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OZET

GUVENILIRLIK CALISMALARINDA SIRALI ISTATISTIKLERE
DAYANAN BAZI UYUM IYILIGI YONTEMLERI

Anil KOYUNCU

Yiiksek Lisans Tezi
Fen Bilimleri Enstitiisii
Istatistik Anabilim Dal1
Damgman: Dr. Ogr. Uyesi Mehmet KARAHASAN
Mayis 2019, 178 sayfa

Giivenilirlik ¢alismalarinda fiziksel kisitlamalar ve maliyet nedeniyle az sayida
veriyle yani durdurulmus verilerle ¢alisilmaktadir. Bu nedenle istatistiksel analizler
genellikle durdurulmus veriler kullanilarak yapilmaktadir. Ozellikle parametrik
analizlerde kuramsal bir olasilik dagilimina uygunlugun testi 6nem tagimaktadir. Bu
tez caligmasinda sirali istatistikleri ve deneysel birikimli dagilim fonksiyonunu
kullanan (EDF tiirii) bazi1 testlerin ve bu tez calismasi kapsaminda 6nerilen uyum
1yiligi testinin tam ve IL. tiir sagdan durdurulmus 6rneklemler i¢in gii¢ performanslari
simiilasyon ¢alismalar araciligiyla incelenmistir.

Bu ¢alisma kapsaminda iki ayr1 durum ele alinmistir. Bunlardan ilki dogrudan tam ve
II. tiir sagdan durdurulmus 6rneklem verilerine uygulanan EDF testleri durumudur.
Ikinci durumda ise, II. tiir sagdan durdurulmus 6rneklem verileri tam orneklemlere
cevrilmektedir. Daha sonra bu veriler standart normal dagilima ve verilerin geldigi
varsayilan konum-6l¢ek dagilim ailesinin standart dagilimina sahip olacak bigimde
donustirilmektedir.  Son olarak bu verilere tam orneklem EDF testleri
uygulanmaktadir.

Simiilasyon sonuglarina gore; birbirine yakin olan tiim dagilimlar i¢in (6rnegin log-
normal-log-logistic, Weibull-Gamma dagilim giftleri gibi) dikkate alinan 6rneklem
biiyiikliikleri ve durdurma oranlarinda tiim testlerin giigleri diisiiktiir. Ustel dagilimimn
azalan bir tehlike fonksiyonuna sahip Weibull ve Gamma dagilimlarina karsi
testinde, Anderson-Darling testi gii¢ acisindan diger testlere kiyasla daha iyi bir
performans sergilemektedir. Ustel dagilimim log-normal dagilima ve artan bir tehlike
fonksiyonuna sahip Weibull, Gamma dagilimlarina kars1 testinde orijinal dagilim
doniisiimiine dayanan testler daha giiclii olma egilimindedir. Ozellikle Wakw testi
iistlin bir performans sergilemektedir. Weibull dagilimimin monoton olmayan tehlike
fonksiyonuna sahip log-normal dagilima karsi testinde ise; Cramer-von Mises ve



Anderson-Darling testleri tiim 6rneklem biiyiikliikleri ve durdurma oranlarinda daha
iyi giic performansi gostermektedirler. Log-normal ve log-logistic dagilimlarin
alternatif dagilimlara karsi testinde bu tez ¢alismasinda Onerilen Wakm testi diger
testlere kiyasla {istiin gili¢ performanslarina sahiptir.

Anahtar Kelimeler: Uyum lyiligi Testleri, Sirali Istatistikler, Deneysel Birikimli
Dagilim Fonksiyonuna Dayanan Uyum lyiligi Testleri, II.
Tiir Sagdan Durdurma, Deneysel Gii¢ Karsilastirmalari



ABSTRACT

SOME GOODNESS OF FIT METHODS BASED ON ORDER STATISTICS
IN RELIABILITY STUDIES

Anil KOYUNCU

Master of Science (M.Sc.)
Graduate School of Natural and Applied Sciences
Department of Statistics
Supervisor: Asst. Prof. Dr. Mehmet KARAHASAN
May 2019, 178 pages

Due to the physical constraints and cost, the reliability studies generally use
censored data. For this reason, statistical analyzes are usually performed using
censored data. In particular, it is important to test the suitability of a theoretical
probability distribution in parametric analyzes. In this thesis, the power performances
of some goodness of fit tests using order statistics and empirical cumulative
distribution function (EDF) and the new goodness of fit test proposed in this thesis,
were investigated for complete and type Il right censored data through simulation
studies.

In this thesis two different situations are considered. In the first case the EDF tests
are applied to complete and type Il right censored sample data. In the second case,
type I1. right-censored sample data are first converted to complete sample data. Then,
the complete sample data are transformed normally distributed data and the standard
distribution of the location-scale distribution from which the data come. Finally, the
complete sample version of the EDF tests are applied.

According to the results of the simulations conducted in this thesis; for all
distributions that are close to each other such as log-normal-log-logistic, Weibull-
Gamma distribution pairs, the power performances of the tests are low for all sample
sizes and censoring. In the test of exponential distribution against Weibull and
Gamma distributions with a monotonous decreasing hazard function, the Anderson-
Darling test performs better than other tests in terms of power. Tests based on the
original distribution transformation tend to be stronger in the goodness of fit test of
exponential distribution against log-normal distribution. The same is also true for the
alternatives Weibull, Gamma distribution with decreasing hazard functions. In
particular, the proposed Wakm test performs well in such cases. In the test of the
distribution of the Weibull distribution against log-normal distribution; the Cramer-

vi



von Mises and Anderson-Darling tests exhibit better performance in all sample sizes
and censoring rates. In the testing of log-normal and log-logistic distributions against
alternative distributions the Wakw test proposed in this thesis has superior power
performances compared to the other tests.

Keywords: Goodness of Fit Tests, Order Statistics, Goodness of Fit Tests Based on
Empirical Distribution Function, Type Il Censoring, Empirical Power
Comparisons
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1. GIRIS

Parametrik veri analizindeki ilk asama, verilerden yola ¢ikarak verilere en uygun
olan dagilimi ya da dagilim ailesini belirlemektir. Bagka bir ifadeyle aday
dagilimlarla veri arasindaki uyumun incelenmesidir. Uyum iyiligi olarak adlandirilan
bu islemler istatistiksel analizin temel adimi olmuslardir. 1900°1i yillarda Karl
Pearson’in ki-kare uyum iyiligi testi ile baglayan ve uyum iyiligi yontemleri iizerine
olan bu ¢alismalar, son yillarda da devam etmektedir. Giivenilirlik ¢alismalarinda da
uyum iyiligi yontemleri Onemlidir; ¢linkii giivenilirlik bir {iriniin islevini,
miisterilerin beklentilerini karsilayacak veya asacak tarzda belirlenmis c¢alisma
kosullar1 altinda belirli bir kullanim periyodu boyunca gerceklestirme olasiligidir.
Kuramsal dagilim ne kadar dogru belirlenmigse ilgili olasilik yani giivenilirlik o

kadar dogru belirlenmis olur.

1.1.Giivenilirlik Calismalarinda Verilerin Ozellikleri

Bir iiriintin giivenilirliginin modellenmesinde alt1 temel yaklagim vardir(Wasserman,
2002). Bunlar; kalite kontrol modelleri, basarisizliga kadar olan siireye iliskin
modeller, basari-basarisizlik modelleri, Olasiliksal tasarim, performans modellemesi,
hizlandirilmis yasam testi modelleridir. Bu tez kapsaminda basarisizliga kadar olan
stireye iliskin modeller dikkate alinacaktir. Bagka bir ifadeyle veriler basarisizliga
kadar olan siireyi gostereceklerdir. Burada iriiniin basarisizligindan kastedilen,

gorevini yerine getirememesidir.

Basarisizlik siiresi verileri genellikle saga c¢arpik dagilima sahip, negatif deger
alamayan ve ¢ogunlukla da siireklilik 6zelligi gosteren verilerdir. Cesitli nedenlerden

dolay1 giivenilirlik arastirmasina dahil edilen her bir birim i¢in basarisizlik zamani



gozlenemez. Baska bir ifadeyle gozlemler durdurmaya ugramistir (censored data)

yani 6rneklem verileri tam olarak elde edilememistir (incomplete sample).

Durdurma c¢esitli sekillerde meydana gelebilmektedir. Yiizeysel bir siiflandirma
sagdan durdurma (right censoring), aralik durdurma (interval censoring) ve soldan

durdurma ( left censoring) seklinde yapilabilir.

Baz1 galismalarda, izlenen birimlerin bazilari igin basarisiz olunan noktaya iliskin
sadece alt sinir bilinebilmektedir. Bu 6zellige sahip verilere sagdan durdurulmus
veriler ya da gbzlemler denir (right censored data). Bir dizi birim igin, giivenilirligin
incelendigi yagsam testinin sonlandirilacagi zaman 6nceden belirleniyorsa L.tiir sagdan
durdurma (type I censoring), yasam testinin sonlandirilacaglr basarisizlik sayisi
onceden belirleniyorsa ILtiir sagdan durdurma (type Il censoring) olarak

adlandirilmaktadir.

Baz1 ¢aligmalarda ise birimlerin basarisiz oldugu nokta tam olarak bilinememekte
ancak bu noktanin i¢inde bulundugu zaman aralig1 bilinebilmektedir. Dolayisiyla
veriler aralik durdurulmus (interval censored data) olup, ilgili zaman araliklarinda
frekanslar halinde yani gruplanmis haldedir. Bazen de zaman ekseninde basarisiz
olunan noktaya iligkin {ist sinir bilinebilmektedir. Baska bir ifadeyle veriler soldan

durdurulmustur (left censored data).

1.2.Giivenilirlikle flgili Onemli Fonksiyonlar ve Nicelikler

Giivenilirligi 6lgmek amaciyla ¢esitli nicelikler ve fonksiyonlar hesaplanmaktadir.
Bu nicelik ve fonksiyonlar dagilimdan dagilima degismekte ve dagilimlan
birbirinden ayirt etmekte kullanilmaktadir. Dolayisiyla bu fonksiyonlara dayanan
uyum 1iyiligi yontemleri mevcuttur. Bu alt boliimde giivenilirlikle ilgili baz1 6nemli

fonksiyonlar ve nicelikler tanimlanmaktadir.

T, (T > 0) bir iriinliin basarisizliga kadar olan siiresini gosteren bir rasgele degisken
olmak tizere; giivenilirlik fonksiyonu, iiriiniin en az t zaman noktasina kadar islevini

yerine getirmesi olasiligidir.



RGO =P(T>t)=1—F(t)=1— f f(t)dt” = f f(t)dt
0 t

Giivenilirlik ¢aligmalarinda 6nemli bir diger fonksiyon da tehlike hizi (hazard)

fonksiyonudur. Bu fonksiyon matematiksel olarak asagidaki gibi tanimlanmaktadir.

Pe<T<t+AtIT>t f(t
h(t) = lim ) 1
At—0 At R(t)

Bu fonksiyon {iriiniin en az t zaman noktasina kadar kullanim1 bilindiginde, anlik
basarisizlik hizin1 gosteren fonksiyondur. Giivenilirlik ¢aligmalarinda bir {iriiniin
giivenilirligini modellemek adina 6nemli bir tehlike hiz1 fonksiyonu ise banyo kiiveti
egrisi seklinde olan (Sekil 1.1.) fonksiyondur. Sekil 1.1.’de azalan tehlike hizi
iiretim kaynakli hatalardan, sabit tehlike hiz1 rasgele etkenlerden ve artan tehlike hizi

yipranmadan kaynaklanan basarisizlik hizini temsil etmektedir.

A

Sekil 1.1. Banyo kiiveti egrisi seklindeki tehlike hiz1 fonksiyonu

Bazi amaglar i¢in birikimli tehlike hiz1 fonksiyonu (cumulative hazard rate function)
daha kullanishdir. Ornegin; birikimli dagilim fonksiyonu ya da giivenilirlik

fonksiyonu birikimli hazard fonksiyonu kullanilarak yazilabilir.



t
H(t) = [ h(t)dt’
/

Bu fonksiyonlarin yani sira bazi 6nemli nicelikler de s6z konusudur. Bu
niceliklerden biri de basarisizliga kadar gecen ortalama siiredir (mean time to failure)

ve asagidaki gibi tanimlanur.

u= ftf(t)dt= fR(t)dt

Bir diger 6nemli nicelik te matematiksel olarak asagidaki gibi tanimlanan kuantiller-
dir.

tp = F_l(p)

Burada t, noktas1 (kuantili) tiriinlerin % 100(1-p) sinin gorevini siirdiirmeye devam

ettigi noktadir.

1.3.Giivenilirlik Calismalarinda Bazi Onemli Dagilimlar

Ustel, Weibull, gamma, log-normal vb. basarisizlik siiresi dagilimlari kuramsal
dagilimlar olarak karsilagilabilecek dagilimlardir. Bu dagilimlar ayirt edici dnemli

fonksiyonlar Cizelge 1.1.’de verilmektedir.



Cizelge 1.1. Bazi kuramsal dagilimlara iliskin 6nemli fonksiyonlar

Dagilimlar R(t)=1-F(t) h(t)
Ustel Dagilim ot N
Int—p ¢
Log-Normal Dagilim 1- cb( ° ) (tl)
nt—p
-0 (5)
. - B B—1
Weibull Dagil Pt
eibull Dagilim e‘(t/e)ﬁ e(/e)
1 =W —(t-w
e 6 —e o
B -(t-u)/(y [} —
Gumbel Dagilim 1-e 1 e o
s _ o
Lojistik Dagilim 1-— ) L,
1+e /o 1-—w9,

1.4. Uyum lyiligi Yontemleri

Hangi dagilimin uygun oldugunu belirlemek adina; verilerin geldigi alana iligkin
uzman goriislinlin yani sira uyum iyiligi yontemleri olarak adlandirilan istatistiksel
yontemlere bagvurulur. Giivenilirlik ¢aligmalarinda uyum iyiligini denetlemek
amaciyla siklikla 6znel bir ara¢ olan olasilik ¢izimlerinin (probability plots) yani sira
nesnel araglar olan istatistiksel hipotez testleri kullanilir. Bu yontemlerin birgogu
siralr istatistiklere dayanir. Glivenilirlik c¢alismalarindaki verilerin ¢ogunlukla
durdurulmus olmas: (censored data) uyum 1iyiligi yontemlerini daha karmagik hale

getirir.

Uyum 1yiligi testleri su basliklar altinda siiflandirilabilmektedir (D’Agostino and
Stephens, 1986): Grafiksel teknikler, ki-kare tiirii testler, deneysel birikimli dagilim
fonksiyonuna dayanan testler, regresyon ve korelasyona dayanan testler, momentlere
dayanan testler, doniisimlere dayanan testler. Deneysel birikimli dagilim
fonksiyonuna dayanan testler kolaylikla gergeklestirilebilmeleri ve diger testlere
kiyasla daha giiclii olmalar1 nedeniyle, uygulamalarda daha siklikla kullanilmaktadir
(Fischer, 2010).



1.5. Amac¢ ve Kapsam

Bu tez calismasi kapsaminda giivenilirlik arastirmalarindan elde edilen verilerin, bu
alandaki teorik dagilimlara uygunlugunun testi igin sirali istatistiklere dayanan ¢esitli
uyum iyiligi yontemleri ele alinmaktadir. Ozellikle kiiciik ve orta biiyiikliikte
orneklemlerde II.tiir sagdan durdurulmus veriler i¢in sirali istatistikleri ve deneysel
birikimli dagilim fonksiyonlarini kullanan bazi uyum iyiligi testlerinin (EDF tiirii
testler) performanslart incelenmektedir. Dikkate alinan ve bu tez c¢aligmasi
kapsaminda onerilen yeni EDF uyum iyiligi testi yontemleri simiilasyon c¢alismalari

araciligiyla gii¢ agisindan karsilastirilmaktadir.



2. SIRALI iSTATISTIKLERE DAYANAN BAZI UYUM
IYILIGIi YONTEMLERI

X1, X5, ..., X, rasgele degiskenleri bilinmeyen bir F dagilimindan rasgele 6rneklem
olsun. Baska bir ifadeyle ayn1 dagilimli bagimsiz rasgele degiskenler olsunlar. Bu
orneklemden elde edilen sirali istatistikler Xi., < X5, <+ <X,., seklinde
gosterileceklerdir. Ayrica 1 <r < n olmak {lizere, r.basarisizlik gerceklestiginde

ILtir sagdan durdurulmus gozlemler ise X;., < X, < -+ < X, biciminde ifade

edilecektir.
Olasilik integral dontistimi yani F(X;) = U;~Tekdiize(0,1)
araciligiyla X4,X,, ....., X,, orneklemi, Tekdiize(0,1) dagilimindan Uy, U,, ....., U,

gibi rasgele bir 6rnekleme donistiiriilebilir. Dolayisiyla ILtiir sagdan durdurulmus
gozlemler ilgili dagilimdan sirali istatistikler Uy, < U,., < -+ < U, olarak temsil
edilebilir.

Bir uyum 1yiligi testi, gézlemlerin bilinmeyen dagilimi F’in tamamen bilinen bir
dagilim olan Fj’a esit oldugunu ya da genellikle parametrik bir dagilim ailesi olan
F’e ait oldugunu test etmeyi amaclar. Baska bir ifadeyle uyum 1yiligi hipotezleri basit

veya bilesik olarak kurulabilir:

Hy: F = F,( Basit hipotez ) Hy:F € F ( Bilesik hipotez )
HA:Fi FO HAF€F

Uygulamalarda daha ¢ok verilerin belirli bir dagilim ailesinden olup olmadig: ile
ilgilenilmektedir. Ornegin dogrusal bir modelden elde edilen artiklarin normal
dagilip dagilmadigi belirlenmek istenir. Bu durum istatistiksel olarak uyum iyiligi
yontemlerinin gelistirilmesini zorlastirir. Ayrica verilerin tam olarak gézlenememesi

yani ILtiir sagdan durdurulmus olmasi uyum iyiligi islemlerini daha da giiclestirir.



2.1.Grafiksel Uyum lyiligi Yontemleri

X1, X5, eeen, Xy gozlemleri konum-06lgek dagilim ailesinden rasgele bir 6rneklem

olsun.
F) = 6(*2) = 6(2) (2.1)

Burada; p konum parametresini, ¢ 6l¢ek parametresini, z standartlastirilmis gozlemi
ve G ise standartlagtirilmis gozlemlere iliskin birikimli dagilim fonksiyonunu
gostermektedir. G fonksiyonu, p ve o parametrelerine bagli olmayip tamamen
bilinen bir dagilim fonksiyonudur. Baska bir ifadeyle bu fonksiyon ilgili konum-
Oleek dagilim ailesinde p =0, 0 =1 alindiginda elde edilen birikimli dagilim

fonksiyonudur. Es.2.1’e G~ déniisiimii uygulanirsa Es.2.2 elde edilir.

G"l[F(X)]=%=z =5 z=—§+—x, X=0Z+ (2.2)

Bu kosullarda olasilik ¢izimi z’nin x’e karsi ¢izimidir (D’Agostino ve Stephens,
1986). Ancak F bilinmediginden dolay1 6rneklemden F, (x) olarak tahmin edilir. Bu
tahmin deneysel birikimli dagilim fonksiyonu olarak adlandirilir. Dolayisiyla olasilik
cizimi z = G7![F,(x)] 'nin x’¢ karsi cizimidir. Bu degiskenlere ait degerler
koordinat sisteminde isaretlendiginde, sirali istatistiklerin birbirlerine karsi
cizimlerine doniisiirler. Baska bir ifadeyle; {Xj,, G 1[F,(X;.n)]} mnoktalar:
Es.2.2’den dolay1 yaklasik bir dogru tizerine diisliyorsa, deneysel dagilimin kuramsal
dagilimla uyum gosterdigi kabul edilir. Bu tiir ¢izimlerde F(x)'in tahminleri igin
cesitli 6neriler sunulmustur. Onerilen bu tahminlerin ilki ve en basit hali Es.2.3’teki

gibi ifade edilen California yontemidir (Lozano vd.,2013).
Fn(xi:n) = pl = ﬁ Y 1 = 1: 2: y n (2.3)

Es.2.3’lin son noktasina karsilik gelen kuantil belirlenemediginden dolayi, Hazen

(1930) Es.2.4’1 kullanmay1 onermistir (Lozano vd.,2014).



i—0.5 :
Fn(Xin) = pi = - - ) i=1,2,..,n (2.4)

Alt bolim 2.1.1. ve 2.1.2.°de durdurulmus ve durdurulmamis orneklemler ig¢in
olasihk ¢izimlerine iliskin Onerilmis F(x)'in tahminleri (probability plotting
positions) incelenmektedir. X;,X,, ....., X, gozlemleri konum-6l¢ek dagilim ailesi
disinda herhangi bir parametrik dagilimdan yani F = {Fg: 6 e R™} ailesinden
rasgele bir Orneklemse yine olasilik c¢izimleri olusturulabilir. X;,X,, ....., X,
orneklemi ve uygun bir parametre kestirim yontemi kullanilarak 6 parametre
vektorii B olarak kestirilir. Ayrica, verilerin sira sayilari kullamlarak birikimli
dagilim fonksiyonunun parametrik olmayan kestirimi F,(x;,) elde edilir. Bu
kosullar altinda, i = 1,2,...,n olmak tiizere parametrik ve parametrik olmayan
kestirimler  birbirine esitlenir ve olasilik integral donisimi F,(X;,) =

U;.,, kullanilarak Es.2.5 elde edilir.

Fé(Xi:n) = Fn(Xi:n) = Xi:n = Fé_l[Fn(Xi:n)] = Xi:n = Fé_l(Ui:n) (2-5)

Es.2.5’ten hareketle X;., ’ler Fg_l(Ui:n) ’lere karsi cizilerek olasilik ¢izimleri
olusturulur. F5~'(U;,) ifadesinde genellikle Uy, ’ler yerine bunlarin beklenen

degerleri olan i/(n + 1) oranlar1 ya da Uj.,, ’lerin ortancalar1 kullanilmaktadir.

2.1.1. Tam érneklemler i¢in olasihik ¢izimlerindeki F(x) tahminleri

Tam vyani durdurulmamis Orneklemler igin olasilik g¢izimleri olusturulurken
bir¢ok F(x) tahmini Onerilmistir. Bu Onerilerin birgogu sirali istatistiklerin beklenen
degerlerini ve ortancalarmi kullanmaktadir. Ayrica onerilmis F(x) tahminlerinin
cogunun genel yapis1 Es.2.5’teki gibidir (D’ Agostino ve Stephens, 1986).

i—c
n—2c+1

, 0<c<1 (2.6)



Literatiirde Es.2.6’ya iligkin bazi 6zel durumlar Cizelge 2.1.’de verilmektedir. Ayrica
bu cizelgede bazi yaklasimlarin hangi olasilik dagilim ya da dagilimlariyla daha iyi
sonug verdikleri de belirtilmektedir (Lozano vd.,2014).

Cizelge 2.1. Tam 6rneklemlerde olasilik ¢izimleri i¢in dnerilen F(x)'in bazi1 tahminleri

Onerilen Teorik

F(x) Tahmin Yontemi F,(x) = p; Dagilimlar
Weibull(1939) P = 1 Tekdiize Dagilim
n+1
i—0.31
Beard(1943 =
(1943) P =N ¥038
i—0.3
Benard-Bos-Levenbach(1953) pi =
n+ 0.4
i—0.37 &
Blom(1958) p; = ﬁ Normal Dagilim
n+ 0.25
i—1/3
Tukey(1962 L=
y(1962) =13
Gringorten(1963) Ry Ugdeger, Ustel Dagilim
Pi= T 012 paeser g
1-p,, i=1
- i—0.3175
Filliben(1975) pi={———, i=23..,n-1
n + 0.365
05", i=n
i—04
Cunnane(1978 S =
( ) )
. i—0.2
Adamowski(1981) p = 2025
n+ 0.5
i—0.326
Yu-Huang(2001 =
9(200D) Pi=hvo0348
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2.1.2.Durdurulmus 6rneklemler i¢in olasilik ¢izimlerindeki F(y) tahminleri

Tam orneklemler igin Onerilen olasilik ¢izim yontemleri, tekli durdurmanin (singly
censoring) oldugu &rneklemler icin de gecerliligini siirdiirmektedir. Ornegin; I.tiir ya
da Il.tir durdurulmus bir 6rneklem dikkate alinsin ve Y;., < Yo < -+ < Y., DU
calisma sonucu gozlemlenen siralanmis yasam  siirelerini  gostersin.  Bu
orneklemlerdeki Yj., swrali istatistikleri halen tam Orneklemlerdeki Orneklem
kuantilleridir ve bu siral1 istatistiklere karsilik gelen kuramsal kuantiller Es.2.1°deki
standartlagtirllmis  degiskene iligkin birikimli dagilim fonksiyonu olan G(z)
kullanilarak hesaplanabilir. Bu 6rneklemlerdeki veriler ig¢in olusturulacak olasilik
cizimlerinde kullanilacak p; degerleri de Cizelge 2.1.’de tanimlandig1 gibi olacaktir

(D’Agostino ve Stephens, 1986).

Coklu durdurmanin (multiply censoring) oldugu Orneklemlerde ise Y;., siral
gozlemleri tam durumdaki i.siral istatistige her zaman karsilik gelmeyebilir. Boyle
bir durum 6rnegin ¢oklu durdurmanin oldugu I.tiir durdurulmus bir 6rneklem igin de
gecerlidir; bu tiir bir 6rneklemdeki Y;., < Y., < -+ < Y. siralt gézlemlerinin bir
kismi durdurulmus bir kismi tam olacaktir. Dolayisiyla olasilik ¢izimleri
olusturulurken tam bir sirali gézlem Y;., icin bu gozleme esit veya kiiciik olma
olasiliginin yani p; degerinin belirlenmesi gerekir. Bu amagla Onerilmis c¢esitli

yontemler Cizelge 2.2.’de verilmektedir. Bu ¢gizelgedeki §; bir gosterge degiskenidir:

5 = { 1, Y;.p,durdurulmamais ise
J 710, Y,durdurulmus ise

11



Cizelge 2.2. Coklu sagdan durdurulmus 6rneklemlerde olasilik ¢izimleri icin 6nerilen F(y)'nin
bazi tahminleri

F(y) Tahmin Yéntemi F,(y) = pi
Kaplan-Meier (1958) pi=1- 1_[ (n " 1)
ji
--[1655)
Herd (1960)-Johnson (1964) pi=1- I\ =i+ 2

jsi

8

1 \%
Nelson (1972) pi=1- H (e n_m)

j<i

8

n—-c+1 <n—j—c+1>
n—2c+1 n—-j—c+2

j<i

Michael-Schucany (1986) pi=1

Cizelge 2.2.’deki Michael-Schucany (1986)’nin 6nerileri sagdan ¢oklu durdurmanin
oldugu durumlarda F icin genel bir kestirici yapisin1 vermektedir. Ornegin bu genel
yapida ¢=0 alindiginda Herd (1960)-Johnson (1964)’mn onerisi elde edilmektedir.
Ayrica durdurmanin olmadigi durumlarda bu genel yapi, Es.2.6’daki genel yapiya
doniismektedir (Michael-Schucany,1986).

2.1.3. Alternatif olasihik ¢izimleri

Uyum 1iyiligini denetlemek amaciyla olasilik ¢izimleri basligi altinda baska ¢izimler
de mevcuttur. Cizelge 2.3’te bu tir ¢izimlerden bazilar1 i¢in eksenler
tanimlanmaktadir. Aslinda bu tiir ¢gizimlerden biri, bir digerinden eksenlerin uygun

sekilde donistiiriilmeleri yoluyla elde edilebilmektedir (Waller ve Turnbull,1992).

Cizelge 2.3.te F5(y), Hp hipotezinin belirttii dagilim ailesi i¢inden 6 parametresinin
en ¢ok olabilirlik yontemiyle kestirilmis olan birikimli dagilim fonksiyonunu; F, (y),
verilerin birikimli dagilim fonksiyonunun parametrik olmayan kestirimini ya da
Cizelge 2.2.’deki p; degerlerini; H(y), Hy hipotezinin belirttigi dagilim ailesinden
tahmin edilmis birikimli tehlike fonksiyonunu; H,,(y) verilerden elde edilen birikimli

tehlike fonksiyonunun parametrik olmayan kestirimini géstermektedir.

12



Cizelge 2.3. Alternatif olasilik ¢izimleri

Cizimler x — ekseni y-ekseni

P-P (Percentage-Percentage) Fs(y) F,(y)

Q-Q (Quantile-Quantile) y F3 ' (Fa(y)

SPP (Stabilized Probability Plot) Sarcsin ( \/%) S arcsin (/)
e-¢izimi —In[1-Fa(»)] = Ha(¥) —In[1-F,(»)] = H,(y)
W-gizimi In[Fa(»)] In[F,(y)]
Birikimli tehlike ¢izimi y Hy ' (Ha(»)

Cizelge 2.3.’teki SPP ¢izimi Michael (1983) tarafindan, genellestirilmis artiklar i¢in
u,e,w ¢izimleri Elandt-Johnson ve Smith (1989) tarafindan onerilmistir (Waller ve
Turnbull, 1992).

2.2.Korelasyon ve Regresyona Dayanan Uyum lyiligi Yontemleri

Korelasyon ve regresyona dayanan 6lgiiler olasilik ¢izimleri ile yakindan iligkili olan
uyum iyiligi  Olgiilerindendir.  Bunlardan  korelasyona dayanan  dlgiiler
X1 Xom s o Xpen - Strall istatistikleriyle bu istatistiklerin sira sayilarinin i =
1,2, ...,n uygun bir fonksiyonu v(i), i = 1,2, ..., narasindaki iliskinin dogrusallik
derecesini olgmeyi hedefler. Regresyona dayanan olgiiler ise bu iliskiyi temsil
edebilecegi diisiiniilen dogrunun o6zelliklerini 6lgmeyi hedefler. Dolayisiyla sirali
istatistiklerin dikey eksende, v(i) ’lerin de yatay eksende temsil edildigi bir tiir
olasilik ¢izimi dikkate alinir. Burada v(i) =i/(n+ 1) seklinde alinabilecegi gibi

i.sirali istatistigin beklenen degeri olarak ta alinabilir (Stephens, 1986).

13



2.2.1.Tam oérneklemlerde korelasyona dayanan yontemler

Bu alt boliimde yontemin temelindeki diisiince agiklanacaktir. Verilerin dagilimi
Fs(x), uygun  bir tahmin  yontemiyle  hipotez  edilen  dagilim
si. F = {Fg: 6 e R™}'den tahmin edilir. Daha sonra olasilik integral doniisiimii yar-

dimiyla,
Fé(Xl:n) = Ul:nl Fé(XZ:n) = UZ:nI ey Fé(Xn:n) = Url:rl

esitlikleri yazilabilir. Tekdiize(0,1) dagilimindan n biiyiikligiindeki bir rasgele
ornekleme iligkin Uy.,, Uy, ..., Up.y siralt istatistikleri, kendi beklenen degerleri

olan

1 2
E(Uin) = n— E(Uzn) =—= -, E(Upn) =

+1’ n+1 n+1

ifadelerinin tahmin degerleri olacaktir. Dolayisiyla,

i -
Fé(xi:n) = Ui:n = n+tl’ i=12,..n

elde edilir.  Bu nedenle, hipotez edilen dagilma uyum varsa

Fy(X1:n), Fo(Xzin), -, Fg(Xnan) Miceliklerinin —,——, ., niceliklerine  kars1
¢izimi yaklagik bir dogruyu verecektir. Buna esdeger
olarak X;.,,X5.n, -, Xp.n niceliklerine karsi 1,2, ...n sira sayilariin ¢izimi hipotez
edilen dagilima uyum varsa yine yaklasik bir dogruyu verecektir. Bu iki grup nicelik

arasindaki dogrusallik derecesi ise korelasyon katsayist ile dl¢tilebilir.

R = Zi=1(Xi:n—2X)(Yi—§) @7
JEn (iR 5, 5192
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Burada y;,i=1,2,..,n sira sayilarim1 gostermektedir. Uyum iyiligini 6l¢gmek i¢in
bu korelasyon katsayisina bagli olarak asagidaki test istatistigi kullanilmaktadir

(Stephens, 1986; Fischer, 2010).

V=1-R? veya V* =n(1—R?) (2.8)

Hipotez edilen dagilim ailesi F = {Fg: 6 e R™} konum-dlgek ailesi ise; u konum, o
Olgek parametresi ve G de ilgili konum-6l¢ek ailesinde u=0 ve o=1’e karsilik gelen

birikimli dagilim fonksiyonu olmak {izere,

F(x) = G(X?T“) — G(2)

esitligi yazilabilir. Bu esitlikten hareketle i = 1,2,...,n i¢in asagidaki esitliklere

ulagilir.

Xi=0Zi+p=> Xip=0Zin+tpn=> EXin) =0E(Zin) +p

Bu esitliklerden dolayr; hipotez edilen dagilima uyum varsa, Xi.,,Xo.n, -5 Xnm
siralt istatistiklerinin E(Z;.,), E(Z,.), ..., E(Zp.) beklenen degerlerine karsi ¢izimi
yaklasik bir dogru vermelidir. Boyle bir ¢izimin dogrusallik derecesi Es.2.7’deki gibi
korelasyon katsayisiyla olgiilebilir. Ancak Es.2.7’deki y;, i = 1,2,...,n nicelikleri
E(Z1.n),E(Z3.0), ..., E(Zy.y) beklenen degerlerini  gosterecektir. Uyum iyiligini
Olcecek istatistik ise Es.2.8’deki V istatistigi gibi olusturulur.

Bazi olasilik dagilim aileleri i¢in E(Z;.,), E(Z5.p), ..., E(Z,.,) beklenen degerlerinin
hesaplanmasi1 kolay degildir. Bu nedenle bu beklenen degerler yerine, bunlarin

yaklasik degerini vermesi beklenen ve hesaplamasi daha kolay olan,

1 2 n
-1 -1 -1
G (n+1)'G <n+1)""'G (n+1)

nicelikleri kullanilir. Bazen de G™! (n;ﬂ) ifadelerini kullanmak yerine ilgili dagilim

icin E(Z;.,) beklenen degerlerinin yaklasik degerlerini veren ifadeler kullanilir.
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Ornegin standart normal dagilim igin; ¢ standart normal dagilima iliskin birikimli
dagilim fonksiyonu olmak tizere, Blom (1958) tarafindan oOnerilen yaklagim

kullanilabilir.

1— 0.375)

E(Zin) = &7 (n 1025

Sonug olarak korelasyon katsayisina dayanan uyum iyiligi yontemlerinin, bilinen
siirekli dagilimlar1 da igeren dagilimlarin genis bir smifi i¢cin tutarlhi oldugu yani

orneklem biiytidiikge testin giiciiniin 1’e gittigi belirtilmistir (Stephens, 1986).

2.2.2.Tam oérneklemlerde regresyona dayanan yontemler

Bu tiir yontemler daha ¢ok konum-dlgek aileleri dagilimlart i¢in kullanilmaktadir.
Ornegin, normallik igin Shapiro-Wilk testi regresyona dayanan ve yaygin olarak

kullanilan yontemlerden biridir. Konum-6lgek aileleri igin,

Xi:n = GZi:n + uve E(Xi:n) — GE(Zi:n) + 2

esitlikleri gegerlidir. Bu esitliklerin belirttigi iliski daha genel olarak Es.2.9’daki mo-
delle ifade edilebilmektedir.

Xi:n =u + GBi + & (29)

Es.2.9’daki B; nicelikleri E(Z;.,), E(Z,.), ..., E(Zp.) beklenen degerleri olarak ya

da bu beklenen degerlere yaklasim saglayan nicelikler olarak, 6rnegin

1 2 n
-1 -1 -1
G (n+1)'G (n+1>'""G (n—l—l)

kuantilleri olarak alinabilir. Daha genel olarak B;’ler sira sayilari olan i’lerin uygun

fonksiyonlar1 olarak almabilir. Ayrica, € ’ler ise hatalar olarak goriilebilir.
Es.2.9’daki modele bagli olarak uyum 1iyiligini Olcebilecek bazi istatistikler
olusturulabilir (Stephens, 1986).
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e Artik kareler toplami Z{;l(Xi:n —Xin 2olusturulur ve bu toplam 6l¢ekten
bagimsiz hale getirilebilmek amaciyla X;., sirali istatistiklerine bagli bir
baska karesel bi¢ime boliiniir. Burada X;., = fi + 6B; Es.2.9’daki modelin
kestirimidir ve {i, 6 ise uygun bir parametre kestirim yontemiyle elde edilmis

kestirimlerdir.

e Olgek parametresinin karesi 02 , 6rneklemin ilgili dagilim ailesinden geldigi
varsayimi altinda uygun bir yontemle tahmin edilir. Bu tahmin degeri, 6 nin

baska bir yontemle elde edilmis tahmin degeriyle karsilastirilir.

u ve o parametreleri en kiiciik kareler yontemiyle tahmin edildiginde, regresyon
yontemiyle elde edilen test istatistikleri siklikla R?'ye bagl test istatistigine esdeger
olmaktadir (Stephens, 1986).

Biitiin bu istatistikler Es.2.9°daki dogrusal modelin kestirimine dayanmaktadir. Bu
model sirali istatistikler arasindaki iliskiyi dikkate almadan en kiigiik kareler

yontemiyle kestirilirse, Cizelge 2.4.’teki varyans analiz tablosu elde edilir.

Cizelge 2.4. X;., = p + oB; + &; modeline iliskin varyans analiz tablosu

Degisimkaynag Kareler toplami
[XXin —X)(Bi = B)J? < =
Regresyon RSS = : = =0. Xin —X)(B; — B
gresy: B, — B)? o E( )(Bi —B)

Hata ESS= X (Xin — Xin) = X—X) (X—X)

_ X2 = — XY Y
Toplam CTSS = XX —X)2 = (X — X)' (X — X)

Olgek parametresi 6’ya iliskin en kiiciik kareler kestirimi,

Y (Xin —X)(Bi — B)
Y(B; —B)?

o=
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oldugundan, Cizelge 2.4.’teki regresyon kareler toplami G’ya bagli olarak ifade
edilebilmektedir. Artiklarin (hatalarin) karelerinin toplamlarina dayanan bir test

istatistigi,

S 2
%(Xin — Xin)” _ ESS
X(Xim —X)?  CTSS

iki karesel bi¢imin orani seklinde olusturulabilir. Bu orana dayanan testin tutarli

oldugu gosterilebilir (Stephens, 1986).

Siral1 istatistikler arasindaki iligskiyi dikkate alarak Es.2.9’daki dogrusal model genel-
lestirilmis en kiigiikk kareler yontemiyle de kestirilebilir. Bu yontem X ,
X1 X » oo X Stralt istatistiklerini iceren siitun vektorii; X, Xi. Xam s s Xnin
sirali istatistiklerin Es.2.9’daki gibi tahminlerini igeren siitun vektorii; X matrisi
Zixn Loy oy Ly standartlastirilmig sirali istatistiklerin varyans-kovaryans matrisi

olmak iizere,
(X-X)Z (X -X)
karesel bi¢cimine en kiiclik degeri veren pu ve ¢ degerlerini tahmin degerleri olarak
almaktadir. Bu tahmin degerleri
i=-mAX, ¢=1AX
bi¢gimindedir. Burada m, E(Z;.,), E(Z,.1), ..., E(Zy.,) beklenen degerlerini igeren

siitun vektori; 1, elemanlari 1 olan siitun vektorii ve A matrisi de

Ao 2 1(1m —m1)z1!
(@2 1) (m’E1m) — (1'2-1m)?2

seklinde tanimhidir. Genellestirilmis en kiigiik kareler tahminlerini kullanarak

artiklarin kareler toplamlari (X — )A()’Z_l( X - X) elde edilir.Daha 6nce oldugu gibi

bu toplam bagka bir kareler toplamina oranlanarak uyum ig¢in bir test istatistigi,
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(X-X)T1(X-R) ESs,
Y(Xin—X)?2  CTSS

elde edilebilir. Hipotez edilen dagilim ailesine uyum varsa, bu test istatistiklerinin
kiiglik degerler (0’ yakin) almasi beklenir (Stephens, 1986).

Regresyona dayali uyum iyiligini 6lgen baska bir yaklasim da, Es.2.9’da verilen
modeldeki 6l¢ek parametresi 6 nin karesinin iki ayr1 tahmininin oranlanmasini igeren
yaklasimdir. Boyle bir yaklagimin iyi bir 6rnegi Shapiro-Wilk testidir. Bu yaklasim
icin Olgek parametresinin genellestirilmis en kiiclik kareler tahmininin karesi
( 62 = (1'AX)?) , orneklem varyansindan elde edilen &lgek parametresinin

tahmininin karesine,

(m'z-1X)2
62 7
m'E~1m

T YK -X)? (X-X)(X-X)

SwW

seklinde oranlanir. Bu yaklasim, bazi dagilimlara (normal) iliskin uyumu test etmek
icin tutarliyken, bazilar1 (iistel) icinse tutarsizdir. Onerilen bu yaklasimdaki
giicliiklerden biri ise 2 ’nin hesaplanmasmin zor olusudur. Bu nedenle 42 ’nin
hesaplanmasini kolaylastirmak amagli dneriler yapilmistir. Bu Onerilerden biri de

Shapiro-Wilk istatistiginde £~1’in dikkate alinmadig: Shapiro-Francia Testidir.

_ (m'X)?
 m'm(X—-X)'(X-X)

*

W™ istatistiginin X ile m arasindaki 6rneklem korelasyonunun karesine ve biiyiik

orneklemlerde de SW istatistigine denk oldugu gosterilmistir (Stephens, 1986).

Ayrica, 6lgek parametresinin karesinin iki ayr1 tahmininin oranlanmasina dayanan
yontemde, pay ve paydanin Shapiro-Wilk istatistigindeki gibi  olmasi
gerekmemektedir; o2 ’nin herhangi iki tahmininin oranlanmasiyla da uyum

iyiliginde kullanilabilecek bir test istatistigi olusturulabilir (Stephens, 1986).
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2.2.3.Durdurulmus orneklemlerde Kkorelasyona ve regresyona dayanan

yontemler

Rasgele durdurulmus orneklemler hari¢ I. ve IL.tir durdurulmus 6rneklemler igin
korelasyonu temel alan yontemler tam Orneklem durumuna benzer olarak elde
edilebilir. Ornegin ILtiir sagdan durdurulmus bir 6rneklem yani Xi., Xom s ooos X
sirali istatistikleri mevcutsa Es.2.7’deki korelasyon katsayist Es.2.10°daki gibi ifade

edilir.

R — Zi:l(xi:n_xzr).(yi—y) (2.10)
VB i %e) ZE 592

Burada y; i=1,2,..,r sira sayilarini ve ir ise r tane sirali istatistigin
ortalamasin1 gostermektedir. Hipotez edilen dagilim ailesi konum-olgek ailesi
ise; y;, i=1,2,..,vr degerleri E(Zy.,),E(Z,.), ..., E(Z.,) beklenen degerlerini
gosterecektir. Bu beklenen degerlerin hesaplanmasi kolay olmadigindan bunlarin

yerine

1 2 r
-1 -1 -1
G <n+1)'G (n+1)'""G (n+1)

nicelikleri ya da dagilima ozel olarak ilgili beklenen degerlere yaklagim yapacak

hesaplanmasi kolay olan nicelikler kullanilir. Bu agamadan sonra uyum iyiligi i¢in

test istatistigi ise Es.2.8”deki gibi hesaplanir.

Korelasyona dayanan uyum 1iyiligi testlerinin durdurulmus Orneklemler i¢in
olusturulmasi, ilgili oOrneklemlerdeki sirali istatistiklerin  sira  sayilarinin
bilinebilmesine baglidir. Boyle bir bilginin varliginda ilgili sirali istatistiklerle
bunlarin sira sayilar1 arasindaki korelasyon katsayisi ve daha sonra bu katsayiya bagh

olarak uyum iyiligi istatistigi hesaplanabilir.

