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L . . . . Internet of Things;
The inevitable transformations brought about by the rapidly changing Internet of Things (loT)

impact all aspects of life today, including management and businesses. Specifically, areas of
businesses depending mainly on internal supply chain capacity are experiencing a paradigm shiftto  Production Flow;

ensure effective company performance regarding purchases, production, company sales, and  Scheduling in Manufacturing;
product distribution. This shift means that challenges faced by the internal chain supply unit can be
solved by adopting and adapting loT as a new way to minimize work delays and save time.
Moreover, loT automatically leads to performance and productivity increases. Therefore, the present
paper aims to justify adopting and adapting loT applications in Indonesian companies, including
retail businesses. Most companies’ internal supply chain units face several difficulties during and
after the devastating peak of COVID-19, which has led to a total global lockdown. These problems'
complexity is exponential and requires innovative ways to solve their prevailing challenges. This
study used observation, interview, and documentary research methods through a large-scale survey.
The survey obtained the necessary information regarding how companies utilize 10T to improve  Received: 10 September 2021
their performance and productivity without hindering their internal supply chain and production

Organization; Performance;

Supply Chain.
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units. The study concluded that the adoption of IoT, if well implemented, leads to a sustainable Revised: 14 February 2022
company and uninterrupted supply chain performance, indicating the proper performance of the Accepted: 26~ March 2022
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1- Introduction

For many years, industrial production has been the primary foundation for most countries' economic growth and
development worldwide [1]. However, in many manufacturing and assembling industries, each task must go through a
specific course of operations, which mostly have similar multi-complex processes required for production [2]. The
processes need innovation, requiring the adoption of and adaptation to the production collaboration process, a vital
dimension of doing things related to sustainable supply chain management and production in an organization [3].

In addition, a well-simplified adoption process for employing the Internet of Things (IoT) is essential in today’s
production chain management structure. cui et al. [3] proposed merging information systems management with
improving data processing capabilities to ensure this adoption. The reason was that data processing capabilities are an
integral element required to operate a production process based on 10T smoothly. Though I0oT has come to stay in the
manufacturing, internal supply chain, assembling industries, and management, its use in most developing countries is
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still sparsely implemented [4]. loT use is primarily limited due to inadequate consolidation and clear-cut unestablished
guidelines. The issues in consolidations and guidelines are because most countries have not adopted a broader use of
smart technology [5], especially in production companies. Furthermore, studies revealed several reasons why innovation,
adoption of, and adaptation to new technologies and ways of doing things take time in the developing world. The reasons
include disruption in the supply chain, limited collaboration, and limited resources. In other words, production tasks may
go through the same process for years without change. This sameness is due to disruption in, for instance, IT and
computer technologies, which are the foundation for the adoption of 10T [6].

Like in other developing countries, 10T technology has been newly introduced to Indonesia because of its strength
and opportunities. However, its utilization has been slow due to three actors with varying fears. First, the government,
in most cases, considers the technicality of introducing new technology and how it impacts the existing infrastructure
[7]. Second, the business community looks at how beneficial novel technology can be for their businesses. Third,
community members want to know if the nascent technology can accommodate and fulfill their needs and demands [7].

The present study examined the 10T concept to justify its importance to the government, business actors, and the
public. This paper examined how loT technology has been adopted and implemented in Indonesian companies. In
addition, it discussed the inevitable changes and transformations brought about by the rapidly changing 10T) impacting
people's lives and company production. Digitalization has become a common development for Indonesia, turning
Internet utilization into an everyday activity, with over 171.17 million users across the country [7, 8]. Moreover,
Suryanegara et al. [7] revealed that Internet access as a basis for the more straightforward implementation of 10T is
evenly distributed across the major Indonesian Islands. Furthermore, Joewono [9] estimated that by 2021, Indonesia’s
spending on 10T technology was the most in the Asia Pacific region. In addition, the 10T sectors are mostly the banking
sector, education sector, and the government as the leading actor [10]. Besides, it was said that these sectors are enjoying
the benefits of the 5G technologies.

1-1-10T and Company Categorization in Indonesia

The desire to innovate and the need to improve the performance of companies using improved production processes
resulted in the 10T application in Indonesia [11]. Companies in Indonesia are categorized into five types: 1. service, 2.
agriculture, 3. trading, 4. extractive, and 5. manufacturing [12]. Service companies offer services or skills, and
agriculture companies are specialized in agriculture and agricultural processing. Additionally, manufacturing companies
are comprised of production industries that transform raw materials into final products that the final users can use. On
the other hand, trading companies specialize in selling products of manufacturing companies. Furthermore, extractive
companies do the mining and extraction of natural resources, which are then sold to other companies. In addition, Figure
1 illustrates the types of companies together with their respective descriptions.

