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Level-0 Machines Level-1 Machines Level-2 Machines Level-3 Machines

From To 1 2 3 4 5 6 From To 1 2 3 4 5 6 From To 1 2 3 4 5 6 From To 1 2 3 4 5 6

L0-01 L0-01 - - - - - - L1-01 L1-01 - - - - - - L2-01 L2-01 - - - - - - L3-01 L3-01 - - - - - -

L0-01 L0-02 20 L1-01 L1-02 20 L2-01 L2-02 20 L3-01 L3-02 20

L0-01 L0-03 23 L1-01 L1-03 23 L2-01 L2-03 23 L3-01 L3-03 23

L0-01 L0-04 25 L1-01 L1-04 25 L2-01 L2-04 25 L3-01 L3-04 25

L0-01 L0-05 27 L1-01 L1-05 27 L2-01 L2-05 27 L3-01 L3-05 27

L0-01 L0-06 29 L1-01 L1-06 29 L2-01 L2-06 29 L3-01 L3-06 29

L0-01 L0-07 31 L1-01 L1-07 31 L2-01 L2-07 31 L3-01 L3-07 31

L0-01 L0-08 33 L1-01 L1-08 33 L2-01 L2-08 33 L3-01 L3-08 33

L0-01 L0-09 35 L1-01 L1-09 35 L2-01 L2-09 35 L3-01 L3-09 35

L0-01 L0-10 37 L1-01 L1-10 37 L2-01 L2-10 37 L3-01 L3-10 37

L0-01 L0-11 39 L1-01 L1-11 39 L2-01 L2-11 39 L3-01 L3-11 39

L0-02 L0-01 20 L1-02 L1-01 20 L2-02 L2-01 20 L3-02 L3-01 20

L0-02 L0-02 - - - - - - L1-02 L1-02 - - - - - - L2-02 L2-02 - - - - - - L3-02 L3-02 - - - - - -

L0-02 L0-03 20 L1-02 L1-03 20 L2-02 L2-03 20 L3-02 L3-03 20

L0-02 L0-04 23 L1-02 L1-04 23 L2-02 L2-04 23 L3-02 L3-04 23

L0-02 L0-05 25 L1-02 L1-05 25 L2-02 L2-05 25 L3-02 L3-05 25

L0-02 L0-06 27 L1-02 L1-06 27 L2-02 L2-06 27 L3-02 L3-06 27

L0-02 L0-07 29 L1-02 L1-07 29 L2-02 L2-07 29 L3-02 L3-07 29

L0-02 L0-08 31 L1-02 L1-08 31 L2-02 L2-08 31 L3-02 L3-08 31

L0-02 L0-09 33 L1-02 L1-09 33 L2-02 L2-09 33 L3-02 L3-09 33

L0-02 L0-10 35 L1-02 L1-10 35 L2-02 L2-10 35 L3-02 L3-10 35

L0-02 L0-11 37 L1-02 L1-11 37 L2-02 L2-11 37 L3-02 L3-11 37

L0-03 L0-01 23 L1-03 L1-01 23 L2-03 L2-01 23 L3-03 L3-01 23

L0-03 L0-02 20 L1-03 L1-02 20 L2-03 L2-02 20 L3-03 L3-02 20

L0-03 L0-03 - - - - - - L1-03 L1-03 - - - - - - L2-03 L2-03 - - - - - - L3-03 L3-03 - - - - - -

L0-03 L0-04 20 L1-03 L1-04 20 L2-03 L2-04 20 L3-03 L3-04 20

L0-03 L0-05 23 L1-03 L1-05 23 L2-03 L2-05 23 L3-03 L3-05 23

L0-03 L0-06 25 L1-03 L1-06 25 L2-03 L2-06 25 L3-03 L3-06 25

L0-03 L0-07 27 L1-03 L1-07 27 L2-03 L2-07 27 L3-03 L3-07 27

L0-03 L0-08 29 L1-03 L1-08 29 L2-03 L2-08 29 L3-03 L3-08 29

L0-03 L0-09 31 L1-03 L1-09 31 L2-03 L2-09 31 L3-03 L3-09 31

L0-03 L0-10 33 L1-03 L1-10 33 L2-03 L2-10 33 L3-03 L3-10 33

