
Application of Johnson’s algorithm in processing 

jobs through two-machine system 
 

Modestus OKWU, Ikuobase EMOVON 

 

 

DOI: 10.30464/jmee.2020.4.1.33 

 

Cite this article as: 

Okwu M., Emovon I. Application of Johnson’s algorithm in processing jobs through two-machine system. Journal 

of Mechanical and Energy Engineering, Vol. 4(44), No. 1, 2020, pp. 33-38. 

 

 

Journal of Mechanical and Energy 

Engineering 

 

Website: jmee.tu.koszalin.pl 

 

ISSN (Print): 2544-0780 

ISSN (Online): 2544-1671 

Volume: 4(44) 

Number: 1 

Year: 2020 

Pages: 33-38 

 

 

Article Info: 

Received 3 April 2020 

Accepted 14 April 2020 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Open Access 

This article is distributed under the terms of the Creative Commons Attribution 4.0 (CC BY 4.0) International 

License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and 

reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, 

provide a link to the Creative Commons license, and indicate if changes were made. 



ISSN: 2544-0780 | e-ISSN: 2544-1671 

Vol. 4(44) | No. 1 | March 2020 | pp. 33-38 

DOI: 10.30464/jmee.2020.4.1.33 

APPLICATION OF JOHNSON’S ALGORITHM IN 

PROCESSING JOBS THROUGH TWO-MACHINE SYSTEM 

Modestus OKWU1*, Ikuobase EMOVON1 

1* Federal University of Petroleum Resources Effurun, Warri, College of Technology,  

Department of Mechanical Engineering, Delta State, Nigeria, e-mail: okwu.okechukwu@fupre.edu.ng 

(Received 3 April 2020, Accepted 14 April 2020) 

Abstract: The purpose of this research is to effectively schedule jobs in a production company 

using heuristic Johnson’s algorithm. A popular pure water production factory, Iterlene industrial 

services limited (IISL) located at Effurun, Nigeria was investigated and it was noticed that 

different sizes of jobs (bottled water) are produced ranging from 25 cl, 50 cl, 60 cl, 75 cl, and 

150 cl respectively, which are processed through the filling machine (FM1) and capping machine 

(CM2). In the order FM1CM2. Each job has to pass through the same sequence of operations. 

Jobs are assigned in such a way that a job is assigned on FM1 first and once processing is 

completed on FM1, it is assigned to CM2 and passing is not allowed. The idle time for the 

production of 500 bottles of water was estimated to be 1020 seconds (17.00 mins.). Johnson’s 

algorithm was applied to minimize the idle time for both FM1 and CM2 by determining the 

optimal sequence of the processed jobs. This was achieved within 780 seconds (13.00 mins.). 

Conclusively, the minimization of total elapsed time between the completion of first and last job was 

achieved. This would greatly improve productivity, effectiveness, and profitability at iterlene factory. 
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1. INTRODUCTION 

Johnson's algorithm is a way of determining the 

optimal sequence or shortest paths in a manufacturing 

or production system. In operations research and 

production management, Johnson's rule is a method of 

scheduling jobs in two work centers, with the primary 

objective of finding the optimal sequence of jobs to 

reduce make span (Sharma, 2013). It also reduces the 

number of idle time between the two work centers. 

Sharma (2013) further explained that results are not 

always optimal, especially for a small group of jobs. 

Johnson's algorithm is one approach that can often be 

applied to minimize the total elapsed time between the 

start of a job on the first machine and completion of 

a job on another machine. The heuristic algorithm can 

be implemented in job scheduling. Johnson's algorithm 

gives a straightforward approach to finding an optimal 

order (Taha, 2012). Sanan et al. (2013) described 

Johnson Algorithm as a perfect algorithm for the 

shortest path problem (SPP). They stated further that 

Johnson Algorithm is capable of solving combinatorial 

problems and can be applied in the different area 

especially where processing n jobs through two or 

more machines is required. According to Johnson 

E. B. (1977) In solving the shortest-path problem, it is 

important to look at the flow process of the jobs 

through the available machines, the opined that 

knowing the different paths job flow process and 

predicting the minimum length from source to the 

destinations is important. In real value problem where 

the distance between two points is considered 

especially cases where weights are assigned for 

positive and negative weights, Johnson algorithm can 

be implemented, unlike other algorithms that consider 

only positive values. Other research areas where 

Johnson algorithm has been demonstrated effectively 

demonstrated are in the work of (Black 2004; Cormen 

et al. 2001; Russel and Norvig 2003, Pogorilyy et al. 