FIVE MAIN FORMS OF COMPANIES EXISTING IN INDONESIA

C1: Service C2: Extraction C3: Agricultural
Companies Companies Companies

C4: Trading C5: Manufacturing
Companies Companies

Figure 1. Shows the Commonly Existing Categories of Companies in Indonesia

The above illustration clearly shows that there are five types of companies, which, if critically examined, are said to
be the primary types. This paper mainly focused on category five, which required production. Moreover, there are four
major categories of production based on the type of the produced commodity. This study looked at the continuous
production analyzed concerning loT technology utilization. This examination moved away from the delayed form of
flow-shop scheduling production, which has numerous challenges due to the uninterrupted manual flow of production
work on several machines.
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Besides, loT is a critical component introduced in manufacturing because the process comprises product, supply
chain, and product marketing, all of which require a smart way of doing business. Additionally, the complexity of
constant production using the traditional ways is exponential and needs innovation or adoption of smart Internet
utilization to solve the production challenges. The current study used the 10T collaboration production concept to
describe the process under which smart production operates. In Figure 2, a modified working structure is presented,
which can be used as an example in simple production.

Smart
Marketing &
Distribution

Smart
Production &
Supply Chain

10T Control
Devices

IoT Technology Application

A

\ 4

loT Servers

A

\ 4

loT Gateways

A

\ 4

PRODUCTION
CONTROL SYSTEM

Figure 2. Proposed Conceptual 10T Production Structure (Adopted from Kumar et al. [13])

In uninterrupted production, production flow is combined with several smart technologies, which follow a flow
system like the one seen in Figure 2 above. Innovative technologies solve the challenges faced in production are solved
with the objective function of minimizing work time. First, the types of obstructions are reduced. Then, human
interactions with 10T technology ensure smooth production operations [13]. The steps of the proposed production
process are described simply in Figure 2. Moreover, the proposed 10T production structure was implemented on the
sample problems found in previous studies. A comparison of the obtained results with the optimal solutions and the
number of errors indicated the proper performance of the proposed operating system.

The integration of smart production technology starts from an innovative mind, which embraces new technologies
for the company’s satisfactory and efficient operation amidst the changing business climate [14-16]. Based on Figure 2,
for adapting to using 10T or intelligent technologies, the system must be well-established from the beginning of
introducing the technology devices required in soft and hard copies. Then, establishing an operating system comes into
play, which ensures smooth production and also lays the structure for supply chain flow.

The supply chain structure comprises people, raw materials, and other resources. It is then intermingled with the
technology essential for operating the system. However, though selling is still part of the supply chain, this study looked
at it as a unit that completes the process. This consideration was since marketing has become more versatile today.
Additionally, during and after the COVID-19 outbreak, online innovations in marketing have grown and almost become
the leading marketing tool for most countries, including Indonesia.

2- Literature Review

2-1- Business in Indonesia and the Use of loT

According to the Indonesian Government, the Ministry of Industry predicted that the country’s market share and
application of 10T would increase and grow faster [14]. Moreover, adopting smart technology aims to minimize the total
production operation time [15]. The current study discussed the modern smart technologies used in manufacturing. The
study also compared this use with the concept of the production scheduling model first introduced in the 1954s. Ignall
and Scharge first applied the concept as a flow workshop [17]. On the other hand, Johnson [18] proved that a flow
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workshop with the objective function of the longest makespan of 2 is an m>2 problem, precisely an NP-hard problem.
Some studies suggested that it’s appropriate to use crucial tools, like an loT-based system that uses meta-heuristic
algorithms [19] to solve problems in a high-quality manner and reasonable time.

According to Sharma and Tripathi [19], meta-heuristic algorithms are organized and independently operated
algorithms required to perform challenging tasks using team intelligence in mass production. Furthermore, meta-
heuristic algorithms can be used in different activities. Kiani et al. [20] proposed an integrated model which used an
algorithm for planting crops. This model also monitored and controlled crop growth using 1oT. In addition, for
harvesting, the model employed Reverse Ant Colony Optimization, which also has roots in algorithms, operating as an
automated robot.

