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1 Introduction

This Document explains how to set up the experimental setup and configurations required
for this research project providing any user to perform the corresponding experimentation
a step-by-step guideline of instructions to be followed, list of requirements and software
packages or versions to be installed. This would enable the user to easily set up ex-
perimentation environment and reproduce the experiments with correct configuration
applied.

2 System Configurations

All the experiment in research is performed on Windows 11 Operating System with i5
processor with 512 GB SSD and 12.7 GB System RAM.

2.1 List of software tool used
e VS code IDE for Code Execution [

e Python (3.12.3) with pandas(2.1.4)f] numpy(1.26.4f] and Matplotlib (3.7.1)] for
visualising the results.

e MealPy library|(3.0.1)(Van Thieu et al.;[2023)(Van Thieu and Mirjalili; 2023)

Thttps://code.visualstudio.com/

Zhttps://pypi.org/project/pandas/2.1.4/

3https://pypi.org/project /numpy/1.26.4/

“https://pypi.org/project /matplotlib/3.0.1/
Shttps://mealpy.readthedocs.io/en/latest /pages/general /introduction.html



3 Project Requirements

)(,Visualsmdiocode Docs Updates Blog APl Extensions FAQ Learn D O search Docs

92 is now available! Read about the new features and fixes from July.

Visual Studio Code on Windows it

seTup
Overview
Installation
macos
| Windows 1. Download the Visual Studio Code installer for Windows
Raspberry Pi 2. Once it is downloaded, run the installer (VSCodeUserSetup-{version}.exe). This will only take a
Network minute.
Additiona 3. By default, VS Code is installed under C:\Users\
Components {Username}\AppData\Local\Prograns\Microsoft VS Code
Enterprise
st Alternatively, you can also download a Zip archive, extract it and run Code from there.
GET STARTED Tip: Setup will add Visual Studio Code to your %PATHS% , so from the console you can type 'code ' to
USER GUIDE open VS Code on that folder. You will need to restart your console after the installation for the
change to the %PATHS environmental variable to take effect
SOURCE CONTROL
TERMINAL

GITHUB COPILOT

User setup versus system setup

LANGUAGES
NODEJS | VS Code provides both Windows user and system level setups.
JAVASCRIPT

The user setup does not require Administrator privileges to run as the location will be under your user
TYPESCRIPT

Local AppData ( LOCALAPPDATA ) folder. Since it requires no elevation, the user setup is able to provide a
PYTHON smoother background update experience. This is the preferred way to install VS Code on Windows.
VA

Note: When running VS Code as Administrator in a user setup installation, updates will be disabled

Cos
c» The system setup requires elevation to Administrator privileges to run and will place the installation under
DOCKER the system's Program Files. The in-product update flow will also require elevation, making it less

cinn tha exstam eahin masns that

ctraamiinad than tha ear catin (i tha nthar hand inctalling \/€ Fad

Figure 1: Installing VSCode

INTHIS ARTICLE

Next steps

Common q

1. Install “python” version 3.12.3 and its packages from the official website of python
ﬁ. Step by Step installation instruction can be followed as mentioned in the official

documentation of VisualStudid’] as mentioned in Figure

2. Once VSCode is Installed make sure to add Jupyter extension to support .ipynb

files as mentioned in Figure
EXTENSIONS: MARKETPLACE 1) -+ Xpe n 0 .Ipynb &

jupyter =Y

Jupyter vze24.7.0

This research uses Jupyter Notebook.

Jupyter YIS Microsoft & microsoft.com | & 81,053,937 | % %% % % (319)

Jupyter notebook support, in... r
i Jupyte

% Microsoft

Jupyter notebook support, interactive programming and computing that supports Intelli...

