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Abstract

Purpose: One of the most important issues in the field of production scheduling, which has recently received much attention
from researchers, is Dual Resource Constrained Flexible Job Shop Scheduling Problem (DRCEJSP). To deal with unexpected
disruptions such as machine breakdowns, the job schedule must be robust so that in the event of a malfunction, the job
schedule works properly and deviate less from the optimal solution. The purpose of this paper is to study the DRCFJSP
problem with possible scenarios of machine failure or workshop disruption.

Methodology: In solving the under-studied problem, the assignment of jobs and the sequence of operations on each
machine should be done in such a way that under any possible scenario, the maximum completion time is minimized so that
the weight combination of system performance in average mode, system performance in worst mode, the penalty for
violating the time window constraints of the due dates and the variance of the objective function value is optimal according
to different scenarios. For this purpose, a Robust Scenario-based Stochastic Programming (RSSP) model based on a mixed
integer linear programming model has been presented for this problem and has been solved by Gams software for validation
in small and medium-sized problems. Also, due to the Np-hard nature of this problem, a meta-heuristic method based on
Genetic Algorithm (GA) is proposed for solving the large-sized problems. Also, the results of a case study in Alborz Yadak
company related to the problem of the research are reported in the article.

Findings: The results of the proposed RSSP model indicate that GAMS softwate is able to solve these problems up to
medium sizes in an acceptable time and achieve a controlled and robust solution. Numerical results also show the proper
performance of the proposed GA as an alternative to solve the RSSP model in the large-sized problems.
Originality/Value: In this paper, DRCFJSP problem is studied with possible scenatios of machine failure ot disruption in
the workshop. Also, a RSSP model according to the mixed integer linear programming formulation and a meta-heuristic
Algorithm have been presented for mentioned problem in this article.

Keywords: Flexible job-shop scheduling, Dual-tresoutce constrained, Machine breakdown, Robust scenario-based
stochastic programming, Genetic algorithm.
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Figure 5- Proposed GA flowchart for solving DRCFJSP problem.
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Table 3- The jobs and operations of each job in case study.
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Table 3- Continued.
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Table 4- Operation processing time by the machine.
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Table 5- Worker qualification for performing different operations on the machines.
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Table 6- Disruption scenarios and repair time data.
M6 M5 M4 M3 M2 M1

NT

o (T0'2'90'T'€0'0)
o @o'ewo'z'vo'n)
o (T0'€'€0'2:90'T)

ovje <€ 6 jem

o (60T T00)
- (801200
w (807707

-
~




NS ebSops 4 AV T o JKo 5548 gl (a5 b p s e 5586 ans il (93lgily RSSP 5 G5 (g1l ) slaens
G0) Cosgdoms yial Jlal 5358 0 by (Solgil Ctl @ 2y Sl 4 Sl ol @ oo (g ol 0l anls T
Solyal @ 212 (615 a8 355 o alamSha . das S5l [ EC jlitie Sl Koe dom3l i (5 S alitblons (Il plly s o 2l
W eils 4 WS ol 5o a3l Blat oyl ol 53 s sl il v il Sles ooy 53 b Jlazl 510+ %0 ke
EC ex Sl @ alS L sl il glabasde Ji olie 0 @ = 0 b (g Sabablons 18 Lol o b aclis 55 EC o8 558 00 sl
SoMas olgl H5SB sl @ =8 ¢ by (il o Al @ = 8L anslis 5> Sl (Solsl dao s plejer Ll el o alS
Sl e )l @ = 845 U5 o 0l N JSKE Lol 40% 31 VU slzel e 0lzebl e b (6 l5tl s el ol

L3l o 5l sl 5

e 23,8 3 ey 2338 (6 iy Saadly WC L makespan axies 55d oo Colp o i ki S3ME S jsblen (,«S‘.J@
EC Jaulidl dm)s aS Jlm 5o ail oo falS €% 5 2 WC 2uldl ds s p = 0.4 4 p = 0 5l g i ol (2al3l b oS das oo oLES
p =040l .Cond Golesl LBEC 2l as s Lol el o 2l o) s WC e S1op > 0.4 (sl il oo 21531 1% Ly &
iz (5la g sl s makespan luis glus 51V0% 5 iy A = 0.8 555 o0 abmDe a5 Consl ol _a5510is YU ¢ 51 (A)plugs

