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Oz

Gelisen teknolojinin sagladig1 olanaklar sayesinde internet kullanimiyla gerceklestirilen islemlerde artis olmus ve bu da verilerde artiga
neden olmustur. Bu durum isgletmeler igin verilerin giivenli bir sekilde saklanmasi, paylagilmasi, kontroliiniin saglamasi ve
yonetilmesine yonelik yeni teknoloji ihtiyaci dogurmustur. Bu kapsamda faydalanilabilecek giincel teknolojilerden birisi de blok zinciri
(Blockchain) yapisidir. Blok zinciri yapisi birgok alanda kullanilabilecek bir teknoloji olup gliniimiizde en popiiler kullanim alan1 kripto
paralar iizerinde olmaktadir. Bu ¢alismada 6nemli alt kripto para birimlerinden biri olan Polkadot kripto para birimi igin tahminleme
islemi yapilmasi amaglanmistir. Yapilan ¢alismada 20.08.2020 ve 27.02.2023 tarihleri arasindaki veriler kullanilmis olup, bu verilere
gore ¢ikti deger olarak giinliik ortalama Polkadot degerinin tahmin edilmesi amaglanmustir. Girdi degerleri igin kiimeler iki farkl
sekilde olusturulmustur. Ilk girdi degerlerinde; Polkadot YouTube arama sayisi, Polkadot Google arama sayisi ve Polkadot hacmi
kullanilmustir. Ikinci girdi degerlerinde ise ilk girdi degerlerinden farkli olarak alt kripto paralarin lideri Ethereum eklenmistir. Tki farkl
girdi yapisindan olusan bu ¢alismada Polkadot para birimi giinliik ortalama degerlerinin tahminlenebilmesi igin yapay sinir aglarinda
¢ok katmanli algilayicilar ile derin 6grenme yontemlerinden olan uzun kisa siireli bellek yapisi kullanilarak tahminleme galigmast
yapilmistir. Sonuglar incelendiginde elde edilen yapay sinir aglarinda 4 girdi kiimesinden olusan degerlerin 0,93 korelasyon katsayisi
ile daha iyi sonug verdigi belirlenmistir.

Anahtar kelimeler:Yapay Sinir Aglari, Derin Ogrenme, Geri Yayilim Algoritmasi, Uzun Kisa Siireli Bellek, Blok zinciri, Polkadot,
Ethereum, Tahminleme

Comparative Analysis of Artificial Neural Networks and Deep Learning

Algorithms for Crypto Price Forecast

Abstract

Thanks to the opportunities provided by developing technology, there had an increase in the transactions carried out using the internet.
This development also led to an increase in data. This situation created the need for new technology for businesses to store, share,
control, and manage data securely. One of the current technologies that can be used in this context is the blockchain structure. The
blockchain structure is a technology that can be used in many areas, and the most popular usage area today is cryptocurrencies. In this
study, it is aimed to estimate Polkadot cryptocurrency, which is one of the essential sub-cryptocurrencies. In the study, the data between
20.08.2020 and 27.02.2023 are used. According to these data, it aimed to estimate the daily average Polkadot value as the output value.
Clusters for input values are created in two different ways. In the first input values; number of Polkadot YouTube search, number of
Polkadot Google search, and Polkadot volume are used. Unlike the first input values, Ethereum, the leader of the alt cryptocurrencies,
is added in the second input value. In this study, which consists of two different input structures, to estimate the daily average values
of the Polkadot currency, an estimation study is carried out using multi-layered sensors in artificial neural networks and a long-short-
term memory structure, which is one of the deep learning methods. When the results are examined, it is determined that the values of
4 input sets in the obtained artificial neural networks gave better results with a correlation coefficient of 0.93.

Keywords: Artificial Neural Networks, Deep Learning, Back-propagation Algorithm, Long Short-Term Memory, Blockchain,
Polkadot, Ethereum, Prediction

* Sorumlu yazar. Alindi : 4 Ocak 2023
E-posta adresi: mervetoklu@sakarya.edu.tr Revizyon  : 21 Subat 2023
Kabul : 1 Nisan 2023


https://orcid.org/0000-0002-5000-1883
https://orcid.org/0000-0001-9609-5136

1. Giris (Introduction)

Blok zinciri teknolojisi, Nakamoto tarafindan 2008
yilinda “Bitcoin: A Peer-to-Peer Electronic Cash
System”  basglikli g¢aligmaile diinyaya tanitilan
giiniimiiziin 6nemli teknolojilerinden birisidir (Yavuz
vd., 2020). Blok zinciri, zincir seklinde birbirine bagl
art arda bloklardan olusan merkeziyetsiz bir yapiya
sahiptir. Her blok, isleme ait bilgiler tasimakta olup bir
onceki blogun da sifrelenmis bilgilerini tasir. Blok
zinciri teknolojisi bir veri tabani oldugu igin verilerin
saklandig1 bir¢ok alanda kullanilabilir.

Blok zinciri teknolojisinde islem adimlar1 arada bir
araci olmadan yapilabildiginden daha hizli ve daha
glivenli olmaktadir. Giiniimiizde 6zellikle sosyal
platformlarin da etkisiyle kendini kripto paralar
tizerinden duyurmustur. Kripto paralar blok zincirinin
bir trtini olup, blok zincirini sadece kripto paralar
iizerinden  yorumlamak  dogru bir  yaklasim
olmayacaktir. Kripto paralarim giiniimiizde finans
sektoriinde 6nemli bir hacme sahip oldugu ve talep
oranlarinin da arttig1 goriilmektedir. Finansal piyasada
yatinm yaparken, uzun vadeli kar elde edebilmek
yatirimeilar i¢in 6nemlidir. Yatirimcilar alternatifler
arasinda risk ve kar analizi yaparak en az riski igeren
seceneklere yonelmektir. Bunun igin yatirimcilarin,
yatirim yapacaklart alternatif hakkinda ve o alternatifin
yonelimi hakkinda bilgi sahibi olmalar1 alacaklar: riski
en aza indirecektir.

Bu ¢alismada alt kripto para birimlerinden olan
Polkadot kripto para biriminin giinliik ortalama degerini
tahminlemek igin 20.08.2020 ve 27.02.2023 tarihleri
arasindaki veri seti kullanilmigtir. Kullanilan veri
setinde iki farkl1 girdi kiimesi olusturulmustur. Tlk girdi
kiimesinde Polkadot hacim sayisi, Polkadot Google
arama sayisi, Polkadot Youtube arama sayisi
bulunmakta olup ikinci girdi kiimesinde ise Polkadot
hacim sayisi, Polkadot Google arama sayisi, Polkadot
Youtube arama sayist ve Ethereum giinlik ortalama
degerleri bulunmaktadir. Polkadot kripto para biriminin
giinlik ortalama degeri {iizerinde tahminleme iglemi
yapilmistir.  Ethereum Onemli alt kripto para
birimlerinden olup Polkadot kripto para birimine
etkisini 6lgmek ig¢in iki farkli girdili yap1 kullanilmustir.
Calismada yapay sinir aglarinda (YSA) ¢ok katmanli
algilayicilar ve derin 6grenme yontemlerinden uzun kisa
stireli bellek aglar1 (LSTM) kullanilarak tahminleme
yapilmistir. Yapay sinir aglarinda dort girdili veri seti ile
yapilan ¢alismanin daha iyi sonug verdigi belirlenmistir.

Bu ¢alismada 6nemli alt kripto para birimlerinden
olan Polkadot kripto para birimi secilmistir. Polkadot
kripto para birimi, diger kripto para birimlerinden farkli
olarak arz1 sinirh degildir. Polkadot kripto para birimi,
genel ve Ozel sifreleme sistemleri kullanip, transfer
islemlerinde bir dijital ciizdandan digerine gondermeye
izin veren yapist vardir. Ayrica Polkadot, gelistiricilere
kendi projeleri i¢in blok zinciri gelistirmesine imkan
tanir. Sahip oldugu paralel zincir (parachain) sistemi

sayesinde birden fazla islemde agda aksaklik olmadan
islemleri gerceklesmesine imkan saglar. Diger blok
zinciri teknolojilerinde oldugu gibi tiim ag boyunca
sirali degil, her bir parga iizerinden paralel olarak
islenmelerine izin vererek iglemlerin verimini arttirir.

2. Literatiir Arastirmasi (Literature Review)

Bu kisimda tahminleme {izerine yapilan ¢alismalar
incelenmistir. Yatirima zemin hazirlayan borsalarda
dogru yatirimlar1 yapabilmek igin hareketli olan bu
piyasa hakkinda bilgi sahibi olunmasi gerekmektedir.
Bu kapsamda, Kalyoncu (2020) ¢alismasinda borsa
tizerinde tahminleme yapabilmek i¢in k-en yakin komsu
algoritmasi, LSTM, YSA ve ARIMA yontemlerinden
faydalanmis olup en iyi performansi LSTM y6nteminin
sagladigin1 belirlemistir. Son zamanlarda finansal
piyasalarda kripto paralar Onemli yatirim araglar
arasia girmis olup dogru yatirnmi yapabilmek de Kritik
bir konudur. Demirci (2021) yapmis oldugu caligma ile
LSTM, gegitli tekrarlayan birim ve tekrarlayan sinir
aglarindan yararlanarak Ethereum, Bitcoin, Ripple para
birimlerinde fiyat tahminlemesi yapmustir. Kripto
paralara olan talebin giin gegtikge artmasi ticaret
sektoriindeki yerinin de merak edilmesine sebep
olmustur. Avsar (2020) kripto paralarm uluslararasi
piyasayalar tizerindeki etkisini belirlemek amaciyla
LSTM metodu ile kripto paralar iizerinde tahminleme
icin analiz bulgularini incelemistir. Calisgmasinda kripto
paralarin sadece dijital para olarak degerlendirmemesi
gerektigi arkasinda onemli bir teknolojinin yattigi ve
farkli projeleri de destekledikleri icin uluslararasi
ticarette farkli stireglerde dijital dontisiime destek
saglayabilecegini gostermistir. Bayginer (2022) yapmis
oldugu ¢alisma ile yatirimcilarin ne kadar bilgi sahibi
oldugunu ve yatirim etkileyen kriterleri incelemistir.

Tiirkiye’de kripto paralar sosyal medyanin da
etkisiyle hizla taninmis olup, haraketli bir yapida olmasi
nedeniyle hizli para kazanmak isteyen yatirimcilarin
ilgisini ¢ekmistir. Pamuk (2019) calismasinda sosyal
medya ile kripto para birimi fiyat dalgalanmas1 arasinda
herhangi bir iliski olup olmadigini makine &grenme
algoritmalar1 ile belirlemeye c¢aligmistir. Cilgin vd.
(2020) sosyal medyanin Bitcoin fiyatlarina olan etkisini
Bayes, destek vektor makineleri, lojistik regresyon ve
YSA yontemlerinden faydalanilarak —aragtirmistir.
Koksal vd. (2021) Bitcoin ile ilgili Twitter platformunda
yapilan yorumlar1 lojistik regresyon ve Naive Bayes
algoritmalar1  kullanarak duygu analizi ¢alismasi
gergeklestirmistir. Sonrasinda gilinliikk olumlu Bitcoin
tweetleri ile Bitcoin agilis degerlerini kullanarak
dogrusal regresyon ve rastgele orman regresyon
yontemleri ile kapanig degerleri igin tahminleme
calismasi gerceklestirmistir

Kripto paralarda yatirim yaparken etkili faktorlerin
bilincinde yatinm yapmak avantajli olacaktir. Bu
kapsamda Deniz (2020) yaptig1 calismada Brent petrol
ile altinmm kripto paralar iizerindeki etkisini
anlayabilmek i¢in Granger nedensellik analizi ile es
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biitiinlesme testi yapmig ayrica etki-tepki ve varyans
ayristirmast - gerceklestirmigstir.  Sel (2020) Bitcoin,
Ripple, EOS, Tether ve TRON kripto para birimlerinin
pandemi doneminde altin fiyatlar1 iizerindeki etkisini
vektor makineleri, cok degiskenli karar agaci ve rasgele
orman regresyon modeli ile belirlemeyi amaglamistir.
Kartal (2020) ¢alismasinda k-star algoritmas1 kullanarak
makroekonomik degiskenlerin Bitcoin {izerindeki
etkilerini incelenmistir. Bu ¢alismalara ek olarak,
Evlimoglu ve Giider (2021) kripto paralardaki balon
durumunu incelemis, gecmiste yasanan ekonomik
balonlar gibi kripto paralarda da balonlar oldugunu,
farkliliklar agisindan da kimilerinde arzin belirli bir
gercevede olmasi, kimilerinde ise temel degerlerin
bilinmemesinin farklilik sebebi oldugunu ifade etmistir.

Kripto paralarla ilgili fiyat tahminlemesinde YSA ve
farkli tahminleme metotlar1 kullanan ¢aligmalar
literatiirde yer almaktadir. Sakiz ve Gencer (2017)
Bitcoin i¢in tahminleme g¢aligmasi yapmistir. Yapilan
¢alismada YSA kullanilarak tahminleme
gerceklestirmis ve spekiilasyona ¢ok acik olan
Bitcoin’in tahminleme yaparken klasik tahminleme
yontemleri ile  hesaplamasinin  zor  oldugunu
belirlemistir. Sahin (2018) 2012-2018 yillar1 arasindaki
Bitcoin kapanig fiyatlarini baz alarak ARIMA yo6ntemi
ve YSA ile tahminleme yapmistir. YSA ile yapilan
tahminlemenin ARIMA yo6ntemine gére daha iyi sonug
verdigini belirlemistir. Aras (2019) c¢alisgmasinda
Bitcoin, Ethereum, Ripple ve Litecoin kripto para
birimlerinde klasik zaman serileri ve YSA yontemiyle
tahminleme yapmuistir. Atlan vd. (2020) Bitcoin, Ripple
ve Ethereum kripto para birimlerinin 24 saatlik, 1
haftalik ve 1 aylik verilerini kullanarak bulanik ¢ikarim
sistemi, YSA ve polinomsal egri uydurma, LSTM gibi
farkli yontemlerle ileriye yonelik tahminleme ¢alismasi
gerceklestirmistir. Salman (2020) Bitcoin kripto para
birimi ile ilgili olarak teknik ticari gostergeler ve YSA
ile fiyat tahminlemesi yapilmistir. Sel vd. (2020)
¢aligmasinda altin, giimiis, sterlin, euro gibi girdileri
kullanarak 2013-2018 yillar1 arasinda Bitcoin’in giinliik
kapams degerleri ile tahminleme gergeklestirmistir.
Akay vd. (2021) Ripple, Binance coin ve Ethereum
kripto para birimlerinin 2020-2021 yillar1 arasindaki
verileri ile YSA ve LSTM yontemlerini kullanarak
tahminleme yapmistir. Giinliik acilis degeri, giinliik en
diistik deger ve en yiiksek degerleri girdi degiskenleri,
glinlik kapanis degeri ise ¢ikti degisken olarak
almmugtir. Hata odlgiitlerinden de faydalanarak gergege
en yakin degerlerin YSA ile verildigi belirlenmistir.
Hayradi vd. (2022) destek vektor regresyon algoritmasi
ile giinliik Polkadot kapanis degerlerini kullanarak fiyat
tahminlemesi yapmustir.

Bu calismada hem girdi olarak veri setleri hem de
YSA ve derin 6grenme algoritmalar1 kiyaslanmistir. Bu
sayede verinin 6nemi vurgulanirken, farki algoritmalar
ile kiyaslama gerceklestirilmistir. Sonug olarak yapilan
calisma ile dort girdili yapay sinir aginda ¢ok katmanl
algilayicilar i¢in daha iyi sonug verdigi gozlemlenmistir.

3. Yontem (Method)

3.1. Yapay sinir aglar: (Artificial neural networks)

YSA  Ogrenme ve genelleme  yapabilme
ozelliklerinin sagladig1 esnek ve giiglii yapist sayesinde
pek ¢ok karar verme silirecinde kullanilan bir
yaklagimdir. YSA, bir¢ok dzelligine bagl olarak farkli
ve karmagik problemleri ¢ozmede etkili bir sistemdir.
Her problemin ¢dziimiine uygun farkli ag yapilarn
vardir. Bu problemler i¢in uygun ¢dziim aginin hangisi
olduguna karar vermek karar verici tarafindan
gerceklesir. Bu durum galisilan  probleme gore
degiskenlik gosterebilir (Karaath vd., 2012).

Teknik acidan YSA’nin gorevi, girdi katmanimdan
gelen bilgileri ara katmanda isleyerek (agmn agirlik
degerleri kullanilarak) ¢iktiya doniistiirmektir (Yavuz ve
Deveci, 2012). YSA’nin girdilerden dogru ¢iktilar
iretebilmesi agirliklarinin dogru degerler olmasina
baglidir. YSA genel olarak girdi katman, gizli katman
ve ¢ikti katmandan olugmaktadir (Sekil 1).

Girdi Katman Giizli Katmani Cikt Katman

Sekil 1. Yapay sinir ag1 model yapisi (Artificial neural network
model structure)

Daha genis kapsamda, YSA yapisi bes temel siireg
elemanindan olusmaktadir. Bunlar; girdi degerleri,
agirliklar, toplama (birlestirme) fonksiyonu, aktivasyon
fonksiyonu ve ¢ikt1 degerleridir. Girdi degerleri, yapay
sinir agma disaridan gelen veriler olup, bu verilerin ag
tarafindan 6grenilmesi istenir. Agirliklar, girdi olarak
gelen verinin hiicre iizerindeki etkisini anlamaya
yardimct olmaktadir. Birlestirme fonksiyonu, bir
hiicredeki net girdiyi hesaplamakta olup, bunun i¢in
gelistirilmis  farkli  fonksiyonlar  bulunmaktadir.
Aktivasyon fonksiyonu, net girdi sinyallerini ¢ikis
sinyallerine ¢evirir. Cikt1 katmanina aktarilan degerler
tizerinde aktivasyon iglemi yapilmaktadir.

3.2. Derin ogrenme (Deep learning)

Derin 6grenme, en az bir adet yapay sinir agmin
kullanildig1 insan beyninin bilgi edinme seklini taklit
eden makine 6grenme tiiriidiir. Noronlar arasi sinyal
iletimi ile birbirine bagl hiicreler gibi davranmasini
saglayarak, farkli durumlar1 &grenip karar siirecini
destekleyen ndron Dbiitiinii  yapay sinir agini
olusturmaktadir. Tim derin 6grenme modellerinde
yapay sinir ag1 olup, her yapay sinir agmin derin
6grenme modeli yoktur. Derin 6grenme algoritmalari en
az iki katmana sahiptir, girdi ¢ikti katmanlar1 da
eklendiginde durumda toplam dort katmandan
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olugmaktadir. Katmanlarda farkli noron sayilari ve
aktivasyon islemleri olabilmekte olup, her diigiimde
sonucu  optimize  edebilmek  i¢in  agirliklar
egitilmektedir.

Phyton pogramlama dilinde yapay sinir agin
olusturmak i¢in kullanilan iki kiitiiphane Tensorflow ve
Pytorch’tur. Tensorflow kiitiiphanesine ait Keras sinifi
girdilerin noronlar1 besledigi ve bu ndronlarin ¢ikti
sagladig1 bir yap1 olusmasini amaclar. Yapay sinir ag1
olugturmanin farkli yollar1 vardir ancak Keras smifi,
katmanlar tizerinde kontrol ve esneklik saglarken ¢ok
girdili ve ciktili degerleri olusturmakta
kullanilabilmektedir. Egitim ve test asamasinda
optimize edici (optimizer), kayip deger (loss) ve
metrikler tanimlanmakta olup, optimize ediciler
arasinda adaptive moment estimation (ADAM)
algoritmast en sik kullanilandir (Turan, 2019). Derin
o6grenmede kullanilan farkli algoritmalar asagidaki gibi
Ozetlenebilir.

Evrisimli sinir aglar1 (CNN)), ileri beslemeli sinir ag1
modeli olup nesne algillama ve gorlintii islemede
kullanilmaktadir. Tekrarlayan sinir aglart (RRN), LSTM
aglarindan gelen ¢iktt degerlerinin, girdi olarak
girilmesine izin verir ve dahili bellegi sayesinde bir
onceki girdileri ezberler boylece dongii olusmasini
saglayan yapilar olusturur. Uzun kisa siireli bellek
aglarina (LSTM), bu ¢alismada kullamildigindan dolay1
daha genis yer verilmistir. Uzun kisa siireli bellek,
tekrarlayan sinir agi tiridiir. Diger tekrarlayan sinir
aglarindan farkli olarak uzun siire hatirlayabilen bellek
hiicreleri vardir. RNN’nin uzun vadede bellekteki
bilgiyi tahmin etmekte zorlandigi, yakin tarihli
islemlerde daha iyi sonu¢ verdigi goziikmektedir.
Bunlardan farkli olarak LSTM yapist bilgiyi uzun siire
saklayabilmektedir. Geleneksel sinir aglarinda girdi
almir ve bir ¢iktr liretir. LSTM yapisinda ise veriler
tekrarlayan sekilde iglenir, ilk adimda girdi alinir ve bu
sonraki adimlarda ¢iktiy1 etkilemek i¢in kullanilabilir.
Bu yineleme islem adimlart sayesinde LSTM
yapilarinda veri dizileri Ogrenilebilir.  Sirali olan
verilerde uzun vadeli verileri LSTM yapist &grenip
bellek hiicrelerinde tutmaktadir. Bellek hiicrelerinde ti¢
adet kap1 bulunmakta olup bunlar giris, ¢ikis ve unutma
kapisidir. Bellek hiicresi ve hiicre durumu LSTM
yapisini olusturmaktadir. Giris kapisinda belirli zaman
araliginda hiicre durumuna ne kadar yeni bilgi eklendigi
kontrol edilir. Bu sigmoid islevi kullanilarak diizenlenir,
belirli zamandaki giris ve Onceki hiicre c¢ikist
kullanilarak hatirlanacak veriler filtrelenir. Tahn islevi
ile (-1) ve (+1) aras1 ¢ikt1 veren olasi tim degerleri
iceren bir vektor olusturulur. Daha sonraki islemde
gerekli bilgileri elde etmek i¢in vektor degerleri ve
diizenlenmis degerler ¢arpilir. Cikis kapisinda ise bu
zaman araliginda ¢iktiy1 iiretirken hiicre durumunda ne
kadar bilgi kullanildigin1 kontrol edilir.  Unutma
kapisinda, gegmis zaman adimlarinda ne kadar bilginin
mevcut zaman adimlarinda tutulacagi kontrol edilir.
Hiicre durumunda artik ise yaramayan bilgiler unutma
kapisina kaldirilir. Cok Katmanli Algilayicilar (MLP),

ileri beslemeli sinir ag1 olup bir¢cok algilayict katmana
sahiptir. Giris katmanimi besleyen ¢ok katmanl
algilayicilar, néron katmanlar1 sayesinde sinyali tek
yonde gececek sekilde grafiklere baglar. Cok katmanlt
algilayicilar, girdi katmanla ile gizli katman arasindaki
agirhgm hesaplanmasinda kullanilir. Radyal Temelli
Fonksiyon Aglar1 (RBFN), ileri beslemeli yapay sinir
ag1 olup aktivasyon islemlerinde radyal tabanlari
islevleri kullanmaktadir. Girig katmanini besleyen giris
vektoriine sahiptir. Smiflandirma, zaman serisi,
regresyon analizi gibi bir¢ok kisimda kullanilmaktadir.
Kendi Kendini Diizenleyen Haritalar (SOM), veri
boyutlarinda kii¢iilmeye giderek veri gorsellestirmeyi
saglayarak, yiksek boyutlu gorsellestirilemeyen
verilere anlam kazandirmaktadir.  En olas1 girdi
vektoriinde hangi agirlik oldugunu bulmak igin tiim
diigiimler incelenir ve hak eden diigiim en iyi eslesen
birim olarak isimlendirilir. En iyi eslesen diigiim
cevresini inceler bdylece say1 git gide azalir. Bir diigiim
en iyi eslesen birime ne kadar yakin ise agirlik o kadar
fazla degismektedir. Uretken Diisman Aglar1 (GAN)
sahte veri liretmeyi 6grenen olusturucu ve yanlis bilgiyi
O0grenen ayrimecl olmak iizere iki kisimdan olusur.
Egitim verilerine benzeyen veri setleri olusturmaktadir.
Sahte veri ile gergek veri arasinda ayrim yapmay1
Ogrenir. Egitim sirasinda sahte veriler {iretilir ayrimci da
bunlarin yanlis oldugunu sdylemeyi 6grenir. Kisitlanmis
Boltzmann Makineleri (RBM), girdi degerleri {izerinden
olasilik dagilimmi 6grenmekte olup regresyon, boyut
azaltma, konu modelleme, is birlik¢i filtreleme gibi
alanlarda kullanilmaktadir. Derin Inang Aglar1 (DBN),
katmanlar arasi baglantilar1 olup, Boltzmann makinesi
yigmidir. Her katman o6nceki ve sonraki ile iletisim
kurar. Derin inan¢ aglarmi egiten a¢ gozlii algoritmasi
olup, iiretken agirliklari 6grenmek i¢in katman katman
yaklagim uygular. Otomatik kodlayicilar, ileri beslemeli
sinir ag1 olup denetimsiz 6grenme problemlerini ¢ozmek
igin geligtirilmistir.

4.Uygulama (Application)

Bu calismada Polkadot kripto para birimi igin
YSA’da fiyat modellemesi yapilmistir. Polkadot para
biriminde giin bazli tahminleme yapabilmek icin
YSA’da ¢ok katmanl algilayicilar ve derin 6grenme
yontemlerinden LSTM yapist kullanilarak gelistirme
yapilmistir. Bu ¢alismada 20.08.2020 ve 27.02.2023
tarihleri arasindaki veriler kullamilmis olup, ndron
sayisi, test ve egitim verilerindeki sayilar segilirken
capraz dogrulama yonteminden yararlanilmigtir. Cikt
degeri olarak Polkadot’un giinliik ortalama degeri
alinmistir. Ortalama degeri hesabinda ilgili giine ait en
yiiksek ve en diisiik degerlerin ortalamasi alinmistir.
Girdi parametreleri iki farkli sekilde test edilmistir.
Bunun sebebi Polkadot kripto para biriminin Ethereum
agindan tiiremis olmasindan dolay1 Ethereum Kkripto
para  biriminin  Polkadot iizerindeki  etkisini
gorebilmektir. Bu nedenle ilk girdi parametreleri;
Google arama sayis1, YouTube arama sayis1 ve Polkadot

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 96-107 99



hacim degeri olarak belirlenmistir. ikinci girdi
parametreleri ise; Google arama sayis1, YouTube arama
sayisi, Polkadot hacim degeri ve Ethereum ortalama
degeri olarak belirlenmistir.

Yapilan c¢alisma ile Polkadot ortalama degerinin,
Ethereum ortalama degeri dikkate alinarak ve
alinmayarak iki farkli sekilde tahminlenmesi
amaclanmistir. Bunun i¢in yapay sinir aglarinda ¢ok
katmanli algilayicilar ile derin 6grenmede LSTM yapisi
kullanilarak bagar1 orani korelasyon katsayisi izerinden
degerlendirme yapilarak karsilastirilmistir.

4.1. Yapay sinir aglarinda ag tasarimi (Network
design in artificial neural networks)

Bu caligmada belirlenen parametreler

Parametrelerde giinliik degerler kullanilmis olup
Ethereum ve Polkadot fiyatlarin da giinliik en yiiksek ve
en diisiik fiyatin ortalamasi alinarak Polkadot fiyatinda
tahminleme iglemi yapilmistir. Tahminleme islemi
yapilmadan Once veri seti {izerinde normalizasyon
islemi yapilmustir.

Yapay sinir agin1  modellerken aktivasyon
fonksiyonu olarak sigmoid (Logsig) fonksiyonu
kullanilmustir. Daha sonra normalize edilen verilerin
transpozesi alinmistir. Hem dogrusal hem dogrusal
olmayan fonksiyonlarda ¢ikt1 iiretilebiliyor olmasindan
dolay1 sigmoid fonksiyonu tercih edilmistir. Denklem
(1)’de sigmoid fonksiyonun formiilii verilmistir. Bu
denkleme bagli olarak elde edilen normalize edilmis
veriler Tablo 1’de gdziikmektedir.

dogrultusunda, Polkadot fiyatlarinin yer aldigi veri seti X = (X =X )Xo — X 1
kullanilmistir. Polkadot fiyatlarini tahmin etmede norm = min)/Xmax i @
kullanilan bir takim girdi parametreleri bulunmaktadir.
Tablo 1. Normalize edilmis veriler (Normalized data)
Sereu roladot NM Hacim NM Youtube NM WEB
0,63828023 0,82115869 0,1476941 0,7012987 0,20588235
0,73648822 0,73047859 0,26444834 0,06493506 0,29411765
0,64567961 0,60957179 0,17104495 0,28571429 0,30882353
0,72273337 0,72292191 0,18661218 0,46753247 0,22058824
0,81341916 0,91939547 0,32282545 0,07792208 0,13235294
0,944561 0,96473552 0,13485114 0,44155844 0,20588235
1 0,95717884 0,12239735 0,4025974 0,16176471

*Tilim veriler kisitl alan dolayistyla gdsterilemedigi igin verilerin bir kismi1 6rnek olarak verilmistir.

Polkadot kripto para biriminin giinliik ortalama
degeri iizerinde tahminleme yapabilmek igin,
simiilasyon ve egitim verilerinden olusan girdi ve ¢ikti
kiimeleri olusturulmustur. Yapay sinir aglarinda g¢ok
katmanli algilayicilarda yapilan gelistirmede MATLAB
programindan yararlanilmigtir. Yapay sinir aglarinda
birgok model bulunmakta olup, bu ¢alismada geri
yayilim  algoritmasi  kullanilarak  bir  tahminde
bulunuldugu icin “feed-forward backdrop” tipi
secilmigtir. Egitim fonksiyonu (training function)
olarak, tahminlemede en ¢ok kullanilan “traingdx”
tercih edilmistir. “Adaptation learning function” olarak
“learngdx” secilmistir. Tahmin verilerinde daha iyi
sonu¢ verdigi igin katman sayist iki olarak
belirlenmistir. Tasarlanan agda bulunan yapay sinir agi
hiicreleri icin birlestirme fonksiyonu olarak toplama
fonksiyonu kullanilmistir. Aktarma fonksiyonu olarak
ara katmanda bulunan yapay sinir hiicreleri i¢in sigmoid
fonksiyonu, ¢iktt katmaninda bulunan yapay sinir
hiicreleri iginse, dogrusal fonksiyon kullanilmistir. Agin
egitiminde egitmenli 6grenme dizisi ile hatay1 geriye

dogru yayan ‘“Levenberg-Marquardt” geri yayilim
algoritmas1 kullanilmistir.

Polkadot para birimini tahminlemek i¢in yapay sinir
aglar1 ¢ok katmanli algilayict algoritmasi iizerinde
yapilan gelistirmede, iki ayr1 kiimede girdi parametreleri
olusturularak buna gore ag yapisi olusturulmustur.
Olusturulan ilk ag yapisinda {i¢ parametreden olusan
Polkadot Google arama sayisi, Polkadot YouTube
arama sayist, Polkadot hacmi girdi degerleri, Polkadot
giinliik ortalama degeri ise ¢ikt1 degerlerini vermektedir.
Yapay sinir aglar1 ¢ok katmanli algilayict algoritmasi
iizerinde olusturulan ikinci ag yapisinda, dort girdi
parametreden olusan Polkadot Google arama sayisi,
Polkadot YouTube arama sayisi, Polkadot hacmi,
Ethereum gilinlik ortalama degeri girdi degerlerini,
Polkadot giinliik ortalama degeri ise c¢iktt degerini
vermektedir. Gelistirme test edilirken ¢apraz dogrulama
yapilmig olup 10 ve 20 olmak {izere sirayla farkli néron
degerleri ve %70, %80 ve %90 egitim verisi olacak
sekilde karsilastirma testi yapilmustir. Ug girdili ve dort
girdili tasarlanan agin yapisi sekil 2’de gosterilmistir.
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Sekil 2. (a) Ug girdili tasarlanan ag yapis1 (Network structure designed with three inputs). (b) Dért girdili tasarlanan ag yapis1 (Network
structure designed with four inputs)

Sekil 3°te dort girdili 10 noronlu tasarlanmis ag
yapist bulunmaktadir.

Hidden Layer Output Layer
Input Output
4 1
10 1

Sekil Hata! Belgede belirtilen stilde metne rastlanmadi.. Dort
girdili 10 néronlu tasarlanan ag yapis1 (Network structure
designed with 10 neurons and four inputs)

4.2 Yapay sinir aglarinin egitimi ve test edilmesi

(Training and testing of artificial neural networks)
Agin egitilmesi asamasinda dort girdili ve g girdili

olmak tizere iki farkli girdi kiimesi olusturulmustur.

Cikt1 degerlerinde hangi degerlerde daha iyi sonug
verdigini gdzlemlemek igin ¢apraz dogrulama yontemi
kullanilmigtir. Bunun i¢in 10 ve 20 ndron degerleri
secilerek test edilmistir.

Ayrica 20.08.2020 ve 27.02.2023 tarihleri arasindaki
veriler i¢in %70, %80 ve %90 oranlarinda egitim verisi
olacak sekilde test edilmistir. Test sonuclarina gore, 10
noronlu %70 egitim seti oranina gore “Traning R”
degeri 0,97214, “Validation R” degeri 0,92212, “Test
R” degeri 0,73158 ve “All R” degeri 0,91656 olarak
bulunmustur (Sekil 4).

Sekil 5’te, 3 girdi parametresi, 10 ndéron ve %80
oranindaki egitim seti i¢in ilgili veriler ve grafikler
verilmistir. Benzer gekilde Sekil 6’da 3 girdi
parametresinden olusan veri setinde, 10 néronlu %90
egitim seti kullanildiginda elde edilen veriler ve
grafikler verilmistir.
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Training: R=0.97214 Validation: R=092212 Best Validation Performance is 0.010392 at epoch 4
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Sekil 1. (a) 3 girdili 10 néronlu %70 egitim verili gergek-tahmin degeri grafigi (Predicted versus actual values scatter plot with 3 input, 10
neuron and 70% training data) (b) 3 girdili 10 néronlu %70 egitim verili Epoch-MSE grafigi (Number of epochs vs. MSE of 3 input, 10
neuron and 70% training data)
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Sekil 5. (a) 3 girdili 10 néronlu %80 egitim verili gercek-tahmin degeri grafigi (Predicted versus actual values scatter plot with 3 input, 10
neuron and 80% training data) (b) 3 girdili 10 néronlu %80 egitim verili Epoch-MSE grafigi (Number of epochs vs. MSE of 3 input, 10
neuron and 80% training data)
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Sekil 6. (a) 3 girdili 10 ndéronlu %90 egitim verili ger¢ek-tahmin degeri grafigi (Predicted versus actual values scatter plot with 3 input, 10
neuron and 90% training data) (b) 3 girdili 10 néronlu %90 egitim verili Epoch-MSE grafigi (Number of epochs vs. MSE of 3 input, 10
neuron and 90% training data)

10 noronlu islem adimlarinda uygulanan adimlar 20
noron i¢in de gerceklestirilmistir. 3 girdili 20 noronlu
%70 egitim verisi kullanmilarak “Training R” degeri
0,94048, “Validation R” degeri 0,78926, “Test R”
degeri 0,9475, “All R” degeri ise 0,91059 olarak
belirlenmistir. 3 girdili 20 ndronlu, %80 egitim verisi
kullanilarak “Training R” degeri 0,95548, “Validation
R” degeri 0,97673, “Test R” degeri 0,3744, “All R”
degeri ise 0,91059 olarak tespit edilmistir. 3 girdili 20
noronlu, %90 egitim verisi kullanilarak “Training R”
degeri 0,88966, “Validation R” degeri 0,91949, “Test
R” degeri 0,97199 ve “All R” degeri 0,91059 olarak
belirlenmistir. Egitim veri seti orani arttik¢a basari orant
da artmaktadir. Ayni adimlar 4 girdili veri seti igin
gergeklestirildiginde 10 néron %90 egitim seti i¢in daha
iyi  sonu¢  verdigi  gozlemlenmistir.  Sonuglar
incelendiginde yapay sinir aglarinda 4 girdili 10 néronlu
%90 egitim setinin oldugu 0,93944 degeri en iyi sonucu
verdigi gozlemlenmistir.

4.3 Derin ¢grenme ile tahminleme (Prediction with
deep learning)

Derin 6grenme, insan beyni iglevinden ilham almig
yapay sinir aglarmi kullanan algoritmalarla alakali
makine 6greniminin bir alt dalidir (Tuncer, 2022). Derin
O6grenme yapay zekanin egitilmesine olanak saglayarak
ilgili girdi degerlerine gore ¢ikt1 degerlerinin tahmin
edilmesini saglamaktadir.

Bu ¢aligmada derin 6grenme yontemlerinden LSTM
kullanilarak, = Anaconda  Navigator  uygulamast
tizerinden Jupyter Notebook kullanmilarak Python 3
programlama dilinde gelistirme yapilmistir. Polkadot
fiyat tahmini ic¢in yapilan gelistirmede farklh
kiitiphaneler kullanilmigtir. Bunlar; numpy, pandas,
matplotlib, sklearn, tensorflow kiitiiphaneleridir. Sekil
7’de, %70 egitim seti, %80 egitim seti ve %90 egitim
setine gore tarih bazli test ve egitim verilerinin dagilim
verilmigtir.

TRAIN AND TEST SET TRAIN AND TEST SET TRAIN AND TEST SET

—— waining — raining — wraining
best tese

@ (0) ©

Sekil 7. (a) %70 egitim verili test ve egitim verilerinin tarih bazli dagilimu (Date-based distribution of test and training data with 70%
training data) (b) %80 egitim verili test ve egitim verilerinin tarih bazli dagilimi (Date-based distribution of test and training data with 80%
training data) (c) %90 egitim verili test ve egitim verilerinin tarih bazli dagilimi (Date-based distribution of test and training data with 90%

training data)
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RNN, tekrarlayan sinir agi olup, islemlerin daha MSE), ortalama mutlak hata (Mean Absolute Error-
kalici olmasi igin kendi iginde bir dongii yapisinda MAE) ve basar1 oranlarmm yer aldigi degerler
caligmaktadir.  Veri setinde bulunan deger nérona mevcuttur.
verildiginde tahmin {retilmektedir. Bu tahmin daha doamonley
sonra gelen veri ile tekrar giris yapilip, tekrar
kullanilmaktadir. Kisaca ¢ikan sonu¢ bir sonrakini
beslemektedir. LSTM ise tekrarlayan sinir aglarinin
farkli bir slirimii olup, hafizadaki gecmis wverileri
hatirlamay1 saglar. LSTM modeli geri yayilim
algoritmasi olarak egitmekte olup, zaman serileri ile
smiflandirmada tahmin edilmesinde uygundur. Bu
nedenle bu ¢alismada LSTM tercih edilmistir.

Sekil 8’de 10 néronlu %70 egitim verisi ile epochs
degerlerine (dongii sayisi) gore ortalama karesel hata
(Mean Squared Error-MSE) degeri gosterilmektedir.
MSE degeri sifira ne kadar yakinsa o kadar basarili diye

MODEL PREDICT

yorumlanir. B
DOT ModelFit E
0035 —— Training Loss s
Validation Loss
— actual
prediction
g 20321615 20221101 HIIEIS  202R1281 20221205 20030101 20030115 20230201 200302.15 20F3H381
Sekil 9. Dort girdili gergek-tahmin grafigi ve hata/bagari
oranlar1 (Actual-prediction graph and error-success rates)
ac0s s ¥ WO A Bt
oo — = Sekil 10°da ti¢ girdili %70 egitim seti ile olusturulmus

grafikler goziikmektedir. Sekil 10(a) Epoch-MSE
grafigini verirken, Sekil 10(b)’de ger¢cek ve tahmin
degeri grafigi gdziikmektedir. Ayrica Sekil 10(b)’de yer
alan bagart oranma bakildiginda 73,123 ¢iktig1

Sekil 8. Epochs-MSE grafigi (Epochs-MSE chart)

Sekil 9°da 10 néronlu %80 egitim verisi ile gergek-
tahmin grafigi ve hata/bagsar1 oranlar1 bulunmaktadir.
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Sekil 10. (a) Epochs-MSE grafigi (Epochs-MSE chart) (b) 3 girdili ger¢ek-tahmin grafigi ve hata/basari oranlar1 (Actual-
prediction graph and error-success rates)

Sekil 11°de 3 girdili %80 egitim seti ile olusturulmus degeri grafigi goziikmektedir. Ayrica Sekil 11(b)’de yer

grafikler gozilkkmektedir. Sekil 11(a) Epoch-MSE alan bagar1 oran1 84,123 olarak okunmaktadir.
grafigini verirken, Sekil 11(b)’de gercek ve tahmin
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Sekil 11. (a) Epochs-MSE grafigi (Epochs-MSE chart) (b) 3 girdili gergek-tahmin grafigi ve hata/basari oranlari (Actual-prediction graph
and error-success rates)

Sekil 12°de 3 girdili %90 egitim seti ile olusturulmus grafigi goziikmektedir. Ayrica Sekil 12(b)’de yer alan
grafikler gozitkkmektedir. Sekil 12(a) Epoch-MSE basar1  oranina  bakildiginda 84,842  c¢iktig1
grafigini verirken, Sekil 12(b) ger¢ek ve tahmin degeri ‘goziikmektedir
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Sekil 12. (a) Epochs-MSE grafigi (Epochs-MSE chart) (b) 3 girdili gergek-tahmin grafigi ve hata/basari oranlart (Actual-
prediction graph and error-success rates)

Sekil 13’te 4 girdili %70 egitim seti ile olusturulmus alan basar1 oranmna bakildiginda 84,4048 c¢iktig1
grafikler gozitkkmektedir. Sekil 13(a) Epoch-MSE goziikmektedir.

grafigini verirken, Sekil 13(b)’de ger¢ek ve tahmin
degeri grafigi gozikkmektedir. Ayrica Sekil 13(b)’de yer

DOT ModelFit 3/3 [========s===s=scomeseoeseo=-=] - 15 l8ms/step
L Mean Absclute Error @ ©.82395680854345228

— Training Loss Mean Squared Error : 8.8017372425131393488

—— Validation Loss Success Rate @ B4.2048495122069

0030

MODEL PREDICT

003 — actual

~— prediction
0020

0015

0010

0.005

DOT/USD
4 2 o 5 o

200 a0n 600 800 1000

20221201 20221215 20230101 20230118 20230201 20230715 20230301

DATE

@) (b)

Sekil 13. (a) Epochs-MSE grafigi (Epochs-MSE chart) (b) 4 girdili ger¢ek-tahmin grafigi ve hata/basar1 oranlar1 (Actual-prediction graph
and error-success rates)
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Sekil 14°de 4 girdili %90 egitim seti ile olusturulmus
grafikler gozitkkmektedir. Sekil 14(a) Epoch-MSE
grafigini verirken, Sekil 14(b)’de gercek ve tahmin
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degeri grafigi gdziikmektedir. Ayrica Sekil 14(b)’de yer
alan bagar1 oran1 86,036 olarak goziikkmektedir.
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Sekil 14. (a) Epochs-MSE grafigi (Epochs-MSE chart) (b) 4 girdili ger¢ek-tahmin grafigi ve hata/basar1 oranlar1 (Actual-prediction graph
and error-success rates)

Sonuglara gore, egitim veri sayist arttiginda basari
oranin arttig1 goriilmiistiir. Ayrica dort girdili olarak
Ethereum kripto para biriminin de degerlerini eklemenin
calismaya olumlu yansidigi tespit edilmigtir. Bu
calismadan elde edilen sonuglar genel bir tablo halinde
Tablo 2 ve Tablo 3’te verilmistir.

Tablo 2. 4 girdili derin 6grenme ve yapay sinir ag1 sonug
degerleri (Deep learning and neural network result values for 4

input)
Yontem R MSE RMSE
Derin Ogrenme 0,86036  0,01626  0,12751
Yapay Sinir Aglar1 0,93944  0,01165  0,10793
Tablo 2’de korelasyon katsayis1 (R) ile

kiyaslandiginda yapay sinir aglarinin daha iyi sonug
verdigi gozlemlenmistir. Tablo 2’de dort girdi
parametresi, Tablo 3’te ise 3 girdi parametresi i¢in derin
O0grenme ve yapay sinir aglar1 {izerindeki en yiiksek
degerler verilmistir. Iki algoritmada da 10 néron ve %90
test verisi daha iyi sonug verdigi gézlemlenmistir.

Tablo 3. 3 girdili derin 6grenme ve yapay sinir ag1 sonug
degerleri (Deep learning and neural network result values for 3

input)
Yontem R MSE RMSE
Derin Ogrenme 0,84842 0,01800 0,13416
Yapay Sinir Aglart 0,91059 0,01975 0,14053

5. Sonuclar (Conclusions)

Teknolojinin gelismesi ile bazi yatirimcilar fiziki
yatirim araglarindan ziyade sanal yatirim araglarina
yonelmektedir. Glincel teknolojiler arasinda yer alan
blok zinciri teknolojisinin bir {irlinii olan kripto paralar
da son zamanlarin popiiler yatirim araglar1 arasina
girmeyi bagarmistir. Bir alim satim isleminin bazen
saatler, giinler slirdiigii geleneksel para birimleri yerine
kripto  paralarda  saniyeler  iginde islemler
tamamlanabilmektedir. Ayrica blok zinciri teknolojisi
sayesinde giivenilir oldugu disiiniilmektedir. Kripto

paralarda merkezi kontroliin olmamasi, seffaf olmasi,
degistirilemez olmas1 kotii  kullanimm  minimum
olmasini saglayacaktir.

Bu c¢alisma kapsaminda Polkadot kripto para
biriminin 20.08.2020 ve 27.02.2023 tarihleri arasindaki
veriler kullanilarak tahminleme yapilmuistir.
Tahminleme islemi igin yapay sinir aglarinda ¢ok
katmanli algilayicilar kullanilirken derin 6grenme
metotlarinda ise LSTM kullanilmigtir. Polkadot kripto
birimini etkileyen girdi degerleri iki farkli sekilde ele
almmuistir. Bunlardan ilkinde Polkadot Youtube arama
sayisi, Polkadot web arama sayisi, Polkadot hacim
degerini  olusturmaktadir, ikinci girdi kiimesinde
Polkadot Youtube arama sayisi, Polkadot web arama
sayisi, Polkadot hacim degerine ek olarak onemli alt
kripto para birimlerinden olan Ethereum da katilarak
iizerindeki etkisi anlasilmaya calisilmistir. Calisma
yapilirken ¢apraz dogrulama yontemi kullanilarak
egitim verilerinin orani belirlenmistir. Ayrica ndron
sayisi belirlenirken 10 ve 20 seklinde test ederek
belirlenmistir. Yapilan ¢alisma neticesinde yapay sinir
aglarinda ¢ok katmanli geri yayilim algoritmasinda
Ethereum degerinin de etkilendigi dort girdili 10 ndron
sayili, %90 egitim verisinin oldugu veri setinde
tahminleme yapildiginda 0,93 korelasyon katsayisi ile
en yliksek bagartya ulagtigi goriilmiistiir. Ayni ¢alisma
derin O6grenme yontemlerinden LSTM kullanilarak
gerceklestirildiginde en iyi sonu¢ 10 néron ve dort
girdili, %90 egitim verisinin oldugu 0,86 korelasyon
katsayisi ile elde edilmistir. Yapilan c¢aligmada dort
girdili, 10 noronlu, %90 egitim verisi ile yapilan
calismanin hem yapay sinir aglarinda hem de derin
o0grenmede daha iyi sonug verdigi belirlenmistir.

