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1 Introduction 
This document contains a brief description of the configuration manual i.e a complete 
guide that was used the implementation of the research work “Combined Genetic 
Algorithm and Gradient Descent Algorithm to Optimize Server Selection in Mobile Edge 
Computing”. For this research project, an experiment was performed to simulation the 
implementation of optimization of server selection in Mobile Edge Computing (MEC). The 
EUA dataset was applied to the experiments and used to generate instances for the mobile user 
and base stations. The goal of the experiment was evaluating the performance of combine 
Genetic Algorithm and Gradient Descent Algorithm in optimizing server selection in MEC. 
The remainder of the document is divided into four sections: section 2 describes the 
hardware specification and the software requirement for implementing the research 
project, section 3 describes the software installation guide for software used in 
implementing the research work. Section 4 describes the implementation and evaluation 
process used carry out this experiment and section 5 will be the conclusion note 
 
2 System Specification 

2.1 Hardware Requirement 
The hardware configuration of the machine used to in the implementation the research project 
is: 

• 3.6 GHz Intel core i7 processor 
• 16GB of RAM 
• 256 GB SSD Storage 

2.2 Software Requirement 
The software requirements for this project includes Linux Ubuntu Desktop Operation System, 
Anaconda Navigator, Web Browser Application. Below is the software environment used in 
the implementation of the project. 

• OS - Ubuntu Desktop 21.04 Linux 
• Anaconda Navigator 2.1.0 
• Web browser – Mozilla Firefox 
• Jupyter Notebook v-6.3.0 
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2.2.1 Ubuntu Desktop 21.04 Linux 
Ubuntu is a distro of Linux operating system (OS). Ubuntu Desktop 21.04 OS is the resource 
manager for the hardware and other software running on the implementation machine. All other 
software used in the implementation of this research experiment was installed on this OS. 
 

2.2.2 Anaconda Navigator 
Anaconda Navigator is an open-source package manager, environment manager, and 
distribution of the Python Programming language. This application was used to run Jupyter 
Notebook Interactive Python IDE used in the implementation of research experiment. 

2.2.3 Jupyter Notebook 
Jupyter Notebook is a web-based development environment that is used execute Python script 
that was used implementation and present research experiment and the generated outputs. 

2.2.4 Web browse – Mozilla Firefox 
Jupyter Notebook uses web browser for rendering the Jupyter Notebook IDE use for our 
research experimentation. 
 
3 Software Installation Guide 
This section gives a guide on how to install the required software and important python 
libraries that were used for the research work. 

3.1 Installing Anaconda 
Before you begin with this guide, you should have a non-root user with sudo privileges set up 
on your Ubuntu PC 
 
Step 1: 
Change directory to ~/, then use curl to download the link that you copied from the 
Anaconda website. We’ll output this to a file called anaconda.sh for quicker use. 
 

 
 

Figure 1:.   Download Anaconda using curl from terminal 
 
Step 2: 
Verify the data integrity of the installer through the SHA-256 checksum 
 

 

https://repo.anaconda.com/archive/Anaconda3-2021.11-Linux-x86_64.sh
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Figure 2:.    Verifying data integrity downloaded file 

You should check the output against the hashes available at the Anaconda with Python 3 on 
64-bit Linux page for your appropriate Anaconda version. As long as your output matches the 
hash displayed in the sha2561 row, you’re good to go. 
 
Step 3: 
After verifying data integrity of the installer, run the script using command below 
 

 
 

Figure 3:.     Installing Anaconda from the terminal 
 
To continue with the installation press “Enter” on the keyboard. The next prompt will require 
you to accept the license terms. You have to type yes to continue with the installation. 
 

 
 

Figure 4:.    Accepting license term 
 
Step 4: 
At this point, you’ll be prompted to choose the location of the installation. You can press 
ENTER to accept the default location, or specify a different location to modify it. 
 

 
 

https://docs.anaconda.com/anaconda/install/hashes/
https://docs.anaconda.com/anaconda/install/hashes/
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Figure 5:.   Selecting Anaconda installation directory 
The installation process will continue. Note that it may take some time. Once the installation 
is complete, you’ll receive the following output: 

 
 

Figure 6:.    Completed installation prompt 
 
Type yes so that you can initialize Anaconda3. You’ll receive some output that states changes 
made in various directories. One of the lines you receive will thank you for installing 
Anaconda. The installation has been completed; next step will start anaconda navigator on 
Ubuntu. 
 
