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MASTER THESIS 





 



 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 





 

 

 



 

 

 





 

 

 



 

 



 

 

 

 



 

 





 

 

 



 

 



 

 



 

 



 

    

   



 

 

 

 

 

 

 

 

 



 

 

 

          

 

      
 

    
 
 
      

   

        

 

 



      
 

    
  

 
      

   
  

 

  

                      

0 

0,1 

0,2 

0,3 

0,4 

-4 -2 0 2 4 

P
ro

b
ab

ili
ty

 f
(x

) 

x 

Normal density distribution (µ=0, σ=1) 

0 

0,2 

0,4 

0,6 

0,8 

1 

-4 -2 0 2 

C
u

m
u

la
ti

ve
 p

ro
b

ab
ili

ty
 

F x
(x

) 

x 

Normal density distribution (µ=0, σ=1) 



   
 

 
    

          
 

 

   

 

        

   
 

   
         
 

   

        

 

                      

                 
    

    

                 
    

    

                     
 
 

       
 

  
  

                                      

               
  
 

  
 
  
 

  
   



 

 

            

  

 

         

                        

           

     

         
 

  
                

 

  
 

     

          
 

  
                

 

  
  

     

               
 

  
             

 

  
   

     

    
              



               

      

               
 

  
            

 

  
                

 

           

  
    
                   

  

    
                                   
                            

 

 

                            

 

        

          

          

   

 

 



0 

0,05 

0,1 

0,15 

0,2 

1
-5

 

6
-1

0
 

1
1

-1
5

 

1
6

-2
0

 

2
1

-2
5

 

2
6

-3
0

 

3
1

-3
5

 

3
6

-4
0

 

4
1

-4
5

 

4
6

-5
0

 

5
1

-5
5

 

5
6

-6
0

 

6
1

-6
5

 

6
6

-7
0

 

7
1

-7
5

 

7
6

-8
0

 

R
e

la
ti

ve
 f

re
q

u
e

n
cy

 
Histogram 



       

   

   

    
                                                       
                                          

 

          



 

 



 



 

 

 

o 

 

 

o 



 

l



 

 

 



 



 

 

 

 

 

 

 



 

 

 

 



 



 

   
              

         



             
                     

                     

 







 

 

 

                                                            

      



                                                            

 

 

 

  

                    

               
    

   

 

   

 
   

     
 

  
  
    

 

 
   

 

 



 

 

 

 



 

 



 



 



 



 

 



     

         

    

                          

    

        
  

  
         

  

  
 

                

      

  

                      
  
 

 
 
  
 

 
                    

  
 

 
 
  
 

 
               

         

                              

                



 
        
        

 

    
                        
                                 

 

 

 

 

          

         

       
 

  
   

    

 

                
 

  
              

 

  
                

         

                                              

 
       
        

 



    
                         

                                 
 

 

 

 

 

 

         

         

         

                     
 

  
                  

 

  
               

                  

 

      
       
      

 



 

               
 

  
            

 

  
                

                          

                    



 
 

Throughput

Year:

% Confidence interval 90% 95% 99% 90% 95% 99%

Confidence interval width factor (*) 1,00 1,22 1,69 1,00 1,22 1,69

DES output is robust 8% 8% 17% 8% 8% 8%

DES (yearly sales forecast input data) incl. true 0% 0% 0% 0% 0% 8%

DES (historic order input data) incl. true 0% 0% 0% 0% 0% 0%

Utilization

Year:

% Confidence interval 90% 95% 99% 90% 95% 99%

Confidence interval width factor (*) 1,00 1,22 1,69 1,00 1,22 1,69

DES output is robust 25% 25% 25% 33% 33% 42%

DES (yearly sales forecast input data) incl. true 8% 8% 8% 0% 0% 8%

DES (historic order input data) incl. true 8% 8% 17% 0% 0% 0%

EE

Year:

% Confidence interval 90% 95% 99% 90% 95% 99%

Confidence interval width factor (*) 1,00 1,22 1,69 1,00 1,22 1,69

DES output is robust 75% 92% 100% 75% 83% 100%

DES (yearly sales forecast input data) incl. true 8% 8% 17% 25% 33% 33%

DES (historic order input data) incl. true 17% 17% 25% 8% 17% 33%

% of time correct statement

% of time correct statement

2013 2014

2013 2014

2013 2014

% of time correct statement



(Yearly sales forecast input data)

Which model? DES Equal Sp

Throughput 33% 13% 54%

Utilization 21% 8% 71%

EE 71% 4% 25%

(Historic order input data)

Which model? DES Equal Sp

Throughput 0% 0% 100%

Utilization 17% 0% 83%

EE 75% 8% 17%

% of the time closest

% of the time closest

(Yearly sales forecast input data)

Model: DES Sp

Throughput (packs in millions) 41,5-47,1 38,7

Utilization (percentage unit) 11,2-13,2% 5,7%

EE (percentage unit) 1,9-3,5% 7,0%

(Historic order input data)

Model: DES Sp

Throughput (packs in millions) 28,2-34,7 5,2

Utilization (percentage unit) 12,7-14,7% 6,7%

EE (percentage unit) 1,9-3,5% 7,4%

Average absolute error

Average absolute error



 

 

          

  
  

   

                    

         
         

          

     





                 

   

          

         

       
 

  
       

       

                  
 
     

     

  
                  

     

  
                

                  



                  

              

 
       
        

 

    
                                

                                        
 

  

 

 

                          

 



     



                

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total %OK

T-12 0 0 0 0 0 0 1 0 0 0 0 0 1 8%

T-11 0 0 0 0 0 0 1 0 1 0 0 0 2 17%

T-10 0 0 0 0 0 0 0 0 1 0 0 0 1 8%

T-9 0 0 0 0 0 0 0 0 1 0 0 0 1 8%

T-8 1 0 0 0 0 0 0 0 0 0 0 0 1 8%

T-7 0 0 1 0 0 0 0 0 0 1 0 0 2 17%

T-6 0 0 1 1 0 0 0 0 0 0 0 0 2 17%

T-5 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-4 0 0 0 1 0 0 0 0 0 0 0 0 1 8%

T-3 0 0 1 0 0 0 0 0 0 0 0 0 1 8%

T-2 0 0 0 1 0 0 0 0 0 0 0 0 1 8%

T-1 0 0 0 0 0 0 0 0 0 1 0 0 1 8%

T-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

14 9%

Throughput

Total:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total %OK

T-12 0 0 0 0 0 0 0 0 0 1 1 0 2 17%

T-11 1 0 0 0 0 0 0 0 0 0 0 0 1 8%

T-10 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-9 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-8 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-7 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-6 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-5 1 0 0 0 0 0 0 0 0 0 0 0 1 8%

T-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-2 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-1 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-0 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

4 3%

Utilization

Total:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total %OK

T-12 0 0 0 0 0 0 0 0 0 0 0 0 0 0%

T-11 0 0 0 0 1 0 0 1 0 1 1 0 4 33%

T-10 0 0 0 0 0 0 0 1 0 1 0 1 3 25%

T-9 0 0 0 0 0 0 0 0 0 1 0 0 1 8%

T-8 0 0 0 0 0 0 0 0 0 1 1 0 2 17%

T-7 0 0 0 0 1 0 0 1 0 1 0 0 3 25%

T-6 0 0 0 0 1 0 0 1 0 1 0 0 3 25%

T-5 0 0 0 0 0 0 0 1 0 1 1 0 3 25%

T-4 0 0 0 0 1 0 0 1 0 1 0 0 3 25%

T-3 0 0 0 0 1 0 0 0 0 1 0 0 2 17%

T-2 0 0 0 0 0 0 0 0 0 1 1 0 2 17%

T-1 0 0 0 0 0 0 0 1 0 1 1 0 3 25%

T-0 0 0 0 0 0 0 0 0 0 1 0 1 2 17%

31 20%

EE

Total:



Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec DES Equal Sp

T-12 DES DES DES DES DES DES DES Sp DES DES DES Equal 83% 8% 8%

T-11 DES Sp DES DES DES DES DES Sp Equal DES DES Sp 67% 8% 25%

T-10 DES Sp DES DES DES DES Sp Sp DES DES DES Sp 67% 0% 33%

T-9 DES DES Equal DES DES DES Sp Sp Equal DES DES Sp 58% 17% 25%

T-8 DES DES DES DES DES Equal Sp Equal Sp DES DES Sp 58% 17% 25%

T-7 DES Equal DES DES DES DES Sp Sp Sp DES DES Sp 58% 8% 33%

T-6 DES Equal DES DES DES Sp Sp Sp Sp DES DES DES 58% 8% 33%

T-5 DES DES Equal DES DES Sp Sp Sp Sp DES DES Sp 50% 8% 42%

T-4 DES DES Sp Equal DES Sp Sp Sp Sp DES DES Sp 42% 8% 50%

T-3 DES Equal DES DES DES Sp Sp Sp Sp DES DES Sp 50% 8% 42%

T-2 DES DES DES DES DES Sp Sp Sp Sp DES DES Sp 58% 0% 42%

T-1 DES DES DES DES DES Sp Sp Sp Sp DES DES Sp 58% 0% 42%

T-0 DES DES DES DES DES Sp Sp Sp Sp DES DES Sp 58% 0% 42%

59% 7% 34%

Throughput % of times closest

Total:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec DES Equal Sp

T-12 DES Equal Equal DES Sp Equal Equal Sp Sp Equal DES Equal 25% 50% 25%

T-11 DES Sp Sp DES Sp Sp DES Sp Sp Sp Sp Sp 25% 0% 75%

T-10 DES Sp Sp Equal Sp Sp DES Sp Sp Sp Sp Sp 17% 8% 75%

T-9 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-8 DES Sp Sp Sp DES Sp Sp Sp Sp Sp Sp Sp 17% 0% 83%

T-7 DES Sp Sp DES Sp Sp Sp Sp Sp Sp Sp Sp 17% 0% 83%

T-6 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-5 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-4 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-3 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-2 DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 8% 0% 92%

T-1 DES Sp Sp Equal Sp Sp Sp Sp Sp Sp Sp Sp 8% 8% 83%

T-0 DES Sp Sp DES Sp Sp Sp Sp Sp Sp Sp Sp 17% 0% 83%

13% 5% 81%

Utilization % of times closest

Total:

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec DE Equal S

T-12 DES Sp Sp Equal Equal Sp Equal Sp Sp Sp Sp Sp 8% 25% 67%

T-11 DES Sp DES DES DES DES DES DES DES DES DES DES 92% 0% 8%

T-10 DES Sp DES DES DES DES DES DES DES DES Equal DES 83% 8% 8%

T-9 DES Equal DES DES DES Equal DES DES DES DES Equal DES 75% 25% 0%

T-8 DES Equal DES DES DES Sp DES DES Equal DES Equal DES 67% 25% 8%

T-7 DES Equal DES DES DES Equal DES DES Sp DES Equal DES 67% 25% 8%

T-6 DES Equal DES DES DES Equal DES DES Sp DES Equal DES 67% 25% 8%

T-5 DES Equal Equal DES DES Equal DES DES Equal DES Equal DES 58% 42% 0%

T-4 DES Sp Equal DES DES Sp DES DES Equal DES DES DES 67% 17% 17%

T-3 DES Equal DES DES DES Sp DES DES Sp DES Sp DES 67% 8% 25%

T-2 DES Equal DES DES DES Sp DES DES Sp DES DES DES 75% 8% 17%

T-1 DES Equal DES DES DES Sp DES DES Sp DES Equal DES 67% 17% 17%

T-0 DES DES DES DES DES DES DES DES Sp DES DES DES 92% 0% 8%

68% 17% 15%Total:

EE % of times closest
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2013

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x x 1 1 2 8% 8% 17%

DES (forecast data) incl. true 0 0 0 0% 0% 0%

DES (historic data) incl. true 0 0 0 0% 0% 0%

DES output is robust & incl. true 0 0 0 0% 0% 0%

2014

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x 1 1 1 8% 8% 8%

DES (forecast data) incl. true x 0 0 1 0% 0% 8%

DES (historic data) incl. true 0 0 0 0% 0% 0%

DES output is robust & incl. true 0 0 0 0% 0% 0%

2013

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x x x x x x x 3 3 3 25% 25% 25%

DES (forecast data) incl. true x x x 1 1 1 8% 8% 8%

DES (historic data) incl. true x x x x 1 1 2 8% 8% 17%

DES output is robust & incl. true x x x 1 1 1 8% 8% 8%

2014

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x x x x x x x x x x x 4 4 5 33% 33% 42%

DES (forecast data) incl. true x 0 0 1 0% 0% 8%

DES (historic data) incl. true 0 0 0 0% 0% 0%

DES output is robust & incl. true 0 0 0 0% 0% 0%

2013

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 9 11 12 75% 92% 100%

DES (forecast data) incl. true x x x x 1 1 2 8% 8% 17%

DES (historic data) incl. true x x x x x x x 2 2 3 17% 17% 25%

DES output is robust & incl. true x x x x 1 1 2 8% 8% 17%

2014

% Confidence interval 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99% 90% 95% 99%

DES output is robust x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x 9 10 12 75% 83% 100%

DES (forecast data) incl. true x x x x x x x x x x x 3 4 4 25% 33% 33%

DES (historic data) incl. true x x x x x x x 1 2 4 8% 17% 33%

DES output is robust & incl. true x x x x x x 0 2 4 0% 17% 33%

Total

Jan Sep

Oct

Oct Nov DecJul AugFeb Mar Apr

Feb Mar Apr May Jun Jul

Total

Nov Dec

Sep Oct Nov Dec

Jan

Throughput

% OKTotal

Jan Feb Mar Apr May Jun

Sep

Jul Aug

May

May Jun

% OK

% OK

Aug Sep

Jun Jul Aug

May Jul Dec

Sep Oct Nov Dec

Aug

Jul

Jun

Nov Dec

% OK

Aug

EE

% OK

% OKTotal

Total

Oct Nov

Total

Jan Feb Mar Apr May Jun

Jan Feb Sep

Jan Feb Mar Apr Oct

Mar Apr

Utilization



Year:

Month: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Maj Jun Jul Aug Sep Oct Nov Dec DES Equal Sp

Throuhgput Equal Sp Sp DES Sp Sp Equal Sp Sp Sp DES Sp DES DES Sp Equal DES Sp Sp Sp Sp DES DES DES 33% 13% 54%

Utilization DES Sp Sp Sp Sp Sp DES Equal Sp DES Sp Equal DES Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp DES 21% 8% 71%

EE DES Sp Sp Sp DES Sp DES DES DES DES DES DES DES Sp DES DES DES Sp DES DES DES DES Equal DES 71% 4% 25%

Year:

Month: Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr Maj Jun Jul Aug Sep Oct Nov Dec DES Equal Sp

Throuhgput Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp Sp 0% 0% 100%

Utilization DES Sp Sp Sp Sp Sp Sp DES Sp Sp Sp DES Sp Sp Sp Sp Sp Sp Sp DES Sp Sp Sp Sp 17% 0% 83%

EE DES Sp DES Sp DES Sp DES DES DES DES DES DES DES Equal Equal DES DES Sp DES DES DES DES DES DES 75% 8% 17%

Which model is closer (using yearly sales forecasts as input data) to the true historic value?

Which model is closer (using historic order data as input data) to the true historic value?

% of times closest2013 2014

2013 2014 % of times closest




