Yapilan calisma ile farkli girdi degerlerinin, néron
ve egitim verisini oranlarinin basarty1 nasil etkiledigi
belirlenmistir. Ayrica farkli algoritmalar {izerinde
gelistirme yapmanin basar1 oranlarinda farkli degerler
ortaya ¢ikarabilecegi gosterilmistir.
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Ileriki ¢aligmalarda farkli girdi parametreleri, farkli
model yapilari, farkli algoritmalar kullanilarak
kiyaslamalar yapilmasi dogru sonuca ulasma &nem arz
etmektedir.
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Abstract

Honey Badger Algorithm (HBA) is one of the recently proposed optimization techniques inspired by the foraging behavior of honey
badger. Although it has been successfully applied in solving continuous problems, the algorithm cannot be implemented directly in
binary problems. A binary version of HBA is proposed in this study for the 0-1 Knapsack Problem (0-1 KP). To adapt the binary
version of HBA, V- Shaped, S-Shaped, U-Shaped, T-Shaped, Tangent Sigmoid, O-Shaped, and Z-Shaped transfer functions are used.
Each transfer function was tested by computational experiments over 25 instances of 0-1 KP and compared results. According to the
results obtained, it was observed that O1 was the best TF among 25 TFs. In addition, the proposed algorithm was compared with three
different binary variants, such as BPSO, MBPSO, and NGHS. Experimental results and comparison show that the proposed method is
a promising and alternative algorithm for 0-1 KP problems.

Keywords: Binary Honey Badger Algorithm, 0-1 Knapsack Problems, Transfer Functions, Binary Optimization.

0-1 Sirt Cantasi Problemi icin Ikili Bal Porsugu Algoritmasi

Oz

Bal Porsugu Algoritmasi (HBA), son zamanlarda 6nerilen optimizasyon tekniklerinden biridir ve bal porsugunun yiyecek arama
davranigindan esinlenmistir. Siirekli problemlerin ¢oziimiinde basarili bir sekilde uygulanmasina ragmen, algoritma dogrudan ikili
problemlerde uygulanamaz. Bu ¢alismada 0-1 Sirt Cantas1 Problemi (0-1 KP) i¢in HBA’nin ikili versiyonu dnerilmistir. HBA nin ikili
versiyonunu uyarlamak i¢in V-Sekilli, S-Sekilli, U-Sekilli, T-Sekilli, Tanjant Sigmoid, O-Sekilli, Z-Sekilli transfer fonksiyonlar1 (TF)
kullanilmaktadir. Her transfer fonksiyonu 25 0-1 KP problemi i¢in test edilmis ve sonuglar karsilagtirilmistir. Elde edilen sonuglara
gore 25 TF arasindan en iyi TF nin O1 oldugu goriilmistiir. Ayrica bu algoritma BPSO, MBPSO, NGHS gibi ii¢ farkli ikili varyant ile
kargilastirilmistir. Deneysel sonuglar ve karsilagtirmalar 6nerilen yontemin 0-1 KP problemleri igin umut verici ve alternatif bir arag
oldugunu gostermektedir.

Anahtar kelimeler: Ikili Bal Porsugu Algoritmasi, 0-1 Sirt Cantasi Problemleri, Transfer Fonksiyonlari, Ikili Optimizasyon.

investment strategies, and network formation. This

1. Introduction problem is one of the fundamental NP-hard problems

Many real-world problems, such as scheduling that achieves the maximum profit and the minimum cost

problems (Kaya et al., 2020), (Deng, Xu and Zhao,
2019) placement of wind turbines (Deng, Xu and Zhao,
2019; Hakli, 2019), vehicle routing (Halat and Ozkan,
2021), optimization of seismic isolation parameters
(Cergevik and Avsar, 2020), etc. use meta-heuristic
optimization methods due to traditional solution
methods that are insufficient. One of these problems is
the knapsack problem.

0-1 KP has a prominent part in many real-world
applications such as decision-making processes,
exploiting resources optimally, database storage,

* Corresponding Author
E-mail: gorucova@erbakan.edu.tr

in combinatorial optimization (Bansal and Deep, 2012),
(Rooderkerk and van Heerde, 2016).

Recently, 0-1 KP has been applied by many swarm-
intelligence and  population-based  optimization
algorithms. Meta-heuristic optimization algorithms
presented for continuous search space must be adapted
to binary structure for tackling discrete optimization
problems. Transfer functions are widely preferred
approaches to discretization of a continuous algorithm.
The binary Particle Swarm Optimization algorithm was
modified (MBPSO) and used to solve some 0-1 KPs and
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multidimensional KPs, results were compared with
Binary PSO algorithm (Bansal and Deep, 2012). Cuckoo
Search (CS) algorithm was transformed to a binary
version using the sigmoid function (Gherboudj, Layeb
and Chikhi, 2012). The binary Monkey Algorithm
(BMA) was developed by (Zhou, Chen and Zhou, 2016).
BMA was employed with the greedy algorithm to
strengthen the local search ability to overcome fall into
local optimal solutions. Also, 0-1 KP was considered by
Binary Monarch Butterfly Optimization (BMBO) using
S-shaped transfer functions and repair operator (Feng et
al., 2017). Social Spider Algorithm was adapted to
binary search space with sigmoid function and repair
algorithm to overcome 0-1 KPs (Nguyen, Wang and
Truong, 2017). In another study (Rizk-Allah and
Hassanien, 2018), Binary Bat Algorithm (BBA) was
established based on the V-shaped and S-shaped transfer
functions and used to cope with 0-1 KP. The Differential
Evolution Algorithm was designed to apply to binary
problems and the binary version was tested on the 0-1
KPs (Ismail M. Ali, 2018). A binary variant of Flower
Pollination Algorithm (BFPA) with sigmoid transfer
function was introduced, and repair operator and penalty
function were employed to improve the solution quality
(Abdel-Basset, El-Shahat and El-Henawy, 2019). Using
V-Shaped and S-Shaped transfer functions, Marine
Predators Algorithm (MPA) was moved from
continuous to discrete space (Abdel-Basset et al., 2021).
The binary version of the Equilibrium Algorithm (BEA)
was proposed for tackling 0—1 KP. Because the standard
Equilibrium Optimizer (EO) was presented to overcome
continuous optimization problems, EO was transformed
to BEO with V-Shaped and S-Shaped TFs. Results
showed that among those transfer functions, V3 was the
best one (Abdel-Basset, Mohamed and Mirjalili, 2021).
Ali et al. proposed a new binary technique that makes a
simple differential evolution algorithm adequate for
solving binary optimization issues (Ali, Essam and
Kasmarik, 2021). The Giza Pyramids Construction
(GPC) algorithm was proposed with accumulative and
multiplicative penalty functions to determine infeasible
solutions in the binary version of GPC (Harifi, 2022).
On the other hand binary version of Slime Mould
Algorithm (SMA) was presented to convert a continuous
variable to a binary by employing eight different transfer
functions (Abdollahzadeh et al., 2021). A Quantum
Inspired Social Evolution Algorithm (QSE) (Pavithr and
Gursaran, 2016) was obtained by hybridizing Social
Evolution Algorithm with the QSE, and the method was
compared with different algorithms. Cohort Intelligence
(CI) (Kulkarni and Shabir, 2016) was inspired by
individuals' social, natural and social learning to learn
from each other. Several cases of 0—1 KP were applied
using Cl, and the various parameters influencing the
solution quality were discussed. One of the global
optimization strategies was the complex-valued
encoding method. Zhou, Li, et al. applied the method to
the bat algorithm, and the sigmoid function was used for
obtaining the discrete value (Zhou, Li and Ma, 2016). In

order to achieve the good solutions that increases the
total value without overcapacity of knapsack by Grey
Wolf Optimization (GWO) and K-means algorithm was
merged and dealt with the complexity of the algorithm
(Yassien et al., 2017). Genetic Algorithm, Branch and
Bound, Simulated Annealing, Dynamic Programming,
Greedy Search algorithms were compared for obtained
0-1 KPs results and discussed in (Ezugwu et al., 2019).
Improved Whale Optimization Algorithm (IWOA) was
performed by the sigmoid transfer function to convert
the real-valued solutions into binary and combining the
penalty function with the fitness function to evaluate
performance single and multidimensional 0-1 KPs are
solved (Abdel-Basset, EI-Shahat and Sangaiah, 2019).
Due to fact that Dragonfly Algorithm (DA) performs on
continuous search space, angle modulation mechanism
was used for DA to adapt the algorithm works in the
binary space (Wang, Shi and Dong, 2021). Moreover,
Hybrid Harmony Search Algorithm with distribution
estimation was introduced (Liu et al., 2022), Hybrid
Rice Optimization (HRO) was merged with Binary Ant
Colony Optimization (BACO) algorithm to increase the
convergence speed and search efficiency (Shu et al.,
2022).

Although many meta-heuristic  optimization
methods have been applied to overcome the 0-1 KPs,
HBA has not been used to this problem. However, HBA
presents a successful performance for continuous
optimization problems, but a remarkable binary version
of HBA is not seen in literature (Hashim et al., 2022).
This paper proposes binary versions of HBA with
transfer functions and applies to several 0-1 KPs. The
rest of this paper are formed as follows: Section 2
explains 0-1 KPs and original HBA. Section 3 presents
binary version of HBA and implementation of transfer
functions. In Section 4, the experiment results and
comparison of transfer functions are conducted. The last
section covers the conclusion of the study and provides
some possible future directions.

2. Materials and Method

2.1. 0-1 Knapsack Problem

The 0-1 KP problem, proposed by Dantzig (Dantzig,
1957), is based on the knapsack, which has a capacity
C > 0 and contains a set of n items (x;, x, ..., x,). For
each x; item has p; > 0 profit and w; > 0 weight
(i=12,...,n). Ifx; itemisselected x;=1 and x; = 0 if
x; is not selected into the knapsack. The goal of this
issue is to achieve a maximum profit from the items
selected for the knapsack and the weights of all chosen
items must be less or equal to the capacity of the
knapsack. Mathematically formulation is given below
(Rooderkerk and van Heerde, 2016);

fitness function: max Y™, x;p; 1)
L
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subject to
Yimixiw; <C, x;€{01},i=1.2,...,n 2)

2.2. Honey Badger Algorithm

Honey Badger Algorithm (HBA) is a search strategy
used to solve mathematical optimization problems
inspired by the honey badger's foraging behavior. This
algorithm is proposed by Hashim et al. (Hashim et al.,
2022). The honey badger's digging and dynamic
foraging behavior are formulated in the exploration and
exploitation phases. In the case of digging, it uses its
sense of smell to predict the location of prey; Once
reached, it moves around the prey to catch the prey. In
the case of honey, the honey badger takes the guide of
the honey guide bird to find the beehive directly. The
steps of the Honey Badger algorithm are given below.

The algorithm starts by generating a randomly
population of candidate solutions with the help of the
following equation.

X; = lb,_ +n (ubi - lb,_) (3)

where x; is honey badger's its position, Ib; and ub; are
the lower and upper bounds of the search space,
respectively. r; is a random number between 0 and 1.
The other important notation is intensity (I) which is
related to the concentration power of the prey and the
distance between it and the prey. I; is the odor intensity
of the prey; if the odor is high, the honey badger will
move quickly and vice versa. This odor intensity is
inversely proportional to the distance of the honey
badger from the prey. There S is the source power or
concentration power, d; is the distance between prey and
honey badger, and r,, is a random number between 0 and
1.

S
Ii=r, pr (4)
S=0x- xi+1)2 (5)
d; = Xprey — Xi (6)

The intensity factor (a) controls the time change
randomness to provide a soft transition from exploration
to exploitation. The decreasing factor a is updated with
decreasing iterations in a random time. Where C > 1 is
constant (default value is 2), tmax is maximum number of
iterations.

a=C.exp(_t) )

max

For escaping from the local optimum algorithm is
used an F flag that changes the search direction of the

algorithm. In equation (9), the property of flag F is
given.

The main phases of HBA are the digging phase and
the honey phase. In first phase, honey badger draws the
path in the form of Cardioid. This motion is simulated
by equation (8)

Xnew = Xprey T F.B. 1. Xprey
+F.r3.a.d;. |cos(2nry). [1 — cos(2mrs)]| 8

where, x,., is the prey position, x,., honey badger's
new position, § > 1 (default 6) honey badger's ability to
reach food, d; is the distance between prey and the ith
honey badger and 73, r,, r; are random numbers
different from each other between 0 and 1. The F flag
changes the search direction and is defined as follows.

Fo { 1, 1, < 0.5
-1, else %)

where 1y is a random value in range [0,1].

In the second phase honey badger's pursuit of the
honey guide bird is shown by the equation below.

Xnew = Xprey T F.77. . d; (10)

where 7, is a random like 7. For more information on
HBA, see (Hashim et al., 2022).

The flowchart of the HBA method is demonstrated
in Figure 1.

2.3. Transfer Functions (TFs)

Selecting an appropriate transfer function is an
important decision to increase efficiency, as transfer
functions play a significant role in converting the
continuous search space to binary space. PSO algorithm
is adapted to binary space with the help of the sigmoid
function, which is defined as follows (J. Kennedy,
1997):

sigm (vid (t)) = (11)

14e®

where v (t) is the following velocity of the i*" particle
in the d** dimension. The position, x (¢t + 1) is updated
by the following equation:

24t +1) = {1, if v = sigm (v{i(t)) (12)
0, else
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Set, parameters t,., N, 3,C

A4

Initialize candidate population (Eg. (3))

Evaluate fitness of each honey badger and
save the best as fyrey

Y

YES

Update the decreasing factor « using Eq. (7)

I

Calculate the intensity using Eq. (4)

lNO

Update the position x,,,, using Eq. (10)

YES

v

Update the position x,,,, using Eq. (8)

Evaluate fitness x,,.,,

i

If frew = f;;rey <

o

l YES

| Xprey =Xnew and fprey = ﬁlew |

Xi=Xpew aNA f; = frew

Figure 1. Flowchart of the Honey Badger Algorithm (HBA)

where r is a number between 0 and 1, which is generated
with uniform distribution

Seyedali Mirjalili et. al. proposed six new TFs, S-
shaped and V-shaped (Mirjalili and Lewis, 2013). The
formula of each function is denoted in Table 1. The
value obtained between 0 and 1 is converted to a binary
value using Eq. (12).

Transfer functions U-shaped has been defined as
U(x) = a|xP| (Mirjalili etal., 2020). Where a, 3 are the
control parameters. U1, U2, U3, U4 transfer functions
which used in our study is shown in Table 2. Obtained
value with the U-shaped TF is converted into binary
space using Eq. (12).

In order to effectively perform the binary
optimization problems, Taper-shaped TF was
introduced (He et al., 2022). Formulas of T1, T2, T3, T4
TFs are given in Table 2. There are upper bounds of the
search space [—A4, A]. The calculated real value with the
T-shaped TF is converted into binary space using Eq.
(13).

(13)

i >
Bin,, = {1,lf 0.5>TF(x)

0, else

Z-shaped probability transfer function is proposed
by Guo et al. (Guo et al., 2020). The formula of each Z-
shaped function is given in Table 3. A real number
obtained between 0 and 1 using the Z-shaped TF is
converted to the binary value using Eq. (12).

In addition to the TFs mentioned above, Other-
shaped transfer functions also appear in the literature.
O1 TF is proposed by Pampara et. al. (Pampara and
Engelbrecht, 2011). O2 TF is introduced by Costa et al.
(Costa et al., 2014). O3 TF is linear normalization
function (Wang et al., 2008), O4 TF is taken as unit
function (Zhu et al., 2017). The value calculated with
the O1, 04, 02, O3 TFs is converted to binary value
with Eq. (14), Eq. (15), Eq. (12), respectively. The
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formula of each Other-shaped function family is given

in Table 3.
. 1,if 0 < TF(x) The last TF we use is Hyperbolic tangent sigmoid
Binyg = 0. else (14) (TanSig) TF is given Table 4 (Yonaba, Anctil and
’ Fortin, 2010). The real value is converted to binary
Bin,g = TF(x) (15) according to Eq. (16).
. (1,if 0.6 <TF(x)
Binva = {0, else (16)

Table 1. S-Shaped and V-Shaped TFs

Name Formulation of TF Equation
S1: TF(x) = (1+el—2x)

S- Shaped S2:TF(x) = (1+2—x)
S3: TF(x) = (lTlm)
S4: TF(x) = (lTlm)

x4t +1) = {1, if r =sigm (vid(t)) (12)
V1:TF(x) = |erf (gx)| 0, else
V- Shaped

V2:TF(x) = |[tanh(x)|

X

Vi+x?

V3 TF(x) = |

V4:TF(x) = E arctan (% x)|

Table 2. U- Shaped and Taper-Shaped TFs
Name Formulation of TF Equation
UL:TF(x) = |x*%], a=1, =15

U2:TF(x) = [x?], a=1, =2

X+ 1) = {1, if r = sigm (v{i(t)) (12)

U- Shaped : = |x® = =
p U TF(x) = x|, a=1, =3 0, else

U4:TF(x) = |x*], a=1, =4

T1: TF(x) = %
T Shaped T2: TF(x) = %
aper- Shape
. 1,if 0.5 > TF(x)
T3: TF(x) = JJ:T?" Mwal =10 else (13)

T4: TF(x) = ﬁ
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Table 3. Z- Shaped and Other-Shaped TFs

Name Formulation of TF

Equation

Z1:TF(x) =1 = 2%
Z2:TF(x) =1 —5%
Z3:TF(x) =V1—8%
Z4:TF(x) =V1—20%

Z- Shaped

Xt +1) = {1, if r = sigm (v{i(t)) (12)
0, else

Ol: TF(x) = sin(Zn(x —a)*b+*cosu(x —a)

c))+d
(a=d=0, b=c=1)

Other- Shaped 02: TF(x) = [x mod 2]

03: TF(x) = Z2Amin) (g < % < Apmax)

Amax—Amin

, Lif0<TF(x
Bing,g = {O elj;e () (14)
Bin,, = TF(x) (15)

KA+ 1) = {1, if r = sigm (v{i(t)) (12)
0, else

O4:TF(x) = , Lif0O<TF(x
wr Bittva = {o. e a4
Table 4. Hyperbolic Tangent Sigmoid TF
Name Formulation of TF Equation
B ) _(1,if 0.6 < TF(x)
Hyperbolic TF(x) = 1+e2x Bittya = {0, else (16)

tangent sigmoid

3. Binary HBA with Transfer Functions

The HBA algorithm performs for continuous
problems due to its structure. It is clear that the candidate
solutions formed by Eg. (3) consist of continuous
values. The transfer functions mentioned in Table 1, 2,
3 and 4 take a continuous value as input, then
normalized to a value between 0 and 1 using the
corresponding equation. Pseudocode of Binary HBA is
given in Algorithm 1.

Algorithm 1. Pseudocode of Binary HBA

Set parameters tmax, N, 8, C.
Generate a random real-valued population with Eq. (3).
Convert each candidate solution to binary representation
using TF.
Calculate the fitness value of each candidate solution xi in
the binary representation. (i=1, 2, ..., N)
Save best solution Xprey and assign fitness to forey.
while t < tmax do
Update o using Eq. (7).
fori=1to Ndo
Calculate li using Eq. (4).
if r <0.5 then
Update the real valued candidate solution Xnew

using Eq. (8).

else

Update the real valued candidate solution Xnew

using Eq. (10).

end if

Convert new candidate solution to binary
representation using TF.

Compare the existing candidate solution with the
xnew Dy fitness value.
if fitness(Xnew) < fitness(xi) then
Xi = Xnew and fitness(xi) = fitness(Xnew).
end if
if fitness(Xnew) < forey then
Xprey = Xnew and fprey = fitneSS(Xnew )
end if
end for
end while Stop criteria satisfied.
Return Xprey

As can be seen from Algorithm 1, in Binary HBA,
before calculate fitness, continuous values are
transformed to binary with the help of TF. The
transformation of a candidate solution consisting of 5
dimensional real values x = [-5.48, -3.30, 4.46, 9.71, -
6.35] into binary representation [1, 1, 0, 0, 1] with the
help of the S2 TF is given in Table 5.

Table 5. Conversion of continuous value to binary with S2 TF

i X; S2(x;) r Binary
1 -5.48 0.0041 0.1072 1
2 -3.30 0.0356 0.0736 1
3 4.46 0.9885 0.0917 0
4 9.71 0.9999 0.7845 0
5 -6.35 0.0017 0.3039 1

4. Experimental Results

In this section, the HBA algorithm is adapted for
solving 0-1 KPs. The HBA is an algorithm that performs
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continuous search space due to its structure. 0-1 KPs, on
the other hand, have a binary structure. For this reason,
first, N real-valued candidate solutions, each of which is
D-dimensional, are created. After each candidate honey
badger position is converted to binary with the help of
transfer functions, fitness value is evaluated. A total of
25 transfer functions as V-Shaped, S-Shaped, U-Shaped,
T-Shaped, Tangent Sigmoid, O-Shaped, Z-Shaped TFs
are used to adapt the binary version of the HBA. Each
transfer function is tested by computational experiments
over 25 instances of 0-1 KP and compared results.

Our experiment was carried on the problems in the
benchmark dataset, which can be taken from
(https://pages.mtu.edu/~kreher/cages/Data.html) in
Table 6.

Table 6. Benchmark datasets

Problem Capacity Dimension Optimal
KP8a 1.863.633 8 3.924.400
KP8h 1.822.718 8 3.813.669
KP8c 1.609.419 8 3.347.452
KP8d 2.112.292 8 4.187.707
KP8e 2.493.250 8 4.955.555
KP12a 2.805.213 12 5.688.887

KP12h 3.259.036 12 6.473.019
KP12c 2.489.815 12 5.170.626
KP12d 3.453.702 12 6.941.564
KP12e 2.520.392 12 5.337.472
KP16a 3.780.355 16 7.850.983
KP16b 4.426.945 16 9.352.998
KP16¢ 4.323.280 16 9.151.147
KP16d 4.550.938 16 9.348.889
KP16e 3.760.429 16 7.769.117
KP20a 5.169.647 20 10.727.049
KP20b 4.681.373 20 9.818.261
KP20c 5.063.791 20 10.714.023
KP20d 4.286.641 20 8.929.156
KP20e 4.476.000 20 9.357.969
KP24a 6.404.180 24 13.549.094
KP24b 5.971.071 24 12.233.713
KP24c 5.870.470 24 12.448.780
KP24d 5.762.284 24 11.815.315
KP24e 6.654.569 24 13.940.099

Table 7. The parameter values
Parameters Value

Maximum Fes 1000 (For KP8a to KP12e)
5000 (For KP16a to KP24e)
Population size 40

Runtime 50

For a fair comparison, the number of maxFes,
population size and runtime illustrate in Table 7. GAP
values are calculated using Eq. (17).

optimal — mean

GAP = 17
optimal (17)

In order to show performance of the proposed
method, a total of 10 problems, Kp8a-Kp8e and Kp12a-
Kpl2e taken from the benchmark dataset, were
performed for 50 runtimes and 1000 Fes number. Also,
15 problems, including Kpl6a-Kpl6e, Kp20a-Kp20e,
Kp24a-Kp24e, run with 50 runtimes and 5000 Fes
number. In all of the problems, the search space in the
HBA algorithm was adapted to binary space with the
help of S, V, U, T, Hyperbolic Tangent Sigmoid, Z and
Other-shaped transfer functions. The gap value between
the approximate solutions obtained for each transfer
function and the optimal solutions was given in Table 8
and Table 9. Table 8 and Table 9 show that optimal
solutions were obtained by V, U shaped transfer
functions and T1, T3, T4, O1, O2 shaped transfer
functions for problems with a problem size of 8. In
addition, V, Ul, U4, T4, O1, O2 shaped transfer
functions reached the optimum value for all runs in 4
problems with problem size 12. In the dataset with a
problem size of 16, the optimal value was reached in 3
of the five problems with the help of V, U, T, O2 shaped
transfer functions. Although it is seen that it is difficult
for the results obtained to reach the optimum value when
the problem size is 20 and 24, optimum values were
obtained in 2 or 1 of the five problems depending on the
transfer functions used. It has been seen that the lowest
gap values are in the solutions obtained with the O1 and
02 transfer functions. When we consider Table 8 and
Table 9 in general, it can be said that O1 and O2 transfer
functions are in the front according to the efficiency of
the transfer functions for the 25 problems. In the
continuation of this sorting, it has been seen that Ul-
shaped transfer function gives efficient results.

In this study, the 25 KPs run 50 times to test each
transfer function. The optimum number of values
obtained for each transfer function due to running 1250
times is given as hit value in Table 10. According to the
table, it was seen that the optimal value was reached
with the O1 transfer function in 1017 and O2 in 1009 of
1250, respectively. After these functions, U and T
transfer functions get the maximum optimum value. As
a result, it was observed that the HBA algorithm
performed successful results for the O1 and O2 transfer
functions.
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Table 8. Gap values for each TF (S, V, U) and KP problem with HBA algorithm

Problem S- Shaped V- Shaped U- Shaped

Name S1 S2 S3 S4 V1 V2 V3 V4 Ul U2 U3 U4

KP8a 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP8b 0.163 0.228 0.081 0.114 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP8c 0.013 0.020 0.020 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP8d 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP8e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP12a 0.070 0.063 0.105 0.084 0.093 0.080 0.075 0.057 0.034 0.032 0.039 0.025

KP12b 0.110 0.118 0.142 0.118 0.000 0.000 0.000 0.000 0.000 0.008 0.024 0.000

KP12c 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP12d 0.018 0.049 0.018 0.027 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP12e 0.036 0.054 0.054 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP16a 0.177 0.156 0.169 0.164 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP16b 0.117 0.105 0.054 0.104 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP16c 0.000 0.005 0.000 0.017 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP16d 0.147 0146 0149 0121 0523 0523 0523 0523 0.073 0063 0076 0.078

KP16e 0.198 0193 0191 0190 0.286 0.282 0286 0.288 0.182 0.157 0.199 0.144

KP20a 0.000 0.000 0.008 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP20b 0.103 0.056 0.074 0.048 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP20c 0.056 0.058 0.051 0.052 0.044 0044 0.044 0.044 0.037 0037 0.033 0.037

KP20d 0.136 0.144 0.140 0.099 0.154 0154 0.154 0.154 0151 0.154 0.148 0.154

KP20e 0.082 0.065 0.067 0.058 0.124 0.099 0.099 0.033 0.010 0.009 0.007 0.016

KP24a 0.227 0232 0181 0.268 0326 0332 0334 0321 0259 0232 0280 0.239

KP24b 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

KP24c 0.017 0.021 0.031 0.017 0.052 0.052 0.044 0.043 0.006 0.004 0.001 0.002

KP24d 0.103 0.092 0.099 0.132 0.045 0.045 0.045 0.045 0.043 0.045 0.045 0.044

KP24e 0.088 0.065 0.057 0.053 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001

Friedman

Rank 16.1 16.56 16.44 15.46 13.12 12.76 12.72 11.92 8.68 9.06 9.46 8.84

Rank 18 20 19 17 14 13 12 11 3 5 8 4

Table 9. Gap values for each TF (T, Hyp.Tan, O, Z) and KP problem with HBA algorithm

Problem Taper- Shaped Hyp.Tan. Other- Shaped Z- Shaped

Name T1 T2 T3 T4 TanSig 01 02 03 04 Z2 Z3 Z4

KP8a 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KP8b 0.000 0.065 0.000 0.000 0.130 0.000 0.000 0.601 0.195 0.293 0.098 0.130 0.195
KP8c 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.623 0.007 0.000 0.033 0.013 0.007
KP8d 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KP8e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KP12a 0.043 0.053 0.043 0.052 0.079 0.019 0.018 0.643 0.088 0.083 0.082 0.077 0.098
KP12b 0.016 0.071 0.000 0.000 0.087 0.000 0.000 0.397 0.142 0.118 0.079 0.118 0.118
KP12c 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KP12d 0.000 0.000 0.009 0.000 0.018 0.000 0.000 0.519 0.040 0.000 0.019 0.027 0.066
KP12e 0.018 0.018 0.018 0.000 0.144 0.000 0.000 0.664 0.036 0.036 0.072 0.000 0.054
KP16a 0.000 0.000 0.000 0.000 0.168 0.010 0.000 0.356 0.195 0.203 0.196 0.212 0.152
KP16b 0.000 0.000 0.000 0.000 0.054 0.000 0.000 0.791 0.175 0.157 0.132 0.059 0.078
KP16c 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.021 0.017 0.005 0.000 0.015
KP16d 0.068 0.104 0.063 0.167 0.164 0.068 0.057 0.130 0.173 0.132 0.110 0.138 0.188
KP16e 0.181 0.156 0.207 0.226 0.205 0.068 0.054 0.434 0.186 0.188 0.228 0.181 0.214
KP20a 0.000 0.000 0.000 0.000 0.021 0.000 0.000 0.275 0.016 0.021 0.036 0.012 0.011
KP20b 0.000 0.000 0.000 0.000 0.073 0.000 0.000 0.023 0.102 0.061 0.069 0.078 0.065
KP20c 0.033 0.029 0.037 0.039 0.073 0.015 0.024 0.114 0.045 0.035 0.047 0.043 0.055
KP20d 0.145 0.114 0.151 0.154 0.129 0.133 0.136 0.154 0.129 0.114 0.129 0.126 0.138
KP20e 0.008 0.035 0.021 0.039 0.065 0.013 0.048 0.268 0.041 0.053 0.048 0.049 0.063
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KP24a 0.248 0.196 0.265 0.289 0.278 0.101 0.154 0.344 0.261 0.174 0.209 0.216 0.231
KP24h 0.000 0.000 0.000 0.000 0.016 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
KP24c 0.003 0.004 0.006 0.019 0.036 0.007 0.032 0.000 0.053 0.030 0.034 0.045 0.015
KP24d 0.044 0.045 0.045 0.045 0.127 0.042 0.040 0.046 0.158 0.072 0.087 0.089 0.087
KP24e 0.001 0.008 0.001 0.000 0.071 0.034 0.001 0.122 0.055 0.080 0.059 0.085 0.056
Friedman
Rank 9.06 9.38 10.26 11.06 17.1 7.82 7.88 1956 1794 1496 1658 1524 17.04
Rank 6 7 9 10 23 1 2 25 24 15 21 16 22
Table 10. Hit values for each TF with HBA algorithm
KP16a 0.010 0.205 0.101 0.711
Hit Hit Hit KPi6b ~ 0.000 0199  0.028 1.068
TF value TF value TF value KP16¢ 0.000 0.353 0.077 1.041
S1 810 Ul 946 TanSig 792 KP16d 0.068 0.291 0.117 0.406
S2 816 u2 950 01 1017 KP16e 0.068 0.136 0.064 0.390
S3 816 u3 935 02 1009 KP20a 0.000 0.184 0.063 1.256
S4 821 U4 950 03 511 KP20b 0.000 0.275 0.130 0.909
Vi 821 T1 942 04 794 KP20c 0.015 0.099 0.029 1.203
V2 827 T2 925 Z1 789 KP20d 0.133 0.213 0.061 0.782
V3 833 T3 933 Z2 802 KP20e 0.013 0.090 0.022 0.356
V4 845 T4 893 Z3 809 KP24a 0.101 0.285 0.126 0.296
74 789 KP24b 0.000 0.232 0.084 0.595
KP24c 0.007 0.168 0.044 0.195
The binary version of HBA for O1 TF is compared KP24d  0.042 0.197 0.098 0.669
with BPSO, MBPSO (Modified Binary Particle Swarm KP24e 0.034 0.124 0.054 0.805

Optimization) and NGHS (Novel Global Harmony
Search) algorithms to evaluate its performance and
accuracy. All methods were performed with the same
parameters as 50 runs, 1000 Fes number for Kp8a to
Kpl2e and 5000 Fes number for Kpl6a to Kp24e.
Experimental results of algorithms were directly taken
from (Zhou, Chen and Zhou, 2016), (Hakli, 2020). The
gap values of 50 runs for the algorithms and the
proposed algorithm are presented in Table 11. The
binary version of HBA with O1 TF found the optimum
value or the closest results for 22 of 25 problems. Thus,
it has been seen that HBA with O1 TF offers more
effective solutions than BPSO, MBPSO, and NGHS
algorithms for selected 0-1 KP problems.

Table 11. Experimental results of proposed method and binary
variants of the different algorithms.

anﬁ:fm ;iﬁédm' BPSO MBPSO  NGHS
KP8a _ 0.000 0.065 0.000  0.000
KP8b 0.000 0.151 0.000 0.000
KP8c 0.000 0.563 0.000 0.000
KP8d  0.000 0.039 0.000  0.000
KP8e 0.000 0.460 0.020 0.000
KP12a  0.019 0.091 0.006  0.020
KP12b  0.000 0.308 0084  0.187
KP12¢ 0.000 0.071 0.003 0.107
KP12d  0.000 0.037 0.004  0.006
KP12e 0.000 0.386 0.000 1.190
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5. Conclusions

This study proposed the binary version of HBA
algorithm with TFs. The binary variants performed with
the help of 25 transfer functions were applied to
benchmark datasets for 0-1 KP problem. The results for
25 binary variants were compared to examine the
efficiency of each transfer function. The Ol and O2 TFs
showed the best successful performances among the
TFs. Also, HBA algorithm with O1 TF was compared
with three different binary variants, and the results show
that binary HBA is the first in the ranking. For future
work, the validity of the proposed approach can be
enlarged by applying it to different 0-1 KPs. It can be
impressive work to adapt the HBA algorithm to binary
space without TFs directly.
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Oz

Kamuya agik sekilde sunulan yapilandirilmis ve yapilandirilmamis biiyiik miktarlardaki verilerle birlikte Espor tahminlemeleri {izerine
yapilan ¢alismalar her gecen giin artmaktadir. Espor etkinliklerine yonelik tahminleme caligmalar: insan faktoriinden biiyiik 6lgtide
etkilense de dogru ¢iktilara ulagmada 6nemli birgok parametre sunan yapisiyla tahminlemelerin basarisini artirmaktadir. Bu baglamda
modellerin nasil olusturulacagi ve hangi makine 6grenmesi algoritmalarinin secilecegi 6nem tasimaktadir. Bu ¢alismada, Counter-
Strike: Global Offensive adli ¢evrimi¢i oyundaki rauntlarin sonuglarinin tahminlemeye yonelik ¢esitli makine 6grenmesi algoritmalari
kullanilarak simflandirmalar gergeklestirilmistir. Aragtirmada, Lojistik Regresyon, Karar Agaglari, Rastgele Orman, XGBoost, Naive
Bayes, K-En Yakin Komsu ve Destek Vektor Makinesi olmak iizere toplam yedi adet denetimli siniflandirma algoritmasi kullanilmastir.
Bu algoritmalarin performans dlgiimiinde Dogruluk, Kesinlik, Duyarlilik, F-Skor ve AUC degerleri hesaplanmistir. Ayrica, ROC
egrileri ve karisiklik matrisleri degerlendirilerek algoritmalar karsilagtirilmigtir. Bu 6lgiimler ve degerlendirmeler sonucunda Rastgele
Orman algoritmasi %88 dogruluk orani ile en basarili algoritma olmustur. Bunlara ek olarak, rauntlarin kazanilma durumlart
baglaminda Kesifsel Veri Analizleri yiiriitiilerek Espor organizasyonlarina yonelik bazi 6nerilerde bulunulmustur.

Anahtar kelimeler: Espor, CSGO, Makine Ogrenmesi, Swmiflandirma Algoritmalari, Kazanan Tahminleme

Prediction of Counter-Strike: Global Offensive Round Results with Machine

Learning Techniques

Abstract

With the large amounts of structured and unstructured data available to the public, studies on Esports forecasting are increasing day by
day. Although prediction studies for esports events are greatly affected by the human factor, it increases the success of predictions with
its structure that offers many important parameters in achieving accurate outputs. In this context, it is important how to create models
and which machine learning algorithms to choose. In this study, classifications were carried out using various machine learning
algorithms to predict the results of the rounds in the online game Counter-Strike: Global Offensive. In the research, a total of seven
supervised classification algorithms, namely Logistic Regression, Decision Trees, Random Forest, XGBoost, Naive Bayes, K-Nearest
Neighbor and Support Vector Machine were used. Accuracy, Precision, Sensitivity, F-Score and AUC values were calculated in the
performance measurement of these algorithms. In addition, algorithms are compared by evaluating ROC curves and confusion matrix.
As a result of these measurements and evaluations, the Random Forest algorithm was the most successful algorithm with an accuracy
rate of 88%. In addition to these, some suggestions were made for Esports organizations by conducting Exploratory Data Analysis in
the context of the winning status of the rounds.

Keywords: Esports, CSGO, Machine Learning, Classification Algorithms, Winning Prediction

oyunlarin  popiilaritesi  giderek artmaktadir. Bu

1. Giris (Introduction) popiilarite 1972 yilinda ilk uygulamalarina rastlanan ve
L o ) o 2000°1i yillarin basindan itibaren giderek yaygin hale
Gunu’m'uzde' t?llglsayqr ve internet Feknoloylelr%nm gelmis olan Espor (Esports) kavramini hayatimiza
hizli gelisimleri ile c¢evrimici rekabetci (competitive) sokmustur. Elektronik sporun (electronic  sports)
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kisaltmasi olan Espor, video oyunlari {izerine kurulu bir
rekabet bigimidir (Hamari ve Sjoblom, 2017). Esporlar,
ozellikle profesyonel oyuncularin bireysel veya takimlar
halinde katilimlariyla diizenlenen, ¢ok oyunculu
(multiplayer) video oyunu miisabakalar1 seklinde
gerceklesmektedir. Uluslararast Olimpiyat Komitesi
(UOK - International Olympic Committee) Esporu
resmi olarak bir spor dali ilan etmis ve 2023 y1il1 haziran
ayinda Olimpik Espor Haftas1 diizenleyecegini
duyurmustur (UOK, 2023). Bu gibi gelismeler Esporun
bilinirligini geleneksel spor tiirlerinin seviyesine
yaklastirmaktadir.  Geleneksel sporlarda oyuncular
bireysel beceri c¢aligmalarinin  yami  sira  takim
arkadaslariyla is birligi igerisinde hareket etme becerisi
kazanma antrenmanlar1 yapmalar1 gerekmektedir. Espor
da aymi felsefe ile benzer beceri gereksinimlerine
sahiptir. Bireysel yetenekler ve ekip ¢aligmasi kabiliyeti
Espor takimlarinin oyunu kazanmalarinda 6nemli bir rol
oynamaktadir. Her iki spor tiirlinde de oyuncularin
bireysel becerilerini gelistirmek, takim i¢i ¢aligmalara
yardime1 olacak uygulamalar hazirlamak, miisabakalar
sirasinda gergeklestirilen hatalar1 tespit etmek, rakip
takimlarin  analizini yapmak takimm basariya
ulagmasinda kritik etmenlerdir.

Basketbol veya futbol gibi geleneksel sporlar,
oyuncular1 ve miisabakalart analiz etmek, takim
basarisini etkileyen kistaslar1 degerlendirmek i¢in belirli
veriler toplamaktadirlar. Bu verilerin toplanmasinda
oyuncularin giydigi sensorler, oyuncu hareketini izleyen
kameralar gibi genisletilmis veri toplama yontemlerinin
yani sira takim analistlerinin hazirladigt gézlem notlart
gibi yontemler de kullanilmaktadir (Xenopoulos vd.,
2021). Bununla birlikte, oyuncularin bir¢ok eyleminin
ve miisabakalar sirasinda gergeklesen ¢esitli durumlarin
belirli algoritmalar araciligiyla kayit altina alinabilmesi
bakimindan Espor benzersiz bir yapidadir. Espor
denildiginde akla gelen ilk oyunlardan biri olan
Counter-Strike: Global Offensive (CSGO), takim
tabanli (team-based), ¢ok oyunculu, birinci sahis nisanct
(first person shooter) oyunudur. Bu tiir oyunlarda, oyun
sirasinda gergeklesen bircok eylem ve durum, demo
dosyast denilen bir giinliik dosyasina kaydedilmektedir.
CSGO demo dosyalarinin elde edilmesi ve ayristirilmasi
diger oyunlarin demo dosyalarina gore daha kolay
oldugu i¢in oyuncularin ve takimlarin degerlemesinde
Espor analitigi agisindan 6nemli veriler sunmaktadir.

CSGO oyununda her biri bes oyuncudan olusan iki
takim, bir haritay1 (map) kazanmaya yetecek kadar raunt
(round) kazanmak amaciyla birden fazla rauntta yarisir.
Haritanin kazanilmasi igin gerekli raunt sayist 16’dir.
Takimlar oyun baginda Teréristler (Terrorists - T) ve
Terorle Miicadele (Counter Terrorists - CT) olmak iizere
iki tarafa ayrilir. T'nin hedefi raunt siiresi bitmeden
patlayictyr (C4) her haritada belirli olan alanlarindan
birine yerlestirmek ve patlayici patlayana kadar CT’ler
tarafindan etkisiz hale getirilmesini (defuse) onlemektir.
CT'nin hedefi ise patlayict yerlestirildikten sonra
patlayictyr etkisiz hale getirmek veya patlayici
yerlestirilmeden raunttaki tiim diigmanlar1 ortadan

kaldirmaktir. Cogu mag¢ (match), 1'in en iyisi (best-of-
1), 3'iin en iyisi (best-0f-3) veya 5'in en iyisi (best-of-5)
ayarlarinda oynanmaktadir. Buna gore, belirli sayidaki
haritanin ¢ogunlugunu kazanan takim karsilasmanin
kazanan1 olmaktadir.

Bir raunt, her iki takimin da satin alma siiresi (buy
time) boyunca satin alma bdlgelerinde (buy zones)
hareket edemez sekilde bulunmasiyla baslamaktadir.
Takimlar raundun basinda, raundu kazanma sanslarini
en iist diizeye ¢ikarmak icin zirh (armor), el bombalari
(utility) ve silahlar (weapon) satin alirlar. Her raundun
basinda, her iki takim da bir 6nceki raundu kazanma
durumlarma ve rauntlart arka arkaya kaybetme
serilerine gdre bonus para almaktadirlar. Kaybeden
tarafin aldig1 bonus para kaybetmeye devam ettigi her
raunt i¢in belirli diizeyde artmaktadir. Kazanan taraf ise
yiiksek kazanma bonusu elde etmesinin yani sira hayatta
kalan oyuncularin bir onceki raunttan sakladiklari
ekipmanlar1 bir sonraki rauntta kullanma sansina sahip
olur ve boylece yeniden ekipman satin almak zorunda
kalmazlar. Oyunlar sirasinda iyi yonetilmis bir ekonomi,
rauntlarin  kazanilmasinda dogrudan rol oynayan
ekipmanlarin satin alinmasinda, dolayist ile oyunun
galibiyetle sonuglanmasinda ¢ok Onemli bir yere
sahiptir. Buna ek olarak, bir raunt sirasinda raunt
stiresinin ne kadar kaldigi, patlayicinin yerlestirilme
durumu, hayattaki oyuncu sayilari, oyuncularin oyun
igerisindeki saglik durumlari, oyuncularin harita
igerisindeki konumlar1 gibi birgok unsur rauntlarin
kazanilmasinda 6nemli parametrelerdir.

Esporun 2022 yilindaki pazar biiyiikliigii 1.44 milyar
dolar olmakla birlikte bunun 2029 yilinda 5.48 milyar
dolar seviyelerine ulasacagi 6n goriilmektedir (Statista,
2023). Geleneksel endiistriler kendilerini sponsor olarak
Espor faaliyetlerine dahil etmektedirler. Ancak,
endiistrideki en biiyiik destekleyici giliglerden biri bahis
endiistrisidir (Davis, 2021). Pazar hacminin bu denli
biiyiik oldugu ve bahis faaliyetlerinin diizenlendigi
Espor alaninda teknolojik gelismelerden faydalanilarak
tahminleme c¢aligmalarinin yiiriitiilmesi kaginilmazdir.
Bahis  sirketleri maglardaki  bahis  oranlarmin
belirlenmesi gibi iglevlerde tahminleme ¢aligmalarindan
yararlanabilmektedirler. Bunlara ek olarak, oyun
yapimcilari, rastgele bir araya gelen oyunculardan
olusan takimlarin kazanma olasiliklarint %50 olarak
ayarlayabilmek icin derecelendirme sistemi
olugtururken  bu  tiir  teknolojilerden istifade
etmektedirler.

Gliniimiizde, yapay zeka teknolojilerindeki
ilerlemeler Espor alaninda siklikla kullanilmaya
baglanmistir. Mevcut durumdaki veriler lizerinden bir
o0grenme iglemi gerceklestirerek daha sonraki durumlar
hakkinda tahminler iretmeye yarayan makine
ogrenmesinin ozellikle son yillarda giderek bilinirligi
artmistir. Makine dgrenmesi, belli bir duruma etki eden
parametreler altindaki veriler araciligtyla yeni durumlar
hakkinda dengeli tahminlemeler
gerceklestirebilmektedir (Sevli, 2022).
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Alanyazinda farkli makine 6grenmesi algoritmalari
ile Espor maglar1 ¢iktilarinin tahminlenmesine yonelik
bazi  o6nemli  ¢alismalar  bulunmaktadir.  Bu
arastirmalarda Karar Agaclar1 (KA), Naive Bayes (NB),
Lojistik Regresyon (LR), K-En yakin Komsu (KNN),
Rastgele Orman (RO), Destek Vektor Makinesi (DVM)
ve Yapay Sinir Aglar1 (YSA) gibi algoritmalar siklikla
kullanilmaktadir. Bu aragtirmalar asagida dzetlenmistir.

Hood ve digerleri (2017), Defense of the Ancients 2
(DotA 2) adli ¢ok oyunculu g¢evrimigi savas arenasi
(multiplayer online battle arena — MOBA) tiirlindeki
oyunda canli profesyonel maglar i¢in tahmin modelleri
olugturmus ve RO algoritmast ile %77.51°lik bir
dogruluk orani elde etmistir. Yang (2018), Overwatch
adli bir video oyununda, takimdaki kahramanlarin
(hero) takim i¢i uyumlarina odaklanarak kazanan takimi
tahmin etmek i¢in bir model olusturmustur. Olusturulan
model, mag 6ncesinden ziyade mag sirasindaki sonucu
tahmin etmek igin tasarlanmigtir. Arastirmaci, diger
modellerin diigiik performans gosterdigi bir asama olan
oyunun erken asamasindaki tahminin dogrulugunu
artirmayt hedeflemistir. Arastirmada smiflandirma
algoritmalarindan LR kullanilmistir ve oyunun erken
asamasinda kazanan takimi tahminleme agisindan
yaklagik %58 dogruluga ulagsmistir. Makarov ve
digerleri (2018), CSGO’da patlayict kurulduktan
sonraki senaryolarda, diger bir deyisle raundun son
asamasinda, KA ve LR kullanarak raundun kazanani
tahminlemeyi hedeflemisler ve %62’lik bir dogruluk
orani elde etmislerdir. Xenopoulos ve digerleri (2020),
CSGO’da bir takimin kalan oyunculari ve ekipman
durumlart gibi girdi 6zellikleriyle takimmn kazanma
olasiligmi  tahminleyen caligmalarinda XGBoost
kullanmislardir ve %79.1°lik  bir dogruluk olam
yakalamislardir. Shen (2022), MOBA tiiriindeki League
of Legends isimli oyunda orta diizeydeki amator
oyuncularin maglarmin ilk 10 dakikasmni LR, RO, KA,
NB gibi algoritmalarla incelemis ve %72.68 dogruluga
ulagmistir.

