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Oz

Dogru yerden dogru yere mimkiin olan en iyi kalitede trtin teslim etmeyi amaglayan cogu sirket icin, dogru depo yeri
secimi stratejik basari icin ¢cok 6nemlidir. Sirketlerin dogru konum kararini vermesi kiiresel is ortaminda her gecen
gin belirsiz hale geldiginden, yeni bir depo yeri hakkinda saglam ve gelecege doniik bir karar vermek biyiik 6nem
tastmaktadir. Bu nedenle, dogru depo yeri seciminin belitflenmesi, basarili bir tedarik zinciri sisteminin
gelistirilmesindeki temel problemlerden biri olmustur. Bu calismada, uygun depo yerini se¢mek icin aralik tip-2
bulanik kiimeleriyle genisletilen ¢ok kriterli karar verme (CKKV) ydnteminin sunulmasi amaglanmaktadir. Onerilen
yaklasim, karar vermede uzmanlarin yargilarinda ve ifadelerinde yer alan belirsizliginin tGstesinden gelmek igin aralik
tip-2 bulanik ortam altinda AHP ve TOPSIS yontemlerini icermektedir. Bulanik AHP, depo se¢iminde uzmanlarca
belirlenen kriterlerin agirhiklarini belirlemek i¢in kullanilmis; ardindan aralik tip-2 yamuksal bulanik sayilar ile alternatif
depolarin siralamasint elde etmek igin TOPSIS yontemi kullanilmistir. Onerilen metodolojinin  uygulamasint
gostermek icin, Tiirkiye’de yeni bir depo agmak isteyen firma icin gercek verileri kullanarak bir calisma yiritilmustir.

Anabtar Kelimeler: Aralik Tip-2 Bulanik AHP, Aralik Tip-2 Bulanik TOPSIS, Depo Yeri Secimi.
A Hybrid Approach based on Interval Type-2 Fuzzy MCDM for Warehouse Site Selection

Abstract

For most companies that aim at delivering the best possible quality product from the right place to the
right place, choosing the right warehouse location is very important for operational success. It is of great
importance to make a right and future-otiented decision about a new watehouse location, as companies'
decision to make the right position is becoming more and more ambiguous in the global business
environment. Therefore, choosing the right warehouse location is one of the main problems in the
development of a successful supply chain system. In this study, it is aimed to present the multi-criteria
decision making (MCDM) method, which is expanded by the interval type-2 fuzzy sets to select the
appropriate warehouse location. The proposed approach includes the AHP and TOPSIS methods under
the interval type-2 fuzzy environment to overcome the uncertainty in the judgment and statements of the
experts in decision-making. Fuzzy AHP is used to determine the weight of criteria determined by experts
in the selection of warehouses; then the TOPSIS method is used to obtain the ranking of alternative
depots with spacing type-2 trapezoidal fuzzy numbers. To show the proposed application of the
methodology, a study is carried out using real data for companies wishing to open a new store in Turkey.
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Girig

Lojistik ve tedarik zinciri yonetimi ginimiiziin kiiresel pazarinda temel rolii oynamaktadir. Kiresel
rekabet ve ekonomik degisimler sirketlerin hayatta kalmast icin zorluk olusturmaktadir. Bu tehditler
sirketlerin bagimsiz olarak ayakta kalamayacaklarini fark etmelerine yol agmus ve tedarik zinciri yonetimi
olarak cesitli aktorler ile yakin koordinasyon icinde ¢alismak zorunda birakmistir. Tedarik zincirinde aglar
arasinda cesitli diigiimler ve bunlar arasinda driinlerin taginmasi yer alir. Digumler tedarikgiler, sirketler,
depolar, dagium merkezleri ve misterilerden olusmaktadir (Dey vd., 2016). Etkin bir dagiim ag
olusturabilmenin en 6nemli asamast ise depo yetlerinin sec¢imidir.

Dagitim depolarinin optimum konumu, lojistik sistemlerin optimizasyonunun énemli bir parcasidir.
Bir depo, triinlerin korunmast ve depolanmasi icin ticati bir binadir. Depolar treticiler, ithalateilar,
ihracatcilar, perakendeciler, nakliye sirketleri vb. tarafindan kullanidmaktadir. Frazelle (2015) depolarin
modern tedarik zincitlerinin 6nemli bir unsuru olduguna ve ginimiizde isletmelerin bagarisinda veya
basarisizliginda hayati bir rol oynadigina dikkat ¢ekmistir. Giiniimiiz dinyasinda, bir depo yeri segimi,
lojistik sistemlerin optimizasyonunda en 6nemli ve stratejik kararlardan biri haline gelmistir.

Bir deponun yeri genellikle tedarik zinciri optimizasyonunda en Onemli ve stratejik kararlardan
birisidir. Bu noktada lojistik yoneticilerinin en 6nemli karar alma siireclerinden biri depo yerinin se¢imi
kararidir (Chen, 2001). Uzun vadeli bir karardir ve pek cok nicel ve nitel kriterden etkilenir. Bununla
birlikte, bazi kriterler o kadar 6nemlidir ki, kararlarda baskin olarak 6n plana ¢ikmaktadirlar.

Depo yeri problemi, politik cevre, pazarlara yakinlik ve misteriler, tedarik¢i aglari, genisleme
potansiyeli, ulasim sistemlerinin kullanilabilirligi, hizmet kalitesi, yasam kalitesi, kiltiir sorunlart gibi ¢elisen
kriterler iceren tipik bir CKKV problemidir. Karar vermenin karmastk siirecinde, cesitli belirsizlik
unsurlarnin yaygin oldugu agiktir. Karar alicilarin degerlendirmeleri 6znel ve dilsel yargilar ile ifade
edildiginden, kesin sayisal degerler dogru sonu¢ vermeyecektir. Bu nedenle, ¢alismada CKKV yontemleri
bulanik kiime teorisi ile bitlestirilmistir (Baykasoglu ve Golctk, 2017). Bununla birlikte, tip-2 bulanik
kiimeler daha fazla belirsizlikle baga ¢ikabildikleri ve daha giivenilir sonuglar tiretebildikleri i¢in (Celik vd.
2013) karar vericilerin kesin olmayan bilgilerinin modellenmesi i¢in stklikla kullanilmaktadir.

