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CHAPTER 2

LITERATURE REVIEW

This study addresses FFL scheduling problems with unrelated parallel machines

and a bottleneck stage. The measures of performance are to minimize makespan, to

minimize the number of tardy jobs and to minimize total tardiness, considered

respectively. A brief review of literature on the work in this field and related papers is

presented. The first section is a brief summary of FFL research. The second section

discusses FFL with identical parallel machine problems and the third section discusses

FFL with unrelated parallel machine problems. The final section provides a short

summary.

2.1 The Classification of Approaches for FFL Scheduling Problems

A typical FFL scheduling problem can be defined as follows: there are N jobs

passing through a J stage(s) flow line with one or more identical parallel machines at

each stage. For the last few decades, many academic authors have studied scheduling

problems of FFLs. Linn and Zhang (1999) classified FFL problems into three

categories such as, Two-stage FFL, Three-stage FFL, and k-stage (k > 3) FFL. They
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stated most of the studies consider only two-stage or three-stage problems, throughput

related measures, and identical parallel machines and the most common used

approaches were heuristic and branch and bound (B&B).

Quadt and Kuhn (2007) presented a taxonomy for FFL scheduling procedures.

Figure 2 shows the overview of the taxonomy. The taxonomy groups procedures

according to their general solution approach. It distinguishes optimal and heuristic

procedures. Heuristic procedures are split into holistic and decomposition approaches.

While holistic approaches consider the complete scheduling problem in an integrated

way, decomposition approaches divide the problem with respect to production stages,

individual jobs, or sub-problems to be solved (batching, loading, and sequencing).

B&B is the most common approach applied to find the optimal solution for FFL

problems. Holistic approaches consider the complete scheduling problem in an

integrated way. The holistic approach is to use dispatching rules to select the next job

that has to be produced whenever a machine becomes idle. The main idea of

stage-oriented decomposition approaches is to divide a flexible flow line along its

production stages. This leads to several single stage, parallel machine scheduling

problems, each of them with reduced complexity compared with the overall problem.

The stages are planned consecutively, meaning that a complete schedule for a stage is
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Figure 2. Overview of the taxonomy
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generated before the next stage is considered. Job-oriented decomposition approaches

consider jobs subsequently. In each iteration, a job is selected and loaded on a

machine on each production stage. Sequencing decisions are made simultaneously.

Problem-oriented decomposition approaches consider a FFL scheduling problem can be

divided into a batching, a loading, and a sequencing sub-problem. The procedures

solve these sub-problems consecutively, thereby reducing overall complexity. From

this survey paper, we can observe that about 76% of papers try to minimize makespan

and there are only about 18% of papers that consider due-date related measures.
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Framinan et al. (2004) proposed a classification framework of heuristics for

makespan minimization in permutation flow shop. The framework indicates the

development of a heuristic may consist of three phases:

 Phase I: Index development

 Phase II: Solution construction

 Phase III: Solution improvement

A heuristic may consist of one or more of these phases, that are, in general, independent

of each other. In the index development phase, jobs are arranged according to a certain

property such as the processing times of each job on each machine. The output of this

phase is a ranking of jobs that might be employed either as input for the next phase, or

as a solution itself. In solution construction phase, a solution is constructed in a

recursive manner trying one or more unscheduled jobs to be inserted in one or more

positions of a partial schedule until the schedule is completed. Therefore, this phase

consists of a number of loops. In this phase there are two issues at any loop k:

1. Job selection, that is, which job j is to be inserted into the partial schedule

2. Job insertion, that is, where to insert the chosen job into the partial schedule
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Job selection will be decided according to one of the following approaches:

1. According to any index obtained by the application of phase I, or

2. several jobs in unscheduled jobs might be tried.

In solution improvement phase, an existing solution is improved by means of some

procedure. The two main characteristics of this phase are:

1. An initial solution (input solution) is required

2. The quality of the solution is always equal to or better than the quality of the

initial schedule

Usually, improvement approaches are classified into descending local searches and

meta-heuristics.

From this classification framework, we can see that heuristics used in the solution

improvement phase take longer computational time than in the solution construction

phase and heuristics used in the solution construction phase need more computational

time than in the index development phase.

2.2 Heuristics for FFL Problems with Identical Parallel Machines

One commonly used class of heuristics is dispatching rules. Many dispatching

rules have been developed for flexible flow line problems. For throughput related
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measures, Hunsucker and Shah (1994) evaluated six priority rules under congestion

levels in constrained flow shop with multiple processors environments for makespan,

mean flowtime and maximum flowtime. The results of the simulation study indicated

that the shortest processing time rule (SPT) yielded superior performance for makespan

and mean flow time criteria. However, for the maximum flow time criterion, clear

superiority of a particular dispatching procedure was not established. Brah and

Wheeler (1998) investigated the effect on mean flow time and makespan of scheduling

rules with dynamically established priorities in a FFL. Nine rules were tested and the

