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Abstract 
 
Production scheduling is defined as allocating limited resources to do several jobs. PT. Hari Mukti Teknik is a 
company engaged in manufacturing and engineering in Indonesia. The company implements an FCFS scheduling 
system with make to order and job shop production system. In order to produce a schedule that is efficient and 
feasible for the production process in the company, it is necessary to carry out further research on the production 
scheduling process using the heuristic method. The proposed method is Shifting Bottleneck Heuristic algorithm. 
This method can determine which machines are experiencing bottlenecks so that the scheduling results in better job 
sequences and produces a smaller makespan. The current method results in the makespan of 603 hours, while the 
Shifting Bottleneck Heuristic algorithm has smaller makespan, that is 468.71 hours. The proposed method produces 
better results than the company's existing method, where EI is 1.287 and RE is -28.651% based on the performance 
evaluation with EI and RE parameters. Therefore, the Shifting Bottleneck Heuristic algorithm is a better method and 
can be applied by the company to minimize the makespan. 
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1. Introduction 

Nowadays, manufacturing companies face a more competitive business environment. In order to win the 
competition, they have to implement more effective and efficient production system. Otherwise, they can lose out to 
their competitor. In manufacturing industries, one of the essential activities in its production system is scheduling. 
Scheduling can be defined as determining job sequences with a limited number of resources, i.e. man or machine 
(Baker and Trietsch, 2009). Job scheduling is one of the vital production planning activity that must be well 
managed. Otherwise, high makespan, delay delivery order, or high lateness can happen (Kurniawati and Nugroho, 
2017). These effects can result in lower productivity, customer dissatisfaction and higher production cost. The 
impacts described indicate that the company has poor planning and need to improve. Therefore, a strategy that the 
company can implement to minimize the makespan and improve productivity is by implementing good scheduling 
(Mazda and Kurniawati, 2020). 
 
PT. Hari Mukti Teknik is a manufacturing company located in Bantul, Indonesia. The company manufactures 
laundry equipment, such as drying machines, washing machines, ironing, etc. The production system subscribes by 
PT. Hari Mukti Teknik is the job shop scheduling, and the company applies to the make-to-order system. The 
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company has problems in the production process. Many of the workstations are idling, resulting in high makespan, 
increasing production costs and customer dissatisfaction. Due to the idleness and high makespan, this study proposes 
a job shop scheduling method to minimize the makespan. Based on the research conducted by Kassu dan Eshetie 
(2015), Cheng et al. (2009), Braune and Zäpfel (2016), Ivens and Lambrecht (1996), and Mönch and Drießel (2005), 
it was found that the Shifting Bottleneck Heuristics algorithm can produce smaller makespan and results in better 
performance parameter than the actual method. The Shifting Bottleneck Heuristics method belongs to the heuristics 
method that results in close to the optimal solution (Al-Harkan, 1997).  This method tries to identify which machine 
becomes a bottleneck in the production process. 
 
Therefore, the main contribution of this study is to improve the production scheduling process at PT. Hari Mukti 
Teknik, by implementing the following steps: 

• Compare the existing scheduling method (FCFS) with the Shifting Bottleneck Heuristic algorithm method. 
• Determine the job sequencing (scheduling) of both methods and determine the makespan. 
• Determine the best scheduling method that can be utilized in the company. 

2. Methodology 
 
As mentioned in the previous section, this study will propose a Shifting Bottleneck heuristics method as an 
alternative job scheduling methodology. The performance between the existing and the proposed scheduling will be 
compared to determine the best method to be applied in the company. So, the analytical method uses a quantitative-
comparative approach, which compares between the existing and the proposed method (Wignjosoebroto, 2008). 
 
The Shifting Bottleneck heuristics algorithm proposed in this research is referring to the works by Adam et al. 
(1988). In this algorithm, three ways of determining the existing Cmax and Lmax, namely the algorithm method, 
Earliest Due Date (EDD) and Branch & Bound method (Al-Harkan, 1997). But, in this study, the authors used the 
EDD. The algorithm can be notated as 1 | rj | Lmax problem. In this method, Lmax can be determined from each 
iteration. Then the machine that becomes bottleneck can be identified according to the Shifting Bottleneck Heuristic 
algorithm. 
 
