
Pareto-based Hybrid Multi-objective Firefly 

Algorithm for Flexible Open Shop Scheduling 

Problem 
1N. Kamatchi and 2D. Saravanan 

1Bharathiyar University, Coimbatore,  
Tamilnadu, India.  

nkamatchishree@gmail.com 
2KarpagaVinayaga College of Engineering and Technology,  

Chennai, Tamilnadu, India. 
 

Abstract 
This paper presents, A flexible open-shop scheduling problem (FOSP) is 

examined on account ofoptimizing different objectives consisting of (i) 
limiting make span (ii) maximal machine workload (iii) total workload (iv) 
machine idle time (v) total tardiness. As the problem belongs to the class of 
NP-hard problems a new hybrid firefly algorithm is proposed to obtain a 
large set of pareto-optimal solutions in a suitable runtime. This algorithm is 
also compared with understood benchmarks instances. Finallyhybrid 
firefly algorithm has superior execution in contrast to previous studies  
Index Terms:Flexible open shop scheduling, firefly algorithm, cuckoo 
algorithm, multi objective, pareto optimal. 
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1. Introduction 
Scheduling problem is one of the most understoodcombinatorial problems 
which has been proven to the NP-hard problem.The open shop scheduling 
problem (OSP) is one of the scheduling problem. Flexible open-shop scheduling 
problem (FOSP) is known as one of the most important scheduling problems in 
both cases, theoretical and practical areas. The difference between FOSP and 
OSP is that the former has a free-machine operation relationship that is each 
operation can choose a machine from a set of candidate machine set which can 
expand the flexibility of the system and enhance the load balance of all 
machines in the system. In recent years, due to multi objective nature of the real 
world problems its multi-objective version called multi objective FOSP 
(MOFOSP) has also found more important. This problem is a developed version 
of the open shop scheduling problem (OSP)in which operation can be operated 
by machines from their set of capable machines. 

In a previous work, we have proposed firefly algorithm for solving multi –
objective optimization problems.This algorithm makes it possible to construct a 
set of best solutions according to the preferences of the decision maker. In this 
work our aim is to propose an efficient result for finding a set of pareto-
optimality solutions. This paper is organized as follows: 

1. Describe the pareto –optimality concepts used for solving MFOSP and 
those especially applied in firefly algorithm.  

2. The mathematical formulation of FOSP is presented. 
3. Hybrid firefly algorithm is framed.      
4. Finally the last section deals with concluding remarks and shows the 

efficiency of the hybrid firefly algorithm through different numerical 
experiments. 

2. Literature Survey 
The firefly algorithm (FA) is a new Meta heuristic calculation motivated by the 
social activities of fireflies (10).The cuckoo algorithm (CA) has been 
demonstrated to convey brilliant performance in function optimization, neural 
network training and engineering design. Combining the CA and FA an 
approach for computational intelligence technique for solving FOSSP is framed. 
(3) 

Jun-Quig Li-Quan-kepan,Kai-zhou Gao(2) is considered a pareto-based discrete 
artificial bee colony algorithm for multiobjective flexible job shop scheduling 
problems. He obtained ten non dominated solutions in just 1,865.7s   Authors 
(Ala’a Abu-srhahn et al,2015) presented a hybrid algorithm using cuckoo 
algorithm and genetic algorithm for job shop scheduling problem(4).He 
proposed a hybrid algorithm to minimize the make span for JSSP. SeyedHaabib. 
A.Rahmati, addressed (8) proposing a pareto-based multiobjective evolutionary 
algorithm to flexible job shop scheduling problem. His CENSGA has a better 
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performance on spacing and Nos metric and MOGA has a better performance 
on diversity and MID. ShaikFarook,P.saangemeswara Raju et al(7) investigated 
a evolutionary hybrid genetic-firefly algorithm for global optimization. He was 
implemented this on various bench marking test functions to evaluate the 
general performances of the individual algorithms and hybrid genetic- firefly 
algorithm. 

Ravianandan. M et al,2015 (3) presented a hybrid flow shop scheduling using 
improved ACO and CA to minimize makespan. Doing so, They observed a 
better results than all the problems in terms of the minimum make span. 
ImedKacem, SlimHammadi,Pierre Borne (22),proposed pareto-optimality 
approach for flexible job shop scheduling problems: hybridization of  
evolutionary algorithms and fuzzy logic. He presented to illustrate some 
theoretical consideration and to show the efficiency of the suggested 
methodology.  

