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GENELLESTIRILMIS TOPLAMSAL MODELLERIN ZOOTEKNIDE
KULLANIMI

Nursen KURDAL?!, Hasan ONDER1*

10ndokuz Mayis Universitesi, Ziraat Fakiiltesi, Zootekni Béliimi, 55139, Samsun, Tiirkiye

Ozet: Regresyon analizi pek ¢ok bilim dalinda oldugu gibi zootekni alaninda da en sik kullanilan istatistik yontemlerden birisidir.
Ancak pek cok biyolojik calisma icin dogrusal regresyon varsayimlarinin saglanmasi miimkiin olmamaktadir. Ozellikle kesikli verilerin
aciklayici degisken olarak kullanilmasi gereken durumlarda dogrusal regresyon kullanilarak elde edilen modellerin istatistiksel olarak
hatali sonuglar tiretebilecegi bilinmektedir. Bu gibi durumlar i¢cin dogrusal regresyon yerine parametrik olmayan ya da yar1 parametrik
yontemlerin kullanilmasi 6nerilmektedir. Bu ¢alismada, kesikli agiklayici degisken varliginda onerilen genellestirilmis toplamsal
modellerin zootekni alanindan elde edilmis bir veri kiimesi kullanilarak tanitilmasi amaglanmistir. Sonu¢ degiskeni olarak siit
kegilerinden alinan laktasyon siit verimi kullanilirken agiklayici degiskenler olarak laktasyon siiresi ve ana yasi kullanilmigtir (n=166).
Laktasyon siit verimi, laktasyon siiresi ve ana yas1 degiskenlerinin normal dagilis géstermedigi belirlenmistir. Elde edilen dogrusal
regresyon modelinin istatistiksel olarak anlamli oldugu (P<0,001), Hata Kareler Ortalamasimin (HKO) 5826,039 ve belirtme
katsayisinin (R?) 0,16 oldugu belirlenmistir. Diisiik bir belirtme katsayisina ragmen modelin anlaml olmasinin 6rnek biyiikligiine
bagl olabilecegi yorumlanmistir. Elde edilen genellestirilmis toplamsal model igin Ana yas1 degiskeninin laktasyon siiresi degiskenine
gore daha basarili diizlestirme degerine sahip oldugu belirlenmistir. Dogrusal regresyon ve genellestirilmis toplamsal modelleri
karsilastirabilmek adina Root Mean Square Error (RMSE), Relative Root Mean Square Error (rRMSE) ve ortalama mutlak sapma (MAD)
degerleri hesaplanmistir. Elde edilen bulgulara gore dogrusal regresyon analizinin tahmin basarisinin daha ytiksek oldugu
anlasilmaktadir. Ancak agiklayici degiskenler arasinda ¢oklu baglanti problemi olmamasina (VIF=1.000) ve sapmalarin normal dagilisa
sahip olmasina (P>0,05) ragmen degiskenlerin normal dagilmadig: bilinmektedir. Bu durumda genellestirilmis toplamsal modellerin
kullanilmasinin odnerilebilecegi soylenebilir. Sonu¢ olarak zootekni ¢alismalarinda Kkesikli degiskenler ile model olusturmak
gerektiginde dogrusal modeller yerine genellestirilmis toplamsal modellerin kullanilmasinin elde edilecek modelin giivenilirligini
artiracagl i¢in 6nerilebilecegi belirlenmistir.

Anahtar kelimeler: Genellestirilmis toplamsal modeller, Regresyon, Kesikli veri, Zootekni

Use of Generalized Additive Models in Animal Science

Abstract: Regression analysis is one of the most frequently used statistical methods in the field of animal science, as it is in many
branches of science. However, it is not possible to provide linear regression assumptions for many biological studies. It is known that
especially in cases where discrete data should be used as explanatory variables, the models obtained using linear regression can
produce statistically incorrect results. For such cases, it is recommended to use non-parametric or semi-parametric methods instead of
linear regression. In this study, it is aimed to introduce the generalized additive models proposed in the presence of discrete
explanatory variables, using a dataset obtained from the field of animal science (n=166). While lactation milk yield was used as the
outcome variable, lactation period and maternal age taken from dairy goat were used as explanatory variables. It was determined that
the variables of lactation milk yield, lactation period and maternal age did not show normal distribution. It was determined that the
obtained linear regression model was statistically significant (P<0.001), the Mean Square Error (MSE) was 5826.039 and the
coefficient of determination (R%) was 0.16. It has been interpreted that the significance of the model, despite a low coefficient of
determination, may depend on the sample size. For the generalized additive model obtained, it was determined that the maternal age
variable had a more successful smoothing value than the lactation period variable. Root Mean Square Error (RMSE), Relative Root
Mean Square Error (rRMSE) and mean absolute deviation (MAD) values were calculated to compare linear regression and generalized
additive models. According to the findings obtained, it was understood that the estimation success of the linear regression analysis was
higher. However, it was known that although there was no multicollinearity problem between the explanatory variables (VIF=1.000)
and the deviations had a normal distribution (P>0.05), the variables were not normally distributed. In this case, it can be said to
recommend to use of generalized additive models. As a result, it has been determined that when it is necessary to create a model with
discrete variables in animal science studies, using generalized additive models instead of linear models can be recommended as it will
increase the reliability of the model to be obtained.

Keywords: Generalized additive models, Regression, Discrete data, Animal science
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1. Giris

Regresyon analizi, sebep sonug iligkisi
bulunan degiskenler arasindaki iliskiyi incelemek, tespit
etmek, modellemek ve bu modeli kullanarak ilgili konu
lizerinde tahminler (estimation) ya da kestirimler
(prediction) yapabilmek amaciyla kullanilan istatistiksel
yontemlerden birisidir (Bagdatl, 2010; Ari ve Onder,
2013). Regresyon analizi, hemen hemen tiim bilim
dallarinda en ¢ok kullanilan yontemlerden birisidir.
Regresyon analizinin metodolojisi, sebep degiskenlerin

aralarinda

sonu¢ degisken tlzerindeki etkisini ve katkisini
degerlendirerek  sonu¢ degiskeni ve aciklayic
degiskenler arasindaki iliskiyi ortaya koymak ve

modellemektir (Durmus, 2018). Bir¢ok biyolojik olayda
sebep sonug iliskisine rastlamak miimkiindiir. Ornegin;
yem miktarinin (sebep), siit miktarina (sonuc) etkisi bir
ornek olarak verilebilir. Bu analiz tekniginde iki (basit
dogrusal regresyon) veya daha fazla degisken (¢oklu
dogrusal regresyon) arasindaki iliskiyi aciklamak icin
matematiksel bir model kullanilir. Zootekni alaninda da
verilerin degerlendirilmesi isleminde degiskenler arasi
iligkilerin incelenmesi
istatistiksel

amaciyla en ¢ok kullanilan
yontemlerden ¢oklu  dogrusal
regresyon analizidir.

Coklu regresyon analizi, bagimh degiskenle iligkili olan
iki ya da daha fazla agiklayici degiskene dayali olarak,
bagiml degiskenin tahmin edilmesine ydnelik bir analiz
yontemidir. Aciklayicr degiskenler tarafindan sonug
degiskeni de

birisi

aciklanan toplam

degiskenlerle

varyansin
yorumlanmasina ve agciklayici sonug
degiskeni arasindaki iliskinin yoniine ve miktarina dair
yorum yapma imkani verir (Kanit ve Baykan, 2004).

Dogrusal  regresyon modelleri i¢in  agiklayic
degiskenlerin birbirlerinden bagimsiz oldugu ve benzer
dagilima sahip olduklari varsayimi kabullenilmektedir.
Parametrik regresyon analizinin bir diger varsayimi ise;
regresyon  katsayisinin  test
durumunda hata terimlerinin normal dagilima sahip
olmasidir. Bu varsayimlar altinda regresyon katsayisinin
En Kiicliik Kareler (EKK) tahmin edicisi n-k serbestlik
dereceli t dagilimina sahiptir (burada, n ve k sirasiyla
ornek buytkligi ve agiklayicr degisken sayisini
gostermektedir). Ayrica, merkezi limit teoreminden
bilindigi gibi regresyon Kkatsayisi optimum Ornek
biiyiikligiine ulasildiginda dagilima sahip
olmaktadir. Ancak, hata terimlerinin normal dagilima
sahip olmadig1 ve ornek biiylikligiinin yeterli diizeye
ulasamadigl durumlarda, EKK tahmin edicisi hatali
sonuglar iiretebilmektedir (Onder, 2007). Yukarida bahsi
gecen Ozelliklere ek olarak, ¢oklu dogrusal regresyon
analizi i¢in temel bir varsayim olan, agiklayici degiskenle
sonu¢ degiskeni arasindaki iligkilerin dogrusal, karesel
veya kiiresel gibi tanimli bir matematiksel fonksiyon
olmas1 varsayimmnin da saglanmasi gerekir. Bu
varsayimlar saglandiginda, dogrusal regresyon analizi
oldukea giicli bir parametrik yontemdir. Ancak biyolojik
calismalarda elde
fonksiyon tanimlamak ¢ok zor olmakta hatta baz

edilmek  istenmesi

normal

edilen oOrneklere matematiksel

durumlarda miimkiin olmamaktadir. Bu cercevede sonug
degiskeni ve aciklayici degiskenler arasindaki iliskinin
fonksiyonel sekli biliniyorsa parametrik regresyon
modelleri, bilinmiyorsa parametrik olmayan regresyon
modelleri kullanilir (Durmus, 2018). Ancak, veri yapisina
uygun olmayan regresyon yontemlerinin kullanilmasi
yaniltici
olabilmektedir. Regresyon analizinde iizerinde ¢alisilan
degiskenler siirekli ya da kesikli yapida olabilmektedir.
Bu durumda, veri yapisina bagh olarak farkl regresyon
modelleri kullanilabilmektedir (Ar1 ve Onder, 2013).
Sonug degiskenin siirekli olmadigi durumlarda regresyon
analizi
modellerde bulunmaktadir. Degiskenlerin siirekli oldugu
ancak normal dagilim gostermedigi durumlarda veri
analizi icin gelistirilen Genellestirilmis Dogrusal Modeller
(GDM) kullanilmaktadir (Savas ve Cengiz, 2009). Senel,
ve ark. (2009)'min bildirdigine gore; GDM, ilk kez 1997
yilinda Nelder ve Wedderburn tarafindan ileri
strilmistiir.  Cok  genis  uygulama
kullanilmistir. Bu alandaki ilk detayl kitap McCullagh ve
Nelder (1989) tarafindan yazilmistir.

Dogrusal modeller de her bir tahmin edicide sonug
degiskenini dogrusal kabul ederken toplamsal modeller
de ise sadece diiz bir sekilde bagimli degiskenin her bir

sonuglarin elde edilmesine neden

uygulayabilmek icin de genellestirilmis

alanlarinda

tahmin edici tarafindan etkiledigini varsayilmaktadir.
Genellestirismis Toplamsal Modeller (GTM), tahmin
ediciler ve bagimh degiskenler
toplamsal olmayan iligkileri modelleyen, dogrusal
modeller ve GDM’in genisletilmis bir ifadesidir (Savas ve
Cengiz, 2009). Dogrusal regresyon
genellestirilmis dogrusal modellerin uzantis1 olmasi gibi
genellestirilmis toplamsal modeller de toplamsal
modellerin bir uzantisidir. Bu tiir modellerin veriye

arasindaki esnek

modellerinin

uyumu i¢in kullanilan degisik yaklasimlardan biri olan
diizlestirme, cesitli duzlestirme
fonksiyonlarinin kullanildig1 yaklasimlardandir (Asfha,
2017).

Agirlikh en kiiciik kareler kullanilarak olusturulan ve

model matrisinde

kesin bir ¢6ziime sahip olan dogrusal regresyon
modellerinin aksine, bir GTM (veya bir GDM) i¢in tahmin
yontemi, optimal tahminleri bulmak i¢in yinelemeli
(iteratif) yaklasimlar gerektirir. GTM'de tahmin, yerel
puanlama (local scoring) algoritmasi ile geriye uydurma
(backfitting) algoritmasinin bir bilesimine dayanir. Yerel
puanlama algoritmasi, GDM'de maksimum olabilirlik
tahminlerini bulmak i¢in Fisher puanlama prosediiriiniin
bir genellemesidir. Geri uydurma algoritmasi, herhangi
bir toplamsal modeline uydurmak i¢in uygundur ve
GTM'de, birkac fonksiyon dahil
edildiginde yerel puanlama yinelemesinde kullanilir.
GTM, mevsimsellik, egilimler ve hava degiskenlerinin
dogrusal olmayan Kkaristirict etkileri icin parametrik

modele diizglin

olmayan diizeltmelere izin verdigi icin en yaygin olarak
uygulanan yontem olmustur ve parametrik alternatiflere
gore daha esnek bir yaklasimdir. GTM, bir¢ok zaman
serisi analizinde yaygin
(Dominici, ve ark., 2002).

olarak kullanilmaktadir

BS] Eng Sci / Nursen KURDAL ve Hasan ONDER

138



Black Sea Journal of Engineering and Science

Literatiir incelendiginde; Omay (2007)'1n c¢alismasinda
Los Angeles’daki hava kirliligi ile kaydedilen 6lim
oranlar1 arasindaki iliski incelenmistir. Gézlenen 6liim
oranlarina karsilik gelen ozon seviyeleri,
monoksit seviyeleri, partikiil seviyeleri, ortalama sicaklik

karbon

ve zaman Olim iizerine etkili aciklayic1 degisken olarak
belirlenmistir.
etkiledigini test etmek icin farkli regresyon modelleri
kullanilmis. Modeller sirasiyla dogrusal model, GDM,
toplamsal model, GTM ve ince tabakali splayn ile
GTM’dir.  Elde sonuclar  incelendiginde
genellestirilmis toplamsal modelin istatiksel olarak daha
anlamli sonuglar verdigi ve semiparametrik toplamsal
modele gore daha aciklayici oldugu gorilmiistiir.

Savas ve Cengiz (2009) calismalarinda zeka testleri
yapilan bir merkezde 118 kisiye yapilan anket
calismasinda kisinin hayat memnuniyet derecesi lizerine
etkisini incelemek i¢in yas, zeka testi, egitim, aylik gelir,
agirhk gibi degiskenlere ikili lojistik regresyon
uygulamiglar ve sonucunda yasin anlamli olmadigl

Hava kirliliginin 6liim oranim nasil

edilen

goriilmistiir. Bu iliskiyi daha az sinirli hale getirmek i¢in
GTM kullanilmis ve Ki-kare test degerine bakildiginda
%5 anlamlilik seviyesinde gelirin etkisi
cikmistir. Yapilan analizlerden elde edilen sonugta zeka,
agirlik ve yas etkileri kuadratik alinirken gelirin etkisi

anlamsiz

dogrusal olarak tekrar test edilmis ve parametreler %5
anlamlilik seviyesinde anlamli bulunmustur.

Ma ve Yan (2014)1n ¢alismasinda, dogrusal model
durumunda bulunmayan  siiriici  yasi
degiskeninin trafik kazalarinda ¢arpan ya da carpilan
taraf olma tizerine etkisinin olup olmadigi durumu, kiibik
splayn toplamsal logistik
regresyon model ile incelemislerdir. inceleme sirasinda
stirticii yas1 degiskeni anlamli bir etkiye sahip olup,

anlaml

diizeltmesi  kullanilarak

siirtici yasi Kkiiciildiikce carpan (hatali) taraf olma
olasiliginin arttigl gozlemlenmistir.

Kan Kiling ve Cavus (2017) yapmis olduklar1 ¢alismada,
¢oklu baglantinin varliginda, genellestirilmis dogrusal
model, toplamsal lojistik regresyon model ve
siniflandirma agaclarinin bir benzetim c¢alismasi ile
kiiciik, orta ve biiyiik veri kiimeleri i¢in modellerin
yeterliligini, bahsedilen yodntemler yardimiyla ortaya
koymayr amaglamislardir. Sonug¢ olarak toplamsal
modellerden elde edilen sonuglarin CART modellerinde
diizeltme fonksiyonlarinin etkisiyle basarili sonuglar elde
etmis olduklarin bildirmislerdir.

Kovalchik ve Varadhan (2013) calismasinda toplamsal
lojistik modellerin genisletilmis bir hali olan toplamsal
binom modellerini kullanarak mesane kanseri iizerine bir
veri seti kullanarak R istatistik programinin “blm”
paketinin kullanimini géstermislerdir.

Omay (2014)'1in c¢alismasinda Diinya Bankasi, Diinya
Kalkinma Gostergeleri'nden alinan verilerle c¢evresel
gostergeler olarak CO2 ve PM10 emilsiyonlari, ekonomik
gostergeler olarak kisi basina diisen GSYH (Gayri safi
yulik hasila) ve enerji kullanimi, saglik gostergesi olarak
ise kadinlar ve erkeklere iliskin 6lim oranlar1 alinmistir.
Bu degiskenler dikkate alinarak regresyon modelleri

olusturulmus ve OECD (Ekonomik Kalkinma ve isbirligi
Orgiitii)’ye iiye iilkeler kullanilmistir. Yapilan calismada
OECD iilkeleri icin PM10, CO: gevresel gostergelerin ve
enerji kullanimi, GSYH ekonomik gdstergelerin saglik
uzerindeki etkisi modellenmis ve farkli varyanshhk
problemi go6zlenmis bu ortadan kaldirmak i¢in panel
genellestirilmis toplamsal model (PGAM) kullanilarak
problemin asildig1 gérilmiistiir.

