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OZET

Bu ¢alismada geriye yayilim algoritmasi: kullanilarak ¢ok
katmanli algilayicida optimizasyon {izerine c¢esitli problemler ele
alinmis ve bu problemler {izerinde ¢ok Kkatmanli algilayicinin
agirliklara badllt olan duyarligs bir duyariik 6l¢lisi  dgin
hesaplanmistir.

Birinci bolimde yapay ndron a§ yapilari, iglem elemenlart,
yapay ndron adlarinda ©6Frenme konulari islenmigtir. Bilgisayar
programinda kullanilan geriye yayilim ©&&renme algoritmast ve
genellestiriimis delta kuralil agiklanmigtir.

ikinci bdlimde xor, parite ve gauss deteksiyon problemleri
fizerinde ileri y6nll cok katmanli algilayicinin hata yakinsamasinda
¢esitli parametrelerin etkileri incelenmistir ve yorumlanmistir.

U¢lincli b&llimde 1ise, ele alinan problemlerde her bir giris
paterni igin diferansiyeli alinabilir aktivasyon fonksiyonlu tek
¢1kis11 ¢ok katmanly algilayicinin toplamsal agiriik kusurlari igin
duyar11g1 Uzerinde ¢alisiImigtar.

Sonug  bolumiinde ise yapilan ¢aligmanin neticeleri

tartis1imigtir.



SUMMARY

This thesis presents an empirical analysis of the effect of
‘varius parametres on the error convergence of multilayer feedforward
neural networks using the standart backpropagation 1learning algorithm
and a sensitivity of multilayer neural networks for a weight set is
caleulated using a sensitivity measure.

In section 1; artificial neural network, processing elements
and learning process are presented. Backpropagation algorithm which is
used for computer programme; and generalized delta rule are explained.

In section 2; effect of various parametres on the error
convergence of multilayer feedforward neural networks are examined on
xor, parity and Gauss detection problems.

In section 3; a sensitivity caused by additive weight
perturbations of a single-output multilayer perceptron with a
differentiable activation function for each input patern is presented.

In conclusion section; results of presented thesis are

explained.



BOLOM 1

YAPAY NORON AG YAPILARI

1.1 GIris:

insan beyni, giirii1tild bir ortamda ve bozulmus bilgi ile, gdrme,
konugma,bilgi dlizeltmesi, sekil tanima gibi iglevleri yerine
getirebilir. Beynin 1islem elemanlari (ndronlar), milisaniyelerde,
¢afdas elektronik lriinler ise nanosaniyelerde cevap verme yetenedine
sahiptirler. Bu gelismeye radmen, yapay zeka ybntemleri kullanilarak,
s6zkonusu yeteneklere, bilgisayarlar Uzerinde ulagilamamasi, bilim
adamlarini insan beynini incelemeye itmistir.

Bir yapay ndron af1,insan zekasinin bazi fonksiyonlarini
modellemek amaciyla, paralel olarak biraraya getirilmis basit hesap
birimleri (néronlar) dizisidir. Konusma ve goébriintli tanima alanlarinda,
insan gibi davranis gbsterebilmek di¢in genis bir dislem yetenedine
ihtiya¢ duyulmasi nedeni 1le, yapay ndron ajlari konusuna olan 1lgi
son yillarda hizla artmistir.Yapilan c¢alismalarlia varilan sonuglara
gbre; yapay néron aglarinda kullanilan ndron modeli, noronlari bir aj
yapisinda birarada baglama gsekli ve agirliklarin ayarlanmasi idg¢in
kullanilacak &grenme kuralinin belirlenmesi 6nemlidir. Yapay nbGron
aglart ile hesaplama konusunda yapilan arastirmalar l¢ sinifa girer.
Birinci sinifta, ndron afinin oOFrenme OGzelliklerinin matemetiksel
tanim1 ve analizi yapilir. Ikinci sinifta, bu matemetiksel tanimlar:
genigletmek, modellemek 1i¢in bilgisayar simiilasyonlari kullanilir.
Oclinci simf 1ise, &6zel ndron fonksiyonlarini ya da néron ajf

siniflariny gergeklemeyi amaglar.

1.2 YAPAY NORON YAPILARI:

Yapay noron aglars, basit 1islem elemanlarinin paralel bir
dizisidir.Her iglem elemaninin yaptidy temel ig, giris isaretlerinin
bir dbnliglimini almaktir. Bir biyolojik n8ronu temsil etmek i¢cin Sekil
2.1’deki islem elemani kullanilar.



y
Sekil 1.1 Bir yapay néron
Néron modelinde y ¢ikisi;
n
y-f(;wixi"e) [1'1]
-1
ile ifade edilir. Burada; (i=1,2,..,n) girig isaretlerini, WX

girigine karsi dilgen afirli§i gbsterir. @ ise esik defer olarak
adlandarilar. £ bir lineer olmayan fonksiyondur. $ekil 1.2'de £
fonksiyonuna Ornek fig¢ tip lineer olmayan fonksiyon gésterilmistir.

A£G £ £,(x) 1 £5(x)

y. ]

3, 7 X ‘7x

Kati Sainirlamala Egik Lojigi Sigmoid
(a) (b) (c)

Sekil 1.2 Yapay néron agi modellerinde kullanilan #ig tip
lineer olmayan fonksiyon

) (1.1) esitlifinden g8rildiiglli gibi bir néron modeli, n tane
afirlagtirilmig girigi toplamakta, bir esik deferini bu toplamdan
Gikartip, sonucu bir lineer olmayan fonksiyondan gegirmektedir. N&ron
aflarinin temel yapisi Sekil 1.3'deki tek katmanli yapadir. Tek
katmanli algilayicilar sfirekli defderli ve ikili girigsin her ikisiyle
de kullanilabilir.

5
7

N/
Sekil 1.3 Tek katmanly aj



Her algilayict bir girisin Sekil 1.4°de gbsterilen A ve B ile
isaret edilmis iki siniftan biriyle 1iliskili oldujuna karar verir.
Cik1is ya +1 ya da -1 dir. Efer ¢ikis +1 ise girigin A sinifina ait
‘oldufuna, efer ¢ikis -1 ise girisin B sinifina ait oldufuna karar
verilir [2].
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$ekil 1.4

1860'larda Widrow, Hoff ve digerleri tarafindan olusturulan tek
katmanl1 a§larin cesitli uygulamalarda yeteneklerinin sinirlir kaldigi
ispatlanmistir.Bu nedenle iki ya da daha fazla ndron katmani kaskat
baglanarak §$ekil 2.5°de gbsterilen ¢ok katmanli aflar olusturulmustur

[6].

Sekil 1.5 Qok katmanli ag
Cok katmanli ajlarin calismasi tek katmanli ajlarin g¢alismasina
benzer. Her katmanin ¢ikisi, 8nceki katmanin ¢ikislarinin agirlikl
toplamindan Uretilir.Cok katmanlir algilayicilarda giris ve ¢ikis
katmany arasinda yer alan katmanlar gizli katman olarak adlandirilir.
Cok katmanli algilayicilar tek katmanli algirlayicilarin birgofunun
listesinden gelebilirler. Bir,iki ve Ll¢ katmanli algilayicilarin

yetenekleri Sekil 2.6'da tanimlanmistir [2].
Bu sekildeki ikinci kolon, farkli aglarla bigimlendirilmis karar



b&lgelerinin tiplerini gdsterir. Sonraki iki kolon, xor problemi ve
bir a§ yapi111 b8lgeli problem igin bigimlendiriimis karar bblgeleri
Srneklerini gdsterir.En sajdaki kolon, en genel bi¢imlendirilebilir
karar bdlgeleri &rneklerini verir. Bir katman algilayici yaridiziem
karar bblgelerini bigimlendirir. Bir 1ki katmn algilayicr uzaydaki
konveks b81geleri bigimlendirebilir. U¢ katmanli algilayici ise,
keyfi komplex karar bSlgelerini dizenleyebilir.

Yap1 Karar Xor Al Genel
bélgesi probliemd yapi bigimlendiri-
tipi lebi14r karar
b5igeli problem
T o Ve
R NN R
Eh katmaf y.ry dizlem QY /,// 4

! karar
f b8lgess
:

} Konveks
b bélge

jlg-xatmanf  yoyey

t
1 . hompleks
o ’? hilge

Sekil 1.6

1.3 ISLEM ELEMANLARI

Bir yapay nSron a1 birgok isleme elemaninin birarada
bajlanmasindan olugmustur. Her islem elemani istenildifi sayida giris
bajlantisy alabilir. Fakat her dislem elemaninda tek bir ¢ikis
bajlantisy olabilir. Bu bajlant1 kopya edilebilir.

fs1em elmaninin bir yerel bellefi vardir. Her elemanin yaptigi
islem transfer fonksiyonu 1le belirlenir. Transfer fonksiyonlars
siirek1i ya da kismen siirek1i olabilir. Kismen siirek1i ¢alisma
konumunda 'aktif’ halde eleman bir ¢ikis isareti verir.

Ayrica nSron afiv bir takim alt kimelere ayrilir. Bu alt

kimelerdeki elemanlarin transfer fonksiyonlari aynidir. Bu kiglk

gruplara ‘katman’ ady verilir. islem elemanlary kendi aralarinda

haberlesebilir ve ¢ikis istenilen bir noktadan alinabilir[S],



1.4 BGRENME

8frenme kurali, giris isareti ve transfer fonksiyonu ile bulunan
degerlere gbre afirliklarin hepsini veya bir kismini defistiren bir
denklemdir.

Yapay nbron aglari programliama yerine, &rnekler ile eg§itilir.
E§itme denetimli ve denetimsiz olmak {izere iki sekilde olur. Her
ikisinde de , a§ seri denemelerden sonra caligir. Denetimli S§renmede,
aja hem giris, hem de distenen ¢ikis bilgisi girilir. Her denemeden
sonra af kendi gikisint dodru cevaplar ile karsilastirir ve ¢ikis
hatas1 yeterince azalincaya kadar, agirliklarint  defistirerek
iterasyon yapar. Denetimsiz O&f§renmede istenen ¢ikis yoktur. Giris
vektdril sisteme uygulanir ve sistem efitimden dnce tahmin edilemeyen
uygun bir ¢ik1s liretmek i¢in kendisini 6z-6rgiitler.

Her ki efitmeden sonra da, a8 gergek girisleri dslemek i¢in

hazirdir.
1.5 GERIYE YAYILIM B&ERENME ALGORITMASI

Geriye yayilim O&renme algoritmasi, Sekil 2.5 de gdsterilen gok
katmanl1 algitlayicilarin efitilmesinde sik¢a kullanilan bir

algoritmadir.
Herhangi bir katmandaki Jj.ci birime gelen net giris, bir &nceki

katmandaki birimlerin vy ¢ikislarinin afirTikly toplamidir.

[1.2]

islem elemany, bu toplam girisi, tlirevi alinabilir, siirekli ve
Tineer olmayan bir fonksiyondan gegirir. Bu nedenle en ¢ok kullanilan

fonksiyon, sigmoid fonksiyonudur.

