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Abstract - Job-shop scheduling problem (JSSP) is very
important and has a lot of applications in industrial and
service sectors. With good job-shop scheduling, facilities can
save time and money. Real-life JSSP is a very big challenge to
researchers because of its high complexity. Standard JSSP is
a typical NP-hard problem in the strong sense without
considering any additional factors. In the real-life JSSP, we
need to consider one or more of some factors like
transportation times, parallel processing, setup times, and so
many factors according to the problem nature. In this paper,
we presented a simulation model by Arena simulation
software to solve an example from the OR-Library with some
modifications considering some factors from the real-life
JSSP to show the capability of the proposed approach as
shown in section 4. The objective function is to minimize the
makespan.
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I. INTRODUCTION

For the last 50+ years and till now the JSSP is
representing a very big challenge to researchers from
different disciplines, mainly Operations Research,
Management Science, Computer Science, and
Manufacture Science. JSSP has numerous applications in
manufacturing and service sectors. In manufacturing, JSSP
is the process of assigning jobs to machines satisfying the
precedence and resource constraints over time such that
certain objective(s) is optimized. The JSSP is one of the
strongest NP-hard problems [1]. Because of this, a lot of
researchers applied their different methodologies on its
problems to approve their methods. Practitioners did not
get benefit of most of these researches as these researchers
were used to solve the benchmark problems with some
assumptions as shown in section 3. These assumptions
took the problem very far away from the real-life problem.
In the real-life JSSP, we have to consider one or more of
some factors like; transportation times, parallel processing,
setup times, machine breakdowns, and so many factors
according to the application. In other words, we have to
relax one or more of the assumptions assumed by the
researchers. In this paper, we relaxed 3 assumptions by our
simulation model as shown in example in section 4.

II. LITERATURE REVIEW

For the last 5 decades, a lot of researchers from different
disciplines were trying to solve the JSSP with their
different methodologies. Some of them were just trying to
prove their methods with this very complex problem. Most

of these researchers were used to solve the JSS
benchmarks and compare their solutions to the optimum or
best known solutions for them. These benchmarks don't
represent the real-life JSSP because they neglect a lot of
factors highly needed in the real life JSSP. Even some
recent researches just tried to solve the benchmarks
without considering any factors from the real life problem,
for example researchers in [2] developed a hybrid
Differential Evolution—Tabu Search algorithm for the
solution of the JSSP. Researchers in [3] developed a
hybrid Genetic algorithm for the JSSP. Researchers in [4]
developed a hybrid algorithm which combines global
equilibrium search, path relinking and tabu search to solve
the JSSP. Researchers in [5] developed an effective team
process algorithm (TPA) for the JSSP. All the previous
researchers and so many others just solved the benchmarks
with their assumptions as shown in section 3 and the
objective was to minimize the makespan.

Some recent researchers tried to consider one or more of
the factors related to the real-life problem or in other
words tried to relax one or more of the assumptions. In the
following paragraph we will show some examples of these
recent researches for the last 5 years.

For example in [6] the authors allowed the preemption.
In [7] the authors relaxed two assumptions, they included
transportation time and machine breakdowns. In [8] the
authors solved the problem with random processing times
under the objective of minimizing the expected total
tardiness. In [9] the authors considered stochastic
processing times with random machine breakdowns. In
[10] the authors solved the problem with random
processing times under the objective of minimizing the
expected sum of storage expenses and tardiness penalties.
In [11] the authors considered transportation delay having
three objectives to optimize: makespan, total material
handling costs, and closeness rating score. In [12] the
authors developed anartificial bee colony algorithm based
on problem data properties for the standard JSSP with the
objective of minimizing total weighted tardiness. In [13]
the authors developed a genetic algorithm for solving total
weighted tardiness and sum of earliness and tardiness
penalties of JSSP. In [14] the authors developed a mixed-
integer linear programming model along with an
electromagnetism-like algorithm for JSSP with sequence-
dependent set-up times. In [15] the authors developed a
simulation model for the Dynamic job-shop scheduling
with sequence-dependent setup times. Finally in [16] the
authors used petri nets to model the JSSP considering
batches, setup times, transportation and parallel processing
under the objective of minimizing the makespan.
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III. PROBLEM DESCRIPTION

In our paper [17] we presented the basic model for
solving the standard JSSP with these assumptions:
1. Processing times are deterministic.
2. All jobs are ready to be processed at time zero.
3. Only one job can be processed on each machine at a

given period of time.
4. Each job visits each machine once at most.
5. The machines are continuously available.
6. There's only one machine of each type of machines.
7. No preemption of operations is allowed.
8. The transportation times between different machines

are neglected.
9. The setup times for different jobs are neglected or

added to the processing time.
As we said in our paper [17] these assumptions are

taking the problem very far away from the real-life
problem. In this paper we will show how to relax 3 of
these assumptions to simulate the real-life problem as
shown in the example in section 4. The 3 assumptions
which we will relax are 4, 6, and 8.

IV. PROPOSED MODEL

Our example is the famous benchmark problem Ft06
with some modifications as shown in table 1, we will relax
assumptions 4, 6, and 8 from previous section as follows:
1. Any job can visit any machine more than once, it is

shown here in job 2 and job 5, these two jobs will visit
machine 6 two times.

2. We can include any number of identical machines of
any type of machine, here there are two identical
machines of type 6, as it's the bottle neck machine.

3. We can include any transportation time from any
location to any location, here we will include a 3
minutes transportation time from the release point to
any machine, between any two machines, and from any
machine to the pickup point.

It is required to give the best schedule with the
minimum make span.

