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1 Downloading and Installing Softwares

1.1 Downloading and Installing Android Studio

The android application used in this research work is developed using the Android Studio
tool. Research works such as (Zhou et al.f 2015; Saha et al;; 2019)) demonstrate their
experiment using an android application built using Android Studio. This section involves
downloading, configuring, and installing the android studio tool.

1.1.1 Downloading the Android Studio tool
ThidT] link can be used to download the exe file for Android studio.

< C O @& developerandroid.com o % & » O

i Apps 4 Online C++ Compil.. [ C++ ClassMethods @ Fiverr - FreelanceS.. @ C++ Shell Tournaments  liche... W1 » (2) Android Develo... & Android Developers

developers @ Plaform  AndroidStudio  GooglePlay  Jetpack  Kotin  Docs  News Q search ENGLISH +  SIGNIN

DOWNLOAD WHAT'S NEW USER GUIDE PREVIEW

android
studio

Android Studio provides the fastest tools for building apps on every type of Android device.

DOWNLOAD ANDROID STUDIO

4.0.1 for Windows 64-bit (871 MB)

Figure 1: Download link for Android Studio

1.1.2 Terms and Conditions

Tick the terms and conditions box to proceed with the download.

1.1.3 Setup Page

After the exe file downloads, open the exe file and when the popup window asking for
the permissions to make changes opens, click yes to proceed with the installation.

Thttps://developer.android.com /studio



& C (O @ developerandroid.com,

i Apps 4 OnlineCt+ Compil.. [ C++ ClassMethods (@ Fiverr - FreelanceS.. @ Cr+ Shell Tournaments - liche... 0 (2) Android Develo.

Download Android Studio
Before downloading, you must agree to the following terms and conditions.

8.1Google Data APls

8.1.11f you use any AP to retrieve data from Google, you acknowledge that the data may be protected by intellectual property rights which are owned by Google or those
parties that provide the data (or by other persons or companies on their behalf). Your se of any such API may be subject to additional Tems of Service. You may not
modify,rent, lease, loan, sel, distribute or create derivative works based on this data (either in whole or in part) unless allowed by the relevant Terms of Service.

8.1.21f you use any AP to retrieve a users data from Google, you acknowledge and agree that you shallretrieve data only with the user's expliit consent and only when,

and for the limited purposes for which, the user has given you permission to do so. Ifyou use the Android Recognition Service API, documented at the following URL:
, as updated from time to time, you acknowledge that the use of the API is subject to the

https://c android.
Data Processing Addendum for Products where Google is a Data Processor, which is located at the following URL:
,as updated from time to time. By clicking to accept, you hereby agree to the terms of the Data Processing

htp:
Addendum for Products where Google is a Data Processor.

9. Terminating this License Agreement

«

I have read and agree with the above terms and conditions

DOWNLOAD ANDROID STUDIO FOR WINDOWS

android-studio-ide-193.6626763-windows.exe

Figure 2: Terms and Conditions

o Android Studic Setup

Welcome to Android Studio Setup

Setup will guide you through the installation of Android
Studio.
It is recommended that you dose all other applications
e starting Setup. This will make it possible to update
vant system files without having to reboot your
computer.

Click Next to continue.

Android
Studio

<Back || Next> | Cancel

Figure 3: Setup Page of Android Studio



1.1.4 Components Page

Android Studio Setup = >
Choose Components

Choose which features of Android Studio you want to install.
Check the components you want to install and uncheck the components you don't want to
install, Click Next to continue.
Select components to install: Android Studio .Descripti.c.m

Android Virtual Device e Rh e e o
Space required: 2.6GB
<ok Concel

Figure 4: Components to install

The components page displays the components to be installed. Check the tick box
and install both android studio and android virtual device. Android virtual device is
responsible for testing the application using an emulator.

1.1.5 Installation Location

« Android Studio Setup = >

Configuration Settings
Install Locations

Android Studio Installation Location

The location spedified must have at least S00MB of free space.
Click Browse to customize:

| C:\Program Files\Android\Android Studio Browse..

<ok Cancel

Figure 5: File location to install Android Studio

The installation location specifies the file location for the software to be installed.
Proceed with the predefined file location on the popup screen of the software.

1.1.6 Start Menu

The start menu folder provides an ease of use in accessing the software from the desktop
window of the laptop. Once the install button is clicked, the installation of the software



= Android Studic Setup - =

Choose Start Menu Folder
Choose a Start Menu folder for the Android Studio shortcuts.

Select the Start Menu folder in which vmhould like to create the program's shortcuts. You
can also enter a name to create a new folder.

|
Accessibility
Accessories
Administrative Tools

Java Development Kit

Maintenance

OpenVPN

Orade VM VirtualBox Guest Additions
StartUp

System Tools

TAP-Windows

Windows PowerShell

[[]Do not create shortcuts

<oack Gance

Figure 6: Permission to place Android Studio on the start menu

will take place.

1.1.7 Installation

. Android Studio Setup —

Installation Complete
Setup was completed successfully.

Completed

Show details

Figure 7: Android Studio Installation

1.1.8 Installation Complete

The installation has completed. With the start android studio check box ticked, the
android studio will open once the finish button is clicked.

1.1.9 Setup Wizard

The wizard setup page helps setting up the android studio.



Android Studic Setup

Completing Android Studio Setup

Android Studio has been installed on your computer.

Click Finish to close Setup.

Start Android Studio

Android
Studio

< Back Finish Cancel

Figure 8: Installation Completion

% Android Studio Setup Wizard

Welcome
Android Studio

Welcome! This wizard will set up your development environment for Android Studio.
Additionally, the wizard will help port existing Android apps inte Android Studio
or create a new Android application project.

ool

S

Figure 9: Setup Wizard



1.1.10 Installation Type

® Android Studic Setup Wizard - [m] x

H Install Type

Choose the type of setup you want for Andreid Studio:

© Standard
Android Studio will be installed with the most commeon settings and options.
Recorrmended for most users.