In (S.karthikeyan et al, 2014) (17) a hybrid discrete firefly algorithm for multi-
objective flexible job shop scheduling problem with limited resource constraints 
has been proposed by the authors. They gave better results than other author’s 
algorithm 

The firefly calculation was first created by Xin-She Yang (18) and Xin-She – 
Yang and Deb developed the cuckoo search algorithm and provided an insight 
for solving minimization objective function with constrained parameters using 
these algorithms. R.G.Babukartik and P.Dhavachelvan (5) explained a hybrid 
algorithm for solving job scheduling problem using advantage of both genetic 
and cuckoo algorithm. They showed the size of the problem increases task of 
the problem increases task creation time and result retrieval time also increases. 
Zhang, Zheng, and Wu (24)  proposed a hybrid of ant colony and practical 
swarm optimization algorithms to solve the multi-objective flexible –job shop 
scheduling problem based on the analysis of objectives and their relationship. 
Brandimarte(12)  is among the first authors to solve the FJSP instances with 
tabu search (TS) algorithm .He solved the routing –sub problem by using some 
existing dispatching rules and then focused on the scheduling sub problem 
which was solved by using a tabu search heuristic. 

 Pareto–optimality Concept and Multi–objective Optimization 

The concept of pareto optimality is of extreme importance in multi-objective 
optimization, especially where some or all of the objectives and constraints are 
mutually conflicting. A multi–objective optimization problem consists in the 
simultaneous optimization of k objective functions f1,f2,..fk subject to some 
constraints, which can be write as xϵΩ where Ω is a subset of Rn. Pareto  
optimality on multi objective can define as follows 

Definition: Let Ω ∁Rnbe a nonempty set of feasible solutions and f=( f1,f2,..fk ): 
RnRk be a function Feasible solution yϵΩ is called a → pareto optimal solution 
of the multiobjective optimization nim  ( f(x):xϵ Ω) if and only if there does not 
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exist any x ϵΩ such that f(x)≤f(y) 
 FOSSP Problem Formulation 
The open shop scheduling problem (OSSP) in which a given set of jobs must 
each be processed for given set of jobs must each be processed for given 
amounts of time at each of a given set of workstations in an arbitrary order and 
the goal is to determine the time at which each job is to be processed at each 
work station.The problem was first studied by Teofilo F Gonzalez and 
SartajSahni in 1976.(29) 

In flexible open-shop scheduling problem a set of n jobs J₁, J₂… Jn has to be 
processed on a set of m machines M₁, M₂ … Mm. Each job Ji (1≤ i ≤ n) 
consists of a sequence of ni operations. Each operation Oij( i=1,2,…n ; 
j=1,2…ni ) of job (Ji ) can be processed by one machine  Mij in the set of 
correct machines Mij. Xijk denotes the processing time of operation Oij on 
machine k ϵ Mij(16).  

The processing of a job on a machine is denoted as an operation and order in 
which the operation of a job or processed on the machines is immaterial that is 
no ordering constraints on operations. It is very difficult to adopt the situations 
where the tasks making up a job can be performed in any order. Even though it 
is not possible to carry out more than one task at any particular time. It is non-
polynomial-hard problem so its complexity is more. It is one of the important 
method of scheduling, the routing of each job is up to the scheduler (i.e. it is 
open) that means if there is a job waiting for processing when a machine is free, 
then that machine is not allowed to remain idle. The open-shop scheduling is 
flexible so this bound is naturally attained. The main purpose of FOSSP is 
commonly used to find the best machine schedule for serving all jobs in order to 
optimize single criterion/objective or multi-scheduling objectives they are also 
known as open shop performance measures such as the make span minimization 
or mean flow time or the mean tardiness or earliness etc. [17] 

 Fire Fly Algorithm 

Fire fly algorithm (FA) [1,18] is one of the latest a meta heuristic as it is 
inspired by the flashing behavior of fireflies. It is the most charismatic of all 
insects. The Firefly Algorithm (FA) is a population –based technique to find the 
global optimal solution based on swarm intelligence, investigating the foraging 
behavior of fireflies. Fire flies, which belong to the family of lampyridae, are 
tiny winged beetles having capability of producing light with little or no heat 
and it is called a cold light. It flashes the light in order to attract mates. They are 
whispered to have a capacitor-like mechanism, that gradually charges until the 
definite threshold is reached, at which they discharge the energy in the form of 
light,subsequent to which the cycle repeats. 

