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Abstract

With continuously changing and dynamic business environment to sustain life firms must adapt to this
dynamic. The machine as diverse as human material and having a component with variable characteristics
of systems planning,directing and controlling structure has offen difficult and complex. Of several
alternatives that require the most accurate and appropriate decisions is a process. This type of process has
very few criteria comparison of alternatives in nature. In such cases, providing an analytical perspective,
matematical and logical solutions to the problem of multi-criteria decision-making methods which can be
applied has a solution to the problem will provide objective and accurate perspective.A service in the
aviation industry by utilizing a unique multi-criteria decision making method has been applied.We value
the importance of implying the criteria for problem arthitecs, map engineers, geological engineers in
Mersin and the fuzzy AHP method utilizing the expert opinion was transferred to the fuzzy numbers and
the criteria weights are determined. Cukurova also subject to a current location selection problem of
critical airport Fuzzy Analytic Hierarchy Process, Vikor Methods in this area and will consider
applications yet Maute.

Key Words: Fuzzy Analytic Hiyerarchy Process, Vikor, Maute, Multi-Critera Decision Making, Airport
Site Selection.

Ozet

Stirekli degiskenlik gosteren ve dinamik bir is ortamina sahip firmalarin yasamlarin siirdiirebilmeleri igin
bu dinamizme uyum saglamalar1 gerekmektedir. Makine, insan malzeme gibi ¢ok c¢esitlilikte ve degisken
Ozellikler gosteren bilesenlere sahip olan sistemlerin planlanmasi, yonetilmesi ve kontrol edilmesi
genellikle zor ve karmasik bir yapiya sahiptir. Birden fazla alternatif iginden en dogru ve uygun kararlar
almmasini gerektiren bir siirectir. Bu tip siirecler ¢ok sayili kriterlere sahip alternatiflerin karsilastiriimasi
niteligindedir. Bu gibi durumlarda analitik bir bakis acis1 saglayan, probleme matematiksel ve mantikli
¢ozlimler getirebilen ¢ok kriterli karar verme yontemlerinin uygulanmasi, ¢6ziim olarak probleme objektif
ve dogru bir bakis agisi saglayacaktir. Bir hizmet sektorii olan havacilikta da ¢ok kriterli karar verme
yontemlerinden faydalanilarak 6zgiin bir uygulama yapilmistir. Ayni zamanda giincel bir konu olan
cukurovada kritik havaalani yeri se¢imi problemini Bulanik Analitik Hiyerarsi prosesi, Vikor ve bu alanda
uygulamasi yapilmamig Maut yontemini ele alacagiz. Yapilan uygulamada problemin kriter 6nem deger
verileri i¢in Mersin mimar, jeoloji miihendisi ve harita miithendisinin de uzman goriislerinden
faydalanilarak bulanik AHP yontemiyle bulanik sayilara aktarilmistir ve kriter agirliklart belirlenmistir.

Anahtar Kelimeler: Bulanik Analitik Hiyerarsi Prosesi, Vikor, Maut, Cok Olgiitlii Karar Verme, Hava
alani yeri se¢imi.

1. Giris
Cukurova bolgesel havaalaninin yeri secimi projesinde hava alanina ihtiyacin oldugu il ve
ilcelerde en uygun alternatifler segilerek bu alternatiflerin degerlendirilmesinde dikkate
almacak olan kriterler belirlenmistir. Bu alternatif ve kriterler Adana Il Koordinasyon Kurulu
tarafindan belirtilen agiklama g¢ergevesinde yapilmistir. Bu calismada on dort kritere gore
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belirlenen yedi alternatif arasindan en uygun secimi iki yontemle yapacagiz. Kriterlerin

agirliklarmi belirlerken bulamk AHP ydntemini kullanacagiz. Alternatif secimini ise VIKOR

ve MAUT yontemleri ile yapacagiz. Daha sonra sonuglar1 karsilastirip degerlendirecegiz.

2.