1 (1.3]

YT Tre



Bu fonksiyon y ¢ikisint $Sekil 2.2c’de gériiidudl gibi O ve 1
degerleri arasinda sinirlar. Geriye yayilim Ofrenme algoritmasinda
girise wuygulanan bir giris vektodriine karsi bir g¢ikis vektoéri elde
edilir. Bu ¢ikis vektérii, sisteme daha 8nceden verilen bir ‘hedef’
vektdéril ile karsilastirilir. Bu iki vektdr arasindaki yeterince kiiglik
olacak sekilde agirliklar ayarlanir.

EGitme iki adwmda olur.Birinci adimda, aga bir giris vektoéril
uygulanir ve her islem elemaninin ¢ikisi hesaplanir. Elde edilen
¢ikislar bir sonraki denemede afirliklarin ayarlanmasinda kullanilmak
izere saklanir. Ikinci adimda, ¢1k1s ve hedef vektdrili arasindaki farka
gbre hesaplanan ¢i1kis hatasi geriye dofru iletilir. A§ agirliklari bu
hataya gére ayarlanir. Bu islem, yeterince dogru cevaplar alinincaya
kadar tekrar edilir [6].

1.6 GENELLESTIRILMIS DELTA KURALI

Néron ag1r Ofrenme islemini afirliklari de§istirerek yapar. ’‘p’

giris paterni ig¢gin agirliklardaki dedisim

ApWys = M{tpy=Op) 1 - by 1y, t1.4]

ile verilir.
Burada, tpj p paterni i¢in hedef ¢ikisin j. bilesenini, %j p

paterni i¢in aktif ¢ikisin j.bilesenini, i p giris paterninin 1.

pi
elemaninin deferini gésterir. Geriye yayi1lim algoritmasinda kullanilan
hata kriteri karesel ortalama hatadir. Buna gdre p paterni ig¢in olusan

hata,

1
- 3?(t:’_ pj)z {1.5]

ve tilm paternler ig¢in toplam hata,

E=-XE 1.6
~ %p [ ]



dir.
Sistemde afirlik dedigimi, olusan hataya gbre yapildigir ig¢in
’ Ep / Wi ’ ifadesini 1incelemeliyiz. Bu 1inceleme aZin gizli
katmana sahip olup olmamasina baglr olarak defisik sonug verir.
A- N&ron adinda gizli katman yoksa, zincir kuralina gbre

3E, OB, 80, (1.7]

dir.
°pj'§wjz 1,4 [1.8]
oldugundan
a0, g [1.9]
ow pi
11
olur,
[1.5] esitlifinden
oE
P . -8 [1.10]
90, »i
dir.
Sonug olarak,
OE
P o_§ .1 [1.11]
3“91 Pl “pd

B- NBron aginda gizli katman varsa, zincir kuralina gbre

OE aEb anetﬁ, [1.12]

—2 - —_
ow,,  odnet,, Owy




dir.
net,, -?w_ﬁ Op 3 [1.13]
oldugundan
Onety _ . [1.14]
ow. Pl
34
olur.
ve
-0E
3 . - [1.16]
Pl dnet,,
olmak lizere
a- Opj yapay ntron ad1 ¢ikigr ise
olur.
b~ Opj gizli katman ¢iki1s1 ise
3, - f(netpj){: L J [1.18])

olur,
Geriye yay1lim algoritmasinda &grenme, yani afirlik degisimi
! Ep / Wi + ile oranti111 olarak yapilir. Oranti sabiti ofrenme
oranmidir. Genellikle 0 ile 1 arasinda se¢ilir. Bu sabit ne kadar biiyiik
ise afirliktaki defisime o kadar bilyiiktlr. Pratikte osilasyona yol
acmayacak bliyliklikte &frenme orani se¢ilir. 8frenme oraninin daha



bliyilkk deferierine 1imkan saflayarak hata yakinsamasini hizlandirmak
igin; genellegtirilmis delta kurali, momentum terimi 1ile modifiye
edilir [1,8].

Geriye yayilim 88renme algoritmasi Tablo 1.1’de gbsterilmistir.

Geriye yayilim algoritmasinin bazi temel soruniari vardir. Bu
sorunlar efitimin yavasy olmasi, algoritmanin  yerel minimuma
yakalanabilmesi, otonom olmamasidir.

Geriye yayilim algoritmasinda e§itim yavastir. Ardarda iki
katmandaki n tane néron digin, n  tane agirlik egitilmektedir. Hatanin
geriye yayilmmi da bu agirliklar {izerinden yapilir. Bu islemler
oldukgca zaman alir.

Hatay1 minimum yapacak a§ agirliklari, bir gradyent arama teknigi
kullanilarak bulunur. Egitme sirasinda yerel minimuma yakalanma sorunu
vardir. Bu durumda ad kabul edilemeyecek bir ¢éziime yakinsar.Bu
sorundan kaginmak igin 8grenme orani azaltilabilir,

Aga yeni bilgiler ©o6Fretildiginde eskiden &renilen bilgilerin
unutuimas1 nedeniyle; ag,defisen gevre gartlarina uyum saglanmasinin

beklendigi durumlar i¢in uygun degildir.



ADIM 1

ADIM 2

ADIM 3

ADIM 4

ADIM 5
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TABLO 1.1
GERIYE YAYILIM AZININ EGITME ALGORITMASI

Tim agirliklarin i1k deferlerini bhelirle.

Tim agirliklars kiiclik raslantisal degerlere ayarla.

Girisi ve istenen ¢ikisi uygula.

Stirek1i deger1i bir x = [x | X , ... x,]' giris vektdrini
uygula ve istenen d=1{d,; d, ... d 1 1T ¢ik1s vektdrini
belirle. Her denemede yeni bir giris uygulanir veya
agirliklar kararli oluncaya dek bir efitme kiimesinden
Ornekler tekrar uygulanabilir.

Gergek ¢ikislari hesapla.

En son katmandaki birimlerin ¢ikislarini belirleyebilmek
igin her katmandaki birimlerin ¢ikislarini sirayla belirle
ve sakla.

Agirliklari ayarla.

Cik1s katmanindaki birimlerden i1k katmandaki birimlere
kadar, geriye dofru calisan bir yinelemeli algoritma
kuilanilacaktir. Agirliklar [1.19] esitli§ine gbre
ayarlanir.

Adim 2’'ye giderek tekrar et.
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BSLUM 2
COK KATMANLI ALGILAYICININ PARAMETRELERININ opTimizAasyoNu

Bu btlimde xor,parite ve gauss deteksiyon problemleri {zerinde,
¢ok katmanli algilayicinin hata yakinsamasinda 6grenme orani, momentum
katsayis1 ve gizli katmandaki diiflim sayisinin etkileri incelenmisgtir[5],

Xor ve parite problemlerinde kullanilan noron agi bir gizli
katmana, gauss probleminde kullanilan aj ise iki gizli katmana
sahiptir.

Xor problemi di¢in 1ki giris dugumli, iki gizl1i dugim, bir ¢ikis
digumii; g bit parite problemi i¢in Ug giris diglmii, ¢ gizii dugim,
bir ¢ik1s dugumii; dért bit parite problemi dg¢gin dért giris digumi,
dért giz1i duglim ve bir ¢ik1s digumli kullanildi.Parite problemlerinde
giris paternlerindeki birlerin sayi1si tek ise sonug 1, ¢ift ise sonug
O'dir.

Gauss deteksiyon probleminde kullanilan ndron aginda giris ve
¢1kis diigum sayisi bir, gizli dugim sayis1 ikidir. Bu problemde ag,
tek boyutiu -1 ve 2 beklendik defer1i 1iki gauss dagilimi arasindaki
farka gbre egitildi. Her iki gauss dagilim1 igin varyans 1'e esittir.
Deteksiyon id¢in esik dederi 0.5°dir. Giris dederleri -1 ve 2 ortalama
deferli gauss say1 liretecinden rasgele lretilmektedir. Uretilen say1
0.5'den biiylik ise 1, kiiglik ise 0 sonucu alinmaktadir [4].

2.1 BERENME ORANI

Geriye yayi1lmm algoritmasinda Ofrenme orani onem1i bir
parametredir.bfrenme oraninin farkll deferleri i¢gin hata degerieri
hesaplanmistir. Deneylerde momentum katsayisi 0.9 alinmigtir. Gizli
katmandaki dugim sayist xor ve gauss deteksiyon problemi ig¢in iki, Ug¢
bit parite problemi idg¢in lig, dort bit parite problemi i¢in dort
alinmistir. Elde edilen sonuglara gdre 6§renme oraninin biiylimesi hata
yakinsamasini (klclilmesini) geciktirmektedir. ¢Clinkli ©6renme orani
biliylidiigli takdirde agirlik uzayinda minimum nokta civarinda osilasyon

olusur.



-12-

p = uojisde —x g = uojisde —— 2’0 = uojisde —m-

(0001 X ) NOASYHAL]

8
ﬁm]meT_

;9§ v & @
|

60000

>

1000
G100°0

€000

Gc000

£00°0

Geoo'0

Z=Isikeswunbnp 6 60 =-euyde

sssss
¢

ISYIVH ZHNZYIQ NIOI IWJTHO¥d d¥0X

¥000

V1iVvH



epsilon = 0,2
alpha = 0.9
= 2

-----

giris cikis hedef deger
0 0.100 0.100 0.105 0.100
1 0.100 0.900 0.896 0.900
2 0.900 0.100 0.896 0.900
3 0.900 0.900 0.105 0.100

iterasyon=10000 eps= 0.003386 hata_l= 0.000046
hata_t= 0.000046

epsilon = 2
alpha = 0.9
giz1i dugum sayis1 = 2
giris cikis hedef deger
0 0.100 0.100 0.104 0.100
1 0.100 0.900 0.895 0.900
2 0.900 0.100 0.895 0.900
3 0.900 0.900 0.106 0.100

jterasyon=10000 eps= 0,003420 hata_l= 0.000047
hata_t= 0.000047

epsilon = 4
alpha = 0,9
gizli diigiim sayis1 = 2
giris cikis hedef deger
0 0.100 0.100 0.105 0.100
1 0.100 0.900 0.897 0.900
2 0.900 0.100 0.893 0.900
3 0.900 0.900 0.103 0.100

iterasyon=10000 eps= 0.003267 hata_1= 0.000043
hata_t= 0.000043
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epsilon = 0.2
alpha = 0.9
gizli dugiim sayisy = 3
giris
o] 0.100 0.100 0.100
1 0.100 0.100 0.900
2 0.100 0.900 0.100
3 0.100 0.900 0.900
4 0.900 0.100 0.100
5 0.900 0.100 0.900
6 0.900 0.900 0.100
7 0.900 0.900 0.900
iterasyon=10000 eps= 0.004133
epsilon = 2
alpha = 0.9
gizli diigum sayisy = 3
giris
0 0.100 0.100 0.100
1 0.100 0.100 0.900
2 0.100 0.900 0.100
3 0.100 0.900 0.900
4 0.900 0.100 0.100
5 0.900 0.100 0.900
6 0.900 0.900 0.100
7 0.900 0.900 0.900
iterasyon=10000 eps= 0.004088
epsilon = 4
alpha = 0.9
gizli diigim sayisi1 = 3
giris
0 0.100 0.100 0.100
1 0.100 0.100 0.900
2 0.100 0.900 0.100
3 0.100 0.900 0.900
4 0.900 0.100 0.100
5 0.900 0.100 0.900
6 0.900 0.900 0.100
7 0.900 0.900 0.900
iterasyon=10000 eps= 0.004120

cikis

——— — e o

0.900

hedef deger

o iyttt o S Oy

0.900

hata_1= 0.000068
hata_t= 0.000068

cikis

hedef deger

0.104
0.896
0.900
0.099
0.896
0.109
0.099
0.900

0.100
0.900
0.800
0.100
0.900
0.100
0.100
0.900

hata_l= 0.000067
hata_t= 0.000067

cikis

0.890

hedef deger

—— oy =

0.900

hata_1= 0.000068
hata_t= 0.000068
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hedef deger

cikis
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giris

giz1i diigum sayis1

epsilon

alpha

0.100
0.900
0.900
0.100
0.900
0.100
0.100

0.900
0.900
0.100
0.100
0.900
0.100
0.500
0.800
0.100

hata_t= 0.000422

5888888388

19118
0000000000000

00
00

1
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8888888888888888
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8888885888888888¢
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0000000000000000

