. B values ranged from 1.4 (in winter) to 5.2 (in summer), while the B, values varied between 0.1
(in winter) and 0.6 (in summer).

Table 3

Seasonal values of VI (%), B and B, indices for P. borysthenicus inhabited in Sahinkaya Reservoir

Spring Summer Autumn Winter
(n=44) (n=26) (n=57) (n=36)
Vacuity index (VI, %) 38.6 3.8 42.1 30.6
Levins’ measure of niche breadth (B) 52 2.2 2.8 1.4
Levins’ standardised niche breadth (B,) 0.6 0.4 0.4 0.1
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The species’ diet consisted of 10 different food items; Diptera, Ephemeroptera, Odonata, Trichoptera, He-
miptera, Coleoptera, Cladocera, Bivalvia, Hirudinea and Plant (macrophytes and algae). The IR1% could
not be calculated in the plant because it is an uncountable food type. However, Plant (63.6%) was the most
preferred food item from the point of frequency of occurrence (F%), pursued by Diptera (31.8%) and Od-
onata (12.7%). According to IRI (%) values of food items, Diptera predominated in all seasons (Table 4)
and it was followed by Odonata in spring (37.6%), Hemiptera in summer (19.6%) and autumn (1.3%), and
Hirudinea in winter (17.0%, see Table 4).

Table 4

IRI (%) values of food items in diet of P. borysthenicus inhabited in Sahinkaya Reservoir (Bold numerals
show the highest importance values of food items according to F% and IRI% values)

Spring Summer Autumn Winter
F w N IRl | F w N IRI w N IRI w N IRI
F (%) F (%)
(%) (%) (%) (%) | (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Diptera | 44.4 25.7 382 45.6 280 0.7 579 729 | 424 7.6 892 977 8.0 0.6 50.0 66.5

Ephemer-
74 22 36 07 - - - - - - - - - - - -

optera
Odonata | 37.0 450 182 376| 80 53 158 75 6.1 1.5 27 06 - - - -
Trichop-

74 04 36 05 - - - - 3.0 1.1 14 02 - - - -
tera

Hemiptera | 22.2 14.2 23.6 13.5|16.0 13 263 19.6 9.1 04 54 13 - - - -

Coleop-
37 1.8 1.8 02 - - - - - - - - - - - -
tera
Cladocera | 11.1 03 109 2.0 - - - - - - - - 4.0 <0.1 25.0 16.5
Plant 18.5 10.6 - - 88.0 92.7 - - 60.6 874 - - 92.0 98.5 - -
Bivalvia - - - - - - - - 3.0 2.1 1.4 02 - - - -
Hirudinea - - - - - - - - - - - - 4.0 09 250 17.0

Food overlap values between the seasons are given in Table 5. The food overlap, calculated using the F (%),
was significant for summer vs. autumn and summer vs. winter. A significant overlap in food composition,
calculated using the IRI (%), was also observed between all the seasons except spring vs. autumn and spring
vs. winter.

Table 5

Dietary overlap values (Schoener’s Index) between the seasons. Significant values are those that are equal
to or higher than 0.6 (* implying that overlap is significant)

F (%) IRI (%)
Summer Autumn Winter | Summer Autumn Winter
Spring 0.25 0.41 0.01 0.67* 0.48 0.48
Summer - 0.72%* 0.72%* - 0.75% 0.67*
Autumn - - 0.52 - - 0.67*

Figure 2 indicates a schematic of the modified Costello graphical approach, and P. borysthenicus appears to
have a generalist feeding strategy, with all prey points on the lower side of the diagram. From the point of
prey importance, Bivalvia, Hirudinea, Coleoptera, Odonata, Cladocera, Tricoptera and Ephemeroptera had
low axis values (P,% and F %), indicating a rare feeding behavior. Plant status on the diagram (Figure 2)
and to be consumed by more than half of the specimens (F,%=63.6%) contributes to the specialist feeding
strategy of P. borysthenicus on it.
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Figure 2. Feeding strategy diagram of modified Costello for the specimens of P. borysthenicus inhabited in
Sahinkaya Reservoir.

The expected range for the value of the b value in the LWR equations is 2.5 — 3.5 (Froese, 2006) and for this
research, b values for P. borystenicus population inhabited in Sahinkaya Reservoir are within this range.
The growth type of P. borystenicus which calculated as positively allometric (b>3) in this research is similar
to the results of other works performed in Sapanca Lake, Omerli Reservoir, Kii¢iikcekmece Lagoon and the
streams of Biga Peninsula (Tarkan et al.. 2006, 2009: ilhan et al., 2012). In contrast, Koutrakis & Tsikliras
(2003) reported a negative growth type for P. borysthenicus population inhabited in the Strymon Estuary,
while Tarkan et al., 2006 and Serezli (2017) have reported an isometric growth for the populations in Terkos
Lake and in the streams flowing into Sapanca Lake. Within-species variance in variables of LWR of fish are
influenced by a number of conditions involving size range and growth phase, sex, level of stomach fullness,
gonad matureness, general fish health, season and annual differences in environmental conditions (Tesch,
1971; Froese. 2006). However, in Sahinkaya population, different growth types were observed between
females and males; while females had positive allometry, males showed isometric growth (Table 1). It is
thought that sex and gonad maturity caused different growth patterns for females and males within the same
population.

The correlation coefficients () for all the LLR equations calculated for P. borystenicus population were
higher than 0.95 and significantly linear. LLRs calculated for the species are thought to be comparable to
the results of different studies, which used or will use different length measures.

The condition factor (K) value calculated for the female, male and all individuals of P. borysthenicus in-
habited in Sahinkaya Reservoir is close to each other and over the value of 2.0. Similarly, Serezli (2017)
has found very close values (2.01 for females, 2.07 for males and 2.01 for all specimens; calculated values
from data) for the K values of the species in the streams flowing into Sapanca Lake. Fulton’s K value is ex-
pressed as the ratio of body mass and the cube of length (Froese, 2006) and since this morphometric index
is a calculation involving the length and weight of a fish, it could be influenced by the same factors effected
on LWR (Hamid et al., 2015). The K value reflects the well-being of fish and varies according to the sea-
son, sex, size range, degree of gonad development, environmental conditions, food supply and parasitism
(Froese, 2006). When seasonal variation of K value in this study is examined, it is seen that in both sexes
the K values, which are low in winter, rise in the spring and reach their peak in the summer (Table 2). It is
an expected result that the K value increases in the spring depending on the development of the gonads. It
is thought that the higher values of the K in the summer may be related to the fish regaining the energy lost
during reproductive activity in spring and increasing the degree of feeding activity. According to De Giosa
et al. (2014), in water temperature of summer is in suitable values for growing and effective feeding action
begins for many species. In addition, the relatively higher length and weight values of the fish examined in
the summer may also be effective in the increase in the K value (Table 2).
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Although there is no specific study on the feeding characteristics and diet of P. borysthenicus, it is thought
that the species shows an omnivorous feeding characteristic like many other cyprinids and primarily feeds on
insects and their larvae, as well as benthic invertebrates, algae and plankton (Kottelat & Freyhof, 2007). This
study supported that P. borysthenicus has a wide food spectrum from zooplankton to Bivalvia, but it prefers
mainly aquatic plants and insect larvae. There were no temporary changes in feeding intensity of P. borys-
thenicus and vacuity index values were very close to each other in four seasons (Table 3), but the food spec-
trum and preference of P. borysthenicus were changed seasonally. In the spring, a wide variety in the food
spectrum was observed and especially Diptera and Odonata represented with high values of food importance
index in the diet. However, over the summer, there was a noticeable decrease in food variety in the diet and
the frequency occurrence values of aquatic plants in the stomach increased considerably. This has been as-
sociated with increasing the preference of the fish on easily accessible plants in the environment as a food
resource to rapidly regain the lost energy after reproductive activity. In autumn, the aquatic plants were the
main food item that had the highest value of F (%) in the diet of the species. Although there was an increase
in the diversity of insect groups in the food spectrum, Diptera had the highest value as the index of relative
importance. However, in winter, only Diptera was consumed among insect groups, and the fish still mainly
fed on the plant (Table 4). Dipterans are the most abundant insects groups in aquatic systems and form large
populations (Keiper et al., 2002) and their larvae or nymphs became important as easy prey due to their
abundance and nutritional value, as can be seen in the diets of many freshwater fish species (Blanco-Garrido
et al., 2003: Piria et al., 2005: Pompei et al., 2014: Sac et al., 2017: Sac & Ozulug, 2020a, 2020b). Similarly,
it has been determined that Diptera is an essential food item for P. borysthenicus in all four seasons.

Although P. borysthenicus can consume different food groups, it has shown maximum specialization on
aquatic plants and Diptera. The positions of Plant and Diptera in the diagram support the view that fish
having a general feeding strategy is selective over these two food items. The low values of Levins’ indices
(B and B,) also contribute to this inference. According to Krebs (1998), the broadest possible niche is pos-
sible when the fish consume all food types equally without discrimination and, the niche is narrow when
all individuals only consume more of one food item against the other foods. The seasonal variation on the
food spectrum and preference of P. borysthenicus conclude different levels of niche breadth. In spring, the
variety of food consumed and their high values resulted in a wide niche size, while in winter the feeding
with only a few food items and selectivity on the plant caused a narrow niche size (Table 3, Table 4).

4. Conclusion

The current study has exhibited base line data on LWR and condition parameters of P. borysthenicus,
where there have been few studies on the growth characteristics. It has been determined that this population
living in a reservoir shows positive allometric growth and has a good condition. Furthermore, for the first
time, comprehensive dietary research on this small-bodied fish has been reported in this study. The results
showed that P. borysthenicus was more selective on easily reachable food items in the environment and the
seasonal change in its food preference was affected by seasonal variations in the food supply. Moreover, the
occurrence of this species on Gok¢eada inland waters has also yielded important findings for the freshwater
biodiversity of Turkey, and also the island.
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Oz — Giiniimiizde; dogal afetlerin artmast, teknolojinin hizla gelismesi, iiriin émriiniin kisalmasi, ma-
liyetlerin artmasi, politik sebepler, arz ve talepteki belirsizlikler sonucu giderek artan tedarik zinciri
riskleri ile karsilagiimaktadir. Isletme-ler rekabet avantaji saglayabilmek, miisteri beklentilerini karsi-
layabilmek, sektorde pazar paylarmi artirabilmek ve siirdiiriilebilirliklerini koruyabilmek i¢in tedarik
zinciri risklerini sistemli bir sekilde yonetmek durumundadirlar. Calig-mada, iklimlendirme ve 1sitma
sektoriindeki bir firmanin talep planlama siirecinde olusan hatalar analiz edilmistir. Siire¢ HTEA (Hata
Tirii ve Etkileri Analizi) yonteminin, alaninda uzman karar vericilerin bilgi ve tecriibelerini deger-len-
dirmelerde goz oniine alamamasi seklindeki zayif yonleri sebebiyle, risk analizine siire¢ agamali yeni
bir yaklasim getirilmistir. Bu amagla, risk analizi i¢in Bulanik SWARA-COPRAS tabanli siire¢ agamalt
CKKYV (Cok Kriterli Karar Verme) modeli onerilmistir. Kriterlerin 6nem agirliklarini belirleyebilmek
icin Bulanik SWARA yontemi, hatalart siralayabilmek i¢in Bulantk COPRAS yontemi kullanilmustir.
Bu yonteme gore, en 6nemli hatalarin; “HT-1: Talep rakamlarinin eksik veya yanlis olmasi sonucu eksik
tiretimin S&OP (Satis ve Operasyon Planlama) toplantisinda fark edilmesi” ve “HT5: Talep rakamlar:
belirlenirken master datanin eksik tanimlanmasi sonucu eksik tiretimin S&OP toplantisinda fark edil-
mesi” oldugu tespit edilmistir. “HT18: Talep rakamlarinin fazla hesaplanmasi sonucu fazla iiretimin ay
sonu stok raporunda fark edilmesi” en 6nemsiz hata olmustur. ilerleyen ¢aligmalarda, risk analizle-rinin
etkinliklerinin benzer yaklasimlarla degerlendirilebilecegi ve karar destek sistemlerine entegre edilerek
mevcut veya gelecek senaryolarin analizinde kullanilabilecegi 6ngoriilmektedir.
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Abstract — Today, increasing supply chain risks are encountered due to increasing natural disasters,
the rapid development of technology, shortening of product life, increasing costs, political reasons,
uncertainties in supply and demand. Busi-nesses have to systematically manage their supply chain
risks to gain a competitive advantage, meet customer expec-tations, increase their market share in the
sector and maintain their sustainability. In the study, errors in the demand planning process of a com-
pany in the air conditioning and heating sector were analysed. Due to the weaknesses of the Process
FMEA (Failure Mode and Effects Analysis) method, that it cannot take into account the knowledge
and experience of experts in the evaluations, a new process-based approach to risk analysis has been
introduced. For this purpose, Fuzzy SWARA-COPRAS-based process-stage MCDM (Multi-Criteria
Decision Making) model is proposed for risk analysis. The SWARA method was used to determine the
importance levels of the criteria and the COPRAS method was used to sort the errors. According to
this method, it has been determined that the most important mistake is “Demand figures are missing or
incorrect, and the under-production is noticed at the S&OP (Sales and Operations Planning) meeting”.
“Recognizing the excess production in the month-end stock report as a result of the overestima-tion of
the demand numbers” has been found to be the least important mistake. In future studies, the effec-
tiveness of risk analysis can be evaluated with similar approaches and integrated into decision support
systems and used to evaluate current or future scenarios

Keywords — Failure modes and effect analysis, fuzzy COPRAS, fuzzy SWARA, multi criteria decision making, Risk analysis
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1. Giris

Giliniimiiz modern ekonomilerinde tedarik zincirleri, mal veya hizmetlerin {iretimi i¢in kritik yapilar
haline gelmistir. Nagurney vd., (2005) tedarik zincirlerinin iireticileri, dagiticilar1 ve perakendecileri kap-
sarken tiiketicileri de icermesinden dolay1, degisen diinyada artan risk ve belirsizliklere cevap verebilecek
saglamlikta olmas1 gerektigini belirtmislerdir. Dogru bir tedarik zinciri risk analizi i¢in oncelikle sistem
veya siirecteki hatalarin dogru analiz edilmesi ve daha sonra etkisinin azaltilmasi gereklidir. Tedarik zinciri
risklerinin analizi ile hatalar daha erken fark edilerek siddetleri veya olasiliklar diisiiriilebilmektedir. Boy-
lece iiretim, depolama, tasima, sigortalama, dagitim, katma degerli islemler, giimriikleme olmak tizere tim
isletme faaliyetleri risklerden korunarak maliyetler azaltilabilmektedir.

Caligmada 1sitma iklimlendirme sektoriinde faaliyet gosteren bir grup sirketinin, diger grup sirketlerine ait
ulusal satis ofisleri igin yaptiklari tiretim siireci ele alinmigtir. Ulusal satis ofisleri igin yapilan iiretimin talep
planlama siirecindeki hatalar analiz edilmistir. Tedarik zincirindeki riskler; ¢evre, insan, metot/prosediir
kaynakl1 hatalardan etkilenmektedir. Isletmede tedarik zinciri riskleri HTEA yontemi ile analiz edilmek-
tedir. Siirecteki hatalardan dolay1 fazla ve eksik iiretim yapma riskleri ile karsilasilmistir. Hatalarin dogru
bir sekilde analiz edilmesi ile ulusal satis ofislerine her {iriinden talep ettikleri miktarda, dogru zamanda
teslimat yapilmasi saglanacaktir. Bu sayede sirketin prestiji korunacak, miisteri memnuniyeti artacak ve
maliyet, insan giicli, zaman gibi isletme kaynaklar1 da etkin olarak yonetilecektir.

Tedarik zincirinde hatalarin analiz edilmesi i¢in yapilmis ¢alismalarda ve calismanin yapildigi bu isletmede
ROS (Risk Oncelik Sirast) degeri olasilik, siddet ve tespit edilebilirlik kriterlerinin garpimu ile bulunmustur.
Bu kriterler ve hesaplama tarzi, risklerin siralanmasi i¢in yetersiz kalmaktadir. Risklerin analizi i¢in yapilan
caligmalarda anket yontemi, klasik HTEA yontemi, bulanik HTEA y6ntemi, simiilasyon yontemi, Cok Kri-
terli Karar Verme (CKKYV) yontemleri, matematiksel modelleme, CVAR (Conditional Value at Risk - Risk
Altindaki Kosullu Deger) yontemi birgok ¢aligmada uygulanmistir. Anket yontemi uzmanlarin goriislerini
dikkate alirken degerlendirmede kullanilan kriterlerin ve bulanik durumlarin géz 6niine alinamamasi tam
ve dogru bir degerlendirme yapilamamasina yol agmaktadir. Klasik HTEA yo6ntemi i¢in kullanilan; olasi-
lik, siddet ve tespit edilebilirlik kriterleri siiregteki hatalar1 analiz edebilmek i¢in yetersiz kalabilmektedir.
CVAR yontemi kosullu riske maruz deger anlamina gelmektedir. VAR (Value at Risk - Risk Altindaki
Deger) yonteminin en kotii durum asilirsa beklenen kaybi ifade edememesi sonucu gelistirilmistir. CVAR
yontemi ile yapilan risk analizleri ¢cok boyutlu olarak ele alinmalidir. Bir sistemi simiile etmek ve sonuglarin
dogru oldugunu ispatlamak i¢in zaman ve islem maliyeti yliksek olabilmektedir.

Talep planlama siirecinde hatalar, farkli asamalarda ortaya ¢ikabilmektedir. Hatalarin, herhangi bir siirecte
ilerleyen safthalarda (siirecin son adimlarinda) fark edilmesinin 6nemi ve maliyeti, baglangi¢c asamalarinda
tespit edilmesine gore daha yiliksek olmaktadir. Bu durumda zaman, isgiicii, sermaye ve malzeme kaybi gibi
onemli sorunlar olusmaktadir. Ayrica, hatalarin son adimlarda telafi edilmesi daha zor olmakta ve miisteri
memnuniyetini de olduk¢a olumsuz yonde etkilemektedir.

Bu ¢alismada, siiregteki hatalarin iliskilendirmesi ve diger is adimlarina olan etkilerinin degerlendirerek
hatalarin analiz edilmesi amaglanmistir. Oncelikle ele alinan siirec revize edilmis ve HTEA ekibi ile Siireg
HTEA analizi uygulanmistir. Klasik HTEA’da ROS hesabinin zay1f yonlerinin olmasi sebebi ile, son yil-
larda gelistirilmis SWARA ve COPRAS yontemlerine bulanik mantik entegre edilerek hibrit bir yaklasim
gelistirilmistir. Hibrit yaklagim uzmanlarin siibjektif goriislerini goz oniine almakta, bulanik durumlar de-
gerlendirebilmektedir. Yaklasimda siirece etki eden tiim kriterler bulanik ve 6znel olarak degerlendirilmis-
tir. Ayn1 zamanda bu yontemler, uygulama kolayligindan dolay1 zaman ve iglem avantaji saglamaktadir.
Onerilen yaklasimda bir hatanin kendinden sonra gelen hatalar1 etkileme durumu da gz Oniine alinarak
siire¢ agamal1 bir inceleme yapilmistir. Bulanik SWARA ve Bulanik COPRAS yonteminin literatiirde uy-
gulamalart sinirlidir. Calismada, bu iki yontemin kullanimina farklr bir bakis agist getirilerek elde edilen
sonuclarin HTEA yonteminin sonuglari ile karsilastirilmalar1 saglanmistir. Isletmede tedarik zinciri risk-
lerinin degerlendirilmesinde kullanilan klasik HTEA yontemi yerine, Bulantk SWARA-COPRAS temelli
risk analiz modelinin kullanilmasi halinde hatalarin analizlerinin daha basarili bir sekilde yapilmasi sagla-
nabilecektir.

Gecmis caligmalar incelendiginde, tedarik zincirindeki risklerin analizine iligskin ¢aligmalarin genellikle
finans sektdriinde oldugu goriilmiistiir. Risk analizi i¢in ¢cogunlukla; Delphi teknigi, anket yontemi, CVAR
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kriteri, oyun teorisi kullanilmakla beraber CKKV yontemlerinden da fazlaca faydalanilmigtir. CKKV yo6n-
temlerinden ise en ¢ok kullanilanlar; DEMATEL, AHP, VIKOR, ELECTRE, TOPSIS, Veri Zarflama Ana-
lizi, ANP metotlar1 olmustur. Calismalarda, risk yonetimi i¢in yeni modeller 6nerilerek gercek vakalarda ve
simiilasyon ¢alismalarinda etkililikleri 6l¢tilm{istiir.