It was assumed that a prepared job could automatically be handled in a classic situation. It was believed that since
algorithms were integrated with 10T, the task could be self-automated, and work could go on immediately, depending
on how the system was set [21]. In other words, no interruption could be shown with WB (without blocking). However,
practically in conventional production, the mentioned process was impossible due to space, operator, and tool
constraints. Obstruction occurred when a prepared job could not initiate working on a machine for many reasons.
Different types of obstructions were:

o Release when Starting Blocking (RSb): A machine remains blocked by a job until this job starts on the next
machine in routing;

¢ Release when Completing Blocking* (RCb*): A machine will be available to treat its next operation after its job
is finished on the following machine functioning in the process [22];

o Release when Completing Blocking (RCb): A machine will be able to treat its next operation after its job is finished
and left to be worked on by the next machine [23].

As mentioned before, the production is mainly of varying types, which include flow production concerning different
obstruction types. Moreover, there is a hybrid flow shop problem which is a generalized form of two specific scheduling
problems: flow-shop scheduling and parallel machine problem. Therefore, it includes a set of production stages, each
encompassing several operational parallel machines.

In addition, the product flow in the manufacturing system is identical and one-dimensional. Each job is processed by
one machine in each stage, and machines can have different processing speeds at each stage. However, due to the
complexity faced in shop floor scheduling, 10T can be employed to enhance controlling the process with the help of
sensors, industrial wireless communication, and automated identification of tasks established within the process of shop
floor scheduling [24]. Additionally, Reddi & Ramamoorthy [25] discussed that a two-machine problem with RSb could
turn into a particular mode of the traveling salesman problem. Moreover, Hall and Sriskandarajah [26] showed that
three-machine problems with RSb were of NP-complete type. In addition, Martinez et al. [27] proved that the problems
faced by more than four machines and RCb are of NP-hard type. Besides, Trabelsi et al. [22] introduced RCB*
obstruction in solving the problem.

In another study in 2012, Trabelsi et al. [28] used new, improved heuristics and a genetic algorithm (GA) to minimize
the total processing time of the sequence when a combination of obstructions existed between machines. They compared
their methods with the NEH algorithm and with each other. Their results showed that an exact solution of the heuristic
algorithm had an average error of 1.61% and an average solution time of one second [28]. In GA, the average error was
0.34%, and the maximum solution time was 11.5 seconds. Furthermore, Shao et al. [29] presented a multistage model
using a greedy algorithm to solve a flow-shop scheduling problem. Several heuristic algorithms were used in the greedy
algorithm responsible for improving the solution until reaching a local optimal point. It is worth noting that the heuristic
method has an extremely high performance in small and moderate size manufacturing companies compared to the large
size ones.

Recently, automated machine production has been widely focused on, and 10T has been adopted in the industrial
production process [30]. The fully-automated manufacturing structure based on loT is set with a parallel machine
scheduling connected to several servers [30]. Besides, Goli and Keshavarz [31] proposed a mathematical model for
parallel machine scheduling problems considering sequence-dependent preparation. They simultaneously minimized
earliness and tardiness and used biogeography-based optimization and neighborhood search algorithm. On the other
hand, Huang et al. [32] presented a heuristic method to solve a flow-shop scheduling problem. They considered the
scheduling time dependent on the sequence. This heuristic method was compared with several algorithms existing in the
literature, and the results were indicative of the efficiency of the heuristic algorithm.

Furthermore, Li et al. [33] developed an Artificial Bee Colony (ABC) algorithm for a flow-shop scheduling problem.
They redefined the ABC algorithm under discrete terms. Then, they focused on solving the flow-shop scheduling
problem with sequence-dependent scheduling time [33]. Implementation results on 780 benchmarks showed that the
designed algorithm could perform about 10% superior to other algorithms [33].
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2-2-Flow Shop Problem and 10T System

The need to perform varying tasks within a shorter period leads to downtime, which is considered a key measure for
service delivery in organizations. The innovation of 10T resulted in the shift and change in task performance in the
manufacturing sector [34]. In a flow workshop scheduling problem, a set of n jobs (J = Ji, Jo, ..., Ja) must be performed
on a set of m machines (M = {Mi, M, Mn}). All J; jobs need a series of identical operations (Oi = {Oi1, Oi, ..., Oim})
that must be performed based on the production process. Ojj operations need Pj; execution time on M; € M machine.

