Hindawi Publishing Corporation
Mathematical Problems in Engineering
Volume 2015, Article ID 725460, 9 pages
http://dx.doi.org/10.1155/2015/725460

Research Article

Hindawi

Multiobjective Joint Optimization of Production Scheduling and
Maintenance Planning in the Flexible Job-Shop Problem

Jianfei Ye' and Huimin Ma’

!Business School, University of Shanghai for Science and Technology, Shanghai 200093, China
2Business School, Shanghai Dianji University, Shanghai 201306, China

Correspondence should be addressed to Huimin Ma; mahm81@163.com
Received 8 June 2015; Revised 26 September 2015; Accepted 28 September 2015
Academic Editor: Thomas Hanne

Copyright © 2015 J. Ye and H. Ma. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

In order to solve the joint optimization of production scheduling and maintenance planning problem in the flexible job-shop,
a multiobjective joint optimization model considering the maximum completion time and maintenance costs per unit time is
established based on the concept of flexible job-shop and preventive maintenance. A weighted sum method is adopted to eliminate
the index dimension. In addition, a double-coded genetic algorithm is designed according to the problem characteristics. The best
result under the circumstances of joint decision-making is obtained through multiple simulation experiments, which proves the
validity of the algorithm. We can prove the superiority of joint optimization model by comparing the result of joint decision-making
project with the result of independent decision-making project under fixed preventive maintenance period. This study will enrich
and expand the theoretical framework and analytical methods of this problem; it provides a scientific decision analysis method for
enterprise to make production plan and maintenance plan.

1. Introduction

Production scheduling and maintenance activities are the
two processes which are correlated with each other in an
enterprise. Production department and maintenance depart-
ment contribute to enterprise’s profit target together. Unco-
ordinated arrangement of production plan and maintenance
plan will result in losses in enterprise’s business opera-
tions. But in actual production, production and mainte-
nance department have different goals. Production depart-
ment pursues the shortest completion time, which aims
to avoid delay in delivery. Maintenance department pur-
sues minimum maintenance cost. The difference in two
departments’ objective will create conflicts. Therefore, in
order to realize the best interests of the whole enterprise,
it is necessary to study the optimal joint maintenance
and scheduling decision scheme. We should consider the
requirement of production and maintenance department
jointly. In this paper, we continue our study on the basis
of previous studies conducted by Ma and Ye [1]. We expect
to make a further study on the multi-objective optimization

problems of flexible job-shop scheduling and maintenance
planning.

Many experts and scholars have done some research in
the integrated optimization of production scheduling and
equipment maintenance. Sortrakul et al. [2] proposed a
classical model for production scheduling and preventive
maintenance planning. Da et al. [3] established the joint opti-
mization model of the batch scheduling and the maintenance
under the flow shop; in order to minimize the maximum
completion time, the corresponding genetic algorithm to
solve this problem was put forward. Zhang et al. [4] did
some research on flow shop scheduling problem with peri-
odical maintenance. The authors took minimum makespan
as the optimized objective and designed a kind of hybrid
genetic algorithm to solve the problem. Chung et al. [5] also
aimed to minimize the makespan of the jobs; the authors
found an approach for scheduling of perfect maintenance
in distributed production scheduling. With the objective of
makespan minimization, Wang and Yu [6] studied joint opti-
mization problem in job-shop scheduling. Mor and Mosheiov
[7] focused on a single machine batch scheduling problem.



Pan et al. [8] built a joint model for minimizing job tardiness.
All the references above established the single objective
optimization model, but some other researchers established
the multiobjective optimizing model. Berrichi et al. [9]
presented an algorithm based on Ant Colony Optimization
paradigm to solve the joint production and maintenance
scheduling problem; the goal is to simultaneously minimize
the system unavailability and makespan. After that, Moradi et
al. [10] attempted to simultaneously optimize two objectives
for scheduling flexible job-shop problem: the minimization of
the makespan for the production part and the minimization
of the system unavailability for the maintenance part. Cui
et al. [11] proposed an integrated production scheduling
and maintenance policy in a single machine; the objective
function is to minimize the weighted sum of two subgoals:
one is the expectation of total deviation between the jobs
planned start times and actual start times and the other is the
expectation of the maximum tardiness. Lu et al. [12] applied
the model to a single machine with failure uncertainty. All
of the articles mentioned above are aimed at minimizing the
maximum completion time. As research continues, it is not
enough to consider the time factor only. It needs to be quick
in production scheduling, but when maintenance activities
are not sooner, that is better. The influence of maintenance
costs should also be considered.

