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O ZET

Bu calismada,Kolmogorov ve Kolmogorov-Gabor modeli avlik
akim serilerinin tiliretilmesinde kullanilmis olup sonuclar,
vaygin olarak kullanilan Thomas-Fiering modeli sonuclari ile
karsilastairailmistir.

Uvgulamada, 30 villak bir akim serisi kullanilarak bil-
gisavar ortaminda, Thomas-Fiering, Kolmogorov ve Kolmogorov-
Gabor modelleriyle 30 vi1llik sentetik seriler tiiretilmistir.

Thomas-Fiering modelinden beklenen sonuclar elde edilmis
ancak, Kolmogorov ve Kolmogorov-Gabor modellerinin akim seri-
lerinin tiiretilmesinde kullanilabilmesi icin bir rastgele
degiskenin modele ilave edilmesi gerektigi ortava cikmistir.

Bu rastgele degiskenin analitik volla belirlenmesinin
gliclligli nedeniyle, ampirik vaklasim uyvgulanmis ve 1iyi sonuc
veren bir esas gelistirilmeve calisilmistir.

Sonuclar, vavgin olarak kabul ve uvgulama g6ren Thomas-
Fiering modeli sonuclarina oldukca vakindir. Bazi istatistik
parametreler acisindan da veni model avantajli gdriinmektedir.



SUMMARY
MODELLING OF RUNOFF SERIES

Introduction

It is well appreciated that planning and design of
the most efficent reservoirs for hydropower, water supply,
irrigation and other water use systems necessitate the use of
runoff data which covers a long span of time in which occurs
the most unfavourable combinations of extreme drought and
flood periods or at least combinations of droughts and floods
in a given return period. Neverthless, available records do
not almost generally fulfill this requirement and artificial
data is generated by means of statistical models., First and
second order Markov Models and The Thomas and Fiering Model
which is a special form of the first order Markov model are
widely used in hydrology.

A nonlinear auto-regressive model which is an
extended form of the general Markov model is investigated in
this study.

Linear Auto-regressive Model

Markov discovered that a stationary time series can
be simulated by the linear autoregressive models.

a x + € (1)

where xi are the terms of the time series, aj are the
autoregressive coefficents and €i are the members of an
N{(0,1) independent stationary and ergodic stochastic process,
and M denotes the order of the model.

The first and second order 1linear Markov model,
i.e.the models having M=z1 and M=2, are of particular interest
in hydrology. Sometimes the third order model is used, but
higher order linear Markov models are rarely used, because
they require the estimation of a large number of coefficients



In the first order linear Markov model a is egual
to , the first autocorrelation coefficient, estimated from
the sample as the first serial correlation coefficent, r .
In the second order linear Markov model a and a are usually
computed from the equuations that relate them to the first
two autocorrelation coefficients, and , both estimated
in turn by the sample serial coefficients, r and r .

The first and second order linear Markov models are
not capable of simulating the monthly runoff series and hence
Thomas and Fiering developed a periodic form of the first
order linear Markov Model. The model referred to as Thomas
and Fiering Model, is given below.

(5]

X = x + b (x -X )+ s (1-r2) € (2)
i,J J J i-1,j-1 j-1 J J i
This equation represents a set of 12 linear

regression equations each of which gives the generated
runoff for the month in turn. In this equation x and s are
the mean and standard deviation of the j'th month, b and r
are the regression and correlation coefficients between the
runoff values of the {j-1) and j'th months, € are normally
distributed random numbers whose mean is zero and standard
deviation is equal to one. Thomas and Fiering model preserves
the periodicity and statistical properties of the time series
and widely used for simulating the monthly runoff data.

Kolmogorov, the great probability theorist. proposed
that the equation

M
X = X a X (3)

could be used for the interpolation and extrapolation of
stationary time series and gave the least square derivation
of coefficients a . As will readily be recognized, this
is an M'th order linear Markov model having no random compo-
nent.

Nonlinear Models

It was concieved,in 1954,by D.Gabor,The Nobel Prize
winner that the generalized form of the Kolmogorov's equation
namely,

VI



M M M M M M
X = X hx +Z X h X x 4+ 2Z z Z h X X X%
M+1 i=1 i i1 i=1 j=i i,j i j i=1 j=1i k=j 1i,J,k i J k

+.ll..lll'l.!. (4)

the discrete form of the functional series or Volterra

Integral, could be used as a predicting model . Where x
is the predicted value, x are the present and (M-1) past
values of the time series, h ,h , h «ess» are the linear,

quadratic, cubic and so on, autoregessive coefficients. These
coefficients reflect the first and higher degree auto-
correlaton properties of the time series of interest and
hence have a great capacity to store information about it.

Mliftiioglu carried out the application of the quad-
ratic Kolmogorov-Gabor model for monthly runoff prediction.
In this study, the model was investigated as a real-time
predictor . Therefore, each prediction was made from +the
preceeding recorded values included in the active past which
we shall call here as "memory",i.e. the predictions were made
on the basis of the M previously observed elements of the
random process of interest.

As the degree and the memory length of the Kolmogo-
rov-Gabor polynomial increases the information storacge
capacity of the model about the past of the process also
increases. This in turn increases the amount of computations
neccessaryv for model calibration.

Present Model

It was thought that it would be interesting to know
the capacity of the Kolmogorov-Gabor model as a monthly
runoff generator, i.e., as an operator which operates on the
previously generated values to produce further values. Never-
theless , in order to reduce the computation time and space
requirements, the model is truncated from the second order
term and applied a small modification that the linear and non
linear memories do not have common elements. Thus the present
model has the form:

L N N
x = X h x + 3 Z h X X (5)
M+C+1 i=1 1 i+C i=1 j=i i,j 1i+4L+C j+L+C



where L, N and M are the linear, nonlinear and total memory
lengths, respectively, C 1is the shift counter to facilitate
the representation of the successive generations. It is
easily seen that M=L+N.

As stated above the longer the memory and the higher
the degree of the model, the greater its capacity to store
information about the occurences of past observations. Having
a long total memory and involving quadratic operations,though
on one part of the total memory, the present model can be
considered as a good compromise between the Kolmogorov and
the Kolmogorov-Gabor models.

Preliminary investigations indicated that the Kol-
mogorov as well as the modified Kolmogorov-Gabor Models
depicted reasonable adaptation to the calibration data but
produced a monotonically decreasing series when wused as
svnthetic data generators. In order to overcome this short-
come a random component (€) is added to the model as follows

L N N
X = T h x + = Z h X X + € (6)
=1 i i4C i=1 j=i 1i,j 1i+L+4C j+L+C

The difficulty of the analytical determination of
the random component, €, leads to the application of an
emprical approach. The approach is based on the determination
of the random component from the data used for calibration.
For the purpose, the model (Eq.5) is first calibrated on the
avaliable data, then the data is regenerated by means of the
calibrated model and then the differences between the
synthetic and real data are taken. These differences, in fact
form a set of random numbers which in turn is wused 1in
synthetic data generation by Eq.6.

Model Calibration

Calibration of the model involves the determination
of the memory parameters and autoregressive coefficients.

The objective is to have a model which is capable of
generating data which posesses the statistical properties
of the given data. This end can be achieved by regenerating
a given data with minimum deviations. The coefficients which
fulfil this requirement can be determined by minimizing the
sum of squared deviations:
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L N N 2
[ x - (2 hzx + Z = h X X )1 (7)
M M+C+1 i=1 i i+C i=1 j=i 1i,J i+L+C j+L+C

=
1]
I e4 >

C

where K is the number of observations for calibration.

The wvalues of h and h which minimize the
objective function, E,can be obtained by equating to zero the
partial derivatives of E with respect to these coefficients.
The following are the resulting normal equations:

K-M-1 L N N
z ( 2 h x X + Z Z h X X X )
C=0 i=l1 1 i+4C a+C i=1 j=i i,Jj i+L+C Jj+L+C a+C
K-M-1
s X X X ,a=1,2..L (8)
c=0 M+C+1 a+C
K-M-1 L
= { 2 h x X X
C=0 i=l i i+4C B+L+C €+L+C

N
+ Z h X X X X )
=i " i,j i+L+C Jj+L+C B+L+C a+L+C

K-M-1
= = x X X , B=1,2,..N (9)
C=0 M+C+1 B+L+C €+L4+C €=B,B+1,..N

The normal equations represent a set of 1linear
equations , called ‘regression equations’, in the L+N{N+1)/2
unknown coefficients. The longer the span data of used for
calibration the more representive the model will be. The
minimum number of observations required to obtain a determine
set of coefficients is 2M+1. A representative data must,
howewer, have 6M-10M observations.

IX



Aplications

The applications were carried out on the monthly
data of River Tigris of the vears 1946-1975. The model with
various L and N values have been applied. The best result
was produced by the model with L=10 N=2 and L=11 N=1 ,
The results produced by the Mth order Markov, by the Present
Model and by the Thomas and Fiering Model are given together
in TABLE-1 for comparison.

TABLE-1
Statistical Parameters
MODEL
Average Standard D. Min Max

Thomas-Fiering 1364.4 1450.0 0 7900 .
Present Model

- L=10 N=2 1193.4 1085.0 0 5178

- L=11 N=1 1326.6 1065.5 65 5610
Observed Series 1245.1 1322.9 140 7778

Conclusions

The comparison of the present model with the well
known and widely used Thomas and Fiering model revealed that
the present model is promising.



BOLUM 1. GIiRisS

Havatin temel kavnaklarindan birisi sudur. Giderek ka-
labaliklasan diinvamizda artan ihtivaclar sebebi ile kitlasan
bu temel kaynaktan en verimli sekilde fayvdalanmak isteriz.
Bu amacla, favdalanilacak kawvnafin davranislarini, ihtivaca
cevap verip vermevecegini gercekci bir sekilde incelemek

gerekir.

Su kavnaklari arasinda 6nemli bir yver tutan akarsularain
debileri 311 icerisinde belli bir ortazlama c¢evresinde, zaman
zaman ortalamanin c¢ok altinda ve listiinde salinimlar gdsteren
bir rastgele savilar dizisidir. Bu dizi akim serisi clarak
ifade edilir., Bir akarsuvyun davranisinl vansitan temel veri
akarsu lizerinde daha ©6nce dlciilmis olan akimlarin serisidir.
Gézlenmis haftalak, avlik, mevsimlik, villik akim serileri
cesitli istatistik yontemlerle incelenir. Akarsuda gelecekte
karsilasilabilecek akim degerleri tahlmin edilmeve calisilarak
akarsudan en biliviik fayda ve en az zarar prensibivle favdalan-
mak icin vapilacak bir vapinin bovutlarini belirlevecek temel

verilere ulasilair,.

Ancak., dlclilmiis akim serileri bhiivik ccBunlukla hedefe
ulasmak ic¢in yveterince uzun degildir. Bazi hallerde, sadece
belirli donemlerin olcilimleri bulqnmaktadlr. Bu sebeple. bir
karara ulasabiilmek ve gerekli analizleri vapabilmek amacivla

eldeki seriler cesitli vontemlerle uzatilairlar.

Akim serilerinin yagis-akis modelleri vardimi ile uza-

tilmalari mimkin ise de bu modellerle elde edilebilecek akim



serisinin uzunlugu mevcut vagis serisinin uzunlugu ile sinir-
lidir. Ovsa baraj tasariminda mimkin mertebede uzun serilerin
kullanilmasi istenir. Bévlece, barajin hizmet verecegi silire
icerisinde karsilasacagi en g€avri misait akimlarla bunlarain
en gayri musait Lkombinezonlarina vwyakin akimlari igeren bir
seri kullanilmis olacaktir. 1Iste bu ‘sebeplerle godzlemlerden
elde edilmis olan veya bir yvagis-akis modeli ile wuzatilmis
bulunan akim serilerinin zaman serisi modelleri araciligi ile

uzatilmalari gerekir,

Zaman serisi modellerinden birisivle tiliretilen akim
serisinin gdézlenmis serinin istatistik ©6zelliklerini tasivan
bir rastgele sayilar dizisi olmasi gerekir. Bu amacla yapilan
islemler Sekil.1l.1l de verilmistir [1]. Akim serisinin avlik,
mevsimlik, y1llik olusuna ¢g6re, mevcut modellerden birisi
secilir. Secilen modelin uy¥gunlugu cesitli vontemlerle kont-
rol edilir. Model, bu seri icin uveun ise sentetik seriler

turetilir.

Gdzlenmis > Model <
Akim serisi Secimi

| model

> Parametrelerin uygun

Tahmini degil

| (Kalibrasyon)

Modelin
Kontrolu

Sentetik
seriler
Tliiretilmesi

) I
Simiilasyon
KARAR
"(Optimizasyon)
Sekil.1.1 Akaim serilerinin modellenme sireci



Gozlenmis akim serisinin y1llik, aylik veya haftalik
olmasina gore ¢esitli modeller kurulabilir. Lineer Otoreg= -
resif modelleri ve birinci mertebe Markov modelinin &zel bir
hali olan Thomas-Fiering modelil hidrolojide vayvgin kullanilan
modellerdir. Burada, Markov ve Thomas-Fiering modelleri kisa-
ca anlatilacak, calismanin konusu olan tadil edilmis Kolmogo-
rov Gabor modeli tanitilacak ve uygulama sonuclari degerlen-

dirilecektir.



BOLUM 2. LINEER OTOREGRESiF MODELLER

2.1 Markov Modelleri

Kisaca Markov modeli olarak adlandirilan lineer otoreg-

resif modellerin genel ifadesi sovledir:[1]

Xxi= I aj Xi-j + E€i (2.1)

Xi 1i.ci vildaki akim, ajmodelin parametresi olan lineer oto-
regresif katsayvilar, €i normal dagilmis rastgele bir savi, m
modelin mertebesini gdstermektedir. En vaygin kullanilan

Markov modeli 1.mertebe Markov modelidir.

