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ABSTRACT 

Master Thesis 

: OF THE 
  

 

 
Institute of Science 
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Assoc. Prof.: D . Dr. ENEL 

Data envelopment analysis (VZA) is a method used to measure the relative 
effectiveness of decision-making units (KVB) that have multiple input and multiple 
output. Also this method, gives information about how to determine the inactive 
amount of the inactive KVB and why these occur. Besides this, VZA can provide 
support to administrators in determining the amount of input reduction and/or output 
increase required for their inactive Kvb. Classic VZA models can be applied when the 
input and output values used are known for sure. The input and output values used in 
business activity accounts are often not fully known so it can include uncertainty. 
Information such as these, which are not certain and complete are called Fuzzy Sets. 
The first, fuzzy set theory has been addressed by Prof. Dr. Lotfi A. Zadeh in 1965 in 
his work titled "Fuzzy Sets". In this study, Turkish Sugar Factories A. P. Activity 

tigated. 

increased performance focused on high quality and efficiency in the direction of the 
 result 

of the afore mentioned study. Whether sugar factories were active was investigated in 
2017-2018. Efficiency values was first determined using classical data envelopment 

could occur 
the method of Data Envelopment Analysis have been used to re-evaluate the activity 
rates of Sugar Factories. By comparing the classic VZA and fuzzy VZA results, 
suggestions were made about which sugar factories to take as reference in order for 
inactive KVB to become active. 

 

February 2020, 60 pages 

Keywords: Efficiency, Data Envelopment Analysis,  Fuzzy data envelopment analysis, 
TURKSEKER  
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  nda 

 

 

r

 

i durumlarda, etkinlik 

 

 

pancardan elde edilmektedir 

zilya, Hindistan, Meksika, Tayland, 

 

s   
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 2018 

verilerine  

 

- 

 

odeldir. 

T , 

; 

 

, ilk olarak Veri Zarflama analizi modelleri 

 

-

 

, 

  

 

 

 

 

 

 

 



3 
 

2.  

K

 

 

-

 

B Veri 

Zarflama A ni t  

t - -

- -   

kullan   

 

ve Alptekin 

 

 -

 

5  
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- Klasik ve B Veri 

Zarflama A  

 

 

-
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3.  

3.1. Veri Zarflama Analizi (VZA) 

3.1.1.  

Veri -

 

 k ile VZA, etkin olmayan 

 

3.1.2. Temel kavramlar 

 

Girdi: KVB 

denir. 

 

-

 

Homojenli  

 

 

Karar Verme Birimi: 

birimlerdir. 

karar verme  (Depren, 2008). 



6 
 

3.1.3.  

 

 -  

 

duymaz. 

 

 

 Girdi-  

Deza  

  

 

ilgili ipucu vermez. 

 Veri Zarflama Analiz

 

 

er karar 

 

 

 . 

3.1.4.  

3.1.4.1.  
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homojen gr

 

 

Bi

d. 

 

 

 

-

Friedman ve Sinuany-

n/3]. Dyson vd. 

 

 

3.1.4.2. Girdi-  

- -

erekir. Girdi-

-
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Uygulamada girdi-

r  2007). 

3.1.4.3.  

-

Ve

belirlenme  

3.1.4.4.  

 

EMS, IDEAS, DEAP, ETAKS, Warwick Windows DEA, PIONEER gibi Windows 

 

3.1.4.5.  

an 

-

 2006). 
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3.1.4.6.  

olmayan karar verme birimleri etkin olan karar verme birimlerine 

 2008). 

3.1.4.7.  

 incelendikten sonra girdi-

 

3.1.5. Veri zarflama analizi modelleri 

 

 Charnes, Cooper ve Rhodes 

 

 

 

  

  

 2008). 

3.1.5.1. CCR modelleri 

3.1.5.1.1.  

 

                                                    = max                                                (3.1) 
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Burada, 

 

 

 

 

 

 

 

: j. KV  

 

benzetilebilir. 

                                                   = max                                              (3.2) 

 

 = 1 

             

   

) 

 

 2008). 
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3.1.5.1.2.  

 

Girdi

getirilmesidir. 