In the question about integrated optimization of makes-
pan and maintenance costs, the following scholars have done
useful research. Zammori et al. [13] focused on the single
machine scheduling problem with planned maintenance;
the objective is to minimize total earliness and tardiness
penalties. Dhouib et al. [14] proposed a joint optimal pro-
duction preventive maintenance policy for imperfect process
manufacturing cell; the main objective is to minimize the
overall cost, comprised of setup, maintenance, inventory
holding, and shortage costs, as well as the cost incurred
by producing nonconforming items. Rivera-Gomez et al.
[15] extended this model to a production system subject
to quality and reliability deteriorations; the objective is to
minimize the total cost, comprising the inventory, backlog,
repair, and overhaul cost. Fitouhi and Nourelfath [16, 17]
dealt with the problem of integrating noncyclical preventive
maintenance and tactical production planning for a single
machine and multistate systems. The objective is to minimize
the sum of costs associated with maintenance, production,
and backorder. Nourelfath and Chatelet [18] extended this
model to a parallel system; they dealt with the problem of
integrating preventive maintenance and tactical production
planning for a parallel system. Although the references above
take the cost factor into consideration, they consider cost
factor only; all these references neglect the time factor.

Pandey et al. [19] proposed a joint optimization policy
for maintenance scheduling, quality control, and production
scheduling; the objective is to minimize expected cost per
unit time. Gan et al. [20] studied joint optimization of
maintenance, buffer, and spare parts for a production system;
the objective is to achieve the minimization of the long-term
expected cost rate. The studies above simultaneously consider
the two factors: completion time and maintenance costs. They
adopt a cost per unit time method to deal with the objective
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function. Moghaddam [21] presented a new multiobjective
model to determine an optimal preventive maintenance
and replacement schedule. Total operational costs, overall
reliability, and the system availability are incorporated as the
objective functions. This literature considers the cost factor;
the reliability and availability factor is also in consideration;
research on reliability is similar to Berrichi et al’s and Moradi
et al’s research.

Cui et al. [22, 23] studied a multiobjective optimization
problem aimed at minimizing the makespan and main-
tenance cost simultaneously on a single machine system.
A modified genetic algorithm was proposed to optimize
the Pareto front. Yulan et al. [24] studied a multiobjective
optimization problem jointly determining preventive main-
tenance planning and production scheduling for a single
machine. Although some researchers have taken operation
time and maintenance cost into consideration, they mainly
focused on the single machine area; few researchers focus
on multiobjective optimization study in flexible job-shop
scheduling. At present, most of the research that referred
to flexible job-shop scheduling is concentrated on the field
of scheduling. In the aspect of maintenance, Xiong et al.
[25] conducted a study about flexible job-shop scheduling
stability considering machine fault. Li and Pan [26] studied
a flexible job-shop scheduling problem considering mainte-
nance activities; it was solved by a hybrid chemical-reaction
optimization (HCRO) algorithm with the goal of minimizing
the makespan. The research about maintenance activities
in the flexible job-shop scheduling area above still aims to
minimize the completion time. The purpose of this paper is to
study integrated optimization problem of maintenance costs
and total completion time under flexible shop scheduling;
the corresponding joint optimization model is established;
a double-coded genetic algorithm is designed to solve this
problem. Finally, a simulation experiment is conducted by a
set of data.

The main features of the papers mentioned above are
summarized in Table 1.

2. Problem Formulation

In this paper the flexible job-shop scheduling problem is
studied; the problem can be described as follows: There
are I independent jobs that are indexed by i. There are ]
machines indexed by j. Each job i consists of a sequence of K
operations. The execution of operation requires one machine
out of a set of given machines represented as J. The processing
time of an operation on machine j is predefined and given by
tijx- The objective is to find a schedule that has the lowest value
of makespan.

