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1.GKRKK

Ger-ek yakamda karkélakeéelan ol aylakavemdeaye

model |l eme -al éexkmal aré ©°neml. bir yere sahip
girdi deji kkenler araseéndaki fonksiyonel b a
regresyon anal i zi sékl ékl ai guéimiameéelgmalkdtia dwe
deji kkenlerine i1ilikkin ver:i yapéseé, veri t
belirsizlikler bulunmaktadér. Zadeh (1965)
mant ek ve ¢yelik der éomaldar i nbiul ameé&rkminkatnitré.j a
y°nteml er gel i ktirilmiktir. M¢hendi sl ik, S
karkeéel akeél an belirsizliklerin analizinde b
ortamdaki sistem yapesaeanaimacdeelkll @ame k- alegr mas
alternati fi ol ar ak bul 8980)k arafpepdgon | abhatl a
edi | mi ktir. Bul anék regresyon anali zi il e
temelini:

T Bul anék ortamdmoddllenmdsianan verini

T Knsan yargéséné i-eren bir sistemin modell
1 Klasikregresyomnal i zi var smagémbaréenén sajl an

ol uktur maktadeér . Bu bajl amda, bir sistem bi
yamésne/ veya il gili bil ekenl er araséndaki i
(bul aneéek) duruml ar il e karkeéel akél maktadeéer .

s¢re-lerinde alge farkl él ekl aré kayma&klae bel
veya i nsan yar ges én dlasikragyeayoraanalizimimltematifedtan ver i ni
bul anek regresyon anali zi il e model lienmesi

kaynakl é k|l aasniad i z e g rveasr ysaamyaémal saér € ¢h & m tbnsdad h &
regresyon anali zi ile il gilenilmektedir. Bu
sistem yapéseée, i-erdiji belirsizlik gideril.
Kl asi k regresyon anali zi uygul amalegtesyom d a Kk e ¢
uygul amal arénda sistem bilekxkenlerinin en az
-al ékynap alr @akBald&#@mék regresyon anali zi y°nt

alténda incelenmektedir:
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i) dojrusal/ doj r maankemiddabilaikraodel)p r ogr aml a
ii) en k¢-¢k kareler (EKK) y°°nt emi (EKK mod:

K1 k oranakaldekmaveAsia(1982),d oj r us al pr ogr himdgmsyan y°nt e

model inde bulanéek katsayélaréen tahmini szer
dayd € bul anék regresyon modelinin temelinde,
il e hat al ar t¢m modele yayeéel maktadér. Ayr e
aracelejeée ile tahmin edilen -ékteée @Nalzl enen -
ger-eklexktirilmektedir. En k¢- ¢k karel er (
anal i zi, Di amond ( 19@\Vang vet Tsaura 2000bFEK&E-b u P ae & k | mi
regresyon analizinde, bul aneék model par ame
yayél émlardan ol ukan i ki bul anék sayé i-1in
kull anél arak ger-eklexktirilmektedir. Cel min
EKK yaklakeéemée °nermiktir. Bul anék nleremgr esyon
ilikkin veri yapélar:é i ki durumda el e al é&nm,
i)Sistemgi rdi | er i kesin, -ékté bul aneék

ii) Sistem -eékt aindvee bgwleand kgyapéspudaur vkl ar d

Bahsedilen kesin vel/veywapall amné&rka (drse ns iod tn
arase fonksiyonel bajedte yandamhmi bubaheék]| &
ol ma (¢yeli k) dereceleri, yapésé kaynakl & be

uygul amal arendaybe&l ivesigerirjek-dabardganéak akeéeml

teori Atanassovi989 t ar laf tedamnsgr e sunul muktur. Bul ané
hal.i ol an sezgisel bul aneék k¢mel erde ait
incelenmektedir. Sezgisdlul anék ortamda regresyon analiz
bul un maBkt. aPdlésihchu ve Komarov (2012Parvathj Malathi, Akram ve

Atanasso2013) Ar e f i ve Taher.i ( 40 kX)a)t. -Bwknlcar oil -ae
Tahe | (2015)dasalsé ema | ari-eenktt LlBr avne siirsdiem yapesé
regresyon model.i parametrelerinin b¢gtenegnde

kareler teknsigzignies edlaybauléanékm r egresyon model

Bu tez -alékmasénda, At anassovbébun sezgisel

k¢-¢k kareler teknijine dayanan regresyon
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tamsezgi sel bul anéek modelin teorik ygraplées® ve
-exitli wveri setlerinin yané séra bir 1kl et
B°yl ece, sezgi sel bul anék regresyon anali zi
yenil i k- et ki si ortaya k o n u Igresgdn t naodeé r . Ay
hesapl amal ar &, Mat |l ab R2 0 1kKoch perreresigile a mé nd a
ger-eklexxtirilmektedir. Sezgi sel bul anék kg
vV e t ahmin edil en sezgisel bul anék - ekt €
donegw ¢l mektedir. B°yl eoneanatctzgi sellenbel areéle

lekl asi k ve bul ansalonuégmeeyarwt@a@mae&l malke aidér .

Literat ¢ r de yer vel asne zlgu Isegregy&banalizaile e k g ir | i -al ek ma

balzeer € akajéda veril mektedir:

Tanaka veg 1®i8j2gr, | éruil anéeék dojrusal regresyon

ger-eklexktirmiklerdir. Bu l- & ke tehmin edgen-eéskytoén an
dej eralrearséndaki sapmakaypaklené ] éboebet sr el i mtenir
tahminlerid o] r us al progr aml dened der ocebdBidImainkgtka md @ jmré u s

regresyon modeliilpr ef abri k evlerin fiyat mekani zmasé

Celmins (1987), bul anék vlkkiteriné dayanam geni mio d e | a
yakl akém °nermi ktir. Bul anék en k¢-¢k karel
Di amond (1988), en k¢-¢k karel drul gERGEKemi ni
regresyon modeli ° nielreni gzt endmhuohieperided en
mesafeyi mi ni mum yaparak parametre tahminl e

Sakawa ve Yano (k98R)el dbuémnéekegalré@nd&] é bu
model i aman!l & olprogr aml ama pgrobl eBninmario& bel
problemlerdei Kk i bul anék saye ar-asdaekakikukekanél mé

yakl akémén belirsizlik -°z¢;mlemesindeki kat

Yang ve Ko (1997), klasik regresyanalizii - i n a jr é&rl-lbmEkEEKIeWent e mi n i
°nermi Kkl erdir. Optimizasyon pr oblye°mitnieorhiar ak

incel enmi Ktir
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Bardossy (199b0ul anaél ké rroedgerbensdypo nd oj r u s a l progr
ol arak el e al mékteéer. Far kl & reditilerieldeietméye k ©° | -

-al ekxkmékt éer .

Savic ve Pedrycz (1991) al € mmamuwlaaneé k dojrusal regres
-%z¢mlenmesi ndeanemkhéekumr bueriemii | ol lyd® mméxn
akamaara- ekl ekmektedir. Regresyon model i doj |

al énmek ve toplam yayélém minimum yapeéel mak

Chang ve Lee (1996) al| &€ m mabnud aa,n € k r ezgirnedsey oanj éarnlad kil a n d ¢

k¢-¢k kareler yo°ntemini kull anmexkl ardér . AJ ¢
leger-ekl exk¥nemi kkear dyi°rn.t emi n et ki | i bir he:
°rnekler ile g°sterilmiktir.

Wang ve Tsau¢ 2 000) , bajemlée (-ékté) ve bajemseéez (

ol uk mhwregml ar da EXK&Kylleatneerki meegr esyon model i

¥zlekan ve Duckstedkeéecxk( 20dDdDgIl,i y-aglekk nvael ar énda
mode lnienrimi % | er di r . ¢ok ama-lé& regresyon mod
°rneklerl e g°sterilmicktir

Lee ve Chen (2001), bajemlée ve bajémséz dej

ol mayan programlama y°ntemi nena@dramianlaer diud an

Chang (2001), simetrik ve simetrik ol mayan
bul eErK&Kk y ° nt earhiéen emediaehMe| eeBummiodelteri # e di J er bul ar
kl asi k modell er karkél akteéerélarak incel enmi |

Chang ve Ayyub (2001, bul anék regresyon analizinde ¢-
Bu yaklakeml ar ; bul anékl é]é& en k¢-¢kl emeye
hata karelere dayanan bul anék regresyon ana
b ul aregeegyon analizidirB u yakkakéa&nlhari n | edieni lkeg-i¢ k k €

y°nt emi ne day an@ahminledicheskiakr kréel garketséyroénl ar ak i nce
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Yang ve Lin (2002)girdi-( baj emséA bayvyemfe&kkenl erinin bul

ol ddjudw uml arda bul anéek dojrusal en k¢- ¢k ka
°nermi Kl erdir. K¢ mel eme anali zini kull anar a
belirl emiklerdir. n Panaeetrd i tkhmiaimdeetkiiy 8 Ind @ knll & & n €
belirtmixklerdir.

Kao ve Chyu (e@é&syof madelim b luah & k madke mddinnk ark iy ean i
biry°ntem °n@&i mi kila rgdidzél nednb wled rea K I&akidkt eyreenl t aer nai k

uygul anmékha&a&tra Ké&iinmiedtdeglkdaektdaked sonu-1 ar

Mohammadi ve Taheri yCC200dgil,dieemarkgk ¢tko kraajed re

czell i kl eri araséendaki Pl kKKki yi model | eyen
bul anek -ékteéelaéek vei rglizlleernear adsud mdak.i me s a |
dayanmaktadeér . El de edil en bulanék model |l er

kanl é ve Apaydeint § 20@74i) k kugndmafiki sca ygélnasre | v éb
aykéeperol masé durreengurmeds yon model i tahmini i
°ner mi ¥her di e n tahmik ¢deilereklagknes aj lrebus)y © nt e md e n

elde edilen tahmin ediciléle k ar Kk @ Im&a ktt &mr é

Pehlivanv e Apaydén (2005), yapan esriimiir kaujlll arnéa rvae
dojrusal progr aml ama Eie editeh leulgularyia palye salnmé k lag
y°ntemininéavabhagpl Bogmukt ur

Hong ve Hwang (2006)no d e | girdi ve -éekté dejikkenleri

bul anek -ok dejikkenl: dojrusal ol mayan reg
destek wvekt©or makinal aré kull anélarak opti:i
sonu-1| airl and emddelrb el jarvlaenri rij # tair ré

Nasibov (2007 al ek mMasléamak s ay el abelirti@ryaesné n doai rN Dulz aikl
taneml améxkter. ND1 mesafesine bajlé ol arak

°nermi Ktir. El deeridlié e nmedealui-n aavanteapl ar e t

Baker {200 K nh&lask EKa y ©° nt e mi n e LondlamyGhairhadder

yontemine olaatt &k naneilHEkz y °bnutl easmpgérke sy o n -%z¢mloe
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i ncel evianp &ltgalamaiul e mel ez regresyon ve klasik
edlensonu-kaltaktér él mé «&EKkeregrey Malbaz dbpkeangRnt eml

avantajlé ol duju belirlenmicktir

Arabpourve Tata (2008 KK y ° nt e rbiund ea ndeaky alegg r’esey mnk meddl f
Yapéel an sim¢liaegyYyonhemadegemniset vy amuks al bul an
ol duju ddralbhml airydia t ahminl er el de edi | mi kK v

gzl enmi ktir.

Tée¢rkken (2008bul-aanléé&kk neaissetnednat inroidlenhe seir i ind inn ge
kareler y°ntemine dayaleé bul anéek Kaskeksi yonl
k¢-¢k karyedmtremiahkmamkel akt ér él mekt éer . Sonu-

dayal e bulanék fonksldgediml ati rl e daha iyi so

Yanart ack (2009) , bul anék raeng&id svyeo nd og maulsiad i
programlamayad ay al € y°nteml er i I--nécketl éesm8 kKb ulr anédk r ¢

bul amé&k és é bul aneéek sayé ol an reguebwoan n

karkel aktérmale ol arak incelemicktir.

Yu ve Lee (2010), i Ki nci dereceden progr aml
bul anék girdi ve -ékté dejikkenlerindeki be
°nermi Kkl erdir .| Kmady alk il & K pmsaglr apnr ogr aml amay
-ekitli yayélma katsayélare tespit edil mikt
Bakkeéerogaemlil) bir kalite y°netim araceé ol ar a
yayeéel ém yakl akeéeme °nermi Ktir. ¥neril en y

e
dejerl endi ankeelseirtie bidlaiapmdddek | e me al g omiiktmars.é ¢
éca, sistem model yEaKpKé scee jie-ril ne njuyuerlanrekéd le r
aj eérmoéedkelle el e al eénméextér. ¥nerilen yakl akeéem

Ayr

incel enmi Ktir.

Polehchuk ve Komarov-2( 22Ul 22wed learkail -eéikn éent i b¢ - ¢
y°ntemine dayalé regresyaoygumoldied sith Pentemearki kil -
standart sapma, hibrit korelasyon sayésé, t .



Parvathj Malathi, Akram ve Atanassai2013),seg i s e | si melribkil gngé&n sa

kullanarak s e z gi s e | bul anék regresyon model i °ne
probl emi (DPP) -%z¢ml ener ek erdgil sal khubkam
regresyon analizregnedbydbmanakaldioiirmealg®re a
edi | mi ktir.

Arefi ve Taheri (2015)mo d e | bil ekenl eri ve katsayél ar eéen
durumlarda tam sezgi sel bul anék regresyon m

tahmininde enk ¢ - ¢ k kar el er y cUiyt geumli a nkau | -l aalo@ W e R red :

fiziksel ve ki myasal °czellikleri arileséndak
incelenmi ktir. El de edil en model | er kar kel
doj r uyl®anmae mi kull anél mékt ér .

Bu tez -al ékmasénén i kinci bel ¢m¢gnde, bul ar
czell i kleri, aritmeti ksel I kKl eml er i, uzakl é
regresyon analhizliekgeanelri yamosde| tahmininde
veril mektedir. D°rd¢nceg bl ¢mde, EKK tekni]
anal i zi y°nt emi ayrentelé olarak anl atél mak

sezgi sel bul annegulamah g Eesdanubaat BFrmgt gkl empr
g e - er IMatlah RR019&®d pencereleti a n é tkeinrél iiktee aktar el makt e






2. MATERYAL VE METOT

2. 1. Bul anék K¢gme Teori si
Aristotelesma nt € jka@akoalbaurla edi | en kl asi k manta&k i ki
sahiptir. KP asleikyeamaretzelkat andoj r uo yifade d a ny .

edilmektelir. Bu n a kar K gmk agrechaxr r Bl akel an probl eml e
i -ermem@KRKt edyi¢rzyadan bakbaren anl akéel masé g
belirsizIlik 1 -emen°Clechrgamndea k @k i &k wsntuamnméEraatifi

ol arak -ok dejerkluil |l maetl emay.di0OR10 & idle e Md knaar f i
Heisenber§ ifiM o] rudo ve fAyanl eéko ol g meéskailesd ajrearsiéin a
mant éja ge-i RoyYyapghmekmant ekébibrdidj muongani@y &r
ol gul arée arasénda sonsuizmesi ider lolké dag¢jeed i o lmdu
ge i | miBKakkrgr ,K-2e0n,1 2010

Belirsizl iek akdawmr eam& meh €dkl Mmhba6 B koi nmakédl@ul anék

ile Iiterat¢gre kazandéreéel méxkt éer . Bul anék ma
yapéséna karkén dojrulujun ve yanl éxl é] én de
sahiptir. Bul anék manteéektaki nemmeldékéadac
sonsuz durum ger-eklekebil mektedir.[O0Matemat:
aral ejendaki ger-el sayeélardan sonsuz dejer
mant éKk i nsan déekegncleelve sidavikawvé almd rag eda ko z

incelenerek, matematiksel olarak ifade edilmesino | a n a k s asiptémalifBaykal ma nt é k
ve Beyan2004 3940; BakKk)er , 2011

Kl asi k k¢ méir ekl uerriamméénngeabi t &l ma veya ait ol ma

konusudur.Xe v r e n's gl AEKXpIsua." x | X i - Kanakteristik fonksiyon
_ el, xi A

X) =) -
A P N



10

Burada, x,AG n @ h e msery ¢ fonksiyonul dejaelrénrnkiel emd njé s e

fonksiyonu0 d e jad rmiarkif ,éxdfénksiyony

/.A:X - {O’l}

Keklinde tanémlanér.

