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Abstract-  The flow shop scheduling problem (FSSP) is one of the widely researched scheduling problems. FSSP is defined 
as set of njobs to be processed on set of n machines in the same order. The aim of FSSP is to find best sequence which 
minimizes the different objectives like makespan, idle time, tardiness, flow time and work in process. To minimize these 
objectives the different heuristic and metaheuristic algorithms have been used by different researchers. This paper presents 
the overview of optimization algorithms for flow shop scheduling problem. 
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I. INTRODUCTION 
 
Scheduling is crucial tool for manufacturing and 
engineering, where it can have a major effects on the 
productivity of a process. In manufacturing, the aim 
of scheduling is to minimize the production costs and 
time, by telling a production facility when to make, 
with which staff, and on which equipment. 
Production scheduling purpose is to maximize the 
efficiency of the operation and reduce costs. Different 
type of Scheduling is used in production system: 
batch processing, job shop scheduling and flow shop 
scheduling. This paper presents a flow shop 
scheduling under single and multiple objective 
criteria. Flow shop scheduling problems, are a class 
of scheduling problems with a workshop or group 
shop in which the flow control shall enable an 
appropriate sequencing for each job and for 
processing on a set of machines or with other 
resources 1,2,...,m in compliance with given 
processing orders. Especially the maintaining of a 
continuous flow of processing tasks is desired with a 
minimum of idle time and a minimum of waiting 
time. This scheduling is a special case of job shop 
scheduling where there is strict order of all operations 
to be performed on all jobs. 
In manufacturing industries, jobs with multiple 
operations use machines in the same order. In this 
case machines are installed in series. Firstly raw 
material enters in first machine and when a job 
processing is finished on the first machine, it goes to 
the next machine. When the next machine is not 
forthwith available, it has to wait till the machine 
becomes available for processing. This type of 
manufacturing system is called flow shop, where the 
machines are arranged in sequence where the jobs are 
processed. A flow shop scheduling is conventional 
manufacturing system in which machines are 
arranged in the order of performing operations on 
jobs. The jobs are unidirectional if they are processed 
on different machine. Scheduling has many 
applications ranging from manufacturing, 
transportation, health care, space exploration, 

ommunication, distribution network, education etc. In 
the process of scheduling limited resource are 
allocated over time among sequential or parallel 
activities. These types of problems are called 
combinatorial optimization problems. The main 
objective of scheduling is to improve utilization of 
resource and profitability of production. There are 
three component of scheduling: 
 
 Number of jobs, number of machines and 

processing time for each job using machine. 
 A set of constraints like non-overlapping 

constraints for a given machine and operation 
precedence constraints for a given job. 

 An objective function called a target function 
consisting of single or multiple criteria that must 
be optimized. 

In the above section introduction of flowshop 
scheduling is presented. Rest of the paper is 
organized as follows:  
 
Section 2 that covers the research done by various 
researchers in flow shop scheduling is divided into 
two categories: Section 2.1explains the work done for 
solving flow shop scheduling problem using heuristic 
algorithm while section 2.2 puts a light on the various 
metaheuristic algorithms used for flow shop 
scheduling which is further divided into single point 
search (section 2.2.1) and population based search 
(section 2.2.2). Finally section 3 concludes the work. 
 
II. LITERATURE REVIEW 
 
2.1 Heuristic Search Algorithm for Flow 
ShopScheduling 
 
A heuristic search algorithm is a technique which 
finds good solutions at a reasonable computational 
cost. A heuristic is estimate in the sense that it 
provides a good solution for relatively little effort, but 
it does not ensure for optimally. A heuristic can be a 
rule of thumb that is used to guide one’s action. 
Literature shows that constructive 
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heuristic search methods provide very good results 
for NP-hard combinatorial optimization problems. In 
2006 Winley [2] presented an intelligent heuristic 
search algorithm (IHSA*) for solving flowshop 
problems with two or three machines and an arbitrary 
number of jobs. In this paper the algorithm has been 
modified in two different ways in order to reduce 
backtracking and to improve its performance 
followed by its initial development. The first 
modification use the best heuristic function and 
second modification concerns the way in which 
heuristic estimates at nodes on the search path are 
determined as the search progresses. Three sets of 
experimental results are used to illustrate the 
improvement in the performance characteristics of the 
algorithm. It is measured by number of nodes 
expanded; backtracking steps and algorithm steps 
executed. The result illustrate that the improvement 
of performance is gained by the modification of the 
IHSA algorithm. Jitti Jungwattanakit et al [1] 
 
