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Bilgisayar Bilimleri ve Teknolojileri Dergisi bilim ve teknolojideki gelismelere paralel olarak
bilgisayar bilimleri ve teknolojileri alaninda yeni gelismelerle ilgili yapilan ¢alismalari yayinlayan bir
dergidir.

BIBTED Dergisi,

% Bilgisayar Bilimleri ve Teknolojileri Dergisinin amaci bilgisayar alaninda yapilan 6zgiin ¢alismalari
yaymlamaktir. Yazim kurallarina uygun olarak hazirlanan eser, dergi editdrliigiince degerlendirme igin
hakemlere goénderilir. Bilgisayar Bilimleri ve Teknolojileri Dergisinde KOR HAKEMLIK uygulamast
mevcuttur. Yayimlanmasina, hakemlerin goriisii dogrultusunda Dergi Editor ve Yayin Kurulu karar verir.
Gonderilen makaleler yayinlansin veya yayinlanmasin iade edilmez. Dergimizde yayinlanan yazilarin her
tirlii sorumlulugu (bilimsel, mesleki, hukuki, etik vb.) yazarlara aittir. Yaymlanan yazilarin telif hakki
dergiye aittir ve referans gosterilmeden aktarilamaz. Arastirmacilar arasindaki bilimsel iletisimi olusturmak
amaciyla asagida nitelikleri agiklanan, baska bir yerde yayimlanmamus makaleler Tiirkge ve Ingilizce
olarak kabul edilmekte ancak Tiirk¢e Kabul edilen makalenin 6zetinin ingilizce de basilmasi zorunlulugu
vardir.

Asagidaki tiirlerdeki makaleler dergide yayina kabul edilmektedir:
4 Arastirma makalesi: Ozgiin bir arastirmay1 sonuglariyla birlikte sunan makale,

+ Derleme makale: Bilgisayar Miihendisligi alaninda belli bir konuda yeterli sayida bilimsel makaleyi
taray1ip, dzetleyen, degerlendirme yapan ve bulgulart yorumlayan makale,

+ Endiistriyel makale: Bu alanda endiistride yapilan arastirma ve gelistirilen yeni Uriin veya
teknolojilerin agiklandig1 makale,

=

Tez calismasi: Lisansiistii diizeyde yapilan 6zgiin bir tez ¢alismasinin genisletilmis 6zetini igeren yazi,

+ Kitap yorumu: Bilgisayar miihendisligi alaninda yayinlanmig yeni bir kitabin tanitilmasi ve
degerlendirilmesi.

+ Kisa Bildiri: Yapilan bir arastirmanmn 6nemli bulgularmi aciklayan yeni bir yontem veya teknik
tanimlayan yazilar.

Biitiin yazilarin Telif Hakki Devri, yazarlarina bir form goénderilmek suretiyle alinir. Telif Hakki Devir
Formu gondermeyen yazarlarin yayinlart isleme konmaz. Yaymlanmasina karar verilen yazilar {izerine
yazarlarinca higbir eklenti yapilamaz.

Her yaz1 konusu ile ilgili en az iki hakeme gonderilerek sekil ve igcerik bakimindan incelettirilir. Dergide
yayinlanabilecek nitelikteki yazilar dizgisi yapildiktan sonra, yazarlarina gonderilerek baski 6ncesi gézden
istenir. Makale i¢inde, dergide basildigi haliyle goziiken hatalarin sorumlulugu yazarlarina aittir. Hata,
editdrliik ofisinden kaynaklandig: takdirde diizeltme yaymlanabilir.

Derginin Kapsami;

Bilgisayar Bilimleri ve Teknolojileri Dergisinin kapsami, akilli sistemler, algoritmalar, benzetim,
bilgisayar aglari, bilgisayar grafigi, bilgisayarla gérme, bilgisayar mimarisi, bilgiye erisim, bilimsel
hesaplama, bilisim gilivenligi, biyoenformatik, kriptografi, paralel isleme, dogal dil isleme donanim,
goriintii isleme, hesaplama kurami, isaret isleme, isletim sistemleri, makine 6grenmesi, mobil
sistemler, modelleme, tibbi bilisim, veri madenciligi, veri tabam sistemleri, yazilim mihendisligi,
siber giivenlik, yapay zeka dahil olmak iizere bilgisayar bilimleri ve teknolojilerin tiim alanlari igerir.
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Arastirma Makalesi
Bulanik Mantik Uyelik Fonksiyonlarinin Fpga Uzerinde Gerceklenmesi

Fatih Karatas*1, ismail Koyuncu?, Murat Tuna3, Murat Al¢in*

1Afyon Kocatepe University, Institute of Natural and Applied Sciences, Afyonkarahisar, Turkey
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Anahtar Kelimeler: Bu ¢alismada, ger¢ek zamanli bulanik mantik uygulamalari icin gauss, triangular (liggen),
Bulanik Mantik trapezoidal (yamuk), generalized bell-shaped (genellestirilmis c¢an egrisi) iyelik
Bulaniklastirma fonksiyonlarinin matematiksel modeli referans alinarak 32-bit IEEE-754-1985 kayan
Uyelik Fonksiyonlar1 noktali sayr standardina uygun FPGA (Field Programmable Gate Array-Alan
FPGA Programlanabilir Kapi Dizileri) tabanli gauss, iliggen, yamuk ve can egrisi tyelik
VHDL fonksiyonu tniteleri tasarlanmistir. Tasarim VHDL (Very High Speed Integrated Circuit

Hardware Description Language-Cok Yiiksek Hizli Tiimlesik Devre Donanimi Tanimlama
Dili) ile kodlanmis ve Xilinx ISE Design Suite programi kullanilarak sentezlenmistir.
Tasarlanan tnitelerin test edilebilmesi amaciyla testbench dosyalar1 olusturulmustur. Bu
test verilerinden elde edilen sonuglar ile Matlab tabanh niimerik sonuglar karsilastirilmis
ve hata degerleri hesaplanmistir. Place&Route isleminin ardindan FPGA tabanli Gauss
Uggen, Yamuk ve Gan egrisi iiyelik fonksiyonlarna ait iinitelerin maksimum c¢alisma
frekanslari elde edilmistir. Place&Route isleminin ardindan FPGA tabanli Gauss iyelik
fonksiyon {initesinin maksimum calisma frekansi 304.534 MHz, Uggen iiyelik fonksiyon
linitesinin maksimum ¢alisma frekans1 245.031 MHz, Yamuk iiyelik fonksiyon tnitesinin
maksimum ¢alisma frekans1 599.664 MHz ve Can egrisi liyelik fonksiyon iinitesinin
maksimum ¢alisma frekansi 185.086 MHz olarak elde edilmistir.

Implementation Of Fuzzy Logic Membership Functions On FPGA

ABSTRACT
Keywords: In this study, FPGA (Field Programmable Gate Array) based gauss, triangular, trapezoidal
Fuzzy Logic and generalized bell-shaped membership function units are designed for real-time Fuzzy
Fuzzification Logic applications in accordance with the 32-bit IEEE-754-1985 floating-point number
Membership Functions standard by referring to the mathematical model of gauss, triangular, trapezoidal and
FPGA generalized bell-shaped membership functions. The design was coded in VHDL (Very
VHDL High Speed Integrated Circuit Hardware Description Language) and synthesized using

Xilinx ISE Design Suite program. Testbench files were created in order to test the
designed units. The results obtained from this test data were compared with Matlab-
based numerical results and error values were calculated. Following the Place&Route
operation, the maximum operating frequencies of the units belonging to FPGA based
gauss, triangular, trapezoidal and generalized bell-shaped membership functions were
obtained. After the Place&Route operation, the maximum operating frequency of FPGA
based gauss membership function unit was got as 304.534 MHz, the maximum operating
frequency of FPGA based triangular membership function unit was achieved as 245.031
MHz, the maximum operating frequency of FPGA based trapezoidal membership function
unit was obtained as 599.664 MHz and the maximum operating frequency of FPGA based
generalized bell-shaped membership function unit was got as 185.086 MHz.
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1. GIRis

Guniumuzde, bulanik mantikla ilgili
arastirmalarin odak noktasi, kullanic1 konforunu en
list diizeye cikarmak ve enerji tliketimini en aza
indirmek i¢in yenilik¢i tahmin ve optimizasyon
tekniklerinin ~ stirekli  olarak  gelistirilmesidir.
Bununla birlikte, kontrol dogrulugu ve kontrol hizi,
sistem performansina katkida bulunan ancak
arastirmacilar tarafindan biyilik olciide goz ardi
edilen en kritik kisimlardan biridir (Khokhar ve
ark, 2020). Bulanik mantik; bilgi taban,
bulaniklastirma, karar verme ve durulastirma
birimleri olmak {izere doért temel bilesenden
olusmaktadir (Elmas, 2003). Bulaniklastirma
iinitesi sistemden alinan denetim giris bilgilerini
dilsel niteleyiciler olan sembolik degerlere
dontstiirme islemi yapmaktadir. Bu iinitede ¢esitli
tiyelik fonksiyonlar1 mevcut olup en yaygin
kullanilan tiggen, trapezoidal (yamuk), generalized
bell-shaped (genellestirilmis can egrisi), gauss ve
sigmoidal iyelik fonksiyonlaridir (Altas, 1999).
Kontrol dogrulugu ve kontrol hizim1 etkileyen
parametrelerden birisi olan aktivasyon
fonksiyonlar1 bu ¢alismada ele alinmis ve paralel
calisma, diisiik gii¢ tiiketimi, hizli ilk tiretim, yliksek
kapasite  gibi  ozellikleriyle  diger  sayisal
platformlara gore 6n plana ¢ikan FPGA ciplerinde
(Koyuncu, 2018) uygulanmak iizere tasarimi
gerceklestirilmistir.

Karar verme ve kontrol sistemi olarak
tanimlanabilen bulanik mantik (Fuzzy Logic)
kavramu ilk defa Lotfi A. Zadeh tarafindan 1965 ’te
ortaya atilmistir. Bulanik mantik, doga ve insanin
olusturdugu yapay sistemlerin modellenmesi ve
kontrolil i¢in uygun bir yaklasim olarak gelismekte
olan bir tekniktir. Klasik yontemlerle
modellenemeyen karmasik sistemlerde, lineer
olmayan sistemlerde ve belirsizliklerin ¢ok oldugu
sistemlerde ideal olarak kullanilmaktadir. Zadeh
belirsiz kiimeleri, belirsizligi ifade etme araci olarak
tanitti ve o zamandan beri, bulanik kiime teorisi
farkli disiplinlerde 6nemli bir konu haline gelmistir
(Zadeh, 1965). Bulanik sistem teorisi, belirsiz
diisiince ve karar siireglerinin gelisen modellerine
ait baslama noktasi olarak kabul edilmekte ve bu
nedenle; yonetim ve sosyal problemler icin
kullanilan insan modellerinin yapilmasi, otomasyon
ve bilgi sistemlerinde kullanim i¢in yiliksek
derecede insan yeteneklerinin taklidi, insan ve
makineler arasindaki insan merkezli ara birimlerin
olusumu, risk analizi, tahmin ve fonksiyonel
cihazlarin gelisimi gibi diger sosyal ve yapay zeka
uygulamalarinda kullanilmaktadir (Sen, 2012).
Bulanik mantik ilk kez 1973 yilinda, Londra ’da
Ebrahim H. Mamdani tarafindan bir buhar
makinasinda uygulanmistir. Ticari olarak ise ilk kez,
1980’de Danimarka'daki bir ¢imento fabrikasinin
firni kontrol etmek i¢in kullanilmistir (Mamdani
ve Assilian, 1975). Bulanik mantik ile hazirlanan bir

sistem, bilgisayar desteginde, sensorlerden gelen 1s1
ve maddelere ait bilgileri alarak ve "feed-back" (geri
besleme) metoduyla degiskenleri kontrol ederek
biiyiik oranda enerji tasarrufu saglamistir (Klir ve
Yuan, 1995). Uluslararast Bulanik Sistemler
Dernegi'nin 1987'de Tokyo'da diizenledigi bir
konferansta bir mihendis, bulanik mantikla
programladigi bir robota, bir ¢icegi ince bir gubugun
lizerinde  dismeyecek sekilde biraktirmay:
basarmistir. Robota ait bir devre g¢ikarilmasina
ragmen robot beklenmedik bir sekilde yine ayni
hassaslikla ¢icegi diisiirmeden c¢ubugun iizerine
birakmistir (Mukaidono ve ark, 1987). Kisacasi
bulanik mantik sistemleri, yetersiz bilgi temin edilse
dahi tipki insanlarin yaptig1 gibi bir tiir "sagduyu”
kullanarak islemleri gerceklestirebilmektedir.

Bulanik mantigin kullanildigt bazi 6nemli
uygulamalar; helikopterler i¢cin bulanik tabanli ugus
destegi (Sugeno, 1985), rayli metro sistemlerinde
bulanik mantik tabanlhi striis rahathgl, durus
mesafesinin  kesinliginin ve  ekonomikliginin
gelistirilmesi (Yasunobu ve ark., 2002), el yazisi
sembollerin ¢evrimic¢i taninmasinda bulanik mantik
uygulanmas:1  (Fitzgerald ve ark, 2004),
hidroelektrik gii¢ tniteleri i¢cin kullanilan baraj
kapilarinin otomatik kontrolii (Karaboga ve ark,
2004), yapay sinir aglar ile birlikte bulanik mantik
tabanli ses tanima sistemleri (Melin ve ark. 2006),
saglik alaninda bulanik mantik tabanli kanser
teshisi ¢alismalar1 (Zadeh, 2011), depremlerin
onceden bilinmesi i¢in bulanik mantik tabanh
tahmin sistemi (Dutta ve ark, 2012), stok
degerlendirmesi ve portfdy insasi i¢in bulanik kural
tabanli uzman sistemler (Avci ve Selim, 2013),
Bulanik Mantik tabanli biyomedikal sistemler (Patel
ve ark., 2013), otomobiller icin bulanik mantik
kullanarak “Cruise-control” uygulamalar1 (Cholis ve
ark., 2014), celik sanayiinde makina hiz1 ve 1sisinin
bulanik mantik tabanlh kontroli (Singhala ve ark,
2014), bulanik mantik kullanilarak iiretilen fotograf
makineleri ve kameralar (otomatik odaklama yapan
makinelerden daha net bir goriintii vermekte ve
sarsintilardan  dogan  goriinti  bozukluklarini
asgariye indirmektedir) (Fayaz ve Kim, 2017) ve
bulanik mantik tabanli enerji yonetimi strateji ile
elektrikli ve hibrit aracglarin yakit ekonomisinde
artis (Danapalasingam ve ark., 2018) uygulamalari
gerceklestirilmistir.

FPGA  tabanli  bazi  bulamk  mantik
uygulamalari; robotik uygulamalar i¢in gomili
bulanik denetleyicilerin FPGA tabanli uygulamasi
(Sanchez-Solano ve ark., 2007), FPGA fzerinde
bulanik mantik kullanilarak gercek zamanli DC
motor hiz kontrolii (Sulaiman ve ark., 2009), FPGA
tabanl gercek zamanl uyarlanabilir bulanik mantik
denetleyicisi (Altas, 1999), harici Analog-Dijital
dontstiirtici yokken boost doniistiiriicii icin tek
girisli Bulamik Mantik denetleyicisinin FPGA
uygulamasi (Taeed ve ark., 2012), FPGA ve bulanik
mantik kullanarak gercek zamanl akilli konum

Bilgisayar Bilimleri ve Teknolojileri Dergisi
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izleme sistemi (Ferreira ve Santos, 2014), bulanik
mantiga dayali FPGA stereo esleme uygulamasi
(Pérez-Patricio ve ark, 2016), cok yonlii robot
sistemi i¢in Bulanik-PI (Proportional Integral)
denetleyicisinin tasarimi ve FPGA uygulamasi
(Masmoudi ve ark., 2017), FPGA ile bulanik mantik
tabanl objektif goriinti kalitesi degerlendirmesi
(Tchendjou ve ark. 2018), gercek zamanl bulanik
mantik  uygulamalarn icin  gauss tyelik
fonksiyonunun FPGA tabanh tasarimi ve iki eksenli
glines takibi icin FPGA iizerinde bulanik mantik
kontrolii (Cruz-Alejo ve ark, 2019) calismalari
gerceklestirilmistir.

2. GENEL BILGIiLER

Bu calismada, ger¢ek zamanli bulanik mantik
uygulamalarinda  kullanilmak  {izere  iiggen,
trapezoidal, genellestirilmis c¢an egrisi iyelik
fonksiyonlarinin matematiksel modeli referans
alinarak 32-bit IEEE-754-1985 kayan noktali say1
standardina uygun FPGA-tabanli tasarimlari
gerceklestirilmistir.  Tasarim  VHDL  dilinde
kodlanmis ve Xilinx ISE Design Suite programi
kullanilarak sentezlenmistir. Tasarlanan iinitelerin
test edilebilmesi amaciyla testbench dosyalar
olusturulmus ve performans analizleri yapilarak ¢ip
istatistikleri sunulmustur. Bu test verilerinden elde
edilen sonuglar ile Matlab tabanli niimerik sonuglar
karsilastirllmis ve hata degerleri hesaplanmistir.
Place&Route isleminin ardindan FPGA tabanlh
iyelik fonksiyonlarina ait {initelerin maksimum
¢alisma frekanslari elde edilmistir.