Depo yeri se¢iminin tedarik zinciri yonetiminde 6nemli bir problem olmast nedeniyle, bir¢ok
uygulayict ve aragtirmact son yillarda bu konuya buyiik 6nem vermistir. Aktepe ve Erséz (2014), depo yeri
secimine kriterlerin agirliklandirilmasinda AHP yontemi ve alternatiflerin siralanmasinda VIKOR ve
MOORA yéntemlerini kullanarak bir d6kiim fabrikasi icin depo yeri se¢imini arastirmislardir. Ashrafzadeh
vd. (2012) Tran'da biyiik bir sirketin depo yeri secim problemini bulantk TOPSIS yéntemi ile birlikte ele
almuslardir. Biyiikzkan ve Uztirk (2017) yesil depo se¢imi icin 2-tuple dilsel modeli, QFD ve TOPSIS
yontemine dayalt entegre bir grup karar verme teknigini 6nermislerdir. Chai vd. (2013) aralik degerli
sezgisel bulanik ortam altinda en karlt depo se¢imi i¢in yeni bir kural tabanlt karar modeli 6nermislerdir.
Chen (2001) alternatiflerin degerlendirmeleri ve her bir kriterin agirligi, ticgensel bulanik sayilarla ifade
edilebilen dilsel degiskenler tarafindan aciklanan bir model 6nererek dagitim merkezi konum se¢imi
problemini ¢6zmigstir. Asir ve Erol (2016) AHP, basit agihkli toplama, COPRAS ve MOORA
yontemlerini en uygun depo yerinin belitlenmesi icin kullanmuslardir. Demirel, ve dig, (2010) depo yeri
seciminde kriterler birbirleri arasindaki etkilesimleri igerdiginde, Choquet integralinin ¢6zim icin
mitkemmel bir ara¢ sundugunu géstermislerdir. Dey, ve dig., (2013) karar vericilere yardimct olmada kriter
agirhiklart ve depo yetlerinin degerlendirmeleri icin bulanik kiime teorisine dayali secim metodolojisini
gelistirmislerdir. Dey vd. (2016) bulanik ortam alttnda TOPSIS, basit agirlikli toplama ve MOORA
yontemlerini depo yeri secimi i¢in kullanmiglardir. Karmaker ve Saha, (2015) mevcut bes konumu
karsilastirarak en iyi depo konumunu degerlendirmek icin bulanik AHP, TOPSIS ve bulanik TOPSIS
yontemlerini kullanarak karsilastirma yapmuslardir. Huang vd. (2015) toplam gelen ve giden nakliye
masraflarini ve toplam depo ingaat maliyetlerini en aza indirgemeye iceren bir model ile depolar icin yer
secimi modelini sunmuslardir. Jha vd. (2018) Hint kimyasal endistrileri icin stirdtrtlebilir depo se¢iminde
14 basart faktSrlerini tanimlayarak ve yorumlayict yapisal modelleme ile kriterler arasindaki iliskiyi
aragtirmuslardir. Kabak ve Keskin (2018) AHP yontemi ile dokuz kriterin agirligini belirlemisler, daha sonra
bulunan agithiklar cografi bilgi sisteminde kullanarak Marmara Bolgesi'nde kutulacak bir patlayict ve
mithimmat deposu icin en uygun veri belitlemiglerdir. Ozcan vd. (2011) yaygin olarak kullanilan {i¢ temel
metodolojinin, AHP, TOPSIS ve ELECTRE, karsilastirmalt analizi depo yeri se¢cimi icin yapilmugtir.
Vlachopoulou vd. (2001) depo yeri se¢im siireci igin cografi bir karar destek sistemi gelistirmislerdir.
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Bu calismada, aralik tip-2 bulanitk kiimelere dayali bir CKKV metodolojisi kullanarak Ttrkiye’de
aliminyum sektoriinde faaliyet gésteren bir sirket icin alternatif dort depoyu karsilastirarak en iyi depo
yerinin belirlenmesi amaglanmaktadir. Bu amagla, en iyi alternatif yeri bulmak icin aralik tip-2 bulanik
ortam altinda AHP ve TOPSIS karar verme yontemleri kullanilmistir. Degerlendirme stirecinde kriter
agirhiklart aralik tip-2 bulantk AHP y6ntemi kullanilarak hesaplanmis ve alternatiflerin siralamasi aralik tip-2
bulanik TOPSIS yontemi kullanilarak elde edilmistir.

Bu calismanin geri kalani su sekilde diizenlenmistir. Ikinci bolim, 6nerilen metodolojini detaylarini ve
teorik altyapisini agtklamaya ayrilmustir. Gelistirilen metodolojinin cergevesi ve kullanilan bulanik karar
verme yaklagimlarinin adim adim bir tasviri saglanmistir. Ugiincti béliimde, calismanin uygulamast
gosterilerek sonuglar tartistimigtir. Son olarak, dérdiinct bolim calismayr sonuglandirmakta ve bulgulart
Ozetlemektedir.

Onerilen Metodoloji

Bu béliimde 6nerilen metodoloji tanitilmis ve islem adimlart verilmistir. Onerilen metodoloji ii¢ temel
adimdan olugmaktadir: (1) Modelde kullanilacak kritetler, alternatifler ve dilsel degiskenlerin tanimlanmasi
(2) Kriter agirliklarinin belirlenmesi igin aralik tip-2 AHP yonteminin kullanidmast (3) Alternatifleri
stralamak icin aralik tip-2 bulanik TOPSIS yonteminin uygulanmast. Yeni depo yerinin se¢imi icin 6nerilen
metodolojinin sematik diyagrami Sekil 1'de gosterilmistir. Asamalar asagidaki gibidit:

Karar verme komitesinin . Alternatiflerin uzmanlara gére
Komiteye danisiimasi - cemyor
olusturulmasi degerlendirmesi

ﬂ

A 4

y
Bulanik ikili karsilasgtirma Agirlikh matrisin
matrislerinin olugturulmasi olusturulmasi

A
A
A

Kriter ve alt kriterlerin
secilerek tanimlanamsi

_,
i ﬂ4

1. Asama < Hay )
. . . 2.A
Dilsel degiskenlerin sama < Tutarlilik oraninmn Bulanik pozitif ve negatif
belirlenmesi incelenmesi ideal ¢6ztimin belirlenmesi
3. Asama <

Hiyerarsik yapinmin
olusturulmasi

- D

&

Ul Rs!

Yakinhk katsayilarimn
hesaplanmasi

A

Her kriterin bulanik o
< 1 Alternatiflerin siralanmas1

agirhgimin hesaplanmasi
—

: A

Sonuglarin sunulmasi

Evet

|

Sekil 1.Onerilen Metodolojinin Adimlar:
Aralik Tip-2 Bulanik Kiimeler

Bu bélimde tip-2 bulanik kiimeler ve aralik tip-2 bulanik kimelere iliskin temel kavramlar ve
tanimlamalar ( Celik vd., 2013; Kahraman vd., 2014) kaynaklarindan yararlanilarak aciklanmistir.