It was developed by Dr.Xin –She Yang at Cambridge University in 2008.It is 
based on the firefly bugs behavior, including the light emission, light absorption 
and the mutual attraction, which was developed to solve the continuous 
optimization problems. The flashing light of fireflies is a powerful sight in the 
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summary sky in the tropical and temperate regions. There are more number of 
firefly spices and most fireflies produce short and rhythmic flash.The model of 
flashes is often unique for a particular species.The flashing light is produced by 
a process of bioluminescence and the true functions of such signaling systems 
are still debating. However two fundamental functions of such flashes are to 
attract mating partners and to attract potential prey. In addition, flashing may be 
serving as a protective warning mechanism. The rhythmic flash, the rate of 
flashing and the amount of time from part of the signal system that brings both 
sexes together. Females respond to a male’s unique pattern of flashing in the 
same spices, while in some species such as postures, female fireflies can mimic 
the mating flashing pattern of other species so as the lure and eat the male 
fireflies who may mistake the flashes as a potential suitable mate. The flashing 
light can be formulated in such a way that it is associated with the objective 
function to be optimized, which makes, it possible to formulate new 
optimization algorithms. When algorithm such as particle and swarm 
optimization (PSO) and genetic algorithm [14,15] as firefly algorithm are the 
most power fly algorithm for optimization. 

3. Constraints  
In this model, no wait constraints is assumed and it is assumed that enough 
buffer space is made available just in case. In general, the constraints used in 
flexible open-shop scheduling are [7] 

• Each machine can perform only one operation at a time. 
• Completing time for the job. 
• Every machine can process only one job at a time. 
• A job can be moved in any order. 
• No ordering constraints on operations.  

Most of optimization techniques have been applied to solve the FOSSP. 
Classical methods based on mathematical model or numerical search such as 
branch and bound [10], [11]. And lagrangian relaxation which can assure the 
optimum solution these methods have been effectively and efficiently used to 
solve FOSSP even though these methods are used for moderating-large problem 
size (10x10) and to solve FOSSP but it may consume high computational time 
resources and therefore there is a computational limitation exist [19 ,20 ,21].  
Recently a large size of FOSSP have been solved by an approximation 
optimization methods or meta heuristics (for example Taboo search [7] and 
simulated annealing [8]) these methods usually follow stochastic steps in their 
iterative or search process. In this paper, the following objectives are to be 
minimized  
1.Mc:  Make span (ie) the maximal completion  time of machines or jobs 
2. Mw: Maximal workload (ie) the maximum working time spent on any 
machine. 
3. MT: Total work load of machines, which represents as total processing time 
over all machines. 
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4. Mi:  Total idle time, which is defined idle of Machines. 
5.Mt: Total tardiness which is defined as lateness of jobs. 
The notations used in this study are listed as follows 
i ,p    -  denotes of jobs i ,p = 1,2,…n 
j,q     -  denotes of operation sequence 
j,q =1,2,…n 
k       - denotes of machines k=1,2,…m 
n       - Total number of jobs  
m      - Total number of machines 
Oij - the j th operation of job i 
Mij - the set of available machines for the operation Oij 
Xijk    - processing time of operation Oij on machine k 
Tijk    - start time of operation Oij on machine k 
  I k     - is the idle time of the machine Mk 
T k     - is the lateness of the machine Mk 
Pij     - completion time of the operation Oij 
Pk     - is the complete time of Mk 
Wk - is the workload of Mk. 
Decision Variable 
Qijk =      1 , if machine k is selected for the  operation Oij 
               0, otherwise 
Our model is presented as below: 

1. Mc:  Make span (ie) the maximal  completion  time of machines or jobs 
𝑀𝑀𝐶𝐶 =  max

1≤𝑘𝑘≤𝑚𝑚
(𝑃𝑃𝑘𝑘) 

2. Mw: Maximal workload (ie) the maximum working time spent on any 
machine 

                   𝑀𝑀𝑊𝑊 =  ���𝑋𝑋𝑖𝑖𝑖𝑖𝑘𝑘  𝑌𝑌𝑖𝑖𝑖𝑖𝑘𝑘

𝑚𝑚

𝑘𝑘=1

𝑛𝑛𝑖𝑖

𝑖𝑖=1

𝑛𝑛

𝑖𝑖=1

 

3. MT: Total work load of machines, which represents as total processing 
time over all  Machines. 

                  𝑀𝑀𝑇𝑇 =  max
1≤𝑘𝑘≤𝑚𝑚

��𝑋𝑋𝑖𝑖𝑖𝑖𝑘𝑘  𝑌𝑌𝑖𝑖𝑖𝑖𝑘𝑘

𝑛𝑛𝑖𝑖

𝑘𝑘=1

𝑛𝑛

𝑖𝑖=1

 

