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Özet 

teknolojileridir. Bu nedenle en uygun EÜS 

r. Bundan sonraki 

 

Anahtar Kelimeler: üreci, 
 

FLEXIBLE MANUFACTURING SYSTEMS SELECTION 

USING AHP AND FUZZY PROMETHEE APPROACH 

Abstract 
Flexible manufacturing systems (FMSs) are considered to be advanced 

manufacturing technologies to improve flexibility and quality, reduce work-in-
process (WIP), inventory levels, manufacturing lead-times, and set up costs of a 
manufacturing company. Therefore, selecting the most appropriate flexible 
manufacturing system has emerged as the critical issue for the success of 
companies. FMS selection can be viewed as a multi-criteria decision making 
problem due to the availability of quantitative and qualitative criteria that have to 
be considered in the decision-making process. For these reasons, integrated fuzzy 
multi-criteria decision-making (FMCDM) methodology has been proposed and an 
illustrative example is presented. For this purpose, we have selected four main and 
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twelve sub-criteria through literature review. Then, all the weights of criteria have 
been calculated by applying the AHP method. The fuzzy PPROMETHEE method is 
then employed to achieve the final ranking results. Five representative flexible 
manufacturing systems were evaluated and the most appropriate one was selected. 

Keywords: Flexible Manufacturing Systems, Analytic Hierarchy Process 
(AHP), Fuzzy Promethee, Multi-Criteria Decision-Making (MCDM) 

 

Esnek üretim sistemleri (Flexible Manufacturing Systems-

1. 

EÜS seçimi firmalar için stratejik bir karar verme problemidir. EÜS 

ti Criteria 
Decision Making-

en popüler olanlardan birisi c Hierarchy Process-
AHS) ve 
ranking organization method for enrichment evaluation-Promethee) yöntemleridir.  

Bu yöntemler

kriterlerin önem düzeylerinin belirlenmesinde, Promethee yöntemi ise, alternatiflerin 

lilikleri test edilebilmektedir. Bir 

olarak bu yöntemler, karar probleminin belirsizlik 

lik içeren durumlarda 
 deneyimlerinden 

                                                 
1 E.E. Karsak-O. Kuzgunkaya, “A Fuzzy Multiple Objective Programming Approach for the 
Selection of a Flexible Manufacturing System”, International Journal of Production 
Economics, Vol. 79, No. 2, 2002, s. 101. 
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ulama 
uygun 

 

1. EÜS Seçimini Etkileyen Kriterler 

 
Shang ve Sueyoshi2

3 ise bu 
üsü olarak 

 4, 
Sheng ve Sueyoshi5

6 7 8 

faktörleri ay  

Bayazit9, EÜS seçimini etkileyen kriterleri 
vantajlar, 

ndeki  
                                                 
2 J. Shang-T. Sueyoshi, “A Unified Framework for the Selection of A Flexible Manufacturing 
System”, European Journal of Operational Research, Vol. 85, No. 2, 1995, s. 297-315. 
3 J. Sarkis-S. Talluri, “A Decision Model for Evaluation of Flexible Manufacturing Systems 
in the Presence Of both Cardinal and Ordinal Factors”, International Journal of Production 
Research, Vol. 37, No. 13, s. 2927- 2938. 
4 E.E. Karsak- O. Kuzgunkaya, a.g.m., s. 101-111. 
5 J. Shang-T. Sueyoshi, a.g.m., s. 297-315. 
6 E.E. Karsak, “Distance-Based Fuzzy MCDM Approach for Evaluating Flexible 
Manufacturing System Alternatives”, International Journal of Production Research, Vol. 
40, No. 13, 2002, s. 3167-3181. 
7 E.E. Karsak, “Using Data Envelopment Analysis for Evaluating Flexible Manufacturing 
Systems in the Presence of Imprecise Data”, International Journal of Advanced 
Manufacturing Technologies, Vol. 35, No. 9-10, 2008, s. 867-874. 
8 J. Sarkis, “Evaluating Flexible Manufacturing Systems Alternatives Using Data 
Envelopment Analysis, The Engineering Economist, Vol. 43, No. 1, 1997, s.25-47. 
9 O. Bayazit, “Use of AHP in Decision Making for Flexible Manufacturing Systems”, 
Journal of Manufacturing Technology Management, Vol. 16, No. 7, 2005, s. 808-819. 
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 ile verimlilik 
 

ndeki 
aki 

ni  ve teslimat, malzeme 
mektedir. Dezavantajlar kriteri ise, EÜS’nin 

ni nu, 
fi

 ve merkezi bilgisayar kontrolü . 
Shamsuzzaman ve d 10’ne göre, EÜS seçimini etkileyen faktörler esneklik, 
maliyet, veriml