. Jupyter Keymap Disable | Uninstall |/ |Switch to Pre-Release Version ./ Auto Update &%
Ju

r key
% Microsoft
DETAILS FEATU
Jupyter Slide Show
Jupyter S p Extension Pack (4)
% Microsoft

Jupyter Keymap
Jupyter Cell Tags Juj r key! for notebooks

Jépytm : T # Microsoft
Microsoft

er Notebook R
Juy

Jupyter Notebook Renderers
enderers for Jupyter Notebooks
 Microsoft

Jupyter Extension for Visual Studio Code

udi n that provides basic notebook support for language
hat are supported in Jupyter Notebooks today, and allows any Python

Categories
Extension Packs
Data Science
Machine Learning
Notebooks

Visualization

Resources

ketplace

environment to be used as a Jupyter kernel. This is NOT a Jupyter kernel--you must

have Python environment in which you've installed the Jupyter [ e, though many More Info

language kernels will work with no modification. To enable advanced features,
@ iupviernotebo. modifications may be needed in the VS Code language extensions.
pytern

Published 2020-11-11,
19:14:18
Last 2024-08-09,

Figure 2: Installing Jupyter Extension on VSCode

Shttps://www.python.org/downloads/
Thttps://code.visualstudio.com/docs/setup/windows



3. Research Artifacts are stored in zip folder that needs to be extracted. The Code
Artifact directory structure looks as mentioned in Figure

FOLDERS
Research_Artifacts
Algorthms:Steps
ALO
ALO-Epoch_100&popSize_100
design-specs-image
HBA
HBA-Epoch_100&popSize_100-results
/* HBA_N.ipynb
HGA
HGA-Epoch_100&popSize_100&GA-poch_50&popSize_100---results
/*# OHBA_N.ipynb
Result Alaysis
/* ExperimentationDiscussion.ipynb
[ resultAnalysisTable.csv
[ Experiment_Results.xlsx

197 Project Report.pdf

Figure 3: Code Artifact Directory Structure

4. The Experiment .ipynb File for each algorithm is present in the Algorithm respective
directories and result output directories are systematically organised.

5. For the HGA algorithm, the main script is located at /HGA/OHBA_N.ipynb, and the
results are saved in the directory /HGA/HGA-Epoch_100&popSize_100&GApoch_50&
popSize_100---results,

6. For the HBA algorithm, the script can be found at /HBA/HBA_N.ipynb, and its
results are stored in the directory /HBA/HBA-Epoch_100&popSize_100-results.

7. For the ALO algorithm its .ipynb is divided into three experiments. The directories
are organized as follows: /ALO/ALO-Epoch_100&popSize_100/Experimentsl1-70/
ALO_N. ipynb) for the first set of experiments, /ALO/ALO-Epoch_100&popSize_100/
Experiments71-105/ALO_N.ipynb for the second set, and /ALO/ALO-Epoch_100&
popSize_100/Experiments106-140/ALO_N.ipynb for the third. The results for
these experiments are stored in directories that match the experiment numbers:
/ALO/ALO-Epoch_100&popSize_100/Experiments1-70/AL0results1-70, |’ /ALO/
ALO-Epoch_100&popSize_100/Experiments71-105/results’, and ’ /ALO/ALO-Epoch_
100&popSize_100/Experiments106-140/results’|


/HGA/OHBA_N.ipynb
/HGA/HGA-Epoch_100&popSize_100&GApoch_50&popSize_100---results
/HGA/HGA-Epoch_100&popSize_100&GApoch_50&popSize_100---results
/HBA/HBA_N.ipynb
/HBA/HBA-Epoch_100&popSize_100-results
/ALO/ALO-Epoch_100&popSize_100/Experiments 1 - 70 /ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 1 - 70 /ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 71 - 105/ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 71 - 105/ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 106-140/ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 106-140/ALO_N.ipynb
/ALO/ALO-Epoch_100&popSize_100/Experiments 1 - 70 /ALO results 1 - 70
'/ALO/ALO-Epoch_100&popSize_100/Experiments 71 - 105/results'
'/ALO/ALO-Epoch_100&popSize_100/Experiments 71 - 105/results'
'/ALO/ALO-Epoch_100&popSize_100/Experiments 106-140/results'
'/ALO/ALO-Epoch_100&popSize_100/Experiments 106-140/results'

These .ipynb contains output content of the experimentation that were per-
formed for this research project. These .ipynb files can be scrolled to observe
the experimented results.