In this study, the first step is performing data collection from the shop floor. The data is described by the conjunctive 
graphs. Then the job sequences and the makespan are determined using the shifting bottleneck heuristics method. 
The job sequences are presented using Gantt chart and comparison between the proposed method and the actual 
method is performed. In this manner, the best method that produces minimum makespan can be determined (Braune 
and Zäpfel, 2016). 
 
3. Analysis of Results 
3.1 Data Collection 
 
The case study is based on the March 2019 data, which has the most order during 2019, as shown in Figure 1. The 
orders in March 2019 are for eight products viz. 1 unit dryer (type-10 kg), 1 unit dryer (type-16 kg), 2 units dryers 
(type-40 kg), 2 units washer-extractors (type-20 kg), 1 unit roll ironer machine (type-150) and 1 unit roll ironer 
machine (type-317). The code for each order used in the calculation of the algorithm is presented in Table 1. The 
dryer production process consists of 7 (seven) operations, while the washer-extractor and the roll ironer consist of 8 
(eight) operations. The operations for each product are shown in Table 2.  
 
On the shop floor, there are 10 (ten) workstations (machines). The workstations are cutting, turning, bending, 
rolling, drilling, painting, electrical, dryer machine installation, washer extractor machine installation, and roll ironer 
machine installation. The workstation, its quantity and its code used for calculation in the algorithm are presented in 
Table 3.   
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Table 1. The company’s orders in March 2019  

 

Product Product Amount (units) Code of product (job) 
Dryer (type 10kg) 1 J1 

Washer Extractor (type 20kg) 2 J2 
Dryer (type 16kg) 1 J3 
Dryer (type 40kg) 2 J4 

Roll Ironer (type 317) 1 J5 
Roll Ironer (type 150) 1 J6 

 
 

Table 2. The production process operations for dryer, washer extractor and roll ironer 
 
 

Operation Product 
Dryer Washer extractor Roll ironer 

O1 (1st operation) Cutting Turning Cutting 
O2 (2nd operation) Bending Cutting Turning 
O3(3rd operation) Rolling Drilling Bending 
O4 (4th operation) Turning 1st Assembly Rolling 
O5 (5th operation) Painting Painting Painting 
O6 (6th operation) Assembly Rolling Drilling 
O7 (7th operation) Electrical Electrical Electrical 
O8 (8th operation) ------ 2nd Assembly Assembly 

 

Table 3. Name, amount, and code of workstation (machine) 

 

Workstation (Machine) Amount Code 
Cutting 1 1 
Turning 1 2 
Bending 1 3 
Rolling 1 4 

Figure 1. The company’s demand in year 2019 
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Drilling 1 5 
Painting 1 6 
Dryer Assembly 1 7 
Electricity 1 8 
Washer-Extractor Assembly 1 9 
Roll Ironer Assembly 1 10 

 
Based on each product's operations and the machines (workstations), a route machine table (Table 4) can be 
developed. Table 4 relates the job (order) with the operation and the relevant machine. For example, as shown in 
Table 2, for dryer, the 1st operation (O1) is the cutting operation. The column in Table 4, which corresponds to job 1 
and O1, is filled with the machine relevant to the cutting operation by looking at Table 3. So, based on Table 3, the 
machine that is relevant to cutting operation is the cutting machine and it is coded as 1. So, the column is filled as 1 
(refer to machine number 1, cutting machine).  
 
Next, the second operation for dryer is bending operation (see Table 2), and by looking at Table 3, the machine that 
is relevant to the bending operation is the bending machine and it is coded as machine number 3. Therefore, the 
column corresponding to Job 1 (dryer product) and bending operation is filled as 3 (machine number 3, bending 
machine). The rest of the columns in Table 4 are filled in this manner by looking at Tables 2 and 3.  
 