2017). Scheduling is the allocation of start and finish 

time to each particular order and jobs in a machine 

shop. Therefore, scheduling can bring productivity in 

the shop floor by providing a calendar for processing 

a set of jobs. It is nothing but scheduling various jobs 

on a set of resources (machines) such that certain 

performance measures are optimized. In flow shop 

scheduling problem, there are ‘n’ jobs; each requires 
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processing on ‘m’ different machines. The order in 

which the machines are required to process a job is 

called process sequence of that job. The process 

sequences of all the jobs are the same. But the 

processing times for various jobs on a machine may 

differ. If an operation is absent in a job, and then the 

processing time of the operation of the job is assumed 

to be zero. A job shop is a type of manufacturing 

process structure where small batches of a variety of 

custom products are made. In the job shop process 

flow, most of the products produced require a unique 

set-up and sequencing of processing steps. Similar 

equipment or functions are grouped, such as all drill 

presses in one area and grinding machines in another 

in a process layout. The layout is designed to 

minimize material handling, cost, and work in process 

inventories. 

1.1. Related Researching on Sequencing or 

Scheduling of Jobs 

According to Bruker (1998) in his book titled 

"Scheduling Algorithms", he stated clearly that 

Johnson Algorithm is an effective method of finding 

solutions to the problem considering a two server one 

queue system. According to him, it is important to 

observe the processing times on the servers. If the 

shortest processing time is on the first server then the 

job is positioned in the first available space in the 

sequence. If the processing time is on the second 

server, then the job is positioned in the last available 

space in the sequence. Where there is a tie in 

processing in selecting the minimum processing times 

some conditions are implemented. He further 

demonstrated this by solving the problem considering 

a two machine, one-queue, no-passing arrangement 

tasks. This serves as a starting point for many creative 

and heuristic algorithms. Glaser and Sinha (2010) 

considered a problem of minimizing the overall time 

required to complete a sequence of associated jobs. 

The traditional heuristic method was adopted and for 

complex combinatorial problems, Johnson's algorithm 

remains a reliable method or technique that can be 

applied to solve such problems. The algorithm is 

straightforward and can easily be understood and 

implemented. Sandor et al. (2003) implemented 

Johnson's algorithm in solving the scheduling problem 

in Group Technology (GT). They factored into 

consideration a two automated machine system 

machine A (MA) and machine B (MB). While solving 

the problem using Johnson Algorithm, they organized 

the machines in such a way that MA is very much 

available to start or perform the available task at a 

predetermined time and MB is also very much ready 

to engage the jobs flowing out from MA. Also, the 

work-piece that are to flow from MA to MB are 

arranged in an orderly manner and well positioned in 

billets for easy feed into MA and MB. The pattern of 

arrangement is done in group such that workpiece can 

flow from one point to another to ensure that setup 

time is minimized for all group of jobs. The problem 

of setup time perfectly optimized using the Johnson 

algorithm and the authors were satisfied with the 

obtained result. 

Xiong et al. (2014) carried out an analysis on 

issues surrounding scheduling of job for cloud data 

centres by looking at existing constraints and 

developed a mathematical model for effective 

scheduling of job. To solve the problem a hybrid 

algorithm was developed by breeding Johnson's Rule 

(JR) and Genetic Algorithm (GA) to create Johnson's 

rule base genetic algorithm, the coding was perfectly 

achieved and simulations were used for sensitivity 

alalysis. The hybrid algorithm gave a better and faster 

result than the traditional scheduling operation. 