 proposed a heuristic solution of flexible flowshop 
scheduling problems with unrelated parallel 
machines. Authors used minimization of the 
positively weighted convex sum of makespan and 
number of tardy jobs as objective function. This 
paper demonstrates and compares several 
constructive algorithms given by Palmer (1965), 
Campbell , dudek and Smith (1970), Gupta (1971) 
and Dannenbring(1977) for pure flowshop scheduling 
problems & the insertion heuristic algorithms given 
by Nawaz, Enscore and Ham (1983) to the flexible 
flowshop environment or iterative algorithms such as 
genetic or simulated annealing algorithm. Heuristic 
algorithms are used for generating sequence 
dependent setup time and then FIFO or permutation 
rules are used to construct a schedule. Iterative 
algorithms used to improve the quality of 
constructive solution. The result shows that the 
performance of iterative algorithms is better than 
constructive algorithms but the CPU times of 
constructive algorithm are faster than the CPU times 
of iterative algorithm. The main disadvantage of 
Heuristic method is that it is not able to continue the 
search upon becoming trapped in a local optimum. 
Also heuristic has deficiency of comprehensiveness, 
low robustness & need partial experimental design. 
 
2.2 Metaheuristic Search Agorithm for Flow Shop 
Scheduling 
To overcome these disadvantages of Heuristic 
method, metaheuristic search methods has been 
applied for solving optimization problems. The use of 
metaheuristic methods produced good quality 
solutions to hard combinatorial problems in a 
reasonable time. It is an iterative generation process 
which guides a subordinate heuristic by joining 
intelligently different concepts for exploiting and 
exploring the search space. Learning strategies are 
used to organize information in order to find 

efficiently near-optimal solutions. The properties of 
metaheuristic are as follows: 
 Metaheuristic algorithms are non-deterministic. 
 They incorporate mechanisms to avoid getting 

trapped in confined fields of the search space. 
 Metaheuristic permit an abstract level 

description. 
 It is not problem-specific. 
 It explore the search space in order to find (near-) 

optimal solutions. 
· Metaheuristic algorithms used the techniques which 
constitute range from simple local search procedures 
to complex learning processes. Metaheuristic used 
two types of search procedures Single point & 
Population based search algorithm. Detailed 
description of these two algorithms along with the 
work that was done by various researchers for solving 
flow shop scheduling problems explained in the next 
section 
 