8. The above script contains the "Problem Objective Function”, Problem Dict that is
provided to the algorithm and the Algorithm Implementation. These script are set
to be executed to perform Experimentation in iterations which Varies VM count,
Task Count, and one of the algorithms hyperparameter that is PR (Probability
Rate). PR Value is varied in the range 0 to 1 and are labeled. Here pr=0 is labeled
Baseline Experiment, pr=0.1 is Low pr, pr=0.25 is Moderate pr, pr=0.5 is Balanced
pr, 0.75 is High pr, 0.9 is Extreme pr and pr=1 is labeled as max pr. This .ipynb
files just needs to be executed top to down to generate the results.

9. Problem Objective Function of the Research is mentioned in all the scripts and is
defined as mentioned in Figure [4]

# Define the Problem objective function to evaluate the solution
def Fun(solution):
listl = [@] * vmcount # Initialize a list to store load distribution across VMs
val = 0.0
for i in range(solution.size):
solution[i] = round(solution[i]) # Round the solution values to nearest integers
# If the solution element is non-zero, calculate its VM index
if solution[i] != 0:
index = min(max(int(solution[il) - 1, @), len(listl) - 1)
listl[index] += taskcount / VM[index] # Add the load to the corresponding VM based on the task distribution
else:
index = min(max(int(solution[il), @), len(listl) - 1)
listl[index] += taskcount / VM[index] # Add the load to the corresponding VM based on the task distribution

# Return the minimum load among all VMs as the objective value
return min(list1)

Figure 4: Defined Problem Objective

10. In the Script the Experiment parameters are defined as mentioned in Figure[5| The
list [100, 375, 750, 1000], The list [30, 45, 60, 75, 90]for VM Count, the list [0.0,
0.1, 0.25, 0.5, 0.75, 0.9, 1.0] for "pr’ represents the different task counts, vim counts
and pr value that the experiment will be executed. Each value in this list maps to
a separate experiment where the problem objective is solved for that specific task
count.

task_counts = [100, 375, 750, 1000]

vm_counts = [3@, 45, 60, 75, 90]
pr_values = [0.0, 0.1, 0.25, 0.5, 0.75, 0.9, 1.0]

Figure 5: Experiment Parameter Defination

11. Problem Dict that is fed into the Algorithm are defined where upper bound , lower
bound, and the defined obj_function (Fun) is passed to the algorithms as shown in

Figure [6]



problem_dictl = {

FloatVar(lb=[0 for i in range(size)], ub=[vmcount - 1 for i in range(size)], name="delta"),
"min",

"obj_func": Fun,

Figure 6: Problem Dictionary for the Algorithm to solve

12. The .ipynb file needs to be execute from top to bottom to generate the results.
The experiment runs for every combination of task_count, vim_count, and pr, which
means it executes 4 (task counts) x 5 (VM counts) x 7 (pr values) = 140 separate
experiments for a single algorithm. This research conducts similar experimentation
for HBA, HGA and ALO that are total 3 x 140 separate experiments which is
equal to total 420 seperate experiments for this research that are in combination as
mentioned in point

13. The output result is shown as mentioned in Figure[7]saved to the specific directories
as mentioned in point [7]in json format.