Bul anék mantéja dayanan bul an&ikt kglmma t oy ¢ |

derecesile i | gi |l eni | mektedir. Bir el eman bir k ¢ n
ol makXenwdeenrs el KomeXi ndEodeki b,@llkamksi
A={(xm(¥),x Xt bi - i mi ndeBugddst er il ir

m . X- [0,1]

bul aneéek k¢mel er ig-Cisnt (Hdahgs,ed005Buldaenek e kKigmiel er d
el emanén ¢yel i k kdar ekceenseiy el Gael ty aKliakatret makt a
ol dujunda i se k¢ nfuyosvedrade, 198Iima Wuark 19833 € r

Xevrens el$un.ﬁ\-—¢,{(vr,e7;(x)),x iXxbul aneék ¢o;ateesriinmin

.+ M (X) Kacill
a A X-Kesikli

i=1

fi ”?’\(% X -SiireKli

X X

A=

—) =) —4—> (D

gibidir. Burada § ve fj ifadeleri toplam ve integralnlan@ cha  k u | n aaknt é@uin@ar

i fadel er evkeqisklli kwyanesndg me k| i ol duju dur uml e

araya gelmesini ifademektedir(Zimmermann,200lBak k € )., 2011
2.1.1Bul akns rkeellikleri

Bu b°lymdepékbkbhbmebefPtrahbhbt &lBmbhlna@ezkeslnme k1l er i
Zadeh (1965, 1996, 2004,z k a n  (BayRabVv@ Beyan2004),Hanss (2005)T ¢, rek K
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(2006 2008, K- en (2010) , Bak& ér al(@Wmnall) dréechany aydr

anl atél méxktéeéer

Taneémawkesilk ¢ meBaiil m Ak Kk miedee | emapyal Bk aldeyjae red keirti
veyaadbdhpy¢ k odlaunkl talrgedme Bu r k,¢, me

A ={"x iX|m(y @ aloi1]}
leg®sterilir.

Abul anék Kodneersailnédjee,nal-k esétilienn olukturul an
kekildde2.veri Il mi ktir.

,“;,(x)

kekillAbdl anék k¢ma-kiesiiti mosStmreek mi

Burada,Ai - @ esitindaldstlagi@m@&®steri | mi ktir.
G¢ - lakesitk ¢ mengat e mat i ksel g°steri mi i se

A ={"x IX|m(y = al0i1]}

dir.

TanemKar el )Buf méAs&ig mesi nde ¢yel i keldeenjaenrliarledne

ol ukt ur duKemelk & medi r
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Kernel(A) ={ "x IX|m(y 1
dir.

TanénmDesBek)Bul ma®ikmesi ndlejeydl iOlWdan beyeéek e
ol ukgmedir ve gfasttematmiksel

Destek@ )= {"x IX|m (x) ©}

bi-imndedir.

TanémSeénadr )Bud maAgik€@nér gk smes i mi
Senke(")X[{ gx o0

bi-imindedir.

TanéemY2ks¢BulliakhEkmesinde y¢i¢ksekl ik ¢cyelik de
dej etxdiiXi - i n y¢ kasteekmaitjiikns,enh g©° st er i mi

Yiikseklik(A) = sup@, &)
dir.

Taneé mNdEmaikkBul aAkEkmesy cksdblei lekit ise bul anék
ol ar ak aNd ramalélradnaikseg ns te r i m

Normal(A) =1, & X
bi - i mdirnde

TanémNa@r mal al t & Bublua Aaknkénke sKY{keekbk(A)< 1ise normal

(]

al t bul anek k¢gmedir .
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Nor mal hal e getirmek 1 -1in,

Normal(A)= __me)
Yiikseklik(A) ’

i K1 emi uygul aneéer .

Taném(Merked (A)) A bul aknéenke ol macky ed 2 &r eele | drly @ ki

elemanladano | u kirkrg me el.A6mé@nmémkezi ,

1—"x|’Xi-isup{nz\(x)}sonIu sayédan ob dwi kin dlarimn i k de

otd amaseéeder .

2-" x I Xi -sup{m(X)}sonsuz saygdalolkadndjehjgpopékt al ar én

enb¢y¢] ¢ ya dar en ke¢-¢7 ¢

TanemDekbB¢)eyl Xike/ i[0,1]ol mak ¢zere,

m( k+@ - k) min( .®).( ,(8) ise A bul anék k¢ mesi dék

a-kesitlerinhner bi ri kbéﬂKém(;kkieeyndiéssdag,kelQaﬂi)lr (Zadeh
Bul akgenle |l er d®et Moéembha ¢-1 ¢s¢

1. Ke s i: Kj, M) =min( 7(x), /X))
2. Bi r | engj0ogmmaks(m), 1))
3. T¢ ml enr;{(x).zl - (X)

bi - i mifradle gZhdehIA65K t i r

Taném (MonotoOluk | yel i k derecesi bireapkive cbéadal
el emaplalr ek bikgan&éasia il gil.i cvyelkkenf.@aokl4i)yo
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Abul anék k ¢ mey wk anraékd a¢, zteaareé ml a n am grafiksele  k ¢ me
g°st er i 20 dvekilmdktedir. 2 .

(%)
Kernel (A)
| TR Py
Merkez (A)
Sur (A) \
0 Exl“ X" Y]
Y
Destek(A)
kekRBuRapgpm&z&l | i kl erinin °rnek g°steri mi
2.1. 2 kkBumledee& i -in cebirsel I KI eml er
Xevrensel KABH X baull sainnre.k k gmell @ ki fioniksi yonl ar
mve godiiyel i k f onksméy obndllaarnéé kk ukl ¢l naenl ée r I -1 n ¢

¢Cizelge 2.1 (Zddeh196®r ¥ 2 kn@®kt e210 0 3

¢i zell,LgeBwl.anék k¢gmel erde cebirsel i Kl eml er

Exkitl ik AzBUn;\(x):/g{x), % K

Kapsama AEBUmM(R ¢ gt®, x IX

Kesi ki m | m_(x)=min( 7(x), %) =.(® Ay, X X

Birl ekim Mes(¥) =maks( k), g1)) = , () U, x X
T¢mlheme | A-Apul anek k ¢ me"ncil X icin g () # y/@(X) |
Cebirsel Toplam | m, .(X)= (X)) + A% -, (R, X X

Cebirsel Fark M s()= m. (9 min( /9, M), % K
Cebirsel|m. ()= ¥ g9, "x iX

Cebirsel kuvvet | k20, "% IX icin/m, (x) EqX)f
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2.1.3 Bulsanyek

Abul anék k¢mesi

(@)

rr mal bul anék k¢ me
Kb¢key bul anek k¢ me

stek k¢mesi séneéerl é

O O =2
(o]l

D

nen b&-ekesii,bigrer - els usnauyné kdapjarlte ar al éjJ énda

A =2 =4 =

>)
(@)

i se bir bul anék sayBéul amlnarka ks atyarn éaml abnunhaakntéakd é
olarakifade edilmektedi(Pedrycz1989 Bak k)er , 2011

214LRt I pi budveeanlk & s saigng® st er

Literat geé #e kel laane&kl syudloasdare IPradelLR 1980) 06
ti pi buldaéhfe kt ismiy eHamblgdx) eelRk(Xsiasyeé bul asékgsaykacé

solves aléséml ar &kraed aka ®tr e rse¢ n (Bubdisove FRrazIé,;l%O@.llea rder

g°sterlR etni phii sbhauyyéasné& i -in ¢yeli k fonksiyonu,
é &x -a o
L 5 at x ¢
I -eg T 0
'I\(;'a—
[ b¢x ¢
mO=1
}Rge—gcctxctd
Agd'CT
} 0, d.d
dir.

Burada L,R:[0,]- [0,]:;L(9=R(Q =Ovel ()l ® L 6di rR tipiLbul anek

sayéelPa@bagdi |l e g°sterilen ybanwuiksiAk(ahdieanék s

gesterillbul ap€kesagé kull anémlaré yaygeénder
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215 -gebskehbhnék saye

l - gemmaé¢lasnaeyké | ar Agx¢anbe) K e kklliende i fade edilir.
bul anék sayeélardan biana odiatn %rmelsaif stbe ian
gibidir.

a X b X C
I
\ TEN R

sol vayilim sag yayihm

kekBl |2-.gensel bul anék sayénén °rnek g°ster.i

Burada,b ¢ -egn s e | bultaemp&k eljgzEranen(s ér asléetyl me ¢st s
dejleeol arak tanémlanmaktadér. | -gensd@dvVve bul an:é

sajyay @alexhngy ¢ k1 ¢ &veed e jyearnlier i me r k e zo | dmeaj | eérdeé re. K

l - gensel bul anék sByédinleea vveril ki Ebinksi yonu

X
1
QD

Te , atx @
Tb-a
mx) =12, b ¢x ¢ (2.1)
TC-b
T 0, X>cveyax <a
I
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2.1.6 Yamuksalbul anék sayeée

A:(a,b,(;d)Kekl i ndaiy@er t & médmulkasmmdn bubwoé &j] salyédn
cyel ik dej eroil diug ubjnwadetdls&tra aéyl av,e ¢ St [ i n

g°ster mekdruwk sal @wud mare kO rsreekki |g OBritredtedini e k

=4
-
(w]
o

kek#d!l Yamuksalnérmlrmnmr&k st er i mi

Yamuksalbl anék sayénénkEk:y @lvarfkekfedirnk si y onu

Tex-a’ atx ¢h
Tb-a
T 1 b¢x ¢c
me=i (2:2)
=, c¢x ¢d
Id-c
boo, x < aveyax >d
2.1.7 Bulsayekarda aritmetik ikl emler
Bul anék argnmetkeel ¢ebirsk)la Kk | e mlae kesitierink m| | an é méa-yay geén

kesitlerle yapiedahacdbyasékE B5BwrhEadmamve |l de e
Gupta 1985).
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kekbl -Bensel bul anakesitetring €sier nmPrnek
A=(ab 0 ¢ - gensel b walkasil&ik a $[@3 e n[gmx.Tol mak, ¢czer e

x‘=a a(b 3o
X =c -a(c BE

let anéml anér .

a

Buradax ® ve x;" s € r a a €kegditar, anlénf éalt séneér dwBenzerst sén

kekil d=(abcd yamuksal bBasdy@néekm-kesit ar al éj]

X', x]=[a&(b ¢ d &d HP-bi - i reldenedile(Kaufmann ve Gupta 1985)

AveBi ki ¢ - gensleaerléeuIaﬁn@zﬂ&&eésnaéyréa,&aé:)g&aa)ga ve

§a=gyLa,yRa ol mak c¢ezberres,el ikl eml er:
Toplama
A+BT X Tk TENE R T OB Byt R %

¢tékar ma
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A2 . B2 :3)&‘3 X’a)& a)é
¢ar pma
A2B BT Y Tx TN
B°Il me
AIB =gx 1Y "% F¥
k>0 icin kA" =gkx “, kg *
bi - i mi {Kaugndnn ve Gupta 1985).

Klir, Clair ve Yuan(1997,- ar pma ve b°dume] é kidéennel melirddimaikt adeér

¢car pma

St Xt 7 VE . ¢ géﬂn(XfyLa,&% Sk %)
. T Emakdx TV T x % % S % %)

B°Il me

% Y& Y a—gf.?in(xflyﬁ’,& Tk % PN IR )
- T gmakdx T X Iy % TR % Py

Skal arl a ¢arpém

fé@gﬂk)&a g,k 0

k‘ a, a k ‘a’ a
8Lk 8{ XE * }%()(Ra,kxf g, k<O
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2.1.8Ge ni kpremsie

"x TA (i £2,..n)i - imix), Abul anék k¢menin ¢yelik fon

A..,Abuanék k¢ mel erin; kartezyan -ar péme

’??D>)

ger
Mo 04 %000 %) = min[ g(X),..., g10%)] dir.

y=f(x), xdej i Kkeanlitnénnd a k i gere¢enxtbyus anékmbkr ¢ zaly
bul anék bir k¢xhmemdefairns ak evnedyinasl ish elmpyh @ d& kol ur s

bul anékl ek Zadehodoin geni k|l eme prensibi ile |

X=X, 3%,,... X; AA...A seras¥y,a,X ¢czerinde taneéemleé

k¢mel eir A, é&A,...x [Aolsun. f(x,%,...x): X- Yolsun.Y&eBbul aneék

k¢ mefsd A,A,...Adden genikleme prensibine g°re,

n%(y)zlli.émaks(minm1 & e &) fry) A
f 0, dd

olur. f t ek dej i kKkleh| fionkvsei yon i se geni k1l e

m(y)= g(x) = of ') ; f*(y) . olur.

fbul ase é@(y):{maks(min(m@), JK.y)), xI £t (y} olur. m(x,y)- xile
yobyi bajl ayan f onks({Hsgnesn200b) ¢yel i k derecesi dit

2.2. Sezgisel Bul anék K¢gmel er

221.Sezgisebul anék k¢gmeléerin tanéet él mas

Bul anék kgeaevre- dkolrayatt aki belirsizlikler:i el
raj men bazé duruml aSaagiysedlerisulzawkiad nakk miasddmee

teorisindeki belirsizliklerindsha det ayl & ve ger-ek-i bir yak
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Atanassovt ar afléintdearnat ¢ r e . Bualzaamédke r le { mé&ikm irelirmi kg em & |
olarak anéml anan sezgi s aitldmd uehitaolméanka déreglen bitlikker d e

incelenmektedirBu dur um, bul anéeék k¢me teork-sii nkei rg°r
yakl akémla ele al énar ak, hassaSezgisonbul agé&lar
k¢mel er de ati olmamalvmea, bel i rsi zl i k derecel eri
(Atanassov, 1999Arefi ve Taheri, 200 p Bur ad a, belirsizIli k derec
k¢meyd upi tolamnamaséndaki. bRdliirrssizadliikk ddieg ruenuaa
durumda sezgisel bul anék k¢gmelerin, bul aneéek

TanémX2hog ol mayan eh/malnsﬁgsbzgikée,nbeulanék K¢ mesi

olma- aitolmamaderex| er i ni n mat dnatii,k sseelr ag®sytl ear,i m
m:X- [0,1]vev;: X- [0,1]
bi - i mi Aresbovive Gargov, 1989)

A={ «x m,v,>x I sezgs el bul ané&kiXi¢-niemyi(x) dne(x 1
dir (Atanassov1999)

Tanélh. 2 At anassovoun sedagéls&sﬂnahlélmmméiknag,emietl ea
olmama dur u mutnear eidl di¢ktklikytdya hadsasiyet erse cesi tavenée ml an
pX)i 1l e g°steril mekt Q,cq\ﬂx)rxi X B e)imatenmtikseifadesiE kd.e r e Cc e S

2.3Ge verilmektedir.
PA)=1 - () v, (%) (2.3)

TanelB (2(m(X),vi(X, g(X¥)sezgi sel éb unlg\é&),rvAéx)d [04] aoymak

iLzer e;
0¢m (x) W, (X Tvep,(x)=1- (%) v (X

dir (Atanassov ve Gargov, 1984refi ve Taheri, 201p
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XevrenseIA:l{é)«rvq\,vAvmx X} sezgisel bulanéek k¢ me
olma ve ait olmama derecelers € r g sm:¥XI- 0,1] ve v;:X- [0,1] olarak

tanémlanmaktadér . Sezgige®elmebul Bn@k skgmemeee
verilmektedir. Sezgisel bul amagksélkegmghs her oileni i se
g°ster i (Ataradsayl®ad) r

kekbBSe2gi sel bul anéek k¢me geometri k go%steri

— v,
% } #3()
-
V() {

]

kekitl Rezgi sellerbwml ood @k alkksmae g°ster i mi

22.2.Sezgisdd ul anéek zlkime kIl er i

Xevrensel mekmeesezgi sel bulmnpske rkadoelea,dir
Bbul anéek sayélarée i-in ¢yelik fonksiyonlareé
f onksi yon lleayragmayka racdderie- b mz ez gi s el bul anék kgl
¢ i z e | 6geverinekidir(Atanassov,1999)
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¢i zebkgeSe2zgi sel bul anék k¢gme 1 kKl eml er i

Ekitl i A=zBy m = gvev,(X)=v(%

Kapsama AE Bu me¢ gvev,(02v(Y AEBUBEA

Kesi kil AZEB xmin(m(®, gt3),maks(y (X,y (X) |* XK

Birl ekl ACB={ smaks(m (X), g¥),min(y (X, ¥ (X)) [* K

T¢ml em Asezgisel bul anékxikjme mi n

={ xv(3m(¥ x ¥

p =21 1

Cebirsel toplam | A+ B £ xm(y Ay L% % v X WX | x> X

Cebi rsel,&g:{qnz\(g/gqg,\ﬁ() HXx XM Xx| » X

Di jiekrl en

m)+ g(x) vi(X +(3 |
2 ’ 2

ASB={x.m(% g3 Xy X $ x I X

A B={ « m(X)+ g(x) vi(¥ (3 x Ok
20m )+ g(x) 4 2 () € (X D

S (G R JPAC 10 16 R
A(X)B= 2. , 2. I X
B=L 2 e 2wy X X0

A@B={ < x %

_ o O g _
m(x)= g{x) 0 ise e 0

VA(X).VB(X) -0

Vi()+y(%

AE Bve BEABve BE AiseA =B dir.