Korelasyon katsayisina dayanan testlerin yaninda, durdurulmus orneklemler igin
regresyona dayanan uyum iyiligi yontemleri de s6z konusudur. Es. 2.10°daki model

icin en kiiglik kareler yontemi ile elde edilen artik kareler toplami ESS’nin,
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¥ (Xi.n — X)? toplam1 gibi bir karesel bigime oranlandifi uyum iyiligi testleri ile
oleek parametresinin genellestirilmis en kiiciik kareler kestiricinin karesi 62 ’nin
Y (X;., — X)? oranina dayanan testlerin ¢ogu zaman R? korelasyon istatistigine
dayanan testlere esdeger oldugu gosterilebilmektedir (Stephens, 1986). Ayrica, ilgili
korelasyon istatistigi Xi.n, X2.n, -, Xpp Siralt istatistikleri ile standart konum 6lgek
dagilimna iligkin sirali istatistiklerin beklenen degerleri E(Z;.,), E(Z5.), -, E(Zpp)
veya bu beklenen degerlerle orantili nicelikler arasinda ise, bu istatistie dayanan

testlerin tutarli oldugu gosterilebilmektedir.

Ornegin normalligi test etmek igin kullanilan Shapiro-Wilk test istatistigi bdyle bir
R? istatistigine esdegerdir ve dolayisiyla tutarl bir testtir. Ancak iistel dagilm gibi
simetrik olmayan bircok dagilim i¢in hatta simetrik olan 6teki dagilimlar i¢in R?
korelasyon istatistiklerini olusturmakta kullanilan
niceliklerin; E(Z1.,), E(Z5.), ..., E(Zy.p) beklenen degerleri ile orantili olmadigi hatta
bu niceliklerin ilgili beklenen degerlere yakin bile olmayacagi belirtilmistir. Bu
nedenle bu tiir R? korelasyon istatistiine esdeger olan regresyona dayali uyum
iyiligi testleri tutarli olmayacaktir. Ornegin iistelligi test etmek icin Shapiro-Wilk

(1978) tarafindan 6nerilen

I’I(X - X1:n)2

e DI - 002

istatistigine dayali test tutarli degildir. Tutarlilik gibi iyi bir 6zellige sahip regresyona
dayanan bir test gelistirebilmek i¢in test istatistigini olusturan pay ve paydadaki

kestiricilerin etkin kestiriciler olmas1 gerektigi belirtilmistir (Stephens, 1986).

Shapiro-Wilk (1978) tarafindan dstelligin testi i¢in Onerilen SWg test istatistigi
Samanta ve Schwarz (1988) tarafindan degistirilerek en biiyiikk r, adet gbézlemin
durduruldugu ILtiir sagdan durdurulma ile en kiigiik r; ve en biiyiik r; adet gdzlemin

durduruldugu cift tarafli durdurulmus 6rneklemler i¢in uyarlanmistir:

n-T1—Tz p 2
(Zizz r1+i)

n-ry—r, «n-r;—-r, (n-r;-ry,)
(1’1 —Iy—TI;— 1) Zizz j=2 ai]' Tr1+iTr1+j

W]_:
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Bu formiilde; T; = (n—i+1)Xjn —X¢i-1)m)> 172,3,...,n rasgele degiskenleri

o parametresiyle iistel dagilimli bagimsiz normallestirilmis bekleme zamanlaridir.

-1

(-rg-rp) — 070
Ayrica, 4 n-rq—ry—j+1

(i,j = 2,3,...,n —r; —r,) seklinde ifade edilen
katsayilardir.

W; istatistiginin, olasilik integral dontisiimii kullanilarak tekdiizeligi test etmekte de
kullanilabilecegi gosterilmistir. Samanta ve Schwarz (1988), bir simiilasyon
calismasina dayanarak onerdikleri testlerinin giiglerinin Brain ve Shapiro (1983)’nun

Onerdigi regresyon testlerinin giigleriyle benzer oldugunu belirtmislerdir.

2.3.Deneysel Birikimli Dagilim Fonksiyonuna Dayanan Uyum lyiligi Yontemleri

Bu tir uyum iyiligi yontemleri hipotez edilen kuramsal birikimli dagilim
fonksiyonu F(x) ile Es.2.11 ile ifade edilen deneysel birikimli dagilim
fonksiyonu F,(x) (EDF, Empirical Distribution Function) arasindaki uyusmazligi
Olgen test istatistiklerine dayanmaktadir. Bu istatistikler ise genel olarak mutlak fark,
karesel fark ya da bu farklarin bir gesit agirliklandiriimasiyla olusmaktadir. Ornegin
Kolmogorov-Smirnov ve Kuiper testleri mutlak farklar1 dikkate alirken, Anderson-
Darling ve Cramer-von Mises testleri ise karesel farklari dikkate almaktadir
(Stephens, 1986).

, X < X(l)

., X(i) <x< X(i+1) ) i= 1,2, e, — 1 (211)

0
Fn (X) = ﬁ
1

» Xm SX

2.3.1.Tam 6rneklemlerde EDF istatistiklerini kullanan uyum iyiligi yontemleri

Xy, X5, we.., X, rasgele degiskenleri siirekli bir dagilimdan secilmis rasgele bir
orneklem ve F(x), parametreleri tamamen ya da kismen bilinen kuramsal birikimli
dagilim fonksiyonu olsun. Bu durumda 6rneklemin F(x) ile ifade edilen bir olasilik

dagilimindan gelip gelmediginin testi i¢in siklikla EDF istatistigine dayanan testler
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kullanilmaktadir. Cizelge 2.5.te yaygin olarak kullanilan bazi test istatistikleri
verilmektedir (Stephens, 1986).

Cizelge 2.5. EDF test istatistiklerine dayanan bazi uyum iyiligi yontemleri

Yontemler Test istatistigi

D = supy|F,(x) — F(x)| = max(D*,D7)

Kolmogorov-Smirnov (1933) D* = supy{F,(x) — F(x)}, D~ = supy{F(x) — Fy (0}

V=D*+D"
Kuiper (1960)
Cramer(1928)-von Mises (1931) w2 = nj_ {Fa(x) — F(x)}?*dF(x)
© (F.(x) - F(x) )
Anderson-Darling (1954) A’ =n f {H} dF(x)

2

Watson (1961) U?=n f {FH(X) -F(x) - f [Fa(x) — F(X)]dF(X)} dF(x)
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Cizelge 2.6. U;., = F(X.;,)kullanilarak bazi1 EDF test istatistiklerinin esdeger formiilleri

Yontemler Test istatistigi

D = max(D*,D7)

Kolmogorov-Smirnov (1933) D* = max; (ﬁ _ Ui:n) . D™ = max, (Ui:n _ ?)
. V=D"+D"
Kuiper (1960)
_ WZ—Zn:U 21" 1
Cramer(1928)-von Mises (1931) = £, i:n mn 1Zn
1 n
Anderson-Darling (1954) A*=-n-— HZ(Zi = D{In(U;p) + In(1 — Upyq-5:0)}
i=1
%
Watson (1961) U2= W2-n <U b E)

EDF istatistiklerini kullanarak uyum 1yiligi testleri gergeklestirilirken iki durum soz
konusudur. Bunlardan ilkinde hipotez edilen dagilim fonksiyonu F(x) ’in biitiin
parametreleri bilinmektedir. Boyle bir durumda X;., sirali istatistikleri U;., =
F(X.n) dontisiimi ile U(0,1) dagilimindan gelen n biyiikliigiindeki rasgele bir
ornekleme iligkin sirali istatistiklere dontistiiriiliir. Daha sonra Cizelge 2.5.’teki EDF
istatistiklerinin hesaplamaya elverigli formiillerinde (Cizelge 2.6.) U, siral
istatistikleri  kullanilarak EDF istatistikleri hesaplanir. Hesaplanan EDF
istatistiklerinin degerleri kritik degerlerle karsilagtirilarak uyumun olup olmadigina

karar verilir.

Ikinci durumda ise, hipotez edilen dagilim fonksiyonu F(x)’in bir ya da birden fazla
parametresi  bilinmemektedir. Bu durumda parametreler tahmin edilerek

Ui = F(X;.p) doniisiimii elde edilir ve Cizelge 2.6. yardimi ile EDF istatistikleri
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hesaplanir. Ancak, U;., = F(X;.,) doniisiimleri U(0,1) dagilimindan sirali istatistikler
olmayacaklardir ve EDF istatistiklerinin 6rneklem dagilimlart da parametrelerin
tamamen bilindigi durumdan ¢ok farkli olacaktir. Bu nedenle, kritik degerler test
edilen dagilima, tahmin edilen parametrelere, tahmin yontemine ve Orneklem

biiyiikliigiine bagli olacaktir (Stephens, 1986).

Ikinci durumdaki bilinmeyen parametreler konum-olgek parametreleri ise, EDF
istatistiklerinin orneklem dagilimlar1 bu parametrelerin gergek degerlerine degil
sadece test edilen dagilim ailesine ve orneklem biiylikliigline baglh olacaktir. EDF
istatistiklerinin 6rneklem dagilimlarinin bulunmasi kolay olmadigindan, ilgili testler
icin kritik degerler ¢ogunlukla simiilasyon g¢aligmalari sonucunda bulunmustur.
Bilinmeyen parametre konum veya dlgek parametresi degil de sekil parametresi ise,
EDF istatistiklerinin 6rneklem dagilimlart bu parametrenin gercek degerine bagh
olacaktir. Bu nedenle ilgili testler icin kritik degerler tablosu parametrelerin

degerlerini de dikkate alacak sekilde diizenlenir (Stephens, 1986).

2.3.2.Durdurulmus érneklemlerde EDF istatistikleriyle uyum iyiligi yontemleri

Alt boliim 2.3.1.°de tam orneklemler i¢in tanimlanan EDF istatistikleri, bazi
gbzlemlerin kayip oldugu durdurulmus orneklemler i¢cin de tanimlanabilmektedir.
Ozellikle verilerin uyumunun test edilecegi F(x) kuramsal dagilimi tamamen
biliniyorsa; bu istatistiklerin durdurulmus veriler igin diizenlenmesi daha kolay
olmaktadir. Bu amagla mevcut gézlemlere U;., = F(X;.,) dontisimii yapilir. ILtir
sagdan durdurulmus veriler i¢gin X* durdurma zamani ve t= F(X") olmak iizere
dontistiiriilmiis  veriler Uy, < Uy, < -+- < U, <t esitsizligini  saglarlar. ILtiir
sagdan durdurulmus veriler i¢in ise donilisimden sonra Uy, < Uy, < -+ < Upp
esitsizligi saglanir. Bu tiir veriler i¢in diizenlenmis Kolmogorov-Smirnov ve Cramer-

von Mises tiirii istatistikleri Cizelge 2.7.’de verilmektedir (Stephens, 1986).
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Cizelge 2.7. Durdurulmus érneklemler icin bazi EDF test istatistikleri

Istatistikler I1.tiir durdurma
. i i—1
Kolmogorov-Smirnov Dy, = max {— — Ui, Ui — }
1<isr(n n
d 2
. 2 2i—1 r n ry\3
Cramer-von Mises Win = Z (Ui:n - T) + o2 + 3 (Ui:r - ;)
i=1
— r
r U rU U,
U2, =W2 —nU, |-——— ) = i
Watson ’ Lr 2 U, r
’ i=1
1 T T
Ay === 2= D Uy —n{1-U,)] -2 ) In{1-U,,)
Anderson-Darling ne~ =

1
- ; [(T - n)Z In {1 - Ui:r} - rZ In Ui:r + l‘lzui:r]

Cizelge 2.7.°de verilen Kolmogorov-Smirnov test istatistigi L.tiir sagdan durdurma

durumunda,

i i—1 r
Dt,n — Ilgi)r( {H i Ui:n ’ Ui:n - n 2 t— H}
bicimine doniisiir. Cramer-von Mises tiirii istatistiklerin ise L.tlir sagdan durdurmaya
iliskin 1ifadeleri, Cizelge 2.7.’deki formiillerde r yerine ( r+1 ) yazilarak ve

gozlemlere U,,,., =t esitligini saglayan yeni gézlem ilave edilerek elde edilir.

Veriler soldan durdurulmus ise; Uj, =1—Uy;11_4n, i=12,..,r donisimi ile
sagdan durdurulmus hale getirilir ve sagdan durdurma i¢in uygun olan formiiller
kullanilir. Ayrica formiillerde, Ltiir sagdan durdurmada ifade edilen t yerine Ltiir
soldan durdurmada t* = 1 —t kullanilir. Durdurma tiiriine bagl olmaksizin bu
istatistiklerin kendilerine 6zgii asimptotik dagilimlarinin ayni olduklar1 gosterilmistir
(Stephens, 1986). ilgili dagilimlar kullanilarak testler igin kritik deger tablolar1 elde
edilmistir. Sonlu Orneklemlerde bazi testler igin asimptotik dagilimlarin
kullanilabilmesi amaciyla formiiller verilmis, bazi testler igin ise kritik degerler

simiilasyonlarla belirlenmistir.
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En kiiciik ilk s adet gbozlemin ve en biiyiikk ilk r adet gozlemin durduruldugu
durumlarda da EDF istatistikleri hem Ltiir durdurma hem de ILtiir durdurma igin
hesaplanabilmektedir. Ornegin ¢ift tarafli ILtiir durdurma igin Cramer-von Mises

istatistigi,
Wszr,n = Wrz,n - Wsz,n

biciminde ifade edilebilmektedir. Benzer formiiller Ltiir durdurma durumunda

hem W2 hem de U? ve A? icin de gegerlidir.

Parametreler bilinmese bile normal ve iistel dagilim i¢in 1. ve ILtir durdurulmus
veriler kullanilarak uyum 1iyiligi testleri yapilabilmektedir. Bu amacgla uygun bir
yontemle parametreler tahmin edilir. Daha sonra tahminler kullanilarak elde edilen
kuramsal olasilik dagilimina iliskin birikimli dagilim fonksiyonu yardimiyla verilere
Ui, = F(X;.p) olasilik integral déniisiimii yapilir. Son olarak doniisiimii yapilmis

verilere Cizelge 2.7.’deki testler uygulanabilir (Stephens, 1986).

2.4.Siral Istatistikler Arasindaki Araliklara Dayanan Uyum lyiligi Yontemleri

Sirali istatistikler arasindaki araliklari kullanan yontemler ozellikle istelligin ve
tekdiizeligin testi i¢in Onerilmis olan uyum iyiligi yontemleridir. Olasilik integral
dontlisiimii araciligiyla siirekli bir dagilimdan gelen veriler tekdiize dagiliml verilere
dontistiiriilebileceginden, bu yontemler herhangi bir dagilima uyumun testinde de
kullanilabilir. Bu yontemlerin temelinde Greenwood (1946) tarafindan oOnerilen

Es.2.12°deki istatistik vardir.
G) =¥'D*, Di=Upy—Ujpyn, 1=12,....,n+1 (2.12)
Burada, U;.,, Tekdiize(0,1) dagilimindan sirali istatistikleri gosterir. Ayrica D; i.araligi

gostermek tizere, D; = U;., ve Doy =1 —U,., bigciminde tanmimhdir. G(n)

istatistiginin biiylik degerleri D jaraliklarinin oldukga diizensiz oldugunu belirtirken,
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kiigiik degerleri superuniform olarak adlandirilan ¢ok diizenli araliklari belirtir

(Stephens, 1986).

G(n) istatistiginin baska bir uyarlamasi da Quesenberry ve Miller (1977) tarafindan

Onerilmistir.

n+1 n

Q=ZD12+ZD1D1+1
i=1 i=1

Q istatistigi D; araliklarinin biiyiikliigli yaninda araliklarin izledigi yapiy1 da dikkate
alacak sekilde tasarlanmistir. Bu istatistigin biiyiikk degerleri i¢in H, hipotezi
reddedilir (Marhuenda vd.,2005).

Greenwood istatistigi sagdan durdurulmus veriler U;.,, Us.p, ... Uy durumuna da

uyarlanmistir.
r
H,(n) = z Di’ , Di=Upp—Ujgyn, 1=12,..r
i=1

H,(n) istatistiginin baska bir versiyonu da vardir.

(1 - Ur:n)2

Gr() = He(n) + ——22

Orneklem tam oldugunda ( n=r ) G,(n) istatistigi G(n) istatistigine doniisiir.
2.4.1.Araliklar1 kullanan EDF testleri

Bir 6rneklemin, bilinmeyen o ve § konum-o6lgek parametreli F(x; o, B) dagilimindan
gelip gelmediginin testi i¢in ilgili 6rneklemdeki araliklar kullanilabilir. Bu amagla
orneklemdeki araliklar standartlastirilarak 6rnegin EDF testleri uygulanabilir. Bu

testler durdurulmus 6rneklem durumunda da yapilabilir. Her iki taraftan durdurulmus
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bir 6rnekleme ait gozlemlerin  Xy.,,, Xgxs1:ns -+ -» Xkat+1:n  0ldugu varsayilsin. Bu

gozlemler konum-6l¢ek parametreli dagilimdan gelmelerinden dolay,

Xi:n:a-l'BWi:n: i=kk+1,.. . k+t+1

esitligi yazilabilmektedir. Burada Wi, , F(x; 0,1) dagilimindan gelen bir rasgele
ornekleme iligkin sirali istatistikleri gostermektedir. Bu durumda 6rnekleme iliskin

araliklar tanimlanir.

Ei = Xk+i:n - Xk+i—1:n , i=12,.,t+1

Bu araliklar m; = E(W,.,,) beklenen degerleri kullanilarak standartlastirilir.

E;
Yi =
Mg +in — Mk+i-1:m

Standartlastirilmig artiklara J doniisiimii yapilir.

n
_ &j=1Yj
Zin = Jtrly,

]=1 YJ

i=12..,t

Xi.nler Ustel(a,B) dagilimindan geliyorsa, standartlastirilmis aralik y;’ler bagimsiz
Ustel(0,) dagilimina sahip olacaklardir. Dolayisiyla zy., ’ler Tekdiize(0,1)
dagilimindan sirali istatistikler olacaklardir. Ancak X;.,’ler F(x; a, B) gibi konum-
Olgek parametreli bir dagilimdan geliyorsa; belirli kosullar altinda ve biiyiik
orneklem durumunda uygun bir sekilde ayrilmis standartlastirilmis aralik y;’ler
bagimsiz Ustel(0,B) dagilimina sahip olacaklardir. Bu kosullarda J doniisiimiiyle elde
edilen z;.,,’ler Tekdiize(0,1) dagilimindan sirali istatistikler olmayacaklardir. Uyum
iyiligi i¢in kullanilan EDF testleri, Ornegin Anderson-Darling testi, z;., ’lere
uygulanabilir. Bu amagla teste iliskin uygun kritik degerlerin 6nceden belirlenmesi

gerekir.
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2.4.2.Araliklar1 kullanan Korelasyon testleri

Brain ve Shapiro (1983), biri monoton hazard fonksiyonlarina sahip alternatif
dagilimlara karsi iistelligin test edilmesinde kullanilabilecek z, digeri de monoton
olmayan hazard fonksiyonlarna sahip alternatif dagilimlara karsi iistelligin test
edilmesine uygun olan Z~ olmak iizere iki yeni test dnermislerdir. Bu testler hem
durdurulmus hem de tam &rneklemler durumunda kullanilabilmektedir. Ornegin
monoton hazard fonksiyonlarina sahip alternatif dagilimlara karsi tistelligin test

edilmesinde,

?:‘Il (i - %) (Ys+i+1 - Y)
Y,

7Z =

i—

. m 2
Zm_lY . m-1 ( 7)
i=1 s+i+1 i=1 m(m_l)

istatistigi Onerilmistir. Buradam = n —r — s, en kiigiik s adet ve en biiyiik r adet
gbzlemin durduruldugu oOrneklemdeki gozlemleri gostermektedir. Ayrica m tane
gozlemin  ardisik farklarini gosteren Ygii4q1, i =1,2,...,m—1 gozlemlerinin

ortalamasi

B8
[
_

-

s+i+1

=<l
I

i
[y
=
I
[E

seklinde ifade edilir.

2.5.Déniisiimlere Dayanan Uyum lyiligi Yontemleri

Doéniistimlere dayanan uyum 1iyiligi yontemlerinde kullanilan en temel doniisiim
olasilik integral dontisimidir. X, X5, ..., X,  rasgele degiskenleri
F = {Fg: 6 e R™} dagilim ailesine ait bir dagilimdan rasgele 6rneklem olmak tizere,

U; = Fg(X1),U, = Fg(Xy), ..., U, = Fg(X,,) rasgele degiskenleri Tekdiize(0,1)
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dagilimindan rasgele bir Orneklem olusturur. Daha sonra Ui, U,,....,U,
gozlemlerinden olusan Orneklemin Tekdiize(0,1) dagilimindan gelip gelmediginin
testi yapilir. Bu amagla Greenwood (1946) yontemi gibi tekdiizelik i¢in Onerilmis

testler kullanilabilir.

2.5.1.Tam oérneklemlerde doniisiimlere dayanan uyum iyiligi yontemleri

Olasilik integral doniisimii dagilimin parametrelerinin  bilinmesini  gerektirir.
Orneklemin belli bir dagilim ailesinden gelip gelmediginin testinin yapildigi uyum
iyiligi testlerinde, genellikle dagilimin parametreleri bilinmediginden bilinmeyen
parametre ya da parametreler uygun bir yontemle tahmin edilir. Boyle bir
durumda U; = F3(X41),U, = F(X3), ..., U, = F3(X,) rasgele degiskenleri elde
edilir. Boyle bir doniisiim yar1 olasilik integral doniisiimii (quasi probability integral
transformation) olarak adlandirilmaktadir. Bu durumda da tekdiizeligin testi i¢in
uygun uyum iyiligi testleri kullanilabilir. Ancak bu testler tahmin edilen
parametrelerin gergek degerlerine ve kullanilan parametre tahmin yontemine bagl
olacaktir (Goldmann vd.,2015). Bu durumu ortadan kaldirmak amaciyla, Chen ve
Balakrishnan (1995) tarafindan yari integral olasilik donisiimii ile elde edilen
orneklemin standart normal dagilimdan gelen bir Ornekleme doniistiiriilmesi
onerilmistir. Onerilen bu ydntem asagidaki adimlardan olusmaktadir (Goldmann

vd.,2015).

e 0O parametresi etkin bir sekilde X;, i=1,2,...,n kullanilarak tahmin edilir.

e & () standart normal dagilima iligkin birikimli dagilim fonksiyonunu
gostermek iizere; Y; = @[ F3(X;)], i = 1,2, ..., n rasgele degiskenleri elde

edilir.
o 7,=——, 1=1,2,..,nrasgele degiskenleri hesaplanir.

Bu adimlardan sonra yaygin olarak kullanilan normallik testleri Z; lerin olusturdugu

ornekleme uygulanir.
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2.5.2.Sagdan durdurulmus érneklemlerde doniisiimlere dayanan yontemler

Sagdan durdurulmus oOrneklemler i¢in de tam Orneklemlere iliskin yaklagimi
kullanabilmek amaciyla, X;.,, X5, -, Xp.n bigimindeki 6rneklem ilk olarak olasilik
integral  donlisimi  yardimiyla Uj.,,Us.p, ..., U, biciminde  Tekdiize(0,1)
dagilimindan gelen sagdan durdurulmus bir 6rnekleme donistiriiliir. Daha sonra
Ui.no Uginy e, U Orneklemi, r biiyiikligliinde ve Tekdiize(0,1) dagilimindan gelen
Ui.p Uspy oon, Upp bicimindeki tam bir 6rnekleme dontstiiriiliir (Goldmann vd.,2015).

Bu amagla onerilen ¢esitli doniisiimler Cizelge 2.8.’de verilmektedir.

Cizelge 2.8. Sagdan durdurulmus 6rneklemleri tam 6rneklemlere ¢eviren bazi doniisiimler

Doniisiimler

1/r

Michael-Schucany (1979) U, = U‘“[ Brnor+1(Urn)] i=1.2,..,r

n—j+1
1-Ujip ] r—j+1
1_Uj—1:n

O’Reilly-Stephens (1988) U;,, =1 — H}Zl[

1-U n—i+1 .
‘“] , i=12,..,r

Lin vd.(2008) U; = [

=Ui—1:n
1-U n—j+171/i
Fischer ve Kamps (2011) U;,, = [];- 1[1 - <¢) ] , 1i=1.2,..,r

- 1/r Ur—j+1:n o
Fischer ve Kamps (2011) U, =1 — [1 =By 11 (Up)] M=z |1 - < s )

Ur—j+2:n

Sagdan durdurulmus orneklemler i¢in doniisiimlere dayanan uyum iyiligi yontemi

asagidaki adimlarla gergeklestirilir (Goldmann vd.,2015).

o Gercekte  Xy.p, Xz, ee--, X rasgele degiskenlerinin  geldigi dagilim
ailesinin parametreleri (8) bilinmediginden, ilk olarak bu parametreler etkin

bir sekilde tahmin edilir.

o Uy =Fs(Xn), Usn = Fg(X2n) oo, Upy = Fp(Xpy)  swrall  istatistikleri

bulunur.

o Upp = Fs(X1), Upy = Fg(X2m) 5 oo, Upy = Fg(Xpp)  swrali istatistiklerinin

olusturdugu sagdan durdurulmus orneklem, Cizelge 2.8.’de belirtilen
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dontistimlerin  herhangi birisi  kullanilarak U;.., U,.p, ..., Uy seklinde r

biiyiikliigiindeki tam bir 6rnekleme doniistiiriiliir.

e & (.) standart normal dagilima iligkin birikimli dagilim fonksiyonunu
gostermek iizere; Y; = ®71[U;,], i =1,2,..,r rasgele degiskenleri elde
edilir.

e Z; =%, i=1,2,..,rrasgele degiskenleri hesaplanir ve herhangi bir

normallik testi Z;’lerden olusan 6rnekleme uygulanir.

Goldmann vd.(2015) normallik testi olarak Cramer-von Mises ve Anderson-
Darling testlerini ve karakteristik fonksiyona dayanan bir normallik testiyle
birlikte Cizelge 2.8.’de belirtilen doniisiimleri bir simiilasyon c¢alismasinda
kullanmuslardir. 1lgili simiilasyon caligmasi sonucunda testlerin giiciiniin
kullanilan doniisiim agisindan verilerin dagilimina bagli oldugu, elde edilen gii¢
degerlerinin de genellikle iyi oldugu belirtilmistir. Ancak doniisiimlere dayanan
bu testlerin asil avantajimin 1ilgili testlerin uygulama kolayligi oldugu
vurgulanmistir. Uygulama kolayligindan kasit ise testin kritik degerlerinin;
verilerin dagilimindan, Orneklem biyiikliginden, durdurma oranindan ve

parametre tahmininden etkilenmemesidir (Goldmann vd.,2015).
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3. MATERYAL VE YONTEM

Giivenilirlik ¢alismalarinda tam ve Il.tiir sagdan durdurulmus 6rneklemler i¢in bazi
uyum iyiligi testlerinin gii¢lerini  ¢esitli kosullarda karsilastirmak amaciyla,
dogrudan orijinal verilere uygulanan bazi1 EDF testleri ile baska bir dagilima sahip
olacak sekilde doniistiriilmiis verilere uygulanan bazi EDF testleri dikkate
alinmaktadir. Bu boliimde ilk olarak orijinal verileri kullanan bazi1 EDF testleri igin
daha sonra ise doniistliriilmiis verileri kullanan baz1 EDF testleri i¢in simiilasyon

kurgusu aciklanmaktadir.

3.1. Bir Uyum lyiligi Testi Onerisi

Bu alt bolimde tam ve II. tiir sagdan durdurulmus veriler durumunda
kullanilabilecek ve Watson testinin degistirilmesine dayanan bir yontem

onerilmektedir. Bu yeni yontem adim asagida tanimlanmaktadir.

3.1.1. IL tiir sagdan durdurulmus érneklemler i¢cin oneri

II. tiir sagdan durdurulmus veriler icin Watson testi Cizelge 2.7.’de verildigi gibi

asagidaki gibi tanimlanmisti.

2 _ 2 _—
Ur,n - Wr,n - rlUi:r [n -

Burada W2, (Cizelge 2.7.) IL. tiir sagdan durdurulmus veriler igin Cramer-von Mises
testidir. Bu tez ¢alismasinda Onerilen Wakm testi ise Watson testine bagli olarak

asagidaki gibi tanimlanmaktadir.
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Bu onerilen test iyilestirilmis Watson testi olarak goriilebilir.

3.1.2. Tam 6rneklem durumu i¢in éneri

Tam orneklem durumu ig¢in 6neri yine II. tiir sagdan durdurulmus 6rneklemler igin
Watson testi diizenlenerek elde edilmektedir. Bagka bir ifadeyle, tam Orneklem
sagdan II. tiir durdurulmus orneklem gibi kabul edilmekte ve asagidaki test

istatistiginin kullanilmasi dnerilmektedir.

2 Ui:n U
Wakm = | Win —nU;, | 1 - > T )
n

Burada Wz, ise, II. tiir sagdan durdurulmus 6rneklemler igin Cramer-von Mises test
istatistigi W2, (Cizelge 2.7.) hesaplanirken r yerine n yazilarak elde edilen

istatistiktir.

n

w2 E (U - 1)2 1 2w, —1)?

= im + += im —

Y <\ 2n 12n 3"
=

3.2. Orijinal Verileri Kullanan Baz1 EDF Testleri i¢in Simiilasyon Kurgusu

Simiilasyon i¢in EDF testlerinden Kolmogorov-Smirnov (KS), Kuiper (K), Cramer-
von Mises (CvM), Watson (W) ve Anderson-Darling (AD) testleri, tam ve ILtiir
sagdan durdurulmus orneklemler icin dikkate alinmaktadir. Ayrica, bu tez
calismasinda Watson testinin degistirilmis bir hali olarak Onerilen Waxwm testi de

simiilasyonlarda yer almaktadir.
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Simiilasyon g¢alismalarinda yokluk hipoteziyle belirtilen dagilimin parametrelerinin
bilinmedigi kabul edilecektir. EDF testlerinde parametrelerin bilinmedigi ancak
tahmin edilmek zorunda oldugu durumlarda, kritik degerlerin parametrelerin gergek
degerlerine baghi olmamasi i¢in gdézlemlerin dagiliminin genellikle konum-6lgek
dagilim ailesinden olmasi1 gerekir. Bu nedenle giivenilirlik ¢alismalarinda kullanilan
ustel, Weibull, log-normal, log-logistic gibi dogrudan ya da dolayli olarak konum-
Olcek ailesinden gelen dagilimlar dikkate alinmistir. Bu dagilimlar ve bunlara karsilik

gelen alternatif dagilimlar Cizelge 3.1.’de ayrintili olarak verilmektedir.

Cizelge 3.1. Simiilasyonda dikkate alinan olasilik dagilimlar:

Ho Tehlike hiz1 Ha n o’
Monoton artan Weibull (1.5,1.1) 0.9923 0.4535
Gamma (2,2) 0.9994 0.4976
Ustel(6=1) Monoton azalan Weibull(0.8,0.88) 0.9971 1.5776
Gamma (0.8,0.8) 1.0002 1.2466
Monoton olmayan Log-normal(0.0,0.7) 1.0008 0.2242
Monoton artan Gamma (2,2) 0.9994 0.4976
Weibull(1.5,1.1) Monoton azalan Gamma (0.8,0.8) 1.0002 1.2466
Monoton olmayan | Log-normal (0.0,0.7) 1.0008 0.2242
Sabit Ustel(6=1) 1.0000 1.0000
Monoton artan Weibull (1.5,1.1) 0.9923 0.4535
Gamma (2,2) 0.9994 0.4976
Weibull (0.8,0.88) 0.9971 1.5776
Log-normal (0.0,0.7) Monoton azalan Gamma (0.8,0.8) 10002 12466
Monoton olmayan | Log-logistic (4.5,0.9) 0.9774 0.1944
Sabit Ustel (0=1) 1.0000 1.0000
Monoton artan Weibull (1.5,1.1) 0.9923 0.4535
Gamma (2,2) 0.9994 0.4976
- Weibull (0.8,0.88) 0.9971 1.5776
Log-logistic (4.5,0.9) Monoton azalan Gamma (0.8,0.8) 10002 12466
Monoton olmayan | Log-normal (0.0,0.7) 1.0008 0.2242
Sabit Ustel (0=1) 1.0000 1.0000

Ayrica her dagilim i¢in orneklem biiyiikligi olarak n = 10,20, 30,40, 50,100;
ILtiir durdurma ic¢in durdurma oran p = 0.20,0.40,0.60,0.80,1.00 ; anlamlilik
diizeyi ¢ = 0.10,0.05,0.025,0.01,0.005 ; gili¢ performanst igin tekrar sayisi
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25 000 ve kritik degerler igin tekrar sayist 100 000 olarak dikkate alimustir.

Deneysel gii¢ degerleri sadece a = 0.05 diizeyinde elde edilmistir.

Ek A.’daki ¢izelgelerde iistel dagilim i¢in; Ek B.’deki ¢izelgelerde Weibull dagilimi
i¢cin; Ek C.’deki ¢izelgelerde log-normal dagilimi i¢in ve Ek D’deki ¢izelgelerde 1og-
logistic dagilim i¢in KS, K, CvM, W, AD ve yeni Onerilen Wakm testine iliskin

kritik degerler verilmektedir.

3.3. Déniistiiriilmiis Verileri Kullanan Bazi1 EDF Testleri i¢in Oneri

Bu alt boliimde wverileri doniistiirdiikten sonra EDF testlerini uygulamay1 ongdren

yaklagimlar i¢in bu tez calismasi kapsaminda getirilen oneriler ifade edilmektedir.

3.3.1. Tam orneklemler durumu ve oneri

Chen ve Balakrishnan (1995) herhangi bir dagilimdan gelen 6rneklemi standart
normal dagilimdan gelen bir ornekleme doniistirme yontemi Onermislerdir. Bu

doniigiim alt boliim 2.5.1.°de belirtildigi gibi asagidaki adimlardan olusmaktadir.
1. 0 parametresi etkin bir sekilde X;, i = 1,2,...,n kullanilarak tahmin edilir.

2. ® (.) standart normal dagilima iligkin birikimli dagilim fonksiyonunu
gdstermek iizere; Y; = @[ F3(X;)], i = 1,2, ...,n rasgele degiskenleri elde

edilir.
3. Z; =—, i=1,2,...,nrasgele degiskenleri hesaplanir.

Bu tez calismasinda Chen ve Balakrishnan (1995) tarafindan onerilen doniistiirme
yonteminin ikinci adiminda Y; gozlemleri yerine Y; = @ 1{ MS(Fg(X;)}, i=
1,2,...,n bi¢ciminde tanimlanan go6zlemlerin  kullanimin1  Onerilmekte ve
simiilasyonlarda bu yaklasim uygulanmaktadir. Bagka bir ifadeyle tam orneklem
sanki Il.tir durdurulmus 6rneklem gibi kabul edilip Michael-Schucany (1979) tam

ornekleme doniistiirme yontemi Fg(X;)’lere uygulanmaktadir.
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3.3.2. 1L tiir sagdan durdurulmus 6rneklemler durumu ve éneri

ILtiir sagdan durdurulmus 6rneklemlerde ise alt boliim 2.5.2.°de tanimlanan bazi tam

ornekleme doniistiirme yontemleri ile drneklemler tam 6rneklemlere ¢evrilmektedir.

Bu yontemler asagida listelenmektedir.

1/r

Michael-Schucany (1979) Uy, = %[Br,n_Hl(Ur:n)] , i=12,..,r
n—!'+1
O’Reilly-Stephens (1988) Uy, = 1— [T\, [11;”1*“ ]r"“, =12, .1
—UYj-1n
1. n—i+1
Lin vd.(2008) U, = [%] . i=12..,r
—UYi-1:n

Tam 6rnekleme doniistiiriilmiis 6rneklemler Goldmann vd.(2015) tarafindan onerilen

yontemle standart normal dagilimdan gelen 6rnekleme doniistiiriilmektedir. Onerilen

bu yontem alt boliim 2.5.2.”de belirtildigi gibi asagidaki adimlardan olusmaktadir.

1.

Gergekte Xi., X5, -, Xpn rasgele degiskenlerinin  geldigi dagilim
ailesinin parametreleri (0) bilinmediginden, ilk olarak bu parametreler etkin

bir sekilde tahmin edilir.

Upn = Fg(X1n), Ugn = Fo(Xon) 5 ooy Upn = Fg(Xp)  sirali istatistikleri

bulunur.

Uy = Fg(X1n), Upn = Fg(Xoun) oo, Upy = Fg(Xpy)  siralt istatistiklerinin
olusturdugu sagdan durdurulmus orneklem, Cizelge 2.8.’de belirtilen
dontigiimlerin  herhangi birisi kullamilarak U;.., U,., ..., Uy seklinde r

bliytikliiglindeki tam bir 6rnekleme doniistiiriliir.

@ (.) standart normal dagilima iliskin birikimli dagilim fonksiyonunu
gostermek iizere; Y; = ®71[U;,], i =1,2,..,r rasgele degiskenleri elde
edilir.

Z; = }/;__y’ 1=1,2,..,rrasgele degiskenleri hesaplanir ve herhangi bir
y

normallik testi Z;’lerden olusan 6rnekleme uygulanir.
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Bu tez caligmasi kapsamindaki simiilasyon ¢alismalarinda 3.adimdaki tam 6rnekleme
dontistirme isleminde yontemlerden herhangi birini kullanmak yerine Michael-
Schucany (1979), O’Reilly-Stephens (1988) ve Lin vd.(2008) yontemleri ayr1 ayri
kullanilmaktadir. Daha sonra her biri i¢in 4.adimdaki gibi ayr1 ayr1 normal doniisiim
yapilip, 5.adimdaki gibi standartlastirilma islemi gergeklestirilir.

= Y“—_Yl — Yyi—V, _ Y3i—-Y3

L i=12,r; Zyy =222 §=12,.r; Zy =228 {=12,..r

o
1i Sy2 Sy3

Sy1

Sonrasinda ise bu ili¢ 6rneklemin karsilikli elemanlarinin ortalamasi alinarak tek bir

orneklem elde edilmekte ve standartlastirilmaktadir.

Ty Zy + Zy . Z;-Z
7, =2 ;l 2 i=12.,r ; Zr==

Simiilasyonlarda bu yontemle elde edilen Orneklemlere ilgili testler uygulanarak

normallik durumundaki gii¢ performanslar1 hesaplanmaktadir.

Ayrica, bu tez ¢alismast kapsaminda hem tam orneklemlerde hem de ILtiir sagdan
durdurulmus orneklemlerde standart normal dagilima doniisiim islemi yerine,
verilerin geldigi varsayilan konum-0lcek ailesine iliskin standart dagilima sahip
olacak sekilde verilerin donistiiriilmesi Onerilmektedir. Bu yontemle de ilgili

testlerin kritik degerleri parametrelerin gercek degerlerine bagli olmamaktadir.

3.4. Doniistiiriilmiis Verileri Kullanan Bazi EDF Testleri Icin Simiilasyon

Kurgusu

Bu alt boliimde, baska bir dagilima sahip olacak sekilde doniistiiriilmiis verilere
uygulanan bazi EDF testleri igin yapilacak simiilasyon ¢alismalar1 tanimlanmaktadir.
llgili simiilasyonlarda dikkate alman testler Cramer-von Mises (CvM), Anderson-

Darling (AD) ve bu tez ¢alismasinda 6nerilen W aky testleridir.

Ayrica, yokluk hipoteziyle belirtilen dagilimin parametrelerinin bilinmedigi kabul

edilecektir. Bagka bir ifadeyle parametreler 6rneklemlerden 6rnegin en ¢ok olabilirlik
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yontemiyle tahmin edilmektedir. Dikkate alinan dagilimlar ve bunlara karsilik gelen

alternatif dagilimlar Cizelge 3.1.”de ayrintili olarak verilmektedir.

Ek E.’deki cizelgelerde iistel dagilim i¢in; Ek F.’deki ¢izelgelerde Weibull dagilimi
i¢in; Ek G.’deki ¢izelgelerde log-normal dagilimi i¢in ve Ek H’deki ¢izelgelerde log-
logistic dagilim i¢in 100 000 tekrarli simiilasyonlarda elde edilen kritik degerler
verilmektedir. Bu ¢izelgelerde CvM, AD ve Wakwm testlerinin normal ve orijinal

dagilima doniistiiriilmiis verilere uygulanan versiyonlar dikkate alinmaktadir.

40



4. ORIJINAL VERILERI KULLANAN BAZI EDF
TESTLERINE ILISKIN SIMULASYON SONUCLARI

Bu boliimde 25 000 tekrarli simiilasyonlar sonucunda bazi EDF test istatistikleri i¢in
elde edilen gii¢ performanslar1 verilmektedir. Dikkate alinan testlerin deneysel giic
performanslari monoton artan, monoton azalan ve monoton olmayan tehlike
fonksiyonlar1 olmak iizere Ho hipotezinde belirtilen her dagilim i¢in ii¢ ayr1 durumda

elde edilmistir.

4.1.Ustel Dagihma Uyumun Testi

Bu alt boliimde Ustel(6=1) dagilmi dikkate alimmistir. Ustel dagihm 6lgek
parametreli bir dagilim ailesi olusturdugundan, 6 parametresinin segilen degeri uyum
iyiligi testlerinin kritik degerlerini etkilememektedir. Dolayisiyla parametrenin

gercek degeri giic performanslarini etkilememektedir.

4.1.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 4.1. ve Sekil 4.1.’de Ustel(0=1) dagilimin artan bir tehlike hiz1 fonksiyonuna
sahip Weibull(1.5,1.1) dagilimina karsi testinde, dikkate alinan ve Onerilen uyum
1yiligi testlerinin 25 000 tekrarli simiilasyon ¢alismasindan elde edilen deneysel giic
performanslar1 verilmektedir. Cizelge 4.1. ve Sekil 4.1. incelendiginde; segilen
orneklem biiyiiklikleri ve durdurma oranlarinin genelinde en iyi performansa sahip
yontem Wakwm iken, giicii en diisiik testin W testi oldugu gézlemlenmistir. CvM ve
AD testlerinin Wakm testinin performansindan sonra iyi performanslara sahip
olduklar1 dikkat ¢cekmektedir.
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Cizelge 4.1. Ustel dagilimin artan tehlike hizina sahip Weibull dagihimina karsi uyum iyiligi testi
gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.20 0.0749 0.0468 0.0747 0.0100 0.0389 0.0748

o p=0.40 0.1165 0.0586 0.1220 0.0143 0.0700 0.1316
W p=0.60 0.1413 0.0822 0.1454 0.0221 0.0917 0.1894
< p=0.80 0.1669 0.1268 0.1789 0.0448 0.1185 0.2558
p=1.00 0.2081 0.2022 0.2437 0.2158 0.1816 0.3470

p=0.20 0.1180 0.0534 0.1288 0.0288 0.0786 0.1312

o p=0.40 0.1684 0.0862 0.1918 0.0410 0.1398 0.2327
W p=0.60 0.2207 0.1403 0.2518 0.0648 0.2092 0.3354
= p=0.80 0.2949 0.2339 0.3385 0.1295 0.2913 0.4672
p=1.00 0.3999 0.3714 0.4839 0.4058 0.4432 0.6261

p=0.20 0.1436 0.0611 0.1602 0.0397 0.1107 0.1749

P p=0.40 0.2201 0.1197 0.2567 0.0634 0.2054 0.3140
W p=0.60 0.3114 0.2114 0.3584 0.1178 0.3293 0.4538
= p=0.80 0.4257 0.3560 0.4881 0.2237 0.4606 0.6269
p=1.00 0.5681 0.5268 0.6740 0.5723 0.6520 0.7953

p=0.20 0.1730 0.0724 0.1947 0.0514 0.1408 0.2173

o p=0.40 0.2836 0.1582 0.3269 0.0940 0.2898 0.3954
b p=0.60 0.4029 0.2921 0.4687 0.1776 0.4520 0.5682
= p=0.80 0.5430 0.4797 0.6258 0.3364 0.6160 0.7389
p=1.00 0.7029 0.6699 0.8111 0.7118 0.8054 0.9008

p=0.20 0.2046 0.0887 0.2336 0.0609 0.1810 0.2632

o p=0.40 0.3386 0.2026 0.4029 0.1298 0.3750 0.4678
i p=0.60 0.4928 0.3747 0.5695 0.2472 0.5617 0.6616
= p=0.80 0.6490 0.5819 0.7398 0.4439 0.7392 0.8330
p=1.00 0.8088 0.7724 0.8941 0.8124 0.8954 0.9516

p=0.20 0.3344 0.1649 0.3970 0.1284 0.3618 0.4425

o p=0.40 0.5912 0.4272 0.6776 0.3103 0.6917 0.7342
% p=0.60 0.7999 0.7148 0.8702 0.5695 0.8890 0.9077
< p=0.80 0.9286 0.9102 0.9677 0.8273 0.9744 0.9836
p=1.00 0.9870 0.9811 0.9974 0.9878 0.9981 0.9995
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Sekil 4.1. Ustel dagihmin Weibull dagilimina kars: uyum iyiligi testi gii¢ grafikleri
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Cizelge 4.2. ve Sekil 4.2.’de Ustel(0=1) dagilimin Gamma(2,2) dagilimina kars1 testi
icin simiilasyon c¢alismasindan elde edilen deneysel giic performanslari
verilmektedir. Dikkate alinan orneklem biiyiikliikleri ve durdurma oranlarinin
genelinde yine en iyi performansa sahip yontemin Wakm, en diisiik performansa

sahip yontemin W oldugu goriilmektedir.