Alanyazindaki ¢alismalara ek olarak Microsoft
ekibi, oyunun kalitesini, oyunun adil olup olmadigini ve
bir takimin bu oyunu kazanma olasiligini tahmin etmek
icin  TrueSkill adli bir derecelendirme sistemi
tasarlamistir (Minka vd., 2018). Bu sistem ile video
oyunlarinda benzer becerilere sahip oyuncularin
eslestirilmesi  amaglanmigtir.  Cesitli  algoritmalar
kullanan aragtirmacilar %68’lik bir dogruluk orani elde
etmislerdir.

Bu calismada, makine &grenmesi teknolojisinin
Espor alaninda nasil sonucglar verebileceginin
anlagilmasi ve olusturulan modeller ile CSGO oyununda
rauntlarin  sonuglarin1 en iyi tahminleyen makine
O0grenmesi algoritmasinin belirlenmesi amaglanmistir.
Buna gore, yedi farkl1 makine 6grenmesi algoritmast ile
CSGO  oyunundaki  rauntlar1  hangi  takimin
kazanacagina yonelik  siniflandirma  ¢alismalari
gergeklestirilmistir.

2. Uygulanan Algoritmalar ve Yontemler
(Applied Algorithms and Methods)

Makine dgrenmesi algoritmalari; yaklasimlari, veri
tiirleri ve problem ¢cdzme teknikleri bakimindan farklilik
gostermektedir. Makine Ogrenmesi genellikle (1)
Denetimli 6grenme, (2) denetimsiz 6grenme ve (3)
pekistirmeli 6grenme seklinde iic alt kategoriye
ayrilmaktadir (Bengio vd., 2012). Denetimli 6grenme
hem girdi hem de ¢ikt1 verilerine dayali bir tahmin
modeli gelistirmektedir. Denetimsiz 6grenme, verileri
yalnizca girdi verilerine dayali olarak gruplar ve
yorumlarken pekistirmeli 6grenme, bir 6dill ve ceza
sistemi kullanarak modeli egitmektedir. Denetimli
O0grenme algoritmalari, siniflandirma ve regresyon
algoritmalarin1 igermektedir. Cikti sinirli bir deger
kiimesiyle sinirlandirildiginda siniflandirma, bir aralik
icinde herhangi bir sayisal degere sahip oldugunda ise
regresyon algoritmalar1 kullanilmaktadir (Ray, 2019).
Son zamanlarda, denetimli ve denetimsiz dgrenmenin
bir kombinasyonu olan yar1 denetimli 6grenme kavrami
siklikla kullanilmaktadir. Yart denetimli 6grenme, veri
setlerindeki verilerin bir kisminin etiketlenmis, biiyiik
bir boliimiiniin ise etiketlenmemis oldugu veri setleriyle
calisabilen algoritmalart igermektedir (Zhu ve
Goldberg, 2009).

2.1. Denetimli siniflandirma algoritmalart
(Supervised classification algorithms)

Bu arastirmada Lojistik Regresyon, Karar Agagclari,
Rastgele Orman, XGBoost, Naive Bayes, K-En Yakin
Komsu ve Destek Vektor Makinesi olmak iizere toplam
yedi adet denetimli smiflandirma  algoritmasi
kullanilmustir.

2.1.1. Lojistik Regresyon (Logistic Regression)

LR, ikili veya ¢ok sinifli bagimli degiskenleri tahmin
etmek amaciyla sigmoid fonksiyonlarini ise kosan
istatistiksel ~ bir  modeldir. ~ Sigmoid  (lojistik
fonksiyonlar), ikili siniflandirma  problemlerinin
istatistiksel analizleri icin herhangi bir gergek sayiy1 0
ile 1 arasindaki aralikta konumlandirmaktadir. LR, 6zel
olarak verilmis katsayilar veya agirliklar kullanarak,
belirli bir girdi agisindan olasi ¢iktiyr hesaplayan
dogrusal regresyona ¢ok benzemektedir. Tek fark,
lojistik regresyonun her zaman 0 veya 1 seklinde ikili
¢ikti vermesidir. LR, Esitlik 1 i¢in o(a) = (1 +
exp(—(l))_l denkleminin bir aktivasyon fonksiyonu
oldugu, w;’nin x; 6zelligine uygulanan agirlik (katsay1)
oldugu ve X'in n adet 6zellige sahip bulundugu her sinif
acisindan  olasiliklar1  tahmin etmek i¢in  veri

Ozniteliklerinin lojistik bir fonksiyonunu kullanmaktadir
(Bohning, 1992).

P(win) = o (WO Z Wl-xl-> 1)

i=1
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2.1.2. Karar Agaglar (Decision Trees)

KA, hem siniflandirma hem de regresyon gorevleri
icin kullanilan, parametrik olmayan denetimli bir
o0grenme algoritmasidir. Kok diigiim, dallar, i¢ diigiimler
ve yaprak diigiimlerden olusan hiyerarsik bir agag
yapisina sahiptir. Bir karar agaci, herhangi bir gelen dali
olmayan kok diigiimle baslamaktadir. Kok diigiimden
giden dallar daha sonra karar diigiimleri olarak da
bilinen i¢ diiglimleri beslemektedir. Mevcut 6zelliklere
bagh olarak, her iki diigiim tiirii de yaprak diigiimler
veya u¢ diigimler tarafindan belirtilen homojen alt
kiimeler olusturmak i¢in degerlendirmeler yiiriitiir.
Yaprak diigiimler, veri kiimesindeki tiim olas1 sonuglari
temsil eder. Bu agag yapisi formiile edilerek bir model
olusturulur (Priyam vd., 2013).

2.1.3. Rastgele Orman (Random Forest)

RO, birden fazla karar agacinin ¢iktisini tek bir
sonuca ulagsmak i¢in birlestiren, yaygin olarak kullanilan
bir makine 6grenme algoritmasidir. RO, geleneksel KA
algoritmalarinda siklikla karsilagilan asir1 6grenme
(overfitting) problemini, veri setini ve Oznitelikleri
birgok pargaya ayirip birden fazla aga¢ iizerinde
isleyerek ¢oziime kavusturmaktadir (Biau ve Scorner,
2016).

2.1.4. Gradyan Artirict Karar Agact (Extreme
Gradient Boosting)

Gradyan Artirict Karar Agaci (XGBoost) agag
tabanlt bir algoritmadir ve denetimli &grenme
problemleri  i¢in  kullanilmaktadir.  Topluluklar
(ensemble), karar agact modellerinden
olusturulmaktadir. Agaclar topluluga birer birer
eklenerek Onceki modellerin yaptig1 tahmin hatalarimi
diizeltmek icin egitilir. Bu islem siireci, zayif
ogrenenleri (weak learner) giiclii 6grenenlere (strong
learner) doniistiiriildiigi, artiric1 olarak adlandirilan bir
tir toplu makine &grenmesi modelidir. Modeller,
herhangi bir istege bagl tiirevlenebilir kayip fonksiyonu
ve gradyan inig optimizasyon algoritmasi kullanilarak
egitilmektedir. Bu islem, teknige "gradyan artirma"
adin1 vermektedir. Bunun nedeni model egitildikce
kayip gradyanmin, tipki bir sinir agi gibi en aza
indirilmesidir (Chen vd., 2015).

2.1.5. Naive Bayes (Naive Bayes)

NB algoritmasi, Bayes teoremine dayanan ve
siiflandirma problemlerinin ¢éziimiinde kullanilan bir
algoritmadir. NB olasiliga dayali bir siniflandiricidr,
yani bir nesnenin olasilifi temelinde tahmin
yapmaktadir. NB’nin avantaji, kii¢iik bir egitim setinde
egitildikten sonra verileri dogru Dbir sekilde
siniflandirabilmesidir. Basitlestirilmig varsayimlarina
ragmen, NB algoritmalar1 spam filtreleme ve duygu

analizi gibi gercek diinya durumlarinda etkili bir
performans sergilemektedir (Zhang ve Li, 2007).

2.1.6. K-En Yakin Komgsu (K-Nearest Neighbour)

KNN algoritmasi, yeni durum ile mevcut durum
arasindaki benzerligi tahmin ederek yeni durumu,
mevcut siniflar arasinda en ¢ok benzesen sinifa atar.
KNN'deki "K", siniflama siirecinde en yakin komsu
sayisin1 ifade eden bir parametredir. KNN egitim
verilerinden ayirt edici fonksiyonlar1 6grenmek yerine
biitiin egitim veri setini ezberlediginden dolay1 tembel
bir 6grenendir olarak gegmektedir. Bu nedenle veri
setinin biiylidiigii durumlarda iglem yiikii artmaktadir.
Yontem temel olarak bir metrik mesafe degerine
dayanir. En yaygm kullanilan o&l¢ii Esitlik 2’de
gosterilen Oklid mesafesidir (Cunningham ve Delany,
2021).

d(x,y) = 2

2.1.7. Destek Vektor Makinesi (Support Vector
Machine)

DVM, yiiksek boyutlara sahip veri kiimeleri i¢in
etkilidir ve hem simiflandirma hem de regresyon igin
kullanilan bir algoritmadir. Bu algoritmanin arkasindaki
mantik, n'nin bagimsiz degiskenlerin sayist oldugu n
boyutlu uzayda bir hiper diizlem olusturmaktir. Iyi bir
modelin, en yakin egitim veri noktalarina en uzak
mesafeye sahip hiper diizlemi izlemesi beklenmektedir.
Hiper diizlem ayni zamanda bir siniflandirma ayraci
gorevi gormektedir. Bu oOzellik, mesafe ne kadar
biiylikse algoritmanin genelleme hatasim1 o kadar
diistirdiigii anlamina gelmektedir (Noble, 2006).

2.2. Veri Dogrulama Yontemi (Data Validation
Method)

Bu arastirmada, CSGO’da oynanan rauntlarm
sonuglarimi tahmin etmede egitim ve test (train&test)
dogrulama yontemi kullanilmigtir. Egitim ve test modeli
dogrulama yonteminde veri seti; egitim veri seti,
dogrulama veri seti ve test veri seti olmak iizere iki veya
ti¢ farkli veri setlerine boliiniir. Dogrulama veri seti her
zaman kullanilmamakla birlikte kullanildig1 durumlarda
genellikle nihai modelin parametre ayarlar igin ise
kosulur. Bu ydntemde modelin egitim veri setinde
ogrenme islemi gergeklesir ve ardindan test veri setinde
degerlendirilmesi yapilir. Egitim ve test dogrulama
yontemi modelinin akis semas1 Sekil 1'de gosterilmistir.
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Veri Seti Oznitelikler Hedef

Verinin
duzenlenmesi

Verinin

bélinmesi

X_train y_train
Egitim igin
b kullanimi
—
Makine
= Ogrenmesi
) Modeli
X_test y_test
] Testigin
= kullanimi
- —

Sekil 1. Egitim ve test dogrulama yontemi (Training & test validation method)

2.3. Algoritmalarin Karsilagtiriimasinda
Kullanilan Performans Metrikleri (Performance
Metrics Used in Comparing Algorithms)

Siniflandirma ¢aligmalar1 gergeklestirildikten sonra
en iyi tahminlemeyi yapan algoritmanin
belirlenmesinde, dogruluk oraninin yani sira karisiklik
matrisinden (confusion matrix) faydalanilir. True
positive (Dogru pozitif - TP), tahminin ve 6zniteligin
dogru, False positive (Yanlis pozitif — FP) tahminin
yanlig ancak Ozniteligin dogru, True negative (Dogru
negatif — TN) tahminin dogru fakat Gzniteligin yanlis,
False negative (Yanlis negatif) ise tahminin ve
Ozniteligin yanlis oldugu durumlart ifade etmektedir
(Gok, 2017).

Algoritmalarin kargilagtirilmasinda kullanilan ilk
performans metriklerinden biri dogruluk oranidir
(accuracy). Bu oran, yapilan toplam tahmin sayisina
gore bir model tarafindan yapilan dogru tahminlerin
sayisint Olgen bir degerlendirme metrigidir. Dogru
tahmin sayisint toplam tahmin sayisina bdlerek
hesaplanmaktadir. Dogruluk oraninin hesaplanmasinda
kullanilan formiil Esitlik 3’te verilmistir.

TP+TN
TP+FP+TN+FN

Dogruluk = 3

Kullanilan performans metriklerinden digeri ise
kesinliktir (precision). Kesinlik, bir makine 6grenmesi
modeli performansinin, yani model tarafindan yapilan
dogru tahminde bulunma kalitesinin Onemli bir
gostergesidir. Kesinlik, dogru pozitiflerin sayisinin
pozitif tahminlerin toplam sayisina boliinmesiyle elde

edilir. Kesinlik oram1 Esitlik 4’teki formiil ile
hesaplanmaktadir.
TP
Kesinlik = ———— 4
esinlik TP+ FP (@)

Duyarlilik (recall), pozitif olarak dogru bir sekilde
smiflandirilan pozitif tahmin sayisinin toplamda pozitif
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olmast gereken tahmin sayisina orami seklinde
hesaplanir. Duyarlilik, modelin pozitif tahminleri tespit
etme yetenegini Olemektedir. Duyarliligin
hesaplanmasinda Esitlik 5’teki formiilden
yararlanilmaktadir.
Duyarlilik i ®)
WA = TP ¥ FN
F-Degeri (F-Score), bir modelin kesinlik ve

duyarlilik degerlerinin harmonik ortalamasidir. F-
Degeri, modelin hem pozitif vakalar1 yakalama
(duyarlilik) hem de yakaladig:1 vakalarda dogru olma

(kesinlik) konusundaki denge yetenegini oOrtaya
koymaktadir. F-Degeri Esitlik 6’daki formiil ile
hesaplanabilmektedir.
kesinlik * duyarlilik
Fl= 242 yarllik) (6)

i (kesinlik + duyarlilik)

Alic1 Calisma Ozelligi Egrisi (Receiver Operating
Characteristic Curve — ROC), tim smiflandirma
esiklerindeki bir siniflandirma modelinin performansini
resmeden grafiktir. ROC egrisinin True Positive Rate
(Dogru Pozitif Oranm1 - TPR) ve False Positive Rate
(Yanlig Pozitif Orani - FPR) olmak iizere iki parametresi
bulunmaktadir. Siniflandirma esigi diisiiriildiigiinde
daha fazla 0Ogenin pozitif olarak simiflandiriimasi
saglanir (Boyd vd., 2013). TPR, Esitlik 7°de ifade edilen
formiil ile hesaplanmaktadir.

TP
= 7
TPR TP+ FN %
FPR ise su sekilde tamimlanmaktadir:
FP
= — 8
FPR FP+TN ®
123



ROC Egrisi Altindaki Alan (Area Under the Curve
Rate — AUC) ise ROC Egrisi altinda kalan alan geklinde
ifade edilmektedir. AUC orani 0 ile 1 arasinda bir deger
almaktadir. Hatali tahminleme orant %100 olan bir
modelin AUC oram1 0’dir. %100 dogru tahminleme
yapan bir modelin AUC orant ise 1 degerini almaktadir
(Zhang, 2016).

3. Verilerin Elde Edilmesi ve Hazirlanmasi
(Data Acquisition and Preparation)

Yeterli miktarda ilgili veri, iyi bir tahmin modeli
olusturmak i¢in temel kosuldur. Bu béliimde verilerin
toplanmasi hakkinda bilgi verilmis ve veri hazirlama
yontemi sunulmustur.

3.1. Verilerin Elde Edilmesi (Data Acquisition)

Calismada, Kaggle platformuna Lillelund (2020)
tarafindan yiiklenmis olan “CS:GO Round Winner
Classification” adli veri seti kullamilmistir. Veri seti ilk
olarak Espor analizleri yiirliten Skybox adl
organizasyon  tarafindan, 2020  ilkbaharindan
sonbaharina kadar devam eden “CS:GO Yapay Zeka
Miicadelesi”nin bir parcast olarak yayimlanmistir. Veri
seti, 2019 ve 2020'de diizenlenen iist diizey turnuva
oyunlarindan elde edilen 700 demo kaydindan
olusturulmustur. Veri setinde biri raundun kazanani
ifade eden simif degeri olmakla birlikte toplam 97
Oznitelik ve 122.410 6rnek bulunmaktadir. Sekil 2’de
RO algoritmasi ile olusturulmus, raundun kazananini
tahminlemede en 6nemli 6znitelikler ifade edilmistir.

Curatebs Orecvben

a’score
a_defuse _kits
a_héalth

map

t weapon _akd47
nade flashbang
pldyers alive

flashban
n us:

kg v Cerara e

ck
—

Sekil 2. Ozniteliklerin 6nemleri (Importance of features)

Sekil 3’te ise veri setinin 1s1 haritas1 ve korelasyon
matrisi resmedilmistir.
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Sekil 3. Veri setinin 1s1 haritasi (Heatmap of the dataset)

Tablo 1°de, Sekil 2°deki ve Sekil 3’teki verilere gore
raundun kazanilmasinda Onemli rol oynayan 20
Oznitelige ve agiklamalarina yer verilmistir.
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Tablo 1. Veri seti Oznitelikleri ve agiklamalari (Dataset features and descriptions)

Oznitelik Aciklama

ct_armor CT’lerin toplam zirh degeri

t_armor T’lerin toplam zirh degeri

ct_money CT’lerin toplam parast

t_money T’lerin toplam parasi

ct_helmets CT’de kag oyuncunun kafa bélgesi zirhinin oldugu
t_helmets T’de kag oyuncunun kafa bolgesi zirhinin oldugu
ct_score Tlgili raunda kadar CT’lerin kazandig1 raunt sayisi
t_score Tlgili raunda kadar T’lerin kazandig1 raunt sayisi
time_left Raundun bitimine kalan siire (sn)

ct_defuse_Kits CT’lerin sahip oldugu patlayici imha ekipmant sayist
ct_health CT’lerin toplam saglik degeri

t_health T’lerin toplam saglik degeri

map Magta oynanan harita

t_weapon_ak47
ct_grenade_flashbang
ct_players_alive

t players_alive
ct_weapon_usps
bomb_planted

1 =de_dust2 5 = de_overpass
2 = de_mirage 6 = de_train

3 =de_nuke 7 = de_vertigo
4 =de_inferno 8 = de_cache

T’lerin elinde bulunan AK-47 isimli silah sayis1
CT’lerin elinde bulunan ses bombasi sayisi

Rauntta hayatta olan CT oyuncu sayis1

Rauntta hayatta olan T oyuncu sayis1

CT’lerin elinde bulunan USPS isimli silah sayist

Raunt igerisinde patlayicinin yerlestirilmis olma durumu

1 = yerlestirildi

0 = yerlestirilmedi
round_winner

1 = CT kazandi

0 =T kazandi

Raundu kazanan takim

3.2. Verilerin Hazirlanmas: (Data preparation)

Calismada kullanilan veri setinde 96 dznitelik ile bir
siif degeri bulunmakta ve bu veri seti 122.410 6rnekten
olugmaktadir. 96 6zniteligin 2’si kategorik, kalan 94’1
sayisal veri tiriindedir. Hedef sinif degeri ise raundu CT
kazand: (1) ve raundu T kazandi (0) seklinde olup
kategoriktir. Orneklerin  62.406’sinda T takimy,
60004’iinde ise CT takimi raundu kazanmigtir.

Siniflandirma algoritmalarina gecilmeden 6nce veri
iizerinde bazi 6n islemler gerceklestirilmistir. {1k olarak,
kay1p veri bulunan bir 6rnek, veri setinden ¢ikarilmistir.
Daha sonrasinda Oznitelik se¢imine gecilmistir.
Yalnizca bir deger igeren alt1 adet 6znitelik, olusturulan
modele dahil edilmemigtir. Biitiin kategorik degerler
sayisal degerler ile kodlanmistir. Ozniteliklerin
ortalamalar1 kaldirilarak ve birim varyansa gore
Olceklendirerek standartlasgtirma iglemi ylriitilmiistiir.
Standartlastirma isleminde merkezleme ve
Ol¢eklendirme, egitim setindeki ornekler iizerinde ilgili
istatistikleri hesaplayarak her oznitelik acisindan
bagimsiz olarak gergeklesmektedir. Ortalama ve
standart sapma degerleri ise doniisiimler kullanilarak
daha  sonraki  verilerde  kullanmilmak  iizere
saklanmaktadir. (Ali vd., 2014). Bir veri setinin
standardizasyonu, bir¢ok makine 6grenmesi tahmincisi
icin ortak bir gerekliliktir. Verilerdeki standart disi

dagilimlar modelin tahmin basarisini 6nemli Olciide
etkileyebilmektedir.

4. Deneysel Calisma ve Bulgular
(Experimental Study and Findings)

CSGO oyunundaki rauntlarin kazanan takimini
tahminlemeyi amaglayan bu c¢alismada, denetimli
siniflandirma algoritmalarindan Lojistik Regresyon,
Karar Agaclar, Rastgele Orman, XGBoost, Naive
Bayes, K-En Yakin Komsu ve Destek Vektor Makinesi
algoritmalar1 kullanilmistir. Model olusturulurken, veri
seti %80 egitim ve %20 test seklinde olmak iizere iki
parcaya boliinmiistiir. Kullanilan biitiin algoritmalarda
rastgele durum (random state) 42 olarak belirlenmistir.
RO’da orman say1s1 12 olarak tanimlanmistir. KNN’de
komsu sayis1 5 olarak  girilmistir.  XGBoost
algoritmasinda 6grenme orani 0.01, tahminleyici sayis1
10, tohum (seed) sayisi ise 25 olarak belirlenmistir.
DVM’de ¢ekirdek (kernel) olarak Radyal Tabanli Islev
Cekirdegi (Radial basis function — RBF), C parametresi
2 olarak ayarlanmistir. DVM optimizasyonunda C
parametresi, her bir egitim Orneginin  yanlis
smiflandirilmasindan  ne  kadar  kacinilacagimi
belirtmektedir. Sekil 4’te, ilgili donemde aktif harita
havuzunda bulunan 8 haritadaki CT ve T taraflarinin
rauntlar1 kazanma karsilastirmalar1 verilmistir.
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Haritalara gore rauntlan kazanan takimlar

count

de_cache de_dust2 de_inferno de_mirage

1500
1000
round winner
cT
T
500
0 E—————s

de_nuke de_overpass de_train de_vertigo
map

Sekil 4. Haritalara gore rauntlari kazanan taraflar (The sides that win the rounds according to the maps)

Sekil 4 incelendiginde de nuke ve de train
haritalarinin  6nemli Olgliide CT tarafinin, de dust2
haritasinda ise T tarafinin  avantajli  oldugu
goriilmektedir. CSGO maglarinda takimlar, haritaya
hangi tarafta baslayacaklarinin belirlenmesi amaciyla
bigak raundu (knife round) denilen bir se¢im raundu
oynamaktadirlar. Bu raundu kazanan takim hangi tarafta
baslayacagimi secme hakki elde eder. Takimlar hangi
haritaya hangi tarafta baslayacaklarini bu bilgilerden
yola ¢ikarak planlayabilirler. Sekil 5’te patlayici imha
ekipmani (defuse kit) sayisinin raundu kazanmadaki
etkisi verilmistir.

ars0 Raundun Kazanani

i cr
= =

2 3 4 5
ct_defuse_kits

Sekil 5. Patlayici imha ekipmani sayisina gore raundu
kazanan taraflar (Winners of the round based on the number of
defuse Kits)

Patlayic1 imha ekipmani, yalmizca CT tarafindaki
oyuncularin satin alip kullanabildigi, her oyuncuda en
fazla 1 adet, raunt igerisinde ise toplamda 5 adet
bulundurulabilen, patlayicinin imha edilme siiresini 10
saniyeden 5 saniyeye indiren bir ekipmandir. CT’lerin
bu ekipmani hi¢ satin almadigi durumlarda T tarafinin
raundu kazanma olasiliginin ¢ok biiyiik bir dlgiide arttig1
goriilmektedir. Ekipman sayist ¢ogaldik¢a T tarafinin
raunt kazanma sayilar1 da giderek diigsmiistiir. Bu durum
yalnizeca imha ekipmanmin patlayiciyr hizla imha
edilmesine olanak tanimasi kaynakli bir avantaj degildir.
Uzerinde bu ekipman bulunan bir  oyuncu
oldiiriildiigiinde ekipman yere diigmektedir ve diger
takim arkadaslari tarafindan tizerlerine alinabilmektedir.
Dolayisi ile imha ekipmanin bir veya iki oyuncuda
olmasi genelde yeterli goriilen bir durumdur. Ancak,
takim ekonomisinin gii¢cli oldugu durumlarda her
oyuncu bu ekipmani edinme yoluna gidebilmektedir.
Diger bir deyisle bir rauntta bulunan imha ekipmani ne
kadar fazla ise CT tarafinin ekonomisi o kadar giiclii ve
raundu kazanma olasiligi buna paralel olarak fazla
denilebilir. Sekil 6’da patlayicinin  yerlestirilme
durumuna gore raundu kazanan taraflar verilmistir.
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Sekil 6. Patlayicinin yerlestirilme durumuna gére raundu
kazanan taraflar (Winners of the round based on explosive planting
situation)

Patlayicinin yerlestirilmedigi senaryoda, raunt siiresi
bitiminde en az bir CT tarafindaki oyuncunun hayatta

olmas1 durumunda raundu CT’ler kazanmaktadir. T
tarafi patlayiciyr yerlestirme imkani bulamiyorsa siire
bitmeden 6nce raunttaki biitin CT oyuncularini ortadan
kaldirma yoluna gitmelidir. Patlayicinin yerlestirildigi
senaryoda ise siire CT tarafinin aleyhine iglemektedir.
Patlayici yerlestirildikten 40 saniye sonra patlamaktadir
ve raunt bitmektedir. Patlayic1 yerlestirildikten sonra
biitiin T oyuncular1 ortadan kaldirilsa dahi patlayicinin
patlamas: durumunda raundu T tarafi kazanmaktadir.
Sekil 6 incelendiginde, patlayicinin yerlestirilmedigi
senaryoda T tarafi raundu kazanma konusunda CT’lerin
gerisinde kalmistir. Basta bahsedilen durumdan o&tiirii
raunt siiresi azaldik¢a T’lerin raundu kazanma ihtimali
de giderek azalmistir. Patlayicinin yerlestirildigi
senaryoda ise tam tersi bir durum s6z konusudur. Bu
durumda T’ler raundu kazanma yo6niinden biiyiik bir
avantaj elde etmekte ve patlayicinin patlamasina kalan
siire azaldikca T’lerin raundu kazanma ihtimalleri
artmaktadir.

Calismada kullanilan siniflandirma algoritmalarina
gore veriler modellenerek tahminleme islemleri
gerceklestirilmistir. Bu islemler sonucunda modellere
ait dogruluk, kesinlik, duyarlilhik, F-Skor ve AUC
degerleri hesaplanmis ve Tablo 2’de verilmistir.

Tablo 2. Siniflandirma algoritmalarinin performans degerleri (Performance values of classification algorithms)

Siniflandirict Dogruluk Kesinlik Duyarlilik F-Skor AUC
LR 0.75 0.76 0.74 0.75 0.84
KNN 0.83 0.84 0.84 0.83 0.91
KA 0.82 0.82 0.82 0.82 0.82
RO 0.88 0.89 0.87 0.88 0.95
XGBoost 0.75 0.77 0.74 0.75 0.89
NB 0.53 0.52 0.98 0.67 0.76
DVM 0.80 0.84 0.76 0.79 0.88
Tablo 2 incelendiginde en yiiksek dogruluk oranina ROC Egrisi
sahip  smiflandiricinin = %88 ile RO  oldugu 10 e :
anlagilmaktadir. Bunu %83 ile KNN ve KA —— 5 ,/"
algoritmalar1 takip etmektedir. En disiik dogruluk 08 <
oranina sahip algoritma ise %53 ile NB’dir. Kesinlik =
metrigi agisindan bakildiginda en yiiksek oran %89 ile S as
RO algoritmasina aittir. NB dogruluk orani en diisiik g 2 = Lojistik Regresyon
algoritma olsa da duyarlilik degeri bakimindan %98’lik S o4 / 4 KNN
bir deger ile en yiiksek orana sahiptir. Duyarlilik ve g = :”“:' “I‘J“&' ,
kesinlik  degerleri en dengeli algoritma RO 02 x:Bgr'r e
algoritmasidir (F-Skor = 88). AUC degerlerine —— Naive Bayes
bakildiginda %95 ile RO algoritmasi en yiiksek degeri 00 Destek Viektor Makinesi

almistir. Sekil 7°de, siniflandiricilara ait ROC egrisi
grafigi verilmistir.

Sp— T -y a —y e
00 02 04 06 08 10
Yanlts Pozitif Oram

Sekil 7. Smiflandiricilara ait ROC egrisi grafigi (ROC curve
graph of classifiers)

ROC analizi sonucunda ¢izdirilen Sekil 7’deki grafik
incelendiginde en yiiksek dogruluk veren kesim (cut-
off) noktasina sahip algoritmanmn RO oldugu, onun
arkasinda ise KNN algoritmasinin yer aldig
goriilmektedir.
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5. Sonuglar (Conclusions)

Bu arastirmada, gliniimiizde Espor karsilagsmalarinin
¢ok onemli bir boliimiinii olugturan CSGO oyunundaki
rauntlarin ~ kazanan  taraflarinin  tahminlenmesi
konusunda makine &grenmesi tabanli bir c¢alisma
gerceklestirilmistir. Arastirmanin deneysel kisminda ilk
olarak sicaklik haritas1 ve korelasyon matrisine gore
raundun kazanilmasi baglaminda etkili oldugu goriilen
parametreler Kesifsel Veri Analizleri (Exploratory Data
Analysis — EDA) yoluyla gorsellestirilmistir. Buna gore,
CSGO oyununda de nuke ve de_train haritalar1 CT
agirlikli haritalar iken de dust2 haritas1 T tarafi
agirlikhidir. Patlayici imha ekipmanlar1 CT’lere raundu
kazandirma konusunda ciddi bir isleve sahiptir.
Patlayicinin yerlestirilmedigi durumda CT tarafi T ye
gore  avantajli  durumdadir  ancak, patlayict
yerlestirildikten itibaren T tarafi avantaj durumunu
biiyiik dlciide lehine ¢evirmektedir.

Calismada smiflandirma algoritmalarindan Lojistik
Regresyon, K-En Yakin Komsu, Karar Agagclari,
Rastgele Orman, XGBoost, Naive Bayes ve Destek
Vektor Makinesi olmak {izere yedi algoritma
kullanilmistir.  Kurulan  modellerin  etkili ~ bir
smiflandirma  yaptiginin  anlasilmasi  agisindan
performans degerlerinin 1’e yakin degerler iiretmesi
gerekmektedir. Kesinlik, smiflandiricilarin = pozitif
olarak tayin ettigi Orneklerin gercekte kac tanesinin
pozitif oldugunu hesaplayan bir metriktir. Duyarlilik,
toplam pozitif durumlarin ne kadarlik bir boliimiiniin
basarili tahmin edildigini hesaplamaktadir. Kesinlik ve
duyarlilik arasindaki denge ise F-Skor metrigiyle ifade
edilmektedir. Bunlara ek olarak ROC analizi, iki ya da
daha fazla smiflandirict algoritmanin tahminleme
giivenirliklerini kargilagtirmak amaciyla
kullanilmaktadir. AUC degeri ise model performansinin
bir 6zeti niteliginde olup, algoritmalarin tahminlemede
ne kadar basarili oldugunu sunmaktadir. Bu bilgilerin ve
aragtirmanin bulgulart 1s18mmda CSGO’da rauntlarin
kazananini tahminlemede en basarili algoritma Rastgele
Orman olmustur ve %88 dogruluk degerine sahiptir.
Alanyazin incelendiginde, ayni veri seti ile calisan
Huang ve digerleri (2022), kullandiklar1 siniflandiricilar
arasinda XGBoost ile en yiiksek %79’luk dogruluk
degerine ulagsmislardir. Arastirmacilarin elde ettigi
sonu¢ ile bu arastirmanin sonuglar1 arasindaki farkin
temelinde arastirmacilarin modellerini  olugtururken
Oznitelik segimleri sirasinda toplamda 97 olan 6znitelik
sayisin1 26’ya indirgemeleri oldugu diisiiniilmektedir.
Bunun yani sira verilerin normalizasyon islemleri,
kullanilan algoritmalar ve algoritmalara ait parametre
secimleri bu farkin olugsmasinda onemli etmenler
arasindadir. CSGO f{izerinde rauntlarin veya takimlarin
kazananlarin1 tahminlemeye yonelik alanyazindaki
diger c¢aligmalara bakildiginda Makarov ve digerleri
%62’lik, Xenopoulos ve digerleri ise %79.1°lik
dogruluk oranlar1 elde etmislerdir. Farkli veri setleriyle
calisilmis olsa da bu arastirma kapsaminda yapilan

modellemeler, bahsedilen iki ¢alismadan 6nemli 6lgiide
ayrisarak daha dogru bir tahminleme yapmaktadir.

Aragtirma, CSGO oyununda raundu kazanan
taraflarin  tahminleme basarisi agisindan  Espor
sektoriine  yonelik Onemli ¢iktilar  sunmaktadir.
Aragtirma kapsaminda gerceklestirilen modellerin canlt
maglarla biitiinlestirilmesi durumunda izleyenlere
sunulacak anlik bir tahmin bilgisi seyir zevkinin
artmasina yol acabilir. Bunun yani sira takimlar; harita
secimi, oyun i¢i ekipman alimlari, oyun i¢i senaryolarda
uygulayacaklar taktikler yonlerinden aragtirmadan elde
edilen bulgular1 kullanabilirler. Caligmanin ayrica,
makine  §grenmesi smiflandiricilarinin =~ video
oyunlarinda nasil performans gosterdiginin
kargilagtirilmasi,  makine  0grenmesinin  Espor
sektoriinde hangi ¢iktilara olanak taniyabilecegini
ortaya  koymast  agisindan  6nemli  bulgulari
bulunmaktadir.
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Abstract

Tourism in Tiirkiye is fundamentally important for both the Turkish economy and travelers. Green tourism has gained increasing
attention in the last few years. Analyzing big social data for evaluating environment-friendly tourism in Tiirkiye is important to gain
an understanding of the factors impacting travelers' intention to echo-friendly hotels. To meet the goal of the study, the data was
retrieved from the Tripadvisor website using a crawling technique. Machine learning techniques, particularly Latent Dirichlet
Allocation (LDA), were utilized to discover satisfaction dimensions from the user-generated content. The k-means clustering approach
was deployed for data segmentation. Finally, the online reviews classification model was trained and compared using Long Short-Term
Memory (LSTM), and Gated Recurrent Unit (GRU). The obtained results reveal several important dimensions that impact tourists'

experience.

Keywords: LDA topic model, machine learning, text mining, segmentation, online customers’ reviews.

1. Introduction

The tourism sector in Tirkiye is furnishing
increasingly. One of the most desired choices for
travelers is going and unwinding in Tirkiye. Many
travelers prefer to spend their holiday in Tiirkiye due to
the geographical position of Tiirkiye which is located in
the heart of the world between Asia, and Europe, and it
is close to Africa as well, along with its astonishing
nature like long coasts, ancient structures, antiques, nice
weather, and last but not least echo-friendly hotels. In
2019 alone, a total of 51.7 million travelers to Tirkiye
were recorded, with around 34.5 billion dollars in
income, ranking the sixth worldwide in terms of the total
number of tourists (Tuna & Basdal, 2021). These days,
people are more willing to discover nature, since it
improves their living standards as a consequence of
relaxation, health, and taking advantage of
environmental services (Prihayati & Veriasa, 2021). For
several individuals, tourism is essential, and
progressively earning importance. United Nations
World Tourism Organization (UNWTO) conducted a
survey revealing that near to 1.4 billion people traveled
in 2019 (Streimikiene et al., 2021).

Adopting green services and products has
increasingly become a center point in the growing
businesses, with several organizations deploying

* Corresponding Author.
E-mail: alrahhal24@gmail.com

environmental sustainability as a critical aspect of their
main marketing policy (Chen et al., 2022). In the tourism
sector, the green tourism concept has emerged and
gained increasing attention (Filimonau et al., 2022;
Yesiltas et al, 2022). Strong investigation of
environmental issues, and looking for solutions to deal
with such issues most of the time leads to a strong
intention of travelers to perform echo-friendly actions to
save the environment (Han et al., 2018). The initial
expectations of the service given by a green hotel are
primarily important for the customers. Measurement
among customers' initial expectations and their actual
experience of the product can describe customer
satisfaction (Yu et al., 2022). Social big data analysis
and online reviews are crucial to discover customers'
expectations about many features located in
environment-friendly hotels in Tirkiye. Features
extracted from online reviews will assist governments
and decision-makers to know what are properties the
customer interested in. Evaluating online reviews on
green tourism, and environment-friendly hotel sites are
substantially critical to enhancing both the Tiirkiye
tourism sector and travelers’ satisfaction. Although
researchers have conducted many approaches and
methods evaluating online reviews for tourism purposes,
analyzing online reviews for environment-friendly
hotels in Tiirkiye hasn’t been investigated widely.
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Online review extraction and mining have been the
focus of researchers in natural language processing in
the last few years (Afrizal et al., 2019). This is explained
by the increasing popularity of online reviews among
tourists, as 90% of them utilize these reviews to reach
the travel decision and plan their trips (Godnov &
Redek, 2016). Analyzing Social big data is
fundamentally crucial to both customers and business
owners. Big social data have a major impact on
evaluating customer satisfaction with green hotels in
Tiirkiye. Analysis of online reviews for green tourism in
Tiirkiye will help decision-makers and hotel owners to
define the features that the customers are interested in.
Utilizing these shared online reviews which exist on
hotel sites with a huge number of reviews is significant,
as a customer is usually able to write any opinion about
the hotel without any pressure from business owners or
workers at that hotel. Unlike many products that are
evaluated by amount or size, hotels are evaluated by
experience (Zibarzani et al., 2022). Social big data
consists of huge amounts of data, shared on several
numbers of social media sites (Nilashi, Abumalloh,

Table 1. List of Abbreviations

Almulihi, et al., 2021). Social big data analysis has been
carried out in previous literature by utilizing different
advanced approaches and methods to get reasonable
assumptions and define market demands. Due to the
increase of social big data and online reviews shared on
the internet, Natural language Processing (NLP) has
become indispensable not only for machine learning
(ML) scientists but also for decision-makers in the
market.

The main aim of this study is to explore the
experience of tourists in environment-friendly hotels in
Tiirkiye based on the content they post on TripAdvisor
portal. To meet the goal of the study, we retrieved the
data from the TripAdvisor portal, LDA was utilized to
discover the dimensions of travelers' experiences, K-
means algorithm was used to segment the customers
according to their criteria ratings, LSTM, and GRU
classification models was deployed and compared. To
simplify the reading of this study, we present a list of
abbreviations used in this study in Table 1.

Abbreviation

Full Term

ML

NLP
LDA
UNWTO
E-WOM
LDA
RNN
LSTM
GRU

Machine Learning

Natural language Processing

Latent Dirichlet Allocation

United Nations World Tourism Organization
Electronic Word of Mouth

Latent Dirichlet Allocation

Recurrent Neural Network

Long Short-Term Memory

Gated Recurrent Unit

2. Literature Review

2.1. Online reviews

Social media provides a substantial source for
interaction, which can be utilized by many research
fields like economy, trade, politics, and education
(Bozkurt et al., 2019). The usefulness and reliability of
online reviews stimulate the endorsement of reviews and
the inclination of customers to trust online retailers
(Shaheen et al., 2019). Customers’ purchase decisions
are heavily affected by online reviews (Huang et al.,
2019). Customers’ preferences located on online
reviews for several sides of hotels not only affect
customers’ booking decisions but also help decision-
makers to enhance the service quality of hotels
continually (Bian et al., 2022). Online reviews have a
considerable impact on determining the pricing strategy
and increasing returns (Tian & Zhang, 2022). Online
reviews represent a powerful type of communication
and electronic word of mouth (E-WOM) where
customers not only can spread their opinions but also
can discuss their experiences, and it is a strong shape of
hotel marketing (Nilashi, Minaei-Bidgoli, et al., 2021).

Online reviews' reliability indicates the trustfulness of
consumers to a specific review that is being read by the
consumers (Wang et al., 2022). There is a powerful
impact of online reviews and rating scores on product
sales in a short timeframe (Ma et al., 2022). Research on
online reviews for airline companies during the COVID-
19 pandemic revealed extremely negative consequences
due to several problems connected to refund strategies
and procedures. Hence, online reviews provide
decision-makers with a perception from customers’
point of view of how airlines are able to deal with the
serious effects of the COVID-19 pandemic (Rita et al.,
2022).

2.2. Text mining, and LDA

The text analysis of online reviews ineluctably
boosts the concept of “text mining” which indicates the
procedure of extracting helpful and beneficial
information from the unorganized text (Alzate et al.,
2022). However, the textual nature of online reviews
presents a complexity in analyzing and interpreting
these social data (Alzate et al., 2022). There are diverse
approaches for mining textual data, which have been

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 130-142 131



deployed in the context of analyzing online reviews,
including machine learning (Arulraj & Daisy, 2021) and
lexicon-based methods (Xianghua et al., 2013). Each
approach has its advantages and shortcomings. Machine
learning approaches need an advanced level of
experience in computational capabilities. As indicated
by (Magoulas & Swoyer, 2020), finding skilled machine
learning professionals by firms is not an easy task. As
the analysis of texts requires specific requirements,
Latent Dirichlet Allocation (LDA) was proposed by
(Blei et al., 2003) to inspect the topics of textual data
and to examine the level of competitiveness between the
products. LDA adopts the concept of a “bag of words”
to reflect the text as a combination of topics with
multinomial dissemination of terms. The document
entails topics, each document has topics with its own
share and terms’ distribution. As an unsupervised
learning approach, it can locate the topics to reflect the
wisdom of the crowds. Supervised approaches entail
learning data that have a target. In context of textual data
approaches Including LSTM, and GRU are used.

Recurrent Neural Network (RNN) models are widely
utilized in sequential data modeling, including natural
language, image/video, captioning, and prediction
(Chimmula & Zhang, 2020; Khaldi et al., 2023). LSTM
is Long Short-Term Memory Network model which is
an extension of RNN (Hochreiter & Schmidhuber,
1997). Since gradient vanishing problem affect the RNN
operation when dealing with longer sequence models,
LSTM introduces memory cells consisting of different
types of gate units, including “output gate”, “input gate”
and “gate forget” (Liang & Niu, 2022). As a different
alternative of LSTM, gated recurrent unit (GRU) is
analogous to LSTM in terms of performance, but its
computational complexity is lower (Jung et al., 2018).
GRU is a simpler, popular, and variant of LSTM and
uses the same gate control mechanism as LSTM (Zhao
etal., 2017).

2.3. Green tourism

Green hotels have been an interestingly important
field of research in recent years, scholars have taken the
topic into consideration growingly and increased
publications related to the topic have been noticed

(Acampora et al., 2022). For customers from several
nationalities, there is a positive effect of hotels adopting
eco-friendly practices on customers’ satisfaction and
customers’ return inclination to environment-friendly
hotels (Berezan et al., 2013). Environment-friendly
hotels have a serious impact on customers’ satisfaction
and return intention (Merli et al., 2019). The definition
of green hotels can be described as eco-friendly estates
that apply eco-friendly behaviors like water saving,
energy saving, and recycling to protect the globe that we
inhabit (Association, 2008). Launched by TripAdvisor
in 2013, the GreenLeaders program aims to encourage
the adoption of green practices in US hotels (Chen et al.,
2022). The research on this topic has integrated the
tourism field along with sustainability aspects and
gained increasing attention (Filimonau et al., 2022).
Starting from 2016, the relationship between echo-
friendly tourism and customer behaviors has been
explored in more than 120 studies (Chen et al., 2022).
Environmental issues represented by water and energy
consumption, carbon emissions, and waste treatments
have gained the attention of policymakers and induced
them to focus on the production of green-friendly
products and services (Verma et al., 2019)

3. Materials and Methods

3.1. Topic modeling (LDA)

Topic modeling technique utilizes statistical
approaches to inspect unstructured texts and investigate
the themes from them. This can be achieved through
structuring the text within a number of topics that reflect
the content of the text using Latent Dirichlet Allocation
(LDA). In the LDA technique, the number of topics
should be determined, indicating that 20 topics have
provided the best performance by several studies
(Williams & Betak, 2018). LDA has been deployed in
text mining studies to explore online reviews and
incorporate customers' perceptions in several areas of
research such as marketing (Huang et al., 2022), online
education (Wei & Taecharungroj, 2022), and
accommodation business (Sim et al., 2021). Figure 1
presents the generative model of the LDA.

Figure 1. LDA Generative Procedure
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3.2. Clustering Approach(K-means)

Following the topic modeling approach, a clustering
technique was deployed to separate the user-generated
content into several segments. Clustering approaches

were utilized in several researches related to user-
generated content analysis (Nilashi, Abumalloh,
Alghamdi, et al., 2021; Nilashi et al., 2022). The k-
means clustering approach was deployed as an iterative
clustering technique that finds the optimal cluster center
through several iterations (E. Zhang et al., 2022) and as
an unsupervised technique. The deployed k-means
method is illustrated in algorithm 1. In order to separate
the n data into specific groups, the K-means algorithm
finds the mean distance between data points. As
presented in algorithm 1, the k-means clustering
approach repeats the calculation of the distances
between data points and assigns centroids to the
specified clusters according to the updated distances
until convergence.

Algorithm 1: iterative K-means clustering

Input  k: the number of clusters, X: A dataset with n data points

Randomly initialize k centroids

Output  Set of centroids (i)
Repeat

Assignment of each data point to its closest centroids.

Update the cluster centers (u,)
Until convergence

Return (u,)

3.3. Classification Model

Finally, In order to classify the reviews and predict
the new ones in terms of being negative or positive we
deployed and compared LSTM, and GRU machine
learning methods. RNN is gaining increasing
importance in natural language processing and text
classification. The simplest RNN cell is ELMAN which
is illustrated in Figure 2, which contains only one hidden
layer.

Figure 2. ELMAN Cell (Khaldi et al., 2023)

The output from the hidden layer in the RNN is also used
as the input for the next value input along with the input
value (Chen et al., 2018). In this way, RNN contains
sequence dependency definition, for example, output
(h_t) carries a dependency ratio to previous outputs as
shown in Figure 2. Therefore, RNN is a successful
recurrent neural network in predicting the next value
(Wu & Noels, 2022).

The LSTM model was proposed by (Hochreiter &
Schmidhuber, 1996) to solve the problem of gradient
vanishing in RNN. LSTM offers memory cells
consisting of several types of gate units, including
“forget gate”, “gate gate”, and “exit gate” in each
recurrent body. As shown in Equations (2.1)-(2.4), the
LSTM unit adds input gate i, forgotten gate f, memory
unit ¢, and output gate based on RNN, which
significantly enhances the long sequence process
performance (Wu et al., 2022). The operation of the
LSTM unit is expressed by Equations (2.1)-(2.5).

ir = o(W; X [he—1] + b)) 1)

ft = oW x [he—q] + byf) 2
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Ce = fr X ¢pq + i X tanh(W, X [he_q, %] + bg)  (3)
0 = o(W, X [he—1,x¢] + by) (4)
h; = o; X tanh (¢;) (5)

At time t i, f;, f;, ¢, 0, represent the input port,
forget port, memory unit, and output port, respectively.
H (hidden layer) represents the hidden layer. The x, w,
b, and c are represented as input, weight, deviation, and
cell respectively. (o) represents the sigmoid function.
An example of the LSTM unit structure was provided in
figure 3.