2.2.1 Single Point Search Algorithm 
Single point approaches focus on modifying and 
improving a single candidate solution; single solution 
metaheuristics include Tabu Search algorithm and 
Simulated Annealing search algorithm. Sawat 
Pararach [3] proposed Tabu search approach for 
makespan minimization in a permutation flowshop 
scheduling problems [PFSP]. In this scheduling 
problem of PFSP, n jobs are arranged on m machines 
in a series with the same routing for each machine. 
The upper bound values from the benchmark 
problems have been shown by many researchers, tabu 
search approach is used in this paper to improve the 
upper bound value. Tabu search algorithm is a 
neighborhood search based metaheuristic algorithm 
aimed to escape the local minima. The main aim of 
this paper is to propose a method that yields a new 
upper bound value for the Demirkol’s test problem 
performs in a suitable time. Performance of this 
algorithm is compared with the best result of other 
existing approach in 40 benchmark problems. The 
result shows that the performance of proposed 
procedure is better than other algorithms. Burak 
Eks_iog˘lu et al [4] proposed tabu search algorithm 
for the flowshop scheduling problem with changing 
neighborhoods. The objective of Flowshop 
scheduling is the sequencing of a set of jobs that visit 
a set of machines in the same order. In tabu search, 
makespan minimization criterion is used for the 
flowshop scheduling problem. Unlike other tabu 
search procedures the proposed algorithm generates 
neighborhood of a solution using a combination of 
three different exchange mechanisms called 3XTS. 
Tabu search procedures, start with initial solution for 
which constructive approach is used, and then move 
starategy determines the way in which neighbors are 
visited and the tabu list is used to prevent cycling and 
guide the search toward unexplored regions of the 
solution space. The algorithm performance is tested 
using Taillard’s benchmark problems. The results of 
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this algorithm are compared with neuro-tabu search 
and ant colony heuristics search. The computational 
results indicate that in comparison to EXTS (tabu 
search) this algorithm provides a good solution for 
large-size problems and its running time is also about 
50% smaller. The running times of ACS and 
proposed algorithm are about the same, but it finds 
solutions that are much closer to the optimal. 
Budi Santosa and Ainur Rofiq [5]used Simulated 
annealing (SA) algorithm for Hybrid flow shop 
(HFS) scheduling problem. Hybrid Flow Shop 
scheduling is more complicated than regular 
flowshop scheduling because it has m-machines in 
each stage. Several production systems such as steel 
manufacture, paper industry and textile use HFS. The 
main aim of this research is to minimize makespan 
and total tardiness to make the scheduling more 
efficient and to fulfill customer demand. HFS is NP 
hard problem hence take more computation time to 
solve the problem. Simulated annealing has the 
strength to get out of local optima by receiving the 
worse solution. In this paper this algorithm is 
modified by increasing temperature when 
temperature reached very small value. The value of 
reducing factors tested was 0.2, 0.5 and 0.7. 
Experimental results show that the value of 0.2 
doesn’t give good performance. The solution 
obtained from reducing factor 0.5 and 0.7 were about 
same but computation time using 0.5 is shorter. 
Experiments are conducted for different number of 
jobs and their makespan and total tardiness are 
compared by using Regular SA and Modified SA. 
Results indicate that modified simulated annealing 
gives the better performance than regular simulated 
annealing, especially in the bigger problem. 
In 2011, Hooda and Dhingra [6] presented the 
simulated annealing (SA) algorithm for flow shop 
scheduling. The main objective of flow shop 
scheduling is to find the best sequence by minimizing 
the various objectives like makespan, flow time, idle 
time, work in-process and tardiness, etc. Various 
optimization algorithms such as Tabu search, Genetic 
Algorithm and Simulated Annealing have been used 
to optimize these objectives. In this paper simulated 
annealing is used for flow shop scheduling problems 
and classified based on various criteria of SA such as 
its system resource usage, parameter selection, 
hybridization and enhancement from the past work. 
This paper demonstrated detailed review of recent 
flow shop scheduling based on simulated annealing 
algorithm such as list of research papers with 
multiobjective, list of references opted for 
comparison of SA in flow shop and the third table 
show the comparison of different SA algorithms. 
 
2.2.2 Population Based Search Algorithm 
Population-based approaches maintain and improve 
multiple candidate solutions, often using population 
characteristics to guide the search; population based 
metaheuristics include genetic algorithms, Ant colony 