Verimlilik ana kriter  

teknolojik uyum  

 literatüre uygun biçimde 
 

 
Ana Kriterler Alt kriterler 

Esneklik   

Maliyet  Sermaye, faaliyet  

Verimlilik  

Risk  Teknoloji ve faaliyet riski 

 

yöntemleri ve ÇKKV teknikleri olmak üzere üç grupta toplamak mümkündür. Tablo 
2 ntemleri görülmektedir. 

, 
kar sabit , bilgisayardaki 
çözümlerin uzun 

vermemektedir11

                                                 
10 M. Shamsuzzaman Applying Linguistic Criteria in FMS Selection: Fuzzy-
Set-AHP Approach”, Integrated Manufacturing Systems, Vol.14, No.3, 2003, s.247-254. 
11 G.Ü. 

-150. 
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dikkate alan yöntemlerdir. Ancak, bu yöntemler, EÜS’
nitel 

12. Bu nedenle 
 kriterler ve 

 

 
temi Yazarlar 

Matematiksel Metotlar  
Tam  Sujono ve Lashkari, 2007 
Dinamik programlama Kulatilaka, 1988 

 Hwan ve Shogan, 1989 
Simülasyon  Chan vd., 2000 
Veri zarflama analizi (VZA) Sarkis, 1997; Sarkis ve Talluri, 1999 

 Karsak, 2008 
 Karsak ve Kuzgunkaya, 2002  

Ekonomik Analiz Yöntemleri  

 
Miltenburg ve Krinsky, 1987 

 Karsak ve  
ÇKKV Teknikleri  
AHS Mohanty ve Deshmukh, 1997; Bayazit, 2005  

 Shamsuzzaman vd., 2003 
 Karsak, 2002 

birçok kez 

rastl 2). Türkçe literatürde ise 
tedarikçi seçimi13 ve otomobil seçimi14 

 

 

karar almada grup veya bireyin önceliklerini dikkate 
alarak nitel ve nicel faktörleri bir arada 

 

 AHS’de karar 

                                                 
12 E.E. Karsak- O. Kuzgunkaya, a.g.m., s. 102. 
13 -E. Eraslan, “ çimi”, Gazi 

, Cilt. 23, 1, 2008, s. 69-75.  
14 S.  

”, , Cilt. 22 1, 2007, s. 
139-147. 
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urularak belirlenir. Daha sonra karar problemi, 
 

 
düzeyde yer alan amaca göre ve 

15

 

Tablo: 3  

Önem 
derecesi 

  

1   
3 Orta derecede önemli 

 
5 Güçlü derecede 

önemli   
7 Çok güçlü derecede 

önemli 
Bir faaliyet di

 
9 Son derece önemli 

yüksek derecede tercih edilir. 
2, 4, 6, 8  

 
   

Kaynak: Saaty, T.L., “How to Make a Decision: The Analytic Hierarchy Process”, 
Interfaces, 24 (6), 1994, s. 26. 

 Bu 

16 ra, her karar 

aya kadar her 

                                                 
15 T.L. Saaty, Fundamentals of Decision Making and Priority Theory with The Analytic 
Hierarchy Process, Pittsburgh, RWS Publications, USA, 2006, s. 10-11. 
16 G. -G. Büyüközkan, “Using A Multi-Criteria Decision Making Approach To 
Evaluate Mobile Phone Alternatives”, Computer Standards & Interfaces, Vol. 29, No. 2, 
2007, s. 270. 
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17. 

 
CI max  n ise 

r18. 

)1/()( max nnCI                              (1) 

 

CR=CI/RI                                (2) 

göstermektedir. Tablo: 4
indeks tablosu görülmektedir19.  