                                                       = min                                              (3.3) 

 

  1,           

   

 

                                                       = min                                              (3.4) 

 

 = 1 

           

  

 

ise e  

 2008). 
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3.1.5.2. BCC modelleri 

3.1.5.2.1. Girdi  

 

                                               = max                                         (3.5) 

 

 = 1 

          j  

                 

 

 

 2008). 

3.1.5.2.2.  

 

                                                   = min                                         (3.6) 

 = 1 

           

                

 

 2008). 
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3.2.  

3.2.1.  

 

 

 

3.2.2.  

ifade edilir. 

Prof. Dr. Lotfi A. Zadeh 1965 y

 

 

 

                                                 =                                            (3.7) 

 

derecesi ile   

   

                                                 =                                                                 (3.8) 

 

                                  =  =  +                            (3.9) 
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3.2.2.1.  

belirtilmektedir. 

3.2.2.1.1.   

 

                      =  =                      (3.10) 

 

 

 

3.2.2.1.2.   

 

                      =  =                    (3.11) 

 

e ve h: yamuksal  
 

 

 

Toplama: [a,b] + [c,d] = [a+c, b+d] 

 [a,b] - [c,d] = [a-c, b-d] 
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 [a,b] * [c,d] = [min(a*c, a*d, b*c, b*d), max(a*c, a*d, b*c, b*d)] 

 [a,b] / [c,d] = [min(a/c, a/d, b/c, b/d), max(a/c, a/d, b/c, b/d)] 

 

3.2.2.2.  

 

 , 

  ) = sup[ ],   X 

ilir.  

 

Normallik  

 

 

 

 

Bir  

olarak  

Destek ( ) =  

 

 

 

Kernel ( ) =  
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) =  

olarak ifade edilir. 

-  

Bir  -  

 =  

 

 

Herhangi bir ve  

toplanarak, 

Card ( ) =  

ile elde edilir. 

 

 

a)   

 

b)     

 

 max   

kon  
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 ve    

 ve    

 

x , y , A U, B V olsun. 

 =    

konusu ise   

                               = f( ) = f                              (3.12) 

=  

elemanl

 

3.2.3.  

 

 

 



18 
 

 

a)  

b)  

c)  

d) b -

 

3.2.3.1.  

3.2.3.1.1. -  

Herhangi  ve  

 

-  = [ ] ve  = [  

1.  +  = [  + ,  + ] 

2.  -  = [  -  - ] 

3.  *  = [  * ,  * ] 

Burada; 

[ ] = Min [  * ,  * ,  * ,  * ] 

[  * ] = Max [  * ,  * ,  * ,  * ] 

4.  /  = [  / ,  / ] 

Burada; 

[  / ] = Min [  / ,  / ,  / ,  / ] 

[  / ] = Max [  / ,  / ,  / ,  / ] 

0  [ ] 

5.  =  

 

 2008). 
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3.2.3.1.2.  

 ve    

1.   

2.   

3.   

4.   

5.  (y) =  

 2008). 

3.3.  

3.3.1.  

-

 

 

BVZA modellerinde veriler: 

1.  

2.  

3.  

4.  

  2008). 

3.3.2.  

L
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3.3.2.1. Despotis-Smirlis modeli 

 

 

   

 ve     

             =  - (  -  ) ( )           =  - (  -  ) ( )            (3.13) 

 

 

1. Despotis-Smirlis  

 

 

                             = max                    (3.14) 

 

 = 1 

 -   

 

,   

,        

- ZA modeli, 
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 =  ve  =  

 

                                  = max  +  - )                                  (3.15) 

 

 + (  - ) = 1 

 +  -  -  +  -   

 -       -   

   ,  ,     

olur  2008). 

1. Kesin, s s v rnek veri seti 

 

 

KVB 

 

 ( ) Girdiler (  

Kesin 

Bilinen 
( ) 

) 
 

( ) 

Kesin 

Bilinen 
( ) 

) 
 

( ) 

1       

2       

3       

4       

 

3.3.2.2. Cook-Kress-Seiford modeli 

modeldir. 

 

                                   = max  +                           (3.16) 
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 +  = 1 

 +  -  -   

Burada, 

 : Kesin verilere a  

  

 

 

  

  

  ) 

 

3.3.2.3. Cooper-Park-Yu modeli 

 

 

 . 