4. Mi:  Total idle time ,which is defined  idle time of machines 
𝑀𝑀𝑖𝑖 =  max

1≤𝑘𝑘≤𝑚𝑚
(𝐼𝐼𝑘𝑘) 

5. Mt: Total tardiness which is defined as lateness of jobs.    
𝑀𝑀𝑡𝑡 =  max

1≤𝑘𝑘≤𝑚𝑚
(𝑇𝑇𝑘𝑘) 

Subject to: 
Pij – Pi(j-1) ≤ XijkQijk ,  j=1,2,….ni 
 [ (Ppq-Pij-Tpqk )QpqkXijk≥ 0 ]  v   [ (Pij-Ppq-Tijk )Qpji Q ijk≥ 0 ], 
                                                                      ∀( i,j) ,  (p,q) , k 
∑   
𝑘𝑘∈𝑀𝑀𝑖𝑖𝑖𝑖 𝑄𝑄𝑖𝑖𝑖𝑖𝑘𝑘 = 1 , for all i   

Equation (1) represents the minimization of maximal completion time of the 
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machines. Equation (2) represents the minimization of maximal machine work 
load of all the machines.Equation (3) ensures the minimization of total work 
load of machines.Equation (4) represents minimization of total idle time of 
machines. Equation (5) represents total tardiness which is defined as lateness of 
jobs. Inequality (6) represents the operation precedent constraint. Inequality (7) 
represents that jobs can process of available machines. Equation (8) ensures that 
one machine could be selected from the set of machines for each operation. 
Many methods have been formulated to solve the multi objective optimization.   

 Cuckoo Search Algorithm 

CA is one of the latest nature inspired algorithms, developed in 2009 by Yang 
and Deb (2009,2010).It is based on the brood parasitism of some cuckoo birds 
by laying their eggs in the nests of other host birds and fruit flies.(13) .cuckoos 
are interesting birds, not only of their sounds they can make, but  also of their 
reproduction. Each egg in a nest represents a solution ,and a cuckoo egg 
represents a new solution. The aim is to employ the new and potentially good 
solutions to replace the not-so-good solutions in the nests(13). For simplicity in 
describing the standard cuckoo search,we introduce the following rules(13) 

• Each cuckoo lays one egg at a time and dumps it in a randomly chosen 
nest. 

• High –quality eggs from the best nests will be carried over to the next 
generations 

• The number of host nests available is fixed, and the laid egg by a cuckoo 
is found by the host species with a probality.In this case, the host species 
can either take the egg or simply abandon the nest and create a new nest. 

• The probality of the discovery of an alien egg in its nest by a host bird is 
taken as pa∈ [0, 1]. 

As a further approximation, this last assumption can be approximated by a 
fraction paof the m host nests are replaced by new nests with new random 
solutions. 

  A Hybrid FA & CA Algorithm for FOSSP (15) 

The following algorithm combines the advantages of cuckoo algorithm and 
firefly algorithm and to rectify the main disadvantage of CA easily becoming 
trapped in the local minima through the FA, which provides the local search 
faster than CA. The CA has only a single parameter, along with population size. 
So a hybrid algorithm is adopted to find better results. The main steps are 
introduced below. 
Step 1: Initialization 

Step 2: Generate the number of task T that need to br scheduled  
Step 3: Schedule the task T using a Hybrid FA & CA as following 

• At the beginning, the tasks are scheduled using cuckoo algorithm and 
the output result is produced using this algorithm. 

• Then the output which is produced using CA is taken as an input for the 
FA and tasks are scheduled using FA. 
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• Finally, FA is again applied to the results that are produced in step 2. 
And final output result is given. 

Step 4: Note down the processing time, resource utilization. 
Step 5: Stop if the algorithm terminates.Else go to step 2 for scheduling the 
tasks. In the former step3 is the main process of the algorithm.   

 Algorithm 2:  Solving FOSSP Using Hybrid Algorithm 
 Initialization 

Define the objective function f(S) 
Generate initial population Si, i=1,2,…m. 