optimization algorithm, particle swarm optimization, 
differential Evolution Algorithm and Artificial Bee 
Colony Algorithm. Chaudhry and khan [7] used 
genetic algorithm in minimizing makespan for a no 
wait flow shop scheduling. A spread sheet based 
general purpose genetic algorithm is proposed for this 
problem. This approach has been found to be simple 
yet very effective to implement to cater for 
peculiarities of any shop environment. In spread sheet 
model additional workers, machines, jobs can be 
included easily and any objective function also can be 
used without changing the logic of the GA routine 
.The proposed approach was able to find optimal 
solution for all the problems with different objective 
function thus highlighting the robustness of the 
proposed GA and has the capability to solve large 
problems with a reasonable accuracy. 
In 2012, Lin et.al.[8] presented a multilevel encoding 
genetic algorithm (GA) for re-entrant flow shop 
scheduling problem with resource constraint. The 
multilevel encoding approach is used to solve the 
resource –constrained re-entrant flow shop 
scheduling problem where the job’s re-entrant 
possibility depends on the execution mode and 
resource consumption. It translates the data into 
different levels according to their data types and in 
each level executes crossover and mutation 
individually. The proposed algorithm is compared 
with Simulated Annealing (SA) on three performance 
matrices namely mean, standard deviation and best 
performance on different size problems. The 
simulation results show that the performance of GA is 
better than SA in the measure of makespan. 
A modified scheme named local search Ant 
Colony Optimization (ACO) algorithm [9] for solving 
flow shop scheduling problems is presented by Chen 
et.al. in 2008. Ant colony is a nature inspired 
metaheuristic algorithm based on the foraging 
behavior of real ants. In this paper to improve the 
quality of solutions for solving flow shop scheduling 
problem the local search mechanism is integrated into 
ACO. Two different state transition rules named 
“Pheromone related” and “Random order” state 
transition rule is discussed in this study. Result 
indicate that the performance of “Pheromone related” 
scheme differs slightly by using local search 
mechanism while the use of local search mechanism 
in “Random order” state transition rule performs 
better than without apply the local search mechanism. 
Liu et al [10] presented a Permutation Flow Shop 
Scheduling using Multipopulation PSO Based 
Memetic Algorithm (MPSOMA). The permutation 
flow shop scheduling problem (PFSSP) is portion of 
production scheduling which belongs to the hardest 
combinatorial optimization problem. In proposed 
algorithm, firstly the whole population is divided into 
three subpopulation where each particle evolves itself 
by the standard PSO and update each subpopulation 
by using different search schemes such as individual 
improvement scheme (IIS) and variable 
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neighborhood search (VNS). In the next phase for 
constructing a probabilistic model, the best particle is 
selected from each subpopulation by using Estimation 
of Distribution Algorithm (EDA).For updating the 
worst individual in each subpopulation three particles 
are sampled from the probabilistic model. The best 
particle is used to update the global optimal solution. 
The proposed MPSOMA is compared with PSO 
based memetic algorithm (PSOMA) and hybrid 
particle swarm optimization with estimation of 
distribution algorithm (PSOEDA), on 29 well-known 
PFFSPs taken from OR-library. Experimental result 
indicates that it is an effective approach for the 
PFFSP. 
To solve Bi objective hybrid flow shop scheduling 
unrelated parallel machine problem (HFSUPM), 
Rahmen at.el.[11] combine the differential evolution 
(DE) algorithm with bottleneck heuristic algorithm to 
exploit the bottleneck stage and to make better 
initialization. Non-dominated sorting and crowding 
distance approach is used to change selection 
mechanism of DE algorithm and also to get objective 
of minimizing makespan and total tardiness 
is solved by using simultaneous non-dominated 
sorting and crowding distance approach. In this paper 
DE-hybrid and DE-ns is compared with DE algorithm 
based on their performance criteria like number of 
non-dominated solutions (NNDS) ,convergence 
metric and divergence -metric. DE-hybrid get best 
solution quantity than other algorithm having good 
divergence metric and best convergence metric. But 
computational time is worse than DE algorithm. To 
find simultaneous solution of two objective HFSUPM 
problem non-dominated sorting is used and 
compare with proposed algorithm DE-ns and 
DEhybrid with DE for HFS-UPM and the proposed 
algorithm find better solutions. 
Hongyan [12] used A Discrete Artificial Bee Colony 
Algorithm to minimize flowtime for Lotstreaming 
Flowshop. In the lotstreaming flowshop problem, a 
job is permitted to overlap its operations among 
successive machines by splitting it into a number of 
smaller sub-lots and moving the completed portion of 
the sub lots to downstream machine. DABC 
algorithm is used to represent a solution as a discrete 
job permutation. A Discrete Artificial Bee 
Colony Algorithm is compared with particle swarm 
optimization algorithm, simulated annealing, 
threshold accepting, hybrid genetic algorithm and ant 
colony optimization algorithms and the results show 
that the proposed DABC algorithm is more effective 
for the lotstreaming flowshop with total flowtime 
criterion. 
 
DISCUSSION 
 
Flow Shop scheduling problem is a NP-hard 
combinatorial optimization problem which cannot be 
solved without the use of any Enumerative algorithm. 
In this survey paper we have provided different 

algorithms used in flow shop scheduling which are 
categorized as Heuristic and Metaheuristic. Heuristic 
provide good solution quickly with little effort but 
itdoes not guaranteed to provide optimal solution.  
Metaheuristic algorithm explores the search space 
efficiently hence provide near optimal solution. 
Metaheuristic is further categorized in Single point 
and Population based algorithm. Single point 
algorithm like Tabu Search and Simulated Annealing 
continuously improve single solution using 
improvement procedure. Population based algorithm 
provides optimal solution by moving a set of solution 
from generation to next. Genetic algorithm, Ant 
Colony Optimization algorithm, Particle Swarm 
Optimization algorithm, Differential Evolution 
Algorithm and Artificial Bee Colony algorithm 
comes under the category of population based search 
algorithm. The main limitation of population based 
algorithms is that different algorithm specific 
parameters are required with common control 
parameter to find optimal solution. In flow shop 
scheduling problem algorithm specific parameter 
create difficulties with increase in the problem size so 
to improve the solution in future one can use such 
algorithm that does not require algorithm specific 
parameter. 
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