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Purpose: The development and complexity of new markets, on the one hand, and economic
constraints, on the other hand, have made it an inevitable necessity to pay attention to the two
principles of providing a desirable and reliable level of service to customers and reducing supply and
maintenance costs. Therefore, the need to study the methods that enable the production system to deal
with these issues is felt more than ever. Just-In-Time production strategy has been mentioned as one
of the appropriate approaches to balance between the two principles. On the other hand, the issue of
sequencing and scheduling of operations in batch processing systems has been widely considered in
the last two decades. A batch processing machine can process a batch of jobs simultaneously, which
reduces the machine's set-up time and facilitates material flow management. This study aims to
minimize the total weighted earliness and tardiness penalties of jobs with non-identical sizes on the
batch processing machine, considering that the due date is tight.

Design/methodology/approach: Mathematical programming has been used to model the problem. A
mixed integer linear programming model has been proposed for the research problem. Since the
problem is shown to be NP-hard, heuristic and meta-heuristic methods have been developed to find
near-optimal solutions for industrial-sized instances. Also, a dynamic programming approach has
been proposed to find the optimal scheduling of a predetermined batch of jobs.
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Findings: The dynamic programming algorithm requires a high computational effort, and the solution
time by this algorithm increases significantly when the number of jobs increases. However, the
obtained results indicated that the proposed heuristic algorithms lead to good performance with less
time and in practice, such algorithms can be used for real applications and large-size instances. The
average relative deviation of the proposed particle swarm algorithm is less than 1%, and the value of
this index for the proposed heuristic algorithm is 1.78%.

Research implications: Examining the two investigated methods for batching the jobs, one based on
a heuristic algorithm and the other with the help of solving a mathematical model, indicated no
significant difference between these two methods. Therefore, if necessary, the heuristic algorithm
with less computational effort can be used without losing the quality of the solution.

Practical implications: According to the findings, developing efficient heuristic and meta-heuristic
algorithms for batch processing machine scheduling in just-in-time production systems can reduce
production costs.

Originality/value: For the first the heuristic and meta-heuristic algorithms were proposed for the
problem of scheduling a batch processing machine considering a tight due date in a just-in-time
production system. A dynamic programming approach was also proposed for the first time to find the
optimal scheduling of a predetermined batch of jobs.

Keywords: Batch processing machine, Just-In-Time, Tight due date, Dynamic programming,
Heuristic algorithm, Particle swarm optimization
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Fig. 2- Flowchart of the proposed algorithm
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Table 2- Parameters of the instance problems
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Table 3- Validation of the dynamic programming algorithm
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Table 4- Evaluating the performance of the proposed algorithms

(RPD)  oi Sl 2l Ao 53 @\ b g slass
L, s 851

PSO_IE HA_IE PSO_IE HA_IE DP bl

oY 0 1¥va VYAY V¥vs Yo

oY YIA VErY VFOA VIVD ¥

\/¥ YV \EYO \EYOA VoY £ [\,f']

¥ VA 44YY Yeuxs YAAOY Voo

oo oV Y+ AOD YeAQYY YR e

o Y sqy Vi$ sar Y.

" o0 o oA ¥or0 ¥

VA Yy V1Y 114y 1490 = [h,r.

oY A Yay.r Yayrq YAAQ Yoo

oo A yroras \TOAAA \ESYF Yen

VA YIA Yrrs Yrva Y140 Y.

Y ¥ AQAA 4445 AN ¥

Y V4 Y 0A4 YoV¥ Yorer 5\ [\~,r~]

\/e \/5 fErrE tsors fovvr Voo

o £\ YVAATs ¥1400) YeFASY Yoo

o o/ AQ A A Yo

oo o Yres Yro- Yres =

" ¥ v Yavo 400 = [\, \ ]

o o0 AFAY AVAY APSY Yor

Y/ Y0 V VYA \LAFE VoV Yoo

ol sl 45\)\0 d}b))&:&ﬁ@(@ljwf 6}% L;Lar.’.‘i‘)jfj\&du)



VAV (53bT55 Loy e 5 555LiS b /o by o A gn 5 5 55 b ooy 5 G (gl s 4B B30 eile K (a0l

W o a5 Dol gl D3 -0 St

Table 5- Computational time of the algorithms (s)
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Table 6- Analysis of variance based on results of algorithms (a = 0.05)
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Table 7- Parameters value of the instance problems
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Table 8- Results of statistical test for evaluating the effect of batching and job size (a = 0.05)
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