Tanim 1:X evrensel kiimesine ait bir A tip-2 bulanik kiime, uz(x) tip-2 bulanik tyelik fonksiyonu ile
asagidaki gibi ifade edilir.

A= {((x,u),uj(x,u)) | Vx € X,Vu € J, € [0,1],0 < pz(x,u) < 1} )

burada, ], € [0,1] araligini gostermektedir. Ayrica, A tip-2 bulanik kiimesinin bir baska ifade edilis sekli
asagidaki gibidir:

A= Jeex Jue 1M (x,w)/(x,u) @)

buradaj, € [0,1] olmak iizere, [f tim makul (kabul edilebilit) x ve u degerlerinin birlesimini ifade
etmektedir.
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Tanim 2:X evrensel kimesine ait A tip-2 bulanik kiimesini tanimlayan tip-2 iiyelik fonksiyonunu p; olarak
gosterilsin, Eger bitin pz(x,u) = 1 ise, A kiimesine aralik tip-2 bulanik kiime adi verilir. Bir aralik tip-2

bulanik kime, A tip-2 bulantk kimenin 6zel bir durumu olarak kabuk edilir ve agagidaki sekilde
gOsterilebilir:

A=y fue 1/ (xW) ©)
burada/, € [0,1]dir.

Tanim 3: Aralik tip-2 bulanik kiimesinin alt ve iist Giyelik fonksiyonlart sirastyla tip-1 tyelik fonksiyonudur.
Chen ve Lee (2010a) ¢alismalarinda bulanik ¢ok kriterli grup karar verme problemlerinin ¢6ziimiinde aralik
tip-2 bulanik kiimeleri kullanmak icin yeni bir yontem 6nermislerdir. Bu yonteme gore, aralik tip-2 bulanik
kiimelerin referans noktalari ve ist ve alt diyelik fonksiyonlarinin yiikseklikleri, tip-2 bulanik kiimelerini
karakterize etmek icin kullandmistir. Sekil 2°de yamuksal bir aralik tip-2 bulanik kiime gosterilmektedir

Yamuksal bir arahk tip-2 bulanik kiimeler A;i = (/HJ ,ALL) =
(o8 %t ol (A7), o (A9)), (ah, aly s, ok o (A1), (A1) burada A7 ve AF tip-

bulanik kiimeleri, a%’l, al%, a%, ag}, a{-‘l, aiLzr a{‘3 ve a{f4yamuksal aralik tip-2 bulanik kiimesi /Tl- kiimesinin
referans noktalarin, Hj(fﬁj); 1<j <2 olmak tizere a?(jﬂ) elemaninin AY st yamuksal iyelik
fonksiyonundaki iyelik degerini, H; (AI[), 1 <j <2 olmak izere al-L( j+1) clemaninin AL alt yamuksal
tyelik fonksiyonundaki tyelik degerini ifade ettiginde ve Hl([ﬁ]) € [0,1], H, (Af]) € [0,1], H, (/H‘) €
[0,1], H, (/II; ) € [0,1] ve 1 < i < n kosullarint sagladiginda Esitlik (1) ile gosterilir.

Hp (x4

H.(AY)

H,(AY)
H, (A|L) // AL

HL(AD)

v

u L
auz auz

il il i3 i3 i4 i4

Sekil 2. Yamunksal aralik tip-2 bulantk sayimm djyelik_fonksiyonu
Tanim 4:Yamuksal aralik tip-2 bulantk kiimeleri arasindaki toplama islemi asagidaki sekilde gosterilir.

Ay = (a,48) = ((ath alh ats, athy Hy(49), Ho(Y)) (b, by aks, ol Hi (A1), Hy (A1) ) )
A, = (4, 45) = (¥, s s, s Hy (49, 1y (49) ) (ahy, by b abis Hy (45), H (45))
i@, = (AV,4t) @ (AY, 4Y)
((a{’l +a¥y,al, + a, afs + as, afy + oYy min (Hy (AY); Hy (Ag))) ,min (Hy(AY); H, (Ag))),
((ag1 + aby, aby + aby, ok + as, ay + by min (Hy (41); Hy (45)))  min (H,(40); HZ(Ag))) @
Tanim 5:Yamuksal aralik tip-2 bulanik kiimeleri arasindaki cikarma islemi asagidaki sekilde gosterilir.
Ay = (44,8) = ((ath afh, ats, ath; Hy (A7), Hy(A7)) , (aky, by, ats, abs Hi (48), Hy (A1) ) )
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jz = (AU»I%) = ((agl,agz,ag3,a§'4; Hl(Ag)’Hz(Alzj))' (aépaéz’aé&aézﬁ Hl(Aé)' HZ(AIQ)))
A © 4, = (AV,A) o (4Y,45)

(s = ot~ ot ot — ot ot~ atysmin (o (A7) 1, (49)) ) i (A2 1 (A1) ),

((a{l — aby, ab, — aby, ok — abs, at, — by min (Hy (48); Hy (45)) ), min (H,(A5); H, (Ag))) ©)
Tanim 6:Yamuksal aralik tip-2 bulanik kiimeleri arasindaki carpma islemi asagidaki sekilde gosterilir.
Ay = (44,8) = ((ath afh, ats, ath; Hy (A7), Hy(A7)) , (aby, by, at, abs H (48), Hy (A1) ) )
A, = (4, 45) = (¥, s, s Hy (9), 1o (4) ) (ahy, by b aby Hy (45), H (45))
A ® A4, = (AY,AY) ® (AY, A%)

((ai’l x a¥y,a?, x a%,, a¥s x a¥y, a¥, x a¥,; min (Hl(ﬁlu); Hl(/ig))) , min (Hz(fﬁj); HZ(A‘ZJ)))

((afl X asy, ak, x ab,, ak; X aks, aby x ak,; min (Hl(fi’l“); Hl(ﬁé))),min (HZ(A’{); Hz(ﬁé))> (©)

Tanim 7:Yamuksal aralik tip-2 bulanik kiimeler ve skalerk arasindaki aritmetik islemler agagidaki sekilde
gosterilir.