X = a1 Xi-1 + €i (2.2}

Model, ¥

n
—
4

{ - Uz ) / ox standard deZiskeni icin kurulursa,

i - 1 ‘Vj_]+ 1{1_92 €1 (2.3)

(2,3) denkleminde gdriildiigii gibi, bu modelin parametresi
akim serisinin birinci dereceden otokorelasvon sayisi (91 )
olmaktadar. Ei normal dagilmis rastgele degisken olup,
ortalamasi 0, varvansi ngz 'dir. 1. mertebe Markov modeli
yvi degiskeninin varyansinin yiizde S 2 '1ik bslimini acikla-

maktadir.



Daha vilksek mertebeden Markov modellerinin parametreleri
otokorelasyvon katsavilarina bagli olarak belirlenebilir. Hid~ -
rolojide 1. ve 2. mertebe Markov modelleri sik olarak kulla-
nilir. Ancak bu modeller, rastgele degiskenin bir degeri ile
onceki bir veya iki de8erin korelasvonuna davandig:i icin ay-

11k serilerin modellenmesi amacivla kullanilamazlar.

2.2 Thomas-Fiering Modeli

Thomas ve Fiering(1962) tarafindan gelistirilen bu model
aslinda parametreleri vil igerisinde degisen 1.mertebe Markov
modelidir [2]. 1. mertebe Markov modelinin genel ifadesi olan
(2.2 denikleminin parametrelerini verine konur ve her avin
bir o6nceki ayla korelasyonunu temsil edecek sekilde vazilarak

standard degiskeni i¢in kurulursa ifade su sekilde vazilair,

Xi,i—- Xj Xi-1,j§-1—- Xj-1
= r; + 4 1-r32 e (2.4)
Oj oj-1
Xi,i valniz birakilirsa ifade su sekle dénismektedir.
— (o} _
Xi,j= XxXj + ———— ri [ Xi-1,j-1—- Xj-1) + o0j 41-rvj? e€i
+ Oj-1

(2.5)

{2.5) denklemi Thomas-Fiering modelinin genel ifadesidir.



ifadedeki (oj/ oj-1)rj regresyon Kkatsayisi, rj korelasyon
katsayisi, serinin j-inci ve (j-1) inci avlara ait akislarin

regresyon ve korelasyvon katsavilaridar.

Thomas-Fiering modeli sik olarak kullanilan modellerden
birisidir. Ancak , modeldeki parametreler biiviik degerlere u-
lasir. 12 ortalama, 12 standard sapma, 12 otokorelasyon kat-
savisil olmak lizere toplam 36 parahetreyi hesap etmek derekir.
Bu nedenle eldeki seri yveterli uzunlukta olmalidir. Bu mode-
lin en oOnemli avantaj:r gdzlenmis avlik akim serilerinin
parametrelerindeki perivodiklikleri, harmonik analize ihtivacg

gostermeden, direkt olarak vapisinda bulundurmasidir.

2.3. Kolmogorov Modeli

Kolmogorov, stasyoner zaman serilerinin enterpolasvon ve

ekstrapolasyonu icin,

denkleminin kullanilabilecegini diisinmis ve hj katsayvilarinin
en kiliciik kareler yontemi ile belirlenmesi icin gerekli denk-
lemi c¢aikartmistir[4]l. Acikca goriilecegi ilizere, Kolmogorov’un’
bu modeli rastgele bilesen ihtiva etmeyven M.mertebe bir Mar-

kov modelinden baska birsey degildir.



2.4. Nonlineer Modeller

2.4.1 Nonlineer Markov Modelleri

Nonlineer Markov modellerinde xi-j terimlerinin {isleri
birden farkli alindiga takdirde nonlineer Markov modelleri
elde edilmis olur [3]), Kitaplarda bu modelin uyvgulamalara

konusunda bilgiyve rastlanmamistar.

2.4.2 Kolmogorov-Gabor Modeli

Lineer otoregresif bir model, bir serinin ardisik M
terimi ile M+1 inci terim arasindaki birebir korelasvonlar:
vansitir. Oyvysa bu M terimin ikili,tc¢lii,...,n’li kombinezonla-
rinin M+l inci terim ile korelasvonlarini vansitacak bir mo-

delin asagidaki gibi olmasi beklenir.

M M M M M M
xM+1= X hixi + Z S hi,jxi x; + 2 = = hi, i, kxixXjxXk
i=1 i=1 j=i i=l j=i k=j
+ i . L ] (207)

Burada, xm+1 tahmin edilen deger, hi,hi,; ,hi,j,x kombinezon
derecesine gére otoregresif katsayilar , xi’ ler serinin on-
ceki M elemanidir.

Bu model, Volterra integrali olarak bilinen integ-

ralin kesikli seklidir. Modelin bir tahmin operatdrii olarak

kullanilabilecegi ilk defa Gabor tarafindan diisiiniilmiistir{5].



Modele ait olan (2.7) ifadesinin ilk terimi Kolmogorov mode-
linden ibarettir. Nonlineer Markov modelleri bu modelin dzel -

halidir.

Bu modelin, zaman serilerinin enterpolasyon ve ekstra-
polasvonu icin kullanilabilecegi Gabor tarafindan dne siiriil-
miis ise de, Gabor ve calisma ekibi bu model ic¢in analog bir
bilgisavar yvaparak, bu makinayvi deterministik bir ifade olan

sinlis egrisinin ekstrapolasyonu lzerinde denemislerdir.

Bu model Miiftlioglu tarafindan ayvlik akim tahmin operatdri
olarak kullanilmis ve gercek degerlere vyakin sonuclar elde
edilmistir [6]. Ancak, bu calismada sentetik seri liretmek a-
maclanmamis, M+1 inci degerin hesaplanmasi igin ©nceki M

deger gercek seriden alinarak seri yveniden tiliretilmistir.

{2.7) ifadesindeki M, modelin hafiza uzunlugudur. Hafiza
uzunlugunun ve model derecesinin biiyviik olmasi, tahmini olus-
turan parametrelerin { hi,hi,j, hi,j,ks....) dizinin i¢ ba-
gimlailigina ait daha fazla bilgivi depo etmesini saglar.
Ancak, burada bir giicliik s6z konusudur. Modelin kalibrasvonu
sirasinda parametrelerin savisinin viksek olmasi, bunlarin
tesbitini zorlastirmaktadir. Hesaplanacak - parametre savisz
geometrik olarak artmaktadir. (2.7) esitliginin her bir te-
rimindeki parametre sayisini yazacak olursak rakamlarin nasil

bilividiugiinlii izleyebiliriz.

Parametre

say1lsi = MIM(M+1)/2+M(M+1 )} (M+2)/6+M(M+1)(M+2)(M+3)/24

+..'OO....Q (208)



2.4.3.Yeni Model {(Tadil Edilmis Kolmogorov-Gabor Modeli)

Kolmogorov-Gabor modelinin genel ifadesindeki parametre-
lerin coklugZu onlari bir optimum seviyveye indirme zorunlulu-
guna vol acmaktadir. Ornegin, ikinci derece bir modelin para-
metre sayisi M+M{M+1)}/2 olur. M=12 icin ikinci derece model,
12+12x13/2 = 90 adet parametreyve sahiptir. Bu model icin Ka-
librasyvon isleminde M+1 inci deger ile dnceki M deger arasin-
da i¢c bagimliligi ifade eden 90 adet parametrenin hesap

edilmesi gerekmektedir.

Kolmogorov-Gabor modelini akim serilerine uygularken,
akim serilerinin bazi ©dzelliklerinden fayvdalanarak ifadede
baz1 kolayliklar saglanabilir. Hafiza uzunlus8u arttikca, M+l
inci terim ile 6nceki terimler arasindaki korelasyon, M inci
terimden ilk terime dogru gidildikce azalmaktadair. Tahmin e-
dilen degerin kendisine yvakin olan seri elemanlari ile olan
korelasyonu vyitksektir. Buradan hareketle, modelin lineer ve
nonlineer bilesenlerinin farkli hafiza bélgelerini kapsa-

vacagl sekilde iki parcayva ayirabiliriz.(Sekil.2.1}

0 M-N M M+1

-
——

M=L+N

Sekil.2.1. Lineer ve Nonlineer hafiza uzunlugu

Burada, L modelin lineer bilesenine ait hafiza wuzunlugu, N



10

nonlineer bilesene ait hafiza uzunlugudur. C, tahmin sayici-

dir. Model , bu hafiza bolgelerine gore vyeniden vazilacak -

olursa,
L N N

XM+c+1= 2 hi Xi+ce + T Z hi,j Xis+rL+c Xjs+LrLscC (2.9)"
i=1 i=1l j=i

seklini alzir.

{2.10) ifadesi Kolmogorov modeline gdére daha fazla,
fakat, Kolmogorov-Gabor modeline gore ise cok daha az para-

metreye sahip bir kisaim 2. derece korelasvonlari yansitir.

Kolmogorov ve tadil edilmis Kolmogorov-Gabor modeli ile
ilk vapilan calismalar, bu modellerin kalibrasyonda kullani-
lan verilere iyi uyum sagladigini goéstermektedir. Fakat, mev-
cut serinin uzatilmasi yoluna gidildiginde tiiretilen serinin
tek diize bir azalma géstererek sifira dogru gittigi goriilmek-

tedir.
Bu vyetersizligi gidermek ig¢in modele bir rastgele bile-

sen eklenmesi gerektigi diisinilmistiir. B&Syvlece denklem,

L N N
xu+c+1= X hi xXi+c + X z hi,j Xis+r+c XjsrL+c+ €1 {2.10)

i=1 i=1 j=i

seklinde yazilmistar.
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Bu rastgele bilesenin analitik olarak belirlenmesindeki
zorluklar, €i rastgele bilesenini ampirik bir vaklasim ile

elde etmeve vdneltmistir.

Rastgele sayiyi elde etmek icin s&yvle bir ydéntem izlen-
mistir. Modelin kalibrasvenunda kullanilan akim serisinden
elde edilen parametrelerin vine ayni serive uygulanmasi ile
veni bir seri olusturulmus, gercek seri ile veni tiretilen
seri elemanlari arasindaki sapmalar hesaplanarak bir rastge-
le sayvilar kiimesi elde edilmistir. Bu sapmalarin, avlik ne-

gatif ve pozitif ortalamalari kullanilarak modele eklenecek

rastgele bilesenin ‘"range'"inin {(dagilim araliginin) makul
sinirlar icerisinde kalmasi saglanmayva calisilmistair. ( Sekil
2.2 1.

AKIM

" Hata(Sapma)
\

\-Tiirelilmis seri
~Gergek seri

AYLAR

Sekil.2.2. Rastgele savilar kiimesinin elde edilmesi

Sekilde goriildiigi izere,

Hata = Xi =~ Xi {(2.11)
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>
i tiiretilen seri, xi gercek seri olmak {zere, modelin

gercek serive uveulanmasi ile elde edilen avlik akimlar ger-
cek seriden sapma olacaktir. Bu avlik sapmalar: hata olarak
tanimlarsak, her ava ait negatif ve pozitif hatalar topla-
narak aylik pozitif ve negatif ortalamalara cevrilir 12 adet
pozitif, 12 adet negatif ayvlik ortalama hata elde edilmis
olur. Serivi uzatma isleminde, modelin rastgele bileseni
olan €i verine avlik pozitif veva negatif ortalama i sap-
malardan birisi rastgele sec¢ilerek, denklemde yerine Lkonul-
mustur. Yani seri tliretmede modelin rastgele bileseni olan
€i ic¢in avlik pozitif veva negatif sapmalarin ortalamalarin-

dan biri secilmistir.

Yapilan calismalar, bu 24 ortalama rastgele sayvinin
modele eklenmesinin ivi bir sonu¢ vermedigini gdstermis, bov-
lece, eklenen rastgele savinin deger olarak bir rastgelelik
tasimasil gerekliligi ortava cikmistir. Bu nedenle, avlik or-
talama savilar modeldeki verine konulurken, normal dagilmis
ortalamasi 0, standard sapmasi: 1 olan savilar kiimesinden se-
¢ilmis bir sayvi ile carpilarak. sozli edilen rastgelelik elde

edilmis olur.

€i = i.ava ait ort.sapma x Normal dagilmis rast.savi (2.12)



BOLUM 3. KALIBRASYON

2. bdlumde bahsettigimiz yeni modelin parametrelerini
elde etmek icin en kiiciik kareler metodundan faydalanilmakta-

dir.
3.1 En kiicik kareler metodu

Bir modelde, tiliretilen degerler ile gercek degerler ara-
sindaki farkin en aza indirilmesi istenir. Gercek degerler
arasindaki farklari hata olarak tanimlarsak ve toplam hatala-

rin karesel toplamini Ei ile gosterirsek:

Ei= = ( xi - xi)2 (3.1)
Bu ifade minimum olmalidir. (3.1)’ i minimum yapacak deger
ise,
O Ei
— = 0 (3.2)
atu,ij

yapan hi ve hi,j degerleridir.

(3.1) ifadesi modeli olusturan parametreler yardimiyla

gosterilirse,
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K-M-1 L N N

o

E =2 ( xM+c+t— { £ hiXis+c+ I Z hi,j Xi+rL+cXjsrsc))

C=0 i=1 i=1 j=i (3.3)

- } L !

H1 H2

elde edilir. K, serinin eleman savisi,M hafiza uzunlugu,

ifadenin acik sekli,

E= I ( xMmscs+1+H1%+H2%~- 2 (H14H2) xM+c+142 H1 H2 ) (3.4)

(3.2) ifadesine gecmeden ©once, indislerin karismamasi icin

i’vi a ile, i,j ’yi Be ile goterilsin.

