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Chapter 1

Tables

1.1 Tables of mean values

SSD50 Time 150 200
# Method IH I1ε Method IH I1ε

1 RIPG 1.275 1.090 RIPG 1.285 1.085
2 MOIGS 1.152 1.185 MOIGS 1.160 1.177
3 MOGALS_Arroyo 1.007 1.264 MOGALS_Arroyo 1.016 1.257
4 PESAII 0.980 1.236 PESAII 0.988 1.231
5 PESA 0.975 1.233 PESA 0.982 1.229
6 MOSA_Varad_M 0.938 1.371 MOSA_Varad_M 0.942 1.370
7 MOTS 0.934 1.324 MOTS 0.936 1.324
8 PGA_ALS 0.906 1.298 PGA_ALS 0.903 1.299
9 MOSA_Varad 0.862 1.422 MOSA_Varad 0.850 1.430
10 MOGA_Murata 0.809 1.347 PILS 0.832 1.380
11 PILS 0.800 1.399 MOGA_Murata 0.814 1.346
12 hMGA 0.799 1.363 hMGA 0.796 1.366
13 ε−NSGAII 0.757 1.362 ε−NSGAII 0.764 1.358
14 CMOGA 0.753 1.369 CMOGA 0.764 1.363

Table 1.1: Results for the Cmax−TWT criteria and SSD50. Average quality indicator values
for the 14 algorithms tested under the two di�erent termination criteria. Instance group where
setup times length is 50% that of the processing times. For each termination criteria level,

the methods are sorted according to IH .
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SSD125 Time 150 200
# Method IH I1ε Method IH I1ε

1 RIPG 1.307 1.077 RIPG 1.322 1.067
2 MOIGS 1.194 1.171 MOIGS 1.207 1.160
3 MOGALS_Arroyo 0.980 1.271 MOGALS_Arroyo 0.993 1.260
4 MOSA_Varad_M 0.939 1.348 MOSA_Varad_M 0.949 1.344
5 MOTS 0.930 1.318 MOTS 0.938 1.312
6 PESAII 0.923 1.267 PESAII 0.936 1.262
7 PESA 0.922 1.264 PESA 0.933 1.259
8 MOSA_Varad 0.853 1.404 MOSA_Varad 0.847 1.408
9 PGA_ALS 0.840 1.354 PGA_ALS 0.842 1.352
10 PILS 0.776 1.410 PILS 0.81 1.385
11 MOGA_Murata 0.737 1.389 MOGA_Murata 0.747 1.384
12 hMGA 0.715 1.413 hMGA 0.716 1.414
13 ε−NSGAII 0.679 1.419 ε−NSGAII 0.688 1.416
14 CMOGA 0.669 1.422 CMOGA 0.686 1.413

Table 1.2: Results for the Cmax−TWT criteria and SSD125. Average quality indicator values
for the 14 algorithms tested under the two di�erent termination criteria. Instance group where
setup times length is 125% that of the processing times. For each termination criteria level,

the methods are sorted according to IH .

SSD125 Time 150 200
# Method IH I1ε Method IH I1ε

1 RIPG 1.303 1.067 RIPG 1.319 1.058
2 MOSA_Varad_M 1.202 1.144 MOSA_Varad_M 1.211 1.143
3 MOIGS 1.132 1.154 MOIGS 1.145 1.147
4 MOGALS_Arroyo 1.131 1.164 MOGALS_Arroyo 1.133 1.162
5 MOSA_Varad 1.123 1.179 MOSA_Varad 1.112 1.185
6 MOTS 1.075 1.194 MOTS 1.077 1.192
7 PESA 0.999 1.223 PESA 1.007 1.219
8 PESAII 0.976 1.234 PESAII 0.984 1.230
9 PGA_ALS 0.904 1.309 PGA_ALS 0.898 1.313
10 MOGA_Murata 0.801 1.346 MOGA_Murata 0.813 1.339
11 ε−NSGAII 0.767 1.362 ε−NSGAII 0.777 1.355
12 CMOGA 0.725 1.391 CMOGA 0.744 1.378
13 PILS 0.691 1.451 PILS 0.724 1.424
14 hMGA 0.552 1.526 hMGA 0.545 1.534