L0-03 L0-11 35 L1-03 L1-11 35 L2-03 L2-11 35 L3-03 L3-11 35

L0-04 L0-01 25 L1-04 L1-01 25 L2-04 L2-01 25 L3-04 L3-01 25

L0-04 L0-02 23 L1-04 L1-02 23 L2-04 L2-02 23 L3-04 L3-02 23

L0-04 L0-03 20 L1-04 L1-03 20 L2-04 L2-03 20 L3-04 L3-03 20

L0-04 L0-04 - - - - - - L1-04 L1-04 - - - - - - L2-04 L2-04 - - - - - - L3-04 L3-04 - - - - - -

L0-04 L0-05 20 L1-04 L1-05 20 L2-04 L2-05 20 L3-04 L3-05 20

L0-04 L0-06 23 L1-04 L1-06 23 L2-04 L2-06 23 L3-04 L3-06 23

L0-04 L0-07 25 L1-04 L1-07 25 L2-04 L2-07 25 L3-04 L3-07 25

L0-04 L0-08 27 L1-04 L1-08 27 L2-04 L2-08 27 L3-04 L3-08 27

L0-04 L0-09 29 L1-04 L1-09 29 L2-04 L2-09 29 L3-04 L3-09 29

L0-04 L0-10 31 L1-04 L1-10 31 L2-04 L2-10 31 L3-04 L3-10 31

L0-04 L0-11 33 L1-04 L1-11 33 L2-04 L2-11 33 L3-04 L3-11 33

L0-05 L0-01 27 L1-05 L1-01 27 L2-05 L2-01 27 L3-05 L3-01 27

L0-05 L0-02 25 L1-05 L1-02 25 L2-05 L2-02 25 L3-05 L3-02 25

L0-05 L0-03 23 L1-05 L1-03 23 L2-05 L2-03 23 L3-05 L3-03 23

L0-05 L0-04 20 L1-05 L1-04 20 L2-05 L2-04 20 L3-05 L3-04 20

L0-05 L0-05 - - - - - - L1-05 L1-05 - - - - - - L2-05 L2-05 - - - - - - L3-05 L3-05 - - - - - -

L0-05 L0-06 20 L1-05 L1-06 20 L2-05 L2-06 20 L3-05 L3-06 20

L0-05 L0-07 25 L1-05 L1-07 25 L2-05 L2-07 25 L3-05 L3-07 25

L0-05 L0-08 25 L1-05 L1-08 25 L2-05 L2-08 25 L3-05 L3-08 25

L0-05 L0-09 27 L1-05 L1-09 27 L2-05 L2-09 27 L3-05 L3-09 27

L0-05 L0-10 29 L1-05 L1-10 29 L2-05 L2-10 29 L3-05 L3-10 29

L0-05 L0-11 31 L1-05 L1-11 31 L2-05 L2-11 31 L3-05 L3-11 31

L0-06 L0-01 29 L1-06 L1-01 29 L2-06 L2-01 29 L3-06 L3-01 29

L0-06 L0-02 27 L1-06 L1-02 27 L2-06 L2-02 27 L3-06 L3-02 27

L0-06 L0-03 25 L1-06 L1-03 25 L2-06 L2-03 25 L3-06 L3-03 25

L0-06 L0-04 23 L1-06 L1-04 23 L2-06 L2-04 23 L3-06 L3-04 23

L0-06 L0-05 20 L1-06 L1-05 20 L2-06 L2-05 20 L3-06 L3-05 20

L0-06 L0-06 - - - - - - L1-06 L1-06 - - - - - - L2-06 L2-06 - - - - - - L3-06 L3-06 - - - - - -

L0-06 L0-07 20 L1-06 L1-07 20 L2-06 L2-07 20 L3-06 L3-07 20

L0-06 L0-08 23 L1-06 L1-08 23 L2-06 L2-08 23 L3-06 L3-08 23

L0-06 L0-09 25 L1-06 L1-09 25 L2-06 L2-09 25 L3-06 L3-09 25

L0-06 L0-10 27 L1-06 L1-10 27 L2-06 L2-10 27 L3-06 L3-10 27

L0-06 L0-11 29 L1-06 L1-11 29 L2-06 L2-11 29 L3-06 L3-11 29

L0-07 L0-01 31 L1-07 L1-01 31 L2-07 L2-01 31 L3-07 L3-01 31

L0-07 L0-02 29 L1-07 L1-02 29 L2-07 L2-02 29 L3-07 L3-02 29