DE K-M-1 oH

= ¥ { Hl + H2 - xM+c+1)}) — = 0 {3.5)
@ he c=0 aha
F K-M-1 SH

= S ( H1 + H2 - xu+c+1) = 0 (3.5a)
D hs Cc=0 S hse
OH /Oha = Xatnm ya= 1,2,3.....L (3.5b)
aH /ahﬂe= Xg+L4CXe+LtC ’B= 1,2,....1’1

€= ByB"'l’oon (3-5C)

Tiirevlerin acik ifadeleri (3.5)’ da yerine konursa,



K-M-1 L N N
S (2 hixiicXetct Z Z hi,j Xi+rL+cXj+L+CXas+C)
C=0 i=1 i=1 j=i
K-M-1
= 2 XM+C+1l Xa+C y Q= 1,2,-.].) (3;6)
c=0
elde edilir. (3.5a) ise asagidaki sekle doniisiir.
K-M-1 L
2 (T hiXi+cXp+L+cXe+L+C
Cc=0 i=1
N N
+ = Y hi,j Xi+L+CXj+L+CXB+L+CXe+L+C = L
i=1 j=i
K-M-1
. . = E XM+C+1 XB+L+CXe+lLC ) B=1,210n (3'6a)
c=0 €=f,B+1..n

{3.6) ve (3.6a) denklemleriné normal denklemler de denilir.
Bu denklemlerin c¢éziimi , hataya minimum yapacak hi ve hij
degerlerini werecektir. Kalibrasyon islemi hi ve hij ’'lerin

tesbiti ile tamamlanmig olur.



BOLUM 4. UYGULAMALAR

Calismanin uygulama asamasinda tadil edilmis Kolmo-
gorov-Gabor, Thomas-Fiering modelleri ve otokorelogramlarin
belirlenmesi icin QBA§IC dili ile listeleri EKk-A’da verilen
bilgisayar programlari gelistirilmistir. Uygulamalar, IBM u-

vumlu bir bilgisayarda gerceklestirilmistir,

Uygulama icin, Dicle Nehrinin Tablo.4-1’de verilmis
ve Sekil.4-1’de gdsterilmis bulunan 1946-1975 villari arasin-
daki aylik akimlari kullanilmistir. Bu seri lizerinde kalibre
edilmis olan modellerle tiiretilen sentetik akim serilerinin
istatistikleri ve korelogramlari hem gdzlenmis serinin hem
de birbirlerinin istatistik ve korelogramlari ile karsilastai-

rilmistar.

4.1. Thomas-Fiering ile Seri Tiretilmesi

Thomas-Fiering modeli i¢in gelistirilen program,
mevcut akim serisinin istatistik parametrelerini hesaplayip,
bilgisayvarin rastgele sayi tiretme imkanini kullanarak sagla-
dig1 iiniform dagimli bir rastgdele sayiyi normal dagiliml:
bir rastgele sayiya doéniistiirmekte ve boylece istenilen wuzun-
~ lukta sentetik bir akim serisi turetmektedir.

Thomas-Fiering modeli ile elde edilen sentetik akim
serisi ve parametreleri Tablo.4-2'de, serinin grafigi Sekil.

4.2’de verilmistir.
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TABLO 4~1 Dicle Nehrinde 1946=-1975 yillari arasinda
O6l¢iilmiis akimlar
m oo 2 3 [ $ ¢ 1 ! ’ 0 i K
[ 615.0 5360 9410 12060 13800 29920 4OMI.0 M6M8.0 1502.0 2050 w20 32,0
? 64,0  #M1.0 M50 1215.0 1092.0 21660 1833.0 130 686.0 3120 60 2210
( 20,0 960.0 6000 7260 18500 41000 41360 44420 24600 10400 8610 404.0
[ 81,0 520,0 5960 S36.0  639.0 66D.0 35040 6260 1603.0 8760 3280 2460
§ BOO B0 460 10 6.0 1802,0 B0 40000 1650 e42.0 1.0 2000
b 040 L0 SAL0 8600 6660 12400 14430 13200 6000 3260 230 2.0
! 18,0 6010 51,0 €30.0 21200 1912,0 5.0 20160 9900.0 6080 5M0.0 N0
) 0.0 505.0  610,0 7820 W52.0 11950 3079.0 3662.0 0SSO0  7S.0 64RO 544.0
y §92,0 7800 8020 {1760 11880 23050 5280.0 43310 98300 €020 3%0.0 201.0
W 8.0 280 2.0 30 WO NN4.0 INS.0 20800 6490 203.0 1920 {150
" 1958 3300 135.0 99010 14100 22000 3469.0 3035.0 15220 5.0 293.0 2180
n 20,0 2600 42,0 03,0 11850 3100.0 19960 40080 5760 660  399.0  236.0
1 0.0 0.0 5610 999.0 20,0 2080.0 26450 11530 8730 2030 2410 199.0
" 240 2520 . 1.0 1910 4660 9860 23190 0350 8120 6.0 2050 1140
18 800 2800 6.0 NLO 10 WSS 5.0 M50 g52.0 200 260 140.0
1 9.0 2810 260 4860 4510 €510 W30 WILO SHLO 240 189.0 1660
1] 1900 5040 12000 519.0 1019.0 WAL T30 B0 6540 2000 1180 480
) 1800 21,0 1603.0 2213.0 25610 20060 7699.0 62600 3305.0 10050  503.0  362.0
19 - 6000 1000 6520 4980 9S00 4N410 32000 20360 12600 M0 2Bb0  225.0
0 6.0 5610 550 4100 9350 000 30080 20900 1200.0 4200 29,0  194.0
i 0310 7050 12000 21060 2075.0 M190.0 3280.0 25200 0900 412.6 2800 2630
2 W0 L0 M0 41100 996.0 20300 4SED.0 SR0B.0 10280  M4L0 3840 3120
E] G180 1191,0 2361.0 2894.0 19400 US1A0  SAES.0 42150 NI95.0 6800 4100 3010
u N0 10,0 202.0 3209.0 26200 11800 MNIR.0 GN0G.0 79,0 1S.0  428.0  360.0
] 09,0 5000 8350 S0 20240 2425.0 23M1.0 445.0 55,0 360 2200  195.0
K] 20,0 3.0 5880  359.0 5060 16930 32350 09450 7SS0 32650 2000 16,0
u 1.0 280 6200 4100 BB 1560 1090 48200 19420 6410 3610  289.0
8 N0 A0 R0 N0 12,0 10480 96600 TIS.0 TIS.0  MMS0 2150 1920
] 9.0 A0 9.0 4150 4900 28160 33100 1885.0 6910 3040 2080 2200
M A0 M0 0.0 2.0 9190 14950 26080 20500 0010 326.0 2020 1900
arort, L3 S0A8 1906 9952 HNI3.3 22201 2300.6 0882 12861 S8 399 288
S.SAPNA LS 2005 ST TELE 6300 12815 SIZ5 1065 8354 a5 1229 810
sinfecn  188.0  204.0  206.0  350.0 90,0  6ST.0 04RO 1380 SN0 1.0 1180 W00
aaksinun  O6A.0 MIMLO. 2482.0 2209.0 26200 1190.0 0760 6261.0 33050 8050 6480 544.0
ornekde ortalams 1245.1
M. 1.0
uls .0
s.stom 1228

e N A me

Ly

VIt OR1,
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4.2. Tadil Edilmis Kolmogorov-Gabor Modeli

Uygulamalara

Bu modelin uygulanmasi i¢in dnce (3.6) denklemleri-
ni esas alarak kalibrasyvonu gergeklestiren; ve kalibre edil-
mis modelle sentetik bir seri tiireten bilgisavar programi ge-
listirilmistir. (2.10) denklemi kullanilarak gerceklestiri-
len bu tiiretilme isleminde, gozlenmis serinin aylik ortalama-
larinin M tanesi, son aydan geriye dog8ru olmak lizere, baslan-
gi¢c sarti olarak alinmis, bdvlece, mesala (M+1l) inci deger bu
M tane gdzlenmis serive ait avlik ortalama degere dayandiril-
misken, (M+2) inci deger (M-1) tane gdzlenmis deger ile bir
tane tiliretilmis degere, (M+3) {linclii deger (M-2)} tane ayvlik or-
talama degerle 2 tane tiretilmis degere davandirilmistar.
Elbette (M+M+1l) deBer artik tamamen tiiretilmis degerlerden
hesaplanmis bir deger olmaktadir. Burada, periyvodilik mode-
lin blinvesinde bulunan hi ve hijparametreleri ile korunmakta-

dir.

Ne var ki, bu bicimde tiiretilen seri Sekil.4.3 ‘’de
doncelikle goriildigi gibi monoton olarak azalmak sureti ile
sifira dogru giden degerlerden olusmaktadir. Parametre sayi-
sinin arttirilmasi bu asimptotik gidisi hizlandirmaktan baska

rol oynamamaktadir.

Bu 6n calismalar sonucunda, sentetik seri tiliretmede
modele bir rastgele bilegsenin ilave edilmesi geregi ortaya
ci1kmis ve calismanin bundan sonraki béliimiinde seri tiliretme

icin (2.10) denklemi kullanilmaistair.

Bolum 2.4.3’de ifade edildigi ilizere, rastgele bile-

senin belirlenmesi i¢in ampirik bir yaklasim uygulanmistir.
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Tablo 4~2 Thomas-Fiering modeli ile tiiret. seri
i 1 ? k| { § ] ! ] ] 10 1 ° yib oR1,
1 55,0 9.0 909.0 83,0 4900 B0 20090 21300 693.0 1100 2490 1390 181.6
¢ 355.0 1200  950.0 1159.0 14320 3200 4026.0 30160  ©€80.0 Q.0 s 2.0 1045.0
3 2050 4320  830.0 17820 11340 21200 223.0 4325.0  1430.0 2430 180 1810 12413
{ 00 39,0 110.0 11610 11980 1697.0 4620.0 25330 14180 160 328.0  158.0 1266.9
§ 9.0 MN.0  208.0 1060,0 9595.0 1850.0 3250.0 63820  535.0 %640 2650 N0 1418.8
] W0 45,0 JH5.0 6220 10900 27%6.0 2391.0 3302.0 2843.0 1200 2060 2080 (111
1 5530 2010 12208 2240.0 440 1209.0 2817.0 32000 905.0 10000 2120 305.0 12141
! M0 2.0 000 20010 2230 1.0 50980 33040 1360 1950 4080  220.0 1303.0
L] 2.0 5.0 83,0 12900 15200 0040 2969.0 4%05.0 13600 2930 9510 800 11954
10 §06,0  290.0 288.0 11990  7U2.0 1883.0 4292.0 A4B2.0 1762.0 4060 3150 1540 14323
| 2020 3560 2860  S18.0 15800 G400 JIH.0 (050 19600 6210 6.0 3M2.0 12n.
12 2610 98,0 3520 4800  520.0 14160 2193.0 41900 10560 €140 49,0 288.0 1039.8
13 §48.0  18.0 1020.0 9300  136.0 0.0 1682,0 2652.0 1503.0 1940 82.0 N80 86,0
1] 01,0 485.0 . 8210 1810 14040 60,0 5100 3262.0 12800 6430 3910  320.0 968.4
15 1.0 1.0 1245.0  184.0 1061.0 1997.0 3954.0 2305.0 1318.0 5130 2900  315.0 1202.0
1] 339.0 5310  285.0 1543.0 850 2100.0 {0910 22910  530.0 6150 3500 210 1280.3
1 2530 0.0 15900  341.0 10380 3240.0 4150.0 32690 8160 49,0  46B.0  29).0 S 1292.3
] 0.0 S05.0 1539.0 1664.0  206.0 2961.0 4702.0 4200.0 1110 40.0 M0 3250 141e.2
19 8.0 6940 950 2190.0 13940 2306.0 619.0 38460 1256.0  450.0 3220 219.0 1635.0
bl 2560 015.0  1526.0 9320 1342.0 4031.0 4710.0 5305.0 {5680 1660 320.8  215.0 1813.1
H 21,0 9540 1098.0 1909.0  593.0 4833.0 7%00.0 3030.0 2093.0 §80.0 4930 2540 2004.8
2 20,0 282.0 14660  707.0 9850.0  8SA.0 4603.0 6323.0 107.0 2350 4000 3210 1691.8
2 550 23.0  690.0 1586.0 3530 1841.0 2506.0 6141.0 25000 2190 5610  286.0 e
U 3.0 2.0 1009.0 1460 9400  T20.0 2695.0 2340.0 223.0 110,00 2860 4380 2.4
25 $10.0 4660 2620 11820 11220 19900 S02.0 30350  925.0 10400 5060 2.0 1621
2 162.0  520,0 - 44880 1008.0  522.0 24580 AMFE.0 5.0 1422.0 4360 5040 3840 10314
u 32,0 5300 f115.0 8263.0 8910 2331.0 M268.0 40110 1229.0 1490 4218 335.0 1581.4
b ] 2300 8400 93,0 12180 12260 24940 5266.0 43040 15250 5140 4680 it 1101.6
i) 2020 S0 1240.0  1490.0  317.0 2935.0 S010.0 33M9.0  es62.0 M0 3520 318.0 1528.9
30 9.0 €650 1526.0 15540 172,06 2683.0 {¢08.0 42930 1152.0 8530  481,0  263.0 1626.9
gy.ort, 3L QLS 9900 12521 9%%.6  1800.6 0169 3MSE.S  1346.6 610 63T 2048
SSAPNA 103 AN 62 013 A9 tNe6.5 MDY 11208 SSILS 2680 1084 €18
sinfeon  162.0 §.0 2060 M0 1960 0.0 5110 22910 5300 0.0 1180 1540
peksiavn  505.0  9%4.0 11480 22400 2230.0 ¢833.0 7900.0 6382.0 2543.0 1110,0 51,0  430.0
ornekde ortalams (364.4
afn 0.0
naks - 1900.0
1450.0

§.5APKA

in
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Bu amacla, kalibre edilmis model vasitasiyla kalibrasyon da-
tasi yveniden tiiretilmis ve her ava ait hata hesaplanmlstlrl
Bagslangi¢ denklemi nedeniyle (360-M) adet hesaplanan sayidan
olusan bir dizi elde edilmis, bu diziden rastgele secilen M
tanesi de ilave edilerek 360 ayvlik bir sayilar dizisi bulun-
mustur. Bu 360 degerden her ay icin pozitif ve negatif hata-
larin ortalamalari elde edilmis, boylece 12’si pozitif, 12’si
negatif olmak lizere 24 tane aylik ortalama de8er bulunmustur.
Bu degerler kullanilarak yapilan bir iki denemede,rastgele
bilesen yerine dogrudan o¢ ayva ait pozitif veya negatif or-
talama hata kullanildiginda wmonoton olarak arttigar gorilmiis-
tiir. Bu durumun, modele eklenen rastgele bilesenin,kendileri
rastgele sayilarin ortalamasi olan olusturulmus rastgele sa-
vilar kiimesinden alinsa da sabit ve periyodik olarak tekrar-
lanan birer sayi olarak hesaba katilmasindan kaynaklandiga
diiglinlilmiistiir. Dolayvisiyla, bu sayvilara bir rastgelelik ver-
mek i¢in bilgisayarain rastgele say1i tiiretme dzelliginden fay-
dalanllarak tiiretilen ve normal dagilima doniligstirilmis rast-

gele bir sayi c¢arpan olarak kullanilmistair.