Ay = (47, &%) = (ol all ol alh; Hy(A0), Hy(4Y)), (aky, aby, abs, abys Hi (45), By (A1)

kjl =

/N

(k x all, ke x afy k x aly, k x ally; Hy (A7), Hy(AY)), (k X aky, k x aby, k X aks, k X
aby; Hy (A), By (A1) ) Q

— (2 u 1l u 1 u 1 U, iU iU 1 L1 L1 L1
_((;Xall,;Xalz,;Xa13,EXa14,H1(A1),H2(A1) ) ;Xall,zxalz,zxam,zx

aty; Hy(4Y), Hz(fié))) ®)

buradak > 0 olmalidir.
Aralik Tip-2 Bulanmik AHP Yontemi

Kahraman vd. (2014) calismalarinda, Buckley’in (1985) tip-1 bulanik kiimelere dayali bulamik AHP
yontemini aralik tip-2 bulanik kiimelere gére diizenlemislerdir. Asagida bu yontemin adimlar agiklanmugtir:

= |3>u

Adim 1: Problemin tanimi ve probleme uygun olarak amaci belitlenir.
Adim 2: Problemin kriterler, alt kriterler ve alternatiflerde dahil olmak tizere hiyerarsik yapisi belirlenir.

Adim 3: Biitiin kriterler arasindaki bulanik ikili karstlastirma matrisi olusturulur. Ikili karsilagtirma
matrisini olusturmak i¢in uzmanlar dilsel degiskenleri kullanirlar. Dilsel degiskenler ve bunlarin aralik tip-2
bulanik Slgekleri Tablo 1’de verilmistir. Dilsel degiskenlerin kullanilmast ile Esitlik (9)’daki gibi bulanik ikili
karsilastirma matrisleti olusturulur.
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Tablo 1. Dilsel Terimler ve Karsilik Gelen Aralik Tip-2 Bulanik Sayilar

Dilsel degiskenler Yamuksal tip-2 bulanik olgekler
Kesinlikle Guglu (KG) (7,8,9,9;1,1) (7.2, 8.2, 8.8, 9, 0.8, 0.8)
Cok Guglu (CG) (5,6,8,9;1,1) (5.2,6.2,7.8, 8.8; 0.8, 0.8)
Oldukea Gugli (OG) (3,4,6,7;1,1) (3.2,4.2,5.8, 6.8; 0.8, 0.8)
Biraz Gugcla (BG) (1,2,4,51,1) (1.2,2.2, 3.8, 4.8; 0.8, 0.8)
Tamamen Esit (E) 1,1,1,1;1, 1) (1, 1,1, 1; 1, 1)

Faktor 7 faktor jile karsilastirildiginda yukaridaki degiskenlerden birini sahipse, ji ile karsilastiginda karsit degere
sahiptir

[ 1 ap 5111] 1 diz &m]
=l 1 on | < | V82 1 Gon o)
la'nl &nz 1 J 1/5'171 1/aZn 1 J

= 1 1 1 1 1 1 1 1
buradal/a = ((Tw_u'_u:_ui H1(a¥z)'H2(ai]3)>'<T 'H1(a%2)JH2(a%3)>>

y L » L » L 7
QAz4 Q33 A3z A7zq

Adim 4: Bulanik ikili karsilagtirma matrislerinin tutatliliklatt incelenir. Bu amacla bulanik ikili karsilastirma
matrisleri durulastirilir ve tutarliliklart incelenir. Eger tutarsizlik tespit edilirse uzmanlardan yeniden
degerlendirme yapmast istenir.

Adim 5: Uzmanlarin gorisleri geometrik ortalama kullanilarak toplanilir. Her bir satirin geometrik
ortalamast 7 asagidaki gibi hesap edilir:

7= [ ® .. ® &)™ (10)
burada
nl|= nl|= nl|=< n|=~ nl|= nl|z nlz nl|lz nl|z
’aijz ( ’af'jl, /af’jz, /ai”js., /af’H;HlU(aij),Hé’(aij)),( ’aile, ’a{sz, /a{-‘j3, /a{-‘M;H{“(aij),Hé“(aij))
(11)

Adim 6: Her bir kriterin bulanik agirliklart hesap edilir. Bu amacla ilk 6nce her bir satirin geometrik
ortalamasi olan 7; hesaplanir. i kriterin bulanik agirligt W; asagidaki sekilde hesaplanir:

F=ERRD.OF®. PR 1
burada,
@ = ﬁ ﬁ ﬁ ﬁ- ] U U . U U
l:;ij - (bi])b?(’])bé]rb{]; min (Hl (a), H1 (b)),mln (HZ (a), HZ (b))
ar a; ar “_{‘:.min (HL(a) HL(b)) min (HL(a) HL(b)) 13
b’ bk bk bE 1(@) Hy (b)), 5 (@), H

Aralik Tip-2 TOPSIS Yoéntemi

TOPSIS yontemi ilk olarak Hwang ve Yoon(1981) tarafindan Onerilen alternatifler arasindaki mesafeleri
dikkate alan bir CKKV yontemidir. Yontem, secilen en iyi alternatifin pozitif ideal ¢6ziime en kisa
mesafeye ve negatif ideal ¢6ziime en uzak mesafeye sahip olmasi gerektigi mantigina dayanmaktadir. Bu alt
bélimde, Chen ve Lee (2010a) tarafindan Onerilen aralik tip-2 bulantk TOPSIS yontemi, aralik tip-2
bulanik kiimeler temelinde CKKV problemleri i¢cin sunulmustur.

X ={xq1,%x5, ..., x5} alternatifler kiimesi, F = {fy, f2, .., fm} kriterler kiimesi ve k uzman D =
{D1, Dy, ..., Dy} oldugu varsayilsin. Kritetler kiimesi F; and F, olmak tizere iki kiimeye ayrilsin. Burada F;
fayda kriterleri kimesini, F, maliyet kritetleri kiimesini gostermektedir ve F; N F, = @ ve F; U F, = F.

Adim 1: p.karar verici igin karar matrisi ¥}, ve ortalama karar matrisi Y, asagidaki gibi olusturulur:
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X1 X2 Xn
:p = =
o A[R R
o= (1) = 2|2 7 .. 4
f 2 5 ::
" nrl’l 7E2 fnzﬁ,m
v — [ £P
Y_(ij)mxn (1

= Floyf2e..afk =
buradafij = (m), fij bir aralik tip-2 bulanik kiime iken; 1<i<m,1<j<n1<p<k,

and k karar verici sayisin1 gostermektedit.

Adim 2:p .karar verici icin agirlik matrisi W), ve ortalama agirlik matrisi W, asagidaki gibi olusturulur:

~ f1 f2 fm
Wy = )y = o L 19
Lan Wy W, Wiy ]
w=w),,. 17)
~ Flawm2d.. -k ~
buradaiv; = <m>, W; bir aralik tip-2 bulanitk kime iken 1 <i<m,1<p <k, k karar

verici sayisini gosterir.