() Custom

You can ize i llation settings and P il lled.

previo. | [ | conce Finish
Figure 10: Installation Type

The installation type provides with two types of installation. Proceed with the stand-
ard type which is recommended.

1.1.11 Settings Verification

® Android Studio Setup Wizard - a x

&) Verify Settings

If you want to review or change any of your installation settings, click Previous.

Current Settings:

Android Emulator 235 MB
Android SDK Build-Tools 30 66.8 MB
Android SDK Platform 30 49.3 MB
Android SDK Platform-Tools 7.8 MB

Android SDK Tools 149 MB
Intel x86 Emulator Accelerator (HAXM installer)  2.63 MB
SDK Patch Applier v4 1.74 MB

o conce |

Figure 11: Settings verification

The settings verification provides an overview of the settings to be installed with the
installation of android studio. Proceed with the predefined settings.
1.1.12 Downloading the Components

The downloading components downloads the necessary components for using android
studio. These components include emulator files, SDK kit for android OS and so on.



® Andreid Studio Setup Wizard = [m} Pasd

Q Downloading Components

Starting download...
https://dl.google.com/android/repositery indows-6466227.zip

| Show Details |

Previous Next Cancel Finisk

Figure 12: Downloading the components

1.1.13 Download Complete

® Android Studio Setup Wizard - [m] <

&* Downloading Components

Preparing "Install Intel x86 Emulator Accelerator (HAXM installer) (revision: 7.5.6)".
Downloading https://dl.google.com/android/repository/extras/intel/haxm-windows_v7_5_6.zip
"Install Intel x36 Emulator Accelerator (HAXM installer) (revision: 7.5.6)" ready.
Installing Intel x86 Emulator Accelerator (HAXM installer) in
C:\Users\cb\AppData\lLocal\Android\Sdk\extras\intel\Hardware_Accelerated_Execution_Manager
"Install Intel x86 Emulator Accelerator (HAXM installer) (revision: 7.5.6)" complete.
"Install Intel x86 Emulator Accelerator (HAXM installer) (revision: 7.5.6)" finished.
Preparing "Install Android Emulator (revision: 36.8.12)".

Downloading https://dl.google.com/android/repository/emulator-windows-6466327.zip

"Install Android Emulator (revision: 3©.©.12)" ready.

Installing Android Emulator in C:\Users\cb\AppData\Locall\Android\Sdk\emulator

"Install Android Emulator (revision: 38.8.12)" complete.

"Install Android Emulator (revision: 30.0.12)" finished.

Preparing "Install SDK Patch Applier v4 (revision: 1)".

Downloading https://dl.google.com/android/repository/3534162-studic. sdk-patcher.zip
"Install SDK Patch Applier v4 (revision: 1)" readv.

Figure 13: Download Completion

Once the download has been complete, please click the finish button.

1.1.14 Android Studio HomePage

Once the android studio has been successfully installed, Android studio home page pops
up. Click the start a new android studio project option and proceed with the empty
application template with the name of the project as Offloading Experiment.

1.2 Downloading and Installing Anaconda Navigator

Research works(Nguyen and Dressler; [2020; (Goudarzi et al.; 2017) has also focused on
usage of edge devices to perform offloading. The python scripts for processing the Fibon-




o

Android S_tudio

=+ Start 2 new Android Studic project

&= Open an existing Android Studio project
»’ Get from Version Control

[#' Profile or debug APK

¥ Import project (Gradle, Eclipse ADT, etc.)

% Import an Andreid code sample

Lx Configure ¥ GetHelp v

Figure 14: Homepage of Android Studio

acci series and Image processing compile the data offloaded to the edge device and the
results are sent to the edge device using the localhost connection.

1.2.1 Downloading the Anaconda Navigator Tool

n a
& C O @ anacondacom @ R E

it Apps  # OnlineC++ Compil.. [ C++ClassMethods @ Fiverr- FreelanceS.. @ C++Shell (@ Tournaments-liche.. Wi Classes and Objects.. » (2) Android Develo.. & Android Developers

Anaconda Installers

Windows i MacOS & Linux 4

64-Bit Graphical Installer (466 MB) 64-Bit Graphical Installer (462 MB) 64-Bit (x86) Installer (550 MB)

32-Bit Graphical Installer (397 MB) 64-Bit Command Line Installer (454 MB) 64-Bit (Power8 and Power9) Installer (290
MB)

Figure 15: Downloading the Anaconda Navigator tool

Thigis the download link for downloading the Anaconda tool. Download the anaconda
exe file based on the Operating system of the laptop.
1.2.2 Installation Agreement

Once downloaded, open the exe file, and click on the I agree button of the exe file to
proceed with the installation.

Zhttps://www.anaconda.com /products/individual



2 Anaconda3 2020.07 (64-bit) Setup — >

License Agreement
Please review the license terms before installing Anaconda3
2020.07 (64-bit).

i) ANACONDA.

Press Page Down to see the rest of the agreement.

End User License Agreement - Anaconda Individual Edition

Copyright 2015-2020, Anaconda, Inc.
All rights reserved under the 3-dause BSD License:
This End User License Agreement (the “Agreement”) is a legal agreement between you

and Anaconda, Inc. ("Anaconda”) and governs your use of Anaconda Individual Edition
(which was formerly known as Anaconda Distribution).

If you accept the terms of the agreement, dick I Agree to continue. You must accept the
agreement to install Anaconda3 2020.07 (64-bit).