Step 5: 
To start anaconda navigator which is the GUI tool, on the terminal the following command 
and press the Enter key on your keyboard 
 

 
 

Figure 7:.   Start Anaconda Navigator from the Terminal 
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Figure 8:.     Anaconda home page 
 
 

4 Implementation and Evaluation 

4.1 Starting a new project in Jupyter Notebook 
Now that Anaconda is installed and running, the step listed below will guide you on how to 
load Jupyter notebook and start a new project  
 
Step 1: 
From the Anaconda home screen, click on Launch button on Jupyter Notebook 
 

 
 

Figure 9:. Launch Jupyter Notebook from Anaconda Navigator 
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Step 2:  
In Jupyter, on the loaded root directory click new dropdown button and select Python 3 to 
start a new project 
 

 
 

Figure 10:.    Jupyter Notebook root directory page 
 

4.2 Importing the required libraries from python into our IDE workspace 
The libraries used during the implementation of various functionality of this research work 
are listed and shown in figure 11 below 
 

 
 

Figure 11:.    Imported Python libraries 
 

4.3 Import Dataset and Perform pre-processing task on the Dataset 
The EUA dataset was downloaded from github.com, stored in the same directory as the 
project file and imported into Jupyter Notebook by using panda’s library and viewed the first 
5 records. Figure 12 below shows the implementation 
 

https://github.com/swinedge/eua-dataset
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Figure 12:. Importing EUA dataset into IDE 
 
 

4.4 Definition of helper functions and Variables 

4.4.1 Variable declaration 
Some variables were required to track data custom data-structure and computational values 
from the experiment execution for later use. These variables were declared and initialized 
with a default. 
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Figure 13:.    Declared and Initialized variables 
 

4.4.2 Helper Function definitions 
Some helper functions were created to facilitate reusability and also to create specialization. 
Below are some helper functions 

4.4.2.1 Compute x and y coordinates from latitude and longitude 
This function was created to help compute the x-axis and y-axis value for a 2-dimensional 
plane from the latitude and longitude argument supplied to the function 
 

 
 

Figure 14:.    Compute xy axis values function definition 
 
 
 

4.4.2.2 Generate ID for custom datatype 
These 3 sets of function were created to generate unique ids for all custom define data 
structure. Generate_random_string() is used to generate random string with 20 characters in 
length, generate_id() is used to generate new instance id while the get_id() is used to ensured 
that the generated id is unique the class for which the id is being generated 
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Figure 15:.   Generate id helper functions 

4.4.2.3 Retrieve custom datatype by ID 
 

 
Figure 16:.    Helper function to retrieve custom datatype instance from a list item 

Figure 16 above show a group of functions create to help retrieve instances of the defined 
custom datatype for the different classes created. These functions accept two arguments and 
these includes a list of instances from the target class and id of the target instance. 

4.5 Definition Custom/User Defined Data-structure 
Four custom data structures were created to model Mobile User, Base Station, Server and 
Request datatypes. These implementations are listed below 

4.5.1 MobileUser Class 
The MobileUser class defines a set of attributes that help to store and track data about an 
instance of this class and defines getters and setters’ methods used to update and retrieve 
these data. The class also defined other methods which enable the use perform functions such 
as connecting to a base station, check if all user request has been processed. 
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Figure 17:.    Definition of Mobile User Class 
   

4.5.2 Server Class 
The Server class defines a set of attributes that help to store and track data about an instance 
of this class and defines getters and setters’ methods used to update and retrieve these data. 
The class defined other methods to start and process all request sent to the server instance and 
send out signals and response data to waiting processes and objects. Figure 18 below show 
the class implementation 
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Figure 18:.  Definition of Server Class 
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4.5.3 BaseStation Class 
The BaseStation class defines a set of attributes that help to store and track data about an 
instance of this class. Also, this class defines getters and setters’ methods used to update and 
retrieve these attributes values. The class defined other methods which enables the class 
instance initiate the process of executing all request mobile user connected to the station, 
check if all requests sent via the station has been completed. Figure 19 below show the class 
implementation 
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Figure 19:.    Definition of BaseStation Class 
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4.5.4 Request Class 
The Request class defines a set of attributes that help to store and track data about an instance 
of this class and also defines getters and setters’ methods used to update and retrieve these data. 
The class also defined another method which is invoked when the request instance has been 
executed to track to facilitate the update process for the target instance of this class. 
 