Vi(X)=vw(X D ise

2.23.Sezgisebul anék k¢g¢mel erin geometri k go%steri mi

XevrenswedAveBmezgi sel b wl anm & kgeerogmreet! reirk g% st er
sezgi sel bul anék k¢gmel erla yapamiae rgeediewiiml
akajasmd at é |(Atemdss0g19BY
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V_](x)
f; II__.,-'
. "
0.0 (1,0)
(%)

kekBlISe2gi sel b ulgemelgéeko nkestnreilke rg°nst er i mi

a) Sezgiel bul aneék k¢ rbdlrdre K ii:m ﬂAQgi K1 eimikoordinatlar:
<maks(nz &), g1&)).minf; )\ (X)):i | e t a(At@nasbos, 10895 ez gi sel bul a
k¢me Dbirl e@xkni ngeiokmeamii ki -dp¥esilmektedirm k e ki | 2.9

f:;_,g(x)=f3(x) £

A

3(-’5) = fg(x)

fj(-"f)

kekBl Rezgisel blwil min@kii k pimelgemichet ri Kk g°ster.i

b) Sezgisel bulan & k k ¢ melkeers i ki-m aniEBl{IFbmi n koordinat
<min(/m (X), A1X)),maksf; )\ (X))=i | e t a(At@nasbos,1089) Sezgi sel Dbul

k¢me kesi kinmgiewlmemir i ik- g °ksgibidit i m keki | 2.106d

e

S0 =1f3(x)

Ji.5(0) = fp(x)

kekildSe2zgi sel bulkermsaikkilkegnme lie-ridre geometri k g°
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c) Sezgisebu| anék k ganteilregseli -thovpBamz g el bul anék
ol mak f‘;;ﬁg()el'rFei -in ko oami(x) nrax)l agx: (M, w(3. w( X
ol ar ak t an gAtanassonil@d90)t aSleezrgi s e | bul anék k¢mel e
i K| eammi giecomet r i k @ @wetilnektadm keki | 2. 11

v, (X) "j(x)-vg(x)

:; o | Hp(x) H3(0)-2p(%) W0

/Juj(x) J[-':j(x)"'ﬂg(x)_ﬂj(x)ﬁg(x) vy(®)

Hg() \ v =10 —

V() vy(x) 1 !
kekill #8+0 Cebirsel toplam i-in geometrik g°

d) Sezgisel bul an é k k ¢ niie.1oe r Opie-fig)i°Fi¢-:i n koordinat
<m(X). (X, V(X (¥ v(xy(x ol ar ak t an éManassomEO89) adéer

Sezgi sel bul aneéek k¢mel erde A. O nNn gepmeetrilet © r ¢
g°ster i midbdek gbidir. | 2.12

f:i.a(x)
V3 (00 +vp(2) — vy () vp(x) freeeee ] 7
va(x) ........ | ....... .'
Vj(x) ........ ..
/ -"-‘EE(IS\. 'ua(x)
H(%) 15 (%)
kekild #.0 operat®r¢ i-in geometrik go°sterim

Sezgisel bul anékg%gtmed iemli eer i2,D svér a3sbey | a, k e

veril mi ktir.
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‘l—‘_-‘(x)

F

0.0 5(x)
(L0)

kekild2DRg®° stieri m

R(0,0,1)

v

T(1,00) i

5(0,1,0)

| e
A

k ek l143DRg°ster i mi

224.Sezgisebul anék sayélarén taneétél mas

Taném.A%{qng\(%,vA(X X Bile tanemlée sezgisel bul a

aksiyomlaré sajl eyor s aesddirdganas®oV99®.ul anek say.

1. Anormal sezgisel bmllgnlevev,(9a§é&é ol mak ¢zere

2. mx( ¢yelik fonksiyonu) konveks i se,;
m9.( Ix+@ - ¥x) min{ ;(R), (O}, %, % X,/ 10,1]
3. Ait olmama fonksiyonw;(X) konkav ise;

Vi(R-(/ ¢+ (@ - )x) maksy (x),% (%)} X% X /[0
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TanélmAZ- gemmeszdi sel b ulAa na@thimasva aitélmama deteceleri
i - &a+4kesitlerk e k i90dZsit er i (Amfevk Taked,i2015).

v

kekil3. A2-gesnnsrfi sel sbeunléanneéaki ts aoyléma ve ait ol
°rne-kesit g°steri mi

Burada, ait olma ve ait olmama derecelerimrk e s i t | e rEik2.4véer aEskeky |1 2a. 5 0
gibidir (Arefi ve Taheri,2015; Guha ve Chakraborty, 2010)

Alal={x g% ?}a (2.4)
AJal={x1 v(x % (2.5)
Tané&A%{(ﬁ,ng\(x),vA(&Nxl'lilsezgisel bul anék kg¢mesi

1. m,Asezgi sel bul aneéek sayniéaéq\r(rénlverw(n)kré@zdiérol ma k

2. Asezgi sel bulaakeséldi(Okg MeRdinninn k o mp a k(@®uhar al &k |
ve Chakraborty, 2010)

Tanénv’. B.slezgi sel bul an@k0) ®B@ax<6 gi@m(OP=0xd t i f

v;(d=1dirAsezgisel bul ae®isesxe? igism(x) 7@ g &) i f
dir (Arefi ve Taheri, 2015).
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(o]
S
QD
—
(@]

Taneé s LRtipindekiAs ez gi sel bul anék sayésén
se r a sEéxk9.6vak k2.7aev e r i | (Anefi et Taheri, 2015).

(2.6)

¢h = (2.7)

Burada,L(.) veR(.):R - [0,1] azalan fonksiyonlar vé.(0) = R(0) =16 d L-R tipindeki
sezgi sel bagenel § R s tsedkyigmsay, § 9 Kkekl i ndedi r . Bu
s,sl RGCO(s >)ves,si RCO(s >s)séraseyl a, sezgditsel bu

ol ma, ait ol mamal derecsedjer yayéelia@dhaveene ¢g°
Chakraborty, 20104refi ve Taheri, 2015)

Tanéem® Ax(nls, 5; s 9xL-R tipindeki sezagitsmalveditul anék

ol mama derakesitler i i -1 n

Alal=gAf 3 K, mggm sl'( )am sR() g[ m @&- ), an @& -)]
AJfal=gA (3 K ngem sL()am sR()g ® 8 ) an' 4 -)
olarakt a n & ralk & réAte® ve Taheri, 2015).

Tanée2 M=(Mms,s;S s, N nrrrnp)s LR tipindeki sezgis
sayéel/lbBR-{0yeedBezgi s&sayBulaanar aséendaki baze ikl



MAN =(ms, s; § §)LR Anﬂ’ﬂ:l{,"})m
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=(h+nis s £:5 vS bk (2.8
~ ~ B(/m A -V 2.0/
AN :1IB( m A Y Yk (2.9)
fUm- 4, - % -sl 94, 0+
bi - i mi {Ddbeigive Prade, 1980)
Sezgisel bulanéek sawvweNanmidrm p @ziptmaf i we emd g a t- i
g°re ayré ayreé incel emeveylrachtédlrmékt ér . dur
1- M >0 veN >Cise,
MAN =(ms, 5 9= A NS L D
= (W W W W ), (210
Sol ve saj yayeéléem de]j eilleéldeedlr. akaj] édaki ekKit|
w,=mpog wWoomr o ng
W, =mr, s w,=mr, ns
2- M <0 veN >(ise,
MAN =(ms, 5§ 9 ANS ST Die
=- (M3 $:8 .8k AMrgirbk
== (MWW SW LW )
=MNowW W oW W, (2.11
Sol ve saj yayeéléem de]j eileéldeedlr. akaj édaki eKit|

W=ns -mg W R3 AY
W=ng -mg W RS AY

3-M <0 veN <Cise,
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M AN :(m§’ S § I§)RL 'Z%‘ nrj f’ ‘E)LR
=M AN
={ms $:5.50 A(-my.rip.r )
= (Nw W W LW, (2.12

Yayél éem dejerl eri aleddeeddiraki exi tl i kler yard

W=n§ -mf W RS AY
W=ns -mf W A5 A

225.Sezgisebul anék sayéulzaark laérkaséndaki

Taneéen MveR sezg s e | bul aneék(a)saajyéérllaerk oflosnuknsi y onu

olarak iki sezgiseb ul an e k s auyzéa kalwedds elp dla & $ a p(Atanassos, k t ad éer
1999;Grzegorzewski, 20045uha ve Chakraborty, 20;LArefi ve Taheri, 2015)

1
z

a(V.N)=Gs 1@( (M4 NL D +d ML B NI ) dag
€o )

d”(W1,[4, NL3)=gM(a -NGr g +MCR MR

d* (M, ld, N [d)=gM-(a -N(rg +M(r N(Rr g (2.13)

f(a)=[0,1]]ar al €] élnéd aarttaanneni gekseyon ol mak

1

f(0)=0ve ff(@)da=1
! 2

dir.
Tan22 (IFN(R),d) ad&§ édlakkul | aré sajladéjé i-1in

1)d(M,N)2 0



31

2)d(M,N)=0 UM =N
3)d(M,N)=d(N, M)
4)d(M,N)¢ d(M, A) +d(A N

metri k uzay oArefivealTkherg20l5a ndéer el ér

Taneéem® M=(2s,5s;$ 9xve N=(nr,r;rr).ikisszgi sel bulanék sa

czer e;

d(M,R)=(m - R 9° (f+ 9-FIA L g (& 9°-(1 3° -
Af (@)(R*(8)°dar(m-pgr, 9 (# $- g MRt )ada

1
-(m-Ngr s) (8 s) B3R (3da (2.14)
0
bulunurE k .148@ f(a)=aol arak yerine yazél érsa

d(m,m):g(m-rf LEr 9 (9% (F 97 ¢ ¥ g-

S-nBEs) € s) (+8) G S)E (2.1¢

sonucu elde edili(Arefi ve Taheri, 2015)
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3. BULANI K REGRESYON ANALKZK

31.Bul anék Rvmdgliee sy on

Birsistembi | eken+ ékit é(defdkkenl er) araséndaki i
kl asi k regresyon anali zi °némbhij emi eé) ava- bare
(bajémséz) dejikkenler araséendaki fonksiyon
ile ger-eklexktirilmektedir. Kl asi k regresyo

gerekmektedir. G¢gnl ¢klertiedbglimit t B BHaewvmhakéebhdu]

g°r ¢ledneBut nedenl e sistemlerin model |l enmesin
durumlarl a karkél akel maktadeér . Bul anék or
-al ekxmal arénda bul anélkamelgmaeltyaoctéra.nal i zi ( B

Bir bulanék regresyon model i,

TSistem bil ekenl eri araséndaki il i kKkKinin,

1TSi stem bilekenlerinin kendilerinin,

bul anéek ol duju duruml aBulianénk gReergreekslyeoknt i An d
duruml arda kl asi k regresyon analizinden dah:
késaca °©zet l%rmreek k h ad mir s &,¢sis ¢ &t iosltd kjsueedndavar
sajlanmaddéj ekeal er araskeaywnvwakheé veel i ryaipZlsiek
a akt éennmaadléeard a ne runyagt ui nff  boil ra r aa(8hapkraj 20058Vang | ma k t a
ve Tsaur, 200D

Bul anék regresyon (BR) modeli temelde iki b

1. Olabilirlik Modeli (TanakaModeli)
2.En K¢-¢k Kareler (EKK) model i

Olabilirlik modelinde bulanék model kat say
model in belirsizlifji (bul anékl éje) en k¢- ¢kl

her bir °rnej immesirikonwoklital werena&l malkt ader .
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EKK model inde, mod v e ytaayhéniiénma- ébkatjéel &k todear g
araséndaki f ar k Baurdl adnggjkre kd ssdmmrenkaj deegllsiy .mat ri s ¢
ile,

Y =Xb (3.2)

olarak ifade edilmektedir. Burad¥,.,;b u | ae&k € dej i kken iX.,n g°zl
cgiordi dej i Khkgmbluel raomoedke Ir | b at s ady;éBlkar 63 .aledkik ° 1 ¢
g°stéE&kimB. 26deki gibidir.

Y=b, v + X i 1,2..,n (3.2

3.11. Olabilirlik modeli (tanaka modeli)

Kesin girdi ve bulanék -éekté desyonmddeinkl er i ni I
defaTanaka VvEeEl@8BRertaeraf éeadlialnmilkttier.atQlrab imail r |

daad!|l andér él maktadeéer .

XveYi ki k ¢ me d(x,adokksiyoguaun k ¢ mes iYikk¢gene si ne t aneér
oo duju de¢kenel Achnul ama@rka nkegt meesl ienf (xeAh b u If sardéek e d
fonksiyon ol arak adi bhedg?séeteril Exk. 3.3

fixX- F(y; Y=1f(xA (3.3)
Ybul anék k¢mesi iEk.n %F.yded d &k if ognikbsii dyiorn.u

gmaksm, @), {aly=f(x,a), A
m(y) =1 (=103l 4 (3.4)
[ 0,

Bul anékusdad regr es yedade ediondkéetlii Exk. 3. 5

Y=A +Ax .+ AXx (3.5)
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Ek. e3bwbloana&kt; girdi (a- ék) bggeddsejzi kkene i1 KKkin
X =[X %0-- X1 bul anek katsayel aA=pA,Ais Alkkein vek
g°steril mektledivreeri Bre.n d.ud gngensmeldebulbahekes

tanémlanmaktadeéer .

Bul anék regresyon modelinde bulanék k¢gmel er
ve i ki boyu,t | sué rgisslé yeBralmlivkeerkk e k i | 3.2 ile ver

kekil.l Bul anékipamammegyusttliearri m

c; o
Sol }'a}'ﬂu:nl— Sag yvayilim

(8z'mod)

-+ Lt

Destek

kekkl Bul anék parametrenin iki boyutlu g°ste

kekidde3.s2i metrik g,-genseIAjb(ajl,qa)bélk asakékat sal

i-in ¢yelik fonksiyonu

m(@)=min{ 7(a)
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. a
11- — a < & & g+ (3.6)

il e tanémlmngar - &lkan.Me36 Ghoeelde ki gi bi dir .

e (@ -a)
%1- Jc. =, a l@ ¢,4q)
(a)) =] ' (3.7)
nﬁ] J Tl (aj_ai) |
e a i@ g 6
Burada,a merkez,c,yay el ém dej erini i fadebaf mékbédr al

bul aneék nroedgerl & SyEmN. v 8r. i8] mi kKt i r .

Y= (@0, 6) 8 (&)
j=1

=(a0:C) € gc)x + (48G)X (3.8)
EK. iBe8verilen model bul anekl éejé (belirsizl
minimize edil mesi il e en k¢-¢kl enmektedir.

veri noktal ar @&nén k ap sual nammaéské nhedgindetts@ylobnn E k n ma

kat sayél ar &né mioimpide adiimeyi p=1.2,l.®kimeémhOo | mak ¢zer e,

. e n
mingc, +a ch‘ (3.9)
é in

(e e Q

il e g°steri lileverken klakik negresynddBkz.E kK 9 ) a3 .t 2& katelarr € n
topl aménén mi (minfieliel ee db é meesri di r . Bul anék r
i=1

sapmasi st em yapeéesé b elnekted.iKiadikirepresyondae kt Ei d &) | r k¢
kaynakl & hatalar tek bir dejikkende (gopl anme

gzl &hiebi | i nmey-eank ggfeBE(F)iak aséndaki mekedinay é i f
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ve e =Y. -E(Y) olarak verilir. Bul anék regresyonda hatalar

vas@&ttalsm model e daj él maktader.