Uygulama

Belirlenen Kkriterler:

Alternatifler

No ok~ wbdPE

Mersin-tasucu
Mersin-kumkuyu
Mersin-kargili
Adana-karatas
Mersin-gilekli
Mersin-¢cesmeli
Mersin-baharl

Kriterler (A)

1. Maliyet

2. Tarim arazi kullanimi

3. Narenciye bahgesi potansiyeli

4. Arazi kodu

5. Niifus

6. Kapsadigi hizmet alani

7. Zeminin jeolojik 6zellikleri

8. Dolgu ihtiyact

9. Biyolojik ¢esitlililik

10. Fay hatt1 potansiyeli

11. Cevrenin gelisimi

12. Topografya

13. Kara ulagimina erigim

14. Atmosfer kosullar1

Tablo 1: Kriterler I¢in Elde Edilen Ikili Karsilastirma Matrisi
KRIT A, A, A; A, As Ag A; Ag Ay Ay Ay A, A Ay
ERLE
R
A (1,1,1) | (23,4) | (1/6,1/ | (1/7,1/ | 3,45) | (L,L2) | (1/9,1/ | (2,3,4) | (1/9,1/ | (1/9,1/ | (1,2,3) | (3,4,5) | (1/9,1/ | (4,5,6)
51/4) | 6,1/5) 8,1/7) 8,1/7) |9,1/8) 8,1/7)
A, (1/4,1/ | (1,1,1) | (4,5.6) | (34,5 |(56,7) | (3,45) |(1/61/ | (1,1,2) | (1/51/ |(1/7,1/ | (6,7,8) | (1L2) | (1,23) | (1/21,1
3,1/2) 5,1/4) 4,1/3) | 6,1/5) )
As (4,56) | (1/6,1/ | (1,1,1) | (2,3,4) |(56,7) |(L1,2) | (1/41/ | (3,45) | (1,1,2) | (456) |(6738) |(1/21, | (3,4,5) | (1,1.2)
5,1/4) 3,1/2) 1)
A, (56,7) | (1/51/ | (1/4,1/ | (1,1,1) | (3,45) | (L12) | (1/6,1/ | (1/2,1, | (1/8,1/ | (1/4,1/ | (2,3,4) | (1/2,, | (1,2,3) | (1/3,1/
4,1/3) |3,1/2) 51/4) |1) 7,1/6) |3,1/2) 1) 2,1)
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A (1/5,1/ | (1/7,1/ | (1/7,1/ | (1/5,1/ | (1,1,1) | (%%,1,1) | (1/4,1/ | (2,3,4) | (1/8,1/ | (1/5,1/ | (3,4,5) | (2,3,4) | (1,1,2) | (1,2,3)
4,1/3) | 6,1/5) | 6,1/5) | 4,1/3) 3,1/2) 7,1/6) | 4,1/3)
Ag (1/2,1, | (1/5,1/ | (1/2,1, | (1/2,1, | (1,1,2) | (1,1,1) | (1/8,1/ | (2,3,4) | (1/7,1/ | (1/3,1/ | (4,5,6) | (1,1,2) | (1/4,1/ | (1,2,3)
1) 4,1/3) | 1) 1) 7,1/6) 6,1/5) | 2,1) 3,1/2)
A, (7,8,9) | (4,56) | (23,4) | (456) |(234) |(6738) |(1,1,1) |(234) |(1/21, |(1,1,2) | (1/51/ | (2,3,4) | (1/2,1, | (6,7,8)
1) 4,1/3) 1)
Ag (1/4,1/ | (1/2,1, | (1/5,1/ | (1,1,2) | (1/4,1/ | (1/4,1/ | (1/4,1/ | (1,1,1) | (1/5,1/ | (1/8,1/ | (1,2,3) | (1,1,2) | (1/2,1, | (7,8,9)
3,1/2) | 1) 4,1/3) 3,1/2) | 3,1/2) | 3,1/2) 4,1/3) | 7,1/6) 1)
Ay (7,8,9) | (3,45) |(1/21, | (6,7,8) | (6,7,8) | (5,6,7) | (1,1,2) | (3,4,5) | (1,1,1) | (1,1,2) | (2,3,4) | (1/2,1, | (4,56) | (8,9,9)
1) 1)
Aqp (8,9,9) | (56,7) | (1/6,1/ | (6,7,8) | (3,4,5) | (1,2,3) | (1/2,1, | (6,7,8) | (1/2,1, | (1,1,1) | (1,1,2) | (4,5,6) | (1/2,1, | (6,7,8)
5,1/4) 1) 1) 1)
Ay (1/3,1/ | (1/8,1/ | (1/8,1/ | (1/4,1/ | (1/5,1/ | (1/6,1/ | (3,4,5) | (1/3,1/ | (1/4,1/ | (1/2,1, | (1,1,1) | (1/5,1/ | (1/7,1/ | (1,1,2)
2,1) 7,1/6) | 7,1/6) | 3,1/2) | 4,1/3) | 5,1/4) 2,1) 3,1/2) | 1) 4,1/3) | 6,1/5)
A, (1/5,1/ | (1/2,1, | (1,1,2) | (1,1,2) | (1/4,1/ | (1/2,1, | (1/4,1/ | (1/2,1, | (1,1,2) | (1/6,1/ | (3,4,5) | (1,1,1) | (1,1,2) | (4,5,6)
4,1/3) | 1) 3,1/2) | 1) 3,1/2) | 1) 5,1/4)
A3 (7,89 | (1/3,1/ | (1/5,1/ | (1/3,1/ | (1/2,1, | (2,3,4) | (1,1,2) | (1,1,2) | (1/6,1/ | (1,1,2) | (5,6,7) | (1/2,1, | (1,1,1) | (8,9,9)
2,1) 4,1/3) | 2,1) 1) 5,1/4) 1)
Ay (1/6,1/ | (1,1,2) | (1/2,1, | (1,2,3) | (1/3,1/ | (1/3,1/ | (1/8,1/ | (1/9,1/ | (1/9,1/ | (1/8,1/ | (1/2,1, | (1/6,1/ | (1/9,1/ | (1,1,1)
5,1/4) 1) 2,1) 2,1) 7,1/6) | 8,1/7) |9,1/8) | 7,1/6) | 1) 5,1/4) | 9,1/8)