8888888888888888

Hrled el A~~~ DO [= 0= e}
0000000000000000

0123456789m

12

13

14

15
iterasyon=10000

hedef deger

-—

cikis

giris

= 2
= 0.9

giz1i dudim sayis1 = 4

epsilon
alpha

g
8888588888888888.
S666366663668663 g
58888885888585588s
mmomm&m&mmommmmmm

o
8888888888888888"
OOOOOOOOOOOOOOOO..M
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mﬁmnmnw&Amnwnvo.uﬁunvo.ununvm
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m&&mm&&oomoooooow

2888883388258888
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O NMTUON~OORN

10

11

12

13

14

15
1terasyon=10000
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epsilon = 4

alpha = 0.9

gizli diigiim sayi1s1 = 4

giris cikis hedef deger

0] 0.100 0.100 0.100 0.100 0.077 0.100
1 0.100 0.100 0.100 0.900 0.896 0.900
2 0.100 0.100 0.900 0.100 0.910 0.900
3 0.100 0.100 0.900 0.900 0.295 0.100
4 0.100 0.900 0.100 0.100 0.897 0.900
5 0.100 0.900 0.100 0.900 0.154 0.100
6 0.100 0.900 0.900 0.100 0.294 0.100
7 0.100 0.900 0.900 0.900 0.297 0.900
8 0.900 0.100 0.100 0.100 0.904 0.900
9 0.900 0.100 0.100 0.900 0.083 0.100
10 0.900 0.100 0.900 0.100 0.142 0.100
11 0.900 0.100 0.900 0.900 0.896 0.900
12 0.900 0.900 0.100 0.100 0.080 0.100
13 0.900 0.900 0.100 0.900 0.912 0.900
14 0.900 0,900 0.900 0.100 0.895 0.900
15 0.200 0,900 0.900 0.900 0.299 0.100

iterasyon=10000 eps= 0.249395 hata_1= 0.248792 hata_t= 0.242525
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epsilon
alpha

gizli dugiim sayisi

VoOdOUMPWNEO
[
(7+4

iterasyon=10000

epsilon
alpha

.....

———— — ———

wodoOULAwWNE-O
[y
N
o
N

1.555

iterasyon=10000

cik1s

=2
=0

0.988

.9
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hedef deger

0.000
0.000
0.000
0.000
0.000
1.000
1.000
1.000
1.000
1.000

eps= 0.011353

— -t o et S b

1.000
1.000
1.000
1.000

eps= 0.011051

hata_l= 0.000516
hata_t= 0.000516

hata_l= 0.000489
hata_t= 0.000489
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epsilon = 4

alpha = 0.9

gizli diiguim sayis1 = 2

giris cikis hedef deger

0 0.432 0.020 0.000
1 -1.86 0.002 0.000
2 -0.22 0.002 0.000
3 -0.79 0.002 0.000
4 -1.81 0.002 0.000
5 2.121 0.993 1.000
6 1.218 0.990 1.000
7 2.543 0.993 1.000
8 2.096 0.993 1.000
9 0.983 0.977 1.000

iterasyon=10000 eps= 0.012296 hata_l= 0.000605
hata_t= 0.000605
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2.2 MOMENTUM KATSAYISI

8grenme oraninin  blyilk degerleri icin hata yakinsamasim
hizlandirmak ag¢isindan momentum terimi olduk¢a ©o&nemlidir. Momentum
terimi ©nceki iterasyonda elde edilen agirlik dedisiminin o andaki
agirlik defisimine etkisini gbsterir.

Simiilasyon sonuglarina gdre momentum katsayisi kiigiildiikce hata
degderi bliylimektedir. Bunun nedeni, momentum katsayis1 kiiglik oldufunda
bir &nceki afirlik dedisiminin bir sonraki agirlik de§isimine
etkisinin az olmasidir. Analizde momentum katsayisi degistirilirken,
6drenme orani 0.2 alinmistir.

Giz11 katmandaki duglm sayist xor ve gauss problemleri i¢in iki,
tic bit parite problemi ic¢in i, dért bit parite problemi i¢in ddrtdir.
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epsilon = 0.2
alpha = 0.5
gizli dugim sayis1 = 2
giris cikis hedef deger
0 0.100 0.100 0.119 0.100
1 0.100 0.900 0.881 0.900
2 0.900 0.100 0.881 0.900
3 0.800 0.900 0.122 0.100

iterasyon=10000 eps= 0.013890 hata_l= 0.000772
hata_t= 0.000771

epsilon = 0.2
alpha =0
gizli dugim say1st1 = 2
giris cikis hedef deger
] 0.100 0.100 0.135 0.100
) | 0.100 0.900 0.864 0.900
2 0.900 0.100 0.864 0.900
3 0.900 0.900 0.143 0.100

iterasyon=10000 eps= 0.026794 hata_1= 0.002872
hata_t= 0.002867
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épsilon

alpha

gizli duiglim say1s1
0 0.100
1 0.100
2 0.100
3 0.100
4 0.900
5 0.900
6 0.900
7 0.900

iterasyon=10000

epsilon

alpha

giz11 dugiim say1s
0 0.100
1 0.100
2 0.100
3 0.100
4 0.900
5 0.900
6 0.900
7 0.900

iterasyon=10000

-26~

- —— o —— o —— o

O =

o

g
coo0o00000
88888888

0.900
eps= 0.077100

.

(=)

8
©oo000000
3838838

0.900 0.900
eps= 0.405184

ciks hedef deger

—— it e, —— - — o

0.136 0.100
0.810 0.900
0.898 0.900
0.105 0.100
0.809 0.900
0.268 0.100
0.103 0.100
0.868 0.900

hata_l= 0.023778
hata_t= 0.023501

cikis hedef deger

— v o —— e e e e ey et S ot

0.500 0.100
0.500 0.900
0.501 0.900
0.501 0.100
0.499 0.900
0.499 0.100
0.500 0.100
0.500 0.900

hata_i= 0.656695
hata_t= 0.639970
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epsilon = 0.2

alpha = 0.5

gizli diiglm sayis1 = 4

giris ctkis hedef defer

0 0.100 0.100 0.100 0.100 0.102 0.100
1 0.100 0.100 0.100 0.900 0.897 0.900
2 0.100 0.100 0.900 0.100 0.897 0.900
3 0.100 0.100 ©0.900 0.900 0.118 0.100
4 0.100 0.900 0.100 0.100 0.898 0.800
5 0.100 0.900 0.100 0.900 0.118 0.100
6 0.100 0.900 0.900 0.100 0.118 0.100
7 0.100 0.900 0.900 0.900 0.738 0.900
8 0.900 0.100 0.100 0.100 0.897 0.900
9 0.900 0.100 0.100 0.900 0.116 0.100
10 0.900 0.100 0.900 0.100 0.117 0.100
11 0.900 0.100 0.900 0.900 0.738 0.900
12 0.900 0.900 0.100 0.100 0.116 0.100
13 0.900 0.%00 0.100 0.900 0.738 0.900
14 0.900 0.900 0.900 0.100 0.737 0.900
15 0.900 0.900 0.900 0.900 0.759 0.100

iterasyon=10000 eps= 0.261970 hata_l= 0.274513 hata_t= 0.270830

epsiion = 0.2
alpha = 0
gizli diiglim sayisi = 4
giris cikis hedef deger
0 0.100 0.100 0.100 0.100 0.495 0.100
1 0.100 0.100 0.100 0,900 0.499 0.900
2 0.100 0.100 0.900 0.100 0.498 0.900
3 0.100 0.100 0.900 0.900 0.500 0.100
4 0.100 0.900 0.100 0.100 0.498 0.900
5 0.100 0.900 0.100 0.900 0.500 0.100
6 0.100 0.900 0.900 0.100 0.500 0.100
7 0.100 0.900 0.900 0.500 0.501 0.900
8 0.900 0.100 0.100 0.100 0.499 0.900
9 0.900 0.100 0.100 0.900 0.500 0.100
10 0.900 0.100 0.900 0.100 0.500 0.100
11 0.900 0.100 0.900 0.900 0.501 0.900
12 0.900 0.900 0.100 0.100 0.501 0.100
13 0.900 0.800 0.100 0.900 0.501 0.900
14 0.900 0.900 0.%00 0.100 0.501 0.900
15 0.900 0.800 0.900 0.900 0.502 0.100

iterasyon=10000 eps= 0.575970 hata_l= 1.326965 hata_t= 1.279833
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epsilon
alpha

.....

giris

- — o o ———

COoONOTTPAPWINE=O
-
F-3
w
n

cikis
0.980
0.017
0.023
0.017
0.019
0.987
0.987
0.987
0.020
0.987

iterasyon=10000

epsilon
alpha

serve

giris

———— —

cikis

-30-

- —— O . (. gt S

1.000
0.000
0.000
0.000
0.000
1.000
1.000
1.000
0.000
1.000

eps= 0.019321

= 0
=0
=2

0 0.555
1 -3.21
2 0.160
3 0.584
4 -1.10
5 0.611
6 -0.25
7 3.145
8 2.339
9 4.857

0.966
0.017
0.054
0.973
0.017
0.978
0.019
0.991
0.991
0.991

iterasyon=10000

'2

hedef deger

—— o o o (2. o 2

1.000

eps= 0.028363

hata_l= 0.001493
hata_t= 0.001493

hata_l= 0.003218
hata_t= 0.003217
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2.3 GlzLE KATMAN DUBUM SAYISI

