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Minimizing Total Weighted Tardiness in a Flexible Flowshop
Environment Considering Batch Processing Machines

N. Fattahi, M. Reisi-Nafchi”, and G. Moslehi

Department of Industrial and Systems Engineering, Isfahan University of Technology, Iran.

Abstract: Scheduling in production environments is used as a competitive tool to improve efficiency and respond to customer
requests. In this paper, a scheduling problem is investigated in a three-stage flexible flowshop environment with the consideration
of blocking and batch processing. This problem has been inspired by the charging and packaging line of a large battery
manufacturer. In this environment, the first and third stages involve a single processor machine, and the second one consists of
m identical parallel batch processing machines. The objective is to minimize the total weighted tardiness of the received
orders.Given the lack of consideration of this problem in the literature, first, a mathematical programming model is presented for
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the problem. Also, due to the NP-hardness of the problem, a variable neighborhood search algorithm and a memetic algorithm
are developed to solve it. The computational results show that the variable neighborhood search algorithm can solve instances up
to 1200 orders and 15 machines with an average deviation of about 1.9%, relative to the best solution of the two algorithms, and
the memetic algorithm can solve instances up to 1200 orders and 15 machines with an average deviation of about 7.8%, as
compared e to the best solution of the two algorithms. In general, computational results show the better performance of the
variable neighborhood search algorithm in comparison to the memetic algorithm.

Keywords: Scheduling, Fexible flowshp, blocking, Batch processing, Variable neighbourhood search algorithm, Memetic

algorithm.
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VNS(input: x,Ni,(1=1,2,..,1 __),output:x)

max

x=generate initial solution ();

Repeat the following until the stopping criteria (current time = nonlmp time and current time =

total time) are met:
Set1=1;

While (1<1

- max)
x'=Shaking (x, 1)
x "=Local_search (x)
IFf(x")<fix")
x=x" :
I=1;
Else
I=1+1;
End If
End while
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Local search(input: X' € S,E ,output: x")
Set q=0and k=1

While (iteration local <ILyax)

for k=1,...,3 do

x" =Local search (x',k)

While (iteration_localOut <ILOmax)

x" =Local search (x’,4)
iteration_localOut= iteration localOut+1;
End while

Iff(x")-f(x")<E

x' = x"

End If

iteration_local = iteration_local +1;

End while

x"=x'
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VNS(input: popsize, P, P, output:best chromosome)
For i=1 to popsize

pop; = randomsolution (n)

pop; = localsearch (pop; )

Evaluate( pop; )

End for

Repeat the following until the stopping criteria (Current time = nonlmp time and Current time 2>

total time) are met:
While (i <popsize )
If (p < P,) // p is a random number between 0 and 1
parent, = select(pop)
parent, = select(pop)
offspring;, offspring;,, = crossover (parent,, parent, )
Else
offspring; = select (pop)
End If
If(p<P,)
offspring; = mutate(offspringi)
End If
offspring; = localsearch (offspring; )

Evaluate (offspringi )
End while
Update population and best current chromosome
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Main Effects Plot for SN ratios
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9. ant colony optimization

10. variable neighborhood search

11. tabu search

12. non-dominated sorting genetic
algorithm ii
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3. partical swarm optimization 15. memetic scheduling cost
4. flexible flow shop 16. filling 24. heuristic for batch scheduling
5. discrete processing machines 17. trolley 25. beam search
6. setup time 18. leveling 26. shaking
7. block 19. flexible flow shop with block 27. evolutionary algorithms
8. genetic algorithm and batch processing 28. earliest due date

29. roulette wheel

30. workload

31.range of due date

32. tightness of schedules
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