Venkatesh vd.. (2015) ile Chowdhruy vd., (2019) potansiyel tedarik zinciri risklerini analiz etmek i¢in ISM
(Yorumlayict Yapisal Modelleme) ve MICMAC (Matrice d’Impacts Croisés Multiplication Appliquée 4 un
Classement-Siralamaya Uygulanan Capraz Eki Matrisi Carpimi) yontemlerini uygulamislardir. Risklerin
diger tedarik zincirleri i¢in olusturdugu riskler ve tedarik zincirleri arasindaki iligkiler Delphi teknigi ile
incelenmistir. Ayrica ISM ve Bulanmik MICMAC metodolojisini kullanarak risk éncelik numarasi (ROS)
hesaplamasi i¢in yeni bir model 6nermislerdir. Gallab vd.. (2019) ile Mensaha vd.. (2017) risklerin ana-
lizi icin Matlab programini kullanarak simiilasyon modeli olusturmuslardir. Tedarik zincirinde kriterleri
siralamak ve aralarindaki iliskileri bulmak icin DEMATEL yontemini kullanan _Jovic (2014), Istanbul’da
bulunan bir gida dagitim sirketi i¢in i¢ ve dis risk faktdrlerin, is akisini ne kadar etkiledigini aragtirmistir.
Rajesh ve Ravi (2015), tedarik zinciri risklerinin azaltilmasini saglayan faktorler arasindaki sebep-sonug
iligkilerini bulmak igin Gri sistem teorisi ve DEMATEL yaklagimlarinin bir karigimini kullanmiglardir. Ha-
talarin analizi i¢in HTEA yontemi de ¢ok sik bagvurulan bir yontemdir. Giannakis ve Papadopoulos (2016)
ile Valinejad ve Rahmani (2018), tedarik stirdiiriilebilirlik risklerinin yonetimi i¢in HTEA teknigini kullan-
mislardir. Dong ve Cooper (2016), tedarik zinciri risklerini etkileyen somut ve maddi olmayan unsurlari
kargilagtirmak icin AHP yontemine yakin ikili karsilastirma matrisleriyle tutarliligi artirabilecek bir yontem
onermislerdir. Jiang vd.. (2018) Cin’deki Qingdao limanindaki tedarik zinciri risklerini analiz etmek igin
AHP yontemini risklerin agirliklandirilmasinda kullanmislardir. Tedarik Zinciri risklerinin degerlendiril-
mesinde ise SCOR modelini kullanmislardir. Prakash vd.. (2018) otomobil endiistrisinin tedarik zincirinde
karsilagilan baslica riskleri degerlendirmek icin FAHP (Fuzzy Analytical Hierarchy Process- Bulanik Ana-
litik Hiyerarsi Prosesi) karar verme teknigini kullanmislardir. Bu ¢alismada anket yontemi ile alinan veriler
IBM SPSS programu ile analiz edilmistir. Net olmayan durumlar1 hesaplamak i¢in Chang’in Extent analiz
yontemi kullanilmistir. Schaefer vd.. (2019) tedarikgilerin konumuna gore su kitlig1 riskini degerlendirmek
icin Monte Carlo Analitik Hiyerarsi Stirecini kullanmislardir. Ahiyerarsik cergeve olusturarak 75 tlkedeki
1066 tedarikeiyi incelemislerdir.

Makine Ogrenmesi (Machine Learning) yontemleri son yillarda gelistirilmesine karsin tedarik zinciri risk-
leri i¢in de uygulanmistir. Yang (2019), lojistik finansal risk ontolojisi 6nermek ve riskin degiskenligine
uyum saglamak i¢in Makine Ogrenmesi yontemi ile bir model dnermistir. Baryannis vd.. (2019) da Makine
Ogrenmesi yontemi ile bir tedarik zinciri risk tahmin cergevesi dnermislerdir. Anket ydntemi, yapilan ca-
lismalarda risk analizleri i¢in ¢ok fazla uygulanan bir yontemdir. Jiang vd.. (2018) riskleri degerlendirmek
icin anket yontemi uygulamislardir. Vilko vd.. (2019) Giiney Finlandiya ve Finlandiya Korfezirnde faaliyet
gosteren firmalardan alinan genis tabanli, nitel goriisme verileri uzman paneli ile degerlendirmislerdir. .
Thun ve Hoenig (2011). Alman otomotiv endiistrisinde 67 {iretim tesisi ile bir anket ¢aligmasi yapmiglardir.

CVAR kriteri tedarik zinciri ¢alismalarinda risklerin ileriye doniik tahminlerinde ve davranislarin tahmin
edilmesinde kullanilmistir. Peng ve Pang (2019), CVAR kriterini bir ¢ift¢inin riskten kaginma davranigini
tanimlamak i¢in kullanilmiglardir. Silva vd.. (2019) CVAR yo6ntemini kullanarak ayni amag fonksiyonun-
da ekonomik ve ¢evresel performanslart hesaba katan karigik bir tam sayili dogrusal programlama modeli
(MILP) 6nermislerdir. Fan vd.. (2020) opsiyon fiyat1 ve opsiyon kullanim fiyatinin etkilerini, sartli riske
maruz deger (CVAR) minimizasyonu ile aragtirmiglardir. Alic1 ve tedarikgi agisindan risk ve faydalara gore
fiyat belirleyebilmek i¢in Stackelberg oyun modeli olusturmuslardir. Ming vd.. (2019) riskten kagman bir
tiretici ve iki perakendecinin bulundugu tedarik zincirinde, optimal fiyat kararlarini aragtirmak i¢in Stackel-
berg oyun modeli olusturmuslardir. Calismada IBM SPSS programi ve Pareto analizi kullanilmistir. Raza
ve Govindaluri (2019), iireticinin ve perakendecinin riskten kagindig: ¢ift kanalli tedarik zinciri (DCSC)
koordinasyon modelleri gelistirmislerdir. Riskten kaginma, talep kacagi ve piyasa belirsizliginin tedarik
zinciri faaliyetlerinin performansi lizerindeki etkisi i¢in detayli bir sayisal deney yapilmistir. Serrano vd.
(2018) tedarikgilere yapilan 6demelerin degiskenligi riskinin nasil yaratildigim1 ve yukar1 akisa etkilerini
aragtirmiglardir. Tedarik zincirindeki politikalar ve kisitlamalar modellenmis, gercek tedarik zincirlerinde
uygulanan davranis iiretilmistir. Degiskenligin yayilmasina neden olan faktorler (endiistri riski, firmanin
operasyonel kaldirag orani, finansal kaldira¢ hedefinin varlig1 ve bor¢ maliyeti) belirlenmistir.
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Riskleri analiz etmek igin olusturulan yaklagimlarda modelleme dilleri kullanilarak simiilasyon ¢alisma-
lar1 yapilmistir. Gallab vd., (2017) Fransa’da bulunan LPG tedarik zincirindeki karmasikligr modellemek
ve bakim faaliyetlerinin risklerini analiz etmek igin birlesik modelleme dilini (UML) ve Multi-Agents
Systems’i (MAS) kullanarak yeni bir modelleme yaklasimi sunmuslardir. Onerilen modelin simiilasyonu,
AnyLogic platformu ile gerceklestirilmistir. Wu vd.. (2019) Cin’in elektrikli ara¢ tedarik zinciri i¢in belirsiz
durumlarda potansiyel risk faktdrlerini tanimlamis ve degerlendirmek i¢in bulanik sentetik degerlendirme
yontemi ile birlesik bulanik dilbilimsel terim gelistirmislerdir. Leblanc vd., (2015) Kanada’da paketlen-
meye hazir marul ve yesil yaprakli sebzeler igin iilke ¢capinda ticaret verilerinin iliskisel bir veri tabanini
tasarlamak i¢in bir yaklagim sunmuslardir. Bulasici gida risklerinin mekansal dagilimini gostermek ve halk
saglig1 riskini tahmin etmek i¢in CanGRASP simiilasyon araci kullanilmigtir.

Tedarik zinciri risklerini analiz etmek i¢in gelistirilen yaklagimlarda matematiksel modelleme de goze car-
pan bir yontemdir. Hsu vd.. (2019) operasyonel belirsizlik altinda insaat projeleri i¢in riskten bagimsiz lo-
jistik konfigilirasyonlarin tasarimi ve optimizasyonu i¢in bir matematiksel model tasarlamislardir. Sabouhi
vd.. (2018) esnek bir tedarik zinciri tasarlamak icin bir ilag sirketinde veri zarflama analizine (DEA) ve
matematiksel programlama yontemine dayali entegre bir hibrid yaklagim sunmuslardir. Potansiyel tedarik-
cilerin verimliligi bulanik bir DEA modeli ile degerlendirilmistir. Jajja vd.. (2018) sirketlerdeki dayanik-
lilik performansini artirmak amaciyla tedarik zinciri riskinin, tedarik zincirlerini entegre etme konusunda
etkisini aciklamak i¢in SEM yontemini (Yapisal esitlik modellemesi) kullanmislardir. Oliveira vd.. (2019)
cevresel risklerin hem i¢ hem de dis faktorlerini, bunlarin tedarik zinciri yonetimi tizerindeki etkilerini ve
literatiir ¢alismasi yoluyla azaltma stratejilerini analiz etmislerdir. 767 6zet ve 70 tam makaleyi analiz ettik-
ten sonra, on dort ¢cevresel risk, i ana sonug ve bu riskleri yonetmek i¢in on dokuz strateji belirlemislerdir.
Shojei ve Haeri (2019) insaat projelerinde bulanik biligsel haritalama ve gri iliskisel analizleri kullanarak
TZRY yaklasimi énermislerdir. Onerilen yaklasimla risk azaltma senaryolar1 gelistirilmis ve degerlendiril-
mistir, en iyi risk azaltma senaryolar1 belirlenmistir.

Sonug olarak, tedarik zinciri risklerinin birgok sektdrde farkli yontemler ile analiz edildigi fakat risklerin
birbiri ile iligkilendirildigi ¢aligsmalarin kisitli oldugu goriilmiistiir. Ayrica bir siiregteki toplam riskin en aza
indirilmesi i¢in birbirini tetikleyen risklerin tespit edilmesi ve siirecin en baginda yapilan hatalarmn siirecin
devaminda daha fazla hatalara yol agma riskinin elimine edilmesi gerekir. Bu bakis agis1 ile yapilan bir
risk degerlendirme ¢alismasinin alana katki verecegi diislinlilmiistiir. Literatiirde, karar vericilerin siibjektif
yargilarinin degerlendirilememesi de risk analizi i¢in bir eksiklik olusturmaktadir. SWARA ve COPRAS
yontemlerinin belirsiz olmayan karmasik sistemlere uygulanmasi i¢in bulanik mantik ile entegre edilmesi,
yontemlerin bagarisini artirmaktadir. Calismada, Bulanik SWARA ve Bulanik COPRAS yontemleri kulla-
nilarak risklerin siire¢ asamali degerlendirilebildigi hibrit bir risk analiz modeli 6nerilmistir.

Calismanin ikinci bolimiinde materyal ve kullanilan yontemler, tigiincii boliimde bulgular ve tartisma ki-
simlar1 anlatilmis son boéliimde ise sonuglar yorumlanmustir.

2. Materyal ve Yontem

Problemin ¢6ziimii i¢in dncelikle Siire¢ HTEA yontemi kullanilmstir. Siire¢ HTEA’nin zayif yonlerinin
giderilmesi ve hatalarin daha detayli analiz edilmesi amac1 ile Bulantk SWARA ve Bulanik COPRAS yon-
temleri ile biitlinlestirilmis bir yap1 onerilmistir.

2.1. Siire¢c HTEA Analizi

Siire¢ HTEA uygulama alanina gore bir siiregteki mevcut ya da sonradan gelisebilecek hatalar tespit
etmek i¢in kullanilmaktadir. Analiz ile siirecin glivenligi ve etkinligi dl¢lilmekte, hatalarm biiytlik sonuglara
sebebiyet vermeden Onlenmesi saglanmaktadir. Siirec HTEA isletmelerin; kalite kontrol, talep planlama,
iiretim planlama, kalite iyilestirme siireclerinde uygulanabilmektedir.

2 <e

Baykasoglu vd., (2003) Siire¢ HTEA nin, “baglangi¢ ve tanimlama”, “analiz ve degerlendirme” ve “ka-
rar asamas1” olmak {izere ii¢ ana asamadan olustugunu belirtmistir. Baglangi¢ ve tanimlama asamasinda,
HTEA ekibi kurularak siire¢ tanimlanmaktadir. Analiz ve degerlendirme asamasinda, hata tiirleri ve hata
tiirlerinin kriterlere gore puanlari belirlenmektedir. Son asamada ise, risk dncelik puanina gore hata tiirleri
onceliklendirilerek onleyici eylemler alinmaktadir.
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Siire¢ HTEA yonteminde ROS (Risk Oncelik Sayisi) asagidaki formiil ile hesaplanmaktadur.
ROS= Olasilik x Siddet x Tespit edilebilirlik

ROS degeri hesaplanirken kullanilan kriterlerden olasilik, bir hatanin olusma sikhigini ifade etmektedir.
Siddet, bir hatanin sisteme olan etkisidir. Tespit edilebilirlik ise bir hatanin fark edilmesindeki kolayliktir.
Bu kriterler bazi uygulamalarda risklerin analiz edilmesi i¢in yetersiz kalabilmektedir (Simsir vd.. 2018).

2.2. Bulamik Mantik

Azeri Kokenli Matematik¢i Lotfi A. Zadeh bulanik mantik ve bu mantik kurallarini kullanan bulanik
kiime teorisini 1965 yilinda gelistirmis ve “Fuzzy sets” adli makalesinde yayinlamistir (Zadeh, 1965). Bu-
lanik mantik, dogrusal ve dogrusal olmayan sistemlerin analizinde kullanilan alternatif bir yaklagimdir.
Gergek hayattaki sistemlerin nerdeyse higbiri dogrusal degildir (Baykasoglu vd.. 2003). Bir bulanik ¢ika-
rim sistemi li¢ kisimdan olugmaktadir. Birinci asama bulaniklastirma asamasidir. Veri tabaninda bulunan
net veriler bulaniklastirma ara yliziine girerler. Bu asamada sayisal veriler tiyelik derecesinde ¢esitli bulanik
boliimlere doniistiiriilmektedir. ikinci asama islem kurallarini iceren kural tabanli ¢ikarim sistemidir. Bula-
niklastiriimis veriler ¢ikarim sisteminden bulanik veri olarak ¢ikarlar. Ugiincii asama ise durulastirma asa-
masidir. Bulanik veriler durulastirma araytizii ile net veri saglarlar (Tasdemir vd., 2016). Bulanik mantikta
bulanik kiimelerdeki tiyelik dereceleri O ve 1 dahil olmak {izere sonsuz degerler almaktadir.

SWARA ve COPRAS yo6ntemlerinin bulanik olarak kullanilmasi dogrusal olmayan sistemlerin degerlendi-
rilmesi ve gercege yakin sonuglar elde etmek i¢in 6nem tasimaktadir. Bulanik SWARA ve Bulanik COP-
RAS yontemleri karmasik durumlarin bulundugu, kriterlerin net olmadigi, 6znel bilgilerin olabildigi karar
verme problemlerinde avantaj saglamaktadir. Boylece sistemlerin insan gibi karar vermesi saglanabilmek-
tedir.

2.3. Bulamik SWARA Yontemi

SWARA (Step-wise Weight Assessment Ratio Analysis-Kademeli Agirlik Degerlendirme Oran Analizi),
Kersuliene vd., (2010) tarafindan gelistirilen bir yontemdir. CKKV problemlerindeki kriter agirliklariin
belirlenmesi i¢in kullanilmaktadir. Kriterlerin 6nem degerlerine iliskin uzman goriislerini tahmin edebildi-
ginden uzman odakli yontem seklinde de bilinmektedir. Ayrica yontem karar vericiye dnceliklerini se¢me
imkan1 sunmaktadir. Uzmanlardan alinan bilgilerin bir araya getirilebilmesi, yontemin énemli 6zelliklerin-
dendir.

Kriterlerin énemlerinin karar verici bazinda bulanik degiskenler ile ifade edilmesi ile bulantk SWARA
yontemi uygulanmaktadir. Bulanik SWARA yodntemi karar verme siirecindeki karmasikliklar ve zorluklar
nedeniyle kolaylik saglamakta ve gercege daha yakin sonuglar elde etmeye imkan vermektedir. Bulanik
SWARA yontemi alti adimdan olugsmaktadir ve asamalari asagida verilmistir (KerSuliene vd., (2010); Mavi

vd., 2017).

1. Adim: Karar vericiler kriterleri en 6nemliden 6nemsize dogru siralar.

2. Adim: ikinci kriterden baslayarak, her bir kriter i¢in goreli énem diizeyi belirlenir. Bunun igin, j kriteri
ile bir dnceki kriter (j-1) karsilastirilir. KerSuliene vd.. (2010) bu orantiy1 “ortalama degerin kargilagtirmali
O6nemi” diye adlandirmis ve S, simgesi ile gostermistir.

3. Adim: Katsay1 degeri (Kj) esitlik (2.1) ile belirlenir:

1, egerj=1

5= {sj +1, egerj>1 (2.1)
4. Adim: Onem vektorii olan ara agirlik degeri Qj, esitlik (2.2) ile hesaplanir.
1, egerj=1
Q= {%, egerj>1 (22
J
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5. Adim: Kriterlere ait bulanik agirlik degerler (Wj) esitlik (2.3) ile hesaplanir. W, j- inci kriterin bulanik
ifade ile 6Gnemini gostermektedir.

Qj
W.=
J Zﬂzl Qk

(2.3)

6. Adim: /, m, u tiggensel bulanik dilsel degiskenlerin {iyelik derecelerini ifade etmek iizere bulanik olan
kriter agirliklart esitlik (2.4) yardimi ile durulagtirilir.

[ : elemann en kiigiik olas1 degeri, m : elemanin en olasi degeri, u - elemanin en biiyiik olas1 degeri

W= W}'-wh+W"-wj)

1
i 3 +W 2.4)

2.4. Bulamk COPRAS Yontemi

COPRAS (COmplex PRoportional ASsesment-Karmasik Oransal Degerlendirme) yontemi 1996 yilinda
Zavadskas ve Kaklauskas tarafindan gelistirilmistir. 2006 yilinda Litvanya’da kamu binalarinin gii¢lendiril-
mesi i¢in uygulanmistir (Kaklauskas vd., 2006). COPRAS yo6nteminde, alternatif ve kriterler net degerler
olarak ele alindigindan gercek diinyada karar almak i¢in belirsiz ve yetersiz kalmaktadir. Bu belirsizlik ve
yetersizligi ortadan kaldirmak amaciyla Bulanik COPRAS yontemi gelistirilmistir (Nguyen vd., 2015).

COPRAS yontemi, alternatifleri 5nem veya fayda puanlarina gore analiz ederek siralayabilmektedir. Yon-
tem, alternatiflerin degerlendirilmesinde kullanilan kriterlerden faydali olanlarin en st diizeye ¢ikarilma-
sin1 ve faydasiz olanlarin ise en aza indirilmesini amaglamaktadir. COPRAS ydntemi birden fazla kriterin
dikkate alindig1 bir problemde hem maksimize hem de minimize edilmesi gereken her iki kriter tiiriine de
uygulanabilmektedir (Podvezko, 2011). Bulanik COPRAS yo6nteminin; Fouladgar vd.. (2012). Rabbani vd.
(2014). Biiyiikézkan vd., (2018) ve Alkan ve Albayrak (2020)’1n ¢alismalarindaki gibi literatiirde 6rnekleri

bulunan uygulama adimlaria gore kullanimi tercih edilmis ve bu adimlar agagida detaylar1 ile anlatilmistir:

1.Adim: Probleme ait kriterler ve alternatifler belirlenir. Yontemde kullanilacak olan s6zel ifadelerin bula-
nik licgen ya da yamuk sayilar olarak karsiliklar1 belirlenir. Alternatifler, sozel degiskenlerden yararlanila-
rak her kriter agisindan karar vericiler tarafindan degerlendirilir (Yazdani vd., 2011).