<sack Concel

Figure 16: Installation Agreement

1.2.3 Installing the tool

Welcome to Anaconda3 2020.07
(64-bit) Setup

Setup will guide you through the installation of Anaconda3
2020.07 (64-bit).

It is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer.

Click Next to continue.

) ANACONDA.

(1
\

MNext > Cancel

Figure 17: Installing the tool

Click on the next button to proceed with the installation of the tool.

1.2.4 Choosing the Installation Type

The installation type provides us with the type of installation. Since single user will be
using this, proceed with the just me option.

1.2.5 Choosing the Installation Location

The installation location the file location for the software to be installed. Proceed with
the predefined file location displayed in the popup box.



2 Anaconda3 2020.07 (64-bit) Setup — P

Select Installation Type

":D ANACO‘NDA Please select the type of installation you would like to perform for
Anaconda3 2020,07 (64-bit).

Install for:

(@) Just Me (recommended)

() All Users (requires admin privieges)

Anaconda, Inc,

<Back || MNext> | Cancel

Figure 18: Choosing the installation type

2 Anaconda3 2020.07 (64-bit) Setup — =

= Install Location
‘2_) ANACONDA. Choose the folder in which to install Anaconda3 2020.07 (64-bit).

Setup will install Anaconda3 2020.07 (54-bit) in the following folder. To install in a different
folder, dick Browse and select another folder. Click Next to continue.

Destination Folder

\anaconda3 Browse...

=1

Space required: 2. 7GB
Space available: 106.0GB

Anaconda, Inc

<Back || MNext> | Canecsl

Figure 19: Installation Location

10



1.2.6 Anaconda Python

2 Anaconda3 2020.07 (64-bit) Setup — =

B Anaconda3 2020.07 (64-bit)
ED AN ACONDA Anaconda + JetBrains

Working with Python and Jupyter notebooks is a breeze with PyCharm Professional!
Code completion, Motebook debugger, VCS support, 55H, Docker, Databases, and
more!

https: /fwwewe . anaconda. comjpycharm

£ ANACONDA. =

< Back Next > Cancel

Figure 20: Anaconda python installation

Click on the next option.

1.2.7 Advanced Option

2 Anaconda3 2020.07 (64-bit) Setup — =

. Advanced Installation Options
':D AN ACONDA Customize how Anaconda integrates with Windows

Advanced Options

[] Add Anaconda3 to my PATH environment variable

Mot recommended. Instead, open Anaconda3 with the Windows Start
menu and select "Anaconda (64-bit)”. This "add to PATH" option makes
Anaconda get found before previously installed software, but may
cause problems requiring you to uninstall and reinstall Anaconda.

[~ Register Anaconda3 as my default Python 3.8

This will allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automatically
detect Anaconda as the primary Python 3.8 on the system.

< Badk Cancel

Figure 21: Choosing advanced option

In the advanced options box, tick on the register anaconda as my default python
option and proceed with the install option.

1.2.8 Installing

Once the install option is clicked, the installation of the anaconda tool will take place.
This tool will now be installed in the file location specified in the location of installation.
Further to installation, environment for edge will be created.

11



2 Anaconda3 2020.07 (64-bit) Setup —
. Installing
_J AN ACONDA Please wait while Anaconda3 2020.07 (64-bit) is being installed.

Extract: repodata_record.json

< Back MNext > Cancel
Figure 22: Installation of the tool

1.2.9 Installation Completed

) Anaconda3 2020.07 (64-bit) Setup —

Completing Anaconda3 2020.07
(64-bit) Setup

Thank you for installing Anaconda Individual Edition.

Here are some helpful tips and resources to get you started.
We recommend you bookmark these links so you can refer
back to them later.

[] Anaconda Individual Edition Tutorial

[]Learn More About Anaconda

() ANACONDA.

< Back Finish Cancel
Figure 23: Installation completed
Click the finish option to start the anaconda tool.

1.2.10 Anaconda Home Page

The anaconda home page displays various environments for programming. In this ex-
periment, we need to create a separate channel for edge and create an environment in
jupyter labs notebook.

1.2.11 Creating the edge environment

Navigate to the environments channel on the left side of the anaconda tool.

12



) Anaconda Navigator - X

File  Help

) ANACONDA NAVIGATOR

ﬁ Home
Applications on base (root) Channels Refresh
n Environments ~
-3 o
‘ Learning
Communigy CMD.exe Prompt JupyterLab
0.1.1 126
Run a cmd.exe terminal with your current An extensible environment for interactive
environment from Navigator activated and reproducible computing, based on the
Doctimentarion Jupyter Notebook and Architecture.

Develoner Blna

Figure 24: Homepage of Anaconda Navigator Tool

) Anaconda Navigator
File Help

_) ANACONDA NAVIGATOR Signinto An

ﬁ Home

l Search Environments Q l ‘ Installed v Channels Update index... Search |
%t b - .
R Environments base (root) > Name v T Description Versiol
0 _ipyw_jlab_nb_ext... O 0.1
N Learning edge
alabaster (o) 0.7.
edge3.6
&5 communty —
< anaconda (o] 202
anaconda-client (o] 1.7,
Doctimentarion anaconda-project Q 0.8.
Develoner Bloa argh 1) 0.2¢
W asnicrypto Q 1.3
U -
L 2 ¢] [
Create Import Remove 319 packages available

Figure 25: Creating the edge environment

13



1.2.12 Adding the edge name

o ’ .
File  Help
' my
{0 ANACONDA NAVIGATOR Sonnto s o
Home
fh Create new environment A Channels Update index... Search |
~1 I . . 3
WP Environments | Name: ‘ edgd Description Versiol
Location:  C:|use 0.1
ﬁ Learning
Packages: Python 37 v
0.7.
202
Cancel Create 1.7
Documentarion o proy 0.8.
Develoner Bloa argh [o) 0.2€
" asnicrypto ] 134
. —
L 4 ® s o [
Create Import Rem 319 packages available

Figure 26: Adding the edge name

Click on the update channel and add edge name.