Senel ve ark. (2009)1mn Samsun il merkezinde hava
kirliligine neden olan SO2 6l¢iimlerindeki degisimin nispi
nem, ortalama riizgar hizi, ortalama sicaklik, diisen yagis
miktar1 gibi degiskenler ile iliskisini ortaya koymak icin
regresyon  modeli ve GAM
karsilastirilmistir. Coklu dogrusal regresyon modelinde
SO2’yi agiklamada ortalama nispi nem ve aylk yagis
miktar1 anlamsiz oldugu gorilmiistir. GAM kullanilarak
aciklayict  degiskenler arasindaki iliskinin ortalama
riizgar hizi ve ortalama sicakligin dogrusal, ortalama
nispi nem ve aylk yagisin kuadratik oldugu ve %5
anlamlilik seviyesinde tiim agiklayicilarin istatistiksel

¢oklu  dogrusal

olarak anlamli oldugu belirlenmistir.

Dominici ve ark. (2002) hava kirliligi ve saglik iligkisini
inceledikleri g¢alisma soncunda analiz bulgularinin,
epidemiyolojik veya diger arastirmalarda GTM ve diger
parametrik olmayan regresyon tekniklerinin faydasini
ortaya koymustur. Calismalarinda tanimlanan sorunlara
karsi 6nlem almak icin, yakinsama kriterleri, énemli
Olciide daha giivenilir hale getirilmesi gerektigini
bildirmislerdir. Analizleri gerceklestirmek icin S-Plus
kullandiklarini

”

yazillminda  “gam
belirtmislerdir.
Bu c¢alismada genellestirilmis toplamsal
tanitilmasi ve zootekni alaninda bir 6rnek ile dogrusal
regresyon analizi ile karsilagtirilmasi amaglanmustir.

fonksiyonunu

modellerin

2. Materyal ve Yontem

2.1. Materyal

Bu calismada veri olarak 2014 yilinda tamamlanan bir
doktora tezi icin alinan veriler (Tozlu Celik, 2014)
danisman onay1 alinarak kullanmilmigtir. Sonug degiskeni
olarak siit kecilerinden alinan laktasyon siit verimi (kg)
alinirken aciklayici degiskenler olarak laktasyon siiresi
(glin) ve ana yasi (y11) kullanilmistir. Verilerin analizinde
SAS yazilimi kullanilmistir.

2.2. Yontem

Temel amaglar ise en genel bicimde, sonug
degiskenindeki degisimi aciklama, herhangi bir gézleme
karsilik gelen ortalama y degerini bulma, noktalar icin en
iyi egriyi uydurma olarak siralanabilir (Bagdatl, 2010).
Geleneksel coklu dogrusal model (Esitlik 1);

E(Y[X1,Xz,...Xx)=Po+B1X1+ L2 Xo+...+BiXk (1)

olarak gbsterilebilir (Ar1 ve Onder, 2013; Kan Kiling ve
Cavus, 2017). Bu model oldukg¢a basit olmasina ragmen,
varsayimlarinin saglanmasi durumunda ¢ok giivenilir bir
yontemdir. Dogrusal regresyon modelleri i¢in agiklayici
degiskenlerin birbirlerinden bagimsiz oldugu ve benzer
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dagilima sahip olduklar1 varsayimi kabullenilmektedir.
Parametrik regresyon analizinin bir diger varsayimi ise;
regresyon  katsayisinin  test  edilmek
durumunda hata terimlerinin normal dagilima sahip
olmasidir. Bu varsayimlar altinda regresyon katsayisinin

istenmesi

EKK tahmin edicisi n-k serbestlik dereceli ¢ dagilimina
sahiptir (burada, n ve k sirasiyla drnek biytkligi ve
aciklayicr degisken sayisini gostermektedir). Ayrica,
merkezi limit teoreminden bilindigi gibi regresyon
katsayis1 optimum o6rnek biiyiikligiine ulasildiginda
dagilima sahip Ancak, hata
terimlerinin normal dagilima sahip olmadigl ve 6rnek
biiyikliginiin yeterli diizeye ulasamadigl durumlarda,
EKK tahmin edicisi hatali sonuclar iiretebilmektedir
(Onder, 2007). Biyolojik 6érneklerin genellikle dogrusal
olmamas! nedeniyle, daha esnek bir yaklasim olan
istatistiksel =~ yontemlerden  parametrik  olmayan
yontemler ve genellestirilmis toplamsal modeller
alternatif olarak kullanilabilir (Hastie ve Tibshirani,
1990; Kan Kiling ve Cavus, 2017). Parametrik olmayan

normal olmaktadir.

¢oklu regresyon modellerinin  tahmininde ¢ok
boyutlulugun yarattigl glicliikler (curse of
dimensionality) nedeniyle zorluklar yasanabilmektedir.
Bu sorunun ¢6ziimii i¢in toplamsal modeller kullanilabilir
(Savas ve Cengiz, 2009).

Genellestirilmis toplamsal modeller (GTM) Esitlik 2’'de
oldugu gibi gosterilebilir (Hastie ve Tibshirani, 1990;
Savas ve Cengiz, 2009);

E(Y|X1,X2,...Xx)= fi(X1)+...+fk(Xk) (2)

e X;: Bagimsiz degisken

e Y:Bagiml degisken

e fi Duzlestirici fonksiyonlar (parametrik olmayan)
gosterir.

Burada X/nin rastgele segilen fonksiyon i¢in terimler
fi(Xi), dogrusal denklemdeki BiX; terimlerine karsilik
gelmektedir. Buradaki yaklasimin farklihg, her
fonksiyona  serpilme  diyagrami iricisi
uydurulmasi ve bu sekilde her f; fonksiyonunu tahmin
edilmesini saglamaktir (Bagdatli, 2010). Bu modeller,
bagiml degiskenin ortalamasinin, dogrusal olmayan bir
baglanti islevi aracilifiyla toplamsal bir tahmin ediciye
baglh oldugunu varsayar. Genellestirilmis toplamsal
modeller GTM'i dogrusal XX;f;ifadesini Zjfj(X;) ile ikame
ederek genisletir. GTM'deki lineer regresyon adim,
verilerin uygun diizgiin fonksiyonu f belirlemek i¢in
kullanildig1, parametrik olmayan bir eklemeli regresyon
adimu ile degistirilir. Bu, yinelemeli (iteratif) diizlestirme
islemleri araciligiyla yapilir ve agiklayici degiskenlerin
cesitli dogrusal olmayan etkilerine izin verir (Berg,
2007).

Geleneksel baglanti fonksiyonlari ve ilgili genellestirilmis
toplamsal modeller su sekildedir;

e g(W=u=Y; fj (x;), geleneksel dogrusal modelin

toplamsal genislemesi

e g(w=log(w)=%; f; (x;), poisson i¢in logaritmik
toplamsal model

. log[ﬁ]=a+ﬁ){1+...+ﬁ;(xp) toplamsal logistik regresyon

modeli

Yukarida verilen ifadeler negatif binom ve gamma
dagilimini iceren iissel ailesinden 6rnek modellerinden
olusturulabilir. genellestirilmis  toplamsal
modeller ile uyumlu gsekilde genisletilmis dogrusal
modeller olarak bilinen sinifi olustururlar (McCullagh ve
Nelder, 1989).

f; fonksiyonlar1 bir algoritma i¢in temel yap1 bloklarini
meydana getiren serpilme diyagraminmi kullanarak daha
esnek bir sekilde tahmin edilebilir. x'nin etkisinde

Bunlar

tahmin edilen fj(x) fonksiyonu genellikle dogrusal
olmayan durumlar ortaya koyabilir. Burada stirekli ve
bazi degiskenlerin kesikli oldugu durumlar i¢in diger
parametrik durumlarda da kolaylikla kiyaslanabilir
oldugunu gdstermeyi amaglamaktadir. Dogrusal olmayan
ifadeler ana etkilerle siniflandirllamamaktadir. iki ya da
daha fazla degisken icin dogrusal olmayan bilesenler
mevcut olabilir ya da kesikli faktériin her seviye
diizeyinde egrilerin kategorize edilebilir 6zellikte olabilir.
Sonu¢  olarak  simiflandirma
verilenlerden biri kullanilabilir;
o g(uW)=XB+ok+f(z): Semi-parametrik bir model; burada
X dogrusal olarak modellenirken tahmin ediciler igin
bir faktor olan, ax, kesikli bir faktériin k'nc1 derecesi

amaciyla  asagida

icin etki ve tahmin edici Z'nin etkisi non-parametrik
sekilde modellenir.

o g(W=f(x)+gk(z) : Burada, k bir faktéri icin seviye
sayl1s1 ve sonucta k ve Z'nin bir etkisi icin bir etkilesim
ifadesini ortaya koyar.

o g(W=f(x)+g(zw): Burada g iki degisken icin non-
parametrik bir fonksiyon olarak tanimlanabilir.

Genel dogrusal olmayan modeller Esitlik 3’'deki gibi
gosterilir;

Y=(X1,Xz,...Xp)*+e 3)

o X1,X2,...Xp: Aciklayic1 degisken

e ¢:rastgele hata

o f: Rr—R keyfi secilen diizgiin bir fonksiyon

Ancak P>2 oldugu durumlarda dogrusal olmayan model
icin uyumsuzluk gosterir. Ayrica agiklayic degisken
sayisinin fazla olmasi dogrusal olmayan regresyonu
yorumlamay1 zorlastirir. Toplamsal modelde; fj'yi tahmin
etmek i¢in kullanilan Xj nin rastgele secilen
fonksiyonuna ait fi(X;) dogrusal
denklemdeki B;Xj nin yer degistirmesidir (Esitlik 4).

terimler olan

Y=0(+Z?=1 f} (X])+ € (4)

Bagimh degisken Y, bagimsiz degiskenleri X1,X2,..Xp'ye
kadar olan toplamsal model, yukaridaki forma sahiptir.
Hatalar burada Xj'den bagimsiz, E(g)=0 ve Var(g)=c?'dir
(Esitlik 5).
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E(Y[X1.Xz,... Xo)5_, f;(X)) ()

E(Y) tzerinde Xj'nin etkisi diger aciklayic1 degiskenlerin
her degeri i¢in benzerdir. Y bir bagiml degisken olsun ve
X1,X2,....Xp aciklayict degiskenler olarak tanimlandiginda
standart dogrusal regresyon modeli Esitlik 6’daki sekilde;

E(Y|X1,...Xp)=Bo+BiX1+...4BoXp (6)

kosullu beklentisi icin dogrusal bir form onerir.
B1,B2,...Bp'nin tahminleri EKK yontemi ile elde edilir.
Toplamsal modeller (Esitlik 7);

E(Y[X1,...Xp)=S0+s1(X1)+...+Sp(Xp) (7

de verilen kosullu beklenen degerin modellemesi ile
dogrusal modelleri genellestirir. Burada i=1,...p olmak
izere si(Xi) diizlestirme fonksiyonlaridir. Diizlestirme

fonksiyonlar1  silerin  Esj(Xj)=0 standartlastirilmis
kosullar1 saglamasi gerekir.

2.3. Diizlestirici Fonksiyonlar

Genellestirilmis  toplamsal modellerde diizlestirici

fonksiyonlar, bagimh degiskendeki degiskenligi bagimsiz
degiskenin bir aciklar.  Diizlestirici
fonksiyonlar splayn olarak da bilinir. Splaynlar sonug
degiskeni ile bagimsiz degiskenler arasindaki iligkiyi
aciklar. Farkl
kullanilan diizlestiriciler verilecektir.

2.3.1. Kiibik splaynlar

Basit sekilde farkl kiibik polinomlardan olusan bir egri
olarak tanimlanabilir (Esitlik 8).

fonksiyonuyla

diizlestiriciler vardir burada yaygin

n b
> G+ 4 [ o @2 e ®)
=1 4

A bir sabit ve agxi<...<xy <b’dir. i1k terim veriye yakinhig
olcer, ikinci terim fonksiyondaki egriyi diizeltir. 1/(1+2)
diizlestirme parametrisidir ve A biiyiidiik¢e diizlestirme
parametrisi 1’e yaklasir ve daha diizgiin egri olusturur.
Anin kiigik degeri i¢in diizlestirme parametresi 0’a
yaklagir.

2.3.2. Yerel regresyon

Yerel regresyon Cleveland ve ark. (1988) tarafindan
ortaya konmustur. Yerel regresyon, bir x aciklayic
regresyon n(x)in  bir
fonksiyonunun degeriyle hesaplanacagi fikrine dayanir.
Boyle bir yerel yaklasim, x noktasinin segilen bir
komsulugu icinde veri noktalarina bir regresyon yiizeyi

degiskeninde fonksiyonu

diizlestirme ile elde edilir. Agirhkh En Kiiciik Kareler
(EKK) algoritmasi degiskenlerin dogrusal
fonksiyonlarin1  diizlestirme ic¢in
regresyon siireci i¢in dizlestirme parametresi tahmin
edilen egrinin diizgiinligiinii kontrol eder (Savas ve
Cengiz, 2009).

2.3.3. Thin-plane zincir (TPSPLAYN) prosediirii
Thin-Plane Zincir Prosediirii (TPSPLAYN) diizeltilmis
EKK metodunu kullanarak parametrik olmayan

aciklayici

kullanilir.  Yerel

regresyon modeli uydurur. Thin-Plane duzlestirme
zincirini kullanir. Modelin bir parametrik formu igin

Genellestirilmis Capraz Gegerlilik (GCV) kullanilir.

Regresyon model tanimlanmis ve model parametre sayisi

bilindiginde kolaylikla kullanildig1 gibi model hakkinda
bir bilgi yokken, veri sabit sayida parametreli bir modelle
belirtilmiyorsa veriyi modellemek icin de kullanilabilir.
Temel ozellikleri;

e Diizeltilmis en kii¢iik kareler tahmincilerini verir.

e Cok boyutlu veri kullanimini saglar.

e (Coklu skor ifadelerini verir.

e Hem semiparametrik modelleri hem de non-
parametrik modelleri diizlestirir.

e Genis veri setlerini yonetme de segenekler sunar.

e Coklu baglantili degiskenleri kullanabilir.

e Model
parametresinin belirlenmesi ile 6zel bir modelin
secilmesine imkan saglar.

Farz edelim ki Hn m’'inci dereceden kismi tiirevleri

L2(Eq)’de olan fonksiyonlarin bir uzayr olsun. Burada E¢

X'in tanim kiimesidir. Model (Esitlik 9),

serbestlik derecesini veya diizlestirme

Yi=f(X1(),---Xd(0) *+€i, i=1,...,n dir. 9)

burada feH m dir. Sabit bir 1 i¢in (Esitlik 10)

1 n
2 D 0= FC) = 2) + Ajm(F) (10)

ile verilen diizeltilmis en kiiglik kareler fonksiyonunun
minimum yapilmasi ile fyi tahmin etmek mimkindiir.
Burada Jm(f)’yi tanimlamak i¢in birkag tane yol vardir. TP
duzlestirme zinciri icin d boyutlu x icin Jm(f) (Esitlik 11),

2
Jn(0=)0 . [T T ![ s ]dxl...dxd (11)

a a
a,l..aq ax; ,,,ax:

gibi tanimlanir. Burada };; a;=m’dir. d=2 ve m=2 i¢in Ji(f)
(Esitlik 12),

Jaf)= 7 [ ([jf]z 2 [aaaf 2]2 + [%C]Z)dmdm (12)

deki gibidir.

Genelde m ve d, 2m-d>0 kosulunu saglamalidir.
Kolaylagtirmak i¢in m=2 varsayim kabul edilir (Wahba
1990, Bates ve ark., 1987).

2.4. Diizlestirme Parametresinin Se¢imi

2.4.1. Capraz gecerlilik (CV) ve genellestirilmis
capraz gecerlilik (GCV)

Diizlestirme parametresinin seciminde CV kullanilabilir.
(xiy:) miktalarindan her seferinde biri disarida tutularak
geriye xi'deki
fonksiyonu i¢in artik karelerin tahmini elde edilir ve bu

kalan n-1 noktadan diizlestirme

artik karelerin toplamini minimum yapacak diizlestirici
secilir. CV fonksiyonu (Esitlik 13),
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CY()=1 By iz (x))? (13)

olarak kullanilir. Buradaki n,{i(Xi), xi deki uyumu gosterir.
nCV(A) tahmin kareler toplami olarak da adlandirilir.
GTM  prosediiri
diizlestiriciler 6rnek bagiml degiskenlerin bir dogrusal
kombinasyonu olarak Esitlik 14’deki sekilde formiile
edilebilir (Allen, 1974).

tarafindan  uydurulan  bitiin

n(x)=AA)Y (14)

burada A(4), A’ ya bagh matristir. A(1)’ nin diagonal
elemanlari a;; ile gosterilirse CV fonksiyonu (Esitlik 15),

: N2
V=1 BI, (HE) (15)
deki gibi ifade edilebilir. Cogu durumlarda ai'yi

hesaplamak olduk¢a zaman alicidir. Bu hesaplama
problemini ¢6zmek icin Wahba (1980, 1990) GCV
fonksiyonunu 6nermistir. GVC fonksiyonu (Esitlik 16),

_n¥iL, (i—na(x))?
GVC)== Gy (16)

deki gibi ifade edilebilir. GCV, CV’ nin agirlhikh oranidir.
Cogu durumlarda GCV, CV’ ye yakindir. Ancak
hesaplamasi daha kolaydir (Savas ve Cengiz, 2009).