2.1. Bulamik Mantik ve Uyelik Fonksiyonlar:

Bilgilerin nitelik o6zelliklerinin  kompleks,
modellenmesi gii¢, belirsiz veya kesin olmadigi
durumlarda  dilsel ifadelerle  desteklenerek
netlestirilmesi kavramina bulanik mantik (Fuzzy
Logic) denilmektedir (Klir ve Yuan, 1995). Bulanik
denetleyici asagidaki doért 6geden olusur (Zadeh,
1965):

Bulaniklastirma  (Fuzzification),  disaridan
alinan gergek sayisal bir degeri iiyelik fonksiyonlari
tarafindan dilsel ifadelere doniistiiriilmesi islemidir.
Uygulamalarda siklikla kullanilan iyelik
fonksiyonlar1 Sekil 1'de gésterildigi gibi Ucgen,
Yamuk, Can Egrisi, Gauss ve Sigmoidal 'dir (Elmas,
2003).

\M

RANIAVA'S

U

Sekil 1. Bulanik mantikta kullanilan {yelik
fonksiyon tipleri

Durulastirma (Defuzzification), bulanmik ¢ikarim
motoru Unitesinden aktarilan bulanik kiimenin
kesin bir degere doniistiiriilmesi islemidir. Siklikla
kullanilan durulastirma metotlar1 agirlik merkezi,
en blyiik tyelik ilkesi, ortalama en biiyiik iiyelik,
agirlikli ortalama, en biytiklerin en kii¢iigii ve en
biiyiiklerin en biiytigii seklindedir (Sen, 2012).

Bulanik kural tabani (Rule-base), uzman Kisinin
bilgi, beceri kontrol stratejisini karakterize eden
kontrol kurallarinin dilsel olarak ifade edildigi
kisimdir. Veri tabanindaki girislerin  ¢ikis
degiskenleri ile mantiksal bag kuruldugu “Eger-ise
(If-Then)” tlriinde yazilabilen kurallar biitiintidiir
(Kaur ve Kaur, 2009).

Bulanik cikarim motoru (Inference
mechanism), kurallar tizerinde bulanik mantik
yuriitiir ve bulanik kural tabanini kullanarak giris
ve c¢ikis uzayr arasinda bir baglanti kurar. Bu
initede bilgi genellikle Mamdani ve Sugeno
yontemler araciligl ile modellenir (Lokman, 2011).

Bulanik bir kontrol sisteminin blok diyagrami
Sekil 2'de gosterilmistir.

Net Bulanik Bulanik Net
girigler girigler sonuglar ciktilar
u | | y
1 — — =1
- > o l Bulamk L Y, >
— E-h- cikarim P> g —>
= motoru !
& @
* 1 [ <
. = T:"
. = Bulanik kural =
i, E‘ tabani SlEE

Sekil 2. Bulanik Mantik Sisteminin Sematik Yapisi

Bulanik kiimeler tiyelik fonksiyonlar ile ifade
edilir. Bu tyelik fonksiyonlar1 her objenin bir
kiimedeki agirlik derecesini vermektedir. Bu agirlik
derecesi 1 'den 0 ’'a kadar olabilmekte, yani tam
iyelikten {liye olmamaya kadar degismektedir.
Uyelik dereceleri 1’ e esit olan 6gelerin toplandig
alt kiime kismina, o alt kiimenin 6zii (Core) denir.
Burada p(x)=1'dir. Bunun aksine bir kiimenin tiim
Ogelerini iceren araliga o kiimenin Dayanagi
(Support) adi verilir. Dayanakta bulunan her 6genin
az veya c¢ok degerde (0 ile 1 arasinda) tlyelik
dereceleri vardir. Bunun matematiksel ifadesi
0<u(x)<1 seklindedir. Uyelik dereceleri 1 ’e veya 0 'a
esit olmayan 6gelerin olusturdugu kisimlara iiyelik
fonksiyonunun sinirlar1 (Boundary) bolgeleri denir.
Genel olarak, tiim iyelik fonksiyonlarinda, biri
sagda digeri de solda olmak iizere iki adet gecis
bolgesi vardir. Bu calismada tasarim icgin ele alinan
iiyelik fonksiyonlar1 licgen, yamuk, genellestirilmis
can egrisi ve Gauss 'tur. Bu lyelik fonksiyonlarina
ait matematiksel denklemler sirasi ile Denklem (1),
Denklem (2), Denklem (3), Denklem (4)'te ve
gorseller sirasi ile Sekil 3, Sekil 4, Sekil 5 ve Sekil
6’da sunulmustur (Passino ve Yurkovich, 1998).
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p )

1.0
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¥

Sekil 3. Ucgen (Triangular) Uyelik Fonksiyonu

p(x)
A

1.0

Y
0.0 L / | | N

¥

(10 I | —

| |
1 1
| 1
| 1
1 |
1 1
1 1

1
c—a

1
ct+a

T
|
1
1
|
1
1
1

+
|
1
]
|
1
1
1
1

¢

0

Sekil 5. Genellestirilmis Can Egrisi (Generalized
Bell-Shaped) Uyelik Fonksiyonu

0.5

0

Sekil 6. Gauss Uyelik Fonksiyonu

Denklem (1): Uggen (Triangular) Uyelik
Fonksiyonu

Fonksiyon A: x = [0,1] x: X evreninde herhangi
bir eleman

( 0,x<a \
i (x_a) < <ﬁ 1
—,a<x <
—a
A a,B,y) = g_x))
Bsx<y
-8
k 0,x >y }

Denklem (2): Yamuk (Trapezoidal) Uyelik
Fonksiyonu

Fonksiyon m: x — [0,1]

0,x<a
E;:;g,anSﬁ

n(x;a,p,y,6)={ LB<x=<y ’
(6—x)
W']’SXSS
0,x>6

Denklem (3): Genellestirilmis Can Egrisi
(Generalized Bell-Shaped) Uyelik Fonksiyonu

Fonksiyon 2: x - [0,1]
b: fonksiyonun tavan genisligini etkileyen
parametredir.

1

(x-c)

Q(x;a,b,c) =

2b

1+

Denklem (4): Gauss Uyelik Fonksiyonu

Fonksiyon G: x - [0,1]

—(x=c)?

G(x;c,0) = e 26°

2.2. FPGA Cipleri

FPGA (Field Programmable Gate Array-Alan
Programlanabilir Kap1 Dizileri) c¢ipleri ilk tretim
asamasindan sonra kullanicinin istedigi sistem
tasarimina gore donanim yapisi kullanici/tasarimci
tarafindan degistirilebilen, tekrar tekrar
programlanabilme 6zelligine sahip dijital tiim-
devrelerdir (Tuna ve ark, 2018; Tuna ve ark,
2019).

Bir FPGA, programlanabilir ii¢ bilesenden
olusmaktadir:

Konfigiire Edilebilir Lojik Bloklar (Configurable
Logic Blocks (CLB)): CLB kullanicinin olusturmak
istedigi lojik devre icin fonksiyonel elemanlar
saglar. Mantiksal fonksiyonlarin olusturulabildigi
Look-up Table (LUT), tek bitlik bilgilerin
saklanabildigi Flip-Flop ’lar ve bilgi akisini
yonlendiren = Multiplexer ’lar  gibi  cesitli
elemanlardan olusmaktadir.

Giris-Cikis Bloklar1 (Input/Output Blocks (I0B)):
10B ’ler FPGA ciplerinin programlanabilir giris/¢ikis
terminalleridir. Bu bloktaki pinler tasarimcinin
istegine gore giris, cikis veya hem giris hem de ¢ikis
olarak programlanabilir. [/0 bloklarinin temel
gorevi ¢ipin i¢ sinyal hatlar1 ile cipin pinleri
arasinda arabirimi saglamaktir.
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Ara Baglantilar (Interconnection Network): Bu
birimler hem mantiksal bloklar arasinda hem de
mantiksal bloklar ile I0OB ’ler arasinda baglantilari
konfigiire kullanirlar (Al¢in ve ark., 2016; Al¢in ve
ark.,, 2019).

FPGA ciplerinde siklikla VHDL ve Verilog
programlama dilleri ile tasarimlar
gerceklestirilmektedir. Bu c¢ipler paralel ¢alisma,
disik giic tiiketimi, hizli ilk iretim ve yliksek
kapasite  gibi  ozellikleriyle  diger  sayisal
platformlara gore on plana ¢ikmaktadir (Karatas ve
ark., 2020). Gliniimiizde yapay sinir aglari, osilator
tasarimi, uzay, havacilik ve savunma sanayi, ses,
otomotiv, video ve goriintii isleme, kaos teorisi ve
uygulamalari, ASIC gibi amaca 6zel tasarlanmis
entegre prototiplerinde ve daha bir¢cok alanda
kullanilmaktadir (Koyuncu ve ark., 2018; Yilmaz ve
ark., 2019; Rajagopal ve ark., 2019; Glingor ve ark.,
2019; Akgiil ve ark., 2019).

3. FPGA-TABANLI UYELiK FONKSiYONLARI

Bu calismada, ger¢ek zamanli bulanik mantik
uygulamalari i¢in tiggen, yamuk, genellestirilmis ¢an
egrisi lyelik fonksiyonlarinin matematiksel modeli
referans alinarak 32-bit IEEE-754-1985 Kkayan
noktali say1 (Floating Point Number) standardina
uygun FPGA-tabanli liggen, yamuk, ¢an egrisi ve
Gauss tyelik fonksiyonu {niteleri tasarlanmistir.
Tasarim VHDL dilinde kodlanmis ve Xilinx ISE
Design  Suite  14.7 programi  kullanilarak
sentezlenmistir. Tasarlanan iinitelerin en iist seviye
RTL semalar1 ve ikinci seviye RTL semalari
cikartilmistir. FPGA-tabanl tiggen, yamuk, ¢an egrisi
ve Gauss lyelik fonksiyonlarina ait birinci seviye
RTL semalar sirasi ile Sekil 7, Sekil 8, Sekil 9 ve
Sekil 10’da gosterilmistir. Ikinci seviye RTL
semalari sirasi ile Sekil 11, Sekil 12, Sekil 13 ve Sekil
14 'te gosterilmistir.

trimf

a(31:.0) sonuc1(31:0)

b(31,0
m(31:0

x(31:0) sonuc_hazir1

sonuc2(31:0)

basla
sonuc_hazir2
clk

A 4
trimf

Sekil 7. Ucgen Uyelik Fonksiyonunun Birinci Seviye
RTL Semasi

trapmf
a(31 02 sonuc1(31:0)
b(31.0) sonuc2(31:0)
c(31.0) sonuc3(31:0)
d@E1o) sonuc_hazirt
X(31.0) sonuc_hazir2
basla sonuc_hazir3

clk
| " |
trapmf

Sekil 8. Yamuk Uyelik Fonksiyonunun Birinci
Seviye RTL Semasi

Bell_Func

x(31:0) sonuc(31:0)

basla

clk sonuc_hazir

A A4
Bell_Func

Sekil 9. Can Egrisi Uyelik Fonksiyonunun Birinci
Seviye RTL Semasi

Gauss_Func

a(31.0) sonuc(31.0)

bEeL L
cero |
sigma(31.0) |
@ |
basia_|

clk sonuc_hazir

I
Gauss_Func

Sekil 10. Gauss Uyelik Fonksiyonunun Birinci
Seviye RTL Semasi

RTL semalarinda gorildigi tizere {liniteler 32-
bit giris sinyallerine ve 32-bit ¢ikis sinyallerine
sahiptir. Unitelerin calismaya baslayabilmesi igin
basla giris sinyal degeri ‘1’ olmalidir. 1-bit clk sinyali
inite icerisindeki alt birimlerin senkron bir sekilde
calisabilmesi i¢in kullanilmaktadir. Uniteler ilk
sonucunu iiretmeye baslamadan d6nce sonuc_hazir
sinyalleri ‘0’ olmaktadir. Uniteler sonucu iirettigi
durumlarda sonuc_hazir sinyal degerleri ‘1’
olmaktadir.

Bilgisayar Bilimleri ve Teknolojileri Dergisi



Bilgisayar Bilimleri ve Teknolojileri Dergisi- 2020; 1(1); 01-09

Sekil 11. Uggen Uyelik Fonksiyonunun ikinci Seviye
RTL Semasi

e e
z = 1 _::"___
Téj =Hmn

Sekil 12. Yamuk Uyelik Fonksiyonunun Ikinci

Seviye RTL Semasi

Sekil 13. Can Egrisi Uyelik Fonksiyonunun ikinci
Seviye RTL Semasi

ET an

Sekil 14. Gauss Uyelik Fonksiyonunun ikinci Seviye
RTL Semasi

4. TEST SONUCLARI VE CiP iSTATISTIKLERI

Yapilan FPGA-tabanlh iiyelik fonksiyonlarinin
test edilebilmesi amaci ile toplamda 105 adet test
verisi olusturulmustur. Bu test verileri 6ncelikle
niimerik olarak islenmistir. Ardindan Xilinx ISE
Design Suite 14.7 programi kullanilarak testbench
dosyalart  olusturulmustur. Her bir fyelik
fonksiyonu icin  Xilinx ISE  Design Suite
programindan test sonuclari elde edilmistir. Uggen,
Yamuk, Can Egrisi ve Gauss tiyelik fonksiyonlarinin
test sonuglari sirasi ile Sekil 15, Sekil 16, Sekil 17 ve
Sekil 18’de verilmistir.

@ons jgons
: 00000000 X 53000000 :
50000000 000
5000000 X 000
00000000 ) sssaa | s ) oongs )| B o

(AR A VA AR LU
‘00000000 §53a0) 37000000 )

(00000000 )X

00005

Sekil 15. Uggen Uyelik Fonksiyonunun Test
Sonuglari

0000000
0000000
30000000
00000000
{C___00000000 ¥"0800000

00000000
00000000
00000

Sekil 16. Yamuk Uyelik Fonksiyonunun Test
Sonuglari

Sekil 17. Can Egrisi Uyelik Fonksiyonunun Test
Sonuclari

076665
500300
0000000
000000
3700300

3. )(ewa)(eBet. (3602, (363 )(3FibA_ (320 /(36326 (313 )(3¥aPe )35t (3675 (3. /(ML )3

000008

Sekil 18. Gauss Uyelik Fonksiyonunun Test
Sonuclari
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3FF784 FPGA c¢ipi i¢in sentezlenmistir. Tablo 1'de
tliim aktivasyon fonksiyonlarina ait FPGA ¢ip
istatistikleri gosterilmektedir.

Xilinx ISE Design Suite 14.7 ortaminda tim
tasarimlarin test isleminden beklenen sonuclar
alindiktan sonra tasarimlar Xilinx XC6VLX75T-

Tablo 1. Uyelik Fonksiyonlar: ve Cip Istatistikleri

- Uggen Uyelik Yamuk Uyelik Can Egrisi Uyelik Gauss Uyelik

FPGA Cipi Kaynak Kullanimi Fonksiyon Fonksiyon Fonksiyon Fonksiyon
I0Bs Sayisi / Kullanim Orani 196 / %54 261 / %72 67 / %18 194 / %53
gEaFn(iCTLs Sayisi / Kullanim 1/%3 1/%3 1/%3 1/%3
glgill“UTs Say1s1 / Kullanim 3534 / %7 3627 | %7 4399 / %9 6778 / %14
gﬁ;ifegmers Say1st / Kullanim 3220/ %3 4916 / %5 3544 / %3 5911 / %6
Maksimum Cahsma Frekans 245.031 599.664 185.086 304.534
(MHz)
5. SONUCLAR Akgiil, A., Arslan, C., Aricioglu, B. (2019). Design of

Sunulan bu calismada, ger¢ek zamanlh bulanik
mantik uygulamalari i¢in gauss, licgen, yamuk ve
can egrisi lyelik fonksiyonlarinin matematiksel
modeli referans alinarak 32-bit IEEE-754-1985
kayan noktali say1 standardina uygun FPGA-tabanh
gauss, licgen, yamuk ve can egrisi liyelik fonksiyonu
Uniteleri tasarlanmistir. Tasarim VHDL ile
kodlanmis ve Xilinx ISE Design Suite programi
kullanilarak sentezlenmistir. Tasarlanan iinitelerin
test edilebilmesi amaciyla toplam 105 adet test
verisi ile 8 ayr1 testbench dosyasi olusturulmustur.
Bu test verilerinden elde edilen sonuglar ile Matlab
tabanli niimerik sonuclar karsilastirilmis ve hata
degerleri maksimum 6.4X10E-05 olarak elde
edilmistir. Bu test verileri kullanilarak nitimerik
tabanh tyelik fonksiyonu {initelerinin veri isleme
hizi ile FPGA-tabanl iiyelik fonksiyonu iinitelerinin
veri isleme hizi Kkarsilastirlmistir. Place&Route
isleminin ardindan FPGA tabanli Gauss fyelik
fonksiyon {initesinin maksimum c¢alisma frekansi
304.534 MHz, Ucgen iiyelik fonksiyon {initesinin
maksimum ¢alisma frekans1 245.031 MHz, Yamuk
tiyelik fonksiyon iinitesinin maksimum c¢alisma
frekans1 599.664 MHz ve Can egrisi iiyelik fonksiyon
linitesinin maksimum ¢alisma frekansi 185.086 MHz
olarak elde edilmistir. Bu ¢alismada Bulanik Mantik
Kontrolciisiinde bulunan Bulaniklastirici
initesindeki ilicgen, yamuk ve c¢an egrisi iyelik
fonksiyonlar1 FPGA ciplerinde uygulanmak iizere
modellenmistir. Ileriki calismalarda FPGA iizerinde
gercek zamanli bulanik mantik uygulamalari
gerceklestirebilmek amaciyla bulamik ¢ikarim
motoru ve durulastirma liniteleri
gerceklestirilebilir.
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Nesne Smiflandirma islemi icin Tensor isleme Birimi ve CPU Performans

Karsilastirmasi

Ayse Ayyiice Demirbas *1, Ahmet Cinar?

