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Abstract: In the contemporary circumstances, manual solving 

of job shop scheduling problem (JSSP) is quite time consuming 
and inaccurate. The main intention of this paper is to analyze the 
performance of various optimization techniques in JSSP in order 
to minimize makespan time. This paper aims to analyze four 
optimization techniques viz, particle swarm optimization (PSO), 
genetic algorithm (GA), opposition based genetic algorithm(OGA) 
and opposition based particle swarm optimization with Cauchy 
distribution (OPSO CD) in addition to the existing optimization 
techniques applied in various research papers on combinatorial 
optimization problems viz., JSSP. A comparative study of these 
optimization techniques were conducted and analyzed to find out 
the most effective optimization technique on solving JSSP. Results 
show that OPSO CD is found to possess minimum makespan time 
in comparison with other algorithms for JSSP. 

Keywords: Job shop scheduling, Opposition based particle 
swarm optimization with Cauchy distribution, makespan time, 
combinatorial optimization 

I.      INTRODUCTION 

JSSP refers to the scheduling of various machines to handle 
a set of jobs. Each job needs to be processed by a given 
machine for a particular uninterrupted period of time. 
Makespan time refers to the duration in which all operations 
for all jobs are completed by a set of machines on the shop 
floor. The optimum scheduling of machines used in the 
production area heavily influences the actual cost of product 
and overall profitability of organization. JSSP deals with 
optimizing makespan time. Manual scheduling is time 
consuming and cumbersome. The solution is to select an 
appropriate optimization algorithm and apply to JSSP. The 
process of finding the suitable possible schedule from a 
numerous schedules is the main difficulty faced in scheduling 
problems [1]. JSSP is classified as an NP hard problem [2, 3, 4, 5] 
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as the possible population size and the computational time for 
algorithms to find a suitable possible schedule increases 
exponentially with job machine size. 

For JSSP, many heuristic and meta heuristic algorithms 
have been proposed such as fast simulated annealing 
hybridized with quenching [6] of Kashif Akram et al., TLBO 
algorithm of H.S.Keesari et al [7]., and Adil Baykasoglu et 
al[8]., Hybrid Genetic algorithm with a knowledge based 
operator of Hamid Piroozfard et al [9]., particle swarm 
optimization of Tsung- Lieh- Lin et al [1] ant colony 
optimization, fire fly algorithm, bee colony optimizations, 
cuckoo search optimization of K.Kanaka Vardhini et 
al[11].,simulated annealing approach of Baykosoglu[12] ,Van 
Laarhoven et al[13], Steinhoel et al[14], Suresh et al[15], Tabu 
search method of Nowicki et al[16], genetic algorithm of 
Gonclaves et al[17], Park et al[18], Wang and 
Zheng[19],Watanabe et al[20]. Jain and Meeran [21], Fan and 
Zhang [22], Vaessens et al [23] provided a comprehensive survey 
of various methods on JSSP. In this paper, OPSO CD has 
been found to achieve better solution in combinatorial 
optimization problems like JSSP. 

PSO is developed by Kennedy and Eberhart [24] in 1995. 
This transformational algorithm was developed by the 
movement of a flock of birds seeking for food. This algorithm 
starts with an initial population of scattered solution called 
particles that are characterized by a position and a velocity. In 
PSO, a best fit solution is denoted by a particle that modifies 
its position and velocity so that the global best particle is 
obtained [25]. Once fallen in to local optima, the standard PSO 
fails to recognize the best existing local optima if any. This is 
a serious draw back with standard PSO. For achieving a better 
solution, some local search schemes should be incorporated 
with PSO as PSO’s local search ability is sluggish than global 
searching ability [10]. In this context, OPSO CD is applied to 
solve JSSP.  

