Table 37: Results of F-test and T-test for m2n5, m2n10, m2n25, m5n10, m5n25 and m5n50

P-value|m2n5 m2n10 m2n25 m5n10 m5n25 m5n50

F-test |0.59275465 |0.79490781 |0.471330379|0.548741813|0.233352549|0.248622894

T-test (0.699637126|0.846931652|0.057522934|0.360993323|0.010823522|8.14299E-06

Table 38: CPU time for hACO and DPSO in fuzzy unrelated parallel machine scheduling
problem

cPU m2n5 m2n10 m2n25 m5n10 m5n25 m5sn50

time

hACODPSO hACODPSO hACODPSO hACODPSO hACODPSO hACODPSO

Runl [7.62 [128.7813.82 [217.7037.35 [615.9815.19 [237.5439.38 [630.5097.79 [1716.95

Run2 7.41 127.21}13.22 218.1436.73 |614.38|17.30 [237.2541.63 |629.60101.66/1717.60

Run3 7.08 [128.11]13.25 220.3936.71 [614.4316.93 [235.5545.16 [630.69100.371715.75

Run4 7.01 128.1913.35 [218.31]36.70 [614.9916.76 [235.9543.75 [629.6298.79 [1718.34

Run5 6.83 [127.9513.19 [218.5337.19 [613.4414.86 [236.3348.80 [629.66(119.031717.16

Run6 6.85 [128.72]13.20 |218.2636.87 [612.47|14.38 [236.07/40.41 |631.57]111.39/1721.80

Run7 6.84 [129.80/13.46 217.0637.16 [614.3814.69 [237.1438.31 [628.94100.88/1712.93

Run8 6.86 [128.88]13.24 218.3836.69 [614.17|14.48 [236.8944.03 [629.6097.84 |1855.04

Run9 6.83 [129.80/13.18 217.47]36.63 [614.75(17.19 [236.25/47.29 1629.21/98.45 |1714.50

Run106.83 [127.5513.23 216.9838.11 [613.96/16.88 [236.57/41.76 |630.2899.34 |1723.26

Mean [7.02 [128.50/13.31 218.1237.01 [614.30/15.87 [236.5543.05 1629.97]102.551731.33

Stdev 0.28 (0.87 (0.20 (0.97 [0.46 |0.93 |[1.24 0.64 3.39 0.79 [7.03 @43.58
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CHAPTER 5 CONCLUSIONS AND FUTURE RESEARCH
This chapter presents the summary of this thesis study. Conclusions and future research

are also included in this chapter.

5.1 Summary of the Thesis Study

This thesis study has presented a fuzzy hybrid ant colony optimization to solve fuzzy
unrelated parallel machine scheduling problems with trapezoidal fuzzy processing times,
trapezoidal fuzzy setup times and trapezoidal fuzzy release times. The objective is to find the
minimum makespan in completing all jobs. Table 39 presents the tasks that have been completed.

Table 39: Tasks completed

1. Analyzed current available literature in the related area.

Task 1: literature review  |2. Summarized the previous work and the limitations.

3. Determined the research goal and objective.

Task 2: Fuzzy unrelated 1. Analyzed the problem and identified the parameters.
parallel machine
scheduling problem

N

. Formulated the mathematic model.

. Developed the structure of hybrid ant colony optimization

Task 3: Hybrid ant colony

. . Investigated the selection of fuzzy ranking method
optimization

. Determined the fuzzy evaluation function.

Task 4: Test Data and

Preliminary result . Verify the correctness of our methodology

. Tested the performance of hybrid ant colony optimization

1
2
3
1. Compared eight fuzzy ranking method
2
3
1

Task 5: Comparative study |1. Implement two different fuzzy ranking methods for the fuzzy
of fuzzy ranking method |unrelated parallel machine scheduling problem.

for the fuzzy unrelated
parallel machine
scheduling problem

2. Analyzed the effect of different fuzzy ranking method for the
fuzzy unrelated parallel machine scheduling problem.

Task 6: Discrete particle  |1. Developed the particle swarm optimization model for solving
swarm optimization for fuzzy unrelated scheduling problem.

fuzzy unrelated parallel
machine scheduling
problem

2. Solving numerical examples and comparing with hybrid ant
colony optimization.
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5.2 Conclusions and Future Research

The following conclusions can be derived from the thesis study. First, among eight fuzzy
ranking methods, Liou and Wang’s ranking method is the best based on a comprehensive testing
in consideration of four different cases of fuzzy numbers being compared and each case is
subject to each of the four fuzzy arithmetic operations, i.e., addition, subtraction, multiplication
and division for varying numbers of times. The effect of three fuzzy ranking methods on the
performance of hybrid ant colony optimization (hACO) was also investigated. The Kruskal-
Wallis-test results indicate that Liou&Wang fuzzy ranking method is significantly better than the
other two ranking methods in 3 of 5 datasets, which indicates that Liou and Wang’s ranking
method has better performance than the other two ranking methods and hACO is affected by the
fuzzy ranking method in some datasets. Secondly, to prove the correctness of our methodology
and coding, fuzzy unrelated parallel machine scheduling with fuzzy numbers and crisp numbers
were compared based on scheduling problems up to 15 machines and 200 jobs. The results of F-
tests and T-tests show that there is no difference in scheduling performances between fuzzy
numbers and equivalent crisp numbers, which indicates the correctness of our proposed
methodology. Thirdly, the performance of fuzzy hybrid ant colony optimization for the
unrelated parallel machine problem was tested with a number of randomly generated datasets.
The results show that the mean RPD of m2n5 problem is 0.6813 and it indicates that the
proposed hACO has 68.13% improvement over the upper bound. This is the lowest improvement
among all 11 datasets tested. The highest improvement is 88.57%, which is from the m10n50
dataset. Finally, a discrete particle swarm optimization (dPSO) algorithm was implemented for
fuzzy unrelated parallel machine scheduling problem to be compared with the hybrid ant colony

optimization algorithm. The results show that the mean RPD values of hACO for all the 6
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instances are larger than those of dPSO. The results of F-tests and T-tests indicate that hACO has
better performance than dPSO in m5n25 problem and m5n50 problem. Moreover, the CPU times
of dPSO are much higher than those of hACO for all the instances. For m2n5, the CPU time of
dPSO is almost 18 times than that of hACO.

Since most make-to-order problems in scheduling involve due date, future research will
focus on considering fuzzy due date for fuzzy unrelated parallel machine scheduling problem
with different objective functions. Another worthy topic is considering different machine
environments such as batch parallel machine scheduling commonly seen in semiconductor

manufacturing.
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