Adim 3:Agirhklandirlmis karar matrisi Y,, olusturulur:

X, Xz o Xn
~ _ fi [511 U1p Ui ]
Yw = (vij)mxn = f:Z | 621 522 17211 | (18)
fm léml {jml ﬁan

buradaﬁij=Vzvi®fij,1SiSmV61San.

Adim 4: Aralik tip-2 bulantk kiime olan ¥;’nin derecelendirme degeriRank (¥;;) ve stralt agirliklandirilmis

karar matrisi Y,y hesaplanir.
¥ = (Rank(@;)) ) 19)
buradal <i<m,1<j<n.

Tanim: Aralik tip-2 bulanik kiime olan ji’nin derecelendirme degeriRank([ii) asagidaki gibi
tantmlanmistir:

Rank (4;) = My(AY) + My (L) + My (A7) + My (AE) + M3 (V) + My(AL) — 2 (5, (AY) +
S1(AE) + $,(AY) + Sy(AL) + S3(AY) + S3(AL) + S4(AY) + S4(A1) ) + Hy(AY) + Hy (AF) +

Hy (A7) + Hy (A7) (20)
burada

A= (Y,4t) = ((afl aby ol alh Hy(40), Hy (4Y) ) (ab, aby aly, aby; Hy (42), H(AF)) e asalk
tip-2 bulanik kiimedir. Detayl bilgi icin litfen bakiniz: ( Chen & Lee, 2010a; Exrdogan & Kaya, 2016).

Adim 5: Pozitif ideal ¢ézim xt = {Df, D5, -+, Tk} ve negatif ideal ¢oziim x~ = {], 75, , T},
hesaplanir:
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max {Rank(Dy))}, egerf; € F,

!
Il

. i ’ 1)
min {Rank (%)}, egerf; € F,
1sjsn

ve
1rsnjisnn{Rank(171-]-)}, egerf; € F;

o = ’ i 22)
max {Rank(vij)}, egerf; € F,
<jsn

Adimm 6: Her bir alternatif x; ve pozitif ideal ¢oziim x* arasindaki mesafe d*(x;) asagidaki gibi
hesaplanur.

d*(x) = JZ?il(Rank(ﬁij) - 57)’ (23)

buradal < j < n. Her bir alternatif X; ve negatif ideal ¢6zim X~ arasindaki mesafe d™ (x;) asagidaki gibi
hesaplanur.

- =z ~—\2
4-(x) = |3, (Rank(5,)) - 57) 2
Adim 7:x;’ye ait yakinlik katsayist C(x;) pozitif ideal ¢éziim x*’ye gére asagidaki gibi hesaplanir.

C(x]) = m (25)

buradal < j < n.

Adim 8:1 < j < n iken alternatiflere ait yakinlik katsayilar biytikten kiiciige dogru siralanir. En buyik
C(x;) katsayisina sahip olan alternatif daha éncelikli olur.

Uygulama: Depo Segimi

Bir 6nceki bolimde sunulan ¢6ziim metodolojisinin uygulamasi gercek bir 6rnek olay calismasi
tzerinde gerceklestirilmistir. Bu 6rnek olay calismasinda, uluslararast bir firmanin Turkiye’de agilmis olan
XYZ (fabrikanin adi gizlilik nedeniyle verilmeyecektir) fabrikasinin yoneticileri yeni deponun nerede
kurulacagina karar vermede 6nerilen metodoloji tarafindan desteklenmistir.

Depo yeri alternatiflerini siralamak icin ele alinan baslica sorular sunlardir (i) Fabrikanin bélgesindeki
aday depolar nelerdir, (i) se¢im i¢in karar alma sirecinde gz 6niinde bulundurulmas: gereken kriterler
nelerdir, (iif) uzmanlara gbre belitlenen kriterlerin agirliklart nelerdir, (iv) her bir aday deponun her bir
kritere gbre 6nemi nedir, (v) farkli aday depolarin siralamast nedir.

Problemin Yapilandirilmasi

Alaninda uzman akademisyenlerin gorisleri ve yurltilen literatir calismalart sonucunda, yeni
deponun karsilanmasi gereken kritetler ve adaylar belitlenmistir. Uygulamanin amact “en iyi depoyu
se¢mek” olarak belirlenmistir. Maliyet, konumun &zellikleri ve yakinlik ana kriterleri, hiyerarsinin ikinci
seviyesine yerlestirilmis ve toplam 9 alt kriter, karar hiyerarsisinin tgincii seviyesine yerlestirilmistir.
Dérdiinci seviyede alternatif depolar sunulmaktadir. Problem hiyerarsisi Sekil 2'de verilmistir.
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< Depo Yeri Segimi )

Maliyet Konumun Yakinlik
) Ozellikleri ©3)
(C2)
Iscilik Tagima Ellegleme Stok Tutma Arazi o R Tedarikgilere veya Tasima modlarina
Maliyetleri Maliyetleri Maliyetleri Kapasitesi Kullanilabilirligi ('(k:lz‘g; M““"(lér;l{ak'““k {ireticiye yakinhik yakinlik
(C11) (C12) (C13) (c21) (C22) (C32) (C33)

Sekil 3. Hiyerarsik degerlendirme cercevesi

Karar hiyerarsisi olusturulduktan sonra, dilsel degiskenler ve iliskili aralik tip-2 bulanik sayilar
tanimlanmustir. Kritetler ve alt kritetlerin degetlendirmeleri icin dilsel degiskenler Tablo 1'de verilmistir.
Alternatiflerin degetlendirmeleri i¢in dilsel degiskenler Tablo 2'de verildigi gibi belirlenmistir.

Tablo 2. Alternatiflerin Degerlendirilmesi Igin Dilsel Degiskenler (Chend> Lee, 20105, 2010a)

Dilsel degiskenler Aralik tip-2 bulanik sayilar

Cok Kotii (CK) ((0,0,0,1; 1, 1), (0, 0, 0, 0.5; 0.9, 0.9))

Koti (K) (0,1,1,3;1,1),(0.5,1, 1, 2; 0.9, 0.9)

Biraz Kot (BK) 1,3,3,5;1,1), (2,3, 3,4;0.9,0.9)

Orta (O) (3,5,5,7;1,1), (4, 5, 5, 6; 0.9, 0.9))

Biraz Tyi (BI) ((5,7,7,9;1, 1), (6,7, 7, 8; 0.9, 0.9))

Iyi (D) ((7,9,9,10; 1, 1), (8,9, 9, 9.5; 0.9, 0.9))

Cok Iyi (CI) (9, 10, 10, 10; 1, 1), (9.5, 10, 10, 10; 0.9, 0.9))

Kriter Agirliklarinin elde edilmesi

Kriter agirhklarini elde etmek igin hesaplamaya baslamadan énce, uzmanlara goénderilen anket
sonuglarinin tutarlt olup olmadiklarina bakidmigtir. Tutarsizliklar tespit edilen anketler icin uzmanlarin
karsilastirma matrislerini yeniden degerlendirmeleri istenmis, ana kriterlerin dilsel degerlendirmeleri Tablo
3 ve alt kriterlerin dilsel degerlendirmeleri Tablo 4’de gosterilmistir.