NSron a1 1i¢in uygun bir gizli dujiim sayisi belirienmelidir.
Giz1i katmandaki diiim sayis1 gerefinden fazla artirilarsa hatanin
yakinsamasinin gecikmesi nedeni ile hesaplama zamaninin arttig
gézlenmistir. Gizli digim sayist1 defistirilirken Ofrenme orani 0.2,

momentum katsayisi 0.9 alinmistar.
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epsilon = 0.2
alpha = 0.9
giz1i diiglm sayisy = 3
giris cikis hedef deger
0 0.100 0.100 0.105 0.100
1 0.100 0.900 0.896 0.900
2 0.900 0.100 0.896 0.900
3 0.900 0.900 0.105 0.100

iterasyon=10000 eps= 0.003422 hata_l= 0.000047
hata_t= 0.000047

epsilon = 0,2
alpha = 0.9
gizli dugim sayisi1 = 4
giris cikis hedef deger
0 0.100 0.100 0.105 0.100
1 0.100 0.900 0.895 0.900
2 0.900 0.100 0.895 0.900
3 0.900 0.900 0.105 0.100

iterasyon=10000 eps= 0.003509 hata_1= 0.000049
hata_t= 0.000049
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epsilon = 0.2

alpha = 0.9

gizli dugum sayisi = 4

giris cikis hedef deger

0 0.100 0.100 0.100 0.100 0.100
1 0.100 0.100 0.900 0.899 0.900
2 0.100 0.900 0.100 0.900 0.900
3 0.100 0.900 0.900 0.104 0.100
4 0.900 0.100 0.100 0.899 0.900
5 0.900 0.100 0.900 0.104 0.100
6 0.900 0.900 0.100 0.104 0.100
7 0.900 0.900 0.900 0.889 0.900

iterasyon=10000 eps= 0.004522 hata_1= 0.000082
hata_t= 0.000082

epsilon = 0,2

alpha = 0.9

gizli diigiim sayisi = 5§

giris cikis hedef deger

0 0.100 0.100 0.100 0.105 0.100
1 0.100 0.100 0.900 0.898 0.900
2 0.100 0.900 0.100 0.898 0.900
3 0.100 0.900 0.800 0.107 0.100
4 0.900 0.100 0.100 0.896 0.900
5 0.900 0.100 0.800 0.107 0.100
6 0.900 0.900 0.100 0.107 0.100
7 0.900 0.900 0.900 0.880 0.900

iterasyon=10000 eps= 0.008621 hata_1= 0.000297
hata_t= 0.000297
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epsilon = 0.2
alpha = 0.9
gizli diigum sayis1 =5
giris
0 0.100 0.100 0.100 0.100
1 0.100 0.100 0.100 0.900
2 0.100 0.100 0.900 0.100
3 0.100 0.100 0.800 0.900
4 0.100 0.900 0.100 0.100
5 0.100 0.800 0.100 0.900
6 0.100 0.900 0.900 0.100
7 0.100 0.900 0.900 0.900
8 0.900 0.100 0.100 0.100
9 0.800 0.100 0.100 0.900
10 0.900 0.100 0.900 0.100
11 0.900 0.100 0.900 0.900
12 0.900 0.900 0.100 0.100
13 0.900 0.900 0.100 0.900
14 0.900 0.900 0.900 0.100
15 0.900 0.9200 0.900 0.900

cikis

iterasyon=10000 eps= 0.255996 hata_l= 0.262136

epsilon = 0,2
alpha = 0.9
giz1i digiim sayis1 = 6
giris
0 0.100 0.100 0.100 0.100
1 0.100 0.100 0.100 0.900
2 0.100 0.100 0.900 0.100
3 0.100 0,100 0.900 0.900
4 0.100 ©0.900 0.100 0.100
5 0.100 0.900 0.100 0.900
6 0.100 0.900 0.900 0.100
7 0.100 0.900 0.900 0.900
8 0.900 0.100 0.100 0.100
9 0.900 0.100 0.100 0.900
10 0.900 0.100 0.900 0.100
11 0.900 0.100 0.9200 0.900
12 0.900 0.900 0.100 0.100
13 0.900 0.900 0.100 0.900
14 0.900 0.900 0.900 0.100
15 0.900 0.900 0.900 0.900

—— ——

iterasyon=10000 eps= 0.255959 hata_1= 0.262060

hedef deger

——— . S i s ot e

hata_t= 0.256742

hedef deger

—— o o g o A e

hata_t= 0.256665
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epsilon = 0.2
alpha = 0.9
gizli dugum sayisi1 = 3

- ot - ———— —— ——— -

0 -2.77 0.007 0.000
1 -2.03 0.007 0.000
2 -3.6% 0.007 0.000
3 -0.29 0.009 0.000
4 -1.75 0.007 0.000
5 0.304 0.018 0.000
6 4.969 0.994 1.000
7 2.062 0.989 1.000
8 2.162 0.990 1.000
9 2.867 0.993 1.000

iterasyon=10000 eps= 0.010366 hata_l= 0.000430
hata_t= 0.000430

epsilon = 0.2

alpha = 0.9

gizli dugiim sayis1 = 4

giris cikis hedef deger

0 0.113 0.020 0.000
1 -1.71 0.005 0.000
2 -0.10 0.009 0.000
3 -0.56 0.006 0.000
4 -0.10 0.009 0.000
5 0.717 0.983 1.000
6 1.475 0.996 1.000
7 2.759 0.997 1.000
8 1.859 0.996 1.000
9 2.937 0.997 1.000

iterasyon=10000 eps= 0.010974 hata_1= 0.000482
hata_t= 0.000482
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B6LUM 3
COK KATMANLI ALGILAYICININ AGIRLIKLARA GORE DUYARLIGI

3.1 DUYARLIK FONKSIYONLARI

Sicaklik, nem, vs. gibi c¢evre kosullari nedeni 1ile sistem
parametrelerinde dedisme olur. Bu defismeler sistemi temsil eden
bliyiik1uklere etki eder.Meydana gelen defisgimlierin belli sinirlar
i¢inde kalmasi gerekir, Bu nedenle bu defisimlerin bulunmasi
gereklidir.

Bir sistemde x parametresine bafl1 bir billyliklik y olmak ({zere
x'de meydana gelen Ax dedigmesi nedeni ile y’de meydana gelen
degigmeyi bulmak igin tanimlanan ve S[y,x] ile gbdsterilen duyarlik
fonksiyonu dért ayri bigimde tanimlanir.

1. Normallestirilmis duyarlik:

A_Y o Ax - alny [3.1.1]
= Sly, x] Sly.x] STnx

2. y'ye gore yari-normallestirilmis duyarlik:
, Ax dy 3.1.2]
Ay S[y.x]—;- Sly, x] i [

3. x'e gbre yari-normallestiriimiis duyarlik:
Ay _ . Olny [3.1.3]
> Sly,x]Ax Sly,x] E

4. Normallestiriimemis duyariik:

9y 3.1.4

Ay - sly,x]Ax  Sly,x] ~ b [3.1.4]

Yapay ndron afinda w (adirlik) parametresine gdre af ¢ikis1
y(w} ile gbsterilsin. w ' da meydana gelen kiigiik bir Aw degdismesi
nedeniyle ¢ikista meydana gelen defismeyi bulmak i¢gin tanimlanan ve
S[y,w] ya da S“y ile gbsterilen duyarlik fonksiyonu asafrdaki

bigimde tanimlanmistir.
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s,,’;-% i=1,2,.. [3.1.5]

W, w afirliklarindan meydana gelen bir agiriik vektdrii olmak

{izere ¢ikisin W' ya gbre duyarlign

Sy~ 187 Si Si .....8)° [3.1.6]

ile verilir [7].

Incelenen tiim problemlerde w(k,i,j), k. katmandaki i.ndrona
k-1. katmandaki j. ndrondan gelen agirl1igi; O[k,i] ise k. katmandaki
i. néron ¢ikisini1 temsil eder.

Xor ve parite problemlerinde k=0 giris katmani, k=1 gizli
katman, k=2 ¢ikis katmanidir. Gauss probleminde ise farkl1 olarak k=1
ve k=2 giz11 katman, k=3 ¢iki1s katmanidir.

Ele alinan problemler i¢gin verilen sonuglarda diJj, i. giris
paternine ait W agir1igina gére hesaplanmis duyarliktir.

Siniflandirma problemlerinde ¢ok katmanli algilayicinin
duyarlik &1glimii her giris paterni d¢in bulunan duyarli§in maksimumu

tarafindan belirlenir [3].
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3.2 XOR PROBLEMI ICIN DUYARLIK
Sistem agirlik ve gikislar1 asafidaki gibi ifade edilebilir.
Matrisel olarak,

w(1,0,0) w(1,0,1) }

w(1) '[w(1,1,o) w(1,1,1)

w(2) =-[w(2,0,0) w(2,0,1) ]
w, - w(2,0,0] w, - wl2,0,1]
w, - w(1,0,0] w, - w[1,0,1]
ws = wil,1,0] wg ~ wl1,1,1]

0[2,0] = ¥3,0~-Y

0[1,0] =y, O[1,1] =¥,

0[0,0]1 = y,., 0o[0,1] = ¥,1

1
- 3 -
& 1+e” (wy0y; o+W30y,,,) L
1
yl:o - [ 3 .

1+e” “5‘-"0,0"'(’}'9.1)

Yia“~ > [3.

1+e” (We*¥o, o+ W6 *Ys,1)

Giz11 katman ¢ikislarinin ajirliklara gbre tlrevieris

%1.0

ow,

91,0
ow,

=~ Yo,0*Y1,0* (1-¥3,0) (3.

= ¥o,1*Y1,0% (1-¥1,0) (3.

.1]

.2]

.3]

4]

.5]



~43_

dy.
a:,: = Yo,0*Y1,1*(1-Y; ) [3.2.6]
)
_%’_1& = Yo,1*Y1,1*(1-¥y,4) [3.2.7]
We

Cikisin afirliklara gére duyarliiklari asafidaki bigcimde bulunabilir.

Sw{ - y:L,O*yz,o* (1—}’2’0) [3-2.8]

Sw)z’ = y:l.,:."'.Vz,o* (1‘)’2,0) [3.2.9]

53; = WY, 0*Y1,0* (1-¥1,0) #¥2, 0% (1-¥3 ) [3.2.10]

Sw. = Wi*Yo,12¥a, 0% (1-¥1,0) #¥3,0* (1-¥3,0) [3.2.11]

{3.2.12]

£
1

Wt Vo, 0*Ya,1* (1-¥1,1) *¥; o* (1-¥3,0)



Y

giris cikis hedef deger
0 0.100 0.100 0.105 0.100
do,1 = 0.000915686093
do,2 = 0.013690672753
d0,3 = -0.000666471786
d0,4 = -0.000666471786
do,5 = 0.007901695456
d0,6 = 0.007901695456
1 0.100 0.900 0.896 0.900
dl,1 = 0.015255631647
di,2 = 0.088715763586
dl,3 = -0.009385031102
dl,4 = -0,084465279919
dl,5 = 0.003112381336
dl,6 = 0.028011432023
2 0.900 0©.100 0.896 0.900
d2,1 = 0.015244834401
d2,2 = 0.088705195097
d2,3 = -0.084417488886
d2,4 = -0.009379720987
d2,5 = 0.028080028336
dz,6 = 0.003120003148
3 0.900 0.900 0.105 0.100
d3,1 = 0.074821613636
d3,2 = 0.094240796639
d3,3 = -0.,102192361194
d3,4 = -0.102192361194
d3,5 = 0.000294502050
d3,6 = 0.000294502050

Tablo 3.2

Xor problemi icin sistem duyarliklar:

agirlik duyar11ik
w[2,0,0] d3,1
w[2,0,1] d3,2
w[1,0,0] d3,3
w[1l,0,1] d3,4
w[1l,1,0] dz2,5

wi[l,1,1] di,6
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3.3 3 BIT PARITE PROBLEMI ICIN DUYARLIK
Sistem agirlik ve ¢ikiglari:
Matrisel olarak,