1 1 1

m ./ ym S ym q;
Zj:lm Zj=1m1 Zj:lh

Adim 1. [¥iL, 58, Mg/l = ( )

Adim 2. V(M3 > My) =P, | min um(x), uMz(y)J = um2(d)

m; = m; 1
uva(d) = { l1>u; 0 }
diger 11-u2

(m2-u2)/(m1-11)

Adim 3. V(M>Mq,M,,.....,M¢)=V[(M=>M;) ve (M=M,)ve.....ve (M=M,)] = minV(M=>M;),

i=1,2,...k.

d'(A)=minV(Si> Si)

Adim 4. W=(d(Ay), d(A2),... d(A,))"

Hesaplama sonucuna gore sentez degerleri asagidaki gibidir:

Sx=(m, I, u)

Sa1= (17.75,23.85,31.00)x(1/491.3, 1/387.16, 1/307.48)=(0.04, 0.06, 0.10)
Sa2=(26.25, 32.95, 41.28)x(1/491.3, 1/387.16, 1/307.48)=(0.05, 0.08, 0.13)
Sas= (31.91, 39.53, 49.75)x(1/491.3, 1/387.16, 1/307.48)=(0.06, 0.10, 0.16)
Saa= (15.32, 20.75, 26.75)x(1/491.3, 1/387.16, 1/307.48)=(0.03, 0.05, 0.09)

Sas= (11.56, 16.55, 22.07)x(1/491.3, 1/387.16, 1/307.48)=(0.02, 0.04, 0.07)
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Sas= (12.55, 17.39, 23.2)x(1/491.3, 1/387.16, 1/307.48)=(0.02, 0.04, 0.07)

Sa7=(38.2, 48.25, 57.33)x(1/491.3, 1/387.16, 1/307.48)=(0.08, 0.12, 0.19)

Sas=(13.52, 16.98, 21.83)x(1/491.3, 1/387.16, 1/307.48)=(0.03, 0.04, 0.07)

Sao= (48, 58, 68)x(1/491.3, 1/387.16, 1/307.48)=(0.10, 0.15, 0.22)

Sa10=(42.66, 52.2, 60.25)x(1/491.3, 1/387.16, 1/307.48)=(0.09, 0.13, 0.19)