€i = Ei x Rnd (4.1)

Burada €i, i’inci ay icin rastgele bilesen; Ei,i’inci ava ait
pozitif veva negatif ortalama sapma; Rnd, normal dagilaiml:

rastgele bir sayiyi gostermektedir.

Model, Tablo.4-3 'de gosterilen parametreler icin
uygulanmis ve lineer ve nonlineer hal ic¢cin en iyi sonuc¢lar

tesbit edilmeve c¢alisilmistar.
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Tablo.4-3.
M L N Parametre Sayisa
12 12 0 12
12 11 1 12
12 10 2 13
12 9 3 15
12 8 4 18
12 7 5 22
24 24 0 24
36 36 0 - 36

Yeni modelin,

cesitli parametrelerle sahip oldukla-

r1 uyum kabiliyetini gdstermek lizere, her parametre takimiyla

yYeniden tiiretilen

serilerin

Tablo.4-4’de verilmistir.

rin istatistiksel parametreleri Tablo.4-5'de verilmistir.

serilere ait bilgisayar cikislari Ek-B'de verilmistir.

ortalama karesel hatalar:

Tablo 4-4

M L N EZ?
12 12 0 0.244
12 11 1 0.286
12 10 2 0.308

2 9 3 0.326
12 8 4 0.287
12 7 5 0.296
24 24 0 0.262
36 36 0 0.315

(E%)

Denenmis bulunan biitiin modellerle tiiretilen serile-

Bu
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Tablo 4-5

Model Ortalama |S.Sapma Maks. Min.
Thomas-Fiering 1364.4 1450.0 7900 0
Yeni Model

- L=12 N=0 2592.3 1252.1 5777 253
-~ L=11 N=1 1193.4 1085.0 5692 0
- L=10 N=2 1326.6 1065.5 5620 65
- L= 9 N=3 1064.1 840.9 5404 51
- L= 8 N=4 986.5 787.8 5623 25
- L= 7 N=5 1033.0 841.3 5294 6
- L=24 N=0 3734.1 1930.6 8300 242
- L=36 N=0 2566.4 1314.2 6493 95
Gozlenmis Seri 1245.,1 1322.9 7778 140

Bu tablodan goriilebilecegi gibi istatistiksel pa-
rametreleri godzlenmis serive en yakin olan sentetik seri L=11
ve N=1 ile L=10 ve N=2 1lineer ve nonlineer hafiza uzunluguna
sahip vyeni model icin elde edilmistir. Bu 6zelliklere sahip
sentetik seriler sirasi ile Tablo 4-6 ile Tablo 4-7’de, ayri-

ca, grafikleri Sekil 4-4 ile Sekil 4-5’de verilmistir.
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TABLO 4~6 Yeni Model ile tiiret. seri L=11 N=1
it { 2 3 4 § ¢ 1 ] ] 10 LN 12 YIL ORT,
1 120.0 6410 952.0 1929,0 1¢8.0 2559.0 dr04.0 1818.0  891.0 5440 393.0  200.0 12043
2 §5.0  66.0 8040 5230 000 30NR.0  JS.0 MR 880 &30 .0 1.0 604.5
3 160.0 3.0 5.0 11260 1150.0 9205.0 4140 4390 S€1.0 2100 140 104.0 s8¢
0 HB0 1950 3900 9RG.0 10000 1ML0 - 950 4050 130 300 s6.0 1200 46,1
§ §3.0  100.0 3760 5080  e49.0 200 4480 2000 WEL0 32,0 0.0 1.0 .8
] 2020  S02.0 1432.0 6090 418.0 A¢S.0 520 9010 2490 3600 2830 280.0 §28.8
1 05,0 1026.0 640 420 WIO 4900 14200 1f04.0  1SDL0 3860 3220 09.0 §65,2
] §65.0 5060 3020 10510 6520 43,0 180.0 2200 1310 3860 1S40 S06.0 1.8
§ 8.0 6280 01,0  950.0 1180.0 12000  363.0 2000.0 8610  500.0  215.0 218.0 166.5
10 0.0 500.6 755.0 6430 1730 1610,0 N25T.0 14580 6200  435.0 3830 3280 128.3
H Q5.0 ML 10820 83D e6s.0 060 15,0 8550 o0 8300 0.0 J4B.O0 §21.8
114 30 1.0 ed.0 0230 A0 930 A8L0 W30 069.0 598.0 4.0 8.0 186.5
LK 9.0 819.0 21,6 10550 12300 2640,0 44650 42500 2180 1400 %80 5900 fne.s
1 $36.0  166.0 1120,0 1232.0 1568.0 2316.0 2081.0 3012,0 2691.0 1780.0 !lM 8.0 1811.2
1] 619.0 10690  421.0 4820 12000 2051,0 Ned .0 2645.0  3MMD.0 19120 9830 630.0 1651.3
15 1360 U130 143.0 6640 14640 1520,0 1539.0 2300.6 21010 1450.0  &45.0 130.0 191.9
il 685.0  206,0 2940 9302.0 92800 2305,0 2015.0 2410.0 16180 1208.0 8040  685.0 1230.3
18 66,0 2800  520.0 1026.0 1160.0 03,0 2510.0 30%6.0 2603.0 1508.0  801.0  ¢€00.0 1325.3
18 212.0 4,0 180.0 32020 1100.0 1640,8 2203.0 N0 210 9890 S01.0 2620 1118.0
0 92,0 3500 o190 50RO 6310 6320 AL0 8130 S9M.0  1199.0 5030 2180 592.4
H 451.0 °200.0 46,0 1102.0 9866.0 12000 2233.0 25806 14220 722.0 0.0 249.0 10145
2 9.0 15.0 SIS0 MM48.0  1010.0 06310 2510.0 2520,0 2823.0 1569.0 100.0  399.0 1348.8
FA] 12,0 8.0 2920 4810 1018.0  1M49.0 22100 3203.0 2u00.0 1325.0 6130 4220 1R ]
] 0,0 620.0 10840 10500  043.0 03100 340A.0 4451.0 2056.0 f64.0  908.0 501.0 1561.8
3] 02,0 5960 830.0 IS4.0 805.0 1670.0 3292.0 40310 2013.0 1303,0 los.0  518.0 1450.8
% 3360 :013.0 1305.6  TID0 1218.0 2188,0 3396.0 3d0S.0 2540.0 1545.0 8510  480.0 1513.3
a §49.0 411.0  1344.0 1062.0 1415.0 3265.0 3219.0 3BU6.0 3190.0 2080.0 19128.0 6N1.0 1888.0
8 617.0 10820 1152.0 1315.0 2011.0 2899.0 36IE.0 5692.0 4109.0 3810 98940 1058.0 2486.2
4] 902.0 -936.0 1009.0 21200 2050.0 3364.0 2096.0 5029.0 4¥85.0 3913.0 2448.0 1513.0 2606.3
k! ] 992.0 1006.0 1155.0 2901.0 1949.0 2569.0 3109.0 4373.0 4340 4062.0 2050  1689.0 B8
3r.ort. 1.8 55,0 1010 S62.6 19301 6607 2000.0 24394 1098.0 12010  108.%  {80.¢
S.5APNA 20,1 CHLT O DLY O WL 900 DALY B23R.0 MO00 124 t0ILD B3R 3603
aininun 8.0 1.0 2.0 4230 800 2.0 5.0 5.0 3.0 3.0 0.0 13.0
srksimum  992.0  1082.0  1432.0 2120.0 2250.0 33640 4465.0 5692.0 4195.0 4062.0 21%5.0 1699.0
ornekde ortalama 1193.0
] 0.0-
stks 56920
s.oopnn 1084,

A
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TABLO 4~7 Yeni Model ile tiiret, seri L=10 N=2

-y
—
p=—

L

1 { § ¢ 1 ! ! 1t " 12
t 01,0 $82.0 €200 6360 8640 80 1920 200 106.0 530 2120 4D
l S10.0 184.0 1360 0.0 12530 26840 1361.0 6150 9550 MB.0 840 409.0
A no.0 1880 BB 2800 RBED B0LD 20400 19320 1108.0 10510 130 4200
{ 55,0 1005.0 8640  S8A.0 9010 1012.0 1202.0 13000 IR0 6000 4510 4740
§ ' 6210 90840 766.0 10880 4500 400 15800 A%.0 . 240 0S50 4400 S03.0
b 0.0 10010 8100 9200 MOLO 1510 A0 BOL0 T30 €120 40 3360
1 §02.0 4225.0 8010 19d7.0 0852.0  £70.0 1666.0 15060 9630 9010 4S540 4300
! 642.0 1660 1100,0 9549.0 1169.0 1252.0 1642.0 MM.0 10720 8540 JM0.0 4150 -
9 13,0 835.0 16920 9S07.0 1169.0 17040 6000 2006.0 7060 04120 €610 910
10 §6.0 2000 22000 5000 2000 12200 ANME.0 20060 8.0 4950 Q460 28AD
] 4950 98L0 9S40 (060 4000 2470.0 2852.0 1190 4420 €350 S0 20
1 §16.0 042,01 9620  623.0 11600 285200 20240 MAED MO0 HME0 N0 37190
1 0G0 045,00 2300 1840 9110 20810 2240 1460 9810 T30 680 5200
H ne.e 5890 6.0 71950 13540 (IT4.0 2000.0 7620 MB.0 3600 2640 485.0
] 52,0 - 10,0 385.0  M462.0 154R.0 12900  4ER0  G4LD 5100 M61.0 30 dM0
1 3640 T80 4100 2550 110 1610,0 20540 3029.0 3600 TELLO 6100 420.0
n 8.0 1880 349.0 1354.0 re16.0 G240 2225.0 1AM0 400 T4I.0 Se6. 3.0
1 ULO 1640 808.0 12650 1093.0  M45.0 51700 31390 1400.0  205.0 6050 1940
{] 10 1700 1860.0 01,0 945.0 21920 28000 42060 11090 9.0 3530 450
Fo) 260.0 -1050.0 1532.0 1821.0  948.0 2031.0 SSIA.0 52130 2825.0 11500  S06.0  202.0
14} 190.0 1690 12400 1499.0 1532.0 2949.0 31650 4369.0 30060 14240 1.0 G0
Q 630.0  1160.0 S00.0  036.0 1934.0 31320 46220 31eL.0 26460 04080  220.0 6240
4] T165.0 12220 9.0 580.0 2058.0 4200.0 4d08.0 3e3A.0 2113,0 95640 0200 6180
u 81,0 65,0 540  B0S.0 2300.0 402.0 49680 443N.0 2075.0 1895.0 10010 MAD
B TG 8600 12440 1200.0 2031.0 4B21,0 2082.0 2031.0 21400 21200 11100 805.0
% §90.0 T1350.0 1407.0 2M5.0 2930.0 N0 24310 20000 22000 19540 80L.0 1300
u 1013.0  $102.0 2636.0 2994.0 2330.0 2053.0 082.0 2130.0 28420 42060 9950 80,0
] 103.0 17060 1523.0 2620.0 2%68.0 QNS0 4362.0 410 6460 5930 2010 €930
y 1012,0 13100 1000 2610.0 21530 20008 25380 2419.0 M086.0 8180  401.0  ¢91.0
0 801.0 40,0 13150 20040 2331.0 2482.0 2320.0 2%01.0 MAZ6.0  662.0 65RO g2.0
ar.ort.  GOLT 3839 90401 MR 15002 200D.6 21N Qa6 1330 9618 8525 (919
S.5aPMR 2366 NG S95.2 BN 6982 11630 3606 wned 8229 WIS 0.5 1984
afntnom 1000 1640 980 1000 2360 G100 46RO 210 42,0 880 W0 g0
pakstmun  1003.0  0706.,0 266.0 2094.0 2938.0 ¢821.0 56100 5202.0 30060 2120.0 1110.0  905.0

ornekde  ortalama

1928.4
ain ne
111 $610.0

s.stoer  1068.2
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BOLUM 5. SONUCLAR

Calismanin sonuclérlnl asagidaki sekilde Ozetlemek

mimkindur.