W(2) =[w(2,0,0) w(2,0,1) w(2,0,2) ]

w(l1,0,0) w(1,0,1) w(1,0,2)
w(1) -~ w{1,1,0) w(1,1,1) w(1,1,2)
w(l,2,0) w(1,2,1) w(1,2,2)

w, - w[2,0,0] w, -w[2,0,1] w, - w[2,0,2]
wy, - wi1,0,0] wy-w(1,0,1] w; - w[1,0,2]
w, - wl(1,1,0] w,=-w[1,1,1] w, - w[1,1,2]
Wy, - wil,2,0] w, -~w[1,2,1] w, - w[1,2,2]
0[2,0] =¥,0~¥
o[1,0] ~y,, ©I1,1] ~y,, o0[1,2] -y, ,

O[0,0] "yo'o 0[011] "YQ,:L 0[012] -YO,z

1
Ya,0 < Z
' 14 (V1,0 W2ty W3%Y,,3)
1
Yio = .
1+e (WY, o+ W50¥0, 1+ Ws*Y0,3)
1
Yi1 ™ .
1+e (w455, 0+ WY, 1 +Wp Y0, 3)
1
Yi,2 =

1+e” (Wy0*Y0, 0+ W11*¥0,1+W12*Y5,3)

Giz1i katman g¢gikislarinin agirliklara gbdre tilirevieri:

9.0
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= Yo,1*Y:
%Y1, 0% (1-
Yi,0)

012 YIJO
1,0

= ¥Yo,0*Y-
0%V, 1% (1-
Yi,1)

Yo,1*Y1,1
=~ Yo,1*Y1, *(1-y, ,)
1,1

0;2 1‘1
1!1

oY1,

ow,.
» Yo,0*Y1,3% (1-¥; 5)
1,2

1,2

Wy,
1 Yo,1*¥1,2* (1-¥,,3)
1,2

0,2 1'2
1,2

Cik
$In a
girliklara gbre
duyarl
181:

’

wz
'1 2l

J J le

[3.

[3.

[3.

[3.

[3.

(3.

[3.

[3.

[3.

[3.

3.6]

3.71]

3.8]

3.9]

3.10]

3.11}

3.12]

3.13]

3.14]

.3.15])

3.16]
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W, *
1*Y0,0*Y"
, *
1,0 (1_y1'°) xy, o*(1
. ~¥Ya,0)

W, *
1*Y0,2*Y;
) *
1,0% (1-¥7,0) #¥2,0% (1
. ~¥2,0)

W, * V.
1*Yo,2*
, *
1,0% (1=¥3,0) #¥5,0% (1
' ~¥2,0)

W, - =

2%Y0,0

*Yo, 0% *(1 % 1-y.
2,1 (1-y3,1) *¥2 o*

Y ¥ ' 2,0)

W, * -y
2*Y0,1*
s *
1,1 ( 1,1) * 2 O* (
Yo,2*Y 1 Yz2,0* (1-Y2,0)

[
1’1 1'1 2
’
’

W, *
3 *Yo,0*
Yo,0*Va,2* y. Y. )%
1,2 (1- 1,3)"‘ 2 o"‘(1
P = z,o)

W, %
3 *Yo,1*Y"
, *
¥ (1_y1'2) xY, o* (1
. ~¥Y2,0)

W, %
%Yo, 2* Y-
, *x
1,2 (1"3’1,3) *Ya o¥* (1-y
’ ~Yz,0)

[3.

[3.

[3.

[3.

[3.

[3.

[3.

(3.

[3.

217]

.18]

.19]

.20]

.21]

.22]

.23}

.24}

.25]
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do,1
do,2
do, 3
do,4
do,5
do,6
do,7
do,8
do,9
do,10
do,11
do,12

di,1
di,2
di,3
d1,4
d1,5
d1,6
d1,7
di,8
di1,9
d1,10
di, 11
dl,12

dz,1
dz2,2
dz,3
dz,4
d2,5
d2,6
dz,7
dz,8
dz2,9
dz,10
dz,11
d2,12

e o000 808D

LD N T (A O I I |

——— — — " - o o o

0.100 0.100

0.091469453062
0.001621108236
0.078750576825
0.001248370983
0.001248370983
0.001248370983
0.001195274124
0.001195274124
0.001195274124
-0.008940722454
~-0.008940722454
-0.008940722454

0.100 0.100

0.070897685254
0.000008839121
0.001553545858
0.012508257615
0.012508257615
0.112574318537
0.000006631973
0.000006631973
0.0000592687755
-0.001117676954
-0.001117676954
-0.010059092585

0.100 0.900

0.090113230353
0.065890791211
0.090162509314
0.000071863738
0.000646773638
0.000071863738
0.013329707092
0.119967363830
0.013329707092
-0.000036207532
-0.000325867785
-0.000036207532

_48-

——— o s ey

0.900

0.100

cikis

0.896

0.800

hedef deger

0.900

0.900
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d3,1
d3,2
ds,3
d3,4
d3,5
d3,6
d3,7
d3,8
d3,9
d3,10
d3,11
d3,12

d4,1
d4,2
d4,3
d4,4
d4,5
d4,6
d4,7
d4,8
d4,9
d4,10
d4,11
d4,12

d5,1
ds,2
ds5,3
d5,4
d5,5
d5,6
ds,7
ds5,8
ds,9
d5,10
d5,11
d5,12

——— o e "

0.100

0.087752625076
0.001273936401
0.075919047823
0.001151683385
0.010365150468
0.010365150468
0.000942294562
0.008480651060
0.008480651060
-0.008355846235
-0.075202616115
-0.075202616115

0.900

0.070820609589
0.000008841257
0.001555304556
0.112539608918
0.012504400891
0.012504400991
0.000059702176
0.000006633575
0.000006633575
-0.010070259200
~0.001118917689
~-0.001118917689

0.900

0.015275032644
0.000000048949
0.000005086781
0.084345313101
0.009371701456
0.084345313101
0.000000330570
0.000000036730
0.000000330570
~-0.000033490858
-0.000003721206
-0.000033490858

0.800

0.100

0.100

49—

————— 1 o 20

0.100

0.900

cikis

———

0.896

0.109

hedef deger

———— o o o S . . o

0.900

0.100



d6,1
d6,2
d6,3
dé,4
d6,5
dé,6
d6,7
d6,8
d6,9
d6,10
d6,11
dé6,12

d7,1
d7,2
d7,3
d7,4
d7,5
d7,6
d7,7
d7,8
d7,9
d7,10
d7,11
d7,12

g na8n w000 NN

oo #0800 0 ng

0.087671841489
0.001273269487
0.075863835468
0.010352809849
0.010352809849
0.001150312205
0.008476162062
0.008476162062
0.000941795785
-0.075063702617
-0.075063702617
-0.008340411402

0.900 0.900

0.068878888820
0.000006953038
0.001551754610
0.106076912750
0.106076912750
0.106076912750
0.000046952445
0.000046952445
0.000046952445
-0.010041045110
-0.010041045110
-0.010041045110

~50-

cikis hedef deger
0.100 0.099 0.100
0.900 0.900 0.900

Tablo 3.3

3 bit parite problemi icin sistem duyarliklar:

agirlik duyarl1k
w[2,0,0] do,1
w(2,0,1] dz2,2
w(2,0,2] dz,3
w{1,0,0] d4,4
w[1,0,1] d7,5
w[1,0,2] d1,6
w[1,1,0] d2,7
wl[1l,1,1] d2,8
wll,1,2] dz2,9
wl(1,2,0] d6,10
wil,2,1] d3, 11

w[1,2,2] d3,12
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3.4 4 BIT PARITE PROBLEMI ICIN DUYARLIK
Sistem agirliklar1 ve ¢ikisglari:
Matrisel olarak,

w(2) =-[w(2,0,0) w(2,0,1) w(2,0,2) w(2,0,3) ]

w(1,0,0) w(1,0,1) w(1,0,2) w(1,0,3)
w(1,1,0) w(1,1,1) w(1,1,2) w(1,1,3)
w(1,2,0) w(1,2,1) w(1,2,2) w(1,2,3)
w(1,3,0) w(1,3,1) w(1,3,2) w(1,3,3)

w(i) -

w, - w[2,0,0] w,-w[2,0,1] w, - w[2,0,2] w, - w[2,0,3]
wy, - w[1,0,0] w,-w[1,0,1] w, - w[1,0,2] w, - w[1,0,3]
wy - wl1,1,0] w,-w[1,1,1] w, -w[1,1,2] w, - w[1,1,3]
Wy, - wil,2,0] w,-w[1,2,1] w,-w[1,2,2] w, - w[l,62,3]
Wy, - wl[1,3,0] w,-w[1,3,1] wg - w[1,3,2] w, - w[1,3,3]
0[2,0] = ¥5,0~¥
oli,0] -y, , of1,1] -y,, ol1,2] -y, ©0[1,3]1 ~y,,

of[o,0] - YQ,O ofo,1] - Yo,1 olo,2] - Yo,2 ofo,3] - Yo.3

Voo = 1 [3.4.1]

' 1+e‘(wl’ya.,o*"z‘yh1"'3"”1.:"’4""1,:)

Yio ™ 1 [3.4.2]

14 @~ (Ms*70,0*Ws*Yo,14 Wi Y0, 2* W *Ys,3)

1 [3.4.3]

Vi 1+e " (M*¥0,0*Wi0*Y0,14 W11 9¥5,2* ¥12*Y0,3)
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1
Yiz2 =
‘ 1+e” (Wi3e¥g, o4 Wiy *¥y, 1+ Wi *¥0, a4 Wi6¥,3)
1
Yia -

1+e" (W13, 0+ Wig*Yo,1+Wi9*Yo,a* Wac*Yy, 3)

Giz1i katman ¢ikislarinin agirliklara gdre tirevleri:

1.0

aw, = Yo,0*Y1,0*(1-¥y,)

1,0

w, = Yo,1*V1,0* (1-¥y,0)

1,0

Jw, YotV i (1-¥1,0)

oY, 0

3, = Y0,3*Y1,0* (1-¥, )

ys,1
aw,

y yolo*ylll* (1_y111)

93,1
ow, o

= Yo,1*Y1,1%{1-¥, ;)

.1

Bw,, = Yo,2*Ya,1*(1-¥;,,)

0y,,,

%, = Yo,3*Y1,1*(1-¥,,,)

1,2
ow,,

= Yo,0*Y1,2* (1-¥1,3)

[3.

[3.

[3.

[3.

[3.

{3.

[3.

[3.

[3.

[3.

[3.

4]

.5]

.6]

.7]

.8]

.9]

.10]

111

121

.13]

.14]
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=2 = Yo, 1%V, 2% (1-Vy,2)

= "™ Yo,2*Yy,2* (1-y,,,)

=2 = ¥p,3*Y1,2*(1-¥y,5)

=2 = Vo, 0%Vi,3* (1-¥y,3)

S22 = Vo,1%Yy,3*(1-Y, 5)

=2 = Vo,2*Va,3* (1-¥y,5)

= ¥o,3%Y1,3*(1-¥1,3)

Ciki1sin agirliklara gére duyarlign

Sy, = Y1,0*Y2,0* (1-¥2,0)

Sy, = ¥1,1*Y2,0* (1-¥2,0)

Sy = Y1,2*V2,0* (1-¥3,0)

Sy, = ¥1,3*Y2,0* (1-¥2,0)

[3.