1.2.13 Edge Home Page and Launching of Jupyter Labs Notebook

) Anaconda Navigator - a X
File  Help
& y
{") ANACONDA NAVIGATOR
ﬁ Home
Applications on Channels Refresh
o Environments ~
o ]
N °
v o
* Learning é' ~
(4 Jupyter
4 N
[ 13 -
ax Community CMD.exe Prompt Notebook
011 603
Run a cmd.exe terminal with your current Web-based, interactive computing notebook
environment from Navigator activated environment. Edit and run human-readable
Documentation docs while describing the data analysis.

Develoner Bina

’ You @ v =

[start ]
Figure 27: Homepage of Edge environment with Jupyter labs notebook

Once a separate channel for edge is created, open the jupyter labs notebook for writing
the python scripts.

1.2.14 Python Script for Image Processsing

This is the python script for performing image processing.

1.2.15 Python Script for Fibonacci Series and Image Processsing

This is the python script for Fibonacci series and Image processing.

14



@ localhost:

B8 C++ ClassMethods @ Fiverr - Freelance .. @ C#+ Shell Tournaments « liche... W1 Classes and Objects... > (2) Android Develo.. 4 Android Developers

Z Jupyter edge_device Last checkpoin:

st Monday at 16:09 (autosaved) A oo

File  Edt View Inset Cel  Kemel Help

| Python3 O

+ % @B A v NRin B C W Coe v 2

In [1]: M import os
#import cv2
import tensorflow as tf
import numpy as np
from keras.preprocessing import image

def predict(ing_path):
: *cardboard’, 1

‘glass’, 2: ‘metal’, 3: ‘paper’, 4: ‘plastic’, 5: “trash'}

image. load_img(img_path, target_siz;

inage.img_to_array(ing, dtype
ing=np.array (ing)/255.0

#plt. inshow(ing. squeeze())

(300, 300))
p.uintg)

model = tf.keras.models. load_model("trained_model.hs")
p=nodel.predict (ing[np.newaxis, ...])
pro=np.max(p[0], axis=-1)

print(“p.shape:",p. shape)

print(“prob",pro)

predicted_class = labels[np.argnax(p[0], axis=-1)]
#0s. remove(img_path)

print(“classified label:",predicted class)
return(str(predicted_class)+" \n Probability

+str(pro))

Using TensorFlow backend.

In [ ]: M fron flask import Flask, request
#from flask_cors import CORS

Figure 28: Python script for image processing

C O O localhost

4 Online C++ Compil.. @ C++ Class Methods @ Fiverr - FreelanceS.. @ C#+ Shell Tournaments - liche... W1 Classes and Object:

" Jupyter edge_device Last Checkpoint: Last Monday at 16:09 (autosaved)

File  Edit  View Inset Cel  Kemel Help T

Python 3 O

B+ @B 4% HRn B C » coe v 2
print(next,end=" " ]
output_string = output_string + + str(next)
=5

s=next
#print(translator.translate(tt, src="ta’))
return output_string

@app.route('/gesture’,methods=['POST"])

def gesture_detection():

print(*inside method")
print(request.headers)

#print(‘data:" , request.data)
inage_string = request.form.get("inage')
#print('image:', image_string)
print(type(inage_string))

inage_64_decode = base6d.bsddecode(image_string

inage_result = open("decoded_image.jpg’, 'wb') # create a writable inage and write the decoding result
inage_result.write(image_64_decode)

output_string = predict("decoded_inage. jpg')

return output_string

if _name_
2pp. run(hos

‘_main_"
.0.0.0")

* Serving Flask app "_main_" (lazy loading)

= Environment: production
WARNING: This is a development server. Do not use it in a production deployment.
Use 2 production WSGT server instead.

* Debug mode: off

* Running on http://0.0.0.0:5000/ (Press CTRL+C to quit)
192.168.0.102 - - [03/Aug/2020 18:20:511 " R

Figure 29: Python script for fibonacci series and image processing
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2 Setting up the cloud server

Research works(Nguyen and Dressler; 2020} [Flores et al.; 2014) have focussed on using
cloud servers to offload the computing intensive tasks. This sections provides a detailed
configuration on setting up the cloud server for offloading.

2.1 AWS Home Page

aWS Contact Sales  Supportv  Englishv My Accountv Create an AWS Account

e

Products Solutions Pricing  Documentation Learn Partner Network AWS Marketplace ~ Customer Enablement  Events ExploreMore  Q

AWS Management Console Overview  Features  FAQs

AWS Management Console

Everything you need to access al nage the AWS cloud — in one web interface.
Create a Free Account

Already have an account? Sign in

Help us make this page better

Tell us what you love about this page, or what we could be doing better.

Provide Feedback

The AWS Management Console brings the unmatched breadth and depth of AWS right to your
computer or mobile phone with a secure, easy-to-access, web-based portal. Discover new services, Console Overview

manage your entire account, build new applications, and learn how to do even more with AWS.
+ Discover and experiment with over 150 AWS

Figure 30: Homepage of AWS

ThisE| is the AWS home page link. Click on the create account option to create an
account with AWS and proceed with the cloud server.

2.2 AWS Account Creation

aws English»

N1

Create an AWS account

Email address
AWS Accounts Include -
12 Months of Free Tier Access
Including use of Amazon EC2, Amazon S3, and Amazon DynamoDB Confirm password

Visit aws.amazon.comlfree for full offer terms

AWS account name @

Continue

Signin to an existing AWS account

. or s fflates.