Table.1. A 6x6 JSS example

J Operation sequence (Processing time)

1 3(1) 1(3) 2(6) 4(7) 6(3) 5(6)
-

2 2(8) 3(5) 5(10) 6(10) 1(10) 4(4)
6(10)

3 3(5) 4(4) 6(8) 1(9) 2(1) 5(7)
-

4 2(5) 1(5) 3(5) 4(3) 5(8) 6(9)
-

5 3(9) 2(3) 5(5) 6(4) 1(3) 4(1)
6(10)

6 2(3) 4(3) 6(9) 1(10) 5(4) 3(1)
-

In our basic model [17] we divided the model into 3 parts
as follows:
 Part one : Will be responsible for creating jobs,

defining all variables and attributes, releasing jobs, and
starting sequencing.

 Part two: will be responsible for the machines, the
manufacturing process, and the exportation of the
information to the Excel file. This part will be done for
each machine. The same process will be repeated for
all machines.

 Part three: In this part jobs will exit the
manufacturing system, and the system will dispose the
parts.

Our model will consist of the same three parts with
some modifications to fit our assumptions here. We will
discuss these modifications to relax the 3 predefined
assumptions as follows:
o Assumption number 1: for any job to visit any

machine more than once, we can add any steps to the
process plan of this part. For example instead of 7 steps
for job 2 we added another step as this job has to visit
machine 6 twice. In Arena from advanced transfer go
to sequence, go to part 2 process plan, then add the
new step with the processing time of 10 minutes.

o Assumption number 2: here machine 6 is the
bottleneck machine so we can duplicate it to improve
the efficiency of this system. To do so we will go to
cell 6 in the Arena model, go to resources, and add a
set of machines with cyclical as a selection rule. From
basic process select set then add these two machines in
cell 6. In ReadWritemodule we will add an assignment
as an attribute with the name of machine index, this
attribute will tell us which job was processed on which
machine.

o Assumption number 3: to add a transportation time of
3 minutes we added for all routes a route time of 3
minutes.

V. VERIFICATION AND VALIDATION

We already verified and validated our basic model in
[17], and the problem Ft06 was solved by the basic model.
After these modifications to the problem we will just
review all the modules with their connections and their
logic then all the entered data has to be reviewed. Second
thing we will run the program for one replication and go to
the excel file to check the solution. In this check we will
review the processing times and the feasibility of the
solution by following one or two of the jobs with its
different movements from one machine to another with its
processing and transportation times.

VI. RESULTS AND DISCUSSION

Now the model is ready, with random as a priority rule,
we will adjust it to 100 replications and get the results.
Ofcourse, we can run it for more replications, the one
hundred replications are an example. We used Arena
software version 14 to build the model. After running the
model for 100 replications, we got the minimum makesp
an of 87 minutes with the machine schedules as in the six
tables from 2 to 7 for the 6 cells. The run took less than
two minutes on a Dell® Vostro PC (Intel® Core(TM) i5–
2400 CPU @ 3.10GHZ with 4 GB RAM). Note that we
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have to add 3 minutes to the finish time for each jobto
transfer the job from the last machine to the pickup point.
Here in table 7 job 2 and 5 visited machine 6 two times
this is the last 2 rows, the last column to the right shows
which machine was used to process the jobs shown in the
first column.

Table.2: Schedulefor cell 1
Cell 1

Job Seq.
Processing

Time
Start
Time

Finish Time

1 3 7 10

4 5 22 27

3 9 30 39

6 10 39 49

5 3 51 54

2 10 54 64

Table.3: Schedule for cell 2

Cell 2

Job Seq.
Processing

Time
Start
Time

Finish Time

2 8 3 11
6 3 11 14
4 5 14 19
1 6 19 25
5 3 25 28
3 1 42 43

Table.4: Schedule for cell 3

Cell 3

Job Seq.
Processing

Time
Start
Time

Finish Time

1 1 3 4
3 5 4 9
5 9 9 18
2 5 18 23
4 5 30 35
6 1 66 67

Table 5: Schedule for cell 4

Cell 4

job
seq.

processing time
Start
time

Finish
time

3 4 12 16
6 3 17 20
1 7 28 35
4 3 38 41
5 1 57 58
2 4 67 71

Table 6: Schedule for cell 5

Cell 5

Job
Seq.

Processing
Time

Start
Time

Finish Time

2 10 26 36

5 5 36 41

4 8 44 52

3 7 52 59

6 4 59 63

1 6 63 69

Table 7: Schedule for cell 6

Cell 6

Job
Seq.

Processing
Time

Start
Time

Finish
Time

Machine
Index

3 8 19 27 1
6 9 23 32 2
1 3 38 41 1
5 4 44 48 1
2 10 39 49 2
4 9 55 64 2
5 10 61 71 1
2 10 74 84 2

Best solution for our example is represented by Gantt
Chart in Fig. 1, where we have one machine from each
type, and two machines from type 6 (6/1 and 6/2). We can
also get extra information about the system performance
from Arena reports which will be very beneficial like;
machine utilization, queue length, waiting time, transfer
time, and others.

Fig.1. Gant Chart for the best schedule

VII. CONCLUSION

In this paper, we introduced a simulation model for the
real-life JSSP using Arena simulation software, output
analyzer, Microsoft Excel. An example considering three
factors from the real-life JSSP was given. These factors
were as follows; considering transportation times,
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allowing any job to visit any machine more than once, and
using multiple resources. The model was capable for
handling such problem and gave good solution in
reasonable time.

VIII. FUTURE WORK

The JSSP is very famous and it has a lot of applications.
There are a lot of factors and objectives to consider when
needed according to the application. In the following
papers we will consider extra factors like machines
breakdowns, stochastic processing times, jobs will not be
available at time zero, and other factors. Regarding the
objective function we will consider other objectives like
minimizing lateness or tardiness, we will also consider
multi objective functions.
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