Table 4. Route machine 

 

Job Route Machine 

O1 O2 O3 O4 O5 O6 O7 O8 

1 1 3 4 2 6 7 8   

2 2 1 5 9 6 4 9 8 

3 1 3 4 2 6 7 8   

4 1 3 4 2 6 7 8   

5 1 2 3 4 6 5 8 10 

6 1 2 3 4 6 5 8 10 

 
Based on the table of route machine (Table 4), the job sequences of each machine (Table 5) can then be determined. 
For example, for machine 1, refer to Table 4 (route machine table), see the column that is filled with 1. The column 
in Table 4 that is filled with 1 means the corresponding column is related to any job operated with machine number 
1. In other words, the column refers to machine 1. Based on Table 4, the columns that is filled with 1 are job 1 O1, 
job 2 O2, job 3 O1, job 4 O1, job 5 O1, and job 6 O1. Then, this information can be converted to the notation job-
operation-machine. At machine 1, the sequences of job 1 O1, job 2 O2, job 3 O1, job 4 O1, job 5 O1, and job 6 O1, 
can be notated as 111, 221, 311, 411, 511, and 611 respectively. The notation of 111 means job 1, 1st operation is 
performed at machine 1. So, the rest of the columns in Table 5 are filled in this fashion as well.  
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Table 5 Job sequences in machines 
 
 

Machine Job Sequence 
1st 

Sequence 
2nd   

Sequence 
3rd   

Sequence 
4th   

Sequence 
5th   

Sequence 
6th   

Sequence 
1 111 221 311 411 511 611 
2 142 212 342 442 522 622 
3 123 323 423 533 633 --- 
4 134 264 334 434 544 644 
5 235 565 665 --- --- --- 
6 156 256 356 456 556 666 
7 167 367 467 --- --- --- 
8 178 288 378 478 578 678 
9 249 279 --- --- --- --- 

10 5810 6810 --- --- --- --- 
 
After finding the job sequences, the processing time for each job to each operation can then be determined. The 
processing times are presented in Table 6. Based on Table 6, as an example, the processing time to do job 1, 1st and 
2nd operations are 64.23 minutes and 145.63 minutes, respectively. The rest of the columns in Table 6 show the 
information in this fashion. 
 

Table 6. Processing time 
 

Job Processing Time (minute) 
O1 O2 O3 O4 O5 O6 O7 O8 

1 64.23 145.63 45.92 206.27 270.46 950.59 275.67 ---  
2 653.03 1284.89 1080.71 2740.73 2553.89 40.73 2777.47 847.46 
3 77.08 174.75 55.1 247.5 324.55 1140.71 275.67  --- 
4 192.69 436.88 137.75 618.76 811.37 2851.76 551.34  --- 
5 1778.02 618.42 308.89 3486.78 1703.75 639.17 415.6 15626.07 
6 888.99 309.21 154.45 1743.33 851.88 319.58 415.6 7813.04 

 
 
3.2 Shifting Bottleneck Heuristic Method 
 
After computing the processing time for all the jobs and operations (Table 6), the Shifting Bottleneck heuristics can 
then be applied. The main aim of the Shifting Bottleneck Heuristic is to determine Cmax and Lmax in the job shop 
system using an iterative method. At every iteration, each machine that is considered bottlenecks are identified by 
methodology 1 | rj | Lmax where this methodology focuses on sequencing a schedule to determine the smallest 
Lmax. So, if the largest Lmax is found on a machine, then the machine is considered as a bottleneck (Wenqi and 
Aihua, 2004; Zhang, et al., 2011; Sinambela, 2017). The Shifting Bottleneck Heuristics method used in this study is 
referred to Adams, et al. (1988). Briefly, the steps of the method are as follows (Baker, et al., 2009; Kumar, 
et.al.,2020): 
 
Stage 1: Initialization 

• MO = set as a bottleneck machine 
• Construct conjunctive graphs using the CPM (Critical Path Method) network method of the job to 

determine Cmax 
• Cmax is the maximum distance from node S (start) to node E (end) in the conjunctive graph. 