L0-07 L0-03 27 L1-07 L1-03 27 L2-07 L2-03 27 L3-07 L3-03 27

L0-07 L0-04 25 L1-07 L1-04 25 L2-07 L2-04 25 L3-07 L3-04 25

L0-07 L0-05 23 L1-07 L1-05 23 L2-07 L2-05 23 L3-07 L3-05 23

L0-07 L0-06 20 L1-07 L1-06 20 L2-07 L2-06 20 L3-07 L3-06 20

L0-07 L0-07 - - - - - - L1-07 L1-07 - - - - - - L2-07 L2-07 - - - - - - L3-07 L3-07 - - - - - -

L0-07 L0-08 20 L1-07 L1-08 20 L2-07 L2-08 20 L3-07 L3-08 20

L0-07 L0-09 23 L1-07 L1-09 23 L2-07 L2-09 23 L3-07 L3-09 23

L0-07 L0-10 25 L1-07 L1-10 25 L2-07 L2-10 25 L3-07 L3-10 25

L0-07 L0-11 27 L1-07 L1-11 27 L2-07 L2-11 27 L3-07 L3-11 27

L0-08 L0-01 33 L1-08 L1-01 33 L2-08 L2-01 33 L3-08 L3-01 33

L0-08 L0-02 31 L1-08 L1-02 31 L2-08 L2-02 31 L3-08 L3-02 31

L0-08 L0-03 29 L1-08 L1-03 29 L2-08 L2-03 29 L3-08 L3-03 29

L0-08 L0-04 27 L1-08 L1-04 27 L2-08 L2-04 27 L3-08 L3-04 27

L0-08 L0-05 25 L1-08 L1-05 25 L2-08 L2-05 25 L3-08 L3-05 25

L0-08 L0-06 23 L1-08 L1-06 23 L2-08 L2-06 23 L3-08 L3-06 23

L0-08 L0-07 20 L1-08 L1-07 20 L2-08 L2-07 20 L3-08 L3-07 20

L0-08 L0-08 - - - - - - L1-08 L1-08 - - - - - - L2-08 L2-08 - - - - - - L3-08 L3-08 - - - - - -

L0-08 L0-09 20 L1-08 L1-09 20 L2-08 L2-09 20 L3-08 L3-09 20

L0-08 L0-10 23 L1-08 L1-10 23 L2-08 L2-10 23 L3-08 L3-10 23

L0-08 L0-11 25 L1-08 L1-11 25 L2-08 L2-11 25 L3-08 L3-11 25

L0-09 L0-01 35 L1-09 L1-01 35 L2-09 L2-01 35 L3-09 L3-01 35

L0-09 L0-02 33 L1-09 L1-02 33 L2-09 L2-02 33 L3-09 L3-02 33

L0-09 L0-03 31 L1-09 L1-03 31 L2-09 L2-03 31 L3-09 L3-03 31

L0-09 L0-04 29 L1-09 L1-04 29 L2-09 L2-04 29 L3-09 L3-04 29

L0-09 L0-05 27 L1-09 L1-05 27 L2-09 L2-05 27 L3-09 L3-05 27

L0-09 L0-06 25 L1-09 L1-06 25 L2-09 L2-06 25 L3-09 L3-06 25

L0-09 L0-07 23 L1-09 L1-07 23 L2-09 L2-07 23 L3-09 L3-07 23

L0-09 L0-08 20 L1-09 L1-08 20 L2-09 L2-08 20 L3-09 L3-08 20

L0-09 L0-09 - - - - - - L1-09 L1-09 - - - - - - L2-09 L2-09 - - - - - - L3-09 L3-09 - - - - - -

L0-09 L0-10 22 L1-09 L1-10 22 L2-09 L2-10 22 L3-09 L3-10 22

L0-09 L0-11 23 L1-09 L1-11 23 L2-09 L2-11 23 L3-09 L3-11 23

L0-10 L0-01 37 L1-10 L1-01 37 L2-10 L2-01 37 L3-10 L3-01 37

L0-10 L0-02 35 L1-10 L1-02 35 L2-10 L2-02 35 L3-10 L3-02 35

L0-10 L0-03 33 L1-10 L1-03 33 L2-10 L2-03 33 L3-10 L3-03 33

L0-10 L0-04 31 L1-10 L1-04 31 L2-10 L2-04 31 L3-10 L3-04 31

L0-10 L0-05 29 L1-10 L1-05 29 L2-10 L2-05 29 L3-10 L3-05 29