Al 5.8 5 53 A = 08 ke 5 bl (ol Sl el g oisr alS

35 10

523 e sa il

e

-
-

0 2 4 6 8 10 12

W: Je )l sl

-3 RSSP Juw 0 () (3099 (S (5l gsml o pio qpudass -8 S
Figure 6- Sensitivity analysis of the robustness coefficient in proposed RSSP model.
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Figure 7- Sensitivity analysis of the worst case coefficient in proposed RSSP model.
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Figure 8- Sensitivity analysis of the variance in proposed RSSP model.
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Table 7- Job/Operation allocation to the machines and operators (according to
proposed RSSP model).

o1 o2 03 04
1 (MAWI) (M2,W3) (M2,W2) R
32 - (MLWS5) (M5W1) (M1,wW3)
3 (M4 W4) (M5W5) (M5W3) (M2,W2)
34 (M6,W5) - (M5,W5) -
5 (M6W2) (M1,W5) - (M3,W3)
6 (M4,W1) (MBW3) (M1,W5) -
37 (M4W2) (M4WS) (M5W1) (M2,W5)
8 (M6W4) (M5W2) (M2,W3) (M3,W1)
39 (M4W3) (M5W2) (ML1,W3) (M3,W4)
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Figure 9- Job allocation to the machines and their sequences.
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Table 8- Evaluation of the solution of RSSP model compared to the nominal
approach according to criterial and criteria 2.
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Table 9- Taguchi parameter setting for the proposed GA algorithm.
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Figure 10- S/N ratio charts for parameter setting of the proposed GA algorithm.
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Figure 11- Convergence trend of the proposed GA algorithm in DRSFJSP problem.
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Table 10- Comparing optimal solution of the GAMS and GA on the problem instances.

Qgod Joluo Olasin Sap b Hlade (Sec) Jo ooy dslio ;Lo
o slosis M H g ZcpLex Zga Timecp gx Timegy PQI(%)  PTI
Aluo ke lwgie (%)

1 4 2 2 3 9.312 9.312 9.312 77.51 66.12 0.00 14.69
2 5 3 3 6 12431 12431 12431 152.43 123.12 0.00 19.22
3 6 2 2 8 14.693 14.942 15.072 229.03 151.31 -2.58 33.93
4 6 3 3 10 17.133 17.133 17.133 301.43 169.54 0.00 43.75
5 7 2 2 12 20.431 21.011 21541 394.12 201.43 -5.43  48.89
6 7 3 2 15 22454 22454  22.454 47217 232.54 0.00 50.75
7 8 3 3 17 25751 25.751 25.751 502.01 258.10 0.00 48.58
8 8 4 3 20 28.954 29.203 29.875 656.43 393.45 -3.18 40.06
9 9 4 3 22 29.093 30.003 30.521 667.12 400.19 -490 40.01

10 9 4 4 25 29.641 30.721 31.073 705.54 423.49 -4.83 39.97

11 9 5 4 30 31.043 32124 32.950 731.70 441.05 -6.14 39.72

12 10 4 4 40 45.451 46.16 47.43 810.21 490.43 -4.35 39.46

13 10 5 5 45 52.863 53.53 55.12 852.94 500.67 -4.26  41.30

14 10 6 5 50 73.67 74.03 75.37 926.27 563.12 -2.31  39.21

15 12 6 5 55 76.543 76.91 77.19 1420.12 817.56 -0.84 42.43

16 14 6 5 60 87.549 87.55 87.55 3394.43  1675.15 0 50.65

17 16 7 5 65 92.454 92.95 93.86 5902.12  2117.09 -1.52  64.13

18 18 7 6 70 104.547 101.14 103.64 7200 3399.84 0.87 52.78

19 20 7 6 75 120.043 116.43 118.46 7200  2930.40 132 59.30

20 23 8 7 80 187.323 178.12 179.25 7200 2295.36 431 68.12

21 26 8 7 85 N/A  197.01 198.12 7200  2456.05 - -

22 29 9 8 90 N/A  210.12 21331 7200 2832.13 - -

23 32 9 8 95 N/A 23232 237.00 7200  3190.93 - -

24 35 10 8 100 N/A 26143 264.03 7200 3201.12 - -

25 38 12 9 100 N/A 28154 284.43 7200 3423.43 - -

26 40 14 10 100 N/A  308.61 31154 7200  3631.40 - -

27 43 16 12 110 N/A  319.72 323.12 7200 3521.67 - -

28 45 18 14 110 N/A 37169 375.49 7200 3951.94 - -

29 48 20 16 110 N/A  399.90 402.93 7200  4103.03 - -

30 50 22 18 120 N/A  505.12 508.08 7200 442151 - -
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Figure 12- Complexity analysis (percentage of run-time increasing) respect I, K, L, E.
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Figure 14- Sensitivity analysis of makespan respect to repair time.
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Figure 15- Sensitivity analysis of makespan respect to time window flexibility.
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