Ct-1 c
&
D o
Forget gate | Input gate Output gate b
SO—1—
@ @ o)
| |
he—y /

Figure 3. LSTM Structure (Wu et al., 2022)

GRU is similar to LSTM in terms of performance,
however, its computational complexity is lower than
LSTM and removes cell state, and uses a hidden state to
transmit information (Jung et al., 2018). Along with
solving the GRU Gradient vanishing problem, it
combines the forget gate and input gate in LSTM into
the update gate. The GRU consists of two gates, an
update gate (update gate z,) and a reset gate (reset gate
1;). In Figure 4, the structure of the GRU is provided.
The operation of the GRU unit is expressed by
Equations (2.1)-(2.4).

ze = o(Wpxy + Uzhe_q) ©)
= o(Wpx + Uphe—y) @

hi = tanh(Wx; + r, O Uh,_;)  ®
hy=2z,QUh,_1+(1—2z)0Oh; ©

Where time is referred by t, x, and h; are input
vectors. The weight matrices
W, ,U,).W,,U,.),(W,r,U,r) represent the weights for
the reset gate, update gate, and candidate latent state
(h"), respectively. X represents the sigmoid function, ©
represents the Hadamard product, and tanh represents
the hyperbolic tangent function. The structure of GRU
was provided in figure 4.

e

r
S

K Na -}Tanh‘ /

e

&

Figure 4. GRU Structure (C. Zhang et al., 2022)

3.4. Data Collection and Preprocessing

TripAdvisor was utilized to obtain the dataset for this
research. Customers’ online reviews were gathered from
different eco-friendly hotel websites located in Tiirkiye;
which are presented on the TripAdvisor platform. The
TripAdvisor GreenlLeaders program regards the
behaviors of hotels towards green practices and ranks
them according to 4 levels: Bronze, Silver, Gold, or
Platinum; which are displayed notably on the estate's
listing on the TripAdvisor site. Properties which
demonstrate more green actions are able to get higher
TripAdvisor GreenLeaders levels (UNEP, 2013). The
crawling technique was employed to crawl TripAdvisor
hotel sites using their URLs. Selenium library was
utilized to crawl the online reviews from different green
hotels located on the TripAdvisor website. Webdriver
was imported from the Selenium library and google
chrome was utilized for the crawling operation. Reviews
located on TripAdvisor hotel sites are distributed with
around 10 reviews per page. In the crawling technique,
we deployed a loop to navigate through these pages and
get the body of the reviews by their data-reviewid XPath
then get reviews by their XPath. The looping operation
utilized Selenium and for each iteration, to navigate to
the other pages the next button of the page was clicked
and the next URL was given to the crawler. The
operation continues throughout the pages until reaching
the last page of the green hotel located on TripAdvisor.
Figure 5, illustrates an example of the text-based
reviews collected by means of the crawler. The crawler
was built to collect customers’ online reviews related to
the hotels that we aimed to investigate. We gathered
17314 online reviews from different hotels located in
Tiirkiye. The collected reviews’ language is English.
Collected data was cleaned from useless words or
sentences like emails and new line symbols. In addition,
gathered data was checked in terms of the existence of
null values. We avoided encountering unfamiliar
vocables and texts in the results by cleaning the
collected data. Criteria ratings have been collected by
the crawler and missing values have been filled using the
mean of the column to which the data point belongs.
Figure 6. illustrates the criteria ratings generated by the
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users. The research method followed in this study is
presented in Figure 7.

In the customer review classification stage, we
noticed that the customers’ reviews with 4 overall
ratings and higher were positive and the customers’
reviews with 3 overall ratings and lower were negative.
The dataset was consisting of 951 negatives and 16363
positive reviews. In order to train the model with a
balanced dataset we collected more data with negative
reviews and eventually, we built a new balanced dataset

00000
Istanbul for a couple of days

Yulia K wrote a review Aug 2022
Q Everett, Washington 1 contribution

Textual Review

Overall Rating

for the classification model with an overall of 6611
reviews consisting of 3305 positive reviews and 3306
negative reviews. The dataset was separated into train
and test, 80% of the dataset was allocated for train and
20% for test. To train the ML model, the customers’
reviews were converted to numerical values using
Tokenizer API from TensorFlow Keras. Eventually, the
sentences are represented by a sequence of numbers
using texts to_sequences from the Tokenizer object.

“Hotel has a great location, close to all main attractions in the historical part of the city. Awesome

breakfast. Great service overall. All personal is very attentive and happy to help with whatever is needed.
When staying for a couple of days, it's a good choice, perfect for walking or using the tram to get around
the city, also really close to Bosphorus.
Pillows in the rooms are really comfy, and Internet connection is good.”

Read less &

Date of stay: July 2022

Trip type: Traveled solo

review is the subjective opinion of a Tripadvisor mem

Figure 5. Textual Review

& . Ppko2v wrote areview Oct 2022

w ©Botevgrad, Bulgaria  Vcontributio
—-_—

eevee
Wonderfu

(Criteria ratings

1

(Overall Rating )

“Absolutely FABULOUS experience!! We will definitely come back again!! Highly recommend to anyone!!

The staff was EXTREMELY FRIENDLY and nice.
The hotel is fabulous and like an oasis within the crazy busy Istanbul!”

Read less a

Date of stay: October 2022

00000 Value
9099 @® Location
00009 ® Scrvice

Review collected in partnership with Four Seasons @

view is the subjective opinion of a Tripac

dvisor member and not of

Rooms
Cleanliness
Sleep Quality

Figure 6. Criteria Ratings
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Figure 7. Research Method

4. Data Analysis

Online reviews data collected from TripAdvisor
were preprocessed and meaningless words were
excluded. LDA is utilized to discover the satisfaction
dimensions of customers’ online reviews. Gensim
library was utilized to create LDA topic modeling
method. The analysis of the data entails four main
stages; the cleaning and preparation of the social data;
the discovery of satisfaction dimensions from the online
reviews, customer segmentation based on criteria
ratings, and the visualizations of the dimensions. A stage
of online reviews classification is provided in this study
as well. Online reviews are usually short and the LDA
is limited in handling short textual data (Zhang et al.,
2021). Hence, a preprocessing stage of the data is
essential to improve the performance of the generative
model. The preprocessing of the data includes (1)

removing the stop words, (2) removing emails and
newline characters, (3) tokenizing the words, and (4)
cleaning up the text. The stop word list provided by the
NLTK package is extended by adding more stop words
to the list. The Python package; pyLDAvis was
deployed to present the visualizations of the LDA topics.
The number of topics was adjusted until we obtained
non-overlapping segments of data, which leads to 4
main topics as presented in Figure 3. Besides, to
visualize the topics we generated a word cloud of each
topic as presented in Figure 9. The circles in Figure 8
represent the topics, in which the size of the topic
demonstrates its significance. Figure 9, presents the 4
main topics in the online reviews dataset and the most
relevant word distribution related to a specific topic. In
this study, 4 topics are generated and 30 keynote words
for each topic are obtained. The data cloud for each topic
is presented in Figure 9, presenting the higher 15 words
in terms of frequency in that specific topic.
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Figure 9. Generated Word Cloud

K-means clustering was deployed to separate the
customers into groups with similar ratings. In the
clustering approach, 3 segments (k = 3) were regarded.
The outcomes of k-means clustering are illustrated in
Table 2. The Segmentl, Segment2, and Segment3
centroids are [27.392175, 36.879851, 23.958665,
33.388009, 37.600293, 35.423475], [40.050183,
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46.634343,

42.569097,
42.353479], and [47.844337, 48.088739, 49.676296,

42.673045, 43.954379,

47976478, 48.700235, 47.985772] respectively.
Dividing the customers into segments with similar
tendencies through their ratings is important to gain
deep insight into the customers’ preferences. Along with
that, new customers can be assigned to a segment based
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on the distance of their ratings to the clusters’ centroid.
The obtained centroid centers reveal the dimensions
which have more impact on customers' satisfaction. For
example, the obtained results in Table 2 show that in
Segment 1, the customers’ ratings in cleanliness criteria
are higher compared with others in the same group. In
Segment 2, it is obvious that the customers provided
moderate criteria ratings for the entire group, the
customers have given lower ratings for value criteria

Table 2. Cluster centroids

than other criteria, therefore, they have indicated their
less satisfaction related to value criteria. It is clear that
the travelers’ satisfaction with cleanliness criteria is high
compared with other criteria ratings in Segment 2. In
Segment 3, customers' ratings are high in general
throughout the group. In segment 3, It is clear that the
travelers have been notably happy with the service of the
obtained data from the targeted green hotels.

Attribute Segmentl Segment?2 Segment3
Value 27.392175 40.050183 47.844337
Location 36.879851 42.673045 48.088739
Service 23.958665 43.954379 49.676296
Rooms 33.388009 42.569097 47.976478
Cleanliness 37.600293 46.634343 48.700235
Sleep Quality 35.423475 42.353479 47.985772

LSTM and GRU were deployed to classify
customers’ reviews into either positive or negative. In
both LSTM and GRU, adam optimizer, and sigmoid
activation function were used. The used number of
epochs for training the model is 15 epochs. The training
and validation loss curve of the LSTM model is
presented in Figure 10. The accuracy curve of the LSTM
model is illustrated in Figure 11. The accuracy obtained
for the LSTM model was 0.8670 and the obtained loss
was 0.3297. The precision, recall, and f-1 score of the
LSTM model was provided in Table 3. It is obvious that
the curve of training was decreasing towards zero in the
training and validation loss, and increasing towards 1 in
the accuracy in both LSTM and GRU models.

LSTM model training and validation loss

—— Training loss
validation loss
0.50 1

0.45 -
2 0.40
|

0.35 4

0.30 1

0.25

T T T T T T T T
0 2 4 6 8 10 12 14
epoch

Figure 10. LSTM model loss curve
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]
N
]
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@
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0.775 1

0.750 4
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Figure 11. LSTM accuracy curve

Table 3. Results of the LSTM model

Category Precision Recall F-1 score
Negative 0.87 0.87 0.87
Positive 0.86 0.86 0.86

GRU model was trained using the collected balanced
dataset as well. GRU model training and validation loss
are depicted in Figure 12. GRU model accuracy is
illustrated in Figure 13. The obtained accuracy in the
case of GRU was 0.8700 and the obtained loss value was
0.3408. The precision, recall, and f-1 score of the trained
GRU model was provided in Table 4.
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Table 4. Results of the LSTM model

Category Precision Recall F-1 score
Negative 0.88 0.87 0.87
Positive 0.86 0.87 0.87

5. Results and Discussion

Data collection and machine learning application on
the dataset results reveal the main topics and the main
features that impact the customers’ attention. We
modified the number of topics given to LDA until we
found that 4 topics is the appropriate number of topics
that showed non-intersecting clusters with adequate
space between the topics reached. The results of the 4
main topics are depicted in Figure 8, and Figure 9. We
can infer from Figure 9. the main criteria and main
features that caught the customers’ attention. Topic 1
focuses on properties like pools, restaurants, terrace
views, etc., Topic 2 concentrates on beverage services
like drinks, tea, coffee, etc., Topic 3 words cloud is
centered on other quality features such as the time, hour,
night, day, etc., and finally, Topic 4 considered general
services like staff, breakfast, stay, etc. Following
revealing satisfaction dimensions from the obtained

dataset, customers were partitioned into 3 segments
using the k-means clustering technique. The extracted
segment revealed customers' behaviors for each rating
criterion. We can infer from cluster centroids in Table 2.
that customer satisfaction in Segmentl, Segment2, and
Segment3 are low, moderate, and high respectively. In
Segmentl, the customers’ satisfaction has been high
with cleanliness and location criteria, and low with the
service criteria, Generally customers’ satisfactiin in
Segmentl is relatively low compared with the other two
segments. In Segment2 the customers have been more
satisfied with the cleanliness criteria and less satisfied
with value criteria compared with the other criteria in the
same group, and the customers’ satisfaction in
Segment?2 is relatively moderate. Finally, in Segment3
the customers’ satisfaction is high, especially for service
criteria where the customers have been highly satisfied
with the 49.676296 centroid center. cluster centroid.
These presented features in the extracted 4 topics and the
extracted centroids for each segment can help hotel
managers and decision-makers to understand the
customers’ concerns about green hotels. Hotel managers
and decision-makers can know by these topics and
features what sections they should enhance in their eco-
friendly hotels as well.

As presented in Figure 9, four main topics were
extracted from the online reviews, we refer to Topic 1 as
facilities-centered, Topic 2 as beverage-centered, Topic
3 as timing-centered, and finally, Topic 4 as services-
centered. From this clustering, we can confirm the
alignment of our findings with the results of previous
literature in similar contexts. The facilities in the hotels
such as rooms, pools, and restaurants are vital for the
choice of the hotel and the assessment of the overall
tourism experience (Bauer et al., 1993). Beverages and
drinks also gained the interest of researchers in the
tourism and hospitality businesses (Park et al., 2016;
Tiirker & Siizer, 2022). Timing in terms of services such
as check out, dining, and room services is important for
tourist satisfaction and has been explored in previous
literature (De Palma et al., 2018). Finally, the important
role of service quality in the hotel industry has been
endorsed in previous literature through empirical
outcomes (Fan et al., 2022; Harif et al., 2022; Perramon
et al., 2022). As presented in table 2. customer
segmentation has been utilized in several researches due
to the significance of centroids in the prediction of new
customers’ satisfaction by means of their criteria ratings
(Nilashi, Abumalloh, Alghamdi, et al., 2021; Nilashi et
al., 2022).

In this study, in order to classify the customers’
reviews in terms of being positive reviews or negative
we trained LSTM and GRU models. From the results,
we can infer that in this experiment GRU model gives
an accuracy of 0.8700 which was higher than the
accuracy of LSTM with 0.8670. The model shows
successful results which is able to recognize whether a
customer’s review iS negative or positive with a high
rate of accuracy. LSTM, and GRU which is an extension
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of RNN that solved the problem of gradient vanishing
play a key role and had been widely utilized in text
classification in the literature (Liang & Niu, 2022;
Moirangthem & Lee, 2021; Wadud et al., 2022).

Our results support the findings of previous literature
in the context of green tourism as these factors were
located as important drivers of customers satisfaction in
the study by (Bauer et al., 1993; D’ Alessandro, 2016; De
Palma et al., 2018; Kim et al., 2016; Park et al., 2016;
Zamparini et al., 2022).

6. Conclusion

Revealing customers’ expectations are pretty
important for the tourism sector and particularly for
green tourism practices in hotels. In this study, we
collected online review data which is considered an
important type of big social data generated by users on
the TripAdvisor site using a crawling technique that
crawled online reviews from hotel sites using their
URLs. Gathered data preprocessed, stop words were
deleted and extended, extended stop words contained
meaningless words and repeated words, emails and
newlines were removed, words were tokenized, and the
text was cleaned. The most important features that
gained tourists' interest were discovered by utilizing the
LDA topic modeling technique. In order to understand
the customers’ behaviors better we partitioned the
customers into 3 main groups using the k-means
clustering technique. Finally, a new balanced dataset
was built in order to be utilized in the classification
model. After the data preprocessing stage LSTM and
GRU were trained, and GRU was given higher accuracy.
Consequently, GRU was deployed.

Traveler satisfaction is fundamentally significant in
the tourism sector and particularly in environment-
friendly hotels. This study utilized online reviews in
echo-friendly hotel sites and applied natural language
processing techniques on the online reviews to discover
the travelers’ satisfaction dimensions. Research findings
show t 4 major satisfaction dimensions that we covered
in the discussion section. These dimensions are highly
important for green hotels to take into consideration.
Hotels can enhance the main features in their area based
on these dimensions extracted from travelers’ online
reviews. The research presented insights for decision-
makers in the tourism industry by revealing the
important factors for tourists’ experiences and clustering
the customers with similar rating behavior.

7. Limitation of Study and Future Work

The study has a few limitations in terms of the
collected data and the deployed method. The data was
collected from one online social platform; TripAdvisor;
regarding its popularity among tourists, other portals can
be utilized to investigate tourists’ perceptions more
broadly. The deployed method focused on discovering
the dimensions of travelers' satisfaction using the LDA,
segmenting the customers into groups with similar

rating behavior, and training comparing the proposed
ML models for the classification of the collected
customers’ reviews. other research models that entail a
survey-based approach, and customer prediction using
fuzzy logic approach can present a wider perception of
the ranking of the importance levels of the discovered
satisfaction dimensions
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Abstract

Optimal Reactive Power Dispatch (ORPD) is a significant research area in terms of maintaining the reliability and safety of the
power system and operating it more economically. ORPD problem can be formed from a variety of perspectives including the
minimization of the active power losses and voltage deviation, and improving the voltage stability performance. The majority of
methods so as to deal with ORPD problem is meta-heuristic techniques because of the complex, non-linear and non-convex nature of
the problem. In this paper, a new physic-based meta-heuristic algorithm, Equilibrium Optimizer (EO), is proposed for ORPD
problem to reach the optimal settings of control variables such as voltage magnitudes in PV buses, tap positions of transformers and
reactive power support of shunt devices. The introduced algorithm is evaluated on IEEE 30-bus test system by using various
objectives, and a comparison of the implemented method to other optimization techniques described in the literature is utilized to
assess its efficacy. Simulation results and statistical indicators demonstrate that the EO algorithm validates its computational efficacy
and robustness in handling the ORPD problem.

Keywords: Equilibrium optimizer, meta-heuristics, optimal reactive power dispatch, optimization algorithms.

Optimal Reaktif Gii¢ Dagitimi i¢in Equilibrium Optimizasyon Algoritmasi

Oz

Optimal Reaktif Gii¢ Dagitimi (ORPD), sebekenin giivenilirligini ve giivenligini saglamak ve gii¢ sistemini daha ekonomik bir
sekilde igletmek agisindan Onemli bir arastirma alanidir. ORPD problemi, aktif giic kayiplarinin ve gerilim sapmasinin en aza
indirilmesi ve gerilim kararlilik performansinin iyilestirilmesi dahil olmak iizere ¢esitli agilardan olusturulabilir. ORPD problemiyle
basa ¢ikmak i¢in kullanilan yontemlerin ¢ogu, problemin karmasik, dogrusal olmayan ve digbiikey olmayan dogasi nedeniyle meta-
sezgisel tekniklerdir. Bu ¢alismada, ORPD probleminin PV baralardaki gerilim biiyiikliikleri, transformatorlerin kademe pozisyonlari
ve sont ekiomanlarin reaktif gii¢ destegi gibi kontrol degiskenlerinin optimal ayarlarina ulagmasi igin fizik-tabanli yeni bir meta-
sezgisel algoritma olan Equilibrium Optimizer (EO) onerilmistir. Tanitilan algoritma, cesitli hedefler kullanilarak IEEE 30-baral: test
sistemi iizerinde degerlendirilmistir ve etkinligini tespit edebilmek i¢in uygulanan yontemin literatiirde agiklanan diger optimizasyon
teknikleri ile karsilasgtirilmasi yapilmistir. Simiilasyon sonuglari ve istatistiksel gostergeler, EO algoritmasinin ORPD problemini
¢Ozme agisindan etkinligini ve saglamligini dogrulamaktadir.

Anahtar Kelimeler: Equilibrium optimizasyon algoritmasi, meta-sezgisel, optimal reaktif glic dagitimi, Optimizasyon algoritmalari.

power system to keep voltages on all busbars within
acceptable limits and reduce the active power losses.
Reactive power flow should not be disregarded since
4 it's used by inductive loads and some types of
be seen as a subproblem of Optimal Power Flow (OPF) equipment in the power system. Hence, reactive power
(Biswas et al., 2019; Elsayed & Elattar, 2021). generation in a power system should be adequate to
Although the reactive power only circulates in the satisfy the related components without causing
power system, it is indispensable for voltage stability additional power loss and undesired voltage drop.

1. Introduction
The Optimal Reactive Power Dispatch (ORPD) can

and power transfer (Saddique et al., 2020). Reactive
power control and management are required in the
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The objective of ORPD can be minimizing the
active power loss based on the premise that reactive

Recieved : 26 Feb 2022
Accepted : 22 June 2023


https://orcid.org/0000-0003-2263-4066

power flow increases the active power losses and
voltage deviations of load buses in the network, and
enhancing the voltage stability. Control variables such
as generator bus voltages, transformer tap positions and
reactive power support of the shunt compensators or
reactors are modified in order to achieve the desired
objective. (Li et al., 2013) has concentrated to
minimize the active power losses while (Gangotri &
Bhimwal, 2010) and (Robbins & Dominguez-Garcia,
2016) have focused on improving the system security
through the voltage stability index and voltage
deviation equations, respectively. (Nguyen & Vo,
2020) has tackled the ORPD problem in different
perspectives such as the minimization of active power
loss, voltage deviation and voltage stability index. It is
worth mentioning that constraints related to the power
system such as power balance, the reactive power
capability of generators and shunt compensators or
reactors, limits of bus voltages and transmission lines
should be maintained during the optimization process.

The ORPD is modeled as a nonlinear programming
problem, and some conventional techniques such as
Interior Point Method (Granville, 1994) and Quadratic
Programming (Grudinin, 1998) have been utilized so as
to solve this challenging problem. However, the
majority of ORPD approaches are meta-heuristics due
to the non-linear character of the problem(Saddique et
al., 2020). There are many investigations implemented
to solve the ORPD problem by using meta-heuristic
algorithms such as Gravitational Search Algorithm
(Duman et al., 2012), Grey Wolf Optimizer (Sulaiman
et al., 2015), Particle Swarm Optimization (Singh et al.,
2015), Coyote Optimization Algorithm (Giiveng et al.,
2020), Barnacles Mating Optimizer (Sulaiman et al.,
2020) and some hybrid techniques (Nasouri Gilvaei et
al., 2020; Shaheen et al., 2021). The reason of this
valuable attention has been given to the meta-heuristics
is that they have capable of effectively solving a
variety of large-scale complex problems. However,
they could diverge to local optima and do not guarantee
to figure out the best solution. Another drawback of the
meta-heuristics is the long solution time at
computationally  expensive problems. Therefore,
researchers maintain to investigate the most suitable
meta-heuristic algorithm in terms of solving capability
and robustness to deal with the ORPD problem.

This paper focuses on determining the appropriate
control parameters for reducing the active power losses
of the IEEE 30-bus test system and explains how to
implement the novel Equilibrium Optimization strategy
in order to improve voltage profiles. Comparative
analyses have been conducted with well-known meta-
heuristic techniques in the Literature in order to
demonstrate the effectiveness of the proposed EO
algorithm in solving the ORPD problem.

The rest of the paper is organized as follows. First
of all, the objection functions and constraints to be
used in ORPD are explained in Section 2. In Section 3,
the proposed Equilibrium Optimizer algorithm is

introduced to deal with the ORPD problem. Section 4
presents the results and statistical indicators for case
studies. Finally, the conclusion is reported in Section 5.

2. Problem Formulation

The ORPD problem purposes to minimize the
investigated objective  function while meeting
operational equality and inequality constraints,
obtaining the best solution for independent control
variables. The ORPD shows a non-linear and non-
convex behaviour, and it’s an NP-hard problem, which
means it’s tough to solve using mathematical methods.
The general frame of the ORPD (Biswas et al., 2019),
including equality and inequality constraints, can be
written as follow:

Minimize: f(x,u) 1)
Subject to: g(x,u) < 0and h(x,u) =0 2)

where x and u represent control and state variables
of the problem respectively. f symbolizes the
objective function, g and h stand for inequality and
equality constraints.

Independent control variables of the ORPD
problem consist of voltage magnitude of the PV bus,
tap position of transformers and reactive power
injected into the network by the shunt devices, which
all of them creates the search space of the problem.
Although transformers and shunt devices tap positions
need integer variables, they are considered as decimal
in this study in order to achieve the optimal point more
effectively. The set of independent control and
dependent state variables can be created as follows:

xT = [Vgl,..,VgNg,Tl,..,TNt, ch,..,QcNC] 3)
u” = [Qgu,-s Qags Vi Vi S1o - Sr | 4)

2.1. ORPD Functions

The objective function of the ORPD can be
modelled with three different perspectives, which are
the minimization of the active power losses, voltage
deviations and voltage stability index. Furthermore,
these objectives can be handled together by using the
multi-objective optimization concept.

2.1.1. Active Power Loss

The ORPD problem's initial objective is to reduce
the total active power loss in the network, which may
be expressed as (Nasouri Gilvaei et al., 2020):

Minimize: f; = Pyyqs(x, 1) - ®)
Np Np

Z Z Gy[(V? + V7 = 2ViVj cos 8)] i # j

i=1 j=1
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where Ny represents the number of buses, V; and V;
are the voltage magnitude of the bus i and j
respectively, 8;; and G;; symbolize the difference of
voltage angles and the conductance of the transmission
line between bus i and j respectively.

2.1.2. Total Voltage Deviation

The second target to be optimized in ORPD
problem can be the minimization of the total voltage
deviation like given in (Abaza et al., 2021):

Minimize: f, = TVD(x,u) - (6)
Ny
= Z|Vi - Vref|
i=1

where N; symbolizes the number of PQ or load
buses, V; is the voltage magnitude of the i PQ bus and
Veer represents the reference voltage magnitude
considered as 1.0 pu.

2.1.3. Voltage Stability Index

Another option that can be utilized in the ORPD
problem as an objective is the improvement voltage
stability of the power system. The capacity of a power
system to keep the voltage within its limit at each bus
in the network under normal operating circumstances is
referred to as voltage stability. When a system is
subjected to a disturbance, such as a surge in load
demand or a change in the system configuration, it
might experience voltage instability, which can result
in a gradual and unpredictable drop in voltage. As a
result, improving a system's voltage stability is a
crucial aspect of power system management and
planning (Ettappan et al., 2020).

The improvement of the voltage stability can be
accomplished by minimizing the voltage stability
criteria known as the L-index, a scalar value having a
range of [0,1], at each PQ bus (Nasouri Gilvaei et al.,
2020). A maximum value of the L-index results near 0
indicates that the system is almost stable, while a value
close to 1 indicates that the system is on the verge of
reaching voltage collapse (Rajan & Malakar, 2016).
The L-index of the j™ PQ bus can be calculated as
follows (Kessel & Glavitsch, 1986):

Minimize: f; = VSI(x,u) = Ly — ()
= Lpax = maX(Lj) VjEN, (8)
N, Vi .

L= |1 —Zi;quijV—j ,Vj EN, (9)
Fij = _[Y1]_1[Y2] (10)

IPQ] )4 Yz] VPQ]
= 11
Ipy Y3 YullVpy 4

2.2. Equality Constraints

Equality constraints in ORPD are commonly
represented by power balance equations for both active
and reactive power, which ensure that the load demand
is satisfied by taking into account the power losses, and
are depicted as follows:

Py — Py = Vil Z?Ifllm (Gyj cos 6;; +
Bij sin 6”), Vi € NB

N
Qgi — Qu = Vi1 3;2,|Vj| (Gyj cos 6,5 —
Bij sin 0,:]'), Vi € NB

(12)

(13)

where Ny symbolizes the total number of buses in
the power system, Py;, Py, Qgi, Qi and B;; represent
active and reactive power generation and demand in
bus i and line susceptance between i and j™ buses,
respectively. Except for the slack bus, whose output is
a dependent variable since it is affected by power
losses, all active power generation of PV buses is fixed.
The Q; is also a state variable because the reactive
power injected varies when the control variables are
changed.

2.3. Inequality Constraints

Control and state variables are the two forms of
inequality constraints used in ORPD. The transformer
output, generator bus voltages, and the reactive power
provided by the shunt capacitors are all control
variables, while active power generation at the slack
bus, reactive power generation at the PV bus, voltages
of the PQ bus, and power flow of transmission lines are
among the state variables. The inequality constraints on
control variables can be written as follows:

Vit < Vg S ViR, Vi € N, (14)
T < T, < T, Vi € N, (15)
erilin < Qci < erilax'Vi € NC (16)

The inequality constraints on state variables can be
created as follows:

Q™ < Qi < QR Vi €N, 7
Vi < [Vl < VP, Vi E N, (18)
S, < S vi € NT, (19)
Pgr?in <P, < Pg’?“",s = slack (20)

Voltages in PQ buses and the loading levels of the
transmission lines can be considered as security
constraints, while reactive power generations of units
are related to the operational limitations.
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2.4. Constraints Handling

A suitable solution to the ORPD problem can only
be achieved by complying with the relevant
constraints. The inequality constraints on independent
control variables have already been satisfied through
determining upper and lower limits that meta-heuristic
algorithm can allocate. However, there is a need to be
concerned with inequality constraints on dependent
variables. Reactive power limits of generators and
active power limit of the slack bus can be determined
while using the Newton Raphson power flow equation
so that if control variables violate these constraints,
power flows will take place according to allowable
limits, which means that the exact value of the control
variable will not be satisfied. On the other hand, the
voltage limit of PQ buses and transmission line thermal
limits are constraints that need to be addressed in the
solution process.

Various papers such as (Rajan & Malakar, 2016)
and (Ettappan et al.,, 2020) have resolved the
compliance problem to the constraints by using the
punishment and aggregating method so that any
violation in constraints reduces the solution quality of
the objective function. Therefore, the objective
function of ORPD can be reconstructed through
binding related constraints to the function as a penalty.

Minimize: P = fo,; + w, + ws (21)
where,

w, = A, Z?’:ll{max (0, abs(V; — Vi”m))}2 (22)

ws = Ag Yo {max (0, S; — /)2 (23)

plim — {Vimax' if v >y (24)

Vimin’ lf I/L < Vimin

where w, and w, are punishments relevant to
voltage violation in PQ buses and overloading in
transmission lines while 1, and A, represent constant
penalty coefficients, f,,; symbolizes the main
objective, which can stand for one of the objectives,
including power loss, voltage deviation and voltage
stability index. It is worth mentioning that f,,; can be
also designed as a multi-objective framework by using
either the aggregating method or pareto-optimality
technique.

3. Equilibrium Optimizer

The Equilibrium Optimizer has been constructed
based on control volume mass balance models used to
estimate both dynamic and equilibrium states
(Faramarzi et al., 2020). Position (concentration) of
each particle represents search agents in EO. To finally
reach the equilibrium state, which means an optimal
solution, the search agents update their positions at
random with regard to the best-so-far solutions, termed

equilibrium candidates. EO has been created in order to
deal with single-objective optimization problems and
position updating rule implemented can be written as
follow:

-

= = =3 - 5 =
C=Coq+(C— Cog)F+3(1—F) (25)

where, € is the new position vector of each particle,
Eeq represents equilibrium point retrieved from a pool
comprising some best solutions, F is an exponential
term and G is generation rate. The second term of the
equation allowing to investigate a wider range in
search space is related to a difference in concentration
between a particle and the equilibrium state. Particles
act as explorers by searching the entire search space in
this way. On the other hand, the third term associated
with the generation rate ensures the exploitation of
obtained search areas with short steps, though it can
also serve as an explorer. The extended formulations of
these terms are given as follows:

F) — alsign(F _ 0_5)[6—Zt — 1] (26)
D — e (@
t=_1 Maxlter) Maxle 1)
Coq = random. choice(Coq poor) (28)
5eq,pool = (5eq(1)'--'5eq(4)' 564(11”9)) (29)
ﬁeq(avg) _ ng(1)+Ceq(2):Ceq(3)+Ceq(4) (30)
G= GF 31
Gy = GCP(Coq — 10) (32)

——= (051, 1, =GP
{0, r, <GP (33)

where a; is a constant coefficient controlling step
size in exploration phase, a, is a constant coefficient

that regulate exploitation phase, # and 1 are uniform
distributed random vector between 0 and 1, r; and r,
are uniform distributed random number between 0 and
1, GCP is generation rate control parameter and GP is
generation probability.

The equilibrium pool 5eq,poo, comprise best four
particles obtained until related iteration and average
value of these particles. These four particles improve
the exploration capabilities of the algorithm, whereas
the average particle strengthens the exploitation ability.
The main tool in order to exploit the promising region
is the generation rate G. The higher the GP generation
probability, the lesser particle takes advantage of the
generation rate since GCP that is generation rate
control parameter becomes zero. Another meaningful

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 143-151 146



expression is sign(¥ — 0.5) determining the motion
direction of each particle.

A proper balance between exploration and
exploitation phases should be constructed in all meta-
heuristic approaches so as to acquire quality solution.
In EO, exploration phase is conducted by generation
probability and a, constant while exploitation stage is
performed through memory saving (like ppes; Of
particle swarm optimization) and a, constant.
Equilibrium pool and sign(¥ — 0.5) term are also
crucial terms for establishing balance between phases.

During the first iterations, the individuals are all
spatially isolated from one another. The algorithm's
capacity to explore the space broadly is confirmed by
updating the concentrations depending on these
candidates of equilibrium pool. At first iterations, when
particles are far apart, the average particle of
equilibrium pool also assists in the discovery of
unknown search areas. The concentration update
mechanism will help in local search around the
candidates since individuals of equilibrium pool are
close to each other in the last iterations. Therefore, the
equilibrium pool manages either exploration or
exploitation phases according to iteration level.

4. Result and Discussion

The IEEE- 30 bus power system has been utilized
as a test system to validate the efficacy and robustness
of the proposed EO Algorithm based Reactive Power
Dispatch. The EO is executed in the Python
programming language with PSS/E 35.2 software
package, and numerical tests are performed on a
computer with an Intel® Core™ i7-8850U CPU at
2.60GHz with 16GB of RAM. To solve the ORPD
problem with EO, the Mealpy software package (Thieu
& Molina, 2021), a set of state-of-the-art Meta-
heuristic algorithms in Python, is used.

4.1. IEEE 30 bus system

There are six generator units located at buses 1, 2,
5, 8, 11, and 13 — bus 1 is chosen as slack bus, twenty-
four load buses with 2.834 pu and 1.262 pu for both
active and reactive power demand, four regulating tap-
changing transformers at branches 4-12, 6-9, 6-10 and
28-27, and nine shunt VAR capacitors at the buses 10,
12, 15, 17, 20, 21, 23, 24, and 29 in the IEEE 30-bus
system. The limit of voltage magnitude is considered
between 0.95 and 1.1 pu for generator buses and 0.90
and 1.1 pu for load buses. The maximum output of the
shunt capacitors is determined as 5 MVar while the
transformer tap settings have been configured to vary
between 0.9 and 1.1 pu. The test system data is
available in (Pg_tca30bus, n.d.).

4.2. Experimental Case Studies

On the IEEE 30-bus test system, the EO approach is
performed to minimize the penalty function, including
the active power loss, total voltage deviation or voltage
stability index as a single objective function with the
penalty terms related to mentioned constraints. Six
different cases have been evaluated in the test system
in order to compare the effectiveness of EO according
to the other meta-heuristics in the Literature. Table-1
shows the generation amounts adjusted to implement
the first and second three cases. Every three cases
consist of the objectives of the minimization of the
active power loss and voltage deviation, and the
improvement of the voltage stability. It is worth
mentioning that A, and A, penalty coefficients
(equation 22 and 23) are 500 and 700 as in (Rajan &
Malakar, 2016). It should also be emphasized that each
objective function is subjected to 30 trial runs with
determining the population size and iteration as 50 and
1000, respectively. The results have been compared to
those obtained using numerous meta-heuristics,
including GSA (Duman et al., 2012), COA (Giiveng et
al., 2020), ABC (Ettappan et al., 2020) and SMA
(Elsayed & Elattar, 2021), implemented for addressing
the same ORPD problem to demonstrate the advantage
of EO.

Table 1. Generator data for IEEE 30-bus test system

Bus Rg (MW) Qg,min Qg,max

No Case 1,2,3 Case 4,56 (Mvar) (MVar)
1 Slack Slack -20 150
2 75 80 -20 60
5 40 50 -15 62.5
8 30 20 -15 48.7
11 25 20 -15 40
13 30 20 -15 46.5

Table 2 presents the optimal values for all control
variable ranges in case studies in order to minimize the
relevant objective functions. It can be recognized in
Table 2 that the EO is capable of reducing the power
loss to 4.108 MW in case-1 and 4.54 MW in case-4.
The percentages of reduction in power loss are 23.61%
in case -1 and 21.99% in case-4 according to the base
case values. There are a total of 24 load buses in the
system under investigation and the highest conceivable
cumulative total of TVD would theoretically be 2.4 pu
(i.e. 24x((1.1-1.0) or (1.0-0.9))) if all of these buses run
at their limits. Therefore, the total voltage deviation
value for the 30-bus system should never exceed 2.4 pu
in order to keep the load bus voltages between 0.9 and
1.1 pu and the achieved TVD values because of the
minimizing the power losses are 1.87, which means
that there will be no violation for both case-1 and case-
4. On the other hand, if we turn the objective function
into the total voltage deviation perspective, the optimal
values of TVD in case-2 and case-5 are 0.14 and 0.115
pu, resulting in higher active power losses according to
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the base cases. However, if the voltage stability index
is chosen as the objective, the L indexes in case-3 and
case-6 are obtained as 0.09762 and 0.09758, which do
not significantly increase the active power losses.

Table 2. The results of EO at different cases

from EO have been achieved in the voltage stability
index objective. The L-index results of EO for cases 3
and 6 are superior in comparison with other meta-
heuristics. Nonetheless, the best results for TVD are

Control Variables Base Case Base Case Case-1 Case-2 Case-3 Case-4 Case-5 Case-6
(1'2'3) (4'5'6) (Ploss) (TVD) (Lindex) (Ploss) (TVD) (Lindex)
Vg1 1.05 1.05 11 0.9835 1.0953 11 0.9814 1.0997
Vg2 1.04 1.04 1.0945 1.0746 11 1.0942 0.9607 11
Vg3 1.01 1.01 1.0733 1.0129 1.0993 1.074 1.0566 1.1
Vga 1.01 1.01 1.0809 1.0862 1.0899 1.0764 1.0135 1.0939
Vgs 1.05 1.05 1.1 1.0735 0.9625 11 1.0530 0.9642
Vg 1.05 1.05 11 1.0407 0.9504 11 1.0598 0.9970
Ty12 1.032 1.032 0.9856 0.9948 0.9012 0.98 1.0961 0.9
Te—o 1.078 1.078 1.0433 1.0429 0.9260 1.0489 1.0680 0.9222
Te—10 1.069 1.069 0.9034 0.9 0.9 0.9 0.9 0.9
Ty7_2g 1.068 1.068 0.9638 0.9461 0.9287 0.9748 0.9478 0.9261
Q10 0 0 0 0 3.86 2.97 5.0 0
Q12 0 0 0 0 0 0.06 2.9 0
Q11 0 0 4.98 0 0 3.26 3.28 0
Q17 0 0 4.96 0 0 4.87 3.17 3.6567
Q20 0 0 4.56 45 0 4.99 5.0 0
Q21 0 0 4.86 0 0 4.93 3.70 0
Q23 0 0 0 0.7 0 4.94 4.35 0
Q24 0 0 5 4.3 0 2.97 4.78 0
Q29 0 0 0 0 0 1.1 6.98 0
P 5.38 5.82 4.108 6.25 5.19 4.54 6.9464 5.58
TVD 1.19 1.19 1.87 0.14 1.89 1.87 0.115 1.87
Lindex 0.24897  0.24548  0.105 0.12 0.09762 0.17 0.1241 0.09758
% Reduction - - 23.61 88.24 60.79 21.99 90.34 60.24
Table 3. The comparison of EO with other meta-heuristics
Algorithms Case-1 Case-2 Case-3 Case-4 Case-5 Case-6
(Ploss) (TVD) (Lindex) (Ploss) (TVD) (Limiex)
EO 4.108 0.1349 0.09762 4.54 0.115 0.09758
SHADE-EC (Biswas et al., 2019) 4.4126 0.08886 4.8612 0.08724 -
COA (Giiveng et al., 2020) 4.41238 0.08837 4.861183 0.08724 -
GWO-PSO (Shaheen et al., 2021) - - 5.09037 0.27800 -
EMA (Rajan & Malakar, 2016) - - 4.4978 0.061311 0.09797
SMA (Elsayed & Elattar, 2021) - - 45181 - -
SCA (Saddique et al., 2020) - - 4.7086 - -
ABC (Ettappan et al., 2020) - - 4.5804 - -
ECOA (Abaza et al., 2021) - - - 4.547 - -
GLS (Kanagasabai, 2020) 4.216 0.064 0.1160 - - -
FA-APTFPSO (Nasouri Gilvaei et ) ) 4.8664 0.0841 0.1186
al., 2020)
PSOGSA (DUMAN, 2018) - - 4.5950 0.1234 0.1242
BMO (Sulaiman et al., 2020) - - 4.5862 - -
GSA (Duman et al., 2012) - - 4.51431 0.067633 0.11607

Table 3 compares the solutions of EO with the
results obtained from different methods in the IEEE
30-bus system. As can be seen in Table 3 that the
active power loss value obtained from EO in case-1 is
the best one among the published results. It should be
stated at this point that the range of the voltage limit for
the load buses is determined within 0.9 pu and 1.1 pu
in this study. The other effective solutions acquired

provided by Green Lourie Swarm Optimization
(Kanagasabai, 2020) for case 2 and Exchange Market
Algorithm (Rajan & Malakar, 2016) for case 5. It
should be noted that comparing the performance of two
methods solely on the basis of numerical values of
outcomes may be inappropriate for a constrained
optimization problem due to using coefficients.
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When it comes to meta-heuristics, not only their
efficacy but also their robustness is critical. Therefore,
a more extensive and in-depth examination is required.
In this direction, Table 4 compares the min, max, mean
and standard deviation outcomes received with EO to
those

meta-heuristic algorithm should refer to the valuable
paper written by (Hussain et al., 2019). it can be said
from these figures that the EO algorithm prioritized
exploitation above exploration for the majority of the
search process. In the first iterations, a balance between
exploitation and exploration is constructed (i.e. nearly

Table 4. The comparison the statistical indicators of EO with other published solutions

Algorithms Indicator Case-1 Case-2 Case-3 Case-4 Case-5 Case-6
(Ploss) (TVD) (Lindex) (Ploss) (TVD) (Lindex)
Min 4.108 0.1349 0.0976 4,543 0.115 0.0975
EO Max 4.198 0.1788 0.0991 4.653 0.175 0.0987
Mean 4.156 0.1572 0.0982 4,588 0.154 0.0981
Std 0.0223 0.0134 0.00038 0.02475 0.013 0.00027
SMA. Min - - - 45181 - -
(Elsayed & Max i ) ) 4.7814 i i
Elattar, 2021) Mean - - - 4.63 - -
Std - - - 0.0979 - -
Min - - - 4.8664 0.0841 0.1186
(Nzgﬂréﬁsig o Max - - - 4.8853 0.0984 0.1198
al., 2020) Mean - - - 4.8689 0.0894 0.1191
Std - - - 0.00504 0.00427 0.00039
SCA Min - - - 4,708 - -
(Saddique et al., Max i ) ) 5.286 i i
2020) Mean - - - 5.030 - -
Std - - - 0.133 - -
Min - - - 4.4978 0.061311 0.09797
(Ri}\:mA & Max - - - 4.50 0.0725 0.1011
Malakar, 2016) Mean - - - 4.4999 0.06558 0.098744
Std - - - 0.0003716 0.0008328 0.000458

obtained from other recently published approaches.
Table 4 illustrates that the EO algorithm testifies its
robustness with low statistical indicators, including
standard deviation.
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Figure 1. Diversity measurement chart of EO

In order to clarify the efficacy of the EO,
performance indicators are presented in Figures 1-6.
Figures 1 and 2 illustrate clear information of
exploration, exploitation, and particle variety in the
population of the EO. It's important to keep in mind
that the reader wondering how to be visualized the
diversity, exploration and exploitation abilities of a

50%-50%), however, after a few iterations, the
algorithm’s behaviour is converted to the exploitative.
This can also be seen in Figure 1, where the diversity
was initially about 0.5 but steadily decreased over the
iterations.
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Figure 2. Exploration and Exploitation of EO

The EO convergence curve is shown in Fig. 3, and
it has strong convergence properties in terms of power
loss optimization. Fig. 4 presents the trajectory of two
individuals of the population in two dimensions. It can
be observed from this figure that nearly the entire
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search space is investigated. Nevertheless, in order to
further clarify the behaviour of the individuals during
the iterations, the trajectory of the first dimension of
the first agent is demonstrated in Fig. 5. It can be
concluded from this figure that frequently transitions
from upper to lower bound occur in most of the search
process, and the alteration in the dimension slows
down at the end of the iterations. Ultimately, the
runtime chart of the EO algorithm throughout the
iterations can be examined in Fig. 6. Although some
function evaluations exceed one second, the general
solution time is roughly 0.8 seconds per iteration (each
with 50 function evaluations). Direct comparisons have
not been implemented with other methods based on
CPU time due to particular hardware properties and
different numbers of function evaluations.
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Figure 3. Convergence curve
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Figure 6. Runtime chart of the EO

5. Conclusions

In this paper, the Equilibrium Optimizer, a recently
developed physic-based meta-heuristic algorithm, is
performed to overcome the nonlinear, non-convex
ORPD problem in the power system. The ORPD
problem is implemented on a standard IEEE 30-bus
test system in order to validate EO's search ability.
Active power loss, voltage deviation and voltage
stability index are calculated with optimization of
network parameters, including the voltage of the PV
buses, tap ratio of transformers and reactive support of
shunt capacitors, under six scenarios. For the systems
under investigation in case-1 and case-4, using the EO
to deal with the ORPD problem resulted in a decrease
in power losses of 23.61% and 21.99% with respect to
the base cases, respectively. The reduction in total
voltage deviation for case-2 and case-5 reached 88.24%
and 90.34% while the improvements of the voltage
stability for case-3 and case-6 were 60.79% and
60.24% according to the base cases.

This paper also includes comparisons of the EO
with other well-known optimization techniques under
different perspectives. The EO is superior among
others in terms of case-1, case-3 and case-6 with the
best solution obtained. Furthermore, the statistical
indicators such as mean and standard deviation of
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independent 30 runs show that the EO is not only an
efficient but also a robust meta-heuristic algorithm in
solving the ORPD problem. The measurement of
diversity, exploration and exploitation allows for more
in-depth analysis of the causes for successful or
ineffective outcomes. The analyses conducted
demonstrate that the EO algorithm has better
exploitation ability as compared to the exploration.

In future, this research can be expanded with the
incorporation of active power loss, voltage deviation
and voltage stability as an objective in a multi-
objective optimization framework based on Pareto-
optimality. Moreover, a better trade-off between
exploitation and exploration abilities and a more
consistent diversity in the population can be
constructed with the modification of the EO algorithm
S0 as to solve the ORPD problem.
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Oz

Giinlimiiz akilli evlerinde 10T (Internet of Things) teknolojisinin alt yapisi kullanilmaktadir. Akilli evlerin kullanimu arttik¢a bu
alandaki siber saldirilar da artmaktadir. Akilli evlere yonelik siber saldirilart miimkiin oldugunca erken tespit etmek ve dnlemek ¢ok
onemlidir. Bu ¢aligmada, akilli evlere yonelik siber saldirilart tespit etmek ve dnlemek ig¢in makine dgrenmesi tabanli bir yontem
nerilmistir. Oncelikle “Home Assistant” teknolojisini kullanarak akilli ev platformu olusturulmustur. Akilli evler, “Home Assistant”
teknolojisini kapsamli bir sekilde kullanir. Olusturulan akilli ev platformu, sensérler ve kameralardan yararlaniyor. insanlar, sensorler
ve kameralar kullanarak evlerini uzaktan izleyebilmekte ve yonetebilmektedir. Gelistirilen akilli ev platformu {izerinde “brute force
ftp”, “brute force ssh”, “dos http flood”, “dos icmp flood”, “dos syn flood”, “syn scan” ve “udp scan” olmak iizere yedi saldiri
gerceklestirilmistir. Toplanan veri seti, “normal” paketlerle birlikte sekiz siniftan olusmaktadir. Sekiz sinif igin toplam 435815 6rnek
veri toplanmugtir. Elde edilen bu veri seti tizerinde XGBOOST algoritmasi kullanilmis ve saldirt tiirleri siniflandirilmistir. Hold-out
80:20 ve Hold-out 70:30 egitim testi verileri igin sirasiyla %92.55 ve %92.49 dogruluk hesaplanmistir. Onerilen XGBOOST
algoritmasinin sonuglari, diger makine Ogrenimi algoritmalarmin sonuglartyla karsilastirilmis ve sonuglarin basarili oldugu
gOriilmiistir.