Markdown Run All lear All Outputs: Outline

:mealpy. swarm_based. HBA.OriginalHBA: >>>Problem: Problem Objective for HBA with Task Count: Count: : 2, Current best:

:mealpy. swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: Current best:

:mealpy. swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: Current best:

:mealpy. swarm_based.HBA.OriginalHBA: >>>Problem: Problem Objective for HBA with Task Count: Count: Current best:

:mealpy. swarm_based. HBA.OriginalHBA: >>>Problem: Problem Objective for HBA with Task Count: Count: Current best:
.swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: Current best:
.swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bes
.swarm_based.HBA.OriginalHBA: >>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global best

:mealpy. swarm_based.HBA.OriginalHBA: : Problem Objective for HBA with Task Count: [ Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Origi : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Orig : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA. Origi r : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. F : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Origi : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Ori : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Origi r : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. :>>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. :>>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. >>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA. Origina >>>Problem: Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. B : Problem Objective for HBA with Task Count: Count: , Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Origi : Problem Objective for HBA with Task Count: Count: Current best: 0.0, Global bed

:mealpy. swarm_based.HBA.Origi r : Problem Objective for HBA with Task Count: Count: 4, Current best: 0.0, Global bed

:mealpy. swarm_based. HBA. Origi : : Problem Objective for HBA with Task Count: Count: 25, Current best: 0.0, Global bed

:mealpy. swarm_based.HBA,OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: : 26, Current best: 0.0, Global bed

:mealpy.swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: : 99, Current best: 0.0, Global bed
imealpy.swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: Count: : 100, Current best: 0.0, Global bq
:mealpy. swarm_based.HBA.OriginalHBA: Solving single objective optimization problem.

:mealpy.swarm_based.HBA.OriginalHBA:>>>Problem: Problem Objective for HBA with Task Count: 100 and Count: : 1, Current best: 9.9, Global best
Output is truncated. View as Adjust cell output
HBA Algorithm Solution for Task Coun 0, p 0: v, '27Y, 7, 210, ‘220, '12Y, '3Y, U7,
HBA Algorithm Execution Time for Task Count: 100, VM Count: 30, pr=0.0: 9.143720626831055 seconds
Results saved to HBA_result_task_100_vm_3@_pr_0.0.json

Figure 7: Algorithm Solution output

14. The results and execution time from these algorthms are recorded in a .csv file that
records the execution time for all the 420 experiment test cases. The CSV file and
combined experiment result tables are available in 'Experiment_Results.xlsx/
file in root folder & /ResultAlaysis/resultAnalysisTable.csv’ directory in ar-
tifact folder. The Figures [§|[9][10] shows the recorded results for all the experiments
performed in the research.