Zadehodéin geni kl eiIEmqunIrremls,i\?plilelrymnrédkémséayésénél

fonksiyonuE k3.10ile ifade edilmektedi{Tanaka, 1982)

é |y-xXa
Tl-‘y'T—‘, x ,0
1 clY
my)=1 1 x 0,y © REEMY (3.10
} 0, x=0,y ,0
1
|

Bu exkct' Eflgickt,elvea=[g 4., ,jol arak ifade edil mekte

ekKi tl i k llesoulunyr B\fang&enTaaur, 2000

Al t §Téaea{ iG) X
Merkez:\F:g a X

| st S’?@a}éq #G) X

Bul anék dojrusal r-elgu lesryokn preordeerhd tnrdeel earman  t
mi ni mum yapar ak émede k¢ b.y kMmanle kiégneknsi yonu

minc'|X| = ming (c hi*;'\‘)ﬂ) (3.11)
j=0 iz

veya



38

minJ=¢q 4, g (3.12)

let anéenmdéasmétrl.ar bul arQYEE),k b &jkaéa al & ed @ kikkelknemi n g°

\?ibel [ O bkapbkadg gz a¥ki rR.d@&durunthaterbagkkel ofatale n i r

V- 4a
y I T

R

' 12, M (3.13

bi - i mifacheedilir.

Bul anék regreéesyondigdreal i%anenmaleii dnokt eBRh anal i z

(tahmin) ile veriled¢iaepséndaekit adgpadnaifl mak & ;
m¢emken veri aral ejéenén boywelui kKkomomlosi yeanud m
k¢ mesi gerir.itd g z ey me Ktud an @k kess ay @ laanrednkié n t e
kekile B&. 8@gzeyi 11l e ol ukturul an dsognrduan uonl dauljtu
g°steril mektedir.

Y

o

kekBl Bul anék r Ehgapie20950 n ar al éj é

Simetrik ¢-gensel budaneyki nsiany és ei--iimmi hi=1 nd if
analizler yaparak karar verilmesi gerekmektedir akt é-d mae g i mic,meseni

eksikyare m dgtano | ma dur umunu [@Yar @Ingjnéen cad abealki r | er

hd¢zeyi kul | aAnled tag ayké lbaurl @amérk t aktedii n edi | mes |
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Uygun aralik

a;,—(1-h)? a;+ (1-h)ct

kekidhddzieynodel bul ag®kt krait miay €

asimetrik ¢-gensel bul anék sayeé mjl-nj‘la,k czer
a+tciile g°steril mektedi{lrhg,aAi(le-m&n hakalséjté |
t anémyeaennér uy gun ver i aral ed¢ezegl araarkt t ad } an
parametrelerin saj ve sol hyayéfékyddagdn nteah mir

b¢yé¢yecekt h-dgzeBur,adtaahmi n dejerl erinde el d

derecesini g°stermektedir.

h d¢zeyi il e tammidreljerr | e @t alcémideakde apap@dma
bul anékl &k ta k t.addasknregiesy@nnanalizinde hatalar tek terim@ (

toplanérken bulanék regresyon analizinde te
kat sayélaréna yayeéleéer ve |ltkkmdeatehaieedlir all eer k
(Moskowitz ve Ki m, 1993) . Késaca tahmihd¢izdyil en | e é
g°zl eml enen bulanéek wveriyi -di¢gzeeryme k1l 6zeor uamk a

ol mamal edér. ¥te yandan h dedeKi defaeryalalzar:

¢ o] u h30,6 darak tercih edilmektedin-d ¢ z e y i i | e d¢(Xevetahiminmi k g°

edil en b (Jﬁ)@‘hs‘etk' e rkieenkigkdégibidir. 5
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% =(y.e) Y= 4, + A,

m—e, V- T v; i, m, +c;

L—» v, —(1-h)e, m, +(1-h)c,

m, —(1-h)e,

kek B.NFniBY i | e uy u(Bhagiro, 2008 ¢

h-d¢zeyi 1 lmodgellstieriinl eviirlie atraan &mléa nEma k t3a dlér

[m-@-Hg.m & Hd
Burada,
m=3 ‘a 3x
j=1
ve
6=6 x|
=
dir. h d¢zeyi iilre Werzieldr dImédjke mo-del

W . e n. g
u+aay U Bee asly o
j=1 e j % u

bi -imindedir.

(3.14

go-sterir

(3.15)
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Tanaka vél10BRé¢rlteariaf @éndan dojrusal progr aml
bul anék regresyon model] akaj edaki gi bidir.
Ama- Fonksiyonu

minJ=¢ 4, -+ Gt (3.16)

Keséaz2hDar

m+@ -he ¥ @ he

-m 1 Be -1 He- (317,
Burada J=¢ 4, + ¢i bul aneéek medglinrre g bnr si zI[ i7]i ol ar
edi | mekit3@diilre ¥&rilen dojrusal progr aml ama

sonucuA =(a,¢)bul anék p@hmmnedimektedir.e r i

3.12Bul amre kk ¢ - ¢ k kareler model i

Tanaka ve dipPearclrdiijni ol @b982Yy 1 i k regresyon
yapéséné tanemlamada °nemli bir ara-teér. ¥t
ile -exitli ar akdjearmaeréd iarrid tmd k® B &8 n d ala la eno ma
Tanaka ve (IB82)odralbarliimiln k model i niemn|l erRkkgt gkr
a-ék ol mamasé durumunu vurgul améxteér. Ayrec
mo d e | uyumunuwmerbilmeméktigasdir. Bu nedenl er | €
tekni kl er i il e gel i ktirilen bir model in d
agéel andéjéenée belirtmicktir.

Savic vV e Pedrycz (1991), Tanaka model i nde
gerekitfigdeai et mi kl erdir. Pet ers e(rll9%94e) , d ulyaanre
ol dujunuMoKkmwi t z(1996gmKdP &klsdad alma] éms éz dej i KKe
-oklju abna € sorunwWamlguwab iTlseaae] i(n20;00) , Tanak
regrespn aral éjé ile ilgilin@aylbgehi bt mi kloerudnurmn.

di ] e(@99®,rHogti (2009 |, baj ékmerkerdief i ort alxayaense é - éka
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(x,-X)kul l anél dejénda tahmin fonksiyonunun far
durumda, i Ixgielfier-a®nzs¢ mionkt aséna bajéemlé ol aca
Tanaka modelinden farkl & ol ar a&idnca modellermen € k EK
yakl akémeée ile klasik regresyon - %lelkasik e mesi n

regresyonckaratteekhnhaménopl améné minimize ede

EKK-r egresyon -al ékmal aréna wuyarl anmaktadeér .

Basit do]youmadl(YFggtbe sta 12, n}i - i n IKkglmene&k | e
ol ukt ur Bk a8deék dgibidim

Y=b, +ix +e (3.18)

Gzl enen il e tahmin bu@)neak mialt @t sdeak ar a nNe |

yarar |l ahme&d makt

ming (%- )

miné - & - ey (3.19)

EKK teknijine dayalé bulanék regresyon mode!

T Uzakl ek °1I -¢sy¢
T Uyum ©°1[ - ¢s¢
kull anélarak geliktirilmiktir.

Uzakl ék ©°1 -¢s¢ kurldgarneasryackn bmd daenléik EIKWKK t ur ma
Diamond (1988f ar af é ndan g eA={m,k,I)dl«verilend 1 gné kg élr .bul ar
s ay € mnmodu (merkezi),l,:s o | yaryfdjémgay el eémé g°stersin
B=(m,L,r,) ¢ - gensel ballean&lkeé gasgesakd ibkibaadklakiay

uzakl ekl>-Mmletesiil
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d((m, L) (m, L)) = m, -mP KEm B (m, BIE [(m+) (m, ° (3:20)

olarak tanémlansén (Diamond, 1988) .

Ek .20 i@ verilen (3-met rY yeiVj=A +Bxf ar ké i -i W g®ydeln@msér

bul anék\ﬁc‘tahminedéen(medet)ul angk geanlsted tbamhamle&dmalayg@eé
sér aseéeylvedk KEROS.d e3k.i2 gi bi ol sun.

Y=(x.q.¢) (3:21)
», Saj ¢&nayel
sol yayeéeleéem
» mod (merkez)
\F=A+A>,< (3.22)
s e
> (b )

Burada,x k esi n gi iddir .d eBjuynxak €Brbrué anék regresyon n

paa metr el erin Biaheiwnérirlien EEKKK30R2ti mi zasyon |
Mins(AB =8 d A+Bx ¥’ (3.23)

Buradali [Ex.ve&ri2l en opti mveakE2ds®lkf@greonbsled mib uH ka.t

saty@néml amal aréna g°re yeniden d¢gzenlenirse,

Mins(AB)=a d((ad. &) €&, &) x v B (3.24

hal i ni 4| eE200eEX.r i Be?2 exitli k °1 -¢s¢gne gor e,
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Mins(AB)=[a #x y]° gta b £ -E 3 (v D -

N . 2

+8a bx & &) (¥ ¢ g (3.25)
olur. Ek .58 tABve Ysimetrik ¢ - gens el bol anak slhgeée al éneér
L_ R L_ R L R . ds ds_ .. .
Ch=Cy T, C=C Tvec,=¢; <, 0l duj b(ljjan:cDaen%zm -in,

£y ool ANY-

ax' - nx’
. . ds ds .. _
ed de edilir.—B@®wazer=0ikeikn | de,
dc, dc,
& =¢, -
ﬁzéw-n@‘x
ax - nx

bulunur( Diamond, 1988; Xu ve Li, 2001)

Ek. 3063.e2 verilen EKK optimizasyon probl emind
X =(%.¢.¢) veY=(y,.¢.¢) ¢ - gensel jparaneelerd ves te) kesin

sayélar ol dujunda,

Min s(a,b)=§ d(a +bX, Yy
=[a bx y]' ga be y-bb-pg- & bx v oo o g(326)

ol ar ak {(Bazn@ambna, 18 ul a ve Apaydeéen, 20009

kanl e ve Ap-aggkdlen r(e@rOeds)y, o rotnh expedred li | eik-tiinr i B kmi 3
ver mi kl erdir. B ule aerileg °prolet,mi Ek .ge®Be 2l ekt i ri | mi



X=<x,c§,cf> ve Yi:<yi,c;,g‘f> i-gensel

kesin sayélar ol mak ¢zere,
: . P )
Ming(ah,...)=& da+dbx, ¥
j=1

N 2
e .° 2]
=@ abx ¥y
é iz a

e p anr ég

t@ @by y =db¢ ¢-a

e = ciz +{

. . 2

e P af. (0]

t@-@abx y =@bc ¢-a

e = ciz +{

ol ur . 7BKk0kI3u 2r egr esyon
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b u &,n.6bk pamraeyredeli a r €

(3.27)

model i¢ -ig-einns egli rbduil avneé

ol dujunda, katsayeéel ag@mstteahml @irmnde ger ekl i |
gL Xy e Xy
X:é: : :
8]' X, Xpn
21 (G- G) o (X% -G) igl (%, *+¢) (% )
XL:éS XR:éf
&) e (% -G) gt ) e (% tG)
&y, - o &Y.+ ¢
Y=g Yi=g YR=g
éyn gyn - C>L/n gyﬂ + C;
dr. BuKX+X9)Xe«X)Xtersinir magtris ol mak ¢zer
B= (XX AX)(X) (XN (XY (R Y (R 9 (3.28)

ile parametreler tahmin edilir.
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Dijer bir alterna®ileveEKKenaklyawrwelmes(lB®), 8aBé

taraféndan °neril mi ktir.

9(A B) = maks min( 1), 5/tx)) (3.29

Burada,nz\:A(“)nén cyelmkBomegpet i ki dej er iBK. 9B s2 er me
verilen uyumkl®d -g%stne rmi rhdeedir. i kekil 3.606 daki

ol - a
k e k 6.ICeli3in® iury um ©gl°-sgseg i mi
Cel mins uyum model i neddei | gz |-eénketné ialrea steanldmikn
edilmektedir (Shapiro, 2005).
Ama- fonksiyonu
a@agy (3.30)

i=1

ol arak tanéelmltaenrnmaatkstraddeé ry.er al an b aiz-éi nbuldiarn é

séneéef |ctinzdelrgrea 3ekiddir.de veri |l m



¢Ci zell.geLi3t.er at ¢ rbduel ayneérk arbehgarkebsayr@@ leierf | andéer ma
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Bul anek regresgwomalbanaéne

Y°nt em

Tanaka 1982
Bardassy 1990

Savic ve Pedrycz 1991

ve dijerl eri

Sakawa ve Yano 1992
Peters 1994

¥zel
Pehl

veoobuckstein
Apaydén

k an

ivan ve 2005

Bul anék Daqg

Programlama

Celmins 1987

Diamond 1988

Chang ve Ayyub 1997

Chang ve Lee 1996

Wang ve Tsaur 2000

Yang ve Lin 2002

kanl e 2005
Nasibov 2007

Poleshchuk ve Komarov 2012
Chen 2012

ve dijerl eri

Bul anék En [
Y°nt e mi
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4. SEZGKSEL BULANI K REGRESYON ANALKZK

4. 1. Sezgisel Bul anék Regresyon Model i

Girdi-- ekt &€ dej i K kbkeenllierrs i za rialalnanieliat bynanpaaasreceledi a i t
yar dehnaées sas bir «kKezgilsdeel ibwled egykemubsgné&yoagart

analizinin genellexktiril miSezigalsiel obat akéki t
analizndegirdi-- é kt € ve model par amet da] enhbwmnodet z gi s el
tam sezgi sel bul anék regresSengimoalel bulod &k

teorisiniesad an sezgi seln bmddaenl@il & kevgerda.dlyma Kkt i r  (Ar
2015)

F=a KA K) A. & %)

—A,Aa (A AX) (4.1)

Burada (X, X, X,) i=12,..,ni -igAhzl enenA semeyiik ¢-gen

sezgi sel b wﬁtaarhérrki ns aeytdie [l aemdadereinekidirTam sezgisel

bul anek regresyon modelinin a-ék g°steri mi |
A=(;w; W), j9012..m

)zi:()%;sij;$} i 4,2, »n

F=(y: s 8)

Feh (&)
-aaax], a(e}s“ +vya() ap§ +W; X) 8, i £2..,n 4.2
(;] =0 =

Burada x,=1, 5, =S, 8 i 1=.n ol arak taneéGrianma&kadgr mo

kat sayél ar & magisgyy syt &lrémll &arénéarxkaj édaki gi bi di
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X, =(%:5;: 6 i 42 »ni -dirdidekieni ve :yayél emlar é

e oXy - Xy &0 s, S 0 s .. §,

: é é | ,
ngl' X1 - Xom a:é Sn Sm a*zgo S, - S

é é : : é.

Z é & *

gl‘ X Xom éD S Fm g) Snl Snm

,B\J.:(a].;V\{;v?)T ] 9,1,2,....milet a n éadkl paametrelev e y ay:él eml ar é

ea, o ew, o ew, o
é. U é . U é . U
a=€d U yw=€% 0 =€t U
€: u é: u e: u
€ u 2 é. u
& 4y EWn N, M,

Y =(y;s,8), i |l e t améeflng k-eéektyéay el em dejer | er i

ey, o &S o es o
é, u é. u é. u
y=€2 0 =620  g-&u
é: u é: u é: u
e, u & U €. u
eynrH_L esnrHl @Shrgl
42.Sezgi sel Bul anéeék Regresyon Model Par amet r e

Sezgi sel bul aneékenr ekg¢r-essigKebna $neol deemliinred eday al € p

tahminleri bulunurkey © z | emleared&le piikeéh e t ahmin -é&dkitleen b

de]iiK(‘E)anladakéfarklarén karelerinin nimumameée (a

y a p € istemanéktedir.