Cizelge 4.2. Ustel dagihmin artan tehlike hizina sahip Gamma dagihmina karsi uyum iyiligi testi
gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.20 0.0875 0.0516 0.0871 0.0032 0.0413 0.0872

o p=0.40 0.1405 0.0701 0.1526 0.0119 0.0866 0.1639
i p=0.60 0.1639 0.0948 0.1720 0.0249 0.1120 0.2218
= p=0.80 0.1877 0.1423 0.2026 0.0522 0.1406 0.2834
p=1.00 0.2110 0.2018 0.2450 0.2192 0.1838 0.3414

p=0.20 0.1519 0.0624 0.1688 0.0278 0.1021 0.1720

o p=0.40 0.2233 0.1173 0.2584 0.0498 0.1984 0.3098
W p=0.60 0.2792 0.1800 0.3168 0.0876 0.2791 0.4101
= p=0.80 0.3384 0.2707 0.3852 0.1637 0.3505 0.5073
p=1.00 0.4025 0.3729 0.4829 0.4170 0.4536 0.5981
p=0.20 0.2061 0.0875 0.2363 0.0494 0.1717 0.2585

o p=0.40 0.3091 0.1752 0.3624 0.0935 0.3162 0.4300
¢ p=0.60 0.4062 0.2918 0.4680 0.1737 0.4594 0.5628
= p=0.80 0.4924 0.4130 0.5562 0.2896 0.5567 0.6693
p=1.00 0.5793 0.5326 0.6765 0.5906 0.6713 0.7646

p=0.20 0.2546 0.1122 0.2952 0.0726 0.2324 0.3257

o p=0.40 0.4064 0.2461 0.4677 0.1500 0.4494 0.5383
b p=0.60 0.5196 0.3937 0.5922 0.2593 0.6061 0.6768
= p=0.80 0.6206 0.5527 0.7033 0.4309 0.7199 0.7863
p=1.00 0.7220 0.6774 0.8129 0.7365 0.8270 0.8742
p=0.20 0.3085 0.1356 0.3584 0.0898 0.3020 0.3986

o p=0.40 0.4933 0.3218 0.5698 0.2111 0.5705 0.6288
W p=0.60 0.6293 0.5070 0.7075 0.3631 0.7315 0.7700
= p=0.80 0.7371 0.6714 0.8163 0.5578 0.8406 0.8719
p=1.00 0.8301 0.7878 0.8986 0.8400 0.9151 0.9346

p=0.20 0.5532 0.3176 0.6358 0.2419 0.6290 0.6781

o p=0.40 0.8025 0.6600 0.8711 0.5222 0.9017 0.8942
% p=0.60 0.9182 0.8655 0.9573 0.7569 0.9752 0.9631
< p=0.80 0.9694 0.9547 0.9884 0.9209 0.9949 0.9908
p=1.00 0.9924 0.9850 0.9981 0.9925 0.9992 0.9988
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4.1.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Ustel(0=1) dagilimin azalan bir tehlike hiz1 fonksiyonuna sahip Weibull(0.8,0.88)
dagilimina karsi testi i¢in simiilasyon calismasindan elde edilen deneysel giic

performanslari Cizelge 4.3. ve Sekil 4.3.’te verilmektedir.

Cizelge 4.3. Ustel dagilimin azalan tehlike hizina sahip Weibull dagihmina karsi uyum iyiligi
testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.20 0.0407 0.0693 0.0405 0.0898 0.0737 0.0406

o p=0.40 0.0396 0.0772 0.0400 0.0990 0.0902 0.0280
W p=0.60 0.0512 0.0896 0.0587 0.1140 0.1101 0.0193
< p=0.80 0.0725 0.0972 0.0882 0.1254 0.1435 0.0175
p=1.00 0.1047 0.0842 0.1162 0.0885 0.1758 0.0376
p=0.20 0.0366 0.0778 0.0327 0.0878 0.0811 0.0294

o p=0.40 0.0508 0.0960 0.0558 0.1100 0.1155 0.0206
W p=0.60 0.0799 0.1187 0.0931 0.1380 0.1538 0.0234
= p=0.80 0.1163 0.1410 0.1408 0.1660 0.2012 0.0386
p=1.00 0.1741 0.1338 0.2027 0.1421 0.2724 0.1242
p=0.20 0.0412 0.0839 0.0359 0.0921 0.0934 0.0229

o p=0.40 0.0699 0.1135 0.0747 0.1258 0.1382 0.0286
W p=0.60 0.1060 0.1473 0.1286 0.1641 0.1981 0.0431
= p=0.80 0.1592 0.1821 0.1940 0.2040 0.2669 0.0775
p=1.00 0.2335 0.1759 0.2729 0.1883 0.3465 0.2050
p=0.20 0.0454 0.0919 0.0437 0.1002 0.1021 0.0235

o p=0.40 0.0861 0.1281 0.0940 0.1381 0.1663 0.0399
hi p=0.60 0.1290 0.1656 0.1553 0.1829 0.2368 0.0685
= p=0.80 0.1968 0.2215 0.2402 0.2407 0.3239 0.1212
p=1.00 0.2957 0.2289 0.3501 0.2442 0.4318 0.2893

p=0.20 0.0504 0.0934 0.0473 0.0967 0.1158 0.0244

o p=0.40 0.1014 0.1439 0.1171 0.1550 0.1940 0.0553
W p=0.60 0.1624 0.1964 0.1960 0.2106 0.2782 0.1006
= p=0.80 0.2382 0.2540 0.2942 0.2759 0.3793 0.1740
p=1.00 0.3649 0.2827 0.4242 0.3031 0.5085 0.3744
p=0.20 0.0882 0.1269 0.0928 0.1309 0.1772 0.0585

o p=0.40 0.1852 0.2111 0.2163 0.2183 0.3198 0.1496
% p=0.60 0.3036 0.3244 0.3609 0.3323 0.4692 0.2647
< p=0.80 0.4451 0.4503 0.5192 0.4684 0.6250 0.4219
p=1.00 0.6348 0.5205 0.7144 0.5515 0.7872 0.7025
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Dikkate alinan tiim 6rneklem biiyiikliikleri ve durdurma oranlarinda, tiim testlerin
giic performanslarinin artan tehlike hizina sahip alternatiflerin aksine ¢ok diisiik
oldugu dikkat ¢ekmektedir. Ayrica genel olarak AD testinin diger testlerden biraz

daha iyi performansa sahip oldugu gézlemlenmektedir.
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Cizelge 4.4. ve Sekil 4.4.’te Ustel(0=1) dagilimin azalan bir tehlike hiz1
fonksiyonuna sahip Gamma(0.8,0.8) dagilimina karst testi i¢in simiilasyon
calismasindan elde edilen deneysel gii¢ performanslar1 verilmektedir. Yine dikkate
alinan tiim 6rneklem biiyiikliikkleri ve durdurma oranlarinda,testlerin tamamina iliskin
giic performanslarinin oldukga diisitk ve AD testinin digerlerinden biraz daha iyi

oldugu goriilmiistiir.

Cizelge 4.4. Ustel dagihmin azalan tehlike hizina sahip Gamma dagihimina karsi uyum iyiligi
testi gii¢c degerleri (a=0.05)

KS K CvM W AD W Ak
p=0.20 0.0430 0.0682 0.0428 0.0870 0.0722 0.0428
o |_p=0.40 0.0430 0.0754 0.0422 0.0902 0.0845 0.0335
T | p=0.60 0.0501 0.0777 0.0562 0.0958 0.0947 0.0290
< | p=0.80 0.0610 0.0767 0.0689 0.0956 0.1063 0.0281
p=1.00 0.0688 0.0634 0.0716 0.0647 0.1129 0.0307
p=0.20 0.0379 0.0722 0.0339 0.0806 0.0789 0.0306
o |_p=0.40 0.0494 0.0854 0.0510 0.0976 0.1003 0.0258
¥ | p=0.60 0.0633 0.0944 0.0717 0.1105 0.1200 0.0258
< | p=0.80 0.0760 0.0940 0.0864 0.1105 0.1348 0.0296
p=1.00 0.0865 0.0770 0.0968 0.0810 0.1442 0.0504
p=0.20 0.0390 0.0757 0.0358 0.0850 0.0852 0.0246
o |_p=040 0.0598 0.0951 0.0640 0.1056 0.1184 0.0278
® | p=0.60 0.0738 0.1039 0.0853 0.1183 0.1390 0.0320
< | p=0.80 0.0908 0.1072 0.1068 0.1192 0.1598 0.0420
p=1.00 0.1059 0.0920 0.1196 0.0986 0.1728 0.0732
p=0.20 0.0450 0.0830 0.0414 0.0908 0.0946 0.0247
o |_p=0.40 0.0693 0.1027 0.0723 0.1148 0.1315 0.0316
Y | p=0.60 0.0895 0.1180 0.1044 0.1324 0.1632 0.0432
= | p=0.80 0.1126 0.1309 0.1310 0.1441 0.1945 0.0579
p=1.00 0.1315 0.1135 0.1525 0.1188 0.2143 0.1066
p=0.20 0.0498 0.0872 0.0476 0.0920 0.1030 0.0258
o | _p=0.40 0.0794 0.1136 0.0852 0.1215 0.1489 0.0414
| p=0.60 0.1051 0.1297 0.1232 0.1422 0.1870 0.0583
= | p=0.80 0.1287 0.1427 0.1546 0.1600 0.2184 0.0774
p=1.00 0.1538 0.1336 0.1760 0.1442 0.2426 0.1270
p=0.20 0.0744 0.1066 0.0778 0.1110 0.1500 0.0459
o | p=0.40 0.1243 0.1514 0.1414 0.1578 0.2301 0.0932
= | p=0.60 0.1692 0.1931 0.2022 0.2058 0.2990 0.1298
< | p=0.80 0.2182 0.2249 0.2641 0.2461 0.3658 0.1790
p=1.00 0.2703 0.2222 0.3180 0.2454 0.4149 0.2769
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4.1.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 4.5. ve Sekil 4.5.’te Ustel(6=1) dagilimm monoton olmayan bir tehlike hiz1
fonksiyonuna sahip Log-normal(0,0.7) dagilimina karsi testi i¢in simiilasyon

calismasindan elde edilen deneysel gii¢ performanslar: verilmektedir.

Cizelge 4.5. Ustel dagilimin log-normal dagihmina karsi uyum iyiligi testi giic degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.20 0.1203 0.0686 0.1197 0.0000 0.0537 0.1200

o p=0.40 0.2419 0.1255 0.2684 0.0152 0.1597 0.2832
i p=0.60 0.2756 0.1703 0.3041 0.0416 0.2151 0.3738
< p=0.80 0.2959 0.2284 0.3166 0.1019 0.2401 0.4077
p=1.00 0.2896 0.2825 0.3188 0.3117 0.2512 0.3833

p=0.20 0.3198 0.1414 0.3644 0.0620 0.2379 0.3678

. p=0.40 0.4803 0.2940 0.5481 0.1316 0.4909 0.6025
M) p=0.60 0.5507 0.4050 0.6093 0.2281 0.6001 0.6809
= p=0.80 0.5892 0.4986 0.6343 0.3757 0.6396 0.6884
p=1.00 0.5637 0.5441 0.6182 0.6124 0.6196 0.6092

p=0.20 0.4944 0.2490 0.5673 0.1448 0.4774 0.5998

o p=0.40 0.6870 0.4857 0.7621 0.2932 0.7591 0.8002
W p=0.60 0.7692 0.6417 0.8230 0.4668 0.8582 0.8453
= p=0.80 0.8019 0.7198 0.8386 0.6306 0.8785 0.8410
p=1.00 0.7730 0.7580 0.8173 0.8201 0.8515 0.7355

p=0.20 0.6338 0.3698 0.7203 0.2446 0.6726 0.7488

o p=0.40 0.8370 0.6693 0.8885 0.4771 0.9133 0.9033
b p=0.60 0.8986 0.8119 0.9345 0.6708 0.9622 0.9341
= p=0.80 0.9198 0.8746 0.9405 0.8248 0.9694 0.9194
p=1.00 0.9051 0.8922 0.9298 0.9320 0.9575 0.8337
p=0.20 0.7572 0.4906 0.8351 0.3436 0.8196 0.8544

o p=0.40 0.9206 0.8092 0.9564 0.6429 0.9742 0.9567
i p=0.60 0.9612 0.9111 0.9763 0.8176 0.9913 0.9702
= p=0.80 0.9757 0.9478 0.9839 0.9260 0.9954 0.9673
p=1.00 0.9641 0.9560 0.9756 0.9772 0.9908 0.8916
p=0.20 0.9842 0.9084 0.9943 0.8166 0.9976 0.9940

o p=0.40 0.9994 0.9955 0.9998 0.9774 1.0000 0.9996
% p=0.60 0.9999 0.9994 1.0000 0.9970 1.0000 0.9998
< p=0.80 1.0000 1.0000 1.0000 0.9998 1.0000 0.9995
p=1.00 0.9999 0.9998 0.9999 0.9999 1.0000 0.9886
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Kiiciik orneklemlerde Wakm ve CvM testlerinin performanslarinin diger testlerin
performanslarina nazaran biraz daha iyi oldugu; orta ve biiylik 6rneklemlerde ise
AD, Wakm ve CvM testlerinin biraz daha iyi performansa sahip oldugu

gorilmektedir. Ayrica tam 6rneklem durumunda bazi testlerde performans azalmasi

dikkat ¢cekmektedir.
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Sekil 4.5. Ustel dagihmn log-normal dagilimina kars: uyum iyiligi testi gii¢ grafikleri




4.2.Weibull Dagilimina Uyumun Testi

Bu alt boliimde artan bir tehlike hizi fonksiyonuna sahip Weibull(1.5,1.1) dagilimi
Ho yokluk hipotezi dagilimi olarak dikkate alinmistir. Simiilasyonlarda uyum iyiligi
testlerini uygularken parametrelerin en ¢ok olabilirlik kestirimleri yapilmstir.
Dolayisiyla da parametrenin degerlerinin bilinmedigi durumda Weibull dagilimina

uyum ¢esitli alternatifler altinda test edilmistir.

Ayrica verilerin logaritmasi alinarak dagilim konum-6l¢ek ailesi 6zelligini saglayan
en kiiciik u¢ deger dagilimi olan Gumbel dagilimmna doniistiiriilmiistiir. Weibull
dagilimma iligkin parametre kestirimleri de Gumbel dagiliminin parametre
kestirimleri olarak diizenlenmistir: Konum parametresi
1 = log.(Weibull 6l¢cek parametresi) ve Olcek parametresi
o = 1/(Weibull sekil parametresi). Kritik degerler Gumbel dagilima doniisiimden
sonra elde edilmistir ve Ek.B.’deki ¢izelgelerde ilgili EDF testleri i¢in verilmistir.
Gumbel dagilim ailesi bir konum-6lgek ailesi olusturdugundan, testlerin kritik

degerleri parametrelerin gercek degerlerinden etkilenmemektedir.

4.2.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 4.6.’da artan bir tehlike hiz1 fonksiyonuna sahip Weibull(1.5,1.1) dagilimmin
yine artan bir tehlike hiz1 fonksiyonuna sahip Gamma(2,2) dagilimina kars1 testinde,
dikkate alinan ve Onerilen uyum 1iyiligi testlerinin 25 000 tekrarli simiilasyon
calismasindan elde edilen deneysel gili¢ performanslari verilmektedir. Cizelge 4.6.
incelendiginde; tiim testlerin tiim durumlarda ¢ok diisiik deneysel giic degerlerine
sahip olduklar1 goriilmektedir. Dolayisiyla EDF testlerinin, ortalamalar1 yaklasik
aynt olan artan tehlike hizi alternatif dagilimlari durumunda yeterince ayrim
yapamadiklarina dair izlenim olugmaktadir. Ayrica Onerilen Wakm testinin  gii¢
degerlerinin a=0.05 degerinden genellikle kii¢iik olmas1 bu testin yansizlik 6zelligine

sahip olmadigini gostermektedir.
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Cizelge 4.6. Weibull dagiliminin artan tehlike hizina sahip Gamma dagilimina kars1 uyum iyiligi
testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

o p=0.60 0.0494 0.0534 0.0477 0.0527 0.0456 0.0394
W p=0.80 0.0466 0.0505 0.0496 0.0547 0.0474 0.0326
= p=1.00 0.0507 0.0535 0.0530 0.0534 0.0489 0.0260
o p=0.60 0.0482 0.0522 0.0485 0.0548 0.0455 0.0315
W p=0.80 0.0527 0.0546 0.0565 0.0612 0.0522 0.0245
= p=1.00 0.0605 0.0622 0.0636 0.0640 0.0607 0.0165
p=0.20 0.0463 0.0488 0.0459 0.0510 0.0475 0.0440

o p=0.40 0.0438 0.0496 0.0443 0.0505 0.0433 0.0306
¢ p=0.60 0.0481 0.0501 0.0504 0.0550 0.0473 0.0282
= p=0.80 0.0547 0.0574 0.0603 0.0647 0.0550 0.0202
p=1.00 0.0632 0.0651 0.0685 0.0690 0.0686 0.0123
p=0.20 0.0446 0.0476 0.0455 0.0484 0.0452 0.0406

o p=0.40 0.0455 0.0481 0.0436 0.0514 0.0434 0.0328
hi p=0.60 0.0496 0.0525 0.0508 0.0572 0.0487 0.0259
= p=0.80 0.0610 0.0602 0.0640 0.0690 0.0598 0.0198
p=1.00 0.0642 0.0684 0.0729 0.0723 0.0752 0.0115
p=0.20 0.0451 0.0484 0.0442 0.0488 0.0430 0.0372

o p=0.40 0.0457 0.0491 0.0453 0.0522 0.0428 0.0290
W% p=0.60 0.0505 0.0532 0.0545 0.0593 0.0505 0.0261
= p=0.80 0.0570 0.0589 0.0637 0.0656 0.0606 0.0224
p=1.00 0.0711 0.0735 0.0831 0.0805 0.0844 0.0188
p=0.20 0.0474 0.0520 0.0470 0.0524 0.0476 0.0375

o p=0.40 0.0519 0.0506 0.0518 0.0544 0.0499 0.0330
% p=0.60 0.0598 0.0614 0.0648 0.0659 0.0623 0.0369
< p=0.80 0.0739 0.0704 0.0831 0.0822 0.0819 0.0434
p=1.00 0.0956 0.0990 0.1192 0.1134 0.1300 0.0685

4.2.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 4.7.°de Weibull(1.5,1.1) dagiliminin azalan bir tehlike hizi fonksiyonuna
sahip Gamma(0.8,0.8) dagilimina kars:1 testinde, dikkate aliman ve Onerilen uyum
iyiligi testlerinin 25 000 tekrarli simiilasyon ¢alismasindan elde edilen deneysel gii¢

performanslar1 verilmektedir. Cizelge 4.7. incelendiginde; dikkate alinan tim
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durumlarda testlere iliskin deneysel gili¢ degerleri, artan tehlike hizi durumuna

kiyasla biraz daha iyi olmasina ragmen yine de ¢ok dugiiktiir.

Cizelge 4.7. Weibull dagiliminin azalan tehlike hizina sahip Gamma dagilimina kars1 uyum
iyiligi testi giic degerleri (a=0.05)

KS K CvM W AD Wakm

o p=0.60 0.0555 0.0538 0.0547 0.0507 0.0551 0.0529
i p=0.80 0.0531 0.0511 0.0511 0.0489 0.0532 0.0590
= p=1.00 0.0508 0.0493 0.0522 0.0506 0.0547 0.0644
o p=0.60 0.0538 0.0536 0.0548 0.0515 0.0568 0.0596
W p=0.80 0.0519 0.0513 0.0493 0.0478 0.0530 0.0604
- p=1.00 0.0524 0.0507 0.0506 0.0490 0.0538 0.0722
p=0.20 0.0520 0.0523 0.0510 0.0543 0.0510 0.0526

= p=0.40 0.0509 0.0505 0.0519 0.0486 0.0554 0.0543
W p=0.60 0.0539 0.0501 0.0527 0.0496 0.0558 0.0636
= p=0.80 0.0523 0.0509 0.0525 0.0507 0.0543 0.0676
p=1.00 0.0516 0.0497 0.0529 0.0508 0.0562 0.0786
p=0.20 0.0528 0.0530 0.0553 0.0509 0.0540 0.0523

o p=0.40 0.0548 0.0507 0.0530 0.0508 0.0541 0.0599
b p=0.60 0.0552 0.0524 0.0570 0.0528 0.0581 0.0648
= p=0.80 0.0537 0.0497 0.0538 0.0513 0.0559 0.0704
p=1.00 0.0546 0.0500 0.0522 0.0513 0.0556 0.0839
p=0.20 0.0506 0.0502 0.0505 0.0507 0.0526 0.0569

o p=0.40 0.0524 0.0500 0.0509 0.0478 0.0524 0.0572
i p=0.60 0.0525 0.0503 0.0547 0.0519 0.0565 0.0682
= p=0.80 0.0540 0.0514 0.0518 0.0496 0.0534 0.0721
p=1.00 0.0538 0.0517 0.0540 0.0524 0.0570 0.0862
p=0.20 0.0538 0.0527 0.0540 0.0532 0.0540 0.0545

o p=0.40 0.0507 0.0466 0.0529 0.0489 0.0529 0.0608
% p=0.60 0.0527 0.0511 0.0532 0.0484 0.0556 0.0661
< p=0.80 0.0582 0.0544 0.0576 0.0528 0.0598 0.0816
p=1.00 0.0552 0.0528 0.0595 0.0564 0.0631 0.0939
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4.2.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Weibull(1.5,1.1) dagilimmin monoton olmayan bir tehlike hiz1 fonksiyonuna sahip

Log-normal(0,0.7) dagilimimna Kkars1

testi icin 25 000 tekrarli

simiilasyon

calismasindan elde edilen deneysel gii¢c performanslar1 Cizelge 4.8.’de verilmektedir.

Cizelge 4.8. Weibull dagiliminin 1og-normal dagilima karst uyum iyiligi testi giic degerleri

(a=0.05)

KS K CvM W AD Wakm

o L_p=0.60 0.0504 0.0566 0.0460 0.0603 0.0424 0.0218
T | p=0.80 0.0596 0.0666 0.0690 0.0834 0.0566 0.0111
= | p=1.00 0.0969 0.1034 0.1117 0.1113 0.1004 0.0057
o |_p=0.60 0.0608 0.0672 0.0674 0.0824 0.0588 0.0089
Y | p=0.80 0.0905 0.0940 0.1100 0.1193 0.1026 0.0033
= | p=1.00 0.1655 0.1814 0.2106 0.2039 0.2196 0.0009
p=0.20 0.0368 0.0446 0.0336 0.0481 0.0342 0.0250

o |_p=040 0.0492 0.0587 0.0494 0.0658 0.0462 0.0119
% | p=0.60 0.0736 0.0774 0.0840 0.0960 0.0779 0.0063
= | p=0.80 0.1196 0.1198 0.1540 0.1559 0.1500 0.0028
p=1.00 0.2347 0.2628 0.3090 0.2956 0.3422 0.0002

p=0.20 0.0394 0.0476 0.0364 0.0497 0.0367 0.0214

o |_p=0.40 0.0563 0.0623 0.0594 0.0725 0.0564 0.0104
Y | p=060 0.0915 0.0918 0.1095 0.1153 0.1034 0.0181
< | p=0.80 0.1581 0.1466 0.1971 0.1918 0.1996 0.0312
p=1.00 0.3024 0.3437 0.4028 0.3838 0.4486 0.0413

p=0.20 0.0396 0.0488 0.0368 0.0536 0.0370 0.0166

o |_p=0.40 0.0646 0.0695 0.0700 0.0821 0.0680 0.0144
'? | p=0.60 0.1124 0.1057 0.1338 0.1357 0.1292 0.0414
= | p=080 0.1926 0.1794 0.2446 0.2318 0.2556 0.0914
p=1.00 0.3696 0.4269 0.4995 0.4743 0.5570 0.1752

p=0.20 0.0504 0.0573 0.0512 0.0636 0.0515 0.0200

o | p=0.40 0.1088 0.0993 0.1231 0.1209 0.1290 0.0730
= | p=060 0.2091 0.1870 0.2601 0.2300 0.2771 0.1979
< | p=0.80 0.3665 0.3476 0.4779 0.4274 0.5198 0.4528
p=1.00 0.6560 0.7399 0.8119 0.7802 0.8763 0.6921
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Sekil 4.6. Weibull dagilimin log-normal dagilimina karsi uyum iyiligi testi gii¢ grafikleri

Cizelge 4.8. ve Sekil 4.6. incelendiginde; Cizelge 4.6. ve Cizelge 4.7.’deki artan ve

azalan tehlike hizi durumlarindaki deneysel giic performanslarindan genel olarak

daha iyi giic performanslarinin oldugu gozlemlenmektedir. Bu durum o6zellikle

orneklem biyiikliikleri arttik¢a belirgin hale gelmektedir. Ancak genel anlamda yine

de

giic degerleri

diistiktiir.

Yontemlerin  birbirlerine

gore performanslar

incelendiginde ise AD, CvM ve W testlerinin performanslarinin daha iyi olma

egiliminde oldugu gézlemlenmektedir.
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4.2.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Cizelge 4.9.da  Weibull(1.5,1.1) dagiliminin

sabit degerli

bir tehlike hiz1

fonksiyonuna sahip Ustel(6=1) dagilimma kars1 testinde, dikkate alinan ve 6nerilen

uyum 1iyiligi testlerinin 25 000 tekrarli simiilasyon c¢alismasindan elde edilen

deneysel gii¢ performanslari verilmektedir.

Cizelge 4.9. Weibull dagihminn iistel dagilima karsi uyum iyiligi testi gii¢c degerleri (a=0.05)

KS K CvM W AD Wakm

o p=0.60 0.0516 0.0514 0.0510 0.0488 0.0517 0.0484
i p=0.80 0.0510 0.0492 0.0511 0.0505 0.0519 0.0523
= p=1.00 0.0506 0.0483 0.0484 0.0492 0.0503 0.0524
o p=0.60 0.0513 0.0514 0.0513 0.0519 0.0504 0.0486
W p=0.80 0.0496 0.0502 0.0497 0.0502 0.0511 0.0507
= p=1.00 0.0511 0.0522 0.0510 0.0514 0.0513 0.0484
p=0.20 0.0504 0.0464 0.0474 0.0474 0.0489 0.0511

o p=0.40 0.0489 0.0499 0.0485 0.0496 0.0505 0.0479
W p=0.60 0.0504 0.0500 0.0526 0.0498 0.0530 0.0530
= p=0.80 0.0484 0.0488 0.0498 0.0498 0.0482 0.0516
p=1.00 0.0478 0.0505 0.0500 0.0500 0.0502 0.0499
p=0.20 0.0513 0.0505 0.0530 0.0513 0.0517 0.0509

o p=0.40 0.0512 0.0510 0.0499 0.0511 0.0506 0.0502
hi p=0.60 0.0506 0.0518 0.0525 0.0532 0.0526 0.0499
= p=0.80 0.0522 0.0485 0.0522 0.0517 0.0518 0.0503
p=1.00 0.0529 0.0524 0.0480 0.0486 0.0487 0.0492
p=0.20 0.0492 0.0482 0.0492 0.0514 0.0506 0.0514

o p=0.40 0.0471 0.0482 0.0478 0.0457 0.0486 0.0490
N p=0.60 0.0506 0.0518 0.0531 0.0536 0.0523 0.0510
= p=0.80 0.0515 0.0527 0.0517 0.0532 0.0526 0.0508
p=1.00 0.0514 0.0529 0.0533 0.0534 0.0519 0.0492
p=0.20 0.0518 0.0521 0.0520 0.0502 0.0538 0.0510

o p=0.40 0.0482 0.0489 0.0502 0.0500 0.0496 0.0494
% p=0.60 0.0488 0.0498 0.0499 0.0498 0.0486 0.0476
< p=0.80 0.0477 0.0481 0.0482 0.0482 0.0478 0.0505
p=1.00 0.0510 0.0513 0.0506 0.0504 0.0498 0.0501

Cizelge 4.9. incelendiginde; dikkate alinan tiim durumlarda testlerin performansinin

kabul edilemeyecek kadar diisiik oldugu goriilmektedir. Dolayistyla monoton artan,
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azalan ve sabit degerli tehlike fonksiyonuna sahip alternatif dagilimlar i¢in EDF

testlerinin Weibull dagiliminin ayrimini yapmakta zorlandiklar1 anlagilmaktadir.

4.3.Log-Normal Dagilima Uyumun Testi

Bu alt boliimde monoton olmayan tehlike hizi fonksiyonuna sahip Log-normal(0,0.7)
dagilimi1 Hp yokluk hipotezi dagilimi olarak dikkate alinmaktadir. Simiilasyonlarda
uyum iyiligi testlerini uygularken parametrelerin en ¢ok olabilirlik kestirimleri
yapilmakta ve dolayisiyla da parametrenin degerlerinin bilinmedigi durumda log-

normal dagilima uyum ¢esitli alternatifler altinda test edilmektedir.

Ayrica verilerin logaritmasi alinarak dagilim konum-dlgek ailesi 6zelligini saglayan
normal dagilima doniistiriilmektedir. Log-normal dagilima iligkin parametre
kestirimleri normal dagilimin parametre Kkestirimleri olarak yapilmaktadir. Kritik
degerler normal dagilima doniisimden sonra elde edilmekte ve Ek.C.’deki
cizelgelerde ilgili EDF testleri i¢in verilmektedir. Normal dagilim ailesi bir konum-
Olgek ailesi olusturdugundan, testlerin kritik degerleri parametrelerin gergek

degerlerinden etkilenmemektedir.

4.3.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Bu alt boliimde artan bir tehlike hizi fonksiyonuna sahip Weibull(1.5,1.1) dagilimi
ile yine artan bir tehlike hizi fonksiyonuna sahip Gamma(2,2) dagilimi alternatif
dagilimlar olarak dikkate alinmaktadir. Dikkate almman ve oOnerilen uyum iyiligi
testlerinin 25 000 tekrarli simiilasyon c¢alismasindan elde edilen deneysel gii¢

performanslari ilgili ¢izelgelerde verilmektedir.

Log-normal dagilimin Weibull dagilimma karst uyumunun testinde elde edilen
deneysel gii¢ degerleri incelendiginde ( Cizelge 4.10. ve Sekil 4.7.) ; genel olarak
tiim durumlarda Wakm testinin diger testlere kiyasla daha giiclii olma egiliminde

oldugu gozlemlenmektedir.
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Cizelge 4.10. Log-normal dagilimin artan tehlike hizina sahip Weibull dagihimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0654 0.0511 0.0635 0.0475 0.0618 0.0751

9 p=0.60 0.0824 0.0555 0.0772 0.0464 0.0807 0.1140
S p=0.80 0.0899 0.0681 0.0829 0.0476 0.0897 0.1577
p=1.00 0.1158 0.1076 0.1321 0.1211 0.1399 0.2414
p=0.20 0.0618 0.0569 0.0684 0.0590 0.0650 0.0691

o p=0.40 0.0868 0.0587 0.0876 0.0528 0.0918 0.1223
W p=0.60 0.1040 0.0705 0.1066 0.0546 0.1223 0.1910
< p=0.80 0.1439 0.1114 0.1415 0.0780 0.1608 0.2859
p=1.00 0.2010 0.1825 0.2423 0.2118 0.2692 0.4454

p=0.20 0.0710 0.0580 0.0770 0.0536 0.0746 0.0883

o p=0.40 0.0990 0.0663 0.1048 0.0596 0.1148 0.1609
W p=0.60 0.1373 0.0941 0.1446 0.0729 0.1658 0.2536
= p=0.80 0.1857 0.1521 0.2011 0.1166 0.2244 0.3883
p=1.00 0.2768 0.2548 0.3444 0.2946 0.3850 0.5857

p=0.20 0.0794 0.0600 0.0858 0.0575 0.0871 0.1087

o p=0.40 0.1146 0.0768 0.1256 0.0666 0.1352 0.1914
b p=0.60 0.1600 0.1129 0.1785 0.0926 0.2000 0.3036
= p=0.80 0.2429 0.2039 0.2685 0.1568 0.2968 0.4785
p=1.00 0.3606 0.3314 0.4480 0.3844 0.5010 0.7034

p=0.20 0.0852 0.0622 0.0909 0.0588 0.0946 0.1185

o p=0.40 0.1305 0.0863 0.1436 0.0752 0.1584 0.2245
i p=0.60 0.1913 0.1369 0.2156 0.1107 0.2434 0.3538
= p=0.80 0.2843 0.2487 0.3233 0.2018 0.3513 0.5458
p=1.00 0.4417 0.4059 0.5453 0.4694 0.6008 0.7856

p=0.20 0.1107 0.0753 0.1284 0.0740 0.1324 0.1685

o p=0.40 0.1983 0.1261 0.2274 0.1196 0.2480 0.3322
% p=0.60 0.3277 0.2588 0.3820 0.2232 0.4177 0.5552
< p=0.80 0.5029 0.4822 0.5922 0.4186 0.6186 0.7960
p=1.00 0.7331 0.7143 0.8458 0.7734 0.8883 0.9656
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Sekil 4.7. Log-normal dagilimin Weibull dagilimina karsi uyum iyiligi testi gii¢c grafikleri

Ayrica AD ve CvM testlerinin de tiim durumlarda iyi performans sergiledikleri
dikkat ¢ekmektedir. W testinin ise en kotii performansi sergileme egiliminde oldugu
goriilmektedir. Log-normal dagilimm Gamma dagilimina karsi uyumunun testi i¢in
elde edilen deneysel gii¢ degerleri incelendiginde ( Cizelge 4.11. ve Sekil 4.8. );

Weibull dagilimi durumuna benzer olarak Wakm testinin diger testlere kiyasla daha
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iyi performans sergiledigi, AD ve CvM testlerinin dikkate deger bir performansa
sahip olduklart ve W testinin ise yine diisiik performansa sahip olma egiliminde

oldugu gozlemlenmektedir.

Cizelge 4.11. Log-normal dagilimin artan tehlike hizina sahip Gamma dagilimina karsi uyum
iyiligi testi giic degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0600 0.0516 0.0588 0.0478 0.0578 0.0667

9 p=0.60 0.0686 0.0520 0.0654 0.0470 0.0684 0.0920
< p=0.80 0.0698 0.0582 0.0656 0.0443 0.0696 0.1199
p=1.00 0.0818 0.0764 0.0906 0.0825 0.0944 0.1683

p=0.20 0.0592 0.0550 0.0636 0.0574 0.0610 0.0650

o p=0.40 0.0693 0.0508 0.0710 0.0470 0.0727 0.0967
o p=0.60 0.0824 0.0604 0.0829 0.0502 0.0928 0.1380
= p=0.80 0.0930 0.0734 0.0910 0.0551 0.1027 0.1910
p=1.00 0.1228 0.1084 0.1396 0.1236 0.1569 0.2833
p=0.20 0.0644 0.0564 0.0690 0.0527 0.0672 0.0785

o p=0.40 0.0796 0.0568 0.0819 0.0517 0.0894 0.1213
W p=0.60 0.0956 0.0684 0.0960 0.0559 0.1107 0.1739
= p=0.80 0.1223 0.0972 0.1255 0.0773 0.1410 0.2504
p=1.00 0.1621 0.1427 0.1947 0.1670 0.2196 0.3793
p=0.20 0.0719 0.0563 0.0755 0.0552 0.0760 0.0920

o p=0.40 0.0870 0.0636 0.0938 0.0561 0.1007 0.1376
b p=0.60 0.1098 0.0806 0.1170 0.0675 0.1334 0.2027
= p=0.80 0.1468 0.1155 0.1524 0.0950 0.1728 0.3032
p=1.00 0.2053 0.1767 0.2480 0.2082 0.2788 0.4638

p=0.20 0.0726 0.0555 0.0763 0.0565 0.0789 0.0982

o p=0.40 0.0933 0.0634 0.1009 0.0599 0.1140 0.1564
i p=0.60 0.1232 0.0876 0.1300 0.0740 0.1500 0.2269
= p=0.80 0.1654 0.1352 0.1782 0.1118 0.1982 0.3437
p=1.00 0.2448 0.2042 0.3001 0.2489 0.3402 0.5392
p=0.20 0.0840 0.0612 0.0946 0.0608 0.1001 0.1285

o p=0.40 0.1277 0.0829 0.1430 0.0783 0.1567 0.2204
% p=0.60 0.1852 0.1382 0.2122 0.1258 0.2396 0.3442
< p=0.80 0.2778 0.2465 0.3334 0.2194 0.3584 0.5404
p=1.00 0.4425 0.3809 0.5466 0.4559 0.6040 0.8003
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Sekil 4.8. Log-normal dagiimin Gamma dagilimina karsi uyum iyiligi testi gii¢ grafikleri

4.3.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Bu alt boliimde azalan bir tehlike hizi fonksiyonuna sahip Weibull(0.8,0.88) dagilim1
ile yine azalan bir tehlike hiz1 fonksiyonuna sahip Gamma(0.8,0.8) dagilimi alternatif

dagilimlar olarak dikkate alinmaktadir. Dikkate alinan ve onerilen uyum iyiligi
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testleri i¢in 25 000 tekrarli simiilasyon calismasindan elde edilen deneysel gii¢

performanslar ilgili ¢izelgelerde verilmektedir.

Cizelge 4.12. Log-normal dagilimin azalan tehlike hizina sahip Weibull dagilimina karsi uyum
iyiligi testi giic degerleri (a=0.05)

KS K CvM W AD Wk
p=0.40 0.0652 0.0533 0.0624 0.0489 0.0610 0.0753
S | p=060 0.0784 0.0530 0.0756 0.0451 0.0790 0.1122
£ | p=0.80 0.0898 0.0700 0.0840 0.0470 0.0920 0.1609
p=1.00 0.1176 0.1106 0.1346 0.1223 0.1417 0.2396
p=0.20 0.0667 0.0594 0.0711 0.0598 0.0662 0.0736
o |_p=0.40 0.0870 0.0599 0.0882 0.0526 0.0931 0.1234
¥ | p=0.60 0.1065 0.0694 0.1065 0.0558 0.1228 0.1914
= | p=080 0.1420 0.1105 0.1430 0.0768 0.1580 0.2908
p=1.00 0.2056 0.1882 0.2454 0.2160 0.2740 0.4508
p=0.20 0.0714 0.0566 0.0762 0.0516 0.0728 0.0882
o | _p=040 0.1017 0.0670 0.1048 0.0590 0.1160 0.1639
® | p=0.60 0.1312 0.0888 0.1401 0.0709 0.1594 0.2493
= | p=080 0.1868 0.1511 0.2047 0.1142 0.2277 0.3886
p=1.00 0.2829 0.2503 0.3490 0.3022 0.3899 05017
p=0.20 0.0817 0.0597 0.0854 0.0584 0.0854 0.1092
o |_p=040 0.1149 0.0769 0.1258 0.0647 0.1389 0.1012
Y | p=060 0.1626 0.1123 0.1782 0.0908 0.2030 0.3046
= | p=080 0.2415 0.2005 0.2635 0.1564 0.2897 0.4694
p=1.00 0.3570 0.3289 0.4413 0.3814 0.4905 0.6944
p=0.20 0.0844 0.0618 0.0910 0.0585 0.0963 0.1224
o |_p=040 0.1302 0.0855 0.1425 0.0779 0.1586 0.2188
® | p=0.60 0.1938 0.1368 0.2145 0.1112 0.2440 0.3545
< | p=0.80 0.2908 0.2532 0.3262 0.2004 0.3550 0.5500
p=1.00 0.4361 0.4062 0.5412 0.4676 0.5082 0.7881
p=0.20 0.1001 0.0733 0.1241 0.0715 0.1302 0.1684
o | p=0.40 0.2008 0.1260 0.2315 0.1204 0.2504 0.3396
= | p=060 0.3295 0.2580 0.3832 0.2216 0.4205 0.5500
< | p=0.80 0.5042 0.4814 0.5901 0.4155 0.6154 0.7979
p=1.00 0.7304 0.7094 0.8427 0.7682 0.8872 0.9673

Log-normal dagilimin Weibull dagilimina karsi uyumunun testi i¢in elde edilen
deneysel gii¢c degerleri Cizelge 4.12. ve Sekil 4.9.’da verilmektedir. Tiim durumlarda

Wakm testinin diger testlere kiyasla daha yiiksek giice sahip olma egiliminde oldugu
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dikkat c¢ekmektedir. Ayrica artan tehlike hizi fonksiyonuna sahip alternatif
dagilimlarda oldugu gibi; AD ve CvM testlerinin Wakm testinden sonra yine en iyi
gii¢ performanslarina sahip olduklar1 ve W testinin ise en diisiik gii¢ performansi

sergileme egiliminde oldugu goriilmektedir.
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Sekil 4.9. Log-normal dagilimin Weibull dagilimina karsi uyum iyiligi testi gii¢ grafikleri

Cizelge 4.13. ve Sekil 4.10.’da log-normal dagilimin Gamma dagilimina kars

uyumunun testi i¢in elde edilen deneysel gii¢ degerleri verilmektedir. Tim
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durumlarda sirasiyla Wakm, AD ve CvM testlerinin diger testlere kiyasla daha
yiiksek giice sahip olma egiliminde oldugu dikkat ¢cekmektedir. W testinin ise yine en

diisiik giice sahip oldugu gozlemlenmistir.

Cizelge 4.13. Log-normal dagilimin azalan tehlike hizina sahip Gamma dagilimina karsi uyum
iyiligi testi giic degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0725 0.0544 0.0702 0.0497 0.0674 0.0824

9 p=0.60 0.0871 0.0560 0.0807 0.0458 0.0858 0.1218
< p=0.80 0.0967 0.0730 0.0905 0.0474 0.0990 0.1786
p=1.00 0.1299 0.1205 0.1480 0.1355 0.1577 0.2708
p=0.20 0.0662 0.0555 0.0709 0.0548 0.0666 0.0729

o p=0.40 0.0903 0.0601 0.0931 0.0544 0.0981 0.1318
M) p=0.60 0.1182 0.0757 0.1186 0.0585 0.1341 0.2132
= p=0.80 0.1638 0.1271 0.1637 0.0854 0.1829 0.3268
p=1.00 0.2300 0.2122 0.2803 0.2450 0.3127 0.5054
p=0.20 0.0753 0.0621 0.0831 0.0564 0.0816 0.0963

o p=0.40 0.1090 0.0681 0.1164 0.0603 0.1282 0.1797
W p=0.60 0.1492 0.0981 0.1596 0.0767 0.1828 0.2828
= p=0.80 0.2228 0.1826 0.2411 0.1347 0.2663 0.4378
p=1.00 0.3288 0.3150 0.4148 0.3610 0.4598 0.6636

p=0.20 0.0846 0.0604 0.0901 0.0597 0.0907 0.1152

o p=0.40 0.1290 0.0824 0.1425 0.0731 0.1550 0.2156
b p=0.60 0.1900 0.1335 0.2075 0.1068 0.2323 0.3440
= p=0.80 0.2855 0.2415 0.3138 0.1839 0.3382 0.5367
p=1.00 0.4284 0.4108 0.5324 0.4667 0.5848 0.7770

p=0.20 0.0857 0.0619 0.0937 0.0604 0.0959 0.1237

o p=0.40 0.1424 0.0918 0.1570 0.0817 0.1734 0.2484
N p=0.60 0.2260 0.1615 0.2518 0.1307 0.2822 0.4047
= p=0.80 0.3440 0.3059 0.3914 0.2382 0.4219 0.6243
p=1.00 0.5142 0.4903 0.6264 0.5546 0.6800 0.8497

p=0.20 0.1191 0.0779 0.1364 0.0775 0.1410 0.1834

o p=0.40 0.2268 0.1431 0.2633 0.1363 0.2829 0.3783
% p=0.60 0.3864 0.3092 0.4518 0.2685 0.4827 0.6243
< p=0.80 0.5925 0.5812 0.6862 0.5006 0.7076 0.8653
p=1.00 0.8170 0.8152 0.9126 0.8594 0.9442 0.9866
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Sekil 4.10. Log-normal dagihmin Gamma dagilimina karsi uyum iyiligi testi gii¢c grafikleri

4.3.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Monoton olmayan tehlike hiz1 fonksiyona sahip log-normal dagilimin yine monoton

olmayan tehlike hizi fonksiyonuna sahip olan log-logistic dagilimina kars1 testi i¢in
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25 000 tekrarli simiilasyon ¢aligmasindan elde edilen deneysel gii¢ degerleri Cizelge
4.14. ve Sekil 4.11.”de verilmistir.