1Firat Universitesi, Miihendislik Fakiiltesi, Bilgisayar Miihendisligi, Elazig, Tiirkiye

Anahtar Kelimeler:

TPU

CPU

Derin Ogrenme
Tensorflow
MobileNet v1

0z

Tensor Isleme Birimi (TPU), Google tarafindan derin 6grenme gorevlerini hizlandirmak
icin 6zel olarak gelistirilmis bir yongadir. Yakin zamana kadar TPU’lar sadece Google
Cloud ve Google Colab Platformlar1 {izerinden kullanilabilmekteydi. 2019 yilinin
baslarinda Google firmasi bu iiriinii Coral adi altinda donanimsal olarak {iretmistir. Bu
sayede, dizilistlii bilgisayar ve Raspberry Pi 3 gibi diisiik donanim o6zelliklerine sahip
cihazlarda derin 6grenme uygulamalar1 daha hizli bir sekilde gerceklestirilebilmektedir.
Bu makalede MobileNet v1 modeli kullanilarak ilk olarak TPU bulunduran Google Coral
USB Accelerator ile daha sonra ise CPU kullanilarak 5 kategori ve 4326 ¢icek
goriintiilerinden olusan bir Kaggle veri seti egitilmis ve egitilen bu veri setine dayanarak
gorintiilerin siniflandirilmasi saglanmistir. Bu yolla cihazin performansi incelenmistir.
CPU icin basart oran1 %84.29252, TPU icin basar1 orani ise %99.609 olarak elde
edilmigtir.
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ABSTRACT

Tensor Processing Unit (TPU) is a processor to accelerate deep learning tasks developed
by Google. Until recently, TPUs have been only used on Google Cloud and Google Colab
platforms. In early 2019 Google produces this hardware as Coral. Thus, deep learning
tasks can be performed more quickly on low-cost computers such as laptops and
Raspberry Pi 3. In this paper, a Kaggle dataset that consists of 5 categories and 4326
flower images have been trained with the Google Coral USB Accelerator that contains TPU
and a CPU using the MobileNet vl model and the images are classified based on this
dataset. In this way, we have investigated the performance of Google Coral USB
Accelerator. The accuracy of the training with CPU is 84.29252%, for the TPU training,
99.609%.
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1. GIRis

Makine 6grenmesi ile ilgili ilk ¢calismalar 1943
yilinda Walter Pitts ve Warren McCulloch
tarafindan yapilmistir. Bu ¢alisma ile bir sinir agi
matematiksel olarak modellenmistir. (McCulloch ve
Pitts, 1943). 1950 yilinda ise Alan Mathison Turing,
bir bilgisayarin zeki olup olmadiginin belirlenmesi
icin Turing Testi'ni ortaya koymustur. Bu fikir
yapay zekanin ilk kilometre tasi olarak tarihe
gecmistir (Turing, 1950). Modern yapay sinir
aglarmin temelinin atilmasi, 1958 yilinda Frank
Rosenblatt tarafindan perceptron algoritmasinin
yazilmasiyla miimkiin olmustur (Rosenblat, 1958).
David E. Rumelhart, Geoffrey E. Hintont ve Ronald J.
Williams 1986’da yayimladiklar1 bir bildiri ile
bircok gizli katmana sahip olan bir sinir aginin daha
basit bir yolla daha etkili bir sekilde nasil
egitilebilecegini gostermislerdir (Rumelhart ve ark.,
1988).

TensorFlow; glinlimiizde ¢ok yaygin olarak
kullanilan, Google tarafindan gelistirilen acik
kaynak kodlu bir makine 6grenmesi sistemidir.
(Abadi ve ark, 2016) Calisma bicimi basitce
aciklanacak olursa, Tensor olarak adlandirilan
skaler, vektor veya n-boyutlu diziyi girdi olarak alir
ve bir c¢ikti iretir. “Tensorflow’da tiim islemler
Graph adi1 verilen art arda gerceklesen bir
hesaplama kiimesinde gerceklestirilir.” (URL-1)
TPU’lar (Tensor processing unit- Tensor isleme
liniteleri) sadece Tensorflow ile kullanilabildikleri
icin bu calismada Tensorflow kullanilmistir.

Derin 6grenme, bir ¢esit makine 6grenmesidir.
Gorlintli tanima, gorilintii isleme, dogal dil isleme,
tibbi goriintii analizi gibi bir¢ok alanda yaygin
olarak kullanilir. Insan beynindeki néronlarin
calisma yapisina benzeyen yapay sinir aglan ile
modellenen algoritmalarla ¢alisir. Bu yapay sinir
aglar1 ayni noronlar gibi, dis diinyadan girdi alir, bu
girdiyi isler ve bir ¢ikt1 iiretirler.

Derin 6grenme icin CPU (Central Processing
Unit-Merkezi islem iinitesi), GPU (Graphics
Processing Unit- Grafik islem tnitesi ) ve TPU
kullanilabilir. CPU bu is i¢cin o6zellestirilmis bir
donanim degildir. GPU ise CPU’ya kiyasla daha
verimli calisacaktir. Fakat Tensorflow ile yapilan
calismalarda TPU kullanilmasi1 biyiikk bir verim
saglayacaktir. Bunun sebebi TPU'nun Tensorflow
icin 6zel olarak gelistirilmis bir islemci olmasidir.

Google Colab platformu; CPU, GPU veya TPU
kullanilarak  derin  6grenme  ¢alismalarinin
yapilmasini miimkin kilmaktadir. Bunun yaninda
Google Cloud iizerinden de TPU kullanilabilir. Fakat
bu kullanimlar sirasinda veri seti ve yazilan kodlar
sadece calisma yapilan bilgisayarda kalmayacak,
karsi taraftaki bilgisayarlarda da veri olarak
depolanacaktir. Bu sebepten dolay1 ¢alismanin
yapildig1 bilgisayarda TPU kullanilabilmesi sorunu
¢ozecektir. Google Coral USB Accelerator bu amag
icin gelistirilmis bir modiildiir. I¢cinde TPU
bulunduran bu cihaz, USB portundan bilgisayara
baglanabilen bir yardimai islemcidir.
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Bu yardimc islemci, kisisel bilgisayarlarda
veya Raspberry Pi gibi tek kart bilgisayarlarda
elbette ki Google’m bilgisayarlarindaki kadar verim
elde edemeyecektir. Fakat Tensorflow i¢cin CPU’dan
daha hizli calisacag gercektir.

Bu c¢alismanin amaci, kisisel bilgisayarlarda
yuriitiilen derin 06grenme c¢alismalarini siire
acisindan incelemektir. Detayli bir literatiir
taramast sonucunda bu konuda yeterli sayida
calisma olmadig1 gorilmiistir.

Bu ¢alismanin yapisi asagidaki gibidir;

Giris boliimiinde bu alanda daha dnce yapilan
calismalar ele alinmistir. Yoéntem boliimiinde
TPU’'nun nasil ¢alistigl, calismada kullanilan model
ve veri seti incelenmistir. Daha sonra veri seti, bu
modelle egitilmis ve smiflandirmalar yapilmistir.
Bulgular béliimiinde bir 6nceki boliimde elde edilen
deneysel sonuglar kullanilarak egitim siiresine gore
islemcilerin  performanslar1  karsilastirilmistir.
Sonug boliimiinde ise bu konuda daha énce yapilan
calismalara deginilmis ve karsilastirmali sonuglar
verilmistir. Yapilan ¢alismada elde edilen verilere
gore TPU’'nun avantajlarindan s6z edilmistir.

2. YONTEM

Derin 6grenme calismalarinda islemci olarak
genellikle Graphical Processing Unit (GPU)
kullanilir. Bu durum verimi artiracaktir. Bu
calismada Google Coral USB Accelerator ve Intel®
CoreTM i7-7500U CPU @ 2.70GHz x 4 CPU’nun
verisetinin  egitilmesi  sirasinda  gosterdikleri
performans ele alinacaktir. Derin 6grenme ile
calisirken Tensorflow kiitiiphanesi kullanilacaksa
islemci olarak TPU kullanmanin avantajli olacagi
ongorilmektedir.

2.1. TPU Nedir?

Bilgisayarlarda genel amach islemler icin
kullanilan CPU’lar skaler verilerle ¢alisir. “CPU'nun
en biiyiik yarar1 esnekligidir. Von Neumann
mimarisi ile milyonlarca farkli uygulama ig¢in her
tirlii yazihm yiiklenebilir. Bir bilgisayarda kelime
isleme, roket motorlarin1 kontrol etmek, banka
islemlerini gerceklestirmek veya goriintiileri sinir
aglan ile smiflandirmak i¢in CPU kullanilabilir.”
(URL-2) Fakat Von Neumann mimarisinin darbogazi
CPU’nun bir dezavantajidir.

Bunun yaninda GPU’lar, CPU’dan farkli olarak
¢cok fazla sayida Arithmetic Logic Unit (ALU)
bulundururlar. Vektorler iizerinde islem yaptiklar
icin grafiksel gorevleri daha hizli bir sekilde
calistirabilirler. CPU’dan daha verimli c¢alistiklari
icin derin 6grenme uygulamalarinda sik¢a tercih
edilirler.

Yapay sinir aglari matrisler ile olusturulduklar
icin bu is icin matrisler ilizerinde islem yapan
TPU’lar1 kullanmak ¢ok uygundur. TPU’lar Matris
Carpim  Birimi ve Vektér Isleme Birimi
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bulundururlar. Yapay sinir aglar1 icin gereken
matris  islemlerini  Sekil 1'de  gosterildigi
gibi(carpma ve toplama) hizli bir sekilde, daha az
giic tiiketimi ile gerceklestirirler.

Basit bir ifadeyle TPU, 8 bitlik donanim
carpanlarinin  256x256 matrisini destekleyen
donanimsal bir matris ¢apicisidir. (Olsen, 2017)
Verinin donanim matrisine akmasini saglayan
sistolik kaydirma devresi sayesinde saniyede 65536
carpma islemi yapabilir. (Jouppi ve ark, 2017)
TPU’lar binlerce toplama ve g¢arpma devresi
icerirler. Bu devreler birbirine baglanarak fiziksel
bir matris olusturulmustur. Bu, sistolik dizi
mimarisidir. (Jouppi ve ark., 2017) Bir sistolik dizi,
yapay sinir ag1 hesaplamalarini su sekilde yiiriitiir:

“Ilk basta, TPU parametreleri bellekten ¢arpma
ve toplama devrelerinden olusan matrise yiikler.
Ardindan, TPU verileri bellekten ytikler. Her ¢carpma
isleminde, toplama islemi yapilirken sonu¢ bir
sonraki carpim devresine gecer. Boylece ¢ikty,
veriler ve parametreler arasindaki tiim c¢arpma
sonucunun toplami olacaktir. Tim  biiyilik
hesaplamalar ve verilerin aktarilmasi siirecinde,
hi¢bir hafiza erisimine ihtiya¢ duyulmaz.” (URL-2)

Carpict  Toplayia Depolayici
Alk:0] —»
X >
B[K:0] I + [ » Y[(2k-1):0]

Sekil 1. Matris Carpim Birimi (URL-3)
2.2. Model

ImageNet, 14 milyondan fazla goriintiiden
olusan bir veri kiimesidir. (Deng ve ark., 2009)
Kullanilan model “ImageNet veri kiimesinden 1.000
sinifi anlamak icin 6nceden egitilmis, degistirilmis

bir MobileNet v1 modelidir.” (Retrain a
classification model on-device with weight
imprinting)

MobileNet v1 konvoliisyonel sinir aglari
yapisini  kullamir.  (Sheng ve ark, 2018)
“Konvoliisyon katmaninin isi iki alt goéreve ayrilir;
girdiyi filtreleyen derinlemesine konvoliisyon

katmani ve yeni o6zellikler olusturmak ig¢in bu
filtrelenmis degerleri birlestiren 1x1 konvoliisyon
katmani (noktasal konvoliisyon katmani olarak da
adlandirilir).” (URL-4) Bu iki konvoliisyon katmani,
derinlemesine ayrilabilir konvoliisyon blogu
olustururlar. Sekil 2’de gosterilen derinlemesine
ayrilabilir konvoliisyon, model boyutunu ve
karmasikligini azaltmak i¢in kullanilir.
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Sekil 2. Derinlemesine A3;r11abilir Konvoliisyon
Blogu (URL-5)

MobileNet modeli aktivasyon fonksiyonu
olarak ReLu6 kullanir. ReLu6, ReLu fonksiyonuna
benzer. Ancak ReLu6 fonksiyonunda aktivasyon
degeri 6’dan biiyiilk olamamaktadir. Bu fonksiyon
matematiksel olarak Denklem (1)'deki gibi
tanimlanir,

Denklem (1): ReLu Fonksiyonu
y = min(max(0, x), 6)
2.3 Veri setinin Egitilmesi

Farkli sayida kategori ve goriintiilerden
olusan veri setleri kolaylikla bulunabilir. Calisma
icin uygun veri seti secildikten sonra bu veri seti bir
model kullanilarak egitilir. Bu noktada kullanilan
islemci hiz agisindan biiylik 6neme sahiptir.

2.3.1 Veri seti

Bu ¢alismada veri seti olarak Kaggle’dan alinan
Papatya, Karahindiba, Giil, Aygcicegi ve Lale olmak
iizere 5 kategoride toplam 4326 ¢icek goriintiisii
kullanilmistir.  (Kaggle Flowers Recognition)
Gorilntiiler yiiksek ¢oziintirliikli olmayip, yaklasik
320x240 boyutlarindadir. Her bir Kkategoride
ortalama 864 goriintii bulunmaktadir.

2.3.2 islemci

Veri seti egitilirken dnce MobileNet vl modeli
ile icinde TPU bulunduran Google Coral USB
Accelerator kullanilmistir. Daha sonra ise Intel®
CoreTM i7-7500U CPU @ 2.70GHz x 4 CPU ile ayni
veri seti ayn1 model ile tekrar egitilmistir.

Veri setinde bulunan goriintiiler ve 6nceden
egitilmis model kullanilarak Google tarafindan
yazilan classification_transfer_learning.py (URL-6)
ile egitilmistir. Bu islem 23140 milisaniye
surmustur.
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Daha sonra ise ayni veri seti, ayni model ile
Intel® CoreTM i7-7500U CPU @ 2.70GHz x 4 CPU
kullanilarak egitilmistir. Bu islem icin Google
tarafindan yazilmis retrain.py kodlar1 kullanilmistir
(URL-7). Bu islem 373800 milisaniyede
tamamlanmistir.

2.3.3 Gorintiillerin Siniflandirilmasi

Egitilen model kullanilarak Sekil 3’te gosterilen
papatya, karahindiba, giil, aycicegi ve lale olmak
iizere 5 kategoride veri setinde bulunmayan 30 tane
cicek goriintiisii Google Coral USB Accelerator ile
siniflandirdlmistir. Bu islem sirasinda Google
tarafindan yazilmis classify_image.py (URL-8)
kodlar1 kullanilmistir. Bu 30 tane testin 23’linde,
egitilen modelin dogru sonug verdigi
gozlemlenmistir.

Sekil 3. Test asama51da kullamlan goruntuler

Google Coral TPU USB Accelerator kullanilarak
papatya.jpg dosyasi i¢in yapilan smiflandirilmada
sonug asagidaki gibi elde edilmistir,

daisy: 0.99609

Ayni goriintii Intel® CoreTM i7-7500U CPU @
2.70GHz x 4 CPU ile smiflandirildiginda asagidaki
skor elde edilmistir,

daisy
Score : 0.8429252

Her iki islemci icin de elde edilen skorlar
birbirine yakin ve ¢ogu zaman dogru olacaktir.
Ancak sonuclar bolimiinde de goriilecegi tlizere
egitim sirasinda Google Coral TPU USB Accelerator
daha biiyiik performans gosterecektir.

3. BULGULAR

Google Coral USB Accelerator ve Intel®
CoreTM i7-7500U CPU @ 2.70GHz x 4 CPU’nun
MobileNet vl modeli ile aym veri seti icin
basarimlari arastirilmistir.

Asagida Tablo 1'de, MobileNet vl modelinin
egitilmesi sirasinda milisaniye cinsinden CPU ve
Google Coral USB Accelerator TPU’'nun elde ettigi
basarimlar gosterilmistir.

Tablo 1. Verisetinin CPU ve TPU’daki Egitim Siiresi

Model Intel® CoreTM | Google Coral USB
i7-7500U CPU @ | Accelerator TPU
2.70GHz x 4 CPU

MobileNet v1 373800 23140

Egitim Suresi(milisaniye)
400000
300000
200000

100000
0 —

CPU* Google Coral TPU

Sekil 4. Veri seti egitim siirelerinin grafigi
* Intel® CoreTM i7-7500U CPU @ 2.70GHz x 4 CPU

Sekil 4’te Google Coral USB Accelerator 23,14
saniyede  veri setinin  egitilmesi  islemini
tamamlarken, CPU aymi islemi 6.23 dakikada
tamamlamistir.  Yani  Google  Coral USB
Accelerator'in Intel® CoreTM i7-7500U CPU @
2.70GHz x 4 CPU’dan daha hizh bir sekilde ¢alistig1
deneysel olarak ispatlanmistir.

Bu degerlerden de goriildigi tlizere Google
Coral USB Accelerator, derin 6grenme islemlerinde
verimi artirmaktadir.

4. SONUC

Bu ¢alismaya benzer bir calisma da Google
tarafindan yapilmistir. Fakat bu c¢alismadan farkl
olarak goriintiilerin taninmasi sirasinda ne kadar
zaman harcandigi arastirilmistir.