Zotkiewicz et al. (2016) addressed the problem of 

scheduling in energy efficiency system by reasonably 

allocating variable resources for effective scheduling 

of task. Hu and Veeravalli (2013) looked at the 

problem of scheduling bag of task by considering 

dual-stage-task arrangement. Cheng et al. (2013) 

considered a minimization process scheduling model 

for a two-machine flow shop problem with a reduced 

learning utility or task where the definite processing 

time of a job is a function of the position of the job at 

that given time. Dong et al. (2013) formulated 

a heuristic technique that combines two hybrid 

algorithms for solving a scheduling problem in a dual-

stage hybrid flow shop. Liao et al. (2015) formulated 

a heuristic model solved as a mixed integer problem 

by considering a scheduling problem with multiple 

product flow via dual-stage assembly system. Nikzad 

et al. (2015) minimized the makespan of products by 

developing a model for the scheduling problem with 

two-stage hybrid flow shop. Other related research on 

scheduling optimization can be found in research 

conducted by the following authors (Mansouria et al. 

2016; Bellanger et al. 2013; Hekmatfar et al. 2011) 

2. MATERIALS AND METHODS 

Iterlene bottled water factory in Effurun, Nigeria 

was investigated. A two-machine system is considered 

in this research, the filling machine (FM1) and 

capping machine (CM2. According to Sharma, the 

extension of Johnson’s algorithm is possible where the 

machine exceeds more than two (2) and it also should 

satisfy the condition (min ti1 ≥ max ti2, min ti3 ≥ max ti2). 

The sequence can adopt same procedure but easier by 

converting a three machine problem to a two machine 

by combining “Machine 1 and Machine 2” then 

“Machine 2 and Machine 3”. The combination of two 

machines “Machine 1 and Machine 2” will be 

considered as one machine “machine 1” and then the 

combination of “Machine 2 and Machine 3” will also 

be considered as Machine 2. Then, jobs are proceeded 

using heuristic Johnson’s algorithm. Processed jobs 
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can be many in number. In this research, 5 jobs are 

processed on two machine system. Johnsons rule is 

summarized by Sharma (2013) as follows: 

− jobs are listed along their processing times on each 

machine in a table with the processing time of the 

machine on the left hand side column and number 

of jobs on the right hand side column; 

− processing time was examined on the available 

machines. Considering the two machines FM1 and 

CM2, in each column of the table established, the 

shortest processing time was noted, that is (t1j, t2j) 

for all j; 

− where the shortest processing time is on the first 

machine (FM1), then select the job in the first 

available position in the sequence. A situation 

where the processing time is on the second 

machine (M2) , then place the job in the last 

position of the sequence. Break ties arbitrarily; 

− cross off assigned jobs from the table and assign 

the next job; 

− calculate the idle time for machine FM1 and CM2. 

Idle time for FM1 = (Total elapsed time) minus 

(Time required for the last job to be completed on 

FM1).Idle time for CM2 = (Time at which the first 

job is completed on FM1) plus (Time the jth job in 

a sequence commenced on CM2) – (Time when 

the (j-1)th job in a sequence completed on CM2); 

− total elapsed time for all jobs = is the time required 

for the nth job to be completed on CM2. 

2.1. Process of Jobs on FM1 and CM2 at IISL 

Iterlene industrial services limited is a versatile 

establishment that has its product and services 

widespread into various sectors, such as petroleum 

sector, consumer’s goods sector and catering and 

servicing services. This research focused on the 

application of Johnson’s algorithm for effective 

scheduling of jobs in the system to minimize the total 

elapsed time between the completion of first and last 

job on FM1 and CM2 while considering a range of 

product in bottles of size: 25 cl, 50 cl, 60 cl, 75 cl, 

150 cl. The two machines used for performing the 

filling and capping processing operation in the 

aforementioned company are shown in Figures 1 and 2. 

Filling Process 

This is a process of filling different water bottles 

of different sizes. The filling machine shown in 

Figure 1 is needed to automatically perform the filling 

operation. 

Capping Process 

This is an enclosure process or process of tight 

sealing the processed and filled bottled container. The 

capping machine shown in Figure 2 is required to 

perform the capping operation. 

Within the period of investigation at IISL, the 

researcher considered a process of filling and capping 

of 100 bottles of different sizes of bottled water. The 

time spent to fill and cap each bottled water of 

different sizes on each of the machines is noted putting 

into consideration 100 bottles of water ranging from 

25 cl, 50 cl, 60 cl, 75 cl, and 150 cl sizes respectively. 