Cizelge 4.14. Log-normal dagilimin log-logistic dagilima karsi uyum iyiligi testi gii¢c degerleri

(a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0588 0.0505 0.0562 0.0476 0.0542 0.0634

9 p=0.60 0.0603 0.0504 0.0612 0.0478 0.0619 0.0750
& p=0.80 0.0592 0.0523 0.0590 0.0488 0.0614 0.0785
p=1.00 0.0704 0.0659 0.0749 0.0698 0.0778 0.0723
p=0.20 0.0628 0.0559 0.0652 0.0580 0.0614 0.0648

o p=0.40 0.0694 0.0495 0.0690 0.0468 0.0731 0.0936
N p=0.60 0.0691 0.0520 0.0674 0.0477 0.0790 0.1044
= p=0.80 0.0668 0.0582 0.0638 0.0506 0.0714 0.1036
p=1.00 0.0832 0.0843 0.0934 0.0880 0.1021 0.0887

p=0.20 0.0661 0.0554 0.0710 0.0507 0.0680 0.0799

o p=0.40 0.0740 0.0547 0.0776 0.0526 0.0858 0.1127
N p=0.60 0.0748 0.0562 0.0731 0.0481 0.0854 0.1243
= p=0.80 0.0782 0.0706 0.0796 0.0637 0.0902 0.1257
p=1.00 0.0893 0.0968 0.1065 0.1016 0.1190 0.0979

p=0.20 0.0714 0.0566 0.0751 0.0562 0.0770 0.0930

o p=0.40 0.0803 0.0593 0.0855 0.0532 0.0964 0.1262
hi p=0.60 0.0855 0.0676 0.0892 0.0585 0.1062 0.1440
= p=0.80 0.0851 0.0760 0.0885 0.0720 0.1006 0.1388
p=1.00 0.0980 0.1078 0.1191 0.1166 0.1328 0.1069
p=0.20 0.0754 0.0571 0.0818 0.0565 0.0843 0.1063

o p=0.40 0.0896 0.0657 0.0947 0.0583 0.1053 0.1419
iy p=0.60 0.0889 0.0663 0.0908 0.0587 0.1078 0.1554
= p=0.80 0.0876 0.0826 0.0937 0.0764 0.1104 0.1480
p=1.00 0.1096 0.1174 0.1350 0.1299 0.1507 0.1088
p=0.20 0.0922 0.0627 0.1022 0.0622 0.1073 0.1395

o p=0.40 0.1169 0.0778 0.1312 0.0748 0.1503 0.1985
% p=0.60 0.1276 0.1039 0.1411 0.0952 0.1712 0.2196
- p=0.80 0.1159 0.1131 0.1358 0.1143 0.1626 0.1938
p=1.00 0.1465 0.1771 0.1942 0.1965 0.2230 0.1146

Log-normal ve log-logistic dagilimlar1 birbirlerine ¢ok benzer dagilimlar

oldugundan, Cizelge 4.14.’te goriildiigii gibi testlerin bu iki dagilim arasinda ayirim

yapma gligleri dikkate alinan tiim durumlarda disiiktiir. Diisiik olan bu gii¢
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performanslari incelendiginde, onerilen Wakm testinin tam orneklem durumu harig
performansinin diger testlerin performanslarina  kiyasla biraz daha iyi olma

egiliminde oldugu goriilmektedir. Tam 6rneklem durumunda ise genellikle AD ve

CvM testlerinin biraz daha iyi performans sergiledikleri anlagilmaktadir.
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Sekil 4.11. Log-normal dagilimin log-logistic dagilima karsi uyum iyilidi testi gii¢ grafikleri
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4.3.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Cizelge 4.15. ve Sekil 4.12.°de log-normal dagilimin sabit degerli bir tehlike hizi
fonksiyonuna sahip Ustel(6=1) dagilimina kars1 testi i¢in 25 000 tekrarl simiilasyon

calismasindan elde edilen deneysel gilic degerleri verilmektedir.

Cizelge 4.15. Log-normal dagilimin iistel dagilima kars1 uyum iyiligi testi gii¢c degerleri (a=0.05)

KS K CvM w AD Wk

p=040 | 00700 | 00567 | 0.0676 | 0.0502 0.0651 0.0786

S | p=0.60 | 00789 | 00518 | 0.0735 | 0.0439 0.0770 0.1128
£ | p=080 | 00909 | 00685 | 0.0835 | 0.0472 0.0903 0.1617
p=100 | 01168 | 01075 | 01324 | 0.1202 0.1420 0.2390

p=0.20 | 0.0652 | 00564 | 0.0682 | 0.0563 0.0636 0.0693

o | _p=040 | 00865 | 00578 | 00875 | 00523 0.0926 0.1260
¥ | _p=060 | 01068 | 00702 | 01054 | 0.0550 0.1211 0.1898
= | p=080 | 01400 | 0.117 | 01392 | 0.0759 0.1559 0.2835
p=100 | 02042 | 01844 | 02432 | 0.2154 0.2706 0.4457

p=020 [ 00724 | 00560 | 00758 | 0.0516 0.0730 0.0878

o | _Pp=040 | 01066 | 00696 | 01121 | 0.0622 0.1205 0.1654
® [ p=060 | 01334 | 00894 | 01384 | 0.0695 0.1605 0.2542
= | p=080 | 01892 | 01529 | 02022 | 0.138 0.2244 0.3838
p=1.00 | 02809 | 02575 | 0.3486 | 0.3015 0.3901 0.5871

p=020 [ 00780 | 00610 | 0.0844 | 0.0594 0.0871 0.1048

o | _p=040 | 01154 | 00745 | 01243 | 0.0668 0.1368 0.1905
Y | p=060 | 01620 | 0.123 | 01788 | 0.0932 0.2044 0.3056
= | p=080 | 02447 | 02022 | 02692 | 0.1586 0.2938 0.4734
p=100 | 03652 | 03371 | 04527 | 0.3894 0.5028 0.7016

p=020 | 00854 | 00638 | 0.0918 | 0.0620 0.0954 0.1218

o |_p=040 | 01306 | 00841 | 01431 | 00750 0.1560 0.2212
© | p=060 | 01908 | 0.354 | 02106 | 0.1088 0.2418 0.3556
= | p=080 | 02851 | 02503 | 03222 | 01977 0.3526 0.5466
p=100 | 04380 | 04057 | 0.5407 | 0.4666 0.5973 0.7854

p=020 [ 01108 [ 00747 | 01248 | 0.0726 0.1309 0.1720

o | _p=040 | 01990 | 0.256 | 02301 | 0.1190 0.2486 0.3386
< | p=060 | 03312 | 02587 | 0.3867 | 0.2277 0.4188 0.5590
= | p=080 | 05037 | 04840 | 05924 | 0.4165 0.6181 0.7961
p=100 | 07325 | 07100 | 0.8414 | 0.7650 0.8846 0.9672
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Cizelge 4.15. ve Sekil 4.12. incelendiginde; deneysel gii¢ performansi acgisindan en

iyi testin Onerilen Wakm testi oldugu, bu testi sirasiyla AD ve CvM testlerinin

izledigi, W testinin ise yine en disik performansa sahip test oldugu
gozlemlenmektedir.
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Sekil 4.12. Log-normal dagilimn iistel dagihima karsi uyum iyiligi testi gii¢c grafikleri
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4.4.Log-logistic Dagilima Uyumun Testi

Bu alt bolimde monoton olmayan tehlike hizi fonksiyonuna sahip log-
logistic(4.5,0.9) dagilimi Hp yokluk hipotezi dagilimi olarak dikkate alinmaktadir.
Simiilasyonlarda uyum iyiligi testlerini uygularken parametrelerin en ¢ok olabilirlik
kestirimleri yapilmakta ve dolayisiyla da parametrenin degerlerinin bilinmedigi

durumda log-logistic dagilima uyum gesitli alternatifler altinda test edilmektedir.

Ayrica verilerin logaritmasi alinarak dagilim konum-6l¢ek ailesi 6zelligini saglayan
logistic dagilima doniistiirilmektedir. Log-logistic dagilima iliskin parametre
kestirimleri logistic dagilimin parametre kestirimleri olarak yapilmaktadir. Kritik
degerler logistic dagilima donlisimden sonra elde edilmekte ve Ek.D.’deki
cizelgelerde ilgili EDF testleri icin verilmektedir. Logistic dagilim ailesi bir konum-
Olcek ailesi olusturdugundan, testlerin kritik degerleri parametrelerin gercek

degerlerinden etkilenmemektedir.

4.4.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Bu alt boliimde artan bir tehlike hiz1 fonksiyonuna sahip Weibull(1.5,1.1) dagilimi
alternatif dagilim olarak dikkate alinmaktadir. Dikkate alinan ve onerilen uyum
tyiligi testlerinin 25 000 tekrarli simiilasyon ¢alismasindan elde edilen deneysel gii¢

performanslari ilgili ¢izelgelerde verilmektedir.

Log-logistic dagiliminin Weibull dagilimina karsi uyumunun testinde elde edilen
deneysel gii¢ degerleri incelendiginde ( Cizelge 4.16. ve Sekil 4.13.) ; genel olarak
tim durumlarda Wakm testinin diger testlere kiyasla daha giiglii olma egiliminde

oldugu gozlemlenmektedir.
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Cizelge 4.16. Log-logistic dagilimin artan tehlike hizina sahip Weibull dagihmina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0550 0.0535 0.0540 0.0510 0.0557 0.0583

9 p=0.60 0.0592 0.0519 0.0523 0.0458 0.0611 0.0752

S p=0.80 0.0653 0.0552 0.0472 0.0412 0.0585 0.1082

p=1.00 0.0751 0.0756 0.0831 0.0831 0.0956 0.1694

p=0.40 0.0575 0.0532 0.0551 0.0488 0.0610 0.0680

I p=0.60 0.0652 0.0542 0.0566 0.0453 0.0690 0.1033

& p=0.80 0.0768 0.0673 0.0622 0.0523 0.0784 0.1680

p=1.00 0.1028 0.1118 0.1339 0.1339 0.1750 0.3171

p=0.20 0.0520 0.0493 0.0516 0.0494 0.0520 0.0570

o p=0.40 0.0577 0.0526 0.0572 0.0495 0.0615 0.0800

W p=0.60 0.0686 0.0549 0.0611 0.0482 0.0778 0.1273

. =0.80 0.0872 0.0802 0.0738 0.0619 0.0949 0.2185
p

p=1.00 0.1348 0.1504 0.1808 0.1808 0.2586 0.4490

p=0.20 0.0535 0.0520 0.0522 0.0536 0.0531 0.0554

o p=0.40 0.0602 0.0520 0.0588 0.0514 0.0618 0.0826

hi p=0.60 0.0750 0.0585 0.0652 0.0548 0.0786 0.1424

= p=0.80 0.0975 0.0893 0.0892 0.0764 0.1124 0.2668

p=1.00 0.1652 0.1859 0.2296 0.2296 0.3528 0.5638

p=0.20 0.0554 0.0566 0.0601 0.0553 0.0572 0.0642

o p=0.40 0.0643 0.0551 0.0621 0.0524 0.0672 0.0896

i p=0.60 0.0730 0.0608 0.0700 0.0557 0.0836 0.1554

= p=0.80 0.1140 0.1033 0.1046 0.0906 0.1336 0.3282

p=1.00 0.1952 0.2272 0.2789 0.2789 0.4372 0.6496

p=0.20 0.0544 0.0509 0.0552 0.0518 0.0562 0.0625

o p=0.40 0.0698 0.0593 0.0733 0.0589 0.0778 0.1096

% p=0.60 0.1030 0.0804 0.1024 0.0806 0.1170 0.2244

< p=0.80 0.1862 0.1896 0.2027 0.1779 0.2468 0.5427

p=1.00 0.3877 0.4602 0.5534 0.5534 0.7927 0.9022
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Sekil 4.13. Log-logistic dagilmin Weibull dagilimina karsi uyum iyiligi testi gii¢ grafikleri

Log-logistic dagilimmin Gamma dagilimma karst uyumunun testinde elde edilen
deneysel giic degerleri incelendiginde ( Cizelge 4.17. ve Sekil 4.14.) ; genel olarak
tim durumlarda Wakm testinin diger testlere kiyasla daha giiglii olma egiliminde

oldugu gozlemlenmektedir.
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Cizelge 4.17. Log-logistic dagilimin artan tehlike hizina sahip Gamma dagihimina kars1 uyum
iyiligi testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0495 0.0480 0.0481 0.0472 0.0487 0.0520

p=0.60 0.0530 0.0514 0.0493 0.0480 0.0514 0.0576

% p=0.80 0.0555 0.0503 0.0457 0.0431 0.0514 0.0802
= p=1.00 0.0610 0.0607 0.0638 0.0638 0.0656 0.1173
p=0.40 0.0512 0.0504 0.0504 0.0500 0.0522 0.0535
p=0.60 0.0544 0.0502 0.0490 0.0452 0.0525 0.0654

% p=0.80 0.0604 0.0540 0.0498 0.0452 0.0550 0.1065
< p=1.00 0.0733 0.0762 0.0856 0.0856 0.1001 0.1957
p=0.20 0.0502 0.0495 0.0495 0.0513 0.0495 0.0502

o p=0.40 0.0501 0.0498 0.0513 0.0496 0.0516 0.0551
W p=0.60 0.0564 0.0502 0.0510 0.0483 0.0563 0.0780
. p=0.80 0.0609 0.0544 0.0521 0.0476 0.0596 0.1284
p=1.00 0.0915 0.0942 0.1080 0.1080 0.1385 0.2738
p=0.20 0.0471 0.0501 0.0462 0.0514 0.0464 0.0445

o p=0.40 0.0521 0.0498 0.0509 0.0490 0.0501 0.0534
hi p=0.60 0.0569 0.0520 0.0500 0.0464 0.0526 0.0826
= p=0.80 0.0676 0.0612 0.0616 0.0556 0.0668 0.1464
p=1.00 0.1054 0.1132 0.1359 0.1359 0.1908 0.3501
p=0.20 0.0481 0.0487 0.0493 0.0490 0.0486 0.0479

o p=0.40 0.0534 0.0529 0.0519 0.0504 0.0529 0.0571
i p=0.60 0.0561 0.0515 0.0520 0.0484 0.0554 0.0861
= p=0.80 0.0754 0.0682 0.0669 0.0615 0.0750 0.1744
p=1.00 0.1210 0.1298 0.1617 0.1617 0.2334 0.4118
p=0.20 0.0510 0.0519 0.0494 0.0518 0.0512 0.0474

o p=0.40 0.0532 0.0540 0.0554 0.0525 0.0548 0.0596
% p=0.60 0.0661 0.0576 0.0616 0.0554 0.0612 0.1015
< p=0.80 0.1010 0.0950 0.1002 0.0915 0.1119 0.2776
p=1.00 0.1969 0.2328 0.3055 0.3055 0.4774 0.6550
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Sekil 4.14. Log-legistic dagimin Gamma dagilimina kars1 uyum iyiligi testi gii¢ grafikleri

4.4.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Bu alt boliimde azalan bir tehlike hizi fonksiyonuna sahip Weibull(0.8,0.88) dagilimi

alternatif dagilim olarak dikkate alinmaktadir. Dikkate alinan ve Onerilen uyum

iyiligi testleri i¢in 25 000 tekrarli simiilasyon ¢alismasindan elde edilen deneysel gii¢
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performanslart  Cizelge 4.18. ile Sekil 4.15.’te verilmektedir. Tim durumlarda
Wakwm testinin diger testlere kiyasla daha yiiksek giice sahip olma egiliminde oldugu
dikkat ¢ekmektedir. AD ve CvM testlerinin Wakm testinden sonra yine en iyi gii¢

performanslarina sahip olduklar1 goriilmektedir.

Cizelge 4.18. Log-logistic dagilimin azalan tehlike hizina sahip Weibull dagihmina kars1 uyum
iyiligi testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0558 0.0522 0.0544 0.0497 0.0570 0.0615

9 p=0.60 0.0569 0.0502 0.0510 0.0439 0.0588 0.0742

S p=0.80 0.0624 0.0535 0.0454 0.0400 0.0588 0.1070

p=1.00 0.0778 0.0767 0.0850 0.0850 0.0974 0.1716

p=0.40 0.0573 0.0511 0.0554 0.0472 0.0599 0.0702

I p=0.60 0.0639 0.0524 0.0558 0.0452 0.0679 0.1041

& p=0.80 0.0722 0.0624 0.0564 0.0470 0.0731 0.1673

p=1.00 0.1000 0.1058 0.1276 0.1276 0.1679 0.3112

p=0.20 0.0530 0.0514 0.0517 0.0512 0.0525 0.0564

o p=0.40 0.0582 0.0531 0.0566 0.0516 0.0636 0.0792

W =0.60 0.0660 0.0521 0.0587 0.0478 0.0727 0.1243
i p

p=0.80 0.0852 0.0757 0.0719 0.0613 0.0925 0.2194

p=1.00 0.1334 0.1467 0.1764 0.1764 0.2607 0.4540

p=0.20 0.0536 0.0498 0.0533 0.0514 0.0541 0.0580

o p=0.40 0.0590 0.0534 0.0587 0.0513 0.0624 0.0802

hi p=0.60 0.0744 0.0576 0.0663 0.0540 0.0791 0.1417

= p=0.80 0.0974 0.0878 0.0878 0.0739 0.1117 0.2701

p=1.00 0.1608 0.1842 0.2286 0.2286 0.3524 0.5596

p=0.20 0.0532 0.0528 0.0564 0.0510 0.0570 0.0598

o p=0.40 0.0606 0.0537 0.0564 0.0485 0.0626 0.0862

i p=0.60 0.0770 0.0610 0.0708 0.0569 0.0851 0.1622

= p=0.80 0.1096 0.1004 0.1020 0.0867 0.1300 0.3203

p=1.00 0.1971 0.2296 0.2841 0.2841 0.4425 0.6559

p=0.20 0.0558 0.0537 0.0563 0.0529 0.0580 0.0635

o p=0.40 0.0658 0.0586 0.0676 0.0557 0.0732 0.1068

S =0.60 0.1045 0.0824 0.1052 0.0820 0.1200 0.2305
I P

< p=0.80 0.1783 0.1829 0.1979 0.1723 0.2464 0.5422

p=1.00 0.3886 0.4568 0.5530 0.5530 0.7919 0.9012
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Sekil 4.15. Log-legistic dagilimin Weibull dagilimina kars1 uyum iyiligi testi gii¢ grafikleri

Log-logistic dagilimm Weibull(0.8,0.88) dagilimina karsi testinde giic degerleri
Cizelge 4.19. ile Sekil 4.16.’da verilmektedir. Tiim durumlarda Wakwm testinin diger
testlere kiyasla daha yiiksek giice sahip olma egiliminde oldugu dikkat cekmektedir.
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Cizelge 4.19. Log-logistic dagilimin azalan tehlike hizina sahip Gamma dagilimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0555 0.0514 0.0542 0.0483 0.0554 0.0615
p=0.60 0.0610 0.0518 0.0522 0.0441 0.0612 0.0805

% p=0.80 0.0654 0.0576 0.0462 0.0398 0.0633 0.1238
= p=1.00 0.0834 0.0854 0.0949 0.0949 0.1116 0.1970
p=0.40 0.0597 0.0496 0.0562 0.0480 0.0625 0.0748
p=0.60 0.0700 0.0556 0.0592 0.0466 0.0750 0.1169

% p=0.80 0.0819 0.0733 0.0656 0.0531 0.0857 0.1962
< p=1.00 0.1188 0.1302 0.1548 0.1548 0.2138 0.3760
p=0.20 0.0549 0.0520 0.0553 0.0524 0.0552 0.0599

o p=0.40 0.0598 0.0531 0.0599 0.0503 0.0658 0.0845
W p=0.60 0.0706 0.0547 0.0639 0.0500 0.0821 0.1440
. p=0.80 0.0936 0.0852 0.0813 0.0652 0.1063 0.2612
p=1.00 0.1603 0.1812 0.2170 0.2170 0.3222 0.5312
p=0.20 0.0556 0.0515 0.0556 0.0529 0.0540 0.0589

o p=0.40 0.0641 0.0528 0.0612 0.0511 0.0669 0.0915
hi p=0.60 0.0829 0.0618 0.0737 0.0561 0.0918 0.1682
= p=0.80 0.1111 0.1032 0.1042 0.0872 0.1338 0.3209
p=1.00 0.2024 0.2330 0.2805 0.2805 0.4329 0.6506

p=0.20 0.0555 0.0536 0.0571 0.0518 0.0582 0.0630

o p=0.40 0.0694 0.0587 0.0661 0.0544 0.0741 0.1022
N p=0.60 0.0870 0.0671 0.0807 0.0606 0.0983 0.1902
= p=0.80 0.1339 0.1231 0.1268 0.1056 0.1650 0.3959
p=1.00 0.2451 0.2875 0.3522 0.3522 0.5331 0.7447

p=0.20 0.0577 0.0565 0.0604 0.0544 0.0636 0.0715

o p=0.40 0.0816 0.0664 0.0836 0.0642 0.0886 0.1304
% p=0.60 0.1239 0.0958 0.1303 0.0950 0.1489 0.2895
< p=0.80 0.2310 0.2466 0.2559 0.2234 0.3188 0.6482
p=1.00 0.4915 0.5719 0.6614 0.6614 0.8788 0.9552
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Sekil 4.16. Log-logistic dagilimin Gamma dagilimina kars1 uyum iyiligi testi giic grafikleri

4.4.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Monoton olmayan tehlike hizi fonksiyona sahip log-logistic dagilimin yine monoton

olmayan tehlike hiz1 fonksiyonuna sahip olan log-normal dagilimina kars1 testi igin
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25 000 tekrarli simiilasyon ¢aligmasindan elde edilen deneysel gii¢c degerleri Cizelge
4.20. ve Sekil 4.17.’de verilmistir.

Cizelge 4.20. Log-logistic dagilimin 10g-normal dagilima kars1 uyum iyiligi testi giic degerleri

(a=0.05)

KS K CcvM W AD Wakm

p=0.40 0.0454 0.0504 0.0475 0.0543 0.0439 0.0399

S | p=060 0.0461 0.0557 0.0524 0.0582 0.0448 0.0316
¢ | p=0.80 0.0497 0.0525 0.0517 0.0544 0.0484 0.0359
p=1.00 0.0470 0.0481 0.0485 0.0485 0.0394 0.0470

p=0.40 0.0448 0.0538 0.0473 0.0574 0.0404 0.0242

S | p=0.60 0.0556 0.0633 0.0591 0.0650 0.0520 0.0232
¢ | p=0.80 0.0528 0.0582 0.0590 0.0609 0.0556 0.0266
p=1.00 0.0523 0.0533 0.0512 0.0512 0.0413 0.0548

p=0.20 0.0422 0.0477 0.0402 0.0514 0.0372 0.0297

o |_p=0.40 0.0466 0.0559 0.0509 0.0612 0.0440 0.0202
% | p=0.60 0.0537 0.0596 0.0615 0.0674 0.0548 0.0190
= | p=0.80 0.0538 0.0582 0.0610 0.0623 0.0578 0.0257
p=1.00 0.0556 0.0577 0.0566 0.0566 0.0479 0.0669

p=0.20 0.0418 0.0488 0.0408 0.0550 0.0394 0.0249

o L _p=0.40 0.0535 0.0603 0.0556 0.0664 0.0489 0.0174
Y | p=060 0.0582 0.0660 0.0685 0.0732 0.0601 0.0171
< | p=0.80 0.0554 0.0604 0.0606 0.0624 0.0580 0.0212
p=1.00 0.0589 0.0626 0.0620 0.0620 0.0551 0.0777

p=0.20 0.0438 0.0536 0.0428 0.0554 0.0408 0.0224

o |_p=0.40 0.0562 0.0628 0.0602 0.0682 0.0559 0.0190
® | p=0.60 0.0580 0.0633 0.0668 0.0714 0.0595 0.0144
< | p=0.80 0.0585 0.0632 0.0667 0.0687 0.0647 0.0231
p=1.00 0.0647 0.0682 0.0696 0.0696 0.0595 0.0903

p=0.20 0.0495 0.0575 0.0490 0.0634 0.0483 0.0202

o | p=0.40 0.0661 0.0695 0.0740 0.0792 0.0737 0.0324
= | p=060 0.0709 0.0791 0.0868 0.0892 0.0860 0.0209
< | p=0.80 0.0712 0.0778 0.0845 0.0863 0.0887 0.0170
p=1.00 0.0871 0.0942 0.0978 0.0978 0.0902 0.1355
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Sekil 4.17. Log-logistic dagilimin log-normal dagilima kars1 uyum iyiligi testi giic grafikleri

Log-normal ve log-logistic

oldugundan, Cizelge 4.20.’den goriildiigii gibi testlerin bu iki dagilim arasinda ayirim

dagilimlar

birbirlerine ¢ok benzer

yapma giicleri dikkate alinan tiim durumlarda diistiktiir.
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4.4.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Cizelge 4.21. ve Sekil 4.18.’de log-logistic dagilimin sabit degerli bir tehlike hiz1
fonksiyonuna sahip Ustel(6=1) dagilimina kars1 testi i¢in 25 000 tekrarli simiilasyon

calismasindan elde edilen deneysel glic degerleri verilmektedir.

Cizelge 4.21. Log-logistic dagilimin iistel dagilima karsi uyum iyiligi testi gii¢c degerleri (a=0.05)

KS K CvM W AD Wakm

p=0.40 0.0564 0.0530 0.0564 0.0514 0.0578 0.0606

9 p=0.60 0.0565 0.0489 0.0492 0.0432 0.0574 0.0736
S p=0.80 0.0610 0.0526 0.0442 0.0375 0.0554 0.1074
p=1.00 0.0754 0.0763 0.0830 0.0830 0.0948 0.1737

p=0.40 0.0585 0.0522 0.0580 0.0485 0.0612 0.0700

S p=0.60 0.0652 0.0526 0.0557 0.0438 0.0668 0.1038
& p=0.80 0.0700 0.0618 0.0557 0.0455 0.0718 0.1634
p=1.00 0.1018 0.1081 0.1308 0.1308 0.1751 0.3182
p=0.20 0.0515 0.0514 0.0525 0.0530 0.0522 0.0542

o p=0.40 0.0593 0.0535 0.0572 0.0507 0.0598 0.0763
W p=0.60 0.0674 0.0547 0.0619 0.0494 0.0772 0.1270
= p=0.80 0.0881 0.0809 0.0764 0.0644 0.0956 0.2220
p=1.00 0.1384 0.1528 0.1849 0.1849 0.2651 0.4563
p=0.20 0.0552 0.0489 0.0546 0.0508 0.0545 0.0625

o p=0.40 0.0593 0.0514 0.0566 0.0489 0.0624 0.0832
hi p=0.60 0.0750 0.0601 0.0669 0.0538 0.0796 0.1418
= p=0.80 0.0954 0.0860 0.0854 0.0729 0.1054 0.2680
p=1.00 0.1676 0.1874 0.2304 0.2304 0.3550 0.5628

p=0.20 0.0531 0.0514 0.0554 0.0500 0.0533 0.0587

o p=0.40 0.0624 0.0543 0.0579 0.0501 0.0632 0.0886
W p=0.60 0.0751 0.0618 0.0713 0.0548 0.0844 0.1595
= p=0.80 0.1166 0.1054 0.1091 0.0935 0.1345 0.3341
p=1.00 0.2010 0.2319 0.2851 0.2851 0.4429 0.6574

p=0.20 0.0556 0.0536 0.0550 0.0522 0.0582 0.0650

o p=0.40 0.0708 0.0600 0.0707 0.0588 0.0782 0.1075
% p=0.60 0.1012 0.0801 0.1012 0.0779 0.1160 0.2249
< p=0.80 0.1793 0.1845 0.1976 0.1737 0.2447 0.5439
p=1.00 0.3869 0.4580 0.5519 0.5519 0.7952 0.9048
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Sekil 4.18. Log-logistic dagilimin iistel dagilima kars1 uyum iyiligi testi gii¢c grafikleri

Cizelge 4.20. ve Sekil 4.18. incelendiginde; deneysel giic performansi acisindan en
iyi testin Onerilen Wakwm testi oldugu, AD testinin II. en iyi performansa sahip oldugu

gortilmektedir.
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5. DONUSTURULMUS VERILERI KULLANAN BAZI| EDF
TESTLERINE iLISKIN SIMULASYON SONUCLARI

Bu boliimde 25 000 tekrarli simiilasyonlar sonucunda doniisiimlere dayanan bazi
EDF tiirii uyum 1yiligi testleri i¢in elde edilen giic performanslar1 verilmektedir. Bu
testler Cramer-von Mises, Anderson-Darling ve bu tez ¢alismasinda onerilen Wakwm
testleridir. Dikkate alinan testlerin deneysel gii¢ performanslart monoton artan,
monoton azalan ve monoton olmayan tehlike fonksiyonlari olmak iizere Hp

hipotezinde belirtilen her dagilim igin {i¢ ayr1 durumda elde edilmistir.

Orneklem verilerine iki tiir doniisiim uygulanmaktadir: ilk olarak ILtiir sagdan
durdurulmus oOrneklemler ¢esitli doniisiimler yardimiyla tam Ornekleme
donistiirilmektedir. Daha sonra standart normal dagilimdan gelen drneklemlere ve
verilerin geldigi konum-6l¢ek ailesinin standart dagilimindan gelen 6rneklemlere
doniistiiriilmektedir. Ornegin veriler log-normal dagilim ailesinden geliyorsa, bu aile
icin standart dagilim Log-normal(0,1); tstel dagilim ailesinden geliyorsa, standart
dagilim Ustel(6=1) dagilimudur.

Dikkate alinan her bir test ilk once normallik doniisiimiine uygulanmis verilere ve
daha sonra ilgili dagilim ailesinin standart dagilimma doniistiiriilmiis verilere
uygulanmaktadir. Boylelikle her test icin iki giic performansi dl¢giilmektedir. Testler

cizelgelerde asagidaki kisaltmalarla temsil edilmektedir.

e CvM (N.D): Normallestirilmis verilere uygulanan CvM testi

e CvM (0O.D): Orijinal konum-é6lgek ailesinin standart dagilimina sahip olacak
sekilde dondstiiriilmiis verilere uygulanan CvM testi

e AD (N.D): Normallestirilmis verilere uygulanan AD testi

e AD (O.D): Orijinal konum-olgek ailesinin standart dagilimina sahip olacak

sekilde doniistiiriilmiis verilere uygulanan AD testi
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e  Wakm (N.D): Normallestirilmis verilere uygulanan Wakw testi
e Wakm (0.D): Orijinal konum-olgek ailesinin standart dagilimina sahip

olacak sekilde doniistiiriilmiis verilere uygulanan Wakwm testi

5.1.Ustel Dagihma Uyumun Testi

Bu alt boliimde Ustel(6=1) dagilimi dikkate alinmugtir. Ustel dagilim 6lgek
parametreli bir dagilim ailesi olusturdugundan, 6 parametresinin simiilasyonlarda
orneklemlerden tahmin edilmesi, iistel dagilim i¢in secilen parametre degeri uyum
iyiligi testlerinin kritik degerlerini etkilememektedir. Dolayisiyla parametrenin

gercek degeri glic performanslarini etkilememektedir.

Ayrica verileri orijinal dagilim ailesinin standart dagilimina sahip olacak sekilde
dontistirmeden Once uygulanan tam Ornekleme doniistiirme yontemlerinden
Michael-Schucany (1979) yontemi tercih edilmistir. Bu yontemin tercih edilmesinin
nedeni istellige uyumun testinde diger tam drnekleme doniistiirme yontemlerine gore
daha yiiksek gii¢ performansi saglamasidir. Bu bilginin dogrulugunu desteklemek
amaciyla Lin vd.(2008) yontemiyle de veriler tam Ornekleme doniistiiriiliipp giig
performanslari incelenmistir. Bu inceleme sonucunda ise Lin vd.(2008) yonteminin
kullanilmasi sonucu elde edilen gii¢ degerlerinin Michael-Schucany (1979) yontemi

kullanilarak elde edilen gii¢ degerlerine gore oldukga diisiik olduklar1 goriilmiistiir.

5.1.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 5.1. ve Sekil 5.1.°de Ustel(6=1) dagilimm Weibull(1.5,1.1) dagilimina kars
testinde, 25 000 tekrarli simiilasyon g¢alismasindan ilgili testler i¢in elde edilen
deneysel gii¢ performanslar1 verilmektedir. Cizelge 5.1. ve Sekil 5.1. incelendiginde;
orijinal dagilim doniisiimiine dayali testlerin, normallik doniisiimiine dayanan testlere
gore dikkate alinan tiim durumlarda c¢ok daha iyi gii¢ performanslarina sahip
olduklar1 gézlemlenmektedir. Bu durum 6rneklem biiytikliigii arttikca daha belirgin
hale gelmektedir.
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Ayrica her iki doniigiim grubu ayri ayr1 incelendiginde; bu tez ¢alismasinda onerilen
Wakwm testinin gii¢ performansinin ilgili gruptaki diger testlere kiyasla daha iyi olma
egiliminde oldugu goriilmektedir. Her iki doniisim grubunda da CvM ve AD

testlerinin benzer performans gosterme egilimleri dikkat ¢ekmektedir.

Cizelge 5.1.Ustel dagihmin artan tehlike hizina sahip Weibull dagihmina karsi uyum iyiligi testi
gii¢ degerleri (=0.05)

CvM CvM AD AD Warm Wakw
(N.D) (0.D) (N.D) (0.D) | (ND) (0.D)
p=0.20 0.0000 0.0738 0.0000 0.0246 0.0000 0.0737
o |_p=0.40 0.0488 0.1062 0.0505 0.0516 0.0494 0.1336
7 | p=0.60 0.0570 0.1346 0.0587 0.0798 0.0633 0.1957
= | p=0.80 0.0562 0.1712 0.0590 0.1185 0.0743 0.2595
p=1.00 0.0533 0.2464 0.0546 0.1881 0.0800 0.3409
p=0.20 0.0522 0.1015 0.0533 0.0511 0.0501 0.1248
o |_p=0.40 0.0601 0.1487 0.0611 0.1026 0.0695 0.2233
Y [ p=0.60 0.0645 0.2155 0.0669 0.1648 0.0856 0.3258
= | p=0.80 0.0720 0.3138 0.0768 0.2716 0.1016 0.4504
p=1.00 0.0639 0.4821 0.0666 0.4386 0.1094 0.6142
p=0.20 0.0582 0.1258 0.0592 0.0734 0.0621 0.1782
o |_p=040 0.0636 0.2002 0.0665 0.1500 0.0803 0.3191
® | p=0.60 0.0669 0.2975 0.0692 0.2553 0.0940 0.4508
< [ p=0.80 0.0744 0.4454 0.0824 0.4137 0.1187 0.6074
p=1.00 0.0703 0.6801 0.0742 0.6618 0.1339 0.7983
p=0.20 0.0588 0.1465 0.0601 0.0942 0.0703 0.2212
o |_p=0.40 0.0637 0.2433 0.0677 0.1959 0.0887 0.3807
Y | p=060 0.0690 0.3798 0.0744 0.3428 0.1046 0.5489
= | p=0.80 0.0806 0.5462 0.0864 0.5273 0.1337 0.7086
p=1.00 0.0778 0.8156 0.0806 0.8116 0.1411 0.8995
p=0.20 0.0598 0.1674 0.0617 0.1167 0.0724 0.2698
o |_p=0.40 0.0653 0.2879 0.0684 0.2473 0.0941 0.4532
® | p=0.60 0.0712 0.4498 0.0748 0.4264 0.1072 0.6293
= | p=0.80 0.0879 0.6413 0.0970 0.6410 0.1421 0.7932
p=1.00 0.0865 0.8984 0.0920 0.8988 0.1607 0.9515
p=0.20 0.0590 0.2613 0.0638 0.2260 0.0801 0.4263
o | p=0.40 0.0705 0.4896 0.0767 0.4818 0.1042 0.6791
S | _p=0.60 0.0809 0.7278 0.0892 0.7400 0.1290 0.8602
< | p=0.80 0.1069 0.9110 0.1101 0.9272 0.1964 0.9676
p=1.00 0.1275 0.9977 0.1379 0.9981 0.2327 0.9996
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Sekil 5.1. Ustel dagilimin Weibull dagihmina karsi uyum iyiligi testi giic grafikleri

Ustel(0=1) dagihmin Gamma(2,2) dagilimmna karsi testi icin simiilasyon

caligmasindan elde edilen deneysel gii¢ performanslar1 Cizelge 5.2. ve Sekil 5.2.°de

verilmektedir. Bu performanslar incelendiginde; Weibull dagilim1 durumunda elde

edilen gilic degerleri gibi orijinal dagilim doniisiimiine dayali testlerin giiclerinin

normal dagilim doniisiimiine dayal1 testlerin gliglerine kiyasla dikkate deger dlglide

yiiksek olduklart goriilmektedir.
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Cizelge 5.2. Ustel dagihmin artan tehlike hizina sahip Gamma dagihmina karsi uyum iyiligi testi
gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.20 0.0000 0.0860 0.0000 0.0211 0.0000 0.0860

o | p=040 0.0439 0.1251 0.0471 0.0628 0.0436 0.1570
T | p=0.60 0.0496 0.1551 0.0522 0.0944 0.0525 0.2231
= | p=080 0.0475 0.1953 0.0495 0.1346 0.0546 0.2862
p=1.00 0.0489 0.2490 0.0497 0.1901 0.0498 0.3400

p=0.20 0.0445 0.1308 0.0462 0.0639 0.0420 0.1625

o |_p=040 0.0541 0.2097 0.0564 0.1448 0.0594 0.3114
Y [ p=0.60 0.0547 0.2826 0.0565 0.2240 0.0639 0.4140
= | p=080 0.0583 0.3754 0.0600 0.3348 0.0666 0.5129
p=1.00 0.0505 0.4805 0.0507 0.4500 0.0520 0.5893

p=0.20 0.0516 0.1842 0.0525 0.1122 0.0562 0.2616

o |_p=0.40 0.0572 0.3019 0.0586 0.2403 0.0688 0.4514
® | p=0.60 0.0606 0.4106 0.0604 0.3708 0.0732 0.5774
< [ p=0.80 0.0566 0.5273 0.0598 0.5087 0.0726 0.6810
p=1.00 0.0490 0.6814 0.0495 0.6818 0.0521 0.7673

p=0.20 0.0575 0.2303 0.0595 0.1563 0.0645 0.3434

o |_p=040 0.0583 0.3749 0.0582 0.3252 0.0717 0.5516
Y | p=0.60 0.0568 0.5167 0.0586 0.4928 0.0747 0.6920
< | p=0.80 0.0596 0.6593 0.0620 0.6619 0.0779 0.7937
p=1.00 0.0505 0.8173 0.0493 0.8297 0.0519 0.8742

p=0.20 0.0590 0.2750 0.0595 0.2024 0.0696 0.4266

o |_p=0.40 0.0570 0.4493 0.0610 0.4147 0.0768 0.6442
® | p=0.60 0.0596 0.6141 0.0631 0.6001 0.0773 0.7756
= | p=080 0.0594 0.7511 0.0633 0.7682 0.0778 0.8617
p=1.00 0.0526 0.9012 0.0520 0.9159 0.0518 0.9349

p=0.20 0.0618 0.4795 0.0647 0.4460 0.0798 0.6893

o | p=0.40 0.0596 0.7330 0.0633 0.7474 0.0837 0.8791
= | p=060 0.0648 0.8919 0.0674 0.9182 0.0838 0.9579
< | p=0.80 0.0654 0.9695 0.0714 0.9813 0.0960 0.9876
p=1.00 0.0498 0.9981 0.0502 0.9991 0.0496 0.9988
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Sekil 5.2. Ustel dagilimin Gamma dagilimina kars1 uyum iyiligi testi giic grafikleri

5.1.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Ustel(0=1) dagilimin Weibull(0.8,0.88) dagilimmna karsi testi icin simiilasyon

caligmasindan elde edilen deneysel gii¢ performanslar1 Cizelge 5.3. ve Sekil 5.3.te

verilmektedir.
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Cizelge 5.3. Ustel dagilimin azalan tehlike hizina sahip Weibull dagihmina karsi uyum iyiligi
testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.20 0.0000 0.0402 0.0000 0.0819 0.0000 0.0401

o | p=040 0.0438 0.0553 0.0440 0.0990 0.0468 0.0279
T | p=0.60 0.0433 0.0694 0.0416 0.1159 0.0412 0.0238
= | p=080 0.0416 0.0872 0.0404 0.1373 0.0351 0.0272
p=1.00 0.0511 0.1152 0.0514 0.1740 0.0330 0.0356

p=0.20 0.0449 0.0522 0.0449 0.0937 0.0468 0.0265

o |_p=040 0.0440 0.0753 0.0424 0.1224 0.0374 0.0234
Y [ p=0.60 0.0426 0.1008 0.0422 0.1526 0.0319 0.0353
= | p=0.80 0.0428 0.1402 0.0416 0.1992 0.0300 0.0666
p=1.00 0.0556 0.2012 0.0578 0.2701 0.0285 0.1186

p=0.20 0.0445 0.0670 0.0428 0.1129 0.0402 0.0247

o | _p=040 0.0412 0.0942 0.0400 0.1443 0.0344 0.0314
® | p=0.60 0.0430 0.1314 0.0431 0.1874 0.0339 0.0645
= | p=0.80 0.0425 0.1838 0.0424 0.2529 0.0275 0.1163
p=1.00 0.0573 0.2782 0.0604 0.3568 0.0337 0.2036

p=0.20 0.0434 0.0718 0.0439 0.1168 0.0400 0.0224

o |_p=040 0.0431 0.1120 0.0426 0.1654 0.0320 0.0463
Y | p=0.60 0.0433 0.1543 0.0412 0.2131 0.0316 0.0950
< | p=0.80 0.0419 0.2160 0.0402 0.2842 0.0265 0.1633
p=1.00 0.0652 0.3551 0.0664 0.4417 0.0377 0.2926

p=0.20 0.0426 0.0828 0.0420 0.1304 0.0373 0.0264

o |_p=040 0.0422 0.1250 0.0426 0.1774 0.0335 0.0643
R [ p=0.60 0.0446 0.1790 0.0429 0.2461 0.0302 0.1277
< | p=0.80 0.0416 0.2544 0.0410 0.3312 0.0282 0.2140
p=1.00 0.0650 0.4292 0.0675 0.5148 0.0440 0.3758

p=0.20 0.0428 0.1212 0.0427 0.1796 0.0326 0.0594

o | p=0.40 0.0433 0.1996 0.0429 0.2714 0.0338 0.1601
= | p=060 0.0435 0.2986 0.0419 0.3834 0.0299 0.2799
< | p=0.80 0.0437 0.4264 0.0431 0.5208 0.0314 0.4231
p=1.00 0.0825 0.7082 0.0881 0.7769 0.0771 0.6963

Gii¢ performanslart incelendiginde genel olarak tiim testlerin giic performanslarinin
diisiik oldugu dikkat c¢ekmektedir. Diisiik olan gili¢ performanslarinin i¢inde de
orijinal dagilim doniisiimiine dayanan testlerin gii¢lerinin diger doniisiim grubundaki

testlerin giiclerine goére daha iyi oldugu gozlemlenmektedir. AD testinin giiciiniin
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diger testlerin giiciine nazaran iyi oldugu, tez ¢alismasinda onerilen Waxm testinin

giiciiniin ise her iki gruptaki diger iki teste kiyasla diisiik oldugu goriilmektedir.

n=10 n=20
1.0 1.0
Yontemler Yontemler
—e8— CVM(N.D) —8— CyM(N.D)
—m- CYM(0.D) —m®- CYM(0.D)
0.8 AD(N.D) 0.8 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6+ 0.6
o o
[} 3
0.4 0.4
02 _a 0.2
o A—-—A"T .
Y i - N
P SR e
0.0 {4 0.0
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orami (p ) Durdurma oram ( p)
n=30 n=40
1.0 1.0
Yontemler Yontemler
—e8— CvM(N.D) —8— CvM(N.D)
—m- CvM(0.D) —®- CYM(0.D)
0.8 AD(N.D) 0.84 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<— WAKM(0.D)
0.6+ 0.6
o o
[} 3 a
0.4 0.4
0.2+ 0.2
0.0 0.0
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani (p ) Durdurma orami (p)
n=50 n=100
1.0 1.0
Variable Yontemler
—e— CvM(N.D) —e— CvM(N.D)
—m— CvM(0.D) —m- CYM(0.D)
0.8 AD(N.D) 0.84 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6 0.64
o o
[} 3
0.44 0.44
0.2+ 0.2
0.0+ 0.0
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orami ( p ) Durdurma oram ( p )

Sekil 5.3. Ustel dagilimin Weibull dagihmina karsi uyum iyiligi testi giic grafikleri

Cizelge 5.4. ve Sekil 5.4’te Ustel(0=1) dagilimin Gamma(0.8,0.8) dagilimina kars1
testi i¢cin simiilasyon c¢alismasindan elde edilen deneysel gii¢ performanslar

incelendiginde; her iki gruptaki testlerin glic degerlerinin Weibull dagilimindaki gii¢
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degerlerine gore gozle gorilir dlgiide diisiik oldugu goriilmektedir. AD testinin

giiclinilin yine diger iki testin giicline kiyasla yiiksek oldugu dikkat ¢ekmektedir.

