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1 Experiment 1

1.1 The Makespan

LLH1 LLH2 LLH3 LLH4 LLH5 LLH6
Jobs | HNEH | GA | HNEH | HGA | HNEH | HGA | HNEH | HGA | HNEH | HGA | HNEH | HGA
6 | 15,55 | 15,55 6 6| 21,8| 27,55| 27,6] 1585 15,65 | 15,25 | 15,75 15,85
8| 19,9|19,35| 7,05| 7,05 38| 43,85| 365| 19,9| 20,1|19,95| 19,95 19,5
10 | 23,85| 23,2| 875 87|5035| 53,95| 43,6| 23,8 23,85 | 235| 24,05 25,55
16 | 3595| 36,2| 12,55| 12,6| 857 | 8935| 64,7| 53,5| 3615| 361| 36,35 52,1
18 | 39,9| 39,2| 13,85| 15,15| 100,8 | 1057 | 70,8| 61,8| 39,5| 399| 4055 60,75
20| 44,2 43,55| 153 18,05 116,8 | 113,25 | 79,1| 69,15 | 45,35 | 45,6 43,9 68,95
30| 659| 63,4| 22,15| 31,95 | 182,2 | 184,45 | 115,5| 101,5| 63,85 | 63,2| 116,55 98,45
40 | 84,45 | 87,65 20| 45,45 | 236| 241,1| 150,8| 130| 86,65 | 857| 1489 | 13155
50 | 106,9 | 107,4| 35,5 58,55| 298 |310,55| 190| 164,4| 105,3| 107| 1859 | 165,85

Figure 1: The average C),q, values for the 6LLHs for experiment 1
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Figure 2: The average C),q; values for the 6LLHs when used with the NEH for

experiment 1



. I | | T T T T T
LLH1
LLH2
300 :
LLH4
LLH5
250 :
£
= 200 _
iy
o
7] .F
= 150 ) _
| =
-—-.-.-:.-__,,...—-"'--- -
100 r __.__—_-.‘-T'-'.'.'-.-.'.P--T--- -:-:-\;r"-ﬂ—-.r—__:
: ] /’,r—"'ﬂra-h-_—.-:_ .
D | _I_ __ _I I | I I i i
5 10 15 20 25 30 35 40 i !
Number of jobs

Figure 3: The average C),q. values for the 6LLHs when used with the GA for

experiment 1



1.2 Energy consumption
LLH1 LLH2 LLH3 LLH4 LLH5 LLHG
Jobs | HNEH HGA HNEH HGA HNEH HGA HNEH HGA HNEH HGA HNEH HGA

6 7251 6914 | 2255,15 2742,95 8933,1 9186,35 7107,65 7041,25 6973,25 6532,25 7339,25 7063

8 9752,25 9051,75 2956,3 3597,45 | 12439,45 | 12584,35 9929,65 9309,25 9530 9005 9810,5 9149,75
10 12066,5 11155 | 3682,95 4477,45 15043,5 15132 12367,3 11519 | 11748,25 | 11074,25 | 12171,25 | 11570,95
16 | 19282,75 | 18357,25 | 5902,15 7176,95 23629,9 23814 | 19347,85 | 18588,25 | 18980,25 18025 19417,5 | 18304,95
18 | 21449,75 | 20092,5 | 6671,65 | 8122,65 | 27137,65 | 27559,3 | 21494,35 | 20855,45 | 20957,75 | 20271,75 21840 | 20493,15
20 24011,5 22431 | 7388,75 8993,2 | 30831,95 29663,3 24292,2 | 23155,25 24189,5 23043 | 23828,25 23224,2
30 | 36523,25| 33485,25 | 11166,7 | 13588,15 46810,7 | 46277,05 | 36168,55 34954,2 35186 | 33202,75 36356,5 | 34103,85
40 | 36523,25 | 33485,25 | 11166,7 | 13588,15 46810,7 | 46277,05 | 36168,55 34954,2 35186 | 33202,75 36356,5 | 34103,85
50 60610,5 | 57620,75 | 18484,6 22488,8 | 74766,45 | 76948,05 60704,9 57852,2 | 59243,75 | 57106,75 59822,6 588714

Figure 4: The average energy consumption values for the 6LLHs

1

Figure 5: The average energy consumption values for the 6LLHs when used

for experiment
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1.3 Computational time
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Figure 6: The average energy consumption values for

with the GA for experiment 1
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the 6LLHs when used
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7: The

average computational time values for the 6LLHs for experiment
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Figure 8: The average computational time values for the 6LLHs when used with
the NEH for experiment 1.
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Figure 9: The average computational time values for the 6LLHs when used with
the GA for experiment 1.



2 Experiment 2

2.1 Makespan
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Figure 10: The average Ci,q. values of the IHNEH and the IHGA for experiment
2.

2.2 Energy consumption
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Figure 11: The average energy consumption values of the IHNEH and the ITHGA
for experiment 2.



2.3 Computational time
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Figure 12: The average energy computational time of the IHNEH and the IHGA
for experiment 2.



3 Experiment 3

3.1 Effectiveness of the proposed heuristics
Crae — ActualCryon

GoH = ActualC— * 100 (1)
Solution
approach 6 jobs 8 jobs 10 jobs
IHNEH 2,040816 1,440275 1,2658273
IHGA 2,040816 1,449275 1,265823
B&B 0 0 0
Figure 13: GoH using the Ciqz-
Solution
approach 6 jobs 8 jobs 10 jobs
IHNEH o] (8] o]
IHGA 21,46019 21,1342 21,41072
B&B 0 0 0

10

Figure 14: GoH using the energy consumption.
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Figure 15: Computational times with 1, 2, and 3 on the x-axis representing 6,
8, and 10 jobs respectively
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3.2 Efficiency of the proposed heuristics
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Figure 16: Deviation from the C),4; for the three methods for the 16, 20, and
40 job sizes.

4 Sensitivity analysis

4.1 GA convergence

4.1.1 50 iterations

12
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Figure 17: Deviation from energy consumption for the three methods for the
16, 20, and 40 job sizes.
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Figure 18: Influence of 50 iterations on the C,q. for the 10 (top left), 20 (top
right), and the 40 (bottom) job sizes .
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4.1.2 300 iterations
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Figure 19: Influence of 300 iterations on the Ci,q, for a problem with 10 (top
left), 20 (top right), and 40 (bottom) jobs.
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4.1.3 650 iterations
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Figure 20: Influence of 650 iterations on the Cyq, for a problem with 10 (top
left), 20 (top right), and 40 (bottom) jobs.
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4.2 Energy threshold reduction factor

4.2.1 10 jobs
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Figure 21: Influence of the ETRF on the EC and C),, for the 10 job size.
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4.2.2 20 jobs
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Figure 22: Influence of the ETRF on the EC and C),,, for the 20 job size.
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4.2.3 The 40 job size
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Figure 23: Influence of the ETRF on the EC and C),,, for the 40 job size.
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