1- Kolmogorov tarafindan teklif edilen lineer ve Gabor
tarafindan teklif edilen nonlineer modelin tadil edilmis
sekli, sentetik akim serilerinin tiiretilmesi icin yeterli de-
gildir. Bu modellere bir rastgele bilesenin ilavesi gerek-
mektedir.

2~ Bir rastgele bilesenin belirlenmesi i¢in amprik bir
vaklasim uygulanmis, bilinen bazi ydntemler denenmis, sonuc-
larin gelistirilmesine calisilmistair.

3- Sonuc¢lar, yaygin kabul ve uygulama géren Thomas-Fie-
ring modeli sonuclari ile karsilastirildifi zaman,imit verici
nitelikte bulunmustur. Tablo 5-1’de verilen secilmis sonuc-
lar bazi istatistikler acgisindan Thomas-Fiering modelinin,
bazi istatistikler ac¢isindan da Yeni modelin tercihe deger
oldugunu géstermektedir. Secilmis bu modellerin, gercek seri
ile otokorelogramlarinin karsilastirilmas:i Sekil 5-1 ve Sekil

5-2’de gorilmektedir.

Tablo 5-1
Model ’ Ortalama)| S.Sapma Maks. Min.,
Thomas-Fiering 1364.4 1450.0 7900 0
Yeni Model
- L=11 N=1 1193.4 1085.0 5692 0
- L=10 N=2 1326.6 1065.5 5620 65
Gozlenmis Seri 1245.1 1322.9 7778 140
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4- Rastgele bilesenin ampirik olarak bulunmasi konusu
daha ayvrintili olarak incelenmelidir.
5- Rastgele bilegsenin analitik yolla bulunmasi da ilgincg

bir calisma konusu olabilir,
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EK-A
’Yeni Modele ait program
'tez II.KISIM
DIM X(720), PRED{(720)
DIM ER(720), XY(360)
DIM XO(12), S(12), PER(12), NER(12)
! ISLEMLER
NOB1 = 720: NOB = 360: NL = 36: N = 0: NDEG
RESTORE 888
CLS
FOR I = 1 TO NOB
READ X(I)
PRINT "X("; I; ")="; X(I);
NEXT 1
IF NDEG = 1 THEN NT
IF NDEG = 2 THEN NT
DIM A(NT, NT), R{(NT)
NOBT = NOB1 - NOB

2: ITO = 1

NL
NL + N *x (N + 1) / 2

'  DAVRANIS FONK. OPTIMIZASYONU

ISIRA =1
NA = NL + N
M =20

MLAST = NOB - NA - ITO
IF ISIRA = 1 THEN 201

200 M = NOB

MLAST = NOB1 - NA - ITO
201 IDM = 1

FOR IR = 1 TO NT

FOR IK = 1 TO NT

A{IR, IK} = 0
NEXT IK: NEXT IR
FOR IR = 1 TO NT: R(IR) = 0: NEXT IR

3 IR = 0
MM = M
MN = M %+ NL
M@ = NA + M + ITO
FOR IR = 1 TO NL
FOR IK = IR TO NL

A{IR, IK) = A(IR, IK) + X(IR + MM) * X(IK + MM)
NEXT IK: NEXT IR

IF NDEG = 1 THEN 55

IR = 0

FOR I = 1 TO NL

IK = NL

IR = IR + 1

FOR J =1 TO N

FOR K = J TO N

IK = IK + 1

A(IR, IK) = A(IR, IK) 4+ X{(I + MM) * X(J + MN) ¥ X(K + MN)

NEXT K: NEXT J: NEXT I
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'Yeni Modele ait program

FOR I =1 TO N
FOR J = I TO N
IR = IR + 1

IK = NL

FOR K =1 TO N
FOR L = K TO N
IK = IK + 1

IF IK < IR THEN 31 ) ‘
A({IR, IK) = A{(IR, IK)} + X{(I + MN) % X(J 4+ MN) * X(K + MN) x
X(L + MN)

31 NEXT L: NEXT K
NEXT J: NEXT I
CLS
55 IR = 0
FOR I = 1 TO NL
IR = IR + 1
R(IR) = R(IR} + X(I + MM) * X(MQ)
NEXT I
IF NDEG = 1 THEN 2501
FOR I =1 TO N
FOR J = I TO N
IR = IR + 1
R{IR) = R(IR) + X(I + MN) * X(J + MN) * X(MQ)
NEXT J
NEXT I
2501 LOCATE 1, 1: PRINT "M="; M: M = M + 1

IF M <= MLAST THEN 3

FOR IXK = 2 TO NT

IK1 = IK - 1

FOR IR = 1 TO IK1

A{IK, IR) = A(IR, IK)

NEXT IR: NEXT IK

FOR I =1 TO NT: FOR J = 1 TO NT
PRINT "A("; I; ","; J; ")="; A(I, J);
NEXT

PRINT

NEXT

FOR I = 1 TO NT

PRINT R(1);

NEXT I: INPUT S

GOSUB 1000

CLS

LPRINT

LPRINT "KATSAYILAR"

LPRINT "NOB1="; NOB1l; "NOB="; NOB; "L="; NL; "N="; N;
"NDEG="; NDEG; "ITO="; ITO

FOR J = 1 TO 80: LPRINT "-"; : NEXT J
INPUT TE

'’ RASTGELE (HATA) SAYI BULUNMASI

M =0: ET =1: EL = NA / 12

MLAST = NOB - NA - ITO
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'Yeni Modele ait program

JR = 1

RCAST = 0

MN = M + NL

MQ = M + NA 4+ ITO

FOR I = 1 TO NL

RCAST = RCAST + R{(JR) * X{(I + M)
JR = JR + 1

NEXT I

IF NDEG = 1 THEN 225

FOR I =1 TO N

FOR J = I TO N

RCAST = RCAST + RIJR) % X(I + MN) % X{(J + MN)
JR = JR + 1

NEXT J

NEXT I

PRED(MQ) = RCAST

LOCATE 10, 1: PRINT "MQ@="; MQ

ER(MQ) = PRED(MQ) - X(MQ)

IF ET = 1 THEN EL = EL + 1: PRINT EL;
PRINT TAB(6 * ET); : IF ET = 12 THEN PRINT INT(PRED(MQ))
ELSE PRINT INT(PRED(MQ));

IF ET = 12 THEN ET = 0

ET = ET + 1

M=M+1

IF M <= MLAST THEN 220

LPRINT "TURETILEN ILK 360 DEGER"

FOR J = 1 TO 80: LPRINT "-"; : NEXT J
FOR J =1 TO 12: ORT = 0
FOR I = J TO 360 STEP 12

ORT = ORT + PRED(I)

NEXT I

XO0(J) = ORT / (30 - (NA / 12))

IF J = 1 THEN LPRINT "ORT.";

LPRINT TAB(6 * J); : IF J = 12 THEN LPRINT INT(XO(J))
ELSE LPRINT INT(XO(J));

NEXT J

FOR J 1 TO 80: LPRINT "-"; : NEXT J

FOR J 1 TO 12: STD = 0

FOR I = NA + 1 TO NOB STEP 12

STD = STD + (X(I) - XO(J)) ~ 2

NEXT I

S(J) = SQR(STD / (30 - 1 - (NA / 12}1))

IF J = 1 THEN LPRINT "S.SAPMA";

LPRINT TAB(6 * J); : IF J = 12 THEN LPRINT INT(S(J)) ELSE
LPRINT INT({S(J));

NEXT J

FOR J = 1 TO 80: LPRINT "-"; : NEXT J

LPRINT "SERININ ORTALAMASI ..=";

ORTA = 0: SAP = 0

FOR I = 1 TO 12: ORTA = ORTA + XO(I): NEXT I

ORTA = ORTA / 12: LPRINT USING "####.#"; ORTA;

LPRINT " STANDARD SAPMA =";

FOR I = NA + 1 TO NOB: SAP = SAP + (PRED(I) - ORTA) ~ 2:



230

235
236

237

!
[eg]

'Yeni Modele ait program

NEXT I

SP = SQR(SAP / (360 - NA))

LPRINT USING "####.#"; SP

FOR I = 1 TO 80: LPRINT "-": : NEXT I
LPRINT

LPRINT "RASTGELE SAYILAR ER(MQ)": ET = 1: EL = 0
LPRINT "——-mmemmm e - "
RANDOMIZE

DD = INT(100 * RND)

IF DD >= 30 THEN 230

FOR I =1 TO NA

ER(I) = ER(I + DD * 12)

NEXT 1

FOR J = 1 TO 12: PERT = 0: NERT = 0: PS = 0: NS = 0
FOR I = J TO NOB STEP 12

IF ER(I) < O THEN 235

PERT = PERT + ER(I): PS = PS + 1
GOTO 236

NERT = NERT + ER(I): NS = NS + 1
NEXT 1

PER(J) = PERT / PS

PRINT NERT; NS

PRINT NERT; NS; PERT; PS

IF NS = 0 THEN 237

NER(J) = NERT / NS

NEXT J

FOR J = 1 TO NOB

IF ET = 1 THEN EL = EL + 1: PRINT EL;

PRINT TAB(ET * 6); : IF ET = 12 THEN PRINT INT(ER(J))
ELSE PRINT INT(ER(J));

IF ET = 12 THEN ET = 0

ET = ET + 1

NEXT J

FOR I = 1 TO 80: PRINT "-"; : NEXT I

FOR I =1 TO 12

IF I = 1 THEN LPRINT "P.ORT";

PRINT TAB(6 * I); : IF I = 12 THEN LPRINT INT(PER(I))
ELSE LPRINT INT(PER(I));

NEXT I

FOR I = 1 TO 80: LPRINT "-"; : NEXT I

FOR 1 =1 TO 12

IF I = 1 THEN LPRINT "N.ORT";

LPRINT TAB(6 % I); : IF I = 12 THEN LPRINT INT(NER(I))
ELSE LPRINT INT(NER(I));

NEXT I

FOR I = 1 TO 80: LPRINT "-"; : NEXT I

LPRINT : LPRINT "TURETILMIS SERI..(baslangic degerleri
ortalama)".

' RASTGELE SAYININ YERINE KONMASI
KIs =1
M = NOB - NA: ET = 1: EL = 0
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240

249

250

255

256
LOG(YN))

257
258

266
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'Yeni Modele ait program
MLAST = NOB1 - NA - ITO

RESTORE 920

FOR D = 0 TO NA - 1: DS = NOB - D: READ XY(DS): PRINT DS;
XY(DS): INPUT DE: NEXT

CLS

SE =
JR =
FCAST = O

MN = M + NL

M@ = M + NA + ITO

LOCATE 10, 1: PRINT "MQ="; MQ; "MN=":; MN;
FOR I = 1 TO NL

IF I + M <= NOB THEN X{(I + M} = XY(I + M}
FCAST = FCAST + R(JR) * X(I + M)

JR = JR + 1

NEXT I

IF NDEG
FOR 1 TO N

FOR J TO N

IF I + MN <= NOB THEN X(I 4+ MN) = XY{(I + MN)

IF J + MN <= NOB THEN X(J 4 MN) = XY{(J + MN)

FCAST = FCAST + R(JR) * X(I + MN) * X{(J 4+ MN)
JR = JR + 1

NEXT J: NEXT 1

CLS

LOCATE 5, 1: PRINT "MQ="; MQ

CA = INT(RND * 1000)

ST = INT(CA / 2)

IF CA / 2 > ST THEN CAST = PER(ET): GOTO 257

YN = RND: ZN = RND: XN = 6.253185 % ZN: AI =

0
1

1 THEN 255

=

SQR(-2 *

CAST = NER(ET): GOTO 258

PRINT CA; ST; CAST; PER(ET); NER(ET);

EI = AT % SIN(XN): PRINT PER(ET); EI: IF EI < 0 THEN 256
EI = AI * COS(XN)}: PRINT NER(ET); EI: IF EI > O THEN 256
PRED(MQ) = FCAST + CAST ¥ EI

IF PRED(MQ) < O THEN 256

IF MQ > NOB THEN X(MQ) = PRED{(M@)

IF SIRA = 1 THEN 266

IF ET = 1 THEN EL = EL + 1: LPRINT EL;

LPRINT TAB(6 % ET); : IF ET = 12 THEN LPRINT
INT(PRED(MQ)) ELSE LPRINT INT(PRED(MQ)); IF ET = 12 THEN
ET = 0

ET = ET + 1

M=M+1

IF M <= MLAST THEN 240

FOR J = 1 TO 80: LPRINT "-"; : NEXT J
FOR J = 1 TO 12: ORT = 0

FOR I J TO NOB STEP 12

ORT = ORT + X(I + NOB)

NEXT I

X0(J) = ORT / 30

LPRINT TAB(J * 6); : IF J = 12 THEN LPRINT INT(XO(J))
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'Yeni Modele ait program
ELSE LPRINT INT(XO(J));

NEXT J
FOR J = 1 TO 80: LPRINT "-"; : NEXT J

FOR J = 1 TO 12: STD = 0

FOR I = J TO NOB STEP 12

STD = STD + (X(I + NOB) - XO(J)) =~ 2

NEXT I

S(J) = SQR(STD / (30 - 1)) ‘

LPRINT TAB(6 * J); : IF J = 12 THEN LPRINT INT(S(J)) ELSE
LPRINT INT(S(J));

NEXT J

FOR J = 1 TO 80: LPRINT "-"; : NEXT J

LPRINT "SERININ ORTALAMASI =";

ORA = 0: STAN = 0

FOR I =1 TO 12: ORA = ORA + XO(I): NEXT I
ORA = ORA / 12: LPRINT USING "####.#"; ORA;

FOR I = NOB + 1 TO NOBl: STAN = STAN + (X(I) - ORA) = 2:
NEXT I
STA = SQR(STAN / 360)
LPRINT " STANDAR SAPMA ="; : LPRINT USING "####.#"; STA
END

1000 ' GAUSS

FOR I =1 TO NT - 1

FOR J =1 + 1 TO NT

R(J) = R(J) - SR ¥ RI(I)

FOR K =1 + 1 TO NT

A(J, K) = A(J, K) - SR * A(I, K)
NEXT K: NEXT J: NEXT I

R(NT) = R(NT) / A(NT, NT)
FOR I = 2 TO NT
K=NT-1I*+1

B =20

FOR J = K + 1 TO NT

B =B + A(K, J) * R(J)

NEXT J

R(K) = (R(K) - B) / A(K, K)
NEXT I

LPRINT "DENKLEMIN KOKLERI ..."
FOR I = 1 TO NT

LPRINT "R("; I; ")="; R(I);

NEXT I
INPUT TR
RETURN .