Anahtar kelimeler: Nesnelerin Interneti, DDOS, Brute Force, Flood, XGBOOST, Home Assistant

XGBoost Based Intrusion Detection Method for Smart Home Systems

Abstract:

In today's smart homes, the infrastructure of 10T (Internet of Things) technology is used. As the use of smart homes increases, cyber
attacks in this area are also increasing. It is very important to detect and prevent cyber attacks on smart homes as early as possible. In
this study, a machine learning-based method is proposed to detect and prevent cyber attacks against smart homes. First of all, a smart
home platform was created using the “Home Assistant” technology. Smart homes make extensive use of “Home Assistant”
technology. The created smart home platform makes use of sensors and cameras. People can monitor and manage their homes
remotely using sensors and cameras. Seven attacks, namely “brute force ftp”, “brute force ssh”, “dos http flood”, “dos icmp flood”,
“dos syn flood”, “syn scan” and “udp scan” were carried out on the developed smart home platform. The collected dataset consists of
eight classes with “normal” packages. A total of 435815 sample data were collected for eight classes. XGBOOST algorithm was used
on this obtained dataset and attack types were classified. For Hold-out 80:20 and Hold-out 70:30 training test data, 92.55% and
92.49% accuracy were calculated, respectively. The results of the proposed XGBOOST algorithm were compared with the results of
other machine learning algorithms and the results were found to be successful.

Keywords: Internet of Things, DDOS, Brute Force, Flood, XGBOOST, Home Assistant.

1. Giris (Introduction)

Bilgisayar ve ag teknolojilerinde yasanan gelmesi ile birlikte hayatimizin hemen hemen her
gelismeler sayesinde internet ¢ok 6nemli bir noktaya alaninda bize katki saglamaktadir (televizyon, bulasik
gelmigtir. Internetin glinlimiizde ¢ok 6nemli noktaya makinesi, akilli ev sistemleri, ulasim araglari,
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kameralar vs.). Internete bagli cihaz sayisindaki bu
artis, Nesnelerin Interneti(IToT) kavraminin ortaya
ctkmasmi saglamistir. Nesnelerin Interneti, fiziksel
nesnelerin  birbiriyle  baglantii  olup  giinliik
gorevlerimizi kolaylastirmak i¢in hem fiziksel hem de
dijital nesneleri entegre eder. Bununla beraber
glinimiizde gelismekte olan internet ve internet ile
baglantili olan cihazlar saldirganlarin hedef noktasi
haline gelmistir. Nesnelerin Interneti (IoT) ozellikli
cihazlarda ve ortamda giivenlik, davetsiz misafirlerin
veya kotii niyetli kullanicilarin, yeterli giivenlik
onlemlerinin eksikliginde IoT ozellikli sistemleri
tehlikeye atma Kkabiliyetleri nedeniyle Onemli bir
konudur (Okegbile and Ogunranti, 2020). Son yillarda
0T alt yapisi, IoT ag anormalligi ve saldir1 tespiti
alaninda ¢alismalar artmakta ve arastirmacilar bu
sorunun tistesinden gelmek icin yontem
gelistirmektedir (Shafiq et al., 2020). Ericsson raporuna
gore (Ericsson, 2020), IOT baglantilari, derin 6grenme
gibi yapay zeka (AI) algoritmalar1 kullanarak algilama
verileri, analiz ederek loT sistemleri tarafindan 26,9
milyara ulasilacagi 6n goriilmektedir.

Bu calismada, IoT agindaki saldirilar i¢in makine
ogrenmesi algoritmast kullanilarak belirlenen etkili
ozellikleri bulmak ve makine dgrenimi yontemlerinin
performansini  optimize etmek icin ADABOOST,
GBM, XGBOOST, LGBM, CATBOOST, MLP, KNN,
DT ve NB algoritmalari kullanilmistir.

1.1. Literatiir Ozeti (Literature Review)

Zhang vd., 10T ag ortami tizerinden DDoS saldirisi
icin hafif bir savunma algoritmas: onerilmis ve farkli
ag diigtimleri arasindaki etkilesimli iletisimi incelemek
icin cesitli senaryolara kargi test etmistir (Zhang and
Green, 2015).

Gupta vd., c¢alismalarinda, IoT sistemlerindeki
zorluklardan, IoT aginda ki giivenlik ihtiyaclarindan ve
IoT giivenliginde devam eden arastirma ve zorluklart
incelemislerdir. Ayrica IoT igin herhangi bir ¢6ziim
tasarlarken  dikkate almmmasi  gereken tasarim
yonergeleri tartisilmistir (Gupta and Shukla, 2016).

Hussein vd., ¢alismalarinda, genel uygulamalar,
Ozellikle gergek  zamanli  sistemlerdeki  kritik
uygulamalar ic¢in bir IoT platformu igin tasarim ve
uygulama onermiglerdir. Ayrica, basit bir iletigim
protokolii  sunulmus, ¢oklu konu  &zelligini
destekleyerek ¢ok konulu mesajlasma igin gerekli olan
trafigi ve gecikmeyi artiracak, Onerilen RTOS
protokolii icin MQTT'ye kars1 bir performans analizi
gergeklestirilmistir. Analiz sonucu Onerilen protokol,
MQTT'den daha fazla ek konu i¢in daha diisiik bayt
ekleyen ¢oklu konu o&zelligi nedeniyle MQTT
protokoliinden daha diisiik gecikme ve daha diisiik
trafige sahiptir (Hussein, Zorkany and Abdel Kader,
2018).

Yavuz, c¢alismasinda derin Ogrenme tabanl
giivenlik sistemi sunmugtur. Derin 6grenme de
kullanilacak ~ veri  seti  Cooja  simiilatéri ile

hazirlanmistir. Calismada, Cooja IoT simiilatorii, 1000
diiglime kadar degisen loT aglarinda yiiksek kaliteli
saldirt verilerinin olusturulmast i¢in kullanilmistir.
Egitilen veri seti ile %99 dogruluk hesaplanmigtir
(Yavuz, 2018).

Ahmed, ¢alismasinda nesnelerin interneti ig¢in yeni
sistemler, bir rakibin hedeflerine ve sistemine bagh
olarak farkli sekillerde birgok tehditle karsi karsiya
olabilecegini vurgulamistir. Saticilara dayali bir model
kullanilarak yapilan bir sistemde, katkida bulunan
saticilardan biri kotii niyetle hareket edebilecegi ve
sistemi  olumsuz ekleyebileceginden bahsetmistir
(Ahmed, 2021).

Lawal vd., c¢alismalarinda, hizli ve dogru saldiri
algilamasini saglamak igin sis hesaplama kullanan 10T
icin bir DDoS azaltma cercevesi Onermislerdir. Sis,
azaltma gergevesinin etkili bir sekilde yerlestirilmesi
icin kaynaklar saglar, bu, kisith kaynak IoT
cihazlarinin kaynaklarindaki acgiklari ¢dzebilmektedir.
Azaltma ¢ergevesi, anormallik tabanli bir saldir
algilama y6ntemi ve bir veri tabani kullanilmistir. Veri
tabani, onceden tespit edilen saldirilarin imzalarini
saklarken, anormallik tabanli tespit semasi, DDoS
saldirilarini  tespit etmek icin KNN siniflandirma
algoritmast  kullanilmigtir.  KNN  smiflandirma
algoritmasimin DDoS saldirtlarinin tespiti igin %99
oraninda dogruluk sagladigi sonucuna varilmistir
(Lawal, Shaikh and Hassan, 2021).

Choi vd., calismalarinda, akilli ev-Nesnelerin
Interneti alanindaki arastirma makalelerini analiz
etmek i¢in, onemli uluslararas1 konferanslarda sunulan
ve saygin dergilerde yaymnlanan makaleleri ¢ikararak
bir bibliyometrik yaklagim izlenmistir. Burada sunulan
bulgular, akilli ev-Nesnelerin Internetinin gelecekteki
yonleri i¢in 6nemli bilgiler sunmaktadir. Ayrica, akill
ev-Nesnelerin internetinin hem temel egilimleri hem de
bilgi alanlar1 sunulmugtur (Choi et al., 2021).

Srinadh vd., IoT uygulamalarindaki giivenlik
tehditlerine ve tehdit kaynaklarma kapsamli bir genel
bakis sunulmustur. Ek olarak, IoT giivenligi
aragtirmasinin mevcut durumu ve IoT giivenligi ve
gizliligi ile ilgili gelecekteki arastirma bilgileri
sunulmustur (Srinadh et al., 2021).

Literatiirde verilen calismalarda IoT sistemlerin
giivenliginin 6nemli oldugu vurgulanmaktadir. Bu
kapsamda akilli evlerde kullanilan cihazlarinda siber
saldirilardan korunmas: gerektigi goriilmektedir.

1.2. Motivasyon (Motivation)

Bu calismanin motivasyonu; akilli ev sistemlerinde
olast saldirilarin tespit edilebilmesi igin makine
Ogrenmesi tabanli yontemlerin uygulanmasidir. Home
Assistant teknolojisi kullamilarak akilli ev ortami
olusturulmustur. Bu akilli ev ortaminda sicaklik, nem
sensorleri, kameralar, aydinlatma, havalandirma ve
diger bilesenler mevcuttur. Gelistirilen akilli ev
sistemine ag izerinden saldirilar diizenlenmistir.
Saldir1 sirasinda paket analizleri yapilarak ozellik
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cikarim1  yapilmaktadir. Elde edilen &zellikler
smiflandirilarak saldiri tespiti yapilmasi amaglanmustir.
Saldirillarin ~ tespiti  i¢in XGBOOST  algoritmasi
kullanilmastir.

2. Gelistirilen IoT Tabanh Akilh Ev Modeli
(Developed loT Based Smart Home Model)

Bu calismada, [oT tabanli akilli ev laboratuvarindan
veri seti toplamak ic¢in Sekil 1’de verilen mimari
olusturulmustur. Laboratuvar ortamimizda Linux
igletim sistemli bir makine, agda ki paketleri toplamak
icin wireshark yiiklii olan Windows isletim sistemi
yiiklii bilgisayar, akilli switch, IoT cihazlar1 ve loT
cihazlar1 akilli ev sistemine baglamak igin kablosuz
erisim noktas1 kullanilmgtir.

KALI Wireshark
10.65.0.149 10.65.0.144

LT LT 0T
: )
& @

:: LiLlLl #
10.650.122 10,65 0.117
LLBLLA

1065.0.137 10.65.0 114

.

o

Sekil 1. IoT akilli ev laboratuvar mimarisi (IoT smart

home laboratory arch itecture)

Sekil 1°de oOnerilen mimari ESP tabanli gomiili
kartlar, sensorler ve diger bilesenler kullanilarak
uygulanmistir. Akilli ev ortami olusturularak sensor
diigiimlerinden olusan bir laboratuvar alt yapisi
kurulmustur. Bu ¢alisgma kapsaminda olusturulan akilli
ev laboratuvar goriintiileri Sekil 2°de sunulmustur.

Sekil 2. Olusturulan akilli ev laboratuvar goriintiileri
(Created smart home lab images)

Sekil 2’de goriilen akilli ev ortaminin uzaktan
izlenmesi ve kontrol edilebilmesi i¢in “Home
Assistant” teknolojisi kullanilmigtir. Home Assistant
lokalde kontrolii ve gizliligi amag edinen agik kaynak
kodlu bir akilli ev otomasyonu teknolojisidir. Agik
kaynak olmasi sayesinde tek bir kurum tarafindan degil
bu alanda ilgili olan  herkes tarafindan
gelistirilebilmektedir. Bir Raspberry Pi {izerinde ya da
mevcut sunucular iizerine kolaylikla kurulabilmekte ve
kullanilabilmektedir. Bu g¢alisma kapsaminda kurulan
deneysel ortam iizerinde Home Assistant uygulamasina
ait ekran gorintiileri Sekil 3’te gosterilmistir.
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Sekil 3. Akilli ev laboratuvarinda Home Assistant
uygulamasi sonuglar1 (Home Assistant app results in smart home
lab)

3. Onerilen Yontem (Proposed Method)

Bu calismada akilli ev ortamlarinda olusabilecek
saldirilarin ~ hizli  ve yiiksek dogrulukla tespit
edilebilmesi i¢in hafifsiklet bir yontem Onerilmistir.
Gelistirilen ~ uygulamanin  adimlart ~ Sekil  4’te
verilmistir.

[ Akilli ev ortaminda saldirilarin gerceklestirilmesi

v

Wireshark ile .pcap dosyalarinin elde edilmesi

v

Tshark ile .pcap dosyalarindan 6zelliklerin gikarilmasi }

!

( Elde edilen 6zelliklerin XGBOOST algoritmasi ile siniflandiriimasi

v v

Hold-out 80:20 [ Hold-out 70:30

Performans sonuglari )

Sekil 4. Bu ¢aligmada gelistirilen uygulamanin adimlari
(The steps of the application developed in this study)

Sekil 4’te de goriilebilecegi gibi 6nerilen yontem ii¢
asamadan olusmaktadir. {1k olarak akilli ev ortaminda
saldirilarin ~ gergeklestirilmesidir. Daha sonra veri
setinin elde edilmesi ve XGBOOST algoritmasi
kullanilarak siniflandirilmast asamalarindan
olusmaktadir.

3.1. Akilli ev ortaminda saldirilarin
gergeklestirilmesi (Performing Attacks In a Smart
Home Environment)

IoT laboratuvar da saldirilar gergeklestirilirken
10.65.0.149 ip adresli Linux isletim sistemi {izerinden
brute force, dos ve scan olmak tizeri 3 farkli saldiri
gergeklestirilmistir. Bu saldirilar brute force ftp, brute
force ssh, dos http flood, dos icmp flood, dos syn flood,

normal, syn scan ve udp scan olmak iizere 8 farkl
sekilde gergeklestirilmistir. Bu saldirilarin taksonomisi
Sekil 5’de gosterilmistir.

Attack Taxonmy

l l l |

Brute Force ‘ -—‘ DOsS ‘ SCAN ‘ ‘ NORMAL ‘
Brute Force FTP ‘ —>{ DOS HTTP Flood SYN Scan ‘
Brute Force SSH ‘ —»{ DOS ICMP Flood ‘ UDP Scan ‘

DOS SYN Flood

Sekil 5. Saldir1 Taksonomisi (Attack Taxonmy)

Sekil 5°’te verilen ‘Brute Force’ saldirilarinin
gerceklestirilmesi icin’ xHydra’ araci kullanilmustir.
‘DOS’ saldirilarinin  uygulanmasi i¢in ‘Hping3® ve
‘Scan’ saldirilarmin gergeklestirilmesi i¢in ‘NMAP’
araclar1 kullanilmastir.

Brute Force; Saldirgan dogru olani tahmin etme
umuduyla IoT cihazlarda parola deneme saldirilar
gerceklestirir. Bu saldirt da ¢ok sayida ardigik parola
deneme istegi var ise brute force saldirisi olarak
tanimlanabilir. Saldirganlar elde ettikleri parola ile
dosyalara erisim saglayabilirler.

DOS; Saldirgan internete bagli IoT cihazi gecici
veya siiresiz olarak agi aksatarak kullanicinin asil
almas1 gereken pakete erigsmesini engellemekte ve ag
trafigini  doldurmaktadir. DoS  saldirilari, web
sunuculari, bankacilik, ticaret, hiikimet ve medya
kuruluslarint hedef almaktadir. DoS saldirilari igin
genellikle sel ve c¢okertme olmak {izere iki yontem
kullanilmaktadir. ‘HTTP Flood’, ‘ICMP Flood’ ve
‘SYN Flood’ saldirilart en ¢ok kullanilan saldirilar
olarak bilinmektedir.

‘HTTP Flood” ag adresine c¢ok fazla trafik
gonderilir, ag iletisiminin  aksamasina neden
olmaktadir. ‘ICMP Flood’ bir makine yerine agdaki
tim bilgisayarlara ping paketi gondererek ag trafigini
doldurmaktadir. ‘SYN Flood’ sunucuya baglanmak
icin istek gonderilir, paket hicbir zaman yerine
ulagmaz. Tim acik baglantilar isteklerle doldurularak
asil  kullanicinin  baglanmamast  saglanmaktadir.
Gelisen teknoloji DoS saldirilarina karst savunma
mekanizmas1 gelistirmistir fakat DDoS benzersiz
ozellikleri nedeniyle yiiksek bir tehdit olusturmaktadir.

SCAN; Bir agda ki hangi baglanti noktalarinin agik
oldugunu belirleme yontemidir.

3.2. Veri Setinin Elde Edilmesi (Obtaining the Data
Set)

Bu asamada, ham ag trafik paketleri toplanmistir.
Bu iglem, toplanan .pcap dosyalarindan 6zellik
cikarilmasint  saglamaktadir. Bu c¢alismada IoT
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laboratuvar  ortaminda  gergeklestirilen  saldirilar
wireshark ile dinlenmistir. Wireshark ile elde edilen
.pcap dosyalarindan 6zellik ¢ikarilmigtir. .pcap
dosyalarindan ~ 6zellik  ¢ikarmak i¢in  tshark.exe

kullanilmistir. Cikarilan ozelliklerle ilgili 6zellikler
Tablo 1°de verilmistir.

Tablo 1. Saldin paketlerinden elde edilen 6zellikler (Features obtained from attack packs)

Ozellik Adi Ozellik Tanim
1 ip.len Ip adres uzunlugu
2 ip.flags.df Datagramin pargalanma degeri
3 ip.flags.mf Datagramin ek parga degeri
4 ip.ttl Datagramin 6mriiniin degeri
5 ip.proto Sonraki kapsiillenmis protokol degeri
6 ip.version Ip versiyon degeri
7 udp.port UDP portu
8 tcp.windows_size TCP pencere uzunlugu
9 tcp.ack TCP onay numarasi
10 tcp.seq TCP sira numarasi
11 tcp.len TCP baslik uzunlugu
12 tcp.stream TCP akis degeri
13 tcp.analysis.ack_rtt ACK ’nin yakalanmasi arasinda ki zaman degeri
14 tcp.reassembled.length TCP birlestirme degeri uzunlugu
15 tcp.time_relative TCP oturumunda ilk ¢ergeveyi aldigi andan gegen siire degeri
16 tcp.time_delta TCP oturumunda 6nceki ve mevcut paket arasinda gegen siire degeri
17 class Saldirt yapilan degerler siniflandirilmistir.

Tablo 1’de belirtilen veri setinde 16 tane 6zellik ile
8 smuf (briite force ftp, briite force ssh, dos http flood,
dos icmp flood, dos syn flood, syn scan, udp scan ve
normal ) olusturulmustur. Olusturulan bu veri seti
XGBOOST algoritmasi kullanilarak siniflandirilmastir.

3.3. XGBOOST ile Siniflandirma (Classification
with XGBOOST)

XGBoost algoritmasi, gradyan artirma cergevesi
kullanan karar agaci tabanli makine O6grenme
algoritmasidir. XGBoost yapilandirilmig verileri igerir.
Icerdigi yapilandirilmis veriler ile birgok algoritmayi
geride birakmaktadir. XGBoost genis bir uygulama
alant  bulunmaktadir.  Regresyon, smiflandirma,
siralama gibi problemleri ¢ézmek ic¢in kullanilan bir
algoritmadir. En kisa zaman da daha az kaynak
tiketimi kullanarak yiiksek degerli sonuglar elde
edilebilir. XGBoost’un diger algoritmalara nazaran
daha iyi performans gostermesinin sebebi, gradyan inig
mimarilerini kullanarak zayif 6grenenlere artirma ilkesi
uygulanmasidir.

Onerilen yontemin belirlenmesi igin GBM,
XGBOOST, LGBM, CATBOOST, KNN, NB, MLP,
DT, ADABOOST algoritmalar1 kullanilmigtir. Bu
algoritmalar kullanilarak Hold-out 80:20 ve Hold-out
70:30 egitim ve test verileri ile Sekil 6’da verilen
sonuglar hesaplanmistir.

[ Hold-out 80:20
[ JHold-out 1030

o
=4
T

Dogruluk (%)
~
St
T

-
=
T

=
&K
T

=
3

)

o &g
& °

3 \
¢
¢ N4

%’?’0

Sekil 6. GBM, XGBOOST, LGBM, CATBOOST, KNN, NB,
MLP, DT, ADABOOST algoritmalart ile elde edilen sonuglar
(Results obtained with GBM, XGBOOST, LGBM, CATBOOST,
KNN, NB, MLP, DT, ADABOOST algorithms)

Sekil 6’da  verilen sonuglar incelendiginde
XGBOOST algoritmasinin en yiiksek dogruluk elde
ettigi gorlilmiistiir. XGBOOST algoritmasi ile Hold-out
80:20 ve Hold-out 70:30 egitim test verisi igin %92.55
ve %92.49 dogruluk hesaplanmistir. Boylece bu
calismada XGBOOST algoritmasi tercih edilmistir.

4. Deneysel Sonuclar (Experimental Results)

Bu ¢alisma Python 3.10 programi kullanilarak
gelistirilmistir. Olusturulan akilli ev platformu ile veri
seti toplanmis ve oOzellik ¢ikarimi yapilmistir. Elde
edilen ozellikler GBM, XGBOOST, LGBM,
CATBOOST, KNN, NB, MLP, DT, ADABOOST
siniflandiricilar ile siniflandirilmistir. Bu
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smiflandiricilar  igerisinde en yiiksek dogruluk
XGBOOST ile hesaplanmuistir. XGBOOST
siiflandiricist sonucunda elde edilen hata matrisi Sekil
7’de sunulmustur.

Predicted Class

1 2 3 4 5 6 7 8

1| 1829 0 0 0 76 0 1 4

2 0 1528 764 4 398 4 14 522

3 0 123 | 54666 9 543 1 0 864
§ 4 1 10 62 741 373 1 0 664
g 5 0 9 84 6 16345 2 0 770
s 0 0 1 0 30 197 0 4
7 2 42 2 0 10 0 1163 494
8 0 10 172 6 414 0 0 4198

a)
Predicted Class

1 2 3 4 5 6 7 8

1| 2752 0 0 0 146 0 4 12

2 0 2158 | 1266 7 559 1 17 781
3 0 154 | 82129 19 806 0 0 1157

§ 4 1 19 141 1050 605 0 0 932
g 5 0 26 209 22 24675 1 0 1093
s 0 0 1 0 a1 276 0 8
7 0 67 7 0 19 0 1762 789
8 0 8 247 10 725 0 0 6043

b)

Sekil 7. XGBOOST siniflandiricisi sonucunda elde edilen
hata matrisi a) 80:20 egitim test sonucu b) 70:30 egitim test
sonucu (Confusion matrix obtained as a result of XGBOOST
classifier a) 80:20 training test result b) 70:30 training test result)

XGBOOST smiflandiricist kullanilarak Hold-out
80:20 ve Hold-out 70:30 egitim test sonuglarinda elde
edilen sinif dogruluklar1 Tablo 2’de gdsterilmistir.

Tablo 2. XGBOOST siniflandiricisi ile elde edilen siif
dogruluklar1 (Class accuracies obtained with the XGBOOST
classifier)

Dogruluk (%)

Siif Smif adi Hold-out Hold-out

80:20 70:30
1 Brute Force FTP 95.75 94.44
2 Brute Force SSH 47.24 45.06
3 DOS HTTP Flood 97.26 97.46
4 DOS ICMP Flood 40.01 38.20
5 DOS SYN Flood 94.94 94.80
6 Normal 82.77 84.66
7 SYN Scan 67.89 66.64
8 UDP Scan 87.45 85.92

Tablo 2’de gosterildigi gibi Hold-out 80:20 egitim
test verileri kullanilarak en yiiksek dogruluk %97.26 ile
DOS HTTP Flood sinifi igin hesaplanmistir. En diisiik
dogruluk ise %40.01 ile DOS ICMP Flood sinifinda
elde edilmisgtir. Hold-out 70:30 egitim test verileri

icinde en yiiksek ve en diisiik dogruluklar sirasiyla
DOS HTTP Flood ve DOS ICMP Flood smiflarinda
hesaplanmigstir.

5. Sonuglar ve Tartisma (Conclusions and

Discussion)
Nesnelerin  interneti  gliniimiizde bircok alanda
kullanilmaktadir. Bu teknolojiler ile nesneler uzaktan
izlenmekte ve yonetilmektedir. Bu teknolojinin uzaktan
yonetilebilmesi  beraberinde siber saldirilar1  da
getirmektedir. Bu ¢aligmada IoT saldirilari tiirlerinin
tespiti icin XGBOOST simniflandirici  kullanilmstir.
Akilli ev platformu olusturulmus ve veri seti
toplanmistir. Toplanan veri setinde 16 6zellik olmak
lizere toplamda 435815 6rnek mevcuttur. Bu veri seti
brute force ftp, brute force ssh, dos http flood, dos icmp
flood, dos syn flood, normal, syn scan ve udp scan
olmak tizere sekiz siniftan olusmaktadir. XGBOOST
siniflandiricist kullanilarak Hold-out 80:20 egitim test
verisi i¢in %92.55 dogruluk hesaplanmustir.
XGBOOST smiflandiricisi ile diger
siniflandiricilarin (GBM, LGBM, CATBOOST, KNN,
NB, MLP, DT, ADABOOST) karsilastirilmas1 Tablo
3’te listelenmistir.

Tablo 3. XGBOOST smiflandiricist  ile  diger
siniflandiricilarin kargilastirilmasi (Comparison of XGBOOST
classifier and other classifiers)

Dogruluk (%)
Siiflandiricilar Hold-out Hold-out

80:20 70:30
GBM 92.29 90.95
XGBOOST 92.55 92.49
LGBM 92.37 91.25
CATBOOST 92.26 92.27
KNN 89.04 89.16
NB 63.35 63.28
MLP 66.17 65.52
DT 92.34 92.21
ADABOOST 86.51 82.02

TesekKkiir (Acknowledgment)
Bu calisma TEKF.21.18 numarali Firat Universitesi
Bilimsel Arastirma Projeleri (FUBAP) Koordinasyon
Birimi tarafindan desteklenmistir.

Kaynaklar (References)

Ahmed, M.S. (2021) “Designing of internet of things for real
time system,” Materials Today: Proceedings [Preprint].
doi:10.1016/j.matpr.2021.03.527.

Choi, W. et al. (2021) “Smart home and internet of things: A
bibliometic study,” Journal of Cleaner Production, 301, p.
126908. doi:10.1016/j.jclepro.2021.126908.

Ericsson (2020) Ericsson Mobility Report.

Gupta, K. and Shukla, S. (2016) “Internet of Things: Security
challenges for next generation networks,” in 2016 1st

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 152-158 157



International Conference on Innovation and Challenges in
Cyber Security, ICICCS 2016. Institute of Electrical and
Electronics Engineers Inc., pp. 315-318.
doi:10.1109/ICICCS.2016.7542301.

Hussein, M., Zorkany, M. and Abdel Kader, N.S. (2018)
“Design and Implementation of IoT Platform for Real
Time Systems,” in Advances in Intelligent Systems and
Computing. Springer  Verlag, pp. 171-180.
doi:10.1007/978-3-319-74690-6_17.

Lawal, M.A., Shaikh, R.A. and Hassan, S.R. (2021) “A
DDoS Attack Mitigation Framework for 10T Networks
using Fog Computing,” Procedia Computer Science, 182,
pp. 13-20. doi:10.1016/j.procs.2021.02.003.

Okegbile, S.D. and Ogunranti, O.I. (2020) “Users emulation
attack management in the massive internet of things
enabled environment,” ICT Express, 6(4), pp. 353-356.
doi:10.1016/j.icte.2020.06.005.

Shafig, M. et al. (2020) “IoT malicious traffic identification
using wrapper-based feature selection mechanisms,”
Computers  and  Security, 94, p. 101863.
doi:10.1016/j.cose.2020.101863.

Srinadh, V. et al. (2021) “An analytical study on security and
future research of Internet of Things,” Materials Today:
Proceedings [Preprint]. doi:10.1016/j.matpr.2020.12.342.

Yavuz, F.Y. (2018) Deep Learning in Cyber Security for
Internet of Things, Yiiksek Lisans Tezi, Istanbul City
University.

Zhang, C. and Green, R. (2015) “Communication security in
internet of thing: Preventive measure and avoid DDoS
attack over loT network,” Simulation Series, 47(3), pp.
8-15.

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 152-158 158



,\Q’of.\ ve U‘IQ(//
© Q

. F A
Arastirma Makalesi & R
Zeki Sistemler Teori ve Uygulamalar1 Dergisi 6(2) (2023) 159-173 2 S
DOI: 10.38016/jista.1226528 :TD) ()
@

;’ S

Makine Ogrenmesi Yontemleriyle Anormal icme Suyu
Tiiketimlerinin Tespit Edilmesi ve Tahmin Modellerinin

Gelistirilmesi

Ismail Giiney™ ", Ihsan Hakan Selvi?
1 Sakarya Universitesi, Bilisim Sistemleri Miihendisligi Boliimii, Sakarya, Tiirkiye
2 Sakarya Universitesi, Bilisim Sistemleri Miihendisligi Boliimii, Sakarya, Tiirkiye

ismailguney@gmail.com, ihselvi@sakarya.edu.tr

Oz

Bu calismada, igme suyu gibi 6nemli bir ihtiyacin hane halki tarafindan tiiketiminde belirli bir diizen olabilecegi gibi, farkli etkenlere
bagli olarak diizensiz tiiketimin de olabilecedi ongoriilmektedir. Artan niifus, sinirh igme suyu kaynaklari, gelisen alt yap1 ve teknoloji,
igme ve kullanma suyuna olan talebi artirmistir. Artan talebi karsilamak i¢in alternatif su kaynagi arayislar1 yaninda mevcut sularin
israf edilmemesinin ve daha verimli kullanilmasinin da etkili olacagi 6ngoriilmektedir. Yapay zekanin (Al) alt dali olan makine
o0grenmesi (ML) yontemleriyle gegmis donemlerdeki igme suyu tiikketimleri analiz edilmis, olagan ve olagan dis1 tiiketim davranis
modelleri ¢ikarilmistir. Igme suyu mesken abonelerinin anormal tiiketimlerinin tespiti ve bilgilendirilmeleri durumunda, hane ici
tiiketimlerin normal tiiketim araliginda kalmasinin saglanacagi ongériilmektedir. Caligmada Kayseri ili genelinde 2006 — 2022 (ilk 6
ay) tarihleri arasinda sayag¢ endeks okumasi 160 donemden fazla olan 8.224 adet mesken abonesine ait sayag, abone ve tiiketim verileri
dikkate alinmustir. Veriler konumsal abone temelinde birlestirilmis, 41 6znitelikli veri kiimesi elde edilmis, veri 6n iglemleri sonucunda
24 dznitelikli bir veriseti olusturulmustur. Caligmada 6 farkli 6znitelik se¢cim yontemi kullanilarak alt verisetleri elde edilmistir. Biitiin
verisetler 7 farkli anomali analiz yontemi kullanilarak anormal ve normal i¢gme suyu tiiketimleri tespit edilmistir. Anomali analizleri
sonucunda hesaplanan aykirilik puanlart kullanilarak biitiin tiiketim degerleri 4 farkli tiiketim sinifi ile etiketlenmis, veriseti gdzetimli
hale getirilmis, 7 farkli ML smiflandirma algoritmasi ile tiiketim sinif tahmin modelleri gelistirilmistir. Caligma sonucunda anormal
igcme suyu tiiketimlerinin ML yontemleri ile tespit edilebilecegi, tiiketim siniflarinin tahmin edilebilecegi ispatlanmig, suyun israf
edilmeden daha verimli kullanimiyla ilgili gerekli politikalarin olusturulabilecegi ve bunun icin onlemler almabilecegi ortaya
konmustur.

Anahtar kelimeler: igmesuyu, abone, tiiketim analizi, makine 6grenmesi, anomali analizi, anomali tespiti, aykir1 deger, etkili
durum, etkili durumlar, etkili gozlemler.

Detecting Abnormal Drinking Water Consumptions And Developing Forecast

Models By Machine Learning Methods

Abstract

In this study, it is predicted that there may be a certain order in the consumption of an important need such as drinking water by the
household, as well as irregular consumption depending on different factors. Increasing population, limited drinking water resources,
developing infrastructure and technology have increased the demand for drinking and utility water. There is a search for alternative
water sources to meet this demand, but it is foreseen that these demands can be met by not wasting existing water and using it more
efficiently. By using machine learning (ML) methods, which is a sub-branch of artificial intelligence (Al), drinking water consumption
data in the past periods were analyzed, and ordinary and unusual consumption behavior models were extracted. It is envisaged that by
detecting abnormal consumptions that may occur in drinking water consumption and informing the subscribers about this issue, it will
be ensured that the consumption in the household remains within the normal consumption range. Although the amount of data collected,
recorded and processed in today's IT world has increased significantly, it is known that the exact analysis is difficult in terms of time
and cost. In this study, subscriber, meter, consumption, bill and payment data of 8,224 residential subscribers, whose water meter index
reading is more than 160 periods throughout the province of Kayseri, between 2006 and 2022 (first 6 months) were taken into account.
The data are combined on a spatial subscriber basis and a 41-features dataset is obtained. The dataset was transformed into a dataset
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with 24 features as a result of data preprocessing. In the study, 6 sub-datasets were obtained by using information gain (IG), gain ratio
(GR), symmetric uncertainty coefficient (SU), pearson correlation coefficient (r), f-score and random forest (RF) feature selection
methods. The 7th sub-dataset was obtained from the intersections of the selected features in the sub-datasets. In all datasets, abnormal
and normal drinking water consumptions were determined by using 7 different ML anomaly analysis methods: tukey outlier labeling
(TOL), forest of isolation (IF), z-score, copula-based outlier detection (COPOD), median absolute deviation (MAD), local outlier factor
(LOF), and elliptical envelope (EE). At the beginning of the study were unsupervised drinking water consumption data at the end of
the study, labeled as 4 different classes and the dataset was made supervised. Using the finally obtained supervised dataset, decision
trees (DT), gaussian naive bayes (NB), k-nearest neighbors (KNN), logistic regression (LJR), multilayer perceptron neural network
(MLP-NN), RF and gradient boosting (GB) have been developed consumption class estimation models with 7 different ML methods.
As a result of the study, it has been proven that abnormal drinking water consumption can be detected by ML methods, and it has been
revealed that necessary policies can be created for more efficient use of water without wasting water and measures can be taken for
this.

Keywords: Drinking water consumption analysis, machine learning, anomaly analysis, anomaly detection, outlier, effective case,

effective cases, effective observations.

1. Giris (Introduction)

Su, canlilarin beslenme, temizlenme, ulasim ve
tasima gibi temel nedenlerle siirekli ihtiya¢ duydugu bir
ara¢ olmakla birlikte 6zelde insanoglunun da tizerinde
her zaman hesap yapageldigi 6nemli bir deger olmustur.
Milattan o6nceki ¢aglardan giiniimiize kadar insanlik
suyun temini, yonetilmesi, paylasilmasi, taginmasi ve
kullanilmas1 hususlarina 6énem vermis, yer yer bu énem
Tablo 1°de gosterilen ¢atigmalarin yasanmasina neden
olmustur. Catismalar suyun bir silah olarak veya
savaglarin tetikleyici nedeni olarak goriilmesiyle veya su
kaynakli kazalarin olugmasiyla gergeklesmis bdylece
insanligin tarih igindeki miicadelesinde onemli izler
birakan su, halen tarihe, cografyaya sekil vermeye
devam edegelmistir (Water Conflict Chronology [Internet],
2022).

Tablo 1. Tarihte su ile ilgili yapilan ¢atisma nedeni ve sayilari.
(The reasons and numbers of conflicts related to water in history.)

.. < Donem
Done;‘nl 1Arallgl Csat1§ma Catismada  Aralig Csatlsma
(Yillar) ay1sl (Yillar) ay1sl
Milattan Once 26 Silah, Kaza 10 6
Silah,
0-1000 2 Tefikleyici, T 2
Silah, Kaza,
1001 - 1900 25 Tetikleyici 13 9
1901 - 2000 o0g  Stlah Kaza, 14
Tetikleyici
Silah, Kaza,
2001 - 2022 1.036 Tetikleyici 109 16
. Silah, Kaza,
Toplam: 1.298 Tetikleyici 178 16

Catismalarin biiyilk c¢ogunlugunun son 20 yilda
meydana geldigi, ayrica 20. ylizyilda niifus artiginin dort
kat, su talebinin dokuz kat artmas1 dikkate alindiginda
su giivenligi konusunun giinlimiiz  diinyasinda
hissedilecek kadar hizla biiyliyen sosyal, politik ve
ekonomik sorunlart tetikledigi, giderek yayilan bir
cevresel krize doniistiigii artik kabul edilen bir gergektir.

Yapilan aragtirmalarda 2030 yilina kadar kiiresel
tatl1 su talebinin mevcut arzi %40'n lizerinde asacagi ve
etkilenecek insan sayisinin 4 milyara yaklasacagi, artan
rekabet kosullar1 ve Dberaberinde su {izerinde
olusturdugu stresin, diinya genelinde gida, enerji, iiretim
ve insan giivenligi agisindan onemli bir risk ve etki
olusturacagi 6ngoriilmektedir (Cini, Mung ve Waughray,
2014).

Kentsel yasamin giderek yayginlagtigi giiniimiizde
en Onemli tiketim kaynaklarindan biri olan su,
potansiyel olarak yiizeyde, yeraltinda, havada farkl
formlarda bulunmakla birlikte formlar arasi degisim ve
gecis dongiisiine sahip olarak hayatin iginde yer
almaktadir. Ulkemizde ve diinyada 20 yil1 agkin bir siire
zarfinda nesnelerin interneti (IOT) tabanli cihazlarin,
kablosuz haberlesmenin ve Al’nin gelisimiyle akill
sehir konseptleri hizla yaygilasmis ve giderek alanim
genisletmig, hatta olduk¢a kompleks sorunlari da
¢ozebilecek etkinlige kavusmustur. Akilli sehirler
kavrami1 beraberinde akilli su sehirleri kavramina zemin
olusturmus boylece Uluslararast Su Birligi (IWA)
tarafindan 4 asamali Akilli Su Sehri Ilkeleri Uygulama
Plan1 olusturulmustur. Calisma konusu ve sonuglarmin
bu plan icerisinde tiiketilen su ve enerji miktarinin
azaltilmasi, mevcut suyun en verimli sekilde
kullanilmasi, tiiketim davranis analizlerinin sundugu
geri doniitler ile abonelerin bilinglendirilmesi, tiiketimin
bu sayede disipline edilmesi ve nihai olarak da tespit
edilen aykir1 tiiketimlerin dikkate alindig1 kayip ve
kacak denetimleri ile su yoOnetiminin daha bilimsel
yapilabilmesi ~ hususlarinda  katki saglayacagi
diigiiniilmektedir (International Water Association, 2017).

Su dagitiminin Yo6netsel Kontrol ve Veri Toplama
(SCADA) sistemleri ile yonetilmeye baslanmasi,
verilerin toplanmasi ve kayit altina alinmast ile ciddi bir
veri havuzu olusmus, beraberinde verilerle anlamli
sonuclar elde edilebilecek analizlerin 6nii agilmig daha
kompleks ¢oziimler sunan Al modelleri gelistirilmistir.
Mevcut durumda su sektdrinde Al ile gelistirilen
uygulamalar su alt yapisinin fiziki durumunun tespiti ve
bakimi, su talebi ve tiiketiminin tahmini, su
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rezervuarlarinin ve barajlarin  saglik ve c¢evresel
etkilerinin izlenmesi, su kalitesinin izlenmesi ve su ile
ilgili felaketlerin Ongodriilmesi ve izlenmesi olarak 5
baslikta raporlanmustir. Oyle ki Al destekli yeniliklerin
2030 yilina kadar kiiresel ekonomiye 200 milyar dolar
katki saglayacagi tahmin edilmektedir (Yildiz ve
Ozgiiler, 2020).

Kiiresel su dongiisii dikkate alindiginda suyun
gelecek yillarda cogu iilkeleri etkileyecegi, su ile ilgili
yapilan menfi  ¢alismalarin  etkisinin  yeterli
olamayacagi, ilkelerin birlikte hareket etmesinin
ozellikle de gelismis iilke tecriibelerinin ve imkanlarinin
gelismekte olan ve gelismemis iilkelere aktarilmasinin
gerekliligi bir zorunluluk halini almistir. Bundan
dolayidir ki Birlesmis Milletler (BM) biinyesinde bagh
biitin ~ tye  ilkelerin 2030  yilma  kadar
uygulayabilecekleri Siirdiiriilebilir Kalkinma Hedefleri
(BM SKH) belirlenmis, bu hedeflerden 6zellikle su ile
ilgili olanlar igin gelistirilen Al c¢aligmalariyla
hedeflenen en 6nemli gaye 2030 yilina kadar herkesin
giivenli ve erisilebilir i¢gme suyuna kavusmasini
saglamak icin, altyapiya yatirim yapmak, sihhi tesisleri
insa etmek ve her diizeyde hijyeni tesvik etmek
zorunlulugu olmustur. Ayrica hedefler arasinda su
kithigini hafifletmek i¢in ormanlar, daglar, sulak alanlar
ve nehirler gibi suyla baglantili eko-sistemleri korumak
ve eski haline getirmek zorunlulugu yaninda gelismekte
olan iilkelerde su verimliligini tesvik etmek ve aritma
teknolojilerini desteklemek i¢in uluslararasi is birligine
de vurgu  yapilmistir (Tirkiye ~ Cumbhuriyeti
Cumhurbagkanlig1 Strateji ve Biitge Baskanligi, 2020).

Giniimiizde muslugumuzu ¢ok fazla hesap
yapmadan agabiliyor olsak da bu durumun siireklilik arz
etmeyecegi, su kaynaklart kullaniminin doyuma
ulasacagi, niifus ve suya olan ihtiyacin artmaya devam
edecegi  konunun  uzmanlar1  tarafindan  da
ongoriilmektedir. Gelisen teknoloji ile birlikte suyun
daha profesyonel anlamda degerlendirilmesine ve
gelecekteki su ihtiyacina yonelik tahmin senaryolarimin
iiretilmesine yonelik ¢ok ciddi imkanlar elde edilmis
olup, bu senaryolara gore 2040 yilina gelindiginde yerel
su kaynaklarmin yeniden kullanilacagi, geri doniistimiin
zorunluluk halini alacagi, yagmur suyu yonetiminin
yayginlasacag, yeterince kullanilmayan su
kaynaklarma erisimlerin saglanacagi, dogrudan suyu
arttma ve aritim yollarmin yesil alanlara veya parklara
donistiiriilecegi, kentsel su hizmetlerinin gizli hizmetler
olmaktan ¢ikarilip daha goriiniir hale getirilecegi ve
teknolojinin bireysel haneler iizerinde biiyiik bir etkisi
olacagi, bir mobil uygulama araciligryla giin boyunca su
kullanimlarinin  ger¢ek zamanli takip edilmesinin
saglanacagi, bu  vesileyle tiketim  davranig
degisikliklerinin, hangi amaglarla ne kadar su
kullanildiginin ve hangi saatlerde kullanildiginin,
sebekedeki su kayip ve kagaklarinin tespitinin, su
kullanimlarmnin  faturalar1  nasil  etkileyeceginin

goriilebilecegi  bir kentsel su modeli bizleri
beklemektedir (Arup ve Sydney Water, 2015).

Hane iginde su tiiketimleri incelendiginde i¢
mekandaki tiiketimlerin Tablo 2’de gdsterildigi
oranlarda oldugu, hane tiiketimlerinin hane biytikligi
ile orantili oldugu ancak biiyiikliige oranla tiiketimin
daha az arttig1 ve bir tasarruf yapilacaksa nerelerde
yapilabilecegi ongoriilebilecektir (Mayer, DeOreo, Opitz,
Kiefer, Davis, Dziegielewski, ve Digerleri, 1999).

Tablo 2. Suyun hane i¢inde nihai kullanim yerleri ve oranlari.
(Uses and rates of water in the household.)

Son Kullanim ¢ Mekan Su Kullanim

Yiizdeleri

Tuvaletler %26,7
Camasir Makineleri %21,7
Duslar %16,8
Musluklar %15,7
S1zint1 %13,7
Diger Lokal 92,2
Banyolar %1,7
Bulasik Makineleri %1,4
Toplam * %100,0

*ondalik tek haneye indirgendiginden %99,9

Ayrica bilimsel c¢aligmalarda hane halki digindaki
tiiketim oranlar1 her ne kadar kiiltiire ve cografyaya gore
degisiklikler gosterse de niifus ve yiiz dlgiim dlgekleri
dikkate alinarak yaklagik olarak hesaplanabilmektedir
(Mayer, Dziegielewski, Kiefer, Lantz, Opitz ve Porter, 2000).

Hanelerin giinlik su tiketimlerini etkileyen Sekil
1’de gosterildigi gibi bircok faktdr belirlenmis ve
giinliik su tiketim degerlendirmesi yapilirken bunlar
gbz Oninde bulundurulmus, bunlarin haricinde de
bircok etmenin var oldugu dikkate alinarak bu etmenler
arasindaki iligkilerin tiiketimi tetikledigi gerceginden
hareketle bir konut suyu koruma modeli uyarlanmistir
(Billings ve Jones, 2008).

Tepkisel
Davranis
Durumu

Glinlik

su
Tiiketimi

Sekil 1. Konut suyu koruma modeli (Residential water
protection model.)

Bu ¢alismanin amaglarindan biri olan su tasarrufuyla
ilgili Tablo 3’te gosterildigi gibi 5 ana baglik altinda bir
dizi onerilerde bulunulmus, su yoneticileri ve nihai
tilketicilerin bu o6nerilerden bir¢ogunu yaptiklari, ilgili
planlamalarin giderek yayginlastig1 sonraki donemlerde
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daha fazlasinin hayatin i¢inde yer alacagi goriilmektedir
(Campbell, Johnson ve Larson, 2004).

Tablo 3. Su tasarrufu ile ilgili 6neriler. (Tips on saving water.)