Sa11=(6.59, 2.41, 13.45)x(1/491.3, 1/387.16, 1/307.48)=(0.01, 0.0062, 0.04)

Sa12=(13.37, 16.82, 24.58)x(1/491.3, 1/387.16, 1/307.48)=(0.03, 0.04, 0.08)

Sa13=(28.03, 33.45, 40.58)x(1/491.3, 1/387.16, 1/307.48)=(0.06, 0.09, 0.13)

Saw=(1.77, 8.03, 11.23)x(1/491.3, 1/387.16, 1/307.48)=(0.0036, 0.02, 0.04)

Daha sonra da “ V ” degerleri hesaplanarak su agirliklar bulunmustur:

W(ALA2,A3,AL A5 A6 A7,As A AL0,A11,A12,A13,A14) = W(0,0,1/4,0,0,0,1/4,0,1/4,1/4,0,0,0,0)
= W(0,0,0.25,0,0,0,0.25,0,0.25,0.25,0,0,0,0)

3.

Vikor Yonteminin Probleme Entegre Edilmesi

Wi kriterlerin kiyaslamali 6ncelik degerlerini ifade eden agirliklarini géstermektedir.

1.

2
3.
4

fi*=maxf;; , fi=min;f; (her kriter fonksiyonu igin en iyi ve en kotii degerlerin atanmasi)

. Si= 2L, wi( fi*-fy)/( fi*- f) ( Kriterlere Gore Si Degerinin Hesaplanmasi)

Ri=i " wi( fi*-f)/( fi*- £)] ( Kriterlere Gore Rj Degerinin Hesaplanmasi)

. Qj=v(Sj-S*)/(S'-S*)+(1-v)( RJ--R*)/(R'-R*) ( Bulunan Si Ve Rj Degerlerine Gore Qj Degerinin

Hesaplanmasi)

5 S =manSj | S'= mijj

6.

R =maijj ) R'= mlanj

v degeri, maksimum grup faydasini saglayan strateji icin agirlik degerini ifade edecektir.

Burada v = 0.5 olarak kabul edilecektir.

7.

Alternatifler S,R ve Q degerlerine gore bliylkten kii¢clige dogru siralanir. Sonuglar Ug¢

farkli siralama listesi olusturur.

Kosul 1. O.(a") - O.(a') > DQ (kabul edilebilir avantaj)

Kosul 2. O.(aM)-Q(a') < DQ (karar vermede kabul edilebilir istikrar)

Tablo 3. Karar Matrisi

ALTERNATIF

KRIiTER

MERSIN | MERSIN MERSIN | ADANA MERSIN | MERSIN | MERSIN
TASUCU | KUMKUYU | KARGILI | KARATAS | CICEKLI | CESMELI | BAHARLI
1 2 3 4 5 6 7

1427



M.N.TURKOGLUY/ ISITES 2014 Karabuk - TURKEY
MALIYET 75 80 70 85 60 85 60
Ay
TARIM ARAZI 7 8 45 8 75 7.5 7
KULLANIMI
Ay
NARENCIYE 6.5 7 35 6 75 6.5 75
BAHCESI
POTANSIYELI
As
ARAZI KODU 7 75 8 2 6 5.5 6
Ay
NUFUS (kisi) 10466 2975 4080 32375 2080 6434 212
As
KAPSADIGI 3600 780 2240 922 660 855 540
HIZMET ALANI
(km?)
As
ZEMININ 4 1 8 2 6 7 55
JEOLOJIK
OZELLIKLERININ
UYGUNLUGU
Ar
DOLGU IHTIYACI | 3 5 2 6.5 25 9.5 4
Ag
BIYOLOJIK 6 6 25 55 35 5 35
CESITLILIK
Aq
FAY HATTI 4 4 3 7 35 4 35
POTANSIYELI
Agg
CEVRENIN 6 5 55 6 5.5 4.5 5
GELIsiMI
All
TOPOGRAFYA 45 4 5 55 6 35 7
Ap
KARA 6 45 7 2 6.57 6 6.5
ULASIMINA
ERISIM
Ags
ATMOSFER 8 8.5 8 6.5 75 7 8
KOSULLARI
Ay
Tablo 4. Karar Matrisi En Iyi ve En Kétii Degerleri
f f