Figure 31: Creating an account in AWS

3https://aws.amazon.com/

16



Provide the necessary details and click the

2.3 Management Console

aws Services v  Resource Groups v %
i

AWS Management Console

AWS services

Find Services

You can enter names, keywords or acronyms.

continue option.

[ Akash v N.Viginia v Support v

Stay connected to your AWS
resources on-the-go

App to your 05 or Android mobile

(=) Download the AWS Console Mobile
Q

—J device. Learn more [

v Recently visited services
Explore AWS
EQ [ silling & Aws Cost Explorer P

&) Cloudwatch O i Join Other ML Experts
Connect with ML experts to discuss machine

» All services learning topics. Learn more [

Amazon CodeGuru

Build a solution

Get started with simple wizards and automated workflows.

Find your most expensive lines of code.
Learn more [4

Figure 32: Management console for the AWS account

The management console provides us with the all the services available and various
other options. Change the option for the region to north virginia. It can be changes on
the right-side top corner of the home page. Once the region has been changed, click on
the EC2 instance page.

2.4 Launch Instance Page

a\wg Services v Resource Groups v %

[l Akash ~  N.Vimginia ~  Support ~
FOWered Instances
[ o] f;ew EC2 X Launch instance Lower cost on compute and
Tjﬂe”:::ew ik memory with AMD EPYC
: processors. Learn more 4

EC2 Dashboard To get started, launch an Amazon EC2 instance, which is a virtual servr in the cloud.

Events m Save Up to 25% on EC2
. AWS Compute Optimizer
T Note: Your instances will launch in the US East (N. Virginia) Region )
ags identifies optimal AWS Compute
Limits resources to reduce costs and
improve performance for your
v Instances workloads. Get started [4

]

Scheduled events

Instances Save up to 90% on EC2 with

Spot Instances
Instance Types US East (N. Virginia)

Optimize price-performance by
Launch Templates Nosscheduled events combining EC2 purchase options
Spot Requests inasingle EC2 ASG. Learn more

z

Savings Plans

Reserved Instances Migrate a machine

Dedicated Hosts

Use CloudEndure Migration to simplify, expedite, and automate large-scale migrations from physical, virtual, and cloud-
based infrastructure to AWS.

Get tarted vith CloudEndure Migration [4

Additional information
Scheduled Instances [}

Capacity Reservations

Getting started guide

v Images

Documentation
AMls v v

Figure 33: Launching a new instance

Click on the launch instance option to proceed with the launching and configuration
of the EC2 instance.

17



2.5 Amazon Machine Image

aws

Services v

Resource Groups v

L Akash v N.Virginia ¥ Support

1.Choose AMI

Step 1: Choose an Amazon Machine Image (AMI)

Amazon Linux

Free fier eliile

)
Red Hat

3

SUSE Linux

Freefereigle

)

4.Add Storage

y Group
Cancel and Exit

The Amazon Linux AMI s an EBS-backed, AWS-supported image. The default image includes AWS command lie tools, Python, Ruby, Perl and Java

64-bit (xB6)
The repositories include Docker, PHP, MySQL, PostgreSQL, and other packages.

Root device type: ebs  Virtualization type: v ENA Enabled: Yes

b

Red Hat Enterprise Linux 8 (HVM), SSD Volume Type - ami-098f (64-bit x86) / ami-0

5ddd43c341 (64-bit Arm) m

) 64-bit (x86)
O 64-bit (Arm)

Red Hat Enterprise Linux version 8 (HVM), EBS General Purpose (SSD) Volume Type

Root device type: ebs  Vitualizaton type: v ENA Enabled: Yes

SUSE Linux Enterprise Server 15 SP1 (HVM), SSD Volume Type - ami-0e0fcf63653340066 (64-bit x86) / ami-05dde7e9c924be7dc m
(64-bit Arm)

) 64-bit (x86)

SUSE Lnu Eterpris Sever 15 Sece Pck 1 (VM) EBS GenerlPupose (D) Vel Tye. bl Clou,Adianced Systems Managerient, Web ' o+

and Scripting, and Legacy modules enabled.

Root device type: ebs  Virtualization type: hvm  ENA Enabled: Yes

Ubuntu Server 18.04 LTS (HVM), SSD Volume Type - ami-0ac80df6eff0e70b5 (64-bit x86) / ami-0d221091ef7082bcf (64-bit Arm)

Ubuntu Server 18.04 LTS (HVM),EBS General Purpose (SSD) Volume Type. Support available from Canonical (tp:/fwww.ubuntu.com/cioudiservices). 64-bit (x86)

Freefereigle:
Root device type: ebs  Virtualization type: tvm  ENA Enabled: Yes O 64-bit (Arm) -
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Figure 34: Choosing the machine image for the EC2 instance

The amazon machine image is the type of OS to be installed in the EC2 instance.
Choose Ubuntu Amazon machine image and click next.

