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Abstract - In this paper a generalized version of the tardiness flowshop permutation scheduling problems is 

considered. A mathematical programming formulation, in the form of a combinatorial optimization model, is also 

developed. Then a genetic algorithm is developed for solving the proposed problem. The efficiency of the 

developed algorithm is evaluated through a computational experiment, in which several classes’ of test problems 

is randomly generated. Through this experiment, the solutions obtained by the proposed  algorithm  are  

compared  to  the  optimal  solutions  and  the  results  are  reported.  The computational results revealed that the 

solutions of the proposed algorithm are very close the optimal solutions. An ANOVA statistical test is also 
conducted for evaluating the effect of the parameters of the test problems on the solutions obtained by the 

proposed algorithm and the results are reported. 
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I. Introduction 

This paper deals with the development of a genetic algorithm for solving a generalized version of the tardiness 

flowshop permutation scheduling problems. In the traditional tardiness flowshop problems, there is a due date 

for the final operation of each job [1]. However in most of the real world problems such as product design and 
research/consulting projects, the outcomes are delivered through several phases and there is an associated due 

date for each phase of the deliverable tasks. As in the real word instances, the phases of each project are carried 

out in a unidirectional precedence structure. Considering n projects to be scheduled and each having m phases 

with the tardiness measure of effectiveness, the problem can be modeled as n jobs-m machines tardiness 

flowshop scheduling problem with the intermediate jobs due dates.  This model is called the generalized version 

of the tardiness flowshop model [2] due to the fact that if one assign a large number to each of the intermediate 

due date, the traditional tardiness flowshop model can be constituted.   Although there are considerable real 

world applications of such problems, very rare research studies can be found considering this problem. An early 

approach is the study conducted by Ghassemi-Tari and Olfat [3] who proposed two covert based heuristic 

algorithms for this problem. Actually the generalized version of the tardiness flowshop model was first 

introduced in this paper. This research effort was later extended through which several heuristic algorithms and 
sequencing rules have been proposed [4, 5, 6]. In spite of their extensive efforts, there were the lacks of using 

the metaheuristic type’s solution approaches. Genetic algorithms are considered as one of the most efficient 

metaheuristic optimization approaches [7, 8]. There are several studies which have applied these efficient 

approaches to the traditional flowshop models. Among them is the early approach of Murata et al. [9] who 

employed a genetic algorithm to the makespan flowshop scheduling problems. By computer simulations; they 

show that the two-point crossover and the shift change mutation are effective for this problem. Another effort is 

the work of Mirabi and Ashkezari [10] who used meta-heuristic approaches for solving the makespan flowshop 

scheduling problem. The efficiency of the algorithm was then tested by numerical experiments on a large 

number of randomly generated problems. Through an experimental study, theydemonstrated that theirapproach 

was superior comparing to the some recently proposed algorithms cited in the literature. Another early attempt is 

the work of Reeves and Yamada [11] who considered the implementation of a genetic algorithm for solving the 

makespan flowshop problems. They showed that by the use of features of the landscape generated by the 
operators used, they could improve their previously developed algorithm significantly. Schaller and Valente [12] 

proposed  several procedures for developing non-delay schedules for a permutation flowshop with family setups 

when the objective was defined as the  minimization of total earliness and tardiness of the jobs. They employed 



 
 ISSN(Online): 2395-7638 

                                                                                                                                         
                                                                                                   

 

International Journal of Recent Research in Science, 

Engineering and Technology 

     Vol. 2, Issue 10, October 2016 

Copyright to IJRRSET                                                     www.ijrrset.com                                                          208 
 

 

a genetic algorithm that included a neighborhood of the batches of jobs belonging to the same set-up family. 