Tablo 2. Google Tarafindan 64-bit Intel(R) Xeon(R)
E5-1650 v4 @ 3.60GHz CPU ve Google Coral
Accelerator Kullanilarak Elde Edilen Milisaniye
Cinsinden Siireler (URL9)

Masaiistii

CPU (1)
Model Masaiistii |+ USB Gomiilii
Mimarisi CPU (1) Accelerat |CPU (2)

or (USB

3.0)

Edge TPU

ile
DeepLab V3 394 52 1139
(513x513)
DenseNet (*) 380 20 1032
(224x224)
Inception v1 90 3.4 392
(224x224)
Inception v4 700 85 3157
(299x299)
Inception- 753 57 2852
ResNet V2
(299x299)
MobileNet v1 53 2.4 164
(224x224)
MobileNet v2 51 2.6 122
(224x224)
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MobileNet v1 109 6.5 353
SSD (224x224)

MobileNet v2 106 7.2 282
SSD (224x224)

ResNet-50 V1 484 49 1763
(*) (299x299)

ResNet-50 V2 557 50 1875
(*) (299x299)

ResNet-152 V2 1823 128 5499
(299x299)

SqueezeNet 55 2.1 232
(224x224)

VGG16 867 296 4595
(224x224)

VGG19 1060 308 5538
(224x224)

EfficientNet- 5431 5.1 705
EdgeTpu-S(**)

EfficientNet- 8469 8.7 1081
EdgeTpu-M(**)

EfficientNet- 22258 25.3 2717
EdgeTpu-L(**)

“1 Desktop CPU: 64-bit Intel(R) Xeon(R) E5-1650 v4
@ 3.60GHz
2 Embedded CPU: Quad-core Cortex-A53 @ 1.5GHz
3 Performansa engel olmasi nedeniyle bazi islemlerin
CPU lizerinde ylirtitiilmesi gerekiyor
* Edge TPU ¢alisma zamaninin 10. siirimii
tarafindan desteklenmiyor.”

** CPU'daki gecikme, bu modeller icin yiiksektir,
clinkii TensorFlow Lite ¢alisma zamani, tim
platformlardaki egitim sonrasi niceleme modelleri
icin tam olarak optimize edilmemigtir. “

Tablo 2’de ¢esitli modeller Google tarafindan
egitilmistir ve daha sonra CPU, Google Coral USB
Accelerator ve GOmiili CPU iizerinde goriinti
siniflandirma islemi yapilmistir. Burada, kullanilan
islemcinin ve  modelin  goériinti  tanima
¢alismalarinda zaman acisindan Onemi
incelenmistir. Goriilecegi lizere Google Coral USB
Accelerator yalnizca egitim siirecinde degil,
goriintilerin smiflandirilmasi sirasinda da 6nemli
basarim saglamaktadir. Burada bazi modeller i¢in
CPU ve Google Coral USB Accelerator ile yapilan
gorlintli tanima siireleri arasinda ¢ok biiylik fark
vardir. Bu durum modelin  yapisindan
kaynaklanmaktadir.

Yeni bir smniflandirma yaklasimi sunan bir
calismada DenseNet, Densel_MobileNet,
Dense2_MobileNet ve MobileNet  modelleri
kullanilarak Caltech-101 ve Uebingen Animals veri
setlerindeki goriintiiler siniflandirilmistir. (Wang ve
ark. ,2020) MobleNet i¢in  smiflandirma
dogruluklari asagidaki gibi elde edilmistir
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Tablo 3. Caltech-101 ve Uebingen Animals veri

setleri icin MobileNet modeli ile elde edilen
dogruluk degerleri
Veri seti Dogruluk
Caltech-101 0.766
Uebingen Animals 0.916
Bu c¢alismada bir papatya goriintiisi

kullanilarak TPU ig¢in 0.99609, CPU i¢in ise
0.8429252 dogruluk degerleri elde edilmisti. Tablo
3’de goriildiigii ilizere Caltech-101 ve Uebingen
Animals veri setleri icin elde edilen dogruluk
degerleri bu calismada TPU iizerinde elde edilen
dogruluk degerinden diisiiktiir. CPU icin dogruluk
degeri degerlendirilecek olursa, Caltech-101 veri
seti ile elde edilen degerden yiiksek ancak Uebingen
Animals veri seti ile elde edilen degerden diisiiktiir.
Bu durum kullanilan veri setinden
kaynaklanmaktadir.

Derin 6grenme ¢alismalarinda genellikle CPU
yerine GPU tercih edilir. Fakat c¢alismada
Tensorflow kiitiiphanesi kullanilacaksa TPU’nun
tercih edilmesi daha uygundur. TPU, Google Coral
USB Accelerator cihazi yerine Google Cloud
platformu tzerinden veya Google Colab ile
kullanilabilir. Buradaki sakincalardan bir tanesi
yapilan calismada yazilan kodlar, kullanilan veri seti
gibi verilerin kars: taraftaki bilgisayar lizerinde de
depolanacak olmasidir. Bu yolla istenmeden karsi
tarafla veriler paylasilmaktadir. Bunun Oniine
gecmek icin Google Coral USB Accelerator yardimci
islemcisi kullanilabilir. Boylece diisiik donanimsal
ozelliklere sahip cihazlarda da derin 6grenme
calismalar1 daha verimli hale getirilebilir.
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Rasgele Secim Tabanli Yer Degistirme Kutularimin Performans lyilestirmesi icin Son
Islem Algoritmalar

Yasar Selim Bahceci 1, Fatih Ozkaynak*!
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0z
Anahtar Kelimeler: Yer degistirme kutular1 (substitution-box / s-box) énemli bir kriptolojik yap1 tasidir. Bu
Kaos kriptolojik yapilarin tasariminda matematiksel déntisiimleri temel alan tasarim teknikleri
Kriptoloji ozellikle Geliskin Sifreleme Standardi (Advanced Encryption Standart / AES) olarak
Bilgi Glivenligi bilinen blok sifreleme algoritmasina damgasini vurmustur. Ciinkii AES s-box yapisi en iyi

kriptolojik o6zelliklere sahiptir. Ancak uygulamaya yonelik saldirilar gbéz oOniine
alindiginda c¢esitli zafiyetler ortaya ¢ikmaktadir. Rasgele se¢im tabanl tasarim
tekniklerini temel alan s-box yapislarinin ise kriptolojik 6zellikleri AES s-box yapisindan
kotli olmasina ragmen uygulama saldirilar1 6zelinde daha basarilidir. Bu ¢alismanin
amaci rasgele secim tabanli yer degistirme kutularinin performans iyilestirmesini
saglayacak yontemleri arastirmaktir. Calismada dnerilen son islem algoritmasi ile rasgele
se¢im tabanh tasarimlarin performans iyilestirmelerinin saglanabilecegi gosterilmistir.
Elde edilen bu sonuglarin ileride 6zellikle uygulamaya yonelik saldirilarin engellenmesi
icin bir kars1 6nlem olarak énemli katkilar sunacagi diisiiniilmektedir.

Post-processing Algorithms for Performance Improvement of Substitution Boxes Based
on Random Selection

ABSTRACT
Keywords: Substitution boxes are an important cryptographic primitive. Design techniques based on
Chaos mathematical transformations, a design technique of these cryptographic primitives, have
Cryptology played a particularly important role in the block encryption algorithm known as the
Information Security Advanced Encryption Standard (AES). Because AES substitution box structure has the

best cryptographic properties. However, various weaknesses arise when the
implementation attacks are considered. Although the cryptographic properties of
substitution box structures based on random selection techniques are worse than the
AES substitution box structure, they are more successful to prevent implementation
attacks. The aim of this study is to investigate the performance improvement algorithms
of substitution boxes based on random selection. In this study, it has been shown that
performance improvements of substitution boxes based on random selection can be
achieved with the proposed post-processing algorithms. These results are thought to
make significant contributions in the future, especially as a countermeasure for the
prevention of implementation attacks.
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1. GiRis

Bir kriptolojik protokoliin saglamasi gereken
temel gereksinimler karistirma ve yayilma
ozellikleridir. Blok sifreleme algoritmalar:1 6zelinde
karistirma o6zelligini saglamak ic¢in yer degistirme
kutular1  (substitution boxes/s-boxes) olarak
adlandirilan  dogrusal olmayan  doniigiimler
kullanilmaktadir (Cusick ve Stanica, 2009; Wu ve
Feng, 2016). En basit anlamda s-box yapisi1 dogrusal
olmayan bir fonksiyondur. Literatiirde bu dogrusal
olmayan fonksiyonlarin tasarimi icin matematiksel,
sezgisel ve rasgele secim tabanli tasarim teknikleri
vardir. En yaygin Dbilinen tasarim teknigi
matematiksel doniisiimleri temel alan tasarim
teknikleridir. Matematiksel doniisiimleri temel alan
tasarim teknikleri 6zellikle Advanced Encryption
Standart olarak bilinen blok sifreleme algoritmasina
damgasimi vurmustur. Clinkii AES s-box yapisi en iyi
kriptolojik 6zelliklere sahiptir (Cusick ve Stanica,
2009; Wu ve Feng, 2016). Ancak bu tasarim
tekniklerinin uygulamaya yonelik saldirilar igin
cesitli problemlere sebep olabilecegi gosterilmistir.
Bu yiizden rasgele se¢imleri temel alan tasarim
teknikleri giderek popiiler olmaya baslamistir
(Agikkapi ve ark., 2019).

Rasgele secim tabanli tasarim teknikleri
arasinda kaos tabanl s-box yapilar1 giderek popiiler
olmustur. Bu popiilerligin en 6nemli sebeplerinden
biri kaosun dogrusal olmayan ve tahmin edilemez
yapisi olarak gosterilebilir (Kocarey ve Lioan, 2011;
Sprott, 2010). Ancak kaos tabanli tasarimlarin
performans  karakteristiklerinin =~ matematiksel
tabanl tekniklere goére kotii olmasi ciddi bir
problemdir (Ozkaynak, 2017). Bu ¢alismanin amacl
bu problemin etkisi azaltacak son islem
algoritmalarin1 arastirmaktir. Calismada oOnerilen
son islem algoritmasinin s-box performans
oOlciitlerinden biri olan dogrusal olmama 6zelligini
iyilestirebilecegi gosterilmistir.

Calismanin geri kalan kismi asagidaki gibi
organize edilmistir. Ikinci béliimde kaos tabanl s-
box literatiirii icin kisa bir tanitim verilmistir.
Ugiincii  béliimde performans iyilestirmesi icin
Onerilen  yontemin  detaylar1  agiklanmistir.
Dordiincii boliimde analiz sonuglari verilmistir. Son
boéliimde ¢alisma 6zetlenmis ve ileride yapilabilecek
¢alismalar icin dnerilerde bulunulmustur.

2. KAOS TABANLI S-BOX YAPILARI

En genel ifade ile bir kriptolojik s-box yapisinin
tasarimi Denklem 1’de verildigi gibi dogrusal
olmayan bire bir ve drten bir fonksiyon tasarimi ile
iligkilidir. Denklem 1’de ifade edildigi gibi s-box
biiytikligiine bagh olarak 0 ile n arasindaki sayilar
yine 0 ile n arasindaki sayilara doniistiiriilerek
karistirma o6zelliginin saglanmasi garanti edilmeye
calisiimaktadir.  S-box  yapilarinin  Kkriptolojik
ozelliklerini degerlendirmek icin fonksiyonun
bijektive olmasinin yani sira dogrusal olmama, giris
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cikis bagimsizligl, kati ¢i1g kriteri ve diferansiyel
kriptanalizle iligkili olan XOR dagilim tablosu gibi
kriterler bulunmaktadir (Cusick ve Stanica, 2009;
Wu ve Feng, 2016; Ozkaynak, 2019).

Denklem 1: S-Box yapisi tasarimi

S(n):[0:n] - [0:n]

S-box tasarimi blok sifreleme algoritmalarinin
tarihsel gelisiminde 6nemli bir rol oynamistir. Data
Encryption  Standart (DES)  algoritmasinda
kullanilan s-box yapisinin tasarim prensiplerinin
aciklanmamis olmasi, diferansiyel saldirilara karsi
direngli olmadiginin gosterilmesi arastirmacilari
yeni bir blok sifreleme algoritmasi tasarim siirecine
yonlendirmis ve 2000°li yillarin basinda AES
algoritmasi ortaya c¢ikmistir. AES algoritmasinda

kullanilan  s-box yapist Nyberg tarafindan
indirgenemez  polinomlarda ters haritalama
yontemi kullanilarak tasarlanmistir. DES s-box

yapisinin problemlerini gideren bu tasarim giicli
matematiksel  fonksiyonlara  dayandigi  igin
kriptolojik o6zellikler bakimindan herhangi bir
zayiflik icermedigi goriilmistiir. AES s-box yapisinin
kriptolojik 6zellikleri Tablo 1’de verilmistir (Cusick
ve Stanica, 2009; Wu ve Feng, 2016).

Tablo 1. AES blok sifreleme algoritmasi kriptolojik
ozellikleri

Kriptolojik Ozellik Deger
Dogrusal Olmama (Nonlinearity) 112

Kat1 C1g Kriteri (SAC) 0.5
Girig/Cikis Bitleri- Nonlinearity 112
Giris/Cikis Bitleri- SAC 0.5

XOR Dagilim Tablosu 4

Her ne kadar AES s-box yapisit kriptolojik

ozellikler bakimindan zayifliklar igcermese de
kriptanaliz tekniklerinin gelismesi ve ¢esitlenmesi
ile  cesitli  zayifliklarin  olabilecegi  ortaya
koyulmustur. Bu saldir1 tekniklerinden biri
uygulamaya yonelik saldirilardir. Bir uygulamaya
yonelik saldir1 teknigi olan yan kanal saldirilar1 bu
zafiyeti ve rasgele se¢im tabanli  s-box
tasarimlarinin bu zafiyete karsi bir alternatif
olabilecegini gostermistir (Tanyildiz1 ve Ozkaynak,
2019; Solami ve ark., 2018). Literatiirde en etkili
rasgele secim tabanli s-box yaklasimlarindan biri
entropi kaynagi olarak kaotik sistemleri temel alan
tasarimlar olmustur (Yi ve ark, 2019; Naseer ve
ark, 2019; Ozkaynak, 2020). Cok farkl kaotik
sistemler kullanilarak bir¢ok s-box tasarimi
onerilmistir. Her ne kadar kaos tabanl tasarimlar
bir alternatif olma niteligi tasimasina ragmen
kriptolojik 6zelliklerinin matematiksel tabanl s-box
yapilarina gore daha kotii olmasi bir problem olarak
bu konuda ¢alisan arastirmacilarin bir problemi
olarak ortaya cikmistir (Ozkaynak, 2017). Uglincii
bélimde bu problemi gidermek icin yeni bir son
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islem algoritmasi 6nerilmistir. ileride bu son islem
algoritmalarinin 6zellikle rasgele say1 lireteclerinin
(Avaroglu ve ark., 2015; Koyuncu ve ark., 2017)
performans iyilestirmesi icinde bir alternatif olarak
degerlendirilebilecegi diisiiniilmektedir.

Tablo 2. Onerilen Son Islem Teknikleri

3. ONERILEN YONTEM

Bu calismada 6nerilen son islem algoritmasinin
s-box performans olgiitleri tizerindeki etkisini en iyi
sekilde analiz edebilmek i¢in AES s-box yapisina
benzer olarak 16x16 boyutunda s-box yapilar
temel alimmigtir. Onerilen son islem algoritmasinin
temel prensibi kaotik sistem ¢ikislarini s-box
degerlerine donistiiriilmesinin ardindan elde
edilen tablonun satir ve silitun pozisyonlarinin
karistirilmasi prensibine dayanmaktadir. Bu siirecte
sekiz farkli olasilik incelenerek s-box performans
Olciitlerine olan etkileri analiz edilmistir. Bu
olasiliklar Tablo 2’de verilmistir.

islem No | Aciklama
1 i numarali satir (i-1) defa dairesel olarak sola kaydirilr.
2 i numarali satir (i-1) defa dairesel olarak saga kaydirilir.
3 i numarali siitun (i-1) defa dairesel olarak yukar1 kaydirilir.
4 i numarali siitun (i-1) defa dairesel olarak asagi kaydirilir.
5 i numaral satir (i-1) defa dairesel olarak sola kaydirilir. Ardindan i numaral siitun (i-1) defa
dairesel olarak yukari kaydirilir.
6 i numaral satir (i-1) defa dairesel olarak saga kaydirilir. Ardindan i numaral siitun (i-1) defa
dairesel olarak yukari kaydirilir.
7 i numaral siitun (i-1) defa dairesel olarak asagi kaydirilir. Ardindan i numarali satir (i-1) defa
dairesel olarak sola kaydirilir.
8 i numaral siitun (i-1) defa dairesel olarak asagi kaydirilir. Ardindan i numarali satir (i-1) defa
dairesel olarak saga kaydirilir.
112 |3 |4
6 |7 |8
9 110)11]12
13]14]15] 16
Original s-box
112 |3 |4 112 |3 |4 116 [11]16 1 11411118
6 |7 |8 |5 8 |5 |6 |7 5 110|15]|4 5 12 |15]12
111129 |10 111129 |10 9 1413 |8 9 |6 |3 |16
16| 13|14 | 15 1411516 13 1312 |7 |12 131107 |4
(a) (b) (c) (d)
117 |9 |15 1]5 ]9 |13 1 |14]11]8 1 |14]11]8
12114 | 4 12116 | 4 2 |15]|12]|5 1215 |2 |15
111133 |5 111153 |7 3 ]16]9 |6 3 ]16]9 |6
16|12 |8 |10 1412 |6 |10 4 113]110]|7 1017 |4 |13
(e) (f) (8) (h)

Sekil 1. Calismada dnerilen detaylari Tablo 2’de verilen sekiz son islem algoritmasinin ¢iktilari

Tablo 2’de listelenen bu son islemlerin
mantigin etkili bir sekilde ifade edebilmek icin 4x4
boyutunda kii¢iik bir s-box yapisi i¢in sonuglar
grafiksel olarak Sekil 1'de gosterilmistir.
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4, ANALIZ SONUCLARI

olusturulurken son
6n plana c¢karmak

islem
icin

S-box  yapisi
tekniginin basarisini
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miimkiin oldugunca basit bir yaklasim kullanilmaya
calisilmistir bu yiizden c¢ok giicli bir tek yonli
fonksiyon olan mod fonksiyonu kullanilarak kaotik
sistem ¢ikislar1 0 ile 255 arasindaki degerlere
dontstirilmustiir. Kaotik sistemleri temel alarak s-
box olusturan algoritmanin akis semasi sekil 2’'de
verilmistir. Bu algoritma ve s-box degerlendirme
kriteri olarak kullanilabilecek ol¢iimler hakkinda
daha detayl bilgiler icin Kaynak (Ozkaynak, 2019)
incelenebilir. Kaynak (Ozkaynak, 2017)'deki
algoritma kullanilarak elde edilen biri ayrik zamanlh
digeri stirekli zamanl kaotik sistem icin iiretilen iki
farkli s-box yapisi sirasiyla Tablo 3 ve Tablo 4’de
verilmistir.