The objective function used in the present article was the longest makespan or Cmax. In this mode, the following
assumptions, which were introduced by Baker (1976), were established:

Each machine treats only one job at a time;

The operations of one job cannot be simultaneously performed on several machines;

Production is not discontinued during the process;

All jobs are independent and are accessible for operations at zero time;

Preparation time on machines is partial and negligible, and

Machines are constantly available.

It was concluded, considering the abovementioned, that manufacturing based on a combined 10T system led to better
performance. The previously faced challenges were solved through an improved way of doing things. Moreover, the
heuristic algorithm presented in the current study was based on the Ant Colony Optimization (ACO) algorithm, inspired
by the behavior of ants in nature. The algorithm was used to solve hybrid optimization problems and compare the results
with other algorithms, which showed the high efficiency of the algorithm.

The main idea used in the present study was derived from the algorithm presented by Ahmadizar [35]. This idea
resulted from the Max-Min algorithm, first introduced by Stults and Hoos (1997). The algorithm is an optimization of
the initial ant system. In this algorithm, only the best ants update the pheromones. Moreover, the number of pheromones
is limited between the minimum and maximum values.

A= —Z ((m -@2j- 1))Pij) 1)

=

In addition, the slope algorithm (Palmer, 1965) was used to determine the primary pheromone level. The idea of this
algorithm was to do jobs as soon as possible with a low processing time for the first machines and a high processing
time for the last machines. This algorithm minimized the wasted time before starting the job on the machines. The slope
coefficient was first calculated for the i-th job using the equation below to use the algorithm:

In Equation 1, i is the job number, j is the machine number, m is the number of machines, and pj is the total job
execution time on the j-th machine. After the calculation, the job with the highest coefficient was selected as the first
job for scheduling. Besides, the second selected job had the highest coefficient among other jobs. The process continued
until scheduling the job with the lowest coefficient. The ACO algorithm included steps of mode change, local updating,
final updating, and local search, which are explained as follows.

2-3-Mini-Max Algorithm

In ACO, all ants start creating a solution in each iteration. The K-th ant uses the selection rule for choosing the next
job, as shown below:

5= {argmax (i) if 9 = qo @)
s otherwise

In the mentioned equation, g is a random value belonging to the range of [0,1]. In addition, qo is a parameter between
zero and one, and S is a random variable chosen by probable distribution, as shown in Equation 3:

k Tij . k
ro= ,1 E N
Dij ZjeNl’F 7 j (3)
In this equation, qo is a parameter between zero and one, and Nj" is a set of jobs not selected yet. Moreover, t;; is
the relative importance (pheromone) of placing the i-th job in the j-th location. This variable shows operations
favorability level on the i-th job in the j-th location. When the K-th ant finds the justifiable solution, the pheromones of
the ant’s solution will change based on the equation below, which is known as local updating:
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iy = (1 = p)ij + p/Chaax (4)

The Ck ., parameter is the objective function (the longest makespan) of the total order of the K-th ant. In addition, p
is a parameter between zero and one. The local updating rule leads ants to search for a more prominent space to find
justifiable solutions. When ants generate their solutions, the solution with the best objective function is selected, and the
pheromones are changed based on the updating rule:

7ij = (1 = p)1yj + pz/Cigast (5)

In this equation, the CS;2¢t parameter is the best objective function of the order found in this iteration. Moreover,
the z parameter is a positive number that shows the relative importance of this order. The final updating rule leads to the
continuation of the search in the neighborhood of the best solution. The values of t,,,,, and t,,;, are updated at the end
of each iteration based on:

Tmax = 1/(pcrsr;1?ce“ (6)
Tmin = UTmax (7)

Now, all 7;; are compared, and if they are larger than z,,,, or smaller than 7,,,;,, they will be equated to the maximum
and minimum amount.

2-4-Primary Pheromone Amount
The maximum t,,,, and minimum z,,;,, are calculated using the equations below:
Tmax = 1/(PChax) (8)
Tmin = UTmax 9)

The C;,,, 1S the objective function obtained from the slope heuristic algorithm. In the formulas above, p and U are
between zero and one. The primary pheromone amount is first equated to z,,;,. In addition, the obtained pheromone of
the solution is updated by using the slope method:

75 = (1= p)tyj + p/Chax (10)

Equation 10 leads to the increase of s-order pheromone relative to the minimum amount, which leads to a search for
an immediate solution.