Tablo 3. Ana Kriterler Iein Dilsel Degerlendirmeler

Cci c2 c3
Cl EE B CG, 1/CG, BG 0G, 1/0G, 1/0G
2 E,EE 1/BG, BG, 1/CG
C3 EEE
Tablo 4. Alt Kriterler Iein Dilsel Degerlendirmeler
C11 crz Ci3 c21  Cc22 Cc23 C31 Cc32 C33
Cll E,EE OG,BG,BG CG,O0G,1/0G
c12 EEE BG, E, 1/CG
C13 EEE
 BG,BG, 1/0G,1/0G,
c21 EEE 00 17BG
1/CG, 1/CG,
22 EEE 1Ce
BG,BG, 1/CG,1/0G,
23 EEE ot /s
1/CG, 1/CG,
c3l EEE G
C32 EEE
C33 E,E.E
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Bulanik ikili karsilastirma matrislerinin  tutarliligy, agithk merkezi (CoA) durulastirma yontemi
kullanilarak analiz edilmistir (Kahraman vd. (2014). Durulastirilmis degerlendirme matrisine gére, ana hem
ana kriterler hem de alt kriterler icin tutarlilk oranlar hesaplanmistir. Karsilagtirma sonuglart her bir
uzman icin %10°dan kiiciik oldugu i¢in yeniden degetlendirmelere ihtiya¢ duyulmamugtir.

Ug farklt uzmanin degerlendirmeleri toplanarak, ikili karsilagtirmalar iin ii¢ bulanik sayinin geometrik
ortalamasi, Esitlik (10) ve (11) tarafindan elde edilmistir. Esitlik (12) ve (13) kullanilarak kriterlerinin
bulanik agirliklar: Tablo 5’de verildigi gibi elde edilmistir.

Tablo 5. Ana ve Alt Kriterlerin Aralik Tip-2 Bulansk Agirlikilar:
Aralik tip-2 bulanik agitliklar

Cl (0.156,0.224,0.402,0.557;1,1), (0.170,0.238,0.379,0.518;0.8,0.8)
c2 (0.117,0.167,0.315,0.479;1,1), (0.127,0.177,0.293,0.434;0.8,0.8)
c3 (0.234,0.344,0.646,0.934;1,1), (0.256,0.367,0.606,0.859;0.8,0.8)
cl1 (0.270,0.408,0.755,1.044;1,1), (0.298,0.437,0.712,0.973;0.8,0.8)
c12 (0.097,0.133,0.242,0.371;1,1), (0.104,0.140,0.226,0.335;0.8,0.8)
C13 (0.157,0.204,0.345,0.492;1,1), (0.166,0.214,0.325,0.453;0.8,0.8)
c21 (0.107,0.156,0.301,0.453;1,1), (0.117,0.173,0.279,0.413;0.8,0.8)
c22 (0.047,0.060,0.108,0.169;1,1), (0.050,0.065,0.097,0.151;0.8,0.8)
c23 (0.380,0.533,0.925,1.250;1,1), (0.411,0.573,0.857,1.170;0.8,0.8)
C31 (0.088,0.130,0.233,0.320;1,1), (0.097,0.138,0.220,0.299;0.8,0.8)
C32 (0.049,0.060,0.103,0.161;1,1), (0.051,0.063,0.096,0.145;0.8,0.8)
C33 (0.469,0.601,0.928,1.169;1,1), (0.495,0.630,0.886,1.113;0.8,0.8)

Alternatiflerin Siralanmasi

Kriterlerin bulanik agirliklari belirlendikten sonra alternatifler aralik tip-2 bulanik TOPSIS yaklasimi1
ile degerlendirilmistir. Oncelikle uzmanlar, énceki asamada belirtilen her bir alt-kriterle ilgili her bir
alternatifin bulanik degerlendirmelerini vermislerdir. Tablo 6'da uzmanlar tarafindan saglanan karar matrisi,
gosterilmistir. Dilsel degiskenlerin bulanik esitlikleri kullanilarak, Denklem (14) ve (15)'de verilen ortalama
karar matrisi belirlenmistir.

Tablo 6. Beg Alternatif Icin Dilsel Degerlendirmeler

Debol Uzmanlar
cpolar U1 U2 U3
D1 O BK BK
D2 e} O O
ci D3 K i BI
D4 K CK K
D1 K I BK
D2 e} i BI
c12 D3 Ci @) Ci
D4 BK Bi O
D1 BK O i
D2 Ci @) i
13 D3 O i i
D4 O K i
D1 I BI BI
D2 e} BK BK
€21 D3 BI O O
D4 i Bi Bi
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D1 i BI BI
D2 K BI I
€22 D3 O K BK
D4 BI K i
D1 Ci Ci i
D2 BI i BK
€23 D3 BI O K
D4 I BK K
D1 Ci 6 Ci
D2 BI BI BI
el D3 0 ci i
D4 K BK O
D1 I BK I
D2 BK O BI
€32 D3 K O i
D4 BK i BK
D1 BI O I
D2 K K K
€33 D3 i i Bi
D4 BI K BI

Denk. 18 ile agirliklandirilmis karar matrisi hesaplanmis ve Tablo 7’de sunulmustur.