Her iki s-box yapisi i¢in bolim 3’de ¢alisma
mantig1 ac¢iklanan sekiz farkli son islem algoritmasi

BASLA

icin 16 farkh s-box elde edilmistir. Son islemler
sonucunda iiretilen s-box yapilarinin performans
lizerinde olumlu etkileri oldugu gorilmistiir.
Onerilen yontemin basarisini genellestirmek icin
her bir son islem algoritmasi icin bes farkl s-box
yapist kullanilarak toplam 40 s-box yapisi elde
edilmistir. Bu yeni s-box yapilarinin 34’{inde
performans iyilesmesi gozlemlenmistir. Baska bir
iade ile %85 oraninda bir basar1 elde edilmistir.
llerideki calismalarda daha fazla deneme yapilarak
yontemin basari ylizdesinin artabilecegi
diisinilmektedir. Yakin zamanda yayinlanan
calismalar bu gorisii desteklemektedir (Artuger ve
Ozkaynak, 2020).

2
‘ bir kaotik sistem se¢ }
i hayir
4 ¢ N\
yeni durum degiskeninin degerini |
hesapla =
\ ¢ J
e N

deger= (x * 1000) mod 256

Sekil 2. S-box olusturmak i¢in kullanilan algoritma

Tablo 3. Ornek s-box yapisi 1

Segilen deger s-box
tablosunda var mi?

Tablo dolu mu?

degeri tabloya ekle

0 1 2 3 4 5 6 7 8 9 A B C D E F
0] 100 | 169 | 155 | 98 |235| 49 |[152 | 73 19 81 36 43 9 216 | 62 | 195
1 18 | 247 | 147 | 105 | 29 | 137 | 75 [ 232 | 57 [237| 173 | 16 | 224 | 163 | 82 | 165
2| 35 162 | 97 21 ]225] 193 | 63 4 74 | 54 | 68 61 | 218 | 177 | 146 | 71
31 77 66 | 238 | 83 | 122 ] 240 | 151 | 139 | 133 | 25 | 205 | 161 | 220 | 183 | 254 | 39
4| 33 154 |1 243 | 17 55 1191 | 182 | 106 | 255 | 78 | 96 58 | 233 | 171 | 221 | 253
5] 40 | 129 | 46 28 87 67 | 119 | 53 | 174 | 244 | 234 | 101 | 142 | 89 | 126 | 229
6 | 190 | 24 [ 236 | 166 | 104 | 145 | 23 | 136 | 56 | 198 | 90 [ 197 | 181 | 201 | 217 | 204
71 65 143 | 22 84 91 | 131 | 251 | 214 | 112 | 207 | 231 | 48 | 252 | 248 | 228 | 102
8| 37 189 | 69 60 | 168 | 20 | 245 | 116 | 10 76 | 227 [ 156 | 188 | 44 | 196 | 113
9 | 95 | 246 | 42 | 215 | 167 | 223 | 175 | 128 7 14 | 230 | 239 ] 209 | 250 5 88
A ] 202 | 51 164 | 120 | 158 | 206 | 213 | 38 0 72 | 138 [ 186 | 176 | 125 3 2
B | 222 | 184 | 70 | 212 | 47 | 121 | 144 | 134 | 117 | 132 ] 123 | 85 | 50 | 199 | 13 | 208
C| 118 | 8 | 111 | 109 | 200 | 45 | 178 6 30 | 93 | 160 | 64 | 241 | 79 11 | 194
D 12 | 210 | 130 | 110 | 108 | 185 | 107 | 124 | 226 | 41 | 242 1 192 | 114 | 149 [ 148
E | 187 | 115 | 99 94 31 [ 203 | 157 | 179 | 86 52 | 141 | 26 | 59 15 180 | 140
F | 127 | 159 | 34 | 135 | 249 8 92 | 211 | 27 | 153|170 | 172 | 103 | 150 | 32 | 219
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Tablo 4. Ornek s-box yapisi 2

0 1 2 3 4 5 6 7 8 9 A B C D E F
0] 100 | 169 | 235 | 49 9 19 | 73 [ 152 | 43 | 98 | 195 | 105 | 147 | 16 | 224 | 162
1] 57 81 | 163 | 137 | 36 | 21 61 | 165 | 232 | 62 | 216 | 75 | 237 | 54 18 | 254
2 | 133 | 97 83 | 151 | 238 | 218 [ 183 [ 240 | 29 | 74 [ 173 | 33 | 55 17 | 205 | 66
3 4 154 | 25 | 129 | 58 | 39 | 146 | 67 | 78 ] 161 | 220 | 106 | 40 | 229 | 35 | 221
4 1191 | 177 1| 190 | 24 | 139 | 53 | 82 | 126 | 253 | 71 | 166 | 119 | 225 | 46 | 96 | 247
5] 56 | 198 ) 90 | 182 | 68 [ 171 | 84 | 89 | 63 | 102 | 231 | 155] 197 | 255 | 201 | 217
6 | 145 | 251 | 244 | 77 | 142 | 22 207 | 65 | 243 | 174 ] 167 | 91 | 23 | 181 | 101 | 193
7| 14 87 | 230 | 37 [ 112 ) 227 | 252 | 245 | 143 | 28 | 164 | 76 | 209 | 136 | 131 | 48
8223|189 ] 236 | 158 | 2 | 168 | 250 | 10 | 206 | 234 | 125 | 38 | 188 | 3 122 | 69
9 ] 116 | 138 | 50 | 228 | 199 | 88 5 20 | 214 | 13 | 70 | 104 ] 117 | 175 | 44 | 72
A 212 ] 60 [ 184 | 42 [ 64 | 156 | 186 | 132 [ 51 222|204 {202 | O | 239 | 111 | 176
B | 45 93 | 130 | 144 | 246 | 215 [ 30 [ 123 | 113 | 80 | 11 [248 | 47 | 95 [ 241 | 12
C| 210 | 233 ] 118 | 178 | 121 | 6 | 124 | 213 | 226 | 134 | 149 | 208 | 85 | 109 1 203
D| 7 192 | 187 | 41 [ 128 ) 194 | 26 | 200 | 196 | 110 | 108 | 159 | 94 | 160 | 179 | 86
E | 107 | 242 | 31 | 120 | 114 | 140 | 115 | 34 15 | 59 | 185 | 135 | 52 8 180 | 148
F| 27 | 249 | 153 | 92 | 141 | 127 [ 211 [ 170 | 79 | 157 | 150 | 103 | 172 | 99 32 | 219
lizerindeki etkilerini genellestirebilecektir. Ayrica,
5. SONUCLAR bu etkinin uygulama (yan kanal) saldirilarina karsi
saldirilar1 dnlemek icin yapacagi olumlu katkilarla
Bu c¢alismada kaotik s-box  yapilarin analiz edilmesi planlanmaktadir.
performans kriterlerinin islem sonrasi algoritma
kullanilarak daha da iyilestirilip iyilestirilemeyecegi BILGILENDIRME/TESEKKUR
arastirllmistir. Sekiz farkli son islem algoritmasi
onerilmistir. Analiz sonug¢larinin sonunda asagidaki Bu makale TEKF 19.18 numarali proje
¢ikarimlar yapilabilir. kapsaminda Firat Universitesi Bilimsel Arastirma
e Analiz sonuglary, Onerilen son islem Projeleri Birimi tarafinda desteklenmistir.
algoritmalarinin s-box yapilarinin
kriptolojik o6zelliklerine olumlu katkida KAYNAKCA
bulunabilecegini gostermistir.
e Satir tabanh son islem algoritmalarinin s- Agikkapi M. S., Ozkaynak F., & Ozer A. B., (2019).
box performans 6lciitlerinde siitun tabanh Side-channel analy- sis of chaos-based
son islem algoritmasindan daha etkili substitution box structures, IEEE Access, vol. 7,
olabilecegini gostermistir. pp. 79030-79043, 2019. doi:
e Coklu son islem tekniklerinin 10.1109/ACCESS.2019.2921708.
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zaman olumlu bir etkisi olmayabilir. for Performance Improvement of Chaos-Based
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Anahtar Kelimeler: Insanlarin giinliik yasantilarinda sergiledikleri davranislarinin analizi siirecinin
Ogrenci performansi gerceklestirmesi sonrasinda belli metodolojiler ve siniflandirma yontemleri kullanilarak,
Veri madenciligi kendi basina 6grenme ve olglimlemeler yapabilen veri madenciligi yontemleri ile insan
Smiflandirma beyninin 6grenmeye olan egilimi ve sistematigine benzer paradigmalar iretilmeye
OneR calisilmaktadir. Bu yontemler kullanilarak egitim, 6grenme, karar verme siireglerinin bir

makineye uygulanabilmesi amag¢lanmaktadir. Bu dogrultuda analizi gergeklestirilen veri
kiimesi UC Irvine Machine Learning Repository veri tabanindan elde edilmistir. S6z
konusu icerigi olusturan okul raporlari ve anketlerden elde edilen veri iizerinde 31
oznitelikten olusan veri kiimesi kullanmilmistir. Veri igerigindeki 6znitelikler 6grencinin;
notlari, demografik 6geleri, sosyal ve okul faaliyetlerini kapsamaktadir. Bu kapsamda
gerceklestirilen calismada Iterative Classifier, OneR, LogitBoost ve Yapay Sinir Ag1 veri
madenciligi yontemleri ile analizler gerceklestirilmistir. En basarili yontem OneR veri
madenciligi yontemi olmustur ve bu yontem ile 5, 7 ve 10 fold ¢apraz gecerlilik deneyleri
yapilarak bu sonuglarin ortalamalarina bakildiginda dogruluk degerinin %92.15;
duyarhlik degerinin %96; 6zgiilliik degerinin %86.6 oldugu goriilmektedir.

Predicting the Performance of Students Studying in Secondary Education Using Data
Mining Methods

ABSTRACT
Keywords: After the process of analyzing the behaviors of people in their daily lives, by using certain
Student performance methodologies and classification methods, it is tried to produce paradigms similar to the
Data mining human brain's inclination and systematics with data mining methods that can make
Classification learning and measurements on its own. Using these methods, it is aimed to apply training,
OneR learning, and decision making processes to a machine. The data set analyzed accordingly

was obtained from the UC Irvine Machine Learning Repository database. A data set
consisting of 31 attributes was used on the data obtained from school reports and
questionnaires that constitute the content in question. Attributes in the content of the
student; notes, demographic items, social and school activities. In this study, analyzes
were carried out with Iterative Classifier, OneR, LogitBoost and Artificial Neural Network
data mining methods. The most successful method was the OneR data mining method,
and with this method, 5, 7 and 10 fold cross-validation experiments were performed. As a
result of the experiments, it is seen that 92.15% of the accuracy value; 96% of the
sensitivity value; 86.6% of the specificity value.
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1. GiRis

Basar1 kavrami en temel anlamiyla belli
hedefler dogrultusunda gergeklestirilen 6zverili
calismalar sonucunda istenilen sonuglarin elde
edilmesi olarak tanimlanabilir. Ogrencilerin
basarilarini ve performanslarini etkileyen faktorler
vardir. Degisik yasamlar1 olan kisilerin ortak bir
sinif icerisinde egitim almasi, kisilerin farkliliklarina
dikkat edilmemesine neden olmustur. Fakat ayni
sinifta birbiriyle esit olarak goriilen 6grencilerin
bilgi edinme ve O6grenme yollar1 birbirinden
farklidir. Bu durumu kanitlayan durum da ayni
sinifta ayni egitimi géren 6grencilerin basarilarinin
degiskenlik  gostermesidir. ~ Sinif  ortaminda
Ogrencilerin basarisini ve 6grenmelerini etkileyen
cesitli faktorler mevcuttur (Arslan ve Babadogan,
2005). Ogrenciler arasindaki farkhiliklar
ve performanslar1 {izerine yapilan c¢alismalar ve
gelistirilen metodolojilerin artmasi, gelecekte
egitimdeki basar1 diizeylerinde yukari yonli bir
egilim potansiyeli sunmaktadir.

Literatiir = taramast  sonucunda  6grenci
performansini etkileyen temel Oolciitler; bireyin
gecmiste aldigl egitimin kalitesi, ebeveynlerin
aldiklar1 egitim diizeyleri, ailenin aylik ortalama
gelir diizeyi, 6grencilerin devam etmekte olduklari
boliim, okul ortaminda olusan g¢evrenin verdigi
memnuniyet duygusu ve bireyin mevcut psikolojik
durumu olduguna yonelik fikir birligi
vurgulanmistir. Literatiir incelemesinde 06grenci
performansini tahminleme iizerine ilk ¢calisma 1994
yilinda Nagin Gorr ve Szczypula tarafindan
yapimistir. Bu c¢alismada o6grencilerin aldiklari
notlarin ortalamalarinin tahminlenmesinde
Dogrusal Regresyon ve Coklu Regresyon Analizi ile
Yapay Sinir Aglar1 (YSA) analizinin karsilastirilmasi
yapilmistir. Elde edilen sonuglar
degerlendirildiginde YSA yonteminin
kullanilmasiyla yapilan tahminlemenin daha isabetli
sonuclar {irettigi tespit edilmistir. Baska bir
calismada ise Subbanarasimha, Arizeb ve
Anandarajanb (2000), belirli bir grup 6grencinin
elde ettikleri basarinin akademik performans
diizeylerinin tahmininin yapilmasinda Regresyon
yontemleri ile YSA yontemlerinin karsilastirilmasi
icin iki farkli degiskenli veri kiimesi kullanmilmistir.
Buradan elde edilen sonuglarda YSA tahminleme
tekniklerinin bu veri kiimesi lizerinde daha iyi
degerler {rettigi sonucuna varilmistir. Tosun
(2007), ogrenci performansi lizerine yaptig
calismada Karar Agaclar1 ve YSA yontemlerini ele
almistir. Karar Agacglar1 baz alindiginda %86
oraninda basar1 elde ederken ayni veri kiimesi
tizerinde YSA kullanildiginda %92 oraninda basari
saglanmistir. Literatiirde oOgrencilerin akademik
performansi  lizerine gergeklestirilen giincel
calismalar incelendiginde; Aydemir, E. (2019),
Tiirkiye’de bir {niversitede 0grenim goren
6grencilerin yabanci dil dersindeki gecer notlarinin
YSA ve bazi siniflama metotlar1 ile tahminleme
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modelleri  olusturulmus ve bu metotlarin
karsilastirilmasi yapilmistir. Bu c¢alismada veriler
egitim ve test olarak ayristirllarak sinamalar
yapilmis ve sinama metotlar1 arasinda Bagging
yonteminde 1.22 ortalama mutlak hata ve 0.80
korelasyon Kkatsayisi ile en basarili tahminler
iretildigi gorilmiistiir. Giincel diger bir calisma;
Giire, Kayri ve Erdogan (2020), matematik
okuryazarligini etkileyen unsurlari tespit etmek icin
veri madenciligi metotlarindan Rastgele Orman ve
Cok Katmanli Algilayici yontemlerinin tahminleme
becerilerini karsilastirilmistir. Yapilan testler ile
6grencilerin aldiklar1 puanlarin analizi neticesinde
Rastgele Orman metodunun daha az hata ile
tahminleme yaptigt goriilmistir. Tahminleme
performansi yiiksek olan metot ¢iktilar1 matematik
okuryazarligina etki eden unsurlar olarak kabul
gorilmistiir. Bagka bir calisma, Altun, Kayik¢ ve
Irmak (2019), tarafindan yapilan bir arastirmadir.
Calismada smif ogretmenligi 6grencilerinin vize
sinav puanlarinin dikkate alinarak final notlarinin
tahminlenmesi amac¢lanmistir. Bu dogrultuda
analizi gerceklestirilen veriler, Coklu Dogrusal
Regresyon ve YSA yontemleri karsilastirilmistir.
Degerlendirme ¢iktilarinda regresyon analizi
%94.30 basari saglarken YSA ile %94.43 basari elde
edilmis, 6grenci basarisini tahminlemede birbirine
yakin sonuglar verdigi gorilmiistiir.