The model is based on the assumptions as follows: jobs
are independent from each other, and machines are indepen-
dent from each other; production preparation time on each
machine and moving time between jobs in the machine are
negligible; a job could be processed on one machine at the
same time; the processing of job cannot be interrupted once
it is started; all jobs share the same processing priority.

Machine failure rate rises with the increasing of machine’s
service age. The failure rate of the machine is assumed to obey
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TABLE 1: Literature review.

El?li?igeftion Type of production environment Objective function Heuristic approach
2005 Single machine Minimum makespan Genetic algorithms
2013 Flow shop Minimum makespan Genetic algorithms
2014 Flow shop Minimum makespan Genetic algorithms
2009 Distributed production scheduling Minimum makespan A qulﬁed genetic
algorithm
g . A filtered beam search
2010 Flexible job-shop Minimum makespan based heuristic algorithm
2014 Single machine Minimize total flow time Polyn.omlal optimal
algorithm
2012 Single machine Minimizing job tardiness
. o I Ant Colony Optimization
2010 Parallel machine Minimize unavailability and makespan . .
paradigm algorithm
2011 Flexible job-shop Minimize unavailability and makespan Ant C.olony Op.t1m1zat1on
paradigm algorithm
2014 Single machine Minimize solution and quality Three.—phase heuristic
robustness algorithm
2015 Single machine System robustness and stability Genetic algorithms
2014 Single machine Mlnlmlze total earliness and tardiness Harmony search algorithm
penalties
2012 Imperfect process manufacturing cell Minimizes overall cost Extens.lve sensitivity
analysis
2013 Unreliable manufacturing system Minimizes overall cost Extens_lve sensitivity
analysis
2014 Multistate systems Minimize maintenance costs The mixed integer solver
2012 A single machine Minimize maintenance costs The mixed integer solver
2012 Parallel system Minimize maintenance costs The mixed integer solver
2011 Single machine Minimize expected cost per unit time
2015 Two serial machines Minimize long-term expected cost rate Genetic algorithm
2013 Multiworkstation manufacturing system Pareto-optimal maintenance and Pareto-optimal solutions
replacement schedules
2014 Single machine er.nmlze the makespan and Genetic algorithm
maintenance cost
2012 Single machine er.nmlze the makespan and Genetic algorithm
maintenance cost
2008 Single machine Minimize maintenance cost, Genetic algorithm
makespan, and so forth
2013 Flexible job-shop Minimum makespan A mulF1obJ ective
evolutionary algorithm
2013 Flexible job-shop Minimum makespan Chemical-reaction

optimization

Weibull distribution. When machine failure happens, we take
minimal maintenance measures to deal with failure. Minimal
maintenance will not change machine’s service age but only
make the machine condition return to the level before failure;
minimal maintenance will not interrupt production. The
machine needs to decide whether to perform preventive
maintenance after each processing operation; preventive
maintenance is perfect maintenance; it means the machine
recovers as new after each maintenance operation.

We assume that C,_,  denotes makespan of all jobs,
C: . denotes the reference value of makespan, ¢ denotes

maintenance cost per unit time in the whole process, ¢*
denotes the reference value of maintenance cost per unit
time, &, denotes the production plan weight factor, «,
denotes the maintenance plan weight factor, f, denotes
preventive maintenance time, ¢, denotes minimal repair
time, ¢, denotes preventive maintenance cost, ¢, denotes
minimal repair cost, A(t) denotes failure rate function and
follows Weibull distribution, g, denotes the initial service
age of each machine, and S, # denote shape parame-
ter and scale parameter in Weibull distribution, respec-
tively.



Some intermediate variables involved in this model are
shown as follows: C;;; denotes the completion time of the kth
operation of job i on machine j, t;; denotes the processing
time of the kth operation of job i on machine j, Mj,; denotes
the time required to repair the machine in the hth job of
machine j, and x;,; denotes preventive maintenance decision
variables; if PM (preventive maintenance) on machine j is
performed after the hth job, x;; = 1; otherwise x;; = 0.
N, ((j) denotes the expected number of failures in the hth job
of machine j, ¢,(;) denotes total maintenance cost of machine
J» t; denotes the processing time of the hth job on machine
J» Ny(j) denotes the expected number of failures on machine j
during the whole planning period, N, ; denotes the number
of preventive maintenance operations on machine j during
the whole planning period, and g, denotes the service age
before the hth job on machine j.