Kesikli bagimli degiskenlerin modellenmesi amaciyla
dagilm uygun degildir. GTM bahsedilen
sorunlarin olabilecek bir

normal
asilmas1 i¢in yardimci
yontemdir. Pek ¢ok dagilim icin toplamsal modeller
uygulanabilir (SAS Instutite Inc., 1999a, 1999b, 1999c,
2004).

GTM ve GDM ayni amagla kullanilabilir. Fakat farkl
GDM model
parametreleri icin tahmine 6nem verirken GTM veriyi
non-parametrik aciklamayr amaglar. GTM
aciklayic1 degiskenler ile sonug¢ degiskeni arasindaki
iliskinin ortaya konulmasinda ve verinin agiklanmasinda
daha uygun bir yontemdir (Savas ve Cengiz, 2009).

2.5. GTM Nasil Yorumlanmali?

GTM icin yazilan modelde regresyon parametreleri
Bi'lerin bulunmamasi GTM’ 1n 6nemli 6zelliklerinden
birini  yansiir. GTM  kullanildiginda  regresyon
parametreleri kiimesi elde edilemez. Fakat buna ragmen,

¢oziimleme amaglarina hitap ederler.

olarak

fj(Xj) olarak yazilan her X; degeri i¢in f;(X;) tahminleri
vardir. Her f;(X;)icin katsayi model olustururken
belirlenir ve dahasi fj(Xj), X; ve sonuc¢ degiskeni
arasindaki iliskiyi gosterir. Cogu uygulamada standart
regresyon uygulamasinda oldugu gibi baz1 tahmin
edicilerin dogrusal etkileri oldugu varsayilir.

Grafiksel yontemler GTM’ 1n non-parametrik bilesenlerini
yorumlamak i¢in kullanilir. Xj ve fj(X]-) arasindaki grafik

X;j ve sonuc degiskeni arasindaki iliskinin tahmin edilen
dogrusal olmayan yapisini gosterir. Standart hatalar ve
giiven araliklari fj(Xj) hesaplanabilir ve grafik cizilebilir.
Boylece Xjnin yilikselmesi ve azalmasi ya da dogrusal
uyumundan elde edilen fonksiyonun uyumlulugu
degerlendirilebilir. Regresyon katsayilar1 tablosunun
incelenmesi fj grafigine gore daha basit goriinse de bu
kullanim kolayligi muhtemel olarak giivenilir olmayan,
kisitlayict  ve  gereksiz  dogrusallik  varsayimlari
karsiliginda elde edilir. Diger yandan eklemelilik GTM'1n
tahmin edicilerinin her birinin etkisinin dogrusal
regresyonda oldugu gibi diger
etkileriyle olusan agin yorumlanmasina olanak saglar
(Beck ve Jackman, 1998).

2.6. Analiz i¢cin Kullanilan SAS Kodlar1

analiz 'tez’;

data tez;

tahmin edicilerin

inputlsv ay Is;
logCP =log(Isv);
datalines;
272.60 2 235
217.60 2 235
231.00 2 231

301.55 201

179.40 5 195

146.60 5 229

ods graphics on;

proc gam data=tez;

model logCP = spline(ay) spline(ls);
run;

3. Bulgular ve Tartisma

Sonu¢ degiskeni olarak laktasyon siit verimi (kg)
alinirken aciklayici degiskenler olarak laktasyon stiresi
(gin) ve ana yasi (yi) degiskenleri alinmistir. Bu
degiskenlerin dagilis1 EasyFit yazilimi ile belirlenmis olup
Sekil 1’de verilmistir.

Laktasyon siit veriminin ©=0,24582, p=5,7345 ve y=-
(3P) dagilis
gosterdigi belirlenmistir. Kolmogorov-Smirnov normallik

99,815 parametreleri ile lognormal
testi sonucunda LSV degiskeninin normal dagilisa uygun
olmadig1 (P=0,038) belirlenmistir. laktasyon siiresinin
o= 0,68651, o2= 0,34817, a=187,0 ve b=235,0
parametreleri ile Beta dagilisi1 gosterdigi belirlenmistir.
Kolmogorov-Smirnov normallik testi sonucunda LSV
degiskeninin normal dagilisa uygun olmadig: (P<0,0001)
belirlenmistir. Ana yasinin A=3,5602 parametresi ile
Poisson dagilis1 gosterdigi belirlenmistir. AY degiskeninin
normal dagilisa  uygun  olmadigi (P<0,0001)
belirlenmistir (Sekil 1).
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fix)
f(x)

X

a) Laktasyon siit verimi

Sekil 1. incelenen degiskenlere ait dagihm grafikleri.

Dogrusal regresyon analizi ve parametre tahminleri
Tablo 1'de verilmistir. Elde edilen dogrusal regresyon
modelinin istatistiksel olarak anlamli oldugu (P<0,001),
Hata Kareler Ortalamasi (HKO) 5826,039 ve belirtme
katsayisinin (R%) 0,16 oldugu belirlenmistir. Diisiik bir
belirtme katsayisina ragmen modelin anlamli olmasinin
ornek  biytkligiine bagh olabilecegi (n=166)
diisiiniilmektedir (Bishara ve Hittner, 2012).

Laktasyon siit verimini(kg) tahmin etmek icin laktasyon
siiresi(giin) ve ana yasi degiskenleri kullanilarak elde
edilen genellestirilmis toplamsal model i¢in iterasyon
ve uyum istatistikleri; Backfitting Iterasyon
sayisi=5, Final Backfitting Kriteri=2,271223E-10 ve
sonu¢ tahminine ait sapma=20,128886164 olarak elde
edilmis olup iterasyon sonucunda uyum saglandigi
(convergence) bilgisine ulagilmistir.

GTM modeli i¢in diizlestirici parametre tahminleri ve
bunlara karsilik gelen genellestirilmis capraz gecerlilik
degerleri Tablo 2’de ve GTM analiz istatistikleri Tablo
3’de verilmistir.

ozeti

Ana yas1 degiskeninin laktasyon siiresi degiskenine gore
daha basarii dizlestirme degerine sahip oldugu
soylenebilir ¢linkii sifira yakin degerler diizlestirme
parametresinin bir fonksiyonu olarak GCV'nin basaril bir
sekilde en aza indirilmesini saglamak ve modele uyumu
artirmak i¢in olduk¢a 6nemlidir (Jansen, 2015).

GTM sonuglarinin en 6nemli kismi olarak ele alinabilecek

b) Laktasyon siiresi

f{x)

X X
c) Ana yas

ilgilenilen degisken yoklugunda olusturulan model
arasindaki sapmay1 Kkarsilastiran bir x2 test degeri
tretmektedir. Elde edilen sonuglara goére 0,05 6nem
diizeyinde ana yasi ve laktasyon siiresi degiskenlerinin
model tlizerindeki etkisinin istatistiksel olarak anlamh
oldugu anlasilmistir.

Ana yas1 ve laktasyon siiresine ait diizlestirme grafikleri
Sekil 2’de verilmistir.

Sekil 2’'de verilen grafikler yorumlandiginda ana yas1 ve

laktasyon  siiresi  degiskenlerinin  genellestirilmis
toplamsal modellerle  degerlendirilmesi  gerektigi
anlasilmaktadir.

Dogrusal regresyon ve genellestirilmis toplamsal

modelleri karsilastirabilmek adina Root Mean Square
Error (RMSE), Relative Root Mean Square Error (rRMSE)
ve ortalama mutlak sapma (MAD) degerleri hesaplanmis
ve Tablo 4’de verilmistir.

Elde edilen bulgulara gére dogrusal regresyon analizinin
tahmin basarisinin daha yiiksek oldugu Tablo 4’deki
disiik karsilagtirma
Ancak agiklayicl degiskenler arasinda c¢oklu baglanti

degerlerinden anlasiimaktadir.
problemi olmamasina (VIF=1.000) ve sapmalarin normal
dagilisa sahip olmasina (P>0,05) ragmen degiskenlerin
normal dagilmadigi bilinmektedir. Dogrusal regresyon
analizinin gerekli varsayimlar1 saglayamadigindan
sonuglarin giivenilir olmadig1 bu nedenle Genellestirilmis
Toplamsal Modellerin kullanilmasinin onerilebilecegi

olan bilgilere sapma analizi tablosundan ulasilabilir. sOylenebilir.

Modeldeki diizlestiriciler icin tablo tam model ve

Tablo 1. Dogrusal regresyon analizi ve parametre tahminleri
Parametreler Parametre Tahmini Standart Hata t degeri P
Sabit -157,322 84,686 -1,858 0,065
Ana yas1 21,589 5,068 4,26 <0,0001
Laktasyon siiresi 1,364 0,374 3,647 <0,0001

Tablo 2. GTM modeli i¢in diizlestirme bilesenleri ve uyum istatistikleri
Bilesen Diizlestirme Parametresi Serbestlik Derecesi GCV Tekil gozlem sayisi
Spline (ana yasi) 0.009901 1.890859 0.001077 4
Spline (laktasyon siiresi) 0.994764 3.000000 0.099842 30
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Tablo 3. GTM analiz istatistikleri (sapma analizi)

Bilesen Serbestlik Derecesi Kareler Toplami Ki-Kare P
Spline (ana yasi) 1.89086 0.750597 5.8958 0.0471
Spline (laktasyon siiresi) 3.00000 1.006934 7.9093 0.0479
Smoothing Components for logCP
DF=1.891 P=0.0471 DF=3 P=0.0479
\ 010 —
0.05 -\ / _\‘
0.05
\ / \
I\'u
= /s
L 000 ] T 000
& / =
-0.05 - |
-0.05 |
010 ||
H_\-_H_"""-—_Jl{l 'll
2.0 25 3.0 35 4.0 4.5 5.0 190 200 210 220 230
ay Is
Sekil 2. Ana yasi ve laktasyon siiresine ait diizlestirme grafikleri.
Tablo 4. Modeller i¢in karsilastirma istatistikleri
Model RMSE rRMSE MAD
LR 75,6357 34,4214 58,1024
GTM 79,9291 36,3753 61,9424
4. Sonug kullanilmasinin daha dogru ve givenilir sonuglar

Toplamsal modeller dogrusal regresyon modellerine gore
daha kisitsiz modellerdir ancak parametrik olmayan
regresyon modellerinden daha kisith modellerdir.
Toplamsal modeller agiklayici degiskenler arasindaki
iliskiyi dikkate almamaktadir. Bu durum toplamsal
modeli parametrik olmayan modellerden daha fazla
kisith duruma getirmektedir. Toplamsal modellerin genel
gosteriminde aciklayic1 degiskenler arasindaki iliski
dikkate alinmaz ancak bu durum agiklayici degiskenler
arasinda iliski olmadigi seklinde yorumlanmamaldir.
Aciklayicr  degiskenler arasinda iliski yok ise, her
aciklayict  degiskenin  sonu¢  degiskenine  karsi
diizeltilmesiyle elde edilen fonksiyonlarin toplami
toplamsal modelin tahminini olusturur. Agiklayic
degiskenler arasinda iliski oldugu durumda ise modelin
tahmininde bu iliskinin de dikkate alinmasi gerekir. Bu
durumda kismi regresyonlar yardimiyla hesaplanan
kismi artiklar kullanilabilir (Caglayan, 2002; Bagdatl,
2010).

Genellestirilmis toplamsal modeller dogrusal regresyon
modellerine gore daha kisitsiz modellerdir ancak
parametrik olmayan regresyon modellerinden daha

kisith modellerdir. Aciklayict degiskenlerin normal
dagilm gostermedigi durumlarda genellestirilmis
toplamsal modellerin dogrusal modeller yerine
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1. Introduction

Fuzzy logic was described by Zadeh (1965), furthermore
Atanassov described intuitionistic fuzzy (IF) sets
(Atanassov, 2016). Recently, there are many MCDM
methods defined and have been the focus of attention for
many researchers (Majumder, 2015). TOPSIS method
makes a ranking built on the positive ideal and negative
ideal relationship (Hwang and Yoon, 1981). Besides IF
TOPSIS method is chosen since decision makers are free
to express their ideas in linguistic terms. Numerous
researchers have benefited from the TOPSIS method in
their application areas such as supplier selection,
location selection, renewable energy technologies,
mobile phone selection, product concept selection, wind
power plants, etc. (Boran et al, 2009; Boran, 2011;
Rouyendegh, 2011; Boran et al,, 2012; Rouyendegh and
Saputro, 2014; Biiytikozkan and Giilerytiz, 2015; Efe et
al, 2015; Rouyendegh, 2015; Damgac1 et al, 2017;
Rouyendegh et al, 2018; Rouyendegh et al, 2020).
Today, the issue of market selection that meets the basic
needs of people has been the focus of the attention of
researchers. There are studies conducted with different
methods in the related literature such as: Market
segment evaluation, e-marketplace selection, the
competitiveness of supermarket chains, market selection
in international expansion, the consumer market for
business, opinion of supermarket executives, market
segment evaluation with CODAS method, VIKOR method
with research on the fresh fruit-vegetable sector, market

evaluation using by AHP and COPRAS-G method, etc.
(Buytikdzkan, 2004; Gorecka and Szatucka, 2013; Tosun,
2015; Ghorabaee et al, 2017). The intuitionistic fuzzy
sets and MCDM methods were utilized by researchers in
many decision making processes and applications, and
very favorable results were obtained since the sensitivity
makes sense (Cuvalcioglu, 2014; Tugrul and Citil, 2021;
Sozeyatarlar et al,, 2021; Yavuz and $ahin, 2022).

2. Materials and Methods
2.1. Material
This study utilized the 3 most preferred chain
supermarkets and 1 chain local market in Turkey. These
supermarkets were evaluated according to certain
criteria by consumers and market researchers. From
many aspects, supermarkets have a very significant role
in people's lives. Chain supermarkets, on the other hand,
are designed to serve the needs of people.
Alternatives and explanations about them are as follows:
e M;: Local Market -has 7 stores and approximately
150 employees
e M;: Supermarket Chain-has approximately 11000
stores and approximately 61000 employees
e M3 Supermarket Chain-has approximately 2500
stores and approximately 50000 employees
e My Supermarket Chain-has approximately 8500
stores and approximately 60000 employees
Criteria (Super Market) and explanations about them are
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as follows:
e MCy:Pricing
» Greengrocer
» Meat and meat products
» Milk and milk products
» Legumes
e MCz:Location
» Accessibility
» Number of stores
e MCs: Expiry dates of products
e MC4: Wide product range
e MCs: Freshness of products and quality of products
e MCs: Campaigns
» Campaign application
» Advertising on social media
e MC7: Parking facility
e MCs:Working principle of the staff
» The friendliness of the staff
» The helpfulness of the staff
» The sufficient number of staff
e M(Cs: Clean and comfortable atmosphere
e MCjio: Clutter-free, organized shelf-compartments
e MCi:: Image of the market
e MCi2: Easy access to the product in the market
» Guide member
» Guide signs
» Lighting
» Arrows
e MC;i3: Product variety
e MCi4: Having a children's play area
2.2. Methods
Definition 1: (Atanassov, 1986; 2016) (Equation 1) Let
X= @ AnIFS A in X;

A={(X, 11,(X),v, (X)) | x € X}, 1)

The algorithm of the IF TOPSIS method was shown in this
section (Rouyendegh, 2015).

Step 1: By specifying the contribution interest of the DMs
on the practice, the DM importance value was
determined in linguistic terms (Wu et al., 2016).

Table 1. Expressions for DMs

Expressions IFNs

VI (0.8,0.1)
I (0.5,0.2)
M (0.5,0.5)
B (0.3,0.5)
VB (0.2,0.7)

The table above represents [ important, VI very I, M
medium, B bad, VB very bad. The value of DMs views

DI =[z4,U,7] was calculated as follows (Equation 2):

L+ AGE)] 2
Sl + AGED]

where, 11€[0,1] and 3}, Al =1.
Step 2: DMs indicated their opinions on the criteria in
linguistic terms based on Table 2.

Table 2. Expressions for criterion evaluation

Expressions IFNs

VI (0.9,0.1)
I (0.75,0.2)
M (0.5,0.45)
U (0.35,0.6)
vu (0.1,0.9)

Table 2, unlike Table 1, represents U is unimportant, VU
is very U. Afterwards, while calculating the criterion
weight, and the IFWA operator defined by Xu (2007) was
used (Equation 3).

w; = IFWAr, (W, w® . w?) = 4w® ® ,wP®,.., 4w (3)

Step 3: With the help of Table 3, the views of the DMs
about the alternatives were determined.

Table 3. Expressions for alternative assessment

Expressions IFNs

VG (1.00,0.00)
G (0.85,0.05)
MG (0.70,0.20)
F (0.50,0.50)
MP (0.40,0.50)
P (0.25,0.60)
VP (0.00,0.90)

With these values, Intuitionistic Fuzzy Decision Matrix
(IFDM) was acquired. Table 3 indicates that VG is very G,
G is good, MG is medium G, F is fair, P is poor, MP is
medium P and VP is very P. Aggregated IFDM was
acquired with the help of the IFWA operator (Equation
4).