Bu calismada ortadgretimde 0Ogrenci basari
Olgiitiiniin belirlenmesinde bireysel ve demografik
faktorlere bagh siniflandirmalar i¢in pek ¢ok veri
madenciligi yontemi ile deney yapilmistir. Deneyler
icerisinde en basarili olan yontemler Iterative
Classifier Optimizer, OneR, LogitBoost ve YSA
yontemleri olmustur. Analiz icin UCI iizerinden
edinilen Student Performance Dataset
kullanilmistir. Bu veri seti ile yapilan ilk veri
madenciligi ¢alismalar1 kiimeleme algoritmalari ile
gerceklestirilmistir. Literatiir incelendiginde
ilerleyen calismalarda farkl algoritmalar
kullanilarak smiflandirma analizleri de yapilmistir.
Bu calismada veri seti siniflama algoritmalarinin
kullanilmasina uygun hale getirilerek veri
madenciligi calismalar1  yapilmistir.  Verilerin
diizenlenmesi sonrasinda yapilan analizlerde
yiiksek basar1 oranlarina ulasilmistir. Yapilan
deneyler sonucunda en basarili yontem diger veri
madenciligi  algoritmalarindan daha  yiiksek
sonuclar vererek OneR yoéntemi olmustur.

2. YONTEM

Ogrenci basar1 diizeylerini veri madenciligi
tekniklerini kullanarak siniflandirmak i¢in UC Irvine
Machine Learning Repository (UCI) lizerinden elde
edilen Student Performance Dataset igerisindeki
veriler, 395 6grenci (187’si Erkek, 208'i kiz) ve 33
Oznitelikten olusmaktadir (Cortez, ve Silva, 2008).
Bu 33 Oznitelik icerisinde bulunan 6grencilerin
matematik dersine ait 3 smav sonucu yer
almaktadir. Veri setinin edinildigi web sitesi
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iizerinden edinilen bilgiye gore en anlamli sinav
sonucunun 3. smav sonucu oldugu Kanisina
varilmistir. Bu sebeple sonuglardan yalnmizca son
sinav  notlar1 baz  alnmarak  siniflandirma
gerceklestirildi. 0-20 aralifinda degerlendirilen
sinav sonuglar1 icin 0-10 araliginda puana sahip
olan 6grenciler icin “0” sinifi ile basarisiz, 11-20
araliginda smav notu olan d6grenciler icin ise “1”
sinifi ile basarili olarak siniflandirildi.

Veri setindeki 2 sinav sonucu ¢ikartilarak 33
Oznitelik 31’e indirgendi

¥

Sinav notlar1 baz alinarak 0 ve 1 seklinde
siniflandirma yapildi

¥

Veri setinin bulundugu .csv uzantili dosya cift
tirnak (“) hatasi giderilerek WEKA yazilimiyla
analize uygun hale getirildi

4

WEKA uygulamasi yardimiyla analizler
gerceklestirildi

Calismada  kullanilan  veri  madenciligi
yontemlerinin ayrintilari asagida verilmistir.

a. Iterative Classifier Optimizer

Iterative Classifier Optimizer algoritmasi, ilk
kaydin siniflandirmasindan elde edilen hatalar1 geri
besleyerek daha fazla yineleme icin
degistirmektedir. Bu algoritma ndron ag1 gibi ¢alisir
ve bu nedenle beynin sinir yapis1 ile
karsilastirilabilir. Bu ~ yontemde  kayitlar aga
dagitilir. Tim  giris 6rnekleri sunulduktan sonra
siire¢ tekrarlanir ve bu nedenle bu algoritma
YSAmin  kilit  bir  o6zelligidir. Sinir = agim
yapilandirarak  belirli  bir = uygulama igin
egitilebilir. Ogrenme baslangi¢ agirhiklarim rastgele
secerek baslar (Manikandan ve ark., 2018).

b. OneR

Holte (1993), tarafindan onerilen OneR
yontemi, Kkarar agacini Ogrenir. Temelde bu
yaklasim hata tabanli kural c¢ikarim anlayisina
dayanir.  Siiflandirmanin  dogru  sonuglara
yaklasmasi icin iyilestirmeler yapar. Hata orani en
az olan ve smiflandirmada farki ortaya koyacak en
iyi kriteri secer. Yalnizca tek o6zellige odaklandigi
icin  OneR ylzeysel bir yaklasim olarak
gorilmektedir (Uzun, 2005). OneR algoritmasi
(Holte, 1993) asagidaki gibi bir mantikla ¢alisir: Her
bir 6zellik i¢in,

1.0zelligin her bir degeri icin, asagidaki
gibi bir kural olustur.

2.Her bir sinifin ne kadar goriindigiini say.
3. En sik goriilen sinifi bul.
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4.0Olusturulan kurali tanimla, bu o&zellik
degeri ile siniflandir.
5.Kurallarin hata oranini hesapla.

6.Kurallari en kiiciik hata orani ile sec.

ile veri
yontemi

Yukarida verilen algoritma adimlar
kiimelerine OneR veri madenciligi
uygulanmaktadir.

2.3. LogitBoost

LogitBoost, boosting algoritmalarinin  i¢inde
yer alir. AdaBoost'ta yasanan sorunlara ¢6zim
sunmak icin gelistirilmistir ki bu sorunlar yogun
verilerden ortaya ¢ikan asiri 6grenme (overfitting)
sorunlaridir. Bu algoritma, bahsedilen problemi
gidermek icin dogrusal olarak egitimdeki hatalari
indirgemektedir. Boylelikle genelleme seviyesini
yukseltmektedir. Neticede LogitBoost algoritmasi,
lojistik kayip fonksiyonunu kullanir ve asir
6grenme problemini ortaya ¢ikaran verilerin
agirhgimi artirarak bu soruna ¢6ziim iiretmeye
calismaktadir (Aydin ve Arslan, 2017).

2.4. Yapay Sinir Aglan

YSA, ndronlar veya digimler olarak
adlandirilan bir dizi birbirine bagh basit isleme
elemanlarindan olusan biyolojik sinir aglarindan
esinlenen hesaplama modelidir. Diglimler, Sekil
1’deki gibi girdi katmani, gizli katman ve c¢ikt1
katmanindan olusur. Her ndéron(diigiim), onceki
katman néronlarindan veya harici bir kaynaktan bir
dizi veri alir, bir aktivasyon fonksiyonu kullanarak
yerel olarak donistiiriir ve sonucu bir sonraki
diigiime gonderir (Osborn ve ark., 2011).

Sekil 1. YSA ¢alisma yapisi

Bulundugu ortama

uyum
ornekleri kullanarak o6grenebilen, eksik verilere
ragmen c¢alisabilen bir algoritmadir. Siniflandirma,
Oriintll tanima, sinyal filtreleme, veri sikistirma ve
optimizasyon gibi calismalarda YSA en basarili

saglayabilen,

yontemler arasinda yer almaktadir. Veri
madenciligi, yon belirleme, parmak izi tanima,
malzeme analizi, kalite kontrol, tibbi analizler gibi
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pek ¢ok alanda giinliik hayatta karsilasilabilecek
basarili calismalar bulunmaktadir (Oztemel, 2003).

3. BULGULAR

Bu calismada kullanilan veri seti lizerinde Intel
Core i7-4720 HQ islemciye ve 12 GB bellege sahip
bilgisayar araciigiyla Weka (URL-1) yazilimi
kullanilarak c¢esitli veri madenciligi yontemleri
denenmistir. 3 farkli yoéntem ve objektif olarak
degerlendirme yapilabilmesi adina her yontem icin
3 ayr fold degeri ile analizler gergeklestirilmistir.
Veri madenciligi yontemleri ile olusturulan
modellerin degerlendirme olciiti olarak
dogruluk, ozgillik  ve duyarliik  degerleri
kullanilmistir. Ayrintilar Tablo 1'de verilmistir.

Tablo 1. Analiz sonuglari

Smiflandirma | Fold [Duyarhilik|Ozgiinliik|Dogruluk
Algoritmalari
. 5 %96 %86 %92.41
eratve 7 | %94 | %87 | %91.90
Optimizer 10 %94 %86 %91.39
Oort. | %94.6 %86.3 %91.9
5 %96 %84 %92.15
OneR 7 %96 %86 %92.15
10 %96 %84 %92.15
Ort. %96 %84.6 | %92.15
5 %94 %88 %92.15
LogitBoost 7 %93 %88 %91.90
10 %94 %88 %91.89
ort. | %93.6 %88 %91.98
5 %96.4 %76.6 | %89.11
YSA 7 %95.6 %69.6 | %86.07
10 %96 %71 %86.8
Ort. %96 %724 | %87,32

Gerceklestirilen analizlerin ROC egrisi Sekil 2’de
verilmistir.

1 T

Calismada kullanilan yéntemlerin ROC Egrileri
T T

Veri madenciligi yontemleri ile olusturulan
modellerin degerlendirme olgiitii olarak dogruluk,
ozgillik ve duyarlilik degerleri kullanilmistir. Veri
kiimesi lzerinde 5, 7 wve 10 fold degerleri
kullanilarak él¢iitler i¢in en iyi sonug¢lara ulasilmaya
calistimistir. Kullanillan veri Kkiimesi {izerinde
yapilan ilk analizler neticesinde dogruluk degerine
bakildiginda en iyi performans Iterative Classifier
Optimizer (5 fold) ile saglanmistir.

Iterative Classifier Optimizer yontemiyle 5, 7 ve
10 fold icin elde edilen sonuclara bakildiginda en
yuksek degerler 5 foldile elde edilmistir. OneR
yontemi  incelendiginde ise  degerlendirme
Olciitlerinde en 1iyi sonuglar1 7 fold vermistir.
LogitBoost yonteminde 5 fold ile yapilan deneyler
sonucu en yiiksek degerler elde edilmistir. YSA
algoritmasi ile yapilan analizler neticesinde en
yiiksek basar1 orani 5 fold ile yapilan deneylerle
elde edilmistir.

Deneylerin gergeklestirildigi 3 ayri fold degeri icin
ortaya c¢ikan degerlendirme Olgiitlerinin her bir
yontem icin ortalamasi alinmistir. Bu sonuglara
gore dogruluk degeri i¢cin en iyi ortalamanin OneR
yonteminde oldugu goriilmektedir. Duyarlilik igin
ortalamalar bazinda degerlendirildiginde en iyi
sonucun yine OneR yonteminde oldugunu, 6zgulliik
degerlerinde ortalamalara bakildiginda ise en iyi
sonucu LogitBoost yontemi vermektedir.

Tiim degerlerin ortalamalar1 baz alindiginda
ozgullik degeri diger algoritmalara gore disiik
performans gosterse de yaklasik %2’lik bir farktan
bahsedildigi i¢cin géz ardi edilebilir ve bu veri seti
icin en basarili yontem olarak OneR dnerilmektedir.

T
0.96 - —

Iterative Classifier

Duyarlilik

OneR
= LogitBoost
YsA

0.6 0.8 1

1-Ozgulluk

Sekil 2. Kullanilan yontemlerin ROC egrileri
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4. SONUCLAR

Ogrenciler yasamlarinin belli dénemlerinde
zamanlarinin ~ bliyik  bir ¢ogunlugunu okul
ortamlarinda harcamaktadir. Bu siire¢te 6grenim
hayatlarm1  etkileyen, karsilastiklart  pek  ¢ok
olumsuz faktor bulunmaktadir; yeni ortamin
getirdigi uyum sorunu, alman derslerdeki
basarisizliklar, o6gretmenler ile ilgili sorunlar,
arkadas c¢evresi ile ilgili sorunlar, ebeveyn
ortamindan kaynakli sorunlar vb. durumlar
glinimiizde  6grencilerin  basar1  diizeylerinin
belirlenmesinde ana etkenler arasinda
goriilmektedir. Literatiir arastirmalarinda bu
problemin tespit ve ¢o6zlimlenmesi hususunda
bircok YSA ve veri madenciligi c¢alismalarinin
yapildig1 gorilmektedir. Bu arastirmada,
ortadgretimdeki 6grencilerin karsilastiklar:
sorunlarin, O6grencinin basar1  performansina
olumsuz etki eden ana faktorlerin belirlenmesi
amagclanmaktadir. S6z konusu arastirma
ortadgretimde 6grenim goren oOgrencilerin basari
diizeylerini etkileyen etmenlerin neler oldugunu
ortaya koymasi bakimindan 6nem teskil etmektedir.
Calismada literatiire kiyasla farkli siniflandirma
algoritmalari kullanilarak analizler
gerceklestirilmistir. Ogrencinin basar1 diizeyinin
siniflandirilmasi icin Iterative Classifier Optimizer,
OneR ve LogitBoost ile YSA yontemleri uygulanmis
ve OneR veri madenciligi yonteminin diger
yontemlere kiyasla daha olumlu sonuclar sergiledigi
tespit edilmistir. Ogrencinin basar1 diizeyinin
arttirilmasinda g6z  6niinde  bulundurulmasi
gereken nokta, performansa etki eden ana faktorler
oncelikle tespit ve teshis edilmeli, ardindan gerekli
iyilestirmelerin = yapilmasi onerilmektedir. Bu
sayede, performansin gerektirdigi salt faktorler
belirlenebilir ve 6grenci basari1 egilimleri farkh
konularda yogunlastirilabilir. Gelecek ¢calismalarda,
daha farkl veri madenciligi yontemleriyle deneyler
gerceklestirilebilecegi  gibi 6grenci basarisini
etkileyen faktorler arasindan en etkililerini tespit
etmek icin analizler gerceklestirilebilir.
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ABSTRACT
Keywords: Despite important developments in medicine and technology today, many people die due to false or
Deep learning late diagnosis. It is very important to identify the small details in the images that can be overlooked

in the examinations made on medical images in terms of early diagnosis of the disease. Therefore, it
is vital in some cases to provide early diagnosis by detecting the details in the images automatically
by computer systems. In the study carried out, it was aimed to diagnose the disease through medical

Medical diagnosis
Convolutional neural

network . images by classifying different types of images. For this purpose, convolutional neural networks,
Data fil-lgrrTentatlon which are among deep learning techniques, were evaluated together with different classifier models.
Classification In the applied hybrid model approach, feature extraction was obtained from medical images with the

convolutional neural network model. The extracted features are used to train different classification
models. In the continuation of the study, the performance results obtained from the classifier models
are compared. Two different datasets including brain MR images and lung x-ray images were used in
the training and testing of hybrid models. In the study, images were classified into two categories as
malignant and benign tumors in order to detect images containing malignant tumors in MR images.
In order to identify images with pneumonia, the images are similarly classified into two categories,
healthy and pneumonia. At the end of the study, the performance results obtained from the model
approaches were compared and the performance evaluation of the models was performed.

Hibrit evrisimli sinir ag1 modelleri ile tibbi gériintii siniflandirmasi

0z
Anahtar Kelimeler: Giintimiizde tip ve teknolojideki dnemli gelismelere ragmen, bir¢ok kisi yanlis veya ge¢ tani
Derin égrenme nedeniyle hayatim kaybetmektedir. Tibbi goriintiiler lizerinde yapilan muayenelerde hastaligin
Tibbi teshis erken teshisi agisindan gozden kagirilabilecek goriintiilerdeki kiiciik detaylarin belirlenmesi ¢ok

onemlidir. Bu nedenle, bazi durumlarda goriintiilerdeki detaylar1 bilgisayar sistemleri tarafindan
otomatik olarak tespit ederek erken teshis saglamak hayati 6nem tasimaktadir. Yapilan ¢alismada,
farkl gortnti tiplerini siniflandirarak hastaligin tibbi goriintiilerle teshis edilmesi amaglanmigtir. Bu
Siflandirma amagla, derin 6grenme teknikleri arasinda yer alan evrisimli sinir aglari, farkl siniflayici modellerle
birlikte degerlendirilmistir. Uygulanan hibrid model yaklasiminda, evrisimli sinir ag1 modeli ile tibbi
goriintiilerden 6zellik ¢ikarimi elde edilmistir. Cikarilan 6zellikler farkh siniflandirma modellerini
egitmek i¢in kullanilir. Calismanin devaminda, siniflandirici modellerinden elde edilen performans
sonuglar karsilastirilmistir. Hibrid modellerin egitim ve testinde beyin MR gorintiileri ve akciger
rontgeni goriintileri dahil olmak tizere iki farkli veri seti kullanilmistir. Calismada MR
goriintiillerinde malign timor iceren goriintileri saptamak icin goriintiller malign ve benign
tiimorler olarak iki kategoriye ayrildi. Akciger iltihaplanmali goriintiileri tanimlamak i¢in goriintiiler
benzer sekilde saglikli ve akciger iltihaplanmasi olmak tizere iki kategoriye ayrilir. Arastirma
sonunda model yaklasimlarindan elde edilen performans sonuglari karsilastirilmis ve modellerin
performans degerlendirmesi yapilmistir.

Evrigimli sinir ag1
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1. INTRODUCTION

In our study, various diagnostic models are
explained that can be used for diagnosis of diseases
by classification. Hybrid convolutional neural
network models that can be used to increase the
accuracy rate in the classification of medical images
have been described. The hybrid models described
in the study were obtained by changing the original
convolutional neural network architecture. In these
models, different classifiers were used instead of
artificial neural networks. Classifiers such as
random forest and support vector machines were
used as classifiers. Therefore, machine learning and
deep learning techniques were evaluated together.
In the continuation of the study, some useful deep
learning techniques used to improve the
performance of the models are also explained. In
this study, the medical images of 2 different cases
were diagnosed by classification. In the first case,
images with pneumonia were detected within the
lung x-ray images. Images are classified as "people
with pneumonia” and "healthy". In the second case,
brain MRI images with benign and malignant
tumors were classified. Images are classified as
binary, "benign" and "malignant”, similar to the first
case.