[3.

[3.

[3.

[3.

[3.

[3.

.15]

.16]

.17}

.18}

.19]

.20]

.21]

.22}

.23]

.24]

.25]



g y
Wy

5 y
L]
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’
'0 'ylco 2.0
1 I3 2
,0

W, *
- YO,l*y
1,0% (1-y1'°)‘ XY, o* (1
)0 -
Yz,o)

’
1,0 1,0 2,0
» 5’2
10

W,y Yy
1 o] *
,3 *x
1,0 (1'3’1,0)*5’2 o* (1
, ~Ya )
»0

W, *x
> yo 3
0*Ya,1* y.
1,1 (1-y1,1) xy, o* (1
, -¥, )
IO

W, *y y * ¥ y 1
2 0
+1
1,1 (1 r ) 2 (
+0
1,1 .0

W.kY, %Y, . ¥ 1-y *y * (1~
2770
'2
1,1 ( 1,1) 2,0 (
’ Y2 )
.0

W, *
2 0 *
,3 *
Y, Va,1 (1—}’1,1) *Ya, 0% (1
’ _yz )
+0

Wy xY XYy * (1 9 xy *(1
3 0
0
1,2 ( 152) 2 (
+0
y2,0)

s
1,2 1,2 2,0
’ 2
aO

W, * y. 1
3 yO 2*
s *
1,2 (1_Y1,2) *Y2 o*(
, .._yz )
0

3 0
'3
1,2 1;2 2
0
2
:O

4 0
’
’ 1'3 2
:O
’

[3.

[3.

[3.

[3.

[3.

[3.

[3.

[3.

[3.

[3.

(3.

[3.

(3.

.26]

.27]

.28]

.29}

.30]

.31]

.32]

.33]

.34]

.358]

.36]

.37]

.381
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Sy, = W*Yy,1*Y1,2% (1-¥1,3) #¥2,0* (1-¥3,,) [3.4.39]
5y, = WYy, 2*Ya,3% (1-Y1,3) #¥a,0* (1-y3,0) [3.4.40]
[3.4.41]

S, = WrYo,3*Yy,3* (1-Y1,5) #¥3,0* (1-¥3,0)
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di,1
di,2
d1,3
di,4
di,5s
di,6
di,7
di,8
di,9
d1,10
di,11
di,12
di,13
di, 14
d1,15
di,16
di,17
d1,18
di,19
di,20

ne un 000 00N w8008 DDA 00N

0000000 U N8 N0 uw N8 0Rn

0.090483451255
0.090401336941
0.075866431903
0.090375899276
-0.000000155888
-0.000000155888
-0.000000155888
-0.000000155888
0.000089325125
0.000089325125
0.000089325125
0.000089325125
-0.011659672200
-0.011659672200
-0.011659672200
~0.011659672200
0.000096904886
0.000096904886
0.000096904886
0.000096904886

-56—

0.100 0.100 0.100

0.089875237181
0.062763840590
0.002382269790
0.089147076731
-0.000083844680
-0.000083844680
-0.000083844680
-0.000754602121
0.020619621497
0.020618621497
0.020619621497
0.185576593474
-0,002206368110
-0.002206368110
-0.002206368110
-0.019857312990
0.000722506844
0.000722506844
0.000722506844
0.006502561600

0.900

cikis

—— o o

0.900

hedef deger

——— . T i o T

0.900



e s (g (i S . S oy (ot S .k Vo b Gt S S S o W G

dz2,1
de,2
d2,3
de,4
dz2,5
d2,6
dz2,7
dz,8
dz2,9
d2,10
dz,11
d2,12
d2,13
d2,14
dz2,15
d2,16
d2,17
d2,18
d2,19
dz2,20

d3,1
d3,2
d3,3
d3,4
d3,5
d3,6
d3,7
d3,8
d3,9
d3,10
d3,11
d3, 12
d3,13
d3,14
d3,15
d3,16
d3,17
d3,18
d3,19
d3,20

nnn a8 o0t g 008 00000 o n

nnognnon w80 g 00000 R NN

~57—

0.100 0.100 0.800

0.089875647038
0.062836822005
0.002465296647
0.089147393942
-0.000083842306
-0.000083842306
-0.000754580758
-0.000083842306
0.020588409202
0.020588409202
0.185295682819
0.020588409202
-0.002281100028
-0.002281100028
-0.020529900249
~-0.002281100028
0.000722586795
0.000722586795
0.006503281155
0.000722586795

0.100 0.100 0.900

0.060507205249
0.000436487047
0.000013308313
0.084296268368
-0.020556831901
-0.020556831901
-0.185011487112
-0.185011487112
0.000472080355
0.000472080355
0.004248723194
0.004248723194
-0.000012659080
-0.000012659080
-0.000113931718
~-0.000113931718
0.004912672975
0.004912672975
0.044214056772
0.044214056772

0.100

0.900

cikis

0.100

hedef deger

o ——— o s g b

0.100



———— ot o o

ds5,1
d5,2
ds, 3
d5,4
d5,5
d5,6
d5,7
d5,8
ds,9
ds,10
d5,11
d5,12
d5,13
d5,14
d5,15
d5,16
d5,17
d5,18
d5,19
d5,20

nna g8 0 a0 R A0 N0 D0 DD R RN

oo o B o000 00w 8 0088 8 w8

_58—

0.100 0©0.900 0.100

0.089876307493
0.062960671611
0.002606258289
0.089147941458
-0.000083836571
-0.000754529135
-0.000083836571
-0.000083836571
0.020535130101
0.184816170912
0.020535130101
0.020535130101
-0.002407644803
-0.021668803229
-0.002407644803
-0.002407644803
0.000722681831
0.006504136481
0.000722681831
0.000722681831

0.100 0.900 0.100

0.060509589039
0.000439335538
0.000014081941
0.084296798538
-0.020556595181
~0.185009356632
-0.020556585181
-0.185009356632
0.000475146069
0.004276314619
0.000475146069
0.004276314619
-0.000013404362
-0.000120639261
-0.000013404362
-0.000120639261
0.004913285203
0.044219566828
0.004913285203
0.044219566828

———— " o T o St P S D S W T T T S Wt S

0.100

0.900

- gt

0.900

0.100

—— ——— e o 4 s g S St

0.100



d6,1
d6,2
d6,3
d6,4
d6,5
d6,6
d6,7
d6,8
d6,9
dé6,10
d6,11
d6,12
d6,13
d6,14
d6,15
d6,16
d6,17
dé6,18
d6,19
d6,20

d7,1
d7,2
d7,3
d7,4
d7,5
d7,6
d7,7
d7,8
d7,9
d7,10
d7,11
d7,12
d7,13
d7,14
d7,15
d7,16
d7,17
d7,18
d7,19
d7,20

| TN YA I S SN (N ST | NN I NN NN NS N NN |

80N n w8 n 000NN a8 na N

0.060510983517
0.000441020572
0.000014596941
0.084297240319
-0.020556614845
-0.185009533605
-0.185009533605
-0.020556614845
0.000476959518
0.004292635662
0.004292635662
0.000476959518
-0.000013884644
~-0.000124961800
-0.000124961800
-0.000013884644
0.004913807579
0.044224268214
0.044224268214
0.004913807579

~59_

0.100 0.%0 0.900

0.000356958115
0.000000981710
0.000000080697
0.062245098497
-0.000367625539
-0.003308629855
-0.003308629855
-0.003308629855
0.000001066919
0.000009602274
0.000009602274
0.000009602274
-0.000000076772
-0.000000690946
-0.000000690946
-0.000000690946
0.019353204877
0.174178843891
0.174178843891
0.174178843891

0.900

cikis

—— o —

0.894

hedef deger

0.900
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ds,1
ds,2
ds,3
ds, 4
ds,5
ds, 6
ds,7
ds, 8
ds,9
d8,10
ds,11
ds,12
ds,13
ds, 14
ds, 15
ds, 16
d8,17
ds,18
ds, 19
ds, 20

ds,1
de,2
d9,3
ds,4
de,5
de,6
ds,7
d9,8
d9,9
d9,10
dg,11
ds,12
dg,13
d9, 14
d9,15
d9,16
d9,17
ds9,18
d9,19
dg, 20

nuonaunoaf 00 0 0 8008 8B 00

g ® 0000 r 0008 "0 N0R TN N
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0.900 0.100 0.100

0.089875533796
0.063028557394
0.002684253016
0.089147117982
-0.000754492364
-0.000083832485
-0.000083832485
-0.000083832485
0.184546473094
0.020505163677
0.020505163677
0.020505163677
-0.022297329805
-0.002477481089
~0.002477481089
-0.002477481089
0.006504500767
0.000722722307
0.000722722307
0.000722722307

0.900 0.100 0.100

0.060511260034
0.000440929253
0.000014526895
0.084297654728
-0.185009477106
-0.020556608567
-0.020556608567
-0.185009477106
0.004291751236
0.000476861248
0.000476861248
0.004291751236
-0.000124362245
-0.000013818027
-0.000013818027
-0.000124362245
0.044222738958
0.004913637662
0.004913637662
0.044222738958

0.100

0.900

cikis

0.100

hedef deger

——— — s o o S, .t . f

0.100
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giris cikis hedef deger
10 0.900 0.100 0.900 0.100 0.100 0.100
dio,1 = 0.060512610115
d10,2 = 0.000442620044
dio,3 = 0.000015047468
d10,4 = 0.084298034602
dio,5 = -0.185009518173
d10,6 = -0.020556613130
d10,7 = -0.185009518173
d10,8 = -0.020556613130
di0,2 = 0.004308127449
d10,10 = 0.000478680828
d10,11 = 0.004308127449
d10,12 = 0.000478680828
dio,13 = -0.000128818041
d10,14 = -0.000014313116
d10,15 = -0.000128818041
di0,16 = -0.000014313116
dl10,17 = 0.044227408180
d10,18 = 0.004914156464
d10,19 = 0.044227408180
d10,20 = 0.004914156464
11 0.900 0.100 0.900 0.900 0.894 0.900
dii1,1 = 0.000357011463
di1,2 = 0.000000985379
di1,3 = 0.000000083196
di1,4 = 0.062250321291
di1,5 = -0.003309114564
di1,6 = -0.000367679396
di1,7 = -0.003309114564
d11,8 = -0.003309114564
di1,9 = 0.000009638166
d11,10 = 0.000001070907
dl1,11 = 0.000009638166
di1,12 = 0.000009638166
d11,13 = -0.000000712342
d11,14 = -0.000000079149
di1,15 = -0.000000712342
dl1,16 = -0.000000712342
d11,17 = 0.174200968745
d11,18 = 0.019355663194
di1,19 = 0.174200968745