 Light intensity /fitness value of population i is determined by objective function 
f(Si) 

Define the firefly algorithm parameters α,β0,ϒ 
Define cuckoo algorithm   

Levy fights with parameters β,λ. 
Evaluate the makespan (fitness) of solutions Qi 

While (t < Max generation) 
Get a cuckoo algorithm by Levy fights: 

Evaluate its fitness or quality Qi; 
Choose a nest among m (say,j)randomly; 

If (Q i> Q j) then 
Replace j by the new solution 

End if  
Fori= 1:m 

For j= 1:m 
Light intensity L(S) is determined by objective function f (Si)  

If Li<Lj 
Then move firefly i towards firefly j  

 (move towards brighter one) 

End if  
Attractiveness varies with distance d via e -ϒd, Evaluate new solutions and 
update light intensity. 

End for j loop 
End fori loop 

Fitness assignment: Evaluate new solutions and update light intensity. 
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Stopping criterion: If the maximum number of generations has reached then 
terminate the search otherwise go to next iteration.   
End while 

        The Flow chart of the hybrid algorithm(FA+CA) method, in fig 1 is shown. 

 
 

   start 

Initialization of chromosome 

Choose the number of tasks that need to be scheduled 

Perform the local search using cuckoo 
search algorithm 

Calculate the fitness function for each chromosome 

Select the number of fireflies has the greatest amount brightness 

The movement of a remaining fireflies to brighter firefly 
nearest  

Check the 
termination 
condition  

Set the brightness fireflies 

Cross over and mutation operators appiled 

stop 

Updated population 
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4. Experimental Results 
To illustrate the effectiveness an performance of the hybrid algorithm proposed 
in this paper. The algorithm procedure was implemented in C++ on a computer 
with 3.2 GHz and 4GB Ram .Three representative instances based on practical 
data have been selected. Each instance can be characterized by the following 
parameters(i) number of jobs(n). (ii) number of machines (m) and (iii)each 
operation Oij of job i. Three problem instances (problem 8x8, problem 10x10 
and problem 15x15)are all taken from the hybrid algorithm is compared with 
the following published algorithms in the comparative studies  

1. ”AIA” of Baheri et al 
2. ”SM” of Xing et al 
3. ”HDPSO” of Zhang et al 
4. ”HMPSO”of S.V.Kamble et al 
5. ”MOPSO” of Song Hung et al 
6. ”MOGA” of Wang et al 

 Problem 8x8 

At first we use a small scale instance to display the optimizing ability and 
evaluate the effectiveness of this hybrid algorithm. this instance of problem 8x8 
is taken from().the firefly parameters are as follows 

Population size =100, iteration number=500,mutation rate =0.1. 
The best values by the hybrid algorithm are shown as follows 

Objectives Result1 (MOFOSP) Result2(pareto MOFOSP) 
Mc 14 14 
Mw 11 11 
MT 73 72 
Mi 20 19 
Mr 18 18 

 Problem 10x10 

A center scale occurrence is taken from (2) to show the streamlining capacity 
and assess the viability of this mixture calculation and it was taken to assess the 
effectiveness of proposed hybrid algorithm.The fire fly algorithm parameters 
are as follows 

Population size =500, iteration number=500, mutation rate =0.1. 
The best values by the hybrid algorithm are shown as follows 

Objectives Result 1(MOFOSP) Result 2(pareto MOFOSP) 
Mc 7 7 
Mw 5 4 
MT 41 41 
Mi 9 8 
Mr 17 18 

Problem 15x15 

A large scale instance is taken to display the efficiency and validity of our 
algorithm. The FA parameters are as follows 

Population size =600,iteration number=500,mutation rate =0.1. 
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The best values by the hybrid algorithm are shown as follows 
Objectives Result1(MOFOSP) Result 2(pareto MOFOSP) 
Mc 11 12 
Mw 10 10 
MT 29 88 
Mi 19 17 
Mr 37 36 

5. Future Research and Conclusion 
In this paper, an effective hybrid firefly algorithm is proposed to solve the 
multiobjective flexible open shop scheduling problems.In this hybrid 
algorithm,firefly algorithm perform global search and cuckoo algorithm is used 
to local search when the initial solution was obtained by the firefly,local search 
starts with cuckoo algorithm.The results of the presented algorithm is compared 
with the results obtained from other authors algorithms for three instances.the 
final results show the effectiveness of the proposed algorithm. In this paper, a 
pare to approach is proposed to solve the multiobjective flexible open shop 
scheduling problems. The objectives considered are to minimize make span, 
maximal machine workload, the total workload, machine idletime and total 
tardiness experimental results on many understood benchmarks show that our 
algorithm is competitive to other recently published algorithms for solving the 
MOFOSP. Future work of this paper can introduced other multi objective 
algorithms to this area or used this algorithm in other scheduling environments. 
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