Experiment_Results.xlsx
/Result Alaysis/resultAnalysisTable.csv

L HGA (Epoch 100, pop_size=100)
ERT] 30 ™ 45 ™ 60 VM 75 M 9]
3 Tasks 100 Tasks 100 Tasks 100 Tasks 100 Tasks 100]
i pr [ setection Type pr Selection Type pr Selection Type pr Selection Type or Selection Type
5 0| 5.809526205|Baseline Experiment 0| 6.024199247|Baseline Experiment 0| __5.800790787|Baseline Experiment 0| 5.750721931[Baseline Experiment o] 5.790020704|Baseline Experiment
5 01 92939 0.1 94411421 Low pr 0.1 ow pr 01 8339376 Low pr 01 Low pr
7 0.25] 5.9077131 ferate pt 0.25] . p 0.25] 5699407101 Moderate pt 0.25| __5.748751879| Moderate pt 0.25|__5.877081156 | Moderate pt
3 05| 604 pr 0.5 05| 5771 pr 0.5 5735148191 Balanced pr 05] 5736490011
) 075 5. pr 075] . igh pr 075] s 0.75| __5.740007401 | High pr 0.75 pr
008 5781383001 Butreme pr 09| 5788278 pr 0.9] 5669265032 Extreme pr 09| 5840 ) pr
1 1 maxpr 1 1 1 seo 1
2
3
4 wmM 30 M 45| M 60, VM 75 vM 90|
5 Tasks 375 Tasks 75| Tasks 375 Tasks 375 Tasks 75|
6 pr Selection Type pr [Setection Type pr Selection Type pr Selection Type pr Selection Type
70| 15.39002252(Baseline Experiment 0| 15.85057735|Baseline Experiment 0| 14.72737288[Baseline Experiment of 147201 Experiment o] 14.87870455|Baseline Experiment
801  1553399634]Low pr 01| 15.90356445] Low pr 0.1 14.87819338] Low pr 01| 15.01780819(Low pr 01| 15.29913855Low pr
9 0.25] 1569481659 Moderate pt 025 1 loderate pt 0.25] 14 derate pt 025 14 ot 025 1 loderate pt
0 _os[ 15 nced pr 05 14 05 1 pr 05 14 pr 05
1075 . pr 0.75] 15 igh pr 0.75 X igh p 0.75| __14.70927691 | High pr 0.75|_14.93732077 | igh pr
2 09| 1568168974 Extreme pr 0.9 1492076 pr 0.9] 1483604145 Extreme pr 09| 14 09| 14.87974358| Extreme pr
e o s oaristalre e T H
4
5
6 WM 30 ™ 45 ™ 60 VM 75 M 0]
7 Tasks 750 Tasks 750 Tasks 750 Tasks 750 Tasks 750|
8 pr | setection Type pr Selection Type pr Selection Type pr Selection Type pr Selection Type
o[__o|  27.37642627|Baseline Experiment 0| 27.12822747|Baseline Experiment 0| 27.35821438[Baseline Experiment 0 27.302104|Baseline Experiment o 27.45225Baseline Experiment
0_ 01 27.57062148Low pr 0.1 27.21371031|Low pr 0.1 46645975 | Low pr 0.1 30728793 | Low pr 0.1 27.46467686 | Low pr.
1 025] 7. ot 0.25 5 p 0.25 ot 025 27 ot 0.25] 27 p
2 05| 27.25021 pr 0.5] __27.55705047|Balanced pr 0.5 pr 05 27.4645927  Balanced pr 05 2
3 o] 2 pr 0.75| 2751924372 igh pr 0.75 0.75 7. 0.75|__27.37449074] High pr
4_o09[ o7 pr 0.9 27.60322905 Extreme pr 0.9 27.21695089 Extreme pr 09| 2752 09| 2755217671 Extreme pr