RO =(1{"),,.,is the IFDM.
R= (ﬁ'j)m'xn' (4)

1) (2 k 1 2 k
tj = IFWATA(r,; ),r,.g )r"'r”iE' )):)\17','5' ) (-B)Lzré. )(-B,...,)Lkrig )

Step 4: S matrix was determined as seen in Equation 5.
S=R®W (5)
Step 5 The ideal solution means close to positive and far

from negative. A* (Equation 6) and A- (Equation 7) are
formed in which J;: benefit and J2: cost criteria:
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A= = v ) =12, (6)
A= e =)= 12 (7)
where;

wj" = {maxiuy)j e J1), (min{ug)j € 1)) (8)
V" ={(min{v;}j e 1) (max{v;}j € ]»)) 9)
i~ ={(miniu;)j  J1), (maxiug)j € ) (10)
v~ =l(max{v;}j € ;) (min{v;}j < 1)) (1

Step 6: Researchers utilized many different methods to
calculate separation measures (Szmidt and Kacprzyk,
2000; Citil, 2019).This study varies across other research
since the normalized Hamming distance was used.
and S;

gained as in Equations 12 and 13:

. + .
Separation measures, S; respectively, were

n

1 ’ '* ! '* ! '*
S/ =;Z['w—w I+ lvy = L+l = 1] (12)
i-1
1 n , , , , , ,
Si :2712“#1']' — My |+|vij_vij*_ |+|T[ij_nij_ 1 (13)
i=1

Step 7: C; was calculated by the Equation 14:

Ci= i ,and0<C; <1 14
ST +S; (14)

i i

Ahigher value of C; represents the better alternative.

3. Results
For this study, the views of 3 decision makers were taken

into account. DM;: Market researcher, DM; and DM3:

Table 5. Weights of Criteria

Criteria DM; DM DM3
MC: VI VI §)
MC; M I U
MC3 VI VI VI
MCy VI I I
MCs VI M VI
MCs I I M
MC; I 0) VI
MCs I VI I
MCy VI 0] VI
MCio VI M VI
MC11 VI U VI
MCi2 VI I I
MCi3 VI I I
MCi4 I 9) VI

The views of the DMs were given in Table 6-7-8. For each
criterion, decision makers evaluated all alternatives
separately.

Table 6. Values of alternatives for criteria according to
decision maker 1

DM; M; Mz M3 My
MC; G MG MP G
McC: MG VG MP G
MCs VG VG VG G
MCy G MG MG G
MCs VG MP G P
MCs p VG G VG
MCy MP G MP G
MCs G MP MG MP
MCy MG G VG G
MCio P MG G MG
MC1z G MG VG MG
MCi2 P MG G G
MCi3 VG MG VG G
MCi4 VG P VG P

Table 7. Values of alternatives for criteria according to
decision maker 2

DM M M M. M
Consumer. After specifying the importance of DMs with ? ! z 3 *
o . . ) MC MG MG MP VG
linguistic variables according to Table 1, it was converted MC MG VG P VG
into numerical data with the help of Equation (2) and 2
. MCs VG VG VG G
was shown in Table 4 as follows:
MCs MG VG MG VG
Table 4. Importance of DMs MCs VG MG MG MG
MCs P G MG VG
DM1 DM DM3 MCy MP G MP G
Vi I ! MCs MG MP MG MP
M A2 A3 MCs MP G MG G
0.383561644 0.308219178 0.308219178 MC1o p p F p
MC11 MG VG MG VG
Decision makers specified when determining the weights MC1z P MG G G
for criteria as follows: MCi3 VG MG F VG
MCi4 F F F F
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Table 8. Values of alternatives for criteria according to

decision maker 3

Table 10. Values of separation measures and closeness
coefficient

DM3 M; M:> M3 My
MC; VG VG G VG
MC: MG VG MG VG
MCs VG VG VG G
MCy G MG VG MG
MCs VG MP VG MP
MCs P G VG G
MCy MP G MP G
MCs MG MP G MP
MCy MP G VG G
MCro MG MG G MG
MC11 G MG VG MG
MCi2 P G VG G
MCi3 VG F VG F
MCi4 VG P VG P

R matrix was created with the help of Equation (4).
Afterwards, the S matrix was obtained using Equation
(5). A* and A- solutions were calculated using Equations

(6) and (7) and shown in Table 9.

Table 9. The if positive and negative ideal solution

Criteria At A

MC; (0.8219,0.1737) (0.5003,0.3769)
MC; (0.5622,0.3829) (0.2704,0.6290)
MCs (0.9000,0.1000) (0.7650,0.1450)
MCy (0.8241,0.1533) (0.6710,0.2182)
MCs (0.8358,0.1589) (0.3946,0.4989)
MCs (0.6905,0.2568) (0.1726,0.7027)
MCy (0.6349,0.2653) (0.2988,0.6133)
MCs (0.6249,0.2601) (0.3246,0.5808)
MCo (0.8219,0.1737) (0.4439,0.4644)
MCio (0.6541,0.2445) (0.3632,0.5186)
MC11 (0.8219,0.1737) (0.6693,0.2371)
MC12 (0.8241,0.1533) (0.2060,0.6613)
MCi3 (0.8241,0.1533) (0.5347,0.3779)
MC14 (0.7469,0.2266) (0.2526,0.6653)

§* and S- for alternatives determined using Equation (12)
and (13) using the normalized Hamming measure are
shown in Table 10, respectively. The closeness coefficient
values were calculated by using the Equation (14) and
are shown in Table 10. In addition, the graphs of the C;

are shown in Figure 1.

01 02 03 04 05 06 0.7 08 09

M4 M3 BM2 BML

Figure 1. Closeness coefficient values

s+ 3 c;

M; 0.18685  0.14246  0.43261
Mz 014167 018463  0.56584
M3 0.06945 025203  0.78395
M 012779 019758 0.60725

High C; value means that that alternative is preferred

more. According to Figure 1 and closeness coefficient
values, the order of the supermarkets from the most
preferred to the least preferred in terms of consumers is
as follows: M3, M4, Mz and M.

4. Discussion and Conclusion

This study investigated the markets preferred by the
consumers with the help of the [F-based TOPSIS method.
While evaluating the markets, it has been handled from
the perspective of both market researchers and
consumers. Expressing their ideas in linguistic terms
provided a freer decision making action for decision
makers. Thanks to intuitionistic fuzzy sets, the study
aimed to get the most efficient result by making sense of
the sensitivities. The reason for using the TOPSIS is that
the DMs may easily state their ideas with the help of
linguistic terms, not numerical values. The study will
offer various approaches the literature in many markets
and marketing fields. At the same time, it will guide
researchers in the field of application. The number of
consumers in the study may be increased by changing,
different decision makers may be added, and the number
of supermarkets may be increased. This application may
be developed in different supermarkets and by other
methods over different criteria. By establishing a wide-
ranging decision-making mechanism thanks to this
method, it may be ensured that the sector across the
country and the world may meet customer demands
quickly and facilitate their workload.
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Abstract: Handwritten recognition systems enable automatic recognition of human handwritings, thereby increasing human-
computer interaction. Despite enormous efforts in handwritten recognition, little progress has been made due to the variability of
human handwriting, which presents numerous difficulties for machines to recognize. It was discovered that while tremendous
progress has been made in handwritten recognition of English and Arabic languages, very little work has been done on Yoruba
handwritten characters. Those few works, in turn, made use of Hidden Markov Model (HMM), Support Vector Machine (SVM), Bayes
theorem, and decision tree algorithms. To integrate and save one of Nigeria's indigenous languages from extinction, as well as to make
Yoruba documents accessible and available in the digital world, this research work was undertaken. The research presents a
convolutional recurrent neural network (CRNN) for the recognition of Yoruba handwritten characters. Data were collected from
students of Kwara State University who were literate Yoruba writers. The collected data were subjected to some level of preprocessing
such as grayscale, binarization, and normalization in order to remove perturbations introduced during the digitization process. The
convolutional recurrent neural network model was trained using the preprocessed images. The evaluation was conducted using the
acquired Yoruba characters, 87.5% of the acquired images were used for the training while 12.5% were used to evaluate the developed
system. As there is currently no publicly available database of Yoruba characters for validating Yoruba recognition systems. The

resulting recognition accuracy was 87.2% while the characters with under dot and diacritic signs has low recognition accuracy.
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1. Introduction

Optical character recognition is a subset of pattern
recognition that employs a computer to recognize human
handwriting. Handwriting recognition is one of the most
fascinating and difficult research areas in image
processing and pattern recognition, stemming from the
need for humans
recognition and enable computers to receive and
interpret it (Mithe et al, 2013). Different writers have
different writing styles; many people do not write
distinct letters with clear spacing between them, making
the characters more difficult to distinguish. Handwriting
recognition is still considered an open research problem,
owing to the wide range of individual differences in
appearance. This issue has been extensively researched,
and numerous viable solutions have been discovered
(Chaudhari and Thakkar, 2019). Humans can read and
write, as well as recognize artistic writings and graphics.
Unconstrained handwriting recognition is still a difficult
and critical problem for machines to solve (Graves et al,,
2008). Aside from the usual problems in handwriting
recognition, such as inter-writer abnormality and

to automate handwritten text

variation within-writer, character and word

segmentation, the presence of diacritic signs presents a
significant challenge for Machine recognition (Darwish et
al, 2021). Furthermore, the processing of scanned
images of historical documents is hampered by variables
such as poor image quality, difficult text-ink versus
background separation, unknown styles for which no
labelled training data sets exist, highly connected
patterns that are difficult to segment horizontally and
vertically, and ancient or peculiar language material for
which no statistical dictionaries exist (Gatos et al., 2004;
Likforman-Sulem et al, 2007, Nina et al, 2011).
Numerous algorithms with varying degrees of precision
have been developed to tackle these tasks (Chacko et al,,
2012; Das and Behera, 2017). High precision
performance on Latin, Arabic, Falsi, Chinese, and other
languages has been achieved as a result of these efforts
(Srihari et al., 2007; Srihari and Ball, 2012; Garoot et al,,
2017). However, only a minor portion of Yoruba
language recognition accuracy has been achieved. The
integration of information technology into the Yoruba
language is critical to preventing the language's
extinction. Yoruba handwriting technology can also be
made available to the entire population. Yoruba speakers

BS] Eng Sci / Jumoke Falilat AJAO et al.

151

This work is licensed under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

predominate in Nigeria's western Yoruba
mythology holds that all Yoruba people are descended

from a hero named Oodua or Oduduwa. The Yoruba

region.

alphabet has 25 characters, 18 consonants, and 7 vowels.
The vowel characters have diacritic signs such as acute,
grave, and under dot, which are unique to Yoruba
alphabet. All twenty-five letters in the Yoruba character
set can be upper or lower case (Bamgbose, 2000; Ojo,
2007; Peel, 2009). The goal is to create an offline Yoruba
handwriting recognition algorithm for
recognizing handwritten characters in
documents and images using a Convolutional recurrent
neural network. This paper is divided into six sections.
The introduction is followed by related work. The third
section depicts the proposed architecture, and the fourth
section describes the system's methodology. The results
of the experiments are shown in the following section of
the paper, followed by a conclusion.

1.1. Related Works

Different solutions available in the literature to solve this

character
scanned

problem have been reviewed. Asahiah (2014) developed,
implemented, and evaluated a computational system for
restoring missing diacritics in a digital text of the
Standard Yoruba. Oladele et al. (2020) investigated
offline Yoruba handwritten word recognition system
(OYHWR), which
alphabets.

Various handwritten characters written by different
writers were obtained using the paint application and
M708 graphics tablets. Oni and Asahiah (2020)
developed a Yoruba character image recognition model
using a dataset of scanned images of Standard Yoruba
printed text. The developed model was implemented and
its performance was evaluated in order to create an

recognizes uppercase Yoruba

Optical Character Recognition (OCR) model for Yoruba
printed text images. Dewa et al. (2018) developed a
software that employs digital image processing methods
and a convolution neural network module for offline
handwritten Javanese character recognition in a
computer-aided design environment.

On the basis of invariances such as translation, rotation,
and scale, Oyedotun and Dimililer (2016) investigated
and reviewed the performance of convolutional networks
and their variant, convolutional auto encoder networks,
when tasked with recognition problems involving
translation, rotation, and In the research,
handwritten Yoruba vowel characters were used to
represent the vowels.

Altwaijry and Al-Turaiki (2021) presented Hijja, a new
dataset of Arabic letters written solely by children aged
7-12. The dataset includes 47,434 characters written by
591 people. Furthermore, the author proposed a model
for automatic handwriting recognition based on

scale.

convolutional neural networks (CNN). Hijja and the
Arabic Handwritten Character Dataset (AHCD) were used
to train the model. Wang et al. (2021) proposed a novel
method for Chinese text recognition using cellphone-shot
ID card images. It has two main contributions: A

conditional adversarial generative network designed to
generate million-level synthetic ID card text line images,
which preserve the diversity of synthetic data and also
the inherent template pattern of ID card images. A more
effective convolutional recurrent neural network (CRNN)
is presented, with DenseNet using VGGNet as a
replacement to extract more complex spatial features.
Calvo-Zaragoza et al. (2019) proposed the use of
convolutional recurrent neural networks, which have
been shown to be effective in other similar domains such
as handwritten text recognition. Ly et al. (2017) present
a Deep Convolutional Recurrent Network (DCRN) model
for recognizing offline handwritten Japanese text lines
without the need for explicit character segmentation.
Bluche et al. (2014) conducted a comparison of
Bidirectional LSTM-RNNs and Deep MLPs. The authors
conducted experiments on two public databases of multi-
line handwritten documents: Rimes and IAM, both of
which are available online. They demonstrated that the
proposed hybrid systems achieve performance
comparable to that of the state-of-the-art regardless of
the type of features used (hand-crafted or pixel values)
or the optical model used (neural network) (Deep MLP or
RNN)

In this study, we proposed Yoruba handwritten character
Recognition system based on convolutional recurrent
neural networks (CRNN).

2. Materials and Methods

2.1. Methodology

The method used for the research work are as follows:

e Data acquisition

e Image preprocessing

e CRNN module for classification

2.2. Dataset Acquisition

Data were collected from fifty literate indigenous writers
who writes under a guided format. The peculiarities of
Yoruba alphabets are that, besides the twenty-five
characters, there are additional variations of the vowel
characters which are 11 total 36 such that, a vowel
characters can carry underdot, grave accent, acute
accent, and it can also combine both underdot with any of
the diacritic signs which makes the total alphabet Thirty-
six. The 36 characters that make up Yoruba characters
were written by 50 people which amount to 1800
characters. This acquired images were digitized and
replicated, since CRNN required large training dataset.
Figure 1 shows samples of the digitized image.
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2.3.Image Pre-processing

The data was manually labeled, and each character is
made up of approximately 200 images, because deep
learning requires large datasets for training. The
collected sample data was replicated to form 400 images
used for training. This is shown in Figure 2.
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Figure 2. Sample of resized image.

2.4. RGB Image Channel Values

The acquired RGB images were preprocessed to
Grayscale images each value of the grayscale value refers
to a certain shade of gray with the absolute value
referring to white and minimal representing black. The
graysacle image was converted to binary image using
Otsu method. Samples of the binarized image is shown in
Figure 3.
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Figure 3. Binarized image

2.5.Image Normalization

In this research work, we used scale between 0 and 1 and
this was achieved, by dividing our image by 255 which is
the maximum possible value for any pixel.

2.6.Image Resizing

Most neural networks architectures used a fixed array
shape, in our model the images were designed to use a
32x128 size image as input, so all the images were in that
dimension. The implementation of the network was done
using Tensor flow and keras. Figure 4 shows the model
structure of CRNN. The CRNN model uses a convolutional
neural network (CNN) to extract visual features, which
are reshaped and fed to a long short term memory
network (LSTM). The CNNLSTM were integrated using a
sigmoid function through the maxpooling layer, this was
passed with bias. The output of the LSTM is then mapped
to character labels space with a Dense layer of softmax.

Input Image

A B E [ o O WU

Binarization

CNN

Y

CNN by 3x3 kernel
|

]
Maxpooling

Softmax

4

~

A

»

E

m-

Figure 4. The CRNN architecture for Yoruba character
recognition.

Three input characters of the same character with
different diacritic signs were supplied to the CNN with a
filter of 3x3 for each of the characters to produce a
feature sequence of size 16x16 that was also subjected to
maxpooling to reduce the dimension of the data and to
also reduce the training time and the testing time. After
series of convolution and maxpooling of the feature
vector, the final output of the maxpooling resulted into a
reduced feature vectors which serve as input to the fully
connected network of Recurrent Neural Network. The
Convolution process is shown in Equation (1) to
Equation (9)

Convolution Layer 1
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4 4
Cli‘.] = <Z Z W‘rlﬁl,n * Ii+m,j+m + bk) (1)

m=0n=0

Where C1k is the feature map of the convolution layer, k
is the filter number, m,n are the indices of the kth filter.
The training of the Convolution Neural Network was
carried out as explained in equation 2.

Convolve 2: is a max-pooling layer. The output of the
convolution layer C1 is fed to max-pooling layer. The
max-pooling layer takes six features’ maps from C1 and
performs max-pooling operations on each of them. The
max-pooling operations on C1K is given as Q2 = MaxPool
(C1%). For each features map in C1K, max-pooling
performs the following operations:

k K
Q2% = max C1(2i 2, CL(2i41,2)) 2)
& C1¥ c1k
(2i,2j+1),,% 1 (214+1,2j+1)

where (1,j) are the indices of kth features map of output,
and k is the features map index.

Convolve 3 is the second convolution layer which
produces 16 features maps as given in Equation 3.

5 4 4
=0 ZZZW

d=0m=0n=0 mqpn

kd

* p2?+m,j+n + b* 3

where C3K represent the 16 output features maps of
convolution layer C3, k is the index of the output features
map, (m,n) are the indices of filter weights, (Ij) are the
indices of output, and d is the index of the number of
channel in the input.

Convolve 4 is a max-pooling layer which produces 16
features maps P4K . The max-pooling operations is given
as P4K= MaxPool(C3k)

K k
C3(2i,2j)' C3(2i+1,2j) ) (4)

P4k = max< X X
C3(2i2j+1) C3(2i41,2j41)

where (i,j) are the indices of kth features map of output,

and k is the features map index.