d11,20 0.174200968745
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giris c1kIs hedef deger
12 0.900 0.900 0.100 0.100 0.100 0.100
di2,1 = 0.060514702021
dl2,2 = 0.000445506211
diz,3 = 0.000015933407
diz,4 = 0.084298157901
dl2,5 = -0.185006494249
dl2,6 = -0.185006494249
di2,7 = -0.020556277139
diz,8 = -0.020556277139
dlz,9 = 0.00433607987S
di2,10 = 0.004336079879
dl2,11 = 0.000481786653
diz,12 = 0.000481786653
diz,13 = -0.000136401024
diz,14 = -0.000136401024
dl2,15 = -0.000015155669
d12,16 = -0.000015155669
diz,17 = 0.044232706299
diz,18 = 0.044232706299
d12,19 = 0.004914745144
di2,20 = 0.004914745144
13 0.900 0.900 0.100 0.900 0.894 0.900
di3,1 = 0.000357111598
di3,2 = 0.000000992030
di3,3 = 0.000000088112
dil3,4 = 0.062260358426
di3,5 = -0.003310041769
d13,6 = -0.003310041769
d13,7 = -0.000367782419
di3,8 = -0.003310041769
di3,9 = 0.000009703218
di3,10 = 0.000009703218
d13,11 = 0.000001078135
dl3,12 = 0.000009703218
dl3,13 = -0.000000754436
d13,14 = -0.000000754436
d13,15 = -0.000000083826
d13,16 = -0.000000754436
d13,17 = 0.174243490548
d13,18 = 0.174243490548
d13,19 0.019360387839

an

d13,20 0.174243490548
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giris cikIs hedef deger
14 0.900 0.900 0.900 0.100 0.894 0.900
did,1 = 0.000357185491
dl4,2 = 0.000000996015
dli4,3 = 0.000000091285
dl4,4 = 0.062268877057
dl4,5 = -0.003310726263
dl4,6 = -0.003310726263
dl4,7 = -0.003310726263
di4,8 = -0.000367858474
dl4,9 = 0.000009742192
di4,10 = 0.,000009742192
dl4,11 = 0.000009742192
dl4,12 = 0.000001082466
dl4,13 = -0.000000781603
di4,14 = -0.000000781603
dl4,15 = -0.000000781603
dl4,16 = ~0.000000086845
dl4,17 = 0.174279662634
dl4,18 = 0.174279662634
dl4,19 = 0.174279662634
d14,20 = 0.019364406959
15 0.900 0.900 0.900 0.900 0.126 0.100
di5,1 = 0.000000766360
dis5,2 = 0.000000002424
dl5,3 = 0.000000000554
di5,4 = 0.021961597630
dis,5 = -0.000007130066
dl5,6 = -0.000007130066
dis,7 = - 0,000007130066
di5,8 = -0.000007130066
dl5,9 = 0.000000023706
dl5,10 = 0.000000023706
dis,11 = 0.000000023706
dl5,12 = 0.000000023706
dis,13 = -0.000000004746
dl5,14 = -0.000000004746
dl5,15 = -0.000000004746
d15,16 = -0.000000004746
d15,17 = 0.142557561394
d15,18 = 0.142557561394
d15,19 = 0.142557561394
dl5,20 = 0.142557561394
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Tablo3.4

4 bit parite problemi icin sistem duyarliiklari

agirlik duyarl1ik
w{2,0,0] do,1
w[2,0,1] do,2
w[2,0,2] do, 3
w[2,0,3] do, 4
w[1,0,0] d10,5
w[1,0,1] d6,6
w[1,0,2] d3,7
w(1,0,3] d3,8
w[1,1,0] ds, 9
wil,1,1] d4,10
wil,1,2] dz2,11
w[1,1,3] di,12
w[1l,2,0] do,13
wil,2,1] do, 14
w[l,2,2] do, 15
w[l,2,3] di, 16
w[1,3,0] dig,17
w[l,3,1] di4,18
wil,3,2] dil4,19

w[1,3,3] d13,20
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3.5 GAUSS PROBLEMI ICIN DUYARLIK
Sistem agirliklari ve g¢ikiglart:
Matrisel olarak,

w(3) =[w(3,0,0) w(3,0,1) ]

w(2,0,0) w(2,0,1)

w(z) '[w(z,l,o) w(2,1,1)

w(l1,0,0)

(1} - [ w(1,1,0)

wl[3,0,1]

X
'

wi3,0,0] W,

wl[2,0,1]

&
'

wl[2,0,0] LA

wi2,1,1]

&
!

wi2,1,0]  w

wil,1,0]

E
1

wi1,0,0] W,
0[3,0] = ¥30~-Y

o[2,01 ~y,, ©Ol2,1] =y,,

O[1,0] = ¥, ol1,1] -y, ,

ofo,0] - Yo.,0

y. 1
3,0 1+e" (V:L‘Ya,o‘wa"Ya,x)
1
¥Y2,0

1+e” (Wyeyy, ot W, 0Yy,1)

[3.5.1]

[3.5.2]
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Y. - 1
2.1 1+e° (Wgoyy, 0+ W*Y1,1)
1
Yi0 "=

1+e’("5‘}'o,o)

1

yl.l - "__1+e_(w.0y°'°)

Giz11 katman ¢ikislarinin agirliklara gdre tlrevieri:

%3.0

3w, = ¥1,0*Ya,0* (1-¥2,0)

3.0
ow,

= ylul*y2:°* (1—y2a°)

5= = Yy,0*Y2,1* (1-Y3,4)

=== = ¥y, 12V, % (1-Y;,1)

= = Yo,0*V1,0* (1-¥1,0)

== = Yo,0*Y1,1% (1-¥3,,)

Cikisin agirliklara gdre duyarl11gs

Sw):' = ¥2,0*Y3,0* (1-¥3,0)

Sy, = ¥2,2*Y3,0* (1-¥34)

[3.5.3]

[3.5.4]

[3.5.5]

{3.5.6]

[3.5.7]

[3.5.8]

[3.5.9]

[3.5.10]

[3.5.11]

[3.5.12]

[3.5.13]
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S = Wy, o *Va, 0% (1-Y3,0) #Y3 0% (1-¥3 o) [3.5.14]

tn
S
i

WirYy,1*Y32,0* (1-Y3,0) #¥3,0% (1-Y3,4) [3.5.15]
S = WAV, o*Va,1* (1-V5,1) #¥s,0* (1-y, ,)  [3.5.14]
Sy = WYy, 1%V, 1% (1-¥5,4) *Y;5, o* (1-¥; ) [3.5.17]

Sw = [wrwyry, %y, 0% (1-y1,0) 55, 0% (1-33,0) +

Wak WV 0%V, o* (1Y, o) %V, 1% (1-¥, 1) 1 %y % (1-¥, o) [3.5.18)

Sy, = [worwayy o#¥, % (1-¥, 1) #¥5, 0% (1-¥,,) +

WokWe*Yo,0%Y1,2* (1-31,1) #¥2,1% (1-¥3,3) 1453,0% (1-¥3 0)  [3.5.10)



dz2,3

dz,5
de,6
d2,7
dz,8

d3,1
d3,2
d3,3
d3,4
d3,5
d3,6
d3,7
d3,8

d4,1
d4,2
d4,3
d4,4
d4,5
d4,6
d4,7
d4,8

giris cikis

-

LI R | LI N R N B I |
|

oo anaeanau

o

0.000748578040
0.000206208451
0.000000397547
0.000004067814
0.000000246339
0.000002520607
-0.000004305483
~-0.000027855989

-1.04 0.008

0.000783725980
0.000219874248
0.000007475261
0.000036508199
0.000004725391
0.000023078193
0.000042677949
0.000130375856

.177 0.014

0.002236350694
0.000918017627
0.000722278026
0.001267097854
0.000692192019
0.001214317743
0.000783422409
0.000780911617

-0.30 0.009

0.001030112160
0.000321887391
0.000090605361
0.000240646926
0.000064426724
0.000171116728
~0.000153808142
-0.000245368739

~1.88 0.008

0.000749762601
0.000206663586
0.000000560333
0.000005258054
0.000000347445
0.000003260357
-0.000005728432
-0.000033973723
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hedef deger

- o e

0.000

0.000

0.000

0.000



d6,1
dé,2
dé6,3
dé,4
d6,5
dé,6
d6,7
d6,8

d7,1
d7,2
d7,3
d7,4
d7,5
d7,6
d7,7
d7,8

ds,1
ds,2
ds,3
ds, 4
d8,5
ds,6
ds,7
ds,8

ds,1
d9,2
ds,3
do,4
dg,5
do,6
d9,7
de,8

giris cikis

—— o ———

2.233 0.991

0.007732618908
0.008372076840
0.002918509401
0.002855073468
0.002243979599
0.002194453154
0.000599565984
0.000900527810

.225 0.992

0.007302069460
0.007865906069
0.002564208967
0.002555880292
0.001849174723
0.001843167795
0.000036567940
0.000122110900

.321 0.992

0.007294358006
0.007856817131
0.002557587561
0.002550802093
0.001842145048
0.001837257701
0.000027995974
0.000100787158

1.596 0.987

0.010666270410
0.011793586874
0.005238990078
0.004984977231
0.005281121182
0.005025065606
0.005736103643
0.004981072557

0.124 0.013

0.001940889388
0.000760982360
0.000548952797
0.001008653310
0.000500353009
©.000919355400
0.000411434386
0.000432439306
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hedef deger

—— — ——— g S ot S G

1,000

1.000

1.000

0.000
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Tablo 3.5

Gauss problemi icin sistem duyariiklari

agirlik duyar1ik
w[3,0,0] ds,1
w[(3,0,1] ds, 2
w[2,0,0] ds,3
w[2,0,1] ds,4
w[2,1,0] ds,5
wi2,1,1] ds8,6
w([1,0,0] ds,7

w[1,1,0] ds,8
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BELUM 4
SONUC

Bu calismada ¢ok katmanli algilayicinin gizli katmandaki digim
sayisina, O&grenme oranindaki ve momentum katsayisindaki dedisimlere
gbre performansi incelendi. Bunun 1¢in Ofrenme ve test hatalar
referans olarak alindi. Ofrenme orani artirildiginda XOr ve gauss
problemi ig¢in baslangicta hata de§erinin bliyik oldugu ancak daha sonra
azaldigr ; parite problemlerinde sistem daha biiylidiigli dg¢in baslangicta
hata deferinin kiiclildligi ancak daha sonraki iterasyonlarda hata
yakinsamasinin geciktigi gdzlendi.

Momentum katsayisinin azaltilmasi tiim problemlierde hatanin
bilylimesine yol agti. Cunkl momentum katsayisa azaltildiginda bir
onceki agirlik degissminin o andaki agirlik degisimine etkisi
azalmaktadir.

Giz1i katmandaki digim sayisini artirmanin, basit bir ag
yapisina sahip olan xor problemi igin hata deferinde pek fazla defisim
yapmadigi, ancak parite problemlerinde sistem  bluyldigt igin
hesaplamalarin artmas1 nedeni 1ile yakinsama zamaninin geciktigi
g6zlendi. Gauss problemi 1dig¢in 1ise gizli katmanda 3 diglm kullanmanin
hatayi minimize etmek agisindan uygun bir ¢8zim oldugu bulundu.