51| 27350378 pr i 2 1| 27.49182677 maxpr 1 31398344 1| 27.30277419[maxpr
6
7
8w 30 ™ 45 ™ 60| VM 75 M %0
9 Tasks 1000 Tasks 1000 Tasks 1000 Tasks 1000 Tasks 1000
0 pr |setection Type pr Selection Type pr |Selection Type pr Selection Type pr Selection Type
10| 35.43473935|Baseline Experiment 0| 35.42268729|Baseline Experiment 0| 35.71362185[Baseline Experiment 0| 35.55500913|Baseline Experiment o] 35.81155181|Baseline Experiment
201 1 0.1] 3514877605 Low pr 0.1 35.12540603] Low pr 0.1]  35.69622908[Low pr 01| 35.87516165Lowpr
3 0.25] _ 35.49352527 | Moderate pt .25 35.24930692| Moderate pt 0.25] 3521931648 Moderate pt 0.25| __35.60857058| Moderate pt .25 35.83091044| Moderate pt
4_05 35.6000762 Balanced pr 0.5] 3524328494 [Balanced pr 0.5] __35.43797755|Balanced pr 0.5] 35.50863981[Balanced pr 05 as6s031
5 075 35.3471303 High pr .75 35.22207764] High pr 075] 3. 0.75 5. 0.75 igh pr
6__09] 3548946404 | Extreme pr 0.9 35.22014046 Extreme pr 0.9 35.51772642] Extreme pr 0.9 3567285 0.9 3507241545 Extreme pr
71| 1| ss.20 [ 1 | i = maxpr 1
8
9
HGA-Epoch_100: ize_100 Combined lysis-tabl HBA-Epoch_100&popSize_100 ALO-Epoch_100&popSize_100 +
Figure 8: HGA Experiment execution time records
HBA (Epoch 100, pop_size=100)
W™ 30) vM a5 M 60| M 75] M 90
Tasks’ 100 Tasks 100 Tasks 100 Tasks 100 Tasks 100
o Selection Type pr i Selection Type pr Selection Type pr Selection Type pr Selection Type
0| 9.143720627|Baseline Experiment o] 5.194777727|Baseline Experiment 0| 5.306494236[Baseline Experiment o] 5.356924772[Baseline Experiment 0| 5.419710875[Baseline Experiment
01| 8.461467743[ Low pr 01 9 Low pr 01 e ow pr 01 6744937897 | Low pr 01] & pr
0.25] 7.762804747| Moderate pt 0.25 e pt 0.25] 5.542638779| Moderate pt 0.25 361 rate pt 025 e pt
0.5] __6.397729635 Balanced pr 05| s Balanced pr 05[ 525783705 0.5[ 5908447266 [Balanced pr 0.5] 6731366634 Balanced pr
.75 6.453554869 | High pr 0.75| 6645843506 High pr 0.75| 6589888334 High pr 0.75 6.34162569) High pr 0.75] __5.604712486 | High pr
09 . | pr 09 s I 09 pr 0.9 5515953064 Extreme pr 0.9 88019681 Extreme pr
1 6.468706131| max pr 1) 6.771601 1 6.507159233 | max pr 1| 6.835583448 maxpr 1| 6.484387398| maxpr
30] M 45] WM 60] M 75] ™M 90,
Tasks 75| Tasks 375 Tasks 375 Tasks 375 Tasks 375!
r Selection Type or Selection Type or Selection Type pr Selection Type pr Selection Type
of 1 P of 1565 Experiment 0 6. Experiment of 1607411 Experiment o 1 Experiment
0.1] 1524302721 [ Low pr 01 19.90573454|Low pr 01| 1545911431 Low pr 01 1566257071 Low pr 01| 1593845749 Low pr