Convolve 5 is the third convolution layer that produces

120 output feature maps and is given by;

15

4 k
C5fi =0 Z Z W« P4d i+ bE (5)

d=0m=0n=0 mn

where C5k represents the 120 output features maps of
convolution layer C5 of size 1 x 1, k is the index of the
output features, (m,n) are the indices of filter weights. d
is the index of the number of channels in input and (i)
are the indices of output, since output is only 1 x 1, the
index (ij) remains (0,0) for each filter. This formular can
be simplified as the filter size is equal to the size of
input,so no convolution stride happens.

kd

4 4
celi =0 ZZZW

Convolve 6 is the fully connected layer. It consists of
neurons for different classes, which is defined in

* P4 + b¥ (6)

equation 6.
120

F6k = ZW{‘ « C5 )
i=1

The activation functions used is softmax function given as
Zk = softmax(F6k). The softmax function is defined as;

Fek
Zk = softmax (F6k) = 180 — (8)
e

i=1

The softmax activation function produces the final output
of the neurons in the range [0,1] and all outputs add up to
1. Each of the output represents the probability of the
input belonging to a particular class. Where Zk is the
vector of size containing final output of the network.
2.7.Loss Layer

The obtained output is compared against the actual
output to compute the loss function. The calculated error
is then used to update the weight of the network. The
process is repeated until the error is minimized. The
Mean Squared Error (MSE) of CNN model can be given as.
Loss = E(Z, target). The loss function E is defined as;

1 10( g K
E(Z, target) = — X (Z — target ) 9
10 k=1

where Zkis the kth output (in this case the networks will
produce 10 outputs representing class probabilities)
generated by the CNN and the target is the ground truth
of the input. E(Z, target) is the error/loss which
represent how far the prediction of the network is from
actual target. The number of convolution layers, the
nodes in the convolution layer, the layer layout, the
neurons in the fully connected layers, the activation
functions, and the loss function and its parameters are all
optimized in our model for a fully connected network,
The data was into divided into two categories. The model
was trained using 87 %of the data. The model was
created using Google's open-source deep learning library
tensor flow, and it contained approximately (400 x 36)
character parameters, as well as convolutional,
Maxpooling, LSTM, and Dense layers.

Softmax is constant along diagonals: this is the dimension
that is removed, and it corresponds to the softmax output
being independent of the translated input scores (a
choice of 0 score). To normalize the scores, the number of
input scores can be used. The primary advantage of
recurrent neural networks is that they have a directional
circle that can recollect previous data and apply it to the
current output. The samples of convolution performed on
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the preprocessed Yoruba image, the maxpooling to
reduce the selected features, and the number of training
and non-trainable parameters are shown in Table 1. On
the output shape, several convolutional layers were
applied, and the total number of trainable parameters
was determined at each level. The reduced feature map
was passed to the bidirectional recurrent neural network
with LSTM at the end of the series of convolution and
maxpooling to recall and produce the output characters.
1886 parameters were trained, while 114 could not be
trained.

Table 1. The numbers of training parameters and non-
trainable parameters with different maxpooling layers

3. Results and Discussion

The performance of our proposed recognition system for
Yoruba alphabet, which consist of 36 lower case
characters with variant diacritic signs and under dot was
evaluated. This dataset contains more than 1800 images
that are classified into training and testing classes. The
proposed system was implemented by taking 87.5% of
character images from the class of dataset as training
data and 12.5% images for the class as testing dataset.
The recognition accuracy was evaluated using CRRN as
shown in Table 2. The ROC curve in Figure 5 depicting
the trade-off between sensitivity and specificity indicates
an excellent performance of the recognition system. The
resulting recognition accuracy was 87.2% while the
characters with under dot and diacritic signs has low

Layer Type Output shape Parameters
Input Layer 32,128, 1 0 recognition accuracy.
Con2d-1 32,128,64 640
Maxpooling_1 16, 64, 64 0 Table 2. Recognition accuracy of Yoruba character
Con2d-1 16,128,128 1118 Yoruba Training Testing Recognized NR
Maxpooling_2 8, 64, 64 0 characters  dataset  dataset
Con2d_3 8,32,256 1566 a 350 50 50 0
Maxpooling_1 8,32,256 0 : ;gg gg gg 8
Trainable parameters 1886 b 350 50 48 2
Non-trainnable 114 d 350 50 45 5
e 350 50 50 0
The Connectionist Temporal Categorical (CTC) loss e 350 50 46 4
function is the objective function used to minimize the é 350 50 47 3
loss. As the input image varies in nature, CTC loss is e 350 50 30 20
specially designed to optimize both the length of the ¢ 350 50 26 24
. ) 6 350 50 15 25
predicted sequence and the classes of the predicted ; 350 50 9 1
sequence. During the back-propagation procedure, the g 350 50 50 0
convolution filters and LSTM weights are jointly learned. b 350 50 35 15
The Adam optimizer was used for training, with initial h 350 50 48 2
learning rates ranging from 0.001 to 0.002 and 0.003 to i 350 50 50 0
0.005. The module was passed to the CRNN module, 1 350 50 47 3
which runs the ROI image through a forward pass with i 350 50 43 7
the pre-trained model, resulting in encoded values, each j 350 50 48 2
of which represents a character in the Yoruba alphabet. :( 320 20 50 0
The encoded values from the CRNN module are received m ;58 58 :g ;t
by the decoder module and decoded into Yoruba n 350 50 49 1
characters. o 350 50 50 0
The steps involved for the recognition process; ) 350 50 48 2
e Acquired the digitized image o 350 50 46 4
e Preprocessed the digitized image by converting it to ? 350 50 25 25
grey scale and binary image ? 350 >0 13 37
e Resize and normalize the preprocessed image into Qp zgg gg ig 310
32x128 r 350 50 50 0
e Convolve the normalized image using 3x3 kernel s 350 50 50
e Perform maximum pooling to reduce the feature s 350 50 38 12
map t 350 50 49 1
e The feature map was passed to RNN u igg gg ig (2)
u
e The output of the RNN was passed to softmax to i 350 50 . 4
produce the text equivalent of the recognized w 350 50 48 2
characters. y 350 50 50 0
NR= not recognized
BS] Eng Sci / Jumoke Falilat AJAO et al. 155
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An effectiveness of the normalization along with the
classification technique was further supported by the
area under the ROC curve (AUC) of the classification
performance of the recognition systems in Table3. The
normalization yielded AUC of 95% confidence interval.
The performance of our model was compared with other
Yoruba character recognition system as our model shows
a better improvement over machine learning approach.

ROC Curve
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Figure 5. ROC of recognition accuracy of Yoruba
character.

Table 3. Area under curve of the recognition accuracy

Asymptotic 85% Confidence
Interval

Area Std. Error®. | Asymiptotic Sig? | Lower Bound Upper Bound

647 082 294 486 808

a. Under the nonparametric assumption

b. Null hypothesis: true area= 0.5

Table 4. Performance evaluation of Yoruba character
recognition using CRNN and other character recognition

Author Classifiers Database RA
Oladele Support Vector Yoruba
etal. Machine (SVM) Character 76.7%
(2017) database
. Geometric Yoruba
Mathias
features and character
etal 85.7%
Support Vector database
(2020) ,
Machine(SVM)
Oyeniran  Transfer Learning Yoruba
d Model(Alextnet Charact
an odel(Alextnet) aracter 91.4%
Oyebode database
(2021)
our Convolutional Yoruba
Model Recurrent Neural character 87.2%
Network(CRNN) datatabse

RA= recognition accuracy

4. Conclusion

Offline Yoruba character recognition was implemented
using CRNN, from the result, it was observed that
characters that have peculiar features of Latin characters
have 100% recognition accuracy. Those characters that
carries unique features that are peculiar to Yoruba
characters have less recognition accuracy, those few of
the characters that were recognized have the underdot
and the diacritic written far apart from the characters,
the characters that were written correctly with underdot
directly under the characters and the diacritic signs
above the characters were not recognized correctly. The
recognition accuracy achieved is high compared to other
classification algorithm that carries out separate feature
extraction techniques separately.
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Abstract: Organizations are now fully embracing ideas such as customer success, customer loyalty, customer experience management
and customer satisfaction. The application of these concepts must be based on three pillars of technology, process and people, to
ensure that the organization ultimately has satisfied, loyal and successful customers. In today's competitive environment, as in all
sectors, gaining great services in the aviation industry can provide a competitive advantage. With this study, it is aimed to help aviation
companies to know how their services should meet the needs of customers and to obtain passenger satisfaction. Customer
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passenger satisfaction by using data mining methods including K-Means and Density-based spatial clustering of applications with noise
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1. Introduction

The aviation, which is one of the most used modes of
transportation due to its benefits such as safety, speed
and comfort, has become one of the most important
sectors in recent years with different factors such as
developing technology, increasing aircraft companies and
rising demand and decreasing flight prices. Airlines'
efforts to attract and retain consumers are increasing
competition in the aviation industry. Airlines must
realize that price changes alone cannot win the
competitive position of price competition for their
competitors in the long run (Chang and Yeh, 2002).
According to studies, when selecting an airline service,
the passenger takes into account both the price and the
quality of the service (Jou et al, 2008). Many previous
studies have shown that airline service quality is an
important factor in passenger satisfaction. (Jiang and
Zhang, 2016; Ariffin et al, 2020). The fact that
transportation services are shaped according to the
wishes and needs of passengers today has caused the
companies that provide this service to shift their focus
from making profit to providing customer satisfaction.
The fact that repeat purchasers are in the most valuable
customer category for most businesses highlighted the
importance of customer retention. This study examines
the full-service airline business model for passenger

satisfaction. Because in today's competitive market,
airline firms' ability to provide excellent customer
service is a key competitive advantage. When a customer
is dissatisfied with the level of service they receive, they
are likely to change their mind and choose a different
airline for their subsequent travels (Archana and Subha,
2012). Because the frequency of negative events will
influence a customer's opinion of the business, the
quality of the service provided is considered a significant
factor in providing customer satisfaction (Munusamy et
al, 2011).

Clustering has tremendous application. DBSCAN is
especially useful for large databases and datasets
including noisy objects (Cassisi et al., 2013). Besides
DBSCAN efficiently discovers random sets of sizes,
shapes and numbers in a large dataset (Jahirabadkar and
Kulkarni, 2014). Large datasets can be handled by K-
means with ease because it is simple to apply and has
linear time complexity. K-Means and DBSCAN are used in
many fields such as fast clustering of big data (Hanafi and
Saadatfar, 2022) and data-intensive applications (Ajin
and Kumar, 2016; Saeed et al, 2020), healthcare
(Santhanam and Padmavathi, 2015), social networks
(Hao et al,, 2020), anomaly detection (Chen and Li, 2011),
bioinformatics (Masood and Khan, 2015; Bustamam et
al, 2017), customer segments of charging stations
(Straka and Buzna, 2019), detecting grain inventory

BSJ] Eng Sci / Kevser SAHINBAS

158

This work is licensed under Creative Commons Attribution 4.0 International License



Black Sea Journal of Engineering and Science

modes (Cui et al,, 2021) and so on.

Various conceptual and empirical studies have been
conducted to find service quality issues in the aviation
industry. Yelmen et al. (2020) provide a customer
segmentation analysis using air ticket sales data with the
self-organizing map method. In their study, they obtained
15 clusters by grouping customers who had similar sales
behaviors. Leon and Martin (2020) used fuzzy logic and
fuzzy segmentation to assess airline customer happiness
and service quality in the U.S. market. The questionnaire
was collected online with 624 respondents using Amazon
Mechanical Turk. The findings illustrate that technical
quality is not as important to passengers' satisfaction as
functional quality, however both factors contribute to
overall airline satisfaction. According to a survey, the
quality of the food and beverage services is one of the
least significant elements affecting how
passengers are with their flights (Deveci and Demirel,
2018). Noviantoro and Huang (2022) proposed a model
to investigate airline passenger satisfaction by applying

satisfied

data mining techniques. Their study showed that
online/mobile boarding was important
variables for passenger satisfaction, followed by in-flight
wi-fi service second, baggage handling third, and in-flight
entertainment fourth. The same constructs are relevant,

the most

and they are ranked differently from most to least
effective, according to Farooq and Radovic-Markovic
(2016). A study is conducted data of more than 5800
airline passengers to provide the segmentation of
consumers into business and leisure did not accurately
reflect the diversity of customer preferences, which
resulted in an incorrect understanding of those choices
(Teichert et al.,, 2008). A preprocessing phase is added to
the Fahim (2021) approach before using the k-means
algorithm to determine the number of clusters and
beginning centers. The DBSCAN algorithm will be used as
a preprocessing step in the suggested procedure. His
article focuses on DBSCAN and k-means as a result. The
final product will be of higher quality because the
suggested method will eventually converge to the global
minimum. The suggested approach is identical to
DBSCAN in that it takes two input parameters and has a
time complexity of o (n log n). In Majhi and Biswal's
(2018) study a hybrid clustering approach built on K-
means and Ant Lion Optimization was taken into
consideration for the best cluster analysis. Based on
several performance metrics, the proposed algorithm's
performance is contrasted with that of the K-Means,
KMeans- Particle Swarm Optimization (PSO), DBSCAN,
and Revised DBSCAN clustering algorithms. Eight
datasets are used in the experiment, and statistical
analysis is done for each of them. The findings
demonstrate that in terms of sum of intra-cluster
distances and F-measurement, the hybrid of K-Means and
Ant  Lion method
outperforms the other four algorithms. In the study of
Du (2020) the global parameter selection step of the
DBSCAN requires human interaction, and the regional

Optimization preferentially

query procedure is difficult and prone to item loss. Based
on maintaining the intrinsic nonlinearity of Internet of
Thing (IoT) data, an advanced parameter adaptive and
regional query density clustering method is suggested
that can efficiently eliminate redundant data in the high-
level complex data domain.

In this study,
investigated by applying data mining methods K-Means
and DBSCAN algorithms. This study provides a guide to
airlines, and by this way, airlines can use this survey as a
reference in developing measures to aid passengers
better know how they feel about airline services. This
research will help improve airline management and
increase the caliber of some services over competitors to
give airlines a competitive advantage.

airline passenger satisfaction was

2. Materials and Methods

2.1. Dataset

In this paper, the dataset was collected from the publicly
accessible Kaggle
(https://www.kaggle.com/code/frixinglife/airline-

website

passenger-satisfaction). The dataset depicts customer
satisfaction based on data acquired from 25.976
passenger samples who flew on full-service airlines
during a survey conducted at the airport following their
arrival in 2015 (Table 1).

Table 1. Variables description

Numeric Variables

Age

Flight distance

Departure delay in minutes

Arrival delay in minutes

Categorical variables with satisfaction level (0: not rated; 1-5)
Inflight wifi service

Departure/Arrival time convenient

Ease of Online booking
Gate location

Food and drink

Online boarding

Seat comfort

Inflight entertainment
On-board service

Leg room service
Baggage handling
Checkin service
Inflight service
Cleanliness
Categorical Variables Definition

Gender male or female

Customer type regular or non-regular airline
customer

Type of travel personal or business travel

Class business, economy, economy plus
Air passenger 1- Satisfied, 0- Neutral or

satisfaction dissatisfied
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2.2. Clustering Algorithms

Clustering, which is one of the purposes of Data Mining, is
frequently implemented in many areas such as pattern
recognition and statistical data analysis (Goharnejad et
al, 2019). Data mining relies heavily on clustering
algorithms, which group objects with related attributes
together and organize data in databases into groups or
clusters. Data clustering is making strong progress.
Clustering analysis has recently great attention in the
research of data mining.

2.2.1.K-means

One of the most widely utilized algorithms is the well-
known K-means algorithm. It is a clustering method used
for classifying data. The main aim of use is to divide the
data to be classified into k classes determined by the
researcher or clusters in terms of their properties. In the
K-Means algorithm (Table 2), k, which represents the
number of clusters sought, is a previously known
constant and its value does not change until the
clustering process is finished (Kaufman and Rosseeauw,
1990). This approach needs a predefined number of
clusters, which can be determined using techniques like
the elbow method or expert opinion (Han et al., 2011).

Table 2. Algorithm steps of K-means (Hartigan and
Wong, 1979)

Algorithm: K-Means

1: The value of k, which represents the number of
clusters, is read by the algorithm. This value read is given
to the algorithm as ready from the outside.

2: The cluster center is determined randomly. There are k
cluster centers. The first k point can be the center.

3: The closeness of the points to the determined centers is
calculated.

4. According to the calculated values, the points are
clustered based on the centers they are close to.

5: In order to determine new cluster centers, the averages
of the clusters are calculated.

6: If there are other points to be clustered, the process is
repeated. But if there is no point to be clustered, the
process is completed

2.2.2. DBSCAN

DBSCAN algorithm is a density-based spatial clustering
algorithm and enables to reveal the neighborhood of data
points in two or multidimensional space. This approach
can find clusters of different shapes and does not need
prior knowledge of the number of clusters (Mahesh,
2020; Hanafi and Saadatfar, 2022). Due to its focus on
spatial perspectives, the database is mostly employed in
the analysis of spatial data (Ester et al, 1996). Eps,
MinPts, core object, direct density accessible point,
density accessible point, and density connected point are
the fundamental concepts for DBSCAN method (Figure 1;
Table 3). Eps and MinPts are taken as input parameters.
Starting with any object in the database, it examines
every object. If the controlled item has previously been a

part of a cluster, it moves on without being processed to
the other object. It uses a Region Query to find the Eps
neighbors of the object if it has never been clustered
before. This item and its neighbors are referred to as a
new cluster if the number of neighbors exceeds MinPts.
The process then searches the new region for each
neighbor who was previously unclustered. The region
query is a part of the cluster if it has more neighbors than
MinPts. In the DBSCAN method, the density function of a
point neighborhood eps is thus defined as N¢,s(p), which

is depicted in Equation 1.
Neps(p) = card(a € D |dist(a, b) < eps) @)

where D stands for the dataset, b is a random point
within D, dist(a,b) is the function measuring the distance
between points a and b, and card(*) is the function
calculating the number of items in a set.