Tablo 7. Agrisklandirimis Karar Matrisi

Alt-kritetler Depolar
D1 (0.007,0.033,0.111,0.330;1,1), (0.013,0.038,0.099,0.235;0.8,0.8)
ci1 D2 (0.013,0.046,0.152,0.407;1,1), (0.020,0.052,0.135,0.303;0.8,0.8)
D3 (0.017,0.052,0.172,0.427;1,1), (0.024,0.059,0.153,0.328;0.8,0.8)
D4 (0.000,0.006,0.020,0.136;1,1), (0.002,0.007,0.018,0.076;0.8,0.8)
D1 (0.004,0.013,0.042,0.124;1,1), (0.006,0.014,0.037,0.090;0.8,0.8)
o1 D2 (0.008,0.021,0.068,0.179;1,1), (0.011,0.023,0.060,0.136;0.8,0.8)
D3 (0.011,0.025,0.081,0.186;1,1), (0.014,0.028,0.071,0.151;0.8,0.8)
D4 (0.005,0.015,0.049,0.145;1.1), (0.007,0.017,0.043,0.104;0.8,0.8)
D1 (0.009,0.026,0.079,0.201;1,1), (0.013,0.029,0.070,0.153;0.8,0.8)
13 D2 (0.016,0.037,0.111,0.247;1,1), (0.020,0.041,0.099,0.200;0.8,0.8)
D3 (0.014,0.035,0.106,0.247;1,1), (0.019,0.039,0.094,0.196;0.8,0.8)
D4 (0.008,0.023,0.069,0.183;1,1), (0.012,0.026,0.062,0.137;0.8,0.8)
D1 (0.007,0.020,0.073,0.203;1,1), (0.010,0.024,0.063,0.152;0.8,0.8)
c21 D2 (0.002,0.010,0.035,0.123;1,1), (0.004,0.011,0.030,0.084;0.8,0.8)
D3 (0.005,0.015,0.054,0.181;1,1), (0.007,0.017,0.046,0.119;0.8,0.8)
D4 (0.007,0.020,0.073,0.203;1,1), (0.010,0.024,0.063,0.152;0.8,0.8)
D1 (0.003,0.008,0.026,0.075;1,1), (0.004,0.009,0.022,0.056;0.8,0.8)
o D2 (0.002,0.006,0.019,0.0591,1), (0.003,0.007,0.016,0.043;0.8,0.8)
D3 (0.001,0.003,0.005,0.040;1,1), (0.001,0.003,0.009,0.026;0.8,0.8)
D4 (0.002,0.006,0.019,0.059;1,1), (0.003,0.007,0.016,0.043;0.8,0.8)
D1 (0.037,0.086,0.281,0.599;1,1), (0.047,0.098,0.243,0.499;0.8,0.8)
23 D2 (0.013,0.044,0.146,0.419;1,1), (0.021,0.051,0.126,0.305;0.8,0.8)
D3 (0.012,0.038,0.126,0.379;1,1), (0.018,0.044,0.109,0.271;0.8,0.8)
D4 (0.012,0.038,0.126,0.359;1,1), (0.018,0.044,0.109,0.262;0.8,0.8)
D1 (0.014,0.037,0.126,0.269;1,1), (0.019,0.042,0.111,0.223;0.8,0.8)
c31 D2 (0.010,0.031,0.105,0.269;1,1), (0.015,0.036,0.093,0.206;0.8,0.8)
D3 (0.013,0.036,0.121,0.269;1,1), (0.018,0.041,0.107,0.218;0.8,0.8)
D4

(0.003,0.013,0.020,0.150;1,1), (0.005,0.015,0.040,0.103;0.8,0.8)
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D1 (0.006,0.014,0.047,0.125;1,1), (0.008,0.016,0.041,0.095;0.8,0.8)
o D2 (0.003,0.010,0.033,0.105;1,1), (0.005,0.012,0.029,0.074;0.8,0.8)
D3 (0.004,0.010,0.033,0.100;1,1), (0.005,0.012,0.029,0.072;0.8,0.8)
D4 (0.003,0.010,0.033,0.100;1,1), (0.005,0.012,0.029,0.072;0.8,0.8)
D1 (0.055,0.145,0.419,0.947;1,1), (0.076,0.162,0.376,0.749;0.8,0.8)
3 D2 (0.000,0.014,0.040,0.328;1,1), (0.006,0.023,0.054,0.191;0.8,0.8)
D3 (0.070,0.172,0.499,1.056;1,1), (0.093,0.193,0.447,0.861;0.8,0.8)
D4 (0.037,0.103,0.300,0.765;1,1), (0.053,0.116,0.268,0.574;0.8,0.8)

Depolarin derecelendirme degerleri Denk. (19) ve (20) kullanilarak elde edilmistir. Daha sonra Denk.
(21) ve (22) kullanilarak sirasiyla pozitif ve negatif ideal ¢6zim hesaplanmisur. Pozitif ve negatif ideal
cozimlerden uzakliklar Denklemler kullanilarak (23) ve (24) kullanilarak elde edilmis ve Tablo 8'de
sunulmustur. Son olarak, Denk. (25) ile yakinlk indeksi ve siralama sonuglatt Tablo 8'de gorilldugu gibi
elde edilmistir. Sonuglara gére, D1 deposu degerlendirme kriterleri agisindan en uygun depodur.

Tablo 8. Dirt Alternatifin Y akunlsk Katsaytlar:

Depolar d+ (x].) d- (x]-) C(x)) Siralama

D1 0.444 0.745 0.627 1

D2 0.506 0.734 0.592 3

D3 0.558 0.812 0.593 2

D4 0.988 0.164 0.143 4
Sonug¢

Depo yeri secimi, tedarik zinciri yonetiminde yonetimsel karar vermenin stratejik bir parcasidir. Cogu
durumda, tedarik zincirinin bagarist ve hayatta kalmasi, depo yerinin 6nceden planlanmis se¢imine baglidir.
Bu nedenle, piyasadaki katt rekabette ayakta kalmak icin, depo yeri se¢cim prosediitlerinin stirekli ve uygun
bir sekilde degerlendirilmesi gereklidir. Bu yazida ilgimiz aralikli tip-2 bulanik ortam altinda depo yeri
secimi degerlendirmesidir. Yeni depolatin tercih sirasini tahmin etmek ve bdylece satin alma icin en karl
olant tanimlamak ¢alismanin hedefini olusturmaktadir.