0.25]__15.33496284| Moderate pt 0.25] __17.79561591 | Moderate pt 0.25]__15.42283821 | Moderate pt 0.25| 1660140681 | Moderate pt 0.25] __15.74567175| Moderate pt
05 1. o5[ 15 or os[ 15 05[  16.35460877|Balanced pr 05] 168 pr
0.75] 1616128063 High pr 0.75] 1535512567 High pr 0.75]__15.47327352High pr 0.75| 1630078125 High pr 0.75] __ 16.32430339 [ High pr
0.9 15.36097217| Extreme pr 0.9 15.45457959 | Extreme pr 09 1564327788 | Extreme pr 0.9 16.63117838| Extreme pr 0.9]_15.97063231 | Extreme pr
1 15.3477459 | max pr 1 15.5 1 16. | 15.99988317 | max pr 1| 15.87147188 | max pr
30 VM 45| M 60) VM 75
750 Tasks 750 Tasks 750 Tasks 750
Selection Type pr__|Execution time(s) [Setection Type or Selection Type pr Selection Type Selection Type
o] 28.42095351 Experiment o] 29.74960279|Baseline Experiment 0| 27.87149072[Baseline Experiment of 28 Experiment Experiment
0.1 8.1347692 | Low pr 01| 27.68138647|Low pr 01 9.63588442 | Low pr 01|  28.87185216]Low pr Lowpr
0.25] __ 27.67428589|Moderate pt 0.25| 2788681579  Moderate pt 0.25 27.7620914| Moderate pt 0.25] __30.09960365| Moderate pt Moderate pt
05 27, 0.5] _ 27.55870771|Balanced pr 05[] 2. 05]  27.817034 or 0.5] _29.00115371Balanced pr
075] 2 or 0.75 9. igh pr 0.75 igh pr 0.75 8.01308799 | High pr 0.75] 30.51127195High pr
0.9] 2801650524 Extreme pr 09 30.60567904|Extreme pr 09 2925 pr 09 28.0758 b 0.9] 2813873863 Extreme pr
1| 32.00267911 maxpr 1| 27.95076591 [ max pr i o7 1 9. FI TS pr
W™ 30) VM as] M 60] VM 75| M 90
Tasks’ 1000 Tasks 1000 Tasks 1000 Tasks 1000 Tasks 1000
Br Selection Type pr Selection Type pr Selection Type pr Selection Type pr Selection Type
0| 36.22296429|Baseline Experiment o] 35.21160841|Baseline Experiment 0| 36.47861481[Baseline Experiment o] 36.45665121[Baseline Experiment 0| 37.37675691[Baseline Experiment
0.1 37.00140357[Low pr 01 36.3871758 | Low pr 0.1 38.03587508|Low pr 01| 37.22149372[Low pr 0.1 37.68854094] Low pr
025] 36 Moderate pt 0.25] 36 joderate pt 0.25] __37.87496567| Moderate pt 0.25 36.2466135 | Moderate pt 025 36.7873466 | Moderate pt
0.5] 3565287304 Balanced pr 05 35.5893867 | Balanced pr 05 3593832278 0.5[ _36.24263525|Balanced pr 0.5] __35.94677854Balanced pr
0.75, 37.56325459 | High pr. 0.75] 36.72379518 | High pr 0.75] 36.73691416 | High pr 0.75] 37.2495892 | High pr 0.75 37. pr
0.9]  36.84027314] pr 09 36 0o 3. pr o9 a7 [ p 0.9 pr
1 37.15596938 | max pr 1) 35.58087969 | max pr 1 3579214454 max pr 1] 35.64543128 | max pr 1 35.62646699 | max pr