2.Adim: Karar vericilerin olusturdugu karar matrisleri, Esitlik (2.5) yardimiyla birlestirilmis karar matri-
sine doniistiiriiliir (Fouladgar vd., 2012). [, m, u kullanilacak tiggensel bulanik dilsel degiskenlerin iiyelik
derecelerini ifade etmektedir.

k: karar vericilerin sayisi
[ : elemanin en kiiciik olas1 degeri, m : elemanin en olas1 degeri, u - elemanin en biiyiik olas1 degeri

X j- degerlendirme 0l¢iitii bakimindan i. alternatifin degeri
X, Xmy, X% = (mine{ X}, % Yo X™ i, maxi{ X'3}) (2.5)
3.Adim: Birlestirilmis bulanik karar matrisindeki degerler Esitlik (2.6) yardimi ile durulastirilir. Kesin

degerlere doniistiiriilerek BNP (Best Nonfuzzy Performance Value-En Iyi Bulanik Olmayan Performans
Degeri) elde edilir (Fouladgar vd.. 2012).

l L
exnlye (i)
3

BNP= + X} (2.6)

4.Adim: Esitlik (2.7) kullanilarak normalize edilmis karar matrisi elde edilir.

- _ X
Ting Xij

Xij i=1,...,mvej=1,...,n 2.7
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5.Adim: Agirlikli normalize karar matrisi Esitlik (2.8) ile elde edilir.

Xi=Xi5. W; i=l,...mvej=l,...,n (2.8)

6.Adim: Hedef dogrultusunda daha yiiksek degerlerin daha iyi durumu gosterdigi faydali kriterler i¢in Esit-
lik (2.9) kullanilarak, agirlikli normalize edilmis karar matrisindeki degerlerin toplami bulunur. Daha diistik
degerlerin daha iyi durumu gosterdigi faydasiz kriterler i¢in Esitlik (2.10) kullanilarak agirlikli normalize
edilmis karar matrisindeki degerlerin toplami bulunur (Aksoy vd., 2015).

P.= Faydal kriterlerin normalize degerleri
R = Faydasiz kriterlerin normalize degerleri

q = faydal1 kriterlerin say1si

Pi= Z;Ll Xy j=L2.... ,q faydali kriterler (2.9)

Ri= Y q+1 X j=qtl, q+2....... ,n faydasiz kriterler (2.10)
7.Adim: Alternatiflerin goreli onem degerleri (Q) esitlik (2.11) ile hesaplanur.
Q= Py bk 2.11)

+ 1
R YR =
1 &i=1 Ry

8.Adim: En yiiksek goreli 6nem degeri Esitlik (2.12) ile hesaplanir.
K=maxQ ;i=1,2,....m (2.12)

9.Adim: Alternatiflerin performans indeks degerleri (N,) Esitlik (2.13) ile hesaplanr.

N1=QQ1 %100 ;i=12,....m (2.13)

max

2.5. Materyal

Uygulama yapilan sirkette yerel pazar, kiiresel pazar ve Tlrkiye haricindeki diger subeler yani ulusal
satis ofisleri i¢in liretim yapilmaktadir. Ulusal satis ofislerinin {iretimi i¢in talep planlama siirecindeki ha-
talar ele almmustir. Iklimlendirme sogutma sektdriinde faaliyet gdsteren bir sirketin Tiirkiye fabrikasinda
ulusal satis ofisleri igin yapilan iiretimin, talep planlama siirecindeki hatalariin analizi yapilmistir. Talep
planlama stirecinde; sorumlu olan personellerin hatasi, metot veya prosediir eksikligi veya cevresel etkiler
nedeniyle, fazla liretim ve eksik iiretim riskleri olugsmaktadir. Bunun 6niine gegebilmek i¢in hatalarin analiz
edilmesi ve sonrasinda iyilestirilmesi gereklidir. Ulusal satis ofisleri i¢in eksik veya fazla iiretim yapil-
masinin maliyet, prestij kaybi, kaynaklart verimli kullanamama gibi sonuglari olmaktadir. Uygulamanin
asamalart Sekil 1’de verilmistir.

2.6. Siirec HTEA Analizinin Uygulanmasi

Siire¢ HTEA analizini uygulayabilmek i¢in G¢ kisilik bir HTEA grubu olusturulmustur. Ekip lideri 6n-
derliginde iiyelerin bilgi ve birikiminden faydalanarak tiim siire¢ revize edilmistir. Siire¢te bulunan riskler,
iiyelerle yapilan diizenli toplantilarda analiz edilmistir. Siirecteki hatalar, hatalarin nedenleri, misterinin
beklentileri ve hatalarin etkileri belirlenmistir. Yapilan ¢alismada tespit edilen hata tiirleri, Tablo 1’de ve-
rilmistir.
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Uluslararasi satis sirketleri icin talep planlama siirecinin revize edilmesi

L 2

Onaylanmuis siirecteki hatalari analiz edebilmek icin HTEA ekibinin olusturulmasi

L 2

Diizenli toplantilar ile stiregteki hatalarin Delphi Teknigi ile tespit edilmesi

3

Tespit edilen hatalar icin Siire¢ HTEA analizinin yapilmasi

L 2

Hatalar1 analiz edebilmek icin CKKV y&ntemlerinin kriter yapisinin olusturulmasi

L 2

Bulanik degerlendirme skalasinin belirlenmesi

L)

Kriterlerin bulanik SWARA yontemi ile agirliklandirilmasi

L 2

Hatalarin bulanik COPRAS yontemi ile siralanmasi

L 2

Analizlerin sonucunda ROS degeri en yiiksek ve en diisiik hatalarin belirlenmesi

L 2

Sonuclarin karsilastirilmasi ve yorumlanmasi

Sekil 1. Aragtirma Metodolojisi

Tablo 1

Hata tiirleri ve a¢iklamalari

Hata No. Hatalarin Aciklamasi

HT1 Sisteme yiiklenen talep rakamlarinin eksik veya yar.llls ollma51 sonucu eksik iiretimin S&OP
(Satig ve Operasyon Planlama) toplantisinda fark edilmesi

HT? Sisteme yiiklenen talep. rakarplarmm eksik veya yanlis olmasi sonucu eksik tiretimin iiretim
ac1g1 raporunda fark edilmesi

HT3 Sisteme yiiklenen tal.ep rgkarnlarmm eksik veya yanlis olmasi sonucu fazla tiretimin S&OP
toplantisinda fark edilmesi

HT4 Sisteme yiiklenen talep rakamlar1n1n eksik veya yanlis olmasi sonucu fazla iiretimin ay sonu
stok raporunda fark edilmesi

HTS Talep rakamlar1 belir}enirken master datanin eksik tanimlanmasi sonucu eksik tiretimin S&OP
toplantisinda fark edilmesi

HT6 Talep rakamlari belir.lenirk.en master datanin eksik tanimlanmasi sonucu fazla iiretimin S&OP
toplantisinda fark edilmesi

HT7 Ta!ep quamlarmm sisteme ge¢ yiiklenmesi sonucu eksik tiretimin S&OP toplantisinda fark
edilmesi

HTS Ta.lep ra.kamlarlnm sisteme ge¢ yliklenmesi sonucu eksik iiretimin iiretim a¢181 raporunda fark
edilmesi

HT9 Ta}ep rgkamlarlmn sisteme ge¢ yliklenmesi sonucu fazla iiretimin S&OP toplantisinda fark
edilmesi

HT10 Ta}ep rgkamlarmm sisteme ge¢ yliklenmesi sonucu fazla tiretimin ay sonu stok raporunda fark
edilmesi

HT11 Ta.lep ra'kamlarmm eksik veya yanlig olmast sonucu eksik iiretimin S&OP toplantisinda fark
edilmesi

HT12 Talep rakamlarinin eksik veya yanlis olmasi sonucu eksik iiretimin iiretim agig1 raporunda

fark edilmesi
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Tablo 1

Hata tiirleri ve agiklamalar1 (devami)

Hata No. Hatalari Ac¢iklamasi

Talep rakamlarinin eksik veya yanlis olmasi sonucu fazla tiretimin S&OP toplantisinda fark

HT13 edilmesi

HT14 Ta.lep quamlarmm eksik veya yanlis olmasi sonucu fazla iiretimin ay sonu raporunda fark
edilmesi

HT15 Ulqsal sat.ls pﬁslerinin ay sonu stok bilgigi igiq master datanin eksik tanimlanmasi sonucu
eksik tiretimin S&OP toplantisinda fark edilmesi

HT16 Ulusal satis ofislerinin ay sonu stok bilgisi i¢in master datanin eksik tanimlanmasi sonucu

eksik iiretimin iretim a¢181 raporunda fark edilmesi
HT17  Talep adetlerinin fazla hesaplanmasi sonucu fazla tiretimin S&OP toplantisinda fark edilmesi

Talep adetlerinin fazla hesaplanmasi sonucu fazla iiretimin ay sonu stok raporunda fark edil-

HTI18 :
mesi
HT19  Talep adetlerinin eksik hesaplanmasi sonucu eksik iiretimin S&OP toplantisinda fark edilmesi

HT20 Talep adetlerinin eksik hesaplanmasi sonucu eksik liretimin {iretim agig1 raporunda fark edil-
mesi

HT21  Fazla Uretim Plani sonucu fazla stokun S&OP toplantisinda fark edilmesi

HT22  Fazla Uretim Plan1 sonucu fazla stokun ay sonu stok raporunda fark edilmesi

HT23  Eksik Uretim Plan1 sonucu iiretim agiginin S&OP toplantisinda fark edilmesi

HT24  Eksik Uretim Plan1 sonucu iiretim agigmin iiretim ag1g1 raporunda fark edilmesi

HT25  Eksik veri girisi sonucu fazla iiretimin S&OP toplantisinda fark edilmesi

HT26  Eksik veri girisi sonucu fazla tiretimin ay sonu stok raporunda fark edilmesi

HT27  Eksik veri girisi sonucu eksik tiretimin S&OP toplantisinda fark edilmesi

HT28  Eksik veri girisi sonucu eksik {iretimin {iretim agig1 raporunda fark edilmesi

Aylik S&OP dosyasi i¢in master datanin eksik tanimlanmasi sonucu eksik iiretimin S&OP

HT29 toplantisinda fark edilmesi

HT30 Aylik S&OP dosyast i(%in mgster datanin eksik tanimlanmasi sonucu eksik iiretimin {iretim
ac1g1 raporunda fark edilmesi

HT31 Aylik S&OP dosyas¥ igin.master datanin eksik tanimlanmasi sonucu fazla tliretimin S&OP
toplantisinda fark edilmesi

HT32 Aylik S&OP dosyasti i¢in master datanin eksik tanimlanmasi sonucu fazla iiretimin ay sonu

stok raporunda fark edilmesi

ROS hesaplamasinda kullanilan; siddet, olasilik ve tespit edilme degerleri igin 10’lu degerlendirme skalasi
kullanilmistir (Belu vd., 2012). Bu degerlendirmelere gore Sekil 2’deki dncelik degerleri elde edilmistir.

2.7. Siire¢ Bazl Bulanik SWARA-Bulanik COPRAS Yoénteminin Uygulanmasi

Talep planlama siirecindeki hatalarin Bulanik SWARA-Bulanik COPRAS yontemi ile siralanmasinda
kullanilacak kriterler Tablo 2’de verilmistir. Uretim ag1g1 durumu ve fazla stok durumu hatalarin etkilerini
ifade etmektedir. Hatalarin kaynag1 olarak ise ¢evre, insan ve metod/prosediir eksikligi kriterleri eklen-
mistir. 10.Kkriter bir 6nceki is adimimnin etkisi, bir siirecteki is adimlarinin birbirine etkilerini ifade etmek-
tedir. Siirecin ilk is adiminda yapilacak bir hata diger tiim adimlan etkilerken, ikinci is adimidaki hata da
kendinden sonraki tiim is adimlarim etkilemektedir. Bu nedenle son is adimlarinin etkisi ve olasiligi daha
fazla olabilmektedir. Kalic1 bir iyilestirme saglamak i¢in siirecin en bagtan hatasiz ilerlemesi acisindan bu
kriter 6nem tasimaktadir. Boylece diger adimlardaki hatalar da azaltilmis olacaktir ve fazla islem maliyeti,
zaman, iggiicli gibi kayiplarin oniine gegilecektir.
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Tablo 2

Kriterler ve agiklamalari

Kriterler

Aciklama

K1
K2
K3
K4
KS
Ke6
K7
K8
K9
K10

Miisteri beklentisi

SF (Uretim Ag1g1) Durumu
Fazla stok durumu
Metod/Prosediir

Cevre

Insan

Olasilik

Siddet

Tespit edilebilirlik

Bir onceki is adiminin etkisi

I¢ miisterinin yani siirecten etkilenen kisinin beklentisidir
Miisteri talebinden az iiretim yapilmasi durumudur

Miisteri talebinden fazla {iretim yapilmasi durumudur
Metod/Prosediir eksikliginin hatalara etkisidir

Miisteri, tedarikei gibi ¢evreden kaynaklanan hatalarin etkisidir
Is adimin1 uygulayan personelin hatasinin etkisidir

Hatanin olusma sikligidir

Hatanin 6nemini ifade etmektedir

Hatann tespit edilebilmesindeki kolayliktir

Onceki is adiminin sonraki is adimina etkisidir

HT1s

HT14
HT12
HT13
HT11

Hatalarm ROS Degerleri

0 50 100 150

200 250 300 350 400 450 500

Sekil 2.

Siirec HTEA Analizi sonucu hata tiirlerinin siralanmasi
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Calismada olusturulan kriter yapisi (K1-K10) ve hatalarin (HT1-HT32) gdsterimi Sekil 3’te verilmistir.

Hata Tiirlerinin Siralanmasi

DS EEEEDE T DD
B e il B e

|HT1||Hr2||HT3|| | | ||HT3()||HT31||HT32|

Sekil 3. Kriter yapisi ve hatalar

Bulanik SWARA yo6nteminde kullanilan kriterler ve kriterlerin siralanmasi i¢in tercih edilen bulanik dilsel
degiskenler Tablo 3’te verilmistir. Tablo 4’te karar vericilerin belirledigi, kriterlerin 6nem sirasi ve 6nem
diizeyleri verilmistir.

Tablo 3
Kriterler i¢in dilsel degiskenler

Dilsel Degiskenler Bulanik say1 (I, m, u)

Cok diisiik (CD) (0,0, 0.25)

Diisiik (D) (0, 0.25, 0.50)

Orta (O) (0.25, 0.50,0.75)

Yiiksek (Y) (0.50,0.75, 1)

Cok yiiksek (CY) (0.75,1, 1)
Tablo 4

Kriterlerin karar vericilere gore sirasi

Sira No. KV1 KV2 KV3

1 K8 - K2 - K8

2 K2 0 K9 Y K10 o)
3 K10 0 K8 0 K7 cY
4 K7 CY K10 o) K9 o)
5 K3 Y K3 Y K2 o)
6 K6 Y K7 Y K3 o)
7 K9 0 K4 0 K4 CcY
8 K1 0 K1 0 K6 Y
9 K4 CY K6 cY K5 Y
10 K5 Y K5 Y K1 o)

SWARA yonteminde kullanilan bulanik tiggensel sayilar Sekil 4’te gosterilmistir.

1~ Cok duisiik Duisiik Orta Yiiksek Cok yiiksek
0,8 -
0,6 -
0.4
02 4

0 T T T T T T T T T 1
0,00 0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80 0,90 1,00

Sekil 4. SWARA yontemi i¢in kullanilan bulanik tiggensel sayilar
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Bulanik SWARA adimlariin uygulanmasi ile kriterlerin ii¢ karar vericiye gore olusan birlestirilmis bulanik
agirlik puanlar1 Tablo 5’te verilmistir,

Tablo 5

Kriterlerin bulanik agirliklari

Bulanik Agirhiklar Wj
Kriterler L M U
K1 0.0011 0.0103 0.0573
K2 0.0268 0.2338 0.4721
K3 0.0153 0.0478 0.1343
K4 0.0019 0.0156 0.0716
K5 0.0009 0.0046 0.0268
K6 0.0019 0.0152 0.0729
K7 0.0117 0.0821 0.2062
K8 0.0819 0.3055 0.4510
K9 0.0066 0.1094 0.3148
K10 0.0468 0.1756 0.3608

Esitlik (2.4) ile durulagtirma igleminin yapilmasinin ardindan hesaplanan nihai kriter agirliklart Tablo 6’da veril-
mistir. En yiiksek 6nem diizeyine sahip kriterler sirast ile; “K8-Siddet”, “K2-Uretim a¢1g1 durumu” ve “K10-Bir
onceki hatanin etkisi” olarak bulunmustur. Cevre kriteri ise 6nem diizeyi en diisiik kriter olarak bulunmustur.

Bulanik COPRAS yo6nteminde, alternatiflerin degerlendirilmesi i¢in kullanilacak bulanik dilsel degiskenler
Tablo 7’de verilmistir.

Tablo 6

Kfriterlerin nihai agirliklart

Kriterler Nihai Agirhiklar Wj
K1 0.020
K2 0.218
K3 0.059
K4 0.027
KS 0.010
Keé 0.027
K7 0.089
K8 0.249
K9 0.128
K10 0.173
Tablo 7

Alternatifler icin dilsel degiskenler

Dilsel Degiskenler Bulanik sayi (I, m, u)

Cok Diisiik (CD) (0,0,2.5)
Diisiik (D) (0,2.5,5)
Orta () (2.5,5,7.5)
Yiiksek (Y) (5,7.5, 10)
Cok Yiiksek (CY) (7.5, 10, 10)
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Bulanik COPRAS yonteminin metodolojisine uygun olarak kriterler faydali ve faydasiz seklinde ayrilmas,
sadece 9. kriterin (tespit edilebilirlik) amaca gore faydasiz, diger kriterlerin ise faydali kriter oldugu be-
lirlenmistir. Uzmanlar Bulantk COPRAS yo6ntemine gore Tablo 7’yi kullanarak; hatalar1 belirlenen kriter
yapisina gore degerlendirmiglerdir. Karar Verici-1’in degerlendirmeleri Tablo 8’de verilmistir. Benzer de-
gerlendirmeler diger uzmanlar tarafindan da yapilmistir.

Tablo 8

Karar verici 1’in degerlendirmesi

Hatalar K1 K2 K3 K4 K5 K6 K7 K8 K9 K10
HT1 Y CY CD 0 D Y D Y D Y
HT2 Y Y CD 0 D Y CY 0 CY CD
HT3 CD CD CD 0 D Y D Y D Y
HT4 CD CD CY 0 D Y Y Y CY CD
HTS5 Y CY CD Y D D D Y D Y
HT6 CD CD CD Y D D D Y D Y
HT7 CD D D D Y Y CD Y D Y
HTS Y Y CD D Y Y CY o) CY CD
HT9 D CD CY D Y Y CD Y D Y
HT10 CD CD CY D Y Y Y Y CY CD
HTI11 CD D D 0 D Y CD Y D Y
HT12 Y Y CD 0 D Y CY 0 CY CD
HT13 D CD CY 0 D Y CD Y D Y
HT14 CD CD CY 0 D Y D Y CY CD
HTI15 CD D CD Y D Y D Y D Y
HT16 CY Y CD Y D Y D Y CY CD
HT17 D CD CY 0 D D CD Y D Y
HTI18 CD CD CY 0 D D Y Y CY CD
HT19 CD D D 0 D D CD Y D Y
HT20 Y Y CD 0 D D CY 0 CY CD
HT21 CD CD CY 0 D D D Y D Y
HT22 CcY CD CY 0 D D D Y CY CD
HT23 Y D CD 0 D D D Y D Y
HT24 Y Y CD 0 D D D Y CY CD
HT25 D CD CY 0 D D CD Y D Y
HT26 CD CD CY 0 D D Y Y CY CD
HT27 CD D D 0 D D CD Y D Y
HT28 Y Y CD 0 D D CY 0 CY CD
HT29 CD D D Y D D CD Y D Y
HT30 Y Y CD Y D D CY o) CY CD
HT31 D CD CcY Y D D CD Y D Y
HT32 CD CD CY Y D D Y Y CY CD
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Bulanik SWARA-Bulanik COPRAS uygulama adimlart sonucunda hatalarin normalize 6nem degerleri Se-
kil 5’teki gibi bulunmusgtur. Sekil 5’te nem degerleri arasinda; Klasik HTEA’daki gibi, sapma degerlerinin
az oldugu ve tekrar eden ROS degerlerinin bulunmadig1 goriilmektedir. Bu hesaplama ydntemi ile her karar
vericinin tercihleri gz dniine alinabilmis ve ayn1 ROS degerleri ortaya ¢cikmadigi igin siralama daha anla-
silir olmustur.