2-5-Local Search Algorithm and loT

One way to increase the ant algorithm efficiency is using local search methods. Therefore, first, all the input sequence
operations are moved in pairs. Then, if the solution is improved, the current sequence is replaced with a new sequence.
The general structure of the ant algorithm employed was as follows.

Table 1. The Structure of the Ant Algorithm Used

Step 1: allocating initial parameters of primary solution generation and allocating primary pheromones

Step 2: The following stages will be repeated until the termination condition is met.
2.1: Repeat the following steps for each ant in the colony.
A) A solution is generated by frequently repeating the transition rule.
B) The solution quality is improved by a local search.
C) The local updating process is performed.
D) In the case of solution optimization, it will be replaced by the best current solution.
2.2: Pheromones are corrected based on the final updating rule.

2.3: The minimum and maximum pheromones are updated and pheromones are limited.

Step 3: The best solution is exhibited.

However, though it is argued that the local search method is not required to increase efficiency, 10T helps integrate
multiple entities or tasks to establish seamless collaboration between the virtual and physical components of
manufacturing [35]. In other words, 10T can cause a change from the mere use of manual machines and the Internet to
a collaborative network of systems [35].
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Regarding Table 1 above, there was an allocation of initial parameters of the primary solution used for generating
and allocating phenomena related to utilizing 10T in manufacturing in the current paper. There were steps followed for
each point: frequently generating solutions, improving quality, updating the process, renewing software or hardware,
correcting errors, minimizing losses, and maximizing good performance. It is worth mentioning that 10T encourages
collaborating networked systems to help sensing, processing, communication, and data saving [35].

3- Results and Discussion

The problems were implemented in Delphi software in a computer with a CPU of Dual-core 3.16 GHz and a 2GB
memory. The ACO algorithm solved the sample problems, and the parameters of U, z, and p were considered at 0.005,
20, and 0.1, respectively. Moreover, the number of ants and a maximum number of iterations for algorithm
discontinuation were considered 10 and 50, respectively. Furthermore, the qo parameter was calculated by Equation 11,
where the n parameter is the number of jobs.

qo = (n—2)/n

Obstructions were placed between machines as follows and were repeated periodically:

1. RCb
2. RSb
3. RCb*
4. Wb

(11)

The results were evaluated by implementing the proposed algorithm on the study’s data based on Trabelsi et al.
(2010). Table 2 shows the number of solved problems.

Table 2. The number of solved examples

Column  Number of Jobs (n)

Number of Machines (m)

Number of Solved Examples

5

© 0 ~N o

10
11
11

© 0 N oo o b~ W N

12

=
o

12

{5,6,7,10,15,20,50,100}
{5,6,7,10,15,20,50,100}
{5,6,7,10,15,20,50,100}
{5,6,7,10,15,20,50,100}
{5,6,7,10,15,20,50,100}
{5,6,7,10,15,20,50,100}
{5,6,7,10}
{15,20,50,100}
{567}
{10,15,20,50,100}

100
100
100
100
100
100
100
20
100
20

In the present study, the results were compared with the optimal solution in another article by the same authors. The
following results were obtained from the comparison of the obtained results with the results of the metaheuristic
algorithm existing in Trabelsi et al. (2010). In addition, Table 3 shows a comparison of Different Solutions:

Table 3. A comparison of different solution methods in n=10 mode

a b c ACO

5 2.31% 5.31% 3.93% 1.69%
10 4.64% 6.01% 5.95% 4.50%
15 15.90% 8.69% 9.77% 7.86%
20 9.57% 8.38% 8.20% 7.56%
50 15.72% 25.48% 9.89% 9.88%
80 44.35% 51.02% 62.69% 44.02%
100 28.84% 23.36% 73.33% 23.11%
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Figure 3. Error rate for mode of n=10
Table 4. A comparison of different solution methods in mode of n=20
a b c ACO
5 3.12% 1.99% 3.76% 1.82%
10 1.02% 5.21% 4.23% 0.39%
15 5.69% 4.00% 2.39% 1.77%
20 14.36% 2.79% 5.56% 257%
50 3.20% 4.61% 41.15% 2.69%
80 9.63% 31.18% 41.27% 9.61%
100 68.69% 83.59% 43.86% 43.72%
90.00%
—e—a
80.00%
—e—b
70.00% c
60.00% ACO
S 50.00%
S
S 40.00%
L
30.00%
20.00%
10.00% f ;
000% et
20 40 60 80 100

Number of machines

Figure 4. The error rate for the mode of n=20
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Comparing Figures 2 and 3 and Tables 3 and 4 showed the maximum error obtained in the n=10 and n=20 modes
was approximately 70% and 80%, respectively. This finding demonstrated that problem complexity increased by
increasing the number of jobs. Moreover, Figure 1 shows that the error rate in the ACO algorithm is lower than in other
algorithms in all modes. The same applies to Figure 2, where the ACO algorithm performs better than other algorithms,
confirming its efficiency.