Ay 60 85

A, 45 8

A; 35 75

A, 8 2
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As 32375 212
Ag 3600 540
A; 8 1
Ag 2 9.5
Ag 2.5 6
Ao 3 7
All 6 3
A 7 4.5
Az 7 3.5
Ay 8.5 2
Tablo 5. Alternatifler igin S Ve R Degerleri
ALTERNATIFLER S R
1 2.892857143 1
2 3.03125 1
3 2.25 0.75
4 3.084821429 1
5 2.674107143 1
6 2.714285714 0.9375
7 2.691964286 1
Tablo 6. En Yiiksek Ve En Diisiik S Ve R Degerleri
S* 3.084821429
S 2.25
R* 1
R 0.75
Tablo 7. Alternatif Bolgeler i¢in Q Degerleri
ALTERNATIFLER Q
1 0.885026738
2 0.967914439
3 0
4 1
5 0.754010695
6 0.653074866
’ 0.764705882
Tablo 8. Alternatif Bolgeler i¢in Belirlenen S, R Ve Q Degerleri I¢in Siralama
S R Q S R Q
1 2.892857143 1 0.885026738 | 3 3 3
2 3.03125 1 0.967914439 | 5 6 6
3 2.25 0.75 0 7 4 5
4 3.084821429 1 1 6 7 7
5 2.674107143 1 0.754010695 | 1 5 1
6 2.714285714 0.9375 0.653074866 | 2 2 2
7 2.691964286 1 0.764705882 | 4 1 4

4. Maut Yonteminin Probleme Entegre Edilmesi
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1. ¥ wi = 1 (kriterler belirlendikten sonra agirlik degerlerinin atamasinin yapilmasi)

X-Xi~
Xi+-Xxi-

2. ui(xi) = ( normalizasyon iglemi)

3. UX) = YT ui(xi) * wi ( fayda matrisinin belirlenerek sonuca ulagiimasi)

Tablo 9. Normalize edilmis karar matrisi

ALTERNATIF MERSIN MERSIN MERSIN ADANA MERSIN MERSIN MERSIN
TASUCU KUMKUY | KARGILI | KARATAS | CILEKLI CESMELI | BAHARLI
KRITER 1 u 3 4 5 6 7
2
MALIYET 0.4 0.2 0.6 0 1 0 1
Ay
TARIM ARAZI 0.28571428 | 0 1 0 0.14285714 | 0.14285714 | 0.28571428
KULLANIMI 6 3 3 6
Ay
NARENCIYE 0.25 0.125 1 0.375 0 0.25 0
BAHCESI
POTANSIYELI
Az
ARAZI KODU 0.83333333 | 0.91666666 | 1 0 0.66666666 | 0.58333333 | 0.66666666
Ay 3 7 7 3 7
NUFUS (kisi) 0.31881354 | 0.08590616 | 0.12026241 | 1 0.05807915 | 0.19345210 | O
As 4 5 3 9 3
KAPSADIGI 1 0.07843137 | 0.55555555 | 0.12483660 | 0.03921568 | 0.10294117 | O
HIZMET ALANI 3 6 1 6 6
(m?)
As
ZEMININ 0.42857142 | 0 1 0.14285714 | 0.71428571 | 0.85714285 | 0.64285714
JEOLOJIK 9 3 4 7 3
OZELLIKLERINI
N UYGUNLUGU
Az
DOLGU 0.86666666 | 0.6 1 0.4 0.93333333 | 0 0.73333333
HTIYACI 7 3 3
Ag
BIYOLOJIK 0 0 1 0.14285714 | 0.71428571 | 0.28571428 | 0.71428571
CESITLILIK 3 4 6 4
Ag
FAY HATTI 0.75 0.25 1 0 0.875 0.75 0.875
POTANSIYELI
AlO
CEVRENIN 1 0.66666666 | 0.33333333 | 1 0.33333333 | 0 0.66666666
GELISiMI 7 3 3 7
All
TOPOGRAFYA 0.28571428 | 0.14285714 | 0.42857142 | 0.57142857 | 0.71428571 | 0 1
A 6 3 9 1 4
KARA 0.8 0.5 1 0 0.9 0.8 0.9
ULASIMINA
ERISIM
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A13
ATMOSFER 0.75 1 0.75 0 0.5 0.25 0.75
KOSULLARI
Ay
Tablo 10. Karar Matsisi En Iyi Ve En Kotii Degerleri
f f