2.6 Instance Type

aws Services ~

Resource Groups +

Configure Instance

1.ChooseAMI 2. Choose Instance Type 3. 4AddStorage  5.AddTags 6 Configure Securty Group 7. Review

Step 2: Choose an Instance Type

Amazon EC2 provides a wide selection of instance types optimized tofitdiferent use cases. Instances are virtual servers that can run applications. They have varying combinations of CPU, memry, storage, and networking

capacity, and give you the flexibility to choose the appropriate mix of resources for your applications. Learm more about instance types and how they can meet your computing needs.
Filter by: Show/Hide Columns

Allinstance types v Current generation v

Currently selected: t2.micro (Variable ECUs, 1 vCPUs, 2.5 GHz, Intel Xeon Family, 1 GiB memory, EBS only)

Family Tpe VePUs (i Memory (GiB) Instance Storage (68) (f) » o> OPtmizedAvailable oo performance (1) + . T .
i Support (i
General purpose t2.nano 1 0.5 EBS only Low to Moderate Yes
. General purpose Fri:le 1 1 EBS only Low to Moderate Yes
General purpose 2.small 1 2 EBS only Low to Moderate Yes
General purpose t2.medium 2 4 EBS only Low to Moderate Yes
General purpose 2large 2 8 EBS only Low to Moderate Yes
General nurnose 12 viarne. 4 18 FRS only Maderate Yae M

Cancel Previous @:ETEVELGIENNGN  Next: Configure Instance Details

Terms of Use

Feedback (@ English (US)

Figure 35: Choosing the instance type
The instance type provides with various options for the instance. The free tier eligible

instance is the t2.micro instance. This instance type provides with the basic hardware
specification.

2.7 Instance Configuration

Proceed with the default configuration for the instance.
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a\W/S,, Services v  Resource Groups v % L Akash v N.Virginia v Support v

1.Choose AMI 2. Choos

sanceType 3. ConfigureInstance 4 Add Storage 5. AddTags 6. Configure Securty Group 7. Review

Step 3: Configure Instance Details
Configure the instance to suit your requirements. You can launch multiple instances from the same AMI, request Spot instances to take advantage of the lower pricing, assign an access management role to the instance, and
more

Number of instances

1 Launch into Auto Scaling Group (j

Purchasing option (i [JRequest Spot instances
Network (i) ypc-o1a34dos (default) 4 C Create new VPC
Subnet (j No preference (default subnet in any Availability Zon & Create new subnet
Auto-assign PublicIP (j Use subnet setting (Enable) K

Placement group (i (JAdd instance to placement group
Capacity Reservation (j Open k]
1AMrole (] None 4| C Create new IAM role
Shutdown behavior (j Stop K

Cancel  Previous WMGEUETELGIETLE Next: Add Storage
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Figure 36: Configuring the instance

2.8 Adding Storage

aws Services v  Resource Groups v % L Akash v N.Virginia v Support v
~ £

1.ChooseAMI 2. Choose InstanceType 3. Configure Instance 4. Add Storage 5 AddTags 6. Configure Security Group 7. Review

Step 4: Add Storage

Your instance will be launched with the following storage device settings. You can attach additional EBS volumes and instance store volumes to your instance, or edit
the settings of the root volume. You can also attach additional EBS volumes after launching an instance, but not instance store volumes. Learn more about storage
options in Amazon EC2.

Throughput Delete on
Volume Type (i Device (i Snapshot (i Size (GiB) (i Volume Type (i IOPS (i (MS/s]g ) Termination Encryption (i
- i
Root [devisdat P 161108 [30 General Purpose SSD (gp2) V] 100/3000 NA Not Encrypte v
Add New Volume

Free ter eligible customers can get up to 30 GB of EBS General Purpose (SSD) or Magnetic storage. Learn more about free usage ter eligbilty and
usage restrictions.

Cancel  Previous EGGTEVELGIETLWN Next: Add Tags
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Figure 37: Adding storage to the instance

The predefined storage provided is 8GB in the elastic block storage for the EC2
instance. Change the storage from 8GB to 30GB.

2.9 Adding Tags

Tags are necessary to identify particular AWS resources. Each tag should have an asso-
ciated value. Here, provide Name as the value for key and provide Flask Application as
the value for the application.

2.10 Configuring Security Group
Proceed with the predefined security group provided by AWS for the EC2
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yGrowp 7. Review

1.ChooseAMI 2. Choose Instance Type 3. Configure Instance ~ 4.Add Storage ~ 5.Add Tags 6. Configure Sect

Step 5: Add Tags

Atag consists of a case-sensitive key-value pair. For example, you could define a tag with key = Name and value = Webserver.
Acopy of atag can be applied to volumes, instances or both.

Tags will be applied to all instances and volumes. Leam more about tagging your Amazon EC2 resources.

Key (128 characters maximum) Value (256 characters maximum) Instances i Volumes (i

Name | [Fiask Application ] (%]

Add another tag (Up to 50 tags maximum)

Cancel  Previous WEUCTELVIETI N Next: Configure Security Group

Terms of

eedback (@ English (US)

Figure 38: Adding tag to the EC2 instance

aXV/S Services v Resource Groups v Q

1.ChooseAMI  2.Choose Instance Type 3. Configure Instance ~ 4.Add Storage  5.AddTags 6. Configure Security Group 7. Review

Step 6: Configure Security Group
Asecurity group is a set of firewall rules that control the traffic for your instance. On this page, you can add rules to allow specific traffic to reach your instance. For example, if you want to set up a web server and allow Intemet
traffic to reach your instance, add rules that allow unrestricted access to the HTTP and HTTPS ports. You can create a new security group or select from an existing one below. Leam more about Amazon EC2 security groups.

Assign a security group: @ Create a new security group

( Select an existing security group

Security group name: ‘\aunchrwwzardVZ

Description: ‘\aunch»wwzavd-Z created 2020-08-08700:08:11.697+01:00

Type (i Protocol (i Port Range (i Source (j Description (i

SSH TcP 2 Custom ] 000000 [e.g. SSH for Admin Desktop [X]
Add Rule

A Waming

Rules with source of 0.0.0.0/0 allow all IP addresses to access your instance. We recommend setting security group rules to allow access from known IP addresses only.