L0-10 L0-06 27 L1-10 L1-06 27 L2-10 L2-06 27 L3-10 L3-06 27

L0-10 L0-07 25 L1-10 L1-07 25 L2-10 L2-07 25 L3-10 L3-07 25

L0-10 L0-08 23 L1-10 L1-08 23 L2-10 L2-08 23 L3-10 L3-08 23

L0-10 L0-09 20 L1-10 L1-09 20 L2-10 L2-09 20 L3-10 L3-09 20

L0-10 L0-10 - - - - - - L1-10 L1-10 - - - - - - L2-10 L2-10 - - - - - - L3-10 L3-10 - - - - - -

L0-10 L0-11 20 L1-10 L1-11 20 L2-10 L2-11 20 L3-10 L3-11 20

L0-11 L0-01 39 L1-11 L1-01 39 L2-11 L2-01 39 L3-11 L3-01 39

L0-11 L0-02 37 L1-11 L1-02 37 L2-11 L2-02 37 L3-11 L3-02 37

L0-11 L0-03 35 L1-11 L1-03 35 L2-11 L2-03 35 L3-11 L3-03 35

L0-11 L0-04 33 L1-11 L1-04 33 L2-11 L2-04 33 L3-11 L3-04 33

L0-11 L0-05 31 L1-11 L1-05 31 L2-11 L2-05 31 L3-11 L3-05 31

L0-11 L0-06 29 L1-11 L1-06 29 L2-11 L2-06 29 L3-11 L3-06 29

L0-11 L0-07 27 L1-11 L1-07 27 L2-11 L2-07 27 L3-11 L3-07 27

L0-11 L0-08 25 L1-11 L1-08 25 L2-11 L2-08 25 L3-11 L3-08 25

L0-11 L0-09 23 L1-11 L1-09 23 L2-11 L2-09 23 L3-11 L3-09 23

L0-11 L0-10 20 L1-11 L1-10 20 L2-11 L2-10 20 L3-11 L3-10 20

L0-11 L0-11 - - - - - - L1-11 L1-11 - - - - - - L2-11 L2-11 - - - - - - L3-11 L3-11 - - - - - -



Outfeed acties
Transfer tijd MUP-Tijd

8 38

Level-0 Machines

From To 1 2 3 4 5 6 Rij-tijd HT #pos Tijd

L0-01 MUP 44 43 0 0

L0-02 MUP 40 43 1 6

L0-03 MUP 36 43 2 9

L0-04 MUP 32 43 3 11

L0-05 MUP 26 43 4 13

L0-06 MUP 14 43 5 15

L0-07 MUP 26 43 6 17

L0-08 MUP 32 43 7 19

L0-09 MUP 36 43 8 21

L0-10 MUP 40 43 9 23

L0-11 MUP 44 43 10 25

L1-01 MUP 36 24 32 43

L1-02 MUP 32 24 32 43

L1-03 MUP 26 24 32 43

L1-04 MUP 14 24 32 43 Rij-tijd VT #pos Tijd

L1-05 MUP 26 24 32 43 0 0

L1-06 MUP 32 24 32 43 1 5

L1-07 MUP 36 24 32 43 2 7

L1-08 MUP 40 24 32 43 3 9

L1-09 MUP 44 24 32 43

L1-10 MUP 48 24 32 43

L1-11 MUP 52 24 32 43

L2-01 MUP 36 28 32 43

L2-02 MUP 32 28 32 43

L2-03 MUP 26 28 32 43

L2-04 MUP 14 28 32 43

L2-05 MUP 26 28 32 43

L2-06 MUP 32 28 32 43

L2-07 MUP 36 28 32 43

L2-08 MUP 40 28 32 43

L2-09 MUP 44 28 32 43

L2-10 MUP 48 28 32 43

L2-11 MUP 52 28 32 43

L3-01 MUP 36 32 32 43

L3-02 MUP 32 32 32 43

L3-03 MUP 26 32 32 43

L3-04 MUP 14 32 32 43

L3-05 MUP 26 32 32 43

L3-06 MUP 32 32 32 43

L3-07 MUP 36 32 32 43

L3-08 MUP 40 32 32 43

L3-09 MUP 44 32 32 43

L3-10 MUP 48 32 32 43

L3-11 MUP 52 32 32 43



 