Zhang et al. have proposed a synergistic deep
learning model approach to eliminate deep learning
techniques from performing poorly in some cases
(Zhang et al,, 2019). In the developed synergistic
model, using two convolutional neural networks,
these networks were jointly trained and learned
through each other. ResNet-50 architecture was
used in the design of convolutional neural
networks. ResNet-50 is a 50-layer specific neural
network architecture pre-trained and verified by
testing its performance (He et al, 2016). The
ResNet-50 model has learned high-level features for
image classification because it was previously
trained with the ImageNet data set, which is a fairly
large data set containing millions of image data. If
one of the convolutional neural networks used in
the synergistic model developed is correctly
classified and the other is misclassifying; The error
made creates an extra effect for updating the
parameters of the model that misclassifies.
Therefore, this model is trained mainly on the
mistakes made. Therefore, this model learns the
classification errors made more effectively. This
model developed in the study was evaluated using 4
different data sets and its performance was tested.
According to the results obtained at the end of the
study, the synergistic deep learning model created
has managed to reveal the most successful
performance results for each data set.

Oh et al. have proposed a computer-aided
diagnostic system that can diagnose Parkinson's
disease via EEG signals (Oh et al., 2018). EEG signal
records of 20 Parkinson's patients and 20 healthy
individuals were used to develop the diagnostic
system. Noises in the received EEG signals were
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filtered with amplitude and frequency filters to
increase diagnostic performance. The researchers
used the convolutional neural network architecture
from deep learning techniques to classify signals,
and proposed a 13-layer convolutional neural
network model. The proposed model consists of 1
input layer, 4 (1 x 1) size convolution layers, 4
pooling layers and 1 fully connected layer. There is
a 3-layer artificial neural network in the fully
connected layer. In the model, 20 filters were used
in the first convolution layer, 10 in the second and
third convolution layers and 5 in the last
convolution layer. In addition, dropout technique
was used in the artificial neural network in the fully
connected layer in order to avoid overfitting
problem in the model. In this way, 50% of the
neurons of the artificial neural network in the fully
connected layer are disabled every iteration. The
model proposed in the study achieved a good
performance in diagnosing Parkinson's disease
from EEG signal data, achieving 88.25% accuracy,
84.71% sensitivity and 91.77% specificity. The most
important advantages of the study carried out
compared to other studies in the literature are that
the diagnosis of Pakinson is performed directly over
EEG signals and there is no need for feature
extraction.

Frid-Adar et al. proposed a deep learning-
based diagnostic model approach for the
classification of liver lesions via computed
tomography images (Frid-Adar et al., 2018). They
also proposed a data augmentation approach based
on deep convolutional generative adversarial
network (DCGAN) to improve the classification
performance and reliability of their models. In the
training of the proposed model, they used a data set
containing 182 liver computed tomography images.
The data set used contains images belonging to 3
different classes. In the first stage of the study, in
order to increase the size of the data set, synthetic
image data was produced with the proposed DCGAN
model. Synthetic computed tomography images in
size (64 x 64 x 1) were produced over random
noises using the proposed DCGAN model. As a
second data augmentation in addition to this data
augmentation method, they also benefited from the
classical data augmentation technique, which allows
images to be displayed at different angles and at
different distances to the model. After the data
increase, the convolutional neural network model,
another model proposed in the study, was classified
with the images in the data set. The proposed
convolutional neural network model consists of 3
convolution, 3 pooling and 1 fully connected layer.
The artificial neural network in the fully connected
layer consists of a total of 2 layers, the first with 256
neurons and the second with 3 neurons. In addition,
in order to avoid overfitting problem, dropout
technique is used in the fully connected layer. When
using only classical data augmentation technique,
the proposed model achieved 78.6% sensitivity and
88.4% specificity values. In addition to the classical
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technique, using the additional data produced with
the GAN model, the model has achieved 85.7%
sensitivity and 92.4% specificity values.

Bejnordi et al. proposed a diagnostic model
based on the convolutional neural network
architecture from deep learning techniques to
diagnose breast cancer disease through breast
biopsy slide images (Bejnordi et al,, 2017). In the
training of the model proposed in the study, a data
set containing 646 breast biopsy images was used.
The model proposed in the study consists of two
parts and accordingly, the diagnosis is carried out in
two stages. The first convolutional neural network
used in the first stage is classified as the epithelial,
fat and stroma regions in the images. The model
used in the first stage is based on the VGG-Net
network architecture and consists of 11 layers. In
this section, 3x3 size filters are used in the
convolutional neural network. In addition, the ReLU
activation function was used in the convolution
layers, and (2x2) pooling layers were used after
each convolution layer. In the second stage, a
different second convolutional neural network
model was used to classify the stroma regions as
normal or cancer related stroma. The architecture
of the second model is based on the VGG-Net
architecture as in the first model and consists of 16
layers. Using this model, feature extraction is
performed from the stroma regions. Attribute
outputs from the second model are then classified
into a normal or cancer-related stroma at the last
stage using a random forest classifier. Accordingly,
breast cancer occurrences are detected by the
model in biopsy images. According to the results
obtained at the end of the study, the first CNN
model, which constitutes the first part of the
proposed model, has managed to classify the tissue
sections in the images as fat, epithelium and stroma
with a 95.5% accuracy rate. In the second stage, the
second model used to determine whether the
stroma sections are cancer-related or not has
managed to accurately predict the classes of stroma
sections in the images with an accuracy rate of
92.0%.

Martinez-Murcia et al. proposed a deep
learning-based model to diagnose Alzheimer's
disease via MRI images (Martinez-Murcia et al,
2019). They proposed a convolutional autoencoder
model in their studies to obtain high-level attributes
to be used for classifying images. The performance
of the autoencoder model proposed in the study
was evaluated with the ADNI data set. ADNI dataset
is an open source dataset developed for the
diagnosis of Alzheimer's disease via MRI images.
The proposed autoencoder model consists of
encoder and decoder parts. While the encoder part
of the model consists of 6 convolution layers and 1
pooling layer, the decoder part has 5 reverse
convolution layers. They compared the different
results obtained by changing the number of neurons
in the convolution layers. According to the results
obtained, the proposed model can determine the
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images of people with Alzheimer's disease with
84% sensitivity rate. Therefore, the classification of
the images in this way by obtaining important
attributes with the convolutional autoencoder
models produced promising results in terms of
diagnosis.

Indraswari et al. proposed an advanced deep
learning model in their studies to perform the
segmentation of 3D images (Indraswari et al,
2019). Three different data sets were used to
evaluate the proposed model. The first two of the
data sets were used to perform brain tumor
segmentation, and the third data set was used to
perform dental segmentation over the jaw images of
individuals. A convolutional autoencoder
architecture consisting of encoder and decoder
parts has been proposed to perform segmentation.
First of all, images are divided into axial, coronal
and sagittal components and 2D image component
is obtained for each plane. mportant attributes were
obtained by  applying convolution and
deconvolution operations to the image components.
Important features were obtained by applying
convolution and deconvolution operations to the
image components. Attributes extracted from axial,
coronal, and sagittal slices were combined after the
final pooling and size reduction phase to obtain the
main input vector to be used in the model. By
applying the convolution process to the combined
input information, the attributes to be used in the
classification of the images are extracted from the
data. A special cost function is also proposed for this
model used in the study. The proposed cost function
adds a certain weight to the classes to take into
account the probability of all classes in the
classification. At the end of the study, despite the
insufficient data sets, they managed to achieve good
performance results thanks to the model they
proposed and the cost function they used.

Shahzadi et al. proposed a deep learning model
that performs the type detection of tumors in the
brain via MRI images (Shahzadi et al., 2018). In the
study, brain MRI images from individuals with
glioma, a common type of brain tumor, were used.
Glioma type tumors were classified as high grade
(HG) and low grade (LG). In the model proposed for
this purpose, deep convolutional neural network
and long short-term memory (LSTM) network
architectures are used together. In the model,
significant features were extracted from the images
using the VGG-16 convolutional neural network
architecture and then these features were used to
train the LSTM network. In this way, using the
trained model, glioma cases were classified in
volumes by high grade (HG) or low grade (LG).
During the training phase, 80% of image data was
used to train the proposed model and the remaining
20% was used to test the proposed model.
According to the results, the model managed to
accurately predict the class of 84% of the test data.
In the study, feature extraction was also performed
by using AlexNet and ResNet architectures as the
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convolutional neural network, but the best result
was obtained with VGG-16 architecture with 84%
accuracy rate.

Afshar et al. proposed a classification model
based on capsule networks architecture with a
different deep learning approach to perform brain
tumor type detection via MRI images (Afshar et al.,
2018). In the study, a data set containing 3064 MRI
images belonging to 233 patients with one of three
different tumor types was used. t is aimed to reduce
the processing time and increase the model
performance by rescaling the images in the data set
to the size (64 x 64). The scaled images are first
processed in the convolution layer containing 56
filters and then transferred to the main capsule
layer. In this section, 8 feature maps (24 x 24) are
obtained and the obtained features are transferred
to the last capsule layer. The last capsule layer
contains 3 capsules in size 16 for 3 tumor classes.
Different attempts were made by changing the layer
and capsule numbers of the capsule network
architecture used. According to the best results
obtained at the end of the study, the proposed
model estimated that 86.56% of the test data. The
study is important in terms of proposing a different
approach in the field of image classification with
deep learning.

Korolev et al. suggested a model using deep
learning techniques to perform the detection of
Alzheimer's disease and different neurological
diseases via MRI images (Korolev et al.,, 2017). In
the study, binary classification of images belonging
to 4 different categories was performed by using a
part of ADNI data set that is open to public access.
In the classification of MR images, two different
model approaches were used, the first one is
classical convolutional neural network and the
other one is modern residual neural network model.
Performance comparison of these two models was
made. The first model used is a classical
convolutional neural network architecture and
consists of 21 layers. The second model used is the
modern ResNet architecture that won the Imagenet
competition in 2015. According to the results
obtained at the end of the study, 79% accuracy rate
was obtained with 21-layer convolutional neural
network model in the classification of individuals
with or without Alzheimer's from the categories. In
the same task, with the ResNet model, 80%
accuracy rate was achieved.

Khobragade et al. proposed a deep learning-
based diagnostic model for the detection of
different lung diseases (Khobragade et al., 2016). In
the study, the classification of tuberculosis,
pneumonia and lung cancer diseases, which are
three important lung diseases, were dealt with on
chest x-ray images. In order to classify the chest X-
ray images into 3 different categories, a 4-step
model approach has been proposed. In the first
stage, the images are subjected to some
preprocesses and the high-pass filter reduces the
noise in the images. In the second stage, lung
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segmentation is performed on the images and the
limits of the lungs in the images are determined. For
this purpose, density-based edge detection
technique is used. In the third stage after lung
segmentation, important geometrical features such
as region circumference, equivalent diameter,
irregularity index, and statistical features such as
standard deviation and entropy are extracted for
classification by image processing. In the fourth
stage, an artificial neural network consisting of 3
hidden layers was trained and tested using the
features. In this way, the model was evaluated.
According to the results obtained after evaluating
the model, the model successfully managed to
estimate the class of 92% of the test data.

Varshni et al. proposed a diagnostic model
approach based on deep learning and machine
learning methods for the automatic determination
of pneumonia in the lung over chest x-ray images
(Varshni et al,, 2019). The data set used in the study
was created by making use of a large-scale data set
containing 112,120 images. In the data set created,
there are 1431 images for people with and without
pneumonia. Therefore, a data set consisting of a
total of 2862 images selected from 112,120 images
was used in the study. In the study, feature
extraction was performed with different
convolutional neural network architectures such as
Xception, VGG-16, ResNet-50, DenseNet-121,
DenseNet-169. In the next step, the important
features extracted were used to train and test
different classification models such as artificial
neural network, support vector machines, naive
bayes, nearest neighborhood and random forest.
Therefore, the study includes a comprehensive

performance comparison from different
combinations of convolutional neural network
architectures and different classifier models.

According to the results obtained in the study, the
most successful result was obtained by classifying
the features extracted with DenseNet-169
convolutional neural network model with the
support vector machines classifier.

This study consists of "Introduction”,
"Materials", "Methods", "Results" and "Conclusions
and Suggestions" sections. In the “Introduction”
section, the literature review is included and the
study is explained. In the “Materials” section, two
different image datasets are described, which are
used as materials in the study. In the “Methods”
section, the deep learning models used in the
classification of image data are explained in detail.
In the “Results” section, all calculation and
classification results obtained from the deep models
used are included. In the “Conclusion and
Suggestions” section, the results of two different
cases were evaluated and the performance
comparison of the models was made.
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2. MATERIALS

In this part of the study, 2 different data sets
that will be used as a material for testing the
created models will be explained. Therefore, the
classification models created in this study were
used to diagnose two different diseases through
medical images. The first data set used in the study
was used to establish the pneumonia disease
diagnosis model, and the second data set was used
to create the brain tumor diagnosis model.

a. Pneumonia Data Set

The first data set used in the study was created
for the diagnosis of pneumonia on lung x-ray
images, and the data set consists of a total of 5840
x-ray images (Kermany and Goldbaum, 2018). This
data set consists of x-ray images of one and five-
year-old pediatric patients taken from Guangzhou
Women's and Children's Medical Center. All X-ray
images taken were taken as part of routine clinical
care of patients (“Chest X-Ray Images”, 2019). In
order to perform accurate analysis of chest x-ray
images with computer systems, images with low
quality or undetectable diagnosis were identified
and removed from the data set, thereby ensuring
quality control of the images. In order to determine
the classification of the received images and to
classify the classification models to be used in the
classification of the images, the diagnosis of the data
set images was first made by two specialist doctors.
The data set was also checked by a third specialist
to take into account any possible erroneous
evaluations of the specialist physicians who
evaluated the data.

While 4265 of the images in the data set are
lung images of people with pneumonia, the
remaining 1575 are images of healthy people
without pneumonia. Therefore, the data set
contains x-ray images of two different classes. 75%
of the data set images were used to train the
diagnostic models created and 25% were used to
test the models. Therefore, 4380 images were used
in the training of models, and 1460 images were
used in testing the models. Before the image data
was presented as input to the model, some pre-
processes were applied to the image data in order
to increase the classification performance of the
models. The applied pre-processes are described in
the following sections. An example image of the
data set described is given in Figure 1.
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Figure 1. A sample chest x-ray image in the data set
(“URL-1").

b. Brain Tumor Data Set

The second data set used in the study was
created for brain tumor detection and the data set
consists of 253 brain MRI images (Chakrabarty,
2019). 153 of the MRI images included in the data
set are images of patients with malignant
(malignant) tumors, while 98 of them are images of
benign (benign) tumors (“Brain MRI Images”,
2019). Therefore, the data set consists of MRI
images of two different classes.

189 images, which constitute 75% of the total
images and randomly selected, were used to train
the diagnostic models created, and the remaining
64 images were used to test the models. Therefore,
25% of the total images were used to test the
model. In order for the created models to perform
higher, a number of pre-processes such as
normalization and resizing were applied to these
images. Details of these pre-processes will be
discussed in detail in the following sections. An
example image of the data set described is shown in
Figure 2.
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Figure 2. A sample brain MRI image in the data
(“URL-2).
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3. METHODS

In this section, deep learning models used to
diagnose two different diseases are explained over
two different medical image data sets. In addition,
different deep learning techniques applied in
models used to increase model performance are
also discussed in this section. 3 different model
designs were used in the classification of data sets.
Classification procedures were carried out using
deep learning models with deep convolutional
neural network, convolutional neural network with
random forest classifier, and convolutional neural
network with support vector machine classifier.

a. Deep Convolutional Neural Network Model

A convolutional neural network model was
first used to diagnose two different diseases based
on image data. The keras library of the python
programming language was used in the design of
the convolutional neural network model. In order
for the images to be perceived and classified by
computer systems, they must first be converted into
a digital format that the computer can perceive. For
this reason, firstly, image matrices containing the
pixel values of the images to be used must be
obtained. In the model used, the images of the
datasets previously described are resized and image
matrices in the size of the images (64x64) are
obtained.

After obtaining the image matrices, in addition
to these matrices, normalization process is applied.
In this way, matrix pixel values are provided to take
a value between 0 and 1 (Goodfellow et al., 2016).
Thanks to the normalization pre-process, the
distorted pixel values in the image matrices are
filtered out. In this way, the classification
performance of the models used has been increased.
When classifying images in convolutional neural
networks, it is necessary to obtain classifying
features that affect the class of images via image
matrices. While the models used determine the
class of the test images in the test phase, they
determine the class of the images depending on the
similarity and difference of these attributes.
Therefore, the resulting image matrices are
subjected to convolution with filters of a certain size
in the convolution layer in order to obtain the
features from the images, so that the features to be
used in the classification are obtained. In the
convolutional neural network model used in the
study carried out, the image matrices are subjected
to convolution with (5x5) filters.

As a result of the convolution process, the size
of the original image matrix is reduced. The
reduction of the image matrix size increases the
processing speed of the models used and provides
an advantage in a temporal sense (LeCun et al,
1989). However, this decrease in size also leads to a
certain level of information loss (Aghdam and
Heravi, 2017). Padding technique can be used in
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such models to prevent loss of information due to
the decrease in the size of the image matrix. When
this technique is applied, the size of the image
matrices presented as an input to the convolution
process does not change and as a result of the
process, a matrix of the same size is obtained as the
output (Krizhevsky et al., 2012). In this way, the
problem of any loss of information from the image
data as a result of the convolution process is
prevented (Qian et al., 2016). In the model used in
the study, the same padding technique was used.
The number of filters used in the convolution layer
can vary depending on the designer and images.