The notation used in this paper is summarized in Nota-
tions.

We establish the model as follows:

Crnax c
" +a, C_* . (l)
max

minZ = o

Equation (1) is the target function. The reason why
we built it in this form is explained as follows. In order
to consider production and maintenance department goals
synthetically, we propose weighted sum method to deal with
maintenance cost and completion time. But the units used
to measure the maintenance cost and completion time are
different; we adopt a method mentioned in Huang et al. [27]
to eliminate the differences between two units:

Cmax = max {Cl]k} 5 (2)
Cije = Sije *+ tije + My 3)
Sij = max {Cik_lach—lj + Xyt } ’ @)
Myj = t.Ny gy - ©®

Equation (2) denotes the makespan of all operations of
job. Equation (3) denotes the completion time of the kth
operation of job i on machine j. Equation (4) denotes the start
time of the kth operation of job i on machine j. Equation (5)
denotes repair time of the Ath job on machine j. Consider

J] H

G(j)
c= Z Zt_’ (6)
j=1h=1 "hj
G(j) = &Ny + 6N )
H
Ny = 2. % ®)
h=1
H
Ny = 2 Ny )
h=1
Anjttnj
Ny = J At)dt, (10)

qnj
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Gnj = 9o*n-1j * (1- xh—lj) (qh‘lf * thj)’ an
xhj € {0) 1} . (12)

Equation (6) denotes maintenance cost per unit time in
the whole process. Equation (7) denotes total maintenance
cost of machine j in the whole process. Equation (8) denotes
total number of preventative maintenance operations on
machine j during the whole planning period. Equation (9)
denotes the total number of minimal repairs on machine j
during the whole planning period. Equation (10) denotes the
number of expected failures in the hth job on machine j.
Equation (11) denotes the service age before the hth job on
machine j. Inclusion (12) denotes preventive maintenance
decision variables, which could only be set to 0 or 1.

The objective function is aimed at balancing the objective
of the production and maintenance department and min-
imizing the deviation between the actual scheme and the
planned scheme of each department. We set the maximum
completion time reference value C,, equal to the total
completion time when only production scheduling is con-
sidered, namely, the maximum completion time in a flexible
job-shop scheduling problem regardless of the equipment
maintenance. We set the maintenance cost per unit time
reference value ¢* equal to the most economical maintenance
cost per unit time. The calculating process is shown as follows.
We assume that, during a preventive maintenance period T,

T
maintenance cost per unit time ¢ = (c, Jo At)dt + cp) /T, we
set the derivative of the equation equal to 0; we can get the

optimal preventive maintenance cycle T* = {/cpnﬁ [c.(B-1).

Then by plugging T into these formulas we can get the most
economical maintenance cost per unit time ¢* = cpﬁ/ B -
1)T*.

3. Genetic Algorithm

Flexible job-shop scheduling is a complex problem; multiple
jobs are processed on multiple machines; each job is assigned
to a unique processing route. Each chromosome of genetic
algorithm denotes a potential solution to the problem; each
gene on a chromosome can express the information of prob-
lem. So we can transform the difficult problem into genetic
code and represent job and machine with genetic code,
respectively; production and maintenance should be taken
into consideration in the fitness function. This paper adopts
a double-coded genetic algorithm to solve this problem; the
algorithm process is represented as follows.

3.1. Chromosome Representation. Each chromosome is divid-
ed into two parts: dispatching part and machine scheduling
part. The first half of chromosome is the dispatching part; it
denotes the order of all jobs processed on the machine; the
second part (half) of chromosome is the machine schedul-
ing part; it denotes that the machine corresponds to each
working operation; both parts are represented with real-
coded method. When the total number of jobs is m, the total
number of working operations is #; chromosome individuals
are expressed as an integer string that is 2 * mn in length.
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For example, [213132 121212] denotes 3 jobs that need to
be processed 2 times on their machines; the first half denotes
working operation; they are, in order, job 2, job 1, job 3, job
1, job 3, and job 2; the second part denotes the machine; they
are, in order, the 1st machine in the set of machines; the 2nd
machine in the set of machines; the 1st machine in the set
of machines; the 2nd machine in the set of machines; the st
machine in the set of machines; the 2nd machine in the set of
machines. The machine scheduling part adopts 0-1 encoding
in subroutine, where 0 means maintenance and 1 means no
maintenance.