Bulanik SWARA yo6ntemi ile bulunan kriter agirliklart kullanilarak, Bulanik COPRAS yontemi ile elde
edilen hatalarin 6nem degerleri Tablo 9°da verilmistir. Tablo 9°da, P, R,, Q, ve N. degerleri yer almaktadir.
Uzmanlarin bulanik degiskenleri kullanarak yaptiklar1 degerlendirmeler sonucunda en énemli hata HT1
olarak tespit edilmistir.

Tablo 9

Hatalari 6nem degerleri

Hata No. P, R Q) N,
HTI 0.0319  0.0018  0.0385  100.00
HT2 0.0316  0.0067  0.0334  86.8l
HT3 0.0217  0.0037  0.0250  64.90
HT4 0.0247  0.0043  0.0275 7159
HTS 0.0303  0.0018  0.0369 9588
HT6 0.0255  0.0037  0.0288  74.83
HT7 0.0290  0.0018  0.0355 9243
HTS 0.0292  0.0067  0.0310  80.63
HT9 0.0243  0.0018  0.0309  80.28

HT10 0.0229  0.0067  0.0247  64.29
HT11 0.0290  0.0018  0.0356  92.44
HTI12 0.0329  0.0059  0.0349  90.85
HT13 0.0248  0.0018  0.0314  81.54
HT14 0.0233  0.0059  0.0253 6582
HTI15 0.0302  0.0018  0.0367 9549

HT16 0.0305 0.0067 0.0323 83.97
HT17 0.0244 0.0037 0.0276 71.88
HT18 0.0212 0.0067 0.0229 59.67
HT19 0.0269 0.0037 0.0302 78.61
HT20 0.0298 0.0067 0.0316 82.27

HT21 0.0272 0.0018 0.0338 87.90
HT22 0.0272 0.0041 0.0302 78.40
HT23 0.0228 0.0037 0.0261 67.86
HT24 0.0251 0.0067 0.0269 70.00
HT25 0.0281 0.0016 0.0355 92.34

HT26 0.0284 0.0041 0.0314 81.62
HT27 0.0277 0.0018 0.0342 88.98
HT28 0.0268 0.0059 0.0288 75.00
HT29 0.0299 0.0018 0.0365 94.80
HT30 0.0314 0.0067 0.0332 86.29
HT31 0.0275 0.0018 0.0341 88.55
HT32 0.0258 0.0043 0.0286 74.28
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Hatalarin normalize 6nemi (N;)

0 10 20 30 40 50 60 70 80 90 100

Sekil 5. Siire¢ Bazli Bulanik SWARA-COPRAS yontemi sonucu hata tiirlerinin siralanmasi

3. Bulgular ve Tartisma

Klasik Siire¢ HTEA yontemi ile slire¢ bazli Bulankk SWARA-COPRAS yonteminin sonuglarina gore
hatalarin siralamasi farklilasmistir. Her iki yontemin karsilastirmali sonuglart Tablo 10’da verilmistir.

Tablo 10
Stireg HTEA ve Bulanik SWARA-COPRAS yontemlerine gore hatalarin siralari.

HataNo 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

Bulamik

SWARA 1 5 152911 7 251227 3121 2 3016202613 8 9 192228 6 3217 4 242314 3 10 18
COPRAS

Siirec

HTEA 28 26 27 25 19 18 24 22323016 10 8 6 4 2 201723213129 9 5 3 1 15 7 141213 11

Siireg HTEA analizi sonucunda en yiiksek 6nem diizeyine sahip ve dncelikle iyilestirilmesi gereken hatala-
rin “HT28:Eksik veri girisi sonucu eksik iiretimin tiretim ag¢ig1 raporunda fark edilmesi” ve “HT26:Eksik
veri girisi sonucu fazla liretimin ay sonu stok raporunda fark edilmesi”; en diisiik 6nem diizeyine sahip goz
ard1 edilebilecek derecede diisiik hatalarin ise “HT13:Talep rakamlarinin eksik veya yanlis olmasi sonucu
fazla tiretimin S&OP toplantisinda fark edilmesi” ve “HT11:Talep rakamlarinin eksik veya yanlig olmasi
sonucu eksik tiretimin S&OP toplantisinda fark edilmesi” oldugu goriilmiistiir. Karar vericiler bazinda bu
hatalarin 6nceliklendirilmesi degismektedir. Bu degisiklikler egitim diizeyi, gorev alinan pozisyon, tecriibe,
siibjektif yargilar ve gorev tanimi gibi etkenlerden kaynaklanmaktadir.
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Onerilen siire¢ bazli Bulanik SWARA-COPRAS yontemine gore ise hata degeri en yiiksek ve dncelikle
tyilestirilmesi gereken hatalar; “HT-1: Talep rakamlarinin eksik veya yanlig olmasi sonucu eksik iretimin
S&OP (Satis ve Operasyon Planlama) toplantisinda fark edilmesi” ve “HTS: Talep rakamlar belirlenirken
master datanin eksik tanimlanmasi sonucu eksik iiretimin S&OP toplantisinda fark edilmesi” olarak belir-
lenmistir.

En diisiik oncelik sirasina sahip hatalar ise; “HT10: Talep rakamlarinin sisteme ge¢ yiiklenmesi sonucu
fazla iiretimin ay sonu stok raporunda fark edilmesi” ve “HT18: Talep rakamlarinin fazla hesaplanmasi
sonucu fazla liretimin ay sonu stok raporunda fark edilmesi” dir.

Kriterler belirlenirken en 6nemli olanlari; hatanin siddeti, eksik tiretim durumu ve bir dnceki is adiminin o
hata i¢in etkisi olarak bulunmustu. HT1’in giddeti ve sonraki is adimlarina etkisi yliksek olarak belirlenmis-
tir. Ayn1 zamanda miisteri beklentisi ve olasilig1 da yiiksektir. Bu hatanin siirecin en basinda fark edilmesi
sonraki ig adimlarinin etkisini veya olasiligini da diisiirecektir. Sisteme yiiklenen talep rakamlarimin eksik
veya yanlis olmasi1 oncelikle insan kaynakli, sonra ise kullanilan metot/prosediir kaynakli bir hatadir. Bu
iki hata i¢in sisteme dogru talep verilerinin girilebilmesi saglandiginda ve iyilestirici dnlemler alindiginda
siirecteki diger hatalarin da azalabilecegi tespit edilmistir.

HT18 fazla stok durumu igerdiginden tiim uzmanlar tarafindan siddeti ve eksik tiretim durumu diisiik veya
cok diisiik olarak belirtilmistir. Kendinden sonraki is adimlarini da daha az etkilerler ve tespit edilebilmesi
kolaydir. Bu hata da metot/prosediir eksikligi, ¢evre ve insan kriterlerinden etkilenmektedir. HT18 fazla
tiretim raporunda iiretim yapildiktan sonra fark edildiginden geri alinamaz.

4. Sonuclar

HTEA’da belirsizligin fazla ve degerlendirmenin zor olmasindan dolay1 uzmanlarin deneyimleri ve
sezgileri genellikle 6n plana ¢ikmaktadir. Calismada, HTEA nin hatalarin 6nem degerlerini hesaplamada
yetersiz kalan yonlerine ¢6ziim getirebilmek amaciyla uzman goriislerini daha iyi yansitan siire¢ bazl
Bulanik SWARA-COPRAS modeli dnerilmistir. Uygulanan siire¢ bazli Bulanik SWARA-Bulanik COP-
RAS yonteminde ise iiggensel bulanik sayilar kullanilarak kriterler ve alternatifler dilsel degiskenler ile
ifade edilmistir. Her karar vericinin kriterleri siralamasina imkan sunularak SWARA yo6ntemi sonucunda
ortak bir kriter agirlik tablosu elde edilmistir. Boylece siireg HTEA yonteminin eksikligi olan olasilik,
tespit edilebilme ve siddet kriterlerine esit agirlik verilmesinin Oniine gegilmistir. Ayrica hatalarin sira-
lanmasinda bu kriterlerin diginda hatalarin nedenleri, i¢ miisterinin beklentisi ve en 6nemlisi bir 6nceki is
adiminin etkisi kriteri de eklenerek uygulanan CKKV modeli ile daha basarili bir degerlendirme yapila-
bilmistir. Yapilan ¢alismalarda, bir siirecte bulunan is adimlarinin birbiri ile iliskilendirildigi caligma sa-
yist oldukga azdir. Fakat bilinmelidir ki bir is akisinda her is adimi1 kendinden sonra gelen is adimindaki
hatalarin olasiligini ve etkisini de artirmaktadir.Risk analizi ¢aligmalarinda hatalarin 6nceliklendirilmesi
icin yapilmis calismalarda HTEA yontemi ¢ok kez uygulanmistir. HTEA yontemi ile CKKV yontem-
lerinden Bulanik SWARA ve Bulanik COPRAS ydntemlerinin bir arada kullanilarak karsilastirildig
bir ¢alismaya rastlanmamuistir. Isitma iklimlendirme sektdriinde yapilmis bir risk analizi calismasina da
rastlanmamistir. Calismanin sonraki asamalarinda, analiz edilen siirece dair iyilestirici onemlerin alin-
masi ve onlemlerin etkinliginin benzer yaklagimlarla degerlendirilmesi yapilabilir. Ayrica karar destek
sistemi entegre edilerek mevcut senaryolar i¢in aksiyon planlari alinabilir. Calismada onerilen siire¢ baz-
11 bulanik SWARA-COPRAS modelinin tedarik zinciri risk analizi problemleri i¢in yol gdsterici olmasi
umulmaktadir.
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Oz — Enginar (Cynara Cardunculus L. Var. Scolymus) Akdeniz iilkelerinde yetistirilen onemli kiiltiir
bitkilerinden biridir. Ulkemizde Sakiz, Bayrampasa ve bazi hibrit tip enginarlarm yetistiriciligi yapil-
maktadir. Enginarin igerigindeki 6nemli biyoaktif bilesenlerin, karacigeri koruyucu, antibakteriyal, an-
ti-HIV, safra tas1 onleyici, antikarsinojenik, antioksidatif, kolesterol biyosentezi onleyici gibi saghga
faydali etkileri oldugu goriilmiistiir. Enginarin bag kismin-da bulunan i¢ brakte ve olgunlagsmamis ¢icek
tablas1 bitkinin tiiketilen kismini olusturmakta olup bu kisim enginar bas kisminm yaklasik %30’luk
kismini olusturmaktadir. Enginar bitkisinin diger organlari ise yaprak, sap ve dis brakte kisimlarinda
onemli biyoaktif bilesen igerigine sahip olup biiyiik orada artik olarak karsimiza gikmaktadir. Ulkemizde
Sakiz enginar farkli olgunluklarda hasat edilerek tiiketiciye sunulmaktadir. Bu ¢alismada, tilkemizde
yaygin bir sekilde yetistiriciligi gergeklestirilen sakiz enginarinm farkl olgunluklarmna ait toplam fenol
madde, DPPH antioksidan aktivite, CUPRAC antioksidan aktivite i¢erikleri ve dnemli biyoaktif bilesen
icerikleri belirlenmis-tir. Ayrica biiyiik oranda artik olarak ortaya ¢ikan enginar kisimlarinin da katma
degeri yiiksek iirtin doniigiim potansiyeli arastirilmasi amaciyla, fenolik icerikleri, antioksidan aktivite
ve biyoaktif bilesenleri incelenmistir. Deneysel ¢calisma sonuglarina gore, enginarin i¢ brakte kisimda en
yiiksek toplam fenolik bilesen ve antioksidan aktivite oldugu goriilmustiir. Farkli olgunluktaki enginar-
lar incelendiginde, bebek enginarm kalp kisminin fenolik icerigi daha yiiksek bulunmustur. Olgunluk
degeri artikca fenolik icerik ve antioksidan aktivitenin azaldig1 belir-lenmistir. Ayrica enginarina artik
olarak ortaya ¢ikan yaprak, sap ve dis brakte kisimlarinin énemli fenol kaynag: oldugu goriilmiistiir.
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Investigation of Bioactive Components of Sakiz Artichoke
(Cynara Scolymus L.) Consumed in Different Maturity

'Food Technology Department, Atatiirk Horticultural Central Research Institute, Yalova, Turkey
*Department of Disaster and Emergency Management, Disaster Management Institute, Istanbul Technical University, Istanbul, Turkey

Article History

Received: 22.05.2021
Accepted: 27.08.2021
Published: 10.03.2022
Research Article

Abstract — Artichoke (Cynara Cardunculus L. Var. Scolymus) is one of the most important cultivated
plants grown in Mediterranean countries. Sakiz, Bayrampasa, and some hybrit types are grown in
Turkey. The important bioactive components in the artichoke have been shown beneficial effects on
health, such as liver protection, antibacterial, anti-HIV, anti-gallstone, anticarcinogenic, antioxidative,
and prevention of cholesterol biosynthesis. The edible parts of the artichoke are inner bracts and heart
of artichoke that are found in the head part and constitute approximately 30% of the whole artichoke.
Leaves, stems, and outer bracts have important bioactive components and produced to be a large
residue. Sakiz artichoke is harvested at different maturity levels and presented to consumers in our
country. In the present paper, total phenolic compounds, antioxidant activities, and important bioactive
components of different maturity of Sakiz artichokes were determined. In addition, the parts of Sakiz
artichoke's residues have been investigated and their phenolic contents, antioxidant activities and bi-
oactive components were determined in order to investigate their potentials to be high value-added
products. According to the experimental results, the highest total phenolic content and antioxidant
activity have been determined in the internal bracts of the artichoke. The artichokes at different ma-
turities were examined and the highest phenolic content value was determined in the heart part of the
baby artichoke. It was determined that when the maturity degree increased, the phenolic contents and
antioxidant activities decreased significantly.
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1. Giris

Enginar (Cynara cardunculus ssp. scolymus L., Hegi; Astreaceae familyasi) Akdeniz havzasinin antik
caglardan beri bilinen ¢ok yillik bir bitkisidir (Petropoulos vd., 2018). Sekil 1’de gosterildigi gibi enginar,
bas, brakte yaprak, tabla (kalp), sap ve yaprak kisimlarindan olugsmaktadir.

Enginar Bas

Brakte Yaprak

Enginar
Sap

Enginar

Tablasi
Enginar

Yapraklar

Sekil 1. Enginar bitkisinin organlari

Tiirkiye’de biiyiik cogunlukla yerli enginar tipleri Sakiz ve Bayrampaga genotipleri ile bazi hibrit enginar
tipleri yetistirilmektedir. Ege bolgesinde Sakiz enginari erkenci bir tip, Marmara bdlgesinde Bayrampasa
tipi ise gec hasat edilerek tretilmektedir (Bektas ve Saner, 2013). Tiirkiye’de son on yildaki enginar iire-
tim miktar1, [zmir’de %32.09, Bursa’da %23.19, Aydin’da %14.04, Antalya’da %5.88 ve Adana’da %5.25
olarak belirlenmistir (Bektas ve Saner, 2013). Bu verilere gore Tiirkiye’de en yliksek enginar {iretimi Ege
bolgesinde oldugu goriilmektedir. Sadece Ege bdlgesinde iiretimi yapilan Sakiz genotipi Tiirkiye’de biiylik
oranda tretilmektedir. Enginar organlarindan sadece kalp ve i¢ brakte kisimlari yenilebilir, yaprak, dig
brakte ve sap kisimlar1 endiistriyel yan {iriin olarak kullanilmaktadir (Jimenez vd.. 2019).

Enginar, yiliksek antioksidan icerigi nedeniyle farmasdtik uygulamalarda kullanilabilmektedir (Lattan-
zio vd., 2009; ve Ceccarelli vd.,2010. Bitkinin hem yenilebilir kism1 hem de enginar yan iirlinleri, esas
olarak kafeoilkinik asitler, di- kafeoilkinik asitler ve flamanlar dahil olmak {izere, iyi bilinen diyet lifle-
ri ve polifenol kaynagidir (Lattanzio vd, 2009; Pandino. Lombardo ve Mauromicale. 2013). Enginarda
en onemli antioksidan bilesikler sinarin, klorojenik asit (5-O-kafeoilkinik asit), 1,5-di-O-kafeoilkinik asit,
3,4-di-O-kafeoilkinik asit, ve 3,5-di-O-kafeoilkinik asittir (Christaki, Bobos ve Florou Paneri, 2012). En-
ginar dokularinda luteolin ve apigenin glikozidleri ile rutinosid tiirevleri ise en bol bulunan flavonlardir
(Colantuono, Ferracaner ve Vitaglione, 2018). Avrupa Fonksiyonel Gida Bilimi Avrupa Komisyonuna gore
geleneksel Akdeniz diyetinden enginar, fonksiyonel gida olarak kabul edilmektedir. Enginar, iceriginde
hepatoprotektif, hipokolesterolemik ve antioksidan 6zellikleri olan toplam polifenoller sayesinde 6zellikli
hastaliklarin riskini azalmaktadir (Ceccarelli vd..2010).

Enginar sebze olarak taze ya da konserve olarak tiiketilirken, tibbi nitelikte etkilerinin yiiksek olmasi se-
bebiyle ila¢ sanayiinde de olduk¢a yaygin kullanilmaktadir. Besleyiciligi yaninda fizyolojik faaliyetlere de
etkide bulunmaktadir. Insan viicudunda olusan toksik maddelerin nétrlestirilmesine, kalp faaliyetlerinin
diizenlenmesine kan dolasimina ve kilcal damar direncine pozitif yonde etkisi bulunmaktadir (Christaki
Bobos ve Florou Paneri. 2012). Yapilan pek ¢ok arastirmada enginarin, kolestrol diisiiriicti, LDL oksidas-
yonunu Onleyici, anti-HIV, antikanser, diiiretik, anti inflamatuvar, antifungal ve antibakteriyel 6zellikleri
oldugu bildirilmistir. Enginar iiretiminde, enginarin yenilebilir kism1 diginda kalan brakte yaprak ve saplar
yaklasik %80’lik kismini olusturmakta ve bu kisimlar atik olarak ortaya ¢ikmaktadir. Yiiksek oranda agiga
¢ikan atiklarindan elde edilebilecek biyoaktif bilesen igeriginin yiiksek olmasi veya fonksiyonel gida olarak
degerlendirilmesi, ekonomik agidan 6nemlidir. Enginarin fenolik madde igerigi hakkinda bir¢ok ¢alisma
yapilmistir, ancak bitki organlarinin fenolik madde icerigi hakkinda net bir bilgi yoktur (Lombardo vd..
2012: Pandino. Lombardo ve Mauromicale, 2013). Bunun sebebi olarak bitki tiirti, {iretim sartlari, olgunluk
seviyesi ve depolama sartlar1 sayilabilir.
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Sunulan bu ¢alismada, iilkemizde yogun sekilde Ege Bolgesinde iiretilen Sakiz enginarina ait farkli olgun-
luk seviyesindeki kalp kisimlariin fenolik igerikleri incelenmis, Sakiz enginar genotipine ait sap, yaprak,
i¢ brakte ve dis brakte gibi tiim organlarin toplam fenolik igerikleri ve iki farkli antioksidan aktivite yon-
temi kullanilarak antioksidan aktivite degerleri belirlenmistir. Enginarin icerigindeki en 6nemli biyoaktif
bilesenler; sinarin, klorojenik asit, luteolin 7 glikozit, luteolin, rhoifolin, sirinjin degerleri belirlenmis, ista-
tistiksel olarak tiim organlar incelenmistir. Yapilan ¢alisma ile Sakiz enginar genotipinin igerigindeki fonk-
siyonel bilesenler incelenerek bitkiden biiyiik oranda ortaya ¢ikan yaprak, sap, brakte organlarinin fonksi-
yonel iirlin olma potansiyeli arastirtlmistir. Yapilan bu calisma ile Ege bolgesinde enginar yetistiriciliginin
en yogun yapildig1 Aydin ilinde yetisen Sakiz enginar genotipinin tiim olgunluklarda ve organlarin biyo-
aktif icerigi belirlenmistir. Sunulan ¢alisma Tiirkiye’de belirtilen kapsamda yapilmis ilk ve tek calismadir.