Cizelge 5.4. Ustel dagihmin azalan tehlike hizina sahip Gamma dagihmina karsi uyum iyiligi
testi gii¢c degerleri (a=0.05)

CvM CvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.20 0.0000 0.0401 0.0000 0.0806 0.0000 0.0401

o L _p=0.40 0.0438 0.0512 0.0439 0.0878 0.0467 0.0328
T | p=0.60 0.0466 0.0610 0.0456 0.0970 0.0471 0.0278
= | p=080 0.0455 0.0648 0.0456 0.1043 0.0471 0.0281
p=1.00 0.0481 0.0732 0.0493 0.1141 0.0451 0.0299

p=0.20 0.0464 0.0487 0.0471 0.0887 0.0490 0.0292

o | _p=0.40 0.0450 0.0656 0.0439 0.1054 0.0406 0.0254
Y | p=0.60 0.0462 0.0754 0.0448 0.1154 0.0400 0.0298
< | p=0.80 0.0457 0.0895 0.0456 0.1329 0.0405 0.0426
p=1.00 0.0519 0.0944 0.0521 0.1399 0.0481 0.0482

p=0.20 0.0465 0.0623 0.0442 0.1036 0.0449 0.0266

o |_p=040 0.0473 0.0800 0.0454 0.1218 0.0405 0.0289
% | p=0.60 0.0476 0.0904 0.0448 0.1336 0.0416 0.0422
= | p=0.80 0.0473 0.1099 0.0478 0.1581 0.0435 0.0647
p=1.00 0.0477 0.1205 0.0482 0.1772 0.0478 0.0736

p=0.20 0.0448 0.0690 0.0443 0.1082 0.0414 0.0254

o L _p=0.40 0.0445 0.0912 0.0434 0.1362 0.0393 0.0387
T | p=0.60 0.0444 0.1096 0.0446 0.1599 0.0398 0.0616
= | p=0.80 0.0479 0.1285 0.0478 0.1787 0.0419 0.0830
p=1.00 0.0490 0.1467 0.0475 0.2071 0.0473 0.0971

p=0.20 0.0478 0.0757 0.0457 0.1164 0.0424 0.0282

o L _p=0.40 0.0456 0.0962 0.0458 0.1442 0.0408 0.0474
? | p=0.60 0.0461 0.1196 0.0453 0.1701 0.0438 0.0788
= | p=0.80 0.0473 0.1414 0.0452 0.2010 0.0410 0.1038
p=1.00 0.0472 0.1765 0.0462 0.2442 0.0447 0.1244

p=0.20 0.0453 0.1010 0.0452 0.1487 0.0384 0.0490

o | p=0.40 0.0450 0.1508 0.0459 0.2098 0.0426 0.1130
= | p=0.60 0.0462 0.1895 0.0444 0.2606 0.0408 0.1638
< | p=0.80 0.0453 0.2321 0.0451 0.3146 0.0427 0.2084
p=1.00 0.0506 0.3065 0.0497 0.4014 0.0470 0.2639
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n=10 n=20
1.0 1.0
Yontemler Yonterler
—e8— CvM(N.D) —8— CvM(N.D)
—®- CvM(0.D) —m- CYM(0.D)
0.8 AD(N.D) 0.84 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<— WAKM(0.D)
0.64 0.6
2 2
[} 3
0.44 0.4
U2 0.2
A A—-—-A—-—-—A
o ‘;:i,f,f’fn————,ki'*:?'
01 0.0
T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani( p ) Durdurma orani( p)
n=30 n=40
1.0 1.0
Yontemler Yontemler
—e8— CvM(N.D) —8— CvM(N.D)
—®- CvM(0.D) —m- CYM(0.D)
0.8 AD(N.D) 0.8 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6+ 0.6
4 2
[} 3
0.4+ 0.44
| 4 A
02 s 0.2 A A
- AT T T e AT e T
oo . —+F —4 - et I
0.0 0.0
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orami ( p ) Durdurma oram ( p)
n=50 n=100
1.0 1.0
Yontemler Yontemler
—&— CvM(N.D) —8— CvM(N.D)
—m— CvM(0.D) —m— CvM(0.D)
0.8 AD(N.D) 0.84 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<— WAKM(0.D)
0.6+ 0.64
2 2
3 [¢]
0.4+ 0.44
0.2q 0.24
| o
™
0.0 0.04
T T T T y T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

Durdurma orani (p )

Durdurma oram ( p)

Sekil 5.4. Ustel dagiimin Gamma dagilimina kars1 uyum iyiligi testi giic grafikleri

5.1.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 5.5. ve Sekil 5.5.’te Ustel(0=1) dagilimmn Log-normal(0,0.7) dagilimia karst

testi icin simiilasyon c¢alismasindan elde edilen deneysel gii¢ performanslar

verilmektedir.
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Cizelge 5.5. Ustel dagihmin 1og-normal dagilimina karsi uyum iyiligi testi gii¢ degerleri (0=0.05)

CvM cvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.20 0.0000 0.1199 0.0000 0.0275 0.0000 0.1198

o |_p=0.40 0.0288 0.2315 0.0320 0.1186 0.0253 0.2890
T | p=0.60 0.0358 0.2896 0.0370 0.1877 0.0293 0.3968
= | p=0.80 0.0394 0.3204 0.0414 0.2357 0.0293 0.4344
p=1.00 0.0859 0.3205 0.0896 0.2587 0.0152 0.3833

p=0.20 0.0241 0.3034 0.0281 0.1625 0.0278 0.3629

o L _p=0.40 0.0404 0.4932 0.0412 0.3889 0.0407 0.6472
Y | p=0.60 0.0432 0.5949 0.0428 0.5292 0.0389 0.7382
= | p=0.80 0.0470 0.6483 0.0450 0.6274 0.0284 0.7444
p=1.00 0.1338 0.6185 0.1465 0.6167 0.0234 0.5999

p=0.20 0.0390 0.4777 0.0394 0.3425 0.0460 0.6245

o |_p=040 0.0485 0.7050 0.0455 0.6491 0.0553 0.8561
% | p=0.60 0.0475 0.8022 0.0431 0.7926 0.0399 0.9029
= | p=0.80 0.0564 0.8478 0.0529 0.8626 0.0292 0.8980
p=1.00 0.1738 0.8211 0.1955 0.8568 0.1051 0.7452

p=0.20 0.0482 0.6307 0.0475 0.5168 0.0590 0.7952

o L p=0.40 0.0520 0.8440 0.0483 0.8283 0.0513 0.9431
Y | p=0.60 0.0564 0.9154 0.0524 0.9256 0.0405 0.9667
= | p=0.80 0.0666 0.9411 0.0643 0.9594 0.0313 0.9610
p=1.00 0.2172 0.9280 0.2426 0.9561 0.1912 0.8336

p=0.20 0.0521 0.7441 0.0510 0.6670 0.0691 0.8952

o |__p=0.40 0.0545 0.9161 0.0528 0.9204 0.0595 0.9777
® | p=0.60 0.0600 0.9653 0.0569 0.9763 0.0394 0.9879
< | p=0.80 0.0762 0.9778 0.0764 0.9888 0.0304 0.9838
p=1.00 0.2674 0.9771 0.3005 0.9917 0.2792 0.8931

p=0.20 0.0640 0.9720 0.0632 0.9748 0.0885 0.9962

o | p=0.40 0.0708 0.9981 0.0743 0.9994 0.0541 0.9998
= | p=060 0.0817 0.9999 0.0922 1.0000 0.0370 1.0000
< | p=0.80 0.1216 1.0000 0.1377 1.0000 0.0455 1.0000
p=1.00 0.4714 1.0000 0.5268 1.0000 0.6105 0.9889

Elde edilen deneysel gii¢ performanslarina bakildiginda; doniisiim gruplarindaki
testlere iliskin glic ayrisimlarn kiiciik 6rneklemlerde bile gozlemlenebilmektedir.
Yine orijinal dagilim doniisiimiine dayali testlerin dikkate deger dl¢iide gii¢ acisindan

¢ok daha iyi olduklar1 fark edilmektedir. Ayrica, tezde Onerilen Wakm testinin
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giiclinlin tam Orneklem durumu hari¢ orijinal

yiiksek olma egiliminde oldugu goriilmektedir.

dagilima doniisiim grubunda daha

n=10 n=20
1.0 1.0
Yontemler Yontemler
—e8— CvM(N.D) —8— CvM(N.D)
—®- CvM(0.D) —m- CYM(0.D)
0.84 AD(N.D) 0.84 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6 0.6
o o
[} 3
0.4+ 0.4
0.2 0.24
0 0.0{ ¢
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani (p ) Durdurma orami (p)
n=30 n=40
1.0 1.0 _
Yontemler [ E— —a Yonterler
—8— CvM(N.D) A - —n —8— CVM(N.D)
-—A —m- CvM(0.D) = —m- CYM(0.D)
0.8 S * AD(N.D) 0.84 P Val AD(N.D)
—A - AD(0.D) o —A - AD(0.D)
WAKM(N.D) i WAKM(N.D)
—¢— WAKM(0.D) o //' —<4— WAKM(0.D)
0.6+ 0.6 .
g ¢ <
[} 3
0.44 0.44
0.2 / 0.2 /’
—— P N— PN
0.0 0.0
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani( p ) Durdurma orani( p)
n=50 n=100
Lo — A - % Yontemler L " @ I —¢ Yontemler
,k” —&— CvM(N.D) —&— CvM(N.D)
/// —m— CvM(0.D) —m— CvM(0.D)
0.8 o AD(N.D) 0.8 AD(N.D)
- ’/ —a - AD(0.D) —A - AD(0.D)
< WAKM(N.D) WAKM(N.D|
—4— WAKM(0.D) —4— WAKM(0.D|
0.6+ 0.64
4 o
[} [}
0.4+ 0.4
/4
0.2 / 0.2 /
e P . | - ’/
0.0 0.04
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orami (p ) Durdurma orami ( p)

Sekil 5.5. Ustel dagilimin log-normal dagilimina kars: uyum iyiligi testi giic grafikleri

Diger durumlardan farkli olarak onerilen Wakm testinin tam 6rneklem durumunda,

giic performansinin diisme egiliminde oldugu dikkat c¢ekmektedir. Normallik

dontigiimii grubunda ise testlerin gii¢ performanslarinin ¢ok diisiik olup, aralarinda

gozle goriiliir bir farkliligin olmadig1 anlagilmaktadir.
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5.2.Weibull Dagilimma Uyumun Testi

Bu alt bolimde Weibull dagilimimin, artan bir tehlike hizi fonksiyonuna sahip
Gamma(2,2), azalan bir tehlike hiz1 fonksiyonuna sahip Gamma(0.8,0.8), monoton
olmayan tehlike hizina sahip Log-normal(0,0.7) ve sabit bir tehlike hizina sahip
Ustel(6=1) dagilimlarina kars1 doniistiiriilmiis verileri kullanan uyum iyiligi testleri
dikkate alinmistir. Daha 6nce yapilan simiilasyon g¢aligmalarinda oldugu gibi uyum
iyiligi testlerini uygularken parametrelerin en ¢ok olabilirlik Kkestirimleri
kullanilmistir. Dolayisiyla da parametrenin degerlerinin  bilinmedigi durumda

Weibull dagilimina uyum gesitli alternatifler altinda test edilmistir.

Glig¢ performanslarinda 6nemli bir degisiklige neden olmamasindan dolayi, Lin
vd.(2008) ve O’Reilly-Stephens (1988) tam ornekleme doniistiirme yoOntemleri
Weibull dagilima uyumun testinde dikkate almmamustir. Ustel dagilimda oldugu
gibi, IL.tiir sagdan durdurulmus verileri tam 6rnekleme ¢evirmek amaciyla Michael-

Schucany (1979) yontemi tercih edilmistir.

Ayrica, Weibull dagilimli veriler dogrudan test edilmeyip ilk olarak bir konum-6lgek
ailesi dagilimi olan Gumbel dagilimina doniistiiriilmektedir. Bu asamadan sonra
ILtiir sagdan durdurulmus 6rneklemler tam orneklemlere ¢evrilmektedir. Daha sonra
bu Orneklemler standart normal dagilimdan ve Gumbel(0,1) dagilimindan gelen
orneklemlere dontstiiriilmektedir. Uyum 1yiligi testleri ise bu asamadan sonra

verilere uygulanmaktadir.

5.2.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Bu alt boliimde Weibull dagiliminin artan bir tehlike hizina sahip Gamma(2,2)
dagilimma karsi uyum iyiligi testlerine iligkin gili¢ performanslar1 25 000 tekrarl
simiilasyonlar sonucu elde edilmistir (Cizelge 5.6.). Gii¢ degerleri incelendiginde,

tiim durumlarda testlerin giiglerinin ¢ok diisiik oldugu goriilmiistiir.
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Cizelge 5.6. Weibull dagiliminin artan tehlike hizina sahip Gamma dagilimina karsi uyum iyiligi
testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.0 0.0466 0.0459 0.0463 0.0429 0.0387 0.0351
T | p=0.80 0.0474 0.0517 0.0491 0.0484 0.0371 0.0331
= | p=1.00 0.0572 0.0546 0.0582 0.0501 0.0273 0.0270
p=0.20 0.0495 0.0523 0.0498 0.0490 0.0461 0.0461

o |_p=040 0.0486 0.0526 0.0490 0.0494 0.0384 0.0383
Y [ p=0.60 0.0484 0.0514 0.0488 0.0473 0.0344 0.0301
= | p=0.80 0.0513 0.0550 0.0509 0.0504 0.0311 0.0225
p=1.00 0.0622 0.0595 0.0641 0.0576 0.0240 0.0177

p=0.20 0.0483 0.0496 0.0490 0.0484 0.0440 0.0436

o |_p=0.40 0.0471 0.0512 0.0468 0.0479 0.0366 0.0342
® | p=0.60 0.0506 0.0565 0.0500 0.0535 0.0331 0.0270
< [ p=0.80 0.0493 0.0566 0.0512 0.0536 0.0305 0.0186
p=1.00 0.0703 0.0696 0.0755 0.0695 0.0366 0.0132

p=0.20 0.0484 0.0489 0.0477 0.0463 0.0397 0.0389

o |_p=040 0.0496 0.0571 0.0487 0.0545 0.0349 0.0305
Y | p=0.60 0.0530 0.0564 0.0529 0.0527 0.0333 0.0224
< | p=0.80 0.0526 0.0624 0.0536 0.0592 0.0359 0.0171
p=1.00 0.0756 0.0748 0.0797 0.0750 0.0488 0.0112

p=0.20 0.0462 0.0465 0.0467 0.0458 0.0419 0.0386

o |_p=040 0.0496 0.0541 0.0462 0.0516 0.0319 0.0262
® | p=0.60 0.0497 0.0572 0.0488 0.0531 0.0330 0.0206
= | p=080 0.0561 0.0620 0.0570 0.0596 0.0396 0.0156
p=1.00 0.0813 0.0807 0.0898 0.0856 0.0620 0.0160

p=0.20 0.0462 0.0501 0.0461 0.0489 0.0397 0.0374

o | p=0.40 0.0504 0.0550 0.0500 0.0536 0.0388 0.0246
= | p=060 0.0556 0.0612 0.0563 0.0620 0.0458 0.0296
< | p=0.80 0.0658 0.0738 0.0660 0.0743 0.0574 0.0372
p=1.00 0.1146 0.1168 0.1262 0.1295 0.1354 0.0706

5.2.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 5.7.°de Weibull dagiliminin azalan bir tehlike hizi fonksiyonuna sahip
Gamma(0.8,0.8) dagilimina kars1 testinde 25 000 tekrarli simiilasyon ¢alismasindan
elde edilen deneysel gii¢ performanslart verilmektedir. Elde edilen gii¢ sonuglari

incelendiginde; durdurma oranlarina, 6rneklem biiyiikliiklerine, normal ya da orijinal
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dagilimlara doniistliriilmiis verilere uygulanip uygulanmadigina bakilmaksizin, tim

testlerin gii¢ performanslarinin ¢ok diisiik oldugu gézlemlenmistir.

Cizelge 5.7. Weibull dagiliminin azalan tehlike hizina sahip Gamma dagilimina kars1 uyum
iyiligi testi giic degerleri (a=0.05)

CcvM CcvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.60 0.0510 0.0496 0.0512 0.0506 0.0542 0.0540
7 p=0.80 0.0515 0.0494 0.0527 0.0502 0.0559 0.0554
= p=1.00 0.0532 0.0542 0.0534 0.0571 0.0637 0.0636
p=0.20 0.0515 0.0493 0.0524 0.0510 0.0528 0.0521

o L_p=0.40 0.0521 0.0535 0.0524 0.0544 0.0535 0.0558
A p=0.60 0.0516 0.0508 0.0506 0.0517 0.0555 0.0553
= p=0.80 0.0513 0.0488 0.0501 0.0514 0.0614 0.0618
p=1.00 0.0527 0.0519 0.0528 0.0550 0.0696 0.0715

p=0.20 0.0521 0.0512 0.0527 0.0526 0.0523 0.0529

o |__p=0.40 0.0493 0.0494 0.0491 0.0498 0.0535 0.0537
% | p=0.60 0.0501 0.0528 0.0510 0.0538 0.0595 0.0619
< p=0.80 0.0525 0.0518 0.0537 0.0543 0.0609 0.0647
p=1.00 0.0526 0.0531 0.0536 0.0553 0.0716 0.0771

p=0.20 0.0489 0.0509 0.0506 0.0498 0.0500 0.0516

o |_p=0.40 0.0540 0.0530 0.0545 0.0541 0.0565 0.0582
b p=0.60 0.0544 0.0508 0.0562 0.0539 0.0590 0.0641
= p=0.80 0.0533 0.0509 0.0537 0.0522 0.0647 0.0712
p=1.00 0.0529 0.0528 0.0529 0.0562 0.0766 0.0852

p=0.20 0.0500 0.0522 0.0512 0.0505 0.0510 0.0515

o |_p=0.40 0.0499 0.0506 0.0478 0.0502 0.0549 0.0552
® | p=0.60 0.0534 0.0523 0.0536 0.0534 0.0584 0.0632
= p=0.80 0.0556 0.0519 0.0556 0.0537 0.0638 0.0702
p=1.00 0.0532 0.0532 0.0532 0.0546 0.0742 0.0847

p=0.20 0.0494 0.0495 0.0496 0.0507 0.0546 0.0562

o | p=0.40 0.0525 0.0505 0.0516 0.0517 0.0566 0.0617
= | p=060 0.0517 0.0502 0.0515 0.0531 0.0586 0.0675
= p=0.80 0.0547 0.0518 0.0543 0.0540 0.0571 0.0750
p=1.00 0.0589 0.0590 0.0592 0.0634 0.0854 0.0962

5.2.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu
Cizelge 5.8.°de Weibull dagiliminin monoton olmayan tehlike hizi1 fonksiyonuna

sahip Log-normal(0.0,0.7) dagilimina kars1 uyum iyiligi testinin gii¢ degerleri 25 000

tekrarli simiilasyon ¢alismalariyla verilmektedir. Gii¢ performanslar1 incelendiginde;
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hemen hemen tiim durumlarda CvM ve AD testlerinin Wakm testlerine gore giic

performanslarinin daha yiiksek oldugu dikkat cekmektedir.

Cizelge 5.8. Weibull dagiliminin log-normal dagilima kars1 uyum iyiligi testi giic degerleri

(2=0.05)

CvM cvM AD AD Wakm Wakm

(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o L_p=0.60 0.0493 0.0554 0.0496 0.0467 0.0237 0.0192
T | p=0.80 0.0567 0.0706 0.0595 0.0608 0.0166 0.0105
= | p=1.00 0.1203 0.1105 0.1284 0.0992 0.0061 0.0060
p=0.20 0.0407 0.0480 0.0407 0.0432 0.0326 0.0330

o L _p=0.40 0.0498 0.0587 0.0508 0.0510 0.0214 0.0172
Y | p=0.60 0.0615 0.0773 0.0639 0.0688 0.0124 0.0072
= | p=0.80 0.0772 0.1018 0.0834 0.0967 0.0136 0.0029
p=1.00 0.2096 0.2032 0.2378 0.2133 0.0712 0.0012

p=0.20 0.0446 0.0514 0.0449 0.0457 0.0286 0.0242

o |_p=040 0.0560 0.0655 0.0611 0.0595 0.0143 0.0094
? | p=0.60 0.0715 0.0912 0.0752 0.0860 0.0164 0.0035
= | p=0.80 0.1030 0.1357 0.1144 0.1408 0.0561 0.0013
p=1.00 0.3081 0.3053 0.3542 0.3358 0.2556 0.0002

p=0.20 0.0450 0.0516 0.0458 0.0443 0.0230 0.0195

o L _p=0.40 0.0593 0.0702 0.0616 0.0651 0.0138 0.0066
Y | p=0.60 0.0782 0.0976 0.0843 0.0986 0.0356 0.0025
< | p=0.80 0.1230 0.1642 0.1362 0.1774 0.1050 0.0018
p=1.00 0.4052 0.4045 0.4597 0.4527 0.4365 0.0439

p=0.20 0.0482 0.0559 0.0484 0.0492 0.0216 0.0171

o L _p=0.40 0.0649 0.0770 0.0624 0.0744 0.0190 0.0045
® | p=0.60 0.0931 0.1186 0.1002 0.1208 0.0610 0.0018
< | p=0.80 0.1452 0.1946 0.1610 0.2148 0.1566 0.0275
p=1.00 0.4942 0.4926 0.5585 0.5548 0.5869 0.1643

p=0.20 0.0587 0.0708 0.0587 0.0673 0.0219 0.0085

o | p=0.40 0.0892 0.1083 0.0934 0.1122 0.0763 0.0182
= | p=0.60 0.1498 0.1888 0.1680 0.2169 0.1929 0.1199
< | p=0.80 0.2725 0.3471 0.3056 0.4106 0.3941 0.3223
p=1.00 0.8138 0.8164 0.8686 0.8785 0.9351 0.6933
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n=10 n=20
1.0 - 1.0
Variable Variable
—e— CvM(N.D) —e— CvM(N.D)
—m— CvM(0.D) —m— CYM(0.D)
0.8+ AD(N.D) 0.8 AD(N.D)
—& - AD(0.D) —a - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6 0.6
o o
[c] 3
0.4+ 0.4
0.2+ 0.24
0.0 0.04
T T T T T T T T
0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani (p ) Durdurma orami (p)
n=30 n=40
1.0 - 1.0
Variable Variable
—e— CvM(N.D) —e— CvM(N.D)
—m— CvM(0.D) —m— CYM(0.D)
0.8+ AD(N.D) 0.8 AD(N.D)
—& - AD(0.D) —& - AD(0.D)
WAKM(N.D) WAKM(N.D)
—<4— WAKM(0.D) —<4— WAKM(0.D)
0.6 0.6
] ]
0.4 0.4 /A
i N7
= Ve
i // | 77
0.2 o 0.2 &/
_— == — —=
T_’:_,#g:, g
0.0 T <« 0.0 t‘—a—ia—/
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orami ( p ) Durdurma oram ( p)
n=50 n=100
1.0 - 1.0
Variable Variable
—8— CvM(N.D) —e— CyM(N.D)
—m— CvM(0.D) # —m— CYM(0.D)
0.84 AD(N.D) 0.84 Y AD(N.D)
—aA - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—4— WAKM(0.D) —4— WAKM(0.D)
0.64 0.6
o o
[} 3
0.4 0.4
0.2+ 0.2
0.0 0.04
T T T T T T T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0
Durdurma orani ( p) Durdurma orani ( p)

Sekil 5.6. Weibull dagilimin log-normal dagilimina karsi uyum iyiligi testi gii¢c grafikleri

5.2.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Weibull dagiliminin sabit degerli bir tehlike hiz1 fonksiyonuna sahip Ustel(6=1)

dagilimima kars1 testinde 25 000 tekrarli simiilasyon calismasindan elde edilen

deneysel gili¢ performanslar1 Cizelge 5.9.’da verilmektedir. Tiim durumlarda tiim

testlerin giic degerlerinin oldukga diisiik oldugu goriilmiistiir.
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Cizelge 5.9. Weibull dagihminn iistel dagilima karsi uyum iyiligi testi gii¢ degerleri (0=0.05)

CvM cvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.60 0.0498 0.0489 0.0500 0.0488 0.0487 0.0492
T | p=0.80 0.0501 0.0491 0.0504 0.0494 0.0498 0.0499
= | p=1.00 0.0499 0.0497 0.0498 0.0500 0.0492 0.0490
p=0.20 0.0473 0.0464 0.0465 0.0461 0.0456 0.0454

o L _p=0.40 0.0518 0.0508 0.0509 0.0506 0.0490 0.0522
Y | p=0.60 0.0483 0.0480 0.0481 0.0477 0.0476 0.0479
= | p=0.80 0.0479 0.0497 0.0481 0.0512 0.0499 0.0485
p=1.00 0.0498 0.0480 0.0506 0.0494 0.0518 0.0512

p=0.20 0.0501 0.0503 0.0500 0.0511 0.0492 0.0480

o |_p=0.40 0.0504 0.0502 0.0500 0.0502 0.0499 0.0489
% | p=0.60 0.0488 0.0499 0.0490 0.0476 0.0513 0.0508
= | p=0.80 0.0508 0.0498 0.0515 0.0498 0.0510 0.0534
p=1.00 0.0494 0.0504 0.0502 0.0497 0.0497 0.0502

p=0.20 0.0518 0.0522 0.0511 0.0526 0.0523 0.0523

o L _p=0.40 0.0505 0.0539 0.0513 0.0538 0.0509 0.0506
Y | p=0.60 0.0488 0.0492 0.0491 0.0485 0.0492 0.0496
< | p=0.80 0.0488 0.0507 0.0492 0.0497 0.0500 0.0503
p=1.00 0.0532 0.0530 0.0524 0.0526 0.0500 0.0506

p=0.20 0.0479 0.0498 0.0486 0.0475 0.0476 0.0462

o | _p=040 0.0521 0.0520 0.0489 0.0539 0.0517 0.0494
? | p=0.60 0.0520 0.0509 0.0517 0.0502 0.0484 0.0481
= | p=0.80 0.0518 0.0502 0.0524 0.0506 0.0501 0.0475
p=1.00 0.0489 0.0493 0.0488 0.0486 0.0473 0.0476

p=0.20 0.0523 0.0514 0.0518 0.0521 0.0542 0.0544

o | p=0.40 0.0488 0.0504 0.0478 0.0508 0.0489 0.0505
= | p=0.60 0.0504 0.0500 0.0491 0.0512 0.0478 0.0505
< | p=080 0.0524 0.0505 0.0512 0.0483 0.0446 0.0500
p=1.00 0.0490 0.0483 0.0495 0.0498 0.0497 0.0492
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5.3.Log-normal dagilima uyumun testi

Bu alt boliimde log-normal dagiliminin, artan bir tehlike hizi fonksiyonuna sahip
Weibull(1.5,1.1) ve Gamma(2,2) ; azalan bir tehlike hizi fonksiyonuna sahip
Weibull(0.8,0.88) ve Gamma(0.8,0.8), monoton olmayan tehlike hizina sahip Log-
logistic(4.5,0.9) ve sabit bir tehlike hizina sahip Ustel(0=1) dagilimlarina karsi
doniistiiriilmiis verileri kullanan uyum iyiligi testleri dikkate alinmistir. Parametre
kestirimleri yapildigindan parametrelerin - bilinmedigi durum i¢in log-normal

dagilimina uyum cesitli alternatifler altinda test edilmistir.

Log-normal dagilimli veriler dogrudan test edilmeyip ilk olarak bir konum-6lgek
ailesi dagilimi olan normal dagilima doniistiiriilmektedir. Orijinal dagilim déniigiimii
icin ILtir sagdan durdurulmus o6rneklemler tam Orneklemlere Michael-Schucany
(1979) yontemi ile g¢evrilmektedir. Orneklemler standart normal dagilimdan ve
orijinal dagilimindan gelen 6rneklemlere dontstiiriilmektedir. Uyum iyiligi testleri

ise bu agamadan sonra verilere uygulanmaktadir.

Log-normal dagilim i¢in standart normal dagilim ve orijinal dagilim doniisiimii ayni
oldugundan yani doniistiirme yaklasimlari ortiistiiglinden dolay, testlerin her birinin
bu iki doniisim grubundaki gii¢c performanslari da ayni olur. Bu durum tiim

karsilastirmalar i¢in gecerlidir.

5.3.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Log-normal dagilimin artan tehlike hiz1 fonksiyonlarina sahip Weibull ve Gamma
dagilimlarina karsi testi icin gii¢ degerleri Cizelge 5.10. ve Cizelge 5.11. ile Sekil
5.7. ve Sekil 5.8.’de verilmektedir. Gii¢ degerleri incelendiginde tiim durumlarda

Wakm testinin diger iki testten daha iyi bir performansa sahip oldugu goériilmektedir.
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Cizelge 5.10. Log-normal dagilimin artan tehlike hizina sahip Weibull dagilimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

CvM cvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.40 0.0705 0.0705 0.0712 0.0712 0.0751 0.0751

S | p=0.60 0.0857 0.0857 0.0877 0.0877 0.1062 0.1062
& | p=080 0.1050 0.1050 0.1096 0.1096 0.1465 0.1465
p=1.00 0.1391 0.1391 0.1467 0.1467 0.2470 0.2470

p=0.20 0.0678 0.0678 0.0688 0.0688 0.0722 0.0722

o | _p=0.40 0.0803 0.0803 0.0842 0.0842 0.1140 0.1140
Y | p=0.60 0.1077 0.1077 0.1159 0.1159 0.1685 0.1685
= | p=0.80 0.1481 0.1481 0.1640 0.1640 0.2446 0.2446
p=1.00 0.2503 0.2503 0.2766 0.2766 0.4454 0.4454

p=0.20 0.0730 0.0730 0.0743 0.0743 0.0844 0.0844

o |_p=040 0.0966 0.0966 0.1047 0.1047 0.1478 0.1478
? | p=0.60 0.1270 0.1270 0.1382 0.1382 0.2189 0.2189
= | p=0.80 0.1924 0.1924 0.2136 0.2136 0.3268 0.3268
p=1.00 0.3543 0.3543 0.3958 0.3958 0.5918 0.5918

p=0.20 0.0734 0.0734 0.0774 0.0774 0.0992 0.0992

o L _p=0.40 0.1043 0.1043 0.1142 0.1142 0.1717 0.1717
Y | p=0.60 0.1508 0.1508 0.1724 0.1724 0.2674 0.2674
= | p=0.80 0.2328 0.2328 0.2642 0.2642 0.3964 0.3964
p=1.00 0.4521 0.4521 0.5072 0.5072 0.7060 0.7060

p=0.20 0.0778 0.0778 0.0814 0.0814 0.1094 0.1094

o |_p=0.40 0.1146 0.1146 0.1277 0.1277 0.2003 0.2003
® | p=0.60 0.1706 0.1706 0.1914 0.1914 0.3006 0.3006
< | p=0.80 0.2735 0.2735 0.3133 0.3133 0.4546 0.4546
p=1.00 0.5461 0.5461 0.6016 0.6016 0.7931 0.7931

p=0.20 0.0946 0.0946 0.1030 0.1030 0.1542 0.1542

o | p=0.40 0.1610 0.1610 0.1834 0.1834 0.2815 0.2815
= | p=060 0.2690 0.2690 0.3104 0.3104 0.4533 0.4533
< | p=080 0.4552 0.4552 0.5130 0.5130 0.6878 0.6878
p=1.00 0.8448 0.8448 0.8905 0.8905 0.9666 0.9666
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n=10 n=20
10 1.0
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o o
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n=50 n=100
1.0 1.0
Variable Variable
—8— CVM(N.D) —8— CWM(ND)
—B- CWM(0.D) —&- QWMD)
0.8 AD(N.D) 0.8 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—4¢— WAKM(0.D) —4— WAKM(0.D)
0.6 0.6
o o
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0.4 0.4
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Sekil 5.7. Log-normal dagilimin Weibull dagilmina kars1 uyum iyiligi testi gii¢c grafikleri
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Cizelge 5.11. Log-normal dagilimin artan tehlike hizina sahip Gamma dagilimina karsi uyum
iyiligi testi giic degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.40 0.0685 0.0685 0.0682 0.0682 0.0718 0.0718

S | p=0.60 0.0722 0.0722 0.0727 0.0727 0.0850 0.0850
& | p=0.80 0.0830 0.0830 0.0866 0.0866 0.1104 0.1104
p=1.00 0.0909 0.0909 0.0931 0.0931 0.1606 0.1606

p=0.20 0.0615 0.0615 0.0626 0.0626 0.0634 0.0634

o |_p=040 0.0721 0.0721 0.0750 0.0750 0.0924 0.0924
Y [ p=0.60 0.0800 0.0800 0.0861 0.0861 0.1237 0.1237
= | p=080 0.1024 0.1024 0.1111 0.1111 0.1703 0.1703
p=1.00 0.1483 0.1483 0.1616 0.1616 0.2898 0.2898

p=0.20 0.0654 0.0654 0.0659 0.0659 0.0747 0.0747

o |_p=0.40 0.0757 0.0757 0.0799 0.0799 0.1126 0.1126
® [ p=0.60 0.0920 0.0920 0.0992 0.0992 0.1542 0.1542
= | p=080 0.1200 0.1200 0.1354 0.1354 0.2090 0.2090
p=1.00 0.2088 0.2088 0.2368 0.2368 0.3922 0.3922

p=0.20 0.0669 0.0669 0.0693 0.0693 0.0846 0.0846

o |_p=040 0.0830 0.0830 0.0886 0.0886 0.1318 0.1318
Y | p=0.60 0.1016 0.1016 0.1133 0.1133 0.1760 0.1760
= | p=080 0.1385 0.1385 0.1564 0.1564 0.2477 0.2477
p=1.00 0.2528 0.2528 0.2864 0.2864 0.4717 0.4717

p=0.20 0.0667 0.0667 0.0693 0.0693 0.0899 0.0899

o |_p=040 0.0820 0.0820 0.0914 0.0914 0.1396 0.1396
® | p=0.60 0.1141 0.1141 0.1270 0.1270 0.1990 0.1990
= | p=080 0.1611 0.1611 0.1822 0.1822 0.2822 0.2822
p=1.00 0.3054 0.3054 0.3442 0.3442 0.5408 0.5408

p=0.20 0.0757 0.0757 0.0824 0.0824 0.1227 0.1227

o | p=0.40 0.1063 0.1063 0.1219 0.1219 0.1864 0.1864
= | p=0.60 0.1556 0.1556 0.1794 0.1794 0.2822 0.2822
< | p=0.80 0.2510 0.2510 0.2901 0.2901 0.4334 0.4334
p=1.00 0.5382 0.5382 0.6053 0.6053 0.7981 0.7981
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n=10 n=20
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eve

Sekil 5.8. Log-normal dagiimin Gamma dagihmina kars1 uyum iyiligi testi gii¢ grafikleri
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5.3.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Cizelge 5.12. ve Cizelge 5.13. ile Sekil 5.9 ve Sekil 5.10.’da log-normal dagilimin
azalan tehlike hiz1 fonksiyonlarina sahip Weibull ve Gamma dagilimlarina karsi testi
icin gii¢ degerleri verilmektedir. Bu degerler incelendiginde tiim durumlarda

performans siralamast Wakm , AD ve CvM bi¢iminde ger¢geklesmektedir.

Cizelge 5.12. Log-normal dagilimin azalan tehlike hizina sahip Weibull dagilimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

cvM cvM AD AD W akm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.40 0.0704 0.0704 0.0710 0.0710 0.0769 0.0769

S | p=060 0.0865 0.0865 0.0880 0.0880 0.1068 0.1068
& | p=0.80 0.1022 0.1022 0.1071 0.1071 0.1439 0.1439
p=1.00 0.1364 0.1364 0.1427 0.1427 0.2388 0.2388

p=0.20 0.0675 0.0675 0.0683 0.0683 0.0720 0.0720

o |_p=0.40 0.0821 0.0821 0.0862 0.0862 0.1170 0.1170
Y | p=0.60 0.1055 0.1055 0.1158 0.1158 0.1690 0.1690
= | p=080 0.1482 0.1482 0.1644 0.1644 0.2477 0.2477
p=1.00 0.2502 0.2502 0.2750 0.2750 0.4480 0.4480

p=0.20 0.0735 0.0735 0.0736 0.0736 0.0854 0.0854

o |__p=040 0.0954 0.0954 0.1018 0.1018 0.1486 0.1486
% | p=0.60 0.1376 0.1376 0.1508 0.1508 0.2277 0.2277
= [ p=0.80 0.1903 0.1903 0.2155 0.2155 0.3255 0.3255
p=1.00 0.3531 0.3531 0.3938 0.3938 0.5907 0.5907

p=0.20 0.0718 0.0718 0.0755 0.0755 0.0954 0.0954

o |_p=0.40 0.1028 0.1028 0.1112 0.1112 0.1698 0.1698
Y | p=060 0.1519 0.1519 0.1739 0.1739 0.2707 0.2707
= | p=080 0.2291 0.2291 0.2614 0.2614 0.3942 0.3942
p=1.00 0.4544 0.4544 0.5068 0.5068 0.7053 0.7053

p=0.20 0.0782 0.0782 0.0807 0.0807 0.1085 0.1085

o |_p=0.40 0.1114 0.1114 0.1260 0.1260 0.1962 0.1962
® | p=0.60 0.1734 0.1734 0.1976 0.1976 0.3068 0.3068
= | p=0.80 0.2693 0.2693 0.3096 0.3096 0.4527 0.4527
p=1.00 0.5437 0.5437 0.5984 0.5984 0.7862 0.7862

p=0.20 0.0927 0.0927 0.1017 0.1017 0.1527 0.1527

o | p=0.40 0.1606 0.1606 0.1816 0.1816 0.2781 0.2781
= | p=0.60 0.2660 0.2660 0.3095 0.3095 0.4559 0.4559
< | p=0.80 0.4529 0.4529 0.5113 0.5113 0.6873 0.6873
p=1.00 0.8437 0.8437 0.8893 0.8893 0.9648 0.9648
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Sekil 5.9. Log-normal dagilimin Weibull dagilimina karsi uyum iyiligi testi gii¢ grafikleri
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Cizelge 5.13. Log-normal dagilimin azalan tehlike hizina sahip Gamma dagilimina kars1 uyum
iyiligi testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.40 0.0729 0.0729 0.0744 0.0744 0.0785 0.0785

S | p=0.60 0.0914 0.0914 0.0932 0.0932 0.1126 0.1126
& [ p=0.80 0.1143 0.1143 0.1221 0.1221 0.1635 0.1635
p=1.00 0.1500 0.1500 0.1608 0.1608 0.2706 0.2706

p=0.20 0.0694 0.0694 0.0707 0.0707 0.0736 0.0736

o |_p=040 0.0868 0.0868 0.0910 0.0910 0.1215 0.1215
Y [ p=0.60 0.1176 0.1176 0.1283 0.1283 0.1846 0.1846
= | p=0.80 0.1712 0.1712 0.1890 0.1890 0.2853 0.2853
p=1.00 0.2953 0.2953 0.3252 0.3252 0.5056 0.5056

p=0.20 0.0734 0.0734 0.0749 0.0749 0.0874 0.0874

o |_p=040 0.1026 0.1026 0.1107 0.1107 0.1601 0.1601
® | p=0.60 0.1460 0.1460 0.1604 0.1604 0.2502 0.2502
S [ p=0.80 0.2195 0.2195 0.2478 0.2478 0.3714 0.3714
p=1.00 0.4265 0.4265 0.4727 0.4727 0.6617 0.6617

p=0.20 0.0780 0.0780 0.0811 0.0811 0.1036 0.1036

o |_p=040 0.1114 0.1114 0.1234 0.1234 0.1847 0.1847
Y | p=0.60 0.1723 0.1723 0.1946 0.1946 0.2991 0.2991
= | p=0.80 0.2781 0.2781 0.3150 0.3150 0.4611 0.4611
p=1.00 0.5396 0.5396 0.5941 0.5941 0.7810 0.7810

p=0.20 0.0783 0.0783 0.0811 0.0811 0.1128 0.1128

o |_p=0.40 0.1239 0.1239 0.1402 0.1402 0.2185 0.2185
® | p=0.60 0.1994 0.1994 0.2270 0.2270 0.3484 0.3484
= | p=080 0.3217 0.3217 0.3661 0.3661 0.5221 0.5221
p=1.00 0.6315 0.6315 0.6865 0.6865 0.8540 0.8540

p=0.20 0.0960 0.0960 0.1054 0.1054 0.1648 0.1648

o | p=0.40 0.1851 0.1851 0.2085 0.2085 0.3122 0.3122
= | p=0.60 0.3154 0.3154 0.3638 0.3638 0.5202 0.5202
< | p=0.80 0.5290 0.5290 0.5906 0.5906 0.7588 0.7588
p=1.00 0.9099 0.9099 0.9420 0.9420 0.9845 0.9845
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Sekil 5.10. Log-normal dagilimimm Gamma dagilimina karsi uyum iyiligi testi giic grafikleri
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5.3.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Log-normal dagilimin monoton olmayan tehlike hiz1 fonksiyonuna sahip 1og-logistic

dagilimina kars1 testi i¢in gili¢c degerleri Cizelge 5.14. ve Sekil 5.11.’de verilmektedir.