 

 

variable unit value variable unit value

time s 3600 time s 3600

speed VT mm/s 750 speed OS mm/s 560

acc/dec VT mm/s^2 500 acc/dec OS mm/s^2 500

acc/dec time VT s 1,5 acc/dec time OS s 1,1

acc/dec distance VT mm 563 acc/dec distance mm 314

switchtime start-stop VT s 0,25 switchtime start-stop s 0,25

chain speed mm/s 250 chain speed mm/s 250

transfertime VT-OS s 8,0 transfertime OS-VT s 8,0

transfertime VT-conveyor s 8,0 transfertime pallet OS-aisle s 8,0

CAPACITY OPTILOGX SHUTTLES (OSs)CAPACITY  VERTICAL TRANSPORTERS (VTs)

Rij-tijd HT #pos Tijd Rij-tijd VT #pos Tijd

0 0 0 0

1 6 1 5

2 9 2 7

3 11 3 9

4 13

5 15

6 17 Transfer tijd MUP-Tijd

7 19 8 37

8 21

9 23

10 25



 

 

# of HT positions Average  time measured # of VT positions Average time measured

1 6,3 0 0

2 9,1 1 5,1

3 11,1 2 6,9

4 13 3 8,8

5 14,8

6 16,8 Transfer time Average time measured

7 18,7 8 7.8

8 20,7

9 22,8 MUP time Average time measured

10 24,5 37 37,3



 

 

 



 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

  



 

 

  



 

 

  





 

 



 



 
 

 

 

 

 



 
 

 



 
 

  



 
 

 

MAIN MODEL Main_Scheduling_with_different_Machine_Groups 

 

  DECLARATION SECTION  

 

    SET: 

       identifier   :  Jobs 

       index        :  j 

       order by     :  user 

       definition   :  Elementrange (1,Maxjobs, prefix: "Job-")  

       comment      :  "Set of all Jobs" ; 

 

    SET: 

       identifier   :  Jobs2 

       subset of    :  Jobs 

       index        :  k 

       order by     :  user 

       definition   :  Elementrange (1,Maxjobs, prefix: "Job-")  ; 

 

    SET: 

       identifier   :  JobGroups 

       index        :  g 

       order by     :  user 

       initial data :  data { JobGroup1, JobGroup2, JobGroup3, JobGroup4, JobGroup5, 

JobGroup6 } ; 

 

    SET: 

       identifier   :  JobGroups2 

       subset of    :  JobGroups 

       index        :  h 

       order by     :  user 

       definition   :  data { JobGroup1, JobGroup2, JobGroup3, JobGroup4, JobGroup5, 

JobGroup6 } ; 

 

    SET: 

       identifier   :  Teller 

       index        :  i 

       order by     :  user 

       definition   :  Elementrange (1,1000)  ; 

 

    SET: 

       identifier   :  Machines 

       index        :  m 

       order by     :  user 

       definition   :  Elementrange (1,Maxmachines, prefix: "M-") 

       comment      :  "Set of all Machines" ; 

 

    SET: 

       identifier   :  Machine1 

       subset of    :  Machines 

       index        :  m1 

       order by     :  user ; 

 

    SET: 

       identifier   :  MachineGroups 

       index        :  mg 

       order by     :  user ; 

 

    SET: 



 
 

       identifier   :  PositionOfOutfeed 

       index        :  p 

       order by     :  user 

       definition   :  Elementrange (1,MaxJobs, prefix: "Pos-") 

       comment      :  "Set of all positions" ; 

 

    PARAMETER: 

       identifier   :  p_time_limit 

       definition   :  10 ; 

 

    PARAMETER: 

       identifier   :  MaxJobs 

       range        :  integer 

       initial data :  100 ; 

       comment      :  "Number of elements in the set Jobs" ; 

 

    PARAMETER: 

       identifier   :  JobLocation 

       index domain :  (j) ; 

 

    PARAMETER: 

       identifier   :  MaxMachines 

       range        :  integer 

       initial data :  6; ; 

 

    PARAMETER: 

       identifier   :  JobGroupMatrix1 

       index domain :  (j,g) ; 

 

    PARAMETER: 

       identifier   :  MachineGroup1 

       index domain :  (mg,m) 

       range        :  binary ; 