 

N 1 2 3 4 5 6 7 8 9 10 
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49 

 

0.10’dan büyükse reddedilir20. Bu durumda karar vericilerin, kriter ya da 

 

 

tekniklerinden birisidir. Literatürde finans21 22

seçimi23 24, bilgi teknolojisi stratejilerinin seçimi25 

                                                 
17 R.U. Bilsel A Fuzzy Preference- Ranking Model for A Quality Evaluation of 
Hospital Web Sites”, International Journal of Intelligent Systems, Vol. 21, No. 11, 2006, s. 
1184. 
18 Saaty, a.g.k., s.84. 
19 a.g.k., s.84. 
20 a.g.k., s.84. 
21 A. Bouri  “A multi-criterion Approach for Selecting Attractive Portfolio”, 
Journal of Multi-Criteria Decision Analysis, Vol. 11, No. 4-5, 2002, s. 269-277. 
22 F. Ülengin An Integrated Decision Aid System For Bosphorus Water-
Crossing Problem”, European Journal of Operational Research, Vol. 134, No. 1, 2001, s. 
179-192. 
23 Y.I. Topcu- F. Ulengin, “Energy for the Future: An Integrated Decision Aid for the Case of 
Turkey”, Energy, Vol. 29, No. 1, 2004, s. 137-154. 
24 C. Araz ve An Integrated Multi-Criteria Decision-Making Methodology For 
Outsourcing Management”, Computers & Operations Research, Vol. 34, No. 12, 2007, s. 
3738-3756. 
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 Karar 

j 
 

 

 C

)()(),(

)()(,0
),(

jjjj

jj

j CCdH

CC
               (3) 

)()( jjj CCd

EK Tablo:17) ve [0,1] 
26 q p kesin tercih 

fade edilir27. 

pd

pdqdH

qd

d

j

jjj

j

jjj

,1

),(

,0

)(),(                (4) 

)( jj dH , EK Tablo: 17’de gösterilen ve 
28.  

c 
29.  

 

),(),(
j

jjwc                  (5) 

),,2,1( kjw j , k kriter için 

 

Pozitif üstünlük + x x’e oranla ne 

                                                                                                                   
25 A. Albadvi, “Formulating National Information Technology Strategies: A Preference 
Ranking Model Using PROMETHEE Method”, European Journal of Operational 
Research, Vol. 153, No. 2, 2004, s. 290-296. 
26 A.  
27  
28 J.P. Brans- PH. Vincke, “A Preference Ranking Organization Method”, Management 
Science, Vol. 31, No. 6, 1985, s. 650-652. 
29  
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derece , negatif üstünlük ¯ x
30. 

),()( xc                   (6) 

),()( xc                   (7) 

31.  

tercih edilir. 
+ + ¯  ¯                  (8) 

 
+ + ¯  ¯                  (9) 

 
+ + ¯  ¯                (10) 

 
 

+ + ¯  ¯                (11) 

 
+ + ¯  ¯                (12) 

 
+  + ¯  ¯                (13) 

 
 net + - ¯                  (14) 

 
 net + - ¯                  (15) 

 
  üstündür. 
   

 

lik içermeyen 

olarak ifade edemez. Bu nedenle karar sürecinin, belirsiz ve kesin olmayan bilgilere 

                                                 
30 a.g.m., s. 1185. 
31 J.P. Brans-PH. Vincke, a.g.m., s. 650-652; M. - E. Eraslan, a.g.m., s.72. 
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32

33. 

 

Toplama ),,(),,(),,( dbcanmdcnbam  

Çarpma     ),,(),,( abmbam  

 ),,(),,(),,( cbdanmdcnbam  

 ),,()0,0,(),,( bnanmnnbam  

  

0,0 nm   ),,(),,(),,( bndmancmmndcnbam  

0,0 nm   ),,(),,(),,( cmbndmanmndcnbam  

0,0 nm  ),,(),,(),,( cmandmbnmndcnbam  

crisp

34.  

Tablo: 6  
KK  (0, 0, 0.15) 
EK  (0.15, 0.15, 0.15) 
BK  (0.30, 0.15, 0.20) 
FY Fikrim yok (0.50, 0.20, 0.15) 
AK  (0.65, 0.15, 0.15) 
OK  (0.80, 0.15, 0.20) 
ÇK  (1, 0.20, 0) 

q p 
Bu durumda (4) 
q 

ve p 35. 

                                                 
32 M. Saremi onsultant Selection in SMEs With TOPSIS Under Fuzzy 
Environment”, Expert Systems with Applications, Vol. 36, No. 2, 2009, s. 2744. 
33 M. Goumas-V. Lygerou, “An Extension of the PROMETHEE Method for Decision Making 
in Fuzzy Environment: Ranking of Alternative Energy Exploitation Projects”, European 
Journal of Operational Research, Vol. 123, No. 3, 2000, s. 608. 
34   
35 M. Goumas- V. Lygerou, a.g.m., s. 609. 
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pd

pdq
qp

qd

qd

d

j

j
j

j

jjj

,1

,

,0

)(),(              (16) 

 
dj

 

pdn

pdnvecnq
qp

qdcn

qcn

d
jjj

)(,1

)(,
),,(

,0

)(),(           (17) 

x= 
36. 