3.2. Calculate the Objective Function. Fitness value is the
basis of chromosome evaluation; fitness should reflect the
requirements of the objective function, so we establish the
fitness function of this algorithm according to the objective
function. The objective function in this algorithm is the
weighted sum of the deviation between the actual scheme and
the planned scheme of each department; the lower this value
is, the better the chromosome is. The target value of the nth
chromosome calculation formula is shown as follows:

C, c
t = —max + —
fitness (n) = « ” (xzc* (13)

max

parent 1- [112323213 112121222]

Cross

parent 2- [221331213 12212221 1]

After crossing, redundant operation needs to be removed
from certain job (such as job 2 in offspring 1); missing
operation needs to be added (such as job 3 in offspring 1),
that is, to make up the missing operation with the redundant
operation. Then we will adjust the machine located in the
latter half of the chromosome according to the machine
before the crossover operation:

offspring I- [221323213 112121222]
adjust (16)
e [221323213 122121222] .

3.5. Variation. In variation operation, we will select a chro-
mosome from the population first and then randomly select
two positions from the top m * n of the chromosome;
the values of the two positions are then inverted; their
corresponding machine in the latter 1 #n of the chromosome
is also inverted. Variation operation guarantees the diversity
of population. As shown in the following example, variation
position is 3 and 6:

individual - 112323213 112121222]
17)
— individual - [113322213 111122222].

3.3. Selection Operation. Selection operation is to select
excellent individuals from the old population at a certain
probability to form new population; the purpose is to breed
the next generation chromosome. The probability of the
individual being selected is related to fitness value; the ones
with better fitness have more chances to be selected. Lower
target value is better in this paper, so ranking function
is adopted to sort the target value from low to high and
return the individual fitness value. Lower objective function
value equates to higher fitness value. Then we can select the
better individuals according to the fitness values through the
roulette method. Let F; be the fitness value of individual i and
N the number of population. Then the probability of selecting
the individual i is

(14)

3.4. Crossover Operation. Crossover operation is to randomly
select two chromosomes from the population and take out
the first half of each chromosome and then randomly select
crossover position in it to perform crossover operation. There
may be some jobs extra or missing after crossover operation;
we need to add or delete some working operation to ensure
the number of processing operations; we will also adjust
the corresponding machine, such as the following example:
crossover operation is only for the first half; cross point is 4:

offspring 1- [221323213 112121222]
(15)
offspring 2- [112331213 122122211].

4. Numerical Experiments

In order to verify the validity of the model and algorithm,
we designed an example in this paper. The machine for each
working operation is given in Table 2; the processing time for
each working operation is presented in Table 3.

Our algorithm was implemented in MATLAB 2010b; the
parameter values are given as follows: the failure rate function
of machine j follows 3 = 2, # = 100 in Weibull distribution.

Preventive maintenance time is £, = 10, minimal repair
time is £, = 15, preventive maintenance cost is ¢, = 500,

minimal repair cost is ¢, = 300, the initial service age of
each machine is g, = 0, and weight coefficients are a; = 0.5,
a, = 0.5. We have worked out reference values C:;ax = 398,
¢ = 7.75. Parameters of genetic algorithm are given as
follows: population size is 100, maximum iterations are 1000,
crossover rate is 0.8, and variation rate is 0.5. The program
was run 15 times independently on an Intel Core2 2.2 GHz
PC with 2 GB memory. The optimal results were chosen out.
The best objective function value in 15 experiments is 1.0221,
the corresponding preventive maintenance cost per unit time
is 6.0246, and the makespan is 504.2130.
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TABLE 2: Optional machine of process.

Job Operation 1 Operation 2 Operation 3 Operation 4 Operation 5 Operation 6

Job 1 5 6 4 [2,9] (3, 7] 5

Job 2 4 [2,9] 8 [6,7] 5 [1, 10]

Job 3 3 6, 8] 7 [2,1] [4,10] 5

Job 4 5 2 [4,7] 10 [2,5] 3, 6]

Job 5 [4, 5] 5 [9,10] 6 2 [3, 8]

Job 6 [2,6] 4 [6,9] 7 8 [3,9]

TABLE 3: Work time of process.