2. Materyal ve Yontem
2.1. Materyal

2.1.1. Enginar

Sakiz enginar (Cynara scolymus L. cv.) Aydin, Tiirkiye’de (enlem 37.7500; boylam 27.8456, rakim 59
m) yetistirilmis olup; farkli olgunluklardaki en az 20 farkli bitkinin bas ve yaprak kisimlar1 kullanilmistr.
Ornek toplama isleminde her bitkinin {istten 1/3 kism1 alinmistir. Her enginardan toplanan kisimlar pagal
haline getirilerek deneysel caligmalar i¢in isleme alinmistir.

2.1.2. Kimyasallar

Gallik asit (Sigma Life Science / Cin), troloks (6-hidroksi-2,5,7,8-tetrametilkroman-2-karboksilik asit)
(Sigma Aldrich / Danimarka), DPPH (2,2-difenil-1-pikril- hidrazin) (Sigma Aldirch / Almanya), Folin-Ci-
ocalteu fenol reaktifi (Sigma Aldrich / Isvigre), neokuprain (Sigma Aldrich / Cin), sodyum karbonat (Na-
,CO,) (Sigma Aldirch / Fransa), metanol (HPLC gradyan derecesine sahip, JT Baker / Polonya), amonyum
asetat, bakir (II) kloriir dihidrat (CuCl,.2H,0) (Merck / Almanya) olarak temin edilmistir. Fenolik stan-
dartlar olarak kullanilan klorojenik asit (Sigma / Hindistan), sinarin (Sigma-Aldrich / Almanya), luteolin
7-glukozit (Sigma Aldrich / Fransa), luteolin (Sigma Aldrich / Fransa), sirinjin (Sigma Aldrich / Cin), api-
genin-7-O-neohedperidoside (Sigma Aldrich / Fransa)’dir.

2.1.3. Toplam Fenol ve Antioksidan Analizleri i¢in Ekstraksiyon

3 g kurutularak 6giitiilmiis 6rnekler alinmig saf metanolden 25 mL eklenerek, 2 dakika homojenize edil-
mis ve +4 °C’de bir gece bekletilmistir. 20 dakika boyunca 10.000 rpm’de santrifiij edilmistir. Siipernatant
kismi1 ayrilmis ve analiz edilinceye kadar -20 °C’de muhafaza edilmistir. Hazirlanan bu ekstratlar, fenolik
madde miktar1 tayininde ve antioksidan aktivite analizinde kullanilmistir (Thaipong vd., 2006).

2.1.4. Toplam Fenolik Madde Analizi

Toplam fenolik madde miktar1 Folin-Ciocalteu yontemi kullanilarak spektrofotometrik olarak 6l¢iil-
mistiir. -20 °C’de muhafaza edilen ekstratlardan 150 pL alinmuis, tizerine 2400 pL saf su, 150 uL 0.25 N
Folin Ciocalteu ¢ozeltisi ilave edilerek vorteksle 3-4 dakika karistirilmistir. Elde edilen homojen karigimin
tizerine 300 pL 1 N Na CO, ilave edilerek oda sicakliginda 2 saat bekletilmis, ardindan 6rneklerin spektro-
fotometrede 725 nm dalga boyunda absorbans degeri 6l¢iilmiistiir. Farkli konsantrasyonlarinda hazirlanan
gallik asit standart ¢ozeltisi (mg/mL) ile kalibrasyon egrisi cizilerek, 6rneklerin mg/g gallik asit esdegeri
olarak hesaplanmigtir (Thaipong vd.. 2006).

2.1.5. Antioksidan Aktivite Analizi

DPPH stok ¢ozeltisi ¢aligma ¢ozeltisi ile karistirilarak antioksidan aktivite degerleri mg/g trolox es
degeri olarak belirlenmistir (Thaipong vd.. 2006). DPPH stok ¢ozeltisi metanol igerisinde hazirlanmis ve
kullanim 6ncesinde -20 °C’de depolanmistir. Calisma ¢ozeltisi, stok ¢ozelti seyreltilerek hazirlanmis ve bu
amagla stok ¢dzelti metanol ile son absorbans 1.24+0.02 olacak sekilde seyreltilmistir. Kalibrasyon egrisi
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troloks ile elde edilmistir. Troloks kalibrasyon egrisi i¢gin spektrofotometre kiivetindeki son konsantrasyon
20 mg/mL’den diisiik olacak sekilde troloks ¢ozeltisi hazirlanmigtir. Deneylerde 150 pL 6rnek veya stan-
dart 2850 uL DPPH caligma ¢ozeltisi ile karistirilarak test tiiplerinde karistirilmis ve reaksiyona karanlik
bir ortamda 24 saat devam edilmistir. Bu siire sonunda renkli iirliniin absorbanst 515 nm dalga boyunda
spektrofotometrede okunmustur. Orneklere ait absorbans degerlerinin kalibrasyon egrisinin igine diismesi
icin ornekler gerektigince kat seyreltilmistir (Kayahan & Saloglu, 2020).

CUPRAC (Copper Reducing Antioxidant Capacity) analizi i¢in Apak vd. (2004) énerdigi yontem kullanil-
mustir. Orneklerin antioksidan aktivite degerleri mg/g Trolox es degeri olarak belirlenmistir.

2.1.6. Biyoaktif Bilesen Ekstraksiyonu

Enginar numuneleri toz haline getirildikten sonra 1 g tartilmis ve 70 °C’de 2 saat boyunca galkalamali su
banyosunda 50 mL saf metanol ile ekstraksiyon islemine tabii tutulmustur. Ekstrat faz -20 °C’de saklanmus,
HPLC ile analiz gergeklestirilmistir (Stumpf vd., 2020).

2.1.7. Enginardaki Biyoaktif Bilesen Analizi

Fenol analizleri, Agilent 1100 HPLC (Hewlett-Packard, Waldbronn, Almanya) kullanilarak gergekles-
tirilmistir. Mobil faz, su (¢coziicii A) ve asetonitril (¢oziicli B) icinde %0.2 (v/v) fosforik asit kullanilmistir.
Analiz islemine %6 B ile baslanmis, sonrasinda 20 dakikada %30 B’ye ¢ikilmis, daha sonra ise 5 dakika
boyunca %30 B’de tutularak analiz tamamlanmistir. Toplam g¢alisma siiresi 50 dakika olarak belirlenmistir.
Akis hiz1 0.6 mL/dk, enjeksiyon hacmi 10 pL olup 280 nm’de sirinjin, 330 nm de, sinarin, klorojenik asit,
luteolin 7 glikozit ve apigenin tiirevleri tespit edilmistir (Wang vd., 2003).

2.1.8.istatiksel Analiz

Analizler JMP istatistik paket programi kullanilarak yapilmigtir. Deneme plani ‘Tesadiif Parselleri De-
neme Deseni’ne gore olusturulmustur. Analizler 3 tekrarli olarak gergeklestirilmistir. Verilere varyans ana-
lizi yapilarak 6rneklerin belirlenen 6zellikleri arasinda anlamli bir fark olup olmadigina bakilmistir. Ornek
ozellikleri arasinda anlamli bir fark Fischer’in LSD testi ile bulunanlar ¢oklu karsilastirma prosediirlerin-
den test edilerek degerlendirilmistir. Anlamlilik degeri 0.05 olarak alinmistir.

3. Bulgular ve Tartisma

3.1. Toplam Fenolik Bilesen ve Antioksidan Aktivite

Farkl1 olgunluklardaki sakiz enginariin ve ortaya ¢ikan tarim artiklarinin (sap, brakte, yaprak) toplam
fenol igerigi, DPPH ve CUPRAC antioksidan aktivite degerleri Tablo 1’de verilmistir.

Tablo 1. Enginar kisimlarinin toplam fenolik bilesen ve antioksidan aktiviteleri

. Toplam fenolik bilesen . D.PPH . . CU.PRAC ..
Enginarm kisimlart Antioksidan aktivite Antioksidan aktivite

(me's) (mg/e) (mg/e)

Olgun kalp 12.61+0.85 e 57.37+4.17 d 51.16+5.99 de

Yar1 olgun kalp 17.38+1.41 c 73.63+£2.67 b 73.06+5.59 c

Bebek kalp 20.46+0.80 b 111.3245.0 a 118.57+1.9 b

Dis brakte 2.87+0.510 g 21.52+0.82 g 40.92+5.81

I¢ brakte 29.64+2.40 a 69.12+0.13 c 212.13£20.9 a

Yaprak 14.8242.09 d 46.91+2.93 e 57.2143.12 de

Sap 9.84+0.830 f 39.05+1.21 f 17.41+£11.17 f

Cv 9.3 4.95 291

Her siitiindaki farkl harf istatistiksel olarak farkli grubu ifade eder (p < 0.05)
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Calismada, farkli olgunluklardaki yerel tip Sakiz enginarinin, olgunluk seviyelerine gore fenolik icerik
ve antioksidan aktiviteleri incelenmis, enginarin bilyiik oranda ortaya ¢ikan artiklarinin da yeni bir fonk-
siyonel {iriin ve ekstrat liretim potansiyelini arastirmak amaciyla, toplam fenolik icerikleri ve antioksidan
aktiviteleri saptanmig ve istatistiksel farkliliklar degerlendirilmis, sonuglar Tablo 1’de verilmistir. Enginar
organlarin fenolik igerikleri incelendiginde en yiiksek fenolik igerik i¢ braktede 29.64 mg GAE/g olarak
belirlenirken, en diisiik fenolik icerik dis braktede 2.87 mg GAE/g olarak saptanmistir. Enginarin yenile-
nebilir kisimlarinda en yliksek fenolik igerik sirasiyla; bebek kalpte 20.46 mg GAE/g, yari olgun kalpte
17.38 mg GAE/g, olgun kalpte 12.61 mg GAE/g bulunmustur. Enginar bitkisinin yaklagik %70°1ik kismin1
olusturan ve tarlada hayvan yemi olarak terk edilen yaprak kisminin fenolik igerigi 14.82 mg GAE/g, sap
kisminin 9.84 mg GAE/g olarak belirlenmistir. Enginar yapraginin toplam fenol miktarinin, enginar olgun
kalbindeki toplam fenol miktarina gore istatistiksel olarak 6nemli derecede yiiksek oldugu bulunmustur.

Enginar organlarin antioksidan aktiviteleri iki farkli antioksidan aktivite yontemi olan DPPH ve CUPRAC
yontemleriyle belirlenmistir. DPPH antioksidan aktivite degerlerine gore en yiiksek antioksidan aktivite
bebek kalp kisminda 111.32 mg TE/g olarak belirlenirken, en diisiik antioksidan aktivite dis brakte kismin-
da 21.52 mg TE/g olarak goriilmiistiir. DPPH antioksidan aktivite degerleri ise sirasiyla; yari olgun kalpte
73.63 mg TE/g, i¢ braktede 69.12 mg TE/g, olgun kalpte 57.37 mg TE/g, yaprakta 46.91 mg TE/g ve sapta
39.05 mg TE /g olarak bulunmustur. CUPRAC antioksidan aktivite degerleri en yliksek i¢ braktede 212.13
mg TE/g olarak bulunurken; en diisiik sap kisminda 17.41 mg TE/g olarak bulunmustur.

CUPRAC antioksidan aktivite degerleri sirasiyla; bebek kalpte 118.57 mg TE/g, yar1 olgun kalpte 73.06
mg TE/g, yaprakta 57.21 mg TE/g ve olgun kalpte 51.16 mg TE/g, dis braktede 40.92 mg TE/g olarak be-
lirlenmistir. Literatiirde benzer bir ¢alisma Falleh vd. (2008) tarafindan gerceklestirilmistir. Buna gore Tu-
nus’ta yetistirilen enginarlarin farkli organlarmin fenolik igeriklerinin 7-14.8 mg GAE/g arasinda degerler
aldig1 tespit edilmistir. Caligmada en yiiksek fenolik igerik yaprak kisminda goriiliirken, en diisiik toplam
fenol miktar1 ¢igek kisinda (dis brakte) belirlenmistir. Enginar bitkisinin yaprak ve dis brakte kisimlarinin
fenolik igerikleri karsilastirildiginda sunulan ¢alisma ile benzer veriler goriilmiistiir. Fratianni vd (2008)
yaptig1 caligmada, bes farkli globe enginar ¢esidinin farkli organlarinin polifenol analizlerini gerceklestiril-
mislerdir. S6z konusu ¢alismada 6zellikle i¢ braktenin diger organlara gore fenolik igeriginin daha yiiksek
oldugu bulunmustur. New Jersey eyaletinde yapilan bir baska ¢alismada farkli enginar ¢esitlerinin farkl
iki olgunluktaki enginar kalbine ait fenolik icerikleri incelenmistir. Calismada tiim ¢esitlerin geng enginar
kalplerinin fenolik iceriginin daha yiiksek oldugu tespit edilmistir (Wang vd.. 2003).

3.2. Enginardaki Biyoaktif Bilesen Icerigi

Sekil 2°de 320 nm’de, Sekil 3’te ise 280 nm’deki enginar ekstraktinin UV kromotogrami gosterilmistir.
Klorojenik asit (5-O-kafeoilkinik asit) 200-5000 ppm, sinarin (1,3-di-O-kafeoilkinik asit) 0-100 ppm arali-
ginda, luteolin 7 glikozit 0-360 ppm, luteolin 0-100 ppm ve rhoifolin (apigenin-7-O-neohedperidoside) 100
ppm hazirlanan standart maddeler kullanilarak 320 nm’de UV absorbans degerlerine gére hesaplanmustir.
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Sekil 2. Enginar ekstratinin kromatogram sonuglart; 320 nm; (1) klorojenik asit; (2) sinarin; (3) luteolin 7
glikozit; (4) luteolin; (5) rhoifolin
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Sirinjin 0-340 ppm araliginda hazirlanan standart madde kullanilarak 280 nm’de UV absorbans degerleri
belirlenmistir.
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Sekil 3. Enginar ekstratinin kromatogram sonuglari; 280 nm; sirinjin
Tablo 2’de her enginar kismi igin biyoaktif 6zelligi yiiksek fenolik (klorojenik asit, sinarin, sirinjin) ve

flavonoid bilesikler (luteolin 7 gilikozit, luteolin, rhoifolin), gdsterilerek enginarin tiim kisimlar1 arasinda
istatistiksel olarak farkliliklar ortaya konulmustur.

Tablo 2. Enginarm farkli kisimlarinin biyoaktif bilesenleri

Enginar Klorojenik asit Sinarin ~ (mg/  Luteolin 7 glikozit Luteolin Rhoifolin Sirinjin
kisimlart (mg/kg) kg) (mg/kg) ( mg/kg) ( mg/kg) (mg/kg)
Olgun kalp 19478+177 d 17637178 b 90.14+13.1 e  63.60£6.8 ¢ 203.03£10.7 ¢ 14197125 e
Yar1 olgun kalp 27336+139 ¢ 17545+19.8 b 110.84+5.3 de 63.5549.7 ¢ 212.54#84 ¢ 279.68422.5 d
Bebek kalp 44070+348 b 176.01+74 b 620.97+62 b 12543+74 b  329.59+246 a  418.024333 ¢
Dis brakte 1967+114 f 17932494 b 177.5945.2 d 29.83+1.1 d 232.13#9.5 b  318.93+209 d
I¢ brakte 69213+94 a 2538775 a  433.42424.6 ¢ 15841+42 a  31634+47 a  854.634429 b
Sap 4838+60 e -- 113.45+3.2 de -- -- 17545214 ¢
Yaprak 608488 e 17487+114 b 2792.34496.6 a  33.74£0.5 d  196.89+1.5 ¢ 1017.18+38.7 a
CvV 5.76 4.66 6.90 7.60 4.30 6.4

Her siitiindaki farkli harf istatistiksel olarak farkli grubu ifade eder (p < 0.05)

Enginar fitokimyasal bilesikler, proteinler, mineraller, diisiik miktarda lipit, diyet lifi ve yiiksek oranda
fenolik bilesikler igermesi nedeniyle saglik i¢in faydali bir gida olarak degerlendirilmektedir. Enginar ige-
rigindeki sagliga faydali fenolik bilesikler, kafeoilkinik asit tiirevleri; 5-O-kafeoilkinik asit, 1,5-di-O-ka-
feoilkinik asit, 3,5-di-o-kafeoilkinik asit, mono ve di kafeoilkinik asitlerdir, onemli flavonoitler; luteolin
7-glikozit, apigenin, luteolin ve bunlarin konjugasyonlarindan olusmaktadir (Rouphael vd.. 2017).

Sunulan ¢alismada, HPLC DAD cihaz1 kullanilarak enginara ait dnemli biyoaktif bilesikler tespit edil-
mistir. Enginarin igerigindeki en onemli major bilesiklerden, klorojenik asit, sinarin, luteolin 7 glikozit,
luteolin, rhoifolin ve sirinjinin kantitatif analizleri ger¢eklestirilmis ve enginar bitkisinin farkli kisimlarinin
icerigindeki onemli biyoaktif bilesikler istatistiksel olarak degerlendirilmistir.
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Sekil 4. Sakiz yerli enginarina ait farkli olgunluktaki kalp ve organlarm 6nemli biyoaktif bilesenleri

Sekil 4’te enginarin organlarindaki klorojenik asit miktar1 69213-1967 mg/kg degerleri arasinda farklilik
gostermistir. Buna gore en yiiksek klorojenik asit sirayla i¢ brakte, bebek kalp, yari olgun kalp ve olgun
kalp kisminda goriilmiistiir. Enginarin sap ve yaprak kismindaki klorojenik asit miktarinda istatistiksel
olarak fark goriilmemistir, en diisiik dis brakte organinda klorojenik asit en diigiik degerde oldugu gortil-
miistiir. Fratianni vd.. (2007) tarafindan yapilan ¢alismada Italya’da yetistirilen bes farkli enginar gesidinin
fenolik komposizyonu incelenmistir. Calismada klorojenik asit miktarinin ¢esitler ve bu ¢esitlerin organlari
arasinda onemli farkliliklar gosterdigi goriilmiistiir. En yiiksek klorojenik asit, ¢esitler arasindan Tondo di
paestum, Bainco di pertosa ve violet de provence gesitlerinin i¢ brakte kisminda goriiliirken, en diisiik klo-
rojenik asit ise dis braktede bulunmustur. Yiiksek diizeyde tespit edilen klorojenik asit, enginarda yiiksek
oranda temsil edilen birka¢ fenolik asit iireten biyokimyasal reaksiyonlar i¢in bir substrat olarak merkezi
rolii ile agiklanabilir (Wittemer vd., 2005).

Farkl1 olgunluklar ve organlardaki sinarin igerigi Sekil 4’te goriilmektedir. Enginar organlarinda en yiik-
sek sinarin i¢ braktede goriiliirken diger organlar ve farkli olgunluklardaki enginar kalplerinde istatistiksel
olarak farklilik goriilmemistir. Schiitz vd. (2004) tarafindan Almanya’da yetistirilen enginar basi, enginar
ezmesi ve enginar suyunun HPLC-DAD-ESI/MS kullanilarak fenolik igeriklerin tanimlanmasi ve kantitatif
olarak analizleri gerceklestirilmistir. Enginar basinda 95.0 mg/kg, enginar ezmesinde 461.6 mg/kg, enginar
suyunda 529.5 mg/kg sinarin igerigi tespit edilmistir. Avrupa farmakopisinde de enginarin en énemli etken
maddesinin klorojenik asit ve luteolin oldugu belirtilmistir.