Table 1.3: Results for the Cmax − TFT criteria and SSD50. Average quality indicator values
for the 14 algorithms tested under the two di�erent termination criteria. Instance group where
setup times length is 50% that of the processing times. For each termination criteria level,

the methods are sorted according to IH .
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SSD125 Time 150 200
# Method IH I1ε Method IH I1ε

1 RIPG 1.319 1.064 RIPG 1.334 1.057
2 MOSA_Varad_M 1.131 1.178 MOSA_Varad_M 1.144 1.174
3 MOIGS 1.128 1.158 MOIGS 1.141 1.150
4 MOGALS_Arroyo 1.048 1.208 MOGALS_Arroyo 1.052 1.205
5 MOSA_Varad 1.038 1.222 MOSA_Varad 1.029 1.227
6 MOTS 1.009 1.232 MOTS 1.013 1.229
7 PESA 0.914 1.272 PESA 0.926 1.265
8 PESAII 0.889 1.286 PESAII 0.901 1.279
9 PGA_ALS 0.821 1.349 PGA_ALS 0.821 1.350
10 MOGA_Murata 0.685 1.413 MOGA_Murata 0.701 1.402
11 ε−NSGAII 0.675 1.418 ε−NSGAII 0.686 1.410
12 PILS 0.632 1.484 PILS 0.668 1.456
13 CMOGA 0.601 1.467 CMOGA 0.624 1.451
14 hMGA 0.441 1.606 hMGA 0.437 1.611

Table 1.4: Results for the Cmax−TFT criteria and SSD125. Average quality indicator values
for the 14 algorithms tested under the two di�erent termination criteria. Instance group where
setup times length is 125% that of the processing times. For each termination criteria level,

the methods are sorted according to IH .





Chapter 2

Figures

2.1 Figures

RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSMOGA_Murataε-NSGAIICMOGAPILShMGA

1.1 1.2 1.3 1.4 1.5
Figure 2.1: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Epsilon indicator response variable and t = 150ms CPU

time stopping criterion. Makespan and total �owtime criteria.
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10 CHAPTER 2. FIGURES

hMGAPILSCMOGAε-NSGAIIMOGA_MurataPGA_ALSPESAIIPESAMOTSMOSA_VaradMOGALS_ArroyoMOIGSMOSA_Varad_MRIPG

0.6 0.8 1.0 1.2
Figure 2.2: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Hypervolume response variable and t = 150ms CPU time

stopping criterion. Makespan and total �owtime criteria.



2.1. FIGURES 11

RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPILSPGA_ALSMOGA_Murataε-NSGAIICMOGAhMGA

20 40 60 80 100 120
Figure 2.3: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Epsilon indicator response variable and t =

150ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOSA_Varad_MMOSA_VaradMOIGSMOGALS_ArroyoMOTSPESAPESAIIPGA_ALSPILSMOGA_Murataε-NSGAIICMOGAhMGA

20 40 60 80 100 120
Figure 2.4: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the in the Friedman rank-based experiment. Hypervolume response variable and

t = 150ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOIGSMOSA_Varad_MMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSMOGA_Murataε-NSGAIICMOGAPILShMGA

1.1 1.2 1.3 1.4 1.5 1.6
Figure 2.5: Second instance set (g2) where setup times length is 125% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Epsilon indicator response variable and t = 150ms CPU

time stopping criterion. Makespan and total �owtime criteria.
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hMGACMOGAPILSε-NSGAIIMOGA _MurataPGA_ALSPESAIIPESAMOTSMOSA_VaradMOGALS_ArroyoMOIGSMOSA_Varad_MRIPG