Gergek hayattaki karar verme siireclerinde karar vericiler, tercihlerini tam olarak net degerlerle ifade
edememekte ve degerlendirmelerini siklikla dilsel olarak ifade etmekteditler. Bu gibi durumlarda, bulanik
kiime teorisi, bu tiir bir problemle basa ¢ikmak icin uygun bir aragtir. Problemin dogasinda olan belirsizligi
en iyi sekilde yansitmak icin aralik tip-2 bulanik kiimeler uygulanmaktadir. Bu ¢alismada, bulanik CKIKV’ne
dayanarak, en uygun depo yeri secimi analiz edilmistir. Bu amagcla, tip-2 bulanik kiimeleri temel alan ve
AHP ve TOPSIS yontemlerinden olusan biitiinlesik bir CKIKV metodolojisi énerilmistir. 11k olarak,
literatiir taramast ve uzman gorisleri ile depo yeri secimine etki eden kritetler sonuclandirilmis, ¢ ana
kriter ve dokuz alt kriterin belitflenmesinden sonta, kritetlerin agitliklart aralik tip-2 bulantk AHP yéntemi
ile belitlenmistir. Buna gére, depo yeri secimi i¢in “yakinlik” en 6nemli ana kriter, “tasima modlarina
yakinhk” ise en 6nemli alt kriter olarak ortaya ¢ikmis ve bu sonuglar ge¢misteki birka¢ ¢alisma ile uyumlu
elde edilmistir (Kabak ve Keskin, (2018); Dey vd. (2016)). Ancak, Ozcan vd. (2011) en 6nemli kriter
olarak stok tutma kapasitesi, Karmaker ve Saha, (2015) ulastirma durumu, ve Demirel vd.(2010) maliyetler
ve altyapi olarak elde etmistir. Benzer sekilde “konumun 6zelikleri” kriteri uzmanlarca en az agitliga sahip
bulunmus ve bu sonug depo seciminde yakinlik ve maliyet kriterlerine oranla ¢ok fazla dikkate alinmadigi
gozlemlenmistir. Son asamada, aralik tip-2 bulanik TOPSIS yontemini kullanarak bu kriterlere gére dort
alternatif deponun siralamasi yapilmis ve sonuglar uygulamadaki firma icin en iyi alternatif olarak D1
deposu oldugunu géstermistir. Sonuglar, aralik tip-2 bulanik CKIKV metodolojisi, depo yeri segimi analizi
icin potansiyel yetlerin seciminde karar vericiler icin yararlt bir ara¢ oldugunu gostermektedir.

Gelecekteki caligmalarda Onerilen metodoloji, depo se¢imini degerlendirmek ve siralamak icin
kullanilabilir ve diger mevcut metodolojiler ile karsilastirilabilir. Ayrica diger bulanik kimeler ve farkl
CKKYV teknikleri 6nerilen yonteme dahil edilebilir ve depo yer se¢imi baglaminda gelecekteki arastirmalara
olanak saglayabilir. Hibrit yontemin dogast ile ilgili olarak, tedarikei secimi, personel secimi ve tglinci parti
lojistik saglayici gibi cesitli yonetim sorunlarini ¢6zmek icin diger karar verme problemlerinde kullanilabilir.
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CALIK
Depo Yeri Secimi icin Aralik Tip-2 Bulanik CKKV Tabanli Hibrit Bir Yaklagim

Logistics and supply chain management perform a key role in today's global market. The supply
chain includes various nodes between networks and transportation of products is very critical between
nodes. Nodes consist of suppliers, facilities, warehouses, distribution centers, and customers (Dey, et al.,
2016). The most important stage of demonstrating an effective distribution network is the selection of
warchouse locations. The location of a warechouse is mostly one of the most important and strategic
decisions in supply chain optimization. It is a long-term decision and is influenced by many quantitative
and qualitative criteria. However, some of the criteria are so important that they become dominant in the
decisions.

The problem of warehouse location selection is a typical Multi Criteria Decision Making (MCDM)
problem that includes conflicting criteria such as political environment, proximity to markets and
customers, supplier networks, expansion potential, availability of transportation systems, quality of service,
quality of life, and cultural problems. Since evaluations of decision makers are expressed by linguistic
judgments and subjective, the crisp values will not be accurate solution. Therefore, MCDM methods are
combined with fuzzy set theory in this study (Baykasoglu, & Goélciik, 2017). However, since type-2 fuzzy
sets can cope with more uncertainty and produce more reliable results (Celik, et al., 2013), they are often
used to model uncertain information of decision makers.

This study aims to specify best warehouse location using a MCDM methodology based on interval
type-2 fuzzy sets. The methodology is employed to compare four alternative warehouses for a company
operating in the aluminum sector in Turkey. For this purpose, AHP and TOPSIS methods are applied
under the interval type-2 fuzzy environment to find the best alternative location. In the evaluation
process, criteria weights are calculated using the interval type-2 fuzzy AHP method and ranking of the
alternatives are acquired by using the interval type-2 fuzzy TOPSIS method.

The proposed methodology consists of three basic steps: (1) Defining criteria, alternatives and
linguistic variables to be used in the model; (2) Using the interval type-2 AHP method to determine
criteria weights; (3) Applying the interval type-2 fuzzy TOPSIS method to rank the alternatives.

The application of the proposed methodology was carried out on a real case study. In this case study,
managers of an international company which opened a new factory in Turkey were supported by
proposed methodology for deciding where to set up the new warehouse.

As a result of opinions of the academicians who are experts in their field and the conducted literature
review, criteria and alternatives are determined. The purpose of the application is to select the best
warehouse location. Cost, location features, and proximity were placed at the second level of the hierarchy
as main criteria and nine sub-criteria are settled in the third level of the decision hierarchy. Alternative
warehouses are provided at the fourth level.

After the decision hierarchy was established, the linguistic variables and the associated interval type-2
fuzzy numbers were defined. The evaluations of three different experts were collected and the geometric
mean of the three fuzzy numbers for pairwise comparisons was calculated and the fuzzy weights of the
criteria were obtained as given in Table 5. According to expert opinions, the weights of the criteria were
observed as “proximity” (0.47), “cost” (0.30) and “location features” (0.23) respectively.

Thereafter determining the fuzzy weights of the criteria, the alternatives were evaluated by the
interval type-2 fuzzy TOPSIS method. First, experts indicated fuzzy evaluations of the relevant
alternatives according to each sub-criterion, and then the interval type-2 fuzzy TOPSIS method is
employed to rank the alternatives. According to the results, warechouse D1 is acquired the most
appropriate warehouse in terms of evaluations.

In this study, the most appropriate warehouse location selection is analyzed based on the fuzzy
MCDM methods. For this purpose, an integrated MCDM methodology consists of AHP and TOPSIS
methods based on interval type-2 fuzzy sets is proposed. First of all, regarding literature review and expert
opinions, the criteria affecting the selection of warehouse location are finalized. After three main criteria
and nine sub-criteria are determined, the weights of the criteria are calculated by the interval type-2 fuzzy
AHP method. Accordingly, the most important main criterion is found as “proximity” and “proximity to
transportation modes” has emerged as the most important sub-criterion and these are obtained in
accordance with several previous studies (Kabak, & Keskin, (2018); Dey et al. (2016). However, Ozcan, et
al,, (2011) detected holding capacity, Karmaker, & Saha, (2015) discovered transport status; and Demirel,
et al., (2010) obtained costs and infrastructure that are the most important criteria for warehouse location
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selection. In the last stage, using the interval type-2 fuzzy TOPSIS method, four alternative warehouses
are ranked according to these criteria and the results showed that D1 is the best alternative for the
application company. The results show that the interval-2 fuzzy MCDM methodology is a useful tool for
decision makers in the selection of potential locations for warehouse locations election analysis.
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