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Planning of Batch Production

batches, grouped by parameters: 1. Production 2. Transfer to Filling

product type u=1,2,3,.. [momTTTTTTomTTToooommomees |
volume v=121
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Scheduling with CP (v‘

- Interval I=[s, e/, s<e of duration d:=e-s (for scheduling):

S e
d=e-s

time

v v

- Optionallnterval (S; ; [; ;) (for assignment & scheduling):

S, =11ff batch j processed on machine i (1<ism, 1sj<n)

- Global constraints on each machine i:
disjunctive processing (NoOverlap)
ordering of processing intervals in time (e(1; ;. ;) < s(I; ;) for j>1)
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\ Cfsm Example Schedule

Gantt chart example (heuristic filling 121/h)

demand120-filling_heuristic_releasedate: objective = 100
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\ i Overview

Assignment & Scheduling

- Seen the scheduling part
but how to do assignment to machines?

- General assignment or Blocks assignment
(Contribution: Scheme with small #feasible assignments)
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\ = General Assignment

General assignment

batch index j

51,111, 1 S12.17 2 S__:a*,- I_H? 5;,4.;[1,4 :
machine index i SRR 222122 22323 SRR ,
531'131 532'132 533'133 534'134
521144 [ s, 2142 | Ses 1y | 54: 4 14: 2
j=1: Z1'51;/':1 j=2 Jj= j=4
Exactly-n
Z;=2;87,,=2
machine index i 2,=2
Z3=0
z,=0
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\ = Blocks Assignment

Blocks assignment

batch index j

51,111, 1 S12.17 2 S13. 113 S1.4.11.4 ;
machine index I' SZE 15‘ IZi 1 SZ, 2; 12,2 SZ, 35‘ 1253 SZI 4; IZ. 4 >
'5‘31'131 532‘132 533‘133 534‘134
54, 1; I4i ] | '5'4,2; 1452 I 54, 3; 14,3 | 54: 4:‘ 14: 4 ‘
J=1 Jj=2 J= j=4
Left-most Blocks biock batch index j

i z,=2
machine index i 7,=2

block connected to block inrowi — 1 :. Zz=0
| | | z,=0
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\ = Blocks Assignment

Table constraints formulation

- AllowedAssignments(variables, tuples_list)

[S; 1. S; ] one of

0,0,0,0 o
1,0,0,01[0,1,0,01[0,0,1,01[0,0,0,1] 2=1
1,1,0,01[0,1,1,01[0,0,1, 1] 222
1,1,1,01[0,1,1,1° 223
1,1,1,1 -
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\ = Blocks Assignment

Pure-boolean formulation

- New boolean variables seq; ;
seq; =1 Iff change from batch j-1toj (j>1)

- Constraint per machine i
Si,l t 2}>1 Seqi,j+Si,n =0orZ

Additionally:
blocks can be forced to be left-most, starting with
machine i=1 (left-most blocks, left-most blocks table).
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Results: solution times for m=4, #types=3

120

]
blocks—table 1
|eftmost-blocks-table 1 ——
110 — l[eftmost-blocks 1 —— S
blocks-table 16 — =—
|leftmost-blocks-table 16 — - -
100 leftmost-blocks 16 — -+
exactly-n 1 =+
exactly-n ordered 1 X

90 exactly-n 16 @
exacFIy—n ordered 16
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\ o 4 Questions?

Conclusion

- Left-most blocks assignment
number of feasible assignments smaller,
polynomlal IN number n of batches:

K(n,m)=z G(n, k)—i (n_1)<m-m{%‘-(n—1)m—1

k=1

- Table constraints formulation shorter and simpler.

- Pure-boolean formulation longer due to additional bools
but benefits from clause learning inside CP-SAT.
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