The remainder of this paper is structured as follows: 
Section 2 introduces OPSO CD algorithm and its 
implementation, whereas Section 3 illustrates the analysis of 
the proposed algorithm on JSSP with its results and 
discussions. Finally, Section 4 concludes the finding of this 
study with a few remarks. 
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II. OPPOSITION BASED PSO WITH CAUCHY 
DISTRIBUTION ALGORITHM AND ITS 

IMPLEMENTATION 

Hamid R Tizhoosh introduced opposition based learning and 
proved its effectiveness by applying the same in optimization 
problems.  
The significant intention of this learning approach is to 
generate an opposition based solution for initially generated 
random solution.  
The function to calculate opposition solution from initial 
solution is as follows; 

        ii IyxO          (1) 

Ii ϵ I1, I2, I3 …. NP, are initial solution randomly generated 
from which aforementioned equation (1) implies to generate 
opposition based solution where x and y are minimum and 
maximum values. For updating the initially generated solution 
and opposition-based solution, the following equations, (2) 
and (3) are utilized. 
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Where inertia factor is represented as h; r1 and r2 are the 
parameters where two random numbers are assigned in 
between zero and one. A couple of controlling parameters 
involved in this updating process is c1 and c2 and it is assigned 
as two. Position and velocity of i is said to be Xi and Vi and 
then ith particles of previous best is considered to be pbesti and 
gbest whereas gbest (global best) is considered to be the best 
particle so far attained. The recent theoretical analysis 
verdicts that the particle on PSO fluctuates between previous 
and global best before it converge. To assist the entire particle 
in a better position, it is essential to include global best 
neighbors in consecutive generating solutions. This will be 
proficient by encompassing Cauchy distribution function to 
be a part of global best in every generation. The 
one-dimensional Cauchy density function centered at the 
origin is represented by: 
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where, k > 0 is a scale parameter. 
The Cauchy distributed function is: 
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The Cauchy distribution operator utilized as a part of 
OPSO is as follows:  
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where Pop Size is the population size, V[j][i] is the ith velocity 
vector of the jth particle in the population and w(i) is a weight 
vector within [-Wmax, Wmax]. 
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where, Cdf is a Cauchy distributed function with the scale 
parameter k = 1, and Cdf (Xmin , Xmax) is a random number 
within [Xmin , Xmax], which is a characterized domain of a test 
function.  

A. Pseudo-code for OPSO-Cauchy distribution 

Generate initial solution [Ii] 
Generate opposite solution [Oi] 
Fitness computation [Fi] 
Sorting [Pbest   Gbest] 
Particle updation 
 for i=1:NP 
  Calculate particle velocity (2) 
   Update particle (3) 
  end 
 for i=1:NP 
  Calculate w(i) according (6) 
  If w(i) > Wmax 

   w(i) = Wmax 

  else if w(i) < -Wmax 

    w(i) = -Wmax 

B. Influence of OPSO-Cauchy distribution in JSSP 

OPSO-Cauchy distribution is a tool which is utilized to 
solve JSSP to attain minimum make span time. Here, 
machines are rearranged in a random sequential order for job 
allocation. This sequential rearranging considered as initial 
random solution generation in OPSO-Cauchy distribution for 
JSSP. On the other hand, opposition based generation is also 
generated for better utilization of initially generated solution.  

Based on fitness value, the solutions sorted as Pbest the 
optimal in that series is assumed to be Gbest for the first time 
and those solutions are further updated by equation (2) and 
(3). Then, further Gbest is updated by equation (7). The 
algorithm and flow chart of OPSO-Cauchy distribution in 
JSSP are shown below: 

Make span time =Null matrix (size of problem) 
 for i=1 : Number of jobs 
  for j=1 : Number of machine 
   if i=j=1 
    make span time (i,j) = particle (i,j) 
   else if i 1 and j=1 
    make span time (i,j) = sum (particle (1:i,j)) 
   else if i=1 and j 1 
    make span time (i,j) = sum (particle (i:1,j)) 
   else 
    Neighbour 1 = make span time (i-1,j) 
    Neighbour 2 = make span time (i,j-1) 
   if Neighbour 1   Neighbour 2 
    make span time (i,j) = Neighbour 2 + particle  