888 DATA 615,536,947,1286,1358,2592,4097,4648,1517,705,442,332
889 DATA 864,411,445,1315,1092,2366,1833,1347,686,372,246,221
890 DATA 233,968,688,726,1850,1717,4736,4442,2460,1040,561,404
891 DATA 461,529,596,536,699,1667,3584,3626,1609,576,325,246



892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917

920
921
922
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'Yeni Modele ait program

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA

258,252,416,747,769,1842,3148,4009,1165,942,387,277
444,374,587,869,666,1247,1643,1329,600,326,243,224
788,687,572,630,2124,1912,4075,2716,1110,608,519,374
440,505,670,782,1452,1795,3971,3662,1559,785,648,544
592,788,802,1176,1188,2385,5287,4391,1830,682,350,277
269,328,482,377,397,1374,1745,2184,649,293,192,175
195,330,1345,1101,1479,2200,3469,3035,1522,517,293,218
228,261,422,403,1155,3100,1916,4008,1576,668,391,256
332,420,561,999,921,2063,2645,1753,873,393,247,199
204,252,617,797,464,986,2379,1835,812,346,206,174
250,298,326,937,734,1454,2557,2115,652,258,226,140
193,287,286,496,451,697,1483,1477,517,247,189,166
188,504,1211,579,1019,1441,1773,1483,654,283,178,148
198,214,1603,2213,2561,2106,7699,6261,3305,1805,503,362
688,704,652,418,954,4741,3209,2736,1261,444,284,225
236,567,455,474,935,1748,3108,2898,1283,420,233,194
831,785,1294,2786,2075,1790,3259,2520,1097,472,291,263
369,371,779,1110,996,2834,4561,5808,1828,741,384,312
418,1717,2367,2894,1940,4514,5485,4215,1795,689,410,307
411,743,2492,3209,2621,7199,7778,6116,1793,715,429, 360
409,500,836,845,2024,2425,2347,1345,553,316,227,195
230,347,598,359,506,1693,3235,1945,755,325,201,176
391,288,621,411,548,13566,3109,4823,1942,641,367,289
292,473,359,433,812,1048,1668,1775,775,346,215,192
259,427,489,475,490,2876,3311,1885,697,304,208,228
214,277,470,472,919,1495,2608,2258,807,326,202,194

256,320,553,1256,3088,3390,2222,1173,995,800,505,383
256,320,553,1256,3088,3390,2222,1173,995,800,505,383
256,320,553,1256,3088,3390,2222,1173,995,800,505,383
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' THOMAS-FIERING modeline ait program
DIM X(60, 12}, XO0(12), s(12), R(12), Y(60, 12)
DIM F(360), RK(24, 24), RO(24), EI{(360)
YIL = 30: SYIL = 60: K = 0

CLS

LPRINT " THOMAS-FIERING ILE 30 YILLIK VERI URETILMESI"
LPRINT

RESTORE 888

FOR I = 1 TO YIL

FOR J = 1 TO 12

READ X(I, J)

LOCATE 2, 1

PRINT I; J; X(I, J])

NEXT: NEXT

CLS

GOSUB 1000

GOSUB 2000

YIL = YIL + 1

CLS

IF YIL > SYIL THEN 55

FOR J =1 TO 12 0

IFJ =1 THEN L = 12 ELSE L = J - 1

BB = S(J) * R(J) / S(L)

PRINT "BB="; BB

cC = X(YIL - 1, L) - XO(L)

PRINT "CC="; X(YIL - 1, L); "-"; XO(L); "="; CC

X(YIL, J) = XO(J) + BB ¥ CC

PRINT "X("; YIL; "‘n; J; n)=u; XO(J); n+vv; BBZ n*n; CC:
"= X(YIL, J)

K=K+ 1

RAS = EI(K)

LPRINT "RAS"; K; "="; EI(K);

RAST = S(J} % SQR(1 - R(J) © 2) x RAS

LPRINT "RAST="; RAST;

X{YIL, J) = X(YIL, J) + RAST

PRINT "X="; X(YIL, J)

LPRINT "YIL="; YIL; "J="; J; "X="; X(YIL, J)
CLS

NEXT J

IF YIL <= SYIL THEN 6

GOSUB 2000

END

A=0:B=0:C=0
"ISTATISTIK PARAMETRELER
'ORTALAMA

FOR J = 1 TO 12: ORT = 0
FOR I = 1 TO YIL

ORT = ORT + X(I, J)

NEXT I

X0{J) = ORT / YIL

PRINT "ORT="; XO(J); : INPUT PRTY
NEXT J



888
889
890
891
892
893
894
895
896
897
898
899
300
901
902
903
904
905
906
807
908
809
910
911
912
913
914
915
916
917

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
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' THOMAS-FIERING modeline ait program
'STANDARD SAPMA

FOR J =1 TO 12: STD = 0

FOR I =1 TO YIL

STD = STD + (X(I, J) - XO(J)) = 2

NEXT I

S(J) = SQR(STD / (YIL - 1))

PRINT "S="; 8(J)}; : INPUT SR

NEXT J

'KORELASYON

FOR J =1 TO 12: A = 0: B=0: C=290

FOR I = 1 TO YIL

IFJ =1THENL = 12 ELSE L = J - 1

A=A+ (X(I, J) - X0(J)) ¥ {(X(I, L) - XO(L))
B=3B + (X(I, J} - XO(J)) ~ 2

C =C + (X{(I, L) - XOo(L)) "~ 2

NEXT I

R(J} = A / SQR(B * C)

PRINT "R="; R(J); : INPUT RT

NEXT J

RETURN
615,536,947,1286,1358,2592,4097,4648,1517,705,442,332

864,411,445,1315,1092,2366,1833,1347,686,372,246,221
233,968,688,726,1850,1717,4736,4442,2460,1040,561,404
461,529,596,536,699,1667,3584,3626,1609,576,325,246
258,252,416,747,769,1842,3148,4009,1165,942,387,277
444,374,587,869,666,1247,1643,1329,600,326,243,224
788,687,572,630,2124,1912,4075,2716,1110,608,519,374
440,505,670,782,1452,1795,3971,3662,1559,785,648,544
592,788,802,1176,1188,2385,5287,4391,1830,682,350,277
269,328,482,377,397,1374,1745,2184,649,293,192,175
195,330,1345,1101,1479,2200,3469, 3035 15ug,511,293 218
228,261,422,403,1155,3100, 1916 4008 1576,668,391,256
332,420,561,999,921,2063,2645,1753,873,393,247,199
204,252,617,797,464,986,2379,1835,812,346,206,174
250,298,326,937,734,1454,25657,2115,652,258,226,140
193,287,286,496,451,697,1483,1477,517,247,189,166
188,504,1211,579,1019,1441,1773,1483,654,283,178,148
198,214,1603,2213,2561,2106,7699,6261,3305,1805,503, 362
688,704,652,418,954, 4741 3209,2736, 1261 444 284,225
236,567,455,474,935,1748,3108,2898,1283,420,233,194
831,785.1294,2786,2075,1790,3259,2520,1097,472,291,263
369,371,779,1110,996,2834,4561,5808,1828,741,384,312
418,1717,2367,2894,1940,4514,5485,4215,1795,689,410,307
411,743,2492,3209,2621,7199,7778,6116,1793,715,429, 360
409,500,836, 845 2024 2425 2347 1345 553 316 227 195
230,347,598,359,506, 1693 3235 1945 755 325 201 176
391,288,621,411,548,1356,3109,4823, 1942 641 367 289
292,473,359,433,812,1048,1668,1775,775,346,215,192
259,427,489,475,490,2876,3311,1885,697,304,208,228
214,277,470,472,919,1495,2608,2258,807,326,202,194
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' THOMAS-FIERING modeline ait program
2000 'RASTGELE SAYI TURETILMESI

CLS

N = (SYIL - YIL) % 12

NHALF = INT(N / 2)

NDIFF = N - 2 * NHALF: ORT = 0: SD

IF NDIFF = 0 THEN 1

n
o

YN = RND

ZN = RND

XN = 6.253185 * ZN

ATl = SQR(-2 * LOG(YN))

EI(N) = AI * SIN(XN)
PRINT YN, ZN, XN, AI, EI(N): INPUT D
1 FOR J = 1 TO NHALF

RANDOMIZE

YN = RND

ZN = RND

XN = 6.253185 * ZN

Al SQR(-2 * LOG(YN))

EI(J) = AI * SIN(XN)

EI(J + NHALF) = AI * COS(XN)

ORT = ORT + EI(J) + EI(J + NHALF)

PRINT YN, ZN, XN, AI

PRINT "EI("; J; ")="; EI(J); "EI("; J + NHALF; ")="; EI(J +
NHALF); "ORT="; ORT: INPUT K NEXT

IF DIFF = 0 THEN ORT = ORT / N ELSE ORT = ORT / (N - 1)
IF DIFF = 0 THEN NN = N ELSE NN = N - 1

FOR F = 1 TO NN

SD = SD + (EI(F) - ORT) " 2

PRINT F; "SD="; SD

NEXT

SD = SD / (NN - 1)

SD = SQR(SD)

PRINT "ORT="; ORT; "SD="; SD: INPUT DD
IF SD <> 1 THEN 3

IF ORT = 0 THEN END

FOR J = 1 TO N
EI(J) = EI(J) + ORT
PRINT EI(J); : INPUT FF
NEXT
END

3 FOR J =1 TO N
EI(J) = EI(J) * SD + ORT
PRINT "EI("; J; ")="; EI(J);
NEXT

RETURN
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' ptokorelasyon katsavisina ait program

1

DIM R(24), X(360)

N = 360: K = 24: ORT = 0
PRINT "N="3; N; "K=":; K
RESTORE 888

FOR L =1 TO N
READ X(L)

ORT = ORT + X(L)

NEXT L

ORT = ORT / N

PRINT "ORT="; ORT; : INPUT YYT

FOR L = 0 TO K

1

888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
808
809
910
911
912
913
914
915
916
917

= 0: B =0: C

0: D= 0: E =0
L

FOR I =1 TO N ‘
A=A+ (X{I) - ORT) ¥ (X{I + L) - ORT)
C=¢C + (X(I) - ORT) = 2
NEXT I
Rl =1/ N % A
RZ =1/ NX*C
R(L) = R1 / R2
PRINT "R("; L; ")"; R{L): NEXT L
END

DATA 615,536,947,1286,1358,2592,4097,4648,1517,705,442,332
DATA 864,411,445,1315,1092,2366,1833,1347,686,372,246,221
DATA 233,968,688,726,1850,1717,4736,4442,2460,1040,561,404
DATA 461,529,596,536,699,1667,3584,3626,1609,576,325,246
DATA 258,252,416,747,769,1842,3148,4009,1165,942,387,277
DATA 444,374,587,869,666,1247,1643,1329,600,326,243,224
DATA 788,687,572,630,2124,1912,4075,2716,1110,608,519,374
DATA 440,505,670,782,1452,1795,3971,3662,1559,785,648,544
DATA 592,786,802,1176,1188,2385,5287,4391,1830,682,350,277
DATA 269,328,482,377,397,1374,1745,2184,649,293,192,175
DATA 195,330,1345,1101,1479,2200,3469,3035,1522,517,293,218
DATA 228,261,422,403,1155,3100,1916,4008,1576,658,391,256
DATA 332,420,561,999,921,2063,2645,1753,873,393,247,199
DATA 204,252,617,797,464,9866,2379,1835,812,346,206,174
DATA 250,298,326.937,734,1454,2557,2115,652,258,226,140
DATA 193,287,286,496,451,697,1483,1477,517,247,189,166

DATA 186,504,1211,579,1019,1441,1773,1483,654,282,178,148
DATA 198,214,1603,2213,2561,2106,7699,6261,3305,1805,503,362
DATA 688,704,652,418,954,4741,3209,2736,1261,444,284,225
DATA 236,567,455,474,935,1748,3108,2898,1283,420,233,194
DATA 831,785,1294,2786,2075,1790,3259,2520,1097,472,291,263
DATA 369,371,779,1110,996,2834,4561,5808,1828,741,384,312
DATA 418,1717,2367,2894,1940,4514,5485,4215,1795,689,410,307
DATA 411,743,2492,3209,2621,7199,7778,6116,1793,715,429,360
DATA 409,500,836,845,2024,2425,2347,1345,553,316,227,195
DATA 230,347,598,359,506,1693,3235,1945,755,325,201,176
DATA 391,288,621,411,548,1356,3109,4823,1942,641,367,289
DATA 292,473,359,433,812,1048,1668,1775,775,346,215,192
DATA 259,427,489,475,490,2876,3311,1885,697,304,208,228
DATA 214,277,470,472,919,1495,2608,2258,807,326,202,194
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DENKLEMIN KOKLERI ...