They also conducted a computational experiment which its result revealed a significant reduction in total 

earliness and tardiness of the test problems.Mainieri and Ronconi [13] analyzed the total tardiness minimization 

in a flowshop with multiple processors at each stage. They proposed a set of heuristic methods and have 

conducted extensive computational experiments which were showed the competitiveness of their developed 

heuristics with respect to the classical counterparts. There are other studies dealing with the special cases of the 

flowshop tardiness problems. One is the work of Moslehi et al. [14] who presented an optimal scheduling in a 

two-machine flowshop problem with the objective of minimizing the sum of maximum earliness and the total 

tardiness of scheduling the jobs. They developed a branch- and-bound procedurefor solving their proposed 
problem. A number of effective lemmas were introduced which led to increase the efficiency of the searching 

procedure. Thirty eight problems were randomly generated and solved, in which %82 of the problems were 

shown to obtain optimal solutions. In another special flowshop study a bi-criteria flowshop scheduling problems 

with sequence dependent set up time were considered [15]. In this work, a modified genetic algorithm was 

proposed. The objective was the minimization of the weighted sum of total weighted squared tardiness the 

minimization of the makespan. A computational analysis was also carried out and the results were reported.Use 

of the genetic algorithm for solving two machine flowshop problems was also addressed by Cemil et al. [16]. 

They studied the minimization of the total earliness/tardiness penalties under learning effects in a two-machine 

flow-shop scheduling problem. They limited their work to a flowshop tardiness with a common due date for the 

jobs. They proposed a genetic and a Tabu search algorithm for solving their problem. Through a computational 

experiment  they  concluded  that  their  proposed  approaches  were  performing  quite  well  for  the  large  size 
problems. In this paper we proposed a genetic algorithm for solving the generalized version of tardiness 

flowshop problem. We first thoroughly express the problem in section two. Section three is devoted to the 

mathematical formulation of the problem. Section fourdescribes the development of the genetic algorithm. The 

computational experiment is illustrated in Section five. Then we concluded this research effort and presented in 

Section six. 

II.   Problem Statement 

The n jobs m machines traditional flowshop model is based on the designs in which m machines are arranged in 

series. Each job is broken down into distinct m tasks or more precisely m operations, and each operation is 

performed at each of m machines in a unidirectional precedence. In other words, each operation after the first 
has exactly one direct predecessor and each operation before the last has exactly one direct successor. Thus, 

each job requires a specific sequence of operations to be carried out for the job to be completed. The machines 

in a flowshop can thus be numbered 1,2,, m and the operations of job j numbered (1, j), (2, j),, (m, j) so that 

they correspond to the machine required. In the general case, jobs may require fewer than m operations, and 
their operations may not always require adjacent machines, so the initial and final operations may not always 

occur at machines 1 and m. Nevertheless, the flow of work is still unidirectional, and the general case can be 

presented as a pure flowshop in which some of the missing operation times can be considered zero. In traditional 

tardiness flowshop model there is a due date for the last operation of the jobs. However in most of the real world 

problems  such  as  product  design  and  research/consulting  projects,  the  outcomes  are  delivered  through 

predefined phases and there is an associated due date for each phase of the deliverable tasks. Considering the 

deliverable phases as the project operation and assuming   phases in different projects are carried out in a 

unidirectional precedence structure, when there are n projects to be scheduled and each having m phases, the 

problem can be modeled as n jobs-m machines tardiness flowshop scheduling problem with the intermediate 

jobs due dates.  This model is called the generalized version of the tardiness flowshop model due to the fact that 

if one assign a large number to each of the intermediate due date, the traditional tardiness flowshop model can 
be constituted. The proposed problem is governed under the following assumptions: 

 A set of nunrelated jobs is available for processing at time zero. 

 Setup times for the operations are sequence independent and are included in their processing times. 

 Job processing time is determined and given. 

 Machines are non interruptible. 

 Jobs processing preemption is not allowed. 

Considering the proposed problem, we proposed a genetic algorithm for finding the best permutation schedule. 
Then the efficiency of the proposed algorithm is evaluated with respect to the optimal solution. 

III. Mathematical Model 
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To present a mathematical programming formulation for the proposed problem, the following notations will be 

used:

d ik   : Due date for kthoperation of job i. 
 

th
 

xik   : Starting time for k operation of job i. 
 

Tik   : 

TT : 

Tardiness for kthoperation of job i. 

Total tardiness of a schedule. 

The mathematical programming model for finding the optimal solution of the problem is presented as follow: 

n m 

MinTT  Max{0, ( xik    ti 

 
IV. The proposed solution algorithms 

 
As it can be seen the proposed mathematical programming formulation is in the form of a combinatorial 

optimization model. Therefore the conventional solution approaches for solving this problem is limited only to the 

small size problems. Hence for the realistically sized problems these approaches fail to obtain an optimal 

solution. Due to this obstacle, we proposed a genetic algorithm for solving the proposed problem. In order to 

evaluate the efficiency of the developed algorithm, a computational experiment is conducted through which the 

closeness of the solution to the optimal solutions is determined.For developing the proposed algorithm, considering 
the permutation schedules for the flowshop model, each job is represented as a genome of a chromosome, which by 

referring to the flowshop model is actually a representative of each machine. Due to the general steps of the genetic 

algorithms, the next step is the generation of the initial populations. Then by the use of crossover and mutation 

operators the next populations are generated. Using the same general phenomena, the proposed algorithm can be 

described by the following steps.   