 

Fig. 1. Filling machine 

 

Fig. 2. Capping machine 

Job allocation 

Five (5) jobs are considered Job A-E shown below: 

− Job A- 100 bottles of 50 cl bottle water, 

− Job B- 100 bottles of 25 cl bottle water, 

− Job C- 100 bottles of 150 cl bottle water, 

− Job D- 100 bottles of 75 cl bottle water, 

− Job E- 100 bottles of 60 cl bottle water. 

Below is a time table for filling and capping 

operation at ISSL is shown in Figure 3.  
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Tab. 1. Processing time for filling and capping operation for 
100 bottles  

Jobs Filling (sec) Capping (sec) 

S/N Ist reading 2nd reading Ist reading 2nd reading 

Job A 101.00 81.00 104.00 98.00 

Job B 66.00 65.00 95.00 65.00 

Job C 294.00 289.00 190.00 164.00 

Job D 207.00 205.00 199.00 202.00 

Job E 184.00 194.00 217.00 204.00 

 

Summarizing Table 1 further by taking the average 

of first and second reading, the final table is presented 

as Table 2. To effectively apply Johnson algorithm 

(JA) to solve the underlying problem, it is important to 

note the basic assumptions of JA: 

− the processing time of each machine is exactly 

known and independent of the order in which they 

are being processed, 

− time taken by the job moving from one machine to 

another is negligible, 

− once a job has begun on a machine it must be 

completed before another job can begin on that 

machine, 

− only one job can be processed on a given machine 

at a time, 

− all jobs are known and ready for processing before 

the period under consideration. 

Tab. 2. Average processing time for filling and capping  

(Ji) A B C D E 

(ai) 91.00 65.50 291.5 206.00 189.00 

(bi) 101.00 80.50 177.00 200.50 210.50 

 

Applying Johnson’s algorithm we first carry out 

the sequencing operation using the time data available 

in Table 2. Following the already established 

Johnson’s Algorithm rule as earlier stated and as 

proposed by Sharma 2013, the processing time of FM1 

and CM2 were examined, the job with shortest 

processing time was processed first and so on 

following the sequencing rule, the ideal sequencing is 

shown in Table 3. 

Tab. 3. Optimum sequence of job 

 1 2 3 4 5 

S JB JA JE JD JC 

 

Having obtained the optimum sequence as shown 

in Table 3, scheduling, which involves the allocation 

of start and finish time to each particular order 

(sequence) was implemented. This can be seen in 

Table 4. A well scheduled job helps in the effective 

computation of the total processing time based on 

production carried out in terms of the optimum 

sequence. The total optimum elapsed time obtained is 

further presented in the Gant chart of Figure 3.  

Tab. 4. Total minimum elapsed time for filling and capping 
operation  

Optimum 

sequence 

Filling 100  

bottles (sec) 

Capping 100 

bottles (sec) 

Idle time for 

capping 

Ji In Out In Out  

JB 0.00 65.50 65.60 146.00 65.5 

JA 65.50 156.50 156.50 257.50 10.00 

JE 156.50 345.50 345.50 555.50 88.00 

JD 345.50 551.50 555.50 756.00 - 

JC 551.50 842.50 842.50 1019.5 86.5 

 

 

Fig. 3. Gant chart showing the total minimum elapsed time 
for filling and capping operation 

3.  RESULTS AND DISCUSSION 

As shown in Table 6, the processing time n jobs 

are processed on the two machines FM1 and CM2 in 

the order FM1CM2, each job has to go through FM1 

and then to CM2. The no passing rule was fully 

implemented and the minimum elapsed time, which is 

the time for filling of the first assigned Job Jb to 

capping of the last Job Jc is 1019.5 seconds. During 

this time, the machine rem 

ained idle for about 177 seconds, that is 1019.5 

minus 842.9 seconds, which gives a total of roughly 

2.95 mins. The idle time for CM2 is shown in Table 6. 