After the convolution process, the image
matrices in the convolution layer are included in an
activation function. In this study, relu activation
function was used at this stage. The main reason
why relu activation function is used in the model is
the complexity of this function. The use of this
activation function performs better in detecting
complex nonlinear shapes when convolutional
neural networks detect distinctive features in
images (Chollet, 2017). After this process, the image
matrices are transferred to the pooling layer by the
model. In this layer, the number of pixels is reduced
by changing the image size. In this way, it is ensured
that the performance and speed of the model is
increased and the problem that the model called
overfitting produces wrong results based on
memorization during the learning phase is also
solved (Goodfellow et al., 2016). In the model used
in this section, the max pooling technique, one of
the pooling methodes, is used in the pooling layer.

As a result of passing the image matrices
through the first convolution layer, the model learns
low-level features in the first place through the
data. In the model used, the image matrices are
passed through convolution and pooling layers two
more times. This allows the model to learn mid-
level and high-level features in images. The model's
learning of more complex high-level features also
significantly increases classification performance. In
the model created, 30 filters in the first convolution
layer and 60 filters in the second and third
convolution layers were used. As the layer depth
increases, the model can learn more complex
features in a better way. After these steps, the
attributes of the processed image matrices are
transferred to the fully connected layer by the
model.

The fully connected layer is the section where
the classification of the images is performed
depending on the similarity and difference of the
attributes. Therefore, the diagnosis of the test
images in the data set will be made in this section.
The model carries out the classification process and
thus the diagnosis of the disease through an
artificial neural network in this layer. However,
since the artificial neural network in this layer
cannot process the image data in matrix format, the
image matrix data in question must be given to the
artificial neural network in vector format.
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Therefore, in this layer, the image matrices are
converted into vectors by the flatten operation, and
the data of the images are provided as input to the
artificial neural network in this layer. Vectors
carrying feature data are transferred to an artificial
neural network with 500 neurons. Depending on
the training data provided as input, the weights of
the artificial neural network are cyclically
rearranged, and as a result, the artificial neural
network in this layer gains the ability to classify
through features and thus diagnose diseases. The
model trained on the training data is then tested on
the image data allocated for the testing phase in the
data set, and the classification accuracy percentage,
total error and performance of the model in
question are tested. Sigmoid function was used as
activation function in the artificial neural network
at this stage.

In this type of neural networks used in the fully
connected layer, as described earlier, the problem
of overfitting can be seen. In this problem, the
model outputs erroneous classification results
based on memorization based on the excessive
learning of the data by the model. Therefore,
dropout technique was used in this layer as an
additional step to prevent this problem. Dropout
technique is a regulation method used to train the
artificial neural network in this layer (Srivastava et
al., 2014). With this technique, half of the neurons
are disabled in different iterations with different
possibilities during data processing in the artificial
neural network. Thus, in each iteration, a certain
number of weights are changed instead of all the
weights of the artificial neural network in this layer
(Chen et al, 2015). Thus, the effect of any image
given to the model on the neural network weights is
limited. This prevents the network from performing
incorrect classifications due to over learning. With
the dropout technique applied in the model
described in this section, 40% of neurons in the
neural network are disabled in every iteration.

Another technique that is applied in order to
provide better training on image data and to
improve classification performance during the
training of the model is the data augmentation
technique. The data augmentation technique is
applied to the images used to train the model in the
data set. In this technique, the images in the image
dataset are given to the model both in their original
formats and by making some changes (Mikotajczyk
et al,, 2018). The changes are made by showing the
images to the model at different angles and at
different distances (Wong et al,, 2016). In the model
described in this section, a new image with a
different structure was obtained from each image
used to train the model in the data set by applying
the data augmentation technique. Therefore, the
number of images used in training the model has
been doubled by using this technique. In addition,
because the images are produced randomly and
differently, the model learns the feature attributes
in the images more comprehensively and more
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efficiently. Thanks to the re-evaluation of the same
images from different angles and different
distances, it is provided to identify the features that
will give better results in classification. In this way,
the model can perform class separation of the data
more successfully and accordingly, the classification
accuracy percentage of the model increases. The
model architecture described in this section is given
in Figure 3.
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Figure 3. CNN architecture described in this
section.

b. Convolutional Neural Network with
Random Forest Classifier
Secondly, a hybrid convolutional neural

network model was used to diagnose two different
diseases based on image data. Keras and scikit-learn
libraries belonging to the python programming
language were used in the design of the
classification model used. In the design of the
hybrid model created in this section, the deep
convolutional neural network model described in
the previous section was used. The low, medium
and high-level features of the image data were
obtained using the deep convolutional neural
network model described in the previous stage.
After obtaining these features, random forest
algorithm, one of the machine learning techniques,
was used to classify these features in the model.

Random forest is a collective classification and
regression algorithm that uses decision trees as a
weak classifier (Breiman, 2001). Each of the
decision trees used as weak learners in the
algorithm is trained using a random data set
derived from the original data set.

While classifying a sample with this algorithm,
the classification of the sample is determined
according to the majority decision by taking the
decisions of weak classifiers for the sample in
question. The sample evaluated according to the
votes of weak classifiers is considered to belong to
the class with the highest number of votes.
Therefore, the most important difference of the
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model described in this section from a conventional
convolutional neural network is that after the
features of the model are obtained, the random
forest classifier is used as a different classifier
instead of an artificial neural network. While
classification operations are carried out with the
random forest algorithm, the features that affect the
classes the most are found in the tree's root and
root nodes in decision trees, which are weak
classifiers. Therefore, these features will be more
effective when deciding on the class of an image
instance. In this way, it will increase the
classification performance of the model, since the
features that have the most impact on determining
classes will be more effective when deciding on the
class of an image instance. Therefore, the strength
of the model created in terms of performance is that
the random forest algorithm is successful at the
classification point. The hybrid model architecture
described in this section is given in Figure 4.
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Figure 4. CNN with random forest classifier
architecture described in this section.

c. Convolutional Neural Network with
Support Vector Machines

Thirdly, a hybrid convolutional neural network
model similar to the previous section was used to
diagnose two different diseases based on image
data. In the design of the classification model used,
keras and scikit-learn libraries belonging to the
python programming language were also used. The
deep convolutional neural network model was used
in the design of the hybrid model created in this
section and the low, medium and high-level
attributes of the image data were obtained using
this model. Then, support vector machines
algorithm, one of the machine learning techniques,
was used to classify these attributes in the model.

Support vector machines are basically a
classification algorithm that tries to find the plane
that separates the classes with the widest margin in
the sample space and in the most convenient way
(Vapnik and Chapelle, 2000). Considering a linearly
separable sample space, there are many plane
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solutions, but the support vector machines
algorithm calculates the widest margin of these
solutions by derivative. Therefore, in the model
created in this section, the support vector machines
classifier was used to classify the features obtained
from the images. The hybrid model architecture
described in this section is given in Figure 5.
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Figure 5. CNN with support vector machines
classifier architecture described in this section.

4. RESULTS

In this section, the results obtained from three
different classification models tested using two
different medical image data sets are given and the
performance of the models in the classification
process is evaluated.

a. Results from The Deep Convolutional
Neural Network Model

The deep convolutional neural network model
was initially trained and tested wusing the
pneumonia disease dataset. The number of images
used in training of the model was increased by
applying data augmentation technique to the part of
the pneumonia disease data set reserved for
education. The classification confusion matrix
results obtained by classifying the test data of the
model are given in Figure 6.

true label

0 1
predicted label

Figure 6. The result of the classification confusion
matrix of the first model for the lung x-ray image
data set.
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When the classification confusion matrix is
analyzed, it is seen that the model made 1 incorrect
classification in total. The model incorrectly
estimated the class of 1 person with pneumonia and
included this person in the class of healthy people.
The classification report results of the model are
given in Figure 7.

Classification Report:
precision recall fl-score support
e 1.00 1.00 1.00 385
1 1.e0 1.00 1.e0 1075
accuracy 1.e0 1460
macro avg 1.00 1.00 1.e0 1460
weighted avg 1.0 1.0 1.0 1460

Figure 7. The classification report results of the
first model for the lung x-ray image data set.

Precision, recall, f1-score and accuracy values
obtained from the classification process performed
in the classification report results can be seen. The
training of the model was carried out in a total of 25
iterations. The classification accuracy and loss
graphs obtained during the training of the model
are given in Figure 8 and Figure 9.
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Figure 8. The graph of the classification accuracy
values obtained by applying the first model for the
lung x-ray image data set.
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Figure 9. The graph of loss values obtained by
applying the first model for the lung x-ray image
data set.
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According to the results, the deep
convolutional neural network model, trained using
pneumonia disease data, managed to accurately
estimate the classes of 1460 test data by 99.8% in
the post-training test process. The model has
managed to classify 1459 of these images correctly,
and it has incorrectly estimated the class of 1 test
image.

The deep convolutional neural network model
was evaluated in the second stage using the second
dataset for brain tumor type detection. The number
of images used in training the model was increased
by applying data augmentation technique to the
part of the brain tumor data set reserved for
education, similar to the first data set. The
classification confusion matrix results obtained by
classifying the test data of the model are given in
Figure 10.

true label

0 1
predicted label

Figure 10. The result of the classification confusion
matrix of the first model for the brain MRI image
data set.

When the classification complexity matrix is
analyzed, it is seen that the model correctly predicts
the class of all samples and does not make any
incorrect classification. The classification report
results of the model are given in Figure 11.

Classification Report:
precision recall fl-score support
2] 1.00 1.00 1.00 23
1 1.00 1.e0 1.e0 41
accuracy 1.00 64
macro avg 1.0 1.e0 1.0 64
weighted avg 1.ee 1.ee 1.e0 64

Figure 11. The classification report results of the
first model for the the brain MRI image data set.

Precision, recall, f1-score and accuracy values
obtained from the classification process performed
in the classification report results can be seen. The
training of the model was carried out in a total of 25
iterations. The classification accuracy and loss
graphs obtained during the training of the model
are given in Figures 12 and Figure 13.
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Figure 12. The graph of the classification accuracy
values obtained by applying the first model for the
brain MRI image data set.
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Figure 13. The graph of loss values obtained by
applying the first model for the brain MRI image
data set.

According to the results obtained, the deep
convolutional neural network model, which was
trained using brain MRI image data, succeeded to
predict the classes of 64 test data 100% correctly in
the post-training test process.

b. Results from The Convolutional Neural
Network with Random Forest Classifier
Model

The convolutional neural network model with
a random forest classifier was initially trained and
tested using the pneumonia disease dataset. The
classification confusion matrix obtained by
classifying the test data of the model is given in
Figure 14.
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true label

0 1
predicted label

Figure 14. The result of the classification confusion
matrix of the second model for the lung x-ray image
data set.

When the classification confusion matrix result
is examined, it is seen that the model correctly
predicts the class of all the samples and does not
make any incorrect classification. The classification
report results of the model are given in Figure 15.

Classification Report:
precision recall fil-score support
] 1.ee 1.00 1.e0 385
1 1.00 1.e0 1.00 1075
accuracy 1.00 1460
macro avg 1.e0 1.0 1.e0 1460
weighted avg 1.00 1.ee 1.e0 1460

Figure 15. The classification report results of the
second model for the the lung x-ray image data set.

Precision, recall, f1-score and accuracy values
obtained from the classification process performed
in the classification report results can be seen.
According to the results obtained, the convolutional
neural network model with random forest classifier,
trained with the obtained features, managed to
accurately predict the class of all 1460 test data at
the test stage. Therefore, the model was able to
achieve 100% accuracy in the testing phase. The
calculated classification accuracy rate and total
error value results of the model are given in Figure
16.

Accuracy: 100.0

Mean Absolute Error:0.0

Mean Squared Error :0.0

Figure 16. The classification accuracy rate and total
error value result of the second model for the lung
x-ray image data set.
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The convolutional neural network model with
a random forest classifier was evaluated in the
second stage using the second dataset for brain
tumor type detection. The classification confusion
matrix results obtained by classifying the test data
of the model are given in Figure 17.

true label

0 1
predicted label

Figure 17. The result of the classification confusion
matrix of the second model for the brain MRI image
data set.

When the classification confusion matrix is
analyzed, it is seen that the model correctly predicts
the class of all samples and does not make any
incorrect classification. The classification report
results of the model are given in Figure 18.

Classification Report:

precision recall fl-score support

] 1.00 1.00 1.00 23

1 1.0 1.0 1.00 41

accuracy 1.00 64
macro avg 1.00 1.00 1.e0 64
weighted avg 1.0 1.0 1.0 64

Figure 18. The classification report results of the
second model for the brain MRI image data set.

This model has been used in the deep
convolutional neural network model explained in
the first part in obtaining the features used in
classification. The training of the deep convolutional
neural network was carried out in 25 iterations.
Then the attributes learned by the trained model
were classified with the random forest classifier. It
can be seen in the results that the model tested with
the test data has reached 100% accuracy at this
stage. The calculated classification accuracy rate
and total error value results of the model are given
in Figure 19.
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Accuracy: 1@0.e

Mean Absolute Error:0.@

Mean Squared Error :0.0

Figure 19. The classification accuracy rate and total
error value result of the second model for the brain
MRI image data set.

c. Results from The Convolutional Neural
Network with Support Vector Machines
Model

The convolutional neural network model with
a support vector machine classifier was initially
trained and tested using the pneumonia disease
dataset. The number of images used in training of
the model was increased by applying data
augmentation technique to the part of the
pneumonia disease data set reserved for education.
The classification confusion matrix results obtained
by classifying the test data of the model are given in
Figure 20.

true label

0 1
predicted label

Figure 20. The result of the classification confusion
matrix of the third model for the lung x-ray image
data set.

When the classification confusion matrix result
is analyzed, it is seen that the model correctly
predicted the class of 1348 samples as well as 112
specimens incorrectly. The model estimated that 39
people who were actually patient were healthy and
73 people who were actually healthy were patients.
The classification report results of the model are
given in Figure 21.

Classification Report:
precision recall fl-score support
e .81 .89 0.85 351
1 .96 0.93 .95 1109
accuracy 0.92 1460
macro avg .89 .91 0.90 1460
weighted avg .93 .92 0.92 1460

Figure 21. The classification report results of the
third model for the lung x-ray image data set.
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Precision, recall, f1-score and accuracy values
obtained from the classification process performed
in the classification report results can be seen.
According to the results obtained, the convolutional
neural network model with support vector machine
classifier succeeded in obtaining 92.3% accuracy
rate by succeeding in correctly predicting the class
of 1348 test data in the test phase. The calculated
classification accuracy rate and total error value
results of the model are given in Figure 22.

Accuracy: 92.32876712328768

Mean Absolute Error:0.07671232876712329

Figure 22. The classification accuracy rate and total
error value result of the third model for the lung x-
ray image data set.

The convolutional neural network model with
a support vector machine classifier was evaluated in
the second stage using the second dataset for brain
tumor type detection. The classification confusion
matrix results obtained by the classification of the
test data of the model are given in Figure 23.

true label

0 1
predicted label

Figure 23. The result of the classification confusion
matrix of the third model for the brain MRI image
data set.

When the classification confusion matrix result
is examined, it is seen that the model correctly
predicted the class of 55 samples, but also
incorrectly predicted the class of 9 samples. The
model actually estimated the tumor type of 9 people
with benign tumors incorrectly and identified the
tumor type of these people as malignant. The
classification report results of the model are given
in Figure 24.

Classification Report:
precision recall fl-score support
e 0.61 1.00 8.76 14
b 1.00 .82 0.9 50
accuracy .86 64
macro avg .80 0.91 9.83 64
weighted avg .91 0.86 .87 64

Figure 24. The classification report results of the
third model for the brain MRI image data set.

The deep convolutional neural network model
described in the first part was used to obtain the
features used in this classification. Then the
features learned by the trained model were
classified with the support vector machine
classifier. It can be seen from the results that the
model tested with the test data reached 85.9%
accuracy at this stage. The calculated mean absolute
error value of the model was determined as 0.14.
The calculated classification accuracy rate and total
error value results of the model are given in Figure
25.

Accuracy: 85.9375

Mean Absolute Error:0.140625

Figure 25. The classification accuracy rate and total
error value result of the third model for the brain
MRI image data set.

5. CONCLUSIONS AND SUGGESTIONS

When all model results are compared, it is seen
that the most successful performance results for
both data sets are obtained with the convolutional
neural network with random forest classifier. The
classification accuracy rates obtained for different
data sets from the models are given in Table 1.

Table 1. Classification accuracy rates of all models.

Models Accuracy rate | Accuracy rate
for first for second
dataset dataset

First Model %99,8 ©100
(CNN)

Second Model (%100 %100
(CNN+RF)

Third Model [%92,3 %85,9
(CNN+SVM)

Since both data sets used in the study contain 2
classes, the models succeeded in classifying images
with very high accuracy rates. Of the models used,
the convolutional neural network model with a
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random forest classifier has succeeded in accurately
predicting all classes of test samples for both data
sets. However, it is estimated that model
performances may decrease below these levels if
the number of classes increases. For example,
although the hybrid model using the random forest
classifier reached 100% accuracy in the study, it is
estimated that this rate may decrease if the amount
of data used increases. In addition, it is thought that
the convolutional neural network with support
vector machine classifier can exhibit higher
performance in different types of problems with
more class. As a result, it can be said that the hybrid
model approaches used in the study give successful
performance results in binary image classification
problems.

Convolutional neural network-based models,
which are used in the classification of medical
images, require a high amount of data during the
training phase. Even if the architectural
classification used is good enough to perform,
models cannot yield good and reliable results if
there is not enough data. Therefore, in future
studies to be carried out after this study, studies
will be made to increase the samples in small size
datasets with deep learning architectures such as
generative adversarial networks or convolutional
autoencoder. By using these methods, the number
of data can be increased to make the study more
reliable. Thus, evaluation of similar classification
models can be studied by using sufficient and larger
data for classification. The step of increasing data by
producing synthetic image data, which is planned to
be carried out in future studies, is expected to
significantly increase the reliability of deep learning
models.
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