Sekil 4’te enginardaki en yiiksek luteolin miktarinin enginar yapraginda oldugu goriilmistiir. Luteolin ige-
rigi en yiiksek i¢ brakte kisminda 158.41 mg/kg olarak belirlenmistir. Diger kisimlar incelendiginde; be-
bek kalp i¢in 125.43 mg/kg, yar1 olgun kalp i¢in 63.55 mg/kg olarak tespit edilmistir. En diisiik luteolin
ise yaprak kisminda 33.74 mg/kg, dis brakte kisminda 29.83 mg/kg olarak hesaplanirken, sap kisminda
tespit edilememistir. Luteolin, kanser kok hiicrelerini hedefleyerek, kanser hiicre istilasinin 6nlenmesi ve
karaciger kanserinin de tedavisinde etkinligi goriilmiistiir (Goodarzi vd, 2020). Enginar yaprak oziitlerinin,
hayvan modellerinde ve insanlarda hepatoprotektif ve koleretik aktiviteleri sayesinde kolestrol diisiiriicii
etkileri oldugu bildirilmistir. Bu terapdtik 6zelliklerin esas olarak kafeoilkinik asitler (klorojenik, 1,3- ve
1,5-dikaffeoilkinik asitler) ve flavonoid (luteolin ve luteolin 7 glikozit) bilesiklerinden kaynakladig1 belir-
tilmistir (Pagono vd.. 2016). Flavonoidler, luteolin ve apigenin ¢esitli farmakolojik aktivitelere sahiptir ve
farkli bitkilerin biyoaktif bilesenleri olduklar1 6ne siiriilmiistiir (Fratianni vd.. (2007). Rhoifolin enginar
iceriginde apigenin tiirevi flavonoiddir. En yiiksek rhoifolin i¢ brake kisminda 316.34 mg/kg ve kalp bebek
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olarak nitelendirilen olgunlagmamis kisminda ise 329.59 mg/kg olarak belirlenirken bu degerler arasinda
istatistiksel olarak fark goriilmemistir. Ote yandan en diisiik degerler, olgun kalpte 203.03 mg/kg, yari ol-
gun kalpte 212.54 mg/kg, yaprakta 196.89 mg/kg olarak 6l¢iiliirken yine bu degerler arasinda istatistiksel
olarak fark tespit edilmemistir. Sirinjin igerigi en yliksek yaprak kisminda 1017.18 mg/kg olarak belirlenir-
ken, diger kisimlarda sirasiyla; i¢ braktede 854.63 mg/kg, bebek kalpte 41.02 mg/kg, dig braktede 318.93
mg/kg, yart olgun kalpte 279.68 mg/kg bulunmustur. En diistiik sirinjin igerigi sap kisminda 175.45 mg/kg
ve olgun kalp kisminda 141.97 mg/kg olarak tespit edilmistir.

4. Sonuclar

Bu c¢alismada, Ege bolgesinde erkenci olarak belirlenen yerli tip sakiz enginarinin tiim organlarin top-
lam fenolik bilesenleri, DPPH ve CUPRAC antioksidan aktivite degerleri incelenmistir. Enginar organla-
rindan yemeklerde kullanilan i¢ brakte kisimda en yiiksek toplam fenolik bilesen ve antioksidan aktivite
goriilmistiir. Farkli olgunluklarda incelenen enginar kalp kisminin, bebek enginarda yiiksek fenolik icerige
sahip oldugu tespit edilmistir. Olgunluk degeri artik¢a fenolik igerigin ve antioksidan aktivitesinin azaldigi
bulunmustur. Enginarin igerigindeki 6nemli biyoaktif bilesenlerden klorojenik asit, sinarin, luteolin 7-gli-
kozit, luteolin, rhoifolin ve sirinjin incelenmistir. Klorojenik asit, sinarin, luteolin bilesikleri en yiiksek
i¢ braktede ve en geng olgunlukta olan bebek kalpte belirlenmistir. Luteolin 7-glikozit ¢cok biiyiik oranda
yaprak kisminda iken, sirinjin yaprak ve i¢ brakte kisimlarinda daha fazladir.

Tesekkiir

Sunulan calismanin gerceklestirilmesi icin belirtilen iki projeyi destekleyen kurumlara tesekkiirii borg
biliriz: ‘Enginar Genotiplerinin Biyoaktif Bilesenlerinin Belirlenerek Artiklarindan Biyoaktif Madde Eks-
traksiyonu, Enkapsiilasyonu ve in-vitro Biyoerisilebilirliginin incelenmesi’ Tarimsal Arastirmalar ve Poli-
tikalar Genel Midiirligii (TAGEM) Projesi, (Proje No: TAGEM/HSGYAD/A/20/A3/P4/1927) ve ‘Enginar
Genotiplerinin Biyoaktif Bilesenlerinin Belirlenerek Artiklarindan Biyoaktif Madde Ekstraksiyonu’ Yalova
Universitesi BAP- Doktora Projesi.
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Tiiretim ile ZZS+uZZS Halkasi Uzerinde Aykir1 Devirli Kodlar

Basri Caligkan'”

'Matematik Boliimii, Fen Edebiyat Fakiiltesi, Osmaniye Korkut Ata Universitesi, Osmaniye, Tiirkiye

Makale Tarihgesi 0Oz — Kodlama teorisinde, lineer kodlarin 6zel bir sinifi olan devirli kodlar ile ilgili arastirmalar biiyiik
Génderim: 24.05.2021 ilgi gérr‘-nektedir. Bu i‘lginin en 6nemli nedenlerinden bazilari devirli kodlarin zeﬂngin cebirsel 6zellilf—

lere sahip olmalari, birgok uygulama alanlarinin bulunmasi, kodlama ve kod ¢6zmede kolaylik sag-
Kabul: 08.09.2021 lamalar1 olarak sayilabilir. Devirli kodlarin sabit-devirli, par¢ali devirli ve yar1 burmali devirli kodlar
Yayim: 10.03.2022 gibi genellemeleri bulunmaktadir. Bu genellemelerin gogunda degismeli yapilar iizerinde ¢aligtimustir.

Son zamanlarda devirli kodlarin degismeli olmayan halkalardaki iirete¢ polinomlar: kullanilarak bir
baska genellemesi (aykiri devirli kodlar) tanimlanmistir. Aykiri polinom halkalarinin cebirsel 6zel-
likleri nedeniyle aykir1 devirli kodlar optimal kod bulma agisindan devirli kodlara gore daha avantaj-
lidir. Bu ¢alismada w’=1 olmak tizere Z +uZ, halkasi iizerinde tanimli aykirt devirli kodlar i¢in elde
edilmis bazi sonuglarin s>2 i¢in S=Zys+uZ,s halkasi i¢in genellemesi yapilmustir. 0, S iizerinde bir
otomorfizm ve &g, S tizerinde bir tiiretim olmak iizere S[x,0,5¢ ] aykir1 polinom halkalar1 kullanilarak,
dp-devirli kodlar tanimlanmustir. S[x,0,5¢ ] daki herhangi bir elemanin merkez eleman olabilmesi igin
gerek ve yeter kosul verilmistir. g doniisiimii ile S halkasinin tiim elemanlarinin gériintiileri elde edil-
mis ve tanimlanan Gray doniisiimii ile S halkasimin elemanlari igin Gray agirlig ile S nin 0 tarafindan
sabit birakilan alt halkasi SO tanimlanmustir. Ayrica bu kodlarm iireteg ve kontrol matrislerinin formu
belirlenmis ve 6zellikle s=4 i¢in bazi 6rnekler verilmistir.
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1. Giris

Sonlu cisimler tizerindeki devirli kodlar iizerine bir¢ok arastirma yapilmasina ragmen, Hammons, Ku-
mar, Calderbank, Sloane ve Solé. (1994) de Z4 halkas: iizerinde tanimli lineer kod ailelerinin 6zel bir
dontistim altindaki goriintiilerinden Kerdock, Preparata gibi iyi hata diizeltme kabiliyetine sahip, lineer
olmayan ikili (binary) kodlar elde etmislerdir. Bu calisma ile birlikte ¢esitli halkalar {izerinde kod ailele-

rinin tanimlanmast 6nem kazanmustir (Cengellenmis. 2010: Caliskan, 2020a; Caliskan, 2020b; Dertli ve
Cengellenmis, 2019).

Boucher, Geiselmann ve Ulmer (2007) de degismeli olmayan halkalar kullanarak devirli kodlarin genelle-
mesini yapmislar, bu yeni kod ailesini aykir1 devirli (skew cyclic) kodlar olarak adlandirmislardir. Boylece
devirli kodlar alanina yeni bir boyut kazandirmislardir. Bu ¢alismada Fg, g elemanli bir cisim ve 8, F,
cisimi lizerinde bir otomorfizm olmak tizere F,[x, 8] aykiri (skew) polinom halkalari kullamlmistir. hal-
kasinin en onemli 6zelligi ¢arpanlara ayrilisin tek tiirlii olmamasidir. Bu 6zellik sayesinde devirli kodlara
kiyasla daha fazla sayida iirete¢ polinomu ve bdylece ayni uzunluga ve boyuta sahip daha fazla sayida kod
elde etmek miimkiindiir. Dolayistyla aykir1 devirli kodlar optimal kod elde etmesi agisindan avantajlidir.
Boucher ve Ulmer (2009) da aykir1 devirli kodlarin dualleri tizerinde durmuslar ve bir aykir1 devirli kodun
dualinin de aykir1 devirli kod oldugunu gostermislerdir.

Aykiri devirli kodlar farkli halkalar iizerinde de tamimlanmustir. Ozellikle Sharma ve Bhaintwal (2018) de,
olmak tizere halkas1 lizerinde tiiretim ile aykir1 devirli kodlarin bir sinifin1 incelemisler ve ¢ift tamsay1
uzunluklu bir serbest aykir1 devirli kodun iireteg ve kontrol matrislerini tanimlamiglardir. Ayrica bu kod
smifini ¢ift (double) kodlara genellemislerdir.

Yukarida bahsedilen ¢alismalardan motive olunarak, bu makalede 6zellikle Sharma ve Bhaintwal (2018)
de, elde edilen bazi sonuglarin i¢in olmak iizere halkasi {izerindeki aykirt devirli kodlara bir genellemesi
yapilmustir.

2. Materyal ve Yontem

2.1. S[x,0,A¢9 | Aykir1 Polinom Halkasi

s>2 ve u? =1 olmak iizere S=Z5s+uZss degismeli ve karakteristigi 28 olan bir halkadir. S halkast Zzzs_[u]
boliim halkasina izomorftur. S halkasinin elemanlari, 2.1°de (u?-1)
S={a+ubla,b € Z,s} (2.1)
d =a+ub €S seklinde tek tiirlii yazilir.

6:5S - S,a,b € Zs olmak ilizere, doniisiimii 2.2°de

B(a+ub) =a+ (u+251)b (2.2)

seklinde tanimlansin. Acgikga goriilebilir ki 8, S halkasinin asikar olmayan bir otomorfizmidir. Ayrica, her
d=a+ub€S igin, 2.3’ten 82(d) dir.

6%(a + ub) = 8(8(a + ub))
= 6(a+ (u+25"1)b)
=6(a+251b +ub)
—a+251h+ (u+25YYb (2.3)
=a+251h+251b +ub
=a+2°b+ub
=a+ub
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Dolayisiyla 0'nin mertebesi 2 dir.

Tamm 2.1.1 S sonlu bir halka ve 6, S nin bir otomorfizmi olsun. Bu durumda, Ag: S — S ye tanimlanan
ve 2.4 ve 2.5’te verilen ozellikleri saglayan doniisiimiine iizerinde bir tliretim denir.

Ag(x +y) = Ag(x) + Ag(¥) (2.4
ve
Ag(xy) = Ag(xX)y + O(x)Ap (). (2.5)

Teorem 2.1.2 §4: S — S, doniisimii 8¢ (a + ub) = (1 +u)[6(a + ub) — (a + ub)] olarak tanimlansin.
Yani, 2.6’daki gibi

Sg(a+ub) = (1+w|8(a+ub) — (a+ub)]
=1 +wla+251h +ub—a—ub]

=(1+u)25" b (2.6)
=25"1p + 25 1ub
olsun. Bu durumda, &4 doniisiimii S iizerinde bir tiiretimdir.
KANIT: Sharma ve Bhaintwal (2018), Theorem 2.2 nin ispatiin benzeridir.
2.7°de 8gdoniisiimii altindaki S halkasinin elemanlarinin goriintiileri verilmistir.
0 b birim degilse
) b) = { ’
0(@+Ub) =los1 4 25-1y b birim ise. 2.7)
Sonu¢ 2.1.3 n < 2 € Z* olmak iizere, her d € S i¢in 8g(d) = 0 dur.
KANIT: n > 2 birtamsayive d = a + ub € S i¢gin 2.8’de
8%(a + ub) = 84(84(a + ub))
= 8525 1h + 25 tub)
= 2571(2571p) + 2571(25"1p)u (2.8)
= 25(25%h) + 25(2* %h)u
=0

oldugundan ispat tamamlanir.

2.2. Gray Doniisiimii
7, halkas1 iizerinde tammli Gray doniistimii,

¢: Z, — 73 olmak iizere, ¢ (0) = (00), (1) = (01), ¢(2) = (11) ve ¢(3) = (10) biciminde tanimhdir
(Hammons vd., 1994).

Carlet, bu Gray doniisiimiinii Z7s iizerinde 2.9°daki gibi genellestirmistir (Carlet. 1998). ¢b: Zos — Z%S_l

0ys-1_;1;, 0 = pas 2571

2.9
Lyet 2 gblE S25T), g1 29)

o=
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Burada 0,, biitiin bilesenleri 0 olan { uzunluklu vektori ve 1, de biitiin bilesenleri 1 olan {uzunluklu vektori
odstermektedir. Bu Gray doniisiim bir izometridir ve Z5s iizerindeki Lee uzakligimi n = 2571 olmak iizere

ZE iizerindeki Hamming uzakliklarma doniistiiriir. Ornegin s = 4 igin 716 nin elemanlarmin goriintiileri
2.10’daki gibidir.

¢:Zy2 > T
¢(0) = (00000000), ¢ (1) = (00000001), ¢(2) = (00000011),
¢(3) = (00000111),
¢(4) = (00001111), ¢(5) = (00011111), ¢(6) = (00111111),
¢(6) = (01111111), (2.10)
$(8) = (11111111), ¢(9) = (11111110), ¢(10) = (11111100),
¢$(11) = (11111000),
$(12) = (11110000),  ¢(13) = (11100000),  ¢(14) = (11000000),  ¢(15) = (1000000).

Zys uzerindeki Lee agirligl, wy:Zys = Zys , wi(x) = min(x, 2° — x) bi¢ciminde tanimlanir (Dougherty ve Fer-
nandez-Cordoba, 2011).

Tanmim 2.2.4 Bir d € Z2s vektorii i¢in Lee agirhigi w; (d), d nin koordinatlarinin Lee agirliklarinin toplami
olarak tanimlanir. ¢:S — ZZs donisimii @(a + ub) = (b, a + b) olmak iizere, herhangi bir € S i¢cin v
nin Gray agirhgi, wg (v) = wy, ((p (U)) olarak tanimlanir.

3. Bulgular ve Tartisma

Tamm 3.5 S, 6 otomorfizmi ve Ay tiiretimi ile bir halka olsun. § iizerindeki tiim polinomlarin kiimesi
polinomlarin bilinen toplamasi ve herhangi olmak lizere d € § 3.1°de

xd = 6(d)x + Ag(d) (3.1)

seklinde tanimlanan ¢arpma islemi ile aykir1 polinom halkas1 olarak adlandirilir. Tanimlanan bu ¢arpma
islemi S[x,0,Ag ] nin tiim elemanlari i¢in genigletilebilir.

Ornek 3.6 p, = x + dy ve p, = ey, S[x, 6, 85] halkasinda herhangi iki polinom olsun. Bu durumda
3.2°de

P1tp2=x+do+e=p;+D2 3.2)
ve

PPz = (x +dg)eg
= xey + doey) (3.3)
= 9(60)x + 69(60) + doeo

P2p1 = €o(x + do)

e er + eOdO (34)

3.3 ve 3.4’teki ¢arpimlardan, x li terimlerin katsayilar sirasiyla 0 (e)) ve ¢, olup, S de her zaman 0 (e )=
¢, olmak zorunda olmadigi i¢in x li terimlerin katsayilari birbirinden farklidir. Benzer durum sabit terimler
i¢inde gecerlidir. Dolayisiyla S[x, @, 8g] degismeli olmayan bir halkadur.
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Tamm 3.7 S ={a’ + ub'|a’ € {0,1,...,25 — 1}, b’ = 2k (mod 25),k = 0,1, ...,25"1 — 1} olmak iizere, her
e € S% icin A(e) = e olacak sekildeki elemanlarin kiimesi S¢ ya S nin 8 nin tarafindan sabit birakilan bir
alt halkas1 denir. Ayrica, her icin olup,e € S? icin 84(e) = 0 olup, xe = ex dir.

Tanim 3.8 p(x) € S[x, 8, 8] olsun. Her d(x) € S|[x, 8, 5] icin p(x)d(x) = d(x)p(x) oluyorsa, p(x) polinomuna
S|x, 8, 6g] nin bir merkez eleman denir.

Lemma 3.9 d € S olmak iizere, herhangi bir € € S igin d ve e nin her ikisi de 8 tarafindan sabit birakilmadikga
6(d) —d # dg(e) dir.

KANIT: Sharma ve Bhaintwal (2018) Lemma 2.5.”in ispatinin benzeridir. d = a +ub € Svee nin
sabit birakilan bir degerleri i¢in #(d) — d = 8y(e) olsun. §g(e) nin miimkiin olan degerleri sadece
0 ve 2571 + 2571y oldugu bilinmektedir. §5(e) = 0 ise d ve e nin her ikisi de @ tarafindan sabit bira-
kildig1 goriiliir ve istenen elde edilmis olur. §y(e) = 2571 + 25"y oldugunu kabul edelim. Bu durumda,
ifadesinde 8(d) —d = a+ (u + 25")b — a — ub = 257 1p ifadesinde u bulunmaz, o zaman bir ¢eliski elde
ederiz. Dolayisiyla ispat tamamlanmis olur.

Teorem 3.10 Bir f(x) € S[x, 0, 5] polinomunun bir merkez elemani olabilmesi i¢in gerek ve yeter kosul
f(x) € S9[x] olmas1 ve x tiim tek dereceli terimlerinin katsayilarinin 3.5’teki

{a +ufla, B = 2k (mod 25),k = 0,1,2,...,251 — 1} (3.5)

kiimesine ait olmasidir.

KANIT: Sharma ve Bhaintwal (2018), Theorem 2.6 da s=2 igin yapilan ispatin benzeridir.

Lemma 3.11 Herhangi bir d € S i¢in 85(68(d)) + 8(89(d)) = 0 dir. Ayrica her d € S igin x%d = dx? dir.

KANIT: Sharma ve Bhaintwal (2018) LLemma 2.7.’nin ispatinin benzeridir. d = a + ub € S olsun. O za-
man 8(a+ub) =a+ (u+25"1)bve §g(a + ub) = 2571b + 257bu oldugundan, 3.6 ve 3.7’den

86(8(d)) = 84(8(a + ub))
=8g(a+ (u+25"1)b) (3.6)
= 8g(a + 2571bh + ub)
=25"1p 4 257 1py

ve

8(86(d)) = 8(8s(a + ub))
=025 1h + 2571hu)
=25"1h + (u+ 25125 1p
= 257"1p 4 2571257 1p 4 257 1py
=25"1p +25(2572h) + 25 1bu
=254p 4-25-Thy
= —(2571h + 25 1hu)
= —84(8(d))

3.7

oldugundan, 84(8(d)) + 8(8¢(d)) = 0 esitligi gosterilmis olur. Simdi, xd = (d)x + 8¢(d) esitligini
soldan x ile ¢arpalim, 3.8’den
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x2d = x0(d)x + x8(d)
= [62(d)x + 84(8(d))]x + 8(84(d))x + 85°(d)
= dx? + [84(8(d)) + 8(84(d))]x + 86°(d)
= dx?

(3.8)

elde edilir. Bu lemmanin birinci kismu ile her d € S igin 84%(d) = 0 oldugu kullanilirsa ispat tamamlan-
mis olur.

Sonuc 3.12 Herhangi bir i¢in, 3.9’dan

xd = {(Q(d)x + Sg(d))xn—l’ n tek ise a0)

dx™, n cift ise

dir.

S|x, 8, 84| bir Euclidean halka olmadigindan, hem sag hem de sol bdlme algoritmasi bu halkada saglan-
maz. Asagidaki teorem hem sag hem de sol bolme algoritmasmin S[x, 8, 8g] baz1 elemanlari igin uygula-
nabilecegini gostermektedir.

Teorem 3.13 (Sag Bolme Algoritmasi) f(x) ve g(x) polinomlart g(x) in bas katsayisi birim olacak sekilde
S[x, 8, 8g] halkasinda herhangi iki polinom olsun. Bu durumda, 3.10’dan

fx) =qx)g(x) +r(x) (3.10)

der(r(x)) < der(g(x)) veyar(x) = 0 olacak sekilde q(x),r(x) € S[x, 8, g] vardir (Sharma ve Bha-
intwal (2018).