Girdi-- ekt é dejerxfgesneékrabymlledrugbku durum i -in gel.
EKK y°ntemine dayal é parametre tahmin et me
dej i kielne tahmin edilen (E)lalralsélndiadxﬁ éileme s ad e] |
verilmektedr (Arefi ve Taheri, 2015)
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SSAzé d(]\,("%
a[v & -aX, < &%l
alb-w-@@s, wWx) .- (&5 W)X

é[s Wo-ash Wx) s (&S WH (4.3)

Exk. 42,020tge€ r e, rkeivr ian céin étp dee frao ce le kk dtl aydé lj a ma

de]e/vyvéw]()a g°re t¢rev al ésepag eyl ay eeykédltdmn

dejeird{diemitahmin.ediciler bulunur
j=0,L,2,..ni -,i n
USSA .

ol

?= 2aly & ax .- a%lx; as W (&, -wy =+ -
1

i i=1 i

1-':' * * * * * * *
- (@S WXl S ga[s W (s Wi - (g5 WX+,
i=1

PSSA_ 1

a(s wo(asi;, W) - {3 % WX
MW, =1
SSA 1.% . . .
L™ A6 W (@S W) (A E W
HWJ- =1
HSSA ,LSSA=O, L*SSAQ,j 61,2,.ni -in lineer denklem si st e




52

. 1.
% yi)ﬂ' +§_?$Sij

e.l 1. 1".. « gw, .h "o w, "o
+améa Xim % A S aAm ijsu#a Xo ij sﬂ iaij 5-+__+ i?aij

€i=1 2ii Jzir u12i1= 12i 1 12 1 =
w. " . N, . L
08 XS, e A% § F R H S

1275 12,3

ASXK =W aAxx tW axX £ W &KX asgx.. fa+5a:
i=1 i 2 i E i ; _ .

ve

és*)ﬁ:\’{.’) a?(oﬂ( +y éxlijx S éfijx fffﬁ*éijx--- +a +n$a.
i=1 i 4 i E

i 1= i 1= i 1 =

2 2
ol ar ak hilsialpdianégrevl er ba@n@é&nﬂf&s—@omncelen
Ha; j

2

HSS% 06 d et

KW,

XX tekil olmayanmat r i s o lhesaplanarylineerrdenklesni st e ml eilei yar d

E k . elde edlimektedifArefi ve Taheri, 2015)

w=(XX)"X(5-4 3

w = (XX)"X(B -4 3

B=Ca (4.4)

Burada,

1... 1 ... 1 . . 1 .. .
B:X - X -1 = .
AT LA S 4 OO Xeg; B0 Xs
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T L R R
C—X|>(+1—2a|ai=2 ala12 AIXRH* X |aI2 XXH iX

dir (Arefi ve Taheri, 2015)

Parametre tahmiedicilerinie | de et mek i -in kull aneéel an
Kemaseé kekil 4.16de g°steril mektedir.
BASLA
Tasanm BveC
matrislerini — ™ matrislerini
gir hezapla
a=C"B
hesapla
H w = () )
W ve w
— veya e
. hesapla
w <
¥
DUER
E
L X hesapla B veC
—
hesapla

-
“’1_1'5.’1." ve “’1_1'5.’1."

hesapla

DUR a=C"'B

kekil.I HKK tahmin y°ntemi algoritma adeéml

al

ar

go

é
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kekil 4 . 1 6ad eg og % sttneaedielneang d e mlohar ak a(Bka] éda al
Arefi ve Taheri, 2015)

Adé mndboyutlu X, § ve d matrislerin3 1boyutlu y,s,s matrisleri, m31

boyutlu a,w, w matrislerio | ukt.ur ul ur

Adé mB&C matrislerihes apl aneér .

_ 1 A T R 1 . p
B= Xiy +1_2a'ST2a 5 0 axixXx XS—|I2 AK XK iXs (4.5)

C=xX ATA L ATAT, HXW'X i&; RN X (8

12
Adém 3: MpdehrkRatstahmin edilir
a=C'B
Adém 4: Mo del k atyagydleamadregresd @lr emne maajri sl e

w=(X'X)"X(s-g 3
w=(X'X)*"X(s -4 3
AdénEjSew <0 veya w <Cise

1 Negatifwveyaw dej er | er i ni nxmatrisimdendékarwéjlbéén vV e
tasarém matrisi hesapl aneéer.

i @vve(Eyenidenhesapl anéer .

2 O P O AV VI I I IS £ vE E. E
B=Xy+s8is £ 8 § -, &O6XF Xsib a K XxEixs & )
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SERVTURE LV B S B N = E B
&= XX saia s aiag, & ixK) Ex E_?Z BOOF DB Haigy

T Model i n yemahmirkediit sayél ar é

&= ¢a
51

&= EB (4.9)
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5. UYGULAMA
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Tez -al ekmasénén ,bbubethegshkrgmgde ek | abauilkaneéek

y°ntemlerine

r

klasik, buveaene&kzgi selesohameldeld ¢gyrnécaceerenenk Ky

probl emlerinde egazgiyval

konul masé

modellerar t é k

a- ése

ndan

anéek

i ncel eudygulamalardaki k a s i k
k u | Blua naénl émjié xwtde rsb u |l a analizihe e gp edagleoh ar €

progr ameé

R201%prog a méonlduak t ur ul an

51.Say és a ll: X¥ Veari &kt

Bu t ez

-al @ékmaséneén

-al eknBklzar daa k(a@awa ve

al énméxkt éer .

yayeéel éml ar e

(s,sver,r'soks aj

Ci zellLXd Seri

XY

ver.i

bir

regresyon
regr esyoin- Miniiah 17 paket

almwllarédk y°nteminin
I K|l et me rEldnediteredar i k -
k ar ekar&kr® kOK)AIll a lpa &€ anél ar ak
Ayradseagisel bul

kul |l anécé

1k

sayésal

Yano,

seti

1992,

model |l er i

dostu

Yang

¢

i i kki mLiutyeggrud tagnnad e rbau lywen-ainneg -i | fi

(

.dejer |l

kod

ERCLENE

vV e

b ul arkd kyerdsetirvevi
def i kykeeyd learilraw e
y a yséél réean¥ &fxl9 a) ve Y =(y,r,r) dir.

¢i z el deraddh girtho & le

ez gti is eil - ib4uél lat néé kvaeg eilrl@gml lair &

No X S s y r r
1 2,0 0,7 1,2 4,0 0,4 1,7
2 3,5 0,6 1,4 5,5 0,35 1,5
3 55 0,9 1 7,5 0,9 1
4 7,0 0,45 15 6,5 0,5 1,4
5 8,5 0,5 15 8,5 0,4 1,5
6 10,5 0,82 1,8 8,0 0,6 1,6
7 11,0 0,8 15 10,5 0,5 1,5
8 125 0,5 1,7 9,5 0,4 1,4

ni n

sonu-

per

bia-zié

Li

vV e

n
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XY verisetime r k e z d eNllasikrégeesyon analizinel i Kk ki nt i szer w-el &r. 2 0 c
aktareéel maktadeér .

¢Ci zeRgeXYs.veri seti i -iismnki-adaire regresyon an
Eji stat i stat pde] e

Sabit 3,57 4,58 0,0

X 0,51 5,55 0,001

Ftest isdajterSit) R ( pD¢egzel t2i 1 mi k R

30,75(0,007) 0,92 %83,67 %80,95

fiMo d e | hat al ar &i hbehah -ddajg@ameémxmd .eX 0 ) .p

XY ver i tabn@nmio died ilddEek vher i | mi Kt i r .
¥=3,57 40,5k (5.1)

¢Cizelge 5.R2é&ésltei veomlelhanéna Xg°rekta@giYceci i ck&je
czerinde istatistiksel uokltégwdaeh e@i<hf0/0%).6 bir
¢Cizelge HeBddeskonumadal g&Ra(edaril &00>a =0,05).

Baj e(mlédke ehajlgeanser i kkenl er ardaog & fodkaaybrsen | a ml &
baj éuubng Kkt ur

Bul anék regmedgbnvanshymmt @jrenre&kn hsaavggh a k ¢ - ¢ k
deji kkenl er aaryansaek | vee rbie |y apé zd kldsik egresyod d uj u
analizine alternatif o I|BamedekleXkyu lvliea n &irdeeltiil an i
-ékte deji kK kkeantlsearyién abbelnarkéeeksi n sayél ar ol ar

taraféendlawml &méek id equryegsuyl emrmeerkal i z i

¢Ci zel @d & v edejlieknk egniichd ijne (m),eat edneazerecsnin sol ve
saj vy ayekeli-éark aregd iéjpjserka soéhwd X" matrislerie | de edi | mi k't
Benzer Keki |l de merke&dket] ée (yd,njea ktk eai mander ecesin

yayélem-é&peecl eépeechb@gfuaekt @t lderiedi | mi ktir.
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@1 1,3 é,l 3,2 @3,6 @5,7
L _€ . R_€ . - L_¢€e: R_€E :
X =& X =& ¢ Y =& Y =& -

g 12 & 14,2 €9,1 €0,9

Ek.83JgAr ar | @n2.l abB %lk panamé&re tahmihlgri
k =3,5267ve k£ =0,525¢

olarakb u | u n nBukntau g lraen € k r e gbke.s y50.n2 ondoedkei | igi b i el

E-k
=3,5267 +0,525% (5.2
Bul anék regresyon anali zi i -i hkuMaahabe R2O4 09

pencerelerinin K| ey i Ki t @ 8 € e K r alaiResign®.© dveriimekbedir:



60

o\ MATLAB R2019a - academic use

Co

Details ~ || &

ooy [ @ @ nser 5 fr g > &' —
LCompare v GaTow Comment % g 13
New Open Save ) Broskpoints  Run  Runand Ly Adance
v v v AP Fidv st ] el e - v Adance
Fie HAVGATE eon BREAKPOITS [
% Eal 5 | v E b Arayuz Sezgisel Bulanik ¥
Cument Folder ® | | ¥ Editor - E\Arayuz_Sezgise|_Bulanik\bulanikregresm
Mame bulanikregres. hesapladm +
) sezgisel_carpimm 1 wBulanik regresyon
) hesaplaim E Torayl
) hesaplazm 3= chclear allclose o
(o] lalm I
r;;:‘::" 5= dsp(Girdiveri inz),
= §-  [FleName PathName] = uigetfle(* txf,'C
= bulanikregres.m 7 m=load(|PathName FileName]),
 arayuzm 31— x_merkez(: {}=ones(1 size(m, 1))
X ' *_merkez(: 2 size(m2,2)+1)={ma]
13- disp(Girdi A a feri Dasyasim S
- 1 [FieName, PathName igetfile(* b’ Cal: sirch Sol Y ayihn
. 2~ yayiim=load([PathName Fiebame])
Kod 3 ¥, 1)=ones(1 size(m2 1)}
4= w2 size(yayiim 2)+1)-[x_merkez(.2 size(m22}+1)-yayiim]
s- i )Fones(1 sze(m2, 1)
. §- il 2 sizelyayilim 2+1)=fx_merkez{ 2 size{m2 2y 1} +yayilim].
penceresi | P——
3= [FleName PathName] = uigetfle( * i, Calisiacak “Git” dosyas
1= y_merkez=load([PathName FileNarme]),
(o] S t e L~ disp(Giki At Olma_Yeylm.Veri
g 21— [FieName,PathName] = uigetfie( Yayi
3= bysload([PathName FileNamel)
$- yly_merkezby
5= y_rey_merkez+by,

- [Ouputs? betal=hesapla3(x_meriezx_|x_ry_merkezy_Ly_r)

mand

indow
Girdi-Veri Dosyasini Seginiz

Girdi Alt Olma_Yayilim-Veri Dosyasini Seginiz
Gikti-Veri Dosyasini Seginiz

GIkti Alt Olma_Yayilim-Veri Dosyasini Seginiz
Sonuglar hazrr.

Run and
Time.

2

LiFileName
Hm2
(jouiputs3
1 PathName
Hxl

Hyayiim

Value

13 5267,0 5254]
[0 4000;0 350
“cikdi_yayilim1
12.3.5000,5 50

EArayuz_Se..

13.6000;5.150.
4:5.5000,7 50
14.4000;5 850,
10.7000,0.600.

=

4

PLOTS

HOME

S A Openy Rows Columns S
Hewhom 4 Prnt = cnul end Insen
Selection v -

VaRiARE stecrion
UL it e » E » Araypg_Sezgisel Bulanik »

Current Foldes ol |
Name:

1) sezgisel_carpimm

) hesaplazm

) hesaplazm

VARIABLE

VIEW

S5 Transpose
Delete | Sot ¥

Outputs3

Py

1 2 3

Ekr an

@} Variables - Outputs3

4

HiGro o o008

gester -

® ~ o e W

bulanikregresm (Script) ~

1 2 3 4 5 ]
1.3000  2.7000
35000 29000 41000
55000 46000 64000
T 65500 74500
85000 8 9
10,5000 96800 11.3200
11 102000 11.8000
12,5000 12 13

<

2 | ‘Beta_hal "Girdive yaylm' ‘Gtzienen Gikti va yayim'  Tahmin edilen Gkt ;
| hesaplat.m | 4
) grafikm 1|[3.5267.... Bx3 double 83 dou [4.5775,5.3656,6.4164,..| 1
o i 2 55000
*" bulani 3

 SJe— 2 3 7.5000
B x X - 4 65000
RSO (5 a5
Ourputs3|2, 1} ] 8
K a t S a y 1 2 3 4 5 6 7 8 9 10 11 12 13 1 7105000
1| 3567 ~lle o500

2 05254 <

1
1 45775
2 573656
3 64184
4 72045
5 7.0926
6 90433
T 93060
8 10,0041

2 3
3.6000  4.4000
51500  5.8500
6.6000 84000
6 7
81000 89000
7.4000 86000
10 1"
9.1000  9.9000

Outputs3|2, 4]

Resim 51. Bu

seti), (@)programk o d | a raé ;s

¢ci zel
bul
deji kKken

vekt?©

ge
aneék

vV e

tegmelsyon

5 XMveériketineh e e f 1

kod peaderesh b N KRR 0@ 9%9at er i mi (
dejerl e

aye) ak

ewne

vV e

Taheri

rezgr esmehnhr akal-gensel

l er Vv e

r formlar

e

katsayél ar

akajedaki

-ekt e

( 2 0gesigel t ar af é

bul anéé&ktséay él

gi

bi

di

i i~ li iny dayi @ | com | naar

r

vhea t
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Girdi deji kkene ait merkez ve yayeéel éemlar:
e 20 ¢ 07 0 12
2 35 0 0,6 0 14
é 55 € 0,9 0 1
é e e
Xz‘?l 7,0 .a:éo 0,45 5 =éo 15
€ 8,5 €0 0,5 Q0 15
é e e
gl 10,5 & 0,82 O 1,8
€ 11,0 €% 0,8 € 1,5
é e e
gL 12,5 @ 0,5 @0 1,7

Kat sayélara ait merkez ve yayél émlar:

a:gao W=g R =é 0
e e e
tekteée dejikkene ait merkez ve yayél éemlar:
e4,0 e0,4 el 7
é > y
€55 0,35 eL.5
é7,5 €0,9 é1
é é é
y:é6'5 Sl:(:;,0,5 31=é1’4
€8,5 €0,4 €5
é é €
é8'0 ¢0,6 é]_,6
0,5 €0,5 8.5
é é é
69,5 60,4 élL 4
Bu veri X&etteakiil-ionl may an n mael paranetreldrid BKKu n d a
tahminleriak aj eédaki gi bi hesapl anér .
_e 60 _e 8 60,50
- &04,5284  $0,50 555,2841

ol mak a=£éBie-;i n



23,5716
U &0,5195

3%

drrBur adan, modeli kadistayel ma §e¢scanl dasr@y Ima ma

aw, 80,1466 . &w] zeo 9141

W= 4 vew =4
&, U%,0023 &N [ & 0,0287
elde edilir.

Buradaait ol ma derecesine ilikkiwp= 80287e€ri k ya

ol duj Knndaatnr i si ndeki télkabBmeck 4E&\veld kd.9He&dilanr

i Kl eml er tekrarl aneéer .
Buna g°r e,

“ e O 60,50
2504 5274u ,50 555,305

ol mak: &=£eBie- i n,

Qﬁ 2 83,5725
Sﬁ 0% 5193

elde edilir Ye ni mo d e | kXatmady élsamé mdab i hesaplanan s ¢t un
yayéel éml ar

w=[0,164] ve & =[0,697(
olarak bulunur

XY verisseergiselibul anEkb.3deegr ebmport model i
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¥= A Ax

=(3,5725;0,1641;0,6970y% 0,513 5
Verisetindekincig ® z Ideme i - i nantalmsnapkeperi akajédaki ¢
\E: =(5,3932;0,6399;2,1210) (5.