Her

ug

testin  tim durumlardaki

gozlemlenmektedir.

glic performanslarinin  diisik oldugu

Cizelge 5.14. Log-normal dagilimin log-logistic dagilima kars1 uyum iyiligi testi giic degerleri

(0:=0.05)
WAKM WAKM (

oy | oM comy | (G2 1A0 9P S

p=0.40 | 0.0636 0.0636 0.0642 0.0642 0.0669 0.0669

S | p=0.60 | 0.0644 0.0644 0.0647 0.0647 0.0728 0.0728
g p=0.80 | 0.0617 0.0617 0.0632 0.0632 0.0742 0.0742
p=1.00 | 0.0775 0.0775 0.0811 0.0811 0.0733 0.0733
p=0.20 | 0.0606 0.0606 0.0614 0.0614 0.0641 0.0641

o p=0.40 | 0.0685 0.0685 0.0717 0.0717 0.0888 0.0888
h p=0.60 | 0.0686 0.0686 0.0728 0.0728 0.0957 0.0957
c p=0.80 | 0.0725 0.0725 0.0773 0.0773 0.0964 0.0964
p=1.00 | 0.0988 0.0988 0.1082 0.1082 0.0908 0.0908
p=0.20 | 0.0653 0.0653 0.0659 0.0659 0.0750 0.0750

o p=0.40 | 0.0734 0.0734 0.0774 0.0774 0.1036 0.1036
Y p=0.60 | 0.0765 0.0765 0.0824 0.0824 0.1173 0.1173
< p=0.80 | 0.0756 0.0756 0.0820 0.0820 0.1077 0.1077
p=1.00 | 0.1137 0.1137 0.1269 0.1269 0.1015 0.1015
p=0.20 | 0.0653 0.0653 0.0686 0.0686 0.0859 0.0859

o p=0.40 | 0.0805 0.0805 0.0871 0.0871 0.1239 0.1239
bl p=0.60 | 0.0864 0.0864 0.0943 0.0943 0.1361 0.1361
c p=0.80 | 0.0843 0.0843 0.0946 0.0946 0.1228 0.1228
p=1.00 | 0.1303 0.1303 0.1471 0.1471 0.1082 0.1082
p=0.20 | 0.0676 0.0676 0.0707 0.0707 0.0936 0.0936

o p=0.40 | 0.0829 0.0829 0.0933 0.0933 0.1299 0.1299
% p=0.60 | 0.0889 0.0889 0.0996 0.0996 0.1427 0.1427
= p=0.80 | 0.0878 0.0878 0.0998 0.0998 0.1298 0.1298
p=1.00 | 0.1425 0.1425 0.1585 0.1585 0.1097 0.1097
p=0.20 | 0.0828 0.0828 0.0890 0.0890 0.1279 0.1279

o | p=0.40 | 0.1006 0.1006 0.1133 0.1133 0.1651 0.1651
% p=0.60 | 0.1155 0.1155 0.1340 0.1340 0.1845 0.1845
< p=0.80 | 0.1178 0.1178 0.1382 0.1382 0.1708 0.1708
p=1.00 | 0.2016 0.2016 0.2316 0.2316 0.1126 0.1126
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Sekil 5.11. Log-normal dagilimin log-logistic dagilima karsi uyum iyiligi testi gii¢ grafikleri
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5.3.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Cizelge 5.15. ve Sekil 5.12.°de log-normal dagilimin sabit tehlike hizi fonksiyonuna
sahip tistel dagilima karsi testi i¢in giic degerleri verilmektedir. Tiim durumlarda

Wakm testinin performansinin daha iyi oldugu goriilmektedir.

Cizelge 5.15. Log-normal dagilimin iistel dagilima kars1 uyum iyiligi testi gii¢c degerleri (a=0.05)

cvM cvM AD AD W akm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

p=0.40 0.0734 0.0734 0.0739 0.0739 0.0782 0.0782

S | p=0.60 0.0836 0.0836 0.0855 0.0855 0.1056 0.1056
¢ [ p=0.80 0.1049 0.1049 0.1101 0.1101 0.1496 0.1496
p=1.00 0.1416 0.1416 0.1504 0.1504 0.2488 0.2488

p=0.20 0.0661 0.0661 0.0686 0.0686 0.0716 0.0716

o |_p=0.40 0.0820 0.0820 0.0865 0.0865 0.1170 0.1170
Y | p=0.60 0.1071 0.1071 0.1164 0.1164 0.1707 0.1707
< | p=0.80 0.1517 0.1517 0.1667 0.1667 0.2525 0.2525
p=1.00 0.2455 0.2455 0.2736 0.2736 0.4500 0.4500

p=0.20 0.0724 0.0724 0.0747 0.0747 0.0882 0.0882

o |_p=0.40 0.0973 0.0973 0.1039 0.1039 0.1500 0.1500
% | p=0.60 0.1300 0.1300 0.1422 0.1422 0.2204 0.2204
= | p=0.80 0.1912 0.1912 0.2150 0.2150 0.3269 0.3269
p=1.00 0.3538 0.3538 0.3943 0.3943 0.5914 0.5914

p=0.20 0.0746 0.0746 0.0773 0.0773 0.1010 0.1010

o |_p=0.40 0.1028 0.1028 0.1122 0.1122 0.1705 0.1705
Y | p=0.60 0.1527 0.1527 0.1733 0.1733 0.2670 0.2670
< [ p=0.80 0.2304 0.2304 0.2614 0.2614 0.3937 0.3937
p=1.00 0.4531 0.4531 0.5065 0.5065 0.7044 0.7044

p=0.20 0.0771 0.0771 0.0813 0.0813 0.1107 0.1107

o |_p=0.40 0.1139 0.1139 0.1251 0.1251 0.1967 0.1967
? | p=0.60 0.1722 0.1722 0.1953 0.1953 0.3048 0.3048
= | p=0.80 0.2714 0.2714 0.3108 0.3108 0.4565 0.4565
p=1.00 0.5432 0.5432 0.5970 0.5970 0.7908 0.7908

p=0.20 0.0939 0.0939 0.1032 0.1032 0.1546 0.1546

o | p=0.40 0.1620 0.1620 0.1834 0.1834 0.2780 0.2780
= | p=0.60 0.2714 0.2714 0.3130 0.3130 0.4544 0.4544
< | p=0.80 0.4463 0.4463 0.5073 0.5073 0.6809 0.6809
p=1.00 0.8442 0.8442 0.8871 0.8871 0.9647 0.9647
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Sekil 5.12. Log-normal dagilimin iistel dagilima kars1 uyum iyiligi testi gii¢ grafikleri
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5.4.Log-Logistic Dagilima Uyumun Testi

Bu alt boliimde log-logistic dagiliminin, artan bir tehlike hizi fonksiyonuna sahip
Weibull(1.5,1.1) ve Gamma(2,2) ; azalan bir tehlike hizi fonksiyonuna sahip
Weibull(0.8,0.88) ve Gamma(0.8,0.8), monoton olmayan tehlike hizina sahip Log-
logistic(4.5,0.9) ve sabit bir tehlike hizina sahip Ustel(6=1) dagilimlarina karst
doniistiiriilmiis verileri kullanan uyum iyiligi testleri dikkate alinmistir. Parametre
kestirimleri yapildigindan parametrelerin  bilinmedigi durum i¢in log-logistic

dagilima uyum gesitli alternatifler altinda test edilmistir.

Log-logistic dagilimli veriler dogrudan test edilmeyip ilk olarak bir konum-6lgek
ailesi dagilimi olan logistic dagilima donistiiriilmektedir. Orijinal dagilim doniistimi
icin ILtir sagdan durdurulmus oOrneklemler tam Orneklemlere Michael-Schucany
(1979) yontemi ile g¢evrilmektedir. Orneklemler standart normal dagilimdan ve
Logistic(0,1) dagilimindan gelen Orneklemlere donistiiriilmektedir. Uyum iyiligi

testleri ise bu asamadan sonra verilere uygulanmaktadir.

5.4.1.Monoton artan tehlike fonksiyonuna sahip alternatifler durumu

Log-logistic dagilimin artan tehlike hizi fonksiyonlara sahip Weibull ve Gamma
dagilimlarina karsi testi icin gii¢ degerleri Cizelge 5.16. ve Cizelge 5.17. ile Sekil
5.13. ve Sekil 5.14.’de verilmektedir. Gii¢ degerleri incelendiginde, normal dagilim
doniistimiine dayanan testlerin orijinal dagilim doniisiimiine dayanan testlerden daha
iyi giic performanslart sergileme egiliminde olduklari goriilmektedir. Tim
durumlarda normal ve orijinal dagilim doniisiimlerine dayanan Wakwm testlerinin en
gicli testler olma egiliminde oldugu goriilmektedir. Ayrica, normal ve orijinal

dagilim doniisiimlerine dayanan AD testlerinin ise ikinci en iyi performansa sahip

olduklar1 gézlemlenmektedir.
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Cizelge 5.16. Log-logistic dagilimin artan tehlike hizina sahip Weibull dagilimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.0 0.0700 0.0585 0.0697 0.0634 0.1000 0.0943
Y [ p=0.80 0.0878 0.0674 0.0935 0.0802 0.1480 0.1498
= | p=1.00 0.1692 0.1319 0.1839 0.1761 0.3468 0.3142
p=0.40 0.0569 0.0514 0.0573 0.0545 0.0722 0.0712

g | p=0.60 0.0720 0.0599 0.0727 0.0631 0.1093 0.1049
L [ p=0.80 0.1061 0.0732 0.1124 0.0899 0.1812 0.1799
p=1.00 0.2418 0.1787 0.2748 0.2586 0.4833 0.4521

p=0.40 0.0609 0.0547 0.0627 0.0561 0.0799 0.0764

2 | p=060 0.0717 0.0552 0.0738 0.0619 0.1156 0.1071
& | p=0.80 0.1201 0.0796 0.1301 0.1042 0.2130 0.2093
p=1.00 0.3294 0.2328 0.3718 0.3502 0.5902 0.5629

p=0.40 0.0579 0.0544 0.0563 0.0529 0.0776 0.0736

g | p=0.60 0.0778 0.0567 0.0815 0.0640 0.1238 0.1156
¢ | p=0.80 0.1372 0.0838 0.1499 0.1155 0.2395 0.2334
p=1.00 0.4098 0.2862 0.4684 0.4433 0.6846 0.6590

p=0.20 0.0542 0.0509 0.0537 0.0511 0.0643 0.0605

o | p=0.40 0.0647 0.0514 0.0658 0.0547 0.0900 0.0737
= | p=060 0.0969 0.0612 0.1045 0.0735 0.1624 0.1182
< | p=0.80 0.2149 0.1045 0.2349 0.1631 0.3633 0.3013
p=1.00 0.7445 0.5475 0.8188 0.7884 0.9248 0.8985
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n=20 n=30
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o o
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8 8
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n=100
1.0
Variable
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—m— CvM(O0.D)
0.8 AD(N.D)
—& - AD(O.D)
WAKM(N.D)
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o
3
0.4
0.2 4
0.0 +

0.2 0.4 0.6 0.8 1.0
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Sekil 5.13. Log-logistic dagihmin Weibull dagilimina kars1 uyum iyiligi testi gii¢c grafikleri
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Cizelge 5.17. Log-logistic dagilimin artan tehlike hizina sahip Gamma dagihimina kars1 uyum
iyiligi testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.0 0.0537 0.0509 0.0534 0.0493 0.0670 0.0663
Y [ p=0.80 0.0634 0.0560 0.0639 0.0566 0.0954 0.0964
= | p=1.00 0.1004 0.0893 0.1064 0.1048 0.2036 0.1032
p=0.40 0.0484 0.0490 0.0491 0.0475 0.0516 0.0506

g | p=0.60 0.0535 0.0505 0.0543 0.0504 0.0665 0.0666
L [ p=0.80 0.0727 0.0599 0.0730 0.0622 0.1113 0.1142
p=1.00 0.1294 0.1108 0.1432 0.1394 0.2736 0.2712

p=0.40 0.0506 0.0500 0.0501 0.0487 0.0576 0.0554

2 | p=060 0.0566 0.0530 0.0568 0.0534 0.0696 0.0720
& | p=0.80 0.0733 0.0573 0.0764 0.0632 0.1153 0.1201
p=1.00 0.1774 0.1367 0.1970 0.1883 0.3481 0.3529

p=0.40 0.0523 0.0497 0.0518 0.0494 0.0533 0.0572

g | p=0.60 0.0596 0.0552 0.0592 0.0533 0.0741 0.0746
¢ | p=0.80 0.0804 0.0607 0.0846 0.0662 0.1227 0.1293
p=1.00 0.2136 0.1583 0.2398 0.2301 0.4113 0.4164

p=0.20 0.0490 0.0503 0.0478 0.0500 0.0466 0.0485

o | p=0.40 0.0498 0.0490 0.0500 0.0460 0.0530 0.0534
= | p=060 0.0606 0.0522 0.0610 0.0531 0.0783 0.0716
< | p=0.80 0.1069 0.0688 0.1124 0.0821 0.1629 0.1462
p=1.00 0.4384 0.3005 0.5047 0.4742 0.6800 0.6552
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Sekil 5.14. Log-logistic dagilimin Gamma dagilimina kars1 uyum iyiligi testi gii¢ grafikleri
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5.4.2.Monoton azalan tehlike fonksiyonuna sahip alternatifler durumu

Log-logistic dagilimin azalan tehlike hiz1 fonksiyonlarina sahip Weibull ve Gamma
dagilimlarina karsi testi icin gii¢ degerleri Cizelge 5.18. ve Cizelge 5.19. ile Sekil
5.15. ve Sekil 5.16.’da verilmektedir. Normal dagilim doniisiimiine dayanan testlerin
orijinal dagilim doniisiimiine dayanan testlere kiyasla daha giiclii olduklar
gozlemlenmektedir. Tiim durumlarda normal ve orijinal dagilim doniistimlerine
dayanan Wakm testlerinin en gii¢lii testler olma egiliminde oldugu goriilmektedir.
Ayrica, normal ve orijinal dagilim doniisiimlerine dayanan AD testlerinin

ise,performans agisindan Wakwm testlerini takip ettikleri gézlemlenmektedir.

Cizelge 5.18. Log-logistic dagihimin azalan tehlike hizina sahip Weibull dagilimina karsi uyum
iyiligi testi gii¢c degerleri (a=0.05)

YRR AD AD W akm Wakm

(N.D) 0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.60 0.0671 0.0579 0.0680 0.0612 0.0974 0.0948
Y [ p=0.80 0.0896 0.0746 0.0940 0.0859 0.1529 0.1521
= | p=1.00 0.1696 0.1304 0.1862 0.1775 0.3474 0.3198
p=0.40 0.0559 0.0497 0.0563 0.0530 0.0708 0.0690

3 | p=0.60 0.0703 0.0591 0.0702 0.0612 0.1060 0.1000
& | p=080 0.1034 0.0730 0.1104 0.0904 0.1787 0.1812
p=1.00 0.2379 0.1773 0.2698 0.2537 0.4802 0.4505

p=0.40 0.0616 0.0514 0.0630 0.0534 0.0792 0.0740

2 | p=0.60 0.0755 0.0597 0.0774 0.0668 0.1151 0.1108
¢ | p=080 0.1218 0.0795 0.1314 0.1052 0.2141 0.2117
p=1.00 0.3368 0.2384 0.3804 0.3565 0.5984 0.5690

p=0.40 0.0600 0.0519 0.0607 0.0538 0.0832 0.0763

3 | p=0.60 0.0798 0.0581 0.0824 0.0651 0.1279 0.1133
2 | p=0.80 0.1354 0.0836 0.1476 0.1134 0.2374 0.2314
p=1.00 0.4149 0.2882 0.4712 0.4455 0.6830 0.6626

p=0.20 0.0548 0.0500 0.0546 0.0508 0.0648 0.0584

o | p=0.40 0.0633 0.0520 0.0653 0.0541 0.0878 0.0753
= | p=0.60 0.1001 0.0628 0.1072 0.0757 0.1653 0.1210
< | p=0.80 0.2159 0.1073 0.2348 0.1671 0.3668 0.3020
p=1.00 0.7505 0.5494 0.8224 0.7929 0.9280 0.9030
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Sekil 5.15. Log-logistic dagilimin Weibull dagilimina kars1 uyum iyiligi testi gii¢ grafikleri
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Cizelge 5.19. Log-logistic dagilimin azalan tehlike hizina sahip Gamma dagilimina karsi uyum
iyiligi testi gii¢ degerleri (a=0.05)

CvM CvM AD AD Wk Wakw
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |_p=0.0 0.0692 0.0582 0.0704 0.0644 0.1085 0.1018
Y [ p=0.80 0.1044 0.0814 0.1105 0.0984 0.1794 0.1808
= | p=1.00 0.1990 0.1520 0.2197 0.2094 0.4041 0.3728
p=0.40 0.0600 0.0506 0.0618 0.0546 0.0829 0.0787

g | p=0.60 0.0783 0.0629 0.0806 0.0697 0.1278 0.1227
L [ p=0.80 0.1238 0.0829 0.1322 0.1096 0.2183 0.2182
p=1.00 0.3022 0.2165 0.3397 0.3234 0.5599 0.5270

p=0.40 0.0624 0.0513 0.0638 0.0549 0.0902 0.0810

2 | p=060 0.0819 0.0609 0.0864 0.0738 0.1363 0.1301
& | p=0.80 0.1471 0.0903 0.1597 0.1279 0.2564 0.2534
p=1.00 0.4087 0.2853 0.4617 0.4350 0.6804 0.6508

p=0.40 0.0638 0.0531 0.0655 0.0575 0.0944 0.0863

g | p=0.60 0.0895 0.0629 0.0953 0.0744 0.1498 0.1376
¢ | p=0.80 0.1660 0.0970 0.1830 0.1436 0.2996 0.2861
p=1.00 0.4965 0.3507 0.5621 0.5333 0.7673 0.7432

p=0.20 0.0535 0.0486 0.0553 0.0490 0.0684 0.0620

o | p=0.40 0.0700 0.0532 0.0724 0.0572 0.1032 0.0829
= | p=060 0.1201 0.0683 0.1310 0.0886 0.2020 0.1470
< | p=0.80 0.2776 0.1314 0.3114 0.2200 0.4626 0.3939
p=1.00 0.8391 0.6546 0.8985 0.8762 0.9650 0.9509

122




n=20 n=30
1.0 - 1.0 -
Variable Variable
—8— CYM(ND) —8— CYM(N.D)
—B- CWM(0.D) —B- CVM(0.D)
0.8 AD(N.D) 0.8 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—4¢— WAKM(0.0) —4— WAKM(0.0)
0.6 0.6
.U' .U
8 8
044 044
0.2 0.2
0.0 1 T T T 0.0 1 T T T T
0.6 08 1.0 04 0.6 08 1.0
Durdurma orani (p) Durdurma orani ( p)
n=40 n=50
1.0 1.0
Variable Variable
—8— CYM(ND) —8— CYM(N.D)
—B- CWM(0.D) —B- CWM(0.D)
0.8 AD(N.D) 0.8 AD(N.D)
—A - AD(0.D) —A - AD(0.D)
WAKM(N.D) WAKM(N.D)
—4¢— WAKM(0.D) —4¢— WAKM(0.D)
0.6 0.6
.U .U
3 3
0.4 0.4
024 024
0.04 0.04
T T T T T T T T
04 06 08 1.0 04 0.6 08 1.0
Durdurma orani (p) Durdurma orani (p)
n=100
1.0
Variable
—&@— CvM(N.D)
—m— CvM(O0.D)
0.8 4 AD(N.D)
—a& - AD(O.D)
WAKM(N.D)
—4— WAKM(0.D)
0.6
_(J-
3
0.4
0.2
0.0

0.2 0.4 0.6 0.8 1.0
Durdurma orami ( p )

Sekil 5.16. Log-logistic dagilimin Gamma dagihimina kars1 uyum iyiligi testi giic grafikleri
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5.4.3.Monoton olmayan tehlike fonksiyonuna sahip alternatifler durumu

Log-logistic dagilimin monoton olmayan tehlike hizi fonksiyonlarina sahip 1og-
normal dagilima karsi testi icin gii¢ degerleri Cizelge 5.20.’de verilmektedir. Tiim

testlerin gii¢c performanslariin ¢ok diisiik oldugu gézlemlenmektedir.

Cizelge 5.20. Log-logistic dagilimin 10g-normal dagilima karsi uyum iyiligi testi giic degerleri

(a=0.05)

cvM cvM AD AD Wakm Wakm

(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o L_p=0.60 0.0490 0.0524 0.0485 0.0492 0.0283 0.0333
Y | p=0.80 0.0462 0.0540 0.0456 0.0493 0.0295 0.0398
= | p=1.00 0.0431 0.0548 0.0420 0.0450 0.0322 0.0574
p=0.40 0.0494 0.0560 0.0504 0.0537 0.0240 0.0298

3 | p=060 0.0512 0.0576 0.0511 0.0563 0.0245 0.0346
£ | p=0.80 0.0493 0.0558 0.0478 0.0527 0.0271 0.0398
p=1.00 0.0429 0.0548 0.0433 0.0469 0.0264 0.0654

p=0.40 0.0512 0.0552 0.0514 0.0560 0.0223 0.0322

2 | p=0.60 0.0532 0.0573 0.0516 0.0576 0.0227 0.0322
¢ | p=0.80 0.0530 0.0570 0.0514 0.0566 0.0281 0.0404
p=1.00 0.0504 0.0623 0.0495 0.0520 0.0235 0.0768

p=0.40 0.0535 0.0569 0.0550 0.0618 0.0213 0.0345

3 | p=0.60 0.0559 0.0584 0.0566 0.0606 0.0320 0.0394
¢ | p=0.80 0.0544 0.0612 0.0540 0.0638 0.0327 0.0451
p=1.00 0.0537 0.0667 0.0552 0.0583 0.0235 0.0888

p=0.20 0.0543 0.0538 0.0532 0.0565 0.0221 0.0343

o | p=0.40 0.0627 0.0635 0.0652 0.0724 0.0436 0.0462
= | p=0.60 0.0730 0.0729 0.0745 0.0809 0.0565 0.0566
< | p=0.80 0.0685 0.0708 0.0679 0.0784 0.0522 0.0592
p=1.00 0.0844 0.0958 0.0919 0.0885 0.0228 0.1333

5.4.4.Sabit degerli tehlike fonksiyonlu alternatifler durumu

Log-logistic dagilimin sabit tehlike hizi fonksiyonlarina sahip iistel dagilma karsi
testi i¢in gii¢ degerleri Cizelge 5.21. ile Sekil 5.17.’de verilmektedir. Normal dagilim
doniistimiine dayanan testlerin orijinal dagilim doniisiimiine dayanan testlere kiyasla

daha gii¢lii olduklar1 gézlemlenmektedir. Tiim durumlarda normal ve orijinal dagilim
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doniistimlerine dayanan Wakwm testlerinin en giiclii testler olma egiliminde oldugu
goriilmektedir. Ayrica, normal ve orijinal dagilim doniisiimlerine dayanan AD
testlerinin  ise, performans agisindan  Wakm testlerini  takip ettikleri

gozlemlenmektedir.

Cizelge 5.21. Log-logistic dagilimin iistel dagilima karsi uyum iyiligi testi gii¢c degerleri (a=0.05)

CvM cvM AD AD Wakm Wakm
(N.D) (0.D) (N.D) (0.D) (N.D) (0.D)

o |__p=0.60 0.0668 0.0552 0.0682 0.0598 0.0949 0.0944
Y [ p=0.80 0.0870 0.0705 0.0923 0.0817 0.1456 0.1489
= | p=1.00 0.1672 0.1337 0.1869 0.1783 0.3438 0.3200
p=0.40 0.0554 0.0512 0.0573 0.0524 0.0729 0.0720

3 | p=0.60 0.0697 0.0604 0.0718 0.0638 0.1080 0.1020
& | p=0.80 0.1054 0.0765 0.1114 0.0946 0.1868 0.1842
p=1.00 0.2444 0.1804 0.2744 0.2608 0.4826 0.4505

p=0.40 0.0613 0.0538 0.0614 0.0539 0.0776 0.0746

2 | p=0.60 0.0754 0.0597 0.0760 0.0656 0.1157 0.1117
¢ | p=0.80 0.1158 0.0749 0.1253 0.1028 0.2075 0.2099
p=1.00 0.3336 0.2382 0.3761 0.3564 0.5964 0.5738

p=0.40 0.0588 0.0512 0.0598 0.0530 0.0790 0.0764

3 | p=0.60 0.0839 0.0611 0.0864 0.0676 0.1276 0.1193
¢ | p=0.80 0.1357 0.0836 0.1491 0.1141 0.2362 0.2283
p=1.00 0.4109 0.2856 0.4690 0.4412 0.6908 0.6586

p=0.20 0.0532 0.0502 0.0535 0.0517 0.0609 0.0570

o | p=0.40 0.0641 0.0524 0.0649 0.0546 0.0920 0.0735
= | p=0.60 0.0950 0.0604 0.1028 0.0732 0.1568 0.1182
< | p=0.80 0.2209 0.1076 0.2440 0.1687 0.3733 0.3090
p=1.00 0.7471 0.5449 0.8199 0.7887 0.9262 0.9004
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Sekil 5.17. Log-logistic dagilimin iistel dagilima kars1 uyum iyiligi testi gii¢c grafikleri
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6. SONUCLAR VE TARTISMA

Giivenilirlik ¢alismalarinda fiziksel kisitlamalar ve maliyet nedeniyle az sayida
veriyle yani durdurulmus verilerle ¢alisilmaktadir. Bu nedenle istatistiksel analizler
genellikle durdurulmus veriler kullanilarak yapilmaktadir. Ozellikle parametrik
analizlerde kuramsal bir olasilik dagilimima uygunlugun testi 6nem tasimaktadir. Bu
tez calismasinda sirali istatistikleri ve deneysel birikim dagilim fonksiyonunu
kullanan bazi EDF testlerinin ve bu tez calismasi kapsaminda onerilen uyum iyiligi
testinin tam ve II. tir sagdan durdurulmus orneklemler i¢in gii¢ performanslari

simiilasyon ¢alismalar araciligiyla incelenmistir.

Simiilasyonlarda dikkate alinan testlere iligkin kritik degerler 100 000 tekrar,
deneysel gii¢ degerleri ise 25 000 tekrar iizerinden @ = 0.05 i¢in elde edilmislerdir.
Ayrica, 6rneklem biiyiikleri olarak n = 10,20,30,40,50 ve 100, durdurma oranlar1
p = 0.20,0.40,0.60,0.80 ve 1.00 olarak alinmistir. H, hipotezi igin iistel, Weibull,
log-normal ve log-logistic dagilimlar gibi dogrudan ya da dolayli 6lgek, konum-6lgek
dagilimlart dikkate almmistir. Ayrica, uyum 1iyiligi testlerinde H, hipotezinde
parametrelerin  bilinmedigi durum dikkate alinmigtir. Dikkate alinan testlerin
deneysel gii¢ performanslari; monoton artan, monoton azalan ve monoton olmayan
tehlike fonksiyonlarina sahip alternatif dagilimlar durumunda, Hp hipotezinde

belirtilen her dagilim i¢in {i¢ ayr1 durumda elde edilmistir.

Bu tez ¢alismasinda iki ayr1 durum ele alinmistir. Bunlardan ilki dogrudan tam ve 1.
tir sagdan durdurulmus 6rneklem verilerine uygulanan EDF testleri durumudur.
Ikinci durumda ise, II. tiir sagdan durdurulmus 6rneklem verileri tam drneklemlere
cevrilmekte ve daha sonra standart normal dagilimli verilere doniistiiriiliip tam
orneklem EDF testleri uygulanmaktadir. Bu nedenle bu tez c¢alismasi kapsaminda

elde edilen sonuglar iki baslik altinda verilmektedir.
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6.1. Orijinal Verileri Kullanan EDF Testleri Icin Sonuclar

Simiilasyon i¢in EDF testlerinden Kolmogorov-Smirnov, Kuiper, Cramer-von Mises,

Watson ve Anderson-Darling testleri ve bu tez ¢alismasinda Onerilen Wakym testi

dikkate alinmistir. Elde edilen sonuglar asagidaki gibi listelenebilir.

Oncelikle birbirine yakin olan tiim dagilimlar igin (6rnegin Weibull-Gamma,
lognormal-loglogistic dagilim ¢iftleri gibi) dikkate alinan orneklem
biiyiikliikleri ve durdurma oranlarinda tiim testlerin giicleri diistiktiir.

Ustel dagilimim azalan bir tehlike fonksiyonuna sahip Weibull ve Gamma
dagilimlarma karsi testinde, Anderson-Darling testi giic agisindan diger
testlere kiyasla daha iyi bir performans sergilemektedir.

Weibull dagiliminin monoton olmayan tehlike fonksiyonuna sahip log-
normal dagilima karsi testinde ise; Anderson-Darling, Cramer-von Mises ve
Watson testleri tiim 6rneklem biiyiikliikleri ve durdurma oranlarinda daha iyi
gii¢c performansi gostermektedirler.

Yukarida belirtilen dagilim ¢iftleri disinda simiilasyonlarda dikkate alinan
tim dagilim ciftlerinde sirasiyla bu tez ¢alismasinda Onerilen Wakwm testi,
Anderson-Darling ve Cramer-von Mises testi diger testlere kiyasla iistiin gii¢

performanslarina sahiptir.

6.2. Doniistiiriilmiis Verileri Kullanan EDF Testleri i¢cin Sonuclar

Simiilasyon i¢in Cramer-von Mises, Anderson-Darling ve bu tez calismasinda

onerilen Wakwm testleri dikkate alimmustir. Bu {i¢ testin her biri iki ayr1 durumda

kullanilmistir. Birinci durumda II. tiir sagdan durdurulmus veriler tam o6rnekleme

cevrildikten sonra standart normal dagilimli verilere doniistiiriilmiistiir. Ikinci

durumda ise, II. tiir sagdan durdurulmus veriler tam 6rnekleme gevrildikten sonra

geldigi konum o&lgek dagilim ailesinin standart dagilimina doniistiiriilmiistir. Elde

edilen sonuclar asagidaki gibi listelenebilir.
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e Oncelikle birbirine yakin olan tiim dagilimlar igin (&rnegin lognormal-
loglogistic, Weibull-Gamma dagilim ¢iftleri gibi) dikkate alinan orneklem
biiyiikliikleri ve durdurma oranlarinda tiim testlerin giicleri diistiktiir.

e Ustel dagilimin azalan bir tehlike fonksiyonuna sahip Weibull ve Gamma
dagilimlarina karst testinde, Anderson-Darling testi giic agisindan diger
testlere kiyasla daha iyi bir performans sergilemektedir.

e Ustel dagilimimn log-normal dagilima ve artan bir tehlike fonksiyonuna sahip
Weibull, Gamma dagilimlarina kars: testinde orijinal dagilim doniisiimiine
dayanan testler daha gii¢lii olma egilimindedir. Ozellikle Wakwm testi tistiin bir
performans sergilemektedir.

e Weibull dagilimmin monoton olmayan tehlike fonksiyonuna sahip log-
normal dagilima kars1 testinde ise; Cramer-von Mises ve Anderson-Darling
testleri tiim orneklem biiyilikliikleri ve durdurma oranlarinda daha iyi gii¢
performansi gostermektedirler.

e Log-normal ve log-logistic dagilimlarin alternatif dagilimlara karsi testinde
bu tez ¢alismasinda Onerilen Waky testi diger testlere kiyasla istiin giig

performanslarina sahiptir.

Bu sonuglardan bu tez ¢aligmasinda Onerilen uyum iyiligi testinin bazi durumlarda
Cramer-von Mises ve Anderson-Darling gibi bilinen EDF tiirii testlere kiyasla daha
giiclii oldugu izlenimi edinilmistir. Dolayisiyla, giivenilirlik ¢alismalarinda sik sik
rastlanan II. tiir sagdan durdurulmus 6rneklemler i¢in yeni Onerilen Wakwm testi de

dikkate alinmalidir.
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EKLER

Ek A. Ustel dagilima uyumun testi igin ¢esitli EDF testlerine iliskin kritik degerler

Cizelge Ek A.1. Kolmogorov-Smirnov testi ile iistel dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 «=0.01 «=0.005
=020 0.1645 0.1729 0.1771 0.1797 0.1805
- p=0.40 0.2134 0.2319 0.2479 0.2698 0.2829
T p=0.60 0.2492 0.2730 0.2047 0.3195 0.3367
“ p=0.80 0.2752 0.3022 0.3259 0.3532 0.3732
p=1.00 0.2054 0.3246 0.3505 0.3823 0.4025
p=0.20 0.1140 0.1245 0.1329 0.1453 0.1527
- p=0.40 0.1531 0.1684 0.1820 0.1980 0.2097
X p=0.60 0.1798 0.1981 0.2145 0.2335 0.2460
B p=0.80 0.1998 0.2195 0.2374 0.2594 0.2745
p=1.00 0.2132 0.2345 0.2540 0.2772 0.2030
p=0.20 0.0927 0.1024 0.1105 0.1206 0.1272
- p=0.40 0.1260 0.1390 0.1510 0.1648 0.1734
W p=0.60 0.1484 0.1636 0.1770 0.1932 0.2045
= p=0.80 0.1644 0.1806 0.1954 0.2136 0.2251
p=1.00 0.1757 0.1934 0.2096 0.2282 0.2412
p=0.20 0.0807 0.0891 0.0966 0.1056 0.1110
- p=0.40 0.1095 0.1209 0.1315 0.1438 0.1522
T p=0.60 0.1291 0.1424 0.1545 0.1688 0.1791
= p=0.80 0.1434 0.1577 0.1707 0.1859 0.1978
p=1.00 0.1529 0.1686 0.1826 0.1996 0.2107
p=0.20 0.0722 0.0798 0.0868 0.0949 0.1002
- p=0.40 0.0982 0.1083 0.1177 0.1287 0.1364
T p=0.60 0.1159 0.1274 0.1383 0.1510 0.1605
- p=0.80 0.1285 0.1413 0.1531 0.1673 0.1781
p=1.00 0.1372 0.1509 0.1634 0.1795 0.1905
p=0.20 0.0515 0.0569 0.0621 0.0680 0.0721
- p=0.40 0.0702 0.0776 0.0844 0.0925 0.0982
S p=0.60 0.0828 0.0912 0.0989 0.1081 0.1147
< p=0.80 0.0916 0.1008 0.1091 0.1191 0.1260
p=1.00 0.0975 0.1072 0.1162 0.1276 0.1360
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Cizelge Ek A.2. Kuiper testi ile iistel dagilima uyumun testi i¢in kritik degerler

Ek A_(devam)

=0.10 a=0.05 a=0.025 =0.01 a=0.005

p=0.20 0.1898 0.1947 0.1972 0.1987 0.1992

° p=0.40 0.2859 0.3066 0.3266 0.3485 0.3617
T p=0.60 0.3597 0.3886 0.4152 0.4457 0.4693
“ p=0.80 0.4177 0.4506 0.4806 0.5160 0.5409
p=1.00 0.4524 0.4887 0.5208 0.5593 0.5850

p=0.20 0.1432 0.1538 0.1635 0.1735 0.1792

o p=0.40 0.2118 0.2283 0.2433 0.2624 0.2749
M) p=0.60 0.2644 0.2862 0.3056 0.3295 0.3460
° p=0.80 0.3053 0.3300 0.3527 0.3809 0.4006
p=1.00 0.3271 0.3533 0.3769 0.4059 0.4256

p=0.20 0.1202 0.1296 0.1378 0.1472 0.1535

- p=0.40 0.1763 0.1904 0.2038 0.2190 0.2293
W p=0.60 0.2192 0.2374 0.2536 0.2735 0.2884
= p=0.80 0.2528 0.2736 0.2927 0.3151 0.3314
p=1.00 0.2703 0.2919 0.3114 0.3351 0.3510

p=0.20 0.1057 0.1140 0.1211 0.1300 0.1361

° p=0.40 0.1540 0.1667 0.1784 0.1920 0.2018
hi p=0.60 0.1914 0.2076 0.2222 0.2404 0.2519
B p=0.80 0.2202 0.2382 0.2554 0.2760 0.2900
p=1.00 0.2347 0.2537 0.2710 0.2915 0.3061

p=0.20 0.0955 0.1032 0.1101 0.1178 0.1231

- p=0.40 0.1384 0.1496 0.1602 0.1728 0.1820
"fc? p=0.60 0.1719 0.1864 0.1997 0.2154 0.2262
p=0.80 0.1981 0.2147 0.2296 0.2478 0.2610

p=1.00 0.2109 0.2279 0.2435 0.2627 0.2756

p=0.20 0.0691 0.0746 0.0797 0.0855 0.0896

o p=0.40 0.0996 0.1080 0.1151 0.1238 0.1299
% p=0.60 0.1234 0.1337 0.1428 0.1543 0.1627
© p=0.80 0.1417 0.1536 0.1643 0.1769 0.1862
p=1.00 0.1505 0.1626 0.1736 0.1873 0.1970
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Ek A_(devam)

Cizelge Ek A.3. Cramer-von Mises testi ile iistel dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 a=0.025 =0.01 a=0.005

p=0.20 0.0159 0.0178 0.0188 0.0194 0.0196

- p=0.40 0.0449 0.0555 0.0657 0.0780 0.0865
T p=0.60 0.0833 0.1045 0.1251 0.1520 0.1719
“ p=0.80 0.1261 0.1574 0.1893 0.2308 0.2584
p=1.00 0.1728 0.2171 0.2611 0.3202 0.3656

p=0.20 0.0140 0.0174 0.0209 0.0253 0.0278

- p=0.40 0.0443 0.0561 0.0677 0.0829 0.0943
M) p=0.60 0.0844 0.1074 0.1301 0.1595 0.1824
° p=0.80 0.1296 0.1645 0.1979 0.2458 0.2816
p=1.00 0.1728 0.2182 0.2638 0.3327 0.3788

p=0.20 0.0134 0.0172 0.0208 0.0258 0.0290

- p=0.40 0.0438 0.0561 0.0685 0.0847 0.0977
W p=0.60 0.0852 0.1085 0.1326 0.1631 0.1887
= p=0.80 0.1309 0.1667 0.2033 0.2501 0.2863
p=1.00 0.1748 0.2205 0.2678 0.3319 0.3815

p=0.20 0.0131 0.0170 0.0209 0.0259 0.0292

o p=0.40 0.0438 0.0565 0.0691 0.0865 0.0994
hi p=0.60 0.0850 0.1091 0.1340 0.1654 0.1895
B p=0.80 0.1317 0.1675 0.2035 0.2520 0.2910
p=1.00 0.1743 0.2210 0.2695 0.3325 0.3799

p=0.20 0.0130 0.0168 0.0207 0.0255 0.0294

- p=0.40 0.0434 0.0555 0.0685 0.0859 0.0991
"fc? p=0.60 0.0852 0.1087 0.1334 0.1664 0.1918
p=0.80 0.1316 0.1667 0.2038 0.2539 0.2935

p=1.00 0.1744 0.2209 0.2706 0.3358 0.3888

p=0.20 0.0127 0.0164 0.0204 0.0259 0.0298

o p=0.40 0.0433 0.0563 0.0695 0.0871 0.1013
% p=0.60 0.0857 0.1097 0.1346 0.1694 0.1941
© p=0.80 0.1324 0.1690 0.2066 0.2572 0.2967
p=1.00 0.1728 0.2191 0.2669 0.3348 0.3890
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Cizelge Ek A.4. Watson testi ile iistel dagilima uyumun testi i¢in kritik degerler

Ek A_(devam)

=0.10 a=0.05 a=0.025 =0.01 a=0.005

p=0.20 0.0048 0.0056 0.0061 0.0064 0.0065

- p=0.40 0.0206 0.0248 0.0293 0.0356 0.0402
T p=0.60 0.0469 0.0577 0.0689 0.0846 0.0984
“ p=0.80 0.0808 0.0996 0.1187 0.1445 0.1662
p=1.00 0.1287 0.1573 0.1859 0.2228 0.2508

p=0.20 0.0055 0.0066 0.0076 0.0089 0.0099

- p=0.40 0.0225 0.0274 0.0325 0.0392 0.0447
M) p=0.60 0.0505 0.0623 0.0744 0.0905 0.1047
° p=0.80 0.0875 0.1076 0.1288 0.1572 0.1794
p=1.00 0.1282 0.1573 0.1875 0.2273 0.2551

p=0.20 0.0057 0.0069 0.0081 0.0096 0.0107

o p=0.40 0.0231 0.0284 0.0338 0.0408 0.0459
W p=0.60 0.0520 0.0641 0.0768 0.0932 0.1060
= p=0.80 0.0896 0.1111 0.1324 0.1611 0.1827
p=1.00 0.1298 0.1585 0.1877 0.2268 0.2561

p=0.20 0.0058 0.0070 0.0082 0.0098 0.0111

o p=0.40 0.0234 0.0287 0.0343 0.0416 0.0475
hi p=0.60 0.0524 0.0650 0.0782 0.0952 0.1086
B p=0.80 0.0905 0.1118 0.1337 0.1637 0.1847
p=1.00 0.1286 0.1583 0.1882 0.2288 0.2572

p=0.20 0.0059 0.0072 0.0085 0.0102 0.0113

- p=0.40 0.0235 0.0287 0.0341 0.0416 0.0474
"fc? p=0.60 0.0529 0.0655 0.0786 0.0961 0.1095
p=0.80 0.0918 0.1132 0.1353 0.1645 0.1878

p=1.00 0.1284 0.1580 0.1895 0.2309 0.2621

p=0.20 0.0060 0.0073 0.0086 0.0103 0.0117

o p=0.40 0.0238 0.0294 0.0350 0.0421 0.0482
% p=0.60 0.0539 0.0665 0.0790 0.0956 0.1100
© p=0.80 0.0926 0.1146 0.1369 0.1665 0.1907
p=1.00 0.1287 0.1581 0.1883 0.2302 0.2619
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Ek A.(devam)

Cizelge Ek A.5. Anderson-Darling testi ile tistel dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 a=0.01 a=0.005

p=0.20 0.1680 0.1809 0.1890 0.2754 0.3440

o p=0.40 0.3615 0.4410 0.5205 0.6354 0.7832
T p=0.60 0.5444 0.6811 0.8219 1.0379 1.2332
= p=0.80 0.7374 0.9220 1.1164 1.4161 1.6606
p=1.00 1.0258 1.2707 1.5213 1.8923 2.1929

p=0.20 0.1870 0.2290 0.2695 0.3216 0.3812

o p=0.40 0.3754 0.4707 0.5682 0.7086 0.8309
W p=0.60 0.5639 0.7111 0.8617 1.0847 1.2824
c p=0.80 0.7701 0.9676 1.1777 1.4810 1.7109
p=1.00 1.0381 1.2872 1.5518 1.9325 2.2289

p=0.20 0.1908 0.2377 0.2883 0.3504 0.4058

o p=0.40 0.3795 0.4843 0.5897 0.7370 0.8460
W p=0.60 0.5735 0.7237 0.8845 1.1173 1.3076
c p=0.80 0.7780 0.9821 1.2003 1.4777 1.7183
p=1.00 1.0537 1.3091 1.5799 1.9319 2.2361

p=0.20 0.1925 0.2441 0.2956 0.3644 0.4238

o p=0.40 0.3831 0.4874 0.5989 0.7585 0.8819
hi p=0.60 0.5761 0.7319 0.9017 1.1240 1.3085
c p=0.80 0.7821 0.9856 1.1993 1.4937 1.7188
p=1.00 1.0510 1.3112 1.5823 1.9437 2.2376

p=0.20 0.1935 0.2457 0.2980 0.3749 0.4335

o p=0.40 0.3824 0.4848 0.5959 0.7458 0.8742
il p=0.60 0.5736 0.7335 0.8942 1.1342 1.3077
© p=0.80 0.7842 0.9873 1.1954 1.4981 1.7286
p=1.00 1.0563 1.3141 1.5887 1.9718 2.2599

p=0.20 0.1957 0.2513 0.3088 0.3864 0.4480

o p=0.40 0.3874 0.4946 0.6069 0.7548 0.8827
% p=0.60 0.5829 0.7431 0.90901 1.1362 1.3066
< p=0.80 0.7890 0.9936 1.2101 1.5057 1.7417
p=1.00 1.0504 1.3014 1.5762 1.9489 2.2468
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Ek A.(devam)

Cizelge Ek A.6. lyilestirilmis Watson testi ile {istel dagilima uyumun testi igin kritik degerler

=0.10 a=0.05 =0.025 =0.01 a=0.005

p=0.20 0.1649 0.1745 0.1793 0.1823 0.1832

o p=0.40 0.3778 0.4351 0.4807 0.5280 0.5590
T p=0.60 0.5779 0.6772 0.7619 0.8551 0.9175
= p=0.80 0.7410 0.8771 0.9940 1.1303 1.2172
p=1.00 0.8645 1.0278 1.1735 1.3349 1.4451

p=0.20 0.2108 0.2425 0.2679 0.2941 0.3085

o p=0.40 0.4877 0.5721 0.6474 0.7314 0.7881
W p=0.60 0.7503 0.8919 1.0199 1.1610 1.2542
c p=0.80 0.9670 1.1550 1.3250 1.5173 1.6504
p=1.00 1.1385 1.3486 1.5357 1.7689 1.9357

p=0.20 0.2445 0.2851 0.3196 0.3590 0.3844

o p=0.40 0.5716 0.6768 0.7706 0.8818 0.9577
W p=0.60 0.8939 1.0646 1.2162 1.3922 1.5172
c p=0.80 1.1490 1.3738 1.5750 1.8160 1.9785
p=1.00 1.3661 1.6235 1.8564 2.1287 2.3134

p=0.20 0.2729 0.3217 0.3640 0.4120 0.4415

o p=0.40 0.6492 0.7691 0.8765 1.0002 1.0888
hi p=0.60 1.0071 1.2052 1.3814 1.5834 1.7217
c p=0.80 1.3160 1.5655 1.7989 2.0738 2.2658
p=1.00 1.5632 1.8502 2.1123 2.4268 2.6352

p=0.20 0.2982 0.3530 0.3987 0.4502 0.4887

o p=0.40 0.7123 0.8473 0.9657 1.1051 1.2026
il p=0.60 1.1201 1.3312 1.5196 1.7392 1.9059
© p=0.80 1.4460 1.7216 1.9744 2.2826 2.4913
p=1.00 1.7278 2.0550 2.3461 2.6927 2.9555

p=0.20 0.4031 0.4785 0.5455 0.6237 0.6749

o p=0.40 0.9830 1.1729 1.3420 1.5385 1.6779
% p=0.60 1.5502 1.8531 2.1170 2.4273 2.6390
< p=0.80 2.0039 2.4010 2.7466 3.1646 3.4389
p=1.00 2.3790 2.8327 3.2363 3.7337 4.0922
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Ek B. Weibull dagilimina uyumun testi i¢in ¢esitli EDF testlerine iliskin kritik deger-
ler