Yukaridaki teoremde f(x) polinomu g(x) polinomu ile sagdan boliinmiistiir. Ayni teorem soldan bélme
i¢in de gegerlidir. Dolayisiyla S[x, 8, 8g] halkas1 i¢in bolme algoritmasi sagdan ve soldan saglanir. Ayrica,
F(X) = fo+ fix + fox? + -+ frx” ve g(x) = go + g1x + gox% + -+ gsx°, g birim olsun. 3.11°de

£8(gs 1 )x"5, r — s tek ise

frgs 1%, r — s ciftise (3.11)

ACx) ={

seklinde tanimlanan A(x) polinomu yardimiyla, f(x) polinomunun sag béleni bulunabilir. Daha detayli
bilgi i¢in Sharma ve Bhaintwal (2018) Theorem 2.8 e bakilabilir.

Ornek 3.14 s=4, i¢in S =7Z;¢ +uZse olsun. S[x,0,85] de f(x) =ux?+7x+12u ve g(x)=
(15 + 8u)x + 13 + 9u polinomlarin1 alalim. Sharma ve Bhaintwal (2018), Theorem 2.8 de verilen sag
bdlme algoritmasini kullanarak g(x) nin f(x) i¢in bir sag bdlen oldugunu gdsterelim. Bunun i¢in 6nce
A(x) = f,0(g71)x?™1 = uh (15 + 8u)x = (8 + 15u)x bulunur. Sonra ise, 3.12°de

A()g(x) = (8 + 15w)x[(15 + 8w)x + 13 +9u |
= (84 15u)[A(15 + 8u)x + 59 (15 + Buw)]x + (8 + 15u)[6(13 + 9u )x + 85(13 + 9u )]
= (8 + 15u)[(15 + 8u)x + O0]x + (8 + 15w)[(5 + 9u )x + 8 + 8u]
=ux? + (15 + 3u)x + 8 + 8u

(3.12)

hesaplanir. Simdi ise, 3.13’ten
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h(x) = f(x) — A(x)g(x)

=(8+13u)x+8+4u (3.13)

elde edilir. h(x) derecesi 1 oldugundan, ayni algoritma i¢in uygulanirsa, h(x) in g(x) cinsinden degeri
h(x) = 3ug(x) + 13 + 13u bulunur. O zaman son olarak, 3.14’ten

f(x) = h(x) + A(x)g(x)
=3ug(x) + 13 +13u + (8 + 15u)xg(x) (3.14)
=[(8 + 15u)x + 3u|g(x) + 13 + 13u

elde  edilir.  Dolayisiyla, q(x) =8+ 15u)x +3u ve r(x) =13+ 13u  olmak iizere,
f(x) = q(x)g(x) + r(x) seklinde yazilabildigi goriiliir.

3.1. S Halkas1 Uzerinde g-Devirli Kodlar

Bu boliimde iizerinde &g -devirli kodlar olarak isimlendirilen kodlar tanimlanarak, iirete¢ ve kontrol
matrislerinin formlart belirlenmistir.

Bilindigi tizere S" nin bos olmayan bir alt kiimesine S iizerinde bir kod denir. C, S {izerinde bir kod olmak
tizere eger C, S" nin bir S-alt modiilii oluyorsa C ye S iizerinde bir lineer kod denir.

S[x,8,69]
(p(x))
Bir ¢ = (€, C1, v, Cn—1) € C kodu polinom gésterimi olarak ¢ = co + ¢y + -+ + cp_qx™ 1 seklindedir.
S[x,8,6¢]
(p()) ’

p(x), S tzerinde derecesi n herhangi bir polinom olmak iizere S, = olsun.

Ayrica, S, =
dir.

r(x)(q(x) + (p(x))) = r(x)q(x) + {p(x)) ¢arpma islemi ile bir sol S[x, 8, 5g]-modiil-

S[x,0,8¢]

(p(x))
S[x,8,86] -modiilii C ye S lizerinde n uzunluklu bir dg-lineer kod denir. Eger p(x) merkez polinomu ise
C ye bir merkez §g-lineer kod denir. Ayrica, Ts,, dg-Oteleme operatorii (cyclic shift) olmak tizere, her ¢
= (Co,C1, s Cn=1) € C igin Ts,(c) = (0(cn-1) + 8a(co), (o) + 8g(c1), ..., 8(cn—2) + 8g(cn—1)) € C igin oluyorsa,
C ye S iizerinde §4-devirli kod denir.

Tamim 3.1.1 p(x), S Uzerinde derecesi n herhangi bir polinom olmak iizere S, = nin bir sol

Teorem 3.1.2 S iizerinde n uzunluklu bir C kodunun 6&g-devirli kod olabilmesi igin gerek ve yeter kosul

. S[x,0,80]
C nin Sp 5, = <fn_1a;

nin bir S[x, 8, 64] -modiilii olmasidir.

KANIT: Sharma ve Bhaintwal (2018), Theorem 3.4 {in ispatinin benzeridir.

Sonug¢ 3.1.3 Eger C, n ¢ift tamsay1 uzunluklu bir 8g-devirli kod ise, C, Sy 5, nin bir idealidir.
Teorem 3.1.4 C, S iizerinde n uzunluklu bir §g-devirli kod ve C de bas katsayisi birim olan mini-
mum dereceli bir g(x) polinomu bulunsun. Bu durumda ¢ =(g(x)) dir. Ayrica g(x)|(x"—1) ve

{9(0), xg (%), ..., x7~2er(60)-1g(x)} kiimesi C nin bir bazidur.

KANIT: Sharma ve Bhaintwal (2018), Theorem 3.6 nin ispatinin benzeridir.

€ =(g(x)), x™ — 1 in bir sag boleni g(x) = go + 91X + g2x* + -+ gix* tarafindan iiretilen ve uzunlugu n olan
S iizerinde bir §,-devirli kod ise, C nin (n — k) X n tipindeki iirete¢ matrisi 3.15’teki gibi

g(x)
xg(x)
G=f x*gC) (3.15)

xn—k—lg(x) (n—k)xn
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formundadir. Daha agik bir sekilde eger n - k ¢ift ise 3.16’da verilen

G
Yo g1 g2 )3 0 0
89(go) 0(go) +80(g1) 6(gy) +8p(g2) =+ O(gr-1) +8a(gr) 0(gy) " 0 (3.16)
=l o 0 9o 9k-3 Gie—2 0 :
0 0 85(90)  0(go) + 8a(gy) ‘ 0(gi-1) +86(91)  9(g,)

ve n - k tek ise 3.17’de verilen

Yo g1 g2 Ik 0 0
6(g0) 6(go) +p(91) 6(g1) +6p(gz) - O0(i-1) +06(g) 6(g) - 0
G=| o0 0 Jo Yi-3 Gk—2 0 (3.17)
0 0 0 Jo gr-1 =2 6(gy)
seklindedir.

Ornek 3.1.5 s =4icin S = Z4 + uZ¢ olsun. C, x* — 1 iin sag béleni g(x) = (1 + 8u)x? + 9u polinomu
tarafindan iiretilen 4 uzunluklu bir &g-devirli kod olsun. Bu durumda {g(x),xg(x)} = {(1 + 8u)x2 +
9u , (1 + 8u)x® + (8 + 9u)x + 8 + 8u } kiimesi C kodu i¢in bir bazdir. C nin kardinalitesi |C| = 2567 olup,
C nin trete¢ matrisi 3.18’deki gibidir,

[ g(x)
=
xg(x)
_[ 9o 91 92 0 3.18
55(90)  6(g0) +80(g1) B(g) + 85(g2) 8(g2) Sal)
_ 9u 0 1+ 8u 0 ]
8+ 8u 8+9u 0 1+ 8ul’

Tamm 3.1.6 C, S iizerinde n uzunluklu bir Og-devirli kod olsun. w = (Wg, Wy, ..., Wp_1),V =
(v, v, ..., Vy—1) € S™ ve w.v bilinen i¢ ¢arpim olmak iizere C nin duali, 3.19’daki gibi

C+ ={w|herv € Ciginw.v = 0} (3.19)

olarak tanmimlanir.

Teorem 3.1.7 k bir tek tamsayi ve enaz bir h(x) = ho+hyx + hyx? + -+ + hyx® € S[x, 8, 85] iginx™ — 1 =
h(x)g(x) olsun. Eger C = (g(x)) uzunlugu ¢ift tamsay1 n olan S tizerinde bir dg-devirli kod ise C nin kont-
rol matrisi 3.20’de verilen

h  O(Chy_q) +8g(hy) hyg_p - 6 (ho)+dg(hy) 0 0
0 6 (hy) Ry hy Sg(hoy) - 0

H=|0 0 hy  hk— O(hi-3)+6g(hye2) - 0 (3.20)
0 0 SR O(h—)+8(hx) =+ M 6(ho)+84(hy)
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formundadir. k bir ¢ift tamsay1 oldugunda H matrisi 3.21’deki gibi verilir

hy  @(hg—1) +6g(hy)  hy—y ho 09 (ho) 0

0 6(hy) hy—4 hy B(ho)+8g(hy) - 0

0 0 Ry ha  B(h)+8e(hy) 0 ) 221
0 0 v 0 hy, . hy  0(he)+69(hy)

KANIT: Sharma ve Bhaintwal (2018), Theorem 4.5 in ispatinin benzeridir.

Ornek3.1.8 x® — 1 = (ux® + 8ux? + u)((8 +w)x3 + 8x? + 15u) olmak tizere, C, g(x) = (8 + wx> +
8x2 + 15u polinomu tarafindan iiretilen 6 uzunluklu bir §g-devirli kod olsun. h(x) = ux® + 8ux? +u
olmak tizere Teorem 3.1.7 den C nin kontrol matrisi 3.22’deki gibi

hs 0(hy) +8g(h3) hy 6(hg) +39(hy) O 0
H=10 B(hs) h; 9(h1) hy dg (ho) ‘
0 0 hs 0(hy) +684(hs) hy 6(hy) + dg(hy) (3.22)
u 8 0 8+u 0 0
=1 0 8+u 8u 0 u 8+4+8u
0 0 u 8 0 8+u

olarak elde edilir. Ayrica GH™= 0 ve H nin satirlari lineer bagimsiz oldugundan, H, C nin kontrol matrisidir.

4. Sonuclar

Bu ¢alismada, u? =1 olmak iizere s > 2 i¢in S = Zs + uZ,s halkas iizerindeki aykir1 devirli kodlar
tamtilmistir. @, S lizerinde bir otomorfizm ve g bir tiretim olmak tizere S[x, 8, 8g] aykiri polinomlar
halkasi kullanilarak &g-devirli kodlarin bazi cebirsel 6zellikleri arastirilmistir. Elde edilen sonuglar yardi-
miyla, kodlama teorisinde 6nemli bir arastirma problemi olan optimal kod bulmak ile ilgili yeni arastirma-
lar yapilabilir.

Yazar Katkilar

Basri Caligkan: Arastirma yaparak problemi belirlemis, temel sonuglar1 kanitlamis ve makaleyi yazmustir.

Cikar Catismasi
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Uzaktan Egitim ile Orgiin Egitimin Karbon Ayak izine Etkilerinin
Karsilastirilmasi
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Makale Tarihcesi Oz — Giiniimiizde diinyanin kars1 karsiya kaldigi en biiyiik tehdit sera gaz1 emisyonunun artmasi ile
Génderim: 29.05.2021 tetiklenen kiiresel 1smmadir. Sera gazinin artmasi 6zellikle fosil yakitlarinin kullanilmasi ve artan

enerji talebi ile olusmustur. Son yillarda enerji talebi en hizli sekilde artan sektérlerden birsi de bilisim
Kabul: 03.09.2021 sektoriidiir. 2019 yilinda baglayan pandemi déneminde bilisim sektdriiniin enerji talebi egitimlerin,
Yayim: 10.03.2022 toplantilarin ve ¢aligmalarin uzaktan yapilmasi ile daha da artmistir. Bu ¢aligmada, tiniversitelerde uy-

gulanan uzaktan egitim ile 6rglin egitimin, karbon ayak izi agisindan karsilastirilmasi amaglanmustir.
Bu kapsamda, Konya Selguk Universitesi, Teknoloji Fakiiltesi’nde verilmekte olan Yesil Bilisim isim-
li yiiksek lisans dersinin 6grencilerinden elde edinilen veriler dogrultusunda 6rgiin ve uzaktan egitim
igin karbon ayak izi degerlendirmesi yapilmistir. Emisyon hesaplamalarinda, Hiikiimetler Arasi Tklim
Degisikligi Paneli (IPCC) tarafindan 6nerilen ve en temel yontem olan Tier-1 yontemi kullanilmistir.
Hesaplamalar sonucunda yiiksek lisans 6grencilerinin karbon ayak izi orglin egitim ile 132,48 kg-
CO2/donem, uzaktan egitim ile ise 50,72 kg-CO2/d6énem olarak bulunmustur. Uzaktan egitim ile nihai
CO2 emisyonunun %62 azaldig1 goriilmiistiir. Orgiin egitimde ulagimdan kaynaklanan CO2 emisyonu
116,76 kg-CO2/donem ile en yiiksek emisyon degerine sahip olan etken olmustur. Sonuglar degerlen-
dirildiginde uzaktan egitim igin emisyon degerinin, 6rgiin egitim igin emisyon degerine oranla daha
diisiik oldugu goriilmektedir. Ayrica, uzaktan egitimin egitim kaynakli karbon ayak izi dege-rinin diis-
mesine onemli katki sagladigi ortaya ¢ikmustir.

Arastirma Makalesi

Anahtar Kelimeler — Covid-19, karbon ayak izi, sera gazi, uzaktan egitim

Comparison of Distance Education and Formal Education's Effects on
Carbon Footprint

'Department of Computer Engineering, Faculty of Technology, Selguk University, Konya, Turkey

Article History Abstract — The leading threat facing the world today is global warming triggered by the increase in
Received: 29.05.2021 greenhouse gas emissions. The increase in greenhouse gas was caused by use of fossil fuels and in-

creasing energy demand. One of the sectors with the fastest increase in energy demand in recent years
Accepted: 03.09.2021 is the IT sector. During the pandemic period started in 2019, the energy demand of the information
Published: 10.03.2022 sector has increased even more with the remote educations, meetings and studies. In this study, it is

aimed to compare remote education and formal education in universities in terms of carbon footprint.
In this context, carbon footprint evaluation was made for formal and remote education in line with the
data obtained from the students of the graduate course named Green Informatics, which is given at
Konya Selcuk University, Faculty of Technology. In emission calculations, the method recommended
by the Intergovern-mental Panel on Climate Change (IPCC) was used. Carbon footprint of gradu-
ate students are calculated as, 132.48 kg-CO2/semester with formal education and 50,72 kg-CO2/
semester with remote education. Final CO2 emissions has observed to decrease by 62% with remote
education. In formal education, CO2 emission originating from transpor-tation has been the factor
with the highest emission value with 116.76 kg-CO2/term. The evaluation of results showed that the
emission value of remote education is lower than the emission value of formal education. In addi-tion,
remote education has been found to contribute significantly to the decrease in the carbon footprint
value originating from education.
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1. Giris

2019 yil1 sonunda baglayarak hizli bir sekilde tiim diinyay1 etkileyen Covid-19 pandemisi Mart 2020’den
itibaren de Ulkemizi etkisi altina almaya baslamistir. Covid-19 pandemisi birgok alanda oldugu gibi egitim
alaninda da 6nemli etkiler gostermistir. Tiirkiye’de bulunan lisans 6ncesi egitim kurumlar1 ve iiniversite-
lerin birgogu siire¢ dahilinde egitim faaliyetlerini uzaktan ytriitmeye baslamis ve bu kapsamda teknolojik
anlamda kendilerini gelistirmislerdir.

Uzaktan 6gretim; orglin 6gretim imkanlariyla yapilamayan, 6grenci ve egitimcilerin farkli mekanlarda,
cesitli teknolojik araglar vasitasiyla bilgiye ulastigi, diisiik maliyetli, 6grenmede siirekliligi saglayan pratik
bir egitim seklidir. Uzaktan egitim, sistemin ihtiyaci olan teknik altyap1 yetersizligi, sistem hakkinda egi-
time yonelik rehberligin saglanmamasi veya yetersiz olmasi, kullanicilarin sistemi 6grenme adina egitime
yeterince Onem vermemesi gibi nedenlerle olumsuz etkiler yaratabilmektedir (Sen ve Kizilcalioglu, 2020).

Covid-19 pandemisi nedeniyle okul dncesi, ilk-orta 6gretim, lise ve yiiksekogretim kurumlarinda rgiin
Ogretimin yerine yaygin sekilde uzaktan dgretimin almasi, uzaktan egitimin avantaj ve dezavantajlar1 ko-
nusuna ilgiyi arttirmistir. Ayni1 zamanda uzaktan egitimin doga tizerinde olusturdugu etkiyi ve kiiresel 1sin-
madaki pay1 ifade eden karbon ayak izi konusu da aragtirmacilarin dikkatini ¢ekmistir. Uzaktan egitim
ara¢ kullanimin1 yiiksek oranda azaltarak, sera gazi emisyonunu da azaltmistir. Yapilan ¢alismalarda fosil
yakit kullaniminin artmasi sonucu sera gazi emisyonlarinda ivmeli bir artis oldugu, 6zellikle karayolu ula-
simindan kaynaklanan emisyon miktarinin siirekli artis gosterdigi gorilmistiir (Pekin, 2006). Tiirkiye’de
ulastirma sektoriinden kaynaklanan sera gazi emisyonun sektordeki pay1 % 22, ulusal emisyondaki pay1 ise
%15’tir. Karayolu ulagimi Tirkiye’de ulagim sektdriiniin merkezi konumundadir. Kiiresel isinmanin 6nemli
sebeplerinden birisi ise sehir i¢i ulasimdir (Algedik, Bayar, ve Bicer, 2016). Bu sebeple karayolu kulla-
niminin azaltilmasii saglayacak biitiin etkenlerin sera gazi emisyonunun azaltilmasi konusunda énemli
etkiye sahip olacag1 diigiiniilmektedir.

Uzaktan egitim ile 6rgiin egitimin kiyaslandig1 bir¢ok ¢alisma bulunmaktadir. Tiirkiye’de uzaktan egitimi
ilk baglatan {iniversitelerden olan Anadolu Universitesi’nde yapilan bir ¢aligmada, 6rgiin ve uzaktan egiti-
min karsilastirilmast i¢in Anadolu Universitesi Uzaktan Egitim Sisteminin maliyet etkinlik analizi yapilmig
ve uzaktan egitim sisteminin toplam sabit maliyetlerinin 6rgiin sisteme gore yiliksek oldugu, toplam de-
gisken maliyetleri ise daha diisiik oldugu belirtilmistir. Yapilan maliyet etkinlik analizinin sonucunda ise,
uzaktan egitimin orgiin egitime gore goreceli olarak diisiik maliyetli oldugu ispatlanmistir (Tezcan, 2000).
Ulkemizde pandemi 6ncesinde uzaktan egitim vermekte olan bir diger iiniversite olan Kirikkale Universite-
si ve Hitit Universitesi Onlisans programlari uzaktan egitim ve drgiin egitim 6grencileri arasmda gok yonlii
karsilagtirma yapilmistir. Belirli kategorilere ayrilmis anket sorular1 ve sonrasinda Ontest-sontest sorulari
Ogrencilere web tabanli olarak uygulanmistir. Katilimer gruplar arasi akademik basari puanlart incelen-
diginde uzaktan egitim dgrencilerinin orgiin egitim dgrencilerine nispeten daha yiiksek akademik basart
puanlarina sahip olduklar: goriilmektedir. Uzaktan egitim 6grencilerinin zamaninda ¢esitli nedenlerden
dolay1 egitim firsati bulamamus, istekli ve yasc¢a biiyiik, belirli olgunluga erismis bireylerden olusmasinin
basariy1 etkileyen faktorler oldugu diisiiniilmektedir (Kor, 2013).