0.4 0.6 0.8 1.0 1.2
Figure 2.6: Second instance set (G2) where setup times length is 125% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Hypervolume response variable and t = 150ms CPU time

stopping criterion. Makespan and total �owtime criteria.
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RIPGMOIGSMOSA_Varad_MMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSPILSMOGA_Murataε-NSGAIICMOGAhMGA

0 20 40 60 80 100 120
Figure 2.7: Second instance set (G2) where setup times length is 125% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Epsilon indicator response variable and t =

150ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSPILSMOGA_Murataε-NSGAIICMOGAhMGA

0 20 40 60 80 100 120
Figure 2.8: Second instance set (G2) where setup times length is 125% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Hypervolume response variable and t = 150ms

CPU time stopping criterion. Makespan and total �owtime criteria.



2.1. FIGURES 17

RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSMOGA_Murataε-NSGAIICMOGAPILShMGA

1.1 1.2 1.3 1.4 1.5
Figure 2.9: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Epsilon indicator response variable and t = 200ms CPU

time stopping criterion. Makespan and total �owtime criteria.
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hMGAPILSCMOGAε-NSGAIIMOGA_MurataPGA_ALSPESAIIPESAMOTSMOSA_VaradMOGALS_ArroyoMOIGSMOSA_Varad_MRIPG

0.6 0.8 1.0 1.2
Figure 2.10: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Hypervolume response variable and t = 200ms CPU time

stopping criterion. Makespan and total �owtime criteria.



2.1. FIGURES 19

RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPILSPGA_ALSMOGA_Murataε-NSGAIICMOGAhMGA

0 20 40 60 80 100 120
Figure 2.11: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Epsilon indicator response variable and t =

200ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSPILSMOGA_Murataε-NSGAIICMOGAhMGA

20 40 60 80 100 120
Figure 2.12: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Hypervolume response variable and t = 200ms

CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOIGSMOSA_Varad_MMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSMOGA_Murataε-NSGAIICMOGAPILShMGA

1.1 1.2 1.3 1.4 1.5 1.6
Figure 2.13: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for
the algorithm factor in the ANOVA experiment. Epsilon indicator response variable and

t = 200ms CPU time stopping criterion. Makespan and total �owtime criteria.
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hMGACMOGAPILSε-NSGAIIMOGA_MurataPGA_ALSPESAIIPESAMOTSMOSA_VaradMOGALS_ArroyoMOIGSMOSA_Varad_MRIPG

0.4 0.6 0.8 1.0 1.2
Figure 2.14: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the ANOVA experiment. Hypervolume response variable and t = 200ms

CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOIGSMOSA_Varad_MMOGALS_ArroyoMOTSMOSA_VaradPESAPESAIIPILSPGA_ALSMOGA_Murataε-NSGAIICMOGAhMGA

0 20 40 60 80 100 120
Figure 2.15: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friedman rank-based experiment. Epsilon indicator response variable

and t = 200ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOSA_Varad_MMOIGSMOGALS_ArroyoMOSA_VaradMOTSPESAPESAIIPGA_ALSPILSMOGA_Murataε-NSGAIICMOGAhMGA

0 20 40 60 80 100 120
Figure 2.16: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friedman rank-based experiment. Hypervolume response variable and

t = 200ms CPU time stopping criterion. Makespan and total �owtime criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPGA_ALSMOTSMOGA _Murataε-NSGAIIhMGACMOGAMOSA_Varad_MPILSMOSA_Varad

1.1 1.2 1.3 1.4
Figure 2.17: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Epsilon indicator response variable and t = 150ms CPU

time stopping criterion. Makespan and total weighted tardiness criteria.
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CMOGAε-NSGAIIhMGAPILSMOGA _MurataMOSA_VaradPGA_ALSMOTSMOSA_Varad_MPESAPESAIIMOGALS_ArroyoMOIGSRIPG

0.8 0.9 1.0 1.1 1.2 1.3
Figure 2.18: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Hypervolume response variable and t = 150ms CPU time

stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPGA_ALSPILSMOTSMOGA_Murataε-NSGAIIMOSA_Varad_MhMGACMOGAMOSA_Varad