RO 1 )= .2666524 RO 2 )= .3373121 R( 3 )= 2.145926E-02 R{ 4 )=-.0641924 R{ § )=
7.153482E-02 R( ¢ }=-1.123746E-02 R( 7 )=-1.315232E-02 R{ & )=-1.083539E-02 R(
9 )= 0481425 R( 10 }=-3.699821E-02 R{ 11 }= 9.195942E-02 R{ 12 )=
§.080155E-05

KATSAYILAR

NOBl= 720 NOB= 360 {= 11 N= 1 NDEG= 2 IT0= 1

219 224 380 490 885 1660 2277 2251 1382 352 200 211

SERININ ORTALAMASI ..=1142.7 STANDARD SAPMA =1121.5

P.ORT 99 253 378 401 401 702 1445 914 539 179 92 81

TURETILMIS SERI..(baslangic degerleri ortalama)

1 122 647 952 11259 1487 2559 3704 1818 897 544 39z 200
2 55 &6 804 583 700 3013 75 115 828 €3 371 13
3 168 33 35 1126 1150 1295 811 829 547 211 14 104
4 110 199 591 986 1100 1181 695 485 113 37 . %6 22
5 53 100 376 509 B4% 27 1449 219 14¢ 322 © 23
& 282 502 1432 609 419 545 529 907 249 361 253 257
7 435 1029 764 424 447 497 1428 1104 57 3&¢ 322 409
g8 565 516 382 1051 652 443 1%0 229 131 386 154 S
9 148 628 801 950 1160 1291 243 2003 861 500 ¢ 215 2
10 307 500 755 643 773 1610 1287 1158 €20 435 153 3
11 436 815 1042 934 666  S58& 1% 855 848 630 340 3
12 393 497 824 423 254 973 2351 1422 869 598 449 T
12 449 879 21 1055 1237 2640 4455 4251 3278 1747 655 B8
14 636 766 1120 1232 1568 2376 2957 3012 2697 1780 780 4

S 679 1069 421 482 1298 2051 3487 3645 3178 1912 943 ¢
6 736 7T 14T 661 1404 1528 1539 2397 2107 1451 3846 7
17 685 286 214 1372 1281 2305 2075 2170 167% 1209 804 6

18 366 284 528 102¢ 1161 1357 2577 30%¢ 2603 1508 801

o
O P NI I = 0N O D0 W N YN~ B )~ D
S RIS ND WO OO ORI 0NN

19 212 47 180 1212 1107 1642 2203 2777 2277 989 5067 2
20 333 358 879 507 €31 632 447 813 591 L1199 spgz 2
2 157 200 4¢ 1102 1866 1270 2233 2537 1422 722 310 2
22 149 75 575 1149 1071 1631 2517 3520 2827 1509 707 3
23 73 81 292 447 1078 1149 2270 3287 2409 1328 (73 4
24 348 630 1084 1057 843 1371 3404 4157 285¢ 1648 %08 5
25 402 59¢ 830 754 BOS5 1677 3292 4031 2413 1383 708 519
26 336 B73 1305 777 1218 2188 3396 3405 2543 1515 857 467

27 549 877  1344. 1062 1475 3265 3219 3846 3190 2090 1128 611
28 677 1082 1152 1375 2071 2999 3671 5692 4779 3387 18%4 1055
29 902 936 1009 2120 2350 3364 2896 5029 4795 3913 2448 1513
30 992 1006 1155 2101 °1949 2569 3189 4373 4434 4062 2755 1689

392 545 702 963 1138 1668 2090 2440 1899 1281 709 490

5.SAmp 254 346 418 426 499 901 1280 1566 1395 1028 642 373

SERININ ORTALAMASI =1193.4 STANDAR SAPMA =1085.0
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DENKLEMIN KOKLERI ...
RO 1 = 2818627 R{ 2 )= .3028744 R( 3 )= 4.2851¢9E-02 R{ 4 )=~¢(.702542E0-02 N
5 )= 6.541169E-02 R{ & )=-.0162944 R{ 7 )= 1.029275E-02 R{ 2 )=-.0205887 R ©
1=-8.898606L-03 R( 10 )= .1243024 R{ 11 3=-1.602188E-05 R{ 12 = 1.87772[-05 Y
13 )= 1.065859E-04
KATSAYILAR
HOB1= 720 NOB= 260 L= 10 N= 2 HDEG= 2 IT0= 1

TURETILEN ILK Z60 DEGER

ORT. 30¢ 502 &e8 82 1213 1972 266¢ 2611 1551 588 496  28Z

SERININ ORTALAMASI ..=1140.3 STANDARD SAPHMA =1129.2

P.LORT 111 249 375 387 384 672 1385 (78 636 170 189 87

N.ORT-187 -251 -43%1 -550 -542 -897 -151%7 -990 ~-215 -205 -77 51

TURETILMIS SERI..(baslangic degerleri ortalama)

1 301 592 820 34 964 3448 79T 27 110¢ 521 212 414
z 570 78 36 249 1253 2614 18CT 1475 955 48 924 407
3 210 789  ¢I9 293  B&L 804 2041 1932 1108 1057 57 &2
4 855 1005 864 588 901 1077 1302 1380 77T (0O 457 474
5 627 1084 766 1088 450 904 1587 1249 674 75 448 503
4 433 1037 879 932 1401 1511 1234 901 73 72 422 336
7 502 1225 807 1947 1857 570 1664 1586 963 981 454 421
2 642 766 1109 1549 1169 1282 1647 1234 1077 354 Z40 475
9 3% B35 1692 1907 116% 1714 5610 2004 706 1412 €47 197
10 546 891 2274 503 23 1228 2446 2896 488 495 746 284
11 595 991 954 401 481 2670 2852 1379 442 635 534 287
12 546 1142 962 623 1160 2521 2824 84¢ 770 1146 414 319
13 894 1049 239 184 911 2381 2244 1429 981 738 38 520
14 779 589 98 795 1354 1774 1082 742 748 566 264 485
15 452 181 285 1462 1548 1291 468 641 579 447 378 434
16 364 II% 470 855 1447 1670 2754 3029 1561 767 &1} 420
17 239 188 349 1359 1818 824 2225 1887 983 747 586 325
8 217 1é4 808 1261 1093 945 5178 3739 1430 805  L09 194
19 111 170 1860 101 945 2792 2581 4204 1189 &9 353 &L
2 260 1050 1537 1121 948 2037 5574 521% 2635 1150 06 202
21 498 1169 1240 1499 1532 2949 3IT765 4309 3034 1424 417 614
2 639 1160 1517 83¢& 1934 3732 4622 3781 26406 149¢ 820 624
23 765 1222 591 590 2356 4270 4408 3834 2713 1564 820 (78
24 811 765 854 805 2300 4392 4969 4431 2875 181% 1097 7I8
25 847 8GO0 1244 1810 2037 4821 2882 2837 2740 2127 1110 905
2 590 350 1407 2145 2938 3474 2437 2083 2217 1954 801 738
27 1013 1102 2636- 2994 2339 2853 3082 3133 2542 128¢ 919 880
2 703 1706 1523 2627 2598 3715 1352 879 616 599 297 693
29 1012 1371 1473 2610 2753 2883 2536 2419 1086 818 401 621
662

30 © 807 940 1315 2004 2337 2412 2320 2501 1426 662 45

oot 609 884 1048 1196 1503 2318v 2278 2269 1393 968 557 494

Ssnea 240 385 605 776 711 1183 1419 1240 836 480 244 201

SERININ ORTALAMASI =1326.6 STANDAR SAPMA =1065.5

3
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DENKLEMIN KOKLERI ...
RO L )= 2839442 RU 2 )= 2120981 RO I )= 4.2363510-02 R{ 4 )=-72.35
5 )= £.8982410-02 R( ¢ )=-2.854191E-03 R{ 7 )=-1,197515F-02 R{ 8 )
~3.649583E-02 R{ 9 )= .1165519 R( 10 )=-2.504165E-05 R{ 11 )= 4.7275
}=-2.08859E-05 R{ 13 )=~ 174498E-06 R( 14 )=-3,869925F-05 R{ 15 )=
1.18363%E-04
KATSAYILAR

NOBl= 720 NOB= J60 L= 9 N= 3 HDCG= 2 ITO= 1
TURETILEN ILK 260 DEGER
ORT. 29 49¢ 691 &09 1204 1966 28647 632 1488 47 376 404
3.SAPHA
214 224 378 485 867 1631 2340 230¢ 1150 247 190 201
SERININ ORTALAMASI ..=112%1.9 OSTANDARD SAPMA =1125.%
RASTGLLE SAYILAR ER{MQ)
N.ORT 104 268 406 3287 387 682 1418 761 494 159 141 166
NL.ORT-229 -263 -41% -567 -570 ~-913 ~1522 -99% 173 -2% 162 o0
TURETILMIS SCRI. .(baslangic degerleri ortalama)
1 29% 590 835 (34 924 345¢ 84% L@ 581 721 298 147
2 043 898 92 200 1210 2796 1943 1248 (I0 275 104 42
3 791 9¢3 557 174 951 234 2013 1658 984 8472 582 £57
4 Q32 1077 804 51e 967 1115 1243 118 &5¢ 521 414 %17
5 &7z 1106 714 108¢ 409 948 1435 1181 537 588 444 53¢
& 298 1068 850 Q44 1245 1490 1164 75 564 594 452 28)
7 478 1274 822 1948 1744 585 1500 134% 911 27 T34 456
& 594 807 1111 1500 1124 1164 1437 1113 @gre 0% 232 440
9 746 888 1625 1848 1114 1551 5404 1634 749 240 862 451
10 377 861 2313 448 21 82 2502 2840 222 212 574 421
11 474 €82 104¢  34¢ 249 2572 2943 1320 123 474 735 214
12 377 1166 1035  49¢ 957 2536 2941 (A0 532 870 (83 212
1z 790 1168 245 114¢ 1409 2642 2322 1330 701 (A1 A07 471
14 723 [4:18 386 1197 1677 2051 1084 22 575 Lo 272 2927
5 464 348 551 1707 1877 1483 331 573 517 509 357 400
1¢ 401 451 566 1062 1680 1759 2682 2881 1474 ¢5° 475 L4
17 32¢ 212 38 1555 2024 882 2119 1632 290 455 588 442
18 228 151 %5 1441 1240 862 5069 2422 1450 24¢ ¢80 Wz
19 51 22 2024 I35 971 2421 2660 4225 1035 291 44 347
20 305 1022 1662 o4 29 2287 4039 3947 1227 ilé 247 406
21 564 1195 100¢& 674 212 2874 3981 T144 1129 07% 475 £330
22 811 526 Q42 1357 1705 2085 2928 2240 1148 7729 588 408
22 406 30¢ 1185 18%4 1569 1963 2312 1712 834 5468 577 462
24 42 343 1121 1932 1706 1842 1140 1824 95¢ 792 540 501
25 595 857 602 2214 914 1227 251¢ 3136 1478 988 284 754
2¢ 598 896 1222. 1374 679 1099 2942 2554 1230 739 61 751
27 1215 1139 58S 1041 952 2295 4486 2452 1145 72 £81 3810
28 58 1029 933 1471 725 1253 195 122 665 884 657 521
29 590 1105 897 1200 1161 1772 562 1327 19¢ 723 308 470
30 490 807 825 1029 1021 1674 1859 854 512 530 52 262
ORT 555 801 230 1096 1148 1747 2287 1807 820 634 479 460
SSofma 240 341 485 591 459 735 1328 1149 363 208 181 14¢

SERININ ORTALAMASI

=1064.1 STANDAR SAPHMA = 840.°
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.2109206 R(
-457035E-06
8 N= 4 NDLG

)
GIR

)=-1.848441E-05 R( 10

DENKLEMIN KOKLERI
NOB1= 720 NOB= 360 L
360 DL

KATSAYILAR
TURCTILLH ILK

Poen

PoM
PN
boeN

L
5.9 I

2637

487

1449

1956 2649

1192

403
SAPHA

ORT.

o

[
D
[

20¢

505 8%¢

74

kA
w

229

201

STANDARD SAPMA
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DENKLEMIN KOKLERI