Ek54i | e g°tsathemiinl ednej er i nsj=rs, va s &k olmgaks 2 emre mi

¥=(n 539025 9,63995 6,639% 21218 2121

Keklindedir.

~

Buradaai t ol ma duruyhayél-eml sl ve saj
(n, =5,39025, =0,6399 =0, 639!

ait ol mama durumu i-in sol ve saj yayéel eml a
(n,=5,3902s, =2,12105, =2,121

olarakhes apl anméxkt ér

Sezgisel bul anék k¢gmel ere magal iéndd ar laikn @il c

dejiemre il i KKi MYamgvemP al e d éh e eaje&nt laieaima veian

olmamaderee | er i °r ne k .lgik getilmektedmi kekil 5
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0.9
0.8
0.7 [
0.6 [
i
‘q_> 0.5
>
3
0.4
03[
0.2
0.1
0 . . . . A .
3 3.5 4 45 5 55 6 6.5 7 7.5 8
Y ve Y‘ahmin icin Sezgisel UBS
(a)
1 1
0.9 09+
0.8 0.8 r
0.7 0.7 -
0.6 0.6
205 Zosf
04r 0.4+
0.3 03
0.2 0.2+
0.1 0.1
0 . . . . . 0 . . . . . .
4.6 4.8 5 5.4 56 5.8 6 6.2 3 3.5 4 4.5 5 55 6 6.5 7
YveY , icin Sezgisel UBS Y ve Ytahmin icin Sezgisel UBS
(b) (c)

75

kek@XY5ver {apaitolma-ve ait olmama; (b) ait olm@) ait olmama dereceleri

i - EmeY,min° r nek

Sezgi sel

ol ukt kod péneeresi K| ey i Ki

verilmektedir

k¢mel ere

g°steri mi

dayal e

bul

tvées ée kir-ainn

aneék

regresyon

-Reksekn o 20Dde
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VIEW

HL@ Sea08]

Le Aomnr Rws Colurms = B Tanspose K 0 d p enceresi
Newfrom (= Print =[] i Inset Delete | Soi v
Salaction v - -
vasune sauction eon H
L L At s » E » Arayuz Sezgisel Bulanik » - R
Current Folder P g raror -ar g3 Vanaies - Uutputs ® X Workspace 0
Name Outputs Name Value
ffﬂ :‘zg\s‘elgcalulm m [13] 2x7 cell Ha [3.5716,0.5195]
a m::‘:‘: 1 2 3 4 5 6 7 8 ] 10 11 12 1 [Haz [3.5725,0.5193)
& 18 T o w W "Girdi ve yayilimlar ‘Gikti ve yayihimlar ~ B [60:504.5284]
Honticn 2 (60,504 [8.605 35716, [01466._ [0.9142. 8x3 double 8x3 double B _hat [60,504.5274]
‘1 bulanikregres.m & B3 o ix3 dout HEc 8,60.5000,60.
- ] arepuLm i HC_hat [8,60 5000,60.
; & Outputs2 - [u] x FilsName i_yayilim2
. 5 i 2
N o Hik 0.7000:0 600
1l 27 cell H k2 1.2000;1 400,
1 2 3 4 5 6 7 8 9 10 b kalan 1
1'B_hat 'C_hat ‘a2 w_yeni' ‘w*_yeni 'Gézlenen gikhi ve yayilimlar  Tahmin edilen Gikh ve yayilimiar' [~ H 2
2 (60,504 [BH05  [35725 01641 06070 Ax3 double 83 double L m E,?'] 5000,5.50
Hn
2 1] Qutputs 2x7 cell
- [ outputs2 27 cell
5 . HiPathName  ‘E:Arayuz_Se..
e ,  His 0.4000,0.350
fs2 [1.7000;1.500.
H sigma ax2 dh
< ’ H sigma2 ax2
Command Window ® it 2
Girdi-Verl Dosyasini Seginiz Hw [0.1466;0.0023]
Girdi Alt Olma Yayilimlar-Veri Dosyasin Seginiz L. w2 [0.9142-0.0267)
Girdi Ait Olmama Yayilimlar-Veri Dosyasini Seginiz L w2_naw 0.6070
Gikti-Verl Dosyasini Seginiz L w_new 0161
Gikti Alt Olma Yayilimlar-Ver| Dosyasini Seginiz o
Gikti Ait Olmama Yayilimlar-Veri Dosyasin Seginiz o x_hat
Sonuglar hazir. = Ksigma
e H xsigma2

LTS

g g @ @

% HaAd
Cument Foider o]
Name

) sezgisel_carpimm

Y hesaplaz.m

£ nesaplatm

&) grafikm

#) bulanikregresm

&) aoyuzm

Kodlar

Details ~

¥ E b Arayuz Sezgisel Bulanik ¥

EiToR PUBLISH

& B

=N

P H 2] Run Saction

Insert

Compas = | o GoTo-~ | Commet 25 2
New Opn e = ] B BE e rm rmms [ A
v % Y APy L Frdw et ] e s - v Adance

e e o asrons an

i)
Run and
Time.

H:i o 9co@e]-

arayuzm hesapla2m

g8

- meioad(PatiName FieName]),
f~anes(1 size{m, 1))
- w2 size(m 2y 1)em]

disp{ Girdi At Olma Yaydmar-Veri D
- [FisName PathName] = uigetfie( o
a k=load([PathName FileName|);
7= sgmaf,1)=zeros(1,sizefi 1),
sigmal,2 sizeik, 2)+1)=[k].

( Girdi A OO
[FieHame PathNarme] = Ligetf
i2=ioad([PathName Fishiamel)
sgma2( 1)=zeros(1 sze(2 1)),
sgmaz(. 2 size(k2 241K,

- Gsp(G-Ven Sen
17~ [FieName,PathName] = uigetfie( " b, Calistacak "G

18- y=load([Pathbame FileName)

- Esp(Gi niz),

1= [FieName PathNarme Sol Yayi
2= s=load([PathName FleNamel)

1

18- disp( Gkt Ait Olmar

15~ [FleName,PathName]

0 s2=load([Patnhiame FieName])

Command W

sezpisel_carpim.m

s
Outputs | Outpus2 | Outputs2(2,6)
Cutputs2(2, 6
1 2 3 4 5 ]

1[4 o400 17000

2 55000 03500 1.5000

ecinz) 3 75000 08000 1

4 65000 05000 14000

5 85000 04000 1.5000

5 B 06000 16000

7 105000 05000 15000

Sl Yl desyasin sec) 8 95000 0.4000 14000
9
10
&
Sag Yaylm” dosyasini secinz’); 12
13
14
15
16
17
18
i . 19
dosyasini secniz’), oo
21
22
sin sec =

v < >

(b)

Resm52.Sezgi selegh wlsymak R20l19akod denteted b nek g°ster.

(XY verisi), (a)kod pencerese k r a n

edi

l en -ékt é

- é kltaes8es; t e rbi)mik;o d( c)
g°steri mi
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S-=a0 : -

e rmris | et (5 f [l v f (5 . .
= ES 2 B pjmmsean 2 o A
(oo = | o T cvmmr 23 Tahmi n e deylaeyné |-
New Opn Saa Buskponts R Rmand | Adance  Runand
TR ST eme  Fedy e [ e s e =R =
7 o seaxrom &
Hal e * E » Arayuz Sezgisel Bulanik » -
Cument Folder % | Editor - E\Arayuz Sezgisel Bulanik\arayuzm ) <l variables - Outputs2(2. 7 - o x
arayuzm hesaplalm hesapla2m sezgisel carpimm +
37 [Ovpus 8.Ca.m W) = hesaplatx sigma sigmaly, 5,2 i~
= (Outpn I Pla1 . clgma, slomadys.£2) Outputs Outputs2 Outputs2(2, 7}
il Cutputs2(2, T}
= 1 2 3 4 5 6
s -
42 - 1 48112 06918 20171 L~
3 2 53002 06399 21210
3 64289 07957 19133
e 4 72079 05620 21729
s 5 7989 05879 21729
" 6 90255 07541 23287
50 T 92852 07437 21729
51.- 8 100642 05879 22768
52 -
Kodl a ;
i 10
E 1"
s
12
devam: : o
- 14
a en =
- lend 16
17
s 420
& x_hat=yedek, 18
11,151 19
] =yedek, 20
1 21
20 - [Outpits?,B_hat C_hat 22, w_new w2_new] = hesapla2(x sigma sigma2.y s,52,_hat it kakan xsigma xsigma2); 22
1= dsp(Sanuglar haz ") = v
72 g < >

()

Resim 5.2(devam)Se z gi selegb wlsymaéak ir i rkodienteltestly nRX0 19 a
g ° st eXYivarisi), (a)kod pencerese k r an - & kt gs®és;t e(rbi)mik;o
(c) tahmin edilen -ékte g°steri mi

5.2.Say é s a I2: T¥éprak ek Seti

Busay@galekt e topraj én karakteristik °czel li
(205) 6den al éeénan veri seti kull anél mékter. V
yapélan - &| exdmd milke i d 0215 Tomprdaég reinnl0i,jOi nden e

°r nbaikii | e toprajén bazeée kar akElleedlénwvdriisdtind® z el | i

deji kken tanémlamal aré akaj édaki gi bidir

Y: Katyon dejikim kapasitesi (CEC)
X,: Kum i -eriji y¢zdesi ( SAND)
X,:0r gani k rmajdid e( OM)e

Arefi ve Taheri (2015) verinine |l de edi | di J i ortamdaki bel ir
bulundurarak dejikkenlere yayg®zInme nblielngeins iwe
sezgi sel bul anek sayélar kKkeklinde tazéemlaya

y°ntemini uwguil amékBilee e Eeel guekbir
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¢i zeBgeTobprak karakteristiji veri seti

CEC (Cmol(+)/kg) SAND(%) OM(%)

Y =Y s Sk X = (X3S 11 $r Xis = (X218 127 $2h
(16,5 0,82 1,65) (35; 3,55,25) (0,88; 0,090,13)
(18,6; 0,931,86) (37; 3,7 5,55) (1,13; 0,110,17)
(19,3; 0,971,93) (27; 2,7 4,05) (1,31; 0,130,20)
(20,3 1,02 2,03) (29; 2,9 4,35) (1,98; 0,200,30)
(17,3 0,87 1,73) (38; 3,8 5,70y (1,02; 0, 100,15)
(20,4 1,02 2,04) (32; 3,2 4,80) (1,29; 0,130,19)
(19,3 0,97 1,93) (29; 2,9 4,35) (1,52; 0,150,23)
(21,9; 1,092,19) (18; 1,8 2,70y (1,33; 0,130,20)
(15,9; 0,801,59) (40; 4,0 6,00) (1,71; 0,170,26)
(18,3; 0,921,83) (28; 2,8 4,20y (2,00; 0,200,30)
(22,6; 1,132,26) (13; 1,31,95) (1,68; 0,170,25)
(23,7;1,192,37) (19; 1,9 2,85) (2,15; 0,220,32)
(24,4; 1,222,44) (31; 3,1 4,65) (3,52; 0,350,53)
(21,8; 1,092,18) (31; 3,1 4,65) (2,33; 0,230,35)
(23,8; 1,192,38) (17;1,7, 2,55) (1,71; 0,170,26)
(20,8; 1,04 2,08) (14; 1,4 2,10) (1,14; 0,110,17)
(17,5; 0,881,75) (19; 1,9 2,85) (0,99; 0,100,15)
(17,8; 0,891,78) (28; 2,8 4,20) (1,14; 0,110,17)
(20,2; 1,01 2,02) (26; 2,8 3,90) (1,46; 0,150,22)
(20,0; 1,002,00)r (32; 3,2 4,80y (1,81; 0,180,27)
(22,8; 1,142,28) (10; 1,0 1,50) (1,38; 0,140,21)
(19,1; 0,961,91) (38; 3,8 5,70y (0,84, 0,080,13)
(12,1; 0,601,21) (49; 4,9 7,35) (1,48; 0,150,22)
(12,8; 0,641,28) (42; 4,2 6,30) (1,08; 0,110,16)

Toprakt aki

dej i Ki m

k &Yp ad iatne se tnlei si ni n

belirl enmesi

uy gul a mopéak e setime r k e z

dejkleadiekk iregresyon

¢Ci zeWipeerSi.1 mi ktir.

¢i zeWgeTobopr ak Masikregresyentanalisi o-nun- lkar &

Ejistatt-istat pdej e
Sabit 21,98 15,21 0,000
X, -0,222 -6,36 0,000
X, 2,473 4,15 0,000
Ftest isdajtersitd ji (p R? D¢zel t?i | mi
31,14 (0,0) 1,67 %74,78 %72,38
A Model hatal aré nor mal -deéedjeé&li &ml. & ORi. 10

K umX)ileemrgdgni ky cmaiidfesg , i(t e@mpirjaij] én ka

anal
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Topr ak v elasikr egt sy ennddgo dveslrii | Bd k8.1 5 .
¥=21,08 -0,22%, 2,478, (5.!

¢Ci zeldgee S5viveitt eat i S 0 N umadded wvee pa@metge® tahminleri

i statisti ksel(pdceljeerrasd@,09.mloa mll & é ktaotpyroarf éde] i Ki
kapasitesing(Y) kum i -eri j (X)yegadesiniomgani KX, madde i
pozitg fetyRing)i°rgll duéjkueesdiir sonucuna g°rak, mode
anl aml-ceadjéar i(z080,006p®ax] éml € deji kkendeki topl ar
(D¢zel t%%mBSymoRiel taraféndan a-éklanmékteéer.

¢i peebld t eckibetine ok | u r e gr e sbyuol na nneokd erl ei o rkeasnyincEn vaen a
Apay@®md) u y g Topraknvere setindagirdi (X) dej i kkenl erinin

dejerl erine, ait ol ma der ec-edlear ali ép ,seol | evned
sér g Xéyd X matrisleri elde eéd| mi Kkt i r. Ben(Y)edre] kK kielnd en,i n
merkez(y) dej erine, ait ol ma derece&karnn &l 5plelklee

Y'veYRvekt @t deriedi | mi ktir.

él 40,25 ... 1,01 gl 31,5 ... 0,79 él5,68 él8,15
R_€ : S L_& : : L_€ R_€ .
X =& : : : X =g : : : Y =& ¢ Y =& ¢
g 483 .. 1,24 g 37,8 ... 0,97 12,16 g14,08
Ek.8dgnb2il anéek regresyon model i parametre tah

k =20,7272, k= 0,197¢ve & =2,838¢

ol arak el de edil mi ktir.

Bul anéek regErsybné6imddkl i gibidir.

¥=20,7272-0,1978, +2,8380 5.
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Toprakveri setinetams ez gi s e | b ul an @Akefi veBalgeri, 2@1ysometrika nal i z i

S-gensel bul anék skhw.eéeldar5yae dEeamg gl @ nméxkt ér

& 467,200 824,00 682,00 36,8800
B=§L274o,5oo ve ngssz,oo 21672,00 1037,140
& 739,793 £36,88 1037,14 64,5378
elde edilir.Buradan,a=C*'Bi -,i n
&8, o 289768
e L &
a=ga = 2220
G, [ 284727

hesapl anér .

Mo d e | k ati d d withlhawve @aihobmamgg ay €l éml ar &€ séraséeyl a,
¢1,1001 ©2,1965

w=g0,0111 ve w =¢£0,0112
& 0,1240 g 0,1251

elde edilirBurada,w, = 90,1251 €0 | d u] Xmmatasimdek ¢én-c ¢ s¢tun -ékar

Ek47,Ek48veEK4 D dvaer i | en i Kkl eml er tekrarl aneéer.

Buna g°re,

& 467,200 24,00 682,00 36,8800
§:g2740,500 ve @:2682,00 21672,00 1037,140
£739,8253 636,88 1037,14 64,5591

ol mak & E®Brie i n,
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efa?-j 21,9811

_ ue
&= ealE 0,2221

&k Hg24701
eldeediitYeni model Katasgay &l andédndarinci ve i kinc
ait ol ma ve ait ol mamasdregseawllaerine il ikkin
. ew0 g €0,8933 . _en, 2¢l,9882
W= ve =& 0

&, U%,0117 aw u‘%) 0118

olarak bulunur.