After that Equation 1 and the specified threshold mpt are
used to determine three different types of points.

Figure 1. DBSCAN clustering method.

Table 3. Algorithm steps of DBSCAN

Algorithm: DBSCAN (D, eps, mpt)

Inputs: D, dataset of points;

eps, the neighborhood size;

mpt, the density threshold;

1: Start

2: Arbitrary select a point a 2D;

3: Compute the density Neps(a) and decide the types of
point a according to mpt;

4: If ais a seed point, a cluster is created;

5: If a is a boundary point and density is accessible from
other points, expand the set and visit the next point;

6: Continue processing until all data points have been
visited;

7: Stop

DBSCAN is superior to other traditional clustering
methods in many ways. This technique allows the
management of noise patterns in the data and allows the
identification of clusters of various shapes. DBSCAN
typically gives reliable results. It is also used to minimize
the number of computational operations.
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2.3. Determination of k Cluster Number by Elbow
Method

The elbow method is another simple and meaningful
decision solution looking for the optimal K number. The
Elbow method, which is calculated by the sum of the
squares of the distance of each point from the cluster
centers (WCSS: Within Clusters Sum of Square), is
another simple and meaningful decision solution that
seeks the optimal K number. According to this method,
the point where the amount of change in WCCS decreases
is the bend point and this bend point represents the best
number of k clusters (Ketchen and Shook, 1996).

2.4. System Overview

The research methodology of the study is presented in
Figure 2.

Import the specified
module library

l

Read airline passenger
satisfaction dataset

l

Scaling the data

l

—» Elbow method calculation

l

Silhouette Coefficient,
Calinski Harabasz,
Davies Bouldin
calculation

l

Is the number of clusters
k optimal

J’ Yes

K-means and DESCAN
clustering algoritms calculation

No

v

Plot clustering
results

End

Figure 2. Workflow of cluster analysis.

Dataset was obtained from Kaggle web site. Data is
preprocessed, then is scaled. Elbow method is executed
to find the optimal k value for K-Means. DBSCAN and K-

Means algorithms are applied for airline passenger data.
Performance metrics were found to select the algorithm.
Lastly, clustering results are plotted.

2.5. Performance Metrics

In this study, Silhouette Coefficient, Calinski Harabasz,
Davies Bouldin and elbow method were used to
quantitatively evaluate the cluster result.

2.5.1. Silhouette Coefficient

The silhouette coefficient is a parameter that can be used
to evaluate cluster performance (Rousseeuw, 1987). The
clustering effect increases as the value increases; the
range of this number is between -1 and 1. The solution of
the resulting silhouette coefficient is shown in Equation
2.

1 a(i) b(i
— m, a(i) < b(i)
0,a(®) =b() 2)
l@ —1,a(i) > b(i)
b(d)

S@) =

Here a(i) specifies the distance between element i and
other samples in the same cluster. b(i) is the average
distance of the sample i and the color samples in other
clusters. S(i) indicates the average value of the entire
silhouette coefficient.

2.5.2. Calinski Harabasz

The Calinski-Harabasz (CH) criterion shows a ratio
between the within-cluster distribution and the between-
cluster distribution. The CH criterion is used to evaluate
the compactness and segregation of clusters (Equation
3).

_ tr(Bk)x(nE - k)
T trWx(k — 1) (3)

tr(By): sum of squares within-clusters

tr(W,): between-cluster sum of squares

The highest ch value represents the best cluster (Calinski
and Harabasz, 1974).

2.5.3. Davies Bouldin

The following equation is used to measure the clustering
validity with this method, which aims to make the
distance between the cluster’s minimum and the distance
between clusters maximum (Equation 4):

1 k
db = EZ- A 0
i=

i=1,2,.,kandj=1, 2, .. k and the following equation
determines the maximum comparison ratio between
other clusters (Equation 5):

" 4

d;; : distance between centers in clusters

S; and S; : the average distance to the centers of the
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cluster where the cluster observations are located.
Small db values indicate good clustering (Davies and
Bouldin, 1979).

3. Results and Discussion

In this section, dataset variables are visualized,
Gender Customer Type
20000
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300 10000
0 .

Infllghﬂ wifi sewlce 0

00
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2000 2000 I
\ . I

Inﬂ\gh%emenamment ! On- Dcard semce
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Figure 3. Data visualization.
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count
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o

satisfaction
Figure 4. Number of satisfied and dissatisfied passenger.

Figure 5 illustrates correlation between variables. In
correlation analysis, the aim is to see in which direction
the other variable will change when the value of one
variable changes (Taylor, 1990). The findings from
Figure 5 indicate that the correlation coefficient between
the ‘age’ attribute and the ‘flight distance’ variable is
0.099 with 0.000048 p value, indicating a weak and
positive relationship between them. It means that while
age increased, the flight distance increased slightly as
well. Weak and positive relationship is seen between
‘flight distance’ and ‘departure delay in minute’ with
0.0034 correlation coefficient and 0.00065 P value. It
shows that while flight distance increased, the departure
delay in minute increased slightly. Lastly, there is low
and negative relationship between ‘age’ and ‘departure
delay in minutes’ with the value of -0.0043 and 0.00096 P

De;:Jag'lure'»Qrﬁival tir}lg conv1a?1iant 20

I.I.
i 2 3 4 4

correlation matrix results are shown and findings from
algorithms are detailed. Figure 3 indicates the
visualization of data. In Figure 4, number of satisfied and
dissatisfied passengers are shown. 11403 passengers are
satisfied, and 14573 passengers are dissatisfied.

Type of Travel Class
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value. It means that while age increased, the departure
delay in minute decreased slightly. P values are less than
0.05 that means our correlation coefficient is statistically
significant. The relationship that emerged as a result of
the correlation analysis should not be interpreted as a
causality relationship.

10
08
08
04
02
00

Flight Distance Departure Delay in Minutes

Age

Flight Distance

Departure Delay in Minutes

Figure 5. Correlation matrix.

As shown in Figure 6, the optimal k number is 8.

Table 4 indicates the metrics values of each clustering
algorithm in terms of Silhouette Coefficient, Calinski
Harabasz and Davies Bouldin.
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Distortion Score Elbow for KMeans Clustering

=== elbow at k=8, score=32840.216

45000

g
g

distortion score

g
g

25000

Figure 6. Elbow method.

Table 4. Clustering performance scores

Algorithm Sihoutte Calinski Davies
Coefficient Harabasz Bouldin

K-Means 0.145 2854.193 2.078

DBSCAN 0.133 1672.774 2.287

The findings in Table 4 demonstrate that the K-Means
algorithm achieve the best performance in terms of
Sihoutte Coefficient, Calinski Harabasz and Davies
Bouldin with a small margin of 0.145, 2854.193 and
2.078, respectively with a small difference.

Figures 7 and 8 demonstrate the Silhouette analysis of
the K-Means and DBSCAN algorithms. The Silhouette
range is between -1 and 1 as described in Section 2.5.1.
The silhouette coefficient graph indicates that the K-
Means clustering algorithm performs better.

Cluster label

1
1
I
1
01 00 02 04 06 08 10

The silhouette coefficient values

Figure 7. K-means Silhouette coefficient values.

In Figure 9, PCA is applied to the dataset. The number of
clusters for K-Means is 8.

The results obtained with the application of K-means and
DBSCAN algorithms are compared and the following
evaluations can be clarified. These two algorithms
generate similar results. The findings from analysis
present that K-Means outperformed with a small
difference. In fact, both algorithms provide high
performance. It can be stated that K-Means and DBSCAN
approaches perform quite well to cluster airline
customer. In order to achieve good results in the DBSCAN
algorithm, it is necessary to change the algorithm with
different parameters. For example, eps value can be
changed to obtain good results.

Cluster label

01 04 a1 aB 10

o a2
The silhouette coefficient values

Figure 8. DBSCAN Silhouette coefficient values.

No e LN o

-2 -1 0 1 2

Figure 9. PCA of K-means algorithm.
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Table 5. Clustering analysis results

Cluster Member Satisfied (25.976) High score Low score
Yes 2426 Baggage Handling Gate Location
1 3899 ) . . i .
No 1473 Inflight wifi service Checkin service
Yes 2940 Inflight service Gate Location
2 3012 No 72 Inflight service Inflight wifi service
Yes 3105 Seat comfort Gate Location
3 3439 No 334 Inflight wifi service Cleanliness
Yes 341 Baggage Handling Cleanliness
4 2456 . . . . .
No 2115 Inflight service Inflight wifi service
Yes 1360 Inflight entertainment Gate Location
5 3374 No 2014 Inflight entertainment Inflight wifi service
Yes 509 Online Boarding Inflight wifi service
6 2191 No 1682 Departure, Arrival time convenient Baggage handling
- 4635 Yes 1181 Online boarding Gate Location
No 3454 Departure, Arrival time convenient Gate Location
Yes 494 Inflight service Departure/Arrival time convenient
8 2970 No 2676 Departure, Arrival time convenient Ease of Online booking

The definition of columns is as follow: Cluster= cluster number, Member= class member count, Satisfied= satisfied member count and

dissatisfied member count, High score= the category name with the highest score from the headings used as the data source, Low

score= the category name with the lowest score from the headings used as the data source.

The findings from Table 5 present the members of each
cluster, satisfied and dissatisfied number for each cluster.
The findings of the study can provide information that
can help airline management, professionals and those
related to the aviation industry see the most important
and unimportant criteria and help them to develop
strategies and decision-making in this direction.

4. Conclusion

Ensuring the satisfaction of passenger in air travel, which
is one of the most popular transportation modes because
it is a faster means of transportation, plays a significant
role in increasing the number of competitors day by day.
In this paper, a publicly dataset for airline passenger is
used by applying K-Means and DBSCAN clustering
algorithms to cluster the airline customer dataset. The
reason behind the selection of these two algorithms is
that DBSCAN is the first and best-known density-based
clustering algorithm and K-means handles huge datasets
well since it is straightforward to implement and has
linear time complexity.

This study presents a proof of concept on how data
analytics can be used in customer segmentation for
airline passengers. When the findings of K-Means
algorithm and DBSCAN are compared, it is observed that
K-Means achieved slightly better results in Sihoutte
Coefficient, Calinski Harabasz and Davies Bouldin metrics
in all three performances, 0.145, 2854.193 and 2.078,
respectively. The study's findings can offer information
that airline management, professionals, and other parties
with an interest in the aviation industry can use and
make decisions about. More different clustering
algorithms and the cost implication of each cluster can be
considered for further studies.
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Ozet: Riizgar Enerji Santrali (RES) gibi biiytik biitgeli yatirim projelerinin degerlemesinde, degerleme yonteminin se¢imi en énemli
kararlarin basinda gelmektedir. Geleneksel degerleme yontemlerinin, yatirimin ekonomik émdir siiresince risk ve belirsizlikleri dikkate
almamasi, herhangi bir donemde olas1 durumlara karsi genisleme, terk etme ya da erteleme gibi esnek ¢oziimler sunmamasi,
uygulamalarda olumsuz durumlar yaratmaktadir. Reel opsiyonlar, yatirimdaki risk ve belirsizligin, olasilik dagilimi yoluyla ¢esitli
analitik yontemler ya da simiilasyonlar kullanarak ele alinmasini saglamaktadir. Yatirima 2021 yili Haziran ayinda baslandigi
dustiniilerek, bu konuda daha 6nce hazirlanmis 6n fizibilite raporlarindan yararlanilmistir ve piyasa degerleri de goz Oniince
bulundurularak proje paramereleri belirlenmistir. Sinop ilinde ki 5 MW elektrik tiretimi kapasiteli, %35 kapasite faktoriine ve 15 yillik
ekonomik émre sahip bu RES icin, ilk olarak geleneksel degerleme yéntemlerinden literatiirde siklikla kullanilan, indirgenmis Nakit
Akislar (INA) yoéntemi ile Net Bugiinkii Deger (NBD) elde edilmistir. ikinci olarak, reel opsiyonlarla degerleme siirecinde ise analitik
yontemlerden Black-Scholes degerleme yontemi ile opsiyon degeri ve projenin uygulanabilir olup olmadiginin degerlendirilmesi i¢in
Genisletilmis Net Bugiinkii Deger (GNBD) elde edilmistir. Yatirim projesinin uygulanabilir olmasi i¢in kullanilan degerleme yontemi ile
elde edilen NBD’'nin pozitif sonug¢ vermesi ve yatirimcinin da ekonomik émiir siiresi sonunda kar elde etmis olmasi gerekmektedir.
Negatif sonug veren yatirim i¢in proje uygulanabilir olmamaktadir. RES i¢in yapilan degerleme ¢alismasinda ki amag, NBD ile negatif
sonug elde edilmesi ile birlikte proje uygulanabilir onay1 alamazken, risk ve belirsizligi projeye dahil ederek reel opsiyonlarla pozitif
sonug elde edilmesi ile birlikte projenin uygulanabilir onay1 alabildigi sonucu elde edilmistir. Bu durumda reel opsiyonlarin geleneksel
yontemlere gore Ustiinliigli gosterilmis olunmakla birlikte geleneksel yontemlerin uygulamalarda ki yerini reel opsiyonlara birakmasi
gerektigi sonucuna da varilmistir.

Anahtar kelimeler: NBD (Net bugiinkii deger), Reel opsiyon, Black-scholes, RES (Riizgar enerji santrali)

Using Real Options in Wind Power Plant Evaluation

Abstract: The selection of the valuation method is one of the most important decisions in the valuation of large-budget investment
projects such as the Wind Power Plant (WPP). The fact that traditional valuation methods do not take risks and uncertainties into
account during the economic life of the investment and do not offer flexible solutions such as expansion, abandonment or
postponement against possible situations in any period creates negative situations in applications. Real options enable the risk and
uncertainty in the investment to be handled by using various analytical methods or simulations through probability distribution.
Considering that the investment started in June 2021, pre-feasibility reports prepared beforehand were used in this regard, and the
project parameters were determined considering the market values. Firstly, Net Present Value (NPV) was obtained by using the
Discounted Cash Flows (DNA) method, which is one of the traditional valuation methods, for this WPP, which has a 5 MW electricity
generation capacity, a capacity factor of 35% and an economic life of 15 years in the province of Sinop. are the most commonly used
methods in the literature. Secondly, in the real options valuation process, the Black-Scholes valuation method, one of the analytical
methods, used the option value and the Extended Net Present Value (GNPV) to evaluate whether the project is viable or not. In order
for the investment project to be viable, the NPV obtained by the valuation method used must yield positive results and the investor
must have earned a profit at the end of its economic life. The project is not viable for an investment with a negative result. The aim of
the valuation study for RES was that while the project could not get the applicable approval with the negative result with NPV, the
project was able to get the applicable approval with the real options by incorporating the risk and uncertainty into the project. In this
case, although the superiority of real options over traditional methods has been demonstrated, it has also been concluded that
traditional methods should be replaced by real options in practice.

Keywords: NPV (Net present value), Real option, Black-scholes, WPP (Wind power plant)
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1. Giris

Yatirimcilar proje degerini etkileyen parametrelerin,
piyasa kosullarina gore nasil
ekonomik 6miir sonunda elde edecekleri kdrin ne yonde

etkileneceklerini ve

olacagint  bilmek isterken, degerleme uzmanlari
tarafindan bu durumla ilgili ¢esitli yOontemler
sunulmaktadir. Geleneksel degerleme yontemleri,

belirlilik kosullar1 altinda risk, belirsizlik ve esneklik
faktorlerini  dabhil yatirnm  degerlemesi
yapmaktadir. Bu durum, yatinimlarin piyasa degerine
gore daha az degerlenmesine neden olmakla birlikte

etmeden

projenin de uygulanabilir olmasi durumu olumsuz
etkilenmektedir.

Geleneksel NBD, nakit akislarini reel indirgeme orani
yani “riske gore diizeltilmis iskonto orani” ile indirgeyip,
bu degerlerin toplaminin yatirnm maliyetinden
cikartilmasiyla elde edilir. Elde edilen NBD, yatirim
projesinin kabul edilebilirliginin bir él¢iitiidir. Yatirim
projesi icin hesaplanan NBD’nin pozitif, negatif ve sifir
olmas1 farkh sekillerde karar alinmasina da neden
olmaktadir. NBD’si sifir olan bir projenin uygulanmasi
yatirimcl icin ne kir ne de zarar edebilecegi bir
durumdur ve ekonomik 6miir sonunda bu yatirimdan
etkili bir sonug elde edilememektedir. NBD’si pozitif olan
projenin uygulanmasi yatirimin degerini
uygulanabilir bir sonug¢ verirken, NBD’si negatif olan
projenin uygulanmasi halinde de yatirimin degerinde ki
azalis, uygulanabilirligi olumsuz etkilemektedir (Bilir,
2012). Degerleme sonucunda istenilen ve beklenen
durum ise pozitif sonuglu bir NBD elde etmektir.

arttirarak

Geleneksel degerleme yontemleri, 6zellikle biiyiik 6lcekli
yatirnm projeleri i¢in yatirimin karhligini dogru bir
sekilde degerlendirmekte yetersiz kalmaktadir (Dzyuma,
2012). Reel opsiyonlarla degerleme ise iskonto oranini
kullanilmas: yerine, risk ve belirsizlik i¢in risksiz faiz
orani ve degiskenlik icin ise volatilite parametresinin
kullanilmas1 ve bir de yonetimsel esnekliklere izin
vermesi nedeniyle one ¢ikmaktadir (Colwell ve ark,
2002).