 
 

-a+b)/3 ve 

                                                 
36 M. Goumas- V. Lygerou, a.g.m., s. 608-610. 

0.8              0.9               1.0               1.1         x 

f (x) 
 
 
1.0 
 
 
 
 
0.5 
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skor hesaplanabilmesi mümkün olur. Daha sonra + ¯   net hesaplanarak 
37. 

3. Uygulama 

-

 

 

seçimini etkileyen faktörler, esneklik, maliyet, verimlilik ve riski içeren dört ana 
elini 

göstermektedir. 

 

 ana 

için EK Tablo: 

                                                 
37 88.  

 
EÜS 

Seçimi 

Esneklik (ES) 

Maliyet (ML) 

Verimlilik (VM) 

Makine (MK) 

Rotalama (RO) 

Ürün (ÜR) 

Süreç (SÜ) 

 

 

(TÜ) 

Risk (RK) 
Teknoloji (TK) 

Faaliyet (FA) 

Sermaye (SR) 
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 yer 

 

 
 ES    ML   

 0.495    0.121   
Alt kriterler MK RO ÜR SÜ SR FB  

 0.053 0.092 0.205 0.145 0.078 0.028 0.015 
 VM   RK    

 0.327   0.057    
Alt kriterler HZ ÜH TÜ TK FA   

 0.229 0.063 0.035 0.014 0.043   
 

 öncelikle 
 

 
Alt kriterler MK RO ÜR SÜ SR FB  
Alternatifler         
EÜS1 OK OK ÇK OK ÇK ÇK AK 
EÜS2 OK OK AK ÇK ÇK OK OK 
EÜS3 AK AK AK AK AK AK ÇK 
EÜS4 FY AK FY FY OK FY ÇK 
EÜS5 OK FY OK FY ÇK KK ÇK 
Alt kriterler HZ ÜH TÜ TK FA   
Alternatifler        
EÜS1 OK FY KK KK OK   
EÜS2 OK OK KK EK AK   
EÜS3 FY ÇK KK BK FY   
EÜS4 BK FY EK EK ÇK   
EÜS5 AK OK EK KK ÇK   

KK: 
 

 17

fonksiyonunun hesaplanabilmesi için q p 
q=0 ve p

tercih indekslerini 
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EÜS2-EÜS3= )( jj d =(1,0.20,0)-(0.65,0.15,0.15)=(0.35,0.35,0.15) üçgen 

 

060.0

0)15.0,35.0,35.0(
)( jj d

-a+b)/3=(3*0.58-0.58+0.25)/3=0.47 olur. EK Tablo: 

 

rin belirlenmesi: Bu 

göstermektedir.  

ve tam önceliklerin belirlenmesi: 

Bu
EÜS1, EÜS2, EÜS5, EÜS3 ve EÜS4 seçilir.  

 

Alternatifler  )(  )(  )(net  
 
 

EÜS1 1.544 0.216 1.327 1 
EÜS2 1.195 0.137 1.058 2 
EÜS3 0.174 0.925 -0.751 4 
EÜS4 0.098 1.827 -1.730 5 
EÜS5 0.720 0.625 0.095 3 

 

Sonuç 

steminin bir 
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abilmesi, karar vericilerin tercihle

Uygulamada

Promethe

 

-

, EÜS seçiminde 

-
olmayan verilere uygun , etkin bir karar verme 
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EKLER 
 

 ES ML VM RK  

Esneklik (ES) 1 4 2 7 0.495 

Maliyet (ML) 1/4   1 1/4  3 0.121 

Verimlilik (VM) 1/2    4 1 5 0.327 

Risk (RK) 1/7    1/3    1/5    1 0.057 

     C.R=0.039 

 

Matrisleri 
Esneklik kriteri MK RO ÜR SÜ  

Makine (MK) 1 1/2   1/3  1/3 0.107 

Rotalama (RO) 2 1 1/2   1/2   0.185 

Ürün (ÜR) 3 2 1 2 0.415 

Süreç (SÜ) 3 2 1/2    1 0.293 

     C.R=0.026 

 
 