Ayrica ¢ok katmanli algilayicinin, afirliklara gbre duyarligs
ele alindi. Duyarlik tanimina gdre ad afirliklarinda meydana gelen
kigik bir degisimin ad ¢ikisinil nasi11l etkiledigini bulmak igin ¢ikisin
ayri ayri1 agirliklara goére tlirevi hesaplandi. Sistem ¢ikisinin
agirliklara gbre duyarliigi formiiiler halinde i{fade edildi. Ele alinan
tim  problemler dg¢in 10000 d{terasyondan sonraki agirlik ve dugim
¢ikislarl kullanilarak; elde edilen formiiller yardmmi 1ile duyarlik

hesab1 yapilds.



-72—-

EK 1

BILGISAYAR PROGRAMI
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PROGRAX Xor_Problemi;
{$h+,E4}
CONST
‘Layers_Max = 3; { Kaksimum katman sayisi |
Kodes_Max = 2 { Her katmandaki maksimum dugim sayist }
Qutputs_Max = 4; { Giris kombinasyon sayisy }
Input_Nodes = 2; { Giris katmanvndaki dugim sayis1 }
Qutput_Nodes = [; { Cikis katmanindaki diigim sayist }
Hidden_Nodes = 2; { Gizli katmandaki diigin sayis1 }

=0

Epsilon .23

Alpha = 0,9;

Iterative_Max = 10000; { Maksimum iterasyon sayisi }

Every = 1000; { Her iterasyon sonrasy sonu¢ yazilmasy |
VAR

i, i1, j, count, isylla, num : integer;

eps, alp, err, error, terr, terror, total_rate: double;

Layers, Inputs, Outputs : integer;

Node ¢ array [0..layers_Max-1] of integer;

matrix ¢ array [0..0utputs_Max-1, 0..(Input_Nodes+Output_Nodes-1}] of double;

satrix_tap: array [O..trumc(Iterative_Max/Every), 0..Outputs_Max-1,
0..{Input_Nodes+Output_Nodes-1}] of double;

des s double;

rate : array [0..Outputs_Max-1] of double;

out : array [0..Layers_Max-1, 0..Nodes_Max-1] of double;
der : array [0..Layers_Max-1, 0..Nodes_Max-1] of double;

theta : array [O..Layers_Max-1, 0..Nodes_Max-1] of double;

dtheta : array [0..Layers_Max-1, 0..Nodes_Max-1] of double;

veight « array [0..layers_Max-1, 0..Nodes_Max-1, 0. Nodes_Max-1] of double;
dveight + array [0..Layers_NMax-1, 0..Nodes_Max-1, 0..Nodes_Max-1] of double;
dess v array [0..0utputs_Max-1] of double;

stl: string[5];
st2, st3, std: string[10];
outfile : text;

procedure Vrand;
{ Program baslangicinda agirhrk ve dugim ofset degerlerinin belirlenmesi )
var
11, ni, ni_end, no, no_end : integer;
drand48, powver: double;
begin
power:=1.0;
for Vit=l to 31 do
power:=powert?;
powers=pover-1;
{ Randomize offsets }
for 1i:=1 to Layers_Nax-1 do
begin
ni_endi=node[1i];
for ni:=0 to ni_end-1 do
begin
drand48:=Random{30)/100;
theta[1i,ni])s= drand48;
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dtheta[1i,ni]:=0;
end;
end;

{ Rasgele agirlaklar }
for Tis=l to Layers_Max-1 do
begin
ni_endi=node[11];
no_end:=node[1i-1};
for nit=0 to ni_end-I do
for no:=0 to no_end-1 do
begin
drand48:=Random{100}/100;
weight[1i,n1,n0]:=drand48;
dweight[1i,ni,no]s=0;
end;
end;
end; { procedure WRAND }

procedure Initial;
{ Her iterasyondan tnce her bir dugim cikiginin safira set edilmesi }
VAR
1, n, n_end: integer;
begin
for 1:= 0 to Layers-1 do
begin
n_end:= node[1};
for m:= 0 to n_end-1 do
out[1,n]:= 04
end;
end; { procedure INITIAL }

procedure yread { isylla: integer };
{ Girig paternini oku { dort farkly giris kombinasyonu icin | }
begin
case isylla of
0: begin out[0,0]:=0.1; out[0,1]:=0.1; end;
1: begin out{0,0]:=0.1; out[0,1]}:=0.9; end;
2: begin out[0,0}:=0.9; out[0,1]:=0.1; end;
3: begin out[0,0]:=0.9; out{0,1]:=0.9; end;
end;
end; { procedure YREAD )

function sigmoid( x: double j: double;
{ sigmoid fonksiyonu |}
var
y: double;
begin
yi=l/(Leexp{-x}});
sigmoidi=y;
end; { function SIGNOID }



procedure wforvard;
{ 1leri ytn propagasyonu }
var
1, ni, ni_end, no, no_end: integer;
X, the double;
begin
for 1i:=1 to Layers-1 do
begin
ni_end:= node{1i];
no_end:= node[1i-1];
for nis= 0 to ni_end-1 do
begin
Xi= 0
for no:= 0 to no_end-1 do
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xi= x + weight[1,ni,no] * out[1i-1,n0;
out[11,ni)e= signoid({ x-thets]1i,ni) );

end;
end;
end;  { procedure FORWARD |}

function back: double;

{ geriye dogru propagasyon }

var

11, ni, ni_end, no, no_end: integer;
e, err, X, d, ¥, y: double;

begin
errs=0;
for nie=0 to outputs-1 do
begin
yi= out[2,nil;
e:= des - y;

der[2,ni}i= e*y*(l-y);
erriserrs gte;
end;

for 1i:=2 downto 1 do
begin
no_end:= node{li-1];
ni_end:= node[l1i};
for noss 0 to no_end-1 do
begin
xe= 0
yi= out[1i-1,n0};
for nis= 0 to ni_end-1 do
begin
da= der[1i,ni];
wi= weight{1i,ni,n0};
Xi= X+ d%;
end;
der[li-1,n0]s= y*{1-y)*x;
end;
end;
back:= 0.5%err;
end; { function BACK )
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procedure learning (alp, eps: double };
{ agirlak ve ofset deferlerini uyarlama)
var
1, lo, ni, ni_end, no, no_end: integer;
41, yo, ev, et: double;
begin
for 1i1= 1 to layers-1 do
begin
ni_end:= node[li];
for nis= 0 to ni_end-1 do
begin
ete= der[1i,ni];
dtheta[1i,ni]:= -eps*et + alptdtheta[li,ni];
theta[1i,ni]e= theta[li,ni] + dtheta][1i,ni];
end;
end;
for M=l to layers-l do
begin
los= 1i-1;
ni_end:= node[1i];
no_end:= node[lo];
for niz= 0 to ni_end-1 do
begin
dis= der[1i,ni];
for no:= 0 to no_end-1 do
begin
yo:= out[lo,no];
ewr= dityo;
dweight[11,n1,n0]:= epstev + alp*dweight{1i,ni,no];
veight[19,ni,n0]s= weight[11,ni,n0] + dweight[1i,ni,no);
end;
end;
end;
end; { procedure LEARNING }

procedure make_matrix( it, isylla: integer J;
var
1, integer;
begin
for f1= 0 to inputs-1 do
matrix_tmp{it,isyDa,ile= out[0,{];
for i:= 0 to outputs-1 do
matrix_tmp[it,isylla,inputs+i]s= out[Layers_Kax-1,i];
end; { procedure NAKE_NATRIX }

begin { main ]

FOR Is= 0 TO O DO WRITELN {'LALE'}:
node[2]1= Output_Nodes;

Outputs:= Output_Nodes;

node{1]:= Hidden_Nodes;

node[0]:= Input_KNodes;
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Inputs:= Input_Nodes;
Layers:= Layers_Max;
eps:= Epsilon;

" alpi= Alpha;

{

nup:= Qutputs_Max; { here 4}

123223332232 22332322232223

HEDEF DEGER OKUMA
1233213333337 22332332332323] }
dess[0]:= 0.1
dess[1)s= 0.9;
dess[2]:= 0.9;
dess[3}i= 0.1;

1232232223 8322223 2232 R

MATRIS BELIRLEME
ARRERERERERERAEROARER }
for 1t= 0 to num-1 do
for ji= 0 to { inputs+Outputs-1 ) do
gatrix[i,jji= 0y

for i1:= 0 to { Trunc{Iterative_Max/Every)-1 } do
for is= 0 to num-1 do
for ji= 0 to ( inputs+Outputs-1 | do
matrix_tep[ii,1,§]s=0;

ofrenme baslangicy ... |}

¥rand;

s 0y

assign { outfile,’OUTFILE.TXT'};
rewrite( outfile );

{ 132222233222 2333233333321332231322313¢%1

OGRENNE FAZI
1322333333232 223222332238333213222332233 }
while { j < Iterative Max ) do
begin

for count:= 0 to Every-1 do
begin
error:= 0;
for isyllar=0 to num-1 do
begin
jnitial;
yread{ isylia };
dess=dess[ 1sy1la §; { hedef patern okuma }
wforvard;
erre= back;
tearning{ alp, eps )3
error= errorsere;
end;
errors= error / outputs;
epsi= 0.5 * sqrt( error };
Inc({ § )s
end;
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{ thrteteeestnsteestertonteeabeneattaesatthetet

TEST FAlI
tetdtReee bR e Rt R bR RERRERCRRGRCSIRRERRRORERRSRERRD }

terror:= 0;
for isyllai= 0 to nun-1 do
begin

yread( isylla };

wforward;

des:=dess| isylla |;

terr:= back;

terrors= terror + terr;

nake_matrix( trunc{ j/Every ) - 1, fsylla 3
end;

writeln (outfile, ' giris cik1s  hedef deger’);
writeln {outfile, '=-ecocmcnas cocemmmcccmieiee cccae edceenaee

for 1:= 0 to num-1 do
begin
ste( i:5, stl )
write(outfile,stl+’ 11
for ii1= 0 to inputs-1 do
begin
ste{ matrix_tep{trumc(j/Every)-1,1,1i]:4:3, stl )3
yrite{outfile,stl+’ *J;
end;
vrite{ outfile,’ ’');
for iis= 0 to outputs-1 do

begin
ste{ matrix_tap[trunc{j/Every)-1,1,inputs+ii)sd:3, stl);
write( outfile, stl+’ 13

end;

str( dess[i]:4:3, stl |3
writeln{ outfile, sti J;
end;
terror:= terror/outputs;
str { ji5, stl ); str [ eps:9:8, st2 };
str { error:9:6, st3 J; str ( ferror:9:6, std |;
writeln{ outfile, 'iterssyon=',stl,’  epss’,st2,
" hata_l=’, st3, ' hata_ts’, std |;
writeln{ outfile J;
{}
total_rate:=0;
for isyllas= 0 to outputs-1 do
begin
rate[isylla]i= trunc{matrix_tap[trunc(j/Every)-1,isy1la,isy11a}}s
total_rates= total_rate + rate[isylla];
end;
total_rates= total_rate/outputs;
{1}
if { j = Iterative_Max ) then
begin
writeln( outfile, 'Ogrenme ve test soma erdi’ |;
end;
end;
close { outfile };
end.
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