Job Operation 1 Operation 2 Operation 3 Operation 4 Operation 5 Operation 6

Job 1 45 56 34 [49, 40] (67, 37] 59

Job 2 33 [52, 47] 38 [45, 53] 64 [57, 39]

Job 3 77 [41, 40] 36 [35, 39] [49, 41] 55

Job 4 66 41 [65, 58] 76 [31, 33] [41, 43]

Job 5 [39, 46] 59 [78, 67] 38 71 [40, 48]

Job 6 [32, 45] 40 [52, 63] 69 54 [51, 47]

The result above shows that the algorithm proposed in
this paper can solve the problem. In order to verify the
validity of the joint optimization model, we contrast the joint
decision results with the independent decision results. In
the traditional workshop production process, the production
department and maintenance department make their plan
according to their own target, respectively; then they submit
their plan to the decision-making department. It is hard
to avoid conflict between the two departments, because
production department aims to minimize the completion
time, while maintenance department aims to minimize main-
tenance cost. Faced with this situation, the decision-making
department tends to make plan according to maintenance
department; fixed period preventive maintenance is adopted;
maintenance cycle T is the preventive maintenance cycle
under the most economical maintenance costs unit time 7.
In this case, we have worked out that T* = 129. We adopt the
method used in the joint decision scheme as mentioned in the
previous paragraph; the same parameter is set; the program
is run for 15 times independently on the same computer; then
we get the results. The best objective function value in 15
experiments is 1.0718, the corresponding maintenance cost
per unit time is 6.5717, and the makespan is 526.7905. The
comparison result of joint decision-making and independent
decision-making is shown in Table 4.

The searching process of genetic algorithm is random, so
the result fluctuates in a small range. As it is shown in Table 4,
when we contrast the overall levels between joint decision-
making and independent decision-making, the target value
of joint decision-making distributed in 1.02~1.07, the target
value of independent decision-making distributed in 1.07~
1.2, the target value of joint decision-making is better than
independent decision-making. By comparison with the best
solution of two schemes in the 15 times simulation exper-
iments, joint decision-making is better than independent
decision-making in all three indicators: target value, C

max>

and ¢. We can conclude that joint decision-making is better
than independent decision-making.

In the previous calculation, we assume that the produc-
tion and maintenance weight coefficients are o; = 0.5,
«, = 0.5. It shows that we give the same emphasis to
production department and maintenance department. But in
the practical industrial production, two weight coefficients
are not necessarily the same. Next, we will study the influence
of the weight coefficient on the objective function value. We
will give «;, ax, 5 arrays of values; then a comparative study of
the different C,,,, and ¢ value is conducted when «;, «, are
given to the 5 values. The result is shown in Figures 1 and 2.

We can conclude from Figure 1 that different weight coef-
ficient will affect the objective function value. In the optimal
joint decision scheme, the higher the production weight value
coefficient is, the lower the maximum completion time will
be and the higher the maintenance cost per unit time will be.
We can conclude from Figure 2 that joint decision-making
is superior to independent decision-making no matter when
the weight coefficient is given to any value; the superior
degree did not change with the change in weight coefficient.
It shows that the joint decision-making scheme we proposed
has wide applicability.