Cancel | Previous EIETEIETLR]

eedback (@ English (US)

Figure 39: Configuring the security group
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2.11 Review and Launch

aws Services v  Resource Groups v % L Akash v N.Viginia v Support v

1.ChooseAMI  2.Choose lnstance Type 3. Configure nstence ~ 4.Add Storage ~ 5.AddTags 6. Configure Securiy Group 7. Review

Step 7: Review Instance Launch

v AMI Details Edit AMI

@ Ubuntu Server 18.04 LTS (HVM), SSD Volume Type - ami-0ac80df6eff0e70b5
Ubuntu Server 18.04 LTS (HVM),EBS General Purpose (SSD) Volume Type. Support available from Canonical (http:/www.ubuntu.com/cloud/services).
o

LI Root Device Type:ebs  Vitualizaton type: hum

¥ Instance Type Edit instance type
Instance Type ECUs VCPUs Memory (GiB) Instance Storage (GB) EBS-Optimized Available Network Performance
t2.micro Variable 1 1 EBS only - Low to Moderate
¥ Security Groups Edit security groups
Security group name launch-wizard-2
Description launch-wizard-2 created 2020-08-08T00:08:11.697+01:00

Cancel  Previous m

@ Feedback (@ English (US) 2008 - 202 . or its affiates. Al ved  Privacy Policy  Terms of Use

Figure 40: Reviewing and Launching the created EC2 instance

The review tab provides with the options chosen for the EC2 instance. Once reviewed,
click launch and proceed with the starting of the instance.

2.12 Running Instance

aWS, Services v  Resource Groups v L Akash ~  N.Virginia ¥ Support *

© NewEQ Launchinstance v [N LR
Experience X boee

Tellus what you think

Q Fier by tags and abutes or search by keywiord 2] ftofoft

EC2 Dashboard

Events @  Name v Instance ID ~ Instance Type - Availability Zone ~ Instance State Status Checks Alarm Status Public DNS (IPv4) ~  IPv4 Publ
Tags @  FlaskAppica... 1-080521092ccob8s73  t2micro us-east-Te @ rumning © 22checks... None % ec2523240-192c0m... 5232404
Limits
¥ Instances
Instances N
Instance Types . e
Instance: | i-080521092ccbb8873 (Flask Application)  Public DNS: ec2-52-3-240-192.compute-1.amazonaws.com [_J=N=
Launch Templates
Spot Requests Description | Status Checks  Monitoring ~ Tags
Savings Plans Instance D -080521092ccbb8873 Public NS (IPv4)  ec2-52-3-240-192.compute-1.amazonaws.com
Reserved Instances Instance state  running IPv4 Public 1P 52.3.240.192
Dedicated Hosts Instance type - 12.micro PV6IPs -
Finding  Optn to AWS Compute Optmizer for Elastic IPs
Scheduled Instances recommendations. Learn more
Capacity Reservations Private DNS  ip-172-31-52-181.ec2.internal Availability zone ~ us-east-1e
Private IPs  172:31.52.181 Security groups  flask-appiicaton. view inbound rules. view

v Images outbound rues

Secondary prvate IPs Scheduled events  No scheduled events .
AMis v
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Figure 41: Running instance

The running instance tab shows the running instances created with the detailed op-
tions of the instance. The status of the instance and monitoring the instance such as the
CPU and the network utilization of the instance can also be viewed.

2.13 Uploading files to the cloud server

The necessary files needs to be uploaded to the cloud server such as the images for
performing image processing, python scripts for Fibonacci series and image processing.
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ubuntu@ip-172-31-52-181:~$ pwd

ip-172-31-52-181:~5 15

app.py edge device.py flaskapp.sock trained model.hs

Figure 42: Uploading the necessary files to the cloud server

2.14 Create Gunicorn service

ubuntu@ip-172-31-52-181: Jetc/systemd/system$ cat gunicorn3.service
[Unit]

Description=Gunicorn Service

fter=network.target

[Service]

User=ubuntu

Group=www-data

WorkingDirectory=/home/ubuntu

ExecStart=/usr/bin/qunicorn3 --workers 3 --timeout 600 --bind unix:flaskapp.soc
k -m 807 app:app

Figure 43: Creating a gunicorn service

Gunicorn service is created. This is necessary to transform the requests from the
NginX server to the Flask application that the service can perform.

2.15 Modify the NginX proxy parameters for timeout

ubuntu@ip-172-31-52-181: /etc/nginx$ cat proxy params
proxy_set header Host Shttp host;

proxy set header X-Real-IP Sremote addr;

proxy set header X-Forwarded-For Sproxy add x forwarded for;

proxy set header X-Forwarded-Proto $scheme;
proxy_connect_timeout 600;
proxy send timeout 600;

read timeout 600;

Figure 44: Modifying the timeout parameters for connection

Modifying the proxy params to set the timeout for the requests.

2.16 Modify Flask application

Configuring the Flask application. The application is configured to run the python scripts
for the Fibonacci series and the Image processing. Further to executing, the requests must
be redirected to the Gunicorn service.

2.17 Edit the Flask application to redirect to the Gunicorn Ser-
vice

This is the modification in the flask application.
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ubuntu@ip-172-31-52-181: fetc/nginxfsites-enabledS pwd
Jetc/nginx/sites-enabled

ubuntu@ip-172-31-52-181: fetc/nginx/sites-enableds 1s
default flaskapp

ubuntu@ip-172-31-52-181: fetc/nginx/sites-enableds

Figure 45: Modifying the flask application

ubuntu@ip-172-31-52-181: fetc/nginx/sites-enabled$ 1s

default flaskapp

ubuntu@ip-172-31-52-181: /etc/nginx/sites-enabled$ cat flaskapp
server{

listen 80;
server_name 52.3.240.192;

location / {
proxy pass http://unix:/home/ubuntu/flaskapp.sock;
proxy read timeout 600s;
proxy send timeout 600s;
proxy connect timeout 6008s;
#proxy pass http://127.0.0.1:8000;

}

ubuntu@ip-172-31-52-181: Jetc/nginx/sites-enabled |

Figure 46: Modifying the flask application

2.18 Start NginX

ubuntu@ip-172-31-52-181: [etc/systend/system$ sudo service nginx start

Figure 47: Starting the NginX server

This is to start the NginX server in the EC2 instance.