R( 1

- Z

¥= 2915943 R{ 2 )= ,Z101895 R( 2 )= 2.4882320 02 R 4 )=-6.84083230- 07 R
S )= 7.951573E-02 R({ & )=-2.250581E-02 R( 7 )= 2.472028C-02 R( & )=
5.922298E-0¢6 R( 2 )=-1,045Z57E-046 R{ 10 Y= 7.0C498170-05 R{ 11 )=-1.4070557-04
R( 12 1=-& . 507745E-05 R{ 13 ¥=-7.738161E-06 R( 14 )}=-2.4B854815-05 R( 15 )=
£.2942930-06 R{ 16 )= 1.193637E-04 R 17 )=-1.012775E-05 1 18 )= 7.443525[-0%
RE 19 1=-£6.956548E-05 R{ 20 1=-2.033343E-05 R( 21 )= 1.619999E-05 R( 22 3=
2.961478L-05
KATSAYILAR
NOBl= 720 HOB= 260 L= 7 N= & NDEB= 2 ITO= 1
URCTILEN ILK 360 DEGER
ORT. 37 5% &83 g2¢ 1206 1952 2675 2014 1477 544 267 252
S.SAPMA ?
199 254 271 25 &8 1617 2349 2287 1138 243 227 225
SERININ ORTALAMAST ..=1116.¢6 STANDARD SAPHMA lldy.‘
RASTCGELD SaYILAR ER{MQ)
PLORT 117 271 401 400 3287 (57 145¢ (36 490 161 97 104
N.ORT-20E& 269 422 540 £5¢ -920 - 1528 - 1134 243 237 -08 ~146
TURCTILMIS SERI..(baslangic degerleri ortalana)
1 356 03] 837 639 2% J44% 7158 1388 A x5 455 587
2 511 £82 82 368 1070 2760 2122 1761 7% G444 253 284
3 Q17 922 564 178 775 94¢ 227 1998 1206 8%¢ 449 487
4 865 1021 748 450 858 1124 lwd 1367 73 297 295 417
5 610 1064 &50 1001 344 841 1503 1315 44¢ 489 25¢ 542
6 359 1006 759 891 1232 14%¢ 1100 737 455 395 299 267
7 415 1220 732 1863 1610 541 1411 1361 ¢62 530 212 3l
& 5¢2 742 1004 1420 1034 1070 1357 964 82 420 150 07
G L7464 85 1563 1779 1031 1442 5294 1455 ¢ 149 28 404
10 490 682 127% 882 857 Z598 4040 1367 193 410 46) 447
21 58¢ 986 857 719 18¢2 2350 3662 3275 141% @1% 474 403
12 494 341 265 1247 172 2560 2790 2350 1150 4id 63 432
12 276 452 744 1200 1333 1681 188 1824 400 238 277 2067
14 279 Q7 296 1057 %01 12 1529 B0 (49 a2 276 204
5 A2 520 108¢  132% 1579 ;uO“ 4451 I277 1207 574 17¢ 201
1¢ 290 2137 148¢  &16 1528 2367 2077 2110 1261 420 A 741
17 445 9Z3 90¢ 651 2684 2458 2859 1238 %¢ 151 92 299
18 1189 35 8446 1352 1689 3655 375 2007 8¢ 264 418 I3n
19 394 &0% 1125 1532 1561 1902 230% 2741 1029 518 400 Z47
2 297 838 1129 275 1070 2018 2584 2881 1329 418 371 525
21 453 621 8¢) 262 1319 2541 2386 2827 780 82 524 62
22 252 633 719 Q28 11231 1635 1734 1580 ¢52 117 414 578
KA 367 548 458 1142 1484 2214 2547 2044 908 497 240 507
24 1¢5 410 1004, 182 1608 3057 308 2622 112 324 5ic 44¢
25 12 582 1035 2051 1186 1769 2423 2168 1293 750 22¢ 292
26 339 844 1613 762 1239 2233 807 2523 460 356 466 456
27 146 511 67 228 403 1968 2890 2470 -887 8§33 366 227
28 409 653 205 781 418 1775 1485 1153 480 492 225 285%
29 337 617 595 453 1050 1423 2089 1004 367 250 212 216
30 723 786 695 727 1269 1709 1209 774 444 261 473 473
ORT 461 720 834 1022 1229 2054 2266 1883 768 435 319 399
ssapun 239 247 392 491 479 828 1155 713 362 203 129 127

SERININ ORTALAMASI =1033.0 STANDAR SAPMA = 841.2
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ENKLEMIN KOKLERI
1= 5.8427810-02 RU 2 )= 14’4 7 R( 2 )= 2.647838L-03 R{ 4 ¥=-5,522%19F 02
R{ & Y=-1.652458E-07 NI ¢ Y= B 429283F-02 RO 7 V=-2 78272F-02 R & 3=
=2 736846602 {7 ) 4. 558201" 02 R( 10 )==5,973364F-03 RO 11 )=-.1741924 1Y
12 )= 9.94Z5&1F-03 R{ 13 = 10583223 R{ 14 Y= 2184827 R{ 15 Y= 1 . 6414760-02
16 )=-6.1652210-02 R( 17 )= 0608929 R( 18 )= 7.5606310-02 “( 19 )=
~7.0058386-07 N 20 1=-2.2440240-02 RO 21 Y= 5.4516878-02 R( 22 Y= 5. 814Z3F-0F
27 )=-9.5923940-02 1 24 )=z (7104722
KATSAYILAD
NOBl= 720 NOB= 3Z60 L= 24 HN= 0 NDEG= 2 ITO= 1
TURCTILEN ILK 260 DEGER
ORT. 241 5¢0 728 Q48 1280 ‘143 2788 2875 1774 4Iv 402 i
. SAPHAE
214 2732 417 52 o5 183¢ 2684 257 1453 194 i85 164
SERTNIN ORTALAMAST . .=1217.0 STANDARD SAPMA =1157.8
RASTCELE SAYILAR ER{MD)
ORT 43 214 223 291 446 556 Q49 4375 581 152 149 104
N.ORT-157 -244 -463 ~385 -474 ~1222 ~12¢0 -878 ~485 227 -8 64
TURETILHMIS SENI..(baslangic degerleri ortalama)
1 242 57% 945 828 991 4147 292 1570 1121 &41 492 444
2 529 1022 8%2 52¢ 1109 4039 4.“ 2737 2205 1908 1070 464
3 1032 1485 1442 709 1334 240F 2260 136¢ 1052 (82 516 432
4 1020 1570 1405 1814 2565 3399 2925 2988 2146¢ 1685 1103 88%
5 1182 1405 1289 2034 1678 3000 4034 3225 2307 1402 1107 294
& 1111 1611 137¢ 2043 2651 41% COAE 5287 ZERQ 2297 1732 1418
7 1299 1304 1282 2403 1872 5TET T046 5367 FTLI 0 2016 2027 168k
o] 17205 1452 1614 S1 2070 R243 4559 BBIQ  402¢  288¢ 2270 1777
? 1449 1572 2097 2260 4095 7310 V582 L7742 &£18% INTe 2027 218k
1 17379 Q59 1832 2047 4020 512 AT07 2470 %215 L0064 1870 1379
11 1410 F1% 1827 2347 090 S0T2 4964 LOE? O B207 4140 2844 2118
12 2159 19¢2 1728 F0LO 4601 EB5L RZI2 5BIL L2400 108 247 2047
Z 1905 2076 2547 I5(Z7 40IB 4032 3444 40877 4801 IOQT  2I0L 200t
14 2119 2147 2597 1417 840 4722 BRLEG BRI RO 2070 2ars 274
5 2007 1921 2227 2040 3ol 55408 G442 (249 L5172 4041 I0LT 0 2477
1¢ 2152 225 27 ZLEL ZV9)Y 0 4B57 4508 7107 L3¢5 L1LE O L0nr I0R2
17 2574 2523 2549 2672  I140  57IT @207 7224 128 4807 Z7EY 2840
1e 2360 2307 2468 2515 471 BV4E TIII O LOCG LY B570 47244 T104
12 267 2422 2177 2002 4254 4655 4111 5523 L1EY O OBDQZ 3497 2370
20 2112 2123 2227 I0L3 4811 4257 483¢ 5809 4431 5610 4010 2017
21 2582 2514 2544 Z6B8 4482 4894 4621 E8CIT 4248 8319 IIIT 2987
22 2472 2497 23129 2436 4382 4020 6518 £€27¢ 4322 5415 4087 Z10&
23 2607 2718 2698 3032 4332 6567 €733 6615 G18C 5381 4112 3031
24 2582 2615 2974. J0¢2 4381 7201 7835 7330 €292 5557 4402 3335
25 2893 2916 3345 3E96 4505 B06T 6815 G449 (245 577¢ 4511 3472
2 2818 32380 3537 4092 5554 7082 7022 6199 6129 5879 4465 3Z14
27 T14¢ 3249 4804 5251 559 707¢ 7582 7570 7402 116 483 3692
28 3191 38I¢& 3IT757 4872 5829 8248 4828 5968 4982 4587 3492 2856
29 2844 3474 4002 5076 (247 7847 8300 8145 £925 B9BT 4549 3e52
30 3424 2489 3737 4582 6157 7372 V640 T6TIF (899 5504 426% 3404
o 2035 2204 2398 2876 3827 5495 5868 5615 5003 4102 3048 2333
Sshoma 814 784 964 1210 1439 1528 1641 1707 1801 16372 1205 9921
SERININ ORTALAMASI =3724.1 STANDAR SAPMA =1930.¢
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DENKLEMIN KOKLERI ...

R{ 1 )= .1821574 R{ 2 )= 5.622179E-02 R( 2 )=-.1779151 R{ 4 )= 1.690127C-02 RY
5 Y= 4.737717E-02 R( 6 )=-2.355995€-02 R( 7 )= 4.856627E-02 R{ 8 )=
3.4463256-02 R( 9 )=-9.875897E-02 R( 10 )= 8.7104659C~02 R( 11 )= ,1221578 nf
12 )=-.1023779 R{ 13 )= 8,707027E-02 R{ 14 )= 9.779675E-02 R{ 15 )=
&.600156E-02 R( 16 )=-5,147319E-02 R({ 17 )=-2.85CB12E-02 R( 18 )= Z.423252E-02

R{ 19 )=-2.2062380-02 R( 2C )=-3.07699E-03 R( 21 }= 2.40353BE-02 R{ 22 )=
.0180703 R( 23 )=-.1235955 R{ 24 1=-2.276035E-02 R( 25 )= §.978%11E-02 R( 26 )=.
1867874 R( 27 )= £.598686E-02 R( 28 1=-4,162961E-02 R( 29 )= 3.135261E-02 R(

I0 )=-.0194291 R{ 31 )=-.0182776¢ R({ 22 )=-5.775841E-02 R( 33 )= 7.1256440-02 R
34 )=-3.597119E-03 R( I5 1=-7.186104E-02 R( 36 )= .6888298

KATSAYILAR

NOB1= 720 NOB= 360 L= 36 N= 0 NDEG= 2 ITO= 1

ORT. 294 551 736 8B& 1195 2138 3168 2852 1576 442 404 254

193 264 422 563 868 1818 2865 2543 1250 198 186 210

SERININ ORTALAMASI ..z1208.8 STANDARD SAPMA =1170.0

RASTGELE SAYILAR ER(MG)

TURETILMIS SERI..(baslangic degerleri ortalams)

1 291 600 923 B34 941 3611 2319 1186 438 162 95 272
600 1022 815 696 975 3212 3884 32220 1759 1524 821 587
1099 1472 1440 970 1180 1764 1345 561 525 137 265 774
1242 1632 1656 1710 2332 3204 3348 2141 1169 (58 284 303
862 1228 1227 187% 121t 2430 I355 2646 1836 1492 1189 1239

1308 1848 1327 1806 2296 3522 4513 3548 2186 1291 1057 1045
1347 1447 1308 2333 1721 4813 5642 ITT4L9 2467 2004 147 134¢
1217 1298 1429 1797 2658 4167 4807 2829 2785 1781 1549 12¢4
1246 1548 1844 2271 3814 5990 L5959 4695 3690 2248 1531 1444
10 1440 1572 1611 2050 4035 4101 2634 1340 1101 1382 7. 524

11 96¢ 1483 1765 2183 3153 3762 3305 I491 2560 1637 971 943

12 1362 1575 1751 2738 3944 4602 4018 4051 3500 2457 1783 1784

LYo R oL N AN A L R % B )

13 1986 2329 2421 3188 3619 3565 2391 2719 2223 1641 1128 1117
14 1438 1865 2255 2915 3288 3745 Z645 T429  248( 1732 115 187
15 141¢ 1592 1766 221& 2989 4387 4522 4154 3287 2389 1869 1712
16 1904 2079 2306 2874 3530 3728 4512 4525 3I639 3112 2398 2114
17 2060 2112 2065 2368 2884 4¢€51 5777 4317 I500 2552 2005 172

18 1753 1834 1931 2043 3017 4445 5023 4309 3691 2921 2304 172

19 1652 1521 1325 1713 4071 3411 1663 2379 1991 2487 1328 1073
20 1137 1382 1820 27&7 4157 2979 3086 3370 3371 2777 1675 1219
21 1344 1703 2185 3307 3769 3752 2955 4001 3794 2998 2162 1872
22 1918 2288 2592 2699 3910 4710 4453 IiI7 3387 279 1932 1527

23 1627 1961 1794, 2454 3780 4958 4376 4050 3722 3027 2161 1613
24 1550 1586 1969 2441 32885 5423 4926 4443 3760 3319 2414 1900
25 1918 2104 2548 3450 3984 6261 3814 3552 3403 3375 2343 1935
26 1722 2443 2657 3630 4866 5495 4333 -3411 3431 3328 2208 1675
27 1966 2283 3615 4382 4498 5249 4865 4571 4515 3413 2581 2170
28 2016 2783 2745 3798 4832 6493 3896 2768 2052 1979 1208 1181
29 1736 2444 2897 4160 5057 5949 5356 4675 3I905 3414 2207 1857
30 1783 2034 2667 3839 5213 5527 4665 4425 4150 3250 2607 2222

OAT. 1464 1769 1955 2517 3321 4331 3980 3446 2804 2246 1582 1379

Ssaenar 430 468 630 932 1208 1146 1170 1069 1087 941 713 539

SERININ ORTALAMASI =2566.4 STANDAR SAPMA =1314.2
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OZGECMIS

Yigit Cagatav GENCER, 1968 +vilainda Adana’'da dogdu.
Adana Erkek Lisesi ’inden 10886 rilinda mezun oldu. Awxni 7al
i.T7.0. Insaat Fakiiltesi Insaat Mihendisligi DB3liimiine girdi.
Lisans egitimini Subat 1291°de tamamladikdiktan sonra, Ekim
1991°de f.7.0, Fen Bilimleri Enstitlisii Insaat Mihendisligi
Anabilim dal: SuA Mihendisligi programina baslad:. Ialen,

sulama insaatlari yapan bir firmada santiye sefi yvardimcis:

olark calismaktadair.