Girdi-  

  =   ve  =   
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2 d y veriler 

 

 

KVB
(j) 

 ( ) Girdiler ( ) 

Kesin 

Bilinen 
( ) 

 

( ) 
 

( ) 

Kesin 

Bilinen 
( ) 

 

( ) 
 

( ) 

1 1 >    1  

2  >    >   

3  1 1 1 >   

4  >    >  1 

  

 

                                                  = max                                           (3.17) 

   

 = 1 

 -   

 = 1> > >            = 1> > >  

 ,        , 

 = 1,                   

,          

,           = 1 

,  i=1,2,3 

 

 

Girdi-  

  = ,    =    
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 ve  

 

 =   =  

         =   =        ve, 

 =  /  ve  =  /  

 

                                                        =                                                   (3.18) 

 

 = 1 

 -   

 =                    =                   =  

 =                   =                  =  

> > >           > > >  

             

          

, , , , ,   

olur. 

3.3.2.4. Kao-Liu modeli 

-kesim metodu 

 

 girdi ve  -

 

                        = [  , ]           = [  , ]               (3.19) 
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 =  

olur. 

 

                                        (3.20) 

 

                                       (3.21) 

 

i

elde edilir. Buradan, 

                                               = max                                       (3.22) 

 

  

 o 

,      

 

                                               = max                                       (3.23) 
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 o 

,   

 2008). 

3.3.2.5. Saati-Memariani-Jahanshahloo modeli 

 

 

 

- -  

 = ( ) girdileri ve   = ( -  

           (3.24) 

 

       (3.25) 

 ve  

   = [ ] 

   = [ ] 

 

                                                    = max                                      (3.26) 

 



27 
 

 

 = 1 

 -   

 

 

 

 

,   

 

 

Girdi-

model, 

                                                    = max                                         (3.27) 

 

 = 1 

 -   

  

  

,   

olur. 

3.3.2.6. Saati-Memariani modeli 
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girdi-

 

Bir -

nu kabul ederek 

 

                                                      (  =                                              (3.28) 

 

 (  = (  

 

                                                   (  =                                              (3.29) 

(  = (  -  

(  = (  +  

 

 =   

 =                  

 =  

. 

3.3.2.7. Lertworasirikul modeli 

 

 

Saati-Memariani-  
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                                                  = max                                      (3.30) 

 

  

  

olarak ifade edilir. 

 

ni 

-En iyi modeli, En iyi-

- -  (Lertworasirikul vd, 

2003) 

 

. 

3. Lertworasirikul modellerinin  yelik derecesinde veri k  

 

 

 

 
derecesindeki 

derecesindeki 

Girdi 
Verilerinin Verilerinin 

Girdi 
Verilerinin Verilerinin 

 

 

Minimum Maksimum Minimum Maksimum 

 

 

Minimum Maksimum Maksimum Minimum 

 

En  

Maksimum Minimum Minimum Maksimum 

 

 

Maksimum Minimum Maksimum Minimum 
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3.3.2.8. Lertworasirikul-Fang-Joines-Nuttle modeli 

modeldir. 

 

 

 

                                                   =                                                   (3.31) 

 

                                                   

                                                 

                                      

  

  

Burada, 

   

 

  

   

    

 

1.     

        

2.      
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3.     

 ve  

. 

3.3.2.9. Guo-Tanaka modeli 

 

 

 

                                                   = max                                          (3.32) 

 

  

            

  

(   

-  -

 

 

o. K

 

                                 = max                             (3.33) 

 

 

=  
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3.3.2.10. Leon-Liern-Ruiz-Sirvent modeli 

k dual-CCR modeli; 

                                                                                                        (3.34) 

 

             

                

 

 =     =   

 

  

  

 

 

                                                   (                                                (3.35) 
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 . 
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4. UYGULAMA 

-

.  

ni  

-  

Ancak bunlar kesin veriler gibi likler olabilir

-

 

Bu tez  9 adet girdi ve 1 adet ler olarak; 

 (  ( ), fiili kapasite ( ), pancar ekim 

 (  (  (  

( ), melas (  (  

 

nden Kao-Liu modeli 

, , , , , ,  , 

 = 0.1,  = 0.3,  = 0.5,  =0.7,  = 0.9 ve   

  iki 

gibi i  

VZA modellerin

 

girdiler 
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1.   