Yonetmelikler

Kamuya Yonelik
Bilgilendirmeler

Miihendislik

Fiyatla {lgili Stratejiler

Dolaylt
Miihendislik

* Az su kullanan
armatiirleri  belirten
tesisat kodlart

« Diigiik su kullanimi
gerektiren  peyzaj
diizenlemeleri
kullanimi gerektiren
peyzaj
diizenlemeleri

* Su israfi yasagi

* Belirli dis mekan
amaglar1 igin ham
veya igilemez su
gereksinimleri
*  Yeniden
giiglendirme
gereksinimleri

satigta

¢ Genel tamtim: reklam
panolari,  postalar, su
faturasi ekleri

« Herkese agik forumlar

¢ Gazete, radyo, TV,
internet kullanimi

. [k gretim ve
ortadgretimlerde egitim
programlari

. Verimli sulama

sistemlerini tesvik etmek
icin calistaylar

. Su bazli gevre
diizenlemesini tesvik eden
atolyeler (xeriscape)

+ Gunlitk hava durumu
raporlarina peyzaj sulama
ihtiyaglariin eklenmesi

* Yeni nesil tuvaletler i¢in ticretsiz
dagitim veya siibvansiyonlar

* Emtia ticretleri olan sayagclar
* Su dagitimlarinin evrensel

* Kisisel etkilesim
igeren herhangi bir

« Diisiik akish dus bashiklart ve  6lgiimil miihendislik
musluk havalandiricilarinin ticretsiz *+ Suyun marjinal fiyatnin  ¢6ziimil

dagitim faturalarda belirgin sekilde <  Yiiksek su
* Az su kullanan giysiler veya gosterilmesi kullanimi1 olan
bulasik makineleri icin  * Su fiyatindaki artig miisterilere
siibvansiyonlar * En yogun talep donemleri yonelik su
* Peyzaj ve yagmurlama sistemi igin daha yiiksek su fiyatlari kullanimi
doniigtimil igin siibvansiyonlar * Su igin artan kademe denetimleri

* Yagmur suyunun toplanmasi ve

oranlari

peyzajda kullanim igin  « Su biitceleri

stibvansiyonlar * Ekonomik agidan gekici hale
* Cevre diizenlemesinde gri suyun getirmek i¢in geri kazanilan
yeniden kullanim icin  suyun siibvansiyonu
stibvansiyonlar

¢ Geri kazanilmig su dagitim
sisteminin ~ genisletilmesie  Sizint1
tespit programlart

Calisma ile birlikte gerek sular idarelerinin gerekse
abonelerin kendilerine sorabilecekleri hizla artan kent
niifusu ve su ihtiyaci nasil karsilanabilir, giderek artan
bir sekilde hissedilen su kitlig1 ve ¢evresel bozulma ile
kars1 karsiya kalinan bir diinyada adil su hizmetleri
saglanabilir mi, igme ve kullanma su tiiketimini
etkileyen faktorler nelerdir, su tiikketiminde bir diizen bir
davranis kalibi1 var mudir, varsa bu bir mevsimsellik
tastyor mudur, tiiketim diizenini bozan donemler var
mudir, tiiketim diizenini bozan aykir tiiketimler ile sayag
okuma hatasi, kayip kacak tiiketim, sayag¢ 6l¢iim arizast,
tiketimde israf vb. tespitler yapmak miimkiin miidiir,
tiiketim davranis1 Al alt dali olan ML algoritmalari ile
modellenebilir mi, tiiketim davranisi disipline edilebilir
mi, tiiketim tizerinden su tasarrufu ile kaynak arayisina
ciddi bir katki saglanabilir mi sorularina cevaplar
sunulmaya caligilmustir.

Calismanin amaci igmesuyu tiiketim davranislarini
tespit etmek, alternatif su kaynagi arayiginin aksine
varolan kaynaklar1 daha verimli kullanmaya katki
saglamak, tiiketimi etkileyen faktorlere gore aykir
tiiketim davranis sinirlarnt belirlemek ve bunlar takip
etmek, abonelerin israf etmeden su kullanimina dolayli
olarak da ekonomisine katkida bulunmak, kurumun ¢ok
yiiksek taleplerde yasayacagi zorluklarin iistesinden
gelmesine katkida bulunmak, kayip kacak kullanim
potansiyeli olan aboneleri tespit etmek ve takip
edilmesini saglamaktir.

Bu calisma kapsaminda Kayseri ili igme ve kullanma
su abonelerinin hane i¢i su tiiketimleri dikkate alinmus,
diinyada tilkemizde su tasarrufuna, bu konularda
toplumsal bilincin arttirilmasma ve su kayip kacak
denetimlerine yonelik yapilan ML ¢aligmalarina katkida
bulunacak bir model gelistirilmis, bununla birlikte

sadece bireysel davraniglart etkilemeye yonelik geri
doniitler ile bir tasarrufun saglanmasi, beraberinde su
yOneticilerinin yatiim planlamalarina ve yoOnetim
yaklagimlaria farkli bir bakis ag¢isi sunacak analizlerin
yapilmasi ve bulgularin paylasilmasi hedeflenmistir.

2. Yontem (Method)

Calisma Sekil 2°de gosterildigi gibi bes asamada
gerceklestirilmis olup ilk asamada ihtiya¢ duyulacagi
ongoriilen ham veriler temin edilerek bir veri kiimesi
elde edilmis akabinde veri kiimesi veri 6n islemlerinden
gecirilerek analiz i¢in uygun bir zaman serisi veriseti
elde edilmistir. Uglincii asamada oOznitelik secim
yontemleriyle alt verisetler tiiretilmis ardindan
gozetimsiz ML ve istatistiki teknikler kullanilarak
anormal tiiketim tespitleri ve tiiketim sinif etiketlemesi
yapilmistir. Son agsamada ise etiketlenmis gdzetimli hale
getirilmis veriseti ile ML teknikleri kullanilarak tiiketim
simifi  tahmin modelleri gelistirilmis ve model
performanslar1 karsilagtirilarak en iyi model secimi
yapilmigtir.

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 159-173 162



Sekil 2. Calisma kapsaminda 6nerilen model semasi. (Model
scheme proposed in the study.)

2.1. Calisma alanm ve verilerin toplanmasi
(Workspace and data collection)

Calisma kapsaminda Kayseri il genelinde okumasi
yapilan toplam 668.823 aboneden 610.821 adet konut
abonesine ait 1980 — 2022 (ilk 6 ay dahil) tarihsel donem
araliginda abone, saya¢ okuma ve tarife verilerinden
olusan bir veriseti kullanilmistir. Calismada Tablo 4’te
gosterildigi gibi ¢ok fazla sayida abone analizinin
yapilmasinin ¢alismaya ayrica bir katki sunmayacagi ve
¢ok fazla zaman ve isleme neden olacag: i¢in okuma
donem adet sayis1 160 ve tlizeri olan 8.224 adet konut
abonesinin verileri incelenmistir.

Tablo 4. KASKI okuma dénem sayilarina gore abone sayist
tablosu (Number of subscribers according to KASKI reading period
numbers.)

Donem Adet Abone Sayisi  Mesken Sayisi
120'den az 454574 409.292
120 ve tizeri 214.249 201.529
140 ve iizeri 140.491 133.914
160 ve iizeri 8.286 8.224

Literatiirdeki ¢aligmalarin ¢ogu, abonelerin tamami
iizerinden kiimiilatif talepleri dikkate almis, elde edilen
modeller degerlendirilirken biitiin abonelerin ortak
davranig1 varsayimiyla hareket edilmis ve dolayisiyla il
geneli hesaplanan hane basia diisen ortalama TUFE ve

niifus artig/azalis oranlar1 da dikkate alinmistir. Bu
calismada ise her bir aboneye 6zel aykir tiikketim tespit
modeli olusturuldugundan ekonomik gdstergeler ve
niifusa iligkin istatistiki verilerin her haneye 6zel,
dikkate almmmasi gerekmektedir. Ancak aboneye 6zel
istatistiki degerlerin temini ve siirekli giincel tutulmasi
birgok kurumda tutulan verilerin (maas, harcama,
hanede yasayanlarin dogum, oliim, evlenme, evcil
hayvan, bitki vb.) online entegrasyonu ile veya su
yonetimi idareleri tarafindan ABY S’de haneye 6zel veri
alanlar1  tanimlanip bilgilerin sahadan personel
marifetiyle toplanmasi ile miimkiin olacaktir. Soz
konusu bu durumda abonenin rizasi, sular idarelerinin
ihtiya¢ oncelikleri ve bazi yasal diizenlemeler dikkate
alindiginda miimkiin olmadig1 ancak uzun vadeli teknik
ve teknolojik gelismeler ile birlikte (e-Devlet vb.) elde
edilebilecegi Ongorilmils, haneye 06zel ekonomik
gostergeler ve niifusa iligkin istatistiki veriler girdi
degerlerine dahil edilmemistir.

Ayrica saya¢ okumast yapilan bdolgelerin iklimsel
verileri okumaci veya sabit meteoroloji istasyonlari
marifetiyle tespit edilse dahi hane i¢i iklim sartlarinin da
haneden haneye farkliliklar tasiyacagi gerceginden
hareketle iklim verileri girdi degeri olarak dahil
edilmemistir.

Analiz i¢in temin edilen 2022 yili 6. Ay sonu
itibariyle toplam 50.280.058 adet okuma verisinden, en
az 160 donem saya¢ okuma gdoren mesken abonelere ait
Sekil 2.6°da da gosterildigi gibi 1.325.969 adet tiiketim
verisi degerlendirilmistir.

60:000.000 Okuma adet > 160

1.325.969 okuma
50.000.000

40.000.000

50.280.058
30.000.000
45.487.621

20.000.000
10.000.000 4.792.437

0
Mesken Diger Toplam

Tahakkuk Adet W Mesken okuma > 160 adet

Sekil 3. Mesken ve diger abone tiirlerine gore tahakkuk
sayilart grafigi. (Graph of accrual numbers by residence and other
subscriber types.)

Calisma ile birlikte hanelere 6zel bazi istatistiki
veriler kullanilamamis olsa da ¢alisma sonunda elde
edilen modele KASKI veya aboneler tarafindan tiiketimi
etkiledigi disiiniilen 6zel alanlarin da sonradan
eklenebilecegi modiiler bir yap1 sunulmustur.

2.2. Veri on iglemleri ve verisetinin hazirlanmasi
(Data preprocessing and dataset preparation)

Veri Hazirlama
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Calisma konusu analiz i¢in ihtiya¢ duyulan sayag
okuma, abone ve tarife verileri KASKi’den csv
formatinda temin edilmistir.

Calismada igme suyu abonelerinin tiiketim miktari
¢ikt1 degiskeni olarak belirlenmis, hedef entropi H(Y)

tilketim degerleri kullanilarak hesaplanmistir. Tiiketimi
etkileyen Ozniteliklerin temel istatistiki degerler Tablo
5’te gosterildigi gibi hesaplanmuistir.

Tablo 5. Veriseti oznitelik seciminde kullanilan temel istatistiki degerler tablosu (Table of base statistic values used in dataset feature

selection.)
.. . Ortalama Ortanca Standart Hedef_ Girdi .
Oznitelikler Min Max . Medvan Sapma Varyans Entropi  Entropi
" y - H(Y) H(X)
gecen_gun 3 93 35,49 35 10,19 103,84 4,24 1,98
fatura 4,35 165,37 35,85 29,24 26,85 720,72 4,24 4,14
odeme 4,35 165,37 35,93 29,24 26,88 722,65 4,24 4,14
ocak 0 30 3,13 0 7,62 58,12 4,24 0,55
subat 0 27 2,90 0 6,51 42,43 4,24 0,64
mart 0 31 3,16 0 7,08 50,08 4,24 0,71
nisan 0 30 2,96 0 7,63 58,19 4,24 0,61
mayis 0 31 3,06 0 7,99 63,77 4,24 0,52
haziran 0 26 2,91 0 6,42 41,23 4,24 0,78
temmuz 0 31 2,97 0 6,91 47,73 4,24 0,71
agustos 0 31 2,97 0 7,22 52,10 4,24 0,76
eylul 0 30 2,78 0 7,38 54,47 4,24 0,59
ekim 0 27 2,90 0 6,70 44,94 4,24 0,71
kasim 0 30 2,77 0 7,06 49,91 4,24 0,60
aralik 0 31 2,98 0 7,83 61,31 4,24 0,54
kademe 1 2 1,01 1 0,08 0,01 4,24 0,04
K1 0 1 0,69 1 0,46 0,21 4,24 0,17
K2 0 1 0,10 0 0,29 0,09 4,24 0,12
K3 0 1 0,21 0 0,41 0,17 4,24 0,25
S1 0 1 0,08 0 0,27 0,07 4,24 0,15
S2 0 1 0,59 1 0,49 0,24 4,24 0,17
S3 0 1 0,33 0 0,47 0,22 4,24 0,15

Veri Dontlistiirme

Saya¢ okuma donemlerinde biriken endekslerin bir
sonraki okuma doneminde kayit altina alindigi,
dolayisiyla bazi donemsel tiiketimlerin oldugundan
fazla gorilebilecegi, bu durumun analiz sonuglarini
yaniltabilecegi 6ngoriilmiis ve dncelikle Denklem 1°de

gosterildigi  gibi  tiiketim  miktart  Ozniteligi
olusturulmustur.
su_toplam_m3= last_index-first_index (D)

Sayag¢ okuma tarihi ile 6nceki okuma tarihi farkindan
da Denklem 2’de gosterildigi gibi tiiketim siiresi
hesaplanmis yeni bir 6znitelik olarak eklenmistir.

gecen_gun =reading_date -pre_reading_date 2

Hesaplanan tiiketim giin sayisinin yilin hangi
ayindan kag giinii kapsadig1 bilgisine ulagsmak igin yilin
her ay1 i¢in 12 yeni 6znitelik olusturulmus, hangi ayda
kag giinliik bir tiiketim oldugu hesaplanarak ilgili aya
islenmistir. Boylece tiiketim yapilan giinler ilgili aymn
agirlik ¢arpanlari olarak kullanilmustir.

Her bir aboneye ait saya¢ endeks degerlerinden
farkli saya¢ kullanimlari tespit edilmis, tiiketimlerinin
kaginci sayag ile yapildigt bilgisini gosteren yeni bir
Oznitelik (“sayac_durum”) Tablo 6°da gosterildigi gibi
gelistirilmistir.

Tablo 6. Verisetindeki endeks hareketleri iizerinden sayag
bilgisi doniisiim tablosu (Counter conversion table over index
movements in the dataset.)

Okuma Ik Son Sayac S S S
Tarihi End. End. durum 1 2 3
22.02.2006 262 268 S1 1 0 0
14.11.2007 0 3 S2 0 1 0
6.06.2022 17 29 S3 0 0 1

Her abonenin tiiketim gdzlem noktalarmdaki
sozlesme numaras: bilgisinden hareketle tiiketimin
farkli bir kullanic1 tarafindan yapildig:r bilgisine
ulagilmig yeni bir 6znitelik (“kullanici_durum”) Tablo
7’de gosterildigi gibi gelistirilmistir.

Tablo 7. Verisetindeki s6zlesme numarasi {izerinden kullanici
bilgisi doniigiim tablosu (User conversion table over agreement
number in dataset.)
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Okuma  Sozlesme Kullanici K K K

Tarihi No Durum 1 2 3
22.02.2006 12001815 K1 1 0 O
17.05.2018 357910 K2 0 1 0
6.06.2022 402841 K3 0 0 1

Verisetinde her bir okuma donemine ait 5 kademeli
bir faturalandirma bilgisi (bill lv1, bill 1v2, bill 1v3,
bill Iv4, bill Iv5) mevcut oldugundan, bu bilgiler
kullanilarak kademe durumunu gosteren bir 6znitelik
(“kademe”) Tablo 8’de gosterildigi gibi gelistirilmis
kademe tutar bilgi  Oznitelikleri  verisetinden
¢ikarilmigtir.

Tablo 8. Verisetindeki kademe tutar bilgi alanlar1 ve doniigim
tablosu (Price level amount information fields and conversion table
in the dataset.)

— N (a] <t Ln
Okuma zZ =2 =2 =2 =2
L - - — — Z kademe

Tarihi == = = =
L O o) o] o)

22022006 © & & 8 8 1
o o o o

o [e 0]

3103202 X 2 8 8 8 2

— — o o o

Ayrica verisetini olusturan Oznitelik degerlerinin
gilin, ay, yil, b, m3 gibi farkli birimlerden olugmasi
dikkate almnarak, grafik gosterim ve performans
hesaplamalarinin daha saglikli yapilabilmesi igin her bir
Oznitelige ait degerler Denklem 3’te gosterildigi gibi
normalize islemi uygulanarak 0 ile 1 araligina
indirgenmistir.

X, = (Xg— Xmin) (3)

(Xmax— Xmin)

Burada Xn normalize edilmis gozlem degeri, Xg
gozlemin gercek degeri ve Xmax, Xmin’de sirasiyla ilgili
gbzlemin en biiyiik ve en kiigiik degerleridir.

Ayrica calismada mesafe Olgim  yontemi
kullanilarak ta analiz yapilmistir. Mesafe o6lglim
yontemlerinden girdi Oznitelik sayilari ikiden fazla
oldugu i¢in Sekil 4’te de gosterildigi gibi minkowski
yontemi kullanilmis, gézlem noktalari mesafe degerleri
hesaplanmustir.

XZA
X1 m. - X
L™ Ty
X m ,’/
my
Xd

X

Sekil 4. Bagimsiz degiskenlerin bagimli degiskene
mesafelerinin minkowski ile 6l¢lim gdsterimi. (Measurement
representation of the distances of the independent variables to the
dependent variable with the minkowski method.)

Bagimsiz degiskenler olan X; girdi degerlerinin,
bagimli degisken olan y degerine mesafeleri m; olarak
alinmis olup Denklem 4’te gosterildigi sekilde her bir
gozlem noktasina yani sayag okuma noktasi
Ozniteliklerine ait degerler tek bir mesafe degerine
doniistiirtilmiistiir.

Minkowski = d(X,y) = [Xi=.(IX; — y|p)]% 4)

Burada p girdi 6znitelik yani boyut sayisi, y cikti
degeri ve Xi’de her bir girdi 6znitelik degeridir. Ayrica
negatif korelasyona sahip dzniteliklerin X degerleri -X
olarak alinmuis, her bir tiikketim gdzlem noktas1 mesafesi
toplam mesafe olarak hesaplanmistir.

Veri Birlestirme

Calismada MS Access veritabani kullanilarak csv
formatinda temin edilen 15 Oznitelikli abone, 21
Oznitelikli tiketim ve 5 6znitelikli tarife verileri, tablolar
arast iligkisel yap1 dikkate alinarak birlestirilmis, her bir
abone i¢in biitiin 6zniteliklerin yer aldig1 41 6znitelikli
TS bir veriseti elde edilmistir.

Giirilti Tanimlama

Calisma, hanelerin tiiketimlerine odaklandigi igin
oncelikle igme suyu abonelerinden sadece mesken
abonelerine ait veriler se¢ilmis, ayrica en az 160 okuma
donemi okuma yapilan aboneler dikkate alinmis diger
abonelere ait  veriler ¢ikarilmistir.  Orneklem
kapsaminda belirlenen abonelere ait 41 &znitelikli
verisetindeki mikerrer 6znitelikler ¢ikarilmis veriseti
nihayetinde 33 Oznitelige indirgenmistir. Ayrica biitiin
gozlem degerleri ayn1 olan Oznitelikler de &znitelik
secim  yoOntemleri  kullanilarak  analize  dahil
edilmemistir.

Kay1p Degerler

Gegmis sistem kayitlarinda sayag degisimlerine ait is
emirlerinin ve saya¢ numara bilgilerinin saglikli
olmamas1 nedeniyle, saya¢ degisim bilgileri, okuma
endeks hareketlerinden tespit edilerek elde edilmistir.

Gegmis donemlere ait  tarife  bilgisine
ulasilamadiginda ilgili tarihten bir dnceki donem birim
fiyat bilgisi veya fatura tutari, tiikketim miktarina
boliinerek elde edilen tutar bilgisi dikkate alinmistir.

2.3. Oznitelik se¢imi ve alt verisetlerin tiiretilmesi
(Feature selection and derivation of subdatasets)

Oznitelik se¢imi  Sekil 5°te gdsterildigi  gibi
filtreleme, sarmal, gomiilii ve topluluk 6znitelik segim
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yontemleri olmak iizere 4 baslikta incelenebilir (Cai,
Luo, Wang ve Yang, 2018).

Filtreleme

Sarmal

Oznitelik Segimi

\ 4

Gomiili

Topluluk

Sekil 5. Oznitelik secme yontemleri semasi. (Feature selection
methods schema.)

Filtreleme Oznitelik se¢im yaklagimi ile veriseti
istatistiksel ~olarak analiz edilir. Temel olarak
verisetindeki ~ biitlin ~ bilgiyi  igeren  benzersiz
Ozniteliklerin  oncelikle puanlanmasina sonrasinda
siralanmasina dayali olarak degerlendirilmesini ve
secilmesini saglayan bir yontemdir (Cai, Luo, Wang ve
Yang, 2018) (Zhang, Nie, Li ve Wei, 2019).

Sarmal Oznitelik se¢im yaklasiminda, veriseti
denetimli ise simiflandirict algoritmalar kullanilarak,
denetimsiz ise kiimeleme algoritmalari ile 6znitelikler
tizerinde arama iglemi yapilarak alt kiimeler
olusturulmakta ve belli siniflar sadece degerlendirmeye
alinmaktadir. Cok biiyiikk oOlgekli verisetlerinde bu
yaklagimin kullanilmasi durumunda her bir alt kiimenin
degerlendirilmesi fazla miktarda hesaplama iglemleri
gerektirdigi icin zaman ve kapasite dikkate alinarak
tercih edilmesi gerekmektedir (Cai, Luo, Wang ve Yang,
2018) (zhang, Nie, Li ve Wei, 2019).

Gomiilii  Oznitelik se¢im  yonteminde model
gelistirme siirecinde harcanan zamanin azaltilmast
amaglanmakta olup hem simiflandirma hem de segim
islemini eszamanli olarak model egitimi asamasinda
gerceklestiren DT, SVM  gibi  algoritmalar
kullanilmaktadir (Cai, Luo, Wang ve Yang, 2018) (Zhang,
Nie, Li ve Wei, 2019).

Topluluk 6znitelik se¢im yonteminde farkli 6znitelik
alt kiimeleri elde edilerek olusturulan verisetleri
tarafindan egitilen temel smniflandirma algoritmalari
kullanilarak yapilmis O6znitelik segim topluluklarinin
rastgele alt uzay yontemi (RSM) ve RF yontemi gibi
¢ogunluk oylamasiyla daha dogru siniflandirma ve
secim yapilmasina dayanmaktadir (Cai, Luo, Wang ve
Yang, 2018).

Bu caligmada 6znitelik se¢imi yontemlerinden Sekil
6’da gosterildigi gibi IG, GR, SU, R, F-Skor ve RF
siiflandirma yontemleri kullanilmigtir.

| Filtreleme ‘ | Topluluk |

!

Orman

5 2
g

: £
2 ]
[ o
g

§

Pearson
Katsayisi

Veriseti Veriseti Veriseti Veriseti Veriseti
1 2 3 5 6

TR S N W S

| Veriseti 7 (Ortak segilenler) ‘

Veriseti |

Sekil 6. Oznitelik segme yontemleri semasi. (Feature selection
methods schema.)

2.3. Anomali analiz yontemleriyle veri etiketleme
(Data labeling with anomaly analysis methods)

Calismada anormal igme suyu tiiketim tespitleri,
Sekil 7°de gosterildigi gibi 7 farkli anomali analiz
yontemi kullanilarak yapilmis, abonelerin igme suyu
tilketimlerini siniflandirmak ve etiketlemek i¢in yeterli
olmustur. Daha spesifik siniflandirma ve etiketleme i¢in
diger ML smiflandirma tekniklerinden de istifade
edilebilir.

Abone Tiiketim Veriseti |
Tesnit Edilen Avian Tiketimier |

SEE TP

Sekil 7. Topluluk 6grenme yontemi ile aykir tiiketim tespit
semasi. (Outlier consumption detection scheme with ensemble
learning method.)

Aykirt tiiketim tespiti yapan her bir ydntemin
calisma gemasi Sekil 2.16’da gosterilmis olup,
devaminda biitin yontemlerden elde edilen sonuglar
aykirilik puanlarimi elde etmek igin degerlendirilmistir.

Veri Etiketleme

Calismada tiiketim tespit yontemlerinin sonuglarina
gore aykirilik puan hesabi yapilmig, Tablo 9°da
gosterildigi sekilde 4 farkli tiiketim sinifi ve 4 farkli renk
ile etiketlenmistir.

Tablo 9. Aykirilik puanlarina gore smiflandirma etiketleri
tablosu. (Table of classification labels by outlier scores.)

Aykirilik Puani Tiiketim Sinifi
0-1 Normal - Yesil
2-3 Dikkat - Sari
4-5 Riskli - Turuncu
6-7 Asint - Kirmizi

2.4. ML yontemleriyle tiiketim sinifi tahmin
modelleri gelistirme (Developing consumption class
prediction models with ML methods.)

Calisma sonunda tikketim smif etiketlemesi ile
gozetimli hale getirilmis veriseti, Sekil 8’de gosterildigi
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gibi DT, NB, KNN, LJR, MLP-NN, RF ve GB olmak
tizere 7 farklh ML smiflandirma algoritmalar
kullanilarak igme suyu tiiketim sinifi tahmin modelleri
gelisgtirilmistir.

Tiiketim verileri TS verilerden olustugu ic¢in ilk
yillar egitim, son yillar da kontrol verisi olmak iizere
%90’a, %10 oranlarinda boliinerek ve boliinmeden
kullanilmaistir.

Gozetimli Veriseti

e e

Tahmin Modelleri |

Sekil 8. Igmesuyu tiiketim sinifi tahmin modelleri semast.
(Diagram of drinking water consumption class prediction models.)

2.4. Performans ol¢iimii ve en iyi modelin segimi
(Performance measurement and selection of the best
model.)

Calismada biitiin anomali tespit modellerinin
oncelikle TP, TN, FP, FN degerlerinden olusan hata
matrisleri hesaplanmis, Dogruluk, Duyarlilik, Kesinlik,
Hassasiyet, Ozgiillik, MAE ve MSE performans
metrikleri kullanilarak modeller karsilastirilmistir.

Her bir abone i¢in gelistirilen anormal tiiketim
tespit modellerinden en yliksek dogruluk oranindaki
model en iyi model olarak belirlenmistir. Anormal
tiiketim tespit modellerinden dogruluk oran1 ayni olanlar
var ise anomali duyarlilik ve anomali kesinlik oranlarina
gore yiiksek oranda olan en iyi model olarak
belirlenmistir.

Tiiketim sinifi tahmin modelleri de Dogruluk ve
determinasyon katsayis1 (R?) performans metrikleriyle
kargilagtirilmis, her bir igme suyu abonesi i¢in en iyi
tahmin modeli se¢ilmistir.

3. Bulgular (Findings)

3.1. Anomali analiz sonuclar: (Anomaly analysis
results.)

Veriseti incelendiginde 6zetle 20062022 (ilk 6 ay)
yillar1 arasinda kis aylarinda igmesuyu tiiketimlerinin
diistiigii, yaz aylarinda tiiketim degerlerinin diger aylara
gore daha yiiksek oldugu, calisma kapsaminda analizi
yapilan abonelere ait toplamda 17.908.783 m3 tiiketim
yapildig1, 1 okuma doneminde konut/mesken su tiiketim
miktar1 en yliksek 818 m3, en diisiik 1 m3 ve ortalama
13 m3 oldugu, yine 1 okuma doneminin en geg 819 giin,
en erken ayni giin ve ortalama 36 giin oldugu tespit
edilmistir.

Abonelere ait Sekil 9’da gosterilen sayag okuma
periyodu adetleri incelendiginde 1.325.969 adet
okumanin %0,72’sinin 25 giinden az bir zamanda,
%47,85’inin 35 gilinden fazla bir zamanda ve
%51,43"liniin ise 25 ile 35 giin araliginda yapildigi tespit
edilmistir.

Saya¢ Okuma Periyodu Grafigi
1.400.000
1.200.000
1.000.000 634.457
800.000
600.000
A00.000 681.971
200.000
0 9.541
25 gunden az 25 -35 glin arasinda 35 glinden fazla

Sekil 9. Saya¢ okuma dénem grafigi (Meter reading period chart.)

Temel veriseti 24 Oznitelikten, Oznitelik se¢im
yontemleri ile elde edilen alt verisetleri ise en az 7 en
fazla 12 adet 6znitelikten olusmustur. Burada kiimiilatif
varyans %90 ve {izerinde olarak Sekil 10°da gosterildigi
gibi 6znitelik adetleri belirlenmis, bir sonraki 6znitelik
kiimiilatif varyansi %95’in iizerine c¢ikarryorsa alt
veriseti  Oznitelik sayisinin  bir fazlasi  olarak
belirlenmisgtir.

110,00%

»  100,00% 9000000000000
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8 °
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©
> 7000% | o®
- [ ]
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8 5000%
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20,00%
10,00%
0,00%
0 5 10 15 20 25

Oznitelik Sayisi

Sekil 10. Kiimiilatif varyans oranina gore Oznitelik sayilari
grafigi (Graph of feature counts by cumulative variance ratio.)

Her bir aboneye ait gercek degerlerden olusan ve veri 6n
islemleri ile elde edilen 24 6zniteligin tamaminin oldugu
8.224 adet wveriseti ve Oznitelik secim yontemleri
sonrasinda elde edilen 57.568 alt veriseti olmak {izere
toplamda 65.792 adet veriseti analizde kullanilmugtir.
Ayrica gergek degerler minkowski mesafe oOlglim
yontemiyle birlestirilerek ve doniistiiriilerek 65.792 adet
veriseti daha elde edilmis, toplamda 131.584 adet alt
veriseti kullanilmistir.

Alt verisetler 6 farkli 6znitelik se¢im algoritmasi ile
belirlenmis olup, 6znitelik segme algoritmalarinin Tablo
10°da gosterildigi gibi ayn1 dznitelikleri se¢gme sayilar
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ve oranlart  gosterilmistir.  Oznitelik  secme
yontemlerinden 1G ve SU ydntemlerinin ortak olarak
belirlenen O6zniteliklere en yakin oranlarda Oznitelik
secimi yaptiklart anlasilmistir. Sirasiyla RF ve GR
yontemlerinin ¢ok az da olsa ayni 6znitelikleri segtikleri,

korelasyon ve f skor yontemleri kullanilarak yapilan
Oznitelik segimlerinin diger yontemlere gore neredeyse
hi¢ benzerlik gdstermedigi, birbirleriyle de ¢ok az bir
benzerlik tagidiklart anlagilmistir.

Tablo 10. Oznitelik se¢im yontemleriyle aym dzniteliklerin secilme sayilar1 ve oranlar1 (The number and rate of selection of the same features

by feature selection methods)

[
_ - <
2 g c £
g S X o S ©
< o X3 2 2 @
- £ 55 % © 5 23
B, o, . " . ot < [T 3] < =
Oznitelik Se¢im Yontemleri i) N E= & 5 7] @
A x & m M 4 w 4 o
IG GR suU R F RF g
V1 V2 V3 V4 V5 V6 V7
o Adet 495 7.066 84 0 1.018 3.669
Bilgi Kazanar G vl Oran %6 %86 %1 %0 %12 %45
Adet 587 114 0 340 345
Kazan¢ Oram GR V2 Oran %7 %1 %0 % %
Simetrik Belirsizlik suU V3 Adet 85 0 972 3.641
Katsayisi Oran %1 %0 %12 %44
Adet 11 51 44
Korelasyon R V4 Oran %0 %1 %1
Adet 0 0
F Skor F V5 Oran %0 %0
Adet 707
Rastgele Orman RF V6 Oran %9

Calismada elde edilen alt verisetlerinde Tablo 11°de
de Ozniteliklerin  segilme sayist  ve  oranlari
gosterilmistir.

Tablo 11. Alt verisetlerinde 6znitelik segim yontemlerinin
se¢im adetleri ve oranlar1 tablosu (Table of selection numbers and
rates of feature selection methods in subdatasets.)

Oznitelik Alt Verisetlerinde  Se¢ilme Orani
Haziran 33.406 %23,47
Temmuz 32.408 %22,77
Ekim 30.908 %21,72
Subat 30.665 %21,55
Eylul 30.451 %21,40
Mart 29.798 %20,94
Kasim 28.814 %20,25
Aralik 26.991 %18,96
Mayis 26.172 %18,39
Ocak 24.735 %17,38
Agustos 23.464 %16,49
Nisan 22.197 %15,60
S1 14.732 %10,35
Odeme 13.248 %09,31
Kademe 10.852 %7,62
K1 10.150 %7,13
S2 9.856 %6,93
S3 1.879 %1,32
K2 1.428 %1,00
K3 148 %0,10
S4 108 %0,08
K4 16 %0,01
S5 7 %0,00
K5 2 %0,00
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Ikinci asamada hem gercek hem de minkowski
mesafe degerleriyle elde edilen alt verisetler, ¢alisma
kapsaminda belirlenen 7 farkli anomali analiz
algoritmasi ile analiz edilmis, anormal tiiketim tespitleri,
anomali  puanlamalar1 ve  igmesuyu tiiketim
siniflandirmalar1 yapilmustir.

Toplam 1.325.969 adet igme suyu tiiketim gergek
degerleri kullanilarak yapilan analizde, 1.196.181 adet
normal tiiketim, 129.788 adet de anormal tiiketim tespit
edilmis olup, biitiin tiiketimlerde %9,79 oraninda bir
anomali durum oldugu anlagilmistir. Anomali tespit
yontemlerindeki esik degeri ile bu oran yukari veya
asag1 yonlii degistirilebilir. Anormal tiiketimler de kendi
icinde “Dikkat” etiketli tiiketim sayist 62.239 (anormal
tiiketimlere gore %47,95, biitiin tiikketimlere gore
%4,69), “Riskli” etiketli tiiketim sayis1 30.418 (anormal
tiketimlere gore %?23,44, biitiin tiiketimlere gore
%2,29), “Asir1” etiketli tiiketim sayis1 37.131 (anormal
tiikketimlere gore %28,61 biitiin tiikketimlere gore %2,80)
adet olarak tespit edilmistir.

Toplam 1.325.969 adet igme suyu tiketiminin
minkowski mesafe degerlerine doniistiiriilerek yapilan
analizinde, 1.152.927 adet normal tiikketim, 173.042 adet
de anormal tiiketim olarak tespit edilmis olup %13,05
oraninda bir anomali durum s6z konusu oldugu
anlagilmistir. Ayrica anormal tiiketimlerde kendi iginde
“Dikkat” etiketli tiketim sayis1 93.177 (anormal
tiiketimlere gore %53,85 biitiin tiikketimlere gore %7,03),
“Riskli” etiketli tiketim sayis1 50.856 (anormal
tilketimlere gore %:29,39, biitiin tiiketimlere gore
%3,84), “Asin” etiketli tiikketim sayis1 29.009 (anormal
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tilketimlere gore %16,76, biitiin tiikketimlere gore %2,19)
adet olarak tespit edilmistir.

Calismada gergek degerler ve minkowski mesafe
degerleri ile yapilan anormal tiiketim tespitlerinde, ayni
anomali tespit yoOntemleri ve esik degerleri
kullanilmasina ragmen farkli sonuglar elde edilmistir.
Minkowski degerleriyle toplamda %3,26’lik bir oranda
daha fazla anormal tiiketim tespiti olmasina ragmen,
“Asir’” tiiketim smif tespitinde %0,61 oraninda bir
diisiisiin olmast minkowski degerleri kullanilarak elde
edilen tespitlerin gercek degerlerle tespit edilenlerden
daha iyi sonuglar verdigi seklinde yorumlanmistir.

Ayrica abonelerin en fazla 167 en az 160 donem
saya¢ okumasi yapilmis olup Sekil 11°de gosterildigi
gibi  %80,52’sinin  tiiketim siliresince 2. sayaci
kullandiklari tespit edilmistir.

9.000
8.000
7.000 6.622
6.000
5.000
4.000
3.000
2.000
1.000

1.406 73 5

Abone Sayisi

118

1 Sayag 2 Sayag 3 Sayag 4 Sayag 5 Sayag

Sekil 11. Abonelerin tiiketim siiresince kullandiklar1 sayag
durum grafigi (Counter status graph used by subscribers during
consumption)

Ayrica igme suyu abonelerinin Sekil 12°de de
gosterildigi  gibi  %88,48’inin  tiiketimlerinin  ayni
kullanici tarafindan yapildigi tespit edilmistir.

8.000 7277

7.000

6.000

5.000

4.000

3.000

2.000 g4

1.000 20 11 2

Abone Sayisi

1 Kullanici 2 Kullanic 3 Kullamic 4 Kullamic 5 Kullanici

Sekil 12. Aboneliklere tiiketim siiresince sdzlesme yapan
kullanict durum grafigi (User status graph contracting subscriptions
during consumption)

Abone tiiketimlerinin tiiketim stiresince Tablo 12’de
gosterildigi gibi yalnizca %0,24 {iniin kademeye girdigi,
%0,55’inin de 6denmedigi tespit edilmistir.

Tablo 12. Sayag, kullanici, kademe ve 6deme durumlart dzet
tablosu. (Counter, user, level and payment status summary table.)

Kademesiz Kademeli Odenen  Odenmeyen Toplam

Abone

6.833 1.391 8.224 3.189 8.224
Sayi1s1
Okuma 1.322.781  3.188 1.318.707 7.262 1.325.969
Sayi1s1

Calismada her bir abone igin toplamda 112 adet
anormal tiiketim tespit modeli gelistirilmis; dogruluk,
duyarlhilik, kesinlik, hassasiyet, 6zgiilliik, MAE ve MSE

performans metrikleriyle modeller karsilastirilmistir.
Toplamda 921.088 adet model gelistirilmis, bunlardan
16.077 adeti en iyi model olarak maksimum dogruluk
performanst  gdstermistir. Modellerin  performans
dogruluk oranlar1 en diisiik %43, en yiiksek %100 ve
ortalama %385 olarak tespit edilmis olup Sekil 13’te
gosterildigi gibi EE yontemiyle elde edilen modellerin
cogunlukla en iyi modeller oldugu, Z Skor ve LOF
yontemleri ile elde edilen modellerin ¢ok diisiik
oranlarda maksimum dogruluk sagladigi anlasiimstir.

%120,00
%100,00 %11,19
%12,62
%80,00 b

%60,00

%789 %055 %007

%29,35

9
%40,00 £38.32

%20,00
%0,00

En lyi Model Oram

EE COPOD MAD ToL IF Z_Score LOF

Anomali Tespit Yontemi

Sekil 13. Maksimum dogruluk saglayan anomali analiz
yontemlerinin oranlari grafigi (Graph of rates of anomaly analysis
methods that provide maximum accuracy)

Her bir abone i¢in gelistirilen anormal tiiketim tespit
modellerinden dogruluk performans metrigi %90 ve
tizeri olanlar Tablo 13’te de gosterildigi gibi siralanir ve
dogruluk orani en yiiksek olani veya kullanilan anomali
analiz yontemine gore veya kullanilan alt verisetine gore
idare tarafindan belirlenebilir. Her bir abone igin ayri
ayr1 olmak iizere belirlenen en iyi anormal tiiketim tespit
modeli ile bir sonraki okuma doneminde anormal
tilketim analizinin yapilmasi daha az iglem ile ve daha
kisa siirede miimkiin olacaktir.

Tablo 13. Her bir aboneye ait dogruluk performans metrigi
maksimum olan en iyi model tablosu (Top model table with
maximum accuracy performance metric for each subscriber)

No Aﬁl%“e Eniyi Model  Dogruluk
1 12000541  c¢_V5_COPOD 0,993
2 12000950  g_V1_EE 0,993
3 10003387 c_V4_COPOD 0,993
4 10004150 c V2 IF 0,993
5 4002847 c_V7_COPOD 0,993
8220 12001129 g V3_IF 0,975
8221 4011157 c_V6_Z_score 0,962
8222 6009693 g_V1_EE 0,950
8223 216960 c_V2_TOL 0,900
8224 217139 ¢ V4 TOL 0,900

Calismada elde edilen biitiin tiiketim sinifi tahmin
modellerinden, dogruluk performans metrigi %90 ve
tizeri olanlar dikkate alindiginda, Sekil 12°de de
gosterildigi lizere Orneklem olarak alinan 8.224
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abonenin 7.150 tanesi (%86,94) alt verisetlerinden (V1,
V2, V3, V4, V5, V6, V7), diger 1.074 adet abonenin
(%13,06) ise temel verisetinden (V0) elde
edilebilmektedir. Her bir aboneye ait gelistirilen
maksimum dogruluk performansli model en fazla
oranda f skor 6znitelik se¢im yontemi ile elde edilen V5
alt veriseti kullanilarak elde edilmistir. Diger alt
verisetleri ile de birbirine yakin oranlarda basarili
sonuglar elde edildigi anlagilmistir.

Sekil 12. Dogruluk performansit %90 ve iizeri olan tahmin
modellerinde kullanilan veriseti oranlar1 grafigi (Graph of
dataset ratios used in prediction models with an accuracy performance
of 90% or more)

Burada islem sayis1 ve siiresi azaltilmak istendiginde
her bir abone igin alt verisetlerinden en az 6znitelikli
olant tercih edilebilir.

Model gelistirme siirecinde igslemci hiz1 1.1 GHz,
RAM Kkapasitesi 4GB olan bir PC kullanilarak her bir
abone i¢in model 6n islemleri ortalama 10 sn, anomali
analizleri ortalama 8 sn ve performans Ol¢lim ve
karsilagtirma islemleri ortalama 3 sn olmak iizere
toplamda yaklagtk 96 saat slrmiistir. Caligma
kapsaminda analizi yapilan 8.224 abonenin belirlenmis
en iyi modeli kullanilarak anomali tespiti yapilmasinda
bu siire yaklasik olarak 51 dk siirmektedir. Bdylece
Onerilen yontem ile 4 giinlikk bir analiz ortalama 1
saatten az bir zamanda yapilabilmektedir. Genellikle
biitlin sular idarelerinde mevcut olan profesyonel
donanim  altyapismin  kullanilmasi1 ile c¢alisma
kapsaminda onerilen analiz islem siirelerinin daha da
kisaltilmas1 miimkiin olacaktir.

Calismanin temel amaci olan abonelerin duyarli hale
getirilmesi ile tiiketim davranislarinda olusan anormal
tiketimlerinin  azaltilmasi,  tiiketimlerin  normal
seviyelere c¢ekilmesi durumunda, tespit edilen ‘Asiri’
smiftaki tiketimlerde %20 tasarruf ile 139.427 m3,
‘Riskli’ sinifindaki tiiketimlerden %15 tasarruf ile
154.058 m3 ve ‘Dikkat’ smifindaki tiiketimlerden de
%10 tasarruf ile 169.402 m3 olmak iizere toplamda

sistemdeki %2,58’lik 462.887 m3 suyun daha verimli
kullaniminin saglanacagi dngériilmektedir.

Abone faturalarinda ise ‘Asiri’ simiftaki tiiketimlerde
%20 tasarrruf ile 284.304,37 b, ‘Riskli’ simftaki
tiketimlerden %15 tasarrruf ile 288.181,09 % ve
‘Dikkat’ smiftaki tiiketimlerden de %10 tasarruf ile
34943892 b olmak {izere i¢cme suyu fatura
toplamlarinda  9%5,15’lik  921.924,38 b tasarrrufun
saglanacag1 ongorilmektedir.

3.2. ML analiz sonuclar: (ML analysis results.)

Calisma sonunda tiiketim smif etiketlemesi ile
gozetimli hale getirilmis veriseti, DT, NB, KNN, LJR,
MLP-NN, RF ve GB olmak iizere 7 farkli ML
siniflandirma algoritmalar1 kullanilarak igme suyu
tiiketim sinifi tahmin modelleri gelistirilmistir. Tiiketim
verileri TS verilerden olustugu igin ilk yillar egitim, son
yillar da kontrol verisi olmak ftizere %90’a, %10
oranlarinda boliinerek ve bdoliinmeden kullanilmastir.
Gelistirilen modeller Tablo 14°te gosterildigi gibi ACC
ve R2 performans metrikleriyle karsilastirilmis, her bir
igme suyu abonesi i¢in en iyi model segilmistir.

Tablo 14. igme suyu tiketim smf tahmin modelleri
performans tablosu (Performance table of drinking water
consumption class prediction models)

Veriseti Boliinmeden %90 Egitim - %10 Test
ML Minkowski Gergek Minkowski Gergek
Model Degerler Degerler Degerler Degerler
ACC R? ACC R? ACC R?* ACC R?
1 DT 1,00 1,00 099 073 1,00 1,00 1,00 1,00
2 ,G\‘ag‘ss'a” 094 -036" 069 -288° 1,00 1,00 069 0,00
3 KNN 1,00 1,00 099 073 1,00 1,00 094 0,00
4 LJR 0,87 0,00 0,86 -0,27° 1,00 1,00 1,00 1,00

5 MLP-NN 094 -052° 089 -097° 1,00 1,00 1,00 1,00
6 RF 1,00 1,00 09 0,73 100 1,00 1,00 1,00

7 GB 1,00 1,00 09 073 100 100 100 1,00

*R? degerinin negatif olmast modelin ¢ok daha kotii
oldugunu gostermektedir.

Minkowski mesafe degerleriyle elde edilen
modeller, gercek degerler kullanilarak gelistirilen
modellerden daha iyi performans gostermistir.
Modeller, kurumun istegi dogrultusunda veya belli
periyotlarda otomatik olarak yeni veriler de dikkate
alinarak giincellenebilir ve bdylece daha iyi performans
sonuglari elde edilebilir.

4, Sonuglar (Results)

Calisma sonucunda abonelerin saya¢ okuma
donemlerine ait abone, sayag, saya¢ okuma, tarife,
tahakkuk ve tahsilat verilerinden tliketim davranis
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modelleri gelistirilmis ve tiiketim smiflandirma
etiketlemesi yapilmistir. Her bir aboneye 6zel olarak
gelistirilen tahmin modeli ile her okuma ddneminde
saya¢ okuma esnasinda gergeklesen tiiketimin sinifi
belirlenmesi saglanmistir.

Igmesuyu  abone tiiketimlerinden  anormal
tiketimlerin tespit edilmesi ve tiiketim siniflarinin
belirlenmesi ile; tiiketim aligkanliklarinin su israfina
neden olacak diizeyde degismis olabilecegi, i¢ tesisatta
bir sizint1 olabilecegi, kullanilan i¢cme suyu sayacinin
Olciim hassasiyetini kaybetmis olabilecegi, dl¢iim dist
tiiketim veya kagak kullanimin s6z konusu olabilecegi,
saya¢ okuma memurunun endeksi yanlis girmis veya
sayact yanlis okumus olabilecegi, saya¢ endeks okuma
doneminin ay asirt ge¢ veya daha kisa siirelerde
yapilmig olabilecegi, bahge, peyzaj veya tarim amagli
sulama yapiliyor olabilecegi, hanenin bog veya tatile
cikmis olabilecegi, hane halki sayisinin dogum, Sliim
vb. nedenlerle artmig veya azalmig olabilecegi, iklim
sartlarmin klima kullanimi vb. nedenler ile degismis
olabilecegi  degerlendirmelerinin ~ daha  saglikli
yapilabilecegi ongoriilmektedir.

Ayrica galigmada Onerilen yontemle sular idaresinin
her okuma déneminde, anormal tiiketim analiz raporu ve
anormal igmesuyu tiiketimi yapan abone listesi
olusturabilecegi, sahada yapilan sayag ariza, fiziki kayip
kagak gibi igme suyu denetimlerinde bu listelerden
istifade  edebilecegi  Ongoriilmektedir.  Boylece
denetimlerde genelleme yapilmayarak daha 6zenli ve
itinali davranilacagi, anomali tespitinin kontroliiniin ve
geri doniislerinin de saglanmis olacagi dngoriilmektedir.
Caligsma ile analizi yapilan abonelerin, yaklasik 16 yillik
tiikketim verilerinden, “Asir1” sinifl1 27.463 adet tiiketim
dikkate alindiginda yaklagik olarak aylik 137 adet
kontroliin gerektigi, giinliik 25 adet kontrol yapan bir
ekip ile 1 haftaya yakin bir zamanda kontrol edilmesinin
miimkiin oldugu Ongoriilmektedir. Biitiin abonelerin
calismada  Onerilen  yOnteme ait  analizlerinin
yapilmasiyla daha biitiinciil bir kontrol listesi elde
edilebilir, ekip sayisi ve anormal tiiketim sayis1 dikkate
alinarak bir planlama yapilabilir. Ayrica istenirse ekip
sayisma ve ekiplerin kontrollerini yapabilecekleri
anomali sayisina gore de anomali tespit yontemlerinin
esik degerleri yukar1 veya asagi yonlii ayarlanarak
planlama yapilabilir.