 

    PARAMETER: 

       identifier   :  MachineGroup2 

       index domain :  (mg,m) 

       range        :  binary ; 

 

    PARAMETER: 

       identifier   :  MachineGroup3 

       index domain :  (mg,m) 

       range        :  binary ; 

 

    PARAMETER: 

       identifier   :  MachineGroup4 

       index domain :  (mg,m) 

       range        :  binary ; 

 

    PARAMETER: 

       identifier   :  MachineGroup5 

       index domain :  (mg,m) 

       range        :  binary ; 

 

    PARAMETER: 

       identifier   :  ProcesTimesAll 

       index domain :  (j,m) 

       range        :  nonnegative ; 

 

    PARAMETER: 

       identifier   :  PositionProcesTimes 

       index domain :  (p,m) 

       definition   :  sum(j|JobPositionSchedule(j,p),ProcesTimesAll(j,m))  ; 



 
 

 

    PARAMETER: 

       identifier   :  PositionStartTimesBinary 

       index domain :  (p,m) 

       range        :  nonnegative 

       definition   :  PositionProcesTimes(p,m) >= 1 ; 

 

    PARAMETER: 

       identifier   :  PosTimesStart 

       index domain :  (p,m) 

       definition   :  StartTimes(p,m) * PositionStartTimesBinary(p,m) ; 

 

    VARIABLE: 

       identifier   :  JobPositionSchedule 

       index domain :  (j,p) 

       range        :  binary ; 

 

    VARIABLE: 

       identifier   :  StartTimes 

       index domain :  (p,m) 

       range        :  nonnegative ; 

 

    CONSTRAINT: 

       identifier   :  OneJobPerPosition 

       index domain :  (p) 

       definition   :  sum(j,JobPositionSchedule(j,p))=1 

       comment      :  "only one Job is related to every Position" ; 

 

    CONSTRAINT: 

       identifier   :  OnePositionPerJob 

       index domain :  (j) 

       definition   :  sum(p,JobPositionSchedule(j,p))=1 

       comment      :  "only one position is related to every job" ; 

 

    CONSTRAINT: 

       identifier   :  StartTimesConstraintM1 

       index domain :  (p) 

       definition   :  StartTimes(p,'M-1') <= TimeSpan  ; 

 

    CONSTRAINT: 

       identifier   :  StartTimesConstraintM2 

       index domain :  (p) 

       definition   :  StartTimes(p,'M-2') <= TimeSpan  ; 

 

    CONSTRAINT: 

       identifier   :  StartTimesConstraintM3 

       index domain :  (p) 

       definition   :  StartTimes(p,'M-3') <= TimeSpan  ; 

 

    CONSTRAINT: 

       identifier   :  MachineStartTimeM1 

       index domain :  (p,m) | exists ( mg|MachineGroup1(mg,m)) 

       definition   :  StartTimes(p,m + 3)  >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p))-8; 

                        

                        

                       !if ord(m) = 1 then 

                       !StartTimes (p,m + 3) >= StartTimes(p,m) + sum 

(j,ProcesTimesAll(j,m)*JobPositionSchedule(j,p)) 

                       !elseif ord(m) = 2 then 

                       !StartTimes (p,m + 2) >= StartTimes(p,m) + sum 

(j,ProcesTimesAll(j,m)*JobPositionSchedule(j,p)) 

                       !else 



 
 

                       !StartTimes (p,m + 1) >= (StartTimes(p,m)  + sum 

(j,ProcesTimesAll(j,m)*JobPositionSchedule(j,p))) 

                        

                       !endif 

                       ; 

 

    CONSTRAINT: 

       identifier   :  MachineStartTimeM2 

       index domain :  (p,m) | exists ( mg|MachineGroup2(mg,m)) 

       definition   :  StartTimes(p,m + 2)  >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p))-8 ; 

 

    CONSTRAINT: 

       identifier   :  MachineStartTimeM3 

       index domain :  (p,m) | exists ( mg|MachineGroup3(mg,m)) 

       definition   :  StartTimes(p,m + 1)  >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p))-8 ; 

 

    CONSTRAINT: 

       identifier   :  MachineStartTimeM4 

       index domain :  (p,m) | exists ( mg|MachineGroup4(mg,m)) 

       definition   :  StartTimes(p,m + 1)  >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p))-8 ; 