20 40 60 80 100 120
Figure 2.19: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Epsilon indicator response variable and t =

150ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPILSPGA_ALSMOTSMOSA_Varad_MMOGA_MuratahMGAε-NSGAIIMOSA_VaradCMOGA

20 40 60 80 100
Figure 2.20: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Hypervolume response variable and t = 150ms

CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoMOTSMOSA_Varad_MPGA_ALSMOGA_MurataMOSA_VaradPILShMGAε-NSGAIICMOGA

1.1 1.2 1.3 1.4
Figure 2.21: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for
the algorithm factor in the ANOVA experiment. Epsilon indicator response variable and
t = 150ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.



30 CHAPTER 2. FIGURES

CMOGAε-NSGAIIhMGAMOGA_MurataPILSPGA_ALSMOSA_VaradPESAPESAIIMOTSMOSA_Varad_MMOGALS_ArroyoMOIGSRIPG

0.8 1.0 1.2
Figure 2.22: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the ANOVA experiment. Hypervolume response variable and t = 150ms

CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoMOTSPILSMOSA_Varad_MPGA_ALSMOGA_MuratahMGAMOSA_Varadε-NSGAIICMOGA

20 40 60 80 100
Figure 2.23: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friedman rank-based experiment. Epsilon indicator response variable
and t = 150ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSMOGALS_ArroyoPESAPESAIIMOTSMOSA_Varad_MPILSPGA_ALSMOSA_VaradMOGA_MuratahMGAε-NSGAIICMOGA

20 40 60 80 100 120
Figure 2.24: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friendman rank-based experiment. Hypervolume response variable
and t = 150ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPGA_ALSMOTSMOGA_Murataε-NSGAIICMOGAhMGAMOSA_Varad_MPILSMOSA_Varad

1.1 1.2 1.3 1.4
Figure 2.25: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Epsilon indicator response variable and t = 200ms CPU

time stopping criterion. Makespan and total weighted tardiness criteria.
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CMOGAε-NSGAIIhMGAMOGA_MurataPILSMOSA_VaradPGA_ALSMOTSMOSA_Varad_MPESAPESAIIMOGALS_ArroyoMOIGSRIPG

0.8 0.9 1.0 1.1 1.2 1.3
Figure 2.26: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the ANOVA experiment. Hypervolume response variable and t = 200ms CPU time

stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPILSPGA_ALSMOTSMOGA_Murataε-NSGAIIMOSA_Varad_MCMOGAhMGAMOSA_Varad

20 40 60 80 100 120
Figure 2.27: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Epsilon indicator response variable and t =

200ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAPESAIIMOGALS_ArroyoPILSPGA_ALSMOTSMOSA_Varad_MMOGA_MuratahMGAε-NSGAIICMOGAMOSA_Varad

20 40 60 80 100
Figure 2.28: First instance set (G1) where setup times length is 50% the length of processing
times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the algorithm
factor in the Friedman rank-based experiment. Hypervolume response variable and t = 200ms

CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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RIPGMOIGSPESAMOGALS_ArroyoPESAIIMOTSMOSA_Varad_MPGA_ALSMOGA_MurataPILSMOSA_VaradCMOGAhMGAε-NSGAII

1.1 1.2 1.3 1.4
Figure 2.29: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for
the algorithm factor in the ANOVA experiment. Epsilon indicator response variable and
t = 200ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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Figure 2.30: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the ANOVA experiment. Hypervolume response variable and t = 200ms

CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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Figure 2.31: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friedman rank-based experiment. Epsilon indicator response variable
and t = 200ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.
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Figure 2.32: Second instance set (G2) where setup times length is 125% the length of pro-
cessing times. Means plot and Tukey HSD con�dence intervals (αs = 0.01, α = 0.05) for the
algorithm factor in the Friedman rank-based experiment. Hypervolume response variable and
t = 200ms CPU time stopping criterion. Makespan and total weighted tardiness criteria.