 
(i,j) 
   else 
    make span time (i,j) = Neighbour 1 + particle (i,j) 
   end 
  end 
 end 
Fitness (Fi) = make span time 

(end). 
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II. ANALYSIS OF ALGORITHM, RESULTS AND 

DISCUSSION 

This section is devoted to the analysis of OPSO CD 
algorithm compared to genetic algorithm, PSO and 
opposition based genetic algorithm in addition to the existing 
eleven optimization techniques applied in research papers on 
combinatorial optimization problems viz., JSSP.  

A. Analysis of Algorithm 

Four optimization techniques like, GA, PSO, OPSO CD, 
OGA were applied to existing data which included eleven 
optimization techniques applied on 20 different benchmark 
problems [8]. The optimization algorithms studied in this 
platform are: 

1. Teaching Learning Based Optimisation (TLBO) 
2. Hybrid Genetic Algorithm (HGA 1) 
3. Hybrid Genetic Algorithm (HGA 2) 
4. Memetic Algorithm (MA) 
5. Memetic Algorithm (Gap Reduction and Restricted 

Swapping) (MA GRRS) 
6. Filler and Fan Algorithm (F& F) 
7. Hybrid Genetic Algorithm (HGA) 
8. Parallel Genetic Algorithm (PGA) 
9. Greedy Randomised Adaptive Search Procedure 

(GRASP) 
10. Hybrid Intelligent Algorithm (HIA) 
11. Beam Search Algorithm (BSA) 
12. Particle Swarm Optimisation (PSO) 
13. Genetic Algorithm (GA) 
14. Opposition Based Genetic Algorithm (OGA) 
15. Opposition Based Particle Swarm Optimisation with 

Cauchy Distribution (OPSO CD) 
Analysis was done on MATLAB with i3 processor having 

6 GB RAM with a CPU speed of 2.20 GHz. 
Table-I (a) Influence of contemporary heuristic 

techniques in benchmark problems [8] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table-I (b) Influence of contemporary heuristic 

techniques in benchmark problems 

 
From the above Table-1(a) and 1(b), it is quite convincing 

that optimization technique could do much better that 
conventional formulation. From Table 1 (b) it is evident that 
the average makes span time of OPSO CD is 99.1% closer to 
the average standard bench mark 
value. 
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 It is observed from the analysis that OPSO CD is found to 
be superior to the other 14 optimization techniques with 
respect to make span time. 
B. Results and Discussions 

1000 iterations were done in MATLAB and convergence 
graphs of the four optimization techniques applied viz., PSO, 
GA, OGA, and OPSO CD were obtained with makespan time 
versus iteration. It is evident from the convergence graph that 
OPSO CD reveals better convergence over other optimization 
techniques. 

 
Fig. 1. Convergence graph for FT06, FT10, FT20, 

LA01 

 
Fig. 2. Convergence graph for LA02, LA03, LA04, 

LA05 
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Fig. 3. Convergence graph for LA06, LA07, LA08, 
LA09 

 

Fig. 4. Convergence graph for LA10, LA11, LA16, LA21 
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Fig. 5. Convergence graph for LA27, LA31, LA36, 
LA40 

III. CONCLUSION 

This study concludes that OPSO CD in JSSP is superior to 
other contemporary optimization methods. The results reveal 
that the benchmark values obtained through OPSO CD in 
JSSP is 99.1% closer to that of standard benchmark values. 
The minimized makespan time  

Will certainly enhance the overall profitability of an 
organization. The OPSO CD in JSSP has a greater potential in 
providing better solution for makespan time minimization. It 
is a well known fact that JSSP is amongst the highly intricated 
combinatory optimization problems in literature. The OPSO 

algorithm on JSSP can give an idea about its possible 
performance for solving other combinatory optimization 
problems. However, there is further scope for application of 
newer optimization techniques on solving JSSP to further 
minimize makespan time. 
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