Toprak verliukdgezrguil saeni eslopu lesy®kh model i. EkK. 5.7
F=h XA ) 84 K)

=(21,9811;0,8933;1,9882) A ¢ 0,2221;0,01170118). X (&,4701) XA (5.7

Veriset nde 12dejgeirzdlieemm t a h-méiknt édddieljdenr 8 6de veri |l mi

\E =(23,0727,2,0825;3,6345) (5.

Tahmine d i | ede - @rkit ei n ,ss,=&kve g°=sbkemaki ¢zer e;

\rj‘i:(y12 =23,0727;5, 2,08255, 2,082%, 83,6345, 3,6345) of!
Keklindedir.
Burada, aitolmadurumu- i n sol ve saj yayél éemlar

(Y, =23,0727s, =2,0825, =2,082

aitolmamadurumu - i n sol ve saj yayél émlar
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(y12=23,0727§*2 :316345";2 =3,6345)
olarakbulunur.
Yukar éedaki i K1 ekml 2. gerleiletkeh etilejineelileh(arme

ve g%zl gnemrej eekaeiéti nalnma ve ait mdmBamaeklier ec
g°st ekl i51l e rveri |l mi kKt

0.9
0.8
0.7 -
0.6
3
o 05
>
04 r
0.3 r
0.2
0.1
0 . . . . . )
19 20 21 22 23 24 25 26 27
YveY, i, icin Sezgisel UBS
1 1
09 0.9
0.8 [ 0.8
0.7 [ 0.7
0.6 0.6
205¢ Zost
04 0.4
03 0.3 [
0.2 0.2
0.1 0.1F
ol . . s . . . . . 0 . . . . . .
20.5 21 215 22 225 23 23.5 24 245 25 25.8 19 20 21 22 23 24 25 26 2
YveY icin Sezgisel UBS YveY icin Sezgisel UBS
tahmin tahmin

keki2zlTop.r ak _v(@rait sliha ve aitiomama; (b) ait olma; (c) ait olmama
dereceMNeveY,0nFhnornek gosteri mi

Toprak ver.i seti bulianék zrge gred s yoaun aamrekl ivzel e

progam &od penceregy © st er i mb et@\irilmRldeslii. m
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SRR

Current Folder
Name
1) sezgisel_carpimm
] hesaplazm
] hesaplaz.m
) hesaplalm
) grafiem
% bulanikregres m
) aayuzm

=] || Openv  Rows Columns
Hewhiom (= Pint ¥ end end
Selection v
VaRismE seciion
L L gt P ¥ E ¥ Arayuz_Sezgisel Bulanik

L || Openv  Rows Columns T 25 9 Transpose
m' [y Print w  end end Insen Dotz o Sotw
vaRiamE saction ot L3
L L At P » E » Arayuz_Sezgisel_Bulanik » 2
Current Folder o e g Variables - Outputs2 -
Name Outpus2
1) sezgisel_carpimm [0 237 el Quiputs2(2, 7}
e . 0 7 0 O | e o e s
8 goaficm 1'B_hat 'C_hat ‘a¥ ‘w_yent ‘w*_yeni’ ‘Gozlenen ikl ve yayiimiar' Tahmin edien Gidi ve yayilmlar TR
) bulanikregresm 2 [467.20... [24,682... [21.981... [0.8033... [1.9882... 24x3 double 24x3
) arapzm - 3192214 21321 36984
2 x # 4 204322 23730 40355
& s 5 160624 24319 40704
x Outputs2(2, 3} 6 180617 23021 3.8990
o 1 2 3 4 5 [ 7 B a m 1 T 3 Ty 7 102060 22495 38626
1| 219811 8 212693 18262 32930
2 0222 9 173226 26728 44323
3 24701 10 207037 23300 3.9905
232441 17551 3.1913
230727 20825 36345
237921 28115 46938
208526 25151 42401
Outous2(2. 4 15 224300 18911  3.39%2
1 2 3 4 5 6 7 8 [ 10 1 12 13 14 16 216882 16400 30387
10683 17 202074 17861 32146
2 _om 18 185794 21167 36694
[ outputs22, 5) o 19 198139 21476 37028
PR = o 20 193461 2425 40966
Output2l2, 5} 21 231693 15790 29573
1 2 3 4 5 6 7 8 9 10 11 12 13 14 2 1001772395 40210
1 1o 23 147560 29203 47380
2 ootie 24 153223 25026 42753 .
2 < >

ST Rl e

5 S Tanspose
e Defsts | Sot v

ot
oW
Cutputs3
L1 2x4 cell

[# vaniables - Outputs3

1 2 3 4 5 6 7
1 'Beta_hat 'Girdi ve yaylim' ‘Gozlenen Gikti v yayilm'  Tahmin adilen Gikti'
2 [20.727... 24x3 double

PLOTS

Outputs3j2, 1}

1 2 3 4 5 6 T 8 9 10 1"
1| 20.7272
2 01978
3 28380

FL
Qutputs3{2, 2}

Outputs3 (2, 3}
1 2 3 4 5 6 7 1 2 3 4 5

1 35 31.5000 38.5000 1 165000 156800 17.3200
2 37 333000 407000 2 186000 176700 195300
3 27 243000 29.7000 3 193000 183300 20270

4 29 26.1000 31.9000 4 203000 192800 213200
5 38 342000 41.8000 5 17.3000 16.4300 18.1700
6 32 288000 352000 6 204000 19.3800 21.4200
T 29 261000 319000 7 19.3000 18.3300 20.2700
8 18 162000 198000 8 219000 208100 229900
K ) o 1 <

Details

13 245844
14 212071
15 222171
16 21.1929
17T 197781
18 184233
19 19.7272
20 19.5335
21 226654
22 155836
123 152339
24 154835
<

(b)

Resim 53. Toprak veri setine ait Matlab 20akod pencere® k r a n

bul anék,(b)e gbruel saynoénk

regresyon

gereéent gl eri
sonu-1| ar é
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53.Say &g a8 IKuyu Veri Seti

Busay&saéktle9 7189 4y8 | | ar & arasénda petrol ve do
kuyul ar 11l e 11 gili Jlerivegse 1 ier ldnalklt aBkkéEjarati, k uy u a
2001)Veri setindkenyer alkafpeéedalkikgi bi tanéml an

: A-élan kuyu sayéseée (bin)

5 Yer | varily, r et i m (

Y

X, ¥nceki d°nem kuyu fiyatée (9$)
X,:

X

5. GSMH (milyar $)

kanl e ve Apaydén ,yQOWiO4yetiahéwdmapamémddgz eky
dej i kKkeinheyalernle&krh etmilkdier di r . Bajémséz dejiKk
(%), sol xyldyeéedaemx/@yel emj eml & deji kkdy) dejer|l
sol ywhBel &aj w/doamkbéer i r |. Bygutamada kidn €l an kuyu ve
seti ¢5 &veriingkeedirs .

¢Ci zeb#wuveriseti -i n merkez ve yayéléemlar

Xo=(%5S i1 $r | Xio=(X2S 120 $h Xz =(Xa:S 15 Sk Y =(Y5 Sk
(4,89;0,6990,815) | (5,52;0,7890,920% (487,67; 69,66881,279} (8,01; 1,0021,14)
(4,83; 0,6900,805) | (5,05;0,7220,842) (490,59; 70,08581,765} (9,06; 1,1331,29)
(4,68;0,6690,780) | (5,41;0,7730,902) (533,55; 76,22288,925} (10,31; 1,2891,47)
(4,42;0,6320,737) | (6,16;0,8801,027) (576,57; 82,36896,095} (11,76; 1,4701,68)
(4,36;0,6230,727) | (6,26; 0,8951,044) (598,62; 85,51899,770} (12,43; 1,5541,77)
(4,55; 0,6500,759) | (6,34;0,9061,057) (621,77; 88,825103,62} (13,31; 1,6641,90)
(4,66;0,666 0,777 | (6,81;0,9731,135) (613,67; 87,668102,27} (13,1; 1,6381,87)
(5,54; 0,7910,924% | (7,15;1,0221,192) (654,8; 93,543109,134}y | (14,94; 1,8682,14)
(4,44; 0,6350,740) (7,17; 1,0251,195) (668,84; 95,549111,474y | (16,17; 2,0222,31)
(4,75; 0,6790,792% | (6,71;0,9591,119) (681,02; 97,289113,504) | (14,71; 1,8392,10)
(4,56; 0,6520,760% | (7,05;1,0081,175) (679,53; 97,076113,255) (13,2; 1,651,88)
(4,29;0,6130,715) | (7,04;1,0061,174) (720,53; 102,933120,08 | (13,19; 1,6491,88)
(4,19; 0,5990,699) | (7,18;1,0261,197) (736,86; 105,266122,81 | (11,7;1,4631,67)
(4,17;0,5960,695) | (7,33;1,0481,222) (755,34; 107,906125,89 | (10,99; 1,3741,57)
(4,11;0,5880,685% | (7,54;1,0781,257) | (799,15;114,165133,192) | (10,8;1,3501,54)
(4,04;0,5780,674% | (7,61;1,0881,269) (830,7; 118,672138,450) | (10,66; 1,3331,52)
(3,96; 0,5660,660% | (7,80;1,1151,300) | (874,29;124,899145,715) | (10,75; 1,3441,53)
(3,85; 0,5500,642) (8,30; 1,186 1,384) (925,86; 132,266154,310y (9,47;1,1841,35)
(3,75; 0,5360,625)5 | (8,81;1,2591,469) | (980,98; 140,140163,497y | (10,31; 1,2891,47)
(3,69; 0,5280,615% | (8,66; 1,2381,444) | (1007,72; 143,960167,954} | (8,88; 1,1101,269)
(3,56; 0,5090,594) (8,78; 1,2551,464) (1051,83; 150,262175,305y | (8,88;1,1D; 1,269)
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¢izelge 5.5. (devam) Kuyu veri set.i
(3,56; 0,5090,594) | (9,18; 1,3121,530) | (1078,76; 154,109179,794y | (9,7; 1,2131,386)
(3,48; 0,4980,580) | (9,03; 1,2901,505) | (1075,31; 153,616L79,219) | (7,69; 0,9621,099)
(3,53; 0,5050,589) | (9,00; 1,2861,500) | (1107,48; 158,212184,580) | (6,92; 0,8650,9891
(3,39; 0,4850,565) | (8,78; 1,2551,464) | (1171,1; 167,3191840)r (7,54; 0,9431,078)
(3,68; 0,5260,614) | (8,38; 1,1981,397) | (1234,97; 176,42505,829) | (7,47;0,9341,068)
(5,92; 0,8460,987) | (8,01;1,1451,335) | (1217,81; 173,97.202,969) | (8,63; 1,0791,233)
(6,03; 0,8621,005) | (7,78;1,112 1,296} | (1202,36; 171,766200,394y | (9,21; 1,1521,316)
(6,12; 0,8751,020) | (7,88; 1,1261,314) | (1271,01; 181,57211,835) | (9,23; 1,1541,319)
(6,05; 0,8651,009) | (7,88;1,1261,314) | (1332,67;190,38222,112) | (9,96; 1,2461,423)

(5,89; 0,8460,982)

(8,67; 1,2391,445

(1385,1; 197,872230,850%

(10,78;1,3481,54)

Kuyu veri setime

¢izel ge

rkez He] eaheéelarak

5.6 ile v

er il

¢i zebgeKwyu veri set.i

mektedir.

i -in klasi k regresyon

Ejistat ti st at pdej
Sabit -6,26 -1,19 0,246
X, 2,34 4,25 0,000
X, 2,58 3,57 0,001
X, -0,0147 -5,12 0,000
Ftest isdajtersit)i ji (p R? D¢zelS?i|
12,89 (0,000) 1,59 58 B8 % 54,31
AModel hat al aré nor mal -deédje&li &éml, & OB i. tO

Kuyu X))y

sayeestekniasi nin

at el ¢k ¢ r(ED)ve @SMHi( X Xdaerjé Kk kenl erinin
i -1 n d&deadden k

tahminmodeliE k5.10 ile verilmektedir.

¥= 6,26 2,34,

Cizelge 560 @l verilen tt e st |

25§, 0:014%,

sonu- |

arakteéer el masé

bul unmaméKteadri 2@N,BM.6>¥t e yan

-éekte d¥ jeizeekre m d e

i stati st

yapélmea Kiltass &knu-el

a-
regr

(5.1
sabit t €

aréna g°°r e,

dan, XgXrX,) dej i K

ksel ol a

d e jlee<ta =0,05). ¢i zel6gaki Fhest sonucuna gere,

r ak anl

(o d e |l

P

C

a
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dej 6,000<a=0,05. Bu modeR=%588i D¢ z el t>=5%b43il)wlaraR
hesapl atnenkdtecikekre.n d e k i topl araDde i EAUbHE1LK %RE, 8

girdid e ] ilkekre nt aa-a& kélnadnam€ma k't ad ér .

¢i z ebipeerilenkuyuverisetie- okl u r egr e dywd mmnmdkd e leig rie-siyro n
(kanl e vV e Apyydétmévoiked 4 )par amet rgedi (Xahmi ni

deji kkenlerinin mer kez dejerl erine, ait ol r
-ékarél ep seklgeXfedeifaimatdej sl eri el de edil mi kti

(YYdej i kKkeni(y)aemerikee, ait ol ma derecesinin

-ékarél epveeYRvekhereReriedi | mi ktir.

Ek.83.eh yar ar | segrésyon maaddi papaméetra tateninleri

& = 0,0317, £ =1,7541, & =1,1770%, K= 0,011¢

ol arak bulunmuxktur

Buradan, bulanék regresyon model i ;
¥= 0,0317 3,754%, %7705 6,019 (5.
eldeedi | mi ktir.

¢i z e bagddevebleres i met r i Kk bul anéks eszagyi é&slea r ébnu | kaunl élka n
analizi(Arefi ve Taheri, 2015pygularmé k t & r .

Buna g°re

& 329,7600 ¢ 3l 138,0400  233,2700 2,7366 (
o EL4902+ 03 | £138,0400 6437236 1036% 03 12863 |
€2,4472+ 03 ' ~ € 233,2700 1,0363+ 03 1,7984+ 03 2,1352+ |
&,8042+ 05 € 7366+ 04 1,2368 + 05 2,13%2 + 05 2,6368 +

ve
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& 6,2606 e -0,7826 & -0,8944

€2,3438 € -0,0416 . ¢ -0,0558
a=¢ w=¢ w =€

é2,5770 é -0,0460 é -0,0614

& 0,0147 &, 629%- 04 §3,506- 04

ol ukt.urul ur

Wy, W, W, Wy, WveWw< Col duj Xnmatr i si niwmnui |-kekax t£4ta7ak

Ek4.8veEk4.. 9%kbidai k|l eml er tekrar edilir.
& 329,7600 ¢ 31 138,9400  233,2700 2,7366 C
= £1,490&+ 03 e (E—g 138,0400  643,9808 1,0369 03 1,2263 |
" €2,447%+ 03 "6 2332700 11,0368+ 03 1,7987+ 03 2,1352+ |
& 8042+ 05 &, 736@+ 04 1,2368 + 05 2,138 + 05 2,6368 + |

ol mak & E®Brie i n,
& o 54298

i & (52,2626
ék Ué2,4661

& 50,0143

ol arak hes aphlia-miéamaveipbrl anchanra, derecel erine il
W= 9,949& 04 ve W =[ 0,0013

olarak bulunur.

Kuyu veri setdezdgiimelolbwltaurald ammegr esyon mod e
Y=A KA &) B3 k) (B B
=( 4,7477) K1,3212 K ) A2,8747 XA ) A 0:0129; 9;9498d4; M,0012) X,

Kekli.ndedir
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Verisetinde23g ® z | enerid eitphenme di | en - ékt é
Y,, =(9,3279;5,2207;6,5169) (5.1
olarakh esapl anméxkt ér .

Ek. iSl.el2veril en tahmins ™dseyeesrismil mak- &k eg%st er

Y,.=(Y,, 9,3279 3, 522075, 5:220%, 655168, 65169) 8
Keklindedir.
Burada, aitomaur umu i -in sol ve saj yayeéel émlar:

(Y, =9,3279s,, =5,2207s,, =5,220

ait ol mama durumu i-in sol ve saj yayeéel éeml a

(V,3=9,32795, =6,51695, =6,5169)

ol arak taneémlaneéer .