Figure 9: HBA Experiment execution time records



ALO (Epoch 100, pop_size=100)
AL 60

™ 30 M 45] M 75 M 90)
Tasks 100 Tasks 100 Tasks 100 Tasks 100 Tasks 100
pr ion ti Selection Type pr Selection Type pr ion t Selection Type pr ion ti Selection Type or Selection Type
o s Experiment o 7 Experiment o] 78.87539864|Baseline Experiment of 7 Experiment 0 79. Experiment
01| 78.70477676|Low pr 01| 78.72732997[Lowpr 01 8.81043196 | Low pr 01 79.0327518 | Low pr 0.1 8.86237073 | Low pr
0.25] __78.60477924| Moderate pt 025 78.57973313|Moderate pt 0.25] _ 78.47405338 | Moderate pt 025] _78.86057425 Moderate pt 0.25] 7926909304 Moderate pt
0.5 78.9381187 | Balanced pr 0.5 8. pr 05| 0.5 8 pr 05| 81 pr
0.75] __78.91741872| High pr 0.75]__79.12116218 High pr 0.75|__78.62491345  High pr .75 77.93829989) High pr 0.75|__79.85875607  High pr
0.9 78.3918941 Extreme pr 09 79.064 or 0.9 78, pr 0.9] 78.81257987 | Extreme pr 09| 79.26225114Extreme pr
1| 78.59555411 | maxpr 1] 78.70640039 | max pr 1| 78.89853233 | maxpr 1] 78.8010757 | max pr 1 79.39678812| max pr
™M 30, vM 45] M 60 VM 75, vM 90]
Tasks 375 Tasks 375| Tasks 375 Tasks 375, Tasks 75|
pr [Selection Type or Selection Type or Selection Type pr Selection Type Br Selection Type
02969595494 Baseline Experiment 0| 287.7520077|Baseline Experiment o 88.95351 ine Experiment of 200 Experiment 0| 289.4498715|Baseline Experiment
01| 296.3498254Low pr 0.1] 2889858401 Low pr 0.1 286.4269724Low pr 0.1 2894622061 Low pr 0.1 287.4970722[Low pr
0.25] __288.4359372| Moderate pt 0.25 8 loderate pt 0.25]__289.8468714| Moderate pt 025 292.254308 | Moderate pt 0.25 89, loderate pt
05| 293 pr 0.5| __288.8871791|Balanced pr 0.5] _288.2875657|Balanced pr 0.5 200, or 0.5] 284 pr
075 91 0.75 88, igh pr 0.75| igh pr 075 88.0446761 | High pr 0.75) 96. igh pr
0.9] 2891292837 | Extreme pr 0.9 288.4182975|Extreme pr 0.9] 2897482419 Extreme pr 0.9] 2897311914 Extreme pr 0.9 287.7643063| Extreme pr
1 89.7587357 | max pr 1 89, 1 200 1 1 8
w 30 M 45 VM 60 ™ 75 M 90)
Tasks 750 Tasks 750 Tasks 750 Tasks 750 Tasks 750
pr Selection Type pr Selection Type pr Selection Type pr Selection Type or Selection Type
of a9 Experiment o|  a73s33 Experiment of a7187 D 0 470. Experiment of azs. Experiment
01| 490.0330768|Low pr 01 472.2102284[Low pr 01 472.742889| Low pr 01| 473.3701677|Low pr 01| 4717380109 Low pr
0.25] 487.8239143| Moderate pt 025 4 loderate pt 0.25 471.411062| Moderate pt 0.25] 4713533363 Moderate pt 0.25] 473.345196 | Moderate pt
0.5] 4886552765 Balanced pr 05| 4271 pr 05[ a7 [ pr 0.5 474.5053284Balanced pr
0.75| __479.1732178 High pr 0.75 473.044229) High pr 0.75|__470.6145041] High pr 075] a0, 0.75| 4762183335 High pr
0.9] X | 0.9, 471.6492443 | Extreme pr 0.9) 471.7016771 Extreme pr 0.9] 475.391; 0.9 4 or
1 474.3014333 maxpr 1] 472.8602691 | max pr 1] a72.1 or 1 a72. 1] 474. or
w™ 30 ™ 45 VM 60 75 %0
Tasks 1000 Tasks 1000 Tasks 1000 1000 1000
pr [Selection Type pr Selection Type pr Selection_Type Selection Type Selection Type
0| 734.2694716|Baseline Experiment 0| 732.0793283|Baseline Experiment o] _ 708.0984154|Baseline Experiment 707.4809017 | Baseline Experiment 706 Experiment
01 8.2353169] Low pr. 01| 7266413546 Low pr 01 705.8225634|Low pr 707.3279142Low pr 704.2138827 |Low pr
0.25] __730.7674422| Moderate pt 0.25] 7263644781 Moderate pt 0.25] 7105348289 | Moderate pt 709.426264|Moderate pt 707.2807739 | Moderate pt
05| 727, or 0.5 724 pr 05| 70e. 712.9224143(Balanced pr 729. pr
075] 725 .75 705.6988678)High pr 0.75|  707.6413896  High pr 06, 733.0543798  High pr
09| 725 o 09| 707 or 09|  706.3802891 [Extreme pr 712. o 7288551712  Extreme pr
1| 731.7557194maxpr 1| 706.2052984[maxpr 1| 705.6004319[maxpr o 756.6273691 [max pr

Figure 10: ALO Experiment execution time records

15. The Scenarios mentioned in the evaluation table and the graph visualisation is per-
formed in the file that is available in the /ResultAlaysis/ExperimentationDiscussion.
ipynb| directory. This file input is the combined results recorded and in the above
Figures[§[9I0} This .ipynb file will generate the evaluation graph that is discussed in
the Research Project Evaluation section. This//ResultAlaysis/ExperimentationDiscussion.
ipynb file needs to be executed top to down for similar results.
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