Total time of completion of filling process of jobs: 

 TF = 842.5 secs = 14.04 mins. (1) 

Total time of completion of capping process of jobs: 

 TC = 1019.5 secs = 17.00 mins.  (2) 

Total time of production of jobs: 

 TC = 1019.5 secs = 17.00 mins.  (3) 
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Idle time filling = time of completion of jobs – 

time of completion of filling process: 

 TC - TF = (17.00 – 14.04) mins = 2.96 mins.. (4) 

From table 4, Idle time capping equal: 

 65.5 + 10.00 + 88 + 86.5 = 250 secs, (5) 

which is approximately equal to 4.17 mins. Also, 

neglecting idle time, total time of production of jobs is 

equivalent to 17.00 minutes of processing time minus 

4.17 minutes of processing time as shown in Table 4, 

which equal 12.83 minutes, approximately 13 minutes. 

4. CONCLUSIONS 

Johnsons Algorithm has been effectively demonstrated 

as an effective technique for accurately scheduling and 

optimizing time. Different sizes of jobs were 

processed through FM1 and CM2. In the order 

FM1CM2. The idle time for the production of 500 

bottles of water was estimated to be 1020 seconds 

(17.00 mins.). Idle time for both FM1 and CM2 was 

further minimized by determining the optimal 

sequence of the processed jobs using Johnson’s 

algorithm. The solution form the heuristic technique 

was achieved within 780 seconds (13.00 mins.) 

approximately. Finally, the optimal sequence of 

completing the required job was achieved and total 

elapsed time was minimized between completion of 

first and last job on FM1 and CM2.  

Nomenclature 

Symbols 

i – index representing number of jobs 

tij – time required for job i on machine j 

T – Total elapsed time for processing all jobs on 

machine, it includes idle time if any exist 

IIJ – Idle time on machine j for the end of job (i-1) to 

the start of job i 

Ji – jobs to be moved from one machine to another 

ai – average processing time for job to pass through 

the filling machines in seconds 

bi – average processing time for job to pass through 

the capping machines in seconds 

S – Sequencing of Job 

Acronyms 

FM – Filling machine 

CM – Capping Machine 

IISL – Iterlene Instrial Services Limited 

REFERENCES 

1. Bellanger A., Hanafi S., and Wilbaut C. (2013). “Three-
stage hybrid flow shop model for cross-docking,” 
Computers & Operations Research, vol. 40, no. 4, pp. 
1109-1121 

2. Brucker P. (1998). Textbook on Scheduling Algorithms, 
Springer-Verlag Berlin, Heidelberg 

3. Black, Paul E. (2004), "Johnson's Algorithm", Dictionary 
of Algorithms and Data Structures, National Institute of 
Standards and Technology. 

4. Cheng T.C.E., Wu C.C., J. C. Chen, W. H. Wu, and S. R. 
Cheng (2013). “Two-machine flowshop scheduling with 
a truncated learning function to minimize the makespan” 
Int. J. Production Economics, no. 141, pp. 79-86, 2013. 

5. Cormen, Thomas H.; Leiserson, Charles E.; Rivest, 
Ronald L.; Stein, Clifford (2001), “Introduction to 
Algorithms”, MIT Press and McGraw-Hill, ISBN 978-0-
262-03293-3 

6. Dong J., Hu J., and ChenY. (2013) “Minimizing 
makespan in a two stage hybrid flow shop scheduling 
problem with open shop in one stage,” J. Chinese Univ., 
vol. 28, no. 3, pp. 358-368 

7. Glaser A. and Sinha M. (2010) Scheduling Programming 
Activities and Johnson's Algorithm. Journal of 
Management, administration and support. 5 (1-7) 

8. Hekmatfar M., Ghomi S.M.T.F., and Karimi B. (2011). 
“Two stage reentrant hybrid flow shop with setup times 
and the criterion of minimizing makespan,” Applied Soft 
Computing, vol.11, no. 8, pp. 4530-4539 

9. Hu M. and Veeravalli B. (2013) “Requirement-aware 
scheduling of bagof-tasks applications on grids with 
dynamic resilience,” IEEE Trans. Comput., vol. 62, no 
10, pp. 2108-2114 

10. Johnson, D. B.(1977). Efficient algorithms for shortest 
paths in sparse networks. Journal of the Association for 
Computing Machinery, volume 24, pp. 1–13 