Cizelge Ek B.1. Kolmogorov-Smirnov testi ile Weibull dagilima uyumun testi igin kritik degerler

=0.10 =0.05 =0.025 =0.01 =0.005

o p=0.60 0.2063 0.2261 0.2471 0.2913 0.4033
i p=0.80 0.2257 0.2453 0.2628 0.2841 0.2985
= p=1.00 0.2406 0.2604 0.2790 0.3004 0.3148
o p=0.60 0.1482 0.1615 0.1734 0.1881 0.1987
W p=0.80 0.1648 0.1790 0.1924 0.2084 0.2190
= p=1.00 0.1745 0.1893 0.2027 0.2194 0.2322
p=0.20 0.0733 0.0805 0.0867 0.0934 0.0999

o p=0.40 0.1030 0.1126 0.1212 0.1319 0.1398
W p=0.60 0.1225 0.1339 0.1442 0.1566 0.1649
- p=0.80 0.1358 0.1483 0.1597 0.1727 0.1817
p=1.00 0.1442 0.1568 0.1682 0.1821 0.1912

p=0.20 0.0643 0.0701 0.0759 0.0830 0.0881

o p=0.40 0.0897 0.0983 0.1060 0.1154 0.1215
b p=0.60 0.1069 0.1168 0.1260 0.1369 0.1445
= p=0.80 0.1185 0.1290 0.1387 0.1505 0.1585
p=1.00 0.1257 0.1363 0.1462 0.1578 0.1664

p=0.20 0.0578 0.0635 0.0686 0.0748 0.0791

o p=0.40 0.0808 0.0885 0.0957 0.1042 0.1104
e p=0.60 0.0963 0.1052 0.1135 0.1229 0.1303
= p=0.80 0.1067 0.1161 0.1250 0.1356 0.1435
p=1.00 0.1129 0.1228 0.1318 0.1423 0.1489

p=0.20 0.0417 0.0458 0.0495 0.0539 0.0571

o p=0.40 0.0579 0.0634 0.0687 0.0749 0.0789
% p=0.60 0.0688 0.0752 0.0810 0.0881 0.0930
< p=0.80 0.0762 0.0830 0.0891 0.0969 0.1024
p=1.00 0.0808 0.0877 0.0940 0.1020 0.1076
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E k B . (devam)

Cizelge Ek B.2. Kuiper testi ile Weibull dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005

o p=0.60 0.3342 0.3587 0.3825 0.4279 0.4797
T p=0.80 0.3746 0.4007 0.4239 0.4497 0.4699
= p=1.00 0.4076 0.4370 0.4629 0.4934 0.5146
o p=0.60 0.2407 0.2579 0.2732 0.2915 0.3047
W p=0.80 0.2731 0.2931 0.3108 0.3320 0.3459
= p=1.00 0.2966 0.3188 0.3383 0.3614 0.3791
p=0.20 0.1152 0.1231 0.1301 0.1381 0.1433

o p=0.40 0.1636 0.1757 0.1870 0.1999 0.2088
¢ p=0.60 0.1990 0.2139 0.2275 0.2431 0.2538
< p=0.80 0.2258 0.2429 0.2579 0.2763 0.2894
p=1.00 0.2454 0.2640 0.2808 0.3003 0.3142

p=0.20 0.1006 0.1078 0.1143 0.1217 0.1268

o p=0.40 0.1428 0.1535 0.1631 0.1746 0.1826
hi p=0.60 0.1735 0.1865 0.1985 0.2126 0.2231
< p=0.80 0.1970 0.2123 0.2254 0.2401 0.2511
p=1.00 0.2142 0.2304 0.2449 0.2618 0.2737

p=0.20 0.0905 0.0972 0.1035 0.1106 0.1153

o p=0.40 0.1286 0.1384 0.1472 0.1575 0.1650
e p=0.60 0.1563 0.1683 0.1788 0.1918 0.2006
< p=0.80 0.1774 0.1904 0.2029 0.2172 0.2268
p=1.00 0.1925 0.2069 0.2201 0.2360 0.2466

p=0.20 0.0651 0.0702 0.0750 0.0801 0.0838

o p=0.40 0.0921 0.0994 0.1057 0.1134 0.1188
% p=0.60 0.1119 0.1202 0.1280 0.1373 0.1436
< p=0.80 0.1268 0.1364 0.1453 0.1555 0.1625
p=1.00 0.1377 0.1480 0.1577 0.1687 0.1762
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E k B . (devam)

Cizelge Ek B.3.Cramer-von Mises testi ile Weibull dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 0=0.025 0=0.01 =0.005
S p=0.60 0.0490 0.0588 0.0694 0.0840 0.1003
7 p=0.80 0.0747 0.0893 0.1043 0.1227 0.1381
c p=1.00 0.0999 0.1199 0.1396 0.1656 0.1848
5 p=0.60 0.0483 0.0586 0.0691 0.0829 0.0939
N p=0.80 0.0756 0.0918 0.1078 0.1289 0.1444
c p=1.00 0.1007 0.1215 0.1422 0.1701 0.1909

p=0.20 0.0066 0.0082 0.0097 0.0122 0.0141
5 p=0.40 0.0240 0.0295 0.0349 0.0426 0.0486
i p=0.60 0.0484 0.0592 0.0701 0.0853 0.0963
c p=0.80 0.0761 0.0923 0.1088 0.1317 0.1482

p=1.00 0.1010 0.1226 0.1442 0.1711 0.1919

p=0.20 0.0066 0.0081 0.0098 0.0122 0.0142
5 p=0.40 0.0239 0.0295 0.0351 0.0428 0.0493
il p=0.60 0.0484 0.0593 0.0707 0.0855 0.0962
c p=0.80 0.0760 0.0925 0.1089 0.1314 0.1485

p=1.00 0.1014 0.1233 0.1442 0.1719 0.1930

p=0.20 0.0066 0.0082 0.0099 0.0122 0.0139
5 p=0.40 0.0240 0.0296 0.0354 0.0434 0.0494
it p=0.60 0.0484 0.0595 0.0710 0.0856 0.0972
c p=0.80 0.0764 0.0931 0.1099 0.1329 0.1496

p=1.00 0.1017 0.1227 0.1449 0.1737 0.1969

p=0.20 0.0065 0.0082 0.0099 0.0122 0.0140
o p=0.40 0.0238 0.0295 0.0354 0.0435 0.0499
= p=0.60 0.0486 0.0597 0.0712 0.0864 0.0979
< p=0.80 0.0761 0.0930 0.1100 0.1340 0.1514

p=1.00 0.1019 0.1232 0.1457 0.1750 0.1961
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E k B . (devam)

Cizelge Ek B.4. Watson testi ile Weibull dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
o p=0.60 0.0419 0.0494 0.0566 0.0655 0.0719
T p=0.80 0.0676 0.0799 0.0926 0.1080 0.1200
= p=1.00 0.0951 0.1138 0.1320 0.1553 0.1731
o p=0.60 0.0417 0.0499 0.0579 0.0685 0.0766
W p=0.80 0.0685 0.0825 0.0962 0.1144 0.1275
= p=1.00 0.0960 0.1153 0.1348 0.1607 0.1798
p=0.20 0.0053 0.0062 0.0071 0.0082 0.0090
o p=0.40 0.0197 0.0237 0.0276 0.0326 0.0362
¢ p=0.60 0.0420 0.0505 0.0590 0.0705 0.0796
< p=0.80 0.0689 0.0832 0.0973 0.1174 0.1314
p=1.00 0.0961 0.1166 0.1362 0.1616 0.1808
p=0.20 0.0052 0.0062 0.0072 0.0084 0.0093
o p=0.40 0.0196 0.0237 0.0277 0.0330 0.0369
hi p=0.60 0.0418 0.0505 0.0592 0.0708 0.0797
< p=0.80 0.0691 0.0835 0.0976 0.1167 0.1316
p=1.00 0.0966 0.1169 0.1368 0.1627 0.1822
p=0.20 0.0052 0.0062 0.0072 0.0086 0.0095
o p=0.40 0.0196 0.0238 0.0280 0.0332 0.0372
e p=0.60 0.0418 0.0508 0.0596 0.0716 0.0798
< p=0.80 0.0693 0.0839 0.0987 0.1179 0.1336
p=1.00 0.0968 0.1168 0.1373 0.1647 0.1844
p=0.20 0.0051 0.0062 0.0073 0.0087 0.0098
o p=0.40 0.0195 0.0237 0.0279 0.0335 0.0378
% p=0.60 0.0419 0.0509 0.0600 0.0720 0.0808
< p=0.80 0.0694 0.0840 0.0993 0.1189 0.1346
p=1.00 0.0970 0.1172 0.1380 0.1660 0.1861
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E k B . (devam)

Cizelge Ek B.5.Anderson-Darling testi ile Weibull dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
o p=0.60 0.3051 0.3677 0.4372 0.5515 0.7345
T p=0.80 0.4230 0.5026 0.5818 0.6841 0.7665
= p=1.00 0.6147 0.7242 0.8354 0.9821 1.0868
o p=0.60 0.3002 0.3614 0.4224 0.5057 0.5698
W p=0.80 0.4285 0.5119 0.5990 0.7090 0.7897
= p=1.00 0.6225 0.7393 0.8565 1.0095 1.1267
p=0.20 0.0912 0.1104 0.1305 0.1589 0.1802
o p=0.40 0.1916 0.2317 0.2724 0.3312 0.3749
¢ p=0.60 0.3007 0.3631 0.4272 0.5118 0.5805
< p=0.80 0.4298 0.5166 0.6074 0.7277 0.8124
p=1.00 0.6278 0.7446 0.8665 1.0186 1.1435
p=0.20 0.0917 0.1110 0.1322 0.1600 0.1840
o p=0.40 0.1908 0.2322 0.2750 0.3316 0.3780
hi p=0.60 0.3006 0.3634 0.4294 0.5122 0.5789
< p=0.80 0.4295 0.5170 0.6039 0.7189 0.8072
p=1.00 0.6285 0.7496 0.8694 1.0219 1.1473
p=0.20 0.0917 0.1117 0.1327 0.1615 0.1848
o p=0.40 0.1915 0.2336 0.2764 0.3336 0.3784
e p=0.60 0.3015 0.3659 0.4292 0.5187 0.5845
< p=0.80 0.4308 0.5180 0.6050 0.7296 0.8176
p=1.00 0.6310 0.7501 0.8714 1.0355 1.1618
p=0.20 0.0915 0.1122 0.1329 0.1624 0.1852
= p=0.40 0.1907 0.2327 0.2758 0.3326 0.3803
n p=0.60 0.3020 0.3655 0.4325 0.5192 0.5842
< p=0.80 0.4292 0.5182 0.6090 0.7272 0.8212
p=1.00 0.6340 0.7546 0.8769 1.0411 1.1489
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E k B . (devam)

Cizelge Ek B.6. Iyilestirilmis Watson testi ile Weibull dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
o p=0.60 0.2612 0.3308 0.3958 0.4850 0.5738
T p=0.80 0.3146 0.4004 0.4789 0.5737 0.6485
= p=1.00 0.3114 0.4093 0.4967 0.6132 0.6876
o p=0.60 0.3378 0.4279 0.5107 0.6110 0.6803
W p=0.80 0.4096 0.5249 0.6305 0.7596 0.8535
= p=1.00 0.3875 0.5110 0.6222 0.7613 0.8597
p=0.20 0.1061 0.1344 0.1598 0.1904 0.2131
o p=0.40 0.2629 0.3301 0.3917 0.4664 0.5192
¢ p=0.60 0.4046 0.5033 0.5986 0.7155 0.7965
< p=0.80 0.4883 0.6130 0.7394 0.8913 0.9880
p=1.00 0.4605 0.5906 0.7242 0.8772 0.9857
p=0.20 0.1205 0.1530 0.1819 0.2180 0.2414
o p=0.40 0.3014 0.3719 0.4412 0.5261 0.5893
hi p=0.60 0.4660 0.5700 0.6796 0.8140 0.9022
< p=0.80 0.5583 0.6913 0.8264 0.9930 1.1056
p=1.00 0.5299 0.6575 0.7959 0.9694 1.0933
p=0.20 0.1334 0.1679 0.2001 0.2386 0.2676
o p=0.40 0.3372 0.4126 0.4905 0.5831 0.6513
e p=0.60 0.5217 0.6344 0.7480 0.8958 0.9889
< p=0.80 0.6209 0.7602 0.9002 1.0879 1.2210
p=1.00 0.5889 0.7197 0.8698 1.0488 1.1752
p=0.20 0.1888 0.2312 0.2715 0.3244 0.3615
o p=0.40 0.4741 0.5724 0.6667 0.7777 0.8720
% p=0.60 0.7349 0.8879 1.0329 1.2043 1.3332
< p=0.80 0.8746 1.0521 1.2277 1.4443 1.6053
p=1.00 0.8353 1.0084 1.1737 1.3895 1.5619
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Ek C. Log-normal dagilima uyumun testi i¢in ¢esitli EDF testlerine iliskin Kritik
degerler

Cizelge Ek C.1. Kolmogorov-Smirnov testi ile log-normal dagilima uyumun testi igin kritik degerler

=0.10 =0.05 =0.025 =0.01 =0.005

p=0.40 0.1712 0.1813 0.1934 0.2126 0.2228

= p=0.60 0.2061 0.2229 0.2376 0.2557 0.2695
& p=0.80 0.2300 0.2498 0.2669 0.2875 0.3025
p=1.00 0.2442 0.2654 0.2840 0.3063 0.3215

p=0.20 0.0894 0.0949 0.1059 0.1199 0.1321

o p=0.40 0.1259 0.1373 0.1473 0.1592 0.1671
W p=0.60 0.1506 0.1644 0.1767 0.1915 0.2018
= p=0.80 0.1672 0.1822 0.1960 0.2129 0.2254
p=1.00 0.1775 0.1930 0.2074 0.2244 0.2360

p=0.20 0.0744 0.0813 0.0873 0.0948 0.1006

= p=0.40 0.1044 0.1139 0.1227 0.1330 0.1406
W p=0.60 0.1251 0.1364 0.1471 0.1594 0.1685
= p=0.80 0.1382 0.1508 0.1619 0.1752 0.1855
p=1.00 0.1467 0.1598 0.1718 0.1857 0.1956

p=0.20 0.0650 0.0711 0.0768 0.0835 0.0881

o p=0.40 0.0911 0.0998 0.1076 0.1171 0.1238
b p=0.60 0.1086 0.1188 0.1277 0.1389 0.1470
= p=0.80 0.1201 0.1309 0.1408 0.1530 0.1616
p=1.00 0.1277 0.1390 0.1493 0.1617 0.1707

p=0.20 0.0587 0.0644 0.0694 0.0756 0.0802

o p=0.40 0.0819 0.0896 0.0967 0.1050 0.1109
W p=0.60 0.0976 0.1067 0.1149 0.1244 0.1315
= p=0.80 0.1082 0.1180 0.1269 0.1378 0.1452
p=1.00 0.1147 0.1248 0.1339 0.1455 0.1536

p=0.20 0.0423 0.0465 0.0502 0.0545 0.0577

o p=0.40 0.0588 0.0643 0.0694 0.0757 0.0799
% p=0.60 0.0700 0.0764 0.0823 0.0893 0.0946
< p=0.80 0.0774 0.0845 0.0911 0.0993 0.1050
p=1.00 0.0817 0.0890 0.0957 0.1038 0.1092

145



Ek C_(devam)

Cizelge Ek C.2. Kuiper testi ile log-normal dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005

p=0.40 0.2771 0.2917 0.3013 0.3100 0.3155

S p=0.60 0.3348 0.3557 0.3736 0.3951 0.4085
< p=0.80 0.3785 0.4046 0.4272 0.4530 0.4700
p=1.00 0.4061 0.4353 0.4604 0.4913 0.5114

p=0.20 0.1413 0.1493 0.1562 0.1647 0.1756

o p=0.40 0.1990 0.2130 0.2245 0.2377 0.2467
W p=0.60 0.2436 0.2613 0.2767 0.2947 0.3070
= p=0.80 0.2762 0.2962 0.3146 0.3362 0.3514
p=1.00 0.2956 0.3172 0.3373 0.3602 0.3752

p=0.20 0.1156 0.1234 0.1299 0.1378 0.1432

- p=0.40 0.1645 0.1764 0.1871 0.1992 0.2071
¢ p=0.60 0.2014 0.2163 0.2296 0.2453 0.2557
= p=0.80 0.2283 0.2456 0.2606 0.2786 0.2908
p=1.00 0.2441 0.2623 0.2787 0.2988 0.3116

p=0.20 0.1008 0.1080 0.1140 0.1213 0.1263

o p=0.40 0.1436 0.1540 0.1641 0.1753 0.1825
hi p=0.60 0.1751 0.1882 0.2000 0.2137 0.2240
< p=0.80 0.1987 0.2139 0.2267 0.2428 0.2533
p=1.00 0.2129 0.2286 0.2426 0.2598 0.2715

p=0.20 0.0907 0.0973 0.1031 0.1100 0.1149

o p=0.40 0.1289 0.1386 0.1471 0.1577 0.1651
e p=0.60 0.1575 0.1695 0.1802 0.1925 0.2012
= p=0.80 0.1790 0.1922 0.2043 0.2183 0.2283
p=1.00 0.1913 0.2059 0.2186 0.2340 0.2450

p=0.20 0.0652 0.0702 0.0746 0.0797 0.0832

o p=0.40 0.0925 0.0996 0.1057 0.1133 0.1187
% p=0.60 0.1125 0.1211 0.1288 0.1381 0.1443
< p=0.80 0.1281 0.1379 0.1468 0.1574 0.1649
p=1.00 0.1368 0.1470 0.1563 0.1675 0.1749
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Ek C_(devam)

Cizelge Ek C.3. Cramer-von Mises testi ile log-normal dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005

p=0.40 0.0242 0.0281 0.0318 0.0377 0.0418

S p=0.60 0.0494 0.0586 0.0672 0.0791 0.0875
< p=0.80 0.0769 0.0921 0.1071 0.1268 0.1408
p=1.00 0.1022 0.1226 0.1430 0.1704 0.1918

p=0.20 0.0066 0.0078 0.0097 0.0121 0.0137

o p=0.40 0.0248 0.0300 0.0352 0.0418 0.0469
W p=0.60 0.0503 0.0611 0.0717 0.0856 0.0970
= p=0.80 0.0786 0.0955 0.1129 0.1358 0.1518
p=1.00 0.1029 0.1249 0.1462 0.1742 0.1967

p=0.20 0.0068 0.0082 0.0098 0.0119 0.0135

- p=0.40 0.0247 0.0303 0.0356 0.0431 0.0485
¢ p=0.60 0.0508 0.0621 0.0734 0.0877 0.0985
= p=0.80 0.0790 0.0963 0.1137 0.1366 0.1537
p=1.00 0.1036 0.1257 0.1481 0.1769 0.1997

p=0.20 0.0068 0.0083 0.0099 0.0121 0.0138

o p=0.40 0.0247 0.0304 0.0362 0.0441 0.0500
hi p=0.60 0.0503 0.0616 0.0728 0.0885 0.1000
< p=0.80 0.0790 0.0964 0.1138 0.1364 0.1529
p=1.00 0.1035 0.1257 0.1476 0.1769 0.1982

p=0.20 0.0068 0.0084 0.0100 0.0123 0.0140

o p=0.40 0.0247 0.0305 0.0363 0.0437 0.0495
e p=0.60 0.0505 0.0619 0.0734 0.0886 0.1004
= p=0.80 0.0793 0.0972 0.1141 0.1378 0.1565
p=1.00 0.1038 0.1257 0.1480 0.1778 0.2021

p=0.20 0.0068 0.0084 0.0102 0.0124 0.0141

o p=0.40 0.0249 0.0307 0.0365 0.0445 0.0508
% p=0.60 0.0507 0.0624 0.0747 0.0904 0.1026
< p=0.80 0.0797 0.0975 0.1159 0.1400 0.1600
p=1.00 0.1031 0.1258 0.1481 0.1776 0.1998
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Ek C_(devam)

Cizelge Ek C.4. Watson testi ile log-normal dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
p=0.40 0.0206 0.0235 0.0258 0.0279 0.0290
S p=0.60 0.0425 0.0499 0.0569 0.0655 0.0720
< p=0.80 0.0681 0.0810 0.0936 0.1105 0.1226
p=1.00 0.0954 0.1140 0.1324 0.1566 0.1742
p=0.20 0.0055 0.0062 0.0068 0.0074 0.0079
o p=0.40 0.0201 0.0240 0.0276 0.0320 0.0351
W p=0.60 0.0426 0.0514 0.0600 0.0706 0.0788
= p=0.80 0.0700 0.0842 0.0989 0.1181 0.1315
p=1.00 0.0959 0.1156 0.1352 0.1599 0.1800
p=0.20 0.0053 0.0063 0.0071 0.0082 0.0089
- p=0.40 0.0200 0.0239 0.0278 0.0327 0.0363
¢ p=0.60 0.0430 0.0521 0.0607 0.0725 0.0817
= p=0.80 0.0705 0.0852 0.0998 0.1187 0.1337
p=1.00 0.0963 0.1163 0.1365 0.1621 0.1814
p=0.20 0.0053 0.0062 0.0072 0.0083 0.0092
o p=0.40 0.0199 0.0240 0.0281 0.0333 0.0372
hi p=0.60 0.0427 0.0516 0.0605 0.0724 0.0819
< p=0.80 0.0705 0.0854 0.1000 0.1191 0.1337
p=1.00 0.0961 0.1162 0.1361 0.1618 0.1810
p=0.20 0.0052 0.0062 0.0072 0.0085 0.0095
o p=0.40 0.0198 0.0240 0.0281 0.0334 0.0375
e p=0.60 0.0428 0.0520 0.0609 0.0728 0.0816
= p=0.80 0.0706 0.0859 0.1005 0.1205 0.1354
p=1.00 0.0963 0.1164 0.1366 0.1628 0.1829
p=0.20 0.0051 0.0062 0.0073 0.0087 0.0097
= p=0.40 0.0199 0.0241 0.0283 0.0340 0.0384
n p=0.60 0.0427 0.0521 0.0612 0.0737 0.0830
< p=0.80 0.0714 0.0866 0.1018 0.1227 0.1388
p=1.00 0.0958 0.1164 0.1368 0.1624 0.1840
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Ek C_(devam)

Cizelge Ek C.5. Anderson-Darling testi ile log-normal dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
p=0.40 0.1821 0.2116 0.2367 0.2639 0.2804
S p=0.60 0.2924 0.3433 0.3915 0.4543 0.4975
< p=0.80 0.4181 0.4946 0.5686 0.6652 0.7331
p=1.00 0.6121 0.7207 0.8279 0.9741 1.0820
p=0.20 0.0883 0.1040 0.1197 0.1395 0.1536
o p=0.40 0.1895 0.2260 0.2634 0.3114 0.3437
W p=0.60 0.2993 0.3584 0.4191 0.4942 0.5550
= p=0.80 0.4289 0.5127 0.6004 0.7117 0.7911
p=1.00 0.6225 0.7384 0.8545 1.0027 1.1221
p=0.20 0.0908 0.1080 0.1250 0.1491 0.1663
- p=0.40 0.1909 0.2288 0.2674 0.3205 0.3590
¢ p=0.60 0.3038 0.3644 0.4277 0.5059 0.5644
= p=0.80 0.4305 0.5157 0.6022 0.7211 0.8038
p=1.00 0.6278 0.7457 0.8664 1.0246 1.1419
p=0.20 0.0914 0.1093 0.1284 0.1543 0.1745
o p=0.40 0.1922 0.2317 0.2724 0.3265 0.3683
hi p=0.60 0.3015 0.3629 0.4257 0.5102 0.5705
< p=0.80 0.4303 0.5160 0.6035 0.7154 0.7987
p=1.00 0.6268 0.7474 0.8640 1.0180 1.1375
p=0.20 0.0916 0.1111 0.1310 0.1583 0.1783
o p=0.40 0.1917 0.2322 0.2722 0.3244 0.3634
e p=0.60 0.3021 0.3641 0.4269 0.5127 0.5754
= p=0.80 0.4315 0.5209 0.6050 0.7258 0.8098
p=1.00 0.6289 0.7479 0.8684 1.0261 1.1499
p=0.20 0.0930 0.1135 0.1336 0.1603 0.1816
o p=0.40 0.1939 0.2358 0.2766 0.3324 0.3724
% p=0.60 0.3030 0.3684 0.4338 0.5217 0.5914
< p=0.80 0.4345 0.5237 0.6138 0.7376 0.8306
p=1.00 0.6298 0.7509 0.8695 1.0301 1.1465
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Ek C.(devam)

Cizelge Ek C.6. lyilestirilmis Watson testi ile 10g-normal dagilima uyumun testi icin kritik degerler

=0.10 =0.05 0=0.025 0=0.01 =0.005
p=0.40 0.1670 0.2060 0.2371 0.2652 0.2814
=t p=0.60 0.2715 0.3329 0.3853 0.4486 0.4919
g p=0.80 0.3449 0.4268 0.5008 0.5879 0.6536
p=1.00 0.3625 0.4597 0.5470 0.6513 0.7223
p=0.20 0.0905 0.1137 0.1320 0.1492 0.1598
5 p=0.40 0.2317 0.2858 0.3331 0.3919 0.4303
< p=0.60 0.3658 0.4491 0.5253 0.6176 0.6856
< p=0.80 0.4552 0.5635 0.6643 0.7905 0.8715
p=1.00 0.4797 0.5851 0.6855 0.8199 0.9153
p=0.20 0.1104 0.1371 0.1595 0.1869 0.2057
. p=0.40 0.2805 0.3416 0.3994 0.4710 0.5183
il p=0.60 0.4433 0.5388 0.6280 0.7393 0.8118
< p=0.80 0.5470 0.6672 0.7815 0.9212 1.0208
p=1.00 0.5759 0.6955 0.8112 0.9592 1.0703
p=0.20 0.1267 0.1567 0.1841 0.2167 0.2399
5 p=0.40 0.3223 0.3917 0.4576 0.5412 0.5929
i p=0.60 0.5050 0.6118 0.7070 0.8301 0.9184
< p=0.80 0.6242 0.7535 0.8757 1.0374 1.1470
p=1.00 0.6565 0.7893 0.9107 1.0595 1.1832
p=0.20 0.1421 0.1746 0.2046 0.2418 0.2667
5 p=0.40 0.3592 0.4335 0.5058 0.5904 0.6472
© p=0.60 0.5639 0.6791 0.7874 0.9130 1.0060
= p=0.80 0.6919 0.8362 0.9721 1.1405 1.2617
p=1.00 0.7297 0.8779 1.0116 1.1763 1.3050
p=0.20 0.2032 0.2451 0.2834 0.3305 0.3633
o p=0.40 0.5071 0.6089 0.7032 0.8126 0.8890
= p=0.60 0.7940 0.9522 1.0963 1.2732 1.3913
< p=0.80 0.9691 1.1625 1.3378 1.5587 17101
p=1.00 1.0144 1.2133 1.3948 1.6033 1.7531
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Ek D. Log-logistic dagilima uyumun testi i¢in ¢esitli EDF testlerine iliskin kritik
degerler

Cizelge Ek D.1. Kolmogorov-Smirnov testi ile log-logistic dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 =0.01 =0.005

p=0.40 0.1616 0.1710 0.1810 0.2014 0.2149

S p=0.60 0.1887 0.2036 0.2164 0.2314 0.2422
& p=0.80 0.2058 0.2213 0.2351 0.2518 0.2628
p=1.00 0.2143 0.2304 0.2447 0.2616 0.2731

p=0.40 0.1182 0.1282 0.1374 0.1487 0.1559

S p=0.60 0.1378 0.1493 0.1593 0.1716 0.1804
& p=0.80 0.1503 0.1625 0.1735 0.1864 0.1952
p=1.00 0.1568 0.1692 0.1802 0.1932 0.2029

p=0.20 0.0716 0.0785 0.0847 0.0928 0.1014

. p=0.40 0.0981 0.1069 0.1149 0.1246 0.1309
W p=0.60 0.1142 0.1241 0.1330 0.1435 0.1514
= p=0.80 0.1245 0.1348 0.1441 0.1554 0.1630
p=1.00 0.1296 0.1397 0.1492 0.1607 0.1684

p=0.20 0.0628 0.0685 0.0742 0.0812 0.0863

o p=0.40 0.0855 0.0932 0.1003 0.1085 0.1145
b p=0.60 0.0999 0.1084 0.1164 0.1261 0.1327
= p=0.80 0.1088 0.1179 0.1260 0.1361 0.1425
p=1.00 0.1130 0.1221 0.1301 0.1400 0.1472

p=0.20 0.0564 0.0618 0.0666 0.0727 0.0774

o p=0.40 0.0769 0.0838 0.0901 0.0977 0.1028
W p=0.60 0.0901 0.0978 0.1053 0.1134 0.1192
= p=0.80 0.0978 0.1057 0.1132 0.1221 0.1287
p=1.00 0.1016 0.1097 0.1172 0.1259 0.1320

p=0.20 0.0407 0.0446 0.0481 0.0526 0.0556

o p=0.40 0.0553 0.0603 0.0648 0.0701 0.0742
% p=0.60 0.0643 0.0698 0.0750 0.0814 0.0860
< p=0.80 0.0699 0.0756 0.0809 0.0875 0.0920
p=1.00 0.0730 0.0786 0.0839 0.0902 0.0946
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Ek D_(devam)

Cizelge Ek D.2. Kuiper testi ile log-logistic dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005

p=0.40 0.2693 0.2832 0.2931 0.3032 0.3116

S p=0.60 0.3234 0.3440 0.3616 0.3820 0.3953
< p=0.80 0.3636 0.3881 0.4092 0.4330 0.4499
p=1.00 0.3864 0.4136 0.4371 0.4650 0.4850

p=0.40 0.1942 0.2077 0.2197 0.2335 0.2427

S p=0.60 0.2354 0.2519 0.2667 0.2842 0.2966
g p=0.80 0.2655 0.2845 0.3013 0.3213 0.3356
p=1.00 0.2813 0.3015 0.3195 0.3421 0.3574

p=0.20 0.1142 0.1221 0.1295 0.1382 0.1450

o p=0.40 0.1609 0.1726 0.1830 0.1953 0.2032
¢ p=0.60 0.1948 0.2096 0.2222 0.2372 0.2483
= p=0.80 0.2197 0.2361 0.2506 0.2686 0.2805
p=1.00 0.2321 0.2487 0.2639 0.2829 0.2959

p=0.20 0.0996 0.1070 0.1136 0.1213 0.1270

o p=0.40 0.1404 0.1508 0.1601 0.1707 0.1785
hi p=0.60 0.1703 0.1831 0.1942 0.2078 0.2175
< p=0.80 0.1918 0.2062 0.2187 0.2345 0.2453
p=1.00 0.2025 0.2172 0.2307 0.2465 0.2580

p=0.20 0.0895 0.0961 0.1020 0.1094 0.1150

o p=0.40 0.1262 0.1356 0.1439 0.1536 0.1604
e p=0.60 0.1534 0.1648 0.1751 0.1869 0.1945
= p=0.80 0.1726 0.1853 0.1967 0.2105 0.2200
p=1.00 0.1819 0.1950 0.2074 0.2221 0.2323

p=0.20 0.0644 0.0694 0.0739 0.0791 0.0827

o p=0.40 0.0906 0.0975 0.1036 0.1108 0.1161
% p=0.60 0.1096 0.1178 0.1253 0.1338 0.1401
< p=0.80 0.1232 0.1325 0.1406 0.1509 0.1579
p=1.00 0.1304 0.1397 0.1481 0.1583 0.1652
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Ek D.(devam)

Cizelge Ek D.3. Cramer-von Mises testi ile log-logistic dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 0=0.025 0=0.01 =0.005
p=0.40 0.0212 0.0244 0.0272 0.0312 0.0351
=t p=0.60 0.0413 0.0486 0.0555 0.0641 0.0706
g p=0.80 0.0623 0.0742 0.0852 0.1001 0.1112
p=1.00 0.0812 0.0966 0.1115 0.1308 0.1445
p=0.40 0.0212 0.0255 0.0297 0.0349 0.0383
9 p=0.60 0.0413 0.0494 0.0573 0.0674 0.0750
g p=0.80 0.0631 0.0757 0.0883 0.1050 0.1179
p=1.00 0.0814 0.0971 0.1132 0.1348 0.1498
p=0.20 0.0062 0.0075 0.0089 0.0109 0.0126
5 p=0.40 0.0212 0.0258 0.0302 0.0360 0.0403
i p=0.60 0.0413 0.0500 0.0586 0.0694 0.0783
< p=0.80 0.0635 0.0768 0.0898 0.1071 0.1203
p=1.00 0.0814 0.0975 0.1133 0.1349 0.1499
p=0.20 0.0062 0.0076 0.0090 0.0109 0.0126
5 p=0.40 0.0211 0.0257 0.0302 0.0361 0.0406
i p=0.60 0.0416 0.0503 0.0589 0.0704 0.0791
c p=0.80 0.0639 0.0771 0.0905 0.1087 0.1217
p=1.00 0.0813 0.0975 0.1132 0.1343 0.1497
p=0.20 0.0061 0.0075 0.0090 0.0110 0.0126
5 p=0.40 0.0211 0.0258 0.0304 0.0364 0.0412
0 p=0.60 0.0419 0.0507 0.0596 0.0718 0.0796
< p=0.80 0.0641 0.0771 0.0904 0.1083 0.1226
p=1.00 0.0809 0.0976 0.1133 0.1353 0.1519
p=0.20 0.0061 0.0076 0.0090 0.0111 0.0127
o p=0.40 0.0212 0.0258 0.0304 0.0365 0.0416
= p=0.60 0.0414 0.0503 0.0594 0.0711 0.0801
< p=0.80 0.0639 0.0771 0.0906 0.1083 0.1228
p=1.00 0.0815 0.0974 0.1136 0.1346 0.1508

153



Ek D.(devam)

Cizelge Ek D.4. Watson testi ile log-logistic dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
p=0.40 0.0190 0.0217 0.0238 0.0259 0.0274
S p=0.60 0.0385 0.0455 0.0520 0.0604 0.0671
< p=0.80 0.0606 0.0721 0.0832 0.0980 0.1094
p=1.00 0.0812 0.0966 0.1115 0.1308 0.1445
p=0.40 0.0188 0.0224 0.0258 0.0300 0.0330
S p=0.60 0.0389 0.0465 0.0539 0.0636 0.0711
2 p=0.80 0.0619 0.0743 0.0866 0.1033 0.1163
p=1.00 0.0814 0.0971 0.1132 0.1348 0.1498
p=0.20 0.0051 0.0060 0.0069 0.0080 0.0088
o p=0.40 0.0187 0.0225 0.0261 0.0309 0.0343
¢ p=0.60 0.0390 0.0471 0.0551 0.0654 0.0739
= p=0.80 0.0624 0.0756 0.0884 0.1055 0.1186
p=1.00 0.0814 0.0975 0.1133 0.1349 0.1499
p=0.20 0.0051 0.0060 0.0070 0.0082 0.0091
o p=0.40 0.0186 0.0224 0.0262 0.0311 0.0346
hi p=0.60 0.0392 0.0473 0.0555 0.0662 0.0743
< p=0.80 0.0630 0.0759 0.0892 0.1068 0.1193
p=1.00 0.0813 0.0975 0.1132 0.1343 0.1497
p=0.20 0.0050 0.0060 0.0070 0.0083 0.0092
o p=0.40 0.0186 0.0226 0.0263 0.0311 0.0350
e p=0.60 0.0395 0.0477 0.0559 0.0672 0.0751
= p=0.80 0.0630 0.0759 0.0890 0.1068 0.1209
p=1.00 0.0809 0.0976 0.1133 0.1353 0.1519
p=0.20 0.0049 0.0060 0.0070 0.0084 0.0094
= p=0.40 0.0186 0.0226 0.0265 0.0316 0.0355
n p=0.60 0.0391 0.0476 0.0559 0.0665 0.0748
< p=0.80 0.0630 0.0760 0.0895 0.1069 0.1210
p=1.00 0.0815 0.0974 0.1136 0.1346 0.1508
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Ek D_(devam)

Cizelge Ek D.5. Anderson-Darling testi ile log-logistic dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 0=0.025 0=0.01 =0.005
p=0.40 0.1710 0.1997 0.2271 0.2502 0.2827
=t p=0.60 0.2640 0.3093 0.3527 0.4069 0.4455
g p=0.80 0.3697 0.4338 0.4979 0.5834 0.6472
p=1.00 0.5532 0.6515 0.7460 0.8730 0.9678
p=0.40 0.1756 0.2093 0.2426 0.2845 0.3204
9 p=0.60 0.2663 0.3150 0.3623 0.4258 0.4716
2 p=0.80 0.3745 0.4442 0.5148 0.6136 0.6821
p=1.00 0.5582 0.6574 0.7631 0.8933 0.9949
p=0.20 0.0873 0.1052 0.1238 0.1510 0.1761
5 p=0.40 0.1758 0.2116 0.2463 0.2932 0.3275
i p=0.60 0.2666 0.3170 0.3694 0.4368 0.4845
< p=0.80 0.3777 0.4494 0.5230 0.6217 0.6988
p=1.00 0.5606 0.6613 0.7628 0.8953 0.9957
p=0.20 0.0880 0.1065 0.1255 0.1519 0.1718
5 p=0.40 0.1761 0.2116 0.2456 0.2930 0.3287
i p=0.60 0.2683 0.3218 0.3745 0.4437 0.4989
< p=0.80 0.3791 0.4526 0.5264 0.6275 0.7028
p=1.00 0.5592 0.6600 0.7625 0.8971 1.0035
p=0.20 0.0874 0.1064 0.1261 0.1520 0.1727
5 p=0.40 0.1753 0.2107 0.2470 0.2947 0.3292
0 p=0.60 0.2704 0.3234 0.3775 0.4484 0.4997
< p=0.80 0.3795 0.4518 0.5266 0.6305 0.7117
p=1.00 0.5598 0.6620 0.7665 0.9059 1.0081
p=0.20 0.0876 0.1069 0.1265 0.1535 0.1741
o p=0.40 0.1757 0.2115 0.2478 0.2979 0.3358
= p=0.60 0.2679 0.3246 0.3778 0.4465 0.4980
< p=0.80 0.3789 0.4521 0.5263 0.6248 0.7026
p=1.00 0.5625 0.6627 0.7631 0.8980 0.9965
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Ek D_(devam)

Cizelge Ek D.6. lyilestirilmis Watson testi ile log-logistic dagilima uyumun testi icin kritik degerler

a=0.10 a=0.05 a=0.025 a=0.01 a=0.005
p=0.40 0.1291 0.1630 0.1922 0.2195 0.2364
9 p=0.60 0.1819 0.2250 0.2650 0.3090 0.3396
< p=0.80 0.1869 0.2318 0.2750 0.3277 0.3666
p=1.00 0.1337 0.1672 0.2033 0.2515 0.2910
p=0.40 0.1761 0.2190 0.2565 0.3029 0.3353
Q p=0.60 0.2305 0.2862 0.3359 0.3971 0.4372
< p=0.80 0.2180 0.2749 0.3275 0.3921 0.4371
p=1.00 0.1200 0.1491 0.1816 0.2265 0.2628
p=0.20 0.0951 0.1192 0.1418 0.1711 0.1946
° p=0.40 0.2069 0.2581 0.3061 0.3625 0.4011
W p=0.60 0.2647 0.3314 0.3940 0.4644 0.5154
< p=0.80 0.2438 0.3068 0.3649 0.4379 0.4918
p=1.00 0.1113 0.1375 0.1640 0.2034 0.2339
p=0.20 0.1083 0.1367 0.1623 0.1925 0.2162
° p=0.40 0.2368 0.2923 0.3447 0.4076 0.4523
b p=0.60 0.2977 0.3715 0.4397 0.5275 0.5812
c p=0.80 0.2641 0.3351 0.3988 0.4798 0.5432
p=1.00 0.1063 0.1298 0.1554 0.1906 0.2219
p=0.20 0.1203 0.1497 0.1787 0.2135 0.2382
- p=0.40 0.2620 0.3200 0.3782 0.4448 0.4961
e p=0.60 0.3285 0.4078 0.4827 0.5689 0.6377
© p=0.80 0.2812 0.3542 0.4241 0.5073 0.5705
p=1.00 0.1026 0.1246 0.1484 0.1828 0.2124
p=0.20 0.1707 0.2086 0.2432 0.2900 0.3205
o p=0.40 0.3693 0.4437 0.5132 0.5984 0.6641
% p=0.60 0.4526 0.5502 0.6434 0.7563 0.8420
< p=0.80 0.3472 0.4423 0.5239 0.6308 0.7039
p=1.00 0.0931 0.1117 0.1299 0.1554 0.1740
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Ek E. Ustel dagilima uyumun testi i¢in déniisiimlere dayanan testlere iliskin kritik
degerler

Cizelge Ek E.1. Tam 6rneklem ve normallik doniigiimiine dayanan Cramer-von Mises testi ile iistel

dagilima uyumun testi i¢in kritik degerler

=0.10 a=0.05 a=0.025 =0.01 a=0.005
p=0.20 0.0419 0.0419 0.0419 0.0419 0.0419
- p=0.40 0.0599 0.0697 0.0790 0.0937 0.1049
T p=0.60 0.0591 0.0698 0.0808 0.0972 0.1117
- p=0.80 0.0586 0.0701 0.0816 0.0981 0.1105
p=1.00 0.0991 0.1202 0.1410 0.1692 0.1891
p=0.20 0.0599 0.0693 0.0779 0.0919 0.1031
- p=0.40 0.0579 0.0685 0.0795 0.0960 0.1092
M) p=0.60 0.0575 0.0690 0.0806 0.0972 0.1101
= p=0.80 0.0573 0.0687 0.0806 0.0975 0.1109
p=1.00 0.1010 0.1226 0.1448 0.1731 0.1962
p=0.20 0.0584 0.0686 0.0791 0.0942 0.1081
° p=0.40 0.0570 0.0680 0.0794 0.0955 0.1082
¢ p=0.60 0.0567 0.0682 0.0800 0.0959 0.1093
B p=0.80 0.0572 0.0691 0.0809 0.0978 0.1110
p=1.00 0.1021 0.1243 0.1460 0.1765 0.1975
p=0.20 0.0575 0.0680 0.0790 0.0950 0.1089
- p=0.40 0.0560 0.0671 0.0783 0.0942 0.1075
i p=0.60 0.0563 0.0679 0.0795 0.0959 0.1090
B p=0.80 0.0567 0.0686 0.0806 0.0967 0.1091
p=1.00 0.1029 0.1249 0.1476 0.1761 0.1973
p=0.20 0.0568 0.0672 0.0788 0.0943 0.1067
- p=0.40 0.0560 0.0673 0.0788 0.0948 0.1078
0 p=0.60 0.0558 0.0675 0.0792 0.0943 0.1080
° p=0.80 0.0566 0.0685 0.0804 0.0978 0.1098
p=1.00 0.1026 0.1244 0.1472 0.1772 0.1994
p=0.20 0.0556 0.0670 0.0784 0.0949 0.1076
o p=0.40 0.0552 0.0667 0.0779 0.0931 0.1047
% p=0.60 0.0557 0.0674 0.0791 0.0944 0.1076
= p=0.80 0.0562 0.0682 0.0803 0.0956 0.1083
p=1.00 0.1031 0.1247 0.1471 0.1772 0.2001
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Ek E_(devam)