5. Conclusions

We study joint optimization of production scheduling and
maintenance planning in the flexible job-shop problem in
this paper; the model considering two factors is built. They
are completion time and maintenance costs. The objective
function is aimed at finding the best scheme which will min-
imize the deviation between production and maintenance
department; double-coded genetic algorithm is adopted to
solve this problem; the result is compared with the indepen-
dent decision scheme under fixed preventive maintenance
cycles. It turned out from the simulation experiment that
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TABLE 4: The comparison of joint decision-making and independent decision-making result.
Number Joint decision-making Independent decision-making
Target value c C Target value c Crnax
1 1.0461 6.2652 510.9310 1.1390 6.8067 5571050
2 1.0603 6.3023 520.3310 1.0738 6.2649 533.0165
3 1.0450 6.1176 517.6450 1.1464 6.6676 520.0920
4 1.0566 6.3133 516.8490 1.0980 6.3327 548.8235
5 1.0255 6.1017 502.9205 1.1123 6.0239 576.0550
6 1.0306 6.3731 493.0624 1.1395 6.1229 561.7680
7 1.0594 6.4205 513.5695 1.1048 6.5184 544.6780
8 1.0595 6.1168 529.2235 1.1219 5.9664 586.6440
9 1.0742 6.2172 535.2540 1.1211 7.0432 530.6815
10 1.0615 6.2732 522.7675 1.1246 6.8517 543.2915
11 1.0598 6.1750 526.4900 1.0822 6.5737 523.8550
12 1.0995 6.2278 555.3895 1.1912 7.4115 567.6195
13 1.0458 5.8153 533.8415 1.0718 6.5717 515.6990
14 1.0506 6.2337 516.1150 1.0941 6.7001 526.7905
15 1.0221 6.0246 504.2130 1.1478 7.0268 552.1755
730 8 1.3 -
1.25 4
- 7.5 1.2 A
680 - 115 |
L7 1.1
630 ~ 1.05 +
- 6.5 14
580 - 0.95 4
-6 0.9
0.85
530 1 L 5.5 0.8 . . . ———,
=09, « =07 o« =05 o« =03 o =01,
480 5 =01 «,=03 a, =05  a,=07 «a,=09

a; =09, a; =07, « =05 o =03, « =0.1,
o =01 a,=03 «a,=05 «a,=07 « =09
—— Crax
- c

FIGURE I: The influence of different weight coefficient on the result
of joint decision-making.

we can get better objective function value from joint deci-
sion of production scheduling and maintenance activities.
Moreover, the corresponding completion time is shorter,
and maintenance cost per unit time is lower. Therefore,
joint decision of production and maintenance activities can
shorten the completion time of the enterprise and reduce
running cost; it is better than the independent decision.
Finally, we study the performance of the objective function
values of the independent decision and joint decision under
different weight coefficient; we can conclude that different
emphasis on production and maintenance has an impact
on their own results, but joint decision-making scheme
is superior to independent decision-making scheme, and
the superior degree did not change with the change in
weight coefficient. The validity and wide applicability of the
model and algorithm are proved through the simulation
experiments.

In the future, we will try to adopt a new algorithm to
solve this problem. In this paper, we adopted small sample

—+— Joint decision-making
—m— Independent decision-making

FIGURE 2: The influence of different weight coefficient on the result
of two kinds of decision-making.

data to conduct simulation experiments; we will add tests
with large databases having a public repository of standard
data for different types of tests. We will collect data from
the production line of an enterprise. The results coming
from our research will be more convincing and more able
to solve practical problems. In this mathematical model,
completion time and cost are considered, but it is not enough.
In the future, we will consider more factors in the objective
function, such as backlog of orders and the delivery delay
penalty. We will research joint optimization of more goals.

Notations

Index of jobs,i = 1,2,...,I
Index of machines, j=1,2,...,]
Index of operations, k = 1,2,...,K
Index of jobs on one machine,
h=12,....,H

a: Makespan of all jobs

« Reference value of makespan

Cm
Con
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c Maintenance cost per unit time

c*: Reference value of maintenance cost per
unit time

oy Production plan weight factor

oy Maintenance plan weight factor

tpy Preventive maintenance time

t,: Minimal repair time

Cpt Preventive maintenance cost

C: Minimal repair cost

A(t) Failure rate function

9o Initial service age of each machine

B,n: Shape parameter and scale parameter in
Weibull distribution

Cij: Completion time of the kth operation of
job i on machine j

ikt Processing time of the kth operation of job
i on machine j

My;: Time required to repair the machine in the
hth job of machine j

Xpjt Preventive maintenance decision variables

N,yj): Expected number of failures in the hth job
of machine j

¢(j:  Total maintenance cost of machine j

tjt Processing time of the hth job on machine

N,j: Expected number of failures on machine j
during the whole planning period

Nyj:  Number of preventive maintenance
operations on machine j during the whole
planning period

Qns: Service age before the hth job on machine
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