SPT rule was consistently superior. Kadipasaoglu et al. (1997) have also found the

SPT rule to be the best rule on flow time and makespan. For due-date related

measures, Hunsucker and Shah (1992) evaluated the performance of six priority rules

under congestion levels in constrained flow shop with multiple processors for mean

tardiness and number of tardy jobs. This study suggested that the SPT rule yielded

good performances for both performance measures considered. Brah (1996) examined

the performance of ten well-known dispatching rules in static flow shop with multiple

processors. The study suggested that S/RPT+SPT, MDD, and EDD rules would be

best for mean tardiness and maximum tardiness. Kadipasaoglu et al. (1997) conducted

a study to make a comparison of dispatching rules in static and dynamic hybrid flow
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systems. The COVERT rule performed well in regards to the total tardiness criterion

in their research. Jayamohan and Rajendran (2000) studied many dispatching rules in

flexible flow shops. They reported that SPT dispatching rules could offer good

performance for the number of tardy jobs. They also concluded that the COVERT rule

performed well in regards to the total tardiness criterion. Lee et al. (2004) used several

dispatching rules to compare performance with their proposed heuristics in a hybrid

flow shop. The ATC and COVERT dispatching rules showed good results in regard to

total tardiness.

Over the past forty years, many heuristics have been developed for pure flow shop

problems. Palmer (1965), CDS (Campbell et al., 1970), Gupta (1971), DAN

(Dannenbring, 1977), NEH (Nawaz et al., 1983), and CDSD (Park et al., 1984) are

well-known ones. However, there is a limited amount of research on heuristics for

FFL scheduling problems (Brah and Loo, 1999). The FFL sequencing problem is a

generalized case of basic flow shop sequencing problems. A lot of heuristics

developed for pure flow shop have recently been applied to solve FFL problems.

Santos et al. (1996) evaluated the performance of the heuristics of Palmer, CDS, Gupta,

and DAN on FFL problems. The results showed that the heuristics of CDS and DAN

outperformed the other two heuristics. Brah and Loo (1999) investigated the
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performance of the heuristics of CDS, Gupta, DAN, NEH and CDSD on FSMP

problems. The results showed that NEH dominated all other heuristics. In addition,

Kurz and Askin (2003) developed three types of heuristics: Insertion heuristics,

Johnson-based rule, and a set of naive greedy heuristics to solve a flexible flow line

with sequence-dependent setup times. The results showed that the Johnson-based rule

performs better than the other two methods.

Local searches or meta-heuristics such as tabu search, genetic algorithm, and

simulated annealing algorithm are common approaches used to solve FFL scheduling

problems. Chen et al. (1998) proposed a tabu search heuristic to solve flexible flow

line scheduling problems with minimizing makespan. Wardono and Fathi (2004)

considered FFL problems with limited buffer capacities between stages. The primary

objective is to find a schedule that would minimize makespan. They developed a tabu

search algorithm to solve problems. Bertel and Billaut (2004) developed a genetic

algorithm to solve a multi-processor flow shop problem involving recirculation and

considered the objective of minimizing the total number of weighted tardy jobs.

Sivrikaya Serifoglu and Ulusoy (2004) also proposed a genetic algorithm to solve FFL

problems with minimizing makespan. Jin et al. (2006) proposed the simulated

annealing algorithm to solve FFL scheduling problems with minimizing makespan.
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2.3 Heuristics for FFL Problems with Unrelated Parallel Machines

As surveyed in Linn and Zhang (1999), most heuristics studies consider only two

or three stages and identical parallel machines. In recent years, there have been many

studies concerned with multiple stages; however, few of them have dealt with multiple

stages involving unrelated parallel machines in stages. We only know of four studies

that consider FFL problems with unrelated parallel machines. Adler et al. (1993)

considered a very specific problem and proposed a bottleneck-based five-step method to

solve the problem. Low (2005) developed a simulated annealing heuristic to solve

flexible flow lines with unrelated parallel-machine problems in a flow shop. They

considered the objective of minimizing the total flow time. Ruiz and Maroto (2006)

proposed a genetic algorithm to solve a hybrid flow shop with sequence dependent

setup times and with minimum makespan as the objective. Jenabi et al. (2007)

considered the economic lot sizing and scheduling problem in FFL with unrelated

parallel machines and considered the objective of minimizing the sum of setup and

inventory holding costs per unit time without any stock-out. They proposed two

hybrid meta-heuristics, a hybrid genetic algorithm and a simulated annealing to solve

the problems.
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2.4 Summary

This discussion of the chapter has been mainly about FFL scheduling problems.

As mentioned above, FFL problems with unrelated parallel machines are seldom solved

and meta-heuristics are the most common approaches to solve the problems. In

addition, the previous studies just consider throughput related measures such as

makespan and flow time. Therefore, other types of heuristics such as index

development phase and solution construction phase need to be developed to solve the

problems considered in the study. In addition, FFL problems with due-date related

measures should be considered.