 
Stage 2 

• Determine the rj and dj of each job in each operation, then determine Lmax using  1 | rj | Lmax, then 
determine the optimal sequence of production 
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• rj = earliest start time of each job node (m, j) in the conjunctive graph of machine m. 
• dj = the last minimum start time of each completed or processed nodes at the job node (m, j) in the 

conjunctive graph of machine m. 
 
Stage 3 

• Identification of bottleneck machines 
• Compare the Lmax from each machine, the machine with the highest Lmax value is the bottleneck 

machine. 
• Update the Mo or conjunctive graph with the machine selected as the bottleneck machine. 
• Update the Cmax by adding the Lmax on the bottleneck machine with the previous Cmax. 
• Update the conjunctive graph with the direction of the arrow according to the bottleneck of the 

machine flow with a disjunctive or dotted line. 
 

Following is the calculation of 1st iteration in the Heuristics Shifting Bottleneck algorithm. Firstly, it is required to 
create a CPM network conjunctive graph. The conjunctive graph at the 1st iteration converted Table 6 into a CPM 
network graph, and it is shown in Figure 2.  Based on Figure 2, Cmax for the graph is 24576.7, and it relies on job 5. 
Figure 2 presents the production process based on the current job sequences (see Table 6). After the conjunctive 
graph is developed, then, determine the problem with 1 | rj | Lmax methodology for all workstations (machines), 
these are machine 1, 2, 3, 4, 5, 6, 7, 8, 9, and 10. The calculation is following Cheng, et al. (2009).  For machine 1, 
the implementation of 1 | rj | Lmax methodology is as follows.  Firstly, it is required to develop Table 1 | rj | Lmax. 
Table 7 presents Table 1 | rj | Lmax for machine 1.  
 
 

 
Figure 2. Conjunctive graph for the 1st iteration 

 

Table 2. 1 | rj | Lmax for Machine 1  

Job 1 2 3 4 5 6 

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

p 64.23 1284.89 77.08 192.69 1778.02 888.99 

r 0 653.03 0 0 0 0 

d 22682.16 13882.68 22358.42 19168.84 1778.02 12969.61 
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In order to minimize Lmax in the above problem, it must be sorted using the dispatching rules method. In this study, 
it used the Earliest Due Date (EDD) as the dispatching rules method. The sorting process can be seen in Table 8 
below. Based on Table 8, the maximum delay or Lmax on Machine 1 is equal to 0. 
 

Table 3. Minimizing Lmax for Machine 1 

 

Job (j) pj rj Sj Cj dj Lj 
5 1778.02 0 0 1778.02 1778.02 0 
6 888.99  0 888.99 1777.98 12969.61 -11191.6 
2 1284.89 653.03 2667.01 3951.9 13882.68 -9930.78 
4 192.69 0 3951.9 4144.59 19168.84 -15024.3 
3 77.08 0 4144.59 4221.67 22358.42 -18136.8 
1 64.23 0 4221.67 4285.9 22682.16 -18396.3 

 
Following all the proposed algorithm steps, the algorithm's step is stopped at the second iteration. At the second 
iteration, a more optimal scheduling sequence has been obtained. Then the final job scheduling for machine 1 to 
machine 6 are presented in Table 9.  
 

Table 9. Actual Scheduling and Scheduling of Shifting Bottleneck Heuristics Algorithm 
 

Machine Actual scheduling Shifting Bottleneck Heuristics 
Algorithm 

1 j1, j2, j3, j4, j5, j6 j6, j5, j2, j4, j3, j1 
2 j1, j2, j3, j4, j5, j6 j2, j6, j5, j4, j3, j1 
3 j1, j3, j4, j5, j6 j6, j5, j4, j3, j1 
4 j1, j2, j3, j4, j5, j6 j6, j5, j4, j3, j1, j2 
5 j2, j5, j6 j6, j2, j5 
6 j1, j2, j3, j4, j5, j6 j6, j5, j2, j4, j3, j1 
7 j1, j3, j4 j4, j3, j1 
8 j1, j2, j3, j4, j5, j6 j6, j5, j2, j4, j3, j1 
9 j2, j2’ j2, j2’ 