Covid-19 Pandemi doneminde Tiirkiye’deki {iniversitelerde uygulanmakta olan uzaktan 6gretim siireci
hakkinda goriislerin incelendigi bir ¢alismada ise 6grencilerin, uzaktan egitim ile yapilan dersleri sikict
olarak nitelendirmeleri, sosyallesmeyi engellemesi, akademisyenlerle iletisimin sikintili olmasi gibi sebep-
lerden dolay1 hosnut olmadiklar1 sonucu ortaya ¢ikmistir. Ayrica egitim adina pandemi doneminin dgrenci-
ler, veliler ve egitimciler i¢in endiseli bir siire¢ oldugu belirtilmistir (Sen ve Kizilcalioglu, 2020). Uzaktan
egitim ile 6rgilin egitimin internet programcilig: dersi i¢in egitim kalitesi acisindan karsilastirildigt bir ¢a-
lismada 6grencilere gesitli testler uygulanmistir. Calisma sonunda uzaktan egitimin basariy1 artirmada ve
kalicilig1 saglamada orgilin egitime gore daha basarili oldugu gézlemlenmistir (Balaman. 2018). Uzaktan
egitim ile drglin egitimin karsilastirildig: bir baska ¢aligmada ise bu iki egitim sisteminin icerigini tanimla-
mak, amacun belirlemek, egitimlerden faydalanacak insanlart tespit etmek, egitimlerin verilecegi ortami
ve egitimlerin yapilma yontemini belirlemek gibi konulara aciklik getirmek i¢in bir aragtirma yapilmistir
(Topa Ciftei, 2021). Yiiksek lisans 6grencilerinin uzaktan egitim kapsaminda topluluk hissinin incelendigi
bir calismada ise, Ahmet Yesevi Universitesi Uzaktan Egitim Programu ile egitim almakta olan 453 dgren-
ciden veriler toplanmigtir. Verilerin analizinde ise betimsel istatistikler, t-testi ve ANOVA kullanilmstir.
Arastirma i¢in toplanmis olan verilerle 6grencilerin topluluk hissi diizeyinin cinsiyet ve yasa gore farklilik
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gostermedigi ancak bunun yani sira medeni durum, meslek diizeyleri ve egitim goriilen programa gore ise
farklilik gosterdigi sonucuna ulasilmistir (Enfiyeci ve Biiyiikalan Filiz, 2019).

Karbon ayak izi, insanoglunun her tiirlii tilketim faaliyetlerinin dogrudan veya dolayli olarak biriktirdigi
karbondioksit emisyonunun toplamini ifade eden bir kavramdir (Yaka, Kocer, ve Giingor, 2015) Sanayi
doneminin baslamasi iklim kosullarinda degisimler yaganmasina neden olmus ve insan aktivitelerinin de
bu degisimde etkisinin oldugu bir devre baslamustir. Kiiresel 1sinmaya dogrudan etki eden CO, gazinin
Oonemini vurgulamak adina arastirmacilar, ¢esitli alanlarda karbon ayak izi hesaplama calismalarina yonel-

mislerdir (Kumas, Akyiiz, ve Zaman, 2019).

Uzaktan ve orgiin egitimin bir¢ok alanda karsilastiriimasina karsilik, enerji tiiketimi ve sera gazi emisyon-
lar1 agisindan karsilastirildigr bir galigmaya literatiirde rastlanmamistir. CO,’in Konya/Selguklu ilgesi i¢in
degerlendirilmesinin yapildig1 bir calismada Selguklu ilgesi i¢in karbondioksit emisyonu agisindan 6ne ¢i-
kan hususlarin baginda karayolu ulagiminin oldugu ortaya koyulmus olsa da (Argun, Ergii¢, ve Sar1, 2019),
giiniimiizde diinyada enerji tiiketimi artiginda en biiylik ivmeye sahip bilisim teknolojileri sektorii agisindan
tilkketilen enerjiyi de dikkate alarak uzaktan ve orgiin egitimi kiyaslayan bir ¢alismaya rastlanmamaistir. Bu
amagla bu ¢alismada Selguk Universitesi Teknoloji Fakiiltesi’nde pandemi déneminde uzaktan olarak veril-
mekte olan “Yesil Bilisim” dersine ait yiiksek lisans sinifinda yer alan 6grencilerin uzaktan ve orgiin egitim
sirasindaki enerji tikketimi ve sera gazi emisyonlari karsilagtirilmistir.

1.1. Uzaktan ve Orgiin Egitim Kavramlari

Giliniimiizde bilisim teknolojileri (BT) sektoriindeki biiyiime ile bilgisayar ve internet en temel yeri
tutmaktadir. Bilisim teknolojisinin ilerlemesi ile BT altyapisi egitim araci olarak kullanilarak drgiin egitim
firsat1 bulamayan insanlar i¢in uzaktan egitim yontemi imkani dogmustur (Kor, Cataloglu, ve Erbay, 2013).

Orgiin egitim, bir egitimcinin siif ortaminda yiiz yiize, soru-cevap, anlatim, tartisma gibi 6gretim yon-
temlerinin kullanildigi, ders akisi, 6lgme-degerlendirme yontemlerine egitimcinin karar verdigi sistemdir.
Ogretmenlerin dgrencilerle yiiz yiize egitim imkan1 sunmasi, dgrencilerin sinif i¢i egitim almalarinin ne-
ticesinde daha iyi motive olmalarini ve sosyallesmelerini saglamasi, 6grencilerin anlamadiklar1 konular-
da ogretmen ile direk iletisime gecip, yliz yiize telafi imkani saglamasi, uygulamali derslerin dgretmen
ile birlikte derse uygun laboratuvar ortaminda yapilmasi neticesinde anlagilirligin artmasi orgiin egitimin
avantajlarindandir. Fakat 6rgiin egitimin belirli sayida 6grenciye egitim verilebilmesi, ulagim sikintis1 yasa-
nabilmesi, derse katilim zorunlulugunun olmasi, derslerin telafisinin olmamasi, maliyetinin yiiksek olmasi
(ulasim, barinma vs.), ¢alisan insanlara hitap etmemesi, ders materyallerinin 6grenciye ulasabilmesi igin
kagt tiiketiminin artmasi gibi olumsuz yonleri de bulunmaktadir.

Uzaktan egitim, 6grenci ve egitimcinin bir arada bulunmasinin zorunlu olmadigi ve bilgisayar ortaminda
gerceklesen, iki yonlii iletisimin saglandigi egitim seklidir. Bir¢ok 6grencinin tercihi olan uzaktan egitim-
de her kademede egitim alinabilmektedir (Tezcan, 2000). Uzaktan egitimin, orgilin olarak egitim imkan
olmayan bireylerin egitim imkan1 bulmasi, 6gretmen ve 6grencinin farkli ortamlarda bulunarak egitim
almasi, 6grencilere farkli iilkelerden egitim alma imkan1 sunmasi, zaman ve mekan sinirlamasi olmamasi,
egitim verilen platformun kapsamina gore ¢ok sayida 6grenciye ayni anda egitim verilebilmesi, 6zel olarak
hazirlanmis tinitelerden ve materyallerden olugmasi, derslerin kaydedilmesi sebebi ile tekrar dinlenebilme
imkan1 olmasi, hizl bir iletisim sunmasi, egitim masraflarinin 6nemli 6l¢iide azaltmasi, egitim alirken ca-
lisma imkan1 sunmasi gibi birgok avantaji bulunmaktadir. Dezavantajlar1 arasinda ise, sosyallesmenin en alt
diizeyde kalmasi, bir kisim insanlarin maddi sebeplerden dolay1 uzaktan egitim araglarina sahip olamamasi,
uzaktan egitim icin gerekli teknolojik araclarm belirli bir seviyede kullanim bilgisi gerektirmesi, internet
baglanti kalitesinin dnemli olmas1 gibi sebepler yer almaktadir (Kor vd., 2013).

2. Materyal ve Yontem

Bu ¢alismada, orgiin ve uzaktan egitimin karbon ayak izine olan etkilerinin karsilastirmasi yapilmaistir.
Bununla ilgili Selcuk Universitesi Teknoloji Fakiiltesi Bilgisayar Miihendisligi Yiiksek Lisans dgrencile-
rinden bir siifa ait veriler toplanmuis, 6rgiin egitim ve uzaktan egitimin karbon ayak izine olan etkilerinin
degerlendirilmesi i¢in elektrik ve yakit tilketimi agisindan emisyon degerleri hesaplanmis ve karsilastiril-
migtir.
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2.1. Karbon Ayak izinin Hesaplanmasi

Karbon ayak izi birim karbondioksit cinsinden 0l¢iilen, insan faaliyetlerinin iiretilen sera gazi emisyon
degeri ile dogaya vermis oldugu zararin 6l¢iisiidiir. Karbon ayak izini hesaplama islemi dort adimdan olus-
maktadir. Birinci adimda karbon ayak izinin hesaplanmasi sonucu ulasilmak istenen hedefler tespit edilir.
fkinci adimda bu hedefler agisindan sinirlar belirlenir. Ugiincii adimda veriler toplanip, emisyon faktérleri
ile gerekli hesaplamalar yapilir ve en son hesaplama sonuglari degerlendirilip, rapor haline getirilmektedir
(Biyik ve Civelekoglu, 2020). Bu ¢aligma kapsaminda 6rgiin ve uzaktan egitimin karbon ayak izi a¢isindan
degerlendirilmesi i¢in elektrik ve ulasimdan kaynakli yakat tiikketimi agisindan emisyon degerleri hesaplan-
muigtir. Bu ¢aligmada emisyon hesaplamalari i¢in Denklem 2.1 kullanilmustir.

YE,= ET, x EF, 2.1)

Bu denklemde, “E ” Emisyon miktarmi (kg), “ET” tiiketilen enerji veya yakit miktari1 (kWh, m’, kg),

(1Pt

“EF” emisyon faktoriinii, “a” yakit tipini (elektrik, benzin, dizel, Ipg) ifade etmektedir. Hesaplama yontemi
asamalar1 ise asagidaki gibidir:

Adim 1 : Tiiketilen yakit miktar1 yakitin tipine gore enerji cinsinden hesaplanir.

Adim 2 : 1. Adimdaki sonug ile yakit tipine ait emisyon faktorii ¢arpilarak emisyon miktari hesaplanir.
Adim 3 : Yakat tiirleri i¢in hesaplanan emisyon degerleri toplanip, toplam emisyon degeri bulunur.
Adim 4 : Sonuglar degerlendirilerek, rapor haline getirilir.

Emisyon faktorleri Tablo 1’de, yakit emisyonlarinin net kalori degerleri ise Tablo 2°de gdsterilmistir.

Tablo 1
Karbon emisyon faktorleri (CEF)

Yakit cinsi Emisyon faktorii Kullanim yeri Kaynak
Turkiye i¢in Elektrik  0,47993 kg-CO, /kWh  Elektrikli cihazlardan kaynaklanan  (Yaka vd.. 2015)
emisyon faktorii emisyonu hesaplamak
ABD i¢in Elektrik 0,50817 kg-CO,/kWh  Dersin ¢ekildigi ve tutuldugu Go-
emisyon faktorii ogle a ait sunucunun emisyonunu
hesaplamak
Dizel 20.2 (t C/T)) Ogrenciler tarafindan 6rgiin egitim  (Pekin. 2006)
Benzin 18.9 (t C/TJ) icin ulagim amagli kullanilan arac-
LPG 17.2 (t C/T) larin yakit emisyonunu hesaplamak
Tablo 2

Net kalori degerleri (TJ/kt)

Yakat Kalori Degerleri (TJ/kt) Emisyon faktorii (t C/TJ)  CO,/kg (yakit)
Dizel Yakit (Motorin) 43,33 20,2 0,875266
LPG 47,31 17,2 0,813732
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3. Bulgular ve Tartisma

Bu ¢alismada Selguk Universitesi Teknoloji Fakiiltesi Bilgisayar Miihendisligi’nde yer alan bir yiiksek
lisans sinifi 6rnegi lizerinden uzaktan ve orgiin egitimin enerji titkketimleri kiyaslanmistir. Yapilan kiyasla-
mada siif iiyelerinden toplanan veriler Tablo 3’te, 6rgiin egitimde siniftaki enerji tiiketimi ile ilgili veriler
ise Tablo 4’te gdsterilmistir.

Tablo 3

Orgiin ve uzaktan egitimde 6grenciler tarafindan tiiketilen enerjinin kiyaslanmasi

Orgiin egitimde tiiketilen enerji Uzaktan egitimde tiiketilen enerji
Ogrenci  Ogren- Ogrencinin ~ Ogrencinin  Ulastm  Emisyon Online toplant: sirasinda ~ Emisyon
SiraNo.  cinin ulagim aract  ulasim ara-  aracinin  miktari Ogrenci tarafindan kulla-  miktari

okula (Otomobil, cinin yakit  yakit (kg-CO,) milan cihazlar (kg-CO,)
gi- tramvay, tirdi (Ben-  tiiketimi  Bilgisa-  Aydin- Mo-

dis-d6- otobiis, vb.)  zin, Dizel, (100 km/ yarin gic {gtmanin = demin

niis LPG) It) titketimi giic tiike-  giic

mesa- W) timi tiiketi-

fesi (W) mi

(km) (W)

1 14 Otomobil LPG 5 0,57 60 80 30 0,08
2 32 Tramvay 65 45 12 0,06
3 46 Otomobil Dizel 6 2,41 161 60 8 0,11
4 200 Otobiis 110 50 10 0,08
5 14 Tramvay 90 60 20 0,08
6 36 Otomobil Dizel 5 1,57 200 60 12 0,13
7 50 Otomobil Dizel 4,5 1,96 144 60 8 0,10
8 42 Otomobil Dizel 5 1,83 90 50 12 0,07
9 32 Tramvay 65 45 12 0,06
10 38 Tramvay + 65 60 15 0,07

Otobiis
Toplam 8,34 0,84
Haftalik toplam 25,02 2,52
(3 saat)
Donemlik toplam (14 hafta) 116,76 35,28

Not : Otobiis ve tramvay ile ulagim saglayan dgrencilerin, okula gitmedikleri takdirde de s6z konusu ulagim
araclarinin seferlerini yapmalar1 gerektiginden karbon ayak izi emisyon degeri hesaplamasinda degerlen-
dirmeye dahil edilmemistir.
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Tablo 4

Orgiin egitimde sinifta tiiketilen haftalik enerji

Sinifta kullanilan Kullanim Siiresi Giic tiikketimi (kW)  Haftahk Haftalik emisyon
elektronik (saat) elektrik tiiketimi, kg-CO,/hafta
cihazlar (kWh/hafta)

Bilgisayar 3 0,10 0,30 0,14

Aydinlatma 3 0,22 0,66 0,32

Tepegoz 3 0,43 1,29 0,62

Modem 3 0,03 0,09 0,04

Toplam 2,34 1,12

14 hafta icin toplam degerler 32,76 15,72

Online dersler Google meeting ile ¢ekilip Google drive’a kaydedilmektedir. Kaydedilen derslerin ortalama
buiytikliigii 100 MB’dir. Kaydedilen ders icin veri depolama cihazi tarafindan tiiketilen elektrigi tahmin
etmek i¢in farkli veri depolama cihazlarmin 100 MB i¢in tiikettigi elektrik arastirilmistir ve sonuglar Tablo
5’te verilmistir (Dell Technologies, 2020).

Tablo 5

Farkli veri depolama cihazlarinin gii¢ talebi

Veri depolama cihazi ECS EX300 ECS EX500 ECS EX3000 ECS EXF900
Raf basina ¢coklu depolama yapilan-

dirmalar1 (16*¥2U diigiim), TB 3072 6144 11520 2949

2U diigiim basina gii¢, kW 0,29 0,72 1,35 1,086
(16*2U) digiim bagimna gii¢, W 4640 11520 21600 17376

100 MB/W basina giic 0,000151042 0,0001875 0,0001875 0,00058922

Tablo 5’te 100 MB igin talep edilen elektrik miktar1 verilmistir. Bu degerlerin ortalamasi alindiginda 100
MB igin elektrik talebi 0,000278815 W olarak bulunmus ve bir ders i¢in haftalik veri depolama amagli
enerji talebi 0,0468 W olarak hesaplanmis ve bu degerin sabit oldugu varsayilmistir. Ayrica ilk haftadan
itibaren her bir hafta i¢in veri depolama cihazina kaydedilen ders kaydedildigi haftadan itibaren donem
sonu yani 14. haftanin sonuna kadar kayitli olarak kalacaktir. Ornegin ilk hafta igin (14*0,0468=0,66 kWh/
donem), ikinci hafta i¢in (13*0,0468=0,61 kWh/donem) olarak hesaplanmis ve tiim haftalar ayn1 mantikla
hesaplandiginda toplam dénemlik yani 14 haftalik elektrik tiiketim talebi (0,66+0,61+0,56+0,51+0,47+0,4
2+0,37+0,33+0,28 +0,23+0,19+0,14+0,09+0,05 = 4,91 kWh/donem) olarak hesaplanmis ve Tablo 6’da yer
alan uzaktan egitimde sinifta tiiketilen enerji talebi toplam hesabina dahil edilmistir.
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Tablo 6

Uzaktan egitimde sinifta tiiketilen enerji

Kullanim Giic tiiketimi tﬁkeﬁiﬁlidthh ) Emisyon,
. . 9
Siiresi (saat) (kW) hafta) (kg-CO,/hafta)

Dersin
kaydedildigi 3 0,504 1,5120 0,7684
sunucu
Dersin
kaydedildigi depo 24 0,000278815 0,0468 0,0238
Unitesi
Dersin gekildigi 3 0,101 0,3030 0,1454
bilgisayar
Dersin gekildigi 3 0,029 0,0870 0,0418
modem
Odanin 3 0,086 0,2580 0,1238
aydinlatmasi
Toplam 2,2 1,1
14 hafta icin toplam degerler 30,9 15,4

Tablo 7°de ise 6grenciler tarafindan ve sinif i¢i faaliyetler sonucu 6rgiin egitim ve uzaktan egitim agisindan
olusan dénemlik toplam emisyon degerleri gosterilmistir.

Tablo 7

Orgiin egitim ve uzaktan egitim agisindan dénemlik toplam emisyon degerleri, (kg-CO,/donem)

Orgiin egitim Uzaktan egitim
Ogrenciler tarafindan tiiketilen enerji 116,76 35,28
Sinifta tiiketilen enerji 15,72 15,44
Toplam emisyon degerleri 132,48 50,72

4. Sonuclar

Kiiresel 1snmaya dogrudan etki eden CO, gazinin 6nemini vurgulamak adina gesitli alanlarda karbon ayak
izi hesaplama ¢aligmalar1 yapilmistir (Kumas vd., 2019) Insan faaliyetlerinin her tiirlii tiiketimi sonucu
dogaya vermis oldugu zarar, karbon ayak izinin biiyiikliigiiyle orantilidir (Yaka vd., 2015). Literatiirde
uzaktan ve Orgiin egitimi, maliyet etkinlik analizi (Tezcan. 2000). akademik basari puani_(Kor, 2013).
uzaktan 6gretim hakkinda goriisler (Sen ve Kizilcalioglu, 2020). egitim kalitesi (Balaman, 2018). iki egi-
tim sisteminin igerigi (Topa Ciftci, 2021) ve uzaktan egitimde topluluk hissi (Enfiyeci ve Biiyiikalan Filiz,
2019) agisindan kiyaslayan ¢aligmalar bulunmasina karsilik, enerji tiiketimi ve sera gazi emisyonu ag¢isin-
dan karsilastirildigr bir ¢alismaya rastlanmamistir. Bu ¢alismada uzaktan ve 6rgiin egitim arasindaki enerji
titkketimi ve sera gazi emisyonlarinin karsilagtirilmasi bir yiiksek lisans sinifinda yer alan bireylere ait veri-
ler ile hesaplanmistir. Emisyon degeri sinif i¢in 6rgiin egitimde 132,48 (kg-CO,/d6nem), uzaktan egitimde
50,72 (kg-CO,/d6nem) olarak hesaplanmustir. Snifa ait toplam emisyon degerinin uzaktan egitim ile %
62 azaldig1 goriilmiistiir. Bu da uzaktan egitimin sera gazi emisyonunu azaltmada etkili olabilecegi ortaya
koymustur. Ayrica ulasimdan kaynakli emisyon degerinin 116,76 kg-CO,/donem ile en yiiksek degere sahip
oldugu goriilmiistiir. Elde edilen bu sonug da karayolu ulasimimin Tirkiye’de ulasim sektoriiniin merkezi
konumda olmasi ve kiiresel 1sinmanin 6nemli sebeplerinden birisinin sehir i¢i ulasimi (Algedik, Bayar,
ve Bicer, 2016) olmast ile ortlismektedir. Doganin ve ekolojik dengenin korunmasi insanlarin en énemli
gorevlerindendir. Bu baglamda bireysel karbon ayak izi hesaplamasinin yaygin hale getirilmesi ve geng
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nesillere ¢evre bilincine sahip bireyler olmalar i¢in yasam felsefesi olarak asilanmasi gereken en dnemli
unsurlardan birisidir.
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