 

(*)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Afyon  13. Erzurum 19. Malatya 

    

3. Alpullu 9. Elbistan  21. Susurluk 

4. Ankara 10. Ercis 16. Kars 22. Turhal 

5. Bor  17. Kastamonu  

6. Burdur 12. Erzincan  24. Yozgat 
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2. BVZA  

     Kod Birim  

Girdi 

Toplam personel 

 
 

  2017-

 

Kampanya s    2017-

 

Fiili kapasite   2017-

kapasite 

 
 

 Hektar 2017-

 

 
 

  2017-

 

 
 

 Ton 2017-

 

  Ton 2017-

 

Melas  Ton 2017-

 

  Ton 2017-

 
 

 

      Y Ton 2017-

 

 

-

 

herhangi bir sorunla k  

 girdi ve veri seti Ek de 

 . 
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3   
 

 

Fabrika 

 

En 

 

En  

 

 

Ortalama 

 

Standart 

sapma 

 25 183 554 300 83.06 

 25 50 169 101.93 28.66 

 25 1517 8636 4503.92 2373.55 

 25 1649.1 20164.7 8314.57 5258.55 

 25 610 6972 2946.75 1786.61 

 25 74700 1142000 483750 330763.92 

 25 10400 149930 63543.75 43982.43 

 25 3106 51000 20416,67 14273.85 

 25 28307 360000 141678.75 96675.22 

     Y 25 564950 169961200 52631525 43482120.15 

(*)Alt 
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5.  

V  . Verilerde 

 

 Teorisin faydalanarak VZA modelinin  

 lama Analizi 

modelleri e  

. 

Verileri,  ver   standart 

sapmalardan Standart    

  = (Mevcut Veri) + (Standart Sapma)  = (Mevcut Veri)  (Standart 

Sapma)  

her bir veri, leriyle 

ilgili  veriler Ek 3 . 
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KVB Etkinlik   
Ankara 1 1 
Bor 1 1 
Burdur 1 1 

 1 1 
 1 1 

 1 1 
 1 1 

Malatya 0.926498 8 
Elbistan 0.925768 9 
Kastamonu 0.918248 10 
Yozgat 0.881962 11 

 0.868703 12 
Afyon 0.862123 13 
Erzincan 0.859592 14 
Erzurum 0.839608 15 
Turhal 0.779224 16 
Kars 0.755559 17 

 0.733208 18 
 0.65532 19 
 0.606723 20 

Alpullu 0.400948 21 
 0.350791 22 

Susurluk 0.269764 23 
 0.032728 24 

durumda elde edilen 

da 2017-

Bor, Burdur

edir. Yani tam olarak etkin 

. 

 

modellerinden Kao-Liu modeli ile elde edilen 
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KVB Etkinlik 

 
Etkinlik 

 
KVB Etkinlik 

 
Etkinlik 

 
Ankara 1 1 Alpullu 1 1 
Bor 1 1 Ankara 1 1 
Burdur 1 1 Bor 1 1 

 1 1 Burdur 1 1 
 1 1  1 1 

 1 1  1 1 
 1 1 Erzincan 1 1 

Malatya 0.926498 8  1 1 
Elbistan 0.925768 9  1 1 
Kastamonu 0.918248 10 Kars 1 1 
Yozgat 0.881962 11 Kastamonu 1 1 

 0.868703 12 Malatya 1 1 
Afyon 0.862123 13  1 1 
Erzincan 0.859592 14 Elbistan 0.985675 14 
Erzurum 0.839608 15  0.98093 15 
Turhal 0.779224 16  0.95983 16 
Kars 0.755559 17 Yozgat 0.927413 17 

 0.733208 18 Afyon 0.917476 18 
 0.65532 19 Erzurum 0.882898 19 
 0.606723 20  0.879403 20 

Alpullu 0.400948 21 Turhal 0.829465 21 
 0.350791 22  0.806671 22 

Susurluk 0.269764 23  0.741912 23 
 0.032728 24 Susurluk 0.665455 24 
 

 

,  = 0.1,  = 0.3,  = 0.5,  =0.7,  = 0.9 ve 
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