Applying 10T in Indonesia has been caused by the desire to innovate and the need to improve the performance of
companies through improved production processes [11]. This application means that challenges faced by the internal
supply chain unit can be solved by adopting and adapting to 10T as a required new way to minimize work delays and
save time. In addition, the utilization of loT automatically increases performance and productivity. Thus, the present
study sought to justify the importance of adopting and adapting 10T applications in Indonesian retail business
companies.

The current study used the ant algorithm to solve the problem of workshop flow with combined obstruction. The
problem is solved with the objective function of minimizing work time. Therefore, first the obstruction types were
introduced. Then, the current workshop problem was explained. The steps of the proposed algorithm are described
below. Besides, the proposed algorithm was implemented on the sample problems in the literature. The results were also
compared with the optimal solution. Furthermore, the amount of error indicated the proper performance of the proposed
algorithm. In the present study, the results were compared with the optimal solution found in another study by the same
authors. The following results were obtained by comparing the results with the metaheuristic algorithm results in the
article by Trabelsi et al. [22]. In most cases, an optimal solution was obtained in most cases for problems with 5-8 jobs.
In addition, there was no difference between the studies regarding solution time.

Moreover, the algorithm used in the present research yielded better solutions for more extensive problems than
algorithms a and b, as shown in the diagrams below. Compared to algorithm c, the current study’s algorithm yielded a
better solution or a near-optimal solution while the solution time decreased significantly. Method a was the GA with 50
chromosomes (individuals). Besides, in method b, the previous algorithm solution was improved by TSS and NEH
algorithms. Moreover, method ¢ was the best solution for algorithms b and a with a GA of 100 chromosomes
(individuals).

In many manufacturing and assembly industries, each job must go through a specific course of operations, which
mostly have a similar order for all tasks. In other words, tasks pass the same route. In such systems, the machines are
stacked one after another, and the system is known as a flow workshop. Generally, the flow workshop is a branch of
operation scheduling and is assessed in several articles annually. Flow workshop problems must determine the time and
machine used for producing each product.

4- Conclusion

Many governments, business actors, and the people themselves, as beneficiaries of the public service and consumers,
have been anxiously using the varying means of smart living to improve economic performance. Hence, this utilization
has been integrating loT into all human activities, like machine operations within the manufacturing sector. The
sequence of machines' operations significantly impacts the job volume during construction. This influence is to the
extent customers' demand is met on time and the overall cost of the product decreases, resulting in the need for
collaborative job performance of multiple devices, including 10T and the scheduling of the flow operating system.
Therefore, it is attempted to schedule operations in a production unit to employ the maximum use of the existing sources,
like workforce and machinery. Nonetheless, machine failure is unavoidable, which can increase operational costs and
cause a delay in the completion of customer orders. The flow-shop scheduling problem is one of the most complicated
issues in combined optimization and a branch of production scheduling. In this problem, the objective is to determine
the processing sequence of n jobs on m machines such that a previously determined objective function, like production
course, is optimized. In this mode, a job is considered complete when all operations related to that job are finished.

On the other hand, each job in a classic production workshop problem encompasses a set of identical items and
cannot be divided into smaller parts. In other words, each batch of items must be completely transferred from one
machine to another, even if a part of that batch’s items is prepared to be processed on the next machine. Therefore, the
first constraints assume that jobs are independent, and the second constraints show that each job cannot be decomposed.
However, these two constraints are not always established in the real world.

The present study applied the AOC algorithm to optimize the solution for the flow workshop problem with combined
obstruction. The proposed algorithm was implemented on the data presented by Trabelsi et al., where the optimal
solution was accessible to evaluate the results. The results of the proposed algorithm improved the solutions in most
cases compared to the solutions in this article. There was also a significant difference in the time spent solving more
extensive problems. It is recommended that the algorithm be optimized in future studies and be used to solve other flow
workshop problems.
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