Abonelerin saya¢ okumalarinin yapilamamasi veya
okuma donem siirelerinin ay asir1 giinlerde veya daha
kisa siirelerde yapilmasmin Oniine gegilerek, sayac
okumalarinin her bir abone i¢in kayip donem olmadan
her ayin ayni giiniinde yapilmasinin tiiketim tahmin
model performansini arttiracagi, ayrica mevsimsel
sartlarin dolayisiyla meteorolojik verilerin hane igindeki
tiiketimlere etkisi gerceginin tek basina yeterli
olmayacagi, hanelerde klima gibi hane igindeki iklim
sartlarin1 degistiren sistemlerin varligina ait bilgilerin de
dikkate alinmasinin faydali olacag1 dngdriilmektedir.

Ayrica Onerilen yontem kullanilarak, sayaglarin
iceride olmasi ve kullanicilarin evde olmamasi
durumlarinda ya da sayag¢ ariza donemlerinde yapilan
kiyas tiiketimlerin, her aboneye 6zel olarak tahmin
edilmesi veya belirlenmesi daha adilane, daha spesifik
ve daha bilimsel bir yaklagim saglayacaktir.

Ayrica calismada abone devri, kapama ve agma
islemlerinden dolay1 tiiketim davranig modellerinin
yenilenmesinin uygun olacagi, calismada tiiketim giin
sayisinin, kullanic1 degisiminin, saya¢ degisiminin,
6deme durumunun dikkate alindigi ancak bagkaca
parametrelerin de etkili olabilecegi gerektiginde
Onerilen modele bunlarinda eklenebilecegi
onerilmektedir.

Anomali analizleri sonucunda yapilan tespitler bir
ongorii vermektedir ve gergekligi ancak saha calismalari
sonucunda gelen geri doniitler ile anlasilacaktir.
Dolayistyla hangi anomali tespit yontemi kullanilirsa
kullanilsin, abone tiiketimlerinin simiflariin
ongoriilmesinde tam bir basar1 saglanmasi arzu edilen
bir sonugtur, fakat tam bir basar1 saglanmazsa dahi
O6nemli olan basar1 oranmi artiracak adimlar atmak,
etkili oldugu anlagilan baskaca veriler varsa bunlar
temin etmek ve geri doniitlerle gelen hatalari diizelterek
ilerlemek olmalidr.

Ayrica sular idarelerinin ¢ogunda yapilan sebeke
basing denetimlerinden elde edilen kayip kagak
lokasyonlar1 ile bu g¢alismadan elde edilen anormal
tiketim yapan abonelere ait lokasyonlar eslestirilerek
kay1ip kagak denetimlerinde daha spesifik ¢oziimler elde
edilebilir.

Ayrica  abonelere  6zel tahmin  modelleri
gelistirildiginde,  bolgelere  ayrilmis  igmesuyu
sebekesinde de ihtiyag duyulacak aylik, yillik igme suyu
miktarlart daha gergekei olarak tahmin edilebilecektir.
Boylece arz yonlii degil talep yonlii bir bakis agisiyla su
yontemi saglanmis olacaktir. Bu bakis agistyla 6zellikle
suya ulagimin ¢ok zor oldugu bélgelerde ve kuraklik
donemlerinde daha etkili analizler yapilmasina yardimci
olacak ve sonuclar alinmasini saglayacaktir. Bu
calismadaki taleplerin disipline edilmesi hedefi bu
amaca hizmet etmektedir.

Calismada her bir abone ic¢in modellerin
gelistirilmesi ve en iyi modelin dogruluk performans
metrigi, islem adeti ve iglem siireleri dikkate alinarak
secilmesi anlik ihtiya¢ duyulacak bir durum olmayip
saya¢ okuma isleminin donemsel yapiliyor olmasi
avantaji ile ilgili ay i¢inde analizin yapilmasinin yeterli
olacagi, dolayistyla modellerin hiz performanslarindan
cok, veri Kkalitesi ve model verimliliginin
oncelenebilecegi ifade edilebilir. Sahada saya¢ okumasi
esnasinda anlik smiflandirma yapilmasi daha once
gelistirilmis modellerin kullanimiyla saglanacaktir.

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 159-173 171



Tatil giinleri, pandemi gibi etkenlerin sebep oldugu
olaganiistli yasam kosullar1 tiiketimi donemsel etkileyip
davranig modellerini yaniltabilecegi ongoriilmektedir.
Bu husus bagka bir g¢alismanin konusu olarak da
degerlendirilebilir.

Calisma sonucunda i¢mesuyu abonelerine ait
anormal tiiketim dénem sayisinin toplam tiiketim dénem
sayisindaki oraninin yaklasik %2 oldugu diisiiniiliirse
verisetinin ~ dengesiz  bir yapida  oldugundan
bahsedilebilir. Calismanin devami ve tamamlayicist
olarak tiiketim simifi tahmin modellerinin gelistirilmesi
diistiniildiigiinde, elde edilen gdzetimli verisetlerinin
KNN algoritmasi temelli SMOTE gibi veri ¢ogaltma
algoritmalar1 veya normal tiikketimlerin anormal tiikketim
degerleri ile degistirilmesi yontemleri ile dengeli hale
getirilmesinin tahmin modellerinin performanslarini
arttiracaglt Ongoriilmektedir. Calismada i¢cme suyu
tiketim smifi tahmin model performanslari yeterli
oldugu icin buna gerek duyulmamstir. Ihtiyac
duyulmasi halinde normal tiiketim degerleri yerine
kullanilacak anormal tiiketim degerleri, yaz aylar
tiiketiminin kig aylarinda veya kis aylar1 tiikketimlerinin
yaz aylarinda yapilmis gibi gosterilmesiyle de elde
edilebilir.

Calisma sonunda elde edilen gozetimli veriseti,
tahmin modelleri gelistirilmeden Once tekrardan
Oznitelik se¢im islemlerine tabi tutulabilecegi, yeterli
sayida faktoriin secilebilecegi, analiz hizinin, verimin ve
performans metrik  degerlerinin  arttirilabilecegi
ongoriilmektedir.

fcme suyu abone sayagclarinin, Olglim
hassasiyetlerinden dolayr en ge¢ 10 yilda bir ya
kalibrasyon ayarlarinin yapilmasi ya da degisiminin
yapilmasi gerekmekte olup, ¢alisma ile yaklasik 16
yildir tek saya¢ kullanan 118 abonenin sayag
degisimlerinin yapilmasinin, benzer olarak sayag
degisim kayitlarina ulagilamayan diger biitiin abonelerin
endeks kontrolii ile 10 yillik saya¢ denetimlerinin
yapilmasinin daha dogru tiketim Ol¢iim degerlerini
saglayacagi ongoriilmektedir.

Abonelere saya¢ okuma esnasinda verilen su
bildirim makbuzlartyla birlikte tiiketim aliskanligimin
normal veya anormal seyirde oldugu, anormal ise hangi
smif bir tiiketim yaptiklar1 bilgisinin verilerek su
tiketimi duyarliligimin artirilacagr Ongoriilmektedir.
Ayrica hane ic¢i su tiiketimlerinin genelde hangi
amaclarla yapildigi, nerelerde yapildigi, ne kadar
yapilmasi  gerektigi ve nerelerde bir tasarruf
saglanabilecegi bilgilendirmelerinin veya Onerilerinin
kurum ve aboneler arasinda var olan biitiin iletisim
kanallar1 araciligtyla mesajlar, brosiirler kisa filmler vb.
yontemler kullanarak yapilmasinin da duyarliliga katki
saglayacagi ongoriilmektedir.

Tespit edilen anormal tiiketimlerde vatandasin
bilgilendirilmesi ve duyarli hale getirilmesi ile
tiketimlerin normal tiketim smiflarma ¢ekildigi
diisiiniildiigiinde oncelikle bu durumun abone sdzlesme
sahibinin ekonomisine katki saglamasiin yaninda su
idarelerinin su talebini kargilamak i¢in alternatif
kaynaklarin  sisteme getirilmesi yatirnmlart  ve
arayislarina  destekleyici  bir  ¢oziim  olacagl
diigiiniilmektedir.

Bu c¢alismada sadece konutlardaki i¢cmesuyu
tiketimi dikkate alimmis ve modeller gelistirilmistir.
Bununla birlikte 6nerilen yontem toplu tikketimlerin s6z
konusu oldugu diger biitiin sektérlerde de kullanilabilir
bir altliga sahiptir. Ayn1 yontem ile elektrik, dogalgaz,
internet, mobil hatlar, kredi kartlar1 gibi tiiketimlerin bir
abonelik sistemi {izerinden dénemsel yapildig1 ve kayit
altina alindig1 alanlarda her bir abone igin tiiketim
davranis modeli ¢ikartilabilir, anormal tiiketimler tespit
edilip belli smurlarda tiiketimlerin yapilmasi veya
tiketimin disipline edilmesi saglanabilir, tiiketici
kitlesinde geri bildirimler yapilarak konuyla ilgili
duyarliliklar gelistirilebilir. Ayrica bu sektorlerde
hizmet veren kurumlar yapay Al bu sistemi art1 bir
hizmet olarak kendi mobil uygulamalarinda abonelerine
sunarak daha fazla miisteri memnuniyeti saglamis
olacaklardir.
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Abstract

Deep learning is an important discipline in which human-specific problems are solved with the help of machines with advanced
hardware power. It is seen this discipline is widely used in the fields of industry, health, defense industry, and sports. In addition, the
use of deep learning in the field of horticulture is an important requirement. With the integration of deep learning into horticulture, to
do product classification is very important for increasing productivity and production.

In this study, a method using ensemble learning is proposed to improve the accuracy of the classification problem for horticultural
data. For this method, a new dataset was created, containing a total of 24421 images and 15 crop classes, independent of data
augmentation. In order to train this created data set with the help of the proposed method, a hierarchical structure has been designed
in which the output of one model is the input of the other model. A total of 7 pre-trained models were used in the experimental
studies of the proposed method. Since this method is in an ensemble structure, it is possible to add or remove pre-trained models
from the structure. With the help of experimental studies, a performance analysis of the proposed method, which is compared with
the traditional CNN method, has been made. As a result of these analyses, it has been observed that the proposed method works 3%
more successfully.

Keywords: Transfer learning, ensemble learning, convolutional neural network, image classification, deep learning.

Bitki Stmflandirmasi icin Transfer Learning Kullamlarak Topluluk Ogrenmesi
Metodu Uzerine Bir Calisma

Oz

Derin 6grenme, insana 6zgii problemlerin gelismis donanim giiciine sahip makineler yardimiyla ¢oziildiigii 6nemli bir disiplindir. Bu
disiplinin sanayi, saglik, savunma sanayi ve spor alanlarinda yaygin olarak kullanildig: goriilmektedir. Ayrica bahgecilik alaninda
derin 6grenmenin kullanilmasi 6nemli bir gerekliliktir. Derin 6grenmenin bahgecilige entegrasyonu ile iiriin siiflandirmasi yapmak,
verimliligi ve liretimi artirmak i¢in olduk¢a dnemlidir.

Bu calismada cesitli bitki verilerini kullanarak siniflandirma probleminin dogrulugunu artirmak i¢in topluluk 6grenmesi yontemi
onerilmistir. Bu yontem igin veri artirmadan bagimsiz olarak toplam 24421 goriintii ve 15 iriin sinifi igeren yeni bir veri seti
olusturulmustur. Onerilen yontem yardimiyla olusturulan bu veri setini egitmek icin bir modelin ¢iktisimin diger modelin girdisi
oldugu hiyerarsik bir yap1 tasarlanmistir. Onerilen yontemin deneysel calismalarinda toplam 7 adet 6nceden egitilmis model
kullanilmistir. Bu yontem bir topluluk yapisinda oldugu i¢in yapiya dnceden egitilmis modeller eklemek veya ¢ikarmak miimkiindiir.
Deneysel ¢alismalar yardimiyla onerilen yontemin geleneksel CNN yontemi ile karsilastirilan performans analizi yapilmistir. Bu
analizler sonucunda 6nerilen yontemin %3 daha basarili ¢alistig1 goriilmistiir.

Anahtar kelimeler: Transfer 6grenme, topluluk 6grenme, evrigimli sinir ag1, goriintii siniflandirma, derin 6grenme.

* Corresponding Author. Recieved : 4 Jan 2023
E-mail: gatali@subu.edu.tr Revision : 25 Mar 2023
Accepted : 14 Aug 2023


mailto:22501005008@subu.edu.tr
https://orcid.org/0000-0003-1215-9249
https://orcid.org/0000-0001-5089-9243

1. Introduction

With the development of artificial intelligence
technologies, human-specific problems become the
subject of machines. Artificial intelligence techniques
combined with machines are driving technological
developments in many areas such as speech
recognition, visual object recognition, object detection,
disease diagnosis, and gene sequence classification. In
many studies on deep learning, which is a sub-
discipline of artificial intelligence, researchers have
offered various solutions to reach the most accurate
result with different methods (LeCun et al., 2015). The
classification problem is one that artificial intelligence
can solve on a large scale. Although various traditional
deep learning algorithms continue to work on this
problem, the realization of accuracy and speed
improvements is an important issue.

The most important source of information in
machine learning and deep learning projects is data.
Where data source is few, or data collection is difficult,
pre-trained models with more easily collected data are
needed. These models, which were previously trained
with large data sets and whose weights are generally
accepted, are called SOTA (State-of-the-Art) models,
and this method is called transfer learning. Transfer
learning is a method that has been tried many times and
has proven itself in this field (Weiss et al., 2016, Babu
&Annavarapu, 2021, Altaf et al., 2021, Salama & Aly,
2021, Vidal et al., 2021). Transfer learning is very
advantageous compared to creating a new model since
the precision of the results is not known when creating
a model network and it requires many trials.
Classification of horticultural products is an important
field of study in which artificial intelligence
technologies can be used. Using more than one
different model together is a method called ensemble
learning, which increases the accuracy of the model.
With this learning method, in which the results of
several models are analyzed together without
depending on a single model, more reliable and
accurate predictions are obtained (Re & Valentini,
2014). Ensemble learning can be adapted to
classification and regression problems using different
algorithms.

In this study, a structure in which more than one
model is used together is proposed in order to solve the
classification problem and increase its accuracy. This
structure is designed to use different models together
and the output of one model forms the input of the
other model. These models, which were trained using
transfer learning with a total of 24421 images, were
used to classify 16 different classes. Performance
analyses of the proposed method were carried out on
the created data set and the results were presented in
detail. In addition, the proposed structure was
compared with the traditional CNN (Convolutional
Neural Networks) classification method, and precision,
recall, and flscore values were measured.

2. Related Works

When the literature is examined, many studies

using the transfer learning method, seem to focus on
images, especially radiography, etc. The most
important reason for this is that medical data sets
consist of accessible data. However, although there are
difficulties in collecting data, studies in the field of
horticulture have also been encountered. Studies in
both scientific fields focus on the comparison of many
common scientific methods, regardless of the
differences in data sets.
For the classification of horticultural data, many
studies have been carried out and different methods
have been used so far (Yang & Xu, 2021, Palaparthi et
al., 2023).

Abed et al., using a dataset with 1295 images and 3
classes to increase productivity in horticulture, detected
disease on bean leaves. In this determination, they
measured the performances of more than one pre-
trained model and compared the accuracy, selectivity,
flscore, and AUC (Area Under the Curve) values.
Among the  pre-trained models  compared,
DenseNet121 gave the best result with an accuracy of
98.31% (Abed et al., 2014). Zhao et al. created an
object detection algorithm using deep learning with the
images they obtained with the help of unmanned aerial
vehicles in order to use artificial intelligence in the
field of modern horticulture. Using the pre-trained
YOLO v3 model, a bale detection algorithm was
created on the labeled data. It was observed that
detection performance increased in the model they
trained using approximately 243 images (Zhao et al.,
2021). In their study, Garcia et al. proposed an artificial
intelligence assistant model in which both deep
learning and traditional machine learning algorithms
are combined for the classification of horticultural
plants. For the test of the created model, two crops and
two weed groups were selected, a unique data set was
created, and performance analyzes were demonstrated
(Garcia et al., 2020). Dawai et al. used transfer learning
to detect pests in order to increase productivity in
horticulture. This model, which can predict a total of
10 classes, reached an accuracy of 93.84% (Dawei et
al., 2019). Kang and Gwak were used to classify the
freshness of fruit, which is an important issue in
horticulture. They proposed an ensemble learning
model in which multi-task deep convolutional neural
networks based on ResNet50 and ResNet101
architectures are used together. The proposed method
has reached high accuracy values (Kang and Gwak,
2021).

Weed and product classification in horticulture is
an important issue for increasing productivity and
production. It is seen as a result of the literature review
that the concepts of transfer learning and ensemble
learning give very good results in this regard (Garcia et
al., 2021, Bosilj et al, 2019, Yang et al., 2019). Xie et
al. used transfer learning to measure the quality of the
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produced product and detected defective products in
the carrot vegetable they selected as an example. In
their study, they used 5 different state-of-the-art
models and the ResNet50 model gave the best result.
With the ensemble learning method, in which the
ResNet50, Densenetl21l and VGG16 models, which
they created in order to increase the accuracy, are used
together, they have reached 97.32% accuracy (Xie et
al, 2021). Jahanbakhshi et al. developed a CNN
structure using the stochastic pooling mechanism to
detect and classify the apparent defects of sour lemon
fruit. In order to perform these performance analyses, a
unigue data set with images of healthy and damaged
sour lemon fruit has been created. They compared their
work with other machine learning algorithms such as
KNN (K-Nearest Neighbors), SVM (Support Vector
Machine), ANN (Artificial Neural Networks), and DT
(Decision Tree) (Jahanbakhshi et al, 2020).

Ensemble learning, which is a learning method
where several different models are run at the same time
and results are obtained, is frequently used in image
classification. Ganaie et al. explained ensemble
learning comprehensively in their study and provided
information on its use in different fields (Ganaie et al.,
2021). Ahmad et al. used the ensemble learning
method, which combines the attributes of different
models to solve the classification problem. In their
study, it was observed that the combined use of
MobileNet and InceptionV3 models made better
classification than their separate use (Ahmad et al.,
2021). ResNet50 and SSDMobileNetV2, which are
state-of-the-art models, are frequently used in transfer
learning. In many studies, the performance values of
these two models are shown in detail (Linguo et al.,
2021, Biswas et al., 2018, Shabir et al, 2021, Li et al
2018).

Considering these studies in the literature, in
classification problems; It is seen that transfer learning
and ensemble learning methods are frequently used. In
this study, a different classification architecture is
proposed using these 2 methods. The structure of this
classification architecture, which aims to increase
accuracy compared to traditional methods, is explained
and performance data are measured and compared with
different models. To the knowledge of the authors, the
proposed architecture has not been done before.

3. Material Method

Transfer learning and fine-tuning have been used to
compare the success of the proposed method with
traditional methods. In order to perform transfer
learning, one of the pre-trained models, ResNet50, was
first applied to all layers. Then, the study was evaluated
by using MobileNetV2 models, which are faster but
less successful than ResNet50, in order to evaluate the
performance. MobileNetV2 model is fast due to the
basic parsing in the first layer. In the other layers, a

new ensemble learning has been created by choosing
ResNet50 to increase the result performance.

3.1. Dataset

All of the images included in the database in this
study were compiled and used via Kaggle (Kaggle,
2022). Within the scope of the study, a total of 24421
images were used and these images were divided into 4
clusters as in Figure 1. There are 4 different classes in
mushroom, flower, and fruit clusters, and there are 3
classes in vegetable clusters.

While 24421 images in the data set were used to
train the proposed method, 100 different new images
were preferred for the test of the model. In addition,
80% of the training data set is presented to the learning
algorithm as train and 20% as validation in order for
the model to produce more meaningful results. Sample
images from the train and validation data are presented
in Figure 2. Within the scope of the study, the amount
of data of each class was taken as approximately 2000
in order to prevent the problem of bias in the model
depending on the number of data of the classes. The
data counts of the classes away from this reference
were matched using data augmentation.
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Figure 1. Distribution of data belonging to classes

In order to compare the proposed method with the
models used in traditional CNN methods, a data set
consisting of 4 clusters and 15 classes was prepared. In
order to avoid bias in the prepared data set, the data
augmentation method was applied to the classes with
few visuals (Brocoli, Lemon, Agaricus, Boletus,
Lactarius, Russula). In order to increase the number of
images they contain, the mirroring method has been
applied to the classes to which the data augmentation
process has been applied, and it is aimed to double the
number of images they contain. Thus, a total of 30,494
images were obtained. The dimensions of the images
are scaled to be 224x224 pixels and 3 channels. When
the graphics card and memory usage are taken into
consideration, the batch method is used in order to
shorten the processing time. A total of 953 packages
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were created, with 32 images in each package, and
80% of the entire data set was divided into the train
(Figure 2.a) and 20% validation (Figure 2.b).

(a) (b)
Figure 2. a) Train dataset visual, b) Validation dataset
visual

3.2. Proposed method

Convolutional neural networks consist of two basic
layers: convolutional and fully connected. The input
data is first subjected to filtering and activation
functions in the convolutional layer. At this stage,
various pooling methods and normalization operations
are performed to extract the attribute features of the
input data. The input data from which the feature is
extracted is made into a one-dimensional array in the
flattening layer. Then, the flattened data is passed to
the fully connected layer, where all neurons are
interconnected for classification, and the convolutional
neural network model is formed. In traditional CNN
classification, more than one class is tried to be
estimated using a single model. In this process, the
precision of estimating a class decreases, and the
success rate of the model decreases if the number of
classes is large or the similarity between classes is
intense.

In this study, a method is proposed in which models
created with CNN structure are used together in order
to increase the success of the traditional classification
process. The working system of the proposed method,
whose pseudo-code is given in Table 1, is based on the
concept of an ensemble of models. In the proposed
method, a total of 7 models were used together, with
the output of one model forming the input of the other
model.

Table 1. Pseudo code of proposed method

Algorithm
1 for image, labels in iterate the test data:
2 for a=1:100 do:
3. reshape of image[a]
4
5

predict image with model_number_42
select max index in class names of
model_number_42
if model of layer_1_pred equals to ‘class1":
7. if model of classl_2 pred equals to
'Flower":

o

8. add flower_3(image) to predictions list

9. else:

10. add mushroom_3(image) to predictions
list

11. else:

12. if model of class2_2 pred equals to
'Fruit":

13. add fruits_3(image) to predictions
list

14, else:

15. add vegetables_3(image) to predictions

list

The proposed method consists of 3 layers as shown
in Figure 3, and the first layer is named Number42,
which is one of the important names that D. Adams
brought to the literature (Adams, 1979). In the study,
the Number42 model predicts 2 classes hamed Classl
and Class2. These classes are grouped according to the
similarities of the classes in the 3rd layer. Models
predicting classes in layer 3 are named after Class1 and
Class2. Finally, the classification is completed when
the models in the 3rd layer predict the output classes.

Layer 1

Layer 2

3.3. Fine tuning

In artificial neural network models, the loss
function must be at a minimum level for learning to
function properly. Various optimization algorithms are
used to minimize the loss function. In this study,
ADAM (Adaptive Moment Estimation), which is one
of the optimization algorithms frequently encountered
in artificial neural network training, was used as a loss
function, and Sparse Categorical Crossentropy was
used. The w; value in the ADAM optimization
algorithm, whose formulation is given in Equation 1,
represents the updated weight. The m; represents bias
corrected versions of moving averages. vt is the sum of
the squares of the gradients up to time t. The learning
rate, on the other hand, was taken as 0.001 by showing
the symbol n. The ADAM function is found by
multiplying the learning value for the weight update
with the gradient of the function and subtracting it from
the previous weight. In the fully connected layer of the
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neural network, the Global Average Pooling method is
preferred instead of the flattened layer in order to
increase the computational performance. In order to
reduce overfitting, 3 dropout layers were added to the
study and the coefficient was taken as 0.3, valid for all
models. All artificial neural network models were
created by activating the GPU on Google Colab in
order to measure the success of the experiment and
control the process independently from the hardware.

e 1)
v, +€E

W = W —-n

T T
Frozen Re-Training
Figure 4. Pre-trained model diagram

As shown in Figure 4, while using the pre-trained
models with optimum weights for retraining, a certain
part of them is frozen. This process saves time and
provides a performance increase.

3.4. Performance evaluation

Different evaluation metrics are used to see the
performance of the proposed approach for the
classification problem. The effectiveness of the
proposed approach was measured and compared with
the traditional CNN approach. The evaluation metrics
used Accuracy (ACC), Precision (P), Recall (R), and
fiscore (f1) are shown in the Equation. (2-5). The fact
that the results obtained from these metrics are close to
1 indicates that the model is a successful one.

A B TP +TN (2)
CCUracy =Tp I TN + FP + FN
. TP (3)
Precision = TTPPﬁ
(4)
R =
ecall = 75T FN
P P xR (5)
fiscore = PTR

TP, TN, FP, and FN; represent the True Positive,
True Negative, False Positive, and False Negative
prediction numbers, respectively.

4. Results

In this study, a structure has been considered in
order to increase the accuracy compared to traditional
methods and a method has been proposed in this
direction. The proposed method is designed in such a
way that the output of one model is the input of the
other model by using the models one after the other.

ResNet50 and MobileNetV2 models were used both
together and separately to perform the performance
analysis of the proposed method. In order to compare, a
total of 3 experimental studies were conducted, 2 of
which worked with the proposed method and the other
with the traditional CNN method. The structure called
1Mob23Res, prepared with the proposed method, was
designed using MobileNetV2 models in the 1st layer
and ResNet50 models in the 2nd and 3rd layers. In
another experimental study of the proposed method,
the ResNet50 model was used in all layers of the
structure called 123Res. In addition to these two
experimental studies of the proposed method, CNN,
which is the conventional image classification method,
was used alone in the third experimental study. In the
last experimental study, the CNN structure was
performed using the pre-trained ResNet50 model called
SM1. Comparative results of these experimental
studies are given in Table 2. In the experiments, 100
test data prepared in accordance with the data set were
used and the numerical distribution of the test data over
the classes. In order to decide whether the proposed
method is successful or not, the P, R and flscore values
observed in the experiments were examined separately
for each test data in Table 2. As a result of the studies,
it was observed that the average ACC values of the
1Mob23Res and 123Res experimental studies were
equal. Although ACC values are equal in these two
experimental studies, there are differences for each
class. For example, while P, R and flscore values are
[0.50 1 0.67] in the 1Mob23Res structure of Lemon
test data, this situation is observed as [0.45 1 0.62] in
123Res structure. In the calendula test data, this
situation was observed as 1Mob23Res [0.78 1 0.88]
and in the 123Res structure [1 1 1]. Lemon test data
was better predicted by 1Mob23Res, but Calendula test
data outperformed 123Res. In addition, the results of
the comparison of the proposed method with SM1 are
given in Table 2 on a class basis. The prediction
performance in Tomatoes test data was observed as
[0.50 0.14 0.22] in the 1Mob23Res and 123Res
structures, while it was [0 0 0] in the SM1 structure.
Therefore, the traditional CNN model, SM1, failed to
predict the Tomatoes test data. From the experimental
studies performed with the proposed method,
1Mob23Res and 123Res structures reached 83% ACC,
while SM1 conventional CNN reached 80% ACC. As a
result, the success rate of the proposed method is 3%
better than the traditional method. In order to train the
proposed method, a data set consisting of 24421
images was used, and for the test of the model, 100
new images were preferred, independent of the training
data set. As a result of the experiments performed with
these test data, although the ACC performance rates are
equal, the time taken for the estimation of the classes is
different from each other in both experimental studies.
While the prediction times were 45.368 seconds for
1Mob23Res, this value was 49.001 seconds for
123Res. It has been observed that the prediction time
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of the traditional CNN classification model (SM1) is
36,729s for this data set. This shows that the
1Mob23Res experimental study performed with the

proposed method makes 19.02% slower estimation
compared to the traditional method.

Table 2. Classification report by evaluation metrics, (P, R, and f1 represent precision, recall, and f1 score, respectively.)

Multi-model
1Mob23Res 123Res SM1
P R f1 P R f1 P R f1
Agaricus 0.83 0.83 0.83 0.83 0.83 0.83 1.00 0.83 0.91
Alcea 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Apple 0.75 0.43 0.55 0.75 0.43 0.55 0.75 0.43 0.55
Boletus 1.00 0.83 0.91 1.00 0.83 0.91 0.80 0.67 0.73
Broccoli 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Calendula 0.78 1.00 0.88 1.00 1.00 1.00 0.88 1.00 0.93
Carambola 1.00 0.33 0.50 1.00 0.33 0.50 1.00 0.33 0.50
Lacratius 0.88 1.00 0.93 0.88 1.00 0.93 0.86 0.86 0.86
Lemon 0.50 1.00 0.67 0.45 1.00 0.62 0.41 1.00 0.58
Matricaria 0.86 1.00 0.92 0.86 1.00 0.92 1.00 1.00 1.00
Muskmelon 0.86 1.00 0.92 0.86 1.00 0.92 1.00 1.00 1.00
Pear 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
1.00
Rudbeckia 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Russula 1.00 0.83 0.91 1.00 0.83 0.91 0.62 0.83 0.71
Tomatoes 0.50 0.14 0.22 0.50 0.14 0.22 0.0 0.0 0.0
ACC 0.83 0.83 0.80
Macro avg 0.86 0.83 0.82 0.87 0.83 0.82 0.82 0.80 0.78
Weighted avg 0.85 0.83 0.81 0.86 0.83 0.81 0.81 0.80 0.78

Since the proposed method in future studies is in an
ensemble structure, it can be easily run with similar
models such as InceptionV3, VGG16, and Efficient
without any structural changes, and performance
analyses can be evaluated with the same or different
data sets. Similarly, by changing parameters such as
the number of layers and classes, performance values
such as accuracy, precision and flscore can be
compared. When the number of data is increased, it is
predicted that the proposed method will give more
accurate results compared to the traditional method.
Experiments with the method proposed in this study in
the field of transfer learning will carry the study
further.
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Oz

Zeki Kampiis kapsamui igerisinde iiniversite kampiislerinin kapali alanlarinda hava kalitesinin tahmin edilmesi, viriis bulas riskini en
aza indirilmesi agisindan ¢ok 6nemlidir. Buna bagli olarak siniflarda, idari ofislerde ve toplanti salonlarinda hava 6lgtimlerinin kontrol
limitleri digina ¢ikmasi durumunda uyarilar vererek kararlar almasini saglayacak bir karar destek sistemin kurulmasi, bu riski kontrol
altinda tutmay1 saglayabilecektir. Bu ¢aligmada oncelikle karbondioksit, sicaklik, nem, basing ve hava kalitesi (MQ135) sensorleri
insan giris ve ¢ikiginin yogun oldugu bir sinifa kurulmus ve diizenli olarak veri alinmasi saglanmigtir. Caligmanin ikinci asamasinda
veri madenciligi teknikleri ile bu sensor verilerinin veri dnisleme teknikleri ile analizleri yapilmistir. Calismanin ana amaci yapay sinir
aglar, karar agac1 ve destek vektor makine teknikleri ile sensor verilerinin modellenmesi ve kisi sayis1 artigi, cam veya kapinin agilmast,
ve ders arasi siiresinin uzatilmasi gibi nedenlerden kaynakli olarak havada gergeklesen ani degisikliklerin model tarafindan
yakalanmasini saglamaktir. Caligmanin sonucu, kabul edilebilir araliklarin digina ¢ikan hava kalitesi durumlarinin tespiti sonucunda
odanin ne zaman havalandirilacagina karar vermektir. Bu arastirmada kurdugumuz modeller kampiis disinda da 6rnegin toplu tagima
araglarinin, igyerlerinin, ofislerin, restoranlarin, kafelerin ve 6zel araglarin havalandirma sistemlerinde kullanilabilecek 6zelliktedir.

Anahtar Kelimeler: Makine Ogrenmesi, Zeki Kampiis, Karar Destek Sistemleri

Modeling of Indoor Air Quality in Campus and Developing a Decision Support
System

Abstract

Estimating the air quality in the indoor areas of university campuses within the scope of Intelligent Campus is very important in terms
of minimizing the risk of virus transmission. In order to reduce this threat, it will be possible to develop a decision support system that
will allow it to make decisions by issuing alerts in the event that air measurements exceed the control limits in the classrooms, executive
offices, and meeting rooms. In this investigation, carbon dioxide, temperature, humidity, pressure, and air quality (MQ135) sensors
were first installed in a classroom where there was a significant amount of human input and output, and regular data were collected. In
the second stage of the study, data mining techniques and data preprocessing techniques were used to analyze these sensor data. The
main purpose of the study is to model sensor data with artificial neural networks, decision tree and support vector machine techniques,
and to ensure that sudden changes in the air due to reasons such as increasing the number of people, opening the window or door, and
extending the time between classes are captured by the model. The result of the study is to decide when to ventilate the room as a result
of the detection of air quality conditions that fall outside the acceptable ranges.

Keywords: Machine Learning Algorithms, Intelligent Campus, Decision Support Systems
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1. Giris (Introduction)

Massachusetts Teknoloji Enstitiisii’'nde (MIT) yapilan
bir aragtirmada kapali alanlarda sosyal mesafe kuralinin
viriis bulagsma riskini ¢ok az etkiledigi ve yetersiz
kaldig1 sonucuna ulasilmistir. Kapali alanlarda sosyal
mesafenin diginda ortamdaki insan sayisi, havalandirma
seviyesi, maske takip takmadiklar1 ve insanlarin ne
yaptig1 gibi degiskenler de ¢ok 6nemli oldugu ortaya
konulmustur. Insanlarm yemek yedigi, konustugu,
hapsirdig1 ve havanin hareket ettigi kapali bir ortamlarda
damlaciklarin havada asili durabildigi, daha bos ve sakin
yerlerde ise bu parcaciklarin yavasca yere dogru hareket
ettigi tespit edilmistir. Bu nedenle arastirmacilar, viriis
partikiillerinin havalandirma veya filtreleme yontemiyle
zararsiz hale getirilebilecegini savunmaktadir. (Elibol,
2021).

Enfekte kisilerden sacilan kiiglik damlaciklar az
miktarda viriis igermekte ve agik havada bu partikiiller
hizla buharlasip yok olmaktadir. Kapali bir ortamin hava
akimi ne kadar zayif ve hacmi ne kadar kiigiik ise
partikiillerin havada asili kalma olasilig1 da o aranda
artmaktadir. Yapilan ¢aligmalar ve arastirmalar sosyal
mesafe kuralinin kapali alanlarda viriisiin bulagsmamast
icin yetersiz kaldigini gostermektedir. Bu sebeple kapali
ortamlarda mesafe yerine viral yiik (kisi sayist vb.) ve
odanin hacmi 6lgiitleri bulas riskinin azalmasi i¢in dnem
kazanmaktadir. Enfekte bir kiginin de igerisinde
bulundugu toplu tasima, hastane, okul, ugak veya bir
otomobil gibi kapali ortamlarda bulag riskinin
hesaplanabilmesi  i¢in  yapilan ¢aligma  veya
simiilasyonlarda 4  6nemli korunma  ydntemi
belirlenmistir. Bu korunma yontemleri, 1) kapali
alanlarda insan yogunlugunun azaltilmasi, 2) hasta ve
duyarli kisilerin  birlikte maske kullanmasi, 3)
semptomatik kisilerin izolasyonu ve 4) yeterli siire ve
uygunlukta havalandirmanin yapilmasidir. (Elibol, 2021)
Yeni normale gecilmesiyle birlikte insanlar kapali
ortamlarda daha fazla vakit gegirmeye baslamistir. Kis
mevsiminde havanin sogumasiyla birlikte bu durum
daha fazla artmaya baslamistir. Universitelerin
tekrardan yiiz yiize egitime baslamasiyla birlikte
smiflarda  Ogrenci ve Ogretmenler risk altinda
kalmaktadir. Fakat siiflardaki pencerelerin yetersizligi
ve bazi siniflarda havalandirmanin olmamasi bulagma
riskini arttirmaktadir. Yiiz ylize smavlarda o6grenci
sayisinin artmastyla birlikte dolayli olarak hava kalitesi
de azalmaktadir. Bu durum virtslerin bulasiciligini
arttirmaktadir. Bu c¢alismada, insanlarin bir arada
bulundugu yerlerden olan {iniversite kampiislerinin
kapali alanlarinda hava kalitesi tahmin modelleri ve
karar destek sistemi gelistirilerek viriisiin bulagma
riskini en aza indirilmesi amaglanmustir.

Ogrenci ve Ogretmenlerin gogunlukla bir arada
bulundugu kapali kampiis ortamlarinda hava kalitesi
tahmin modelleri olusturularak, hava Kkalitesinin
diismesi durumunda karar destek sistemi harekete
gecerek kapali ortamdaki hava kalitesi yiikseltilmeye
calisilacaktir. Bu nedenle yaptigimiz caligmanin ileri

asamalarinda olusturdugumuz model ve karar destek
sistemleri ile entegre edilecek havalandirma sistemi
hava kalitesinin diismesi durumunda devreye girerek
hava kalitesinin devamli istenilen diizeyde kalmasini
saglayacaktir.

Kampiisteki kapali alanlarda insan sayisinin sabit
olmamasi ve devamli degismesi (siniftaki 6grenci sayisi,
idari ve derslik binalarina giren kisi sayisi, yemekhane
ve kafeteryalardaki 6grenci sayisi vb.) hava kalitesinin
de devamli degismesine neden olmaktadir. Makine
O6grenmesi yontemlerini kullanarak gelistirdigimiz karar
destek sistemi ile ortamdan elde edilen sicaklik, nem,
COs,, partikiil madde (PM1g) miktar1 ve basing verileri
kullanilarak hava kalitesinin diismesi durumunda
havalandirma etkinlestirilecektir. Calismamizda
kampiislerde kapali ortamlardan elde edilen verilerin
makine 6grenmesi algoritmalari ile modellenerek karar
destek sistemi araciligi ile havalandirma sisteminin daha
etkin kullanim1 ile hava kalitesinin saglikli diizeyde
tutulmast hedeflenmistir. Ayrica bu arastirmada
kurdugumuz modeller kampiis disinda toplu tasima
araglari, ig yerleri, ofis, restoran, kafe, 6zel araclarin
havalandirma sistemlerinde de kullanilabilecektir.

2. Literatiir Taramas (Literature Review)

Lelieveld vd. (2020),¢alismalarinda ofis, sinif, oda gibi
tipik i¢c mekan ortamlarinda Aerosol haline getirilmis
SARS-CoV-2 viriislerinin hava yoluyla bulasmasindaki
rolii tartigtlmistir. Arastirmada aerosoller yoluyla ev igi
viriis enfeksiyonuna karsi hafifletme Onlemlerinin
etkinligi hakkinda bilgi saglamayr amacglanmistir.
Arastirmada oda boyutu, maruz kalan denek sayisi,
inhalasyon hacmi ve solunum ve seslendirmeden
aerosol liretimi gibi ayarlanabilir parametrelere dayali
olarak, aerosol haline getirilmis viriislerden i¢ mekan
enfeksiyon riskini tahmin etmek igin basit, seffaf ve
kolayca ayarlanabilen bir elektronik tablo algoritmasi
gelistirilmistir. Arastirma sonuglari kapali ortamda hava
yoluyla bulasmanin o6nemli bir faktdr oldugunu
dogrulamaktadir. Belirsizliklere ragmen, dis hava ile
aktif havalandirma ve hava filtreleme gibi farkl etki
azaltma oOnlemleri i¢in Ongériilen kismi azalmalarin
oldugu goriilmiistiir (Lelieveld et al., 2020).

Dokuz vd. (2020) c¢alismalarinda, hava Kirletici
parametrelerin tahmin edilmesi, ¢evreye olan etkileri,
ozellikleri ve degerlendirilmesinde uygulanan makine
Ogrenmesi yontemlerinin neler olduguna dair detayh
sonuglar vermistir. Bu arastirma, hava Kkalitesini
iyilestirmek  ve  siirdiiriilebilir  bir  ¢evrenin
olusturulabilmesi i¢in hangi ydntem ve hangi
parametrelerin kullanilmas1 gerektigi sorusuna cevap
aramaktadir. Veri hacminin biiylikligii segilen yontemin
basarisin1 etkiledigi gdzlemlenmistir. Hava kalitesini
belirleyen  parametrelerin ~ degerlerinin ~ dogru
hesaplanabilmesi i¢in ortamda yeterli istasyon sayisi ve
istasyonlarin konumlar1 6nem tagimaktadir. Uygulama
alanindan toplanilacak verilerin kalitesi, diizenliligi ve
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hassasiyeti ¢calismanin dogru sonuglar verebilmesi igin
onemli oldugu sonucuna varilmistir. (Dokuz et al., 2020)
Irmak ve Aydilek hava kalitesini 6lgmek amaciyla
yaptiklart ¢aligmada Adana ili valilik istasyonuna ait
azot dioksit (NO2), ozon (Os), partikiil madde (PMyo),
karbon monoksit (CO) ve kiikiirt dioksit (SO,) gibi hava
kirleticilerin 6l¢iim degerlerine ait veriler kullanilmstir.
(Irmak and Aydilek, 2019). Giiltepe (2019) ¢alismasinda
Kastamonu ili ele alinarak, g¢esitli makine dgrenmesi
algoritmalar1 ile nem, PMyo, riizgdr yoni, SO,, hava
basinci, riizgar hizi ve hava sicakligi gibi meteorolojik
parametreleri kullanarak hava kirliligi tahmini yapacak
modeller tasarlanmistir.  (Giiltepe, 2019). Tahmin
modellerinde, Yapay Sinir Aglari, Basit Bayes, Karar
Agaci, Lineer Regresyon, SVM, K-En Yakin Komsu,
Rastgele Orman, Lojistik Regresyon ve diger regresyon
algoritma yontemleri kullanilmistir. Caligma siireleri ve
hata oranlar1 bakimindan algoritmalarin basar1 degerleri
kiyaslanmustir.

Karakus ve Yildiz (2019) calismalarinda Sivas kent
merkezindeki hava kirliligi degerlendirilmis ve hava
kalite indeksi (HKI) hesaplanmistir. Ug adet hava
kalitesi izleme istasyonu kent merkezine
konumlandirilarak hava Kirletici parametrelerin ¢oklu
regresyon yontemi ile HKI ve meteorolojik parametreler
(rlizgér hiz1, bagil nem ve sicaklik) arasindaki iliskileri
belirlenmeye ¢alisilmistir. (Karakus and Yildiz, 2019).

Sakhidad Faizi (2021) ¢alismasinda Ocak 2019 ile Mart
2021 tarihleri arasinda Kabil sehrine ait giinliik PMs,
PMjio, CO, SO;, NOy, Os kirletici 6l¢iimlerinin yaninda
nem, riizgdr hizi, sicaklik, basing ve ¢iy noktasi
parametrelerinden olusan veri setinin makine 6grenmesi
yontemleri ile modellenerek bu modellerden elde edilen
basarilarin karsilagtirilmasi hedeflenmistir. Gauss siireg
regresyonu, SVM, karar agaglari, yapay sinir aglari ve
lineer regresyon gibi veri madenciligi yontemleri
kullanilarak hava kalite indeksini tahmin eden modeller
kurulmustur. Hava kirliligi tahmininde elde edilen
sonuglara gére Gauss Siireg Regresyonuyla tiim veriler
icin en yiiksek uygunluk degeri ve en diisiik hata
degerleri elde edilmistir(Sakhidad Faizi, 2021).

Zhang vd. (2019)¢aligmada tahmin ve
degerlendirmeden olusan yeni bir hava kalitesi erken
uyari sistemi gelistirilmistir. i1k olarak, gelismis veriler
on isleme teknolojisi Qiiclii siirii zekas1 algoritmasi,
Balina Optimizasyon Algoritmasi (WOA) ve verimli
yapay sinir ag1 ile birlestirilmig bir tahmin modelini
olusturulmustur. Ardindan, tahmine dayali sonuglar,
sezgisel hava kalitesi bilgileri ve ilgili 6nlemleri sunan
bulanik kapsamli degerlendirme yontemiyle analiz
edilmistir. Bu c¢alismada, Pekin, Tianjin ve
Shijiazhuang'da alt1 ana hava kirletici PMa2s, PM1q, NO3,
SO;, CO ve O3 secilmistir. (Mo et al., 2019)

Balta (2019)¢alismasinda sinif gibi kapali ortamlardaki
biitiin konfor parametrelerinin birlikte degerlendirilerek
hava kalitesini izleme sistemi ile kapali bir mekandaki
insanlar i¢in en temiz hava kalitesinin saglanmasi
hedeflenmigtir. Siniflardaki sicaklik, hava akisi, CO>

konsantrasyonu ve nem degerleri tasarlanan i¢ ortam
hava kalitesi izleme sistemi ile anlik 6lgiim sonuglarini
saglayarak i¢ hava kalitesinin tespit edilmesini
saglamistir. Kapali ortam ¢evresel kalite bilgisi (IEQ)
degeri, smiflarda bulunan 6grencilere yapilan anket ve
Ol¢iim sonuglarinin  degerlendirilmesi ile kurulan
bulanik sistem sayesinde veriler anlik analiz edilerek
hesaplanmuistir. (Balta, 2019)

Santos vd. (2020), ¢calismada yogun bakim {initesinde ve
tiim hastane ortaminda koronaviriis hastaligini azaltmak
icin enfeksiyon riskini en aza indiren 1sitma,
havalandirma ve iklimlendirmenin roliini
vurgulamaktadir. Sonug olarak, nemin insan konforu
iizerinde saglik sorununda daha az etkisi oldugu
saptanmustir. Diisiik sicaklik cansiz yiizeylerde canli
virtislerin  kalicihigimi  arttirirken  yiiksek  sicakliklar
korona viriislerin kaliciligini azaltmaktadir. (Santos et al.,
2020)

Zhang ve arkadaglarinin 1236 bolge i¢in yaptigi
aragtirmada  COVID-19’un  bulagsmasinda  hava
kosullarinin etkisi saptanmaya c¢alisilmistir. Biiyiik
6l¢ekli uydu verileri, sicaklik ve bagil nemin COVID-
19 yayilmas1 tiizerindeki etkilerini ve mevsimsel
dongiilere gore olasi bulagma riskini aragtirmak i¢in bir
regresyon analizi modeliyle bu verilerle birlestirilmistir.
Sonug olarak, sicaklik ve bagil nemin diinya genelinde
COVID-19 bulasmasi ile negatif iliskili oldugunu
gostermektedir. Daha yiiksek sicaklik ve daha yiiksek
nemin iletimi azaltabilecegi bulunmustur. (Zhang et al.,
2021)

Gupta vd., caligmalarindasicaklik, giines 15181 saatleri ve
nem dahil olmak {izere farkli hava faktorlerinin etkisi
degerlendirilerek derin transfer Ogrenme tabanli
kapsamli bir analiz gergeklestirilmektedir. Caligmadaki
temel teori, COVID-19 salgininda pozitif vaka sayisi ile
viriislerin iklimle yayilmasi arasinda mevsime dayali bir
model gosterdigi varsayimidir. Calisma sonucunda
yapilan deneysel sonuglardan sicaklik, riizgar hizi ve
giines 15181 saatlerinin COVID-19 vakalar1 ve 6liimleri
iizerinde O©nemli bir etkisi oldugu gosterilmistir.
Konvoliisyonel sinir aginin rekabet¢i modelden daha iyi
performans gosterdigi sonucuna varilmistir. (Gupta et al.,
2021)

Makine 6grenmesi algoritmalar1 giincel ¢aligmalarda ve
farkl bir ¢ok alanda kullanilmaya devam edilmektedir.
((Eren et al., 2023; Aksangiir et al., 2022).