4.1. Initial solution A chromosome for each population is considered as a permutation schedule of the flowshop 

model. Therefore in a model with n jobs and m machines there are m chromosomes, each having n genies which 

represent the job’s sequences. By the use of the pseudo random generation, first a random number is generated 

form a uniform  

density function with range of ].,1[ m  By eliminating the repeated numbers, m distinct machines are generated. 

Then another uniform density function is employed with the range of ],,1[ n  and again by eliminating the  
repeated numbers, n jobs are assigned to each of the m machines. Now for generating a permutation schedules,the 

same sequence is used for all other flowshop machines. By repeating this procedure for every m generated 

machines m permutation schedules will be constructed for representing one of the parents of the initial population. 

The other parent is generated by employing the same routine with a different seed of the random. 

number. The following algorithmic procedure summarizes the steps for generating each parent of the 

initialpopulations.   

4.2. Genetic Algorithm Operators Genetic algorithms consist of three major operators, namely; 

selection/reproduction, crossover, and mutation  

operators. In the following sub sections, we describe the proposed genetic algorithm operators.  

4.2.1. Selection/Reproduction Operator  
The objective function of the proposed problem is the minimization of the total tardiness. Therefore the best 

solution is the one which has the least objective function value. The elitist and roulette wheel selection operators 
are employed for the proposed genetic algorithm. In this type of selection method, a probability is assigned 

according to its fittingness values and it will become a basis for the selection of a member for the further 

reproduction. In proposed algorithm the m permutation schedules are first sorted, by the values of their tardiness, in 

a non-decreasing order. By assigning the rank k, from 0 to the top and m-1 to the last schedule, we  
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then defined function )1(/)(2)(  mmkmkw for assigning a weight to each of the m schedules.Now by assigning 

a corresponding probability according to the defined weights, to each population member, we can  

obtain the cumulative density function.  By generating a random variable xfrom a uniform density function with the 
range of [0, m-1], the selection of each schedule is accomplished according to the inverse of the cumulative density 

function with the following functional relation:  

Through this function the lowest tardy scheduleswill be selected with the highest probability respectively.  

In the proposed genetic algorithm, the parents’ selection for mutation and crossover operators are conducted using 

the roulette wheel selection mechanism. By employing elitist selection method, all generated. 

 

V. Conclusion 

In this paper a generalized version of the tardiness flowshop permutation scheduling problems is proposed. In 

generalized version of the tardiness flowshop problems there is an associated due date for every operation of the 

jobs. We called this model “the generalized version of the tardiness flowshop model” due to the fact that if one 

assign a large number to each of the intermediate due date, the traditional tardiness flowshop model can be 

constituted.A mathematical programming formulation, in the form of a combinatorial optimization model, is also 
developed. Due to the combinatorial nature of the mathematical model, the conventionalsolution approaches for 

solving this problem is limited only to the small size problems. Hence a genetic algorithm is developed for solving 

the proposed problem. In order to evaluate the efficiency of the developed algorithm, a computational experiment 

consisting of different class of randomly generated test problems is conducted. For each class of the test problems 

five different problems are randomly generated and solved by the proposed algorithm. Through this experiment, the 

solutions obtained by the proposed algorithm are compared to the optimal solutions and the results are reported. 

The computational results revealed that the solutions of the proposed algorithm in averagedeviatefrom the optimal 

solutions only by 0.03,while in some instances the optimal solutions are obtained by the proposed algorithm.An 

ANOVA statistical test is also conducted. conduct an ANOVA statistical test the total of 750 test problems are 

randomly generated and used as the data for the ANOVA test. The test problems are classified according to 

different values of the number of the jobs and the number of machines and solved by the proposed algorithm with 
different crossover rates. The effects of the controllable variables on the genetic algorithm solutions are then 

analyzed and reported.  
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