Maliyet kriteri SR FB   

Sermaye (SR) 1 3 5 0.648 

 1/3     1 2 0.230 

 1/5    1/2   1 0.122 

    C.R=0.003 

 

Matrisleri 
Verimlilik kriteri HZ ÜH TÜ  

 1 4 6 0.701 

 1/4    1 2 0.193 

 1/6   1/2       1 0.106 

    C.R=0.008 

 
Risk kriteri TK FA  

Teknoloji (TK) 1 1/3   0.25 

Faaliyet (FA) 3 1 0.75 

   C.R=0.0 
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SÜ       
EÜS1 (0.80,0.15,0.20) EÜS1 (0.80,0.15,0.20) (0,0.35,0.35) 0 
EÜS1 (0.80,0.15,0.20) EÜS2 (1,0.20,0) (-0.20,0.15,0.40) 0 
EÜS1 (0.80,0.15,0.20) EÜS3 (0.65,0.15,0.15) (0.15,0.30,0.35) 0 
EÜS1 (0.80,0.15,0.20) EÜS4 (0.50,0.20,0.15) (0.30,0.30,0.40) 1 
EÜS1 (0.80,0.15,0.20) EÜS5 (0.50,0.20,0.15) (0.30,0.30,0.40) 1 
EÜS2 (1,0.20,0) EÜS1 (0.80,0.15,0.20) (0.20,0.40,0.15) 0 
EÜS2 (1,0.20,0) EÜS2 (1,0.20,0) (0,0.20,0.20) 0 
EÜS2 (1,0.20,0) EÜS3 (0.65,0.15,0.15) (0.35,0.35,0.15) 0.47 
EÜS2 (1,0.20,0) EÜS4 (0.50,0.20,0.15) (0.50,0.35,0.20) 1 
EÜS2 (1,0.20,0) EÜS5 (0.50,0.20,0.15) (0.50,0.35,0.20) 1 
EÜS3 (0.65,0.15,0.15) EÜS1 (0.80,0.15,0.20) (-0.15,0.35,0.30) 0 
EÜS3 (0.65,0.15,0.15) EÜS2 (1,0.20,0) (-0.35,0.15,0.35) 0 
EÜS3 (0.65,0.15,0.15) EÜS3 (0.65,0.15,0.15) (0,0.30,0.30) 0 
EÜS3 (0.65,0.15,0.15) EÜS4 (0.50,0.20,0.15) (0.15,0.30,0.35) 0 
EÜS3 (0.65,0.15,0.15) EÜS5 (0.50,0.20,0.15) (0.15,0.30,0.35) 0 
EÜS4 (0.50,0.20,0.15) EÜS1 (0.80,0.15,0.20) (-0.30,0.40,0.30) 0 
EÜS4 (0.50,0.20,0.15) EÜS2 (1,0.20,0) (-0.50,0.20,0.35) 0 
EÜS4 (0.50,0.20,0.15) EÜS3 (0.65,0.15,0.15) (-0.15,0.35,0.30) 0 
EÜS4 (0.50,0.20,0.15) EÜS4 (0.50,0.20,0.15) (0,0.35,0.35) 0 
EÜS4 (0.50,0.20,0.15) EÜS5 (0.50,0.20,0.15) (0,0.35,0.35) 0 
EÜS5 (0.50,0.20,0.15) EÜS1 (0.80,0.15,0.20) (-0.30,0.40,0.30) 0 
EÜS5 (0.50,0.20,0.15) EÜS2 (1,0.20,0) (-0.50,0.20,0.35) 0 
EÜS5 (0.50,0.20,0.15) EÜS3 (0.65,0.15,0.15) (-0.15,0.35,0.30) 0 
EÜS5 (0.50,0.20,0.15) EÜS4 (0.50,0.20,0.15) (0,0.35,0.35) 0 
EÜS5 (0.50,0.20,0.15) EÜS5 (0.50,0.20,0.15) (0,0.35,0.35) 0 

 

)(  ve )(  

SÜ EÜS1 EÜS2 EÜS3 EÜS4 EÜS5 )(  

EÜS1 0 0 0 1 1 2 
EÜS2 0 0 0.47 1 1 2.47 
EÜS3 0 0 0 0 0 0 
EÜS4 0 0 0 0 0 0 
EÜS5 0 0 0 0 0 0 

)(  0 0 0.47 2 2  
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