3. Makine 6@renmesi Algoritmalari
(Machine Learning Algorithms)

Biiylik veriden deneyim yoluyla Ogrenen ve bu
ogrendikleriyle otonom davranig gosterebilen cesitli
algoritmalarin olusturulmasina makine 6grenmesi denir.
Makine 6grenmesi modelleri ile kendi kendine karar
alabilen otonom akilli sistemler yapilabilmektedir.
Naive bayes, yapay sinir aglari, k-means, karar agaglari
ve ¢esitli regresyon algoritmalari, model eslestirme ve
istatistiksel analiz yontemleri kullanilarak gegmis
verilerden 6grenebilmektedir. Daha sonra 6grendigi bu
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bilgileri kullanarak bir model olusturur. Olusturulan bu
model ile gelecek verilere ait tahminlerde bulunur.
Makine 6grenmesinin temel omurgasi veridir. Makine
O0grenmesi algoritmalari, ¢ézmeleri amaglanan gorev
veya sorun tiirlerine, girdi ve ¢iktilarina, yaklagimlarina
ve veri tirlerine gore cesitlilik gosterirler. Makine
ogrenmesi, 1) Denetimli Ogrenme 2) Denetimsiz
Ogrenme 3) Yari denetimli Ogrenme, 4) Pekistirmeli
Ogrenme olmak iizere temel alt smiflara ayrilir. Calisma
kapsaminda kullanilan ¢ farkli makine &grenmesi
algoritmas1 asagida aciklanmistir.

3.1. Yapay Sinir Aglar: (Artificial Neural
Networks)

Ileriye ve geriye doniikk besleme olacak sekilde
tasarlanan yapay sinir aglari, insan beyninde bulunan
noronlarin ¢aligma prensibi seklinde modellenmistir.
Ogrenebilen bir algoritma olan yapay sinir aglari
birbirlerine bagli diigiimler grubu seklindeki yapist
(Kulkarni et al., 2017)

Girigler Gizli Katman Cikslar *

O
—O:

O = Néron e—Agirhk O-Bias Degerleri

Sekil 1°deki sekilde kurulur. Bu semada her diigiim bir
noronu ve her ok néronlar arasindaki baglantiy1 temsil
eder. Yapay sinir ag1 yapisi kurulduktan sonra giris
verileri ve ¢ikis verileri kiyaslanarak modelin egitilme
siireci baglatilir. Her asama sonrasinda dogru veriye
daha fazla yaklasilir. Cikti degerleri kontrol edilerek
hangi modelin en uygun model oldugu bulunarak
ogrenme  islemi tamamlamr. Ogrenme  islemi
tamamlandiktan sonra yapay sinir agi modeli ile test
verisi tahmin edilir. (Kulkarni et al., 2017)

Girisler Gizli Katman Cikislar -

O
—Osx

o— Noron *—Agirhk O - Bias Degerleri

Sekil 1: Yapay Sinir Aglar1 Modeli (Artificial Neural Networks
Model) (Kulkarni et al., 2017)

3.2. Destek Vektorleri Makinalar: (Support Vector
Machines)

Verileri farkli siniflara ayirmak ve sinir araligini en iist
diizeye c¢ikarabilmek igin destek vektdr makinesi
algoritmasi1 karar smirt belirler. Bu karar sinirina en
yakin iki nokta arasinda esit uzakliktan gececek sekilde
vektorler ¢izilir. Cizilen vektorler arasindan modeli en
iyl tamimlayan ve smiflandiran destek vektorii segilir.
Vektorler lineer, radyal, sigmoid gibi g¢esitlerde
olusturulabilir. ~ Siniflandirma ve regresyon igin
kullanilabilen destek vektér makine modelleri bir dizi
egitim verisi verildiginde ¢izilen vektoriin konumuna
gore olusturulan kategorilerde tahmini smiflandirma
yapabilmektedir.(Chang and Lin, 2011) Sekil 2 de
gizilen vektorler yardimi ile nasil verilerin iki kiimeye
ayrildig1 gosterilmektedir.

Sekil 2: Destek Vektér Makine Modeli (Support Vector
Machines Model) (Burges, 1998)

3.3. Karar Agaci Algoritmasi (Decision Tree
Algorithm)

Karar agaglari, karar alma asamasinda se¢enek sayisinin
¢ok oldugu durumlarda en yaygin bigimde kullanilan bir
siniflandirma  yéntemidir. insan gozii ile kolay bir
sekilde  yorumlanabildigi i¢in  siklikla  tercih
edilmektedir. Karar agact modelinde, 6znitelikler agacin
i¢ diigimiinde temsil edilmektedir ve her yaprak
diigiimiin bir sinif etiketine karsilik gelmektedir. Entropi
yontemi ile smiflar belirlenen siralamaya agagta
dallandirilarak tahmin sonuclar1 elde edilir. Sekil 3’te
ornek bir karar agaci modeli verilmistir.

Journal of Intelligent Systems: Theory and Applications 6(2) (2023) 181-190 184



Siire

Hava 3’lii 5l 10’lu

(sn) Nem  Sicaklik  CO2 Kalite Basing Ortlama Ortalama Ortalama Durum
7,264 472 292 400 78  1164,25 0
8,947 472 292 400 79  1163,67 0
10,635 47,2 29,2 400 94  1164,32 400 0
12,318 472 29,2 400 77 116515 400 0
14,006 47,1 29,2 400 75 116365 400 400 0
15,689 47,1 29,2 400 90 1159,62 400 400 0
17,376 47,1 29,2 400 80 1160,47 400 400 0
19,059 47,1 292 400 96 1161,36 400 400 0
20,747 47,1 29,2 400 77 116094 400 400 0
22,43 471 292 408 77  1159,63 4027 401,6 400,8 0
24,117 471 29,2 400 89  1158,67  402,7 401,6 400,8 0
25801 47,1 29,2 410 77 115929 406 403,6 401,8 0
27,488 47,1 292 405 76 116127 405 404,6 402,3 0
29,171 47,1 29,2 400 75 1162,46 405 404,6 402,3 0
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Sekil 3: Karar Agaci Modeli (Decision Tree Model)
(Uysal and Giiyer, 2014)

4. Vaka Calismasi (Case Study)

4.1.Havalandirma Tahmin Uygulamas: Veri
Analizi (Ventilation Forecasting Application
Data Analysis)

Kampiis i¢i kapali alanlarda hava kalitesinin
modellenmesi ve karar destek sisteminin gelistirilmesi
icin Istanbul Medeniyet Universitesi Dekanliginda yer
alan hava kalitesi 6l¢iim cihazi ile 2021 Kasim ayinda
sicaklik, nem, CO., Basin¢ (p) ve havadaki kirletici
partikiil degerlerinin (aq) olglimleri yapilmistir. Bu
Ol¢timler belli saniye araliklarn ile Olgiilerek
kaydedilmistir. 2021  Kasim aymda  yapilan
caligmalarimiza ek olarak hava kalitesini etkileyen
parametrelere ait yeni veriler toplanarak veri seti
arttirilmigtir. Yeni veri degerleri kapali bir sinif
ortaminda ders isleyen ogrencilerin bulundugu bir
smiftan toplanmustir. Veriler toplanirken sinif ortaminda
bazi1 farkli senaryolar olusturularak sensoriin bu durum
karsisinda nasil bir tepki verdigi ol¢iilmeye calisilmistir.
Kisi say1s1 artis1, cam veya kapinin agilmasi ve ders arasi
stiresinin uzatilmasi gibi senaryolar olusturulmustur.
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Yapay sinir ag1 ve diger makine 6grenmesi algoritmalari
kullanilarak sensoériin bu durum degisikliklerini tespit
etmesi hedeflenmistir.

Calismamizda sensor lgiimleri 2K-02 kodlu sinifta 40
kisilik bir stmif mevcuduna sahip Uretim Planlama ve
Kontrol dersinde iki farkli konumda yapilmistir. Ornek
veri setimiz 3128 satirdan olusmaktadir. Siniftaki
Olglimler devam ederken farkli zamanlarda camlar
acilarak sinif havalandirilmistir. Ayrica ders arasi gibi
zamanlarda ortamdaki kisi sayisinin azalmasi sebebiyle
Ol¢iim degerlerinde degisiklikler gdézlenmistir. Sensor
yardimryla yaklasik 3 sn araliklar ile sinif ortaminin
nem, sicaklik, CO,, hava kalite ve basing degerleri
Ol¢iilmiistiir. Camlarin agilarak sinifin havalandirildigi
zamanlar durum parametresi altinda havalandirma
olarak gosterilmistir. Makine 6grenmesi ve yapay sinir
aglar1 yontemleri kullanilirken havalandirma durumlari
HAVALANDIRMA (H) ile, normal sartlar altindaki
hava 6l¢iimleri NORMAL (N) ile gosterilmistir. Yapilan
calismalar ile siniftaki hava kalitesinin belirlenmesinde
belirleyici faktoriin karbondioksit (CO2) oldugu tespit
edilmistir. Verilerimiz arasindaki siirenin kisa olmasi
sebebiyle dl¢iilen CO, miktarlarin 3, 5, ve 10’arl1 olarak
ortalamasi alinmigtir. Boylelikle &l¢iim degerleri 3
sekilde incelenerek daha dogru tahminlerin yapilmasi
saglanmigtir. Yapilan ol¢iimler ile hazirlanan veri seti
Tablo 1: Veri Seti (Data set)’de gdsterilmistir.

Tablo 1: Veri Seti (Data set)

Veri setindeki nem, sicaklik, CO2, hava kalitesi, basing
ve durum parametrelerinin birbirleriyle iliskilerinin
gosterildigi korelasyon grafikleri Pearson algoritmasi
kullanilarak R programlama dili ile ¢izilerek Sekil 4:
Parametre Iligki Matrisi Grafikleri (Parameter Relationship
Matrix Charts) ve Sekil 5: Parametre Korelasyon Matrisi
(Parameter Correlation Matrix)’ te gosterilmistir.

Sekil 4: Parametre Iliski Matrisi Grafikleri (Parameter
Relationship Matrix Charts)
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Veri setinde bes parametre arasinda en yiiksek pozitif
iligki 0.74 degeriyle basing ve nem miktar1 parametreleri
arasindadir. Parametreler arasinda en diisik negatif
iligki ise -0.99 degeriyle nem ve sicaklik parametreleri
arasindadir. Sekil 4’te bes parametre arasindaki
korelasyon degerleri gosterilmistir.

o
G
~
£ g
(1] o
=
5

Sire(sn) 1.000.81-0.76 -0

Sare(sn)
Sicaklik
coz2
Basing
Kimdalatif3
Kimdalatifs
Kimdlatif10
DURUM

T

60.81

Nem 0.811.00-0.99 0.74 0.63

Sicaklik -0.76-0.99 1.00 -0.67 -0.66

coz 1.00 0.990.99 0.97

Hava Kalite -0.56 1.00-0.75

Basing 0.810.74-0.67 -0.751.00

Kimiilatif3 0.99 1.00 1.00 0.99

Kiimiilatif5 0.99 1.00 1.00 0.99

Kiimilatif10 0.97 0.990.99 1.00

DURUM 0.63-0.66 1.00

400 420 440 460 480
L

T T T T
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Sure (sn)

CO2 Degerlerinin 3'erli Ortalamasi

Sekil 5: Parametre Korelasyon Matrisi (Parameter Correlation
Matrix)

Yapay sinir aglar1, destek vektdr makineleri ve karar
agact gibi makine dgrenmesi yontemleri kullanilarak
havalandirma durumlarinin dogru bir sekilde tahmin
edilmesi amaglanmistir. Tahmin islemleri igin 3128
satirdan olusan veri setinin %70’i egitim verisi olarak
kullanilmistir. Tablo 2’de veri setine ait tamimlayici
istatistik verilmistir.

Tablo 2: Veri seti Parametrelerin Istatistiksel Degerleri
(Statistical Values of Parameters)

Min Ortalama Max Medyan  Std

3’lii Ortalama 400 495,5 1158,7 4943 94,4
5’li Ortalama 400 4954 11206  494,8 93,83
10’lu Ortalama 400,4  495,2 1036,6 495 92,71

Nem 48,7
Sicaklik 25
C02 400
Hava Kalite 43

1121

52,07
28,8
495,6
53,19
1194

59,1
29,3 28,8
1235 495
103 49

1207 1196

50,8

Basing
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3,02
1,36
95,23
7,53
10,63

Normal ve Havalandirma Durumlarina Gore Sicaklik Dagiimi

Sicakik Degerledi

Duum

Sekil 6: Sicaklik Parametresinin Havalandirma Durumuna
Gore Boxplot Grafikleri (Boxplot Plots of Temprature Parameters
by State)

Veri setindeki CO; miktarinin zamansal olarak
degisiminin gosterildigi grafik Sekil 7°de verilmistir.
Grafik tizerinde havalandirma durumlari turuncu renk,
normal durumlar yesil ile gosterilmistir. Grafikte de
goriildiigiic gibi CO, miktarmin en diisiik oldugu
seviyeler yaklasik olarak havalandirma durumlari
olmaktadir.

Sekil 7: COz degisimlerinin Nokta Grafigi (Point Graph of CO2
Changes)

5.2. Havalandirma Tahmini (Ventilation Estimation)

5.2.1. Karar Agaglari Tahmini (Decision Trees
Estimation)

Egitim verisinde ve test verisinde CO, degerlerinin
kiimiilatif olarak toplandigi 3 yeni siitun eklenmistir.
CO; degerleri 3’14, 5°li ve 10’lu olmak iizere 3 farkli
siitunda toplanmigtir. Karar agact metodu bu {i¢ siitun
icin ayr1 ayri c¢alistirilarak aralarindan en iyi tahmin
sonucu elde edilmeye calisilacaktir.

Tablo 1: Veri Seti (Data sety‘de verilen veri setinde
ortamin havalandirildigr zamanlarin 1 ile belirtildigi
“Durum” stitunu faktor olarak segilmistir. R programi
bilinmeyen degerlerin (olmayan degerlerin) bulundugu
parametrelerde makine Ogrenmesi  yontemleri
kullanilirken hata verdigi igin CO; degerindeki
bilinmeyen verilerin silinmesi gerekmektedir. Bu
sebeple CO; miktarmin 3’erli olarak toplandigi 3’li
ortalama siitunu igin ilk iki verinin olmamasindan dolay1
silinmesi gerekmektedir. 5°1i ortalama siitunu igin ilk 4
veri ve 10’lu ortalama i¢in ilk 9 verinin silinmesi
gerekmektedir.
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Tablo 6°da goriildiagii gibi CO; degerlerinin 3’erli olarak
toplandigi 3’li ortalama siitunu igin karar agaci
sonucunda C02 degeri havalandirma durumlarinin
tahmininde en etkili faktdrdiir. Karar agaci metodunun
uygulanmasi sonucunda test verisindeki %72,49
dogruluk oraniyla 311 veri normal olarak dogru tahmin
edilmistir. 115 veri havalandirma iken normal olarak ve
3 veri normal iken havalandirma olarak yanlis tahmin
edilmistir. CO; degerlerinin 5’erli olarak toplandigi 5°1i
ortalama i¢in %72,36 dogruluk oraniyla test verisindeki
309 veri normal olarak dogru tahmin edilmistir. 115 veri
havalandirma yapilmis iken normal olarak ve 3 veri
normal iken havalandirma var diyerek yanlis tahmin
edilmistir. CO, degerlerinin 10’arli olarak toplandig:
10’lu ortalama siitunu i¢in Karar agaci metodunun
uygulanmasi sonucunda %72,74 dogruluk oraniyla test
verisindeki 307 veri normal olarak dogru tahmin
edilmistir. 115 veri havalandirma iken normal olarak
yanlig tahmin edilmistir. Havalandirma olarak higbir
veri tahmin edilmemistir

Karar agaci algoritmasiyla elde edilen en iyi tahmin olan
10’lu ortalama olarak CO2 miktarinin zamana gore
degisimi Sekil 8°deki grafikte nokta grafigiyle
gorsellestirilmistir.  10’lu ortalama  parametresi
kullanilarak karar agact yoOntemiyle havalandirma
zamanlarmin tahminleri turuncu renkte gosterilmistir.
Fakat karar agaci metoduyla yapilan tahminde tiim
tahminler normal (yesil) olarak tahmin edilmistir.

Sekil 8: 10’1u ortalama Parametresi igin Karar Agaci
Yontemi ile CO2 Degisimlerinin Nokta Grafigi (Point Graph of
CO, Changes with Decision Tree Method for Average of 10
Parameters)
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Tablo 3’de uygulanan karar agaci yontemlerinin 3’14,
5’1i ve 10’lu ortalama tahminleri ile elde edilen hata
metrik performanslar1 yer almaktadir. Ortalama Karesel
Hata (Mean Squared Error-MSE) ve dogruluk degerleri
tablodaki gibi hesaplanmistir. Tablodan da goriildigi

gibi en dogru tahmin sonucunun elde edildigi parametre
10’lu ortalama olmustur.

Tablo 3: Karar Agac1 Yontemi Hata Metrik Performanslari
(Decision Tree Method Error According to Different Error Metrics)

MSE Dogruluk

3'li Ortalama 0,275 0,7249
5'li Ortalama 0,2763 0,7236
10'lu Ortalama 0,2725 0,7274

5.2.2. Yapay Sinir Aglar: ile Tahmin (Artificial
Neural Networks Estimation)

Yapay sinir aglart metodu kullanilarak farkli katmanlara
sahip modeller olusturulmustur. Egitim verimizdeki veri
sayisi fazla oldugu icin mimari 1 ve (2,1) olacak sekilde
olusturulmustur. Bu modeller arasindan en iyi tahmin
performansina sahip yontem secilecektir.

Yapay Sinir aglari mimarisi ile ilgili olarak kullanilan
mimarisi acisindan gizli katman (Hidden) olarak hem
tek katmanli ve (2,1) katman kullanilmigtir. Esik degeri
(Threshold) ise 0.03 iken tek tekrarlanma (rep=1) yeterli
olmustur. Baslangi¢ degerleri ( Startweights ) 6nceden
belirlenmemis olup 6grenme orani olarak (Learningrate)
0.04 belirlenmistir. Aktivasyon finksiyonu (act.fct)
hiperbolik tanjant, hata fonksiyonu (err.fct) olarak ise
hatalarin karelerinin toplami (sse) kullanilmustir.

Tek katmanli yapay sinir ag1 modelinde 3’lii ortalama
parametresi i¢in %78.32, 5°1i ortalama parametresi i¢in
79.16, 10’lu ortalama parametresi igin 78.44 dogruluk
oraniyla tahmin yapilmistir. Aralarindan en iyi tahmini
yapan model 5°li ortalama parametreli model olmustur.
En iyi model sonucunda test verisindeki 279 veri normal
olarak ve 59 veri havalandirma olarak dogru tahmin
edilmistir. 33 veri havalandirma iken normal olarak ve
56 veri normal iken havalandirma olarak yanlis tahmin
edilmigtir.

2 gizli katmanl (2,1) nérondan olusan yapay sinir ag1
modelinde 3’lii ortalama parametresi i¢in %84.15, 5°li
ortalama parametresi i¢in %83.37, 10’lu ortalama
parametresi igin %76.06 dogruluk oraniyla tahmin
yapilmistir. Aralarindan en iyi tahmini yapan model 3°1i
ortalama parametreli model olmustur. En iyi model
sonucunda test verisindeki 300 veri normal olarak ve 61
veri havalandirma olarak dogru tahmin edilmistir. 14
veri havalandirma iken normal olarak ve 54 veri normal
iken havalandirma olarak yanlig tahmin edilmistir.
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Yapay sinir ag1 algoritmasiyla elde edilen 5°li
ortalama’li olarak CO2 miktarinin zamana gore
degisimi Sekil 9 ‘da nokta grafigiyle gorsellestirilmistir.
5’li ortalama parametresi kullanilarak yapay sinir ag1
yontemiyle havalandirma zamanlarinin tahminleri
turuncu renkte gosterilmistir.
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CO2 Degerlerinin 5'erli Ortalamasi

Stre (sn)

Sekil 9: 5°li ortalama Parametresi i¢in 2 Gizli Katmanli
Yapay Sinir Ag1 ile CO2 Degisimlerinin Nokta Grafigi (Point
Graph of CO, Changes with artificial Neural Netwok for Average of

5 Parameters)

Tablo 4’ de uygulanan farkli katmanli yapay sinir aglari
yontemlerinin 3’1, 5°1i ve 10’1u ortalama tahminleri ile
elde edilen hata metrik performanslari yer almaktadir. 2
(gizli) katmanl model tek katmanli modele gore daha
iyi sonuglar vermistir. Yapay sinir aglar1 yontemiyle en
dogru tahmin sonucunun elde edildigi 2 (gizli) katmanh
3’lii ortalama modeli olmustur.

Tablo 4: Tek Katmanli ve (2,1) Katmanh Yapay Sinir Ag1
Modelinin Farkli Parametrelere Gore Hata Metrikleri (Error
Metrics of Single-Layer and (2,1) hidden layer Neural Network
Model by Different Parameters)

MSE MAPE  Dogruluk

1 Katman

Yapay Sinir Ag1 3'li 0,2167  0,1527 0,7832
Yapay Sinir Ag1 5'li 0,2084  0,1428 0,7916
Yapay Sinir Ag1 10'lu 0,2156 0,1492 0,7844
¢(2,1) Katman

Yapay Sinir Ag1 3'li 0,1585 0,0956 0,8415
Yapay Sinir Ag1 5'li 0,1663 0,1007 0,8337
Yapay Sinir Ag1 10'lu 0,2393 0,2014 0,7606

5.2.3 Destek Vektor Makine ile Tahmini (SVM
Estimation)

Destek vektor makine metodu kullanilarak 3°1i, 5°1i ve
10’lu ortalama ile farkli lineer ve radyal modeller
olusturulmustur. Lineer modelinde 3’lii ortalama
parametresi igin 325 vektor, 5°li ortalama parametresi
icin 324 vektor, 10’lu ortalama parametresi i¢in 327
vektor olusturulmustur. Radyal modelinde 3’1ii ortalama
parametresi igin 420 vektor, 5’1i ortalama parametresi
icin 424 vektor, 10’lu ortalama parametresi i¢in 419
vektor olusturulmustur. Aralarindan en iyi tahmini
yapan model %84,12 dogruluk degeriyle 10’lu ortalama
parametreli model olmustur. Destek vektor metodunun
uygulanmasi sonucunda test verisindeki 284 veri normal

olarak ve 71 veri havalandirma olarak dogru tahmin
edilmistir. 23 veri havalandirma iken normal olarak ve
44 veri normal iken havalandirma olarak yanlis tahmin
edilmistir. Elde edilen sonuglara gore radyal
modellerde, lineer modellere gore daha iyi sonuglar elde
edilmistir. Aralarindan en iyi tahmini yapan model
%85,88 dogruluk degeriyle 3’lii ortalama parametreli
model olmustur. SVM metodunun uygulanmasi
sonucunda test verisindeki 277 veri normal olarak ve 88
veri havalandirma olarak dogru tahmin edilmistir. 37
veri havalandirma iken normal olarak ve 27 veri normal
iken havalandirma olarak yanlis tahmin edilmistir.
Destek Vektor makinesi algoritmasiyla elde edilen en iyi
tahmin olan 3’li ortalama’lii olarak CO; miktarinin
zamana gore degisimi Sekil 20°de nokta grafigiyle
gorsellestirilmigtir.  3’lii  ortalama  parametresi
kullanilarak  Radyal yontem ile  havalandirma
zamanlarinin tahminleri turuncu renkte gosterilmistir.

Sekil 10:: 3°lii ortalama Parametresi Igin SVM Radyal Model
ile CO2 Degisimlerinin Nokta Grafigi (Point Graph of CO,
Changes with SVM Radial Model for Average of 3 Parameter)
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Tablo 5’de wuygulanan destek vektor makine
yontemlerinin 3’li, 5’li ve 10°1u ortalama tahminleri ile
elde edilen hata metrik performanslar1 yer almaktadir.
Radyal modellerin da yiiksek dogrulukta sonuclar
irettigi goriilmektedir.

Tablo 5: Lineer ve Radyal Modellerin Farkli Parametrelere
Gore Hata Metrikleri (Error Metrics of Linear and Radial SVM
Models According to Different Parameters)

Vektor — \ise pogruluk
Sayisi
Lineer Model 3'Li 325 0,1678  0,8322
Lineer Model 5'li 324 0,1733  0,8267

Lineer Model 10'lu 327 0,1587 0,8412
Radyal Model 3'ii 420 0,1491  0,8588
Radyal Model 5'li 424 0,1451  0,8548
Radyal Model 10'lu 419 0,1587 0,8412

Uygulama bdliimiinde makine 6grenmesi yontemleri ile
elde edilen tahminlerin karisiklik matrisleri Tablo 6 ‘da
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gosterilmigtir. Elde edilen tahmin sonuclarmin dogruluk
ylizdeleri

Tablo 6:Makine Ogrenmesi Yontemleri ile Elde Edilen
Karisiklik Matrisleri (Response Matrices Obtained by Machine
Learning Methods)

Normal Havalandirma

(N) (H)

- e | N | 311 3

Karar Agaci 3'li H 115 0

< " | N | 309 3

Karar Agaci 5'li H 115 0

_ , | N | 307 0

Karar Agaci1 10'lu H 115 0
e LN 276 55

Yapay Sinir Ag1 3'li H 38 60
e LN 279 56

Yapay Sinir Ag1 5'li H 33 59
e 4 | N | 272 56

Yapay Sinir Ag1 10'lu o 35 59
(2,1) Yapay Sinir Ag1 [ N| 300 54
3'li H 14 61

(2,1) Yapay Sinir Ag1 [ N| 297 56
5'i H 15 59

(2,1) Yapay Sinir Ag1 [ N| 238 32
10'lu H 69 83

. me LN 284 42

SVM Lineer Model 3'li H 30 73
. a |N 282 44

SVM Lineer Model 5'li m 30 71
: x| N 284 44

SVM Lineer Model 10'lu m 23 71
e LN 277 27

SVM Radyal Model 3'li H 37 88
g LN 275 25

SVM Radyal Model 5'li m 37 90
SVM Radyal Model | N | 272 32
10'lu H 35 83

5. Sonug (Conclusion)

Istanbul  Medeniyet Universitesi zeki kampiis
kapsaminda yapmis oldugumuz calismada
havalandirma durumlarinin tahmini igin gelistirilen
yapay sinir aglari, destek vektor makineleri ve karar
agac1 modelleri ile karar destek sistemi olusturulmasi
hedeflenmistir. Verilerin kapsayiciliginin ve sayisinin
arttirtlmas1 ile makine Ogrenmesi modelleri hava
kalitesinin tahmin edilmesinde daha iyi sonuglar vermis
ve makine 6grenmesi metotlart ile olusturulan karar
destek sistemleri kabul edilebilir dogrulukta tahmin
sonuglar1 tiretmistir. Havalandirma zamanlarimi en iyi
tahmin eden makine 6grenmesi yontemi 0,85 dogruluk
ile radyal SVM modeli olmustur. En koéti tahmin
yontemi ise 0,72 dogruluk oraniyla karar agaci yontemi
olmugtur. Karar agaci yontemi havalandirma
durumlarini tespit etmekte zorlanmugtir. Yapay sinir

aglar1 kapsaminda olusturulan ilk mimaride dogruluk
oranlari 0,74 iken ikinci mimaride 0,84 oranina
yiikselmistir. Bu arada farkli yapay sinir aglar1 yapilari
denenerek  dogruluk  oranlarimin  artirilabilecegi
gorillmiistir.  Mimari  Kimiilatif ortalamali olarak
ekledigimiz 3’1i,5’li ve 10°’lu CO2 parametresi
havalandirma durumlarmin daha dogru bir sekilde
tahmin edilmesine katki saglamustir. Ciinkii  bir
zamandaki hava kirliligini kendinden 6nce 6lgiilen CO2
miktarlar1 da etkilemektedir. Ortalama olarak eklenen
CO2 degerlerine kendi iginde bakildigt zaman ii¢
yontem icin de dogruluk oranlarinin birbirine yakin
oldugu goriilmiistiir.

Yaptigimiz bu c¢alisma ile makine Ogrenmesi
teknikleriyle sensor verilerinin modellenmesi ve havada
gerceklesen ani degisikliklerin (odanin
havalandirilmasi, insan sayisinin artmasi gibi) model
tarafindan tespitini saglanmistir. Calismanin sonucu
olarak kabul edilebilir araliklarin disina ¢ikan hava
kalitesi durumlarinin tespiti sonucunda odanin ne zaman
havalandirilacagina  karar  verilebilmektedir.  Bu
aragtirmada kurdugumuz modeller kampiis diginda toplu
tasima araglari, is yerleri, ofis, restoran, kafe, ozel
araglarin havalandirma sistemlerinde de
kullanilabilecektir. Bu arastirma ile {iniversite
kampiislerinde viriis bulagma riski en aza indirilerek
giivenli bir sekilde 6grenci ve Ogretmenlerin egitim
hayatlarina devam etmesine katki saglanmistir.
Calismanm bir sonraki asamasinda kapali alanlarda
yerlestirilecek olan sensorlerin  saylarinin optimize
edilmesi, konumlarinin belirlenmesi konularina agirlik
verilecektir. Yontem olarak ise 6zellikle sensor yerlesim
problemi igin metasezgisel yontemlerden
yararlanilacaktir.
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Abstract

Machine learning methods can generally be categorized as supervised, unsupervised and reinforcement learning. One of these methods,
Q learning algorithm in reinforcement learning, is an algorithm that can interact with the environment and learn from the environment
and produce actions accordingly. In this study, eight different on-line methods have been proposed to determine online the value of the
learning parameter in the Q learning algorithm depending on different situations. In order to test the performance of the proposed
methods, these algorithms are applied to Frozen Lake and Car Pole systems and the results are compared graphically and statistically.
When the obtained results are examined, Method 1 has produced better performance for Frozen Lake, which is a discrete system, while
Method 7 has produced better results for the Cart Pole System, which is a continuous system.

Keyword: Reinforcement Learning, Q learning, Machine Learning

Q-Learning Algoritmasimin Ogrenme Hizi Parametresi icin Kendine Uyarlamal
Yontemler parametresi

Oz

Makine 6grenmesi yontemleri genel olarak denetimli, denetimsiz ve takviyeli 6grenme olarak siniflandirilabilir. Bu yontemlerden biri
olan takviyeli 6grenme igerisinde bulunan Q learning algoritmas: ortamla etkilesime girerek ortamdan Ggrenebilen ve ona gore
aksiyonlar tiretebilen bir algoritmadir. Bu ¢alismada Q learning algoritmasi igerisinde bulunan dgrenme parametresinin degeri igin 8
farkl1 yontem onerilmistir. Onerilen ydntemlerin performanslarinin test edilebilmesi i¢in donmus gél ve ters sarkag sistemlerine bu
algoritmalar uygulanmis ve sonuglar1 grafiksel ve istatistiksel olarak karsilagtirilmistir. Elde edilen sonuglar incelendiginde ayrik bir
sistem olan Donmusg Gol sistemi i¢in Metot 1 daha iyi performans sergilerken siirekli bir sistem olan Ters Sarkag Sistemi i¢in Metot 7
daha iyi sonug gostermistir.

Anahtar kelimeler: Takviyeli Ogrenme, Q Learning, Makine Ogrenmesi

face of new situations by analysing the sensors on the

1. Introduction system or the data sources given to it before

(Grefenstette n.d.). Especially in recent years, the

~ Machine learning methods, a sub-branch of artificial development of computer, software and information

intelligence, have many application areas today systems along with technology has enabled artificial

(Angiuli, Fouque, and Lauricre 2022). Machine learning intelligence and machine learning to be widely used in

methods can produce the most appropriate results in the fields such as economy (Jogunola et al. 2020; Meng and
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Khushi 2019; Sarizeybek and Sevli 2022), medicine
(Bayraj et al. 2022; Cimen et al. 2021; Pala et al. 2019,
2021, 2022), biology, chemistry, informatics (Ekinci
2022; Omurca et al. 2022; Togacar, Esidir, and Ergen
2021) and engineering (Akyurek and Bucak 2012;
Bucak and Zohdy 1999; Chen et al. 2022; Cimen et al.
2019; Singh, Kumar, and Singh 2022). Machine
learning methods can generally be grouped as
Supervised Learning, Unsupervised Learning and
reinforcement learning. These structures are shown in
Figure 1.

A\ L L 4
Supervised Unsupervised | |Reinforcement
Learning Learning Learning

Figure 1. Machine learning classification

The Supervised Learning method is to create a
function that establishes a cause-effect relationship
between input and output and to learn this function
(Cunningham, Cord, and Delany 2008). Supervised
learning is often used a lot in classification and
regression. Unsupervised, on the other hand, allows
learning the existing relationships in the data. In this
method, inferences are made according to the distances,
densities, and neighbourhood relations in the data.
Unsupervised learning is especially used in clustering,
that is, in separating data into each other or in size
reduction by removing unnecessary variables from the
data (Barlow 1989; Sathya and Abraham 2013).
Reinforcement learning, on the other hand, is inspired
by the behaviour of living and non-living beings in
nature. The action of an agent in any situation in the
environment by interacting with the environment causes
a new state to occur. It is based on the fact that the agent
learns the next behaviour that he will perform in an
environment with a new situation, with a reward or
punishment value. The agent tries to choose the best
action he can take to achieve his goal. Thus, the goal of
the agent interacting with the environment is to learn the
sequence of movements that produce the greatest total
reward (Angiuli et al. 2022; Peng and Williams 1996;
Watkins 1989). Therefore, here the algorithm learns
how to react according to the determined reward and
punishment. This structure is given in Figure 2.

Action .
Agent m Environment
£
T Reward r, -* 1 _ gy
State s;

Figure 2. Reinforcement learning approach.

Model-free  (model-independent)  reinforcement
learning is a type of learning that utilizes the Q-learning
approach (Watkins and Dayan 1992). When using
agents identified using the Q-learning approach, users
may avoid having to map out the Markovian spaces in
order to learn how to behave best there (Watkins and
Dayan 1992). Instead, users can learn by experiencing
the results of their choices. The application of these
learning algorithms is widespread, and they may be
utilized in a wide range of industries and fields,
including marketing (Jogunola et al. 2020), finance
(Meng and Khushi 2019), time sequence estimate
(O’Neill et al. 2010), robot control (Singh et al. 2022),
and control of autonomous vehicles (Elallid et al. 2022).

In this study, 8 different online-tuning method are
proposed for the learning parameter of the q learning
algorithm. The g learning algorithm is applied on Frozen
Lake and Cart Pole Systems, and performances of the g
learning algorithm are compared based on the cases
where the learning parameter is constant, changes
depending on iteration, and changes depending on the
reward. It has been seen that Method 1 has produced
better results for Frozen Lake and Method 7 has
produced better results for Car Pole than other methods.

The structure of the paper as follows: In the second
section, some preliminary information on reinsforment
learning is given. In the third section, the proposed on-
line tuning methods and application of them for Frozen
Lake and Cart Pole Systems are presented. In the fourth
section, the simulation results are depicted. Finaly, in
fifth section, some conluding remark are given.

2. Preliminaries

Reinforcement learning (RL) is a method for solving
sequential decision-making issues in a variety of
domains in the natural and social sciences, as well as
engineering, by having an agent interact with the
environment and learning an optimum policy via trial
and error (Angiuli et al. 2022; Smart and Kaelbling
2000; Wang, H., Emmerich, M., & Plaat n.d.). In
reinforcement learning methods, learning is usually
carried out over Q-table (Wang, H., Emmerich, M., &
Plaat n.d.). There are many methods for learning this
table, such as dynamic optimization, monte Carlo, Q-
learning, and SARSA (Akyurek and Bucak 2012;
Candan et al. 2048; Peng and Williams 1996). In the
structure given in Figure 3, there is an environment, for
instance the Frozen Lake, in which the agent and agent
can move. The agent performs an action (a,) in
evironment (Frozen Lake) according to the information
it has (s;, a;). The action performed by the agent (a;)
causes the agent's state in the environment to change
(s¢+1) and this change will also create a reward (r;,4). AS
a result of its interaction with the environment, the agent
starts to learn an environment by using values such as
(S, @ty Ser1, 7). In this study, Q Learning algorithm
will be implemented over this learning Q-table.
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Figure 3. Q Table for Frozen Lake Game

Bellman Equation used in updating the Q table used
in Figure 3 is the formula expressed by Equation 1. In
Equation 1, state at time t obtained from s, environment,
the action that a, agent will take in the environment, the
reward obtained at time t as a result of the action of r,
agent, the new state obtained from the environment at
time t + 1 as a result of the action of s;,; agent, o
learning factor, y is the reduction factor. The expression

mgx(Qt(stH, a)) provides the highest value for any

action in s,,, state. This approach, called on-policy,
constantly updates the Q table in interaction with the
environment. The psoudecode of Q-Learning is given in
Algorithm 1.

Qe+1(5e,ar) = Qe(se, ar)

1)
+a (rt + YmZX(Qt(StH' a)) — Q¢ (s, at))

Algorithm 1. Q learning Psoudecode

Input:
1: State (s)
2:  Action (a;)
3:  Learning rate (a)
4: Discount factor (y)
5. Reward R(s,, a,)
6: Updated table Q(s,, a,)
Output:
7: Selected action according to updating table
Q(spar)
For episode 1, M do
Initialise state s,
For t=1, T do
Choose a, with € greedy
probability
Execute a; and observe state s;,;
and reward r;
Update table Q:.q1(ssar)
with equation 1
End for
End for

3. Main Methods and Results

3.1. Tuning Methods for Learning Parameter

In this study, different methods have been proposed
according to the learning parameter of the Q learning
algorithm. Instead of a parameter given in Equation 1,
the use of x parameter in Equation 2 is preferred. The
reason for this is to avoid the confusion that the changing
parameter will create with the action (a,) variable.

Qe+1(se,ar) = Q¢ (s, ar)
e <rt + VmZx(Qt(Stﬂ' a)) — Q¢(se, at))

Different methods have been proposed according to
the variation between equations 3-11. In order to
distinguish the method according to the equations used,
nomenclature was made between Method 1 and Method
9. When Equation 3 is used for the change of a from
these methods, the parameter used is §; and its value is
chosen as 0.01. When this equation 3 is used, this
method is named as Method 1. Similarly, when Equation
4 is used, 3, is constant and its value is chosen as 0.05.
This method, in which Equation 4 is used, is hamed as
Method 2. Equation 5 and Equation 6 are used to change
the learning parameter depending on iteration. The use
of Equation 5 is named Method 3. In Method 3, the
learning factor is reduced depending on the iteration.
The use of Equation 6 is named Method 4. In Method 4,
the value of the learning factor increases depending on
the iteration. $5=0.04, 8,=0.05 used in Method 3 and
Method 4 are used as parameters. On the other hand, the
positive change of the learning parameter depending on
the changing value of the state of being in the Q table is
modeled in Equation 7. This method is given as Method
5. Similarly, its negative change is given in Equation 8
and named as Method 6. The parameter of Method 5 and
Method 6 is 5 = 0.05. With an approach similar to
Method 5 and Method 6, depending on the increase and
decrease of change, the learning parameter was
modelled as in Equations 9 and Equation 10 and named
as Method 7 and Method 8. In Method 7 and Method 8,
Be = 0.005. In addition, Equation 11 is used to
constrain the p_t parameter in Method 5, Method 6,
Method 7 and Method 8. In Equation 11, the parameters
are selected as 8, = 0.001, 8z = 0.01.

O]

Hes1 = Pa 3)

Hev1 = B2 4)

Hevr = P1+ Bs (1 - t:ax) ®)
A1 = P14+ B3 <tmtax> ©

Hepr = Ue — ﬂS(Qt(St+1l a) — Q¢(ss, at)) @)
Her1 = Ue T :BS(QL‘(SL‘+1' a) — Qt(st'At)) ()]
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He = B other
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He + B other
Bz Br < it an
Hesr = M B7 < pe < P
Bs te > P

3.2. Application to Frozen Lake

Frozen Lake is an environment designed for an agent
moving on a frozen lake to reach its desired destination
(Goal). This environment is shown in Figure 4. In simple
terms, there are 4 different A = («, -, T,1) movement
abilities that the agent can move in this game. The agent
acts depending on its location. Each position it moves
corresponds to a state. Therefore, the moving agent
provides transition from one state to another. In the map
given in Figure 4, S: safe, F: frozen, H: hole and G is
goal. While the agent is moving on the ice, he tries to
reach the Goal without coming to the Hole. If the agent
starting from S reaches the G point with his actions, then
reward 1 is rewarded as reward value.
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Figure 4. Frozen Lake

A sample Q table obtained when the Q table is trained
by applying the Q learning algorithm to the Frozen Lake
game is obtained as in Table 1. When the initial
parameters of the training number change, the values of
this table change, especially when the number of
iterations increases, the changes in the table have
decreased.

Table 1. Q Table for Frozen Lake

State Action, Action Number (a)
Number
«,0 1,1 -,2 1,3
0 5.13e-2 5.01e-1 5.11e-1 5.09e-2
1 3.63e-1 3.106e-1 3.68e-1 4.8e-1
2 4.32e-1 4.34e-1 4.18e-1 1.45e-1

13 4.63e-1 5.52e-2 6.53e-1 4.75e-1
14 7.28e-1 8.42e-2 7.91e-1 7.75e-1
15 0 0 0 0

The agent uses the Q Table that it learns by interacting
with the environment, and when the learning phase ends
in the next steps, it chooses his actions based on the
value with the highest state of being value in the relevant
state.

3.3. Application to Cart Pole

One of the most common systems used to test the
validity of any proposed method is the Cart pole system
(Cimen and Yalgin 2022). Since the Cart Pole system is
non-linear in nature, it is the most commonly used basic
system for testing a new controller in control systems
(Adigiizel and Yalgin 2018; Adigiizel and Yalgin 2022).
The structure of this system is given in Figure 5. The
mathematical model of the system is given in Equation
12 (Barto, Sutton, and Anderson 1983). The parameters
used in the mathematical model are also given in Table
2 (Barto et al. 1983), and the Sampling Time (T,) is
taken as 0.02 sec with the discretization Euler Method.

/
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Figure 5. Cart Pole Sistemi

g =
_ _ '2 . .
cos(@)[ F —mlB°sin(0) + ucsgn(x)]
m+mg
I [ﬁ _ mcosz(H)]
3 m+m
6
gsin(6) — %
+ (12)
4 mcos?(0)

l3 m+m,

. F+ml [ézsin(e) - écos(@)]
x= m+mg
_ Hesgn(x)
m+m,

Table 2. Parameter of Cart Pole System
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Parameter Value

Gravity (g) 9.8 m/s2
Mass of cart (m,) 1kg
Mass of pole (m) 0.1kg
length of half-pole (1) 0.5m
coefficient of friction of 0.0005
cart (uc)
coefficient of friction of 0.000002
pole (up)
Force applied to cart's +10.0N

center of mass (F)

Since Q learning algorithm runs discretely, the control
signal to be used and the situations to be observed must
be discrete. In this case, the action space for the Cart
pole system is given in Table 3 and the observation
space is given in Table 4.

Table 3. Action space

Action Space Action
Number (a)
Push cart to the left -10 0
Push cart to the right 10 1

Table 4. Observation Space
Action Space

Cart Position (x) —-48<x<48
Cart Velocity (x) —00 < x <o
Pole Angle (6) —0.418 < 0 < 0.418
Pole Angle Velocity (8) —0<fh <o

At Table 4, action space for the cart pole is A =
(—10,10). Also, It is expressed as state S = (x %, 6, 6)
in the Cart Pole system. However, the system state is
continuous. To adapt this to the q learning algorithm, the
action space obtained when dividing into 10 parts for the
parameters —2.4 <x <2.4,—4 <x <4,—-0.2095 <
6 < 0.2095,—4 < 6 < 4 is as in Table 5. The Q table
obtained as a result of these transformations is given in
Table 6.

Table 5. Observation Space for Cart Pole System for 10
discrete value

State (x,%,6,0) Space
Number
0 (0,0,0,0) (—2.4,—4,—-0.2095,—4)

1 (0,00,1)  (—2.4,—4,—0.2095,—3.1)
1742 (1,3,4,4) (-1.8,-2.2,-0.06,—2.2)

1743 (1,3,4,5) (-1.8,-2.2,-0.06,—1.3)

(2.4,4,0.2095,3.1)
(2.4,4,0.2095,4)

14640  (10,10,10,9)
14641 (10,10,10,10)

Table 6. Q table for Cart Pole System

State Action
Number Number
0 1
0 0 0
1 0 0

1742 5.50 6.01

1743 9.14 12.28
14640 0 0
14641 0 0

In this case, the reward value to be used is calculated as
in Equation 13. In addition, the done function is given in
Equation 14 to stop the system under certain conditions.
(24 <x<24)and

reward = {1 (=0.2095 < 6 <0.2095) (13
0 other
(m24<x<24)or
done =40 (=0.2095 <6 <02095) or (14

iteration < 200
1 other

4. Simulation Studies

In this study, the proposed methods for the Q
learning algorithm were carried out on a computer with
Intel(R) Core(TM) i5-9400 CPU @ 2.90GHz, 64 Bit,
8GB RAM. The study was carried out using Anaconda
IDE. In addition, tests were performed on Frozen Lake
and Cart Pole environments using the pygym library.
Method 1- Method 8 methods proposed for Q learning
algorithm have been trained for 30000 iterations. Each
method was run independently 20 times for statistical
comparison. The suggested methods were applied for
each system and the results were explained in graphs and
tables. In addition, the best values in the tables are
written in bold font.

The average values of the results produced by the Q
learning algorithm are shown in the graphs. When
Figure 6 is examined for the Frozen Lake system, the
values obtained by Method 1 during 30000 iterations are
shown in blue in the graph. In addition, the average
value obtained in the last 100 steps using these values is
shown in green. The statistical results of this system are
calculated as in Table 7. When Method 1 was examined,
it was calculated as a minimum of 0, a maximum of 1,
an average of 0.35, and a standard deviation of 0.47 for
the average value in the last 100 steps. In addition, in
Figure 6, the variation of the learning parameter
examined in this study is given in each iteration.
However, since it is constant for Method 1, it appears to
be constant. Similarly, Method 2 results are
demonstrated as in Figure 6 graphically. Statistically, it
is given in Table 7. The results of Method 3 and Method
4 are depicted graphically in Figure 6. Statistically the
results are calculated as in Table 7. The results of
Method 5 and Method 6 are depicted graphically in
Figure 8. Statistically the results are also given in Table
7. The results of Method 7 and Method 8 are depicted
graphically in Figure 9. Statistically the results are also
calculated as in Table 7. When Table 7 was evaluated
numerically, all methods produced the best results in
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Statistically the results are also given in Table 8. The
results of Method 7 and Method 8 are depicted
graphically in Figure 13. Statistically the results are also
calculated as in Table 8. Considering Table 8
numerically, Method 7 produced the best result in terms
of maximum, Average value, average value over the last
100 steps as avg_100 in Table 8 are given.
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Method 7, Method 8 for Cart Pole

Table 8. Statistical Results of Method 1-Method 8 for Cart
Pole System

min  max avg avg_100 std

Method1 118 200 161.3 153.97 28.27
Method 2 169 200 196.6 187.85 9.24
Method 3 163 200 193.4 187.78 13.10
Method 4 102 200 182 187.72 324
Method 5 11 75 40 187.65 17.62
Method 6 57 137 93.5 187.52 25.59
Method 7 200 200 200 187.65 0

Method 8 49 100 67.3 187.65 15.65

5. Conclusions

In this study, 8 different methods have been
proposed for the learning parameter of the Q learning
algorithm. The proposed methods have been applied to
the Frozen Lake system, which is a discrete system, and
the Cart Pole System, which is continuous time. The
proposed 8 methods have been applied to these systems
over 30000 iterations. Each method has been run
independently 20 times and their performances were
tested statistically. When the results obtained are
examined, it is seen that Method 1 have produced better
results for Frozen Lake system, which is a discrete
system, while Method 7 have produced better results for
a discrete system, Cart Pole.
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