11.  Liao C.J., Lee C.H. and Lee H.C. (2015) “An efficient 
heuristic for a two-stage assembly scheduling problem 
with batch setup times to minimize makespan,” Comput. 
& Indust. Engineering, no. 88, pp. 317-325 

12.  Mansouria S.A., Aktasb E. and Besikcic U. “Green 
scheduling of a two-machine flowshop: Trade-off 
between makespan and energy consumption,” Eur. J. of 
Operational Research, no. 248, pp. 772-788 

13. Nikzad F., Rezaeian J., Mahdavi I., and Rastgar I. (2015) 
“Scheduling of multi-component products in a two-stage 
flexible flow shop,” Applied Soft Computing, no. 32, pp. 
132-143 

14. Pogorilyy S.D., Slynko M.S., Rustamov Y.I. (2017) 
Research and Development of Johnson's Algorithm 
Parallel Schemes in GPGPU Technology, TWMS, 
Journal of Pure and Applied Mathematics. .8, (1) .12-21 

15.  Russell, S. J.; Norvig, P. (2003). “Artificial Intelligence: 
A Modern Approach”. Upper Saddle River, N.J.: 
Prentice Hall. pp. 97–104. ISBN 0-13-790395-2 

16. Sándor R., Tibor Tóth, János Göndri-Nagy (2003) A 
multiple (extended) application of the Johnson 
Algorithm for the Two-Machine Manufacturing Cell 
Scheduling Based on Group Technology. Journal of 
Production Systems and Information Engineering. 1 (55-69) 

17. Sanan S., Leena jain, Bharti Kappor (2013). Shortest 
Path Algorithm, International Journal of Application or 
Innovation in Engineering & Management (IJAIEM), 
Volume 2, Issue 7, 316-320 

18. Sharma J.K. (2013). Operations Research Theory and 
Applications. A book published by Amitabh Nagpal for 
Macmillan Publishers India Ltd 3A, DLF corporate Park, 
Gurgaon 122 002 (Haryana), India. 5th edition. ISBN: 
978-9350-59336-3 

19. Xiong Y., Suzhen Huang, Min Wu, Jinhua She, Keyuan 
Jiang (2014) A Johnson's-Rule-Based Genetic Algorithm 
for Two-Stage-Task Scheduling Problem in Data-Centers 
of Cloud Computing. Journal of Latex Class Files 13(9) 1-14 

20. Zotkiewicz, M. Guzek, D. Kliazovich and P. Bouvry 
(2016) “Minimum Dependencies Energy-Efficient 
Scheduling in Data Centers,” IEEE Trans. Parallel 
Distrib. Syst., vol.27, no.12 ,pp.3561 - 3574 



38 Okwu M., Emovon I. | Journal of Mechanical and Energy Engineering, Vol. 4(44), No. 1, 2020, pp. 33-38  

Biographical notes 

Modestus Okwu is a lecturer and 

research fellow at the Federal 

University of Petroleum Resources 

Effurun, Delta State Nigeria and has 

previously worked as a Lecturer at the 

Federal University Oye-Ekiti, 

Mechanical and Mechatronics 

Engineering Department. He obtained 

his Ph.D.and B.Eng. in Mechanical 

(Industrial) Engineering, Federal University of Technology 

Owerri and MSc. in Industrial Engineering from the 

University of Ibadan. His research interests include: 

Algorithms, Combinatorics and Optimization; operations 

research and modeling; supply chain design, processes and 

engineering; renewable and alternative energy; industrial 

safety; IoT; machine learning; artificial intelligence and 

robotics. 

Ikuobase Emovon is a senior lecturer 

and Acting Head, Mechanical 

Engineering Department, Federal 

University of Petroleum Resources, 

Effurun, Nigeria. He obtained his PhD 

degree in Maritime Technology from 

Newcastle University, Newcastle Upon 

Tyne, United Kingdom. His research 

interest includes among others; 

Engineering system maintenance, reliability, risk analysis and 

multi-criteria decision making in industrial system 

environment. The author has published several papers in 

reputable international Journals such Applied Energy, 

Applied Ocean Research and Ocean Engineering and he is 

a reviewer to some of these Journals. 


