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CHAPTER 5

CONCLUSIONS

In this research, we study flexible flow line 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. Several bottleneck-based heuristics are proposed to

solve these FFL problems respectively. A large number of well-defined production

scenarios have been generated to compare the performance of the proposed heuristics

with several well-known dispatching rules and heuristics.

For minimizing makespan problems, computational results have shown that the

proposed bottleneck-based heuristic, BDMIH, significantly outperforms four

well-known heuristics for the candidate problem. The results have also shown that the

machine selection rule, ECALLM, should be used when unrelated parallel machines are

considered in stages. The experimental design has also found some interesting points.

First, BDMIH/ECALLM is effective to high numbers of jobs (100 jobs) and low

numbers of stages (5 stages), and low levels of range of processing times ([10, 50]).

Second, BDMIH/ECALLM is still effective even if the bottleneck phenomenon is not

distinct. Third, the relative performance of BDMIH/ECALLM is more effective when
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the bottleneck stage is placed in front of the line. Finally, BDMIH/ECALLM is very

efficient and can be applied to real world problems.

For minimizing the number of tardy jobs problems, computational results have

shown that the proposed bottleneck-based heuristics significantly outperform six

well-known dispatching rules for the candidate problems. This is mainly contributed

by the new approach for determining the arrival times of the jobs to the bottleneck stage

and the decision rules for scheduling the jobs on the bottleneck stage. The results have

also shown that the machine selection rule, ECALLM, should be used when unrelated

parallel machines are considered in stages. The experimental design has also found

some interesting points. First, the effectiveness of BODD+ATC/ECALLM is robust to

problem size and to the variations of job processing times. Second,

BODD+ATC/ECALLM is still effective even if bottleneck phenomenon are not distinct.

Third, the relative performance of BODD+ATC/ECALLM improves when the

bottleneck stages are placed further back. Finally, BODD+ATC/ECALLM is very

efficient and can be applied to real world problems.

For minimizing total tardiness problems, computational results have shown that the

proposed bottleneck-based heuristic, BDAMIH, significantly outperforms well-known

dispatching rules and standard multiple insertion heuristic (SMIH) for the candidate



87

problems. The results have also shown that the machine selection rule, ECALLM,

should be used when unrelated parallel machines are considered in stages. The

experimental design has also found some interesting points. First,

BDAMIH/ECALLM is effective at high numbers of jobs (100 jobs) and low numbers of

stages (5 stages), and low level range of processing times ([10, 50]). Second,

BDAMIH/ECALLM is still effective even if bottleneck phenomenon are not distinct.

Third, the relative performance of BDAMIH/ECALLM is more effective when the

bottleneck stage is placed front of the line. Fourth, the relative performance of

BDAMIH/ECALLM is more effective when the due date range is loose. However, the

proposed heuristic is more robust whether the due date range is tight or loose. Finally,

BDAMIH/ECALLM is very efficient and can be applied to real-world problems.

We also evaluate these bottleneck-based heuristics in identical parallel machine

environments. These bottleneck-based heuristics also have good results for

minimizing makespan, minimizing the number of tardy jobs, and minimizing total

tardiness problems, respectively. We can conclude these bottleneck-based heuristics

also can be applied in FFL with identical parallel machine environments.

There are four main expected contributions conducted in this study. The first,

based on bottleneck stage, we successfully develop bottleneck-based heuristics to solve
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FFL scheduling problems with unrelated parallel machines and a bottleneck stage with

different objectives. The results show the proposed heuristics outperform other rules

and heuristics. Furthermore, we proposed heuristics to solve FFL scheduling problems

with due-date related objectives such as the number of tardy jobs and total tardiness.

This contribution supplements the deficiencies in theories regarding FFLs with

unrelated parallel machines. This is because there are only a few research papers

published on FFL problems with unrelated parallel machines and most papers deal with

these problems using local search methods such as genetic algorithms and simulated

annealing. That is to say, developing effective heuristics for the candidate problem is

still highly needed. Second, we propose a new approach for determining the arrival

times of jobs to a bottleneck stage and the decision rules for scheduling jobs at

bottleneck stages. The approach can successfully be applied to solve FFL problems

with minimization of the number of tardy jobs and the approach may further be applied

in different manufacturing systems such as job shop or open shop. Third, we propose

an adaptable multiple insertion heuristic to solve FFL scheduling problems with the

minimization of total tardiness. This heuristic belongs to the classification of solution

construction phase and the adaptable job selection approach employed in the heuristic

can assist heuristics to achieve good results. The adaptable job selection approach is
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different from the fixed order sequence and this approach may also further be applied in

different manufacturing systems such as job shop or open shop. Finally, from a

practical point of view, the proposed heuristics are easy enough to be implemented in

scheduling information systems to solve real problems.

As mentioned in the literature review, there are only a few research papers

published on FFL problems with unrelated parallel machines. These papers deal with

FFL problems considering different characteristics, such as sequence dependent setup

times, and solve problems using local search methods, such as simulated annealing and

genetic algorithms. Therefore, these bottleneck-based heuristics can be further applied

to FFL problems considering other characteristics, such as setup operations and

reentrant processing; it can also consider other objectives (maximum tardiness and total

flow time) and multiple objectives. Also, these new heuristics deserve to be applied to

solve other scheduling problems with bottleneck stages.