 

    CONSTRAINT: 

       identifier   :  MachineStartTimeM5 

       index domain :  (p,m) | exists ( mg|MachineGroup5(mg,m)) and m <> 

last(machines) 

       definition   :  StartTimes(p,m + 1)  >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p))-8 ; 

 

    CONSTRAINT: 

       identifier   :  ScheduleStartTimeM1 

       index domain :  (p,m) | p <> last(PositionOfOutfeed) 

       definition   :  StartTimes(p + 1,m) >=  StartTimes(p,m) + sum(j, 

ProcesTimesAll(j,m)*JobpositionSchedule(j,p)) ; 

 

    CONSTRAINT: 

       identifier   :  JobStartTimeM1 

       index domain :  (p,m) | p <> last(PositionOfOutfeed) and exists 

(mg|MachineGroup1(mg,m)) 

       definition   :  if PositionProcesTimes(p,m) >=0 and exists 

(mg|MachineGroup1(mg,m)) then 

                        

                       StartTimes(p+1,'M-1') >= StartTimes(p,'M-4')+8 

                       else 

                       StartTimes(p+1,m) >=0 

                       endif ; 

 

    CONSTRAINT: 

       identifier   :  JobStartTimeM2 

       index domain :  (p,m) | p <> last(PositionOfOutfeed) and exists 

(mg|MachineGroup2(mg,m)) 

       definition   :  if PositionProcesTimes(p,m) >=0 and exists 

(mg|MachineGroup2(mg,m)) then 

                        

                       StartTimes(p+1,'M-2') >= StartTimes(p,'M-4')+8 

                       else 

                       StartTimes(p+1,m) >=0 

                       endif ; 

 

    CONSTRAINT: 

       identifier   :  JobStartTimeM3 



 
 

       index domain :  (p,m) | p <> last(PositionOfOutfeed) and exists 

(mg|MachineGroup3(mg,m)) 

       definition   :  if PositionProcesTimes(p,m) >=0 and exists 

(mg|MachineGroup3(mg,m)) then 

                        

                       StartTimes(p+1,'M-3') >= StartTimes(p,'M-4')+8 

                       else 

                       StartTimes(p+1,m) >=0 

                       endif ; 

 

    CONSTRAINT: 

       identifier   :  JobStartTimeM4 

       index domain :  (p,m) | exists (mg|MachineGroup4(mg,m)) and p <> 

last(PositionOfOutfeed) 

       definition   :  if PositionProcesTimes(p,m) >=1 and exists 

(mg|MachineGroup4(mg,m)) then 

                        

                       StartTimes(p+1,'M-4') >= StartTimes(p,'M-5')+8 

                       else 

                       StartTimes(p+1,m) >=0 

                       endif ; 

 

    CONSTRAINT: 

       identifier   :  JobstartTimeM5 

       index domain :  (p,m) | exists (mg|MachineGroup5(mg,m)) and p <> 

last(PositionOfOutfeed) 

       definition   :  if PositionProcesTimes(p,m) >=1 and exists 

(mg|MachineGroup5(mg,m)) then 

                        

                       StartTimes(p+1,m) >= StartTimes(p,m +1)+8 

                       else 

                       StartTimes(p+1,m) >=0 

                       endif ; 

 

    CONSTRAINT: 

       identifier   :  DigOut1 

       index domain :  (j,p,k,g,h)|(ord(g)<card(g)) and (ord(h)>ord(g)) and 

(ord(j)<>ord(k))!|JobGroup1(j)=1 

       definition   :  if JobGroupMatrix1(j,g)=1 and JobGroupMatrix1(k,h)=1  and 

(JobLocation(j) = JobLocation(k)) then 

                       JobGroupmatrix (k) >= JobPositionSchedule(j,p)* ord (p) 

                        

                       elseif 

                       JobGroupMatrix1(j,g)=2 and JobGroupMatrix1(k,h)=2  and 

(JobLocation(j) = JobLocation(k)) then 

                       JobGroupmatrix (k) >= JobPositionSchedule(j,p)* ord (p) 

                        

                       elseif 

                       JobGroupMatrix1(j,g)=3 and JobGroupMatrix1(k,h)=3  and 

(JobLocation(j) = JobLocation(k)) then 

                       JobGroupmatrix (k) >= JobPositionSchedule(j,p)* ord (p) 