10 j5, j6 j6, j5 
 
After determining the job sequences based on the proposed method, then the makespan is calculated. In order to 
determine the makespan, a Gantt Chart is used. Gantt Chart is a graph describing relationship between resource 
allocation and time. The vertical axis depicts the type of resources used, and the horizontal axis represents the unit of 
time (Ginting 2009). Based on the Gant chart, the proposed scheduling results in a makespan of 28122.05 minutes or 
468.71 hours. 
 
4. Discussion 
 
As mentioned in the previous section, this study will propose Shifting Bottleneck heuristics method as an alternative 
job scheduling for the company. Then the performance between the actual and the proposed scheduling will be 
compared to determine the best method to be applied in the company. So, the analytical method uses a quantitative 
comparison. 
 
In its current production system, the company implemented the FCFS scheduling system. The actual scheduling is 
presented in Table 9. Based on the actual method, the makespan is 603 hours (36180 minutes). The heuristic shifting 
bottleneck method in this study resulted in two iterations, with the job sequences are presented in Table 9 and the 
makespan is 28122.05 or 468.71 hours.  The comparison between the actual and the proposed makespan is presented 
in Table 10.  
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Table 10. Makespan comparison between the actual and proposed method 
 

Makespan 

Actual Scheduling (FCFS) 
 
Shifting Bottleneck Heuristic Algorithm 
 

36180 minutes (603 hours) 
 
28122.05 minutes (468.71 hours) 
 

 
Apart from the makespan calculation, there are several performance parameters that can be used to determine which 
method is better. Refer to Pour (2001) and Kassu, et al. (2015), Efficiency Index (EI) and Relative Error (RE) are 
the two parameters that can be used as the performance parameters that measure and determine which method is the 
best.   
 
EI is a comparison between the new heuristic algorithm and the method used by the company. If EI = 1, then both 
methods have the same performance, if EI <1 then the proposed heuristic algorithm has less performance than the 
method used by the company, and vice versa. In Efficiency Index (EI), the value calculations are carried out in order 
to find out the better performance of the methods used. The criteria used in the EI calculation is the makespan value. 
Refer to Pour (2001), the EI calculation in this study is as follows: 
 

 
 

 
 

 
 
 
RE is used to determine how far the makespan difference is produced by the two methods. If the RE calculation 
result is negative, it means that the use of the two methods will have a large difference in the makespan value.  In 
Relative Error (RE), the calculation of the RE value is used to find out how far the differences in the final results 
produced by the two methods. The criteria used in the RE calculation is the makespan value. Refer to Pour (2001), 
the RE calculation in this study is as follows: 
 
 

 
 

 
   

 
 
 
Based on the formula of EI and RE above, then the EI and RE values between the actual and the proposed methods 
are summarized in Table 11. Based on the table, it can be seen that the method proposed by the researcher is better 
than the actual method applied in the company because the EI value is > 1. Based on the RE value, where the 
calculation results are negative, there is a significant difference in makespan value. This performance parameter 
results show that the proposed method is better than the existing method.  
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Table 4. EI and RE 
 

Methods EI RE 
FCFS – Shifting Bottleneck 

Heuristic   
 

 
5. Conclusion 
 
Based on the study above, it can be concluded that the Shifting Bottleneck Heuristic algorithm method is a method 
that produces the shortest makespan, it is 28122.05 minutes (468.71 hours). With the proposed scheduling method, 
PT. Hari Mukti Teknik can save 134.29 hours of production time or around 17 days (16,785 days). This is because 
in job 6 and job 5 there is a relatively long processing time, the job is done first, as explained in the predetermined 
sequence. Refer to the makespan and the performance measurements such as EI and RE; thus, the Shifting 
Bottleneck Heuristic algorithm is promising to be applied by the company since it can save the total completion time 
and results in smaller makespan than the existing scheduling.  
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