2.19 Start Gunicorn

This is to start the gunicorn service in the EC2 instance.

3 Implementation

The screenshots of the Fibonacci and the Image processing part of the android application
are shown here. Also, the screenshots of the output derived on the edge device and the
screenshots of the output obtained from the cloud server is shown here.

3.1 Fibonacci series part of the application in the mobile device

This is the Fibonacci series screen in the application.

23



ubuntu@ip-172-31-52-181: [etc/systemd/system$ sudo service gunicorn3 start|

Figure 48: Starting the gunicorn servi

£ =% 78% W 12339 pm

= Fibannoci

Enter Fibanocci range |

Figure 49: Fibonacci screen in the application

3.2 Image processing part of the application in the mobile device

B =511 73% M 12240 pm

= Image Processing

Figure 50: Image processing screen in the application

This is the Image processing screen inside the application.

3.3 Fibonacci series output in the edge device

This is the Fibonacci series output in the edge device.
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C 0 O localhost & » 6

i Apps % OnlineC++ Compil.. [ Ct+ ClassMethods @ Fiverr - Freelance S.. @ C++ Shell (@) Touraments - liche... i Classes and Objects... » (2) Android Develo... 4 Android Developers

’: Jupyter edge_device Last Checkpoint: 0810812020 (unsaved changes) A Logout

File  Edit View Inset Cel  Kemel  Help sted | Python 3 @

+ % @B A& MR B C P Coe vz

“app.run(host="0.0.0.0") -

* Serving Flask app "_main

* Environment: production
WARNING: This is a development server. Do not use it in a production deployment.
Use a production KSGI server instead.

* Debug mode: off

" (lazy loading)

* Running on http://0.0.0.0:5000/ (Press CTRL+C to quit)
192.168.0.102 - - [16/Aug/2020 11:03:31] " " 200 -

192.168.0.102 - - [16/Aug/2020 1 " 404 -
192.168.0.102 - - [16/Aug/2020 1 " 200 -
192.168.0.102 - - [16/Aug/2020 1 200 -
192.168.0.101 - - [16/Aug/2020 1 200 -
192.168.0.101 - - [16/Aug/2020 1 " 404 -
192.168.0.101 - - [16/Aug/2020 1 200 -
192.168.0.101 - - [16/Aug/2020 1 " 404 -
192.168.0.101 - - [16/Aug/2020 1 200 -
192.168.0.101 - - [16/Aug/2020 1 200 -
192.168.0.101 - - [16/Aug/2020 1 " 200 -
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Figure 51: Fibonacci series output in the Edge device for 2000 iterations

C O O localhost %

i Apps 4 OnlineC++ Compil.. [ C++ ClassMethods @ Fiverr - FreelanceS.. @ C++Shell (@ Tournaments - liche... W Classes and Objects.. » (2) Android Develo.. & Android Developers

: Jupyter edge_device Last Checkpoint: 08/08/2020 (unsaved changes) A Logout

Fle Edt View Inset Cel Kemel Help « & |Python3 @

B+ @B % HNRn B C »

* Serving Flask app "_main_" (lazy loading)

Environment: production

WARNING: This is a development server. Do not use it in a production deployment.
Use a production WSGI server instead.

* Debug mode: off

* Running on hittp://0.0.0.0:5000/ (Press CTRL+C to quit)
192.168.0.101 - - [16/Aug/2020 11:58:14] " * 200 -
192.168.0.101 - - [16/Aug/2020 11:58:42] " " 200 -

inside method
Content-Type: application/x-ww-form-urlencoded; charset=UTF-8
User-Agent: Dalvik/2.1.0 (Linux; U; Android 8.0.0; SM-G93SF Build/R16NH)
Host: 192.168.0.102:5000

Connection: Keep-Alive

Accept-Encoding: gzip

Content-Length: 54100

<class "str'>

WARNING: tensorflow: From C:\Users\akash\anaconda3\envs\edge\lib\site-packages\tensorflow_core\python\ops\resource_variable_ops.p
y:1630: calling BaseResourceVariable. _init__ (from tensorflow.python.ops.resource_variable_ops) with constraint is deprecated
and will be renoved in a future version.

Instructions for updating:

If using Keras pass *_constraint arguments to layers

192.168.0.101 - - [16/Aug/2020 11:58:47] " " 200 -
p.shape: (1, 6)

prob 0.9726449
classified label: paper

Figure 52: Image processing output in the Edge device
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3.4 Image processing output in the edge device

This is the Image processing output in the edge device.

3.5 Fibonacci series output from the cloud in the mobile device

B 45 N T7% W 12241 pm

Fibannoci

Enter Fibanocci range 2°°°

ime taken ¢ 35.0

987
1597
2584
4131
6765
10946
17711
28657
46368
75025
121393
196418

Figure 53: Fibonacci series output obtained from the cloud server

The output displayed on the screen is the result of the task offloaded to the cloud
server.

3.6 Image processing output from the cloud in the mobile device

The output is a toast message displaying the result of the image processing. This result
is obtained by offloading to the cloud server.

9 B N§ S N 52% @ 12339 am

Image Processing

Time Taken 3.0 seconds
trash
Probability:0.9903189

Figure 54: Image processing output obtained from the cloud server
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