Cizelge EK E.2. Tam 6rneklem ve orijinal dagilim dontisiimiine dayanan Cramer-von Mises testi ile

iistel dagilima uyumun testi igin kritik degerler

a=0.10 a=0.05 a=0.025 a=0.01 a=0.005
p=0.20 0.1649 0.1823 0.1919 0.1976 0.1996
p=0.40 0.1609 0.1966 0.2335 0.2761 0.3072
% p=0.60 0.1652 0.2056 0.2430 0.2943 0.3322
= p=0.80 0.1698 0.2122 0.2531 0.3111 0.3510
p=1.00 0.1724 0.2163 0.2629 0.3263 0.3653
p=0.20 0.1588 0.1941 0.2292 0.2695 0.2998
- p=0.40 0.1596 0.1992 0.2377 0.2886 0.3283
w p=0.60 0.1656 0.2074 0.2501 0.3068 0.3497
~ p=0.80 0.1692 0.2122 0.2561 0.3182 0.3647
p=1.00 0.1741 0.2196 0.2674 0.3305 0.3791
p=0.20 0.1562 0.1927 0.2290 0.2766 0.3095
- p=0.40 0.1599 0.1996 0.2397 0.2927 0.3330
? p=0.60 0.1647 0.2073 0.2503 0.3082 0.3543
< p=0.80 0.1695 0.2141 0.2609 0.3215 0.3682
p=1.00 0.1737 0.2198 0.2682 0.3363 0.3854
p=0.20 0.1553 0.1925 0.2307 0.2794 0.3187
p=0.40 0.1584 0.1984 0.2413 0.2997 0.3455
CT:I p=0.60 0.1639 0.2071 0.2521 0.3115 0.3568
p=0.80 0.1701 0.2150 0.2622 0.3268 0.3715
p=1.00 0.1749 0.2203 0.2685 0.3340 0.3855
p=0.20 0.1543 0.1927 0.2326 0.2821 0.3205
p=0.40 0.1613 0.2016 0.2420 0.2979 0.3421
ﬁ p=0.60 0.1644 0.2079 0.2526 0.3149 0.3639
= p=0.80 0.1713 0.2175 0.2626 0.3288 0.3785
p=1.00 0.1739 0.2196 0.2676 0.3337 0.3818
p=0.20 0.1555 0.1955 0.2353 0.2906 0.3316
5 p=0.40 0.1616 0.2039 0.2502 0.3122 0.3625
% p=0.60 0.1670 0.2112 0.2567 0.3200 0.3699
< p=0.80 0.1713 0.2186 0.2649 0.3294 0.3776
p=1.00 0.1739 0.2202 0.2696 0.3395 0.3868
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Ek E_(devam)

Cizelge Ek E.3. Tam 6rneklem ve normallik doniisiimiine dayanan Anderson-Darling testi ile {istel

dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 0=0.025 =0.01 =0.005
=020 0.2505 0.2505 0.2505 0.2505 0.2505
0=0.40 0.3497 0.3967 0.4427 0.5069 0.5585
= p=0.60 0.3563 0.4116 0.4667 0.5495 0.6234
= p=0.80 0.3579 0.4175 0.4769 0.5636 0.6317
p=1.00 0.5808 0.6887 0.7960 0.9408 1.0431
=020 0.3500 0.3952 0.4374 0.5007 0.5500
- 0=0.40 0.3532 0.4096 0.4671 0.5508 0.6236
N 0=0.60 0.3543 0.4152 0.4780 0.5662 0.6371
~ 0=0.80 0.3536 0.4149 0.4789 0.5693 0.6404
p=1.00 0.6041 0.7185 0.8381 0.9870 1.1018
0=0.20 0.3530 0.4060 0.4578 0.5339 0.6055
- p=0.40 0.3503 0.4091 0.4694 0.5531 0.6266
& p=0.60 0.3499 0.4130 0.4724 0.5593 0.6317
c p=0.80 0.3525 0.4147 0.4792 0.5722 0.6409
p=1.00 0.6143 0.7305 0.8528 1.0053 1.1256
0=0.20 0.3508 0.4057 0.4624 0.5487 0.6232
0=0.40 0.3456 0.4050 0.4639 0.5497 0.6231
CT:I 0=0.60 0.3472 0.4087 0.4707 0.5557 0.6228
0=0.80 0.3492 0.4129 0.4786 0.5641 0.6297
p=1.00 0.6212 0.7417 0.8559 1.0104 1.1249
0=0.20 0.3488 0.4043 0.4636 0.5450 0.6142
0=0.40 0.3442 0.4046 0.4660 0.5514 0.6206
@ 0=0.60 0.3442 0.4058 0.4685 0.5525 0.6209
= 0=0.80 0.3478 0.4104 0.4758 0.5661 0.6353
p=1.00 0.6225 0.7393 0.8595 1.0196 1.1397
0=0.20 0.3431 0.4031 0.4641 05519 0.6184
- 0=0.40 0.3384 0.3988 0.4593 0.5414 0.6026
S 0=0.60 0.3410 0.4030 0.4669 0.5493 0.6166
< 0=0.80 0.3438 0.4082 0.4709 0.5567 0.6192
p=1.00 0.6249 0.7439 0.8632 1.0238 1.1518
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Ek E_(devam)

Cizelge Ek E.4. Tam 6rneklem ve orijinal dagilim doniisiimiine dayanan Anderson-Darling testi ile

iistel dagilima uyumun testi igin kritik degerler

=0.10 =0.05 =0.025 =001 =0.005
0=0.20 0.8288 0.8988 1.0952 15252 1.8665
p=0.40 0.9231 11288 1.3419 16744 20453
T p=0.60 0.9685 11930 14399 18171 2.1418
= p=080 1.0011 12368 1.4903 1.8583 21895
p=1.00 1.0206 1.2588 15291 18916 21938
p=0.20 0.9140 11115 13131 16320 1.9845
_ pe040 0.9546 11718 1.4080 1.7439 2.0326
S8  p=060 0.9968 12349 14815 18369 21327
S p=080 10152 12514 15046 18710 2.1627
p=1.00 10438 12978 15698 19348 22077
0=0.20 0.9247 11303 1.3563 16878 1.9881
_ pe0.40 0.9625 11898 14329 17726 20552
S p=060 1.0001 12399 14896 1.8470 2.1445
= p=080 10259 12728 15393 1.9061 22160
p=1.00 10512 1.3000 15733 1.9455 2.2292
p=0.20 0.9296 11469 13719 1.7109 2.0110
0=0.40 0.9611 11931 14413 18012 2.0894
%i p=0.60 1.0000 12456 14919 1.8558 21598
0=0.80 10298 12874 15493 1.9305 2.1962
p=1.00 1.0544 13053 15754 19493 2.2564
0=0.20 0.9309 11546 13799 1.7203 1.9992
p=0.40 0.9746 1.2092 1.4507 1.7947 2.0950
B p=060 0.9991 12479 15049 1.8695 2.1614
= p=080 10364 12941 15482 1.9205 22338
p=1.00 10531 13085 15744 1.9365 22192
p=0.20 0.9479 11758 14199 1.7603 2.0275
_ p=040 0.9877 1.2284 1.4905 18631 2.1486
S p=060 10217 1.2694 15228 18822 2.1649
S p=080 1.0404 1.2983 15589 1.9205 22082
p=1.00 10572 13187 15893 1.9584 2.2420
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Ek E_(devam)

Cizelge Ek E.5. Tam 6rneklem ve normallik déniisiimiine dayanan lyilestirilmis Watson testi ile iistel

dagilima uyumun testi i¢in kritik degerler

0=0.10 =0.05 0=0.025 0=0.01 =0.005
p=0.20 0.0902 0.0902 0.0902 0.0902 0.0902
5 p=0.40 0.1704 0.2244 0.2693 0.3138 0.3387
T p=0.60 0.2102 0.2695 0.3262 0.3925 0.4390
< p=0.80 0.2338 0.3002 0.3628 0.4368 0.4889
p=1.00 0.3477 0.4439 0.5295 0.6307 0.7015
p=0.20 0.1714 0.2252 0.2665 0.3099 0.3367
5 p=0.40 0.2301 0.2969 0.3572 0.4299 0.4802
< p=0.60 0.2668 0.3410 0.4122 0.4980 0.5578
c p=0.80 0.3053 0.3821 0.4583 0.5492 0.6174
p=1.00 0.4642 0.5683 0.6762 0.8056 0.8945
p=0.20 0.2066 0.2649 0.3185 0.3806 0.4302
5 p=0.40 0.2632 0.3370 0.4030 0.4874 0.5469
i p=0.60 0.3146 0.3896 0.4678 0.5627 0.6313
< p=0.80 0.3669 0.4456 0.5262 0.6343 0.7127
p=1.00 0.5599 0.6771 0.7882 0.9389 1.0408
p=0.20 0.2283 0.2923 0.3508 0.4268 0.4817
5 p=0.40 0.2950 0.3684 0.4400 0.5346 0.5950
i p=0.60 0.3596 0.4380 0.5165 0.6183 0.6900
< p=0.80 0.4184 0.5048 0.5918 0.7082 0.7883
p=1.00 0.6469 0.7780 0.8992 1.0533 1.1616
p=0.20 0.2453 0.3121 0.3771 0.4540 0.5102
5 p=0.40 0.3251 0.3984 0.4749 0.5740 0.6438
© p=0.60 0.3965 0.4801 0.5593 0.6705 0.7496
< p=0.80 0.4660 0.5596 0.6455 0.7626 0.8574
p=1.00 0.7190 0.8603 0.9864 1.1476 1.2676
p=0.20 0.3216 0.3957 0.4743 0.5712 0.6406
o p=0.40 0.4477 0.5343 0.6196 0.7294 0.8093
= p=0.60 0.5530 0.6631 0.7639 0.8878 0.9849
< p=0.80 0.6487 0.7722 0.8884 1.0289 1.1279
p=1.00 1.0107 1.2079 1.3811 1.5990 1.7420
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Ek E_(devam)

Cizelge Ek E.6. Tam 6rneklem ve orijinal dagilim doniisiimiine dayanan Iyilestirilmis Watson testi ile

iistel dagilima uyumun testi igin kritik degerler

=0.10 a=0.05 =0.025 =0.01 =0.005

p=0.20 0.5106 0.5388 0.5535 0.5622 0.5650

o p=0.40 0.6216 0.7222 0.8026 0.8857 0.9364
T p=0.60 0.7045 0.8294 0.9379 1.0583 1.1363
= p=0.80 0.7859 0.9305 1.0602 1.2037 1.3029
p=1.00 0.8693 1.0314 1.1745 1.3453 1.4596

p=0.20 0.6169 0.7189 0.7959 0.8779 0.9293

o p=0.40 0.7490 0.8899 1.0122 1.1497 1.2445
W p=0.60 0.8810 1.0546 1.1973 1.3723 1.4866
< p=0.80 1.0121 1.2023 1.3796 1.5716 1.7198
p=1.00 1.1477 1.3632 1.5559 1.7884 1.9430

p=0.20 0.6780 0.7981 0.8979 1.0141 1.0936

o p=0.40 0.8545 1.0159 1.1619 1.3356 1.4387
¢ p=0.60 1.0204 1.2179 1.3942 1.5991 1.7409
< p=0.80 1.1952 1.4212 1.6303 1.8533 2.0322
p=1.00 1.3642 1.6243 1.8586 2.1423 2.3290

p=0.20 0.7325 0.8689 0.9866 1.1240 1.2166

o p=0.40 0.9453 1.1266 1.2851 1.4732 1.6151
hi p=0.60 1.1445 1.3669 1.5619 1.7987 1.9464
< p=0.80 1.3591 1.6178 1.8519 2.1212 2.2967
p=1.00 1.5556 1.8512 2.1154 2.4357 2.6503

p=0.20 0.7787 0.9249 1.0588 1.2094 1.3112

o p=0.40 1.0354 1.2314 1.4038 1.6058 1.7535
e p=0.60 1.2627 1.5061 1.7190 1.9757 2.1516
= p=0.80 1.5046 1.7941 2.0440 2.3351 2.5572
p=1.00 1.7254 2.0529 2.3426 2.6902 2.9233

p=0.20 0.9998 1.1875 1.3592 1.5510 1.6869

o p=0.40 1.4008 1.6663 1.9036 2.1932 2.3935
% p=0.60 1.7571 2.0924 2.3801 2.7432 2.9947
< p=0.80 2.0881 2.4920 2.8548 3.2649 3.5591
p=1.00 2.4052 2.8629 3.2727 3.7750 4.1176
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Ek F. Weibull dagilima uyumun testi i¢in doniisiimlere dayanan testlere iligkin kritik
degerler

Cizelge Ek F.1. Tam 6rneklem ve normallik doniigiimiine dayanan Cramer-von Mises testi ile We-
ibull dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 =0.01 =0.005
o p=0.60 0.0577 0.0677 0.0774 0.0901 0.1005
T p=0.80 0.0582 0.0686 0.0787 0.0931 0.1049
c p=1.00 0.0971 0.1173 0.1373 0.1645 0.1838
p=0.20 0.0538 0.0638 0.0751 0.0955 0.1105
o p=0.40 0.0571 0.0673 0.0770 0.0904 0.1013
W p=0.60 0.0568 0.0675 0.0781 0.0929 0.1041
< p=0.80 0.0576 0.0689 0.0801 0.0949 0.1064
p=1.00 0.0992 0.1208 0.1415 0.1684 0.1907
p=0.20 0.0566 0.0662 0.0757 0.0884 0.0984
3 p=0.40 0.0566 0.0676 0.0783 0.0934 0.1050
W p=0.60 0.0564 0.0677 0.0791 0.0940 0.1063
= p=0.80 0.0567 0.0682 0.0799 0.0956 0.1083
p=1.00 0.1006 0.1221 0.1435 0.1723 0.1940
p=0.20 0.0568 0.0672 0.0771 0.0914 0.1015
o p=0.40 0.0559 0.0668 0.0781 0.0934 0.1044
b p=0.60 0.0561 0.0671 0.0787 0.0935 0.1057
= p=0.80 0.0564 0.0681 0.0798 0.0959 0.1092
p=1.00 0.1004 0.1217 0.1433 0.1729 0.1943
p=0.20 0.0564 0.0671 0.0774 0.0916 0.1029
o p=0.40 0.0559 0.0674 0.0782 0.0929 0.1041
il p=0.60 0.0559 0.0671 0.0785 0.0946 0.1069
= p=0.80 0.0564 0.0679 0.0795 0.0951 0.1065
p=1.00 0.1012 0.1228 0.1443 0.1732 0.1942
p=0.20 0.0552 0.0662 0.0779 0.0931 0.1050
= p=0.40 0.0553 0.0667 0.0782 0.0928 0.1049
T p=0.60 0.0557 0.0673 0.0787 0.0939 0.1060
< p=0.80 0.0561 0.0677 0.0798 0.0960 0.1084
p=1.00 0.1017 0.1237 0.1459 0.1748 0.1975
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Ek F_(devam)

Cizelge Ek F.2.Tam orneklem ve orijinal dagilim doéniisiimiine dayanan Cramer-von Mises testi ile
Weibull dagilima uyumun testi i¢in kritik degerler

a=0.10 a=0.05 a=0.025 a=0.01 a=0.005
- p=0.60 0.0972 0.1155 0.1329 0.1551 0.1726
T p=0.80 0.0987 0.1179 0.1370 0.1616 0.1805
= p=1.00 0.1002 0.1199 0.1395 0.1656 0.1840
p=0.20 0.0947 0.1099 0.1256 0.143 0.1532
p=0.40 0.0964 0.1141 0.1318 0.155 0.1724
5, p=0.60 0.0975 0.1167 0.1360 0.1613 0.1802
“ p=0.80 0.0992 0.1200 0.1404 0.1677 0.1880
p=1.00 0.1009 0.1222 0.1426 0.1699 0.1903
p=0.20 0.095 0.1127 0.1294 0.1507 0.1672
p=0.40 0.0967 0.1158 0.1350 0.1599 0.1781
% p=0.60 0.0974 0.1170 0.1368 0.1633 0.1830
= 0=0.80 0.0990 0.1197 0.1402 0.1679 0.1904
p=1.00 0.1018 0.1229 0.1441 0.1722 0.1952
p=0.20 0.0963 0.1142 0.1321 0.1547 0.1731
- p=0.40 0.0961 0.1151 0.1347 0.1607 0.1794
i p=0.60 0.0977 0.1176 0.1372 0.1646 0.1845
= p=0.80 0.0991 0.1198 0.1412 0.1698 0.1900
p=1.00 0.1011 0.1225 0.1439 0.1721 0.1938
p=0.20 0.0961 0.1146 0.1332 0.1562 0.1730
p=0.40 0.0965 0.1162 0.1357 0.1604 0.1815
L'?_f p=0.60 0.0969 0.1169 0.1382 0.1650 0.1845
p=0.80 0.0988 0.1195 0.1405 0.1695 0.1918
p=1.00 0.1017 0.1234 0.1448 0.1740 0.1955
p=0.20 0.0953 0.1148 0.1339 0.1589 0.1784
- p=0.40 0.0967 0.1169 0.1372 0.1640 0.1832
S p=0.60 0.0979 0.1183 0.1388 0.1654 0.1851
= p=0.80 0.0994 0.1202 0.1420 0.1705 0.1936
p=1.00 0.1018 0.1240 0.1460 0.1760 0.1977
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Ek F_(devam)

Cizelge Ek F.3.Tam 6rneklem ve normallik doniisiimiine dayanan Anderson-Darling testi ile Weibull
dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 =001 =0.005
— pe060 03470 03979 0.4466 05089 05582
T p=0.80 03541 0.4080 0.4600 05333 05901
= p=1.00 05675 06733 0.7782 0.9206 10175
9=0.20 03220 0.3660 0.4181 05138 05855
0=0.40 03472 0.3995 0.4495 05168 05723
8§ p=060 0.3494 0.4052 0.4623 05355 05920
S p=080 03535 04142 0.4733 05490 0.6086
p=1.00 05956 0.7068 0.8200 0.9602 1.0760
0=0.20 03412 03892 0.4363 0.4991 05512
0=0.40 03475 0.4044 0.4607 05357 05975
8 p=060 0.3477 0.4076 0.4663 0.5450 0.6045
S p=080 03503 0.4093 0.4708 05543 06202
p=1.00 06049 07184 0.8316 0.9840 11020
0=0.20 03449 0.3986 0.4508 05224 05780
_ =040 03443 04015 0.4609 05380 05933
S p=0.60 03452 04034 0.4635 05462 06038
= p=080 03470 0.4098 0.4715 05573 0.6242
p=1.00 06059 0.7210 0.8347 0.9821 11076
0=0.20 0.346 0.4006 0.4518 05264 05823
p=0.40 0.3446 0.4047 0.4611 05363 05956
E peos0 03435 04029 0.4632 05457 06109
0=0.80 03461 04079 0.4710 0.5494 06123
p=1.00 06120 0.7259 0.8428 0.9984 11119
0=0.20 03399 03988 0.4579 05379 05984
_  p=040 03389 04012 0.4612 05377 05998
S p=0s60 03398 04017 0.4641 05439 0.6060
S p=0.0 03420 04048 0.4687 05531 06208
p=1.00 06157 0.7347 0.8531 1.0080 11337
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Ek F_(devam)

Cizelge EK F.4. Tam 6rneklem ve orijinal dagilim doniisiimiine dayanan Anderson-Darling testi ile
Weibull dagilima uyumun testi i¢in kritik degerler

a=0.10 a=0.05 a=0.025 =001 =0.005
- =060 0.5933 0.6939 0.7883 0.9201 1.0102
T p=0.80 0.6047 0.7110 0.8173 0.9586 1.0609
= p=1.00 0.6148 0.7268 0.8363 0.9775 1.0916
p=0.20 0.5699 0.6540 0.7330 0.8341 0.9125
p=0.40 0.5887 0.6891 0.7859 0.9148 1.0117
5, p=0.60 0.6002 0.7058 0.8107 0.9503 1.0544
= p=0.80 0.6125 0.7265 0.8381 0.9888 1.1011
p=1.00 0.6238 0.7411 0.8590 1.0097 1.1163
p=0.20 0.5795 0.6748 0.7697 0.8925 0.9813
p=0.40 0.5933 0.6990 0.8061 0.9388 1.0450
% p=0.60 0.6004 0.7201 0.8168 0.9671 1.0706
= p=0.80 0.6114 0.7256 0.8370 0.9989 1.1204
p=1.00 0.6287 0.7488 0.8656 1.0262 1.1448
p=0.20 0.5897 0.6887 0.7841 0.9173 1.0128
- p=0.40 0.5906 0.6941 0.8055 0.9460 1.0530
I p=0.60 0.6023 0.7112 0.8219 0.9662 1.0755
= 0=0.80 0.6118 0.7283 0.8441 1.0000 1.1113
p=1.00 0.6278 0.7483 0.8689 1.0248 1.1416
p=0.20 0.5896 0.6937 0.7939 0.9177 1.0155
p=0.40 0.5956 0.7015 0.8084 0.9491 1.0505
L'?_f p=0.60 0.5976 0.7092 0.8231 0.9715 1.0789
p=0.80 0.6109 0.7249 0.8406 0.9999 1.1202
p=1.00 0.6312 0.7514 0.8750 1.0349 1.1719
p=0.20 0.5851 0.6913 0.7962 0.9335 1.0384
- p=0.40 0.5947 0.7053 0.8190 0.9597 1.0588
S p=0.60 0.6019 0.7136 0.8269 0.9757 1.0856
= p=0.80 0.6146 0.7324 0.8498 1.0086 1.1299
p=1.00 0.6341 0.7555 0.8801 1.0487 1.1673
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Ek F_(devam)

Cizelge Ek F.5. Tam 6rneklem ve normallik doniisiimiine dayanan lyilestirilmis Watson testi ile We-
ibull dagilima uyumun testi i¢in kritik degerler

0=0.10 a=0.05 0=0.025 2=0.01 0=0.005
o p=0.60 0.2008 0.2512 0.2990 0.3568 0.3936
w p=0.80 0.2215 0.2792 0.3350 0.4009 0.4479
c p=1.00 0.3185 0.4079 0.4858 0.5842 0.6568
p=0.20 0.1584 0.2129 0.2650 0.3193 0.3533
o p=0.40 0.2193 0.2768 0.3295 0.3912 0.4342
N p=0.60 0.2563 0.3194 0.3803 0.4563 0.5089
c p=0.80 0.2975 0.3618 0.4307 0.5153 0.5731
p=1.00 0.4384 0.5328 0.6262 0.7520 0.8321
p=0.20 0.1994 0.248 0.2949 0.3523 0.3902
o p=0.40 0.2554 0.3192 0.3833 0.4564 0.5080
i p=0.60 0.3094 0.3753 0.4436 0.5338 0.5949
< p=0.80 0.3587 0.4303 0.5022 0.5939 0.6619
p=1.00 0.5380 0.6467 0.7500 0.8854 0.9883
p=0.20 0.2194 0.2774 0.3291 0.3948 0.4419
o p=0.40 0.2890 0.3548 0.4233 0.5049 0.5626
b p=0.60 0.3554 0.4256 0.4987 0.5903 0.6577
c p=0.80 0.4131 0.4931 0.5680 0.6742 0.7541
p=1.00 0.6192 0.7409 0.8555 0.9967 1.1063
p=0.20 0.2374 0.2989 0.3543 0.4229 0.4761
o p=0.40 0.3218 0.3885 0.4583 0.5457 0.6071
i p=0.60 0.3947 0.4719 0.5460 0.6513 0.7187
© p=0.80 0.4605 0.5481 0.6293 0.7313 0.8149
p=1.00 0.6922 0.8281 0.9566 1.1112 1.2191
p=0.20 0.3175 0.3839 0.4527 0.5414 0.6080
o p=0.40 0.4464 0.5341 0.6168 0.7227 0.7960
= p=0.60 0.5549 0.6590 0.7548 0.8757 0.9644
< p=0.80 0.6461 0.7689 0.8773 1.0157 1.1059
p=1.00 0.9724 1.1648 1.3338 1.5403 1.6863
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Ek F_(devam)

Cizelge Ek F.6. Tam 6rneklem ve orijinal dagilim déniisiimiine dayanan lyilestirilmis Watson testi ile
Weibull dagilima uyumun testi i¢in kritik degerler

a=0.10 a=0.05 a=0.025 a=0.01 a=0.005
° p=0.60 0.2603 0.3441 0.4179 0.5072 0.5766
W p=0.80 0.2900 0.3781 0.4617 0.5678 0.6458
c p=1.00 0.3097 0.4097 0.4997 0.6132 0.7039
p=0.20 0.2251 0.3002 0.3599 0.4192 0.4523
° p=0.40 0.2789 0.3624 0.4423 0.5405 0.6109
W p=0.60 0.3173 0.4172 0.5113 0.6232 0.7005
c p=0.80 0.3566 0.4677 0.5719 0.6982 0.7928
p=1.00 0.3852 0.5079 0.6182 0.7568 0.8561
p=0.20 0.2553 0.332 0.4021 0.4896 0.5558
o p=0.40 0.3129 0.4120 0.5017 0.6099 0.6906
i p=0.60 0.3574 0.4729 0.5770 0.7084 0.7982
< p=0.80 0.4044 0.5257 0.6393 0.7909 0.8945
p=1.00 0.4626 0.5916 0.7172 0.8745 0.9925
p=0.20 0.2769 0.3629 0.4408 0.5347 0.6096
° p=0.40 0.3416 0.4477 0.5468 0.6672 0.7549
b p=0.60 0.4001 0.5205 0.6330 0.7746 0.8751
c p=0.80 0.4648 0.5841 0.7129 0.8757 0.9797
p=1.00 0.5304 0.6590 0.8000 0.9667 1.0923
p=0.20 0.2947 0.3878 0.4721 0.5786 0.6517
- p=0.40 0.3675 0.4817 0.5865 0.7117 0.8065
e p=0.60 0.4456 0.5625 0.6834 0.8327 0.9333
© p=0.80 0.5200 0.6399 0.7754 0.9429 1.0678
p=1.00 0.5911 0.7264 0.8784 1.0591 1.1893
p=0.20 0.3615 0.4698 0.5705 0.7000 0.7895
o p=0.40 0.5072 0.6218 0.7458 0.9012 1.0131
% p=0.60 0.6287 0.7572 0.8948 1.0808 1.2151
< p=0.80 0.7356 0.8848 1.0302 1.2398 1.3997
p=1.00 0.8329 1.0054 1.1745 1.3925 1.5612
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Ek G. Log-Normal dagilima uyumun testi i¢in doniisiimlere dayanan testlere iliskin
kritik degerler

Cizelge Ek G.1. Tam 6rneklem, normallik ve orijinal dagilim doniisiimiine dayanan Cramer-von
Mises testi ile log-normal dagilima uyumun testi igin kritik degerler

2=0.10 2=0.05 2=0.025 a=0.01 =0.005
p=0.40 0.0557 0.0680 0.0844 0.1071 0.1217
S p=0.60 0.0588 0.0695 0.0810 0.0970 0.1113
L p=0.80 0.0594 0.0707 0.0823 0.0989 0.1134
p=1.00 0.0989 0.1193 0.1404 0.1676 0.1875
p=0.20 0.0550 0.0669 0.0818 0.1043 0.1182
p=0.40 0.0580 0.0694 0.0803 0.0963 0.1089
o
N p=0.60 0.0580 0.0698 0.0814 0.0979 0.1112
= p=0.80 0.0581 0.0697 0.0816 0.0973 0.1110
p=1.00 0.1013 0.1231 0.1444 0.1729 0.1940
p=0.20 0.0577 0.0681 0.0790 0.0945 0.1074
p=0.40 0.0571 0.0686 0.0802 0.0963 0.1093
o
® 0=0.60 0.0573 0.0686 0.0808 0.0964 0.1086
= p=0.80 0.0575 0.0692 0.0814 0.0970 0.1103
p=1.00 0.1014 0.1237 0.1461 0.1744 0.1956
p=0.20 0.0575 0.0686 0.0795 0.0950 0.1071
p=0.40 0.0567 0.0679 0.0798 0.0964 0.1093
(@]
i p=0.60 0.0567 0.0683 0.0803 0.0965 0.1095
© 0=0.80 0.0569 0.0690 0.0815 0.0986 0.1117
p=1.00 0.1025 0.1251 0.1473 0.1767 0.2000
0p=0.20 0.0571 0.0681 0.0793 0.0937 0.1075
p=0.40 0.0565 0.0677 0.0793 0.0957 0.1085
o
1o p=0.60 0.0560 0.0679 0.0800 0.0963 0.1093
© 0=0.80 0.0568 0.0688 0.0809 0.0978 0.1118
p=1.00 0.1027 0.1253 0.1475 0.1777 0.1998
0p=0.20 0.0555 0.0668 0.0783 0.0942 0.1059
o 0=0.40 0.0553 0.0666 0.0784 0.0939 0.1060
= p=0.60 0.0559 0.0679 0.0800 0.0963 0.1097
< 0=0.80 0.0563 0.0685 0.0805 0.0972 0.1090
p=1.00 0.1035 0.1262 0.1486 0.1783 0.2001
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E k G ) (devam)

Cizelge Ek G.2. Tam 6rneklem, normallik ve orijinal dagilim déniisiimiine dayanan Anderson- Dar-
ling testi ile log-normal dagilima uyumun testi i¢in kritik degerler

a=0.10 a=0.05 a=0.025 =0.01 =0.005
p=0.40 0.3301 0.3848 0.4623 0.5683 0.6360
S p=0.60 0.3525 0.4076 0.4665 0.5474 0.6202
¢ p=0.80 0.3597 0.4191 0.4794 0.5691 0.6374
p=1.00 0.5815 0.6869 0.7952 0.9388 1.0457
p=0.20 0.3273 0.3793 0.4501 0.5543 0.6194
p=0.40 0.3518 0.4112 0.4675 0.5514 0.6169
5, p=0.60 0.3554 0.4177 0.4788 0.5648 0.6342
- p=0.80 0.3576 0.4194 0.4821 0.5659 0.6394
p=1.00 0.6065 0.7212 0.8339 0.9822 1.0986
p=0.20 0.3466 0.3994 0.4544 0.5316 0.6001
p=0.40 0.3506 0.4112 0.4708 0.5538 0.6242
S p=060 0.3524 0.4148 0.4768 0.5587 0.6246
- p=0.80 0.3548 0.4179 0.4814 0.5668 0.6362
p=1.00 0.6127 0.7293 0.8468 1.0020 1.1174
p=0.20 0.3493 0.4059 0.4635 0.5397 0.6057
p=0.40 0.3482 0.4095 0.4701 0.5578 0.6241
i p=0.60 0.3487 0.4101 0.4733 0.5581 0.6312
= p=0.80 0.3503 0.4150 0.4813 0.5710 0.6413
p=1.00 0.6203 0.7370 0.8559 1.0156 1.1431
p=0.20 0.3494 0.4072 0.4645 0.5412 0.6118
p=0.40 0.3467 0.4061 0.4691 0.5573 0.6290
B p=0.60 0.3450 0.4082 0.4732 0.5582 0.6280
- p=0.80 0.3484 0.4126 0.4786 0.5656 0.6393
p=1.00 0.6229 0.7429 0.8634 10151 1.1330
p=0.20 0.3425 0.4016 0.4631 0.5459 0.6051
- p=0.40 0.3394 0.4006 0.4612 0.5459 0.6108
= p=0.60 0.3423 0.4050 0.4700 0.5567 0.6295
c p=0.80 0.3432 0.4092 0.4742 0.5597 0.6306
p=1.00 0.6289 0.7479 0.8702 1.0316 1.1541
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E k G ) (devam)

Cizelge Ek G.3.Tam 6rneklem, normallik ve orijinal dagilim déniisiimiine dayanan Iyilestirilmis

Watson testi ile log-normal dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 =0.01 =0.005
p=0.40 0.1749 0.2389 0.2932 0.3446 0.3735
S p=0.60 0.2201 0.2763 0.3314 0.3971 0.4418
S p=0.80 0.2457 0.3106 0.3702 0.4438 0.4945
p=1.00 0.3488 0.4416 0.5278 0.6317 0.6997
p=0.20 0.1704 0.2345 0.2865 0.3385 0.3668
p=0.40 0.2373 0.3021 0.3598 0.4313 0.4784
5, p=0.60 0.2742 0.3498 0.4158 0.4968 0.5563
= p=0.80 0.3111 0.3877 0.4628 0.5533 0.6159
p=1.00 0.4654 0.5706 0.6753 0.8033 0.8978
p=0.20 0.2149 0.2695 0.3206 0.3840 0.4283
p=0.40 0.2698 0.3412 0.4092 0.4877 0.5441
% p=0.60 0.3220 0.3970 0.4732 0.5657 0.6317
= p=0.80 0.3740 0.4531 0.5353 0.6416 0.7137
p=1.00 0.5618 0.6801 0.7925 0.9377 1.0372
p=0.20 0.2351 0.2978 0.3546 0.4233 0.4703
p=0.40 0.3032 0.3750 0.4485 0.5359 0.5985
i p=0.60 0.3647 0.4419 0.5226 0.6273 0.7083
= p=0.80 0.4257 0.5108 0.5951 0.7130 0.7945
p=1.00 0.6434 0.7754 0.9007 1.0542 1.1686
p=0.20 0.2517 0.3193 0.3808 0.4568 0.5062
p=0.40 0.3327 0.4064 0.4836 0.5811 0.6577
B p=0.60 0.4034 0.4848 0.5662 0.6765 0.7504
= 0=0.80 0.4712 0.5645 0.6572 0.7772 0.8668
p=1.00 0.7178 0.8631 0.9974 1.1588 1.2780
p=0.20 0.3277 0.4005 0.4738 0.5683 0.6380
5 p=0.40 0.4555 0.5488 0.6330 0.7446 0.8303
= p=0.60 0.5601 0.6739 0.7789 0.9079 1.0008
c p=0.80 0.6565 0.7836 0.9051 1.0481 1.1512
p=1.00 1.0162 1.2134 1.3886 1.6003 1.7472
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Ek H. Log-Logistic dagilima uyumun testi i¢in doniisiimlere dayanan testlere iliskin
kritik degerler

Cizelge Ek H.1. Cramer-von Mises testi ile iistel dagilima uyumun testi i¢in kritik degerler

0=0.10 0=0.05 =0.025 0=0.01 =0.005
p=0.60 0.0575 0.0684 0.0794 0.0950 0.1077
o
N p=0.80 0.0578 0.0691 0.0806 0.0962 0.1093
= p=1.00 0.0987 0.1189 0.1397 0.1672 0.1879
p=0.40 0.0571 0.0683 0.0794 0.0943 0.1077
S p=0.60 0.0570 0.0683 0.0796 0.0957 0.1078
S p=0.80 0.0574 0.0686 0.0801 0.0968 0.1094
p=1.00 0.0998 0.1213 0.1426 0.1705 0.1926
p=0.40 0.0564 0.0674 0.0785 0.0937 0.1078
o p=0.60 0.0565 0.0679 0.0795 0.0954 0.1072
< p=0.80 0.0570 0.0688 0.0807 0.0977 0.1122
p=1.00 0.1000 0.1207 0.1426 0.1700 0.1918
p=0.40 0.0561 0.0674 0.0787 0.0941 0.1060
S p=0.60 0.0562 0.0674 0.0789 0.0950 0.1073
S p=0.80 0.0565 0.0683 0.0800 0.0965 0.1082
p=1.00 0.1005 0.1220 0.1431 0.1706 0.1906
p=0.20 0.0556 0.0668 0.0784 0.0937 0.1053
S p=0.40 0.0554 0.0667 0.0778 0.0930 0.1051
= p=0.60 0.0557 0.0675 0.0795 0.0950 0.1073
= =0.80 0.0561 0.0676 0.0796 0.0963 0.1093
P
p=1.00 0.1015 0.1230 0.1454 0.1743 0.1968
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E k H . (devam)

Cizelge Ek H.2. Cramer-von Mises testi ile iistel dagilima uyumun testi i¢in kritik degerler

=0.10 =0.05 =0.025 0=0.01 =0.005
p=0.60 0.0779 0.0930 0.1073 0.1266 0.1415
o
Y p=0.80 0.0798 0.0946 0.1099 0.1306 0.1447
= p=1.00 0.0811 0.0968 0.1118 0.1325 0.1484
p=0.40 0.0772 0.0918 0.1059 0.1231 0.1370
9 p=0.60 0.0781 0.0929 0.1080 0.1272 0.1409
S p=0.80 0.0801 0.0955 0.1111 0.1305 0.1465
p=1.00 0.0814 0.0975 0.1134 0.1347 0.1502
p=0.40 0.0769 0.0915 0.1065 0.1269 0.1403
S p=0.60 0.0783 0.0934 0.1087 0.1287 0.1431
S p=0.80 0.0799 0.0960 0.1116 0.1318 0.1468
p=1.00 0.0811 0.0972 0.1127 0.1338 0.1489
p=0.40 0.0771 0.0920 0.1066 0.1252 0.1393
Q p=0.60 0.0782 0.0931 0.1086 0.1285 0.1451
d p=0.80 0.0798 0.0953 0.1110 0.1309 0.1464
p=1.00 0.0814 0.0978 0.1135 0.1339 0.1497
p=0.20 0.0764 0.0914 0.1060 0.1253 0.1397
5 p=0.40 0.0775 0.0929 0.1082 0.1289 0.1453
= p=0.60 0.0789 0.0943 0.1100 0.1302 0.1446
c p=0.80 0.0798 0.0958 0.1120 0.1323 0.1479
p=1.00 0.0817 0.0981 0.1142 0.1355 0.1513
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E k H . (devam)

Cizelge Ek H.3. Anderson-Darling testi ile istel dagilima uyumun testi i¢in kritik degerler

0=0.10 0=0.05 0=0.025 a=0.01 =0.005
p=0.60 0.3538 0.4117 0.4683 0.5484 0.6122
o
X p=0.80 0.3555 0.4155 0.4755 0.5581 0.6218
= p=1.00 0.5899 0.6967 0.8066 0.9582 1.0628
p=0.40 0.3504 0.4083 0.4668 0.5462 0.6068
= p=0.60 0.3519 0.4110 0.4719 0.5537 0.6172
S p=0.80 0.3537 0.4145 0.4748 0.5625 0.6266
p=1.00 0.5999 0.7144 0.8287 0.9747 1.0930
p=0.40 0.3474 0.4045 0.4623 0.5452 0.6097
o p=0.60 0.3491 0.4095 0.4695 0.5513 0.6137
S p=0.80 0.3510 0.4139 0.4777 0.5663 0.6431
p=1.00 0.6025 0.7153 0.8272 0.9807 1.0905
p=0.40 0.3456 0.4056 0.4644 0.5427 0.6054
S p=0.60 0.3458 0.4056 0.4647 0.5513 0.6172
d p=0.80 0.3479 0.4097 0.4723 0.5554 0.6195
p=1.00 0.6059 0.7226 0.8329 0.9793 1.0962
p=0.20 0.3419 0.4017 0.4612 0.5448 0.6025
5 p=0.40 0.3408 0.3997 0.4595 0.5412 0.6071
= p=0.60 0.3417 0.4031 0.4654 0.5506 0.6114
< p=0.80 0.3430 0.4059 0.4681 0.5570 0.6229
p=1.00 0.6146 0.7310 0.8463 1.0012 1.1186
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E k H . (devam)

Cizelge EkK H.4. Anderson-Darling testi ile {istel dagilima uyumun testi i¢in kritik degerler

a=0.10 a=0.05 a=0.025 «=0.01 «=0.005
p=0.60 0.5279 0.6200 0.7103 0.8303 0.9229
o
Y p=0.80 0.5418 0.6387 0.7365 0.8642 0.9594
= p=1.00 0.5577 0.6552 0.7556 0.8918 0.9890
p=0.40 0.5181 0.6066 0.6920 0.8052 0.8909
= p=0.60 0.5270 0.6216 0.7145 0.8298 0.9178
S p=0.80 0.5450 0.6448 0.7383 0.8702 0.9732
p=1.00 0.5600 0.6622 0.7658 0.8957 1.0041
p=0.40 0.5157 0.6060 0.6958 0.8137 0.9015
S p=0.60 0.5297 0.6231 0.7184 0.8446 0.9405
S p=0.80 0.5444 0.6439 0.7437 0.8739 0.9720
p=1.00 0.5591 0.6599 0.7594 0.8926 0.9933
p=0.40 0.5167 0.6079 0.6953 0.8098 0.9062
S p=0.60 0.5303 0.6240 0.7181 0.8443 0.9375
d p=0.80 0.5444 0.6420 0.7368 0.8628 0.9685
p=1.00 0.5600 0.6630 0.7601 0.8949 0.9895
p=0.20 0.5093 0.5996 0.6897 0.8077 0.8952
5 p=0.40 0.5225 0.6154 0.7091 0.8355 0.9409
= p=0.60 0.5340 0.6295 0.7261 0.8531 0.9584
c p=0.80 0.5451 0.6458 0.7461 0.8745 0.9835
p=1.00 0.5633 0.6666 0.7687 0.9026 1.0115
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E k H . (devam)

Cizelge Ek H.5. Iyilestirilmis Watson testi ile iistel dagilima uyumun testi icin kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005
o p=0.60 0.2621 0.3286 0.3942 0.4705 0.5254
W p=0.80 0.3033 0.3720 0.4429 0.5357 0.5949
= p=1.00 0.4511 0.5522 0.6555 0.7820 0.8653
p=0.40 0.2610 0.3286 0.3935 0.4704 0.5254
8 p=0.60 0.3178 0.3865 0.4604 0.5514 0.6154
< p=0.80 0.3669 0.4417 0.5164 0.6137 0.6912
p=1.00 0.5464 0.6604 0.7699 0.9134 1.0214
p=0.40 0.2948 0.3625 0.4315 0.5164 0.5740
S p=0.60 0.3621 0.4370 0.5104 0.6029 0.6762
< p=0.80 0.4222 0.5064 0.5875 0.6979 0.7776
p=1.00 0.6285 0.7526 0.8699 1.0224 1.1315
p=0.40 0.3264 0.3966 0.4672 0.5583 0.6236
3 p=0.60 0.4007 0.4800 0.5558 0.6564 0.7298
< p=0.80 0.4682 0.5579 0.6437 0.7529 0.8325
p=1.00 0.7001 0.8364 0.9658 1.1246 1.2443
p=0.20 0.3214 0.3903 0.4590 0.5494 0.6157
o p=0.40 0.4525 0.5394 0.6218 0.7322 0.8130
% p=0.60 0.5581 0.6689 0.7683 0.8866 0.9773
< p=0.80 0.6519 0.7759 0.8916 1.0320 1.1351
p=1.00 0.9879 1.1770 1.3581 1.5703 1.7138
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E k H . (devam)

Cizelge Ek H.6. Iyilestirilmis Watson testi ile iistel dagilima uyumun testi icin kritik degerler

=0.10 a=0.05 =0.025 =0.01 0=0.005

o p=0.60 0.1185 0.1447 0.1729 0.2134 0.2450
W p=0.80 0.1179 0.1449 0.1751 0.2180 0.2529
= p=1.00 0.1203 0.1491 0.1815 0.2254 0.2606
p=0.40 0.1145 0.1387 0.1634 0.1987 0.2279

8 p=0.60 0.1094 0.1326 0.1561 0.1915 0.2197
< p=0.80 0.1092 0.1331 0.1591 0.1948 0.2247
p=1.00 0.1114 0.1376 0.1643 0.2041 0.2377

p=0.40 0.1070 0.1286 0.1510 0.1827 0.2089

S p=0.60 0.1026 0.1234 0.1445 0.1747 0.1979
< p=0.80 0.1031 0.1248 0.1469 0.1794 0.2043
p=1.00 0.1057 0.1295 0.1544 0.1881 0.2166

p=0.40 0.1017 0.1213 0.1421 0.1688 0.1916

3 p=0.60 0.0980 0.1169 0.1364 0.1635 0.1847
< p=0.80 0.0984 0.1185 0.1388 0.1679 0.1911
p=1.00 0.1026 0.1243 0.1478 0.1792 0.2055

p=0.20 0.0983 0.1169 0.1357 0.1598 0.1788

o p=0.40 0.0896 0.1061 0.1224 0.1444 0.1618
% p=0.60 0.0881 0.1047 0.1210 0.1427 0.1588
< p=0.80 0.0889 0.1064 0.1239 0.1470 0.1632
p=1.00 0.0934 0.1124 0.1317 0.1577 0.1796
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