Ay 60 85

A, 45 8

As 35 7.5

Ay 8 2

As 32375 212

As 3600 540

A; 8 1

Ag 2 9.5

Ag 2.5 6

AlO 3 7

All 6 3

A 7 45

Az 7 35

A14 85 2

Tablo 11. Fayda matrisi
ALTERNATIF MERSIN MERSIN MERSIN | ADANA MERSIN MERSIN MERSIN
TASUCU KUMKUY | KARGIL | KARATAS | CILEKLI CESMELI | BAHARLI
KRITER 1 u I 4 5 6 7
2 3

MALIYET 0 0 0 0 0 0 0
Ay
TARIM ARAZI 0 0 0 0 0 0 0
KULLANIMI
Ay
NARENCIYE 0.0625 0.03125 0.25 0.09375 0 0.0625 0
BAHCESI
POTANSIYELI
Az
ARAZI KODU 0 0 0 0 0 0 0
Ay
NUFUS (kisi) 0 0 0 0 0 0 0
As
KAPSADIGI 0 0 0 0 0 0 0
HIZMET ALANI
(m?)
As
ZEMININ 0.10714285 | 0 0.25 0.03571428 | 0.17857142 | 0.21428571 | 0.16071428
JEOLOJIK 7 6 9 4 6
OZELLIKLERINI
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N UYGUNLUGU
A;

DOLGU 0 0 0 0 0 0 0
[HTIYACI
Ag

BIYOLOIJIK 0 0 0.25 0.03571428 | 0.17857142 | 0.07142857 | 0.17857142
CESITLILIK 6 9 1 9
Ag

FAY HATTI 0.1875 0.0625 0.25 0 0.21875 0.1875 0.21875
POTANSIYELI
A10

CEVRENIN 0 0 0 0 0 0 0
GELISIMI
All

TOPOGRAFYA 0 0 0 0 0 0 0
A

KARA 0 0 0 0 0 0 0
ULASIMINA
ERISIM

Az

ATMOSFER 0 0 0 0 0 0 0
KOSULLARI
A14

Tablo 12. Alternatiflerin Toplam Degerleri

ALTERNATIFLER TOPLAM

1 0.357142857
2 0.09375

3 1

4 0.165178571
5 0.575892857
6 0.535714286
7 0.558035714

Alt. 3 top. > Alt 4,5,6,7,1,2 top. oldugundan 3. Alternatif, en uygun alternatif olarak secilir.

5. Sonuc¢

Calismamda ¢ok kriterli bir karar verme problemi olarak ele alinan Cukurova bolgesel hava

alan1 yeri secimi ve degerlendirmesi problemine etkin bir ¢oziim yaklagimi olarak Vikor ve
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Maut yontemleri onerilmistir. Vikor yonteminde en iyi iki alternatif olarak, Mersin-Kargili ve
Mersin-Cesmeli alternatifleri belirlenmistir. Maut yonteminde ise en iyi iki alternatif olarak
Mersin-Kargili ve Mersin-Cigekli alternatifleri belirlenmistir. Sonugta iki yontemde de en iyi
alternatif Mersin-Kargili alternatifi ¢ikmustir. Burada girdi verileri olarak bulanik sayilarin
kullanilmas1 sebebiyle daha gergek¢i sonuglar elde edilmistir. Burada bilimsel olarak en
onemli Kriterlerin agirliklarinin bulanik analitik hiyerarsi prosesinde de yiiksek ¢ikmasi,
sonuca daha da yaklasmamizi saglamistir. Uygulanan diger yontemlere gore oldukca yeni ve
oldukca pratik, esnek olan Vikor ve Maut yontemlerinin bulanik AHP ile kullaniminin ¢ok

kriterli karar verme problemleri igin 6nemli ¢6ziim alternatifleri olacagi agik¢a gorilmiistiir.
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