Reel opsiyonlar, proje karliligini hesaplamanin yani sira,
ekonomik Omiir boyunca yil bazinda elde edilen
verimlilige gore bir sonra ki adim i¢in ne yapilacagin
diisiinme ve uygulamaya ge¢meyi saglayan da bir
yontemdir. Ornegin 15 yillik bir RES icin 3. Yildan sonra
yapilan fizibilite calismalar1 sonras1 kiigiilme, genisleme
ya da projeyi devretme ya da terk etme gibi opsiyonlarin
kullanilabilirligini yatirimciya saglamaktadir.  Yanlis
kararlar ile projeye devam edilmesi yerine, piyasa
kosullarinda nakit akis kaybinin tolere edilebildigi
durumlar tercih edilmelidir. Baz1 durumlarda projenin
ertelenebilme durumu da yatirimin karhihg i¢in 6nemli
bir faktordiir. Piyasa kosullarinin degistigi,
ongoriilemedigi durumlarda ya da nakit akis kayiplarinin
kazanimlardan fazla oldugu durumlarda bu esnekligi
kullanmakta yine yatirim igin biiyiik rol oynamaktadir.
Geleneksel degerleme yontemleri ile
belirsizligin yarattigt bu gibi durumlara bir ¢déziim
getirilememekte ve yatirnm bu durumdan olumsuz

riskin ve

etkilenmektedir (Mun, 2002). Belirsizlikler opsiyonlar
icin avantajli bir durum olabilmektedir. Belirsizligin
artmasi, esneklikle birlikte opsiyon degerini de
arttirmaktadir (Uzunlar ve Aktan, 2000).

Reel opsiyon teorisinin temeli, finansal varlklar i¢in
hazirlanan finansal opsiyon teorisine dayanmaktadir.
Myron C. Scholes ve Fisher Black tarafindan 1970’lerin
basinda gelistirilen, Avrupa tipi satin alim opsiyonlarinin
fiyatlandirilmasinda kullanilan Black-Scholes yontemi,
finansal opsiyonlarin hem literatiirde hem de piyasa da
genis bir kullanim alanina sahip olmasiyla birlikte reel
opsiyonlarin da gelisimini saglamistir (Schulmerich,
2010).

Reel opsiyon degerleme yontemlerinden Black-Scholes
ile birlikte Binomail yontem ve Monte Carlo Simiilasyonu
da akademik c¢alismalarda ve giinimiizde siklikla
karsimiza ¢ikmaktadir. Yenilenebilir enerji tesislerinin
degerlemesinde daha dinamik bir yontem olmasi
dolayisiyla daha sik tercih edilen Black-Scholes yontemi
kadar diger iki yontemle de birbirlerine ¢ok benzer

sonuglar vermeleri ile yatirim degerleme de
kullanimlarinin ~ uygun  oldugu da literatiirde
desteklenmektedir.

Abadie ve Chamorro (2014) c¢alismalarinda proje
bilgilerini Ingiltere’den aldiklar1 bir RES’in yatirimini reel
opsiyon degerleme yontemlerinden Monte
simiilasyonu ydntemi ve Binomial yontem ile ele almis ve
ekonomik Omiir boyunca yasanacak belirsizliklerden
Otlirii yatirnmin bir siire ertelenmesi gibi bir opsiyon
dahilinde degerlendirilmesini yapmistir. Erteleme
opsiyonu sonucunda vadeli islemler piyasasi ilizerinde
belirlenen beklenen elektrik fiyati £ 48,91 / MWh’dan £
85,91 / MWh'ya ulastigini gérmiis ve bunun sonucundan
projenin karlh hale geldigini ifade etmistir.

Carlo

Brandao ve ark. (2005) problem ¢6zmede Black-Scholes
ve Binomial degerleme yonteminin kullanilmasi ile ilgili
calismasinda birden ¢ok risk ve belirsizlik durumunda
daha  dinamik  oldugunu, yatirim  projelerinin
degerlemesinin geleneksel degerleme yontemlerine gore
daha tistiin oldugunu anlatmistir.

Chambers (2005) ¢alismasinda yatirim projelerinin
degerlemesinde reel opsiyonlar hakkinda bilgi vermis ve
INA yontemine gére ret edilecek bir yatirim projesini
genisleme opsiyonunun kullanilmasi ile yeniden
degerlendirmis ve sonugta kabul edilebilir bir proje
degerine sahip oldugunu ortaya koymustur.

Fernandes ve ark. (2011) calismalarinda enerji
alanindaki yatirimlarda o6zellikle yenilebilir enerji
alanindaki yatirnmlarda meydana gelen artis ve bu
alandaki degerlendirilmesinde  reel
opsiyonlar ydnteminin 6nemini aciklamistir. Ozellikle
RES yatirimlar ile ilgili belirsizlikler ve risklerin, proje

degerlendirilmesine en etkili reel opsiyonlar yontemi ile

yatirimlarin

yansitildigini ve bu nedenlerle bu alandaki yatirim
projelerinin opsiyonlar
yOnetiminin 6nemi lizerinde durmuslardir.

Kapucugil Ikiz ve Deveci Kocako¢ (2009) c¢alismasinda,
bilisim alanindaki yatirim projelerinin degerlemesinde

degerlendirilmesinde  reel
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reel opsiyonlarin kullanilmasini ele almis ve ¢alismanin
sonucunda biliylime opsiyonuna sahip bir bilisim
projesinin reel opsiyonlar yontemi ve geleneksel proje
degerleme yontemleri ile degerlemesi yapilmis ve reel
opsiyonlar yonteminin proje degerlemede daha gercekei
sonugclar verdigini ve geleneksel degerleme yontemleri
ile ret edilebilen bir projenin reel opsiyonlar yontemi ele
kabul edilebilir sekilde hesaplandigini ortaya koymustur.
Mun (2006) c¢alismasinda, geleneksel degerleme
yontemlerini reel opsiyonlar degerleme yontemleri ile
karsilastirmis ve reel opsiyonlar ile ilgili literatiir bilgisi
vererek avantajlarim gostermistir. Ozellikle risk ve
belirsizlik durumlarinda reel opsiyonlar ydnteminin
geleneksel yontemlere gore iistlin taraflarina dikkat
cekmis ve reel opsiyonlarin bu
calismasinda ele aldig1 uygulamalar ile de ispatlamaya
calismistir.

Ozcan (2013), “Mugla Bélgesinde Ornek Bir Riizgar
Elektrik Santrali (RES) Yatirim ve Res Yatiriminda Reel
Opsiyonlarin  Kullanimi Uzerine Bir Inceleme” isimli

dstlnliklerini

calismasinda, bir riizgdr enerji santrali projesini
indirgenmis nakit akimlari yontemine goére degerlemis ve
negatif ¢ikan yatirim sonucunu yani kabul edilemez olan
projeyi reel opsiyonlar yontemine yeniden ele almis ve
opsiyon  sozlesmesindeki satin  alma
kullanilmast durumunda projenin pozitif nakit akim
verdigini yani kabul edilebilir oldugunu ifade etmistir.

(2009), calismasinda enerji
yatirimlarin reel opsiyonlar yontemi ile
degerlendirilmesini ele almis ve ¢alismasinda reel
opsiyonlar ile  geleneksel proje degerlendirme
yontemlerini karsilastirmistir. Calismanin uygulama
boéliimiinde Barmek enerji firmasina ait yatirim projesini,
Socar A.S’ ye ait terk etme opsiyonu ve Manisa enerji

opsiyonun

Safarov sektoriindeki

firmasina ait biiyiime opsiyonlarinin kullanilmasi
sonucunda yatirim projesinin analiz yapmis ve ¢alisma
sonucunda geleneksel degerleme yoéntemi ile ret
edilebilecek bir yatirnm projesinin aslinda yatirim
yapilabilir karl bir proje oldugunu ispatlamistir.

Bu arastirma makalesinde ki ¢alismanin amaci, ekonomik
émrii 15 yil olan Sinop ilinde %35 kapasite faktoriine
sahip bir RES’in degerlemesinde, geleneksel degerleme
yontemiyle elde edilen NBD’nin negatif sonu¢ vermesi,
bunun yani sira reel opsiyonlar degerleme ydntemleri
Black-Scholes ile opsiyon ve proje degerinin pozitif sonug
birlikte, reel opisyonlar degerleme
yonteminin geleneksel yonteme gore istiinligi ve

uygulanabilirliginin gosterilmek istenmesidir.

vermesi ile

2. Materyal ve Yontem

Calismanin bu boéliimiinde RES icin hem geleneksel
yontemlerden NBD ile proje degeri hem de reel
opsiyonlar degerleme yontemlerinden Black-Scholes ile
opsiyon ve opsiyon ile NBD’nin toplanarak elde
edilmesiyle birlikte GNBD hesaplanacaktir. Projenin
uygulanabilir olup olmadig1 geleneksel yontemde proje
degeri ile belirlenirken, reel opsiyonlarda opsiyon degeri
pozitif olsa dahi GNBD’nin pozitif sonu¢ vermesi

gerekmektedir. Bu sartlar dogrultusunda asagidaki
boélimlerde degerleme kullanilan
parametre  ve  esitlikler sekilde
aciklanmaktadir.

2.1. Net Bugiinkii Deger (NBD) Yontemi ile Degerleme

yontemleri ve
detayli  bir

NBD’'nin hesaplanmasinin ilk asamasi projeye ait
parametrelerin belirlenmesidir. Sonra ki adim INA'mn
hesaplanarak 15 yillk net nakit
hesaplanmasi ve devaminda iskonto
indirgenerek bugiinkii degerlerin olusturulmasidir.
Bugilinkii degerlerin toplaminin  6ngoriilen proje
maliyetinden ¢ikartilmasi ile de proje degerini veren NBD
Tablo 1'de

akimlarinin
oraninca

hesaplanmaktadir.
gosterilmektedir.

Proje parametreleri

Tablo 1. Proje parametreleri (NBD).

Proje Parametreleri

Proje Maliyeti 11.000.000 USD=70.400.000 TL

Projenin Yillik

.064.640 TL
Gelir Miktar1 7.064.640

Ekonomik Omrii 15 y1l

Kurulu Giicii 5 MW

AOSM %10

Tirbin Sayisi 2

1

Operasyone 306.000 USD=1.958.400 TL
Gider

Elektrik Satis

0,073*6,40TL) =0,4672 k

Figati (TL/ kWh) ) Hrus
A ti

mortisman 4.693.333,33 TL

Degeri

K 1 isi

urumlar Vergisi 9625=0,25

(KV)

TUFE (Enfl

(Enflasyon 9%9,90=0,099

Orani)

Birim Elektrik

jrim Bek 0,073USD*6,40TL/USD=0,4672TL
Fiyati
Tablo 1'de  gosterilen proje  parametrelerinin
hesaplanmasi projenin ekonomik analizi kisminda

belirlenmektedir. Bir riizgdr enerji santralinin proje
gelirinin hesaplanabilmesi i¢cin dncelikle tesisin lrettigi
enerji kapasitesinin bilinmesi gerekmektedir. Uretim
miktarinin hesaplanabilmesi i¢in de RES’in tirettigi enerji
miktarinin ve santralin kuruldugu boélgeye ait riizgar
kapasite faktoriinlin bilinmesi sarttir. Kapasite faktori
bolgede yapilan 1 senelik riizgar 6l¢timlerinin haricinde
Riizgar Enerji Potansiyeli Atlas1 (REPA) da yatirimcilara
bu bilgiyi vermektedir. Sekil 1’de Tirkiye geneli 50m
ylikseklikteki ortalama kapasite faktori (%) dagilimi
gosterilmistir (Caliskan, 2020). REPA’ya gore Sino pili
kapasite faktoriiniin %35 oldugu goriilmektedir. Uretim
miktar1 i¢in; 5 MW#*0,35*360 giin*24 saat=15.120.000
kWh hesaplanmistir. Burada 1 yilin 360 giin olarak
alinmasinin nedeni yilda 5 gliniin bakim onarim ile
gecebilecegi ve bu zaman diliminde iiretimin duracaginin
o6ngorilmesindendir.

Bir diger bilinmesi gereken parametre ise elektrik
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fiyatidir. Yenilenebilir Enerji Kaynaklar1 Destekleme
Mekanizmast ~ (YEKDEM) tarafindan  diizenlenen
cetvellerdeki tesvik fiyatlari, enerji liretim tesislerinin
elektrik fiyatlarin1 tanimlamaktadir. RES’ in 2021 yih
icerisinde uygulamaya girdigi
cetvelinde yer alan,

haziran ayl

diisiiniildiigiinde, Ek-1 sayil

iretilecek elektrigin 1kWh'nin 7,3 UScent/kWh tesvik
fiyati
belirlenmistir.

lizerinden degerlendirilmeye alinacagi

—  KAPASITE
| FAKTORU

|3

EEEEEOE
Sasns8h8

Sekil 1. REPA Kkapasite faktorii dagilimi (%) (Caliskan,
2020).

Burada riizgar enerji santralleri i¢cin bilmemiz gereken
bir diger parametre degeri ise dolar kurudur. Bu
calismada son yillarda yiiksek degerlerde dalgalanan
dolar kuru tzerinden ortalama bir deger kullanmak
sabit  bir dolar  kuru kullanmanin
hesaplamalarimiz i¢cin daha dogru olacagina karar
verilmistir. Bunun i¢in de T.C. Cumhurbagskanhg Strateji
ve Biitce Baskanligi'nin 2020-2022 Donemi Yatirim
Programi Rehberi'nin 12. Maddesinde
belirtilen ve yatirim karari alinan 2021 yili sabit kur
fiyati, 1ABD=6.40 TL'dir (SBB, 2021). Buradan proje
geliri 15.120.000kWhx0.073USDx6,40TL/USD=
7.064.064 TL olarak hesaplanmistir. indirgenmis nakit
akislari hesaplanirken birim elektrik fiyati,
0.073USDx6,40TL/USD=0,4672 TL
hesaplanmistir. RES projesinin gider unsurlarini, ilk
yatirim maliyeti harcamalar1 ve sonrasinda yatirimin
siirdiirilebilirliginin saglanabilmesi icin yillik
operasyonel giderler olarak ikiye ayirmak miimkiindiir.

yerine

Hazirlama

olarak

Bu proje de ilk yatirnm maliyeti 11.000.000 $ yani
70.400.000 TL, operasyonel giderler i¢in de 306.000 $
yani 1.958.400 TL olarak belirlenmistir. Vergi Usiil
Kanunu’nun 333 sira numarali tebliginin 45. Boliimiinde
bahsi gecen tiirbinlerle ilgili bdliime istinaden riizgar
enerji santrallerinin faydali ekonomik émiirlerinin 15 yil
oldugu belirtilmektedir. Bu bilgi dogrultusunda bu
projede ekonomik omir (T) 15 yil olarak alinmistir.
Ekonomik Omiir siiresinin 15 yil olmasi ve proje i¢in
normal amortisman orani kullanilacak olmasindan dolay1

2007-2021 yillart arasindaki 15 yillik ve her yilin her ay1
icin “on iki aylik ortalamalara gore degisim oran1”
kullanilarak, en son ortalama deger bulunmustur.
Projede hem gelirlerin hem de operasyonel giderlerin
yillik artis oram olarak kullamldigi TUFE oram %9,90
olarak hesaplanmistir. Reel indirgeme orani olarak
kullanilan iskonto orani igcin herhangi bir sirket esas
alinmadigindan iilke taban primi ile AOSM hesaplamak
ya da Tiirkiye Cumhuriyeti Merkez Bankasi'nin (TCMB)
yayinladign  alti  ayhk
dalgalanmalardan dolay1 kullanmak yerine, %10’luk
genel bir iskonto orani tercih edilmistir. NBD ig¢in
kullanilan formiil “Esitlik 1”de gosterilmektedir (Bilir,
2012).

iskonto  faiz  oranlarim

_y[_A
A—Z((lﬂ)ij c ()

i=1

A, nakit girislerinin simdiki degeri toplamini; A4,
yatirimdan saglanacak net nakit akimlari; C, baglangictaki
yatirimi; r, iskonto oranini; i, yili ifade etmektedir.

2.2. Black-Scholes Yontemi ile Degerleme

Reel opsiyonlarla degerleme yontemlerinden Black-
Scholes, analitik bir yontem olmakla birlikte hesaplama
ve ¢oziimleme kolayligi acisindan kullanimi en rahat
yontemdir. Black-Scholes‘un 1973 yilinda opsiyonlarin
fiyatlanmasi icin 6nerdigi ve o tarihten sonra gercek
yatirim projeleri i¢in de kullanilabilen model asagidaki
“Esitlik 2, 3, 4 ve 5"te gosterildigi sekildedir.

C, =S,N(d;) - Xe""N(d,) (2)
R= Xe "N (=d,)—S;N(-d,) (3)
In(S, / X)+(r, +c?12)T
d, =
! ol (4)
d,=d,—oT (5)

Modelde kullanilan terimler Cy, alim opsiyonu degerini;
Py, satim opsiyonu degerini; Sp, dayanak varligin degerini;
X, kullamim fiyatini; T, opsiyonun vadesine kalan siireyi
(yil bazinda); o, dayanak varligin standart sapmasini
(votalitesi); rp risksiz faiz oramini; N(d), kimilatif
standart normal dagilimi ifade etmektedir. Black-Scholes
degerleme yontemi icin kullanilan parametreler Tablo
2’de gosterilmektedir.