                        

                       elseif 

                       JobGroupMatrix1(j,g)=5 and JobGroupMatrix1(k,h)=5  and 

(JobLocation(j) = JobLocation(k)) then 

                       JobGroupmatrix (k) >= JobPositionSchedule(j,p)* ord (p) 

                        

                       else 

                       JobGroupmatrix (k) >= 0 

                       !JobPositionSchedule(j,p) * ord (p) >= 0 

                       endif ; 

 

    VARIABLE: 



 
 

       identifier   :  TimeSpan 

       range        :  free 

       definition   :  StartTimes(last(p),last(m)) + sum(j, 

ProcesTimesAll(j,last(m))*JobPositionschedule(j,last(p))) !+ 

sum((p,m),StartTimes(p,m)) 

       comment      :  "Total time to process all jobs on the machines (we are going 

to minimize this)" ; 

 

    MATHEMATICAL PROGRAM: 

       identifier   :  CalculateStartTimes 

       objective    :  TimeSpan 

       direction    :  minimize 

       constraints  :  AllConstraints 

       variables    :  AllVariables 

       type         :  Automatic ; 

 

    VARIABLE: 

       identifier   :  JobGroupMatrix 

       index domain :  (j) 

       range        :  free 

       definition   :  sum (p,JobPositionSchedule(j,p) * ord (p)) ; 

 

  ENDSECTION  ; 

 

  DECLARATION SECTION Interface_Declaration 

 

    PARAMETER: 

       identifier   :  InterfaceStartTime 

       index domain :  (j,m) 

       definition   :  StartTimes(first(p|JobPositionSchedule(j,p)),m) ; 

 

    PARAMETER: 

       identifier   :  InterfaceProcessTime 

       index domain :  (p,m) 

       definition   :  sum(j|JobPositionSchedule(j,p),ProcesTimesAll(j,m))  ; 

 

    STRING PARAMETER: 

       identifier   :  JobDescriptionForGantChart 

       index domain :  (j) 

       definition   :  FormatString("J%i", ord(j))  

       comment      :  "Form the Job-name from Job-1 to J1" ; 

 

    STRING PARAMETER: 

       identifier   :  MachineDescrptionForGantChart 

       index domain :  (m) 

       definition   :  FormatString("M%i", ord(m))  

       comment      :  "Form the Machine-name from M-1 to M1" ; 

 

  ENDSECTION  ; 

 

  SECTION Excel_Linkage 

 

 

    DECLARATION SECTION  

 

      STRING PARAMETER: 

         identifier   :  WorkbookName 

         initial data :  "InlezenVanafExcel.xls" ; 

 

    ENDSECTION  ; 

 

    PROCEDURE 

      identifier :  ReadDataFromExcel 



 
 

      body       :   

        Spreadsheet::SetActiveSheet(WorkbookName, "ProcesTimesAll"); 

         

        Spreadsheet::RetrieveParameter(WorkbookName, ProcesTimesAll, "C4:H23"); 

        Spreadsheet::RetrieveParameter(WorkbookName, JobLocation, "C4:C23", 

"JobLocation"); 

         

        Spreadsheet::RetrieveParameter(WorkbookName, JobGroupMatrix1, "C5:H24", 

"JobGroupMatrix1"); 

         

         

        Spreadsheet::CloseWorkbook(WorkbookName,0); 

 

    ENDPROCEDURE  ; 

 

    PROCEDURE 

      identifier :  CloseWorkbook 

      body       :   

        Spreadsheet::CloseWorkbook(WorkbookName,0); 

 

    ENDPROCEDURE  ; 

 

  ENDSECTION Excel_Linkage ; 

 

  PROCEDURE 

    identifier :  MainInitialization 

 

  ENDPROCEDURE  ; 

 

  PROCEDURE 

    identifier :  MainExecution 

    body       :   

      solve CalculateStartTimes where !MIP_Relative_Optimality_Tolerance := 0.05; 

      !time_limit := p_time_limit; 

      time_limit := 1000 ; 

 

  ENDPROCEDURE  ; 

 

  PROCEDURE 

    identifier :  MainTermination 

    body       :   

      return DataManagementExit(); 

 

  ENDPROCEDURE  ; 

 

ENDMODEL Main_Scheduling_with_different_Machine_Groups ; 

  



 
 

 