 
 

Figure 20:.   Definition of Request Class 
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4.6 Algorithm Implementation 

4.6.1 Gradient Descent Algorithm Implementation 
The Gradient descent algorithm was implemented to evaluate the optimal BaseStation instance 
a mobile user can connect to. The algorithm accepts two arguments namely the genome 
(chromosome) which is the output from Genetic algorithm and a list of base stations the user 
is within its radius. Setting up the given argument as a linear function, using the line equation, 
we attempt to find the best fit line and the use the equation to estimate the optimal base station 
the user can connect to. 
 

 

Figure 21:. Gradient Descent Algorithm implementation code 
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4.6.2 Genetic Algorithm Implementation 
The Genetic algorithm was implemented to evaluate the neighbourhood for the optimal 
solution by finding the genome (chromosome) with the fittest gene information. This the 
algorithm attempt to archive by implementing the following functionalities as show in Figure 
22 through Figure 24 below: 
 

 
 

Figure 22:.   Implementation of functions to generate a Genome, generate Population, 
Fitness of a genome and a select function for the Genetic Algorithm implementation 

 
 

 
 

Figure 23:.   Implementation of crossover function, and mutation function 
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Figure 24 below shows the copulation of the Genetic Algorithm by pulling together all the 
component functionality defined to facilitate the search the best and optimal viable genome 
which is feed into the Gradient Descent algorithm. 
 

 
 

Figure 24:.   Copulation of the component element that makes up the Genetic Algorithms 
 

4.7 Run Experiment and Result 
This section will show the code implementation used to run the experiment and to display the 
outputs as the experiment will product output when such output is solicited. 

4.7.1 Run Experiment 
The code snippet show below is the implementation of function that actually pull together all 
the code written so far and also display output to the console when an experiment has been 
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completed. A total of 8 experiment was perform iteratively using a loop. the function also 
attempts to product a summary for each experiment performed. 
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Figure 25:.    Implementation of execute experiment function 

 
Figure 26 below shows the invocation of execute experiment function. The figure also shows 
a summary output for an experiment. 
 

 
 

Figure 26:.    Code snippet show the invocation of execute experiment functionality 
 

4.7.2 Presentation of experiment results 
The section will present the visual to summary the experiment output. The code snippets 
shown below does exactly just that. 
 
Figure 27 below show the code snippet use to add cell data to the summary table used to 
display the summary or outcome for the entire experiment after execution.  
 
 

 
 
Figure 27:.       Implementation of a function used to append a cell to summary table for our 
experiment 
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Figure 28 below show the code snippet use to generate the summary table used to for the 
entire 8 experiment.  
 

 
 

Figure 28:.    Generate summary table for the entire experiment function 
 
 
Figure 29 below shows the invocation of the function display experiment summary table. The 
figure also shows a summary output for an experiment. 
 

Figure 29:. Code snippet showing the invocation display summary table and output of the 
invoked function 
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Figure 30 below show a code snippet used generate the data that will be used to visualize the 
out of the experiment on line graph. 
 

 
 

Figure 30:.     Code snippet used to generate data for plotting the graphs 
 
Figure 31 and Figure 32 show the output of the experiment performed visually on a graph. 
 

 

Figure 31:. Code snippet used to plot a line graph showing the relationship between number 
of users and the average response time 
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Figure 32:.  Code snippet used to plot a line graph showing the relationship between number 
of request and the average CPU usage 

 
5 Conclusion 
 
This configuration manual has been designed for anyone to serve as a guide in working on this 
same project, implementing the same data structure as the code are tested and they work perfectly 
fine. In this way, the code demonstrated above was used to achieve the main aim of the research 
work. 
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