Tablo 2. Proje parametreleri (Reel opsiyonlar)

Girdi Parametreleri

(1/n), bu projede ki amortisman orani

(1/15)=0,067=%6,7 olarak hesaplanmistir. Kurumlar 1 Yillik Risksiz Faiz Oram Ty %12,28=0.1228
Vergisi (KV) oram olarak ise, Kurumlar Vergisi 2 Varhigin Simdiki Degeri S 60.810.500,15
Kanunu’na eklenen gecici 13. Madde uyarinca “%20 olan 3 Varhigin Kullanim Fiyati X 70.400.000,00
kurumlar vergisi oram1 2021 yili igin %25 oraninca 4 Opsiyon.l.m Ekonomik T 15yl
uygulanacaktir”  ifadesi  lizerine, %25  olarak Omri

belirlenmistir. Projede enflasyon orami olarak, ticari 5 Yillik Standart Sapma c 0,4077
yatirimlar icin tercih edilen Tiiketici Fiyat Endeksinin 7 Yillik Donemler At 1
(TUFE) kullanilmasi uygun goériillmiistiir. Bunun icin

BS] Eng Sci / Duygu BIYIKLI ve ark. 169



Black Sea Journal of Engineering and Science

Varhigin simdiki degerini, NBD hesabinda iskonto
oraninca indirgenen bugiinkii degerlerin toplami
olusturmaktadir. Varligin kullanim fiyatini, RES igin
ongoriilen yatirirm maliyeti olustururken, risksiz faiz
orant iginde 2021 yili igin 10 yillhk tahvil oram
kullanilmistir. Reel opsiyonlarla degerleme
yontemlerinde bilinmesi en zor parametre, degiskenligi
ifade eden volatilite parametresidir. Bu ¢alismada, RES
yatirim projesini en ¢ok etkileyen faktorlerinden biri olan

hesaplanan volatilite degeri gosterilmektedir.

Tablo 3’te hesaplanan volatilite degeri icin kullanilan
standart sapma formiili “Esitlik 6” da, formiile gore
volatilite degerinin hesaplanmasi i¢in ¢6ziim de “Esitlik
7”de, asagida gosterildigi sekildedir (Brigham, 1995).

PePNEDY ©)

birim elektrik fiyati iizerinden volatilite degeri o= 23265 _ 7/0.1662 =0.4077 (7)

belirlenmistir. Her yil enflasyon oraninca artan birim 14

elektrik fiyatinin standart sapmasinin bulunmasiyla elde

edilmistir. Tablo 3’te yillara ait elektrik birim fiyat1 ve

Tablo 3. Volatilite hesabi

Birim Elektrik Fiyat (Y7) Ortalama (Y) (Y;-Y) Y;-Y)?

1.Y1l 0,4672 0.9818 (-0.5146) 0.2648
2.1 0,5135 0.9818 (-0.4683) 0.2193
3.1l 0,5643 0.9818 (-0.4175) 0.1743
4.Y1l 0,6201 0.9818 (-0.3617) 0.1308
5.1 0,6815 0.9818 (-0.3003) 0.0902
6.Y1l 0,7490 0.9818 (-0.2328) 0.0542
7.Y1l 0,8232 0.9818 (-0.1586) 0.0252
8.Y1l 0,9047 0.9818 (-0.0771) 0.0059
9.Y1l 0,9942 0.9818 (0.0124) 0.0002
10.Y1l 1,0927 0.9818 (0.1109) 0.0123
11.Y1l 1,2008 0.9818 (0.2190) 0.0480
12.Y1l 1,3197 0.9818 (0.3379) 0.1142
13.Y1l 1,4504 0.9818 (0.4686) 0.2196
14.Y1l 1,5939 0.9818 (0.6121) 0.3747
15.Y1l 1,7517 0.9818 (0.7699) 0.5928
Toplam (Y; — Y) 2 2,3265
c 0,4077

3. Bulgular ve Tartisma Hesaplamalar sonucu elde edilen di ve d2

Geleneksel degerleme yontemi ile reel opsiyonlarla
degerleme yontemi arasindaki farklar1 ve istiinlikleri
gostermek icin yapilan bu calisma da hesaplanan iNA ve
NBD Tablo 4 ve Tablo 5’te gosterilmektedir.

Tablo 5'te goriildiigii tizere RES yatirnmina ait NBD -
9.589.499,85 TL olarak negatif deger alarak, projenin bu
piyasa sartlar1 altinda uygulanabilir olmadigi sonucunu
vermistir. Yatirnmin bundan sonra ki asamasinda
ekonomik piyasada ki
belirsizliklerin de projeye dahil edildigi reel opsiyonlarla
degerleme yontemlerinden Black-Scholes yéntemi ile
proje degeri hesaplanmistir. Tablo 2’de
parametre degerlerine gore, 15 yil vadeli bir RES
projesine bugiin baslanilmasi durumunda ve Black-
Scholes yontemine goére yapilan hesaplamalar “Esitlik
8”de gosterildigi gibidir.

Omir sliresince risk ve

verilen

_ In(60.810.500, 05/ 70.400.000) + (0.1228 + (0.4077)* / 2)15

dl

parametrelerinin, Ek 1’de gosterilen kiimiilatif normal
standart dagilim tablosundan elde edilen degerleri
N(d1)=0,9688 ve N(dz)=0,6119 olarak bulunmustur. Bu
durumda opsiyon degeri “Esitlik 9” da ki gibidir;

C, =(60.810.500,15*0.9688) — (70.400.000* e **#5 *(,6119) 9
C, =52.085.382,91 ©)

Goriildiigi tizere Black-Scholes degerleme yontemiyle
hesaplanan hem opsiyon degeri pozitif hem de geleneksel
yontemle buldugumuz negatif sonu¢lu-9.589.499,85 TL
NBD’den biiyiik ¢ikmistir. Geleneksel NBD yontemiyle
elde edilen negatif deger sonucunda, projenin
uygulanabilirligi onaylanmamis olup, opsiyon degeriyle
birlikte yeni proje degerinin yani GNBD’nin asagida
gosterildigi gibi pozitif ¢ikmasi saglanarak, RES
yatirrminin uygulanabilirligine karar verilmistir. “Esitlik
10” da genel GNBD’nin formiilli, “Esitlik 11”de de bu

0.407715 calismada ki RES’e ait GNBD gdsterilmektedir.
d, =1.8633 (8)
d, =1.8633-0407715 Statik NBD+Opsiyon degeri (10)
d, =0.2843
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Tablo 4. Indirgenmis nakit akislar1 (INA) analizi

Uretim Birim Gelir/TL Giderler/TL Fvok/TL Amortisman Fvok/TL Vergi Net Faaliyet
Miktari(kWh) ~ Fiyat/TL (-)/TL %25/TL Kan/TL
1yl 15.120.000 0,4672 7.064.064 1.958.400 5.105.664 4.693.333,33 412.330,67 103.082,67 309.248,00
2.1 15.120.000 0,5135 7.763.406,34  2.152.281,60 5.611.124.74  4.693.333,33 917.791,41 229.447,85 688.343,56
3.1l 15.120.000 0,5643 8.531.983,56  2.365.357,48 6.166.626,08  4.693.333,33  1.473.292,75 368.323,19 1.104.969,56
4311 15.120.000 0,6201 9.376.649,94  2.599.527,87  6.777.122,07 4.693.333,33  2.083.788,74 520.947,18 1.562.841,56
Syl 15.120.000 0,6815  10.304.938,28 2.856.881,13  7.448.057,15 4.693.333,33  2.754.723,82 688.680,95 2.066.042,87
6.y11 15.120.000 0,7490  11.325.127,17 3.139.712,36  8.185.414,82  4.693.333,33  3.492.081,48 873.020,37 2.619.061,11
7.yl 15.120.000 0,8232  12.446.314,76 3.450.543,88 8.995.770,88  4.693.333,33  4.302.437,55 1.075.609,39  3.226.828,16
8.yl 15.120.000 09047 13.678.499,92 3.792.147,73  9.886.352,19  4.693.333,33  5.193.018,86  1.298.254,71  3.894.764,15
9yl 15.120.000 0,9942 15.032.671,41 4.167.570,35 10.865.101,06 4.693.333,33  6.171.767,73 1.542.941,93 4.628.825,80
10.y1l 15.120.000 10,927 16.520.905,88 4.580.159,82 11.940.746,06 4.693.333,33  7.247.412,73 1.811.853,18 5.435.559,55
11.y11 15.120.000 12,008 18.156.475,56 5.033.595,64 13.122.879.92 4.693.333,33  8.429.546,59 2.107.386,65 6.322.159,94
1211 15.120.000 13,197 19.953.966,64 5.531.921,61 14.422.045,03 4.693.333,33 9.728.711,70  2.432.177,92  7.296.533,78
131l 15.120.000 14,504  21.929.409,34 6.079.581,85 15.849.827,49 4.693.333,33 11.156.494,16 2.789.123,54  8.367.370,62
14.y11 15.120.000 15939  24.100.420,86 6.681.460,45 17.418.960,41 4.693.333,33 12.725.627,08 3.181.406,77 9.544.220,31
15.y1l 15.120.000 17,517  26.486.362,53 7.342.925,03 19.143.437,50 4.693.333,33 14.450.104,17 3.612.526,04 10.837.578,13
Tablo 5. Net buglinkii deger (NBD) tablosu
Net Kar + Yatirim Net Nakit indirgeme Bugiinki Net Bugtinkii Deger
Amortisman Tutar1 Akim Orani Deger

Baslangig¢ -70.400.000 -70.400.000 -70.400.000
1.y1l 5.002.581,33 5.002.581,33 4.547.801,21
2.Y1l 5.381.676,89 5.381.676,89 4.447.666,85
3.yl 5.798.302,89 5.798.302,89 4.356.350,78
4.y1 6.256.174,89 6.256.174,89 4.273.051,63
S5.y1 6.759.376,20 6.759.376,20 4.197.040,81
6.y1l 7.312.394,44 7.312.394,44 4.127.656.03
7.y1 7.920.161,49 7.920.161,49 910,00 4.064.295,17 (60.810.500,15-70.400.000)=-9.589.499,85
8.y1l 8.588.097,48 8.588.097,48 o 4.006.410,86 TL
9.1l 9.322.159,13 9.322.159,13 3.953.505,49
10.y1l 10.128.892,88 10.128.892,88 3.905.126,68
11.y1 11.015.493,27 11.015.493,27 3.860.863,19
12311 11.652.367,11 11.989.867,11 3.820.341,16
13.y1l 13.060.703,95 13.060.703,95 3.783.220,71
14.y1 14.237.553,64 14.237.553,64 3.749.192,86
15.y1l 15.530.911,46 15.530.911,46 3.717.976,72
GNBD =-9.589.499,85+52.085.382,91 an 4. SOl‘lll(,‘

GNBD = 42.495.883,06

Her iki yontemle de elde edilen sonuglara bakildiginda
reel opsiyonlarla yapilan degerlemenin geleneksel
yonteme gore ustiinligi negatif ¢ikan proje degerinin
pozitif c¢ikmasiyla goriilmektedir. Bu durum sadece
RES’ler i¢in degil, diger yenilenebilir enerji santralleri ve
farkli yatirim projeleri i¢in de degerlendirilmesi gereken
bir durumdur. Hem geleneksel yontemlerle hem de reel
opsiyonlar yontemleriyle degerleme de analitik ve
simiilasyonlar gibi farkli yontemlerin kullanimina da
sikca rastlanmaktadir. Tablo 6’'da reel
opsiyonlar degerleme yontemleri ile farkli yenilenebilir
enerji santralleri i¢cin yapilan proje degerleme ¢alismalari
gosterilmektedir. Tablo’da degerleme iizerine geleneksel
degerleme yontemlerinin tercih edilmesi yerine farkh
reel opsiyon degerleme yo6ntemlerinin kullaniminin
literatirde genis bir kullanim alanina sahip oldugu da
goriilmektedir. Bu RES projesinde oldugu gibi geleneksel
yontemlerin yerine yatirimciya daha esnek ¢o6ziimler

literatiirde

sunabilen, risk ve belirsizlik durumlarimi goéz ardi
etmeden degerlemeye dahil eden reel opsiyonlar, yatirim
icin daha onaylanabilir ve uygulanabilir sonuglar vererek,
geleneksel yontemlere oranla daha ¢ok tercih edilebilir.

Yatirim degerlemesinde sikhikla kullanilan geleneksel
yontemlerle negatif sonu¢ elde edilmesi ile birlikte,
opsiyon degerinin yatirim hesaplamasinda kullanilmasi
projeyi onaylanabilir duruma getirmistir. Birim elektrik
fiyatinin, enflasyon oraninin bunlara bagh olarak gelir
miktarinin ve maliyetlerin yillara gore degisimi, 15 yil
icerisinde ¢esitli risk ve belirsizlere maruz kalarak
yatirim kar degistirebilen
faktorlerdir. Bu durumun 6ngoérilebilmesi icin sabit bir
iskonto orami yerine risk ve belirsizler icin risksiz faiz
orani, degisken durumlar iginde volatilite degerinin
projeye dahil edilmesinin yatirima daha sayisal olarak ta
olumlu bir bakis agisi kazandirigr goriilmektedir. Bu
proje de NBD’nin negatif ¢iktifi durum da, opsiyon

sonunda ki miktarimi

degeriyle pozitif proje degerinin edildigi gosterilmistir.
NBD’si pozitif ¢ikan bir yatirim projesi i¢inde, opsiyon
degerinin eklenmesiyle proje degeri yine daha karh
olabilecek bir proje degeri verecektir. Buradan sadece
negatif sonuclu NBD elde edilen projeler icin degil pozitif
sonuglu olabilecek yatirnm projeleri icin de
opsiyonlarin o6nemli oldugu
belirtilmektedir. Bir baska sonu¢ olarak ta, geleneksel
yontemlerin biiyiilk yatirnml projelerin degerlemesinde
kullaniminin yetersiz kaldigr ve belirsizliklere ¢éziim

reel
kullaniminin
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saglayacak reel opsiyonlar degerleme yontemlerinin
yatirimcl i¢in daha ¢6ziim odakli ve olumlu sonugclar
verdigi sonuca varilarak, kullanimlarinin akademik

calismalarda oldugu kadar yatirim degerlemede de

kullanilmasi gerektigi sonucuna varilmistir.

Tablo 6. Reel opsiyonlar degerleme yontemlerinin yenilebilir enerji tesislerinde ki kullanimi

Yazar Yil Ulke Proje Tipi Degerleme Yontemi
Anderson R. C., Weersink A. 2014 Amerika Bioenerji Black-Scholes
Hidroelektrik
Bruno S., Ahmed S, Shapiro A, Street A. 2016 Brezilya o . Black-Scholes
Riuizgar Enerjisi
. R : . . Monte Carlo
De Mare G., Manganelli B., Nestico A. 2013 [talya Riizgar Enerjisi o
Simiilasyonu
Black-Scholes
Eissa M. A, Tian B. 2017 Misir Giines Enerjisi Monte Carlo
Simiilasyonu
. B R Hidroelektrik . .
Fleten S. E., Linnerud K., Molnar P., Nygard M. T. 2016 Norveg Enerji Binomial
Hidroelektrik
Fleten S. E., Molnar P., Nygard M.T., Linnerud, K. 2016 Norveg ! I;Eoe e“ ! Black-Scholes
nerji
Monte Carlo
Jeon C,, Lee]., Shin J. 2015 Kore Giines Enerjisi Simiilasyonu
Black-Scholes
Kim K. T., Lee D. ], Park, S.J. 2014 Kore Riizgar Enerjisi Binomial
Kitzing L., Juul N., Drud M. 2017  Baltik Denizi  Riizgar Enerjisi Black-Scholes
LiY., Tseng C.L., HuG. 2015 Amerika Bioenerji Black-Scholes
Danimark Bi ial
Monjas-Barroso, M., Balibrea-Iniesta, J. 2013 .amma.r a Riizgar Enerjisi fnomia
Finlandiya Black-Scholes
ispanva Monte Carlo
Sisodia G. S., Soares 1., Ferreira P. 2016 p y Riizgar Enerjisi Simiilasyonu
Portekiz
Black-Scholes
C . " Monte Carlo
Sisodia G. S, Soares I, Ferreira P., Baner;ji S., . A . .
Prasad R 2015 Ispanya Riuizgar Enerjisi Simiilasyonu
' Black-Scholes
Torani K., Rausser G., Zilberman D. 2016 Amerika Giines Enerjisi Black-Scholes
Katki Orani Beyani Kaynaklar

Konsept: D.B. (%40), FAS. (%30) ve PK (%30),
Tasarim: D.B. (%40), F.AS. (%30) ve P.K. (%30),
Denetim: D.B. (%40), F.AS. (%30) ve P.K. (%30), Veri
toplama ve/veya isleme: D.B. (%40), F.A.S. (%30) ve P.K.
(%30), Veri analizi ve/veya yorumlama: D.B. (%40),
F.AS. (%30) ve P.K. (%30), Kaynak taramasi: D.B. (%40),
F.AS. (%30) ve PK. (%30), Yazim: D.B. (%40), F.AS.
(%30) ve P.K. (%30), Elestirel inceleme: D.B. (%40),
F.AS. (%30) ve P.K. (%30), Gonderim ve revizyon: D.B.
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