Yukar edaki i Kl eml er gerlerie kil -eiknt | r §hrddve ke @i31. e
g°zl eneM) deéler éaie olimanve mit olmama dereceleriko@é ndan ©°r nek
g°steri Bldedrk eki | 5.
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(b)

(©)

0.9
0.8 [
0.7 [
0.6 [
7
‘<1_> 0.5
>
Toat
03
0.2
0.1 l \
0 . . \ .
2 4 6 8 10 12 14 16
Y ve Y‘ahwn icin Sezgisel UBS
1 1
09 09k
0.8 0.8
0.7 0.7
061 0.6
205F Zos5h
04 041
03 03[
02 021
0.1 0.1
0 . . . . . 0 . . . . ,
4 6 8 10 12 14 16 2 4 6 8 12 14 16
Y ve Ytahmln icin Sezgisel UBS Y ve Ylahmin icin Sezgisel UBS

kekBKu§u
i - EmeY,6 ¢ n

Kuyu

ver

v e(a)iaisolma ve-ait obmama; (b) ait olma; (c) ait olmateeeceleri

set

°r neik

i n

gosterim

sezgi sel

prog a koe pencereg © s t e Resiml5.dle vieriimektedir.

bul

aneéek

vV e
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+ [ outputs2i2. ) - ] %
iz HiGo9e dddo. =
L by Outputs2{2, T}
57 Zopmv Rows Coumns 53 Tanspose ] s 5 . =
Lt B AT 1 L IR 1[ 122000 39305 47803 -
VARIAmE sEECTion £oit 2 109331 37570 45775
# % fal @ | »E» Arayuz Sezgisel Bulanik » 3 108660 38720 47286
Current Folder ® [ Editor - arayuzm [ Variables - Outputs2 5 x||4 115127 40888 4.9986
Name Outputs2 5 113081 41234 50478
) sezgisel_carpimm [0 27 cetl 6 116040 42327 5.1845
fj’;’::::?: 1 2 3 4 5 6 7 8 9 10 1 12 13 " 1 ; :: ‘;;3 :;;:z :';g;z
&) gaticm 1[Bnar[Chat a2 wyen’ ‘w_yen’ Gizien.. Tahmin S
8 pulanvegresm 2 [329.76... 4x4 do... [-5.429... -9.9438.. Q0012 31x3d.. 3x3d 9
] arayuzm - L0110 121213 44781 54043
B I xv 45352 55603
N 44790 55114
45103 55530
. 45724 56337
46043 5.7583
46032 58045
47714 59130
49550 B.1487
51502 6.3972
51007  6.3500
— 51385 6.4116
53024 66135
52207 65160
52537  6.5081
51851 0.6133
51023 6.5470
57714 72157
57127 74412
58355 73117
58854 7.3700
6.1360  7.7082
Details ~ =

Hib  oe2@0]|:

Bl m Gf U [gFnares & I Hem Varile (2 4 Sty
New Mew  Mew Opsn L Compars Impont  Sawe i Opon Vartie Halp ot
Seript Live Scippt v - Data  Workspace UMWV - ﬁwmm
e vadiante fesousces T
4% Hal i | b E v Aay Sergisel Bulanik r
Current Folder oW L nikregres [ variables - Outputs3 ® x
Name Outputs3 -
) sezgislcamionm Dl vacel g Hinire
fj::::z: 1 2 3 4 5 [ 7 a 3 10 m'u‘”'ﬂ"z‘ & 5 3 S -
) nesaplatm 1/'Beta_hat 'Girdi vo yaylim' 'Gozlenen Gikti ve yayilm'  Tahmin edilen Gkt » N
) grafikm 2 [-0.031... 31x6 double 31x3 doutle 3ix1 double
Huwisntaegresm :: fz;:
arapuzm
@ Ex = = 11,7509
VARIABLE VEW 115690
. 11.7682
12,8897
14,5454
12.4841
12.0683
123548
| & outputs32, 3) = 0 % |2 13
VARIABLE VEW 112530
Outputs3 (2, 3} 14112634
2 3 4 5 [ 7 1 2 3 4 5 P 7 15 11.0081
55200 41914 47314 55886 63088 1 eowd 7ooss sor3 ~ll16 108335
50500 41400 43286 55200 57714 2 00600 79275 101925 17 103103
54100 40114 46371 53486 6.1829 3 103100 90213 115988 18 103883
6.1600 37886 52800 50514 7.0400 4 117600 102900 132300 19 104503
6.2600 3.7371 53657 49820 7.1543 5 124300 10.8762 13.9838 20  9.7700
63400 30000 54343 52000 7.2457 6 133100 116463 14.9738 21 92290
68100 39943 58371 53257 77829 7 131000 114625 14.7375 22 96164
71500 47486 61206 63314 B.AT14 8 149400 130725 16.8075 JBE25
. P B BT R - 5 e+ 85030 v
< >
Details ~

(b)

Resim 54. Kuyu veri setine ait Matlab 2@akod pencerest k r a n

bul aneék

r)e gbr uel saynoénk,

gerént el eri

r(ebgr esyon sonu-1ar

e



80

54Sayés aldT¥erdnaerki k - i Se-im Probl emi

Kkl etnkeeal admas ¢ r e - tedar knde se-i°®mepm olliem oBu kaps

sayéedari k- i -erisinden belirlkii kifitemrl ar
se-il mesi i | eKkillegtimeeknsi el krmekka leidtie .ve d¢keék mal
uyguntedar k - i | er lge; n-¢am ¢€zk maeskéa keatr | ked ey lel (a@ranredea ma k

2005).Ted ar i k #eiilgilisiel -ki myaBickseni866)ger - ekl ekt i rmi Kt i r
23 kriterin yer aldeéejé arpketn kalléekmass e izlaemae
ve garanti polittka € ob elr iarkl(Decksonk 1966y

Busayeésabkbkte ger-ek bir yB8kianktgpprfoblmamiéne&lne t a
se-iinprobl emi nevelelzags iske,|l rediegyldrecanedgddi u y gul an mékt ér

Firma karar vericileri kalite, fiyat, t esl
firmad(:BnD¢ K ¢ KEEYg Kk sajrea)s énda deBetyladaedien mi kKt ir
veriyex*:ﬁ do°n¢kemeg uyl ulman midket eenevout tedar

Xmaks_xmin
defjfleendirme puanllemaiwveaney eepéledre dddagemiselr ak kI
bul anéeék regresyon Tmedadil-rii sdé -diem e pkiagikomli exmii m ¢

regresyon analime i | i K k@i inz esllagpeeri®eldeadir.
¢i zell.geTebdari k-i se-im prodvoreumi| kda@asi k regre
gjistat ti stat pdej
Sabit 20,54 5,90 0,000
X, 32,16 13,13 0,000
X, 22,86 14,08 0,000
X, 14,61 6,36 0,000
X, 14,38 7,46 0,000
Ftest isdajtersit)i ji (p R? D¢z elSt?i | mi
71,83 (0,000) 5,10 %82,02 %80,88
i Model hat al aré nor mal deéjjee&li &l & 0Ri Ol e d ¢
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Kalite (x;), fiyat (x;), teslim (x;) ve verimliik (x,) kri terl erinin mevcu

puanl(@yeétnkai si ni n aeldeedilek led snials Eér egli @asyon mod e
gibidir.

¥=20,54 432,16, 22,88 14,60 14,38 (5.

Model in anlamlél éjénade] €kREnohdppamldamlead d «
bulunméktzel e vertlen tt est | sonu<gliadénadegdgd k&,en

(X, %, X5, X,) -ekté YJeijziekrkiennde ( i statisti ksel ol ar
bul unmapd aje@&000<0,09. R>=%82,02 ( D¢ z e | R?i=%80,88) olarak
hesapl| atrénite§t iek kendeki topl dmM¢de] itBOBE)K RS 2, |

grdide] i kkenl er taraféendan a-ékl anmaktader.

Tedari k- se-im problemine ilikkin -oklu re
Bk z . B°l ¢m 3 ekiTRYauwydkuliamsm-i mx)mreqg b Ik&kmind cee |

mer kez dejerl erine, ait ol ma d e r-eddckeaalr erl iérpi |
ekl ends¢i aXeyd matrisleri elde edilMi«ktir.
dejikkeni fyy)ydeiner kez, ait ol ma derecesinin

-eékarél epveYRVvekhe?eker i Eexl.B@&M.e2diyavi «rtlianél ar e

regresyon model i parametre tahminler.i akaj e

b =15,740(, £ =34,946:, & =23,950z, £ =17,213:ve A =15,809:

Tahmin edilen modeilleopakametulahebul gaéldémegr
YE::15,7400+34,9463; +23,9502 17,2183 45,8891 (E
Keklindedir.

Tedari k- s e -Arefnve gaheri@0186min i°-nienr di J i simetrik

dayanans e z gi s el bul anégkkz B®lgg enegamp | amal azie ve

akajeda verilmiktir.
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Burada,

84,8662+ 03 & 68 47,20 35 36,66 48,8
£3,471&+ 03 €47,20 39,20 21,40 22,70 29,2
B=62,667%+ 03 ve C=¢é 35 21,40 30,0 1825 214
©,6086+ 03 £36,66 22,70 18,25 26,33 22,5
83,131&+ 03 842,83 29,26 21,41 22,50 32,2
bulunur.
Mo del kat sayélaat émé mat ale gianyed @imimama i - i n
&20,5381 88,2152 &14,3766
£32,1616 & 3,2162 & 3,2162
a=€22,8601 w=622860 W =& 2,2860
€14,6064 & 1,4606 & 1,4606
14,3827 61,4383 g-1,4383

olarak b u |l un mu K t ,uw,w, wBw<Oave av,,wW,, W, Ww,<0 ol dufj wh d an

matri si 0 iIEkk t BAAd.8AlcEI k4. . Ol idkal e ml er tekrar edi | i

Buradan,
¢4,8662+ 03 e 68 47,2000 35 36,6667 42,833
5 23,47783+ 03 5 247,2000 39,6775 21,1854 22,4960 29,23
= €2,677&+ 03 ve @=é 35 21,1854 30,8889 18,2038 21,36¢
22,60763+ 03 236,6667 22,4960 18,2038 26,8200 22,45
83,136@+ 03 842,8333 29,2322 21,3699 22,4558 34,78

hesapl aneér .

&=E'Bol mak ¢szere,
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g 21,0527
U €31,8373
ue ™
=622, 6295
ue

& &l4,4591
Y 14,2376

e
1
LN R

eldeedilir&i -in hesaplanan ait olma ve ait ol mam:
wz=[3,3699 ve &t =[9,6857
olarak bulunur

Tedar i k- se-o0muwtrwzbglileawi| sSkeulnanék regresyon
gibidir.

F=h KA A) & K) (4 B Ch O

=(21,0527;3,3699;9,6857/ (31,837&, A (22,629%,) (¥4,4591 XA
A (14,2376AX, )

Dokuzuncu dmaddlde yerind lendraktra h mi n e d i laekna -éédkatkéi dgei]
elde edilir.

¥= (62, 4186;27,4229;52, 4643) (5.1

Dokuzuncu detizlienm ndetfletreni adidleger i ns,nasva- &k g°

s=s ol mak ¢zere;

E=(y, 62,4186 27,42205 27,4228 52,4648, 52,4643  (5.17)

Keklindedir.

E kK . O%aédblmaderecesininsolweaj yayél émeé
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(v, =62,4186;5 =27,4228, =27,422

(v, =62,4186;5 =52,4643,

bi

ol

mi

ma ma

ndedi

derecesi

=52,464

r .

ni

n

s ol

yayél émeé

Dokuzuncu detizliem ndédjadhrm)vne egdizllegipcae] erelke réi ni r

atol ma ve ait ol méamdadePeoekeghesieak é mi Kk e ki l
1
09
0.8
0.7
0.6 [
i
005
2
o4t
03[
0.2
0.1
o . ‘ ‘ ‘ ‘
0 20 40 60 80 100 120
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55.ModelSonu-1 arénén Dejerlendiril mesi

Bul anék ve sezgi sel bul anék regresyon il e
Taném 5. 16de veriéen Dor mlécktkarl maniék mé mi S

sezgi sel bul anék -éktelardan kesin dejerler

TanéemAS(mk,.s;s 9sezgisel bulanék sayeée ol mak ¢
akaj ed a Bkz Thandaveld,Uthra vAmuthg 2016)

def(y = (M- S) #(m_¢m §)i2 (M $-4 mE myp - (5.18)
_p (s+s) {5 H)]
12

Klasik, b uvemsezgisklbl anék r egr e sdyeg re rrhcedieaHildmarreilSeirln9
ileverlenar t €k karel er ort al°®lmasgstéemmede rk aypPaekd Kki¢ga Al
AKOK dej er | er i sohaidi & air it RAIKNOKK tdeedjierr.l er i ni n s é

ol masée ol duk-a iyi bir sonu- g°stergesidir.
AKOK:\/% 3 Y -8 (5.19)

i=1
Literatg¢rgl-eeyier satianve bir i Kl et meni,n tedal

bul ava sezgid bul anék regreMKPaomodliedrd@ygaede 5-in

verilmektedir.

¢Ci zeBRegbesyon model l eri i -in AKOK dejerler
Klasik regresyon Bul anék r Sezgi sel bul
modeltAKOK modelrAKOK modelrAKOK
°l -t °l -t ¢ °l -t
XY veri seti 0,92 0,81 0,80
Toprak veri 1,67 1,59 1,55
seti
Kuyu veri 1,59 1,53 1,48
seti
Tedar 5,10 5,00 4,90
se-in
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¢i zel8gewriktn AKOK dej erl erine g°re bulanék ve s
model | er i k1l asi k omaddhipt@erag °¥rtee dyaahkackaengiselb ul an é
bul anéeék modell erinssaguskadr dul adidrkAdKOKtigjr ies ¢ ®
dejerinin dadgar dl¢gmgkt of duj u

¢capraz ge-erlilik, analiz sonu-1laréneée ver.i
kull anéel an model ge-erl i | Bk t erarsiégnidébk, m n( Arae
gzl em i-erisinden her ddeefna € érkdaa kb it 0 pd Cazanideam 1
sezgisel bulanowmgeregtesypBumhdpbemdhmaktaka] éc
adéeml ar ger-eklexktirilmicktir:

Kl gi | i ver i s e-té kntdéee d e=jr ie k &k lagianoima gia | aikdolmama
derecel ediimicii gérzémmiisla2t.en).l aré -éekareéeleéer (
Geriyekalanf-1) g°zl em sateéerl aré ile sezgisel bul a
Tahmin edilenrmo d e | katsayél ar é ibien(vieriabm\ta)h ndekt é

yeni den hesapl anér.

Ti06inci \ﬁ)ﬂezydanhdenmhmir(edilen\&) -ektéelar i-iem.uzakl e
1 Sonolarakor t al ama uz akEbROIlded&ddi)ir. ° 1 - ¢t ¢

o 2

§

Buna g°re, XY, kuyu, toprak, t ¥)vayenideni se-.i

MSD=13

i=1

(5.20)

tahmin edilen \??“) - ékd edwmrrl ar ar akseeldidlBagili set uezrai ki | néekklt aerd i
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kekislG°Zl enen ve yeniden tahmin edil@n -eékt
tedari k- veri setleri; hesapl anan uza
tedari k-1 veri setleri

XY, Kuyu, toprak ve tedalriilki-k wemu-Isaernté ec¢i z

gibidir.

¢Cizebgambage-erlilik sonu-1aré

Veri seti MSD

XY 1,1245

Kuyu 2,9333

Toprak 3,2572

Tedari k-i se-i mi 28,3998

¢izelge 5.96da verilen -apraxyY gweereir |l isleit k §

MSD=1, 1245 oItarakamIeinmtnmablemarg%zlie\?@e/m (
yeni den tahmi)ﬁz)ed'rheén,dZégkizlémmsdéiaeri7.i-in e
®zlem dejeri biudium meoprakweg. lsetiie ki n =35%/D olarak

hesapl &h méle&iméhesaplanarfi ve\?liE dej ead @s durzdh&kK.ie kg® zI| em




































